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PREFACE

The MBMA Metal Building Systems Manual incorporates the results of research undertaken
by MBMA, its member companies and other industry groups. In many respects, it reflects
refinement and advances in the knowledge of load application methods and design. This
edition of the Metal Building Systems Manual replaces the 2006 edition with 2010
Supplement.

Most municipalities in the United States have now adopted a building code. In the past,
where a building code did not govern the design, the recommended loads in the MBMA
Low-Rise Building Systems Manual (the predecessor to the Metal Building Systems Manual)
were often specified. In recognition of the decreased need for MBMA loads, the Metal
Building Systems Manual now focuses on how to apply the loads specified by the
International Building Code and ASCE 7. Although the information in the new manual can
be applied to low-rise buildings in general, it concentrates on issues related to design, code
compliance and specification of metal building systems.

Use of this manual is totally voluntary. Each building manufacturer or designer retains the
prerogative to choose its own design and commercial practices and the responsibility to
design its building systems to comply with applicable specifications and safety
considerations.

This 2012 edition of the MBMA Metal Building Systems Manual brings the manual into
conformance with the 2012 Edition of the International Building Code and ASCE 7-10. It
incorporates the results of research and development undertaken by MBMA, its member
companies and other industry groups. It also updates referenced standards to the current
editions.

Although every effort has been made to present accurate and sound information, the
responsibility for individual project's rests with the design professional and contract parties.
MBMA assumes no responsibility whatsoever for the application of this information to the
design or construction of any specific building system.

MBMA expressly disclaims all liability for damages of any sort whether direct, indirect or
consequential, arising out of the use, reference to, or reliance on this manual or any of its
contents. MBMA DISCLAIMS ANY AND ALL WARRANTIES EXPRESS AND
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
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Chapter 1 Design Practice and Load Application

1.1 Background

Historically, there have been approximately 5,000 building codes in the United States,
patterned after the three model building codes and various national and industry standards.
Before entering into a brief discussion of these documents, it may be worthwhile to point out
the difference between a national or industry standard (e.g., this manual), and a local building
code. The purpose of a building code is to provide legal standards for the design and
construction of buildings and structures in order to protect life, health and welfare of the
citizenry. Thus, in its simplest context, a code is intended to provide for the safe use of
buildings and structures under "normal" conditions. A national or industrial design standard,
on the other hand, may be more inclusive, address other areas or reflect particular industry
applications. Such documents usually contain more sophisticated design procedures and may
predict design loads more accurately.

Most cities, counties, and other governmental jurisdictions have traditionally adopted one of
the three model codes, with local modifications. These are the National Building Code,
promulgated by Building Officials and Code Administrators International, Inc. (BOCA);
Standard Building Code, promulgated by Southern Building Code Congress International,
Inc. (SBCCI); and Uniform Building Code, promulgated by the International Conference of
Building Officials (ICBO). This regional approach to code development has undergone a
transition to national model codes. The International Code Council (ICC) was established in
1994 by BOCA, SBCCI, and ICBO as a nonprofit organization dedicated to developing a
single set of comprehensive and coordinated national model construction codes. Their
International Building Code (IBC) has been adopted by a large number of municipalities,
although one must check with the local authorities to see if they have adopted any
amendments to the IBC.

A few of the more important national standards promulgating bodies and industry practice
developers are:

Metal Building Manufacturers Association (MBMA)
American Iron and Steel Institute (AISI)

American Institute of Steel Construction (AISC)
American Society of Civil Engineers (ASCE)

Building Seismic Safety Council (BSSC)

American Welding Society (AWS)

American Society for Testing and Materials (ASTM)
American National Standards Institute (ANSI)
Underwriters Laboratories (UL)

National Institute of Standards and Technology (NIST)
American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE)
Department of Energy (DOE)

International Accreditation Service (IAS)
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The mailing addresses and telephone numbers of the main offices of each of these
organizations are listed for convenience in Appendix A15.

In addition, AISC and AISI have generated numerous design guides that are of use to metal
building designers. A list of reference design guides from these organizations is shown

below.

Design Guide 1:
Design Guide 2:
Design Guide 3:

Design Guide 4:

Design Guide 5:
Design Guide 6:

Design Guide 7:
Design Guide 8:
Design Guide 9:

Design Guide 10:
Design Guide 11:
Design Guide 12:

Design Guide 13:
Design Guide 14:
Design Guide 15:

Design Guide 16:

Design Guide 17:
Design Guide 18:
Design Guide 19:
Design Guide 20:
Design Guide 21:
Design Guide 22:
Design Guide 23:
Design Guide 24:
Design Guide 25:

Design Guide CF00-1:
Design Guide D111-09:

AISC Design Guides

Base Plate and Anchor Rod Design (2006) 2™ Edition

Design of Steel and Composite Beams with Web Openings (1990)
Serviceability Design Considerations for Steel Buildings (2003)
2" Edition

Extended End-Plate Moment Connections Seismic and Wind
Applications (2004), 2™ Edition

Design of Low- and Medium-Rise Steel Buildings (1991)

Load and Resistance Factor Design of W-Shapes Encased in
Concrete (1992)

Industrial Buildings — Roofs to Anchor Rods (2004), 2" Edition
Partially Restrained Composite Connections (1996)

Torsional Analysis of Structural Steel Members (1996)
Erection Bracing of Low-Rise Structural Steel Frames (1997)
Floor Vibrations Due To Human Activity (1997)

Modification of Existing Steel Welded Moment Frame
Connections for Seismic Resistance (1999)

Wide-Flange Column Stiffening at Moment Connections (1999)
Staggered Truss Framing Systems (2002)

AISC Rehabilitation and Retrofit Guide: A Reference for Historic
Shapes and Specifications (2002)

Flush and Extended Multiple-Row Moment End-Plate
Connections (2002)

High Strength Bolts — A Primer for Structural Engineers (2002)
Steel-Framed Open-Deck Parking Structures (2003)

Fire Resistance of Structural Steel Framing (2003)

Steel Plate Shearwalls (April 2007)

Welded Connections — A Primer for Engineers (2006)

Fagade Attachments to Steel-Framed Buildings (2008)
Constructability of Structural Steel Buildings (2008)

Hollow Structural Section Connection (2010)

Design of Web-Tapered Members (2011)

AISI Design Guides

A Design Guide for Standing Seam Roof Panels
Design Guide for Cold-Formed Steel Purlin Roof Framing
Systems
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1.2 Design Practice

The design responsibility for a metal building system is covered in Section 3.1 of Chapter 4
of this manual. Contrary to popular belief, MBMA does not generate any design standards.
The design typically comes under the jurisdiction of the municipality and building code
where the building is to be located.

The design standards, which cover the various members that comprise a metal building
system, have remained consistent throughout the years in the building codes. The following
requirements in the International Building Code (IBC 2012), Chapter 22 are summarized
below:

e Structural Steel — the design, fabrication and erection of structural steel for
buildings and structures shall be in accordance with AISC 360 Specification for
Structural Steel Buildings (Ref. IBC 2012, Section 2205.1). Structural steel
includes steel elements that are defined in the AISC Code of Standard Practice for
Steel Buildings and Bridges, Section 2.1. With regard to a typical metal building
system, this would cover all the structural steel used except cables for bracing,
cold-formed steel products (girts, purlins, and cladding), and crane rails.

e Steel Joists — the design, manufacturing and use of open web steel joists and joist
girders shall be in accordance with the appropriate Steel Joist Institute
specification listed in IBC 2012, Section 2207.1. Steel joists are typically used in
metal building systems as a substitute for cold-formed purlins where spans are
longer.

o Steel Cable — the design strength of steel cables shall be determined by the
provisions of ASCE 19 Structural Applications of Steel Cables for Buildings (Ref.
IBC 2012, Section 2208.1).

e (old-Formed Steel — the design of cold-formed carbon and low-alloy steel
structural members shall be in accordance with the North American Specification
for the Design of Cold-Formed Steel Structural Members (Ref. IBC 2012, Section
2210.1).

1.3 Load Application

This section provides guidance on the application of loads to metal buildings from the IBC
2012. For some provisions, the IBC 2012 makes direct reference to the American Society of
Civil Engineers Minimum Design Loads for Buildings and Other Structures (ASCE 7-10).
Therefore, both of these source documents are cited accordingly. This section also provides
additional commentary and interpretation of the IBC 2012 and ASCE 7-10 provisions where
needed. The user should refer to the source documents for a complete presentation of the
loading requirements and only use this manual as a review and commentary.

The mailing addresses and telephone numbers of the main offices of each of the code and
standard organizations in the United States are listed for convenience in Appendix A15.
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1.3.1 Definitions

Terms used in the IBC 2012 and ASCE 7-10 that are referred to in this manual are defined
below. Where the definition or portions thereof are quoted directly from the source
document, it is provided in italics and the reference cited.

Importance Factor — A factor that accounts for the degree of risk to human life,
health, and welfare associated with damage to property or loss of use or functionality
(Ref. ASCE 7-10, Section 1.2.1). Importance factors are given for snow loads, and
seismic loads in ASCE 7-10. They are based on the Risk Categories defined in IBC
2012 Table 1604.5. A summary is provided in this manual as Table 1.3.1(a).

Deflection — Those deformations produced by dead, live, snow, wind, seismic, or
other loads. The deflection of structural members shall not exceed the more restrictive
of Sections 1604.3.2 through 1604.3.5 or that permitted by Table 1604.3 (ref. IBC
2012, Section 1604.3.1). Sections 1604.3.2 through 1604.3.5 are the material
specifications for reinforced concrete, steel, masonry, and aluminum, respectively. A
summary of the deflection limits is provided in Table 1.3.1(b). The lateral drift of
frames is covered in Section 1.3.4.8 of this manual.

Drift should not be confused with "Deflection." Deflection limits are based on the
structural member length (L) while drift limits are based on the building height (H).

Dead Loads — The weight of materials of construction incorporated into the building,
including but not limited to walls, floors, roofs, ceilings, stairways, built-in partitions,
finishes, cladding, and other similarly incorporated architectural and structural
items, and the weight of fixed service equipment, such as cranes, plumbing stacks and
risers, electrical feeders, heating ventilating and air-conditioning systems and
automatic sprinkler systems. (Ref. IBC 2012, Section 202, cross-referenced by
Section 1602.1). Further definition is provided in IBC Section 1606 as follows:

1606.1 Dead loads shall be considered permanent loads.

1606.2 For purposes of design, the actual weights of materials of construction
and fixed service equipment shall be used. In the absence of definite
information, values used shall be subject to the approval of the building

official.

Note that it is customary in the metal building industry to refer to the "weights of
fixed service equipment" as collateral load. This distinction is made because this
portion of the dead load is not part of the system provided by the manufacturer. This
could also include other dead load such as partitions, finishes, and ceilings. See Table
1.3.1(c) for typical values that may be used as a guide to specify collateral loads.

Live Load — A load produced by the use and occupancy of the building or other
structure that does not include construction or environmental loads such as wind
load, snow load, rain load, earthquake load, flood load, or dead load (Ref. IBC 2012,
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Section 202, cross-referenced by Section 1602.1). Live loads of primary interest in
metal building design from IBC 2012 are summarized in this manual, Section 1.3.2.

Roof Live Load — 4 load on a roof produced (1) during maintenance by workers,
equipment, and materials, (2) during the life of the structure by movable objects such
as planters or other similar small decorative appurtenances that are not occupancy
related; or (3) by the use and occupancy of the roof such as for roof gardens or
assembly areas (Ref. 2012, Section 202, cross-referenced by Section 1602.1). Note
that roof live loads do not include wind, snow, seismic, or dead loads. A clear
distinction must be made between roof live loads and snow loads because the
probabilities of occurrence for snow loads are very different from those for roof live
loads. Specific roof live load requirements from IBC 2012 are summarized in this
manual, Section 1.3.3.

Table 1.3.1(a): Importance Factors'

Nature of Occupancy? Risk Seismic Factor Snow Factor
pancy Category Iz I
Buildings that represent a
Low Risk to human life in the event I 1.00 0.80
of failure
Standard Buildings (not listed in 1 1.00 1.00

other occupancies)

Buildings that represent a
Substantial Risk to human life in 111 1.25 1.10
the event of failure

Buildings designated as Essential

Facilities v 1.50 1.20

Notes:
"Note that beginning with ASCE 7-10, there is no importance factor for wind because this is
incorporated into the wind speed maps.
% See IBC 2012 Table 1604.5 for further explanation, and a detailed listing of building types that fall
into these occupancies.
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Table 1.3.1(b): Deflection Limits™"*""
(Limits and footnotes are from IBC 2012 Table 1604.3)

Construction Loadf d
Live | Snow or Wind' | Dead + Live™®

Roof Members:*

Supporting plaster ceiling L/360 L/360 L/240

Supporting non-plaster ceiling L/240 L/240 L/180

Not supporting ceiling L/180 L/180 L/120
Roof members supporting metal roofing: L/150 --- ---
Structural Metal Roof and Siding Panels® --- --- L/60
Floor members L/360 - L/240
Exterior walls and interior partitions:

With brittle finishes - L/240 -—-

With flexible finishes --- L/120 ---
Wall members supporting metal siding;: --- L/90 -—-
Farm buildings - --- L/180
Greenhouses -—- -—- L/120

For structural roofing and siding made of formed metal sheets, the total load deflection shall
not exceed L/60. For secondary roof structural members supporting formed metal roofing,
the live load deflection shall not exceed L/150. For secondary wall members supporting
formed metal siding, the design wind load deflection shall not exceed L/90. For roofs, this
exception only applies when the metal sheets have no roof covering. (Note: Requirements of
this Note "a" have been added to Table 1.3.1(b) for clarification purposes.)

Interior partitions not exceeding 6 feet in height and flexible, folding and portable partitions
are not governed by the provisions of this section. The deflection criterion for interior
partitions is based on the horizontal load defined in Section 1607.13.

See Section 2403 for glass supports.

For wood structural members having a moisture content of less than 16 percent at time of
installation and used under dry conditions, the deflection resulting from Live + %: Dead is
permitted to be substituted for the deflection resulting from Live + Dead.

The above deflections do not ensure against ponding. Roofs that do not have sufficient slope
or camber to assure adequate drainage shall be investigated for ponding. See Section 1611
for rain and ponding requirements and Section 1503.4 for roof drainage requirements. Note
that Section 1611.2 of IBC 2012 requires that bays of roofs susceptible to ponding instability
shall be evaluated in accordance with Section 8.4 of ASCE 7-10. A susceptible bay is defined
in Section 202, cross-referenced by Section 1602.1 of IBC 2012 as a roof or portion thereof
with (1) a slope less than 1/4-inch per foot, or (2) on which water is impounded upon it, in
whole or in part, and the secondary drainage system is functional but the primary drainage
system is blocked. A roof surface with a slope of 1/4-inch per foot or greater towards points
of free drainage is not a susceptible bay.

The wind load is permitted to be taken as 0.42 times the "component and cladding" loads for
the purpose of determining deflection limits herein.

For steel structural members, the dead load shall be taken as zero.

For aluminum structural members or aluminum panels used in skylights and sloped glazing
framing, roofs or walls of sunroom additions or patio covers, the total load deflection shall
not exceed L/60. For aluminum sandwich panels used in roofs or walls of sunroom additions
or patio covers, the total load deflection shall not exceed L/120.

For cantilever members, L shall be taken as twice the length of the cantilever.
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Table 1.3.1(c): Typical Collateral Loads

Material Collateral Load, psf

Ceilings

Suspended Acoustical Fiber Tile 1

Suspended Gypsum Board - '/," 2

Suspended Gypsum Board - /4" 3
Insulation

Glass Fiber Blanket Negligible

Cellular Plastic, per inch of insulation 0.2
Lighting 0.1to1
HVAC Ducts, Office/Commercial 1
Sprinkler

Dry 1.5

Wet 3

1.3.2 Live Loads

Live loads are specified in IBC 2012, Section 1607. The provisions most applicable to low-
rise buildings are summarized in the following sections of this manual.

1.3.2.1 Uniform Live Loads
Uniform live loads are specified in IBC 2012, Section 1607.3 as follows:

The live loads used in the design of buildings and other structures shall be the
maximum loads expected by the intended use or occupancy but shall in no case be
less than the minimum uniformly distributed live loads required by Table 1607.1.

1.3.2.2 Concentrated Loads
Concentrated loads are specified in IBC 2012, Section 1607.4 as follows:

Floors and other similar surfaces shall be designed to support the uniformly
distributed live loads prescribed in Section 1607.3 or the concentrated live loads
given in Table 1607.1, whichever produces the greater load effects. Unless otherwise
specified, the indicated concentration shall be assumed to be uniformly distributed
over an area of 2.5 feet by 2.5 feet and shall be located so as to produce the maximum
load effects in the structural members.

1.3.2.3 Partition Loads
Partition loads are specified in IBC 2012, Section 1607.5 as follows:

In office buildings and in other buildings where partition locations are subject to
change, provision for partition weight shall be made, whether or not partitions are
shown on the construction documents, unless the specified live load exceeds 80 psf-
The partition load shall not be less than a uniformly distributed live load of 15 psf.
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1.3.2.4 Reduction in Live Loads

The minimum uniformly distributed live loads from IBC 2012, Table 1607.1 are permitted to
be reduced as specified in Section 1607.10. The appropriate reduction factor for a structural
member is based on the influence area which is equal to the tributary area supported by the
member multiplied by the live load element factor, Ky, given in IBC 2012 Table 1607.10.1.
For further clarification on the appropriate live load element factor and the relationship
between the tributary area and influence area, see ASCE 7-10 Commentary Figure C4-1.

1.3.2.5 Distribution of Floor Loads
The distribution of floor live loads is specified in IBC 2012, Section 1607.11 as follows:

Where uniform floor live loads are involved in the design of structural members
arranged so as to create continuity, the minimum applied loads shall be the full dead
loads on all spans in combination with the floor live loads on spans selected to
produce the greatest load effect at each location under consideration. Floor live
loads are permitted to be reduced in accordance with Section 1607.10.

1.3.3 Roof Live Loads
Roof live loads are specified in IBC 2012, Section 1607.12 as follows:

The structural supports of roofs and marquees shall be designed to resist wind and,
where applicable, snow and earthquake loads, in addition to the dead load of
construction and the appropriate live loads as prescribed in this section, or as set
forth in Table 1607.1. The live loads acting on a sloping surface shall be assumed to
act vertically on the horizontal projection of that surface.

1.3.3.1 Distribution of Roof Live Loads
The distribution of roof live loads is specified in IBC 2012, Section 1607.12.1 as follows:

Where uniform roof live loads are reduced to less than 20 psf in accordance with
Section 1607.12.2.1, and are applied to the design of structural members arranged so
as to create continuity, the reduced roof live load shall be applied to adjacent spans
or to alternate spans, whichever produces the most unfavorable load effect. See
Section 1607.12.2 (Section 1.3.3.2 in this manual) for reductions in minimum roof
live loads and Section 7.5 of ASCE 7-10 for partial snow loading.

1.3.3.2 Reduction in Roof Live Loads

The minimum uniformly distributed roof live loads, L,, IBC 2012 Table 1607.1, are
permitted to be reduced according to IBC 2012 Section 1607.12.2.1 for ordinary flat, pitched
and curved roofs, and awnings and canopies other than of fabric construction supported by a
skeleton structure. Note that Table 1.3.3(a), in this manual, provides a summary of the
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specified roof live load reduction equations found in Section 1607.12.2.1 in a format that is
more easily programmed.

Table 1.3.3(a): Roof Live Loads

Tributary Loaded Area (A,) in Square Feet for
Roof Slope, any Structural Member
F:12
A, £200 200 < A< 600 A¢ =600
F<4 20 20(1.2-0.001A,) 12
4<F<12 20(1.2-0.05F) 20(1.2-0.001A)(1.2-0.05F) > 12 12
F>12 12 12 12

1.3.3.3 Roof Live Load Example
Roof Live Load Example 1.3.3.3: Low Slope Multi-Span Rigid Frame

This example demonstrates calculations for a typical roof live load for a given building.

A. Given:
Building Length: 100 feet
Bay Spacing: 5 bays @ 20'-0"
Frame Type: 4 spans @ 25'-0" multi-span rigid frame
Roof Slope: 1:12
Purlin Spacing: 5'-0"

B. Purlins:
Tributary Loaded Area =5' x 20' =100 sq ft <200 sq ft
Roof Live Load from Table 1.3.3(a) =20 psf
Uniform Roof Live Load =20 psf x 5'= 100 plf
No checkerboard loading is required, per IBC 2012 Section 1607.11.1, since the
roof live load is 20 psf.

C. Frames:
Tributary Loaded Area = 25' x 20" = 500 sq ft < 600 sq ft
Roof Live Load - Table 1.3.3(a) =20 x (1.2 - 0.001 x 500) = 14 psf
Uniform Roof Live Load = 14 x 20" = 280 plf.
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1.) Alternate Span Loading:

Case 1:
280 plf 280 plf
End Span Interior Spans _ End Span
Case 2:
280 plf 280 plf
| End Span | Interior Spans .|, EndSpan |
2.) Adjacent Span Loading:
Case 1:
280 plf
_ EndSpan |, Interior Spans _‘A End Span |
Case 2:
280 plf
End Interior End
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Case 3:
280 plf

Interior Spans _“ End Span

d
<« < >

_ End Span

»
« >

1.3.4 Wind Loads

In this section, the wind load requirements of IBC 2012 are summarized and examples are
provided for the application of wind loads on metal buildings. IBC 2012, Section 1609.1.1,
requires wind loads to be determined using the provisions of ASCE 7-10, Chapters 26 to 30.
The wind load topics covered in these chapters are as follows:

Chapter 26 - General Requirements
Chapter 27 - Main Wind Force Resisting System (Directional Procedure)
Part 1 - Analytical Procedure (All Enclosures, All Heights)
Part 2 - Simplified Procedure (Enclosed, Diaphragm Bldg, h < 160 ft)
Chapter 28 - Main Wind Force Resisting System (Envelope Procedure)
Part 1 - Analytical Procedure (Enclosed or Partially Enclosed, h < 60 ft)
Part 2 - Simplified Procedure (Enclosed, Diaphragm Bldg, h < 60 ft)
Chapter 29 - Wind Loads on Other Structures and Building Appurtenances
Chapter 30 - Wind Loads on Components and Cladding
Part 1 - Analytical Procedure (Enclosed or Partially Enclosed, h < 60 ft)
Part 2 - Simplified Procedure (Enclosed, h < 60 ft)
Part 3 - Analytical Procedure (Enclosed or Partially Enclosed, h > 60 ft)
Part 4 - Simplified Procedure (Enclosed, h < 160 ft)
Part 5 - Open Buildings
Part 6 - Building Appurtenances and Rooftop Structures

For this manual, the low-rise analytical procedures (ASCE 7-10 Chapter 28, Part 1 for
MWEFRS and Chapter 30, Part 1 for Components and Cladding) are provided in a form more
easily applied to a wider variety of buildings and roof types as appropriate for metal building
systems.

The procedures summarized in this section are applicable to buildings with gable roofs up to
45°, single sloped roofs up to 30°, stepped roofs, multispan gable roofs, and sawtooth roofs.
The mean roof height is assumed not to exceed 60 feet and the eave heights must be less than
or equal to the building least horizontal dimension. Velocity pressure tables are provided for
Exposures B, C and D. Note that Exposure D was modified in ASCE 7-10 to apply to
hurricane coastlines as it did prior to ASCE 7-05. The procedures are intended for completed
buildings and are not appropriate for structures during erection. For any other conditions,
refer to ASCE 7-10.
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This summary of ASCE 7-10 wind loads also assumes that the building is not subject to
topographic effects as defined in ASCE 7-10. It is pointed out in the design procedure where
a modification would be applied, but the user is referred to ASCE 7-10 for the determination
of the appropriate factor.

The minimum design load for the main wind force resisting system is stipulated in Section
28.4.4 of ASCE 7-10 as follows:

The wind load to be used in the design of the main wind force resisting system for an
enclosed or partially enclosed building or other structure shall not be less than 16 psf
multiplied by the wall area of the building and 8 psf multiplied by the roof area of the
building projected onto a vertical plane normal to the assumed wind direction.

The minimum design wind pressure for components and cladding is stipulated in Section
30.2.2 of ASCE 7-10 as follows:

The design wind pressure for components and cladding of buildings shall be not less
than a net pressure of 16 psf acting in either direction normal to the surface.

1.3.4.1 Velocity Pressure

The velocity pressure, qp, used to compute the design wind pressures is calculated according
to the following procedure:

1. Select the basic wind speed, V, for building location and risk category (See ASCE 7-
10, Figure 26.5-1A for Risk Category II, Figure 26.5-1B for Risk Categories III and
IV, and Figure 26.5-1C for Risk Category I). [Note: See Chapter IX of this manual
for a county listing of the basic wind speed.]

2. Select the exposure category (B, C, or D - See Definitions, Section 1.3.4.4 in this
manual)

3. Compute the velocity pressure, gy, based on the mean roof height (or eave height
if 6 < 10°). See Table 1.3.4.1(a), 1.3.4.1(b) and 1.3.4.1(c) in this manual for
tabulated values of g for exposure B, C and D, respectively.

1.3.4.2 Design Pressure — Main Wind Force Resisting System

The design wind pressure used for the main wind force resisting system (MWFRS) is
computed as follows:

1. Select the enclosure classification (enclosed, partially enclosed, or open - See
Definitions, Section 1.3.4.4 in this manual).

12



Metal Building Systems Manual

2. Select the appropriate external pressure coefficient GC,r from Figure 28.4-1 in
ASCE 7-10, and the appropriate internal pressure coefficient GC,; from Table
26.11-1 in ASCE 7-10. Alternately, Tables 1.3.4.5(a) and 1.3.4.5(b) in this manual
provide combined external and internal pressure coefficients, [(GCpy) - (GCpi)].

3. Compute the design pressure using the following equation:
p = ql(GCyy) - (GCpi)] (ASCE 7-10, Eq. 28.4-1)

where,
p = Design wind pressure in pounds per square foot (psf).
gn = Velocity pressure in pounds per square foot (psf).
GC,¢r = External pressure coefficient from Figure 28.4-1, ASCE 7-10.
GC,; = Internal pressure coefficient from Table 26.11-1, ASCE 7-10.

1.3.4.3 Design Pressure — Components and Cladding

The design wind pressure used for components and cladding is computed as follows:

1. Select the appropriate external pressure coefficient GC, from Figures 30.4-1
through 30.4-6 in ASCE 7-10, and the appropriate internal pressure coefficient
GC,; from Figure 26.11-1 in ASCE 7-10. Alternately, Tables 1.3.4.6(a) through
1.3.4.6(h) in this manual provide convenient equations for the combined external
and internal pressure coefficients, [(GC,) - (GCp)].

2. Compute the design pressure using the following equation:
p = a[(GCy) - (GCi)] (ASCE 7-10, Eq. 30.4-1)

where,
p = Design wind pressure in pounds per square foot (psf).
qn = Velocity pressure in pounds per square foot (psf).
GC, = External pressure coefficient from Figures 30.4-1 through 30.4-6,
ASCE 7-10.
GC,i = Internal pressure coefficient from Table 26.11-1, ASCE 7-10.

Strut purlins should also be checked for combined bending from the main wind force
resisting system (MWEFRS) uplift load and axial load from the MWFRS pressure on
the end wall. The magnitude and direction of the load is dependent upon the number
and location of bracing lines.

13
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(a) Exposure B
Mean or Eave Basic Wind Speed, V (mph)
Roof ’
Height, h (ft) 100 110 120 130 140 150 160 170 180 190 200
0-30 152 | 184 | 22.0 | 258 | 299 | 343 | 39.0 | 44.1 | 494 55.0 61.0
35 159 | 193 | 229 | 269 | 31.2 | 358 | 40.8 | 46.0 | 51.6 57.5 63.7
40 16.6 | 20.0 | 23.8 | 28.0 | 324 | 372 | 424 | 478 | 53.6 59.7 66.2
45 17.1 | 20.7 | 24.6 | 289 | 33.5 | 385 | 43.8 | 495 | 555 61.8 68.5
50 17.6 | 21.3 | 254 | 298 | 34.6 | 39.7 | 452 | 51.0 | 57.2 63.7 70.6
55 18.1 | 21.9 | 26.1 | 30.6 | 355 | 40.8 | 46.4 | 524 | 58.7 65.4 72.5
60 18.6 | 225 | 268 | 314 | 364 | 41.8 | 47.6 | 53.7 | 60.2 67.1 74.3
(b) Exposure C
Mearllz(())(r) f ave Basic Wind Speed, V (mph)
Height, h (ft) 100 110 120 130 140 150 160 170 180 190 200
0-15 185 | 224 | 26.6 | 31.2 | 362 | 41.6 | 473 | 534 | 59.8 66.7 73.9
20 19.6 | 23.7 | 283 | 332 | 385 | 442 | 502 | 56.7 | 63.6 70.8 78.5
25 20.6 | 249 | 296 | 34.8 | 403 | 46.3 | 52.7 | 59.4 | 66.6 74.3 82.3
30 214 | 259 | 30.8 | 36.1 | 419 | 48.1 | 547 | 61.8 | 69.3 77.2 85.5
35 22.1 | 26.7 | 31.8 | 373 | 433 | 49.7 | 565 | 63.8 | 71.5 79.7 88.3
40 227 | 27.5 | 32.7 | 384 | 445 | 51.1 | 58.1 | 65.6 | 73.6 82.0 90.8
45 233 | 282 | 335 | 393 | 456 | 524 | 59.6 | 673 | 754 84.0 93.1
50 23.8 | 28.8 | 343 | 402 | 46.6 | 53.6 | 609 | 68.8 | 77.1 85.9 95.2
55 243 | 294 | 350 | 41.0 | 476 | 546 | 622 | 70.2 | 78.7 87.7 97.1
60 247 | 299 | 356 | 41.8 | 485 | 55,6 | 63.3 | 71.5 | 80.1 89.3 98.9
(c) Exposure D
Mearll{(())(r) f ave Basic Wind Speed, V (mph)
Height, h (ft) 100 110 120 130 140 150 160 170 180 190 200
0-15 224 | 27.1 | 323 | 379 | 439 | 504 | 574 | 64.8 | 72.6 80.9 89.7
20 23.6 | 28.5 | 339 | 398 | 462 | 53.0 | 60.3 | 68.1 | 76.4 85.1 94.3
25 245 | 29.6 | 353 | 414 | 48.0 | 551 | 62.7 | 70.8 | 79.4 88.4 98.0
30 253 | 30.6 | 364 | 42.7 | 49.6 | 569 | 64.7 | 73.1 | 81.9 91.3 101.2
35 260 | 31.4 | 374 | 439 | 509 | 584 | 66.5 | 75.1 | 84.2 93.8 103.9
40 26.6 | 322 | 383 | 449 | 52.1 | 59.8 | 68.1 | 76.8 | 86.1 96.0 106.3
45 27.1 | 32.8 | 39.1 | 459 | 532 | 61.1 | 69.5 | 784 | 879 98.0 108.6
50 27.6 | 334 | 398 | 46.7 | 542 | 622 | 70.8 | 79.9 | 89.6 99.8 110.6
55 28.1 | 34.0 | 405 | 475 | 551 | 632 | 719 | 81.2 | 91.0 | 1014 | 1124
60 285 | 345 | 41.1 | 482 | 559 | 642 | 73.0 | 82.5 | 924 | 103.0 | 114.1
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qn = 0.00256 K,K,KsV? (General Form - ASCE 7-10 Eq. 28.3-1 or
30.3-1)
gn = 0.00256 K,(1.0)(0.85)V? (Simplified Form with assumptions used
in tabulated values of g as noted below)
where,
K, = 2.01(h/1200)*7 for Exposure B and with h > 30.

= 2.01(h/900)*7 for Exposure C and with h > 15.

2.01(1/700)*"" for Exposure D and with h > 15.

K, = Topographic factor that accounts for wind speed-up over hills,
ridges, and escarpments. This factor is assumed to be 1.0,
representing no speed-up effect present in the computed velocity
pressures. See definition of hill in Section 1.3.4.4 of this manual
for further information and ASCE 7-10 where this unusual
topographic situation should be considered.

K4 = Directionality factor, equal to 0.85, for main wind force resisting

systems and components and cladding.

Basic wind speed in miles per hour (3-second gust).

Mean roof height above ground. Eave height may be substituted

for mean roof height if O < 10°. For single slope buildings, the

lower eave height may be substituted for the mean roof height if 6

<10°.

=<

1.3.4.4 Definitions

The following definitions shall apply only to the provisions of Section 1.3.4 of this manual.
Italicized portions unless otherwise identified are direct citations from ASCE 7-10.

"a"—Dimension used to define width of pressure coefficient zones. The smaller of
1. 10 percent of least horizontal dimension, or
2. 0.4h.

But not less than either

1. 4 percent of least horizontal dimension; or
2. 3 feet.

Openings—Apertures or holes in the building envelope that allow air to flow through
the building envelope and that are designed as "open" during design winds as defined
by these provisions. Note that IBC 2012, Section 1609.1.2, requires that in wind-
borne debris regions (defined below), glazing in the lower 60 feet shall be impact
resistant or protected with an impact resistant covering meeting the requirements of
an approved impact-resisting standard or ASTM E 1996 and ASTM E 1886.
Specifically, IBC 2012 requires that glazed openings located within 30 feet of grade
shall meet the large missile test of ASTM E 1996 and glazed openings located more
than 30 feet above grade shall meet the provisions of the small missile test of ASTM
E 1996. Also, see IBC 2012 Section 1609.1.2 for prescriptive wood structural panels
that can be provided for glazing protection for one and two story buildings. Note that
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IBC 2012, Section 1609.1.2.2 has modifications to the definition of the wind zones
used in ASTM E1996 to be consistent with the new wind speed maps.

Wind-Borne Debris Region—Areas within hurricane-prone regions located:

1. Within one mile of the coastal mean high water line and where the basic wind
speed is > 130 mph; or

2. In areas where the basic wind speed is > 140 mph.

Note that for Risk Category II buildings and Risk Category III buildings (except
health care facilities), the wind-borne debris region shall be based on ASCE 7-10
Figure 26.5-1A. For Risk Category IV buildings and health care facilities in Risk
Category III, the wind-borne debris region shall be based on Figure 26.5-1B.

Hurricane-Prone Region - Areas vulnerable to hurricanes in the United States and
its territories defined as:

1. The U.S. Atlantic Ocean and Gulf of Mexico coasts where the basic wind
speed for Risk Category II buildings is greater than 115 mph, and
2. Hawaii, Puerto Rico, Guam, Virgin Islands, and American Samoa.

Hill, Ridge, or Escarpment—With respect to topographic effects in Section 26.8
(ASCE 7-10), a land surface characterized by strong relief in any horizontal
direction. ASCE 7-10 provides a clear set of conditions in Section 26.8.1 to determine
if topographic effects in ASCE 7-10 need to be considered. Wind speed-up effects at
isolated hills, ridges, and escarpments constituting abrupt changes in the general
topography, located in any exposure category, shall be included in the design when
buildings and other site conditions and locations of structures meet all the following
conditions:

1. The hill, ridge, or escarpment is isolated and unobstructed upwind by other
similar topographic features of comparable height for 100 times the height of
the topographic feature or 2 miles, whichever is less. This distance shall be
measured horizontally from the point at which the height H of the hill, ridge, or
escarpment is determined.

2. The hill, ridge, or escarpment protrudes above the height of upwind terrain
features within a 2 mile radius in any quadrant by a factor of two or more.

3. The structure is located as shown in Figure 26.8-1 in the upper one-half of a
hill or ridge or near the crest of an escarpment.

4. H/L,=0.2.

5. H>15 ft for Exposure C and D and 60 ft for Exposure B.

Enclosure Classification—For the purpose of determining internal pressure
coefficients, all buildings shall be classified as enclosed, partially enclosed, or open
as defined in Section 26.2 (ASCE 7-10).
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Exposure Category—The characteristics of ground surface irregularities (natural
topography and vegetation as well as constructed features) for the site at which the
building is to be constructed. The ASCE 7-10 Commentary provides aerial
photographs of typical exposures. The definitions are provided in Section 1609.4.3 of
IBC 2012. The following abbreviated definitions are provided, but the user must refer
to the IBC 2012 or ASCE 7-10 definitions to determine the appropriate category.

Exposure B—Urban and suburban areas, wooded areas, or other terrain with
numerous closely spaced obstructions having the size of single-family dwellings or
larger.

Exposure C—Open terrain with scattered obstructions having heights generally less
than 30 feet. This category includes flat open country and grasslands.

Exposure D—Flat, unobstructed areas and water surfaces. This category includes
smooth mud flats, salt flats, and unbroken ice.

Effective Wind Load Area—The area used to determine GC,. For component and
cladding elements, the effective wind load area is the span length multiplied by an
effective width that need not be less than one-third the span length. For cladding
fasteners, the effective wind area shall not be greater than the area that is tributary to
an individual fastener. To further clarify this, the effective wind load area is equal to
L x W (See Figure 1.3.4.4).

where,

=
Il

Span

J’_
Greater of A+B

=
I

w | =

Notes:

(1) Effective wind load area is to be used for determination of pressure
coefficient only and not for design loads.

(2) For cladding and other panel type members, without definitive width, the
effective width need not be less than:

_L
3
(3) For fasteners, the effective wind load area is the area of the building
surface contributing to the force being considered.
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Figure 1.3.4.4: Effective Wind Load Area

1.3.4.5 Main Wind Force System Pressure Coefficients

Design wind pressures for the main wind force resisting system shall be determined from
ASCE 7-10, Equation 28.4-1, using the pressure coefficients [(GCpy) - (GC,;)]. The external
pressure coefficient GCpr is given in ASCE 7-10, Figure 28.4-1 for enclosed or partially
enclosed buildings with gable roofs. The internal pressure coefficient GC,; is given in ASCE
7-10, Table 26.11-1. These external and internal pressure coefficients have been combined in
this manual and are shown in Tables 1.3.4.5(a) and 1.3.4.5(b). Coefficients depend on the
location relative to the geometric discontinuities in the surfaces of the building. The building
surfaces are zoned and the pressure coefficients are assumed to be constant within each zone.
When a member lies within two or more zones, the design loads for that member can be
determined using several approaches (e.g. step functions, weighted averages, or another
rational approach). For lateral loads on framed buildings in which the end bays are not less
than the width (2 x a) of the end zone, common industry practice is to apply the entire extra
load in the end bay to the end frame.

Note that the external pressure coefficients given in ASCE 7-10, Figure 28.4-1 are
numerically equal to ASCE 7-05, but the figures showing the applicable pressure zones,
which have always been subject to different interpretations, have reverted back to an
expanded form of what was in ASCE 7-98. The clarification is with regard to the roof zone
pressures when the wind is predominantly parallel to the ridge of the building.
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1.3.4.5.1 Buildings with Parapets - MWFRS

The effect of parapets on the MWEFRS is given in ASCE 7-10 Section 28.4.2 and is
determined by the following equation:

Pr = 9pGCpn (ASCE 7-10, Eq. 28.4-2)
where,
pp = combined net pressure on the parapet due to the combination of the

net pressures from the front and back parapet surfaces. Plus (and
minus) signs signify net pressure acting toward (and away from) the
front (exterior) side of the parapet.

qp = velocity pressure as defined in Section 1.3.4.1 of this manual,
evaluated at the top of the parapet.
GCp,n = combined net pressure coefficient (+1.5 for windward parapet, -1.0

for leeward parapet).

1.3.4.5.2 MBMA Recommendation for Torsional Loading - MWFRS

ASCE 7 introduced two load cases to simulate potential torsional effects due to wind in the
1998 edition that remain the same in ASCE 7-10, however the application of the roof zone
pressures reflects the new interpretation for the wind predominantly parallel to the ridge as
noted above. These provisions can be found in Note 5 of ASCE 7-10 Figure 28.4-1 and
shown in the torsional loading case figures. Both torsional load cases (transverse and
longitudinal) need to be checked, except for the following situations:

1. One story buildings with h less than or equal to 30 feet.
2. Buildings two stories or less framed with light frame construction.
3. Buildings two stories or less designed with flexible diaphragms.

It is clear that one story metal buildings with a height less than or equal to 30 feet would be
excluded from the torsional load cases.

The second listed exclusion is applicable to light frame construction, which is defined in
ASCE 7-10 Section 11.2 as follows:

A method of construction where the structural assemblies (e.g. walls, floors, ceilings,
and roofs) are primarily formed by a system of repetitive wood or cold-formed steel
framing members or subassemblies of these members (e.g. trusses).

Typical framing of metal building systems, i.e. rigid transverse moment frames and
longitudinal purlins and girts, was not intended to fall into this definition because the
behavior in transmitting lateral loads is different than "light frame construction."
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The third exclusion concerns buildings with flexible diaphragms. Flexible diaphragms are
defined in IBC Section 202, cross-referenced by Section 1602.1 as follows:

A diaphragm is flexible for the purpose of distribution of story shear and torsional
moment where so indicated in Section 12.3.1 of ASCE 7-10.

ASCE 7-10 Section 12.3.1.3 further defines a flexible diaphragm condition as follows:

Diaphrams are permitted to be idealized as flexible where the computed maximum in-
plane deflection of the diaphragm under lateral load is more than two times the
average story drift of adjoining vertical elements of the seismic force-resisting system
of the associated story under equivalent tributary lateral load as shown in Figure
12.3-1.

A definition of diaphragms was added in ASCE 7-10, Section 26.2 and states that:

For analysis under wind loads, diaphragms constructed of untopped steel decks,
concrete filled steel decks, and concrete slabs, each having a span-to-depth ratio of
two or less, shall be permitted to be idealized as rigid.

The commentary explains that this new definition treats untopped steel decks differently than
ASCE 7-10 Section 12.3 because diaphragms under wind loads are expected to remain
essentially elastic.

1.3.4.5.3 MBMA Recommendation for Single Slope Buildings - MWFRS

For single slope buildings, provisions are provided in ASCE 7-10 in the analytical,
directional procedure for buildings of any height in Section 27.4.1 using the pressure
coefficient, C, from Figure 27.4-1. Figure 27.4-1, Note 4 says:

For monoslope roofs, entire roof surface is either a windward or leeward surface.

However, specific recommendations for applying the low-rise building wind tunnel data
based on research at the University of Western Ontario (Ref. B3.37) to buildings with single
slope roofs are included in this manual. These recommendations are consistent with ASCE 7-
10 Section 28.4.1 and Figure 28.4-1. Figure 28.4-1, Note 8 says:

The roof pressure coefficient GC,; when negative in Zone 2 or 2E, shall be applied in
Zone 2/2FE for a distance from the edge of roof equal to 0.5 times the horizontal
dimension of the building parallel to the direction of the MWFRS being designed or
2.5 times the eave height at the windward wall, whichever is less; the remainder of
Zone 2/2F extending to the ridge line shall use the pressure coefficient GCyy for Zone
3/3E.
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Figures 1.3.4.5(b) and 1.3.4.5(d) of this manual incorporate the external and internal pressure
coefficients from ASCE 7-10 and provide the recommendation for applying the pressure
coefficients to single slope buildings for transverse and longitudinal directions, respectively.
In the transverse direction, for a roof slope up to 20 degrees, the roof pressure zones are
separated by a "pseudo" ridge line. However, where 20° < 0 < 30°, the building shall be
assumed to act as each half of a gable building with all cases investigated. (i.e. two cases
using pressure zones 2 and 2E over the entire roof, and two cases using pressure zones 3 and
3E over the entire roof).

1.3.4.5.4 MBMA Recommendation for Open Buildings - MWFRS

ASCE 7-10, Section 27.4.3 contains provisions for the main wind force resisting systems of
open buildings. The net design pressure for the MWFRS is determined from the following
equation:

p=aqnGCxn (ASCE 7-10, Eq. 27.4-3)
where,
gn = velocity pressure in pounds per square foot (psf).
G = gusteffect factor from ASCE 7-10, Section 26.9.

Cn = net pressure coefficient from ASCE 7-10 Figures 27.4-4 through
27.4-7.

For winds perpendicular to the ridge, ASCE 7-10 Figures 27.4-4, 27.4-5, and 27.4-6 are for
monosloped roofs, gable roofs, and troughed roofs, respectively. Net pressure coefficients are
given for two cases: (1) where there is clear wind flow through the building, and (2) where
there is obstructed wind flow. Obstructed wind flow occurs when objects below the roof
produce greater than a 50% blockage of the wind flow through the building. Also, note that
for gable roofs with a slope less than 7.5°, the coefficients for a monoslope roof (Figure 27.4-
4) with 0 = 0° are to be used.

It is important to note that the ASCE 7-10 provisions in Figures 27.4-4 through 27.4-6 have
lower and upper limits on the ratio h/L, i.e. the mean roof height to the horizontal dimension
of roof measured in the along wind direction. Therefore, the MBMA recommendation for
building aspect ratios that fall outside the h/L limits, are to use the pressure coefficients
provided in Table 1.3.4.5(a). This is consistent with previous editions of MBMA Low-Rise
Building Systems Manual that were based on information found in Refs. B3.5 and B3.18.

Also, the ASCE 7-10 provisions only apply to the roof surfaces. Therefore the MBMA
recommendation for wall surfaces that might be clad, is to use the wall pressure coefficients
provided in Table 1.3.4.5(a) and Figure 1.3.4.5(¢). This is consistent with previous editions
of MBMA Low-Rise Building Systems Manual that were based on information found in
Refs. B3.5 and B3.18.
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For winds parallel to the ridge, net pressure coefficients are given in ASCE 7-10 Figure 27.4-
7. However, this only covers pressures and suctions on the roof surfaces, which do not
contribute to the longitudinal wind brace requirements. For wind pressures on the bare
frames, or on clad surfaces on the endwalls, MBMA recommends using the method that was
developed by researchers at the Boundary Layer Wind Tunnel Laboratory, University of
Western Ontario in 2008 (Ref. 3.59, 3.64, and 3.65). Based on wind tunnel studies on
multiple building configurations, the researchers developed a procedure for assessing wind
drag loads on multiple bay open structures, taking into consideration wind azimuth, frame
span, solidity ratio and number of frames. Part of this research is given in Appendix 7 Wind
Load Commentary, Section A7.3.3.

The total wind force on the MWFRS in the longitudinal direction is given by the formula

F = quKsK [ GCpf]Ag (2012 MBSM, Eq. 1.3.4.5)
where,
gn = velocity pressure evaluated at mean roof height, h.
Kg = frame width factor.

1.8 -0.01B for B <100 ft.
= 0.8 for B> 100 ft.
K, shielding factor.
0.20 +0.073(n —3) + 0.4¢!"?.

GCpt external pressure coefficient, shall be taken for an enclosed building
in Figure 28.4-1 of ASCE 7-10. Use building surfaces (1 and 1E)
for the windward wall and building surfaces (4 and 4E) for the
leeward wall. The coefficients shall be based on a flat roof, with 6 =
0°.
solidity ratio = Ag/Ag.
width of the building perpendicular to the ridge(ft).
number of frames, not to be taken less than n = 3.
As effective solid area of the end wall, i.e. the projected area of any

portion of the end wall that would be exposed to the wind (See

Figure 1.3.4.5(e).
Ag the total end wall area for an equivalent enclosed building (See
Figure 1.3.4.5(e).

B W6

Equation 1.3.4.5 is applicable to buildings with open end walls, end walls with the gable
filled with cladding and with additional end wall cladding.

1.3.4.5.5 Other MBMA Recommendations for MWFRS

It is important to note that coefficients 1 and 4 (and 1E, 4E) of Figure 1.3.4.5(c) or 1.3.4.5(d)
are to be used in combination in designing the longitudinal wind-resisting system.
Additionally, note that a strut purlin spanning in the longitudinal direction can conservatively
be designed for the appropriate axial load based on Figure 1.3.4.5(c) or 1.3.4.5(d) in

22



Metal Building Systems Manual

combination with a transverse bending load assessed from the appropriate coefficients given
in Tables 1.3.4.6(b) through 1.3.4.6(h).

For a more detailed method, a strut purlin may be designed for the more severe of the two
following separate wind load cases in combination with other appropriate loads:

1. A purlin designed for bending using the coefficients from Figures and Tables
1.3.4.6(b) through 1.3.4.6(h) of this manual.

2. A purlin designed for combined bending and axial loads using all of the loads
required for the main wind force resisting system in Section 1 of this manual.

Columns and rafters, which are framed with simple connections, may be considered as main
wind force resisting members when they participate in frame action to resist wind loads or
are designed for wind loads from two building surfaces. This would include endwall columns
and rafters acting as members in a braced frame to resist transverse wind loads, simply
framed sidewall and endwall columns designed for wind loads perpendicular to the wall in
which they occur combined with wind loads from the roof surface, and rafters designed for
wind loads from wall and roof surfaces combined.

1.3.4.6 Components and Cladding Pressure Coefficients

Design wind pressures for each component or cladding of the roofing system shall be
determined from ASCE 7-10, Equation 30.4-1, using the pressure coefficients [(GC,) -
(GGC,i)]. The external pressure coefficient, GC,, is given in ASCE 7-10, Figures 30.4-1
through 30.4-6. The internal pressure coefficient, GCy; is given in ASCE 7-10, Figure 26.11-
1. These external and internal pressure coefficients have been combined and provided in
equations for [(GC,) - (GC,)] in this manual, Tables 1.3.4.6(a) through 1.3.4.6(h).
Coefficients depend on the effective wind load area of the component or cladding and its
location relative to the geometric discontinuities in the surfaces of the building. The building
surfaces are zoned and the pressure coefficients are assumed to be constant within each zone.
When a member lies within two or more zones, the design loads for that member can be
determined using several approaches (e.g. Step functions, weighted averages, or another
rational approach). Coefficients for walls may be reduced by 10 percent when the roof angle
(0) is less than or equal to 10 degrees (Ref. ASCE 7-10, Figure 30.4-1, Note 5). Note that the
ASCE 7-10 provisions cited in this manual for component and cladding wind pressures are
for buildings with a height less than or equal to 60 feet (Section 30.4). Higher buildings
should use the appropriate provisions from ASCE 7-10 (Section 30.6).

1.3.4.6.1 Parapets — Components and Cladding

The component and cladding elements of parapets shall be designed as given in ASCE 7-10
Section 30.9 by the following equation:

p = (GG, — GCy) (ASCE 7-10, Eq. 30.9-1)

where,
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qp = velocity pressure as defined in Section 1.3.4.1 of this manual,
evaluated at a height equal to the top of the parapet.
GC, = external pressure coefficient given in ASCE 7-10, Figures 30.4-1
through 30.4-6.
GC,i = internal pressure coefficient given in ASCE 7-10, Figure 26.11-1
based on the porosity of the parapet envelope.

Note that the external and internal pressure coefficients have been combined and provided in
equations for [(GC,) - (GC,;)] in this manual, Tables 1.3.4.6(a) through 1.3.4.6(h).

Two load cases need to be considered as follows:

Load Case A - Windward parapet shall be determined by applying the appropriate
positive wall pressure from Figure 30.4-1 to the front surface of the
parapet in combination with the applicable negative edge or corner
zone roof pressure from Figure 30.4-2 through Figure 30.4-6 to the
back surface.

Load Case B - Leeward parapet shall be determined by applying the appropriate
positive wall pressure from Figure 30.4-1 to the back surface of the
parapet in combination with the applicable negative wall pressure
from Figure 30.4-1 to the front surface.

Internal pressure only needs to be considered if the construction details create a parapet
cavity. Use the building’s internal pressure if the detail permits it to propagate into the
parapet cavity. Otherwise, use the internal pressure for an enclosed building condition for the
parapet cavity. If internal pressure is present, both positive and negative internal pressure
should be evaluated.

1.3.4.6.2 MBMA Recommendation for Open Buildings — Components &
Cladding

ASCE 7-10, Section 30.8.2 defines the loading for the component and cladding elements on
open buildings. The net design pressure is determined from the following equation:

p=qn G Cy (ASCE 7-10, Eq. 30.8-1)
where,
gn = velocity pressure in pounds per square foot (psf).
G = gusteffect factor from ASCE 7-10, Section 26.9.

Cn = net pressure coefficient from ASCE 7-10 Figures 30.8-1 through
30.8-3.

ASCE 7-10 Figures 30.8-1, 30.8-2, and 30.8-3 are for monosloped roofs, gable roofs, and
troughed roofs, respectively. Net pressure coefficients are given for two cases: (1) where
there is clear wind flow through the building, and (2) where there is obstructed wind flow.
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Obstructed wind flow occurs when objects below the roof produce greater than a 50%
blockage of the wind flow through the building.

However, the ASCE 7-10 provisions only apply to the roof surfaces. Some open buildings
might have partially clad walls which should be factored into the total wind loads. Figure
1.3.4.5(e) has the MBMA recommendations for wall surfaces for open metal buildings.

It is important to note that the ASCE 7-10 provisions have lower and upper limits on the ratio
h/L, i.e. the mean roof height to the horizontal dimension of roof measured in the along wind
direction. Therefore the MBMA recommendation for determining pressure coefficients for
components and cladding for building aspect ratios that fall outside the h/L limits are as
follows:

Walls: Use the pressure coefficients from Table 1.3.4.5(a)
Roofs: Use the greater of
(1) Pressure coefficients from Table 1.3.4.5(a) multiplied times 1.25, or
(2) The appropriate overhang coefficient from Tables 1.3.4.6(b) through
1.3.4.6(d).

This is consistent with previous editions of MBMA Low-Rise Building Systems Manual that
were based on information found in Refs. B3.5 and B3.18.

1.3.4.6.3 Other MBMA Recommendations for Components & Cladding

In some instances, both positive and negative coefficients are specified. It is important to
note that both load cases must be considered as some glazing and door systems inherently
have less resistance to positive pressures than to suction even though the induced pressures
may be considerably less.

If a span of a member lies partially within the edge zone and partially within the interior
zone, such as for an end bay girt, it is a matter of judgment regarding how the load is applied.
One method would be to use a stepped load function within the span which is a combination
of edge zone and interior zone coefficients.

Simply framed columns and rafters must be checked as components and cladding members
for wind loads perpendicular to the surface in which they occur, not considering loads from
other surfaces.

1.3.4.7 Internal Pressure Reduction Factor for Large Volume Buildings

A reduction factor for internal pressure in large volume buildings is specified in ASCE 7-10,
Section 26.11.1.1. If this reduction is utilized, it is applied to the internal pressure coefficient
and not the combined coefficients as provided in this manual.
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1.3.4.8 Lateral Drift of Frames

Many metal building systems are designed with moment-resistant frames aligned in the
transverse direction to resist lateral loading. Experience has shown that the lateral drift of the
frames under wind loading is far less than predicted by the usual static analytical procedures.
The calculation of the lateral drift of a building frame (sidesway) is normally based on a bare
frame with no walls or roof. The wind load is applied as a static force and the calculated drift
is often unexpectedly large. It is recognized that the actual drift is considerably less.

In reality, the wind load is not static and not uniform over the length of a building. This
means that not every frame is loaded to the same degree and that the load is being distributed
through the roof diaphragm to less heavily loaded frames. The force may even be transferred
to braced end walls, which are generally much stiffer than interior frames. Therefore, the
following four factors account for most of this apparent anomaly:

Drift calculations are traditionally based on full design loads.

. Moment-rotation stiffnesses of the "pinned" bases are taken as zero.

3. The usual analytical procedures are based on "bare" frames (skin action of the roof
diaphragms and endwalls is neglected) thus load sharing has not been taken into
account.

4. The static analysis used does not take into account the dynamic effects of the applied

load and the mass effects of the structure.

N —

Studies completed at the University of Western Ontario (Ref. B3.11) confirm that the
discrepancies between observed and calculated drift are not due to the methods of assessing
wind loading but must be accounted for by structural actions not included in current methods
of analysis. The researchers developed a methodology for predicting building drift as a
function of gross building geometry and typical frame and diaphragm stiffnesses. Curves
were developed in the research report that show the actual drift of a frame as a function of the
building length, the height-width ratio, and typical frame and diaphragm stiffness. An
example for illustration purposes is shown in Figure 1.3.4.8. Also, research at Clemson
University has provided more insight into the relative frame and diaphragm stiffness based
on extensive field testing of a metal building under construction and analytical models
calibrated to the measured data (see Refs. B3.38).
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Figure 1.3.4.8: Example of Drift Determinations

The ordinate on this graph is a reduction factor to be applied on the drift of a "bare" frame,
represented by the horizontal line at 100 percent.

The reader is cautioned that Figure 1.3.4.8 is purely for conceptual purposes and not to
determine real numbers. Anyone who wishes to make use of the methodology must first
know or assume the stiffness of the building frames, the roof diaphragm, and the end wall.

To this point, the discussion has dealt only with the matter of how to calculate actual drift
under wind load. The drift allowed should depend on the intended use of the building, the
occupancy, the type of materials used in the wall system, the presence of cranes in the
building and a host of other factors. There is simply no way to set a limit that would be
appropriate for all conditions. See Chapter III of this manual for a discussion of serviceability
considerations.

Finally, it should be noted that deflection is a serviceability criterion rather than a strength
consideration and as such, poses less hazard and risk to life and property. A number of
foreign codes (Refs. B3.4, B3.16 and B3.24) have recognized this fact and specify different
return periods, or probability factors, to be used for serviceability requirements as compared
to strength considerations. In fact, the IBC 2012 recognizes this as specified by the 0.42
reduction factor of Note (f) in Table 1604.3 (see Table 1.3.1(b) in this manual). This is also
discussed in the AISC Design Guide No. 3 (partially reprinted in Chapter III of this manual).
Thus, it is suggested in this manual that the calculated drift be based upon a 10-year return
period. An approximate conversion from the wind load using ASCE 7-10, Figure 26.5-1A to
the 10-year return period is 0.42. However, it should be noted that ASCE 7-10 introduced
several serviceability wind speed maps in the Commentary of Appendix C, including a 10-
year map. Therefore a more accurate calculation of the service level wind load could be made
using these maps.
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Table 1.3.4.5(a): Main Framing Coefficients [(GC,s) — (GC,;)] for Transverse Direction
(See Figure 1.3.4.5(a) or (b) for Zone Locations)

Building Roof Angle 0 Loadl End Zone Coefficients Interior Zone Coefficients
Type Case 1E 2E 3E 4E 1 2 3 4
<p<so || 043 [ 125 [ 071 [ 061 [ +0.22 | 087 [ 0.5 [ 047
=V i | 4079 | —0.89 | 035 | —025 | +0.58 | —0.51 | —0.19 | —0.11
)12 +i | 4049 | —125 | —0.76 | —0.67 | 026 | —0.87 | —0.58 | —0.51
: i | 4085 | —0.89 | —0.40 | —031 | +0.62 | —0.51 | 022 | —0.15
+i | 4054 | 125 | —0.81 | —0.74 | +0.30 | —0.87 | —0.62 | —0.55
%“C.ig.sed 3:12 T | 1090 | —0.89 | —0.45 | —038 | 10.66 | 051 | 026 | —0.19
( Auslcén% 6 200 +_ | +0.62 | —1.25 | —0.87 | —0.82 | +0.35 | —0.87 | —0.66 | —0.61
i | 4098 | 089 | —0.51 | 046 | +0.71 | —0.51 | —0.30 | —0.25
300 <6 <450 |F__| T051 [ +0.09 [ 071 [ 0.6 | +0.38 | +0.03 [ ~0.61 | 055
=V= Zi | +0.87 | 045 | —035 | —0.30 | +0.74 | +0.39 | 025 | —0.19
- +i | +0.51 | 0.51 | 066 | —0.66 | +0.38 | +0.38 | —0.55 | —0.55
=90 i | +0.87 | +0.87 | —030 | —0.30 | +0.74 | +0.74 | —0.19 | —0.19
o<p<so |H_]+0.06 [ 162 [ 1.08 | 098 [ 0.5 [ -1.24 [ 0.92 [ 0.84
=V i | 4116 | 052 | +0.02 | +0.12 | +0.95 | —0.14 | +0.18 | +0.26
)12 +i | 4012 | —1.62 | —1.13 | —1.04 | —0.11 | —1.24 | —0.95 | 0.88
: i | 4122 | 052 | —0.03 | +0.06 | +0.99 | —0.14 | +0.15 | +0.22
. | 4017 | —1.62 | =120 | —1.11 | +0.07 | 124 | —0.99 | —0.92
Ea“llalbé 3:12 S | 127 | =052 | —0.10 | —0.01 | +1.03 | —0.14 | +0.11 | +0.18
( Ang(?];eﬂ 6 - 20° + | 1025 | —1.62 | —124 | —1.19 | —0.02 | —1.24 | -1.03 | —0.98
i | 4135 | 052 | —0.14 | —0.09 | +1.08 | —0.14 | +0.07 | +0.12
300 << dse | Fi| 004 | 028 [ 108 | ~1.03 | +0.01 | -0.34 | 0.98 | 0.2
=V= Ti | 4124 | 4082 | +0.02 | 40.07 | +1.11 | +0.76 | +0.12 | +0.18
. +i | +0.14 | +0.14 | —1.03 | —1.03 | +0.01 | +0.01 | 0.92 | 0.92
=90 Ti | 4124 | +124 | +0.07 | 40.07 | +1.11 | +1.11 | +0.18 | +0.18
<0<100 ] 075 | —0.50 | —0.50 | —0.75 | +0.75 | —0.50 | —0.50 | -0.75
=vs 2 | 4075 | =020 | 060 |-0.75 |+0.75 | —0.20 | —0.60 | -0.75
Open’ 1 [+0.75 | —0.50 | —0.50 | —0.75 | +0.75 | —0.50 | —0.50 | —0.75
MbMa) | 10°<0<25° [ 2 15075 [+050 [ 050 [075 [+075 [ +0.50 | 0.50 | -075
3 | 4075 | +0.15 | —0.65 | -0.75 | +0.75 | +0.15 | —0.65 | -0.75
550 <p<ase 1| 1075 [ 050 [-050 [-075 [+0.75 [ 0.50 [ -0.50 [-0.75
- 2 +0.75 +1.40 | +0.20 | -0.75 | +0.75 +1.40 | +0.20 | -0.75

Notes:

L.

Load Case refers to negative internal pressure (-1) and positive internal pressure (+i). See Table 26.11-1, ASCE 7-10 for
the values used for GC,;. For the MBMA recommendation for open buildings, load cases are provided for balanced and
unbalanced uplift cases.

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

For values of 6 other than those shown, linear interpolation is permitted. Note that this interpolation must be done on the
external pressure coefficient and then combined with the appropriate internal pressure coefficient. This has been done for
standard slopes 2:12 and 3:12.

When the roof pressure coefficient in Zone 2 or 2E is negative, it shall be applied in Zone 2 or 2E for a distance from the
edge of the roof equal to 0.5 times the horizontal dimension of the building measured perpendicular to the eave line or
2.5h at the windward wall, whichever is less. The remainder of Zone 2 or 2E extending to the ridge line shall use the
pressure coefficient from Zone 3 or 3E.

The building must be designed for all wind directions using the 8 loading patterns shown in ASCE 7-10, Figure 28.4-1.
The open building coefficients are recommended for the cladded wall surfaces, as discussed in Section 1.3.4.5.4 of this
manual and when the building aspect ratio (h/L) is outside the limits of applicability of ASCE 7-10, Figures 27.4-4
through 27.4-6.

28




Metal Building Systems Manual

Figure 1.3.4.5(b): MWFRS Coefficients in Transverse Direction (Single Slope)

Note: h is defined as the mean roof height, except that the eave height shall be used for 6 < 10° for both Figures
1.3.4.5 (a) and (b). (Ref. ASCE 7-10, Figure 28.4-1, Note 9).
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Table 1.3.4.5(b): Main Framing Coefficients [(GC) — (GC,;)] for

Longitudinal Direction (All Roof Angles 6)

(See Figure 1.3.4.5(c) or (d) for Zone Locations)

End Zone
Type Load Class
1E 2E 3E 4E S5E 6E
+ -0.66 -1.25 -0.71 -0.66 0.43 -0.61
Enclosed 5
-1 -0.30 -0.89 -0.35 -0.30 0.79 -0.25
Partially +i -1.03 -1.62 -1.08 -1.03 0.06 -0.98
Enclosed -1 0.07 -0.52 0.02 0.07 1.16 0.12
Open See Figure 1.3.4.5(e) for MBMA Recommendations
Interior Zone
Type Load Class
1 2 3 4 5 6
+ -0.63 -0.87 -0.55 -0.63 0.22 -0.47
Enclosed -
-1 -0.27 -0.51 -0.19 -0.27 0.58 -0.11
Partially +i -1.00 -1.24 -0.92 -1.00 -0.15 -0.84
Enclosed -1 0.10 -0.14 0.18 0.10 0.95 0.26
Open See Figure 1.3.4.5(e) for MBMA Recommendations
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Figure 1.3.4.5(c): MWFRS Coefficients in
Longitudinal Direction (Gable Roof)

Figure 1.3.4.5(d): MWFRS Coefficients in
Longitudinal Direction (Single Slope)

Note: h is defined as the mean roof height, except that the eave height shall be used for 6 < 10° for both
Figures 1.3.4.5 (¢) and (d). (Ref. ASCE 7-10, Figure 28.4-1, Note 9).
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For roof surfaces, see ASCE 7-10, Section 27.4.3

Figure 1.3.4.5(e): MBMA Recommendation for Open Building in
Longitudinal Direction

Note: The 0.75 pressure coefficients apply to any covered wall areas of the building surfaces.
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Table 1.3.4.6(a): Wall Coefficient Equations [(GCp) - (GCpi)]
(ASCE 7-10, Fig. 30.4-1 w/ Internal Pressure Included)

Wall Coefficients (GC, - GC,;) Outward Pressure for Components and Cladding

Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<I10 -1.58 -1.95
Corner (5) 10 < A <500 +0.353 Log A -1.93 +0.353 Log A —2.30
A >500 —0.98 -1.35
A<I10 -1.28 —-1.65
Interior (4) 10 <A <500 +0.176 Log A —1.46 +0.176 Log A —1.83
A > 500 —0.98 —1.35
Wall Coefficients (GC, - GC,;) Inward Pressure for Components and Cladding
Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<I10 +1.18 +1.55
All Zones 10 < A <500 —0.176 Log A +1.36 —0.176 Log A +1.73
A > 500 +0.88 +1.25

Wall Coefficient Equations [(GCp) - (GCpi)]
(ASCE 7-10, Fig. 30.4-1w/ Internal Pressure Included)

w/ 10% Reduction in GCp if 6 < 10°

Wall Coefficients (GC, - GC,;) Outward Pressure for Components and Cladding

Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<10 —-1.44 —-1.81
Corner (5) 10 < A <500 +0.318 Log A —-1.76 +0.318 Log A -2.13
A >500 —0.90 -1.27
A<10 —-1.17 —-1.54
Interior (4) 10 <A <500 +0.159 Log A —1.33 +0.159 Log A —1.70
A >500 —0.90 -1.27
Wall Coefficients (GC, - GCp;) Inward Pressure for Components and Cladding
Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<I10 +1.08 +1.45
All Zones 10 < A <500 —0.159 Log A +1.24 —0.159 Log A +1.61
A >500 +0.81 +1.18
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Table 1.3.4.6(b): Roof and Overhang Coefficient Equations [(GC;) - (GC,;)]
Gable Roofs, 0°<0<7°

(ASCE 7-10, Fig. 30.4-2A w/ Internal Pressure Included)

Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft%) Buildings Buildings

A<10 -2.98 -3.35

Corner (3) 10<A <100 +1.70 Log A —4.68 +1.70 Log A -5.05
A>100 —1.28 —1.65
A<10 —-1.98 -2.35

Edge (2) 10<A <100 +0.70 Log A —2.68 +0.70 Log A —3.05
A>100 —1.28 —1.65
A<I10 —-1.18 -1.55

Interior (1) 10<A <100 +0.10 Log A —1.28 +0.10 Log A —1.65
A>100 —-1.08 —1.45

Roof Coefficients (GC, - GC;)) Downward Pressure for Components and Cladding

Zone Eff. Wind Load Area A Enclosed Partially Enclosed
(ft%) Buildings Buildings
A<I10 +0.48 +0.85
All Zones 10<A <100 —0.10 Log A +0.58 —0.10 Log A +0.95
A >100 +0.38 +0.75
Overhang Coefficients (GC, - GC,;) Uplift for Components and Cladding
Zone Eff. Wind Load Enclosed or Partially Enclosed
Area A (ft%) Buildings
A<I10 -2.80
Corner (3) 10<A <100 +2.00 Log A —4.80
A >100 —0.80
A<I10 -1.70
Edaglfd(z) 10 < A <100 +0.10 Log A —1.80
. 100 < A <500 +0.715 Log A —-3.03
Interior (1)
A > 500 —1.10
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Table 1.3.4.6(c): Roof and Overhang Coefficient Equations [(GCp) - (GCpi)]
Gable Roofs, 7°< 6 < 27°

(ASCE 7-10, Fig. 6-30.4-2B w/ Internal Pressure Included)

Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings

A<I10 -2.78 -3.15

Corner (3) 10 <A <100 +0.60 Log A -3.38 +0.60 Log A -3.75
A > 100 -2.18 —2.55
A<I10 —1.88 -2.25

Edge (2) 10<A <100 +0.50 Log A —2.38 +0.50 Log A -2.75
A>100 —-1.38 —-1.75
A<10 —-1.08 —-1.45

Interior (1) 10 <A <100 +0.10 Log A —1.28 +0.10 Log A —1.55
A >100 —0.98 —1.35

Roof Coefficients (GC, - GC,,;) Downward Pressure for Components and Cladding

Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
All Zones A<I10 +0.68 +1.05
10< A <100 —0.20 Log A +0.88 —0.20 Log A +1.25
A>100 +0.48 +0.85

Overhang Coefficients (GC, - GC;) Uplift for Components and Cladding

Zone Eff. Wind L(z)ad Enclosed or Partially Enclosed
Area A (ft°) Buildings
A<10 -3.70
Corner (3) 10< A <100 +1.20 Log A —4.90
A 2>100 —2.50
Edge (2) All A -2.20
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Table 1.3.4.6(d): Roof and Overhang Coefficient Equations [(GC;) - (GC,,)]
Gable Roofs, 27°< 6 < 45°

(ASCE 7-10, Fig.3.4-2C w/ Internal Pressure Included)

Roof Coefficients (GC, - GC;) Uplift for Components and Cladding

Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
Corner (3) A<10 -1.38 -1.75
and 10 <A <100 +0.20 Log A —1.58 +0.20 Log A —1.95
Edge (2) A >100 -1.18 —1.55
A<I10 -1.18 —-1.55
Interior (1) 10<A <100 +0.20 Log A —1.38 +0.20 Log A -1.75
A >100 —0.98 —1.35
Roof Coefficients (GC, - GC,;) Downward Pressure for Components and Cladding
Zone Eff. Wind L;)ad Area A Enclosed Partially Enclosed
(ft") Buildings Buildings
A<I10 +1.08 +1.45
All Zones 10 <A <100 —0.10 Log A +1.18 —0.10 Log A +1.55
A >100 +0.98 +1.35

Overhang Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind L(z)ad Enclosed or Partially Enclosed
Area A (ft°) Buildings
Corner (3) A<10 -2.00
and 10< A <100 +0.20 Log A -2.20
Edge (2) A>100 —1.80
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See Table 6.1.2.4(d) for
zones

Table 1.3.4.6(e): Roof Coefficient Equations [(GC,) - (GC)]

Multispan Gable Roofs, 10°< 6 < 30°
(ASCE 7-10, Fig. 30.4-4 w/ Internal Pressure Included)

Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings

A<10 —2.88 -3.25

Corner (3) 10 <A <100 +1.00 Log A —3.88 +1.00 Log A —4.25
A>100 —1.88 —2.25
A<I10 -2.38 -2.75

Edge (2) 10 <A <100 +0.50 Log A —2.88 +0.50 Log A -3.25
A>100 —1.88 —2.25
A<I10 -1.78 -2.15

Interior (1) 10<A <100 +0.20 Log A —1.98 +0.20 Log A -2.35
A >100 —1.58 -1.95

Roof Coefficients (GC, - GC;) Downward Pressure for Components and Cladding

Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
ft) Buildings Buildings
A<10 +0.78 +1.15
All Zones 10<A <100 —0.20 Log A +0.98 —0.20 Log A +1.35
A>100 +0.58 +0.95
Multispan Gable Roofs, 30°< 6 < 45°
Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding
Zone Eff. Wind L(z)ad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<I10 -2.78 -3.15
Corner (3) 10 <A <100 +0.90 Log A —3.68 +0.90 Log A —4.05
A>100 —1.88 —2.25
A<10 -2.68 -3.05
Edge (2) 10<A <100 +0.80 Log A -3.48 +0.80 Log A —3.85
A>100 —1.88 -2.25
A<10 -2.18 -2.55
Interior (1) 10<A <100 +0.90 Log A -3.08 +0.90 Log A -3.45
A >100 —1.28 —1.65

Roof Coefficients (GC, - GC,;) Downward Pressure for Components and Cladding

Zone Eff. Wind L;)ad Area A Enclosed Partially Enclosed
(ft") Buildings Buildings
A<10 +1.18 +1.55
All Zones 10 <A <100 —0.20 Log A +1.38 —0.20 Log A +1.75
A >100 +0.98 +1.35
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Table 1.3.4.6(f): Roof Coefficient Equations [(GC;) - (GC,,)]
Single Slope, 3°<06<10°
(ASCE 7-10, Fig. 30.4-5A w/ Internal Pressure Included)

Note: For 6 < 3°, Use Table 1.3.4.6(b)

Single Slope Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft") Buildings Buildings
High-side A<10 -2.78 -3.15
Corner (3') 10 <A <100 +1.0 Log A -3.78 +1.0 Log A —4.15
A>100 -1.78 -2.15
Low-side A<10 -1.98 -2.35
Corner (3) 10<A <100 +0.60 Log A —2.58 +0.60 Log A -2.95
A>100 —-1.38 -1.75
High-side A<10 -1.78 -2.15
Edge (2') 10 <A< 100 +0.10 Log A —1.88 +0.10 Log A —2.25
A>100 —1.68 —2.05
Low-side A<10 —-1.48 -1.85
Edge (2) 10 <A <100 +0.10 Log A —1.58 +0.10 Log A —1.95
A>100 —1.38 —1.75
Interior (1) All A -1.28 —-1.65
Single Slope Roof Coefficients (GC, - GC,;) Downward Pressure for Components and Cladding
Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings
A<10 +0.48 +0.85
All Zones 10 <A <100 —0.10 Log A +0.58 —0.10 Log A +0.95
A>100 +0.38 +0.75
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Table 1.3.4.6(g): Roof Coefficient Equations [(GC,) - (GC,,)]
Single Slope, 10° <6 < 30°
(ASCE 7-10, Fig. 30.4-5B w/ Internal Pressure Included)

Single Slope Roof Coefficients (GC, - GC,;;) Uplift for Components and Cladding

Zone Eff. Wind L;)ad Area A Enclosed Partially Enclosed
(ft") Buildings Buildings
High-side A<10 -3.08 -3.45
Corner (3) 10<A <100 +0.90 Log A —3.98 +0.90 Log A —4.35
A >100 -2.18 —2.55
A<I10 -1.78 -2.15
Edge (2) 10 <A <100 +0.40 Log A -2.18 +0.40 Log A -2.55
A>100 —-1.38 -1.75
A<I10 —-1.48 —-1.85
Interior (1) 10<A <100 +0.20 Log A —1.68 +0.20 Log A -2.05
A >100 —1.28 —1.65
Single Slope Roof Coefficients (GC, - GC,;) Downward Pressure for Components and Cladding
Zone Eff. Wind Lgad Area A En_clqsed Partially Enclosed
(ft) Buildings Buildings
A<I10 +0.58 +0.95
All Zones 10<A <100 —0.10 Log A +0.68 —0.10 Log A +1.05
A >100 +0.48 +0.85
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Table 1.3.4.6(h): Roof Coefficient Equations [(GCp) - (GCpi)]
Sawtooth Roofs

(ASCE 7-10, Fig. 30.4-6 w/ Internal Pressure Included)

Sawtooth Roof Coefficients (GC, - GC,;) Uplift for Components and Cladding

Zone Eff. Wind L;)ad Area A Enclosed Partially Enclosed
(ft") Buildings Buildings

A<I10 —4.28 —4.65

Span A 10<A <100 +0.40 Log A —4.68 +0.40 Log A -5.05

Corner (3) 100 < A <500 +2.289 Log A -8.46 +2.289 Log A —8.83
A >500 —2.28 —2.65
A <100 -2.78 -3.15

Sp%grﬁ’erc(’g‘ b 100 < A < 500 +1.001 Log A —4.78 +1.001 Log A —5.15
A >500 -2.08 -2.45
A<10 -3.38 -3.75

Edge (2) 10 < A <500 +0.942 Log A —4.32 +0.942 Log A —4.69
A >500 —-1.78 -2.15
A<I10 -2.38 -2.75

Interior (1) 10 < A <500 +0.647 Log A -3.03 +0.647 Log A -3.40
A > 500 —1.28 —1.65

Sawtooth Roof Coefficients (GC, - GC,;) Downward Pressure for Components and Cladding

Zone Eff. Wind Lgad Area A Enclosed Partially Enclosed
(ft) Buildings Buildings

A<10 +0.98 +1.25

Corner (3) 10 <A <100 —0.10 Log A +1.08 —0.30 Log A +1.55
A >100 +0.88 +0.95
A<10 +1.28 +1.65

Edge (2) 10 <A <100 —0.30 Log A +1.58 —0.30 Log A +1.95
A >100 +0.98 +1.35
A<10 +0.88 +1.25

Interior (1) 10 < A <500 —0.177 Log A +1.06 —0.177 Log A +1.43
A >500 +0.58 +0.95
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1.3.4.9 Wind Load Examples
Wind Load Example 1.3.4.9(a): Standard Gable Building

This example will demonstrate how to determine wind loads for a small standard enclosed
building with rigid frames at both ends.

I
-

40'

Figure 1.3.4.9(a): Building Geometry and Wind Application Zones for
Components and Cladding

A. Given:

Building Use: Warehouse (Standard Building, Risk Category II)

Location: Wilmington, NC = Basic Wind Speed = 145 mph > 140 mph

. Building is in Wind Borne Debris Region and any glazed openings (which would be
located less than 30 feet above grade) which must either meet the large missile test of
ASTM E 1996 or be protected by an impact resistant covering

Building meets definition of Enclosed Building (w/protected glazing)

Developed Suburban Location = Exposure Category B

No Topographic Features creating wind speed-up effects

Purlin Spacing = 5'-0"

Girt Spacing = 7'-0"

Roof Panel Rib Spacing =2'-0" (Standing Seam Roof)

Roof Panel Clip Spacing = 2'-0"

Wall Panel Rib Spacing = 1'-0"

Wall Panel Fastener Spacing = 1'-0"

Bay Spacing = 25'-0" (Purlin Span)

Rigid End Frames

End Wall Column Spacing = 20'-0"
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B. General:
0 =4.76° < 10°, therefore use h = eave height instead of mean roof height (although for
exposure B, gy is constant up to h = 30 ft)

Velocity Pressure, g, [Table 1.3.4.1(a)] = 32.1 psf

Dimension "a" for pressure zone width determination:
(a) the smaller of
1. 10% of 40 ft=4 ft
2. 40% of 14 ft=5.6 ft
(b) but not less than
1. 4% of 40 ft=1.6 ft
2. or3ft
na=4ft

C. Main Framing:

1.) Interior Rigid Frames (Transverse Direction):

Positive Internal Pressure, +i

. Interior Zone
Location [GCe— GCy] Load
See Figure 1.3.4.5(a) Tablepfl 4. Sp(’a) [GCpr— GC,i] x q, x Bay Spacing
Right Wall (Zone 1) +0.22 +0.22 x 32.1 x 25.0 =+177 plf
Right Roof (Zone 2) —0.87 —0.87 x 32.1 x 25.0 =—698 plf
Left Roof (Zone 3) —0.55 —0.55 x 32.1 x 25.0 = —441 plf
Left Wall (Zone 4) -0.47 —0.47 x 32.1 x 25.0 =-377 plf
441 plf 698 plf
Load Summa
ry 377 pif 177 plf
Wind
-

Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h (See
Footnote 4 of Table 1.3.4.5(a).

42



Metal Building Systems Manual

Negative Internal Pressure, -i

. Interior Zone
Location [GC— GCy] Load
See Figure 1.3.4.5(a) Tableptl 34, SP(la) [GCpt— GCyil X qu x Bay Spacing
Right Wall (Zone 1) +0.58 +0.58 x 32.1 x 25.0 = +465 plf
Right Roof (Zone 2) —0.51 —0.51 x 32.1 x 25.0 = 409 plf
Left Roof (Zone 3) —0.19 —0.19 x 32.1 x 25.0 =152 plf
Left Wall (Zone 4) —0.11 —0.11 x 32.1 x 25.0 = —88 plf
152 plf 409 plf
7 !
Load Summary
88 plf 465 plf
Wind
+—

Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h (See
Footnote 4 of Table 1.3.4.5(a).

2.) End Rigid Frame:

Pressure to

% Pressure to

A

First Interior Frame

A

I,

+
12.5JL

25

End Frame

f2a=s

Building Plan View

Distribution of Loads to End and Interior
Frames

According to Section 1.3.4.5, the higher end zone load is typically applied to the end
frame, if the bay spacing exceeds the end zone width, 2 x a.
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Positive Internal Pressure, +i

Location
See Figure 1.3.4.5(a)

End Zone
[GCpe— GCpi
Table 1.3.4.5(a)

Interior Zone
[GCpe— GGl
Table 1.3.4.5(a)

Load
Int. Zone x q, x %2 End Bay +
(End Zone — Int. Zone) x g, x 2a

Right Wall 1022 %321 x 125+
+0.4 +0.22
(Zone 1E) 0.43 0 (+0.43 —0.22) x 32.1 x 8 = +142 plf
Right Roof -
ight Roo 125 087 0.87 x 32.1 x 12.i+
(Zone 2E) (=1.25+0.87) x 32.1 x 8 =—447 plf
Left Roof 0.55x32.0x 125+
(Zone 3E) —0.71 —0.55 (<0.71 +0.55) x 32.1 x 8 =262 plf
Left Wall el o 047 x321x 125+
(Zone 4E) 0. 0. (<0.61 +0.47) x 32.1 x 8 =224 plf
262 plf 447 plf
Load Summary
224 pif 142 plf

Wind

Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h [See
Footnote 4 of Table 1.3.4.5(a)].

Negative Internal Pressure, -i

Location
See Figure 1.3.4.5(a)

End Zone
[GCpe— GCyi]
Table 1.3.4.5(a)

Interior Zone
[GCpr— GCyil
Table 1.3.4.5(a)

Load
Int. Zone x q, x % End Bay +
(End Zone — Int. Zone) x g, x 2a

Right Wall +0.58 x 32.1 x 125+
+0. +0.
(Zone 1E) 0.79 0.58 (+0.79 — 0.58) x 32.1 x 8 = +287 plf
Right Roof 089 051 —0.51x32.1x125+
(Zone 2E) : ' (=0.89 +0.51) x 32.1 x 8 =—302 plf
Left Roof 035 019 —-0.19x32.1x12.5+
(Zone 3E) ) ' (-0.35+0.19) x 32.1 x 8 =—117 plf
Left Wall 05 ol —0.11x32.1x 12,5+
(Zone 4E) : ' (=0.25 +0.11) x 32.1 x 8 =—81 pIf
117 plf 302 plf
7 !
Load S
oad Summary 1 pif 287 plf

Wind

Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h (See
Footnote 4 of Table 1.3.4.5(a).
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Note: Using the above coefficients, the End Frame is not designed for future expansion.
If the frame is to be designed for future expansion, then the frame must also be

investigated as an interior frame.

3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical
compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location
See Figure 1.3.4.5(c)

Interior Zone
[GCpe— GCi]
Table 1.3.4.5(b)

End Zone
[GCpe— GCi]
Table 1.3.4.5(b)

Left Endwall

(Zones 5 & SE) +0.58

+0.79

Right Endwall
(Zones 6 & 6E)

-0.11

-0.25

End Zone Pressure

Interior Pressure to Endwall

LICTTFTTTeTireeeites

>
L

Building Plan View

14 1433

End Zone

Endwall Elevation

Loading on Endwalls for Longitudinal Bracing
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Calculate Load for Half of Building:

+14.
End Zone Area = (14+433)>< 4=57 1t
_l’_
Interior Zone Area = (14.33 5 15'67)>< 16 =240 ft*

Loads - Left Endwall (Zones 5 & S5E)
p = [GCpr— GCpi] x qn X Area
Interior Zone Load = +0.58 x 32.1 x 240 = +4,468 1bs
End Zone Load = +0.79 x 32.1 x 57 = +1,445 Ibs

Loads - Right Endwall (Zones 6 & 6E)
Interior Zone Load =—0.11 x 32.1 x 240 =—-847 lbs
End Zone Load = —0.25 x 32.1 x 57=-457 1bs

Total Longitudinal Force Applied to Each Side
F = 4,468 + 1,445 + 847+ 457 =7.217 Ibs

Note that the wind bracing would see half of this force since half would be
transferred directly to the foundation.

4.) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. Therefore, since
the building height, h, in this example does not exceed 30 feet, torsional load cases need
not be considered.
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D. Components and Cladding

Wall Design Pressures — See Table 1.3.4.6(a) for [GC,—GCpil:

Outward Pressure w/10% Reduction

A =500 f A<10f
e Design Pressure e Design Pressure
Zone [GC,—GCy] (psf) [GC,—GCy] (psf)
Corner (5) —0.90 —28.89 —-1.44 —46.22
Interior (4) -0.90 —28.89 -1.17 —37.56

Inward Pressure w/10% Reduction

A > 500 ft? A<10f
Design Pressure Design Pressure
Zone [GC,-GC,] g?ps H [GC,—GC,y] g?ps b
All Zones +0.81 +26.00 +1.08 +34.67

Roof Design Pressures — See Table 1.3.4.6(b) for [GC,—GCy;]:

Negative (Uplift)
A =100 ft’ A<10 Y
. Design Pressure e Design Pressure
Zone [GC,—GCyi] (psf) [GC,-GCy] (psf)
Corner (3) -1.28 —41.09 -2.98 —95.66
Edge (2) -1.28 —41.09 -1.98 —63.56
Interior (1) -1.08 -34.67 -1.18 -37.88
Positive (Downward)
A>100 A<10f
. Design Pressure e Design Pressure
Zone [GC,—GCyi] (psf) [GC,—GCy] (psf)
All Zones +0.38 +12.20 +0.48 +15.41
1.) Purlins:

Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5) +2 =5 ft
b. The span divided by 3, 25 + 3 = 8.33 ft (Note that the span length of the
continuous multi-span purlin is used and not the total purlin length)
. A=25x8.33=208 ft’
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The individual purlin loads can be determined using several approaches. Step
functions, weighted average, or another rational judgment can be made in evaluating
the pressure zones in relation to the purlins. Interior Purlin Design Load:

Zone 1 =-34.67 x 5 =-173 plf (Uplift)
=+12.20 x 5 =+61 plf (Downward)

Zone 2 =—41.09 x 5 =-205 plf (Uplift)
=+12.20 x 5 =+61 plf (Downward)

Therefore, the uplift loading on an interior purlin calculated as a step function is:

205 plf

173 plf

A A A} A} I A A I A A >

\ |
. 4'4 21 ] 25

A
A
v

Alternately, calculate the uplift loading in the endbay as a weighted average:

4(-41.09) +21(-34.67)
25

=-178 plf

It can be seen that the weighted average in the endbay is approximately 3% more
than if the Zone 2 edge strip loading had been ignored. Therefore, if the edge strip is
relatively small, as in this case, a valid assumption would be to ignore it in
computing the purlin load.

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

The first purlin 5' from the eave purlin may be assumed to carry 1'-6" of the edge
strip pressure (the amount that encroaches into the 5' tributary area of the purlin) or,
alternately, the eave purlin may be designed to carry the entire edge strip pressure.
Using the former assumption, the uplift design load would be:

Purlin 5' from Eave: Load = 1.5(—41.09) + 3.5(—34.67) = —183 plf (Uplift)
2.) Eave Member:

a. As aroof member, effective wind load area is the span times the greater of:
1. The average of two adjacent tributary widths, (5 +0) +2=2.5ft
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ii. The span divided by 3, 25 + 3 =8.33 ft
- A=25x833=208 ft’

Eave Member Design Uplift Load = —41.09 x 2.5 = —-103 plf (Uplift)

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

b. As a wall member, effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (7 + 0) + 2 =3.5 ft
ii. The span divided by 3, 25 +3 =8.33 ft
- A=25x833=208 ft’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC,, since 0 < 10°
Outward Pressure:
Comner Zone:  [GC,—-GC,]  =+0.318 Log(208) — 1.76 =—1.02
Interior Zone:  [GC,—-GC,] =+0.159 Log(208) — 1.33 =-0.96
Eave Member Design Loads =-1.02 x 32.1 x 3.5 =—115 plf (Corner)
=—0.96 x 32.1 x 3.5 =—-108 plf (Interior)

Inward Pressure:
All Zones: [GCy,—GCi]  =-0.159 Log(208) + 1.24 = +0.87
Eave Member Design Load =+0.87 x 32.1 x 3.5 =498 plf

3.) Girts:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (7+7)+2="7 ft
b. The span divided by 3,25 +3=8.33 ft
. A=25x8.33=208 ft’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC, since 6 < 10°
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.318 Log(208) — 1.76 =-1.02
Interior Zone:  [GC,-GC]  =+0.159 Log(208) — 1.33 =-0.96
Girt Design Loads =-1.02 x 32.1 x 7=-229 plf (Corner)
=—-0.96 x 32.1 x 7=-216 plf (Interior)

25 ft 25 ft

ﬂ<—/ 1 i ﬂ/

216 plf

229 plf
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Inward Pressure:

All Zones: [GCy, - GCi]  =-0.159 Log(208) + 1.24 = +0.87
Girt Design Load =+0.87 x 32.1 x 7=+195 plf
25 ft 25 ft

D

4.) Roof Panels and Fasteners:

Roof Panels

Effective wind load area is the span (L) times the greater of:
a. The rib spacing =2 ft
b. The span (L) divided by 3,5 +3=1.67 ft
L A=5x2=101

From the Table of Roof Design Pressures above:
Panel Uplift Design Loads =-95.66 psf (Corner)*
=—-63.56 psf (Edge)*
= —37.88 psf (Interior)

Panel Downward Design Load = +15.41 psf (All Zones)

* Per AISI S100-07 w/S2-10-, Appendix A, Section D6.2.1a, the edge and
corner wind loads shall be permitted to be multiplied by 0.67, provided the
tested system and wind load evaluation satisfies the conditions noted therein.
Note that the adjusted edge or corner load, after multiplying by 0.67, should
not be taken lower than the interior zone design load. This unintended
anomaly can occur for steeper slope roofs and for some overhang situations.

Roof Fasteners (clips)
Effective wind load area is the loaded area:

L=51t
Clip spacing =2 ft
L A=5x2=101

Only Uplift Governs the Design
Design Uplift Forces:
From the Table of Roof Design Pressures above, the design uplift forces
are as follows:
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Fastener Uplift Design Loads  =-95.66 x 10 =—957 Ibs (Corner)
=—63.56 x 10 =-636 Ibs (Edge)
=-37.88 x 10 =-379 Ibs (Interior)

Note that more closely spaced clips can be used at the edge or corner
to reduce the individual fastener design load. Also, the edge and corner
fastener loads would be permitted to be multiplied by the same 0.67
multiplier specified in AISI S100-07 w/S2-10, Appendix A, Section
D6.2.1a provided the tested system and wind load evaluation satisfies
the conditions noted therein.

5.) Wall Panels and Fasteners:

Wall Panels
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3, 7 +3 =233 ft
L A=7x233=163f

From Table 1.3.4.6(a) w/10% Reduction
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.318 Log(16.3) - 1.76 =—1.37
Interior Zone:  [GC,-GC] =+0.159 Log(16.3) —1.33=-1.14
Wall Panel Design Loads —1.37 x 32.1 = -43.98 psf (Corner)
=—1.14 x 32.1 =-36.59 psf (Interior)

Inward Pressure:
All Zones: [GC, - GCpi]  =-0.159 Log(16.3) + 1.24 =+1.05
Wall Panel Design Load =+1.05 x 32.1 =+33.71 psf

Wall Fasteners

Effective wind load area is the loaded area
L=7ft

Fastener spacing = 1 ft

LA=Tx1=7f

Only suction governs the design, From Table of Wall Pressures above:
Fastener Design Load ~ =-37.56 x 7=-263 Ibs (Interior)
=—46.22 x 7=-324 lbs (Corner)

6.) End Wall Columns:

Center column effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, 15.67 +3=5.2 ft
L A=20x15.67=313
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From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Interior Zone: [GC, — GCp,] = +0.159 Log(313) — 1.33 =-0.93
Column Design Load =—-0.93 x 32.1 x 20 =-597 plf

Inward Pressure:
Interior Zone: [GC, — GC,;] =—-0.159 Log(313) + 1.24 = +0.84
Column Design Load = +0.84 x 32.1 x 20 = +539 plf

Note that all of the wind loads computed according to ASCE 7-10 in this example would be

multiplied by 0.6 when used in the ASD load combinations as explained in Section 1.3.7 of
this manual.
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Four Wind Load Examples — Differences and Similarities based on Figure 1.3.4.9(b)

The set of examples in this section demonstrate the differences and similarities in the
procedures used in assessing the Design Wind Loads for:

1. Enclosed Buildings: Example 1.3.4.9(b)-1

2. Partially Enclosed Buildings: Example 1.3.4.9(b)-2
3. Open Building (200’ x 240’): Example 1.3.4.9(b)-3a
4. Open Building (80’ x 80”): Example 1.3.4.9(b)-3b

Wind Load Example 1.3.4.9(b)-1: Enclosed Building

Figure 1.3.4.9(b): Building Geometry and Wind Application Zones for
Components and Cladding

A. Given:

Building Use: Major Storage Facility (Standard Building, Risk Category II)

Location: Mobile, AL = Basic Wind Speed = 142 mph

Building is located 2 miles from coastal mean high water line

.. Although the building is more than 1 mile from the coastal mean high water line, the
design wind speed is greater than 140 mph, which also defines a Wind Borne Debris
Region. Accordingly, glazed openings (which would be located less than 30 feet
above grade) must either meet the large missile test of ASTM E 1996 or be protected
by an impact resistant covering.

Building meets definition of Enclosed Building (w/protected glazing)

Developed Suburban Location = Exposure Category B

No Topographic Features creating wind speed-up effects

Bay Spacing: 20'-0"

Purlin Spacing = 5'-0"

Girt Spacing = 6'-8"

Roof Panel Rib Spacing = 1'-0" (Through-Fastened Roof)
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Roof Panel Fastener Spacing = 1'-0"
Wall Panel Rib Spacing = 1'-0"
Wall Panel Fastener Spacing = 1'-0"

Bearing End Frames

End Wall Column Spacing = 20'-0"

B. General:

0 =4.76° < 10°, therefore use h = eave height instead of mean roof height (although for
exposure B, gy is constant up to h = 30 ft)

Velocity Pressure, q, [Table 1.3.4.1(a)] = 30.7 psf

Dimension "a" for pressure zone width determination:

(a) the smaller of

1. 10% of 200 ft = 20 ft

2.40% of 20 ft =8 ft
(b) but not less than
1. 4% of 200 ft = 8 ft

2.or3ft
Sa=8ft

C. Main Framing:

1.) Interior Rigid Frames (Transverse Direction):

Positive Internal Pressure, +i

Interior Zone

289 plf

Location Load
See Figure 1.3.4.5(a) Tﬁi‘)fl;f‘%ﬂ) [GCpt— GC,i] x qy x Bay Spacing
Right Wall (Zone 1) +0.22 +0.22 x 30.7 x 20.0 =+135 plf
Right Roof (Zone 2) —0.87 —0.87 x 30.7 x 20.0 = =534 plf
Left Roof (Zone 3) —0.55 —0.55 x 30.7 x 20.0 = =338 plf
Left Wall (Zone 4) -0.47 —0.47 x 30.7 x 20.0 = -289 plf
Load Summary

g 135 plf

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.
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Negative Internal Pressure, -i

. Interior Zone
Location [GCy— GCy] Load

See Figure 1.3.4.5(a) Tableptl a4 SP(la) [GCpt— GCyil X qu x Bay Spacing
Right Wall (Zone 1) +0.58 +0.58 x 30.7 x 20.0 = +356 plf
Right Roof (Zone 2) —0.51 —0.51 x 30.7 x 20.0 = =313 plf
Left Roof (Zone 3) —0.19 —0.19 x 30.7 x 20.0 =117 plf

Left Wall (Zone 4) —0.11 —0.11 x 30.7 x 20.0 = —68 plf

117 plf 117 plf 313 plf
Load Summary
68 plf 356 plf
R ——

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.

2.) Transverse Wind Bracing (Endwall):

Wind bracing in a bearing endwall would be designed for the horizontal components of
the loads on the end frame.

According to Section 1.3.4.5, the higher end zone load is typically applied to the end

frame, if the bay spacing exceeds the end zone width, 2 x a. In this example, bay spacing
does exceed 16 feet.

Pressure to
End Frame

Pressure to
Interior Frame

First Interior Frame

A
w ]
20'

End Frame

Building Plan View
Load Distribution on End Frame and First Interior Frame
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Positive Internal Pressure, +i

Locati End Zone Interior Zone Load
See Fi 3:: 1103n 45(a) [GCpe— GCyil [GCpe— GCi] Int. Zone x g, x %2 End Bay +
gure 1.5.%. Table 1.3.4.5(a) Table 1.3.4.5(a) (End Zone — Int. Zone) x gy x 2a
Right Wall +0.22 x 30.7 x 10.0 +
+0.4 +0.22
(Zones 1 and 1E) 043 0 (+0.43 — 0.22) x30.7 x 16 = +170 plf
Right Roof 125 087 —0.87 x30.7 x 10.0 +
(Zones 2 and 2E) ’ ' (-=1.25+0.87) x 30.7 x 16 = —453 plf
Left Roof 071 0,55 —0.55 x30.7 x 10.0 +
(Zones 3 and 3E) ’ ' (=0.71 + 0.55) x 30.7 x 16 =247 plf
Left Wall 061 o047 —0.47 x 30.7 x 10.0 +
(Zones 4 and 4E) ] ' (=0.61 +0.47) x 30.7 x 16 =214 pIf
247 plf 247 plf 453 plf
Load Summary 214 pif % 170 plf
— 0.821 Ibs

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.

Total horizontal load on the end frame (walls plus horizontal component of roofs):

1 1
F=170x 20 — (453 +247)/2 x 100 x D + 247 x 100 x D) +214 x20=6,821 lbs

Negative Internal Pressure, -i

Locati End Zone Interior Zone Load
See Fi 3:2 ;03“ 45) [GCpt— GCyi] [GCpr— GCyil Int. Zone x g, x % End Bay +

gure .55 Table 1.3.4.5(a) Table 1.3.4.5(a) (End Zone — Int. Zone) x q; x 2a

Right Wall +0.58 x 30.7 x 10.0 +
+0. +0.

(Zone 1E) 0.79 0.58 (+0.79 — 0.58) x 30.7 x 16 = +281 pIf
Right Roof 0,89 051 —0.51 x30.7 x 10.0 +

(Zone 2E) ) ' (—=0.89 + 0.51) x 30.7 x 16 = =343 plf
Left Roof 035 019 —0.19%30.7 x 10.0 +
(Zone 3E) ) ) (-0.35+0.19) x 30.7 x 16 =—137 plf
Left Wall 025 ol —0.11 x30.7 x 10.0 +
(Zone 4E) : ' (=0.25+0.11) x 30.7 x 16 =—103 plf

137 plf 137 plf 343 plf
Load Summary 103 plf |<—>5 0ft % 281 plf
6,821 Ibs
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Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.

Total horizontal load on the end frame (Note: Will be same for both positive and
negative internal pressure)

1 1
F=281x20-(343 +137)/2 x 100 x I + 137 x 100 x I + 103 x 20 =6,8211bs

3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical
compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location Interior Zone End Zone
. [chf - GCpi] [chf - GCpi]
See Figure 1.3.4.5(c) Table 1.3.4.5(b) Table 1.3.4.5(b)
Left Endwall +0.58 +0.79
(Zones 5 & 5E)
Right Endwall
(Zones 6 & 6E) ot 0

End Zone Pressure

Interior Pressure to Endwall

 EEERERRRRRRNEREEEIL

|
/\\/ ’ .
N/ 20 :
End Zone : §
- |
i
|
i
\ |
A A A A AAA AAALAAAAA |
a=8g' 92" | a=8'
: Fal
Building Plan View Endwall Elevation

Loading on Endwalls for Longitudinal Bracing
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Calculate Load for Half of Building:

(20+20.67)

End Zone Area = x8 =163 ft*

(20.6742833) 005 rsuqe

Interior Zone Area =

Loads - Left Endwall (Zones 5 & 5E)
p = [GCpr— GCpi] x qn X Area
Interior Zone Load = +0.58 x 30.7 x 2,254 = +40,135 1bs
End Zone Load = +0.79 x 30.7 x 163=+3,9531bs

Loads - Right Endwall (Zones 6 & 6E)
Interior Zone Load =—-0.11 x 30.7 x 2,254 =—-7,612 Ibs
End Zone Load = —0.25 x 30.7 x 163=—-1,251 lbs

Total Longitudinal Force Applied to Each Side
F=40,135+ 3,953+ 7,612 + 1,251= 52,951 lbs

Note that the wind bracing would see half of this force since half would be

transferred directly to the foundation.

4.) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. Therefore, since
the building height, h, in this example does not exceed 30 feet, torsional load cases need

not be considered.

D. Components and Cladding:

Wall Design Pressures — See Table 1.3.4.6(a) for [GC,—GCpi]:

Outward Pressure w/10% Reduction
A >500 ft* A<10f?
. Design Pressure A Design Pressure
Zone [GC,—GCyi] (psf) [GC,—GCy] (psf)
Corner (5) —-0.90 -27.63 -1.44 —44.21
Interior (4) -0.90 -27.63 -1.17 -35.92
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Inward Pressure w/10% Reduction

A > 500 ft’ A<10ff
e Design Pressure e Design Pressure
Zone [GC,—GC,il (psf) [GC,—GCy] (psf)
All Zones +0.81 +24.87 +1.08 +33.16

Roof Design Pressures — See Table 1.3.4.6(b) for [GC,—GC,]:

Negative (Uplift)
A =100 ft* A<10 Y
. Design Pressure e Design Pressure
Zone [GC,—GCyil (psf) [GC,—GCy] (psf)
Corner (3) -1.28 -39.30 —2.98 -91.49
Edge (2) -1.28 -39.30 -1.98 —60.79
Interior (1) -1.08 -33.16 -1.18 -36.23
Positive (Downward)
A =100 ff A<10f
e Design Pressure e Design Pressure
Zone [GC,—GC,il (psf) [GC,—GCy] (psf)
All Zones +0.38 +11.67 +0.48 +14.74
1.) Purlins:

Effective wind load area is the span times the greater of:

a.

The individual purlin loads can be determined using several approaches. Step
functions, weighted average, or another rational judgment can be made in evaluating

the pressure zones in relation to the purlins.

Interior Purlin Design Load:

= -33.16 x 5 = —166 plf (Uplift)

=+11.67 x 5 =+58 plf (Downward)

= -39.30 x 5 = —197 plf (Uplift)

=+11.67 x 5 =+58 plf (Downward)

Therefore, the uplift loading on an interior purlin is:
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The average of two adjacent tributary widths, (5 +5)+2 =5 ft
b. The span divided by 3, 20 + 3 = 6.67 ft (Note that the span length of the
continuous multi-span purlin is used and not the total purlin length)
S A=20x6.67=133 f’
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197 plf

r A 'y

|
A A A 4 Y A Y A A >
|

8' 12 20" [
|

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

The first purlin, 5' from the eave purlin, will be carrying the corner zone wind for the
edge strip width (8') at either end of the run and the edge strip pressure for the
balance of the run.

Purlin 5' from Eave: Design Load:

Zone 2 =-39.30 x 5 =-197 plf (Uplift)
=+11.67 x 5 =+58 plf (Downward)

Zone 3 =-39.30 x 5 =-197 plf (Uplift)
=+11.67 x 5 =+58 plf (Downward)

In this case, since A = 133 ft>, Zone 2 wind uplift pressure matches Zone 3 wind
uplift and the purlin 5' from the eave would be designed for a uniform uplift loading
of =197 plf.

2.) Eave Member:
a. As aroof member, effective wind load area is the span times the greater of:

i. The average of two adjacent tributary widths, (5 +0) +2 =2.5 ft
ii. The span divided by 3, 20 + 3 = 6.67 ft
S A=20x6.67=133 f

Eave Member Design Uplift Load = —39.30 x 2.5 = -98 plf (Uplift)

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

b. As a wall member, effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (6.67 + 0) + 2 =3.33 ft
ii. The span divided by 3, 20 + 3 = 6.67 ft
~ A=20x6.67=133 ft’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC,, since 6 < 10°
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Outward Pressure:
Corner Zone: [GC, - GC]  =+0.318 Log(133) — 1.76 =—1.08
Interior Zone: [GC, - GCpi]  =+0.159 Log(133) — 1.33 =-0.99
Eave Member Design Loads =—1.08 x 30.7 x 3.33 = —-110 plf (Corner)
=—-0.99 x 30.7 x 3.33 =101 plf (Interior)

Inward Pressure:
All Zones: [GC, - GCpi]  =-0.159 Log(133) + 1.24 =+0.90
Eave Member Design Load =+0.90 x 30.7 x 3.33 =+92 plf

3.) Girts:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (6.67 + 6.67) + 2 = 6.67 ft
b. The span divided by 3, 20 + 3 =6.67 ft
S A=20x6.67=133 f

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC,, since 6 < 10°
Outward Pressure:
Corner Zone: [GC, - GCpi]  =+0.318 Log(133) — 1.76 = —1.08
Interior Zone:  [GC,-GC,;] =+0.159 Log(133) — 1.33 =-0.99
Girt Design Loads =—-1.08 x 30.7 x 6.67 = =221 plf (Corner)
=—-0.99 x 30.7 x 6.67 = 203 plf (Interior)

20 ft 20 ft

ﬂ 8 ft ﬂ ﬂ/
221 plf 203 plf
Inward Pressure:
All Zones: [GC, — GGy =-0.159 Log(133) + 1.24=+0.90
Girt Member Design Load =+0.90 x 30.7.0 x 6.67 = +184 plf
20 ft 20 ft

P
i s
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4.) Roof Panels and Fasteners:

Roof Panels

Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3,5 +3=1.67 ft
S A=5x167=833f

From the Table of Roof Design Pressures above:
Panel Uplift Design Loads =-91.49 psf (Corner)*
=—60.79 psf (Edge)*
=—36.23 psf (Interior)

Panel Downward Design Load = +14.74 psf (All Zones)

* Note that the adjustment to the edge and corner loads is not permitted per
AISI S100-07 w/S2-10, Appendix A, Section D6.2.1a, because this example
is a through-fastened roof.

Roof Fasteners

Effective wind load area is the loaded area:
L=5ft

Fastener spacing = 1 ft

LA=5x1=5f

Only Uplift Governs the Design
Design Uplift Forces:
From the Table of Roof Design Pressures above, the design uplift forces
are as follows:

Fastener Uplift Design Loads  =-91.49 x 5 =-458 Ibs (Corner)
=-60.79 x 5 =-304 lbs (Edge)
=-36.23 x 5 =-181 Ibs (Interior)

Note that more closely spaced fasteners can be used at the edge or
corner to reduce the individual fastener design load.

5.) Wall Panels and Fasteners:
Wall Panels
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3, 6.67 +3 =2.22 ft
L A=6.67x222=148

From Table 1.3.4.6(a) w/10% Reduction

Outward Pressure:
Corner Zone:  [GC,-GC,] =+0.318 Log(14.8) — 1.76 =—1.39
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Interior Zone:  [GC,-GCp] =+0.159 Log(14.8)—1.33=-1.14
Wall Panel Design Loads —1.39 x 30.7 = —42.67 psf (Corner)
—1.14 x 30.7 = -35.00 psf (Interior)

Inward Pressure:
All Zones: [GC, - GCi]  =-0.159 Log(14.8) + 1.24 =+1.05
=+1.05 x 30.7 =+32.24 psf

Wall Fasteners

Effective wind load area is the loaded area
L=6.67 ft

Fastener spacing = 1 ft

L A=6.67Tx1=667ft

Only suction governs the design, From Table of Wall Pressures above:
Fastener Design Load ~ =-35.92 x 6.67 = —240 Ibs (Interior)
=—-44.21 x 6.67 = -295 lbs (Corner)

6.) End Wall Columns:

Corner Column
Corner column should be investigated for wind from two orthogonal directions.

Note that the column span is conservatively taken as the floor to roof distance
without consideration for the girts. If the side and end wall girts line up at the same
elevations, and the wall panel diaphragm is adequate to resist the force transferred at
each girt location, the corner column would not be subject to bending. If the girts do
not line up, then it would be appropriate to base the corner column tributary for
determining wind loading on the span length between the girts that support it.

Endwall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 +0) +2 =10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
- A=20x 10=200 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone:  [GC, - GC,] =+0.318 Log(200) — 1.76 =-1.03
Interior Zone:  [GC, - GCp] =+0.159 Log(200) — 1.33=-0.96

Column Design Load =[(-1.03 x 8 ft) + (—0.96 x 2 ft)] x
30.7=-312 plf
Inward Pressure:
All Zones: [GC, - GCpi]  —0.159 Log(200) + 1.24 = +0.87
Column Design Load =+0.87 x 30.7 x 10.0 = +267 plf
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Sidewall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 0) +2 =10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
- A=20x 10 =200 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:

Corner Zone:  [GC,—-GC,] =+0.318 Log(200) — 1.76 =—1.03
Interior Zone:  [GC,—-GC,]  =+0.159 Log(200) — 1.33 =-0.96

Column Design Load =-1.03 x 30.7 x 10.0 =-316 plf
Inward Pressure:

All Zones: [GC, - GCi]  =-0.159 Log(200) + 1.24 = +0.87

Column Design Load =+0.87 x 30.7 x 10.0 =+267 plf

First Interior Column
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, 21.67 +3=7.22 ft
o A=21.67 x 20 =433 ft*

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:

Comner Zone:  [GC,—-GC,]  =+0.159 Log(433) — 1.33=-0.91

Column Design Load =-0.91 x 30.7 x 20.0 = =559 plf
Inward Pressure:

All Zones: [GCy,—GCi]  =-0.159 Log(433) + 1.24 =+0.82

Column Design Load =+0.82 x 30.7 x 20.0 = +504 plf

Second Interior Column
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, 23.33 +3 =778 ft
~ A =23.33 x20=467 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:

Corner Zone:  [GC,—-GC,] =+0.159 Log(467) — 1.33 =-0.91

Column Design Load =-0.91 x 30.7 x 20.0 = =559 plf
Inward Pressure:

All Zones: [GCp,—GCi]  =-0.159 Log(467) + 1.24 =+0.82

Column Design Load =+0.82 x 30.7 x 20.0 = +503 plf
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All Other Interior Columns
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, L + 3, where L > 25
- A=Lx20>500 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone:  [GC,—GCi]  -0.90

Column Design Load —0.90 x 30.7 x 20.0 = =553 plf
Inward Pressure:

All Zones: [GC,—-GCp]  +0.81

Column Design Load +0.81 x 30.7 x 20.0 = +497 plf

Note: If endwall columns are supporting the endwall rafter, they must be
designed to resist the axial load reaction in combination with bending due to
transverse wind.

7.) Endwall Rafters:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary areas, (20 + 0) + 2 =10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
- A=20x 10 =200 ft’

From Table 1.3.4.6(b):
Edge Zone: [GCp,-GC]  =-1.28 or +0.38
Endwall Rafter Design load =-1.28 x 30.7 x 10 =-393 plf or
=+0.38 x 30.7 x 10 =+117 plf

Note that all of the wind loads computed according to ASCE 7-10 in this example would

be multiplied by 0.6 when used in the ASD load combinations as explained in Section
1.3.7 of this manual.
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Wind Load Example 1.3.4.9(b)-2: Partially Enclosed Building

A. Given:
Same building as in Example 1.3.4.9(b)-1, Enclosed Building, except one complete
sidewall will be permanently open.

B. General:
Enclosed Building (g, = 30.7 psf)

A, =20 x 240 = 4800 ft>
Ay =20 x 240 = 4800 ft*
Aii=0

A 4><(20+28.33)
gl 4

x100+20x 240+ 2x100.35% 240 = 62,634 ft*

Conditions for Partially Enclosed (Section 26.2, ASCE 7-10):
1.) A,>1.10A,
2.) A,>4o0r0.01 A,, whichever is smaller

A .
3) —=0<0.20
A,
.". Building is classified as Partially Enclosed

C. Main Framing:

1.) Interior Rigid Frames (Transverse Direction):

Positive Internal Pressure, +i

Location Interior Zone Load
See Figure 1.3.4.5(a) Tﬁﬁpflgigﬁ) [GCpr— GC,i] x qi x Bay Spacing
Right Wall (Zone 1) —0.15 —0.15 x 30.7 x 20.0 =92 plf
Right Roof (Zone 2) -1.24 —1.24 x 30.7 x 20.0 = =761 plf
Left Roof (Zone 3) -0.92 —0.92 x 30.7 x 20.0 = -565 plf
Left Wall (Zone 4) —0.84 —0.84 x 30.7 x 20.0 = =516 plf

516 plf §| 92 plf
-+

Load Summary

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.
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Negative Internal Pressure, -i

Interior Zone

Location Load

See Figure 1.3.4.5(a) Tﬁﬁpflgigﬁ) [GCpr— GC,i] x q, x Bay Spacing
Right Wall (Zone 1) +0.95 +0.95 x 30.7 x 20.0 = +583 plf
Right Roof (Zone 2) —0.14 —0.14 x 30.7 x 20.0 = =86 plf
Left Roof (Zone 3) +0.18 +0.18 x 30.7 x 20.0 =+111 plIf

Left Wall (Zone 4) +0.26 +0.26 x 30.7 x 20.0 = +160 plf

Load Summary vy 86 pif
160 plf Wind le—30£t <1583 pif

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.

2.) Transverse Wind Bracing (Endwall):

Wind bracing in a bearing endwall would be designed for the horizontal components of

the loads on the end frame.

According to Section 1.3.4.5, the higher end zone load may be applied entirely to the
end frame, if the bay spacing exceeds the end zone width, 2 x a. In this example, bay
spacing does exceed 16 feet.

HTRTATAT

First Interior Frame

Pressure to
End Frame

Pressure to
Interior Frame

10’1

End Frame

Building Plan View

Load Distribution on End Frame and First Interior Frame
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Positive Internal Pressure, +i

Locati End Zone Interior Zone Load
See Fi Of: ;"3“ 45() [GCp— GGy [GCpr— GCyil Int. Zone x g, x % End Bay +
gu T Table 1.3.4.5(3) Table 1.3.4.5(8.) (End Zone — Int. Zone) X qp X 2a
Right Wall —0.15 x30.7 x 10.0 +
+0. -
(Zones 1 and 1E) 0.06 0.15 (+0.06 + 0.15) x 30.7 x 16 = +57 plf
Right Roof L6 104 -1.24 x30.7 x 10.0 +
(Zones 2 and 2E) : ' (-1.62 + 1.24) x 30.7 x 16 =-567 plf
Left Roof _1.08 0.9 —0.92 x 30.7 x 10.0 +
(Zones 3 and 3E) : ' (-1.08 + 0.92) x 30.7 x 16 =361 plf
Left Wall 0,98 084 —0.84 x30.7 x 10.0 +
(Zones 4 and 4E) : ' (=0.98 + 0.84) x 30.7 x 16 =327 plf
361 plf 361 plf 567 plf
Load Summary
327 plf C | 57 plf
0,822 Ibs

Note: The Zone 2 roof pressure coefficient is negative. It is applied over a distance from
the eave of 2.5h per Footnote 4 of Table 1.3.4.5(a) because 0.5 times the horizontal
building dimension is greater than 2.5h.

Total horizontal load on the end frame (walls plus horizontal component of roofs):

1 1
F=57%x20-(567+361)/2 x 100 x D +361 x 100 x D +327 x 20 = 6,822 Ibs

Note: The horizontal load is the same for both enclosed and partially enclosed structures

since the internal pressure component cancels out.

3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical
compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location Interior Zone End Zone
See Figure 1.3.4.5(c) Tﬁi"iga%’(il])) T[aGbl(e::pti._?a.Ci.(;p(il]))
(ZL:ifISKEV?]E:) +0.95 1116
é‘fﬁi‘i@) 1026 10.12
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End Zone Pressure

Interior Pressure to Endwall

ETTITRTTRITRRNIEY)
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End Zone i §
\
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ifi ‘ 11 |
- . a=8' 92' | |3ifi_4
Building Plan View Endwall Elevation

Loading on Endwalls for Longitudinal Bracing

Calculate Load for Half of Building:

+
End Zone Area = (20+20.67) x8=163ft*
+
Interior Zone Area = (20'672 28.33) x92 =2,254ft

Loads - Left Endwall (Zones 5 & 5E)
p = [GCpr— GC,i] x qn x Area
Interior Zone Load = +0.58 x 30.7 x 2,254 = +40,135 lbs
End Zone Load = +0.79 x 30.7 x 163=+3,953 Ibs

Loads - Right Endwall (Zones 6 & 6E)
Interior Zone Load = —-0.11 x 30.7 x 2,254 =-7,612 Ibs
End Zone Load = —0.25 x 30.7 x 163=-1,251 1bs

Total Longitudinal Force Applied to Each Side
F=40,135+ 3,953+ 7,612 + 1,251= 52,951 lbs

Note that the wind bracing would see half of this force since half would be
transferred directly to the foundation. Also, the longitudinal force is the same for
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both enclosed and partially enclosed structures since the internal pressure component
cancels out.

4)) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. Therefore, since
the building height, h, in this example does not exceed 30 feet, torsional load cases need
not be considered.

D. Components and Cladding:

Wall Design Pressures — See Table 1.3.4.6(a) for [GC,—GCpil:

Outward Pressure w/10% Reduction

A =500 f A<10f
e Design Pressure e Design Pressure
Zone [GC,—GCy] (psf) [GC,—GCy] (psf)
Corner (5) -1.27 -38.99 -1.81 —55.57
Interior (4) -1.27 -38.99 -1.54 —47.28

Inward Pressure w/10% Reduction

A > 500 ft’ A<10ft
e Design Pressure e Design Pressure
Zone [GC,—GCy] (psf) [GC,—GCy] (psf)
All Zones +1.18 +36.23 +1.45 +44.52

Roof Design Pressures — See Table 1.3.4.6(b) for [GC,—GCy;]:

Negative (Uplift)
A>100 ff A<10f
Zone [GC,-GC,i] Desig?pls’tr)essure [GC,-GCyi] Desig?pzf{)essure
Corner (3) -1.65 -50.66 -3.35 —-102.85
Edge (2) -1.65 -50.66 -2.35 -72.15
Interior (1) -1.45 —44.52 —-1.55 —47.59
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Positive (Downward)

A>100 ft? A<10f
Design Pressure Design Pressure
Zone [GC,~GC,] g?ps B [GC,~GCy] g?ps f
All Zones +0.75 +23.03 +0.85 +26.10
1.) Purlins:

Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5)+2 =5 ft
b. The span divided by 3, 20 + 3 = 6.67 ft (Note that the span length of the
continuous multi-span purlin is used and not the total purlin length)
S A=20x6.67=133 f’

The individual purlin loads can be determined using several approaches. Step
functions, weighted average, or another rational judgment can be made in evaluating

the pressure zones in relation to the purlins.

Interior Purlin Design Load:
Zone 1 —44.52 x 5=-223 plf (Uplift)
+23.03 x 5 =+115 plf (Downward)

Zone2 —50.66 x 5=-253 plf (Uplift)
+23.03 x 5 =+115 plf (Downward)

Therefore, the uplift loading on an interior purlin is:

253 plf

A

23plf |

HERERREE

A \
8 12' 20 ‘

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

The first purlin 5' from the eave purlin will be carrying the full edge strip pressure
since the edge strip width (8') extends beyond the tributary area of the purlin.

Purlin 5' from Eave: Design Load =-50.66 x 5 = =253 plf (Uplift)

71



Metal Building Systems Manual

2.) Eave Member:
a. As aroof member, effective wind load area is the span times the greater of:

i. The average of two adjacent tributary widths, (5 +0) +2 =2.5 ft
ii. The span divided by 3, 20 + 3 = 6.67 ft
S A=20x6.67=133 f

Eave Member Design Uplift Load = —50.66 x 2.5 = —127 plf (Uplift)

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

b. As a wall member, effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (6.67 + 0) +2 =3.33 ft
ii. The span divided by 3, 20 + 3 = 6.67 ft
S A=20x6.67=133 f’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC,, since 6 < 10°
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.318 Log(133) —2.13=-1.45
Interior Zone: [GC, - GCy] =+0.159 Log(133) - 1.70=-1.36
Eave Member Design Loads ~ =—1.45 x 30.7 x 3.33 = —148 plf (Corner)
=—1.36 x 30.7 x 3.33 = —139 plf (Interior)

Inward Pressure:
All Zones: [GC, - GCpi]  =-0.159 Log(133) + 1.61 =+1.27
=+1.27 x 30.7 x 3.33 = +130 plf

3.) Girts:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (6.67 + 6.67) + 2 =6.67 ft
b. The span divided by 3, 20 + 3 =6.67 ft
~ A=20x6.67=133 f’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC, since 6 < 10°
Outward Pressure:
Corner Zone: [GC,—-GC,;] =+0.318 Log(133)—2.13=-1.45
Interior Zone: [GC,—GCp] =+0.159 Log(133) - 1.70=-1.36
Girt Design Loads =-1.45 % 30.7 x 6.67 =297 plf (Corner)
=—1.36 x 30.7 x 6.67 = 278 plf (Interior)
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5 20 ft L 20 ft
297 plf 278 plf
Inward Pressure:
All Zones: [GC, - GCpi]  =-0.159 Log(133) + 1.61 =+1.27
Girt Design Load =+1.27 x 30.7 x 6.67 = +260 plf
20 ft 20 ft

»/d [
<« L7 »

/@'777777@'77777779;(
T j

4.) Roof Panels and Fasteners:
Roof Panels

Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3,5 +3=1.67 ft
L A=5x167=833f

From the Table of Roof Design Pressures above:
Panel Uplift Design Loads =—102.85 psf (Corner)*
=-72.15 psf (Edge)*
=—47.59 psf (Interior)

Panel Downward Design Load = +26.10 psf (All Zones)

* Note that the adjustment to the edge and corner loads is not permitted per
AISI S100-07 w/S2-10, Appendix A, Section D6.2.1a, because this example is
a through-fastened roof.

Roof Fasteners

Effective wind load area is the loaded area:
L=5ft

Fastener spacing = 1 ft

LA=5x1=5f
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Only Uplift Governs the Design

Design Uplift Forces:
From the Table of Roof Design Pressures above, the design uplift forces

are as follows:

Fastener Uplift Design Loads  =-102.85 x 5 =-514 Ibs (Corner)
=-72.15x5=-361 lbs (Edge)
=—47.59 x 5 =-238 lbs (Interior)

Note that more closely spaced fasteners can be used at the edge or
corner to reduce the individual fastener design load.

5.) Wall Panels and Fasteners:

Wall Panels
Effective wind load area is the span (L) times the greater of:

a. The rib spacing =1 ft
b. The span (L) divided by 3, 6.67 +3 =2.22 ft
L A=6.67x222=148

From Table 1.3.4.6(a) w/10% Reduction

Outward Pressure:
Corner Zone:  [GC,-GC,] =+0.318 Log(14.8) —2.13=-1.76

Interior Zone:  [GCp— GCp] = +0.159 Log(14.8) — 1.70 = —1.51

Wall Panel Design Loads =—1.76 x 30.7 = —54.03 psf (Corner)
=—1.51 x 30.7 = —46.36 psf (Interior)

Inward Pressure:

All Zones: [GCy,—GCi]  =-0.159 Log(14.8) + 1.61 =+1.42
Wall Panel Design Load =+1.42 x 30.7 =+43.59 psf

Wall Fasteners

Effective wind load area is the loaded area

L=6.67ft

Fastener spacing = 1 ft
S A=6.67x1=6.67 ft’
Only suction governs the design, From Table of Wall Pressures above:
Fastener Design Load ~ =-47.28 x 6.67 = —315 Ibs (Interior)
=-55.57 x 6.67 =—-371 lbs (Corner)

6.) End Wall Columns:

Corner Column
Corner column should be investigated for wind from two orthogonal directions.

Note that the column span is conservatively taken as the floor to roof distance
without consideration for the girts. If the side and end wall girts line up at the same
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elevations, and the wall panel diaphragm is adequate to resist the force transferred at
each girt location, the corner column would not be subject to bending. If the girts do
not line up, then it would be appropriate to base the corner column tributary for
determining wind loading on the span length between the girts that support it.

Endwall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 +0) +2 =10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
- A=20x 10=200 ft’
From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone:  [GC,—-GC,]  =+0.318 Log(200) —2.13 =-1.40
Interior Zone:  [GC,—-GC]  =+0.159 Log(200) — 1.70 = —1.33

Column Design Load =[(—1.40 x 8 ft) + (-1.33 x 2 ft)] x
30.7 =—426 plf
Inward Pressure:
All Zones: [GC, - GCi]  =-0.159 Log(200) + 1.61 = +1.24
Column Design Load =+1.24 x 30.7 x 10.0 = +381 plf

Sidewall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 +0) +2=10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
. A=20 x 10 =200 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone:  [GC, - GC,]  =+0.318 Log(200) —2.13 =-1.40
Interior Zone:  [GC,—-GC,]  =+0.159 Log(200) — 1.70 =—1.33

Column Design Load =[(-1.40 x 8 ft) + (—1.33 x 2 ft)]
30.7 = —426 plf
Inward Pressure:
All Zones: [GC, - GCpi]  =-0.159 Log(200) + 1.61 =+1.24
Column Design Load =+1.24 x 30.7 x 10.0 = +381 plf

First Interior Column
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) +2 =20 ft
b. The span divided by 3,21.67 +3=7.22 ft
~ A=21.67x20=433 f’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone:  [GC,—-GC,]  =+0.159 Log(433) - 1.70=-1.28
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=—1.28 x 30.7 x 20.0 = —786 plf

Inward Pressure:
All Zones: [GC, - GC,i]  =-0.159 Log(433) + 1.61 =+1.19
Column Design Load =+1.19 x 30.7 x 20.0 = +731 plf

Second Interior Column
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) +2 =20 ft
b. The span divided by 3, 23.33 +3=7.78 ft
~ A=23.33x20=467 f’

From Table 1.3.4.6(a) w/10% Reduction:

Outward Pressure:
Corner Zone:  [GC,—-GC,]  =+0.159 Log(467) — 1.70 =-1.28
Column Design Load =—1.28 x 30.7 x 20.0 = -786 plf

Inward Pressure:
All Zones: [GC, - GC]  =-0.159 Log(467) + 1.61 =+1.19
=+1.19 x 30.7 x 20.0 = +731 plf

All Other Interior Columns
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 =20 ft
b. The span divided by 3, L + 3, where L > 25
S A=Lx20>500 ft’

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:
Corner Zone: [GC,-GCi] =-1.27
Column Design Load =-1.27 x 30.7 x 20.0 = -780 plf

Inward Pressure:
All Zones: [GC,-GC]  =+1.18
=+1.18 x 30.7 x 20.0 = +725 plf

Note: If endwall columns are supporting the endwall rafter, they must be
designed to resist the axial load reaction in combination with bending due to
transverse wind.

7.) Endwall Rafters:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary areas, (20 + 0) + 2 =10 ft
b. The span divided by 3, 20 + 3 =6.67 ft
- A=20x 10 =200 ft’
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From Table 1.3.4.6(b):
Edge Zone: [GC,, — GC,;] =—1.65 or +0.75
Endwall Rafter Design Load ~ =-1.65 x 30.7 x 10.0 = —507 plf or
=+0.75x 30.7 x 10.0 = +230 plf

Note that all of the wind loads computed according to ASCE 7-10 above would be

multiplied by 0.6 when used in the ASD load combinations as explained in Section 1.3.7 of
this manual.
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Wind Load Example 1.3.4.9(b)-3a: Open Building

A. Given:

Same buildings as in Example 1.3.4.9(b)-1, except all walls are permanently open and
end frames are rigid frames. Materials are stored under the roof such that the building is
permanently filled greater than 50%, causing obstructed airflow. (Note: if the
obstruction is not permanent, the open building should also be evaluated with

unobstructed airflow.)

B. General:
Enclosed Building

Velocity pressure, g, = 30.7 psf

0 =4.76° < 10°, therefore use h = eave height = 20 feet, instead of mean roof height

C. Main Framing:

Check h/L against applicable limits in ASCE 7-10 (Figure 27.4-5 for wind load

perpendicular to the ridge and Figure 27.4-7 for wind load parallel to the ridge):

h/L =20/200 = 0.10 < 0.25 .. use MBMA recommendation of Section 1.3.4.5.4 in this
manual

1.) Interior Rigid Frames:

From Table 1.3.4.5(a), two load conditions must be investigated.

Case 1 (Balanced Uplift)

Interior Zone

Location Load
Figure 1.3.4.5(a) Tﬁlipfl.gi%p(igi) [GCpr— GCyi] x qn x Bay Spacing
Right Wall (Zone 1) +0.75 No cladded surfaces = 0
Right Roof (Zone 2) —0.50 —0.50 x 30.7 x 20.0 = =307 plf
Left Roof (Zone 3) —0.50 —0.50 x 30.7 x 20.0 = =307 plf
Left Wall (Zone 4) —0.75 No cladded surfaces = 0
307 plf 307 plf
Load Summary

Wind
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Case 2 (Unbalanced Uplift)

Location Interior Zone Load
. GC,;— GC,; .
Figure 1.3.4.5(a) T[ableptlj. n SP(l) [GCpt— GCpi] % qn x Bay Spacing
Right Wall (Zone 1) +0.75 No cladded surfaces = 0
Right Roof (Zone 2) —-0.20 —0.20 x 30.7 x 20.0 =123 plf
Left Roof (Zone 3) —0.60 —0.60 x 30.7 x 20.0 = —368 plf
Left Wall (Zone 4) -0.75 No cladded surfaces = 0
368 plf

Load Summary

2.) Exterior Rigid Frame
The coefficients are the same for end zone and interior zone, therefore, design for %2
of interior rigid frame loads if not designed for future expansion.

3.) Longitudinal Wind Bracing:
See Section 1.3.4.5.4, of this manual for the referenced equations and figures.

Assume the projected frame area shown below:

e’

20’

|

| 8" g 8"
+< ‘F :OO' t “—
< 200" Span

Projected Area of Frame

Outside column area = [(8 +24)/2] x 20 x (1/12) =26.67 ft*
First interior column area = (8/12) x 22.17 = 14.78 ft*

Second interior column area = (8/12) x 26.33 = 17.55 ft*

Rafter area = (24/12) x 98 = 196 ft*

A= Total Area =2 x (26.67 + 14.78 + 196) + 17.55 = 492.45 ft*

79



Metal Building Systems Manual

Ag =200 x (20/2 + 28.33/2) = 4,833 ft*

& =AyAg =(492.45/4,833)=0.1019 - Use 0.1

B=200 ft > 100 ft, therefore Kg=0.8

n=13

K=0.20 + 0.073(n — 3) + 0.4[¢"* ¥ = 1.39

Endwall Surface Area in zones 1E and 4E = 325.33 ft*

Endwall surface area in zones 1 and 4 = 4,508 ft*

GCor=(0.61 + 0.43) = 1.04 in zones 1E and 4E (from Figure 28.4-1 of ASCE 7-10)
GCpr=(0.22+0.47) = 0.69 in zone 1 (from Figure 28.4-1 of ASCE 7-10)
GCpr=[1.04(325.33 ft*) + 0.69(4,508 ft*)] / 4833 ft* = 0.71 total endwall
gn = 30.7 psf

Equation 1.3.4.5: F = qu(Kp)(Ks)(GCpr)Ag
=30.7 psfx 0.8 x 1.39 x 0.71 x 4,833 ft*
=117,144 lbs

Note that the x-bracing would not see this entire load. A portion of the load applied
to the columns would transfer directly to the foundation.

D. Loads on Components and Cladding:
Check h/L against applicable limits in ASCE 7-10 Figure 30.8-2:
h/L =20/200 =0.10 <0.25 .. use MBMA recommendation in Section 1.3.4.6.2.

1.) Purlins:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5)+2 =5 ft
b. The span divided by 3,20 + 3 =6.67 ft
S A=20x6.67=133 f’

See MBMA Recommendation for Open Buildings, Section 1.3.4.6.2

Interior Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GC,pi] =+0.715 Log(133) —3.03 =-1.51
b. Open coefficient from Table 1.3.4.5(a) x 1.25 =-0.60 x 1.25=-0.75
- Use [GC, — GCpi] =-1.51
Purlin Design Load =—1.51 x 30.7 x 5 = -232 plf (Interior Zone)

Edge Zone — Use the greater of:
a. Overhang coefficient =—1.51
b. Open coefficient from Table 1.3.4.5(a) x 1.25 =-0.60 x 1.25=-0.75
- Use GC, =-1.51
Purlin Design Load =—1.51 x 30.7 x 5 =-232 plf (Edge Strip)
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Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

2.) Eave Member:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +0) +2=2.5 ft
b. The span divided by 3, 20 + 3 =6.67 ft
S A=20x6.67=133 f

Interior Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GCpi] =+0.715 Log(133) -3.03 =-1.51
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25=-0.75
- Use [GC, — GC,i] =-1.51
Purlin Design Load = —1.51 x 30.7 x 2.5 = —116 plf (Interior Zone)

Note: Eave member must also be investigated for axial load. See note above under
Purlin.

3.) Roof Panels & Fasteners:
Panels:
Effective wind load area is the span (L) times L + 3
L=51t
L+3=1.67ft
S A=5x1.67=833f

Interior Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GCpi] =-1.70
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25=-0.75
. Use [GC, — GCpi] =-1.70
Panel Design Load =—1.70 x 30.7 = =52 psf (Interior Zone)

Edge Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GCpi] =-1.70
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25=-0.75
- Use [GCp, — GC,i] =-1.70
Panel Design Load =—1.70 x 30.7 = —52 psf (Edge Zone)

Corner Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
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[GC, — GCpi] =-2.80
b. Open coefficient from Table 1.3.4.6(a) x 1.25=-0.60 x 1.25=-0.75
. Use [GC, — GCpi] =-2.80
Panel Design Load =—-2.80 x 30.7 = —86 psf (Corner Zone)

Fasteners:

Effective wind load area is the loaded area
L=5ft

Fastener spacing = 1 ft

LA=5x1=5f

Interior Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GCpi] =-1.70
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25=-0.75
- Use [GC, — GC,yi] =-1.70
Fastener Design Load =—1.70 x 30.7 x 5 = =261 psf (Interior Zone)

Edge Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, - GCpi] =-1.70
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25 =-0.75
- Use [GC, — GCpi] =-1.70
Fastener Design Load =—1.70 x 30.7 x 5 = =261 psf (Edge Zone)

Corner Zone — Use the greater of:
a. Overhang coefficient from Table 1.3.4.6(b)
[GC, — GCpi] =-2.80
b. Open coefficient from Table 1.3.4.5(a) x 1.25=-0.60 x 1.25=-0.75
- Use [GCp, — GC,yi] = -2.80
Fastener Design Load = —-2.80 x 30.7 x 5 = —430 psf (Corner Zone)

Note that more closely spaced fasteners can be used at the edge or corner to reduce
the individual fastener design load.

Note that all of the wind loads computed according to ASCE 7-10 in this example would

be multiplied by 0.6 when used in the ASD load combinations as explained in Section
1.3.7 of this manual.
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Wind Load Example 1.3.4.9(b)-3b: Open Building 80'x 80’

A. Given:
Same building as in Example 1.3.4.9(b)-1, except the dimensions are 80 ft x 80 ft and all
walls are permanently open and end frames are rigid frames. Materials are stored under
the roof such that the building is permanently filled greater than 50%, causing obstructed
airflow. (Note: if the obstruction is not permanent, the open building should also be
evaluated with unobstructed airflow.)

B. General:
Enclosed Building
Velocity pressure, g, = 30.7 psf
0 =4.76° < 10°, therefore use h = eave height = 20 feet, instead of mean roof height
Dimension "a" for pressure zone width determination:
(a) the smaller of
1. 10% of 80 ft =8 ft
2. 40% of 20 ft =8 ft
(b) but not less than
1. 4% of 80 ft=3.2 ft
2. or3ft
Soa=8ft

C. Main Framing:
Check h/L against applicable limits in ASCE 7-10 Figure 27.4-5:
h/L =20/80=0.25 .. use ASCE 7-10, Figure 27.4-5.

Gust Effect Factor, G (ASCE 7-10, Section 26.9.4). The gust effect factor can either be
taken as 0.85, or calculated by using a more precise procedure as follows:

1+1.7g,1.
G =0.925 #ZQ
1+1.7g,1.
where,
go=gv=34

1/6
-2
V4

with ¢ given in ASCE 7-10, Table 26.9-1, and z = 0.6h but not less than zy,, as
defined in Table 26.9-1.
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1
0.63
B+hJ

Q=

I+ 0.63[

z

z

where L; =€( 3 3] with £ and s defined in Table 26.9-1.

For Exposure B, from Table 26.9-1:

Y4 = 320ft

€ = 1/3.0

c = 030

Zmin = 30ft

z = 0.6h=0.6(20) =12 ft

.o use z = Zmln = 30 ft

1/3
L =320(%) =310

Q= ! =0.874

0.63
1+ 0.63[80 * 20}

310
1/6
I =o.3o(£j =0.305
30

G092 {1 +1.7(3.4)(0.305)(0.874)j 0851
1+1.7(3.4)(0.305)

0 = 4.76°, therefore, monoslope roof coefficients are used from Figure 27.4-4, per Note
3 in Figure 27.4-5(ASCE 7-10). Also, Figure 27.4-4, Note 3 indicates that for 6 < 7.5°,
use pressure coefficients for 6 = 0°. Two wind directions must be investigated (y = 0°
and y = 180°) and there are two load cases (Case A and Case B) for each wind direction.
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y=0°y=180° Case A

Net Pressure Coefficient,
. Load
Location Cy G x Cx x Bay Spaci
(ASCE Figure 27.4-4) qn x G x Cy x Bay Spacing
Windward Wall N/A No cladded surfaces = 0
Windward Roof —0.5 30.7 x 0.851 x —0.5 x 20 =261 plf
Leeward Roof -1.2 30.7 x 0.851 x =1.2 x 20 = =627 plf
Leeward Wall N/A No cladded surfaces =0
627 plf
Load Summary
=
y=0°,y=180° Case B
Net Pressure Coefficient,
. Load
Location Cy « G x Cx x Bay Spaci
(ASCE Figure 27.4-4) I N Bay spacing
Windward Wall N/A No cladded surfaces = 0
Windward Roof -1.1 30.7 x 0.851 x —1.1 x 20 = =575 plf
Leeward Roof —-0.6 30.7 x 0.851 x —0.6 x 20 =-314 pIf
Leeward Wall N/A No cladded surfaces = 0
314 plf
Load Summary
=

The longitudinal wind load case also needs to be checked for the uplift on the first
interior frame (ASCE 7-10, Figure 27.4-7). Note that the pressure coefficient changes at
a distance equal to h from the windward end of the building. In this example, h = 20 ft,
which is also equal to the distance to the first frame, so the frame will be designed for
the average of the two coefficients given in the table below.

85



Metal Building Systems Manual

Longitudinal Wind Load on First Interior Frame

Net Pressure Coefficient,
. Load
Location Cy G x Cx x Bay Spaci
(ASCE Figure 27.4-7)" G > >y Bay spacing
~12(x<h) 30.7 x 0.851 x (=1.2 +—0.9)/2 x 20
Roof (Case A) 0.9 (h < x <2h) — ~549 plf
+0.5(x <h) 30.7 x 0.851 x (0.5 +0.5)/2 x 20
Roof (Case B) 0.5 (h<x < 2h) — 261 plf
Case A: 549 plf 549 plf
Load Summary
Case B: 261 plf -' I 261 plf

'x is equal to the distance from the windward end of the building.

2.) Exterior Rigid Frame
The coefficients are the same for end zone and interior zone, therefore, design for /2
of interior rigid frame loads if not designed for future expansion. For the case with
longitudinal wind, the end frame would be based on the pressure coefficient Cy for x
< h, instead of the average value as used above.

3.) Longitudinal Wind Bracing:
See Section 1.3.4.5.4 of this manual for the referenced equations and figures.

Assume the projected frame area shown below.

20" +' ‘« {

E R
80’ B——

Outside column area = [(8 +20)/2] x 20 x (1/12) =23.33 ft*
Interior column area = (8/12) x 21.83 = 14.55 f*
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Rafter area = (18/12) x 38.33 = 57.5 ft*
A= Total Area =2 x (23.33 + 57.5) + 14.55 = 176.21 ft*
Ag =80 x (20/2 + 23.33/2) = 1,733 ft*
d=AJ/Ar=(176.21/1,733) =0.1017 - Use 0.1
B=80 ft <100 ft, therefore Kg=1.8—0.01B=1.0
n=>5
K=0.20 + 0.073(n — 3) + 0.4[¢"* ¥] = 0.81
Endwall Surface Area in zones 1E and 4E = 325.33 ft*
Endwall surface area in zone 1 = 1,407.67 ft?
GCpr=(0.61 + 0.43) = 1.04 in zones 1E and 4E (from Figure 28.4-1 of ASCE7-10)
GCpr= (0.4 +0.29) = 0.69 in zones 1 and 4 (from Figure 28.4-1 of ASCE7-10)
GCpr=[1.04(325.33 ft*) + 0.69(1,407.67 ft*)] / 1,733 ft*= 0.76 total endwall
qn = 30.7 psf
Equation 1.3.4.5: F = qn(Kg)(Ks)[GCpi]AE
=30.7 psfx 1.0 x 0.81 x 0.76 x 1,733 ft*
= 33,752 Ibs

Note that the x-bracing would not see this entire load. A portion of the load applied
to the columns would transfer directly to the foundation.

D. Loads on Components and Cladding:

Check h/L against applicable limits in ASCE 7-10 Figure 30.8-2:

h/L =20/80=0.25 .. use ASCE 7-10, Figure 30.8-2

1.) Purlins:

Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5)+2 =5 ft
b. The span divided by 3,20 + 3 =6.67 ft
S A=20x6.67=133 f’

Pressure and suction loads on the purlins are determined according to ASCE 7-10,
Section 30.8.2 by:

P=qnGCy

where from previous calculations,
gn = 30.7 psf
G=0.851

And Cy is obtained from ASCE 7-10, Figure 30.8-2 with 0 = 4.76°.
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As previously noted, the edge zone width is a = 8 ft, therefore, a’ = 64 ftz, and 4a’ =
256 ft*.

The effective wind load area, A = 133 ft* is between a’ and 4a’. Therefore,

interpolating for the roof angle 6 = 4.76° yields the following net pressure
coefficients, Cy, for obstructed wind flow:

Zone 1:
Pressure: Cy = +0.5
Suction: Cy=-1.52
Zone 2:
Pressure: Cy =+0.8
Suction: Cy=-2.31
Zone 3:
Pressure: Cy =+0.8
Suction: Cy =-2.31

Purlin design loads are therefore:

Zone 1:
Pressure: 30.7 x 0.851 x 0.5 =13.1 psf x 5 ft = 65 plf
Suction: 30.7 x 0.851 x —1.52 =-39.7 psf x 5 ft =199 plf
Zone 2:
Pressure: 30.7 x 0.851 x 0.8 =20.9 psf x 5 ft = 105 plf
Suction: 30.7 x 0.851 x —2.31 =—-60.4 psf x 5 ft = -302 plf
Zone 3:
Pressure: 30.7 x 0.851 x 0.8 =20.9 psf x 5 ft = 105 plf
Suction: 30.7 x 0.851 x —2.31 =—-60.4 psf x 5 ft = -302 plf

The individual purlin loads can be determined using several approaches. Step
functions, weighted average, or another rational judgment can be made in evaluating
the pressure zones in relation to the purlins.

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

2.) Eave Member:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5+0) +2=2.5 ft
b. The span divided by 3, 20 + 3 =6.67 ft
~ A=20x6.67=133 f
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Pressure and suction loads on the eave member are determined using the same
analysis as the purlins.

p=qnGCx
where from previous calculations,
gh = 30.7 psf
G=0.851
And Cy is obtained from ASCE 7-10, Figure 30.8-2 with 6 = 4.76°.

As previously noted, the edge zone width is a = 8 ft, therefore, a’ =64 ft*, and 4a°> =
256 ft*.

The effective wind load area, A = 133 ft* is between a’ and 4a’. Therefore,
interpolating for the roof angle 6 = 4.76° yields the following net pressure
coefficients, Cy, for obstructed wind flow:

Zone 3:
Pressure: Cy = +0.8
Suction: Cy =-2.31

Eave member design loads are therefore:

Zone 3:
Pressure: 30.7 x 0.851 x 0.8 =20.9 psf x 2.5 ft = 52 plf
Suction: 30.7 x 0.851 x =2.31 =—-60.4 psf x 2.5 ft =151 plf

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

3.) Roof Panels & Fasteners:

Roof Panels

Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3,5 +3=1.67 ft
S~ A=5x167=833f
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Pressure and suction loads on the roof panels are determined using the same analysis
as the purlins.

p=qnGCx
where from previous calculations,
gh = 30.7 psf
G=0.851
And Cy is obtained from ASCE 7-10, Figure 30.8-2 with 6 =4.76°.

As previously noted, the edge zone width is a = 8 ft, therefore, a’ =64 ft*, and 4a°> =
256 ft*.

The effective wind load area, A = 8.33 ft* is less than a”. Therefore, interpolating for

the roof angle 6 = 4.76° yields the following net pressure coefficients, Cy, for
obstructed wind flow:

Zone 1:
Pressure: Cy =+0.5
Suction: Cy=-1.52
Zone 2:
Pressure: Cy =+0.8
Suction: Cy =-2.31
Zone 3:
Pressure: Cy=+1.0
Suction: Cy =—4.55

Roof panel design loads are therefore:

Zone 1:
Pressure: 30.7 x 0.851 x 0.5=13.1 psf
Suction: 30.7 x 0.851 x —1.52 =—-39.7 psf
Zone 2:
Pressure: 30.7 x 0.851 x 0.8 =20.9 psf
Suction: 30.7 x 0.851 x —2.31 =—60.4 psf
Zone 3:
Pressure: 30.7 x 0.851 x 1.0 =26.1 psf
Suction: 30.7 x 0.851 x —4.55 =—119 psf

Roof Fasteners

Effective wind load area is the loaded area
L=5ft

Fastener spacing = 1 ft
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SA=5x1=5f

Suction loads on the roof fasteners are determined using the same analysis as the
purlins.

P=qnGCy
where from previous calculations,
gn = 30.7 psf
G=0.851
And Cy is obtained from ASCE 7-10, Figure 30.8-2 with 0 = 4.76°.

As previously noted, the edge zone width is a = 8 ft, therefore, a’ =64 ft?, and 49’ =
256 ft*.

The effective wind load area, A =5 ft’ is less than a’. Therefore, interpolating for the
roof angle 6 = 4.76° yields the following net pressure coefficients, Cy, for obstructed
wind flow:

Zone 1: Suction Cy=-1.52
Zone 2: Suction Cy =-2.31
Zone 3: Suction Cy = —4.55

Roof fastener design loads are therefore:

Zone 1: Suction: 30.7 x 0.851 x —1.52 = —39.7 psf x 5 ft* = —199 lbs
Zone 2: Suction: 30.7 x 0.851 x —2.31 = —60.4 psf x 5 ft* =-302 Ibs
Zone 3: Suction: 30.7 x 0.851 x —4.55=—119 psf x 5 ft* =—594 Ibs

Note that all of the wind loads computed according to ASCE 7-10 in this example would
be multiplied by 0.6 when used in the ASD load combinations as explained in Section
1.3.7 of this manual.
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Wind Load Example 1.3.4.9(c): Building with Roof Overhangs

This example will demonstrate the procedures used for determining wind loads for a building
with roof overhangs.

Figure 1.3.4.9(c): Building Geometry

A. Given:
Building Use: Manufacturing Plant (Standard Building, Risk Category II)
Location: Newark, NJ = Basic Wind Speed = 120 mph
Developed Suburban Location = Exposure Category B
No Topographic Features creating wind speed-up effects.
Enclosed Building
10' Sidewall Roof Overhang
10" Endwall Roof Overhang
Bay Spacing = 25'-0"
Purlin Spacing = 5'-0"
Girt Spacing = 6'-8"
Roof Panel Rib Spacing = 1'-0" (Through-Fastened Roof)
Roof Panel Fastener Spacing = 1'-0"
Wall Panel Rib Spacing = 1'-0"
Wall Panel Fastener Spacing = 1'-0"
Bearing End Frames
Endwall Column Spacing = 20'-0"

B. General:
0 =4.76° < 10°, therefore use h = eave height instead of mean roof height (although for

exposure B, gy is constant up to h = 30 ft)

Velocity Pressure, g, [Table 1.3.4.1(a)] = 22.0 psf
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Dimension "a" for pressure zone width determination:
(a) the smaller of
1. 10% of 100 ft =10 ft
2. 40% of 20 ft=8 ft
(b) but not less than
1. 4% of 100 ft=4 ft
2. or3ft
Sa=8ft

C. Main Framing:
Effect of roof overhang beam must be considered in frame design. ASCE 7-10, Section
28.4.3 states that roof overhangs shall be designed for a positive pressure on the bottom
surface of windward overhangs corresponding to GC, = 0.68 in combination with the
pressures determined from Figure 28.4-1.

1.) Interior Rigid Frames (Transverse Direction):

Positive Internal Pressure, +i

Location Interior Zone Load
o 7
See Figure 1.3.4.5(a) T[g)fgfl .ﬁc'g‘(]a) [GCyr— GC,i] x q, x Bay Spacing
Right Wall (Zone 1) +0.22 +0.22 x 22.0 x 25.0 =+121 plf
Right Overhang -1.37 —1.37 x22.0 x 25.0 =754 plf
Right Roof (Zone 2) —0.87 —0.87 x 22.0 x 25.0 =479 plf
Left Roof (Zone 3) —-0.55 —0.55 x 22.0 x 25.0 = =303 plf
Left Overhang -0.37 —0.37 x 22.0 x 25.0 = =204 plf
Left Wall (Zone 4) —0.47 —0.47 x 22.0 x 25.0 =-259 plf
303 plf 479 plf 754 plf

204 plf

Load Summary

"See calculations below for overhang values:

Windward Overhang (Zone 2) — GC, =—0.87 + 0.18 —0.68 = —1.37
Leeward Overhang (Zone 3) — GC, =—-0.55 + 0.18 = -0.37

Note: Internal pressure is removed from Zone 2 and 3 values in 1.3.4.5(a) since it is
assumed here that the overhang is not exposed to the internal pressure in the
building, or alternately, GC, can be obtained directly from ASCE 7-10 Figure 28.4-
1, which does not have internal pressure included.
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Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h -
See Footnote 4 of Table 1.3.4.5(a).

Negative Internal Pressure, -i

Location Interior Zone Load
_ 11
See Figure 1.3.4.5(a) T[aGb?gfl.ﬁlc.:gl(]a) [GCpr— GCyi] % qn x Bay Spacing
Right Wall (Zone 1) +0.58 +0.58 x 22.0 x 25.0 =+319 plf
Right Overhang -1.37 —1.37 x22.0 x 25.0 =754 plf
Right Roof (Zone 2) —0.51 —0.51 x22.0 x 25.0 =281 plf
Left Roof (Zone 3) -0.19 —0.19 x 22.0 x 25.0 =-105 plf
Left Overhang -0.37 —0.37 x 22.0 x 25.0 = =204 plf
Left Wall (Zone 4) —0.11 —0.11 x 22.0 x 25.0 =—61 plf

Load Summary

' See calculations below for overhang pressure coefficients:

Windward Overhang (Zone 2) — GC, =—-0.51 - 0.18 -0.68 = —1.37
Leeward Overhang (Zone 3) - GC, =-0.19 — 0.18 =-0.37

Note: Internal pressure is removed from Zone 2 and 3 values in Table 1.3.4.5(a)
since it is assumed here that the overhang is not exposed to the internal pressure in
the building, or alternately, GC, can be obtained directly from ASCE 7-10 Figure
28.4-1, which does not have internal pressure included.

Note: The Zone 2 roof pressure coefficient is negative. It is applied to the entire roof
zone because 0.5 times the horizontal building dimension is not greater than 2.5h -
See Footnote 4 of Table 1.3.4.5(a).

2.) Transverse Wind Bracing (Endwall):

Wind bracing in a bearing endwall would be designed for the horizontal components of
the loads on the end frame.

According to Section 1.3.4.5, the higher end zone load may be applied entirely to the

end frame, if the bay spacing exceeds the end zone width, 2 x a. In this example, bay
spacing does exceed 16 feet.
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Pressure to
End Frame

Pressure to
Interior Frame

First Interior Frame

First Interior Frame

4o 4 :
12.51 v9 o 12-51 19
: - 2a=16 |2 i
12.5' a=
' End F
v End Frame N v 225 nerrame IZa=16'
Overhang 10',, v Overhang :
Building Plan View Building Plan View
Sidewall Loading Roof Loading

Positive Internal Pressure, +i

Locati End Zone Interior Zone Load'
See Fi o io; 45 [GCpr— GGy [GCpr — GGy Int. Zone x g, x 2 End Bay +
ee Figure 1.3.4.5(a) Table 13.4.5(a) | Table 1.3.4.5(a) (End Zone — Int. Zone) x gy x 2
Right Wall +0.22 x22.0x 12.5+
+ +
(Zones 1 and 1E) 043 022 (+0.43 — 0.22) x 22.0 x 16 =+134 plf
. . -1.75%x22.0x 6+
Right Sidewall Overhang
(Zone 212E) -1.75 -137 (-137)x22.0 X 6.5+

(=1.07) x 22.0 x 10 =—662 plf

—125%x220x6+

Right Roof - (Zone 2/2E ~1.25 ~0.87 (~0.87)x 22.0 X 6.5 +

Endwall Overh
ndwall Overhang) (=1.07) x 22.0 x 10 + = —525 pIf
071 x22.0x 6 +
Lgﬁ@gﬁé@?}iﬁ; ;E ~0.71 ~0.55 (-0.55) x 22.0 x 6.5
(-0.53) x 22.0 x 10 + = 289 plf
Left Sidewall Overhang 0.53 037 ~0.53x22.0 x 16 +
(Zone 3/3E) e " (=0.37) x 22.0 ¥ 6.5 = 239 plf
Left Wall ol o4 —047x22.0% 125+
(Zones 4 and 4E) ) ) (-0.61 +0.47) x 22.0 x 16 =—179 plf
289 plf 525 plf 662 plf
239 plf
Load Summary

179 plf 134 plf

See calculations below for overhang pressure coefficients:

Windward Overhang (Zone 2E) - GC, =-1.25+0.18 —0.68 = —1.75
Windward Overhang (Zone 2) — GC, =—-0.87 + 0.18 -0.68 = —1.37
Endwall Overhang (Zone 2E) — GC, =—-1.25+0.18 = -1.07
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Endwall Overhang (Zone 3E) — GC, =—-0.71 + 0.18 = —0.53
Leeward Overhang (Zone 3E) - GC, =-0.71 + 0.18 = -0.53
Leeward Overhang (Zone 3) — GC, =—-0.55 + 0.18 = -0.37

Note: Internal pressure is removed from Zone 2, 2E, 3 and 3E values in Table
1.3.4.5(a) since it is assumed here that the overhang is not exposed to the internal
pressure in the building, or alternately, GC, can be obtained directly from ASCE 7-
10 Figure 28.4-1, which does not have internal pressure included. There is also no
additional uplift on the endwall overhang or the windward overhang at the corner
that extends beyond the endwall since the wind is parallel to the overhang at the end
of the building.

Total horizontal load on the end frame (walls plus horizontal component of roofs):

1
F =134 20 — [(662 x 10) + (525 x 50)] 7 + [(289 x 50) + (239 x 10)]

1
T + 179 x 20 =4,924 1bs

The end frame also needs to be evaluated for the case when the wind is parallel to
the ridge using Table 1.3.4.5(b) and Figure 1.3.4.5(c).

Wind Parallel to Ridge and Positive Internal Pressure, +i

Load
Location [GCpe— GCyil
. Int. Zone x q, x ¥ End Bay +
See Figure 1.3.4.5(c) Table 1.3.4.5(b)' (End Zoge- El;t Z;ne) y qhyx v
Walls —0.63 (1 & 4) —0.63 x22.0 x 12.5 +
~0.66 (1E & 4E) (=0.66 + 0.63) x 22.0 x 16 =—184 plf
Right Endwall _
Overhang ~1.75 (2E) ~1.75 x 22.0 x 10 = —385 plf
Right ~1.25 (2E) —1.25%22.0%6+
Roof -0.87 (2) —0.87 x 22.0 x 6.5 = 289 plf
Left ~0.71 (3E) —0.71 x22.0 x 6.+
Roof -0.55(3) —0.55 x 22.0 X 6.5 =172 pIf
Lgﬂ Endwall -1.21 ~1.21 % 22.0 x 10 =266 plf
verhang
Right Sidewall ~1.07 (2E) —1.07 x22.0 x 16 +
Overhang -0.69 (2) —0.69 x 22.0 x 6.5 = —475 plf
Left Sidewall ~0.53 3E) —0.53x22.0x 16+
Overhang —037(3) ~0.37 x 22.0 x 6.5 =239 pIf
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Load Summary

1 - -
See calculations below for overhang pressure coefficients:

Windward Overhang (Zone 2E) - GC, =-1.25 +0.18 =0.68 = —1.75
Windward Overhang (Zone 3E) - GC, =-0.71 + 0.18 —0.68 = —1.21

Note: Internal pressure is removed from Zone 2, 2E, 3 and 3E values in Table 1.3.4.5(b)
since it is assumed here that the overhang is not exposed to the internal pressure in the
building, or alternately, GC, can be obtained directly from ASCE 7-10 Figure 28.4-1,
which does not have internal pressure included. Also, there is no additional uplift on the

sidewall overhangs since the wind is parallel to these overhangs.

3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical

compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location Interior Zone End Zone
See Figure 1.3.4.5(c) T[:gﬁpfl —3 G4(;p(1]]:)) TEle%fl _3 (‘}‘(;p(% |
(ZL;i?SKELWsﬂ]E:) +0.58 +0.79
(};lfr?ets]%ngzwéaél) —0.11 -0.25
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Interior Pressure to Endwall

| NEAERARERERERRREI].

/ End Zone Pressure \

|
/N ) 2417/
|
End Zone l
|
|
|
|
\ |
A A A A AAA AAAAAAALY |
a=8| 421 ! a=8’
: =)
Building Plan View Endwall Elevation

Loading on Endwalls for Longitudinal Bracing

Calculate Load for Half of Building:

End Zone Area =

+
2D s - 163 12

(20.67+24.17) 0 o402

Interior Zone Area =

Left Endwall (Zones 5 & 5E)
p = [GCpr— GCyi] x qn X Area
Interior Zone Load = +0.58 x 22.0 x 942 =+12,020 1bs
End Zone Load = +0.79 x 22.0 x 163 =+2,833 lbs

Loads - Right Endwall (Zones 6 & 6E)
Interior Zone Load = —0.11 x 22.0 x 942 = 2,280 1bs
End Zone Load =—0.25 x 22.0 x 163 =—-897 lbs

Total Longitudinal Force Applied to Each Side
F=12,020 + 2,833 + 2,280 + 897 = 18,037 Ibs

Note that the wind bracing would see half of this force since half would be
transferred directly to the foundation.
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4.) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. Therefore, since
the building height, h, in this example does not exceed 30 feet, torsional load cases need
not be considered.

D. Components and Cladding:
For purlins in the interior zones, girts, wall panels, wall fasteners, and endwall columns,
refer to Example 1.3.4.9(b)-1 for similar calculations.

1.) Sidewall Roof Overhangs:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (25 +25) +2 =25 ft
b. The span divided by 3, 10 + 3=3.33 ft
. A=10x25=250 ft’

From Table 1.3.4.6(b) — Overhangs
Edge and Interior Zones: [GC, — GC,] =+0.715 Log(250) — 3.03 =-1.32

Beam Design Uplift Load = —1.32 x 22.0 x 25 = =726 plf

726 plf
e e e H TS N | Note that the edge strip lies
? I exclusively in the overhang so
- only the Interior (1) region of
T Z'ﬁL a=§ > the roof is required while the
— Overhang = 10 A other coefficients are from the
— overhang values.

2.) Purlins:

Wall Line
(1)

Eave
Overhang
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a. Interior Purlin w/Rake Overhang Extension:
Rake Overhang Extension (Areas 2 and 1,):
Effective wind load area is the span times the greater of:
1. The average of two adjacent tributary widths, (5+5) +2=5ft
ii. The span divided by 3,10 +3=3.33 ft
L A=10x5=50f

From Table 1.3.4.6(b) — Overhang Coefficients
Edge and Interior Zones: [GC, — GCp,i] =+0.10 Log(50) — 1.80 =-1.63

Rake Overhang Purlin Design Load =—-1.63 x 22.0 x 5 =—-179 plf

Interior Purlin (Area 1,):
Effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (5 +5) +2 =5 ft
ii. The span divided by 3,25 +3 =833 ft
. A=25x8.33=208 ft’

From Table 1.3.4.6(b) - Roof Coefficients
Interior Zones: [GC, — GC,,i] =—1.08

Interior Purlin Design Load =—-1.08 x 22.0 x 5 =—119 plf

179 plf
’ 119plf
r'Y AP A r'y A A A A A y AP
) 8' A 25' e
< >« »<
Rake Overhang

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the
MWERS pressure on the end wall. The magnitude and direction of the load is
dependent upon the number and location of bracing lines.

b. Purlin in Center of Eave Overhang (5 ft from Wall Line):
Rake Overhang Extension (Areas 3 and 2):
For effective wind load area of the rake overhang portion, see calculation above:
A=10x5=50ft

From Table 1.3.4.6(b) - Overhang Coefficients
Comner Zone:  [GC,—-GC,]  =+2.00 Log(50) — 4.80 =—1.40
Edge Zone: [GC,—GC,]  =+0.10 Log(50) — 1.80 =—1.63
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Corner Zone Design Load =—-1.40 x22.0 x 5 =—154 plf
Edge Zone Design Load =-1.63 x22.0 x 5=—-179 plf

Spans Between Sidewall Roof Overhangs (Area 2,):
Effective wind load area is the span times the greater of:
1. The average of two adjacent tributary widths, (5 +5) +2 =5 ft
ii. The span divided by 3,25 +3 =833 ft
- A=25x833=208 ft’

From Table 1.3.4.6(b) - Overhang Coefficients
Corner Zone:  [GC,—-GC,] =+0.715 Log(208) — 3.03 =-1.37

Edge Zone Design Load =-1.37x22.0x 5=—-151 pIf
179 plf
154plf 1 ¢} 151 plf
HENERRERERRRERR
) g .2\ 25' ole
« P B >«
 Rake Overhang

c. Purlin at Edge of Eave Overhang:
Rake Overhang Portion (Areas 3 and 2y):
Effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (5 +0) +2=2.5 ft
ii. The span divided by 3, 10 + 3 =3.33 ft
S~ A=10x333=33f

From Table 1.3.4.6(b) - Overhang Coefficients
Comner Zone:  [GC,—-GC,] =+2.00 Log(33) —4.80=-1.76
Edge Zone: [GC, - GCpi]  =+0.10 Log(33)— 1.80 =-1.65

Corner Zone Design Load =-1.76 x 22 x 2.5 =-97 plf
Edge Zone Design Load =-1.65 x 22 x 2.5 =-91 plf

Spans Between Sidewall Roof Overhangs (Area 2,):
Effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (5 +0) +2=2.5 ft
ii. The span divided by 3,25 +3 =833 ft
- A=25x833=208 ft’

From Table 1.3.4.6(b) — Overhang Coefficients
Corner Zone:  [GC,—-GC,] =+0.715 Log(208) — 3.03 =-1.37
Edge Zone Design Load =-1.37x22.0x2.5=-75 plf
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97 plf
A A A 4 91 plf
4 4 75 p|f
A A} A} A I A A A A b
’ g w2l 25' .
~ Rake Overhang

3.) Roof Panels:
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3,5 +3=1.67 ft
S A=5x1.67=833f

Design Uplift Pressures:
Overhang Interior and Edge: —1.70 x 22.0 = -37 psf
Overhang Corner: —2.80 x 22.0 = —62 psf
Roof Interior: —1.18 x 22.0 = -26 psf

* Note that the adjustment to the edge and corner loads is not permitted per AISI
S100-07 w/S2-10, Appendix A, Section D6.2.1a, because this example is a
through-fastened roof.

4.) Roof Fasteners:
Effective wind load area is the loaded area:
L=51ft
Fastener spacing = 1 ft
LA=5x1=5f

Design Uplift Forces:
Overhang Interior and Edge: —37 x 5 =—185 Ibs
Overhang Corner: —62 x 5 =-310 Ibs
Roof Interior: =26 x 5 =— 130 lbs
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Wind Load Example 1.3.4.9(d): Risk Category III with Gable Roof Greater than 30°

This example will demonstrate the determination of wind loads for buildings with roof slopes
greater than 30° and a higher risk category.

Mean Roof Height

Figure 1.3.4.9(d): Wind Application Zones for
Components and Cladding
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A. Given:

Building Use: Elementary School Annex, Capacity > 250 (Substantial Hazard, Risk
Category III - See IBC Table 1604.5)

Location: New Orleans, LA = Basic Wind Speed = 150 mph (ASCE 7-10, Figure 26.5-
1B)

With regard to Wind Borne Debris, the threshold wind speed for Risk Category III
Buildings (except health care facilities) is checked using ASCE 7-10 Figure 26.5-1A,
which in this location is 142 mph > 140 mph.

..Building is in Wind Borne Debris Region and any glazed openings (which would be
located less than 30 feet above grade) must either meet the large missile test of
ASTM E 1996 or be protected by an impact resistant covering

Developed Suburban Location = Exposure Category B

No Topographic Features creating wind speed-up effects

Enclosed Building

Bay Spacing = 25'-0"

Purlin Spacing = 5'-0" on slope

Girt Spacing = 6'-8", 7'-4" from the Base

Roof Panel Rib Spacing = 2'-0" (Standing Seam Roof)

Roof Panel Clip Spacing = 2'-0"

Wall Panel Rib Spacing = 1'-0"

Wall Panel Fastener Spacing = 1'-0"

Bearing End Frames

End Wall Column Spacing = 20'-0"

B. General:
0 =33.7°> 10°, therefore use h = mean roof height = 34 ft

Velocity Pressure, gy [Interpolating in Table 1.3.4.1(a)] = 35.5 psf

Dimension "a" for pressure zone width determination:

(a) the smaller of
1. 10% of 120 ft =12 ft
2. 40% of 34 ft=13.6 ft

(b) but not less than
1. 4% of 120 ft=4.8 ft
2. or3ft

Sa=121ft
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C. Main Framing:

1.) Interior Rigid Frames (Transverse Direction):

Positive Internal Pressure, +i

. Interior Zone
.Locatlon [GCy— GC,] Load .
See Figure 1.3.4.5(a) Table 1.3.4.5(a) [GCpe— GC,i] x qi x Bay Spacing
Right Wall (Zone 1) +0.38 +0.38 x 35.5 x 25.0 =+337 plf
Right Roof (Zone 2) +0.03 +0.03 x 35.5 x 25.0 =427 plf
Left Roof (Zone 3) —-0.61 —0.61 x 35.5 x 25.0 = =541 plf
Left Wall (Zone 4) —0.55 —0.55 x 35.5 x 25.0 = —488 plf

Load Summary

Negative Internal Pressure, -i

. Interior Zone
Location [GCor— GC, ] Load
See Figure 1.3.4.5(a) Tablep1.3. 4 5"(1a) [GCpr— GCyi] X qy x Bay Spacing

Right Wall (Zone 1) +0.74 +0.74 x 35.5 x 25.0 =+657 plf
Right Roof (Zone 2) +0.39 +0.39 x 35.5 x 25.0 = +346 plf
Left Roof (Zone 3) —0.25 —0.25 x 35.5 x 25.0 =222 plf
Left Wall (Zone 4) —-0.19 —0.19 x 35.5 x 25.0 =-169 plf

222 plf ¢ ¢ 346 plf

Load Summary

2.) Transverse Wind Bracing (Endwall):

Wind bracing in a bearing endwall would be designed for the horizontal components of
the loads on the end frame.

According to Section 1.3.4.5, the higher end zone load may be applied entirely to the

end frame, if the bay spacing exceeds the end zone width, 2 x a. In this example, bay
spacing does exceed 24 feet.
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First Interior Frame

Pressure to
End Frame

Pressure to
Interior Frame

12.5’I

2a=24 |%%
End Frame v
Building Plan View
Load Distribution on End Frame and First Interior Frame
Positive Internal Pressure, +i
Locati End Zone Interior Zone Load
Fi r:cla;(thS (@) [GCpr— GCyil [GCpr— GCyil Int. Zone x q, x ¥ End Bay +
gure £.2.4. Table 1.3.4.5(a) Table 1.3.4.5(a) (End Zone — Int. Zone) x gy x 2a
Right Wall +0.38 x 355 x 12.5+
+ +
(Zones 1 and 1E) 051 038 (+0.51 — 0.38) x 35.5 x 24 =+279 plf
Right Roof +0.03 x35.5x 125+
+0. +0.
(Zones 2 and 2E) 0.09 0.03 (+0.09 — 0.03) x 35.5 x 24 = +64 plf
Left Roof o071 061 —0.61 x35.5x 125+
(Zones 3 and 3E) : ' (=0.71 4+ 0.61) x 35.5 x 24 =356 plf
Left Wall 066 055 —0.55%x355%x12.5+
(Zones 4 and 4E) ’ ’ (=0.66 + 0.55) x 35.5 x 24 =338 plf

Total horizontal load on the end frame (walls plus horizontal component of roofs):

F=279 x 14 + 64 x 60 x %+356x60x %+338x14=25,4381bs

3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical
compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location Interior Zone End Zone
Figure 1.3.4.5(c) T[a?)fepfl _3?1C5p(1]>) T[abeepfl . i%(%)
(ZLSEZE???%) +0.58 +0.79
(Fones 4 & ) o1 025
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End Zone Pressure

Interior Pressure to Endwall

 EEEEENEERERARENENLL

>
<

14

End Zone

A A AAAAA AAALAAAAALN

a=12' 48'

a=12'

Building Plan View Endwall Elevation

Loading on Endwalls for Longitudinal Bracing

Calculate Load for Half of Building:

(14+22)

End Zone Area = x12 =216 ft?

+
Interior Zone Area = @ x 48 =1,824 ft*

Loads - Left Endwall (Zones 1 & 1E)
p = [GCpr— GC,i] x qn x Area
Interior Zone Load = +0.58 x 35.5 x 1,824 =+37,556 lbs
End Zone Load = +0.79 x 35.5 x 216 = +6,058 lbs

Loads - Right Endwall (Zones 4 & 4E)
Interior Zone Load =-0.11 x 35.5 x 1,824 =-7,123 Ibs
End Zone Load = —0.25 x 35.5 x 216 =-1,917 1bs

Total Longitudinal Force Applied to Each Side
F=37,556+ 6,058 + 7,123 + 1,917 = 52,6541bs
Note that the wind bracing would see half of this force since half would be
transferred directly to the foundation.
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4.) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. In addition, the
metal building in this example does not contain any of the horizontal irregularities
discussed in this manual’s Section 1.3.4.5.2 which would warrant an evaluation of the
torsional load case.

D. Components and Cladding:

1.) Purlins:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5) +2 =5 ft
b. The span divided by 3, 25 + 3 = 8.33 ft (Note that the span length of the
continuous multi-span purlin is used and not the total purlin length)
. A=25x8.33=208 ft’

From Table 1.3.4.6(d) — Roof Coefficients

Uplift
Corner and Edge Zone: [GC,—-GC,;] =-1.18
Interior Zone: [GC, - GCp] =-0.98
Downward
All Zones: [GC, - GC] =+0.98

As in previous examples, the individual purlin loads can be determined using several
approaches. Step functions, weighted average, or another rational judgment can be
made.

For a typical purlin run not influenced by the ridge and eave edge strips, the
following design loads are calculated using a weighted average.

End Bay Purlin Uplift Design Load =

12(~1.18) + 13(~0.98)
25

x35.5x5=-191plf

Interior Purlin Uplift Design Load =-0.98 x35.5 x5=-174 plf
End/Interior Purlin Downward Design Load =+0.98 x 35.5 x 5=+174 plf

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.
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Purlins influenced by the ridge or edge zones can be treated in a similar fashion with
the appropriate pressure zones and tributary areas considered.

2.) Eave Member:
a. As aroof member, effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (5 +0) +2=2.5 ft
ii. The span divided by 3,25+ 3 =833 ft
- A=25x833=208 ft’

Eave Member Design Uplift Load = —1.18 x 35.5 x 2.5 =—105 plf (Uplift)

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

b. As a wall member, effective wind load area is the span times the greater of:
i.  The average of two adjacent tributary widths, (6.67 +0) + 2 =3.33 ft
ii. The span divided by 3,25 +3 =833 ft
. A=25x833=208 ft’

From Table 1.3.4.6(a) — Walls (Note: No 10% Reduction in GC,; 6 > 10°)
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.353 Log(208) — 1.93 =—1.11
Interior Zone:  [GC,—-GC,] =+0.176 Log(208) — 1.46 = —1.05
Eave Member Design Loads =—1.11 x 35.5 x 3.33 = -131 plf (Corner)
=—1.05 x 35.5 x 3.33 = —124 plf (Interior)

Inward Pressure:
All Zones: [GC, - GCpi]  =-0.176 Log(208) + 1.36 = +0.95
=+0.95 x 35.5 x 3.33 =+112 plf

3.) Girts:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (7.33 + 6.67) +2 =17 ft
b. The span divided by 3,25 +3=8.33 ft
- A=25x8.33 =208 ft’

From Table 1.3.4.6(a) — Walls (Note: 10% Reduction in GC, not permitted since 0
>10°)
Outward Pressure:
Comner Zone:  [GC,—-GC,]  =+0.353 Log(208) — 1.93 =-1.11
Interior Zone:  [GC, - GC,] =+0.176 Log(208) — 1.46 =—1.05
Girt Design Loads =—1.11 x 35.5 x 7=-276 plf (Corner)
=—1.05 x 35.5 x 7=-261 plf (Interior)
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5 25 ft L 25 ft
ﬂ 12 ft ﬂ ﬂ/
276 plf 261 plf
Inward Pressure:
All Zones: [GC, - GCpi]  =-0.176 Log(208) + 1.36 = +0.95
Girt Design Load =+0.95 x 35.5 x 7=4236 plf
25 ft 25 ft

»/d
P/ |

«

/@'777777@'77777771;3/
I j

4.) Roof Panels and Fasteners:

Roof Panels

Effective wind load area is the span (L) times the greater of:
a. The rib spacing =2 ft
b. The span (L) divided by 3,5 +3=1.67 ft
L A=5x2=101

»

Design Uplift Pressures:
Corner and Edge Zone: —1.38 x 35.5=-49.0 psf *

Interior Zone: —1.18 x 35.5 =—41.9 psf

Design Downward Pressure:
All Zones: +1.08 x 35.5 =+38.3 psf

* Per AISI S100-07 w/S2-10, Appendix A, Section D6.2.1a, the edge and
corner wind loads shall be permitted to be multiplied by 0.67, provided the
tested system and wind load evaluation satisfies the conditions noted therein.
Note that the adjusted edge or corner load, after multiplying by 0.67, should
not be taken lower than the interior zone design load. This unintended
anomaly can occur for steeper slope roofs and for some overhang situations.
For example, in this case, in the corner and edge, the adjusted wind load
would be 49.0 x 0.67 = 32,8 psf, which is less than the interior uplift pressure
of 41.9 psf. Therefore, 41.9 psf should be used for the entire roof area.
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Roof Fasteners (clips)
Effective wind load area is the loaded area:

L=5ft
Clip spacing =2 ft
L A=5x2=101
Only Uplift Governs the Design
Design Uplift Forces:
—49.0 x 10 =-490 Ibs
Interior Zone: —41.9 x 10=-419 Ibs

Note that the edge and corner fastener loads would be permitted to be multiplied
by the same 0.67 multiplier specified in AISI S100-07 w/S2-10, Appendix A,
Section D6.2.1a provided the tested system and wind load evaluation satisfies the
conditions noted therein. However in this case, the adjusted corner and edge
fastener load would be 490 x 0.67 = 328 1b, which is less than the interior fastener
load. Therefore, 419 lbs should be used for the fastener load for the entire roof.

5.) Wall Panels and Fasteners:
Wall Panels
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3, 7.33 + 3 =2.44 ft
S A=733x244=179 f*

From Table 1.3.4.6(a) (No 10% Reduction since 6 > 10°)
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.353 Log(17.9) — 1.93=-1.49
Interior Zone:  [GC,-GC] =+0.176 Log(17.9) — 1.46 =—1.24
Wall Panel Design Loads =—1.49 x 35.5 = -52.9 psf (Corner)
=—1.24 x 35.5 = —44.0 psf (Interior)

Inward Pressure:

All Zones: [GC, - GC]  =-0.176 Log(17.9) + 1.36 =+1.14
Wall Panel Design Load =+1.14 x 35.5 =+40.5 psf

Wall Fasteners

Effective wind load area is the loaded area

L=7.331t

Fastener spacing = 1 ft
L A=733x1=733f
Only suction governs the design,
Fastener Design Load ~ =-1.28 x 35.5 x 7.33 = —333 Ibs (Interior)
=—1.58 x 35.5 x 7.33 =—411 lbs (Corner)
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6.) End Wall Columns:
Corner Column
Corner column should be investigated for wind from two orthogonal directions.

Note that the column span is conservatively taken as the floor to roof distance
without consideration for the girts. If the side and end wall girts line up at the same
elevations, and the wall panel diaphragm is adequate to resist the force transferred at
each girt location, the corner column would not be subject to bending. If the girts do
not line up, then it would be appropriate to base the corner column tributary for

determining wind loading on the span length between the girts that support it.

Endwall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 +0) +2 =10 ft
b. The span divided by 3, 14 + 3 =4.67 ft
S A=14x10=140 ft’

From Table 1.3.4.6(a) (No 10% Reduction):
Outward Pressure:
Corner Zone:  [GC, - GC,]  =+0.353 Log(140) — 1.93 =-1.17
Column Design Load —1.17 x 35.5 x 10.0 = 415 plf

Inward Pressure:
All Zones: [GCy,—-GCi]  =-0.176 Log(140) + 1.36 =+0.98
Column Design Load =+0.98 x 35.5 x 10.0 = +348 plf

Sidewall effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (25 +0) +2=12.5 ft
b. The span divided by 3, 14 + 3 =4.67 ft
L A=14x125=175f

From Table 1.3.4.6(a) (No 10% Reduction):
Outward Pressure:
Corner Zone:  [GC, - GC,]  =+40.353 Log(175) - 1.93 =-1.14

Column Design Load =—-1.14 x 35.5 x 12.5=-506 plf
Inward Pressure:

All Zones: [GC, - GCi]  =-0.176 Log(175) + 1.36 =+0.97

Column Design Load =+40.97 x 35.5 x 12.5 = +430 plf

All Other Interior Columns
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, Max. L =54 + 3 =18 ft
- min A =27.3 x 20 > 500 ft’
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From Table 1.3.4.6(a) (No 10% Reduction):
Outward Pressure:

Corner and Interior Zone:  [GC, - GC,i] =-0.98

Column Design Load =-0.98 x 35.5 x 20.0 = -696 plf
Inward Pressure:

All Zones: [GC, -GC]  =+0.88

Column Design Load =+0.88 x 35.5 x 20.0 =+625 plf

Note: If endwall columns are supporting the endwall rafter, they must be designed to
resist the axial load reaction in combination with bending due to transverse wind.

7.) Endwall Rafters:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary areas, (25 +0) +2=12.5 ft
b. The span divided by 3, 24.04 + 3 =8.01 ft
© A=24.04x 12.5=300 ft’

From Table 1.3.4.6(d):
Interior Zone: [GC,-GC,i] =-1.18 or +0.98
Endwall Rafter Design Load =-1.18 x 35.5 x 12.5 =-524 plf or
=+0.98 x 35.5 x 12.5 = +435 plf

Note that all of the wind loads computed according to ASCE 7-10 in this example would be
multiplied by 0.6 when used in the ASD load combinations as explained in Section 1.3.7 of
this manual.
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Wind Load Example 1.3.4.9(e): Single Slope Building

This Example will demonstrate the procedures used in assessing the Design Wind Loads for a
single sloped building.

Figure 1.3.4.9(e): Building Geometry and Wind Application Zones for
Components and Cladding

A. Given:
Building Use: Retail Store (Standard Building, Risk Category II)
Norwood, MA = Basic Wind Speed = 130 mph
Developed Suburban Location = Exposure Category B
No Topographic Features creating wind speed-up effects
Enclosed Single Slope Building
Bay Spacing = 25'-0"
Purlin Spacing = 5'-0"
Girt Spacing = 6'-6"
Roof Panel Rib Spacing = 2'-0" (Standing Seam Roof)
Roof Panel Clip Spacing = 2'-0"
Wall Panel Rib Spacing = 1'-0"
Wall Panel Clip Spacing = 1'-0"
Rigid End Frames
End Wall Column Spacing = 20'-0"

B. General:
0 = 4.76° < 10°, therefore use h = lower eave height (although for exposure B, q is
constant up to h =30 ft)

Velocity Pressure, g, [Table 1.3.4.1(a)] = 25.8 psf

Dimension "a" for pressure zone width determination:
(a) the smaller of

114



Metal Building Systems Manual

1. 10% of 40 ft=4 ft

2. 40% of 16 ft=6.4 ft
(b) but not less than

1. 4% of 40 ft=1.6 ft

2. or3ft

Sa=4ft

C. Main Framing

1.) Interior Rigid Frames (Transverse Direction):
Note: The single slope configuration is unsymmetric; therefore both transverse wind
directions should be investigated.

Positive Internal Pressure, +i (Right to Left Wind Direction)

. Interior Zone
Location [GCo— GC,y] Load
See Figure 1.3.4.5(b) Tablepfl 34 SP(la) [GCpe— GC,i] X q x Bay Spacing
Right Wall (Zone 1) +0.22 +0.22 x 25.8 x 25.0 = +142 plf
Right Roof (Zone 2) —0.87 —0.87 x 25.8 x 25.0 = =561 plf
Left Roof (Zone 3) —0.55 —0.55 x 25.8 x 25.0 = =355 plf
Left Wall (Zone 4) —0.47 —0.47 x 25.8 x 25.0 =303 plf
355 plf 561 plf
o B o )
Load Summary
303 plf 142 plf
Wind
-+

Positive Internal Pressure, +i (Left to Right Wind Direction)

. Interior Zone
Location [GCo— GC,y] Load
See Figure 1.3.4.5(b) Tablepfl.& 4 SP('a) [GCpr— GC,i] x q, x Bay Spacing
Right Wall (Zone 4) -0.47 —0.47 x 25.8 x 25.0 =303 plf
Right Roof (Zone 3) —0.55 —0.55 x 25.8 x 25.0 = =355 plf
Left Roof (Zone 2) —0.87 —0.87 x 25.8 x 25.0 = =561 plf
Left Wall (Zone 1) +0.22 +0.22 x 25.8 x 25.0 =+142 plf
61 plf
NN i
Load Summary (A
Wind
142 plf = —>[303 plf
9
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Negative Internal Pressure, -i (Right to Left Wind Direction)

. Interior Zone
Location [GCo— GC,y] Load

See Figure 1.3.4.5(b) Tablepfl 34 SP('a) [GCpr— GC,i] x q, x Bay Spacing

Right Wall (Zone 1) +0.58 +0.58 x 25.8 x 25.0 =+374 plf

Right Roof (Zone 2) —0.51 —0.51 x 25.8 x 25.0 =329 plf

Left Roof (Zone 3) —0.19 —0.19 x 25.8 x 25.0 =123 plf

Left Wall (Zone 4) —0.11 —0.11 x 25.8 x 25.0 =-71 plIf

123 plf 329 plf
Load Summary

71 plf Wind 374 plf

< p

-— -

Positive Internal Pressure, +i (Left to Right Wind Direction)

. Interior Zone
Location [GCo— GC,y] Load
See Figure 1.3.4.5(b) Tableptl 34, 5p('a) [GCpt— GCyil X qu x Bay Spacing
Right Wall (Zone 4) —-0.11 —0.11 x 25.8 x 25.0 =71 plIf
Right Roof (Zone 3) —0.19 —0.19 x 25.8 x 25.0 = —123 plf
Left Roof (Zone 2) —0.51 —0.51 x 25.8 x 25.0 = =329 plf
Left Wall (Zone 1) +0.58 +0.58 x 25.8 x 25.0 = +374 plf
329 plf
T T 123 plf
Load Summary —
374 plf [ Wind
p — — 71 plf
—
—

2.) End Rigid Frame:

Pressure to
End Frame

Pressure to
Interior Frame

First Interior Frame

A
12.51
25'

AT

End Frame

Building Plan View

According to Section 1.3.4.5, the higher end zone load is typically applied to the end frame, if
the bay spacing exceeds the end zone width, 2 x a.
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Positive Internal Pressure, +i (Right to Left Wind Direction)

Location
See Figure 1.3.4.5(a)

End Zone
[GCpr— GCy]
Table 1.3.4.5(a)

Interior Zone
[GCpe— GCi]
Table 1.3.4.5(a)

Load
Int. Zone x g x %2 End Bay +
(End Zone — Int. Zone) x g, x 2a

Right Wall +0.22 x 258 x 12.5 +
+0. +0.
(Zones 1 and 1E) 043 0-22 (+0.43 — 0.22) x 25.8 x 8 =+114 pIf
Right Roof — +
g 00 125 087 0.87 x 25.8 x 12.5
(Zones 2 and 2E) (=1.25+0.87) x 25.8 x 8 = —359 plf
Left Roof — +
eft Roo 071 055 0.55 x 25.8 x 12.5
(Zones 3 and 3E) (=0.71 + 0.55) x 25.8 x § =210 plf
Left Wall -
e a 061 047 0.47 x 25.8 x 12.i+
(Zones 4 and 4E) (-0.61 +0.47) x 25.8 x 8 =—180 plf
210 plf 359 plf
Load Summary
180 plf 114 plf
Wind
-+
Positive Internal Pressure, +i (Left to Right Wind Direction)
Locati End Zone Interior Zone Load
ocation [GCpe— GG, [GCpe— GCp) Int. Zone x g x % End Bay +

See Figure 1.3.4.5(a)

Table 1.3.4.5(a)

Table 1.3.4.5(a)

(End Zone — Int. Zone) x g, x 2a

Right Wall 061 047 047 x258x 125+
(Zones 4 and 4E) ) ) (=0.61 +0.47) x 25.8 x 8 =—180 plf
i — +
Right Roof 071 055 0.55 x 25.8 x 12.3
(Zones 3 and 3E) (-=0.71 +0.55) x 25.8 x 8 =210 plf
Left Roof 125 087 —0.87 x 25.8 x 12.i+
(Zones 2 and 2E) (-1.25+0.87) x 25.8 x 8 =-359 plf
Left Wall +0.22 x25.8 x 12.5+
+0. +0.
(Zones 1 and 1E) 043 0.22 (+0.43 — 0.22) x 25.8 x § =+114 plf
359 plf

Load Summary

114 pIf

210 pIf

| 180 pIf

117




Metal Building Systems Manual

Negative Internal Pressure, -i (Right to Left Wind Direction)

Location
See Figure 1.3.4.5(a)

End Zone
[GCpr— GCi
Table 1.3.4.5(a)

Interior Zone
[GCpe— GCii
Table 1.3.4.5(a)

Load
Int. Zone x g x %2 End Bay +
(End Zone — Int. Zone) x g, x 2a

Right Wall

+0.58 x 25.8 x 12.5 +

+0. +0.

(Zones 1 and 1E) 0.79 0.58 (+0.79 = 0.58) x 25.8 x 8 = +230 plf

Right Roof _0.89 051 —0.51 x258x12.5+
(Zones 2 and 2E) : ' (—=0.89 + 0.51) x 25.8 x 8 =243 plf

Left Roof 035 019 —0.19x25.8 x12.5+
(Zones 3 and 3E) ' ' (=0.35+0.19) x 25.8 x 8 =—94 plf

Left Wall 025 011 —0.11 x25.8 x 12.5+
(Zones 4 and 4E) ) ) (-0.25+0.11) x 25.8 x 8 =—64 plf

94 plf 243 plf
Load Summary <
64 plf - [230pIf
%
Wind
-+
Negative Internal Pressure, -i (Left to Right Wind Direction)
Locati End Zone Interior Zone Load
See Fi 8:: 110311 45) [GCpr— GCyi] [GCpr— GCyi] Int. Zone x g, x % End Bay +
gure .55 Table 1.3.4.5(a) Table 1.3.4.5(a) (End Zone — Int. Zone) x q; x 2a

Right Wall 025 011 —0.11 x25.8x12.5+
(Zones 4 and 4E) : ) (=0.25+0.11) x 25.8 x 8 = —64 plf

Right Roof 035 ~0.19 —0.19x258x12.5+
(Zones 3 and 3E) ' ) (=0.35+0.19) x 25.8 x 8 = =94 plf

Left Roof 0.89 051 —0.51x258x 125+
(Zones 2 and 2E) : ) (-0.89 +0.51) x 25.8 x 8 =243 plf

Left Wall +0.58 x25.8 x 12.5+

+ +
(Zones 1 and 1E) 0.79 0.58 (+0.79 — 0.58) x 25.8 x 8 =+230 pIf
Load Summary
230 plf

Note: Using the above coefficients, the End Frame is not designed for future expansion. If the
frame is to be designed for future expansion, then the frame must also be investigated as an

interior frame.
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3.) Longitudinal Wind Bracing:

Positive Internal Pressure Condition - Need not be investigated since critical
compressive load occurs for negative internal pressure condition.

Negative Internal Pressure, -i

Location Interior Zone End Zone
i [GCp— GG, [GCpr— GG,y
See Figure 1.3.4.5(c) Table 1.3.4.5(b) Table 1.3.4.5(b)
Left Endwall
(Zones 5 & 5E) +0.58 +0.79
Right Endwall
(Zones 6 & 6E) 0.1 -0.25
End Zone Pressure
E Interior Pressure to Endwall x4
[TTTHTHTTTETimLL
i
I
|
! 19.3% 19.00'

-
-

R

Endwall Elevation

End Zone

._._._._._.Z>}

A A AAA A A A A AAAAY

16' a=4'7

|

Building Plan View

Loading on Endwalls for Longitudinal Bracing

(19.33+19)

Left Side End Zone Area = x4 =77 ft*

x16 =293t

67+
Left Side Interior Zone Area = w

Right Side End Zone Area = w x 4 = 65 ft’
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Right Side Interior Zone Area = w x16 =272 ft’

Loads - Left Endwall (Zones 1 & 1E)
p = [GCpr— GCpi] x qn x Area
Left Side Interior Zone Load = +0.58 x 25.8 x 293 = +4,384 1bs
Left Side End Zone Load = +0.79 x 25.8 x 77 =+1,569 lbs
Right Side Interior Zone Load = +0.58 x 25.8 x 272 = +4,070 Ibs
Right Side End Zone Load = +0.79 x 25.8 x 65 =+1,325 Ibs

Loads - Right Endwall (Zones 4 & 4E)
Left Side Interior Zone Load =—0.11 x 25.8 x 293 = —831 lbs
Left Side End Zone Load = —0.25 x 25.8 x 77 =—-497 lbs
Right Side Interior Zone Load =—0.11 x 25.8 x 272 = =702 lbs
Right Side End Zone Load = —0.25 x 25.8 x 65 =—419 lbs

Total Longitudinal Force Applied to Left Side
F=4,384+ 1,569 + 831 + 497 =7,281 Ibs

Total Longitudinal Force Applied to Right Side
F=4,070 + 1,325+ 702 + 419 = 6,516 lbs

Note that the wind bracing would see half of these forces since half would be transferred
directly to the foundation.

4.) Torsional Load Cases:

ASCE 7-10 contains a provision that requires both transverse and longitudinal
torsion to be checked with the following three exceptions: 1) One story buildings
with h less than or equal to 30 feet, 2) Buildings two stories or less framed with
light frame construction, and 3) Buildings two stories or less designed with flexible
diaphragms. Therefore, since the building height, h, in this example does not
exceed 30 feet, torsional load cases need not be considered.
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D. Components and Cladding

Wall Design Pressures — See Table 1.3.4.6(a) for [GC,—GCpil:

Outward Pressure w/10% Reduction

A =500 f A<10f
e Design Pressure e Design Pressure
Zone [GC,—GCyi] (psf) [GC,—GCy] (psf)
Corner (5) -0.90 —23.22 -1.44 -37.15
Interior (4) -0.90 —23.22 -1.17 -30.19

Inward Pressure w/10% Reduction

A >500 ft? A <10 ft
Design Pressure Design Pressure
Zone [GC,-GC,] g?ps B [GC-GCy] g?ps f
All Zones +0.81 +20.90 +1.08 +27.86

Roof Design Pressures — See Table 1.3.4.6(f) for [GC—GCy]:

Negative (Uplift)
A>100 ff A<10f
_ Design Pressure e Design Pressure
Zone [GC,—GCyil (ps) [GC-GCy] (ps)
*High Eave
Corner (3') -1.78 —45.92 -2.78 -71.72
*Low Eave
Comner (3) -1.38 -35.60 -1.98 -51.08
*High Eave
Edee(2') -1.68 —43.34 -1.78 —45.92
*Low Eave
Edge (2) -1.38 -35.60 —-1.48 -38.18
Interior (1) —1.28 -33.02 —1.28 —33.02
Positive (Downward)
A>100 ff A<10f
_ Design Pressure e Design Pressure
Zone [GC,—GCyil (ps) [GC,-GCy] (psf)
All Zones +0.38 +9.80 +0.48 +12.38

* Per AISI S100-07 w/S2-10, Appendix A, Section D6.2.1a, the edge and corner wind
loads shall be permitted to be multiplied by 0.67 provided the tested system and wind
load evaluation satisfies the conditions noted therein. Note that the adjusted edge or
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corner load, after multiplying by 0.67, should not be taken lower than the interior
zone design load. This unintended anomaly can occur for steeper slope roofs and for
some overhang situations. Based on this practical limit, some of the corner and edge
zone design pressures in the table above will be governed by the interior design
pressure.

1.) Purlins:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (5 +5) +2 =5 ft
b. The span divided by 3, 25 + 3 =8.33 ft
- A=25x833=208 ft’

As in previous examples, the individual purlin loads can be determined using several
approaches. Step functions, weighted average, or another rational judgment can be
made. In this example, due to the number of pressure zones, there are actually five
different uplift loads acting on the seven purlins. The largest uplift load occurs on
the purlin that is 5" from the high side eave.

Purlin 5’ From High Side Eave:

Design Uplift Load:
End Distance "4a" in Zone 3' =—-45.92 x 5 =-230 plf
Interior Section in Zone 2' =—-43.34 x 5=-217 plf

230 plf
t 1t t 1 217 plf

2\
4a =16 9 25!

Note: Strut purlins should also be checked for combined bending from the main
wind force resisting system (MWFRS) uplift load and axial load from the MWFRS
pressure on the end wall. The magnitude and direction of the load is dependent upon
the number and location of bracing lines.

2.) Eave Member (High Side):
a. As aroof member, effective wind load area is the span times the greater of:
i. The average of two adjacent tributary widths, (5 +0) +2=2.5 ft
ii. The span divided by 3,25 +3 =833 ft
. A=25x8.33=208 ft’
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Design Uplift Load:

End Distance "4a" in Zone 3" =—45.92 x 2.5 =-115 plf
Interior Section in Zone 2" =—-43.34 x 2.5 = —-108 plf

115 plf
oyt 108 plf

A A I A A A} A} A >

1
4a=16' ' 25'

Note that the eave member must also be investigated for axial load. See note in
purlin example above.

b. As a wall member, effective wind load area is the span times the greater of:
i.  The average of two adjacent tributary widths, (6.5 +0) +2 =3.25 ft
ii. The span divided by 3,25+ 3 =833 ft
- A=25x833=208 ft’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC,
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.318 Log(208) — 1.76 =—1.02
Interior Zone:  [GC,-GC,]  =+0.159 Log(208) — 1.33 =-0.96
Eave Member Design Loads =—-1.02 x 25.8 x 3.25 = —86 plf (Corner)
=-0.96 x 25.8 x 3.25 = -80 plf (Interior)

Inward Pressure:
All Zones: [GC, - GC]  =-0.159 Log(208) + 1.24 = +0.87
Eave Member Design Load =+0.87 x 25.8 x 3.25 =+73 plf

3.) Girts:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (6.5 + 6.5) +2=6.5 ft
b. The span divided by 3,25 +3=8.33 ft
. A=25x8.33=208 ft’

From Table 1.3.4.6(a) — Walls w/10% Reduction in GC, since 6 < 10°
Outward Pressure:
Comner Zone:  [GC,—-GC,]  =+0.318 Log(208) — 1.76 =—1.02
Interior Zone:  [GC,—-GC,]  =+0.159 Log(208) — 1.33 =-0.96
Girt Design Loads =-1.02 x 25.8 x 6.5 =—171 plf (Corner)

=—-0.96 x 25.8 x 6.5 =—161 plf (Interior)

123



Metal Building Systems Manual

25 ft > e 25 ft >,
r/ [ 4ft ﬂ ﬂ
171 plf 161 plf
Inward Pressure:
All Zones: [GCy, - GCi]  =-0.159 Log(208) + 1.24 = +0.87
Girt Design Load =+0.87 x 25.8 x 6.5 =+146 plf
P 25 ft 25 ft

»/d
« L7

B R

4.) Roof Panels and Fasteners:
Roof Panels
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =2 ft
b. The span (L) divided by 3,5 +3=1.67 ft
LA=5x2=101

Design Uplift Pressures for the standing seam roof panels are given in the table
above in Step D. The uplift pressure in the field of the roof is 33.02 psf and the
maximum uplift pressure of 71.72 psf occurs in the corner zone at the high eave
side.

Roof Fasteners (clips)

Effective wind load area is the loaded area:
L=5ft

Clip spacing =2 ft

L A=5x2=101
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Design Uplift Forces:

From the table above under Step C, the design uplift forces are:
High Eave Corner (3'): —71.72 x 10=-717 lbs
Low Eave Corner (3): —51.08 x 10 =-511 Ibs
High Eave Edge (2'): —45.92 x 10 =-459 lbs
Low Eave Edge (2): —38.16 x 10 =-382 Ibs
Interior(1): -33.02 x 10 =-330 lbs

Also, the edge and corner fastener loads would be permitted to be
multiplied by the same 0.67 multiplier specified in AISI S100-07
w/S2-10, Appendix A, Section D6.2.1a provided the tested system and
wind load evaluation satisfies the conditions noted therein. However in
this case, the adjusted edge fastener loads would be less than the
interior fastener load. Therefore, 330 lbs should be used for the
fastener load for the interior and edge zones of the roof.

5.) Wall Panels and Fasteners:

Wall Panels
Effective wind load area is the span (L) times the greater of:
a. The rib spacing =1 ft
b. The span (L) divided by 3, 6.5 +3=2.17 ft
L A=65%2.17=14.1f

From Table 1.3.4.6(a) w/10% Reduction
Outward Pressure:
Corner Zone:  [GC,—-GC,] =+0.318 Log(14.1) - 1.76 =—-1.39
Interior Zone:  [GC,-GC,]  =+0.159 Log(14.1) — 1.33=-1.15
Wall Panel Design Loads =—1.39 x 25.8 = -35.86 psf (Corner)
=—1.15 x 25.8 = -29.67 psf (Interior)

Inward Pressure:
All Zones: [GC, - GCp]  =-0.159 Log(14.1) + 1.24 =+1.06
=+1.06 x 25.8 =+27.35 psf

Wall Fasteners

Effective wind load area is the loaded area

L=65ft

Fastener spacing = 1 ft

LA=65x1=651

Only suction governs the design, From Table of Wall Pressures above:
Fastener Design Load ~ =-30.19 x 6.5 = —196 lbs (Interior)

=-37.15 x 6.5 =241 lbs (Corner)
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6.) End Wall Columns:
Effective wind load area is the span times the greater of:
a. The average of two adjacent tributary widths, (20 + 20) + 2 = 20 ft
b. The span divided by 3, 17.67 +3 =49 ft
S A=20x17.67=353 ¢

From Table 1.3.4.6(a) w/10% Reduction:
Outward Pressure:

Interior Zone:  [GC,—-GC,] =+0.159 Log(353) — 1.33=-0.92
=-0.92 x 25.8 x 20 =475 plf

Inward Pressure:

Interior Zone:  [GC,-GC]  =-0.159 Log(353) + 1.24 = +0.83
Column Design Load =+0.83 x 25.8 x 20 = +428 plf

Note: If endwall columns are supporting the endwall rafter, they must be designed to
resist the axial load reaction in combination with bending due to transverse wind.

Note that all of the wind loads computed according to ASCE 7-10 in this example
would be multiplied by 0.6 when used in the ASD load combinations as explained in
Section 1.3.7 of this manual.
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Wind Load Example 1.3.4.9(f): Building with Parapet

This Example will demonstrate the procedures used in assessing the Design Wind Loads for
a building with a parapet.

< @@

Figure 1.3.4.9(f): Building Geometry

A. Given:
Same as Example 1.3.4.9(a), except parapet walls are added as shown above.

B. General:
See Example 1.3.4.9(a).

C. Main Framing:
1.) Interior Main Frames:

See Example 1.3.4.9(a) for loads on walls and roof of the building. Add the
following loads due to wind on the parapet:

qp = 32.1 psf (velocity pressure evaluate at top of parapet, h=17 ft)

pp =+1.5x32.1 x 25 =+1204 plf (windward parapet)
=—1.0 x 32.1 x 25=-802 plf (leeward parapet)
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Load Summary

441 plf 698 pIf
802 plf 1204 plf

Positive Internal Pressure
377 plf 177 plf

152 plf 409 plf
802 plf 1204 plf
Negative Internal Pressure <]
e
e
e

2.) End Rigid Frames:
See Example 1.3.4.9(a) for loads on walls and roof of the building. Add the
following loads due to wind on the parapet:

qp = 32.1 psf (velocity pressure evaluate at top of parapet, h=17 ft)

pp =+1.5x32.1 x 12.5 =+602 plf (windward parapet)
=—-1.0 x 32.1 x 12.5=—-401 plf (leeward parapet)

Load Summary

262 plf 447 plf
401 plf 7 602 plf

Positive Internal Pressure
224 pIf [< 142 plf

117 plf 302 plf
401 pif 7 484plf

]

Negative Internal Pressure

81 plf 287 plf

17111
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3.) Longitudinal Wind Bracing:
See Example 1.3.4.9(a) for loads applied to endwalls of building. Add the
following loads due to wind on the parapet:

. Coefficient Projected Area
Location GC, of Facade Total Load
3x40-"%x40x 1.67 = +1.5%x32.1x86.7=
+
Left Endwall 15 86.7 f’ 14,175 Ibs.
. 3x40-"%x40x 1.67 = —-1.0x32.1 x 86.7=—
Right Endwall -1.0 86.7 f 2,783 Ibs.
3 v
1.67
T
14’
B 40’

Projected Area of Facade

Longitudinal Force Per Side Due to Parapet = [4,175 + 2,783] + 2 = 3,479 Ibs
Total Longitudinal Force Applied to Each Side (see Example 1.3.4.9(a)):

F=7,217+ 3,479 = 10,696 lbs

Note that the wind bracing would be designed for 7,217/2 + 3,479 lbs, since the other
half of the 7,217 1b force would be transferred directly to the foundation.

4.) Torsional Load Cases:
ASCE 7-10 contains a provision that requires both transverse and longitudinal torsion to
be checked with the following three exceptions: 1) One story buildings with h less than
or equal to 30 feet, 2) Buildings two stories or less framed with light frame construction,
and 3) Buildings two stories or less designed with flexible diaphragms. Therefore since
the building height, h in this example does not exceed 30 feet, torsional load cases need
not be considered.

D. Components and Cladding:
See Example 1.3.4.9(a) for loads on purlins, girts and eave member.

p = qp(GC, — GCy)

qp = 32.1 psf (velocity pressure evaluate at top of parapet, h=17 ft)
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GC,i = 0 (Construction detail does not allow internal pressure in building to propagate
into the parapet.) As a result, the GCpi internal pressure coefficient given in
ASCE 7-10, Table 26.11-1 for Enclosed Buildings will need to be deducted
from the coefficients provided this manual (see Tables 1.3.4.6(a) through
1.3.4.6(h). Alternatively, one could derive the external pressure coefficient
directly from ASCE 7-10, Figure 30.4-1 through Figure 30.4-6.

1.) Top Girt on Parapet:
Note: The top girt carries the combined pressures from the front and back of the
parapet.

Tributary Area = 1.5 x 25 =37.5 ft*

Interior Zone
Load Case A (windward side with positive wall and negative roof pressure)
From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)
Positive wall GC, =-0.176 LogA + 1.18 (Zone 4)
=-0.176 Log(37.5) + 1.18
=+0.90
=+0.81 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Negative roof (edge) GC, =+0.70 LogA —2.50 (Zone 2)
=+0.70 Log(37.5) —2.50
=-1.40
Design Load = (+0.81 + 1.40) x 32.1 x 1.5 =106 plf

Note: Wind acting on the windward and leeward sides of a parapet act in the
same direction, therefore the pressure coefficients are additive.

Load Case B (leeward side with negative wall and positive wall pressure)

From ASCE 7-10 Fig. 30.4-1 (wall)

Negative wall (int.) GC,  =+0.176 LogA — 1.28 (Zone 4)
=+0.176 Log(37.5) — 1.28
=-1.00
=—0.90 w/10% Reduction

(Note 5 — Fig. 30.4-1)

Design Load = (+0.90 +0.81) x 32.1 x 1.5 =82.3 pIf
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Corner Zone
Load Case A (windward side with positive wall and negative roof pressure)
From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)
Positive wall GC,, =-0.176 LogA + 1.18 (Zone 5)
=—0.176 Log(37.5) + 1.18
=+0.90
=+0.81 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Negative roof (corner) GC, =+1.70 LogA —4.50 (Zone 3)
=+1.70 Log(37.5) —4.50
=-1.82

Note: If the parapet extends above the roof 3 feet or more and the roof slope <
7°, then the corner roof pressure (zone 3) can be taken equal to the edge
pressure (zone 2) — see ASCE 7-10, Fig. 30.4-2A, note 5. This option was not
used in this example for simplicity.

Design Load = (+0.81 + 1.82) x 32.1 x 1.5 = 126.6plf

Load Case B (leeward side with negative wall and positive wall pressure)

From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)

Negative wall (corner) GC, = +0.353 LogA — 1.75 (Zone 5)
=+0.353 Log(37.5) - 1.75
=-1.19
=-1.07 w/10% Reduction

(Note 5 — Fig. 30.4-1)
Design Load = (+1.07 +0.81) x 32.1 x 1.5 =90.5 plf

2.) Eave Member:
If the parapet/facade framing is such that the eave member receives additional
load from wind on the parapet, increase the eave member wall load as shown:

Tributary Area = 1.5 x 25 = 37.5 ft*

Interior Zone
Load Case A (windward side with positive wall and negative roof pressure)
From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)
Positive wall GC, =-0.176 LogA + 1.18 (Zone 4)
=—0.176 Log(37.5) + 1.18
=+0.90
=+0.81 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Negative roof (edge) GC, =+0.70 LogA —2.50 (Zone 2)
=+0.70 Log(37.5) - 2.50
=-1.40
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Design Load = (+0.81 + 1.40) x 32.1 x 1.5 = 106.4 plf

Load Case B (leeward side with negative wall and positive wall pressure)

From ASCE 7-10 Fig. 30.4-1 (wall)

Negative wall (int.) GC,  =+0.176 LogA — 1.28 (Zone 4)
=+0.176 Log(37.5) — 1.28
=-1.00
=—0.90 w/10% Reduction

(Note 5 — Fig. 30.4-1)
Design Load = (+0.90 +0.81) x 32.1 x 1.5 =82.3 pIf

Corner Zone
Load Case A (windward side with positive wall and negative roof pressure)
From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)
Positive wall GC, =-0.176 LogA + 1.18 (Zone 5)
=—0.176 Log(37.5) + 1.18
=+0.90
=+0.81 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Negative roof (corner) GC, =+1.70 LogA —4.50 (Zone 3)
=+1.70 Log(37.5) —4.50
=-1.82
Design Load = (+0.81 + 1.82) x 32.1 x 1.5 =126.6 plf

Load Case B: (leeward side with negative wall and positive wall pressure)

From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)

Negative wall (corner) GC, =+0.353 LogA — 1.75 (Zone 5)
=+0.353 Log(37.5) - 1.75
=-1.19
=-1.07 w/10% Reduction

(Note 5 — Fig. 30.4-1)
Design Load = (+1.07 +0.81) x 32.1 x 1.5=90.5 plf

3.) Column Parapet Bracket or Extension:
Note: The parapet bracket carries the combined pressures from the front and back
of the parapet.

Tributary Area = 3.0 x 25 = 75 ft*

Interior Zone
Load Case A (windward side with positive wall and negative roof pressure)
From ASCE 7-10 Fig. 30.4-1 (wall), Fig. 30.4-2A (roof)
Positive wall GC, =—0.176 LogA + 1.18 (Zone 4)
=—0.176 Log(75) + 1.18
=+0.85

132



Metal Building Systems Manual

=+40.77 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Negative roof (edge) GC, =+0.70 LogA —2.50 (Zone 2)
=+0.70 Log(75) — 2.50
=-1.19
Design Load = (+0.77 + 1.19) x 32.1 x 25 =1,573 plf

Load Case B (leeward side with negative wall and positive wall pressure)
From ASCE 7-10 Fig. 30.4-1 (wall)
Negative wall (int.) GC,  =+0.176 LogA — 1.28 (Zone 4)
=+0.176 Log(75) — 1.28
=—0.95
=—0.86 w/10% Reduction
(Note 5 — Fig. 30.4-1)
Design Load = (+0.86 +0.77) x 32.1 x 25 = 1,308 plf

4.) Parapet Panels:
Note: The parapet panels only carry pressures from one side.

Effective wind load area is the span (L) times L + 3
L=3ft

L+3=1ft

LA=3x1=3f

ASCE 7-10, Fig. 30.4-1 (wall)

Edge Zone
Maximum positive pressure (wall)

=+1.0 x 32.1 =32.1 psf (Zone 4)
= 28.9 w/10% Reduction (Note 5 — Fig. 30.4-1)

Maximum negative pressure (roof)
=-1.8 x32.1 =-57.8 psf (Zone 2)

Corner Zone
Maximum positive pressure (wall)
=+1.0 x 32.1 = 32.1 psf (Zone 5)
= 28.9 w/10% Reduction (Note 5 — Fig. 30.4-1)

Maximum negative pressure (roof) = —2.8 x 32.1 =—-89.9 psf (Zone 3)

Note: Also see ASCE 7-10, Fig. 30.4-2A Note 5 for applicable reductions in
pressures.

Note that all of the wind loads computed according to ASCE 7-10 in this example

would be multiplied by 0.6 when used in the ASD load combinations as explained in
Section 1.3.7 of this manual.
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1.3.5 Snow Loads

The International Building Code requires the design snow loads to be determined in
accordance with ASCE 7-10. In this section, the snow load requirements of ASCE 7-10 are
summarized and examples are provided for typical metal roofing systems on low-rise
buildings. Appropriate cross-references to sections in ASCE 7-10 are provided.

1.3.5.1 Ground Snow Loads

Ground snow loads are specified in ASCE 7-10, Section 7.2. Ground snow loads, pg, for the
contiguous United States are defined in Figure 7-1 of ASCE 7-10 and Table 7-1 provides
ground snow loads for Alaska. Site specific case studies are required in areas designated
"CS" in Figure 7-1. See Chapter IX of this manual for a county listing of the ground snow
loads.

1.3.5.2 Flat Roof Snow Loads
Flat roof snow loads are specified in Section 7.3 of ASCE 7-10 as follows:

The flat roof snow load, p; shall be calculated as follows:

pr= 0.7 C.Cispg (ASCE 7-10, Eq. 7.3-1)
where,
C. = -exposure factor from Table 7-2, ASCE 7-10.
C; = thermal factor from Table 7-3, ASCE 7-10.
I = snow load importance factor from Table 1.3.1(a) in this manual, or
Table 1.5-2, ASCE 7-10.
pe = ground snow load in psf (See Section 1.3.5.1 in this manual).

but not less than the following minimum values for low slope roofs as defined in
Section 7.3.4 (Section 1.3.5.3 in this manual):

where pg <20 psf, pm = Lipg
where p, > 20 psf, pm = 201,

As noted in ASCE 7-10, this minimum roof snow load is a separate uniform load case and
need not be used in determining or in combination with drift, sliding, unbalanced, or partial
loads.

In determining the thermal factor, C;, the actual planned use and occupancy of a given
structure must be considered. The building end uses given in Table 1.3.5.2 are provided as a
guide to assess if a building falls in a heated or unheated category.
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Table 1.3.5.2: Typical Heated and Unheated Building Usage

Heated (C, = 1.0)

Unheated (C;=1.2)

Manufacturing Production

Agricultural Buildings

Manufacturing Equipment Service

On-Farm Structures

Commercial Retail Stores

Commercial Warehouse/Freight Terminals'

Commercial Offices and Banks

Some recreational facilities such as ice rinks,
gyms, field houses, exhibition buildings, fair
buildings, etc.

Commercial Garages and Service Stations

Some warehouse facilities such as raw material
storage, mini warehouses parking and vehicle
storage, etc.!

Educational Complexes

Hospital and Treatment Facilities

Churches

Government Administration & Service

Transportation Terminals

Residential

Some recreational facilities such as bowling
lanes, theaters, museums, clubs studios, etc.

Some warehouse facilities such as retail
storage, food storage, parts distribution and
storage, etc.!

Refrigerated Storage Facilities

C, = 1.1 if building kept just above freezing.

1.3.5.3 Minimum Snow Load for Low-Slope Roofs

Minimum snow load values for low-slope loads are specified in ASCE 7-10, Section 7.3.4 as

follows:

A minimum roof snow load, p,, shall only apply to monoslope, hip, and gable roofs
with slopes less than 15 and to curved roofs where the vertical angle from the eaves
to the crown is less than 10°

1.3.5.4

Sloped Roof Snow Loads

Sloped roof snow loads are specified in ASCE 7-10, Section 7.4 as follows:

Snow loads acting on a sloping surface shall be assumed to act on the horizontal
projection of that surface. The sloped roof snow load, ps, shall be obtained by
multiplying the flat roof snow load, p; by the roof slope factor, Cs:

ps = Cspf

(ASCE 7-10, Eq. 7.4-1)

Values of Cs for warm roofs, cold roofs, curved roofs, and multiple roofs are
determined from ASCE 7-10 Sections 7.4.1-7.4.4. The thermal factor, C,, from ASCE
7-10 Table 7-3 determines if a roof is "cold' or "warm." "Slippery surface" values
shall be used only where the roof’s surface is unobstructed and sufficient space is
available below the eaves to accept all the sliding snow. A roof shall be considered
unobstructed if no objects exist on it which prevent snow on it from sliding.
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Note that metal roofs are assumed as slippery surfaces unless the presence of snow guards or
other obstruction(s) prevents snow from sliding. (See MBMA Metal Roofing Systems Design
Manual for more information.)

1.3.5.5 Roof Slope Factor

The roof slope factor, Cs, is specified in ASCE 7-10, Sections 7.4.1 through 7.4.4 and Figure
7-2. The requirements are provided in equation form below.

a.) For warm roofs, defined in ASCE 7-10 when C; < 1.0:

i. Unobstructed slippery surface that will allow snow to slide off the eaves and

provided it is either a non-ventilated roof with R > 30, or a ventilated roof with R >
20 (dashed line, ASCE 7-10 Figure 7-2a):

1 6<5°
C, = 1—(Ej 5°<09<70°
65
0 0> 70°

Note that for a ventilated roof the exterior air under it shall be able to circulate freely
from its eaves to its ridge (per ASCE 7-10 Section 7.4.1).

ii. All other warm roofs (solid line, ASCE 7-10 Figure 7-2a):

1 6 <30°
C, = 1—[Hj 30° < 6 < 70°
40
0 0> 70°

b.) For cool roofs, i.e., structures kept just above freezing and others with cold, ventilated
roofs with a thermal resistance between the ventilated space and the heated space
greater than R-25 (in ASCE 7-10 when C; = 1.1):

i. Unobstructed slippery surface that will allow snow to slide off the eaves (dashed
line, ASCE 7-10 Figure 7-2b):
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1 0<10°
C, = 1—£wj 10° < 6 < 70°
60
0 0> 70°

ii. All other cool roofs (solid line, average of ASCE 7-10 Figure 7-2b):

1 0 <37.5°
C, = 1—(9_37'5j 37.5° <0< 70°
32.5
0 0 > 70°

c.) For cold roofs, i.e., unheated structures and structures intentionally kept below
freezing (in ASCE 7-10 when C; = 1.2):

i. Unobstructed slippery surface that will allow snow to slide off the eaves (dashed
line, ASCE 7-10 Figure 7-2c¢):

1 0<15°
C, =41- ﬂj 15° < 0 < 70°
55
0 0> 70°

i. All other cold roofs (solid line, ASCE 7-10 Figure 7-2¢):

1 0 < 45°
C,=41- wj 45° <9 < 70°
25
0 6> 70°

For curved roofs, multiple folded plate roofs, sawtooth roofs, or barrel vault roofs, see ASCE
7-10, Section 7.4.3 and 7.4.4 for appropriate Cs values.

1.3.5.6 Ice Dams and Icicles Along Eaves

Additional loads due to ice dams and icicles along eaves are specified in ASCE 7-10, Section
7.4.5 as follows:
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Two types of warm roofs that drain water over their eaves shall be capable of
sustaining a uniformly distributed load of 2pson all overhanging portions:

a.) Unventilated warm roofs that have an R-value less than R-30.
b.) Ventilated warm roofs that have an R-value less than R-20.

The load on the overhang shall be based upon the flat roof snow load for the heated
portion of the roof up-slope of the exterior wall. No other loads except dead loads
shall be present on the roof when this uniformly distributed load is applied.

The ASCE 7-10 Commentary provides further guidance as follows:

The intent is to consider heavy loads from ice that forms along eaves only for
structures where such loads are likely to form. It is also not considered necessary to
analyze the entire structure for such loads, just the eaves themselves.

This provision is intended for short roof overhangs and projections, with a horizontal
extent less than 5 ft. In instances where the horizontal extend is greater than 5 ft, the

surcharge that accounts for eave ice damming need only extend for a maximum of 5 ft
from the eave of the heated surface.

1.3.5.7 Partial Loading
Partial loading is specified in ASCE 7-10, Section 7.5.

1.3.5.8 Unbalanced Snow Loads
Unbalanced snow loads are specified in ASCE 7-10, Section 7.6.

A summary of the unbalanced load cases for hip and gable roofs is given in Figure 1.3.5.8.

For other roof shapes, such as curved, multiple folded plate, sawtooth, barrel vault, or domes,
see Section 7.6 of ASCE 7-10 for the unbalanced load requirements.
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(a) Balanced Case
Ps

(b) Unbalanced Case

W <20 ft
With roof rafter system
(Not applicable to metal building framing)

| x pg

(c) Unbalanced Case (other)

%hd\@
—
t+ her
AR L v \/g
0.3p.
Ps
llllllll"'vv Y VvV vy A\ 4
Note: Unbalanced loads
le W N need not be considered
| for ® > 70° or for 6 <
2.38°.
1
S .L

h, =0433YW 4/p. +10-1.5
¢ P (ASCE 7-10 Figure 7-9 with L, = W)
if W<25use W=25ft

Figure 1.3.5.8: Unbalanced Snow Loads for Gable/Hip Roofs
(Ref. ASCE 7-10 Section 7.6.1 and Figure7-5)

139



Metal Building Systems Manual

1.3.5.9 Drifts on Lower Roofs

Drift loads on lower roofs are specified in Section 7.7 of ASCE 7-10. Separate provisions are
given for drifting at roof steps (higher portions of the same structure) and for drifting caused
by adjacent structures and terrain features. The triangular drift loads are superimposed on the
balanced snow load.

The requirements of ASCE 7-10, Section 7.7 are summarized below in a form more suitable
for programming;:

(1) Lower Roof of a Structure (ASCE 7-10, Section 7.7.1)
Leeward Drift Height:

hg=0.43 3L, 4/p, +10-1.5 (ASCE 7-10, Eq. 7-9)

where,
L, = length of upper roof in feet
IfL, <20 ft, use L, =20 ft

Windward Drift Height:
hg=0.75[0.43 /L, 4/p, +10-1.5]
where,

Ly = length of lower roof in feet
If Ly <20 ft,use Ly =20 ft

The larger of the leeward drift height and windward drift height shall be used in the
design.

Drift Width:
For both leeward and windward drifts, the width w, is determined as follows:

If hg < h,
W = 4hd < 8hc
If hq > h,

2

d
=4— <8h,
YT

C

and,

hd = hc
where,

he = clear height from top of balanced snow load to (1) closest point on
adjacent upper roof, (2) top of parapet, or (3) top of a projection on the
roof, in feet.
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If the drift width, w, exceeds the width of the lower roof, the drift shall be
truncated at the far edge of the roof, not reduced to zero there.

The maximum intensity of the drift surcharge load, p4, equals hgy where snow
density, v, is defined below:

v=0.13p; + 14 <30 pcf (ASCE 7-10, Eq. 7.7-1)
This density shall also be used to determine hy, by dividing p¢ (or ps) by v.

where,

h, = height of balanced snow load in feet determined by dividing pr or ps by
the snow density, v.

(2) Adjacent Structure and Terrain Features

The drifting loads caused by adjacent structures and terrain features is specified in
ASCE 7-10 Section 7.7.2 and is as follows:

If the horizontal separation distance between adjacent structures, s, is less
than 20 ft and less than six times the vertical separation distance (s < 6h),
then the requirements for the leeward drift of ASCE 7-10 Section 7.7.1 shall
be used to determine the drift load on the lower structure. The height of the
snow drift shall be the smaller of h,, based upon the length of the adjacent
higher structure, and (6h - s5)/6. The horizontal extent of the drift shall be the
smaller of 6h, or (6h - s).

For windward drifts, the requirements of ASCE 7-10 Section 7.7.1 shall be
used. The resulting drift is permitted to be truncated.

1.3.5.10 Roof Projections and Parapets

Drift loads caused by roof projections and parapet walls are specified in Section 7.8 of ASCE
7-10. The drifts are calculated the same as for a roof step, Figure 7-9 of ASCE 7-10, except
that the drift height is taken as 0.75hg4, where,

ha= 0.43 3L, 4/p, +10-1.5

For parapet walls, L, shall be taken equal to the length of the roof upwind of the wall.
For roof projections, L, shall be taken equal to the greater of the length of the roof
upwind or downwind of the projection. If the side of a roof projection is less than 15
ft long, a drift load is not required to be applied to that side.
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1.3.5.11 Sliding Snow
Sliding snow is specified in ASCE 7-10, Section 7.9 as follows:

The load caused by snow sliding off a sloped roof onto a lower roof shall be
determined for slippery upper roofs with slopes greater than % on 12, and for other
(i.e. nonslippery) upper roofs with slopes greater than 2 on 12. The total sliding load
per unit length of eave shall be 0.4 pr W, where W is the horizontal distance from the
eave to ridge for the sloped upper roof. The sliding load shall be distributed
uniformly on the lower roof over a distance of 15 ft from the upper roof eave. If the
width of the lower roof is less than 15 ft, the sliding load shall be reduced
proportionally.

The sliding snow load shall not be further reduced unless a portion of the snow on the
upper roof is blocked from sliding onto the lower roof by snow already on the lower

roof.

For separated structures, sliding loads shall be considered when h/s > 1 and s < 15
ft. The horizontal extent of the sliding load on the lower roof shall be 15 - s with s in
feet and the load per unit length shall be 0.4pW(15 - 5)/15 with s in feet.

1.3.5.12 Combining Snow Loads

Balanced snow loads, unbalanced snow loads, drift loads, and sliding snow are treated as
separate load cases and are not to be combined except as noted below.

Sliding snow loads shall be superimposed on the balanced snow load and need not be
used in combination with drift, unbalanced, partial, or rain-on-snow loads as per
ASCE 7-10, Section 7.9.

Drift loads shall be superimposed on the balanced snow load as per ASCE 7-10, Section
7.7.1

1.3.5.13 Rain-on-Snow Surcharge

Rain-on-snow surcharge is specified in Section 7.10 of ASCE 7-10. It is only applicable
when p, < 20 psf, but not zero, and the roof slope in degrees is less than W/50, with W in
feet. The maximum surcharge is 5 psf.

This rain-on-snow augmented design load applies only to the sloped roof (balanced) load
case and need not be used in combination with drift, sliding, unbalanced or partial loads.

1.3.5.14 Snow Load Examples

For snow load application, IBC 2012 refers to ASCE 7-10. The design load calculations and
the references in the following examples are per Section 7 of ASCE 7-10.
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Snow Load Example 1.3.5.14(a): Roof with Eave Overhang

This example demonstrates the calculation of a typical roof snow load for a roof with an eave
overhang and with a check for minimum roof snow load in accordance with ASCE 7-10
Section 7.

B

A =0
16' /\ 40’
00’
k -

Figure 1.3.5.14(a): Building Geometry

A. Given:

Building Use: Warehouse (Standard Building, Risk Category II)

Location: Carter County, Missouri

Roof Slope: 1:12 (0 =4.76°)

Eave Canopy 10’ x 40’ one side

Frame Type: Clear Span

Roof Type: Partially Exposed, Heated, Smooth Surface, Unventilated, Roof
Insulation (R-19)

Terrain Category: B

No adjacent Structures Within 20 feet

B. General:

Ground Snow Load, p. = 15psf [Figure 7-1, ASCE 7-10]

Importance Factor, I, = 10 [Table 1.5-2, ASCE 7-10 or Table
1.3.1(a) in this manual, Standard
Building]

Roof Thermal Factor, C = 1.0 [Table 7-3, ASCE 7-10, Warm Roof]

Roof Slope Factor, G = 1.0 [Figure 7-2(a), ASCE 7-10 or Section
1.3.5.5a(ii) in this manual]

Roof Exposure Factor, C. = 1.0 [Table 7-2, ASCE 7-10 for Terrain

Category B and partially exposed roof]
Eave to Ridge Distance, W = 25f
Building Length, L = 100ft
Rain on Snow Surcharge: p, < 20 psf, but the roof slope, 4.76°, is greater than W/50
=0.5°, where W = 25 ft. Therefore, rain-on-snow surcharge load need not be
considered.
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C. Roof Snow Load:
1.) Flat Roof Snow Load:
pr=0.7 C.Cdsp, [Eq.7.3-1, ASCE 7-10]
pe=0.7 (1.0)(1.0)(1.0)(15) = 10.5 psf

Check if minimum snow load, p,, needs to be considered [Section 7.3.4, ASCE 7-
10]:

Since 6 = 4.76° < 15°, then py, is required.

For pg = 15 psf,
Pm= L (pg) = 1.0(15) = 15 psf

The building must be checked for a separate uniform load case using p,, = 15
psf (balanced snow load).

2.) Unbalanced Snow Load:
a.) Building Length with 10° Canopy

Since the roof slope (4.76°) is between 2.38° and 30.2°, unbalanced loads
must be considered.

Note: ASCE 7-10 does not address asymmetric roofs with regard to
unbalanced load. This situation exists in this example since the overhang does
not extend the entire length of the building. One rational method to handle this
situation is to separate the building into two zones. Since length is not a factor
in unbalanced snow loads, we will look at zones L; and L,.
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\ W, }
\

Section for
Li’a” (@) —J
=

LE:;:tti(obr; for _j

Ly

W1 ‘
Wy | W, |
| |
Wind 1
—_ s

Case |

W;=251t; W,=35ft
L;=60ft;L,=40ft
WW =25 ft, WL =35 ft
Building Length = 100 ft

h, =0.433fW, 4/p, +10-1.5=0.433254/15+10 -1.5=1.31 ft.

Snow density y = 0.13(pg) + 14 <30 pcf (ASCE 7-10, Eq. 7.7-1)
=0.13(15) + 14 = 15.95 pcf < 30 pcf

Figure 1.3.5.8(c) is applicable for metal building framing and the unbalanced
snow loads are:

Uniform Windward Load: 0.3ps=0.3(10.5) = 3.15 psf

Uniform Leeward Load: ps = 10.50 psf

Surcharge Leeward Load: hy/ JS = (1.31)(15.95)/\/1_2= 6.04 psf

Surcharge Leeward Length: %h d\/_ = 2(1.3 1)\/5 =12.111t

The balanced and unbalanced design snow loads are shown in the figure
below.

145



Metal Building Systems Manual

12.11 ft
6.04 psf
10.5 psf
3.15 psf I Unbalanced Snow Load
15.0psf Balanced Snow Load
Ridge
Windward Leeward
| ow W, |
| ' |
—
Wind
4—
Case 11

Ww =35 ft, W, =25 ft
Building Length = 100 ft

hy =0.433/W, 4/p, +10-1.5=0433/354/15+10 - 1.5=1.65 ft.
Snow density y = 0.13(p,) + 14 <30 pcf (ASCE 7-10, Eq. 7.7-1)
=0.13(15) + 14 = 15.95 pcf < 30 pcf

Figure 1.3.5.8(c) is applicable for metal building framing and the unbalanced
snow loads are:

Uniform Windward Load: 0.3ps= 3.15 psf
Uniform Leeward Load: ps = 10.50 psf

Surcharge Leeward Load: h,y/ JS = (1.65)(15.95)/\/1_2= 7.57 pst

Surcharge Leeward Length: gh d\/_ = 2(1.65)\/5 =15.201t

The balanced and unbalanced design snow loads are shown in the figure
below.
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15.20 ft
7.57 psf -
10.5 psf
3.15 psf
] Unbalanced Snow Load
15.0 psf
3-0ps Balanced Snow Load
Ridge
Windward Leeward
Eave Eave

b.) Building Length without 10’ Canopy

Since the roof slope (4.76°) is between 2.38° and 30.2°,unbalanced loads must
be considered.

Wy, WL
< e
Wind /\
—
W, =W =25 ft

Building Length = 100 ft
h, =0.433fW, 4/p, +10-1.5=0.433254/15+10-1.5=1.31ft.

Snow density y = 0.13(pg) + 14 <30 pcf (ASCE 7-10, Eq. 7.7-1)
=0.13(15) + 14 = 15.95 pcf < 30 pcf

Figure 1.3.5.8(c) is applicable for metal building framing and the unbalanced
snow loads are:

Uniform Windward Load: 0.3ps=3.15 psf

Uniform Leeward Load: ps = 10.50 psf

Surcharge Leeward Load: hy/ JS = (1.31)(15.95)/\/1_22 6.04 psf

Surcharge Leeward Length: %h d\/_ = 2(1.3 1)\/5 =12.111t
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The balanced and unbalanced design snow loads are shown in the figure below.

12.11 ft
6.04 psf
10.5 psf
3.15 psf | Unbalanced Snow Load
15.0 psf Balanced Snow Load
Ridge
Windward Leeward
Eave Eave

D. Partial Loading [ASCE 7-10, Section 7.5]

Rigid Frame: Partial loading is not required on the members that span perpendicular to
the ridge line in gable roofs with slopes greater than 2.38° (1/2 on 12).

Continuous roof purlins: All three load cases need to be evaluated as follows:

Case 1: Full balance snow load on either exterior span and half the balance snow load
on all other spans.

10.5 psf

End Bay Interior Bays End Bay
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Case 2: Half the balance snow load on either exterior span and full balanced snow
load on all other spans.

10.5 psf

25 psf

End Bay Interior Bays End Bay

Case 3: All possible combinations of full balanced snow load on any two adjacent
spans and half the balanced snow load on all other spans.

10.5 psf

5.25 psf 5.25 psf

10.5 psf

5.25 psf

10.25 psf

Interior Bays

L|A »

4

—N
4
A
A 4
4

—X

Note: Purlin design may be controlled by minimum roof live load per Section 1.3.3.

Unbalanced snow load cases and drifting snow cases need not be applied to partial
loading.

E. Eave Overhang Ice Loading
As per ASCE 7-10, Section 7.4.5, an additional load case representing ice dams and
icicles along the eave overhang should be investigated. This load is stipulated as a
uniformly distributed load equal to 2 pg= 2(10.5) = 21 psf. Note that even though the
overhang is unheated, the value of 2 pris calculated using C; = 1.0, when considering
ice loading. However for gable overhangs, pr should be calculated using C; = 1.2. No
other loads except dead loads shall be present on the roof when this load is applied.
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Snow Load Example 1.3.5.14(b): Standard Gable Roof

This example demonstrates the calculation of a typical roof snow load with a check for
minimum roof snow load.

12

}

16'

2
N

50'

\/\

Figure 1.3.5.14(b): Building Geometry

A. Given:
Building Use: Fire Station (Essential Facility, Risk Category IV)
Location: Boone County, Illinois
Roof Slope: 3:12 (6 = 14.04°)
Frame Type: Clear Span
Roof Type: Exposed, Heated, Smooth Surface, Unventilated, Roof Insulation (R-30)
Terrain Category: B
No adjacent Structures Within 20 feet

B. General:
Ground Snow Load, pe = 25psf [Figure 7-1, ASCE 7-10]
Importance Factor, I, = 12 [Table 1.5-2, ASCE 7-10 or Table
1.3.1(a) in this manual, Essential
Facility]

Roof Thermal Factor, C 1.0 [Table 7-3, ASCE 7-10, Warm Roof]

Roof Slope Factor, Cs = 1-(14.04-5)/65=0.86
[Figure 7-2(a), ASCE 7-10 or Section
1.3.5.5a(i) in this manual]

Roof Exposure Factor, C. = 0.9 [Table 7-2, ASCE 7-10 for Terrain
Category B and exposed roof]

Eave to Ridge Distance, W = 25 ft

Building Length, L = 100f{t

Rain on Snow Surcharge: p, > 20 psf, therefore, rain-on-snow surcharge load need
not be considered.
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C. Roof Snow Load:
1.) Flat Roof Snow Load:
pr=0.7 C.Cdsp, [Eq.7.3-1, ASCE 7-10]

pr= 0.7 (0.9)(1.0)(1.2)(25) = 18.9 psf

Check if minimum snow load, p,, needs to be considered [Section 7.3.4,
ASCE 7-10]:
Since 0 = 14.04° < 15°, then py, is required

For pg = 25 psf,
puw= Is (pe) = 1.2(20) = 24 psf

The building must be checked for a separate uniform load case using py = 24
psf (balanced snow load).

2.) Unbalanced Snow Load:
Since the roof slope (14.04°) is between 2.38° and 30.2°, unbalanced loads
must be considered.

h, =0.433/W, #/p, +10-1.5=0.433/254/25+10-1.5=1.56 ft

Snow density y = 0.13(p,) + 14 <30 pcf (Eq. 7.7-1, ASCE 7-10)
=0.13(25) + 14 =17.25 pcf < 30 pcf

Figure 1.3.5.8(c) is applicable for metal building framing and the unbalanced
snow loads are:
Uniform Windward Load: 0.3ps=0.3(16.3) = 4.89 psf

Uniform Leeward Load: ps = 16.3 psf
Surcharge Leeward Load: h y/ JS = (1.56)(17.25)/x/Z= 13.44 psf

Surcharge Leeward Length: %h d\/_ = g(l .56)\/2 =831ft

The balanced and unbalanced design snow loads are shown in the figure below.
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831 ft
13.44 psf
16.3 psf
4.89 psf I Unbalanced Snow Load
24.0 psf Balanced Snow Load
Ridge
Windward Leeward
Eave Eave

D. Partial Loading [ASCE 7-10, Section 7.5]

Rigid Frame: Partial loading is not required on the members that span perpendicular to
the ridge line in gable roofs with slopes greater than 2.38° (1/2 on 12).

Continuous roof purlins: All three load cases need to be evaluated as follows:

Note: Refer to the partial loading diagrams in the Design Example 1.3.5.14(a) for the
application of the following loads.

Case 1: Full balance snow load of 16.3 psf on either exterior span and half the
balance snow load of 8.13 psf on all other spans.

Case 2: Half the balance snow load of 8.13 psf on either exterior span and full
balanced snow load of 16.3 psf on all other spans.

Case 3: All possible combinations of full balanced snow load of 16.3 psf on any two
adjacent spans and half the balanced snow load of 8.13 psf on all other spans.

Note: Purlins supporting loads within 8.31" of the ridge would need to be checked for a
uniform load of 29.74 psf on all spans.
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Snow Load Example 1.3.5.14(c): Multiple Gable Roofs and Canopy

This example demonstrates the calculation of drift snow loads including unbalanced snow
load for multiple gable roofs and canopy snow load.

Bldg. 1

Bldg. 3

Figure 1.3.5.14(c)-1: Building Geometry and Drift Locations

A. Given:
Building Use: Manufacturing (Standard Building, Risk Category II)
Location: Rock County, Minnesota
Building Size: (1) 100'W x 300'L x 30'H
(2) 100'W x 175'L x 20'H
(3) 100'W x 125'L x 30'H
(4) 50'W x 30'L x 12'H (Flat Roof)
Roof Slope: 2:12 (0 = 9.46°) (Buildings 1, 2 and 3)
Frame Type: Clear Span
Roof Type: Sheltered, Heated, Smooth Surface, Unventilated, Roof Insulation (R-19)
Terrain Category: B

B. General:
Ground Snow Load, p. = 40psf [Figure 7-1, ASCE 7-10]
Importance Factor, I, = 10 [Table 1.5-2, ASCE 7-10 or Table
1.3.1(a) in this manual, Standard
Building]
Roof Thermal Factor, C = 1.0 [Table 7-3, ASCE 7-10, Warm Roof]
Roof Slope Factor, G = 1.0 [Figure 7-2(a), ASCE 7-10 or Section

1.3.5.5a(ii) in this manual]
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Note that some roof slopes are unobstructed, but some are obstructed because an
adjoining building prevents snow from sliding off of the eave. However, since
insulation is R-19, the solid line of Figure 7-2(a) governs for all roof slopes.

Roof Exposure Factor, C. = 1.2 [Table 7-2, ASCE 7-10 for Terrain
Category B and sheltered roof]
Snow Density, y = 0.13(40)+14=19.2 pcf

[Equation 7.7-1, ASCE 7-10]
Rain on Snow Surcharge: p, > 20 psf, therefore, rain-on-snow surcharge load need
not be considered.

C. Roof Snow Load:
1.) Flat Roof Snow Load:

pr= 0.7 CeCtIspg (ASCE 7'10, Eq. 7.3-1)
pr=0.7 (1.2)(1.0)(1.0)(40) = 33.6 psf

Check if minimum snow load, pm, needs to be considered [Section 7.3.4, ASCE 7-
10]:
0 =9.46° < 15°, then pm is required

For py =40 psf
pm = I (pg) = 1.0(20) = 20 psf

In this example, since pr and ps are both greater than py,, they will control.
2.) Buildings No. 1, No. 2, and No. 3:
a.) Sloped Roof Snow Load:

ps = Cspr (ASCE 7-10, Eq. 7.4-1)
ps = 1.0(33.6) = 33.6 psf (balanced load)(controls over py,)

b.) Unbalanced Snow Load:

Since the roof slope (9.46°) is between 2.38° and 30.2°, unbalanced loads
must be considered.

hy =0.433W, /p, +10-1.5=0.433/50 4/40+10-1.5=2.71 ft

Figure 1.3.5.8(c) is applicable for metal building framing and the unbalanced
snow loads are:

Uniform Windward Load: 0.3ps=0.3(33.6) = 10.1 psf
Uniform Leeward Load: ps = 33.6 psf

Surcharge Leeward Load: h,y/+/S = (2.71)(19.2)/4/6 = 21.2 psf
Surcharge Leeward Length: (8/3)h,+/S = (8/3)(2.71)1/6 =17.7 ft
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The balanced and unbalanced design snow loads are shown in the figure

below.
17.7 ft
L EE——
21.2 psf
33.6 psf
10.1 pSfl Unbalanced Snow Load
33.6 psf Balanced Snow Load
Ridge

Windward Leeward

Eave Eave

c.) Partial L.oading:
Partial loading to be calculated as demonstrated in Examples 1.3.5.14(a) and
1.3.5.14(Db).

3.) Building No. 4 (50x30x12) (Flat roof):

Flat-roof snow load:
pr=33.6 psf

Note: Although slope is less than W/50, still no rain-on-snow required since pg >
20 psf (ASCE 7-10 Section 7.10).

D. Drift Loads and Sliding Snow Loads

Note: Unbalanced snow loads, drift loads and sliding snow loads are treated as separate
load cases and are not to be combined as per Section 1.3.5.12 of this manual.

1.) Calculation for Area A:

a.) Drift Load - Figure 1.3.5.14(c)-2
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(25+50)( 2
h; (Average) =30 + 5 -12=24.25 ft

33.6
hy=—-=1.751t
19.2

h, _h-h, _ 2425-1.75

S—

=12.86> 0.2 .. consider drift loads.
h, h, 1.75

Ly (windward) = 30 ft
hg (windward) = 0.75[0.43 x 3/30 4/40+10 -1.5]
= 1.55 ft [ h,=22.50 ft
L, (Ieeward) = 300 ft
hy (leeward) = [0.43 x /300 4/40+10 -1.5]
= 6.15ft[ h, =22.50 ft
.. Leeward drift controls and hg = 6.15 ft <h, (.. w=4hy)
w=4x6.15=24.6ft

Drift surcharge load, ps=hgy=6.15 x 19.2 = 118.1 psf
pe=33.6+118.1 =151.7 psf

—

hdAL ‘,__/—di h, (Average)

n

|<—W —>

+ 30' >

| Lower Roof | 151.7 psf

h ]
24.6'— ) (Average) | |
30 >

Figure 1.3.5.14(c)-2: Drift Load for Area A

Yy

b.) Sliding Snow

No snow will slide off of the roof of Building No. 1 onto the roof of Building
No. 4.

2.) Calculation for Area B:

a.) Drift Load - Figure 1.3.5.14(c)-3
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Sloped-roof snow load, ps = 33.6 psf (balanced snow load)

he=(30-20)= 10 ft; hy= % =1.75ft; he=(h —hy)=8.25 ft

h, 825 . .
—=——=471>0.2 .. consider drift loads.
h, 175

L (windward) = L, (leeward) = 100 ft ... leeward drift controls.

hg (Ileeward) = [0.43 x /100 4/40+10 -1.5]
=381 ft<h.,=825ft
.. hg=3.81 ftand, w =4hy = 15.24 ft

Drift surcharge load, pg =hgy=3.81 x 19.2 =73.2 psf
p:=33.6 +73.2=106.8 psf

%

T
h, I'ld
| N
l—W 4>{
106.8 psf | Lower Roof |
33.6 psf
fe— 152 —]

Figure 1.3.5.14(c)-3: Drift Load for Area B

b.) Sliding Snow - Figure 1.3.5.14(¢c)-4

he =h; —h, = (10.0-1.75) = 8.25 ft ; L, = 50.0 ft ; slope = 2:12
Since 2:12 > V4:12, sliding snow must be checked

Total sliding load/ft of eave = 0.4psW = 0.4(33.6)(50) = 672 Ib/ft
Sliding snow shall be distributed over 15 ft

o72_ 44.8 psf
15

Since 2 = 2.3 ft <8.25 ft, no reduction is allowed
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pe=(33.6 +44.8) =78.4 psf

78.4 psf Lower Roof |
l l l l 33.6 pst
VvV YV VIV
le—15.0 ]

Figure 1.3.5.14(c)-4: Sliding Snow for Area B

3.) Calculation for Areas C; and Cj:

a.) Drift Load - Figure 1.3.5.14(¢)-5

Sloped-roof snow load, ps = 33.6 psf (balanced snow load)

Note: C; is on unobstructed side and C, is on obstructed side where snow is
prevented from sliding off eave. However, as previously indicated, Cs is equal
to 1.0 for both sides for the roof insulation of R-19.

h,=(30-20) =10 ft; h, = f;—s =1.751t;  h¢=(h,—hy) =825 ft

2

L 825 _ 4.71 > 0.2 .. consider drift loads.
h, 1.75

Ly (windward) = 175 ft

hg (windward) = 0.75[0.43 x 175 4/40+10 -1.5]
= 3.68ft<h.=825ft

L, (leeward) = 125 ft

hy (leeward) [0.43 x /125 4/40+10 -1.5]

422 ft<h,=8.25ft

.. Leeward drift controls with hy = 4.22 ft and, w = 4hy = 16.88 ft
Drift surcharge load, pg =hgy=4.22 x 19.2 = 81.0 psf

pt=33.6 +81.0=114.6 psf
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"al, ))—ﬂdi

i

h

R

r

h—bT— % \rﬁ\ | w >
N |
* 5—175' »
| Lower Roof Load | 115 psf
33.6 psf

VY VvV IV VYV VY
le 16.9'—|

Figure 1.3.5.14(c)-5: Drift Load for Areas C, and C,

b.) Sliding Snow

No snow will slide off of the roof of Building No. 3 onto the roof of Building
No. 2.

4.) Calculation for Area D:

a.) Drift Load - Figure 1.3.5.14(c)-6

Unheated structure due to canopy condition.
Flat-roof snow load, pr=0.7 C. C; Ls pg
where,
pe= 40 psf
C.= 1.2 [Table 7-2, ASCE 7-10 for Terrain Category B and sheltered
roof]
Ci= 1.2 [Table 7-3, ASCE 7-10, Unheated Structure];

~pr= 0.7 (1.2)(1.2)(1.0)(40) = 40.3 psf

h,=(20-15)=51ft; h,= % =2.10ft; h.=(h;—hy)=2.90 ft
h, 2.90 : .
—=—— =1.38>0.2 .. consider drift loads.

b 2.10

Ly (windward) = 10 ft <20 ft .. use L (windward) = 20 ft
hg (windward) 0.75 [0.43 x 3/20 4/40+ 10 —1.5]
1.20 ft <h.=2.90 ft

Determine Lu (leeward) for Area D.
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For roofs steps in a series, the ASCE publication, "Guide to Snow Load
Provisions of ASCE 7-10" (Ref. B2.54) recommends the leeward drift on
Canopy D to take into account the two leeward drifts in series.

L,=LA+0.75Lp

where L and Lp are the lengths of roofs A (Building 1)
and B (Building 3), respectively.

L,=La+0.75Lg =100 + 0.75(100)
L.=175ft
hg = [0.43 x /175 440+ 10 —1.5]
=4.89 ft > h.=2.90 ft
.. Leeward drift controls with drift height = h, = 2.90 ft and, w = 4hq4 2 h.

2
- 20 5081
2.90
Maximum drift width, w = 8h, = 8 x 2.90 = 23.2 {t <32.98 ft
Sow=2321t

Drift surcharge load, pg = he y=2.90 x 19.2 = 55.7 psf
pt=40.3 +55.7=96.0 psf

Canopy Lower than Eave Height Load on Canopy

e T
e | \ J _________
I

“ 23.2 >
+—10 —"

Figure 1.3.5.14(c)-6: Drift Load for Area D

Note: For the below eave canopy, the minimum design load per Section 7.4.5
of ASCE 7-10 is 2p¢= 2(40.3) = 80.6 psf.

b.) Sliding Snow - Figure 1.3.5.14(c)-7

h, =h; - hy = (5.0 -2.10) = 2.90 ft
L,=50.0 ft
Slope =2:12

Since 2:12 > Y4:12, sliding snow must be checked. It is reasonable practice to
calculate the sliding snow surcharge based upon the Thermal Factor, C;, of the
upper roof.
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Total sliding load/ft of eave = 0.4psW = 0.4(33.6)(50) = 672 Ib/ft

Sliding snow shall be distributed over 15 ft (Even though canopy width is 10

ft).
2
672_ 44 .8 psf
15
Since —— = 2.3 ft < 2.9 ft, no reduction is allowed

pi=(40.3 + 44.8) = 85.1 psf

\ Load on Canopy
5'

Canopy 85.1 psf

Yy v y 44.8 psf (Sliding snow load)

4 40.3 psf (Flat roof snow load)

<«—10' _,‘ le——10" —>|

Figure 1.3.5.14(c)-7: Sliding Snow for Area D

5.) Calculation for Area E and Figure 1.3.5.14(c)-8:
For the intersection of drifts B and C, at E, the design load should be as shown in
Figure 1.5.14(c)-8

107 psf

Figure 1.3.5.14(c)-8: Intersecting Snow Drifts for Area E
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6.) Calculation for Area F:

a.) Valley Drift Load - Figure 1.3.5.14(c)-9

For buildings 1 & 3, pr=33.6 psf
_Pe 36y g5p

Ce= 11.(2 (Table 7-2, ASCE 7-10 for Terrain Category B and sheltered roof)
The unbalanced snow load (See ASCE 7-10, Section 7.6.3):

At Ridge = 0.5 pr=10.5 x 33.6 = 16.8 psf

At Valley =2 pr/ C. = (2 x 33.6)/1.2 = 56.0 psf

Check if calculated snow depth in valley extends above snow level at ridge:

56.
Snow depth at valley, hgy = —— =2.92 ft

192
502) , 175
1 2
.. The valley snow depth does not extend above ridges

Snow level at ridge relative to valley = =9.20>2.92 ft

Windward slope snow load = 0.3 py=10.3 x 33.6 = 10.1 psf
Leeward slope snow load = pr= 33.6 psf

0.5 py 0.5 py
2p; /C
T Pr e e
hdv
%00 psf 33.6 psf
16.8 psf 16.8 psf
3 y
f 50 > 50' »
Ridge Valley Ridge

Figure 1.3.5.14(c)-9: Valley Snow Drift for Area F
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Snow Load Example 1.3.5.14(d): Unbalance Gable Roof and Sliding Snow

This example demonstrates the calculation of drift snow loads including unbalanced gable
roof snow load and sliding snow.

Bldg. 1

Bldg. 3

Figure 1.3.5.14(d)-1: Building Geometry and Drift Locations

A. Given:
Building Use: Warehouse (Standard Building, Risk Category II)
Location: Mercer County, New Jersey
Building Size: (1) 120'W x 125'L x 24'H, (6:12) (26.6°)
(2) 120'W x 125'L x 24'H, (6:12) (26.6°)
(3) 30'W x 12'H, (Flat roof)
(4) 20'W x 60'L x 12'H (Flat Roof)
(5) 45'W x 14'H (Flat roof)
Frame Type: Clear Span
Roof Type: Partially Exposed, Heated, Smooth Surface, Unventilated, Roof
Insulation (R-19)
Terrain Category: B
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B. General:

Ground Snow Load, p. = 30psf [Figure 7-1, ASCE 7-10]

Importance Factor, I, = 10 [Table 1.5-2, ASCE 7-10 or Table
1.3.1(a) in this manual, Standard
Building]

Roof Thermal Factor, C = 1.0 [Table 7-3, ASCE 7-10, Warm Roof]

Roof Slope Factor, G = 1.0 [Figure 7-2(a), ASCE 7-10 or Section
1.3.5.5a(ii) in this manual]

Roof Exposure Factor, C. = 1.0 [Table 7-2, ASCE 7-10 for Terrain
Category B and partially exposed roof]

Snow Density, y = 0.13(30)+14=179 pcf

[Equation 7.7-1, ASCE 7-10]
Rain on Snow Surcharge: p, > 20 psf, therefore, rain-on-snow surcharge load need
not be considered.

C. Roof Snow Load:
1.) Flat Roof Snow Load:

pr= 0.7 C.Ciyp, (ASCE 7-10, Eq. 7.3-1)
pe=0.7 (1.0)(1.0)(1.0)(30) = 21.0 psf

Check if minimum snow load, p,, needs to be considered [Section 7.3.4, ASCE 7-
10]:

On 6:12 roofs, since 6 = 26.6° > 15°, then py, does not apply.
On flat roofs, since 6 = 0° < 15°, then py, is required.
For this example, since pr and p;s are both greater than pp, they will control.
For flat roofs, pr=21.0 psf controls
2.) Buildings No. 1 and No. 2:
a.) Sloped Roof Snow Load:

ps = Cspr (ASCE 7-10, Eq. 7.4-1)
ps = 1.0(21.0) = 21.0 psf (balanced load)

b.) Unbalanced Snow Load:

Since the roof slope (26.6°) is between 2.38° and 30.2°, unbalanced loads
must be considered.

Wyw =60 ft, W, = 60 ft
Building Length = 125 ft

164



Metal Building Systems Manual

hy =0.433/W, 4/p, +10-1.5=0.433/60 4/30+10-1.5=2.73 ft

Since Ww = 60 ft > 20, Figure 1.3.5.8(c) governs and the unbalanced snow

loads are:
Uniform Windward Load: 0.3ps=0.3(21.0) = 6.3 psf

Uniform Leeward Load: ps = 21.0 psf
Surcharge Leeward Load: hy/ JS = (2.73)(17.9)/\5: 69.1 psf

Surcharge Leeward Length: gh d\/_ = g (2.73)x/§ =103 ft

The balanced and unbalanced design snow loads are shown in the figure

below.
10.3 ft
—
69.1 psf
21.0 psf
6.30 psf | Unbalanced Snow Load
21.0 psf Balanced Snow Load
Ridge
Windward Leeward
Eave Eave

¢.) Partial Loading
Partial loading to be calculated as demonstrated in Examples 1.3.5.14(a) and

1.3.5.14(b).

D. Drift Loads and Sliding Snow Loads

Note: Unbalanced snow loads, drift loads and sliding snow loads are treated as separate
load cases and are not to be combined as per Section 1.3.5.12 of this manual.

165



Metal Building Systems Manual

1.) Calculations for Area A:

a.) Drift Load - Figure 1.3.5.14(d)-2

h,=(24 - 12)=12 ft
_p; 210 _ _ _
hy=—=—"—=1.17 ft; h = (h; — hy) = 10.83 ft
y 179
h, 1
—:& =9.30>0.2 .. consider drift loads.
h, 1.17
Ly (windward) = 30 ft
hy (windward) = 0.75[0.43 x 330 4/30+10 -1.5]<12.00-1.17

1.40 ft < h,=10.83 ft
L, (leeward) 120 ft

hy (leeward) = [0.43 x /120 4/30+10 -1.5]
3.83 ft<h,=10.83 ft

.. Leeward drift controls with hy = 3.83 ft and, w = 4hq= 15.32 ft
Drift surcharge load, pg =hgqy=3.83 x 17.9 = 68.6 psf
p:=(21.0 + 68. 6) = 89.6 psf

Ty

89.6 psf
21.0 psf l

— 1532 —

Figure 1.3.5.14(d)-2: Drift Load for Area A

b.) Sliding Snow - Figure 1.3.5.14(d)-3

h, =h; —h, =(12.0-1.17) = 10.83 ft; L, = 60.0 ft; Slope = 6:12
Since 6:12 > Y4:12, sliding snow must be checked.

Sliding load/ft of eave = 0.4 pf W = 0.4(21)(60) = 504 1b/ft
Distribute over 15 feet = 504/15 = 33.6 psf

pe=(21.0 +33.6) = 54.6 psf
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F o,

21.0 psf l\l/
VYV VVVVVVV VYV

Figure 1.3.5.14(d)-3: Sliding Snow for Area A

2.) Calculation for Area B:
a.) Valley Drift Load - Figure 1.3.5.14(d)-4

For buildings 1 & 2, pr=21.0 psf

[ A U
17.9

Y
C. = 1.0 (Table 7-2, ASCE 7-10 for Terrain Category B and Partially exposed
roof)
The unbalanced snow load (See ASCE 7-10, Section 7.6.3):
At Ridge = 0.5 pr=0.5 x 21.0 = 10.5 psf

At Valley =2 ps/ Ce = (2 x 21.0)/1.0 = 42.0 psf

Check if calculated snow depth in valley extends above snow level at ridge:

420
Snow depth at valley, hgy = ——~ =2.35 ft

179
117
96 +T =30.6>235ft

.. The valley snow depth does not extend above ridges

Snow level at ridge relative to valley =

Windward slope snow load = 0.3 pr=0.3 x 21.0 = 6.30 psf
Leeward slope snow load = psr=21.0 psf
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0.5 p; 0.5 py
. 2p; /Ce
R i N
hdv
42.0 psf
21.0 psf
10.5 psf 10.5 psf
6.30 psf
I: 80" =‘l< 60' »|
Ridge Valley Ridge

Figure 1.3.5.14(d)-4: Valley Drift Load for Area B

3.) Calculation for Area C:

a.) Drift Load — Figure 1.3.5.14(d)-5

h; (Average) =24 + % -12=271t
hy=1.17ft; he=(h,—hy)=25.83 ft
h, 2583

—=——=22.08>0.2 .. consider drift loads.
h, 117

Ly (windward) = 20 ft
hg (windward) = (.75 [0.43 x 3/20 4/30+ 10 —1.5]
= 1.08 ft <h.=25.83 ft
L, (leeward) = 125ft
hy (leeward) = [0.43 x 3125 4/30+10 —~1.5]
= 391 ft<h.=25.83ft
.. Leeward drift controls with hy = 3.91 ft and, w = 4hq = 15.6 ft

Drift surcharge load, pg = hqy=3.91 x 17.9 =70.0 psf
p:=21.0+70.0=91.0 psf
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w
Ridge |4—_'
ho & E P
. v d h, (Average) _ tave | v d h, (Average)
\ v
T The
91.0 psf
21.0 psf

‘4_ 156' — | 4.4th—

Figure 1.3.5.14(d)-5: Drift Load for Area C

4.) Calculations for Area D:

a.) Drift Load — Figure 1.3.5.14(d)-6

pr=21.0 psf
h,=(24 — 14) = 10 ft
_ P 20 o= (h—hy) =883 1
Y
h
Je 883 7.55>0.2 .. consider drift loads.
h, 1.17

Ly (windward) = 45+11=56ft

hg (windward) = 0.75[0.43 x /56 4/30+ 10 -1.5]
= 1.98 ft<h.=8.83 ft

L. (leeward) = 120 ft

hg (leeward) = [0.43 x /120 4/30+ 10 -1.5]

= =383ft<h.,=8283ft

.. Leeward drift controls with hy = 3.83 ft and, w = 4hq = 15.3 ft
Drift surcharge load, pg = hgy=3.83 x 17.9 = 68.6 psf
p:=21.0 + 68.6 = 89.6 psf

) ) ) 2011
hg 1s reduced because of horizontal separation = 2—0 =(0.45
.. hg=383x%x045=1.72ft
hg+hy,=1.72+1.17=2.89 ft
pe=17.9 x2.89 =51.7 psf
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89.6 psf

Figure 1.3.5.14(d)-6: Drift Load for Area D

b.) Sliding Snow

Not applicable for this example, sliding snow will fall between the two
buildings. (The final resting place of any snow that slides off a higher roof
onto a lower roof will depend on the size, position, and orientation of each
roof. Reference ASCE 7-10 Commentary).
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Snow Load Example 1.3.5.14(e): Roof Projections

This example demonstrates the calculation of drift snow loads for roof projections.

| 10'x8'x100'
Clerestory

- 10 .
Section A-A

Figure 1.3.5.14(e)-1: Building Geometry and Drift Locations
A. Given:
Building Use: School Gymnasium (Substantial Hazard, Risk Category III)
Location: Cayuga County, New York
Building Size: 110'W x 200'L x 18'H (2 spans @ 55°)
Roof Slope: 74:12 (1.2°)
Frame Type: Modular Rigid Frame
Roof Type: Partially Exposed, Heated, Smooth Surface, Unventilated, Roof
Insulation (R-19)
Terrain Category: B

B. General:
Ground Snow Load, pe = 40psf [Figure 7-1, ASCE 7-10]
Importance Factor, I, = 1.1 [Table 1.5-2, ASCE 7-10 or Table
1.3.1(a) in this manual, Substantial
Hazard]
Roof Thermal Factor, C = 1.0 [Table 7-3, ASCE 7-10, Warm Roof]
Roof Slope Factor, G =10 [Figure 7-2(a), ASCE 7-10 or Section

1.3.5.5a(ii) in this manual]
Roof Exposure Factor, C. = 1.0 [Table 7-2, ASCE 7-10 for Terrain
Category B and partially exposed roof]
Snow Density, y = 0.13(40)+14=19.2 pcf
[Equation 7.7-1, ASCE 7-10]
Rain on Snow Surcharge: p, > 20 psf, therefore, rain-on-snow surcharge load need
not be considered.
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C. Roof Snow Load:
1.) Flat Roof Snow Load:
pr= 0.7 CCilspg (ASCE 7-10, Eq. 7-1)
pr=10.7 (1.0)(1.0)(1.1)(40) = 30.8 psf

Check if minimum snowload, p,, needs to be considered [Section 7.3.4, ASCE 7-
10]:

Since 6 = 1.2° < 15°, then py, is required.

For pg = 40 psf,
P =L (pg) = 1.1(20) = 22 psf

ps =Cspr [Eq.7.4-1, ASCE 7-10]
= 1.0(30.8) = 30.8 psf

In this example, since ps is greater than pp, it will control.

2.) Continuous Beam Systems: (ASCE 7-10 Section 7.5.1)
Since 1.2° <2.38°, the modular frame will be designed for the following
condition:

Full balanced snow load of 30.8 psf on either span and 15.4 psf on the other span.
D. Drift Loads (Required only for sides greater than 15 ft)

1.) Calculations for Area A - Figure 1.3.5.14(e)-2:

h, =8 ft

hy, =30.8/19.2 =1.60 ft; he = (h; — hy) = 6.40 ft
h

—czﬂ =4.0>0.2 .. consider drift loads.

h, 1.60

LL1 =25 ft

hy (windward) = 0.75 [0.43 x /25 4/40+ 10 -1.5]
=1.38 ft < h. = 6.40 ft

LW =4x138=5.521t
hqg+hy,=1.38+1.60=2.98 ft
pe=2.98 x 19.2 =57.2 psf

2.) Calculations for Area B - Figure 1.3.5.14(e)-2:

Li,=75ft

hg (windward) = 0.75 [0.43 x /75 4/40+ 10 -1.5]
=249 ft < h, = 6.40 ft

S W2 =4%2.49=9.96 ft
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hg +h,=2.49 + 1.60 =4.09 ft
pi=4.09 x19.2 ="78.5 psf

10"
«——— L L
W2 | W1
hev D
) ue&séﬁél_-l%ésw!“ :{hr
ho—

78.5 psf 57.2 psf

30.8 psf 30.8 psf
AR ARER] Wlll W vv
oss o2

Figure 1.3.5.14(e)-2: Calculations for Areas A and B

3.) Calculation for Area C - Figure 1.3.5.14(e)-3

h, =6 ft

hy = 20 =398 _ 1 60 ft; he = (hy — hy) = 4.40 fi
v 192

h

Jo 440 2.75>0.2 .. consider drift loads.

h, 1.60

L. =200 ft

hg (windward) = 0.75 [0.43 x /200 4/40+ 10 -1.5]

— 3.8 ft < h, = 4.40 ft

S Ww=4x389=156ft

ha + hy = 3.89 + 1.60 = 5.49 ft
pi=5.49 x 19.2 =105 psf

‘ W

[

- ¥ Ny

h, I e, =
| [

105 psf

M‘g Pt
!‘ 15.6' :I

Figure 1.3.5.14(e)-3: Calculations for Area C
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1.3.6 Seismic Loads

The 2012 International Building Code, Section 1613, covers the requirements for earthquake
loads. Section 1613.1 defines the scope of seismic design as follows:

Every structure, and portion thereof, including nonstructural components that are
permanently attached to structures and their supports and attachments, shall be
designed and constructed to resist the effects of earthquake motions in accordance
with ASCE 7-10, excluding Chapter 14 and Appendix 11A.

Several exceptions are listed where seismic loads are not required to be evaluated, and the
only one that would be applicable to metal building applications is agricultural storage
structures intended only for incidental human occupancy.

It should be noted that the 2012 IBC references ASCE 7-10 for its seismic criteria
requirements and the 2010 AISC Seismic Provisions (AISC 341) for its steel seismic
detailing requirements. The 2012 IBC, ASCE 7-10 and 2010 AISC Seismic Provisions are
fully compatible through a significant coordination that took place between the various code
and standard writing committees.

A Seismic Design Guide for Metal Building Systems (Ref. B5.14 and Ref. B5.15) was jointly
published by the International Code Council (ICC) and MBMA. The most recent 2008
Seismic Design Guide for Metal Building Systems (Ref. B5.15) is based on the IBC 2006
and ASCE 7-05. Some excerpts from this Guide that are still applicable for IBC 2012 and
ASCE 7-10 are provided below.

1.3.6.1 Basic Concept of Seismic Code Reduced Forces

The 2012 IBC requires that all structures, in most parts of the United States, be designed to
resist design earthquake ground motions. As currently defined, these design earthquake
motions have average return periods of between 300 and 800 years and are quite severe. In
the higher seismic regions of the United States it would be economically prohibitive to
design structures to remain elastic for these motions (as is done for wind loads).

Based on this, earthquake engineering has evolved to allow for inelastic yielding to
accommodate seismic loadings as long as such yielding does not impair the vertical load
capacity of the structure. To reconcile with the allowance of damage from inelastic response,
forces determined by linear analysis are reduced to a design earthquake force level through
the introduction of the seismic force reduction factor, R.

Various magnitudes of R, based on the inelastic absorption of structure types, have been
defined. The larger the value of R, the lower the design earthquake force, and more detailing
requirements are imposed to assure that the structure will perform inelastically as intended.
Larger R-values also result in more restrictions regarding the proportioning of members and
their connections. In addition, there are limitations on the types of structural systems that can
utilize a high R-value.
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The seismic force reduction factors that are used are consistent with the structural systems
found in metal buildings. Because reduced forces are used, special design and detailing is
required for some members and connections. The design examples clearly illustrate where
these special connection forces are required and how they should be applied. The user is
cautioned that application of reduced seismic forces in design without the corresponding
application of seismic detailing will likely result in a design that does not comply with the
2012 IBC.

1.3.6.2 Metal Building Standard Design and Analysis Practice/Economy

The economies associated with metal building systems come from a variety of factors. First,
through years of improvements and innovations, the metal building industry has consistently
produced lighter structures than typically found in conventional construction. This is
achieved through the use of built-up web-tapered "primary" framing members and cold-
formed "secondary" structural members, including roof purlins and wall girts.

Another economical aspect of metal building systems is the combination of mass-produced
components with custom-designed and fabricated structural members. To achieve this
efficiency, the metal building industry has developed computer software that performs
structural analyses, determines member and connection sizes, selects mass-produced
components when appropriate, and produces shop and erection drawings.

Metal buildings are typically analyzed based on the assumption that the roof acts as a flexible
diaphragm and distributes loads to each line of resistance based on the tributary area. Frames
and bracing are then designed using two-dimensional models.

Seismic design presents a challenge for metal building systems due to the many special
seismic detailing requirements that are not otherwise required. In some cases, this requires
the manufacturer to prepare extensive calculations and details in addition to the calculations
and details typically produced by its proprietary software.

Due to the flexibility of metal building structures, typical code limits on drift (sidesway) can
be exceeded when it can be demonstrated that non-structural components attached to the
framing can accommodate the excess movement or that special detailing allows for
differential movement.

Typically, the engineer for the metal building manufacturer designs only the steel building
structure. Another engineer normally performs the design of the remainder of the structure,
including foundations and concrete or masonry walls. This is further discussed in the Chapter
IV Common Industry Practices section of the manual.
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1.3.6.3 Approach to Metal Building Roof Diaphragm Stiffness (Flexible vs
Rigid) and Accidental Torsion

1.3.6.3.1 Diaphragm Flexibility

Applied forces are distributed within any building in a direct relationship to the stiffness of
the structural elements of that building. A significant factor is the stiffness of structural
elements that transfer forces horizontally, relative to elements that transfer force vertically.
For either extreme of this relative stiffness between horizontal and vertical elements,
engineers have developed simplified design approaches to determine force distributions. The
two extremes are defined as follows:

Flexible Diaphragm: The stiffness of the horizontal diaphragm is very small relative
to the stiffness of the vertical systems.

Rigid Diaphragm: The stiffness of the horizontal diaphragm is very large compared to
the stiffness of the vertical systems.

Analysis using either of these bounding assumptions produces results that vary in accuracy
depending upon how closely the actual structure matches the simplifying assumptions.
Although many (perhaps most) structures fall somewhere between these extremes, more
accurate analysis can only be done by using complex finite-element models that are generally
not practical to use for ordinary building designs.

2012 IBC Section 202, cross-referenced by 1602.1, defines a flexible diaphragm by deferring
to ASCE 7-10, Section 12.3.1. This section provides some prescriptive descriptions of
diaphragm construction that are deemed to be flexible, and for those not satisfying any of
these conditions it permits a diaphragm to be idealized as flexible where the computed
maximum in-plane deflection of the diaphragm under lateral load is more than two times the
average story drift of adjoining vertical elements of the seismic force-resisting system of the
associated story under equivalent tributary lateral load. This definition requires calculation of
diaphragm deflection, which is complex and imprecise for many types of diaphragm
construction. Therefore, it is important to be able to select and use appropriate simplified
assumptions to obtain rapid structural design solutions.

Diaphragm deflection varies, depending upon the materials used, the type and spacing of
fasteners used in the construction, the depth of the diaphragm in the direction of deformation,
and the width or span of the diaphragm transverse to the direction of deformation. Horizontal
diaphragm systems in metal buildings might consist of either the metal cladding of the roof
itself or horizontal bracing systems installed beneath the roof alone. Examples of horizontal
bracing systems used include rods, angles, cables, or other structural members and are often
tension-only bracing.
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1.3.6.3.2 Metal Roof Systems

Metal roof cladding typically consists of either standing seam metal panels or through-
fastened roof panels.

In standing seam roof (SSR) systems, the formed roof sheets are restrained against uplift but
are free to slide against each other (float) along the length of the joining seams. Side seam
resistance to slip varies. The panel clips allow for relative movement between the panels and
their supporting structure to accommodate thermal expansion. The resulting roof systems
vary in the strength and stiffness required to transfer horizontal forces, and in general they
are considered to be flexible for any type of construction. Therefore, separate horizontal
bracing systems that are designed to resist the full wind and earthquake demands usually
need to be provided. Friction caused by sliding of panels at the attachments along seams
probably provides energy dissipation (damping) to the structure that is beneficial to
earthquake response, but is usually ignored in the design. There are exceptions to this typical
presumed behavior. Standing seam roof systems with documented diaphragm strength and
stiffness values may be sufficient to act as subdiaphragms for the distribution of portions of
the lateral forces to the main diaphragm cross-ties, i.e. strut purlins.

Through-fastened roof (TFR) systems come in many types. Some systems use screws that
fasten through only one sheet of adjoining roof panels, while an overlapping rib holds down
the adjacent sheet. This roofing type, like a standing seam roof, is considered to be flexible
for all types of construction. Other TFR systems use concealed or exposed screws that fasten
through both metal sheets along an overlapping edge. The stiffness of these systems varies
depending upon the type and spacing of fasteners, the profile and thickness of the joining
metal roofing sheets, and the overall depth and width of the diaphragm.

It has been a traditional metal building design practice to assume that diaphragms of all types
are flexible, regardless of the size or shape of the building or the type and relative stiffness of
the vertical structural elements. For the most part, this assumption is reasonably correct and
appropriate. A typical metal building that is relatively square in plan view, with either an
SSR or TFR roof system, a series of moment frames in the transverse directions, and several
bays of tension-rod bracing in the longitudinal direction, would be expected to meet the
deflection check as a flexible diaphragm system. However, the design engineer should be
aware that some structural geometries might be better classified as having rigid diaphragms.

As an example, a warehouse building with a TFR roof system that has a series of moment
(portal) frames instead of bracing along the walls of the longitudinal axis, in order to provide
a continuous line of loading docks along the walls of the building. The relatively flexible
moment frames are likely to experience deflections equal to or greater than the TFR system.
Note that an SSR roof system would still be considered flexible for this building.

Structures using relatively flexible cable bracing systems as vertical bracing, in conjunction
with relatively more rigid tension-rod horizontal bracing or a TFR roof system, might be
considered as having rigid diaphragms.
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One of the prescriptive "deemed flexible" diaphragm constructions in ASCE 7-10, Section
12.3.1.1, that would apply to metal buildings is untopped steel decking where the vertical
elements are steel braced frames or shear walls that are concrete, masonry, or steel.

1.3.6.3.3 Inherent and Accidental Torsion

ASCE 7-10 Section 12.8.4.1 requires, for diaphragms which are rigid (i.e. not flexible), that
the distribution of base shear forces should consider the inherent torsional moment caused by
the difference in location between the center of mass and center of stiffness of the structure.
In addition, ASCE 7-10, Section 12.8.4.2 requires, for rigid diaphragms, that an additional
accidental torsional moment be added to the inherent torsion defined by ASCE 7-10, Section
12.8.4.1. Further, ASCE 7-10, Section 12.8.4.3 requires that in some instances the combined
inherent and accidental torsional moment must be multiplied by a dynamic amplification
factor.

1.3.6.3.4 Unique Structure Geometries

Many buildings have geometries that complicate the picture when considering horizontal
force distribution. A common instance is for buildings that contain partial mezzanine floor
levels. These floors might be clearly rigid (assuming no in plane deflections) by inspection,
such as when consisting of concrete-topped metal decking supported by steel beams, or they
might be flexible, such as when plywood floor sheathing is used. In either instance, the
design of the overall building would need to include the forces generated by the weight of the
floor system, and appropriate structural elements would need to be provided to resist these
forces. The method used to distribute these forces to the building system, whether flexible,
rigid or envelope would be determined based on comparison of the relative stiffness of the
horizontal floor system versus the stiffness of the resisting vertical elements.

It is not inappropriate or uncommon that flexible diaphragm assumptions might be used to
distribute roof forces while also using rigid diaphragm assumptions to distribute forces from
an interior mezzanine system. This is the approach, using a torsional analysis to determine
the lateral force distribution, which is used in Design Example 3 of the 2008 Seismic Design
Guide for Metal Building Systems (Ref. B5.15). It should be noted that the approach in
Design Example 3 is significantly different than that found in the previous edition of this
document (Ref. B5.14). Because of new limitations placed on ordinary steel systems found in
ASCE 7-05 and ASCE 7-10 for structures assigned to Seismic Design Categories D, E and F,
the building and mezzanine are structurally independent structures in this Design Example 3.
There is also the option of using intermediate moment frames instead of ordinary moment
frames, which is discussed further in the Design Example 3.

1.3.6.4 Lower Seismic Area Design Alternative

The design approach typically used assumes the largest R value that is permitted for the
structural system being utilized, resulting in the lowest seismic design forces. This means
that specific and somewhat stringent detailing requirements of the AISC Seismic Provisions
are imposed. In the lower areas of seismicity for structures that are classified as Seismic
Design Category B or C, the steel building design engineer has the option to design for
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somewhat higher seismic forces assuming an R = 3, but ignoring the special detailing
requirements.

There are several special requirements embedded in the 2012 IBC. These are discussed in
Section 4d of the Example that begins in Section 1.3.6.9 of this manual. The advantage of the
R = 3 option might be that other loads (such as wind) may govern the design. The R = 3
option may perhaps result in a much simpler design and analysis for such cases without any
reduction in economy. The 2008 Seismic Design Guide for Metal Building Systems (Ref.
B5.15) provides an R = 3 option alternate to demonstrate its use.

1.3.6.5 Advantages in Performing a Geotechnical Investigation

For many constructed metal buildings, geotechnical investigations are not performed, and the
minimum soil allowables are used for foundation design. However, there may be advantages
of performing a geotechnical investigation for a project site, including:

Determination of the site class of the soil profile of the site. Without this determination, the
default value of Site Class D must be assumed by code, which could result in earthquake
design forces being over two times greater than that required if the site class was actually Site
Class B. A lower site class may also result in a reduction in a seismic design category for a
particular structure, which in turn may mean less restrictive detailing requirements and height
limitations. This would result in a lower cost structure and foundation.

Determination of site-specific soil bearing values. This determination would usually result in
higher allowable bearing pressures than the default values provided in the code, resulting in
more economical foundation designs.

Detection of soil or foundation problems, which could adversely affect the construction or
structural performance of the metal building. These problems could include subsurface areas
of weakness, expansive soils, corrosive soils and water table issues. Mitigating these
problems, if present, would likely result in a building that performs better over its life.

Note that according to ASCE 7-10 Section 20.1, the site classification is ideally based on site
specific soil data to a depth of 100 feet. However, according to 2012 IBC Section
1613.3.2,where the soil properties are not known in sufficient detail to determine the site
class, Site Class D shall be used unless the building official or geotechnical data determines
Site Class E or F soils are present at the site. Therefore, it is important to request that borings
be taken to the necessary depth to comply with this requirement.

1.3.6.6 Relationship and Issues between the Metal Building Manufacturer and
the Building Specifying Engineer

Metal building systems are designed and fabricated by manufacturers, then typically sold
through franchised builders (or dealers) who also provide erection services. In most cases it
is the builder, and not the manufacturer’s engineer, who has a direct relationship with the end
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customer and the other project designers. This creates a line of communication that often
includes nontechnical personnel, a situation that can lead to designs that do not fully satisfy
project needs.

To avoid such problems, it is vitally important that all project requirements, including design
specifications, special loading and applicable code provisions, are clearly communicated to
the metal building design engineer. It is equally important that all of the metal building
design engineer’s assumptions and output data are communicated to the end customer, the
project architect, and the foundation engineer. Furthermore, 2012 IBC Section 1603 requires
that the construction documents clearly indicate pertinent structural design information,
including earthquake design data.

Typically, due to lack of direct contact with the end user, the metal building manufacturer’s
engineer is not in a position to serve as the design professional of record for a project. This
function must be served by a registered design professional who prepares the design for the
foundation and any other structural components or systems and who has a direct relationship
with the lead designer or end customer. Additionally the design professional of record has the
responsibility to coordinate dimensions and the layout of grid lines, frame lines, and building
lines.

1.3.6.7 Relationship and Issues between the Metal Building Manufacturer and
Foundation/Hardwall Engineer

As previously stated, it is typical practice to have the foundation and concrete or masonry
walls of metal buildings designed by a separate registered design professional. It is very
important that the loads imposed by the metal building to a foundation or hardwall are clearly
identified to the engineer responsible for their design. Also, the interface details between the
building, walls and foundation (bolt type, size, location, spacing and connection details) need
to be clearly identified.

It is also very important that the hardwall design engineer clearly communicate all applicable
design criteria to the metal building engineer. For example if the wall engineer’s design
assumes that hardwalls do not behave as shear walls, then special connections need to be
provided between the hardwall and the building to accommodate the building lateral in-plane
displacement. Conversely, if the wall engineer’s design assumes a hardwall is a shear wall,
the shear wall loads imposed by the building need to be communicated to the hardwall
engineer so he or she can engineer the hardwall and its foundation for these loads. In general,
if hardwalls are being used, they will usually have more than adequate strength to act as
shear walls if designed to do so. This would mean different seismic design assumptions and
building/wall interface details.

It is also important that consistent R values are used between the metal building designer and
hardwall engineer. The choice of R affects the seismic force levels in the overall structure
and detailing requirements for the hardwall engineer. This subject is covered in more detail
in Design Example 4 of the 2008 Seismic Design Guide for Metal Building Systems (Ref.
B5.15), as well as in the Design Example shown in Section 1.3.6.9 below. Additionally, it
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must be understood who is taking overall responsibility for the building design for purposes
of sealing of drawings and submission to the authority having jurisdiction. The engineer’s
seal on the metal building drawings normally only applies to the products furnished or
specified by the metal building manufacturer. In general, the wall and foundation engineer
acts as the design professional of record and accepts responsibility for the overall project,
which includes approval of all building/wall interface details.

1.3.6.8 Hardwall Detailing and Actual Behavior

Clear and complete communication between the wall design engineer and the metal building
system design engineer are imperative in order to ensure building/wall compatibility and
achieve the desired building performance.

For example, if a building is located in an area with a relatively high level of seismicity and
the hardwalls are not designed as shear walls, building-to-wall connection details must be
designed to accommodate the relative displacement between the building and hardwall.
Failure to coordinate this issue will almost certainly result in "accidental" loading of building
components that were not designed for the resulting level of force. This is not an acceptable
situation. The building will resist seismic loads along the stiffest lines of resistance regardless
of inconsistent assumptions that may be made by the building and hardwall design engineers.

If an earthquake occurs and the connections between the building and hardwall cannot
accommodate the relative displacement and do not have the necessary strength and
displacement compatibility, the connections will likely fail, creating a falling hazard from the
walls and perhaps causing severe torsional problems in the metal building’s lateral load path.
This is the reason that there needs to be one engineer who takes overall responsibility for
such a building so that assumptions at interfaces are aligned. This person must be the wall
design engineer, since only he or she is familiar with the wall design criteria and limitations.

1.3.6.9 Height Limit for Low Occupancy Buildings

ASCE 7-10 permits certain low occupancy single story structures with steel ordinary or
intermediate moment frames to be of unlimited height when they satisfy the requirements
listed in the exceptions in Section 12.2.5.6.1 and 12.2.5.6.2. The buildings must be used to
enclose equipment or machinery and only have occupants that are engaged in maintenance or
monitoring of that equipment. The sum of the dead and equipment loads supported by the
roof shall not exceed 20 psf and the dead load of the external wall system including columns
above 35 feet shall not exceed 20 psf. Consult ASCE 7-10 for other specific requirements
regarding how these roof and wall load limits are to be evaluated.
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1.3.6.10 Seismic Load Examples

Seismic Load Example 1.3.6.10(a): Determination of Seismic Design Forces

This example will demonstrate how to determine seismic design forces for a typical metal
building system.

|_20FT.

Figure 1.3.6.10(a): Isometric of the Metal Building Seismic Example

A. Given:

Warehouse building, Standard Building, Risk Category II

Collateral load = 1.5 psf

Ordinary steel concentrically braced frame end walls - w/ tension-only brace-rods
Ordinary steel concentrically braced frame side walls - w/ tension-only brace-rods
Ordinary steel moment frame interior frames - w/interior columns

No rigid interior partitions or ceilings

Weights per Square Foot for Initial Seismic Loads
Roof panel and insulation wt. = 1.5 psf
Roof purlin wt. = 1.0 psf
Wall weight wt. (including girts) = 3.0 psf
Frame wt. = 2.0 psf

Locations

Site 1: 67 Winthrop Drive, Chester, CT 06412
Site 2: 2630 East Holmes Road, Memphis, TN 38118
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Site 3: 1500 W. Rialto, Ave., San Bernardino, CA 92410

Soils Properties
Site 1: Unknown, no geotechnical report available
Site 2: Unknown, no geotechnical report available
Site 3: Geotechnical report is available

B. Determination of Earthquake Design Forces

1.) Compute Site Ground Motion Design Values

On most projects, the end customer or his design professional has the responsibility to
provide the site ground motion design values. The procedure provided in this section
may be used to determine the site ground motion design values by those responsible
for making that determination.

a.) Determine the Latitude and Longitude Coordinates for each Site Address

The latitude and longitude used in this example were obtained using a website
that provides this data for a given address in the United States. A search for
current websites that provide this data is recommended because availability and
features of these sites change periodically. It is recommended that the latitude and
longitude be determined to at least three digits beyond the decimal point (which is
accurate to a few hundred feet).

Site 1

67 Winthrop Drive, Chester CT 06412
Latitude = 41.387 degrees

Longitude = —72.508 degrees

Site 2

2630 East Holmes Road, Memphis, TN 38118
Latitude = 35.007 degrees

Longitude = —89.976 degrees

Site 3

1500 W. Rialto Avenue, San Bernardino, CA 92410
Latitude = 34.101 degrees

Longitude = —-117.319 degrees

b.) Determine the Soil Profile Site Class for each Site
Site 1
Soil properties not known

Therefore use default — Site Class D as required per 2012 IBC Section
1613.3.2 (also in ASCE 7-10, Section 11.4.2).
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Site 2
Soil properties not known
Therefore use default — Site Class D as required per 2012 IBC Section

1613.3.2 (also in ASCE 7-10, Section 11.4.2).

Site 3
A soils report was prepared in accordance with the 1997 UBC and the soil
profile was determined to be Sp.

Note that the 1997 UBC, the IBC and ASCE 7-10 all use the same soil profile
classification system. See Section 1.3.6.5 in this manual for more information
regarding the potential advantages for performing a geotechnical
investigation.

¢.) Determine the Maximum Considered Earthquake (MCE) Site Ground
Motion Values for each Site

Values of the mapped spectral accelerations for short periods (0.2 second) and a
I-second period, Ss and S;, can be obtained from either the maps in 2012 IBC
Figures 1613.3.1(1) through 1613.3.1(6), or more accurately from the United
States  Geological Survey (USGS) website. The website location,
http://earthquake.usgs.gov/research/hazmaps/design/, provides a U.S. Seismic
"DesignMaps" Web Application for seismic design values from the ASCE 7-10
and the 2012 IBC. This tool utilizes the web based program to compute mapped
spectral acceleration values for user entered latitude and longitude coordinates.
(Note: for older editions of ASCE 7 and the IBC, the USGS website has another
seismic design tool entitled the Java Ground Motion Parameter Calculator). When
selecting the parameters to be calculated for our example 1.3.6.10(a), the user
should select:

The IBC 2012 as the Building Code Reference Document

The Site Class D Soil Classification

The Structure Risk Category 11

Either the Site Latitude/Longitude or the option to enter in the physical
address of the site location.

PR

The values of Sps and Sp; may be obtained directly from this website.

It should be noted that even though one may obtain the calculated values of Sps
and Sp; directly from the website in lieu of calculating these values from Sg and
S1, the procedure for calculating Sps and Sp; is shown below for completeness.
Also, if the zip code is used in lieu of more specific latitude and longitude
location, the user is cautioned against using the centroid values which may be
unconservative. Alternately, it is recommended that the maximum value be used.
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Based on the Site Class, the adjusted maximum considered earthquake spectral
response acceleration parameters for short periods, Sys, and at 1-second period,
Smi, are defined in 2012 IBC Section 1613.3.3 as follows:

Sms = FaSs (2012 IBC, Eq. 16-37)
Smi = FySy (2012 IBC, Eq. 16-38)
Where,

F, is the site coefficient defined in 2012 IBC Table 1613.3.3(1)
F, is the site coefficient defined in 2012 IBC Table 1613.3.3(2)

The long-period transition period, Ty, is obtained from ASCE 7-10 Figures 22-12
through 22-16 (Note that Tr, values are included in the Load Data by U.S. County,
Chapter IX of this manual).

Site 1 coordinates and Site Class D
Ss=17.2% F,=1.60 Sms =27.5%
S;1=6.0% F,=2.40 Smi=14.5%
TL = 6 seconds

Site 2 coordinates and Site Class D
Ss=81.9 % F.=1.172 Sms =96.0 %
S1=29.0% F,=1.82 Sm1 =52.8%
TL =12 seconds

Site 3 coordinates and Site Class D
Ss=256.3% F,=1.00 Sms = 256.3%
Sl = 117.5% FV =1.50 SM1 = 176.2%

TL = 8 seconds

d.) Determine the Site Design Spectral Response Acceleration Parameters
From 2012 IBC Equations 16-39 and 16-40 in Section 1613.3.4 (also in ASCE 7-
10 Equations 11.4-3 and 11.4-4) determine Sps and Sp.

The value of the ground motion, expressed as a percentage of g, needs to be
converted to a fraction of g at this step by dividing by 100.

Site 1
2 27.5
Sps ==Sys =0.67 —— |=0.184
s =350 =067 300 |
2 14.5
SDl = ESMl = 067(Wj = 0097
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Site 2

2 96.0
Sps =—Sys =0.67| —— [=0.643
DS 37OMs ( 100 j

2 52.8
Sor =5 S = o.m(mj =0.354

Site 3

2 256.3
Sps ==Sys =0.67| —— |=1.714
s =250 =067 252

2 176.2
SD] = ESMI = 067twj = 1181

2.) Determine the Risk Category, Importance Factor, and Seismic Design Category
for each Site Building

a.) Determine the Building Risk Category per 2012 IBC Table 1604.5, and
Importance Factor Based on ASCE 7-10 Section 11.5

Based on the problem description, the buildings at all three sites are warehouses
with normal occupancy. Therefore at all sites the Building Risk Category is "II"
and the seismic importance factor, I, is 1.0 (See Table 1.5-2, ASCE 7-10).

b.) Determine the Seismic Design Category (SDC) for each Building based on
2012 IBC Tables 1613.3.5(1) and 1613.3.5(2), with Risk Category II (also in
ASCE 7-10 Tables 11.6-1 and 11.6-2), and the Sps and Sp; Site Values

The SDC in both Tables needs to be determined and the highest SDC is required
to be taken as the SDC for the building.

Site 1

From IBC Table 1613.3.5(1): SDC =B
From IBC Table 1613.3.5(2): SDC =B
Therefore the SDC is B

Site 2
From IBC Table 1613.3.5(1): SDC =D
From IBC Table 1613.3.5(2): SDC=D

Therefore the SDC is D

Site 3

From IBC Table 1613.3.5(1): SDC=D
From IBC Table 1613.3.5(2): SDC =D
Therefore the SDC is D
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3.) Determine the Seismic Base Shear, V, for each Building

a.) Determine the Approximate Fundamental Period, T,, for the Example
Building in Accordance with ASCE 7-10 Section 12.8.2.1

The approximate formula given in ASCE 7-10 Equation 12.8-7 is based on the
height of the building. For purposes of this equation, for a building with a sloping
roof, the height at the eave of the building should be used.

Since the same building configuration is used at all three sites, the approximate
fundamental periods are the same at the three sites.

T, =C,h’ (ASCE 7-10, Eq. 12.8-7)

Where,

C; and x are determined from Table 12.8-2

C;=0.028 and x = 0.8 in the transverse direction where the structural
system is steel moment frame.

C;=0.020 and x = 0.75 in the longitudinal direction and the transverse
end walls because the structural systems are ordinary steel
concentrically braced frames and not ordinary moment frames or
ordinary steel eccentrically braced frames. They are therefore
classified as "other."

h, = 20 feet, eave height for all frames.

Typically in metal buildings, the interior bays are laterally supported in the
transverse direction by moment frames and the end walls in the transverse
direction are either braced frames or moment frames. In cases where a flexible
diaphragm exists between the end walls and the first interior moment frame,
separate end wall moment frame periods may be computed.

In situations where the exterior walls are hardwalls, designed to be the primary
lateral force resisting system (i.e. shear walls), the value of Ct and x should be
selected based on the hardwall system.

Transverse direction moment frames: T, = 0.028(20 ft)"* = 0.308 seconds
Transverse direction end walls: T, = 0.020(20 ft)*” = 0.189 seconds
Longitudinal direction: T, = 0.020(20 ft)"” = 0.189 seconds

In metal building design, it is common practice to use the above code equations
rather than performing a dynamic analysis to determine the building fundamental
periods. However, it is also permissible to determine the fundamental periods by
dynamic methods or the Rayleigh Method (ASCE 7-10 Equation 15.4-6). When
dynamic analysis methods or Rayleigh methods are used, the resulting period
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used for determining seismic design base shear forces is limited and cannot be
taken as greater than the factor C, (obtained from ASCE 7-10 Table 12.8.1) times
the approximate period T,. This limitation on dynamic analysis period does not
apply when one is determining drift. Therefore, in certain instances, there may be
advantages in obtaining the building fundamental periods using dynamic analysis
methods.

An approximate dynamic method, treating the moment frame or braced frame as a
single degree of freedom system, might be considered to determine the
fundamental period:

T:2Tc\/E
k

where, m is the building mass associated with that frame (expressed as W/g) and
k is the lateral stiffness of the frame, calculated by applying a unit load at the
eave. Recent research sponsored by MBMA at the University of California San
Diego (UCSD), that involved full scale testing of metal buildings on a shake
table, showed that this single degree of freedom method correlated very well to
the measured periods. The same limitation on T, discussed above, would apply
when computing seismic design shear base forces, but not drift. Other research
has been performed over the last 10 years to better quantify the building
fundamental period for low rise buildings with flexible diaphragms. Robert
Tremblay and Colin Rogers have proposed other methods of deterring the
fundamental period for these buildings (Refs. B5.17, B5.18 and B5.19). They
show that the building period may be controlled by the flexible diaphragm,
lengthening the period, and thus reducing demand on the building. But diaphragm
shears and deflections can be increased.

b.) Determine the Initial Effective Seismic Weight, W, of the Building per ASCE
7-10 Section 12.7.2

As recommended practice for metal buildings, the effective seismic weights will
be determined with the collateral load included. For an initial estimate of the
effective seismic weight, either: (1) assume weights per square foot based on
historical data or (2) perform an initial trial design where other loads such as wind
or snow have been considered and members sized on a preliminary basis. It is
usual design practice to proceed with design based on these preliminary weights
and to check during the final calculations whether the member weights have
changed enough to require a redesign. For this example it is assumed that the
initial assumed weights are the same for all three sites.

At all sites, the flat roof snow load determined in accordance with ASCE 7-10
Section 7.3 was less than or equal to 30 psf. Therefore, per subparagraph 4 of
ASCE 7-10 Section 12.7.2, the snow may be neglected when determining the
effective seismic weight of the structure. Where the flat roof snow load is greater
than 30 psf, the effective seismic weight shall include 20 percent of the flat roof
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snow load added to the weight per square foot of the roof. In this example, the
assumed weights per square foot are based on the following provided data.

Assumed Weights for Initial Seismic Loads
Roof panel and insulation wt. = 1.5 psf

Roof purlin wt. = 1.0 psf
Wall wt. =3.0 psf
Frame wt. =2.0 psf
Collateral Load = 1.5 psf

It is common practice in metal building design to model the structural system as a
series of two-dimensional models. Therefore, separate two-dimensional base
shears are determined for the typical transverse frame, end walls, and side walls.
To accommodate these separate base shears, effective weights have been
determined for each frame and wall type. It is also common practice to assume
that half of the wall weight acts at the roof level and half at the ground level.

It should be noted that wall weight in the direction parallel to the lateral load
system being evaluated can be excluded, provided the wall is concrete or masonry
and is designed to resist in-plane loads. In other words, the weight of a concrete or
masonry side wall can be excluded from the seismic load calculations for
longitudinal bracing, provided that details permit unrestrained longitudinal
movement of the longitudinal bracing relative to the wall. On the other hand, this
exclusion does not apply to metal panel walls, steel studs, wood, EIFS, or other
flexible wall systems that are attached to the building frame at several points
along the height of the framing system. In this example, metal panel side walls
and end walls are used.

Transverse Moment Frame Model (One Frame)

Roof Area = (200ft)25ft) = 5,000ft’
Wall Area = 2(20ft)25t)=1,000ft>

Roof Weight = (5,000ft*1.5+1.0+2.0+1.5psf)
=30,0001bs = 30.0kips

(1,000t (3.0 psf)

Wall Weight = =1,5001bs =1.5kips

Total Effective Seismic Weight =30.0+1.5 =31.5kips

Transverse End Wall Model (One End Wall)

Roof Area = (200 ft)(stﬁj = 2,500 ft*
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Wall Area = (200 ft) (%‘”7&) +2(20ft) (257&} = 4917 ft’

Roof Weight = (2,500ft% |1.5+1.0+2.0+1.5psf)
= 15,0001bs = 15.0kips

Wall Weight = (4.917£)3.0psf)

=7,3961bs = 7.4kips
Total Effective Seismic Weight =15.0+ 7.4 =22.4kips

Longitudinal Side Wall Model (One Side Wall)

The longitudinal side wall effective seismic weight is the total of all the
transverse frame weights divided by two.

9(31.5kips)+2(22.4kips)
2

Total Effective Seismic Weight = =164.2kips

c.) Select Design Coefficients and Factors and System Limitations for Basic
Seismic Force Resisting Systems from ASCE 7-10 Table 12.2-1

In metal buildings, transverse moment frames are typically designed and detailed
as ordinary steel moment frames where the basic seismic-force-resisting system is
primarily moment frames. Transverse end walls are typically designed as either
moment frames or ordinary steel concentrically braced frames. Longitudinal side
walls are typically designed as ordinary steel concentrically braced frames, where
the basic seismic-force-resisting system is composed of brace rods, cables or
braces. Other structural systems could be utilized if conditions warrant. It should
be noted that unless the bracing carries gravity loads other than its own weight, a
building frame-type system and not a bearing wall-type system should be
selected. Minor eccentricities of connections of the type typically found in metal
buildings are typically considered as acceptable as ordinary steel concentrically
braced frame systems.

Some structural systems, particularly cable bracing systems, are quite flexible and
may result in drifts that exceed the limits of ASCE 7-10 Table 12.12-1. Under
certain conditions drift limits may be exceeded; see Note "c" of Table 12.12-1.
When drift limits are exceeded, seismic detailing of architectural components is
required to demonstrate that the anticipated seismic drift can be accommodated.

A significant alternative structural system may be considered for buildings
assigned to SDC A, B or C, which will be examined for comparison as Site 1
Alternate. These buildings can be designed as "Structural Systems not specifically
detailed for seismic resistance" which are identified in ASCE 7-10 Table 12.2-1,
Line H. This option requires using a value of R = 3. While the design seismic
forces are higher, the advantage of this alternative is to be able to ignore the AISC
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seismic design and detailing provisions and to have the option to use the same
AISC design provisions that are used for wind load. Note that this option is not
permitted for SDC D, E, or F.

For this example, the same structural systems are used at all three sites, except for
the site 1 alternate values. Section 12.2.3.3 of ASCE 7-10 permits separate values
to be used on each line of all resistance provided the structure meets the following
requirements:

1) Risk Category I or II,
2) Two stories or less in height,
3) Utilizes a flexible diaphragm

Since the example satisfies all conditions, separate values may be used.

Transverse Direction (Moment Frames)

For ordinary steel moment frames, select from ASCE 7-10 Table 12.2-1 the
following:

R=3.5 Q,=3 Cq=3

Because the metal building diaphragms are typically flexible, Note g of Table
12.2-1 allows for a reduction of Q3, for moment frames.

Note g of Table 12.2-1 states that the tabulated value of the overstrength factor,
Q,, may be reduced by subtracting > for structures with flexible diaphragms, but
shall not be taken as less than 2.0 for any structure. Using this note, one obtains:

R=35 Q,=2.5 Ca=3

The AISC Seismic Provisions Commentary (341-10) requires, in Section E1.6b,
that the beam-to-column connections in ordinary steel moment frames be
designed for the either the flexural strength of the beam or girder (1.1 RyM,) or
the "maximum moment and corresponding shear that can be transferred to the
connection by the system, including the effects of material overstrength and strain
hardening." Alternatively, the connections may meet the requirements for
intermediate or special steel moment frames.

Further guidance is provided in the AISC Seismic Provisions Commentary.
Specific mention is made of metal building systems with web tapered members
and recognizing the flexural strength of the beam (rafter) or column will typically
be first reached at some distance away from the connection, that the connection
design should be based on the forces that will be generated when the flexural
strength of a member is first reached, anywhere along the length of the member.
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Therefore, the nominal flexural strength of the member at the critical location
should be increased by 1.1R, to determine the required strength of the connection.

Another option permitted for the connection design and described in the AISC
Seismic Provisions Commentary is to use a limiting earthquake force with R=1,
which is a more practical approach. This approach where the required moment is
calculated from seismic forces using the system modification factor R = 1 has the
same meaning as using the amplified force E,,, although the solution with R =1
will produce slightly larger moment (Eg-; / QQEr=35=1.0 E / (3.0 E/3.5) = 1.167).
In either case, the overstrength would be accounted for and the desired frame
behavior achieved (primarily elastic, with only minimum inelastic deformations
expected).

MBMA is currently sponsoring research on the seismic behavior of moment
frames utilized in metal buildings that is expected to provide additional data that
will lead to development of better and more realistic provisions for moment
frames that use web-tapered members.

Transverse Direction End Walls (Brace-Rods)

For ordinary steel concentrically braced frames, select from ASCE 7-10 Table
12.2-1 the following:

R=3.25 Q,=2 Cq=3.25
Longitudinal Direction Side Walls (Brace-Rods)

For ordinary steel concentrically braced frames, select from ASCE 7-10 Table
12.2-1 the following:

R=3.25 Q=2 Ca=3.25

Note that AISC Seismic Provisions Commentary F2.4d clarifies tension only
bracing is permitted for ordinary steel concentrically braced frames.

d.) Determine Design Coefficients, Factors and System Limitations (height
limits) for each Building at each Site.

Transverse Direction (Moment Frames)

Site 1 Site 1 Alternate” Site 2 Site 3
Max. Height ~ No Limit No Limit 65 ft." 65 ft."
R 3.5 3 3.5 3.5
Q, 2.5 2.5 2.5 2.5
Cq 3 3 3 3
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"ASCE 7-10 Section 12.2.5.6 states that ordinary steel moment frames assigned to
Seismic Design Category D, E or F are permitted in single story buildings to a
height of 65 feet where the dead load of the roof does not exceed 20 psf.

In addition, the dead weight portion of walls more than 35 feet above the base
shall not exceed 20 psf. For SDC F, the dead weight portion of walls above the
base shall not exceed 20 psf. If these conditions do not exist, the structure is not
permitted if assigned to Seismic Design Category D, E or F unless designed as a
seismically separate structure or as an intermediate steel moment frame. Also, see
Section 1.3.6.9 of this manual for an ASCE 7-10 exception for height limits for
low occupancy buildings.

The Design Guide (Ref. B5.14) authors interpret the 20 psf roof criteria as the
total roof weight divided by the surface area of the roof and the 20 psf wall
criteria as the total wall weight above 35 feet divided by the surface area of walls
above 35 feet. Also, it is the opinion of the Design Guide (Ref. B5.14) authors
that the 20 psf roof criteria is only intended to be compared to dead loads, and not
roof load combinations that may include snow loads or live loads.

" ASCE 7-10 Table 12.2-1 and Section 14.1.2 allows an alternative set of design
coefficients and factors for buildings assigned to SDC A, B or C. The last entry
(line H) in Table 12.2-1, structural steel systems not specifically detailed for
seismic resistance excluding cantilever column systems, permits a value of 3 to be
used for R, Q, and C4. The value of Q, may be taken as 2.5 since metal building
systems are assumed to have flexible diaphragms as noted in Section 1.3.3.1.
Using this option, structural steel systems not specifically detailed for seismic
resistance, means that the AISC Seismic Provisions are not required. This has the
significant trade-off benefit of reducing connection seismic design forces while
only slightly increasing member seismic design forces. Site 1 of this example will
compare both options.

Transverse Direction End Walls (Brace Rods)

Site 1 Site 1 Alternate”  Site 2 Site 3
Max. Height ~ No Limit No Limit 65 ft.” 65 ft.”
R 3.25 3 3.25 3.25
Q, 2 25 2 2
Cq 3.25 3 3.25 3.25
Longitudinal Direction Side Walls (Brace Rods)
Site 1 Site 1 Alternate” Site 2 Site 3
Max. Height ~ No Limit No Limit 65 ft.’ 65 ft.’
R 3.25 3 3.25 3.25
Q, 2 25 2 2
Cq 3.25 3 3.25 3.25
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For gable roofs, a judgment is required as to what building height should be used
when comparing to the prescribed height limits. It is the opinion of the Design
Guide (Ref. B5.14) authors that if the roof slope is less than or equal to 10
degrees, it would be permissible to use the eave height, similar to what is done for
determining pressure coefficients for wind load design. The eave height is most
representative of the point of stiffness in the moment frame. This is also
consistent with the assumption made in determining the fundamental period of the
building. For roof slopes greater than 10 degrees, a mean roof height should be
used.

In this example, since the eave height, 20 ft, is less than the height limits, the
basic force resisting systems selected are allowed for all buildings at all sites.

e.) Determine the Seismic Base Shear, V, for Two-Dimensional Model at each
Site

V=CsW (ASCE 7-10, Eq. 12.8-1)
Where:
C. = Sps
i (Rj (ASCE 7-10, Eq. 12.8-2)
I

Except Csneed not exceed:

for T<Tp
SDl
Cs = R (ASCE 7-10, Eq. 12.8-3)
=T
1)
for T<TL
C — SDITL
: —( Rj (ASCE 7-10, Eq. 12.8-4)
T —
Ie

and Cs shall not be less than:
Cs=0.044Spsl.> 0.01 (ASCE 7-10, Eq. 12.8-5)

and in addition, if S; > 0.6g, then C;s shall not be taken as less than:

: (Rj (ASCE 7-10, Eq. 12.8-6)
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Site 1

Summarize Design Parameters

Sps =0.184
SD1 =0.097
I.=1.0

TL = 6 seconds

Transverse Direction (Moment Frame)
T =T, =0.308 seconds

W =31.5 kips
R=35
c =S 0184 53
R (35) (ASCE 7-10, Eq. 12.8-2)
L) L1
Since T < T,
Cofman) = Sor__ 0.097 5y =009
T(Rj (0308 Sec)(ij (ASCE 7-10, Eq. 12.8-3)
IC
C(min) = 0.044(0.184)(1.0) = 0.008 (ASCE 7-10, Eq. 12.8-5)

Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).

C, = 0.053
V =C,W =(0.053)(31.5kips) =1.67kips (ASCE 7-10, Eq. 12.8-1)

Transverse Direction End Walls (Brace-Rods)
T=T,=0.189 seconds

W = 22.4 kips
R =3.25
C oS _ 0184 0o

R (325) (ASCE 7-10, Eq. 12.8-2)

I, 1
Since T < T,
Cs(max) = SDl = 00973 25 =0.158

T(RJ (0.189 sec)(’1 j (ASCE 7-10, Eq. 12.8-3)

C(min) = 0.044(0.184)(1.0) = 0.008 (ASCE 7-10, Eq. 12.8-5)
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(Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).

C, =0.057
V =CW =(0.057)(22.4kips)=1.27 kips (ASCE 7-10, Eq. 12.8-1)

Longitudinal Direction Side Walls (Brace-Rods)
T =T,=0.189 seconds

W =164.2 kips
R =3.25
C - Sps _ 0184 _ o
R (35) (ASCE 7-10, Eq. 12.8-2)
I, 1
Since T < T,
C o) = Soi__ 0-0973 S = 0158
T(RJ (0.189sec)('1 j (ASCE 7-10, Eq. 12.8-3)
Cmin) = 0.044(0.184)(1.0) = 0.008 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).

C,=0.057
V =C,W =(0.057)(164.2kips) = 9.36kips (ASCE 7-10, Eq. 12.8-1)

Site 1 Alternate (Steel Systems Not Specifically Detailed for Seismic
Resistance)

Summarize Design Parameters

Sps =0.184
S[)l =0.097
[.=1.0

T = 6 seconds

Transverse Direction (Moment Frame)
T =T, =0.308 seconds

W =31.5 kips

R=3

s (Rj (j (ASCE 7-10, Eq. 12.8-2)
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Since T < T,
Cs(max) - SD] - 0001 3 =0.105
T[RJ (0.308 sec)(lj (ASCE 7-10, Eq.

Cmin) = 0.044(0.184)(1.0) = 0.008 (ASCE 7-10, Eq.
(Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).
Cs=0.061
V=C,W=(0.061)(31.5 kips) = 1.92 kips (ASCE 7-10, Eq.
Transverse Direction End Walls (Brace Rods)
T=T,=0.189 seconds
W =224 kips
R=3
C, = Sps 0184 0.061

R (3j (ASCE 7-10, Eg.

I, 1
Since T < Tt
Cs(max) - SDI - 0097 3 - 0171

T(R] (0.189 sec)(lj (ASCE 7-10, Eq.
IC

Cy(min) = 0.044(0.184)(1.0) = 0.008 (ASCE 7-10, Eq.
(Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).
C,=0.061
V =C,W =(0.061)(22.4kips)=1.37kips (ASCE 7-10, Eq.
Longitudinal Direction Side Walls (Brace Rods)
T =T,=0.189 seconds
W =164.2 kips
R=3
C, :h:%:aom

R 3 (ASCE 7-10, Eq.

I, 1
Since T < T,
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Copuy = 2 = — 0007 =071
T(Rj (0‘189860)(1j (ASCE 7-10, Eq. 12.8-3)
Ie
C(min) = 0.044(0.184)(1.0) = 0.01 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is not applicable for Site 1 because S; < 0.6).

Cs = 0.061
V =C,W =(0.061)(164.2kips)=10.02kips (ASCE 7-10, Eq. 12.8-1)
Site 2

Summarize Design Parameters

Sps = 0.643
SD1 =0.354
I.=1.0

Tr. = 12 seconds

Transverse Direction (Moment Frame)
T =T, =0.308 seconds

W =31.5 kips
R=35
c =2os 008484
R [ 35 J (ASCE 7-10, Eq. 12.8-2)
I, 1
Since T < Ty,
C(max) = S 03 15y = 0-328
T( R ) (0.308 sec)(ij (ASCE 7-10, Eq. 12.8-3)
]C
C . mim) = 0.044(0.643)(1.0) = 0.03 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is not applicable for Site 2 because S; < 0.6).

C,=0.184
V =CW =(0.184)(31.5kips) = 5.80kips (ASCE 7-10, Eq. 12.8-1)

Transverse Direction End Walls (Brace-Rods)
T=T,=0.189 seconds
W =224 kips
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R=3.25
C - Sps _ 0.643 0199
R (325) (ASCE 7-10, Eq.
I, 1
Since T < T,
Cs(max) - SDl - 03543 25 =0.577
T[R] (0.189sec)(' J (ASCE 7-10, Eq.
1, 1
C.(min) = 0.044(0.643)(1.0) = 0.03 (ASCE 7-10, Eq.
(Equation 12.8-6 is not applicable for Site 2 because S; < 0.6).
Cs=0.199
V=CW =(0.199)(22.4 kips) = 4.46 kips (ASCE 7-10, Eq.
Longitudinal Direction Side Walls (Brace Rods)
T=T,=0.189 seconds
W =164.2 kips
R=3.25
C - Sps _ 0.643 _ 0.199
R 3.25 (ASCE 7-10, Eq.
I, 1
Since T < T,
Cs(max) = SD] = 03543 25 =0.577
I, 1
C,(min) = 0.044(0.614)(1.0) = 0.03 (ASCE 7-10, Eq.

(Equation 12.8-6 is not applicable for Site 2 because S; < 0.6).

C,=0.199
v =CW =(0.199)(164.2 kips) = 32.68 kips (ASCE 7-10, Eq

199

12.8-2)

12.8-3)

12.8-5)

12.8-1)

12.8-2)

12.8-3)

12.8-5)

.12.8-1)



Metal Building Systems Manual

Site 3

Summarize Design Parameters

Sps=1.714
SD1 =1.181
I.=1.0

T = 8 seconds

Check for limits on S from ASCE 7-10 Section 12.8.1.3.
Note that these limits should be routinely checked, but that it was noted by
inspection that they did not govern for Sites 1 or 2.

T < 0.5 seconds
Regular structure less than 5 stories

Therefore,
Sq=1.5, Syys=1.5, S, =1.00 <Sps=1.714

It should also be noted that these permitted upper limits for S; and Spg
only apply when determining the base shear and not when determining the
seismic design category.

Transverse Direction (Moment Frame)
T =T, =0.308 seconds

W =31.5 kips
R=35
c =2 o 100 086
R (3'5) (ASCE 7-10, Eq. 12.8-2)
Ie
Since T < Ty,
Cs(max) = SD] = 1181 3 5 = 1096
T[ R J (0.308860)@) (ASCE 7-10, Eq. 12.8-3)
Ie
C i) = 0.044(1.714)1.0) = 0.08 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is applicable for Site 3 because S; = 0.6).

Com = 0.5, _0.5(1.175) _ 0.163

s(min) = [R J - (35) (ASCE 7-10, Eq. 12.8-6)
I 1

€
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C, =0.286
V=C,W =(0.286)(31.5kips)=9.01kips (ASCE 7-10, Eq. 12.8-1)

Transverse Direction End Walls (Brace-Rods)
T=T,=0.189 seconds

W = 22.4 kips

R=325

C, _Sos L0035
R (3-25j (ASCE 7-10, Eq. 12.8-2)
I, 1

Since T < T,

) TR 3.25 ASCE 7-10, Eq. 12.8-3
T[j (0.189sec{1j ( -10, Eq. 12.8-3)
]é’
C.(min) = 0.044(1.714)1.0) = 0.08 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is applicable for Site 3 because S; > 0.6).

~0.5S,  0.5(1.181)

Cs(min) = = = 0182
R [3-25j (ASCE 7-10, Eq. 12.8-6)
I, 1

C, =0.308

V =C,W =(0.308)(22.4kips) = 6.90kips (ASCE 7-10, Eq. 12.8-1)

Longitudinal Direction Side Walls (Brace Rods)
T =T,=0.189 seconds

W =164.2 kips

R=3.25

C = Do _ ~0308
(Rj (3-25j (ASCE 7-10, Eq. 12.8-2)
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Since T < T,
Cpu) = 2 = “813 So = 1923
T(Rj (0.189 sec)('1 j (ASCE 7-10, Eq. 12.8-3)
Ie
C i) = 0.044(1.714)1.0) = 0.08 (ASCE 7-10, Eq. 12.8-5)

(Equation 12.8-6 is applicable for Site 3 because S; > 0.6).

~0.5S,  0.5(1.181)

Cs(min) = = = 0182
R [3-25j (ASCE 7-10, Eq. 12.8-6)
I, 1

C, =0.308

V=C,W=(0.308)(164.2kips) = 50.57kips ~ (ASCE 7-10, Eq. 12.8-1)

4.) Determine the Seismic Load Effects, E and E,,, for each Building in each
Direction

a.) Determine the Redundancy Factor, p, for each Direction, at each Site, Based
on ASCE 7-10 Section 12.3.4

Therefore, p will be calculated in both the longitudinal and transverse directions.

In ASCE 7-10, the redundancy coefficient is a function of the percentage loss of
lateral story strength assuming a single member or connection loses its lateral
seismic force carrying capacity as compared to story strength with all members
retaining their capacity. For buildings that have rigid and semi-rigid diaphragms,
it is also a function of whether the loss of a single member would result in an
extreme torsional irregularity. Since metal buildings are deemed to have flexible
diaphragms, a determination of torsional irregularity if a member or connection
loses its lateral load carrying capacity is not required. However, since the flexible
diaphragm assumption assumes that each line of resistance is independent of the
others, it is the interpretation of the Design Guide (Ref. B5.14) authors that the
redundancy coefficient needs to be determined for each line of resistance, as if
that line of resistance was a story. It should be noted that if the roof were designed
as a rigid or semi-rigid diaphragm, all seismic force resisting members in all lines
of resistance could be considered in the redundancy evaluation. This would more
likely result in a lower redundancy factor in some situations but it will mean that
all rigid diaphragm analysis considerations would need to be made including
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torsional analysis. For this guideline document, the diaphragms have been
assumed to be flexible.

Also note that the redundancy coefficient determination is not required if the SDC
assigned to the building is A, B or C.

The redundancy coefficient determination is no longer a function of the maximum
force in any one member; therefore it is no longer a function of transverse frame
column fixity conditions except for the situation when there are only one or two
bays in the transverse direction.

Site 1

SDC B. Per ASCE 7-10 Section 12.3.4.1, the redundancy coefficient, p, is
1.00 in both directions.

Site 2

Transverse Direction — End Walls

SDC D. In the transverse direction, the redundancy coefficient, p, is 1.00
if the removal of one diagonal member does not reduce the strength of an
end wall line of resistance by more than 33%. Otherwise the redundancy
coefficient, p, is 1.30. For a metal building system with braced end walls,
the situation where p is 1.00 would arise if there were four or more bays of
tension-only cross bracing on the line of resistance. For the example there
are two bays of tension-only cross bracing. Therefore the redundancy
coefficient, p, is 1.30. For the example building, there are only 2 bays of
cross bracing, therefore the redundancy coefficient, p, is 1.30.

Transverse Direction — Moment Frames

SDC D. In the transverse direction, the redundancy coefficient, p, is 1.3
for all clear span moment frames which is also true for the majority of
modular (multi-span) moment frames where the interior columns rely on
pinned base and top connections and the exterior columns are pinned at
their bases.

ASCE 7-10 permits lower redundancy coefficient only if making both
ends of any one beam pinned does not reduce the strength of the moment
frame line under consideration by more than 33%, where "beam" refers to
any roof beam span between columns, regardless of end fixity or presence
of axial forces. For metal building systems with moment frame lines of
resistance and flexible roof diaphragm, the situation where p is 1.0 could
possibly arise only if there were at least three interior columns, and the
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above story strength reduction check is satisfied. To qualify, such systems
would require additional column fixity, either at column bases, column
tops, or both.

For the example building, the interior columns have pinned top and
bottom connections and the exterior columns are also pinned in the line of
resistance, so the redundancy coefficient, p, is 1.3 and the strength
reduction check is not required.

Longitudinal Direction — Side Wall

SDC D. In the longitudinal direction, the redundancy coefficient, p, is 1.00
if the removal of one diagonal member does not reduce the strength of a
side wall line of resistance by more than 33%. Otherwise the redundancy
coefficient, p, is 1.30. For a metal building system, with braced side walls,
the situation where p is 1.00 would arise if there were four or more bays of
tension-only cross bracing on the line of resistance. For the example there
are only three bays of tension-only cross bracing. Therefore, the
redundancy coefficient, p, is 1.30.

Site 3

SDC D. Determination of the redundancy coefficient, p, is the same as for
Site 2.

b.) Determine the Seismic Load Effect, E, for each Building Site and each
Direction

E,=pQg (ASCE 7-10, Eq. 12.4-3)

E,=0.2SpsD (ASCE 7-10, Eq. 12.4-4)
Stated in more commonly understood terms:

E=F, +FE, (ASCE 7-10, Eq. 12.4-1)

E=E -E, (ASCE 7-10, Eq. 12.4-2)
Where:

E., = the effect of horizontal seismic forces
E, = the effect of vertical seismic forces

Note that E, is permitted to be taken as zero when Spg < 0.125 per ASCE 7-10
Section 12.4.2.2.

Strictly speaking, E (and for that matter E,,) is not actually a load which is
applied to a structure like V, but the resultant effect of combined earthquake
loads (an effect is an internal member force, stress, unity ratio, etc.). This
combination of earthquake load effects is to be combined with the effects
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from other loads, such as dead and live loads, in accordance with the load
combinations of Chapter 2 of ASCE 7-10. However, since an elastic static
analysis is usually performed for all loads, the combined effect can be treated
as either a load or load combination because by elastic superposition the
results will be the same. This is the approach the Design Guide (Ref. B5.14)
authors have adopted.

Site 1

Summarize Design Parameters On One Frame Line
Seismic Design Category = B

Sps = 0.184

Vtransverse direction (moment frame) — 2.17 klpS

Vtransverse direction end walls (brace rods) — 1.66 klpS

Vlongitudinal direction side walls (brace rods) — 12.15 klpS

Ptransverse end wall = 1.30

Ptransverse moment frame = 1.30

Plongitudinal = 1.30

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E, =pV =(1.30)(2.17kips) = 2.82kips
Applied Vertical Force:  E, =+0.25,.D =40.2(0.184)D = +0.037D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E, =pV =(1.30) (1.66kips) = 2.16 kips
Applied Vertical Force:  E, =+0.25,,D = +0.2(0.184)D = +0.037D

Longitudinal Direction Side Walls (Brace Rods)
Applied Horizontal Force: E, =pV =(1.30) (12.15kips) =15.80kips

Applied Vertical Force:  E, =40.25 D =+0.2(0.1 84)D =+0.037D

Site 1 Alternate ( Steel Systems Not Specifically Detailed For Seismic
Resistance)

Summarize Design Parameters On One Frame Line
Seismic Design Category = B

S[)s = O 1 84

Vtransverse direction (moment frame) — 2.52 klpS

Viransverse direction end walls (brace rods) — 1.79 kips

Vlongitudinal direction side walls (brace rods) — 13.14 klpS

Ptransverse end wall — 1.30

ptransverse moment frame = 1 30

Plongitudinal = 1.30
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Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E, =pV = (1.3 0) (2.52kips) = 3.28kips
Applied Vertical Force:  E, =+0.25,,D = +0.2(0.184)D = +0.037D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E, =pV =(1.30) (1.79kips) = 2.33 kips
Applied Vertical Force:  E, =+0.25,,D = +0.2(0.184)D = +0.037D

Longitudinal Direction Side Walls (Brace Rods)
Applied Horizontal Force: E, =pV =(1.30) (13.14kips) =17.08 kips
Applied Vertical Force:  E, =+0.25,,D = +0.2(0.184)D = +0.037D

Site 2
Summarize Design Parameters On One Frame Line
Seismic Design Category = D
SDS =(0.643
Viransverse direction (moment frame) — 6.80 klpS
Viransverse direction end walls (brace rods) = 5.20 klpS
Vlongitudinal direction side walls (brace rods) — 38.09 kips
Ptransverse end wall = 1.30

ptransverse moment frame = 1 '30

Plongitudinal = 1.30

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E, =pV = (1 3 0) (6.80kips) = 8.84kips
Applied Vertical Force:  E, =+0.25,.D = +0.2(0.643)D = +0.129D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E, =pV =(1.30) (5.20kips) = 6.76 kips
Applied Vertical Force:  E, =+0.25,.D = +0.2(0.643)D = +0.129D

Longitudinal Side Wall Model (One Side Wall)
Applied Horizontal Force: E, =pV =(1.30) (38.09kips) =49.52 kips
Applied Vertical Force: E, =30.25,;D = i0.2(0.643)D =40.129D

Site 3

Summarize Design Parameters On One Frame Line
Seismic Design Category = D
Sps =1.00
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Viransverse direction (moment frame) — 9.01 klpS
Vtransverse direction end walls (brace rods) — 6.90 kips
Vlongitudinal direction side walls (brace rods) = 50.57 kips
Ptransverse end wall = 1.30

Ptransverse moment frame = 1.30

Plongitudinal = 1.30

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E, =pV =(1.30)(9.01kips) =11.71kips
Applied Vertical Force:  E, =+0.2S_D = +0.2(1.00)D = +0.200D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E, =pV =(1.30) (6.90kips) =8.97 kips
Applied Vertical Force:  E, =+0.2S_D =+0.2(1.00)D = +0.200D

Longitudinal Side Wall Model (One Side Wall)
Applied Horizontal Force: E, =pV =(1.30) (50.57kips) = 65.74 kips
Applied Vertical Force:  E, =20.2S,,D = +0.2(1.00)D = +0.200D

c.) Determine the Maximum Seismic Load Effect, E,, for each Building Site and
each Direction

Em = Emn + Ey, =Q,Q, +0.2S,,D (ASCE 7-10, Eq. 12.4-5)
Em=Em — E, =Q Q; —0.2S,;D (ASCE 7-10, Eq. 12.4-6)
Where:

E.n = the maximum effect of horizontal seismic forces
E, = the maximum effect of vertical seismic forces

Note that for buildings in SDC A, B, or C, the maximum seismic load
effects, E,, are not required except for the following:

2012 IBC 1605.1, which references ASCE 7-10 Section 12.10.2.1,
requires Ey, for collectors in SDC C, D, E, and F.

2012 IBC 1605.1, which references ASCE 7-10 Section 12.3.3.3,
requires E,, for elements supporting discontinuous walls or frames in
SDCB,C,D,E, and F.

The above requirements apply regardless of the R factor used in the design.

Summarize Design Parameters

*
Qo transverse direction (moment frame) — 2.5
€6 transverse direction end walls (brace rods) — 2.0 (2.5 for Site 1 Alternate)
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90 longitudinal direction side walls (brace rods) — 2.0 (25 for Site 1 Altemate)

For determining the "the maximum force that can be delivered by the
system" for purposes of designing the beam-to-column moment
connection, the value of QQ, shall be taken as 3.5 as previously discussed.

Site 1

Summarize Design Parameters On One Frame Line
Sps = 0.184

Vtransverse direction (moment frame) — 2.17 klpS

Vtransverse direction end walls (brace rods) — 1.66 klpS

Vlongitudinal direction side walls (brace rods) — 12.15 klPS

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E , =Q_V =(2.5)(2.17kips)=5.43kips

Applied Vertical Force:  E, =+0.25,.D =+0.2(0.184)D =+0.037D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force:E _, =Q V =(2.0) (1.66kips) = 3.32 kips

Applied Vertical Force:  E, =+0.25,.D = +0.2(0.184)D = +0.037D

Longitudinal Side Wall Model (One Side Wall)
Applied Horizontal Force: E_, =Q V =(2.0) (12.15kips) = 24.30kips

Applied Vertical Force:  E, =+0.25,.D =+0.2(0.184)D =+0.037D

Site 1 Alternate

Summarize Design Parameters On One Frame Line
S[)s =0.184

Vtransverse direction (moment frame) — 2.52 klpS

Viransverse direction end walls (brace rods) — 1.79 kips

Vlongitudinal direction side walls (brace rods) — 13.14 klpS

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E,, =Q_ V =(2.5)(2.52kips) = 6.30kips

Applied Vertical Force:  E, =0.25,.D =%0.2(0.184)D =+0.037D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E_, =Q V =(2.5) (1.79kips) = 4.48 kips

Applied Vertical Force:  E, =+0.25,.D =%0.2(0.184)D =+0.037D

Longitudinal Side Wall Model (One Side Wall)
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Applied Horizontal Force: E_, =Q_V =(2.5) (13.14kips) = 32.85kips
Applied Vertical Force:  E, = +0.25,.D = +0.2(0.184)D = +0.037D

Site 2

Summarize Design Parameters On One Frame Line
Sps = 0.643

Viransverse direction (moment frame) = 6.80 klpS

Viransverse direction end walls (brace rods) — 5.20 klpS

Vlongitudinal direction side walls (brace rods) = 38.09 klpS

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force:E , =Q V= (2.5) (6.80kips) =17.10kips

Applied Vertical Force:  E, =+0.25 D = +0.2(0.643)D = +0.129D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E_, =Q V =(2.0) (5.22kips) =10.40 kips

Applied Vertical Force:  E, =+0.25,.D = +0.2(0.643)D = +0.129D

Longitudinal Side Wall Model (One Side Wall)
Applied Horizontal Force: E_, =Q V =(2.0) (38.09kips) = 76.18 kips

Applied Vertical Force:  E, =+0.25,.D =+0.2(0.643)D = +0.129D

Site 3

Summarize Design Parameters On One Frame Line
Sps =1.00

Viransverse direction (moment frame) = 9.01 klpS
Viransverse direction end walls (brace rods) — 6.90 klpS
Vlongitudinal direction side walls (brace rods) — 50.57 klpS

Transverse Moment Frame Model (One Frame)
Applied Horizontal Force: E,, = Q_V =(2.5)(9.01kips) = 22.53kips

Applied Vertical Force:  E, =40.2S,,,D = +0.2(1.00)D = +0.200D

Transverse End Wall Model (One End Wall)
Applied Horizontal Force: E_, =Q V =(2.0) (6.90kips) =13.80 kips

Applied Vertical Force:  E, =+0.2S; D =+0.2(1.00)D = +0.200D

Longitudinal Side Wall Model (One Side Wall)
Applied Horizontal Force: E,_, =Q V =(2.0) (50.57kips) =101.14 kips
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Applied Vertical Force:  E, =+0.2S,D =+0.2(1.00)D = +0.200D

d.) Elements Designed Using Seismic Force Effects, E and E,

The seismic force effects, E and E., defined in Item (b) and Item (c) above,
should be used to design the following elements for all seismic design categories

except SDC A and B (all 3 sites).

ASCE 7-10 Sections Requiring Use of the E,, Load Combination

The following ASCE 7-10 Sections require the use of the E,, load combination:

1. ASCE 7-10 Section 12.10.2.1 — Collector elements, splices, and their
connections to vertical resisting elements.

2. ASCE 7-10 Section 12.3.3.3 — Elements supporting discontinuous walls or
frames.

AISC Seismic Provisions Requiring Use of the E,, Load Combination

The AISC Seismic Provisions (341-10) apply where the code specified seismic
response modification factor, R, for steel structures is greater than 3.0, unless
specifically required by the IBC. It should be noted that the AISC Seismic
Provisions would also apply for cantilever column systems where R is less than 3
for SDC B, C, D, E or F.

If the option is taken to design the structure using R = 3 and Q, = 3, and to not
include seismic detailing, then the additional requirements of AISC Seismic
Provisions do not apply, but the ASCE 7-10 Sections 12.10.2.1 and 12.3.3.3 noted
above must still be included in the design.

The following AISC Seismic Provisions require the use of the E, load
combination:

1. AISC Seismic Provisions, SectionD1.4a - Column Strength

The required axial compressive and tensile strength need not exceed either
of the following:

a. The maximum load transferred to the column by the system,
including the effects of material overstrength and strain hardening
in those members where yielding is expected.
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b. The forces corresponding to the resistance of the foundation to
overturning uplift.

Note that this provision inherently presumes that the tensile strength of the
foundation anchor rods is sufficient to carry the full foundation weight. A
separate provision in Section D2.6 specifies that anchor rods should be
designed using the same load combinations used for the attached structure
elements, including amplified seismic loads for shear, if applicable.

2. AISC Seismic Provisions, Section F1.6 — Ordinary Steel Concentrically
Braced Frames

Ordinary steel concentrically braced frame systems, for the
connections of braces, as stated in Section F1.6.

However, the force need not exceed the maximum force that can be
transferred by either the brace or structure system (see Exceptions in
Section F1.6).

3. AISC Seismic Provisions, Section E1.6b- Ordinary Steel Moment Frame
Beam-to-Column Connections

The beam-to-column connections of ordinary steel moment frames are
required to be designed for the lesser of either the flexural strength of
the beam or girder (1.1RyMp) or the maximum moment that can be
delivered by the system (See Section 1.3.3.1 for further discussion).
Alternatively, the connections may meet the requirements for
intermediate or special steel moment frames.

4. AISC Seismic Provisions, Section D2.5 — Column Splices.

A column splice is a field connection which is either bolted, welded, or
a combination of both. These splices need to be designed for the
amplified forces determined at the location of the splice.

5. AISC Seismic Provisions, Section D2.6b — Required Shear Strength of
Columns at Column Bases.

Note that this provision applies to both pinned and fixed base columns.

6. AISC Seismic Provisions, SectionD2.6c — Required Flexural Strength of
Columns at Column Bases.

Note that this provision only applies to fixed base columns.
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e.) Elements Designed Using Seismic Load Effects, E
The seismic load effects, E, defined in Item (b) above, should be used to design

all other elements, not listed above in Item (d) AISC Seismic Provisions, for all
seismic design categories except SDC A (all 3 sites).
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Seismic Load Example 1.3.6.10(b): Metal Building with Concrete Masonry Walls

This example will demonstrate how to determine seismic design forces and detailing
requirements for a metal building with concrete masonry walls.

Note - see (Ref. B5.17) for additional design information on designing metal buildings with
concrete masonry walls.

PINNED TOP, PINNED BASE

NON-LOAD BEARING CMU (SPECIAL
REINFORCED MASONRY SHEAR WALL) ROOF
PURLINS SUPPORTED BY BEAMS AND ‘@,
COLUMNS SE,
e
NON-LOAD BEARING CMU (SPECIAL ’ »44;'";0..~
REINFORCED MASONRY SHEAR WALL) ’ ’ l"'//‘:;'~> -
i / 2
TRANSVERSE MOMENT FRAMES ”ﬂ.‘.’ / ) /"//;4 S
EXTERIOR COLUMNS: 4 \/ / =
FIXED TOP, PINNED BASE 7 <
INTERIOR COLUMNS: A [T £

ROOF SLOPE

12:12 ”

27FT
‘ WALL ‘
NS
A
[ \‘%&\
“V\
// ‘\‘
A4
AN\aN

LOAD BEARING CMU (SPECIAL REINFORCED
MASONRY SHEAR WALL) ROOF PURLINS
SUPPORTED BY A LEDGER ANGLE

Figure 1.3.6.10(b)-1: Isometric of the Metal Building Example with CMU Walls

A. Given:

Manufacturing Building, Risk Category I1

Roof Live Load: 20 psf

Ground Snow Load: 15 psf

Design Wind Velocity: 110 mph, 3-second gust, Wind Exposure B
Collateral Load: 3 psf (sprinkler system)

Location:
522 S. Main Street, Alturas, CA 96101-4115

Soils Properties
IBC/ASCE 7 Site Class D

CMU Properties:

8" CMU
125 Ib/ft’ concrete density
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Fully grouted
From NCMA TEK 14-13B, Table 4, CMU Wall Weight = 84 1b/ft*

B. Determination of Earthquake Design Forces
1.) Compute Site Ground Motion Design Values
See Seismic Load Example 1.3.6.10(a) for full detailed procedure.
a.) Determine the Latitude and Longitude Coordinates for the Site

Latitude = 41.480
Longitude = —-120.542

b.) Determine the Soil Profile Site Class
Site Class D (given)

c.) Determine the Maximum Considered Earthquake (MCE) Site Ground
Motion Values via https://geohazards.usgs.gov/secure/designmaps/us/

Ss=51.4% F.=1.389 Sms=71.4%
S1=21.8% F,=1.965 Smi = 42.8%
TL = 16 seconds

Long period may affect design of buildings that have the fundamental period
longer than 4 seconds. As the period of typical metal building systems is shorter

than 1 second, this parameter can be disregarded.

d.) Determine the Site Design Spectral Response Acceleration Parameters

The value of the ground motion, expressed as a percentage of g, needs to be
converted to a fraction of g at this step by dividing by 100.

2 71.4
S . =28 =067 —— |=0.478
Ps 3T (100)

2 42.8
S =28 =067 —= |=0.286
=25 (looj

2.) Determine the Risk Category, Importance Factor, and Seismic Design Category
See Seismic Load Example 1.3.6.10(a) for full detailed procedure.

a.) Determine the Building Risk Category per 2012 IBC Table 1604.5, and
Importance Factor Based on ASCE 7-10 Section 11.5
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Based on the problem description, the building use is manufacturing with
"standard occupancy." Therefore, the category is "II" and the corresponding

seismic importance factorI, =1.0.

b.) Determine the Seismic Design Category (SDC) Based on 2012 IBC Tables
1613.3.5(1) and 1613.3.5(2), with Risk Category II and the Sps and Sp; Site
Values

From Table 1613.3.5(1): SDC =D
From Table 1613.3.5(2): SDC =D
Therefore the SDC is D

3.) Determine the Seismic Base Shear, V
See Seismic Load Example 1.3.6.10(a) for full detailed procedure.

a.) Determine the Approximate Fundamental Period, T,, for the Example
Building in Accordance with ASCE 7-10 Section 12.8.2.1

T, =Ch’ (ASCE 7 Eq. 12.8-7)

Where,

C;=0.028 in the transverse direction because the structural system is
steel moment frame.

C;=0.020 in the longitudinal direction and the transverse end walls
because the structural systems are neither ordinary braced frames
nor moment frames or steel eccentric braced frames. The
concrete shear walls are therefore classified as "other."

h, = 24 feet, eave height for all frames.
x = 0.8 for steel moment frame.

x = 0.75 for "all other structural systems."

Transverse direction moment frame: T, = 0.028 (24 ft)** = 0.356 seconds
Transverse direction end walls: T, = 0.020(24 ft)"” = 0.217 seconds

Longitudinal direction sidewalls: T, = 0.020(24 ft)*” = 0.217 seconds

b.) Determine the Initial Effective Seismic Weight, W, of the Building per ASCE
7-10 Section 12.7.2

Assumed Weights for Initial Seismic Loads
Roof panel and insulation = 1.5 psf
Roof purlin =1.0 psf
Frame =2.0 psf
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Wall Girts =1.0 psf
Collateral Load =3.0 psf
CMU Wall = 84.0 psf

Transverse Moment Frame (One Frame)
Roof Area = (100ft) (25ft) = 2,500ft*
Wall Area =2(24ft) (25ft) = 1,200ft*
Parapet Area = 2(3 ft) (25 ft) =150ft*
Roof Weight = (2,500f¢*) (1.5+1.0+2.0+3.0psf)
=18,7501bs =18.75 kips
Longitudinal Wall Weight at Roof Level
_ (1200f*) (1.0+84.0psf) |

2
= 63,600 Ibs=63.6kips

Total Effective Seismic Weight =18.75+63.6 =82.4 kips

(1501£%) (84.0psf)

Front Transverse End Wall (One End Wall)

Roof Area = (100ft) (%ﬂj =1,250ft*

Longitudinal Wall Area = 2(24 ft) (%ﬂj = 600 ft*

Longitudinal Wall Parapet Area = 2(3 ft) (%} =751t
End Wall Area =(100ft) (27ft) = 2,700ft*
Roof Weight = (1,250ft*) (1.5+1.0+3.0psf) = 6,875 Ibs = 6.8 kips

Longitudinal Wall Weight at Roof Level
_ (600f°)(1.0+84.0psf)

2
=318001bs=31.8kips

(75£1%) (84.0psf)

End Wall Weight
—(2,7001t*) (84.0psf) = 226,800 Ibs = 226.8 kips

Total Effective Seismic Weight =6.88+31.8+226.8 =265.5 kips
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Rear Transverse End Wall (One End Wall)

Roof Area = (100 ft) (%ﬂj =1,2501t’

Longitudinal Wall Area = 2(24 ft) (%ﬂj = 600 ft*

Longitudinal Wall Parapet Area = 2(3 ft) (%} =751t

End Wall Area = (100ft) (27ft) = 2,700ft*

Roof Weight = (1,250ft?) (1.5+1.0+2.0+3.0psf) = 9,375 Ib =9.38 kips

Longitudinal Wall Weight at Roof Level
_ (600£°) (1.0+84.0psf)

2
=31,8001bs=31.8 kips

(75617 (84.0psf)

End Wall Weight =(2,7001t?) (84.0 psf) = 226,8001b = 226.8 kips

Total Effective Seismic Weight =9.38+31.8+226.8 =268.0 kips

Longitudinal Side Wall (One Side Wall)
Roof Area = (100ft) (200ft) = 20,000ft*

Longitudinal Wall Area = (27ft) (200ft) = 5,400ft’
End Wall Area = (100ft) (24 ft) = 2,400ft*
End Wall Parapet Area = (100ft) (3ft)=300ft’
Roof Weight

~ (20,0008?) (1.5+1.0+2.0+3.0psf)

2
Longitudinal Wall Weight

— (5,4001t*) (1.0+84.0psf) = 459,000 Ib = 459.0 kips

= 75,000 1b =75.0 kips

End Wall Weight at Roof Level (Two End Walls)
2 2
2(2,400ft>) (1.0+84.0psf) w2 3900 (g4 0psf)
2(2) 2
=127,2001bs =127.2 kips
Total Effective Seismic Weight =75.0+459.0+127.2 =661.2 kips

c.) Select Design Coefficients and Factors and System Limitations for Basic
Seismic Force Resisting Systems from ASCE 7-10 Table 12.2-1
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Transverse Moment Frames

For ordinary steel moment frames, select from ASCE 7-10 Table 12.2-1 the
following:

R=35 Q, =3 C,=3.0

Per definition in ASCE 7-10 Section 12.3.1.1, roof diaphragm condition is
flexible for both directions, since building has metal roof and concrete shear
walls parallel to the direction of loading, along both principal axes. Note g of
ASCE 7 Table 12.2-1 allows for a reduction of QQ, for moment frames when
the roof diaphragm is flexible.

R=35 Q =25 C,=3.0

Note that design of FR beam-to-column moment connections of ordinary
moment frames uses seismic load effects where R = 1.0 (see Example
1.3.6.10(a) Seismic Load Example — Determination of Seismic Design Forces
for explanation).

Transverse Front End Wall

For special reinforced masonry shear wall, select from ASCE 7-10 Table
12.2-1 the following:

R=5 Q,=25  C,=35

Note: A special reinforced masonry shear wall is required because of the
building height requirement, i.e. an intermediate reinforced masonry shear
wall is not permitted in Seismic Design Categories C, D and E.

Transverse Rear End Wall

For special reinforced masonry shear wall, select from ASCE 7-10 Table
12.2-1 the following:

R=55 Q =25 C,=4

Despite its name, this special reinforced masonry shear wall is not identical to
the wall used at the front end wall. The SFRS selected for that end wall is a
"bearing wall system"; hence, the R and C4 factors are lower. The SFRS
chosen for the rear and longitudinal walls is a non-bearing type shear wall,
i.e., "building frame system."

Longitudinal Walls

For special reinforced masonry shear wall, select from ASCE 7-10 Table
12.2-1 the following:
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R=55 Q =25 C,=4

Footnote g of ASCE 7-10 Table 12.2-1 also applies to concrete masonry walls
listed above with flexible diaphragms. The final overstrength factor, after /2
reduction, for SFR systems used in this example is shown in the following

table.
Summary
R Q, Cq
Transverse Moment Frames 3.5% 2.5 3
Transverse Front End Wall 5 2.0 35
Transverse Rear End Wall 5.5 2.0 4
Longitudinal Walls 55 2.0 4

* For design of FR beam-to-column moment connections of ordinary
moment frames, R = 1.0.

ASCE 7-10 Section 12.2.3.3 states that where a combination of different
structural systems is utilized to resist lateral forces in the same direction, the
value of R used for design in that direction shall not be greater than the least
value for any of the systems utilized in the same direction. However, the same
provision allows that R-factor is determined independently for each line of
resistance, if three listed conditions are met. This building satisfies all three,
i.e., (1) the building risk category is I or II, (2) the building has no more than
two stories in height, and (3) the roof diaphragm is flexible. Roof diaphragm
design still requires the least R-factor for each direction of loading.

The same section of ASCE 7-10 also states that the deflection amplification
factor, Cq4, and the system overstrength factor, €,, in the direction under
consideration at any story shall be consistent with the R factor required in that
direction. However due to a flexible roof diaphragm, every frame line (line of
resistance) is treated independently from a seismic force resisting system
perspective, so the design coefficients and factors to be used for each SFRS
are as noted in the summary table above.

d.) Determine the Seismic Base Shear, V, for Two-Dimensional Models

V=CW (ASCE 7-10, Eq. 12.8-1)
Where:
C = Sps
s (RJ (ASCE 7-10, Eq. 12.8-2)
IC
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Except Cs need not exceed:

T<T, for C,=
T ( R j (ASCE 7-10, Eq. 12.8-3)

and C; shall not be taken less than:
Cimin) = 0.044S 51, 20.01 (ASCE 7-10, Eq. 12.8-5)

and in addition, if S; > 0.6, then C; shall not be taken as less than:

_0.58,

S (Rj (ASCE 7-10, Eq. 12.8-6)
I

(§

C

Summarize Design Parameters

Sps=0.478

SD1 =(0.286

Tr. = 16 seconds
I.=1.0

R-factor is 3.5, 5.0 or 5.5, depending on the SFRS under consideration.

Transverse Direction (Moment Frames)

T=T, =0.356seconds (T < Tr=16 sec)

W =824 kips
c =oos 0478 _ 13
R (35j (ASCE 7-10, Eq. 12.8-2)
]8
Cs(max) = SDI = 02863 5 = 0230
T(Rj 03 56){i) (ASCE 7-10,Eq. 12.8-3)
IC
C(min) = 0.044(0.478)(1.0) = 0.02 ASCE 7-10, Eq. 12.8-5)
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Equation 12.8-6 is not applicable for this example because S, < 0.60

Therefore, C, =0.165
V =C,W =(0.165)(82.4 kips) = 13.60 kips

Front End Walls
T=T, =0217seconds (T < Ty =16 sec)
W =265.5 kips
c =0 0478 _ o6
R (SOJ
1, 1
Cs( Sy 0.286 0264

max) -
T[Rj (0.217)(5'0)
I, 1

C, (i) = 0.044(0.478)(1.0) = 0.02

min)

(ASCE 7-10, Eq. 12.8-1)

(ASCE 7-10, Eq. 12.8-2)

(ASCE 7-10, Eq. 12.8-3)

(ASCE 7-10, Eq. 12.8-5)

Equation 12.8-6 is not applicable for this example because S, < 0.60

Therefore, C; = 0.096
V =CW =(0.096)265.5 kips) = 25.49 kips

Rear End Walls
T=T, =0.217seconds (T < T =16 sec)
W =268.0 kips
C = Sps _ 0478 _ 0.087
B
16
Cnag = Spy __ 0286 _ 0.240

max) -
T[R) (0.217)[5'5j
L !
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C,(min) = 0.044(0.478)(1.0) = 0.02 (ASCE 7 -10,Eq. 12.8-5)
Equation 12.8-6 is not applicable for this example because S, < 0.60
Therefore, C, = 0.087

V=CW =(0.087)(268.0 kips)=23.32 kips ~ (ASCE 7-10, Eq. 12.8-1)

Longitudinal Direction Side Walls
T=T,=0.217seconds (T < Ty=16 sec)

W =661.2 kips
c =2os 0478 _ g7
R ( 55 j (ASCE 7-10, Eq. 12.8-2)
Ie
Cs(max) = SDI = 0.28565 = 0'240
T( R J 0217(-} (ASCE 7-10, Eq. 12.8-3)
I, 1
C,(min) = 0.044(0.478)(1.0) = 0.02 (ASCE 7-10, Eq. 12.8-5)

Equation 12.8-6 is not applicable for this example because S, < 0.60
Therefore, C; = 0.087
V=C,W =(0.087)(661.2 kips)=57.52 kips ~ (ASCE 7-10, Eq. 12.8-1)

4.) Determine the Seismic Load Effect, E, for the Building in each Direction
See Seismic Load Example 1.3.6.10(a) for full detailed procedure.

a.) Determine the Redundancy Factor, p, for each Direction based on ASCE 7-
10 Section 12.3.4

Because the building design utilizes a flexible diaphragm assumption, the
redundancy factor is calculated separately for each line of resistance.
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The ASCE 7-10 redundancy factor rule utilizes the number of shear wall bays,
determined as the length of the wall divided by the wall height as follows:

(100 ft =27 ft)=3.7 for transverse walls
(200 ft + 27 ft)="7.4 for longitudinal wall

Any shear wall having length equal to or longer than three times its height will
satisfy the redundancy requirement of ASCE 7-10 Section 12.3.4.2b, so the
redundancy factor can be taken as unity (p = 1).

Longitudinal Walls (Shear Walls)
Redundancy factor is p = 1

Transverse End Walls (Shear Walls)
Redundancy factor is p = 1

Transverse Direction (Moment Frames)

Moment frames in the building interior do not satisfy ASCE 7-10 exception in
Table 12.3-3, for moment frames; therefore, the redundancy factor for
transverse direction is p = 1.3.

C. Wall Design and Wall to Metal Connection

Non-load bearing concrete masonry shear walls on the longitudinal sides and at the rear
of the building are subjected to wind and seismic forces that occur in directions both
parallel and against the walls. The load-bearing wall at the building front is subjected to
these forces plus tributary roof dead and live loads.

1.) Wall Design Loads
a.) Shear Wall Forces

Shear walls are designed to resist seismic forces resulting from the self-weight of
the wall, plus the seismic force that is transferred to the wall from the building.
The connection from the building to the wall only needs to be designed for the
portion of seismic force that is transferred from the building to the wall (not the
portion due to the shear wall’s self-weight). In this example, the force transferred
from the building to the walls results from the sum of the tributary weights of the
roof and the concrete masonry walls not parallel to the direction of the seismic
force.

The seismic force transferred from the metal building to the concrete masonry
walls would be a set of uniform loads, as follows:

223



Metal Building Systems Manual

Longitudinal Walls

V =0.087W =(0.087)(75 kips +127.2 kips) =17.59 kips

For a wall length of 200 feet the resulting force per foot is

(17.59 kips) (1000 Ibs/kip)
200 fi

=88 Iblfi

Front Wall

V =0.096W =(0.096)(6.88 kips +31.8 kips)=3.71 kips

For a wall length of 100 feet the resulting force per foot is

(3.71 kips) (1000 Ibs/kip)
100 fi

=37 Iblft

Rear Wall
V =0.087W =(0.087)(6.88 kips +31.8 kips) = 3.58 kips

For a wall length of 100 feet the resulting force per foot is

(3.58 kips) (1000 ibs/kip)
100 f

=36 Iblft

However, different building configurations can result in significantly different
strength requirements for the connection between building and wall. This is
discussed more completely in Section 4) Transfer of Seismic Forces to Shear
Walls below.

ASCE 7-10, Section 12.5 lists the requirements for direction of loading, i.e.,
orthogonal effects. Unless Type 5 horizontal irregularity (non-parallel systems) is
present, for typical metal building systems with flexible diaphragms, the code
requirements apply only to columns common to two intersecting systems, when
the building is assigned to SDC D, E, or F. Therefore, other elements of the
seismic force resisting system, such as roof diaphragm, collectors or beams are
not subject to design requirements of this section.
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b.) Code Out-of-Plane Wall Forces

All of the perimeter walls in this example are supported by the building against
out-of-plane wind and seismic forces. This requires anchoring the wall to the
building at intervals of 4 to 8 feet. Anchor spacing at greater than 8-foot intervals
is not recommended for normal wall construction. Note that ASCE 7-10 Section
12.11.2 specifies that wall bending must be considered if the spacing of anchors
exceeds 4 feet.

ASCE 7-10 Section 12.11.2 specifies that wall anchors must be designed to resist
the force F, per unit length of wall, using the greater of the following:

1. A force of 0.4Spskalewyy
2. A force of 0.2k I.wy,

where:
F, = the design force in the individual anchors
I = occupancy importance factor (I, = 1.0)
Sps = the design earthquake short-period response acceleration
(Sps = 0.478)

k, =amplification factor for diaphragm flexibility defined as:

k, =1.0+ % but k, need not be taken larger than 2.0

L =span in feet of a flexible diaphragm that provides the lateral
support for the wall; the span is measured between vertical
elements that provide lateral support for the diaphragm in the
direction considered; use zero for rigid diaphragms
k, =1.0+ 2 =20

100

wy, = the weight of the wall tributary to the anchor
= (22% + 4.5 ft) (84.0 psf) = 1,323 Ib/ft

2

Structural walls (longitudinal shear walls) of this example are not anchored to the
roof diaphragm (See Figure 1.3.6.10(b)-1). The wall is connected to transverse
frames via spandrel beam bolted connections. Also, the roof diaphragm is
connected to the eave perimeter members, which are bolted at the top of the
transverse moment frames. Therefore, there is no direct connection between the
roof diaphragm and longitudinal walls; hence, the ASCE 7-10 provisions of
12.11.2.1 do not apply for the transverse direction of loading.

In the transverse direction, wall forces are transferred to resisting frames via beam
action, the forcesin the roof diaphragmsinclude only seismic loads related to
seismic loads related to seismic weight of the roof (plus portion of snow, if any),
which istypically small. The required strength for wall anchors is based on the

largest of:
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L F =0.4Spsk,lw,, = 0.4(0.478)(2.0)(1.0)(1,323 Ib/ft) = 506 Ib/ft

2 F=02k,l,w,, = 0.2(2.0)(1.0)(1,323 Ib/ft) = 529 Ib/ft

For this example, the weight of the concrete masonry walls is 84.0 psf and all
walls are 24 feet tall with a 3-foot parapet. Note that these heights are adjusted for
the actual location of the spandrel beam, which is at 22.5 feet.

Therefore, the required anchorage force per foot of wall length is equal to:

F =529 lb/ft

The masonry anchor connection attaching the CMU to the spandrel is normally
specified by consultants other than the Metal Building Supplier. The strength
demand of the connection will depend on the anchor spacing.

In the longitudinal direction, roof diaphragm is anchored directly to the concrete
masonry wall, at the front end wall (See Figure 1.3.6.10(b)-6).

Additional requirements of ASCE 7 Section 12.11.2.2.2 require that the force F,
in selected steel elements is further increased by 1.4, so the final seismic
anchorage force for each purlin at the front end wall is:

F, = 1.4(0.612x(spacing) kips/ft) = 0.86x ( spacing)kips/ft
Fp, = 1.4(0.579x(spacing) kips/ft) = 0.74x (spacing)kips/ft

This force applies to the following purlin anchorage strength checks:

Bolt strength, shear, tension, or combined (as applicable)
Connection bearing at the purlin connection bolt

Purlin support member (angle, channel, etc.)

b=

Purlin support member connection to wall embedded plate (welded or
bolted connection)

Note that Code treats the component force F,, essentially the same way as the base
shear V: they are both covered under the common term Qg which represents the
effect of horizontal seismic forces. All applicable ASD or LRFD load
combinations, and load factors apply (0.7 for ASD, and 1.0 for LRFD). The
exception is that the redundancy factor for non-structural components can be
taken as p = 1.0.

Wall-Supported Gravity Loads from Building

In this example, the front wall is the only load-bearing wall present. From the
calculation of the initial effective seismic weight for the front transverse end wall
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above, the tributary area of roof supported by this wall is 1,250 sq. ft The total
dead load supported by the wall is 6,875 Ibs, or 68.8 1b/ft of the 100-foot wall
length.

The code-specified basic roof live load for this example is 20 psf, which is
reducible for large tributary areas. Because the actual tributary area that is
supported by each roof connection is relatively small (i.e., one purlin, 5 ft x 25 ft
+2) = 62.5 ft*), no reduction is permitted for this connection. The total unreduced
live load supported by the front wall is:

(20psf) (1250ft*) = 25,000 Ibs

or 250 Ib/ft for the 100-foot wall length. Assuming typical 5-foot purlin spacing,
each purlin connection to the front wall requires:

(5 ft) (250 psf) + 1000 = 1.25 kips

This represents the roof live load reaction plus tributary portion of the dead loads.
Because the site is subjected to a ground snow load requirement of 15 psf, the
wall is also required to support tributary roof snow loads (including drift loads
against the 3-foot parapet), but because snow loading is not required to be
considered together with seismic loads in areas where the flat roof snow load is 30
psfor less, the roof snow load is not calculated here.

2.) Connection to Longitudinal Walls

In this example, the two longitudinal walls are non-bearing shear walls. As defined in
the ASCE 7-10 Section 11.2, a non-bearing wall is limited to supporting no more than
200 Ib/ft of applied vertical loads. Although dead loads alone might fall within this
limit, combined dead plus live or dead plus snow load conditions would exceed this
limit. Therefore, vertical loads from the roof need to be prevented from transfer to the
wall by providing separate framing, slotted-hole connections, or other means in order
to have the wall classified as a non-bearing wall. Note that AISC 341-10, Section
D2.2 requires that bolts be installed in standard holes or in short-slotted holes
perpendicular to the applied load (see Figure 1.3.6.10(b)-2). It is the wall designer’s
responsibility to determine and provide the required details, not the metal building
manufacturer. However, it would be prudent to alert the wall designer that these
provisions have not been made in the metal building manufacturers’ design and need
to be provided by the wall designer when such conditions are present.
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STANDARD HOLE SHORT SLOT L FORCE SLOT || FORCE

M M

Figure 1.3.6.10(b)-2: Use of Bolt Holes in High Seismic Applications

The geometry of the connection used between the roof and wall also needs to
consider several other factors. First, the means of drainage from the roof needs to be
considered. One approach is to provide concrete masonry walls that are shorter than
the roof so that the metal roofing can extend over the top of the wall. But in this
example, the walls extend above the roof, with a 3-foot parapet. For this example,
drainage will be assumed to be provided via a gutter system that will be provided
along the continuous length of the longitudinal walls between the metal roof and
concrete masonry walls, as shown in Figure 1.3.6.10(b)-3. Because this detail

separates the roof framing from the concrete wall, the non-load-bearing conditions of
the ASCE 7-10 are satisfied.

TN

LA

Figure 1.3.6.10(b)-3: Section Showing Continuous Gutter System

Another factor that needs to be considered in the connection between the building and
wall are the code requirements for maximum lateral spacing of anchorage against out-
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of-plane wall forces. Transverse moment frames that brace the walls are spaced at 25
feet apart, whereas normal wall anchor spacing for a 7.25-inch wall thickness are
typically spaced about 4 to 6 feet apart. Therefore, either a spandrel beam or eave
trusses need to be provided to collect the forces from the walls and transfer them to
the moment frames.

a.) Spandrel Beam used as a Connecting Element

If a spandrel beam is used, as shown in Figure 1.3.6.10(b)-4, the following factors
should be considered in the design:

1. The horizontal deflection of the beam should be limited based on the
acceptable maximum deflection allowances. There are no Code prescribed
serviceability limits for seismic loads; however, AISC Design Guide No. 3
recommends a deflection limit of L/240 for wind loading, assuming 10
year-wind and elastic behavior.

2. Therefore, it is recommended that a similar serviceability limit (L/240) be
used assuming a seismic load (Fp) as described below.

3. The beam must be designed to transfer the longitudinal wind or seismic
forces from the building roof horizontal bracing system into the shear
wall. Horizontal roof bracing rods, if used, can be sloped down from the
plane of bracing to connect directly to the support beam or column web
adjacent to the support beam.

4. The true, cantilevered height of the wall parapet should be measured from
the height of the spandrel beam, not from the point of intersection of the
roof line and wall.

5. The spandrel beam must be designed to resist the out-of-plane seismic wall
forces.
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Maximum
Lateral Bea
Deflection

Figure 1.3.6.10(b)-4: Spandrel Beam Used as Connecting Element

The spandrel beam is the main load-carrying element in the structural wall (shear
wall); therefore, it should be designed for the out-of-plane forces per ASCE 7-10
Section 12.11.1.

Fl =048, 1, w,>0.1w,

Where:
Sps = design spectral response acceleration = 0.478g for this
design example
wy = (22.5 ft/2 + 4.5 ft) (84.0 psf/ 1000) = 1.323 kip/ft
= the weight of the concrete masonry wall tributary to the
spandrel
I = importance factor = 1.0 for this design example

F =0.4(0.478g)1.0 w, =0.191 w > 0.1 w, (ASCE 7-10, Eq. 12.11.1)

The weight of the wall tributary to the spandrel beam based on a 25-foot spacing
of the transverse frames and a wall weight given by:

W, =(251t)w,, =25(1.323 kips/ft) = 33.08 kips
The total horizontal wall force is given by:

F,=0.191W, =0.191(33.08 kips) = 6.32 kips

The spandrel beam should be designed for the following member forces:
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. .
End Reaction, R, ., = Ep = %klps =3.16 kips
E 632k

Applicd uniform load, Wiy, =—%= Ttlps 1000=2531b/ft

. W ioni I
Max. bending moment, M, (oriz) = %

2
_ (2531b/ft)(25ft) _19.77ft-Kips
8(10001bs/kip)

For member design, all component forces and moments calculated above will be
further multiplied by the applicable load factor: 0.7 for ASD and 1.0 for LRFD.
Both, the redundancy and the overstrength factors used with component forces are
unity (1.0).

Assuming that the building details permit a maximum deflection of 1 inch, the
required minimum moment of inertia, I,,, would be:

4
1.0 inch= SwL
384E1

_ 5(3061b/t)(25ft) (12 in/ft)
minlheri?) ™ (384)(29,000,00psi) (1.01in)

=92.7in"

Note that the building code does not require the primary resisting systems, which
in this case are the transverse moment-resisting frames and the building end walls,
to be designed to resist the forces resulting from application of the F, component
forces.

Note: ASCE 7-10 Section 12.5 lists the requirements for direction of loading, i.e.,
orthogonal effects. Unless Type 5 horizontal irregularity (non-parallel systems) is
present, for typical metal building system the code requirements apply only to
columns common to two intersecting systems, when the building is assigned to
Seismic Design Category D through F. Therefore, other elements of the seismic-
force resisting system, such as roof diaphragm, collectors or beams are not subject
to design requirements of this section.

Wall-Eave Trusses Used as Connecting Element

An alternative means to resist the F, wall anchorage forces is to provide
continuous lines of eave trusses along the longitudinal sides of the building, as
shown in Figure 1.3.6.10(b)-5. Eave trusses are lighter than horizontal beams and
have less deflection concerns, but are more complex to erect.
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Figure 1.3.6.10(b)-5: Eave Trusses Used as Connecting Elements

3.) Wall Anchors at Front and Rear Walls

At the two end walls, a simple wall anchor connection can be provided by connecting
the roof purlins to the walls with a connection designed for the required out-of-plane
anchorage force, and by designing the purlins for the resulting tension/compression
forces. These purlins are capable of providing a strong and continuous cross-tie
across the length of the building, although the purlins alone do not necessarily
provide a clearly defined load path into the horizontal roof bracing system that takes
the forces to the longitudinal shear walls.

Assuming a uniform purlin spacing of 5 feet, the required design out-of-plane

anchorage force between the wall and purlin would be:

F =(430 Ib/ft)(5ft)=2,150 Ibs

At the bearing wall, the resulting connections may resemble Figure 1.3.6.10(b)-6.
Connections at the non-bearing wall might be similar, except with vertically slotted
holes in the connections so that the purlin weight is supported entirely on the adjacent
roof beam.

Forces are transferred from the purlins to the horizontal bracing by one of the
following mechanisms:
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Where metal roof systems with documented shear strength and stiffness values are
used, the metal roofing can act as a sub-diaphragm to transfer forces from the purlins
to the main horizontal bracing cross ties. Documentation of shear strength and
stiffness could be in the form of calculations per the appropriate analytical method or
test results based on a recognized test procedure. The level of documentation required
may depend on the engineer of record. Due to the generally large depth of diaphragm
versus the relatively short span between main horizontal bracing cross ties, the shear
forces associated with this transfer tend to be trivial.

Additionally, the transverse shear forces at the end frames and the gravity forces at
the front wall must be accounted for in the design.

e
CONCRETE g PURLIN BY
MASONRY WALL ———» A: 4 METAL BUILDING
! MANUFACTURER
|
< |
REINFORCING AS —i|> A T T T T T T T T T T T 7
REQUIRED |
T 4
k—~—|;;f
I 2 | E— o=
BOND BEAM AS —> |
REQUIRED L
T
|
) SPANDREL
. J{ CHANNEL IF
- REQUIRED
|
/\{/

Figure 1.3.6.10(b)-6: Example of Wall Anchor Connection

4.) Transfer of Seismic Forces to Shear Walls

In Section C(1)(a) above, the total seismic design force from the metal building to the
concrete masonry walls was determined. The design of the load path and connections
that transmit this force needs to consider a number of factors.

Building walls are generally not continuous, but instead often contain many openings
that reduce the total effective shear wall length, as shown in Figure 1.3.6.10(b)-7.

Location of Horizontal

Roof Bracin
N9y

Effective Shear
Wall Length
Figure 1.3.6.10(b)-7: Hypothetical Wall Elevation
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When the location of the resisting shear walls does not align with the locations of the
applied forces (in this case, the roof horizontal bracing and the forces from the
individual wall panels), then a collector element needs to be provided to transfer these
forces to the resisting elements. ASCE 7-10 Section 12.10.2.1 requires that these
collector elements in SDC C or higher be designed using the special load combination
with overstrength of ASCE 7-10 Section 12.4.3.2

If the concrete masonry wall sections are not interconnected at each end, the attached
metal building will transfer seismic forces to the shear wall caused by the metal
building weight, as well as the self-weight of concrete masonry wall sections that are
too flexible to resist seismic forces due to wall openings. In this instance, a substantial
steel collector element may be required. This design approach is generally not
recommended, since (1) a greater weight of steel would be needed to provide a
separate steel collector element than if it were included in the wall design, and (2) the
designer of the walls would need to provide an extensive amount of information (the
detailed distribution of shear forces between the walls and collector system).

If the concrete masonry wall system is interconnected along the wall length, then
seismic forces from the roof horizontal bracing can be directly connected to the wall,
provided that the continuous wall reinforcing is designed as a collector element to
transfer the combined forces of metal building and walls to the resisting shear wall
sections. This is generally the preferred approach, although details relating to
continuity of the wall reinforcing across the wall joints need to be able to
accommodate expected thermal and shrinkage movements of the individual wall
sections while also providing sufficient strength to meet code requirements. This is
often accomplished by providing a sleeve or by wrapping the continuous reinforcing
bars within the wall for a short distance on each side of the joint to provide a slight
elasticity to permit small shrinkage movements to occur without inducing high tensile
stresses in the bars.

The real meaning of these factors is that clear communication and coordination needs
to occur between the designer of the metal building and the designer of the perimeter
walls, when any attachment or force transfer is planned. In the absence of
communication and a clearly defined scope, it is all too easy for the designer of the
metal building to assume that the wall designer will provide the needed elements, and
the designer of the wall to assume that the metal building will do likewise, with the
result that code-required elements may be missed.

D. Side Wall Girts
Intermediate side wall girts are generally not used with single-story structural concrete

masonry walls, since it is simpler and more economical to connect the wall along one line
at the top.
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1.3.7 Load Combinations

Load combinations are covered in IBC 2012, Section 1605. Two alternate sets of allowable stress
design (ASD) combinations are provided (Sections 1605.3.1 and 1605.3.2) and one set of load
and resistance factor design (LRFD) combinations is provided (Section 1605.2.1).

It is important to note that with the new wind speed maps introduced in ASCE 7-10, the load
factor is now incorporated into the wind load calculations. Therefore, the wind loads are not
multiplied by 1.6 for the LRFD load combinations in Section 1605.2.1. Furthermore, the wind
loads computed according to ASCE 7-10 would be multiplied by 0.6 when used in ASD load
combinations in Sections 1605.3.1 or 1605.3.2.
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Chapter II Crane Loads

2.1 General

The recommended design practices in this section are intended to serve as a guide for the
design of crane buildings with bridge, monorail, jib and single leg gantry cranes of service
classifications A through F. The class of crane service can significantly affect the design, and
therefore, the cost and performance of building framing used for the support of the crane
system. The six different categories of crane service classification have been established by
the Crane Manufacturers Association of America (CMAA) Specification No. 70 (Ref. B4.2)
as a guide for determining the service requirements of specific applications. See Section 2.9.1
for the complete definitions of these service classifications.

The recommendations in this manual are normally not applicable for crane buildings with
Class E or Class F Cranes, however some additional guidelines have been provided. For
service classifications E & F, see Section 2.11 and the "Guide for the Design and
Construction of Mill Buildings," AIST Technical Report #13 (Ref. B4.15). Note: In January
2004, the Association of Iron and Steel Engineers (AISE) and the Iron and Steel Society
(ISS) merged to form the Association for Iron and Steel Technology (AIST). AIST Technical
Report #13 is available via the AIST website at www.aist.org, or search for it by clicking on
the "books" button at www.steellibrary.com then click on "technical reports."

2.2 Crane Types

The crane systems described here are those types commonly used in crane buildings. The
range of application for these cranes is given in Table 2.2.

Table 2.2: General Range of Crane Types

Crane Type Power Source Description Span or Reach Capacity
Underhung 1. Hand Geared Single Girder 10' to 50" Spans 1/2 to 10 Tons
2. Electric Single Girder 10" to 50' Spans 1 to 10 Tons
Top Running 1. Hand Geared Single Girder 10" to 50' Spans 1/2 to 10 Tons
2. Electric Single Girder 10" to 50' Spans 1/2 to 10 Tons
3. Electric Double Girder 20' to 60" Spans 5to 25 Tons
4. Electric Box Girder 20' to 90" Spans 5 to 25 Tons
Pendant-Operated
4-Wheel End Truck
5. Electric Box Girder 50' to 100" Spans Up to 60 Tons
Cab Operated
4-Wheel End Truck
6. Electric Box Girder 50' to 100" Spans Up to 250 Tons
Cab Operated
8-Wheel End Trucks
Jib Cranes 1. Hand Geared Floor Mounted 8'to 20' Reach 1/4 to 5 Tons
or Electric 280° to 360°
2. Hand Geared Column Mounted 8'to 20' Reach 1/4 to 5 Tons
or Electric 180°
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Cranes may be manufactured to suit any of the crane classifications described by the CMAA
(See Section 2.9.1). The MBMA recommendations are applicable for cranes with service
classifications A through D. For class E (severe service) or class F (severe continuous
service), see Section 2.11 and reference B4.15. Cranes are available with the bridge, hoist, or
trolley, either hand geared or electric powered. The speed of hand-geared cranes is low, and
the impact forces which supporting structures may resist are low compared to the faster
electric powered cranes. The End Customer should carefully consider future operations
before specifying the use of hand-geared cranes for the design of crane buildings.

2.2.1 Top Running Cranes

Top running bridge cranes are characterized by the bridge end trucks bearing on top of rails
attached to the runway beams. Two typical top running cranes are shown in Figures 2.2.1(a)
and 2.2.1(b).

BUILDING

<«—RUNWAY BEAM |« TROLLEY WITH HOIST

Figure 2.2.1(a): Top Running Bridge Crane with Suspended Trolley
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Figure 2.2.1(b): Top Running Bridge Crane with Top Bearing Trolley

Top running bridge cranes are generally used for more severe applications with heavier loads
and higher service classifications. They are generally applicable when one crane aisle
extends the full width of a building aisle, and they are frequently used where high travel
speeds are required. In comparison to underhung cranes, top running cranes usually provide
greater hook height and clearance below the crane girder. Top running bridge cranes may be
single girder, double girder, or box girder. The general range of application for commonly
used top running cranes is shown in Table 2.2.

Single girder cranes are generally used on shorter spans and lower capacities or service
classifications. The trolley of single girder cranes is suspended from the crane girder. The
power source for the hoist, trolley, or bridge may be hand geared or electric. Electric
powered cranes are normally operated by a pendant push-button station suspended from the
hoist or remotely controlled.

Double girder cranes are generally used on moderate spans and higher capacities or service
classifications. The trolley of double girder cranes usually bears on rails attached to the upper
flange of the crane girders. Low headroom double girder cranes are available that are
designed to produce maximum clearance beneath the bridge. Such cranes are sometimes used
for shorter spans and lower capacities. The power source for the hoist, trolley, or bridge of
double girder cranes is usually electric, and the cranes are commonly pendant operated or
remotely controlled.

Box girder cranes are generally used on larger spans and higher capacities or service
classifications. The trolley bears on rails attached to the upper flange of the crane girders.
The power source for the hoist, trolley, and bridge is usually electric. Box girder cranes are
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normally operated from a pendant push-button station suspended from the hoist, from a cab
located on the bridge or remotely controlled.

2.2.2 Underhung Bridge Cranes

Underhung bridge cranes are characterized by the bridge end trucks being suspended from
the lower flange of the runway beam. A typical underhung crane installation is shown in
Figure 2.2.2.

Underhung bridge cranes are generally used for less severe applications with lighter loads
and lower service classifications. They are frequently used where multiple crane aisles are
required in a building aisle, where the crane aisle is only a portion of the building aisle, and
when materials must be transferred between building aisles. In comparison to top running
cranes, underhung cranes usually provide greater hook cover, clearance beneath the runway
beam, and clearance for overhead obstructions. Underhung bridge cranes may be single or
double girder with the trolley suspended from the lower flange of the girder or girders. The
power source of the hoist, trolley, or bridge may be hand geared or electric. Electric powered
cranes are normally operated by a pendant push-button station suspended from the hoist or
remotely controlled.

BUILDING
*———-FRAUE
=—RUNWAY BEAM ——BRIDGE

{4—TROLLEY WITH HOIST

<+—HOOK

Figure 2.2.2: Underhung Bridge Crane

2.2.3 Underhung Monorail Cranes

Underhung monorail cranes are characterized by the hoist being suspended from the lower
flange of a single supporting runway beam. (See Figure 2.2.3).
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Figure 2.2.3: Underhung Monorail Crane

Monorail cranes are generally used where materials are moved over predetermined paths.
They are ideal for applications where materials are moved through a series of operations,
which do not require removal of the material from the hoist or carriers.

2.2.4 Jib Cranes

A jib crane is a crane that has a rotating horizontal boom attached to a fixed support. A
standard trolley equipped with electric or hand geared chain hoist normally operates on the
lower flange of the jib crane boom.

Jib cranes may be appropriate for servicing machinery located outside of the coverage of an
overhead crane or for assembly lines where jib boom areas can overlap for staged operations.

Jib cranes may be floor mounted or supported by the building frame. Floor mounted jib
cranes are generally preferred. Jib cranes, which must be supported by the building frame,
may be mounted directly to the building column or mounted to a supplemental column.

The booms of jib cranes may be suspended as shown in Figure 2.2.4(a) or cantilevered as
shown in Figure 2.2.4(b). Cantilevered booms are designed to provide maximum clearance
beneath the boom.
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Figure 2.2.4(a): Figure 2.2.4(b):
Column Mounted Jib Column Mounted Jib

Crane Crane with
Supplemental Column

2.2.4.1 Floor Mounted Jib Crane

The floor mounted jib crane requires no top braces or supports of any kind from the building
structure. The jib boom will rotate through a full 360 degrees. Under ordinary conditions,
these base mounted jib cranes can be anchored directly to a properly designed reinforced
concrete floor or separate foundation as shown in Figure 2.2.4(c).

i\_\_\j

Figure 2.2.4(c): Floor Mounted Jib Crane
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2.2.4.2 Column Mounted Jib Crane

The column mounted jib crane is generally mounted on a building column. The boom
rotation is limited to approximately 200 degrees. The application of a column mounted jib
crane requires that the building column, column base anchorage and bracing be designed to
account for the special loads imposed by the jib crane. This will usually increase the building
column cost. A typical column mounted jib crane is shown in Figure 2.2.4(a).

2.2.4.3 Jib Crane with Supplemental Column

When mounted on the building column, jib cranes require special design considerations to
permit the boom rotation. A supplementary column is sometimes provided as shown in
Figure 2.2.4(b). This column resists the crane forces when the load is rotated out of the plane
of the building frame.

2.2.5 Single Leg Gantry Crane

Gantry cranes are adapted to applications where overhead runways would be very long,
costly to furnish, and difficult to maintain in proper alignment. They are also appropriate
where overhead runways would interfere with handling operations, storage space, or service
areas.

Single leg gantry cranes, as shown in Figure 2.2.5, are used when it is convenient to have one
end of the bridge operating on runway beams supported by the building frame and on the
other end supported by a gantry leg that operates on a floor mounted rail. For this application,
the building frame, column base anchorage and longitudinal bracing must be designed to
support the loads imposed by the gantry crane.

HOIST WITH TROLLEY

BUILDING FRAME GANTRY LEG

Figure 2.2.5: Single Leg Gantry Crane
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2.2.6 Stacker Crane

The stacker crane, as shown in Figure 2.2.6, is a design normally used for stacking or
positioning packaged products. Stacker cranes commonly have a rigid telescoping mast,
which can pivot 360 degrees.

Because of their eccentric load carrying characteristics, stacker cranes do impose significant
cyclic forces on the building framing. Depending on the specific conditions of use, the End
Customer should consider specifying classifications E or F for stacker cranes.

h RUNWAY BEAM

KKK MENEXEAXENEENEEAEEEEZLEE

VERTICAL TRAVELING
FORK OR PLATFORM

Figure 2.2.6: Stacker Crane
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2.3 Crane Specifications

To properly specify a crane building, the End Customer must provide complete crane data to
the Builder on the Order Documents. Crane data sheets commonly supplied by a crane
manufacturer do not provide the complete specifications necessary to properly quote or
design a crane building.

In specifying crane data, it is important that the End Customer consider not only present but
also future operations, which could increase crane loadings and fatigue.

Special drift requirements must be specified on the Order Documents.

2.3.1 Bridge or Monorail Cranes

For each different bridge or monorail crane that may be operated in the crane building, the
following information must be specified on the Order Documents:

S e e

11.

12.

S Y

Type of crane (top running, underhung, etc.).

Capacity (rated in tons)

Service classification.

For bridge cranes, crane span.

Power source for bridge, trolley and hoist (electric or hand geared).

For electric powered cranes, method of operation (pendant, cab, or radio

operated).

Total crane weight and weight of trolley with hoist.

Maximum wheel load without impact.

Wheel spacing, number and diameter of wheels.

Special allowances for vertical impact, lateral force, or longitudinal force, if

required

For top running cranes:

a. Type of end truck wheel (tapered or straight) and whether horizontal guide
rollers are to be used
b. Horizontal clearance, vertical clearance, and clearance beneath the runway

beam or hook height. (If hook height is given, provide dimension from
hook to top of rail). See Figure 2.3.1(a).

For underhung or monorail cranes, the horizontal clearance and clearance beneath

the runway beam or hook height. (If hook height is given, provide dimension

from hook to bottom of runway beam.) See Figure 2.3.1(b).

For each crane aisle, the Order Document must specify the following:

N —

The lateral and longitudinal location of the crane aisle.

The number of cranes operating in the aisle, the description and location of each
crane. (If two or more cranes are to be operated in an aisle, the minimum distance
between the nearest end truck wheels of adjacent cranes.)

For top running crane aisles, the rail size and method of fastening.
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4. For underhung or monorail crane aisles, the type of runway (standard structural shape
or proprietary section).

5. The supplier of the runway beams. (If runway beams are not provided by the Building
Manufacturer, the shape and size of runway beam; method of design (simple or
continuous span), and connection details, if required.)

6. The supplier of the runway stops. (If runway stops are provided by manufacturer,
location and size of crane bumper.)

7. The thickness of column base grout, if required.

A schematic drawing for a top running crane aisle is shown in Figure 2.3.1(a); see Figure

2.3.1(b) for an underhung crane aisle. In specifying crane data, careful consideration should
be given to the following items: (Letters in parentheses refer to Figure 2.3.1(a) and 2.3.1(b))).

BUILDING FRAME

B
Y [} o
BRIDGE i
G ‘ S
Lﬁ Y /_l'“‘ L RAIL
T o
1 —— | “i1 RUNWAY BEAM
1 | [
t | .
I i i
$"_'ii {r<+HOOK !
1
E (o F D
1 ]
y Y A ] 2l _ «FLOOR LINE
_ Ay - A Rz,

Figure 2.3.1(a): Clearances for Top Running Crane Aisles
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B BUILDING FRAME

i« FLOOR LINE

Al A A2,

Figure 2.3.1(b): Clearances for Underhung Crane Aisles

1. Horizontal dimensions and clearances

a.

b.

Horizontal coverage (A) - The maximum horizontal hook coverage limited by
the trolley's closest approach to the building frame or other obstruction.

Hook approach (Al, A2) - The minimum horizontal distance between the
hook and the center of the runway beam.

Horizontal clearance (B) - The horizontal distance from center of the runway
beam to the building frame. (The minimum horizontal clearance is equal to
the distance between the center of the runway beam and the end of the crane,
plus the minimum required side clearance.)

2. Vertical dimensions and clearances

a.

b.

Maximum hook height (C) - Clearance below the hook of the hoist with the
hook in its highest position.

Clearance beneath bridge (D) - Vertical distance below the lowest point on the
crane (bridge or trolley). (Clearance beneath bridge must be sufficient for
machinery, materials, and other obstructions.)

Clearance beneath runway beams (E) - Vertical distance below the runway
beam. (Clearance beneath runway beam must provide for entry or exit to the
crane aisle, if necessary.)

Lowest overhead obstruction (F) - Vertical clearance below the lowest
overhead obstruction occurring above the bridge. (The vertical clearance must
allow for the high point of the crane, plus the required clearance to the lowest
overhead obstruction. The lowest overhead obstruction may be the building
frame, lights, pipes, or any other object.)

Vertical clearance above rail (G) - The vertical distance from the top of the
rail on the runway beam to the lowest overhead obstruction for top running
cranes. (The minimum vertical clearance above the rail is equal to the distance
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from the top of the rail to the high point of the crane, plus the required top
clearance.)

2.3.2 Jib Cranes

For each different jib crane that may be operated in the crane building, the Order Document
must specify:

Type of crane (column mounted or with supplemental column)

Capacity (rated in tons)

Power source for the trolley and the hoist (electric or hand geared)

Total crane weight and weight of trolley with hoist

Crane dimensions shown in Figure 2.2.4(a) or Figure 2.2.4(b). For all jib cranes that
may be operated in the crane building, the Order Documents must specify the
description and location of each crane.

Nk W=

2.4 Crane Loads

Crane buildings must be designed for forces induced by the operation or movement of the
bridge, hoist, and trolley of the supported cranes. All elements affected by crane loads shall
be designed to resist the loads specified in this section. Unless otherwise specified in the
Order Documents, the vertical impact, lateral and longitudinal forces for cranes are
calculated using the normal allowances given in this section. These allowances vary solely
with the power source of the crane (hand geared or electric), and the method of operation
(pendant or cab) and may be inadequate for:

Special purpose cranes

Cranes with fast operating speeds

Top running cranes with double flange, straight tread wheels or guide rollers
Improper bridge or trolley bumpers

High span to wheel base ratios

Poorly aligned and maintained cranes, rails and runway beams

Improper operating procedures

Other conditions of use

NN R WD =

2.4.1 Wheel Load

The maximum wheel load for a bridge crane shall be calculated as the end truck wheel load
produced with the trolley loaded at rated capacity and positioned at the same end of the
bridge as the wheel load being calculated. The wheel load is the sum of the vertical auxiliary
and collateral crane loads without impact acting on the wheel of a crane. The maximum
wheel load for a bridge crane is the end truck wheel load produced with the trolley loaded at
rated capacity and positioned at that same end of the bridge. When the maximum wheel load
is not specified for bridge cranes with hook type hoists, it may be conservatively
approximated from the crane loads as follows:
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RC + HT + 0.5CW

WL = -
NW, (2012MBSM, Eq. 2.4.1-1)
where,
WL = Maximum wheel load
RC = Rated capacity of the crane
HT = Weight of hoist with trolley
CW = Weight of the crane excluding the hoist with trolley

NW, = Number of end truck wheels at one end of the bridge

Special allowances for all specific conditions of use must be specified on the Order
Documents.

2.4.2 Vertical Impact

The maximum wheel load used for the design of runway beams, including monorails, their
connections and support brackets, shall be increased by the percentage given below to allow
for the vertical impact or vibration:

Crane Type %
Monorail cranes (powered) 25
Cab-operated or radio operated bridge cranes (powered) 25
Pendant-operated bridge cranes (powered) 10
Bridge cranes or monorail cranes with hand-geared bridge, trolley and hoist 0

Vertical impact shall not be required for the design of frames, support columns, or the
building foundation.

2.4.3 Lateral Force

The lateral force on bridge crane runway beams with electrically powered trolleys shall be
calculated as 20 percent of the sum of the rated capacity of the crane and the weight of the
hoist and trolley. The lateral force shall be assumed to act horizontally at the traction surface
of a runway beam, in either direction perpendicular to the beam, and shall be distributed with
due regard to the lateral stiffness of the runway beam. If the runway beams are of equal
stiffness, the lateral forces shall be distributed equally between them.

2.4.4 Longitudinal Force

Runway beams, including monorails, their connections, and the longitudinal bracing system
shall be designed to support horizontal forces calculated as 10 percent of the maximum wheel
loads excluding vertical impact. Longitudinal forces shall be assumed to act horizontally at
the top of the rails and in each direction parallel to each runway beam. The runway beams,
including monorails, their connections, and the longitudinal bracing system shall also be
designed for crane stop forces as defined in Section 2.8.
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2.4.5 Crane Loading Conditions

For bridge cranes the location and lateral movement of the trolley shall be considered in the
design of crane buildings as shown in Figure 2.4.5 including the following four crane loading
conditions:

1. The maximum wheel load at the left end truck and the minimum wheel load at the
right end truck, acting simultaneously with the lateral force acting to the left.

2. The maximum wheel load at the left end truck and the minimum wheel load at the
right end truck, acting simultaneously with the lateral force acting to the right.

3. The maximum wheel load at the right end truck and the minimum wheel load at the
left end truck, acting simultaneously with the lateral force acting to the left.

4. The maximum wheel load at the right end truck and the minimum wheel load at the
left end truck, acting simultaneously with the lateral force acting to the right.

— Trolley Left Trolley Right —_
— N i
l WL | Force WL
wL Lateral Force . WL Latera Max.
Max. Min. Min.
(1) Lateral force left (3) Lateral force left
(2) Lateral force right (4) Lateral force right

Figure 2.4.5: Crane Loading Conditions

2.5 Building Frames and Support Columns

Building frames and support columns for crane buildings with single or multiple cranes
acting in one or more aisles shall be designed with the crane or cranes located longitudinally
in the aisle or aisles in the positions that produce the most unfavorable effect. Unbalanced
loads shall be applied as induced by a single crane operating in a crane aisle, and by a crane
or cranes operating in one crane aisle of a building with multiple crane aisles. See Table 2.5
for a summary of these provisions.

2.5.1 Single Crane Aisle with One Crane

The frame and support columns shall be designed for the crane loading conditions given in
Section 2.4.5; the wheel loads without vertical impact shall be used with 100 percent of the
lateral force.
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2.5.2 Single Crane Aisle with Multiple Cranes

Frames and support columns shall be designed for the single crane producing the most
unfavorable effect using the provisions of Section 2.5.1 or the crane loads of any two
adjacent cranes. For the two cranes, the wheel loads without impact shall be used
simultaneously with 50 percent of the lateral force from both of the two cranes or 100 percent
of the lateral force for either one of the cranes, whichever is critical.

The crane loading conditions given in Section 2.4.5 shall be used for each crane. When the
lateral forces for two cranes are used, only those conditions in which the lateral forces act in
the same direction shall be required.

2.5.3 Multiple Crane Aisles with Single Cranes

Frames and support columns shall be designed for the single crane producing the most
unfavorable effect using the provisions of Section 2.5.1 or for any one crane acting in each of
any two aisles. For the two cranes, the wheel loads without impact shall be used with 50
percent of the lateral force from both of the two cranes or 100 percent of the lateral force for
either one of the cranes. The crane loading conditions given in Section 2.4.5 shall be used for
each crane. When the lateral forces for two cranes are used, only those conditions in which
the lateral forces act in the same direction shall be required.

2.5.4 Multiple Crane Aisles with Multiple Cranes

Frames and support columns shall be designed for (1) the single crane producing the most
unfavorable effect using the provisions of Section 2.5.1, (2) the crane loads produced by any
two adjacent cranes in any one aisle, (3) any two adjacent cranes in one aisle acting
simultaneously with one crane in any other nonadjacent aisle, or (4) any one crane acting in
each of any two adjacent aisles. The cranes producing the most unfavorable effect on the
frame and support columns shall be used. For these conditions, the wheel loads without
impact for each crane shall be used with 50 percent of the lateral force for each of the cranes
acting simultaneously, or 100 percent of the lateral force for any one of the cranes, whichever
is critical.
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NOTE: The drawings above show a plan view of crane aisles. In these drawings, RB is the runway beam and

FL is the building frame line.
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The crane loading conditions given in Section 2.4.5 shall be used for each crane. When the
lateral forces for two or more cranes are used, only those conditions in which the lateral
forces act in the same direction shall be required.

2.5.5 Deflection and Drift

The rigidity of the crane building shall be adequate to prevent vertical deflection or lateral
drift detrimental to the serviceability requirements of the building. For convenience, crane
building frames are frequently analyzed as if they were isolated from the remainder of the
metal building system and supported by frictionless pins. Experience has demonstrated that
the actual drift of the frames for enclosed metal building systems is much less than the values
calculated using these simplifications.

Table 3.5 of this manual has recommendations from AISC Steel Design Guide Series No. 3
for allowable frame drift for crane buildings. Drift criteria may have a significant influence
on the design of building frames. The Order Documents must specify all special drift
requirements.

Crane building frames are subject to frequent movement due to the operation of cranes.
Because of this, it is recommended that masonry walls not be tied directly to crane building
frames and that sufficient clearance be provided to accommodate frame movement, unless
the drift characteristics of the crane building are compatible with the masonry construction

2.5.6 Building Layouts

The plan view of a typical crane aisle is shown in Figure 2.5.6(a). The width of the crane
aisle is equal to the crane span or distance between the centerlines of the runway beams, and
the length of the crane aisle is equal to the uninterrupted length of the crane runway.

Crane buildings may have one or more crane aisles located in one or more building aisles. A
typical crane building with two building aisles and a single crane aisle is shown in Figure
2.5.6(b); and a crane building with two building aisles and multiple crane aisles is shown in
Figure 2.5.6(c).

A crane aisle may extend the full width or a portion of the width of a building aisle, and
crane aisles may extend the full length or a portion of the length of a building aisle. Crane
aisles normally end at a building frame as shown in Figure 2.5.6(c).

Multiple crane aisles with relatively short span cranes are sometimes located in one building
aisle. These underhung crane systems may be supported directly from the building frame.
This will permit the installation of cranes of different capacities to suit the requirements of
particular areas. These cranes can then pass adjoining cranes without interrupting operations;
refer to the Plan View of Figure 2.5.6(c).
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Figure 2.5.6(a): Plan View of a Crane Aisle
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Figure 2.5.6(b): Crane Building with Two Building
Aisles and a Single Crane Aisle
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Figure 2.5.6(c): Crane Building with Two Building
Aisles and Multiple Crane Aisles
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2.5.7 Brackets and Crane Columns

Runway beams for top running cranes located within the building may be supported by
brackets attached to the building frame columns, by separate columns located inside and in
line with the building frame columns, or by stepped columns as shown in Figure 2.5.7(a).
When crane aisles extend outside the building, A-frames are commonly used to support the
runway beams as shown in Figure 2.5.7(b).

Brackets may be used to support cranes with up to a 50 kip bracket load depending on the
type, span, and service classification of the crane. For cranes with more than a 50 kip bracket
load, it may be more economical to support the runway beams with separate support
columns. However, the columns for buildings having high eave heights and/or large wind
and snow loads may support heavier cranes without substantial weight penalty.

Stepped columns combining the crane column and building column may be more economical
for high eave heights and for maximum crane coverage in the building width.

The runway beam must be tied back to the building column by a connection capable of
transferring the crane side thrust but allowing end rotation of the girders.

BUILDING FRAIIE/

-
<+—RUNWAY BEAM <+——RUNWAY BEAM <+——RUNWAY BEAM

f
BRACKET ; SEPARATE

|| SUPPORT coLumn

I STEPPED
coLumn * - coLumn # <«—COLUMN#*

#BUILDING COLUMN
MAY BE STRAIGHT
OR TAPERED

|

I

!

[

|

I
n

Figure 2.5.7(a): Indoor Runway Supports for Top Running Cranes
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Figure 2.5.7(b): Outdoor Runway Supports for Top Running Cranes

2.6 Runway Beams and Suspension Systems

The crane loading conditions given in Section 2.4.5 shall be applied as described in Section
2.6. Runway beams, their connections, support brackets and suspension systems for single
and multiple cranes shall be designed in accordance with Section 2.6. See Table 2.6 for a
summary of these requirements.

The crane or cranes shall be located longitudinally in the aisle in the positions that produce
the most unfavorable effect on the runway beam, runway beam connections, support brackets
and suspension system. Consideration shall be given to eccentric loads induced by a single
crane.
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Table 2.6: Runway Beams and Suspension Systems

FL— —} — - —f
Crane aisles CRANE
with a One Vertical Impact 100%
single crane crane Lateral Force 100%
2.6.1) FL— —l — | _A
_L
RB RB
FL— —} — - —A
CRANE
12:: Vertical Impact 100%
Lateral Force 100%
crane
Crane FL— l — ] —FL
aisles ﬁLB F'ILB
with
multiple FL — — — — FL
cranes An I CRANE l Vertical Impact
(2.6.2) y 0% Both cranes
two
agi:flzgt Lateral Forces
CRANE 50% Both cranes, or
FL— —_ T FL 100% Either crane
RB RB

NOTE: The drawings above show a plan view of crane aisles. In these drawings, RB is the runway beam and
FL is the building frame line.

2.6.1 Single Crane

Runway beams, their connections, support brackets, and suspension systems shall be
designed for the maximum wheel loads plus 100 percent of the vertical impact acting
simultaneously with 100 percent of the lateral force acting horizontally in either direction.

2.6.2 Multiple Cranes

Runway beams, their connections, support brackets, and suspension systems shall be
designed for the single crane producing the most unfavorable effect using the provisions of
Section 2.6.1 and for the crane loads of the two adjacent cranes producing the most severe
effect. For this condition, the maximum wheel loads without vertical impact for the two
cranes shall be used simultaneously with 50 percent of the lateral force for each of the two
cranes or 100 percent of the lateral force of either of the cranes, whichever is more severe.
For continuous runway beams, the lateral force of adjacent cranes shall be considered to act
in the same direction and opposing directions.
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2.6.3 Top-Running Bridge Cranes
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Figure 2.6.3: Common Railway Beam Sections
for Top Running Cranes

2.6.3.1 Runway Beams

Runway beams for top running bridge crane applications may be provided by the building
manufacturer. The design of these beams takes into account the vertical impact of the crane,
the lateral force resulting from the effect of moving crane trolleys and longitudinal force

from moving cranes. Typical sections include mill shapes and welded built up plate sections
(See Figure 2.6.3).

2.6.3.2 Deflection of Top Running Crane Runway Beams

The vertical deflection of crane runway beams with 100 percent of the maximum wheel loads
without vertical impact shall not exceed:

1. L/600 of the runway beam span for cranes with service classifications A, B, and C,
or

2. L/800 of the runway beam span for cranes with service classification D.

The horizontal deflection of crane runway beams with 100 percent of the lateral force shall
not exceed L/400 of the runway beam span.
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2.6.4 Underhung Cranes and Monorails

b

“W" or “'S" Shape Runway Proprietary Track

Figure 2.6.4: Runway Beams for Underhung and
Monorail Cranes

2.6.4.1 Runway Beams

Runway beams for underhung bridge and monorail cranes may be standard structural shapes
or proprietary sections produced specifically for these applications.

Standard structural "W" or "S" shapes are commonly used for runway beams because of their
local availability. (See Figure 2.6.4). The design of these beams should take into account the
forces produced by the cranes including local flange bending effects produced by loading the
beams near the edges of the flanges (Ref. B4.19).

2.6.4.2 Deflection of Underhung and Monorail Crane Runway Beams

The vertical deflection of crane runway beams with 100 percent of the maximum wheel loads
without impact shall not exceed L/450 of the runway beam span for cranes with service
classifications A, B, and C. Underhung cranes with more severe duty cycles must be
designed with extreme caution and are not recommended.

Several crane manufacturers now supply proprietary systems for a variety of underhung
bridge and monorail crane applications. Some of these systems are particularly suitable for
monorail cranes with curved runway beams. Some claimed advantages of the proprietary
sections and runway beam systems over standard structural shapes include longer wear,
better wheel alignment (which reduces power requirements), and the option to interlock or
transfer to different runway beams.

2.6.4.3 Suspension Systems

The suspension system for underhung and monorail cranes may be rigid or flexible as shown
in Figure 2.6.4.3(a) and Figure 2.6.4.3(b). Flexible systems may result in lower effective
crane loads and reduced wear.
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e

Figure 2.6.4.3(a): Rigid Suspension
for Underhung and Monorail Cranes
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Figure 2.6.4.3(b): Flexible
Suspension for Underhung and
Monorail Cranes
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For flexible systems, anti-sway bracing should be provided to limit the sway of the flexible
supports to five degrees in both the lateral and longitudinal directions.

All runway systems must be aligned and leveled before anti-sway bracing is installed. The
bracing should not be allowed to carry any of the vertical loads imposed on the support
system.

Anti-sway bracing should be installed so that it does not interfere with or restrict the normal
thermal expansion or contraction of the system. On two runway systems, only one of the
runways should be laterally braced. Lateral braces should be installed at each suspension
point. The other runway must be left free to float and provide a relief for variations in runway
alignment, crane deflections and building variations.

2.7 Longitudinal Crane Aisle Bracing

Longitudinal bracing for each crane aisle shall be designed for the longitudinal forces
produced by the crane loadings given in Section 2.4.4 and applied as described in Section
2.7. See Table 2.7 for a summary of these requirements.

2.7.1 Single Crane

The longitudinal bracing at each side of the aisle shall be designed for 100 percent of the
longitudinal force produced by the crane.

2.7.2 Multiple Cranes

The longitudinal bracing at each side of the aisle shall be designed for 50 percent of the
longitudinal force produced by any two of the cranes acting simultaneously or 100 percent of
the longitudinal force for any one crane, whichever is more severe.

Longitudinal bracing should be provided for both sides of all aisles of a crane building. To
minimize the accumulated movement due to thermal expansion or contraction, the
longitudinal bracing should be located as nearly as practical to the midpoint of the runway or
the midpoint between expansion joints; refer to Figure 2.7a.

When X-bracing is used for longitudinal bracing, the bracing members are normally designed
as tension members. Because of this, vertical X-bracing, even though adequate in size, may
vibrate under the action of the longitudinal forces. Such vibration is not detrimental to the
performance of the building or crane system.
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2.7.3 Longitudinal Deformations Due to Thermal Expansion
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Figure 2.7a: Longitudinal Bracing with Expansion Joint
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Figure 2.7b: Longitudinal Bracing without Expansion Joint
Table 2.7: Longitudinal Bracing
_ FL— —} — - —fL
Crane aisles
with a CRANE
single crane One Longitudinal Force 100%
(2 7 1) crane
— — l_ A
FL 0 i
RB RB
FL— —} — - —fL
Any CRANE
one Longitudinal Force 100%
crane
I I
Crane aisles FL— 1 - L —FL
with RB RB
multiple - F
cranes FL— l — | - F
(2.7.2) CRANE
Any o
o Longitudinal Force 50%
cranes CRANE Both cranes
- — —FL
FL L N
RB RB

NOTE: The drawings above show a plan view of crane aisles. In these drawings, RB is the runway beam and
FL is the building frame line.
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2.8 Runway Stops

The force produced by a crane striking a runway stop is dependent on the energy-absorbing
device used in the crane bumper. The device may be the hydraulic or spring type. The
bumper forces should be obtained from the crane manufacturer and provided by the owner.
In the absence of this data, AIST Technical Report No. 13 (Ref. B4.15) provides guidance on
computing the bumper forces for the different energy absorbing device types.

For crane aisles located outside enclosed buildings, consideration should be given to the
initial velocity and related bumper force that may be produced by the action of specified
wind loads on the crane.

2.9 Fatigue

The effect of fatigue shall be included in the design and detailing of crane runway beams,
their connections, support brackets, and suspension systems for cranes with service
classifications B through D as given in Section 2.9.1. Frames, support columns, and
longitudinal bracing need not be designed for fatigue conditions. The allowable stresses for
parts and connections subject to fatigue shall be calculated in accordance with Appendix 3 of
"Specification for Structural Steel Buildings" (ANSI/AISC 360-10), American Institute of
Steel Construction (Ref. B4.25), for the stress range fluctuations over a 25-year design life
given in Table 2.9.

Table 2.9: Design Life Stress Range Fluctuations
for Parts and Connections Subject to Fatigue

Service Design Life Stress Range Fluctuations (N)'
Class R<0.5 R>0.5
B 20,000 100,000
C 100,000 500,000
D 500,000 2,000,000
"Values refer to the value N found in Part 3.3 of Appendix 3 of ANSI/AISC 360-10 (Ref.
B4.25).
where,
R = TW/(TW + RC) for underhung monorail cranes
R = TW/(TW + 2RC) for bridge cranes
RC = Rated capacity of the crane

TW = Total weight of the crane including bridge with end trucks, hoist with
trolley, and cab with walkway for cab operated cranes.

2.9.1 Crane Service Classifications

The description of Classifications E and F are for informational purposes only. For design or
manufacture of buildings containing cranes with these classifications, see Section 2.11 and
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"Guide for the Design and Construction of Mill Buildings," AIST Technical Report No. 13
(Ref. B4.15).

Class A (Standby or infrequent service)

This service class covers cranes used in installations such as powerhouses, public
utilities, turbine rooms, motor rooms and transformer stations where precise handling
of equipment at slow speeds with long, idle periods between lifts are required.
Capacity loads are handled for initial installation of equipment and for infrequent
maintenance.

Class B (Light service)

This service covers cranes used in repair shops, light assembly operations, service
buildings, light warehousing, etc. where service requirements are light and the speed
is slow. Loads vary from no load to occasional full rated loads with two to five lifts
per hour, averaging 10 feet per lift.

Class C (Moderate service)

This service covers cranes used in machine shops or paper mill machine rooms, etc.
where service requirements are moderate. In this type of service, the crane handles
loads which average 50 percent of the rated capacity with five to ten lifts per hour,
averaging 15 feet, not over 50 percent of the lifts at rated capacity.

Class D (Heavy service)

This service covers cranes used in heavy machine shops, foundries, fabricating plants,
steel warehouses, container yards, lumber mills, etc., and the standard duty bucket
and magnet operations where heavy duty production is required. In this type of
service, loads approaching 50 percent of the rated capacity are handled constantly
during the working period. High speeds are used for this type of service with 10 to 20
lifts per hour averaging 15 feet, not over 65 percent of the lifts at rated capacity.

Class E (Severe service)

This type of service requires a crane capable of handling loads approaching a rated
capacity throughout its life. Applications may include magnet, bucket, magnet/bucket
combination cranes for scrap yards, cement mills, lumber mills, fertilizer plants,
container handling, etc., with twenty or more lifts per hour at or near the rated
capacity.

Class F (Continuous severe service)

This type of service requires a crane capable of handling loads approaching rated
capacity continuously under severe service conditions throughout its life.
Applications may include custom designed specialty cranes essential to performing
the critical work tasks affecting the total production facility. These cranes must
provide the highest reliability with special attention to ease of maintenance features.
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2.9.2 Designing for Fatigue

Crane runway beams, their connections and support brackets or suspension systems are
subjected to repeated loadings that may produce fatigue. After a sufficient number of
fluctuations of stress, fatigue may lead to fracture of the affected parts. The occurrence of
fatigue may be accelerated by incorrect specification of crane data, poorly aligned or
maintained cranes, rails, and runway beams, and by improper operating procedures.

The basic phenomenon of fatigue damage has been understood for many years. Engineers
have designed crane runway girders that have performed with minimal problems while being
subjected to millions of cycles of loading. The girders that are performing successfully have
been properly designed and detailed to:

Limit the applied stress range to acceptable levels.

Avoid unexpected restraints at the attachments and supports.
Avoid stress concentrations at critical locations.

Avoid eccentricities due to rail misalignment or crane travel.
Minimize residual stresses.

MRS

Runway systems that have performed well are those that have been properly maintained by
keeping the rails and girders aligned and level.

Fatigue damage can be characterized as progressive (stable) crack growth due to fluctuating
stress on the member. The following general description of the fatigue mechanism may prove
useful, however in practice the design procedures of AISC Specification (Ref. B4.25) and
AWS DI.1 Structural Welding Code (Ref. B4.23) are intended to reduce the probability of
fatigue damage. Fatigue cracks initiate at small defects or imperfections in either the base
material or weld metal. These imperfections act as stress risers creating small regions of
plastic stress at the imperfections. As load cycles occur, the strain at the small plastic region
increases with each cycle until the material fractures locally and the crack advances. At this
point, the plastic stress region moves to the new tip of the crack and the process repeats.
Eventually, the crack size becomes large enough that the combined effect of the crack size
and the applied load exceed the toughness of the material and a final (brittle) fracture occurs.
In many situations, cracks reach a noticeable size and are discovered during periodic
inspections so that they can be repaired preventing catastrophic failure.

Crack advancement (propagation) occurs when the applied loads fluctuate in tension or in
reversal from tension to compression. Fluctuating compressive stress will not cause cracks to
propagate. However, fluctuating compressive stresses in a region of residual tensile stress
will cause cracks to propagate. In this case, the cracks will stop growing after the residual
stress is released or the crack extends out of the tensile region.

The general design solutions to ensure adequate service life of members subject to repeated
loads are to limit the buildup of residual stress, to limit the size of initial imperfections, and
to limit the magnitude of the applied stress range. The AISC Specification limits the
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allowable stress range for a given service life based on the anticipated severity of a stress
riser for a given fabricated condition.

It should be noted that higher strength steel does not have a longer fatigue service life than
A36 steel. That is, the rate of crack growth is independent of the nominal yield strength of
the material. Similarly, the rate of crack growth is not affected by the toughness of the
material. Although, a given cross section of higher toughness will be able to resist the effect
of a larger crack without fracture, at this stage of the service life of the member, only a few
additional cycles would be gained by having a material of greater toughness. Thus, the AISC
Specification provisions regarding fatigue conditions are independent of material strength
and toughness. Other than the use of impact factors and the provisions of AISC Specification
Appendix 3, the design requirements for strength and toughness are the same for crane
runway girders as for statically loaded girders.

Design for fatigue requires that the designer determine the anticipated number of load cycles.
It is a common practice for the crane girder and runway to be designed for a service life that
is consistent with the crane service classification (refer to Section 2.9.1). This service
classification recognizes both the frequency and relative magnitude of crane loads. To
estimate the effect of repeated loadings on crane runways, it is necessary to consider the
effect of the longitudinal movement of the crane along the runway. For runways, the
frequency, range, and relative magnitude of loading increases as the crane weight increases
in comparison to the lifted load.

2.10 Crane Wheels and Rails

2.10.1 Crane Wheels

The load carrying capacity of end truck wheels is influenced by several factors, including the
material from which the wheel is made and the rail on which the wheel will travel. See
reference (Ref. B4.2) for recommendations regarding wheel diameters and rail sizes. Bridge
end truck wheels can be supplied with either straight or tapered treads as shown in Figure
2.10.1. The End Customer should work closely with the crane supplier to select the proper
drive and wheel type for the application.
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(a) Tapered Tread, Single Flange (b) Straight Tread, Double Flange

(c) Tapered Tread, Double Flange (d) Straight Tread, Double Flange
With Guide Rollers

Figure 2.10.1: Typical Crane Wheels

2.10.2 Rails

The selection and installation of runway rails are critical to the performance of a crane
building. For recommended rail sizes, see reference B4.2. Dimensions for commonly used
rail sections are given in Table 2.10.2.

Rails should be arranged so that joints on opposite runway beams for the crane aisle will be
staggered with respect to each other and with respect to the wheel base of the crane. Rail
joints should not coincide with runway beam splices.

Runway rails should be ordered in standard lengths with one short piece on each side to
complete a run, such as that illustrated in Figure 2.10.2. The short piece should not be less
than 10' long.
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Table 2.10.2: Commonly Used Rail Sections—Data
Height

BW -- Width of Base l'"w'|
HW -- Width of Head I T
W --  Web (at center point) ——JE—
HD -- Depth of Head HT W FD
FD -- Fishing v
BD -- Depth of Base Jj — —JLEE
E -- Bolt Hole Elevation l— BW —! =
Nominal | Type
Weight of Dimensions in Inches
Per Yd | Rail HT BW HW w HD FD BD E
20 Ib. ASCE | 2% 2 5, 1" | P/ 1% | 7he 1 g4
251b. | ASCE 2% 2%, 1, /o4 Pl 1% | Ve 1 5/,
30 Ib. ASCE |3 4 34 1" | e 2 124 | h 1%/,
35 Ib. ASCE 3% 3% |1 Pea g4 1% | e 15/,
40 1b. ASCE |3/, 31, 17 2/ ea 1 Y 1% | s 1 %6
451b. | ASCE |3/ [3"4 |2 74 1 [ 1% | 1%
50 Ib. ASCE |37 37/ 2 Y /16 1Y 26 | e 1%/
551b. | ASCE |4 |4 |2 /s 1 W 2% [P/ 1'% 5
601b. | ASCE |4, 4, 2% o4 17 2% | % 175/,
65 1b. ASCE |47 4706 2% |4 1%, | 2% P/ 135,
70 1b. ASCE | 4% 45/ 276 | s 1% 255 | Phe 234
75 1b. ASCE 4% 4% 2% | 170 |2%a |7 2 /5
80 Ib. ASCE |5 5 2, *sa 1, 2% A 2%
85 Ib. ASCE 5% 5% 2% |7 1%a |2 >4 2,
ASCE | 5% 534 2% °l1s 1%, 250 | Y 2%/ 15
901b. | ARA-A | 5% 51 2% | e 1545 | 3%, 1 23
ARA-B |57 4% 2% | e 1% | 2% 1 |2
ASCE |57, 53, 23, *16 1 %0 3% | 2 %5/ 128
1001b. | ARA-A |6 51, 23, */16 1 %16 3% 1 Y16 23,
ARA-B | 5% 5% 2% | e 1% 2% | 1% | 2%
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CRANE SPAN

Figure 2.10.2: Example of Rail Arrangement Using
39 ft. Standard Lengths
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Rails purchased for crane runways should be specified "for crane service." "Rail lengths" are
published for specific rail weight in rail supplier specifications. Specifications used in rail
ordering should include:

1. Specification "for crane service";

2. Rail section in pounds per yard;

3. Size and weight of member supporting rail (and size of cover plate and filler plate, if
these are used)

4. Hole punching details for joints;

5. Rail end preparation;

6. Method of fastening crane rail to supporting member.

Crane rails should not be painted as this may cause the wheels to slip, resulting in skewing of
the bridge or interference with proper electrical grounding of the crane.

2.10.3 Rail Attachments

Common methods of fastening rails to runway beams are shown in Figure 2.10.3. The End
Customer must specify the method of fastening suitable for the specific conditions of use and
maintenance of the crane, runway beam, and rail.

The rail to girder attachments must perform the following functions:

Transfer the lateral loads from the top of the rail to the top of the girder.
Allow the rail to float longitudinally relative to the top flange of the girder.
Hold the rail in place laterally.

Allow for lateral adjustment or alignment of the rail.

P

The relative longitudinal movement of the crane rail to the top flange of the crane girder is
caused by longitudinal expansion and contraction of the rail in response to changes in
temperature and shortening of the girder compression flange due to the applied vertical load
of the crane.

The four methods for fastening rails to runway beams as shown in Figure 2.10.3 perform the
functions previously mentioned, to varying degrees. It is not recommended to have the rails
welded directly to the top flanges of the girders. The rails may lack the controlled chemistry
that would ensure good quality welds, and there is no provision for longitudinal movement or
lateral adjustment of the crane rails.
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(a) Hook Bolts (b) Bolted Clamps

[

| |
| Threaded
T '__;/Stud
- | ]
| |
(c) Welded Stud Clamps (d) Welded Clamp with Pad

Figure 2.10.3: Common Methods of Fastening Rails to Runway Beams

Hook bolts are only appropriate for attaching light rails supporting relatively small and light
duty cranes. Hook bolts should be limited to CMAA Class A, B, and C cranes with a
maximum capacity of approximately 20 tons. Hook bolts work well for smaller runway
girders that do not have adequate space on the top flange for rail clips or clamps.
Longitudinal motion of the crane rail relative to the runway girder may cause the hook bolts
to loosen or elongate. Therefore, crane runways with hook bolts should be regularly
inspected and maintained. AISC recommends that hook bolts be installed in pairs at a
maximum spacing of 24 inches on center. The use of hook bolts eliminates the need to drill
the top flange of the girder. However, these savings are offset by the need to drill the rails.

One-piece clips or two-piece clamps may be used. Rail clips are one-piece castings or
forgings that are usually bolted to the top of the girder flange. Many clips are held in place
with a single bolt. The single bolt type of clip is susceptible to twisting due to longitudinal
movement of the rail.

This twisting of the clip causes a camming action that will tend to push the rail out of
alignment. Rail clamps are two part forgings or pressed steel assemblies that are bolted to the
top flange of the girder. There are two types of rail clamps, tight and floating.

Patented rail clamps are typically two part castings or forgings that are bolted or welded to
the top flange of the crane girder. The patented rail clamps have been engineered to address
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the complex requirements of successfully attaching the crane rail to the crane girder.
Compared to traditional clips or clamps, the patented clamps provide greater ease in
installation and adjustment and provide the needed performance with regard to allowing
longitudinal movement and restraining lateral movement. The appropriate size and spacing of
the patented clamps can be determined from manufacturers' literature.

2.11 Heavy-Duty Cycle Cranes

Heavy-duty cycle cranes require special considerations that are addressed in this section.
Heavy-duty cycle cranes are utilized in lift intensive operations categorized by CMAA as
Classes E or F as defined in Section 2.9.1.

2.11.1 Crane Runway Loading

Runways are designed to support a specific crane or group of cranes. The weight of the crane
bridge and trolley and the wheel spacing for the specific crane should be obtained from the
crane manufacturer. The crane weight can vary significantly depending on the manufacturer
and the classification of the crane. Based on the manufacturer’s data, design forces are
determined to account for impact, lateral loads, and longitudinal loads. The AISC
Specification (Ref. B4.25), and most model building codes address crane loads and set
minimum standards for these loads. The AIST Technical Report No. 13 "Guide for the
Design and Construction of Mill Buildings" (Ref. B4.15) also sets minimum requirements for
impact, lateral and longitudinal crane loads. The AIST requirements are used when the
engineer and owner determine that the level of quality set by the AIST Guide is appropriate
for a given project.

Whether or not the AIST requirements are specified by the owner these requirements should
be followed for cranes with high duty cycles, i.e. cranes with CMAA Classes E or F.

2.11.1.1 Vertical Loads

The vertical wheel loads are typically magnified (factored) by the use of an impact factor.
The impact factor accounts for the effect of acceleration in hoisting the loads and impact
caused by the wheels jumping over irregularities in the rail. Bolted rail splices will tend to
cause greater impact effects than welded rail splices.

In the U.S., most codes and the AIST Technical Report No. 13 require a twenty-five percent
(1.25 factor) increase in loads for cab and radio operated cranes and a ten percent increase
(1.10 factor) for pendant operated cranes.

2.11.1.2 Lateral Loads

Lateral crane loads (side thrusts) are oriented perpendicular to the crane runway and are
applied at the top of the rails. Lateral loads are caused by:

1. Acceleration and deceleration of the trolley and loads
2. Non-vertical lifting
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3. Unbalanced drive mechanisms
4. Oblique or skewed travel of the bridge

Except for the case of the trolley running into the bridge end stops, the magnitude of lateral
load due to trolley movement and non-vertical lifting is limited by the coefficient of friction
between the end truck wheels and rails. Drive mechanisms provide either equal drive wheel
torque on each side of the crane or they are balanced to align the center of the tractive force
with the center of gravity of the crane and lifted load. If the drive mechanism is not balanced,
acceleration and deceleration of the bridge crane results in skewing of the bridge relative to
the runways. The skewing imparts lateral loads onto the crane girder. Oblique travel refers to
the fact that bridge cranes cannot travel in a perfectly straight line down the center of the
runway. Oblique travel may be thought of as being similar to the motion of an automobile
with one tire underinflated. The tendency of the crane to wander can be minimized by
properly maintaining the end trucks and the rails. The wheels should be parallel and they
should be in similar condition of wear. The rails should be kept aligned and the surfaces
should be smooth and level. A poorly aligned and maintained runway can result in larger
lateral loads. The relatively larger lateral loads will in turn reduce the service life of the crane
girder.

Most model building codes set the magnitude of lateral loads at 20% of the sum of the
weights of the trolley and the lifted load. The AIST Technical Report No. 13 varies the
magnitude of the lateral load based on the function of the crane as follows:

Cab-operated cranes:

The maximum of,

(1)  That specified in Table 2.11.1.2,

or
(2) 20% of the combined weight of the lifted load and trolley. For stacker cranes,
this factor shall be 40% of the combined weight of the lifted load, trolley, rigid
arm and material handling device,
or

(3) 10% of the combined total weight of the lifted load and the crane weight. For
stacker cranes, this factor shall be 15% of the combined total weight of the
lifted load and the crane weight.

Pendant cranes:

10% of the total combined weight of the lifted load and the entire crane weight
including trolley, end trucks and wheels for the total side thrust.

Radio-operated cranes:

Radio-operated cranes shall be considered the same as cab operated cranes for
vertical impact, side thrust and traction.

The lateral loads are to be applied to each runway girder with due regard to the relative
lateral stiffness of the structures supporting the rails.
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Table 2.11.1.2: AIST Crane Side Thrusts

Crane Type Total Side Thruslt
(% of lifted load")
Mill crane 40
Ladle cranes 40
Clamshell bucket and magnet cranes 100
(including slab and billet yard cranes)
Soaking pit cranes 100
Stripping cranes (ingot and mold) 100
Motor room maintenance cranes, etc. 30
Stacker cranes (cab-operated) 200

TAIST defines this as the total weight lifted by the hoist mechanism, including
working load, all hooks, lifting beams, magnets or other appurtenances
required by the service but excluding the weight of column, ram or other
material handling device which is rigidly guided in a vertical direction during
a hoisting action.

2.11.1.3 Longitudinal Loads

Longitudinal crane forces are due to either acceleration or deceleration of the crane bridge or
the crane impacting the bumper. The tractive forces are limited by the coefficient of friction
of the steel wheel on the rails. For pendant cranes, the AIST Technical Report No. 13
requires 20% of the maximum load on the driving wheels to be used for the tractive force.
The force imparted by impact with hydraulic or spring type bumpers is a function of the
length of stroke of the bumper and the velocity of the crane upon impact with the crane stop.
The owner should obtain the longitudinal forces from the crane manufacturer. If this
information is not available, the AIST Technical Report No. 13 provides equations that can
be used for determining the bumper force.

2.11.2 Building Classifications

To apply the requirements of AIST Load Combination Case 1 described in 2.11.3, the
classification of the building must be established (not to be confused with the crane
classification). The building classes are denoted A, B, C and D and are described in AIST
Technical Report No. 13 as follows:

Building Class A - shall be those buildings in which members may experience Stress
Range Fluctuations (N) in the range of from 500,000 to over 2,000,000 (which is
equivalent to 25 to 100 repetitions of such load per day) in the estimated life span of
the building (approximately 50 years). The owner must analyze the service and
determine which load condition may apply.

Building Class B - shall be those buildings in which members may experience Stress
Range Fluctuations (N) in the range from 100,000 to 500,000 cycles, which is
equivalent to 5 to 25 repetitions of such load per day in the estimated life span of the
building (approximately 50 years).

276



Metal Building Systems Manual

Building Class C - shall be those buildings in which members may experience Stress
Range Fluctuations (N) in the range of from 20,000 to 100,000 cycles, which is
equivalent to 1 to 5 repetitions of such load per day in the estimated life span of the
building (approximately 50 years).

Building Class D - shall be those buildings in which no member will experience more
than 20,000 Stress Range Fluctuations (N) during the expected life span of the
building.

2.11.3 AIST Load Combinations

The AIST Technical Report No. 13 provides three distinct load combinations, which are
referred to as Cases.

Case 1. This case applies to load combinations for members designed for repeated
loads. The number of Stress Range Fluctuations (N) used as a basis for the design
shall be 500,000 to over 2,000,000, as determined by the owner, for Building Class A
construction. Building Class B and Building Class C constructions shall be designed
for 100,000 to 500,000 and 20,000 to 100,000 respectively. This case does not apply
to Class D buildings. The design stress range shall be in accordance with the
Appendix 3 of ANSI/AISC 360-10 (Ref. B4.25).

Case 2. All dead and live loads, including roof live loads, plus maximum side thrust
of one crane or more than one crane if specific conditions warrant, longitudinal
traction from one crane, plus all eccentric effects and one of the following vertical
crane loadings:

1. Vertical load from one crane including full impact.
2. Vertical load induced by as many cranes as may be positioned to affect the
member under consideration, not including impact.

Full allowable stresses may be used with no reduction for fatigue. This case applies to
all classes of building construction.

Case 3. All dead and live loads including impact from one crane plus one of the
following:

1. Full wind with no side thrust but with one crane positioned for maximum
vertical load effects.

2. Fifty percent of full wind load with maximum side thrust and vertical load
effects from one crane.

3. Two-thirds bumper impact at the end of the runway and maximum vertical
load effects from one crane.

4. Seismic effects resulting from dead loads of all cranes parked in each aisle
positioned for maximum seismic effects.
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This Case 3 applies to all classes of building construction. The total of the combined
load effects may be multiplied by 0.75, with no increase in allowable stresses. No
load reduction shall be taken for combinations of dead load and wind only.

Because the standard AIST building classifications were based upon the most frequently
encountered situations, they should be used with engineering judgment. The engineer, in
consultation with the owner, should establish the specific criteria. For more information on
these load cases, along with load combinations, refer to the AIST Technical Report #13 (Ref.
B4.15).

2.11.4 Deflection

The vertical deflection of top running crane runway beams with 100 percent of the maximum
wheel loads without vertical impact shall not exceed L/1000 of the runway beam span for
cranes with CMAA classifications A, B, E or F and L/600 for Class C and D buildings.

2.11.5 Fatigue

The same recommendations for fatigue given in Section 2.9 apply to CMAA crane
classifications E and F.

2.11.6 Detailing and Fabrication Considerations

Heavy-duty cycle crane applications require special attention to detailing and fabrication.
Specific recommendations are provided in the following sections.

2.11.6.1 Welding

The vast majority of stress risers that lead to crack propagation are weld defects. Common
weld defects are: lack of fusion or penetration, slag inclusions, undercut, and porosity. Lack
of fusion and penetration of welds or cracks are severe stress risers. Slag inclusions and
undercut are significant defects in areas of relatively high stress. It should be noted that
surface defects are far more harmful than buried defects because greater stress riser effect
occurs from surface defects. Also, the orientation of the defects is important. Planer defects
normal to the line of applied force are more critical than defects parallel to the line of force
because defects normal to the line of force cause a greater increase in stress as compared to
defects parallel to the line of stress.

Visual inspection during fabrication is the most useful method of ensuring adequate quality
control of the fabricated elements. It should be noted that visual inspection is mandatory (per
AWS DI1.1, Ref. B4.23) for both statically and dynamically loaded structures.

The fabrication sequence should be controlled to limit restraint during welding so as to
reduce the residual stresses created by the welding process. For example, when fabricating a
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plate girder, if the splices of the flange and web plates are made before the flanges and web
plates are welded together, residual stresses may be better controlled.

2.11.6.2 Tie Backs

Tie backs are provided at each end of the crane runway girders to transfer lateral forces from
the girder top flange into the supporting column and to laterally restrain the compression
flange of the girder at its support. The tie backs must have adequate strength to transfer the
lateral crane loads. However, the tiebacks must also be flexible enough to allow for
longitudinal movement of the top of the girder as the girder end rotates under load. The
amount of longitudinal movement due to the end rotation of the girder can be significant. The
end rotation of a 40 foot girder that has deflected 0.8 inches (span over 600) is about 0.005
radians. For a 36 inch deep girder, this results in 0.2 inches of horizontal movement at the top
of the girder.

The tie back must also allow for vertical movement due to axial shortening of the crane
column. This vertical movement can be in the range of 1/4 inch. In general, the tie back
should be attached directly to the top flange of the girder. Attachment to the web of the girder
with a diaphragm plate should be avoided, since the lateral load path for this detail results in
bending stresses in the girder web perpendicular to the girder cross section. The diaphragm
plate also tends to resist movement due to the axial shortening of the crane column.

2.11.6.3 Bearing Stiffeners

Bearing stiffeners should be provided at the ends of the girders as required by Chapter J of
ANSI/AISC 360-10 (Ref. B4.25). The AIST Technical Report No. 13 requires that full
penetration welds be used to connect the top of the bearing stiffeners to the top
(compression) flange and bottom (tension) flange of the girder. Alternately, the bottom of the
bearing stiffener may be fillet welded to the bottom flange, provided the fillet weld is sized
for the full load in the bearing stiffener. Fillet welds are considered to be inadequate to
transfer the concentrated wheel load stresses from the top flange into the bearing stiffener
because the small gap between underside of flange and top of stiffener would result in the
wheel load reactive force being transferred through the fillet welds. The bottom of the
bearing stiffeners may be fillet welded to the bottom flange as indicated above . All stiffener
to girder welds should be continuous, except those for building Class C and D, in which
intermittent fillet welds may be used for the intermediate stiffener-to-web connection. Cracks
have been observed in the webs of crane girders with partial height bearing stiffeners. The
cracks start in the web between the bearing stiffener and the top flange and run longitudinally
along the web of the girder. There are many possible causes for the propagation of these
cracks. An explanation of this phenomenon may be that when the rail is eccentric to the
girder web, transverse bending is induced in the girder flange and web. The bending in the
web results in high bending stresses in the critical section of web between the underside of
the top flange and the upper ends of the partial height stiffeners.
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2.11.6.4 Intermediate Stiffeners

When intermediate stiffeners are used, the AIST Technical Report No. 13 requires that the
intermediate stiffeners be welded to the top flange with full penetration welds. The stiffeners
should be stopped short of the bottom flange. The stiffeners should be terminated in
accordance with Part G2.2 of ANSI/AISC 360-10 (Ref. B4.25). The AIST Technical Report
No. 13 additionally requires continuous welds between stiffener and web for intermediate
stiffeners.

2.11.6.5 Cap Channels

Channel caps or cap plates are frequently used atop wide flange members to develop
adequate top flange capacity for transfer of lateral loads to the supporting columns. A
common rule-of-thumb is that a wide flange reinforced with a cap channel will be
economical if the total section is 20 pounds per foot lighter than a comparable un-reinforced
wide flange member. The welds connecting the channel cap to the top flange can be
continuous or intermittent. However, the AISC allowable stress for the base metal is reduced
from that of Category B for continuous welds to that of Category E for intermittent welds.

It should be noted that the cap channel or plate does not fit perfectly with 100% bearing on
the top of the wide flange. The tolerances given in ASTM A6 allow the wide flange member
to have some flange tilt along its length, or the plate may be cupped or slightly warped, or the
channel may have some twist along its length. These conditions will leave small gaps
between the top flange of the girder and the underside of the top plate or channel. The
passage of the crane wheel over these gaps will tend to distress the channel or plate to top
flange welds. Because of this phenomena, cap plates or channels should not be used with
class E or F cranes.

2.11.6.6 Column Cap Plates

The crane column cap plate should be detailed so as not to materially restrain the end rotation
of the girder. If the cap plate girder bolts are placed between the column flanges, the girder
end rotation is resisted by a force couple between the column flange and the bolts. This detail
has been known to cause bolt failures. Preferably, the girder should be bolted to the cap plate
outside of the column flanges. The column cap plate should be extended outside of the
column flange with the bolts to the girder placed outside of the column flanges. The column
cap plate should not be made overly thick, as this detail requires the cap plate to distort to
allow for the end rotation of the girder. The girder to cap plate bolts should be adequate to
transfer the longitudinal tractive or bumper forces to the longitudinal crane bracing.
Consideration should be given to using slotted holes perpendicular to the runway or oversize
holes to allow tolerance for aligning the girder webs with the webs of the supporting column.

2.11.6.7 Lacing

A horizontal truss can be used to resist the crane lateral forces. The truss is designed to span
between the crane columns. Typically, the top flange of the girder acts as one chord of the
truss while a parallel back up beam acts as the other chord. The diagonal web members are
typically angles. Preferably, the angles should be bolted rather than welded. The crane girder
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will deflect downward when the crane passes, the backup beam will not. The design of the
diagonal members should account for the end moments that will be generated by this relative
movement.

Walkways can be designed and detailed as a horizontal beam to transfer lateral loads to the
crane columns. The lacing design may be incorporated in the walkway design. As with the
crane lacing, the walkway connection to the crane girder needs to account for the vertical
deflection of the crane girder. If the walkway is not intended to act as a beam, then the
designer must isolate the walkway from the crane girder.

The AIST Technical Report No. 13 requires that crane runway girders with spans of 36 feet
and over for building classifications A, B, and C or runway girder spans 40 feet and over in
class D buildings shall have bottom flange bracing. This bracing is to be designed for 2-'/,
percent of the maximum bottom flange force, and is not to be welded to the bottom flange.
Vertical cross braces or diaphragms should not be added to this bracing so as to allow for the
deflection of the crane beam relative to the backup beam.

2.11.6.8 Sidesway Web Buckling

Crane runway girders should be checked to ensure adequate capacity to resist sidesway web
buckling. Equation J10-7 found in Part J10.4 of ANSI/AISC 360-10 (Ref B4.25) should be
used in this check. This criteria is likely to control the base member size for crane runway
girders with cap plates, welded girders with larger top flanges and girders with braced
compression flanges. It seems likely that the foregoing AIST limitations on the length of
unbraced tension flanges were created to address the sidesway web buckling phenomena.
The sidesway web buckling criteria was introduced into the AISC ASD Specification in the
Ninth Edition. Runway girders designed prior to this time would not have been checked for
this criteria.

At present, the AISC criteria does not address the condition of multiple wheel loads on a
single span. Therefore, engineering judgment must be used when applying Equation K1-7 for
multiple wheel loads.

2.11.6.9 Knee Braces or K Braces

The longitudinal crane forces are typically resisted by vertical X-bracing in the plane of the
crane girder. The use of knee braces to create a rigid frame to resist longitudinal crane forces
should be avoided. The knee brace is subject to the vertical wheel load each time the wheel
passes over the brace. K braces are subject to the same behavior. If a lacing system is used to
resist lateral loads, this same system could be used to transfer longitudinal forces to the plane
of the building columns. Then the crane vertical bracing could be incorporated into the
building bracing at the building columns.

281



Metal Building Systems Manual

2.11.6.10 Rail Attachments

In addition to the general information in Section 2.10.3 on rail attachments, the following
applies specifically to heavy-duty crane applications.

Hook bolts should not be used on CMAA runway systems longer than 500 feet, runway
systems in building Classes A and B or for cranes with lifting capacities over 20 tons.

The AIST Technical Report No. 13 requires that rail clips allow for longitudinal float of the
rail and that the clips restrict the lateral movement to '/g inch inward or outward. When crane
rails are installed with resilient pads between the rail and the girder, the amount of lateral
movement should be restricted to /3, inch to reduce the tendency of the pad to work out from
under the rail.

2.12 Specification of Crane Systems

Improper crane systems may cause excessive forces that adversely affect the performance
and durability of crane buildings. The End Customer should ensure that cranes are designed,
manufactured, and installed in accordance with the following standards

—

ANSI B30.11--Monorails and Underhung Cranes (Ref. B4.4)

2. ANSI B30.17--Overhead and Gantry Cranes (Top Running, Bridge, Single Girder,
Underhung Hoist) (Ref. B4.5)

3. ANSI B30.2--Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple
Girder, Top Running Trolley Hoist) (Ref. B4.10)

4. ANSI MH 27.1--Specifications for Underhung Cranes and Monorail Systems (Ref.

B4.3)

CMAA No.70--Specifications for Electric Overhead Traveling Cranes (Ref. B4.2)

6. CMAA No.74--Specifications for Top Running and Under Running Single Girder

Electric Overhead Traveling Cranes (Ref. B4.13).

9]

2.13 Erection

Special fabrication and erection tolerances are recommended for crane buildings including
runway beams. Improper erection may cause excessive forces that adversely affect the
performance and durability of the crane building. See Chapter IV Common Industry
Practices, Sections 4, 6, and 9 for recommended fabrication and erection tolerances.

2.14 Operation and Maintenance

Improper operation of crane systems or maintenance of cranes, rails, runway beams, runway
support or suspension systems, including fasteners, can cause excessive forces that adversely
affect the performance and durability of crane buildings. The End Customer is responsible
for ensuring proper operation, inspection and maintenance of cranes; see References B4.2,
B4.3, B4.4, B4.5, and B4.10. and B4.13.
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2.15 Crane Example
Crane Load Example 2.15: Two Aisles with One Crane per Aisle

This Example will demonstrate compilation of loads to be applied to main frames for a
building with two building aisles, one crane aisle per building aisle.

A . Given:
Modular building with one interior column, two 50 ft building aisles
Building Use Category II
Bay Spacing = 20 ft

Crane Data (obtained from Crane Supplier):

10 Ton Top Running Crane, 45 ft span, 8’-0" wheel base, Class C
Bridge Weight = 20,000 1bs
Hoist & Trolley Wt = 2,600 Ibs
Maximum Wheel Load = 15,200 1bs
Minimum Wheel Load = 5,100 lbs
Electric Bridge, Hoist and Trolley

8 Ton Top Running Crane, 45 ft span, 7°-0" wheel base, Class C
Bridge Weight = 16,000 lbs
Hoist & Trolley weight = 2,200 lbs
Maximum Wheel Load = 12,800 lbs
Minimum Wheel Load = 4,700 1bs
Electric Bridge, Hoist and Trolley

B. General:
Wind, dead, live and snow loads are calculated as shown in previous examples.
The crane runway beam and rail are to be included as dead loads, applied at the
crane support locations. Note that for clarity, dead loads are not shown in this
example.

C. Loads on Main Framing:

See Figure 2.15(b) for illustration of the following terms:

CioVL (10 ton crane vertical load with hoist furthermost left)

CioVr (10 ton crane vertical load with hoist furthermost right)

CioHL (10 ton crane lateral load acting left due to trolley movement)
CioHr (10 ton crane lateral load acting right due to trolley movement)
CsVL (8 ton crane vertical load with hoist furthermost left)

CsVr (8 ton crane vertical load with hoist furthermost right)

CsHy (8 ton crane lateral load acting left due to trolley movement)
CsHr (8 ton crane lateral load acting right due to trolley movement)
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1. Crane Vertical Loads on Building Columns:

By inspection, maximum vertical load occurs when one set of wheels is in
plane with the main frame as shown in Figure 2.15(a).

1 l-_-l |'—'|_1;—-

Wheel
! Base
20° Crane
Bay
Centerline Runway
Main Frame Column Beam

Figure 2.15(a): Crane Location for
Maximum Vertical Load on Columns

Runway beams are typically installed as simply supported beams; therefore
the vertical crane loads applied to the main frame can be calculated based on
simple beam theory:

Vertical Load on Column Near Hoist, Py1:

Py; = Maximum Wheel load x [1 + (bay space - wheel base)/bay space]
10 Ton Crane Py; = 15,200 x [1 + (20 — 8)/20] = 24,320 Ibs

8 Ton Crane Py; = 12,800 x [1 + (20 — 7)/20] = 21,120 Ibs

Vertical Load on Column Away From Hoist, Py;:

Py, = Minimum Wheel load x [1 + (bay space - wheel base)/bay space]
10 Ton Crane Py, = 5,100 x [1 + (20 — 8)/20] = 8,160 1bs

8 Ton Crane Py, =4,700 x [1 + (20 — 7)/20] = 7,755 lbs

Note:
(1) If the runway beam is supported by a bracket extending from the
building column, the load eccentricity must be accounted for in the
design of the column.

(2) Vertical impact need not be considered for the design of main
frames. Vertical impact must be considered, as shown in
Table 2.6, for the design of runway beams including connections
and support brackets.
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2. Crane Lateral Loads on Building Columns:

3.

4.

Crane lateral forces are to be distributed between the building columns taking
into account the relative lateral stiffness of the runway beams. It is assumed in
this example problem that the lateral stiffness of the crane runway beams at
each end of the crane are equal.

10 Ton Crane Lateral Wheel Load = 0.2(20,000 + 2,600)/4 = 1,130 lbs
8 Ton Crane Lateral Wheel Load = 0.2(16,000 + 2,200)/4 =910 lbs

Lateral Load at Column = Lateral Wheel Load x [1 + (bay space - wheel
base)/bay space]

10 Ton Crane lateral load = 1,130 x [1 + (20 — 8)/20] = 1,808 Ibs
8 Ton Crane lateral load =910 x [1 + (20 — 7)/20] = 1,502 Ibs

Note: By inspection, 0.5(CjoHy + CgHyr) < C;oHy; therefore, this combination
does not need to be checked.

The lateral loads are evenly distributed to the building columns, i.e., the lateral
load computed above is applied to the left column, as well as to the right
column. These loads are applied to the columns at the crane rail elevation.

Crane Longitudinal Loads:

Like the lateral loads, the longitudinal loads are applied at the crane rail
elevation.

Longitudinal force = 0.10 x max. wheel loads
10 Ton Crane Longitudinal Load = 0.10 x 15,200 x 2 = 3,040 Ibs
8 Ton Crane Longitudinal Load =0.10 x 12,800 x 2 = 2,560 Ibs

Load Combinations:

The building should be investigated for the following crane load
combinations:

CioVL + C1oHL
C10VL * C10HR
C1oVR + C10HL
C10VR + C10HR

CgV] +CgHL
CgV] + CgHR
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CgVR + CgHy,
CgVR + CgHR

CioVL +CgVL, + C1oHL
CioVL + CgVR+ C1oHL
CioVL + CgVL, + C1oHR
Ci1oVL + CgVR+ C1oHR

Ci1oVR T CgVy, + CioHL
CioVR T CgVR+ C1oHL
CioVR T CgVL + C1oHR
Ci1oVR T CgVR+ C1oHR

The load combinations specified above are auxiliary loads which must be
combined with dead, snow and wind loads as specified in the applicable
loading combinations.
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Figure 2.15(b): Crane Loads
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Chapter III Serviceability

The following material was reprinted with permission from "Serviceability Design
Considerations for Steel Buildings," AISC Steel Design Guide No. 3 (Ref. B14.3). The
American Institute of Steel Construction updated this guide, which was originally titled,
"Serviceability Design Considerations for Low Rise Buildings." The original guide was
jointly sponsored to develop a clearer understanding of serviceability considerations for low-
rise buildings. The updated guide reflects the addition of information on tall buildings, but
only excerpts pertaining to metal building systems are reprinted here for convenient
reference.

In addition, some of the content of the AISC Steel Design Guide No. 3 has been further
updated by MBMA to reflect changes for the ANSI/AISC 360-10 Specification for
Structural Steel Buildings (Ref. B14.6), hereafter referred to as the AISC Specification, as
well as other referenced documents. Sections that have been updated by MBMA are shown
underlined. Readers are advised to obtain and read the entire reference for a complete guide
on serviceability considerations.

3.1 Introduction

Serviceability is defined in the AISC Specification as "a state in which the function of a
building, its appearance, maintainability, durability, and comfort of its occupants are
preserved under normal usage." Although serviceability issues have always been a design
consideration, changes in codes and materials have added importance to these matters, such
as the shift to a limit-states basis for design.

Since 1986, both the AISC LRFD and AISC ASD Specifications have been based upon the
limit-states design approach in which two categories of limit states are recognized: strength
limit states and serviceability limit states. Strength limit states control the safety of the
structure and must be met. Serviceability limit states define the functional performance of the
structure and should be met.

The distinction between the two categories centers on the consequences of exceeding the
limit state. The consequences of exceeding a strength limit may be buckling, instability,
yielding, fracture, etc. These consequences are the direct response of the structure or element
to load. In general, serviceability issues are different in that they involve the response of
people and objects to the behavior of the structure under load. For example, the occupants
may feel uncomfortable if there are unacceptable deformations, drifts, or vibrations.

Whether or not a structure or element has passed a limit state is a matter of judgment. In the
case of strength limits, the judgment is technical and the rules are established by building
codes and design specifications. In the case of serviceability limits, the judgments are
frequently non-technical. They involve the perceptions and expectations of building owners
and occupants. Serviceability limits have, in general, not been codified, in part because the
appropriate or desirable limits often vary from application to application. As such, they are

289



Metal Building Systems Manual

more a part of the contractual agreements with the owner than life-safety related. Thus, it is
proper that they remain a matter of contractual agreement and not specified in the building
codes.

In a perfect world the distinction between strength and serviceability would disappear. There
would be no problems or failures of any kind. In the real world all design methods are based
upon a finite, but very small probability of exceedance. Because of the non-catastrophic
consequences of exceeding a serviceability limit state, a higher probability of exceedance is
allowed by current practice than for strength limit states.

The foregoing is not intended to say that serviceability concerns are unimportant. In fact, the
opposite is true. By having few codified standards, the designer is left to resolve these issues
in consultation with the owner to determine the appropriate or desired requirements.

Serviceability problems cost more money to correct than would be spent preventing the
problem in the design phase. Perhaps serviceability discussions with the owner should
address the trade-off between the initial cost of the potential level of design vs. the potential
mitigation costs associated with a more relaxed design. Such a comparison is only possible
because serviceability events are by definition not safety related. The Metal Building
Manufacturers Association (MBMA) in its Chapter IV _Common Industry Practices states
that the customer or his or her agent must identify for the metal building engineer any and all
criteria so that the metal building can be designed to be "suitable for its specific conditions of
use and compatible with other materials used in the metal building system." Nevertheless, it
also points out the requirement for the active involvement of the customer in the design stage
of a structure and the need for informed discussion of standards and levels of building
performance. Likewise the AISC Code of Standard Practice states that in those instances
where the fabricator has both design and fabrication responsibility, the owner must provide
the "performance criteria for the structural steel frame."

Numerous serviceability design criteria exist, but they are spread diversely through codes,
journal articles, technical committee reports, manufacturers’ literature, office standards and
the preferences of individual engineers. AISC Design Guide No. 3 gathers these criteria for
use in establishing serviceability design criteria for a project.

Serviceability Requirements in the AISC Specification
The AISC Specification lists seven topics that relate to serviceability concerns. They are:

(1) Camber

(2) Deflections

(3) Drift

(4) Vibration

(5) Wind-Induced Motion

(6) Expansion and Contraction
(7) Connection Slip
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Camber

Camber may or may not be a solution to a serviceability issue, and the authors have
attempted to identify appropriate and inappropriate use of camber in this design guide. In
most instances, the amount of total movement is of concern rather than the relative
movement from the specified floor elevation, in which case camber is not an appropriate
solution. There are, however, situations where camber is appropriate, such as in places where
it is possible to sight down the underside of exposed framing.

Expansion and Contraction

Expansion and contraction is discussed to a limited extent. The goal of this design guide is to
discuss those aspects of primary and secondary steel framing behavior as they impact non-
structural building components. For many types of low-rise commercial and light industrial
projects, expansion and contraction in the limited context given above are rarely an issue.
This does not mean that the topic of expansion and contraction is unimportant and, of course,
the opposite is true. For large and/or tall structures, careful consideration is required to
accommodate absolute and relative expansion and contraction of the framing and the non-
structural components.

Vibration

In general, vibration typically will only be an issue to a metal building project if there is a
mezzanine or story structure included. In this case, the designer is referred to AISC Design
Guide #11. "Floor Vibrations Due to Human Activity," American Institute of Steel
Construction, 1997 for guidance.

Connection Slip

Connection slip has not been addressed explicitly in this design guide. However, it is the
authors’ intent that the various drift and deflection limits include the movements due to
connection slip. Where connection slip, or especially the effect of accumulated connection
slip in addition to flexural and/or axial deformations, will produce movements in excess of
the recommended guidelines, slip-critical joints should be considered. Slip-critical joints are
also required in specific instances enumerated in Section 5 of the Specification for Structural
Joints Using High-Strength Bolts (RCSC, 2009). It should be noted that joints made with
snug-tightened or pretensioned bolts in standard holes will not generally result in
serviceability problems for individual members or low-rise frames. Careful consideration
should be given to other situations.

Wind-Induced Motion

As metal building structures are typically considered low-rise construction, cyclical
movement of the structure due to wind excitation is normally considered to be minimal and
only of interest if the structure is supporting a mezzanine or story which can affect the
comfort of the occupants.
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Corrosion

Corrosion, if left unattended, can lead to impairment of structural capacity. Corrosion is also
a serviceability concern as it relates to the performance of non-structural elements and must
be addressed by proper detailing and maintenance. The primary concerns are the control or
elimination of staining of architectural surfaces and prevention of rust formation, especially
inside assemblies where it can induce stresses due to the expansive nature of the oxidation
process. Again, the solutions are proper detailing and maintenance.

Serviceability Requirements in ASCE 7
ASCE 7-10 "Minimum Design Loads for Buildings and Other Structures" (ASCE, 2010)
addresses serviceability in paragraph 1.3.2 Serviceability as follows:

"Structural systems, and members thereof, shall be designed to have adequate
stiffness to limit deflections, lateral drift, vibration, or any other deformations that
adversely affect the intended use and performance of buildings and other
structures."

ASCE 7-10 provides an Appendix with commentary entitled "Serviceability Considerations."
While this appendix is non-mandatory, it does draw attention to the need to consider five
topic areas related to serviceability in the design of structures:

Deflection, vibration and drift
Design for long-term deflection
Camber

Expansion and contraction
Durability

The ASCE 7 Appendix introduction notes that "serviceability shall be checked using
appropriate loads for the limit state being considered." The commentary to the Appendix
provides some suggestions with regard to loads and load combinations. For example, two
load combinations are suggested for vertical deflections of framing members:

D+L
D +0.5S

These are recommended for limit states "involving visually objectionable deformations,
repairable cracking or other damage to interior finishes, and other short term effects." For

serviceability limit states "involving creep, settlement, or other similar long-term or
permanent effects," the suggested load combination is:

D+ 0.5L
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With regard to lateral drift, the commentary cites the common interstory drift limits of L/600
to L/400. The commentary also notes that an absolute interstory drift limit of 3/8 in. (10 mm)
may often be appropriate to prevent damage to non-structural elements. This absolute limit
may be relaxed if there is appropriate detailing in the non-structural elements to
accommodate greater drift.

The commentary provides the following load combination for checking short-term effects:

D+ 0.5L +0.7Wa

The reader is encouraged to refer to the Appendix Commentary, which provides additional
insights into the issue of serviceability and an extensive list of references.

AISC Design Guide No. 3 addresses the following serviceability design criteria:

1. Roofing

2. Skylights

3. Cladding

4. Interior Partitions and Ceilings
5. Vibrations

6. Equipment

Most of these criteria limit relative and absolute deflection and, in the case of vibrations,
place limits on the range of response and controls for the physical characteristics of structures
and elements. Additionally, the presentation and discussion of a consistent loading and
analysis approach is essential to these criteria. Without these three elements (load, analysis
approach, and serviceability limit) a serviceability design criterion is useless.

This design guide provides serviceability design criteria are for selected applications. Source
material has been documented wherever possible. Many of the design criteria are based upon
the authors’ own judgment and rules of thumb from their own experience. It should be noted
that when applicable building codes mandate specific deflection limits the code requirements
supersede the recommendations of this design guide.

Structures framed in structural steel accommodate numerous occupancies and building types.
The following discussion addresses ten occupancy types and the specific serviceability
design considerations associated with these occupancies.

Storage/Warehouses

Most modern storage facilities, unlike those of previous eras, are single story buildings. As
such, modern storage occupancies usually enclose large unobstructed areas under a roof. The
significant serviceability design considerations are:
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Roof slope and drainage
Ponding stability

Roof deflection

Wall support and girt deflection
Frame drift

Expansion joints

Manufacturing

Like Storage/Warehouse facilities, modern manufacturing facilities are large single story
structures, which may include extensive mezzanines. The most significant serviceability
design considerations for this occupancy type are:

Roof slope and drainage
Ponding stability

Roof deflection

Wall support and girt deflection
Frame drift

Expansion joints

Vibration in mezzanine areas
Suspended equipment

Crane operation

Corrosion

Equipment vibration

In addition to the serviceability considerations provided in AISC Design Guide No. 3, the
reader is referred to AISC Design Guide No. 7 Industrial Buildings: Roofs to Column
Anchorage (AISC, 2004) for a useful discussion on manufacturing facilities.

Heavy Industrial/Mill Buildings

Heavy industrial and mill construction has many of the same serviceability considerations as
Manufacturing. Additionally, care must be taken to ensure the proper operation and
performance of the cranes. AISC Design Guide No. 7 Industrial Buildings: Roofs to Column
Anchorage (AISC, 2004) is worthwhile reading on this subject. The significant serviceability
design considerations are:

Crane operation

Roof slope and drainage
Ponding stability

Roof deflection

Wall support and girt deflection
Frame drift

Expansion joints

Mercantile/Shopping Malls

Mercantile structures are frequently large one and two story structures sharing some of the
same serviceability design considerations as Storage/Warehouse occupancies. With large
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areas of roof drainage, roof deflections and expansion joints require special attention. As
AISC Design Guide No. 11 Floor Vibrations Due to Human Activity (AISC, 1997) points
out, objectionable vibrations have been observed in the second floor levels of these types of
structures. Objectionable floor vibrations can result from a lack of damping in open
pedestrian areas and walkways. This is discussed in detail in AISC Design Guide No. 11. The
significant serviceability design considerations for mercantile occupancies are:

Roof slope and drainage

Ponding stability

Roof deflection

Frame drift

Expansion joints

Floor vibration

Skylights

Corrosion in winter garden and large fountain areas

Health Care and Laboratory Facilities

Although hospitals and clinics are generally multi-story structures, they can be constructed as
single-story facilities. The performance of the floor structures is of significant concern, and
special attention should be given to the effect of floor vibration on sensitive laboratory
equipment. The relationship between the frame and the curtain wall is another important
design consideration, as is the performance and operation of traction elevators. The
significant serviceability design considerations for health care occupancies are:

Roof slope and drainage
Ponding stability

Roof deflection

Curtain wall/spandrel deflection
Frame drift

Expansion joints

Floor deflection
Vibration of floors
Concreting of floors
Suspended equipment
Elevator operation
Skylights

Educational

Schools and other academic buildings are constructed as both single and multi-story
structures. Typical serviceability considerations for floors, roofs and walls apply to all such
structures. Structures in schools with swimming pools must be protected against a potentially
corrosive environment. Schools with physical education facilities on upper levels must
consider the impact of floor vibrations on the structure, especially those due to rhythmic
excitation. Lenzen (1966), cites the case of a school in which floor vibrations were not
perceptible when the teacher and students were present, but vibration was deemed to be
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annoying when the classroom was empty except for teachers working after classes. The
significant serviceability design considerations for educational occupancies are:

Roof slope and drainage
Ponding stability

Roof deflection

Curtain wall/spandrel deflection
Frame drift

Expansion joints

Floor deflection
Vibration of floors
Concreting of floors
Skylights

Corrosion

Office Buildings

Office buildings are constructed in all heights from single-story buildings to high-rise towers.
The relationship of the building frame to the curtain wall is important, as are frame drift and
floor deflection. Floor vibration can be an issue. Elevator operation is also a significant
concern. The major serviceability considerations for office occupancies are:

Roof slope and drainage
Ponding stability

Roof deflection

Curtain wall/spandrel deflection
Frame drift

Perception of wind induced acceleration
Expansion joints

Floor deflection

Vibration of floors

Concreting of floors

Suspended equipment

Elevator operation

Skylights

Parking Structures

Structural steel-framed parking structures are frequently open structures, which exposes the
framing. Protection of the structural steel and connections from corrosion and good drainage
are significant concerns. More detailed information on the design of Steel-Framed Open-
Deck Parking Structures is available in AISC Design Guide No. 18 Open-Deck, Steel-
Framed Parking Structures (Churches, et al. 2003). The significant serviceability design
considerations for parking structures are:

Deck slope and drainage
Expansion joints
Concreting of floors
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Corrosion

Residential/Apartments/Hotels

Residential occupancies that are steel framed are commonly mid- to high-rise structures.
Frequently the taller of these structures are mixed use buildings with portions of the space
devoted to office and retail occupancies. Most, if not all, of the serviceability design
considerations for office occupancies apply to residential occupancies. These are:

Roof slope and drainage

Ponding stability

Roof deflection

Curtain wall/spandrel deflection

Frame drift

Perception of wind induced acceleration
Expansion joints

Floor deflection

Vibration of floors

Concreting of floors

Suspended equipment

Elevator operation

Skylights

Corrosion in chlorine disinfected swimming pools

Assembly/Arenas

Assembly occupancies are not discussed extensively in this design guide. These buildings are
by nature unique, one-of-a-kind structures with large open spans. The accommodation of
large deflections and the associated cambers and thermal movements are critical aspects of
the design. Additionally, the potential for rhythmic excitation of the structure by the crowd
must be considered.

Seismic Applications

It should be noted that this design guide does not provide guidance on serviceability limit
states exceeded due to the deformations and interstory drifts of a structural frame subjected to
seismic loading. Such requirements are explicitly included in the building code and the
reader is referred there.

3.2 Design Considerations Relative to Roofing

Roof serviceability largely relates to the structure’s role in maintaining the integrity of the
roofing membrane and the drainage system. Although ponding relates to both the strength
and stiffness of the roof structure, ponding stability is ultimately a strength design
consideration; see AISC Specification Appendix 2. Because of the importance of ponding
stability as a design issue, and because ponding instability is a function of load and
deflection, the following discussion of the topic is included in this design guide.
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Ponding Instability

The AISC Specification provides that unless a roof surface is provided with sufficient slope
towards points of free drainage, or adequate individual drains to prevent the accumulation of
rain water, the roof system must be investigated to ensure adequate strength and stability
under ponding conditions. The ponding investigation must be performed by the specifying
engineer or architect. ASCE 7-10 establishes adequate slope to drain as 1/4-in. per foot in
Section 8.4. Additional information is provided in the Steel Joist Institute Technical Digest
No 3, "Structural Design of Steel Joist Roofs to Resist Ponding" (SJI, 1971).

Ponding, as a structural design phenomenon, is of concern for two reasons:

1. The loading is water, which can fill and conform to a deflected roof surface.
2. The source of load (water) is uncontrollable, i.e. rain is a natural hazard.

When water can accumulate on a structural system due to impoundment or restriction in
drainage, ponding must be checked. Reasons for the accumulation can be:

Dead load deflections of members in roofs designed to be flat.

Deflections of members, which places points in their spans below their end points.
Deflections of bays supporting mechanical units.

Members installed with inverted cambers.

Blocked roof drains.

Parapets without scuppers.

Parapets with blocked scuppers.

Intentional impoundment of water as part of a controlled-flow roof drain design.
Low-slope roofs, which allow water to accumulate due to the hydraulic gradient.

AERSIR ROl S

Ponding rainwater causes the deflection of a roof system, which in turn increases the
volumetric capacity of the roof. Additional water is retained which in turn causes additional
deflection and volumetric capacity in an iterative process. The purpose of a ponding check is
to ensure that convergence occurs, i.e. that an equilibrium state is reached for the incremental
loading and the incremental deflection. Also, stress at equilibrium must not be excessive.

AISC Specification Appendix 2 gives limits on framing stiffness that provide a stable roof
system. They are:

C,+09C;<025  (Eq.A-2-1)

1;>25(5)107 (Eq. A2-2)
where,
_ 4 7
C, = (32LL,Y/(10'T)
Co = (328L/(10'L)
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L, = length of primary members, ft
L = length of secondary members, ft
S = spacing of secondary members, ft
o : . 4
I, moment of inertia of primary members, in.
I; = moment of inertia of secondary members, in.*
I; = moment of inertia of the steel deck, in.* per foot

Equation A-2-2 is met in most buildings without the need for increased deck stiffness.
Equation A-2-1, in many cases, requires stiffer elements than would be required by loading.
In the majority of cases, roofs that do not meet Equation A-2-2 can be shown to conform to
the bending stress limit of 0.80F), in the ASD Specification or F), in the LRFD Specification.
The relationship between the requirements of the two Specifications is discussed in Ponding
Calculations in LRFD and ASD (Carter and Zuo, 1999).

AISC Specification Appendix 2 provides a procedure to meet the total bending stress
requirement. It should be noted that the checking of bending stresses is not required if the
stiffness controls of equations A-2-1 and A-2-2 are met. This procedure is based on:

1. A calculation of the deflection due to the accumulation of water in the deflected shape
of the primary and secondary members at the initiation of ponding. These deflected
shapes are taken to be half sine waves, which is sufficiently accurate for this
calculation.

2. In LRFD a load factor of 1.2 is used for dead and rain load per Appendix K with an
implied value of ¢ = 1.0 (see Carter/Zuo, 1999). In ASD a factor of safety of 1.25 for
stresses due to ponding is used, which results in an allowable stress of 0.8F),.

3. Behavior of the members is in the elastic range so that deflection is directly
proportional to stress.

4. Stress due to ponding is limited to ), (LRFD) or 0.80F), (ASD) minus the factored
stress or stress in the members at the initiation of ponding, depending on the
Specification applied.

Thus, the method uses four variables:

Up, the stress index for the primary member

Ui, the stress index for the secondary member
C), the stiffness index for the primary member
Cy, the stiffness index for the secondary member

C, and C; are as given in AISC Specification Appendix 2 Part 2.1. U, and U; are given in
Part 2.2 as:

(Fy-fo) 1 fo (LRFD)
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(0.8Fy- fo) ! fo (ASD)

where f, is the bending stress in the member (primary or secondary) at the initiation of

ponding. In LRFD, f, is calculated using the factored load of 1.2D + 1.2R, where D is the
nominal dead load and R is the nominal rain/snow load.

AISC Specification Appendix 2 Part 2.2 presents two figures, A-2-1 and A-2-2. Figure A-2-1
is used to find a maximum C, when U, and Cs are given. Figure A-2-2 is used to find a

maximum Cy when Uy and C,, are given. This procedure is thus a checking procedure since

trial sections must be chosen to establish C,, C, U, and U;. Figures A-2-1 and A-2-2 are
graphs representing combinations of stress and stiffness that control the increment of load
(stress) and deflection at the initiation of ponding.

If one studies the relationships in these figures, it can be noted that the required stiffness is
inversely related to initial stress. If the stress index associated with values of C, and C; that
meet the stiffness limit of C, + 0.9Cs < 0.25 is plotted, one can see that the stress index is
very low, indicating that f, is very near 0.9F, (LRFD) or 0.6F), (ASD). This is logical since
the system is so rigid that the ponded accumulation is negligible. As one moves beyond the
values of C,, and C that meet equation K-2.1, it can be seen that the term (F), - £,) (LRFD) or
(0.8F), - f,) (ASD) must increase to provide for the reduction in stiffness, e.g. the increase in
C, and/or Cy. Thus it can be seen that the accurate calculation of f, is the essential element in
using this procedure.

The Commentary to AISC Specification Appendix 2 Part 2.2 states that £, is the stress due to
D + R (D = nominal dead load, R = nominal load due to rainwater or ice exclusive of the
ponding contribution). The calculations for the increment of ponded water are a function of
the initial deflection and stiffness of the primary and secondary members. The initial
deflection and the initial stress are the result of the "initial loads," which are those present at
the "initiation of ponding." This means that the "initial loads" may be and will probably be
different from the design loads. The initial loads include all appropriate dead and collateral
loads, such as:

Weight of structural system

Weight of roofing and insulation system
Weight of interior finishes

Weight of mechanical and electrical systems
Weight of roof top mechanical systems

SNk W=

The initial loads also include some or all of the superimposed load. The requirements of the
AISC Specification and Commentary point to the fact that the superimposed load must
actually be present at the initiation of ponding. Thus the appropriate portion of design
superimposed load is not necessarily 100 percent of the design superimposed load. The
amount of superimposed load used is to a degree up to the judgment of the engineer.
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The most significant loading in northern regions of the country is a prediction of the amount
of snow present at the initiation of ponding. A significant factor in all regions is a judgment
of the amount of water on the roof at the initiation of ponding. Also, consideration must be
given to the combination of snow and water, where applicable. The AISC Specification
demonstrates that the loading at the initiation of ponding does not include the water that
produces the stresses due to ponding, but does include water trapped on the roof because the
roof has not been "provided with sufficient slope towards points of free drainage or adequate
individual drains to prevent the accumulation of rain water." Also, as noted above, ASCE 7-
10 Section 8.4 states that roofs with a slope of at least 1/4 in. per ft need not be investigated
for ponding stability. However, the superimposed load at the initiation of ponding could
include water trapped by plugged internal roof drains.

ASCE 7-10 Section 8.3 requires that "each portion of a roof shall be designed to sustain the
load of all rainwater that will accumulate on it if the primary drainage system for that portion
is blocked plus the uniform load caused by water that rises above the inlet of the secondary
drainage system at its design flow." Previous model codes included similar requirements.

The use of the weight of trapped or impounded water is recommended in SJI Technical
Digest No. 3, "Structural Design of Steel Joist Roofs to Resist Ponding Loads." This
reference also gives an approach for accounting for the potential for snow and water in
combination. It recommends that "where ice and snow are the principal source of roof live
load" 50 percent of the design live load be used up to 30 psf live load, and 100 percent of the
design live load when the design live load is 40 psf and greater." Presumably the percentage
could be interpreted as varying linearly for loads between 30 and 40 psf. When these values
are used to account for rain and snow, it is not necessary to add in the weight of potential
trapped water described above unless the weight of impounded water would be greater than
the reduced design live load. ASCE 7-10 Section 7.10 requires that roofs with a slope (in
degrees) less than W/50 with W in ft. and p, is 20 Ib/ft* or less but not zero be designed for a
rain on snow surcharge.

ASCE 7-10 requires that roofs with "controlled drainage" must be checked for ponding
instability, as determined in the provisions for "ponding instability." When these provisions
apply, they require that "the larger of snow load or rain load shall be used in this analysis.
The primary drainage system within an area subjected to ponding shall be considered to be
blocked in this analysis."

Note that the earlier discussion described two-way roof framing systems. There is a separate
case where the secondary framing bears directly on walls. This case eliminates the primary
member deflection and the AISC Specification procedures can be used by reference to
Figures A-2-1 and A-2-2 for which C; is calculated using the deck properties and C, is
calculated using the joist properties. Also the SJI Technical Digest No. 3 gives a procedure
for accounting for a reduction in the accumulated water weight due to camber. Logic
suggests that concept could also be applied to the two-way system.
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Neither AISC nor SJI procedures address the deflected geometry of a continuous primary
framing system. All of the deflection and load calculations of both procedures are based on
the half-sine wave shape of the deflected element. This shape is conservative with a
continuous primary member, because it overestimates the volume in the deflected compound
curve.

Thus,

1. Ponding stability is an important concern in roof design.
Using the stiffness criteria of the Specification can produce unnecessarily
conservative designs.

3. Use of the design approach presented in AISC Specification Appendix 2 is
recommended.

4. Determination of the appropriate loading in the calculation of initial stress is
absolutely critical for the method to produce an accurate result.

Roofing
The concerns for the integrity of the roofing lie in three main areas:

1. in the field of the roof
2. atthe edges
3. at penetrations

Two types of roofing will be discussed here: membrane roofs and metal roofs on structure.

Membrane Roofs

The field of a membrane roof must be isolated from the differential thermal movement of
membrane and structure. This is done by means of "area dividers" in the roof membrane. The
spacing of these joints depends on the type of roofing and climate conditions. The NRCA
Roofing Manual: Membrane Roof Systems, published by the National Roofing Contractors
Association (NRCA, 2007) concedes that recent experience with newer materials indicates
that area dividers can be spaced at greater intervals for certain types of membrane systems
than had previously been the case. In fact the "NRCA Roofing Manual" uses the phrase "may
not be required at all" in its presentation on the need for area dividers and their spacing
requirements for certain membrane systems.

Area dividers are commonly required for attached or adhered systems and are generally
spaced at intervals of 150-200 feet. Area dividers will, in all likelihood, be spaced at intervals
smaller than the building expansion joints.

The integrity of the roofing field is affected by the underlying structure. Factory Mutual
System in its "Approval Guide" gives maximum spans for various deck types and gages. The
Steel Deck Institute provides different criteria:

1. a maximum deflection of span divided by 240 for uniform design live load; and,
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2. alimit of span divided by 240 with a 200-1b concentrated load at midspan on a 1-ft 0-
in. wide section of deck.

SDI also gives maximum recommended spans for decks subjected to maintenance and
construction loads. These are repeated in the NRCA Manual.

Both of these standards recognize that the localized and differential deflections induced by
concentrated loads are in general more important to the proper performance of the roof than
the uniform load capacity. The Steel Joist Institute limits the maximum live load deflection
for roof joists and girders to span divided by 240 (para. 5.9, 104.10, and 1004.6). The
National Roofing Contractors Association (NRCA) Roofing Manual, recommends a limit on
the deflection of the roof deck of span divided by 240 for total load.

As mentioned in the section herein on cladding, the joint between wall and roof is a critical
point. The roofing edge detail must be able to accommodate any relative vertical and/or
horizontal movement between wall and roof to prevent rupture. This condition is of less
concern where ballasted loose-laid membranes are used, but is a very significant problem
where conventional built-up roofing systems are used. In built-up installations, unless special
isolation joints are used, movement tolerances are very small and deflection and movements
must be treated on an absolute basis consistent with the details.

Details at penetrations for such items as soil stacks, electrical conduit and roof drains must
allow for vertical movement of the roof structure independent of these items, which may be
rigidly attached to other elements such as the floor below.

Drainage Requirements

To ensure adequate drainage, the roofing industry conventionally called for roof slopes on
the order of 1/8 in. to 1/4 in. per foot. The NRCA acknowledges that building codes now set
limits on the minimum slope for various membrane types (see below). The NRCA cautions
that a strict adherence to a minimum slope such as 1/4 in. per ft may not result in positive
drainage due to camber or "varying roof deflections."

The IBC and NFPA 5000 Model Building Codes provide the following minimum slopes for
standing seam and membrane roofs:

Standing seam metal roofs systems; 1/4 in. per foot

Built-up roofing; 1/4 in. per foot, except coal tar, which requires 1/8 in. per foot
Modified bitumen roofing; 1/4 in. per foot

Thermoset single-ply roofing: 1/4 in. per foot

Thermoplastic single-ply roofing: 1/4 in. per foot

Sprayed polyurethane foam roofing: 1/4 in. per foot

Liquid applied coatings: 1/4 in. per foot

A il e

Maximum deflections are outlined in these codes and standards:
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e AISC 360, Specification for Structural Steel Buildings, (AISC, 2010)

e AISI S100, North American Specification for Design of Cold-Formed Steel
Structural Members (AISI, 2007) with 2010 Supplement, dated 2010

e AISI S200, North American Standard for Cold-Formed Steel Framing -General
Provisions (AISI, 2007)

e AISI S214, North American Standard for Cold-Formed Steel Framing - Truss
Design (AISI, 2007) with Supplement 2, dated 2008

e ASCE 3, Standard for the Structural Design of Composite Slabs (ASCE, 1991)

e ASCE 8-SSD-LRFD/ASD, Specification for the Design of Cold-Formed Stainless
Steel Structural Members (ASCE, 2002)

e SJI Standard Specifications, Load Tables and Weight Tables for Steel Joists and
Joist Girders. See references.

Model building codes require that the deflection of structural members divided by the span, /,
not exceed certain values. For example, see Table 1604.3 of the International Building Code.
Some applicable provisions from these references are excerpted below:

Excerpts From 2012 IBC Table 1604.3

CONSTRUCTION LIVE SNOW OR WIND* DEAD + LIVE

Roof members:

Supporting plaster ceiling 1/360 1/360 1/240

Supporting nonplaster ceiling 1/240 1/240 1/180

Not supporting ceiling 17180 /7180 17120
Roof members supporting metal 1/150 - -
roofing:
Structural Metal Roof and Siding

b - - 1760

Panels
Floor Members 17360 - 17240

Exterior walls and interior

partitions:
With brittle finishes ; 1/ 240 ,
With flexible finishes ; 17120 -
Secondary wall members ) 1/90 -

supporting metal siding

(a) The wind load is permitted to be taken as 0.42 times the component and cladding loads for the purpose

of determining deflection limits herein.
(b) For roofs, this exception only applies when the metal sheets have no roof covering.

Roof slopes can be directed to drains by sloping the structure, using tapered insulation,
sloping fill, or by using a combination of these methods. Roof drains, gutters or scuppers are
located at the low points. As the NRCA notes, from time to time, roof drainage points do not
wind up at roof low points and can cause problems for the structure.
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It at first seems logical that roof drains should be located at mid-span or mid-bay to take
advantage of the low point created by deflection. The elevation of this low point is, however,
very difficult to control and can easily be negated by camber (such as member curvature not
requested but naturally occurring nonetheless) or upward deflection due to patterned loading
in continuous designs.

If, on the other hand, drain points are located at columns, more control is possible. Within the
limits of fabrication and erection tolerances, columns are known points of relative elevation.
To ensure proper drainage to a low point at a column, the maximum deflection in the zone
around the column must result in elevations that remain higher than the drain. This criterion
must be used to set elevations of supports radiating from the low point.

3.2.1 Metal Roofs

Metal roofs are of two types: Through Fastened Roofs (TFR) and Standing Seam Roofs
(SSR). Standing Seam Roofs, for the purpose of this discussion, include only those of the
floating type. Standing seam roofs without the floating feature should be treated as through
fastened roofs.

The field of a metal roof must, at times, be divided into sections. In general, the limitations
on section size are as follows. For TFR the direction parallel to the ribs is limited to roughly
100 to 200 ft, to control leakage at fasteners due to elongation of the holes. Most metal
building manufacturers rely upon purlin roll to reduce slotting of the roof panels. Because of
their inherent greater stiffness, steel joists should not be used with through fastener systems.
SSR is limited based on the "theoretical" maximum movement of the hold down clips.
Depending on the manufacturer, this limitation is in the range of 150 to 250 feet.

Drainage Requirements

The strict control of vertical deflections for metal roofs is only limited near the (eave) ends
and edges (rakes). In the field of the roof, the deflection of purlins can be limited to span
divided by 150 for roof snow load. A maximum absolute limit on deflection has not been
specified since the roofing experiences approximately the same curvature, as the deflection
limit increases with span. Setting a maximum absolute limit would control behavior relative
to other objects within the building. This aspect is covered in the sections on partitions and
ceilings and equipment.

Along the gutters, it is essential that there be positive drainage after the roof is deflected
under design load. Because the perimeter framing may be stiffer than the first interior purlin,
a deflection check should be made to prevent standing water between the eave and first
interior purlin. In the case of side edges, as in the case of membrane roofs, there could be
separation in the flashing detail between wall and roof. This is a matter of limiting the
vertical deflection to that which can be tolerated by the detail.

The concern for maintaining drainage on the overall roof is largely eliminated by the
relatively large pitches used for metal roof buildings. They are on the order of 1/2 in. per foot
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for TFR and on the order of 1/4 in. per foot for SSR. Model building codes require a slope of
at least 1/4 in. per ft. However, it is essential that the deflection of purlins and rafters be
checked to ensure positive drainage of the roof under load. This includes dead load and
superimposed loads.

It is recommended that the superimposed load be 50 percent of the roof snow load with a
minimum of 5 psf. Roof snow loads are used as opposed to roof live loads, because minimum
specified live loads are a strength issue rather than a serviceability issue. For those structures
without ceilings or equipment hanging from the roof, this check for drainage is the only
check that needs to be made.

Because the drainage for metal roofs is universally at the eaves into interior or exterior
gutters or onto the ground, a discussion of the location of drainage points is not required. The
concern for the proper detail of penetrations and through roof pipes and conduits remains and
the key to resolving these issues is to have details that isolate the pipes, etc., from the
structure and roof.

3.3 Design Considerations Relative to Skylights

The design concerns surrounding skylights relate to cladding, in that deflection must be
controlled to maintain consistency with the skylight design and to ensure air and watertight
performance of the skylight. As always, one could insist that the skylight manufacturer
simply make the design conform to the building as designed, but as a practical matter it is
more reasonable to match the limitations of the manufacturer’s standard design and detailing
practices.

Skylights come in a variety of geometries including planar, pyramidal, gabled, domed and
vaulted. They are generally supported by the roof structure. When considering the interaction
of the skylights with the primary structure, it is important to determine if they rely on
horizontal as well as vertical support for stability. This will determine the loading of supports
and indicate the nature of controls on support deflection.

The primary reasons for controlling support point displacements for skylights are to:

Control relative movement of adjacent rafters (warping of the glass plane).
Control in plane racking of skylight frame.

Maintain integrity of joints, flashings and gutters.

Preserve design constraints used in the design of the skylight framing.

=

Control of Support Movements
The control of support point movements is best related in reference to the plane(s) of glazing.
The two directions of movement of concern for skylight performance are:

1. Movements normal to the plane(s) of glass.
2. Movements parallel to (in the) plane of glass.
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Movements in the plane of glass are racking-type movements. The relative displacement of
parallel glazing supports must be limited to maintain gasket grip and prevent the light (glass
pane) from bottoming out in the glazing recesses. The limits for this movement are 1/4 in. for
gasketed mullions and 1/8 in. for flush glazing. The relevant loadings for this limit are those
that are applied after the skylight is glazed.

Movements normal to the plane of glass are more difficult to describe. These movements are
in two categories:

1. Absolute movement of individual members.
2. Relative movement of adjacent members.

The movement (deflection) of individual supporting beams and girders should be limited to
control movement of the skylight normal to the glass to span divided by 300, to a maximum
of 1 in., where span is the span of the supporting beam. The loading for this case includes
those loads occurring after the skylight is glazed.

Additionally, the relative movement of adjacent supports must be considered. There are two
aspects of this. The first is spreading (or moving together) of supports. Spreading of supports
is to be measured along a line connecting the supports and should be limited as follows:

1/8 in. for alpha less than or equal to 25 degrees
5/16 in. for alpha between 25 to 45 degrees
1/2 in. for alpha greater than or equal to 45 degrees

where alpha is the angle between the line drawn between supports and a line drawn from a
support point through the ridge of a gabled skylight or the crown of a vault or arch.

The second consideration is control of relative support movement as deviations measured
perpendicular to the line drawn between the support points. This limit is the support spacing
divided by 240, with a maximum of 1/2 in. The appropriate loading for both cases of relative
movement is those loads that will be applied after the skylight is glazed. See the figures
accompanying the summary tables in the Appendix (See Table 3.2).

The general issue of deflection prior to the setting of skylights is important and must be
addressed. The deflections of the support structure must be controlled to provide a reasonable
base from which to assemble the skylight and install the glazing. To accomplish this, the
maximum deviation from true and level should be plus 1/4 in. to minus 1/2 in. Because the
concern is the condition at the time of setting the skylight, this can be controlled by a
combination of stiffness and camber as required.

Although not strictly a serviceability design consideration, the design of the interface
between skylight and structure must consider gravity load thrusts at support points. It is
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possible to make stable structures that anticipate or ignore gravity load thrusts. If the thrust
loads are anticipated and accounted for in the structural design, problems are avoided. If, on
the other hand, the structural engineer has not provided for gravity load thrusts and the
skylight design has counted on thrust resistance, there could be severe problems.

All vaults, pyramids, and three-hinged, arch-type structures exert lateral thrusts under gravity
loading. The construction documents must clearly spell out the provisions made for gravity
load thrusts and whether or not the skylight supplier is allowed to choose structure types that
require gravity load thrust resistance for stability or deflection control. As always, attention
to detail and coordination is critical.

"Structural Design Guidelines for Aluminum Framed Skylights," published by the American
Architectural Manufactures Association (AAMA) provides the following guidance for
deflections as they relate to skylights. The topic addresses three considerations:

1. In-plane deflection.
2. Normal-to-the-surface deflection, and
3. Racking.

With regard to in-plane deflection, AAMA cites the Flat Glass Marketing Association,
stating that "in-plane deflection of framing members shall not reduce glass bite or glass
coverage to less than 75 percent of the design dimension, and shall not reduce edge clearance
to less than 25 percent of design dimension or 1/8 in., whichever is greater." AAMA
recommends that deflection normal-to-the-surface of skylight framing members should not
exceed 1/175 of the span, or 3/4 in. AAMA provides only a caution that racking is a critical
design consideration, but provides no other specific recommendations.

With regard to sidesway of a framed skylight due to lateral loads, AAMA recommends a
limit of movement between any two points of "height/160" for glass glazing materials and
"height/100" for non-glass glazing materials.

Movement of supports is also addressed in the Guidelines. It states, "horizontal deflection of
skylight supporting curbs should be limited to 1/750 of the curb height or 1/2-in. unless curb
flexibility is considered in the analysis of the skylight frame."

Model building codes address supports for glass. In calculating deflections to check for
conformity to deflection limits, it is permissible to take the dead load for structural members
as zero. Likewise, in determining wind load deflections, it is permissible to use loads equal to
0.42 times the applicable load for components and cladding.

As stated above, the model building code requirements for deflection limits on the support of
glass state "to be considered firmly supported, the framing members for each individual pane
of glass shall be designed so that the deflection of the edge of the glass perpendicular to the
glass pane shall not exceed 1/175 of the glass edge length or 3/4 in. (19.1 mm), whichever is
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less, when subjected to the larger of the positive or negative load where loads are combined
as specified in (Load Combinations)."

Additionally, "where interior glazing is installed adjacent to a walking surface, the
differential deflection of two adjacent unsupported edges shall not be greater than the
thickness of the panels when a force of 50 pounds per linear foot (plf) (730 N/m) is applied
horizontally to one panel at any point up to 42 in. (1067 mm) above the walking surface."

3.4 Design Considerations Relative to Cladding, Frame Deformation and
Drift

In current practice a distinction is made separating the structural frame from the non-
structural systems and components of a building. The foundations and superstructure frame
are primary structure whereas the curtain wall and roofing are not. Despite this separation,
what is produced in the field is a single entity - a building. It is this entity that receives the
ultimate scrutiny regarding its success or failure.

Cladding-Structure Interaction

The primary means of controlling the interaction between cladding and structure is isolation
(divorcement in the words of the Commentary to the AISC ASD Specification). Divorcement
prevents the inadvertent loading of the cladding by movements in the primary and secondary
structure and is achieved by subdividing the cladding with joints and by attaching the
cladding to the structure in a manner that is statically determinate. Using a statically
indeterminate attachment would require a compatibility analysis of both cladding and
structure as a composite structure.

In addition to proper connections, the other key design element is joint behavior. Joints are
filled with sealants and gaskets. Movements must be controlled so that these materials
function as intended in their design. The cladding for a building can be either sole-source,
such as from a metal curtain wall manufacturer or can be built up from a number of disparate
elements such as masonry and window units. Each type of cladding has unique design
concerns beyond those related to cladding in general.

Vertical support of cladding can be accomplished in three ways. For one- and two-story
buildings, it is often feasible to support the cladding on the foundation with the only ties to
the frame being those connections required for stability and for lateral loads. Secondly,
cladding systems consisting of bay-length spandrel panels or bay-sized panels can be
supported at the columns. These connections should be appropriately detailed to maintain the
statically determinate condition of support mentioned above. The third method of support is
for those cladding systems that require support along the perimeter horizontal framing. The
concerns for frame and cladding interaction escalate through these three methods to the
special analysis, design and detailing issues associated with tall buildings.
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In addition to the deformations of the structural frame due to dead and live loads, as will be
discussed in detail below, the primary load affecting the performance of cladding is wind
load. As mentioned earlier, one of the three factors in the assessment of serviceability is load.

For the evaluation of frame drift, 10-year recurrence interval winds are recommended due to
the non-catastrophic nature of serviceability issues and because of the need to provide a
standard consistent with day-to-day behavior and average perceptions. The 50-year
recurrence interval winds that strength design wind loads are based upon are special events.
In lieu of using the precision of a map with 10-year wind speed isobars, the authors
recommend using 75 percent of 50-year wind pressure as a reasonable (plus or minus 5
percent) approximation of the 10-year wind pressures. The Commentary to Appendix C of
ASCE 7-10 recommends 70 percent.

For further discussion of suggested recurrence intervals for loads in serviceability designs,
see Davenport (1975), Ellingwood (1989), Galambos and Ellingwood (1986), ISO Standard
6897 (1984), Hansen, Reed and Vanmarcke (1973), Irwin (1978), Irwin (1986) and the
Commentary to Appendix C, Part CC. 1.2, of ASCE 7-10.

Foundation-Supported Cladding for Gravity Loads
When vertical support along the foundation supports the cladding, there is no connection
between frame and cladding for vertical loads and the limits on vertical deflection are:

1. Roof and floor beams must have deflections compatible with the type of vertical slip
connections detailed to laterally support the cladding.

2. Roof beams must have deflections compatible with the perimeter termination of the
roofing membrane to cladding.

3. Floor beams must have deflection compatible with the detailing between wall and
floor finish.

4. Floor and roof members must have deflection compatible with the detail of ceilings
and cladding.

Because this method of vertical support is only useful for relatively short buildings (one or
two stories), the shortening of columns is not a concern. However, it is possible that
differential thermal expansion could be a concern and this requires care in detailing the joint
between interior partitions and the cladding, requiring an isolation joint.

Horizontal deflection of the superstructure frame and its effect on the cladding is of a more
serious concern in this first method of support. The two modes of frame movement are:

1. Those perpendicular to the plane of cladding.
2. Those parallel to the plane of cladding.

The concern for horizontal frame deflection varies depending on whether the cladding lateral

support is statically determinate or statically indeterminate. If the cladding has only a single
tieback connection to the roof, lateral deflection perpendicular to the plane of the cladding is:
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1. Oflittle concern in the case of metal panel systems
2. Of moderate concern for tilt-up concrete and full height precast systems
3. Of great concern in masonry systems.

In metal systems the limitation is the behavior of the joints at the building corners. The wall
parallel to the direction of movement does not move whereas the wall perpendicular to the
movement is dragged along by the frame deflection. The allowance for movement at corners
is generally a function of the corner trim and its inherent flexibility. Corner trim flexibility
generally explains why metal clad buildings designed to a drift limit of height divided by 60
to height divided by 100 with 10-year wind loads have performed successfully in the past.

Tilt-up Concrete Support

The case of tilt-up concrete and full-height precast is of only moderate concern because the
steel frame can drift and the simple-span behavior of the panels is preserved. Again, the
critical detail remains the corner. Thus, drift limits in the range of height divided by 100 are
appropriate with 10-year wind loads. It should be noted that, in some cases, precast panel
walls and tilt-up walls are buried in lieu of a foundation wall. In these cases, drift must be
limited to control cracking since these panels are now rotationally restrained at their bases.

Metal Panel Support

Metal panel systems are usually supported by girts spaced at intervals up the frame from base
to eave. The spacing of the girts is a function of the overall wall height, the height and
location of openings, the loads on the wall, the properties of wall panel system and the
properties of the girts themselves.

Girts are supported by the exterior columns and, in some cases, intermediate vertical
elements, called wind columns. Wind columns have top connections that are detailed to
transfer lateral load reactions to the frame without supporting gravity loads from above.

For the design of girts and wind columns supporting metal wall panel systems a deflection
limit of span divided by 120 using 10-year wind loading is recommended for both girts and
wind columns. The wind loading should be based on either the "component and cladding"
values using 10-year winds or the "component and cladding" values (using the Code required
"basis wind speed") multiplied by 0.42, as allowed in footnote f in IBC 2012, Table 1604.3.

Masonry Wall Support

Perimeter masonry walls require a more detailed presentation because of the unique nature of
masonry, which has flexural stiffness with little flexural strength. For example, a 12 in.
segment of 12 in. concrete block (face shell bedded) has a moment of inertia of 810 in.*
However, it has a flexural strength of only 2.8 to 4.6 in.-kips based upon an allowable stress
of 20 to 33 psi (as provided in ACI 530-02). A 12 in. wide-flange column with a comparable
moment of inertia adjusted for the difference in moduli of elasticity can develop a moment of
280 in.-kips. This wide variation in strength is, of course, due to the wide variation in
allowable bending stresses, which is due in part to the ductile nature of steel and the brittle
nature of unreinforced masonry.
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One can improve the flexural strength of masonry with reinforcement. The 12 in. wall in this
example can have its strength increased by a factor of ten to fifteen times with vertical
reinforcement. In unreinforced masonry, a crack at a critical cross section is a strength
failure. In reinforced masonry, a crack means the reinforcement is functioning, and thus
cracking is only a serviceability concern. The increased strength and ductility of reinforced
masonry clearly makes it a superior choice over unreinforced masonry. Although this
discussion concerns the design of masonry walls, masonry design issues concern the
designers of steel building frames because masonry walls are in almost all cases supported by
the steel frames for lateral stability.

The design of masonry exterior walls must take into account the nature and arrangements of
supports. In general, perimeter walls are supported along their bottom edges at the
foundation. They are additionally supported by some combination of girts, the roof edge,
columns and wind columns. All of these elements, with the exception of the foundation, are
elements of the structural frame and will deflect under load. What confronts the designers of
the masonry is the problem of yielding supports. The actual behavior of the wall and its
supports is dramatically different from the behavior predicted by design models based on
non-yielding supports.

There are several methods for properly accounting for support conditions in the design of
masonry on steel. They include:

1. Make no allowance in the steel design and force the design of the masonry to account
for the deflecting behavior of the steel.

2. Limit the deflection of the steel so that it is sufficiently rigid, nearly achieving the
idealized state of non-yielding supports.

3. Provide some measure of deflection control in the steel and design the masonry
accordingly.

The first and second solutions are possible, but not practical. The first requires analysis
beyond the scope of normal building design — a three-dimensional analysis of the structure
and the masonry acting together. The second is also nearly impossible in that it requires near-
infinite amounts of steel to provide near-infinite stiffness. The third approach is a
compromise between the two other solutions, which involves reasonable limits for frame
drift and component deflections (girts, columns, wind columns, etc.) and recognizes that the
design of the masonry must conform to these deformations.

The aspect of the masonry design at issue is an analysis to determine the magnitude and
distribution of shears and moments. The model commonly used is that of a plate with one- or
two-way action, having certain boundary conditions. It is these boundary conditions that
must be examined.

The first boundary condition to be examined is the base of the wall. Although it may be a
designer’s goal that the base of the wall should not crack, the authors have concluded that
this is an unrealistic and unachievable goal due to the relatively low strength of unreinforced
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masonry. A more realistic approach is to limit frame drift so as to control crack width and to
provide a detail to ensure that the crack occurs at a predictable location, presumably at the
floor line. The detail itself requires careful consideration (see Figure 3.1). One must also
inform the owner of the anticipated behavior.

It is recommended that the frame drift under the loads associated with 10-year wind be
controlled so as to limit crack width to 1/8 in. when a detail such as that of Figure 3.1 is used,
and 1/16 in. when no special detail is used. This cracked base then becomes the first
boundary condition in the design of the masonry panel. The model for the panel must show a
hinged base rather than a fixed base. The foregoing limits are applicable to non-reinforced
walls. Where vertical reinforcing is required for strength reasons, it is recommended that the
drift limit be changed to height divided by 200. A limit of height divided by 100 can be used
if a hinge type base (see Figure 3.2) can be employed.
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The remaining panel boundary elements are the components of the structural frame, which
require deflection limits compatible with the masonry. Based on numerous finite element
models of wall panels and supporting framing, the authors have noted two consistent trends.
First, almost categorically, the change from a rigid support to a yielding support can increase
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moment magnitudes by a factor of two to three. Second, because of the great stiffness of the
masonry panel itself, it is very difficult to provide reasonably sized support elements with
sufficient stiffness to significantly alter the distribution of panel shears and moments. Thus,
design and detailing of the masonry is the critical element in this relationship, not the design
of the steel frame.

A model consisting of non-yielding supports and a fixed base is not accurate. Fortunately, in
practice, the increased moment results in stresses within the range of ultimate bending
stresses in the masonry and in the case of reinforced masonry the material ductility mitigates
the problem. What is obvious is that controlling steel deflections is not the solution. In order
that support deflection not be totally neglected, a limit of span divided by 240 with maximum
absolute value of 1% in. is recommended for girts and columns supporting masonry under a
load associated with a 10-year wind.

One specialized case of masonry wall is that of the wainscot wall. The top of this masonry
wall is usually six to eight feet above the floor and the remainder of the wall is metal panel.
The junction between top of the masonry and bottom of wall panel can be accomplished in
three ways:

1. Isolation of masonry and panel with separate supports;
2. Attachment of the wall panel to an angle attached to the top of the masonry; and
3. Attachment of both the masonry and the panel to a common girt.

Each method has unique design considerations and is workable. As always, their success or
failure depends on the details.

In the first case, the masonry and wall panel girt must be checked to limit relative deflection
so that an air-tight and water-tight joint can be provided which will move but not leak. This
system has the advantage of a smaller girt since there is lesser load on the girt.

In the second approach a girt is eliminated. However, the wall and its connections to the
columns must be strong enough to carry not only the wind load on it but also the wind from
the bottom span of wall panel.

The third approach requires the largest girt, but the problem of masonry/wall panel
differential deflection is eliminated. Additionally, the girt/column connection provides the
top of wall anchor, thus eliminating a connection between masonry and building column.

The recommended limit for the girt supporting the wall panel above the masonry wainscot
wall (as in the case of the all metal panel wall) is span divided by 120 using 10-year wind
loads. An absolute maximum deflection depends upon the girt supported equipment, if any,
and the relative deflection between roof edge or wall base and first interior girt. The main
wind-force-resisting system loads should be used. For both a full height and wainscot wall, it
is not necessary to combine the drift of the frame and the roof diaphragm or the deflection of
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the girt at the top of the wainscot wall. Both before and after a crack forms at the base of the
wall, the frames, girts and the masonry wall represent a complex indeterminate system.

Modeling the bare frame, while not perfect, is adequate for the task at hand. The simple
addition of the drift and deflection values will overestimate the situation and add unnecessary
cost to the construction. The wind load at the base of a structure is probably over-estimated
by current standards due to obstructions and ground drag. In a life-safety code, the over-
estimate of load is not a detriment. In a serviceability check, the over-estimate of load is not
necessary and is objectionable.

As mentioned earlier, there is also a concern for parallel movement of the frame behind the
cladding. There should be isolation between wall and frame by means of sliding or yielding
connections. Thus, the movement is only limited by the flexibility of the roofing/wall joint
and the floor/wall joint. The practical limitation is joint behavior at the intersection of
parallel and perpendicular walls as noted earlier.

Frame-Supported Cladding at Columns

The second method of support for cladding, i.e. cladding that spans between columns, is
sometimes used for buildings. In this case, the frame carries both the vertical and horizontal
forces from the cladding, but the support points are limited to points on or very close to the
columns. In the idealized case, there are two support points that carry vertical and lateral
loads and two that carry lateral loads only. These supports must be detailed to slide or yield
under horizontal forces in the plane of the panel with the exception of one joint, which is
required for horizontal shear stability. The success or failure of this method depends on the
relative movement of the support points.

Vertical movement is the result of absolute and relative column shortening (and lengthening).
The vertical movement affects the performance of the panel perimeter caulk joints. This
movement should be limited to about 1/4 in., due to 10-year wind load or 50 percent of
design live load. The other concern is racking of the bay. First, the racking must be within the
limit of movement of the connections, and secondly the racking must be within the limit of
the movement provided for between panels in adjacent stories. The junction of four panels,
where the sealant takes on a cross pattern, is a critical location (Bergmann, 1988). Relative
movement between stories can introduce shearing forces in the intersection of the horizontal
and vertical sealants. While the limit on racking is a function of connection design and joint
detailing, one can use a maximum interstory drift of story height divided by 500 using a 10-
year wind load as a target limit with reasonable assurance.

Frame-Supported Cladding for Gravity Loads along Spandrels

The third method of support, i.e., support along the spandrels, is the most complex and
results in the most problems. In this method, there are the concerns of the methods discussed
earlier, with the added issue of deflections of the perimeter framing. Again there is the
concern of determinate versus indeterminate attachment. The timing of the application of
loads is significant. First, deflections prior to setting of cladding are important since the
fabrication of cladding may, in all likelihood, be based on idealized constant story elevations.
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Secondly, deflections during the setting of heavy cladding must be considered as component
alignment may be affected. Lastly, deflections after the completion of cladding must be
consistent with its detailing.

It is inevitable that the cladding will not be in the plane of the perimeter framing, so the
effects of cantilever support deflections and/or the movements created by rotation (torsion) of
the parallel spandrel must be considered. In the case of determinate attachment of cladding,
the concerns of perimeter beam deflection relate to the erection and in-service performance
of joints and details. In the case of an indeterminate system, the concerns must also include a
deflection limit that controls stresses in the cladding material.

In general, the vertical deflection of perimeter framing should be limited to span divided by
480 for total dead load, with an absolute limit of 3/8 in. due to dead loads imposed prior to
setting the cladding and an absolute limit of 5/8 in. dead load deflection after setting the
cladding.

The effect of setting heavy units sequentially down the length of a perimeter framing element
should be considered when the cladding weight exceeds 25 percent of the total dead load on
the beam. In this case, the deflection due to cladding and initial dead load should be limited
to span divided by 600 with an absolute limit of 3/8 in.

The limits on vertical deflection after the completion of cladding must be consistent with the
joints and details and relate primarily to the relative deflections between floors. For example,
glass can pull out of the glazing stops attached to the floor above. Interlocking mullion
expansion joints can disengage. Windows in continuous slip heads could jam or disengage.
Precast or stone panel vertical joints can open excessively at the base and squeeze closed at
their tops (PCI, 1999). To prevent these problems and others like them, one must limit live
load deflection to span divided by 360 with a maximum of 1/4 in. to 1/2 in. depending on the
details. Consideration must be given to the magnitude of live load (that is load after erection
of cladding). It is the nature of live load specifications to err on the high side. Thus, the
reasonably expected live load in the perimeter zone of the building would generally be less
than that specified. This is due to the relatively low density of use of the floor space near the
windows. Also, consider not using the full live load because the design consideration is the
differential movement between floors. It may be reasonable to assume some load on all
floors (except the top and bottom stories). For these reasons, consider using 50 percent of the
design live load.

Walls that are continuously supported along a floor or roof such as masonry walls or stud
walls are supported in an indeterminate manner and require compatibility analysis, or more
commonly strict deflection limits, to control damage to the cladding.

The limits on deflection given by the Brick Institute of America (BIA) for lintels are
maximum total load deflections of span divided by 600 but not more than 0.3 in. (BIA, 1987,
1991). The absolute limit governs for spans divided by 15 feet and is consistent with typical
joint details at ledges and window heads. BIA limits lintel rotation to 1/16 in. The authors
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have taken this to mean a 1/16 in. tip from heel to toe of a single support angle, which is an
approximate rotation of 1 degree. ACI 531 also gives deflection limits for masonry beams
and lintels as span divided by 360 for total load and span divided by 600 for dead load only.
Limitations for built-up insulation systems on studs are such that the limits given for the
determinate systems would apply to these as well.

It should be noted that deflection and drift limits must be compared to calculated deflections,
which include the effect of creep as appropriate, as in the case of composite beams.

"Installation of Aluminum Curtain Walls," published by the American Architectural
Manufactures Association (AAMA) provides a useful, but general, discussion of the
relationship of the curtain wall and the building frame, focusing on tolerances and clearances.

Special Considerations for Tall Buildings

Many of the issues discussed for column and frame supported cladding also apply to tall
buildings, but there are additional considerations that apply as buildings increase in height.
The majority of concerns center on the need for an accurate determination of the deformation
and drift behavior of the frame. Needless to say, inaccuracies in modeling that are
inconsequential in a short frame may result in significant problems in a tall frame. For
example, the frame analysis (Griffis, 1993) should "capture all significant" effects of:

Flexural deformation of beams and columns.
Axial deformation of columns.

Shear deformation of beams and columns.
P-A effect.

Beam-column joint deformation.

Effect of member joint size.

AN I e

The first four effects are addressed in most currently available analysis software. The last
three may or may not be addressed, depending on the sophistication of the program. The
effects on beam-column deformation can be significant. An in-depth discussion of this
important topic is beyond the scope of this guide. The reader is referred to Charney (1990)
for a detailed discussion on beam-column deformation, including the presentation of an
approximate method to correct for this effect using "modified beam and column moments of
inertia and shear areas to compensate for deformations occurring inside the joint." "The P-A
effect can easily increase total frame displacement by 10 to 15 percent depending on frame
slenderness" (Griftis, 1993). An accurate determination of frame stiffness is also important in
establishing the building period, when assessing seismic loads, the dynamic (resonant)
component of wind loading, and in determining wind accelerations for evaluation of
perception of motion.

Another aspect of tall building behavior as it relates to cladding behavior is column
shortening and differential column shortening. Design and construction attention must be
given to the issue of column shortening in the form of movement tolerant joints, adjustable
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details, and shimming of the frame as it is being erected. This last item is discussed further in
the section on floors.

3.5 Design Considerations Relative to Interior Partitions and Ceilings

The performance of exterior walls and roofs is generally judged by their ability to not leak air
or water. The performance of interior partitions and ceilings is largely aesthetic and relates to
cracks and bows. Most finish materials are brittle and thus have little tolerance for
inadvertent loading due to deflections. The only notable exception to this is ceiling
construction of metal grids and lay-in acoustical panels.

Support Deflection

One common criterion in literature on this topic is the limitation on floors and roofs
supporting plaster ceilings that live load deflection not exceed span divided by 360.
Likewise, paragraph 5.9 Deflection of the SJI K-Series Joist Specification requires that
design live load deflection not exceed 1/360 of span for floors. Two limits are given for
roofs, 1/360 of the span where a plaster ceiling is suspended from the framing and 1/240 of
the span for all other cases. The specifying professional is required to "give due consideration
to the effects of deflection and vibration in the selection of Joists. These requirements are
repeated in the SJI LH- and DLH-Series Specification in paragraph 104.10 and in paragraph
1004.7 in the SJI Standard Specifications for Joist Girders.

These limits produce deflected curvatures that are on the borderline of acceptable visual
perceptibility. Other considerations may require stricter absolute limits on deflection. For
example, where drywall partitions meet drywall or plaster ceilings, standard details allow for
only 1/4 in. to 1/2 in. of movement. This is, in general, a stricter limit than span divided by
360. An alternative to providing a stiffer structure is to support the drywall ceilings from
ceiling framing that is supported by the partitions rather than suspend the ceiling from the
structure above. This solution may only be appropriate for relatively small rooms such as
individual offices.

Another alternative is to enlarge the joint between wall and ceiling. This would require non-
standard detailing and consequently a higher standard of care. Ceilings of metal grids and
acoustical panels are also of concern. Ceilings of this construction generally have a high
tolerance for distortion due to the loose nature of their assembly. The one exception to this
general characterization is the perimeter detail. In standard installations this consists of a
painted metal angle attached to the walls around the perimeter of the room. The metal ceiling
grid bears on this angle, as does the perimeter row of ceiling panels. With this rigid
perimeter, the remainder of the ceiling (suspended from the floor above) cannot deflect more
than 1/4 in. to 1/2 in. without some distress. As in the case with plaster and drywall ceilings,
the alternative to controlling deflections in the structure above is to isolate the ceiling
perimeter. This can be done, but it requires extra hangers and a non-standard attachment of
the perimeter trim. Additionally, a flexible dust membrane may be needed. In buildings
where the ceiling is used as a return air plenum, a detail must be devised to maintain the
effectiveness of this plenum.
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The foregoing discussion is directed to downward deflections of the framing supporting the
ceiling from above. There is also a concern for floor deflections, which draw the partitions
downward relative to the ceiling. This situation is usually of lesser concern since the
deflection magnitude is the net difference of the deflection of the two levels (except in the
top and bottom stories).

Deflection of floors is also of concern as it relates to the behavior of partitions. Since the
floor supports the walls, the walls are of necessity forced to conform to the deflected contour
of the floor both as the walls are erected and after the walls are in place. In general, walls can
be thought of as deep beams or diaphragms. Thus, they have some ability to span over places
where the floor deflects downward beneath the partition. The most vulnerable point in the
wall is at the upper corners of door openings for two reasons: firstly because of longitudinal
shrinkage of the wall itself, and secondly because of the discontinuity of the wall acting as a
beam. The door head is the weak point in the overall wall and can crack as the wall attempts
to follow its deflected support.

Thus, as is frequently the case, the solution to structure-partition interaction is effective
control jointing and isolation. It is recommended that control joints be placed at the upper
corners of doorways and at intervals along walls that are not pierced by doors. The spacing of
such joints is suggested to be 30 ft or closer (U. S. Gypsum, 2000). Other references would
restrict the aspect ratio of the panel to 2:1 to 3:1 (Nemestothy and Visnovitz, 1988).

Flat and Level Floors

As in the case of a spandrel supporting a curtain wall along its length, the behavior of floors
is sometimes a problem as they deflect under successive applications of dead and live load.
One common example of this is beam deflection during concreting operations and the
possibility of complaints from finishing contractors over uneven floors.

The most common floor construction in many low-rise and most mid- and high-rise office
and other similar structures consists of a cast-in-place concrete slab on composite steel deck
supported on composite steel beams and girders. In recent years, situations that have arisen
during construction have raised concerns about the flatness and levelness of floors and the
means required to achieve these specified conditions. Both the use of higher strengths of steel
and the use of camber in the frame have amplified the degree of concern over the topic.

The owner/occupant of these structures desires that the floors be flat and level but also
expects to receive the project for the most economical price possible. For the sake of
economy, composite construction is often employed. By their nature, composite beams
provide significantly greater strength and stiffness than the base steel beam in the non-
composite condition. Framing is commonly cambered for the expected dead load with the
expectation that the beams will deflect to level during concreting. The deck or framing is
rarely shored during concreting operations.

While the framing system described above is common and efficient, it is not without its
pitfalls in design and construction. For example, using the nominal floor elevation and
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nominal top of steel as the actual condition, initially the tops of the cambered beams rise
above the plane established by the nominal top of steel. In all designs, a nominal thickness of
concrete is established over the top of the deck. The slab thickness is generally set by
strength requirements and is frequently part of the fire rating of the floor system.

Tolerances for cast-in-place concrete construction are established by ACI Committee 117 in
its report "Standard Specifications for Tolerances for Concrete Construction and Materials
(ACI 117, 1990)." In paragraph 4.4.1, the tolerance for slabs 12 in. or less in thickness is plus
3/8 in. and minus 1/4 in.

The first preference among concrete contractors in casting slabs is to strike the concrete to a
constant elevation without regard to the contour of the deck and framing. When beams are
cambered and minimum slab thicknesses are maintained, this approach raises the actual top
of concrete above the nominal top of concrete, potentially affecting pour stops, stairs, curtain
walls, etc. This approach also increases the volume and weight of concrete on the structure,
which in turn affects the required resistance and deflection response of the framing. Thus, in
most cases, it becomes necessary to set screeds to follow the curvature of the cambered
beams to maintain the slab thickness within tolerance. This may also be required to maintain
cover over the top of the shear connectors. Per the AISC LRFD Specification Section 5a(2), a
minimum of 2 in. of concrete is required over the top of the deck. Screeds may be set to
follow the curve of the cambered beams due to either: 1) a lack of understanding on the part
of the concrete contractor as to the anticipated deflection of the framing, or 2) over
cambering of the framing.

The successful concreting of floors on steel deck and framing is an art. In addition to the
skills required to place and finish concrete, the work is performed on a deflecting platform. It
is essential that the concrete contractor be experienced in this type of work. Also, the
contractor must be informed as to the basis for the cambers specified and the expectations of
the structural engineer with regard to deflections during concreting. The Engineer’s
expectations for the behavior of the structure can be conveyed in the construction documents
and during a preconstruction meeting.

It is in the nature of structural engineering and design to overestimate loads and
underestimate resistance. With regard to the calculation of expected deflections during
concreting, this rubric will likely result in over cambered beams and the need to have the slab
follow the cambered curve. Ruddy (1986, 1996) in two papers on this subject emphasizes the
need to accurately determine loads and the deflection response. For example, he notes that
the deck will deflect during concreting and recommends that the nominal weight of the
concrete slab be increased by ten percent to account for this. Additionally, while it is
essential to account for the weight of workers and equipment for strength, these loads are
transient and should not be overestimated in determining deflection. Perhaps Ruddy’s more
significant insight is that the effects of end connection partial restraint should be considered
in the calculation of deflections even though the members in question are considered simple
span members. Ruddy’s proposal is to reduce the estimated simple span deflections to 80
percent of the calculated values when setting cambers.
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Specifying Camber and Camber Tolerances
Camber tolerances are established in the AISC Code of Standard Practice as follows in
Section 6.4.4:

"For beams that are equal to or less than 50 ft in length, the variation shall be equal to
or less than minus zero / plus 1/2 in.

For beams that are greater than 50 ft in length, the variation shall be equal to or less
than minus zero / plus 1/2 in. plus 1/8 in. for each 10 ft. or fraction thereof in excess
of 50 ft. in length."

These tolerances are set with the worthy goal of ensuring positive camber, but it should be
noted that there is a bias toward over cambering.

The AISC Code of Standard Practice, in Section 6.4.4, states: "For the purpose of inspection,
camber shall be measured in the Fabricator’s shop in the unstressed condition." This
requirement is further amplified in paragraph 8.5.2, which states: "Inspection of shop work
by the Inspector shall be performed in the Fabricator’s shop to the fullest extent possible."
Paragraph 8.5.4 states: "Rejection of material or workmanship that is not in conformance
with the Contract Documents shall be permitted at any time during the progress of the work."
The inspection of camber is an exception to this general principle. Unlike other physical
characteristics of a fabricated beam or girder, such as yield strength, dimensions, welds, etc.,
the camber in a beam can change as the member is handled, shipped, unloaded and raised
into position. The Code commentary to paragraph 6.4.4 provides the following explanation
of this phenomenon. Camber can vary from that induced in the shop due to factors that
include:

(a) The release of stresses in members over time and in varying applications:

(b) The effects of the dead weight of the member:

(c) The restraint caused by the end Connections in the erected state; and,

(d) The effects of additional dead load that may ultimately be intended to be applied,
if any.

Because of the unique nature of camber in beams and the limits on the inspection for
conformity to the project requirements for camber, it is incumbent on the specifier to
recognize these limits and prepare the Construction Documents accordingly. The Code of
Standard Practice, in Paragraph 8.1.1, requires that "The Fabricator shall maintain a quality
assurance program to ensure that the work is performed in accordance with the requirements
in this Code, the AISC Specification and the Contract Documents. The fabricator shall have
the option to use the AISC Quality Certification Program to establish and administer the
quality assurance program."

The AISC Certification Program for Structural Steel Fabricators is set forth in a document
entitled: "Standard for Steel Building Structures-2002." In the section on Fabrication Process
Control, it states "The Fabricator will include additional ‘special procedures’ that cover
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fabrication processes done at the facility (e.g., cambering)." In the section on Inspection and
Testing, the Standard states: "The Fabricator shall document a procedure for inspection and
testing activities in order to verify that the product quality meets project requirements. The
Fabricator will establish in the procedure the level and frequency of inspection to assure
expected contract quality." The standard goes on to state: "The inspection procedure shall
include receipt, in-process and final inspection of all product furnished to the project. The
procedure will include any sampling plan, if less than 100 percent, for each type of
inspection."

The inspection procedures prescribed in the Certification Standard should provide reasonable
and documented evidence that camber was provided, meeting project requirements. In the
absence of a Quality Control program such as that provided in the Standard, the specifier
may wish to consider requiring specific inspections for the quality control of camber. Any
requirements for "more extensive quality assurance or inspection...shall be clearly stated in
the Contract Documents, including a definition of the scope of such inspection," as provided
in paragraph 8.1.3 of the Code of Standard Practice.

It is common practice not to camber beams when the indicated camber is 3/4-in. or less. The
AISC Code of Standard Practice provides that if no camber is specified, horizontal members
are to be fabricated and erect beams with "incidental" camber upward. The AISC Code also
provides that beams received by the Fabricator with 75 percent of the specified camber
require no further cambering. Because of the provisions, it should be expected that all
framing members should have at least some upward camber at the initiation of concreting
operations. However, given the limits presented there will be instances of downward
deflection below level during concreting. To control the excessive accumulation of concrete
in the deflected bay Ruddy (1986), quoting Fisher/West in the first edition of this guide,
recommends that the total accumulated deflection in a bay due to dead load be limited to
L/360, not to exceed 1 in.

The foregoing discussion on determining and specifying camber is intended to impress upon
the designer of the framing to be judicious in determining cambers and to be pro-active in
communicating the basis of the camber determinations.

Maintaining Floor Elevation

This discussion is premised on the fact the steel framing is set at the nominal top of steel
elevation. Needless to say, the actual elevation of the steel framing can vary as permitted by
the tolerances established in the AISC Code of Standard Practice. These tolerances are
presented in Section 7.13.1.2(b), which permits a deviation in the dimension from the
working point at the end of a beam connection to a column to the upper finished splice line to
be "equal to or less than plus 3/16 in. and minus 5/16 in. Note that all other things being
equal, the tolerances for the actual framing approximate the deviations permitted by ACI 117
for the variation in slab thickness. AISC Code of Standard Practice Section 6.4.1 limits the
variation in length of columns fitted to bear to plus or minus 1/32 in.
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In tier construction, these small variations can combine with differential thermal and
differential dead load shortening to create deviation in splice elevations in floors as the frame
rises. These differences must be shimmed out as the frame is erected to maintain reasonable
control of actual floor elevations and differential top of steel elevations across a floor. It is
common in mid- and high-rise construction to obtain an as-erected survey of the frame. This
survey can be used to direct the concrete contractor as to what adjustments must be made to
maintain the slab thicknesses and the top of concrete elevations specified.

The reader is encouraged to refer to the papers cited in the References by Ruddy (1986,
1996), Tipping and Suprenant (1991, 1991), Suprenant (1990), Tipping (1993), and Ritchie
and Chien (1992) for a more complete treatment of this topic.

Apart from the deflection standards implied in this guide, there are no published limits for the
dead load deflection of floor beams.

Both the Steel Deck Institute (SDI, 2000) and the American Society of Civil Engineers in its
"Specifications for the Design and Construction of Composite Slabs," ASCE 3-91 (ASCE,
1991), give limits for the deflection of metal deck acting as a form. Both give a limit of span
divided by 180, with a maximum of 3/4-in. deflection under the weight of wet concrete and
the weight of the deck (SDI 3.2¢ for Non-Composite, SDI 3.3 for Composite and ASCE 3
2.2.6). SDI also limits the maximum deflection for form decks to the same constraints. The
limit on deflection under superimposed load on the composite section is given as span
divided by 360 in SDI para. 5.4 (Composite). The ASCE document limits deflection for a
range of span divided by 180 to span divided by 480 depending on conditions. This is
presented in Table 2 in the ASCE document, which is an adoption of Table 9.5(b) in ACI
318-89.

Drift, Deflection, and Racking

There is also a concern for partition racking induced by interstory drift. One published source
gives drift indices (deflection divided by height) of 0.0025 (1/400) for "first distress" and
0.006 (1/167) for ultimate behavior for drywall on studs (Freeman, 1977). The following
deflection limits for both composite and non-composite beams and frame drift are
recommended:

For dead load (roof): No limit except (1) as controlled by ponding considerations, (2) as
controlled by roofing performance considerations and (3) as controlled by skylight
performance. There is no limit as it relates to partitions and ceilings, since these materials
are installed after the dead load is in place. In the case of roofs that are concreted, the
limits for floors would apply.

For dead load (floor): Span (L) divided by 360 with a maximum of 1 in. This is to be the
accumulated deflection in a bay. This is greater than the deflection allowed by ACI
tolerances and requires that this deviation be adequately explained and accounted for in
the plans and specifications. This deflection limit does not necessarily control ponding of
wet concrete, which should be checked separately. The loading for this deflection check
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is the weight of wet concrete, the weight of steel deck and the weight of steel framing.
For composite floors, the deflection limits should be applied to the instantaneous
deflection plus one half of the expected creep deflection.

For live load (roof): Span (L) divided by 360 where plaster ceilings are used and span (L)
divided by 240 otherwise. A maximum absolute value that is consistent with the ceiling
and partition details must also be employed. This absolute limit should be in the range of
3/8 in. to 1 in. Note that movable and demountable partitions have very specific
tolerances required for them to function. These special limits are unique to each model
and manufacturer and must be strictly adhered to.

In most jurisdictions there is a distinction between live load and snow load. These
deflection limits should be checked using 50 percent of the minimum code specified live
load or the 50-year roof snow load (including drifting), whichever produces the greater
deflection. It should be noted that roof snow loads are used at full magnitude due to their
probability of occurrence whereas minimum roof live loads are reduced due to their
transitory nature (rain, maintenance, etc.). In those jurisdictions where there is snow, but
the roof load is expressed as live load, the use of snow loads from model codes is
recommended.

For live load (floor): Span (L) divided by 360 with a maximum absolute value of 1 in.
across the bay with 50 percent of design live load (unless the code imposes a stricter
standard). The comments in the roof section relating to partitions also apply to floor
deflection. Additionally, the limits include creep deflection, which can be significant in
the long term.

For lateral load: Story height (H) divided by 500 for loads associated with a 10-year
wind for interstory drift using the bare frame stiffness.

As always, these limits are intended to be reasonable limits in general. Coordination is
required between the deflected structure and the non-structural components to ensure that the
limits are appropriate for any particular project.

3.6 Design Considerations Relative to Vibration / Acceleration

Human response to vibrations and accelerations and the reaction of machines to vibrations
are also serviceability concerns. In general, human response to human or machine induced
vibration takes a range from no concern, through moderate objection and concern for the
building integrity, to physical sickness and rejection of the structure. In the case of machinery
the function of the device can be impaired or destroyed. In general, the quality of the output
of the machine is the standard of success or failure, whereas for human response the criteria
are largely subjective.

Regarding the structural framework of a building, human response to vibrations can be
limited to two categories: (1) frame behavior in response to wind forces or earthquake forces;
and (2) floor vibration. In the opinion of the authors and other sources, frame behavior in
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response to lateral loads has not been a problem for low-rise multi-story buildings, which are
generally stiff enough so that wind induced vibrations are not a problem. This is, of course,
not the case for tall buildings. This topic is treated in the section on tall building acceleration
induced by wind load.

Human Response to Vibration

Floor vibration and human response to it are of concern for all buildings. Currently, the state
of the art treatise on this topic is AISC Design Guide No. 11, Floor Vibrations Due to
Human Activity by Murray, Allen and Ungar, (AISC, 1997). It would be redundant for this
guide to address this topic and, thus, the reader is referred to Design Guide No. 11 for a
thorough explanation of the analysis and design considerations for floor vibration design.

Machines and Vibration

The behavior of machines in structures as it relates to vibration can be treated generally
whether the machine is inducing the vibration or being acted upon by vibration induced by
other sources. The effects of vibrations caused by machinery can be mitigated in the
following ways:

The machine may be balanced or rebalanced.

The vibration source may be removed, relocated or restricted. For example, crane
runways should not be attached to office areas in plants.

Damping in the form of passive or active devices may be added.

Isolation may be employed using soft springs or isolation pads.

5. The adjacent structure, floor, etc., may be tuned to a natural frequency substantially
different from the critical frequency. For example, the floor or its components should
have a frequency that is either less than one-half or greater than one and one-half
times the fundamental frequency of the equipment.

N —
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Needless to say, the proper functioning of equipment is critical in any operation.

Thus, in the design of facilities such as labs, medical or computer areas and manufacturing
plants, vibration control is essential and the active participation of the owner and equipment
suppliers is required to set limits and provide performance data.

AISC Design Guide Number 11 also provides a discussion on the design of floors for
equipment that is sensitive to vibration.

3.7 Design Considerations Relative to Equipment

The assortment of equipment used in buildings is many and varied. This discussion will be
limited to equipment that is a permanent part of the building and will cover elevators,
conveyors, cranes and mechanical equipment.
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Elevators

Elevators are of two types: hydraulic and traction. Hydraulic elevators are moved by a piston,
which is generally embedded in the earth below the elevator pit. Traction elevators are
moved by a system of motors, sheaves, cables and counterweights. In both types the cars are
kept in alignment by tee-shaped tracks, which run the height of the elevator shafts. Such
tracks are also used to guide the counterweight in traction elevators.

Elevators impose few limits on deflection other than those previously mentioned in the
sections on cladding and partiti