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Introduction to shear and torsional stresses 2/2 

Shear stress occurs when applied forces are attempting to slide an object apart. 

This is the last of the three basic types of direct stress­
tensile, compressive and shear. 

Video object lsn\supported Inc++ version 

Tension is an axial stress that pulls atoms apart, while 
compression pushes atoms together. 

Shear stress is different; it distorts the atomic lattice into 
a parallelogram where atoms tend to slide past each 
other. 
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Shurforee 

'Shear' means sliding or ll)tng to slide . 

When a steel plate IS cut by a gullloune or a hole IS punched In it. the fa1lure of 
the material occurs not in a plane normal to the force, as Is the case In tension 
or compression, but as a slld1ng failure parallel to the load applied. 

Whether It falls or not, shear forces are still putting the material under shear 
stress. 

For example, th1nk of a s1gn glued to a wall. 

The weight of the obJect causes the adheswe to be 
under shear stress. Grav1ty tries to make 1t slide 
down the wall (assuming there are no hidden dowel 
pins or screws). 
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Shear is an action where a force tries to ___ an object apart. 

slide 

pull 

tear 

bend 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 
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Shear strength Is the measure of shear stress that a material can handle. In 

the same way as for axial (tensiOn and oompresslon) stresses, there are two 

important typeS of shear Stless. 

Ultimate shear strength (USS) iS the stress reqwed to rupture the materialtn 

shear. This is applicable to the cuttlng ()( punchmg of materials. 

The USS can also be used w\th a fact()( of safety IFSl to <le51&n bolted and 

"elded connections, bendrng of beams and torsJon 10 shafts. 

Yield shear stress (YSS) entails an 1nrt.al elastiC shear stress. just hke axial 

stress. There is then, after the yield point, further shear stress causing 
permanent deformation. 
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Match the definitions for each type of shear stress: 

j Drag statements on the right to match the left 

The measure of shear stress that a 

material can handle 

The stress required to rupture the 

material in shear 

The maximum shear stress before 

permanent deformation occurs 

c:-::1 Shear strength 

c:-::1 Ultimate shear strength 

c:-::1 Yield shear stress 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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Typical values of ultimate slloer strength (USSJ of some matenals are g,ven in 
the table below . 

Ultimate shear strength compared to ultimate tensile strength of some 

common metals 

Motorial USS (MPa) UTS 
(MPa) 

Aluminium 125 150 

Brass 150 190 

M11d steel 360 470 

Shear strength is generally lower than tensile strength. Shear stres&is very 

important because It Is quite common for a material to failm shear. especially 

since this is usually the weakest of the three types of direct stress-tensile. 
compressive and shear. 
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Rank from lowest to highest these ultimate stresses for most engineering materials, such as steel, 
aluminium and brass. 

1' "- Place these in the proper order. 

Ultimate shear strength 

Ultimate tensile strength 

Ultimate compressive strength 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Determine ttle force to rupture by shear-Example 

Example 

Determine the force required to punch a 12 mm diameter hole in a mild steel plate 3 mm 

thick. 

112 
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Determine ttle force to rupture by shear-Example 

Solution 

The area resisting shear is measured by the product of the circumference (n D } and the 

plate t hickness (t ). 

A =nXDXt 

= n x 12 mm x 3 mm 
= 113.1 mm 2 

Now find the force required to shear this 
area of mild steel (USS =360M Pal: 

F 
1" = ­

A s 

so F = T X A s = 360 X 113.1 = ')0.71 kN 
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A disc of diameter 25 mm is punched out of a 3 mm brass 
plate. calculate the foroe required In kN. Use ultimate shear 
stress of 150 MPa. 

(Use at least two decimal places.) 
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Click and type your answer here 
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INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line. 
Write your final answer on the last line. 
The computer will check all your work in detail when you click 
'Submit'. 

Hm! 



A disc of diameter 25 mm is punched out of a 3 mm mild steel 
plate. calculate the foroe required In kN. Use ultimate shear 
stress of 360 MPa. 

(Use at least two decimal places, type units.) 
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Click and type your answer here 
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( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line. 
Write your final answer on the last line. 
The computer will check all your work in detail when you click 
'Submit'. 

Hm! 



Problems involving areas and force with shearing of plate-Example 

Example 
Determine the greatest thickness of brass sheet, 850 mm wide, that can be sheared by a 

st raight-cutting guillotine capable of applying a force of 510 kN. 

112 
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Problems involving areas and force with shearing of plate-Example 

So lution 

The ultimate shear strength of brass is 150 Njmm
2

• 

The area in shear is given by the product of the width and thickness of the sheet: 

A = 850 mm X t 
= 850t mm2 

The force available is 510000 N. Therefore: 
510,000 N = 150 MPa X 850 t mm ' 

:.t = 4mm 

Note: In most guillotines the knife edge cuts obliquely so that the cutting action 

progresses gradually along the line of the cut like scissors do on paper. This takes much 

less force than cutting the entire line all at once. 
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An aluminium sheet Is 830 mm wide and Is sheared by a force 
of 540 kN. What Is the maximum thickness of the sheet In 
mm? 

(Use USS • 1.25 MPa. Use at /east two decimal places.) 

Iii! 
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Undo 

Click and type your answer here 
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INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 

Write your final answer on the last line. 
• The computer will check all your work in detail when you click 

'Submit". 

Each hint ~~~• reduce t11e treall teeeiveo ror lh19 que!!tlon 



A brass sheet is 830 mm wide and is sheared by a force of 
540 kN. What is the maximum thickness of the sheet In mm? 
Use USS = 150 MPa. {Use at least two decimal places.) 
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Click and type your answer here 
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INSTRUCTIONS 

• No intermediate steps are required 

• tf you choose to show steps, write one on each line. 

• Write your final answer on the last line. 

• The computer will check all your work in detail when you click 

"Submit". 
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Shear stress 

When punching a 11ole in a plate or shearing in two, we are working with the ultimate 

shear st rength to break things. 

Often the shear force does not reach the uttimate shear strength of t he material, so while 

no failure occurs, shear stress may still exist. Shear stress is produced by equal and 

opposite forces whose lines of action do not coincide. 

The figure below shows a simple bolt which is under shear by the force P applied by the 

two plates as indicated (assuming the bolt is not tight). The shear stress acts along the 

planes, parallel to the lines of action of the applied forces. 

F' 

E' 

v 
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Shear stress 

The tendency is to shear through the bolt as shown below (a). Naturally if the size and 

st rength of the bolt is sufficient, no such failure would occur. 
Copyright® McGraw-Hill Edocation. Permission reQuire<! for reproduction or display. 
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Shear stress ('t ) is assumed to be distributed unfformly over the tota l area subj ected to 

shear force, which is the cross-sectional area of the bolt. 
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This bolt has not been tightened. The stress in the 
bolt would be: 
(A= cross-sectional area of bolt) 

J:t'l 

Click the correct answer. 
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Double shear 

In a simple lap joint, the bolt is loaded in shear by the force applied f rom the two plates. 

In this next example, each bolt is inserted through three plates (below). 

Copyright~ McGraw-Hill Education. Pennission required for reproduction or display. 
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Double shear 

Taking the free body diagram of a single bolt below {a), we can see there are two areas of 

shear created by the applied force. This arrangement is common and is known as double 

shear, and effectively doubles the area of the bolt because it must be broken twice. 

F 
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This bolt has not been tightened. The stress in the bolt would 
be: 
(A= cross-sectional area of bolt) 

F 
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Click the correct answer. 
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The formula for calculating direct shear stress 

Shear stress -r is assumed to be distributed uniformly over the total area subjected to 

shear force and may be defined as shear force per unit of the total area: 

8] -
' 

Remember that shear could be single shear (e.g. two overlapping plates bolted together} 

or double shear (e.g. clevis-type joint on the end of a cylinder). 

Hint: While direct shear stress is quite simple, students can have trouble determining the 

area in shear. One way to simplify this is to ask: 'What is the minimum area that must be 

sheared in order to break the joint?' 

112 
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The fonnula for calculating direct shear stress 

For example, in the case of double shear, we only have to break one bolt to break the 

whole thing (i.e. we must break the bolt area twice, not four times). 
Copyright@ McGraw-Hill Education. Pennission requi,·ed for reproduction or display 
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The equation for shear stress is: 

Select... (!) 
T= 

Select... C!l 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate shear stress in single shear situation-Example 

Example 
Determine the required diameter of a single mild steel bolt, holding two overlapping strips 

of metal, against a shear force of 4.5 kN if the allowable stress in shear is 90 MPa. 

Copyright<!;) McGraw-Hill Education. Pennission required for reproductron or display. 
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Calculate shear stress in single shear situation-Example 2/2 

Solution 

F Fs h . d . rom T = - t e requ1re area 1s: 
A s 

A F s 4,500 N "O , , = - - ::> mm f, 90MPa 

This is a case of single shear; only one cross-sectional area need be considered. Hence: 

D = .j4if; - J4 X 50 - ?.98 mm 
1t 1t 

Therefore an 8 mm diameter bolt will be sat isfactory. 
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Determine the minimum diameter or a slngte mild steel bolt. 
holding two· overlapping strips of mild steel, against a shear 
force of 5.5 kN If the allowable shear stress Is 88 MPa. The 
bolt Is not tightened. Qnclude units, mrnlmum two decimal 
places.) 
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Click and type your answer here 
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• If you choose to show steps. write one on each line. 
• Wrlte your flnal answer on tile last nne. 
• The oomputer w111 check all your wor~< In detail when you click •submtt:". 

Each hint will reduce the credit reoelved 1'01 tlllB quest1o11 



Calculate shear stress in double shear si1uation-£xample 

Example 
If the diameter of the mild steel pin is 10 mm and the maximum force applied to the 

coupling is 11.3 kN, what is the shear stress in the material of the pin and the factor of 

safety (ult imate shear strength= 360 MPa)? 

(a) (b) 

112 
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Calculate shear stress in double shear si1uation-£xample 

Solution 
This is a case of double shear. Therefore the total area is: 

Shear stress: 

F, 
1:= 

A, 
11,300 N _

72 
MPa 

157 nun 2 

Since the ultimate shear strength of mild steel is 360 N/mm 2, the factor of safety is: 
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Oeterm I ne the min I mum diameter of a single mild steel bolt, holdIng three 
overleppingstr1psofmild steel, ag.ainst a force of 5.5 kN if the allowable shear 
stress Is 81 MPa. The bolt is not tightened. (Include units, minimum two decimal 
places.) 
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Ctick and type your answer here 
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Elasticity ot solid matoriols iS notUmiled to loosion 

and compression. When an elastic material is 
subjected to shear force, deformation occurs. 
Tension makes the objoct lOnger. compression 
makes it shorter, but shear stress deforms the shape 
rather ttlan the she. The angle of deformation ls 
called the shear strain (Greek symbOl gamma). 

·• • o~------- = 

Shear strain 

Elasticity of solid materials is not limited to tension and compression. When 
an elastic material is subjected to shear force, deformation occurs. Tension 
makes the object longer, compression makes it shorter, but shear stress 
deforms the shape rather than the size. 

Shape deformation caused by shear force F, 

Consider, for example, a solid block of rubber between two plates as shown 
above. When subjected to shear force F" the deformation in the direction of 

the shear force is os. This gives an angle related to the shear strain y. 

GIVE FEEDBACK 



Match the following symbols related to shear strain: 

• Drag statements on tbe right to match tbe left 

Fs 1M3 Shear force 

lh 1M3 Shear deformation 

Ls 1M3 Length in shear 

y 1M3 Shear strain I .. :.: 

Do you know the answer? 

I KNOW IT THINK SO NO IDEA 



Shear stroin Is U)Q detotmatlon in the direCU01\ or tho 
shear force divided by the depth of the ma18fial. tt is 
related to the anile of defonnatlon. 

·• • o~------

The formula of shear strain 

Shear strain y is defined as the ratio 

of deformation 5s to the material 

depth Ls. 

where: 

y = 6s 
L s 

y =shear strain (no units) 

6s =deformation (mm) 
Ls =depth of material(mm) 

This equation looks exactly the same as the equation for axial strain (tension 

and compression). However, the shear strain is related to angle not length. 

To avoid confusion shear uses different symbols to axial. 
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The equation for shear strain is: 

Select... (!) 

v= ------
select... ]1 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



TOO slil'ft!CGS in sooar is calted th& mOdulus ot rtglctlty 
(symbol G}. The modulus of rigidity is the shear stress 

dlvl<led bysh""r strain. 

·• • o~------

Modulus of rigidity l/2 

The modulus of rigidity (G) is the stiffness of a material in shear. It is similar to 

the modulus of elasticity, E, only this time it is in shear, not tension. And, just 

like E, the modulus of rlgidtty G Is a material property consistent for each 

material (within its elastic range). 

Axial stresses (tension and 
compression) push or pull the atoms ._In 'T (1)Ul uss in a straight line. Shear Is different; it (1)<1> 

.S::../;; Yield distorts the atomic lattice into a (/)(/) 
parallelogram where atoms tend to 
slide past each other. The stiffness In 
shear is called the modulus of rigidity \ =Modulus 
G, which is the slope of the elastic of Rigidity 
portion of the graph of Shear Stress 
vs Shear Strain. 

/ Shear 1'1 

Strain 
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Modulus of rigidity 

Video object isn't supported in c++ version 

An applied shear force distorts the material and generates shear stress. The relative 

amount of movement is the shear strain. The modulus of rigidity G is the shear stress 

divided by the shear strain, which is the stiffness of the material in shear. 

In practice, the modulus of rigidity is conveniently measured by a torsion test. 

CIVE FEEDBACK 
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Which of the following statements are true about the modulus of rigidity? 

Check all that apply. 

0 It is the stiffness of a material in shear 

0 It has the symbol G 

0 It is equal to modulus of elasticity, E 

0 It is a material property 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The &tlffne&& In IMor Ia celled tno moduiU» ot r~&ldlt)' 
(symbol G~ The modlll .. ot tiQid"'' 11 mo lh!>"""' .. 
dlvlde<l by oheor IVtlln. 

.... 01------

The formula of modulus of rigidity 

Having defined shear stress(<) and shear strain (y), we get the modulus of 

rigidity (G). 

Where: 
G = Modulus of rigidity (MPa) 

< = Shear stress (MPa) 
y = Shear strain ( ) 

"C 
G=­

y 

Just like E. the modulus of rigidity G is a material property consistent for each 

material (Within its elastic range). 

Just like E, which has multiple names (modulus of elasticity, Young's modulus, 

tensile modulus), G also has more than one name (modulus or rigidity, shear 

modulus). 

Our preferred names will be elasticity modulus for E and rigidity modulus for G. 
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The equation for modulus of rigidity is: 

Select... (!) 
G= ------

Select... Jl 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



It thG mator1alls u.nlform ln. ~rt direction (likG 
metals and POlymers}, the modulus of rigkjity is 
always about 40 per cent of the modulus of elasdclty. 

.•• 0•------

Compare the modo los of rigidity 1¥1111 the modulus of elasticity 

The modulus of rigidity of a particular material is equal to a fixed percentage of 

its Young's modulus !E ;. For isotropic materials, i.e. materials which have the 

same elastic properties in all directions (true for most metals, polymers and 

ceramics but not for wood or fibre composites), this percentage, determined 
theoretically by using the molecular theory of structure of the material, is 40 

per cent. Therefore: 

G = 0.4E 
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For most metals an approximate rule is: 

The modulus of rigidity (G) is Select...(!) of the modulus of elasticity (E). 

Submit 

Do you know the answer? 

I KNOW IT TlfiNK SO UNSURE NO IDEA 



For most onginoering mateliats tho modulus or 
rigidity is about 40 per cent of the modulus of 
elasticity • 

.• • 01------

Calculate tl1e modulus of rigidity-Example 

Example 

What is the value of the modulus of rigidity of steel? 
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Calculate the modulus of rigidity-Example 

Example 

What is the va lue of the modulus of rigidity of steel? 

Solution 

Young's modulus for steel is E = 200,000 MPa. Therefore: 

CIVE FEEDBACK 

G = 40%ofE 

= 0.4 X 200,000 MPa 

= 80,000MPa 



An experimental alloy has a modulus of elasticity of 130 GPa. 
What is the approdmate modulus of rigid it)'? (Round off to 
nearest GPa.) 
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Click and type your answer here 
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G iS roughty 40 pOC' cent ot E, but wooro doos tho 40 
per cent come from? There is a relationship between 
the pulling and sliding of atoms,. and the equation 
lm·'Oives Potsson's ratio. 

••• Ql------

Derive the modulus of rigidity using the elastic modulus and Poisson's ratio 

A more precise relationship between shear modulus of rlgldtty ;G ·1 , Young's 

modulus of elasticity (.£ j and Poisson's ratio (v j is gjven by the following 

formula: 

G = ..,--.-,-=-"----,-
2(1 + v) 

tt can be shown, by simple substitution, that since the value of Poisson's ratio 
for most materials seldom varies beyond Its narrow range of 0.25 to 0.35, the 
value of G will usually be within 37 to 40 per cent of the Young's modulus. This 
variation is not very significant and 40 per cent may be used as sufficiently 

accurate for our purposes. 
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The precise formula relating the tensile to shear is: 

G = -:-:--'-E'----.,..-
2 (1 + v) 

Match each symbol to its definition. 

j Drag statements on the right to match the left 

G c-::1 Modulus of rigidity 

E a-::1 Young's modulus of elasticity 

\) t:-(1 Poisson's rat io 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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Calculate tile modulus of rigidity given Poisson's ratio-Example 

Example 

If Poisson's ratio for steel is 0.29, what is a more accurate estimate of its shear modulus 

of rigidity? 

GIVE FEEOBACII CONTINUE > 



Calculate tile modulus of rigidity given Poisson's ratio-Example 

Example 

If Poisson's ratio for steel is 0.29, what is a more accurate estimate of its shear modulus 

of rigidity? 

Solution 

Modulus of rigidity: 

CIVE FEEDBACK 

E 
G = -,--,-,..-----.,... 

2 (1 + v ) 

200,000MPa 
= 

2{1 + 0.29) 

= 77,500 MPa 



An experimental material has a modulus of elasticity of 130 
GPa and a Poisson's ratio of 3. What is the precise modulus 
of rigid1ty? 

(Do not type the units, round off to nearest GPa.) 
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Click and type your answer here 
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Determine total extension and safety factor 

Example 

An anti-vibration mounting for a machine is in the form of rubber 
pads and its dimensions are 200 111111 x 200 mm x 10 nun thick. Each 
pad Is subjected to a periodic horizontal force, reaching a maximum 
of 600 N, distributed over its area. 

Determine the amount of shear deformation, 5,, corresponding to 
the maximum force if the modulus of rigidity of rubber is 1.5 MPa. ~ -

r 

Find the shear Find the shear 

1 

Determining 

shear 

deformation­

Example 

Find the shear 

stress 

1 
strain ~ormation ~ 
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Determine total extension and safety factor 

Rubber pads are 200 mm x 200 1111n x 10 mm t hick. Maximum force 
600 N. Modulus of rigidity of t he rUbber is 1..5 MPa. 

Step 1: Find the shear stress. 

Shear stress In the material of the pads is: 

F, 
T = ­

A, 

600N =------
200 mm X 200 mm 

= 0.015 MPa 

Determining 

r 

shear Find the shear Find the shear Find the shear 

1 

deformation- stress 

Example 
strain ~ormation ~ 
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Determine total extension and safety factor 

Rubber pads are 200 mm x 200 nm1 x 10 mm thick. Maximum force 
600 N. Modulus of rigidity of the rubber is 1.5 MPa. 

Step 2: Find the shear strain. 

From C = ~. shear strain is: 
v 

' y = -
G 

0.015 
= --:i:5 
= 0.01 

Determining 

shear Find the shear Find the shear Find the shear 
deformation- stress strain deformation 

Example 
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Determine total extension and safety factor 

Rubber pads are 200 mm x 200 1111n x 10 mm t hick. Maximum force 

600 N. Modulus of rigidity of t he rubber is 1.5 MPa. 

Step 3: Find the shear deformation. 

From y = 0 ' . shear deformation Os is: 
L., 

6, = y L, 

= O.OJ mm x 10 mm 

= 0.1 mrn 

GIVE FEEDBACK 

Determining 

shear 
deformation­

Example 

Find the shear Find the shear 

stress strain 

1 

Find the shear 
deformation 

Summary 



Determine total extension and safety factor 

Rubber pads are 200 mm x 200 rnrn x 10 mm thick. Maximum force 
600 N. Modulus of rigidity of the rubber is 1.5 MPa. 

Shear stress: 1: = P,- 600 N -o.OJSMPa 
A , 200 mm x 200 nun 

From G = ..!.. , shear strain is: y = 2.= O.oJS =0 01 
y G 1.5 . 

Therefore from y = 0l ' . shear deformation 5, is: ., 

0.< = y /,, =0.01 rnm x 10 mm =0.1 mm 

GIVE FEEDBACK 

Determining 

shear 
deformation­

Example 

Find the shear 
stress 

r 

Find the shear Find the shear 

1 
strain ~ormation 

Summary 



This Is a rubber pad or 200 x 200 x 18 mm wll/1 shear force 
of 2500 N. Modulus of r1gldlty of the rubber Is 1.5 MPa. If 
stress Is 0.0625. find lhe shear strain to four decimal 
places. {Do not enter units.) 

_::_) ~ J + ~ _j.:J ra 
Clear !me 

(0}1 · J ~.:J " ...:._:_:] ... a Undo 

Click and rype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intem1ediate steps are required 

If you choose to show steps, write one on each line • 

Write your final answer on the last line • 

The computer will check all your v.or1t In detail when you diCk 'Submit' . 

Hmt 



Rubber pad of 200 ll 200 x 18 mm w1th shear force of 2500 
N. Modulus of rtgJdrty of the rubber Is 1.5 MPa. If stress IS 

0.0625, and the shear sttaln is 0.04166667, find the shear 
deformation in mm. (To four decimal places, do not enter 

units.) 

+ I - Clear * Ed.:J rol Clear hne 

~.:J~.:J 7f ~~ .. J • Undo 

Click and type your answer here 

CHALLENGE 

• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are reqwed 
If you choose to show steps, wnte one on each line . 

Write your final answer on the last line . 
The computer will check all your work In detell when you click 'Submit'. 

Hint ~- .... - .. __ ....... _ 



Rubber pad of 200 x 200 x 18 mm with shear force of 2500 
N. Modulus of rt~tty of the rubber Is 1.5 MPa. If stress Is 
0.0625, and the Shear straon is 0.04166667, find the Shear 
deformatiOn In mm. (To two decimal places. do not enter 
units.) 

~L:. Clotor 

Clcer line 

Undo 

Cf~ek ond type your answer hete 

CHALLENGE 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are roquirod 

If you choose to Show steps. wnte one on each nne. 
Write your final answer on the last line . 

The romputerwill ct1ec1< all yourwonc in detail wflert you click 'Submot' • 



Rubber pads are 200 mm x 200 mm x 10 mm thick. Maximum force is 

600 N. Modulus of rigidity of the rubber is 1.5 MPa. Sort the 

following steps into the right order to determine the strain 
deformation. 

1' + Place these in the proper order. 

T = F, • 600~ •0.015~1Pa 
As 200mm X 200mm 

y _ ...!._ • O.ot 5 • O.ot 
G 1.5 

5, - yL,•O.OI mmX LOmm •O.lmm 

Do you know the answer? 

I KNOW IT lHINK SO UNSURE NO IDEA 



To calculate the shear deformation in this example we need 

to f ind the shear stress, then the shear strain and finally the 
deformation. 

Iii 

SMAll LARCE 

>I< 

1Mberl*l~21».<l!Ou•:.llllii\Wll>--of290u 
~ . .., ..... ,.ciiQ!)l(tllf ... ,.to~r .. ut-.nocJ..,_ 
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To calculate the shear deformation in this example we need 

to f ind the shear stress, then the shear strain and finally the 
deformation. 

Iii 

SMAll LARCE 

>I< 

1Mberl*l~21».<l!Ou•:.llllii\Wll>--of250u 
~.~ .. oJq)l~llf ... nlbfrMU'.-11-k 
!.l.IXItW, .,..,hefoO:N~tl)ftv...,NI~I(Io)~ 

-~..., 

"""""""" 
~'o~~,..,~hot r.,..._ .. to,.,.,..~--"'-''(• 
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To calculate the shear deformation in this example we need 

to f ind the shear stress, then the shear strain and finally the 

deformation. 

Iii 

SMAll LARCE 

>I< 

1Mberl*l~21».<l!Ou•:.llllii\Wll>--of250u 
~.~,•Wq)l~llf ... ,.ltllfiOI~ti#M.IIOI-k 
!.l.IXitW,.tlflhetoo:NttJ'J&:IIfO.oti.\.WA$7,1h0~~ 

~kflf'n.(JOf:<IO!dml~O>~~ 
~.., 

~~cr£)1 
·J-Ji_· . • - ~:J 
.£l:J ~:f• ~:J~ 

"""""""" 
~'o~~,..,~hot r.,..._ .. to,.,.,..~--"'-''(• 
V.'fb!W'kv:t-«>UIOIDGti'M\ _______ .. __ 



Rubber pad of 200 x 200 x 18 mm with shear force of 2500 
N. Modulus of rigidity of the rubber Is 1.5 MPa. Find shear 
stress to four decimal places. (Do not enter units.) 

+ -I · +I g ·+J~.:J 
Clear line 

rrs to;j •} ~.:J rr ~.:J +' 8 Undo 

Click and t;ype your answer here 

CHALLENGE SUBMlr SHOW ANSWER 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps. write one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click "Submit". 

Hmt 

( 



Rubber pad of 200 x 200 x 18 mm with shear force of 2500 
N. Modulus of rigidity of the rubber Is 1.5 MPa. If stress Is 
0.0625, find the shear strain to four decimal places. (00 not 
enter units.) 

+] - 1 · ] + ) ~ ~jro 

~_:j ~.:J TC J ~_:j ~' • 

Click and rype your answer here 

Clear 

CleiH !lnt• 

Undo 

CHALLENGE SUBMIT SHOW ANSWI!R 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each line . 

Write your final answer on the last line. 
The computer will check all your woOim detail when you click 'Submit" . 

fall-... --..-----



Rubber pad of 200 x 200 x 18 mm with shear force of 2500 
N. Modulus of rigidity of the rubber Is 1.5 MPa. Flnd shear 

stress to four decimal places. (Do not enter untts.) 

Clear +I - . I + ~ I ·+ ~~ 
Clear ltn{• 

JO ~_:] ~~ rr ~_:] .,. 8 Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 
' 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 

If you choose to show steps, write one on each line . 

Write your final answer on the last line . 

The computer will check all your work in detail when you click 'Submit" • 

_, ...... _ .... __ ,., __ 



Totsion is tM typo Of loading that causes an objoot 
to twist. This twistjng action occurs when two equal 

and opposite torques act on the component 
Examples Include a power transmission shaft. a 
torsion bar, a spring or even a screwdriver. 

·~ ... 0 ~ 

Torsion 

Torsion is the type of loading that 
causes an object to twist. 

This twisting action occurs when two 
equal and opposite torques are 
applied to a component. Examples 
Include a power transmission shaft, 
a torsion bar, a spring or even a 
screwdriver. 

As twisting occurs (b), each circular 
cross-section of the bar rotates 
slightly relative to the next cross­
section immediately adjacent to it. 

This induces Internal shear stresses, 
within the material of the bar, in the 
plane of each cross-section. (There 
are other minor stresses beyond our 
analysis here.) 

GIVE FEEDBACK 

!vl 
Torsion on a cylindrical bar 



Torsion causes the cross-section of the cylindrical shaft to be under 

Select... "!) stress. 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Torsion causes an object to Select... :U. 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURf NO IDEA 



TotsionaJ stress is taro at tho oentte and incmascs to 
a maximum at the outside diameter. 

..• 0•-------

Difference betwl!iln direct shear and torsional sbear 

Unlike direct shear, stresses due to 
torsion are not distributed unlfonnly 
over the cross-sectional area of the 
bar. In fact there is no stress at all at 
the centre of the cross-sectional 
area. 

On the other hand, torsional shear 
stress reaches its maximum value at 
the maximum distance f rom the 
centre, i.e. on the outside of the 
shaft. 

GIVE FEEDBACK 

~ "' 



T 

/ 1/ 
---... _( 

I -~ ., . Regarding torsional stress, which of the following statements are true 
about this diagram? 

0 d , 
' 

~ • • . , 

Check I that apply. 

0 Stresses due to torsion are not distributed uniformly 

0 Stress is maximum at the centre 

O There is no shear stress at the centre of the cross-sectional area 

0 Torsional shear stress reaches its maximum value at the maximum distance from the 
centre 

Do you know the answer? 

..... I ~ ltl:L'\: 

\ 
r • , 



Maximum torsional shear stress 

We are mostly concerned with the maximum shear stress produced by the applied torque. 

The maximum torsional shear stress in a solid or hollow cylinder is always at the outside 

radius of the shaft. 

A hollow cylinder (b) is simply treated like a solid cylinder (a) with the inside missing, so 

the same equation can be used. 

GIVE FEEOBACII 

Copyright~ McGraw-Hill Educ~tion . Permission required for reproduction or di:spUiy. 
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Comparing the maximum torsional shear stress for a soUd shaft to 
that of a hollow shaft, which of the following statements are true? 

Cbeck aU that apply. 

0 Shear stress increases wtth distance away from the centre 

O Both have the maximum stress at the olltslde of the shaft 

O The hollow shaft has highest stress on the Inside 

0 Both have the same minimum shear stress 

Do you know the answer? 
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The formula for calculating the torsional shear stress 112 

Shear stress due to torsion: 

where: 
T is torque (Nmm) 

r is the radius of the cylinder (mm) 

J is a geometrical property of the cross-section known as its polar moment of inertia 

(mm4
) 

GIVE FEEOBACII CONTINUE > 
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212 

Now we can begin to get fum1dar With the combined equatiOil for tOfSIOnal 
stress (below). We w111 VISit thiS many times as we build our knowledge of 
torsional stress. 

r = Radius 'r 
L = Lcngth 
T = Torque 
0 =Angle of tWist ' 
G = Rigidity Modulus 
I = Polar Moment of Inertia mm' 

r T ce 
-r-= - J-= L 

Torsion Formulas and Def1n1tions 

CIVE FEEDIIACII 



Match the variables to their meaning for the torsional shear stress equation: 

Tr 
T = --

J 

T 

r 

J 

I KNOW IT 

.jt Drag statements on the right to match the left 

c-:::1 Torque 

c-:::1 Radius of the cyl inder 

c-:::1 Polar moment of inertia 

c-:::1 Torsional shear stress 

Do you know the answer? 

THINK SO UNSURE NO IDEA 

....... ::::: 

...... ..... 
~·· 

::::: 
::::: ..... 



Match the units for each variable in the torsional shear stress equation: 

Tr 
T = -

J 

T 

r 

J 

T 

I KNOW IT 

.jt Drag statements on the right to match the left 

c:-:::1 Nmm 

c:-:::1 mm 

c:-:::1 MPa 

Do you know the answer? 

THINH SO UNSURE NO IDEA 

::::: ...... 

..... ..... ..... 

..... :···· 

..... ..... ..... 



The polar moment of inertla Is a special 
function of the diameter of the cylinder In 
torsion. It has the symbol J and the units are 
millimeters to the fourth. Seems a bit strange 
atflrst 

Note that mm squared ls area, mm cubed Is 
volume, but mm to the fourth Is not something 
we can picture-we just have to work with It 
from the formula. It also means the polar 
moment of lnertla Is very sensitive to diameter. 
Double the diameter and J Increases by 16 
tlmes. 

Tbe fonnula for calculating tfte polar moment of inertia for a solid cylinder 

J !s a geometrical property of the cross-section known as Its polar moment of 

inertia. 

rr·D 4 
J = or, in terms of radius, 

32 
n. r 4 

!=--
2 

where: 
D (diameter in mm) = 2 x (radius in 
mm) 

J = polar moment of inertia (mm 
4

) 

Note that J Is related to the fourth power of 
diameter. This means that doubling the 
shaft diameter will increase J by 24 = 16 
tlmesl 
So J is very sensitive to diameter. 

GIVE FEEDBACK 

J = 2 

T 

r = Radius n m 
L = Length mm 
T ""Torque :V1.un 
9 ., Angle(}[ twist radutns 
G =Rigidity l\.1odulus ,\11. 
I = Polat Momem of Iner tia 111111 

r T GO 
-r- = -1- = L 



J is a geometrical property of the cross-section known as its polar moment of inertia. 

J = rr · D
4 

or, in terms of radius, J = Jt · r 
1 

32 2 
Match the units to the variables in this equation . 

.j Drag statements on the right to match the left 

J 

D o-:::1 mm 

r c-o mm 

Do you know the answer? 

I KNOW IT THINK SO UNSURE. NO IDEA 

....... 
~m~ 

..... ····· ...... ..... ·-·· 



The equation related to torsional stress is: 
n·D4 n·r4 J = or, in terms of radius, J = ...:........,,----

32 2 
Identify which of the statements below are true for this equation. 

Check all that apply. 

0 J is the polar moment of inertia 

0 Units for J are mm4 

0 Doubling the diameter will increase J by 16 times 

0 Doubling the radius will increase J by 8 t imes 

Do you know the answer? 

I KNOW IT THINii SO UNSURE NO IDEA 



Determine shear stress for a solid cylinder 

Calculate the torsional shear stress in a 50 mm diameter shaft if it is 
subjected to a torque of 1400 N.m. 

J = 

T 

r = Radius mm 
L= Length mm 
T = Torque Nmm 
e = Angle of twist radians 
G = Rigidity Modulus MPa 
J = Polar Moment of Inertia mm' 

-r T Ge 
-r-= -J-= L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Calculate 
torsional shear 

stress 

Convert to 
correct units 
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Determine shear stress for a solid cylinder 

Calculate the torsional shear stress in a 50 mm diameter shaft if it is 
subjected to a torque of 1400 N.m. 

Make sure all variables are in correct units (N. mm, Nmm, MPa). 

Torque: 
T = 1,400Nm 

= 1,400 x 10 l N nun 

J = 

T 

r = Radius mm 
L= Length mm 
T = Torque Nmm 
e = Angle of twist radians 
G = Rigidity Modulus MPa 
J = Polar Moment of Inertia mm' 

-r T Ge 
-r-= -J-= L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Calculate 
torsional shear 

stress 

Convert to 
correct units 

l 
Calculate polar And the 

moment of torsional shear Summary 
inertia _L stress 

1 



Determine shear stress for a solid cylinder 

Calculate the torsional shear stress in a 50 mm diameter shaft if it is 
subjected to a torque of 1400 N.m. 

Polar moment of Inertia: 
nD• 

} =~ 

n x so• 
=-=--

32 

= 6 13.6 x J03 mm ' 

J = 

T 

r = Radius mm 
L= Length mm 
T = Torque Nmm 
e = Angle of twist radians 
G = Rigidity Modulus MPa 
J = Polar Moment of Inertia mm' 

-r T Ge 
-r-= -J-= L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Calculate 
torsional shear 

stress 

Convert to 
correct units 

l 
Calculate polar And the 

moment of torsional shear Summary 
Inertia stress 

1 



Determine shear stress for a solid cylinder 

Calculate the torsional shear stress in a 50 mm diameter shaft if it is 
subjected to a torque of 1400 N.m. 

Radius: r = ~ = 25 rom 

Now find the torsional shear stress: 

Tr 
-r = --

1 
1,400 x J03Nrom x 25mm 

= 
613.6 x 10 3 mm* 

= 57MPa 

J = 

T 

r = Radius mm 
L= Length mm 
T = Torque Nmm 
e = Angle of twist radians 
G = Rigidity Modulus MPa 
J = Polar Moment of Inertia mm' 

-r T Ge 
-r-= -J-= L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Calculate 
torsional shear 

stress 

Convert to 
correct units 

~ 

Calculate polar Flnd the 
moment of torsional shear Summary 

inertia stress 



GIVE FEEDBACK 

Determine shear stress for a solid cylinder 

Make sure all variables are In correct units (N, mm, Nmm, MPa). 

Torque: 
T = 1,400X 103 Nmm 

Polar moment of inertia: 

I = nD'- nxso• -6J3.6X 103 m • 

r :r R(ldlus llllU 
t-= Length mm 
T = TQrqUe Nmm 
0 =Angle nf lwist rsdla1l$ 
G = Rigidi ty ModuJus MPa 
J = Polar Momcm or Lncrtia t7llW 

r r ce ,=-,-=-L-

32 32 m 
Torsion F orm ulas and De f initions 

Torsional shear stress is: 

•= Tr 
) 

1,400 X 10 3 N 111111 X 25 mm 

613.6 x !OJ mm • 

= 57 MPa 

Calculate 
torsional shear 

stress 

Convert to 
correct units 

~ 

Calculate polar And the 
moment of torsional shear 

inertia _L stress 
Summary 



Calculate the torsional shear stress In a shaft diameter 56 
mm if it is subjected to a torque of 1400 N.m. The polar 
moment of Inertia Is 965499. Find the torsional shear stress 
In MPa. (Minimum two decimal plaoes. Include units.) 

_!_]_:j f: I I ~ I ~_:j ./0 ~.:J 
~.:J !!_ \tJ>a ~.:J __:__ ~ g 

Click and type your answer here 

Clear 

Clcdr line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

< 

INSTRUCTIONS 

No intermediate steps are required 

If you choose to show steps, wrtte one on each line • 
Write your final answer on the last line • 

The computer will check all your work in detail when you click "Submit" . 

Hint 



Calculate the torsional shear stress In a solid shaft diameter 
0 = 55 mm. It Is subjected to a torque of 1400 N.m. First. 
find the polar moment or Inertia. (Minimum 0 decimal 

• p/ace(s}, Include uniiS In mm ) 

_!j~- _.__: f}l oz_:j ro 
(oi j .. J ~j rr m"1...:_jj ~ D 

Click and type your answer here 

Clear 

Clear lme 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 

If you choose to show steps, write one on each line . 

Write your final answer on the last line. 

The computer will check all your work in detail when you clicll 'Submit" • 

_, ...... _ .... __ ,., __ 



Calculate the torsional shear stress In a shaft diameter 56 
mm If It Is subjected to a torque of 1400 N.m. The polar 
moment of lnertla is 965499. Find the torsional shear stress 
in MPa. (Minimum two decimal places, type units.) 

Iii 

Clear 
+ . J + ~ i tf J ~.:J 
ro ~.:J ~.:J rr ~.:J +J g 

Clear line 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 

• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each line. 
Write your final answer on the last line . 

The oomputer wtll check all your work tn detail when you click •submit" • 

Hmt EW\_ .. ,_11\o __ tor ... _ 



A solid shaft diameter 55 mm is subjected to a torque of 
1400 N.m. Find the polar moment of inertia. (Minimum 0 
decimal place(s), Include units.) 

II 

~ ---'- -:- 1 ~ 1 .9.±Jro 
~.:J ~.:J n I m~ ~.:J ~a 

Click and type your answer here 

Clear line 

Undo 

CHALLENGE SHOW ANSWER 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps, write one on each line. 
• Write your final answer on the last line. 
• The computer wrll check all your work in detail when you click "Submit". 

Hint tocftlllnl ... _ ... ,.__, ...... _ 
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To determine the torsional shear stress for a solid shaft first 
find the polar moment J, use this to calculate shear stress 
and stick to known units N. mm, MPa and Nmm. 

1r r4 
J=-

2 

r = Radius rutH 
L = Length 11111 

T = forque .mru 
a ; Angle or rwist n~ 

G = Rigidily Modulus 
I - Polar Moment or lnenia lDl:J' 

SMAU lARGE 

T T ce 
- r- = - ,- = L 

>I< 

,..,..... .. ___ .. ___ ....._. 

rt··-··-··-..... c:, ....... __ ,.... __ ....... ..._._ ___ .. 
.!.. • - .J:V -;~;: 
!..l:L:I • .J:J ; -

-

-... _ ....... 
. ·--..------­. _,......_ ......... 
. -....... ·-·---· ... --.. ._....... ----



To determine the torsional shear stress for a solid shaft fi rst 

f ind the polar moment J, use this to calculate shear stress 
and stick to known units N, mm, MPa and Nmm. 

liil 

T 

r = Radius mm 
L = Length mm 
T = Torque Nmm 
e =Angle of twist rodians 
G =Rigidity Modulus .\1Pa 
J = Polar Moment of luertia mm' 

T T 
- r- = - J- = 

ce 
L 

Tors1on Formulas and Definitions 

SMALL lARGE 

>I< 
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The formula for calculating tile polar moment of inertia for a hollow cylinder 

For a hollow cylinder or pipe with outside diameter Do and inside diameter D1: 
Do 

r = --
2 

To solve these questions we simply ca lculate the outer J o and subtract the inner f;: 

GIVE FEEOBACII 

lp;pe = fo-}; 

J pipe = 

Simplifying: 1 plpo = 
lt(D: - D~) 

32 



For a hollow cylinder or pipe, with outside diameter Do and inside diameter D1, the polar moment 

of inertia is: 

Check II that apply. 

0 '-= 1f ( o:) 
32 

0 J pipe= 
rrCD, - [)J)~ 

32 

0 I pope= 
neD!> rt(f):) 

32 32 

0 
I pipe -

n(D~ Dt) 
32 

Do you know the answer? 



Match the variables to their meaning for the following: 
n (D 4 - D 4) f = . o I . 

32 

jt Drag statements on the right to match the lett 

Do r:-::1 Outside diameter 

D; r:-::1 Inside diameter 

J r:-::1 Polar moment of area 

Do you know the answer? 

I KNOW IT THlNH SO UNSURE 
' 

NO IDEA 



Calculate torsional shear stress for a hollow cylinder-Example 

Example 

Calculate the torsiona l shear stress in a hollow shaft which has an outside diameter 

Do = 55 nun and an inside diameter D1 = 38 nun, if it is subjected to a torque of 1400 

N.m. 

112 

GIVE FEEOBACII CONTINUE > 



Calculate torsional shear stress for a hollow cylinder-Example 

Example 

Calculate the torsiona l shear stress in a hollow shaft which has an outside diameter 

Do = 55 nun and an inside diameter D1 = 38 nun, if it is subjected to a torque of 1400 

N.m. 

Solution 

Torque: 

Extreme radius: 

1' = 1,400Nm 

= 1,400X 10 3Nmm 

Do 
To = -

2 

= 27.5mm 

112 

CIVE FEEDBACK CONTINUE > 



Calculate torsional shear stress for a hollow cylinder-Example 

Polar moment of inertia: 

n 'D 4 - D 4
·, != ! 0 " 

32 
= 1T (554 - 384) 

32 
= 693.7 X 1.03 mm 1 

Hence the maximum value of the torsional shear stress is: 

CIVE FEEDBACK 

Tr 
T = - J-

l,400 x lQ 3 N nun x 27.5 mm 
= 

693.7 X !0 3 mm ' 
= 55.5MPa 

2/2 



Determine shear stress for a hollow cylinder 

Calculate the torsional shear stress in a hollow shaft which has an 

outside diameter Do ; 55 mm and an inside diameter o, = 38 mm, if 

it is subjected to a torque of 1400 N.m. J 

T 

r = Radjus mm 
L = Length mm 
T =Torque Nmm 
e =Angle of twist radians 
G = Rigiclity Modulus MPa 
J = Polar Moment of Inertia mm' 

!" 

r 
T 
J 

Ge 
L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Pipe torsional 
shear stress 

Convert to 
correct units 

~ 

1 
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moment of tn e 5 ear 

inertia _L stress 
Summary 

1 



Determine shear stress for a hollow cylinder 

Calculate the torsional shear stress in a hollow shaft which has an 

outside diameter Do ; 55 mm and an inside diameter o, = 38 mm, if 

it is subjected to a torque of 1400 N.m. 

Convert to correct units: 
T = 1,4{)0Nm 

= 1,4()0 X 103 N rom 

J 

T 

r = Radjus mm 
L = Length mm 
T =Torque Nmm 
e = Angle of twist radians 
G = Rigiclity Modulus MPa 
J = Polar Moment of Inertia mm' 

!" 

r 
T 
J 

Ge 
L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Pipe torsional 
shear stress 

Convert to 
correct units 

1 

Calculate polar F" d t h h 
moment of tn e 5 ear 

inertia _L stress 
Summary 

1 



Determine shear stress for a hollow cylinder 

Calculate the torsional shear stress in a hollow shaft which has an 

outside diameter Do ; 55 mm and an inside diameter o, = 38 mm, if 

it is subjected to a torque of 1400 N.m. 

Outside radius: 

Polar moment of inertia: 

Do 27 -ro= - = .!)mm 
2 

J = 
n (D: - v ;) 

32 
= 7! (55 4 - 384) 

32 

J 

T 

r = Radjus mm 
L = Length mm 
T =Torque Nmm 
e =Angle of twist radians 
G = Rigiclity Modulus MPa 
J = Polar Moment of Inertia mm' 

!" 

r 
T 
J 

Ge 
L 

= 693.7 x 103 rom • Torsion Formulas and Definitions 

T 1 

Pipe torsional Convert to 
Calculate polar 

Find t he shear 
moment of Summary 

shear stress correct units 
Inertia 

stress 

~ 1 

GIVE FEEDBACK 



Determine shear stress for a hollow cylinder 

Calculate the torsional shear stress in a hollow shaft which has an 

outside diameter Do ; 55 mm and an inside diameter o, = 38 mm, if 

it is subjected to a torque of 1400 N.m. 

Now find the shear stress: 

Tr ·=-,-
1,400X 103N mm X27.5mm 

693.7 x IOl mm 4 

= 55.5 .MPa 

J 

T 

r = Radjus mm 
L = Length mm 
T =Torque Nmm 
e =Angle of twist radians 
G = Rigiclity Modulus MPa 
J = Polar Moment of Inertia mm' 

!' 

r 
T 
J 

Ge 
L 

Torsion Formulas and Definitions 

GIVE FEEDBACK 

Pipe torsional 
shear stress 

T 

Convert to 
correct units 

~ 

Calculate polar 
moment of 

inertia 

Find the shear 
stress 

Summary 



GIVE FEEDBACK 

Determine shear stress for a hollow cylinder 

Torque: T = 1,400 x 103Nnun 

Polar moment of inertia: 

n ,D4 - p4·., 
J = '· • ' . 

32 32 

= 693.7 x 10 > mm • 

Maximum torsional shear stress: 

Extreme radius: r 0 = ~· = 27.5 mm 

T r 1,400 X IOlNmm X 27.5nUD 
T = - , - e = :.::..:..-6,_9:..:3.-7..:X..:l:..:0:..:3:_r_nm..:..:' ..:..:=-

= 55.5MPa 

Pipe torsional 
shear stress 

T 

Convert to 
correct units 

J 

T 

r = Ractius mm 
L= Lengtb mm 
T = Torque Nmm 
e =Angle of twist radians 
G = Rigictity Modulus MPa 
) = Polar Moment of Inertia rnm' 

't' 

r 
T 
J 

G9 
L 

Torsion Formulas and Definitions 

~ 

Calculate polar F' d t h h 
moment of '" e 5 ear 

inertia _L stress 
Summary 



A hollow shaft. which has an outside diameter Do • 55 mm 
and an inside diameter Di• 38 mm, If It Is subjected to a 
torque of 1400 N.m. Find the polar moment of Inertia. 
(Minimum zero decimal place(s), Include units.) 

_!_I ...=.. · 1 + f}J .e_J..:J rn 

ioll TJ < L:L~.-- ~ _:__:j T D 
Clear line 

Undo 

... 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line . 

Write your final answer on the last line • 
The computer will check all your work In detail when you click 'Submit'. 



A hollow shaft. which has an outside diameter Do • 55 mm 
and an Inside diameter Ot = 38 mm. is subjected to a torque 
of 1400 N.m. The polar moment of Inertia Is 693653. find 
the torsional shear stress In MPa. (Minimum 2 decimal 

places, Include units.) 

~j ~ 1 ~! ~j ro ~_:j 
~_:j 7T 1 MPd ~_:j ~ ~ IJ 

Click and type your answer here 

CHALLENGE SUBMIT , 
' 

Clear 

Clear line 

Undo 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line • 

Write your final answer on the last line . 
The computer w11i check ell your wotl< in detail when you click 'SubrTUt". 

Htnl Eodl ........ - ... ..--.... --



To determine the torsional shear stress for a hollow shaft 
(tube or pipe) first find the polar moment J , then use this to 

calculate shear stress and stick to the units N, mm, MPa, 

Nmm. 

T 

r=Radius mm 
L=Length mm 
T =Torque Nmm 
e = Angle of twist radians 
G = Rigidity Modulus J\fPa 
J = Polar Moment of Inertia mm' 

't' T G9 - r- =-r- = L 

Torsion Formulas and Definitions 

SMALL LARGE 

>I< 

A w.-....._ "'·""-•"ocuiolt"••-00 • 55-
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To determme the torsional shear stress for a hollow shaft 

(tube or p1pe) f1rst find the polar moment J, then use this to 
calculate shear stress and stick to the units N. mm, MPa. 

Nmm. 

'f T GO 
- r-= - J- = L 

' I 

r= llndlus 1 

L~ length 1 

T=Torquc 
0 = Angle or I\\ ist ·~ 
C = Rigidity Modulus 
J = Polar Momcnr orlnenia mm• 

Tor•lon l"ormulas and Definitions 

liil 
SMALL LARGE 

>I< 

·-......-.-----···­-·--.. ·--· ............. .,.,......, ___ ,..., __ ,..,. ______ .... ..._, ... ---
~:J. • _.:.tr 
_j:J. _:J 

-___ ........ 
. ·--------­· -~·-...... . --·-----· ... ---........ ----



A hollow shaft has an outside diameter of 55 mm and an 
inside diameter of 38 mm, If It Is subjected to a torque of o 
N.m. Find the polar moment of inertia. (Minimum zero 
decimal place(s). do not type units.) 

il 

+ + ]~] ~Jri" 
Clear line 

(O•, •J < I·J 1T _j.:J +-' Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWE!R 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line. 

Write your final answer on the last line • 

The computer will check all your work In detail when you click 'Submit' . 

Hint 



A hollow shaft, which has an outside diameter 55 mm and an 
Inside diameter 38 mm. Is subjected to a torque of 1400 
N.m. The polar moment of inertia is 693653. Find the 
torsional shear stress In MPa. (Minimum three declmal 
places, do not type units.) 

II 
Clear 

__!_, -=.J_j_: I ~I·~ I~~ 
JO , ~_:j ~_:j ~~~~II Undo 

Clear line 

Click and type your answer here 

CHALLENGE SUBMIT 

• 
• 
• 

• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each l1ne. 
Write your final answer on the last line . 

The computer w111 check all your work in detail when you click 'Submit• . 

Hmt r-_ .. _.,. __ ,.. __ 



-~ ..... .._ ......... -.-· .. ---·-·~--........ Mel 

Al&le tllwist 

Torsional deformation Is the angle of twist . 9 (radians). 

When torque is apphed tO 8 cylindrical bar it Will be twiSted thrOUgh en angle 9, 
as shown rn the figure below. 

r = Rad•u• 
L = Length 
T= forquc ~ 
9 = Angle of IW151 

G = Rigidity Modulus 
J = Polar Momem of lnenla 

r T G9 
- r- = -J- = -L-

n• 

Torsion Formulas and Definitions 

GIVE FEEDBACK 



When torque is applied to a cylindrical bar, the torsional deformation __ 

0 is the angle of twist 

0 is zero because it is a cylinder 

0 has the symbol e 

Check all that apply. 

0 is higher than a pipe of the same diameter 

Do you know the answer? 

I KNOW IT THINII SO UNSURE NO IDEA 



TOO angle or twist Is moasuted In mcnans. A mdian is 
an alternative way to measure angles, instead of 
ustng degrees. Radians are preferred because they 
simplify formulas. 

••• Ql------

The unit of tbe angle of twist 

The radian is defined as the angle that creates 
an arc length that is equal to the radius. From 
the diagram it is easy to see it should be a 
little less than 60 degrees (equilateral t riangle 
with one side curved). 

Since n is defined as the ratio of 
circumference to diameter, we already know 
that circumference= n D. 

One complete circumference is 360°, so one 
radius of arc length= 360/2n = 180/n 
degrees. 

Thus 1 radian= 180/n degrees (or about 

57.3°). 

GIVE FEEDBACK 

arc length = radius 



Convert 1.1 radians to degrees. (One decimal place, do not 
type units.) 

lil 

+ + I ~ J ~~ro 
Clear 

Clear lme 

(OJ. • J ~~ 1T _j~ +' • Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

< 

INSTRUCTIONS 

No Intermediate steps are required 
If you choose to show steps, write one on each line . 
Write your final answer on the last line . 

The computer w111 check all your wor1< In detail when you click 'Submit" . 

Eahlllnld-....thoCid_lo< __ 



The radian is: 

Check all that apply. 

0 The angle that creates an arc length that is equal to the radius 

0 A little less than 60 degrees 

0 Equal to 180/n degrees 

0 The radius of the shaft 

Do you know the answer? 

I KNOW IT THINK SO UNSURE 
' 

' NO IDEA 
' 



Convert 80 degrees to radians. (Three decimal places, do not 
type units.) 

lil 
Clear 

+ + 1 ~ 1 ~+ ) ~.:1 
Clear lme 

ro ~.:L~.:J 7T ~.:1 .. • Undo 

Click and type your answer here 

CHALLENGE SUBMrr SHOW ANSWER 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 

If you choose to show steps, wnte one on each line . 
Write your final answer on the last line . 
The computer will check all your work 1n detail when you cllcl< 'Submit" . 

Hint 



T-"'- Willi lo lho"""' ol \ ..... pol """ol 
len&tft. Juirlli • •.W .uaf\ 1 hM no UMA. Oan1 

""""10 - - '"'...,... 
ii 

Tonloaal shear atTain 

Torsional shear strain, y, Is defined as the ratio of the circumferential distance 

a b at radius r to the corresponding length 1 • Distance a b • r a. If the angle is 

expressed in radians. Hence: 

GIVE FEEDBACK 

r• Radius 
l- Length ' 
T=lorque ' 

r9 v· -­J 

0 ~ i\ngle oftwl<t , ol , 
G = Rigid II)' Modulu\ 
J: Polar Moment nr ln••rtlo "'"' ' 

T = T _GO 
r - - - L-

Torsion rorm" '"' ond Oellnlllona 



Match the symbols to their names for the torsional formula below: 

Y=~ 
L 

y 

e 

L 

I KNOW IT 

j Drag statements on the right to match the lefl 

c-:::1 Torsional shear strain 

c-:::1 Radius 

c-:::1 Angle oftwist 

c-:::1 Length 

Do you know the answer? 

THINK SO UNSURE NO IDEA 

::::: ..... 
..... ..... ..... .. _ .. 

...... ...... 
~ .... ..... 



Match the symbols to their units for the torsional formula (L is in mm): 

y = !..!!._ 
L 

y 

e 

I KNOW IT 

j Drag statements on the right to match the left 

r:-:::1 MPa 

r:-:::1 mm 

r:-:::1 radians 

Do you know the answer? 

THINH SO UNSURE NO IDEA 

::::: ..... 
..... ..... 
!·:::: .... -·· 



By Con'lbining thQ oqllllUon rof shoot stress and Ole 

equation for shear strain, we can get an equation 
that will directly calculate the angle of twist (In 
mdlans). 

••• Ql------

The fomiUia for calculating tile angle of twist 

We have previously determined that torsional shear stress is given by: 
Tr \= - ,-

It follows f rom the definition of shear modulus of rigidity that 

G = stress = ~ = Tr X_!::_ = TL 
strain y I r e J e 

If this expression is transposed to maKe the angle of twist its subject, we get 
n 9 = rc 

where: 
e = angle of twist (radians) 
T =applied torque (Nmm) 
L =length of the bar (mm) 
G =shear modulus of rigidity (MPa) 

J =polar moment of inertia (mm4
) 

GIVE FEEDBACK 



Match the symbols to their units for the torsional equation: 

• 
T 

6 

L 

G 

I 

6 = TL 
JG 

Drag statements on the right to matcb the left 

IMJ Nmm 

IMJ radians 

IMJ mm 

IMJ MPa 

IMJ mm4 

Do you know the answer? 

I!' I 
lllj! .. .. .. . 



Match the symbols to their descriptions for the torsional equation: 

• 
T 

6 

L 

G 

I 

6 = TL 
JG 

Drag statements on tbe right to matcb tbe left 

IMI Applied torque 

IMI Angle of twist 

IMI Length of the bar 

IMI Shear modulus of rigidity 

IMI Polar moment of inertia 

Do you know the answer? 



Calculate the angle of bvist-Example 

Example 
Calculate the angle of twist of the shaft in the previous example (Torque= 1400 Nm, 
diameter= 50 mm) if the material is steel and the shaft is 1530 mm long. 

GIVE FEEOBACII CONTINUE > 



Calculate the angle of bvist-Example 

Example 
Calculate the angle of twist of the shaft in the previous example (Torque= 1400 Nm, 

diameter= 50 mm) if the material is steel and the shaft is 1530 mm long. 

Solution 
The modulus of rigidity of steel is G = 80,000 MPa. Substitute: 

n 6= -
JG 

1,400 X I0 3Nmm X 1,530mm 
= --~------------~------

613.6 X 10 3 N mm 4 X 80,000 MPa 

= 0.04364 rad 

Converting rad ians to degrees gives 9 = lSO . 0.04364 = 2.5°. 
1l 

CIVE FEEDBACK 



A solid shaft diameter 0 • 55 mm Is subjected to a torque of 
1400 N.m. Find the polar moment of Inertia. (Round off to 
nearest Integer, Include untts.) 

_!_] -=-. _j __:_ g I ~_j ro 

:oJI •J ~J:J rr mm ~ .., g 

Click and type your answer here 

Cle<tr 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps, wrtte one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work in detail when you click 'Submit". 

_, ...... _ .... __ ,., __ 

( 



A solid shaft diameter 0 • 55 mm is subjected to a torque of 
1400 N.m. Find the polar moment of inertia. (Round off the 
nearest Integer, Include units.) 

II 

~ ---'- -:- 1 ~ 1 .9.±Jro 
~.:J ~.:J n I m~ ~.:J ~a 

Click and type your answer here 

Clear line 

Undo 

CHALLENGE SHOW ANSWER 

• 
• 
• 
• 

< 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line . 
Write your final answer on the last line . 
The computer wrll check all your work in detail when you click "Submit" • 

Hint tocftlllnl ... _ ... ,.__, ...... _ 



A shaft has a diameter of 55 mm and a length of 4 m, and Is 
subjected to a torque of 1400 Nm. The polar moment of 
inertia is 898361 and modulus of rigldtty Is 80GPa. And the 
angle of twiSt In degrees. (Minimum 2 decimal places. do not 
include units.) 

+ Clem 

Clear lme 

toil • J ~.:J rr ~.:J E_, ..!J II Undo 

.... , 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 
' 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each line . 
Write your final answer on the last line . 
The computer will check ali your work in detail when you click 'Submit". 

__ .. _,. __ lot __ 



A shaft has a diameter of 45 mm and a length of 17 m, and 
Is subjected to a torque of 1400 Nm. The polar moment of 
inertia is 402578 and modulus of rigidity is BOGPa. And the 
angle of twiSt In radians. (Minimum 3 dec1mal places, Include 
units.) 

II 

+ - J · l + l % l~_:j ro 
~_:) ~_:) n J rad J ~_:) e J II 

CllcJ< and type your answer here 

CHALLENGE SUBMIT 

Clear 

Clear line 

Undo 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps. write one on each l1ne. 
• Write your final answer on the last line. 

• The computer w111 check all your work in detail when you click 'Submit•. 
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To determine the angle of twist for a solid shaft first f ind the 
polar moment J, then use this to calculate the angle of twist 

and stick to the units N, mm, MPa and Nmm. 

liil 

n: r 4 
J = -

2 

T 

r = Radius mm 
L = Length mm 
T = Torque Nmm 
e =Angle of twist rodians 
G =Rigidity Modulus .\1Pa 
J = Polar Moment of luertia mm' 

T T G9 
- r- = - J- = L 

Tors1on Formulas and Definitions 

SMALL lARGE 

>I< 

~ 4~iol .. ll'*'-~"'.obfiO!'IOIIOo~~~~l; ..... oi 
I IMXIIUn.JIItollht...--f'f~!llouo:IGif• 

l~HO!()!r,l«~toffN . "---b-............ 0( .......... 11 ..... 
• ~)Wthliii-C!fiVIe'~IU. 
• lltoo~.,W1<rl>ooc:tlfl-'*l!lln'"""'"wot_,_~,!<ptt", . .... _,,.. .. ___ .. __ 



To determine the angle of twist for a solid shaft first f ind the 
polar moment J, then use this to calculate the angle of twist 

and stick to the units N, mm, MPa and Nmm. 

liil 

T 

r = Radius mm 
L = Length mm 
T = Torque Nmm 
e =Angle of twist rodians 
G =Rigidity Modulus .\1Pa 
J = Polar Moment of luertia mm' 

T T G9 
- r- = - J- = L 

Tors1on Formulas and Definitions 

SMALL lARGE 

>I< 
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