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Abstract – Biomechanics is part of a scientific 

discipline that applies basic mechanical principles to 
explain the performance system in the human body 
(living things). One of the applications in the human 
body is when doing push-ups. Push-up tools are made 
to determine the relationship between arm length, 
mass, and angle to the force and torque. After the tool 
is assembled, the tool has experimented with mass 
manipulation variables of 125 g; 290 g; 515 g and body 
length of 20; 40; 60 cm. Based on the experimental 
result, it is shown that the greater the arm’s length, the 
greater the force and torque. The greater the mass of 
the object, the greater the force.  
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1. Introduction 

 
      Biomechanics is part of a scientific discipline that 
borrows the basic mechanical principle to explain the 
performance system in the human body (living 
things). In biomechanics, the principles of mechanics 
are used in drafting, analyzing, designing, and 
developing equipment that reflects the performance 
system of muscles in the human body [1]. The 
biomechanical approach can be seen in the 
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application of biomechanics to sports or fitness 
training such as push-ups. Biomechanics in the field 
of sports and training requires a research approach 
based on a combination of experiments and 
theoretical modeling [2]. Extensively, push-up sports 
are used in strength testing and training of various 
individuals, such as athletes and warming up in 
children [3]. 
      Push-ups are part of the exercise that does not 
require complicated mechanisms and equipment in 
practice. However, it is necessary to be understood 
procedurally that the push-up actions carried out not 
in accordance with the mechanism will trigger minor 
injuries or serious injuries. [4] and [5] suggest that 
the pattern of muscle formation and joint pressure 
that can trigger potential injuries is influenced by 
variations involving changes in the position of the 
hands and the feet. The basic concept of 
biomechanics in push-up sports is to produce 
equilibrium in the stiffness of the spine, pelvis, waist, 
and knee joint in a straight line. 
       The biomechanical application of push-up to 
produce a simple practice instrument is still relatively 
new. [6] argue that modification of the equipment in 
push-up sports which is only limited to the handle 
designed to move (rotating) can reduce muscle 
tension and injury and also improve equilibrium, 
flexibility, and strength when doing push-ups. 
Nevertheless, push-up exercise is a basic 
strengthening exercise, the availability of information 
on the application of practice instruments is still 
limited. The application of a simple concept on push-
ups can be reflected on the lever. According to [7], 
human activities in the push-up process can be 
applied to the application of a simple plane to the 
second type of lever. Besides that, the measurement 
of other variables that can be done in push-up 
activities measures the shear stress at the elbow, the 
soil reaction force caused by the body’s compressive 
force. 
       When doing the push-up, there are various laws 
of physics that work. The first law is Newton’s Third 
Law that states when two objects interact, the forces 
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on both objects originating from one another always 
have the same magnitude and are in the opposite 
direction [8]. Furthermore, according to [9] and [10], 
we can call one force as the action force, and we can 
call the other as the reaction force. What is important 
is that they are the same part of one interaction and 
that power does not exist without the other. The force 
of action and reaction are the same in strength and in 
opposite directions. They occur in pairs, and they 
form an interaction between two things. 
        Based on the explanation above, the first force 
is called the action force and the other force is called 
the reaction force. The action force is as large as the 
reaction force and has the opposite direction. These 
forces occur in pairs and make a single interaction 
between two objects and there will not be one force 
that appears if there is no other force. Therefore, 
according to Newton’s third law, the floor gives an 
upward reaction with the same force, for example, F. 
This reaction force works for that person. Thus, it 
can be formulated as follows: 
 

Faction = -Freaction 
 

      In the push-up movement, the equilibrium of 
force and torque is applied. The joint is controlled 
by the torque produced by the muscle. [11] suggests 
that tot creates torque in the joints and then torque 
controls and causes movement of limbs and the 
entire body. Torque is important even when 
stationary or not moving. According to [8], the 
requirements for objects to be in balance are: 

1. The number of vectors of all external forces 
acting on objects must be zero. 

2. The number of vectors all external torque acting 
on objects is measured around a point that may 
have to be zero (equilibrium point). 
 

      As humans are categorized as rigid objects, i.e. 
objects that do not change their shape when the force 
is applied to the object. Rigid objects will do 
translational motion if the force given to the object is 
right about a point called the center of gravity. Center 
of gravity is the point where objects will be in the 
rotation balance (not experiencing rotation) [12]. 
       According to [13], the center of gravity (c) is an 
upright person with an arm at his side which is about 
56% of a person’s height measured from the sole of 
the foot. Based on the exposure, the center of gravity 
that is the equilibrium point of the human body in an 
upright position is approximately 56% of the 
person’s height and measured from the sole of the 
foot. Thus, his position is around the navel. 

    By using the torque equilibrium condition, the 
reaction force of F can be calculated with the mass of 
the person is m, the distance between the sole of the 

foot and the center of weight is L1, the distance 
between the sole of the foot and the palm is L2. 

 
2. Method 

 
This research is an experimental research, while 

the tools and materials used in this study are as in the 
following. 
 

Tools and Materials 

a. Alvaboard 
b. Cardboard 
c. Shoot glue 
d. Cutter 
e. U-Pipe electrical cable 
f. Spring Balance 
g. Stative 
h. Bolt 
i. 9-inch window hinges 
j. 3 pieces of load 

 
Procedure 
 

Tool assembling procedure 
 
a. Prepare the tools and the materials needed. 
b. Cut the U-pipe electrical cable with a length of 75 

cm as the main shaft of the push-up simulation 
tool. 

c. Install the window hinges as a hand on the right 
and left at 13 cm from above by using bolts.  

d. Make 2 legs by using cardboard. 
e. Attach 5 cm of feet from behind by using bolts. 
f. Install the base on the hands and feet by using 

alvaboard. 
g. The biomechanical push-up simulation tool is 

ready and works as follows. 
 
Working procedure 
 

a. Prepare the biomechanical push-up simulation 
tool. 

b. Link the top spring balance sheet to the stative. 
c. Measure the mass of the load. 
d. Link the bottom spring balance to the tool. 
e. Set the distance between the load and balance 

sheet hooks at 20, 40 and 60 cm. 
f. Set the arm length at 22 cm. 
g. Measure the force in standard condition before 

being given a load. 
h. Set the angle arm at 180° or perpendicular so that 

the torque is in equilibrium. 
i. Measure the load mass 1. 
j. Place the load on the arm with a distance of 20 

cm. 
k. Measure the force and size of the angle. 
l. Repeat by using other variation of the load mass 

and distance of arms at 40 and 60 cm. 
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Figure 1. Push-up simulation tool 
 

3. Findings and discussion 
 

      After assembling the push-up simulation tool, 
data collection is conducted by using various 
manipulation variables, i.e. mass and length of the 
arm. Data collection was conducted three times so 
that the data obtained is valid. The mass of the object 
(m) used varies as shown in Table 1. The length of 
the body arm (L) is displayed from head to center 
mass position. 
 
Table 1. Data Collection Result 
 

No. m (g) L (cm) F (N) 𝜃° 

1 125 

20 
2.1 120 
2.2 115 
2.2 115 

40 
2.5 115 
2.5 110 
2.6 100 

60 
2.9 110 
2.9 95 
3.0 95 

2 

390 20 2.5 115 
2.4 115 

 

 2.5 115 

40 
3.6 100 
3.6 100 
3.6 105 

60 
5.0 90 
4.9 90 
5.0 90 

3 515 

20 
3.1 100 
3.0 105 
3.0 105 

40 
4.2 90 
4.3 90 
4.2 95 

60 
5.0 85 
5.2 90 
5.1 90 

        

The purpose of making this tool is to determine the 
effect of arm length, mass, and angle on the force and 
torque. Based on Graph 1, at a mass of 125 g, the 
greatest force produced is at body length of 60 cm 
which is equal to 2.9 N. At mass of 290 g, the 
greatest force produced is at body length of 60 cm 
which is equal to 5.0 N. At a mass of 515 g, the 

greatest force produced is at body length of 60 cm 
which is equal to 5.1 N. Based on these data, the 
longer the distance of the center mass, the greater the 
force produced in each mass is different.  
 

 
Graph 1. The Relationship between body force and  

arm length         

        Furthermore, the greater the center mass, the 
greater the force produced. It can be explained that 
the greater the body weight, the greater the gravity 
generated. As emphasized in Newton’s third law 
“when two objects interact, the forces on both objects 
originating from one another always have the same 
magnitude and are in the opposite direction” [8] . 
Therefore, there are two objects that interact here, 
namely the body and the floor in the opposite 
direction that gives rise to the same force. Thus, the 
greater the body mass, the greater the gravity 
generated but in the opposite direction. The force that 
the body gives to the floor (down) is called the action 
force and the floor will also produce the opposite 
(up) force with the same magnitude called the 
reaction force. 
 

 
 

Figure 2. Push-up simulation tool         

       In the push-up movement, the equilibrium of 
force and torque is applied. Humans are included in 
the category of rigid objects; a rigid object will do 
translational motion if the force given to the object is 
right about a point called the center of gravity. One 
of the characteristics of torque equilibrium is that the 
center of gravity of a rigid body is an equilibrium 
point. As the objects are in equilibrium, the total 
torque for any point is zero. For an object that is in 
balance, both the amount of force and the amount of 
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torque acting on the object separately become zero. If 
the total torque is not zero, the object is not balanced 
and will rotate in terms of the total non-zero torque 
acting on it. Based on Figure 1, if the push-up 
simulation is in a standard state with a force of 1 N, 
the angle is 180°, and ℓ is 22 cm. Therefore, the 
torque obtained is 0 Nm. 
       The torque calculated in this push-up simulation 
tool is the total torque that is calculated in the 
difference from the body length torque and the arm 
length torque. The equation used is as follows. 
 

𝜏𝑡𝑜𝑡𝑎𝑙 =  𝜏1 − 𝜏2 
=  𝑤𝑤𝑏 .𝐿 − 𝐹. ℓ 𝑆𝑖𝑛 𝜃 

 

𝑤𝑤𝑏𝑏 is gravity obtained from the multiplication of 
force and gravity. At a mass of 125 g, we obtained a 
gravity of 1.25 N, gravity at a mass of 290 g at 2.9 N 
and gravity at a mass of 515 g at 5.15. After 
identifying its gravity, total torque can be calculated 
and presented in Table 2. 
 
Table 2. Torque calculation result 

L (cm) 
Torque (Nm) 

125 g 390 g 515 g 

20 -0.18 0.26 0.38 
40 -0.03 0.78 1.13 

60 0.12 1.25 1.97 
 
      Moreover, it is presented as a graph in Graph 2. 
Based on the graph, the greater the length of L, the 
greater the torque.  

 

Graph 2. The relationship between torque and length of 
body arm 

 
4. Conclusion 

 
     Based on the experiment result, it is shown that the 
greater the arm’s length, the greater the force and 
torque. The greater the mass of the object, the greater 
the force. 
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