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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

©
o
o
£
c
o
=
=
[=]
@
«
g
©
=
©
o
o
@
=
|

structural

STEEL

AISC Live Webinars

Today'’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
800.290.2715.

For additional support, please press *0 and you will be
connected to a live operator.
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AISC Live Webinars

Today'’s live webinar will begin shortly.

Please standby.

As areminder, all lines have been muted. Please type any
guestions 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
800.290.2715.

For additional support, please press *0 and you will be
connected to a live operator.

Iy
i| There's always a solution in steel!

Facade Attachments
to Steel-Framed Buildings

Presented by
James C. Parker, S.E., P.E.
Simpson Gumpertz & Heger Inc.
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Facade Attachments

to Steel-Framed Buildings

An AISC Webinar

James C. Parker
Simpson Gumpertz & Heger Inc.
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@ Field Testing

Methods

e ASTM C158- Strength of
Glass by Flexure

(Conditioned and Unconditioned)

« (C666- Resistance to Rapid
Freezing and Thawing

(100 and 200 cycles)
¢ Moisture exposure including
dye penetrant Resistance

There’s always a solution in steel!
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@ Enclosure Modernization
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AISC Design Guide 22

AN

\ Steel Design Guide
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Facade Attachments

to Steel-Framed Buildings
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Design Guide Objective

» To assist the practicing engineer in achieving
slab edge and spandrel beam details for
steel frames that are:

— Structurally sound

— Durable

— Economical

— Accommodating of fagade requirements

}| There's always a solution in steel! 15

Design Aids
Minimum Thickness of Bent Plate (in.) |

al Weight Concrete
Slab Overhang (in)
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Example Designs

Step 2: Consider Roll Beams at 9 ft on Center in
Place of Kickers.

Without kickers to brace the bottom flange of the
spandrel, torsion on the spandrel beam between the
roll beams must be considered. Using the “Flexural
Analogy,” a relatively simple, conservative method
is presented for calculating the additional vertical
deflection of the roll beams due to twist of the
spandrel. The hangers are located at the % points
along the torsionally unbraced length. >
simplicity, neglect the rotation of the roll
igures 7-21 and 7-22.

See

Spandrel beam span for torsion
Ly=91n

In this calenlation, the self-weight of the hangers,
brackets, and shelf angles has been ignored.

Paint of Spandrel Beam Rotation

Poo—-—

&) Torsional loads on spandrel beam

;| There's always a solution in steel! 17
Lateral displacement of spandrel beam bottom
flange at hanger location
/ ) .13 T
5P,L 5248 Kips)(9 1) (1,728 in 1
Ay = A
Te2EL, 162(29.000 ksi){ 124 in." |
=1L.268 in,
For simplicity, conservatively assume that  the
o ) bortom flange of the spandrel consists of a single
Equivalent rotation at top flange span, simply supported at the roll beams. Use Steel
- Construction Manual Table 3-23, Case 9 with loads
By = sin T‘_"'“ at the ¥ points to calenlare the deflection.  In
g reality, the bortom flange is continions, so the
=0.738° actual deflection would be somewhat less than that
which is reported here
Initial horizontal and vertical distances between
center of top flange of spandrel rotation and ’ t '
bottom of the shelf angle 1
% = Aoy + o+l =11 in.+ 2 in.+6 in. I B e
= 19.00in. !
yi=h, =, =40(12inM)-6.25in. “ar
=41.%in,
=
Fig. £7.3(g) Lateral
18
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Today’s Agenda

. Fundamentals of Facade Performance
Design Criteria

. Roles and Responsibilities

. Tolerances

. Slab Edges

. Spandrel Beams

. Masonry Veneer, and Other Wall
Systems

|| There's always a solution in steel! 19

Three Key Take-Aways

1. The design team needs to develop a
strategy for facade attachment and the
SER has a role in its development.

2. The current ASCE 7 and IBC have
explicit criteria for facade attachments
especially for seismic considerations.

3. The facade attachment strategy chosen
by the team will affect the design of slab
edges and spandrel beams.

) There's always a solution in steel! 20

There’s always a solution in steel! 10



American Institute of Steel Construction

]

Fundamentals of Facade Performance

The building envelope encloses the building,
controlling the transmission of air, water, heat,
sound, and light both into and out of the building.

21
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windows
walls
all interfaces

doors ”%

SSIAN
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There’s always a solution in steel!

Facade Attachments by James Parker

March 10, 2011

11



American Institute of Steel Construction

Fundamentals of Facade Performance

Barrier

& 23
There's always a solution in steel!

Time Line

Contemporary Curtain Walls

Wransitiovq

Load Bearing Masonry

24
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1890 1900 1910 1920 1930 1940 1950
There's always a solution in steel! o
Transitional Masonry Buildings
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)

Time Line

2000 1000s.c. 0 1000 ap. 2000
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There's always a solution in steel!

1918

1950

1960 1970 1980 1990 2000

32
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2]

Contemporary Curtain Walls

e “Skin” and Frame
Detailed to
Accommodate
Differential Movement

AT 33
There's always a solution in steel!

E]Functional Components of the Exterior
Wall System

Cladding
Joints
Insulation

Water barriers and air
barriers

Structure
Interior finishes

34

There’s always a solution in steel! 17
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Concepts for Control of Water
Infiltration

Barrier Walls

Internal Drainage
Planes

Cavity Walls
PE Rain Screens

35
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Problems Associated with Support
and Anchorage

» Anchors or support clips interrupt the flashing or
water barrier without proper repair.

» Anchors causing conditions of poor drainage.

» Anchors not stiff enough to prevent differential
movement that tears barriers.

» Damage to barriers during erection and
installation.

» Constructability issues, coordination of trade
Issues.

e 36
@ There's always a solution in steel!
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2
General Design Criteria
Facade/Wall System Criteria

1. structural integrity;

2. provisions for movement; and

3. envelope performance.

@ There's always a solution in steel! 3

2

Primary Criteria for Attachment

Structural Integrity

Accommodating Movement

Durability

Accounting for Tolerances and Clearances
Constructability

Economy

e 38
@ There's always a solution in steel!
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Structural Integrity

Redundancy ™ | , —
, \ uctility

Strength

39

@ There's always a solution in steel!

Gravity Loads

» Facade dead load

— Need to understand
materials and system

* Facade live loads
— Horizontal projections
e SER usually needs to

estimate before wall
is designed.

* Window washing
activities.

40

@‘\ There's always a solution in steel!
| Y

There’s always a solution in steel!

March 10, 2011

20



American Institute of Steel Construction

Facade Attachments by James Parker

o
There's always a solution in steel!

Table 2-1. Dead Loads for Fagade Components and Systems
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(b Hinge at Back of Facade

Gravity Load Eccentricities

fo) Overturning Resisted by

Horizontal Reaction ot
Support Attachments
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Gravity Load Eccentricities
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(a) Hinge at Center of Bearing of Facade Support
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Gravity Load Eccentricities
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(b) Hinge at Back of Facade
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Components and Cladd h > 60 ft.
Figure 6-17 External Pressure Coefficients, GCp
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|
Wind Loads

r

* Wind tunnel testing

There's always a solution in steel! | =

2]
Wind Loads

* Negative pressures
combined with gravity
eccentricities often
control attachment
design.

IR

48
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Seismic Requirements

1. Seismic Forces
2. Relative Displacements
3. Ductility

55 N 49

D There's always a solution in steel!

o ==
Seismic Loads -

TABLE 13.2-1 APPLICABLE REGUIREMENT?UFPOR ARCHITECTURAL, MECHANICAL, AND ELECTRICAL COMPONENTS:

PORTS AND ATTACHMENTS

Nonstructural Element General Design Force and DI and Electrical
{i.e., Compaonent, Support, Section 13.2 Section 13.3 Section 13.4 Section 13.5 | C
Attachment) Sectlon 13.6

X X X X
Mechanical and Electrical X A X X
Components with 1, =1
Supy achments X X X X
for Mechanical and
Electrical Components

50

E There's always a solution in steel!
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Seismic Loads -7

13.2.7 Construction Documents. Where design of nonstruc-
tural components or their supports and attachments is required
by Table 13.2-1, such design shall be shown in construction
documents prepared by a registered design professional for use
by the owner, building officials, contractors, and inspectors. Such
documents shall include a quality assurance plan if required by
Appendix 11A.

51

(m@ There's always a solution in steel!
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==
Seismic Loads -

13.3.2 Seismic Relative Displacements. The effects of seismic
relative displacements shall be considered in combination with
displacements caused by other loads as appropriate. Seismic rel-
ative displacements () ,) shall be determined in accordance with
the equations set forth in Sections 13.3.2.1 and 13.3.2.2.

52

@ : i i
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Seismic Loads !

13.4.3 Installation Conditions. Determination ol [orces in
attachments shall take into account the expected conditions of
installation including eccentricities and pryving eflects.

13.4.4 Multiple Attachments. Dctecrmination of force distribu-
tion of multiple attachments at one location shall take into account
the stiffness and ductility of the component. component supports.
attachments. and structure and the ability to redistribute loads to
other attachments in the group. Designs of anchorage in conerete
in accordance with Appendix D of ACI 318 shall be considered
to satisfy this requirement.

13.4.5 Power Actuated Fasteners. Power actuated [asteners
shall not be used [or tension load applications in Seismic Design
Categories D, E, and F unless approved for such loading.

13.4.6 Friction Clips. Frictionclips shall not be used for anchor-
age atlachment.

53

There's always a solution in steel!

N

Seismic Loads

13.5.3 Exterior Nonstructural Wall Elements and Connec-
tions. Exterior nonstructural wall panels or elements that are at-
tached to or enclose the structure shall be designed to accommo-
date the seismic relative displacements defined in Section 13.3.2
and movements due to temperature changes. Such elements shall
be supported by means of positive and direct structural supports
or by mechanical connections and fasteners in accordance with
the following requirements:

Py 54
@ There's always a solution in steel!
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2 -
Seismic Loads -7

a. Connections and panel joints shall allow for the story drift
caused by relative seismic displacements (D) determined in
Section 13.3.2, or 0.5 in. (13 mm), whichever is greatest.

b. Connections to permit movement in the plane of the panel for
story drift shall be sliding connections using slotted or oversize
holes, connections that permit movement by bending of steel,
or other connections that provide equivalent sliding or ductile
capacity.

¢. The connecting member itself shall have sufficient ductility
and rotation capacity to preclude fracture of the concrete or
brittle failures at or near welds.

55

(m@ There's always a solution in steel!
N

2 ==
Seismic Loads -

d. All fasteners in the connecting system such as bolts, inserts,
welds, and dowels and the body of the connectors shall be
designed for the force (F,) determined by Section 13.3.1 with
values of R, and a, taken from Table 13.5-1 applied at the
center of mass of the panel.

e. Where anchorage is achieved using flat straps embedded in
concrete or masonry, such straps shall be attached to or hooked
around reinforcing steel or otherwise terminated so as to effec-
tively transfer forces to the reinforcing steel or to assure that
pullout of anchorage is not the initial failure mechanism.

56
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2 -
Seismic Loads -7

 0.4a,SpsW, z
P = R, h

I,

| a,? Ry

Exterior Nonstructural Wall Elements and Connections”

Wall Element 1.0 2.5

Body of wall panel connections 1.0 2.5

Fasteners of the connecting system 1.25 1.0
Veneer

Limited deformability elements and attachments 1.0 25

Low deformability elements and attachments 1.0 1.5

57
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Relative Seismic Displacement

13.3.2.1 Displacements within Structures. For two connection
points on the same Structure A or the same structural system, one
ata height 7, and the other at a height /2,,, D, shall be determined
as

Dp = S,\'A - 5}‘/1 (133‘5)

Alternatively, D, is permitted to be determined using modal pro-
cedures described in Section 12.9, using the difference in story
deflections calculated for each mode and then combined using
appropriate modal combination procedures. D, is not required to
be taken as greater than

_ (hx - h,v)AuA

D
r By

(13.3-6)

o T 58
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Relative Seismic Displacement

The deflections of Level x at the center of the mass (§,) (in.
or mm) shall be determined in accordance with the following

equation:
Cd a,m
8y = (12.8-15)
1
where

C4 = the deflection amplification factor in Table 12.2-1
8. = the deflections determined by an elastic analysis
I = the importance factor determined in accordance with Sec-
tion 11.5.1

59

)| There's always a solution in steel!

Accommodating Relative Movement

» Spandrel deflections,
e Spandrel rotations,

e Column shortening,
» Bracket deflections,
* Inter-story dirft,

» Facade thermal,

* Facade moisture,

» Facade deformation
due to forces.

There's always a solution in steel!
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5 |

Accommodating Relative Movement
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2
Accommodating Relative Movement
* Rules of thumb and code provisions for
flexural stiffness control fagade material
cracking.
— L/360; L/600; etc.
@ There's always a solution in steel! 62
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2]

=

- Accommodating Relative Movement

 Joint criteria may control —
example:

— Say ¥ inch joint; allowable
movement of ¥4 inch, M=.33

— Say thermal and moisture is
1/8 inch; leaving 1/8 inch for
structural movement.

— Say design load movement
from 50% LL; then 100% LL
allowable movement = ¥,
inch.

— This is L/960 and L/1440 on

20 ft and 30 ft spans,
respectively.

XATL+K L

63
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Accommodating Relative Movement

Inter-story Drift from Lateral Loads

o Common drift limits:
— Wind
 H/400 (.0025H); or H/500 (.002H)
— Seismic
» .025 H (10 times wind!)
» For a 12 ft story height:
—Wind - 0.36 inches (but not less than %2”)
— Seismic — 3.6 inches

— .
i ;| There's always a solution in steel!
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2
Accommodating Relative Movement
Allows Restrains
Rotation Rotation o
450
§
\
|
| § |
8 ‘ A
(a) Rotation at Attachments (b) Flexure of Facade Element (Lélliiﬁ;ii:g::!];?:;:i;:;al;?Fn f;:jg
@ There's always a solution in steel! 66
[
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Accommodating Relative Movement

A [
*"\su_* = ?/z-*/z-*/z-*/z-yz.r/zf/zgz Doz

o

e A, O

T P

e

[

=

{a) Slip Along Horizontal Joint
-
.-E/ .
i :

5

e

/.’-’//.’-’//L’//.’-7/.’1"/%4//.'-’//.'-;: %

Ak Ak
11 1.
s et | s

(e} dn-Plane Drift Causing Joint Compression/Tension

E: There's always a solution in steel! -
i
Inter-Story Drift: Corners
E: There's always a solution in steel! -
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Shear and Flexural Deformations

I //j

“— Distortion
Between Pan

= No Disto
Between Panels

fa) Frame Shear Deformation Movement on Joints (b} Frame Flexural Deformation Less Movement at Joinis

69
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Limit States

» Code prescribed forces for safety:
— 50 yr. recurrence interval for wind
— 475 yr. recurrence interval for seismic

— Attachments must safely accommodate
forces.

— Joints must prevent hazardous damage;
falling hazards.

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

@ : i i
|. ;| There's always a solution in steel!

70

There’s always a solution in steel! 35



American Institute of Steel Construction Facade Attachments by James Parker
March 10, 2011

Tolerances and Clearances

e Tolerances:

— Permissible amount of deviation from a
specified criterion: dimension, shape, location.

e Clearances:

— Space purposely provided between two parts
to allow for movement, accommodate
tolerances and provide access.

71
@ There's always a solution in steel!
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Durability of the Attachment

» Attachments are usually hard to
inspect.

» Consider what happens if the
wall leaks.

» Consider how likely the wall is to
leak over time.

» Special attention to thin steel
parts or steel fasteners.

72
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2
Constructability and Economy
@ There's always a solution in steel! s
2

-

Summary of Criteria

» For Attachments:
— Structural Integrity
— Accommodating Movement
— Durability
— Accounting for Tolerances and Clearances
— Constructability and Economy

AT 74
@ There's always a solution in steel!
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3 e
Responsibilities for Facade
Attachments for New Buildings
i ' w '
» Owner « Fabricator, Erector
* Architect « CM. GC
* SER « Facade Contractor(s)
« SSE

(m@ There's always a solution in steel!

75

Responsibilities

» SER (Structural Engineer of Record)

— For this presentation, we mean the design
professional responsible for the structural
design of the primary building structure.

» SSE (Specialty Structural Engineer)

— For this presentation, we mean the design
professional responsible for the structural
design of the facade and/or facade
attachments to the primary structure.

@ : i i
|. ;| There's always a solution in steel!
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Responsibility

» The design of the facade elements and
their attachments are often NOT in the
scope of the SER responsible for the
primary building frame.

— Yet the SER must understand the facade
system and the strategy for attachment to
design the primary structure.

77
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Responsibility

» The performance specified elements
including attachments will often be
designed by the SSE working for the
contractor (but could part of the design
team).

— The SSE may not become involved until after
the frame is designed, even fabricated, and
even erected!

78
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SER

» Provides anticipated structural
movements.

» Designs frame and slab edge consistent
with attachment strategy.

m There's always a solution in steel!
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Masonry
Veneer
Example

SER

i ;| There's always a solution in steel!
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Story-tall PC
Panel Example

L Arch.

@ There's always a solution in steel! 81
P Column Supported PC Spandrel
Panel Example
.:i ZSSE
rl W
SSE
@ There's always a solution in steel! 8
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SER

Curtain Wall |
Example

/SSE

SER‘<\§@

@ There's always a solution in steel!
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Summary

e Communicate!

» Facade attachments are difficult because
every member of the design team has a
significant role in the planning, designing
and coordination.

84
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Accommodating Construction
Tolerances and Clearances

B

University of Southern Indiana

Adjustability must be provided between the
structural details and facade attachment details
to achieve a facade erected within acceptable
tolerances relative to the theoretical plane.

85
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Tolerances and Clearances

e Tolerances:

— Permissible amount of deviation from a
specified criterion: dimension, shape, location.

e Clearances:

— Space purposely provided between two parts
to allow for movement, accommodate
tolerances and provide access.

86
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Types of Tolerances

Material Production Tolerances
Fabrication and Assembly Tolerances
Erection and Installation Tolerances
Accumulated Tolerances

The AISC Design Guide
includes summaries of
major fagade materials and
components.

m There's always a solution in steel!
Y

el Dosign Guide

Fagade Attachments
o X5

reel-Framed Buildings

87

» Case Study:
— PC panel supported on
columns at 10™ story.
— 40 ft. span.
— Column plumbness:
* -2 inches in; +1 inch out.
— Steel beam sweep:
» +/- % inch.
— PC plan location at each
end: +/- %2 inch.

— PC bow: L/360 = +/- 1.33
inches.

i ;| There's always a solution in steel!
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Accumulated Tolerances

88
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Accumulated Tolerances

L

\

ii;"*: - T *““:-Ei o

89

@ There's always a solution in steel!
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Accumulated Tolerances

« Maximum change in planned gaps if using
all tolerance maximums:
— At columns:
* Open: 2 +.5 = 2.5 inches
e Close: 1+.5 = 1.5 inches
— At mid span:
* Open: 2 +.5 +.5 +1.33 = 4.33 inches
e Close: 1 +.5 +.5+1.33 = 3.33 inches

90
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Accumulated Tolerances

« Unlikely that all tolerances will vary to the
maximum allowed and all occur in the
same direction.

« However, no statistical data is usually
available to the designer about the
distribution of variation. ps

91
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Recommendations for Accumulated
Tolerances

» Understand the sources of variability.

» Understand the consequence of exceeding the
tolerance provisions in the details.

* Understand the costs associated with providing
means to accommodate the variability.

* For each project, the team should develop a
design criteria for addressing facade
accumulated tolerances.

92
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Slab Edge Conditions

The slab edge detail is an important
consideration when designing for fa
attachments.

93
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Factors that Influence the Design

* Type, weight and
location of facade

 Amount of slab
overhang

» Slab or deck capacity

» Application of facade
loads

» Similar conditions (or
not)

94
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1
Two Fundamental Approaches

« The slab or deck Approach 1

cantilevers and picks

up load.
» The designer does Approach 2

not count on the slab e

or deck to carry loads. (

A
95

m There's always a solution in steel!
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EApproach 1: Slab Cantilever Resolves

E I\
Slab Edge Loads Assumed
| - H
Slab 5_. f-H L /‘ mge
M £,
ef F F H
Spandrel Beam — ] g
MQ, # )
Section E
7 !
4 . ‘E L
‘ NOTES:
M, R M,
s @ The slab is designed as a
@ cantilever over the beam. The
R, slab resists the wall anchor forces
and delivers a vertical load to the

spandrel.

@ The spandrel beam is designed
for vertical reaction at beam, RSF’
no torsion.

96
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5]
Design of Slab Overhang

@ There's always a solution in steel! o
|\_w/
Design of Slab Overhang
N [
[
S | | +— Loaded Area
P : 1 /' at Edge
a1
| |2
® Ol
| |
\ " J
N | : |~ Slab Edge
| - Spandrel
\l | Beam Below
@ There's always a solution in steel! %
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Design Aids in Design Guide <, ,

Table 5-4. Cantilevered Slab Flexural Strength, ¢M., Kip-in. / ft
Concrete Compressive Strength . = 3,000 psi
3-in. Composite Floor Deck Parallel to Spandrel Beam

Slab : . .
Reinforcement Composite Floor Slab Total Thickness (in.)

Bars inim | 5 5 6 |64 6 | 7T [T 8 8w 8%
#3@1g®™ | o7 | 292 | 489 | 686 | 78 | 883 | 108 | 115 | 128 | 147 | 157 | 167
#3@16™ | 0ps | 328 | 552 | 776 | 89 | 100 | 122 | 131 | 145 | 167 | 178 | 190
#i@iz2 0.11 418 7.15 10.1 11.6 131 16.1 17.2 19.0 220 235 250
" #a@18® | g3 | 419 | 804 | 116 | 134 | 152 | 188 | 202 | 224 | 260 | 278 | 296 |

Table 5-8. Cantilevered Slab Flexural Strength, $M,, kip-in. / ft
Concrete Compressive Strength . = 3,000 psi
3-in. Composite Floor Deck Perpendicular to Spandrel Beam

.SIab . Composite Floor Slab Total Thickness (in.)

Bars | int | 5 | 5% | & | 64T | 6% | 7 |Th" | 7TH"| 8 | 8] 8
#3@18® | gg7 | 145 | 165 | 185 | 195 | 205 | 224 | 232 | 244 | 264 | 274 | 284
#3@16" | gog | 164 | 186 | 208 | 220 | 231 | 253 | 262 | 276 | 208 | 309 | 320
#3@12 | 011 | 214 | 243 | 273 | 288 | 303 | 332 | 34.4 | 362 | 392 | 407 | 422
#a@18% | 13 | 251 | 286 | 322 | 340 | 358 | 394 | 408 | 43.0 | 466 | 484 | 502

o
There's always a solution in steel!

i Table 5.1 Gage Metal Pour Stop
Selection Table for Normal Weight Concrete
20 | 20 | 20 | 20 |18 | 18 | 16 4 2 | 12 ] 1
0| 0] 2 B | 18 [ 1 1 [ i
20 FL 18
0 2 16 ]
20 20 16 4 12
20 | 18 | 18 1 7
20 16 4
E T
18 14| 14
18 1 i
18 4| 14 | 10
18 4| 14 10| 10
1 T 10| 10
16 1 10
[ 1 1 10
6 2 1 1 10
[ 7 | 1
4 12 10
LN BN 12 10 )
N 1 12 10
1 1 1
12 | 1 10 10
1
1
10 17 it wkis.
12 L @ 17 o \ pour 100 slab
12 | 1z | 1w destn
12 10 ’_/“\_A
12 | 1 10
Sam: ==
] 1] T ma
0] 1
sen note ="
AT o 100
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El U |
Design Aids in Design Guide
5.3.1 Minimum Thickness of Bent
5 a Pour Stop for Normal Weight
- T Overhang (in) —
4 5 1] 7 8 g 10 11 12 13 14 15 16 17 18
% | Phe | %he | Pt | Phe | e | e | he | *he | *he A 'Ia 'la *he | he
e | he e | he | Fw | e | ohe | e | s | s i s ' °he | “he
B | | e | S | P | Ve | e | e | Fe | i | te | e | Ve | Ve | e
he | %he | he | e | e | e | e | e | he | he s I 'Ia “he | “hs
e | he g e | *he | *he | *he | he | he A s "4 %16 *he | *he
he | 3he | 3he | Phe | Phe | Phe | e | e | She | Ma | a | ' | Phe | Phe | he
e | e | *he “he | he | he | *he | he | “he A s A °le e | he
%he | e | s | e | e | e | e | s | hs a "a s ®he | %he | “he
e | e | *he | Phe | *hs | Phe | *he | Phe | *he ‘a "a "a *he | “he s
*he | 3he | e | Phe | Phe | *he | Phe | Phe | Phe | Ma INta | Phe | Phe | he | fs
3 | s | e | %he | hs | Phe ) e | Gt | R | W %6 | he | She | *h
e | *he | *he | Phe | Phe | Phe | *he | *he (34 he | s
e | he | “he | “he | “he | “he | “he | “he (24 ’ he | e
“he | Phs | Phe | Phe | e | Phe | *he | *he *la 1
£n £n £n = Lo T En En En £n
TN 101
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elements

Alternate Locations
for Facade
Attachment Clips

siab— (6) O
RN

@
Overhang

Spandrel Beam

[

Section

Headed Stud or
Deformed Bar Anchor

1
O] ==

Attachment to Slab Embedment

There's always a solution in steel!

Antachment to Bent Plare

ﬂ Case 2 — Pour Stop Plus Means to Attach Facade

NOTES:
@ Design bent steel plate as pour stop.
Commonly #4 inch min. and J4 inch max
thickness. Consider steel plate over light
gage metal pour stop for large overhangs
and/or embedment plates.

Example of embedment plate for facade
attachment. Field weld or otherwise field
anchor to steel closure plate. Design to
transfer facade attachment loads to slab.

Shop weld pour stop to spandrel beam if
tolerances are accomodated in the facade
attachment details; otherwise field weld.

Overlap as necessary for weld design.

Maintain minimum clearance for headed
studs.

Design slab to cantilever over spandrel
and support loads from facade
attachment.

102
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Design Aids in Design Guide
Table 5.4.1
Headed Stud Tensile Capacities in 4,000 psi Normalweight Concrete Slab Edges, ¢N, (kip)
Headed Slab Thickness (in.)
Stud Embedment -
Diameter | Depth(in) | 4 |4'% | 5 |s'%| 6 |6 | 7 | 7% | 7% | 8%
n.
e 6 266 | 3.03 | 340 [ 378 | 4.16 | 456 | 4.96 | 5.16 | 5.30 | 5.99
K 8 301 | 341|382 424|486 |500|530| 574|530 | 6.64
10 332 | 375|420 | 465 | 511 | 530 | 5.30 | 6.27 | 5.30 | 7.23
6 2,66 | 3.03 [ 340 | 3.78 | 4.16 | 4.56 | 4.96 | 5.16 | 537 | 5.99
%t 8 301|341 [382]|424| 4866|509 |552|574 |59 | 664
10 332 | 375 [ 420 | 465 | 5.11 | 557 | 6.04 \6.27 | 6.51 | 7.23
6 2.66 | 3.03 [ 340 [3.78 [ 416 | 456 | 47 0\6 5.37 | 5.99
A 8 3.01 [ 341 [ 382 | 424 | 466 [ 509 ¢%. ¢ 5.96 | 6.64
10 3.32 | 3.75 | 420 | 466 [ 511 ] 57 Vs 7.23
Tables for shear forces included too.
2 103
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ELApproach 2: Slab Cantilever Does Not
Resolve Eccentricity

F

"

Slab Edge Loads

- Shb T ) -F

" -
Spandrel Beam }:}'
Mﬁ-!'
R =F+R
“ sP 14 slab
L~
]
< > T
L - ]
104
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5]

Kickers

Slab Edge Loads

Section

F. "‘@

b

Y ®
N E B
<~k

F

H

®

F

VK
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1] ”
Roll” Beams
F
J Slab Edge Loads
____________ 1
r Siab ] K,
O ~m,
|- Spandrel Beam
Section
3
. r Vn.ﬂ iiﬁJ ?;'P
® OLL> .
E There's always a solution in steel! 106
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Example 5.3- Design Bent Plate as a Pour Stop

Excerpts from Design Guide. See Design Guide for complete,
detailed example.
@

E

|
. . |
Slab Remforcmg Steel - j"\ Bent Plate Pour Stop
(Designed Elsewhere)

b Spandiel Beam

W18x50

Fig. E5.3{a) Edge of slab with bent plate pour stop.

107

Design of Steel Spandrel Beams

//y

\i
%
=

The design of the spandrel beam is more than
selecting a wide flange shape that meets fl
strength and stiffness criteria.

E There's always a solution in steel!
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General Design Considerations

* Flexural Strength

— Composite or
Noncomposite?

— Part of a Moment
Frame?

— Any weak axis
bending?

109

(m@ There's always a solution in steel!
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General Design Considerations

* Flexural Stiffness
— Precomposite DL

— Post-composite DL
* Facade load
* Superimposed DL

— Superimposed LL
— Floor vibrations

— Creep, long-term
— Weak axis loads

110
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General Design Considerations

» Torsion?
— Resolved at columns?
— Kickers?
— Roll beams?

— Rotation and projected
translations?

(*7 §q o 111
|-@E/; There's always a solution in steel!

=)

. . . .
General Design Considerations

e Connection to
Columns
— Simple shear?

— Special copes, non
standard?

— Horizontal forces?
— Torsional forces?

112
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General Design Considerations

» Spandrel dimensions

— Flange width
— Flange thickness
— Project consistency

@ There's always a solution in steel!
R

113

-

General Design Considerations

e Centerline location
— Column connections?
— Minimize fagade
eccentricities?

— Clearances for
adjustments?

@ There's always a solution in steel!
|
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o

Deflection and

e Curvature

— L/360, L/400, L/60
etc.

for joints

as well as vertical
deformations

» Absolute magnitude

e Must consider rotation

Movement Limitations

Undeformed Shape

(Shown Dashed) ‘X-’

0,

el
( ‘ . o 115
|-\E/; There's always a solution in steel!
BV
s T
N
1N
ot BN
\\‘
\
i = N
N
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W
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I
N
N
4
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N
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|> \\\_ Wind
hod N .
[:;; N Soft Joint
Q‘: Aligns with
'; \\\\ Window Heads
Lo ol
(aj Brick vencer and -—'—(M Facade forces
= HIEEZ(JS!’ Lorsion on
block facade sysiem
spandrel beam
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E

Kickers remove torsion

| | | | | | |
A A0 TR TR T > 7>-T [ I
(ot | | | | | | | |
1 1 1 1 1 [ T & »
SHELE MLE—j\
FLA YiEk
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118

There’s always a solution in steel!

March 10, 2011

59



American Institute of Steel Construction

Facade Attachments by James Parker
March 10, 2011

Kickers reduce torsion —
torsion in spandrel between
kickers.
| | |
| 5@\«\11:;3@! I I
ReAM | | % I
o™ | | |
1 1 4 1 L L kL L=
SHELE ANGLE j\
At viglkd
. 119
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/ ] / .
: Roll beam reduces torsion.
: Torsion in spandrel between
1 | roll beam and columns.
] spariopEel. N
| HI=2D
(oL~ n
1 1 4 1 [ L kL L=
SHELE ANGLE j\
At viglkd
A 120
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o

Design approaches

» Detailed guidance on

' @ Tsne;s
torsional stresses and e s D G,d Series

rotations of bare steel Torsional Analysis of

W| d e _ﬂ an g es h ap es. Structured Steel Members
* Rotation about center

of shape.

121
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E

Design approaches

(a) Flexural Analogy for Calculating Idealized
Rotation Ienoring Slab Restraint

122
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~— Moment
in Slab

Center of /
i e
Center of Rotation

Rotation

il

(a) fdealized Torsion-fgnoring Slab

(b Actual Torsion-Slab Flexure

Restraining Motion

(m@ There's always a solution in steel!
N

Center of Rotation

Center of

fc) fdealized Torsion-fgnoring Slab
Flexure but Including In-Plane Resiraint

— Assumed
/ Pinned to Slab

va

e
!

123

E

Slab Resisting Torsion

&

@ : i i
|. ;| There's always a solution in steel!

124

There’s always a solution in steel!

62



American Institute of Steel Construction

Facade Attachments by James Parker

Effects of Rotation at Slab

() Flexural Analogy for Calculating ldealized

Rotation Ignoving Slab Restraint

@ : i i
|. ;| There's always a solution in steel!
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£l .
Modified Flexural Analogy
Al
- F=1/h - F=T/h
L . F - F

(b) Flexural Analogy for Calculating
Rotation with Top Flange Braced
Laterally - No Rotational Restraint by

Slah or Deck

126
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- FEM

— 10 ft
— 30 ft

-

 Three models

— Modified DG #9
— Modified Flex. Analogy

* Two spans

* Two load shapes
— Concentrated
— Uniform

Appendix A Study

BN e G e b b e s ooy g

s ——— W0 s |

o | EEY O Ta e | s | 8 s | G|l e | v [ | a7

e o 127
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Conditions with Torsion

-
1i
)
2
i
b
Spandrel o
Beam ‘::‘ oo
—f 1
Section 1
£
———F,
=
I ®
}L T

Framing Part-Plan
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El Options for Increasing Rotation
Resistance

(Note: Sheathing and Insulation Not Shown for Clarity, Typ.)

(a) Wide-Flange Beam with (c) Wide-Flange Beam/H58
La) Pide I'lange Heam with, (hj HES Al S B 00
Cover Plate _— Combination

129
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Example 6.1

Excerpts from Design Guide. See Design Guide for complete, detailed example.

@ 10-0",, 6"to Edge
of L6 x4

100" to G hy
Adjacent Beam | 6" 3"
-~ £k
Roofing T = o E: q
) /™ S
3" Roof Deck -/ Deck 2l =
Curtain Wall , - S I
Wide Flange ‘e Mullion at Span ™ 2=
. ] &=
Spandrel Beam — _l_ 520" o.c. = N
. =
L | }
T q

N

Fig. E6.1(b) Roof plan at spandrel beam.

130
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Masonry Cavity Walls

The strategy for supporting masonry cavity walls
with the decision for the location of the

131
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Volume Change

132
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Good Movement Joints
Fl
¢ o T Building
Corner
.:u‘{. :. : 'Hﬁri?mltal..__f T
. Floor e e e e e "Soft" Joints
& T Eewiidow T T T T -
0 Opening Typf 0\
== ——NJ
133
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Strategies:
Punched
Openings

Elevation

| @ o b
( : ) A &
ﬁ jj = 1Y |
Block or Metal —=— Punchec
Stud Backup = Window
\ Opening
=
=3 g
S5 L cavity w
o Cavity “ all.
~ (Insulation,
b AL b L and
L S - Flashing Not Shown
S Tor Clarity.
~

NOTES:
@ Soft joint below shelf angle.

@ Movement joint between shelf
angle assembly and backup wall
below. The connection to
underside of shelf angle assembly
provides out-of-plane lateral
support to the backup wall.

@ Movement joint between shelf

angle assembly and window head.

The window head connection
provides out-of-plane support of
the window.

Backup wall of block or metal
studs below movement joint is
supported on floor slab.

Backup wall above movement
joint is supported on shelf angle
assembly and anchored to
underside of floor slab.

OO

(<

Hangers from plate brackets
support the shelf angle assembly.

Roll beams or kickers can resist
the twist of the spandrel beam.

ONON

135

Elevation

@

Strategies:
Strip Windows

o/

Strip Window — e

Metal Stud Backup —,

Cavity Wall (Membrane, Insulation,

and Flashing Not Shown for Clanity)

/

%

NOTES:

@ Strip window. The shelf angle is
at the window head.

@ Movement joint between shelf
angle assembly and window head.
The window head connection
provides out-of-plane support of
the window.

©

Metal stud backup wall is
supported off of the hung shelf
angle assembly. Studs are
connected to the edge of the slab
and cantilever up to provide
vertical and out-of-plane support
at the sill of the strip window.

At the roof, the metal studs
cantilever up past the slab edge to
form the parapet.

Kickers or roll beams can resist
the twist of the spandrel beam.

The finish ceiling location may
dictate the location of the kickers.

Lateral tie to slab so studs can
cantilever by edge of slab up to
sill of window for out-of-plane
support of window.

@0 O
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There’s always a solution in steel!

March 10, 2011

68



American Institute of Steel Construction Facade Attachments by James Parker
March 10, 2011

|
Strategies: e ©
Shelf at Slab }T@

@ NOTES:
®

Soft joint under shelf angle.

Bent plate forms edge of slab and
provides the means to connect the
shelf angle to the slab.

Elevation

Punched Window —=

® OO

The backup is connected to the
underside of the floor slab for
Metal Stud or Block Backup out-of-plane restraint only;

(Metal Stud Shown) vertical and in-plane movement is
unrestrained.

©

Loosce lintel over punched
opening, The lintel supports the
veneer over the window and bears
on the veneer. The lintel is not
anchored to the backup,

Cavity Wall (Membrane, Insulation,
and Flashing Not Shown for Clarity) |

= 137

Vertical Movements

teh + ol ATk
Design Vertical
Movements

h» ey b

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

138
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Vertical Movements

+/-30% J

There's always a solution in steel!
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In-Plane Movements

140
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Top of Wall Connections

141

L,
@ There's always a solution in steel!
| uy

Plan Locations Of Hangers
@ 11 Building Column

@ ) — Spandrel Beam

(a) Hung Shelf Angle at Column

142

L,
@ There's always a solution in steel!
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Plan Locations Of Hangers

g Masonry Veneer
Building Column ,F
Spandrel Beam

.

(c) Hung Shelf Angle at Building Corner

143

@ There's always a solution in steel!
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Example Drawing Detall

1" Gusset Plate (@

. 40" o.c. with
Vertical Slots for
Adjustment

Ve Erection Bolts

L.5x5x% Shell Hanger (@
4-0" o.c. with Horizontal
Slots for Adjustment,

’/ Adjustable Item.

|
\ Touch-Up with
AT Zinc-Rich Coating

14" Plate

. 7 =
3-Sides o RN
l Erection Bolts in
| Vert. Long Slotted
W 3 p | Holes.

PARVEET Cont. L7x4x¥% LLH

Shelf Angle (Galv.),

Continuous %" x 6" Plate Adjustable Trem.

(Note: Sheathing and Insulation Not Shown for Clarity, Typ.)

@Th sal lution in steel! w
fl ere's always a solution in steel!
|

-

There’s always a solution in steel! 72



American Institute of Steel Construction

Shelf Angle Tables

Table 7.1.1 Vertical Deflection at Tip for Shell Angle (in.)
1
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Precast Concrete Wall Panels

The most important strategy for support of
precast concrete panels is to support the weight
of each panel on no more than two points.

T
There's always a solution in steel!
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Strategies For Support

L
e
.

KEY:
I Indicates direction of in-plane load resistance.
X Indicates out-of-plane load resistance.

147

(m@ There's always a solution in steel!
N

Seismic Forces

148

@ : i i
|. ;| There's always a solution in steel!
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[ Top of Roofing

Spandrel Supported

|@ There's always a solution in steel!

149

Column

O~
N
Spandrel Beam Not

Shown for Clarity —

\

|@ There's always a solution in steel!

Story-Tall
Precast Panel

L]

Column Supported Story-tall

NOTES:

©

®
®
®

Shim stack (or leveling bolt)
bearing support at panel joint.
Joint to allow differential vertical
movement.

Steel bracket bearing connection.
Typically designed by the SSE.

Tie-back connection at top of
lower panel to allow vertical and
horizontal relative movement.

Stiffener plates (as required).
Consider impact of stiffeners on
the out-of-plane spandrel beam
connection.

Maximum allowable eccentricity
(e)) specified by the Structural
Engineer of Record,

150
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Aluminum Curtain Walls

Often the most important part of the aluminum

the base building structure.

curtain wall design is anchorage adjustability to

There's always a solution in steel!

151

Strategies for Support

Easily accessible attachments
Adjustability

Limit eccentricity

Block-outs of fire proofing

Factory drilled bolt holes in curtain wall
Welded field connections

152
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/}
/.

9
Strategies for Support

NOTES:
Dead load attachment. Curtain wall
hangs from roof structure in this
example. Attachment detail needs to

provide vertical and horizontal

adjustments.

Wind load attachment. Detail

provides out-of-plane support of

mullion and allows vertical
ovement relative to structure,

153
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4" /a@12

9
Attachments

3 Stdcs>W

3/8" Thk. Plate
Stiffener at

Locations of
Stiffener on Other
Side Except
Within 1'-0" of
Full Depth

Beam-to-Spandrel |
Connection —/

—Curtain
/ Wall
Cont.
3/8" Bent
Plate

—1/4" Thick
Half-depth Plate
Stiffener at 3'-0"
0.c., Max. Spacing

\f
\ 3/16" ;
316"

154
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E Glass Fiber Reinforced Concrete
Facade Panels

The GFRC panel and the backup frame
Ise the GFRC facgade; a lightweight
cast concrete panels that can

There's always a solution in steel! 155
o] General N
H . Window
Description |
\
GFRC
Backup Frame L
- Window
There's always a solution in steel! 156
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Support of Backun Frame

AT 0 gravity
] support clips

. Ay L -
T /(/ 41 wo tie-back

points

GFRC ——m>

Backup Frame ;

157

(m@ There's always a solution in steel
N

E)

GFRC Field Adjustability

TACK

@ : i i
|. ;| There's always a solution in steel!
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®l  GFRrC Field
Adjustability

There's always a solution in steel!

NOTES:

® @ © VOO

GFRC panel skin.

Skin anchors to backup frame.
Backup frame.

Connector angles in backup frame.

Bent plate at slab edge designed
as pour stop and anchored to slab
to transfer panel loads to the slab.

Slab edge clearance. 1 inch
minimum, 2 inch preferred.
Provide adjustable slab edge detail
if possible.

Attachment clip. Attachment to
provide both vertical and
horizontal adjustment.

Tie-back attachment. Lateral
flexibility through bending of
threaded rod.

Hanger and kickers as required for
tie-back forces.

Exterior Insulation Finish System

There's always a solution in steel!

EIFS — Finish and base coat; expanded
ene insulation; drainage plane;
ior sheathing; metal studs;

160
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The EIFS Panel

NOTES:

Metal stud backup panel frame.
\ l(/—l i Sheathing.

| Adhesive.

EPS insulation.
Polymer-modified cement base

coat, glass-fiber fabric, and
acrylic-based, textured finish.

#15 asphalt saturated felt paper.

Ribbed PVC lathe for drainage

plane.

| i | P\l

{a) Conventional EIFS (B} Drainable EIFS

Mechanical fastener with disc
washer.

® OO OOOOO

D There's always a solution in steel!

161

NOTES:

mEIFS Strategies Q) s sty .

@ Backup frame, integral with panel.

T @ Joint between story panels must
accommodate vertical movement
| of spandrel beam and lateral
movement from inter-story drift
of frame.

@ Pour stop. Bent plate or light
gage metal. Needs in-out
adjustment.

@ Clearance needed between slab
edge and back of EIFS sheathing.

@ Clearance needed between
underside of slab and top of
backup frame.

@ Tie-back connection.

162
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Stone Veneer

We distinguish stone veneer from
masonry veneer when the stone is
embled in prefabricated wall
ach stone is individually

163
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Thin Stone Veneer Panels

164
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=

Floor

Gravity Support

Tie-backs (out-of-

Thin Stone Veneer Panels

Panel

plane restraint only)

Floor ______1
/«‘I{F |

|
E There's always a solution in steel! 165
Thin Stone Veneer Panels
Floor ?
Tie-backs (out-of-
plane restraint only)
Gravity Support -

E There's always a solution in steel! 166
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Stone Veneer
on Rails

Backup Wall —

Stone Anchors

teel Rail

Rail Anchors

Membrane

167

Stone Veneer on Rails

12'=6" MODULE

168
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Key “Take-Aways”

1. The design team needs to develop a strategy for
facade attachment and the SER has a role in its
development.

2. The current ASCE 7 and IBC have explicit

criteria for facade attachments especially for
seismic considerations.

3. The facade attachment strategy chosen by the
team will affect the design of slab edges and
spandrel beams.

169
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AISC Seminars

2011 Spring Schedule — 6 seminar topics coming to
26 cities

Upcoming Cities for March:

Cleveland, OH - Omaha, NE

Richmond, VA - Buffalo, NY
Harrisburg, PA - Washington DC
Las Vegas, NV - Portland, OR

www.aisc.org/seminars
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AISC Webinars

2"d Thurday of the month

e April 14, 2011: High Strength Bolting — Geoff
Kulak

e June 9, 2011: Extended Shear Plate Connections
— Larry Muir

e July 14, 2011: Design For Stability — Lou
Geschwindner

www.aisc.org/webinars

171
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AISC elLearning

Over 60 hours of presentations available
anytime, online.

CEUs/PDHs are available.

www.aisc.org/elearning
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AISC SteelCamp

2 day, 4 topics, 15 hours of Continuing
Education,
One low price.

New York City — June 16-17
San Francisco — July 21-22

www.aisc.orqg/steelcamp

) There's always a solution in steel! 173

Please give us your feedback!
www.aisc.org/cesurvey

Thank You!
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