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There’s always a solution in steel!

Thank you for joining our live webinar today.
We will begin shortly.  Please standby.

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel!

Today’s audio will be broadcast through the 
internet.

Alternatively, to hear the audio through the phone, 
dial 888 224 7958.



2

AISC Night School
March 13, 2017

Design of Industrial Buildings
Lesson 6: Frame Member and Connection Design

Copyright © 2017
American Institute of Steel Construction
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Today’s live webinar will begin shortly.  
Please standby.
As a reminder, all lines have been muted.  Please type any 
questions or comments through the Chat feature on the left 
portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
888 224 7958.

There’s always a solution in steel!There’s always a solution in steel!

AISC is a Registered Provider with The American Institute of Architects 
Continuing Education Systems (AIA/CES).  Credit(s) earned on 
completion of this program will be reported to AIA/CES for AIA 
members.  Certificates of Completion for both AIA members and non-
AIA members are available upon request.

This program is registered with AIA/CES for continuing professional 
education.  As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA of any material 
of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction,
distribution, display and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2017

The information presented herein is based on recognized engineering principles and is for
general information only. While it is believed to be accurate, this information should not be
applied to any specific application without competent professional examination and verification
by a licensed professional engineer. Anyone making use of this information assumes all liability
arising from such use.

There’s always a solution in steel!There’s always a solution in steel!

Session 6: Frame Member and Connection Design
March 13, 2017

Lesson 6 incorporates the results of the frame analysis discussed in lesson 5 to 
demonstrate the design of the building columns, crane columns, and moment connections.  
The AISC Manual beam-column tables are used for the design of the beam columns to 
illustrate their use.  The design of the Ordinary Moment Frame connection of a truss to the 
building column is provided.  The development of the specification for the joist girders for 
the example building using the Steel Joist Institute’s Technical Digest 11 is also discussed.  
The design of the column anchor rods is provided including evaluation of limit states 
according to ACI 318 Chapter 17.  Discussion of the recommendations of AISC Design 
Guide 1 are included in the example as well as the calculation for the thickness of the 
column base plate.

Course Description
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• Discuss how the results of a frame analysis are used to design 
columns, crane columns and moments connections.

• List where column and beam-column design values are found in 
the AISC Steel Construction Manual.

• List the requirements of an Ordinary Moment Frame design per 
AISC 341-10.

• List the criteria to establish the length and diameter of column 
anchor rods. 

Learning Objectives

There’s always a solution in steel! 8

Design of Industrial Buildings
Session 6: Frame Member and Connection Design
March 13, 2017

Presented by 
Jules Van de Pas, SE, PE
Vice President, Computerized Structural Design
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AISC Night School 13

Design of Industrial Buildings
Lesson 6

Presenter:
Jules Van de Pas

1.9

There’s always a solution in steel! 10

Design of an
Industrial Crane Building
• Lesson 6

– Final Design of the Building Columns

– Final Design of the Crane Columns

– Final Design of the Truss

– Design of the Frame Connections

– Design of the Anchor Rods
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Review of Design Criteria

There’s always a solution in steel! 12

Project Description

• 50 ton, top running crane, Class D

• Quantity: 1 per aisle

• Hook height: 45 ft

• Roof type: Standing Seam on Joists

• Wall type: R- panel with continuous Zs

• Automatic Sprinkler System
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Codes and Standards

• Building Code: IBC 2015
• Minimum Design Loads For Buildings And Other 

Structures (ASCE 7-10)
• Building Department Contact: John Smith
• Date: July 6, 2016
• Local Ordinances: None
• Wind Speed: 115 mph
• Wind Exposure: C

There’s always a solution in steel! 14

Local Code Requirements

• Ground Snow Load: 15 psf

• Seismic Spectral Acceleration:
– Ss = 1.054 g

– S1 = 0.400 g
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Loads

• ROOF DEAD LOAD
– Roofing (SSR) 2.0 psf

– Insulation 1.0 psf

– Roof Bracing 1.0 psf

– Joists 3.0 psf

– Joist Girders 3.0 psf

– Columns 6.0 psf

– MEP Allowance 3.0 psf

– Total 19.0 psf

• WALL DEAD LOAD 3.0 psf

(Includes Girts)

There’s always a solution in steel!16

Loads

• ROOF LIVE LOADS
– 20.0 psf (reducible)

• SNOW LOADS
– Ground Snow Load (Pg): 15.0 psf
– Building Category: II  −> Importance Factor, IS = 1.0
– Thermal Factor, Ct: 1.0
– Exposure Factor, Ce, Partially Exposed: 1.0
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Load Calculations - Snow

• Low Slope Roof Snow Load (slope <15̊ ): 

• Minimum Roof Snow for Low Slope Roof

<− controls

• Check Rain-on-Snow Surcharge, slope ¼” per ft.

• Must consider unbalanced snow per 7.6 if slope 
is ½” per ft or greater.

psf51070  .IPCC.P gtef ==

  psf 15== gSm PIP

)2.150/6050/() 19.1( ==<°= WSlope

psf 20515 =+= psfpsfPf

Add Surcharge 

There’s always a solution in steel! 18

Loads

• SEISMIC LOADS
– Spectral Acceleration, Ss: 1.054 g
– Spectral Acceleration, S1: 0.40   g
– Occupancy Category: II
– Site Class: D

• Soil shear wave velocity, vs 800 ft/sec
• Standard penetration resistance, N 15 blows
• Soil undrained shear strength, su 1500 psf

– Importance Factor, Ie : 1.0

– Seismic Design Category: D
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Load

• Structure is considered to be a “Nonbuilding Structure 
Similar to Buildings” per Chapter 15 of ASCE 7-10

• Transverse Direction  from Table 15.4-1    OMF – Ordinary 
Moment Frame with permitted height increase

R  = 2.5      Ωo = 2.0         Cd = 2.5

Detailing per AISC 341    Height limit =100 feet.

• Longitudinal Direction from Table 15.4-1 OCBF – Ordinary 
Concentrically Braced Frame with permitted height 
increase

R  = 2.5        Ωo = 2.0         Cd = 2.0

Detailing per AISC 341     Height limit of 160 ft.
19

There’s always a solution in steel! 20

Design of an
Industrial Crane Building
• Lesson 6

– Final Design of the Building Columns

– Final Design of the Truss

– Design of the Frame Connections

– Design of the Anchor Rods
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Column Design

• Check preliminary building column sizes 
for forces and moments from the analysis.

• Reanalyze if column sizes change, 
including adjusted joist girder properties 

• Re-check members

• Check drift (serviceability and seismic)

• Final design of the crane columns 

There’s always a solution in steel! 22

Design of Beam Columns

• Beam Column Design using Manual 
Tables
– Part 6 of the Manual contains tables to assist 

in the design of members for combined forces

– Table entries included for all W-shapes

– Could actually be used to design for pure 
bending, pure compression, and pure tension

– Available for W-shapes only 

– Includes ALL W-shapes
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Design for Combined Forces

• Interaction 
Equations

• H1-1a and H1-1b

For 0.2
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Design for Combined Forces

• These may be rewritten as

( )

(H1-1a)

(H1-1b)

      1.0                

      and

9
      0.5 1.0    

8
      respectively

+ + ≤

+ + ≤

r x rx y ry
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pP b M b M

pP b M b M
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Design for Combined Forces

• Where

Units are 1/kips and 1/ft-kips
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AISC Manual Table 6-1
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Table 6-1

• See AISC Manual page 6-4
– If Cb = 1.0 no adjustments are necessary to 

use Table 6-1.

– If Cb ≥ 1.0, then select bx from Table 6-1 using 
Lb and the divide bx by Cb for checking the 
section.  (bx /Cb > bxmin.)

– If pPr < 0.2 then divide p by 2 and multiply bx

by 9/8 for checking the section.

There’s always a solution in steel! 28

AISC Manual Table 6-1
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Table 6-1

• Exterior columns: W30x99 Pr = 16.9 kips, Mr =359 kip- ft

• Since the column has large bending moments compared to 
axial forces check first by using the beam Table 3-10. Try 
an unbraced length of 20 ft.px103 = 3.00; bx x103=1.78pPr =(3x10-3)(16.9) = (0.003)(16.9) = .051 < 0.2(1/2) .003 16.9 + ݌359݇݅)(0.00178)(9/8) − OK 1.0>74.74.=(ݐ݂

There’s always a solution in steel! 30

Table 6-1

• Interior columns: W24x146  Pa = 29.3 kips, Ma =430 kip- ft.

• Laterally braced at top of crane column = 42.5 ft.px103 = 4.45; bx =1.88x10-3pPa =(4.45x10-3)(29.3) = (0.00445)(29.3) ݎܲ݌(1/2)0.2 > 0.13 = + 9/8 ݔݎܯݔܾ + ݕݎܯݕܾ ≤ 1.0.5 0.00445 ݏ݌݅݇ 29.3 + 9 8ൗ ݌430݇݅)(00188. − ݐ݂ =. 97<1.00    OK    -demonstrate adjustment for Cb
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AISC Manual Table 6-1

There’s always a solution in steel! 32

Table 6-1

• Interior columns: W24x146  Pr = 29.3 kips, Mr =430 kip- ft

• Laterally braced at top of crane column = 42.5 ftpx103 = 4.45; bx =1.88x10-3Say Cb =1.75  (from evaluation of moment diagram) bx =1.88x10-3/1.75 = 1.07x10-3 > bx(min) = 0.852x10-3
(.5) 0.00445 ݏ݌݅݇ 29.3 + ଽ⁄଼ ݌430݇݅)(00107. − ݐ݂ =. 59 ≤ ݇݋  1.0
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Final Column Sizes

• Exterior Columns: W30x99
– Braced by struts aligned with longitudinal 

bracing, Lb = 20 ft. max.
• Interior Columns: W24x146

– Braced by crane beam / longitudinal crane 
bracing

• Crane Columns: W14x90 if only one tie provided 
at top of column; W14x61 if add intermediate tie 
or brace at mid-height to adjacent building 
column

There’s always a solution in steel! 34

Design of an
Industrial Crane Building
• Lesson 6

– Final Design of the Building Columns

– Final Design of the Truss

– Design of the Frame Connections

– Design of the Anchor Rods
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AISC Seismic Manual 2010

There’s always a solution in steel! 36

2010 AISC Seismic Provisions 
E.1 Ordinary Moment Frames

Application of OMF Requirements (E.1 & Commentary):
• Minimal inelastic deformation capacity required, 

members and connections  
• No limits on width to thickness ratios of members beyond 

the Specification.
• Truss and FR moment connection is designed for 

required flexural strength and required shear strength 
equal to the maximum moment and corresponding shear 
that can be transferred to the truss and the connection by 
the system including the effects of overstrength and 
strain hardening.
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2010 AISC Seismic Provisions 
E.1 Ordinary Moment Frames

Application of OMF Requirements (E.1 & Commentary):

The maximum force transferred by the system is 
determined based on flexural yielding (hinging) of the 
moment frame columns.

There’s always a solution in steel! 38

Design of the OMF Truss

• Determine end moments and axial forces acting on the 
truss for the seismic load cases

• E based on 1.1RyMp of the columns LRFD 

• (1.1RyMp/1.5 for ASD)



20

AISC Night School
March 13, 2017

Design of Industrial Buildings
Lesson 6: Frame Member and Connection Design

Copyright © 2017
American Institute of Steel Construction

There’s always a solution in steel! 39

Design of the OMF Truss

Determine Chord forces acting on the end of the truss due 
to column yielding.

• W30x99 column at the left end of the truss 

Meleft=1.1*1.1*50*312/1.5=12,584”-k

Peleft=12584”-k/(60”-3”)=221k

• W24x146 column at the right end of the truss 

Meright=1.1*1.1*50*418/1.5/2=8430”-k

Peright=8430”-k/(60”-3”)=148k

Determine  truss Gravity Loads for load case 5a

Pvert=(1.+0.14*.77)(.013)(5)(30)=2.1k

There’s always a solution in steel! 40

Design of the OMF Truss

Load Diagram Load Case 5a (ASCE 7-10 Section 12.2.2.3)
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Design of the OMF Truss

Model the truss with continuous chords and pinned 
diagonal members.

Based on analysis of the truss for the load diagram on the 
previous slide, the top chord forces at the critical location 
are:

• Pmax=204.7k

• Mmax=62.5”-k

• Check WT9x43.0 chord. Based on aligning braces with 
roof bracing use 10’ unbraced length.

• Axial Strength use table 4-7

There’s always a solution in steel!
42

Design of the OMF Truss

Pn/Ω =287k

Table 4-7 considers 
torsional and flexural 
torsional buckling per 
Specification Section E4
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Design of the OMF Truss

• Calculate Flexural Strength per Section F9.

• Applicable limit states are yielding, Lateral torsional 
buckling, and local buckling.

• Yielding per F9.1(b) stem in compressionܯ௣ = ௬ܼ௫ܨ ≤ ௬ܯ ௬ whereܯ = ௣ܯ௬ܵ௫ܨ = (19.90݅݊3)(݅ݏ݇ 50) ≤ ௣ܯ(11.2݅݊3)(݅ݏ݇ 50) = 560 ݅݊. ݌݅݇−

There’s always a solution in steel! 44

Design of the OMF Truss

• Lateral Torsional Buckling per F9.2 with stem in 
compression

௖௥ܯ = ߨ) ܾܮܬܩݕܫܧ ܤ)( + 1 + (ଶܤ
Where:  ܤ = (ܾܮ/݀)±2.3 ூ௬௃
+ B applies for stem in tension
– B applies for stem in comp.
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Design of the OMF Truss

• Lateral Torsional Buckling per F9.2 with 
stem in compressionܤ = −2.3 9.2120 87.62.04 = ݎܿܯ1.15− =(3.14 29000 87.6 11200 2.04120 )(−1.15 + 1 + (−1.15)ଶ)

ݎܿܯ = 2,347 ݅݊. ݌݅݇− > ݌ܯ
Lateral torsional buckling does not control

There’s always a solution in steel! 46

Design of the OMF Truss

• Local Buckling of the Tee stem  F9.4 
stem in compression

when  
ௗ௧௪ ≤ .84 ாி௬

ݓݐ݀ = 19.2 ≤ .84 ݅ݏ50݇݅ݏ29000݇ = ݊ܯ   20.2 = ݅ݏ50݇ 11.2 ݅݊3
݊ܯ = 560 ݅݊. Ω/݊ܯ        ݌݅݇− = 560 ݅݊. 1.67݌݅݇− = 335 ݅݊ −  ݌݅݇

Mn=FcrSx Fcr=Fy
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Design of the OMF Truss

• Check Combined Axial and Bending of 
the Tee stem

Pn/Ω =287 kipsPr=204.7 kipsMr=62.5 in-kip Ω/݊ܯ = 335 ݅݊ −  ݌݅݇

There’s always a solution in steel! 48

Design of the OMF Truss

Verify the diagonal 
members:  

Based on analysis:   

Max.  Pr=- 60.2k

Based on truss geometry:   
L=83” =6.9 ft.

2L3 ½ x3 ½ x 5/16  

X axis controls

Pn/Ω =65.8k

3 equally spaced 
connectors required.
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Design of the OMF Truss

Design the typical truss connections:  

Must check for limit states of:

• Weld shear rupture (dbl. angle to tee weld)

• Base metal shear rupture (dbl. angle to tee weld)

• Tensile rupture (dbl. angle)

• Whitmore yielding and buckling (tee web)

• Block shear strength (tee web)

• Vertical shear (tee)

There’s always a solution in steel! 50

OMF Truss Panel Connection
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OMF Truss Panel Connection

Connection Force:  Pr = 60.2 kips (+/- Max T&C)

Double angle tensile rupture (d2(b))

ோ೙ஐ = ௡/Ωܣ௨ܨ ݁ܣ               = ܷ݊ܣ ܷ = 1 − ܮ/ݔ
ܷ = 1 − .7975 = .804
ோ೙ఆ =(58)(3.9)(.804)/2.00=90.9 kips >60.2 kips  OK

There’s always a solution in steel! 52

OMF Truss Panel Connection
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OMF Truss Panel Connection

Whitmore Buckling (Comp.)
݈݌ݎ = ௧మଵଶ = .ସ଼మଵଶ = .138“
Kl/r=1.5*4/.138=43.5From table 4-22   ி௖௥ஐ =26.1 ksi     
ோ௡ஐ =(26.1 ksi)(9.27*.48)=116.1 k > 60.2 k   OK 

There’s always a solution in steel! 54

OMF Truss Panel Connection

Connection Force:  Pr = 60.2 kips (+/- Max T&C)

Block Shear Strength Section J4.3 Equation J4-5ܴ௡ = ݒ݊ܣݑܨ6. + ≥ ݐ݊ܣݑܨݏܾܷ ݒ݃ܣݕܨ6. + 2.00Welded connection, therefore Anv=AgvConservatively=ߗݐ݊ܣݑܨݏܾܷ Agv=(.48 in.)(2x5 in.)=4.8 in2Ant=(.48 in.)(3.5 in.)=1.68 in2ܴ݊/ߗ = (.6 50 4.8 + 1.0 65 1.68) /2 = ݏ݌݅݇ 126.6 > ܭܱ ݏ݌݅݇ 60.2
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OMF Truss Panel Connection

There’s always a solution in steel! 56

OMF Truss Panel Connection

Check shear rupture per J4.2

Rn=.60FuAnv Ω=2.00
Rn/ Ω=.60(65)(.48)(9.2)/2.0=86.1 kips > 41.3 kips  ok
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OMF Truss Panel Connection

TYPICAL TRUSS CONNECTION
BOTTOM CHORD

There’s always a solution in steel! 58

Truss Chord Bracing

2 options:

1. Model the frame including the truss and the chord 
bracing system into a second order analysis.

2. Design the braces per Appendix 6  Stability Bracing for 
Columns and Beams
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Design of an
Industrial Crane Building
• Lesson 6

– Final Design of the Building Columns

– Final Design of the Crane Columns

– Final Design of the Truss

– Design of the Frame Connections

– Design of the Anchor Rods

There’s always a solution in steel! 60

2010 AISC Seismic Provisions 
Section A4

Section A4 of the Seismic Provisions requires the 
following information to be on the structural 
drawings (partial list):

• Designation of the seismic load resisting system (SFRS)
• Identification of the members and connections that are a      

part of the SFRS
• Configuration of the connections
• Connection material specifications and sizes
• Locations of demand critical welds
• …
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Design of the OMF Connections

• The design of the OMF connections must meet the AISC 
341 Seismic Provisions.  

• For Joist Girders, the design procedures can be found  in 
the SJI Technical Digest 11, “Design of Lateral Load 
Resisting Frames Using Steel Joists and Joist Girders”, 
November 2007

There’s always a solution in steel! 62

Exterior Moment Connection

This detail provides a 
direct transfer of the 
chord forces to the 
column.
Connection of the truss 
to the column must be 
based on developing 
1.1RyMp of the column.

(Same as truss design)
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Interior Moment Connection

There’s always a solution in steel! 64

OMF Connections

• The top plate and the bottom plate sizes are determined 
from the maximum chord force (based on M=1.1RyMp of 
column).

• The seat size is determined using Table 10-8, 
“Bolted/Welded Stiffened Seated Connections” in the 
AISC Manual
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Truss Seat Connection

• Salmon and Johnson (1996) indicates four steps for the 
design of stiffened seats for beam reactions.  These are:

– Determine the seat width

– Determine the eccentricity es of load

– Determine the stiffener thickness ts
– Determine the angle or plate sizes and 

arrangement of bolts; or the weld size and length

There’s always a solution in steel! 66

Truss Seat Connection

• The seat width for beam reactions is 
based on the required bearing for 
the beam to prevent local web 
yielding and web crippling.  For the 
truss same limit states apply to the 
web of the tee. The vertical reaction 
is located at the work point of the 
end diagonal member.

• Based on the limit states of Web 
Local Yielding (J10.2) and Web 
Local Crippling (J10.3) a bearing 
length of 4” is selected.



34

AISC Night School
March 13, 2017

Design of Industrial Buildings
Lesson 6: Frame Member and Connection Design

Copyright © 2017
American Institute of Steel Construction

There’s always a solution in steel! 67

Truss Seat Connection

The text by Salmon and Johnson indicates the following 
limit states for design of stiffened seats.
1. The stiffener thickness, ts, should be equal to or greater 

than the thickness, tw, of the supported beam web.  
Since the WT web is .48” use a ¾” thick A36 plate. 

2. Local buckling of the stiffener must be prevented.  Local 
buckling is prevented provided the stiffener thickness is 
greater than or equal to w/16 per the 2010 AISC 
Specification Section J10.8(2).  W = width of stiffener.

3. The design bearing strength, Rn, on the contact area of 
stiffener must satisfy the bearing equation from the 
2010 AISC Specification Eqn. J7-1 

(Rn=1.8FyApb, Ω=2.0, φ=0.75)
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Truss Seat Connection

• Limit States
– Eccentric loading on the stiffener and weld

– Stiffener shear yielding
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Truss Seat Connection

Where, es = erection clearance + N/2 or w – N/2.

For A36 plate (Fy =36 ksi):

w = 4 in. +0.5 in. (setback) = 4.5 in

es = 4.5 – 4/2 = 2.5 in.                Ω = 2.0

• Eccentric Loading on the stiffener (S&J)ݏݐ = ݏ6݁)ܲ − 2ܹݕܨ90.(2ܹ = ܲ(6 ∗ 2.5 − 2 ∗ 4.5).90 36 4.52 = .0091ܲFor a ¾” plate: Pa=.75/.0091=82.4 kips >43 kips    OK
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Truss Seat Connection

L = stiffener length, 12 in.
Ω = 1.67
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Truss Seat Connection

71
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Truss to Column FR Conn,
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Truss Connection

There’s always a solution in steel! 74

Truss Connection

Stiffeners are required.  See J10.8
• Size flange welds for diff. between required strength and available strength.
• Size web weld transfer stiffener force to the column web.   
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Truss Connection

Note:  The 221 kip demand is used for convenience and is 
conservative,  The panel zone shear demand is actually 
based on the  building code load combinations and does 
not need to achieve 1.1RyMp

Check Column for Web Panel Zone Shear J10.6 (a) 
Panel zone deformation not considered in the 
analysis:Pr≤.4Pc Rn=.60Fydctw Ω=1.67Rn/Ω=.6(50)(.52)(29.7)/1.67=277 kips > 221 kips OK
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Final Detail at Sidewalls

Additional Design Steps:
1. Provide bearing for joists
2. Review and coordinate 

with longitudinal bracing

PL 11/4”x9”x4’-4”
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As an alternate to the fabricated truss illustrated 
in this example a joist girder could be specified 
to act as the truss in the OMF.

SJI has Excel programs 
available from their website
that can be used for the 
design of the JG to column
connection.

Alternate Joist Girders
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Controlling IBC Load 
Combinations (ASD)

++
+

Mpe in the load combination indicates the AISC OMF requirement, and the SJI
requirement of applying 1.1RyMp to JG ends.

Mark:  G2
(Note: Left end @ sidewall)

Girder Designation:
60G12NSP

LRFD
Load Combination:

Panel
Load
(kips)

Left End
Moment
(kip-ft.)

Right End
Moment
(kip-ft.)

TC
Force
(kips)

BC
Force
(kips)

Remark
s

D + S 5.0 73 -487 2

D + 3/4S + ¾(Crane Lateral) 4.2
-43  
120

-359
-515

3

(1.0 + 0.14SDS)D + Mpe/1.5 2.2 +/-753 -/+703 4

[1.0+(3/4)0.14SDS]D+3/4(Mpe/1.5)+3/4S 4.4 +/-565 -/+527 3

(0.6 - 0.14SDS)D + Mpe 0.9 +/-753 -/+703 4
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Controlling IBC Load 
Combinations (ASD)

++
+

Mpe in the load combination indicates the AISC OMF requirement, and the SJI
requirement of applying 1.1RyMp to JG ends.

Mark:  G2
(Note: Right end @ sidewall)

Girder Designation:
60G12NSP

LRFD
Load Combination:

Panel
Load
(kips)

Left End
Moment
(kip-ft.)

Right End
Moment
(kip-ft.)

TC
Force
(kips)

BC
Force
(kips)

Remark
s

D + S 5.0 487 -73 2

D + 3/4S + ¾(Crane Lateral) 4.2
359       
515

43               
-120

3

(1.0 + 0.14SDS)D + Mpe/1.5 2.2 +/-703 -/+753 4

[1.0+(3/4)0.14SDS]D+3/4(Mpe/1.5)+3/4S 4.4 +/-527 -/+565 3

(0.6 - 0.14SDS)D + Mpe 0.9 +/-703 -/+753 4
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Design of an
Industrial Crane Building
• Lesson 6

– Final Design of the Building Columns

– Final Design of the Crane Columns

– Final Design of the Truss

– Design of the Frame Connections

– Design of the Anchor Rods
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Anchor Rod Design

There’s always a solution in steel! 82

Anchor Rod Design
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Anchor Rod Specifications

ASTM F1554.

Two items of particular interest in 1554 
relate to:
• Classification, and

• Product Marking (color coating)

There’s always a solution in steel! 84

ASTM 1554 - Classifications

• Anchor rods furnished to the ASTM 1554 
Specification can be obtained in three grades which 
denote three steel yield strengths, they are to be color 
coated as shown:
• 36 ksi - Blue
• 55 ksi – Yellow *
• 105 ksi - Red

The 36 ksi  rods, and the 55 ksi rods, can be obtained in 
diameters up to 4 in.  The 105 ksi rods can be obtained up to 3 
in. diameters.

*Supplement S1 for weldable material.
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Anchor Rod Erection 
Requirements Per OSHA 1926.75
• Minimum of 4 anchor rods 

• Designed for a minimum load of 300 lbs at 

18-inches eccentric from any column face

• Anchor rods shall not be repaired or replaced or field 
modified without the approval of SEOR

• Approval must state if repair/modification shall require 
guying or bracing of the column

• Contractor shall provide written notification to erector of 
any repair or modification

There’s always a solution in steel! 86

Hole Sizes

AISC Anchor Rod Hole Sizes:
The recommended anchor rod hole diameters and minimum washer 
diameters and thicknesses can be found on page 14-21 of the AISC 14th 
edition Steel Construction Manual.  The sizes are shown below:

Anchor Rod

Diameter, in.

Hole Diameter,

In.

Min. Washer

Diameter, in.

3/4 1- 5/16 1- 7/8

7/8 1- 9/16 2- 1/4

1 1- 13/16 2- 5/8

1- 1/4 2- 1/16 2- 7/8

1- 1/2 2- 5/16 3- 1/8

1- 3/4 2- 3/4 3- 3/4

2 3-1/4 4- 1/2

2- 1/2 3-3/4 5
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Anchor Rod Available 
Strength, kips

87
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Design of Anchor Rods in 
Tension:

• Determine the anchor rod tension.

• Select the anchor rod material and the number of 
anchor rods.

• Determine the base plate size and weld size.

• Determine the required development length for 
the anchor rods.



45

AISC Night School
March 13, 2017

Design of Industrial Buildings
Lesson 6: Frame Member and Connection Design

Copyright © 2017
American Institute of Steel Construction

There’s always a solution in steel! 89

AISC 341 REQUIREMENTS

AISC 341 Seismic Provisions, D2.6 Column Bases

• D2.6a Required Axial Strength – the greater of

(a)…calculated using the load combinations…including 
the amplified seismic load

(b)…required axial strength for column splices (D2.5b)

(a) …load combinations…including the amplified 
seismic load  or

(b) maximum force that can be delivered by the 
system

There’s always a solution in steel! 90

AISC 341 REQUIREMENTS

AISC 341 Seismic Provisions, D2.6 Column Bases

• D2.6b Required Shear Strength

– For Columns…required shear strength for column 
splices(D2.5c) which requires the greater of 

(a) Mpc/h (LRFD) or Mpc/(1.5h) (ASD)

(b)AISC 360 requirements and …calculated using 
the load combinations…including the amplified 
seismic load
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AISC 341 REQUIREMENTS

AISC 341 Seismic Provisions, D2.6 Column Bases

• D2.6c Required Flexural Strength For Columns  the 
lesser of 

(a)1.1RyFyZ (LRFD) (1.1/1.5)RyFyZ (ASD)

or

(b)…moment calculated using the load 
combinations…including the amplified seismic load
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AISC 341 REQUIREMENTS

AISC 341 Seismic Provisions, D2.6 Column Bases

Based on these rules, we calculate (for the critical load 
combination):

Pr = 48 k (Ω load combination)

Mr = 1006 k-ft (Ω load combination)

Vr = 49 k (column flexure)
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Large Moment Base Plate Design

93

Fig. 3.4.1  Base Plate with Large Moment

Refer to AISC Design Guide 1
Base Plate and Anchor Rod Design
Second Edition

There’s always a solution in steel!

Anchor Rod Tension

For the W24x146: Using amplified forces for axial and the 
shear force based on hinging the column

Pr = 48.0 kips,    Mr = 1006 kip-ft, Vr=49 kips

Try a base plate where N = 40 in. and B = 24 in.

f’c = 4 ksi, Fy of the base plate = 36 ksi, Ωc =2.31   (J8)

e = Mr/Pr = (1006 kip-ft)(12)/48 kips = 251.5 in.݂݌ ݔܽ݉ = .଼ହ௙ᇱ௖ ஐ௖ ஺ଶ஺ଵ ≤ 1.7݂ᇱܿ = .଼ହ(ସ ௞௦௜)ଶ.ଷଵ (2)=2.94 ksiqmax = (2.94 ksi)(B) = (2.94)(24 in.) = 70.65 kips/in.
94



48

AISC Night School
March 13, 2017

Design of Industrial Buildings
Lesson 6: Frame Member and Connection Design

Copyright © 2017
American Institute of Steel Construction

There’s always a solution in steel!

Anchor Rod Tension

Determine from Design Guide 1 equations if the base plate is 
considered a large moment base plate. If:݁ > ݐ݅ݎܿ݁ = ேଶ − ௉௔ଶ௤௠௔௫ = ସ଴ ௜௡.ଶ − ସ଼ ௞ଶ(଻଴.଺ହ௞/")=19.66 in.e > ecrit 251.5 in. > 17.66 in.: Large moment base plate.
where:
e = the eccentricity of load, in.
N = the base plate length, in.
Pr = the required axial force in the column, kips

qmax = the maximum stress on the concrete

95
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Anchor Rod Tension

Check the inequality:2ܲܽ(݁ + ݔܽ݉ݍ(݂ < ݂ + 2ܰ ଶ ݀݁ݎ݅ݑݍ݁ݎ ݏ݅ ݁ݐ݈ܽ݌ ݁ݏܾܽ ݎ݁݃ݎ݈ܽ ܽ ݎ݋ 
2(48)(251.5 + 16)70.65 = 363.5 < 16 + 402 ଶ = 1296
OK, Base Plate Size is adequate to proceed.
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Anchor Rod Tension

97

ܻ = (݂ + 2ܰ) ± (݂ + 2ܰ)ଶ− 2ܲܽ(݁ + ݔܽ݉ݍ(݂
ܻ = (16 + 402 ) ± (16 + 402 )ଶ− 2 ∗ 48(251.5 + 16)70.65
ܻ = 5.46"

Y= Length of the compression block

There’s always a solution in steel!

Anchor Rod Tension

98

Bolt tension (Σfvert=0)T=qmaxY-Pa=(70.65)(5.46)-48=338 kipsTbolt= 84.4 kips    Select (4) 2 1/2 in. dia. 36 ksi rodsRn/Ω= 107 kips / bolt

Fig. 3.4.1  Base Plate with Large Moment
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Base Plate Thickness

Washer size for 2-1/2 in. rod = 5 1/2 in. x 7/8 in.
Hole size = 3 3/4 in.
Check plate length beyond flange:
Washer/2 + edge distance + tolerance:
2.75 in. + 0.5 in. + 0.5 =  3.75 in.
Min. Plate length ≈ (2)16 in + (2)(3.75 in.) =39.5 in.
base plate 40 in. x 24 in.  OK!

Based on current configuration
Clearance for bolts 

3.625″

There’s always a solution in steel! 100

Base Plate Thickness

Lever arm to flange = 3.625 in.Mt = (338 kips)(3.625 in.) = 1225 kip-in.Mc=(5.46”)(70.65 k/”)(7.625-5.46/2)=1888”-kPlate plastic modulus, Z = Bt2/4 = 24t2/4 =6t2Plate strength =FyZఆ = (36)(6t2)ଵ.଺଻  = 129.34t2
t = ଵ଼଼଼ଵଶଽ.ଷସ = 3.82”   Use 4” thick base pl. 3.625″ 7.625”

5.46”
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Anchor Rods- Shear

• See AISC Design Guide 1 for suggestions and 
design procedures to transfer the shear load.
– Bearing
– Shear Lugs
– Shear in Anchor Rods.
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Anchor Rod Development

• Refer to ACI 318- 14.
hef
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End of Lesson 6

There’s always a solution in steel!

PDH Certificates
Within 2 business days…

• You will receive an email on how to report attendance from: 
registration@aisc.org.

• Be on the lookout:  Check your spam filter!  Check your junk folder!
• Completely fill out online form.  Don’t forget to check the boxes next to each 

attendee’s name!

Individual Webinar Registrants
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PDH Certificates
Within 2 business days…

• New reporting site (URL will be provided in the forthcoming email).
• Username:  Same as AISC website username.
• Password:  Same as AISC website password.

Individual Webinar Registrants

There’s always a solution in steel!

PDH Certificates
One certificate will be issued at the conclusion of 

all 8 sessions.

8-Session Registrants
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QUIZZES
Access to the quiz: Information for accessing the quiz will be emailed to you by Wednesday.  
It will contain a link to access the quiz.  EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG

Quiz and Attendance records: Posted Tuesday mornings.  www.aisc.org/nightschool - scroll 
down to Quiz and Attendance Records.

Reasons for quiz:  

EEU – must take all quizzes and final to receive EEU
PDHS – If you watch a recorded session you must take quiz for PDHs.
REINFORCEMENT – Reinforce what you learned tonight. Get more out of the course.

NOTE:  If you attend the live presentation, you do not have to take the quizzes to receive 
PDHs.

8-Session Registrants

There’s always a solution in steel!

RECORDINGS
Access to the recording: Information for accessing the recording will be emailed to you by 
this Wednesday. The recording will be available for two weeks.  For 8-session registrants 
only. EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

PDHS – If you watch a recorded session you must take AND PASS the quiz for PDHs.

8-Session Registrants
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Night School Resources for 8-
session package Registrants

Find all your handouts, quizzes and quiz scores, 
recording access, and attendance information all in 
one place!

There’s always a solution in steel!

Night School Resources for 8-
session package Registrants
Go to www.aisc.org and sign in.
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Night School Resources for 8-
session package Registrants
Go to www.aisc.org and sign in.

There’s always a solution in steel!

Night School Resources for 8-
session package Registrants
Go to www.aisc.org and sign in.
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Night School Resources for 8-
session package Registrants
Go to www.aisc.org and sign in.

There’s always a solution in steel!

Night School Resources for 8-
session package Registrants
• Weekly “quiz and recording” email.
• Weekly updates of the master Quiz and Attendance  

record found at www.aisc.org/nightschool.  Scroll down 
to Quiz and Attendance records.

o Updated on Tuesday mornings.
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Night School Resources for 8-
session package Registrants
• Webinar connection information:

o Found in your registration 
confirmation/receipt.

o Reminder email sent out Monday mornings.
• Link to handouts also found here.

There’s always a solution in steel! 116

Thank You

Please give us your feedback!
Survey at conclusion of webinar.


