
Joint Fasteners
• Types of Fasteners

• Joints-Fastener Stiffness

• Joints-Member Stiffness
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Fasteners  Classification
by Intended Use
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Sometimes includes

a captive washer,

often a lock washer.

In this case it is

Referred to as a “sems”

Usually used when

a vary long threaded

member is needed

Not shown are Carriage Bolts with square corners that dig into soft materials preventing turning

RBB



Basic Terminology
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Unified Thread Standard
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CLASSIFICATION:

UNC: Ordinary Applications

Repeated Insertions and Removals

Insertion into a Softer Material

UNF: Applications Subject to Vibration

UNEF: Limited Wall Thickness

1
12 3

2
UNC A LH 

d, Major Diameter (<1/4” are numbered by gauge, d~#13+60 [in thousandths of an inch]

Threads per Inch, 1/p

TOLERANCE SPECIFICATION (Class of Fit):

1: Hardware Quality

2: General Machine Design

3: Highest Class of Fit

A: External Threads, B: Internal Threads

RH: Right Handed, LH: Left Handed

1
12 3

2
UNC A LH 



Unified Screw Thread
Critical Parameters
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Major diameter, largest diameter

 Minor or root diameter
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Head Marks for SAE Bolts (Imperial)

RBB MER419: Machine Design 6



SAE Specifications for Steel Bolts
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ASTM Specifications for Steel Bolts
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Metric Screw Threads
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M: Metric, MJ: Rounded fillet at root of external thread,  and a larger minor diameter of both the internal

and external threads. These are useful in fatigue applications.

12 1.75, 6 85M x g x

Major Diameter d in mm

Pitch p

Fit Classification

Length



Metric Thread
Critical Parameters
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2

Mean of  and  used to Major diameter, largest diameter

compute Tensile Stress Area Minor or root diameter

1.226869
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Head Marks – Metric Bolts

RBB MER419: Machine Design 11



Metric Properties for Steel Bolts,Screws, 
and Studs
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Tools for Design
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Taper Pipe Series (NPT)
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Threads Used on Tapping Screws
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Classification by Head Type
for Small Machine Screws
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Styles of Socket-Head Cap Screws
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Classification of Nut
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Standard Nut

Used in combination 

with the Standard Nut 

to lock it in place

Groves are for 

insertion of a cotter 

pin through bolt to 

prevent loosening

Allows removal 

without tools

Decorative 

purposes



Hexagonal Nut Dimensions
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Locking Nuts
Prevent Loosening of nut due to Vibration
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Washers
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Standard Washer
Rounded edge should face bolt 

head.  Made of hardened steel 

to distribute pressure under 

bolt head

Split Lock Washer
Acts like a spring under the Nut

Belleville Washer
Controls axial load over 

changes in clamping length. 

Used under the nub or screw 

head

Toothed Washer
Turned up teeth are designed 

to dig into the nut or part 

surface



Dimensions of Standard Plain Washers
(All Dimensions in Inches)
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Hexagonal-Head Bolts
and Hexagonal Cap Screws
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• Stress Concentrations
 Fillet

 Start of Thread (runout)

 Thread-Root fillet in the plane of the 

nut (when present)

• Diameter of washer, same as width 

across flats of hexagon.

• d is the nominal diameter

• Ideal length would see one to two 

threads projecting out of the nut 

• Hold the bolt head stationary and 

twist the nut

• Cap Screw head slightly thinner 

than bolt

RBB
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d in L in
L

d in L in

  
 

  

2 6 125 48

2 12 125 200

2 25 200

T

d mm L mm d mm

L d mm L mm

d mm L mm

   

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   



Preferred Sizes
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Understanding Joint Mechanics
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Understanding Joint Mechanics

RBB MER419: Machine Design 26

External Force, Fe

In
te

rn
a
l 
F

o
rc

e
, 
F

i



Adding a 500 N Pre-Load
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Adding a 500 N Pre-Load
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Adding a 500 N Pre-Load
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w/ Block and 400 N External Load
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w/ Block and 600 N External Load
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Tightening and Initial Tension
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Rational for High Initial Tension in Bolt

1. Tensile Loading: Bolt loads cannot increase very much unless members separate

2. Shear Loading: The higher the initial tension, the higher the friction forces

RBB



Fastener Sizing
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Bolt:     

Screw:  1.5
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Bolt Grip Length: 

 Thickness of material between Face of Bolt 

       and Face of Nut
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Example
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Determine an appropriate 5/16-18 Bolt Size for 

the configuration shown.

Table A-31: Dimensions of Hex Nuts

Table A-32: Plain Washer Dimensions (inches)

1 in

2 in
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Solution
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Bolt Grip Length: 

 Thickness of material between Face of Bolt 

       and Face of Nut

l 

1 in

2 in

 2 2 0.083 2.166l in in in   

1
4

2 6

5 1 14 7
2

16 4 16 8

Thread Length

TL d in L in

in in in in

   

    

17Bolt:     2.166 2.431 2.5
64

Fastener Length using Prefered Sizes

L l H in in in in     



Calculating Fastener Stiffness
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Shigley 10th Table 8-1

Shigley 10th Table 8-22 2

UNS Threads
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Example
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Determine Fastener Stiffness for the 

5/16-18 Bolt configuration shown.

From previous example

l = 2.166 in

LT = 7/8 in = 0.875 in

L = 2.5 in

1 in

2 in
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Bolt Stiffness
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