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PREFACE

The purpose of Structural Load Determination under 2009 IBC and ASCE/SEI 7-05 is to 
provide a detailed guide to the proper determination of structural loads in accordance 
with the 2009 International Building Code® (IBC®) and Minimum Design Loads for 
Buildings and Other Structures (ASCE/SEI 7-05) with Supplement No. 2. The 2009 IBC 
references the 2005 edition of the ASCE/SEI 7 standard for many code-prescribed loads, 
most notably environmental loads such as flood, snow, wind and seismic load effects. In 
general, the IBC contains only the structural design criteria for environmental loads, 
while the technical design provisions for these loads are contained in the ASCE/SEI 7 
standard.

This book is an essential resource for civil and structural engineers, architects, plan check 
engineers and students who need an efficient and practical approach to load 
determination under the 2009 IBC and ASCE/SEI 7-05 standard. The book is especially 
valuable to code users who are familiar with the structural load provisions of the previous 
legacy codes such as the Uniform Building Code (UBC). It has been reported that one of 
the most significant changes for code users transitioning from the UBC to the IBC is the 
way snow loads, wind pressures and earthquake ground motion load effects are 
determined under the IBC and ASCE/SEI 7-05 compared to previous legacy codes. 
Structural Load Determination under 2009 IBC and ASCE/SEI 7-05 is a practical 
resource that will help code users make the transition quickly. 

The book illustrates the application of code provisions and methodology for determining 
structural loads through the use of numerous flowcharts and practical design examples. 
Included are load combinations for allowable stress design, load and resistance factor 
(strength) design, seismic load combinations with vertical load effect and special seismic 
load combinations; dead loads, live loads and rain loads; snow loads, flood loads, wind 
loads and earthquake load effects. For wind load determination, flowcharts and design 
examples are presented for the simplified procedure (Method 1), the analytical procedure 
(Method 2) and the new alternate all-heights method in the 2009 IBC. Seismic design 
criteria, determination of seismic design category, the simplified method, equivalent 
lateral force procedure and nonbuilding structures are some of the topics illustrated 
through flowcharts and design examples. 

This publication is an update to the previous publication, Structural Load Determination 
under 2006 IBC and ASCE/SEI 7-05. A new section has been added to Chapter 5 that 
covers the alternate all-heights wind design method in 2009 IBC Section 1609.6. This 
method is a simplified procedure based on Method 2 of ASCE/SEI 7-05 that applies to 
regularly-shaped buildings and structures that meet the five conditions given in IBC 
1609.6.1. Net wind pressures pnet are calculated using design pressure coefficients Cnet,
which are given in IBC Table 1609.6.2(2) for main wind-force-resisting systems and 
components and cladding. A flowchart on how to determine pnet is provided along with 
examples on how to apply the alternate all-heights method. 



A new Chapter 7 was added covering the determination of flood loads in accordance with 
IBC Section 1612, ASCE/SEI 7-05 and ASCE/SEI 24-05. Section 1612 of the IBC 
requires all structures sited in designated flood hazard areas to be designed and 
constructed to resist the effects of flood hazards and flood loads. Flood hazards may 
include erosion and scour whereas flood loads include flotation, lateral hydrostatic 
pressures, hydrodynamic pressures (due to moving water), wave impact and debris 
impact. Chapter 7 covers (1) identification of the various types of flood hazard areas and 
zones, (2) design and construction requirements and (3) determination of flood loads in 
accordance with IBC 1612, Chapter 5 of ASCE/SEI 7-05 and ASCE/SEI 24-05. 
Examples that clearly illustrate the provisions are included for residential structures in a 
Non-Coastal A Zone, a Coastal A Zone and a V Zone. 

Load Determination under 2009 IBC and ASCE/SEI 7-05 is a multipurpose resource for 
civil and structural engineers, architects and plan check engineers because it can be used 
as a self-learning guide as well as a reference manual. 

About the International Code Council 

The International Code Council® (ICC®) is a nonprofit membership association dedicated 
to protecting the health, safety, and welfare of people by creating better buildings and 
safer communities. The mission of ICC is to provide the highest quality codes, standards, 
products and services for all concerned with the safety and performance of the built 
environment. ICC is the publisher of the family of the International Codes® (I-Codes®), a 
single set of comprehensive and coordinated model codes. This unified approach to 
building codes enhances safety, efficiency and affordability in the construction of 
buildings. The Code Council is also dedicated to innovation, sustainability and energy 
efficiency. Code Council subsidiary, ICC Evaluation Service, issues Evaluation Reports 
for innovative products and reports of Sustainable Attributes Verification and Evaluation 
(SAVE).
  

Headquarters: 500 New Jersey Avenue, NW, 6th Floor, Washington, DC 20001-2070
District Offices: Birmingham, AL; Chicago. IL; Los Angeles, CA

1-888-422-7233 

www.iccsafe.org 
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CHAPTER 1 INTRODUCTION

1.1 OVERVIEW 

The purpose of this publication is to assist in the proper determination of structural loads 
in accordance with the 2009 edition of the International Building Code® (IBC®) [1.1] and 
the 2005 edition of ASCE/SEI 7 Minimum Design Loads for Buildings and Other 
Structures [1.2].1 Chapter 16 of the 2009 IBC, Structural Design, prescribes minimum 
structural loading requirements that are to be used in the design of all buildings and 
structures. The intent is to subject buildings and structures to loads that are likely to be 
encountered during their life span, thereby minimizing hazard to life and improving 
performance during and after a design event. 

The snow load provisions in Section 1608, the wind load provisions in Section 1609, the 
flood load provisions in Section 1612 and the earthquake load provisions in Section 1613 
are based on the provisions of Chapter 7, Chapter 6, Chapter 5, and Chapters 11 through 
23 (with some exceptions) of ASCE/SEI 7, respectively. These ASCE/SEI 7 chapters are 
referenced in the aforementioned sections of the IBC.2

The seismic requirements of the 2009 IBC and ASCE/SEI 7 are based primarily on those 
in the 2003 edition of NEHRP Recommended Provisions for Seismic Regulations for New 
Buildings and Other Structures, Part 1: Provisions [1.3]. The NEHRP document, which 
has been updated every three years since the first edition in 1985, contains state-of-the-art 
criteria for the design and construction of buildings anywhere in the U.S. and its 
territories that are subject to the effects of earthquake ground motion. Life safety is the 
primary goal of the provisions. The requirements are also intended to enhance the 
performance of high-occupancy buildings and to improve the capability of essential 
facilities to function during and after a design-basis earthquake. 

In addition to minimum design load requirements, Chapter 16 contains other important 
criteria that have a direct impact on the design of buildings and structures, including 
permitted design methodologies and design load combinations. For example, new 
Section 1614 contains provisions for structural integrity, which are applicable to high-rise 
buildings that are assigned to Occupancy Category III or IV and that are bearing wall 
structures or frame structures.3

1 Numbers in brackets refer to references listed in Section 1.3 of this publication. 
2 ASCE/SEI 7-05 is one of a number of codes and standards that are referenced by the IBC. These 
documents, which can be found in Chapter 35 of the 2009 IBC, are considered part of the requirements of 
the IBC to the prescribed extent of each reference (see Section 101.4 of the 2009 IBC). 

3 High-rise buildings are defined in Section 202 as a building with an occupied floor located more than 75 ft 
above the lowest level to fire department vehicle access. Occupancy categories are defined in IBC 
Table 1604.5. Definitions of bearing wall structures and frame structures are given in Section 1614.2. 
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1.2 SCOPE 

The content of this publication is geared primarily to practicing structural engineers. The 
load requirements of the 2009 IBC and ASCE/SEI 7-05 are presented in a straightforward 
manner with emphasis placed on the proper application of the provisions in everyday 
practice.

Code provisions have been organized in comprehensive flowcharts, which provide a road 
map that guides the reader through the requirements. Included in the flowcharts are the 
applicable section numbers and equation numbers from the 2009 IBC and ASCE/SEI 7-
05 that pertain to the specific requirements. A basic description of flowchart symbols 
used in this publication is provided in Table 1.1. 

Table 1.1  Summary of Flowchart Symbols 

Symbol Description 

Terminator The terminator symbol represents the starting or ending 
point of a flowchart. 

Process The process symbol indicates a particular step or action that 
is taken within a flowchart. 

Decision The decision symbol represents a decision point, which 
requires a “yes” or “no” response. 

Off-page 
Connector 

The off-page connector symbol is used to indicate 
continuation of the flowchart on another page. 

Or
The logical “Or” symbol is used when a process diverges in 
two or more branches. Any one of the branches attached to 
this symbol can be followed. 

Connector The connector symbol indicates the sequence and direction 
of a process. 

Numerous completely worked-out design examples are included in the chapters that 
illustrate the proper application of the code requirements. These examples follow the 
steps provided in the referenced flowcharts. 

Readers who are interested in the history and design philosophy of the requirements can 
find detailed discussions in the commentary of ASCE/SEI 7 [1.2] and in NEHRP
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Recommended Provisions for Seismic Regulations for New Buildings and Other 
Structures, Part 2: Commentary [1.4]. 

In addition to practicing structural engineers, engineers studying for licensing exams, 
structural plan checkers and others involved in structural engineering, such as advanced 
undergraduate students and graduate students, will find the flowcharts and the worked-
out design examples to be very useful. 

Throughout this publication, section numbers from the 2009 IBC are referenced as 
illustrated by the following: Section 1613 of the 2009 IBC is denoted as IBC 1613. 
Similarly, Section 11.4 from the 2005 ASCE/SEI 7 is referenced as ASCE/SEI 11.4 or as 
11.4.

Chapter 2 outlines the required load combinations that must be considered when 
designing a building or its members for a variety of load effects. Load combinations 
using strength design or load and resistance factor design and load combinations using 
allowable stress design are both covered. Examples are provided that illustrate the 
strength design and allowable stress design load combinations for different types of 
members subject to different types of load effects. 

Dead, live and rain loads are discussed in Chapter 3. The general method and an alternate 
method of live load reduction are covered, and flowcharts and examples illustrate both 
methods. The rain load provisions of IBC 1611 are also described, and an example 
demonstrates the calculation of a design rain load for a roof with scuppers. 

Design provisions for snow loads are given in Chapter 4. A series of flowcharts highlight 
the requirements, and examples show the determination of flat roof snow loads, sloped 
roof snow loads, unbalanced roof snow loads and snow drift loads on a variety of flat and 
sloped roofs, including gable roofs, monoslope roofs, sawtooth roofs and curved roofs. 
Examples are also given that illustrate design snow loads for parapets and rooftop units. 

Chapter 5 presents the design requirements for wind loads. Flowcharts are provided for 
the procedures that are allowed to be used when analyzing main wind-force-resisting 
systems and components and cladding. Other flowcharts give step-by-step procedures on 
how to determine design wind pressures on main wind-force-resisting systems and 
components and cladding of enclosed, partially enclosed and open buildings using the 
simplified procedure and the analytical procedure. A number of worked-out examples 
illustrate the design requirements for a variety of buildings and structures. 

Earthquake loads are presented in Chapter 6. Information on how to determine design 
ground accelerations, site class and the seismic design category (SDC) of a building or 
structure is included, as are the various methods of analysis and their applicability for 
regular and irregular building and structures. Flowcharts and examples are provided that 
cover seismic design criteria, seismic design requirements for building structures, seismic 
design requirements for nonstructural components and seismic design requirements for 
nonbuilding structures. 



1-4  CHAPTER 1   INTRODUCTION

Chapter 7 contains the requirements for flood loads. Included is information on flood 
hazard areas and flood hazard zones. Equations are provided for the following types of 
flood loads: hydrostatic loads, hydrodynamic loads, wave loads (breaking wave loads on 
vertical pilings and columns, breaking wave loads on vertical and nonvertical walls, and 
breaking wave loads from obliquely incident waves), and impact loads. Examples 
illustrate load calculations for a residential building in a Non-Coastal A Zone, a Coastal 
A Zone, and a V Zone. 

1.3 REFERENCES 

1.1 International Code Council, International Building Code, Washington, DC, 2009. 

1.2 Structural Engineering Institute of the American Society of Civil Engineers, 
Minimum Design Loads for Buildings and Other Structures, ASCE/SEI 7-05, 
Reston, VA, 2006. 

1.3 Building Seismic Safety Council, NEHRP Recommended Provisions for Seismic 
Regulations for New Buildings and Other Structures, Part 1: Provisions, FEMA 
450-1/2003 edition, Washington, DC, 2004. 

1.4 Building Seismic Safety Council, NEHRP Recommended Provisions for Seismic 
Regulations for New Buildings and Other Structures, Part 2: Commentary, FEMA 
450-2/2003 edition, Washington, DC, 2004. 



CHAPTER 2 LOAD COMBINATIONS

2.1 INTRODUCTION 

In accordance with IBC 1605.1, structural members of buildings and other structures 
must be designed to resist the load combinations of IBC 1605.2, 1605.3.1 or 1605.3.2. 
Load combinations that are specified in Chapters 18 through 23 of the IBC, which 
contain provisions for soils and foundations, concrete, aluminum, masonry, steel and 
wood, must also be considered. The structural elements identified in ASCE/SEI 12.2.5.2, 
12.3.3.3 and 12.10.2.1 must be designed for the load combinations with overstrength 
factor of ASCE/SEI 12.4.3.2. These load combinations and their applicability are 
examined in Section 2.5 of this publication. 

IBC 1605.2 contains the load combinations that are to be used when strength design or 
load and resistance factor design is utilized. Load combinations using allowable stress 
design are given in IBC 1605.3. Both sets of combinations are examined in Sections 2.3 
and 2.4 of this publication, respectively. In addition to design for strength, the 
combinations of IBC 1605.2 or 1605.3 can be used to check overall structural stability, 
including stability against overturning, sliding and buoyancy (IBC 1605.1.1). 

According to IBC 1605.1, load combinations must be investigated with one or more of 
the variable loads set equal to zero.1 It is possible that the most critical load effects on a 
member occur when variable loads are not present. 

ASCE/SEI 2.3 and 2.4 contain load combinations using strength design and allowable 
stress design, respectively. The load combinations are essentially the same as those in 
IBC 1605.2 and 1605.3 with some exceptions. Differences in the IBC and ASCE/SEI 7 
load combinations are covered in the following sections. 

Prior to examining the various load combinations, a brief introduction on load effects is 
given in Section 2.2. 

2.2 LOAD EFFECTS 

The load effects that are included in the IBC and ASCE/SEI 7 load combinations are 
summarized in Table 2.1. More details on these load effects can be found in the IBC and 
ASCE/SEI 7, as well as in subsequent chapters of this publication, as noted in the table. 

1 By definition, a “variable load” is a load that is not considered to be a permanent load (see IBC 1602). 
Permanent loads are those loads that do not change or that change very slightly over time, such as dead 
loads. Live loads, roof live loads, snow loads, rain loads, wind loads and earthquake loads are all 
examples of variable loads. 



2-2 CHAPTER 2 LOAD COMBINATIONS

Table 2.1  Summary of Load Effects 

Notation Load Effect Notes

D Dead load See IBC 1606 and Chapter 3 of this 
publication 

iD Weight of ice See Chapter 10 of ASCE/SEI 7  

E
Combined effect of horizontal and vertical 
earthquake-induced forces as defined in 
ASCE/SEI 12.4.2

See IBC 1613, ASCE/SEI 12.4.2 and 
Chapter 6 of this publication 

mE Maximum seismic load effect of horizontal and 
vertical forces as set forth in ASCE/SEI 12.4.3 

See IBC 1613, ASCE/SEI 12.4.3 and 
Chapter 6 of this publication 

F Load due to fluids with well-defined pressures 
and maximum heights --- 

aF Flood load See IBC 1612 and Chapter 7 of this 
publication 

H Load due to lateral earth pressures, ground water 
pressure or pressure of bulk materials See IBC 1610 for soil lateral loads 

L Live load, except roof live load, including any 
permitted live load reduction 

See IBC 1607 and Chapter 3 of this 
publication 

rL Roof live load including any permitted live load 
reduction 

See IBC 1607 and Chapter 3 of this 
publication 

R Rain load See IBC 1611 and Chapter 3 of this 
publication 

S Snow load See IBC 1608 and Chapter 4 of this 
publication 

T

Self-straining force arising from contraction or 
expansion resulting from temperature change, 
shrinkage, moisture change, creep in component 
materials, movement due to differential 
settlement or combinations thereof 

--- 

W Load due to wind pressure See IBC 1609 and Chapter 5 of this 
publication 

iW Wind-on-ice load See Chapter 10 of ASCE/SEI 7 

2.3 LOAD COMBINATIONS USING STRENGTH DESIGN OR LOAD AND 
RESISTANCE FACTOR DESIGN 

The basic load combinations where strength design or load and resistance factor design is 
used are given in IBC 1605.2 and are summarized in Table 2.2. These combinations of 
factored loads establish the required strength that needs to be provided in the structural 
members of a building or structure. 

Factored loads are determined by multiplying nominal loads (i.e., loads specified in 
Chapter 16 of the IBC) by a load factor, which is typically greater than or less than 1.0. 
Earthquake load effects are an exception to this: a load factor of 1.0 is used to determine 
the maximum effect, since an earthquake load is considered a strength-level load. 
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Table 2.2  Summary of Load Combinations Using Strength Design or Load and 
Resistance Factor Design (IBC 1605.2.1) 

Equation No. Load Combination 

16-1 )(4.1 FD +

16-2 )oror(5.0)(6.1)(2.1 R   S LHLTFD r+++++

16-3 )0.8or ()oror(6.12.1 1 W LfR   S LD r ++

16-4 )oror(5.06.12.1 1 R   S L  LfWD r+++

16-5  Sf LfED 210.12.1 +++

16-6 HWD 6.16.19.0 ++

16-7 HED 6.10.19.0 ++

1f  = 1 for floors in places of public assembly, for live loads in excess 
of 100 psf, and for parking garage live load 

 = 0.5 for other live loads 

2f  = 0.7 for roof configurations (such as sawtooth) that do not shed 
snow off the structure 

 = 0.2 for other roof configurations 

Load combinations are constructed by adding to the dead load one or more of the variable 
loads at its maximum value, which is typically indicated by a load factor of 1.6. Also 
included are other variable loads with load factors less than 1.0; these are companion 
loads that represent arbitrary point-in-time values for those loads. Certain types of 
variable loads, such as wind and earthquake loads, act in more than one direction on a 
building or structure, and the appropriate sign of the variable load must be considered in 
the load combinations. 

According to the exception in this section, factored load combinations that are specified 
in other provisions of the IBC take precedence to those listed in IBC 1605.2. 

The load combinations given in IBC 1605.2.1 are the same as those in ASCE/SEI 2.3.2 
with the following exceptions: 

• The variable f1 that is present in IBC Eqs. 16-3, 16-4 and 16-5 is not found in 
ASCE/SEI combinations 3, 4 and 5. Instead, the load factor on the live load L in 
the ASCE/SEI combinations is equal to 1.0 with the exception that the load factor 
on L is permitted to equal 0.5 for all occupancies where the live load is less than 
or equal to 100 psf, except for parking garages or areas occupied as places of 
public assembly (see exception 1 in ASCE/SEI 2.3.2). This exception makes these 
load combinations the same in ASCE/SEI 7 and the IBC. 

• The variable f2 that is present in IBC Eq. 16-5 is not found in ASCE/SEI 
combination 5. Instead, a load factor of 0.2 is applied to S in the ASCE/SEI 
combination. The third exception in ASCE/SEI 2.3.2 states that in combinations 
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2, 4 and 5, S shall be taken as either the flat roof snow load pf or the sloped roof 
snow load ps. This essentially means that the balanced snow load defined in 
ASCE/SEI 7.3 for flat roofs and 7.4 for sloped roofs can be used in combinations 
2, 4 and 5. Drift loads and unbalanced snow loads are covered by combination 3. 
More information on snow loads can be found in Chapter 4 of this publication. 

According to IBC 1605.2.2, the load combinations of ASCE/SEI 2.3.3 are to be used 
where flood loads Fa must be considered in the design.2 In particular, 1.6W in IBC Eqs. 
16-4 and 16-6 shall be replaced by 1.6W + 2.0Fa in V Zones or Coastal A Zones.3 In 
Non-Coastal A Zones, 1.6W in IBC Eqs. 16-4 and 16-6 shall be replaced by 0.8W + 
1.0Fa.

ASCE/SEI 2.3.4 provides load combinations that include atmospheric ice loads, which 
are not found in the IBC. The following load combinations must be considered when a 
structure is subjected to atmospheric ice and wind-on-ice loads:4

• )oror(5.0 R   S Lr  in ASCE/SEI combination 2 (IBC Eq. 16-2) shall be replaced 
by SDi 5.02.0 +

• )oror(5.06.1 R   S LW r+  in ASCE/SEI combination 4 (IBC Eq. 16-4) shall be 
replaced by SWD ii 5.0++

• W6.1  in ASCE/SEI combination 6 (IBC Eq. 16-6) shall be replaced by ii WD +

2.4 LOAD COMBINATIONS USING ALLOWABLE STRESS DESIGN 

The basic load combinations where allowable stress design (working stress design) is 
used are given in IBC 1605.3. A set of basic load combinations is given in IBC 1605.3.1, 
and a set of alternative basic load combinations is given in IBC 1605.3.2. Both sets are 
examined below. 

The basic load combinations of IBC 1605.3.1 are summarized in Table 2.3. A factor of 
0.75 is applied where these combinations include more than one variable load, since the 
probability is low that two or more of the variable loads will reach their maximum values 
at the same time. 

A factor of 0.6 is applied to the dead load D in IBC Eqs. 16-14 and 16-15. This factor 
limits the dead load that resists horizontal loads to approximately two-thirds of its actual 
value.5 These load combinations apply to the design of all members in a structure and 
also provide for overall stability of a structure. 

2 Flood loads are determined by Chapter 5 of ASCE/SEI 7-05 and are covered in Chapter 7 of this 
publication.

3 Definitions of Coastal High Hazard Areas (V Zones) and Coastal A Zones are given in ASCE/SEI 5.2. 
4 Atmospheric and wind-on-ice loads are determined by Chapter 10 of ASCE/SEI 7. 
5 Previous editions of the legacy building codes specified that the overturning moment and sliding due to 
wind load could not exceed two-thirds of the dead load stabilizing moment. This provision was not 
typically applied to all members in the building. 
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Table 2.3  Summary of Basic Load Combinations using Allowable Stress Design 
(IBC 1605.3.1) 

Equation No. Load Combination 
16-8 FD +
16-9 TLFHD ++++

16-10 )oror( R   S LFHD r+++

16-11 )oror(75.0)(750 R   S LTL. FHD r+++++

16-12 )7.0or( E  WFHD +++

16-13 )oror(75.075.0)7.0or(750 R   S LLE  W. FHD r+++++

16-14 HWD ++6.0
16-15 HED ++ 7.06.0

As noted in Section 2.3 of this document, the combined effect of horizontal and vertical 
earthquake-induced forces E is a strength-level load. A factor of 0.7 (which is 
approximately equal to 1/1.4) is applied to E in IBC Eqs. 16-12, 16-13 and 16-15 to 
convert the strength-level load to a service-level load. 

Two exceptions are given in IBC 1605.3.1. The first exception states that crane hook 
loads need not be combined with roof live load or with more than three-fourths of the 
snow load or one-half of the wind load. It is important to note this exception does not 
eliminate the need to combine live loads other than crane live loads with wind and snow 
loads in the prescribed manner. In other words, the load combinations in IBC Eqs. 16-11 
and 16-13 must be investigated without the crane live load and with the crane live load 
using the criteria in the exception. In particular, the following load combinations must be 
investigated where crane live loads Lc are present:6

• IBC Eq. 16-11: 

)oror(75.0750 R   S LL. FHD r++++

 and 

)or75.0(75.0)(750 R  SLL. FHD c +++++

• IBC Eq. 16-13 with E:

)oror(75.075.0)7.0(750 R   S LLE. FHD r+++++

6 Load effects T are not considered here for simplicity. 
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 and 

)or75.0(75.0)(75.0)7.0(750 R  SLLE. FHD c ++++++

• IBC Eq. 16-13 with W:

)oror(75.075.0750 R   S LLW. FHD r+++++

 and 

 )or75.0(75.0)(75.0)5.0(750 R  SLLW. FHD c ++++++

The second exception in IBC 1605.3.1 states that flat roof snow loads pf that are less than 
or equal to 30 psf and roof live loads that are less than or equal to 30 psf need not be 
combined with seismic loads. Also, where pf is greater than 30 psf, 20 percent of the 
snow load must be combined with seismic loads. 

Increases in allowable stresses that are given in the materials chapters of the IBC or in 
referenced standards are not permitted when the load combinations of IBC 1605.3.1 are 
used (IBC 1605.3.1.1). However, it is permitted to use the duration of load factor when 
designing wood structures in accordance with Chapter 23 of the IBC, which references 
the 2005 edition of the National Design Specification for Wood Construction (NDS-05). 

According to IBC 1605.3.1.2, the load combinations of ASCE/SEI 2.4.2 are to be used 
where flood loads Fa must be considered in design.7 In particular, 1.5Fa must be added to 
the other loads in IBC Eqs. 16-12, 16-13 and 16-14, and E is set equal to zero in IBC Eqs. 
16-12 and 16-13 in V Zones or Coastal A Zones.8 In noncoastal A Zones, 0.75Fa must be 
added to the other loads in IBC Eqs. 16-12, 16-13 and 16-14, and E is set equal to zero in 
IBC Eqs. 16-12 and 16-13. 

The load combinations of IBC 1605.3.1 and ASCE/SEI 2.4.1 are the same except for the 
following:

• There is no specific exception for crane loads in ASCE/SEI 2.4.1. 
• The exception in ASCE/SEI 2.4.1 states that in combinations 4 and 6, S shall be 

taken as either the flat roof snow load pf or the sloped roof snow load ps. The 
balanced snow load defined in ASCE/SEI 7.3 for flat roofs and 7.4 for sloped 
roofs can be used in combinations 4 and 6, and drift loads and unbalanced snow 
loads are covered by combination 3. More information on snow loads can be 
found in Chapter 4 of this publication. 

7 Flood loads are determined by Chapter 5 of ASCE/SEI 7-05 and are covered in Chapter 7 of this 
publication.

8 Definitions of Coastal High Hazard Areas (V Zones) and Coastal A Zones are given in ASCE/SEI 5.2. 
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ASCE/SEI 2.4.3 provides load combinations including atmospheric ice loads, which are 
not found in the IBC. The following load combinations must be considered when a 
structure is subjected to atmospheric ice and wind-on-ice loads:9

• iD7.0  shall be added to combination 2 (IBC Eq. 16-9) 

• )oror( R   S Lr  in combination 3 (IBC Eq. 16-10) shall be replaced by 
SWD ii ++ 7.07.0

• W  in combination 7 (IBC Eq. 16-14) shall be replaced by ii WD 7.07.0 +

As noted previously, a second set of load combinations are provided in the IBC for 
allowable stress design. The alternative basic load combinations can be found in 
IBC 1605.3.2 and are summarized in Table 2.4. 

Table 2.4  Summary of Alternative Basic Load Combinations using Allowable Stress 
Design (IBC 1605.3.2) 

Equation No. Load Combination 

16-16 )oror( R   S LLD r++

16-17 WLD ω++

16-18 2/SWLD +ω++

16-19 2/WSLD ω+++

16-20 4.1/ESLD +++

16-21 4.1/9.0 ED +

These load combinations are based on the allowable stress load combinations that 
appeared in the Uniform Building Code for many years. 

It should be noted that the alternative allowable stress design load combinations do not 
include a load combination comparable to IBC Eq. 16-14 for dead load counteracting 
wind load effects. Instead of a specific load combination, IBC 1605.3.2 states that for 
load combinations that include counteracting effects of dead and wind loads, only two-
thirds of the minimum dead load that is likely to be in place during a design wind event is 
to be used in the load combination. This is equivalent to a load combination of 0.67D + 
W.

As was discussed previously in this section, the combined effect of horizontal and 
vertical earthquake-induced forces E is a strength-level load. This strength-level load is 
divided by 1.4 in IBC Eqs. 16-20 and 16-21 to convert it to a service-level load. 

ASCE/SEI 12.13.4 permits a reduction of foundation overturning due to earthquake 
forces, provided that the criteria of that section are satisfied. Such a reduction is not 

9 Atmospheric and wind-on-ice loads are determined by Chapter 10 of ASCE/SEI 7. 
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permitted when the alternative basic load combinations are used to evaluate sliding, 
overturning and soil bearing at the soil-structure interface. Also, the vertical seismic load 
effect Ev in ASCE/SEI Eq. 12.4-4 may be taken as zero when proportioning foundations 
using these load combinations. 

The coefficient ω  in IBC Eqs. 16-17, 16-18 and 16-19 is equal to 1.3 where wind loads 
are calculated in accordance with ASCE/SEI Chapter 6.10

Unlike the basic load combinations of IBC 1605.3.1, allowable stresses are permitted to 
be increased or load combinations are permitted to be reduced where permitted by the 
material chapters of the IBC (Chapters 18 through 23) or by referenced standards when 
the alternative basic load combinations of IBC 1605.3.2 are used. This applies to those 
load combinations that include wind or earthquake loads. 

The two exceptions in IBC 1605.3.2 for crane hook loads and for combinations of snow 
loads, roof live loads, and earthquake loads are the same as those in IBC 1605.3.1, which 
were discussed previously. 

IBC 1605.3.2.1 requires that where F, H or T must be considered in design, each 
applicable load is to be added to the load combinations in IBC Eqs. 16-16 through 16-21. 

ASCE/SEI 7-05 does not contain provisions for the alternative basic load combinations of 
IBC 1605.3.2. 

2.5 LOAD COMBINATIONS WITH OVERSTRENGTH FACTOR 

The following load combinations, which are given in ASCE/SEI 12.4.3.2, must be used 
where required by ASCE 12.2.5.2, 12.3.3.3 or 12.10.2.1 instead of the corresponding load 
combinations in IBC 1605.2 and 1605.3 (IBC 1605.1, item 3): 

• Basic Combinations for Strength Design with Overstrength Factor11

IBC Eq. 16-5: SLQDS EoDS 2.0)2.02.1( ++Ω++

IBC Eq. 16-7: HQDS EoDS 6.1)2.09.0( +Ω+−

• Basic Combinations for Allowable Stress Design with Overstrength Factor 

IBC Eq. 16-12: EoDS QFHDS Ω++++ 7.0)14.00.1(

10 It is shown in Chapter 5 of this publication that the wind directionality factor, which is equal to 0.85 for 
building structures, is explicitly included in the velocity pressure equation for wind. In earlier editions of 
ASCE/SEI 7 and in the legacy codes, the directionality factor was part of the load factor, which was 
equal to 1.3 for wind. Thus, for allowable stress design, 0.185.03.1 ≈×=ω , and for strength design, 

3.185.06.1 ≈×=ω .
11 See Notes 1 and 2 in ASCE/SEI 12.4.3.2 that pertain to these load combinations. 
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IBC Eq. 16-13: 
)oror(75.075.0525.0)105.00.1( R  S  LLQFHDS rEoDS ++Ω++++

IBC Eq. 16-15: HQDS EoDS +Ω+− 7.0)14.06.0(

• Alternative Basic Combinations for Allowable Stress Design with Overstrength 
Factor

IBC Eq. 16-20: SL
Q

D
S EoDS ++

Ω
++

4.14.1
2.0

0.1

IBC Eq. 16-21: 
4.14.1

2.0
9.0 EoDS Q

D
S Ω

+−

where mE  = DSQEE DSEovmh 2.0+Ω=+  for use in IBC Eqs. 16-5, 16-12, 16-13 
and 16-20 

  = DSQEE DSEovmh 2.0−Ω=−  for use in IBC Eqs. 16-7, 16-15 and 16-
21

oΩ  = system overstrength factor obtained from ASCE/SEI Table 12.2-1 for a 
particular seismic-force-resisting system 

EQ  = effects of horizontal seismic forces on a building or structure 
DSS  = design spectral response acceleration parameter at short periods 

determined by IBC 1613.5 or ASCE/SEI 11.4 

ASCE/SEI 12.4.3.3 permits allowable stresses to be increased by a factor of 1.2 where 
allowable stress design is used with seismic load effect including overstrength factor. 
This increase is not to be combined with increases in allowable stresses or reductions in 
load combinations that are otherwise permitted in ASCE/SEI 7 or in other referenced 
materials standards. However, the duration of load factor is permitted to be used when 
designing wood members in accordance with the referenced standard. 

Provisions for cantilever column systems are given in ASCE/SEI 12.2.5.2. In addition to 
the design requirements of that section, the members in such systems must be designed to 
resist the strength or allowable stress load combinations of IBC 1605.2 or 1605.3 and the 
applicable load combinations with overstrength factor specified in ASCE/SEI 12.4.3.2. 

The provisions of ASCE/SEI 12.3.3.3 apply to structural members that support 
discontinuous frames or shear wall systems where the discontinuity is severe enough to 
be deemed a structural irregularity. In particular, columns, beams, trusses or slabs that 
support discontinuous walls or frames having horizontal irregularity Type 4 of ASCE/SEI 
Table 12.3-1 or vertical irregularity Type 4 of ASCE/SEI Table 12.3-2 must be designed 
to resist the load combinations with overstrength factor specified in ASCE/SEI 12.4.3.2 
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Column (typ.) 

Discontinuous shear wall 

in addition to the strength design or allowable stress design load combinations described 
in previous sections of this publication.12

An example of columns supporting a shear wall that has been discontinued at the first 
floor of a multistory building is illustrated in Figure 2.1. The columns in this case must be 
designed to resist the load combinations with overstrength factor. 

Figure 2.1  Example of Columns Supporting Discontinuous Shear Wall

ASCE/SEI 12.10.2.1 applies to collector elements in structures assigned to Seismic 
Design Category (SDC) C and higher.13 Collectors, which are also commonly referred to 
as drag struts, are elements in a structure that are used to transfer the loads from a 
diaphragm to the elements of the lateral-force-resisting system (LFRS) where the lengths 
of the vertical elements in the LFRS are less than the length of the diaphragm at that 
location. An example of collector beams and a shear wall is shown in Figure 2.2. The 
collector beams collect the force from the diaphragm and distribute it to the shear wall. 

In general, collector elements, splices and connections to resisting elements must all be 
designed to resist the load combinations with overstrength factor in addition to the 
strength design or allowable stress design load combinations presented previously. The 
exception in ASCE/SEI 12.10.2.1 permits collectors, splices and connections in structures 
braced entirely by light frame shear walls to be only designed to resist the forces 
prescribed in ASCE/SEI 12.10.1.1. Light frame construction is defined in ASCE/SEI 11.2 
and includes systems composed of repetitive wood and cold-formed steel framing.

                                                
12 Additional information on structural irregularities can be found in ASCE/SEI 12.3 and Chapter 6 of this 

publication.
13 More information on how to determine the Seismic Design Category of a building or structure is given in 

IBC 1613.5.6, ASCE/SEI 11.6 and Chapter 6 of this publication. 
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Shear wall 
Shear wall (collector 
beams not required) 

Collector beam 

Collector beam 

Horizontal seismic force 

Figure 2.2  Example of Collector Beams and Shear Walls

2.6 LOAD COMBINATIONS FOR EXTRAORDINARY EVENTS 

ASCE/SEI 2.5 requires that the strength and stability of a structure be checked to ensure 
that it can withstand the effects from extraordinary events (i.e., low-probability events) 
such as fires, explosions and vehicular impact. More information on these types of events 
and recommended load combinations that include the effects of such events can be found 
in ASCE/SEI C2.5. In that section, reference is made to ASCE/SEI 1.4 and C1.4, which 
address general structural integrity requirements. Included is a discussion on resistance to 
progressive collapse. 

New provisions for structural integrity are contained in IBC 1614. These are applicable to 
buildings classified as high-rise buildings in accordance with IBC 403 and assigned to 
Occupancy Category III or IV with bearing wall structures or frame structures.14 Specific 
load combinations are not included in these prescriptive requirements; they are meant to 
improve the redundancy and ductility of these types of framing systems in the event of 
damage due to an abnormal loading event. 

2.7 EXAMPLES 

The following examples illustrate the load combinations that were discussed in the 
previous sections of this publication. 

                                                
14 A high-rise building is defined in IBC 202 as a building with an occupied floor located more than 75 ft 

above the lowest level of fire department vehicle access. Occupancy Categories III and IV are defined in 
IBC Table 1604.5. 
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2.7.1 Example 2.1 – Column in Office Building, Strength Design Load 
Combinations for Axial Loads 

Determine the strength design load combinations for a column in a multistory office 
building using the nominal axial loads in the design data. The live load on the floors is 
less than 100 psf and the roof is a gable roof. 

DESIGN DATA

 Axial Load (kips) 
Dead load, D 78 
Live load, L 38 
Roof live load, rL 13
Balanced snow load, S 19 

SOLUTION

The load combinations using strength design of IBC 1605.2 are summarized in Table 2.5 
for this column. The load combinations in the table include only the applicable load 
effects from the design data. 

Table 2.5  Summary of Load Combinations using Strength Design for Column in 
Example 2.1 

Equation No. Load Combination 
16-1 109784.14.1 =×=D  kips 

16-2
kips164)195.0()386.1()782.1(

kips161)135.0()386.1()782.1()or(5.06.12.1  S LLD r

=×+×+×=

=×+×+×=++

16-3 
kips143)385.0()196.1()782.1(

kips133)385.0()136.1()782.1()or(6.12.1 1  Lf S LD r

=×+×+×=

=×+×+×=++

16-4
kips122)195.0()385.0()782.1(

kips119)135.0()385.0()782.1()or(5.02.1 1  S L  LfD r

=×+×+×=

=×+×+×=++

16-5 116)192.0()385.0()782.1(2.1 21 =×+×+×=++  Sf LfD kips

16-6, 16-7 70789.09.0 =×=D kips

The constant f1 is taken as 0.5, since the live load is less than 100 psf. The constant f2 is 
taken as 0.2, since the gable roof can shed snow, unlike a sawtooth roof. 
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The largest axial load on the column is due to IBC Eq. 16-2 when the snow load is 
considered.

In this example, taking one or more of the variable loads (live, roof live or snow loads) in 
IBC Eqs. 16-1 through 16-5 equal to zero results in factored loads less than those shown 
in Table 2.5. 

2.7.2 Example 2.2 – Column in Office Building, Strength Design Load 
Combinations for Axial Loads and Bending Moments 

Determine the strength design load combinations for a column in a multistory office 
building using the nominal axial loads and maximum bending moments in the design 
data. The live load on the floors is less than 100 psf and the roof is essentially flat. 

DESIGN DATA

Axial Load (kips) Bending Moment (ft-kips) 
Dead load, D 78 15 
Live load, L 38 5 
Roof live load, rL 13 0 
Balanced snow load, S 19 0 
Wind load, W ± 20  ± 47 

SOLUTION

The load combinations using strength design of IBC 1605.2 are summarized in Table 2.6 
for this column. The load combinations in the table include only the applicable load 
effects from the design data. The constant f1 is taken as 0.5, since the live load is less than 
100 psf. The constant f2 is taken as 0.2, since the flat roof can shed snow, unlike a 
sawtooth roof. 

Since the wind loads cause the structure to sway to the right and to the left, load 
combinations must be investigated for both cases. This is accomplished by taking both 
“plus” and “minus” load effects of the wind. 

In general, all of the load combinations in Table 2.6 must be investigated when designing 
the column. It is usually possible to anticipate which of the load combinations is the most 
critical. Taking one or more of the variable loads (live, roof live, snow or wind loads) in 
IBC Eqs. 16-1 through 16-5 equal to zero was not considered, since these load 
combinations typically do not govern the design of such members. 
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Table 2.6  Summary of Load Combinations using Strength Design for Column in 
Example 2.2 

Equation
No. Load Combination 

Axial
Load
(kips) 

Bending Moment 
(ft-kips) 

16-1 D4.1  109  21 

rLLD 5.06.12.1 ++  161  26 
16-2

SLD 5.06.12.1 ++  164  26 

LfLD r 16.12.1 ++  133  21 

WLD r 8.06.12.1 ++  130  56 

WLD r 8.06.12.1 −+  98  -20 

LfSD 16.12.1 ++  143  21 

WSD 8.06.12.1 ++  140  56 

16-3 

WSD 8.06.12.1 −+  108  -20 

rLLfWD 5.06.12.1 1 +++  151  96 

SLfWD 5.06.12.1 1 +++  154  96 

rLLfWD 5.06.12.1 1 ++−  87  -55 
16-4

SLfWD 5.06.12.1 1 ++−  90  -55 

16-5  Sf LfD 212.1 ++  116  21 

WD 6.19.0 +  102  89 
16-6 

WD 6.19.0 −  38  -62 

16-7 D9.0  70  14 

2.7.3 Example 2.3 – Beam in University Building, Strength Design Load 
Combinations for Shear Forces and Bending Moments 

Determine the strength design load combinations for a beam in a university building 
using the nominal shear forces and bending moments in the design data. The occupancy 
of the building is classified as a place of public assembly. 
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DESIGN DATA

Bending Moment (ft-kips) Shear Force 
(kips) Support Midspan 

Dead load, D  50  -250  170 
Live load, L  15  -50  35 
Wind load, W ± 10  ± 100  --- 
Seismic, EQ ± 5  ± 50  --- 

The seismic design data are as follows:15

ρ  = redundancy factor = 1.0 

DSS  = design spectral response acceleration parameter at short periods = 0.5g

SOLUTION

The load combinations using strength design of IBC 1605.2 are summarized in Table 2.7 
for this beam. The load combinations in the table include only the applicable load effects 
from the design data. 

The quantity QE is the effect of code-prescribed horizontal seismic forces on the beam 
determined from a structural analysis. 

In accordance with ASCE/SEI 12.4.2, the seismic load effect E is defined as follows: 

• For use in load combination 5 of ASCE/SEI 2.3.2, or, equivalently, in IBC 
Eq. 16-5: 

DQDSQEEE EDSEvh 1.02.0 +=+ρ=+=

• For use in load combination 7 of ASCE/SEI 2.3.2, or, equivalently, in IBC 
Eq. 16-7: 

DQDSQEEE EDSEvh 1.02.0 −=−ρ=−=

Substituting for E, IBC Eq. 16-5 becomes: EQLDLfED ++=++ 3.10.12.1 1

Similarly, IBC Eq. 16-7 becomes: EQDED +=+ 8.00.19.0

                                                
15 More information on seismic design can be found in Chapter 6 of this publication. 
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Table 2.7 Summary of Load Combinations using Strength Design for the Beam in 
Example 2.3 

Equation
No. Load Combination Location Bending Moment 

(ft-kips) 
Shear Force 

(kips) 
Support  -350 7016-1 D4.1
Midspan  238 --- 
Support  -380 84

16-2 LD 6.12.1 +
Midspan  260 --- 
Support  -350 75

LD +2.1
Midspan  239 --- 
Support  -380 68

16-3 
WD 8.02.1 +

Midspan  204 --- 
Support  -510 91

16-4 WLD 6.12.1 ++
Midspan  239 --- 
Support  -425 85

16-5 EQLD ++3.1
Midspan  256 --- 
Support  -65 29

16-6 WD 6.19.0 −
Midspan  153 --- 
Support  -150 35

16-7 EQD −8.0
Midspan  136 --- 

Like wind loads, sidesway to the right and to the left must be investigated for seismic 
loads. In IBC Eq. 16-5, the maximum effect occurs when QE is added to the effects of the 
gravity loads. In IBC Eq. 16-7, QE is subtracted from the effect of the dead load, since 
maximum effects occur, in general, when minimum dead load and the effects from lateral 
loads counteract. The same reasoning is applied in IBC Eqs. 16-3, 16-4 and 16-6 for the 
wind effects W.

The constant f1 is taken as 1.0, since the occupancy of the building is classified as a place 
of public assembly. 

2.7.4 Example 2.4 – Beam in University Building, Basic Allowable Stress 
Design Load Combinations for Shear Forces and Bending Moments 

Determine the basic allowable stress design load combinations of IBC 1605.3.1 for the 
beam described in Example 2.3. 

SOLUTION

The basic load combinations using allowable stress design of IBC 1605.3.1 are 
summarized in Table 2.8 for this beam. The load combinations in the table include only 
the applicable load effects from the design data. 
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Table 2.8  Summary of Basic Load Combinations using Allowable Stress Design 
for Beam in Example 2.4 

Equation
No. Load Combination Location Bending Moment 

(ft-kips) 
Shear Force 

(kips) 
Support  -250 5016-8 

16-10 D
Midspan  170 --- 
Support  -300 65

16-9 LD +
Midspan  205 --- 
Support  -288 61

16-11 LD 75.0+
Midspan  196 --- 
Support  -350 60

WD +
Midspan  170 --- 
Support  -303 57

16-12 

EQD 7.007.1 +
Midspan  182 --- 
Support  -363 69

WLD 75.075.0 ++
Midspan  196 --- 
Support  -326 66

16-13 

EQLD 525.075.005.1 ++
Midspan  205 --- 
Support  -50 20

16-14 WD −6.0
Midspan  102 --- 
Support  -133 30

16-15 EQD 7.067.0 −
Midspan  114 --- 

In accordance with ASCE/SEI 12.4.2, the seismic load effect E is defined as follows: 

• For use in load combinations 5 and 6 of ASCE/SEI 2.4.1 or, equivalently, in 
IBC Eqs. 16-12 and 16-13: 

DQDSQEEE EDSEvh 1.02.0 +=+ρ=+=

• For use in load combination 8 of ASCE/SEI 2.3.2 or, equivalently, in IBC  
Eq. 16-15: 

DQDSQEEE EDSEvh 1.02.0 −=−ρ=−=

Thus, substituting for E, IBC Eqs. 16-12 and 16-13 become, respectively, 

EQDED 7.007.17.0 +=+

EQLDELD 525.075.005.1525.075.0 ++=++
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Similarly, IBC Eq. 16-15 becomes: EQDED 7.067.07.06.0 +=+

Like wind loads, sidesway to the right and to the left must be investigated for seismic 
loads. In IBC Eqs. 16-12 and 16-13, the maximum effect occurs when QE is added to the 
effects of the gravity loads. In IBC Eq. 16-15, QE is subtracted from the effect of the dead 
load, since maximum effects occur, in general, when minimum dead load and the effects 
from lateral loads counteract. The same reasoning is applied in IBC Eqs. 16-12, 16-13 
and 16-14 for the wind effects W.

2.7.5 Example 2.5 – Beam in University Building, Alternative Basic Allowable 
Stress Design Load Combinations for Shear Forces and Bending 
Moments

Determine the alternative basic allowable stress design load combinations of 
IBC 1605.3.2 for the beam described in Example 2.3. Assume that the wind forces have 
been determined using the provisions of Chapter 6 of ASCE/SEI 7. 

SOLUTION

The alternative basic load combinations using allowable stress design of IBC 1605.3.2 
are summarized in Table 2.9 for this beam. The load combinations in the table include 
only the applicable load effects from the design data. 

Table 2.9  Summary of Alternative Basic Load Combinations using Allowable Stress 
Design for Beam in Example 2.5 

Equation
No. Load Combination Location Bending Moment 

(ft-kips) 
Shear Force 

(kips) 
Support  -300 6516-16 LD +
Midspan  205 --- 
Support  -430 78

WLD 3.1++
Midspan  205 --- 
Support  -88 36

16-17 
16-18 

WLD 3.167.0 −+
Midspan  149 --- 
Support  -365 72

16-19 WLD 65.0++
Midspan  205 --- 
Support  -353 72

16-20 )4.1/(07.1 EQLD ++
Midspan  217 --- 
Support  -172 38

16-21 )4.1/(83.0 EQD −
Midspan  141 --- 

The factor ω  is taken as 1.3, since the wind forces have been determined by Chapter 6 of 
ASCE/SEI. 
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In accordance with ASCE/SEI 12.4.2, the seismic load effect E is defined as follows: 

• For use in IBC Eq. 16-20: 

DQDSQEEE EDSEvh 1.02.0 +=+ρ=+=

• For use in IBC Eq. 16-21: 

DQDSQEEE EDSEvh 1.02.0 −=−ρ=−=

Thus, substituting for E, IBC Eq. 16-20 becomes: 4.1/07.14.1/ EQLDELD ++=++

Similarly, IBC Eq. 16-21 becomes: 4.1/83.04.1/9.0 EQDED +=+

Like wind loads, sidesway to the right and to the left must be investigated for seismic 
loads. In IBC Eq. 16-20, the maximum effect occurs when QE is added to the effects of 
the gravity loads. In IBC Eq. 16-21, QE is subtracted from the effect of the dead load, 
since maximum effects occur, in general, when minimum dead load and the effects from 
lateral loads counteract. 

In accordance with IBC 1605.3.2, two-thirds of the dead load is used in IBC Eqs. 16-17 
and 16-18 to counter the maximum effects from the wind pressure. 

2.7.6 Example 2.6 – Collector Beam in Residential Building, Load Combinations 
using Strength Design and Basic Load Combinations for Strength Design 
with Overstrength Factor for Axial Forces, Shear Forces, and Bending 
Moments

Determine the strength design load combinations and the basic combinations for strength 
design with overstrength factor for a simply supported collector beam in a residential 
building using the nominal axial loads, shear forces and bending moments in the design 
data. The live load on the floors is less than 100 psf. 

DESIGN DATA

Axial Force 
(kips)

Shear Force 
(kips)

Bending Moment 
(ft-kips)

Dead load, D  0  56 703
Live load, L  0  19 235
Seismic, EQ ± 50  0  0 

The seismic design data are as follows:16

                                                
16 More information on seismic design can be found in Chapter 6 of this publication. 
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oΩ  = system overstrength factor = 2.5 

DSS  = design spectral response acceleration parameter at short periods = 1.0g

 Seismic design category: D 

The axial seismic force QE corresponds to the portion of the diaphragm design force that 
is resisted by the collector beam. This force can be tensile or compressive. 

SOLUTION

The governing load combination in IBC 1605.2.1 is as follows: 

• IBC Eq. 16-2: 

Bending moment: 220,1)2356.1()7032.1(6.12.1 =×+×=+ LD  ft-kips 

Shear force: 98)196.1()562.1(6.12.1 =×+×=+ LD  kips 

Since the beam is a collector beam in a building assigned to SDC D, the beam must be 
designed for the following basic combinations for strength design with overstrength 
factor (see IBC 1605.1 and 1605.2.1; ASCE/SEI 12.4.3.2): 

• IBC Eq. 16-5: LQDS EoDS 5.0)2.02.1( +Ω++ 17

Axial force: 125505.2 =×=Ω EoQ  kips tension or compression 

Bending moment: 102,1)2355.0()7034.1(5.0)2.02.1( =×+×=++ LDSDS  ft-
kips

Shear force: 88)195.0()564.1(5.0)2.02.1( =×+×=++ LDSDS  kips 

• IBC Eq. 16-7: EoDS QDS Ω+− )2.09.0(

Axial force: 125505.2 =×=Ω EoQ  kips tension or compression 

Bending moment: 4927037.0)2.09.0( =×=− DSDS  ft-kips 

Shear force: 39567.0)2.09.0( =×=− DSDS  kips 

                                                
17 The load factor on L is permitted to equal 0.5 in accordance with Note 1 in ASCE 12.4.3.2. 



EXAMPLES  2-21

The collector beam and its connections must be designed to resist the combined effects of 
(1) flexure and axial tension, (2) flexure and axial compression and (3) shear as set forth 
by the above load combinations. 

2.7.7 Example 2.7 – Collector Beam in Residential Building, Load Combinations 
using Allowable Stress Design (Basic Load Combinations) and Basic 
Combinations for Allowable Stress Design with Overstrength Factor for 
Axial Forces, Shear Forces, and Bending Moments 

Determine the load combinations using allowable stress design (basic load combinations) 
and the basic combinations for allowable stress design with overstrength factor for the 
beam in Example 2.6. 

SOLUTION

The governing load combination in IBC 1605.3.1 is as follows: 

• IBC Eq. 16-9: 

Bending moment: 938235703 =+=+ LD  ft-kips 

Shear force: 751956 =+=+ LD  kips 

Since the beam is a collector beam in a building assigned to SDC D, the beam must be 
designed for the following basic combinations for allowable stress design with 
overstrength factor (see IBC 1605.1 and 1605.3.1; ASCE/SEI 12.4.3.2): 

• IBC Eq. 16-12: EoDS QDS Ω++ 7.0)14.00.1(

Axial force: 88505.27.07.0 =××=Ω EoQ  kips tension or compression 

Bending moment: 80170314.1)14.00.1( =×=+ DSDS  ft-kips 

Shear force: 645614.1)14.00.1( =×=+ DSDS  kips 

• IBC Eq. 16-13: LQDS EoDS 75.0525.0)105.00.1( +Ω++

Axial force: 66505.2525.0525.0 =××=Ω EoQ  kips tension or compression 

Bending moment: 953)23575.0()703105.1(75.0105.1 =×+×=+ LD  ft-kips 

Shear force: 76)1975.0()56105.1(75.0105.1 =×+×=+ LD  kips 
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• IBC Eq. 16-15: EoDS QDS Ω+− 7.0)14.06.0(

Axial force: 88505.27.07.0 =××=Ω EoQ  kips tension or compression 

Bending moment: 32370346.0)14.06.0( =×=− DSDS  ft-kips 

Shear force: 265646.0)14.06.0( =×=− DSDS  kips 

The collector beam and its connections must be designed to resist the combined effects of 
(1) flexure and axial tension, (2) flexure and axial compression and (3) shear as set forth 
by the above load combinations.18

2.7.8 Example 2.8 – Collector Beam in Residential Building, Load Combinations 
using Allowable Stress Design (Alternative Basic Load Combinations) 
and Basic Combinations for Allowable Stress Design with Overstrength 
Factor for Axial Forces, Shear Forces, and Bending Moments 

Determine the load combinations using allowable stress design (alternative basic load 
combinations) and the basic combinations for allowable stress design with overstrength 
factor for the beam in Example 2.6. 

SOLUTION

The governing load combination in IBC 1605.3.2 is as follows: 

• IBC Eq. 16-16: 

Bending moment: 938235703 =+=+ LD  ft-kips 

Shear force: 751956 =+=+ LD  kips 

Since the beam is a collector beam in a building assigned to SDC D, the beam must be 
designed for the following basic combinations for allowable stress design with 
overstrength factor (see IBC 1605.1 and 1605.3.2; ASCE/SEI 12.4.3.2): 

• IBC Eq. 16-20: L
Q

D
S EoDS +

Ω
++

4.14.1
2.0

0.1

Axial force: 89
4.1
505.2

4.1
=×=

Ω EoQ
 kips tension or compression 

                                                
18 See ASCE/SEI 12.4.3.3 for allowable stress increase for load combinations with overstrength. 
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Bending moment: 1038235703
4.1
2.00.1 =+×+  ft-kips 

Shear force: 831956
4.1
2.00.1 =+×+  kips 

• IBC Eq. 16-21: 
4.14.1

2.0
9.0 EoDS Q

D
S Ω

+−

Axial force: 89
4.1
505.2

4.1
=×=

Ω EoQ
 kips tension or compression 

Bending moment: 532703
4.1
2.09.0 =×−  ft-kips 

Shear force: 4256
4.1
2.09.0 =×−  kips 

The collector beam and its connections must be designed to resist the combined effects of 
(1) flexure and axial tension, (2) flexure and axial compression and (3) shear as set forth 
by the above load combinations.19

2.7.9 Example 2.9 – Timber Pile in Residential Building, Basic Allowable Stress 
Design Load Combinations for Axial Forces 

Determine the basic allowable stress design load combinations for a timber pile 
supporting a residential building using the nominal axial loads in the design data. The 
residential building is located in a Coastal A Zone. 

DESIGN DATA

Axial Force 
(kips)

Dead load, D  8 
Live load, L  6 
Roof live load, rL  4 

Wind, W ± 16 
Flood, aF ± 2 

                                                
19 See ASCE/SEI 12.4.3.3 for allowable stress increase for load combinations with overstrength. 
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SOLUTION

The basic load combinations using allowable stress design of IBC 1605.3.1 are 
summarized in Table 2.10 for this pile. The load combinations in the table include only 
the applicable load effects from the design data. Also, since flood loads aF  must be 
considered, the load combinations of ASCE/SEI 2.4.2 are used (IBC 1605.3.1.2). In 
particular, aF5.1  is added to the other applicable loads in IBC Eqs. 16-12, 16-13 and 16-
14.

Table 2.10  Summary of Basic Load Combinations using Allowable Stress Design 
(IBC 1605.3.1) for Timber Pile 

Equation
No. Load Combination Axial Load 

(kips) 
16-8 D  8 
16-9 LD +  14 

16-10 rLD +  12 

16-11 rLLD 75.075.0 ++  16 

aFWD 5.1++  27 
16-12 

aFWD 5.1−−  -11 

ar FLLWD 5.175.075.075.0 ++++  31 
16-13 

ar FLLWD 5.175.075.075.0 −++−  1 

WD +6.0  21 
16-14 

WD −6.0  -11 

The pile must be designed for the axial compression and tension forces in Table 2.10 in 
combination with bending moments caused by the wind and flood loads. Shear forces and 
deflection at the tip of the pile must also be checked. Finally, the embedment length of 
the pile must be sufficient to resist the maximum net tension force.20

                                                
20 More information on flood loads can be found in Chapter 7 of this publication. 
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3.1 DEAD LOADS 

Nominal dead loads D are determined in accordance with IBC 1606.1 In general, design 
dead loads are the actual weights of construction materials and fixed service equipment 
that are attached to or supported by the building or structure. Various types of such loads 
are listed in IBC 1602. 

Dead loads are considered to be permanent loads, i.e., loads in which variations over time 
are rare or of small magnitude. Variable loads, such as live loads and wind loads, are not 
permanent. It is important to know the distinction between permanent and variable loads 
when applying the provisions for load combinations.2

It is not uncommon that the weights of materials and service equipment (such as 
plumbing stacks and risers, HVAC equipment, elevators and elevator machinery, fire 
protection systems and similar fixed equipment) are not known during the design phase. 
Estimated material and/or equipment loads are often used in design. Typically, estimated 
dead loads are assumed to be greater than the actual dead loads so that the design is 
conservative. While such practice is acceptable when considering load combinations 
where the effects of gravity loads and lateral loads are additive, it is not acceptable when 
considering load combinations where gravity loads and lateral loads counteract. For 
example, it would be unconservative to design for uplift on a structure using an 
overestimated value of dead load. 

ASCE/SEI Table C3-1 provides minimum design dead loads for various types of 
common construction components, including ceilings, roof and wall coverings, floor fill, 
floors and floor finishes, frame partitions and frame walls. Minimum densities for 
common construction materials are given in ASCE/SEI Table C3-2. 

The weights in ASCE/SEI Tables C3-1 and C3-2 can be used as a guide when estimating 
dead loads. Actual weights of construction materials and equipment can be greater than 
tabulated values, so it is always prudent to verify weights with manufacturers or other 
similar resources prior to design. In cases where information on dead load is unavailable, 
values of dead loads used in design must be approved by the building official 
(IBC 1606.2). 

1 Nominal loads are those loads that are specified in Chapter 16 of the IBC. 
2 See IBC 1605, ASCE/SEI Chapter 2 and Chapter 2 of this publication for information on load 
combinations. 
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3.2 LIVE LOADS 

3.2.1 General 

Nominal live loads are determined in accordance with IBC 1607. Live loads are those 
loads produced by the use and occupancy of a building or structure and do not include 
construction loads, environmental loads (such as wind loads, snow loads, rain loads, 
earthquake loads and flood loads) or dead loads (IBC 1602). 

In general, live loads are transient in nature and vary in magnitude over the life of a 
structure. Studies have shown that building live loads consist of both a sustained portion 
and a variable portion. The sustained portion is based on general day-to-day use of the 
facilities, and will generally vary during the life of the structure due to tenant modifications 
and changes in occupancy, for example. The variable portion of the live load is typically 
created by events such as remodeling, temporary storage and similar unusual events. 

Nominal design values of uniformly distributed and concentrated live loads are given in 
IBC Table 1607.1 as a function of occupancy or use. The occupancy category listed in 
the table is not necessarily group specific.3 As an example, an office building with a 
Business Group B classification may also have storage areas that may warrant live loads 
of 125 psf or 250 psf depending on the type of storage. 

The design values in IBC Table 1607.1 are minimum values; actual design values can be 
determined to be larger than these values, but in no case shall the structure be designed 
for live loads that are less than the tabulated values. For occupancies that are not listed in 
the table, values of live load used in design must be approved by the building official. It 
is also important to note that the provisions do not require concurrent application of 
uniform and concentrated loads. Structural members are designed based on the maximum 
effects due to the application of either a uniform load or a concentrated load, and need 
not be designed for the effects of both loads applied at the same time. 

Provisions for the weight of partitions are given in IBC 1607.5. Buildings where 
partitions can be relocated must include a live load of 15 psf if the nominal uniform floor 
live load is less than or equal to 80 psf. The weight of any built-in partitions that cannot 
be moved is considered a dead load in accordance with IBC 1602. 

Minimum live loads for truck and bus garages are given in IBC 1607.6. IBC 1607.7 
prescribes loads on handrails, guards, grab bars and vehicle barriers, and IBC 1607.8 
contains provisions for impact loads that involve unusual vibration and impact forces, 
such as those from elevators and machinery. 

ASCE/SEI Table 4-1 also contains minimum uniform and concentrated live loads. There 
are some differences between this table and IBC Table 1607.1. ASCE Tables C4-1 and 
C4-2 can also be used as a guide in establishing live loads for commonly encountered 
occupancies.

3 Occupancy groups are defined in IBC Chapter 3. 
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3.2.2 Reduction in Live Loads 

According to IBC 1607.9, the minimum nominal uniformly distributed live loads Lo of 
IBC Table 1607.1 and uniform live loads of special purpose roofs are permitted to be 
reduced by either the provisions of IBC 1607.9.1 or 1607.9.2. Both methods are 
discussed below. Roof live loads, other than special-purpose roofs, are not permitted to 
be reduced by these provisions; reduction of such roof live loads is covered in IBC 
1607.11 and Section 3.2.4 of this publication. 

General Method of Live Load Reduction 

The general method in IBC 1607.9.1 of reducing uniform live loads other than uniform 
live loads at roofs is based on the provisions contained in ASCE/SEI 4.8. IBC Eq. 16-22 
can be used to obtain a reduced live load L for members where KLLAT  400 sq ft, subject 
to the limitations of IBC 1607.9.1.1 through 1607.9.1.5: 

floors moreor   twosupporting membersfor 40.0
floor one supporting membersfor 50.0

1525.0

 L
 L

AK
LL

o

o

TLL
o

≥
≥

+=

where KLL live load element factor given in IBC Table 1607.9.1 and AT = tributary area in 
square feet. 

The live load element factor KLL converts the tributary area of a structural member AT to 
an influence area, which is considered to be the adjacent floor area from which the 
member derives any of its load. For example, the influence area for an interior column is 
equal to the area of the four bays adjacent to the column, which is equal to four times the 
tributary area of the column. Thus, KLL = 4 for an interior column. ASCE/SEI Figure C4 
illustrates typical tributary and influence areas for a variety of elements. Figure 3.1 
illustrates how the reduction multiplier TLL AK/1525.0 +  varies with respect to the 
influence area KLLAT. Included in the figure are the minimum influence area of 400 sq ft 
and the limits of 0.5 and 0.4, which are the maximum permitted reductions for members 
supporting one floor and two or more floors, respectively. 

One-way Slabs. Live load reduction on one-way slabs is now permitted in the 2009 IBC 
provided the tributary area AT does not exceed an area equal to the slab span times a 
width normal to the span of 1.5 times the slab span (i.e., an area with an aspect ratio of 
1.5). The live load will be somewhat higher for a one-way slab with an aspect ratio of 1.5 
than for a two-way slab with the same aspect ratio. This recognizes the benefits of higher 
redundancy that results from two-way action. 

ASCE 4.8.5 has the same requirements for live load reduction on one-way slabs as that in 
IBC 1607.9.1.1. 
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TLLAK
15

0.25 +

Figure 3.1  Reduction Multiplier for Live Load in accordance with IBC 1607.9.1 

Heavy Live Loads. According to IBC 1607.9.1.2, live loads that are greater than 100 psf 
shall not be reduced except for the following: (1) Live loads for members supporting two 
or more floors are permitted to be reduced by a maximum of 20 percent, but L shall not 
be less than that calculated by IBC 1607.9.1, or (2) In occupancies other than storage, 
additional live load reduction is permitted if it can be shown by a registered design 
professional that such a reduction is warranted. 

Passenger Vehicle Garages. The live load in passenger vehicle garages is not permitted 
to be reduced, except for members supporting two or more floors; in such cases, the 
maximum reduction is 20 percent, but L shall not be less than that calculated by 
IBC 1607.9.1 (IBC 1607.9.1.3). 

Group A (Assembly) Occupancies. Due to the nature of assembly occupancies, there is 
a high probability that the entire floor is subjected to full uniform live load. Thus, 
IBC 1607.9.1.4 requires that live loads of 100 psf and live loads at areas where fixed 
seats are located shall not be reduced in such occupancies. 

Roof Members. Live loads of 100 psf or less are not permitted to be reduced on roof 
members except as specified in IBC 1607.11.2 for flat, pitched and curved roofs and 
special-purpose roofs (IBC 1607.9.1.5). 

A summary of the general method of live load reduction for floors in accordance with 
IBC 1607.9.1 is given in Figure 3.2. 
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GENERAL METHOD OF LIVE LOAD REDUCTION

(IBC 1607.9.1) 

No Yes 

* See IBC 1607.9.1.2 for two exceptions to this requirement. 
** Live loads for members supporting two or more floors are permitted 

to be reduced by a maximum of 20 percent (IBC 1607.9.1.3). 

Is 100>oL  psf? 

Live load reduction is not permitted*

Is the structure a passenger 
vehicle garage? 

Live load reduction is not permitted**

Yes 

Is the structure classified as a 
Group A occupancy with live 

loads of 100 psf and areas where 
fixed seats are located?

No

Live load reduction is not permitted 

Yes No

Is the member a one-way 
slab? 

≤TA 1.5(slab span)2

No Yes 

A

Figure 3.2  General Method of Live Load Reduction in accordance with IBC 1607.9.1
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GENERAL METHOD OF LIVE LOAD REDUCTION (IBC 1607.9.1) 
(continued)

Is 400<TLL AK  sq ft? 

Live load reduction is not permitted 

Yes 

floors moreor   twosupporting membersfor 40.0
floor one supporting membersfor 50.0

1525.0

 L
 L

AK
LL

o

o

TLL
o

≥
≥

+=

No

A

Is the member a roof 
member? 

Live load reduction is not permitted 
except as specified in IBC 1607.11.2 

No Yes 

Figure 3.2  General Method of Live Load Reduction in accordance with IBC 1607.9.1 
(continued)
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Alternate Method of Floor Live Load Reduction 

An alternate method of floor live load reduction, which is based on provisions in the 1997 
Uniform Building Code, is given in IBC 1607.9.2. IBC Eq. 16-23 can be used to obtain a 
reduction factor R for members that support an area greater than or equal to 150 sq ft: 

)150(08.0 −= AR

     ≤  the smallest of 
+ )/1(1.23

members alfor verticpercent  60
members horizontalfor percent  40

oLD

where =A  area of floor supported by a member in square feet and =D  dead load per 
square foot of area supported. 

The reduced live load L is then determined by 

−=
100

1 RLL o

Similar to the general method of live load reduction, live loads are not permitted to be 
reduced in the following situations: 

1. In Group A (assembly) occupancies. 

2. Where the live load exceeds 100 psf except (a) for members supporting two or 
more floors in which case the live load may be reduced by a maximum of 20 
percent or (b) in occupancies other than storage where it can be shown by a 
registered design professional that such a reduction is warranted. 

3. In passenger vehicle garages except for members supporting two or more floors 
in which case the live load may be reduced by a maximum of 20 percent. 

Reduction of live load on one-way slab systems is permitted by this method provided the 
area A is not taken greater than that prescribed in IBC 1607.9.2(5). 

A summary of the alternate method of floor live load reduction in accordance with IBC 
1607.9.2 is given in Figure 3.3. 
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ALTERNATE METHOD OF LIVE LOAD REDUCTION

(IBC 1607.9.2) 

No Yes 

* Live loads for members supporting two or more floors are permitted to be reduced 
by a maximum of 20 percent [IBC 1607.9.2(2); also see exception in that section]. 

** Live loads for members supporting 2 or more floors are permitted to be reduced by a 
maximum of 20 percent [IBC 1607.9.1.2(3)]. 

Is 100>oL  psf? 

Live load reduction is not permitted*

Is the structure a passenger 
vehicle garage? 

Live load reduction is not permitted**

Yes 

Is the structure classified as a 
Group A occupancy? 

No

Live load reduction is not permitted 

Yes No

Is the member a one-way 
slab? 

≤A 0.5(slab span)2

No Yes 

A

Figure 3.3  Alternate Method of Live Load Reduction in accordance with IBC 1607.9.2
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ALTERNATE METHOD OF LIVE LOAD REDUCTION (IBC 1607.9.2) 
(continued)

Is 150<A  sq ft? 

Live load reduction is not permitted 

Yes 

+
≤

−=
−=

)/1(1.23
members alfor verticpercent  60

members horizontalfor percent  40
ofsmallest 

)150(08.0
)]100/(1[

o

o

LD

AR
RLL

No

A

Figure 3.3  Alternate Method of Live Load Reduction in accordance with IBC 1607.9.2 
(continued)

3.2.3 Distribution of Floor Loads 

IBC 1607.10 requires that the effects of partial uniform live loading (or alternate span 
loading) be investigated when analyzing continuous floor members. Such loading 
produces greatest effects at different locations along the span. Reduced floor live loads 
may be used when performing this analysis. 

Figure 3.4 illustrates four loading patterns that need to be investigated for a three-span 
continuous system subject to dead and live loads. 
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Dead + live load Dead + live load 

Dead load 

Loading pattern for maximum negative moment at support A or D 
and maximum positive moment in span AB or CD 

A B C D 

A

Dead + live load 
Dead load 

Loading pattern for maximum positive moment in span BC 

B C D 

Dead load 

Dead + live load 
Dead load 

Loading pattern for maximum negative moment at support B 

A B C D 

Dead + live load 

Loading pattern for maximum negative moment at support C 

A B C D 

Dead load 

Figure 3.4  Distribution of Floor Loads for a Three-span Continuous System in 
accordance with IBC 1607.10 

3.2.4 Roof Loads 

In general, roofs are to be designed to resist dead, live, wind, and where applicable, rain, 
snow and earthquake loads. A minimum roof live load of 20 psf is prescribed in IBC 
Table 1607.1 for typical roof structures, while larger live loads are required for roofs used 
as gardens or places of assembly. 

IBC 1607.11.2 permits nominal roof live loads of 20 psf on flat, pitched and curved roofs 
to be reduced in accordance with Eq. 16-25: 
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21RRLL or = , 2012 ≤≤ rL

where =rL  reduced live load per square foot of horizontal roof projection 

≥
<<

≤
=

ft sq 600 for  60
ft sq 600ft sq 200 for  001021

ft sq 200 for  1
1

t

tt

t

A.
AA.-.

A
R

>
<<

≤
=

12 for  60
124 for  05021

4 for  1
2

F.
FF.-.

F
R

=tA  tributary area (span length multiplied by effective width) in square feet 
supported by a structural member 

=F  for a sloped roof, the number of inches of rise per foot; for an arch or dome, 
the rise-to-span ratio multiplied by 32 

As seen from Eq. 16-25, roof live load reduction is based on tributary area of the member 
being considered and the slope of the roof. No live load reduction is permitted for 
members supporting less than or equal to 200 sq ft as well as for roof slopes less than or 
equal to 4:12. In no case is the reduced roof live load to be taken less than 12 psf. 

Live load reduction of special purpose roofs (roofs used as promenade decks, roof 
gardens, roofs used as places of assembly, etc.) is permitted in accordance with the 
provisions of IBC 1607.9 for floors (IBC 1607.11.2.2). Live loads that are equal to or 
greater than 100 psf at areas of roofs that are classified as Group A (assembly) 
occupancies are not permitted to be reduced. 

Landscaped roofs are to be designed for a minimum roof live load of 20 psf 
(IBC 1607.11.3). The weight of landscaping material is considered as dead load, 
considering the saturation level of the soil. 

A minimum roof live load of 5 psf is required for awnings and canopies in accordance 
with IBC Table 1607.1 (IBC 1607.11.4). Such elements must also be designed for the 
combined effects of snow and wind loads in accordance with IBC 1605. 

3.2.5 Crane Loads 

A general description of the crane loads that must be considered is given in IBC 1607.12. 
In general, the support structure of the crane must be designed for the maximum wheel 
load, vertical impact and horizontal impact as a simultaneous load combination. 
Provisions on how to determine each of these component loads are given in IBC 1607.12. 
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3.2.6 Interior Walls and Partitions 

Interior walls and partitions (including their finishing materials) greater than 6 ft in height 
are required to be designed for a horizontal load of 5 psf (IBC 1607.13). This requirement 
is intended to provide sufficient strength and durability of the wall framing and its 
finished construction when subjected to nominal impact loads, such as those from 
moving furniture or equipment, and from HVAC pressurization. 

Requirements for fabric partitions are given in IBC 1607.13.1. 

3.3 RAIN LOADS 

IBC 1611 contains requirements for design rain loads. IBC Eq. 16-35 is used to 
determine the rain load R on an undeflected roof: 

 )(2.5 hs ddR +=

where ds = depth of water on the undeflected roof up to the inlet of the secondary 
drainage system when the primary drainage system is blocked and dh = additional depth 
of water on the undeflected roof above the inlet of the secondary drainage system at its 
design flow.4

The nominal rain load R represents the weight of accumulated rainwater on the roof, 
assuming that the primary roof drainage system is blocked. The primary roof drainage 
system is designed for the 100-year hourly rainfall rate indicated in IBC Figure 1611.1 
and the area of roof that it drains; it can include, for example, roof drains, leaders, 
conductors and horizontal storm drains within the structure.5

When primary roof drainage is blocked, water will rise above the primary roof drain until 
it reaches the elevation of the roof edge, scuppers or other secondary drains. The depth of 
water above the primary drain at the design rainfall intensity is based on the flow rate of 
the secondary drainage system, which depends on the type of drainage system.6
Figure 3.5 illustrates the water depths ds and dh that are to be used in Eq. 16-35 for the 
case of a scupper acting as a secondary drain. Similarly, Figure 3.6 illustrates these water 
depths for a typical interior secondary drain.

                                                
4 The constant in Eq. 16-35 is equal to the unit load per inch depth of water = 62.4/12 = 5.2 psf/in. An 
undeflected roof refers to the case where deflections from loads (including dead loads) are not considered 
when determining the amount of rainwater on the roof. 

5 IBC Figure 1611.1 provides the rainfall rates for a storm of 1-hour duration that has a 100-year return 
period. These rates are calculated by a statistical analysis of weather records. See Chapter 11 of the 
International Plumbing Code® (IPC®) for requirements on the design of roof drainage systems. Rainfall 
rates are given for various cities in the U.S. in Appendix B of the IPC. The rates are based on the maps in 
IPC Figure 1106.1, which have the same origin as the maps in the IBC. 

6 ASCE/SEI Table C8-1 gives flow rates in gallons per minute and corresponding hydraulic heads for 
various types of drainage systems. For example, a 6-inch wide by 4-inch high closed scupper with 3 
inches of hydraulic head will discharge 90 gallons per minute. 
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Roof Drain 

Primary Drainage System 
(assumed blocked) 

Parapet

Scupper (Secondary Drainage System) 
dh

ds

Top of Rainwater 

Roof Drain 

Primary Drainage System 
(assumed blocked) 

Secondary Drainage System 

dhds

Top of Rainwater 

Figure 3.5  Example of Water Depths sd  and hd  in accordance with IBC 1611 for 
Typical Perimeter Scuppers

Figure 3.6  Example of Water Depths ds and dh in accordance with IBC 1611 for Typical 
Interior Drains

Where buildings are configured such that rainwater will not collect on the roof, no rain 
load is required in the design of the roof, and a secondary drainage system is not needed. 
What is important to note is that the provisions of IBC 1611 must be considered wherever 
the potential exists that water may accumulate on the roof. 

3.4 EXAMPLES 

The following examples illustrate the IBC requirements for live load reduction and rain 
loads.
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3.4.1 Example 3.1 – Live Load Reduction, General Method of IBC 1607.9.1 

The typical floor plan of a 10-story reinforced concrete office building is illustrated in 
Figure 3.7. 

Determine reduced live loads for 
 (1) column A3 
 (2) column B3 
 (3) column C1 
 (4) column C4 
 (5) column B6 
 (6) two-way slab AB23 

Figure 3.7  Typical Floor Plan of 10-story Office Building

The ninth floor is designated as a storage floor (125 psf) and all other floors are typical 
office floors with moveable partitions. 
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The roof is an ordinary flat roof (slope of 1/2 on 12), which is not used as a place of 
public assembly or for any special purposes. Assume that rainwater does not collect on 
the roof, and neglect snow loads. 

Neglect lobby/corridor loads on the typical floors for this example. 

SOLUTION

Nominal Loads 

• Roof: 20 psf in accordance with IBC Table 1607.1, since the roof is an ordinary 
flat roof that is not used for public assembly or any other special purposes. 

• Ninth floor: storage load is given in the design criteria as 125 psf. 
• Typical floor: 50 psf for office space in accordance with IBC Table 1607.1 and 15 

psf for moveable partitions in accordance with IBC 1607.5, since the live load 
does not exceed 80 psf. The partition load is not reducible; only the minimum 
loads in IBC Table 1607.1 are permitted to be reduced (IBC 1607.9). 

Part 1: Determine reduced live load for column A3 

A summary of the reduced live loads is given in Table 3.1. Detailed calculations for 
various floor levels follow the table. 

Table 3.1  Summary of Reduced Live Loads for Column A3

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced (IBC 1607.9.1.2) 

• Roof

The reduced roof live load Lr is determined by Eq. 16-25: 

Live 
Load
(psf) Story 

N R 

TLLAK
(sq ft) 

Reduction 
Multiplier

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 17.8 5.6 5.6 
 9 125 ---  ---** --- --- 39.4 45.0 
 8 15 50  1,260 0.67 33.5 15.3 60.3 
 7 15 50  2,520 0.55 27.5 13.4 73.7 
 6 15 50  3,780 0.49 24.5 12.4 86.1 
 5 15 50  5,040 0.46 23.0 12.0 98.1 
 4 15 50  6,300 0.44 22.0 11.7 109.8 
 3 15 50  7,560 0.42 21.0 11.3 121.1 
 2 15 50  8,820 0.41 20.5 11.2 132.3 
 1 15 50  10,080 0.40 20.0 11.0 143.3 
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2121 20 RRRRLL or ==

The tributary area At of column A3 3155.22)2/28( =×=  sq ft 

Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

 89.0)315001.0(2.1001.02.11 =×−=−= tAR

 Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

 Thus, 8.17189.020 =××=rL  psf 

 Axial load 6.5000,1/3158.17 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Axial load 4.39000,1/315125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Since column A3 is an exterior column without a cantilever slab, the live load 
element factor KLL = 4 (IBC Table 1607.9.1).7

Reduced live load L is determined by Eq. 16-22: 

floors moreor   twosupporting membersfor 40.0
floor one supporting membersfor 50.0

1525.0

 L
 L

AK
LL

o

o

TLL
o

≥
≥

+=

The reduction multiplier is equal to 0.40 where KLLAT ≥ 10,000 sq ft (see Figure 3.1). 

Axial load = )15(315)15( +=+ LAL T

                                                
7 KLL = influence area/tributary area = 28(25 + 20)/315 = 4. 
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Part 2: Determine reduced live load for column B3 

A summary of the reduced live loads is given in Table 3.2. Detailed calculations for 
various floor levels follow the table. 

Table 3.2  Summary of Reduced Live Loads for Column B3

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced (IBC 1607.9.1.2) 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column B3 6305.2228 =×=  sq ft 

Since >tA  600 sq ft, 1R  is determined by Eq. 16-28: 6.01 =R

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 0.1216.020 =××=rL  psf 

Axial load 6.7000,1/6300.12 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Live 
Load
(psf) Story 

N R 

TLLAK
(sq ft) 

Reduction 
Multiplier

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 12.0 7.6 7.6 
 9 125 ---  ---** --- --- 78.8 86.4 
 8 15 50  2,520 0.55 27.5 26.8 113.2 
 7 15 50  5,040 0.46 23.0 23.9 137.1 
 6 15 50  7,560 0.42 21.0 22.7 159.8 
 5 15 50  10,080 0.40 20.0 22.1 181.9 
 4 15 50  12,600 0.40 20.0 22.1 204.0 
 3 15 50  15,120 0.40 20.0 22.1 226.1 
 2 15 50  17,640 0.40 20.0 22.1 248.2 
 1 15 50  20,160 0.40 20.0 22.1 270.3 
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Axial load 8.78000,1/630125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Since column B3 is an interior column, the live load element factor KLL = 4 (IBC 
Table 1607.9.1).8

Reduced live load L is determined by Eq. 16-22: 

floors moreor   twosupporting membersfor 40.0
floor one supporting membersfor 50.0

1525.0

 L
 L

AK
LL

o

o

TLL
o

≥
≥

+=

The reduction multiplier is equal to 0.40 where KLLAT ≥ 10,000 sq ft (see Figure 3.1). 

Axial load = )15(630)15( +=+ LAL T

Part 3: Determine reduced live load for column C1 

A summary of the reduced live loads is given in Table 3.3. Detailed calculations for 
various floor levels follow the table. 

Table 3.3  Summary of Reduced Live Loads for Column C1

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced (IBC 1607.9.1.2) 
                                                
8 =LLK  influence area/tributary area = 2[(28 × 25) + (28 × 20)]/630 = 4. 

Live 
Load
(psf) Story 

N R 

TLLAK
(sq ft) 

Reduction 
Multiplier

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 20.0 3.5 3.5
 9 125 ---  ---** --- --- 21.9 25.4 
 8 15 50  700 0.82 41.0 9.8 35.2 
 7 15 50  1,400 0.65 32.5 8.3 43.5 
 6 15 50  2,100 0.58 29.0 7.7 51.2 
 5 15 50  2,800 0.53 26.5 7.3 58.5 
 4 15 50  3,500 0.50 25.0 7.0 65.5 
 3 15 50  4,200 0.48 24.0 6.8 72.3 
 2 15 50  4,900 0.46 23.0 6.7 79.0 
 1 15 50  5,600 0.45 22.5 6.6 85.6 
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• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column C1 1754/2528 =×=  sq ft 

Since <tA  200 sq ft, 1R  is determined by Eq. 16-26: 11 =R

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 0.201120 =××=rL  psf 

Axial load 5.3000,1/1750.20 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Axial load 9.21000,1/175125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Since column C1 is an exterior column without a cantilever slab, the live load 
element factor KLL = 4 (IBC Table 1607.9.1).9

Reduced live load L is determined by Eq. 16-22: 

floors moreor   twosupporting membersfor  40.0
floor one supporting membersfor  50.0

1525.0

o

o

TLL
o

L
L

AK
LL

≥
≥

+=

Axial load = )15(175)15( +=+ LAL T

                                                
9 =LLK  influence area/tributary area = (28 × 25)/175 = 4. 
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Part 4: Determine reduced live load for column C4 

A summary of the reduced live loads is given in Table 3.4. Detailed calculations for 
various floor levels follow the table. 

Table 3.4  Summary of Reduced Live Loads for Column C4

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced (IBC 1607.9.1.2) 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column C4 4902/)2528(4/)2028( =×+×=  sq ft 

Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

71.0)490001.0(2.1001.02.11 =×−=−= tAR

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 2.14171.00.20 =××=rL  psf 

Axial load 0.7000,1/4902.14 =×=  kips 

Live 
Load
(psf) Story 

N R 

TLLAK
(sq ft) 

Reduction 
Multiplier

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 14.2 7.0 7.0 
 9 125 ---  ---** --- --- 61.3 68.3 
 8 15 50  1,960 0.59 29.5 21.8 90.1 
 7 15 50  3,920 0.49 24.5 19.4 109.5 
 6 15 50  5,880 0.45 22.5 18.4 127.9 
 5 15 50  7,840 0.42 21.0 17.6 145.5 
 4 15 50  9,800 0.40 20.0 17.2 162.7 
 3 15 50  11,760 0.40 20.0 17.2 179.9 
 2 15 50  13,720 0.40 20.0 17.2 197.1 
 1 15 50  15,680 0.40 20.0 17.2 214.3 
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• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Axial load 3.61000,1/490125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Since column C1 is an exterior column without a cantilever slab, the live load 
element factor KLL = 4 (IBC Table 1607.9.1).10

Reduced live load L is determined by Eq. 16-22: 

floors moreor   twosupporting membersfor 40.0
floor one supporting membersfor 50.0

1525.0

 L
 L

AK
LL

o

o

TLL
o

≥
≥

+=

The reduction multiplier is equal to 0.40 where KLLAT ≥ 10,000 sq ft. 

Axial load = )15(490)15( +=+ LAL T

Part 5: Determine reduced live load for column B6 

A summary of the reduced live loads is given in Table 3.5. Detailed calculations for 
various floor levels follow. 

• Roof

The reduced roof live load Lr is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column B6 490)52/25(28 =+×=  sq ft 

Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

71.0)490001.0(2.1001.02.11 =×−=−= tAR
                                                
10 =LLK  influence area/tributary area = 28[20 + (2 × 25)]/490 = 4. 
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Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 2.14171.020 =××=rL  psf 

Axial load 0.7000,1/4902.14 =×=  kips 

Table 3.5  Summary of Reduced Live Loads for Column B6

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced (IBC 1607.9.1.2) 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Axial load 3.61000,1/490125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Column B6 is an exterior column with a cantilever slab; thus, the live load element 
factor KLL = 3 (IBC Table 1607.9.1).11

Reduced live load L is determined by Eq. 16-22: 

                                                
11 Actual influence area/tributary area = 2[(28 × 25) + (5 × 28)]/490 = 3.4. IBC Table 1607.9.1 requires 

3=LLK , which is slightly conservative. 

Live 
Load
(psf) Story 

N R 

TLLAK
(sq ft) 

Reduction 
Multiplier

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 14.2 7.0 7.0 
 9 125 ---  ---** --- --- 61.3 68.3 
 8 15 50  1,470 0.64 32.0 23.0 91.3 
 7 15 50  2,940 0.53 26.5 20.3 111.6 
 6 15 50  4,410 0.48 24.0 19.1 130.7 
 5 15 50  5,880 0.45 22.5 18.4 149.1 
 4 15 50  7,350 0.42 21.0 17.6 166.7 
 3 15 50  8,820 0.41 20.5 17.4 184.1 
 2 15 50  10,290 0.40 20.0 17.2 201.3 
 1 15 50  11,760 0.40 20.0 17.2 218.5 
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The reduction multiplier is equal to 0.40 where KLLAT  10,000 sq ft (see Figure 3.1). 

Axial load = )15(490)15( +=+ LAL T

Part 6: Determine reduced live load for two-way slab AB23 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

 The tributary area tA  of this slab 7002825 =×=  sq ft 

 Since >tA  600 sq ft, 1R  is determined by Eq. 16-28: 6.01 =R

 Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

 Thus, 0.1416.020 =××=rL  psf 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced (IBC 1607.9.1.2). 

Live load = 125 psf 

• Typical floors 

Reducible nominal live load = 50 psf 

According to IBC Table 1607.9.1, 1=LLK  for a two-way slab. 

Reduced live load L is determined by Eq. 16-22: 
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Total live load = 41 + 15 = 56 psf 

3.4.2 Example 3.2 – Live Load Reduction, Alternate Method of IBC 1607.9.2 

Determine the reduced live loads for the elements in Example 3.1 using the alternate 
floor live load reduction of IBC 1607.9.2. Assume a nominal dead-to-live load ratio of 2. 

SOLUTION

Part 1: Determine reduced live load for column A3 

A summary of the reduced live loads is given in Table 3.6. Detailed calculations for 
various floor levels follow the table. 

Table 3.6  Summary of Reduced Live Loads for Column A3

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced [IBC 1607.9.2(2)] 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

Live 
Load
(psf) Story 

N R 

A       
(sq ft) 

Reduction 
Factor, R

(%) 

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 17.8 5.6 5.6 
 9 125 ---  ---** --- --- 39.4 45.0 
 8 15 50  315 13 43.5 18.4 63.4 
 7 15 50  630 38 31.0 14.5 77.9 
 6 15 50  945 60 20.0 11.0 88.9 
 5 15 50  1,260 60 20.0 11.0 99.9 
 4 15 50  1,575 60 20.0 11.0 110.9 
 3 15 50  1,890 60 20.0 11.0 121.9 
 2 15 50  2,205 60 20.0 11.0 132.9 
 1 15 50  2,520 60 20.0 11.0 143.9 
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The tributary area tA  of column A3 3155.22)2/28( =×=  sq ft 

 Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

 89.0)315001.0(2.1001.02.11 =×−=−= tAR

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 8.17189.020 =××=rL  psf 

Axial load 6.5000,1/3158.17 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Axial load 4.39000,1/315125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

)150(08.0 −= AR

≤  the smallest of 
=+=+ percent69)21(1.23)/1(1.23

(governs)members alfor verticpercent   60
LD o

Axial load = ]15)01.01(50[315]15)01.01([ +−=+− RARLo

Part 2: Determine reduced live load for column B3 

A summary of the reduced live loads is given in Table 3.7. Detailed calculations for 
various floor levels follow. 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==
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The tributary area tA  of column B3 6305.2228 =×=  sq ft 

Since >tA  600 sq ft, 1R  is determined by Eq. 16-28: 6.01 =R

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 0.1216.020 =××=rL  psf 

Axial load 6.7000,1/6300.12 =×=  kips 

Table 3.7  Summary of Reduced Live Loads for Column B3

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced [IBC 1607.9.2(2)] 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Axial load 8.78000,1/630125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

)150(08.0 −= AR

Live 
Load
(psf) Story 

N R 

A       
(sq ft) 

Reduction 
Factor, R

(%) 

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 12.0 7.6 7.6 
 9 125 ---  ---** --- --- 78.8 86.4 
 8 15 50  630 38 31.0 29.0 115.4 
 7 15 50  1,260 60 20.0 22.1 137.5 
 6 15 50  1,890 60 20.0 22.1 159.6 
 5 15 50  2,520 60 20.0 22.1 181.7 
 4 15 50  3,150 60 20.0 22.1 203.8 
 3 15 50  3,780 60 20.0 22.1 225.9 
 2 15 50  4,410 60 20.0 22.1 248.0 
 1 15 50  5,040 60 20.0 22.1 270.1 
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≤  the smallest of 
=+=+ percent69)21(1.23)/1(1.23

(governs)members alfor verticpercent   60
LD o

Axial load = ]15)01.01(50[630]15)01.01([ +−=+− RARLo

Part 3: Determine reduced live load for column C1 

A summary of the reduced live loads is given in Table 3.8. Detailed calculations for 
various floor levels follow the table. 

Table 3.8  Summary of Reduced Live Loads for Column C1

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced [IBC 1607.9.2(2)] 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column C1 1754/2528 =×=  sq ft 

Since <tA  200 sq ft, 1R  is determined by Eq. 16-26: 11 =R

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 0.201120 =××=rL  psf 

Live 
Load
(psf) Story 

N R 

A       
(sq ft) 

Reduction 
Factor, R

(%) 

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 20.0 3.5 3.5 
 9 125 ---  ---** --- --- 21.9 25.4 
 8 15 50  175  2 49.0 11.2 36.6 
 7 15 50  350  16 42.0 10.0 46.6 
 6 15 50  525  30 35.0 8.8 55.4 
 5 15 50  700  44 28.0 7.5 62.9 
 4 15 50  875  58 21.0 6.3 69.2 
 3 15 50  1,050  60 20.0 6.1 75.3 
 2 15 50  1,225  60 20.0 6.1 81.4 
 1 15 50  1,400  60 20.0 6.1 87.5 



3-28  CHAPTER 3 DEAD, LIVE, AND RAIN LOADS

Axial load 5.3000,1/1750.20 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Axial load 9.21000,1/175125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

)150(08.0 −= AR

≤  the smallest of 
=+=+ percent69)21(1.23)/1(1.23

(governs)members alfor verticpercent   60
LD o

Axial load = ]15)01.01(50[175]15)01.01([ +−=+− RARLo

Part 4: Determine reduced live load for column C4 

A summary of the reduced live loads is given in Table 3.9. Detailed calculations for 
various floor levels follow the table. 

Table 3.9  Summary of Reduced Live Loads for Column C4

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced [IBC 1607.9.2(2)] 

Live 
Load
(psf) Story 

N R 

A       
(sq ft) 

Reduction 
Factor, R

(%) 

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 14.2 7.0 7.0 
 9 125 ---  ---** --- --- 61.3 68.3 
 8 15 50  490 27 36.5 25.2 93.5 
 7 15 50  980 60 20.0 17.2 110.7 
 6 15 50  1,470 60 20.0 17.2 127.9 
 5 15 50  1,960 60 20.0 17.2 145.1 
 4 15 50  2,450 60 20.0 17.2 162.3 
 3 15 50  2,940 60 20.0 17.2 179.5 
 2 15 50  3,430 60 20.0 17.2 196.7 
 1 15 50  3,920 60 20.0 17.2 213.9 
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• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column C4 4902/)2528(4/)2028( =×+×=  sq ft 

Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

71.0)490001.0(2.1001.02.11 =×−=−= tAR

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 2.14171.00.20 =××=rL  psf 

Axial load 0.7000,1/4902.14 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Axial load 3.61000,1/490125 =×=  kips 

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

)150(08.0 −= AR

≤  the smallest of 
=+=+ percent69)21(1.23)/1(1.23

(governs)members alfor verticpercent   60
LD o

Axial load = ]15)01.01(50[490]15)01.01([ +−=+− RARLo

Part 5: Determine reduced live load for column B6 

A summary of the reduced live loads is given in Table 3.10. Detailed calculations for 
various floor levels follow the table. 
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Table 3.10  Summary of Reduced Live Loads for Column B6

N = nonreducible live load, R = reducible live load 
* Roof live load reduced in accordance with IBC 1607.11.2 
** Live load > 100 psf is not permitted to be reduced [IBC 1607.9.2(2)] 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of column B6 490)52/25(28 =+×=  sq ft 

Since 200 sq ft << tA  600 sq ft, 1R  is determined by Eq. 16-27: 

71.0)490001.0(2.1001.02.11 =×−=−= tAR

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 2.14171.020 =××=rL  psf 

Axial load 0.7000,1/4902.14 =×=  kips 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Axial load 3.61000,1/490125 =×=  kips 

Live 
Load
(psf) Story 

N R 

A       
(sq ft) 

Reduction 
Factor, R

(%) 

Reduced 
Live Load 

(psf) 
N + R 
(kips) 

Cumulative 
N + R 
(kips) 

 10 --- 20  ---* --- 14.2 7.0 7.0 
 9 125 ---  ---** --- --- 61.3 68.3 
 8 15 50  490 27 36.5 25.2 93.5 
 7 15 50  980 60 20.0 17.2 110.7 
 6 15 50  1,470 60 20.0 17.2 127.9 
 5 15 50  1,960 60 20.0 17.2 145.1 
 4 15 50  2,450 60 20.0 17.2 162.3 
 3 15 50  2,940 60 20.0 17.2 179.5 
 2 15 50  3,430 60 20.0 17.2 196.7 
 1 15 50  3,920 60 20.0 17.2 213.9 



EXAMPLES  3-31

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

)150(08.0 −= AR

≤  the smallest of 
=+=+ percent69)21(1.23)/1(1.23

(governs)members alfor verticpercent   60
LD o

Axial load = ]15)01.01(50[490]15)01.01([ +−=+− RARLo

Part 6: Determine reduced live load for two-way slab AB23 

• Roof

The reduced roof live load rL  is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

 The tributary area tA  of this slab 7002825 =×=  sq ft 

 Since >tA  600 sq ft, 1R  is determined by Eq. 16-28: 6.01 =R

 Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

 Thus, 0.1416.020 =××=rL  psf 

• Ninth floor 

Since the ninth floor is storage with a live load of 125 psf, which exceeds 100 psf, the 
live load is not permitted to be reduced [IBC 1607.9.2(2)]. 

Live load = 125 psf 

• Typical floors 

Reducible nominal live load = 50 psf 

Reduction factor R is given by Eq. 16-23: 

44)150700(08.0)150(08.0 =−=−= AR  percent 
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Open-web joist purlins @ 8′-0″
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=+=+ percent69)21(1.23)/1(1.23

(governs)members horizontalfor percent   40
LD o

Reduced live load L = 30)4.01(50)1( =−=− RLo  psf 

Total live load = 30 + 15 = 45 psf 

Note: the reduced live load on the shear walls in this example, as well as in Example 3.1, 
can be determined using the same procedure as for columns. For example, the shear walls 
located at E5 can be collectively considered to be an edge column without a cantilever 
slab.

3.4.3 Example 3.3 – Live Load Reduction on a Girder 

Determine the reduced live load on a typical interior girder of the warehouse shown in 
Figure 3.8. The roof is an ordinary flat roof. 

Figure 3.8  Plan and Elevation of Warehouse Building
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SOLUTION

Nominal roof live load: 20 psf in accordance with IBC Table 1607.1, since the roof is an 
ordinary flat roof that is not used for public assembly or any other special purposes. 

The reduced roof live load Lr is determined by Eq. 16-25: 

2121 20 RRRRLL or ==

The tributary area tA  of this girder 184,13732 =×=  sq ft 

Since >tA  600 sq ft, 1R  is determined by Eq. 16-28: 6.01 =R

Since F = 1/2 < 4, 12 =R  (Eq. 16-29) 

Thus, 0.1416.020 =××=rL  psf 

The code-prescribed snow and wind loads on the roof of this warehouse are given in 
Chapters 4 and 5 of this publication, respectively. 

3.4.4 Example 3.4 – Rain Load, IBC 1611 

Determine the rain load R on a roof located in Madison, Wisconsin, similar to the one 
depicted in Figure 3.5 given the following design data: 

• Tributary area of primary roof drain = 6,200 sq ft 
• Closed scupper size: 6 in. wide (b) by 4 in. high (h)
• Vertical distance from primary roof drain to inlet of scupper (static head distance 

=)sd  6 in. 

• Rainfall rate = 3.0 in./hr (IBC Figure 1611.1) 

SOLUTION

To determine the rain load R, the hydraulic head dh must be determined, based on the 
required flow rate. 

Required flow rate Q = tributary area of roof drain × rainfall rate = 6,200 × 3/12 = 
1,550 cu ft/hr = 25.83 cu ft/min = 193.2 gpm12

                                                
12 1 gallon = 0.1337 cu ft 
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The hydraulic head hd  is determined by the following equation, which is applicable for 
closed scuppers where the free surface of the water is above the top of the scupper:13

])[(9.2)(9.2 5.1
1

5.1
1

5.1
1

5.1 hhhbhdbQ h −+=−=

where =b  width of the scupper, =h  depth of the scupper, and =−= hdh h1  distance 
from the free surface of the water to the top of the scupper. 

For a flow rate of 193.2 gpm, 5.11 =h  in. and 5.55.14 =+=hd  in.14

The rain load R is determined by Eq. 16-35: 

8.59)5.56(2.5)(2.5 =+=+= hs ddR  psf 

                                                
13 Equations for flow rate for various types of roof drains can be found in various references, including 

“Roof Loads for New Construction,” FM Global Property Loss Prevention Data Sheet 1-54, Factory 
Mutual Insurance Company, 2006. See also Appendix Table C8-1 of ASCE/SEI 7 for flow rates and 
hydraulic heads of various drainage systems. 

14 By interpolating the values in Table C8-1 for a flow rate of 193.2 gpm, the hydraulic head hd  is equal to 
5.6 inches. 
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4.1 INTRODUCTION 

IBC 1608.1 requires that design snow loads on buildings and structures be determined by 
the provisions of Chapter 7 of ASCE/SEI 7-05. These provisions are based on over 40 
years of ground snow load data. 

The ground snow load pg is obtained from ASCE/SEI Figure 7-1 or IBC Figure 1608.2 
for the conterminous U.S. and from ASCE/SEI Table 7-1 or IBC Table 1608.2 for 
locations in Alaska. The snow loads on the maps have a 2-percent annual probability of 
being exceeded (i.e., a 50-year mean recurrence interval). Table C7-1 in the commentary 
of ASCE/SEI 7 contains ground snow loads at 204 national weather service locations 
where load measurements are made.1

In some areas of the U.S., the ground snow load is too variable to allow mapping. Such 
regions are noted on the maps as “CS,” which indicates that a site-specific case study is 
required. More information on site-specific case studies can be found in C7.2. The maps 
also provide ground snow loads in mountainous areas based on elevation. Numbers in 
parentheses represent the upper elevation limits in feet for the ground snow load values 
that are given below the elevation. Where a building is located at an elevation greater 
than that shown on the maps, a site-specific case study must be conducted to establish the 
ground snow load. 

Once a ground snow load has been established, a flat roof snow load pf  is determined by 
Eq. 7-1 (7.3). This snow load is used for flat roofs (roof slope less than or equal to 5 
degrees) and is a function of roof exposure, roof thermal condition and occupancy of the 
structure. Minimum values of pf are given for low-slope roofs in 7.3.2

Design snow loads for all structures are based on the sloped roof snow load ps, which is 
determined by modifying the flat roof snow load pf by a roof slope factor Cs (Eq. 7-2). 
The factor Cs depends on the slope and temperature of the roof, the presence or absence 
of obstructions and the degree of slipperiness of the roof surface. A list of roof materials 
that are considered to be slippery and those that are not is given in 7.4. Figure 7-2 
contains graphs of Cs for various conditions, and equations for Cs are given in C7.4. 

1 According to Note a in Table C7-1, it is not appropriate to use only the site-specific information in this 
table to determine design snow loads. See C7.2 for more information. 

2 Low-slope roofs are defined in 7.3.4. The minimum roof snow load is a separate load case, and it is not to 
be combined with drifting, sliding or other types of snow loading. 
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According to 7.4.3, Cs = 0 for portions of curved roofs that have a slope exceeding 70 
degrees, i.e, ps = 0. Balanced snow loads3 for curved roofs are determined from the 
loading diagrams in Figure 7-3 with Cs determined from the appropriate curve in Figure 
7-2. Multiple folded plate, sawtooth and barrel vault roofs are to be designed using
Cs = 1, i.e., ps  = pf (7.4.4). These types of roofs collect additional snow in their valleys 
by wind drifting and snow sliding, so no reduction in snow load based on roof slope is 
applied.

The partial loading provisions of 7.5 must be satisfied for continuous roof framing 
systems and all other roof systems where removal of snow load on one span (by wind or 
thermal effects, for example) causes an increase in stress or deflection in an adjacent 
span. For simplicity, only the three load cases given in Figure 7-4 need to be investigated; 
comprehensive alternate span (or, checkerboard) loading analyses are not required. 
Partial loading provisions need not be considered for structural members that span 
perpendicular to the ridgeline of gable roofs with slopes greater than the larger of 
2.38 degrees and (70/W) + 0.5 where W is the horizontal distance from the eave to the 
ridge in feet. Also, the minimum roof load requirements of 7.3.4 are not applicable in the 
partial load provisions. 

Unbalanced load occurs on sloped roofs from wind and sunlight. Wind tends to reduce 
the snow load on the windward portion and increase the snow load on the leeward 
portion. This is unlike partial loading where snow is removed on one portion of the roof 
and is not added to another portion. Provisions for unbalanced snow loads are given in 
7.6.1 for hip and gable roofs, in 7.6.2 for curved roofs, in 7.6.3 for multiple folded plate, 
sawtooth and barrel vault roofs, and in 7.6.4 for dome roofs. Figures 7-3, 7-5 and 7-6 
illustrate balanced and unbalanced snow loads for curved roofs, hip and gable roofs, and 
sawtooth roofs, respectively. 

Section 7.7 contains provisions for snow drifts that can occur on lower roofs of a building 
due to (1) wind depositing snow from higher portions of the same building or an adjacent 
building or terrain feature (such as a hill) to a lower roof and (2) wind depositing snow 
from the windward portion of a lower roof to the portion of a lower roof adjacent to a 
taller part of the building. These two types of drifts, which are called leeward and 
windward drifts, respectively, are illustrated in Figure 7-7. Loads from drifting snow are 
superimposed on the balanced snow load, as shown in Figure 7-8. Drift loads on sides of 
roof projections (including rooftop equipment) and at parapet walls are determined by the 
provisions of 7.8, which are based on the drift requirements of 7.7.1. 

The load caused by snow sliding off a sloped roof onto a lower roof is determined by the 
provisions of 7.9. Such loads are superimposed on the balanced snow load of the lower 
roof.

3 A balanced snow load is defined in the snow load provisions as the sloped roof snow load ps determined 
by Eq. 7-2. This load is assumed to act on the horizontal projection of the entire roof surface. 
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A rain-on-snow surcharge load of 5 psf is to be added on all roofs that meet the 
conditions of 7.10. This surcharge load applies only to the balanced load case, and need 
not be used in combination with drift, sliding, unbalanced or partial loads. 

Provisions for ponding instability and progressive deflection of roofs with a slope less 
than ¼ inch per foot are given in 7.11 and 8.4. Requirements for increased snow loads on 
existing roofs due to additions and alterations are covered in 7.12. 

The following general procedure, which is based on that given in C7.0, can be used to 
determine design snow loads in accordance with Chapter 7 of ASCE/SEI 7-05: 

1. Determine ground snow load pg (7.2). 

2. Determine flat roof snow load pf by Eq. 7-1 (7.3). 

3. Determine sloped roof snow load ps by Eq. 7-2 (7.4). 

4. Consider partial loading (7.5). 

5. Consider unbalanced snow loads (7.6). 

6. Consider snow drifts on lower roofs (7.7) and roof projections (7.8). 

7. Consider sliding snow (7.9). 

8. Consider rain-on-snow loads (7.10). 

9. Consider ponding instability (7.11). 

10. Consider existing roofs (7.12). 

It is possible that snow loads in excess of the design values computed by Chapter 7 may 
occur on a building or structure. The snow load to dead load ratio of a roof structure is an 
important consideration when evaluating the implications of excess loads. Section C7.0 
provides additional information on this topic. 

Section C7.13 gives information on wind tunnel tests and other experimental and 
computational methods that have been employed to establish design snow loads for roof 
geometries and complicated sites not addressed in the provisions. 

Section 4.2 of this document contains flowcharts for determining design snow loads and 
load cases, based on the design procedure outlined above. 

Section 4.3 contains completely worked-out examples that illustrate the design 
requirements for snow. 
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4.2 FLOWCHARTS 

A summary of the flowcharts provided in this chapter is given in Table 4.1. 

Table 4.1  Summary of Flowcharts Provided in Chapter 4 

Flowchart Title 

Flowchart 4.1 Flat Roof Snow Load, fp

Flowchart 4.2 Roof Slope Factor, sC

Flowchart 4.3 Sloped Roof Snow Load, sp

Flowchart 4.4 Unbalanced Roof Snow Loads – Hip 
and Gable Roofs 

Flowchart 4.5 Unbalanced Roof Snow Loads – 
Curved and Dome Roofs 

Flowchart 4.6 
Unbalanced Roof Snow Loads – 
Multiple Folded Plate, Sawtooth, and 
Barrel Vault Roofs 

Flowchart 4.7 Drifts on Lower Roof of a Structure 
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FLOWCHART 4.1
Flat Roof Snow Load, fp *

Determine ground snow load gp
from Fig. 7-1 or Fig. 1608.2 for 

conterminous U.S. and Table 7-1 or 
Table 1608.2 for Alaska** 

Determine exposure factor eC  from 
Table 7-2 (7.3.1) 

Determine thermal factor tC  from 
Table 7-3 (7.3.2) 

Determine importance factor I from 
IBC Table 1604.5 and Table 7-4 

(7.3.3)

* A flat roof is defined as a roof with a slope that is less than or equal to 5 degrees. 
** “CS” in the maps signifies areas where a site-specific study must be conducted to 

determine pg. Numbers in parentheses represent the upper elevation limit in feet for the 
ground snow load values given below. Site-specific studies are required at elevations 
not covered in the maps. 

† Minimum values of pf are specified in 7.3 for low-slope roofs, which are defined in 
7.3.4. 

Determine flat roof snow load 
gtef IpCCp 7.0=  by Eq. 7-1†
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FLOWCHART 4.2
Roof Slope Factor, sC *

No Yes 

A

* Portions of curved roofs having a slope exceeding 70 degrees shall be considered free of 
snow load, i.e., Cs = 0 (7.4.3). 

Is the roof a multiple 
folded plate, sawtooth or 

barrel vault roof? 

0.1=sC  (7.4.4) 
Determine thermal factor tC

from Table 7-3 (7.3.2) 

Is 0.1≤tC ?

Roof is defined as a 
warm roof (7.4.1) 

Roof is defined as a 
cold roof (7.4.2) 

No Yes 

B
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FLOWCHART 4.2
Roof Slope Factor, sC

(continued)

A

No Yes 

Determine roof slope factor sC
using the dashed line in Fig. 7-2b 

Is 1.1=tC ?

Is the roof an unobstructed 
slippery surface that will allow 
snow to slide off the eaves?** 

Determine roof slope factor sC
using the solid line in Fig. 7-2b 

Yes No

Is the roof an unobstructed 
slippery surface that will allow 
snow to slide off the eaves?** 

Determine roof slope factor sC
using the dashed line in Fig. 7-2c 

Determine roof slope factor sC
using the solid line in Fig. 7-2c 

Yes No

** See 7.4 for definitions of unobstructed and slippery surfaces. 
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FLOWCHART 4.2

Roof Slope Factor, sC

(continued)

B

Is the roof (1) an unobstructed slippery 
surface that will allow snow to slide off 
the eaves and (2) nonventilated with an 
R-value 30≥  ft2 h F /Btu or ventilated 
with an R-value 20≥  ft2 h F /Btu?**

Determine roof slope factor sC
using the solid line in Fig. 7-2a†

Yes No

Determine roof slope factor sC
using the dashed line in Fig. 7-2a†

** See 7.4 for definitions of unobstructed and slippery surfaces. An R-value for a roof is 
defined as its thermal resistance. 

† See 7.4.5 for an additional uniformly distributed load that is to be applied on overhanging 
portions of warm roofs due to formation of ice dams and icicles along eaves. 
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FLOWCHART 4.3

Sloped Roof Snow Load, sp

Determine flat snow load fp  from 
Flowchart 4.1 

Determine roof slope factor sC  from 
Flowchart 4.2 

Determine sloped roof snow load 
fss pCp =  by Eq. 7-2 
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FLOWCHART 4.4
Unbalanced Roof Snow Loads – Hip and Gable Roofs 

(7.6.1)

Is the roof slope > 70 ? 

Unbalanced load shall consist of: 
• sp3.0  on the windward side 
• sp  on the leeward side plus a rectangular 

surcharge of Shd /γ , which extends 
from the ridge a distance of 3/8 dhS *

                   (see Fig. 7-5) 

Yes No

Unbalanced snow loads are 
not required to be applied 

* hd is the drift height from Fig. 7-9 with W substituted for u,  = snow density 
determined by Eq. 7-3, and S = roof slope run for a rise of one 

Is the roof slope < the larger 
of (70/W) + 0.5 and 38.2 ? 

Is 20≤W  ft and do simply 
supported prismatic members 

span from ridge to eave? 

Yes No

Apply unbalanced uniform snow 
load of gIp  on the leeward side 
and no load on the windward 
side (see Fig. 7-5) 

Yes No
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FLOWCHART 4.5
Unbalanced Roof Snow Loads – Curved and Dome Roofs*,**

(7.6.2, 7.6.4) 

Is the slope of the straight line from the 
eaves (or the 70  point, if present) to the 
crown less than 10  or greater than 60 ?

Unbalanced load shall consist of: 
• No load on the windward side 
• The applicable load distribution depicted 

in Cases 1, 2 or 3 shown in Fig. 7-3†

Yes No

* Portions of curved roofs having a slope > 70  shall be considered free of snow. 
** See 7.6.4 for provisions related to dome roofs. 
† See 7.6.2 where ground or another roof abuts a Case 2 or Case 3 curved roof at or 

within 3 ft of its eaves. 

Unbalanced snow loads are not 
required to be applied 
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FLOWCHART 4.6
Unbalanced Roof Snow Loads – Multiple Folded Plate, 

Sawtooth, and Barrel Vault Roofs 
(7.6.3)

Does the roof slope exceed 3/8 in./ft? 

Unbalanced load shall consist of:* 
• fp5.0  at the ridge or crown 
• ef Cp /2  at the valley** 

Yes No

* Figure 7-6 illustrates balanced and unbalanced snow loads for a sawtooth roof. 
** Snow surface above the valley shall not be at an elevation higher than the snow 

above the ridge. Snow depths shall be determined by dividing the snow load by the 
snow density given by Eq. 7-3. 

Unbalanced snow loads are not 
required to be applied 
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FLOWCHART 4.7
Drifts on Lower Roof of a Structure 

(7.7)

Determine ground snow load gp
from Fig. 7-1 or Fig. 1608.2 for 

conterminous U.S. and Table 7-1 or 
Table 1608.2 for Alaska* 

Determine snow density 
301413.0 ≤+=γ gp  pcf by Eq. 7-3 

Drift loads are not 
required to be applied 

Determine sloped roof snow load sp
from Flowchart 4.3 

Determine ch  as clear height from 
top of balanced snow to 

• closest point on adjacent upper 
roof

• top of parapet 
• top of projection on the roof 

(see Fig. 7-8)** 

Is 2.0/ <bc hh ? Yes 

Determine (1) drift height dh  from Fig. 7-9 for 
leeward drifts and from 7.7.1 for windward 
drifts and (2) drift width w from 7.7.1†

No

* “CS” in the maps signifies areas where a site-specific study must be conducted to determine pg. Numbers in parentheses 
represent the upper elevation limit in feet for the ground snow load values given below. Site-specific studies are required 
at elevations not covered in the maps. 

** Height of balanced snow γ= /sb ph   or γ/
f

p  (7.7.1) 
† See 7.7.2 for drift loads caused by adjacent structures and terrain features. See 7.8 for drift loads on roof projections and 

parapet walls. 
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4.3 EXAMPLES 

The following sections contain examples that illustrate the snow load design provisions 
of Chapter 7 in ASCE/SEI 7-05. 

4.3.1 Example 4.1 – Warehouse Building, Roof Slope of 1/2 on 12 

Determine the design snow loads for the one-story warehouse illustrated in Figure 4.1. 

Figure 4.1  Plan and Elevation of Warehouse Building
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DESIGN DATA

Location: St. Louis, MO 
Terrain category: C (open terrain with scattered obstructions less than 30 ft in 

height)
Occupancy: Warehouse use. Less than 300 people congregate in one area 

and the building is not used to store hazardous or toxic 
materials 

Thermal condition: Structure is kept just above freezing 
Roof exposure condition: Partially exposed 
Roof surface: Rubber membrane 
Roof framing: All members are simply supported 

SOLUTION

1. Determine ground snow load gp .

From Figure 7-1 or Figure 1608.2, the ground snow load is equal to 20 psf for 
St. Louis, MO. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is C and the roof exposure is partially 
exposed. Therefore, 0.1=eC  from Table 7-2. 

b. Determine thermal factor tC  from Table 7-3. 

From the design data, the structure is kept just above freezing during the winter, 
so 1.1=tC  from Table 7-3. 

c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is II, based on the occupancy 
given in the design data. Thus, I = 1.0 from Table 7-4. 

Therefore,
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psf4.15200.11.10.17.0

7.0 IpCCp gtef

=××××=

=

Check if the minimum snow load requirements are applicable: 

Minimum values of pf in accordance with 7.3 apply to hip and gable roofs with slopes 
less than the larger of 2.38 degrees (1/2 on 12) (governs) and (70/W) + 0.5 = (70/128) 
+ 0.5 = 1.05 degrees. Since the roof slope in this example is equal to 2.38 degrees, 
minimum roof snow loads do not apply. 

3. Determine sloped roof snow load sp  by Eq. 7-1. 

Use Flowchart 4.2 to determine roof slope factor sC .

a. Determine thermal factor tC  from Table 7-3. 

From item 2 above, thermal factor 1.1=tC .

b. Determine if the roof is warm or cold. 

Since 1.1=tC , the roof is defined as a cold roof in accordance with 7.4.2. 

c. Determine if the roof is unobstructed or not and if the roof is slippery or not. 

There are no obstructions on the roof that inhibit the snow from sliding off the 
eaves.4 Also, the roof surface is a rubber membrane. According to 7.4, rubber 
membranes are considered to be slippery surfaces. 

Since this roof is unobstructed and slippery, use the dashed line in Figure 7-2b to 
determine sC :

For a roof slope of 2.38 degrees, .0.1=sC

Therefore, 4.154.150.1 =×== fss pCp  psf. This is the balanced snow load for this 
roof.

4 In general, large vent pipes, snow guards, parapet walls and large rooftop equipment are a few common 
examples of obstructions that could prevent snow from sliding off the roof. Ice dams and icicles along 
eaves can also possibly inhibit snow from sliding off of two types of warm roofs, which are described in 
7.4.5. 
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4. Consider partial loading. 

Since all of the members are simply supported, partial loading is not considered (7.5). 

5. Consider unbalanced snow loads. 

Flowchart 4.4 is used to determine if unbalanced loads on this gable roof need to be 
considered or not. 

Unbalanced snow loads must considered for this roof, since the slope is greater than 
or equal to the larger of (70/W) + 0.5 = 1.05 degrees and 2.38 degrees (governs). 

Since W = 128 ft > 20 ft, the unbalanced load consists of the following (see Figure 7-
5):

• Windward side: 6.44.153.03.0 =×=sp  psf 

• Leeward side: 4.15=sp  psf along the entire leeward length plus a uniform 
pressure of ( ) 2.1224/6.166.3/ =×=γ Shd  psf, which extends from the 
ridge a distance of 0.473/)246.38(3/8 =××=Shd  ft where 

dh  = drift length from Figure 7-9 with W = 128 ft substituted for u

 = ( ) ( ) 6.35.11043.0 4/13/1 =−+gpW  ft 
γ  = snow density (Eq. 7-3) 
 = 6.161413.0 =+gp  pcf < 30 pcf 
S = roof slope run for a rise of one = 24 

6. Consider snow drifts on lower roofs and roof projections. 

Not applicable. 

7. Consider sliding snow. 

Not applicable. 

8. Consider rain-on-snow loads. 

In accordance with 7.10, a rain-on-snow surcharge of 5 psf is required for locations 
where the ground snow load pg is 20 psf or less (but not zero) with roof slopes less 
than W/50.
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″

47′-0″
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15.4 + 12.2 = 27.6 psf 

15.4 psf 

20.4 psf 

Unbalanced 

Balanced 

128′-0″ 128′-0″

In this example, pg = 20 psf and W/50 = 128/50 = 2.56 degrees, which is greater than 
the roof slope of 2.38 degrees. Thus, an additional 5 psf must be added to the 
balanced load of 15.4 psf.5

9. Consider ponding instability. 

Since the roof slope in this example is greater than 1/4 in./ft, progressive roof 
deflection and ponding instability from rain-on-snow or from snow meltwater need 
not be investigated (7.11 and 8.4). 

10. Consider existing roofs. 

Not applicable. 

The balanced and unbalanced snow loads are depicted in Figure 4.2. 

Figure 4.2  Balanced and Unbalanced Snow Loads for Warehouse Building 

5 The rain-on-snow load applies only to the balanced load case and need not be used in combination with 
drift, sliding, unbalanced or partial loads (7.10). 
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4.3.2 Example 4.2 – Warehouse Building, Roof Slope of 1/4 on 12 

For the one-story warehouse depicted in Figure 4.1, determine the design snow loads for 
a roof slope of 1/4 on 12. Use the same design data given in Example 4.1. 

SOLUTION

1. Determine ground snow load gp .

From Figure 7-1 or Figure 1608.2, the ground snow load is equal to 20 psf for 
St. Louis, MO. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

It was determined in item 2 of Example 4.1 that 4.15=fp  psf. 

Check if the minimum snow load requirements are applicable: 

Minimum values of pf in accordance with 7.3 apply to hip and gable roofs with 
slopes less than the larger of 2.38 degrees (1/2 on 12) (governs) and (70/W) + 0.5 = 
(70/128) + 0.5 = 1.05 degrees. Since the roof slope in this example is equal to 1.19 
degrees, minimum flat roof snow loads apply. 

In accordance with 7.3, minimum flat roof snow load = Ipg = 1.0 × 20 = 20 psf, since 
pg is equal to 20 psf or less. 

3. Determine sloped roof snow load sp  by Eq. 7-1. 

It was determined in item 3 of Example 4.1 that Cs = 1.0 for a roof slope of 
2.38 degrees. Using the dashed line in Figure 7-2b, Cs = 1.0 for a roof slope of 
1.19 degrees as well. 

Therefore, 4.154.150.1 =×=sp  psf. 

4. Consider partial loading. 

Since all of the members are simply supported, partial loading is not considered (7.5). 

5. Consider unbalanced snow loads. 

Flowchart 4.4 is used to determine if unbalanced loads on this gable roof need to be 
considered or not. 
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Unbalanced snow loads need not be considered for this roof, since the slope is less 
than the larger of (70/W) + 0.5 = 1.05 degrees and 2.38 degrees (governs). 

6. Consider snow drifts on lower roofs and roof projections. 

Not applicable. 

7. Consider sliding snow. 

Not applicable. 

8. Consider rain-on-snow loads. 

In accordance with 7.10, a rain-on-snow surcharge of 5 psf is required for locations 
where the ground snow load pg is 20 psf or less (but not zero) with roof slopes less 
than W/50.

In this example, pg = 20 psf and W/50 = 128/50 = 2.56 degrees, which is greater than 
the roof slope of 1.19 degrees. Thus, an additional 5 psf must be added to the sloped 
roof snow load of 15.4 psf.6

9. Consider ponding instability. 

Since the roof slope in this example is not less than 1/4 in./ft, progressive roof 
deflection and ponding instability from rain-on-snow or from snow meltwater need 
not be investigated (7.11 and 8.4). 

10. Consider existing roofs. 

Not applicable. 

In this example, the uniform load of 15.4 + 5 = 20.4 psf (balanced plus rain-on-snow) 
governs, since it is greater than the minimum roof snow load of 20 psf. The 20.4 psf snow 
load is uniformly distributed over the entire length of the roof, as depicted in Figure 4.2. 
This is the only load that needs to be considered in this example. 

4.3.3 Example 4.3 – Warehouse Building (Roof Slope of 1/2 on 12) and 
Adjoining Office Building (Roof Slope of 1/2 on 12) 

A new one-story office building is to be constructed adjacent to the existing one-story 
warehouse in Example 4.1 (see Figure 4.3). Determine the design snow loads on the roof 
of the office building.7 Both structures have a roof slope of 1/2 on 12. 

6 The rain-on-snow load applies only to the balanced load case and need not be used in combination with 
drift, sliding, unbalanced or partial loads (7.10). 

7 A summary of the design snow loads for the warehouse is given in Figure 4.2 in Example 4.1. 
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Figure 4.3  Elevation of Warehouse and Office Buildings

DESIGN DATA FOR OFFICE BUILDING

Location: St. Louis, MO 
Terrain category: C (open terrain with scattered obstructions less than 30 ft in 

height)
Occupancy: Business (less than 300 people congregate in one area) 
Thermal condition: Heated with unventilated roof (R-value less than 

30 ft2h°F/Btu)
Roof exposure condition: Partially exposed (due in part to the presence of the adjacent 

taller warehouse building) 
Roof surface: Asphalt shingles 
Roof framing: Wood trusses spaced 25 ft on center that overhang a masonry 

wall and wood purlins spaced 5 ft on center that frame 
between the trusses (see Figure 4.3) 

SOLUTION

1. Determine ground snow load gp .

From Figure 7-1 or Figure 1608.2, the ground snow load is equal to 20 psf for 
St. Louis, MO. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is C and the roof exposure is partially 
exposed. Therefore, 0.1=eC  from Table 7-2. 

20
′-0

″

128′-0″ 128′-0″

10
′-0

″

25′-0″
5′-0″

Warehouse

Office

Direction of wood trusses 
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b. Determine thermal factor tC  from Table 7-3. 

From the design data, the structure is heated with an unventilated roof, so 
0.1=tC  from Table 7-3. 

c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is II, based on the occupancy 
given in the design data. Thus, I = 1.0 from Table 7-4. 

Therefore,

psf0.14200.10.10.17.0

7.0 IpCCp gtef

=××××=

=

Check if the minimum snow load requirements are applicable: 

Minimum values of fp  in accordance with 7.3 apply to monoslope roofs with slopes 
less than 15 degrees. Since the roof slope in this example is equal to 2.38 degrees, 
minimum roof snow loads apply. 

In accordance with 7.3, minimum roof snow load = Ipg 1.0 × 20 = 20 psf, since pg is 
equal to 20 psf or less. 

3. Determine sloped roof snow load sp  by Eq. 7-1. 

Use Flowchart 4.2 to determine roof slope factor sC .

a. Determine thermal factor tC  from Table 7-3. 

From item 2 above, thermal factor 0.1=tC .

b. Determine if the roof is warm or cold. 

Since 0.1=tC , the roof is defined as a warm roof in accordance with 7.4.1. 

c. Determine if the roof is unobstructed or not and if the roof is slippery or not. 

In accordance with the design data, the roof surface is asphalt shingles. According 
to 7.4, asphalt shingles are not considered to be slippery. 



EXAMPLES  4-23

Also, since the roof is unventilated with an R-value less than 30 ft2h°F/Btu, it is 
possible for an ice dam to form at the eave, which can prevent the snow from 
sliding off of the roof (7.4.5). This is considered to be an obstruction. 

Thus, use the solid line in Figure 7-2a to determine sC :

For a roof slope of 2.38 degrees, .0.1=sC

Therefore, 0.140.140.1 =×== fss pCp  psf. 

In accordance with 7.4.5, a uniformly distributed load of 2pf  = 2 × 14.0 = 28.0 psf 
must be applied on the 5-ft overhanging portion of the roof to account for ice dams. 
Only the dead load is to be present when this uniformly distributed load is applied. 

4. Consider partial loading. 

It is assumed that the roof purlins are connected to the wood trusses by metal hangers, 
which are essentially simple supports, so partial loads do not have to be considered 
for the roof purlins. Therefore, with a spacing of 5 ft, the uniform snow load on a 
purlin is equal to 1000.50.20 =×  plf (minimum snow load governs). 

The roof trusses are continuous over the masonry wall; thus, partial loading must be 
considered (7.5). The balanced snow load to be used in partial loading cases is that 
determined by Eq. 7-2, which is equal to 14.0 psf. With a spacing of 25 ft, the 
balanced and partial loads on a typical roof truss are 

Balanced load = 3500.250.14 =×  plf 

Partial load = one-half of balanced load = 175 plf 

Shown in Figure 4.4 are the balanced and partial load cases that must be considered 
for the roof trusses in this example, including the ice dam load on the overhang, 
which was determined in item 3 above. Note that the minimum snow load of 20 psf is 
not applicable in the partial load cases and in the ice dam load case. 

5. Consider unbalanced snow loads. 

Not applicable. 

6. Consider snow drifts on lower roofs and roof projections. 

Use Flowchart 4.7 to determine the leeward and windward drifts that form on the 
lower (office) roof. 
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20 x 25 = 500 plf 

350 plf 175 plf 

350 plf 
175 plf 

28 x 25 = 700 plf 

Balanced 

Partial

Partial

Ice Dam 

Figure 4.4  Balanced and Partial Load Cases for Roof Trusses

a. Determine ground snow load pg.

From item 1 above, the ground snow load is equal to 20 psf for St. Louis, MO. 

b. Determine snow density γ  by Eq. 7-3. 

6.1614)2013.0(1413.0 =+×=+=γ gp  pcf < 30 pcf 

25′-0″
5′-0″
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c. Determine sloped roof snow load ps from Flowchart 4.3. 

From item 3 above, 0.14=sp  psf. 

d. Determine clear height ch .

In this example, the clear height hc is from the top of the balanced snow to the top 
of the warehouse eave (see Figure 7-8). The height of the balanced snow
hb = ps/  = 14.0/16.6 = 0.8 ft. 

Thus, 2.88.0)38.2tan2510( =−−=ch  ft 

e. Determine if drift loads are required or not. 

Drift loads are not required where hc / hb < 0.2 (7.7.1). In this example, 
hc / hb = 8.2/0.8 > 0.2, so drift loads must be considered. 

f. Determine drift load. 

Both leeward and windward drift heights hd must be determined by the provisions 
of 7.7.1. The larger of these two heights is used to determine the drift load. 

• Leeward drift 

A leeward drift occurs when snow from the warehouse roof is deposited by 
wind to the office roof (wind from left to right in Figure 4.3). 

For leeward drifts, the drift height hd is determined from Figure 7-9 using the 
length of the upper roof u. In this example, u = 256 ft and the ground snow 
load pg = 20 psf. Using the equation in Figure 7-9: 

( ) ( )
( ) ( ) ft9.45.1102025643.0

5.11043.0
4/13/1

4/13/1 ph gud

=−+=

−+=

• Windward drift 

A windward drift occurs when snow from the office roof is deposited adjacent 
to the wall of the warehouse building (wind from right to left in Figure 4.3). 

For windward drifts, the drift height hd is 75 percent of that determined from 
Figure 7-9 using the length of the lower roof for u:
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( ) ( )

( ) ( ) ft2.1]5.110203043.0[75.0

]5.11043.0[75.0

4/13/1

4/13/1 ph gud

=−+=

−+=

Thus, the leeward drift controls and 9.4=dh  ft. 

Since 9.4=dh  ft < 2.8=ch  ft, the drift width 6.199.444 =×== dhw  ft. 

The maximum surcharge drift load 3.816.169.4 =×=γ= dd hp  psf. 

The total load at the step is the balanced load on the office roof plus the drift 
surcharge = 14.0 + 81.3 = 95.3 psf, which is illustrated in Figure 4.5. 

Figure 4.5  Balanced and Drift Loads on Office Roof

The snow loads on the purlins and trusses are obtained by multiplying the loads 
depicted in Figure 4.5 by the respective tributary widths. As expected, the purlins 
closest to the warehouse have the largest loads. 

If the office and warehouse were separated, the drift load on the office roof would be 
reduced by the factor 20/)20( s−  where s is the separation distance in feet (7.7.2). 
For example, if the buildings were separated by 5 ft, the modified drift height is equal 
to 7.39.4]20/)520[( =×−  ft and the maximum surcharge load at the step is equal to 

4.616.167.3 =×  psf. Also, the drift width is equal to 8.147.34 =×  ft. Drift loads on 
lower roofs are not considered for structures separated by a distance of 20 ft or more. 

19.6′ 5.4′ 5.0′

14.0 psf 

95.3 psf 
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7. Consider sliding snow. 

The provisions of 7.9 are used to determine if a load due to snow sliding off of the 
warehouse roof on to the office roof must be considered. 

Load caused by snow sliding must be considered, since the warehouse roof is slippery 
with a slope greater than 1/4 on 12. This load is in addition to the balanced load 
acting on the lower roof. 

The total sliding load per unit length of eave is equal to 0.4 pfW where W is the 
horizontal distance from the eave to the ridge of the warehouse roof. In this example, 
W = 128 ft and the sliding load = 7171280.144.0 =××  plf. This load is to be 
uniformly distributed over a distance of 15 ft from the warehouse eave.8 Thus, the 
sliding load is equal to 717/15 = 47.8 psf. 

The total load over the 15-ft width is equal to the balanced load plus the sliding load 
= 14.0 + 47.8 = 61.8 psf. The total depth of snow for the total load is equal to 
61.8/16.6 = 3.7 ft, which is less than the distance from the warehouse eave to the top 
of the office roof at the interface. Thus, sliding snow is not blocked and the full load 
can be developed over the 15-ft length.9

Depicted in Figure 4.6 is the load case including sliding snow. The total balanced and 
sliding snow load is less than the total balanced and drift snow load (see Figure 4.5). 

8. Consider rain-on-snow loads. 

In accordance with 7.10, a rain-on-snow surcharge of 5 psf is required for locations 
where the ground snow load pg is 20 psf or less (but not zero) with roof slopes less 
than W/50.

In this example, pg = 20 psf and W/50 = 25/50 = 0.5 degrees, which is less than the 
roof slope of 2.38 degrees. Thus, rain-on-snow loads are not considered. 

                                                
8 If the width of the lower roof is less than 15 ft, the sliding load is to be reduced proportionally (7.9). For 
example, if the width of the office building in this example was 12 ft, the reduced sliding load = (12/15) ×
717 = 574 plf. This load would be applied uniformly over the 12-ft width. 

9 If the calculated total snow depth on the lower roof exceeds the distance from the upper roof eave to the 
top of the lower roof, sliding snow is blocked and a fraction of the sliding snow is forced to remain on the 
upper roof. In such cases, the total load on the lower roof near the upper roof eave is equal to the density 
of the snow multiplied by the distance from the upper roof eave to the top of the lower roof. This load is 
uniformly distributed over a distance of 15 ft or the width of the lower roof, whichever is less. 
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Figure 4.6 Balanced and Sliding Snow Loads on Office Roof

9. Consider ponding instability. 

Since the roof slope in this example is greater than 1/4 in./ft, progressive roof 
deflection and ponding instability from rain-on-snow or from snow meltwater need 
not be investigated (7.11 and 8.4). 

10. Consider existing roofs. 

Not applicable. 

The loads depicted in Figures 4.4, 4.5 and 4.6 must be considered when designing the 
purlins and trusses. 

4.3.4 Example 4.4 – Six-Story Hotel with Parapet Walls 

Determine the design snow loads for the six-story hotel depicted in Figure 4.7. Parapet 
walls are on all four sides of the building and the roof is nominally flat except for 
localized areas around roof drains that are sloped to facilitate drainage. 

DESIGN DATA

Ground snow load, gp : 40 psf 
Terrain category: B (urban area with numerous closely spaced obstructions 

having the size of single-family dwellings or larger) 
Occupancy: Residential (less than 300 people congregate in one area) 
Thermal condition: Cold, ventilated roof (R-value between the ventilated space 

and the heated space exceeds 25 ft2h°F/Btu)
Roof exposure condition: Fully exposed 
Roof surface: Concrete slab with waterproofing 
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Figure 4.7  Plan and Elevation of Six-story Hotel with Parapet Walls

SOLUTION

1. Determine ground snow load gp .

From the design data, the ground snow load gp  is equal to 40 psf. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is B and the roof exposure is fully 
exposed. Therefore, Ce = 0.9 from Table 7-2. 
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b. Determine thermal factor tC  from Table 7-3. 

From the design data, the roof is cold and ventilated with an R-value between the 
ventilated space and the heated space that exceeds 25 ft2h°F/Btu, so Ct = 1.1  from 
Table 7-3. 

c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is II, based on the occupancy 
given in the design data. Thus, I = 1.0 from Table 7-4. 

Therefore,

psf7.27400.11.19.07.0

7.0 IpCCp gtef

=××××=

=

3. Consider drift loading at parapet walls. 

According to 7.8, drift loads at parapet walls and other roof projections are 
determined using the provisions of 7.7.1. 

Windward drifts occur at parapet walls, and Flowchart 4.7 is used to determine the 
windward drift load. 

a. Determine snow density γ  by Eq. 7-3. 

2.1914)4013.0(1413.0 =+×=+=γ gp  pcf < 30 pcf 

b. Determine clear height ch .

The clear height hc is from the top of the balanced snow to the top of the parapet 
wall. For a flat roof, the height of the balanced snow is determined as follows:  
hb = pf /  = 27.7/19.2 = 1.4 ft. 

Thus, 1.34.15.4 =−=ch  ft 

c. Determine if drift loads are required or not. 

Drift loads are not required where hc / hb < 0.2 (7.7.1). In this example,  
hc / hb = 3.1/1.4 > 0.2, so drift loads must be considered. 



EXAMPLES  4-31

d. Determine drift load. 

Windward drift height hd must be determined by the provisions of 7.7.1 using 
three-quarters of the drift height hd from Figure 7-9 with u  equal to the length of 
the roof upwind of the parapet wall (7.8). Wind in both the north-south and east-
west directions must be examined. 

• Wind in north-south direction 

The equation in Figure 7-9 yields the following for the drift height dh  based 
on a ground snow load pg = 40 psf and an upwind fetch u = 75.33 ft: 

( ) ( )
( ) ( ) ft5.2]5.1104033.7543.0[75.0

]5.11043.0[75.0
4/13/1

4/13/1 ph gud

=−+=

−+=

Since 5.2=dh  ft < 1.3=ch  ft, the drift width 0.105.244 =×== dhw  ft. 

The maximum surcharge drift load 0.482.195.2 =×=γ= dd hp  psf. 

The total load at the face of the parapet wall is the balanced load plus the drift 
surcharge = 27.7 + 48.0 = 75.7 psf. 

• Wind in east-west direction 

The equation in Figure 7-9 yields the following for the drift height hd based on 
an upwind fetch u = 328.75 ft: 

( ) ( )
( ) ( ) ft8.4]5.1104075.32843.0[75.0

]5.11043.0[75.0
4/13/1

4/13/1 ph gud

=−+=

−+=

Since 8.4=dh  ft > 1.3=ch  ft, the drift height is limited to 3.1 ft and the drift 

width 7.291.3/)8.44(/4 22 =×== cd hhw  ft > 8.241.388 =×=ch  ft. 
Therefore, use w = 24.8 ft. 

The total load at the face of the parapet wall is 4.862.195.4 =×  psf. 

Balanced and drift loads at the parapet walls in both directions are shown in 
Figure 4.8. 
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Figure 4.8  Balanced and Drift Snow Loads at Parapet Walls 

Since the ground snow load gp  exceeds 20 psf, the minimum snow load is 
200.12020 =×=I  psf (7.3), which is less than the flat roof snow load 

7.27=fp  psf, and, in accordance with 7.10, a rain-on-snow surcharge load is not 
considered.

The only other load cases that need to be considered are the partial load cases of 7.5. 
For illustration purposes, assume that in the N-S direction the framing consists of a 3-
span moment frame (cast-in-place concrete columns and beams) with 25 ft-2 in. 
exterior spans and a 25 ft-0 in. interior span. Balanced and partial loading diagrams 
for the concrete beams are illustrated in Figure 4.9. Partial loads are determined in 
accordance with 7.5 and Figure 7-4. 
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25′-2″ 25′-0″ 25′-2″

27.7 psf 
13.9 psf 

25′-2″ 25′-0″ 25′-2″
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13.9 psf 

Figure 4.9  Balanced and Partial Loading Diagrams for the Concrete Beams Spanning in 
the N-S Direction

4.3.5 Example 4.5 – Six-Story Hotel with Rooftop Unit 

For the six-story hotel in Example 4.4, determine the drift loads at the rooftop unit 
depicted in Figure 4.10. Use the same design data as in Example 4.4 and assume that the 
roof has no parapets. 

SOLUTION

The following were determined in Example 4.4 and are used in this example: 

Sloped roof snow load 7.27=sp  psf 

Snow density 2.19=γ  pcf 

25′-2″ 25′-0″ 25′-2″

27.7 psf 
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Height of the balanced snow 4.12.19/7.27/ ==γ= sb ph  ft 

Figure 4.10  Plan and Elevation of Six-story Hotel with Rooftop Unit

The clear height to the top of the rooftop unit 1.54.15.6 =−=ch  ft 

Drift loads are not required where 2.0/ <bc hh  (7.7.1). In this example, 
2.04.1/1.5/ >=bc hh , so drift loads must be considered. 

Since the plan dimension of the rooftop unit in the N-S direction is less than 15 ft, a drift 
load is not required to be applied to those sides for wind in the E-W direction (7.8). Drift 
loads must be considered for the other sides of the rooftop unit, since those sides are 
greater than 15 ft. 

For a N-S wind, the larger of the upwind fetches is 83.505.30.2133.75 =−−  ft. For 
simplicity, this fetch is used for drift on both sides of the rooftop unit. 

The equation in Figure 7-9 yields the following for the drift height hd based on a ground 
snow load pg = 40 psf and an upwind fetch u = 50.83 ft: 
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( ) ( )
( ) ( ) ft1.2]5.1104083.5043.0[75.0

]5.11043.0[75.0
4/13/1

4/13/1 ph gud

=−+=

−+=

Since 1.2=dh  ft < 1.5=ch  ft, the drift width 4.81.244 =×== dhw  ft. 

The maximum surcharge drift load 3.402.191.2 =×=γ= dd hp  psf. 

The total load at the face of the parapet wall is the balanced load plus the drift surcharge 
= 27.7 + 40.3 = 68.0 psf. 

Drift loads at the rooftop unit are illustrated in Figure 4.11. 

Figure 4.11  Balanced and Drift Loads at Rooftop Unit

4.3.6 Example 4.6 – Agricultural Building 

Determine the design snow loads for the agricultural building depicted in Figure 4.12.

Figure 4.12  Agricultural Building 

8′-5″8′-5″ 7′-0″

Rooftop Unit 
68.0 psf 68.0 psf 

27.7 psf 27.7 psf 
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DESIGN DATA

Ground snow load, gp : 30 psf 
Terrain category: C (open terrain with scattered obstructions having heights less 

than 30 ft) 
Occupancy: Utility and miscellaneous occupancy 
Thermal condition: Unheated structure 
Roof exposure condition: Sheltered 
Roof surface: Wood shingles 

SOLUTION

1. Determine ground snow load gp .

From the design data, the ground snow load gp  is equal to 30 psf. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is B and the roof exposure is sheltered. 
Therefore, Ce = 1.2 from Table 7-2. 

b. Determine thermal factor tC  from Table 7-3. 

From the design data, the structure is unheated, so 2.1=tC  from Table 7-3. 

c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is I for an agricultural facility. 
Thus, I = 0.8 from Table 7-4. 

Therefore,

psf2.24308.02.12.17.0

7.0 IpCCp gtef

=××××=

=

Check if the minimum snow load requirements are applicable: 
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Minimum values of pf  in accordance with 7.3 apply to hip and gable roofs with 
slopes less than the larger of 2.38 degrees (1/2 on 12) and (70/W) + 0.5 = (70/30) + 
0.5 = 2.83 degrees (governs). Since the roof slope in this example is equal to 18.4 
degrees, minimum roof snow loads do not apply. 

3. Determine sloped roof snow load sp  by Eq. 7-1. 

Use Flowchart 4.2 to determine roof slope factor sC .

a. Determine thermal factor tC  from Table 7-3. 

From item 2 above, thermal factor 2.1=tC .

b. Determine if the roof is warm or cold. 

Since 2.1=tC , the roof is defined as a cold roof in accordance with 7.4.2. 

c. Determine if the roof is unobstructed or not and if the roof is slippery or not. 

There are no obstructions on the roof that inhibit the snow from sliding off the 
eaves.10 Also, the roof surface has wood shingles. According to 7.4, wood 
shingles are not considered to be slippery. 

Since this roof is unobstructed and not slippery, use the solid line in Figure 7-2c to 
determine Cs:

For a roof slope of 18.4 degrees, .0.1=sC

Therefore, ps = Cspf = 1.0 × 24.2 = 24.2 psf. This is the balanced snow load for this 
roof.

4. Consider partial loading. 

Partial loads need not be applied to structural members that span perpendicular to the 
ridgeline in gable roofs with slopes greater than the larger of 2.38 degrees (1/2 on 12) 
and (70/W) + 0.5 = (70/30) + 0.5 = 2.83 degrees (governs). 

                                                
10 In general, large vent pipes, snow guards, parapet walls and large rooftop equipment are a few common 

examples of obstructions that could prevent snow from sliding off the roof. Ice dams and icicles along 
eaves can also possibly inhibit snow from sliding off of two types of warm roofs, which are described in 
7.4.5. 



4-38  CHAPTER 4 SNOW LOADS

Since the roof slope is greater than 2.83 degrees, partial loading is not considered.11

5. Consider unbalanced snow loads. 

Flowchart 4.4 is used to determine if unbalanced loads on this gable roof need to be 
considered or not. 

Unbalanced snow loads must considered for this roof, since the slope is greater than 
or equal to the larger of (70/W) + 0.5 = 2.83 degrees (governs) and 2.38 degrees. 

Since W = 30 ft > 20 ft, the unbalanced load consists of the following (see Figure 7-
5):

• Windward side: 3.72.243.03.0 =×=sp  psf 

• Leeward side: 2.24=sp  psf along the entire leeward length plus a uniform 
pressure of ( ) 6.193/9.179.1/ =×=γ Shd  psf, which extends from the 
ridge a distance of 8.83/)39.18(3/8 =××=Shd  ft where 

dh  = drift length from Figure 7-9 with W = 30 ft substituted for u

 = ( ) ( ) 9.15.11043.0 4/13/1 =−+gpW  ft 
γ  = snow density (Eq. 7-3) 
 = 9.171413.0 =+gp  pcf < 30 pcf 
S = roof slope run for a rise of one = 3 

6. Consider snow drifts on lower roofs and roof projections. 

Not applicable. 

7. Consider sliding snow. 

Not applicable. 

8. Consider rain-on-snow loads. 

In accordance with 7.10, a rain-on-snow surcharge of 5 psf is required for locations 
where the ground snow load pg is 20 psf or less (but not zero) with roof slopes less 
than W/50.

                                                
11 Partial loads on individual members of roof trusses such as those illustrated in Figure 4.12 are generally 

not considered. 
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24.2 x 3 = 72.6 plf 

8.8′

72.6 plf 
0.3 x 72.6 = 21.8 plf 

43.8 x 3 = 131.4 plf 

30′ 30′

Unbalanced 

Balanced 

In this example, pg = 30 psf so an additional 5 psf need not be added to the balanced 
load of 24.2 psf.12

9. Consider ponding instability. 

Since the roof slope in this example is greater than 1/4 in./ft, progressive roof 
deflections and ponding instability from rain-on-snow or from snow meltwater need 
not be investigated (7.11 and 8.4). 

10. Consider existing roofs. 

Not applicable. 

The balanced and unbalanced snow loads are depicted in Figure 4.13. 

Figure 4.13  Balanced and Unbalanced Snow Loads for Agricultural Building 

4.3.7 Example 4.7 – University Facility with Sawtooth Roof 

Determine the design snow loads for the university facility depicted in Figure 4.14. 

                                                
12 The rain-on-snow load applies only to the balanced load case and need not be used in combination with 

drift, sliding, unbalanced or partial loads (7.10). 
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Figure 4.14  Elevation of University Facility 

DESIGN DATA

Ground snow load, gp : 25 psf 
Terrain category: C (open terrain with scattered obstructions having heights less 

than 30 ft) 
Occupancy: Educational with an occupant load greater than 500 
Thermal condition: Cold, ventilated roof (R-value between the ventilated space 

and the heated space exceeds 25 ft2h°F/Btu)
Roof exposure condition: Partially exposed 
Roof surface: Glass

SOLUTION

1. Determine ground snow load gp .

From the design data, the ground snow load gp  is equal to 25 psf. 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is C and the roof exposure is partially 
exposed. Therefore, Ce = 1.0 from Table 7-2. 

b. Determine thermal factor Ct from Table 7-3. 

From the design data, the roof is cold and ventilated roof with an R-value between 
the ventilated space and the heated space that exceeds 25 ft2h°F/Btu. Thus,
Ct = 1.1 from Table 7-3. 
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c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is III for this college 
educational facility that has an occupant load greater than 500 people. Thus, I = 
1.1 from Table 7-4. 

Therefore,

psf2.21251.11.10.17.0

7.0 IpCCp gtef

=××××=

=

3. Determine sloped roof snow load sp  from Eq. 7-1. 

Use Flowchart 4.2 to determine roof slope factor sC .

In accordance with 7.4.4, 0.1=sC  for sawtooth roofs. 

Thus, 2.21== fs pp  psf. 

4. Consider unbalanced snow loads. 

Flowchart 4.6 is used to determine if unbalanced loads on this sawtooth roof need to 
be considered or not. 

Unbalanced snow loads must be considered, since the slope is greater than 
1.79 degrees (7.6.3). 

In accordance with 7.6.3, the load at the ridge or crown is equal to 0.5 pf =
6.102.215.0 =× psf. At the valley, the load is 2 pf / Ce = =× 0.1/2.212 4.42 psf.

The load at the valley is limited by the space that is available for snow accumulation. 
The unit weight of the snow is determined by Eq. 7-3: 

3.1714)2513.0(1413.0 =+×=+=γ gp  pcf < 30 pcf 

The maximum permissible load is equal to the load at the ridge plus the load 
corresponding to 10 ft of snow: 6.183)3.1710(6.10 =×+  psf. 

Since the unbalanced load of 42.4 psf at the valley is less than 183.6 psf, the load at 
the valley is not reduced. 

Balanced and unbalanced snow loads are illustrated in Figure 4.15. 
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42.4 psf 

10.6 psf 

21.2 psf 

Unbalanced 

Balanced 

Figure 4.15  Balanced and Unbalanced Snow Loads for University Facility 

4.3.8 Example 4.8 – Public Utility Facility with Curved Roof 

Determine the design snow loads for the public utility facility depicted in Figure 4.16. 
The facility is required to remain operational during an emergency. 

DESIGN DATA

Ground snow load, gp : 60 psf 
Terrain category: D (flat unobstructed area near water) 
Occupancy: Essential facility
Thermal condition: Unheated structure 
Roof exposure condition: Fully exposed 
Roof surface: Rubber membrane 

SOLUTION

1. Determine ground snow load pg.

From the design data, the ground snow load pg is equal to 60 psf. 
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Figure 4.16  Elevation of Public Utility Facility 

2. Determine flat roof snow load fp  by Eq. 7-1. 

Use Flowchart 4.1 to determine fp .

a. Determine exposure factor eC  from Table 7-2. 

From the design data, the terrain category is D and the roof exposure is fully 
exposed. Therefore, Ce = 0.8 from Table 7-2. 

b. Determine thermal factor tC  from Table 7-3. 

From the design data, the structure is unheated. Thus, 2.1=tC  from Table 7-3. 

c. Determine the importance factor I from Table 7-4. 

From IBC Table 1604.5, the Occupancy Category is IV for this essential facility. 
Thus, I = 1.2 from Table 7-4. 

Therefore,

psf4.48602.12.18.07.0

7.0 IpCCp gtef

=××××=

=

Check if the minimum snow load requirements are applicable: 

Minimum values of pf  in accordance with 7.3 apply to curved roofs where the 
vertical angle from the eaves to the crown is less than 10 degrees. Since that slope in 
this example is equal to 12 degrees, minimum roof snow loads do not apply. 
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3. Determine sloped roof snow load sp  from Eq. 7-1. 

Use Flowchart 4.2 to determine roof slope factor sC .

a. Determine thermal factor tC  from Table 7-3. 

From item 2 above, thermal factor 2.1=tC .

b. Determine if the roof is warm or cold. 

Since ,2.1=tC the roof is defined as a cold roof in accordance with 7.4.2. 

c. Determine if the roof is unobstructed or not and if the roof is slippery or not. 

There are no obstructions on the roof that inhibit the snow from sliding off the 
eaves.13 Also, the roof surface is a rubber membrane. According to 7.4, rubber 
membranes are considered to be slippery. 

Since this roof is unobstructed and slippery, use the dashed line in Figure 7-2c to 
determine sC .

For the tangent slope of 25 degrees at the eave, the roof slope factor Cs is determined 
by the equation in C7.4 for cold roofs with Ct = 1.2: 

82.0
55

)1525(0.1
55

)15slope(0.1 =−−=−−=sC

Therefore, 7.394.4882.0 =×== fss pCp  psf, which is the balanced snow load at 
the eaves. 

Away from the eaves, the roof slope factor Cs is equal to 1.0 where the tangent roof 
slope is less than or equal to 15 degrees (see dashed line in Figure 7-2c). This occurs 
at distances of approximately 20.7 ft from the eaves at both ends of the roof. 
Therefore, in the center portion of the roof, ps = Cspf  = 1.0 × 48.4 = 48.4 psf. 

The balanced snow load is depicted in Figure 4.17, which is based on Case 1 in 
Figure 7-3 for slope at eaves less than 30 degrees. 

                                                
13 In general, large vent pipes, snow guards, parapet walls and large rooftop equipment are a few common 

examples of obstructions that could prevent snow from sliding off the roof. Ice dams and icicles along 
eaves can also possibly inhibit snow from sliding off of two types of warm roofs, which are described in 
7.4.5. 
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Unbalanced 

Balanced 

4. Consider unbalanced snow loads. 

Flowchart 4.5 is used to determine if unbalanced loads on this curved roof need to be 
considered or not. 

Since the slope of the straight line from the eaves to the crown is greater than 
10 degrees and is less than 60 degrees, unbalanced snow loads must be considered 
(7.6.2).

Unbalanced loads for this roof are given in Case 1 of Figure 7-3. No snow loads are 
applied on the windward side. On the leeward side, the snow load is equal to  
0.5 pf = 0.5 × 48.4 = 24.2 psf at the crown and 2 pfCs / Ce = 2 × 48.4 × 0.82 / 0.8 = 
99.2 psf at the eaves where Cs is based on the slope at the eaves. 
The unbalanced snow loads are shown in Figure 4.17. 

Figure 4.17  Balanced and Unbalanced Snow Loads for Public Utility Facility 
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CHAPTER 5 WIND LOADS

5.1 INTRODUCTION 

In accordance with IBC 1609.1.1, wind loads on buildings and structures are to be 
determined by the provisions of Chapter 6 of ASCE/SEI 7-05 or by the alternate all-
heights method of IBC 1609.6. Exceptions are also given in this section, which permit 
wind forces to be determined on certain types of structures using industry standards other 
than ASCE/SEI 7. Wind tunnel tests that conform to the provisions of ASCE/SEI 6.6 are 
also permitted, provided the limitations of IBC 1609.1.1.2 are satisfied. 

The basic wind speed, the exposure category and the type of opening protection required 
may be determined in accordance with the provisions of IBC 1609 or ASCE/SEI 7-05. 

Figure 1609 in the IBC and Figure 6-1 in ASCE/SEI 7-05 are identical and provide basic 
wind speeds based on 3-second gusts at 33 ft above ground for Exposure C. The design 
wind speeds on these maps do not include effects of tornadoes. Since some referenced 
standards contain criteria or applications based on fastest-mile wind speed, which was the 
wind speed utilized in earlier editions of ASCE/SEI 7 and the legacy codes, IBC 1609.3.1 
provides an equation and a table that can be used to convert from one wind speed to the 
other.

Chapter 6 of ASCE/SEI 7-05 contains three methods to determine design wind pressures 
or loads: 

• Method 1 – Simplified Procedure 
• Method 2 – Analytical Procedure 
• Method 3 – Wind Tunnel Procedure 

The design requirements of Method 1 can be found in 6.4. This method is based on the 
low-rise buildings procedure in Method 2, and can be used to determine wind pressures 
on the main wind-force-resisting system (MWFRS) of a building, provided the conditions 
of 6.4.1.1 are met. Although there are eight conditions that need to be satisfied, a large 
number of typical low-rise buildings meet these criteria. Definitions for enclosed, low-
rise, regularly shaped, and simple diaphragm buildings are given in 6.2, along with other 
important definitions (these types of buildings are listed under the conditions in 6.4.1.1). 

Method 1 can also be used to determine wind pressures on components and cladding 
(C&C) of a building, provided the five conditions in 6.4.1.2 are satisfied. If a building 
satisfies only those criteria in 6.4.1.2 for C&C, the design wind pressures on the MWFRS 
must be determined by Method 2 or 3. 
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Wind pressures are tabulated in Figures 6-2 and 6-3 as a function of the basic wind speed 
for a specific set of conditions: Occupancy Category II buildings with a mean roof height 
of 30 ft that is located on primarily flat ground in Exposure B. Adjustments are made to 
these tabulated pressures based on actual building height, exposure, occupancy and 
topography at the site. The adjusted pressures are applied normal to projected areas of the 
building in accordance with Figures 6-2 and 6-3. 

Method 2 provides wind pressures and forces for the design of MWFRSs and C&C of 
enclosed and partially enclosed rigid and flexible buildings, open buildings and other 
structures, including freestanding walls, signs, rooftop equipment and other structures 
(6.5).

In general, this procedure entails the determination of velocity pressures (which are a 
function of exposure, height, topographic effects, wind directionality, wind velocity and 
building occupancy), gust effect factors, external and internal pressure coefficients and 
force coefficients. The Analytical Procedure can be used to determine pressures and 
forces on a wide range of buildings and structures, provided 

1. The building or structure is regularly-shaped, i.e., the building has no unusual 
geometrical irregularity in spatial form (both vertical and horizontal). 

2. The building or structure responds to wind primarily in the same direction as that 
of the wind, i.e., it does not have response characteristics that make it subject to 
across-wind loading, vortex shedding or any other dynamic load effects, which 
are common in tall, slender buildings and structures and cylindrical buildings and 
structures.

3. The building or structure is located on a site where there are no channeling effects 
or buffeting in the wake of upwind obstructions. 

The Wind Tunnel Procedure (Method 3) in 6.6 can be utilized for any building or 
structure in lieu of Methods 1 or 2, and must be used where the conditions of Methods 1 
or 2 are not satisfied. Requirements for proper wind tunnel testing are given in 6.6.2. As 
noted previously, the limitations of IBC 1609.1.1.2 must be satisfied where this 
procedure is utilized. The provisions in IBC 1609.1.1.2.1 and 1609.1.1.2.2 prescribe 
lower limits on the magnitude of the base overturning moments on the main wind-force-
resisting system and the pressures for components and cladding, respectively. 

The alternate all-heights method in IBC 1609.6, which is based on Method 2 of 
ASCE/SEI 7-05, can be used to determine wind pressures on regularly shaped buildings 
and structures that meet the five conditions listed in IBC 1609.6.1. In this method, terms 
in the design pressure equation of Method 2 are combined to produce pressure 
coefficients Cnet, which are provided in IBC Table 1609.6.2(2) for surfaces in main wind-
force-resisting systems and components and cladding. Net wind pressures calculated by 
IBC Eq. 16-34 are applied simultaneously on, and in a direction normal to, all wall and 
roof surfaces. 
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Provisions for minimum design wind loading are given in 6.1.4. Figure C6-1 in the 
commentary of ASCE/SEI 7 illustrates the minimum wind pressure that must be applied 
horizontally on the entire vertical projection of a building or structure for the design of 
the MWFRS. This 10-psf pressure is to be applied as a separate load case in addition to 
the other load cases specified in Chapter 6. For C&C, a minimum net pressure of 10 psf 
acting in either direction normal to the surface is required. 

The same minimum pressures given in 6.1.4 of ASCE/SEI 7 are in IBC 1609.6.3 for the 
alternate all-heights method. 

Section 5.2 of this document contains various flowcharts for determining wind loads. 
Included are two flowcharts that present information on when the various methods can be 
utilized and eight flowcharts that provide step-by-step procedures on how to determine 
design wind pressures and forces on buildings and other structures. 

Section 5.3 contains completely worked-out design examples that illustrate the design 
requirements for wind. 

5.2 FLOWCHARTS 

A summary of the flowcharts provided in this chapter is given in Table 5.1. Included is a 
description of the content of each flowchart. 

Table 5.1  Summary of Flowcharts Provided in Chapter 5 

Flowchart Title Description
ASCE/SEI 5.2.1  Allowed Procedures 

Flowchart 5.1 Allowed Procedures – MWFRS Summarizes procedures that are allowed in 
determining design wind pressures on MWFRSs. 

Flowchart 5.2 Allowed Procedures – C&C Summarizes procedures that are allowed in 
determining design wind pressures on C&C. 

ASCE/SEI 5.2.2  Method 1 – Simplified Procedure 

Flowchart 5.3 
MWFRS – Net Design Wind 
Pressure, sp

Provides step-by-step procedure on how to 
determine the net design wind pressures sp  on 
MWFRSs. 

Flowchart 5.4
C&C – Net Design Wind Pressure, 

netp

Provides step-by-step procedure on how to 
determine the net design wind pressures netp  on 
C&C.

(continued) 
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Table 5.1  Summary of Flowcharts Provided in Chapter 5 (continued) 

Flowchart Title Description
ASCE/SEI 5.2.3  Method 2 – Analytical Procedure

Flowchart 5.5 Velocity Pressures, zq  and hq Outlines the procedure for determining velocity 
pressures that are used in Method 2. 

Flowchart 5.6 Gust Effect Factors, G  and fG Outlines methods for determining gust effect factors 
that are used in Method 2. 

Flowchart 5.7 Buildings, MWFRS 
Provides step-by-step procedures on how to 
determine design wind pressures on MWFRSs of 
enclosed, partially enclosed and open buildings. 

Flowchart 5.8 Buildings, C&C 
Provides step-by-step procedures on how to 
determine design wind pressures on C&C of 
enclosed, partially enclosed and open buildings. 

Flowchart 5.9 Structures Other than Buildings 
Provides step-by-step procedures on how to 
determine design wind forces on solid freestanding 
walls, solid signs, rooftop structures and equipment, 
and other structures that are not buildings. 

IBC 1609.6  Alternate All-heights Method 

Flowchart 5.10 Net wind pressure, netp
Provides step-by-step procedure on how to 
determine design wind pressures on MWFRSs and 
C&C.

MWFRS = Main wind-force-resisting system 
C&C = Components and cladding 
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Yes Does the building meet all of 
the conditions of 6.4.1.1? 

FLOWCHART 5.1
Allowed Procedures – Main Wind-force-resisting Systems 

It is permitted to determine 
design wind loads in 
accordance with Method 1 – 
Simplified Procedure (6.4)* 

Does the building or 
structure meet all of 
the conditions of 
6.5.1 and 6.5.2? 

It is permitted to determine 
design wind loads in 
accordance with Method 2 – 
Analytical Procedure (6.5)* 

* Wind tunnel testing (ASCE/SEI 6.6.1) is permitted for any 
building or structure subject to the limitations of IBC 1609.1.1.2. 

** Limitations of IBC 1609.1.1.2 must also be satisfied. 

Design wind loads must be 
determined in accordance with 
Method 3 – Wind Tunnel 
Procedure (6.6)** 

No Yes 

No

Does the building or 
structure meet all of 
the conditions of 
IBC 1609.6.1? 

It is permitted to determine 
design wind loads in 
accordance with Alternate All-
heights Method (IBC 1609.6)* 

No Yes 

5.2.1 Allowed Procedures 
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Yes Does the building meet all of 
the conditions of 6.4.1.2? 

FLOWCHART 5.2
Allowed Procedures – Components and Cladding 

It is permitted to determine 
design wind loads in 
accordance with Method 1 – 
Simplified Procedure (6.4)* 

Does the building or 
structure meet all of 
the conditions of 
6.5.1 and 6.5.2? 

It is permitted to determine 
design wind loads in 
accordance with Method 2 – 
Analytical Procedure (6.5)* 

* Wind tunnel testing (ASCE/SEI 6.6.1) is permitted for any 
building or structure subject to the limitations of IBC 1609.1.1.2. 

** Limitations of IBC 1609.1.1.2 must also be satisfied. 

Design wind loads must be 
determined in accordance with 
Method 3 – Wind Tunnel 
Procedure (6.6)** 

No Yes 

No

Does the building or 
structure meet all of 
the conditions of 
IBC 1609.6.1? 

It is permitted to determine 
design wind loads in 
accordance with Alternate All-
heights Method (IBC 1609.6)* 

No Yes 
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FLOWCHART 5.3
Method 1 – Main Wind-force-resisting Systems 

Net Design Wind Pressure, sp

Determine basic wind speed V from 
Fig. 6-1 or Fig. 1609 (6.5.4)* 

Determine importance factor I from 
Table 6-1 based on occupancy 

category from IBC Table 1604.5 
(6.5.5)

Determine exposure category (6.5.6) 

Determine adjustment factor for 
height and exposure λ  from Fig. 6-2 

Are all 5 conditions 
of 6.5.7.1 met? 

No Yes 

Topographic factor 
2

321 )1( KKKK zt +=  where 1K ,
2K  and 3K  are given in Fig. 6-4 

Topographic factor 0.1=ztK

A

* See 6.5.4.1 and 6.5.4.2 for basic wind speed in 
special wind regions and estimation of basic wind 
speeds from regional climatic data. Tornadoes 
have not been considered in developing basic 
wind speed distributions shown in the figures. 

5.2.2 Method 1 – Simplified Procedure 
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FLOWCHART 5.3
Method 1 – Main Wind-force-resisting Systems 

Net Design Wind Pressure, sp  (continued) 

A

Determine simplified design wind 
pressures ps30 from Fig. 6-2 for 

Zones A through H on the building 

Determine net design wind 
pressures 30szts IpKp λ=  by 
Eq. 6-1 for Zones A through H** 

** Notes: 
1. For horizontal pressure zones, ps is the sum of the windward and leeward 

net (sum of internal and external) pressures on vertical projection of Zones 
A, B, C, and D. For vertical pressure zones, ps is the net (sum of internal 
and external) pressure on horizontal projection of Zones E, F, G and H. 

2. The load patterns shown in Fig. 6-2 shall be applied to each corner of the 
building in turn as the reference corner. See other notes in Fig. 6-2. 

3. Load effects of the design wind pressures determined by Eq. 6-1 shall not 
be less than those from the minimum load case of 6.1.4.1. It is assumed 
that the pressures ps for Zones A, B, C and D are equal to +10 psf and the 
pressures for Zones E, F, G and H are equal to 0 psf. 
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Determine basic wind speed V from 
Fig. 6-1 or Fig. 1609 (6.5.4)* 

Determine importance factor I from 
Table 6-1 based on occupancy 

category from IBC Table 1604.5 
(6.5.5)

Determine exposure category (6.5.6) 

Determine adjustment factor for 
height and exposure λ  from Fig. 6-3 

Are all 5 conditions 
of 6.5.7.1 met? 

No Yes 

FLOWCHART 5.4
Method 1 – Components and Cladding 

Net Design Wind Pressure, netp

Topographic factor 
2

321 )1( KKKK zt +=  where 1K ,
2K , and 3K  are given in Fig. 6-4 

Topographic factor 0.1=ztK

A
* See 6.5.4.1 and 6.5.4.2 for basic wind speed in 

special wind regions and estimation of basic wind 
speeds from regional climatic data. Tornadoes 
have not been considered in developing basic 
wind speed distributions shown in the figures. 
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FLOWCHART 5.4
Method 1 – Components and Cladding 

Net Design Wind Pressure, netp  (continued) 

A

Determine net design wind pressure  
pnet30 from Fig. 6-3 for Zones 1 

through 5 on the building 

Determine net design wind 
pressure 30netztnet IpKp λ=  by 
Eq. 6-2 for Zones 1 through 5** 

** Notes: 
1. pnet represents the net pressures (sum of internal and external) to be 

applied normal to each building surface as shown in Fig. 6-3. See 
notes in Fig. 6-3. 

2. The positive design wind pressures pnet determined by Eq. 6-2 shall 
not be less than +10 psf and the negative design wind pressures pnet
determined by Eq. 6-2 shall not be less than -10 psf. 
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FLOWCHART 5.5
Method 2 – Velocity Pressures, zq  and hq

Determine basic wind speed V from 
Fig. 6-1 or Fig. 1609 (6.5.4)* 

Determine wind directionality factor 
dK  from Table 6-4 (6.5.4.4) 

Determine importance factor I from 
Table 6-1 based on occupancy 

category from IBC Table 1604.5 
(6.5.5)

Determine exposure category (6.5.6) 

Are all 5 conditions 
of 6.5.7.1 met? 

Topographic factor 
2

321 )1( KKKK zt +=  where 1K ,
2K , and 3K  are given in Fig. 6-4 

No Yes 

Topographic factor 0.1=ztK

A
* See 6.5.4.1 and 6.5.4.2 for basic wind speed in 

special wind regions and estimation of basic wind 
speeds from regional climatic data. Tornadoes 
have not been considered in developing basic 
wind speed distributions shown in the figures. 

5.2.3 Method 2 – Analytical Procedure 
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FLOWCHART 5.5
Method 2 – Velocity Pressures, zq  and hq

(continued) 

A

Determine velocity pressure 
exposure coefficients zK  and hK

from Table 6-3 (6.5.6.6) 

Determine velocity pressure at 
height z and h by Eq. 6-15: 

IVKKKq dztzz
200256.0=

IVKKKq dzthh
200256.0= **

** Notes: 
1. qz = velocity pressure evaluated at height z
2. qh = velocity pressure evaluated at mean roof height h
3. The numerical constant of 0.00256 should be used except where 

sufficient weather data are available to justify a different value (see 
C6.5.10) 
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

Is 11 ≥n  Hz? 

Structure is rigid 
(6.2)

No Yes 

A

Given: structure dimensions B, L and h, damping 
ratio β , and building natural frequency 1n *

G = 0.85 
(6.5.8.1)

Structure is flexible 
(6.2)

4.3== vQ gg

min

6.0
z

hz
≥
=

where minz  is given in Table 6-2 

B

* Notes: 
1. Information on structural damping can be found in C6.5.8. 
2. n1 can be determined from a rational analysis or estimated 

from approximate equations given in C6.5.8. 
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

(continued) 

A

6/133=
z

cI z       Eq. 6-5 

where c is given in Table 6-2 

∈
=

33
zLz         Eq. 6-7 

where  and ∈  are given in Table 6-2 

63.0
63.01

1

++

=

zL
hB

Q     Eq. 6-6 

+
+

=
zv

zQ
Ig

QIg
G

7.11
7.11

925.0     Eq. 6-4 
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

(continued) 

B

4.3== vQ gg

)600,3ln(2
577.0)600,3ln(2

1
1 n

ngR +=     Eq. 6-9 

min

6.0
z

hz
≥
=

where minz  is given in Table 6-2 

C

6/133=
z

cI z       Eq. 6-5 

where c is given in Table 6-2 
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

(continued) 

C

63.0
63.01

1

++

=

zL
hB

Q     Eq. 6-6 

=
α

60
88

33
VzbVz       Eq. 6-14 

where b  and α  are given in Table 6-2 

D

∈
=

33
zLz         Eq. 6-7 

where  and ∈  are given in Table 6-2 

Determine basic wind speed V from 
Fig. 6-1 or Fig. 1609 (6.5.4)* 

* See 6.5.4.1 and 6.5.4.2 for basic wind speed in special wind regions 
and estimation of basic wind speeds from regional climatic data. 
Tornadoes have not been considered in developing basic wind speed 
distributions shown in the figures. 
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

(continued) 

D

E

3/5
1

1
)3.101(

47.7
N
NRn

+
=     Eq. 6-11 

z
z

V
LnN 1

1 =             Eq. 6-12 

( )η−−
η

−
η

= 2
2 1

2
11 eRh  for 0>η

1=hR  for 0=η

where zVhn /6.4 1=η
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FLOWCHART 5.6
Method 2 – Gust Effect Factors, G  and fG

(continued) 

E

( )LBhn RRRRR 47.053.01 +
β

=     Eq. 6-10 

+

++
=

zv

RQz
f Ig

RgQgI
G

7.11
7.11

925.0
2222

       Eq. 6-8 

( )η−−
η

−
η

= 2
2 1

2
11 eRB  for 0>η

1=BR  for 0=η

where zVBn /6.4 1=η

( )η−−
η

−
η

= 2
2 1

2
11 eRL  for 0>η

1=LR  for 0=η

where zVLn /4.15 1=η
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FLOWCHART 5.7
Method 2 – Buildings, Main Wind-force-resisting Systems 

Is the building enclosed or 
partially enclosed? 

No Yes 

A

Determine gust effect factor G from 
Flowchart 5.6 

Determine net pressure coefficient  
CN from Figs. 6-18A through 6-18D 

Determine velocity pressure qh from 
Flowchart 5.5 using the exposure that 
results in the highest wind loads for 

any wind direction at the site 

* Minimum wind pressures of 6.1.4.1 must also be 
considered. See 6.5.13.2 for provision on free roofs with an 
angle of plane of roof from horizontal 5≤  degrees and 
containing fascia panels. 

** See C6.5.11.5 for discussion on application of design 
wind pressures on parapets. 

Determine net design pressure 
NhGCqp =  (Eq. 6-25) for monoslope, 

pitched, or troughed roofs* 

Does the building 
have a parapet? 

No

Determine velocity pressure qp
from Flowchart 5.5 evaluated at 

the top of the parapet 

Yes 

Determine combined net 
pressure coefficient pnGC :

5.1+=pnGC  windward 
0.1−=pnGC  leeward 

Determine combined net design 
pressure on the parapet 

pnpp GCqp =  (Eq. 6-20)** 
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FLOWCHART 5.7
Method 2 – Buildings, Main Wind-force-resisting Systems 

(continued) 

A

Is the building a low-rise 
building as defined in 6.2? 

No Yes 

B

Determine velocity pressure hq  using 
Flowchart 5.5 

Determine external pressure coefficients 
)( pfGC  from Fig. 6-10 for surfaces 1 – 6 and 

1E, 2E, 3E and 4E as shown in Fig. 6-10 

Determine internal pressure coefficients 
)( piGC  from Fig. 6-5 based on enclosure 

classification 

Determine design wind pressure 
)]()[( pipfh GCGCqp −=

(Eq. 6-18) on surfaces 1 – 6 and 
1E, 2E, 3E, and 4E†

† Notes: 
1. See Fig. 6-10 for the load cases that must 

be considered. 
2. Minimum wind pressures of 6.1.4.1 must 

also be considered. 
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FLOWCHART 5.7
Method 2 – Buildings, Main Wind-force-resisting Systems 

(continued) 

B

Determine whether the building is rigid or flexible and the 
corresponding gust effect factor G or fG  from Flowchart 5.6 

Is the building 
rigid? 

Determine velocity pressure zq  for windward walls 
along the height of the building and hq  for leeward 

walls, side walls and roof using Flowchart 5.5 

No

Determine pressure coefficients pC  for the walls 
and roof from Fig. 6-6 or 6-8 

Determine iq  for the walls and roof using 
Flowchart 5.5‡

C

D

Yes 

‡ qi = qh or qi = qz  depending on 
enclosure classification (see 6.5.12.2.1). 
qi  may conservatively be evaluated at 
height h (qi = qh) where applicable. 
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FLOWCHART 5.7
Method 2 – Buildings, Main Wind-force-resisting Systems 

(continued) 

C

Determine internal pressure coefficients (GCpi) from 
Fig. 6-5 based on enclosure classification 

Determine design wind pressures by Eq. 6-19: 
• Windward walls: )( pihpfzz GCqCGqp −=

• Leeward walls, side walls, and roofs: )( pihpfhh GCqCGqp −=

 Notes: 
1. See 6.5.12.3 and Fig. 6-9 for the load cases that must be considered. 
2. Minimum wind pressures of 6.1.4.1 must also be considered. 
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FLOWCHART 5.7
Method 2 – Buildings, Main Wind-force-resisting Systems 

(continued) 

D

Determine velocity pressure qz for windward walls 
along the height of the building and qh for leeward 

walls, side walls and roof using Flowchart 5.5 

Determine pressure coefficients Cp for the walls and 
roof from Fig. 6-6 or 6-8 

Determine  qi for the walls and roof using
Flowchart 5.5‡‡

Determine internal pressure coefficients (GCpi) from 
Fig. 6-5 based on enclosure classification 

Determine design wind pressures by Eq. 6-17: 
• Windward walls: )( pihpzz GCqGCqp −=

• Leeward walls, side walls, and roofs: )( pihphh GCqGCqp −=

‡‡ qi = qh  or qi = qz depending on enclosure classification (see 6.5.12.2.1). qi may 
conservatively be evaluated at height h (qi = qh) where applicable. 

 Notes: 
1. See 6.5.12.3 and Fig. 6-9 for the load cases that must be considered. 
2. Minimum wind pressures of 6.1.4.1 must also be considered. 



5-24 CHAPTER 5 WIND LOADS

FLOWCHART 5.8
Method 2 – Buildings, Components and Cladding 

Is the building enclosed or 
partially enclosed? 

No Yes 

A

Determine gust effect factor G from 
Flowchart 5.6 

Determine net pressure coefficient 
NC  from Figs. 6-19A through 6-19C 

Determine velocity pressure qh from 
Flowchart 5.5 using the exposure that 
results in the highest wind loads for 

any wind direction at the site 

* Minimum wind pressures of 6.1.4.2 must also be 
considered. 

** See 6.5.12.4.4 for the two load cases that must be 
considered. See C6.5.11.5 for discussion on application 
of design wind pressures on parapets. 

Determine net design pressure 
NhGCqp =  (Eq. 6-26) for monoslope, 

pitched or troughed roofs* 

Does the building 
have a parapet? 

No

Determine velocity pressure qp

from Flowchart 5.5 evaluated at 
the top of the parapet 

Yes 

Determine external pressure 
coefficient GCp from Figs. 6-11 
through 6-17 and internal pressure 
coefficient GCpi from Fig. 6-5 

Determine design wind pressure on 
the parapet )( pipp GCGCqp −=

(Eq. 6-24)** 
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FLOWCHART 5.8
Method 2 – Buildings, Components and Cladding 

(continued) 

A

Is the building a low-rise 
building as defined in 6.2 or 
a building with ≤h  60 ft? 

No Yes 

B

Determine velocity pressure hq  using 
Flowchart 5.5

Determine external pressure coefficients (GCp)
from Figs. 6-11 through 6-16 for the various 

surfaces noted in the figures 

Determine internal pressure coefficients (GCpi)
from Fig. 6-5 

Determine design wind pressure 
)]()[( piph GCGCqp −=

(Eq. 6-22) on the various surfaces†

† Minimum wind pressures of 6.1.4.2 must 
also be considered. 
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FLOWCHART 5.8
Method 2 – Buildings, Components and Cladding 

(continued) 

B

Determine velocity pressure zq  for windward walls 
along the height of the building and hq  for leeward 

walls, side walls and roof using Flowchart 5.5 

Determine external pressure coefficients )( pGC  for 
the walls and roof from Fig. 6-17 

Determine iq  for the walls and roof using 
Flowchart 5.5‡‡

Determine internal pressure coefficients )( piGC
from Fig. 6-5 based on enclosure classification 

Determine design wind pressures by Eq. 6-23: 
• Windward walls: )()( pihpzz GCqGCqp −=

• Leeward walls, side walls, and roofs: )()( pihphh GCqGCqp −=

‡‡ qi = qh  or qi = qz depending on enclosure classification (see 6.5.12.4.2).  
qi may conservatively be evaluated at height h (qi = qh) where applicable. 

 Notes: 
1. Minimum wind pressures of 6.1.4.2 must also be considered. 
2. An alternate method for C&C in buildings with 60 ft < h < 90 ft is given in 6.5.12.4.3. 
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FLOWCHART 5.9
Method 2 – Structures Other than Buildings 

Is the structure a solid 
freestanding wall or solid sign? 

No Yes 

A

Determine velocity pressure hq  from 
Flowchart 5.5 

Determine gust effect factor G from 
Flowchart 5.6 

Determine net force coefficient fC
from Fig. 6-20 

Determine design wind force 
sfh AGCqF =  (Eq. 6-27) where sA  is 

the gross area of the wall or sign 

Is the structure a 
rooftop structure 
or equipment on 
a building with 

h < 60 ft? 

B

No Yes 
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FLOWCHART 5.9
Method 2 – Structures Other than Buildings 

(continued) 

A

Determine velocity pressure zq  evaluated at height 
z of the centroid of area fA  based on the exposure 

defined in 6.5.6.3 using Flowchart 5.5 

Determine gust effect factor G from Flowchart 5.6 

Determine force coefficient fC  from 
Figs. 6-21 through 6-23 

Determine design wind force ffz AGCqF =

(Eq. 6-28) where fA  is the projected area 
normal to the wind except where fC  is 

specified for the actual surface area 
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Is ?1.0 BhAf <No Yes 

FLOWCHART 5.9
Method 2 – Structures Other than Buildings 

(continued) 

B

Determine velocity pressure zq  evaluated at height 
z of the centroid of area fA  based on the exposure 

defined in 6.5.6.3 using Flowchart 5.5 

Determine gust effect factor G from Flowchart 5.6 

Determine force coefficient fC  from 
Figs. 6-21 through 6-23 

Determine design wind force by 
increasing force obtained by Eq. 6-28 

by 1.9: ffz AGCqF 9.1=

Is ?BhAf ≥

Determine design wind force by 
Eq. 6-28: ffz AGCqF =

Yes 

Determine design wind force by increasing 
force obtained by Eq. 6-28 by a factor that 

decreases linearly from 1.9 to 1.0 as Af
increases from Bh1.0  to Bh

No
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FLOWCHART 5.10
Net Wind Pressure, netp

Determine basic wind speed V from 
Fig. 6-1 or Fig. 1609 (6.5.4)* 

Determine wind stagnation pressure 
sq  from IBC Table 1609.6.2(1)** 

Determine importance factor I from 
Table 6-1 based on occupancy 

category from IBC Table 1604.5 
(6.5.5)

Determine exposure category (6.5.6) 

Are all 5 conditions 
of 6.5.7.1 met? 

Topographic factor 
2

321 )1( KKKK zt +=  where 1K ,
2K  and 3K  are given in Fig. 6-4 

No Yes 

Topographic factor 0.1=ztK

A
* See 6.5.4.1 and 6.5.4.2 for basic wind speed in 

special wind regions and estimation of basic wind 
speeds from regional climatic data. Tornadoes 
have not been considered in developing basic 
wind speed distributions shown in the figures. 

** For basic wind speeds not shown, use 
200256.0 Vqs = .

5.2.4 Alternate All-heights Method 
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FLOWCHART 5.10
Net Wind Pressure, netp

(continued)

A

Determine velocity pressure 
exposure coefficient zK  from 

Table 6-3 (6.5.6.6) 

Determine net wind pressure at 
height z by IBC Eq. 6-34: ††

ztnetzsnet IKCKqp =

† Where netC has more than one value in IBC Table 1609.6.2(2), the more 
severe wind load condition shall be used for design. 

†† Wind pressures are to be applied to the building envelope wall and roof 
surfaces in accordance with IBC 1609.6.4.4. 

Determine net pressure coefficient 
netC  from IBC Table 1609.6.2(2)†
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Open-web joist purlins @ 8′-0″

Metal roof deck 

HSS column (typ.) 

8 @ 32′-0″ = 256′-0″

4 
@

 3
7′

-0
″ =

 1
48

′-0
″

Open-web joist girders (typ.) 

7″ precast concrete wall (typ.) 

N

20
′-0

″

Roof slope = 1/2 in./ft 

5.3 EXAMPLES 

The following sections contain examples that illustrate the wind design provisions of 
IBC 1609 and Chapter 6 in ASCE/SEI 7-05. 

5.3.1 Example 5.1 – Warehouse Building using Method 1, Simplified Procedure 

For the one-story warehouse illustrated in Figure 5.1, determine design wind pressures on 
(1) the main wind-force-resisting system in both directions, (2) a solid precast wall panel 
and (3) an open-web joist purlin using Method 1, Simplified Procedure. 

Figure 5.1  Plan and Elevation of Warehouse Building
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DESIGN DATA

Location: St. Louis, MO 
Surface Roughness: C (open terrain with scattered obstructions less than 30 ft in height) 
Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Less than 300 people congregate in one area and the building is not 

used to store hazardous or toxic materials 

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Use Flowchart 5.1 to check if the building meets all of the conditions of 
6.4.1.1 so that Method 1 can be used to determine the wind pressures on the MWFRS. 

1. The building is a simple diaphragm building as defined in 6.2, since the windward 
and leeward wind loads are transmitted through the metal deck roof (diaphragm) 
to the precast walls (MWFRS), and there are no structural separations in the 
MWFRS.   O.K.

2. Three conditions must be checked to determine if a building is a low-rise 
building: 

a. Mean roof height = 20 ft < 60 ft O.K.1

b. Mean roof height = 20 ft < least horizontal dimension = 148 ft   O.K.

c. The enclosure classification of the building, which depends on the number and 
size of openings in the precast walls. 

Assume that there are two Type A precast panels on each of the east and west 
walls and two Type B precast panels on each of the north and south walls (see 
Figure 5.2). The openings in these walls are door openings. All other precast 
panels do not have door openings, and assume that there are no openings in 
the roof. 

By definition, an open building is a building having each wall at least 80 
percent open. This building is not open including when all of the doors are 
open at the same time. Therefore, it enclosed or partially enclosed.  O.K.2

Thus, the building is a low-rise building.   O.K.
                                                
1 For buildings with roof angles less than or equal to 10 degrees, the mean roof height is equal to the roof 
eave height (see definition of mean roof height in 6.2); the roof angle in this example is approximately 
2.4 degrees. 

2 A more specific enclosure classification is determined in item 3 of this part of the solution. 
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12′ × 14′ opening 

3′ × 7′ opening 

23′-0″

20
′-0

″*

Ao = (12 × 14) + (3 × 7) = 189 sq ft 

TYPE A 

12′ × 14′ opening 

30′-0″

Ao = 2(12 × 14) = 336 sq ft 

TYPE B 

* Elevation of top of walls on north and south faces vary with roof slope. 

Figure 5.2  Door Openings in Precast Wall Panels

3. A building is defined as enclosed when it does not comply with the requirements 
for an open or partially enclosed building. It has been previously established that 
the building is not open (see item 2 above). 

If all of the doors are closed, the building is enclosed. Also, if all of the doors are 
open at the same time, the building is enclosed: the first item under the definition 
of a partially enclosed building is not satisfied, i.e., the total area of openings Ao
in a wall that receives positive external pressure is less than 1.1 times the sum of 
the areas of openings Aoi in the balance of the building envelope.3

Assume that one 3 ft by 7 ft door is open and all other doors are closed. Check if 
the building is partially enclosed per the definition in 6.2: 

a. 2173 =×=oA  sq ft > 01.1 =oiA  where 0=oiA , since it is assumed that 
there are no other doors that are open. 

b. 21=oA  sq ft > 4 sq ft (governs) or 6.291482001.001.0 =××=gA  sq ft 
and .20.00/ <=gioi AA

Since both of these conditions are satisfied, the building is partially enclosed 
when one 3 ft by 7 ft door is open and all other doors are closed. However, to 
illustrate the use of Figure 6-2, assume the building is enclosed.4

                                                
3 For example, =oA  2 × 336 = 672 sq ft < 1.1 oiA  = 1.1[672 + (2 × 378)] = 1,571 sq ft 
4 Although 6.4.1.1 and Figure 6-2 state that Figure 6-2 is for enclosed buildings, this figure can also be used 
to determine the wall pressures on a partially enclosed building, since the internal pressures cancel out. 
However, tabulated pressures must be modified to obtain the correct roof pressures for a partially enclosed 
building. 
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The wind-borne debris provisions of 6.5.9.3 are not applicable to buildings 
located outside of wind-borne debris regions (i.e., specific areas within hurricane 
prone regions). O.K.

4. The building is regularly-shaped, i.e., it does not have any unusual geometric 
irregularities in spatial form.   O.K.

5. A flexible building is defined in 6.2 as one in which the fundamental natural 
frequency of the building n1 is less than 1 Hz. Although it is evident by inspection 
that the building is not flexible, the natural frequency will be determined and 
compared to 1 Hz. 

In lieu of obtaining the natural frequency of the building from a dynamic analysis, 
Eq. C6-16 in the commentary of ASCE/SEI 7 is used to determine an approximate 
value of n1 in the N-S direction for concrete shearwall systems: 

( ) HCn w /385 5.0
1 =

where

+

=
=

2

2

1
83.01

100

i
i

i
n

i iB
w

D
h

A
h
H

A
C

=BA  base area of the building = 888,37256148 =×  sq ft 

=ihH ,  building height and wall height, respectively = 20 ft 

=iA  area of shearwall = =×148)12/7(  86.3 sq ft5

=iD  length of shearwall = 148 ft 

45.0

148
2083.01

3.86
888,37
1002

2
=

+

×=wC

( ) 9.1220/45.0385 5.0
1 ==n  Hz >> 1 Hz 

Similar calculations in the E-W direction yield 1.171 =n  Hz >> 1 Hz. Thus, the 
building is not flexible.   O.K.

                                                
5 Openings in precast wall panels are not considered. 
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6. The building does not have response characteristics that make it subject to across-
wind loading or other similar effects, and it is not sited at a location where 
channeling effects or buffeting in the wake of upwind obstructions need to be 
considered. O.K.

7. The building has a symmetrical cross-section in each direction and has a relatively 
flat roof. O.K.

8. The building is exempted from torsional load cases as indicated in Note 5 of 
Figure 6-10 (the building is one-story with a height h less than 30 ft and it has a 
flexible roof diaphragm).   O.K.

Since all of the conditions of 6.4.1.1 are satisfied, Method 1 may be used to 
determine the design wind pressures on the MWFRS. 

• Step 2: Use Flowchart 5.3 to determine the net design wind pressures sp  on the 
MWFRS. 

1. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 90 mph for St. Louis, MO. 

2. Determine importance factor I from Table 6-1 based on occupancy category from 
IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II, based on the occupancy 
given in the design data. From Table 6-1, I = 1.0. 

3. Determine exposure category. 

In the design data, the surface roughness is given as C. It is assumed that 
Exposures B and D are not applicable, so Exposure C applies (see 6.5.6.3). 

4. Determine adjustment factor for height and exposure λ  from Figure 6-2. 

For a mean roof height of 20 ft and Exposure C, .29.1=λ

5. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor Kzt = 1.0 (6.5.7.2). 

6. Determine simplified design wind pressures ps30 from Figure 6-2 for Zones A 
through H on the building. 
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Wind pressures ps30 can be read directly from Figure 6-2 for V = 90 mph and a 
roof angle between 0 and 5 degrees. Since the roof is essentially flat, only Load 
Case 1 is considered (see Note 4 in Figure 6-2). These pressures, which are based 
on Exposure B, h = 30 ft, Kzt = 1.0, and I = 1.0, are given in Table 5.2. 

Table 5.2  Wind Pressures 30sp  on MWFRS

Horizontal pressures (psf) Vertical pressures (psf) 
A B C D E F G H 

12.8 -6.7 8.5 -4.0 -15.4 -8.8 -10.7 -6.8 

7. Determine net design wind pressures 30szts IpKp λ=  by Eq. 6-1 for Zones A 
through H. 

3030 29.10.10.129.1 sss ppp =×××=

The horizontal pressures in Table 5.3 represent the combination of the windward 
and leeward net (sum of internal and external) pressures. Similarly, the vertical 
pressures represent the net (sum of internal and external) pressures. 

Table 5.3  Wind Pressures sp  on MWFRS

Horizontal pressures (psf) Vertical pressures (psf) 
A B C D E F G H 

16.5 -8.6 11.0 -5.2 -19.9 -11.4 -13.8 -8.8 

8. The net design pressures sp  in Table 5.3 are to be applied to the surfaces of the 
building in accordance with Figure 6-2. 

According to Note 7 in Figure 6-2, the total horizontal load must not be less than 
that determined by assuming ps = 0 in Zones B and D. Since the net pressures in 
Zones B and D in this example act in the direction opposite to those in A and C, 
they decrease the horizontal load. Thus, the pressures in Zones B and D are set 
equal to 0 when analyzing the structure for wind in the transverse direction. 

According to Note 2 in Figure 6-2, the load patterns for the transverse and 
longitudinal directions are to be applied to each corner of the building, i.e., each 
corner of the building must be considered a reference corner. Eight different load 
cases need to be examined (four in the transverse direction and four in the 
longitudinal direction). One load pattern in the transverse direction and one in the 
longitudinal direction are illustrated in Figure 5.3. 
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16′ 16.5 psf

11.0 psf

19.9 psf

13.8 psf

8.8 psf

MWFRS Direction Being Evaluated Reference
Corner 

Transverse

11.4 psf

16′

19.9 psf

13.8 psf

8.8 psf

MWFRS Direction Being Evaluated 

Reference
Corner 

11.4 psf

16.5 psf

11.0 psf

Longitudinal 

Figure 5.3  Design Wind Pressures on MWFRS
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The width of the end zone 2a in this example is equal to 16 ft, where a = least of 
0.1(least horizontal dimension) = 0.1 × 148 = 14.8 ft or 0.4h = 0.4 × 20 = 8 ft 
(governs). This value of a is greater than 0.04 (least horizontal dimension) = 0.04 
× 148 = 5.9 ft or 3 ft (see Note 10a in Figure 6-2). 

The minimum design wind load case of 6.4.2.1.1 must also be considered: the 
load effects from the design wind pressures calculated above must not be less than 
the load effects assuming that ps = + 10 psf in Zones A through D and ps = 0 psf 
in Zones E through H (see Figure C6-1 for application of load). 

Part 2: Determine design wind pressures on a solid precast wall panel

• Step 1: Use Flowchart 5.2 to check if the building meets all of the conditions of 
6.4.1.2 so that Method 1 can be used to determine the wind pressures on the C&C. 

1. Mean roof height h = 20 ft < 60 ft O.K.

2. The building is assumed to be enclosed (see Part 1, Step 1, item 3) and the wind-
borne debris provisions of 6.5.9.3 are not applicable O.K.

3. The building is regularly-shaped, i.e., it does not have any unusual geometric 
irregularities in spatial form.   O.K.

4. The building does not have response characteristics that make it subject to across-
wind loading or other similar effects, and it is not sited at a location where 
channeling effects or buffeting in the wake of upwind obstructions need to be 
considered. O.K.

5. The roof is essentially flat. O.K.

Since all of the conditions of 6.4.1.2 are satisfied, Method 1 may be used to 
determine the design wind pressures on the C&C. 

• Step 2: Use Flowchart 5.4 to determine the net design wind pressures netp  on the 
C&C.

1. The basic wind speed V, the importance factor I, the exposure category, the 
adjustment factor for height and exposure λ , and the topographic factor Kzt have 
all been determined previously (Part 1, Step 2, items 1 through 5) and are used in 
calculating the wind pressures on the precast walls, which are C&C.6

2. Determine net design wind pressures pnet30 from Figure 6-3 for Zones 4 and 5, 
which are the interior and end zones of walls, respectively. 

                                                
6 λ  from Figure 6-2 for MWFRS is the same as that in Figure 6-3 for C&C. 
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Wind pressures pnet30 can be read directly from Figure 6-3 for V = 90 mph and an 
effective wind area. 

The effective wind area is defined as the span length multiplied by an effective 
width that need not be less than one-third the span length: 20 × (20/3) = 
133.3 sq ft.7

According to Note 4 in Figure 6-3, tabulated pressures may be interpolated for 
effective wind areas between those given, or the value associated with the lower 
effective wind area may be used. The latter of these two options is utilized in this 
example. The pressures pnet30 in Table 5.4 are obtained from Figure 6-3 for V = 
90 mph and an effective wind area of 100 sq ft, and are based on Exposure B, h = 
30 ft, Kzt = 1.0, and I = 1.0. 

Table 5.4  Wind Pressures 30netp  on Precast Walls

Zone 30netp  (psf) 

4 12.4 -13.6 
5 12.4 -15.1 

3. Determine net design wind pressures 30netztnet IpKp λ=  by Eq. 6-2 for Zones 4 
and 5. 

3030 29.10.10.129.1 netnetnet ppp =×××=

The pressures in Table 5.5 represent the net (sum of internal and external) 
pressures that are applied normal to the precast walls. 

Table 5.5  Wind Pressures netp  on Precast Walls

Zone netp  (psf) 

4 16.0 -17.5 
5 16.0 -19.5 

The width of the end zone (Zone 5) a = 8 ft (see Part 1, Step 2, item 8). 

In Zones 4 and 5, the computed positive and negative (absolute) pressures are 
greater than the minimum values prescribed in 6.4.2.2.1 of +10 psf and -10 psf, 
respectively. 

                                                
7 The smallest span length corresponding to the east and west walls is used, since this results in larger 
pressures. 
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Part 3: Determine design wind pressures on an open-web joist purlin

• Step 1: Use Flowchart 5.2 to check if the building meets all of the conditions of 
6.4.1.2 so that Method 1 can be used to determine the wind pressures on the C&C. 

It was shown in Part 2, Step 1 that Method 1 may be used to determine the wind 
forces on the C&C. 

• Step 2: Use Flowchart 5.4 to determine the net design wind pressures netp  on the 
C&C.

1. The basic wind speed V, the importance factor I, the exposure category, the 
adjustment factor for height and exposure λ , and the topographic factor Kzt have 
all been determined previously (Part 1, Step 2, items 1 through 5) and are used in 
calculating the wind pressures on the open-web joist purlins, which are subject to 
C&C pressures. 

2. Determine net design wind pressures pnet30 from Figure 6-3 for Zones 1, 2 and 3, 
which are the interior, end and corner zones of the roof, respectively. 

Effective wind area is equal to the larger of the purlin tributary area = 37 × 8 = 
296 sq ft or the span length multiplied by an effective width that need not be less 
than one-third the span length = 37 × (37/3) = 456.3 sq ft (governs). 

The pressures pnet30 in Table 5.6 are obtained from Figure 6-3 for V = 90 mph, a 
roof angle between 0 and 7 degrees, and an effective wind area of 100 sq ft.8
These pressures are based on Exposure B, h = 30 ft, Kzt = 1.0, and I = 1.0. 

Table 5.6  Wind Pressures pnet30 on Open-web Joist Purlins

Zone 30netp  (psf) 

1 4.7 -13.3 
2 4.7 -15.8 
3 4.7 -15.8 

3. Determine net design wind pressures 30netztnet IpKp λ=  by Eq. 6-2 for Zones 1, 
2 and 3. 

3030 29.10.10.129.1 netnetnet ppp =×××=

                                                
8 Where actual effective wind areas are greater than 100 sq ft, the tabulated pressure values associated with 
an effective wind area of 100 sq ft are applicable. 
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Type A (typ.) 

N

Type B (typ.) 

Type C (typ.) 

8′-0″

Positive Pressure

10 x 8 = 80.0 plf 

Types A, B , and C 

Negative Pressure

137.6 plf 

Type B 

8′-0″

37′-0″

17.2 x 8 = 137.6 plf 

Type A 

37′-0″

29′-0″

20.4 x 8 = 163.2 plf 

(20.4 + 17.2) x 4 = 150.4 plf 

Type C 

37′-0″

Zone 1 

Zone 2 

Zone 3 

The pressures in Table 5.7 represent the net (sum of internal and external) 
pressures that are applied normal to the open-web joist purlins and that act over 
the tributary area of each purlin, which is equal to =×837  296 sq ft. 

Table 5.7  Wind Pressures netp  on Open-web Joist Purlins

Zone netp  (psf) 

1 6.1 -17.2 
2 6.1 -20.4 
3 6.1 -20.4 

The width of the end and corner zones (Zones 2 and 3) a = 8 ft (see Part 1, Step 2, 
item 8). The positive net design pressures in Zones 1, 2 and 3 must be increased to 
the minimum value of 10 psf in accordance with 6.4.2.2.1. Figure 5.4 contains the 
loading diagrams for typical open-web joist purlins located within the various 
zones of the roof. 

Figure 5.4  Open-web Joist Purlin Loading Diagrams
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5.3.2 Example 5.2 – Warehouse Building using Low-rise Building Provisions of 
Method 2, Analytical Procedure 

For the one-story warehouse in Example 5.1, determine design wind pressures on (1) the 
main wind-force-resisting system in both directions, (2) a solid precast wall panel, and 
(3) an open-web joist purlin using the low-rise building provisions of Method 2, 
Analytical Procedure. See Figure 5.1 for building dimensions. 

DESIGN DATA

Location: St. Louis, MO 
Surface Roughness: C (open terrain with scattered obstructions less than 30 ft in height) 
Topography: Not situated on a hill, ridge, or escarpment 
Occupancy: Less than 300 people congregate in one area and the building is not 

used to store hazardous or toxic materials 

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the low-rise building provisions of 6.5.12.2.2 can be used to 
determine the design wind pressures on the MWFRS. 

The provisions of 6.5.12.2.2 may be used to determine design wind pressures 
provided the building is a regular-shaped low-rise building as defined in 6.2. It was 
shown in Example 5.1 (Part 1, Step 1, item 2) that this warehouse building is a low-
rise building, and the building is regularly-shaped. Also, the building does not have 
response characteristics that make it subject to across-wind loading or other similar 
effects, and it is not sited at a location where channeling effects or buffeting in the 
wake of upwind obstructions need to be considered. 

The low-rise building provisions of Method 2, Analytical Procedure, can be used 
to determine the design wind pressures on the MWFRS. 

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. It is assumed in Example 5.1 (Part 1, Step 1, item 3) that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 90 mph for St. Louis, MO. 
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b. Determine wind directionality factor dK  from Table 6-4. 

For the MWFRS of a building structure, .85.0=dK

c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II. From Table 6-1, I = 
1.0.

d. Determine exposure category. 

In the design data, the surface roughness is given as C. It is assumed that 
Exposures B and D are not applicable, so Exposure C applies (see 6.5.6.3). 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor Kzt = 1.0 (6.5.7.2). 

f. Determine velocity pressure exposure coefficient hK  from Table 6-3. 

For Exposure C and a mean roof height of 20 ft, 90.0=hK  from Table 6-3. 

g. Determine velocity pressure hq  at the mean roof height by Eq. 6-15. 

psf9.150.19085.00.190.000256.0

00256.0
2

2IVKKKq dzthh

=×××××=

=

3. Determine external pressure coefficients (GCpf) from Figure 6-10 for building 
surfaces 1 through 6, 1E, 2E, 3E and 4E. 

External pressure coefficients (GCpf) can be read directly from Table 6-10 using a 
roof angle between 0 and 5 degrees for wind in the transverse direction. For wind 
in the longitudinal direction, the pressure coefficients corresponding to a roof 
angle of 0 degrees are to be used (see Note 7 in Figure 6-10). The pressure 
coefficients summarized in Table 5.8 are applicable in both the transverse and 
longitudinal directions in this example. 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi
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Table 5.8  External Pressure Coefficients )(GCpf  for MWFRS

Surface )( pfGC

1  0.40 
2  -0.69 
3  -0.37 
4  -0.29 
5  -0.45 
6  -0.45 

1E  0.61 
2E  -1.07 
3E  -0.53 
4E  -0.43 

5. Determine design wind pressure p by Eq. 6-18 on surfaces 1 through 6, 1E, 2E, 
3E and 4E. 

)]18.0()[(9.15)]()[( ±−=−= pfpipfh GCGCGCqp

Calculation of design wind pressures is illustrated for surface 1: 

 For positive internal pressure: p = 15.9(0.40 – 0.18) = 3.5 psf 

 For negative internal pressure: p = 15.9[0.40 – (–0.18)] = 9.2 psf 

A summary of the design wind pressures is given in Table 5.9. Pressures are 
applicable to wind in the transverse and longitudinal directions and are provided 
for both positive and negative internal pressures. 

The end zone width 2a is equal to 16 ft, where a = least of 0.1 (least horizontal 
dimension) = 0.1 × 148 = 14.8 ft or 0.4h = 0.4 × 20 = 8 ft (governs). This value of 
a is greater than 0.04 (least horizontal dimension) = 0.04 × 148 = 5.9 ft or 3 ft (see 
Note 9 in Figure 6-10). 

The design wind pressures summarized in Table 5.9 act normal to the surface. 



5-46 CHAPTER 5 WIND LOADS

Table 5.9  Design Wind Pressures p on MWFRS

Design Pressure, p (psf) 
Surface )( pfGC

=)( piGC +0.18 =)( piGC -0.18

1  0.40  3.5  9.2 
2  -0.69  -13.8  -8.1 
3  -0.37  -8.8  -3.0 
4  -0.29  -7.5  -1.8 
5  -0.45  -10.0  -4.3 
6  -0.45  -10.0  -4.3 

1E  0.61  6.8  12.6 
2E  -1.07  -19.9  -14.2 
3E  -0.53  -11.3  -5.6 
4E  -0.43  -9.7  -4.0 

According to Note 8 in Figure 6-10, when the roof pressure coefficients (GCpf)
are negative in Zones 2 or 2E, they shall be applied in Zone 2/2E for a distance 
from the edge of the roof equal to 50 percent of the horizontal dimension of the 
building that is parallel to the direction of the MWFRS being designed or 2.5 
times the eave height he at the windward wall, whichever is less. The remainder of 
Zone 2/2E extending to the ridge line must use the pressure coefficients (GCpf) for 
Zone 3/3E. 

For this building: 

 Transverse direction: 0.5 × 256 = 128 ft 

 Longitudinal direction: 0.5 × 148 = 74 ft 

 2.5 eh  = 2.5 × 20 = 50 ft (governs in both directions) 

Therefore, in the transverse direction, Zone 2/2E applies over a distance of 50 ft 
from the edge of the windward roof, and Zone 3/3E applies over a distance of 
128 – 50 = 78 ft in what is normally considered to be Zone 2/2E. In the 
longitudinal direction, Zone 3/3E is applied over a distance of 74 – 50 = 24 ft.

The design pressures are to be applied on the building in accordance with the 
eight load cases illustrated in Figure 6-10. As shown in the figure, each corner of 
the building is considered a reference corner for wind loading in both the 
transverse and longitudinal directions. 

According to Note 4 in Figure 6-10, combinations of external and internal 
pressures are to be evaluated to obtain the most severe loading. Thus, when both 
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Reference
Corner 

16′
50′

14.2 psf 5.6 psf 

8.1 psf 
3.0 psf 

9.2 psf 

12.6 psf 

4.3 psf 

4.3 psf 

5.6 psf 

3.0 psf 

4.0 psf 

1.8 psf 

Note: dashed arrows represent uniformly 
distributed loads over surfaces 4E, 4, and 6 

MWFRS Direction Being Evaluated 

Reference
Corner 

16′
50′

19.9 psf 
11.3 psf 

13.8 psf 
8.8 psf 

6.8 psf 

3.5 psf 

10.0 psf 

10.0 psf 

11.3 psf 

8.8 psf 

9.7 psf 

7.5 psf 

Note: dashed arrows represent uniformly 
distributed loads over surfaces 4E, 4, and 6 

MWFRS Direction Being Evaluated 

positive and negative pressures are considered, a total of 16 separate loading 
conditions must be evaluated for this building.9

Illustrated in Figures 5.5 and 5.6 are the design wind pressures for one load case 
in the transverse direction and one load case in the longitudinal direction, 
respectively, including positive and negative internal pressure. 

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.5  Design Wind Pressures on MWFRS in Transverse Direction

                                                
9 In general, the number of load cases can be reduced for symmetrical buildings. 
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Reference
Corner 16′

50′

19.9 psf 
13.8 psf 

11.3 psf 

8.8 psf 

10.0 psf 

6.8 psf 

8.8 psf 

10.0 psf 

Note: dashed arrows represent uniformly 
distributed loads over surfaces 6, 4, and 4E 

3.5 psf 

MWFRS Direction Being 
Evaluated

13.8 psf 

7.5 psf 

9.7 psf 

Reference
Corner 16′

50′

14.2 psf 
8.1 psf 

5.6 psf 

3.0 psf 

4.3 psf 

12.6 psf 

3.0 psf 

4.3 psf 

Note: dashed arrows represent uniformly 
distributed loads over surfaces 6, 4, and 4E 

9.2 psf 

MWFRS Direction Being 
Evaluated

8.1 psf 

1.8 psf 

4.0 psf 

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.6  Design Wind Pressures on MWFRS in Longitudinal Direction

Torsional load cases, which are given in Figure 6-10, must be considered in 
addition to the basic load cases noted above, unless one or more of the conditions 
under the exception in Note 5 of the figure are satisfied. Since this building is one 
story with a mean roof height h less than 30 ft, the first condition is satisfied, and 
torsional load cases need not be considered. The building also satisfies the third 
condition, as it is two stories or less in height and has a flexible diaphragm. 

The minimum design loading of 6.1.4.1 must also be investigated (see Figure C6-
1).
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Part 2: Determine design wind pressures on solid precast wall panel 

• Step 1: Check if the low-rise provisions of 6.5.12.4.1 can be used to determine the 
design wind pressures on the C&C. 

The provisions of 6.5.12.4.1 may be used to determine design wind pressures on 
C&C of low-rise buildings defined in 6.2 and for any regularly-shaped building with 
a height less than or equal to 60 ft. 

Use 6.5.12.4.1 to determine the design wind pressures on the C&C. 

• Step 2: Use Flowchart 5.8 to determine the design wind pressures on the precast 
walls, which are C&C. 

1. It is assumed in Example 5.1 (Part 1, Step 1, item 3) that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

Velocity pressure was determined in Part 1, Step 2, item 2 of this example and is 
equal to 15.9 psf. 

3. Determine external pressure coefficients (GCp) from Figure 6-11A for Zones 4 
and 5. 

Pressure coefficients for Zones 4 and 5 can be determined from Figure 6-11A 
based on the effective wind area. 

The effective wind area is defined as the span length multiplied by an effective 
width that need not be less than one-third the span length: 20 × (20/3) = 
133.3 sq ft.10

The pressure coefficients from the figure are summarized in Table 5.10. 

Table 5.10  External Pressure Coefficients )(GCp  for Precast Walls

)( pGC
Zone

Positive Negative
4 0.80 -0.90 
5 0.80 -1.00 

                                                
10 The smallest span length corresponding to the east and west walls is used, since this results in larger 

pressures. 
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Note 5 in Figure 6-11A states that values of (GCp) for walls are to be reduced by 
10 percent when the roof angle is less than or equal to 10 degrees. Modified 
values of (GCp) based on Note 5 are provided in Table 5.11. 

Table 5.11  Modified External Pressure Coefficients )(GCp  for Precast Walls

)( pGC
Zone

Positive Negative
4 0.72 -0.81 
5 0.72 -0.90 

The width of the end zone a = least of 0.1 (least horizontal dimension) = 0.1 ×
148 = 14.8 ft or 0.4h = 0.4 × 20 = 8 ft (governs), which is greater than 0.04 (least 
horizontal dimension) = 0.04 × 148 = 5.9 ft or 3 ft (see Note 6 in Figure 6-11A). 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi

5. Determine design wind pressure p by Eq. 6-22 on Zones 4 and 5. 

)]18.0()[(9.15)]()[( ±−=−= ppiph GCGCGCqp

Calculation of design wind pressures is illustrated for Zone 4: 

 For positive )( pGC : p = 15.9[0.72 – (–0.18)] = 14.3 psf 

 For negative )( pGC : p = 15.9[–0.81 – (+0.18)] = –15.7 psf 

These pressures act perpendicular to the face of the precast walls. 

The maximum design wind pressures for positive and negative internal pressures 
are summarized in Table 5.12. 

Table 5.12  Design Wind Pressures p on Precast Walls

Zone )( pGC Design Pressure, 
p (psf) 

 0.72  14.3 
4

 -0.81  -15.7 
 0.72  14.3 

5
 -0.90  -17.2 
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In Zones 4 and 5, the computed positive and negative pressures are greater than 
the minimum values prescribed in 6.1.4.2 of +10 psf and -10 psf, respectively. 

Part 3: Determine design wind pressures on an open-web joist purlin

• Step 1: Check if the low-rise provisions of 6.5.12.4.1 can be used to determine the 
design wind pressures on the C&C. 

As shown in Part 2, Step 1 of this example, 6.5.12.4.1 may be used to determine the 
design wind pressures on the C&C. 

• Step 2: Use Flowchart 5.8 to determine the design wind pressures on the open-web 
joist purlins, which are C&C. 

1. It is assumed in Example 5.1 (Part 1, Step 1, item 3) that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

Velocity pressure was determined in Part 1, Step 2, item 2 of this example and is 
equal to 15.9 psf. 

3. Determine external pressure coefficients (GCp) from Figure 6-11B for Zones 1, 2 
and 3 for gable roofs with a roof slope less than or equal to 7 degrees. 

Pressure coefficients for Zones 1, 2 and 3 can be determined from Figure 6-11B 
based on the effective wind area. 

Effective wind area = larger of 37 × 8 = 296 sq ft or 37 × (37/3) = 456.3 sq ft 
(governs).

The pressure coefficients from the figure are summarized in Table 5.13. 

Table 5.13  External Pressure Coefficients )(GCp  for Open-web Joist Purlins

)( pGC
Surface

Positive Negative
1 0.20 -0.90 
2 0.20 -1.10 
3 0.20 -1.10 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi
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5. Determine design wind pressure p by Eq. 6-22 on Zones 1, 2 and 3. 

)]18.0()[(9.15)]()[( ±−=−= ppiph GCGCGCqp

The maximum design wind pressures for positive and negative internal pressures 
are summarized in Table 5.14. 

The pressures in Table 5.14 are applied normal to the open-web joist purlins and 
act over the tributary area of each purlin, which is equal to =× 837  296 sq ft. If 
the tributary area were greater than 700 sq ft, the purlins could have been 
designed using the provisions for MWFRSs (6.5.12.1.3). 

The positive pressures on Zones 1, 2 and 3 must be increased to the minimum 
value of 10 psf per 6.1.4.2. 

Table 5.14  Design Wind Pressures p on Open-web Joist Purlins

Zone )( pGC Design Pressure, 
p (psf) 

 0.20  6.0 
1

 -0.90  -17.2 
 0.20  6.0 

2 & 3 
 -1.10  -20.4 

The pressures determined by this method are the same as those determined by the 
simplified method in Example 5.1. Thus, the loading diagrams in Figure 5.4 are 
applicable in this example. 

5.3.3 Example 5.3 – Warehouse Building using Provisions of Method 2, 
Analytical Procedure 

For the one-story warehouse in Example 5.1, determine design wind pressures on (1) the 
main wind-force-resisting system in both directions, (2) a solid precast wall panel and (3) 
an open-web joist purlin using the provisions of Method 2, Analytical Procedure. See 
Figure 5.1 for building dimensions. 

DESIGN DATA

Location: St. Louis, MO 
Surface Roughness: C (open terrain with scattered obstructions less than 30 ft in height) 
Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Less than 300 people congregate in one area and the building is not 

used to store hazardous or toxic materials 
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SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 

The provisions of 6.5 may be used to determine design wind pressures provided the 
conditions of 6.5.1 and 6.5.2 are satisfied. It is clear that these conditions are satisfied 
for this regular-shaped building that does not have response characteristics that make 
it subject to across-wind loading or other similar effects, and is not sited at a location 
where channeling effects or buffeting in the wake of upwind obstructions need to be 
considered.

The provisions of Method 2, Analytical Procedure, can be used to determine the 
design wind pressures on the MWFRS. 

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. It is assumed in Example 5.1 (Part 1, Step 1, item 3) that the building is enclosed. 

2. Determine whether the building is rigid or flexible and the corresponding gust 
effect factor from Flowchart 5.6. 

It was determined in Example 5.1, Step 1, item 5 that the building is rigid. 

According to 6.5.8.1, gust effect factor G for rigid buildings may be taken as 0.85 
or can be calculated by Eq. 6-4. For simplicity, use G = 0.85. 

3. Determine velocity pressure qz for windward walls along the height of the 
building and qh for leeward walls, side walls, and roof using Flowchart 5.5. 

a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 90 mph for St. Louis, MO. 

b. Determine wind directionality factor dK  from Table 6-4. 

For the MWFRS of a building structure, .85.0=dK

c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II. From Table 6-1, I = 
1.0.
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d. Determine exposure category. 

In the design data, the surface roughness is given as C. It is assumed that 
Exposures B and D are not applicable, so Exposure C applies (see 6.5.6.3). 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor 0.1=ztK  (6.5.7.2). 

f. Determine velocity pressure exposure coefficients Kz and Kh from 
Table 6-3. 

Values of zK  and hK  for Exposure C are summarized in Table 5.15. 

Table 5.15  Velocity Pressure Exposure Coefficient zK

Height above ground 
level, z (ft) zK

20 0.90 
15 0.85 

g. Determine velocity pressure zq  and hq  by Eq. 6-15. 

psf63.170.19085.00.100256.000256.0 22   KKIVKKKq zzdztzz =×××××==

A summary of the velocity pressures is given in Table 5.16. 

Table 5.16  Velocity Pressure zq

Height above ground 
level, z (ft) zK zq  (psf) 

20 0.90 15.9 
15 0.85 15.0 

4. Determine pressure coefficients pC  for the walls and roof from Figure 6-6. 

For wind in the E-W (transverse) direction: 

 Windward wall: 8.0=pC  for use with zq
 Leeward wall (L/B = 256/148 = 1.73): 35.0−=pC   (from linear 

interpolation) for use with hq
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 Side wall: 7.0−=pC  for use with hq
 Roof (normal to ridge with 10<θ  degrees and h/L = 20/256 = 0.08 < 0.5)11:

18.0,9.0 −−=pC  from windward edge to h = 20 ft for use with hq
18.0,5.0 −−=pC  from 20 ft to 2h = 40 ft for use with hq
18.0,3.0 −−=pC  from 40 ft to 256 ft for use with hq

For wind in the N-S (longitudinal) direction: 

 Windward wall: 8.0=pC  for use with zq
 Leeward wall (L/B = 148/256 = 0.58): 5.0−=pC  for use with hq
 Side wall: 7.0−=pC  for use with hq
 Roof (parallel to ridge with h/L = 20/148 = 0.14 < 0.5): 

18.0,9.0 −−=pC  from windward edge to h = 20 ft for use with hq
18.0,5.0 −−=pC  from 20 ft to 2h = 40 ft for use with hq
18.0,3.0 −−=pC  from 40 ft to 148 ft for use with hq

5. Determine iq  for the walls and roof using Flowchart 5.5. 

In accordance with 6.5.12.2.1, qi = qh = 15.9 psf for windward walls, side walls, 
leeward walls and roofs of enclosed buildings. 

6. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi

7. Determine design wind pressures zp  and hp  by Eq. 6-17. 

Windward walls: 

pressure) internal  (external  psf)9.268.0(
)18.0(9.15)8.085.0(

)(

±=
±−××=

−=

  q
q
GCqGCqp

z

z

pihpzz

Leeward wall, side walls and roof: 

                                                
11 The smaller uplift pressures on the roof due to Cp = –0.18 may govern the design when combined with 

roof live load or snow loads. This pressure is not shown in this example, but in general must be 
considered. 
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pressure) internal  (external  psf)9.25.13(
)18.0(9.15)85.09.15(

)(

±=

±−××=

−=

  C
C
GCqGCqp

p

p

pihphh

A summary of the maximum design wind pressures in the E-W and N-S 
directions is given in Tables 5.17 and 5.18, respectively. 

Table 5.17  Design Wind Pressures p in E-W (Transverse) Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

20  15.9 10.8 2.9±  7.9  13.7 Windward 
wall 15  15.0 10.2 2.9±  7.3  13.1 

Leeward 
wall All  15.9 -4.7 2.9± -7.6 -1.8 

Side walls All  15.9 -9.5 2.9± -12.4 -6.6 
20  15.9 -12.2* 2.9± -15.1 -9.3 
20  15.9 -6.8† 2.9± -9.7 -3.9 Roof
20  15.9 -4.1‡ 2.9± -7.0 -1.2 

* from windward edge to 20 ft
† from 20 ft to 40 ft 
‡ from 40 ft to 256 ft 

Table 5.18  Design Wind Pressures p in N-S (Longitudinal) Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

20  15.9 10.8 2.9±  7.9  13.7 Windward 
wall 15  15.0 10.2 2.9±  7.3  13.1 

Leeward 
wall All  15.9 -6.8 2.9± -9.7 -3.9 

Side walls All  15.9 -9.5 2.9± -12.4 -6.6 
20  15.9 -12.2* 2.9± -15.1 -9.3 
20  15.9 -6.8† 2.9± -9.7 -3.9 Roof
20  15.9 -4.1‡ 2.9± -7.0 -1.2 

* from windward edge to 20 ft
† from 20 ft to 40 ft 
‡ from 40 ft to 148 ft 
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Illustrated in Figures 5.7 and 5.8 are the net design wind pressures in the E-W 
(transverse) and N-S (longitudinal) directions, respectively, for positive and 
negative internal pressure. 

The MWFRS of buildings whose wind loads have been determined by 6.5.12.2.1 
must be designed for the wind load cases defined in Figure 6-9 (6.5.12.3). 

In Case 1, the full design wind pressures act on the projected area perpendicular 
to each principal axis of the structure. These pressures are assumed to act 
separately along each principal axis. The wind pressures on the windward and 
leeward walls depicted in Figures 5.7 and 5.8 fall under Case 1. 

According to the exception in 6.5.12.3, one-story buildings with 30≤h  ft need 
only be designed for Load Case 1 and Load Case 3. 

In Case 3, 75 percent of the wind pressures on the windward and leeward walls of 
Case 1, which are shown in Figures 5.7 and 5.8, act simultaneously on the 
building (see Figure 6-9). This load case, which needs to be considered in 
addition to the load cases in Figures 5.7 and 5.8, accounts for the effects due to 
wind along the diagonal of the building. 

Finally, the minimum design wind loading prescribed in 6.1.4.1 must be 
considered as a load case in addition to those load cases described above (see 
Figure C6-1). 

Part 2: Determine design wind pressures on solid precast wall panel 

The design wind pressures on the precast walls panels are the same as those determined 
in Part 2 of Example 5.2. 

Part 3: Determine design wind pressures on an open-web joist purlin

The design wind pressures on the open-web joist purlins are the same as those determined 
in Part 3 of Example 5.2. 
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20′

15.1 psf 

7.0 psf 

7.9 psf 

7.3 psf 

12.4 psf 

12.4 psf 

7.6 psf 

Note: dashed arrows represent uniformly 
distributed loads over leeward and side surfaces 

MWFRS Direction Being Evaluated 

9.7 psf 

20′
15′

20′

9.3 psf 

1.2 psf 

13.7 psf 

13.1 psf 

6.6 psf 

6.6 psf 

1.8 psf 

Note: dashed arrows represent uniformly 
distributed loads over leeward and side surfaces 

MWFRS Direction Being Evaluated 

3.9 psf 

20′
15′

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.7  Design Wind Pressures on MWFRS in E-W (Transverse) Direction
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15′

20′

7.0 psf 
12.4 psf 

7.9 psf 

12.4 psf 

Note: dashed arrows represent uniformly distributed 
loads over side and leeward surfaces. 

15.1 psf 

MWFRS Direction Being 
Evaluated

9.7 psf 

7.3 psf 

20′

9.7 psf 

15′

20′

1.2 psf 
6.6 psf 

13.7 psf 

6.6 psf 

Note: dashed arrows represent uniformly distributed 
loads over side and leeward surfaces. 

9.3 psf 

MWFRS Direction Being 
Evaluated

3.9 psf 

13.1 psf 

20′

3.9 psf 

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.8  Design Wind Pressures on MWFRS in N-S (Longitudinal) Direction
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5.3.4 Example 5.4 – Warehouse Building using Alternate All-heights Method 

For the one-story warehouse in Example 5.1, determine design wind pressures on (1) the 
main wind-force-resisting system in both directions, (2) a solid precast wall panel and (3) 
an open-web joist purlin using the Alternate All-heights Method of IBC 1609.6. See 
Figure 5.1 for building dimensions. 

DESIGN DATA

Location: St. Louis, MO 
Surface Roughness: C (open terrain with scattered obstructions less than 30 ft in height) 
Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Less than 300 people congregate in one area and the building is not 

used to store hazardous or toxic materials 

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of IBC 1609.6 can be used to determine the design 
wind pressures on this building. 

The provisions of IBC 1609.6 may be used to determine design wind pressures on 
this regularly-shaped building provided the conditions of IBC 1609.6.1 are satisfied: 

1. The height of the building is 20 ft, which is less than 75 ft, and the height-to-least-
width ratio = 20/148 = 0.14 < 4. Also, it was shown in Example 5.1 (Part 1, 
Step 1, item 5) that the fundamental frequency 1n  > 1 Hz in both directions.
O.K.

2. As was discussed in Example 5.1 (Part 1, Step 1, item 6), this building is not 
sensitive to dynamic effects.   O.K.

3. This building is not located on a site where channeling effects or buffeting in the 
wake of upwind obstructions need to be considered. O.K.

4. As was shown in Example 5.1 (Part 1, Step 1, item 1), the building meets the 
requirements of a simple diaphragm building as defined in 6.2. O.K.

5. The fifth condition is not applicable in this example. 

The provisions of the Alternate All-heights Method of IBC 1609.6 can be used to 
determine the design wind pressures on the MWFRS.12

                                                
12 This method can also be used to determine design wind pressures on the C&C (IBC 1609.6). 
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• Step 2: Use Flowchart 5.10 to determine the design wind pressures on the MWFRS. 

1. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 90 mph for St. Louis, MO. 

2. Determine the wind stagnation pressure sq  from IBC Table 1609.6.2(1). 

For V = 90 mph, sq  = 20.7 psf. 

3. Determine importance factor I from Table 6-1 based on occupancy category from 
IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II. From Table 6-1, I = 1.0. 

4. Determine exposure category. 

In the design data, the surface roughness is given as C. It is assumed that 
Exposures B and D are not applicable, so Exposure C applies (see 6.5.6.3). 

5. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor 0.1=ztK  (6.5.7.2). 

6. Determine velocity pressure exposure coefficients zK  from Table 6-3. 

Values of zK  for Exposure C are summarized in Table 5.19. 

Table 5.19  Velocity Pressure Exposure Coefficient zK

Height above ground 
level, z (ft) zK

20 0.90 
15 0.85 

7. Determine net pressure coefficients netC  for the walls and roof from IBC 
Table 1609.6.2(2) assuming the building is enclosed. 

For wind in the E-W (transverse) direction: 

 Windward wall: 43.0=netC  for positive internal pressure 
  73.0=netC  for negative internal pressure 
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 Leeward wall: 51.0−=netC  for positive internal pressure 
  21.0−=netC  for negative internal pressure 
 Side walls: 66.0−=netC  for positive internal pressure 
  35.0−=netC  for negative internal pressure 
 Leeward roof (wind perpendicular to ridge): 
   66.0−=netC  for positive internal pressure 
   35.0−=netC  for negative internal pressure 
 Windward roof (wind perpendicular to ridge with roof slope 12:2< ):

28.0,09.1 −−=netC  for positive internal pressure 
  02.0,79.0Cnet −=  for negative internal pressure 

For wind in the N-S (longitudinal) direction: 

 Windward wall: 43.0=netC  for positive internal pressure 
  73.0=netC  for negative internal pressure 
 Leeward wall: 51.0−=netC  for positive internal pressure 
  21.0−=netC  for negative internal pressure 
 Side walls: 66.0−=netC  for positive internal pressure 
  35.0−=netC  for negative internal pressure 
 Roof (wind parallel to ridge): 
   09.1−=netC  for positive internal pressure 
   79.0−=netC  for negative internal pressure 

8. Determine net design wind pressures netp  by IBC Eq. 16-34. 

netzztnetzsnet CKIKCKqp 7.20==

A summary of the net design wind pressures in the E-W and N-S directions is 
given in Tables 5.20 and 5.21, respectively. Illustrated in Figures 5.9 and 5.10 are 
the net design wind pressures in the E-W (transverse) and N-S (longitudinal) 
directions, respectively, for positive and negative internal pressure.13

The MWFRS of buildings whose wind loads have been determined by 
IBC 1609.6 must be designed for the wind load cases defined in ASCE/SEI 
Figure 6-9 (IBC 1609.6.4.1). In Case 1, the full design wind pressures act on the 
projected area perpendicular to each principal axis of the structure. These 
pressures are assumed to act separately along each principal axis. The wind 

                                                
13 For wind in the E-W direction, only the Condition 1 wind pressures on the roof are illustrated in 

Figures 5.9 and 5.10. Although these pressures are not shown in the figures, they must be considered in 
the overall design. 
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pressures on the windward and leeward walls depicted in Figures 5.9 and 5.10 fall 
under Case 1. 

Table 5.20  Net Design Wind Pressures pnet in E-W (Transverse) Direction

Cnet
Net design pressure pnet

(psf) Location 
Height 
above 

ground
level, z (ft) 

Kz

+ Internal 
pressure 

- Internal 
pressure 

+ Internal 
pressure 

- Internal 
pressure 

20 0.90 0.43  0.73  8.0  13.6 Windward wall 
15 0.85 0.43  0.73  7.6  12.8 

Leeward wall All 0.90 -0.51 -0.21 -9.5 -3.9 
Side walls All 0.90 -0.66 -0.35 -12.3 -6.5 

20 0.90 -1.09 -0.79 -20.3 -14.7 Windward 
20 0.90 -0.28 0.02 -5.2 0.4 Roof 

Leeward 20 0.90 -0.66 -0.35 -12.3 -6.5 

Table 5.21  Net Design Wind Pressures pnet in N-S (Longitudinal) Direction

Cnet
Net design pressure pnet

(psf) Location 
Height 
above 

ground
level, z (ft) 

Kz

+ Internal 
pressure 

- Internal 
pressure 

+ Internal 
pressure 

- Internal 
pressure 

20 0.90 0.43  0.73  8.0  13.6 Windward wall 
15 0.85 0.43  0.73  7.6  12.8 

Leeward wall All 0.90 -0.51 -0.21 -9.5 -3.9 
Side walls All 0.90 -0.66 -0.35 -12.3 -6.5 

Roof 20 0.90 -1.09 -0.79 -20.3 -14.7 

According to IBC 1609.6.4.2, windward wall pressures are based on height z, and 
leeward walls, side walls and roof pressures are based on mean roof height h.

IBC 1609.6.4.1 requires consideration of torsional effects as indicated in Figure 6-
9. According to the exception in 6.5.12.3, one-story buildings with 30≤h  ft need 
only be designed for Load Case 1 and Load Case 3. 

In Case 3, 75 percent of the wind pressures on the windward and leeward walls of 
Case 1, which are shown in Figures 5.9 and 5.10, act simultaneously on the 
building (see ASCE/SEI Figure 6-9). This load case, which needs to be 
considered in addition to the load cases in Figures 5.9 and 5.10, accounts for the 
effects due to wind along the diagonal of the building. 
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20.3 psf 

12.3 psf 

8.0 psf 

7.6 psf 

12.3 psf 

12.3 psf 

9.5 psf 

Note: dashed arrows represent uniformly 
distributed loads over leeward and side surfaces 

MWFRS Direction Being Evaluated 

15′

14.7 psf 

6.5 psf 

13.6 psf 

12.8 psf 

6.5 psf 

6.5 psf 

3.9 psf 

Note: dashed arrows represent uniformly 
distributed loads over leeward and side surfaces 

MWFRS Direction Being Evaluated 

15′

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.9  Design Wind Pressures on MWFRS in E-W (Transverse) Direction
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15′

12.3 psf 

8.0 psf 

12.3 psf 

Note: dashed arrows represent uniformly distributed 
loads over side and leeward surfaces. 

20.3 psf 

MWFRS Direction Being 
Evaluated

9.5 psf 

7.6 psf 

15′

6.5 psf 

13.6 psf 

6.5 psf 

Note: dashed arrows represent uniformly distributed 
loads over side and leeward surfaces. 

MWFRS Direction Being 
Evaluated

3.9 psf 

12.8 psf 

14.7 psf 

(a) Positive Internal Pressure

(b) Negative Internal Pressure

Figure 5.10  Design Wind Pressures on MWFRS in N-S (Longitudinal) Direction
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Finally, the minimum design wind loading prescribed in IBC 1609.6.3 must be 
considered as a load case in addition to those load cases described above. The minimum 
10 psf wind pressure acts on the area of the building projected on a plane normal to the 
direction of wind (see ASCE/SEI 6.1.4 and ASCE/SEI Figure C6-1). 

Part 2: Determine design wind pressures on solid precast wall panel 

• Step 1: Check if the provisions of IBC 1609.6 can be used to determine the design 
wind pressures on the C&C. 

It was shown in Part 1 of this example that the provisions of IBC 1609.6 can be used 
to determine the design wind pressures on the C&C. 

• Step 2: Use Flowchart 5.10 to determine the design wind pressures on the C&C. 

1. through 6. These items are the same as those shown in Part 1 of this example. 

7. Determine net pressure coefficients netC  for Zones 4 and 5 in ASCE/SEI 
Figure 6-11A from IBC Table 1609.6.2(2). 

The effective wind area is defined as the span length multiplied by an effective 
width that need not be less than one-third the span length: 20 × (20/3) = 
133.3 sq ft.14

The net pressure coefficients from IBC Table 1609.6.2(2) for C&C (walls) not in 
areas of discontinuity (item 4, 60≤h  ft, Zone 4) and in areas of discontinuity 
(item 5, 60≤h  ft, Zone 5) are summarized in Table 5.22.15

Table 5.22  Net Pressure Coefficients netC  for Precast Walls

netC
Zone

Positive Negative
4 0.94 -1.03 
5 0.94 -1.21 

The width of the end zone a = least of 0.1 (least horizontal dimension) = 0.1 ×
148 = 14.8 ft or 0.4h = 0.4 × 20 = 8 ft (governs), which is greater than 0.04 (least 
horizontal dimension) = 0.04 × 148 = 5.9 ft or 3 ft (see Note 6 in Figure 6-11A). 

                                                
14 The smallest span length corresponding to the east and west walls is used, since this results in larger 

pressures. 
15 Linear interpolation was used to determine the values of netC in Table 5.22 [see note a in IBC 

Table 1609.6.2(2)]. 
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8. Determine net design wind pressures netp  by IBC Eq. 16-34. 

( ) netnetztnetzsnet CCIKCKqp 6.1890.07.20 =×==

where 90.0== hz KK  from Table 5.19. 

A summary of the design wind pressures on the precast walls is given in 
Table 5.23. These pressures act perpendicular to the face of the precast walls. 

Table 5.23  Design Wind Pressures on Precast Walls

Zone netC Design Pressure, 
pnet (psf) 

 0.94  17.5 
4

 -1.03  -19.2 
 0.94  17.5 

5
 -1.21  -22.5 

In Zones 4 and 5, the computed positive and negative pressures are greater than 
the minimum values prescribed in IBC 1609.6.3 of +10 psf and −10 psf, 
respectively. 

Part 3: Determine design wind pressures on an open-web joist purlin

• Step 1: Check if the provisions of IBC 1609.6 can be used to determine the design 
wind pressures on the C&C. 

It was shown in Part 1 of this example that the provisions of IBC 1609.6 can be used 
to determine the design wind pressures on the C&C. 

• Step 2: Use Flowchart 5.10 to determine the design wind pressures on the C&C. 

1. through 6. These items are the same as those shown in Part 1 of this example. 

7. Determine net pressure coefficients netC  for Zones 1, 2 and 3 in ASCE/SEI 
Figure 6-11C from IBC Table 1609.6.2(2). 

Effective wind area = larger of 37 × 8 = 296 sq ft or 37 × (37/3) = 456.3 sq ft 
(governs).

The net pressure coefficients from IBC Table 1609.6.2(2) for C&C (roofs) not in 
areas of discontinuity (item 2, gable roof with flat < slope < 6:12, Zone 1) and in 
areas of discontinuity (item 3, gable roof with flat < slope < 6:12, Zones 2 and 3) 
are summarized in Table 5.24. 
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Table 5.24  Net Pressure Coefficients netC  for Open-web Joist Purlins

netC
Zone

Positive Negative
1 0.41 -0.92 
2 0.41 -1.17 
3 0.41 -1.85 

8. Determine net design wind pressures netp  by IBC Eq. 16-34. 

( ) netnetztnetzsnet CCIKCKqp 6.1890.07.20 =×==

where 90.0== hz KK  from Table 5.19. 

A summary of the design wind pressures on the open-web joist purlins is given in 
Table 5.25. 

Table 5.25  Design Wind Pressures on Open-web Joist Purlins

Zone netC Design Pressure, 
pnet (psf) 

 0.41  7.6 
1

 -0.92  -17.1 
 0.41  7.6 

2
 -1.17  -21.8 
 0.41  7.6 

3
 -1.85  -34.4 

The pressures in Table 5.25 are applied normal to the open-web joist purlins and 
act over the tributary area of each purlin, which is equal to =×837  296 sq ft. If 
the tributary area were greater than 700 sq ft, the purlins could have been 
designed using the provisions for MWFRSs (6.5.12.1.3). 

The positive pressures on Zones 1, 2 and 3 must be increased to the minimum 
value of 10 psf in accordance with IBC 1609.6.3. 
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109′-0″

72
′-0

″

Wood trusses @ 2′-0″ (typ.) 

N

Wall construction: 2 × 6 @ 16″ (typ.) 
 1/2″ plywood sheathing 
 (4′ × 8′ sheets) 

24′-6″

56
′-6

″

3/4″ plywood sheathing 
(4′ × 8′ sheets) 

2′-9″ overhang (typ.) 

Roof Plan

32
′-0

″
12

′-0
″

South Elevation

32
′-0

″
12

′-0
″

East Elevation West Elevation 

θ = 44.4°

θ = 23°

Roof ridge elevation: 44′-0″
Eave elevation: 32′-0″
Third floor elevation: 22′-0″
Second floor elevation: 12′-0″
Ground floor elevation:  0′-0″

5.3.5 Example 5.5 – Residential Building using Method 2, Analytical Procedure 

For the three-story residential building illustrated in Figure 5.11, determine design wind 
pressures on (1) the main wind-force-resisting system in both directions, (2) a typical 
wall stud in the third story, (3) a typical roof truss and (4) a typical roof sheathing panel 
using Method 2, Analytical Procedure. Note that door and window openings are not 
shown in the figure. 

Figure 5.11  Roof Plan and Elevations of Three-story Residential Building
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DESIGN DATA

Location: Sacramento, CA 

Surface Roughness: B (suburban area with numerous closely spaced obstructions having 
the size of single-family dwellings and larger) 

Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Residential building where less than 300 people congregate in one 

area

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 

The provisions of 6.5 may be used to determine design wind pressures provided the 
conditions of 6.5.1 and 6.5.2 are satisfied. It is clear that these conditions are satisfied 
for this residential building that does not have response characteristics that make it 
subject to across-wind loading or other similar effects, and that is not sited at a 
location where channeling effects or buffeting in the wake of upwind obstructions 
need to be considered. 

The provisions of Method 2, Analytical Procedure, can be used to determine the 
design wind pressures on the MWFRS.16

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. It is assumed in this example that the building is enclosed. 

2. Determine whether the building is rigid or flexible and the corresponding gust 
effect factor from Flowchart 5.6. 

Assume that the fundamental frequency of the building n1 has been determined to 
be greater than 1 Hz. Thus, the building is rigid. 

According to 6.5.8.1, gust effect factor G for rigid buildings may be taken as 0.85 
or can be calculated by Eq. 6-4. For simplicity, use G = 0.85. 

3. Determine velocity pressure qz for windward walls along the height of the 
building and qh for leeward walls, side walls and roof using Flowchart 5.5. 

                                                
16 Even though the building is less than 60 ft in height, it is not recommended to use the low-rise provisions 

of 6.5.12.2, since L-, T-, and U-shaped buildings are considered to be outside of the scope of that 
method. 
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a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 85 mph for Sacramento, CA. 

b. Determine wind directionality factor dK  from Table 6-4. 

For the MWFRS of a building structure, .85.0=dK

c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II for a residential 
building. From Table 6-1, I = 1.0. 

d. Determine exposure category. 

In the design data, the surface roughness is given as B. Assume that 
Exposure B is applicable in all directions (6.5.6.3). 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor Kzt = 1.0 (6.5.7.2). 

f. Determine velocity pressure exposure coefficients Kz and Kh from 
Table 6-3. 

According to Note 1 in Table 6-3, values of Kz and Kh under Case 2 for 
Exposure B must be used for MWFRSs in buildings that are not designed 
using Figure 6-10 for low-rise buildings. Values of Kz and Kh are summarized 
in Table 5.26. 

Mean roof height = 
2

3244 +  = 38 ft 

Table 5.26  Velocity Pressure Exposure Coefficient zK

Height above ground 
level, z (ft) zK

38 0.75 
30 0.70 
25 0.66 
20 0.62 
15 0.57 
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g. Determine velocity pressure zq  and hq  by Eq. 6-15. 

psf72.150.18585.00.100256.000256.0 22   KKIVKKKq zzdztzz =×××××==

A summary of the velocity pressures is given in Table 5.27. 

Table 5.27  Velocity Pressure zq

Height above ground 
level, z (ft) zK zq  (psf) 

38 0.75  11.8
30 0.70  11.0
25 0.66  10.4
20 0.62  9.8
15 0.57  9.0

4. Determine pressure coefficients pC  for the walls and roof from Figure 6-6. 

Since the building is not symmetric, all four wind directions normal to the walls 
must be considered. 

Figure 5.12 provides identification marks for each surface of the building. 

Tables 5.28 through 5.31 contain the external pressure coefficients for wind in all 
four directions. 

Figure 5.12 Identification Marks for Building Surfaces
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Table 5.28  External Pressure Coefficients pC  for Wind from West to East

Surface(s) Type pC Use
with 

1 Windward wall 0.80 zq

1 Overhang 0.80* hq

2, 4, 6 Side wall -0.70 hq

3, 5 Leeward wall -0.32** hq

7 Windward roof 0.40†
hq

8, 9 Leeward roof -0.60†
hq

Edge to 38′ -0.90, -0.18 
38′ to 76′ -0.50, -0.18 10, 11 

Roof
parallel 

to
ridge‡ 76′ to end -0.30, -0.18 

hq

* See 6.5.11.4.1 
** Obtained by linear interpolation using L/B = 133.5/72 = 1.9 
† Normal to ridge with θ  = 44.4 degrees and h/L = 38/133.5 = 0.3 
‡ The smaller uplift pressures on the roof due to Cp = -0.18 may govern the design when combined 

with roof live load or snow loads. This pressure is not shown in this example, but in general must be 
considered.

Table 5.29  External Pressure Coefficients pC  for Wind from East to West

Surface(s) Type pC Use
with 

1 Leeward wall -0.32* hq

2, 4, 6 Side wall -0.70 hq

3, 5 Windward wall 0.80 zq

3, 5 Overhang 0.80** hq

7 Leeward roof -0.60†
hq

8, 9 Windward roof 0.40†
hq

Edge to 38′ -0.90, -0.18 
38′ to 76′ -0.50, -0.18 10, 11 

Roof
parallel 

to
ridge‡ 76′ to end -0.30, -0.18 

hq

* Obtained by linear interpolation using L/B = 133.5/72 = 1.9 
** See 6.5.11.4.1 
† Normal to ridge with θ  = 44.4 degrees and h/L = 38/133.5 = 0.3 
‡ The smaller uplift pressures on the roof due to Cp = -0.18 may govern the design when combined 

with roof live load or snow loads. This pressure is not shown in this example, but in general must be 
considered.
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Table 5.30  External Pressure Coefficients pC  for Wind from North to South

Surface(s) Type pC Use
with 

1, 3, 5 Side wall -0.70 hq

2 Windward wall 0.80 zq

2 Overhang 0.80* hq

4, 6 Leeward wall -0.50** hq

Edge to 38′ -0.90, -0.18 
38′ to 76′ -0.50, -0.18 7, 8 

Roof
parallel 

to
ridge† 76′ to end -0.30, -0.18 

hq

9, 11 Leeward roof -0.60‡
hq

10 Windward roof 0.11, -0.35‡
hq

* See 6.5.11.4.1 
**L/B = 72/133.5 = 0.54 
† For surface 8, Cp = -0.90 for the entire length. The smaller uplift pressures on the roof due to  
 Cp = -0.18 may govern the design when combined with roof live load or snow loads. This pressure is 

not shown in this example, but in general must be considered. 
‡ Normal to ridge with θ  = 23 degrees and h/L = 38/72 = 0.53. On windward roof, values were 

obtained by linear interpolation. 

Table 5.31  External Pressure Coefficients pC  for Wind from South to North

Surface(s) Type pC Use
with 

1, 3, 5 Side wall -0.70 hq

2 Leeward wall -0.50* hq

4, 6 Windward wall 0.80 zq

4, 6 Overhang 0.80** hq

Edge to 38′ -0.90, -0.18 
38′ to 76′ -0.50, -0.18 7, 9 

Roof
parallel 

to
ridge† 76′ to end -0.30, -0.18 

hq

8, 10 Leeward roof -0.60‡
hq

11 Windward roof 0.11, -0.35‡
hq

*L/B = 72/133.5 = 0.54 
** See 6.5.11.4.1 
† For surface 9, Cp = -0.90 for the entire length. The smaller uplift pressures on the roof due to 
Cp = -0.18 may govern the design when combined with roof live load or snow loads. This pressure is 
not shown in this example, but in general must be considered. 

‡ Normal to ridge with θ  = 23 degrees and h/L = 38/72 = 0.53. Values were obtained by linear 
interpolation.
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5. Determine iq  for the walls and roof using Flowchart 5.5. 

In accordance with 6.5.12.2.1, 8.11== hi qq  psf for windward walls, side walls, 
leeward walls and roofs of enclosed buildings. 

6. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi

7. Determine design wind pressures zp  and hp  by Eq. 6-17. 

Windward walls: 

pressure) internal  (external  psf)1.268.0(
)18.0(8.11)8.085.0(

)(

±=
±−××=

−=

  q
q
GCqGCqp

z

z

pihpzz

Leeward wall, side walls and roof: 

pressure) internal  (external  psf)1.20.10(
)18.0(8.11)85.08.11(

)(

±=

±−××=

−=

  C
C
GCqGCqp

p

p

pihphh

Overhangs:

psf0.88.085.08.11
GCqp phh

=××=

=

A summary of the maximum design wind pressures in all four wind directions is 
given in Tables 5.32 through 5.35. 

The MWFRS of buildings whose wind loads have been determined by 6.5.12.2.1 
must be designed for the wind load cases defined in Figure 6-9 (6.5.12.3). Since 
the building in this example is not symmetrical, all four wind directions must be 
considered when combining wind loads according to Figure 6-9. 

In Case 1, the full design wind pressures act on the projected area perpendicular 
to each principal axis of the structure. These pressures are assumed to act 
separately along each principal axis. The wind pressures on the windward and 
leeward walls given in Tables 5.32 through 5.35 fall under Case 1. 
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Table 5.32  Design Wind Pressures p for Wind from West to East

Net pressure p (psf) 
Surface(s) 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

38  11.8 8.0 2.1±  5.9  10.1 
30  11.0 7.5 2.1±  5.4  9.6 
25  10.4 7.1 2.1±  5.0  9.2 
20  9.8 6.7 2.1±  4.6  8.8 

1

15  9.0 6.1 2.1±  4.0  8.2 
2, 4, 6 All  11.8 -7.0 2.1± -9.1 -4.9 
3, 5 All  11.8 -3.2 2.1± -5.3 -1.1 
7 38  11.8 4.0 2.1± 1.9 6.1 

8, 9 38  11.8 -6.0 2.1± -8.1 -3.9 
38  11.8 -9.0* 2.1± -11.1 -6.9 
38  11.8 -5.0† 2.1± -7.1 -2.9 10, 11 
38  11.8 -3.0‡ 2.1± -5.1 -0.9 

* from windward edge to 38 ft
† from 38 ft to 76 ft 
‡ from 76 ft to end 

Table 5.33  Design Wind Pressures p for Wind from East to West

Net pressure p (psf) 
Surface(s) 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

1 All  11.8 -3.2 2.1±  -5.3  -1.1 
2, 4, 6 All  11.8 -7.0 2.1± -9.1 -4.9 

38  11.8 8.0 2.1±  5.9  10.1 
30  11.0 7.5 2.1±  5.4  9.6 
25  10.4 7.1 2.1±  5.0  9.2 
20  9.8 6.7 2.1±  4.6  8.8 

3, 5 

15  9.0 6.1 2.1±  4.0  8.2 
7 38  11.8 -6.0 2.1± -8.1 -3.9 

8, 9 38  11.8 4.0 2.1± 1.9 6.1 
38  11.8 -9.0* 2.1± -11.1 -6.9 
38  11.8 -5.0† 2.1± -7.1 -2.9 10, 11 
38  11.8 -3.0‡ 2.1± -5.1 -0.9 

* from windward edge to 38 ft
† from 38 ft to 76 ft 
‡ from 76 ft to end 
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Table 5.34  Design Wind Pressures p for Wind from North to South

Net pressure p (psf) 
Surface(s) 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

1, 3, 5 All  11.8 -7.0 2.1± -9.1 -4.9 
38  11.8 8.0 2.1±  5.9  10.1 
30  11.0 7.5 2.1±  5.4  9.6 
25  10.4 7.1 2.1±  5.0  9.2 
20  9.8 6.7 2.1±  4.6  8.8 

2

15  9.0 6.1 2.1±  4.0  8.2 
4, 6 All  11.8 -5.0 2.1± -7.1 -2.9 

38  11.8 -9.0* 2.1± -11.1 -6.9 
38  11.8 -5.0† 2.1± -7.1 -2.9 7, 8 
38  11.8 -3.0‡ 2.1± -5.1 -0.9 

9, 11 38  11.8 -6.0 2.1± -8.1 -3.9 
1.1 2.1± -1.0 3.2 10 38  11.8 

-3.5 2.1± -5.6 -1.4 
* from windward edge to 38 ft
† from 38 ft to 76 ft 
‡ from 76 ft to end 

Table 5.35  Design Wind Pressures p for Wind from South to North

Net pressure p (psf) 
Surface(s) 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

1, 3, 5 All  11.8 -7.0 2.1± -9.1 -4.9 
2 All  11.8 -5.0 2.1± -7.1 -2.9 

38  11.8 8.0 2.1±  5.9  10.1 
30  11.0 7.5 2.1±  5.4  9.6 
25  10.4 7.1 2.1±  5.0  9.2 
20  9.8 6.7 2.1±  4.6  8.8 

4, 6 

15  9.0 6.1 2.1±  4.0  8.2 
38  11.8 -9.0* 2.1± -11.1 -6.9 
38  11.8 -5.0† 2.1± -7.1 -2.9 7, 9 
38  11.8 -3.0‡ 2.1± -5.1 -0.9 

8, 10 38  11.8 -6.0 2.1± -8.1 -3.9 
1.1 2.1± -1.0 3.2 11 38  11.8 

-3.5 2.1± -5.6 -1.4 
* from windward edge to 38 ft
† from 38 ft to 76 ft 
‡ from 76 ft to end 
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In Case 2, 75 percent of the design wind pressures on the windward and leeward 
walls are applied on the projected area perpendicular to each principal axis of the 
building along with a torsional moment. The wind pressures and torsional 
moment are applied separately for each principal axis. 

The wind pressures and torsional moment at the mean roof height for Case 2 are 
as follows:17

 For west-to-east wind: 6.71.1075.075.0 =×=WXP  psf  (surface 1) 
8.01.175.075.0 =×=LXP  psf  (surfaces 3 and 5) 

lb/ft-ft532,6
)7215.0(72)1.11.10(75.0

)(75.0 eBPPM XXLXWXT

±=
×±××+=

+=

 For north-to-south wind: 6.71.1075.075.0 =×=WYP  psf  (surface 2) 
   2.29.275.075.0 =×=LYP  psf  (surfaces 4 and 6) 

   
lb/ft-ft065,26

)5.13315.0(5.133)9.21.10(75.0
)(75.0 eBPPM YYLYWYT

±=
×±××+=

+=

Similar calculations can be made for east-to-west wind and for south-to-north 
wind. All four of these load combinations must be considered for Case 2, since 
the building is not symmetrical. Similar calculations can also be made at other 
elevations below the roof. 

In Case 3, 75 percent of the wind pressures of Case 1 are applied to the building 
simultaneously. This accounts for wind along the diagonal of the building. Like in 
Case 2, four load combinations must be considered for Case 3. 

In Case 4, 75 percent of the wind pressures and torsional moments defined in 
Case 2 act simultaneously on the building. As with all of the other cases, four load 
combinations must be considered for this load case as well. 

Finally, the minimum design wind loading prescribed in 6.1.4.1 must be 
considered as a load case in addition to those load cases described above. 

Part 2: Determine design wind pressures on wall stud 

Use Flowchart 5.8 to determine the design wind pressures on the walls studs in the third 
story, which are C&C. 

                                                
17 Since the internal pressures cancel out in the horizontal direction, it makes no difference whether the net 

pressures based on positive or negative internal pressure are used in the load cases for the design of the 
MWFRS. In this example, the net pressures based on negative internal pressure are used. 
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1. It is assumed that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

Velocity pressure was determined in Part 1, Step 2, item 3 of this example and is 
equal to 11.8 psf.18

3. Determine external pressure coefficients )( pGC  from Figure 6-11A for Zones 4 
and 5. 

Pressure coefficients for Zones 4 and 5 can be determined from Figure 6-11A 
based on the effective wind area. 

The effective wind area is the larger of the tributary area of a wall stud and the 
span length multiplied by an effective width that need not be less than one-third 
the span length. 

Effective wind area = larger of 10 × (16/12) = 13.3 sq ft or 10 × (10/3) = 
33.3 sq ft (governs). 

The pressure coefficients from the figure are summarized in Table 5.36. 

Table 5.36  External Pressure Coefficients )(GCp  for Wall Studs

)( pGC
Zone

Positive Negative
4 0.9 -1.0 
5 0.9 -1.2 

The width of the end zone a = least of 0.1 (least horizontal dimension) = 0.1 × 72 
= 7.2 ft (governs) or 0.4h = 0.4 × 38 = 15.2 ft. This value of a is greater than 0.04 
(least horizontal dimension) = 0.04 × 72 = 2.9 ft or 3 ft (see Note 6 in Figure 6-
11A).

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GCpi

                                                
18 In accordance with Note 1 of Table 6-3, values of Kh under Case 1 are to be used for C&C. At a mean 

roof height of 38 ft, Kh under Cases 1 and 2 are the same. Thus, qh used in the design of the MWFRS can 
be used in the design of the C&C in this example. 
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5. Determine design wind pressure p by Eq. 6-22 in Zones 4 and 5. 

)]18.0()[(8.11)]()[( ±−=−= ppiph GCGCGCqp

Calculation of design wind pressures is illustrated for Zone 4: 

 For positive )( pGC : p = 11.8[0.9 – (–0.18)] = 12.7 psf 

 For negative )( pGC : p = 11.8[–1.0 – (+0.18)] = –13.9 psf 

The maximum design wind pressures for positive and negative internal pressures 
are summarized in Table 5.37. 

Table 5.37  Design Wind Pressures p on Wall Studs

Zone )( pGC Design Pressure, 
p (psf) 

 0.9  12.7 
4

 -1.0  -13.9 
 0.9  12.7 

5
 -1.2  -16.3 

The pressures in Table 5.37 are applied normal to the wall studs and act over the 
tributary area of each stud. 

In Zones 4 and 5, the computed positive and negative pressures are greater than 
the minimum values prescribed in 6.1.4.2 of +10 psf and -10 psf, respectively. 

Part 3: Determine design wind pressures on roof trusses

Use Flowchart 5.8 to determine the design wind pressures on the roof trusses spanning in 
the N-S and E-W directions, which are C&C. 

1. It is assumed in that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

Velocity pressure was determined in Part 1, Step 2, item 3 of this example and is 
equal to 11.8 psf.19

                                                
19 In accordance with Note 1 of Table 6-3, values of Kh under Case 1 are to be used for C&C. At a mean 

roof height of 38 ft, Kh under Cases 1 and 2 are the same. Thus, qh used in the design of the MWFRS can 
be used in the design of the C&C in this example. 
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3. Determine external pressure coefficients (GCp) from appropriate figures for roof 
trusses spanning in the N-S and E-W directions. 

a. Trusses spanning in the N-S direction 

Pressure coefficients for Zones 1, 2 and 3 can be determined from Figure 6-
11C ( 7 < 23=θ < 27 ) based on the effective wind area assuming a 4 ft by 
2 ft panel size. Included are the pressure coefficients for the overhanging 
portions of the trusses. 

Effective wind area = larger of 56.5 × 2 = 113 sq ft or 56.5 × (56.5/3) = 
1,064.1 sq ft (governs). 

The pressure coefficients from Figure 6-11C are summarized in Table 5.38. 
According to Note 5 in the table, values of (GCp) for roof overhangs include 
pressure contributions from both the upper and lower surfaces of the 
overhang.

Table 5.38  External Pressure Coefficients )(GCp  for Roof Trusses Spanning in the N-S 
Direction

)( pGC
Zone

Positive Negative
1 0.3 -0.8 
2 0.3 -1.2 
2

(overhang) --- -2.2 

3 0.3 -2.0 
3

(overhang) --- -2.5 

b. Trusses spanning in the E-W direction 

Pressure coefficients for Zones 1, 2 and 3 can be determined from Figure 6-
11D ( 27 < 4.44=θ < 45 ) based on the effective wind area. Included are the 
pressure coefficients for the overhanging portions of the trusses. 

Effective wind area = larger of 24.5 × 2 = 49 sq ft or 24.5 × (24.5/3) = 
200 sq ft (governs). 

The pressure coefficients from Figure 6-11D are summarized in Table 5.39. 
According to Note 5 in the table, values of (GCp) for roof overhangs include 
pressure contributions from both the upper and lower surfaces of the 
overhang.
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Table 5.39  External Pressure Coefficients )(GCp  for Roof Trusses Spanning in the 
E-W Direction

)( pGC
Zone

Positive Negative
1 0.8 -0.8 
2 0.8 -1.0 
2

(overhang) --- -1.8 

3 0.8 -1.0 
3

(overhang) --- -1.8 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GCpi

5. Determine design wind pressure p by Eq. 6-22 in Zones 1, 2 and 3. 

)]18.0()[(8.11)]()[( ±−=−= ppiph GCGCGCqp

a. Trusses spanning in the N-S direction 

The maximum design wind pressures for positive and negative internal 
pressures are summarized in Table 5.40. 

b. Trusses spanning in the E-W direction 

The maximum design wind pressures for positive and negative internal 
pressures are summarized in Table 5.41. 

The pressures in Tables 5.40 and 5.41 are applied normal to the roof trusses 
and act over the tributary area of each truss. If the tributary areas were greater 
than 700 sq ft, the trusses could have been designed using the provisions for 
MWFRSs (6.5.12.1.3). 

The positive pressures in Zones 1, 2 and 3 for roof trusses spanning in the N-S 
direction must be increased to the minimum value of 10 psf in accordance 
with 6.1.4.2. 
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Table 5.40  Design Wind Pressures p on Roof Trusses Spanning in the N-S Direction

Zone )( pGC Design Pressure, 
p (psf) 

 0.3 5.7 
1

 -0.8 -11.6 
 0.3 5.7 

2
 -1.2 -16.3 

2
(overhang)  -2.2 -26.0* 

 0.3 5.7 
3

 -2.0 -25.7 
3

(overhang)  -2.5 -29.5* 

* Net overhang pressure = )(GCq ph

Table 5.41  Design Wind Pressures p on Roof Trusses Spanning in the E-W Direction

Zone )( pGC Design Pressure, 
p (psf) 

 0.8 11.6 
1

 -0.8 -11.6 
 0.8 11.6 

2 & 3 
 -1.0 -13.9 

2 & 3 
(overhang)  -1.8 -21.2* 

* Net overhang pressure = )(GCq ph

Figure 5.13 contains the loading diagrams for typical trusses located within 
various zones of the roof. 

Part 4: Determine design wind pressures on roof sheathing panel

Use Flowchart 5.8 to determine the design wind pressures on the roof sheathing panels, 
which are C&C. 

1. It is assumed in that the building is enclosed. 

2. Determine velocity pressure hq  using Flowchart 5.5. 
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Velocity pressure was determined in Part 1, Step 2, item 3 of this example and is 
equal to 11.8 psf.20

Figure 5.13  Roof Truss Loading Diagrams

                                                
20 In accordance with Note 1 of Table 6-3, values of Kh under Case 1 are to be used for C&C. At a mean 

roof height of 38 ft, Kh under Cases 1 and 2 are the same. Thus, qh used in the design of the MWFRS can 
be used in the design of the C&C in this example. 
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3. Determine external pressure coefficients (GCp) from appropriate figures for roof 
panels on the east and west wings. 

a. Roof panels on the east wing 

Pressure coefficients for Zones 1, 2, and 3 can be determined from Figure 6-
11C ( 7 < 23=θ < 27 ) based on the effective wind area assuming a 4 ft by 
2 ft panel size. Included are the pressure coefficients for the overhanging 
portions of panels. 

Effective wind area = larger of 2 × 4 = 8 sq ft (governs) or 2 × (2/3) = 
1.33 sq ft. 

The pressure coefficients from Figure 6-11C are summarized in Table 5.42. 
According to Note 5 in the table, values of (GCp) for roof overhangs include 
pressure contributions from both the upper and lower surfaces of the 
overhang.

Table 5.42  External Pressure Coefficients )(GCp  for Roof Panels on the East Wing

)( pGC
Zone

Positive Negative
1 0.5 -0.9 
2 0.5 -1.7 
2

(overhang) --- -2.2 

3 0.5 -2.6 
3

(overhang) --- -3.7 

b. Roof panels on the west wing 

Pressure coefficients for Zones 1, 2, and 3 can be determined from Figure 6-
11D ( 27 < 4.44=θ < 45 ) based on the effective wind area. Included are the 
pressure coefficients for the overhanging portions of the trusses. 

Effective wind area = larger of 2 × 4 = 8 sq ft (governs) or 2 × (2/3) = 
1.33 sq ft. 

The pressure coefficients from Figure 6-11D are summarized in Table 5.43. 
According to Note 5 in the table, values of (GCp) for roof overhangs include 
pressure contributions from both the upper and lower surfaces of the 
overhang.
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Table 5.43  External Pressure Coefficients )(GCp  for Roof Panels on the West Wing

)( pGC
Zone

Positive Negative
1 0.9 -1.0 
2 0.9 -1.2 
2

(overhang) --- -2.0 

3 0.9 -1.2 
3

(overhang) --- -2.0 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GCpi

5. Determine design wind pressure p by Eq. 6-22 in Zones 1, 2 and 3. 

)]18.0()[(8.11)]()[( ±−=−= ppiph GCGCGCqp

a. Roof panels on the east wing 

The maximum design wind pressures for positive and negative internal 
pressures are summarized in Table 5.44. 

Table 5.44  Design Wind Pressures p on Roof Panels on the East Wing

Zone )( pGC Design Pressure, 
p (psf) 

 0.5 8.0 
1

 -0.9 -12.7 
 0.5 8.0 

2
 -1.7 -22.2 

2
(overhang)  -2.2 -26.0* 

 0.5 8.0 
3

 -2.6 -32.8 
3

(overhang)  -3.7 -43.7* 

* Net overhang pressure = )(GCq ph
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b. Roof panels on the west wing 

The maximum design wind pressures for positive and negative internal 
pressures are summarized in Table 5.45. 

Table 5.45  Design Wind Pressures p on Roof Panels on the West Wing

Zone )( pGC Design Pressure, 
p (psf) 

 0.9 12.7 
1

 -1.0 -13.9 
 0.9 12.7 

2 & 3 
 -1.2 -16.3 

2 & 3 
(overhang)  -2.0 -23.6* 

* Net overhang pressure = )(GCq ph

The pressures in Tables 5.44 and 5.45 are applied normal to the roof panels 
and act over the tributary area of each panel. 

The positive pressures in Zones 1, 2 and 3 for roof panels on the east wing 
must be increased to the minimum value of 10 psf in accordance with 6.1.4.2. 

5.3.6 Example 5.6 – Six-Story Hotel using Method 2, Analytical Procedure 

For the six-story hotel illustrated in Figure 5.14, determine (1) design wind pressures on 
the main wind-force-resisting system in both directions and (2) design wind forces on the 
rooftop equipment using Method 2, Analytical Procedure. Note that door and window 
openings are not shown in the figure. 

DESIGN DATA

Location: Miami, FL 
Surface Roughness: C (adjacent to water in hurricane prone region) 
Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Residential building where less than 300 people congregate in one 

area

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 
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″
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′-6
″

The provisions of 6.5 may be used to determine design wind pressures provided the 
conditions of 6.5.1 and 6.5.2 are satisfied. It is clear that these conditions are satisfied 
for this residential building that does not have response characteristics that make it 
subject to across-wind loading or other similar effects, and that is not sited at a 
location where channeling effects or buffeting in the wake of upwind obstructions 
need to be considered. 

The provisions of Method 2, Analytical Procedure, can be used to determine the 
design wind pressures on the MWFRS.21

Figure 5.14  Plan and Elevation of Six-story Hotel

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. From Figure 6-1 or Figure 1609, the basic wind speed V is equal to 145 mph. 
Thus, the building is located within a wind-borne debris region, since the basic 
wind speed is greater than 120 mph.22

                                                
21 The mean roof height is greater than 60 ft, so the low-rise provisions of 6.5.12.2 cannot be used. 
22 In this example, the building is located within one mile of the coastal mean high water line where V > 

110 mph. This satisfies another condition of a wind-borne debris region. 
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According to 6.5.9.3, glazing in buildings located in wind-borne debris regions 
must be protected with an approved impact-resistant covering or it must be 
impact-resistant glazing.23 It is assumed that impact-resistant glazing is used over 
the entire height of the building, so the building is classified as enclosed. 

2. Determine the design wind pressure effects of the parapet on the MWFRS. 

a. Determine the velocity pressure qp at the top of the parapet from 
Flowchart 5.5. 

i. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

As was determined in item 1, V = 145 mph for Miami, FL. 

ii. Determine wind directionality factor Kd from Table 6-4. 

For building structures, Kd = 0.85 

iii. Determine importance factor I from Table 6-1 based on occupancy 
category from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II for a residential 
building. From Table 6-1, I = 1.0 for buildings in hurricane prone regions 
with V > 100 mph. 

iv. Determine exposure category. 

In the design data, the surface roughness is given as C. Assume that 
Exposure C is applicable in all directions (6.5.6.3). 

v. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor Kzt = 1.0 (6.5.7.2). 

vi. Determine velocity pressure exposure coefficient Kh from 
Table 6-3. 

For Exposure C at a height of 68 ft at the top of the parapet, Kh = 1.16 by 
linear interpolation. 

                                                
23 Impact-resistant glazing must conform to ASTM E 1886 and ASTM E 1996 or other approved test 

methods and performance criteria. Glazing in Occupancy Category II, III, or IV buildings located over 
60 ft above the ground and over 30 ft above aggregate surface roofs located within 1,500 ft of the 
building shall be permitted to be unprotected (6.5.9.3). 
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vii. Determine velocity pressure qp evaluated at the top of the parapet by 
Eq. 6-15. 

psf1.530.114585.00.116.100256.0

00256.0
2

2IVKKKq dzthp

=×××××=

=

b. Determine combined net pressure coefficient pnGC  for the parapets. 

In accordance with 6.5.12.2.4, GCpn = 1.5 for windward parapet and 
GCpn = –1.0 for leeward parapet. 

c. Determine combined net design pressure pp  on the parapet by Eq. 6-20. 

parapet leewardon  psf1.53)0.1(1.53
parapet don windwar psf7.795.11.53

GCqp pnpp

−=−×=
=×=

=

The forces on the windward and leeward parapets can be obtained by 
multiplying the pressures by the height of the parapet: 

Windward parapet: 7.3585.47.79 =×=F  plf 
Leeward parapet: 0.2395.41.53 =×=F  plf 

3. Determine whether the building is rigid or flexible and the corresponding gust 
effect factor by Flowchart 5.6. 

In lieu of determining the natural frequency n1 of the building from a dynamic 
analysis, Eq. C6-15 in the commentary of ASCE/SEI 7 is used to compute n1 for 
concrete moment-resisting frames: 

04.1
5.63

5.435.43
9.09.01 ===

H
n  Hz 

Since 0.11 >n  Hz, the building is defined as a rigid building. For simplicity, use 
G = 0.85 (6.5.8.1).24

4. Determine velocity pressure qz for windward walls along the height of the 
building and qh for leeward walls, side walls, and roof using Flowchart 5.5. 
Most of the quantities needed to compute qz and qh were determined in item 2 
above.

24 According to C6.2, most rigid buildings have a height to minimum width ratio less than 4. In this 
example, 63.5/75.33 = 0.84 < 4. 
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The velocity exposure coefficients zK  and hK  are summarized in Table 5.46. 

Table 5.46  Velocity Pressure Exposure Coefficient zK

Height above ground 
level, z (ft) zK

63.5 1.14 
60 1.13 
50 1.09 
40 1.04 
30 0.98 
25 0.94 
20 0.90 
15 0.85 

Velocity pressures zq  and hq  are determined by Eq. 6-15: 

psf75.450.114585.00.100256.0

00256.0
2

2

  KK

IVKKKq

zz

dztzz

=×××××=

=

A summary of the velocity pressures is given in Table 5.47. 

Table 5.47  Velocity Pressure zq

Height above ground 
level, z (ft) zK zq  (psf) 

63.5 1.14  52.2
60 1.13  51.7
50 1.09  49.9
40 1.04  47.6
30 0.98  44.8
25 0.94  43.0
20 0.90  41.2
15 0.85  38.9

5. Determine pressure coefficients pC  for the walls and roof from Figure 6-6. 

For wind in the E-W direction: 
 Windward wall: 8.0=pC  for use with zq
 Leeward wall (L/B = 328.75/75.33 = 4.4): 2.0−=pC  for use with hq
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 Side wall: 7.0−=pC  for use with hq
 Roof (normal to ridge with 10<θ  degrees and parallel to ridge for all θ  with 

h/L = 63.5/328.75 = 0.19 < 0.5)25:
18.0,9.0 −−=pC  from windward edge to h = 63.5 ft for use with hq
18.0,5.0 −−=pC  from 63.5 ft to 2h = 127.0 ft for use with hq
18.0,3.0 −−=pC  from 127.0 ft to 328.75 ft for use with hq

For wind in the N-S direction: 

 Windward wall: 8.0=pC  for use with zq
 Leeward wall (L/B = 75.33/328.75 = 0.23): 5.0−=pC  for use with hq
 Side wall: 7.0−=pC  for use with hq
 Roof (normal to ridge with 10<θ  degrees and parallel to ridge for all θ  with 

h/L = 63.5/75.33 = 0.84): 
18.0,0.1 −−=pC  from windward edge to h/2 = 31.75 ft for use with hq 26

18.0,76.0 −−=pC  from 31.75 ft to h = 63.5 ft for use with hq
18.0,64.0 −−=pC  from 63.5 ft to 75.33 ft for use with hq

6. Determine iq  for the walls and roof using Flowchart 5.5. 

In accordance with 6.5.12.2.1, qi = qh = 52.2 psf for windward walls, side walls, 
leeward walls, and roofs of enclosed buildings. 

7. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi

8. Determine design wind pressures zp  and hp  by Eq. 6-17. 

Windward walls: 

25 The smaller uplift pressures on the roof due to Cp = –0.18 may govern the design when combined with 
roof live load or snow loads. This pressure is not shown in this example, but in general must be 
considered. 

26 Cp  = 1.3 may be reduced based on area over which it is applicable = (63.5/2) × 328.75 = 10,438 sq ft > 
1,000 sq ft. Reduction factor = 0.8 from Figure 6-6. Thus, Cp  = 0.8 × (-1.3) = -1.04 was used in the 
linear interpolation to determine Cp for h/L = 0.84. 
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pressure) internal  (external  psf)4.968.0(
)18.0(2.52)8.085.0(

)(

±=
±−××=

−=

  q
q
GCqGCqp

z

z

pihpzz

Leeward wall, side walls and roof: 

pressure) internal  (external  psf)4.94.44(
)18.0(2.52)85.02.52(

)(

±=

±−××=

−=

  C
C
GCqGCqp

p

p

pihphh

A summary of the maximum design wind pressures in the E-W and N-S 
directions is given in Tables 5.48 and 5.49, respectively. 

Table 5.48  Design Wind Pressures p in the E-W Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

63.5  52.2 35.5 4.9±  26.1  44.9 
60  51.7 35.2 4.9±  25.8  44.6 
50  49.9 33.9 4.9±  24.5  43.3 
40  47.6 32.4 4.9±  23.0  41.8 
30  44.8 30.5 4.9±  21.1  39.9 
25  43.0 29.2 4.9±  19.8  38.6 
20  41.2 28.0 4.9±  18.6  37.4 

Windward 

15  38.9 26.5 4.9±  17.1  35.9 
Leeward All  52.2 -8.9 4.9± -18.3 -0.5 

Side All  52.2 -31.1 4.9± -40.5 -21.7 
63.5  52.2 -40.0* 4.9± -49.4 -30.6 
63.5  52.2 -22.2† 4.9± -31.6 -12.8 Roof
63.5  52.2 -13.3‡ 4.9± -22.7 -3.9 

* from windward edge to 63.5 ft
† from 63.5 ft to 127.0 ft 
‡ from 127.0 ft to 328.75 ft 

Illustrated in Figures 5.15 and 5.16 are the external design wind pressures in the 
E-W and N-S directions, respectively. Included in the figures are the forces on the 
windward and leeward parapets, which add to the overall wind forces in the 
direction of analysis. When considering horizontal wind forces on the MWFRS, it 
is clear that the effects from the internal pressure cancel out. On the roof, the 
effects from internal pressure add directly to those from the external pressure. 
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8.9 psf 

26.5 psf 

28.0 psf 15.0′
20.0′
25.0′
30.0′

40.0′

50.0′

60.0′
63.5′

68.0′

29.2 psf 
30.5 psf 

32.4 psf

33.9 psf 

35.2 psf 
35.5 psf 

358.7 plf 

63.5′ 127.0′

40.0 psf 

22.2 psf 
13.3 psf 

328.75′

± 9.4 psf internal pressure 

239.0 plf 

Table 5.49  Design Wind Pressures p in the N-S Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

63.5  52.2 35.5 4.9±  26.1  44.9 
60  51.7 35.2 4.9±  25.8  44.6 
50  49.9 33.9 4.9±  24.5  43.3 
40  47.6 32.4 4.9±  23.0  41.8 
30  44.8 30.5 4.9±  21.1  39.9 
25  43.0 29.2 4.9±  19.8  38.6 
20  41.2 28.0 4.9±  18.6  37.4 

Windward 

15  38.9 26.5 4.9±  17.1  35.9 
Leeward All  52.2 -22.2 4.9± -31.6 -12.8 

Side All  52.2 -31.1 4.9± -40.5 -21.7 
63.5  52.2 -44.4* 4.9± -53.8 -35.0 
63.5  52.2 -33.7† 4.9± -43.1 -24.3 Roof
63.5  52.2 -28.4‡ 4.9± -37.8 -19.0 

* from windward edge to 31.75 ft
† from 31.75 ft to 63.5 ft 
‡ from 63.5 ft to 75.33 ft 

Figure 5.15  Design Wind Pressures in the E-W Direction
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26.5 psf 

28.0 psf 15.0′
20.0′
25.0′
30.0′

40.0′

50.0′

60.0′
63.5′

68.0′

29.2 psf 
30.5 psf 

32.4 psf

33.9 psf 

35.2 psf 
35.5 psf 

358.7 plf 239.0 plf 

22.2 psf ± 9.4 psf internal 
pressure

75.33′

44.4 psf 
33.7 psf 

31.75′ 63.5′

28.4 psf 

Figure 5.16  Design Wind Pressures in the N-S Direction

The MWFRS of buildings whose wind loads have been determined by 6.5.12.2.1 
must be designed for the wind load cases defined in Figure 6-9 (6.5.12.3). In 
Case 1, the full design wind pressures act on the projected area perpendicular to 
each principal axis of the structure. These pressures are assumed to act separately 
along each principal axis. The wind pressures on the windward and leeward walls 
depicted in Figures 5.15 and 5.16 fall under Case 1. 

In Case 2, 75 percent of the design wind pressures on the windward and leeward 
walls are applied on the projected area perpendicular to each principal axis of the 
building along with a torsional moment. The wind pressures and torsional 
moments, both of which vary over the height of the building, are applied 
separately for each principal axis. 

As an example of the calculations that need to be performed over the height of the 
building, the wind pressures and torsional moment at the mean roof height for 
Case 2 are as follows: 

 For E-W wind: 6.265.3575.075.0 =×=WXP  psf  (windward wall) 
7.69.875.075.0 =×=LXP  psf  (leeward wall) 

lb/ft-ft345,28
)33.7515.0(33.75)9.85.35(75.0

)(75.0 eBPPM XXLXWXT

±=
×±××+=

+=

 For N-S wind: 6.265.3575.075.0 =×=WYP  psf  (windward wall) 
   7.162.2275.075.0 =×=LYP  psf  (leeward wall) 

   
lb/ft-ft552,701

)75.32815.0(75.328)2.225.35(75.0
)(75.0 eBPPM YYLYWYT

±=
×±××+=

+=
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35.5 psf 8.9 psf 

35.5 psf 

22.2 psf 

Case 1 

26.6 psf 6.7 psf 28,345 ft-lb/ft 

26.6 psf 

16.7 psf 

701,552 ft-lb/ft 

Case 2 

20.0 psf 5.0 psf 

20.0 psf 

Case 4 

12.5 psf 

547,423 ft-lb/ft 

In Case 3, 75 percent of the wind pressures of Case 1 are applied to the building 
simultaneously. This accounts for wind along the diagonal of the building. 

In Case 4, 75 percent of the wind pressures and torsional moments defined in 
Case 2 act simultaneously on the building. 

Figure 5.17 illustrates Load Cases 1 through 4 for MWFRS wind pressures acting 
on the projected area at the mean roof height. Note that internal pressures are 
always equal and opposite to each other and therefore not included. Similar 
loading diagrams can be obtained at other locations below the mean roof height. 

Finally, the minimum design wind loading prescribed in 6.1.4.1 must be 
considered as a load case in addition to those load cases described above. 

Figure 5.17  Load Cases 1 through 4 at the Mean Roof Height 

26.6 psf 6.7 psf 

26.6 psf 

Case 3 

16.7 psf 
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Part 2: Determine design wind forces on rooftop equipment 

Use Flowchart 5.9 to determine the wind force on the rooftop equipment. 

1. Determine velocity pressure qz evaluated at height z of the centroid of area Af  of 
the rooftop unit. 

The distance from the ground level to the centroid of the rooftop unit = 63.5 + 0.5 
+ (6/2) = 67 ft 

From Table 6-3, Kz = 1.16 (by linear interpolation) for Exposure C at a height of 
67 ft above the ground level. 

Velocity pressures zq  is determined by Eq. 6-15: 

psf2.560.114590.00.116.100256.0
00256.0

2

2IVKKKq dztzz

=×××××=

=

where 90.0=dK  for square-shaped rooftop equipment (see Table 6-4). 

2. Determine gust effect factor G from Flowchart 5.6. 

The gust effect factor G is equal to 0.85 (see Part 1, Step 2, item 3 of this 
example). 

3. Determine force coefficient fC  from Figure 6-21 for rooftop equipment. 

h = 67 ft 

Least horizontal dimension D of rooftop unit = 7 ft 

h/D = 67/7 = 9.6 

From Figure 6-21, 5.1=fC  by linear interpolation for square cross-section. 

4. Check if fA  is less than 0.1Bh.

For the smaller face, 4276 =×=fA  sq ft 
For the larger face, 96166 =×=fA  sq ft 

4.4785.6333.751.01.0 =××=Bh  sq ft > fA
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5. Determine design wind force F by Eq. 6-28. 

Since BhAf 1.0< , F is equal to 1.9 times the value obtained by Eq. 6-28:27

facelarger  on the kips1.13000,1/965.185.02.569.1

facesmaller  on the kips7.5000,1/425.185.02.569.1

9.1 AGCqF ffz

=××××=

=××××=

=

These forces act perpendicular to the respective faces of the equipment. 

5.3.7 Example 5.7 – Six-Story Hotel Located on an Escarpment using Method 2, 
Analytical Procedure 

For the six-story hotel in Example 5.6, determine (1) design wind pressures on the main 
wind-force-resisting system in both directions and (2) design wind forces on the rooftop 
equipment using Method 2, Analytical Procedure assuming the structure is located on an 
escarpment. 

DESIGN DATA

Location: Miami, FL 
Surface Roughness: C (adjacent to water in hurricane prone region) 
Topography: 2-D Escarpment (see Figure 5.18) 
Occupancy: Residential building where less than 300 people congregate in one 

area

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 

It was shown in Part 1, Step 1 of Example 5.6 that Method 2 can be used to determine 
the design wind pressures on the MWFRS. 

27 The mean roof height of the building h is equal to 63.5 ft, which is slightly greater than the 60-ft limit 
prescribed in 6.5.15.1. The force is increased by 1.9 for conservatism. 
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H/2 = 15′
75.33′ H = 30′

Lh = 40′

x = 30′

4′
-6

″
63

′-6
″

Figure 5.18  Six-story Hotel on Escarpment

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. It was determined in Part 1, Step 2, item 1 of Example 5.6 that the basic wind 
speed V is equal to 145 mph and that the building is enclosed. 

2. Determine the design wind pressure effects of the parapet on the MWFRS. 

a. Determine the velocity pressure qp at the top of the parapet from 
Flowchart 5.5. 

i. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

As noted in item 1, V = 145 mph for Miami, FL. 

ii. Determine wind directionality factor dK  from Table 6-4. 

For building structures, .85.0=dK

iii. Determine importance factor I from Table 6-1 based on occupancy 
category from IBC Table 1604.5. 

From Example 5.5, I = 1.0. 

iv. Determine exposure category. 

In the design data, the surface roughness is given as C. Assume that 
Exposure C is applicable in all directions (6.5.6.3). 

v. Determine topographic factor ztK .

Wind



5-100 CHAPTER 5 WIND LOADS

Check if all five conditions of 6.5.7.1 are satisfied: 

- Assume that the topography is such that conditions 1 and 2 are 
satisfied. 

- Condition 3 is satisfied since the building is located near the crest 
of the escarpment. 

- 2.075.040/30/ >==hLH , so condition 4 is satisfied. 

- H  = 30 ft > 15 ft for Exposure C, so condition 5 is satisfied. 

Since all five conditions of 6.5.7.1 are satisfied, wind speed-up effects at 
the escarpment must be considered in the design, and Kzt must be 
determined by Eq. 6-3: 

2
321 )1( KKKKzt +=

where the multipliers 1K , 2K  and 3K  are given in Figure 6-4 for 
Exposure C. Also given in the figure are parameters and equations that can 
be used to determine the multipliers for any exposure category. 

It was determined above that 75.0/ =hLH . According to Note 2 in 
Figure 6-4, where 5.0/ >hLH , use 5.0/ =hLH  when evaluating 1K  and 
substitute H2  for hL  when evaluating 2K  and 3K .

From Figure 6-4, 43.01 =K  for a 2-D escarpment with .5.0/ =hLH  This 
multiplier is related to the shape of the topographic feature and the 
maximum wind speed-up near the crest. 

The multiplier 2K  accounts for the reduction in speed-up with distance 
upwind or downwind of the crest. Since 5.060/302/ ==Hx , 88.02 =K
for a 2-D escarpment from Figure 6-4. 

The multiplier 3K  accounts for the reduction in speed-up with height z
above the local ground surface. Even though the velocity pressure pq  is 
evaluated at the top of the parapet, the multiplier 3K  is conservatively 
determined at the height z corresponding to the centroid of the parapet, 
which is equal to 63.5 + (4.5/2) = 65.75 ft. Thus, 1.160/75.652/ ==Hz
and 07.03 =K  from Figure 6-4 (by linear interpolation) for a 2-D 
escarpment. 

Therefore, .05.1)]07.088.043.0(1[ 2 =××+=ztK
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vi. Determine velocity pressure exposure coefficient Kh from 
Table 6-3. 

For Exposure C at a height of 68 ft at the top of the parapet, Kh = 1.16 by 
linear interpolation. 

vii. Determine velocity pressure qp evaluated at the top of the parapet by 
Eq. 6-15. 

psf  7.550.114585.005.116.100256.0

00256.0
2

2

=×××××=

= IVKKKq dzthp

This velocity pressure is 5 percent greater than that determined in 
Example 5.6 where the building is not on an escarpment. 

b. Determine combined net pressure coefficient pnGC .

In accordance with 6.5.12.2.4, GCpn = 1.5 for windward parapet and
GCpn = –1.0 for leeward parapet. 

c. Determine combined net design pressure pp  on the parapet by Eq. 6-20. 

parapet leewardon  psf  7.55)0.1(7.55
parapet don windwar psf  6.835.17.55

−=−×=
=×=

= pnpp GCqp

The forces on the windward and leeward parapets can be obtained by 
multiplying the pressures by the height of the parapet: 

Windward parapet: 2.3765.46.83 =×=F  plf 
Leeward parapet: 7.2505.47.55 =×=F  plf 

These forces are 5 percent greater than those determined in Example 5.6. 

3. Determine whether the building is rigid or flexible and the corresponding gust 
effect factor by Flowchart 5.6. 

It was determined in Part 1, Step 2, item 3 of Example 5.6 that the building is 
rigid and G = 0.85. 

4. Determine velocity pressure qz for windward walls along the height of the 
building and qh for leeward walls, side walls and roof using Flowchart 5.5. 
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Velocity pressures zq  and hq  are determined by Eq. 6-15: 

psf  75.450.114585.000256.0

00256.0
2

2

ztzztz

dztzz

KKKK

IVKKKq

=×××××=

=

The velocity exposure coefficient zK  and the topographic factor ztK  vary with 
height above the local ground surface. Values of zK  were determined in 
Example 5.6 (see Table 5.46) and are repeated in Table 5.50 for convenience. 
From item 2 above, 2

3
2

3 ]38.01[)]88.043.0(1[ KKKzt +=××+= .

Values of ztK  are given in Table 5.50 as a function of Hz 2/  = z/60 where z is 
taken midway between the height range.28 Also given in the table is a summary of 
the velocity pressure zq  over the height of the building. 

Table 5.50  Velocity Pressure zq

Height above ground 
level, z (ft) zK z/2H * 3K ztK zq  (psf) 

63.5 1.14 1.03 0.08 1.06  55.3 
60 1.13 0.92 0.10 1.08  55.8 
50 1.09 0.75 0.15 1.12  55.9 
40 1.04 0.58 0.24 1.19  56.6 
30 0.98 0.46 0.32 1.26  56.5 
25 0.94 0.38 0.39 1.32  56.8 
20 0.90 0.29 0.48 1.40  57.7 
15 0.85 0.13 0.72 1.62  63.0 

*z is taken midway between the height range 

As an example, determine ztK  at a height z = 60 ft above the local ground level. 
The multiplier 3K  is determined based on a height z taken midway between the 
range of 60 ft and 50 ft., i.e., z = 55 ft. Thus, 92.060/552/ ==Hz , and by linear 
interpolation from Figure 6-4, 10.03 =K  for a 2-D escarpment.29 Then, 

08.1)]10.038.0(1[ 2 =×+=ztK

5. Determine pressure coefficients pC  for the walls and roof from Figure 6-6. 

28 It is unconservative to use the top height of the range when determining 3K .

29
3K  may also be computed from the equation given in Fig. 6-4: 10.0)92.05.2(/

3 ==
−

= ×−γ eeK hLz .
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The pressure coefficients are the same as those determined in Part 1, Step 2, 
item 5 of Example 5.6. 

6. Determine iq  for the walls and roof using Flowchart 5.5. 

In accordance with 6.5.12.2.1, qi = qh = 55.3 psf for windward walls, side walls, 
leeward walls and roofs of enclosed buildings. 

7. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For an enclosed building, .18.0,18.0)( −+=GC pi

8. Determine design wind pressures zp  and hp  by Eq. 6-17. 

Windward walls: 

pressure) internal  (external  psf)0.1068.0(
)18.0(3.55)8.085.0(

)(

±=
±−××=

−=

  q
q
GCqGCqp

z

z

pihpzz

Leeward wall, side walls and roof: 

pressure) internal  (external  psf)0.100.47(
)18.0(3.55)85.03.55(

)(

±=

±−××=

−=

  C
C
GCqGCqp

p

p

pihphh

A summary of the maximum design wind pressures in the E-W and N-S 
directions is given in Tables 5.51 and 5.52, respectively. 

The percent increase in the external pressure on the windward wall of the building 
due to the escarpment is summarized in Table 5.53. 

The external pressures on the leeward wall, side wall and roof as well as the 
internal pressure increase by 6 percent, since these pressures depend on the 
velocity pressure at the roof height qh.

Load Cases 1 through 4, depicted in Figure 6-9, must be investigated for the 
windward and leeward pressures, similar to that shown in Example 5.6. 
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Table 5.51  Design Wind Pressures p in the E-W Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

63.5  55.3 37.6 10.0±  27.6  47.6 
60  55.8 37.9 10.0±  27.9  47.9 
50  55.9 38.0 10.0±  28.0  48.0 
40  56.6 38.5 10.0±  28.5  48.5 
30  56.5 38.4 10.0±  28.4  48.4 
25  56.8 38.6 10.0±  28.6  48.6 
20  57.7 39.2 10.0±  29.2  49.2 

Windward 

15  63.0 42.8 10.0±  32.8  52.8 
Leeward All  55.3 -9.4 10.0± -19.4 -0.6 

Side All  55.3 -32.9 10.0± -42.9 -22.9 
63.5  55.3 -42.3* 10.0± -52.3 -32.3 
63.5  55.3 -23.5† 10.0± -33.5 -13.5 Roof
63.5  55.3 -14.1‡ 10.0± -24.1 -4.1 

* from windward edge to 63.5 ft
† from 63.5 ft to 127.0 ft 
‡ from 127.0 ft to 328.75 ft 

Table 5.52  Design Wind Pressures p in the N-S Direction

Net pressure p (psf) 
Location 

Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

)( piGC+ )( piGC−

63.5  55.3 37.6 10.0±  27.6  47.6 
60  55.8 37.9 10.0±  27.9  47.9 
50  55.9 38.0 10.0±  28.0  48.0 
40  56.6 38.5 10.0±  28.5  48.5 
30  56.5 38.4 10.0±  28.4  48.4 
25  56.8 38.6 10.0±  28.6  48.6 
20  57.7 39.2 10.0±  29.2  49.2 

Windward 

15  63.0 42.8 10.0±  32.8  52.8 
Leeward All  55.3 -23.5 10.0± -33.5 -13.5 

Side All  55.3 -32.9 10.0± -42.9 -22.9 
63.5  55.3 -48.9* 10.0± -58.9 -38.9 

Roof
63.5  55.3 -32.9† 10.0± -42.9 -22.9 

* from windward edge to 31.75 ft
† from 31.75 ft to 75.33 ft 
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Table 5.53  Comparison of External Design Wind Pressures on the Windward Wall with 
and without an Escarpment

External pressure pqGC
(psf) 

Height above 
ground level, 

z (ft) Without 
Escarpment 

With
Escarpment 

Percent 
Increase 

63.5 35.5 37.6 6 
60 35.2 37.9 8 
50 33.9 38.0 12 
40 32.4 38.5 19 
30 30.5 38.4 26 
25 29.2 38.6 32 
20 28.0 39.2 40 
15 26.5 42.8 62 

Part 2: Determine design wind forces on rooftop equipment 

The calculations in Part 2 of Example 5.6 can be modified to account for the speed-up at 
the escarpment. In particular, the topographic factor Kzt must be determined at the 
centroid of the rooftop unit, which is 67 ft above the local ground level. 

In this case, 12.160/672/ ==Hz  and by linear interpolation from Figure 6-4, 
.07.03 =K

Thus, .05.1)]07.038.0(1[ 2 =×+=ztK

The velocity pressure zq  is equal to 1.05 times that determined in Example 5.6, i.e., 
0.592.5605.1 =×=zq  psf. 

Consequently, the design wind forces on the rooftop units supported on the building 
located on the escarpment are 5 percent greater than those determined in Example 5.6: 

facelarger  on the kips8.131.1305.1
facesmaller  on the kips0.67.505.1

9.1 AGCqF ffz

=×=
=×=

=

5.3.8 Example 5.8 – Six-Story Hotel using Alternate All-heights Method 

For the six-story hotel in Example 5.6, determine (1) design wind pressures on the main 
wind-force-resisting system in both directions and (2) design wind forces on the rooftop 
equipment using the Alternate All-heights Method of IBC 1609.6. 
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SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of IBC 1609.6 can be used to determine the design 
wind pressures on this building. 

The provisions of IBC 1609.6 may be used to determine design wind pressures on 
this regularly-shaped building provided the conditions of IBC 1609.6.1 are satisfied: 

1. The height of the building is 63 ft-6 in., which is less than 75 ft, and the height-to-
least-width ratio = 63.5/75.33 = 0.84 < 4. Also, it was shown in Example 5.6 (Part 
1, Step 2, item 3) that the fundamental frequency 1n  = 1.04 Hz > 1 Hz. O.K.

2. As was discussed in Example 5.6 (Part 1, Step 1), this building is not sensitive to 
dynamic effects.   O.K.

3. This building is not located on a site where channeling effects or buffeting in the 
wake of upwind obstructions need to be considered. O.K.

4. This building meets the requirements of a simple diaphragm building as defined 
in 6.2, since the windward and leeward wind loads are transmitted through the 
reinforced concrete floor slabs (diaphragms) to the reinforced concrete moment 
frames (MWFRS), and there are no structural separations in the MWFRS.   O.K.

5. The fifth condition is applicable to the rooftop equipment only. 

The provisions of the Alternate All-heights Method of IBC 1609.6 can be used to 
determine the design wind pressures on the MWFRS.30

• Step 2: Use Flowchart 5.10 to determine the design wind pressures on the MWFRS. 

1. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From either of these figures, V = 145 mph for Miami, FL. Thus, the building is 
located within a wind-borne debris region, since the basic wind speed is greater 
than 120 mph.31 According to ASCE/SEI 6.5.9.3 and IBC 1609.1.2, glazing in 
buildings located in wind-borne debris regions must be protected with an 
approved impact-resistant covering or it must be impact-resistant glazing.32 It is 

                                                
30 This method can also be used to determine design wind pressures on the C&C (IBC 1609.6). 
31 In this example, the building is located within one mile of the coastal mean high water line where V > 

110 mph. This satisfies another condition of a wind-borne debris region. 
32 Impact-resistant glazing must conform to ASTM E 1886 and ASTM E 1996 or other approved test 

methods and performance criteria. Glazing in Occupancy Category II, III, or IV buildings located over 
60 ft above the ground and over 30 ft above aggregate surface roofs located within 1,500 ft of the 
building shall be permitted to be unprotected (6.5.9.3). Also see IBC 1609.1.2 for other exceptions. 
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assumed that impact-resistant glazing is used over the entire height of the 
building, so the building is classified as enclosed. 

2. Determine the wind stagnation pressure sq  from IBC Table 1609.6.2(1), footnote 
a.

For V = 145 mph, sq  = 0.00256 × 1452 = 53.8 psf. 

3. Determine importance factor I from Table 6-1 based on occupancy category from 
IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II for a residential building. 
From Table 6-1, I = 1.0 for buildings in hurricane prone regions with V > 
100 mph. 

4. Determine exposure category. 

In the design data, the surface roughness is given as C. Assume that Exposure C is 
applicable in all directions (see 6.5.6.3). 

5. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor 0.1=ztK  (6.5.7.2). 

6. Determine velocity pressure exposure coefficients zK  from Table 6-3. 

Values of zK  for Exposure C are summarized in Table 5.54. 

Table 5.54  Velocity Pressure Exposure Coefficient zK

Height above ground 
level, z (ft) zK

68 1.16 
63.5 1.14 
60 1.13 
50 1.09 
40 1.04 
30 0.98 
25 0.94 
20 0.90 
15 0.85 
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7. Determine net pressure coefficients netC  for the walls, roof from IBC 
Table 1609.6.2(2) assuming the building is enclosed. 

Windward wall: 43.0=netC  for positive internal pressure 
  73.0=netC  for negative internal pressure 
Leeward wall: 51.0−=netC  for positive internal pressure 
  21.0−=netC  for negative internal pressure 
Side walls: 66.0−=netC  for positive internal pressure 
  35.0−=netC  for negative internal pressure 
Roof:  09.1−=netC  for positive internal pressure 
    79.0−=netC  for negative internal pressure 
Parapet:  28.1=netC  for windward 
    85.0−=netC  for leeward 

These net pressure coefficients are applicable for wind in both the N-S and E-W 
directions.

8. Determine net design wind pressures netp  by IBC Eq. 16-34. 

ztnetzsnet IKCKqp =

Windward walls: netznet CKp 8.53=

Leeward walls, side walls and roof: netnetnet CCp 3.6114.18.53 =××=

Parapet: netnetnet CCp 4.6216.18.53 =××=

A summary of the maximum design wind pressures is given in Tables 5.55. 

Illustrated in Figures 5.19 are the net design wind pressures in the N-S direction 
with positive internal pressure.33 Included in the figure are the following forces on 
the windward and leeward parapets, which add to the overall wind forces in the 
direction of analysis: 

On the windward parapet: 9.7928.14.62 =×=netp psf
6.3595.49.79 =×=F plf

On the leeward parapet: 0.53)85.0(4.62 −=−×=netp psf
5.2385.40.53 −=×−=F plf

                                                
33 Wind pressures in the E-W direction are the same as in the N-S direction. 
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19.7 psf 

20.8 psf 15.0′
20.0′
25.0′
30.0′

40.0′

50.0′

60.0′
63.5′

68.0′

21.8 psf 
22.7 psf 

24.1 psf

25.2 psf 

26.1 psf 
26.4 psf 

359.6 plf 238.5 plf 

31.3 psf 

66.8 psf 

Table 5.55  Net Design Wind Pressures pnet

Cnet
Net design pressure 

pnet (psf) Location 
Height above 
ground level, 

z (ft) 
Kz + Internal 

Pressure 
- Internal 
Pressure 

+ Internal 
Pressure 

- Internal 
Pressure 

63.5 1.14 0.43 0.73  26.4  44.8 
60 1.13 0.43 0.73  26.1  44.4 
50 1.09 0.43 0.73  25.2  42.8 
40 1.04 0.43 0.73  24.1  40.9 
30 0.98 0.43 0.73  22.7  38.5 
25 0.94 0.43 0.73  21.8  36.9 
20 0.90 0.43 0.73  20.8  35.4 

Windward 

15 0.85 0.43 0.73  19.7  33.4 
Leeward All 1.14 -0.51 -0.21 -31.3 -12.9 

Side All 1.14 -0.66 -0.35 -40.5 -21.5 
Roof 60 1.14 -1.09 -0.79 -66.8 -48.4 

Figure 5.19  Net Design Wind Pressures in the N-S Direction

The MWFRS of buildings whose wind loads have been determined by 
IBC 1609.6 must be designed for the wind load cases defined in ASCE/SEI 
Figure 6-9 (IBC 1609.6.4.1). In Case 1, the full design wind pressures act on the 
projected area perpendicular to each principal axis of the structure. These 
pressures are assumed to act separately along each principal axis. The wind 
pressures on the windward and leeward walls depicted in Figures 5.19 fall under 
Case 1. 

The calculations for the additional load cases that need to be considered in this 
example are similar to those shown in Example 5.6. 
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150′

150′

22
5′

Structural system: structural steel moment 
frames in both directions 

Typical floor height: 15 ft 

Cladding consists of mullions that span 15 ft 
between floor slabs and glazing panels that 
are supported by the mullions, which are 
spaced 5 ft on center. Glazing panels are 5 ft 
wide by 7 ft-6 in. high. 

N

Part 2: Determine design wind forces on rooftop equipment 

According to item 5 under IBC 1609.6.1, the applicable provisions in ASCE/SEI 
Chapter 6 are to be used to determine the design wind forces on rooftop equipment. 

Calculations for the rooftop equipment in this example are provided in Part 2 of 
Example 5.6. 

5.3.9 Example 5.9 – Fifteen-Story Office Building using Method 2, Analytical 
Procedure

For the 15-story office building depicted in Figure 5.20, determine (1) design wind 
pressures on the main wind-force-resisting system in both directions and (2) design wind 
forces on the cladding using Method 2, Analytical Procedure. 

Figure 5.20  Fifteen-story Office Building

DESIGN DATA

Location: Chicago, IL 

Surface Roughness: B (suburban area with numerous closely spaced obstructions having 
the size of single-family dwellings and larger) 

Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Business occupancy where less than 300 people congregate in one 

area
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SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 

The provisions of 6.5 may be used to determine design wind pressures provided the 
conditions of 6.5.1 and 6.5.2 are satisfied. It is clear that these conditions are satisfied 
for this office building that does not have response characteristics that make it subject 
to across-wind loading or other similar effects, and that is not sited at a location 
where channeling effects or buffeting in the wake of upwind obstructions need to be 
considered.

The provisions of Method 2, Analytical Procedure, can be used to determine the 
design wind pressures on the MWFRS. 

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. For illustrative purposes, it is assumed in this example that the building is 
partially enclosed.34

2. Determine whether the building is rigid or flexible and the corresponding gust 
effect factor from Flowchart 5.6. 

In lieu of determining the natural frequency n1 of the building from a dynamic 
analysis, Eq. C6-14 in the commentary of ASCE/SEI 7 is used to compute n1 for
steel moment-resisting frames: 

3.0
225

2.222.22
8.08.01 ===

H
n  Hz < 1.0 Hz 

Since n1 < 1.0 Hz, the building is defined as a flexible building. Thus, the gust 
effect factor Gf for flexible buildings must be determined by Eq. 6-8 in 6.5.8.2. 

a. Determine Qg  and vg

4.3== vQ gg

                                                
34 For office buildings of this type, it is common to assume that the building is enclosed. Where buildings 

have operable windows or where it is anticipated that debris may compromise some of the windows 
during a windstorm, it may be more appropriate to assume that the building is partially enclosed. 
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b. Determine Rg

9.3
)3.0600,3ln(2

577.0)3.0600,3ln(2

)600,3ln(2
577.0)600,3ln(2

1
1

=
×

+×=

+=
n

ngR

Eq. 6-9

c. Determine zI

=×== 2256.06.0 hz 135 ft > =minz  30 ft Table 6-2 for Exposure B

24.0
135
3330.0

33

6/1

6/1

==

=
z

cI z
Eq. 6-5 and Table 6-2 for Exposure B

d. Determine Q

ft8.511
33

135320

33
3/1

zLz

==

=
∈

Eq. 6-7 and Table 6-2 for Exposure B

81.0

8.511
22515063.01

1

63.01

1

63.0

63.0

=
++

=

++

=

zL
hB

Q

Eq. 6-6

e. Determine R

From Figure 6-1 or Figure 1609, the basic wind speed V is equal to 90 mph 
for Chicago, IL. 
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ft/sec5.84
60
8890

33
13545.0

60
88

33
4/1

VzbVz

=

×=

=
α

Eq. 6-14 and Table 6-2 for Exposure B

8.1
5.84

8.5113.0

1
1

=×=

=
z

z
V
LnN

Eq. 6-12

10.0
)]8.13.10(1[

8.147.7
)3.101(

47.7

3/5

3/5
1

1

=
×+
×=

+
=

N
NRn

Eq. 6-11

7.3
5.84

2253.06.4

6.4 1

=××=

=η
z

h V
hn

( )
23.0)1(

7.32
1

7.3
1

1
2

11

7.32
2

2
2

=−
×

−=

−
η

−
η

=

×−

η−

e

eR h

hh
h

Eq. 6-13(a)

5.2
5.84

1503.06.4

6.4 1

=××=

=η
z

B V
Bn

( )
32.0)1(

5.22
1

5.2
1

1
2

11

5.22
2

2
2

=−
×

−=

−
η

−
η

=

×−

η−

e

eR B

BB
B

Eq. 6-13(a)
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2.8
5.84

1503.04.15

4.15 1

=××=

=η
z

L V
Ln

( )
12.0)1(

2.82
1

2.8
1

1
2

11

2.82
2

2
2

=−
×

−=

−
η

−
η

=

×−

η−

e

eR L

LL
L

Eq. 6-13(a)

Assume damping ratio 01.0=β  (see C6.5.8 for suggested value for steel 
buildings).

( )

66.0

)]12.047.0(53.0[32.023.010.0
01.0
1

47.053.01

=

×+×××=

+
β

= LBhn RRRRR

Eq. 6-10

f. Determine fG

98.0

)24.04.37.1(1
)66.09.3()81.04.3()24.07.1(1925.0

7.11
7.11

925.0

2222

2222

=

××+
×+××+

=

+

++
=

zv

RQz
f Ig

RgQgI
G

Eq. 6-8

3. Determine velocity pressure qz for windward walls along the height of the 
building and qh for leeward walls, side walls and roof using Flowchart 5.5. 

a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

As was determined above, V = 90 mph for Chicago, IL. 

b. Determine wind directionality factor dK  from Table 6-4. 

For the MWFRS of a building structure, .85.0=dK
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c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is II for an office building. 
From Table 6-1, I = 1.0. 

d. Determine exposure category. 

In the design data, the surface roughness is given as B. Assume that 
Exposure B is applicable in all directions (6.5.6.3). 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor 0.1=ztK  (6.5.7.2). 

f. Determine velocity pressure exposure coefficients Kz and Kh from 
Table 6-3. 

According to Note 1 in Table 6-3, values of zK  and hK  under Case 2 for 
Exposure B must be used for MWFRSs in buildings that are not designed 
using Figure 6-10 for low-rise buildings. Values of zK  and hK  are 
summarized in Table 5.56. 

Table 5.56  Velocity Pressure Exposure Coefficient zK  for MWFRS

Height above ground 
level, z (ft) zK

 225 1.24 
 200 1.20 
 180 1.17 
 160 1.13 
 140 1.09 
 120 1.04 
 100 0.99 
 90 0.96 
 80 0.93 
 70 0.89 
 60 0.85 
 50 0.81 
 40 0.76 
 30 0.70 
 25 0.66 
 20 0.62 
 15 0.57 
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g. Determine velocity pressure zq  and hq  by Eq. 6-15. 

psf63.170.19085.00.100256.000256.0 22   KKIVKKKq zzdztzz =×××××==

A summary of the velocity pressures is given in Table 5.57. 

4. Determine pressure coefficients pC  for the walls and roof from Figure 6-6. 

The pressure coefficients will be the same in both the N-S and E-W directions, 
since the building is square in plan. 

Windward wall: 8.0=pC  for use with zq

Table 5.57  Velocity Pressure zq  for MWFRS

Height above ground 
level, z (ft) zK zq  (psf) 

 225 1.24  21.9 
 200 1.20  21.2 
 180 1.17  20.6 
 160 1.13  19.9 
 140 1.09  19.2 
 120 1.04  18.3 
 100 0.99  17.5 
 90 0.96  16.9 
 80 0.93  16.4 
 70 0.89  15.7 
 60 0.85  15.0 
 50 0.81  14.3 
 40 0.76  13.4 
 30 0.70  12.3 
 25 0.66  11.6 
 20 0.62  10.9 
 15 0.57  10.1 

Leeward wall (L/B = 150/150 = 1.0): 5.0−=pC  for use with hq

Side wall: 7.0−=pC  for use with hq
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Roof (normal to ridge with 10<θ  degrees and parallel to ridge for all θ  with h/L
= 225/150 = 1.5 > 1.0)35:

18.0,04.1 −−=pC  from windward edge to h/2 = 112.5 ft for use with 

hq 36

18.0,7.0 −−=pC  from 112.5 ft to 150 ft for use with hq

5. Determine iq  for the walls and roof using Flowchart 5.5. 

According to 6.5.12.2.1, it is permitted to take qi = qh = 21.9 psf for windward 
walls, side walls, leeward walls and roofs of partially enclosed buildings. 

6. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For a partially enclosed building, .55.0,55.0)( −+=GC pi

7. Determine design wind pressures zp  and hp  by Eq. 6-19. 

Windward walls: 

pressure) internal  (external  psf)1.1278.0(
)55.0(9.21)8.098.0(

)(

±=
±−××=

−=

  q
q

GCqCGqp

z

z

pihpfzz

Leeward wall, side walls and roof: 

pressure) internal  (external  psf)1.125.21(
)55.0(9.21)98.09.21(

)(

±=

±−××=

−=

  C
C
GCqCGqp

p

p

pihpfhh

A summary of the maximum design wind pressures that are valid in both the N-S 
and E-W directions is given in Table 5.58. 

Illustrated in Figure 5.21 are the external design wind pressures in the N-S or E-
W directions. When considering horizontal wind forces on the MWFRS, it is clear 
that the effects from the internal pressure cancel out. On the roof, the effects from 
internal pressure add directly to those from the external pressure. 

35 The smaller uplift pressures on the roof due to Cp = –0.18 may govern the design when combined with 
roof live load or snow loads. This pressure is not shown in this example, but in general must be 
considered. 

36 Cp  = 1.3 may be reduced based on area over which it is applicable = (225/2) × 150 = 16,875 sq ft > 
1,000 sq ft. Reduction factor = 0.8 from Figure 6-6. Thus, Cp = 0.8 × (-1.3) = -1.04. 
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The MWFRS of buildings whose wind loads have been determined by 6.5.12.2.1 
must be designed for the four wind load cases defined in Figure 6-9 (6.5.12.3). In 
Case 1, the full design wind pressures act on the projected area perpendicular to 
each principal axis of the structure. These pressures are assumed to act separately 
along each principal axis. The wind pressures on the windward and leeward walls 
depicted in Figure 5.18 fall under Case 1. 

In Case 2, 75 percent of the design wind pressures on the windward and leeward 
walls are applied on the projected area perpendicular to each principal axis of the 
building along with a torsional moment. The wind pressures and torsional 
moments, both of which vary over the height of the building, are applied 
separately for each principal axis. 

Table 5.58  Design Wind Pressures p for MWFRS

Location 
Height above 
ground level, 

z (ft) 
q  (psf) 

External 
pressure 

pqGC  (psf) 

Internal
pressure 

)( pih GCq
(psf) 

225  21.9 17.1 12.1±
200  21.2 16.5 12.1±
180  20.6 16.1 12.1±
160  19.9 15.5 12.1±
140  19.2 15.0 12.1±
120  18.3 14.3 12.1±
100  17.5 13.7 12.1±
90  16.9 13.2 12.1±
80  16.4 12.8 12.1±
70  15.7 12.3 12.1±
60  15.0 11.7 12.1±
50  14.3 11.2 12.1±
40  13.4 10.5 12.1±
30  12.3 9.6 12.1±
25  11.6 9.1 12.1±
20  10.9 8.5 12.1±

Windward 

15  10.1 7.9 12.1±
Leeward All  21.9 -10.8 12.1±

Side All  21.9 -15.1 12.1±
225  21.9 -22.4* 12.1±Roof
225  21.9 -15.1† 12.1±

* from windward edge to 112.5 ft
† from 112.5 ft to 150.0 ft 
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200′

225′

180′

17.1 psf 

16.5 psf 

160′
16.1 psf 

140′
15.5 psf 

120′
15.0 psf 

100′
14.3 psf 

  90′
13.7 psf 

  80′13.2 psf 
  70′12.8 psf 
  60′12.3 psf 
  50′11.7 psf 
  40′11.2 psf 

  30′10.5 psf 
  25′9.6 psf 

  20′9.1 psf   15′8.5 psf 7.9 psf 

10.8 psf 

22.4 psf 
15.1 psf 

112.5′
150′

± 12.1 psf internal 
pressure

Figure 5.21  Design Wind Pressures in the N-S or E-W Directions

As an example of the calculations that need to be performed over the height of the 
building, the wind pressures and torsional moment at the mean roof height for 
Case 2 are as follows: 

 8.121.1775.075.0 =×=WXP  psf  (windward wall)

1.88.1075.075.0 =×=LXP  psf  (leeward wall) 

For flexible buildings, the eccentricity e that is used to determine the torsional 
moment MT is given by Eq. 6-21. Assuming that the elastic shear center and 
the center of mass coincide (i.e., eR = 0), 

( ) ( )
( ) ( )

( ) ( )
ft8.18

66.09.381.04.3)24.07.1(1

0)]15015.0(81.04.3[)24.07.1()15015.0(

7.11

7.1

22

2

22

22

RgQgI

eRgQegIe
e

RQz

RRQQzQ

=
×+××+

+××××+×
=

++

++
=

The eccentricity determined by Eq. 6-21 is less than that for a rigid building, 
which is equal to 0.15 × 150 = 22.5 ft (see Figure 6-9). For conservatism, an 
eccentricity of 22.5 ft is used in this example. 
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Case 1 

Case 2 

Case 4

Case 3

17.1 psf 10.8 psf 

17.1 psf 

10.8 psf 

12.8 psf 

8.1 psf 

12.8 psf 8.1 psf 

12.8 psf 8.1 psf 

12.8 psf 

8.1 psf

70,622 ft-lb/ft 

70,622 ft-lb/ft 

9.6 psf 6.1 psf 

9.6 psf 

6.1 psf 105,933 ft-lb/ft 

lb/ft-ft622,70
)15015.0(150)8.101.17(75.0

)(75.0 eBPPM XXLXWXT

±=
×±××+=

+=

In Case 3, 75 percent of the wind pressures of Case 1 are applied to the building 
simultaneously. This accounts for wind along the diagonal of the building. In 
Case 4, 75 percent of the wind pressures and torsional moments defined in Case 2 
act simultaneously on the building. 

Figure 5.22 illustrates Load Cases 1 through 4 for MWFRS wind pressures acting 
on the projected area at the mean roof height. Similar loading diagrams can be 
obtained at other locations below the mean roof height. The minimum design 
wind loading prescribed in 6.1.4.1 must be considered as a load case in addition to 
those load cases described above. 

Figure 5.22  Load Cases 1 through 4 at the Mean Roof Height
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195′

225′

180′

17.1 psf 

16.5 psf 

150′

16.1 psf 

135′

15.7 psf 

120′

14.8 psf 

105′

14.3 psf 

  90′

13.8 psf 
13.2 psf 

  75′

  60′

12.5 psf 
11.7 psf 

  45′

  30′

10.8 psf 
9.6 psf 

  15′7.9 psf 

10.8 psf 

22.4 psf 
15.1 psf 

112.5′
150′

± 12.1 psf internal 
pressure

165′

210′16.8 psf 

15.3 psf 

The above wind pressure calculations assume a uniform design pressure over the 
incremental heights above ground level, which are given in Table 6-3. Alternatively, 
wind pressures can be computed at each floor level, and a uniform pressure is assumed 
between midstory heights above and below the floor level under consideration. 

Shown in Figure 5.23 are the wind pressures computed at each floor level for this 
example building. It can be shown that the base shears in Figures 5.21 and 5.23 are 
virtually the same. 

Figure 5.23  Design Wind Pressures Computed at the Floor Levels in the N-S or E-W 
Directions

Part 2: Determine design wind pressures on cladding 

Use Flowchart 5.8 to determine the design wind pressures on the cladding. 

1. It is assumed that the building is partially enclosed. 

2. Determine velocity pressures zq  and hq  using Flowchart 5.5. 

For buildings with a mean roof height greater than 60 ft, the velocity pressures on 
the C&C on the windward walls vary with height above the base of the building. 
Most of the quantities needed to determine qz and qh were determined in Part 1, 
Step 2, item 3 of this example. 
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The velocity exposure coefficients zK  and hK  are summarized in Table 5.59. 

Table 5.59  Velocity Pressure Exposure Coefficient zK  for C&C

Height above ground 
level, z (ft) zK

 225 1.24 
 200 1.20 
 180 1.17 
 160 1.13 
 140 1.09 
 120 1.04 
 100 0.99 
 90 0.96 
 80 0.93 
 70 0.89 
 60 0.85 
 50 0.81 
 40 0.76 
 30 0.70 
 25 0.70 
 20 0.70 
 15 0.70 

According to Note 1 in Table 6-3, values of KZ under Case 1 must be used for 
C&C in Exposure B. That is why the values of KZ in Table 5.50 (Case 1) differ 
from those in Table 5.47 (Case 2) for the MWFRS up to a height of 25 ft. 

Velocity pressures zq  and hq  are determined by Eq. 6-15: 

psf63.170.19085.00.100256.000256.0 22   KKIVKKKq zzdztzz =×××××==

A summary of the velocity pressures is given in Table 5.60. 

3. Determine external pressure coefficients (GCp)from Figure 6-17 for Zones 4 and 
5.

Pressure coefficients for Zones 4 and 5 can be determined from Figure 6-17 based 
on the effective wind area. 
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Table 5.60  Velocity Pressure zq  for C&C

Height above ground 
level, z (ft) zK zq  (psf) 

 225 1.24  21.9 
 200 1.20  21.2 
 180 1.17  20.6 
 160 1.13  19.9 
 140 1.09  19.2 
 120 1.04  18.3 
 100 0.99  17.5 
 90 0.96  16.9 
 80 0.93  16.4 
 70 0.89  15.7 
 60 0.85  15.0 
 50 0.81  14.3 
 40 0.76  13.4 
 30 0.70  12.3 
 25 0.70  12.3 
 20 0.70  12.3 
 15 0.70  12.3 

In general, the effective wind area is the larger of the tributary area and the span 
length multiplied by an effective width that need not be less than one-third the 
span length. 

Effective wind area for the mullions = larger of 15 × 5 = 75 sq ft or 15 × (15/3) = 
75 sq ft. 

Effective wind area for the glazing panels = larger of 7.5 × 5 = 37.5 sq ft 
(governs) or 5 × (5/3) = 8.3 sq ft. 

The pressure coefficients from Figure 6-17 for the cladding are summarized in 
Table 5.61. 

Table 5.61  External Pressure Coefficients )(GCp  for C&C

)( pGC

Mullions Glazing Panels Zone

Positive Negative Positive Negative 
4 0.78 -0.82 0.84 -0.86 
5 0.78 -1.47 0.84 -1.64 
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The width of the end zone (Zone 5) a = 0.1(least horizontal dimension) = 0.1 ×
150 = 15 ft, which is greater than 3 ft (see Note 8 in Figure 6-17). 

4. Determine internal pressure coefficients )( piGC  from Figure 6-5. 

For a partially enclosed building, .55.0,55.0)( −+=GC pi

5. Determine design wind pressure p by Eq. 6-23 in Zones 4 and 5. 

pressure) internal  (external  psf]1.12)([
)55.0(9.21)(

)()(

±=

±−=

−=

GCq
GCq

GCqGCqp

p

p

pihp

where zqq =  for positive external pressure and hqq =  for negative external 
pressure (6.5.12.4.2). Note that hi qq =  for negative internal pressure in partially 
enclosed buildings. Also, hi qq =  may be conservatively used for positive internal 
pressure.

The maximum design wind pressures for positive and negative internal pressures 
are summarized in Table 5.62. The maximum positive pressure, which varies with 
height, is obtained with negative internal pressure. Similarly, the maximum 
negative pressure, which is a constant over the height of the building, is obtained 
with positive internal pressure. The pressures in Table 5.62 are applied normal to 
the cladding and act over the respective tributary area. The computed positive and 
negative pressures are greater than the minimum values prescribed in 6.1.4.2 of 
+10 psf and -10 psf, respectively. 

Table 5.62  Design Wind Pressures p on C&C

Design Pressure, p (psf)
Mullions Glazing Panels 

Zone 4 Zone 5 Zone 4 Zone 5 

Height 
above 

ground
level, z

(ft) Positive Negative Positive Negative Positive Negative Positive Negative

 225 29.2 -30.1 29.2 -44.3 30.5 -30.9 30.5 -48.0 
 200 28.6 -30.1 28.6 -44.3 29.9 -30.9 29.9 -48.0 
 180 28.2 -30.1 28.2 -44.3 29.4 -30.9 29.4 -48.0 
 160 27.6 -30.1 27.6 -44.3 28.8 -30.9 28.8 -48.0 
 140 27.1 -30.1 27.1 -44.3 28.2 -30.9 28.2 -48.0 
 120 26.4 -30.1 26.4 -44.3 27.5 -30.9 27.5 -48.0 
 100 25.8 -30.1 25.8 -44.3 26.8 -30.9 26.8 -48.0 
 90 25.3 -30.1 25.3 -44.3 26.3 -30.9 26.3 -48.0 
 80 24.9 -30.1 24.9 -44.3 25.9 -30.9 25.9 -48.0 

(continued) 
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15′ 30′

5 @ 15′ = 75′

20
′ 

10
′

Structural system: wood frames (no walls) 

Wood trusses spaced 3′ on center 

3/4″ plywood sheathing (4′ × 8′ sheets) 

N

Table 5.62  Design Wind Pressures p on C&C (continued) 

Design Pressure, p (psf)
Mullions Glazing Panels 

Zone 4 Zone 5 Zone 4 Zone 5 

Height 
above 

ground
level, z

(ft) Positive Negative Positive Negative Positive Negative Positive Negative

 70 24.3 -30.1 24.3 -44.3 25.3 -30.9 25.3 -48.0 
 60 23.8 -30.1 23.8 -44.3 24.7 -30.9 24.7 -48.0 
 50 23.3 -30.1 23.3 -44.3 24.1 -30.9 24.1 -48.0 
 40 22.6 -30.1 22.6 -44.3 23.4 -30.9 23.4 -48.0 
 30 21.7 -30.1 21.7 -44.3 22.4 -30.9 22.4 -48.0 
 25 21.7 -30.1 21.7 -44.3 22.4 -30.9 22.4 -48.0 
 20 21.7 -30.1 21.7 -44.3 22.4 -30.9 22.4 -48.0 
 15 21.7 -30.1 21.7 -44.3 22.4 -30.9 22.4 -48.0 

5.3.10 Example 5.10 – Agricultural Building using Method 2, Analytical 
Procedure

For the agricultural building depicted in Figure 5.24, determine (1) design wind pressures 
on the main wind-force-resisting system in both directions and (2) design wind pressures 
on the roof trusses using Method 2, Analytical Procedure. 

Figure 5.24  Agricultural Building
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DESIGN DATA

Location: Ames, IA 

Surface Roughness: C (open terrain with scattered obstructions having heights less than 
30 ft) 

Topography: Not situated on a hill, ridge or escarpment 
Occupancy: Utility and miscellaneous occupancy 

SOLUTION

Part 1: Determine design wind pressures on MWFRS 

• Step 1: Check if the provisions of 6.5 can be used to determine the design wind 
pressures on the MWFRS. 

The provisions of 6.5 may be used to determine design wind pressures provided the 
conditions of 6.5.1 and 6.5.2 are satisfied. It is clear that these conditions are satisfied 
for this agricultural building that does not have response characteristics that make it 
subject to across-wind loading or other similar effects, and that is not sited at a 
location where channeling effects or buffeting in the wake of upwind obstructions 
need to be considered. 

The provisions of Method 2, Analytical Procedure, can be used to determine the 
design wind pressures on the MWFRS.37

• Step 2: Use Flowchart 5.7 to determine the design wind pressures on the MWFRS. 

1. Since the building does not have any walls, it is classified as open. 

2. Determine velocity pressure hq  using Flowchart 5.5. 

a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 

From Figure 6.1 or Figure 1609, V = 90 mph for Ames, IA. 

b. Determine wind directionality factor dK  from Table 6-4. 

For the MWFRS of a building structure, .85.0=dK

37 Even though the building is less than 60 ft in height, Method 1, Simplified Procedure cannot be used to 
determine the wind pressures, since the building is not enclosed. 
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c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

From IBC Table 1604.5, the Occupancy Category is I for an agricultural 
facility. From Table 6-1, I = 0.87. 

d. Determine exposure category. 

In the design data, the surface roughness is given as C. Assume that 
Exposure C is applicable in all directions (6.5.6.3). 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor Kzt = 1.0 (6.5.7.2). 

f. Determine velocity pressure exposure coefficient hK  from Table 6-3. 

Mean roof height = 25
2

3020 =+  ft 

From Table 6-3, 94.0=hK  for Exposure C. 

g. Determine velocity pressure hq  by Eq. 6-15. 

psf4.1487.09085.00.194.000256.000256.0 22IVKKKq dzthh =×××××==

3. Determine gust effect factor G from Flowchart 5.6. 

Assuming the building is rigid, G may be computed by Eq. 6-4 or may be taken as 
0.85. For simplicity, use G = 0.85. 

4. Determine net pressure coefficients NC  for the pitched roof. 

a. Wind in the E-W direction ( 180,0=γ )

Figure 6-18B is used to determine the net pressure coefficients CNW and CNL
on the windward and leeward portions of the roof surface for wind in the E-W 
direction. These net pressure coefficients include contributions from both the 
top and bottom surfaces of the roof (see Note 1 in Figure 6-18B). 

The wind pressures on the roof depend on the level of wind flow restriction 
below the roof. Clear wind flow implies that little (less than or equal to 50 
percent) or no portion of the cross-section below the roof is blocked by goods 
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or materials (see Note 2 in Figure 6-18B). Obstructed wind flow means that a 
significant portion (more than 50 percent) of the cross-section is blocked. 
Since the usage of the space below the roof is not known, wind pressures will 
be determined for both situations. 

A summary of the net pressure coefficients is given in Table 5.63. The roof 
angle in this example is equal to approximately 18.4 degrees, and the values 
of CNW and CNL were obtained by linear interpolation (see Note 3 in Figure 6-
18B).

Table 5.63  Windward and Leeward Net Pressure Coefficients NWC  and NLC  for Wind 
in the E-W Direction

Clear Wind 
Flow 

Obstructed Wind 
Flow Load

Case 
NWC NLC NWC NLC

A 1.10 -0.17 -1.20 -1.09 
B 0.01 -0.95 -0.69 -1.65 

b. Wind in the N-S direction ( 90=γ )

Figure 6-18D is used to determine the net pressure coefficients CN at various 
distances from the windward edge of the roof. 

Net pressure coefficients are given in Table 5.64. 

Table 5.64  Net Pressure Coefficients NC  for Wind in the N-S Direction

Clear Wind 
Flow 

Obstructed 
Wind Flow Horizontal

Distance from 
Windward Edge 

Load
Case 

NC NC

A -0.8 -1.2 
52 ′=≤ h

B 0.8 0.5 
A -0.6 -0.9 

05  2 ,52 ′=≤′=> hh
B 0.5 0.5 
A -0.3 -0.6 

05  2 ′=≥ h
B 0.3 0.3 

5. Determine net design pressure p by Eq. 6-25. 

NNNh CCGCqp 2.1285.04.14 =××==  psf 
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A summary of the net design wind pressures is given in Table 5.65 for wind in the 
E-W direction and in Table 5.66 for wind in the N-S direction. These pressures 
act perpendicular to the roof surface. 

Table 5.65  Net Design Wind Pressures (psf) for Wind in the E-W Direction

Clear Wind 
Flow 

Obstructed Wind 
Flow Load

Case 
Windward Leeward Windward Leeward 

A 13.4 -2.1 -14.6 -13.3 
B 0.1 -11.6 -8.4 -20.1 

Table 5.66  Net Design Wind Pressures (psf) for Wind in the N-S Direction

Clear Wind 
Flow 

Obstructed 
Wind Flow Horizontal

Distance from 
Windward Edge 

Load
Case 

NC NC

A -9.8 -14.6 
52 ′=≤ h

B 9.8 6.1 
A -7.3 -11.0 

05  2 ,52 ′=≤′=> hh
B 6.1 6.1 
A -3.7 -7.3 

05  2 ′=≥ h
B 3.7 3.7 

The minimum design wind loading prescribed in 6.1.4.1 must be considered as a 
load case in addition to Load Cases A and B described above. 

Part 2: Determine design wind pressures on roof trusses

Use Flowchart 5.8 to determine the design wind pressures on the roof trusses, which are 
C&C.

1. Determine velocity pressure hq  using Flowchart 5.5. 

Velocity pressure was determined in Part 1, Step 2, item 2 of this example and is 
equal to 14.4 psf. 

2. Determine gust effect factor G from Flowchart 5.6. 

The gust effect factor was determined in Part 1, Step 2, item 3 of this example and 
is equal to 0.85. 
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3. Determine net pressure coefficients NC  for the pitched roof. 

Figure 6-19B is used to determine the net pressure coefficients CN for Zones 1, 2 
and 3 on the roof. In this example, 42.060/25/ ==Lh , which is between the 
limits of 0.25 and 1.0. 

The magnitude of the net pressure coefficient depends on the effective wind area, 
which is the larger of the tributary area and the span length multiplied by an 
effective width that need not be less than one-third the span length. 

Effective wind area = larger of 60 × 3 = 180 sq ft or 60 × (60/3) = 1,200 sq ft 
(governs).

The width of the zones a = least of 0.1 (least horizontal dimension) = 0.1 × 60 = 
6.0 ft (governs) or 0.4h = 0.4 × 25 = 10.0 ft. This value of a is greater than 0.04 
(least horizontal dimension) = 0.04 × 60 = 2.4 ft or 3 ft (see Note 6 in Figure  
6-19B).

The effective wind area is greater than 1440.60.40.4 22 =×=a  sq ft; this 
information is also needed to determine the net pressure coefficients. 

Like in the case of the MWFRS, the magnitude of NC depends on whether the 
wind flow is clear or obstructed. Both situations are examined in this example. 

For clear wind flow, 06.1,15.1 −=NC  in Zones 1, 2 and 3. Linear interpolation 
was used to determine these values for a roof angle of 18.4 degrees and an 
effective wind area > 20.4 a  (see Note 3 in Figure 6-19B). 

For obstructed wind flow, 51.1,50.0 −=NC  in Zones 1, 2, and 3 by linear 
interpolation. 

4. Determine net design wind pressure p by Eq. 6-26. 

NNNh CCGCqp 2.1285.04.14 =××==  psf 

For clear wind flow: p = 14.0 psf, -12.9 psf in Zones 1, 2 and 3 

For obstructed wind flow: p = 6.1 psf, -18.4 psf in Zones 1, 2 and 3 

In the case of obstructed wind flow, the net positive pressure must be increased to 
10 psf to satisfy the minimum requirements of 6.1.4.2. 

Illustrated in Figure 5.25 are the loading diagrams on a typical interior roof truss 
for clear wind flow. Similar loading diagrams can be obtained for obstructed wind 
flow. 
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14.0 x 3 = 42.0 plf 

12.9 x 3 = 38.7 plf 

45′

PLAN 

30
′

ELEVATION 

Screen wall is 40% open 

Figure 5.25  Roof Truss Loading Diagrams for Clear Wind Flow

5.3.11 Example 5.11 – Freestanding Masonry Wall using Method 2, Analytical 
Procedure

Determine the design wind forces on the architectural freestanding masonry screen wall 
depicted in Figure 5.26 using Method 2, Analytical Procedure (6.5.14). 

Figure 5.26  Freestanding Masonry Wall
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DESIGN DATA

Basic wind speed: 90 mph 
Exposure category: B 
Topography: Not situated on a hill, ridge or escarpment 
Occupancy Category: I (low hazard to human life) 

SOLUTION

Use Flowchart 5.9 to determine the design wind force on the freestanding wall. 

1. Determine velocity pressure hq  using Flowchart 5.5. 

a. Determine basic wind speed V from Figure 6-1 or Figure 1609. 
The basic wind speed was given in the design data as V = 90 mph. 

b. Determine wind directionality factor dK  from Table 6-4. 

For solid signs or solid freestanding walls, .85.0=dK

c. Determine importance factor I from Table 6-1 based on occupancy category 
from IBC Table 1604.5. 

The Occupancy Category is given as I in the design data. From Table 6-1, I = 
0.87.

d. Determine exposure category. 

Exposure B is given in the design data. 

e. Determine topographic factor ztK .

As noted in the design data, the building is not situated on a hill, ridge or 
escarpment. Thus, topographic factor 0.1=ztK  (6.5.7.2). 

f. Determine velocity pressure exposure coefficient hK  from Table 6-3. 

From Table 6-3, 70.0=hK  in Case 2 under Exposure B at a height of 30 ft. 
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g. Determine velocity pressure hq  by Eq. 6-15. 

psf3.1287.09085.00.170.000256.000256.0 22IVKKKq dzthh =×××××==

2. Determine gust effect factor G from Flowchart 5.6. 

Assuming the wall is rigid, G may be computed by Eq. 6-4 or may be taken as 
0.85. For simplicity, use G = 0.85. 

3. Determine net force coefficient fC  from Figure 6-20. 

In general, Cases A, B and C must be considered for freestanding walls. A 
different loading condition is considered in each case. 

In this example, the aspect ratio B/s = 45/30 = 1.5 < 2. Therefore, according to 
Note 3 in Figure 6-20, only Cases A and B need to be considered. 

From Figure 6-20, Cf = 1.43 (by linear interpolation) for Cases A and B with s/h = 
1 and B/s = 1.5 (see Note 5 in Figure 6-20). 

According to Note 2 in Figure 6-20, force coefficients for solid freestanding walls 
with openings may be multiplied by the reduction factor ])1(1[ 5.1ε−−  where ε
is equal to the ratio of the solid area to gross area of the wall. In this example, 

6.0=ε , and the reduction factor = 0.75. Therefore, .07.143.175.0 =×=fC

4. Determine design wind force F from Eq. 6-27 (6.5.14). 

102,15)4530(07.185.03.12 =××××== sfh AGCqF  lbs 

In Case A, this force acts at a distance equal to 5 percent of the height of the wall 
above the geometric center of the wall, i.e., the resultant force is located at (30/2) 
+ (0.05 × 30) = 16.5 ft above the ground level (see Figure 6-20). 

In Case B, the resultant force is located 16.5 ft above the ground level and (45/2) 
– (0.2 × 45) = 13.5 from the windward edge of the wall (see Figure 6-20). 

The minimum design wind loading prescribed in 6.1.4.1 must be considered as a load 
case in addition to Load Cases A and B described above. 
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CHAPTER 6 EARTHQUAKE LOADS

6.1 INTRODUCTION 

According to IBC 1613.1, the effects of earthquake motion on structures and their 
components are to be determined in accordance with ASCE/SEI 7-05, excluding 
Chapter 14 (Material Specific Seismic Design and Detailing Requirements) and 
Appendix 11A (Quality Assurance Provisions).1 These chapters from ASCE/SEI 7 have 
been excluded because the IBC includes quality assurance provision in Chapter 17 and 
structural material provisions in Chapters 19 through 23. 

A summary of the chapters of ASCE/SEI 7 that contain earthquake load provisions that 
are referenced by the 2009 IBC is provided in Table 6.1. The primary focus of the 
discussion in this chapter of the publication is on Chapters 11, 12, 13, 15, 20, 21 and 22 
of ASCE/SEI 7. 

Table 6.1  Summary of Chapters in ASCE/SEI 7-05 that Are Referenced by the 2009 
IBC for Earthquake Load Provisions 

Chapter Title 
11 Seismic Design Criteria 
12 Seismic Design Requirements for Building Structures 

13 Seismic Design Requirements for Nonstructural 
Components 

15 Seismic Design Requirements for Nonbuilding Structures 
16 Seismic Response History Procedures 

17 Seismic Design Requirements for Seismically Isolated 
Structures 

18 Seismic Design Requirements for Structures with 
Damping Systems 

19 Soil Structure Interaction for Seismic Design 
20 Site Classification Procedure for Seismic Design 

21 Site-Specific Ground Motion Procedures for Seismic 
Design

22 Seismic Ground Motion and Long Period Transition 
Maps

23 Seismic Design Reference Documents 

1 IBC 1613.6 contains modifications to the ASCE/SEI 7-05 earthquake load provisions. Note that the 
modifications are optional rather than mandatory. 



6-2  CHAPTER 6 EARTHQUAKE LOADS

IBC 1613.1 lists four exemptions to seismic design requirements presented in this 
section:

1. Detached one- and two-family dwellings that are assigned to Seismic Design 
Category (SDC) A, B or C (i.e, SDS < 0.5 and SD1 < 0.2), or located where 
SS < 0.4.2

2. Conventional light-frame wood construction that conforms to IBC 2308.3

3. Agricultural storage structures where human occupancy is incidental. 
4. Structures that are covered under other regulations, such as vehicular bridges, 

electrical transmission towers, hydraulic structures, buried utility lines and 
nuclear reactors. 

ASCE/SEI 11.1.2 contains essentially the same exemptions as the IBC; the only 
difference occurs in the second exemption, which is stated in ASCE/SEI 11.1.2 as 
follows: detached one- and two-family wood-frame dwellings not included in Exception 
1 that are less than or equal to two stories, satisfying the limitations and constructed in 
accordance with the International Residential Code® (IRC®).

The seismic requirements of the IBC need not be applied to structures that meet at least 
one of these four criteria. 

Seismic requirements for existing buildings are contained in IBC 1613.3. In general, 
additions, alterations, repairs or change of occupancy of structures are governed by the 
provisions of IBC Chapter 34, Existing Structures. The seismic resistance requirements 
of IBC 3403.4.1 and 3404.4.1 must be satisfied where additions and alterations are made 
to an existing building, respectively. 

IBC 3408 provides guidance with respect to the impact a change of occupancy has on an 
existing building. 

6.2 SEISMIC DESIGN CRITERIA 

6.2.1 Seismic Ground Motion Values 

Mapped Acceleration Parameters 

IBC Figures 1613.5(1), 1613.5(2) and ASCE/SEI Figures 22-1, 22-2 contain contour 
maps of the conterminous United States giving SS and S1, which are the mapped 
maximum considered earthquake (MCE) spectral response accelerations at periods of 
0.2 sec and 1.0 sec, respectively, for a Site Class B soil profile and 5-percent damping.4

2 Definitions of Seismic Design Category and spectral response accelerations SS, SDS and SD1 are given in 
subsequent sections of this publication. 

3 Limitations for conventional light-frame wood construction are given in IBC 2308.2. 
4 The MCE spectral response accelerations, which are directly related to base shear, reflect the maximum 
level of earthquake ground shaking that is considered reasonable for the design of new structures. 
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IBC Figures 1613.5(3) through 1613.5(14) and ASCE/SEI Figures 22-3 through 22-14 
contain similar contour maps for specific regions of the conterminous United States, 
Alaska, Hawaii, Puerto Rico and U.S. commonwealths and territories. 

In lieu of the maps, MCE spectral response accelerations can be obtained from the 
Ground Motion Parameter Calculator that can be accessed on the United States 
Geological Survey (USGS) website.5 Accelerations are output for a specific latitude-
longitude or zip code, which is input by the user. More accurate spectral accelerations for 
a given site are typically obtained by inputting a latitude-longitude, especially in areas 
where the mapped ground motions are highly variable or where a zip code encompasses a 
large area. 

Where SS ≤ 0.15 and S1 ≤ 0.04, the structure is permitted to be assigned to SDC A 
(IBC 1613.5.1). These areas are considered to have very low seismic risk based solely on 
the mapped ground motions. 

Site Class 

Six site classes are defined in IBC Table 1613.5.2 and ASCE/SEI Table 20.3-1. A site is 
to be classified as one of these six site classes based on one of three soil properties (soil 
shear wave velocity, standard penetration resistance or blow count and soil undrained 
shear strength) measured over the top 100 ft of the site. Steps for classifying a site are 
given in IBC 1613.5.5.1 and ASCE/SEI 20.3. Methods of determining the site class 
where the soil is not homogeneous over the top 100 ft are provided in IBC 1613.5.5 and 
ASCE/SEI 20.4. 

Site Class A is hard rock, which is typically found in the eastern United States, while Site 
Class B is a softer rock that is commonly found in western parts of the country. Site 
Classes C, D and E indicate progressively softer soils, while Site Class F indicates soil so 
poor that a site-specific geotechnical investigation and dynamic site response analysis is 
required to determine site coefficients. Site-specific ground motion procedures for 
seismic design are given in ASCE/SEI Chapter 21. 

At locations or in cases where soil property measurements to a depth of 100 ft are not 
feasible, the registered design professional that is responsible for preparing the 
geotechnical report may estimate soil properties from geological conditions. When soil 
properties are not known in sufficient detail to determine the site class in accordance with 
code provisions, Site Class D must be used, unless the building official requires that 
Site E or F must be used at the site. 

Site Coefficients and Adjusted MCE Spectral Response Acceleration Parameters 

Once the mapped spectral accelerations and site class have been established, the MCE 
spectral response acceleration for short periods SMS and at 1-second period SM1 adjusted 

5 http://earthquake.usgs.gov/research/hazmaps/design/ 
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for site class effects are determined by IBC Eqs. 16-36 and 16-37, respectively, or 
ASCE/SEI Eqs. 11.4-1 and 11.4-2, respectively: 

SaMS SFS =

11 SFS vM =

where =aF  short-period site coefficient determined from IBC Table 1613.5.3(1) or 
ASCE/SEI Table 11.4-1 and =vF  long-period site coefficient determined from 
IBC Table 1613.5.3(2) or ASCE/SEI Table 11.4-2. For site classes other than B, an 
adjustment to the mapped spectral response accelerations is necessary. 

Typically, ground motion is amplified in softer soils (Site Classes C through E) and 
attenuated in stiffer soils (Site Class A). This can be observed in the tables where the 
magnitudes of aF  and vF  increase going from Site Class A to F for a given mapped 
ground motion acceleration. The only exception to this occurs for short periods where 

0.1≥SS  and the Site Class changes from D to E. Very soft soils are not capable of 
amplifying the short-period components of subsurface rock motion; in fact, 
deamplification occurs in such cases. 

Design Spectral Response Acceleration Parameters 

Five-percent damped design spectral response accelerations at short periods SDS  and at 1-
sec period SD1 are determined by IBC Eqs. 16-38 and 16-39, respectively, or ASCE/SEI 
Eqs. 11.4-3 and 11.4-4, respectively: 

MSDS SS
3
2=

11 3
2

MD SS =

The design ground motion is 2/3 = 1/1.5 times the soil-modified MCE ground motion; the 
basis of this factor is that it is highly unlikely that a structure designed by the code 
provisions will collapse when subjected to ground motion that is 1.5 times as strong as 
the design ground motion. More information on the two-thirds adjustment factor can be 
found in Chapter 3 of the NEHRP Commentary (FEMA 450). 

6.2.2 Occupancy Category and Importance Factor 

Occupancy categories are defined in IBC Table 1604.5 and ASCE/SEI Table 1-1. An 
importance factor I is assigned to a building or structure in accordance with ASCE/SEI 
Table 11.5-1 based on its occupancy category. Larger values of I are assigned to high 
occupancy and essential facilities to increase the likelihood that such structures would 
suffer less damage and continue to function during and following a design earthquake. 
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6.2.3 Seismic Design Category 

All buildings and structures must be assigned to a Seismic Design Category (SDC) in 
accordance with IBC 1613.5.6 or ASCE/SEI 11.6. In general, a SDC is a function of 
occupancy or use and the design spectral accelerations at the site. 

The SDC is determined twice: first as a function of DSS  by IBC Table 1613.5.6(1) or 
ASCE/SEI Table 11.6-1 and second as a function of 1DS  by IBC Table 1613.5.6(2) or 
ASCE/SEI Table 11.6-2. The more severe seismic design category of the two governs. 
Where 1S  is less than 0.75, the SDC may be determined by IBC Table 1613.5.6(1) or 
ASCE/SEI Table 11.6-1 based solely on DSS  provided all of the four conditions listed 
under IBC 1613.5.6.1 or ASCE/SEI 11.6 are satisfied. 

Where S1 is greater than or equal to 0.75, conditions under which SDC E and SDC F are 
to be assigned are also given in IBC 1613.5.6 and ASCE/SEI 11.6. 

The SDC is a trigger mechanism for many seismic requirements, including 

• permissible seismic force-resisting systems 
• limitations on building height 
• consideration of structural irregularities 
• the need for additional special inspections, structural testing and structural 

observation for seismic resistance 

6.2.4 Design Requirements for SDC A 

Structures assigned to SDC A need only comply with the requirements of 11.7.6 To 
ensure general structural integrity, the lateral force-resisting system must be proportioned 
to resist a lateral force at each floor level equal to 1 percent of the total dead load at that 
floor level, as depicted in Figure 6.1. 

According to 11.7.2, the lateral forces are to be applied independently in each of two 
orthogonal directions. 

Requirements for load path connections, connection to supports, and anchorage of 
concrete or masonry walls are given in 11.7.3, 11.7.4 and 11.7.5, respectively. 

                                                
6 From this point on in this chapter, referenced section, table and figure numbers are from ASCE/SEI 7-05 
unless noted otherwise. 
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Figure 6.1  Design Seismic Force Distribution for Structures Assigned to SDC A 

6.3 SEISMIC DESIGN REQUIREMENTS FOR BUILDING STRUCTURES 

6.3.1 Basic Requirements 

Basic requirements for seismic analysis and design of building structures are contained in 
12.1. In general, the structure must have a complete lateral and vertical force-resisting 
system that is capable of providing adequate strength, stiffness and energy dissipation 
capacity when subjected to the design ground motion. Also, a continuous load path with 
adequate strength and stiffness must be provided to transfer all forces from the point of 
application to the final point of resistance. 

Design seismic forces and their distribution over the height of a structure are to be 
established in accordance with one of the procedures in 12.6. A simplified design 
procedure may also be used, provided all of the limitations of 12.14 are satisfied. These 
methods are covered in subsequent sections of this publication. 

General requirements for connections between members and connection to supports are 
given in 12.1.3 and 12.1.4, respectively. Basic requirements for foundation design are 
contained in 12.1.5. 

6.3.2 Seismic Force-Resisting Systems 

The basic seismic force-resisting systems are listed in Table 12.2-1. Included in the table 
are the response modification coefficients R to be used in determining the base shear V,
the system overstrength factors O to be used in determining element design forces, and 
the deflection amplification factors Cd to be used in determining design story drift. 

Table 12.2-1 also contains important information on system limitations with respect to 
SDC and height. Some systems, such as special steel moment frames and special 
reinforced concrete moment frames, can be utilized in structures assigned to any SDC 
with no height limitations. Other less ductile systems can be utilized with no height 
limitations in some SDCs while others are permitted in structures up to certain heights. 
The least ductile systems are not permitted in the higher SDCs under any circumstances.

w3

wr

V = 0.01(w1 + w2 + w3 + wr)

0.01w1

0.01w2

0.01w3

0.01wr

w2

w1
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Information on combinations of framing systems in different and in the same direction is 
given in 12.2.2 and 12.2.3, respectively. Different seismic force-resisting systems may be 
used along two orthogonal axes of the structure. The more stringent system limitations of 
Table 12.2-1 apply where different seismic force-resisting systems are used in the same 
direction. Occupancy Category I or II buildings that are two stories or less in height and 
that use light-frame construction or flexible diaphragms are permitted to be designed 
using the least value of R for the different structural systems in each independent line of 
resistance (12.2.3.2). Also, the value of R used for the design of the diaphragms in such 
structures must be less than or equal to the least value for any of the systems utilized in 
that same direction. 

Specific requirements for dual systems, cantilever column systems, inverted pendulum-
type structures, special moment frames and other systems are given in 12.2.5. In shear 
wall-frame interactive systems, which are permitted in structures assigned to SDC B 
only, the shear walls must be able to resist at least 75 percent of the design story shear at 
each story (12.2.5.10). 

6.3.3 Diaphragm Flexibility, Configuration Irregularities, and Redundancy 

Diaphragm Flexibility 

The relative flexibility of diaphragms must be considered in the structural analysis 
(12.3.1). Floor and roof systems that can be idealized as flexible or rigid diaphragms are 
given in 12.3.1.1 and 12.3.1.2, respectively. Floor/roof systems that do not satisfy the 
conditions of these sections are permitted to be idealized as flexible diaphragms where 
the computed in-plane deflection of the diaphragm under lateral load is greater than two 
times the average story drift of adjoining vertical elements of the seismic force-resisting 
system (see 12.3.1.3 and Figure 12.3-1). 

Irregular and Regular Classifications 

Structures are classified as regular or irregular based on the criteria in 12.3.2. In general, 
buildings having irregular configurations in plan and/or elevation suffer greater damage 
than those having regular configurations when subjected to design earthquakes. 

Table 12.3-1 contains the types and descriptions of horizontal structural irregularities that 
must be considered as a function of SDC. Similar information is provided in Table 12.3-2 
for vertical structural irregularities. Tables 6.2 and 6.3 summarize and illustrate the 
information provided in Tables 12.3-1 and 12.3-2, respectively. 

Limitations and additional requirements for systems with particular types of structural 
irregularities are given in 12.3.3 and are summarized in Table 6.4. 

The equivalent lateral force procedure using elastic analysis is not capable of accurately 
predicting the earthquake effects on certain types of irregular buildings. As indicated in 
Section 6.3.6 of this publication, more comprehensive structural analyses must be 
performed for structures with specific types of horizontal and vertical irregularities. 
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Table 6.4  Limitations and Additional Requirements for Systems with Structural 
Irregularities (12.3.3)

SDC Irregularity Type Limitations/Additional Requirements 
D Vertical irregularity Type 5b 

E or F 
• Horizontal irregularity Type 1b 
• Vertical irregularities Type 1b, 5a or 

5b

Not permitted 

Vertical irregularity Type 5b Height limited to two stories or 
30 ft* 

B – F Horizontal irregularity Type 4 or 
vertical irregularity Type 4 

Design supporting members and 
their connections to resist load 
combinations with overstrength 
factor of 12.4.3.2 

D – F 
• Horizontal irregularities Type 1a, 1b, 

2, 3 or 4 
• Vertical irregularity Type 4 

Design forces determined by 12.8.1 
shall be increased by 1.25 for 
connections of diaphragms to 
vertical elements and to collectors 
and for connections of collectors to 
vertical elements.** 

* The limit does not apply where the weak story is capable of resisting a total seismic force equal 
to oΩ times the design force prescribed in 12.8. 

** Collectors and their connections must also be designed for these increased forces unless they are 
designed for the load combinations with overstrength factor of 12.4.3.2 in accordance with 12.10.2.1. 

Redundancy 

The redundancy factor  is a measure of the redundancy inherent in the seismic force-
resisting system. The value of this factor is either 1.0 or 1.3. Conditions where  is equal 
to 1.0 are given in 12.3.4. The redundancy factor is 1.0 for structures assigned to SDC B 
or C. 

In essence, the redundancy factor has the effect of reducing the response modification 
coefficient R for less redundant structures, which, in turn, increases the seismic demand 
on the system. 

6.3.4 Seismic Load Effects and Combinations 

The seismic load effect E that is used in the load combinations defined in 2.3 and 2.4 
consists of effects of horizontal ( Eh QE ρ= ) and vertical ( DSE DSv 2.0= ) seismic forces 
where EQ  are the effects (bending moments, shear forces, axial forces) on the structural 
members obtained from the structural analysis where the base shear V is distributed over 
the height of the structure (12.4). 
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Basic load combinations for strength design and allowable stress design are summarized 
in 12.4.2.3 and Table 6.5. Additional information on these load combinations can be 
found in Chapter 2 of this publication. 

Table 6.5  Seismic Load Combinations (12.4.2.3)

Combination
No. Combination

Strength Design* 
5 SLQDSD EDS 2.0)2.02.1( ++ρ++

7 HQDS EDS 6.1)2.09.0( +ρ+−
Allowable Stress Design 

5 EDS QFHDS ρ++++ 7.0)14.00.1(

6 )or  or  (75.075.0525.0)105.00.1( RSLLQFHDS rEDS ++ρ++++

8 HQDS EDS +ρ+− 7.0)14.06.0(
* Load factor on L in combination 5 is permitted to equal 0.5 for all occupancies in which Lo in  

Table 4-1 is less than or equal to 100 psf, with the exception of garages or areas occupied as places of 
public assembly. The load factor on H in combination 7 shall be set equal to zero if the structural action 
due to H counteracts that due to E. Where lateral earth pressure provides resistance to structural actions 
from other forces, it shall not be included in H but shall be included in the design resistance.

The seismic load effect including overstrength factor mE  that is used in the load 
combinations defined in 12.4.3.2 consists of the horizontal seismic load effect with 
overstrength factor ( Eomh QE Ω= ) and the effects of vertical ( DSE DSv 2.0= ) seismic 
forces where the overstrength factor oΩ  is given in Table 12.2-1 as a function of the 
seismic force-resisting system (12.4.3). 

Basic combinations for strength design with overstrength factor and allowable stress 
design with overstrength factor are summarized in 12.4.3.2 and Table 6.6. These 
combinations pertain only to those structural elements that are listed in 12.3.3.3 (elements 
supporting discontinuous walls or frames in structures assigned to SDC B through F) and 
12.10.2.1 (collector elements, splices and their connections to resisting elements in 
structures assigned to SDC C through F). See Chapter 2 of this publication for additional 
information on these load combinations. 

6.3.5 Direction of Loading 

According to 12.5.1, seismic forces must be applied to the structure in directions that 
produce the most critical load effects on the structural members. The requirements are 
based on the SDC and are summarized in Table 6.7. 
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Table 6.6  Seismic Load Combinations with Overstrength Factor (12.4.3.2)

Combination
No. Combination

Strength Design* 
5 SLQDSD EoDS 2.0)2.02.1( ++Ω++

7 HQDS EoDS 6.1)2.09.0( +Ω+−
Allowable Stress Design 

5 EoDS QFHDS Ω++++ 7.0)14.00.1(

6 )or  or  (75.075.0525.0)105.00.1( RSLLQFHDS rEoDS ++Ω++++

8 HQDS EoDS +Ω+− 7.0)14.06.0(
* Load factor on L in combination 5 is permitted to equal 0.5 for all occupancies in which Lo  in

Table 4-1 is less than or equal to 100 psf, with the exception of garages or areas occupied as places of 
public assembly. The load factor on H in combination 7 shall be set equal to zero if the structural action 
due to H counteracts that due to E. Where lateral earth pressure provides resistance to structural actions 
from other forces, it shall not be included in H but shall be included in the design resistance.

Table 6.7  Direction of Loading Requirements (12.5)

SDC Requirement 

B Design seismic forces applied independently in each of two orthogonal 
directions and orthogonal interaction effects are permitted to be neglected. 

C

• Conform to requirements of SDC B 
• Structures with horizontal irregularity Type 5: 
− Orthogonal combination procedure: Apply 100 percent of the seismic 

forces for one direction plus 30 percent of the seismic forces for the 
perpendicular direction on the structure simultaneously where the forces 
are computed in accordance with 12.8 (equivalent lateral force analysis 
procedure), 12.9 (modal response spectrum analysis procedure) or 16.1 
(linear response history procedure), or 

− Simultaneous application of orthogonal ground motion: Apply orthogonal 
pairs of ground motion acceleration histories simultaneously to the 
structure using 16.1 (linear response history procedure) or 16.2 (nonlinear 
response history procedure). 

D – F 

• Conform to requirements of SDC C 
• Any column or wall that forms part of two or more intersecting seismic 

force-resisting systems that is subjected to axial load due to seismic forces 
along either principal axis that is greater than or equal to 20 percent of the 
axial design strength of the column or wall must be designed for the most 
critical load effect due to application of seismic forces in any direction.* 

* Either of the procedures of 12.5.3 a or b are permitted to be used to satisfy this requirement.
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6.3.6 Analysis Procedure Selection 

Requirements on the type of procedure that can be used to analyze the structure for 
seismic loads are given in 12.6 and are summarized in Table 12.6-1. As noted previously, 
the permitted analytical procedures depend on the SDC, the occupancy of the structure, 
characteristics of the structure (height and period) and the presence of any structural 
irregularities. 

6.3.7 Modeling Criteria 

Requirements pertaining to the construction of an adequate model for the purposes of 
seismic load analysis are given in 12.7. It is permitted to assume that the base of the 
structure is fixed. However, if the flexibility of the foundation is considered, the 
requirements of 12.13.3 (foundation load-deformation characteristics) or Chapter 19 (soil 
structure interaction for seismic design) must be satisfied. 

A three-dimensional analysis is required for structures that have horizontal irregularity 
Types 1a, 1b, 4 or 5. In such cases, a minimum of three dynamic degrees of freedom 
(translation in two orthogonal directions and torsional rotation about the vertical axis) 
must be included at each level of the structure. 

Cracked section properties must be used when analyzing concrete and masonry 
structures. In steel moment frames, the contribution of panel zone deformations to overall 
story drift must be included. 

The definition of the effective seismic weight W that is used in determining the base 
shear V is given in 12.7.2. In addition to the dead load of the structure, a portion of the 
storage live load, the partition load, the weight of permanent operating equipment and a 
portion of the snow load, where applicable, must be included in W.

6.3.8 Equivalent Lateral Force Procedure 

The provisions of the Equivalent Lateral Force Procedure are contained in 12.8. This 
analysis procedure can be used for all structures assigned to SDC B and C as well as 
some types of structures assigned to SDC D, E and F (see Table 12.6-1). 

Seismic Base Shear, V

In short, the seismic base shear V is determined as a function of the design response 
accelerations DSS  and 1DS , the response modification coefficient R, the importance 
factor I, the fundamental period of the structure T and the effective seismic weight W.
The design spectrum defined by the equations in 12.8 is depicted in Figure 6.2. The long-
period transition period LT  is given in Figures 22-15 through 22-20. 
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Figure 6.2  Design Response Spectrum According to the Equivalent Lateral Force 
Procedure (12.8)

Vertical Distribution of Seismic Forces

Once the seismic base shear V has been determined, it is distributed over the height of the 
building in accordance with 12.8.3. For structures with a fundamental period less than or 
equal to 0.5 sec, V is distributed linearly over the height, varying from zero at the base to 
a maximum value at the top (see Figure 6.3a). When T is greater than 2.5 sec, a parabolic 
distribution is to be used (see Figure 6.3b). For a period between these two values, a 
linear interpolation between a linear and parabolic distribution is permitted or a parabolic 
distribution may be utilized. 

Horizontal Distribution of Forces 

The seismic design story shear Vx in story x is the sum of the lateral forces acting at the 
floor or roof level supported by that story and all of the floor levels above, including the 
roof. The story shear is distributed to the vertical elements of the seismic force-resisting 
system in the story based on the lateral stiffness of the diaphragm. 

For flexible diaphragms, Vx is distributed to the vertical elements of the seismic force-
resisting system based on the area of the diaphragm tributary to each line of resistance. 
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                                 a. T  0.5 sec                                                        b. T > 0.5 sec 

Figure 6.3  Vertical Distribution of Seismic Forces (12.8.3)

For diaphragms that are not flexible, Vx is distributed based on the relative stiffness of the 
vertical resisting elements and the diaphragm. Inherent and accidental torsion must be 
considered in the overall distribution (12.8.4.1 and 12.8.4.2). Where Type 1a or 1b 
irregularity is present in structures assigned to SDC C, D, E or F, the accidental torsional 
moment is to be amplified in accordance with 12.8.4.3 (see Figure 12.8-1). 

Overturning 

The structure must be designed to resist the overturning effects caused by the seismic 
forces. In such cases, the critical load combinations are typically those where the effects 
from gravity and seismic loads counteract. 

Story Drift Determination 

Design story drift Δ  is determined in accordance with 12.8.6 and is computed as the 
difference of the deflections xδ  at the center of mass of the diaphragms at the top and 
bottom of the story under consideration (see Figure 12.8-2). 

The deflections xδ  at each floor level are obtained by multiplying the deflections xeδ
(the deflections determined by an elastic analysis using the code-prescribed forces 
applied at each floor level) by the deflection amplification factor dC  in Table 12.2-1 and 
dividing by the importance factor I (see Eq. 12.8-15). Limits on the design story drifts are 
given in 12.12 and are covered in Section 6.3.12 of this publication. 
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P-Delta Effects 

Member forces and story drifts induced by P-delta effects must be considered in member 
design and in the evaluation of overall stability of a structure where such effects are 
significant. Equation 12.8-16 can be used to evaluate the need to consider P-delta effects. 
Equation 12.8-17 is used to check if the structure is potentially unstable; this equation 
must be satisfied even where computer software is utilized to determine second-order 
effects.

6.3.9 Modal Response Spectral Analysis 

Requirements on how to conduct a modal analysis of a structure are given in 12.9. Such 
an analysis is permitted for any structure assigned to SDC B through F and is required for 
regular and irregular structures where T  3.5 TS and certain types of irregular structures 
assigned to SDC D through F (see Table 12.6-1). The number of modes that need to be 
considered, methods on how to combine the results from the different modes and 
provisions on scaling the design values of the combined response are contained in 12.9. 

6.3.10 Diaphragms, Chords, and Collectors 

Diaphragm Design Forces 

In structures assigned to SDC B and higher, floor and roof diaphragms must be designed 
to resist seismic forces from base shear determined from the structural analysis or the 
force Fpx determined by Eq. 12.10-1, whichever is greater. Upper and lower limits of Fpx
are provided in 12.10.1.1. 

An example of an offset in the vertical resisting elements of the seismic force-resisting 
system is illustrated in Figure 6.4. In such cases, the diaphragm that is required to transfer 
design forces from the vertical elements above the diaphragm to the vertical elements 
below the diaphragm must be designed for this additional force.  

Figure 6.4  Example of Vertical Offsets in the Seismic Force-Resisting System (12.10.1)
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Shear wall 
Shear wall (collector 
beams not required) 

Collector beam 

Collector beam 

Horizontal seismic force 

The redundancy factor  applies to the design of diaphragms in structures assigned to 
SDC D, E and F; it is equal to 1.0 for inertial forces calculated by Eq 12.10-1. Where the 
diaphragm transfers design forces from the vertical elements above the diaphragm to the 
vertical elements below the diaphragm, the redundancy factor ρ  for the structure applies 
to these forces. Also, the requirements of 12.3.3.4 must be satisfied for structures having 
horizontal or vertical irregularities indicated in that section. 

Collector Elements 

The provisions of 12.10.2.1 apply to collector elements in structures assigned to SDC C 
and higher. Collectors, which are also commonly referred to as drag struts, are elements 
in a structure that are used to transfer diaphragm loads from the diaphragm to the 
elements of the lateral force-resisting system where the lengths of the vertical elements in 
the lateral force-resisting system are less than the length of the diaphragm at that location. 
For example, the collector beams in Figure 6.5 collect the force from the diaphragm and 
distribute it to the shear wall. 

Figure 6.5  Example of Collector Beams and Shear Walls

In general, collector elements, splices and connections to resisting elements must all be 
designed to resist the load combinations with overstrength factor of 12.4.3.2 in addition 
to the applicable strength design or allowable stress design load combinations. Structures 
or portions of structures braced entirely by light-frame shear walls, collector elements, 
splices and connections need only be designed to resist the diaphragm forces prescribed 
in 12.10.1.1. 



6-20  CHAPTER 6 EARTHQUAKE LOADS

6.3.11 Structural Walls and Their Anchorage 

Out-of-Plane Forces 

In addition to forces in the plane of the wall, structural walls and their anchorage in 
structures assigned to SDC B and higher must be designed for an out-of-plane force equal 
to 0.4SDSI times the weight of the structural wall or 0.10 times the weight of the structural 
wall, whichever is greater (12.11.1). 

Anchorage of Concrete or Masonry Structural Walls 

Concrete or masonry structural walls in structures assigned to SDC B and higher must be 
anchored to the roof and floor members that provide lateral support for the walls. The 
anchorage must be designed to resist the greater of three forces specified in 12.11.2. 
Where the anchor spacing is greater than 4 ft, the walls must be designed to resist 
bending between the anchors. 

The requirements of 12.11.2.1 must be satisfied for concrete or masonry walls anchored 
to flexible diaphragms. Additional requirements for diaphragms in structures assigned to 
SDC C through F are given in 12.11.2.2. 

6.3.12 Drift and Deformation 

Once the design drifts have been determined in accordance with 12.8.6, they are 
compared to the allowable story drift aΔ  in Table 12.12-1. The drift limits depend on the 
occupancy category and are generally more restrictive for categories III and IV. These 
lower limits on drift are meant to provide a higher level of performance for more 
important occupancies. Drift limits also depend on the type of structure. 

Provisions for moment frames in structures assigned to SDC D through F, diaphragm 
deflection, and building separation are contained in 12.12.1.1, 12.12.2 and 12.12.3, 
respectively.7

For structures assigned to SDC D through F, structural members that are not part of the 
seismic force-resisting system must be designed for deformation compatibility. These 
members must be designed to adequately resist applicable gravity load effects when 
subjected to the design story drift  determined in accordance with 12.8.6. The 
deformation compatibility requirements are given in 12.12.4. 

6.3.13 Foundation Design 

General requirements for the design of various types of foundation systems are given in 
12.13. The special seismic requirements are driven by SDC. 
                                                
7 The requirements in ASCE/SEI 7 apply to structural separations. IBC 1613.6.7 provides requirements for 
separation between adjacent buildings on the same property and buildings adjacent to a property line not 
on a public way in SDC D, E or F. The minimum separation provisions were in the 1997 UBC and the 
2000 and the 2003 editions of the IBC but not the 2006 IBC because it references ASCE/SEI 7 for seismic 
design requirements. 
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For other than cantilever column and inverted pendulum systems, overturning effects at 
the soil-foundation interface are permitted to be reduced by 25 percent where the 
equivalent lateral force procedure is used. A 10-percent reduction is permitted for 
foundations of structures designed in accordance with the modal analysis requirements of 
12.9.

6.3.14 Simplified Alternative Structural Design Criteria for Simple Bearing Wall or 
Building Frame Systems 

The simplified design procedure is entirely self-contained in 12.14. The simplified 
method is permitted to be used in lieu of other analytical procedures in Chapter 12 for the 
analysis and design of simple bearing wall or building frame systems provided the 12 
limitations of 12.14.1.1 are satisfied. 

The provisions of 12.14 are intended to apply to a defined set of essentially regularly-
configured structures where a reduction in requirements is deemed to be warranted. Only 
those systems specifically listed in Table 12.14-1 are permitted to be used. Note that drift 
controlled structural systems such as moment resisting frames are not permitted. Some of 
the more noteworthy characteristics of this simplified method are as follows: 

1. The simplified procedure applies to Occupancy Category I or II structures up to 
three stories in height, which are founded on Site Class A, B, C or D soils and 
which are assigned to SDC B, C, D or E. 

2. The procedure is limited to bearing wall or building frame systems. Design 
coefficients for these structural systems are given in Table 12.14-1, which 
contains essentially the same information as Table 12.2-1, except that the system 
overstrength factor O, the deflection amplification factor Cd, and system height 
limitations have been omitted in Table 12.14-1, based on the limitations and 
requirements of the simplified method. For seismic load combinations involving 
overstrength, the system overstrength factor is 2.5 (12.14.3.2). Since the 
permissible types of lateral force-resisting systems are relatively stiff when 
compared to moment-resisting frames in structures within the prescribed 
limitations, design drift need not be calculated (12.14.8.5). 

3. Given the prescriptive requirements for system configuration, definitions of and 
design provisions for system irregularities are not needed. 

4. Design and detailing requirements are independent of the SDC. 
5. The redundancy coefficient ρ  does not apply. 

6. The seismic base shear V is determined by Eq. 12.14-11 and is a function of the 
design spectral response acceleration at short periods DSS  (short period plateau), 
the number of stories in the structure and the response modification coefficient R.
Determination of the period of the structure T is not needed. 

7. Vertical distribution of the seismic base shear V is based on tributary weight 
(Eq. 12.14-12). Diaphragms must be designed to resist the design seismic forces 
calculated by the provisions of 12.14.8.2 (12.14.7.4). 
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8. For flexible diaphragms, horizontal distribution of seismic forces to the vertical 
elements of the seismic force-resisting system is based on tributary area. For 
diaphragms that are not flexible, distribution is based on the relative stiffness of 
the seismic force-resisting elements considering any torsional moment resulting 
from eccentricity between the center of mass and the center of rigidity (12.14.8.3). 
Accidental torsion and dynamic amplification of torsion need not be considered. 

9. Calculations for P-delta effects need not be considered. 
10. Load combinations are prescribed in 12.14.3 for strength design, allowable stress 

design and seismic load effect including a 2.5 overstrength factor. 
11. Design seismic forces are permitted to be applied separately in each orthogonal 

direction and the combination of effects from the two directions need not be 
considered (12.14.6). 

Additional requirements of the simplified method can be found in 12.14. 

6.4 SEISMIC DESIGN REQUIREMENTS FOR NONSTRUCTURAL 
COMPONENTS

6.4.1 General 

Chapter 13 establishes minimum design criteria for nonstructural components that are 
permanently attached to structures and for their supports and attachments. Included are 
provisions for architectural components, mechanical and electrical components, and 
anchorage.

Nonstructural components that weigh greater than or equal to 25 percent of the effective 
seismic weight W of the structure must be designed as nonbuilding structures in 
accordance with 15.3.2 (13.1.1). Nonstructural components are assigned to the same SDC 
as the structure that they occupy or to which they are attached (13.1.2). 

The component importance factor Ip is equal to 1.0 except when the following conditions 
apply where it is equal to 1.5 (13.1.3): 

1. The component is required to function for life-safety purposes after an earthquake 
(including fire protection sprinkler systems). 

2. The component contains hazardous materials. 
3. The component is in or attached to an Occupancy Category IV structure and is 

needed for continued operation of the facility or its failure could impair the 
continued operation of the facility. 

A list of nonstructural components that are exempt from the requirements of this section 
is given in 13.1.4. Also see Table 13.2-1 for a summary of applicable requirements. 
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6.4.2 Seismic Demands on Nonstructural Components

The horizontal seismic design force that is to be applied to the center of gravity of the 
component pF  is determined by Eq. 13.3-1. This force is a function of the following: 

=pa  component amplification factor given in Table 13.5-1 for architectural 
components and 13.6-1 for mechanical and electrical components. 

=DSS  design spectral response acceleration at short periods determined in 
accordance with 11.4.4. 

=pW  component operating weight. 
=pR  component response modification factor given in Table 13.5-1 for architectural 

components and 13.6-1 for mechanical and electrical components. 
=pI  component importance factor (1.0 or 1.5). 

=z  height in structure of point of attachment of component with respect to the 
base. For items at or below the base, 0=z . The value of hz /  need not 
exceed 1.0. 

=h  average roof height of structure with respect to the base. 

Component seismic forces pF  are to be applied independently in at least two orthogonal 
horizontal directions in combination with the service loads that are associated with the 
component. Requirements are also given for vertically cantilevered systems. Minimum 
and maximum values of pF  are determined by Eqs. 13.3-2 and 13.3-3, respectively. 

Equation 13.3-4 can be used to calculate pF  based on accelerations determined by a 
modal analysis. Requirements for seismic relative displacements are given in 13.3.2. 

6.4.3 Nonstructural Component Anchorage

Components and their supports are to be attached or anchored to the structure in 
accordance with the requirements of 13.4. Forces in the attachments are to be determined 
using the prescribed forces and displacements specified in 13.3.1 and 13.3.2. Anchors in 
concrete or masonry elements must satisfy the provisions of 13.4.2. 

6.4.4 Architectural Components

General design and detailing requirements for architectural components are contained in 
13.5. All architectural components and attachments must be designed for the seismic 
forces defined in 13.3.1. Specific requirements are stipulated for: 

• Exterior nonstructural wall panels 
• Glass
• Suspended ceilings 
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• Access floors 
• Partitions
• Glass in glazed curtain walls, glazed storefronts and glazed partitions 

6.4.5 Mechanical and Electrical Components

The requirements of 13.6 are to be satisfied for mechanical and electrical components and 
their supports. 

Equation 13.6-1 can be used to determine the fundamental period Tp of the mechanical or 
electrical component. 

Requirements are provided for the following systems: 

• Utility and service lines 
• HVAC ductwork 
• Piping systems 
• Boilers and pressure vessels 
• Elevators and escalators 

6.5 SEISMIC DESIGN REQUIREMENTS FOR NONBUILDING 
STRUCTURES

6.5.1 General

Nonbuilding structures supported by the ground or by other structures must be designed 
and detailed to resist the minimum seismic forces set forth in Chapter 15. 

The selection of a structural analysis procedure for a nonbuilding structure is based on its 
similarity to buildings. Nonbuilding structures that are similar to buildings exhibit 
behavior similar to that of building structures; however, their function and performance 
are different. According to 15.1.3, structural analysis procedures for such buildings are to 
be selected in accordance with 12.6 and Table 12.6-1, which are applicable to building 
structures. Guidelines and recommendations on the use of these methods are given in 
C15.1.3. In short, the provisions for building structures need to be carefully examined 
before they are applied to nonbuilding structures. 

Nonbuilding structures that are not similar to buildings exhibit behavior that is markedly 
different than that of building structures. Most of these types of structures have reference 
documents that address their unique structural performance and behavior. Such reference 
documents are permitted to be used to analyze the structure (15.1.3). In addition, the 
following procedures may be used: equivalent lateral force procedure (12.8), modal 
analysis procedure (12.9), linear response history analysis procedure (16.1) and nonlinear 
response history analysis procedure (16.2). In the case of nonbuilding structures similar 
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to buildings, guidelines and recommendations on the proper analysis method to utilize for 
nonbuilding structures that are not similar to buildings are given in C15.1.3. 

6.5.2 Reference Documents

As noted above, reference documents may be used to design nonbuilding structures for 
earthquake load effects. References that have seismic requirements based on the same 
force and displacement levels used in ASCE/SEI 7-05 are listed in Chapter 23 (15.2). The 
provisions in the reference documents are subject to the amendments given in 15.4.1. See 
C15.2 for additional references that cannot be referenced directly by ASCE/SEI 7-05. 

It is important to note that the provisions of an industry standard or document must not be 
used unless the seismic ground accelerations and seismic coefficients are in conformance 
with the requirements of 11.4. The values for total lateral force and total base overturning 
moment from the reference documents must be taken greater than or equal to 80 percent 
of the corresponding values determined by the seismic provisions of ASCE/SEI 7-05. 

6.5.3 Nonbuilding Structures Supported by Other Structures

Provisions are given in 15.3 for the nonbuilding structures in Table 15.4-2 (i.e., 
nonbuilding structures that are not similar to buildings) that are supported by other 
structures and that are not part of the primary seismic force-resisting system. The design 
method depends on the weight of the nonbuilding structure relative to the weight of the 
combined nonbuilding and supporting structure (see 15.3.1 and 15.3.2). 

6.5.4 Structural Design Requirements

Specific design requirements for nonbuilding structures are given in 15.4. As noted 
previously, provisions in referenced documents are amended by the requirements of this 
section.

For nonbuilding structures that are similar to buildings, the permitted structural systems, 
design values and limitations are given in Table 15.4-1. Similar information is provided 
in Table 15.4-2 for nonbuilding structures that are not similar to buildings. Requirements 
on the determination of the base shear, vertical distribution of seismic forces, importance 
factor and load combinations are contained in 15.4.1. 

Additional provisions for rigid buildings, loads, fundamental period, drift limitations, 
deflection limits and other requirements can be found in 15.4.2 through 15.4.8. 

6.5.5 Nonbuilding Structures Similar to Buildings

Additional requirements are given in 15.5 for pipe racks, steel storage racks, electrical 
power generating facilities, structural towers for tanks and vessels, and piers and 
wharves.
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6.5.6 Nonbuilding Structures Not Similar to Buildings

Additional requirements are given in 15.6 for earth-retaining structures, stacks and 
chimneys, amusement structures, special hydraulic structures, secondary containment 
systems and telecommunication towers. 

6.5.7 Tanks and Vessels 

Comprehensive seismic design requirements are given in 15.7 for tanks and vessels. As 
noted in C15.7, most, if not all, industry standards that contain seismic design 
requirements are based on earlier seismic codes. Many of the provisions of 15.7 show 
how to modify existing standards to get to the same force levels as ASCE/SEI 7-05. 

6.6 FLOWCHARTS 

A summary of the flowcharts provided in this chapter is given in Table 6.7. Included is a 
description of the content of each flowchart. 

All referenced section numbers and equations in the flowcharts are from ASCE/SEI 7-05 
unless noted otherwise. 

Table 6.7  Summary of Flowcharts Provided in Chapter 6 

Flowchart Title Description
Section 6.6.1  Seismic Design Criteria 

Flowchart 6.1 Consideration of Seismic Design 
Requirements

Summarizes conditions where the seismic 
requirements of ASCE/SEI 7-05 must be considered 
and need not be considered. 

Flowchart 6.2 Seismic Ground Motion Values
Provides step-by-step procedure on how to 
determine the design spectral accelerations for a site 
in accordance with 11.4. 

Flowchart 6.3 Site Classification Procedure for 
Seismic Design 

Provides step-by-step procedure on how to 
determine the Site Class of a site in accordance with 
Chapter 20. 

Flowchart 6.4 Seismic Design Category Provides step-by-step procedure on how to 
determine the seismic design category of a structure. 

Flowchart 6.5 Design Requirements for SDC A Summarizes the seismic design requirements for 
structures assigned to SDC A. 

(continued)
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Table 6.7  Summary of Flowcharts Provided in Chapter 6 (continued) 

Flowchart Title Description
Section 6.6.2  Seismic Design Requirements for Building Structures 

Flowchart 6.6 Diaphragm Flexibility Provides methods on how to determine whether a 
diaphragm is flexible, rigid or semi-rigid. 

Flowchart 6.7 Permitted Analytical Procedures 
Summarizes analytical procedures that are permitted 
in determining design seismic forces for building 
structures.

Flowchart 6.8 Equivalent Lateral Force Procedure 
Provides step-by-step procedure on how to 
determine the design seismic forces and their 
distribution based on the requirements of this 
procedure. 

Flowchart 6.9 Alternate Simplified Design 
Procedure

Provides step-by-step procedure on how to 
determine the design seismic forces and their 
distribution based on the requirements of this 
procedure. 

Section 6.6.3  Seismic Design Requirements for Nonstructural Components

Flowchart 6.10 Seismic Demands on Nonstructural 
Components 

Provides step-by-step procedure on how to 
determine design seismic forces on nonstructural 
components. 

Section 6.6.4  Seismic Design Requirements for Nonbuilding Structures

Flowchart 6.11 Seismic Design Requirements for 
Nonbuilding Structures 

Provides step-by-step procedure on how to 
determine design seismic forces on nonbuilding 
structures that are similar to buildings and that are 
not similar to buildings. 
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Yes Is the structure a detached 
one- or two-family dwelling? 

FLOWCHART 6.1
Consideration of Seismic Design Requirements 

(11.1.2)

Structure is exempt from the 
seismic requirements of 
ASCE/SEI 7-05 (11.1.2).

Determine SS  in accordance 
with 11.4.1* 

Is 4.0<SS ? Yes 

Determine the SDC in accordance 
with 11.6 (see Flowchart 6.4) 

Is the structure 
assigned to SDC 

A, B or C? 

No

Is the number of stories less 
than or equal to two and will 
the structure be designed and 
constructed per the IRC? 

Seismic requirements of 
ASCE/SEI 7-05 must be 
considered.

Yes 

Yes No

No

A

* Values of S1 may be obtained from the USGS website 
(http://earthquake.usgs.gov/research/hazmaps/design/) 
for a particular site. 

No

6.6.1 Seismic Design Criteria 
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Yes No
Is the structure an agricultural 
storage structure intended only 
for incidental human occupancy? 

FLOWCHART 6.1
Consideration of Seismic Design Requirements (11.1.2) 

(continued) 

Structure is exempt from the 
seismic requirements of 
ASCE/SEI 7-05 (11.1.2).

Does the structure require special 
consideration with respect to response 
characteristics and environment that are 
not addressed in Chapter 15 and for which 
other regulations provide seismic criteria?†

† Examples of such structures are vehicular bridges, 
electrical transmission towers, hydraulic structures, 
buried utility lines and nuclear reactors. 

A

No Yes 

Seismic requirements of 
ASCE/SEI 7-05 must be 
considered.
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FLOWCHART 6.2
Seismic Ground Motion Values 

(11.4)

Determine SS  and 1S  from Figs. 22-1 
through 22-14 (11.4.1)* 

Determine ground motion values using 
site-specific ground motion procedures 
in accordance with Chapter 21 (11.4.7). 

Is 15.0≤SS  and 04.01 ≤S ?

Structure is permitted to be assigned 
to SDC A and must only comply with 
11.7 (11.4.1; see Flowchart 6.5). 

No Yes 

Is the structure seismically 
isolated or does it have damping 
systems on sites with 6.01 ≥S ?

Determine ground motion from a 
ground motion hazard analysis in 
accordance with 21.2 (11.4.7). 

A

No Yes 

* Values of SS and S1 may be obtained from the USGS website 
(http://earthquake.usgs.gov/research/hazmaps/design/) for a 
particular site. 
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FLOWCHART 6.2
Seismic Ground Motion Values (11.4) 

(continued) 

Determine MSS  and 1MS  by Eqs. 11.4-1 and 11.4-2, respectively: 

11 SFS
SFS

vM

SaMS
=
=

where site coefficients aF  and vF  are given in Tables 11.4-1 and 11.4-2, 
respectively (11.4.3).†

Determine DSS  and 1DS  by Eqs. 11.4-3 and 11.4-4, respectively:†

3/2
3/2

11 MD

MSDS
SS
SS

=
=

    (11.4.4) 

** A site response analysis in accordance with 21.1 is required for structures on Site Class F 
sites unless the exception in 20.3.1(1) is satisfied for structures with periods T  0.5 sec. 

† Where the simplified design procedure of 12.14 is used, only the values of Fa and SDS
must be determined in accordance with 12.14.8.1 (11.4.3, 11.4.4). 

A

Determine the site class of the soil in 
accordance with 11.4.2 and Chapter 20 
(11.4.2; see Flowchart 6.3) 

Is the site classified as Site Class F? No Yes 

Determine ground motion values 
using a site response analysis in 
accordance with 21.1 (11.4.7).** 
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FLOWCHART 6.3
Site Classification Procedure for Seismic Design 

(Chapter 20) 

Is site-specific geotechnical 
data available to 100 feet 
below the surface of the site?

Site Class D may be used unless the 
authority having jurisdiction determines 
Site Class E or F is present (20.1). 

No Yes 

Soil properties are permitted to be estimated 
by the registered design professional 
preparing the soil investigation report based 
on known geological conditions (20.1) 

Are any of the four 
conditions listed under 
20.3.1 satisfied?

Use Site Class F and perform a site-
response analysis in accordance 
with 21.1 (20.3.1, 20.2). 

Yes 

A

No
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FLOWCHART 6.3
Site Classification Procedure for Seismic Design (Chapter 20) 

(continued) 

Does the soil profile have a total 
thickness of soft clay > 10 ft?* 

No Yes 

Use Site Class E (20.3.2). 

* A soft clay layer is defined by 500<us  psf, 40>w  percent, and PI > 20 (20.3.2). 

Is there less than or equal to 10 
feet of soil between the rock 
surface and the bottom of spread 
footings or a mat foundation? 

A

Determine the shear wave velocity of the soil 
sv  in accordance with 20.3.4 and 20.3.5 and 

classify the soil as either Site Class A or B 
based on the criteria in Table 20.3-1 for sv .

No Is there rock present within 
the soil profile at the site? 

Yes 

B Yes No
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FLOWCHART 6.3
Site Classification Procedure for Seismic Design (Chapter 20) 

(continued) 

B

Classify the soil as either Site Class C, D or E 
based on the criteria in Table 20.3-1 for sv ,
N , chN  or us .

Determine average shear wave 
velocity sv  for the top 100 feet 
(20.3.3)**

Determine average field 
penetration resistance N  for 
the top 100 feet (20.3.3)** 

Determine average standard penetration resistance chN
for cohesionless soil layers (PI < 20) in the top 100 ft 
and average undrained shear strength us  for cohesive 
soil layers (PI > 20) in the top 100 feet (20.3.3)**, †

** Values of sv , N and us are computed in accordance with 20.4 where soil profiles 
contain distinct soil and rock layers (20.3.3). 

† Where the chN and us criteria differ, the site shall be assigned to the category with the 
softer soil [20.3.3(3)]. 
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FLOWCHART 6.4
Seismic Design Category 

(11.6)

Determine the Occupancy 
Category from IBC Table 1604.5 

Determine SS  and 1S  from Figs. 22-1 
through 22-14 (11.4.1)* 

* Values of SS and S1 may be obtained from the USGS website (http://earthquake.usgs.gov/research/hazmaps/design/) 
for a particular site. 

** A structure assigned to SDC E or F shall not be located where there is a known potential for an active fault to cause 
rupture of the ground surface at the structure (11.8). 

Is 15.0≤SS  and 04.01 ≤S ?

Structure is permitted to be assigned 
to SDC A and must only comply with 
11.7 (11.4.1; see Flowchart 6.5). 

Yes No

Is the Occupancy Category I, II 
or III? 

Is 75.01 ≥S ?

Yes 

Structure is assigned to SDC E.** 

Yes Is 75.01 ≥S ?

Structure is assigned to SDC F.** 

No

Yes 

AA

No No
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FLOWCHART 6.4
Seismic Design Category (11.6) 

(continued) 

A

Is the simplified design procedure 
of 12.14 permitted to be used? 

Determine 3/2 SaDS SFS =
(12.14.8.1) †

Determine the SDC from Table 11.6-1 
based on DSS  and the Occupancy 
Category.

† Short-period site coefficient Fa is permitted to be taken as 1.0 for rock sites, 1.4 for soil sites or may be 
determined in accordance with 11.4.3. Rock sites have no more than 10 feet of soil between the rock 
surface and the bottom of spread footing or mat foundation. Mapped spectral response acceleration SS is 
determined in accordance with 11.4.1 and need not be taken larger than 1.5 (12.14.8.1).

Yes 

Are all 4 conditions 
of 11.6 satisfied? 

Determine 3/2 MSDS SS =  by 
Eq. 11.4-4 (see Flowchart 6.2) 

Determine DSS  and 1DS  from Flowchart 6.2 

No

No Yes 

Determine the SDC as the more severe of the two 
SDCs from Tables 11.6-1 and 11.6-2 based on the 
Occupancy Category and DSS  and 1DS , respectively. 
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FLOWCHART 6.5
Design Requirements for SDC A 

(11.7)

Determine the seismic force xF  applied at each floor 
level by Eq. 11.7-1: xx wF 01.0=  where =xw  portion 
of the total dead load of the structure located or assigned 
to level x (11.7.2)* 

* These forces are applied simultaneously at all levels in one direction. The structure is analyzed for 
the effects of these forces applied independently in each of two orthogonal directions (11.7.2). The 
effects from these forces on the structure and its components shall be taken as E and combined 
with the effects of other loads in accordance with 2.3 or 2.4 (11.7.1). 

Provide load path connections and connection to 
supports in accordance with 11.7.3 and 11.7.4, 
respectively. 

Anchor any concrete or masonry walls to roof and 
floors in accordance with 11.7.5. 
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FLOWCHART 6.6
Diaphragm Flexibility 

(12.3)

Are the vertical elements in the structure 
steel or composite steel and concrete 
braced frames or concrete, masonry, 
steel or composite shear walls?

Are the diaphragms constructed 
of untopped steel decking or 
wood structural panels? 

Yes No

Is the building a one- or two-family 
residential building of light-frame 
construction with diaphragms of 
wood structural panels or untopped 
steel decks? 

Diaphragms are permitted to 
be idealized as flexible 
(12.3.1.1).

Yes 

Yes 

A

No

No

6.6.2 Seismic Design Requirements for Building Structures 
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FLOWCHART 6.6
Diaphragm Flexibility (12.3) 

(continued) 

Are the diaphragms concrete slabs 
or concrete filled metal deck with 
span-to-depth ratios of 3 or less in 
structures that have no horizontal 
irregularities? 

A

Diaphragms are permitted to 
be idealized as rigid 
(12.3.1.2).

Is the computed maximum in-plane 
deflection of the diaphragm under 
lateral load more than 2 times the 
average story drift of adjoining vertical 
elements of the seismic force-resisting 
system as shown in Figure 12.3-1?*

Diaphragms are permitted to 
be idealized as flexible 
(12.3.1.3).

Yes No

Yes 

The structural analysis must 
include consideration of the 
stiffness of the diaphragm (semi-
rigid modeling assumption).** 

No

* The loading used for this calculation shall be that prescribed in 12.8. 
** IBC 1602 provides definitions for rigid and flexible diaphragms only; semi-rigid diaphragms are 

not defined in the IBC. See IBC 1613.6.1 for modifications made to 12.3.1. 
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FLOWCHART 6.7
Permitted Analytical Procedures* 

(12.7)

Determine the SDC of the structure from Flowchart 6.4** 

* The simplified alternative structural design method of 12.14 may be used for simple bearing wall 
or building frame systems that satisfy the 12 limitations in 12.14.1.1. 

** This flowchart is applicable to buildings assigned to SDC B and higher. See Flowchart 6.5 for 
design requirements for SDC A. 

Is the structure assigned to 
SDC B or C? 

A

Is the structure an Occupancy 
Category I or II building of light-
frame construction that is less 
than or equal to three stories? 

Determine the Occupancy Category from IBC Table 1604.5 

Yes No

A

Is the structure an Occupancy 
Category I or II building that is 
less than or equal to two stories? 

A

No

B

Yes 

Yes No
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FLOWCHART 6.7
Permitted Analytical Procedures (12.6) 

(continued) 

A

The following analysis procedures can be used: 
• Equivalent lateral force procedure (12.8) 
• Modal response spectrum analysis (12.9) 
• Seismic response history procedures (Chapter 16) 

B

Is T < ST5.3 ? 

Determine DSS  and 1DS  from Flowchart 6.2 

Determine DSDS SST /1=

Determine structure fundamental period T

C D

Yes No
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FLOWCHART 6.7
Permitted Analytical Procedures (12.6) 

(continued) 

C

The following analysis procedures can be used: 
• Modal response spectrum analysis (12.9) 
• Seismic response history procedures (Chapter 16) 

D

Does the structure possess only Type 2, 3, 4 or 
5 horizontal irregularities of Table 12.3-1 or 
only Type 4, 5a or 5b vertical irregularities of 
Table 12.3-2? 

A

Is the structure regular? No Yes 

AC

Yes No
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FLOWCHART 6.8
Equivalent Lateral Force Procedure 

(12.6)

Determine SS , 1S , DSS , 1DS  and the SDC from 
Flowchart 6.4 

Determine the response modification coefficient R from 
Table 12.2-1 for the appropriate structural system based 
on SDC 

Determine the importance factor I from Table 11.5-1 
based on the Occupancy Category 

Determine the fundamental period of the 
structure T by a substantiated analysis that 
considers the structural properties and 
deformational characteristics of the 
structure

Determine the approximate fundamental 
period of the structure aT  by Eq. 12.8-7: 

x
nta hCT =  where values of approximate 

period parameters tC  and x are given in 
Table 12.8-2*,**

Determine the approximate fundamental 
period of the structure aT  by Eq. 12.8-7: 

x
nta hCT =  where values of approximate 

period parameters tC  and x are given in 
Table 12.8-2*,**

* hn height in feet above the base to the highest level of the structure. 
** Alternate equations for Ta are given in 12.8.2.1 for concrete or steel moment resisting frames and 

masonry or concrete shear wall structures. 

A

B
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

† =uC  coefficient for upper limit on calculated period given in Table 12.8-1. 

A

Is auTCT > ?

Use auTCT =T from substantiated 
analysis may be used 

No Yes 

BDetermine LT  from Figures 22-15 
through 22-20 

Is LTT > ?No Yes 

C D

Determine upper limit on calculated 
period = auTC †
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

Determine sC  by Eqs. 12.8-3 and 

12.8-2:‡ ≤=

I
R

S

I
RT

SC DSD
s

1

Is 6.01 ≥S ?

C

No Yes 

Is <sC  larger of 
ISDS044.0 , 0.01, 

and
)//(5.0 1 IRS ?

Is <sC  larger of 
ISDS044.0 and 0.01? 

≤=

I
R

S

I
RT

SC DSD
s

1 =sC  larger of 
ISDS044.0 and 

0.01

=sC  larger of ISDS044.0 , 
0.01, and )//(5.0 1 IRS

No

≤=

I
R

S

I
RT

SC DSD
s

1

Yes 
Yes 

‡ For regular structures five stories or less in height and having a period T less than or equal to 0.5 sec, 
Cs is permitted to be calculated using a value of 1.5 for SS  (12.8.1.3). 

E

No
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

Determine sC  by Eq. 12.8-4: 

=

I
RT

TSC LD
s

2
1

D

Is 6.01 ≥S ?No Yes 

Is <sC  larger of 
ISDS044.0 , 0.01, 

and
)//(5.0 1 IRS ?

Is <sC  larger of 
ISDS044.0 and 0.01? 

=

I
RT

TSC LD
s

2
1 =sC  larger of 

ISDS044.0 and 
0.01

=sC  larger of ISDS044.0 , 
0.01, and )//(5.0 1 IRS

No

=

I
RT

TSC LD
s

2
1

Yes 
Yes 

E

No
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

E

Is 5.0≤T  sec? 

Exponent related to structure 
period 1=k  (12.8.3) 

Is 5.2≥T  sec? 

Exponent related to structure 
period 2=k  (12.8.3) 

No Yes 

Yes No

Exponent related to structure 
period 2=k  (12.8.3) 

Exponent related to structure 
period Tk 5.075.0 +=  (12.8.3) 

Determine base shear V by 
Eq. 12.8-1: WCV s=

Determine effective seismic 
weight W in accordance with 
12.7.2

Determine lateral seismic force xF  at level x by 

Eqs. 12.8-11 and 12.8-12: V
hw

hwF n

i

k
ii

k
xx

x

=

=

1
where =xw  portion of W located at level x

F
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

F

Determine seismic design story 
shear xV  by Eq. 12.8-13: 

=
=

n

xi
ix FV

Is the diaphragm flexible 
in accordance with 12.3? 

Determine inherent torsional moment 
tM  resulting from eccentricity between 

the locations of the center of mass and 
the center of rigidity 

Yes No

Determine accidental torsional moment 
taM  in accordance with 12.8.4.2 

Is the structure assigned to SDC C, D, E, 
or F and does it possess Type 1a or 1b 
torsional irregularity per Table 12.3-1? 

No

G

Distribute xV  to the vertical 
elements of the seismic force-
resisting system in accordance 
with 12.8.4.1 

H

I

Yes 
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

Determine taxta MAM =′

Distribute xV  to the vertical elements of 
the seismic force-resisting system 
considering the relative lateral stiffness of 
the vertical resisting elements and the 
diaphragm, including tat MM +

Distribute xV  to the vertical elements of the 
seismic force-resisting system considering the 
relative lateral stiffness of the vertical 
resisting elements and the diaphragm, 
including tat MM ′+

G H

Design structure to resist overturning effects 
caused by the seismic forces xF  (12.8.5) 

Determine the deflection amplification factor 
dC  from Table 12.2-1 

Determine the deflection xδ  at levels x by 

Eq. 12.8-15: 
I

C xed
x

δ=δ  where xeδ  are the 

deflections at level x based on an elastic analysis 
of the structure subjected to the seismic forces 

xF ††

I

†† It is permitted to determine the xe using seismic design forces based 
on the computed fundamental period of the structure without the 
upper limit CuTa  specified in 12.8.2 (12.8.6.2). 

J

Determine the torsional amplification factor 

xA  by Eq. 12.8-14: 3
2.1

2
≤

δ
δ=

avg
max

xA

where maxδ  and avgδ  are defined in 12.8.4.3 
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

J

Determine the design story drift Δ  as the 
difference of the deflections xδ  at the center of 
mass at the top and bottom of the story under 
consideration (see Figure 12.8-2) 

Check that the allowable story drifts aΔ  given in 
Table 12.12-1 are satisfied at each story 

Ensure that the other applicable drift and 
deformation requirements of 12.12 are satisfied 

Determine stability coefficient θ  at each story by Eq. 12.8-16: 

dsxx

x
ChV

P Δ=θ  where =xP  total vertical design load at and 

above level x ( xP  is determined using load factors no greater 
than 1.0) and =sxh  story height below level x

Is 1.0≤θ ?

P-delta effects need not be 
considered on the structure 
(12.8.7).

No Yes 

Determine maxθ  by Eq. 12.8-17: 

β
=θ

d
max C

5.0  where =β  ratio of shear 

demand to shear capacity for the story‡‡

K
‡‡  can conservatively be taken as 1.0. Where P-delta effects 

are included in an automated analysis, the value of θ
computed by Eq. 12.8-16 is permitted to be divided by 

)1( θ+  before checking Eq. 12.8-17 (12.8.7). 
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FLOWCHART 6.8
Equivalent Lateral Force Procedure (12.6) 

(continued) 

K

Is maxθ>θ ?

Structure is potentially 
unstable and must be 
redesigned so that maxθ≤θ .

Determine displacements 
and member forces including 
P-delta effects from a 
rational analysis. 

Determine P-delta effects 
by multiplying first-order 
displacements and member 
forces by )1/(0.1 θ− .

Yes No
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FLOWCHART 6.9
Alternate Simplified Design Procedure 

(12.14)

Determine SS , DSS  and the SDC from Flowchart 6.4 

Determine the response modification coefficient R from 
Table 12.14-1 for the appropriate structural system based on 
SDC

A

Are the 12 limitations 
of 12.14.1.1 satisfied? 

Use another analytical 
procedure in Chapter 12. 

Yes No

Determine effective seismic weight W in accordance with 
12.14.8.1

Determine base shear V by Eq. 12.14-11: 
R

WFSV DS=

where
F = 1.0 for one-story buildings 

  = 1.1 for two-story buildings 
  = 1.2 for three-story buildings 
 3/2 SaDS SFS =

aF  = 1.0 for rock sites 
   = 1.4 for soil sites, or 
   = value determined in accordance with 11.4.3 
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FLOWCHART 6.9
Alternate Simplified Design Procedure (12.14) 

(continued) 

A

Determine lateral seismic force xF  at level x by 

Eq. 12.14-12: V
W
wF x

x =  where =xw  portion of 

W located at level x

Determine seismic design story shear xV  by

Eq. 12.14-13: 
=

=
n

xi
ix FV

Is the diaphragm flexible in 
accordance with 12.14.5? 

Distribute xV  to the vertical elements 
of the seismic force-resisting system 
based on tributary area (12.14.8.3.1) 

Distribute xV  to the vertical elements of 
the seismic force-resisting system based on 
relative stiffness of the vertical elements 
and the diaphragm, including tM

Yes No

Determine inherent torsional moment tM
resulting from eccentricity between the 
locations of the center of mass and the 
center of rigidity (12.14.8.3.2.1) 

B
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FLOWCHART 6.9
Alternate Simplified Design Procedure (12.14) 

(continued) 

B

Design structure to resist overturning effects 
caused by the seismic forces xF  (12.14.8.4) 

Structural drift need not be calculated. If 
drift is required for other design 
requirements, it shall be taken as 1 
percent of building height unless it is 
computed to be less (12.14.8.5). 

Foundations of structures shall be designed for 
not less than 75 percent of the foundation 
overturning design moment. 
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FLOWCHART 6.10
Seismic Demands on Nonstructural Components 

(13.3)

A

Is the weight of the nonstructural 
component ≥  25 percent of the 
effective seismic weight W?

Yes No

Component shall be classified as a 
nonbuilding structure and shall be 
designed in accordance with 15.3.2 
(13.1.1)

Determine DSS , 1DS  and the SDC 
from Flowchart 6.4* 

* Nonstructural components shall be assigned to the same SDC as the 
structure that they occupy or to which they are attached (13.1.2). 

Determine component amplification factor ap from 
Table 13.5-1 for architectural components or Table 13.6-1 
for mechanical and electrical components 

Determine component response modification factor Rp
from Table 13.5-1 for architectural components or  
Table 13.6-1 for mechanical and electrical components 

6.6.3 Seismic Design Requirements for Nonstructural Components 
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FLOWCHART 6.10
Seismic Demands on Nonstructural Components (13.3) 

(continued) 

**
pF  shall be applied independently in at least two orthogonal horizontal directions in combination with service 

loads. For vertically cantilevered systems, pF  shall be assumed to act in any horizontal direction, and the 
component shall be designed for a concurrent vertical force pDSWS2.0± . Redundancy factor ρ  is permitted to 
be taken equal to 1.0 and the overstrength factor oΩ  does not apply (13.3.1). 

† For items at or below the base, z shall be taken as zero. The value of hz /  need not exceed 1.0. 

Determine horizontal seismic design force pF  applied at component’s 
center of gravity by Eqs. 13.3-1, 13.3-2 and 13.3-3:** 

ppDS

p

p

pDSp
pppDS WIS

h
z

I
R

WSa
FWIS 6.121

4.0
3.0 ≤+=≤

where =pW  component operating weight  
=z  height in structure of point of attachment of component with 

respect to the base.†
=h  average roof height of structure with respect to the base 

A

Determine component importance 
factor pI  in accordance with 13.1.3 
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FLOWCHART 6.11
Seismic Design Requirements for Nonbuilding Structures*

(Chapter 15) 

C

Is the nonbuilding structure 
similar to buildings? 

Yes No

* Nonbuilding structures are permitted to be 
designed in accordance with reference 
documents listed in Chapter 23, subject to the 
amendments in 15.4 (15.2). Tanks and vessels 
(15.7) are not considered here. 

Is the nonbuilding structure supported 
by another structure and not part of the 
primary seismic force-resisting system? 

Is the weight of the nonbuilding 
structure less than 25 percent of the 
combined weight of the nonbuilding 
structure and the supporting structure? 

Determine the period T of 
the nonbuilding structure in 
accordance with 15.4.4 

Yes 

No Yes 

Determine the design seismic forces of the 
nonbuilding structure in accordance with 
Chapter 13 where the values of Rp and ap are 
determined in accordance with 13.1.5. Design 
the supporting structure in accordance with 
Chapter 12 if it is a building structure or in 
accordance with 15.5 if it is a nonbuilding 
structure similar to buildings. 

A

B

No

6.6.4 Seismic Design Requirements for Nonbuilding Structures 
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FLOWCHART 6.11
Seismic Design Requirements for Nonbuilding Structures*

(continued) 

A

Determine the response modification 
coefficient R, the overstrength factor oΩ
and the deflection amplification factor dC
from Table 15.4-1 

Determine the importance factor I in 
accordance with 15.4.1.1 

Determine the period T of the nonbuilding 
structure in accordance with 15.4.4 

Determine DSS , 1DS  and the SDC from 
Flowchart 6.4 

Is the period of the nonbuilding 
structure T < 0.06 sec? 

Yes No

Determine total design lateral seismic base 
shear V by Eq. 15.4-5: WISV DS30.0=
where =W  nonbuilding structure operating 
weight defined in 15.4.3 

Distribute V over the height of the 
nonbuilding structure in accordance with 
12.8.3 (15.4.2; see Flowchart 6.8) 

Select an appropriate structural analysis 
procedure in accordance with 12.6 and 
determine the design seismic forces as 
required (15.1.3; see Flowchart 6.7) 

Satisfy the requirements of 15.4.5 
and 15.5 where applicable. 
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FLOWCHART 6.11
Seismic Design Requirements for Nonbuilding Structures*

(continued) 

B

Determine the response modification 
coefficient R, the overstrength factor oΩ
and the deflection amplification factor dC
from Table 15.4-2 

Determine the importance factor I in 
accordance with 15.4.1.1 

Determine the period T of the nonbuilding 
structure in accordance with 15.4.4 

Determine DSS , 1DS  and the SDC from 
Flowchart 6.4 

Is the period of the nonbuilding 
structure T < 0.06 sec? 

Yes No

Determine total design lateral seismic base 
shear V by Eq. 15.4-5: WISV DS30.0=
where =W  nonbuilding structure operating 
weight defined in 15.4.3 

Distribute V over the height of the 
nonbuilding structure in accordance with 
12.8.3 (15.4.2; see Flowchart 6.8) 

Select an appropriate structural analysis 
procedure in accordance with 15.1.3 and 
determine the design seismic forces as 
required, subject to 15.4.1(2) 

Satisfy the requirements of 15.4.5 
and 15.6 where applicable. 
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FLOWCHART 6.11
Seismic Design Requirements for Nonbuilding Structures*

(continued) 

Is the period of the nonbuilding 
structure T < 0.06 sec? 

Yes No

C

Determine the design seismic forces of the 
nonbuilding structure in accordance with 
Chapter 13 where the value of Rp shall be 
taken as the R value of the nonbuilding 
structure in accordance with Table 15.4-2 and 
ap shall be taken as 1.0. Design the supporting 
structure in accordance with Chapter 12 if it is 
a building structure or in accordance with 15.5 
if it is a nonbuilding structure similar to 
buildings. The R-value of the combined 
system is permitted to be taken as the R-value
of the supporting system. 

Determine the design seismic forces of the 
nonbuilding structure based on a combined 
model of the nonbuilding structure and 
supporting structure. Design the combined 
structure in accordance with 15.5 using an R
value of the combined system as the lesser R
value of the nonbuilding structure or the 
supporting structure. 
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6.7 EXAMPLES 

The following examples illustrate the IBC and ASCE/SEI 7 requirements for seismic 
design loads. 

6.7.1 Example 6.1 – Residential Building, Seismic Design Category 

A typical floor plan and elevation of a 12-story residential building is depicted in 
Figure 6.6. Given the design data below, determine the Seismic Design Category (SDC). 

DESIGN DATA

Location: Charleston, SC (Latitude: 32.74°, Longitude: -79.93°)
Soil classification: Site Class D 
Occupancy: Residential occupancy where less than 300 people congregate in 

one area 
Material: Cast-in-place reinforced concrete 
Structural system: Building frame system 

SOLUTION

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

1. Determine the mapped accelerations SS  and 1S .

In lieu of using Figures 22-1 and 22-2, the mapped accelerations are determined 
by inputting the latitude and longitude of the site into the USGS Ground Motion 
Parameter Calculator. The output is as follows: 37.1=SS  and 34.01 =S .

2. Determine the site class of the soil. 

The site class of the soil is given in the design data as Site Class D. 

3. Determine soil-modified accelerations MSS  and 1MS .

Site coefficients aF  and vF  are determined from Tables 11.4-1 and 11.4-2, 
respectively: 

For Site Class D and 25.1>SS : 0.1=aF

For Site Class D and 4.03.0 1 << S : 72.1=vF  from linear interpolation 
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Member sizes: 
• Slab: 9 in. 
• Columns: 24 x 24 in. 
• Walls: 12 in. thick 
Superimposed dead loads: 
• Roof: 10 psf 
• Floors: 20 psf (includes 10 psf 

for partitions per 12.7.2) 
• Glass curtain wall: 8 psf 
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Figure 6.6  Typical Floor Plan and Elevation of 12-story Residential Building
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 Thus, 

59.034.072.1

37.137.10.1

1 =×=

=×=

M

MS

S

S

4. Determine design accelerations DSS  and 1DS .

From Eqs. 11.4-3 and 11.4-4: 

39.059.0
3
2

91.037.1
3
2

1 =×=

=×=

D

DS

S

S

• Step 2: Determine the SDC from Flowchart 6.4. 

1. Determine if the building can be assigned to SDC A in accordance with 11.4.1. 

Since 15.037.1 >=SS  and 04.034.01 >=S , the building cannot be 
automatically assigned to SDC A. 

2. Determine the Occupancy Category from IBC Table 1604.5. 

For a residential occupancy where less than 300 people congregate in one area, 
the Occupancy Category is II. 

3. Since 75.01 <S , the building is not assigned to SDC E or F. 

4. Check if all four conditions of 11.6 are satisfied. 

Check if the approximate period aT  is less than ST8.0 . 

Use Eq. 12.8-7 with approximate period parameters for “other structural 
systems”: 

( ) 73.012002.0 75.0 === x
nta hCT  sec 

where tC  and x are given in Table 12.8-2. 

43.091.0/39.0/1 === DSDS SST  sec 
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0.73 sec > 34.043.08.0 =×  sec 

Since this condition is not satisfied, the SDC cannot be determined by Table  
11.6-1 alone (11.6). 

5. Determine the SDC from Tables 11.6-1 and 11.6-2. 

From Table 11.6-1, with 50.0>DSS  and Occupancy Category II, the SDC is D. 

From Table 11.6-2, with 20.01 >DS  and Occupancy Category II, the SDC is D. 

Therefore, the SDC is D for this building. 

6.7.2 Example 6.2 – Residential Building, Permitted Analytical Procedure 

For the 12-story residential building in Example 6.1, determine the analytical procedure 
that can be used in calculating the seismic forces. 

SOLUTION

Use Flowchart 6.7 to determine the permitted analytical procedure. 

1. Determine the SDC from Flowchart 6.4. 

It was determined in Step 2 of Example 6.1 that the SDC is D. 

2. Determine DSS  and 1DS  from Flowchart 6.2. 

The design accelerations were determined in Step 1, item 4 of Example 6.1: 
91.0=DSS  and .39.01 =DS

3. Determine ST .

DSDS SST /1=  was determined in Step 2, item 4 of Example 6.1 as 0.43 sec. 

4. Determine the fundamental period of the building T.

It was determined in Step 2, item 4 of Example 6.1 that == aTT  0.73 sec. 

5. Check if STT 5.3< .

73.0=T  sec < 5.143.05.35.3 =×=ST  sec 
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6. Determine if the structure is regular or not. 

a. Determine if the structure has any horizontal structural irregularities in 
accordance with Table 12.3-1. 

i. Torsional irregularity 

In accordance with Table 12.3-1, Type 1a torsional irregularity and Type 1b 
extreme torsional irregularity for rigid or semirigid diaphragms exist where 
the ratio of the maximum story drift at one end of a structure to the average 
story drifts at two ends of the structure exceeds 1.2 and 1.4, respectively. The 
story drifts are to be determined using code-prescribed forces, including 
accidental torsion. In this example, the floors and roof are cast-in-place 
reinforced concrete slabs, which are considered to be rigid diaphragms 
(12.3.1.2).

At this point in the analysis, it is obviously not evident which method is 
required to be used to determine the prescribed seismic forces. In lieu of using 
a more complicated higher order analysis, the equivalent lateral force 
procedure may be used to determine the lateral seismic forces. These forces 
are applied to the building and the subsequent analysis yields the story drifts 
Δ , which are used in determining whether Type 1a or 1b torsional irregularity 
exists. The results from the equivalent lateral force procedure will be needed 
if it is subsequently determined that a modal analysis is required (see 12.9.4). 

Use Flowchart 6.8 to determine the lateral seismic forces from the equivalent 
lateral force procedure. 

a) The design accelerations and the SDC have been determined in 
Example 6.1. 

b) Determine the response modification coefficient R from Table 12.2-1. 

The walls in this building frame system must be special reinforced 
concrete shear walls, since the building is assigned to SDC D (system B5 
in Table 12.2-1). In this case, R = 6. Note that height of the building, 
which is 120 ft, is less than the limiting height of 160 ft for this type of 
system in SDC D.8

c) Determine the importance factor I from Table 11.5-1. 

For Occupancy Category II, I = 1.0. 

d) Determine the period of the structure T.

                                                
8 The increased building height limit of 12.2.5.4 is not considered. 
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It was determined in Step 2, item 4 of Example 6.1 that the approximate 
period of the structure Ta, which is permitted to be used in the equivalent 
lateral force procedure, is equal to 0.73 sec. 

e) Determine long-period transition period LT  from Figure 22-15. 

For Charleston, SC, =LT  8 sec > 73.0=aT  sec. 

f) Determine seismic response coefficient sC .

The seismic response coefficient sC  is determined by Eq. 12.8-3: 

09.0
)0.1/6(73.0

39.0
)/(

1 ===
IRT

SC D
s

The value of sC  need not exceed that from Eq. 12.8-2: 

15.0
0.1/6

91.0
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 04.0044.0 =IS SD  (governs) 
and 0.01 (Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-3 governs. 

g) Determine effective seismic weight W in accordance with 12.7.2. 

The member sizes and superimposed dead loads are given in Figure 6.6 
and the effective weights at each floor level are given in Table 6.8. The 
total weight W is the summation of the effective dead loads at each level. 

h) Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1: 

793,1920,1909.0 =×== WCV s  kips 

i) Determine exponent related to structure period k.

Since 0.5 sec < 73.0=T  sec < 2.5 sec, k is determined as follows: 

12.15.075.0 =+= Tk
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Table 6.8  Seismic Forces and Story Shears 

Level 
Story 

weight, 
xw  (kips) 

Height,
xh  (ft) 

k
xx hw

Lateral force, 
xF  (kips) 

Story Shear, 
xV  (kips) 

R 1,308  120  278,799  233  233 
11 1,692  110  327,160  274  507 
10 1,692  100  294,036  246  753 
9 1,692  90  261,308  219  972 
8 1,692  80  229,014  192  1,164 
7 1,692  70  197,202  165  1,329 
6 1,692  60  165,932  139  1,468 
5 1,692  50  135,284  113  1,581 
4 1,692  40  105,368  88  1,669 
3 1,692  30  76,344  64  1,733 
2 1,692  20  48,479  41  1,774 
1 1,692  10  22,305  19  1,793 

Σ  19,920  2,141,231  1,793  

j) Determine lateral seismic force xF  at each level x.

xF  is determined by Eqs. 12.8-11 and 12.8-12. A summary of the lateral 
forces xF  and the story shears xV  is given in Table 6.8. 

Three-dimensional analyses were performed independently in the N-S and E-
W directions for the seismic forces in Table 6.8 using a commercial computer 
program. In the model, rigid diaphragms were assigned at each floor level. 
The stiffness properties of the shear walls were input assuming cracked 
sections (12.7.3): geff II 5.0=  where gI  is the gross moment of inertia of the 
section. In accordance with 12.8.4.2, the center of mass was displaced each 
way from its actual location a distance equal to 5 percent of the building 
dimension perpendicular to the applied forces to account for accidental torsion 
in seismic design. 

A summary of the elastic displacements xeδ  at each end of the building in 
both the N-S and E-W directions due to the code-prescribed forces in 
Table 6.8 is given in Table 6.9 at all floor levels. Also provided in the table 
are the story drifts Δ  at each end of the building in both directions. 

According to Table 12.3-1, a torsional irregularity occurs where maximum 
story drift at one of the structure is greater than 1.2 times the average of the 
story drifts at the two ends of the structure. The average story drift avgΔ  and 
the ratio of the maximum story drift to the average story drift avgΔΔ /max  are 
also provided in Table 6.9. 
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Table 6.9  Lateral Displacements and Story Drifts due to Seismic Forces 

N-S Direction E-W Direction 

Story (δxe)1
(in.)

1  

(in.)
(δxe)2
(in.)

2  

(in.)
avg

(in.) avg

max (δxe)1
(in.)

1  

(in.)
(δxe)2
(in.)

2  

(in.)
avg  

(in.) avg

max

 12 10.79 1.16 5.72 0.60 0.88 1.32 7.29 0.75 6.20 0.65 0.70 1.07 
 11 9.63 1.18 5.12 0.60 0.89 1.33 6.54 0.77 5.55 0.66 0.72 1.07 
 10 8.45 1.17 4.52 0.61 0.89 1.32 5.77 0.76 4.89 0.66 0.71 1.07 
 9 7.28 1.17 3.91 0.61 0.89 1.32 5.01 0.77 4.23 0.66 0.72 1.07 
 8 6.11 1.13 3.30 0.59 0.86 1.31 4.24 0.76 3.57 0.65 0.71 1.07 
 7 4.98 1.09 2.71 0.58 0.84 1.30 3.48 0.74 2.92 0.62 0.68 1.09 
 6 3.89 1.02 2.13 0.54 0.78 1.31 2.74 0.69 2.30 0.58 0.64 1.08 
 5 2.87 0.90 1.59 0.49 0.70 1.29 2.05 0.63 1.72 0.53 0.58 1.09 
 4 1.97 0.78 1.10 0.42 0.60 1.30 1.42 0.56 1.19 0.46 0.51 1.10 
 3 1.19 0.61 0.68 0.34 0.48 1.27 0.86 0.43 0.73 0.40 0.42 1.04 
 2 0.58 0.41 0.34 0.24 0.33 1.24 0.43 0.31 0.37 0.26 0.29 1.07 
 1 0.17 0.17 0.10 0.10 0.14 1.21 0.12 0.12 0.11 0.11 0.12 1.00 

For example, at the 12th story in the N-S direction: 

16.163.979.101 =−=Δ  in. 

60.012.572.52 =−=Δ  in. 

88.0
2

60.016.1 =+=Δavg  in. 

32.1
88.0
16.1max ==

Δ
Δ

avg
 > 1.2 

Therefore, a Type 1a torsional irregularity exists at all floor levels in the 
N-S direction.9

According to 12.8.4.3, where torsional irregularity exists at floor level x, the 
accidental torsional moments taM  must be increased by the torsional 
amplification factor xA  given by Eq. 12.8-14: 

2
max

2.1 δ
δ=

avg
xA

                                                
9 A Type 1b extreme torsional irregularity does not exist since the ratio of maximum drift to average drift is 
less than 1.4 (see Table 12.3-1). 
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For example, at the 12th story in the N-S direction: 

0.119.1

2
72.579.102.1

79.10

2

12 >=
+

=A

ii. Re-entrant corner irregularity 

According to Table 12.3-1, a re-entrant corner irregularity exists where both 
plan projections of the structure beyond a re-entrant corner are greater than 
15 percent of the plan dimension in a given direction. 

Using Table 6.2: 

Projection b = 56 ft > 0.15a = 11215.0 ×  = 16.8 ft 

Projection d = 70 ft > 0.15c = 12015.0 ×  = 18.0 ft 

Therefore, a Type 2 re-entrant corner irregularity exists. 

iii. Diaphragm discontinuity irregularity 

This type of irregularity does not exist, since the area of any of the openings is 
much less than 50 percent of the area of the diaphragm. Also, the diaphragm 
has the same effective stiffness on all of the floor levels. 

iv. Out-of-plane offsets irregularity 

There are no out-of-plane offsets of the shear walls, so this irregularity does 
not exist. 

v. Nonparallel systems irregularity 

This discontinuity does not exist, since all of the shear walls are parallel to a 
major orthogonal axis of the building. 

b. Determine if the structure has any vertical structural irregularities in accordance 
with Table 12.3-2. 

By inspection, none of the vertical irregularities defined in Table 12.3-2 exist for 
this building (also see Table 6.3). 

In summary, the building is not regular and has the following horizontal irregularities: 
Type 1a torsional irregularity and Type 2 re-entrant corner irregularity. 
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7. Determine the permitted analytical procedure from Table 12.6-1. 

The structure is irregular with T < 3.5 TS. If the structure had only a Type 2 re-entrant 
corner irregularity, the equivalent lateral force procedure could be used to analyze the 
structure. However, since a Type 1a torsional irregularity also exists, the equivalent 
lateral force procedure is not permitted; either a modal response spectrum analysis 
(12.9) or a seismic response history procedure (Chapter 16) must be utilized.10

6.7.3 Example 6.3 – Office Building, Seismic Design Category 

Typical floor plans and elevations of a seven-story office building are depicted in Figure 
6.7. Given the design data below, determine the Seismic Design Category (SDC). 

DESIGN DATA

Location: Memphis, TN (Latitude: 35.13°, Longitude: -90.05°)
Soil classification: Site Class D 
Occupancy: Office occupancy where less than 300 people congregate in one 

area
Material: Structural steel
Structural system: Moment-resisting frame and building frame systems 

SOLUTION

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

1. Determine the mapped accelerations SS  and 1S .

In lieu of using Figures 22-1 and 22-2, the mapped accelerations are determined 
by inputting the latitude and longitude of the site into the USGS Ground Motion 
Parameter Calculator. The output is as follows: 35.1=SS  and 37.01 =S .

2. Determine the site class of the soil. 

The site class of the soil is given in the design data as Site Class D. 

                                                
10 See the reference sections in Table 12.3-1 that must be satisfied for these types of irregularities in 

structures assigned to SDC D. Design forces shall be increased 25 percent for connections of diaphragms 
to vertical elements and to collectors and for connection of collectors to the vertical elements (12.3.3.4). 
Members that are not part of the seismic force-resisting system must satisfy the deformational 
compatibility requirements of 12.12.4. 
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Figure 6.7  Typical Floor Plans and Elevations of Seven-story Office Building
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Figure 6.7  Typical Floor Plans and Elevations of Seven-story Office Building (continued)

3. Determine soil-modified accelerations MSS  and 1MS .

Site coefficients Fa and Fv are determined from Tables 11.4-1 and 11.4-2, 
respectively: 

For Site Class D and 25.1>SS : 0.1=aF

For Site Class D and 4.03.0 1 << S : 66.1=vF  from linear interpolation 

 Thus, 
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61.037.066.1

35.135.10.1

1 =×=

=×=

M

MS

S

S

4. Determine design accelerations DSS  and 1DS .

From Eqs. 11.4-3 and 11.4-4: 

41.061.0
3
2

90.035.1
3
2

1 =×=

=×=

D

DS

S

S

• Step 2: Determine the SDC from Flowchart 6.4. 

1. Determine if the building can be assigned to SDC A in accordance with 11.4.1. 

Since 15.035.1 >=SS  and 04.037.01 >=S , the building cannot be 
automatically assigned to SDC A. 

2. Determine the Occupancy Category from IBC Table 1604.5. 

For a business occupancy where less than 300 people congregate in one area, the 
Occupancy Category is II. 

3. Since 75.01 <S , the building is not assigned to SDC E or F. 

4. Check if all four conditions of 11.6 are satisfied. 

Check if the approximate period aT  is less than ST8.0 . 

In the N-S direction, the concentrically braced steel frames fall under “other 
structural systems” in Table 12.8-2. Using Eq. 12.8-7, aT  is determined as 
follows: 

( ) 61.09602.0 75.0 === x
nta hCT  sec 

In the E-W direction, values of tC  and x for steel moment-resisting frames are 
used from Table 12.8-2: 

( ) 1.196028.0 8.0 === x
nta hCT  sec 
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46.090.0/41.0/1 === DSDS SST  sec 

37.046.08.0 =×  sec is less than the approximate periods in both the N-S and E-
W directions. 

Since this condition is not satisfied, the SDC cannot be determined by Table 11.6-
1 alone (11.6). 

5. Determine the SDC from Tables 11.6-1 and 11.6-2. 

From Table 11.6-1, with 50.0>DSS  and Occupancy Category II, the SDC is D. 

From Table 11.6-2, with 20.01 >DS  and Occupancy Category II, the SDC is D. 

Therefore the SDC is D for this building. 

6.7.4 Example 6.4 – Office Building, Permitted Analytical Procedure 

For the seven-story office building in Example 6.3, determine the analytical procedure 
that can be used in calculating the seismic forces. 

SOLUTION

Use Flowchart 6.6 to determine the permitted analytical procedure. 

1. Determine the SDC from Flowchart 6.4. 

It was determined in Step 2 of Example 6.3 that the SDC is D. 

2. Determine DSS  and 1DS  from Flowchart 6.2. 

The design accelerations were determined in Step 1, item 4 of Example 6.3: 
90.0=DSS  and .41.01 =DS

3. Determine ST .

It was determined in Step 2, item 4 of Example 6.3 that == DSDS SST /1  0.46 sec. 

4. Determine the fundamental period of the building T.

The periods T were determined in Step 2, item 4 of Example 6.3 as 0.61 sec in the 
N-S direction and 1.1 sec in the E-W direction. 



EXAMPLES  6-75

5. Check if STT 5.3< .

6.146.05.35.3 =×=ST  sec, which is greater than the periods in both directions. 

6. Determine if the structure is regular or not. 

a. Determine if the structure has any horizontal structural irregularities in 
accordance with Table 12.3-1. 

i. Torsional irregularity 

In accordance with Table 12.3-1, Type 1a torsional irregularity and Type 1b 
extreme torsional irregularity for rigid or semirigid diaphragms exist where 
the ratio of the maximum story drift at one end of a structure to the average 
story drifts at two ends of the structure exceeds 1.2 and 1.4, respectively. The 
story drifts are to be determined using code-prescribed forces, including 
accidental torsion. In this example, the floor and roof are metal deck with 
concrete, which is considered to be a rigid diaphragm (12.3.1.2). 

At this point in the analysis, it is obviously not evident which method is 
required to be used to determine the prescribed seismic forces. In lieu of using 
a more complicated higher order analysis, the equivalent lateral force 
procedure may be used to determine the lateral seismic forces. These forces 
are applied to the building and the subsequent analysis yields the story drifts 
Δ , which are used in determining whether Type 1a or 1b torsional irregularity 
exists. The results from the equivalent lateral force procedure will be needed 
if it is subsequently determined that a modal analysis is required (see 12.9.4). 

Use Flowchart 6.8 to determine the lateral seismic forces from the equivalent 
lateral force procedure: 

a) The design accelerations and the SDC have been determined in 
Example 6.3. 

b) Determine the response modification coefficient R from Table 12.2-1. 

In the N-S direction, special steel concentrically braced frames are 
required, since the building is assigned to SDC D (system B3 in 
Table 12.2-1). In this case, R = 6. Note that height of the building, which 
is 96 ft, is less than the limiting height of 160 ft for this type of system in 
SDC D.11

                                                
11 The increased building height limit of 12.2.5.4 is not considered. 
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In the E-W direction, special steel moment frames are required (system C1 
in Table 12.2-1). In this case, R = 8, and there is no height limit. 

c) Determine the importance factor I from Table 11.5-1. 

For Occupancy Category II, I = 1.0. 

d) Determine the period of the structure T.

It was determined in Step 2, item 4 of Example 6.3 that the approximate 
period of the structure Ta, which is permitted to be used in the equivalent 
lateral force procedure, is 0.61 sec in the N-S direction and 1.1 sec in the 
E-W direction. 

e) Determine long-period transition period LT  from Figure 22-15. 

For Memphis, TN, =LT  12 sec, which is greater than the periods in both 
directions.

f) Determine seismic response coefficients sC  in both directions. 

• N-S direction: 

The seismic response coefficient sC  is determined by Eq. 12.8-3: 

11.0
)0.1/6(61.0

41.0
)/(

1 ===
IRT

SC D
s

The value of sC  need not exceed that from Eq. 12.8-2: 

15.0
0.1/6

90.0
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 04.0044.0 =IS SD  (governs) 
and 0.01 (Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-3 governs in the N-S direction. 

• E-W direction: 

05.0
)0.1/8(1.1

41.0
)/(

1 ===
IRT

SC D
s
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The value of sC  need not exceed that from Eq. 12.8-2: 

11.0
0.1/8

90.0
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 04.0044.0 =IS SD  (governs) 
and 0.01 (Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-3 governs in the E-W direction. 

g) Determine effective seismic weight W in accordance with 12.7.2. 

The member sizes and superimposed dead loads are given in Figure 6.7 
and the effective weights at each floor level are given in Tables 6.10 and 
6.11. The total weight W is the summation of the effective dead loads at 
each level. 

h) Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1 in both the N-S and E-W 
directions.

• N-S direction: 096,1960,911.0 =×== WCV s  kips 

• E-W direction: 498960,905.0 =×== WCV s  kips 

i) Determine exponent related to structure period k in both directions. 

Since 0.5 sec < T  < 2.5 sec in both directions, k is determined as follows: 

• N-S direction: 06.15.075.0 =+= Tk

• E-W direction: 30.15.075.0 =+= Tk

j) Determine lateral seismic force xF  at each level x.

Lateral forces xF  are determined by Eqs. 12.8-11 and 12.8-12. 

A summary of the lateral forces xF  and the story shears xV  are given in 
Table 6.10 and 6.11 for the N-S and E-W directions, respectively. 
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Table 6.10  Seismic Forces and Story Shears in the N-S Direction 

Level 
Story 

weight, 
xw  (kips) 

Height,
xh  (ft) 

k
xx hw

Lateral force, 
xF  (kips) 

Story Shear, 
xV  (kips) 

R 1,018 96  128,515  209  209 
6 1,381 83  149,423  242  451 
5 1,381 70  124,738  202  653 
4 1,381 57  100,328  163  816 
3 1,381 44  76,252  124  940 
2 1,381 31  52,606  85  1,025 
1 2,037 18  43,609  71  1,096 

Σ 9,960  675,471  1,096  

Table 6.11  Seismic Forces and Story Shears in the E-W Direction 

Level 
Story 

weight, 
xw  (kips) 

Height,
xh  (ft) 

k
xx hw

Lateral force, 
xF  (kips) 

Story Shear, 
xV  (kips) 

R 1,018 96  384,327  105  105 
6 1,381 83  431,514  118  223 
5 1,381 70  345,797  94  317 
4 1,381 57  264,747  72  389 
3 1,381 44  189,096  52  441 
2 1,381 31  119,940  33  474 
1 2,037 18  87,266  24  498 

Σ 9,960 1,822,687  498  

Three-dimensional analyses were performed independently in the N-S and E-
W directions for the seismic forces in Table 6.10 and 6.11 using a commercial 
computer program. In the model, rigid diaphragms were assigned at each floor 
level. In accordance with 12.8.4.2, the center of mass was displaced each way 
from its actual location a distance equal to 5 percent of the building dimension 
perpendicular to the applied forces to account for accidental torsion in seismic 
design.

A summary of the elastic displacements xeδ  at each end of the building in 
both the N-S and E-W directions due to the code-prescribed forces in 
Tables 6.10 and 6.11 is given in Table 6.12 at all floor levels. 

According to Table 12.3-1, a torsional irregularity occurs where maximum 
story drift at one of the structure is greater than 1.2 times the average of the 
story drifts at the two ends of the structure. The average story drift avgΔ  and 
the ratio of the maximum story drift to the average story drift avgΔΔ /max  are 
also provided in Table 6.12. 
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Table 6.12  Lateral Displacements and Story Drifts due to Seismic Forces 

N-S Direction E-W Direction 

Story (δxe)1
(in.)

1  

(in.)
(δxe)2
(in.)

2  

(in.)
avg

(in.) avg

max (δxe)1
(in.)

1  

(in.)
(δxe)2
(in.)

2  

(in.)
avg  

(in.) avg

max

 7 1.59 0.14 1.23 0.12 0.13 1.08 5.36 0.36 5.22 0.34 0.35 1.03 
 6 1.45 0.17 1.11 0.15 0.16 1.06 5.00 0.49 4.88 0.47 0.48 1.02 
 5 1.28 0.22 0.96 0.20 0.21 1.05 4.51 0.71 4.41 0.71 0.71 1.00 
 4 1.06 0.21 0.76 0.19 0.20 1.05 3.80 1.10 3.70 1.06 1.08 1.02 
 3 0.85 0.22 0.57 0.17 0.19 1.16 2.70 1.19 2.64 1.16 1.17 1.02 
 2 0.63 0.17 0.40 0.22 0.19 1.16 1.51 0.89 1.48 0.87 0.88 1.01 
 1 0.46 0.46 0.18 0.18 0.32 1.44 0.62 0.62 0.61 0.61 0.61 1.02 

For example, at the first story in the N-S direction: 

46.01 =Δ  in. 

18.02 =Δ  in. 

32.0
2

18.046.0 =+=Δavg  in. 

44.1
32.0
46.0max ==

Δ
Δ

avg
 > 1.4 

Therefore, a Type 1b extreme torsional irregularity exists at the first 
story in the N-S direction. 

According to 12.8.4.3, where torsional irregularity exists at floor level x, the 
accidental torsional moments Mta must be increased by the torsional 
amplification factor Ax  given by Eq. 12.8-14: 

2
max

2.1 δ
δ=

avg
xA

At the first story in the N-S direction: 

0.144.1

2
18.046.02.1

46.0

2

1 >=
+

=A
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Therefore, the accidental torsional moment at the first story is:12

kips-ft  920)18005.0(7144.1
)( 111

=×××=
= eFAMta

ii. Re-entrant corner irregularity 

By inspection, this irregularity does not exist. 

iii. Diaphragm discontinuity irregularity 

This irregularity does not exist in this building when opening sizes for typical 
elevators and stairs are present. 

iv. Out-of-plane offsets irregularity 

In the first story, the seismic force-resisting system consists of special steel 
concentrically braced frames along column lines 1 and 7. Above the first 
floor, there is a 30-ft offset of the braced frames, which occur along column 
lines 2 and 6. 

Therefore, a Type 4 out-of-plane offset irregularity exists. 

Note that the forces from the braced frames along column lines 2 and 6 must 
be transferred through the structure to the braced frames along column lines 1 
and 7, respectively. 

v. Nonparallel systems irregularity 

This discontinuity does not exist, since all of the braced frames and moment-
resisting frames are parallel to a major orthogonal axis of the building. 

b. Determine if the structure has any vertical structural irregularities in accordance 
with Table 12.3-2. 

i. Stiffness–Soft Story Irregularity 

A soft story is defined in Table 12.3-2 based on the relative lateral stiffness of 
stories in a building. In general, it is not practical to determine story stiffness. 
Instead, this type of irregularity can be evaluated using drift ratios due to the 
code-prescribed lateral forces.13 A soft story exists when one of the following 
conditions are satisfied: 

                                                
12 It is assumed that the center of mass and center of rigidity are at the same location in this building. 
13 Story displacements based on the code-prescribed lateral forces can be used to evaluate soft stories when 

the story heights are equal. 
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Extreme soft story irregularity: 
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Check for a soft story in the first story: 

In the N-S direction, the displacements of the center of mass at the first, 
second, third and fourth floors are 31.01 =δ e  in., 51.02 =δ e  in., 

69.03 =δ e  in., and 91.04 =δ e  in. 
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In the E-W direction, the displacements of the center of mass at the first, 
second, third and fourth floors are 61.01 =δ e  in., 49.12 =δ e  in., 

68.23 =δ e  in., and 75.34 =δ e  in. 
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Therefore, a soft story irregularity does not exist in the first story. 
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ii. Weight (mass) irregularity. 

Check the weight ratio of the first and second stories: 2,037/1,381 = 1.48 < 
1.50. Thus, this irregularity is not present. 

iii. Vertical geometric irregularity. 

A vertical geometric irregularity is considered to exist where the horizontal 
dimension of the seismic force-resisting system in any story is 1.3 times that 
in an adjacent story. 

In this case, the setbacks at the first floor level must be investigated for the 
moment-resisting frames along column lines A and E: 

Width of floor 1/Width of floor 2 = 180/120 = 1.5 > 1.3 

Thus, a Type 3 vertical geometric irregularity exists. 

iv. In-plane discontinuity in vertical lateral force-resisting element irregularity. 

There are no in-plane offsets of this type, so this irregularity does not exist. 

v. Discontinuity in lateral strength-weak story irregularity. 

This type of irregularity exists where a story lateral strength is less than 80 
percent of that in the story above. The story strength is considered to be the 
total strength of all seismic-resisting elements that share the story shear for the 
direction under consideration. 

E-W Direction

Determine whether a weak story exists in the first story in the E-W direction. 
In this case, the story strength is equal to the sum of the column shears in the 
moment-resisting frames in that story when the member moment capacity is 
developed by lateral loading. It is assumed in this example that the same 
column and beam sections are used in the moment-resisting frames in the first 
and second stories. 

Assume the following nominal flexural strengths:14

Columns: 550=ncM ft-kips 

Beams: 525=nbM  ft-kips 

                                                
14 The assumed nominal flexural strengths of the columns and beams are based on preliminary member 

sizes and are provided for illustration purposes only. 



EXAMPLES  6-83

• First story shear strength 

Corner columns A1/E1 and A7/E7 are checked for strong column-weak 
beam considerations: 

100,155022 =×=ncM  ft-kips > 525=nbM  ft-kips 

The maximum shear force that can develop in each exterior column is 
based on the moment capacity of the beam (525/2 = 263 ft-kips), since it is 
less than the moment capacity of the column (550 ft-kips) at the top of the 
column:15

45
18

550263
71 =+== VV  kips 

Interior columns A2 through A6/E2 through E6 are checked for strong 
column-weak beam considerations: 

100,155022 =×=ncM  ft-kips > 050,12 =nbM  ft-kips 

The maximum shear force that can develop in each interior column is 
based on the moment capacity of the beam (525 ft-kips), since it is less 
than the moment capacity of the column (550 ft-kips) at the top of the 
column: 

60
18

550525
65432 =+===== VVVVV  kips 

Total first story strength = 780)(2 7654321 =++++++ VVVVVVV  kips 

• Second story shear strength 

41
13

263263
71 =+== VV  kips 

81
13

525525
65432 =+===== VVVVV  kips 

Total second story strength = =++++++ )(2 7654321 VVVVVVV
974 kips 

780 kips > 77997480.0 =×  kips 

                                                
15 At the bottom of the column, it is assumed that the full moment capacity of the column can be developed. 
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Therefore, a weak story irregularity does not exist in the first story in the E-W 
direction.

N-S Direction

Assuming the same beam, column and brace sizes in the first and second 
floors, the shear strengths of these floors are essentially the same, and no 
weak story irregularity exists in the N-S direction. 

In summary, the building is not regular and has the following irregularities: horizontal 
Type 1b extreme torsional irregularity, horizontal Type 4 out-of-plane offsets 
irregularity and vertical Type 3 vertical geometric irregularity. 

7. Determine the permitted analytical procedure from Table 12.6-1. 

The structure is irregular with T < 3.5TS. If the structure had only a Type 4 out-of-
plane offsets irregularity, the equivalent lateral force procedure could be used to 
analyze the structure. However, since a Type 1b extreme torsional irregularity and a 
Type 3 vertical geometric irregularity also exist, the equivalent lateral force procedure 
is not permitted; either a modal response spectrum analysis (12.9) or a seismic 
response history procedure (Chapter 16) must be utilized.16

6.7.5 Example 6.5 – Office Building, Allowable Story Drift 

For the seven-story office building in Example 6.3, check the story drift limits in both the 
N-S and E-W directions. For illustration purposes, use the lateral deflections determined 
by the equivalent lateral force procedure. 

SOLUTION

1. Drift limits in N-S direction. 

To check drift limits, the deflections determined by Eq. 12.8-15 must be used: 

I
C xed

x
δ=δ

                                                
16 See the reference sections in Tables 12.3-1 and 12.3-2 that must be satisfied for these types of 

irregularities in structures assigned to SDC D. Columns B2, C2, D2, B6, C6 and D6 must be designed to 
resist the load combinations with overstrength factor of 12.4.3.2, since they support the discontinued 
braced frames along column lines 2 and 6 (12.3.3.2). Design forces shall be increased 25 percent for 
connections of diaphragms to vertical elements and to collectors and for connection of collectors to the 
vertical elements (12.3.3.4). Members that are not part of the seismic force-resisting system must satisfy 
the deformational compatibility requirements of 12.12.4. 
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The maximum story displacements xeδ  in the N-S direction are summarized in 
Table 6.12. For special steel concentrically braced frames, the deflection 
amplification factor dC  is equal to 5 from Table 12.2-1. 

A summary of the displacements at each floor level in the N-S direction is given in 
Table 6.13. 

The interstory drifts Δ  computed from the xδ  are also given in the table. The drift at 
story level x is determined by subtracting the design earthquake displacement at the 
bottom of the story from the design earthquake displacement at the top of the story: 

1−δ−δ=Δ xx

Table 6.13 Lateral Displacements and Story Drifts due to Seismic Forces in the N-S 
Direction

Story δxe
(in.)

δx
(in.)

 
(in.)

 7 1.59 7.95 0.70 
 6 1.45 7.25 0.85 
 5 1.28 6.40 1.10 
 4 1.06 5.30 1.05 
 3 0.85 4.25 1.10 
 2 0.63 3.15 0.85 
 1 0.46 2.30 2.30 

The design story drifts Δ  shall not exceed the allowable story drift aΔ  given in 
Table 12.12-1. For Occupancy Category II and “all other structures,” sxa h020.0=Δ
where sxh  is the story height below level x.

For the 18-ft story height, 32.41218020.0 =××=Δa  in. > 2.30 in. 

For the 13-ft story heights, 12.31213020.0 =××=Δa  in., which is greater than the 
values of Δ  at floor levels 2 through 7. 

Thus, drift limits are satisfied in the N-S direction. 

2. Drift limits in the E-W direction. 

The maximum story displacements xeδ  in the N-S direction are summarized in 
Table 6.12. For special steel moment frames, the deflection amplification factor dC
is equal to 5.5 from Table 12.2-1. 
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A summary of the displacements at each floor level in the E-W direction is given in 
Table 6.14. The interstory drifts Δ  computed from the xδ  are also given in the table. 

Table 6.14  Lateral Displacements and Story Drifts due to Seismic Forces in the E-W 
Direction

Story δxe
(in.)

δx
(in.)

 
(in.)

 7 5.36 29.48 1.98 
 6 5.00 27.50 2.69 
 5 4.51 24.81 3.91 
 4 3.80 20.90 6.05 
 3 2.70 14.85 6.54 
 2 1.51 8.31 4.90 
 1 0.62 3.41 3.41 

In accordance with 12.12.1.1, design story drifts Δ  must not exceed ρΔ /a  for 
seismic force-resisting systems comprised solely of moment frames in structures 
assigned to SDC D, E or F where ρ  is the redundancy factor determined in 
accordance with 12.3.4.2. 

Due to the Type 1b extreme torsional irregularity, ρ  must be equal to 1.3. Therefore, 
for the 18-ft story height, 32.33.1/1218020.0/ =××=ρΔa  in. < 3.41 in. 

For the 13-ft story heights, 40.23.1/1213020.0/ =××=ρΔa  in., which is less than 
the design drifts at stories 2 through 6. 

Thus, drift limits are not satisfied in the N-S direction. Increasing member sizes may 
not be sufficient to reduce the design drift; including additional members in the 
seismic force-resisting system may be needed to control drift. This, in turn, may help 
reduce the torsional effects. 

6.7.6 Example 6.6 – Office Building, P-delta Effects 

For the seven-story office building in Example 6.3, determine the P-delta effects in both 
the N-S and E-W directions. 

For illustration purposes, use the lateral deflections determined by the equivalent lateral 
force procedure. 

Assume a 10 psf live load on the roof and a 50 psf live load on the floors. 
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SOLUTION

1. P-delta effects in the N-S direction. 

In lieu of automatically considering P-delta effects in a computer analysis, the 
following procedure can be used to determine whether P-delta effects need to be 
considered in accordance with 12.8.7. 

P-delta effects need not be considered when the stability coefficient θ  determined by 
Eq. 12.8-16 is less than or equal to 0.10: 

dsxx
x

ChV
P Δ=θ

where xP  = total unfactored vertical design load at and above level x
Δ  = design story drift occurring simultaneously with xV

xV  = seismic shear force acting between level x and x–1
sxh  = story height below level x
dC  = deflection amplification factor in Table 12.2-1 

The stability coefficient θ  must not exceed maxθ  determined by Eq. 12.8-17: 

25050
max .

C
.
d

≤
β

=θ

Where β  is the ratio of shear demand to shear capacity between level x and x–1,
which may be taken equal to 1.0 when it is not calculated. 

The P-delta calculations for the N-S direction are shown in Table 6.15. It is clear that 
P-delta effects need not be considered at any of the floor levels. Note that maxθ  is 
equal to 0.1000 in the N-S direction using β  = 1.0. 

Table 6.15  P-delta Effects in the N-S Direction 

Level sxh
(ft) 

xP
(kips) 

xV
(kips) 

Δ
 (in.) θ

7 13  1,186  209 0.70 0.0051 
6 13  3,407  451 0.85 0.0082 
5 13  5,628  653 1.10 0.0122 
4 13  7,849  816 1.05 0.0129 
3 13  10,070  940 1.10 0.0151 
2 13  12,291  1,025 0.85 0.0131 
1 18  15,588  1,096 2.30 0.0303 
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2. P-delta effects in the E-W direction. 

The P-delta calculations for the E-W direction are shown in Table 6.16. Note that 
maxθ  is equal to 0.0909 in the E-W direction using β  = 1.0, and, since θ  is greater 

than maxθ  at levels 2 through 4, the structure is potentially unstable and needs to be 
redesigned. It was determined in Example 6.4 that the shear capacity of the second 
floor is equal to 780 kips. Thus, 61.0780/474 ==β , and )5.561.0/(5.0max ×=θ

15.0= . Assuming the same shear capacities at levels 3 and 4, 16.0max =θ  at level 3 
and 18.0max =θ  at level 4. Therefore, the structure is still potentially unstable. 

Table 6.16  P-delta Effects in the E-W Direction 

Level sxh
(ft) 

xP
(kips) 

xV
(kips) 

Δ
 (in.) θ

7 13  1,186 105 1.98 0.0261 
6 13  3,407 223 2.69 0.0479 
5 13  5,628 317 3.91 0.0809 
4 13  7,849 389 6.05 0.1423 
3 13  10,070 441 6.54 0.1741 
2 13  12,291 474 4.90 0.1481 
1 18  15,588 498 3.41 0.0898 

6.7.7 Example 6.7 – Health Care Facility, Diaphragm Design Forces 

Determine the diaphragm design forces for the three-story health care facility depicted in 
Figure 6.8 given the design data below. 

DESIGN DATA

Location: St. Louis, MO (Latitude: 38.63°, Longitude: -90.20°)
Soil classification: Site Class C 
Occupancy: Health care facility without surgery or emergency treatment 

facilities 
Material: Cast-in-place concrete 
Structural system: Moment-resisting frames in both directions 

SOLUTION

In order to determine the diaphragm design forces in accordance with 12.10.1.1, the 
design seismic forces must be determined at each floor level. 

Assuming that the building is regular, the equivalent lateral force procedure can be used 
to determine the design seismic forces (see Table 12.6-1). 
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Figure 6.8  Plan and Elevation of Health Care Facility 

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

1. Determine the mapped accelerations SS  and 1S .

In lieu of using Figures 22-1 and 22-2, the mapped accelerations are determined 
by inputting the latitude and longitude of the site into the USGS Ground Motion 
Parameter Calculator. The output is as follows: 58.0=SS  and 17.01 =S .

2. Determine the site class of the soil. 

The site class of the soil is given in the design data as Site Class C. 

3. Determine soil-modified accelerations MSS  and 1MS .

Site coefficients aF  and vF  are determined from Tables 11.4-1 and 11.4-2, 
respectively: 

For Site Class C and 75.05.0 << SS : 17.1=aF  from linear interpolation 
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For Site Class C and 2.01.0 1 << S : 63.1=vF  from linear interpolation 
 Thus, 

28.017.063.1

68.058.017.1

1 =×=

=×=

M

MS

S

S

4. Determine design accelerations DSS  and 1DS .

From Eqs. 11.4-3 and 11.4-4: 

19.028.0
3
2

45.068.0
3
2

1 =×=

=×=

D

DS

S

S

• Step 2: Determine the SDC from Flowchart 6.4. 

1. Determine if the building can be assigned to SDC A in accordance with 11.4.1. 

Since 15.058.0 >=SS  and 04.017.01 >=S , the building cannot be 
automatically assigned to SDC A. 

2. Determine the Occupancy Category from IBC Table 1604.5. 

For a health care facility, the Occupancy Category is III. 

3. Since 75.01 <S , the building is not assigned to SDC E or F. 

4. Check if all four conditions of 11.6 are satisfied. 

• Check if the approximate period aT  is less than ST8.0 . 

From Eq. 12.8-7 for a concrete moment-resisting frame: 

( ) 29.00.25016.0 9.0 === x
nta hCT  sec 

where tC  and x are given in Table 12.8-2. 

42.045.0/19.0/1 === DSDS SST  sec 
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0.29 sec < 34.042.08.0 =×  sec 

• The fundamental period used to calculate the design drift is taken as 0.29 sec, 
which is less than 42.0=ST  sec. 

• Equation 12.8-2 will be used to determine the seismic response coefficient 
sC .

• Since the roof and the floors are cast-in-place concrete, the diaphragms are 
considered to be rigid. 

Since all four conditions are satisfied, the SDC can be determined by Table 11.6-1 
alone (11.6). 

5. Determine the SDC from Table 11.6-1. 

From Table 11.6-1, with 50.045.033.0 <=< DSS  and Occupancy Category III, 
the SDC is C.17

• Step 3: Determine the design seismic forces of the equivalent lateral force procedure 
from Flowchart 6.8. 

1. The design accelerations and the SDC have been determined in Steps 1 and 2 
above.

2. Determine the response modification coefficient R from Table 12.2-1. 

The moment-resisting frames in this building must be intermediate reinforced 
concrete moment frames, since the building is assigned to SDC C (system C6 in 
Table 12.2-1). In this case, R = 5. There is no height limit for this system in 
SDC C. 

3. Determine the importance factor I from Table 11.5-1. 

For Occupancy Category III, I = 1.25. 

4. Determine the period of the structure T.

It was determined in Step 2, item 4 above that the approximate period of the 
structure Ta, which is permitted to be used in the equivalent lateral force 
procedure, is equal to 0.29 sec. 

                                                
17 If Table 11.6-2 were also used, the SDC would also be C. 
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5. Determine long-period transition period LT  from Figure 22-15. 

For St. Louis, MO, =LT  12 sec > 29.0=aT  sec 

6. Determine seismic response coefficient sC .

The value of sC  must be determined by Eq. 12.8-2 (see Step 2, item 4): 

11.0
25.1/5

45.0
/

===
IR

SC DS
s

7. Determine effective seismic weight W in accordance with 12.7.2. 

The effective weights at each floor level are given in Table 6.17. The total weight 
W is the summation of the effective dead loads at each level. 

8. Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1: 

795,1320,1611.0 =×== WCV s  kips 

9. Determine exponent related to structure period k.

Since T < 0.5 sec, k = 1.0. 

10. Determine lateral seismic force xF  at each level x.

xF  is determined by Eqs. 12.8-11 and 12.8-12. A summary of the lateral forces 
xF  and the story shears xV  is given in Table 6.17. 

Table 6.17  Seismic Forces and Story Shears 

Level 
Story 

weight, 
xw  (kips) 

Height,
xh  (ft) 

k
xx hw

Lateral force, 
xF  (kips) 

Story Shear, 
xV  (kips) 

3 4,958  25.00  123,950  837  837 
2 5,681  16.67  94,702  639  1,476 
1 5,681  8.33  47,323  319  1,795 

Σ  16,320  265,975  1,795  

• Step 4: Determine the diaphragm design seismic forces using Eq. 12.10-1. 
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Diaphragm design force pxn

xi
i

n

xi
i

px w
w

F
F

=

==

where =iw  weight tributary to level i and =pxw  weight tributary to the diaphragm 
at level x.

Minimum pxpxpxDSpx wwIwSF 1125.025.145.02.02.0 =×××==

Maximum pxpxDSpx wIwSF 2250.04.0 ==

Assuming that the exterior walls are primarily glass, which weigh significantly less 
than the diaphragm weight at each level, the weight that is tributary to each 
diaphragm is identical to the weight of the structure at that level (i.e., wpx = wx).

A summary of the diaphragm forces is given in Table 6.18. 

Table 6.18  Design Seismic Diaphragm Forces 

Level xw
(kips) 

xwΣ
(kips) 

xF
(kips) 

xFΣ
(kips) xFΣ / xwΣ pxw

(kips) 
pxF

(kips) 
3 4,958  4,958 837  837  0.1688  4,958  837 
2 5,681  10,639 639  1,476  0.1387  5,681  788 
1 5,681  16,320 319  1,795  0.1125*  5,681  639 

         * Minimum value governs. 

6.7.8 Example 6.8 – Health Care Facility, Nonstructural Component 

Determine the design seismic force on the parapet of the health care facility in 
Example 6.7. 

SOLUTION

Use Flowchart 6.10 to determine the seismic force on the parapet. 

1. Determine DSS , 1DS  and the SDC. 

The design accelerations and the SDC are determined in Example 6.7. 

The parapet is assigned to SDC C, which is the same SDC as the building to which it 
is attached (13.1.2). 
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2. Determine the component amplification factor pa  and the component response 
modification factor pR  from Table 13.5-1 for architectural components. 

Assuming that the parapet is not braced, 5.2=pa  and 5.2=pR  from Table 13.5-1. 

3. Determine component importance factor pI  in accordance with 13.1.3. 

Since the parapet does not meet any of the three criteria that require ,5.1=pI  then 
0.1=pI .

4. Determine the horizontal seismic design force pF  by Eq. 13.3-1. 

+=
h
z

I
R

WSa
F

p

p

pDSp
p 21

4.0

Assuming that the thickness of the parapet is 8 in. and that normal weight concrete is 
utilized, 10012/1508 =×=pW  psf. 

Since the parapet is attached to the top of the structure, 1/ =hz .

Thus,

( ) 5421

0.1
5.2

10045.05.24.0 =+×××=pF  psf 

Minimum 5.133.0 == ppDSp WISF  psf 

Maximum 0.726.1 == ppDSp WISF  psf 

The 54 psf seismic load is applied to the parapet as shown in Figure 6.9. 
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54 psf 
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M = 243 x 4.5/2 = 547 ft-lbs/ft 

Figure 6.9  Design Seismic Force on Parapet 

6.7.9 Example 6.9 – Residential Building, Vertical Combination of Structural 
Systems 

Determine the design seismic forces on the residential building depicted in Figure 6.10 
given the design data below. 

DESIGN DATA

Location: Philadelphia, PA (Latitude: 39.92°, Longitude: -75.23°)
Soil classification: Site Class D 
Occupancy: Residential occupancy where less than 300 people congregate in 

one area 
Structural systems: Light-frame wood bearing walls with shear panels rated for shear 

resistance and cast-in-place reinforced concrete building frame 
system with ordinary reinforced concrete shear walls 

SOLUTION

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

Using the USGS Ground Motion Parameter Calculator, 27.0=SS  and 06.01 =S .

Using Tables 11.4-1 and 11.4-2, the soil-modified accelerations are 44.0=MSS  and 
15.01 =MS .
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Figure 6.10  First Floor Plan and Elevation of Residential Building 

Design accelerations: 29.044.0
3
2 =×=DSS  and 10.015.0

3
2

1 =×=DS

• Step 2: Determine the SDC from Flowchart 6.4. 

From IBC Table 1604.5, the Occupancy Category is II. 

From Table 11.6-1 with 33.0167.0 << DSS  and Occupancy II, the SDC is B. 

From Table 11.6-2 with 133.0067.0 1 << DS  and Occupancy Category II, the SDC is 
B.

Therefore, the SDC is B for this building. 
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• Step 3: Determine the response modification coefficients R in accordance with 
12.2.3.1 for vertical combinations of structural systems. 

The vertical combination of structural systems in this building is a flexible wood 
frame upper portion above a rigid concrete lower portion. Thus, a two-stage 
equivalent lateral force procedure is permitted to be used provided the design of the 
structure complies with the four criteria listed in 12.2.3.1: 

a. The stiffness of lower portion must be at least 10 times the stiffness of the upper 
portion.

It can be shown that the stiffness of the lower portion of this structure is more 
than 10 times that of the upper portion. O.K.

b. The period of the entire structure shall not be greater than 1.1 times the period of 
the upper portion considered as a separate structure fixed at the base. 

Determine the period of the upper portion by Eq. 12.8-7 using the approximate 
period coefficients in Table 12.8-2 for “all other structural systems”: 

( ) 27.03202.0 75.0 === x
nta hCT  sec 

Determine the period of the lower portion in the N-S direction by Eqs. 12.8-9 and 
12.8-10 for concrete shear wall structures: 

n
W

a h
C

T 0019.0=

+

=
=

2

2

1 83.01

100

i
i

i
x

i i
n

B
W

D
h

A
h
h

A
C

where

=BA  area of base of structure = =× 80118  9,440 sq ft 

=nh  height of lower portion of building = 10 ft 

=ih  height of shear wall i = 10 ft 

=iA  area of shear wall i = =× 30
12
10  25 sq ft 
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=iD  length of shear wall i = 30 ft 

Thus,

97.0

30
1083.01

25
440,9
1004

2 =

+

×=WC

02.010
97.0

0019.0 =×=aT  sec 

The period of the lower portion in the E-W direction is equal to 0.01 sec. 

The period of the combined structure is approximately 0.28 sec.18

0.28 sec < 30.027.01.1 =×  sec O.K.

c. The flexible upper portion shall be designed as a separate structure using the 
appropriate values of R and ρ .

From Table 12.2-1 for a bearing wall system with light-framed walls with wood 
structural panels rated for shear resistance (system A13), R = 6.5 with no height 
limitation for SDC B. 

For SDC B, 0.1=ρ  (12.3.4.1). 

d. The rigid lower portion shall be designed as a separate structure using the 
appropriate values of R and ρ . Amplified reactions from the upper portion are 
applied to the lower portion where the amplification factor is equal to the ratio of 
the ρ/R  of the upper portion divided by ρ/R  of the lower portion and must be 
greater than or equal to one. 

From Table 12.2-1 for a building frame system with ordinary reinforced concrete 
shear walls (system B6), R = 5 with no height limitation for SDC B. 

For SDC B, 0.1=ρ  (12.3.4.1). 

Amplification factor = (6.5/1)/(5/1) = 1.3. 

Therefore, a two-stage equivalent lateral force procedure is permitted to be used. 

                                                
18 The period of the combined structure was obtained from a commercial computer program. 
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• Step 4: Determine the design seismic forces on the upper and lower portions of the 
structure using the equivalent lateral force procedure. 

1. Use Flowchart 6.8 to determine the lateral seismic forces on the flexible upper 
portion of the structure. 

a. The design accelerations and the SDC have been determined in Steps 1 and 2 
above, respectively. 

b. Determine the response modification coefficient R from Table 12.2-1. 

The response modification coefficient was determined in Step 3 as 6.5. 

c. Determine the importance factor I from Table 11.5-1. 

For Occupancy Category II, I = 1.0. 

d. Determine the period of the structure T.

It was determined in Step 3 that the approximate period of the structure =aT
0.27 sec. 

e. Determine long-period transition period LT  from Figure 22-15. 

For Philadelphia, PA, =LT  6 sec > 27.0=aT  sec. 

f. Determine seismic response coefficient sC .

The seismic response coefficient sC  is determined by Eq. 12.8-3: 

06.0
)0.1/5.6(27.0

10.0
)/(

1 ===
IRT

SC D
s

The value of sC  need not exceed that from Eq. 12.8-2: 

05.0
0.1/5.6

29.0
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 013.0044.0 =IS SD  (governs) and 
0.01 (Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-2 governs. 
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g. Determine effective seismic weight W in accordance with 12.7.2. 

The effective weights at each floor level are given in Table 6.19. The total 
weight W is the summation of the effective dead loads at each level. 

h. Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1: 

3876105.0 =×== WCV s  kips 

i. Determine exponent related to structure period k.

Since 27.0=T  sec < 0.5 sec, k = 1.0. 

Table 6.19  Seismic Forces and Story Shears on Flexible Upper Portion 

Level 
Story 

weight, 
xw  (kips) 

Height,
xh  (ft) 

k
xx hw

Lateral force, 
xF  (kips) 

Story Shear, 
xV  (kips) 

4 185  32  5,920  15 15 
3 192  24  4,608  11 26 
2 192  16  3,072  8 34 
1 192  8  1,536  4 38 

Σ 761  15,136  38  

j. Determine lateral seismic force xF  at each level x.

xF  is determined by Eqs. 12.8-11 and 12.8-12. A summary of the lateral 
forces xF  and the story shears xV  is given in Table 6.19. 

2. Use Flowchart 6.8 to determine the lateral seismic forces on the rigid lower 
portion of the structure in the N-S direction. 

a. The design accelerations and the SDC have been determined in Steps 1 and 2 
above, respectively. 

b. Determine the response modification coefficient R from Table 12.2-1. 

It was determined in Step 3 that the response modification coefficient R = 5. 

c. Determine the importance factor I from Table 11.5-1. 

For Occupancy Category II, I = 1.0. 
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d. Determine the period of the structure T.

It was determined in Step 3 that the approximate period of the structure 
02.0=aT  sec in the N-S direction. 

e. Determine long-period transition period LT  from Figure 22-15. 

For Philadelphia, PA, =LT  6 sec > 02.0=aT  sec. 

f. Determine seismic response coefficient sC .

The seismic response coefficient sC  is determined by Eq. 12.8-3: 

0.1
)0.1/5(02.0

10.0
)/(

1 ===
IRT

SC D
s

The value of sC  need not exceed that from Eq. 12.8-2: 

06.0
0.1/5

29.0
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 013.0044.0 =IS SD  (governs) and 
0.01 (Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-2 governs. 

g. Determine effective seismic weight W in accordance with 12.7.2. 

The effective weight W is equal to 1,458 kips for the lower portion. 

h. Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1: 

88458,106.0 =×== WCV s  kips 

i. Determine total lateral seismic forces on the lower portion. 

For the one-story lower portion, the total seismic force is equal to the lateral 
force due to the base shear of the lower portion plus the amplified seismic 
force from the upper portion: 

137)383.1(88 =×+=totalV  kips 
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15 kips 

11 kips 

8 kips 

4 kips 

38 kips 

49 kips 
88 kips 

137 kips 

Since the base shear is independent of the period, the total seismic force in the 
E-W direction is also equal to 137 kips. 

The distribution of the lateral seismic forces in the upper and lower parts of the 
structure is shown in Figure 6.11. 

Figure 6.11  Distribution of Lateral Seismic Forces in the Upper and Lower Portions of 
the Structure 

6.7.10 Example 6.10 – Warehouse Building, Design of Roof Diaphragm, 
Collectors, and Wall Panels 

For the one-story warehouse illustrated in Figure 6.12, determine (1) design seismic 
forces on the diaphragm, including diaphragm shear forces in both directions, (2) design 
seismic forces on the steel collector beam in the N-S direction, and (3) out-of-plane 
design seismic forces on the precast concrete wall panels, given the design data below. 

DESIGN DATA

Location: San Francisco, CA (Latitude: 37.75°, Longitude: -122.43°)
Soil classification: Site Class D 
Occupancy: Less than 300 people congregate in one area and the building is not 

used to store hazardous or toxic materials 
Structural system: Building frame system with intermediate precast concrete shear 

walls
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Open-web joist purlins @ 8′-0″

2X wood subpurlins with ½″ wood 
sheathing

HSS column (typ.) 

8 @ 32′-0″ = 256′-0″

5 
@

 3
7′

-0
″ =

 1
85

′-0
″

Open-web joist girders (typ.) 

7″ precast concrete wall (typ.) 

N

Steel beam collector (typ.) 

Weight of roof framing = 15 psf 
20

′-0
″

Roof slope = 1/2 in./ft 

Figure 6.12  Plan and Elevation of Warehouse Building

SOLUTION

Part 1: Determine design seismic forces on the diaphragm 

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

Using the USGS Ground Motion Parameter Calculator, 51.1=SS  and 76.01 =S .

Using Tables 11.4-1 and 11.4-2, the soil-modified accelerations are 51.1=MSS  and 
14.11 =MS .
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Design accelerations: 01.151.1
3
2 =×=DSS  and 76.014.1

3
2

1 =×=DS

• Step 2: Determine the SDC from Flowchart 6.4. 

From IBC Table 1604.5, the Occupancy Category is II. 

Since 75.01 >S , the SDC is E for this building (11.6). 

• Step 3: Use Flowchart 6.8 to determine the seismic base shear using the equivalent 
lateral force procedure. 

1. Check if equivalent lateral force procedure can be used (see Flowchart 6.6). 

a. The building has a Type 2 re-entrant corner irregularity, since 37.0 ft > 
8.270.18515.0 =×  ft and 192.0 ft > 4.380.25615.0 =×  ft (see Table 12.3-1 

and Table 6.2). 

b. Determine the period in the N-S direction by Eqs. 12.8-9 and 12.8-10 for 
concrete shear wall structures: 

n
W

a h
C

T 0019.0=

+

=
=

2

2

1 83.01

100

i
i

i
x

i i
n

B
W

D
h

A
h
h

A
C

where

=BA  area of base of structure = 40,256 sq ft 

=nh  average height of building = 22.67 ft 

=ih  average height of shear wall i = 22.67 ft 

=iA  area of shear wall i: =×= 185
12
7

1A  107.9 sq ft, 37
12
7

2 ×=A

=  21.6 sq ft, 3.86148
12
7

3 =×=A  sq ft 

=iD  length of shear wall i: =1D 185 ft, =2D 37 ft, =3D 148 ft 
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Thus,

( ) 52.07.845.166.106
256,40

100

148
67.2283.01

3.86

37
67.2283.01

6.21

185
67.2283.01

9.107
256,40

100
222

=++=

+

+

+

+

+

=WC

06.067.22
52.0

0019.0 =×=aT  sec 

c. Determine the period in the E-W direction. 

( ) 73.03.1487.1108.33
256,40

100

256
67.2283.01

3.149

192
67.2283.01

0.112

64
67.2283.01

3.37
256,40

100
222

=++=

+

+

+

+

+

=WC

05.067.22
73.0

0019.0 =×=aT  sec 

3.5 63.201.1/76.05.3 =×=sT  sec > period in both directions 

In accordance with Table 12.6-1, the equivalent lateral force procedure is 
permitted to be used for this irregular structure with a Type 2 re-entrant corner 
irregularity and with sTT 5.3< .

2. Use Flowchart 6.8 to determine the lateral seismic forces in the N-S and E-W 
directions.

a. The design accelerations and the SDC have been determined in Steps 1 and 2 
above, respectively. 



6-106  CHAPTER 6 EARTHQUAKE LOADS

b. Determine the response modification coefficient R from Table 12.2-1. 

For a building frame system with intermediate precast concrete shear walls 
(system B9), R = 5. Note that the average building height of 22.67 ft is less 
than the 45 ft height limit for this system assigned to SDC E (see footnote k in 
Table 12.2-1). 

c. Determine the importance factor I from Table 11.5-1. 

For Occupancy Category II, I = 1.0. 

d. Determine the period of the structure T.

It was determined above that 06.0=aT  sec in the N-S direction and  
05.0=aT  sec in the E-W direction. 

e. Determine long-period transition period LT  from Figure 22-15. 

For San Francisco, CA, =LT  12 sec > aT  in both directions. 

f. Determine seismic response coefficient sC .

The value of sC  from Eq. 12.8-2 is: 

20.0
0.1/5

01.1
/

===
IR

SC DS
s

Also, sC  must not be less than the larger of 013.0044.0 =IS SD  and 0.044 
(Eq. 12.8-5). or the value obtained by Eq. 12.8-6 (governs), since 6.01 >S :

08.0

1
5

76.05.05.0 1 =×==

I
R
SCs

Thus, the value of sC  from Eq. 12.8-2 governs. 

g. Determine effective seismic weight W in accordance with 12.7.2. 

The effective weight W is equal to the weight of the roof framing plus the 
weight of the walls tributary to the roof:19

19 The weight of the walls is conservatively calculated assuming that there are no openings in the walls. 
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Weight of roof framing = 604256,40015.0 =×  kips 

Weight of walls = ( )[ ] 8751852562
2
67.2215.0

12
7 =+×××  kips 

W = 604 + 875 = 1,479 kips 

h. Determine seismic base shear V.

Seismic base shear is determined by Eq. 12.8-1 and is the same in both the N-
S and E-W directions, since the governing Cs is independent of the period: 

296479,120.0 =×== WCV s  kips 

3. Determine the design seismic forces in the diaphragm in both directions by 
Eq. 12.10-1. 

Diaphragm design force pxn

xi
i

n

xi
i

px w
w

F
F

=

==

where =iw  weight tributary to level i and =pxw  weight tributary to the 
diaphragm at level x.

Since this is a one-story building, Eq. 12.10-1 reduces to pxpx wF 20.0=

Minimum pxpxpxDSpx wwIwSF 20.00.101.12.02.0 =×××==

Maximum pxpxDSpx wIwSF 40.04.0 ==

The wood sheathing is permitted to be idealized as a flexible diaphragm in 
accordance with 12.3.1.1. Seismic forces are computed from the tributary weight 
of the roof and the walls oriented perpendicular to the direction of analysis.20

N-S direction

Uniform diaphragm loads 1Nw  and 2Nw  are computed as follows (see 
Figure 6.13): 

20 Walls parallel to the direction of the seismic forces are typically not considered in the tributary weight, 
since these walls do not obtain support from the diaphragm in the direction of the seismic force. 
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N

64′-0″ 192′-0″

952 plf 
841 plf 

30.5 kips 

30.5 kips 

80.7 kips 

80.7 kips 

18
5′

-0
″

14
8′

-0
″

30,500
185 = 165 plf 

80,700 = 545 plf 
148

952
2
67.2225.8720.01851520.01 =×××+××=Nw  plf 

841
2
67.2225.8720.01481520.02 =×××+××=Nw  plf 

Also shown in Figure 6.13 is the shear diagram for the diaphragm. 

Figure 6.13  Design Seismic Forces and Shear Forces in the Diaphragm in the N-S 
Direction
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N

64′-0″ 192′-0″

589 plf 

10.9 kips 

10.9 kips 86.2 kips 

86.2 kips 

14
8′

-0
″

37
′-0

″10,900
64

86,200
256

= 170 plf 

= 337 plf 

1,165 plf 

E-W direction

Uniform diaphragm loads 1Ew  and 2Ew  are computed as follows (see 
Figure 6.14): 

589
2
67.2225.8720.0641520.01 =×××+××=Ew  plf 

165,1
2
67.2225.8720.02561520.02 =×××+××=Ew  plf 

Also shown in Figure 6.14 is the shear diagram for the diaphragm. 

Figure 6.14  Design Seismic Forces and Shear Forces in the Diaphragm in the E-W 
Direction

4. Determine connection forces between the diaphragm and the shear walls. 

Since the building has a Type 2 horizontal irregularity, the diaphragm connection 
design forces must be increased by 25 percent in accordance with 12.3.3.4. Thus, 

pxpxpx wwF 25.020.025.1 =×= . This force increase applies to the row of 
diaphragm nailing that transfers the above diaphragm shears directly to the shear 
walls (and to the collectors) and to the bolts between the ledger beams and the 
shear walls. 
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Part 2: Determine design seismic forces on the steel collector beam in the N-S direction 

From the diaphragm shear diagram in Figure 6.13, the maximum collector load is equal 
to 30.5(148/185) + 80.7 = 105.1 kips tension or compression. 

The uniform axial load can be approximated by dividing the maximum load by the length 
of the collector: 105,100/148 = 710 plf. 

The uniform axial load can be used to determine the axial force in any of the beams at 
any point along their length. For example, at the midspan of the northernmost collector 
beam, the axial force is equal to 92000,1/)2/37148(710 =−×  kips tension or 
compression. In accordance with 12.3.3.4, this force must be increased by 25 percent 
unless the collector is designed for the load combinations with overstrength factor of 
12.4.3.2 (see 12.10.2.1). 

The collector beams are subsequently designed for the combined effects of gravity and 
axial loads due to the design seismic forces. 

Part 3: Determine out-of-plane design seismic forces on the precast concrete wall 
panels

1. Solid wall panels 

According to 12.11.1, structural walls shall be designed for a force normal to the 
surface equal to 0.4SDSI times the weight of the wall. The minimum normal force is 
10 percent of the weight of the wall. 

For a solid precast concrete wall panel: 

Weight 0.267.2215.0)12/7( =××=pW  kips/ft 

2.00.21.0 =×  kips/ft 

8.00.20.101.14.0 =×××  kips/ft  (governs) 

This force governs over the three minimum anchorage forces specified in 12.11.2 as 
well.

Distributed load = 0.8/22.67 = 0.04 kips/ft/ft width of wall 

This uniformly distributed load is applied normal to the wall in either direction. 

Anchorage of the precast walls to the flexible diaphragms must develop the out-of-
plane force given by Eq. 12.11-1: 
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12′ × 14′ opening 

3′ × 7′ opening 

23′-0″

20
′-0

″

4′-0″

6.18.0 == pDSp IWSF  kips/ft 

Note that the 25 percent increase in the design force for diaphragm connections is not 
applied to out-of-plane wall anchorage force to the diaphragm (12.3.3.4). 

2. Wall panels with openings 

A typical wall panel on the east or west faces of the building is shown in Figure 6.15. 

Figure 6.15  Typical Precast Wall Panel on East and West Faces

In lieu of a more rigorous analysis, the pier width between the two openings is 
commonly defined as a design strip. The total weight used in determining the out-of-
plane design seismic force is taken as the weight of the design strip plus the weight of 
the wall tributary to the design strip above each adjacent opening (see Figure 6.16): 

3504150
12
7

1 =××=pW  plf 

5256150
12
7

2 =××=pW  plf 

1315.1150
12
7

3 =××=pW  plf 

The out-of-plane seismic forces are determined by 12.11.1: 

4.1413500.101.14.04.0 11 =×××== pDSp IWSF  plf from 0 ft to 20 ft 

1.2125250.101.14.04.0 12 =×××== pDSp IWSF  plf from 14 ft to 20 ft 
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23′-0″

20
′-0

″

4′-0″ Design
Strip

Wp1

6′-0″ 1′-6″

Wp2 Wp3

9.521310.101.14.04.0 13 =×××== pDSp IWSF  plf from 7 ft to 20 ft 

Figure 6.16  Design Strip and Tributary Weights

The wall is designed for the combination of axial load from the gravity forces and 
bending and shear from the out-of-plane seismic forces. 

6.7.11 Example 6.11 – Retail Building, Simplified Design Method 

For the one-story retail building illustrated in Figure 6.17, determine the seismic base 
shear using the simplified alternative structural design criteria of 12.14. 

DESIGN DATA

Location: Seattle, WA (Latitude: 47.60°, Longitude: -122.33°)
Soil classification: Site Class C 
Occupancy: Business occupancy 
Structural system: Bearing wall system with special reinforced masonry shear walls 

SOLUTION

• Step 1: Determine the seismic ground motion values from Flowchart 6.2. 

Using the USGS Ground Motion Parameter Calculator, 47.1=SS  and 50.01 =S .
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12′-9″

20
′-0

″ 
20

′-0
″ 

20
′-0

″

12′-9″15′-0″

8′-0″

2′-6″

15′-0″ 7′-0″ 8′-0″

N

2′-6″

10
′-0

″

4′
-0

″

7′-0″2′
-0

″

South Elevation 

10
′-0

″

15′-0″2′
-0

″

North Elevation 

8″ CMU (typ.) 

8″ reinforced concrete slab 

Figure 6.17  Plan and Elevations of One-story Retail Building

Using Tables 11.4-1 and 11.4-2, the soil-modified accelerations are 47.1=MSS  and 
65.01 =MS .

Design accelerations: 98.047.1
3
2 =×=DSS  and 43.065.0

3
2

1 =×=DS

• Step 2: Determine if the simplified method of 12.14 can be used for this building. 

The simplified method is permitted to be used if the following 12 limitations are met: 

1. The structure shall qualify for Occupancy I or II in accordance with Table 1-1. 
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From Table 1-1, the Occupancy Category is II.   O.K.

2. The Site Class shall not be E or F. 

The Site Class is C in accordance with the design data.   O.K.

3. The structure shall not exceed three stories in height. 

The structure is one story. O.K.

4. The seismic force-resisting system shall be either a bearing wall system or 
building frame system in accordance with Table 12.14-1. 

The seismic force-resisting system is a bearing wall system.   O.K.

5. The structure has at least two lines of lateral resistance in each of the two major 
axis directions. 

Masonry shear walls are provided along two lines at the perimeter in both 
directions. O.K.

6. At least one line of resistance shall be provided on each side of the center of mass 
in each direction. 

The center of mass is approximately located at the geometric center of the 
building and walls are provided on all four sides at the perimeter.   O.K.

7. For structures with flexible diaphragms, overhangs beyond the outside line of 
shear walls or braced frames shall satisfy: 5/da ≤ .

The diaphragm in this building is rigid, so this limitation is not applicable. 

8. For buildings with diaphragms that are not flexible, the distance between the 
center of rigidity and the center of mass parallel to each major axis shall not 
exceed 15 percent of the greatest width of the diaphragm parallel to that axis. 

Assume that the center of mass is at the geometric center of this building.21 This 
limitation is satisfied with respect to the east-west direction, since the center of 
rigidity and center of mass are on the same line due to the symmetrical layout of 
the walls on the east and west elevations. 

The center of rigidity must be located in the north-south direction, since the north 
and south walls are not identical. By inspection, the center of rigidity is located 

21 The exact location of the center of mass should be computed where it is anticipated to be offset from the 
geometric center of the building. 
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closer to the south wall, since the stiffness of that wall is greater than the stiffness 
of the north wall. 

To locate the center of rigidity, the stiffnesses of the north and south walls must 
be determined. Assuming that the piers are fixed at the top and bottom ends, the 
stiffnesses (or rigidities) of the walls and piers can be determined by the 
following: 

Total displacement of pier or wall i: vifii δ+δ=δ

=δ fi  displacement due to bending 
Et

h
i
i

3

=

=δvi  displacement due to shear 
Et

h
i
i

=
3

where =ih  height of pier or wall 

=i  length of pier or wall 

=t  thickness of pier or wall 

=E  modulus of elasticity of pier or wall 

Stiffness of pier or wall 
i

ik
δ

= 1

In lieu of a more rigorous analysis, the stiffness of a wall with openings is 
determined as follows: first, the deflection of the wall is obtained as though it 
were a solid wall with no openings. Next, the deflection of a solid strip of wall 
that contains the openings is subtracted from the total deflection. Finally, the 
deflection of each pier surrounded by the openings is added back. 

Table 6.20 contains a summary of the stiffness calculations for the north wall. 
Similar calculations for the south wall are given in Table 6.21. The pier 
designations are provided in Figure 6.18. 

North wall stiffness Et635.0=

South wall stiffness Et818.0=
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2′-6″

10
′-0
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7′-0″2′
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″
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′-0

″
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-0
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4

3

1

23

4

5

6 7

4′
-0

″

East and west wall stiffness = Et65.1 .

Table 6.20  Stiffness Calculations for North Wall 

Pier/Wall ih  (ft) i  (ft) 3)( iihEtfi /=δ )3( iihEtvi /=δ Etiδ /Etki

1 + 2 + 3 
+ 4 12 40.5  0.026  0.889  0.915 --- 

1 + 2 + 4 10 40.5  -0.015  -0.741  -0.756 --- 
1 10 12.75  0.483  2.353 --- 0.353 
2 10 12.75  0.483  2.353 --- 0.353 

1 + 2 --- --- --- ---  1.416 0.706
   1.575 0.635

Table 6.21  Stiffness Calculations for South Wall 

Pier/Wall ih  (ft) i  (ft) 3)( iihEtfi /=δ )3( iihEtvi /=δ Etiδ /Etki Etiδ

1 + 2 + 3 
+ 4 + 5 + 

6 + 7 
12 40.5  0.026  0.889  0.915 --- --- 

1 + 2 + 3 
+ 4 + 6 + 

7
10 40.5  -0.015  -0.741  -0.756 --- --- 

2 + 3 + 4 
+ 6 10 25.5  0.060  1.177 --- ---  1.237 

2 + 3 + 6 4 25.5  -0.004  -0.471 --- --- -0.475 
2 4 15.0  0.019  0.800 --- 1.221 --- 
3 4 8.0  0.125  1.500 --- 0.615 --- 

2 + 3 --- --- --- --- --- 1.836  0.545
2 + 3 + 4 --- --- --- --- --- 0.765 1.307

1 10 8.0  1.953  3.750 --- 0.175 --- 
1 + 2 + 3 

+ 4 --- --- --- ---  1.064 0.940 --- 

   1.223 0.818

Figure 6.18  Pier Designations for Stiffness Calculations
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The location of the center of rigidity in the north-south direction can be 
determined from the following equation: 

=
i

ii
r k

yk
y

where iy  is the distance from a reference point to wall i.

Using the centerline of the south wall as the reference line (see Figure 6.19), 
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625.760635.0
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Et
yr  ft 

8.39.25
122
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−=e  ft 

0.96015.0 =×  ft > 3.8 ft O.K.

Figure 6.19  Locations of Center of Mass and Center of Rigidity
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In addition, Eqs. 12.14-2A and 12.14-2B must be satisfied: 
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where the notation is defined in Figure 12.14-1 and 12.14.1.1. 
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Thus, all conditions of the eighth limitation are satisfied. 

Note that Eqs. 12.14-2A and 12.14-2B need not checked where the following 
three conditions are met:  

1. The arrangement of walls is symmetric about each major axis. 

2. The distance between the two most separated wall lines is at least 90 percent 
of the structure dimension perpendicular to that axis direction. 

3. The stiffness along each of the lines of resistance considered in item 2 above 
is at least 33 percent of the total stiffness in that direction. 

In this example, only the second and third conditions are met. 

9. Lines of resistance of the lateral force-resisting shall be oriented at angles of no 
more than 15 degrees from alignment with the major orthogonal axes of the 
building.
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The shear walls in both directions are parallel to the major axes.   O.K.

10. The simplified design procedure shall be used for each major orthogonal 
horizontal axis direction of the building. 

The simplified design procedure is used in both directions (see Step 3). O.K.

11. System irregularities caused by in-plane or out-of-plane offsets of lateral force-
resisting elements shall not be permitted. 

This building does not have any irregularities. O.K.

12. The lateral load resistance of any story shall not be less than 80 percent of the 
story above. 

Since this is a one-story building, this limitation is not applicable.   O.K.

Since all 12 limitations of 12.14.1.1 are satisfied, the simplified procedure may be 
used.

• Step 3: Determine the seismic base shear from Flowchart 6.9. 

1. Determine SS , DSS  and the SDC from Flowchart 6.4. 

From Step 1, 47.1=SS  and 98.0=DSS .

According to 11.6, the SDC is permitted to be determined from Table 11.6-1 
alone where the simplified design procedure is used. 

For 50.0>DSS  and Occupancy Category II, the SDC is D. 

2. Determine the response modification factor R from Table 12.14-1. 

For SDC D, a bearing wall system with special reinforced masonry shear walls is 
required (system A7). For this system, R = 5. 

3. Determine the effective seismic weight W in accordance with 12.14.8.1. 

Conservatively assume that the masonry walls are fully grouted and neglect any 
wall openings. Also assume a 10 psf superimposed dead load on the roof. 

Weight of masonry walls tributary to roof diaphragm 

98)5.400.60(2
2

12081.0 =+××=  kips 
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Weight of roof slab 2435.4060150.0
12
8 =×××=  kips 

Superimposed dead load 245.4060010.0 =××=  kips 

3652424398 =++=W  kips 

4. Determine base shear V by Eq. 12.14-11. 

72
5

36598.01 =××== W
R

FSV DS  kips 

where 1=F  for a one-story building (see 12.14.8.1). 

Since this a one-story building, story shear VVx = .

5. Distribute story shear to the shear walls. 

Since the building has a rigid diaphragm, the design story shear is distributed to 
the shear walls based on the relative stiffness of the walls, including the effects 
from the torsional moment Mt resulting from eccentricity between the locations of 
the center of mass and the center of rigidity. Note that the simplified procedure 
does not require accidental torsion (12.14.8.3.2.1). 

For lateral forces in the N-S direction, there is no torsional moment, since there is 
no eccentricity between the center of mass and center of rigidity in that direction. 
The east and west walls have the same stiffness, so each wall must resist 72/2 = 
36 kips. 

For lateral forces in the E-W direction, the torsional moment is equal to 
2748.372 =×  ft-kips. 

The total lateral force to be resisted by the north and south shear walls can be 
determined from the following equation: 
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For the north shear wall: 
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For the south shear wall: 
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The east and west shear walls are subjected to a shear force due to the torsional 
moment for lateral forces in the east-west direction, but that force is less than the 
36 kip force that is required for lateral forces in the N-S direction. 

6.7.12 Example 6.12 – Nonbuilding Structure 

Determine the seismic base shear for the nonbuilding illustrated in Figure 6.20 using 
(1) 2L4x4x1/2 braces and (2) 2L4x4x1/4 braces, given the design data below. 

DESIGN DATA

Location: Phoenix, AZ (Latitude: 33.42°, Longitude: -112.05°)
Soil classification: Site Class D 
Structural system: Ordinary steel concentrically braced frame 

SOLUTION

Part 1: Determine seismic base shear using 2L4x4x1/2 braces 

Determine the seismic base shear from Flowchart 6.11. 

This nonbuilding structure is similar to buildings and the appropriate design requirements 
from Chapter 15 are used to determine the seismic base shear. 
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W18 beam (typ.) 

W10 column (typ.) 

2L4x4 brace (typ.) 

Storage bin = 30 kips 

12
′-0

″

6′-0″

Figure 6.20  Plan and Elevation of Nonbuilding Structure

1. Determine DSS , 1DS  and the SDC from Flowchart 6.4. 

Using the USGS Ground Motion Parameter Calculator, 18.0=SS  and 06.01 =S .

Using Tables 11.4-1 and 11.4-2, the soil-modified accelerations are 28.0=MSS  and 
15.01 =MS .

Design accelerations: 19.028.0
3
2 =×=DSS  and 10.015.0

3
2

1 =×=DS

From IBC Table 1604.5, the Occupancy Category is I, assuming that the contents of 
the storage bin are not hazardous and that the structure represents a low hazard to 
human life in the event of failure. 

From Table 11.6-1, for 33.0167.0 << DSS , the SDC is B. 

From Table 11.6-2, for 133.0067.0 1 << DS , the SDC is B. 
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Therefore, the SDC is B for this nonbuilding structure. 

2. Determine the importance factor I in accordance with 15.4.1.1. 

Based on Occupancy Category I, the importance factor I is equal to 1.0 from 
Table 11.5-1. 

3. Determine the period T in accordance with 15.4.4.22

In lieu of a more rigorous analysis, Eq. 15.4-6 is used to determine the period T:

=

=

δ

δ
π= n

i
ii

n

i
ii

fg

w
T

1

1

2

2

where i are the elastic deflections due to the forces fi, which represent any lateral 
force distribution in accordance with the principles of structural mechanics. 

For this one-story nonbuilding structure, this equation reduces to 

gk
wT π= 2

where k  is the lateral stiffness of the structure. 

The stiffness can be obtained by applying a unit horizontal load to the top of the 
frame. This load does not produce any forces in the columns. Assuming that the 
elastic shortening of the beams is negligible, only the braces in a given direction 
contribute to the stiffness of the frame. 

From statics, the force in one of the four braces due to a horizontal load of 1 applied 
to the top of the frame is equal to 0.5592. The horizontal deflection δ  due to this unit 
load can be obtained from the following equation from the virtual work method: 

AELu /2=δ

where =u  force in a brace due to the virtual (unit) load = 0.5592 

=L  length of a brace = 4.13126 22 =+  ft = 161 in. 
                                                
22 The approximate fundamental period equations in 12.8.2.1 are not permitted to be used to determine the 

period of a nonbuilding structure (15.4.4). 
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=A  area of a 2L4x4x1/2 brace = 7.49 sq in. 

=E  modulus of elasticity = 29,000 ksi 

Thus,

0009.0
000,2949.7

1615592.04 2
=

×
××=δ  in. 

The stiffness 079,11 =
δ

=k  kips/in. 

Therefore, the period T is 

05.0
079,1386

302 =
×

π=T  sec23

4. Determine the base shear V.

Since the period is less than 0.06 sec, use Eq. 15.4-5 to determine V:

7.10.13019.030.030.0 =×××== WISV DS  kips 

Part 2: Determine seismic base shear using 2L4x4x1/4 braces 

The calculations are similar to those in Part 1, except the stiffness and the period of the 
structure are different due to the use of lighter braces. 

0018.0
000,2987.3

1615592.04 2
=

×
××=δ  in. 

Stiffness 5561 =
δ

=k  kips/in. 

07.0
556386

302 =
×

π=T  sec > 0.06 sec 

Therefore, the base shear V can be determined by the equivalent lateral force procedure 
(15.1.3).

                                                
23 The weight of the steel framing is negligible. 
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Determine seismic response coefficient sC .

The value of sC  from Eq. 12.8-2 is: 

13.0
0.1/5.1

19.0
/

===
IR

SC DS
s

where the seismic response coefficient R = 1.5 from Table 15.4-1 for an ordinary steel 
concentrically braced frame with unlimited height, which is permitted to be designed by 
AISC 360, Specification for Structural Steel Buildings (i.e., without any special seismic 
detailing). 

Also, sC  must not be less than the larger of 008.0044.0 =IS SD  and 0.01 (governs) 
(Eq. 12.8-5). 

Thus, the value of sC  from Eq. 12.8-2 governs. 

9.33013.0 =×== WCV s  kips 
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CHAPTER 7 FLOOD LOADS

7.1 INTRODUCTION 

All structures and portions of structures located in flood hazard areas must be designed 
and constructed to resist the effects of flood hazards and flood loads (IBC 1612.1). Flood 
hazards may include erosion and scour whereas flood loads include flotation, lateral 
hydrostatic pressures, hydrodynamic pressures (due to moving water), wave impact and 
debris impact. 

In cases where a building or structure is located in more than one flood zone or is 
partially located in a flood zone, the entire building or structure must be designed and 
constructed according to the requirements of the more restrictive flood zone. 

The following sections address the hazards and loads that need to be considered for 
structures located in flood hazard areas. 

7.2 FLOOD HAZARD AREAS 

By definition, a flood hazard area is the greater of the following two areas: 

1. The area within a floodplain subject to a 1-percent or greater chance of flooding 
in any year. 

2. The area designated as a flood hazard area on a community’s flood hazard map, 
or otherwise legally designated. 

The first of these two areas is typically acquired from Flood Insurance Rate Maps 
(FIRMs), which are prepared by the Federal Emergency Management Agency (FEMA) 
through the National Flood Insurance Program (NFIP).1 FIRMs show flood hazard areas 
along bodies of water where there is a risk of flooding by a base flood, i.e., a flood having 
a 1-percent chance of being equaled or exceeded in any given year.2

1 The NFIP is a voluntary program whose goal is to reduce the loss of life and the damage caused by floods, 
to help victims recover from floods and to promote an equitable distribution of costs among those who are 
protected by flood insurance and the general public. Conducting flood hazard studies and providing 
FIRMs and Flood Insurance Studies (FISs) for participating communities are major activities undertaken 
by the NFIP. 

2The term “100-year flood” is a misnomer. Contrary to popular belief, it is not the flood that will occur 
once every 100 years, but the flood elevation that has a 1-percent chance of being equaled or exceeded in 
any given year. The “100-year flood” could occur more than once in a relatively short period of time. The 
flood elevation that has a 1-percent chance of being equaled or exceeded in any given year is the standard 
used by most government agencies and the NFIP for floodplain management and to determine the need for 
flood insurance.
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In addition to showing the extent of flood hazards, the maps also show base flood 
elevations (the heights to which flood waters will rise during passage or occurrence of the 
base flood) and floodways. 

Floodways (which are channels of a river, creek or other watercourse) and adjacent land 
areas must be kept clear of encroachments so that the base flood can discharge without 
increasing the water surface elevations by more than a designated height.3

Some local jurisdictions develop and subsequently adopt flood hazard maps that are more 
extensive than FEMA maps. In such cases, flood design and construction requirements 
must be satisfied in the areas delineated by the more extensive maps. Thus, a design flood 
is a flood associated with the greater of the area of a base flood or the area legally 
designated as a flood hazard area by a community. 

The NFIP divides flood hazard areas into flood hazard zones beginning with the letter 
“A” or “V.” “A” zones are those areas within inland or coastal floodplains where high-
velocity wave action is not expected during the base flood. In contrast, “V” zones are 
those areas within a coastal floodplain where high-velocity wave action can occur during 
the base flood event. Table 7.1 contains general descriptions of these zones. Such zone 
designations are contained in FIRMs and essentially indicate the magnitude and severity 
of flood hazards. 

The concept of a Coastal A Zone is introduced in Chapter 5 of ASCE/SEI 7-05 and in 
ASCE/SEI 24-05, Flood Resistant Design and Construction, to facilitate application of 
load combinations in Chapter 2 of ASCE/SEI 7.4 In general, a Coastal A Zone is an area 
located within a flood hazard area that is landward of a V Zone or landward of an open 
coast without mapped V Zones (such as the shorelines of the Great Lakes). Wave forces 
and erosion potential should be taken into consideration when designing a structure for 
the effects of flood loads in such zones. 

To be classified as a Coastal A Zone, the principal source of flooding must be from 
astronomical tides, storm surges, seiches or tsunamis and not from riverine flooding. 
Additionally, stillwater flood depths must be greater than or equal to 1.9 ft and breaking 
wave heights must be greater than or equal to 1.5 ft during the base flood conditions.5

3 Designated heights are found in floodway data tables in FISs. Also, included in FISs are the FIRM, the 
Flood Boundary and Floodway Map (FBFM), the base flood elevation (BFE) and supporting technical 
data. 

4 IBC 1612.4 references Chapter 5 of ASCE/SEI 7-05 and ASCE/SEI 24-05 for the design and construction 
of buildings and structures located in flood hazard areas. The requirements in these documents are covered 
in the next section of this publication. The NFIP regulations do not differentiate between Coastal and Non-
Coastal A Zones. 

5 See Section 4.1.1 of ASCE/SEI 24. Stillwater depth is the vertical distance between the ground and the 
stillwater elevation, which is the elevation that the surface of water would assume in the absence of waves. 
The stillwater elevation is referenced to the North American Vertical Datum (NAVD), the National 
Geodetic Vertical Datum (NGVD) or other datum and it is documented in FIRMs. 
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Table 7.1  FEMA Flood Hazard Zones (Flood Insurance Zones)6

Zone Description 
Moderate to Low Risk Areas 

X*

These zones identify areas outside of the flood hazard area. 
• Shaded Zone X identify areas that have a 0.2-percent probability of 

being equaled or exceeded during any given year. 
• Unshaded Zone X identify areas where the annual exceedance 

probability of flooding is less than 0.2 percent. 
High Risk Areas 
A, AE, A1-30, 
A99, AR, AO 
and AH 

These zones identify areas of flood hazard that are not within the Coastal 
High Hazard Area. 

High Risk − Coastal Areas 

V, VE and V1-
V30

These zones identify the Coastal High Hazard Area, which extends from 
offshore to the inland limit of a primary frontal dune along an open coast 
and any other portion of the flood hazard zone that is subject to high-
velocity wave action from storms or seismic sources and to the effects of 
severe erosion and scour. Such zones are generally based on wave 
heights (3 ft or greater) or wave runup depths (3 ft or greater). 

* Zone B on older FIRMs corresponds to shaded Zone X on more recent FIRMs. Zone C on older FIRMs 
corresponds to unshaded Zone X on more recent FIRMs. 

The principal sources of flooding in Non-Coastal A Zones are runoff from rainfall, 
snowmelt or a combination of both. 

It is recommended to check with the local building official for the most current 
information on flood hazard areas prior to designing a structure in a flood-prone area. 

7.3 DESIGN AND CONSTRUCTION 

7.3.1 General 

According to IBC 1612.4, the design and construction of buildings and structures located 
in flood hazard areas shall be in accordance with Chapter 5 of ASCE/SEI 7-05 and 
ASCE/SEI 24-05, Flood Resistant Design and Construction. Section 1.6 of ASCE/SEI 24 
requires that design flood loads and their combination with other loads be determined by 
ASCE/SEI 7. 

The provisions of ASCE/SEI 24 are intended to meet or exceed the requirements of the 
NFIP. Figures 1-1 and 1-2 in ASCE/SEI 24 illustrate the application of the standard and 
the application of the sections in the standard, respectively. 

6 Comprehensive definitions for each zone can be found on the FEMA Map Service Center website 
(http://msc.fema.gov/). 
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The provisions contained in IBC Appendix G, Flood-Resistant Construction, are intended 
to fulfill the floodplain management and administrative requirements of NFIP that are not 
included in the IBC. IBC appendix chapters are not mandatory unless they are 
specifically referenced in the adopting ordinance of the jurisdiction. 

Other provisions related to construction in flood hazard areas worth noting are found in 
IBC Chapter 18. Section 1804.4 prohibits grading in flood hazard areas unless the 
specific requirements given in the section are met. Section 1805.1.2.1 requires raised 
floor buildings in flood hazard areas to have the finished grade elevation under the floor 
such as at a crawl space to be equal to or higher than outside finished grade on at least 
one side. The exception permits under floor spaces in Group R-3 residential buildings to 
comply with the FEMA technical bulletin FEMA/FIA-TB-11, Crawlspace Construction 
for Buildings Located in Special Flood Hazard Areas.7 This bulletin provides guidance 
on crawlspace construction and gives the minimum NFIP requirements for crawlspaces 
constructed in Special Flood Hazard Areas.

7.3.2 Flood Loads 

Flood waters can create the following loads, which are referenced in ASCE/SEI 5.4: 

• Hydrostatic loads (ASCE/SEI 5.4.2) 
• Hydrodynamic loads (ASCE/SEI 5.4.3) 
• Wave loads (ASCE/SEI 5.4.4) 
• Impact loads (ASCE/SEI 5.4.5) 

Determination of these loads is based on the design flood, which is defined in Section 7.2 
of this publication. The design flood elevation (DFE) is the elevation of the design flood 
including wave height. For communities that have adopted minimum NFIP requirements, 
the DFE is identical to the base flood elevation (BFE). The DFE exceeds the BFE in 
communities that have adopted requirements that exceed minimum NFIP requirements.8

The equations in Table 7.2 can be used to determine flood loads in accordance with 
Chapter 5 of ASCE/SEI 7. Figure 7.1 illustrates the relationships among the various flood 
parameters that are used in the equations. Additional information on each type of load 
follows. 

Loads on walls that are required by ASCE/SEI 24 to break away (i.e., breakaway walls) 
are given in ASCE/SEI 5.3.3. The minimum design load must be the largest of the 
following loads: (1) wind load in accordance with ASCE/SEI Chapter 6, (2) seismic load 
in accordance with ASCE/SEI Chapter 11 through 23, and (3) 10 psf. The maximum 
permitted collapse load is 20 psf, unless the design meets the conditions of ASCE 5.3.3.

7 FEMA/FIA-TB-11 is available from FEMA at http://www.fema.gov/library/viewRecord.do?id=1724. 
8 Communities that have chosen to exceed minimum NFIP requirements typically require a specified 

freeboard above the BFE. 
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Table 7.2  Flood Loads 

Load Type Equation
No(s). Equation*

Lateral** --- 2/2wdF swsta γ=
Hydrostatic 

Vertical upward --- VolumeF wbouy ×γ=

10≤V  ft/sec 5-1
wddF hswdyn γ=

where )2/( 2 gaVdh =Hydrodynamic 

10>V  ft/sec --- 2/2 wdVaF sdyn ρ=

Breaking wave loads on 
vertical pilings and 
columns 

5-4, 5-2, 5-3 
2/2

bDwD DHCF γ=
where sb dH 78.0=
 )(65.0 GBFEds −=

Space behind 
the vertical 
wall is dry 

5-5, 5-6 
swswp ddCP γ+γ= 2.1max
22 4.21.1 swswpt ddCF γ+γ=

Breaking 
wave 
loads on 
vertical 
walls 

Free water 
exists behind 
the vertical 
wall 

5-5, 5-7 
swswp ddCP γ+γ= 2.1max
22 9.11.1 swswpt ddCF γ+γ=

Breaking wave loads on 
nonvertical walls 5-8 α= 2sintnv FF

Wave 

Breaking wave loads 
from obliquely incident 
waves 

5-9 α= 2sintoi FF

Normal C5-3 )(2
max

tg
RCCCCWVF BDOIb

Δ
π=

Impact 
Special C5-4 2/2AVCF Dρ=

* =γ w unit weight of water, which is equal to 62.4 pcf for fresh water and 64.0 pcf for salt water. 
=V water velocity in ft/sec; see ASCE/SEI C5.4.3 for equations on how to determine V.

 Additional information on these equations is given in ASCE/SEI Chapter 5 and in this section. 
** In communities that participate in the NFIP, it is required that buildings in V Zones be elevated above the 

BFE on an open foundation; thus, hydrostatic loads are not applicable. It is also required that the 
foundation walls of buildings in A Zones be equipped with openings that allow flood water to enter so that 
internal and external hydrostatic pressure will equalize.
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Erosion 

ds
Wave trough 

Hb = 0.78ds

Wave crest (= BFE) 
DFE

Freeboard

G

GS

BFE = Base Flood Elevation 

DFE = Design Flood Elevation 

ds = Design stillwater flood depth 

G = Ground elevation 

GS = Lowest eroded ground elevation adjacent to structure 

Hb = Breaking wave height 

Wave 

Stillwater
Elevation

Figure 7.1  Flood Parameters 

Hydrostatic Loads 

Hydrostatic loads occur when stagnant or slowly moving (velocity less than 5 ft/sec; see 
ASCE/SEI C5.4.2) water comes into contact with a building or building component. The 
water can be above or below the ground surface. 

Hydrostatic loads are commonly subdivided into lateral loads, vertical downward loads 
and vertical upward loads (uplift or buoyancy). The hydrostatic pressure at any point on 
the surface of a structure or component is equal in all directions and acts perpendicular to 
the surface. 

Lateral hydrostatic pressure is equal to zero at the surface of the water and increases 
linearly to ssdγ  at the stillwater depth sd  where sγ  is the unit weight of water. The total 
force staF  on the width w of a vertical element acts at the point that is two-thirds below 
the stillwater surface of the water. See the second footnote in Table 7.2 for more 
information on lateral hydrostatic pressure in V Zones and A Zones. 
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Buoyant forces on a building can be of concern where the actual stillwater flood depth 
exceeds the design stillwater flood depth. Such forces are also of concern for tanks and 
swimming pools. The buoyant force bouyF  is calculated based on the volume of flood 
water displaced by a submerged object. 

Hydrodynamic Loads 

Hydrodynamic loads are caused by water moving at a moderate to high velocity above 
the ground level. Similar to wind loads, the loads produced by moving water include an 
impact load on the upstream face of a building, drag forces along the sides and suction on 
the downstream face. 

For a water velocity less than or equal to 10 ft/sec, ASCE 5.4.3 permits the dynamic 
effects of moving water to be converted into an equivalent hydrostatic load. This is 
accomplished by increasing the DFE by an equivalent surcharge depth hd  calculated by 
ASCE/SEI Eq. (5-1) (see Table 7.2). In Eq. (5-1), V is the average velocity of water, 
which can be estimated by ASCE/SEI Eqs. (C5-1) and (C5-2), g is the acceleration due to 
gravity (32.2 ft/sec2), and a is the drag coefficient (or shape factor) that must be greater 
than or equal to 1.25.9 It is assumed in this case that the total force dynF  on the width w
of a vertical element acts at the point that is two-thirds below the stillwater surface of the 
water. 

For a water velocity greater than 10 ft/sec, basic concepts of fluid mechanics must be 
utilized to determine loads imposed by moving water. The equation in Table 7.2 can be 
used to determine the total load dynF  in such cases. In this equation, =ρ  the mass 
density of water gw /γ=  and A =  surface area normal to the water flow swd= . The 
recommended value of the drag coefficient a is 2.0 for square or rectangular piles and is 
1.2 for round piles.10 In this case, dynF  is assumed to act at the stillwater mid-depth 
(halfway between the ground surface and the stillwater elevation). 

Wave Loads 

Wave loads result from water waves propagating over the surface of the water and 
striking a building or other object. The following loads must be accounted for when 
designing buildings and other structures for wave loads: 

• Waves breaking on any portion of a building or structure 
• Uplift forces caused by shoaling waves beneath a building or structure (or any 

portion thereof) 
• Wave runup striking any portion of a building or structure 

                                                
9 Guidelines on how to determine a are given in ASCE/SEI C5.4.3. 
10 See Table 11.2 in Coastal Construction Manual, Third Edition, FEMA 55, 2000, for values of a that can 

be used for larger obstructions. 
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• Wave-induced drag and inertia forces 
• Wave-induced scour at the base of a building or structure, or at its foundation 

The effects of nonbreaking waves and broken waves can be determined using the 
procedures in ASCE 5.4.2 and 5.4.3 for hydrostatic and hydrodynamic loads, 
respectively. 

Of the wave loads noted above, the loads from breaking waves are the highest. Thus, this 
load is used as the design wave load where applicable. 

Wave loads must be included in the design of buildings and other structures located in 
both V Zones (wave heights equal to or greater than 3 ft) and A Zones (wave heights less 
than 3 ft). Since present NFIP mapping procedures do not designate V Zones in all areas 
where wave heights greater than 3 ft can occur during base flood conditions, it is 
recommended that historical flood damages be investigated near a site to determine 
whether or not wave forces can be significant. 

ASCE 5.4.4 permits three methods to determine wave loads: (1) analytical procedures 
(ASCE 5.4.4), (2) advanced numerical modeling procedures and (3) laboratory test 
procedures. The analytical procedures of ASCE 5.4.4 for breaking wave loads are 
discussed next. 

Breaking wave loads on vertical pilings and columns. The net force DF  resulting from 
a breaking wave acting on a rigid vertical pile or column is determined by ASCE/SEI 
Eq. (5-4) (see ASCE/SEI 5.4.4.1 and Table 7.2). In this equation, 

=DC  drag coefficient for breaking waves 
=  1.75 for round piles or columns 
=  2.25 for square or rectangular piles or columns 

=D  pile or column diameter for circular sections 
=  1.4 times the width of the pile or column for rectangular or square sections 

=bH  breaking wave height (see Figure 7.1) 
=  )(51.078.0 GBFEds −=

This load is assumed to act at the stillwater elevation. 

Breaking wave loads on vertical walls. Two cases are considered in ASCE/SEI 5.4.4.2. 
In the first case, a wave breaks against a vertical wall of an enclosed dry space (i.e., the 
space behind the vertical wall is dry). Equations (5-5) and (5-6) give the maximum 
pressure and net force, respectively, resulting from waves that are normally incident to 
the wall (the direction of the wave approach is perpendicular to the face of the wall). The 
hydrostatic and dynamic pressure distributions are illustrated in ASCE/SEI Figure 5-1. 
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In the second case, a wave breaks against a vertical wall where the stillwater level on 
both sides of the wall are equal.11 The maximum combined wave pressure is still 
computed by Eq. (5-5), and the net breaking wave force tF  is computed by Eq. (5-7). 
ASCE/SEI Figure 5-2 illustrates the pressure distributions in this case. 

Values of the dynamic pressure coefficient pC  are given in Table 5-1 based on the 
building category. ASCE/SEI C5.4.4.2 contains information on the probabilities of 
exceedance that correspond to the different building categories listed in the table. 

Breaking wave loads on nonvertical walls. ASCE/SEI Eq. (5-8) can be used to 
determine the horizontal component of a breaking wave load nvF  on a wall that is not 
vertical. The angle α  is the vertical angle between the nonvertical surface of a wall and 
the horizontal. 

Breaking wave loads from obliquely incident waves. Maximum breaking wave loads 
occur where a wave strikes perpendicular to a surface. Equation (5-9) can be used to 
determine the horizontal component of an obliquely incident breaking wave force oiF
where the angle α  is the horizontal angle between the direction of the wave approach and 
a vertical surface.12

Impact Loads 

Impact loads occur where objects carried by moving water strike a building or structure. 
Normal impact loads result from isolated impacts of normally encountered objects while 
special impact loads result from large objects such as broken up ice floats and 
accumulated debris. These two types of impact loads are commonly considered in the 
design of buildings and similar structures. 

The recommended method for calculating normal impact loads on buildings is given in 
ASCE/SEI C5.4.5. Equation (C5-3) can be used to determine the impact force F. The 
parameters and coefficients in this equation are discussed in that section. 

ASCE/SEI C5.4.5 also contains Eq. (C5-4), which can be used to determine the drag 
force due to debris accumulation (i.e., special impact load). Additional methods to predict 
such loads can be found in the references provided at the end of that section. 

It is assumed that objects are at or near the water surface level when they strike a 
building. Thus, the loads determined by Eqs. (C5-3) and (C5-4) are usually assumed to 
act at the stillwater flood level; in general, these loads should be applied horizontally at 
the most critical location at or below the DFE. 
                                                
11 This can occur, for example, where a wave breaks against a wall equipped with openings (such as flood 

vents) that allow flood waters to equalize on both sides. 
12 In coastal areas, it is usually assumed that the direction of wave approach is perpendicular to the 

shoreline. Therefore, Eq. (5-9) provides a method for reducing breaking wave loads on vertical surfaces 
that are not parallel to the shoreline. 
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7.4 EXAMPLES 

The following sections contain examples that illustrate the flood load provisions of 
IBC 1612, Chapter 5 in ASCE/SEI 7-05 and ASCE/SEI 24-05. 

7.4.1 Example 7.1 – Residential Building Located in a Non-Coastal A Zone 

The plan dimensions of a residential building are 40 ft by 50 ft. Determine the design 
flood loads on the perimeter reinforced concrete foundation wall depicted in Figure 7.2 
given the design data below. 

DESIGN DATA

Location: Non-Coastal A Zone 
Design stillwater elevation, sd : 1 ft-6 in. 
Base flood elevation (BFE): 3 ft-0 in. 

Figure 7.2  Reinforced Concrete Foundation Wall 

SOLUTION

In this example, it is assumed that the BFE and the DFE are equal. 

This residential building is classified as an Occupancy Category II building in accordance 
with IBC Table 1604.5.13 The elevation of the top of the lowest floor relative to the BFE 
must be greater than or equal to 3 + 1 = 4 ft to satisfy the requirements of Section 2.3 of 
ASCE/SEI 24 for Category II buildings located in Non-Coastal A Zones (see Table 2-1 of 
ASCE/SEI 24). 
                                                
13 Table 1-1 of ASCE/SEI 24 is the same as Table 1-1 of ASCE/SEI 7. Where the IBC is the legally 

adopted building code, Table 1604.5 should be used to determine the occupancy category of the 
structure. 

ds = 1 -6

1 -6

1 -6
BFE

Reinforced concrete 
foundation wall 
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The applicable flood loads are hydrostatic, hydrodynamic, breaking wave and impact. 

• Step 1: Determine water velocity V

Since the building is located in a Non-Coastal A Zone, it is appropriate to use the 
lower bound average water velocity, which is given by ASCE/SEI Eq. (C5-1): 

1/sdV =  sec 5.1=  ft/sec 

• Step 2: Determine lateral hydrostatic load staF

The equation for the lateral hydrostatic load is given in Table 7.2. Assuming fresh 
water, 

70
2

5.14.62
2

22
=×=γ= sw

sta
dF  lb/linear ft of foundation wall 

This load acts at 1 ft-0 in. below the stillwater surface of the water (or, equivalently, 6 in. 
above the ground surface). 

• Step 3: Determine hydrodynamic load dynF

According to ASCE/SEI 5.4.3, the dynamic effects of water can be converted into an 
equivalent hydrostatic load where the velocity of water is less than 10 ft/sec. 

The equivalent surcharge depth hd  is determined by ASCE/SEI Eq. (5-1): 

g
aVdh 2

2
=

In lieu of a more detailed analysis, the drag coefficient a is determined from 
Table 11.2 of the Coastal Construction Manual, FEMA 55. Since the building will 
not be completely immersed in water, a is determined by the ratio of longest plan 
dimension of the building to 3.335.1/50: =  ds . For a ratio of 33.3, .5.1=a

Thus, 05.0
2.322

5.15.1 2
=

×
×=hd  ft 

Using the equation in Table 7.2, the hydrodynamic load is: 

505.05.14.62 =××=γ= hswdyn ddF  lb/linear ft of foundation wall 
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This load acts at 1 ft-0 in. below the stillwater surface of the water (or, equivalently, 
6 in. above the ground surface). 

• Step 4: Determine breaking wave load tF

Assuming that the dry-floodproofing requirements of Section 6.2 of ASCE/SEI 24 are 
not met, flood vents must be installed in the foundation wall (see Section 2.6.1 of 
ASCE/SEI 24).14 Thus, the breaking wave load is determined by ASCE/SEI Eq. (5-7), 
which is applicable where free water exists behind the wall: 

22 9.11.1 swswpt ddCF γ+γ=

Category II buildings are assigned a value of pC  corresponding to a 1-percent 
probability of exceedance, which is consistent with wave analysis procedures used by 
FEMA (see ASCE/SEI C5.4.4.2). For a Category II building, 8.2=pC  from 
ASCE/SEI Table 5-1. Thus, 

)5.14.629.1()5.14.628.21.1( 22 ××+×××=tF

= 432 + 267 = 699 lb/linear ft of foundation wall 

This load acts at the stillwater elevation, which is 1 ft-6 in. above the ground surface. 

• Step 5: Determine impact load F

Both normal and special impact loads are determined. 

1. Normal impact loads 

ASCE/SEI Eq. (C5-3) is used to determine normal impact loads: 

)(2
max

tg
RCCCCWVF BDOIb

Δ
π=

Guidance on establishing the debris weight W is given in ASCE/SEI C5.4.5. It is 
assumed in this example that =W  1000 lb. 

It is also assumed that the velocity of the object bV  is equal to the velocity of the 
water V. Thus, from Step 1 of this example, 5.1=bV  ft/sec. 

                                                
14 The design of the flood vents must satisfy the requirements of Section 2.6.2 of ASCE/SEI 24. 
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The importance coefficient IC  is obtained from Table C5-1. For an Occupancy 
Category II building, .0.1=IC

The orientation coefficient .8.0=OC  This coefficient accounts for impacts that 
are oblique to the structure. 

The depth coefficient DC  is obtained from Table C5-2 or, equivalently, from 
Figure C5-1. For a stillwater depth of 1.5 ft in an A Zone, .125.0=DC

The blockage coefficient BC  is obtained from Table C5-3 or, equivalently, from 
Figure C5-2. Assuming that there is no upstream screening and that the flow path 
is wider than 30 ft, .0.1=BC

The maximum response ratio for impulsive load maxR is determined from 
Table C5-4. Assume that the duration of the debris impact load is 0.03 sec (see 
ASCE/SEI C5.4.5) and that the natural period of the building is 0.2 sec. The ratio 
of the impact duration to the natural period of the building is 0.03/0.2 = 0.15. 
From Table C5-4, .6.02/)8.04.0(max =+=R

Therefore,

146
03.02.322

6.00.1125.08.00.15.11000 =
××

×××××××π=F  lb 

This load acts at the stillwater flood elevation and can be distributed over an 
appropriate width of the foundation wall. 

2. Special impact loads 

ASCE/SEI Eq. (C5-4) is used to determine special impact loads: 

2

2AVCF Dρ=

Using a drag coefficient 1=DC  and assuming a projected area of debris 
accumulation 75505.1 =×=A  sq ft, the impact force F is 

164
2

5.175
2.32
4.621 2

=
×××

=F  lb 

This load acts at the stillwater flood elevation and is uniformly distributed over 
the width of the foundation wall. 
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ds = 3 -6

2 -6

Reinforced concrete mat 
foundation

13 -0 13 -0 13 -0

12 × 12  reinforced 
concrete column (typ.)

Lowest horizontal 
structural member 

 1 -0
BFE

The flood load effects determined above must be combined with the other applicable load 
effects in accordance with IBC Sections 1605.2.2 and 1605.3.1.2, which reference 
ASCE/SEI 7 for load combinations involving flood loads. The above flood load effects 
are combined with other loads in accordance with the modified strength design load 
combinations including flood loads in ASCE/SEI 2.3.3(2) or the modified allowable 
stress design load combinations including flood loads in ASCE/SEI 2.4.2(2). 

The design and construction of the foundation, including the foundation walls, must 
satisfy the requirements of Section 1.5.3 of ASCE/SEI 24. 

7.4.2 Example 7.2 – Residential Building Located in a Coastal A Zone 

For the residential building described in Example 7.1, determine the design flood loads 
on the reinforced concrete columns depicted in Figure 7.3 given the design data below. 

DESIGN DATA

Location: Coastal A Zone15

Design stillwater elevation, sd : 3 ft-6 in. 
Base flood elevation (BFE): 6 ft-0 in. 

Figure 7.3  Partial Elevation of Residential Building 

SOLUTION

In this example, it is assumed that the BFE and the DFE are equal. 

                                                
15 The provided data satisfies the criteria of Coastal A Zones given in Section 4.1.1 of ASCE/SEI 24: 

stillwater depth = 3.5 ft > 1.9 ft and wave height = 0.78 sd  = 2.7 ft > 1.5 ft. 
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This residential building is classified as an Occupancy Category II building in accordance 
with IBC Table 1604.5. The elevation of the bottom of the lowest supporting horizontal 
structural member of the lowest floor relative to the BFE must be greater than or equal to 
6 + 1 = 7 ft to satisfy the requirements of Section 4.4 of ASCE/SEI 24 for Occupancy 
Category II buildings located in Coastal A Zones (see Table 4-1 of ASCE/SEI 24). 

The applicable flood loads are hydrodynamic, breaking wave and impact. 

• Step 1: Determine water velocity V

Since the building is located in a Coastal A Zone, it is appropriate to use the upper 
bound average water velocity, which is given by ASCE/SEI Eq. (C5-2): 

6.10)5.32.32()( 5.05.0 =×== sgdV  ft/sec 

• Step 2: Determine hydrodynamic load dynF

Since the water velocity exceeds 10 ft/sec, it is not permitted to use an equivalent 
hydrostatic load to determine the hydrodynamic load (ASCE/SEI 5.4.3). 

Use the equation in Table 7.2 to determine the hydrodynamic load dynF  on one 
reinforced concrete column: 

2

2 wdVaF s
dyn

ρ=

Based on the recommendations in ASCE/SEI C5.4.3 and FEMA 55, the drag 
coefficient a is taken as 2.0. 

Assuming salt water, the hydrodynamic load is 

782
2

12
125.36.10

2.32
0.640.2 2

=
××××

=dynF  lb 

This load acts at 1 ft-9 in. below the stillwater surface of the water. 

• Step 3: Determine breaking wave load DF

The breaking wave load is determined by ASCE/SEI Eq. (5-4), which is applicable 
for vertical pilings and columns: 
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2

2
bDw

D
DHCF γ=

According to ASCE/SEI 5.4.4.1, the drag coefficient DC  is equal to 2.25 for square 
columns. 

The breaking wave height bH  is determined by Eq. (5-2): 

7.25.378.078.0 =×== sb dH  ft 

Therefore, the breaking wave load on one of the columns is 

735
2

7.2
12
124.125.20.64 2

=
××××

=DF  lb 

This load acts at the stillwater elevation, which is 3 ft-6 in. above the ground surface. 

• Step 4: Determine impact load F

Both normal and special impact loads are determined. 

1. Normal impact loads 

ASCE/SEI Eq. (C5-3) is used to determine normal impact loads: 

)(2
max

tg
RCCCCWVF BDOIb

Δ
π=

Guidance on establishing the debris weight W is given in ASCE/SEI C5.4.5. It is 
assumed in this example that =W  1000 lb. 

It is also assumed that the velocity of the object bV  is equal to the velocity of the 
water V. Thus, from Step 1 of this example, 6.10=bV  ft/sec. 

The importance coefficient IC  is obtained from Table C5-1. For an Occupancy 
Category II building, .0.1=IC

The orientation coefficient .8.0=OC  This coefficient accounts for impacts that 
are oblique to the structure. 
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The depth coefficient DC  is obtained from Table C5-2 or, equivalently, from 
Figure C5-1. For a stillwater depth of 3.5 ft in an A Zone, 2/)5.075.0( +=DC

.63.0=

The blockage coefficient BC  is obtained from Table C5-3 or, equivalently, from 
Figure C5-2. Assuming that there is no upstream screening and that the flow path 
is wider than 30 ft, .0.1=BC

The maximum response ratio for impulsive load maxR is determined from 
Table C5-4. Assume that the duration of the debris impact load is 0.03 sec (see 
ASCE/SEI C5.4.5) and that the natural period of the building is 0.2 sec. The ratio 
of the impact duration to the natural period of the building is 0.03/0.2 = 0.15. 
From Table C5-4, .6.02/)8.04.0(max =+=R

Therefore,

5212
03.02.322

6.00.163.08.00.16.101000 =
××

×××××××π=F  lb 

This load acts at the stillwater flood elevation.

2. Special impact loads 

ASCE/SEI Eq. (C5-4) is used to determine special impact loads: 

2

2AVCF Dρ=

Using a drag coefficient 1=DC  and assuming a projected area of debris 
accumulation 5.35.31 =×=A  sq ft, the impact force F on one column is 

391
2

6.105.3
2.32
0.641 2

=
×××

=F  lb 

This load acts at the stillwater flood elevation.

The flood load effects determined above must be combined with the other applicable load 
effects in accordance with IBC Sections 1605.2.2 and 1605.3.1.2, which reference 
ASCE/SEI 7 for load combinations involving flood loads. The above flood load effects 
are combined with other loads in accordance with the modified strength design load 
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combinations including flood loads in ASCE/SEI 2.3.3(1) or the modified allowable 
stress design load combinations including flood loads in ASCE/SEI 2.4.2(1).16

The design and construction of the mat foundation must satisfy the requirements of 
Section 4.5 of ASCE/SEI 24. The top of the mat foundation must be located below the 
eroded ground elevation and must extend to a depth sufficient to provide the support to 
prevent flotation, collapse, or permanent lateral movement under the design load 
combinations (Section 1.5.3). 

The design and construction of the reinforced concrete columns must satisfy the 
requirements of ACI 318-08 (Section 4.5.7.3 of ASCE/SEI 24). 

7.4.3 Example 7.3 – Residential Building Located in a V Zone 

For the residential building described in Examples 7.1 and 7.2, determine the design 
flood loads on 8-in.-diameter reinforced concrete piles given the design data below. The 
partial elevation of the building is similar to that shown in Figure 7.3. 

DESIGN DATA

Location: V Zone17

Design stillwater elevation, sd : 4 ft-6 in. 
Base flood elevation (BFE): 7 ft-8 in. 

SOLUTION

In this example, it is assumed that the BFE and the DFE are equal. 

This residential building is classified as an Occupancy Category II building in accordance 
with IBC Table 1604.5. The elevation of the bottom of the lowest supporting horizontal 
structural member of the lowest floor relative to the BFE must be greater than or equal to 
7.67 + 1 = 8.67 ft to satisfy the requirements of Section 4.4 of ASCE/SEI 24 for Category 
II buildings located in V Zones (see Table 4-1 of ASCE/SEI 24). 

The applicable flood loads are hydrodynamic, breaking wave, and impact. 

• Step 1: Determine water velocity V

Since the building is located in a V Zone, it is appropriate to use the upper bound 
average water velocity, which is given by ASCE/SEI Eq. (C5-2): 

                                                
16 All of the flood loads calculated in this example will not occur on all of the columns at the same time. 

See Section 11.6.12 of FEMA 55 for guidance on how to apply the flood loads. 
17 The provided data satisfies the criteria of V Zones given in Section 4.1.1 of ASCE/SEI 24: stillwater 

depth = 4.5 ft > 3.8 ft and wave height = 0.78 sd  = 3.5 ft > 3.0 ft. 
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0.12)5.42.32()( 5.05.0 =×== sgdV  ft/sec 

• Step 2: Determine hydrodynamic load dynF

Since the water velocity exceeds 10 ft/sec, it is not permitted to use an equivalent 
hydrostatic load to determine the hydrodynamic load (ASCE/SEI 5.4.3). 

Use the equation in Table 7.2 to determine the hydrodynamic load dynF  on one 
reinforced concrete pile: 

2

2 wdVaF s
dyn

ρ=

Based on the recommendations in ASCE/SEI C5.4.3 and FEMA 55, the drag 
coefficient a is taken as 1.2. 

Assuming salt water, the hydrodynamic load is 

515
2

12
85.40.12

2.32
0.642.1 2

=
××××

=dynF  lb 

This load acts at 2 ft-3 in. below the stillwater surface of the water. 

• Step 3: Determine breaking wave load DF

The breaking wave load is determined by ASCE/SEI Eq. (5-4), which is applicable 
for vertical pilings and columns: 

2

2
bDw

D
DHCF γ=

According to ASCE/SEI 5.4.4.1, the drag coefficient DC  is equal to 1.75 for round 
piles. 

The breaking wave height bH  is determined by Eq. (5-2): 

5.35.478.078.0 =×== sb dH  ft 

Therefore, the breaking wave load on one of the piles is 
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457
2

5.3
12
875.10.64 2

=
×××

=DF  lb 

This load acts at the stillwater elevation, which is 4 ft-6 in. above the ground surface. 

• Step 4: Determine impact load F

Both normal and special impact loads are determined. 

1. Normal impact loads 

ASCE/SEI Eq. (C5-3) is used to determine normal impact loads: 

)(2
max

tg
RCCCCWVF BDOIb

Δ
π=

Guidance on establishing the debris weight W is given in ASCE/SEI C5.4.5. It is 
assumed in this example that =W  1000 lb. 

It is also assumed that the velocity of the object bV  is equal to the velocity of the 
water V. Thus, from Step 1 of this example, 0.12=bV  ft/sec. 

The importance coefficient IC  is obtained from Table C5-1. For an Occupancy 
Category II building, .0.1=IC

The orientation coefficient .8.0=OC  This coefficient accounts for impacts that 
are oblique to the structure. 

The depth coefficient DC  is obtained from Table C5-2. For a V Zone, 0.1=DC .

The blockage coefficient BC  is obtained from Table C5-3 or, equivalently, from 
Figure C5-2. Assuming that there is no upstream screening and that the flow path 
is wider than 30 ft, .0.1=BC

The maximum response ratio for impulsive load maxR is determined from 
Table C5-4. Assume that the duration of the debris impact load is 0.03 sec (see 
ASCE/SEI C5.4.5) and that the natural period of the building is 0.2 sec. The ratio 
of the impact duration to the natural period of the building is 0.03/0.2 = 0.15. 
From Table C5-4, .6.02/)8.04.0(max =+=R

Therefore,
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9366
03.02.322

6.00.10.18.00.10.121000 =
××

×××××××π=F  lb 

This load acts at the stillwater flood elevation.

2. Special impact loads 

ASCE/SEI Eq. (C5-4) is used to determine special impact loads: 

2

2AVCF Dρ=

Using a drag coefficient 1=DC  and assuming a projected area of debris 
accumulation 0.35.467.0 =×=A  sq ft, the impact force F on one pile is 

429
2

0.120.3
2.32
0.641 2

=
×××

=F  lb 

This load acts at the stillwater flood level. 

The flood load effects determined above must be combined with the other applicable load 
effects in accordance with IBC Sections 1605.2.2 and 1605.3.1.2, which reference 
ASCE/SEI 7 for load combinations involving flood loads. The above flood load effects 
are combined with other loads in accordance with the modified strength design load 
combinations including flood loads in ASCE/SEI 2.3.3(1) or the modified allowable 
stress design load combinations including flood loads in ASCE/SEI 2.4.2(1).18

The design and construction of the foundation must satisfy the requirements of 
Section 4.5 of ASCE/SEI 24. Requirements for pile foundations are given in 
Section 4.5.5. 

The design and construction of the reinforced concrete piles must satisfy the requirements 
of ACI 318-09 (Section 4.5.5.8 of ASCE/SEI 24). Additional design provisions are given 
in Section 4.5.6. 

                                                
18 All of the flood loads calculated in this example will not occur on all of the piles at the same time. See 

Section 11.6.12 of FEMA 55 for guidance on how to apply the flood loads. 
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