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Two rectangular metal pieces, the 
aim is to join them

How this can be done?
How Many methods are there to join them?
Which one is the most suitable?
• Permanent

• Revit
• Weld
• Seam (in Sheets)
• Bonding (chemical)

• Non-permanent
• Threaded fasteners (Screws & bolts)
• Keys, Pins and cotters
• Snap
• Shrink
• etc.

• Function of the fastener 
• Operating environment of the fastener 
• Type of loading on the fastener in service 
• Thickness of materials to be joined 
• Type of materials to be joined 
• Configuration of the joint to be fastened
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Mechanical Fasteners

Mechanical fasteners are frequently 
grouped as listed below:

• Keys and Pins 
• Threaded fasteners 
• Rivets 
• Blind fasteners 
• Adhesives
• Spring retainers
• Locking devices
• Special purpose fasteners 

ME-305 Mechanical Engineering Design II

One of the Key Target of current  
designer for manufacturer is to reduce 
the number of fasteners
Boeing 747 requires 2.5 Millions 
fasteners 

Each one Can cost a lot

Will add a lot to the over all 
cost 
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8-1 Thread Standards and Definitions
ME-305 Mechanical Engineering Design II

Terminology of screw threads
• The lead l is the distance the nut moves parallel to the screw axis when the nut is given one turn. For a single thread, the lead is the same as the pitch
• A multiple-threaded product is one having two or more threads cut besides each other; a double-threaded screw had a lead equal to twice the pitch
• All threads are made according to the right-hand rule unless otherwise noted
• The American National (Unified) thread standard had been approved in US and UK for use on all standard threaded products
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Left and Right handed threads

Left Handed    Right Handed

L is written on the head

ME-305 Mechanical Engineering Design II

Coarse Threads (UNC)
Coarse thread series UNC/UNRC. The most commonly used thread system 
used in the majority of screws, bolts, and nuts. It is used for producing threads 
in low strength materials such as cast iron, mild steel, and softer copper alloys, 
aluminum etc. The coarse thread is also used for rapid assembly or 
disassembly.

Fine thread series “UNF”. This is used for applications that require a higher 
tensile strength than the coarse thread series and where a thin wall is 
required.

Fine Threads (UNF)

This is used when the length of engagement is 
smaller than the fine-thread series. It is also 
applicable in all applications where the fine 
thread can be used.

Extra Fine (UNEF)
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Terminology
• A bolt is available in a size as;

M10 x 1.5-6g 
• M stands for Metric, 10 is bolt nominal (major) 

diameter in mm, 1.5 is the pitch in mm, 6g is 
the tolerance class (external thread or g is 
capitalized if internal thread) 

• MJ represents external thread has an increased root radius (shallower root relative 
to external M thread profile to reduce stress 
concentration at the root)

ME-305 Mechanical Engineering Design II

Basic thread profile for M ,MJ and Unified threads
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Diameters and areas of coarse-pitch and find pitch Metric threads
All 
dimensions 
are in mm

ME-305 Mechanical Engineering Design II

Diameters and area of Unified Screw Threads
All 
dimensions 
are in inch
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Tensile Stress Area At
• A great many tensile tests of threaded rods 

have shown that an unthreaded rod having a 
diameter equal to the mean of the pitch and 
minor diameter will have the same tensile 
strength as the threaded rod

• The area of this unthreaded rod is called the 
tensile-stress area At

ME-305 Mechanical Engineering Design II

Most common Type of threads
The most common threads are:
• ISO Thread (metric)
• Whitworth Thread
• Trapezoidal Thread
• Knuckle Thread
• Buttress Thread
• Pipe threads 
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Threads for power transmission
(Power Screws)

ME-305 Mechanical Engineering Design II

Power Screws
• Square (a) and Acme (b) threads are used on 

screws when power is to be transmitted
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Power Screws

Lathes, Screw Jack etc

ME-305 Mechanical Engineering Design II

Mean diameter, dm
Pitch, p
Lead, l
Lead angle, 
Helix angle, 
Loaded by axial 
compressive force F

8-2 Mechanics of power screw
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8-2 Mechanics of power screw…
ME-305 Mechanical Engineering Design II

 Is the same as f

8-2 Mechanics of power screw…
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Self Locking of power screws
ME-305 Mechanical Engineering Design II

Efficiency of Power Screw
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For ACME Threads

F

ME-305 Mechanical Engineering Design II

Effect of Collar Loads

Collar
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Stresses in Power Screws
ME-305 Mechanical Engineering Design II

Stresses in Power Screws…

- Maximum Nominal Shear Stress in the body

- The Axial Stress in the body

- For Buckling of the screw, use J. B. Johnson formula 

- The Bearing Stress

- Bending Stress at the thread root

- Transverse Shear at the center of the 
    thread root

- The von-Mises stress for tri-axial stress state
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Stresses in Power Screws…
Where

• ௫ߪ = bending stress
• ௬ߪ = axial
• ௭ߪ = 0
• ߬௫௬ = 0
• ߬௬௭ = Torsional stress
• ߬௫௭ = 0

ME-305 Mechanical Engineering Design II

Example 8.1 
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Example 8.1… 
ME-305 Mechanical Engineering Design II

Example 8.1… 
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Example 8.1… 
ME-305 Mechanical Engineering Design II

Example 8.1… 
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Purpose of the bolt is to clamp two are more parts together

Clamping Force/Preload

8-3 Threaded fasteners
ME-305 Mechanical Engineering Design II
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Bolts Head
Square Bolt Head

Hexagonal Bolt Head



2/8/2016

20

ME-305 Mechanical Engineering Design II

Thread length (LT)
• Inch system (D is the nominal major diameter)

்ܮ = ܦ2 + 1
4 ܮ                    " ൑ 6"

ܦ2 + 1
2 ܮ                   " ൐ 6"

• Metric system
்ܮ = ቐ2ܦ + ܮ                       6 ൑ ܦ1252 + 12       125 ൏ ܮ ൑ ܦ2002 + ܮ                    25 ൐ 200
• The ideal bolt is one in which only one or two 

threads project from the nut
• Washer must always be used to avoid stress 

concentration.

D  48

ME-305 Mechanical Engineering Design II

8-4  Joints-Fastener stiffness 
• When a non-permanent connection is required, 

bolted joint is the best choice
• Bolt pre-tension/pre-load when the nut is 

properly tightened
• Tension in the bolt and compression in the 

members
• Studs are also used
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8-4  Joints-Fastener stiffness… 
• Bolted joints should

– Work without destruction
– Resist external Tensile loads
– Moment loads
– Shear loads
– Combination

• The bolt stiffness can be calculated by 
considering it to be fully elastic

• Stiffness??     ݇ = ݕ/ܨ
• The stiffness/spring rate of a bolt “k” can be 

determined using the approach of “springs” 
connected in series or parallel. 

ME-305 Mechanical Engineering Design II

8-4  Joints-Fastener stiffness… 
• Spring rate for Springs in series1

݇௦ = 1
݇ଵ + 1

݇ଶ
• Overall stiffness “k” of the given 

figure ݇ = ݇ଷ + ݇௦
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8-4  Joints-Fastener stiffness… 
• The bolt consists tow portions, threaded and 

unthreaded
• Both the portions are considered connected in 

series , then

• Also the spring rate is given by (equation 4-4)
݇ = ܧܣ

݈
• Then

݇௕ = ܧ௧ܣௗܣ
ௗ݈௧ܣ + ௧݈ௗܣ

݇௕ = ݇௧݇ௗ
݇௧ + ݇ௗ

ME-305 Mechanical Engineering Design II

To determine unknowns for kb

l

Use Table 8-7
to understand 
different 
parameters and 
calculate bolt 
stiffness “kb”

݈ௗ = ܮ − ௧்݈ܮ = ݈ − ݈ௗ
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8-5 Joints-Member Stiffness
Stiffness of the members in the Clamp Zone

They act like compressive springs in Series

If one of the member is a soft gasket so its stiffness is very small to 
other members hence other can be neglected for all practical 
purposes and only gasket stiffness will be used

ME-305 Mechanical Engineering Design II

8-5 Joints-Member Stiffness
• If  there is No Gasket then it is very difficult to

find the stiffness except by experimentation.
• The difficulty is mainly because of the

compressive spreads out between the bolt head
and the Nut and hence the area is not uniform
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According to the Text,  = 30o for hardened steel, cast iron and Aluminum 
Members

ME-305 Mechanical Engineering Design II

Area of the Element
(a)

From table of integrals
න 1

ሺܽݔ + ܾሻሺܽݔ + ܿሻ ݔ݀ =
ln ܾ + ݔܽ − ln ሺܿ + ሻݔܽ

ܽሺܿ − ܾሻ
݇௠ = ܲ

ߜ = ߙtan݀ܧߨ
݈݊ ሺ2ݐtanߙ + ܦ − ݀ሻሺܦ + ݀ሻሺ2ݐtanߙ + ܦ + ݀ሻሺܦ − ݀ሻ

d/2

D/2y

x
ߙ
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ME-305 Mechanical Engineering Design II

Example 8-2

- With α =30o, equation becomes;

- With t = l/2 and D = 1.5d

- Choudury and Green developed a curve for Km/Ed using FEM simulation and 
   concluded the equation;

sparvez
Stamp
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American Society for Testing and Materials

8-6 Bolt Strength (Read)

Proof strength corresponds roughly to the proportional limit and 
corresponds to 0.0001 in permanent set in the fastener (First 
measurable deviation from elastic behaviour)

ME-305 Mechanical Engineering Design II

8-7 Tension Joints-The External Load
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C is Called stiffness 
constant of the joint

=CP

8-7 Tension Joints-The External Load
ME-305 Mechanical Engineering Design II

The Resultant load on the connected members is

Members take over 80% of the external load

8-7 Tension Joints-The ExternalLoad
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The initial tension “Fi”
• The initial tension is given as;

௜ܨ = ൝0.75ܨ௣
௣ܨ0.90

• Where Fp is the proof load
obtained fromܨ௣ = ௧ܵ௣ܣ

• At is the tensile stress area
obtained from Tables 8-1 and 
8-2, Sp is the minimum proof 
strength obtained from Tables 
8-9 to 8-11

• If root dia. Is known then
nominal diameter “d” is 
determined as݀ = ݎ1.25݀

ME-305 Mechanical Engineering Design II

Bolt Tightening Techniques…
• Torque Wrench
• Pneumatic-impact wrenching
• Turn-of-the-nut method

– The snug-tight condition is the tightness by a few impacts of an impact wrench, or the full effort of aperson using an ordinary wrench
– all additional turning after snug-tightcondition develops useful tension in the bolt
– The turn-of-the-nut method requiresthat the fractional number of turns necessary to develop a required preload from the snug tight conditionis computed
– For example for heavy hexagonalstructural bolts, the turn-of-nut specification states that the nut shouldbe turned a minimum of 180o from the snug-tight condition under optimum conditions.

(Non permanent)
(Permanent)
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8-8 Relating Bolt Torque to Bolt Tension
• Fi is determined by tightening the bolt and measuring the elongation “”
• Some times not possible
• Although the coefficient of friction may vary widely, a good estimate of the torque required to produce a given preload can be obtained as; 

• Divide by ݀ߨ௠ and put dc = 1.25d 

• or
8-26

ME-305 Mechanical Engineering Design II

8-8 Relating Bolt Torque to Bolt Tension
• Blake and Kurtz experimentally determined Fi(lubricated and un-lubricated) from which K 

0.2
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8-8 Relating Bolt Torque to Bolt Tension

ܶ = ௜݀ܨܭ

௕ߪ = ௕ܨ
௧ܣ = ܲܥ + ௜ܨ

௧ܣ
8-27

ME-305 Mechanical Engineering Design II

Example 8.3 
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8-9 Statically Loaded Tension Joint with Preload
• Yield factor of safety (np) guarding against 

static loading is 
ME-305 Mechanical Engineering Design II

8-9 Statically Loaded Tension Joint with Preload…
• The load factor (nL) is
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8-9 Statically Loaded Tension Joint with Preload…
• At joint separation, all load is on the bolt and is P0, therefore Fm= 0 and

• Let the factor of safety against joint separation 
(no) is 

ME-305 Mechanical Engineering Design II

8-11 Fatigue Loading of Tension Joints
• The fatigue factor of safety is 

given by
݊௙ = ܵ௔

௔ߪ → ሺ1ሻ
• Where Sa can be obtained on 

the intersection of the load line 
and the failure criteria

• The Load line is;
ܵ௔ = ௔ߪ

௠ߪ − ௜ߪ ܵ௠ − ௜ߪ → ሺ2ሻ
• The Goodman criteria is

ܵ௔ = ܵ௘ − ܵ௘
ܵ௨௧ ܵ௠ → ሺ3ሻ
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8-11 Fatigue Loading of Tension Joints…
• Equate (2) and (3) to get;

• Where 
 Se is the endurance strength from Table 8-17
 and
 and
 and ߪ௜ = ி೔

஺೟
• Put for Sa and ܽߪ in (1) to get

ME-305 Mechanical Engineering Design II

8-11 Fatigue Loading of Tension Joints…
• Some time Pmin = 0 (like pressure vessel with 

gas, Pmax = P, and no gas, Pmin = 0) then;

• The fatigue fos using Goodman

• The fatigue fos using Gerber
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8-11 Fatigue Loading of TensionJoints…
• The fatigue fos using ASME-elliptic

• The yield fos
= 

ME-305 Mechanical Engineering Design II

Example 8.5
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Example 8.5 (Solution)
ME-305 Mechanical Engineering Design II

Example 8.5 (Solution)…
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Example 8.5 (Solution)…
ME-305 Mechanical Engineering Design II

8-12 Bolted and Riveted joints loaded in shear
• Modes of failure in shear loading of 

a bolted or riveted connections are 
shown

• “a” is bolt under shear loading
• “b” is bending ߪ = ெ௖

ூ
• “c” is pure shear ߬ = ி

஺
• “d” is tension ߪ = ி

஺
• “e” is crushing of rivet or plate
• “f” is tearing 
• “g” is tensile tearing
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8-12 Shear joints with Eccentric loading
• Joints shown in figure are widely used in 

structures
• The joint member is loaded eccentrically
• The bolts/rivets are in shear
• Let A1, A2, A3 and A4 be the cross-

sectional areas of the bolts
• x and y are the coordinates of the bolts
• G is the centre of gravity of the group of 

bolts whose coordinates are given by

ME-305 Mechanical Engineering Design II

8-12 Eccentrically loaded bolted joints in shear…

• Where x’ and y’ are the coordinates of 
the G (i.e. find G using above eqns.)

• The external load F is at a distance e
from the G.

• Load on each bolt Fi can be determined 
as shown on next slides
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8-12 Eccentrically loaded bolted joints in shear…
• Step 1 (Assume 4-bolts)

– Determine the primary shear forces on 
each bolt i.e. F’
஺ᇱܨ = ஻ᇱܨ = ஼ᇱܨ = ஽ᇱܨ = ܨ

No. of bolts
• Step 2

– Determine the secondary load F” by 
taking moment about the G

஺ᇱᇱܨ = ஺ݎ݁ܨ
ሺݎ஺ଶ + ஻ଶݎ + ஼ଶݎ + ஽ଶሻݎ

• Step 3
– The primary and secondary loads are 

then added by vector addition method to 
determine load FA to FD

ME-305 Mechanical Engineering Design II

8-12 Eccentrically loaded bolted joints in shear…
• Step 4 

– Choose the bolt which is subjected to maximum shear force
• Step 5

– The size of bolt can be determined by
߬ = ܨ

ܣ
• ߬ is maximum permissible shear stress.
• F maximum shear force calculated in step 4.
• ܣ = గ

ସ ݀௥ଶ and d=1.25dr
• Step 6

– Choose standard size bolt from Table A-17
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Example 8-7
ME-305 Mechanical Engineering Design II

Example 8-7…

Table 
8-1

e) Find the Factor of safety of the 
bolt(s) if the bolt material is of 
Property Class 4.6
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Example 8-7…
ME-305 Mechanical Engineering Design II

Sample Problems
• 8.4, 8.6, 8.7, 8.8, 8.9, 8.10
• 8.11, 8.12, 8.14, 8.15, 8.19,8.26
• 8.29, 8.30, 8.32, 8.33
• 8.48, 8.51, 8.52, 8.54
• 8.60, 8.67, 8.70, 8.75, 8.76

From
Shigley’s Mechanical Engineering Design, 9th Ed. 

e) Covered during Lecture 




