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Steel Structure 

 

Bolting and Welding Connection 

 

With more than two years of active presence in Kurdistan Regional Government and my complete 

proficiency with construction conditions of this region, it come to my attention that steel frames 

have the lowest (near to zero) share in planning and execution of projects. 

With more than 15 years of experience, I realized that an article about steel frames and 

properties of their connections (according to my own experience) is sorely needed. 

While total expense of steel frames is higher than concrete, its properties provide more 

advantages in comparison. Significant advances in designing and execution of steel frames and 

modern systems replacing traditional ones have prompted large projects to use steel frames 

according to the following considerations: 

¶ Quicker implementation compared to concrete frame 

¶ Lower structure weight due to fewer material 

¶ Smaller scale elements and lower deposit area preferred by architecture engineers and 

mechanical and electrical installations 

¶ aƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƳŀƴǳŦŀŎǘǳǊŜ ƛƴ ǿƻǊƪǎƘƻǇ ƻǊ ŦŀŎǘƻǊȅ ōȅ ŎƻƴǘǊŀŎǘƻǊΩǎ 

engineers and supervising body resulting in correction of defects and confirmation of 

quality before implementation 

¶ Coordination between architecture and structure designers allows addition of new 

structures (for architectural change purposes) during implementation. 

¶ Required flexibly against powerful earthquakes for maximum deformation and minimum 

demolition. 

I hope this article can provide my colleges insights about steel frame execution method so that 

in addition to obtaining the know-how they can utilize this technique as with advanced regions 

in the world. 

This article provides important execution notes (with photos) about welding and bolting 

connections and then proceeds to provide personal experience of the author in comparison of 

these two types of connections. 



 

 

 

 

 

 



 

Structural Bolting 

 

ω    During hoisting, connectors will  install a minimum of two bolts per connection 
 
ω    The rest of the bolts are installed and tightened after the structure is plumbed 

 
ω    A systematic pattern must be followed when tightening bolts so that a joint is drawn together 

and all fasteners are properly installed 
 

Bolt Types 

 

 
ω    A307 ς Low carbon steel 

Á     Not commonly used 

Á     Only used for secondary members 

ω    A325 ς IƛƎƘπstrength medium carbon steel (above left)  

Á     Most common bolts used in building construction 

ω    A490 ς IƛƎƘπstrength heat treated steel (above right) 

Á     Cost more than A325Ωs, but are stronger so fewer bolts may be necessary 

ω    Note that the ASTM designation is indicated on the head of the bolts above 
 



Washers 

 

 

ω    Hardened steel washers are used in many structural connections to spread pressure from the 
bolt tightening process over a larger area 

 
ω    Washers may also be used to cover an oversized or slotted hole  
 
ω    Flat washers are most commonly used 
ω    Tapered  washers (above left) are used when the surface being bolted has a sloped surface, 

such as the flange of a channel or an S shape 
 
ω    A325 bolts require a washer under the element (head or nut) being turned to tighten the bolt 

(shown under the nut, above right) 
 
ω    A490 bolts require a washer under both the head and nut    

 

                                             Parts of the Bolt Assembly 
 

 

ω    Grip is the distance from behind the bolt head to the back of the nut or washer 
 

Á     It is the sum of the thicknesses of all the parts being joined exclusive of washers 
 
ω    Thread length is the threaded portion of the bolt 

 
ω    Bolt length is the distance from behind the bolt head to the end of the bolt 



Bolted Joint Types 

 

ω    There two basic bolted joint types: 
 
Á     Bearing 

 
ω      The load is transferred between members by bearing on the bolts 

 
Á     {ƭƛǇπŎǊƛǘƛcal 

 
¶ The load is transferred between members by friction in the joint 

 

 

Bolted Joint Failure Modes 

 

ω    Bolts in bearing joints are designed to meet two limit  states: 
 

1.   Yielding, which is an inelastic deformation (above left)  
 

2.   Fracture, which is a failure of the joint (above left)  
 
ω    The  material  the  bolt  bears  against  is  also  subject  to  yielding  or  fracture  if  it  is 

undersized for the load (above right) 
 
ω    Tension connections act similarly to bearing connections 

 
Á     Many times, connections in direct tension are reconfigured so that the bolts act in shear                                                                                              
 
 

 



Bearing Joints 

 

ω    In a bearing joint the connected elements are assumed to slip into bearing against the body of 
the bolt 

 
ω    If  the  joint  is  designed  as  a  bearing  joint  the  load  is  transferred  through  bearing whether the 

bolt is installed ǎƴǳƎπǘƛƎht or pretensioned 

Threads in the Shear Plane 
 

 

Threads Included In The Shear Plane                       Threads Excluded From The Shear Plane 
 

   ω   The shear plane is the plane between two or more pieces under load where the pieces tend   to   
move   parallel   from each other, but in opposite directions 
ω    The   threads   of   a   bolt   may either be included in the shear plane   or   excluded   from   the  

shear plane 
ω    The capacity of a bolt is greater with  the  threads  excluded from the shear plane 
ω    The most commonly used bolt is an  A325 оκпέ bolt with the   threads   included   in   the shear 

plane 
 
 
 
 
 
 



{ƭƛǇπ/Ǌƛǘƛcal Joints 
 

 
 

ω    In a ǎƭƛǇπŎǊƛtical joint the bolts must be fully pretensioned to cause a clamping force between the 
connected elements 

 
ω    This force develops frictional resistance between the connected elements 
 
ω    The frictional  resistance  allows  the joint  to withstand  loading  without  slipping  into bearing  

against  the body of the bolt, although  the bolts must still  be designed  for bearing 
 
ω    The faying surfaces in ǎƭƛǇπŎǊƛǘƛcal joints require special preparation     
 

                When to Use {ƭƛǇπ/Ǌƛǘƛcal Joints 

 

 
 

{ƭƛǇπŎǊƛǘƛcal  joints  are only required  in the following applications involving shear or combined 
shear and tension: 
1.   Joints that are subject to fatigue load with reversal of the loading direction  (not applicable to 
wind bracing) 

 
2.   Joints that utili ze oversized holes 

 
3.   Joints   that  utili ze   slotted   holes,   except   those   with   applied   load  approximately 

perpendicular to the direction of the long dimension of the slot 
 

4.   Joints in which slip at the faying surfaces would be detrimental to the performance of the 
structure 

 



{ƴǳƎπǘƛƎht Installation 
 

 
 

{ƴǳƎπǘƛƎht is the tightness attained with a few hits of an impact wrench or the full effort of an  
ironworker  using  an  ordinary  spud  wrench  to  bring  the  connected  plies  into  firm contact 
 

                        TǳǊƴπƻŦπbǳǘ Installatio 
 
 

 
 

ω    Installation beyond ǎƴǳƎπǘƛƎht is called pretensioning 
 
ω    TǳǊƴπƻŦπƴǳǘ pretensioning involves several steps: 

 
1.  The bolt is ǎƴǳƎπǘƛƎhtened 

 
2.  Matchmarks are placed on each nut, bolt, and steel surface in a straight line 

 
3.  The part not turned by the wrench is prevented from turning 

 
4.  The bolt is tightened with a prescribed rotation past the snugπǘƛƎht condition 

 
ω    The specified rotation varies by diameter and length (between 1/3 and 1 turn) 
 



                 Introduction of Fasteners 
 

Å   When ƘƛƎƘπstrength bolts are to be tensioned, minimum limits are set on the bolt tension. See Table 
J3.1 

Å   Tension equal to 70% of the minimum tensile strength of the bolt 

Å   Purpose of tensioning is to achieve the clamping force between connected parts. 

 

 
 

               Calibrated Wrench Installation 

 

 
 

ω    Calibrated  Wrench pretensioning  uses an impact wrench (above left) to tighten the bolt to a 
specified tension 

 
ω    A SkidmorŜπ²ƛƭƘŜƭƳ  calibration  device (above right) is used to calibrate  the impact wrench to 

the torque level which will  achieve the specified tension 
 
   ω    A sample of bolts representative of those to be used in the connections are tested to verify that     
the correct tension will  be achieved        

 

 



F1852 Installation 

 

 
 

 
ω    F1852  bolts  are  twisǘπƻfŦπǘȅǇŜ  tŜƴǎƛƻƴπcontrol bolts 
 
ω    These bolts must be pretensioned with a twisǘπ ofŦπǘȅǇŜ tŜƴǎƛƻƴπcontrol bolt installation wrench that 

has two coaxial chucks 
 
ω    The inner chuck engages the splined end of the bolt 
 
ω    The outer chuck engages the nut 
 
ω    The two chucks turn opposite to one another to tighten the bolt 
 
ω    The splined end of the F1852 bolt shears off at a specified tension            
 

F959 Direct Tension Indicators 
 
 

 

 

ω  Another  way to try to ensure  proper  pretensioning  of a bolt is through  the use of direct 
tension indicators (DTIs) 

 
ω    These washers have protrusions that must bear against the unturned element 

 
ω    As the bolt is tightened the clamping force flattens the protrusions and reduces the gap 

 
ω    The gap is measured with a feeler gage 

 
ω    When the gap reaches the specified size the bolt is properly pretensioned 

 

 



Installation of DTIs 

 

(Adapted from Figure C-8.1 RCSC 2000) 

 
 

It is essential that direct tension indicators be properly oriented in the assembly  
a)   The bolt head is stationary while the nut is turned ς DTI under bolt head 
b)   The bolt head is stationary while the nut is turned ς DTI under nut (washer required) 
 
c)   The  nut  is stationary  while  the  bolt  head  is turned  ς DTI  under  bolt  head  (washer required) 
 
d)   The nut is stationary while the bolt head is turned ς DTI under nut       

  

Nominal Bolt Hole Dimensions 
 

 

(Table 3.1 RCSC 2000) 
 

 
ω    Bolts are installed in one of four types of holes (see table above) 

 
ω    Standard holes can be used anywhere 

 
ω    Oversized holes may only be used in slipπŎǊƛǘƛcal connections 

 
ω    {ƘƻǊǘπǎƭƻtted holes are used with the slot perpendicular to the direction of stress 

 
ω    [ƻƴƎπǎƭƻtted holes are primarily used when connecting to existing structures 
 
 
 



Inspections for the Construction Manager 
 
 
 

 

 
There are several bolted connection inspections a construction manager can perform: 
 
ω    Look at the bolt sǘƛŎƪπƻǳǘ (above) 
 
Á     {ǘƛŎƪπƻǳǘ is the amount the bolt extends beyond the outside surface of the nut 

 
Á     Positive or zero sǘƛŎƪπƻǳǘ is acceptable 

 
Á     Negative stickπƻǳǘΣ where the end of the bolt is inside the nut, is not acceptable 
 

                  Inspections for the Construction Manager 
 

 

 

 

ω    Inspect the ǘǳǊƴπƻŦπƴǳǘ matchmarks to ensure the bolts have been pretensioned 
 
ω    If F1852 bolts are used, make sure the ends have been snapped off all bolts (above) 

 
   Á     In some cases, due to insufficient clearance for the installation  wrench,   F1852 bolts will  
be tightened by alternative methods so the ends will  not be snapped off 
 
 
 
 



Bolting Cost Considerations 
 

 
 
 

The types of joints used in a structure are somewhat dependent on the overall design of the 
structure, but these are some points to consider: 

ω    The  erector  may prefer  certain  bolt and joint  types  over  others  due to equipment 
requirements, experience, and installation times 

 

ω    {ƴǳƎπǘƛƎhtened joints are normally the most economical bolted joints 

ω    For pretensioned joints, F1852Ωs and DTIΩs are popular and can be economical 

 

ω    {ƭƛǇπŎǊƛǘƛcal  joints  are  the  most  costly  joints,  and  should  only  be  specified  when necessary 

 

 

 

 

 

 

 

 

 

 

 



 

 

                     Structural Welding 

             

 

 

ω    Another common method for connecting structural steel is welding 
 
ω    Welding can be performed in the shop or in the field 
ω    Many fabrication shops prefer to weld rather than bolt 
 
ω    Welding in the field is avoided if possible due to welding condition requirements 
 
ω    There are several welding processes, types, and positions to be considered in building 
construction 
 



 
 

ω    Welding is the process of fusing multiple pieces of metal together by heating the filler metal to a 
liquid state 

 
ω    A properly welded joint is stronger than the base metal 
 
 

 

Strength of Structural Welds 
 
 

 
 

(Part of Table J2.5) 
 

  ω    Welds may be loaded in shear, tension, compression, or a combination of these 
 
ω    Capacities for welds are given in the AISC Specification Section J2  

 
ω    The strength of a weld is dependent on multiple factors, including: base metal, filler metal, 

type of weld, throat and weld size 
 
 


