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AISC Live Webinars

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

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166
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AISC Live Webinars

Today’s live webinar will begin shortly.  Please stand by.

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:

(800)-581-5838
Passcode:  959842
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AISC Live Webinars

Audio Options

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial:

(800)-581-5838
Passcode:  959842
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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.

AISC Live Webinars

AIA Credit
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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 2019

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.
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Façade Attachments, Part 1
May 9, 2019

Every type of facade system presents its own challenges for the design team. Where and
how are the gravity and lateral loads supported? How much movement can the facade
system accommodate? What is the jointing pattern? In this session, we will explore
masonry cavity wall systems, aluminum-glass curtain wall systems and panelized systems
such as precast concrete panels or prefabricated metal-framed panels with masonry or
glass-fiber reinforced concrete facing to help answer these questions.

AISC Live Webinars

Course Description
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• List the issues to consider when locating joints in masonry cavity walls.

• Describe how panelized façade systems are best supported.

• Explain the importance of allowing for field adjustments of aluminum curtain 
walls.

• Name the sources of vertical movement in façade systems.

AISC Live Webinars

Learning Objectives

8

Alec Zimmer, PE
Senior Project Manager
Simpson Gumpertz & Heger Inc.
Waltham, MA

Design of Façade Attachments
Session L1:  Façade Attachments, Part 1
May 9, 2019



AISC Live Webinar Series
May 9, 2019

Design of Façade Attachments
Session L1:  Façade Attachments, Part 1

5

Copyright © 2019
American Institute of Steel Construction

9

Syllabus for 
Webinar Series Sessions

• Session R1

• Session L1

• Session L2

• Session L3

• Fundamentals of Facades

• Design Criteria

• Design and Execution 
Responsibilities

• Thermal Bridging

• Planning for Clearances

• Accommodating 
Tolerances
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Syllabus for 
Webinar Series Sessions

• Session R1

• Session L1

• Session L2

• Session L3

• Traditional Masonry 
Cavity Walls

• Panelized Facade 
Systems

• Aluminum-Glass Curtain 
Walls

• Sizing Joints for Vertical 
Movement
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Masonry Cavity Walls

The strategy for supporting masonry cavity walls 
starts with the decision for the location of the 
horizontal movement joints.

Masonry Cavity Walls

12

General Description

Masonry Cavity Walls



AISC Live Webinar Series
May 9, 2019

Design of Façade Attachments
Session L1:  Façade Attachments, Part 1

7

Copyright © 2019
American Institute of Steel Construction

13

Masonry Cavity Walls

14

Volume Change 

Masonry Cavity Walls
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Movement Joints

Masonry Cavity Walls

16

Elevation

Punched Window Openings
Horizontal Joint at Window Head

Masonry Cavity Walls
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Elevation

Strip Windows

Masonry Cavity Walls
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Parameters Affecting Design

• Architecture Decisions

– Fenestration

– Horizontal Joint Patterns

– Vertical Joint Patterns

• Dimensions

– Story Heights

• Magnitude of Loads

• Field Adjustability

• Relative Movements

• Durability

• Thermal Performance

Masonry Cavity Walls



AISC Live Webinar Series
May 9, 2019

Design of Façade Attachments
Session L1:  Façade Attachments, Part 1

10

Copyright © 2019
American Institute of Steel Construction

19

Architectural Decisions

Ceilings, MEP

Masonry Cavity Walls
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Architectural Decisions

Vertical Control Joints

(a)

(b)

(c)

Masonry Cavity Walls
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Dimensions

Horizontal Leg of Shelf

Masonry Cavity Walls

22

Dimensions

Thickness of Backup 

Relative Location of Column 

Masonry Cavity Walls

?

??

?
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Field Adjustability

• Slab edge

• Backup wall

• Shelf angle

Masonry Cavity Walls

24

Vertical Movements

Design Vertical 
Movements

Note: Column shortening is important too for tall building’s bottom story.

Masonry Cavity Walls

Spandrel 
Deflection

Spandrel 
Rotation

Shelf Angle
Rotation

Brick Volume Change
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Joint Compressibility

+/-30% J

J

Masonry Cavity Walls

26

In-Plane Movements

Masonry Cavity Walls

Seismic or Wind Drift
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In-Plane Movements

Masonry Cavity Walls

28

Top of Wall Connections

Masonry Cavity Walls

CMU Backup
Long Slab Overhang

Angle at Slab

CMU Backup
Short Slab Overhang

Hung Angle

Metal Stud Backup
Long Slab Overhang

Hung Angle
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Durability
Cavity and 
Insulation

Metal Flashing

Galvanized Shelf 
Angle

Steel Hanger 
Assembly

Masonry Cavity Walls

Waterproof 
Membrane

30

Design of Shelf Angles

• Grimm and Yura (1989)

• Tide and Krogstad (1993)

Masonry Cavity Walls
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Shelf Angle Tables

Masonry Cavity Walls

32

Hung Shelf Angle

Masonry Cavity Walls
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Hung Shelf Angle
(See preceding slide)

Masonry Cavity Walls

34

Example Drawing Detail

Masonry Cavity Walls
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Example Drawing Detail

Masonry Cavity Walls

Thermal Isolation Pad

36

Example Drawing Detail

Masonry Cavity Walls

Thermal 
Isolation Pad
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Plan Locations of Hangers

Masonry Cavity Walls

38

Plan Locations of Hangers

Masonry Cavity Walls
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Plan Locations of Hangers

Masonry Cavity Walls

40

Long Hangers

Masonry Cavity Walls
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Long Hangers
(See preceding slide)

Masonry Cavity Walls

42

Long Hangers

Masonry Cavity Walls
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Additional Rotation in Long Hangers

Masonry Cavity Walls

44

Other Concepts for Long Hangers

Masonry Cavity Walls
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Other Concepts for 
Long Hangers

Masonry Cavity Walls

46

Hung Angle – Back Up Runs By Slab

Masonry Cavity Walls
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Hung Angle – Back Up Runs By Slab
(See preceding slide)

Masonry Cavity Walls

48

Shelf Angle Supported At Slab Edge

Masonry Cavity Walls
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Example Drawing Detail

Masonry Cavity Walls

Thermal Isolation Pad

50

Example Drawing Detail

Masonry Cavity Walls

Thermal Isolation Pad
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Shelf Angle Supported At Slab Edge
(See preceding slide)

Masonry Cavity Walls

52

Potential Problems

• Inadequate provisions for the shelf angle 
adjustment:
– Too little masonry bearing on shelf angle

– Cavity too wide for specified masonry ties

• Flashing design does not accommodate 
projection of bolts or fasteners into the 
cavity at the shelf angle.

Masonry Cavity Walls
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Potential Problems

• Inadequate sealant joint size 

– Thermal movement and brick growth

– Spandrel beam deflections movements

• Support details at corners and atypical 
conditions are not clearly documented in 
the design.

Masonry Cavity Walls

54

Panelized Facade Systems

The most important strategy for 
support of panelized facade systems 
is to support the weight of each panel 

on no more than two points.

Panelized Facade Systems
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Types of Panelized Facade Systems

Panelized Facade Systems

EIFS Panels

Panelized Brick on Studs

GFRC Panels

Thin Stone Veneer

Precast Panels

56

General Description

Panelized Facade Systems
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Strategies for Support

Panelized Facade Systems

58

Two gravity 
support clips

Two tie-back 
pointsThin 

panel 
material

Backup Frame

Support of Backup Frame

Panelized Facade Systems
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Parameters Affecting Design

• Architectural Layout

• Relative Movements

• Magnitude of Lateral 
Loads

• Field Adjustability

• Durability

Panelized Facade Systems

60

Layout of Panels

• Architectural

• Shipping and erection

• Economics

Panelized Facade Systems
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Movement

• Vertical

– Horizontal soft joints

• Lateral

– Volume change

• In-plane story drift

• Out-of-plane 

– Wind, seismic

– Bowing

Panelized Facade Systems

62

Lateral Forces

Panelized Facade Systems
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Field Adjustability

Panelized Facade Systems

64

Fire Safing

• Approved materials

• Securely installed

• Prevents passage of 
flame and hot gases

Panelized Facade Systems
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Connection Types

Panelized Facade Systems

(Taken from reference Architectural Precast Concrete, Second Edition, PCI.  Used 
with permission Precast/Prestressed Concrete Institute in Design Guide 22)

66

Connection Types

Bearing Connections

Panelized Facade Systems

(Adapted from reference Architectural Precast Concrete, 
Second Edition, PCI. Used with permission 

Precast/Prestressed Concrete Institute in Design Guide 22.)
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Connection Types

Tie-back connections

Panelized Facade Systems

(Adapted from reference Architectural Precast Concrete, 
Second Edition, PCI. Used with permission 

Precast/Prestressed Concrete Institute in Design Guide 22.)

68

Connection Types

Tie-back connections for limited access.

Panelized Facade Systems

(Adapted from reference Architectural Precast Concrete, 
Second Edition, PCI. Used with permission 

Precast/Prestressed Concrete Institute in Design Guide 22.)
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Connection Types

Alignment Connections

Panelized Facade Systems

(Adapted from reference Architectural Precast Concrete, 
Second Edition, PCI. Used with permission 

Precast/Prestressed Concrete Institute in Design Guide 22.)

70

Alignment Connections

Panelized Facade Systems

Connection Types

(Adapted from reference Architectural Precast Concrete, 
Second Edition, PCI. Used with permission 

Precast/Prestressed Concrete Institute in Design Guide 22.)

Alignment 
connections on 
backside of panel

Embedded plate 
on backside of 
panel

Section View Elevation View
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Column-Supported Story-Tall Panels

Panelized Facade Systems

72

Spandrel-Supported Panels

Panelized Facade Systems
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Spandrel-Supported Panels

Panelized Facade Systems

74

Potential Problems

• Erection sequence may be complex when coordinating  
brackets, blockouts or recesses, and embedment plates. 

• Cantilever brackets on panels without sufficient stiffness 
may deflect or rotate significantly during erection. 

• Division of responsibilities for designing and providing 
attachment and support components may be unclear.  

Panelized Facade Systems
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Potential Problems

• Joints in architectural elevations are not coordinated with 
the points of load application to the primary structure as 
anticipated by the SER.

• Inadequate coordination and accommodation for 
adjustability results in greater eccentricities than 
anticipated by the SER, SSE, or both.

Panelized Facade Systems

76

Potential Problems

• Attachments designed by the SSE may inadvertently: 
– Deliver moments or otherwise load the primary structure with 

eccentric loads not anticipated by the SER designing the primary 
structure.

– Resolve horizontal and vertical kicker loads to lightweight roof 
elements that are not designed for the kicker loads.

– Apply loads to the bottom flange of the spandrel.

Panelized Facade Systems
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Aluminum Curtain Walls

Often the most important part of the aluminum 
curtain wall design is anchorage adjustability to 

the base building structure.

Aluminum Curtain Wall Systems

78

General Description

“STICK BUILT”

Aluminum Curtain Wall Systems
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General Description

“UNITIZED”

Aluminum Curtain Wall Systems

80

General Description

“UNIT AND MULLION”

Aluminum Curtain Wall Systems
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Strategies for Support

• Easily accessible attachments

• Adjustability

• Limit eccentricity

• Block-outs of fire proofing

• Factory drilled bolt holes in curtain wall

• Field-welded connections

Aluminum Curtain Wall Systems

82

Strategies for Support

Aluminum Curtain Wall Systems

Lateral Attachment

Dead + Lateral 
Attachment
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Architectural Parameters

• Location of mullions

• Joints

• System type

• Story height

• Acceptable mullion 
size

• Direction of span

Aluminum Curtain Wall Systems

84

Accommodating Thermal Movements

• Critical to performance

• Aluminum:  aAl ≈ 13x10-6 in/in/˚F

• Steel:  aS ≈ 6.5x10-6 in/in/˚F

• Concrete:  aC ≈ 5.4x10-6 in/in/˚F

• Facade temperatures may be 4 
times the interior temperature

Aluminum Curtain Wall Systems
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Accommodating Structural Movements

• Out-of-Plane:

– L/175 for curtain wall

– L/360 for members 
also supporting brittle 
finishes

– Max. of 3/4 in.

• In-Plane:

– L/360 common but 
may vary

Aluminum Curtain Wall Systems

86

Field Adjustability – Gravity Anchor

Aluminum Curtain Wall Systems
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Field Adjustability – Lateral Anchor

Aluminum Curtain Wall Systems

Vertical 
slotted 
holes

88

Attachment to Spandrel Beam

Aluminum Curtain Wall Systems
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Aluminum Curtain Wall Systems

Attachment to Spandrel Beam

90

Attachment to Spandrel Beam

Aluminum Curtain Wall Systems
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Aluminum Curtain Wall Systems

Attachment to Top of Slab

92

Aluminum Curtain Wall Systems

Attachment to Top of Slab
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Aluminum Curtain Wall Systems

Attachment to Top of Slab

94

Potential Problems

• Large gaps between the anchors and the 
primary building structure can result in excessive 
bending stresses. 

• Coordination of locations for adjustment.

• Slotted holes must be long enough to 
accommodate adjustment.

Aluminum Curtain Wall Systems



AISC Live Webinar Series
May 9, 2019

Design of Façade Attachments
Session L1:  Façade Attachments, Part 1

48

Copyright © 2019
American Institute of Steel Construction

95

Potential Problems

• Coordination of bolted attachments to the 
primary building structure. 

• Mullion splices should properly account for 
volume changes and movement of the primary 
building structure. 

Aluminum Curtain Wall Systems

96

Sizing Joints for Vertical Movement

Facade joints are building components just 
like mechanical or structural components 

and need to be explicitly designed.

Sizing Joints for Vertical Movement
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Joint Fundamentals

• Joints are necessary in all 
facades.

• Joints accommodate 
movement and 
tolerances.

• Joints control air and 
water - especially in 
barrier systems.

Sizing Joints for Vertical Movement

98

Movement Types
• Dead (Self) Load

• Superimposed Dead Load

• Live Load

• Snow/Rain Load

• Wind Load Drifts

• Seismic (Earthquake) Drifts

• Long-Term Shrinkage

• Differential Settlement

• Thermal Movements

• Moisture Movements

Sizing Joints for Vertical Movement
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Joint Movements

Pre-Service 
Superstructure 
Movements

DO NOT* need to be 
considered 
in the facade joint 
design. 

Superstructure 
Movements during 
Facade Installation

Unitized 
panel vertical 
adjustment

Vertical 
adjustment 
not possible

• Dead Load (Self-Weight) 
Deflections

• Superimposed Dead Load 
Deflections

• Facade Weight 
Deflections

MIGHT need to be 
considered in the facade 
joint design, depending 
on the facade type and 
its ability to be adjusted 
after installation. 
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Joint Movements

In-Service
Superstructure 
Movements

In-Service
Facade 
Movements

• Live Load Deflections

• Snow/Rain Load Deflections

• Wind Load Deflections/Drift

• Seismic Deflections/Drift

• Long-Term Shrinkage

• Differential Settlement

• Thermal Movements

• Moisture Movements

MUST be considered 
in the facade joint 
design.

MUST be considered 
in the facade joint 
design.

Sizing Joints for Vertical Movement
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Vertical Joint Movements
Facade Loads

• Weight of facade causes spandrel beam to deflect vertically

• Spandrel beam may twist under weight of facade at slab edge

• Twisting motion translates to additional facade joint closure

Sizing Joints for Vertical Movement

102

Vertical Joint Movements
Live, Snow, and Rain Loads

Sizing Joints for Vertical Movement
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Vertical Joint Movements
Live, Snow, and Rain Loads

Unloaded floor

Loaded floor

Unloaded floor

Potential “pinch points” 
include:

– Floors with different design 
live loads

– Unloaded floor beneath 
loaded floor

– Floor level immediately 
below the roof

– First level above foundation 
wall/base of facade 

Sizing Joints for Vertical Movement

104

Vertical Joint Movement
Creep and Column Shortening

• Creep deformations 
over time in concrete 
buildings

• Column shortening in 
tall buildings, 
particularly at lower 
floors

Sizing Joints for Vertical Movement
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Vertical Joint Movement
Differential Settlement

• Anticipated building 
foundation differential 
settlement (if any) must 
be accounted for in 
design of facade joints

Sizing Joints for Vertical Movement
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Facade Movements
Thermal Changes

• Building superstructure 
typically is fully enclosed 
within building thermal 
envelope 

• Facade elements must be 
designed to accommodate 
thermal movements:

–Morning to Night

–Winter to Summer

Sizing Joints for Vertical Movement
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Facade Movements
Thermal Changes

• Coefficient of Linear Thermal 
Expansion of Common Building 
Materials

M  =  ΔT  *  L  *  α

Thermal 
movement

Max Temperature 
Range

Length

Coefficient of Linear 
Thermal Expansion

L

Sizing Joints for Vertical Movement
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Facade Movements
Thermal Changes

• Thermally-broken curtainwall system 
will exhibit some differential thermal 
stresses.

• Slight bowing of the frame 
(dependent upon the thermal break’s 
ability to transfer shear forces)

• For facade joint sizing, 
conservatively assume NO thermal 
break within curtainwall system.

Alum. frame 
bowing due to 

thermal 
expansion

Alum. frame 
bowing due to 
thermal 
contraction

Sizing Joints for Vertical Movement
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Facade Movements
Moisture Changes

• Most relevant for masonry and stone 

• Brick masonry expands irreversibly due 
to water absorption by 0.02 – 0.07%.

Sizing Joints for Vertical Movement
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Joint Types:  Sealant

TENSION

COMPRESSION

LONGITUDINAL 
SHEAR

W

• Medium Modulus Silicone 
Sealant

– +50% / -50% typical 
movement capacity

– Not all sealant has the 
same movement capacity

– Need to confirm with 
manufacturer’s product 
data

Sizing Joints for Vertical Movement
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Joint Types:
Extruded Silicone Sheet

• Typical Capacities

• +200% capacity

• -75% capacity

Sizing Joints for Vertical Movement
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Load Combinations 
for Joint Design

• The building code provides some guidance on 
load combinations, but no specific requirements.

• Serviceability checks may allow lower forces and 
drifts; for example joint sealant movements.

• ASCE 7-16 Commentary suggests:

D + 0.5L + Wa

Sizing Joints for Vertical Movement
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Sizing Horizontal Facade Joints

• a = coeff. thermal exp.

• ke = coeff. Moisture exp.

• DT = design temp. change

• h = vertical spacing        
between joints

• dsil = deflection after 
sealant is installed

• M = compressibility of 
sealant material

• Tol = allowance for 
tolerance

• dps = deflection prior 
to sealant installation

’
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Sizing Joints for Vertical Movement

Example 7.1: Determination of 
Deflections for Structures Supporting 
Brick Veneers

116

J
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Sizing Joints for Vertical Movement

Example 7.1
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The design gap before sealant is installed with may be 
expressed by the following equation:

Sizing Joints for Vertical Movement

Example 7.1

J

Note that the shelf angle deflection includes deflection of the
horizontal leg of the angle as well as the deflection of the
shelf angle between attachments to the building structure.

120
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Sizing Joints for Vertical Movement

Example 7.1
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Sizing Joints for Vertical Movement

Example 7.1

J
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Effects of Vertical 
Movements on Vertical Joints

Effect on horizontal
joint due to vertical

movement.

Effect on vertical
joint due to vertical
movement.

Vertical Movements

Sizing Joints for Vertical Movement
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Effects of Horizontal 
Movements on Vertical Joints

Horizontal Movements

Effect on vertical joint 
due to horizontal
movement.

Sizing Joints for Vertical Movement

Effect on horizontal
joint due to horizontal 

movement.
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127AISC | Questions?
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Single-Session Registrants

• 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!

CEU / PDH Certificates
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Single-Session Registrants

• Reporting site (URL will be provided in the forthcoming email).

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

CEU / PDH Certificates
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4-Session Registrants

One certificate will be issued at the conclusion of the course.

CEU / PDH Certificates
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4-Session Registrants

Attendance and PDH Certificates
• For Session R1, you must pass the quiz to receive credit for the session.
• For Sessions L1 – L3, you have two options to receive credit for the session.

• Option 1:  Watch the live session.  Credit for live attendance will be 
displayed on the Course Resources table within two days of the session.

• Option 2:  Watch the recording and pass the associated quiz.

Videos and Quizzes
• Session R1 video recording and quiz access has been available since you registered.
• For Sessions L1 – L3, find access by the end of the day, Friday, after the live air date.  

(An email will be sent from webinars@aisc.org.)
• All video recordings and quizzes are available until 8:00 a.m. ET on June 17.
• Quiz scores are displayed in the Course Resources table.

Distribution of Certificates
All certificates will be issued after the course is completed (the week of June 17).  Only 
the registrant will receive a certificate for the course.

132

4-Session Registrants

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

Course Resources
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4-Session Registrants

Go to www.aisc.org and sign in.

Course Resources
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4-Session Registrants

Go to www.aisc.org and sign in.

Course Resources
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4-Session Registrants

Course Resources
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4-Session Registrants

Course Resources
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