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Force Transducer Overview 

• Laws of statics 

• Phenomenon of elastic reaction 

• Phenomenon of piezoelectricity 
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Measuring the Strength of a Force 
 



Example 5.4 A Traffic Light 
at Rest 
 
A traffic light weighing 122 N hangs 
from a cable tied to two 

other cables fastened to a support, as 
in Figure 5.10a. The 

upper cables make angles of 37.0° and 
53.0° with the horizontal. 

These upper cables are not as strong 
as the vertical 

cable, and will break if the tension in 
them exceeds 100 N. 

Will the traffic light remain hanging in 
this situation, or will 

one of the cables break? 

 









The effects of forces on materials 

1.1 Introduction 

A force exerted on a body can cause a change in 

either the shape or the motion of the body.  
The unit of force is the newton, N. 

The three main types of mechanical force that 
can act on a body are:   
(i) tensile,  
(ii) compressive, and 
(iii) shear 

 



1.2 Tensile force 
Tension is a force that tends to stretch a 
material, as shown in Figure 1.1. For example 

 

 

 
• (i) the rope or cable of a crane carrying a load is in tension 

• (ii) rubber bands, when stretched, are in tension 

• (iii) when a nut is tightened, a bolt is under tension 

• A tensile force, i.e. one producing tension, increases 

• the length of the material on which it acts. 

 

 



1.3 Compressive force 
Compression is a force that tends to squeeze 
or crush a material. 
 
 
 
• (i) a pillar supporting a bridge is in compression 
• (ii) the sole of a shoe is in compression 
• (iii) the jib of a crane is in compression 
A compressive force, i.e. one producing 
compression, will decrease the length of the 
material on which it acts. 
 



1.4 Shear force 
Shear is a force that tends to slide one face of the material 
over an adjacent face. 
 
 
 
 
• (i) a rivet holding two plates together is in shear if a tensile 

force is applied between the plates. 
• (ii) a guillotine cutting sheet metal, or garden shears, each 

provide a shear force. 
• (iii) a horizontal beam is subject to shear force. 
• (iv) transmission joints on cars are subject to shear forces. 
 
A shear force can cause a material to bend, slide or twist. 
 



1.5 Stress 
Forces acting on a material cause a change in dimensions and the 
material is said to be in a state of stress. Stress is the ratio of the 
applied force F to cross-sectional area A of the material. The symbol 
used for tensile and compressive stress is σ (Greek letter sigma). The 
unit of stress is the Pascal, Pa, where 1 Pa = 1 N/m2.  
 
 
 
 
 
 
• Hence where F is the force in Newton’s and A is the cross-sectional 

area in square metres. For tensile and compressive forces, the 
cross-sectional area is that which is at right angles to the direction 
of the force. For a shear force the shear stress is equal to F/A, 
where the cross-sectional area A is that which is parallel to the 
direction of the force.  

• The symbol used for shear stress is the Greek letter tau, τ . 
 

 



Problem 2. A rectangular bar having a 
cross-sectional area of 75 𝑚𝑚2 has a tensile force of 15 
kN applied to it. Determine the stress in the bar. 

 



Problem 3. A circular wire has a tensile force of 60.0 N 
applied to it and this force produces a stress of 3.06 
MPa in the wire. Determine the diameter of the wire. 
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Problem 1.6-5 The force in the brake 
cable of the V-brake 

system shown in the figure is T  45 lb. 
The pivot pin at A has 

diameter dp  0.25 in. and length Lp  
5/8 in. 

Use dimensions show in the figure. 
Neglect the weight of the 

brake system. 

(a) Find the average shear stress aver 
in the pivot pin where it 

is anchored to the bicycle frame at B. 

(b) Find the average bearing stress 
b,aver in the pivot pin over 

segment AB. 

3.25 

December 26, 2015 18 



1.6 Strain 
The fractional change in a dimension of a 
material produced by a force is called the strain. 
For a tensile or compressive force, strain is the 
ratio of the change of length to the original 
length. The symbol used for strain is ε (Greek 
epsilon). For a material of length L metres which 
changes in length by an amount x metres when 
subjected to stress, 

 



 

 

 

Strain is dimension-less and is often expressed 
as a percentage, i.e. 

 



 

 

 

 

 

 

For a shear force, strain is denoted by the symbol γ 
(Greek letter gamma). 



Problem 4. A bar 1.60 m long contracts axially by 0.1 
mm when a compressive load is applied to it. 
Determine the strain and the percentage strain. 
 



Problem 5. A wire of length 2.50 m has a percentage 
strain of 0.012% when loaded with a tensile force. 
Determine the extension of the wire. 
 



ความเครียด (Strain) 

• ความเครียด (Strain) หมายถึง การเปลี่ยนแปลงของวตัถเุม่ือมีแรง
ภายนอกมากระท า กบัวตัถ ุการเปลี่ยนแปลงท่ีเกิดขึน้เป็นการ
เปลี่ยนแปลงตอ่ขนาดเดิมซึง่หมายถงึความยาวท่ีเปลี่ยนไปตอ่ความ
ยาวเดมิ ใช้สญัลกัษณ์ 𝜖 เรียกวา่ (epsilon) 

•  ความเครียดดงึ (Tensile strain) 

•  ความเครียดอดั (Compressive strain)  

•  ความเครียดเฉือน (Shear strain)  
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Tensile strain 𝜺 
ความเครียดดงึ 

ความเครียดดงึเกิดขึน้เมื่อวตัถุ
อยู่ภายใต้แรงดงึท าให้วตัถยืุด
ออกเทา่กบั 𝛿 delta โดยแรง
กระท าแนวแรงต้องตัง้ฉากกบั 
พืน้ทีหน้าตดัเสมอ ใช้สญัลกัษณ์ 
𝜀   epsilon 
 

𝜀 =  
𝛿

𝐿
 

 

 

𝜀 : ความเครียดดงึ (ไม่มีหน่วย) 
𝛿 :  ความยาวท่ีเปล่ียนไป mm. 

L  : คือ ความยาวเดมิของวตัถ ุ mm. 
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Compressive strain 𝜺 
ความเครียดอัด  

ความเครียดอดัเกิดขึน้เม่ือวตัถอุยู่
ภายใต้แรงอดั ท าให้วตัถหุดตวัลง
เท่ากบั 𝛿 (delta) โดยแรง
กระท า แนวแรงต้องตัง้ฉากกบั
พืน้ท่ีหน้าตดัเสมอ ใช้สญัลกัษณ์ 𝜀 

𝜀 =  
𝛿

𝐿
 

 

 

𝜀 : ความเครียดดงึ (ไมม่ีหนว่ย) 

𝛿 :  ความยาวที่เปลีย่นไป mm. 

L  : คือ ความยาวเดิมของวตัถ ุ mm. 
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Shear strain 𝛾  

ความเครียดเฉือน  

 

ความเครียดเฉือน (Shear 
strain) ความเครียดเฉือน ใช้
สญัลกัษณ์ 𝛾 (gamma) เกิดขึน้
เมื่อวตัถอุยู่ภายใต้แรงเฉือน ท า
ให้วตัถเุปลี่ยนแปลงไปเป็นมมุ
เทา่กบั 𝜃 
 

𝛾 =  
𝛿

𝐿
 

𝛾 : ความเครียดเฉือน (Radian) 
𝛿 : ความยาวท่ีเปลี่ยนแปลงไป (mm.) 
𝐿 : ความยาว (mm.) 
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𝑅 =  
𝜌 ∙ 𝐿

𝐴
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