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(ABSTRACT)

A computer program for the analysis of loads on buildingsis developed. The program

determines wind loads, earthquake loads, and snow loads according to the ASCE 7-93

Standard Minimum Design L oads for Buildings and Other Structures (ASCE 7-93). The

program is devel oped using the object-oriented programming methodology and runs on
the Microsoft Windows 95 graphical environment. It is avaluable and useful tool for

determining loads on buildings.
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CHAPTER ONE

INTRODUCTION

1.1 Determining Building L oads

Accurately designing a building for the loads sustained during its service life is not an
exact science. During the design process, dead loads are typically approximated and then
verified later, meaning that the dead loads are often unknown until the design is
completed. Live loads are typically based upon accepted practice rather than calculated
values, and they are often conservative (Salmon and Johnson, 5). Thisis due to the

difficulty in accurately determining the magnitudes and positions of live loads.

Determining special design loads such as wind and earthquake loads is not a smple task
either, and it often involves tedious calculations also. The development of building codes
has aided in standardizing methods for calculating special design loads due to wind,
earthquake and snow. Furthermore, the building codes have started to combine
knowledge from research and practice to help with calculating al types of design loads.
The calculations presented by the building codes are still complicated and tedious and
engineers are subjected to time constraints. The constraints often limit their ability to fully
learn and use the methods found in the building codes. Therefore, ways to simplify the

complicated calculations are continually sought.



Computers are being used more and more to perform tedious calculations. Engineers are
actively taking advantage of the speed and consistency provided by computers. Although
computers have been used in structural engineering for quite some time now, thereis still
agreat demand for reliable and accurate engineering analysis and design programs. Many
of the structural engineering computer programs available today provide more design and
analysis tools than what is needed, and they can aso be a significant expense. Thus, there
isademand for more simple, lower cost computer programs to perform the day-to-day
tedious calculations. An example of such aprogram is one which will compute special

loads such as wind, earthquake and snow |loads using a common building code.

1.2 Project Objective
The project objective was to develop aload analysis program for personal computers that

computes design loads on buildings based on the ASCE Standard Minimum Design L oads

for Buildings and Other Structures (ASCE 7-93). The Load Anaysis Program determines

wind loads, earthquake loads and snow |oads on buildings according to the ASCE 7-93
Standard. The ASCE 7-93 Standard was chosen because it is nationally accepted and

referred to by many regional building codes such as the Standard Building Code. The

Load Analysis Program is intended to be used as atool along with the ASCE 7-93
Standard. C++ was the chosen programming language because it is the most popular
object-oriented programming language used to develop programs to run in the Windows
95 graphical environment. The Microsoft Windows 95 operating system is currently the

most common operating System used on personal computers.



Since learning to calculate loads is a part of the Civil Engineering student’s curriculum, it

is hoped that this software can be used not only in a design office, but aso in a classroom.

1.3 Report Objective

The objective of thisreport is not to replace, but to supplement the ASCE 7-93 Standard
and describe the Load Analysis Program. The ASCE 7-93 Standard is the main source for
load devel opment methodology and a required item for the appropriate use of the Load
Analysis Program. Therefore, this report will primarily focus upon subjects related to the
Load Analysis Program and how it follows the ASCE 7-93 Standard. The following

topics are discussed.

Chapter 2 discusses structural loads based upon the ASCE 7-93 Standard. Topicsinclude
how the ASCE 7-93 Standard defines gravity loads, wind loads, earthquake loads and
snow loads. Chapter 3 describes the Load Analysis Program’s features. Appendix A
contains a users guide and two example problems and Appendix B contains output for the
example problems and calculations performed for verification of the Load Anaysis

Program.

1.4 Load Analysis Program Features
The Load Analysis Program, as mentioned before, is a Windows 95 program. It hasall of
the functionality of a standard Windows 95 program, such as toolbars, dialog boxes,

scrolling views and on-line help. The Load Analysis Program has the following features:



. It runs under Microsoft Windows 95.
. It utilizes the C++ programming language.
. It isdeveloped using the object-oriented programming approach.

. Itisamultiple document interface (MDI) program which allows for several
projects to be open simultaneoudly.

. It closely follows the ASCE 7-93 Standard in order to minimize error.
. It calculates design wind loads as recommended by ASCE 7-93 by computing
design pressures for component and cladding for multiple tributary areas and

building locations.

. It calculates earthquake loads for regular shaped buildings up to 240 feet high
using the Equivalent Static Lateral Force Method.

. It calculates regular and unbalanced roof snow loads.

. It has clear and thorough output.



CHAPTER TWO

STRUCTURAL LOADS

This chapter presents a brief overview of the different types of structural loads which

primarily apply to building analysis and design. The ASCE 7-93 Minimum Design L oads

for Buildings and Other Structures (ASCE 7-93) will be used to for determining building

design loads. Gravity loads, wind loads, earthquake loads and snow |oads are discussed.

2.1 Typesof Structural Loads

Structural loads are classified as either dead or live. Dead loads are gravity loads that
remain constant in magnitude and location, such as walls, floors, roof members, plumbing,
and miscellaneous fixtures. Live loads can vary in magnitude and location, and they are
not always gravity loads. Examples of live loads are office furniture, construction loads,
and occupancy floor loads. The life use of the building should be considered when

determining loads for analysis and design.

The ASCE 7-93 Standard addresses each type of load. Furthermore, it separates wind
loads, snow loads, and earthquake loads into individual categories and provides analytical
procedures for determining magnitudes for each load. The Load Analysis Program,
described in Chapter 3, isatool for determining wind, earthquake and snow loads using
the ASCE 7-93 Standard. 1t maintains the nomenclature of ASCE 7-93 and follows the

procedures discussed in the subsequent sections.



2.2 Gravity Loads

Gravity loads are forces exerted by objects upon a building due to their weight, and weight
isafunction of gravity. The most obvious building gravity loads are dead loads such as a
concrete floor, finished flooring materials, permanent partitions and the building’s
framework. Liveloads, on the other hand, can be gravity loads. Building occupants,
moveable partitions, furniture and construction loads are types of gravity live loads. Table
2, page 4 of ASCE 7-93 and Tables C1-C3, pages 94-96 of ASCE 7-93 provide data for

determining both minimum live loads and material dead loads.

The ASCE 7-93 Standard also provides guidelines (Section 4.8, page 6) for reducing live
loads in cases where the design live loads tend to be significantly large due to large
influence areas. Asan example, it isunlikely that a column’ s tributary areas will
simultaneously sustain full design loads. Therefore, the design load on a column with a

large influence area can be reduced according to the ASCE 7-93 Standard’ s guidelines.

2.3Wind Loads

The ASCE 7-93 Standard provides analytical procedures for determining main wind-force
resisting system wind loads and individual components and cladding wind loads for
buildings and other structures. The main wind-force resisting system is described as mgjor
structural elements such asrigid and braced frames, roof and floor diaphragms and shear
walls. Components and cladding are elements directly loaded by wind such as exterior

windows, panels, studs, roof sheathing and roof trusses. As an aternative to the analytical



procedure, a wind-tunnel procedure is acceptable but it is not specificaly outlined within
ASCE 7-93. A wind-tunnel procedure is recommended for buildings and structures
having unusual geometry and response characteristics or site locations where channeling

effects or buffeting in the wake of upwind obstructions may warrant special consideration.

The analytical procedure begins by choosing the appropriate equation from Table 4 of
ASCE 7-93. Equations are presented for both the main wind-force resisting system and
components and cladding for non-flexible buildings and other structures and flexible
buildings and other structures. The Load Analysis Program determines loads for non-
flexible buildings only. It does not determine loads for non-flexible structures other than
buildings or flexible buildings and structures. The following equations are used and the

external and internal pressures are algebraically combined to acquire the most critical load.

Main wind-force resisting system (All mean roof heights):

p = gGnCp - gn(GCi) (Eq. 2.1)
where p isthe design pressure, q is the velocity pressure, Gy, is the gust response factor
evaluated at mean roof height, C;, is the external pressure coefficient and GC,, isthe
product of the internal pressure coefficient and the gust response factor. The velocity
pressure, q, is evaluated at height z above the ground, and ¢, is the velocity pressure

evaluated at mean roof height. Equation 2.1 is used for all mean roof heights.



Components and cladding (buildings with a mean roof height less than 60 feet):
p=a{(GCs) - (GCs)] (Eq. 22)
where p is the design pressure, GC, is the product of the external pressure coefficient and
the gust response factor, GC,; is the product of the internal pressure coefficient and the
gust response factor, and gy is the velocity pressure evaluated at mean roof height. Since
the velocity pressure, g, isonly evaluated at mean roof height, the design pressure, p, will
be uniform for both positive and negative values of GC,. Equation 2.2 is to be used when

the building’ s mean roof height is less than sixty feet.

Components and cladding (buildings with a mean roof height greater than 60 feet):
p=0[(GC»)- (GG (Eq. 2.3)
where p is the design pressure, GC, is the product of the external pressure coefficient and
the gust response factor, GC,; is the product of the internal pressure coefficient and the
gust response factor, and q is the velocity pressure. For positive values of GC,, the
velocity pressure, g, varies with respect to the height above the ground. Thus, the design
pressure also varies with respect to the height above the ground. For negative values of
GC,, the design pressure is uniform since the velocity pressure, g, is referenced to the
building’s mean roof height. Equation 2.3 is to be used when the building’ s mean roof

height is greater than 60 feet.



The gust response factor, G, accounts for additional loading due to turbulence but does
not consider cross-wind deflection, vortex shedding or instability due to galloping or
flutter. One value for G, which is evaluated at mean roof height, is used for the main
wind-force resisting system. For components and cladding, the gust response factor, G, is
combined with the external pressure coefficient, C,, to form the product GC,. The ASCE
7-93 Standard requires that each component and cladding member be designed for the
maximum positive and negative pressures. As aresult, each component and cladding

member’ s location and tributary area should be considered.

The external pressure coefficient, C,, is used for determining main wind-force resisting
system design pressures for walls and roofs. For windward walls, the pressure is positive
and varies over the building’ s height due to the change in the velocity pressure over the
height of the building. For side and leeward walls, the pressures are negative and uniform
over the height of the building because the velocity pressure is calculated at the building’'s

mean roof height.

The product of the gust response factor and the internal pressure coefficient, GCy;,
accounts for the tendency of a building to become internally pressurized. The ASCE 7-93
Standard requires two conditions to be considered. Condition | is for buildings completely
open or enclosed. Condition Il isfor partially open (or partially enclosed) buildings.

Since ASCE 7-93 requires the algebraic combination of external and internal pressures,

the value of GC,; for Condition Il will increase the design pressure for both the main wind-



force resisting system and the components and cladding. Buildings with large windows

susceptible to breakage from flying objects should be considered as partialy open.

The velocity pressure, q, is determined from the following equation:

0 = 0.00256KA(1V)? (Eq. 2.4)
where V isthe basic wind speed, K, isthe velocity pressure exposure coefficient, | isthe
importance factor, and the constant 0.00256 is the air mass density for standard

atmospheric pressure at sea level and a conversion to miles-per-hour.

Equation 2.4 is used to convert the basic wind speed, V, into a velocity-related pressure.
The wind speeds shown in Figure 1 and Table 7 of ASCE 7-93 are based upon fastest-mile

wind for smooth terrain (Exposure C) at a height of 33 feet above ground.

The velocity pressure exposure coefficient, K, accounts for the variation of wind speed
with respect to height above ground and ground friction. The importance factor, I, adjusts
the design wind speed based upon the type and importance of the structure. The design
wind speeds given in Figure 1 and Table 7 of the ASCE 7-93 Standard are based on a
probability of exceeding the design wind speeds once in 50 years. The importance factor
allows one wind speed map to be used for average recurrence intervals of 25, 50 and 100
years. Design wind speeds are more likely to be exceeded at ocean lines, therefore the

importance factors are higher in order to provide the same probabilities of exceeding the

10



design wind speeds at ocean lines as for inland areas. The importance factors given in
Table 5, page 11 of ASCE 7-93 depend upon the building occupancy classification

category (described in Table 1 of ASCE 7-93).

The gust response factor calculations and the velocity pressure exposure coefficient
calculations are a function of the exposure category constants given in Table C6 of ASCE
7-93. These constants vary depending upon the applicable exposure category. The
building’ s exposure condition is to be matched to the suitable exposure category
depending upon the ground surface characteristics of the building’ s site location. Exposure
categories range from Exposure A to Exposure D and are discussed in Section 6.5.3 of
ASCE 7-93. For the main wind-force resisting system, the exposure category constants
affect only one value of G calculated at the building’s mean roof height. For the building’s
components and cladding, the exposure category constants do not affect the value of the
gust response factor. Both main wind-force resisting system pressures and component

and cladding pressures are adjusted by the velocity pressure exposure coefficient K, in the

calculation of the velocity pressure.

2.4 Earthquake L oads

Earthquake loads are usually determined by approximating the horizontal component of
the earthquake’ s acceleration and applying an equivalent, static lateral force to the base of
the structure and distributing the force over the height of the structure. This approach is

referred to as the Equivalent Seismic Lateral Force Procedure within the ASCE 7-93

11



Standard. One limitation is that the building is assumed to be fixed at the base. Other

limitations are given in Section 9.3.5, page 49 of the ASCE 7-93 Standard.

A building’ s fundamental period, T, isfirst determined for each of the building’s axes.
The ASCE 7-93 Standard specifies using a “properly substantiated analysis’ for
determining the fundamental period. As an dternative, two empirical formulas are
available for approximating the fundamental period. They are asfollows:

T.= Ch,** (Eq. 2.5)

Ta= 0.IN (Eq. 2.6)
where T, is the approximate fundamental period, Cr is the building period coefficient, h, is
the height above the base level to story number n, and N is the total number of stories.
The building period coefficient, Cr, in Equation 2.5, varies depending upon the building’'s
lateral-force resisting system (described on page 54 of ASCE 7-93). Equation 2.6 isan
alternative to Equation 2.5 if the number of stories, N, does not exceed 12 and the lateral-
force resisting system consists entirely of a concrete or steel moment resisting frame. The
story height must also be at least 10 feet. Generally, fundamental periods determined by
the approximate formulas are shorter than those calculated from a*“ properly substantiated

analysis,” therefore they increase the base shear.
The ASCE 7-93 Standard limits the calculated fundamental period by not allowing it to
exceed the product of the approximate fundamental period, T,, and the coefficient for

upper limit on the calculated period, C,. Vauesfor C, can be obtained from Table 9.4-1

12



of the ASCE 7-93 Standard. The coefficient for upper limit increases the approximate
fundamental period and is dependent upon the peak velocity-related acceleration, A,

(determined from Figure 9-2 of the ASCE 7-93 Standard). Such an increase can

ultimately decrease the base shear. Other practices commonly limit the base shear force to

80% of the value obtained using the empirical formulas (Paz, 1991).

The base shear, V, is determined by the following equation:

V=CW (Eq. 2.7)
where W represents the total dead load and applicable portions of other |oads (described
in Section 9.4.2. of ASCE 7-93), and Cs isthe seismic design coefficient. The seismic
design coefficient is determined by the following equation:

12AS

where A, is the effective peak velocity-related acceleration, Sis the site coefficient, R is

the response modification factor and T is the building’ s fundamental period.

The seismic design coefficient, Cs, cannot be greater than the value obtained from
following equation:

Cs(max) = ZSTAa (Eq. 2.9)

where A, is the seismic coefficient representing the effective peak acceleration and R isthe

response modification factor.

13



The effective peak velocity-related acceleration, A,, is determined from Figure 9-2 of the
ASCE 7-93 Standard, and the effective peak acceleration, A, is determined from Figure
9-1 of the Standard. The site coefficient, S, accounts for the possibility of the building and
site having close enough natural periods to encounter resonance. The Site coefficient is
obtained from Table 9.3-1 of ASCE 7-93. If aparticular soil profileisnot listed in the
table, avalue of 2.0isto be used. Acceptable alternatives for determining soil-structure
interaction are allowed. The response modification factor, R, varies depending upon the
type of lateral resisting system and its ability to resist lateral forces. It isdetermined from

Table 9.3-2 of ASCE 7-93.

The vertical distribution of the equivaent, lateral seismic force is accomplished by the

following equations:

Co = W (Eq. 2.12)
é wihi
i=1

where F, isthe lateral seismic force a any level x, C isthe vertical distribution factor, V
is the base shear, wy and w; are the gravity loads at story number x and i and h, and h; are
the heights from the base level to story number x and i. The distribution exponent, k, is

related to the building’ s fundamental period as follows:

14



T £ 0.5 seconds k=1

T 3 2.5 seconds k

2
For periods between 0.5 and 2.5 seconds, k can be taken as 2 or can be determined by

linear interpolation between 1 and 2.

The seismic design story shear in any story is obtained by the next equation:

V, = 4 F (Eq. 2.12)

=X

where V isthe story design shear and F; is a portion of the seismic base shear imposed at

leve i.

The ASCE 7-93 Standard requires that the building be designed to resist overturning. The

following equation determines overturning moments at any level within the structure.

M«=t Q Fi(h-h) (Eq. 2.13)

where My is the overturning moment at level x, F is the portion of the seismic base shear
induced at level i, hy and hy are the height in feet from the base level to level i and x, and t
is the overturning moment reduction factor. The overturning moment reduction factor is

determined as follows:

For top 10 stories t=1.0
For the 20th story
from the top and below t=08

15



For stories between the
20th and 10th stories linear interpolation
from the top between 1.0 and 0.8
Building foundations are to be designed for overturning using the same equation but a

value of 0.75 isto be used for the overturning moment reduction factor.

2.5 Snow L oads

Design snow loads are affected by geographic location, roof slope, roof surface texture,
sheltering from adjacent objects and the potential for drift. The temperature of the space
beneath the roof is also a consideration. The ASCE 7-93 Standard provides an analytical
procedure for determining the flat roof snow load from a design ground snow load, and
adjusting it for conditions such as roof dope and surface, wind effects and thermal effects.

Unbalanced loading and snow drifts are also considerations.

The flat-roof snow load is determined by the following equation:

pr = 0.7CLCilpg (Eq. 2.14)
For locations in Alaska, the equation changes to the following:

pr = 0.6C.Cil pg (Eqg. 2.15)
where in both equations px is the design snow load, py is the ground snow load, C. is the
snow exposure factor, C; is the thermal factor, and | is the importance factor. Within both
eguations, the exposure factor, C,, adjusts the ground snow load due to wind effects and
isfound in Table 18 of the ASCE 7-93 Standard. The thermal factor, C;, adjusts the

ground snow |load due to thermal effects and it isfound in Table 19 of the ASCE 7-93

16



Standard. The importance factor, |, adjusts the design snow load for the probability of
exceeding the snow loads recorded in Figures 5-7 of ASCE 7-93. The design snow load is
increased for essentia facilities due to a higher importance factor. Importance factors are
found in Table 20 of the ASCE 7-93 Standard. Ground snow loads are found in Figures

5-7 of the Standard. Table 17 contains ground snow loads for locations in Alaska.

Sloped roof snow loads can be computed using the following equation:

ps = Cyx (Eq. 2.16)
where ps is the doped roof design snow load, Csis the roof slope factor, and px is the flat
roof design snow load. The roof slope factor, C, adjusts the ground snow load due to a
roof’ s tendency to shed snow. Roofs with higher slopes will have lower design snow
loads. The roof dope factor is afunction of the thermal factor, C; and whether the roof
has an “unobstructed dippery surface.” Vauesfor the roof dope factor are found in

Figure 8 of ASCE 7-93.

For hip and gable roofs having a roof slope between 15 and 70 degrees, an unbalanced
uniform snow load is considered on the lee side. The unbalanced load is determined using
the following equation:

15ps

e

ps(unbalanced) = (Eq. 2.17)

where ps{unbalanced) is the unbalanced design snow load, psis the sloped roof design

snow load and C. is the exposure factor.

17



2.6 Load Analysis Program Limitations
The Load Analysis Program determines wind, earthquake and snow loads for buildings

according to the ASCE 7-93 Standard Minimum Design L oads for Buildings and Other

Structures. 1t only determines wind loads for non-flexible buildings. The categories of
non-flexible “other structures’ and “flexible buildings and other structures’ are not

considered.

The Load Analysis Program only uses the Equivalent Lateral Force procedure for
determining earthquake loads. Furthermore, it does not calculate the torsional moment,
M, which involves type 1 torsional irregularities (See Table 9.3-3 of ASCE 7-93).

Drift determination and P-Delta effects are not considered by the Load Analysis Program.
To include these effects, it is necessary to use a matrix structural analysis program for
determining internal member forces, drift conditions and second order effects once loads

are determined using the Load Analysis Program.

18



CHAPTER THREE

LOAD ANALYSISPROGRAM

3.1 Introduction
The purpose of this chapter is to provide an overview of the Load Analysis Program. The
topics covered include input, processing and output, and related dialog boxes and views.

A users guideis presented in Appendix A.

The main window of the program is shown in Figure 3-1.

Analysziz of Loads on Buildings

File “iew Help

D|={E] ?1=] 2]

For Help, presz F1 | | |NUM | o

Figure 3-1: Main Window of the Load Analysis Program
When anew project is created, either by clicking on the first toolbar button from the | eft,
or by choosing the File menu and selecting the New command, the main window shown in

Figure 3-2 is displayed.
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Project Information

Project Mame:

Description:

Designer; Project Number;

Building Geometry

Width = BO.0 ft Length = 135.0 ft

Roof Pitch = 812 Roof Slope = 33.7 degrees

bean Roof Height = 43.0 f

Max Roof Height = 440 #

Building Classification = | -
< | _>I_I
For Help. press F1 | | [HUM | i

Figure 3-2: Main Window of the Load Analysis Program With an Untitled Project

Once a working project is created, severa pull-down menus are displayed on the menu
bar. Three of the menus represent the three load analysis modules incorporated within the
program. As mentioned in Chapter 1, one of the features of this programisthat itisa
multiple document interface (MDI) application, which meansit is possible to work on

severa projects smultaneously. Each project is represented by a separate window.

3.2 Building Properties and the Structure Menu
The Structure menu has three main commands: Project Information, Geometry and
Classification. These commands are used for entering project information and structural

data necessary for determining loads.
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Project Information

The Project Information command displays the Project Information dialog box in Figure
3-3. Within this dialog box, a Project Name, Project Number, and Project Description can
be entered. Any combination of letters or real numbersis acceptable. Asistypical of
most Windows applications, the OK button accepts the entered information and closes the
dialog box, the Cancel button ignores the entered information and closes the dialog box,
and the Help button executes a series of help screens which provide additional information
regarding the input fields.

Project Information Ed |

Project Hame: I

Project Mumnber: I Dezigner: I

Description; I

ok I LCancel | Help |

Figure 3-3: Project Information Dialog Box

Building Geometry

The second command on the Structure menu is the Geometry command. When selected,
it displays the Building Geometry dialog box shown in Figure 3-4. The building geometry,
such as building width, length, mean roof height, number of stories, and distance between
floors, is entered in this dialog box. Thereis also a check box for forcing an exposure C

condition on buildings with a mean roof height between 60 feet and 90 feet.
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The check box labeled “Exposure C,” when selected (checked), instructs the program to
use the exposure C condition. Recall that in the ASCE 7-93 Standard, components and
cladding for buildings up to 60 feet in mean height are required to be designed for
exposure C. The Load Anaysis Program will automatically apply this constraint to such
buildings. For buildings between 60 feet and 90 feet, the designer has the option to
determine components and cladding pressures using exposure C by selecting the check
box. If the check box is not checked, the component and cladding design pressures for
buildings between 60 feet and 90 feet will be determined using the exposure condition

selected in the Building Exposure Category dialog box.

Building Geometry Ed

Wwiidth [ft): (=] Length [ft): |1 33
bl ay Foof Height [f): |44 tean Roaof Height [ft]: |43
Foaof Pitch [PA12]: IB Mumber of stanies; |5

Digtance between stonies [f]; IB Fieres Erpes b
[T ExposueC

Diigtance from ground to first floor [f; I'I 2

k. Cancel | Help

Figure 3-4: Building Geometry Dialog Box

Building Occupancy Classification Category

The Occupancy Classification Category dialog box (See Figure 3-5) is displayed when the

Classification command is selected from the Structure menu. This dialog box is similar to
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Table 1 of the ASCE 7-93 Standard. The appropriate occupancy classification category

can be specified by selecting the corresponding radio button.

Occupancy Classification Category Ed

Clazzification of Buildings and Other Structures
for Wind, Snow, and E arthquake Loads

Mature of Dccupancy Category

Al buildings and stuctures except thoze listed below (OF

Buildings and structures where the primary occupancy is
ane in which mare than 300 people congregate in ane area.

Ol

Buildings and structures designated as ezsenhal facilibes -~
including, but not limited to: Il

Hozpital and ather medical facilities having surgerny or ok
ernergency treatment areas —

Fire or rezcue and police stations

Structures and equipment in government Cancel
communication centers and other facilities required for
EMMEMJENCY Eponge

Paoweer stationg and other utilites required in an emergency Help |

Structures having critical hational defenze capabilities
Dezignated shelters far huricanes

Buildings and structures that reprezent a low hazard to
hurnan life in the event of failure, such az agricultural
buildings, certain temporany facilitiesz, and minor
storage Facilities O

Figure 3-5: Occupancy Classification Category Dialog Box

3.3Wind Loads and the Wind Menu

The Load Analysis Program determines wind loads, using the ASCE 7-93 Standard, for
regular, non-flexible buildings, up to a mean roof height of 240 feet. Two partsto the
wind load analysis exist. One part for the building main wind force resisting system and

the other part for components and cladding design loads. Table 4 of ASCE 7-93 shows
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the applicable equations and variables for this two part wind load analysis. For
components and cladding, design wind loads are categorized for specific locations on the
building. For example, the wind load on an exterior corner panel is different (typically
greater) than the wind load on an adjacent center panel, therefore different values are
calculated. Initssimplest form, the design wind load is the wind force, due to a particular
wind speed, converted to a pressure. Once the wind pressure is determined, it isincreased
or decreased based upon the building’ s geometry, geographic location, location relative to

it’s surroundings, and importance.

The Wind Load menu deals with the wind load module of the Load Analysis Program.
The Wind menu has four commands for using the wind load analysis module: Importance

Factor, Wind Speed, Internal Pressure and Exposure.

Wind I mportance Factor

The wind importance factor is selected in the Importance Factor dialog box shown in
Figure 3-6. The dialog box displays a table of Building Classification Categories and the
corresponding Importance Factor. Considering Figure 3-6, the “ Category” column shows
the building occupancy classification category that was previoudy selected in the Building
Classification dialog box. If necessary, the building classification category can be
changed here and the change will be reflected in the Building Classification dialog box.
Once a category has been chosen, the appropriate importance factor is entered in the edit

field.
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Impotance Factor, | [(wind Loads]

Figure 3-6: Wind Importance Factor Dialog Box
Wind Speed and Internal Pressure Coefficient
The Wind Speed dialog box simply allows the user to enter a basic wind speed from
Figure 1 of ASCE 7-93.

Wind Speed

Figure 3-7: Wind Speed Dialog Box

The Internal Pressure Coefficients dialog box allows the user to select avalue for the

product of the interna pressure coefficient and the gust response factor. This product,
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GC,i, represents the tendency for a building to become internally pressurized. Two
conditions are possible: condition | isfor buildings which are open (or enclosed) and
condition 11 isfor partialy open buildings. The dialog box issimilar to Table 9 of ASCE
7-93.

Internal Prezsure Coefficients

|nternal Prezsure Coefficients for Buldingz, GCpi

Condition
—GCpi—————
Candition | &l conditions except as noted under +0.25 &
condition 1. 025
Candition || Buildings in which bath af the fallawing +0.75 ~
are met: 025

1. Percentage of openings in one wall
exceeds the sum of the percentages of
apenings in the remaining walle and
roof surfaces by 5% or more, and

2. Percentage of openings in any one aof
thie remaining walls or roof do not
exceed 207,

] Cancel Help

Figure 3-8: Interna Pressure Coefficients Dialog Box

Building Exposure
Figure 3-9 shows the Building Exposure Category dialog box, which is displayed when the

Exposure command chosen. Once again, the dialog box matches the corresponding table

within ASCE 7-93.
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Building Exposure Category Ed

Choosze the appropriate R adio Button
comesponding to the Exposure Category
fiar waLr structure.

See Section £.5.3.7, pg 12 of ASCEY-33

% Erposure Categony &

™ Exposure Category B
LCancel

" Exposure Categaory ©

dils

" Exposure Category D Help

MNOTE:

See Sections 6.5.3.2 and £.5.2.3 for
additional comments concerming
Expozure Categories.

Figure 3-9: Building Exposure Dialog Box

The building exposure category represents a method for approximating boundary layer,
surface roughness, and adjacent sheltering effectsin the wind analysis. The building
exposure category is selected by choosing the appropriate radio button on the Building
Exposure dialog box (Figure 3-9). For a complete description of building exposure

categories, see Section 6.5.3 of ASCE 7-93.

When determining components and cladding loads for buildings having a mean height less

than 60 feet, ASCE 7-93 requires exposure category C to beused. The Load Analysis

Program automatically takes this into account. For buildings having a mean height

between 60 feet and 90 feet, ASCE 7-93 allows an exposure condition C to be used. The
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Load Analysis Program implements this option by providing the “Exposure C” check box

in the Building Geometry dialog box.

Wind Load Analysis and Output
After all building geometry and wind data has been entered, the program performs the

wind load analysis and displays the results.

When computing wind loads for the main wind force resisting system and components and
cladding, the program first cal culates the pressure zone coefficient, a, and sets building
geometry values such as width, height and roof pitch. Wind load information such as wind
speed, V, and the product of the internal pressure coefficient and the gust response factor,
GC,, are also established. Next, the exposure category constants, a, z4 and D, (See Table
C6 of ASCE 7-93) are established using the information obtained from the Building

Exposure Category dialog box.

The product of the internal pressure coefficient and the gust response factor, GCy;, is
obtained from user input. The product of the external pressure coefficient and the gust
response factor, GC,, is determined using Figure 3 of ASCE 7-93. A logarithmicequation
isfitted to each curve representing each component and cladding location of the building.
The equation is arrived at by solving two simultaneous equations with the two known

values of GC, For example, for roof components and cladding, GC, is known for
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tributary areas of 10 and 100. Therefore, those values can be used in fitting the correct

eguation.

The values for the importance factor, I, and the wind speed, V, are acquired directly from
user input. Since the velocity pressure exposure coefficient, K, varies with height, two
values are calculated: Ky-calculated at mean roof height for buildings with a mean roof
height less than 60 feet, and K,-calculated at each story height for buildings with a mean
height more than 60 feet. Thereis however one exception. If Exposure C is selected in
the Building Geometry dialog box, loads on a building with mean height between 60 and
90 feet will be determined as for a building with mean height of 60 feet or less. The values

of K,and K, are determined using Equation C3 in the ASCE 7-93 commentary.

The velocity pressure equation is the same for both the main wind force resisting system
the components and cladding. On the other hand, the design wind pressure equation
changes by separating the gust response factor and the external pressure coefficient into

two separate variables.

The gust response factor, Gy, is determined by using the mean roof height value along
with Equations C5 and C6 of the ASCE 7-93 commentary. Equations C5 and C6, similar
to components and cladding, utilize the exposure category constants found in Table C6 of
the ASCE 7-93 commentary. The external pressure coefficient, C,, is separated into two

tables within ASCE 7-93 Figure 2. The Load Analysis Program uses a series of
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conditional statements to determine the wall pressure coefficient, C,. Based upon the roof
pitch, mean height to length ratio and mean height to width ratio, the program selects an

appropriate roof pressure coefficient, C,.

The program displays the following results for the wind load analysis. First, the project
information and building geometry parameters are displayed. Thisinformation is followed
by input data which appears under the “Wind Loads’ heading. Next, the program displays
the roof and wall design values for components and cladding, and next displays the roof
and wall design vaues for the main wind force resisting system. The output for
components and cladding design values consists of two tables which show the tributary
areas and the corresponding wind design pressures. A significant feature of the Load
Analysis Program is that it provides components and cladding and main wind force
resisting system design pressures, as a function of the tributary area, for the entire

building. See Figure B-2 of Appendix B for example wind load analysis output.

3.4 Earthquake L oads and the Earthquake Menu
The Earthquake menu has three commands: Initial Data, Story Information and
Performance Category. The Load Analysis Program uses the Equivalent Lateral Force

Method for determining earthquake loads.
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Initial Data

The Initial Data dialog box is shown in Figure 3-10. Using Figure 9-1 of ASCE 7-93, the
effective peak acceleration, A,, can be obtained. The effective peak velocity-related
acceleration, A, can be obtained from Figure 9-2 of ASCE 7-93. Vauesfor the site
coefficient, S, can be obtained from Table 9.3-1 of ASCE 7-93. If aparticular soil profile

does not match one of the profiles given in Table 9.3-1, avalue of 2.0 isto be used.

Initial E arthquake Data Ed |

Enter the effective peak acceleration, effective peak
velozity-related acceleration and the zite coefficient.

s- B - oz | 8=

Enter the rezponze modifization coefficient and deflection amplification
factor. Enter the fundamental periods or choose an appropriate
approximate methiod below,

Be= |3 Cde= |4 Tu= |0.45 ak.
Re= |3 Cap= [4 Ty= [0.45 Canoal |

— Approximate fundamental period

Hel
& Approsimate fundamental period Eq. 9.4-4 il
Ctx = II:I.I:IE Chy = I .02

" Approwimate fundamental period Eq. 9.4-4a

Figure 3-10: Initial Earthquake Data Dialog Box

The six remaining data items involve the two building axes, therefore there are two values

for each item. The response modification factor, R, and the deflection amplification
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factor, Cqy, are obtained from Table 9.3-2 of ASCE 7-93. The fundamental periods are
determined by a structural analysis and are not to exceed the product of the coefficient for
upper limit on calculated period, Cs, and the approximate fundamental period, T,. Section
9.4.2.2 of ASCE 7-93 discusses the determination of the fundamental period and lists
some approved approximate values. The Load Anaysis Program allows both Equations
9.4-4 and 9.4-4ato be used for calculating the fundamental period. Whenever the entered
fundamental period, T, exceeds the product of C; and T, the calculations are based upon
the approximate fundamental period and a note is printed on the calculations.. Also, if the
approximate fundamental period is calculated using Equation 9.4-4, the building period

coefficient, Cr has to be entered into the appropriate input field.

Story Information
The Story Information dialog box is executed when the Story Information command is
selected. Building story heights relative to the ground, and the story dead loads and story

live loads are entered in this dialog box (See Figure 3-11).

Performance Category

The Performance Category dialog box appears when this menu item is selected. Figure 3-

12 shows the Performance Category dialog box.
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E arthquake Story Information

Figure 3-11: Story Information Dialog Box

Seismic Performance Category

Figure 3-12: Performance Category Diaog Box

The appropriate performance category is chosen based upon the seismic hazard exposure
group (Table 9.3.6 of ASCE 7-93) and the effective peak velocity-related acceleration, Ay,

The effective peak velocity-related acceleration is shown in the upper left-hand corner of



the Performance Category dialog box. The radio buttons for the seismic hazard exposure

group are primarily an aid for choosing the correct performance category.

Earthquake Load Analysis and Output

As previously mentioned, the Load Analysis Program utilizes the Equivalent Latera Force
Procedure for determining earthquake loads on buildings. Once input is completed, the
program calculates equivalent, static lateral forces for modeling seismic loads. The output
of the calculations, which are shown in Figure B-9 of Appendix B, also includes the base
shear and overturning moments. The information used for approximating the fundamental
period is aso printed. The output also indicates whether the maximum seismic design

coefficient, Cs, is based upon ASCE 7-93 Equation 9.4-3.

3.5 Snow L oads and the Snow Menu
The Snow Menu provides access to the module for calculating snow loads. It has four
commands: Importance Factor, Ground Snow Load, Thermal Factor and Exposure

Factor.

| mportance Factor

The snow importance factor adjusts the design snow load for the probability of exceeding
the snow loads given in Figures 5-7 of ASCE 7-93. It also considers the risk of damaging
essential facilities. A hospital, for example, has an importance factor of 1.2 versus 0.8 for

alivestock barn. The importance factor can be selected using the appropriate radio button



corresponding to the pre-chosen building classification category from Table 1 of ASCE 7-

93.

Ground Snow Load

The Ground Snow Load command activates the Ground Snow Load dialog box (see
Figure 3-13). This box contains three items to be entered. First, using Figures 5-7 of
ASCE 7-93, the user can determine the ground snow load. If the building islocated in
Alaska, Table 17 should be used and the equation for calculating the design snow load
changes. Thisisindicated by checking the box labeled “Alaska’. If the building has a roof
that can effectively shed snow, the ASCE 7-93 Standard allows a decrease in the design
snow load. The program takes thisinto consideration if this option is checked in the

corresponding check box.

Thermal Factor

The thermal factor, C;, isanumber representing the thermal condition of abuilding’s

roof. The warmer the roof, the more likely the snow isto melt and fall from the roof. The
higher the thermal factor, the higher the design snow load. Figure 3-14 shows the
Therma Factor dialog box. The value of the factor is entered by selecting the appropriate

radio button and the program adjusts the ground snow |load according to the selection.
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Ground Snow Load

Figure 3-13: Ground Snow Load Dialog Box

Thermal Factor, Ct

Figure 3-14: Therma Factor Dialog Box
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Exposure Factor

Figure 3-15 shows the Exposure Factor dialog box. The exposure factor, C,, for snow
load analysis, takes into account the possibility of wind blowing snow off of abuilding's
roof but it does not consider the possibility of drift. The value is entered by selecting the

appropriate radio button and the ground snow load is adjusted accordingly.

E xpozure Factor. Ce
Table 18, pg 27

Mature of zite™ Ce

A Windy area with roof expozed on all
sides with no shelter afforded by terrain, Ol 1):
higher structures, ar trees.

B. “Windy areas with little shelter available. 09

C. Locations in which znow remosal by
wind cannot be relied on to reduce
roof loads because of temrain, higher 10
structures, or several trees nearby.

D, Areas that do not esperience much wind
and where terrain, higher stuctures, or 11
zeveral trees sheler the roof.

E. Denzely forested areas that expenence
little wind, with roof located tight in 2
among conifers.

*See Table 18, pg 27 for notes.

k. Cancel Help

Figure 3-15: Exposure Factor Dialog Box
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3.6 Object Oriented Programming
The Load Analysis Program, as mentioned before, was written in the C++ programming
language. It uses class construction in an object oriented programming approach.

Microsoft Visual C++ was the compiler.

Four classes were developed for the load analysis modules. Two were developed for the
wind load module (one for components and cladding and another for the main wind force
resisting system) and one for each of the remaining load modules. The Microsoft

Foundation Class Library (MFC) was used to develop the graphical interface.

The recommended structure of most C++ programs, when using the MFC, isto utilize the
document class for handling data and utilize the view class for handling graphical
operations. The Load Analysis Program does such. All datais transferred from the view
classto the load classes by the document class. The document class creates and deletes
objects for each of the load classes. Furthermore, each of the objects contains al data and
functions needed to perform their respective tasks. Regarding the views, the view class
handles all viewing of input and output data. Code for viewing output was written at the

end of each load analysis class in ShowData functions.
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3.7 Verification

A Microsoft Excel spreadsheet was devel oped to calculate design wind loads for buildings
with a mean roof height of 60 feet or less. Furthermore, the spreadsheet’ s results were
verified by manual calculations produced by three individuals in an engineering office.
Considering only buildings with a mean roof height less than 60 feet, the only difference
between the spreadsheet and the Load Analysis program is that the spreadsheet calculates
windward main wind-force resisting system design pressures uniformly over the height of
the building. One design pressure is computed at the building’s mean roof height, and
another design pressure is computed 15 feet above the ground level. The Load Analysis
Program, on the other hand, cal culates the windward main wind-force resisting system
design pressures as they vary aong the building’s height. This variation isfrom 15 feet to
the mean roof height. The design pressures are not constant from 15 feet above ground to
the mean roof height. The windward main wind-force resisting system design pressures,
obtained from the spreadsheet (even though they are limited compared to the Load
Analysis Program), and the windward main-wind force resisting system design pressures,
obtained from the Load Analysis Program, were compared and found to not differ more
than 3 percent. The calculated values for leeward and side main wind-force resisting

system design pressures were found to not differ more than 3 percent as well.

Both the spreadsheet and the Load Analysis Program compute components and cladding

design pressures (for buildings with a mean roof height less than 60 feet), and the roof

main wind-force resisting system design pressures by the same method. The results of

39



these calculations were also the same. Output from the Excel spreadsheet for Example 1

isin Appendix B.

With regard to earthquake loads, snow loads and wind loads on buildings with a mean
roof height greater than 60 feet, verification of the Load Analysis Program’ s results were
performed by manual calculations. Manual caculations of Example 1 and Example 2 are

in Appendix B.
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CHAPTER FOUR

SUMMARY AND CONCLUSIONS

4.1 Summary
A program for the analysis of loads on buildings was developed. The program is based on

the ASCE 7-93 Minimum Design Loads for Buildings and Other Structures and was

written in C++ using object-oriented programming methodology. The ASCE 7-93
Standard was chosen because it is nationally accepted and widely referenced by many local

building codes.

The Load Analysis Program is atool for determining wind loads, earthquake loads and
snow loads, and it is to be used along with the ASCE 7-93 Standard. It isaWindows 95
application and has the functionality of Windows 95 programs. A series of dialog boxes
can be accessed by sdlecting commands from the program’s main menu. These dialog
boxes allow the user to enter building data and load analysis data to be used to calculate
loads. Input and output data can be printed or stored on standard computer storage

media

The Load Analysis Program is an object-oriented application written in the C++

programming language. It was developed using Microsoft Visual C++ and the Microsoft

Foundation Class Library (MFC). Separate classes were created for each of the different
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load modules (one module for each load analysis type) and they can be used again in other

C++ applications.

4.2 Conclusions

The Load Analysis Program provides accurate results for normal, non-flexible buildings up
to 240 feet in mean height and less than 30 stories. It isan efficient tool for determining
wind, earthquake and snow loads and it is also a useful tool for teaching students the
fundamental's about calculating building loads. Although the program produced accurate
results for the example problems given in Appendix A and Appendix B, it is recommended

that the program be tested further before being used in the engineering workplace.

4.3 Future | mprovements
Many possible future modifications can be made to the program. Suggestions for future
modifications include the following:

Update the load analysis classes to the latest ASCE 7 standard.

Improve the output by using more graphics.

Improve the earthquake load module to perform additional earthquake load analyses,
such as the Modal Analysis Procedure.

Improve the wind load module to perform load analysis on other structures than
buildings aone.

Improve the snow load module to include a more comprehensive unbalanced snow
load analysis.
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APPENDIX A

USER’S GUIDE AND EXAMPLE PROBLEMS

This appendix provides information for installing and using the Load Analysis Program.
Two examples are also provided to show the process of entering data for determining
wind, earthquake, and snow loads. Printed output of Example 1 and Example 2 isin

Appendix B.

A.1 Hardware and Softwar e Requirements and I nstallation

Hardware and Software Requirements

The Load Analysis Program will run on an IBM compatible personal computer with an
Intel 80486 or higher processor, a minimum of 8 MB of RAM and Microsoft Windows 95

or Windows NT.

I nstallation
To ingtall the Load Analysis Program, follow these step-by-step instructions:
1. Create a subdirectory named ASCE on the computer hard drive.

2. Copy the executable file ASCE794.EXE and the help file ASCE794.HL P to the ASCE
subdirectory.

3. Add the program to the Windows 95 Start Program Taskbar (See Figure A-1).

4. Execute the Load Analysis Program by choosing the program icon from the Taskbar.



T askbar Properties K |

Taskbar Options  Start Menu Programs |

— Customize Start bMenu

F . Toumay cuztomize your Start Menu by
AL s adding or removing items fram it.

Bemove... Advanced...

— Documents Menu
Click the Clear button to remove the
cantents af the Documents Menu,

Clear |

k. Cancel e[

Figure A-1: Taskbar Properties-adding a program.

A.2 Using Standard Controls

A pull-down menu can be activated by selecting a command on the menu located at the
top of the main program window (See Figure A-2). Tasks such as opening afile, saving a
file, and entering building geometry can be accessed from the menu bar. See Figure A-2
for aview of the program menu bar and a pull-down menu with the Geometry command

highlighted.
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B Froject [nformation. .. \
Geometn,...

Clazsification... ~

Project Information

Froject Mame:

Description:

Designer:; Project Mumber:

Building Geometry

Wyidth = B0.0 ft Length = 135.0 ft

Roof Pitch = 8/12 Roof Slope = 33.7 degrees
Mean Hoof Height = 43.0 #

hax Hoof Height = 44.0f

Building Classification = |

Enter building geametry and select lnad modules | | [MLIM | o

Figure A-2: Example Menu Bar and Pull-Down Menu

A dialog box is usually displayed when a command is selected. Within any diaog box,
there are edit boxes for entering information, check boxes for turning an option on or off,
radio buttons for selecting mutually independent choices and command buttons for
executing specific tasks. The Building Geometry dialog box in Figure A-3 and the
Building Exposure Category dialog box in Figure A-4 show examples of these standard

controls.
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Building Geometry

> Edit Boxes>

Check Box

.

Figure A-3: Building Geometry Dialog Box

Building Expozure Category

Figure A-4: Building Exposure Category Dialog Box
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A.30nlineHelp

Online help can be accessed from most dialog boxes by clicking the Help command
button. When online help is accessed from a dialog box, the help subject displayed is the
same as the dialog box from which online help was called. Online help can also be
accessed by selecting the Index command from the Help pull-down menu. This command
displays the Help Index for the Load Analysis Program (See Figure A-5). Usersare
encouraged to solicit help from the program’s online help. A Getting Started topic, which

isavailable for first time users, describes the basic stepsinvolved in using the program.

Help Topics: Load Analysis Program Help |

Contents  Index |Fin|:| I

1 Tupe the firzt few letkers af the ward pau're looking far.

IEDntentﬂ

2 Click the index entry pou want, and then click Dizplay.

| Eateg:urg - |

Drescription

Enclozed Buildings

GCpi

Index

Internal Preszure Coefficient
Length

tean Foof Height

Mame

Murmber

Mumber of Stories
Oecupancy Claszification
Open Buildings

Fartially Open Buildingz
Project nformation

Foof Pitch i

Dizplay I itk | Carnicel |

Figure A-5: Load Anaysis Program Help Topics
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A.4 Example 1-Two Story Residential Building

This step-by-step example is arectangular, 2 story residential building (house) for which

wind and snow loads will be determined. The building geometry is as follows.

Mean roof height: 21.0’
Length: 54.5

Width: 31.0
Roof pitch: 8/12
Location: Blacksburg, Virginia

The house is located in aresidentia subdivision with some shelter ing from trees, adjacent

buildings or adjacent houses, therefore the wind will not be relied upon to remove any

snow from the roof.

Structure data

The steps for entering the structure data are as follows.

1. Select the Project Information Command from the Structure pull-down menu (See
Figure A-6). This command accesses the Project Information dialog box. Enter the

project information, shown in Figure A-7, and click on the “OK” button.

= Analysiz of Loads on Buildings - [Examplel _job]

SsNEN Wind  Earthguake  Snow  Wiew  Window  Help

= Project [nformation. .. |
Geometry...

D=
| Clazsification...

Figure A-6: Project Information Command
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Project Information |

Project Mame:
Project Mumber: IE wamplel D ezigner; ISB
Dezcription; |2-St|:|r_l,l housze in Blacksburg, Yirginia

ok LCancel | Help |

Figure A-7: Example 1 Project Information Data

2. Select the Geometry Command from the Structure pull-down menu (See Figure A-8).
This command activates the Building Geometry dialog box. Enter the structural geometry

shown in Figure A-9 and click on the “OK” button.

= Analysiz of Loads on Buildings - [Examplel _job]
File BEUE0EN YWind  Earthguake Spnow  Wiew ‘window Help _|E|E|

Project [nformation. .

Geometry...

Clazsification... ;I

W

Figure A-8: Geometry Command
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Building Geometry |

“afidth [FE):
|24
IE

Distance bebween stones [f:

Length [ft]:
bl ax Foof Height [ft]:
Roof Pitch (P42

—

Diztance from ground ba firzt floor [f; I'I 0

|

tean Roof Height [ft]:

Mumber of stories:

Force Exposure C——

a5
—
—

[T E=posure C

Ok

Cancel |

Help |

Figure A-9: Building Geometry Dialog Box

3. Sdect the Classification Command from the Structure pull-down menu (See Figure A-

10). This command activates the Occupancy Classification Category dialog box seen in

Figure A-11. Select the appropriate classification and click the “OK” button.

= Analysiz of Loads on Buildings - [Examplel _job]

Fil

Structure

“Wind Earthguake Spow  Wiew ‘Window Help

Project [nformation. .

Geometny...

Clazzification...

i

Figure A-10: Classification Command
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Occupancy Classification Category

Clazzification of Buildingz and Other Stuctures
for Wind, Snow, and E arthquake Loads

Mature of Dccupancy

Category

All buildingz and structures except thoze lizted below
Buildings and structures where the primary occupancy is
ane in which mare than 300 people congreqate in ane area.

Buildings and structures designated as essenhal facilibes
including, but nat limited to;

Hozpital and ather medical facilities having surgen or
ermerngency treatment areas

Fire or rescue and police stationz

Structures and equipment in government

communication centers and other facilities required for
EMENgency rezponse

Power stations and other utilitez required in an emergency
Structurez having critical national defenze capabiliies

D ezignated shelters far hurmicanes

Buildings and structures that represent a low hazard to
hurnan life in the event of failure, such az agncultural
buildingz, certain temporan facilitiesz, and minor
zhorage facilities

i
ol

(el ]

LN Y7

Cancel

Help |

Figure A-11: Example 1 Occupancy Classification Category Selection

Wind Loads

The steps for entering wind load data and computing wind loads are as follows.

1. Select the Importance Factor Command from the Wind pull-down menu (See Figure A-

12). This command activates the Wind Importance Factor dialog box. Enter the

appropriate importance factor, shown in Figure A-13, and click on the “OK” button.
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n Buildings - [Examplel_job]

File  Stucture M Earthquake Spow  Miew ‘Window Help _|5’|£|
M| H ? Importance Factor...
—l—l—l — YWind Speed...
Intermal Pressure. . =
Expozure...

Figure A-12: Wind Importance Factor Command

Importance Factor, | [wind Loads] Ed

Table 5, pg 11

Importance Factor

100 miles from hurricane Af huricane
Categony* oceatling and in other areas oceahling
oF 1.00 1.05
(| 1.07 1.11
Co 1.07 1.1
L 1% 0.95 1.00

“See Section 1.4, Table 1.

LCancel
Importance Factor to uze... I'I

Help |

Figure A-13: Example 1 Wind Importance Factor Selection

2. Select the Wind Speed Command from the Wind pull-down menu (See Figure A-14).

This command activates the Wind Speed dialog box shown in Figure A-15. Use Figure 1,

page 13 of the ASCE 7-93 Standard and enter the wind speed. Next, Click on the “OK”

button
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= Analyziz of Loads on Buildings - [Examplel _joh]

File  Stucture Earthguake Spow  Wiew ‘Window  Help _|5’|£|
Dliﬂ-lnl ? Impartance Fachar...

“Wind Speed. ..

Internal Pressure... =
Expozure...

Figure A-14: Wind Speed Command

Wind Speed Ed

Ilging Fig. 1, pg 13 or Table 7. pg 12
Enter the Baszic Wind Speed.

Basic Wind Speed [mph] = I?E Cancel |

Figure A-15: Example 1 Wind Speed Input

3. Select the Interna Pressure Command from the Wind pull-down menu (See Figure A-
16). This command activates the Internal Pressure Coefficient dialog box. Select the
appropriate internal pressure coefficient seen in Figure A-17. Condition Il indicates
buildings which are likely to become internally pressurized while Condition | indicates the

opposite. Next, click on the “OK” button.

=@ Analysiz of Loads on Buildings - [Examplel _joh]
File  Structure BESGGENR Earthquake Spow Wiew Window  Help _|E'|E|

[ | E"'l Hl @ Irnportance Factor...
e “Wind Speed. ..

F
Intermal Pressure. ..
Expozure...

Figure A-16: Internal Pressure Command




Internal Prezzure Coefficients E3

|nternal Prezzure Coefficients for Buildingz, GCpi

Condition
—GCpi————
Candition | &l conditions except as noted under +0.25 &
condition 1. .25
Condition || Buildings in which bath af the fallowing +0.75 ~
are met: 25

1. Percentage of apenings in ane wall
exceeds the sum aof the percentages of
openings in the remaining wallz and
roof gurfaces by 5% or more, and

Z. Percentage of openings in any one of
the remaining wallz ar roof do nat
exceed 205,

] Cancel Help

Figure A-17: Example 1 Internal Pressure Coefficient Selection

4. Select the Exposure Command from the Wind pull-down menu (See Figure A-18).
This command activates the Building Exposure Category dialog box. Select the
appropriate exposure category seen in Figure A-19. Section 6.5.3.1 of ASCE 7-93
contains descriptions of each category. Clicking on the “OK” button completes the data

entry for determining wind loads.
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=@ Analysiz of Loads on Buildings - [Examplel _joh]
File  Structure BENGGER Earthquake Spow YWiew Window  Help _|5'|i|

| | E"'l El @ Irportance Factar...
e “WWind Speed. ..

Figure A-18: Exposure Command

Building Exposure Category Ed

Chooze the appropriate Badio Buttan
corezponding to the Exposure Category
af your structure,

See zechon 5537, pg 12 of ASCEY-53

" Exposure Category &

% Ewpozure Category B

LCancel
i~ Exposure Categaory C

Help

4

i~ Exposure Categomy D

HOTE:

See zections 6.5.3.2 and 6.5.3.3 for
additional comments concerming
E xpozure Categories.

Figure A-19: Example 1 Building Exposure Category Selection

The program computes the wind loads and displays the results in the main window (See
Figure A-20). The scroll bar at the right of the main window can be used to view the data
not visible at the bottom of the screen. The results can be printed by selecting the Print

Command from the File pull-down menu.

56



= Analysiz of Loads on Buildings - [Examplel _job]
File  Structure  Wind Earthquake Snow Wiew ‘wWindow Help

D|=(d] ?|s(?]

Wind Loads

Wind Speed = 75.00 mph  Importance Factor=1.00
Pressure Zone Width (a)= 310 f.

Exposure Category B

Enclosure Condition: Open or Enclosed

Components and Cladding Design Pressures (psf)

Roof Design VYalues (30<Roof Slope<=435)

HNOTE™ Exposure Category forced to Category C for Components and Cladding.

Tributary Area (sq. ft.)
Surface 10 20 30 40 50 B0 70 g0 80 100
Pressure 1-3 | 197 182 185 182 178 177 175 174 173 171
Suction 1 209 202 197 184 4192 -19.0 188 187 18456 -184
=uction 2-3 248 2368 228 EAs A2 -AME s -5 211 -Z0s
Wall Design Values
Tributary Area (sg. ft.)
=urface 10 20 30 40 A0 100 200 300 400 500
Pressure 4-5 | 209 200 195 182 18% 180 171 165 162 158 | |
. _rEesE P e G e S LA O e ._._’|J
For Help. press F1 | [HUM | i

Figure A-20: Example 1 Final Wind Calculations

Snow Loads

The steps for entering snow load data and computing snow loads are as follows.

1. Select the Importance Factor Command from the Snow pull-down menu (See Figure

A-21). Thiscommand activates the Snow Importance Factor dialog box. Select the

appropriate importance factor seen in Figure A-22. The building classification category is

provided since the importance factor is dependent upon the classification category.
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Changing the classification category here will aso change it at the Occupancy

Classification Dialog Box (See Figure A-11). Next, click on the “OK” button.

= Analyziz of Loads on Buildings - [Examplel _job]
File  Stucture “Wind  Earthguake m YWiew Window  Help _|51|5|
0= E ? % ? Impartance Factaor...
| | | | | | Ground Snow Load...
Thernal Factar... =
Expozure Factor...

Figure A-21: Snow Importance Factor Command

Impotance Factor. | [Snow Loads] Ed

Table 20, pg 27

— Categany® Importance Factor——
i | = 1.0
(el 11
Ll =12
L 08

*See Section 1.4 and Table 1.

Cancel Help

Figure A-22: Example 1 Snow Importance Factor Selection

2. Select the Ground Snow Load Command from the Snow pull-down menu (See Figure

A-23). This command activates the Ground Snow Load dialog box. Use Figures 5, 6 an
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7, pages 24-27 of ASCE 7-93 and enter the ground snow load seen in Figure A-24. Also,
if the house has a warm unobstructed roof surface, the corresponding check box can be
selected. Theroof isnot “dippery” in this example, therefore leave it unchecked. Next,

click on the “OK” button.

= Analyziz of Loads on Buildings - [Examplel _joh]

File  Structure  “ind Earthquake m Wiew  WwWindow Help _|5'|i|
N | Eﬂ-l El ? |%| ? | 1|:u:|rtar'|e Factar...
Ground Snow Load...

Thermal Factar... j
Ewxpozure Factor...

Figure A-23: Ground Snow Load Command

Ground Snow Load Ed |

Uzing Fiqures 5, B and ¥ and Table 17 [pgz 24-27] determine
the appropriate Ground Snow Load for your structure.

[F gtructure iz in Alazka, mark the adjacent

Unabstructed warm roof [slppen?: [ Yes

Ground Show Load [psf]= 25 Cancel |
Help |

Figure A-24: Example 1 Ground Snow L oad Input

3. Select the Thermal Factor Command from the Snow pull-down menu (See Figure A-

25). Thiscommand activates the Thermal Factor dialog box. Select the thermal factor
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corresponding to the appropriate thermal condition seen in Figure A-26. Next, click on

the “OK” button.

= Analyziz of Loads on Buildings - [Examplel _joh]
File  Structure  “ind Earthquake m Wiew  WwWindow Help _|5'|i|
M| H ? % ? Impartance Factar...
| I | | I | Ground Snow Load...
Thermal Factar... j
Ewxpozure Factor...

Figure A-25: Thermal Factor Command

Thermal Factor, Ct Ed

Table 19, pg 27

Thermal condition® Ct
Heated o 1']
Structure kept just above freezing 11
Unheated structure 2

*See Table 19, pg 27 for notes.

k. LCancel Help

Figure A-26: Example 1 Thermal Factor Selection

4. Select the Exposure Factor Command from the Snow pull-down menu (See Figure A-
27). Thiscommand activates the Exposure Factor dialog box. Select the exposure factor
corresponding to the appropriate site condition seen in Figure A-28. Next, clicking on the

“OK” button completes the data input for determining snow loads.
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= Analyziz of Loads on Buildings - [Examplel _joh]
File  Structure  “ind Earthquake m Wiew  WwWindow Help _|5'|i|
M| H ? % ? Impartance Factar...
| I | | I | Ground Snow Load...
Thermal Factar... j
Ewnpozure Factor...

Figure A-27: Exposure Factor Command

E xpozure Factor, Ce
Table 18, pg 27

Mature of zite* Ce

A, Windy area with roof expozed on all
sides with no shelter affarded by terrain, s
higher structures, or trees.

B. “Windy areas with little shelter available. 09

C. Locations in which snow removal by
wind cannot be relied on to reduce
roof loads becausze of terrain, higher &0
structures, or several frees nearby.

[, Areas that do not expenence much wind
and where terrain, higher stuctures, or 11
zeveral trees shelter the roof.

E. Denzely forested areas that expenence
little wind, with roof located tight in 2
among conifers.

*See Table 18, pg 27 for notes.

k. Cancel Help

Figure A-28: Example 1 Exposure Factor Selection

The program computes the snow |loads and displays the results in the main window (See

Figure A-29). The scroll bar at the right of the main window can be used to view the data
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not visible at the bottom of the screen. The results can be printed by selecting the Print

Command from the File pull-down menu.

= Analysiz of Loads on Buildings - [Examplel _job]
File  Structure “Wind Earthquake Snow  Wiew ‘window Help

=8 x|

D|=(E| 2|92

1]

Project Information

Project Mame: Example #1

Description:  2-Story house in Blacksbury, Virginia
Designer: =B Project Mumber:  Examplel

Building Geometry

Width = 3.0 Length = 54.5 ft

Roof Pitch = 8712 Roof Slope = 33.7 degrees
hean Roof Height = 21.0

Max Foof Height = 44.0 ft

Building Classification = |

Snow Loads

Input Variahles

Ce= 100 Ct=100 Cs= 09
Importance Factor= 1.00

Ground Snow Load (Pg) = 25.0 psf

Calculations
Design Snow Load (Pfj= 159 psf
Hip/Gable Unbalanced Design Snow Load (Pf) = 23.8 psf

a

For Help, press F1 |

Figure A-29 : Example 1 Final Snow Calculations
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A.5 Example 2-Eight Story Commer cial Building

This step-by-step exampleis of an eight story (including the roof), reinforced concrete
building for which wind and earthquake loads will be determined. The building contains
reinforced concrete shear walls in both directions and is rectangular in both the plan and
elevation. The building geometry is given below.

Mean roof height: 68.0’
Length: 110.0

Width: 95.5
Roof pitch: 1/12 (practically flat)
Location: Charleston, South Carolina
Story Live Load: 100.0 psf (including storage)
Story Dead L oad: 90.0 psf (including partitions)
Fundamental Period from analysis: 0.56 (both axes)
Soil Profile Type: S1
; /
]
o
@ /
- //_j
- 100

Ay 45 5 =

-1 AT

Figure A-30: Example 2 Building Dimensions
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Wind Loads

1. Select the Geometry Command from the Structure pull-down menu (See Figure A-31)
and enter the building geometry data seen in Figure A-32. Since the building’s mean roof
height isless than 90 feet, the “Exposure C” check box is selected to calculate
components and cladding loads within the Exposure C constraints (See Table 4 footnotes,
page 10 of ASCE 7-93). Next, click on the “OK” button. Enter the remaining data, such
as Wind Importance Factor and Wind Speed asis shown in Example 1. The program
performs calculations and displays the results in the main window. The calculations can be

printed by selecting the Print Command from the File pull-down menu.

= Analyziz of Loads on Buildings - [ExampleZ_joh]
File BN 'wfind  Earthquake Snow  Yiew ‘Window  Help - |5‘|£|

Project Information. .

Geometny...

Clazzificatior. ..

B

Figure A-31: Geometry Command



Building Geometry Ed

“width [ft):
b ax Roaf Height [f]: IEE
Roof Pitch [FA12): |1

Length [ft]:

Digtance between stonies [f]; I'I 0 |V

Diztance from ground to first floor [f]: I'I 2

I'I'IEI

Mean Boaf Height [ft]: IEE
MHumber of stanies; IB

Force Expozure C——

[~ ExpozureC

0k, Cancel |

Help

Figure A-32: Example 2 Building Geometry

Earthquake Loads

Data

1. Sdlect the Initial Data Command from the Earthquake pull-down menu (See Figure A-

33). Thiscommand activates the Initial Earthquake Data dialog box. Enter the correct

data and choose the approximate fundamental period equation to be used (See Figure A-

34). Next, click on the “OK” button.

= Analysiz of Loads on Buildings - [Example?._job]

File  Structure  wind BEE N Snow Wiew Window  Help

= =IRKAEE

Story [nformation. .

| Performance Categon...

Figure A-33: Initial Data Command
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Initial E arthquake Data Ed

Enter the effective peak acceleration, effective peak
velocity-related acceleration and the site coefficient.

Enter the rezponsze modification coefficient and deflection amplification
factar. Enter the fundamental periodz or chooze an appropriate
approdimate method below,

Bx= [45 Cde= |4 Tx= |0.55 oK |
Ry= [45 Cp= [4 Ty= [061 Coral |

—Approximate fundamental period

Hel
& Approsimate fundamental period Eq. 9.4-4 $|
Ctx = IEI.EIE Chy = IEI.EIE

" Approwimate fundamental period Eq. 9.4-4a

Figure A-34: Example 2 Initia Earthquake Data

2. Select the Story Information Command from the Earthquake pull-down menu (See
Figure A-35). This command activates the Story Information dialog box. Enter the story
height and gravity loads seen in Figure A-36 and click on the “ Apply” button. There will

be one dialog box for every story level.

= Analysiz of Loads on Buildings - [Example?._job]
File  Structure  wind BEEGEIEEES Snow View  Window  Help - Iﬁllﬂ

[ | ﬁl El P |%| ¢ Initial Data..

Stary |nfarmatiar. ..

| Performance Categon... ;I

Figure A-35: Story Information Command
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Earthquake Story Information Ed |
Story Mumber = I'I

Stary Height [ft] = I'I 2

Story DL (psf] = 30

Story LL [pefl = 100

Figure A-36: Example 2 Story Information Data

3. Select the Performance Category Command from the Earthquake pull-down menu (See
Figure A-37). This command activates the Seismic Performance Category dialog box.
Select the appropriate seismic performance category (See Figure A-38). The seismic
hazard exposure group is found in Section 9.1.4.2, page 33 of ASCE 7-93 and the

effective peak velocity-related acceleration is shown in the dialog box.

= Analyziz of Loads on Buildings - [ExampleZ_joh]
File  Structure  Wind BEEGEIEEEN Snow  Yiew Window  Help - |5’|£|

D|2||| ?|&@|q Intabaa.

Story Infarmation. ..

| Performance Cateqon... ;I

Figure A-37: Performance Category Command
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Seizmic Performance Category

Figure A-38: Example 2 Seismic Performance Category Selection

The program computes the earthquake loads and displays the results in the main window
(See Figure A-39). The scroll bars at the right and bottom of the main window can be
used to view the data not visible at the bottom of the screen. The results can be printed by

selecting the Print Command from the File pull-down menu..
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=| Example?.job [_ [O) =]

4

Earthquake Loads 4]

Input Variables

Fedormance Category = C Hazard Exposure Group = |
Aa= 012 Ay= o011 5= 1.0

Rixi= 450 R(yi= 4450

Cd(x)= 400 Cd{y)= 4.00

Tix)= 056  Tiyi= 061

Approximate Fundamental Period
Equation 9.4-4 was used to compute the Approximate Fundamental Period.
Talx) = 047 Taly)= 0.47
Max Tix)= 079 Max T(y1= 079

Fundamental Period Used In Calculations
Tixy= 0486  Tiyvi= 061
kix)= 1.03 kivi= 1.06

Frauivalant | ataral Farcra Calealatinne (% Awvich

Figure A-39: Example 2 Fina Earthquake Calculations
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APPENDIX B

EXAMPLE OUTPUT AND VERIFICATION

The example problems given in Appendix A are used for verifying the Load Analysis
Program. This appendix contains printed output of the example problems givenin
Appendix A, and calculations for verifying the Load Anaysis Program. Output from the
wind spreadsheet, which is discussed in Chapter 3, is compared to the wind output from
the Load Analysis Program. Manual wind load calculations are provided for example 2
because of the spreadsheet’s height limitation. Manual snow load and earthquake load
calculations are provided for comparing the earthquake and snow load calculations

produced by the Load Analysis Program.

B.1 Example 1 Load Analysis Program Output

This section contains output from the Load Analysis Program for Example 1 (See Figures
B-1, B-2, and B-3). Datafor verifying the output (wind spreadsheet results and manual

snow load calculations) is shown in the following section.

Project Information
Froject Mame: Example #1
Description:  2-Story house in Blacksbury, Virginia

Designer; =B Froject Mumber:  Examplel
Building Geometry

Width = 1.0 f Length = 545t

Foof Pitch = 8/12 Roof Slope = 33.7 degrees

Mean Roof Height = 21.0 ft
Max Roof Height = 26.0 ft
Building Classification = |

Figure B-1: Example 1 Project Information and Building Geometry
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Wind Loads

Wind Speed = V500 mph  Importance Factor=1.00
Pressure Zone Wyidth (a) = 310 ft.

Exposure Categary B

Enclosure Condition: Open or Enclosed

Components and Cladding Design Pressures {psf)
TENOTE™™ Exposure Category forced to Category C for Components and Cladding.

Roof Design Yalues (30<Roof Slope<=45)
Tributary Area (sq. f.)

Surface 10 20 30 40 &0 B0 70 50 80 100
Pressure 1-3 | 19.7 189% 185 182 179 177 175 174 173 1741
Suction 1 208 202 187 194 192 180 188 187 185 -15.4
Suction 2-3 248 236 -F2L -2X5 221 A8 A5 213 211 208

Wall Design Yalues

Tributary Area (sg. ft.)
Surface 10 20 30 40 &0 100 200 300 400 500
Fressure 4-5 | 209 200 195 182 189 180 171 164 162 1549
Suction 4 222 -3 208 204 201 192 183 178 174 17
Suction & 86 -XRA XRd 24A X389 -MEB 198 -186 178 171

Main Wind Force Resisting System Design Pressures

Roof Design Yalues {Parallel to Ridge) Roof Design Yalues (Normal to Ridge)
Winward Roof(s) = -8.3 psf Winward Roof(s) = 3.4 psf
Leeward Hoof(s) = -8.3 psf Leeward Hoof(s) = -8.3 psf

Wall Design Yalues

Leeward Wall(s) = -4.9 psf

oide Wall(s) = -8.3 psf

Wirmeard Yiall(s)

story | Elevation Design Pressure

Roof 18.0 ft 8.8 psf
At 18 15.0 ft. 8.2 psf

Figure B-2: Example 1 Wind Load Calculations from the Load Anaysis Program
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Snow Loads

Input Variables

Ce= 100 Ct=100 Cs=0M
Importance Factor=1.00

Ground Snow Load (Pg) = 25.0 psf

Calculations
Design Snow Load (Pl= 159 psf
Hip/Gable Unbalanced Design Snow Load (Pl = 23.8 psf

Wind

OTTTTTTTTTITTIRs

ps(unbalanced)

Figure B-3: Example 1 Snow Load Calculations from the Load Analysis Program

B.2 Example 1 Verification Calculations
This section contains output from the wind spreadsheet (See Figure B-4) and manual

snow load calculations (See Figure B-5) for verifying the Load Anaysis Program.

72



73

NOILIVATTL AL PEM N
— T — ‘BIRHNS AU} Wiy Azaie 122 saunssald () aagebap)
T EEpns By preamo) e saunssald (+) anysod o
y _w m_ Aaaiaadsal Y bs 0og pue ool pue Y hs 0| Aoy saunssedd puis ulisap ey o) penba aie
1LY Wbs gg pue gL weyarealb o Yy bs | usw ssa) sease Aginguy o) sadnssaid pui ulisag 7
" SEImENnAS Jayo pue sbuipiing
NV 10} s uBlseq WnWILNY, FE-/ JOSw Uodh pased SUDEEINI[eD PUS SUDRIUYSE SUOE0U |y "
— T — STEON
i T
e Nl jd  co- epig
e | = il pp- pEmas
= I _ id o FIEEER jsd oo- [IEEEER] L] ) G l=> phempul
TI 4 T jsd pg- pamapug jsd FE PIRMDULAA, jsd £6 |5 | € PIRAD LA
{abprq m |ajvivg) sjooy | (abprg o (ewioN) spooy sleMm
S3HNSS3dd NDISIA WALSAS ONILSIS3Y 33404 ANIM NIV
B'51 29l ERTS el oel 28l el 58l £81 Gel Gl 961 L0g G022 |58k ®=dnsssld
Ll 8- a8l- 861 8le- L'gg- See- GZe- e BEe- SFke- F52- 592- 982- |
Ldl- 540 Gél- Fal- EEl- FEL- 961- 6L EGL- ¢ 02- 50e- 80e- Ele- 2 |k uaang
00s 00k 00E 0oe ool 06 0g 0z 09 0S 1] 4 g 0e 1]} sJaeung
valy Aongu |
sainssald ubisaqg |uar
z uedg,pfl=ealy] /] £l Pl Sl LAl Gl 2l 581 E8l LBL O |ERETL BInssald
a0k gl=< 2k cl G0e- ble- le- 5le- gle- lée- See- Bae- 9Ee- g8Fa- |
58 9L £E oL 60Z- [ le- §le- gle- g §522- B2e- 9EZ- 8ra- |2
59 L [ 8 FEL- 581- 481 ael- 06L- ¢ 6l FEL- 6L 20 G102 L ualang
e yeany [yuedg [z yeary (Yusds | ool 06 0g 0 039 05 ok 0 02 oL aseung
valy Alengqu]
eadky Arenou | buippegn pue siuauodwos sainssald ubisaqg ooy

(dsd) S34NSSIdd NDISTA HNIAAVTID ANV SINIANOJWOD

Wore Cfe)suoz ainssalg  saadbep ppp ==EUR

oot “umyoe 4 aauapodu) ks T Y3 ooy
pasopug o uado uohpuos alnsoppug TR et Ty biay ooy
a AoBayen ainsodxg wErs o [ ke

yw gge paads pul, yole () HRIAA,
‘V1vd 1NdNlI

Wi OB gg Jasubug
Wi ey Lajdwexg  usgquiny gor

W0l SISA/UY PO0T SUH0 Uojeoyuas | 8jdwexgy awon gop

Furpper il
PPEL) pIT FRROTHS) 7 g =TT TOJU| Pl “ojup qop — -NOIL¥WHO4NI d0r

swit oz esen (€6 AOSY) SaINssald puipm ubisaq

Example 1 Wind Load Calculations from the Spreadsheet

Figure B-4



Building Geometry (Two Story House)
Width= 31.0ft Length= 54.5ft

Roof Pitch = 8/12 Roof Slope= 33.7 degrees
Mean Roof Height = 21.0 ft
Classfication= | (From ASCE 7, Table 1)

Building site has minimum shelter from trees, adjacent buildings or adjacent  houses.
Since roof dope is 33.7 degrees, unbalanced loading must be considered.

Show Input Data

Ground Snow Load, py= 25 psf (From ASCE 7, Figure 7)
Exposure Factor, Ce= 1.0 (From ASCE 7, Table 18)
Therma Factor, C; = 1.0 (From ASCE 7, Table 19)
Importance Factor, | = 1.0 (From ASCE 7, Table 20)
Slope Factor, Cs= 0.91 (From ASCE 7, Figure 8)
Show Load Calculations
Flat roof snow load, pr=0.7" 1.0 1.0" 1.0" 25 = 17.5 psf (by Eq. 2.14)
Sloped roof snow load, ps= 17.5 0.91 = 15.9 psf (by Eq. 2.16)
Unbalanced snow load, p{unbalanced) = 1.5" 15.94.0 = 23.9 psf (by Eq. 2.17)

wind /I\
——

I IITIIrIrrnae

ps(unbalanced)

Figure B-5: Example 1 Manua Snow Load Calculations
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B.3 Example 2 Load Analysis Program Output

This section contains output from the Load Analysis Program for Example 2 (See Figures

B-6, B-7, B-8 and B-9). Datafor verifying the output (manual wind load calculations and

manual earthquake load calculations) is shown in the following section.

Project Information
Froject Narme: Example #
Description: 8 Story Building in Charleston, SC

Designer; =B Froject Murmber.  ExampleZ
Building Geometry

Width = 905 f Length = 110.0 ft

Roof Pitch = 1412 Roof Slope = 4.8 degrees

Mean Hoof Height = BE.0ft
Max Roof Height = BE.Oft
Building Classification = |

Figure B-6: Example 2 Project Information and Building Geometry
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Wind Loads

Wind Speed =95.00 mph  Importance Factor=1.05
Pressure fone Width (a) = 4.75 f.
Exposure Category B Enclosure Condition: MOT Partially Enclosed

Components and Cladding Design Pressures (psf)

Roof Design Values {(Roof Slope<=10)

Tributary Area (sg. f.)

Surface 10 20 30 40 a0 B0 Filll 50 80 100
Suction 1 -41.3 -358 D25 302 235 A0 A8 24T 235 229
Suction 2 A0a 477 A6 449 440 433 427 -42Y -NF 43
Suction 3 -/8.0 -BBY -BOS -559 523 494 470 -448 -430 -41.3
Suction 4 253 /898 Y01 -B3Y 579 5345 485 dBE 438 -3

Wall Design Yalues

Tributary Area (sq. f.)

Surface 100 150 200 250 300 350 400 450 500
=Suction & 248 234 224 B -0 205 200 1896 193
Suction B 7B 348 329 313 5301 230 281 -3 -ZBE
suction 7 A06 458 428 400 3789 38X 547 333 -3

Story Level Pressures (Surfaces 5-7)

Tributary Area (sq. f.)

stary | Elevation 10 20 30 40 &0 100 200 300 400 500

Roaof §2.0 f 267 256 248 244 241 230 218 22 207 203
7201 282 241 235 231 227 ANV 0B 200 1845 15972
B2.0 f 236 226 220 M6 213 203 183 187 183 1580
2.0 f 218 209 203 200 197 186 178 173 1689 16k
42.0 f 19.6 190 185 182 179 171 16.2 157 154 151
32.0 f 176 168 164 161 158 151 144 139 136 134
2201 149 143 139 136 134 128 122 118 115 113
At 15 15.0 f# 136 134 132 132 131 1258 127 125 124 124

| T Sy B Y |

Figure B-7: Example 2 Wind Load Calculations from the Load Anaysis Program



Main Wind Force Resisting System Design Pressures

Roof Design Values {Parallel to Ridge) Roof Design Yalues (Normal to Ridge)
Wimward Roof(s) = 221 psf Winward Roof(s) = -24.5 psf
Leeward Roof(s) = -22.1 psf Leeward Hoof(s) = -22.1 psf

Wall Design Values
Leeward Wall(s) = -16.4 psf
ide YWall(s) = 221 pst
Wirward YWall(s)

otory | Elevation Design Pressure
Roof g82.0 ft 26.4 pst

7 7201 251 psf

B B2.0 ft. 238 psf

] 2.0 f. 224 psf

F 420 f. 208 psf

3 3201 18.9 psf

2 2201 16.7 psf
At 18 15.0 ft. 14.8 psf

Figure B-8: Example 2 Wind Load Calculations (Continued)
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Earthquake Loads

Input Variables
Ferformance Category = C Hazard Exposure Group = |
Aa= 012 Ax= 011 5= 10

Rixl= 450 R{\= 450
Cdix)= 400  Cdiy)= 4.00
Tix)= 056  Tiy)= 061

Approximate Fundamental Period

Equation 9.4-4 was used to compute the Approximate Fundamental Period.

Talx) = 047  Taly)= 0.47
Max T(x)= 079 Max T(yl= 0.79

Fundamental Period Used In Calculations
Tixy= 0568  Ti= 0.61
kix1= 1.03 kiy)= 1.06

Equivalent Lateral Force Calculations (X-Axis)

Story Elevation Lateral Forces Story Shears Cwerturning Story LL Story DL

Roof Ga.0 ft 89.8 kips 89.8 kips 0.0 kip-ft 100.0 psf 0.0 psf
7 B0.0 ft 78.9 kips 168.7 kips 718.2 kip-t 100.0 psf 0.0 psf
5 S20 1 63.1 kips 236.8 kips 2067 .9 kip-it 100.0 p=f 90.0 psf
8 440 ft a7.3 kips 2941 kips 3962 3 kip-t 100.0 p=f 90.0 psf
4 36.0 ft 466 kips 340.8 kips B315.5 kip-it 100.0 psf 90.0 psf
3 28.0ft 36.0 kips 3768 kips 8041.8 kip-it 100.0 psf 90.0 psf
2 200 ft 255 kips 402 2 kips 120660 kip-ft 100.0 psf 90.0 psf
1 120 ft 15.0 kips 7.3 kips 152738 kip-ft 100.0 psf 0.0 psf

Equivalent Lateral Force Calculations (¥-Axis)

Story Elevation Lateral Forces Story Shears Cwerturning Story LL Story DL

Roof B5.0 ft 85.7 kips 5.7 kips 0.0 kip ft 100.0 psf 90.0 psf
7 B0.0 ft 751 kips 160.8 kips B35.4 kip-it 100.0 psf 90.0 psf
5 2.0 1 B4.6 kips 22653 kips 19715 kip-ft 100.0 psf 90.0 psf
8 44.01 54.1 kips 2794 kips 7740 kip-it 100.0 psf 90.0 psf
4 J6.014 43.8 kips 3232 kips G009 .6 kip-ft 100.0 psf 90.0 psf
3 28.01 336 kips 356.8 kips 23595 5 kip-it 100.0 psf 90.0 psf
2 2001 236 kips 3304 kips 114503 kip-fi 100.0 psf 90.0 psf
1 12.0 13.7 kips 3941 kips 14493 4 kip-fi 100.0 psf 90.0 psf

Base Shear

Vixl= 4173 kips  V(y)= 3941 kips

Figure B-9: Example 2 Earthquake Load Calculations from the Load Analysis Program
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B.4 Example 2 Verification Calculations

Building Geometry (8 Story Building)
Width= 95.5ft Length=110.0ft

Roof Pitch = 1/12 Roof Slope= 4.76 degrees
Mean Roof Height =68.0 ft
Classification= |

Wind Input Data

Wind Speed = 95 mph
Importance Factor = 1.05
Exposure Category = B

Enclosure Condition = NOT Partialy Enclosed

Pressure zone, a, isto be 5% of the minimum width or 0.5h, whichever is smaller.
(From ASCE 7, Figure 4)

a=0.05(95.5) = 4.8 ft

Negative Wind Pressure Calculations (Components and Cladding)
Velocity pressure exposure coefficient, K, = K, (evaluated at mean roof height)

Kh =0.72

Velocity pressure, q = g, (evaluated at mean roof height)

0 = 0.00256(0.72)[(1.05)(95)]? = 18.3 psf

Internal pressure coefficient, GC, = 0.25

(From ASCE 7, Table 6)

(by Eq. 2.4)

(From ASCE 7, Table 9)

Design pressure, p = 18.3[(GC,) - (0.25)] (by Eq. 2.3)

where GC,, varies with tributary area

(See Tables B-1 and B-2)

Table B-1: Components and Cladding Manua Roof Calculation Results
Roof Design Values
Tributary Area

Surface | 10 20 30 40 50 60 70 80 90 100
Suction1| -41.3 | -35.8 | -325 | -30.2 | -285 | -27.0 | -25.8 | -24.7 | -23.8 | -22.9
Suction 2 | -50.5 | -47.7 | -46.1 | -44.9 | -44.0 | -43.3 | -42.7 | -42.2 | -41.7 | -41.2
Suction 3| -78.0 | -66.9 | -60.5 | -55.9 | -52.3 | -49.4 | -47.0 | -44.8 | -43.0 | -41.2
Suction 4| -96.3 | -79.8 | -70.1 | -62.8 | -57.9 | -53.5 | -49.8 | -46.6 | -43.5 | -41.2
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Table B-2: Components and Cladding Manual Wall Calculation Results

Wall Design Values

Tributary Area
Surface 100 150 200 250 300 350 400 450 500
Suction5]| -24.8 | -23.4 | -224 | -21.6 | -21.0 | -20.5 | -20.0 | -19.6 | -19.3
Suction6| -37.6 | -34.8 | -329 | -31.3 | -30.1 | -29.0 | -28.1 | -27.3 | -26.6
Suction 7| -50.5 | -45.8 | -42.6 | -40.0 | -37.9 | -36.2 | -34.7 | -33.3 | -32.1

Positive Wind Pressure Calculations (Components and Cladding)
Velocity pressure exposure coefficient, K,, varies with height. Valuesare obtained
from ASCE 7, Table 6.

Velocity pressure, q = g, (evaluated at each story level 2)

0. = 0.00256K [ (1.05)(95)]? (by Eq. 2.4)
Internal pressure coefficient, GC, = -0.25 (From ASCE 7, Table 9)
Design pressure, p = p, (evaluated at each story level z)

Pz = Q[ (GCp) - (-0.29)] (by Eq. 2.3)

where GC,, varies with tributary area

(See Table B-3)

Table B-3: Component and Cladding Manua Wall Calculation Results

Story Level Pressures (Surfaces 5-7)

Tributary Area
Story |Elevation| 10 20 30 40 50 100 200 300 400 500
Roof 82.0' 271 | 256 | 249 | 244 | 241 | 230 | 21.8 | 21.2 | 20.7 | 20.3
7 72.0' 254 | 241 | 235 | 230 | 227 | 216 | 205 | 199 | 19.7 | 198
6 62.0' 236 | 226 | 220 | 216 | 2123 | 20.3 | 19.3 | 18.7 | 183 | 18.0
5 52.0' 218 | 209 | 22.0 | 200 | 19.7 | 188 | 178 | 17.3 | 169 | 16.6
4 42.0' 198 | 190 | 185 | 182 | 179 | 171 | 16.8 | 15.7 | 154 | 151
3
2
1

32.0' 176 | 168 | 164 | 16.1 | 159 | 151 | 144 | 139 | 136 | 134

22.0' 149 | 143 | 139 | 136 | 134 | 128 | 122 | 11.8 | 115 | 113
5' 15.0' 12.7 | 134 | 132 | 132 | 131 | 129 | 127 | 125 | 124 | 124

Wind Pressure Calculations (Main Wind Force Resisting System)
Velocity pressure exposure coefficient, K, = K, (evaluated at mean roof height)
Khn=0.72 (From ASCE 7, Table 6)
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Velocity pressure, q = g, (evaluated at mean roof height)
0 = 0.00256(0.72)[ (1.05)(95)]° = 18.3 psf (by Eq. 2.4)

Internal pressure coefficient, GC, = 0.25 (From ASCE 7, Table 9)

Gust response factor, G = Gh (evaluated at mean roof height)
Gh=137 (From ASCE 7, Table 8)

Windward Roof Pressures (Parallel to Ridge)
Roof pressure coefficient, C,, where h/L = 0.6
C,=-0.7 (From ASCE 7, Figure 2)

Design pressure, p
p = 18.3[(1.37)(-0.7) - (0.25)] =-22.1 psf (by Eq. 2.1)

Leeward Roof Pressures (Parallel to Ridge)
Roof pressure coefficient, C, =-0.7 (From ASCE 7, Figure 2)

Design pressure, p
p =18.3[(1.37)(-0.7) - (0.25)] =-22.1 psf (by Eq. 2.1)

Windward Roof Pressures (Normal to Ridge)
Roof pressure coefficient, Cp,, where q=4.8 degrees and h/L = 0.6
C,=-0.8 (From ASCE 7, Figure 2)

Design pressure, p
p = 18.3[(1.37)(-0.8) - (0.25)] =-24.6 psf (by Eq. 2.1)

Leeward Roof Pressures (Normal to Ridge)
Roof pressure coefficient, C, =-0.7 (From ASCE 7, Figure 2)

Design pressure, p
p = 18.3[(1.37)(-0.7) - (0.25)] = -22.1 psf (by Eq. 2.1)

Leeward Wall Pressures
Roof pressure coefficient, Cp,, where L/B = 1.2
C,=-047 (From ASCE 7, Figure 2)

Design pressure, p
p = 18.3[(1.37)(-0.47) - (0.25)] =-16.3 psf (by Eq. 2.1)
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Sde Wall Pressures
Roof pressure coefficient, Cp,, where L/B = 1.2
C,=-0.7 (From ASCE 7, Figure 2)

Design pressure, p
p =18.3[(1.37)(-0.7) - (0.25)] =-22.1 psf (by Eq. 2.1)

Windward Wall Pressures
Velocity pressure exposure coefficient, K, is evaluated at the mean roof height and at
each story level. Vauesfor K, are obtained from ASCE 7, Table 6.

Khn=0.72 (From ASCE 7, Table 6)
Velocity pressure, q, is evaluated at the mean roof height and at each story level.

0 = 0.00256(0.72)[ (1.05)(95)]° = 18.3 psf (by Eq. 2.4)

0 = @, = 0.00256K,[(1.05)(95)] (by Eq. 2.4)
Internal pressure coefficient, GC, = -0.25 (From ASCE 7, Table 9)
Design pressure, p = p, (at story level 2)

p = 0,(1.37)(0.8) - 18.3(-0.25) (by Eq. 2.1)

(See Table B-4)

Table B-4: Main Wind Force Resisting System Manua Wall Calculation Results
Windward Walls

Story [ Elevation | Design Pressure
Roof 82.0’ 26.3 psf

7 72.0' 25.1 psf

6 62.0' 24.0 psf

5 52.0' 22.3 psf

4 42.0' 20.8 psf

3 32.0' 18.9 psf

2 22.0' 16.6 psf
At 15' 15.0' 14.9 psf

Earthquake Input Data
Performance Category = C  Hazard Exposure Group = |

A= 012 A/= 0.11
R(x) = 450 R(y) = 4.50
Cd(x)= 4.00 Cdy)= 4.00
T(X) = 056 T(y)= 0.61
S= 1.0
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Earthquake Period Calculations

Building period coefficient, Cr = 0.020 (ASCE 7, Section 9.4.4)

Coefficient for upper limit, Ca= 1. (ASCE 7, Table 9.4-1)

Approximate fundamental period, T,
T.= 0.020(68.0)** = 0.47 seconds (by Eq. 2.5)

The calculated fundamental period is limited by the product of the coefficient for upper

limit, C, and the approximate fundamental period, T.. Therefore,
T(x) and T(y) <1.66(0.47) =0.79 OK
Use T(x) = 0.56 seconds
Use T(y) = 0.61 seconds

Earthquake Base Shear Calculations
Seismic coefficient, Cs

_ 12(011)(10) _

Cy(x) = 250507 0.0432 (by Eq. 2.8)
_ 12(011)(10) _

Cqy) = 50607 0.0408 (by Eq. 2.8)

The salsmic coefficient, Cs, need not be greater than the result of the following
equation-arbitrarily called C{max):

25012)

Cy(max) = = 0.0667 (by Eq. 2.9)

Therefore, C{x) and C(y) < C{max) OK
Use C4(x) = 0.0432
Use C{y) = 0.0408

Totd load, W
W =[8(90) + 0.25(8)(100)] = 920 psf
W = 920(95.5)(110) = 9,665 kips

Base Shear, V
V(X) = 0.0432(9665) = 417.5 kips (by Eq. 2.7)
V(y) = 0.0408(9665) = 394.3 kips (by Eq. 2.7)
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Once the base shear, V, is computed, Equations 2.10 - 2.13 are used to complete Table
B-5. See Table B-5 for the final results of the manual earthquake calculations

Table B-5: Manual Earthquake Calculation Results

Story|Elev.(ft.)] W(kips) [Cv(x,y)[Fx)(kips)|[V(x)(kips)IM(x)(kip-ft.)IF(y)(kips)V(y)(kipsIM(y)(kip-ft.)
Roof]| 68.0 9665 0.213 88.7 88.7 0.0 83.8 83.8 0.0

7 60.0 9665 0.187 78.2 166.9 709.6 73.9 157.7 670.4

6 52.0 9665 0.162 67.8 234.7 2,044.8 64.1 221.8 1,932.0

5 44.0 9665 0.137 57.4 292.1 3,922.4 54.2 276.0 3,706.4

4 36.0 9665 0.112 46.9 339.0 6,259.2 44.3 320.3 5,914.4

3 28.0 9665 0.087 36.5 375.5 8,971.2 34.5 354.8 8,476.8

2 20.0 9665 0.062 26.1 401.6 11,975.2 24.6 379.4 11,315.2

1 12.0 9665 0.037 15.6 417.2 15,188.0 14.8 394.2 14,350.4
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