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Polling Questions

2

• Required to earn PDH credits

• Questions will be asked during the duration of today’s 
presentation

• The question will appear within the polling section of 
your GoToWebinar Control Panel to respond

• Please be sure that your pop-up blocker is disabled. If 
you’re in full-screen mode, the GoToWebinar polling 
widget will appear behind the slides. You’ll need to exit 
full screen to be able to access. 



Disclaimer
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The information presented herein is designed to be used by 
licensed professional engineers and architects who are 
competent to make a professional assessment of its accuracy, 
suitability and applicability.  The information presented herein 
has been developed by the Steel Joist Institute and is produced 
in accordance with recognized engineering principles. The SJI 
and its committees have made a concerted effort to present 
accurate, reliable, and useful information on the design of steel 
joists and joist girders.  The presentation of the material 
contained herein is not intended as a representation or warranty 
on the part of the Steel Joist Institute.  Any person making use of 
this information does so at one’s own risk and assumes all 
liability arising from such use.



Webinar Description 
The first part of the webinar will provide guidance to the 
specifying professional for single-story and multistory buildings 
using open web steel joists and joist girders, and it is based 
upon the recently published SJI Technical Digest 1 “Utilizing 
and Specifying Steel Joists.” An overview of the SJI joist types 
is followed by design considerations and loading types.

The second part is based upon the recently published SJI 
Technical Digest 2 “Bridging and Bracing of Steel Joists and 
Joist Girders.” This part of the webinar will focus on the 
bridging systems that laterally brace steel joists. After a brief 
discussion of the purpose and theory of bridging, the 
specification requirements and details for bridging will be 
explored.
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Learning Objectives

• Learn the types of SJI open web products and the 
contents of Technical Digest 1.

• Understand the role of steel joists in the building design 
and better understand how to specify steel joists.

• Learn the purpose, theory and types of bridging.
• Understand the basics of specifying and then properly 

installing bridging.
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Standard and Special Joist Types
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Joist Nomenclature and Member Types
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Standard Joist Types

• K-Series
• KCS
• LH and DLH-Series
• Load/Load Joists
• CJ-Series
• Chord Extensions (TCX) and Extended Ends
• Joist Substitutes and Outriggers
• Special Profile Joists
• Joist Girders
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K-Series

• K-Series joists are designed as simple span 
uniformly loaded members unless specified 
otherwise. K-Series is the most common joist 
for roof construction.

• Designations: 10K1 to 30K12
• Depths: 10 to 30 in.
• Standard Seat Depth (Height): 2.5 in.
• Span Range: 10 to 60 ft.
• ASD Load Range: up to 550 plf
• LRFD Load Range: up to 825 plf
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K-Series Load Tables
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KCS Joists

KCS Joist chords are designed for a flat positive moment 
envelope. The moment capacity is constant at all interior 
panels. All webs are designed for a vertical shear equal to 
the specified shear capacity and interior webs will be 
designed for 100% stress reversal
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KCS Load Tables
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KCS Example

Using ASD, select a 40-foot KCS joist with a total load 
of 270 plf which includes a live load of 120 plf, plus a 
moveable 2.0 kip concentrated live load.
• The maximum required moment (based on the 

concentrated load at mid-span) = 888 kip-in.
• The maximum required shear (based on the 

concentrated load adjacent to the support) = 7,400 
lbs.

• Minimum depth = (40 ft)(12 in./ft)/24 = 20 in.
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KCS Load Tables
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KCS Example

Maximum live load deflection = span/240 = (40 ft)(12 in./ft) 
= 480 in./240 = 2.0 in. 

D = D uniform load + D concentrated load

D = 5wL4/384EI + PL3/48EI

The effective moment of inertia of Igross/1.15 is used for this 
calculation. I = 308/1.15 = 268 in.4

D = (1728)(5)(0.120)(404)/[(384)(29,000)(268)] = 0.89 +

      (1728)(2)(403)/[48)(29000)(268)] = 0.59 in.

D = 0.89 in. + 0.59 in. = 1.48 in. < 2.0 in. OK
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LH and DLH Joists

LH-Series joists have been standarized in depths  from 
18 inches through 48 inches.

• Spans up through 96 feet.
• Standarized in depths from 52 inches through 120

inches.
• Spans up through 240 feet.

The standard depth of the bearing seat at the ends of 
underslung LH-Series and DLH-Series joists is 5 inches for 
chord section numbers 17 and smaller, and 7.5 inches for 
chord section numbers 18 and larger.
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Load/Load Joists
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Uniform load-per-foot designated joists (load/load 
joists) are an alternative to the standard K, LH, 
and DLH-Series joists. 



CJ-Series Joists

CJ-Series, composite joists, are another option for 
floor systems. The joists are connected to the 
concrete slab using headed steel stud anchors 
such that the joist and slab act together as one 
structural element.

The SJI catalog for CJ-joists can be ordered on the 
SJI Website www.steeljoist.org
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CJ-Series Joists

Composite joists are specified to the joist manufacturer 
as shown below:

The composite steel joist designation: 
30 CJ 2188 / 1168 / 420
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30 CJ 2188 1168 420

Depth (in.) Composite 
Joist Series

1 Total 
Factored

Composite 
Design Load

(plf)

Total 
Factored

Composite 
Live Load 

(plf)

Total 
Factored

Composite 
Dead Load 

(plf)

1 Total Factored Composite Design Load = Total Factored Composite Live Load + Total Factored 
Composite Dead Load + Total Factored Non-Composite Dead Load.



Polling Question

CJ-Series joists can be specified to the joist 
manufacturer as ASD or LRFD.

A. True

B. False
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Top Chord Extensions (TCX and Extended Ends)
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Joist Substitutes and Outriggers

Joist substitutes are 2.5 inch deep
members commonly used for uniformly
loaded simple spans up to 10 feet in
length.

For members less than 10 feet, joist
substitutes should be used instead of
open-web joists.
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Special Profile Joists

Special profile LH joists are non-standard configurations 
and require special design beyond the SJI Specifications 
(SJI 2020a). See SJI Technical Digest 7 - Special Profile 
Steel Joists and Joist Girders.
• Scissor
• Arch Chord
• Bowstring
• Double Pitch
• Multi Pitch
• Single Pitch
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Joist Girders
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Chapter 2 Camber and Bridging

• Camber is used to counteract some or all dead load 
deflection. Since joists are typically cambered, it is 
not appropriate to specify total load deflection.

• The Steel Joist Institute Specification tabulates the 
approximate camber for K, LH and DLH joists and 
joist girders.

• Camber is solely based on length, and ranges from 
1/4 inch for a 20-foot joist, to 4 1/4 inches for a 100-
foot joist.

•  For joists over 100 feet, the camber is span/300.
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Chapter 6 Specifying Loads

It must be understood that the joist 
manufacturer does not establish the loading 
requirements for the steel joists and joist 
girders. 

The specifying professional must provide the 
magnitude and location of all loads for which 
the joists and joist girders are to be  
designed.
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Joists with Concentrated Loads Less 
than or Equal to100 Pounds
For nominal concentrated loads between panel 
points, which have been accounted for in the 
specified uniform design loads, a "strut" to transfer 
the load to a panel point on the opposite chord 
shall not be required, provided the sum of the 
concentrated loads within a chord panel does not 
exceed 100 pounds and the attachments are 
concentric to the chord.
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Specifying Joists with Concentrated 
Loads Greater than 100 Pounds
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Add-Loads and Bend-Check Loads

Add-Load: A single vertical concentrated load that occurs 
at any one panel point along the joist chord. This load is in 
addition to any other gravity loads specified.

Bend-Check Load: A vertical concentrated load used to 
design the joist chord for the additional bending stresses 
resulting from this load being applied at any location 
between the joist panel points. This load shall already be 
accounted for in the specified joist designation load, 
uniform load, or add-load, and is used only for the 
additional bending check in the chord.
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Specifying Traveling Loads

For a traveling load with no specific location, specifying the 
traveling load as an add-load is often the best option. This allows 
the joist manufacturer to design for the worst case for both the 
shear and bending moment.

If the traveling load occurs between panel points, there are two 
common options:

1. For the construction documents specify that field installed 
webs be installed at the final load location.

2. Require the joist to be designed for a bend-check load equal 
to the traveling load. This way, the bend-check covers 
localized bending between panel points and the add-load 
covers global shear and bending on the joist. 
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Specifying Axial Loads

Information that the specifying professional must 
provide to the joist manufacturer:

1.Magnitude of the axial load in kips, and whether 
these values are ASD or LRFD.

2. If the load is due to wind or seismic.
3. If the axial load is to be resisted by the top or 

bottom chord of the joist.
4.Means of axial load transfer into or out of the 

joist or joist girder.
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Axial Load Transfer
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Specifying Uplift Loads

For simple loading when net uplift is specified consider a 
reduced dead loading to create the largest net uplift load 
combination. 

For more complex loading or when the dead load varies 
greatly for use in load combinations, gross uplift should be 
specified with the minimum and maximum dead load 
values clearly defined.

If the uplift cannot be assigned in pounds per linear foot, a 
diagram can be shown for joist loading using pounds per 
square foot.  
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Specifying Uplift Loads
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Flush-Frame Connections

When specifying flush-frame connections, the specifying 
professional has several items to consider, and has several 
design requirements. Coordination with the joist 
manufacturer is encouraged. Design requirements for the 
specifying professional are spelled out in TD 1.

37



Joist and Joist Girder Diagrams

When K, LH, and DLH-Series joists and joist 
girders are not subjected to uniform loading, 
a load diagram may be the best way to 
convey the loading information to the joist 
manufacturer. 
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Joist and Joist Girder Diagrams
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Joist and Joist Girder Diagrams
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Polling Question

Axial load transfer details are the design 
responsibility of the specifying professional.

A. True

B. False
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Bridging for Open Web Steel Joists

What is bridging?

Bridging is the lateral bracing members, from joist to joist, 
as provided by the Joist Manufacturer.

Bridging braces joists against unanticipated lateral 
movement during installation and during placement of 
construction loads and permanently restrains the joist 
chords from out-of-plane or lateral movement when other 
means are not present.
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Horizontal Bridging

Horizontal bridging is a continuous member (typically small 
steel angles) installed (typically by welding) across 
consecutive joist top or bottom chords.
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Diagonal Bridging

Diagonal bridging is a series of individual pieces to form an 
“X” from a top chord to adjacent bottom chord, and vice 
versa, in the joist space.  Diagonal bridging may be bolted 
or welded.
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Technical Digest Two

The basis for this 
presentation is SJI 
Technical Digest 2 

Bridging and 
Bracing of Steel 
Joists and Joist 
Girders
Published in 
December, 2023
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Technical Digest Two

• CHAPTER 1   PURPOSE OF BRIDGING  
• CHAPTER 2   BRIDGING THEORY
• CHAPTER 3   SJI SPEC REQUIREMENTS
• CHAPTER 4   RESPONSIBILITY 
• CHAPTER 5   TYPICAL DETAILS
• CHAPTER 6   INSTALLATION TOPICS
• CHAPTER 7   SPECIAL PROFILES
• CHAPTER 8   RESEARCH SUMMARY
• CHAPTER 9   EXAMPLES
• CHAPTER 10 REFERENCES
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Outline

• Bridging Roles

• Bridging Theory

• Four Questions to Size and Place the Bridging

• Special Cases and Conditions

47



Bridging Roles - Erection

The immediate concerns with setting a joist 
within the structure are:

• The ability of the joist to support its own self 
weight while unbraced. 

• The ability to support an erector, who may 
“walk” the joist to release the hoisting cable.  

• The ability of the joist to support the worker, 
tools, and materials while installing bridging 
rows. 

48



Bridging Roles - Erection
Simple analogies are that a joist without bridging 
is like an unbraced beam, and under load is 
subject to possible lateral movement and twisting 
movement.  

And the joist top and bottom chords are like 
columns.  The figures model the effect of bridging 
to brace the joist chords. 
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Bridging Roles - Erection
The SJI has done extensive research to determine where a 
joist may be unstable under only its own self weight and the 
weight of one erector.   In those cases, bolted diagonal 
bridging is specified.
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Bridging Roles - Erection

Bolted diagonal bridging allows for a bridging pair to be installed 
and cantilevered off the joist being hoisted, with the worker 
receiving the other end of the bridging pieces on an already 
stabilized joist or another element of the structure.  

Alternately, diagonal bolted bridging can be used to join a pair of 
joists for hoisting, such that they will provide initial stability to 
each other. 
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Bridging Roles - Construction
After initial stability has been achieved with the installation of 
erection bridging and the hoisting cables have been removed, 
the complete bridging system installation must create capacity 
for the construction loads: additional workers, tools, equipment, 
limited construction materials, and the metal deck.

52

SJI establishes the permitted 
axial top chord stress due to 
construction loads, and bridging 
must be spaced so as to provide 
sufficient strength based on the 
joist top chord slenderness 
between bridging rows, as a 
function of Ryy of the top chord.   



Bridging Roles - Construction
The primary construction load is typically the metal deck 
bundles.  OSHA allows the placement of deck bundles 
before complete bridging installation if a series of strict 
conditions are met. 
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Bridging Roles - Permanent
Metal deck will permanently provide lateral support for the 
joist top chord, and the top chord bridging has completed 
it’s role.
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However, in the absence of metal 
deck or other top chord lateral 
support, the bridging will need to 
permanently brace the top chord, 
with a likely increase in both the 
number of rows and bridging size. 

For wind net uplift or any other 
compressive axial load in the joist 
bottom chord, the bridging provides 
permanent lateral support, and may 
control the bottom chord size. 



Bridging Theory
Horizontal bridging will accumulate across multiple joist 
chords and spaces.   Termination, to anchor or to provide a 
load path to resolve the bridging forces, is critical. 
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Horizontal bridging is a “two way” 
system, assuming forces accumulating 
in both directions and requiring 
anchorage at each end of the bridging 
line. 



Bracing Forces

56

The governing equation for 
bridging forces during 
construction is:

    Pbr = 0.0025 n At  Fconstruction , lbs 
(N)  

 Where,

  n = 8 for horizontal bridging
  n = 2 for diagonal bridging 

  At = cross-sectional area of 
joist top chord, in.2 (mm2)

  Fconstruction = assumed nominal 
stress in top chord to resist 
construction loads



Bracing Forces
Where bridging is subject to forces as a permanent role, the 
accumulation of forces in horizontal bridging needs to be 
considered.   The forces do not need to be modeled as 
accumulating linearly, due to the randomness of initial out-of-
straightness.  An equation such as this can be used to consider 
the force accumulation:

The SJI SPEC provides specific equations for the design of top 
chord bridging where there is not a metal deck for lateral 
support, just as a standing seam roofing system applied directly 
to the joist to chord. 
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0.001 n Pc + 0.004 Pc √ n



Uplift Bridging Rows
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T

T

C T

C

C

SJI Standard Specifications require bridging at the first bottom 
chord panel points, since two of the three intersecting primary 
members are in compression under uplift loading.

Gravity Loads Net Uplift



Bridging Placement
Here is a typical joist bay, with several types of bridging.
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Four Questions to Determine the Bridging

To establish the exact bridging requirements for a particular 
bay of joists, there are four questions to be answered:

• How many bridging rows are needed?

• What type of bridging is needed (horizontal or diagonal)?

• What is the required bridging angle size?

• When does the bridging need to be installed?
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Number of Bridging Rows

The required number of bridging rows is tabulated based 
upon the joist chord section number in the joist 
designation.
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Number of Bridging Rows
For designations of the “load/load” type, such as 
24K250/125, the bridging rows are usually determined by 
finding a close equivalent in the Load Tables.  Alternately, 
the determination can be made by checking the equations 
in the SJI SPEC.

Note that for KCS joists, the bridging determination is not 
from the designation, but rather from a chart of equivalent 
K-Series chord section numbers.
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Horizontal or Diagonal Bridging?

Where diagonal bridging is required as Erection Stability 
bridging for erection, or simply as a requirement for the 
joist span, substitution of horizontal bridging is not allowed. 

On the other hand, diagonal bridging may be substituted 
for horizontal bridging.  This could be for an entire bridging 
row, based upon preference.   Or diagonal bridging may be 
added to individual joist spaces in horizontal bridging lines 
to create termination (a load path to resolve accumulated 
forces.)
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Horizontal or Diagonal Bridging?
A complex equation is used to check unbridged joist 
capacity for joist self weight and the weight of one erector.
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Horizontal or Diagonal Bridging?
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As governed by the Minkoff equation and conservative 
assumptions about the joist properties, for spans up 
through 60 feet, welded horizontal bridging may be used 
except where the row of bridging nearest the center is 
required to be bolted diagonal bridging as indicated by 
the Red shaded area in the Load Table.

For spans over 60 feet bolted diagonal bridging shall be 
used as indicated by the Blue and Gray shaded areas of 
the Load Table. 



Horizontal or Diagonal Bridging?
Examples of Load Table shading:
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Bridging Angle Size
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Horizontal bridging shall consist of continuous horizontal steel 
members. The ratio of unbraced length to least radius of gyration, 
/r, of the bridging member shall not exceed 300, where  is the 
distance in inches between attachments and r is the least radius of 
gyration of the bridging member.

Diagonal bridging shall consist of cross-bracing with a /r ratio of 
not more than 200, where  is the distance in inches between 
connections and r is the least radius of gyration of the bracing 
member. Where cross-bracing members are connected at their 
point of intersection, the  distance shall be taken as the distance 
in inches between connections at the point of intersection of the 
bracing members and the connections to the chord of the joists.   



Bridging Forces

Horizontal bridging must have 
continuity and termination at 
each end of each bridging line.   
The bracing force as required at 
each joist top chord is resisted in 
compression on one side of the 
joist chord, and tension on the 
other side.  The compression 
force and the spacing between 
the joists will govern the 
horizontal bridging angle size.
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Bridging Forces
The chord bracing force is the horizontal component of the 
diagonal bridging axial force.   The design length is based 
upon connection of the diagonal bridging pieces at their 
intersection.
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Bridging Angle Size
On the basis of the compressive strength and slenderness 
limits, SJI tables provide the maximum joist spacing for 
combinations of joist chord section number and bridging 
angle size.
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Bridging Angle Size
SJI tables provide limits on joist spacing, based upon both the 
strength and slenderness limits, for combinations of joist depths 
and angle sizes.

Note that the joist chord section number is not a factor in the 
diagonal bridging size tables.  And for pitched joists, the 
maximum depth shall be used with these tables.
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When to Install Bridging
• Red shading: one row nearest the center shall be bolted 

diagonal bridging and installed before release of hoisting 
cables.

• Blue shading: all rows shall be bolted diagonal and the two 
rows near 1/3 points shall be installed before the release of 
hoisting cables.

• Grey shading: all rows shall be bolted diagonal bridging and 
installed before release of hoisting cables.

These rows of bolted diagonal bridging, to be installed before 
the release of hoisting cables, are specifically identified on the 
joist placement, with a notation such as: ES
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“Bridging” for Joist Girders
Joist girder top chords need to meet a slenderness limit for 
the entire span, and joist girders are not erected with 
bridging.   They have limited exposure to construction loads 
until joists are placed, and then joists provide top chord 
lateral support.  
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“Bridging” for Joist Girders
Permanent bridging for joist girder bottom chords is 
provided first by extending the bottom chords to stabilizer 
plates on the columns.   Then, as required, bottom chord 
braces (also called uplift braces or knee braces) are 
provided at certain joist locations, as additional bracing 
points.  If for any reason the bottom chord is not extended 
to stabilizer plates, then additional bottom chord braces are 
required at those ends. 
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Bottom Bearing Joists

Bottom bearing (square end) joists require diagonal 
bridging near the support.  Cantilevered bottom bearing 
joists require diagonal bridging near the support and at the 
end of the cantilever, and then possibly additional 
horizontal or diagonal rows within the cantilever. 
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Diagonal Plus Horizontal Bridging

When the angle between the 
required horizontal bracing 
force and diagonal bridging 
members becomes too severe 
(spacing less than 70% of 
depth) horizontal bridging 
members are also required.   
This converts the bridging  
forces to tension only, rather 
than tension or compression, 
and limits the size of the 
bridging angles. 
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Special Profile Joists
Special profile joists require special attention for both the 
bridging and the erection method.  Where the joist profile 
is “top heavy” and causes the center of gravity to be above 
the support, the use of diagonal bridging for all rows is 
likely.  
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Horizontal bridging may be 
required along with the 
diagonal bridging.  



Proper Installation
• Proper installation requires that the erector pull the joist in 

straight alignment, to eliminate lateral sweep, as the bridging 
rows are installed.

• Horizontal bridging rows must be anchored or terminated at 
BOTH ends.   This is accomplished with anchorage to another 
structural element, or with the addition of diagonal bridging.  
Termination is required at the end of each bay and also at 
expansion joints or any other interruption to the bridging 
lines, and may also be required intermittently by the joist 
manufacturer, on the placement plans. 
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Horizontal Bridging Discontinuity
Here is a typical detail for field modifications to the bridging 
system where mechanical penetrations interrupt the 
bridging lines.
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Responsibility

Wall anchorage of bridging rows, such as expansion bolts, is 
the design responsibility of the Engineer of Record.

Extra external forces should not be imposed on standard SJI 
bridging.   The Engineer of Record shall design and specify 
the bracing members when other lateral forces are present.

Contract drawings do not need to show the bridging lines, 
and a simple note to follow the SJI requirements will suffice.  
This avoids RFI’s for clarification if what is shown on the 
contract drawings does not exactly match SJI requirements.  
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Bridging Alignment
While the top and bottom chord horizontal bridging rows are 
often aligned, they are not required to be.   For efficiency for 
uplift design, the bottom chord rows maybe be spaced in 
arrangements such as those shown below. 
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ESFR Bridging Clearance

Early Suppression Fast Response (ESFR) sprinklers systems, 
which are prevalent in rack storage warehouses, have 
specific requirements to keep sprinkler heads free of any 
interference, including joist bridging.  

These systems require specific bridging locations, which are 
dimensioned on the joist placement plans and which must 
be followed by the erector.
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Polling Question

True or False:

Bridging angles sizes are determined solely on the basis of 
the slenderness ratio limits.
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Polling Question

True or False:

Bridging angles sizes are determined solely on the basis of 
the slenderness ratio limits.

Answer:  FALSE

The bridging angle sizes are a function of both strength and 
slenderness limits, although the slenderness limits often 
control.
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SJI Design Tools
• Free downloads

– Steel Joist Uplift Analysis Tool

– Joist Girder Analysis Tool

– Joist and Joist Girder Reinforcement Tool

– Historical Load Tables

– Roof Bay Analysis Tool w/ Ponding Analysis

– Floor Bay Analysis Tool w/ Vibration Analysis

– Joist Girder Moment Connection Design Tools

– Virtual Joists

– Virtual Joist Girders

• Floor Vibration Analysis
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Technical Digests

• #1 Utilizing and Specifying Steel Joists 

• #2 Bridging and Bracing of Steel Joists and 
Joist Girders

• #4 Guidance for Building Design Using 
Steel Joists

• #5 Vibration of Steel Joist – Concrete 
Floors

• #6 Design of Steel Joist Roofs to Resist 
Uplift Loads

• #7 Special Profile Steel Joists and Joist 
Girders
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SJI Publications

Catalogs

• 45th Edition Standard Specifications Load Tables and Weight Tables for Steel Joists and 
Joist Girders - Free download

• Second Edition CJ-Series Composite Steel Joists – Free download

• 95 Years of Open Web Steel Joist Construction

• #8 Welding of Open Web Steel Joists and Joist 
Girders

• #9 Handling and Erection of Steel Joists and 
Joist Girders

• #10 Design of Fire-Resistive Assemblies With 
Steel Joists

• #11 Design of Lateral Load Resisting Frames 
Using Steel Joists and Joist Girders

• #12 Evaluation and Modification of Open Web 
Steel Joists and Joist Girders

• #13 Specification and Design of Composite 
Steel Joists

• Design Guide 40 Rain Loads and Ponding



SJI Webinars

• Earn PDHs with the 2024 webinars:

• Our next FREE live webinar is on June 19, 2024

– Sustainability 101: Life Cycle of Steel Joists and Deck

• Webinars On Demand
– Watch 50+ pre-recorded webinars. Order the online accompanying quiz to earn 

your PDHs.
– Topics include:

• Lateral Loads
• Floor Systems
• Uplift
• Special Profiles
• Ponding
• Bridging
• Vibration
• Roofs

• CJ-Series Composite Steel Joists
• Building Retrofit
• Welding
• Connections
• Design Tools
• Fire
• Ethics
• Joists 101
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