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Contenu: 
 

Le chapitre suivant contient les descriptions détaillées et techniques des méthodes 
d'essai pour les agrès gymnastiques pour lesquelles l'essai par une laboratoire de test 
officielle de la FIG est obligatoire. Concernant la codification des agrès, les mêmes 
abréviations comme dans chapitre II sont utilisées. 
Comme ces explications s'adressent surtout aux autorités de la FIG, aux techniciens/-
iennes, ingénieurs (femme), scientifiques de sport et aux laboratoires de test et dépar-
tements de développement des firmes, elles sont formulées qu'en anglais. 

 
IV-1 Sommaire des agrès avec abréviations, date de publication et équivalences éventuel-

les concernant les méthodes d'essai 
IV-2 Spécifications de standard pour les agrès individuels 
 
 
 
Contents: 
 

Chapter IV comprises the detailed technical descriptions of the test procedures for 
those gymnastics apparatus for which a test at an official FIG test laboratory is obliga-
tory. For identification of apparatus the same abbreviations as in chapter II are used. 
Since the following explanations are primarily intended for FIG authorities, technicians, 
engineers and sports scientists, as well as for test laboratories and research depart-
ments of companies, they are published in English exclusively. 

 
IV-1 Overview of the gymnastics apparatus, with abbreviations, date of publication and 

possible common test features 
IV-2 Standard specifications for individual gymnastics apparatus 
 
 
 
Inhalt: 
 

Das folgende Kapitel IV umfasst die detaillierten, technischen Beschreibungen der 
Prüfverfahren für diejenigen Turngeräte, für die eine Prüfung an den offiziellen Prüfin-
stituten der FIG vorgeschrieben sind. Bei der Kennzeichnung der Turngeräte werden 
die gleichen Abkürzungen wie in Kapitel II verwendet. 
Da sich die Ausführungen ausschließlich an FIG-Behörden, Testinstitute, Techniker, 
Ingenieure, Sportwissenschaftler und Entwicklungsabteilungen in Firmen richten, sind 
sie nur in Englisch abgefasst. 

 
IV-1 Übersicht über die Turngeräte mit Abkürzungen, Erscheinungsdatum und e-

ventuellen Äquivalenzen bezüglich der Prüfverfahren. 
 
IV-2 Normspezifikationen für die einzelnen Turngeräte 
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MAG Apparatus Code Date of Issue Equivalence 

 Floor MAG1 01.01.06 WAG4;  ACRO1 

  Pommel Horse MAG2 01.12.94   

  Rings MAG3 1989   

  Vaulting Table MAG4 01.02.01 WAG1 

  Parallel Bars MAG5 01.01.97   

  High Bar MAG6 29.03.96   

          

  Landing Mat 20cm MAG11 01.08.96 WAG11;  ACRO11 

  Landing Mat 10cm MAG12 12.07.89   

  Vaulting Board MAG14 01.01.06 WAG14;  TRA15 
 

WAG Apparatus Code Date of Issue Equivalence 

 Vaulting Table WAG1 01.02.01 MAG4 

  Uneven Bars WAG2 01.05.93   

  Balance Beam WAG3 01.12.94   

  Floor WAG4 01.01.06 MAG1;  ACRO1 

          

  Landing Mat 20cm WAG11 01.08.96 MAG11;  ACRO11 

  Vaulting Board WAG14 01.01.06 MAG14;  TRA15 
 

RG Apparatus Code Date of Issue Equivalence 

 Floor RG1 01.12.92   
     
     
     
     

 

AER Apparatus Code Date of Issue Equivalence 

 Floor AER1 01.07.2000   
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TRA Apparatus Code Date of Issue Equivalence 

 Trampoline TRA1 01.02.1995   

  Tumbling Track TRA3 01.07.1996   

  Vaulting Board TRA14 01.01.2006 MAG14;  WAG14 
     
     
 

ACRO Apparatus Code Date of Issue Equivalence 

 Floor ACRO1 01.01.2006 MAG1;  WAG4 

  Landing Mat 20cm ACRO11 01.01.2000 MAG11;  WAG11 
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Standard Specification: Floors for Men Artistic Gymnastics 

This standard is issued under the fixed designation FIG: IV-MAG1-01.01.2006; the 
numbers immediately following the designation indicate the date of original adoption 
by the FIG, or, in case of revision, the date of the last revision. This FIG standard 
was prepared by the Apparatus Commission of the FIG and participating FIG test 
laboratories. This standard was originally published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
floors and to minimize any differences between 
competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing characteristics, the 
impact force - time relationships, and the re-
bound properties of gymnastic floors. This stan-
dard specification is applicable to all gymnastic 
floors that are to be used at any FIG-sanctioned 
event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a gymnastic 
floor which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG1. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the gymnastic floor from which the total de-
flection and total height of rebound is deter-

mined. It is taken as the top plane of the gym-
nastic floor. 

3.1.3 Deflection: The measured distance (in 
mm) between the base plane and the maximum 
displacement of the impactor below the base 
plane. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the base plane and the 
maximum displacement of the impactor above 
the base plane. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the base plane on impact. 

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 
 
4 Principle of Measurement 

4.1 A test specimen is impacted at a specified 
velocity with an impactor of given mass and ge-
ometry. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound properties of the gymnastic floor and ma-
terials used in training and FIG-sanctioned com-
petitions. 
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5 Performance Requirements 
5.1 When tested according to the procedures 

described in Section 9, the overall mean values 
of the measured variables across all impact sites 
shall be within the figures of Table 1. 
 
Table 1: Figures for Gymnastic Floors 
x represents the mean value of the measured variable 
 

Deflection 
(mm) 

Height of re-
bound 
(mm) 

Fmax 
(N) 

69.5 £ x £75 245 £ x £ 335 x £ 4500 

 
6 Test Apparatus 

6.1 Impact test machine: Any type of dynamic 
testing apparatus that is capable of impacting a 
test specimen at a prescribed impact velocity 
and monitoring and recording the acceleration - 
time history of the impactor is acceptable. The 
impact test machine and the impactor shall have 
sufficient rigidity to eliminate undesirable vibra-
tions in the apparatus which might be recorded 
on the acceleration - time curve. The impact test 
machine shall also be designed in such a man-
ner that only the impact face contacts the test 
specimen at any time during the test procedures. 

6.2 Impactor: The impactor shall be 20 kg ± 
0.2 kg and shall have a flat impact face with a 
10 cm ± 0.5 cm diameter. The edge of the im-
pactor face should be relieved to eliminate sharp 
edges. Provision shall be made so that the ac-
celerometer can be securely fastened parallel to 
the vertical axis of the impactor with a maximum 
deviation of ± 5o. 

6.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.1 Acceleration - time: The selection of the 
specific acceleration - time recording equipment, 
including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true 
value. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.3.2 Displacement - time: It is optional, but 
desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 

with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
top plane (base plane) of the test specimen from 
which the total deformation and rebound height 
are determined. 

6.3.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 
complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall represent the gymnastic floor as it is in-
tended to be used during training and/or compe-
tition.  

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG1. Exception: See 7.3. 

7.3 The minimum horizontal dimensions 
(length * width) for any test specimen shall be 
200 cm * 120 cm. 
 
8 Conditioning and Test Temperature 

8.1 Test specimens shall be preconditioned at 
50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Impact locations: A total of nine impact 
sites shall be designated on the test specimen. 
See Figure 1 for an illustration of the impact 
sites. 
 
Figure 1: Impact Locations for Gymnastic Floors 
 

 
 

 
 

9.2 Impact test procedures: 
9.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid floor (con-
crete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
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tact one of the designated impact test sites. 
9.2.2 Raise the impactor to an appropriate 

drop height such that it will contact the test 
specimen with an impact velocity of 3.96 m/s 
± 3%. This corresponds to a theoretical drop 
height of 0.8 m.  

9.2.3 Release the impactor and capture the 
acceleration - time history and displacement - 
time history (if applicable) using recording 
equipment described in Section 6.3. 

9.2.4 Upon completion of a given impact test, 
raise the impactor off the surface of the test 
specimen. 

9.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.2.6 Each test specimen shall receive a total 
of 90 impacts. Impact each of the nine impact 
sites ten times. 

9.3 Calculations: 
9.3.1 Immediately following each test, record 

the following measurements: Fmax (N), Deflection 
(mm) and Height of rebound (mm). 

9.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites. 

9.3.3 Calculate the mean values of Deflection, 
Height of rebound and Fmax across all impact 
sites rounded to zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 

information: 
10.1.1 Complete identification of the tested 

gymnastic floor, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Description of the impactor mass and 
the drop height conditions. 

10.1.6 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5.  

10.1.7 Mean values of Deflection, Height of 
rebound and Fmax across all impact sites. 

10.1.8 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables. 

10.1.9 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 
impact site. 

10.1.10 Deflection, Height of rebound and Fmax 
values for all tests. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are invited to 
comment on revision of this standard or on additional standards. Comments should be addressed to the 
FIG General Secretary. 
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Standard Specification: Pommel Horses for Men Artistic Gymnastics 
This standard is issued under the fixed designation FIG: IV-MAG2-01.12.1994; the numbers 
immediately following the designation indicate the date of original adoption by the FIG, or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appara-
tus Commission of the FIG and participating FIG test laboratories. This standard was originally 
published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
pommel horses and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing and frictional charac-
teristics of pommel horse bodies, as well as po-
sitional stability and frictional characteristics of 
pommels. This standard specification is applica-
ble to all pommel horses that are to be used at 
any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a pommel 
horse which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG2. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard:  

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the horse body from which the total deflection 
and total height of rebound is determined. It is 
taken as the top plane of the horse body. 

3.1.3 Deflection: The measured distance (in 
mm) between the base plane and the maximum 

displacement of the impactor below the base 
plane. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the base plane and the 
maximum displacement of the impactor above 
the base plane. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the base plane on impact. 

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 

3.1.10 Slider: A test body of given mass and 
geometry for measuring frictional characteristics 
of the horse body. The slider includes a test sole 
which is bonded to the bottom of the slider and is 
made of synthetic material with defined friction 
properties. 

3.1.11 Maximum traction force: Maximum 
force, expressed in Newtons, applied during the 
pulling movement of the slider. 

3.1.12 Friction coefficient of horse body: Quo-
tient of the maximum traction force (in N) and the 
weight of the slider (in N). 

3.1.13 Displacement of pommels: Relative and 
horizontal displacement (in mm) between a pair 
of pommels at a defined horizontal stretching 
force. 

3.1.14 Residual displacement of pommels: 
Residual displacement (in mm) between the 
pommels after the removal of the stretching 
force. 

3.1.15 Testing belt: A belt for measuring fric-
tional properties of the pommels. The surface of 
the belt is made of synthetic material of defined 
frictional properties.  
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3.1.16 Friction force of pommel: The friction 
force, expressed in Newtons, generated by the 
contact of the testing belt and the specimen 
pommel.  

3.1.17 Friction coefficient of pommel: Quotient 
of the friction force (in N) and the pulling-down 
weight of the testing belt (in N). 
 
4 Principle of Measurement 

4.1 The complete test procedures include 4 
parts: Determination of shock absorption of 
horse body, determination of top friction of horse 
body, determination of positional stability of 
pommels, and determination of friction of pom-
mels.  

4.1.1 Test A - Shock absorption of horse body: 
A specimen horse body is impacted with an im-
pactor of given mass and geometry at a speci-
fied velocity. A transducer mounted in the impac-
tor monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.1.2 Test B - Top friction of horse body: A 
slider is pulled horizontally upon the surface of a 
specimen horse body at a defined loading rate. 
A transducer connected to the pulling cable 
monitors the maximum traction force generated 
during the pulling movement. 

4.1.2.1 Test C - Positional stability of pom-
mels: A pair of specimen pommels is stretched 
outward in the horizontal direction at a defined 
stretching force. The incremental displacement 
between the pommels during the time of force 
application is monitored. Residual displacement 
between the pommels is also monitored after the 
removal of the stretching force. 

4.1.3 Test D - Friction of pommels: A testing 
belt is hung on a specimen pommel and pulled 
down at a defined weight. The frictional resis-
tance force of the pommel is monitored. 

4.2 Data obtained during these procedures are 
indicative of the cushioning properties and the 
top friction characteristics of the horse body and 
the positional stability and frictional properties of 
the pommels used in training and FIG-
sanctioned competitions. 
 
5 Performance Requirements 

5.1 Test A – Shock absorption of the horse 
body: When tested according to the procedures 
described in Section 9.1, the values of the 
measured variables shall meet the performance 
requirements specified in Table 1. 

5.2 Test B – Top friction of the horse body: 
When tested according to the procedures de-
scribed in Section 9.2, the mean values of the 
measured variables shall meet the performance 
requirements specified in  Table 2. 

5.3 Test C – Positional stability of the pom-
mels: When tested according to the procedures 
described in Section 9.3, the mean values of the 
measured variables shall be within the figures of 
Table 3. 
 
 
Table 1: Figures for Test A – Shock absorption of 
the horse body 
See Figure 1 for an illustration of the impact sites. 
x represents the mean values of the measured vari-
ables 
 

 Deflection 
(mm) 

Height of 
rebound 
(mm) 

Fmax 
(N) 

Mean values 
across impact 
sites 1 to 5 

16 £ x £42 80 £ x £ 
205 x £ 12000 

Difference 
between 
highest and 
lowest mean 
values on 
impact sites 1 
to 5 

£ 16 £ 130 £ 2500 

 
 
Table 2: Figures for Test B – Top friction of the 
horse body 
x represents the mean value of the measured variable 
 

 Friction coefficient of horse 
body 

Mean value 
across test sites 
1 to 3 

0.35 £ x £ 0.60 

Difference be-
tween highest 
and lowest mean 
value on test 
sites 1 to 3 

£ 0.05 

Difference be-
tween mean val-
ues of orthogonal 
test directions 

£ 0.05 

 
 
Table 3: Figures for Test C – Positional stability of 
the pommels  
x represents the mean values of the measured vari-
ables 
 

Displacement of pommels (mm) x £ 15.0 

Residual displacement of pommels 
(mm) x £ 1.0 
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Table 4: Figures for Test D – Friction of the pom-
mels  
x represents the mean value of the measured variable 
 

 Friction coefficient of 
pommel 

Mean value of both 
pommels 0.45 £ x £ 0.80 

Difference between 
two pommels £ 0.05 

 
 

5.4 Test D – Friction of the pommels: When 
tested according to the procedures described in 
Section 9.4, the mean values of the measured 
variable shall be within the figures of Table 4. 
 
6 Test Apparatus 

6.1 Test A – Shock absorption of horse body:  
6.1.1 Impact test machine: Any type of dy-

namic testing apparatus that is capable of im-
pacting a test specimen at a prescribed impact 
velocity and monitoring and recording the accel-
eration - time history of the impactor is accept-
able. The impact test machine and the impactor 
shall have sufficient rigidity to eliminate undesir-
able vibrations in the apparatus which might be 
recorded on the acceleration - time curve. The 
impact test machine shall also be designed in 
such a manner that only the impact face con-
tacts the test specimen at any time during the 
test procedures. 

6.1.2 Impactor: The impactor shall be 
10 kg ± 0.1 kg and shall have a flat impact face 
with a 10 cm ± 0.5 cm diameter. The edge of the 
impactor face should be relieved to eliminate 
sharp edges. Provision shall be made so that the 
accelerometer can be securely fastened parallel 
to the vertical axis of the impactor with a maxi-
mum deviation of ± 5o. 

6.1.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.1.3.1 Acceleration - time: The selection of 
the specific acceleration - time recording equip-
ment, including transducers and recorders, is at 
the discretion of the test laboratory. However, 
the recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true 
value. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.1.3.2 Displacement - time: It is optional, but 

desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 
with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
top plane (base plane) of the test specimen from 
which the total deformation and rebound height 
are determined. 

6.1.3.3 Filtering: The signal from all transduc-
ers shall be conditioned with a low pass filter 
which complies with Channel Class 1000 of SAE 
Recommended Practice J211. A fourth-order 
Butterworth low pass filter with a cut-off fre-
quency of 1000 Hz meets this requirement. 

6.2 Test B - Top friction of the horse body: 
6.2.1 Measurement device: Any type of friction 

testing apparatus that is capable of pulling a 
slider on the surface of a specimen horse body 
at a given loading velocity is acceptable. During 
the test, the traction force – time history of the 
slider shall be monitored and recorded. 

6.2.2 Slider: The slider shall have a mass of 5 
kg �  0.2 kg. A square-shaped test sole with a 
thickness of 10mm �  0.5 mm and a size of 40 
mm �  1 mm shall be bonded to the bottom of the 
slider. The thickness of the test sole shall be de-
creased to 75% �  5% of the original thickness at 
a pressure of 5 N/cm2. The coefficient of static 
friction of the test sole shall be 0.25 �  0.03. 

6.2.3 The slider shall be pulled at a constant 
loading rate of 5 N/s �  0.5 N/s. 

6.2.4 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.2.4.1 Force - time: The selection of the spe-
cific force - time recording equipment, including 
transducer and recorder, is at the discretion of 
the test laboratory. The total system, detection 
and recording, shall be capable of measuring 
traction forces up to 100 N at frequencies from 2 
to 100 Hz to an accuracy of �  3%. The minimum 
sampling rate of the data acquisition system 
shall be 200 Hz. 

6.3 Test C - Positional stability of the pom-
mels: 

6.3.1 Measurement device: Any type of static 
testing apparatus that is capable of stretching a 
pair of pommels outward in the horizontal direc-
tion with a given force, and monitors and records 
the static displacement between the pommels is 
acceptable. 

6.3.2 Static stretching force: The static stretch-
ing force shall be 600 N �  20 N, horizontally ap-
plied between the pommels. 
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6.3.3 Recording equipment for the static dis-
placement: The selection of the specific meas-
urement equipment is at the discretion of the test 
laboratory. However, the accuracy of the meas-
urement shall be ± 0.1 mm. 

6.4 Test D - Friction of the pommels: 
6.4.1 Measurement device: Any type of friction 

testing apparatus that is capable of measuring 
the static friction force of a pommel is accept-
able. A pommel shall be set like a pulley with a 
testing belt hung on it. One end of the testing 
belt shall be pulled by the weight of 5 kg ± 0.2 kg 
The traction force of the other end shall be 
measured. See Figure 4 for an illustration. 

6.4.2 Testing belt: The width of the testing belt 
shall be 20 mm �  1 mm. The contacting side of 
the testing belt shall have a layer with a thick-
ness of 10 mm �  0.5 mm. .The thickness of the 
layer shall be decreased to 75% �  5% of the 
original thickness at a pressure of 5 N/cm2. The 
coefficient of static friction of the layer shall be 
0.25 �  0.03.  

6.4.3 Recording equipment for the static dis-
placement: The selection of the specific meas-
urement equipment is at the discretion of the test 
laboratory. However, the system shall be capa-
ble of measuring traction force up to 100 N to an 
accuracy of ± 3%. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a complete pommel horse as it is 
intended to be used during training and/or com-
petition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG2. 
 
8 Conditioning and Test Temperature 

8.1 The test specimen shall be preconditioned 
at 50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Test A – Shock absorption of the horse 
body: 

9.1.1 Impact sites: A total of five impact sites 
shall be designated on the test specimen. See 
Figure 1 for an illustration of the impact sites. 

Figure 1: Impact sites on the horse body (dis-
tances in mm)  
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9.1.2 Impact test procedures: 
9.1.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid and hori-
zontal floor (concrete or metal plate) and orient 
the impactor such that the centre of the impact 
face will contact one of the designated impact 
test sites. 

9.1.2.2 Raise the impactor to an appropriate 
drop height such that it will contact the test 
specimen with an impact velocity of 2.80 m/s 
± 3%. This corresponds to a theoretical drop 
height of 0.4 m. 

9.1.2.3 Release the impactor and capture the 
acceleration - time history and displacement - 
time history (if applicable) using recording 
equipment described in Section 6.1.3. 

9.1.2.4 Upon completion of a given impact 
test, raise the impactor off the surface of the test 
specimen. 

9.1.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.1.2.6 Each test specimen shall receive a to-
tal of 50 impacts. Impact each of the five impact 
sites ten times. 

9.1.3 Calculations: 
9.1.3.1 Immediately following each test, record 

the following measurements: Deflection (mm), 
Height of rebound (mm) and Fmax (N). 

9.1.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites.  

9.2 Test B – Top friction of the horse body: 
9.2.1 Test sites and directions: A total of three 

test sites shall be designated on the test speci-
men as illustrated in Figure 2. Four orthogonal 
test directions for the traction of the slider shall 
be also designated on each test site as illus-
trated in Figure 2. 
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Figure 2: Top friction test sites and directions on 
the horse body (distances in mm) 
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9.2.2 Friction test procedures: 
9.2.2.1 Place the complete test specimen on a 

smooth, solid and horizontal floor. 
9.2.2.2  Put the slider on the pommel horse in 

such a manner that the centre of its sole will con-
tact one of the designated test sites, and also in 
such a manner that the pulling direction of the 
slider will conform to one of the designated test 
directions. Immediately prior to placing the slider, 
magnesium carbonate powder of 1g shall be 
spread on the surface of the test site. This shall 
be repeated prior to each test.  

9.2.2.3 Pull the slider horizontally at a constant 
loading rate of 5 N/s �  0.5 N/s and capture the 
traction force – time history using the recording 
equipment described in Section 6.2.4. 

9.2.2.4 Repeat the procedure given in 9.2.2.2 
and 9.2.2.3 five times at each  test site and in 
each test direction. 

9.2.2.5 Each test specimen shall receive a to-
tal of 60 friction test procedures.  

9.2.3 Calculations: 
9.2.3.1 Immediately following each test, calcu-

late and record the friction coefficient.  
9.2.3.2 Determine the overall mean value of 

the friction coefficients across the test sites 1 to 
3. Determine also the difference between the 
highest and the lowest mean value of the friction 
coefficient between all test sites, and the differ-
ence between mean values of the friction coeffi-
cients of orthogonal test directions between all 
test sites. 

9.3 Test C – Positional stability of the pom-
mels: 

9.3.1 Loading and measuring points: A total of 
three pairs of loading points shall be designated 
on the test specimen as illustrated in Figure 3. 
The displacement shall be measured at these 
points. 
 

Figure 3: Loading and measuring points of the 
pommels (distances in mm)  
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9.3.2 Stretching test procedures: 
9.3.2.1 Place the complete test specimen on a 

smooth, solid and horizontal floor. 
9.3.2.2 Set the loading device between the 

specimen pommels such that the loading axis 
will pass through one of the pairs of the loading 
points illustrated in Figure 3. 

9.3.2.3 Stretch the specimen pommels hori-
zontally up to the stretching force of 600 N �  
20 N and measure the incremental displacement 
between the specimen pommels using recording 
equipment described in Section 6.3.3. Meas-
urement shall be done within 10 seconds after 
reaching the prescribed stretching force. 

9.3.2.4 Measure the residual displacement be-
tween the specimen pommels 60 seconds after 
the removal of the stretching force. 

9.3.2.5 Repeat the procedures given in 
9.3.2.2, 9.3.2.3 and 9.3.2.4 at each of the speci-
fied loading points. 

9.3.3 Calculations: 
9.3.3.1 Immediately following each test, record 

the displacement of the pommels and the resid-
ual displacement of the pommels. 

9.3.3.2 Determine the overall mean values of 
the measured variables for all loading points. 

9.4 Test D – Friction of the pommels: 
9.4.1 Friction test procedures: 
9.4.1.1 Remove the specimen pommels from 

the horse body and fasten each pommel to the 
testing position such that the testing belt shall be 
hung on at the middle point of the specimen 
pommel. 

9.4.1.2 Hang the testing belt on the pommel 
and connect one end of the testing belt to a 
transducer that can measure the traction force 
as illustrated in Figure 4. Immediately prior to 
hanging the testing belt, magnesium carbonate 
powder of 1 g shall be spread on the surface of 
the specimen pommel each time. 

9.4.1.3 Pull the other end of the testing belt by 
the weight of 5 kg �  0.2 kg and measure the 
traction force 10 seconds after weighting. 
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Figure 4: Setup of friction test of the pommels 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.4.1.4 Repeat the procedure given in 9.4.1.2 
and 9.4.1.3 ten times for each pommel. Repeat 
the same procedure in the opposite frictional di-
rection. A pair of specimen pommels shall re-
ceive a total of 40 friction test procedures. 

9.4.2 Calculations: 
9.4.2.1 Immediately following each test, record 

the traction force. The frictional force of the 
pommel is defined as the pulling weight minus 
the traction force. Use this value to calculate the 
friction coefficient of the pommel. 

9.4.2.2 Determine the overall mean value of 
the friction coefficient for both pommels. Deter-
mine also the difference of the mean values of 
the friction coefficients between the two pom-
mels.  

9.5 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
pommel horse, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 

test report for sample documentation purposes. 
10.1.2 Test identification number according to 

the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions under which the tests were 
made, including test date, temperature and hu-
midity. 

10.1.5 Identification of performed parts of the 
test – Test A, Test B, Test C and Test D. 

10.1.6 Description of the impactor mass and 
the drop height conditions (Test A), mass, load-
ing rate of the slider (Test B), static load (Test C) 
and the weight of  the testing belt (Test D). 

10.1.7 Description of all test results related to 
the performance requirements identified in Sec-
tion 5. 

10.1.8 Supplemental description of the test re-
sults: 

10.1.8.1 Maximum value, minimum value and 
standard deviation of deflection, height of re-
bound and Fmax variables according to Test A. 

10.1.8.2 Mean values of deflection, height of 
rebound and Fmax for the last eight tests at each 
impact site according to Test A. 

10.1.8.3 Deflection, height of rebound and Fmax 
values for all tests according to Test A. 

10.1.8.4 Mean values and standard deviations 
of the friction coefficient at each test site and di-
rection according to Test B. 

10.1.8.5 Friction coefficient values for all tests 
according to Test B. 

10.1.8.6 Displacement of the pommels and re-
sidual displacement of the pommels for all load-
ing points according to Test C. 

10.1.8.7 Mean values and standard deviations 
of friction coefficient of each pommel and fric-
tional direction according to Test D. 

10.1.8.8 Friction coefficient values for all tests 
according to Test D. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary. 

5kg

Pommel
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
rings and to minimize any differences between 
competition and training equipment. 
 
1 Scope 

1.1 This specification covers the inspection of 
stability for rings. This standard specification is 
applicable to all ring frames that are to be used 
at any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a ring frame 
which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG3 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Static tractive force: The predetermined 
value of force exerted on one ring while pulling 
the ring vertically downwards.  

3.1.2 Starting position: The vertical position of 
the unloaded ring within the mounted ring frame 
before loading it with a defined static tractive 
force. The lower inner side of the ring shall serve 
as the point of reference. 
 
4 Principle of Measurement 

4.1 The rings of a mounted ring frame are 
pulled vertically downwards with a predeter-
mined static tractive force. After the release of 
the static tractive force the rings must return into 
the starting position. 
 

5 Performance Requirements 
When tested according to the procedures de-
scribed in Section 9, the rings shall return into 
the starting position within a tolerance of 5mm 
and no damage or residual deflection shall be 
observable. 
 
6 Test Set-up and Apparatus 

6.1 Any type of test set-up is acceptable that is 
capable to stress the test specimen under pre-
scribed conditions.  

6.2 The device which applies the test load to 
the ring shall have a width of 35mm �  1mm. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a complete ring frame as it is in-
tended to be used during training and/or compe-
tition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG3. 
 
8 Conditioning and Test Temperature 

8.1 The ring frame, mounted and assembled 
for use, shall be preconditioned at 50% �  10% 
relative humidity and 21° C �  3° C for a minimum 
of 24 hours prior to the test. All testing shall be 
carried out under the same conditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Mount the ring frame with the rings at a 
height as prescribed for competitions (Part II). 

9.2 Install the traction device on one ring and 
determine the starting position. 

9.3 Pull the ring vertically downwards with a 
static tractive force of 4000 N �  40 N. 

9.4 After the release of the static tractive force 
verify whether the ring returns into the starting 
position. Report any fraction or observed perma-
nent deflection in any part of the test specimen. 

9.5 Repeat the procedure given in 9.3 to 9.5 
for the other ring. 
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10 Report 
10.1 The test report shall include the following 

information: 
10.1.1 Complete identification of the tested 

ring frame, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Test height of the rings and cable ten-
sion of the mounted and unloaded ring frame. 

10.1.6 Description of the static tractive force. 
10.1.7 Description whether fracture or other 

damage has occurred or if any permanent de-
formation has been observed after the test. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary. 
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
vaulting tables and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of the profile dimensions, certain shock-
absorbing characteristics, the impact force - time 
relationships, and the rebound properties of 
vaulting tables. This standard specification is 
applicable to all vaulting tables that are to be 
used at any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a vaulting ta-
ble which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact  Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG4new. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Starting position of an impact site: The 
vertical position of an impact site at the surface 
of an unloaded vaulting table from which the to-
tal deflection and total height of rebound is de-
termined. 

3.1.3 Deflection: The measured distance (in 

mm) between the starting position of an impact 
site and the maximum displacement of the im-
pactor below the starting position of an impact 
site. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the starting position of an 
impact site and the maximum displacement of 
the impactor above the starting position of an 
impact site. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the starting position of an impact site on 
impact.  

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 
 
4 Principle of Measurement 

4.1 A test specimen is impacted at a specified 
velocity with an impactor of given mass and ge-
ometry. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound properties of vaulting tables used in train-
ing and FIG-sanctioned competitions. 
 



FIG International Gymnastics Federation 
Standard Specification for Vaulting Tables 
MAG – Men Artistic Gymnastics 

 

IV 
MAG 4  

01.02.2001 
2 

5 Performance Requirements 
5.1 When tested according to the procedures 

described in Section 9, the overall mean values 
and maximum ranges of the measured variables 
across all impact sites shall be within the figures 
of Table 1. 
 
Table 1: Figures for Vaulting Tables 
x represents the mean value of the measured variable 
 

 Deflection 
(mm) 

Height of 
rebound 
(mm) 

Fmax 
(N) 

Mean 
value 34 £ x £ 44 

120 £ x £ 
180 x £ 2500 

Max. 
range £ 10 £ 75 £ 550 

 
6 Test Apparatus 

6.1 Profile dimension test device: The selec-
tion of the specific profile dimension test device, 
including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall be capable of measuring 
profile dimensions at specific measurement 
points orthogonal to the given standard profile 
line to an accuracy of ± 0.5 mm. The total sys-
tem, detection and recording, shall be capable of 
measuring proportional profile dimensions at 
specific measurement lines (see Section 9.1). 

6.2 Impact test machine: Any type of dynamic 
testing apparatus that is capable of impacting a 
test specimen at a prescribed impact velocity 
monitoring and recording the acceleration - time 
history of the impactor is acceptable. The impact 
test machine and the impactor shall have suffi-
cient rigidity to eliminate undesirable vibrations 
in the apparatus which might be recorded on the 
acceleration - time curve. The impact test ma-
chine shall also be designed in such a manner 
that only the impact face contacts the test spe-
cimen at any time during the test procedures. 

6.3 Impactor: The impactor shall be 10 kg ± 
0.1 kg and shall have a flat impact face with a 
10 cm ± 0.5 cm diameter. The edge of the im-
pactor face should be relieved to eliminate sharp 
edges. Provision shall be made so that the ac-
celerometer can be securely fastened parallel to 
the vertical axis of the impactor with a maximum 
deviation of ± 5o. 

6.4 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.4.1 Acceleration - time: The selection of the 
specific acceleration - time recording equipment, 

including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true val-
ue. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.4.2 Displacement - time: It is optional, but 
desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 
with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
starting position of an impact site from which the 
total deformation and rebound height are deter-
mined. 

6.4.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 
complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a complete vaulting table as it is 
intended to be used during training and/or com-
petition.  

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG4new. 

7.3 The profile dimensions of the test speci-
men shall be inspected according to the proce-
dures described in Section 9.1. 
 
8 Conditioning and Test Temperature 

8.1 Test specimens shall be preconditioned at 
50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Profile dimension measurement: 
9.1.1 Measurement locations: A total of 42 

measurement points (MP) on five measurement 
lines are used to inspect the profile dimensions. 
In longitudinal direction there are 14 measure-
ment points on the center measurement line of 
the test specimen (MP1 and MP16 are not re-
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quired for standardization). In transversal direc-
tion there are 28 measurement points, seven at 
each measurement line (four transversal lines, 
orthogonal crossing the center measurement line 
at MP4, MP5, MP7 and MP9). See Figures 1-3 
for illustrations of the measurement points. 

9.1.2 Profile dimension measurement proce-
dures: 

9.1.2.1 Place the test specimen under the pro-
file dimension test device on a horizontal, 
smooth and solid floor. 

9.1.2.2 Determine the proportional profile di-
mensions for each measurement line (four 
transversal profiles and one longitudinal profile). 

9.1.3 Determination of the orthogonal devia-
tions to the standard profile (in orientation of the 
designated arrows in Figures 1 and 3): 

9.1.3.1 Longitudinal direction: Compare the ac-
tual profile to the standard profile by crossing 
(overlaying) the profiles in MP5 and MP14 (i.e. 
the deviation in these measurement points is set 
to zero by shifting the profiles in horizontal and 
vertical direction without rotation). Calculate the 
deviations at the remaining measurement points. 

9.1.3.2 Transversal direction: Compare the ac-
tual profile to the standard profile for each trans-
versal measurement line by crossing (overlay-
ing) the profiles in the center measurement point 
N4 (i.e. the deviation in this measurement points 
is set to zero by shifting the profiles in horizontal 
and vertical direction without rotation). Calculate 
the deviations at the remaining measurement 
points. 
 

Figure 1: Dimension Measurement Locations for 
Vaulting Tables – Measurement Points on Center 
Line in Longitudinal Direction (MP1 – MP16) 
(Side view - distances in cm) 
 

 
 
 
Figure 2: Dimension Measurement Locations for 
Vaulting Tables – Measurement Lines in Transver-
sal Direction (Line MP4 / MP5 / MP7 / MP9) 
(Frontal view - distances in cm) 
 

 
 
Figure 3: Dimension Measurement Locations for 
Vaulting Tables – Measurement Points on Meas-
urement Lines in Transversal Direction (N1 – N7) 
(Transverse section) 
 

 
 
 

9.2 Impact locations: A total of eleven impact 
sites shall be designated on the test specimen. 
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See Figure 4 for an illustration of the impact 
sites. 
 
Figure 4: Impact Locations for Vaulting Tables 
(Oversight view - distances in mm) 
 

 
 

9.3 Impact test procedures: 
9.3.1 Place and tilt the test specimen under 

the impact test machine such that the centre of 
the impact face of the impactor will contact one 
of the designated impact test sites perpendicular 
to the surface of the vaulting table. See Figures 
5-7 for illustrations of the tilted test positions. It is 
optional, but desirable, to enable the necessary 
tilt angles of the test specimen by attaching the 
test specimen to a smooth, solid metal plate with 
the same inclination. 
 
Figure 5: Impact Test Setup for Test Points 1,2,3 
 

 

Figure 6: Impact Test Setup for Test Points 4,5,6 
 

 
 
 
 
Figure 7: Impact Test Setup for Test Points 7 – 11 
 

 
 
 

9.3.2 Raise the impactor to an appropriate 
drop height such that it will contact the test spe-
cimen with an impact velocity of 2.80 m/s ± 3 %. 
This corresponds to a theoretical drop height of 
0.4 m.  

9.3.3 Release the impactor and capture the 
acceleration - time history and displacement - 
time history (if applicable) using recording 
equipment described in Section 6.4. 

9.3.4 Upon completion of a given impact test, 
raise the impactor off the surface of the test spe-
cimen. 

9.3.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.3.6 Each test specimen shall receive a total 
of 110 impacts. Impact each of the eleven im-
pact sites ten times. 

9.4 Calculations: 
9.4.1 Immediately following each test, record 

the following measurements: Fmax (N), Deflection 
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(mm) and Height of rebound (mm). 
9.4.2 The last eight tests for each impact site 

shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites.  

9.4.3 Calculate the mean values of Deflection, 
Height of rebound and Fmax across all impact 
sites rounded to zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
vaulting table, including type, source, manufac-
turer’s apparatus denomination, manufacturer’s 
model number (if appropriate), dimensions of 
test specimen, and any other pertinent informa-
tion. Photographs may be included in the test 
report for sample documentation purposes. 

10.1.2 Description of the profile dimensions 
relative to the requirements in FIG Apparatus 
Rules: II-MAG4new. 

10.1.3 Test identification number according to 

the internal regulations between the FIG Test 
Institutes. 

10.1.4 Complete identification of the testing la-
boratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.5 Conditions of test, including test date, 
temperature and humidity. 

10.1.6 Description of the impactor mass and 
the drop height conditions. 

10.1.7 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5.  

10.1.8 Mean values of Deflection, Height of 
rebound and Fmax across all impact sites. 

10.1.9 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables. 

10.1.10 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 
impact site. 

10.1.11 Deflection, Height of rebound and Fmax 
values for all tests. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary.
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Standard Specification: Parallel Bars for Men Artistic Gymnastics 
This standard is issued under the fixed designation FIG: IV-MAG5-01.01.1997; the numbers 
immediately following the designation indicate the date of original adoption by the FIG, or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appa-
ratus Commission of the FIG and participating FIG test laboratories. This standard was 
originally published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
parallel bars and to minimize any differences be-
tween competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain static stiffness properties, dynamic 
force - time and displacement - time relation-
ships as well as oscillation and stability charac-
teristics of parallel bars. This standard specifica-
tion is applicable to all parallel bars that are to be 
used at any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using parallel bars 
which comply with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG5. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: IV-MAG6. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Bar linkage: A rigid mechanical linkage 
between both bars of a parallel bars to exert 
equal forces simultaneously on both bars. 

3.1.2 Static tractive force: The predetermined 
value of force (in N) exerted on the midpoint of 
the bar, pulling the bar vertically downwards. 

3.1.3 Starting position: The position of an 
unloaded bar or an unloaded bar linkage from 
which the total deflection in vertical direction is 
determined. The midpoint of the bar or the bar 
linkage shall serve as the point of reference for 

the measurements. 
3.1.4 Deflection: The measured distance (in 

mm) between the starting position and the 
maximum displacement of the midpoint of the 
bar or the bar linkage in vertical direction. 

3.1.5 Definition of spatial dimensions and test 
directions: For the determination of the vertical 
deflection of the midpoint of the bar or the bar 
linkage the spatial dimensions are defined as il-
lustrated in Figure 1 to 3. The test directions are 
defined as illustrated in Figure 4. 

3.1.6 Pendulum: Tubular test body of given 
dimensions and mass with an additional low-
friction falling weight inside. The test body is at-
tached to a bar or a bar linkage with the help of 
two inflexible grasping arms, each of which is at 
the same distance from the midpoint of the bar 
or the bar linkage, guaranteeing a low-friction 
rotation of the test body about the longitudinal 
axis of the bar or the bar linkage. 
 
 
Figure 1: Definition of Spatial Dimensions 
 Test position: Middle of bars (lateral) 
(Pendulum in horizontal position before release) 

 
 
 
Figure 2: Definition of Spatial Dimensions 
 Test position: Middle of bars (transver-
sal) 
(Pendulum in horizontal position before release) 
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Figure 3: Definition of Spatial Dimensions 
 Test position: End of bars (transversal) 
(Pendulum in horizontal position before release) 

 
 
 
Figure 4: Definition of Test Directions 
 

 
 
 

3.1.7 Maximum Force (Fmax): The maximum 
value of the reaction force in the direction of the 
pendulum's centre of gravity measured as the 
sum of the forces exerted on both grasping arms 
during the pendulum swing, expressed in New-
tons. 

3.1.8 Hanging position: Stable equilibrium po-
sition of the hanging pendulum under gravity 
conditions only. 

3.1.9 Horizontal position: Position of the at-
tached pendulum rectangular to the hanging po-
sition. 

3.1.10 Additional falling weight: Cylindrical test 
body of given dimensions and mass inside the 
pendulum producing an additional impact stress 
on the gymnastic apparatus during pendulum 
swing. 

3.1.11 Internal drop height: Predetermined 
sliding distance of the additional falling weight 
inside the pendulum. 

3.1.12 Initial tension: Predetermined value of 
the force (in N) exerted on the bar or the bar 
linkage, composed of the gravity of the attached 
pendulum and an additional tractive force pulling 
the bar-pendulum system vertically downwards. 

3.1.13 Frequency of oscillation: Reciprocal of 
the value determined by the duration of the half 
amplitude interval divided by the number of oscil-

lations of the bar-pendulum system within the 
half amplitude interval. The frequency is ex-
pressed in Hertz. See Figure 5 for illustration of 
the frequency determination. 

3.1.14 Maximum amplitude: Value of the am-
plitude (in mm) of the first oscillation of the bar-
pendulum system after the release of the initial 
tension. 

3.1.15 Half amplitude: Value of the amplitude 
(in mm)  of the first oscillation which is equal to 
or less than half the maximum amplitude. 

3.1.16 Half amplitude interval: Duration of os-
cillation (in ms) between the passage of the 
maximum amplitude and the reaching of the half 
amplitude. See Figure 5 for illustration. 
 
Figure 5: Oscillation Damping Parameters 
 

 
 
 
4 Principle of Measurement 

4.1 The complete measurement is composed 
of four specific test procedures: 

4.1.1 Test A - Static traction stress: A bar of a 
mounted apparatus is pulled vertically down-
wards with a predetermined static tractive force. 
A measuring device mounted on the bar moni-
tors the displacement - time history of the mid-
point of the bar caused by this force. The maxi-
mum deflection is recorded with the aid of a data 
acquisition system. After the release of the static 
tractive force the bar must return into the starting 
position. 

4.1.2 Test B - Stress by pendulum swing: A 
pendulum which is attached to a bar or a bar 
linkage of a mounted apparatus is rotated from 
hanging position into horizontal position and then 
released. While it swings down, an additional fal-
ling weight inside the tubular pendulum slides 
down from a predetermined internal drop height 
until the weight strikes against the inside bottom 
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of the pendulum, producing an additional impact 
stress on the gymnastic apparatus. A measuring 
device monitors the displacement - time history 
of the midpoint of the bar or the bar linkage. 
Load cells inside both pendulum grasping arms 
monitor the reaction force - time history of the 
pendulum. Both are recorded with the aid of a 
data acquisition system. The test measures the 
maximum reaction force in the direction of the 
pendulum's centre of gravity and the positive de-
flection of the bar or the bar linkage in vertical 
direction. 

4.1.3 Test C - Oscillation damping: A pendu-
lum which is attached to a bar or a bar linkage of 
a mounted apparatus is pulled vertically down-
wards until a predetermined initial tension is 
reached. The abrupt release causes a damped 
oscillation of the bar-pendulum system. A meas-
uring device monitors the displacement - time 
history of the midpoint of the bar or the bar link-
age which is recorded with the aid of a data ac-
quisition system. The test measures the fre-
quency as well as the half amplitude interval of 
the oscillation.  

4.1.4 Test D - Lateral stability: One bar of a 
parallel bars which is ensured against sideward 
slipping is pulled horizontally in lateral direction 
until a predetermined inclination of the parallel 
bars is reached. A load cell inside the towing ca-
ble monitors the tractive force - time history 
which is recorded with the aid of a data acquisi-
tion system. The test measures the tractive force 
in the predetermined inclination position of the 
parallel bars. 

4.2 Static and dynamic data obtained during 
these procedures are indicative of the static stiff-
ness, elastic, damping, oscillation and stability 
properties of parallel bars used in training and 
FIG-sanctioned competitions. 
 
5 Performance Requirements 

5.1 Test A - Static traction stress: When tested 
according to the procedures described in Sec-
tion 9.2, the value of the measured variable shall 
be within the figures of Table 1. 
 
Table 1: Figure for Test A – Static traction stress 
x represents the measured variable 
 

Test A: Static traction stress 

Deflection (mm) 50 £ x £ 70 

 
5.2 Test B - Stress by pendulum swing: When 

tested according to the procedures described in 
Section 9.3, the mean values of the measured 
variables shall be within the figures of Table 2. 

 
Table 2: Figures for Test B – Stress by pendulum 
swing 
x represents the mean value of the measured variable 
 

Test B: Stress by pendulum swing 

Middle of bars (lateral) 

Fmax (N) x £ 2300 

Positive vertical deflection (mm) 85 £ x £ 115 

Middle of bars (transversal) 

Fmax (N) x £ 2750 

Positive vertical deflection (mm) 62 £ x £ 77 

End of bars (transversal) 

Fmax (N) x £ 3000 

Positive vertical deflection (mm) 63 £ x £ 73 

 
5.3 Test C - Oscillation damping: When tested 

according to the procedures described in Sec-
tion 9.4, the mean values of the measured vari-
ables shall be within the figures of Table 3. 
 
Table 3: Figures for Test C – Oscillation damping 
x represents the mean value of the measured variable 
 

Test C: Oscillation damping 

Middle of bars (lateral) 

Frequency of oscillation (Hz) 3.00 £ x £ 3.60 

Half amplitude interval (ms) 400 £ x £ 2750 

Middle of bars (transversal) 

Frequency of oscillation (Hz) 4.00 £ x £ 4.80 

Half amplitude interval (ms) 400 £ x £ 2500 

End of bars (transversal) 

Frequency of oscillation (Hz) 3.80 £ x £ 5.00 

Half amplitude interval (ms) 400 £ x £ 1200 

 
5.4 Test D - Lateral stability: When tested ac-

cording to the procedures described in Section 
9.5., the value of the measured variable shall be 
within the figure of Table 4. If the parallel bars do 
not meet this requirement the manufacturer and 
the appropriate FIG authorities will be informed 
that at all FIG sanctioned competitions and 
events, the parallel bars must be fixed to the 
floor. 
 
Table 4: Figure for Test D – Lateral Stability 
x represents the measured variable 
 

Test D: Lateral stability 

Tractive force (N) x ³  900 

 
6 Test Set-up and Apparatus 

6.1 Set-up for Test A - Static traction stress: 



FIG International Gymnastics Federation 
Standard Specification for Parallel Bars 
MAG – Men Artistic Gymnastics 

 

IV 
MAG 5 

01.01.1997 
4 

Any type of test set-up is acceptable that is ca-
pable to stress the test specimen under pre-
scribed conditions and monitoring and recording 
the displacement - time history of the midpoint of 
the bar. 

6.2 Set-up for Test B - Stress by pendulum 
swing: Any type of test set-up is acceptable that 
is capable of stressing the test specimen with a 
pendulum swing under prescribed conditions 
and monitoring and recording the displacement - 
time history of the midpoint of the bar or the bar 
linkage and the reaction force - time history of 
the pendulum. It is optional, but desirable, that 
the pendulum is released from a magnet in the 
horizontal position. 

6.3 Set-up for Test C - Oscillation damping: 
Any type of test set-up is acceptable that is ca-
pable of stressing a bar-pendulum system under 
prescribed conditions and monitoring and re-
cording the displacement - time history of the 
midpoint of the bar or the bar linkage. It is op-
tional, but desirable, that the bar-pendulum sys-
tem is released from a magnet at the prescribed 
initial tension.  

6.4 Set-up for Test D - Lateral stability: Any 
type of test set-up is acceptable that is capable 
to stress the test specimen under prescribed 
conditions and monitoring and recording the 
tractive force - time history of the towing cable.  

6.5 Bar linkage: Any type of rigid mechanical 
linkage between the bars is acceptable which 
enables an attachment of the pendulum for all 
tests in transversal test direction. The bar link-
age shall enable a distance between the bars of 
52 cm �  1 cm. The weight of the bar linkage 
shall be 3.0 kg �  0.3 kg. 

6.6 Pendulum - The pendulum shall meet the 
following criteria: 

6.6.1 Mass and geometry: The tubular test 
body shall have a mass of 40.0 kg �  3% (includ-
ing load cells, grasping arms and appliances for 
additional weights) and a geometry as specified 
in Figure 6. The load cells shall be located be-
tween the test body and the grasping arms. The 
weight of each grasping arm shall be 1.0 kg 
�  3%. 

6.6.2 Pendulum fixation - The pendulum fixa-
tion to the bar shall meet the following criteria: 

6.6.2.1 Functional properties: The fixation shall 
allow an immediate transfer of forces between 
pendulum and bar or bar linkage and guarantee 
a low-friction rotation of the pendulum about the 
longitudinal axis of a bar or a bar linkage (the 
use of roll bearings is recommended). 

6.6.2.2 Friction of the bar-pendulum fixation - 
The frictional properties of the fixation shall meet 

the criteria as specified in FIG Apparatus Rules: 
IV-MAG6 Standard Specification for Horizontal 
Bars for Men Artistic Gymnastics. 
 
Figure 6: Geometry of Tubular Test Body 
(All dimensions with an accuracy of 3%) 
 

 
 
 

6.6.3 Additional falling weight - The additional 
falling weight shall meet the following criteria: 

6.6.3.1 Mass and geometry: The cylindrical fal-
ling weight shall have a mass of 20.0 kg �  0.2 kg 
and a geometry as specified in Figure 7. 
 
Figure 7: Geometry of Additional Falling Load 
(All dimensions with an accuracy of 3%) 
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6.6.3.2 Friction within the tube of the test body 
- The frictional properties of the additional falling 
weight shall meet the criteria as specified in FIG 
Apparatus Rules: IV-MAG6 Standard Specifica-
tion for Horizontal Bars for Men Artistic Gymnas-
tics. 

6.6.3.3 Damping of the additional falling weight 
at the inside bottom of the tubular test body: The 
damping properties of the additional falling 
weight shall meet the criteria as specified in FIG 
Apparatus Rules: IV-MAG6 Standard Specifica-
tion for Horizontal Bars for Men Artistic Gymnas-
tics. 

6.7 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.7.1 Displacement - time: The selection of the 
specific displacement - time recording equip-
ment, including transducers and recorders, is at 
the discretion of the test laboratory. However, 
the transducers shall provide linear signals pro-
portional to the displacement of the midpoint of 
the bar or the bar linkage. If displacement is re-
corded, the test equipment shall have means to 
determine and record the starting position of the 
bar or the bar linkage from which the total deflec-
tion is determined. The total system, detection 
and recording, shall be capable of measuring 
displacements of up to 200 mm at frequencies 
from 2 to 200 Hz to an accuracy of �  1%. The 
minimum sampling rate of the data acquisition 
system shall be 500 Hz. 

6.7.2 Reaction force - time: Any reaction force 
- time recording equipment, including load cells 
and recorders, which can monitor the reaction 
force exerted on the pendulum simultaneously 
with the displacement - time trace is acceptable. 
The total system, detection and recording, shall 
be capable of measuring reaction forces of up to 
5000 N at frequencies from 2 to 200 Hz to an 
accuracy of �  1%. The minimum sampling rate of 
the data acquisition system shall be 500 Hz. 

6.7.3 Tractive force: Any tractive force re-
cording equipment, including load cells and re-
corders, which can monitor the tractive force ex-
erted on the parallel bars is acceptable. The total 
system, detection and recording, shall be capa-
ble of measuring tractive forces of up to 5000 N 
to an accuracy of �  1%. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of complete parallel bars as it is in-
tended to be used during training and/or compe-
tition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG5. 

8 Conditioning and Test Temperature 
8.1 The parallel bars, mounted and assembled 

for use, shall be preconditioned at 50% �  10% 
relative humidity and 21° C �  3° C for a minimum 
of 24 hours prior to the test. All testing shall be 
carried out under the same conditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 General set-up: 
9.1.1 Mount the parallel bars to a height as 

prescribed for competitions (Part II). 
9.1.2 For Test A, B and C the parallel bars 

shall have a fixation to the floor to eliminate un-
desirable vibrations and  movements of the ap-
paratus. 

9.2 Test A - Static traction stress: 
9.2.1 Install the displacement measuring de-

vice on an unloaded bar and determine the start-
ing position. 

9.2.2 Pull the midpoint of one bar vertically 
downwards with a static tractive force of 1350 N 
�  20 N and capture, then record the resulting 
maximum deflection (mm) using recording 
equipment described in Section 6.7. 

9.2.3 After the release of the static tractive 
force verify whether the bar returns into the start-
ing position. 

9.3 Test B - Stress by pendulum swing: 
9.3.1 Install the displacement measuring de-

vice on an unloaded bar (tests in lateral test di-
rection) or the unloaded bar linkage (tests in 
transversal test direction) and determine the 
starting position. 

9.3.2 Attach the pendulum (60 kg: 40 kg pen-
dulum with additional 20 kg falling weight) to a 
bar or the bar linkage in hanging position. 

9.3.3 Move the pendulum from hanging posi-
tion into horizontal position and move the addi-
tional falling weight inside the pendulum to the 
50 cm �  1 cm internal drop height position. For 
the direction of the pendulum swing at the differ-
ent test positions see Figure 1 to 3. 

9.3.4 Release the pendulum and capture the 
displacement - time history of the midpoint of the 
bar or the bar linkage and the reaction force - 
time history of the pendulum, using recording 
equipment described in Section 6.7. 

9.3.5 The parallel bars shall be stressed at 
each of the following test positions by repeating 
the pendulum swing five times: End of bars 
(transversal), Middle of bars (transversal), Mid-
dle of bars (lateral). See Figure 1 to 4 for illustra-
tion of the locations and the directions of the test 
positions. 

9.3.6 Immediately following each test, record 
the following measurements: Fmax (N) and posi-
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tive vertical deflection (mm). 
9.3.7 All five tests per test position shall be 

used to determine the arithmetic mean values of 
the measured variables. 

9.4 Test C - Oscillation damping: 
9.4.1 Attach the pendulum (60 kg: 40 kg pen-

dulum with additional 20 kg falling weight at the 
inside bottom of the pendulum) to a bar (tests in 
lateral test direction) or the bar linkage (tests in 
transversal test direction) in hanging position. 

9.4.2 Pull down the pendulum vertically until 
the initial tension of 1000 N �  30 N is reached. 

9.4.3 Release the pendulum and capture the 
displacement - time history of the midpoint of the 
bar or the bar linkage using recording equipment 
described in Section 6.7. 

9.4.4 Repeat the above process for each test 
position (see 9.3.5) five times. 

9.4.5 Immediately following each test, record 
the following measurements: Frequency (Hz) 
and half amplitude interval (ms) of the oscillation. 

9.4.6 All five tests per test position shall be 
used to determine the arithmetic mean values of 
the measured variables. 

9.5 Test D - Lateral stability: 
9.5.1 Ensure the parallel bars against side-

ward slipping with a barrier at the base frame. 
9.5.2 Mount the towing cables to one bar at 

the top of the uprights and pull horizontally in 
lateral direction until the test specimen tilts to an 
inclination of 10°. Capture, then record the trac-
tive force (N) using recording equipment de-
scribed in Section 6.7. 

9.6  Calculate the values of all required vari-
ables rounded to the decimal places of the cor-

responding figures identified in Section 5. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
parallel bars, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Test height of the parallel bars. 
10.1.6 Test A - Static traction stress: Descrip-

tion of the static tractive force. 
10.1.7 Test B - Stress by pendulum swing: 

Description of the pendulum mass, the additional 
falling weight and the internal drop height. 

10.1.8 Test C - Oscillation damping: Descrip-
tion of the pendulum mass (including the addi-
tional falling weight at the inside bottom of the 
pendulum) and the initial tension. 

10.1.9 Test D - Lateral stability: Description of 
the inclination of the parallel bars. 

10.1.10 Description of the test results relative 
to the performance requirements identified in 
Section 5. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary. 
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
horizontal bars and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain static stiffness properties, dynamic 
force - time and displacement - time relation-
ships and the oscillation characteristics of hori-
zontal bars. This standard specification is appli-
cable to all horizontal bars that are to be used at 
any FIG-sanctioned event. 

1.2 The test procedures associated with this 
specification does not imply that an injury cannot 
be incurred while using a horizontal bar which 
complies with this specification. 

1.3 This standard may involve hazardous op-
erations and equipment. This standard does not 
purport to address all the safety problems asso-
ciated with its use. It is the responsibility of the 
user of this standard to establish appropriate 
safety and health practices and to determine the 
applicability of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG6. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Cable tension: The predetermined value 
of force (in N) exerted on the mounting cables of 
the completely-mounted unloaded horizontal bar. 

3.1.2 Static tractive force: The predetermined 
value of force (in N) exerted on the midpoint of 
the bar, pulling the bar vertically downwards. 

3.1.3 Starting position: The position of the 
unloaded bar from which the total deflection in 
vertical and horizontal direction is determined. 
The midpoint of the bar shall serve as the point 
of reference for the measurements. 

3.1.4 Deflection: The measured distance (in 
mm) between the starting position and the 

maximum displacement of the midpoint of the 
bar in vertical and horizontal direction respec-
tively. 

3.1.5 Definition of spatial dimensions: For the 
determination of the vertical and horizontal de-
flection of the midpoint of the bar the spatial di-
mensions are defined as illustrated in Figure 1. 
 
Figure 1: Definition of Spatial Dimensions 
(Pendulum in horizontal position before release) 

 
 

3.1.6 Pendulum: Tubular test body of given 
dimensions and mass with an additional low-
friction falling weight inside. The test body is at-
tached to the bar with the help of two inflexible 
grasping arms, each of which is at the same dis-
tance from the midpoint of the bar, guaranteeing 
a low-friction rotation of the test body about the 
longitudinal axis of the bar. 

3.1.7 Maximum Force (Fmax): The maximum 
value of the reaction force in the direction of the 
pendulum's centre of gravity measured as the 
sum of the forces exerted on both grasping arms 
during the pendulum swing, expressed in New-
tons. 

3.1.8 Hanging position: Stable equilibrium po-
sition of the hanging pendulum under gravity 
conditions only. 

3.1.9 Horizontal position: Position of the at-
tached pendulum rectangular to the hanging po-
sition. 

3.1.10 Additional falling weight: Cylindrical test 
body of given dimensions and mass inside the 
pendulum producing an additional impact stress 
on the gymnastic apparatus during pendulum 
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swing. 
3.1.11 Internal drop height: Predetermined 

sliding distance of the additional falling weight 
inside the pendulum. 

3.1.12 Initial tension: Predetermined value of 
the force exerted on the bar, composed of the 
gravity of the attached pendulum and an addi-
tional tractive force pulling the bar-pendulum 
system vertically downwards. 

3.1.13 Frequency of oscillation: Reciprocal of 
the value determined by the duration of the half 
amplitude interval divided by the number of oscil-
lations of the bar-pendulum system within the 
half amplitude interval. The frequency is ex-
pressed in Hertz. See Figure 2 for illustration of 
the frequency determination. 

3.1.14 Maximum amplitude: Value of the am-
plitude (in mm) of the first oscillation of the bar-
pendulum system after the release of the initial 
tension. 

3.1.15 Half amplitude: Value of the amplitude 
(in mm) of the first oscillation which is equal to or 
less than half the maximum amplitude. 

3.1.16 Half amplitude interval: Duration of os-
cillation (in ms) between the passage of the 
maximum amplitude and the reaching of the half 
amplitude. See Figure 2 for illustration. 
 
Figure 2: Oscillation Damping Parameters 
 

 
 
 
4 Principle of Measurement 

4.1 The complete measurement is composed 
of three specific test procedures: 

4.1.1 Test A - Static traction stress: The bar of 
a mounted apparatus is pulled vertically down-
wards with a predetermined static tractive force. 
A measuring device mounted on the bar moni-
tors the displacement - time history of the mid-
point of the bar caused by this force. The maxi-

mum deflection is recorded with the aid of a data 
acquisition system. After the release of the static 
tractive force the bar must return into the starting 
position. 

4.1.2 Test B - Stress by pendulum swing: A 
pendulum which is attached to the bar of a 
mounted apparatus is rotated from hanging posi-
tion into horizontal position and then released. 
While it swings down, an additional falling weight 
inside the tubular pendulum slides down from a 
predetermined internal drop height until the 
weight strikes against the inside bottom of the 
pendulum, producing an additional impact stress 
on the gymnastic apparatus. A measuring device 
monitors the two-dimensional displacement - 
time history of the midpoint of the bar. Load cells 
inside both pendulum grasping arms monitor the 
reaction force - time history of the pendulum. 
Both are recorded with the aid of a data acquisi-
tion system. The test measures the maximum 
reaction force in the direction of the pendulum's 
centre of gravity as well as the positive deflection 
of the bar in vertical direction and the positive 
and negative deflection of the bar in horizontal 
direction. 

4.1.3 Test C - Oscillation damping: A pendu-
lum which is attached to the bar of a mounted 
apparatus is pulled vertically downwards until a 
predetermined initial tension is reached. The 
abrupt release causes a damped oscillation of 
the bar-pendulum system. A measuring device 
monitors the displacement - time history of the 
midpoint of the bar which is recorded with the aid 
of a data acquisition system. The test measures 
the frequency as well as the half amplitude inter-
val of the oscillation. 

4.2 Static and dynamic data obtained during 
these procedures are indicative of the static stiff-
ness, elastic, damping, and oscillation properties 
of the horizontal bar used in training and FIG-
sanctioned competitions. 
 
5 Performance Requirements 

5.1 Test A - Static traction stress: When tested 
according to the procedures described in Sec-
tion 9.2, the value of the measured variable shall 
be within the figures of Table 1. 
 
Table 1: Figure for Test A – Static traction stress 
x represents the measured variable 
 

Test A: Static traction stress 

Deflection (mm) 80 £ x £ 100 
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5.2 Test B - Stress by pendulum swing: When 
tested according to the procedures described in 
Section 9.3, the mean values of the measured 
variables shall be within the figures of Table 2. 
 
Table 2: Figures for Test B – Stress by pendulum 
swing 
x represents the mean value of the measured variable 
 

Test B: Stress by pendulum swing 

Fmax (N) x £ 3200 

Positive vertical deflection (mm) 120 £ x £ 135 
Negative horizontal deflection 
(mm) 

-30 £ x £ -40 

Positive horizontal deflection (mm) 60 £ x £ 75 

 
5.3 Test C - Oscillation damping: When tested 

according to the procedures described in Sec-
tion 9.4, the mean values of the measured vari-
ables shall be within the figures of Table 3. 
 
Table 3: Figures for Test C – Oscillation damping 
x represents the mean value of the measured variable 
 

Test C: Oscillation damping 

Frequency of oscillation (Hz) 3.00 £ x £ 3.25 

Half amplitude interval (ms) 1250 £ x £ 
4900  

6 Test Set-up and Apparatus 
6.1 Set-up for Test A - Static traction stress: 

Any type of test set-up is acceptable that is ca-
pable to stress the test specimen under pre-
scribed conditions and monitoring and recording 
the displacement - time history of the midpoint of 
the bar. 

6.2 Set-up for Test B - Stress by pendulum 
swing: Any type of test set-up is acceptable that 
is capable of stressing the test specimen with a 
pendulum swing under prescribed conditions 
and monitoring and recording the displacement - 
time history of the midpoint of the bar and the 
reaction force - time history of the pendulum. It is 
optional, but desirable, that the pendulum is re-
leased from a magnet in the horizontal position. 

6.3 Set-up for Test C - Oscillation damping: 
Any type of test set-up is acceptable that is ca-
pable of stressing the bar-pendulum system un-
der prescribed conditions and monitoring and 
recording the displacement - time history of the 
midpoint of the bar. It is optional, but desirable, 
that the bar-pendulum system is released from a 
magnet at the prescribed initial tension. 

6.4 Pendulum - The pendulum shall meet the 
following criteria: 

6.4.1 Mass and geometry: The tubular test 
body shall have a mass of 40.0 kg �  3% (includ-

ing load cells, grasping arms and appliances for 
additional weights) and a geometry as specified 
in Figure 3. The load cells shall be located be-
tween the test body and the grasping arms. The 
weight of each grasping arm shall be 1.0 kg 
�  3%. 
 
Figure 3: Geometry of Tubular Test Body 
(All dimensions with an accuracy of 3%) 
 

 
 
 

6.4.2 Added weights: For Test B, two custom-
ary 10.0 kg �  0.1 kg dumb-bell weights shall be 
added with the help of specific appliances to 
each side of the pendulum, for an additional 
weight on the pendulum of 20.0 kg �  0.2 kg. See 
Figure 3 for the location of the specific appli-
ances. 

6.4.3 Pendulum fixation - The pendulum fixa-
tion to the bar shall meet the following criteria: 

6.4.3.1 Functional properties: The fixation shall 
allow an immediate transfer of forces between 
pendulum and bar and guarantee a low-friction 
rotation of the pendulum about the longitudinal 
axis of the bar (the use of roll bearings is rec-
ommended). 

6.4.3.2 Friction of the bar-pendulum fixation - 
The frictional properties of the fixation shall meet 
the following criteria: The time for the pendulum 
(80 kg: 40 kg pendulum with additional 20 kg fal-
ling weight at the inside bottom [no internal drop 
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height] and 20 kg added weights) to swing from 
horizontal position (release) through hanging 
(vertical) position shall be 680 ms �  15 ms. 

6.4.4 Additional falling weight - The additional 
falling weight shall meet the following criteria: 

6.4.4.1 Mass and geometry: The cylindrical fal-
ling weight shall have a mass of 20.0 kg �  0.2 kg 
and a geometry as specified in Figure 4. 
 
Figure 4: Geometry of Additional Falling Load 
(All dimensions with an accuracy of 3%) 

 
 
 

6.4.4.2 Friction within the tube of the test body 
- The frictional properties of the additional falling 
weight shall meet the following criteria: The time 
for the additional falling weight to cover the in-
ternal drop height of 90 cm by a pendulum swing 
(80 kg) down from horizontal position (release) 
shall be 640 ms �  10 ms. 

6.4.4.3 Damping of the additional falling weight 
at the inside bottom of the tubular test body - 
The damping properties of the additional falling 
weight shall meet the following criteria: The addi-
tional falling weight (20 kg) shall produce an av-
erage peak force of 5800 N �  1500 N over 15 
impact tests inside the tubular test body with a 
vertical drop height of 50 mm �  1 mm. A chloro-
prene rubber at the bottom of the test body with 
a thickness of 8 mm, a density of 1.40 g/cm3 and 
a tensile strength of 5,5 MPa is re-commended. 

6.5 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.5.1 Displacement - time: The selection of the 
specific displacement - time recording equip-
ment, including transducers and recorders, is at 
the discretion of the test laboratory. However, 
the transducers shall provide linear signals pro-
portional to the two-dimensional displacement of 
the midpoint of the bar. If displacement is re-
corded, the test equipment shall have means to 
determine and record the starting position of the 
bar from which the total deflections are deter-

mined. The total system, detection and re-
cording, shall be capable of measuring dis-
placements of up to 200 mm at frequencies from 
2 to 200 Hz to an accuracy of �  1%. The mini-
mum sampling rate of the data acquisition sys-
tem shall be 500 Hz. 

6.5.2 Reaction force - time: Any reaction force 
- time recording equipment, including load cells 
and recorders, which can monitor the reaction 
force exerted on the pendulum simultaneously 
with the displacement - time trace is acceptable. 
The total system, detection and recording, shall 
be capable of measuring reaction forces of up to 
5000 N at frequencies from 2 to 200 Hz to an 
accuracy of �  1%. The minimum sampling rate of 
the data acquisition system shall be 500 Hz. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a complete horizontal bar as it is 
intended to be used during training and/or com-
petition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG6. 
 
8 Conditioning and Test Temperature 

8.1 The horizontal bar, mounted and assem-
bled for use, shall be preconditioned at 50% 
�  10% relative humidity and 21° C �  3° C for a 
minimum of 24 hours prior to the test. All testing 
shall be carried out under the same conditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 General set-up: 
9.1.1 Mount the horizontal bar to a height as 

prescribed for competitions (Part II). 
9.1.2 The default cable tension shall be 

1500 N �  50 N provided that there is no other 
specific cable tension suggested by the manu-
facturer. If a specific cable tension is suggested 
by the manufacturer, then this suggested cable 
tension shall be used. 

9.1.3 Install the displacement measuring de-
vice on the unloaded bar and determine the 
starting position. 

9.2 Test A - Static traction stress: 
9.2.1 Pull the midpoint of the bar vertically 

downwards with a static tractive force of 2200 N 
�  20 N and capture, then record the resulting 
maximum deflection (mm) using recording 
equipment described in Section 6.5. 

9.2.2 After the release of the static tractive 
force verify whether the bar returns into the start-
ing position. 
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9.3 Test B - Stress by pendulum swing: 
9.3.1 Attach the pendulum (80 kg: 40 kg pen-

dulum with additional 20 kg falling weight and 
20 kg added weights) to the bar in hanging posi-
tion. 

9.3.2 Move the pendulum from hanging posi-
tion into horizontal position and move the addi-
tional falling weight inside the pendulum to the 
90 cm �  1 cm internal drop height position. 

9.3.3 Release the pendulum and capture the 
two-dimensional displacement - time history of 
the midpoint of the bar and the reaction force - 
time history of the pendulum, using recording 
equipment described in Section 6.5. 

9.3.4 Stress the horizontal bar by repeating the 
pendulum swing five times. 

9.3.5 Immediately following each test, record 
the following measurements: Fmax (N), positive 
vertical deflection (mm), as well as positive and 
negative horizontal deflection (mm). 

9.3.6 All five tests shall be used to determine 
the arithmetic mean value of each measured 
variable. 

9.4 Test C - Oscillation damping: 
9.4.1 Attach the pendulum (60 kg: 40 kg pen-

dulum with additional 20 kg falling weight at the 
inside bottom of the pendulum) to the bar in 
hanging position. 

9.4.2 Pull down the pendulum vertically until 
the initial tension of 1000 N �  30 N is reached. 

9.4.3 Release the pendulum and capture the 
displacement - time history of the midpoint of the 
bar using recording equipment described in Sec-
tion 6.5. 

9.4.4 Repeat the above process five times. 
9.4.5 Immediately following each test, record 

the following measurements: Frequency (Hz) 
and half amplitude interval (ms) of the oscillation. 

9.4.6 All five tests shall be used to determine 

the arithmetic mean value of each measured 
variable. 

9.5 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
horizontal bar, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Test height and cable tension of the 
unloaded horizontal bar. 

10.1.6 Test A - Static traction stress: Descrip-
tion of the static tractive force. 

10.1.7 Test B - Stress by pendulum swing: 
Description of the pendulum mass with added 
weights, the additional falling weight and the in-
ternal drop height. 

10.1.8 Test C - Oscillation damping: Descrip-
tion of the pendulum mass (including the addi-
tional falling weight at the inside bottom of the 
pendulum) and the initial tension. 

10.1.9 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are invited to 
comment on revision of this standard or on additional standards. Comments should be addressed to the 
FIG General Secretary.
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
landing mats and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing characteristics, the 
impact force - time relationships, and the re-
bound properties of 20 cm landing mats. This 
standard specification is applicable to all landing 
mat systems that are to be used at any FIG-
sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a landing mat 
system which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact  Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG11. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the landing mat system from which the total 
deflection and total height of rebound is deter-
mined. It is taken as the top plane of the landing 
mat system. 

3.1.3 Deflection: The measured distance (in 

mm) between the base plane and the maximum 
displacement of the impactor below the base 
plane. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the base plane and the 
maximum displacement of the impactor above 
the base plane. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the base plane on impact.  

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 
 
4 Principle of Measurement 

4.1 A test specimen is impacted at a specified 
velocity with an impactor of given mass and ge-
ometry. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound properties of the landing mat systems and 
materials used in training and FIG-sanctioned 
competitions. 
 
5 Performance Requirements 

5.1 When tested according to the procedures 
described in Section 9, the overall mean values 
of the measured variables across all impact sites 
shall be within the figures of Table 1. 
Table 1: Figures for 20 cm Landing Mats 
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Deflection 
(mm) 

Height of rebound 
(mm) 

Fmax 
(N) 

£  110 £  90 £  3000 

6 Test Apparatus 
6.1 Impact test machine: Any type of dynamic 

testing apparatus that is capable of impacting a 
test specimen at a prescribed impact velocity 
and monitors and records the acceleration - time 
history of the impactor is acceptable. The impact 
test machine and the impactor shall have suffi-
cient rigidity to eliminate undesirable vibrations 
in the apparatus which might be recorded on the 
acceleration - time curve. The impact test ma-
chine shall also be designed in such a manner 
that only the impact face of the impactor con-
tacts the test specimen at any time during the 
test procedures. 

6.2 Impactor: The impactor shall be 20 kg ± 
0.2 kg and shall have a flat impact face with a 
10 cm ± 0.5 cm diameter. The edge of the im-
pactor face should be relieved to eliminate sharp 
edges. Provision shall be made so that the ac-
celerometer can be securely fastened parallel to 
the vertical axis of the impactor with a maximum 
deviation of ± 5o. 

6.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.1 Acceleration - time: The selection of the 
specific acceleration - time recording equipment, 
including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true 
value. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.3.2 Displacement - time: It is optional, but 
desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 
with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
top plane (base plane) of the test specimen from 
which the total deformation and rebound height 
are determined. 

6.3.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 

complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall represent the landing mat as it is intended 
to be used during training and/or competition.  

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG11. Exception: See 
7.3.. 

7.3 The minimum horizontal dimensions 
(length * width) for any test specimen shall be 
200 cm * 120 cm. 
 
8 Conditioning and Test Temperature 

8.1 Test specimens shall be preconditioned at 
50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Impact locations: A total of nine impact 
sites shall be designated on the test specimen. 
See Figure 1 for an illustration of the impact 
sites. 
 
Figure 1: Impact Locations for Landing Mats 
 

 
 

 
 

9.2 Impact test procedures: 
9.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid floor (con-
crete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
tact one of the designated impact test sites. 

9.2.2 Raise the impactor to an appropriate 
drop height such that it will contact the test 
specimen with an impact velocity of 3.96 m/s 
± 3%. This corresponds to a theoretical drop 
height of 0.8 m.  

9.2.3 Release the impactor and capture the 
acceleration - time history and displacement - 
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time history (if applicable) using recording 
equipment described in Section 6.3. 

9.2.4 Upon completion of a given impact test, 
raise the impactor off the surface of the test 
specimen. 

9.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.2.6 Each test specimen shall receive a total 
of 90 impacts. Impact each of the nine impact 
sites ten times. 

9.3 Calculations: 
9.3.1 Immediately following each test, record 

the following measurements: Fmax (N), Deflection 
(mm) and Height of rebound (mm). 

9.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites.  

9.3.3 Calculate the mean values of Deflection, 
Height of rebound and Fmax across all impact 
sites rounded to zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
landing mat, including type, source, manufac-

turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Description of the impactor mass and 
the drop height conditions. 

10.1.6 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5.  

10.1.7 Mean values of Deflection, Height of 
rebound and Fmax across all impact sites. 

10.1.8 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables. 

10.1.9 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 
impact site. 

10.1.10 Deflection, Height of rebound and Fmax 
values for all tests. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary.
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
landing mats and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing characteristics, the 
impact force - time relationships, and the re-
bound properties of 10 cm  landing mats. This 
standard specification is applicable to all landing 
mat systems that are to be used at any FIG-
sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a landing mat 
system which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact  Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG12. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the landing mat system from which the total 
deflection and total height of rebound is deter-
mined. It is taken as the top plane of the landing 
mat system. 

3.1.3 Deflection: The measured distance (in 

mm) between the Base plane and the maximum 
displacement of the impactor below the Base 
plane. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the Base plane and the 
maximum displacement of the impactor above 
the Base plane. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the base plane on impact.  

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 
 
4 Principle of Measurement 

4.1 A test specimen is impacted at a specified 
velocity with an impactor of given mass and ge-
ometry. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound properties of the landing mat systems and 
materials used in training and FIG-sanctioned 
competitions. 
 
5 Performance Requirements 

5.1 When tested according to the procedures 
described in Section 9, the overall mean values 
of the measured variables across all impact sites 
shall be within the figures of Table 1. 
Table 1: Figures for 10 cm Landing Mats 
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Deflection 
(mm) 

Height of rebound 
(mm) 

Fmax 
(N) 

£  65 £  80 £  3750 

6 Test Apparatus 
6.1 Impact test machine: Any type of dynamic 

testing apparatus that is capable of impacting a 
test specimen at a prescribed impact velocity 
and monitoring and recording the acceleration - 
time history of the impactor is acceptable. The 
impact test machine and the impactor shall have 
sufficient rigidity to eliminate undesirable vibra-
tions in the apparatus which might be recorded 
on the acceleration - time curve. The impact test 
machine shall also be designed in such a man-
ner that only the impact face of the impactor con-
tacts the test specimen at any time during the 
test procedures. 

6.2 Impactor: The impactor shall be 20 kg ± 
0.2 kg and shall have a flat impact face with a 
10 cm ± 0.5 cm diameter. The edge of the im-
pactor face should be relieved to eliminate sharp 
edges. Provision shall be made so that the ac-
celerometer can be securely fastened parallel to 
the vertical axis of the impactor with a maximum 
deviation of ± 5o. 

6.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.1 Acceleration - time: The selection of the 
specific acceleration - time recording equipment, 
including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true val-
ue. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.3.2 Displacement - time: It is optional, but 
desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 
with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
top plane (base plane) of the test specimen from 
which the total deformation and rebound height 
are determined. 

6.3.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 

complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall represent the landing mat as it is intended 
to be used during training and/or competition.  

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG12. Exception: See 7.3. 

7.3 The minimum horizontal dimensions 
(length * width) for any test specimen shall be 
200 cm * 120 cm. 
 
8 Conditioning and Test Temperature 

8.1 Test specimens shall be preconditioned at 
50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Impact locations: A total of nine impact 
sites shall be designated on the test specimen. 
See Figure 1 for an illustration of the impact 
sites. 
 
Figure 1: Impact Locations for Landing Mats 
 

 
 

 
 

9.2 Impact test procedures: 
9.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid floor (con-
crete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
tact one of the designated impact test sites. 

9.2.2 Raise the impactor to an appropriate 
drop height such that it will contact the test spe-
cimen with an impact velocity of 2.80 m/s +/- 3%. 
This corresponds to a theoretical drop height of 
0.4 m.  

9.2.3 Release the impactor and capture the 
acceleration - time history and displacement - 
time history (if applicable) using recording 



FIG International Gymnastics Federation 
Standard Specification for 10 cm Landing Mat 
MAG – Men Artistic Gymnastics 

 

IV 
MAG 12 

12.07.1989 
3 

equipment described in Section 6.3. 
9.2.4 Upon completion of a given impact test, 

raise the impactor off the surface of the test spe-
cimen. 

9.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.2.6 Each test specimen shall receive a total 
of 90 impacts. Impact each of the nine impact 
sites ten times. 

9.3 Calculations: 
9.3.1 Immediately following each test, record 

the following measurements: Fmax (N), Deflection 
(mm) and Height of rebound (mm). 

9.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites. 

9.3.3 Calculate the mean values of Deflection, 
Height of rebound and Fmax across all impact 
sites rounded to zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
landing mat, including type, source, manufac-
turer’s model number (if appropriate), dimen-

sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing la-
boratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Description of the impactor mass and 
the drop height conditions. 

10.1.6 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5.  

10.1.7 Mean values of Deflection, Height of 
rebound and Fmax across all impact sites.  

10.1.8 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables. 

10.1.9 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 
impact site. 

10.1.10 Deflection, Height of rebound and Fmax 
values for all tests. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are invited to 
comment on revision of this standard or on additional standards. Comments should be addressed to the 
FIG General Secretary. 
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
vaulting boards and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing characteristics, the 
impact force - time relationships, and the re-
bound properties of vaulting boards. This stan-
dard specification is applicable to all vaulting 
boards that are to be used at any FIG-
sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a vaulting 
board which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact  Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-MAG14. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Starting position of an impact site: The 
vertical position of an impact site at the surface 
of an unloaded vaulting board from which the to-
tal deflection and total height of rebound is de-
termined. 

3.1.3 Deflection: The measured distance (in 

mm) between the starting position of an impact 
site and the maximum displacement of the im-
pactor below the starting position of an impact 
site. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2.  

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the starting position of an 
impact site and the maximum displacement of 
the impactor above the starting position of an 
impact site. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the starting position of an impact site on 
impact. 

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of impact to a 
height that would generate the same velocity if 
the test were performed at sea level and there 
was no friction to retard the impactor during a 
drop from that height. 
 
4 Principle of Measurement 

4.1 A test specimen is impacted at a specified 
velocity with an impactor of given mass and ge-
ometry. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound properties of the vaulting board used in 
training and FIG-sanctioned competitions. 
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5 Performance Requirements 
5.1 When tested according to the procedures 

described in Section 9, the overall mean values 
of the measured variables and the differences of 
the mean values at specified impact sites shall 
be within the figures of Table 1. 
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Table 1: Figures for the “ hard”  Vaulting Boards 
See Figure 1 for an illustration of the impact sites. 
X represents the overall mean value of the measured 
variable. 
 Deflection 

(mm) 
Height of 
rebound 
(mm) 

Fmax 
(N)) 

Mean value 
across impact 
sites 1 to 5 

55 £ x £ 68 340 £ x £ 400 x £ 
4000 

Difference be-
tween highest 
and lowest 
mean value on 
impact sites 1 to 
5 

£ 15 £ 100  

Difference be-
tween mean 
value on impact 
sites 6 and 7 

£ 4 £ 25 £ 150 

 
 
Table 2: Figures for the “ soft”  Vaulting Boards 
See Figure 1 for an illustration of the impact sites. 
X represents the overall mean value of the measured 
variable. 
 Deflection 

(mm) 
Height of 
rebound 
(mm) 

Fmax 
(N)) 

Mean value 
across impact 
sites 1 to 5 

62 £ x £ 80 340 £ x £ 400 x £ 
4000 

Difference be-
tween highest 
and lowest 
mean value on 
impact sites 1 to 
5 

£ 15 £ 100  

Difference be-
tween mean 
value on impact 
sites 6 and 7 

£ 4 £ 25 £ 150 

 
 
6 Test Apparatus 

6.1 Impact test machine: Any type of dynamic 
testing apparatus that is capable of impacting a 
test specimen at a prescribed impact velocity 
and monitoring and recording the acceleration - 
time history of the impactor is acceptable. The 
impact test machine and the impactor shall have 
sufficient rigidity to eliminate undesirable vibra-
tions in the apparatus which might be recorded 
on the acceleration - time curve. The impact test 
machine shall also be designed in such a man-
ner that only the impact face contacts the test 
specimen at any time during the test procedures. 

6.2 Impactor: The impactor shall be 20 kg ± 
0.2 kg and shall have a flat impact face with a 
10 cm ± 0.5 cm diameter. The edge of the im-
pactor face should be relieved to eliminate sharp 

edges. Provision shall be made so that the ac-
celerometer can be securely fastened parallel to 
the vertical axis of the impactor with a maximum 
deviation of ± 5o. 

6.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.1 Acceleration - time: The selection of the 
specific acceleration - time recording equipment, 
including transducers and recorders, is at the 
discretion of the test laboratory. However, the 
recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of ± 5% of the true val-
ue. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 200 g at frequencies from 2 to 
1000 Hz to an accuracy of ± 5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.3.2 Displacement - time: It is optional, but 
desirable, that the displacement - time history is 
recorded by a separate transducer. Any trans-
ducer that provides a linear signal proportional to 
the displacement of the impactor along the im-
pact axis which can be monitored simultaneously 
with the acceleration - time trace is acceptable. If 
displacement is recorded, the test equipment 
shall have means to determine and record the 
starting position of an impact site of the test spe-
cimen from which the total deformation and re-
bound height are determined. 

6.3.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 
complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a vaulting board as it is intended 
to be used during training and/or competition.  

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-MAG14. 
8 Conditioning and Test Temperature 

8.1 The test specimen shall be preconditioned 
at 50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Impact locations: A total of seven impact 
sites shall be designated on the test specimen. 
See Figure1 for an illustration of the impact sites. 
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Figure 1: Impact Locations for Vaulting Boards 
(Dimensions in cm) 
 

 
 
 

9.2 Impact test procedures: 
9.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid floor (con-
crete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
tact one of the designated impact test sites. 

9.2.2 Raise the impactor to an appropriate 
drop height such that it will contact the test spe-
cimen with an impact velocity of 3.96 m/s ± 3%. 
This corresponds to a theoretical drop height of 
0.8 m.  

9.2.3 Release the impactor and capture the 
acceleration - time history and displacement - 
time history (if applicable) using recording 
equipment described in Section 6.3. 

9.2.4 Upon completion of a given impact test, 
raise the impactor off the surface of the test spe-
cimen. 

9.2.5 The duration between tests at a given 
impact site shall not be less than 30 seconds. 

9.2.6 Each test specimen shall receive a total 
of 70 impacts. Impact each of the seven impact 
sites ten times. 

9.3 Calculations: 
9.3.1 Immediately following each test, record 

the following measurements: Fmax (N), Deflection 
(mm) and Height of rebound (mm). 

9.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each meas-
urement point. 

9.3.3 Calculate the mean values of Deflection, 
Height of rebound and Fmax across all impact 
sites rounded to zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
vaulting board, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing la-
boratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Description of the impactor mass and 
the drop height conditions. 

10.1.6 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5.  

10.1.7 Mean values of Deflection, Height of 
rebound and Fmax across impact sites 1 to 5. 

10.1.8 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables for impact sites 1 to 5.  

10.1.9 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 
impact site. 

10.1.10 Deflection, Height of rebound and Fmax 
values for all tests. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary. 
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The standard specifications for vaulting tables for women artistic gymnastics are the 
same as for men artistic gymnastics, therefore, this standard refers to the FIG stan-
dard IV-MAG4. 
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Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
uneven bars and to minimize any differences be-
tween competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain static stiffness properties, dynamic 
force - time and displacement - time relation-
ships and the oscillation characteristics of un-
even bars. This standard specification is appli-
cable to all uneven bars that are to be used at 
any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using uneven bars 
which comply with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-WAG2. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: IV-MAG6. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Cable tension: The predetermined value 
of force (in N) exerted on the mounting cables of 
the completely-mounted unloaded uneven bars. 

3.1.2 Static tractive force: The predetermined 
value of force (in N) exerted on the midpoint of a 
bar, pulling the bar vertically downwards. 

3.1.3 Starting position: The position of an 
unloaded bar from which the total deflection in 
vertical and horizontal direction is determined. 
The midpoint of the bar shall serve as the point 
of reference for the measurements. 

3.1.4 Deflection: The measured distance (in 
mm) between the starting position and the 
maximum displacement of the midpoint of a bar 
in vertical and horizontal direction respectively. 

3.1.5 Definition of spatial dimensions: For the 
determination of the vertical and horizontal de-
flection of the midpoint of a bar the spatial di-
mensions are defined as illustrated in Figure 1. 
 
Figure 1: Definition of Spatial Dimensions 
(Pendulum in horizontal position before release) 
 

 
 

3.1.6 Pendulum: Tubular test body of given 
dimensions and mass with an additional low-
friction falling weight inside. The test body is at-
tached to a bar with the help of two inflexible 
grasping arms, each of which is at the same dis-
tance from the midpoint of the bar, guaranteeing 
a low-friction rotation of the test body about the 
longitudinal axis of the bar. 

3.1.7 Maximum Force (Fmax): The maximum 
value of the reaction force in the direction of the 
pendulum's centre of gravity measured as the 
sum of the forces exerted on both grasping arms 
during the pendulum swing, expressed in New-
tons. 

3.1.8 Hanging position: Stable equilibrium po-
sition of the hanging pendulum under gravity 
conditions only. 

3.1.9 Horizontal position: Position of the at-
tached pendulum rectangular to the hanging po-
sition. 

3.1.10 Additional falling weight: Cylindrical test 
body of given dimensions and mass inside the 
pendulum producing an additional impact stress 
on the gymnastic apparatus during pendulum 
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swing. 
3.1.11 Internal drop height: Predetermined 

sliding distance of the additional falling weight 
inside the pendulum. 

3.1.12 Initial tension: Predetermined value of 
the force exerted on a bar, composed of the 
gravity of the attached pendulum and an addi-
tional tractive force pulling the bar-pendulum 
system vertically downwards. 

3.1.13 Frequency of oscillation: Reciprocal of 
the value determined by the duration of the half 
amplitude interval divided by the number of oscil-
lations of a bar-pendulum system within the half 
amplitude interval. The frequency is expressed 
in Hertz. See Figure 2 for illustration of the fre-
quency determination. 

3.1.14 Maximum amplitude: Value of the am-
plitude (in mm) of the first oscillation of a bar-
pendulum system after the release of the initial 
tension. 

3.1.15 Half amplitude: Value of the amplitude 
(in mm) of the first oscillation which is equal to or 
less than half the maximum amplitude. 

3.1.16 Half amplitude interval: Duration of os-
cillation (in ms) between the passage of the 
maximum amplitude and the reaching of the half 
amplitude. See Figure 2 for illustration. 
 
Figure 2: Oscillation Damping Parameters 
 

 
 
 
4 Principle of Measurement 

4.1 The complete measurement is composed 
of three specific test procedures: 

4.1.1 Test A - Static traction stress: A bar of a 
mounted apparatus is pulled vertically down-
wards with a predetermined static tractive force. 
A measuring device mounted on the bar moni-
tors the displacement - time history of the mid-
point of the bar caused by this force. The maxi-

mum deflection is recorded with the aid of a data 
acquisition system. After the release of the static 
tractive force the bar must return into the starting 
position. 

4.1.2 Test B - Stress by pendulum swing: A 
pendulum which is attached to a bar of a 
mounted apparatus is rotated from hanging posi-
tion into horizontal position and then released. 
While it swings down, an additional falling weight 
inside the tubular pendulum slides down from a 
predetermined internal drop height until the 
weight strikes against the inside bottom of the 
pendulum, producing an additional impact stress 
on the gymnastic apparatus. A measuring device 
monitors the two-dimensional displacement - 
time history of the midpoint of the bar. Load cells 
inside both pendulum grasping arms monitor the 
reaction force - time history of the pendulum. 
Both are recorded with the aid of a data acquisi-
tion system. The test measures the maximum 
reaction force in the direction of the pendulum's 
centre of gravity as well as the positive deflection 
of the bar in vertical direction and the positive 
and negative deflection of the bar in horizontal 
direction. 

4.1.3 Test C - Oscillation damping: A pendu-
lum which is attached to a bar of a mounted ap-
paratus is pulled vertically downwards until a 
predetermined initial tension is reached. The 
abrupt release causes a damped oscillation of 
the bar-pendulum system. A measuring device 
monitors the displacement - time history of the 
midpoint of the bar which is recorded with the aid 
of a data acquisition system. The test measures 
the frequency as well as the half amplitude inter-
val of the oscillation. 

4.2 Static and dynamic data obtained during 
these procedures are indicative of the static stiff-
ness, elastic, damping, and oscillation properties 
of the uneven bars used in training and FIG-
sanctioned competitions. 
 
5 Performance Requirements 

5.1 Test A - Static traction stress: When tested 
according to the procedures described in Sec-
tion 9.2, the values of the measured variables 
shall be within the figures of Table 1. 
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Table 1: Figures for Test A – Static traction stress 
x represents the measured variable 
 

Test A: Static traction stress 

Upper bar 

Deflection (mm) 70 £ x £ 100 

Lower bar 

Deflection (mm) 70 £ x £ 100 

 
5.2 Test B - Stress by pendulum swing: When 

tested according to the procedures described in 
Section 9.3, the mean values of the measured 
variables shall be within the figures of Table 2. 
 
Table 2: Figures for Test B – Stress by pendulum 
swing 
x represents the mean value of the measured variable 
 

Test B: Stress by pendulum swing 

Upper bar 

Fmax (N) 1500 £ x £ 
1800 Positive vertical deflection (mm) 90 £ x £ 130 

Negative horizontal deflection 
(mm) 

-25 £ x £ -40 

Positive horizontal deflection (mm) 50 £ x £ 75 

Lower bar 

Fmax (N) 1500 £ x £ 
1800 Positive vertical deflection (mm) 90 £ x £ 130 

Negative horizontal deflection 
(mm) 

-25 £ x £ -40 

Positive horizontal deflection (mm) 50 £ x £ 75 

 
5.3 Test C - Oscillation damping: When tested 

according to the procedures described in Sec-
tion 9.4, the mean values of the measured vari-
ables shall be within the figures of Table 3. 
 
Table 3: Figures for Test C – Oscillation damping 
x represents the mean value of the measured variable 
 

Test C: Oscillation damping 

Upper bar 

Frequency of oscillation (Hz) 2.50 £ x £ 3.50 

Half amplitude interval (ms) 350 £ x £ 5700 

Lower bar 

Frequency of oscillation (Hz) 2.50 £ x £ 3.50 

Half amplitude interval (ms) 350 £ x £ 5700 

 
6 Test Set-up and Apparatus 

6.1 Set-up for Test A - Static traction stress: 
Any type of test set-up is acceptable that is ca-
pable to stress the test specimen under pre-
scribed conditions and monitoring and recording 
the displacement - time history of the midpoint of 
the bar. 

6.2 Set-up for Test B - Stress by pendulum 
swing: Any type of test set-up is acceptable that 
is capable of stressing the test specimen with a 
pendulum swing under prescribed conditions 
and monitoring and recording the displacement - 
time history of the midpoint of the bar and the 
reaction force - time history of the pendulum. It is 
optional, but desirable, that the pendulum is re-
leased from a magnet in the horizontal position. 

6.3 Set-up for Test C - Oscillation damping: 
Any type of test set-up is acceptable that is ca-
pable of stressing a bar-pendulum system under 
prescribed conditions and monitoring and re-
cording the displacement - time history of the 
midpoint of the bar. It is optional, but desirable, 
that the bar-pendulum system is released from a 
magnet at the prescribed initial tension. 

6.4 Pendulum - The pendulum shall meet the 
following criteria: 

6.4.1 Mass and geometry: The tubular test 
body shall have a mass of 40.0 kg �  3% (includ-
ing load cells, grasping arms and appliances for 
additional weights) and a geometry as specified 
in Figure 3. The load cells shall be located be-
tween the test body and the grasping arms. The 
weight of each grasping arm shall be 1.0 kg 
�  3%. 
 
Figure 3: Geometry of Tubular Test Body 
(All dimensions with an accuracy of 3%) 
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6.4.2 Pendulum fixation - The pendulum fixa-
tion to a bar shall meet the following criteria: 

6.4.2.1 Functional properties: The fixation shall 
allow an immediate transfer of forces between 
pendulum and bar and guarantee a low-friction 
rotation of the pendulum about the longitudinal 
axis of the bar (the use of roll bearings is rec-
ommended). 

6.4.2.2 Friction of the bar-pendulum fixation - 
The frictional properties of the fixation shall meet 
the criteria as specified in FIG Apparatus Rules: 
IV-MAG6 Standard Specification for Horizontal 
Bars for Men Artistic Gymnastics. 

6.4.3 Additional falling weight - The additional 
falling weight shall meet the following criteria: 

6.4.3.1 Mass and geometry: The cylindrical fal-
ling weight shall have a mass of 10.0 kg �  0.1 kg 
and a geometry as specified in Figure 4. 
 
Figure 4: Geometry of Additional Falling Load 
(All dimensions with an accuracy of 3%) 

 
 
 

6.4.3.2 Friction within the tube of the test body 
- The frictional properties of the additional falling 
weight shall meet the criteria as specified in FIG 
Apparatus Rules: IV-MAG6 Standard Specifica-
tion for Horizontal Bars for Men Artistic Gymnas-
tics. 

6.4.3.3 Damping of the additional falling weight 
at the inside bottom of the tubular test body - 
The damping properties of the additional falling 
weight shall meet the criteria as specified in FIG 
Apparatus Rules: IV-MAG6 Standard Specifica-
tion for Horizontal Bars for Men Artistic Gymnas-
tics. 

6.5 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.5.1 Displacement - time: The selection of the 
specific displacement - time recording equip-
ment, including transducers and recorders, is at 
the discretion of the test laboratory. However, 
the transducers shall provide linear signals pro-

portional to the two-dimensional displacement of 
the midpoint of a bar. If displacement is re-
corded, the test equipment shall have means to 
determine and record the starting position of the 
bar from which the total deflections are deter-
mined. The total system, detection and re-
cording, shall be capable of measuring dis-
placements of up to 200 mm at frequencies from 
2 to 200 Hz to an accuracy of �  1%. The mini-
mum sampling rate of the data acquisition sys-
tem shall be 500 Hz. 

6.5.2 Reaction force - time: Any reaction force 
- time recording equipment, including load cells 
and recorders, which can monitor the reaction 
force exerted on the pendulum simultaneously 
with the displacement - time trace is acceptable. 
The total system, detection and recording, shall 
be capable of measuring reaction forces of up to 
5000 N at frequencies from 2 to 200 Hz to an 
accuracy of �  1%. The minimum sampling rate of 
the data acquisition system shall be 500 Hz. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of complete uneven bars as they 
are intended to be used during training and/or 
competition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-WAG2. 
 
8 Conditioning and Test Temperature 

8.1 The uneven parallel bars, mounted and 
assembled for use, shall be preconditioned at 
50% �  10% relative humidity and 21° C �  3° C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 General set-up: 
9.1.1 Mount the upper and lower bar to heights 

as prescribed for competitions (Part II). The in-
side width between the bars shall be 1.79 m. 

9.1.2 The default cable tension shall be 
2750 N �  50 N provided that there is no other 
specific cable tension suggested by the manu-
facturer. If a specific cable tension is suggested 
by the manufacturer, then this suggested cable 
tension shall be used. 

9.1.3 Install the displacement measuring de-
vice on the unloaded bars and determine the 
starting positions. 

9.2 Test A - Static traction stress: 
9.2.1 Pull the midpoints of the upper and lower 

bar individually vertically downwards with a static 
tractive force of 1350 N �  20 N and capture, then 
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record the resulting maximum deflections (mm) 
using recording equipment described in Sec-
tion 6.5. 

9.2.2 After the release of the static tractive 
force verify whether the bars return into the start-
ing position. 

9.3 Test B - Stress by pendulum swing: 
9.3.1 Attach the pendulum (50 kg: 40 kg pen-

dulum with additional 10 kg falling weight) to a 
bar in hanging position. 

9.3.2 Move the pendulum from hanging posi-
tion into horizontal position and move the addi-
tional falling weight inside the pendulum to the 
50 cm �  1 cm internal drop height position. For 
the direction of the pendulum swing at the upper 
and lower bar see Figure 1. 

9.3.3 Release the pendulum and capture the 
two-dimensional displacement - time history of 
the midpoint of the bar and the reaction force - 
time history of the pendulum, using recording 
equipment described in Section 6.5. 

9.3.4 Stress each bar by repeating the pendu-
lum swing five times. 

9.3.5 Immediately following each test, record 
the following measurements: Fmax (N), positive 
vertical deflection (mm), as well as positive and 
negative horizontal deflection (mm). 

9.3.6 All five tests per bar shall be used to de-
termine the arithmetic mean values of the meas-
ured variables for each bar 

9.4 Test C - Oscillation damping: 
9.4.1 Attach the pendulum (50 kg: 40 kg pen-

dulum with additional 10 kg falling weight at the 
inside bottom of the pendulum) to a bar in hang-
ing position. 

9.4.2 Pull down the pendulum vertically until 
the initial tension of 1000 N �  30 N is reached. 

9.4.3 Release the pendulum and capture the 
displacement - time history of the midpoint of the 
bar using recording equipment described in Sec-
tion 6.5. 

9.4.4 Repeat the above process for each bar 
five times. 

9.4.5 Immediately following each test, record 
the following measurements: Frequency (Hz) 
and half amplitude interval (ms) of the oscillation. 

9.4.6 All five tests per bar shall be used to de-
termine the arithmetic mean values of the meas-
ured variables for each bar. 

9.5 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
uneven bars, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Test height and cable tension of the 
unloaded horizontal bar. 

10.1.6 Test A - Static traction stress: Descrip-
tion of the Static tractive force. 

10.1.7 Test B - Stress by pendulum swing: 
Description of the pendulum mass, the additional 
falling weight and the internal drop height. 

10.1.8 Test C - Oscillation damping: Descrip-
tion of the pendulum mass (including the addi-
tional falling weight at the inside bottom of the 
pendulum) and the initial tension. 

10.1.9 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5. 
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Standard Specification: Balance Beams for Women Artistic Gymnastics 
This standard is issued under the fixed designation FIG: IV-WAG3-01.12.1994; the numbers 
immediately following the designation indicate the date of original adoption by the FIG or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appara-
tus Commission of the FIG and participating FIG test laboratories. This standard was originally 
published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
balance beams and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
ofcertain elastic and shock absorbing character-
istics, as well as frictional characteristics of bal-
ance beams. This standard specification is ap-
plicable to all balance beams that are to be used 
at any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a balance 
beam which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-WAG3. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard:  

3.1.1 Base plane: The starting reference plane 
of the balance beam from which deflection is de-
termined. It is taken as the upper surface of the 
balance beam loaded by the loading disk prior to 
any impact. 

3.1.2 Deflection (D): The measured distance 
(in mm) between the base plane and the bottom 
surface of the loading disk during the impact. 

3.1.3 Maximum deflection (Dmax): The maxi-
mum value of deflection (in mm) measured dur-

ing the impact. 
3.1.4 Force (F): The  force applied to the bal-

ance beam during the impact, expressed in 
Newtons. 

3.1.5 Energy of deflection (E): The integration 
value or calculated area under the force-
deflection curve expressed in Nm (New-
ton*meter). The domain of integration is from the 
rising point to the maximum point of deflection 
on the curve. 

3.1.6 Rebound deflection (Dr): The maximum 
rebounding displacement (in mm) of the bottom 
surface of the loading disk, measured from the 
plane of maximum deflection. 

3.1.7 Rebound time: The difference in time 
(in s) between the point of maximum deflection 
and the point of rebound deflection. 

3.1.8 Rebound velocity (Vr): The quotient of 
rebound deflection and rebound time expressed 
in mm/s. 

3.1.9 Intensity of rebound (DrVr): The product 
of rebound deflection and rebound velocity ex-
pressed in mm2/s. 

3.1.10 Loading disk: The part of the test appa-
ratus which applies the specified load to the test 
specimen. 

3.1.11 Slider: A test body of given mass and 
geometry for measuring frictional characteristics 
of the balance beam. The slider includes a test 
sole which is bonded to the bottom of the slider 
and is made of synthetic material with defined 
friction properties. 

3.1.12 Maximum traction force: The maximum 
statical friction force expressed in Newtons, ob-
served at the beginning of the pulling movement 
of the slider. 

3.1.13 Friction coefficient of balance beam: 
Quotient of the maximum traction force (in N) 
and the weight of the slider (in N). 
 
4 Principle of Measurement 

4.1 The complete measurement procedure 
consists of two specific test procedures: 

4.1.1 Test A - Elasticity and shock absorption: 
A specimen balance beam is impacted by drop-
ping an impactor from a predetermined height 
onto a set of rubber springs and a loading disk 
which are located on the top surface of the test 
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Table 1: Figures for  Test A – Elasticity and shock ab-
sorption of balance beams 
See Figure 2 for an illustration of the impact sites. 
x represents the mean values of the measured variables 
 

Test A : Elasticity and shock absorption of 
balance beam 

 Dmax 
(mm) 

E 
(Nm) 

Dr 
(mm) 

DrVr 
(mm2/s) 

Mean value 
across impact 

sites 1 to 7 

3.5 £ x 
£14.0 

2.5 £ x 
£ 9.5 

3.0 £ x   
£ 20.0 

300 £ x  
£ 4800 

Difference 
between high-
est and lowest 
mean value on 
impact sites 1 

to 7 

£ 5.0 £ 3.0 £ 5.0 £ 2400 

 

Table 2: Figures for  Test B – Top fr iction of balance 
beam  
See Figure 3 for an illustration of the test sites. 
x represents the mean value of the measured variable 
 

Test B : Top fr iction of balance beam 

 Friction coefficient of balance beam 

Mean value across 
test sites 1 to 3 0.35 £ x £ 0.60 

Difference between 
highest and lowest 
mean value on test 

sites 1 to 3 

£ 0.05 

Difference between 
mean values of 
orthogonal test 

directions 

£ 0.05 

 

specimen prior to the impact. Transducers 
mounted in the loading disk shall monitor the 
force – time history and displacement – time his-
tory of the loading disk. This data shall be re-
corded with the aid of a data acquisition system. 

4.1.2 Test B - Top friction: A slider is pulled 
horizontally upon the surface of a specimen bal-
ance beam at a defined loading rate. A trans-
ducer connected to the pulling string shall moni-
tor the maximum traction force generated during 
the pulling movement. 

4.2  Data obtained during these procedures 
are indicative of the elastic and shock absorbing 
properties and the top friction characteristics of 
balance beams used in training and FIG-
sanctioned competitions.  
 
5 Performance Requirements 

5.1 Test A – Elasticity and Shock absorption: 
When tested according to the procedures de-
scribed in Section 9.1, the values of the meas-
ured variables shall be within the figures of Table 
1. 

5.2 Test B – Top friction: When tested accord-
ing to the procedures described in Section 9.2, 
the mean values of the measured variables shall 
be within the figures of Table 2. 

 
6 Test Apparatus 

6.1 Test A – Elasticity and Shock absorption of 
balance beam:  

6.1.1 Impact test machine: Any type of dy-
namic testing apparatus that is capable of im-
pacting a test specimen using the prescribed 
loading condition and monitoring and recording 
the force - time history and deflection - time his-

tory of the loading disk is acceptable. The impact 
test machine shall have sufficient rigidity to 
eliminate undesirable vibrations in the apparatus 
which might be recorded on the force - time 
curve and deflection - time curve. The impact 
test machine shall also be designed in such a 
manner that only the bottom surface of the load-
ing disk contacts the test specimen at any time 
during the test procedures. 

6.1.2 Loading system - The loading system of 
the impact test machine shall meet the following 
requirements (see Figure 1). 
 
Figure 1: Setup of the loading system 

Guide pipe

Impactor

Rubber springs

Loading disk
& Load Cell

Balance beam

 
 

6.1.2.1 Characteristics of the dynamic load: 
The maximum dynamic force shall be 
1300 N ± 2 % when this loading system is ap-
plied to the testing anvil. The time from the onset 
of force application to the time of maximum force 
shall be 50 ms ± 2 ms. 

6.1.2.2 Impactor: The dropping impactor shall 
be 15 kg ± 0.1 kg and shall have a flat impact 
face. The impactor shall have the shape of a 
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thick cylinder and shall be dropped along a guide 
pipe. The decision of the size of outside and in-
side diameters of the impactor is at the discre-
tion of the test laboratory, but the clearance be-
tween the inside hole of the impactor and the 
guide pipe shall be 2 mm ± 0.2 mm. The drop-
ping height of the impactor shall be 
120 mm ± 1 mm to the upper surface of the rub-
ber springs. 

6.1.2.3 Release mechanism: The release 
mechanism shall be unattached to the loading 
disk and the guide pipe to prevent an additional 
load with the attached impactor on the loading 
disc and the test specimen before the impact. 
 

6.1.2.4 Loading disk and guide pipe: The load-
ing disk shall have a diameter of 70 mm 
± 0.5 mm. The total mass of the loading disk in-
cluding the force transducer and the guide pipe 
shall be 5 kg ± 0.2 kg. 

6.1.2.5 Rubber springs: A set of rubber springs 
shall be selected so as to meet the requirements 
described in 6.1.2.1. 

6.1.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.1.3.1 Force - time: The selection of the spe-
cific force - time recording equipment, including 
transducers and recorders, is at the discretion of 
the test laboratory. However, the recording sys-
tem shall have a frequency response adequate 
to measure the peak force value to an accuracy 
of ± 3% of the true value. The total system, de-
tection and recording, shall be capable of meas-
uring impact forces of up to 2000 N at frequen-
cies from 2 to 1000 Hz to an accuracy of ± 3%. 
The minimum sampling rate of the data acquisi-
tion system shall be 5000 Hz. 

6.1.3.2 Displacement - time: The selection of 
the specific displacement - time recording 
equipment, including transducers and recorders, 
is at the discretion of the test laboratory. How-
ever, the recording system shall have a fre-
quency response adequate to measure the dy-
namic displacement value to an accuracy of ± 
3% of the true value. The total system, detection 
and recording, shall be capable of measuring the 
displacement of ± 50 mm at frequencies from 2 
to 1000 Hz to an accuracy of ± 3%. The mini-
mum sampling rate of the data acquisition sys-
tem shall be 5000 Hz. 

6.1.3.3 Filtering: The signal from all transduc-
ers shall be conditioned with a low pass filter 
which complies with Channel Class 1000 of SAE 
Recommended Practice J211. A fourth-order 
Butterworth low pass filter with a cut-off fre-

quency of 1000 Hz meets this requirement. 
6.2 Test B - Top friction of the balance beam: 
6.2.1 Measurement device: Any type of friction 

testing apparatus that is capable of pulling a 
slider on the surface of a specimen balance 
beam at a the required  test velocity is accept-
able. During the test, the traction force – time 
history of the slider shall be monitored and re-
corded. 

6.2.2 Slider: The slider shall have a mass of 
5 kg �  0.2 kg. A square-shaped test sole with a 
thickness of 10mm �  0.5 mm and a size of 40 
mm �  1 mm shall be bonded to the bottom of the 
slider. The thickness of the test sole shall be de-
creased to 75% �  5% of the original thickness at 
a pressure of 5 N/cm2. The coefficient of static 
friction of the test sole shall be 0.25 �  0.03. 

6.2.3 The slider shall be pulled at a constant 
loading rate of 5 N/s �  0.5 N/s. 

6.2.4 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.2.4.1 Force - time: The selection of the spe-
cific force - time recording equipment, including 
transducer and recorder, is at the discretion of 
the test laboratory. The total system, detection 
and recording, shall be capable of measuring 
traction forces up to 100 N at frequencies from 2 
to 100 Hz to an accuracy of �  3%. The minimum 
sampling rate of the data acquisition system 
shall be 200 Hz. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a complete balance beam as it is 
intended to be used during training and/or com-
petition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-WAG3. 
 
8 Conditioning and Test Temperature 

8.1 The test specimen shall be preconditioned 
at 50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Test A – Elasticity and Shock absorption of 
the balance beam: 

9.1.1 Impact sites: A total of seven impact 
sites shall be designated on the test specimen. 
See Figure 2 for an illustration of the impact 
sites. 
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Figure 2: Impact sites on the balance beam 
(distances in mm) 

1

2, 6: intersections of beamandlegs

2 4 6 73 5

100 1400 1000 1000 1400 100

 
 

9.1.2 Impact test procedures: 
9.1.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid and hori-
zontal floor (concrete or metal plate) and orient 
the loading disk such that the centre of the load-
ing disk contacts one of the designated impact 
test sites.  

9.1.2.2 Raise the impactor to an appropriate 
drop height such that it will impact on the rubber 
springs and generate the proper dynamic load 
described in Section 6.1.2. 

9.1.2.3 Release the impactor and capture the 
force - time history and displacement - time his-
tory using the recording equipment described in 
Section 6.1.3. 

9.1.2.4 Upon completion of a given impact 
test, raise the impactor off the loading disk. 

9.1.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.1.2.6 Impact each of the seven impact sites 
five times. Each test specimen shall receive a 
total of 35 impacts. 

9.1.3 Calculations: 
9.1.3.1 Immediately following each test, record 

the following measurements: Dmax (mm), E (Nm), 
Dr (mm) and DrVr (mm2/s). 

9.1.3.2 Determine the arithmetic mean values 
of the measured variables for each impact site 
and for the overall mean values of the measured 
variables across all impact sites. Determine also 
the differences between the highest and lowest 
mean values of the measured variables for each 
test site and across all test sites. 

9.2 Test B – Top friction of the balance beam: 
9.2.1 Test sites and directions: A total of three 

test sites shall be designated on the test speci-
men as illustrated in Figure 3. Four orthogonal 
test directions for the traction of the slider shall 
be also designated on each test site as illus-
trated in Figure 3. 
 

Figure 3: Top friction test sites and directions on 
the balance beam (distances in mm) 

1 2 3

1250 1250 1250 1250

Lateral Direction

Longitudinal Direction

 
 

9.2.2 Friction test procedures: 
9.2.2.1 Place the complete test specimen on a 

smooth, solid and horizontal floor. 
9.2.2.2  Place the slider on the test specimen 

in such a manner that the centre of its sole will 
contact one of the designated test sites, and also 
in such a manner that the pulling direction of the 
slider will conform to one of the designated test 
directions. Just before putting the slider on the 
test specimen, magnesium carbonate powder of 
1g shall be spread on the surface of the test site 
each time. 

9.2.2.3 Pull the slider horizontally at a constant 
loading rate of 5 N/s �  0.5 N/s and record the 
traction force – time history using recording 
equipment described in Section 6.2.4. 

9.2.2.4 Repeat the procedure given in 9.2.2.2 
and 9.2.2.3 five times at each test site and in 
each test direction. 

9.2.2.5 Each test specimen shall receive a to-
tal of 60 friction test procedures.  

9.2.3 Calculations: 
9.2.3.1 Immediately following each test, record 

the friction coefficient. 
9.2.3.2 Determine the overall mean value of 

the friction coefficient across the test sites 1 to 3. 
Determine also the difference between the high-
est and the lowest mean value of the friction co-
efficient between all test sites, and the difference 
between the mean values of the friction coeffi-
cients of the orthogonal test directions between 
all test sites. 

9.3 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
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10 Report 
10.1 The test report shall include the following 

information: 
10.1.1 Complete identification of the tested 

balance beam, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Identification of performed parts of the 
test – Test A and Test B. 

10.1.6 Description of the impactor mass and 
the drop height conditions (Test A), mass and 
loading rate of the slider (Test B). A sample 

loading rate curve may be included in the test 
report to indicate compliance with the loading 
requirements of 6.1.2.1. 

10.1.7 Description of all test results related to 
the performance requirements identified in Sec-
tion 5. 

10.1.8 Supplemental description of the test re-
sults: 

10.1.8.1 Maximum value, minimum value and 
standard deviation of Dmax, E, Dr and DrVr vari-
ables according to Test A. 

10.1.8.2 Mean values of Dmax, E, Dr and DrVr 
variables at each impact site according to Test 
A. 

10.1.8.3 Dmax, E, Dr and DrVr values for all 
tests according to Test A. 

10.1.8.4 Mean values and standard deviations 
of the friction coefficients at each test site and in 
each direction according to Test B. 

10.1.8.5 Friction coefficient values for all tests 
according to Test B. 

 
This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary.
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Standard Specification: Rhythmic Gymnastic Floors 
This standard is issued under the fixed designation FIG: IV-RG1-01.12.1992; the numbers im-
mediately following the designation indicate the date of original adoption by the FIG, or, in case 
of revision, the date of the last revision. This FIG standard was prepared by the Apparatus 
Commission of the FIG and participating FIG test laboratories. This standard was originally pub-
lished in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
rhythmic gymnastic floors and to minimize any 
differences between competition and training 
equipment. 
 
1 Scope 

1.1 This specification covers the measure-
ment of certain shock-absorbing, static stiffness 
and top friction characteristics of rhythmic gym-
nastic floors. This standard specification is appli-
cable to all rhythmic gymnastic floors that are to 
be used at any FIG-sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a rhythmic 
gymnastic floor which complies with this specifi-
cation. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-RG1. 

2.2  European Standard: CEN 12503-5: Sport 
Mats – Determination of the Base Friction. 2000. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the rhythmic gymnastic floor from which the 
total deflection and total height of rebound is de-
termined. It is taken as the top plane of the test 
specimen. 

3.1.3 Dynamic deflection: The measured dis-
tance (in mm) between the base plane and the 

maximum displacement of the impactor below 
the base plane. 

3.1.4 Force (F): The product of the mass of the 
impactor, expressed in kg and the acceleration 
of the impactor, expressed in m/s2. 

3.1.5 Maximum Force (Fmax): The maximum 
value of force measured during the impact ex-
pressed in Newtons. 

3.1.6 Height of rebound: The measured dis-
tance (in mm) between the base plane and the 
maximum displacement of the impactor above 
the base plane. 

3.1.7 Impactor: The striking part of the test ap-
paratus. 

3.1.8 Impact velocity: The velocity of the im-
pactor, expressed in m/s, immediately prior to 
crossing the base plane on impact. 

3.1.9 Theoretical drop height: A calculated 
drop height which equates the measured velocity 
of the impactor at the moment of dynamic impact 
to a height that would generate the same veloc-
ity if the test were performed at sea level and 
there was no friction to retard the impactor dur-
ing a drop from that height. 

3.1.10 Static deflection: The measured dis-
tance between the base plane and the dis-
placement of the floor’s surface at a defined dis-
tance from the centre of static indentation. Val-
ues are expressed as a percentage of the maxi-
mum deflection at the centre of indentation.  

3.1.11 Slider: A test body of given mass and 
geometry. The slider includes a test sole which 
is bonded to the bottom of the slider and is made 
of synthetic material with defined friction proper-
ties. 

3.1.12 Thrust - traction sequence: A series of 5 
successive thrust and traction movements of the 
slider which is pushed and pulled horizontally on 
the surface of the test specimen at a defined 
speed and distance. 

3.1.13 Sliding distance: The horizontal dis-
tance between the two turning points of the 
movement of the slider in a thrust – traction se-
quence. 

3.1.14 Mean thrust - traction force: Mean value 
of the absolute, average force, expressed in 
Newtons, as the slider moves during the fifth 
push and pull movement in a thrust - traction se-
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quence. 
3.1.15 Friction coefficient: Quotient of the 

mean thrust - traction force (in N) and the weight 
of the slider (in N) in a thrust - traction sequence. 

3.1.16 Base temperature: The surface tem-
perature (in 0 C) of the test specimen immedi-
ately before the beginning of a thrust - traction 
sequence. 

3.1.17 Mean thrust - traction temperature: 
Mean value of the surface temperature (in 0 C) of 
the test specimen at a defined distance to the 
slider during the fifth push and pull movement in 
a thrust - traction sequence. 

3.1.18 Temperature rise: Difference (in 0 C) 
between the base temperature and the mean 
thrust - traction temperature in a thrust - traction 
sequence. 

3.1.19 Orthogonal difference of friction coeffi-
cients: The absolute value of the difference be-
tween the mean value of the friction coefficients 
of 3 consecutive thrust - traction sequences in 
one measurement direction and the correspond-
ing mean value of 3 additional consecutive thrust 
- traction sequences in a perpendicular meas-
urement direction. 

3.1.20 Orthogonal difference of temperature 
rises: The absolute value of the difference be-
tween the mean value of the temperature rises 
of 3 consecutive thrust - traction sequences in 
one measurement direction and the correspond-
ing mean value of 3 additional consecutive thrust 
- traction sequences in a perpendicular meas-
urement direction. 
 
4 Principles of Measurement 

4.1 The complete test procedures include 3 
parts: Determination of shock absorption, deter-
mination of static stiffness and determination of 
top friction. 

4.1.1 Test A - Determination of shock absorp-
tion: A test specimen is impacted with an impac-
tor of given mass and geometry at a specified 
velocity. A transducer mounted in the impactor 
monitors the acceleration – time history of the 
impactor which is recorded with the aid of a data 
acquisition system. An additional transducer may 
be used to monitor the displacement – time his-
tory of the impactor. 

4.1.2 Test B - Determination of static stiffness: 
A static load is applied to the rhythmic gymnastic 
floor to obtain an area of impression. The static 
deflection of the specimen's surface at defined 
distances from the centre of indentation is 
measured. 

4.1.3 Test C - Determination of top friction: A 
slider of given mass and geometry traverses the 

test specimen which is fixed on a plane surface. 
The slider is pushed forward and pulled back-
wards for a specified number of times with a 
constant velocity over a given distance. Two 
transducers are mounted at the slider. One of 
them monitors the thrust and traction force - time 
history of the slider movement. The other cap-
tures the temperature - time history of the sur-
face of the test piece in a defined distance to the 
slider. 
 

4.2 Data obtained during these procedures are 
indicative of the cushioning and rebound proper-
ties, the static stiffness and the top friction char-
acteristics of the rhythmic gymnastic floor used 
in training and FIG-sanctioned competitions.  
 
5 Performance Requirements 

5.1 Test A - Determination of shock absorp-
tion: When tested according to the procedures 
described in Section 9.1, the overall mean value 
of the measured variables across all impact sites 
shall be within the figures of Table 1. 
 
Table 1: Figures for Test A - Determination of 
Shock Absorption 
x represents the mean value of the measured 
variable 

Dynamic de-
flection (mm) 

Height of re-
bound 
(mm) 

Fmax 
(N) 

21 <= x <= 27 120 <= x <= 180 £  3700 

 
5.2  Test B - Determination of static stiffness: 

When tested according to the procedures de-
scribed in Section 9.2, the measured variables 
shall be within the figures of Table 2. 
 
Table 2: Figures for Test B - Determination of Stat-
ic Stiffness 
Distance to the cen-
tre of static indenta-
tion (cm) 

0 5 6 8 10 12 14 16 

Static deflection (%) 100 100 � 57 � 46 � 38 � 33 � 28 � 24 

Distance to the cen-
tre of static indenta-
tion (cm) 

18 20 22 24 26 28 30 32 

Static deflection (%) � 20 � 17 � 14 � 12 � 11 � 9 � 8 � 8 

 
5.3  Test C - Determination of top friction: 

When tested according to the procedures de-
scribed in Section 9.3, the measured variables 
shall be within the figures of Table 3. 
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Table 3: Figures for Test C - Determination of Top 
Friction 
X represents the mean value of the measured 
variable 
Friction 
coefficient 

Temperature 
rise (oC) 

Orthogonal 
difference 
of friction 
coefficients 

Orthogonal 
difference 
of tempera-
ture rises 
(0C) 

0.32£ x 
£0.62 

£ 2.3 £ 0.08 £ 0.8 

 
6 Test Set-up and Test Apparatus 

6.1 Test A - Determination of shock absorp-
tion: 

6.1.1 Impact test machine: Any type of dy-
namic testing apparatus that is capable of im-
pacting a test specimen at a prescribed impact 
velocity and monitoring and recording the accel-
eration - time history of the impactor is accept-
able. The impact test machine and the impactor 
shall have sufficient rigidity to eliminate undesir-
able vibrations in the apparatus which might be 
recorded on the acceleration - time curve. The 
impact test machine shall also be designed in 
such a manner that only the impact face con-
tacts the test specimen at any time during the 
test procedures. 

6.1.2 Impactor: The impactor shall be 
10 kg �  0.1 kg and shall have a flat impact face 
with a 10 cm �  0.5 cm diameter. The edge of the 
impactor face should be relieved to eliminate 
sharp edges. Provision shall be made so that the 
accelerometer can be securely fastened parallel 
to the vertical axis of the impactor with a maxi-
mum deviation of ± 5o. 

6.1.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.1.3.1 6.1.3.1 Acceleration - time: The selec-
tion of the specific acceleration - time recording 
equipment, including transducers and recorders, 
is at the discretion of the test laboratory. How-
ever, the recording system shall have a fre-
quency response adequate to measure the peak 
acceleration value to an accuracy of �  5% of the 
true value. The total system, detection and re-
cording, shall be capable of measuring impact 
accelerations of up to 100 g at frequencies from 
2 to 1000 Hz to an accuracy of �  5%. The mini-
mum sampling rate of the data acquisition sys-
tem shall be 5000 Hz. 

6.1.3.2 6.1.3.2 Displacement - time: It is op-
tional, but desirable, that the displacement - time 
history is recorded by a separate transducer. 
Any transducer that provides a linear signal pro-

portional to the displacement of the impactor 
along the impact axis which can be monitored 
coincidentally with the acceleration - time trace is 
acceptable. If displacement is recorded, the test 
equipment shall have means to determine and 
record the top plane (base plane) of the test 
specimen from which the total dynamic deflec-
tion and rebound height are determined. 

6.1.3.3 6.1.3.3 Filtering: The signal from all 
transducers shall be conditioned with a low pass 
filter which complies with Channel Class 1000 of 
SAE Recommended Practice J211. A fourth-
order Butterworth low pass filter with a cut-off 
frequency of 1000 Hz meets this requirement. 
 

6.2 Test B – Determination of static stiffness: 
6.2.1 Measurement device: Any type of static 

testing apparatus that is capable of loading a 
test specimen with a given weight and monitor-
ing and recording the static deflection at defined 
distances from the centre of static indentation is 
acceptable. The test apparatus, especially the 
part directly measuring the deflection, shall also 
be designed in such a manner that it does not 
contact the test specimen in a circular area of 
0.8 m diameter around the centre of indentation 
at any time during the test procedures, except 
the impact face of the indentor. 

6.2.2 Static load: The static load shall be 
100 kg �  1 kg, vertically applied by an indentor 
onto the test specimen. The indentor shall have 
a flat impact face with a 10 cm �  0.5 cm diame-
ter. The edge of the indentor face should be re-
lieved to eliminate sharp edges. 

6.2.3 Recording equipment for static deflec-
tion: The selection of the specific measurement 
equipment is at the discretion of the test labora-
tory. However, the means of measuring the stat-
ic deflection shall have a flat rectangular contact 
face of 47 mm * 31 mm �  3%. The load on the 
surface of the test specimen by the weight of the 
measuring system shall be 2 N �  3%. The accu-
racy of the system shall be ± 0.5 mm.  
 

6.3 Test C – Determination of top friction: 
6.3.1 Measurement device: Any type of friction 

testing apparatus that is capable of stressing a 
test specimen by pushing and pulling a slider on 
the specimen’s surface at a given velocity and 
distance is acceptable. During the test the force 
– time history of the movement of the slider and 
the temperature – time history at the floor’s sur-
face shall be monitored and recorded. The fric-
tion test machine and the slider shall have suffi-
cient rigidity to eliminate undesirable vibrations 
in the apparatus which might be recorded on the 
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force - time curve. It is desirable to fix the test 
specimen for the friction tests with the help of an 
additional fastening system outside the sliding 
area. 

6.3.2 Slider: The slider shall be made of wood 
with a mass of 9.5 kg ± 3% and shall have the 
geometrical dimensions specified in Figure 1. A 
test sole of synthetic material with a thickness of 
2.6 mm ± 0.5 mm shall be bonded to the bottom 
of the slider, complying with the requirements of 
CEN 12503-5: aL := 47.5 ± 0.5. The temperature 
of the test specimen’s surface shall be captured 
at a distance of 160 mm ± 20 mm to front edge 
of the flat part of the bottom of the slider (see 
Figure 1). 
 
Figure 1: Slider Dimensions for Top Friction 
Tests of Rhythmic Gymnastic Floors. 
(Dimensions in mm; Accuracy: ±1 mm) 
 

 
 

6.3.3 The slider shall be pushed and pulled 
over a determined sliding distance a specified 
number of times at a given constant velocity. 

6.3.4 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.4.1 Force – time: The selection of the spe-
cific force - time recording equipment, including 
transducer and recorder, is at the discretion of 
the test laboratory. The total system, detection 
and recording, shall be capable of measuring 
thrust and traction forces up to ± 1000 N at fre-
quencies from 2 to 100 Hz to an accuracy of �  
3%. The minimum sampling rate of the data ac-
quisition system shall be 200 Hz. 

6.3.4.2 Temperature – time: The selection of 
the specific temperature - time recording equip-
ment, including transducer and recorder, is at 
the discretion of the test laboratory. The trans-
ducer should have means to provide tempera-
ture measurements during sliding movements up 
to 300 mm/s. The time constant of the tempera-
ture transducer shall be T99 £ 4 s. The thermoe-
lectric transducer ANRITSU/AIRFLOW C423 
meets these requirements. The total system, de-

tection and recording, shall be capable of meas-
uring temperature differences up to +100 C at 
frequencies from 2 to 100 Hz to an accuracy of �  
1%. The minimum sampling rate of the data ac-
quisition system shall be 200 Hz. 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall represent the rhythmic gymnastic floor as it 
is intended to be used during training and/or 
competition. 

7.2 The test specimen shall comply with FIG 
Apparatus Rules: II-RG1. Exception: See 7.3. 

7.3 The minimum horizontal dimensions 
(length * width) for any test specimen shall be 
200 cm * 120 cm. For Test C (Determination of 
top friction) the minimum horizontal dimensions 
(length * width) for any test specimen shall be 
100 cm * 120 cm. 
 
8 Conditioning and Test Temperature 

8.1 The test specimen shall be preconditioned 
at 50% �  10% relative humidity and 21o �  3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedures (Test Methods) 

9.1 Test A - Determination of shock absorp-
tion: 

9.1.1 Impact locations: A total of nine impact 
sites shall be designated on the test specimen. 
See Figure 2 for an illustration of the impact 
sites. 
Figure 2: Impact Locations for Rhythmic Gymnas-
tic Floors 

 
 

 
9.1.2 Impact test procedures: 
9.1.2.1 9.1.2.1 Place the test specimen under 

the impact test machine on a smooth, solid floor 
(concrete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
tact one of the designated impact test sites. 

9.1.2.2 9.1.2.2 Raise the impactor to an ap-
propriate drop height such that it will contact the 
test specimen with an impact velocity of 2.80 m/s 
�  3 %. This corresponds to a theoretical drop 
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height of 0.4 m.  
9.1.2.3 9.1.2.3 Release the impactor and cap-

ture the acceleration - time history and dis-
placement - time history (if applicable) using re-
cording equipment described in Section 6.1.3. 

9.1.2.4 9.1.2.4 Upon completion of a given im-
pact test, raise the impactor off the surface of the 
test specimen. 

9.1.2.5 9.1.2.5 The duration between tests at a 
given impact site shall not be less than 120 sec-
onds. 

9.1.2.6 9.1.2.6 Each test specimen shall re-
ceive a total of 90 impacts. Impact each of the 
nine impact sites ten times. 

9.1.3 Calculations: 
9.1.3.1 9.1.3.1 Immediately following each 

test, record the following measurements: Fmax 
(N), Dynamic deflection (mm) and Height of re-
bound (mm). 

9.1.3.2 9.1.3.2 The last eight tests for each 
impact site shall be used to determine the arith-
metic mean value of a measured variable for 
each impact site and for the overall mean value 
of a measured variable across all impact sites. 
 

9.2 Test B - Determination of static stiffness: 
9.2.1 Static impact test procedure: 
9.2.1.1 9.2.2.1 Place the test specimen under 

the impact test machine and orient the impactor 
such that it will contact the midpoint of the test 
specimen’s surface. The test specimen shall lie 
on a smooth, solid floor (concrete or metal plate) 
for the test. 

9.2.1.2 9.2.2.2 Apply the load on the test spe-
cimen’s surface for 30 s. Measure and calculate 
the static deflection at the following distances 
from the centre of indentation: 0 cm; 5 cm; 6 cm; 
8 cm; 10 cm; 12 cm; 14 cm; 16 cm; 18 cm; 20 
cm; 22 cm; 24 cm; 26 cm; 28 cm; 30 cm and 32 
cm. 

9.2.1.3 9.2.2.3 Upon completion of the meas-
urements unload the surface of the test speci-
men. 
 

9.3 Test C - Determination of top friction: 
9.3.1 Place the test specimen under the slider. 

Fix all components carefully with the fastening 
system to prevent horizontal movement of the 
test specimen during the friction test. The com-
plete test specimen shall lie on a smooth and 
solid horizontal plate. 

9.3.2 The slider shall be pushed and pulled 
with a constant velocity of 300 mm/s ± 3% over 
90% of the total sliding distance of 600 mm ± 
3%. 

9.3.3 Perform a thrust – traction sequence with 

the slider (i.e. 5 pushing and pulling movements) 
within 30 sec. Capture the force – time history 
using recording equipment described in Section 
6.3.4. Wait at least 300 seconds between trials. 
Repeat the whole thrust – traction sequence an 
additional two times with the pause between tri-
als. 

9.3.4 Repeat the procedure given in 9.3.3 to 
obtain readings in the perpendicular direction by 
rotating the test specimen through 900. 

9.3.5 Upon completion of the measurements 
unload the surface of the test specimen. 

9.3.6 Each test specimen shall receive a total 
of 6 thrust – traction sequences. 

9.3.7 Calculations: 
9.3.7.1 9.3.7.1 Immediately following the test, 

record and calculate the following measure-
ments for every thrust – traction sequence: Fric-
tion coefficient and Temperature rise (0 C). 

9.3.7.2 9.3.7.2 Determine the overall mean 
value of the measured variables for all thrust – 
traction sequences, the Orthogonal difference of 
friction coefficients and the Orthogonal differ-
ence of temperature rises. 
 

9.4 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
 
10 Report 

10.1 The test report shall include the following 
information: 

10.1.1 Complete identification of the tested 
rhythmic gymnastic floor, including type, source, 
manufacturer’s model number (if appropriate), 
dimensions of test specimen, and any other per-
tinent information. Photographs may be included 
in the test report for sample documentation pur-
poses. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing la-
boratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Identification of performed parts of the 
test – Test A; Test B; Test C. 

10.1.6 Description of the impactor mass and 
the drop height conditions (Test A), static load 
(Test B), mass, velocity and sliding distance of 
the slider (Test C). 

10.1.7 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5. 
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10.1.8 Mean values of Deflection, Height of 
rebound and Fmax across all impact sites accord-
ing to Test A. 

10.1.9 Maximum value, minimum value and 
standard deviation of Deflection, Height of re-
bound and Fmax variables according to Test A. 

10.1.10 Mean values of Deflection, Height of 
rebound and Fmax for the last eight tests at each 

impact site according to Test A. 
10.1.11 Deflection, Height of rebound and Fmax 

values for all tests according to Test A. 
10.1.12 Friction coefficient, temperature rise, 

Orthogonal difference of friction coefficients and 
Orthogonal difference of temperature rises for all 
thrust – traction sequences according to test C. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary.
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immediately following the designation indicate the date of original adoption the FIG or, in case 
of revision, the date of the last revision. This FIG standard was prepared by the Apparatus 
Commission of the FIG and participating FIG test laboratories. This standard was originally 
published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
sports aerobic floors and to minimize any differ-
ences between competition and training equip-
ment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain elastic and shock absorbing character-
istics of sports aerobic floors. This standard 
specification is applicable to all sports aerobic 
floors that are to be used at any FIG-sanctioned 
event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a sports 
aerobic floor which complies with this specifica-
tion. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact Tests – Requirements for Chan-
nel Class 1000, October 1988. 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-AER1. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard:  

3.1.1 Base plane: The starting reference plane 
of the sports aerobic floor from which deflection 
is determined. It is taken as the upper surface of 
the floor loaded by the loading disk prior to any 
impact. 

3.1.2 Deflection (D): The measured distance 
(in mm) between the base plane and the bottom 
surface of the loading disk during the impact. 

3.1.3 Maximum deflection (Dmax): The maxi-
mum value of deflection (in mm) measured dur-
ing the impact. 

3.1.4 Force (F): The force applied to the sports 
aerobic floor during the impact, expressed in 
Newtons. 

3.1.5 Energy of deflection (E): The integration 
value or calculated area under the force-
deflection curve expressed in Nm (New-
ton*meter). The domain of integration is from the 
rising point to the maximum point of deflection 
on the curve. 

3.1.6 Rebound deflection (Dr): The maximum 
rebounding displacement (in mm) of the bottom 
surface of the loading disk, measured from the 
plane of maximum deflection. 

3.1.7 Rebound time: The difference in time 
(in s) between the point of maximum deflection 
and the point of rebound deflection. 

3.1.8 Rebound velocity (Vr): The quotient of 
rebound deflection and rebound time expressed 
in mm/s. 

3.1.9 Intensity of rebound (DrVr): The product 
of rebound deflection and rebound velocity ex-
pressed in mm2/s. 

3.1.10 Loading disk: The part of the test appa-
ratus which applies the specified load to the test 
specimen. 
 
4 Principle of Measurement 

4.1 A specimen sports aerobic floor is im-
pacted by dropping an impactor from a prede-
termined height onto a set of rubber springs and 
a loading disk which are located on the top sur-
face of the test specimen prior to the impact. 
Transducers mounted in the loading disk shall 
monitor the force – time history and displace-
ment – time history of the loading disk. This data 
shall be recorded with the aid of a data acquisi-
tion system. 

4.2 Data obtained during these procedures are 
indicative of the elastic and shock absorbing 
properties of sports aerobic floors used in train-
ing and FIG-sanctioned competitions. 
 
5 Performance Requirements  

5.1 When tested according to the procedures de-
scribed in Section 9, the values of the measured 
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Table 1: Figures for  elasticity and shock absorption 
of spor ts aerobic floors 
See Figure 2 for an illustration of the impact sites. 
x represents the mean values of the measured variables 
 
 

 Dmax 
(mm) 

E 
(Nm) 

Dr 
(mm) 

DrVr 
(mm2/s) 

Mean value 
across impact 

sites 1 to 9 

3.5 £ x 
£12.0 

2.5 £ x 
£ 9.5 

3.0 £ x   
£ 15.0 

300 £ x  
£ 3600 

Difference 
between high-
est and lowest 
mean values 

on impact sites 
1 to 9 

£ 5.0 £ 3.0 £ 5.0 £ 2400 

 

variables shall be within the figures of Table 1. 
 

Test Apparatus 

5.2 Impact test machine: Any type of dynamic 
testing apparatus that is capable of impacting a 
test specimen at a prescribed loading condition 
and monitoring and recording the force - time 
history and deflection - time history of the load-
ing disk is acceptable. The impact test machine 
shall have sufficient rigidity to eliminate undesir-
able vibrations in the apparatus which might be 
recorded on the force - time curve and deflection 
- time curve. The impact test machine shall also 
be designed in such a manner that only the bot-
tom surface of the loading disk contacts the test 
specimen at any time during the test procedures. 
 

5.3 Loading system - The loading system of 
the impact test machine shall meet the following 
requirements (see Figure 1): 

5.3.1 Characteristics of the dynamic load: The 
maximum dynamic force shall be 1300N ± 2 % 
when this loading system is applied to the testing 
anvil. The time from the onset of force applica-
tion to the time of maximum force shall be 
50 ms ± 2 ms. 

5.3.2 Impactor: The dropping impactor shall be 
15 kg ± 0.1 kg and shall have a flat impact face. 
The impactor shall have the shape of a thick cyl-
inder and shall be dropped along a guide pipe. 
The decision of the size of outside and inside di-
ameters of the impactor is at the discretion of the 
test laboratory, but the clearance between the 
inside hole of the impactor and the guide pipe 
shall be 2 mm ± 0.2 mm. The dropping height of 
the impactor shall be 120 mm ± 1 mm to the up-
per surface of the rubber springs. 

5.3.3 Release mechanism: The release 

mechanism shall be unattached to the loading 
disk and the guide pipe to prevent an additional 
load with the attached impactor on the loading 
disc and the test specimen before the impact. 

5.3.4 Loading disk and guide pipe: The loading 
disk shall have a diameter of 70 mm ± 0.5 mm. 
The total mass of the loading disk including the 
force transducer and the guide pipe shall be 
5 kg ± 0.2 kg. 

5.3.5 Rubber springs: A set of rubber springs 
shall be selected so as to meet the requirements 
described in 6.2.1. 
 
Figure 1: Setup of the loading system 
 

Guide pipe

Impactor

Rubber springs

Loading disk
& Load cell

Floor

 
5.4 Recording equipment - The recording 

equipment shall meet the following criteria: 
5.4.1 Force - time: The selection of the specific 

force - time recording equipment, including 
transducers and recorders, is at the discretion of 
the test laboratory. However, the recording sys-
tem shall have a frequency response adequate 
to measure the peak force value to an accuracy 
of ± 3% of the true value. The total system, de-
tection and recording, shall be capable of meas-
uring impact forces of up to 2000 N at frequen-
cies from 2 to 1000 Hz to an accuracy of ± 3%. 
The minimum sampling rate of the data acquisi-
tion system shall be 5000 Hz. 

5.4.2 Displacement - time: The selection of the 
specific displacement - time recording equip-
ment, including transducers and recorders, is at 
the discretion of the test laboratory. However, 
the recording system shall have a frequency re-
sponse adequate to measure the dynamic dis-
placement value to an accuracy of ± 3% of the 
true value. The total system, detection and re-
cording, shall be capable of measuring the dis-
placement of ± 50 mm at frequencies from 2 to 
1000 Hz to an accuracy of ± 3%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

5.4.3 Filtering: The signal from all transducers 
shall be conditioned with a low pass filter which 
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complies with Channel Class 1000 of SAE Rec-
ommended Practice J211. A fourth-order But-
terworth low pass filter with a cut-off frequency of 
1000 Hz meets this requirement. 
 
6 Test Specimen 

6.1 The test specimen submitted for testing 
shall represent the sports aerobic floor as it is 
intended to be used during training and/or com-
petition. 
 

6.2 The test specimen shall comply with FIG 
Apparatus Rules: II-AER1. Exception: See 7.3. 
 

6.3 The minimum horizontal dimensions 
(length * width) for any test specimen shall be 
180 cm * 180 cm. The minimum dimensions 
shall be also larger than the dimensions of the 
basic module of the floor system. 
 
7 Conditioning and Test Temperature 

7.1 The test specimen shall be preconditioned 
at 50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
8 Laboratory Procedure (Test Method) 

8.1 Impact sites: A total of nine impact sites 
shall be designated on the test specimen. See 
Figure 2 for an illustration of the impact sites. 
 
Figure 2: Impact sites on the sports aerobic 
floor 
 

 
 

 
8.2 Impact test procedures: 
8.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid and hori-
zontal floor (concrete or metal plate) and orient 
the loading disk such that the centre of the load-
ing disk contacts one of the designated impact 
test sites. 

8.2.2 Raise the impactor to an appropriate 
drop height such that it will impact on the rubber 

springs and generate the proper dynamic load 
described in Section 6.2. 

8.2.3 Release the impactor and capture the 
force - time history and displacement - time his-
tory using the recording equipment described in 
Section 6.3. 

8.2.4 Upon completion of a given impact test, 
raise the impactor off the loading disk. 

8.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

8.2.6 Impact each of the nine impact sites five 
times. Each test specimen shall receive a total of 
45 impacts.  
 

8.3 Calculations: 
8.3.1 Immediately following each test, record 

the following measurements: Dmax (mm), E (Nm), 
Dr (mm) and DrVr (mm2/s). 

8.3.2 Determine the arithmetic mean values of 
the measured variables for each impact site and 
for the overall mean values of the measured 
variables across all impact sites. Determine also 
the differences between the highest and lowest 
mean values of the measured variables for each 
test site and across all test sites. 
 

8.4 Calculate the values of all required vari-
ables rounded to the decimal places of the cor-
responding figures identified in Section 5. 
 
9 Report 

9.1 The test report shall include the following 
information: 

9.1.1 Complete identification of the tested 
sports aerobic floor, including type, source, 
manufacturer’s model number (if appropriate), 
dimensions of test specimen, and any other per-
tinent information. Photographs may be included 
in the test report for sample documentation pur-
poses. 

9.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

9.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

9.1.4 Conditions of test, including test date, 
temperature and humidity. 

9.1.5 Description of the impactor mass and the 
drop height conditions. A sample loading rate 
curve may be included in the test report to indi-
cate compliance with the loading requirements of 
6.2.1. 

9.1.6 Description of all test results related to 
the performance requirements identified in Sec-
tion 5. 
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9.1.7 Supplemental description of the test re-
sults: 

9.1.7.1 Maximum value, minimum value and 
standard deviation of Dmax, E, Dr and DrVr vari-
ables. 

9.1.7.2 Mean values of Dmax, E, Dr and DrVr 
variables at each impact site. 

9.1.7.3 Dmax, E, Dr and DrVr values for all tests. 
 

 
This standard is subject to revision at any time by the FIG Apparatus Commission. You are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary.
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Standard Specification: Trampolines 
This standard is issued under the fixed designation FIG: IV-TRA1-01.02.1995; the numbers immediately 
following the designation indicate the date of original adoption by the FIG, or, in case of revision, the 
date of the last revision. This FIG standard was prepared by the Apparatus Commission of the FIG and 
participating FIG test laboratories and was adapted from the former International Trampoline Federation 
(FIT) standard for Trampolines (FIT Handbook 1998). This standard was originally published in English 
only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
trampolines and to minimize any differences be-
tween competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain elastic properties of trampolines. This 
standard specification is applicable to all compe-
tition trampolines that are to be used at any FIG-
sanctioned event. 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a trampoline 
which complies with this specification. 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 International Gymnastics Federation (FIG): 
Apparatus Rules: II-TRA1. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Base plane: The reference plane of the 

trampoline from which the total deflection and 
total height of rebound is determined. It is taken 

as the plane of the trampoline bed. 
3.1.2 Vertical falling line: The reference line in 

space, which corresponds to the vertical trajec-
tory of a test sphere to the first impact on the 
trampoline. 

3.1.3 Reference point of the test sphere: The 
bottom point of the test sphere in a defined spa-
tial position. 

3.1.4 Deflection: The vertically measured dis-
tance (in mm) from the base plane to the refer-
ence point of the test sphere at maximum dis-
placement below the base plane caused by the 
first impact. 

3.1.5 Height of rebound: The vertically meas-
ured distance (in mm) from the base plane to the 
reference point of the test sphere at maximum 
displacement above the base plane caused by 
the first rebound. 

3.1.6 Deviation to the side during rebound: 
The measured horizontal distance (in mm) be-
tween the vertical falling line and the reference 
point of the test sphere at maximum displace-
ment above the base plane. 
 
4 Principle of Measurement 

4.1 The trampoline is impacted from a speci-
fied height with a spherical impactor of given 
mass and diameter. The three-dimensional dis-
placement – time history of the impactor is moni-
tored during the impact onto the bed and the first 
rebound after impact. 

4.2 Displacement data obtained during these 
procedures are indicative of the elastic proper-

ties of the trampoline used in training and FIG-
sanctioned competitions. 

Table 1: Figures for Trampolines 
 (empty cells in table: no requirements;  

 x represents the mean value of the measured variable at an impact site) 
 

Measurement 
point 

Deflection (mm) Height of rebound (mm) Deviation to the side during re-
bound (mm) 

1 920 £ x £ 990 3100 £ x £ 3350  

2  £ 3350  

3  £ 3350  

4  £ 3350 1550 £ x £ 1900 
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5 Performance Requirements 

5.1 When tested according to the procedures 
described in Section 9, the mean value of the 
measured variables for each impact site shall be 
within the figures of Table 1. 
 
6 Test Apparatus 
 

 
6.1 Impact test set-up: Any type of test set-up 

that is capable of impacting a trampoline under 
the prescribed conditions and monitoring and re-
cording the displacement - time history of the 
reference point of the test sphere is acceptable. 
It is optional, but desirable, that the test sphere 
is released magnetically at the prescribed drop 
height. In addition it is recommended to attach 
safety ropes in order to prevent uncontrolled 
movement of the test sphere after the first re-
bound from the bed of the trampoline. The use of 
overhead spotting rigs has been found to be 
useful for this purpose. 
 

6.2 Test sphere: The test sphere shall be a 
metal sphere with a diameter of 40 cm �  1 cm 
and a mass of 60 kg �  0.5 kg. To attach a mag-
netic fixation to the sphere, a flat plated upper 
section (up to a diameter of 10 cm) is accept-
able. To attach safety ropes, two suitable fixa-
tions at the upper side of the sphere are allowed. 
 

6.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.3.1 Displacement - time: It is at the discretion 
of the test laboratory to select a specific instru-
mentation to monitor, record and calculate the 
three-dimensional displacement of the sphere 
during impact and first rebound. The total system 
shall be capable of measuring height of rebound 
and deviation to the side during rebound with an 
accuracy of �  1 cm and deflection with an accu-
racy of �  0.5 cm. The requirements can be met 
by using at least two video cameras (min. fre-
quency 50 Hz; min. shutter speed 1/500) to cap-
ture the movements of the test sphere above the 
bed of the trampoline. The spatial motion of the 
test sphere can be calculated by three-
dimensional cinematographic analysis utilizing 
the DLT - algorithm (Direct Linear Transforma-
tion) or a similar technique. The deflection may 
be determined by using one camera and two-
dimensional cinematographic analysis. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall consist of a trampoline as it is intended to 

be used during training and/or competition with 
safety padding and with at least one safety plat-
form. 

7.2 The trampoline shall comply with FIG Ap-
paratus Rules: II-TRA1. 
 
8 Conditioning and Test Temperature 

8.1 The trampoline, mounted and assembled 
for use, shall be preconditioned at 50% �  10% 
relative humidity and 21° C �  3° C for a minimum 
of 24 hours prior to the test. All testing shall be 

carried out under the same conditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Impact locations: A total of four impact 
sites shall be designated on the trampoline. See 
Figure 1 for an illustration of the impact sites. 
 

9.2 Impact test procedures: 
9.2.1 Place the test specimen on a smooth 

and solid floor and orient the impact test sphere 
so that the contact will be at one of the desig-
nated impact test sites. 

9.2.2 Raise the test sphere to an appropriate 
drop height such that the distance between the 
reference point of the test sphere and the 
unloaded bed of the trampoline is 400 cm �  
2 cm. 

9.2.3 Release the test sphere and capture the 
displacement - time history using recording 
equipment described in Section 6.3. 

9.2.4 Upon completion of a given impact test, 
raise the test sphere off the surface of the tram-
poline. 

9.2.5 Check the displacement recordings after 
every test. If there is any deviation during the 
free fall of the test sphere (i.e. by pulling at the 

Figure 1: Impact Locations on the Bed for  Trampo-
lines with Marked Jumping Zone. 
The locations 1 to 4 are the midpoints to related 
parts of the bed and the marked out jumping zone. 
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overhead safety rigs too early), the test shall be 
repeated. 

9.2.6 Repeat the test procedures such that the 
trampoline to be tested shall receive three im-
pacts at each of the four impact sites for a total 
of 12 impacts. 
 

9.3 Calculations: 
9.3.1 For each test, calculate the following 

measurements: Deflection (mm), Height of re-
bound (mm) and Deviation to the side during re-
bound (mm). 

9.3.2 All three tests for each impact site shall 
be used to determine the arithmetic mean value 
of a measured variable for each impact site. 

9.3.3 Calculate the mean values of Deflection, 
Height of rebound and Deviation to the side dur-
ing rebound across all impact sites rounded to 
zero decimal places. 
 
10 Report 

10.1 The test report shall include the following 

information: 
10.1.1 Complete identification of the tested 

trampoline, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of the trampoline, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Description of the test sphere mass and 
the drop height conditions. 

10.1.6 Description of the test results relative to 
the performance requirements identified in Sec-
tion 5. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are invited to 
comment on revision of this standard or on additional standards. Comments should be addressed to the 
FIG General Secretary. 
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Standard Specification: Tumbling Tracks 
This standard is issued under the fixed designation FIG: IV-TRA3-01.07.1996; the numbers 
immediately following the designation indicate the date of original adoption by the FIG, or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appara-
tus Commission of the FIG and participating FIG test laboratories and was adapted from the 
former International Trampoline Federation (FIT) standard for Tumbling Tracks (FIT Handbook 
1998). This standard was originally published in English only. Copyright FIG. 

 

Introduction 

The objective of this FIG standard is to provide 
equal opportunities for all athletes in FIG compe-
titions by controlling the functional properties of 
tumbling tracks and to minimize any differences 
between competition and training equipment. 
 
1 Scope 

1.1 This specification covers the measurement 
of certain shock-absorbing, rebound, top friction 
and stability characteristics of tumbling tracks. 
This standard specification is applicable to all 
tumbling tracks that are to be used at any FIG-
sanctioned event. 
 

1.2 This specification does not imply that an in-
jury cannot be incurred while using a tumbling 
track which complies with this specification. 
 

1.3 The test procedures associated with this 
standard may involve hazardous operations and 
equipment. This standard does not purport to 
address all the safety problems associated with 
its use. It is the responsibility of the user of this 
standard to establish appropriate safety and 
health practices and to determine the applicabil-
ity of regulatory limitations prior to use. 
 
2 Normative References 

2.1 Society of Automotive Engineers: SAE 
J211 Recommended Practice for Instrumenta-
tion for Impact Tests – Requirements for Chan-
nel Class 1000, October 1988. 
 

2.2 International Gymnastics Federation (FIG): 
Apparatus Rules: II-TRA3. 
 

2.3 European Standard: CEN 12503-5: Sport 
Mats – Determination of the Base Friction. 2000. 
 
3 Terminology 

3.1 Description of terms specific to this stan-
dard: 

3.1.1 Acceleration: The instantaneous time 
rate of change of velocity, expressed in m/s2, 
which may be positive or negative. 

3.1.2 Base plane: The starting reference plane 
of the tumbling track from which the total height 
of rebound is determined. It is taken as the top 
plane of the tumbling track. 

3.1.3 Force (F): The product of the mass of the 
impactor, expressed in kg, and the acceleration 
of the impactor, expressed in m/s2. 

3.1.4 Maximum Force (Fmax): The maximum 
value of force measured during the impact and 
expressed in Newtons. 

3.1.5 Height of rebound: The calculated dis-
tance (in mm) between the base plane and the 
maximum vertical displacement of the impactor 
above the base plane under idealized frictionless 
conditions. 

3.1.6 Impactor: The striking part of the test ap-
paratus. 

3.1.7 Slider: A test body of given mass and 
geometry. The slider includes a test sole which 
is bonded to the bottom of the slider and is made 
of synthetic material with defined friction proper-
ties. 

3.1.8 Thrust - traction sequence: A series of 5 
successive thrust and traction movements of the 
slider which is pushed and pulled horizontally on 
a surface of the test specimen at a defined 
speed and distance. 

3.1.9 Sliding distance: The horizontal distance 
between the two turning points of the movement 
of the slider in a thrust – traction sequence. 

3.1.10 Mean thrust - traction force: Mean value 
of the absolute, average force, expressed in 
Newtons, as the slider moves during the fifth 
push and pull movement in a thrust - traction se-
quence. 

3.1.11 Friction coefficient: Quotient of the 
mean thrust - traction force (in N) and the weight 
of the slider (in N) in a thrust - traction sequence. 
 
4 Principles of Measurement 

4.1 The complete measurement is composed 
of two specific test procedures: 

4.1.1 Test A - Impact test: A test specimen is 
impacted with an impactor of given mass and 
geometry from a specified drop height. A trans-
ducer mounted inside the impactor monitors the 
acceleration – time history of the impactor which 
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is recorded with the aid of a data acquisition sys-
tem. 

4.1.2 Test B - Determination of top friction: A 
slider of given mass and geometry traverses the 
test specimen which is fixed on a plane surface. 
The slider is pushed forward and pulled back-
wards for a specified number of times with a 
constant velocity over a given distance. A trans-
ducer mounted at the slider monitors the thrust 
and traction force - time history of the slider 
movement. 
 

4.2 Dynamic data obtained during these pro-
cedures are indicative of the cushioning and re-
bound (Test A) and top friction (Test B) proper-
ties of tumbling tracks used in training and FIG-
sanctioned competitions. 
 
5 Performance Requirements 

5.1 Test A - Impact test: When tested accord-
ing to the procedures described in Section 9.1, 
the overall mean values of the measured vari-
ables across all impact sites shall be within the 
figures of Table 1. 
 
Table 1: Figures for Test A – Impact Test 
 

Height of rebound  (mm) Fmax  (N) 

³   550 £  6500 

 
 

5.2 Test B - Top friction: When tested accord-
ing to the procedures described in Section 9.2, 
the mean value of the measured variable shall 
be within the figure of Table 2. 
 
Table 2: Figures for Test B – Top Friction 
 

Friction coefficient 

³  0.45 

 
6 Test Apparatus 

6.1 Test A - Impact test procedures: 
6.1.1 Impact test machine: Any type of dy-

namic testing apparatus that is capable of im-
pacting a test specimen with an impactor from a 
prescribed drop height and monitoring and re-
cording the acceleration - time history of the im-
pactor is acceptable. The impact test machine 
shall be designed in such a manner that only the 
impact face contacts the test specimen at any 
time during the test procedures. It is optional, but 
desirable, that the impactor is released from a 

magnet. 
6.1.2 Impactor: The impactor shall consist of a 

cylindrical test body with a mass of 30 kg �  0.3 
kg and a geometry as specified in Figure 1. The 
accelerometer shall be rigidly mounted on the 
impactor as indicated in Figure 1. 
 
Figure 1: Geometry of Impactor 
 

 
 
 

6.1.3 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.1.3.1 Acceleration - time: The selection of 
the specific acceleration - time recording equip-
ment, including transducer and recorder, is at 
the discretion of the test laboratory. However, 
the recording system shall have a frequency re-
sponse adequate to measure the peak accelera-
tion value to an accuracy of �  5% of the true 
value. The total system, detection and recording, 
shall be capable of measuring impact accelera-
tions of up to 100 g at frequencies from 2 to 
1000 Hz to an accuracy of �  5%. The minimum 
sampling rate of the data acquisition system 
shall be 5000 Hz. 

6.1.3.2 Filtering: The signal from the trans-
ducer shall be conditioned with a low pass filter 
which complies with Channel Class 1000 of SAE 
Recommended Practice J211. A fourth-order 
Butterworth low pass filter with a cut-off fre-
quency of 1000 Hz meets this requirement. 
 

6.2 Test B - Top friction: 
6.2.1 Measurement device: Any type of friction 

testing apparatus that is capable of stressing a 
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test specimen by pushing and pulling a slider on 
the test specimen’s surface at a given velocity 
and distance is acceptable. During the test the 
force – time history of the movement of the slider 
shall be monitored and recorded. The friction 
test machine and the slider shall have sufficient 
rigidity to eliminate undesirable vibrations in the 
apparatus which might be recorded on the force 
- time curve. It is desirable to fix the test speci-
men for the friction tests with the help of an addi-
tional fastening system outside the sliding area. 

6.2.2 Slider: The slider shall be made of wood 
with a mass of 9.5 kg �  3% and shall have the 
geometrical dimensions specified in Figure 2. A 
test sole of synthetic material with a thickness of 
2.6mm �  0.5 mm shall be bonded to the bottom 
of the slider, complying with the requirements of 
CEN 12503-5: aL := 47.5 �  0.5. 
 
Figure 2: Slider Dimensions for Top Friction Tests 
(Dimensions in mm; Accuracy: ±1 mm) 
 

 
 
 

6.2.3 The slider shall be pushed and pulled 
over a determined sliding distance a specified 
number of times at a given constant velocity. 

6.2.4 Recording equipment - The recording 
equipment shall meet the following criteria: 

6.2.4.1 Force – time: The selection of the spe-
cific force - time recording equipment, including 
transducer and recorder, is at the discretion of 
the test laboratory. The total system, detection 
and recording, shall be capable of measuring 
thrust and traction forces up to �  1000 N at fre-
quencies from 2 to 100 Hz to an accuracy of �  
3%. The minimum sampling rate of the data ac-
quisition system shall be 200 Hz. 
 
7 Test Specimen 

7.1 The test specimen submitted for testing 
shall represent the tumbling track as it is in-
tended to be used during training and/or compe-
tition.  

7.2 The test specimen shall comply with FIG 

Apparatus Rules: II-TRA3. Exception: See 7.3. 
7.3 The minimum horizontal dimensions (width 

* length) for any test specimen shall be 170 cm * 
120 cm. 
 
8 Conditioning and Test Temperature 

8.1 The test specimen shall be preconditioned 
at 50% ± 10% relative humidity and 21o C ± 3o C 
for a minimum of 24 hours prior to the test. All 
testing shall be carried out under the same con-
ditions. 
 
9 Laboratory Procedure (Test Method) 

9.1 Test A - Impact test: 
9.1.1 Impact locations: A total of seven impact 

sites shall be designated on the test specimen. 
See Figure 3 for an illustration of the impact 
sites. 

9.1.2 Impact test procedures: 
9.1.2.1 Place the test specimen under the im-

pact test machine on a smooth, solid floor (con-
crete or metal plate) and orient the impactor 
such that the centre of the impact face will con-
tact one of the designated impact test sites. 

9.1.2.2 Raise the impactor to the drop height 
of 1.20 m �  3%. 

9.1.2.3 Release the impactor and capture the 
acceleration - time history using recording 
equipment described in Section 6.1.3. 

9.1.2.4 Upon completion of a given impact 
test, raise the impactor off the surface of the test 
specimen. 

9.1.2.5 The duration between tests at a given 
impact site shall not be less than 120 seconds. 

9.1.2.6 Each test specimen shall receive a to-
tal of 70 impacts. Impact each of the seven im-
pact sites ten times. 
 
Figure 3: Impact Locations for Tumbling Tracks 
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9.1.3 Calculations: 
9.1.3.1 Immediately following each test, calcu-

late and record the following measurements: 
Fmax (N) and Height of rebound (mm). 

9.1.3.2 The last eight tests for each impact site 
shall be used to determine the arithmetic mean 
value of a measured variable for each impact 
site and for the overall mean value of a meas-
ured variable across all impact sites. 
 

9.2 Test B - Top Friction: 
9.2.1 Place the test specimen under the slider. 

Fix all components carefully with the fastening 
system to prevent horizontal movement of the 
test specimen during the friction test. The com-
plete test specimen shall lie on a smooth and 
solid horizontal plate. 

9.2.2 The slider shall be pushed and pulled 
parallel to the boundary lines of the tumbling 
track with a constant velocity of 300 mm/s �  3% 
over 90% of the total sliding distance of 600 mm 
�  3%. 

9.2.3 Perform a thrust – traction sequence with 
the slider (i.e. 5 pushing and pulling movements) 
within 30 sec. Capture the force – time history 
using recording equipment described in Section 
6.2.4. Wait at least 300 seconds between trials. 
Repeat the whole thrust – traction sequence an 
additional two times with the pause between tri-
als. 

9.2.4 Calculations: 
9.2.4.1 Immediately following the test, record 

and calculate the friction coefficient for every 
thrust – traction sequence. 
 
 
 

10 Report 
10.1 The test report shall include the following 

information: 
10.1.1 Complete identification of the tested 

tumbling track, including type, source, manufac-
turer’s model number (if appropriate), dimen-
sions of test specimen, and any other pertinent 
information. Photographs may be included in the 
test report for sample documentation purposes. 

10.1.2 Test identification number according to 
the internal regulations between the FIG Test 
Institutes. 

10.1.3 Complete identification of the testing 
laboratory including test technician and test labo-
ratory manager (if appropriate). 

10.1.4 Conditions of test, including test date, 
temperature and humidity. 

10.1.5 Test A - Impact Test: 
10.1.5.1 Description of the impactor mass and 

the drop height conditions. 
10.1.5.2 Description of the test results relative 

to the performance requirements identified in 
Section 5.1. 

10.1.5.3 Mean values of height of rebound and 
Fmax across all impact sites. 

10.1.5.4 Maximum value, minimum value and 
standard deviation of height of rebound and Fmax 
variables. 

10.1.5.5 Mean values of height of rebound and 
Fmax for the last eight tests at each impact site 

10.1.5.6 Height of rebound and Fmax for all 
tests. 

10.1.6 Test B - Top Friction: 
10.1.6.1 Description of the mass, velocity and 

sliding distance of the slider. 
10.1.6.2 Friction coefficients for all thrust – 

traction sequences. 
 

 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
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should be addressed to the FIG General Secretary.
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Standard Specification: Vaulting Boards for Tumbling 
This standard is issued under the fixed designation FIG: IV-ACRO11-01.01.06; the numbers 
immediately following the designation indicate the date of original adoption by the FIG or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Apparatus 
Commission of the FIG and participating FIG test laboratories. This standard was originally pub-
lished in English only. Copyright FIG. 

 

The standard specifications for vaulting boards for tumbling are the same as for men 
artistic gymnastics, therefore, this standard refers to the FIG standard IV-MAG14. 
 
See:  
 
 
 
 
 
 
 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
invited to comment on revision of this standard or on additional standards. Comments should 
be addressed to the FIG General Secretary 
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Standard Specification: Floors for Acrobatics 
This standard is issued under the fixed designation FIG: IV-ACRO1-01.01.06; the numbers 
immediately following the designation indicate the date of original adoption by the FIG or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appara-
tus Commission of the FIG and participating FIG test laboratories. This standard was originally 
published in English only. Copyright FIG. 

 

 
The standard specifications for floors for acrobatics are the same as for men artistic 
gymnastics, therefore, this standard refers to the FIG standard IV-MAG1. 
 
See:  
 
 
 
 
 
 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
invited to comment on revision of this standard or on additional standards. Comments should 
be addressed to the FIG General Secretary.
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Standard Specification: 20 cm Landing Mats for Acrobatics 
This standard is issued under the fixed designation FIG: IV-ACRO11-01.01.00; the numbers 
immediately following the designation indicate the date of original adoption by the FIG or, in 
case of revision, the date of the last revision. This FIG standard was prepared by the Appa-
ratus Commission of the FIG and participating FIG test laboratories. This standard was orig-
inally published in English only. Copyright FIG. 

 

The standard specifications for 20 cm landing mats for acrobatics are the same as for 
men artistic gymnastics, therefore, this standard refers to the FIG standard IV-
MAG11. 
 
See:  
 
 
 
 
 
 
 
 

This standard is subject to revision at any time by the FIG Apparatus Commission. Your are 
invited to comment on revision of this standard or on additional standards. Comments 
should be addressed to the FIG General Secretary 
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