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Building Code:

 2018 IBC Section 2207

 References Steel Joist Institute (SJI) Specifications

 SJI Specifications: included in Vulcraft Manual

 IBC Section 2207.4: “Steel joist placement plans do not

require the seal and signature of the joist manufacturer’s 

registered design professional.”

 Vulcraft & the other manufacturers are SJI members 

Specifying Joists:



Engineer’s Responsibility:

 Depth of joist and joist girders

 Joist span

 Joist spacing & starting point for 

layout

 Support / end connection details

 All required loading 

 uniform, concentrated, axial, etc.

Specifying Joists:

 Serviceability constraints 

 Deflection Criteria is most common.

 Any additional geometry considerations 

 Special sprinkler considerations, etc.



Vulcraft’s Responsibility:

 Furnish Placement plans. 

 Placement plans serve 2 purposes:

 Shows all required loading, so Engineer can review & confirm.

 Shows mark number & location for erection purposes.

 Determine sizes of all joist or joist girder members. 

 Top & Bottom Chord angles, Web sizes, Seat angles, etc.

 Determine Weld sizes for webs

 Furnish stamped & signed joist calculations.

 Calculation printed at time of fabrication.

 Fabricate the joists.

Specifying Joists



Non-composite SJI joists:

Floor Joist History:

 Original use – joists 2’ to 4’ o.c. with form deck

 Joists initially limited end reactions, 9K and total load, 550 plf

 Topping slab must fit occupancy use especially serviceability

 Still good solution for 125 psf, 250 psf storage applications



Non-composite SJI joists:

 LH-Series with 1.5B Formlok deck (1970s)

 Joist spacing increased to 6’ to 7’-6”

 Common loading – 100 psf live load, 75 psf dead load

 Joist girders used in lieu of steel beams as primary members

 Load per foot designation, such as 32LH1050/600



Non-composite SJI joists:

 LH-Series with W2 or W3 decks (1980s)

 Standard SJI Joist Tables – load range not adequate for wider 

spacings, tables were structured mostly around roof loadings

 Load per foot joists used, TL/LL in plf after Depth

 Bolted flush frames first used on joists



Non-composite SJI joists:

 LH-Series Joists  with Expanded Load Tables (2020)

 Joist spans from 12x depth to 24x depth 

 18 inch joist has total load/ live load in plf listed from 18’ to 36’

 Upper limit on loads is generally slightly above 2900 plf

 Joist depths from 18 to 48 inches, spans 18’ to 96’



Uniform Load per Foot Designations:

30 LH 870/600     (Uniform Load per Foot Designation)

Live Load (plf)

Total Load (Dead + Live) (plf)

LH-Series SJI Specs to be Used in Design

Depth (Inches)

 Best way to designate joist

 LH joists with Uniform Load per foot designation:

 Available in full inch depths

 28LH, 29LH, 30LH,…



LH Expanded Load Tables:

 Can be used to help approximate self-weight of joist



Uniform Load per Foot Designations:

24 K 240/128     (Uniform Load per Foot Designation)

Live Load (plf)

Total Load (Dead + Live) (plf)

K-Series SJI Specs to be Used in Design

Depth (Inches)

 Limited to 550plf total load

 K series depths:

 Available in 2” depth increments from 10” to 30” 



Composite Joists:

There are 2 options for composite joists:

CJ series composite joists:
 Welded Shear Studs for composite action

Ecospan E series composite joists:
 Shearflex Screw for composite action 

• Self-drilling/Self-tapping screw

 IAPMO ER 366



Same design principles as Composite Beam

 Concrete over steel deck used for compression

 Bottom flange/chord steel used for tension

 Nelson® studs used for shear transfer CJ Series

 Shearflex screws used for shear transfer Ecospan

Composite Joists:



Composite Joists:

 Composite joists can be shallower than non-composite joists, 

 Composite Joists: span 30x depth 

 Non-Composite Joists: span 24x depth

 Lighter than same depth non-composite joist

 Top chord less area, larger effective depth

 Weld Studs or Shearflex screws attached in staggered pattern

 activates both chord angles



Composite Joists:

 Composite Joist & Ecospan catalogs 

available online

 contains load tables, checklist, SJI 

specification for joists.

 https://vulcraft.com/Literature

https://vulcraft.com/Literature


Composite Joist Online Tools:
CJ Series: Composite Joist Floor System Aid 

Ecospan: Ecospan Floor System Estimating Aid



Deck spec:

 Ecospan: Verco BFormlok deck

 CJ: Verco B, W2, or W3 deck 

Concrete spec:

 Slab Thickness above the deck

 Concrete unit weight (pcf)

 Concrete Compressive Strength f’c
• 3.0ksi-5ksi typical

Additional Info on Plans:



For both Ecospan & CJ series:

Construction Live Load:

 Call out the psf loading. 

 20 psf to 75 psf.

 Live Load depends on how slab finished.

 Manual Tools vs. Motorized Equipment  

Needed for Pre-Composite check

Additional Info on Plans:



Add’l Info: Deflection Criteria:

Live Load Deflection Criteria Only

SJI Specifications only require LL deflection

IBC Table 1604.3: 
 Per footnote d & g: D+L check is for creep

 Steel Structural Members, D = 0 for creep

 So only LL deflection needed for steel joists or joist girders

Specialty cases may have add’l deflection criteria

Camber can be used to offset most/all Dead Load Deflection



CJ Series Camber:

Engineer to specify % of load for camber: 

 Non-Composite Dead Load  (typically 100%)

 Composite Dead Load  (typically 0%-50%)

 Composite Live Load  (typically 0%-25%)

Ecospan Camber:

Standard SJI Camber common due to 

shorter spans

Composite Joist Camber:



CJ-Series Designations:

 Joist Designation:

24 CJ   2188/1168/420     (LRFD Uniform Load per Foot Designation)

Factored Composite Live Load (plf)

Total Factored Design Load (plf)

CJ-Series Composite Joist

Depth (Inches)

Factored Composite Dead Load (plf) 

(Superimposed, post composite) 

CJ joists use factored loads for designation

Online Design tool to help specify



CJ Series: Shear Studs:

 Top chord angle size & thickness also dependent on stud diameter

 SJI allows: Stud diameter / 3 for min. thickness

 Less stringent than AISC, SJI controls for joist



CJ Series: Shear Studs

End of Joist

Girder



CJ Joists:

Composite 

Joist floor



Ecospan Composite Joist System:

2. Verco B Deck (East Coast: Vulcraft deck) 



Common Ecospan Projects:

(Private or outside California)



Joists from Exterior Wall to Corridor Wall
 Partitions are non-bearing
 W deck at corridor

Ecospan Composite Joists:



Ecospan Composite Joists:

Corridor with just ‘W’ deck

Ecospan joists with 

shearflex screws



Ecospan Composite Joist System:



Ecospan Composite Joist System:



E-Series Designations:

 Joist Designation:

24 E     488/220/60     (Uniform Load per Foot Designation, unfactored)

Composite Live Load (plf)

Total Design Load (plf)

Ecospan E-Series Composite Joist

Depth (Inches)

Composite Dead Load (plf) 

(Superimposed, post composite) 

Ecospan E joists use unfactored loads

Number of Shearflex Screws by Vulcraft

Online Design Tool to help specify



Ecospan Composite Joists:



Sound Attenuation
Sound Transmission Classification (STC)

Impact Insulation Classification (IIC)

Meets or Exceed IBC req’ts with common materials

Ecospan Sound Ratings:



EcospanUL Ratings:

Common UL listings



Ecospan Composite Joists:



E-Series Joist Bearing Seat Configurations:

2 ½” tall

4” tall

2 ½” tall

10kip max 

end reaction

Ecospan Joist Seats:



Ecospan Joist Seats:



Ecospan Joist Seats:

Ecospan Flush Joist Seat



Ecospan System Details:

PDF detail sheets available
 Details for multiple framing systems 



At Concrete / Masonry wall

 Standard seat probably best

 Can connect to ledger or pocket

 Standard seat can take axial load

Standard seat at Joist Girder

Joist End Connection:



Axial Load Thru Seat:

Joists: 
 2 ½” deep seat: 26k ASD (E = 36.4k)

 5” deep seat:  20k ASD (E = 28.0k)

As the joist seat gets deeper, capacity 
decreases.



Axial Loads:
More common on Non-composite projects

State axial loads in code terms 

 E, Em, W, 0.7E, 0.7Em , or 0.6W 

 Do not simply say “axial load”

Specify Em & 0.7Em loads 

 do not specify E or 0.7E load and say to multiply by Ωo 

Max Axial Capacities:



 Wide Flange Girders: LH & CJ Series

 Bolted Flushed Framed End connection is great option

Joist End Connection:



 Benefits: 

 Deeper Girder

 Composite Girders

 Installation similar to Steel Beams

 Blocking not required between joists

 Significant improvement in Vibrational performance

 Draw Back: 

 No axial load thru bolted plate

 Not enough weld from plate to top chord for 

eccentricity

Bolted Flushed Framed End Connection:



 Bolts: 

 High Strength Bolts (A325 or A490)

 1” Diameter min recommended

 Fully Tensioned Bearing Connection

 Spacing & Edge distances by project Engineer

 Slip Critical Bolts issues:

 Add’l cost for req’d surface prep of plate 

 Add’l cost to protect plate when priming joist

Bolted Flushed Framed End Connection:



 Wide Flange Girders: Ecospan

 Standard Joist Seat with E-Closure

 Flushed Joist Seat

Joist End Connection



Software Solutions 

Vulcraft Design Tools
 CJ Series: Composite Joist Floor System Aid 
 Ecospan: Ecospan Floor System Estimating Aid

RAM Steel
 Expanded Non-composite joist tables
 Includes camber in deflection calculations
 Currently does not have composite joists

RISA
 Composite joists in program
 Expanded load tables & deflection with camber in upcoming 
version 16 release



Software Solutions 

Vibration:

Neither RAM or RISA have Bolted Flush Framed 
Connections in their Vibration analysis
 Standard joists seat will yield higher accelerations than Bolted 
Flushed Frame End Connections.

 The difference between Standard seat & Bolted Flush Framed 
End Connection can be the difference of the floor satisfying the 
criteria or not.

Vulcraft Vibration Analysis - Walking
 Includes Bolted Flushed Frame End Connections.
 Includes Ecospan Flush Joist Seat.
 Free Online Design tool



https://vulcraft.com/DesignTools

Vibration Analysis – Walking Tool

https://vulcraft.com/DesignTools


Vibration Analysis – Walking Tool



Vibration Analysis – Walking Tool

Tolerance Acceleration 
Limits Table



Vibration Analysis – Walking Tool

Actual loads on floor (daily basis):
 Not code level loads



Floor Width:

 Distance Perpendicular to Joist span

 Framing is identical or nearly identical

 Size, spacing, length, etc

Floor Length:

 Distance Perpendicular to Girder span

 Framing is identical or nearly identical

 Size, spacing, length, etc

Vibration Analysis – Walking Tool

Bay Dimensions:



Left & Right Girders can be different

Vibration Analysis – Walking Tool



Handles Special End Connections:
 Bolted Flushed Framed End connection

 Ecospan Flush Seat connection

Vibration Analysis – Walking Tool



Acceleration Tolerance Limits:
 AISC DG 11 has lower limit

 SJI TD5 has slightly higher limit for floor with Joist

 Engineer to decide if acceptable when between 2 limits

Vibration Analysis – Walking Tool



Order of Recommendations is intentional:
 Earlier recommendations will have biggest impact for least cost 

 Listed in descending order of bang for the buck  

More detailed description on Design Aid Info tab 

Vibration Analysis – Walking Tool



Vibration Analysis – Walking Tool

Summary Output:

 1 page document

 has Inputs & Results 

 set-up to go in Engineer’s Calculation 

package

 also part of “Summary & Calc” output



Vibration Analysis – Walking Tool

Summary & Calc Output:

 5 page document

 has full calculations

 set-up to go in 
Engineer’s Calculation 
package



Mechanical, Electrical & Plumbing 

 Ducts work best when located in middle 2/3 of span.



Mechanical, Electrical & Plumbing 

 Page 36 of Joist Manual gives 
Approximate opening sizes

 Ducts with Insulation
 Compare outside diameter with 

insulation to table



Large Openings

 Vierendeel Openings can be 
done
 LH, DLH, CJ

 Page 37 of Joist Manual

 Locate in mid-third of span

 Possible Cost premium for these 
 If chord angles have to be upsized, 

there are add’l costs



Joists & Decking

Rebar Grating

Metal Building Systems

Verco Deck: West of Rockies

Vulcraft Deck: East of Rockies

NUCOR Family  



Catalogs/Manuals can be downloaded

 https://vulcraft.com/Literature

Websites: 

 https://vulcraft.com/

 https://vercodeck.com/

Catalogs/Manuals

https://vulcraft.com/Literature
https://vulcraft.com/
https://vercodeck.com/


Vulcraft or Ecospan engineer contacts:

Darrell Marchell (Northern CA, WA, OR, Western NV): 

dmarchell@vulcraft-ut.com ; 435-740-0744

John Whiteman (Southern CA, AZ, Southern NV): 

jwhiteman@vulcraft-ut.com; 714-264-3035

Joe Walton (UT, ID):  

jwalton@vulcraft-ut.com; 385-272-0744

Scott May: 

scott@Vulcraft-ut.com; 435-734-4488

Contact Info  

mailto:dmarchell@vulcraft-ut.com
mailto:jwhiteman@vulcraft-ut.com
mailto:jwalton@vulcraft-ut.com
mailto:scott@Vulcraft-ut.com
http://www.ecospan-usa.com/


www.SteelJoist.org

TD No. 2  Bridging Design 

TD No. 3  Structural Design of Steel Joist Roofs to Resist Ponding Loads 

TD No. 5  Vibration of Steel Joist – Concrete Slab Floors  

TD No. 6  Structural Design of Steel Joist Roofs to Resist Uplift Loads

TD No. 8  Welding of Open Web Steel Joists

TD No.  9  Handling and Erection of Steel Joists and Joist Girders

TD No. 10  Design of Fire Resistive Assemblies with Steel Joists

TD No. 11  Design of Lateral Load Resisting Frames Using Steel Joists & Joist Girders

TD No. 12  Evaluation and Modification of Existing Steel Joists and Joist Girders

TD No. 13  Design of Composite Steel Joists 

SJI Technical Digests

http://www.steeljoist.org/


THANK YOU
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