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Steel Structure

Bolting and Welding Connection

With more than two years of active presence Kurdistan Regional Governme@nd 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 experiee, | 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. Sigicant 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:

1 Quicker implementation compared to concrete frame
Lower dructure weight due to fewer material
Smaller scale elements and lower deposit area preferred by architecture engineers anc
mechanical and electrical installations
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enginees 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 implementatio
Required flexibly against powerful earthquakes for maximum deformation and minimum
demolition.

| hope this article can provide my colleges insights about steel frame execution method so tha
in addition to obtaining the knowhow they can utilize this tehnique 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 o
these two types of connectios.







Structual Bolting

w Duringhoisting, connedors will install a minimum of two bolts per connection
w Therest of the bolts are installed and tightened after the structure is plumbed

w A systematic pattern must be followed when tightening bolts so that a joint is drawn together
and all fasteners are properly installed

Bolt Types

A307¢ Lowcarbon steel
A Not commonly used

A Onlyusedfor secondary members
A325¢ | A 3tkength medium carbon steel (above left)

A Most common bolts usedin building construction
A490¢ | A 3tfemgth heat treated steel (above right)

A Cat more than A3259, but are stronger so fewer bolts may be necessay
Note that the ASTM desigration is indicated on the head of the bolts above




Washers

w Hardened steel washas are usedin many structural connectionsto spread pressue from the
bolt tightening processover a larger area
w Washeas may alsobe usedto cover an oversized or slotted hole

w Flat washes are most commonly used
w Tapered washers (above left) are used when the surface being bolted has a sloped surface,
suchasthe flange of a channelor an Sshape

w A325bolts require a washerunder the element (head or nut) being turned to tighten the bolt
(shown under the nut, above right)

w A490bolts require awasherunder both the head and nut

Parts of the Bolt Assembly

> Washer
A Nut
\\ Shank

Length

—
—

Thread

«

w Gripisthe distancefrom behind the bolt headto the backof the nut or washer

A Itisthe sumof the thicknessesof all the parts being joined exclusive of washe's
w Threadlength isthe threadedportion of the bolt
w Boltlength isthe distancefrom behind the bolt headto the end of the bolt




Boked Jont Types

w Thee two basicbolted joint types:
A Bearing
w Theloadistransferred between members by bearingon the bolts
A {f AL ONR (A
1 Theloadistransferred between members by friction in the joint

Boked Jont Failure Modes

w Boltsin bearingjoints are designedto meet two limit states:
1. Yielding, whichis an inelastic deformation (above left)
2. Facture, which is a failure of the joint (above left)

w The material the bolt bears against is also subject to yielding or fracture if it is
undersized for the load (above right)

w Tensionconnectionsact similarly to bearing connections

A Many times, connections in direct tension are reconfigured so that the bolts actin shear




BearingJonts

Shear Plane

w Inabearingjoint the conneded elements are assumedto slip into bearing against the body of
the bolt

w If the joint is designed as a bearing joint the load is transferred through bearingwhether the
bolt isinstalled & y dzahtroii pkeinsioned

Threadsin the ShearPlane

SHEAR PLANE z——
SHEAR PLANE g—:ﬁ
7 — .

ThreadsIncludedIn TheShearPlane ThreadsExcluded FFom The ShearPlane

w Theshearplaneis the plane betweentwo or more piecesunder load where the piecestend to
move parallel from eachother, but in opposte directions

w The threads of a bolt may either be included in the shearplane or excluded from the
shearplane

w Thecapacity of abolt is greater with the threads excludedfrom the shearplane

w Themost commonly used bolt is an A3250 k tdt with the threads included in the shear
plane
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Bolt Tension :

- Plane of Friction)

w Inaa t AtichijGiNIhe bolts must be fully pretensionedto causea clamping force between the
conneded elements

w Thisforce develops frictional resistance between the conneded elements

w 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 desighed for bearing

w Thefayingsurfacesina f A Lcij@imMiShdiuire specialpreparation

Whento Use{ f A Ldat Jod& { A

{ t A Lcat {OING& arelonly required in the following applications involving shearor combined

shearand tension:
1. Jonts that are subjectto fatigue load with reversal of the loading direction (not applicable to
wind bracing)

2. Jonts that utili ze oversized holes

3. Jonts that utilize slotted holes, except those with applied load approximately
perpendicularto the direction of the long dimension of the slot

4. Jonts in which slip at the faying surfaceswould be detrimental to the performance of the
structure
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{ y dz=htti§ thétightness attained with a few hits of an impact wrench or the full effort of an
ironworker using an adinary spud wrench to bring the conneded plies into firm contact
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BOLT INSTALLATION

PRETENSIONED
TURN OF NUT METHOD

°©  SNUG-TIGHT

PLUS PRESCRIBED
ROTATION ©

w Installation beyond & y dzhtriscalled pretensioning
w TdzNJ/ T 2pfetensidminginvolves several steps:
1. Theboltisa y dzahtered 3
2. Matchmaliks are placedon eachnut, bolt, and steel surfacein a straight line
3. Thepart not turned by the wrenchis prevented from turning
4. Thebolt is tightened with a prescribedrotation past the snugrt thiAcandition

w Thespecifiedrotation variesby diameter and length (between 1/3 and 1 turn)




Introduction of Fasteners

A WhenK A 3é€rmth bolts are to be tensioned,minimum limits are set on the bolt tension. SeeTable
J3.1

A Tensionequalto 70%of the minimum tensilestrength of the bolt
A Purposeof tensioningis to achieve the clampingforce between conneded parts.

=

TABLE J3.1
Minimum Bolt Pretension, kips* -
m—rr— A325 Bolts A450 Bolts

k iz 15
Y 18 a4
% ] : 38
T 39 a5
1 &1 | B4
1% 55 £0
14 T 1 102
19 a5 i 131
1% 103 148

“Equet 1o 0.70 of minimum fenshs evengih of balts, rouncec of Lo rears kip, &5 speciled in
| ASTH apacihcaions ol A0S and A4 bors with LINC thieads.
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Calibbated Wrench Installation

w Calibrated Wrench pretensioning usesan impact wrench (above left) to tighten the bolt to a
specifiedtension

w A idmorS m2 A f dallrétin device (above right) is used to calibrate the impactwrenchto
the torque level which will achieve the specifiedtension

w A sampleof bolts representative of those to be usedin the connectionsare tested to verify that
the correct tensionwill be achieved




F1852Installation

fo ==y
Before Clamping During After Clamping

w F1852bolts are twisli fif2m (i 8S1yYS kodtgbirbolts

w Thesebolts must be pretensionedwith atwisi ofF 1t (i t& YI& soBtrblTbolt installation wrenchthat
hastwo coaxial chudks

w Theinner chuckengagesthe splinedend of the bolt
w Theouter chuckengages the nut
w Thetwo chudks turn opposte to oneanotherto tighten the bolt
w Thesplined end of the F1852bolt sheas off at a specifiedtension

FO959Direct TensionlIndicators

w Another way to try to ensue proper pretensioning of a bolt is through the use of direct
tensionindicators (DTIS)

w Thesewashes have protrusions that must bear against the unturned element

w Asthe bolt is tightened the clamping force flattens the protrusions and reducesthe gap
w Thegapismeasued with afeeler gage

w Whenthe gap reachesthe specifiedsize the bolt is properly pretensioned




Installation of DTlIs

DTl gap measur: - DTl gap measured
here here

DTl gap measured
Xm

¢) DTl under bolt head,

a) DTl under bolt b) DTI under nut,
bolt head turned

head, nut turned nut turned d) DTl under nut,

bolt head turned

(Adapted from Figure C-8.1 RCSC 2000)

It is essantial that direct tensionindicators be properly oriented in the assembly

a) Thebolt headis stationary while the nut isturned ¢ DTlunder bolt head

b) Thebolt headis stationary while the nut isturned ¢ DTlunder nut (washerrequired)

c) The nut is gtationary while the bolt head is turned ¢ DTI under bolt head (washerrequired)

d) Thenut is stationary while the bolt headisturned ¢ DTlunder nut

Nominal Bolt Hole Dimensions

Mominal

Nominal Bolt Hole Dlmenslons'h. in.
Bolt

Diameter,
d, In.

Standard
(diameter)

Oversized
(diameter)

Short-slotted
(width » length)

Long-slotted
(width » length)
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* The upper tolerance on the tabulated nominal dimensions shall not exceed " .-in. Exception: In the
width of slotted holes, gouges not more than '/ -in. deep are permilted.
" The slightly conical hole that naturally results from punching operations with property matched punches

and dies is acceplable.
(Table 3.1 RCSC 2000)

Bolts are installed in one of four types of holes (seetable above)
Sandad holes can be usedanywhere
Oversized holesmay only be usedin sliprt O tdPcdnections

{ K 2 NifedRolesare usedwith the slot perpendicularto the direction of stress
[ 2 Y 3tedhblésare primarily usedwhen connectingto existing structures




Inspectiondor the Corstruction Manager

There are several bolted connection inspectionsa construction manager can perform:

w Lookat the bolt sii A O (abévelyii
A { ( A Olsthe2admiunt the bolt extendsbeyond the outside surface of the nut
A Positive or zero sii A O {isaécdpiable
A Negative stickrt 2 oghieke the end of the bolt isinside the nut, is not accegable

Inspectionsfor the Corstruction Manager

w Inspectthe (i dzNJ/ 1t ehdchryadsito ensure the bolts have been pretensioned
w If F1852bholts are used, make sure the endshave been snappedoff all bolts (above)

A In some cases,due to insufficient clearance for the installation wrench, F1852bolts will
be tightened by alternative methods sothe endswill not be snappedoff




Bolting Ccst Consideations

Thetypes of joints usedin a structure are somewhat dependent on the overall designof the
structure, but these are somepoints to consider:

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

w { Y dz=hteried j@nts are normally the most economical bolted joints

w For pretensionedjoints, F1852 and DTIQ are popular and can be economical

w { f A Lchat @NG érd the most costly joints, and should only be specified when necessay




Welding

Another common method for connecting structural steel is welding

Welding can be performed in the shopor in the field
Many fabrication shopsprefer to weld rather than bolt

Weldingin the field is avoided if possibledue to welding condition requirements

There are several welding processestypes, and positions to be considered in building
construction




w Weldingisthe processof fusing multiple piecesof metal together by heating the filler metal to a
liquid state

w A properly welded joint is stronger than the basemetal

Stength of Structual Welds

(Part of Table J2.5)
w Weldsmay be loadedin shea, tension,compression,or a combination of these
w Capacitiefor weldsare given in the AISCSpecifcaion SectionJ2

w Thestrength of aweld is dependent on multiple fadors, including: base metal, filler metal,
type of weld, throat and weld size




