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

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

Today’s audio will be broadcast through the 
internet.

Alternatively, to hear the audio through the phone, 
dial 866-519-2796. Passcode: 387037
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Today’s audio will be broadcast through the 
internet. Alternatively, to hear the audio through the 
phone, dial 866-519-2796. Passcode: 387037

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.

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 laws.  Reproduction, distribution, display and 
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AISC is prohibited.

© The American Institute of Steel Construction 2018

18.6 Erection Engineering – Stability During Construction
November 26, 2018

This session provides an overview of the steps taken by the Erector’s Engineer to ensure 
stability of each stage of construction during structural steel erection. Topics include:

– Code of Standard Practice requirements for the EOR and Erector
– Design standards / Design Guides
– The importance of load path
– Global stability
– Element stability, i.e. stability of long span trusses
– Temporary bracing/shoring design
– Staged Construction considerations

Session Description
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• List why erection engineering is needed on a steel project.
• Identify where in the AISC Code of Standard Practice addresses 

support of a structure during construction.
• List factors that must be considered and known in order to 

perform an accurate erection stability analysis.
• Describe how a connection design can affect steel framing 

stability during erection.

Learning Objectives

Benjamin Miller, PE, SE
Project Engineer
Ruby+Associates, Inc. Structural Engineers
Bingham Farms, MI

Night School 18: Steel Construction 
From the Mill to Topping Out
Session 6: Erection Engineering – Stability During Construction
November 26, 2018
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Night School 18

• 18.1 Introduction to the Steel Construction Process

• 18.2  The Manufacturing of Structural Steel Shapes

• 18.3  A Virtual, Detailed Tour of the Steel Fabrication Process

• 18.4  Connection Design as the Fabricator’s Representative

• 18.5  It Doesn’t Get Built Without the Erector

• 18.6  Erection Engineering – Stability During Construction

• 18.7  Field Fixes and Solutions

• 18.8  Quality Control and Quality Assurance

Oct. 15

Oct. 22

Oct. 29

Nov. 5

Nov. 19

Nov. 26

Dec. 3

Dec. 10

Presentation Outline

1. Introduction

2. Industry Codes and Standards

3. Stability Analysis

4. Effects of Staged Construction

5. Connection Design’s affect on stability

6. Miscellaneous EP Topics 

7. Questions?

10
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What is Erection Engineering and Who Needs It?

11

Design of a system which maintains 
stability during each stage of 
construction of the structural steel 
frame.

Most directly, the Erector needs the 
services of an Engineer.

Sometimes, GC procures the 
Erection Engineer services – for 
consistency of bids.

Design-Bid-Build

12

Owner

Architect

EOR

Construction
Manager

Mill

Detailer

Connx
Designer

Erector

Fabricator

Erection 
Engineer

QC/QA
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Design-Build

13

Owner

Architect

EOR

Construction
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Mill

Detailer

Connx
Designer

Erector
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Erection 
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Design-Detail

14

Owner
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Why is Erection Engineering needed?

15

ODRD designs for stability and 
structural adequacy in the final, 
completed condition.

Erector is responsible for stability 
during each phase/sequence of 
construction.  

Incomplete structures may not be 
stable without temporary measures 
during construction.

Presentation Outline

1. Introduction

2. Industry Codes and Standards

3. Stability Analysis

4. Effects of Staged Construction

5. Connection Design’s affect on stability

6. Miscellaneous EP Topics 

7. Questions?

16
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17

Industry Codes and Standards

18

7.10 Temporary Support of Structural Steel Frames

7.10.1. The owner’s designated representative for design 
shall identify the following in the contract documents:

a) The lateral force-resisting system and connecting 
diaphragm elements that provide for the lateral strength 
and stability in the completed structure.

b) Any special erection conditions or other considerations 
that are required by the design concept, such as the use 
of shores, jacks or loads that must be adjusted as 
erection progresses to set or maintain camber, position 
within specified tolerances or prestress. 

Code of Standard Practice
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19

AISC-303: 7.10.1(a) - Example
All lateral load resistance and stability of the building in the 
completed structure is provided by moment frames with 
welded beam to column connections framed in each 
orthogonal direction (see plan sheets for locations). The 
composite metal deck and concrete floors serve as horizontal 
diaphragms that distribute the lateral wind and seismic forces 
horizontally to the vertical moment frames; the girders inline 
with the moment frames act as drag struts and deliver the 
diaphragm shear to the moment frames. The vertical moment 
frames carry the applied lateral loads to the building 
foundation; column anchorages have been designed as 
pinned/fixed.

Code of Standard Practice

20

AISC-303: 3.1.2
When option (2) or (3) above is specified, the ODRD shall 
provide the following information in the structural design 
drawings and specifications:

(b) Data concerning loads, including shears, moments, axial 
forces and transfer forces, that are to be resisted by the 
individual members and their connections… 

Code of Standard Practice
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21

AISC-303: 3.1.2 - Example

22

AISC-303: 7.10.1(a) – Example 2
All lateral load resistance and stability of the building in the 
completed structure is provided exclusively by precast 
concrete shear walls at the building perimeter (see plan 
sheets for locations). 

Stability of structural steel is provided by non-structural steel.

Code of Standard Practice
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23

AISC-303: 7.10.2
The owner’s designated representative for construction 
shall indicate to the erector prior to bidding, the 
installation schedule for non-structural steel elements of 
the lateral-load-resisting system and connecting 
diaphragm elements identified by the owner’s designated 
representative for design in the contract documents.

Code of Standard Practice

24

AISC-303: 7.10.4
…Temporary supports provided by the erector shall remain in 
place until the portion of the structural steel frame that they 
brace is complete and the lateral force-resisting system and 
connecting diaphragm elements identified by the owner’s 
designated representative for design in accordance with 
Section 7.10.1 are installed....

Code of Standard Practice
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25

Non-Structural Steel Elements
• Masonry Shear Walls

• Concrete Shear Walls
– Standard Reinforced Construction

– Precast Construction

• Steel Open-Web Joists

• Steel Joist Girders

• Steel Deck

• Concrete Floor Diaphragms

• Cold-formed steel

AISC 303: 2.2

26

• 2-Story Industrial

• SOMD at Level 2

• Metal Roof Deck

• Main LLRS

– Perimeter Precast 
Shear Wall

AISC-303: 7.10.1 - Example
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27

AISC-303: 7.10.1
The owner’s designated representative for design shall 
identify the following in the contract documents:

a) The lateral force-resisting system and connecting 
diaphragm elements that provide for the lateral 
strength and stability in the completed structure.

b) Any special erection conditions or other 
considerations that are required by the design 
concept, such as the use of shores, jacks or loads 
that must be adjusted as erection progresses to set or 
maintain camber, position within specified tolerances 
or prestress. 

Code of Standard Practice

28

AISC-303: 7.10.1(b) - Example
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29

AISC-303: 7.10.3
Based upon the information provided in accordance with Sections 
7.10.1 and 7.10.2, the erector shall determine, furnish and install all 
temporary supports, such as temporary guys, beams, falsework, 
cribbing or other elements required for the erection operation. These 
temporary supports shall be sufficient to secure the bare structural 
steel framing or any portion thereof against loads that are likely to be 
encountered during erection, including those due to wind and those 
that result from erection operations.

The erector need not consider loads during erection that result from the 
performance of work by, or the acts of, others, except as specifically 
identified by the owner’s designated representatives for design and 
construction, nor those that are unpredictable, such as loads due to 
hurricane, tornado, earthquake, explosion or collision.

…

Code of Standard Practice

Project Specification

30
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ASCE 37-14

31

ASCE 37-14

32
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Presentation Outline

1. Introduction

2. Industry Codes and Standards

3. Stability Analysis

4. Effects of Staged Construction

5. Connection Design’s affect on stability

6. Miscellaneous EP Topics 

7. Questions?

33

34

Stability Analysis
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35

Sequence Blocking Diagram

36

Sequence Blocking Diagram
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37

Sequenced Analysis

38

ASCE 37-14: Wind Loading
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39

ASCE 37-14

ASCE 7-10: 27.3.2
qz = (0.00256)(Kz)(Kzt)(Kd)(V)2

V = 115mph (LRFD) / 90mph (ASD)

Vconst=0.75*115mph=86mph / 0.75*90mph=68mph

Base Wind Pressure during Construction:

(0.75)2 = 0.5625  56.25% of design pressure

40

ASCE 7-10

ASCE 7-10 Figure 29.5-2
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41

Construction Period Wind

Design Base Shear – Wind:

N/S = 270k; E/W = 170k

Const. Period Base Shear – Wind:

N/S = 231k; E/W = 429k

42

Construction Period Wind
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43

Cable Bracing Design

44

Cable Bracing Design
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45

Cable Bracing Design

46

ASCE 37-14
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47

Example Project 2:
• 2-Story Industrial

• SOMD at Level 2

• Metal Roof Deck

• BF at Grid G

– Only below Level 2 

• Precast Shear Wall

Two Erection Options:

1. Start erection of steel 
frame first then install 
precast panels.

2. Start erection of precast 
panels first then install 
steel frame.

48

PCI: Architectural Precast Concrete Third Ed.

“After erection, each panel must 
be stable and offer resistance to 
wind, accidental impact, and 
loads that may be imposed due 
to other construction operations.”

Tilt-up wall brace
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49

Tilt-up wall brace

50

W14x74 Temporary bracing, typical
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Element Stability

51

52

Truss Stability – Under Hook 
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53

Truss Stability – Under Hook 

Chord Axial Load

Chord Axial Unity

54

Truss Stability – At Set

Given the truss chords are oriented with their
web vertical, at truss set, the compression in the
top chord results in a unity of 5.91, which means
the truss cannot be released from the rigging
without other supplementary stability bracing.

Chord Axial Load
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55

Truss Stability – At Set

Truss is guyed in each 
direction with cable prior 
to releasing the truss 
from the crane hook.

56

Truss Stability – At Set
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57

Truss Stability – At Set

If the truss chords were oriented with their web
horizontal, this truss could be released from the
crane without supplemental stability bracing.

Presentation Outline

1. Introduction

2. Industry Codes and Standards

3. Stability Analysis

4. Effects of Staged Construction

5. Connection Design’s affect on stability

6. Miscellaneous EP Topics 

7. Questions?

58
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Nippert Stadium

59

Nippert Stadium

60
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Flex Field Truss Shoring

61

Flex Field Truss Shoring

62
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Flex Field Truss Shoring

63

Zurich - Cantilevers

64
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Zurich - Cantilevers

65

Oakland Univ. - Cantilevers

66

Cantilever Supporting 
Cantilever – where does 
EOR expect/want the TOS to 
be after the bare steel frame 
has been completed?

After concrete is placed?
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1. Introduction

2. Industry Codes and Standards
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4. Effects of Staged Construction

5. Connection Design’s affect on stability

6. Miscellaneous EP Topics 

7. Questions?

67

68

OSHA - (4) Anchor bolts per column for 
300lb load 18” away from centerline.

Manchors = 450lb-ft

Column Anchorage
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OSHA

69

Wind Column Stability

70

Wind Loads:

Beams (W16) – 31plf (2nd flr); 35.7plf (3rd flr)

Column (W12) – 15.6plf to 19.0plf

Results in Mbase = 32,100lb-ft 
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Wind Column Stability

71

Preferred Anchorage Detail

72
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5. Connection Design’s Affect on Stability

73

5. Connection Design’s Affect on Stability

74
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5. Connection Design’s Affect on Stability

75

CALCULATION OF E-BOLT 
CAPACITY PRIOR TO 
WELDING

5. Connection Design’s Affect on Stability

76
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7. Questions?
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6. Miscellaneous Erection Procedure Topics

78

Shoring

Crane Logistics

Heavy Lift Engineering
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West Point Science Center

79

Complete seismic upgrade of 
the facility which required 
removal and replacement of 
the existing floor diaphragms 
to meet current code.

Multi-span header and EFCO 
shoring towers were used to 
support existing trusses.

6. Miscellaneous Erection Procedure Topics

80
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6. Miscellaneous Erection Procedure Topics

81

6. Miscellaneous Erection Procedure Topics

82
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AISC | Questions?

Summary:

• EOR has a role in the Erection Procedure
– Code of Standard Practice: 7.10.1 and 7.10.2

• There are simple design changes the EOR can 
implement in order to simplify steel erection.

– Easier steel erection results in less field time and less cost to the 
owner.

• Erection Engineer is often one of the last consultants 
involved, earlier involvement is beneficial.

• Erection Engineering services go beyond just reviewing 
the building’s sequenced construction.
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Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants
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AISC | Thank you


