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DISCLAIMER
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DEVELOPMENT AND TESTING OF THIS SOFTWARE. HOWEVER, THE USER
ACCEPTS AND UNDERSTANDS THAT NO WARRANTY IS EXPRESSED OR
IMPLIED BY THE DEVELOPERS OR THE DISTRIBUTORS ON THE ACCURACY
OR THE RELIABILITY OF THIS PRODUCT.

THIS PRODUCT IS A PRACTICAL AND POWERFUL TOOL FOR STRUCTURAL
DESIGN. HOWEVER, THE USER MUST EXPLICITLY UNDERSTAND THE BASIC
ASSUMPTIONS OF THE SOFTWARE MODELING, ANALYSIS, AND DESIGN
ALGORITHMS AND COMPENSATE FOR THE ASPECTS THAT ARE NOT
ADDRESSED.

THE INFORMATION PRODUCED BY THE SOFTWARE MUST BE CHECKED BY
A QUALIFIED AND EXPERIENCED ENGINEER. THE ENGINEER MUST
INDEPENDENTLY VERIFY THE RESULTS AND TAKE PROFESSIONAL
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Chapter 1
Introduction

1.1

SAP2000, ETABS, and CSiBridge are extremely powerful and productive
structural analysis and design programs, partially due to the high level of intel-
ligence embedded within the software. What this means is that many of the ca-
pabilities are highly automated, allowing the user to create and analyze the
models in such a way that is both natural and efficient for a structural engineer.
This manual seeks to explain the logic behind the automated lateral load gener-
ation so that users can gain greater insight into the behavior of the programs,
and hence, greater confidence in their models and analyses.

About the Manual

The next chapter will show how seismic loads are generated for various codes,
including a detailed discussion of the algorithms used. Chapter 3 does the same
for automatic wind loads, again describing both the forms used and the accom-
panying algorithms.

It is strongly recommended that you read this manual and review any applica-
ble “Watch & Learn” Series tutorials before attempting to use the automated
features of the software. Additional information can be found in the on-line
Help facility available from within the program’s main menu.

1-1



Chapter 2
Automatic Seismic Loads

This chapter documents the automatic seismic lateral load patterns that can be
generated. Automatic seismic loads can be generated in the global X or global
Y directions for the following codes:

= 1994 UBC = 2010 Chinese
= 1997 UBC = 2004 NZS 1170.5
= 1997 UBC Isolated Building = 2007 AS 1170.4
= 1996 BOCA = 2004 Eurocode 8
" 1995 NBCC = 2002 Indian 15:1893
= 2005 NBCC
= 2008 Italian NTC
= 2010 NBCC
= 2007 Turkish Seismic Code
2015 NBCC (TSC)
" 2003 [BC/ASCE 7-02 = 2009 Korean Building Code
= 2006 IBC / ASCE 7-05 (KBC)
= 2009 IBC / ASCE 7-05 = 2009 Korean Building Code
= 2012 IBC/ ASCE 7-10 (KBC)
= 1997 NEHRP " (2)811 Dominican Republic —R-



Automated Lateral Loads

2.1

Defining Automatic Seismic Load Patterns

The automatic seismic static load patterns are defined using the Define menu
> Load Patterns command in SAP2000 and ETABS or the Loads > Load
Patterns > Load Patterns command in CSiBridge. Those commands dis-
play the Define Load Patterns form. Use that form to specify a name for the
load pattern, the type of load, a self-weight multiplier, and in some instances,
specify that the load is an Auto Lateral Load Pattern.

When the load type is specified as Quake, the Auto Lateral Load drop-down
list becomes active; use the list to choose any of the codes identified in the
preceding section. Select None for the Auto Lateral Load to specify that the
Quake load will not be an automatic lateral load.

If a code is selected in the Auto Lateral Load list when the Add New Load
Pattern or Modify Load Pattern button is clicked, the load pattern is added
to the model using default settings that are based on the selected code. To re-
view or modify the parameters for an automatic lateral load, highlight the
load in the Load list and click the Modify Lateral Load Pattern button.

In SAP2000 and CSiBridge, each automatic static lateral load must be in a
separate load pattern. That is, two or more automatic static lateral loads can-
not be specified in the same load pattern. However, additional user defined
loads can be added to a load pattern that includes an automatic static lateral
load.

In SAP2000 and CSiBridge, a separate automatic static load pattern must be
defined for each direction, and, in the case of seismic loading, for each ec-
centricity that is to be considered. For example, to define automatic seismic
lateral loads based on the 1997 UBC for X-direction load with no eccentrici-
ty, X-direction load with +5% eccentricity, and X-direction load with —5%
eccentricity, three separate load patterns must be defined.

Note that the actual forces associated with an automatic static lateral load are
not calculated until an analysis has been run. Thus, the resultant automatic
lateral loads cannot be reviewed until after an analysis has been run.
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2.2

Automatic Seismic Load Patterns

The forms defining the automatic seismic loads consist of various data
sections, some of which are dependent upon the direction of the loading.

Some of the direction-dependent data is common to all of the codes. This
includes the direction and eccentricity data and the story/elevation range
data. These data are described in the subsections that follow because they
are applicable to all codes. Other direction-dependent data, including
building period information and other factors, and coefficients and the non-
direction-dependent factors and coefficients are described separately for each
code later in this chapter.

The weight of the structure used in the calculation of automatic seismic loads
is based on the specified mass of the structure.

In ETABS, seismic load patterns may become multi-stepped. For example, a
seismic load may be applied in multiple directions with and without
eccentricities. These will be treated as a single load pattern and will be
analyzed in a single load case, producing multiple output steps of response,
one for each separate step of the load.

When a multi-stepped load pattern is applied in a load case, the following
rules govern how it will be handled:

1. Inalinear static load case, the load case will internally be run as a multi-
linear static load case, producing multiple output steps.

2. In a nonlinear static load case, the load case will internally be run as a
new type of staged-construction load case, where each stage starts from
the beginning of the load case, producing results similar to the multi-
linear static load case.

3. All other load cases (including staged-construction) are unchanged, and
will treat the load pattern as single-stepped, using the first step of the
multi-stepped load pattern.

4. For cases 1 and 2, if several multi-stepped load patterns are applied in a
single load case, they superpose on a step-wise basis. For example, if
load pattern A has 3 steps and load pattern B has 5 steps, the load case

Automatic Seismic Load Patterns 2-3
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will apply five independent load steps: A1+B1, A2+B2, A3+B3, B4, B5.
If a non-stepped load pattern is applied, such as Dead, it is applied in
every load step.

2.2.1 Types of Auto Seismic Loads

There are two types of auto seismic load patterns i.e. Seismic and Seismic
(Drift) in ETABS. Seismic type pattern is used for strength design by includ-
ing the load patterns in the default design combinations. The seismic type
load pattern is documented in details in sections 2.3 to 2.21.

Seismic (Drift) patterns can be specified for modeling serviceability cases
where upper limits on time period is waved. Generally, Seismic (Drift) case
is applicable to 1997 UBC, 1997 UBC, 1996 BOCA, 1997 NEHRP, ASCE
7-02, ASCE 7-05 and ASCE 7/10 codes. These auto lateral load patterns do
not enforce the upper limit on time period when time period is “Program
Computed”. For ASCE 7-10 code, in addition the minimum base shear limit
as specified in ASCE 7-10 Eqgn. 12.8-5 or Eqgn. 12.8-6 is not enforced. The
remaining implementation remains same as Seismic pattern documented in
section 2.3 t0 2.21.

2.2.2 Distribution of Automatic Seismic Loads at a Story Level

The method that the program uses to calculate the seismic base shear and the
associated story lateral forces is documented separately for each code later in
this chapter. After the program has calculated a force for each level based on
the automatic seismic load pattern, that force is apportioned to each point at
the level elevation in proportion to its mass.

2.2.3 Load Direction and Diaphragm Eccentricity

2-

4

Use the direction and eccentricity data to choose the Global X or Global Y
direction of the load and the eccentricity associated with the load pattern for
all diaphragms.

To apply an eccentricity, specify a ratio eccentricity that is applicable to all
diaphragms. The default ratio is 0.05. The eccentricity options have meaning

Automatic Seismic Load Patterns
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only if the model has diaphragms—the programs ignore eccentricities where
diaphragms are not present.

Where diaphragms are present, the programs calculate a maximum width of
the diaphragm perpendicular to the direction of the seismic loading. This
width is calculated by finding the maximum and minimum X or Y coordi-
nates (depending on direction of load considered) of the points that are part
of the diaphragm constraint and determining the distance between these max-
imum and minimum values.

After the appropriate diaphragm width has been determined, a moment is ap-
plied that is equal to the specified ratio eccentricity times the maximum
width of the diaphragm perpendicular to the direction of the seismic loading
times the total lateral force applied to the diaphragm. This moment is applied
about the diaphragm center of mass to account for the eccentricity.

When defining eccentricities, click the Overwrite button to overwrite the
eccentricity for any diaphragm at any level. Thus, it is possible to have
different eccentricity ratios at different levels. Note that when the
eccentricities are overridden, an actual distance from the center of mass of
the rigid diaphragm, not a ratio, must be input.

When the eccentricities have been overridden, the eccentric moment is calcu-
lated as the specified eccentricity distance times the total lateral force applied
to the diaphragm. This moment is again applied about the diaphragm center
of mass to account for the eccentricity.

2.2.4 Story/Elevation Range Data

In the Story/Elevation range data, specify a top story/maximum elevation and
a bottom story/minimum elevation. This specifies the elevation range over
which the automatic static lateral loads are calculated.

In most instances, the top elevation would be specified as the uppermost lev-
el in the structure, typically the roof in a building. However, in some cases, it
may be advantageous to specify a lower elevation as the top level for auto-
matic seismic loads. For example, if a penthouse is included in a building
model, the automatic lateral load calculation likely should be based on the
building roof level, not the penthouse roof level, as the top elevation, with

Automatic Seismic Load Patterns 2-5
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2.3

additional user-defined load added to the load pattern to account for the
penthouse.

The bottom elevation typically would be the base level, but this may not al-
ways be the case. For example, if a building has several below-grade levels
and it is assumed that the seismic loads are transferred to the ground at
ground level, it would be necessary to specify the bottom elevation to be
above the base level.

Note that no seismic loads are calculated for the bottom story/minimum ele-
vation.

1994 UBC Seismic Loads

2.3.1 Options for 1994 UBC Building Period

2-

6

Three options are provided for the building period used in calculating the
1994 UBC automatic seismic loads. They are:

Method A: Calculate the period based on the Method A period discussed in
Section 1628.2.2 of the 1994 UBC. The period is calculated using 1994 UBC
Equation 28-3. The value used for C; is user input and h, is determined by
ETABS from the input story level heights.

T,=C, (h,)"* 1994 UBC Equation 28-3

n
Note that the item C; is always input in English units as specified in the code.
A typical range of values for C; is 0.020 to 0.035. The height h, is measured
from the elevation of the (top of the) specified bottom story level to the (top
of the) specified top story level.

Program Calculated: ETABS starts with the period of the mode calculated
to have the largest participation factor in the direction that loads are being
calculated (X or Y). Call this period Terass. ETABS also calculates a period
based on the Method A period discussed in Section 1628.2.2 of the 1994
UBC. The period is calculated using 1994 UBC Equation 28-3. The value
used for C; is user input and h;, is determined by ETABS from the input story

1994 UBC Seismic Loads
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level heights. Call this period Ta. The building period, T, that ETABS choos-
es depends on the seismic zone factor, Z.

If Z>0.35 (Zone 4) then:
If Terags < 1.30Ta, then T = Terags.
If Terass > 1.30Ta, then T = Ta.

If Z<0.35 (Zone 1, 2 or 3) then:
If Terags < 1.40T4, then T = Terags.
If Terass > 1.40Ta, then T = Ta.

User Defined: In this case, the user inputs a building period. ETABS uses
this period in the calculations. It does not compare it against the Method A
period. It is assumed that the user has completed this comparison before
specifying the period.

2.3.2 Other Input Factors and Coefficients

The Ry factor is direction dependent. It is specified in 1994 UBC Table 16-N.
A typical range of values for Ry is 4 to 12.

The seismic zone factor, Z, can be input in accordance with the code, which
restricts it to one of the following values: 0.075, 0.15, 0.2, 0.3, 0.4 as speci-
fied in 1994 UBC Table 16-I. Alternatively the Z factor can be user-defined,
which allows any value to be input.

The site coefficient for soil characteristics, S, can be 1, 1.2, 1.5 or 2. These
correspond to soil types Si, Sz, Ss and S in Table 16-J of the 1994 UBC. No
other values can be input.

The seismic importance factor, | can be input as any value. See 1994 UBC
Table 16-K. A typical range of values for I is 1.00 to 1.25.
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2.3.3 Algorithm for 1994 UBC Seismic Loads

The algorithm for determining 1994 UBC seismic loads is based on Chapter
16, Section 1628 of the 1994 UBC. ETABS calculates a period as described
in a preceding section entitled "Options for 1994 UBC Building Period."

A numerical coefficient, C, is calculated using 1994 UBC Equation 28-2.

C =@ 1994 UBC Equation 28-2
T3
where,
S = Site coefficient for soil characteristics.
T = Building period.

If the value of C exceeds 2.75, then C is set equal to 2.75 for use in Equation
28-3. If the value of C/Ry is less than 0.075, then it is set equal to 0.075 for
use in Equation 28-3.

The base shear, V, is calculated from 1994 UBC Equation 28-1.

\ =ZF;—CW Eqgn. 281994 UBC Equation 28-1
where,

Z = Seismic zone factor.

I = Importance factor.

C = Numerical coefficient calculated in Equation 28-2.

Rw = Numerical factor specified in UBC Table 16-N.

W = Weight of the building (based on specified mass).

Note that the weight, W, that ETABS uses in Equation 28-3 is derived from
the building mass.
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The total base shear, V, is broken into a concentrated force applied to the top
of the building and forces applied at each story level in accordance with 1994
UBC Equation 28-6:

V=F+ zn: Fooy 1994 UBC Equation 28-6
story =1
where,
V = Building base shear.
Ft = Concentrated force at the top of the building.
Fswory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the building, F, is calculated as shown in
1994 UBC Equation 28-7:

If T <0.7sec, then K, =0

1994 UBC Equation 28-7
If T >0.7sec, then F, =0.07TV <0.25V

where,

T Building period.

\

Building base shear.

The remaining portion of the base shear, (V — F), is distributed over the
height of the building in accordance with 1994 UBC Equation 28-8:

V —-F)w, h
Fioy = ( - t) Wery Moy 1994 UBC Equation 28-8
z Wstory hstory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\ = Building base shear.
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2.4

Ft = Concentrated force at the top of the building.

Wsory = Weight of story level (based on specified mass).

hsory = Story height, distance from base of building to story level.
n = Number of story levels in the building.

1997 UBC Seismic Loads

2.4.1 Options for 1997 UBC Building Period

Three options are provided for the building period used in calculating the
1997 UBC automatic seismic loads. They are as follows:

2-
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Method A: Calculate the period based on the Method A period discussed
in Section 1630.2.2 of the 1997 UBC. The period is calculated using
1997 UBC Egn. 30-8. The value used for C; is user input, and h; is de-
termined from the level heights.

Ta=C () (1997 UBC Eqn. 30-8)

Note that the item C; is always input in English units as specified in the
code. A typical range of values for C; is 0.020 to 0.035. The height hy is
measured from the elevation of the specified bottom story/minimum el-
evation level to the (top of the) specified top story/maximum elevation
level.

Program Calculated: The program starts with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode. The program
also calculates a period based on the Method A period discussed in Sec-
tion 1630.2.2 of the 1997 UBC. The period is calculated using 1997
UBC Eqgn. 30-8. The value used for C; is user input, and h, is determined
from the level heights. Call this period Ta. The building period, T, that
the program chooses depends on the seismic zone factor, Z.

e IfZ>0.35(Zone 4) then:

1997 UBC Seismic Loads
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—  If Tmode < 1.30Ta, then T = Tiode.
—  If Tmode > 1.30Ta, then T = Tha.

e IfZ<0.35(Zone 1, 2 or 3) then:
— If Tmode <1.40Ta, then T = Timode.
— If Tmode>1.40Ta, then T = Ta.

= User Defined: With this option, the user inputs a structure period, which
the program uses in the calculations. The program does not compare the
period to the Method A period. It is assumed that this comparison has
been completed before the period is specified.

2.4.2 Other Input Factors and Coefficients

The overstrength factor, R, and the force factor, Q, are direction dependent.
Both are specified in 1997 UBC Table 16-N. A typical range of values for R
is 2.8 t0 8.5. A typical range of values for Q is 2.2 to 2.8.

The seismic coefficients C, and C, can be determined in accordance with the
code or they can be user-defined. If C, and C, are user-defined, specify val-
ues for them. A typical range of values for C, is 0.06 to 0.40 and larger if the
near source factor Na exceeds 1.0. A typical range of values for C, is 0.06 to
0.96 and larger if the near source factor Ny exceeds 1.0.

If C4 and C, are determined in accordance with code, specify a soil profile
type and a seismic zone factor. The programs then use these parameters to
determine C, from 1997 UBC Table 16-Q and C, from 1997 UBC Table 16-
R.

The soil profile type can be Sa, Sg, Sc, Sp or Se. These correspond to soil
types Sa, Se, Sc, So and Sg in Table 16-J of the 1997 UBC. No other values
can be input. Note that soil profile type Sr is not allowed for the automatic
1997 UBC seismic loads.

The seismic zone factor, Z, is restricted to one of the following values, as
specified in 1997 UBC Table 16-1: 0.075, 0.15, 0.2, 0.3, or 0.4.
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Note that in 1997 UBC Table 16-Q the C, value for Z = 0.4 has an additional
factor, Na. Similarly, in 1997 UBC Table 16-R, the C, value for Z = 0.4 has
an additional factor, Ny. The values for the near source factors, Na and Ny, can
be determined in accordance with the code or they can be user-defined. If Na
and Ny are user-defined, specify values for them. If they are determined in
accordance with code, specify a seismic source type and a distance to the
closest known seismic source. On the basis of the input for seismic source
type and distance to the source, the programs determine N, from 1997 UBC
Table 16-S and Ny from 1997 UBC Table 16-T. The programs use linear
interpolation for specified distances between those included in 1997 UBC
Tables 16-S and 16-T.

The seismic source type can be A, B, or C. These correspond to seismic
source types A, B, and C in Table 16-U of the 1997 UBC. No other values
can be input.

The distance to the closest known seismic source should be input in kilome-
ters (km).

The seismic importance factor, I, can be input as any value. See 1997 UBC
Table 16-K. Note that the value from Table 16-K to be input for automatic
seismic loads is I, not I, or l.. A typical range of values for I is 1.00 to 1.25.

2.4.3 Algorithm for 1997 UBC Seismic Loads
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The algorithm for determining 1997 UBC seismic loads is based on Chapter
16, Section 1630.2 of the 1997 UBC. A period is calculated as described in a
preceding section entitled "Options for 1997 UBC Building Period."

Initially the total design base shear, V, is calculated using (1997 UBC Eqn.
30-4). This base shear value is then checked against the limits specified in
(1997 UBC Eqns. 30-5, 30-6 and 30-7) and modified as necessary to obtain
the final base shear.

w (1997 UBC Eqn. 30-4)

where,

Cv = 1997 UBC seismic coefficient, C..
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Importance factor.

R = Overstrength factor specified in UBC Table 16-N.
T = Building period.
W = Weight of the building (based on specified mass).

The total design base shear, V, need not exceed that specified in (1997 UBC
Egn. 30-5). If the base shear calculated in accordance with (1997 UBC Eqn.
30-4) exceeds that calculated in accordance with (1997 UBC Eqn. 30-5), the
base shear is set equal to that calculated in accordance with (1997 UBC Eqn.
30-5).

2.5C, I

V=S W (1997 UBC Egn. 30-5)

where,
Ca= 1997 UBC seismic coefficient, Ca..
and all other terms are as described for (1997 UBC Eqn. 30-4).

The total design base shear, V, cannot be less than that specified in (1997
UBC Eqgn. 30-6). If the base shear calculated in accordance with (1997 UBC
Eqgn. 30-6) exceeds that calculated in accordance with (1997 UBC Eqgn. 30-
4), the base shear is set equal to that calculated in accordance with (1997
UBC Eqgn. 30-5).

V=0.11C, | W (1997 UBC Eqn. 30-6)

where all terms are as described previously for (1997 UBC Eqgns. 30-4 and
30-5).

Finally, if the building is in seismic Zone 4, the total design base shear, V,
cannot be less than that specified in (1997 UBC Eqn. 30-7). If the building is
in seismic Zone 4 and the base shear calculated in accordance with (1997
UBC Eqn. 30-7) exceeds that calculated in accordance with (1997 UBC
Egns. 30-5 and 30-6), the base shear is set equal to that calculated in accord-
ance with (1997 UBC Eqgn. 30-7).
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V= O'SiNV' W (1997 UBC Eqn. 30-7)
where,

Z = Seismic zone factor (0.40).

Ny = Near source factor, N.

I = Importance factor.

R = Overstrength factor specified in UBC Table 16-N.

W = Weight of the building (based on specified mass).

Note that the programs check (1997 UBC Eqn. 30-7) only if the seismic co-
efficients, C, and C,, are determined in accordance with the code and the
seismic zone factor Z is specified as 0.40. If the C, and C, coefficients are
user specified, (1997 UBC Eqn. 30-7) is never checked.

Note that the weight, W, that is used in (1997 UBC Eqns. 30-4 through 30-7)
is derived from the building mass.

The total base shear, V, is broken into a concentrated force applied to the top
elevation/story and forces applied at each level/story in accordance with
(1997 UBC Eqgn. 30-13):

V=F+ zn: Fitory (1997 UBC Eqn. 30-13)
story =1
where,
\Y = Building base shear.
Fi = Concentrated force at the top of the building.
Fsory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the building, F, is calculated as shown
in (1997 UBC Eqgn. 30-14):
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If T <0.7sec,then K, =0

(1997 UBC Eqn. 30-14)
If T >0.7sec, then F, =0.07TV <0.25V

where,
T = Building period.
V = Building base shear.

The remaining portion of the base shear, (V — Ft), is distributed over the
height of the structure in accordance with (1997 UBC Eqgn 30-15):

V-F)w,,h
Fooy =( - 1) Wy Py (1997 UBC Egn. 30-15)
2 Wstory hstory
story =1

where,
Fsory = Portion of base shear applied to a story level.
\Y = Base shear.
F: = Concentrated force at the top of the structure.
Wsory = Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.

1997 UBC Isolated Building Seismic Loads

2.5.1 Other Input Factors and Coefficients

For 1997 UBC isolated building seismic loads, the bottom story or minimum
elevation should be input as the story at the top of the isolators.

The overstrength factor, R;, is direction dependent. It relates to the structure
above the isolation interface. It is specified in 1997 UBC Table A-16-E,
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which is in Appendix Chapter 16, Division IV. A typical range of values for
Riis 1.4 to 2.0.

The coefficient for damping, Bp, is direction dependent. It should be speci-
fied based on an assumed effective damping using 1997 UBC Table A-16-C,
which is in Appendix Chapter 16, Division 1V. A typical range of values for
Bpis 0.8 t0 2.0.

The maximum effective stiffness and minimum effective stiffness items refer
to the maximum and minimum effective stiffness of the isolation system (not
individual isolators) at the design displacement level (not the maximum dis-
placement level). They correspond to the terms Kpmax and Kpmin, respectively,
in Appendix Chapter 16, Division 1V.

The seismic coefficient Cyp can be determined in accordance with the code or
it can be user defined. If Cip is user defined, simply specify a value for it. A
typical range of values for Cyp is 0.06 to 0.96 and larger if the near source
factor Ny exceeds 1.0.

If Cyp is determined in accordance with the code, specify a soil profile type
and a seismic zone factor. On the basis of the input soil profile type and a
seismic zone factor, the programs determine C,p from 1997 UBC Table 16-
R, which is in Chapter 16, not Appendix Chapter 16, Division IV.

Note that in 1997 UBC Table 16-R, the C, value for Z = 0.4 has an additional
factor, Ny. The value for this near source factor, Ny, can be determined in ac-
cordance with the code or it can be user defined. If Ny is user defined, simply
specify a value for it. If it is determined in accordance with the code, specify
a seismic source type and a distance to the closest known seismic source. On
the basis of the input seismic source type and distance to the source, the pro-
grams determine Ny from 1997 UBC Table 16-T. The programs use linear
interpolation for specified distances between those included in 1997 UBC
Table 16-T.

2.5.2 Algorithm for 1997 UBC Isolated Building Seismic Loads

The algorithm for determining 1997 UBC seismic loads for isolated build-
ings is based on Appendix Chapter 16, Division IV, Sections 1658.3 and
1658.4 of the 1997 UBC.
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The effective period at the design displacement, Tp, is determined from
(1997 UBC Eqn. 58-2).

Tp =2x W (1997 UBC Eqn. 58-2)
I(Dmin g
where,
W = Weight of the building (based on specified mass).
komin=Minimum effective stiffness of the isolation system at the design
displacement.
g = Gravity constant, (e.g., 386.4 in/sec?, 9.81 m/sec?, etc.).

The design displacement at the center of rigidity of the isolation system, Dp,
is determined from (1997 UBC Eqn. 58-1).

EAT
Dp =——%—— (1997 UBC Eqn. 58-1)
BD
where,
g = Gravity constant, (e.g., 386.4 in/sec?, 9.81 m/sec?, etc.).
Cw = Seismic coefficient, Cyp.
Tp = Effective period at the design displacement.
Bp = Coefficient for damping.

The base shear, Vs, is calculated from (1997 UBC Egn. 58-8).
Komax Pb

V, = D’“I_f‘ex (1997 UBC Eqn. 58-8)

|
Note that (1997 UBC Eqn. 58-8) gives a force level that is applicable for the
structure above the isolation system. To use a force level that is applicable to
the isolation system in accordance with (1997 UBC Eqn. 58-7), create a dif-
ferent load combination with a scale factor of R, for the seismic load.
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Also note that the limits on Vs specified in 1997 UBC section 1658.4.3 are
not considered by the programs.

The total base shear, Vs, is distributed over the height of the structure in
accordance with (1997 UBC Eqgn. 58-9):

V, W, h
Foy =—— 21— (1997 UBC Eqn. 58-9)
Z Wstory hstory
i =story
where,

Fswory = Portion of base shear applied to a story level.

Vs = Base shear in accordance with (1997 UBC Egn. 58-8).

Wsiory=  Weight of story level (based on specified mass).

hstory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.

2.6 1996 BOCA Seismic Loads

2.6.1 Options for 1996 BOCA Building Period

Three options are provided for the building period used in calculating the
1996 BOCA automatic seismic loads. They are:

= Approximate: Calculate the approximate period, Ta, based on the ap-
proximate formula discussed in Section 1610.4.1.2.1 of the 1996 BOCA.
The period is calculated using BOCA 1610.4.1.2.1. The value used for
Cy is user input and hy, is determined from the input level heights.

T.=C;r (h)" (BOCA 1610.4.1.2.1)

Note that the item Cy is always input in English units as specified in the
code. A typical range of values for Cr is 0.020 to 0.035. The height hy is

2-18 1996 BOCA Seismic Loads



Chapter 2 - Automatic Seismic Loads

measured from the elevation of the specified bottom story/minimum ele-
vation level to the (top of the) specified top story/maximum elevation
level.

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode. The programs
also calculate a period based on the approximate formula discussed in
Section 1610.4.1.2.1 of 1996 BOCA. The value used for Cr is user input
and h, is determined from the level heights. Call this period Ta.

The programs determine a value for the coefficient for the upper limit on
the calculated period, Ca, using Table 1610.4.1.2 in the 1996 BOCA.
Note that the value used for C, depends on the specified value for the ef-
fective peak velocity-related coefficient, Ay. C is determined using linear
interpolation if the specified value of Ay is not in Table 1610.4.1.2. If A,
exceeds 0.40, Ca is taken as 1.2. If A, is less than 0.05, C, is taken as 1.7.

The building period, T, that the programs choose is determined as fol-
lows:

- If Tmode > CaTa, then T = CaTa.
- If Tmode S CaTa, then T = Tmode.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against the coefficient for
the upper limit on the calculated period times the approximate period
(CaTa). Itis assumed that this comparison is performed before the period
is specified.

2.6.2 Other Input Factors and Coefficients

The response modification factor, R, is direction dependent. It is specified in
1996 BOCA Table 1610.3.3. A typical range of values for R is 3 to 8.

Any value can be input for the effective peak acceleration coefficient, Aa. Re-
fer to BOCA section 1610.1.3. A typical range of values for A, is 0.05 to
0.40.
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Any value can be input for the effective peak velocity-related coefficient, A..
Refer to BOCA section 1610.1.3. A typical range of values for A, is 0.05 to
0.40.

The soil profile type can be Si, Sz, Ss or Ss. These correspond to soil types Si,
Sz, Sz and S4 in Table 1610.3.1 of the 1996 BOCA. No other values can be
input.

2.6.3 Algorithm for 1996 BOCA Seismic Loads
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The algorithm for determining 1996 BOCA seismic loads is based on Section
1610.4.1 of 1996 BOCA. A period is calculated as described in the previous
section entitled "Options for 1996 BOCA Building Period."

Initially the seismic coefficient, C, is calculated from section 1610.4.1.1.
The value of this coefficient is then checked against the limit specified in
(1996 BOCA Eqgn. 1610.4.1.1) and modified as necessary to obtain the seis-
mic coefficient.

C, = 1R2T’2;38 (BOCA 1610.4.1.1(a))
where,

Ay = The effective peak velocity-related coefficient.

S = The site coefficient based on the input soil profile type.

R = Response modification factor.

T = Building period.

The seismic coefficient, Cs, need not exceed that specified in section 1610.4.1.1(b). If
the seismic coefficient calculated in accordance with section 1610.4.1.1(a)
exceeds that calculated in accordance with (BOCA Eqgn. 1610.4.1.1(b)), the
seismic coefficient is set equal to that calculated in accordance with (BOCA
Eqn. 1610.4.1.1(b)).

C, :% (BOCA 1610.4.1.1(b))
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where,
Aa = The effective peak acceleration coefficient.
R = Response modification factor.

The base shear is calculated using (BOCA 1610.4.1.1).

vV = CW (BOCA 1610.4.1.1)
where,
Cs = Seismic coefficient calculated from (BOCA Eqgn. 1610.4.1.1(a))

or (BOCA Eqgn. 1610.4.1.1(b)) as appropriate.
W = Weight of the structure (based on specified mass).

The base shear, V, is distributed over the height of the structure in accordance
with (BOCA Eqn. 1610.4.2):

Vw, . h
Fooy =—————— (BOCA 1610.4.2)
z Wstory hsktory
i =story
where,
Fstory = Portion of base shear applied to a story level.
\Y% = Base shear.

Wsory = Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

k = Exponent applied to structure height. The value of k depends
on the value of the period, T, used for determining the base
shear. If T < 0.5 seconds, k=1. If T > 2.5 seconds, k = 2. If
0.5 seconds < T < 2.5 seconds, k is linearly interpolated be-
tween 1 and 2.

n = Number of story levels in the structure.
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2.7

1995 NBCC Seismic Loads

2.7.1 Options for 1995 NBCC Building Period
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Five options are provided for the building period used in calculating the 1995
NBCC automatic seismic loads. They are as follows:

Code - Moment Frame: Calculate the period as 0.1N, where N is the
number of stories in the structure based on the specified top and bottom
story levels.

Code - Other: Calculate the period, T, using section 4.1.9.1(7b):

T O.OEEihn (1995 NBCC Section 4.1.9.19(7b))
\/ S
where,

h, = Height of the structure measured from the elevation of the
specified bottom story/minimum level to the (top of the) speci-
fied top story/maximum level measured in meters.

Ds = Length of wall or braced frame, which constitutes the main lat-
eral-force-resisting system measured in meters.

Program Calculated - Moment Frame: The programs use the period of
the mode calculated to have the largest participation factor in the direc-
tion that loads are being calculated (X or Y). In addition, the programs
run a parallel calculation using a period equal to 0.1N, where N is the
number of stories in the structure based on the specified top and bottom
story levels.

The equivalent lateral force at the base of the structure, Ve, is calculated
using both periods. Call these values Ve.moge and Ve.o.1n. The value of Ve to
use is determined as follows:

—  If Vemode > 0.8 Ve-0.1N, then Ve = Ve-mode.
- If Ve-mode < 08 Ve-O,lN, then Ve = 08 Ve-O,lN.
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= Program Calculated - Other: The programs use the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). In addition, the programs run a paral-
lel calculation using a period calculated using (1995 NBCC Section
4.1.9.19(7b)).

The equivalent lateral force at the base of the structure, Ve, is calculated
using both periods. Call these values Ve.moge and Ve-gqn (7). The value of Ve
to use is determined as follows:

—  If Vemoge > 0.8 Ve—Eqn. (7b), then Ve = Vemode.
- If Ve-mode < 08 Ve-Eqn, (7b), then Ve = 08 Ve-Eqn, (7b).

= User Defined: In this case the user inputs a building period, which the
programs use in the calculations. The programs do not calculate other
values of V. using this method for comparison against the Ve calculated
using the user-specified period. It is assumed that this comparison is
completed before the period is specified.

2.7.2 Other Input Factors and Coefficients

The force modification factor, R, is direction dependent. It is specified in
1995 NBCC Table 4.1.9.1.B. A typical range of values for R is 1.5 to 4.0.

The acceleration-related seismic zone, Z,, can be inputas 0, 1, 2, 3, 4, 5, or 6.
No other input values are allowed.

The velocity-related seismic zone, Z,, can be input as 0, 1, 2, 3, 4, 5, or 6.
No other input values are allowed.

The zonal velocity ratio, v, can be based on Z,, or a user-specified value can
be input. If it is based on Z,, v is assumed equal to 0.00, 0.05, 0.10, 0.15,
0.20, 0.30, or 0.40 for Zyequal t0 0, 1, 2, 3, 4, 5, or 6, respectively.

The importance factor, I, can be input as any value. It is specified in 1995
NBCC Sentence 4.1.9.1(10). A typical range of values for I is 1.0 to 1.5.

The foundation factor, F, can be input as any value. It is specified in 1995
NBCC Table 4.1.9.1.C. A typical range of values for F is 1.0 to 2.0.
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2.7.3 Algorithm for 1995 NBCC Seismic Loads
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The algorithm for determining 1995 NBCC seismic loads is based on Sub-
section 4.1.9 of the 1995 NBCC. The period is calculated as described in a
preceding section entitled "Options for 1995 NBCC Building Period."

First the programs check if Z, = 0 and Z, > 0. If so, then Z, =1 and v = 0.05
is set for the calculation of the base shear.

The seismic response factor, S, is calculated based on 1995 NBCC Table
4.19.1.A.

The programs determine the product of the foundation factor, F, and the
seismic response factor, S. Call this product FS. If necessary, this product is
modified as follows:

— IfFS>3and Z,< Z,, then FS = 3.
— IfFS>4.2and Z,> Z,, then FS = 4.2.

The equivalent lateral force representing elastic response is determined in ac-
cordance with section 4.1.9.1(5):

Ve =VFSI (1995 NBCC Section 4.1.9.1 (5))

Note that in cases where the structure period is program calculated, the value
of Ve is calculated twice and then one of the calculated values is chosen. See
the preceding section entitled "Options for 1995 NBCC Building Period" for
more information.

The minimum lateral seismic force, V, is calculated using section 4.1.9.1(4).

06V,
R

Vv (1995 NBCC Section 4.1.9.1(4))

The total base shear, V, is broken into a concentrated force applied to the top
of the structure and forces applied at each story level in accordance with sec-
tion 4.1.9.1(13):

n
V=FR+ D Fuy (1995 NBCC Section 4.1.9.1(13))

story =1
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where,
V = Building base shear.
F: = Concentrated force at the top of the building.

Fstory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the structure, F;, is calculated as shown
in section 4.1.9.1(13):

-I1f T <0.7sec,then k. =0 .
' (1995 NBCC Section 4.1.9.1(13))
- If T > 0.7 sec, then F, =0.07TV < 0.25V

where,
T = Building period.
V = Building base shear.

The remaining portion of the base shear, (V — Ft), is distributed over the
height of the structure in accordance with (1995 NBCC Section 4.1.9.1(13)):

V-F)w,.h
_ 1) Waory My (1995 NBCC Section 4.1.9.1(13))

story — n
Z Wstory hstory

story =1

where,
Fswory = Portion of base shear applied to a story level.
V = Base shear.
Ft = Concentrated force at the top of the structure.
Wsiory= Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.
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Note that the torsional moments discussed in 1995 NBCC Section 4.1.9.1(28)
are included automatically when a diaphragm is present and eccentricity is
specified in an auto lateral load pattern. Options are available to overwrite
the eccentricities at each diaphragm to specify these torsional moments.

2.8 2005 NBCC Seismic Loads

2.8.1 Options for 2005 NBCC Building Period

Four options are provided for the building period used in calculating the
2005 NBCC automatic seismic loads. They are as follows:

= Code — Steel & Concrete Moment Frames, Shear Wall & Other
Structures: Calculate the approximate period based on section
4.1.8.11(3). The values used for Cr and x are user input and h, is deter-
mined by the programs from the input story level heights.

3
T, =Cr (h,)4 (2005 NBCC Section 4.1.8.11(3))

A typical range of values for Cy is 0.025 to 0.085. The height h, is meas-
ured from the elevation of the specified bottom story/minimum level to
the (top of the) specified top story/maximum level measured in meters.

=  Code — Moment Frames other than Steel & Concrete: Calculate the
approximate period, Ta, using section 4.1.8.11(3):

T, =0.IN (2005 NBCC Section 4.1.8.11(3))

where,

N = The number of stories in the structure based on the specified
top and bottom story levels.

» Code - Braced Frame: Calculate the approximate period, Ta, using sec-
tion 4.1.8.11(3):

T, =0.025(h,) (2005 NBCC Section 4.1.8.11(3))
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= Program Calculated: The programs use the period of the mode calcu-
lated to have the largest participation factor in the direction that loads are
being calculated (X or Y). Call this period Tmode. A period is also calculat-
ed based on (NBCC Eqgn. 4.1.8.11(3)), as appropriate. Call this period Tha.

The building period, T, that the programs choose is determined from sec-
tion 4.1.8.11(d). The values used for C, are user input, and typically vary
from 1.5 to 2.0 as specified in NBCC 2005 clause 4.1.8.11(3).

— I Tiode < CuTa, then T = Tinoge. (NBCC 2005 Section 4.1.8.11(d))
—  If Timode > CuTa, then T = CyTa. (NBCC 2005 Section 4.1.8.11(d))

= User Defined: In this case the user inputs a building period, which the
programs use in the calculations. They do not compare it against C,Ta. It
is assumed that this comparison has been performed before the period is
specified.

2.8.2 Other Input Factors and Coefficients

The ductility-related force modification factor, Rq, is direction dependent. It
is specified in 2005 NBCC Table 4.1.8.9. A typical range of values for Ry is
1.5t05.0.

The overstrength-related force modification factor, Ro, is direction depend-
ent. It is specified in 2005 NBCC Table 4.1.8.9. A typical range of values for
Rois1.3t0 1.7.

The 5% damped spectral response acceleration, Sa(T), shall be input for peri-
0ds Tof0.2s,0.5s,1.0s,and 2.0 s as described in subsection 4.1.8.4 of the
2005 NBCC. The input in the programs is in g.

The higher mode factor, My, is direction dependent. It is specified in 2005
NBCC Table 4.1.8.11. A typical range of values for My is 1 to 2.5.

The site coefficients can be input in accordance with the code or they can be
user defined. If the site coefficients are in accordance with code, specify a
site class. If site coefficients are user defined, specify Fa and F..
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The site class can be A, B, C, D, or E. Note that site class F is not allowed for
automatic 2005 NBCC lateral seismic loads. See 2005 NBCC Table
4.1.8.4.A for site class definitions.

Fa is the acceleration-based site coefficient. If the site coefficients are deter-
mined in accordance with code, the software automatically determines Fa
from the site class and S,(0.2) based on 2005 NBCC Table 4.1.8.4.B. If site
coefficients are user defined, the value for F; is input directly by the user. A
typical range of values for F; is 0.7 to 2.1.

Fv is the velocity-based site coefficient. If the site coefficients are determined
in accordance with code, the software automatically determines F, from the
site class and S(1.0) based on 2005 NBCC Table 4.1.8.4.C. If site coeffi-
cients are user defined, the value for Fy is input directly by the user. A typical
range of values for F, is 0.5to 2.1.

The importance factor, Ig, can be input as any value. It is specified in 2005
NBCC Sentence 4.1.8.5. A typical range of values for Ig is 0.8 to 1.5.

2.8.3 Algorithm for 2005 NBCC Seismic Loads
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The algorithm for determining 2005 NBCC seismic loads is based on Sub-
section 4.1.8.11 of the 2005 NBCC. The period T is calculated as described
in a preceding section entitled "Options for 2005 NBCC Building Period."

The programs begin by calculating the design spectral acceleration S(T) us-
ing (2005 NBCC Eqgns. 4.1.8.4(6)-1 to 4.1.8.4(6)-5). Linear interpolation is
used for intermediate values of T. Egns. 4.1.8.4(6)-1 to 4.1.8.4(6)-5 are de-
scribed in Section 4.1.8.4 of 2005 NBCC.

S(T)=F,S,(0.2) for T <0.2s (2005 NBCC Eqn. 4.1.8.4(6)-1)

S(T)=FS,(0.5) or F,S,(0.2),

. . (2005 NBCC Eqgn. 4.1.8.4(6)-2)
whichever is smaller for T =0.5s

S(T)=F,S,(L.0) for T =1.0s (2005 NBCC Eqgn. 4.1.8.4(6)-3)

S(T)=F,S,(2.0) for T =2.0s (2005 NBCC Eqn. 4.1.8.4(6)-4)
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S(T)=F,S,(2.0)/2 for T > 4.0s (2005 NBCC Eqn. 4.1.8.4(6)-5)

The minimum lateral earthquake force, V, is determined in accordance with
(2005 NBCC Eqn. 4.1.8.11(2)-2):

V =S(T)M,I:W/(R4R,) (2005 NBCC Eqgn. 4.1.8.11(2)-1)
where,
W = Weight of the building (based on specified mass).

The total design base shear, V, shall not be less than that specified in (2005
NBCC Eqgn. 4.1.8.11(2)-2). If the base shear calculated in accordance with
(2005 NBCC Egn. 4.1.8.11(2)-1) is less than that calculated in accordance
with (2005 NBCC Eqn. 4.1.8.11(2)-2), the base shear is set equal to that cal-
culated in accordance with (2005 NBCC Eqgn. 4.1.8.11(2)-2).

V =S(2.0)M,I:W/(RyR,) (2005 NBCC Eqgn. 4.1.8.11(2)-2)
where,
S(2.0) = Design spectral acceleration for a period of 2s.

The total design base shear, V, for a structure with an Rq > 1.5 need not ex-
ceed that specified in (2005 NBCC Eqn. 4.1.8.11(2)-3). If the base shear cal-
culated in accordance with (2005 NBCC Eqn. 4.1.8.11(2)-1) exceeds that
calculated in accordance with (2005 NBCC Eqn. 24.1.8.11(2)-3), the base
shear is set equal to that calculated in accordance with (2005 NBCC Eqn.
4.1.8.11(2)-3).

\ =§S(0.2)IEW/(Rd R,) (2005 NBCC Eqn. 4.1.8.11(2)-3)

where,
S(0.2) = Design spectral acceleration for 0.2s.

The total base shear, V, is broken into a concentrated force applied to the top
of the structure and forces applied at each story level in accordance with
(2005 NBCC Eqgn. 4.1.8.11(6)-1).
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V=F+ Zn: Fitory (2005 NBCC Eqn. 4.1.8.11(6)-1)
story =1
where,
\Y = Building base shear.
Fi = Concentrated force at the top of the building.
Fsory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the structure, F:, is calculated as shown
in (2005 NBCC Eqgn. 4.1.8.11(6)-2):

- If T<0.7sec,then F, =0
(2005 NBCC Eqn. 4.1.8.11(6)-2)
- If T >0.7sec, then F, =0.07TV <0.25V

where,
T = Building period.
V = Building base shear.

The remaining portion of the base shear, (V — Ft), is distributed over the
height of the structure in accordance with (2005 NBCC Eqn. 4.1.8.11(6)-3):

V-F)w,.h
ory = ( n 1) Waory My (2005 NBCC Eqn. 4.1.8.11(6)-3)
Z Wstory hstory
story =1
where,

Fsory = Portion of base shear applied to a story level.

\Y% = Base shear.

Fi = Concentrated force at the top of the structure.

Wsiory =  Weight of story level (based on specified mass).
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hsory = Story height, distance from base of structure to story level.

)
1

Number of story levels in the structure.

2.9 2010 NBCC Seismic Loads

2.9.1 Options for 2010 NBCC Building Period

Four options are provided for the building period used in calculating the
2010 NBCC automatic seismic loads. They are as follows:

Code — Steel & Concrete Moment Frames, Braced Frames, Shear
Wall & Other Structures: Calculate the approximate period based on
section 4.1.8.11(3). The values used for Cr and x are user input, and h, is
determined by the programs from the input story level heights.

3
T, =Cr (h,)4 (2010 NBCC Section 4.1.8.11(3))

A typical range of values for Cr is 0.025 to 0.085. The height h, is meas-
ured from the elevation of the specified bottom story/minimum level to
the (top of the) specified top story/maximum level measured in meters.

Code — Moment Frames other than Steel & Concrete: Calculate the
approximate period, Ta, using section 4.1.8.11(3):

T, =0.IN (2010 NBCC Section 4.1.8.11(3))

where,

N = The number of stories in the structure based on the specified
top and bottom story levels.

Code - Braced Frame: Calculate the approximate period, Ta, using sec-
tion 4.1.8.11(3):

T, =0.025(h,) (2005 NBCC Section 4.1.8.11(3))
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= Program Calculated: The programs use the period of the mode calcu-
lated to have the largest participation factor in the direction that loads are
being calculated (X or Y). Call this period Tmode. A period is also calculat-
ed based on (NBCC Eqgn. 4.1.8.11(3)), as appropriate. Call this period Ta.

The building period, T, that the programs choose is determined from sec-
tion 4.1.8.11(d). The values used for C, are user input, and typically vary
from 1.5 to 2.0 as specified in NBCC 2010 clause 4.1.8.11(3).

— I Tiode < CuTa, then T = Tinoge. (NBCC 2010 Section 4.1.8.11(d))
—  If Timode > CuTa, then T = CyTa. (NBCC 2010 Section 4.1.8.11(d))

= User Defined: In this case the user can input a building period, which
the programs use in the calculations. The programs do not compare it
against C,Ta. It is assumed that this comparison has been performed be-
fore specifying the period.

2.9.2 Other Input Factors and Coefficients
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The ductility-related force modification factor, Rq, is direction dependent. It
is specified in 2010 NBCC Table 4.1.8.9. A typical range of values for Ry is
1.5t05.0.

The overstrength-related force modification factor, Ro, is direction depend-
ent. It is specified in 2010 NBCC Table 4.1.8.9. A typical range of values for
Rois1.3t0 1.7.

The 5% damped spectral response acceleration, Sa(T), shall be input for peri-
0ds Tof0.2s,0.5s,1.0s,and 2.0 s as described in subsection 4.1.8.4 of the
2010 NBCC. The input in the programs is in g.

The higher mode factor, My, is direction dependent. It is specified in 2010
NBCC Table 4.1.8.11. A typical range of values for My is 1 to 2.5.

The site coefficients can be input in accordance with the code or they can be
user defined. If the site coefficients are in accordance with code, specify a
site class. If site coefficients are user defined, specify Fa and F..
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The site class can be A, B, C, D, or E. Note that site class F requires site spe-
cific evaluation for automatic 2010 NBCC lateral seismic loads. See 2010
NBCC Table 4.1.8.4.A for site class definitions.

Fa is the acceleration-based site coefficient. If the site coefficients are deter-
mined in accordance with code, the software automatically determines Fa
from the site class and S,(0.2) based on 2010 NBCC Table 4.1.8.4.B. If site
coefficients are user defined, the value for F; is input directly by the user. A
typical range of values for F; is 0.7 to 2.1.

Fv is the velocity-based site coefficient. If the site coefficients are determined
in accordance with code, the software automatically determines F, from the
site class and S(1.0) based on 2010 NBCC Table 4.1.8.4.C. If site coeffi-
cients are user defined, the value for Fy is input directly by the user. A typical
range of values for F, is 0.5to 2.1.

The importance factor, Ig, can be input as any value. It is specified in 2010
NBCC Sentence 4.1.8.5. A typical range of values for Ig is 0.8 to 1.5.

2.9.3 Algorithm for 2010 NBCC Seismic Loads

The algorithm for determining 2010 NBCC seismic loads is based on Sub-
section 4.1.8.11 of the 2010 NBCC. The period T is calculated as described
in a preceding section entitled "Options for 2010 NBCC Building Period."

The programs begin by calculating the design spectral acceleration S(T) us-
ing (2010 NBCC Eqgns. 4.1.8.4(6)-1 to 4.1.8.4(6)-5). Linear interpolation is
used for intermediate values of T. Eqns. 4.1.8.4(6)-1 to 4.1.8.4(6)-5 are de-
scribed in Section 4.1.8.4 of the 2010 NBCC.

S(T)=F,S,(0.2) for T <0.2's

S(T)=F,S,(0.5) or F,S,(0.2),
whichever is smaller for T =0.5s

S(T)=F,S,(1.0) for T=1.0's
S(T)=F,S,(2.0) for T=2.0s

S(T)=FKS,(2.0)/2forT>4.0s

(2010 NBCC Eqn. 4.1.8.4(6)-1)

(2010 NBCC Eqgn. 4.1.8.4(6)-2)

(2010 NBCC Egn. 4.1.8.4(6)-3)
(2010 NBCC Eqn. 4.1.8.4(6)-4)

(2010 NBCC Eqn. 4.1.8.4(6)-5)
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The minimum lateral earthquake force, V, is determined in accordance with
(2010 NBCC Eqgn. 4.1.8.11(2)-2):

V =S(T)M, W /(R4R,) (2010 NBCC Eqgn. 4.1.8.11(2)-1)
where,
W = Weight of the building (based on specified mass).

The total design base shear, V, shall not be less than that specified in (2010
NBCC Eqn. 4.1.8.11(2)-2). If the base shear calculated in accordance with
(2010 NBCC Egn. 4.1.8.11(2)-1) is less than that calculated in accordance
with (2010 NBCC Eqn. 4.1.8.11(2)-2), the base shear is set equal to that cal-
culated in accordance with (2010 NBCC Eqgn. 4.1.8.11(2)-2).

For walls, coupled walls and wall-frame system:

V =S(4.0)M,I:W /(R4R,) (2010 NBCC Eqn. 4.1.8.11(2)-a)

For moment resisting frame, braced frame and other systems:

V =S(2.0)M, 1 W /(RyR,) (2010 NBCC Eqgn. 4.1.8.11(2)-b)
where,
S(2.0) = Design spectral acceleration for a period of 2 s.

S(4.0) Design spectral acceleration for a period of 4 s.

The total design base shear, V, for a structure Other than Site Class F and Rq
> 1.5 need not exceed that specified in (2010 NBCC Eqgn. 4.1.8.11(2)-3). If
the base shear calculated in accordance with (2010 NBCC Eqgn. 4.1.8.11(2)-
1) exceeds that calculated in accordance with (2010 NBCC Eqn.
24.1.8.11(2)-3), the base shear is set equal to that calculated in accordance
with (2010 NBCC Eqn. 4.1.8.11(2)-3).

\ =%S(O.2)IEW/(Rd R,) (2010 NBCC Eqn. 4.1.8.11(2)-3)

where,

S(0.2) = Design spectral acceleration for 0.2 s.
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The total base shear, V, is broken into a concentrated force applied to the top
of the structure and forces applied at each story level in accordance with
(2010 NBCC Eqn. 4.1.8.11(6)-1).

V=F+ zn: Fuoy (2010 NBCC Eqn. 4.1.8.11(6)-1)
story =1
where,
\ = Building base shear.
Fi = Concentrated force at the top of the building.
Fsory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the structure, F:, is calculated as shown
in (2010 NBCC Eqn. 4.1.8.11(6)-2):

—IfT<0.7 sec, then F;=0
(2010 NBCC Eqn. 4.1.8.11(6)-2)
— If T>0.7 sec, then F;=0.7TV < 0.25V
where,
T = Building period.
V = Building base shear.

The remaining portion of the base shear, (V — Ft), is distributed over the
height of the structure in accordance with (2010 NBCC Eqn. 4.1.8.11(6)-3):

V-F)w,.,h
ory = ( - 1) ooy Moy (2010 NBCC Eqn. 4.1.8.11(6)-3)
Z Wstory hstory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\Y = Base shear.
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Fi = Concentrated force at the top of the structure.
Wsory =  Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.

2015 NBCC Seismic Loads

Options for 2015 NBCC Building Period

Four options are provided for the building period used in calculating the
2015 NBCC automatic seismic loads. They are as follows:

= Code - Steel & Concrete Moment Frames, Braced Frames, Shear
Wall & Other Structures: Calculate the approximate period based on
section 4.1.8.1(7). The values used for Cr and x are user input, and hy is
determined by the programs from the input story level heights.

T, =Cr (h,)4 (2015 NBCC Section 4.1.8.11(3))

A typical range of values for Cr is 0.025 to 0.085. The height h, is meas-
ured from the elevation of the specified bottom story/minimum level to
the (top of the) specified top story/maximum level measured in meters.

=  Code — Moment Frames other than Steel & Concrete: Calculate the
approximate period, Ta, using section 4.1.8.11(3):

T, =0.IN (2015 NBCC Section 4.1.8.11(3))

where,

N = The number of stories in the structure based on the specified
top and bottom story levels.

= Code — Braced Frame: Calculate the approximate period, Ta, using sec-
tion 4.1.8.11(3):
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2.10.2

T, =0.025(h,) (2005 NBCC Section 4.1.8.11(3))

= Program Calculated: The programs use the period of the mode calcu-
lated to have the largest participation factor in the direction that loads are
being calculated (X or Y). Call this period Tmode. A period is also calculat-
ed based on (NBCC Eqgn. 4.1.8.11(3)), as appropriate. Call this period Ta.

The building period, T, that the programs choose is determined from sec-
tion 4.1.8.11(d). The values used for C, are user input, and typically vary
from 1.5 to 2.0 as specified in NBCC 2015 clause 4.1.8.11(3).

—  If Tode < CyTa, then T = Timoge. (NBCC 2015 Section 4.1.8.11.3(d))
—  If Tmoge > CuTa, then T = C,Ta. (NBCC 2015 Section 4.1.8.11.3(d))

= User Defined: In this case the user can input a building period, which
the programs use in the calculations. The programs do not compare it
against C,Ta. It is assumed that this comparison has been performed be-
fore specifying the period.

Other Input Factors and Coefficients

The ductility-related force modification factor, Rq, is direction dependent. It
is specified in 2015 NBCC Table 4.1.8.9. A typical range of values for Ry is
1.5t05.0.

The overstrength-related force modification factor, R, is direction depend-
ent. It is specified in 2015 NBCC Table 4.1.8.9. A typical range of values for
Rois1.3t0 1.7.

The 5% damped spectral response acceleration, Sa(T), shall be input for peri-
ods Tof0.2s,05s,1.0s,2.0s,5.0sand 10.0 s as described in subsection
4.1.8.4 of the 2015 NBCC. The input in the programs is in g.

The higher mode factor, My, is direction dependent. It is specified in 2015
NBCC Table 4.1.8.11. A typical range of values for My is 1 to 4.65.

The site coefficients can be input in accordance with the code or they can be
user defined. If the site coefficients are in accordance with code, specify a
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site class. If site coefficients are user defined, specify F(0.2), F(0.5), F(1.0),
F(2.0), F(5.0) and F(10.0).

The site class can be A, B, C, D, or E. Note that site class F requires site spe-
cific evaluation for automatic 2015 NBCC lateral seismic loads. See 2015
NBCC Table 4.1.8.4.A for site class definitions.

F(0.2) is the acceleration-based site coefficient as described in 4.1.8.4(7). If
the site coefficients are determined in accordance with code, the software au-
tomatically determines F(0.2) from the site class and Sa(0.2) based on 2015
NBCC Table 4.1.8.4.B. If site coefficients are user defined, the value for
F(0.2) is input directly by the user. A typical range of values for F(0.2) is
0.69 to 1.64.

F(0.5) is the velocity-based site coefficient as described in 4.1.8.4(7). If the
site coefficients are determined in accordance with code, the software auto-
matically determines F(0.5) from the site class and S4(0.5) based on 2015
NBCC Table 4.1.8.4.C. If site coefficients are user defined, the value for
F(0.5) is input directly by the user. A typical range of values for F(0.5) is
0.57 to 2.47.

F(1.0) is the velocity-based site coefficient as described in 4.1.8.4(7). If the
site coefficients are determined in accordance with code, the software auto-
matically determines F(1.0) from the site class and Sa(1.0) based on 2015
NBCC Table 4.1.8.4.D. If site coefficients are user defined, the value for
F(1.0) is input directly by the user. A typical range of values for F(1.0) is
0.57 to 2.81.

F(2.0) is the velocity-based site coefficient as described in 4.1.8.4(7). If the
site coefficients are determined in accordance with code, the software auto-
matically determines F(2.0) from the site class and Sa(2.0) based on 2015
NBCC Table 4.1.8.4.E. If site coefficients are user defined, the value for
F(2.0) is input directly by the user. A typical range of values for F(2.0) is
0.58 to 2.90.

F(5.0) is the velocity-based site coefficient as described in 4.1.8.4(7). If the
site coefficients are determined in accordance with code, the software auto-
matically determines F(5.0) from the site class and Sa(5.0) based on 2015
NBCC Table 4.1.8.4.F. If site coefficients are user defined, the value for
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2.10.3

F(5.0) is input directly by the user. A typical range of values for F(5.0) is
0.61to 2.93.

F(10.0) is the velocity-based site coefficient as described in 4.1.8.4(7). If the
site coefficients are determined in accordance with code, the software auto-
matically determines F(10.0) from the site class and Sx(10.0) based on 2015
NBCC Table 4.1.8.4.G. If site coefficients are user defined, the value for
F(10.0) is input directly by the user. A typical range of values for F(10.0) is
0.67 to 2.52.

The importance factor, Ig, can be input as any value. It is specified in 2015
NBCC Sentence 4.1.8.5. A typical range of values for Ig is 0.8 to 1.5.

Algorithm for 2015 NBCC Seismic Loads

The algorithm for determining 2015 NBCC seismic loads is based on Sub-
section 4.1.8.11 of the 2015 NBCC. The period T is calculated as described
in a preceding section entitled "Options for 2015 NBCC Building Period."

The programs begin by calculating the design spectral acceleration S(T) us-
ing (2015 NBCC Eqgns. 4.1.8.4(9)-1 to 4.1.8.4(9)-6). Linear interpolation is
used for intermediate values of T. Eqns. 4.1.8.4(9)-1 to 4.1.8.4(9)-6 are de-
scribed in Section 4.1.8.4 of the 2015 NBCC.

S(T)=F(0.2)S,(0.2) or F(0.5)S,(0.5),
whichever is larger for T <0.2s

(2015 NBCC Egn. 4.1.8.4(9)-1)
S(T)=F(0.5)S,(0.5) for T =05 (2015 NBCC Eqn. 4.1.8.4(9)-2)
S(T)=F(L.0)S,(1.0) for T=1.0's (2015 NBCC Eqgn. 4.1.8.4(9)-3)
S(T)=F(2.0)S,(2.0) for T=2.0s (2015 NBCC Eqgn. 4.1.8.4(9)-4)
S(T)=F(5.0)S,(5.0) for T=5.0's (2015 NBCC Eqgn. 4.1.8.4(9)-5)
S(T)=F(10.0)S,(10.0) for T =10.0 s (2015 NBCC Eqn. 4.1.8.4(9)-6)

The minimum lateral earthquake force, V, is determined in accordance with
(2015 NBCC Eqn. 4.1.8.11(2)-2):
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V =S(T)M,IeW/(R4R,) (2015 NBCC Eqn. 4.1.8.11(2)-1)
where,
W = Weight of the building (based on specified mass).

The total design base shear, V, shall not be less than that specified in (2015
NBCC Eqgn. 4.1.8.11(2)-2). If the base shear calculated in accordance with
(2015 NBCC Eqgn. 4.1.8.11(2)-1) is less than that calculated in accordance
with (2015 NBCC Eqn. 4.1.8.11(2)-2), the base shear is set equal to that cal-
culated in accordance with (2015 NBCC Eqgn. 4.1.8.11(2)-2).

For walls, coupled walls and wall-frame system:
V =S(4.0)M,I:W/(RyR,) (2015 NBCC Eqn. 4.1.8.11(2)-a)

For moment resisting frame, braced frame and other systems:

V =S(2.0)M,1:W /(RyR,) (2015 NBCC Eqn. 4.1.8.11(2)-b)
where,
S(2.0) = Design spectral acceleration for a period of 2 s.

S(4.0) Design spectral acceleration for a period of 4 s.

The total design base shear, V, for a structure Other than Site Class F and Rq
> 1.5 need not exceed that specified in (2015 NBCC Eqn. 4.1.8.11(2)-3). If
the base shear calculated in accordance with (2015 NBCC Eqn. 4.1.8.11(2)-
1) exceeds that calculated in accordance with (2015 NBCC Eqgn.
24.1.8.11(2)-3), the base shear is set equal to that calculated in accordance
with (2015 NBCC Eqn. 4.1.8.11(2)-3).

2
V =largerof { 3
S(0.5)1eW/(RyR;)

S(02)1eW/(RyR.) (2015 NBCC Eqn. 4.1.8.11(2)-3)

where,
S(0.2) = Design spectral acceleration for 0.2 s.
S(0.5) = Design spectral acceleration for 0.5 s.
2015 NBCC Seismic Loads
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The total base shear, V, is broken into a concentrated force applied to the top
of the structure and forces applied at each story level in accordance with
(2015 NBCC Eqn. 4.1.8.11(7)-1).

V=F+ zn: Fuoy (2015 NBCC Eqn. 4.1.8.11(7)-1)
story =1
where,
\ = Building base shear.
Fi = Concentrated force at the top of the building.
Fsory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the structure, F:, is calculated as shown
in (2015 NBCC Eqn. 4.1.8.11(7)-2):

—IfT<0.7 sec, then F;=0
(2015 NBCC Eqn. 4.1.8.11(7)-2)
— If T>0.7 sec, then F;=0.7TV < 0.25V
where,
T = Building period.
V = Building base shear.

The remaining portion of the base shear, (V — Ft), is distributed over the
height of the structure in accordance with (2015 NBCC Eqn. 4.1.8.11(7)-3):

V-F)w,.,h
ory = ( - 1) ooy Moy (2015 NBCC Eqn. 4.1.8.11(7)-3)
Z Wstory hstory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\Y = Base shear.
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Fi = Concentrated force at the top of the structure.
Wsory =  Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.

2003 IBC/ASCE 7-02 Seismic Loads

Options for 2003 IBC/ASCE 7-02 Building Period

Three options are provided for the building period used in calculating the
2003 IBC automatic seismic loads. They are as follows:

Approximate Period: Calculate the period based on (ASCE 7-02, Eqgn.
9.5.5.3.2-1). The value used for Cr is user input and h, is determined by
the programs from the input story level heights.

T,=C; (h) (ASCE 7-02, Eqn. 9.5.5.3.2-1)

Note that the item Cy is always input in English units as specified in the
code. A typical range of values for Cr is 0.020 to 0.030. The height h, is
measured from the elevation of the specified bottom story/minimum lev-
el to the (top of the) specified top story/maximum level. x is determined
using table 9.5.5.3.2 of ASCE 7-02.

Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmege. A period is al-
so calculated based on (ASCE Eqn. 9.5.5.3.2-1). The value used for Cr is
user input, and hy is determined from the input story level heights. Call
this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, Cy. The building period, T, that the programs choose is de-
termined as follows:

- If Tmode < CuTA, then T = Tmode.
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- If Tmode > CuTA, then T = CuTA.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against CyTa. It is as-
sumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The response modification factor, R, and the system overstrength factor, Q,
are direction dependent. Both are specified in 2003 IBC Table 1617.6.2. A
typical range of values for R is 2 to 8. A typical range of values for Q is 2 to
3.

The seismic group can be input as I, Il or I1l. No other values are allowed.
See 2003 IBC Section 1616.2 for information about the seismic group. The
programs determine the occupancy importance factor, I, from the input seis-
mic group and 2003 IBC Table 1604.5.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and Si1. If seismic coefficients are user defined, specify S,
S, Faand F..

The site class can be A, B, C, D, or E. Note that site class F is not allowed for
automatic 2003 IBC lateral seismic loads. See 2003 IBC Table 1615.1.1 for
site class definitions.

Ss Is the mapped spectral acceleration for short periods as determined in 2003
IBC Section 1615.1. A typical range of values for S; is 0 to 3. Note that the
seismic maps show Ss in % g with a typical range of 0% to 300%. The input
in the programs is in g. Thus the map values should be divided by 100 when
they are input. For example, if the map value is 125%g, it should be input as
1.25¢.

Si is the mapped spectral acceleration for a one second period as determined
in 2003 IBC Section 1615.1. A typical range of values for S; is 0 to 2. Note
that the seismic maps show S; in % g with a typical range of 0% to 200%.
The input in the programs is in g. Thus the map values should be divided by
100 when they are input. For example, if the map value is 125%g it should be
input as 1.25g.
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Fa is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F5 from the site class and S,
based on 2003 IBC Table 1615.1.2(1). If site coefficients are user defined, Fa
is input directly by the user. A typical range of values for F, is 0.8 to 2.5.

Fv is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S;
based on 2003 IBC Table 1615.1.2(2). If site coefficients are user defined, Fy
is input directly by the user. A typical range of values for F, is 0.8 to 3.5.

Algorithm for 2003 IBC/ASCE 7-02 Seismic Loads

The algorithm for determining 2003 IBC seismic loads is based on 2003 IBC
Section 1617.4. A period is calculated as described in a preceding section en-
titled "Options for 2003 IBC Building Period."

The programs begin by calculating the design spectral response acceleration
at short periods, Sps, using IBC Eqgns. 16-38 and 16-40.

Sps =§Fa55 (IBC Eqgns. 16-38 and 16-40)

Next, the design spectral response acceleration is calculated at a one second
period, Sp1, using IBC Egns. 16-39 and 16-41.

Sp1 =%FVSl (IBC Eqgns. 16-39 and 16-41)

The programs determine a seismic design category (A, B, C, D, E, or F with
A being the least severe and F being the most severe) based on 2003 IBC
Section 1616.3. A seismic design category is determined based on Sps using
2003 IBC Table 1616.3(1). A seismic design category also is determined
based on Sp: using 2003 IBC Table 1616.3(2). The more severe of the two
seismic categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (ASCE 7-02
Eqgn. 9.5.5.2.1-1). This base shear value is then checked against the limits
specified in (ASCE Eqgns. 9.5.5.2.1-2, 9.5.5.2.1-3, and 9.5.5.2.1-4) and modi-
fied as necessary to obtain the final base shear.
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C, =S% (ASCE 7-02 Eqn. 9.5.5.2.1-1)
1
where,
Sps = The design spectral response acceleration at short periods.
R = Response modification factor specified in 2003 IBC Table

1617.6.2.

The occupancy importance factor determined in accordance with
2003 IBC Table 1604.5.

The seismic response coefficient, Cs , need not exceed that specified in
(ASCE 7-02 Egn. 9.5.5.2.1-2). If the seismic response coefficient calculated
in accordance with (ASCE Eqgn. 9.5.5.2.1.1-1) exceeds that calculated in ac-
cordance with (ASCE 7-02 Egn. 9.5.5.2.1-2), the programs set the seismic
response coefficient, Cs, equal to that calculated in accordance with (ASCE
7-02 Eqgn. 9.5.5.2.1-2).

SD1

)

C,=

(ASCE 7-02 Eqn. 9.5.5.2.1-2)

where,
Sp1 = the design spectral response acceleration at a one second period
T = the building period used for calculating the base shear

and all other terms are as described for (ASCE 7-02 Egn. 9.5.5.2.1-1)

The seismic response coefficient, Cs, cannot be less than that specified in
(ASCE 7-02 Egn. 9.5.5.2.1-3). If the seismic response coefficient calculated
in accordance with (ASCE 7-02 Egn. 9.5.5.2.1-3) exceeds that calculated in
accordance with (ASCE 7-02 Egn. 9.5.5.2.1-1), the programs set the seismic
response coefficient equal to that calculated in accordance with (ASCE 7-02
Egn. 9.5.5.2.1-3).

Cs = 0.044 Sps | (ASCE 7-02 Eqn. 9.5.5.2.1-3)
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where all terms are as previously described for (ASCE 7-02 Egn. 9.5.5.2.1-1)

Finally, if the building is in seismic design category E or F, the seismic re-
sponse coefficient, Cs, shall not be less than that specified in (ASCE 7-02
Egn. 9.5.5.2.1-4). If the building is in seismic design category E or F and the
seismic response coefficient calculated in accordance with (ASCE 7-02 Eqn.
9.5.5.2.1-4) exceeds that calculated in accordance with (ASCE 7-02 Eqgn.
9.5.5.2.1-1) and (ASCE Eqgn. 7-02 9.5.5.2.1-3), the programs set the seismic
response coefficient equal to that calculated in accordance with (ASCE 7-02
Eqgn. 9.5.5.2.1-4).

C,=— (ASCE 7-02 Eqgn. 9.5.5.2.1-4)

where,
S; = the mapped spectral acceleration for a one second period

and all other terms are as previously described for (ASCE 7-02 Eqn.
9.55.2.1-1).

The base shear, V, is calculated using (ASCE 7-02 Eqgn. 9.5.5.2.-1)
V = CW (ASCE 7-02 Egn. 9.5.5.2.-1)

Cs Seismic response coefficient as determined from one of (ASCE 7-

02 Eqgns. 9.5.5.2.1-1 through 9.5.5.2.1-4) as appropriate.

W Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (ASCE 7-02 Egns. 9.5.5.4-1 and 9.5.5.4-2).

V w,  h
Faoy =—— hsmly (Eqns. 9.5.5.4.-1 and 9.5.5.4-2)
Z Wstory hstory
story =1
where,

Fstory = Portion of base shear applied to a story level.
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\Y = Building base shear.
Wsory = Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends on
the value of the building period, T, used for determining the
base shear. If T < 0.5 seconds, then k = 1. If T > 2.5 seconds,
then k = 2. If 0.5 seconds < T < 2.5 seconds, then k is linearly
interpolated between 1 and 2.

n = Number of story levels in the structure.

2006 IBC/ASCE 7-05 Seismic Loads

Section 1613 of the 2006 IBC states that earthquake loads shall be deter-
mined in accordance with ASCE Standard 7-05. For the sake of clarity, in the
remainder of this section all references will be made only to the ASCE 7- 05
document, with the understanding that this information is directly applicable
to those using the 2006 IBC as well.

Options for 2006 IBC/ASCE 7-05 Building Period

Three options are provided for the building period used in calculating the
2006 1BC automatic seismic loads. They are as follows:

= Approximate Period: Calculate the period based on (ASCE 7-05 Egn.
12.8-7) The values used for Ct and x are user input and h, is determined
by the programs from the input story level heights.

Ty =Cr ()" (ASCE 7-05 Eqn. 12.8-7)

Note that Cr is always input in English units, as specified in the code. A
typical range of values for Cr is 0.016 to 0.03, while x varies from 0.75
to 0.9. The height h, is measured from the elevation of the specified bot-
tom story/minimum level to the (top of the) specified top story/maximum
level.
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= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmege. A period is al-
so calculated based on (ASCE 7-05 Eqn. 12.8-7). The values used for Cr
and x are user input, and h, is determined from the input story level
heights. Call this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, Cy. The building period, T, that the programs choose is de-
termined as follows:

- If Tmode S CuTA, then T = Tmode.
- If Tmode > CuTA, then T = CuTA.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against C,Ta. It is as-
sumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The response modification factor, R, and the system overstrength factor, Q,
are direction dependent. Both are specified in ASCE 7-05 Table 12.2-1. A
typical range of values for R is 2 to 8. A typical range of values for Q is 2 to
3.

The occupancy category can be input as I, Il, 111 or IV. No other values are
allowed. See ASCE 7-05 Section 11.5 for information about the occupancy
category. The programs determine the occupancy importance factor, I, from
the input occupancy category and ASCE 7-05 Table 11.5-1.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and S1, as well as a long-period transition period, T.. If
seismic coefficients are user defined, specify Ss, S1, Ti, Faand F..

The site class can be A, B, C, D, or E. Note that site class F is not allowed for
automatic ASCE 7-05 lateral seismic loads. See ASCE 7-05 Table 20.3-1 for
site class definitions.
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Ss is the mapped maximum considered earthquake (MCE) spectral accelera-
tion for short periods as determined in ASCE 7-05 Section 11.4.1. A typical
range of values for Ss is 0 to 3. Note that the seismic maps show Ss in % g
with a typical range of 0% to 300%. The input in the programs is in g. Thus
the map values should be divided by 100 when they are input. For example,
if the map value is 125%g it should be input as 1.25g.

S; is the mapped MCE spectral acceleration for a one second period as de-
termined in ASCE 7-05 Section 11.4.1. A typical range of values for S is O
to 1. Note that the seismic maps show S; in %g with a typical range of 0% to
100%. The input in the programs is in g. Thus the map values should be di-
vided by 100 when they are input. For example, if the map value is 100%yg it
should be input as 1.0g.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F5 from the site class and S,
based on ASCE 7-05 Table 11.4-1. If site coefficients are user defined, the F4
is input directly by the user. A typical range of values for F, is 0.8 to 2.5.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S;
based on ASCE 7-05 Table 11.4-2. If site coefficients are user defined, Fy is
input directly by the user. A typical range of values for F is 0.8 to 3.5.

Ty is the long-period transition period as determined in ASCE 7-05 Section
11.4.5.

Algorithm for ASCE 7-05 Seismic Loads

The algorithm for determining ASCE 7-05 seismic loads is based on ASCE
7-05 Section 12.8. A period is calculated as described in a preceding section
entitled "Options for ASCE 7-05 Building Period."

The programs begin by calculating the design spectral response acceleration
at short period, Sps, using (ASCE 7-05 Egs. 11.4-1 and 11.4-3).

Sps :%FaSs (ASCE 7-05 Eqns. 11.4-1 and 11.4-3)
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Next, the design spectral response acceleration is calculated at a one second
period, Sp1, using (ASCE 7-05 Egns. 11.4-2 and 11.4-3).

Sy =§|:Vsl (ASCE 7-05 Eqns. 11.4-2 and 11.4-3)

The programs determine a seismic design category (A, B, C, D, E, or F with
A being the least severe and F being the most severe) based on ASCE 7-05
Section 11.6. A seismic design category is determined based on Sps using
ASCE 7-05 Table 11.6-1. A seismic design category also is determined based
on Sp; using ASCE 7-05 Table 11.6-2. The more severe of the two seismic
categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (ASCE 7-05
Eqgn. 12.8-2). This base shear value is then checked against the limits speci-
fied in (ASCE 7-05 Eqgns. 12.8-3, 12.8-4, 2.8-5, and 12.8-6) and modified as
necessary to obtain the final base shear.

C, =S%S (ASCE 7-05 Egn. 12.8-2)
n

where,
Sps = The design spectral response acceleration at short periods.

R = Response modification factor specified in ASCE 7-05 Table 12.2-
1.

I =The occupancy importance factor determined in accordance with
ASCE 7-05 Table 11.5-1.

The seismic response coefficient, Cs, need not exceed that specified in
(ASCE 7-05 Eqgns. 12.8-3 ). If the seismic response coefficient calculated in
accordance with (ASCE 7-05 Eqgns. 12.8-2) exceeds that calculated in ac-
cordance with (ASCE 7-05 Eqgns. 12.8-3 and 12.8-4), the programs set the
seismic response coefficient, Cs, equal to that calculated in accordance with
(ASCE 7-05 Egns. 12.8-3 and 12.8-4), as appropriate.
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C, - % for T<T. (ASCE 7-05 Eqn. 12.8-3)
Rt
)
C, =0Tt for7sT, (ASCE 7-05 Eqn. 12.8-4)

where,
Sp1 = the design spectral response acceleration at a one second period
T = the building period used for calculating the base shear
T. = the long-period transition period

and all other terms are as described for (ASCE 7-05 Eqn. 12.8-2).
Cs shall not be less than that shown in (ASCE 7-05 Eqgn. 12.8-5).
Cs = 0.044Spsl > 0.01 (ASCE 7-05 Egn. 12.8-5)

Finally, for structures located where S; is equal to or greater than 0.6g, Cs
shall not be less than that shown in (ASCE 7-05 Egn. 12.8-6).

055,

)

S1 = the mapped MCE spectral acceleration for a one second period

C,

(ASCE 7-05 Eqn. 12.8-6)

where,

and all other terms are as described for (ASCE 7-05 Eqn. 12.8-2).
The base shear, V, is calculated using (ASCE 7-05 Eqgn. 12.8-1):
V. = GCW (ASCE 7-05 Egn. 12.8-1)

Cs Seismic response coefficient as determined from one of (ASCE 7-

05 Eqgns. 12.8-2 through 12.8-6) as appropriate.
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W = Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (ASCE 7-05 Egns. 12.8-11 and 12.8-12)

Froy = \: Wiy My (ASCE 7-05 Eqns. 12.8-11 and 12.8-12)
St(%:lestory hsliory
where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.

Wsory =  Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends
on the value of the building period, T, used to determine the
base shear. If T<0.5second, k=1. If T> 2.5 seconds, k = 2.
If 0.5 second < T < 2.5 seconds, k is linearly interpolated be-
tween 1 and 2.

n = Number of story levels in the structure.

2.13 2009 IBC/ASCE 7-05 Seismic Loads

Section 1613 of the 2009 IBC states that earthquake loads shall be deter-
mined in accordance with ASCE Standard 7-05. For the sake of clarity, in the
remainder of this section all references will be made only to the ASCE 7- 05
document, with the understanding that this information is directly applicable
to those using the 2009 IBC as well.

2.13.1 Options for 2009 IBC/ASCE 7-05 Building Period

Three options are provided for the building period used in calculating the
2009 IBC automatic seismic loads. They are as follows:
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Approximate Period: Calculate the period based on (ASCE 7-05 Eqn.
12.8-7). The values used for C; and x are user input, and h, is determined
by the programs from the input story level heights.

Ta=Ce (h)" (ASCE 7-05 Eqn. 12.8-7)

Note that C; is always input in English units, as specified in the code. A
typical range of values for C; is 0.016 to 0.03, while x varies from 0.75 to
0.9. The height h, is measured from the elevation of the specified bottom
story/minimum level to the (top of the) specified top story/maximum
level.

Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmege. A period is al-
so calculated based on (ASCE 7-05 Eqn. 12.8-7). The values used for C;
and x are user input, and h, is determined from the input story level
heights. Call this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, Cy. The building period, T, that the programs choose is de-
termined as follows:

- If Tmode S CuTA, then T = Tmode.
- If Tmode > CuTA, then T = CuTA.

User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against C,Ta. It is as-
sumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The response modification factor, R, and the system overstrength factor, ,,

are direction dependent. Both are specified in ASCE 7-05 Table 12.2-1. A

typical range of values for R is 2 to 8. A typical range of values for Q, is 2 to
3.

The occupancy category can be input as I, Il, 111 or IV. No other values are

allowed. See ASCE 7-05 Section 11.5 for information about the occupancy
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category. The programs determine the occupancy importance factor, I, from
the input occupancy category and ASCE 7-05 Table 11.5-1.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and Si1, as well as a long-period transition period, T.. If
seismic coefficients are user defined, specify S, S1, Ti, Faand F..

The site class can be A, B, C, D, or E. Note that site class F is not allowed for
automatic ASCE 7-05 lateral seismic loads. See ASCE 7-05 Table 20.3-1 for
site class definitions.

Ss is the mapped maximum considered earthquake (MCE) spectral accelera-
tion for short periods as determined in ASCE 7-05 Section 11.4.1. A typical
range of values for Ss is 0 to 3. Note that the seismic maps show Ss in % g
with a typical range of 0% to 300%. The input in the programs is in g. Thus
the map values should be divided by 100 when they are input. For example,
if the map value is 125%g it should be input as 1.25g.

S; is the mapped MCE spectral acceleration for a one second period as de-
termined in ASCE 7-05 Section 11.4.1. A typical range of values for S; is O
to 1. Note that the seismic maps show S; in %g with a typical range of 0% to
100%. The input in the programs is in g. Thus the map values should be di-
vided by 100 when they are input. For example, if the map value is 100%g, it
should be input as 1.0g.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F5 from the site class and S,
based on ASCE 7-05 Table 11.4-1. If site coefficients are user defined, the F4
is input directly by the user. A typical range of values for F, is 0.8 to 2.5.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S;
based on ASCE 7-05 Table 11.4-2. If site coefficients are user defined, Fy is
input directly by the user. A typical range of values for F is 0.8 to 3.5.

Ty is the long-period transition period as determined in ASCE 7-05 Section
11.4.5.
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2.13.3

Algorithm for 2009 IBC/ASCE 7-05 Seismic Loads

The algorithm for determining ASCE 7-05 seismic loads is based on ASCE
7-05 Section 12.8. A period is calculated as described in a preceding section
entitled "Options for ASCE 7-05 Building Period."

The programs begin by calculating the design spectral response acceleration
at short period, Sps, using (ASCE 7-05 Egs. 11.4-1 and 11.4-3).

Sps ngaSS (ASCE 7-05 Egns. 11.4-1 and 11.4-3)

Next, the design spectral response acceleration is calculated at a one second
period, Sp1, using (ASCE 7-05 Egns. 11.4-2 and 11.4-3).

Sy =§|:Vsl (ASCE 7-05 Eqns. 11.4-2 and 11.4-3)

The programs determine a seismic design category (A, B, C, D, E, or F with
A being the least severe and F being the most severe) based on ASCE 7-05
Section 11.6. A seismic design category is determined based on Sps using
ASCE 7-05 Table 11.6-1. A seismic design category also is determined based
on Sp; using ASCE 7-05 Table 11.6-2. The more severe of the two seismic
categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (ASCE 7-05
Eqgn. 12.8-2). This base shear value is then checked against the limits speci-
fied in (ASCE 7-05 Eqgns. 12.8-3, 12.8-4, 2.8-5, and 12.8-6) and modified as
necessary to obtain the final base shear.

C, :S% (ASCE 7-05 Egn. 12.8-2)
1o

where,
Sps = The design spectral response acceleration at short periods.

R = Response modification factor specified in ASCE 7-05 Table 12.2-
1.
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le¢ =The occupancy importance factor determined in accordance with
ASCE 7-05 Table 11.5-1.

The seismic response coefficient, Cs, need not exceed that specified in
(ASCE 7-05 Egns. 12.8-3 and 12.8-4). If the seismic response coefficient
calculated in accordance with (ASCE 7-05 Eqgns. 12.8-2) exceeds that calcu-
lated in accordance with (ASCE 7-05 Eqgns. 12.8-3 and 12.8-4), the programs
set the seismic response coefficient, Cs, equal to that calculated in accordance
with (ASCE 7-05 Eqns. 12.8-3 and 12.8-4), as appropriate.

SD1

C= = forT<T, (ASCE 7-05 Egn. 12.8-3)
Wy
le
SDl TL
C,=——FforT>T, (ASCE 7-05 Eqgn. 12.8-4)
o
le
where,
Sp1 = the design spectral response acceleration at a one second period
T = the building period used for calculating the base shear
T. = the long-period transition period

and all other terms are as described for (ASCE 7-05 Eqn. 12.8-2).
Cs shall not be less than that shown in (ASCE 7-05 Eqgn. 12.8-5).
Cs =0.0445psle > 0.01 (ASCE 7-05 Egn. 12.8-5)

Finally, for structures located where S; is equal to or greater than 0.6g, Cs
shall not be less than that shown in (ASCE 7-05 Eqn. 12.8-6).

058,

o

C, (ASCE 7-05 Egn. 12.8-6)

where,
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S; = the mapped MCE spectral acceleration for a one second period
and all other terms are as described for (ASCE 7-05 Eqn. 12.8-2).

The base shear, V, is calculated using (ASCE 7-05 Eqn. 12.8-1):
V = CW (ASCE 7-05 Egn. 12.8-1)

Cs

Seismic response coefficient as determined from one of (ASCE 7-
05 Eqgns. 12.8-2 through 12.8-6) as appropriate.

W Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (ASCE 7-05 Egns. 12.8-11 and 12.8-12)

V WStOI’ hsiio
st,y =— y :’ (ASCE 7-05 Eqgns. 12.8-11 and 12.8-12)
Z Wstory I’]story
story =1
where,

Fswory = Portion of base shear applied to a story level.

\ = Building base shear.

Wsiory = Weight of story level (based on specified mass).

hsory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends on
the value of the building period, T, used for determining the base
shear. If T < 0.5 seconds, k =1. If T > 2.5 seconds, k = 2. If 0.5
seconds < T < 2.5 seconds, k is linearly interpolated between 1
and 2.

n = Number of story levels in the structure.
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2012 IBC/ASCE 7-10 Seismic Loads

Section 1613 of the 2012 IBC states that earthquake loads shall be deter-
mined in accordance with ASCE Standard 7-10. For the sake of clarity, in the
remainder of this section all references will be made only to the ASCE 7-10
document, with the understanding that this information is directly applicable
to those using the 2012 IBC as well.

Options for 2012 IBC/ASCE 7-10 Building Period

Three options are provided for the building period used in calculating the
ASCE 7-10 automatic seismic loads. They are as follows:

= Approximate Period: Calculate the period based on (ASCE 7-10 Eqn.
12.8-7). The values used for C; and x are user input, and h; is determined
by the programs from the input story level heights.

Ta=C ()" (ASCE 7-10 Eqn. 12.8-7)

Note that C; is always input in English units, as specified in the code. A
typical range of values for C; is 0.016 to 0.03, while x varies from 0.75 to
0.9. The height h, is measured from the elevation of the specified bottom
story/minimum level to the (top of the) specified top story/maximum
level.

* Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode. A period is
also calculated based on (ASCE 7-10 Egn. 12.8-7). The values used for
C:and x are user input, and h, is determined from the input story level
heights. Call this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, Cu. The building period, T, that the programs choose is de-
termined as follows:

- If Tmode S CuTA, then T = Tmode.
- If Tmode > CuTA, then T = CuTA.
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2.14.2

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against CyTa. It is as-
sumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The response modification factor, R, and the system overstrength factor, €,
are direction dependent. Both are specified in ASCE 7-10 Table 12.2-1. A
typical range of values for R is 2 to 8. A typical range of values for Q, is 2 to
3.

The occupancy category can be input as I, Il, 111 or IV. No other values are
allowed. See ASCE 7-10 Section 11.5 for information about the occupancy
category. The programs determine the occupancy importance factor, I, from
the input occupancy category and ASCE 7-10 Table 1.5-1 and 1.5-2.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and S, as well as a long-period transition period, T.. If
seismic coefficients are user defined, specify S, S1, Ti, Faand F..

The site class can be A, B, C, D, or E. Note that site class F is not allowed for
automatic ASCE 7-10 lateral seismic loads. See ASCE 7-10 Table 20.3-1 for
site class definitions.

Ss is the mapped Risk-Targeted Maximum Considered Earthquake (MCER)
spectral acceleration for short periods as determined in ASCE 7-10 Section
11.4.1. A typical range of values for S is 0 to 3. Note that the seismic maps
show Ss in % g with a typical range of 0% to 300%. The input in the pro-
grams is in g. Thus the map values should be divided by 100 when they are
input. For example, if the map value is 125%g it should be input as 1.25g.

S; is the mapped MCE spectral acceleration for a one second period as de-
termined in ASCE 7-10 Section 11.4.1. A typical range of values for Sy is O
to 1. Note that the seismic maps show S; in %g with a typical range of 0% to
100%. The input in the programs is in g. Thus the map values should be di-
vided by 100 when they are input. For example, if the map value is 100%g, it
should be input as 1.0g.
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Fa is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F5 from the site class and S,
based on ASCE 7-10 Table 11.4-1. If site coefficients are user defined, the F,
is input directly by the user. A typical range of values for F, is 0.8 to 2.5.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S;
based on ASCE 7-10 Table 11.4-2. If site coefficients are user defined, F, is
input directly by the user. A typical range of values for F, is 0.8 to 3.5.

To is the long-period transition period as determined in ASCE 7-10 Section
11.4.5.

Algorithm for 2012 IBC / ASCE 7-10 Seismic Loads

The algorithm for determining ASCE 7-10 seismic loads is based on ASCE
7-10 Section 12.8. A period is calculated as described in a preceding section
entitled "Options for ASCE 7-10 Building Period."”

The programs begin by calculating the design spectral response acceleration
at short period, Sps, using (ASCE 7-10 Egs. 11.4-1 and 11.4-3).

Sps :%FaSs (ASCE 7-10 Eqns. 11.4-1 and 11.4-3)

Next, the design spectral response acceleration is calculated at a one second
period, Spy, using (ASCE 7-10 Egns. 11.4-2 and 11.4-3).

Sy =§|:Vsl (ASCE 7-10 Eqns. 11.4-2 and 11.4-3)

The programs determine a seismic design category (A, B, C, D, E, or F with
A being the least severe and F being the most severe) based on ASCE 7-10
Section 11.6. A seismic design category is determined based on Sps using
ASCE 7-10 Table 11.6-1. A seismic design category also is determined based
on Spi using ASCE 7-10 Table 11.6-2. The more severe of the two seismic
categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (ASCE 7-10
Egn. 12.8-2). This base shear value is then checked against the limits speci-
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fied in (ASCE 7-10 Eqgns. 12.8-3, 12.8-4, 2.8-5, and 12.8-6) and modified as
necessary to obtain the final base shear.

C, :S% (ASCE 7-10 Egn. 12.8-2)
1o

where,
Sos = The design spectral response acceleration at short periods.

R = Response modification factor specified in ASCE 7-10 Table 12.2-
1.

le¢ =The occupancy importance factor determined in accordance with
ASCE 7-10 Table 1.5-2.

The seismic response coefficient, Cs, need not exceed that specified in
(ASCE 7-10 Egns. 12.8-3 and 12.8-4). If the seismic response coefficient
calculated in accordance with (ASCE 7-10 Eqns. 12.8-2) exceeds that calcu-
lated in accordance with (ASCE 7-10 Eqgns. 12.8-3 and 12.8-4), the programs
set the seismic response coefficient, Cs, equal to that calculated in accordance
with (ASCE 7-10 Egns. 12.8-3 and 12.8-4), as appropriate.

C, =% forT<T, (ASCE 7-10 Egn. 12.8-3)
o)
le
SDl TL
C, = forT>T. (ASCE 7-10 Eqgn. 12.8-4)
T
le
where,
Sp1 = the design spectral response acceleration at a one second period
T = the building period used for calculating the base shear
T. = the long-period transition period

and all other terms are as described for (ASCE 7-10 Egn. 12.8-2).

2012 IBC/ASCE 7-10 Seismic Loads 2-61



Automatic Seismic Loads

Cs shall not be less than that shown in (ASCE 7-10 Eqn. 12.8-5).
Cs =0.044Spsle > 0.01 (ASCE 7-10 Egn. 12.8-5)

Finally, for structures located where S: is equal to or greater than 0.6g, Cs
shall not be less than that shown in (ASCE 7-10 Eqn. 12.8-6).

058,
R
le

S; = the mapped MCEr spectral acceleration for a one second period

C, (ASCE 7-10 Egn. 12.8-6)

where,

and all other terms are as described for (ASCE 7-10 Eqn. 12.8-2).
The base shear, V, is calculated using (ASCE 7-10 Eqn. 12.8-1):
V = CW (ASCE 7-10 Egn. 12.8-1)

Cs

Seismic response coefficient as determined from one of (ASCE 7-
10 Eqgns. 12.8-2 through 12.8-6) as appropriate.

W Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (ASCE 7-10 Egns. 12.8-11 and 12.8-12)

V WStOI’ hsiio
stry =— Y :’ (ASCE 7-10 Eqgns. 12.8-11 and 12.8-12)
Z Wstory I’]story
story =1
where,

Fswory = Portion of base shear applied to a story level.
\Y = Building base shear.
Wsiory = Weight of story level (based on specified mass).

hsory = Story height, distance from base of structure to story level.
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2.15

2.15.1

k = Exponent applied to building height. The value of k depends on
the value of the building period, T, used for determining the base
shear. If T < 0.5 seconds, k = 1. If T > 2.5 seconds, k = 2. If 0.5
seconds < T < 2.5 seconds, k is linearly interpolated between 1

and 2.
n = Number of story levels in the structure.
1997 NEHRP Seismic Loads

Options for 1997 NEHRP Building Period

Three options are provided for the building period used in calculating the
1997 NEHRP automatic seismic loads. They are as follows:

Approximate Period: Calculate the period based on (1997 NEHRP Eqn.
5.3.3.1-1). The value used for Cr is user input and h, is determined by the
programs from the input story level heights.

T, =Cr (h)"* (1997 NEHRP Eqn. 5.3.3.1-1)

Note that Cr is always input in English units as specified in the code. A
typical range of values for Cy is 0.020 to 0.035. The height h, is meas-
ured from the elevation of the specified bottom story/minimum level to
the (top of the) specified top story/maximum level.

Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmoge. A period also
is calculated based on the (1997 NEHRP Eqn. 5.3.3.1-1). The value used
for Cr is user input and h, is determined from the input story level
heights. Call this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, C,, based on 1997 NEHRP Table 5.3.3. Note that linear in-
terpolation is used to calculate values of C, where the value of Sp; is not
specifically specified in Table 5.3.3.
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The building period, T, that the programs choose is determined as fol-
lows:

- If Tmode S CuTA, then T = Tmode.
- If Tmode > CuTA, then T = CuTA.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it to C,Ta. t is assumed that
this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The response modification coefficient, R, and the system overstrength factor,
Q, are direction dependent. Both are specified in 1997 NEHRP Table 5.2.2.
A typical range of values for R is 2 to 8. A typical range of values for Q is 2
to 3.

The seismic group can be input as I, Il or I1l. No other values are allowed.
See 1997 NEHRP Table 1.4 for information about the seismic group. An oc-
cupancy importance factor, I, is determined from the input seismic group and
1997 NEHRP Table 1.4.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and Si. If seismic coefficients are user defined, specify S;,
S1, Faand F..

The site class can be A, B, C, D or E. Note that site class F is not allowed for
the automatic 1997 NEHRP lateral seismic loads. See 1997 NEHRP Section
4.1.2.1 for site class definitions.

S; is the mapped maximum considered spectral acceleration for short periods
as determined in 1997 NEHRP Section 4.1.2. A typical range of values for Ss
is 0 to 3. Note that the seismic maps show Ss in %g with a typical range of
0% to 300%. The input is in g. Thus the map values should be divided by
100 when they are input. For example, if the map value is 125%g, it should
be input as 1.25¢.
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2.15.3

S is the mapped maximum considered spectral acceleration for a one second
period as determined in 1997 NEHRP Section 4.1.2. A typical range of val-
ues for S; is 0 to 2. Note that the seismic maps show S; in %g with a typical
range of 0% to 200%. The input is in g. Thus the map values should be di-
vided by 100 when they are input. For example, if the map value is 125%q, it
should be input as 1.25g.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the programs automatically determine F, from the site class and S,
based on 1997 NEHRP Table 4.1.2.4a. If site coefficients are user defined, Fa
is input directly by the user. A typical range of values for F, is 0.8 to 2.5.

Fy is a site coefficient. If the site coefficients are determined in accordance
with code, the programs automatically determine F, from the site class and S;
based on 1997 NEHRP Table 4.1.2.4b. If site coefficients are user defined,
the Fy is input directly by the user. A typical range of values for F, is 0.8 to
3.5.

Algorithm for 1997 NEHRP Seismic Loads

The algorithm for determining 1997 NEHRP seismic loads is based on 1997
NEHRP Section 5.3. A period is calculated as described in a preceding sec-
tion entitled "Options for 1997 NEHRP Building Period."

The programs begin by calculating the design spectral response acceleration
at short periods, Sps, using 1997 NEHRP Eqns. 4.1.2.4-1 and 4.1.2.5-1.

Sps ngaSS (1997 NEHRP Eqns. 4.1.2.4-1 and 4.1.2.5-1.)

Next the programs calculate the design spectral response acceleration at a
one second period, Spi, using 1997 NEHRP Eqns. 4.1.2.4-2 and 4.1.2.5-2.

Sp1 =§F\,Sl (1997 NEHRP Eqns. 4.1.2.4-2 and 4.1.2.5-2.)

A seismic design category (A, B, C, D, E, or F with A being the least severe
and F being the most severe) is determined based on 1997 NEHRP Section
4.2.1.A seismic design category is determined based on Sps using 1997
NEHRP Table 4.2.1a. A seismic design category also is determined based on
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Sp1 using 1997 NEHRP Table 4.2.1b. The more severe of the two seismic
categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (1997 NEHRP
Egn. 5.3.2.1-1). This base shear value is then checked against the limits spec-
ified in (1997 NEHRP Eqgns. 5.3.2.1-2,5.3.2..1-2, and 5.3.2.1-3) and modified
as necessary to obtain the final base shear.

C, =S%S (1997 NEHRP Egn. 5.3.2.1-1).
1
where,
Sps = The design spectral response acceleration at short periods.

Ry
1]

Response modification factor specified in 1997 NEHRP Table
5.2.2.

The occupancy importance factor determined in accordance with
1997 NEHRP Table 1.4.

The seismic response coefficient, Cs, need not exceed that specified in (1997
NEHRP Eqgn. 5.3.2.1-2). If the seismic response coefficient calculated in
accordance with (1997 NEHRP Eqn. 5.3.2.1-1) exceeds that calculated in
accordance with (1997 NEHRP Eqgn. 5.3.2.1-2), the programs set the seismic
response coefficient, Cs, equal to that calculated in accordance with (1997
NEHRP Eqgn. 5.3.2.1-2).

C, = o1 (1997 NEHRP Eqn. 5.3.2.1-2)

= the design spectral response acceleration at a one second period

wn
O
=

|

—
1]

the building period used for calculating the base shear

and all other terms are as described for (1997 NEHRP Eqgn. 5.3.2.1-1).
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The seismic response coefficient, Cs, shall not be less than that specified in
(1997 NEHRP Eqgn. 5.3.2.1-3). If the seismic response coefficient calculated
in accordance with (1997 NEHRP Eqn. 5.3.2.1-3) exceeds that calculated in
accordance with (1997 NEHRP Eqgn. 5.3.2.1-1), the programs set the seismic
response coefficient equal to that calculated in accordance with (1997
NEHRP Eqgn. 5.3.2.1-3).

C.=0.15p1 1 (1997 NEHRP Eqn. 5.3.2.1-3)

where all terms are as previously described for (1997 NEHRP Eqns. 5.3.2.1-
1land5.3.2.1-2).

Finally, if the building is in seismic design category E or F, the seismic re-
sponse coefficient, Cs, shall not be less than that specified in (1997 NEHRP
Egn. 5.3.2.1-4). If the building is in seismic design category E or F and the
seismic response coefficient calculated in accordance with (1997 NEHRP
Egn. 5.3.2.1-4) exceeds that calculated in accordance with (1997 NEHRP
Egns. 5.3.2.1-1 and 5.3.2.1-3), the programs set the seismic response coeffi-
cient equal to that calculated in accordance with (1997 NEHRP Eqgn. 2-
58.5.3.2.1-4).

055,

C, R
|

(1997 NEHRP Eqn. 5.3.2.1-4)

where,
S; = the mapped spectral acceleration for a one second period

and all other terms are as previously described for (1997 NEHRP Eqn.
5.3.2.1-1).

The base shear, V, is calculated using (1997 NEHRP Eqgn. 5.3.2):
V. = CW (1997 NEHRP Eqn. 5.3.2)

Cs Seismic response coefficient as determined from one of (1997

NEHRP Eqgns. 5.3.2.1-1 through 5.3.2.1-4) as appropriate.

=
I

Weight of the building (based on specified mass).
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The base shear, V, is distributed over the height of the building by combining
(1997 NEHRP Eqgns. 5.3.4-1 and 5.3.4-2).

k
v Wstory hstory

Fstory = n
k
Z Wstory hs’rory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.

Wsory =  Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends
on the value of the building period, T, used for determining the
base shear. If T < 0.5 second, k = 1. If T > 2.5 seconds, k = 2. If
0.5 second < T < 2.5 seconds, k is linearly interpolated be-
tween 1 and 2.

n = Number of story levels in the structure.

2.16 2010 Chinese Seismic Loads

2.16.1 Options for 2010 Chinese Building Period

Two options are provided for the building period used in calculating the 2010
Chinese automatic seismic loads. They are as follows:

* Program Calculated: The programs use the longest period mode (fun-
damental) for the calculated time period. This period is T.

= User Defined: In this case, input a building period, which the programs
use in the calculations.
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2.16.3

Other Input Factors and Coefficients

The maximum value for seismic lateral influence factor, amax, is used to cal-
culate the factor of seismic lateral influence, o, obtained from the 2010 Chi-
nese Design Code response spectrum for the fundamental period.

The seismic intensity, SI, has six possible values: 6(0.05g), 7(0.10g),
7(0.15g), 8(0.20g), 8(0.30g) and 9(0.40g).

The damping ratio, , is used to adjust the shape of the response spectrum
curve.

The characteristic ground period, Tg, is entered in units of seconds. The fun-
damental period, T, is multiplied by the period time discount factor, PTDF,
prior to looking up the value of as from the 2010 Chinese Design Code re-
sponse spectrum curve. PTDF typically ranges from 0.5 to 1.0.

The enhancement factor is a multiplier to amplify the value or response spec-
trum curve.

Algorithm for 2010 Chinese Seismic Loads

The algorithm for determining 2010 Chinese seismic loads is based on calcu-
lating a factor of seismic lateral influence, o, from the response spectrum
curve. The period used for determining this factor, Ty, is the fundamental
period as described in a preceding section entitled "Options for 2010 Chinese
Building Period."

The programs calculate the seismic lateral influence factor using (Eqn. 2-1).

[0.45+T (1, — 4.5)]0ty e If T<0.1s
M2 max If 0.1s<T <T,
a =1 (T, (Egn. 2-1)
' [ng Moo If T, <T <5T,
[120.2" 1, (T =5T )Jotmmx  If 5T, <T <6T,

where,

o1 = Seismic lateral influence factor.
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omax = Maximum value for the seismic lateral influence factor.

T = PTDF (Ty)

T1 = Fundamental period of the structure.

Tg = Characteristic ground period.

PTDF = Period time discount factor.

% = 0.9+8:25’T‘52 (GB50011-2010 Eqn. 5.1.5-1)

_ (0.05-¢)
nmo = 0.02+m (n,20) (GB50011-2010 Eqn. 5.1.5-2)
N = 14 006 (n, 20.55) (GB50011-2010 Eqn. 5.1.5-3)
0.08+1.6¢

¢ = Damping ratio.
The total specified load for lateral seismic action, Fey, is calculated using
(Egn. 2-2):

Few = 0:Geq (GB50010-2010 Eqn. 5.2.1-1)
where,

on = Seismic lateral influence factor calculated in (Egns. 2-1).

Geq 0.85Gg, Gk is total representative gravity load of building.

The total specified load for lateral seismic action, Fex, is broken into a con-
centrated force applied to the top of the structure and forces applied at each
story level in accordance with (Eqn. 2-2):

n
Fe =AF, + Y F (Eqn. 2-2)

i=1

where,
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Fex = Total specified load for lateral seismic action.

AF, = Concentrated force at the top of the building.

Fi = Portion of total specified load applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the structure, AF,, is calculated as::
AF, =8, Fg (GB50011 2010 Eqgn. 5.2.1-3)
where,

Fex = Total specified load for lateral seismic action.

0.08T, +0.07 If T, >1.4T, and T, <0.35

0.08T, +0.01 If T, >1.4T, and 0.35<T, <055
% =1 0.08T, - 0.02 If T,>14T, and T, >055

0 If T, <1.4T,

The remaining portion of the lateral seismic load, (Fex — AFy), is distributed
over the height of the structure in accordance with:

F = nG'—H' Fee (1-8,) (GB50010 2010 Eqn.5.2.1-2)
ZGi HJ
j=1
where,
Fi = Portion of lateral seismic load applied to story level i.
Fex = Total specified load for lateral seismic action.
AF, = Concentrated force at the top of the structure.

Gi,Gj = Equivalent gravity load of lumped mass for story levels i and j,
respectively.

Hi Hj = Story heights of lumped masses i and j, respectively, measured
from base of structure to story level.

n = Number of story levels in the structure.
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2004 NZS 1170.5 Seismic Loads

Options for 2004 NZS 1170.5 Building Period

Two options are provided for the building period used in calculating the 2004
NZS automatic seismic loads. They are:

= Program Calculated: The programs use the longest period mode calcu-
lated to have the largest participation factor in the direction that loads are
being calculated (X or Y). Call this period T:.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against the program cal-
culated period.

Other Input Factors and Coefficients

The structural performance factor, Sy, is based on Section 4.4 of the 2004
NZS 1170.5. A typical range of values for Sy is 0.7 to 1.0.

The structural ductility factor, p, is based on Section 4.3 of the 2004 NZS
1170.5.

The site subsoil class can be A, B, C, D, or E. See 2004 NZS 1170.5 Subsec-
tion 3.1.3 for site subsoil class definitions. The site subsoil class in combina-
tion with the period, T4, are used to look up the seismic hazard coefficient,
Cn(Ty), as described in Subsection 3.1.2 of the 2004 NZS 1170.5.

Z is the hazard factor as determined from Table 3.3 of the 2004 NZS 1170.5.
A typical range of values for Z is 0.13 to 0.55.

R is the return period factor as determined from Table 3.5 of the 2004 NZS
1170.5. A typical range of values for R is 0.2 to 1.8, but should be limited
such that ZR does not exceed 0.7.

D is the shortest distance (in kilometers) from the site to the nearest fault
listed in Table 3.6. The distance, D, is used to compute the near-fault factor,
N(D,T), as given in Subsection 3.1.6.2 of the 2004 NZS 1170.5. A typical
range of values for N(D,T) is 1 to 1.72.
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2.17.3

Algorithm for 2004 NZS 1170.5 Seismic Loads

The algorithm for determining 2004 NZS 1170.5 seismic loads is based on
Section 6.2 of the 2004 NZS 1170.5 entitled “Equivalent Static Method.” A
period is calculated as described in a preceding section entitled "Options for
2004 NZS 1170.5 Building Period."

The programs begin by calculating the elastic site hazard spectrum for hori-
zontal loading, C(T), using (NZS Eqn. 1170.5 3.1(1))

C(T,)=C, (T,)ZR,N(T,D) (NZS Eqgn. 1170.5 3.1(1))

where,

Cn(T1) = Seismic hazard coefficient for period T as determined by the
program from Table 3.1 of the 2004 NZS 1170.5 Commen-
tary.

yA = The hazard factor determined from Clause 3.1.4 taking ac-
count of the limitation on the value of ZR, given by Clause
3.1.1

Ru = Return period factor.

N (T,D) = Near-fault factor determined from clause 3.1.6.2.

N(T,D) =N, (T) forD <2km

=1+(N (T)-1) 20-D for 2< D <20km
=1.0 for D>20km
where,
D = the shortest distance (in kilometers) from the site to the

nearest fault listed in Table 3.6.

N (T) = the maximum near-fault factor and is linearly interpolated
for period T from Table 3.7.
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Next, the horizontal design action coefficient is calculated at the T period,
Cd(Ty), using the following equation:

C(T,)S
Cy(T) =&2 (2%+O.OZJRU but not less than 0.03R, (NZS Eqn. 5.2(1))

ku
where,
C(T1) = elastic site hazard spectrum calculated in (NZS Egn. 1170.5
3.1(1)
Sp = structural performance factor

For soil Classes A, B, Cand D

Ky = u forT:>0.7s
-1)T
- —(“ )1+1 forT1<0.7 s
0.7

For soil class E

Ky = forTi> 1soru<l1.5

(n-1)T,+15forTi<lsandp>15

provided that for the purposes of calculating k,, T: shall not be taken
less than 0.4 s.

p = structural ductility factor

and for the purposes of calculating k,, T: shall not be taken less than 0.4 sec-
ond for site subsoil classes A, B, and C; 0.6 second for site subsoil class D;
or 1.0 second for site subsoil class E.

The horizontal base shear, V, is calculated using (NZS Eqn. 1170.5 6.2(1)):
V=Cqy(T)W (NZS Egn. 1170.5 6.2(1))

where,
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Cd(T1) = Horizontal design action coefficient calculated in (NZS Eqgn.
5.2(2))
W = Weight of the building (based on specified mass).

The horizontal base shear, V, is distributed over the height of the building in
accordance with (NZS Eqgn. 1170.5 6.2(2))

Wiopy N

Fiory = F+0.92V — ¥ =2 (NZS Eqn. 1170.5 6.2(2))

Z Wstory hstory

story =1
where,
Fstory = Portion of base shear applied to a story level.
Ft = 0.08Vif story = top level
or

Fi = O0ifstory = top level.
\Y = Horizontal base shear calculated in (NZS Eqgn. 6.2(1)).

Wsory =  Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

n = Number of story levels in the structure.

2.18 2007 AS 1170.4 Seismic Loads

2.18.1 Options for 2007 AS 1170.4 Building Period

Three options are provided for the building period used in calculating the
2007 AS 1170.4 automatic seismic loads. They are as follows:

= Approximate Period: Calculate the fundamental period based on (AS
1170.4 Eqn. 6.2(7)). The value used for h; is determined by the programs
from the input story level heights.
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T, =1.25kh>" (AS 1170.4 Eqn. 6.2(7))

where k; is defined as follows (AS 1170.4 section 6.2.3):

ki

0.11 for moment-resisting steel frames

0.075 for moment-resisting concrete frames

0.06 for eccentrically braced steel frames

0.05 for all other structures

The height h, is measured from the elevation of the specified bottom sto-
ry/minimum level to the (top of the) specified top story/maximum level
and is input in meters.

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode.

The base shear obtained using a Program Calculated period cannot be
less than 80% of the base shear obtained using the approximate period
(AS 6.2.3).

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against Ta Or Troge. It IS
assumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The structural performance factor, Sy, is based on Section 6.5 of the 2007 AS
1170.4 and Table 6.5(A) and 6.5(B). A typical range of values for S, is 0.67
to 1.0.

The structural ductility factor, p, is based on Section 6.5 of the 2007 AS
1170.4 and Table 6.5(A) and 6.5(B). A typical range of values for p is 2.0 to
3.0 (AS 2.2).

The site subsoil class can be Ae, Be, Ce, De Or Ee. See 2007 AS 1170.4 Sub-
section 4.1.1 for site subsoil class definitions. The site subsoil class in com-
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2.18.3

bination with the period, T, are used to look up the spectral shape factor,
Cn(Ty), as described in Subsection 6.4 of the 2007 AS 1170.4.

Z is the hazard factor as determined from Table 3.2 of the 2007 AS 1170.4. A
typical range of values for Z is 0.03 to 0. 29 (AS 2.2).

kp is the return period factor as determined from Table 3.1 of the 2007 AS
1170.4. A typical range of values for k, is 0.2 to 1.8.

Algorithm for 2007 AS 1170.4 Seismic Loads

The algorithm for determining 2007 AS 1170.4 seismic loads is based on
Section 6.2 of the 2007 AS 1170.4 entitled “Equivalent Static Analysis.” A
period is calculated as described in a preceding section entitled "Options for
2007 AS 1170.4 Building Period."

The programs begin by calculating the elastic site hazard spectrum for hori-
zontal loading, C(T), using (AS 1170.4 Eqn. 6.2(5))

C(T) =k,ZC,(T,) (AS Eqn. 1170.4 6.2(5))
where,

Cn(T1) = Spectral shape factor for period T as determined by the pro-
gram from Table 6.4 of the 2007 AS 1170.4.

Kp = Return period factor as given in AS 1170.4 clause 3.1.

Z = Hazard factor as given in AS 1170.4 clause 3.2.

Sp = Structural performance factor as given in AS 1170.4 clause
6.5.

U = Structural ductility factor as given in AS 1170.4 clause 6.5.

The horizontal base shear, V, is calculated using (AS 1170.4 Eqgn. 6.2(1)):
V. = Cy(T)W (AS 1170.4 Egn. 6.2(1))

where,
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Cua(T1) = Horizontal design action coefficient calculated in (AS
1170.4 Eqn. 6.2(4))

Co(T) = @ (AS 1170.4 Eqn. 6.2(4))

W = Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (AS 1170.4 Eqn. 6.3(1)).

Froy = nws“’“/ M Y% (AS 1170.4 Egn. 6.3(1))
z Wstory hsktory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.

Wsory = Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends
on the value of the building period, T, used for determining the
base shear. If T<0.5second, k=1. If T> 2.5 seconds, k = 2.
If 0.5 second < T < 2.5 seconds, k is linearly interpolated be-
tween 1 and 2.

n = Number of story levels in the structure.
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2.19

2.19.1

2.19.2

2004 Eurocode 8 (EN 1998-1) Seismic Loads

Options for EN 1998-1:2004 Building Period

Three options are provided for the building period used in calculating the EN
1998-1:2004 automatic seismic loads. They are as follows:

= Approximate Period: Calculate the fundamental period based on (EN
1998-1 Eqn. 4.6). The value used for H is determined by the programs
from the input story level heights.

T,=CH** (EN 1998-1 Eqn. 4.6)
where C; is defined as follows (EN 1998-1 section 4.3.3.2.2(3)):

C: = 0.085 for moment-resisting steel frames

0.075 for moment-resisting concrete frames

0.075 for eccentrically braced steel frames

0.05 for all other structures

The height H is measured from the elevation of the specified bottom sto-
ry/minimum level to the (top of the) specified top story/maximum level
and is input in meters.

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against Ta Or Toge. It IS
assumed that this comparison is performed before the period is specified.

Other Input Factors and Coefficients

The spectral design spectrum, Sq (T1), is based on Section 3.2.2.5(4) of the
EN 1998-1:2004 and Table 3.2 or Table 3.3.
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The recommended choice of spectra is defined in EN 1998-1:2004 Section
3.2.2.2(2)P Table 3.2 and Table 3.3.

The behavior factor, g, is based on Section 3.2.2.5 of the EN 1998-1:2004
which is an approximation of the ratio of the seismic forces that the structure
would experience if its response was completely elastic with 5% viscous
damping, to the seismic forces that may be used in design, with a conven-
tional elastic analysis model. A value for g is generally greater than 1.5.

The lower bound factor for horizontal design spectrum, B, is given in the Na-
tional annex. The default value of B is 0.2.

The ground type can be A, B, C, D or E. See EN 1998-1:2004 Section 3.1.2
for site subsoil class definitions. The ground type in combination with the pe-
riod, T, are used to look up the spectral design spectrum, Sq(T1), as described
in Subsection 3.2.2.5 of the EN 1998-1:2004.

/ 1s the correction factor, the value of as A is equal to 0.85 if T1 < 2T, and the
building has more than two stories, or 2 = 1.0, otherwise.

Algorithm for EN 1998-1:2004 Seismic Loads

The algorithm for determining EN 1998-1:2004 seismic load is based on Sec-
tion 4.3.3.2 of the EN 1998-1:2004 entitled “Lateral Force Method of Analy-
sis.” A period is calculated as described in a preceding section entitled "Op-
tions for EN 1998-1:2004 Building Period."

The programs begin by calculating the spectral design spectrum, Sq (T1) for
horizontal loading based on Section 3.2.2.5(4) of the EN 1998-1:2004 and
Table 3.2 or Table 3.3.

The horizontal base shear, Fy, is calculated using (EN 1998-1 Eqn. 4.5):
Fo = Sa(Ty)W 4 (EN 1998-1 Eqn. 4.5)

W

Weight of the building (based on specified mass)

A

Correction factor.

The base shear, Fy, is distributed over the height of the building in accord-
ance with (EN 1998-1 Eqn. 4.11).
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2.20

2.20.1

where,

W0 N
Fioy =—— 2—2—F, (EN 1998-1 Eqn. 4.11)
Z Wstoryhstory
story=1
Fsory = Portion of base shear applied to a story level.
\ = Building base shear.

Wsory = Weight of story level (based on specified mass).

Story height, distance from base of structure to story level.

hstory

=)
I

Number of story levels in the structure.

2002 Indian 1S:1893

Options for 2002 Indian 1S:1893 Building Period

Three options are provided for the building period used in calculating the
1S:1893 automatic seismic loads. These are:

Approximate: Calculate the approximate period, T, based on the formu-
la discussed in Section 7.6.1 of 1S:1893 Code. The period is calculated
using following equations given in the 1S:1893 code.

T.=0.075h%" For RC framed buildings
T.=0.085h%" For Steel framed buildings

The height h is measured from the elevation of the specified bottom
story/minimum elevation level to the (top of the) specified top story/
maximum elevation level. The user should give the multiplier value as
0.075 or 0.085 in the static earthquake auto lateral load data form
depending on the building type (viz. RC or steel) being modeled.

Program Calculated: The program uses the period of the mode
calculated to have the largest participation factor in the direction that
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loads are being calculated (X or Y). The user must activate the dynamic
analysis option to use the program calculated period for evaluation of
seismic base shear. If no dynamic analysis option is defined, program
assumes a period of 1 second to evaluate the seismic base shear.

e User Defined: In this case, input a building period, which the program
will use in the calculations. For buildings with brick infill frames or
shear walls, the user should calculate the period using the formula

T= 0.09h/(\/a), and this period should be given as input.

Other Input Factors and Coefficients

The seismic zone factor, Z, depends on the geographical location of the
building as determined from Table 2, Section 6.4.2 of 1S:1893. A typical
range of values for Z is 0.10 to 0.36. As an alternative the user can also spec-
ify a user defined value of Z.

The response reduction factor R is input by the user. Typically R depends on
the choice of lateral load resisting system, and it is specified in 1S:1893 Table
7, Section 6.4.2. A typical range of values for R is 3 to 5 for RC and Steel
buildings.

The soil profile type can be I, 1l or Ill. These correspond to soil types Rock
or Hard Soil (type 1), Medium Soil (type Il) and Soft Soil (type IlI) respec-
tively. No other values can be input.

The importance factor | is input by the user. Typically | depends on the func-
tional use of the structures, characterized by hazardous consequences of its
failure, post-earthquake functional needs, historical value, or economic im-
portance, and it is specified in 1S:1893 Table 6, Section 6.4.2.

Algorithm for 1S:1893 Seismic Loads

The algorithm for determining 1S:1893 seismic loads is based on Sections
6.4.2, 7.5.3 and 7.7 of 1S:1893 code. A period is calculated as described in
the previous section entitled Options for 1S:1893 Building Period.
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Next the value of seismic base shear is computed using the following expres-
sion.

Vb = AW (1S:1893 Section.7.5.3)

and Ax is given be the following equation:

An = ZIS./2Rg (15:1893 Section.6.4.2)
where,

An = The design horizontal spectrum value

Sa/g = Spectral acceleration coefficient computed using expressions

given in section 6.4.5 of 1S:1893 for 5% damping
R = Response reduction factor.
I = Importance factor.

W

Seismic weight of the building (based on specified mass)

The base shear, V, is distributed over the height of the building in accord-
ance with equation given in Section 7.7 of 1S:1893.

Wi hik

B n
ZWi hi
i=1

Qi =V

(1S:1893 Section.7.7)

where,
Qi = Portion of base shear applied to i"" story level.
Vp, = Base shear.
W; = Weight of i story level (based on specified mass).
hi = i" Story height, distance from base of building to story level.
k =2

n  =No. of stories in the building
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Note: If the user wants to compute the seismic forces for a building with a
damping ratio other than the default 5%, the corresponding multiplier for
converting the default 5% spectral acceleration coefficient to another damp-
ing ratio should be taken from Table 3, Section 6.4.2 of 1S:1893 and the mul-
tiplier should be multiplied by the zone factor Z; the resulting value should
be given as the user-defined seismic zone factor in the static earthquake auto
lateral load form.

2008 Italian NTC Seismic Loads

The algorithm for determining NTC 2008 seismic load is based on Section
7.3.3.2 of NTC 2008 entitled “Analisi lineare statica” (linear static analysis).

Options for 2008 Italian NTC Building Period

Three options are provided for the building period used in calculating the
2008 Italian NTC automatic seismic loads. They are as follows:

= Approximate Period: Calculate the period based on NTC 2008 Eg.
7.3.5). The value used for C; is user input, and H is determined by the
programs from the input story level heights:

T,=C,-H¥ (NTC 2008 Eq. 7.3.5)
1 1

C. is a coefficient that depends on the structure material:
C, = 0.085 for steel frame structures
= 0.075 for concrete frame structures
= 0.05 for other types of structures

H is the total height of the structure measured from the elevation of the
specified bottom story/minimum level to the (top of the) specified top
story/maximum level.

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmode.
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2.21.2

2.21.3

= User Defined: In this case, input a building period, which the programs
use in the calculations.

Other Input Factors and Coefficients

The parameters specified are Fundamental Parameters, ag, Fo and T.", the
spectrum type, the limit state, the soil type, the topography, the ratio for site
altitude at the base of a hill to the height of the hill (h/H), the damping (&) for
elastic spectrum and the behavior correction factor (q) for design spectrum,
and a correction factor Lambda (1) that is equal to 0.85 if the structure has at
least 3 stories or more; otherwise Lambda () is taken as 1. Lambda is a user
input. Any positive, nonzero value can be specified for the Fundamental
Parameters. The behavior factor must satisfy g > 1.0 (the program will accept
any nonzero value). The subsoil type can be input as A, B, C, D or E. The
topography type can be T1, T2, T3 or T4.

Algorithm for 2008 Italian NTC Seismic Loads

The Fundamental Parameters ay (peak ground acceleration), Fo (magnifica-
tion factor), and T, (reference period) can be entered based on a given set of
Latitude and Longitude, by Island name or user specified. For the Latitude
and Longitude and Island Name options, the user also needs to input the
Limit State, the Usage Class, and the Nominal Life of the structure. These
parameters are used for computing the Return period, Tr.

T =—R and,

where,
Vn = nominal life of the structure
Cu = usage coefficient

Usage Class [ 1 i 1\
Coefficient, Cu 0.7 1.0 15 2.0
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The Limit State option can be SLO, SLD for elastic spectrum and SLV and
SLC for design spectrum. The Pyr parameters are determined from the fol-

lowing table:
Spectrum Type Limit State Pvro Description
. SLO 81 Immediate Occupancy
Elastic
SLD 63  Damage Control
Desian SLV 10  Life safety
g SLC 5 Collapse Prevention

For a given return period, Tr the parameters ag(Tr), Fo(Tr) and T¢*(Tr), here
called p, can be calculated as follows:

log(p)=log(p,)+ Iog(z—jj ' '09(:_3 | {Iog(%ﬂ_l

The ordinates of the response spectrum are calculated using the equations
given below. The values of Tg, Tc, Tp, and S depend on the specified soil
type and spectrum type.

2.21.3.1 Horizontal Elastic Response Spectrum

a
0<T <, se(T):_gsnF{L+i(1_Lﬂ
g Tg nk Ty

a
T, <T<T. S.(T)=—8nF,
g

a
T.<T<T, S,(T)=-%SnF, U'_C}
g

T2

a
T, <T S,(T)=—SnF, {TCTD}
g

= /10/(5 + 5) >0.55, where & is damping in percentage

The S and spectra ordinate are based on the following equations:
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$=5.5;

* a
T, =CcT 5 Ty =T?C; Ty =4—2+16
g

The parameter C., Ss and St are obtained using Soil Type and Topography.

Soil Type Ss Ce
A 1.00 100
ag «\-0.20
B 1.00 <1.40 - 0.40F, " <1.20 1.10(T,)
a —
C 1.00 31.70—0.6FOEg <1.50 1_05(T:) 033
a —
D 0.90< 2.40—1.5F05g31.80 1_25(.'_:) 0.50
a —
E 1.00 < 2.00-1.10F, 5931.60 1.15(T;) 040
Topography St
Tl 1.0
T2 1.0<1+ o.z% <12
h
T3 1.0<1+ O'ZE <1.2
h
T4 1.0<1+ OAE <1.4

2.21.3.2 Vertical Elastic Response Spectrum

a
0<T<T, Sve(T):—gSnF{l+ ! (1—lﬂ
g

Ty nk

a
T,<T<T. S,(T)=-—2SnF,
9

a
T, <T <T, Sve(l')z—gSnF{Tl_—c}
g
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a T.T
TDST Sve(T)zggSan|: -(I:-ZD:I

n=4/10/(5+&) >0.55, where & is damping in percent

S=SS;
0.5
a
F, =1.35F, (—gj
g
Soil Type Ss Ts Tc To
A/ BCDE 1.00 0.05s 0.15s 1.0s
Topography St
Tl 1.0
T2 1.2
T3 1.2
T4 1.4

2.21.3.3 Design Horizontal Response Spectrum

22134
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The Design Horizontal Spectrum is same as the Elastic Horizontal spectrum,
with the exception of the following:

The n parameter for Design spectrum is defined as 77 =1/q,,

where, g is the structure behavior factor for the horizontal component.

Design Vertical Response Spectrum

The Design Vertical Spectrum is same as Elastic Vertical spectrum, with the
exception of the following:

The n parameter for Design spectrum is defined as 77 =1/q,

where, qv is the structure behavior factor for the vertical component (1.5
for buildings, 1.0 for bridges).
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The programs begin by calculating the spectral design spectrum, Sq(T1) for
horizontal loading based on Section 3.2 of the NTC 2008.

The horizontal base shear, Fy, is calculated using:

Fo=Sq (Ty)W 2 (NTC §7.3.3.2)
g
Sa(T1) = spectral acceleration
W = weight of the building
A = correction factor (user specified)
g = gravity acceleration

The base shear, Fn, is distributed over the height of the building in accord-
ance with (NTC Eq. 7.3.6):

U
Z i ZWi
Fi = portion of the base shear applied at the story level
Frn = building base shear
zi = story height, distance from base of structure to story level
Wi = weight of the story level (based on specified mass)
n = number of story levels in the structure

2.22 2007 Turkish Seismic Code (TSC) Loads

2.22.1 Options for 2007 TSC Building Period

Three options are provided for the building period used in calculating the
2007 TSC automatic seismic loads. They are:

= Method A: Calculate the approximate period, Ta, using section 2.7.4.2

T, =0.IN (TSC Section 2.7.4.2)

where,
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N = The number of stories in the structure based on the specified
top and bottom story levels.

Program Calculated: ETABS starts with the period of the mode calculated
to have the largest participation factor in the direction that loads are being
calculated (X or Y). Call this period Terass. ETABS also calculates a period
based on the Method A. Call this period Ta. The building period, T, that
ETABS chooses is given as:

If Number of Stories < 13, then T = Terass.
If Number of Stories > 13 and If Tetags > 0.1IN , then T = Ta.
If Number of Stories > 13 and If Tetaes < 0.1N , then T = Terags.

User Defined: In this case the user inputs a building period. ETABS uses
this period in the calculations. It does not compare it against the Method A
period. It is assumed that this comparison is performed before the period is
specified.

Other Input Factors and Coefficients

The seismic zone factor, Z, can be input in accordance with the code, which
restricts it to one of the following values: 0.10, 0.2, 0.3, 0.4 as specified in
2007 TSC Table 2.2.

The seismic importance factor, I, can be input as any value. See 2007 TSC
Table 2.3. A typical range of values for I is 1.0 to 1.5.

The local site classes for soil characteristics, Z, can be Z1, Z2, Z3 or ZA4.
These correspond to spectrum characteristic periods, Ta and Tg are given in
2007 TSC Table 2.4. No other values can be input.

The R factor is direction dependent. It is specified in 2007 TSC Table 2.5. A
typical range of values for R is 4 to 8.
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2.22.3

Algorithm for 2007 Turkish Seismic Code Loads

The algorithm for determining 2007 TSC seismic loads is based on Part I,
Section 2.4 of the 2007 TSC. ETABS calculates a period as described in a
preceding section entitled "Options for 2007 TSC Building Period."

The base shear, V, is calculated from the below equation.

v=A0) 0.10A,IW EDP 2007 Eqn. 2.4
R.(T,)

where,

A(T,) = Spectral Acceleration Coefficient corresponding to 5% elastic
damping

R, (T,) = Seismic Load Reduction Factor
W = Weight of the building (based on specified mass)

The spectral acceleration coefficient A(T,)is computed using TSC 2007
Eqn. 2.1.

A(M)=AlS(T) EDP 2007 Eqn. 2.1
where,

A, = Effective ground acceleration coefficient corresponding to 5%
elastic damping from 2007 TSC Table 2.2.

Seismic Zone Ao
1 0.40
2 0.30
3 0.20
4 0.10

I = Importance factor.
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S(T,) = Spectral Coefficient determined from TSC 2007 Eqn. 2.2.

S(T,) = 1+1.5TT—1

A

2.5

1

Spectrum Characteristic Periods, Ta and Tg, are specified in 2007 TSC

for 0<T, <T,

for T, <T,<T,

0.8
2.5[1—3} for T, <T,

EDP 2007 Eqn. 2.2

Table 2.4.
Local Site Class Ta Te
Z1 0.10 0.30
Z2 0.15 0.40
Z3 0.15 0.60
Z4 0.20 0.90

Ra = Seismic Load Reduction Factor that is determine using 2007 TSC

Eqgn. 2.3.

R,(T,) =15+ (R —1.5)Tl for 0<T, <T,

Ra (Tl) =R

Note that the weight, W, that ETABS uses is derived from the building mass.

The total base shear, V, is broken into a concentrated force applied to the top
of the building and forces applied at each story level in accordance with the

following equations:

N
V=F + > Fuy
story =1
where,
\Y = Building base shear.
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Fn = Concentrated force at the top of the building.
Fsory = Portion of base shear applied to a story level.
n = Number of story levels in the building.

The concentrated force at the top of the building, Fu, is calculated as:

F, =0.0075NV EDP 2007 Eqn. 2.8
where,
N = Number of story levels in the building.

\Y Building base shear.

The remaining portion of the base shear, (V — Fy), is distributed over the
height of the building in accordance with the Equation (2007 TSC Equation
2.9):

Fstory _ (V _NFN ) Watory hstory
2 Waory Nyory
story =1
where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.
Fn - = Concentrated force at the top of the building.

Wsiory = Weight of story level (based on specified mass).

Nstory Story height, distance from base of building to story level.
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2009 Korean Building Code (KBC) Seismic
Loads

Options for 2009 KBC Building Period

Three options are provided for the building period used in calculating the
2009 KBC automatic seismic loads. They are as follows:

= Approximate Period: Calculate the period based on (KBC 2009 Eqn.
0306.5.5). The values used for C; and x are user input, and h, is deter-
mined by the programs from the input story level heights.

Ta :Ct (hn

)0.75

(KBC 2009 Eqn. 0306.5.5)

Note that C; is always input in Metric units, as specified in the code. A
typical range of values for C; is 0.049 to 0.085. The height h, is measured
from the elevation of the specified bottom story/minimum level to the
(top of the) specified top story/maximum level in meters.

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y). Call this period Tmege. A period is al-
so calculated based on (KBC 2009 Eqgn. 0306.5.5). The values used for
Ctis user input, and h, is determined from the input story level heights.
Call this period Ta.

The programs also calculate a coefficient for the upper limit on the calcu-
lated period, Cy. The building period, T, that the programs choose is de-
termined as follows:

- If Tmode S CuTA, then T = Tmode.
- If Tmode > CuTA, then T = CuTA.

= User Defined: In this case, input a building period, which the programs
use in the calculations. They do not compare it against CyTa. It is as-
sumed that this comparison is performed before the period is specified.
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2.23.2

Other Input Factors and Coefficients

The response modification factor, R, and the system overstrength factor, €,
are direction dependent. Both are specified in KBC 2009 Table 0306.6.1. A
typical range of values for R is 1.5 to 8. A typical range of values for Q, is 2
to 3.

The programs determine the occupancy importance factor, Ig, from the input
occupancy category and KBC 2009 Table 0306.4.1.

The seismic coefficients can be input in accordance with the code or they can
be user defined. If the seismic coefficients are in accordance with code, spec-
ify a site class, Ss and Si. If seismic coefficients are user defined, specify S;,
S1, Faand F..

The site class can be Sa, Sg, Sc, Sp, or Se. See KBC 2009 Table 0306.3.2 for
site class definitions.

Ss Is the mapped maximum considered earthquake (MCE) spectral accelera-
tion for short periods as determined in KBC 2009 Section 0306.3.1. A typical
range of values for S is 0 to 0.55.

S; is the mapped MCE spectral acceleration for a one second period as de-
termined in KBC 2009 Section 0306.3.3. A typical range of values for S1 is 0
t0 0.22.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S,
based on KBC 2009 Table 0306.3.3. A typical range of values for F is 0.8 to
2.5.

F. is a site coefficient. If the site coefficients are determined in accordance
with code, the software automatically determines F, from the site class and S;
based on KBC 2009 Table 0306.3.4. A typical range of values for F, is 0.8 to
3.5.
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Algorithm for 2009 KBC Seismic Loads

The algorithm for determining KBC 2009 seismic loads is based on KBC
2009 Section 0306. A period is calculated as described in a preceding section
entitled "Options for KBC 2009 Building Period."

The programs begin by calculating the design spectral response acceleration
at short period, Sps, using (KBC 2009 Eqgn. 0306.3.1).

Sps :%Fass (KBC 2009 Eqn. 0306.3.1)

Next, the design spectral response acceleration is calculated at a one second
period, Sp1, using (KBC 2009 Eqn. 0306.3.2).

Spy = % F,S, (KBC 2009 Eqn. 0306.3.2)

The programs determine a seismic design category (A, B, C, or D with A be-
ing the least severe and D being the most severe) based on KBC 2009 Sec-
tion 0306.4.3. A seismic design category is determined based on Sps using
KBC 2009 Table 0306.4.2. A seismic design category also is determined
based on Sp: using KBC 2009 Table 0306.4.3. The more severe of the two
seismic categories is chosen as the seismic design category for the building.

Initially a seismic response coefficient, Cs, is calculated using (KBC 2009
Eqgn. 0306.5.2). This base shear value is then checked against the limits spec-
ified in (KBC 2009 Eqgns. 0306.5.3, and 0306.5.4) and modified as necessary
to obtain the final base shear.

C, = ot (KBC 2009 Egn. 0306.5.2)

where,
Sp1 = the design spectral response acceleration at a one second period.

R =Response modification factor specified in KBC 2009 Table
0306.6.1.
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le =The occupancy importance factor determined in accordance with
KBC 2009 Table 0306.4.1.

T = the building period used for calculating the base shear

The seismic response coefficient, Cs, need not exceed that specified in (KBC
2009 Eqgns. 0306.5.3). If the seismic response coefficient calculated in ac-
cordance with (KBC 2009 Eqgns. 0306.5.2) exceeds that calculated in accord-
ance with (KBC 2009 Eqgns. 0306.5.3), the programs set the seismic response
coefficient, C, equal to that calculated in accordance with (KBC 2009 Eqns.
0306.5.3), as appropriate.

C, = (KBC 2009 Eqn. 0306.5.3)

where,

Sps = The design spectral response acceleration at short periods.

and all other terms are as described for (KBC 2009 Egn. 0306.5.2).
Cs shall not be less than that shown in (KBC 2009 Eqgn. 0306.5.4).

Cs=0.01 (KBC 2009 Eqn. 0306.5.4)
The base shear, V, is calculated using (KBC 2009 Eqn. 0306.5.8):

V = CW (KBC 2009 Eqn. 0306.5.8)

Cs Seismic response coefficient as determined from one of (KBC

2009 Eqgns. 0306.5.2 through 0306.5.4) as appropriate.

W Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (KBC 2009 Eqgn. 0306.5.9)

vV w, . h
Froy =—— > 5“’:’ (KBC 2009 Eqn. 0306.5.9)
z Wstory hstory
story =1
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where,
Fswory = Portion of base shear applied to a story level.
\Y = Building base shear.
Wsiory = Weight of story level (based on specified mass).
hstory = Story height, distance from base of structure to story level.

k = Exponent applied to building height. The value of k depends on
the value of the building period, T, used for determining the base
shear. If T < 0.5 seconds, k = 1. If T > 2.5 seconds, k = 2. If 0.5
seconds < T < 2.5 seconds, k is linearly interpolated between 1
and 2.

n = Number of story levels in the structure.

2.24 2011 Dominican Republic R-001 Seismic Loads

2.24.1 Options for 2011 Dominican Republic R-001 Seis-
mic Building Period

Two options are provided for the building period used in calculating the 2011
R-001 automatic seismic loads. They are as follows:

= Program Calculated: The programs start with the period of the mode
calculated to have the largest participation factor in the direction that
loads are being calculated (X or Y).

= User Defined: In this case, input a building period, which the programs
use in the calculations.

2.24.2 Other Input Factors and Coefficients

The response modification factor, Rd, is direction dependent. Rd is specified
in 2011 R-001 Table 8. A typical range of values for R is 2 to 5.5.
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The seismic coefficients can be input by user. The seismic coefficients are in
Ss, Sl, Fa and Fv.

S, is the mapped spectral acceleration for short periods as determined in 2011
R-001 Table 1. S, is 1.55¢ for Zone | and 0.95g for Zone Il. The input in the
programs is in g.

S: is the mapped spectral acceleration for a one second period as determined
in 2011 R-001 Table 1. S; is 0.75 g for Zone | and 0.55g for Zone Il. The in-
put in the programs is in g.

Fa is a site coefficient for short period as determined in 2011 R-001 Table 4.
Site coefficients are user defined, Fa is input directly by the user. A typical
range of values for F4is 0.8 to 2.3.

Fv is a site coefficient for long period as determined in 2011 R-001 Table 5.
Site coefficients are user defined, Fy is input directly by the user. A typical
range of values for F, is 0.8 to 3.2.

U is a use coefficient as determined in 2011 R-001 Table 7. Use coefficient is
user defined, U is input directly by the user. A typical range of values for U
is 0.9 to 1.50.

2.24.3 Algorithm for 2011 Dominican Republic R-001

Seismic Loads
The algorithm for determining 2011 Dominican Republic R-001 seismic
loads is based on 2011 R-001 Section 34. A period is calculated as described

in a preceding section entitled "Options for 2011 Dominican Republic R-001
Building Period."

The programs begin by calculating the design spectral response acceleration
at short periods, Sps.

2
SDS = § FaSs

Next, the design spectral response acceleration is calculated at a one second
period, Sp1.
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2
SDl = § FvSl

The programs determine To and Ts.

T, =0.2%, and

DS
T, =5T,

The spectral acceleration (Sa(T)) at building period T is determined based on
the expressions:

065057 4045, if T <T,
0
Sa(T): SDS |f TO <T STS y
Sor. if T>T,
T

Initially a seismic response coefficient, Cs, is calculated using Article 35.
This base shear value is then checked against the limits specified.

c _Ues,(T)

. >0.03
Rd

The base shear, V, is calculated using Article 39.

V. = CW

Cs Seismic response coefficient as determined.

W

Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (Article 44).

\ Wstory hstory

n
z Wstory hstory

story =1

F

story
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2.25

2.25.1

2.25.2

where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.

Wsory = Weight of story level (based on specified mass).

Story height, distance from base of structure to story level.

hstory

=5
1

Number of story levels in the structure.

User Defined Seismic Loads

Input Factors and Coefficients

The base shear coefficient, C, is direction dependent. This coefficient multi-
plied times the building weight gives the lateral seismic base shear in the
direction specified.

The building height exponent, k, is used as an exponent on the building
height when determining the distribution of the base shear over the height of
the building.

Algorithm for User Defined Seismic Loads
The base shear, V, is calculated using (Eqgn. 2-6):

V=CW (Eqn. 2-6)
where,

C

User-defined base shear coefficient.

w

Weight of the building (based on specified mass).

The base shear, V, is distributed over the height of the building in accordance
with (Egn. 2-7):
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2.26.1
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k
Faoy = \i Waory Moy (Eqn. 2-7)
w;_lwmy Mory
where,
Fsory = Portion of base shear applied to a story level.
\Y = Building base shear.
Wsory = Weight of story level (based on specified mass).
hsory = Story height, distance from base of structure to story level.
k = A user-defined exponent.
n = Number of story levels in the structure.

Response Spectrum Functions

A response spectrum function is simply a list of period versus spectral accel-
eration values. In the programs, the acceleration values in the function are
assumed to be normalized; that is, the functions themselves are not assumed
to have units. Instead, the units are associated with a scale factor that multi-
plies the function and is specified when the response spectrum case is de-
fined.

Response spectra can be defined in the programs from a text file (From File),
from user specified parameters (User), and based on one of several built-in
code response spectra.

From File

A response spectrum definition can be added from a text file. The text file
should have period and spectral acceleration values. One set of values (peri-
od and spectral acceleration) should be provided on each line. Any line that
has a $ symbol in the first character space is treated as a comment line and
ignored. Any number of header lines at the beginning of the file can be speci-
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2.26.2

2.26.3

fied to be ignored by the program. Those header lines do not need $ symbols
at the beginning of them. The program quits reading the file when it reaches
the end of the file or when it reaches a blank line. Note that the program con-
siders a line with the first character space blank, the second character space a
$ symbol and anything beyond the $ symbol as a blank line.

Typically the program does not import the file into its database. It simply
maintains a link to the file location. Thus, if the response spectrum file is
moved, or if the .model file is moved to another location, the program may
suddenly be unable to locate the response spectrum file. If the response spec-
trum based on a text file is converted to a user-defined response spectrum,
the program imports the response spectrum into its database file and the data
will always be available to the model.

The program reads the response spectrum function file as follows:
o First it skips the specified number of header lines specified by the user.

o Next it checks to see if a line has a $ symbol as the first character. If it
does, then it skips to the next line.

o If there is not a $ symbol as the first character on the line, the program
reads the information on the line.

o If the line is blank or if the end of the file is reached, the program stops
reading and closes the file.

User

When defining a User Spectrum, the period and spectral acceleration values
are input for the function by the user.

Code Specific

The program allows definition of code specific response spectrum functions
for a variety of building codes. The user can apply the program defaults or
specify the parameters that define the code specific response spectrum. These
parameters vary from code to code. The parameters specified for each of the
codes included in the program are identified in sections that follow.
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1994 UBC Parameters for a Response Spectrum

Function

The 1994 UBC response spectrum function is based on Figure 16-3 in Chap-
ter 16 of the 1994 UBC. The digitization of these response spectra is based
on Section C106.2.1 in the 1996 SEAOC Recommended Lateral Force Re-
quirements and Commentary (more commonly called the SEAOC Blue
Book).

The parameters required are a seismic zone factor, Z and a soil type. Any
positive, nonzero value can be specified for the seismic zone factor; see
Table 16-1 in the 1994 UBC for typical values. The soil type can be input as
1, 2 or 3; see Table 16-J in the 1994 UBC for typical values.

1997 UBC Parameters for a Response Spectrum

Function

The 1997 UBC response spectrum function is constructed as shown in Figure
16-3 in Chapter 16 of the 1997 UBC. The parameters required are seismic
coefficients C, and C,. Any positive, nonzero value can be specified for the
seismic coefficients. See Tables 16-Q and 16-R in the 1997 UBC for typical
values of these coefficients.

1996 BOCA Parameters for a Response Spectrum

Function

The following parameters are input for the 1996 BOCA response spectrum
function. Any positive, nonzero value can be input for these parameters.

Aa = Seismic coefficient representing the effective peak acceleration
as determined in 1996 BOCA Section 1610.1.3.

Ay = Seismic coefficient representing the effective peak velocity-
related acceleration as determined in 1996 BOCA Section
1610.1.3.

R = The response modification factor determined from 1996 BOCA
Table 1610.3.3.

Response Spectrum Functions



Chapter 2 - Automatic Seismic Loads

S = The coefficient for the soil profile characteristics of the site as
determined by 1996 BOCA Table 1610.3.1.

The 1996 BOCA response spectrum function is based on 1996 BOCA Sec-
tion 1610.5.5. The response spectrum is constructed by plotting the modal
seismic design coefficient, Csm, versus the modal period of vibration, Tn. For
a given period, Tm, the value of Csy is determined using (Eqgn. 11-3).

1.2A,S _2.5A,
=EvD 2T Egn. 11-3
RT2? R (Eq )

sm

2.26.7 1995 NBCC Parameters for a Response Spectrum
Function

The following parameters are input for the 1995 NBCC (Canadian) response
spectrum function.

v = Zonal velocity ratio.
Z, = Acceleration-related seismic zone.
Z, = Velocity-related seismic zone.

Values for these parameters can be found in Appendix C of the 1995 NBCC.
Any positive, nonzero value can be input for the zonal velocity ratio, v. Any
positive integer, or zero, can be input for the acceleration and velocity-related
seismic zones.

The 1995 NBCC response spectrum function is based on item 44(a) in
Commentary J of the 1995 NBCC.

2.26.8 2005 NBCC Parameters for a Response Spectrum
Function

The following parameters are input for the 2005 NBCC (Canadian) response
spectrum function.

Peak Ground Acceleration (PGA)
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Sa(0.20) = Spectral Acceleration at 0.2 Sec.
Sa(0.50) = Spectral Acceleration at 0.5 Sec.
Sa(1.0) = Spectral Acceleration at 1.0 Sec.
Sa(2.0) = Spectral Acceleration at 2.0 Secs.
Site Class = Ato F.

Values for these parameters can be found in Appendix C of the 2005 NBCC.
Any positive, nonzero value can be input for the peak ground acceleration,
PGA. Any positive integer, or zero, can be input for the spectral acceleration.

The 2005 NBCC response spectrum function is based on item 72 in Com-
mentary J of the 2005 NBCC.

2.26.9 2010 NBCC Parameters for a Response Spectrum
Function

The following parameters are input for the 2010 NBCC (Canadian) response
spectrum function.

Peak Ground Acceleration (PGA)

Sa(0.20) = Spectral Acceleration at 0.2 Sec.
Sa(0.50) = Spectral Acceleration at 0.5 Sec.
Sa(1.0) = Spectral Acceleration at 1.0 Sec.
Sa(2.0) = Spectral Acceleration at 2.0 Secs.
Site Class= Ato F.

Values for these parameters can be found in Appendix C of the 2010 NBCC.
Any positive, nonzero value can be input for the peak ground acceleration,
PGA. Any positive integer, or zero, can be input for the spectral acceleration.

The 2010 NBCC response spectrum function is based on item 4.1.8.4(7) Part
4 of Division B of the 2010 NBCC.
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2.26.10 2015 NBCC Parameters for a Response Spectrum
Function

The following parameters are input for the 2015 NBCC (Canadian) response
spectrum function.

Peak Ground Acceleration (PGA)

Sa(0.20) = Spectral Acceleration at 0.2 Sec.
Sa(0.50) = Spectral Acceleration at 0.5 Sec.
Sa(1.0) = Spectral Acceleration at 1.0 Sec.
Sa(2.0) = Spectral Acceleration at 2.0 Secs.
Sa(5.0) = Spectral Acceleration at 5.0 Secs.
Sa(10.0) = Spectral Acceleration at 10.0 Secs.
Site Class= Ato F.

Values for these parameters can be found in Appendix C of the 2010 NBCC.
Any positive, nonzero value can be input for the peak ground acceleration,
PGA. Any positive integer, or zero, can be input for the spectral acceleration.

For Site Class F, additional parameters i.e., F(0.20), F(0.50), F(1.0), F(2.0),
F(5.0 and F(10.0) are also required user input.

The 2015 NBCC response spectrum function is based on item 4.1.8.4(7) Part
4 of Division B of the 2015 NBCC.

2.26.11 2003 IBC/ASCE 7-02 Parameters for a Response
Spectrum Function

The following parameters are input for the 2003 IBC response spectrum
function. Any positive, nonzero value can be input for these parameters.

Sps = The 5% damped design spectral response acceleration at short
periods as specified in 2003 IBC Section 1615.1.3.
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So1 = The 5% damped design spectral response acceleration at a one
second period as specified in 2003 IBC Section 1615.1.3.

The 2003 IBC response spectrum function is based on the procedure de-
scribed in 2003 IBC Section 1615.1.4.

2.26.12 2006 IBC/ASCE 7-05 Parameters for a Response
Spectrum Function

The following parameters are input for the 2006 IBC response spectrum
function. Any positive, nonzero value can be input for these parameters.

Ss = The 5% damped design spectral response acceleration at short
periods as specified in 2006 IBC Section 1613.5.1 (ASCE 7-05
11.4.1).

S1 = The 5% damped design spectral response acceleration at a one
second period as specified in 2006 IBC Section 1613.5.1 (ASCE
7-0511.4.1).

T. = Long-Period transition period(s) as specified in ASCE 7-05
11.45.

Site Class = Site class A to F as specified in IBC 2006 Section 1613.5.2
(ASCE 7-05 11.4.2).

The IBC 2006 response spectrum function is based on the procedure
described in IBC 2006 Section 1613.2.1.4 (ASCE 7-05 11.4).

2.26.13 2009 IBC/ASCE 7-05 Parameters for a Response
Spectrum Function

The following parameters are input for the 2009 IBC response spectrum
function. Any positive, nonzero value can be input for these parameters.

Ss = The 5% damped design spectral response acceleration at short
periods as specified in 2009 IBC Section 1613.5.1 (ASCE 7-05
11.4.1).
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S1 = The 5% damped design spectral response acceleration at a one
second period as specified in 2009 IBC Section 1613.5.1 (ASCE
7-0511.4.1).

T. = Long-Period transition period(s) as specified in ASCE 7-05
11.45.

Site Class = Site class A to F as specified in 2009 IBC Section 1613.5.2
(ASCE 7-0511.4.2).

The 2009 IBC response spectrum function is based on the procedure
described in 2009 IBC Section 1613.2.1.4 (ASCE 7-05 11.4).

2.26.14 2012 IBC/ASCE 7-10 Parameters for a Response
Spectrum Function

The following parameters are input for the 2012 IBC response spectrum
function. Any positive, nonzero value can be input for these parameters.

Ss = The 5% damped design spectral response acceleration at
short periods as specified in IBC 2012 Section 1613.3.1
(ASCE 7-10 11.4.1).

S1 = The 5% damped design spectral response acceleration at a
one second period as specified in IBC 2012 Section
1613.3.1 (ASCE 7-10 11.4.1).

TL = Long-Period transition period(s) as specified in ASCE 7-
10 11.4.5.

Site Class = Site class A to F as specified in IBC 2012 Section 1613.3.2
(ASCE 7-10 11.4.2).

The IBC 2012 response spectrum function is based on the procedure
described in IBC 2012 Section 1613.3 (ASCE 7-10 11.4).
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2.26.15 1997 NEHRP Parameters for a Response Spectrum
Function

The following parameters are input for the 1997 NEHRP response spectrum
function. Any positive, nonzero value can be input for these parameters.

Sps = The design earthquake spectral response acceleration at short
periods as specified in (1997 NEHRP Eqn. 4.1.2.5-1).
Sp1 = The design earthquake spectral response acceleration at a one

second period as specified in (1997 NEHRP Eqgn. 4.1.2.5-2).

The 1997 NEHRP response spectrum function is based on the procedure
described in 1997 NEHRP Section 4.1.2.6.

2.26.16 1998 Eurocode 8 Parameters for a Response Spec-
trum Function

The 1998 Eurocode 8 response spectrum function is constructed as described
in 1998 Eurocode ENV 1998-1-1:1994 Section 4.2.2. The parameters to be
entered are the design ground acceleration, ag, the subsoil class and the
damping correction factor, n. Any positive, nonzero value can be specified
for the design ground acceleration. The damping correction factor must satis-
fy n > 0.7. The subsoil class can be input as A, B, or C.

The ordinates of the response spectrum are calculated using Eqgns. 4.1
through 4.4 in 1998 Eurocode ENV 1998-1-1:1994 Section 4.2.2. The values
of Bo, Ts, Tc, To, ki, ko, and S are taken from Table 4.1 in 1998 Eurocode
ENV 1998-1-1:1994 Section 4.2.2. Note that the value of these items de-
pends on the specified subsoil class.

2.26.17 2004 Eurocode 8 Parameters for a Response Spec-
trum Function

The 2004 Eurocode 8 response spectrum function is constructed as described
in EN 1998-1-1:2004 Section 3.2.2.5. The parameters to be entered are the
design spectrum type, the ground type, the lower bound factor for the hori-
zontal design spectrum,  and the behavior correction factor, g. Any positive,
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nonzero value can be specified for the design ground acceleration. The be-
havior factor must satisfy q > 1.5 (the program will accept any nonzero val-
ue). The subsoil class can be inputas A, B, C, D or E.

The ordinates of the response spectrum are calculated using Egns. 3.13
through 3.16 in EN 1998-1-1:2004 Section 3.2.2.5. The values of Tg, Tc, To,
and S are taken from Table 3.2 or 3.3 in 1998 Eurocode EN 1998-1-1:2004
Section 3.2.2.5. Note that the value of these items depends on the specified
ground type and spectrum type.

2.26.18 1992 NZS 4203 Parameters for a Response Spec-
trum Function

For the 1992 NZS 4203 (New Zealand) response spectrum function, input a
scaling factor and a site subsoil category. Any positive, nonzero value can be
specified for the scaling factor. The site subsoil category can be input as A,
B, or C.

The 1992 NZS 4203 (New Zealand) response spectrum function is construct-
ed as specified in 1992 NZS 4203 Section 4.6.

The ordinates of the response spectrum are calculated using (1992 NZS4203
Egns. 4.6.3 and 4.6.4). If (1992 NZS4203 Eqgn. 4.6.3) is used, input the scal-
ing factor as (Sp)(R)(Z)(Ls). If (1992 NZS4203 Eqn. 4.6.4) is used, input the
scaling factor as (Sm)(Sp)(R)(Z)(Lu).

The program calculates the Cy(T, 1) term in (1992 NZS4203 Egns. 4.6.3 and
4.6.4) based on the input site subsoil category and the values for u = 1.0 in
Figures 4.6.1a, b, and c and in Tables 4.6.1a, b, and c. In Table 4.6.1a the co-
efficient values for periods of 0, 0.09, and 0.20 second are taken as 0.40,
0.68, and 0.68, respectively. In Table 4.6.1b the coefficient values for periods
of 0, 0.13, and 0.20 second are taken as 0.42, 0.80 and 0.80, respectively. In
Table 4.6.1c the coefficient values for periods of 0 and 0.10 second are taken
as 0.42 and 0.72, respectively.
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2.26.19 2004 NZS 1170.5 Parameters for a Response Spec-
trum Function

For the 2004 NZS 1170.5 (New Zealand) response spectrum function, the
following parameters are input. Any positive, nonzero value can be input for
these parameters.

Site Class = Site class A to E as specified in NZS 1170.5 clause 3.1.3.

Z = The hazard factor determined from NZS 1170.5 clause
3.1.4.

R = The return period factor Rs or Ry for the appropriate limit
state determined from NZS 1170.5 clause 3.1.5 but limited
such that ZR, does not exceed 0.7.

D = D is the shortest distance (in kilometers) from the site to
the nearest fault listed in Table 3.6. The distance, D, is
used to compute the near-fault factor, N(D,T), as given in
Subsection 3.1.6.2 of the 2004 NZS 1170.5. A typical
range of values for N(D,T) is 1 to 1.72.

Cn(T) The spectral shape factor determined from NZS 1170.5
clause 3.1.2 and Table 3.1 (computed by the program

computed based on time period).

The NZS 1170.5:2004 response spectrum function is constructed as specified
in NZS 1170.5:2004 Section 3.1.1.

2.26.20 2007 AS 1170.4 Parameters for a Response Spec-
trum Function

For the 2007 AS 1170.4 (Australia) response spectrum function, the follow-
ing parameters are input. Any positive, nonzero value can be input for these
parameters.

Cn(T) = Spectral shape factor for period T as determined by the
program from Table 6.4 of the AS 1170.4.
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Ko = Return period factor as determined for AS 1170.4 clause
3.1
z = Hazard factor as determined for AS 1170.4 clause 3.2.

Site Class= Site class Ae to E¢ as specified in AS 1170.4 clause 4.1.
Sp = Structural performance factor as given in AS 1170.4 clause 6.5.
U = Structural ductility factor as given in AS 1170.4 clause 6.5.

The AS 1170.4:2007 response spectrum function is constructed as specified
in AS 1170.4:2007 clause 7.2(a).

2.26.21 2007 AASHTO Parameters for a Response Spec-
trum Function

The AASHTO 2007 ground motion design spectra in CSiBridge is developed
in accordance with the AASHTO Guide Specifications for LRFD Seismic
Bridge Design. The design spectra uses the digitized USGS maps developed
for AASHTO. Those maps were developed for a hazard of 7% probability of
exceedance in 75 years (1000 return period).

The following parameters are input for the AASHTO 2007 response spec-
trum function. Any positive, nonzero value can be input for these parameters.

Ss = 0.2-Sec period spectral acceleration coefficient on Class B
rock.

S1 = 1.0-Sec period spectral acceleration coefficient on Class B
rock.

Site Class = Site class A to F as specified in Section 3.4.2.1 and Table 1.

The AASHTO 2007 response spectrum function is based on the procedure
described in AASHTO Guide Specifications for LRFD Seismic Bridge De-
sign, Section 3.4.1.
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2.26.22

2012 AASHTO Parameters for a Response Spec-

trum Function

2.26.23
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The AASHTO 2012 ground motion design spectra in CSiBridge is developed
in accordance with the AASHTO Guide Specifications for LRFD Seismic
Bridge Design. The design spectra uses the digitized USGS maps developed
for AASHTO. Those maps were developed for a hazard of 7% probability of
exceedance in 75 years (1000 return period).

The following parameters are input for the AASHTO 2012 response spec-
trum function. Any positive, nonzero value can be input for these parameters.

Ss = 0.2-Sec period spectral acceleration coefficient on Class B
rock.

S1 = 1.0-Sec period spectral acceleration coefficient on Class B
rock.

Site Class = Site class A to F as specified in Section 3.4.2.1 and Table 1.

The AASHTO 2012 response spectrum function is based on the procedure
described in AASHTO Guide Specifications for LRFD Seismic Bridge De-
sign, Section 3.10.2.1.

2002 Indian 1S:1893 Response Spectrum Function

The 1S:1893 response spectrum function is based on Figure 2 in section 6.4.5
of the 1S:1893 code. The digitization of these response spectra is based on
section 6.4.5.

The parameters required are a seismic zone factor Z, soil type and the damp-
ing ratio of the building structure. These values can be selected from relevant
sections of the 1S:1893 code.
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2.26.24 2008 Italian NTC Parameters for a Response Spec-
trum Function

The 2008 Italian NTC response spectrum function is constructed as described
in Technical Rules for Construction (NTC 2008). The parameters to be en-
tered are Fundamental Parameters, ag, Fo and T¢', the spectrum type, the limit
state, the soil type, the topography, the ratio for site altitude at base of hill to
height of hill (h/H), the damping (&) for elastic spectrum and the behavior
correction factor (g) for design spectrum. Any positive, nonzero value can be
specified for the Fundamental Parameters. The behavior factor must satisfy g
> 1.0 (the program will accept any nonzero value). The subsoil type can be
input as A, B, C, D or E. The topography type can be T1, T2, T3 or T4.

The Fundamental Parameters ag (peak ground acceleration), Fo (magnifica-
tion factor) and T." (reference period), can be entered based on a given set of
Latitude and Longitude, by Island name or user specified. For Latitude and
Longitude and Island Name options, user also need to input the Limit State,
the Usage Class and the Nominal Life of the structure. These parameters are
used for computing Return period, Tr.

Tog=——""— and,

Vn = nominal life of the structure
Cu = usage coefficient

Usage Class [ 1 1l v
Coefficient, Cy 0.7 1.0 15 2.0

The Limit State option can be SLO, SLD for elastic spectrum and SLV and
SLC for design spectrum. The Pyr parameters are determined from the fol-
lowing table:
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Spectrum Type Limit State  Pvr% Description
Elastic SLO 81 Immediate Occupancy
SLD 63  Damage Control
Design SLV 10  Life safety _
SLC 5 Collapse Prevention

For a given return period, Tr the parameters ag(Tr), Fo(Tr) and Tc*(Tr), here
called p, can be calculated as follows:

ool ) of . o]

The ordinates of the response spectrum are calculated using the equations
given below. The values of Ts, Tc, Tp, and S depend on the specified soil
type and spectrum type.

2.26.24.1 Horizontal Elastic Response Spectrum
0<T <T, se(T)zag_gsnF{LL(l_Lﬂ

Ty 1k Tg

a
Ty <T<T. S.(T)=-—SpF,
g9

a
T <T<T, S,(T)=-2SyF, [TT—C}
g

a
T, <T  S,(T) :_QSUFO {T-T-I;D}
g

17 =4/10/(5+ &) > 0.55, where & is damping in percent
The S and spectra ordinate are based on the following equations:

S=S.5S,

S
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* a
T.=C.T. T, :%; T, -4% 16
g

The parameter C, Ss and St are obtained using Soil Type and Topography.

Soil Type Se C
A 1.00 100
a —
B 1.00 <1.40 - 0.40F, % <1.20 L1o(T;) "™
9
a —
C 1.0031.70—0.6F059£1.501 1'05(1_:) 0.33
a —
D 0.90 < 2.40-15F, — <1.80 125(T )"
g
a —
E 1.00 < 2.00—-1.10F, —% <1.60 115(1,) "
9
Topography St
T 1.0
T2 10<1+02-1 <12
H
T3 1.0<1+ 0.21 <1.2
H
T4 10<1+ 0.4% <14

2.26.24.2 Vertical Elastic Response Spectrum

a
0<T<T, S,(T)=—2SnF, l+i(1—lJ
g Ty nk

a
Tg <T<T. S,.(T)=—SnF,
g

a
T<T<T, sve(r)=—98nF{TT—ﬂ
g

Response Spectrum Functions 2-117



Automatic Seismic Loads

a
T, <T sve(r)=—98an[T°TD}
g

T2
17 =4/10/(5+ &) > 0.55, where & is damping in percent
S=S5S,
a 0.5
F, =1.35F, (—gj
g
Soil Type Ss Ts Tc To
A B,CDE 1.00 0.05s 0.15s 10s
Topography St
T1 1.0
T2 1.2
T3 1.2
T4 14

2.26.24.3 Design Horizontal Response Spectrum

The Design Horizontal Spectrum is same as Elastic Horizontal spectrum ex-
cept the following:

The n parameter for Design spectrum is defined as 7 =1/q,

where, gn is the structure behavior factor for horizontal component

2.26.24.4 Design Vertical Response Spectrum

The Design Vertical Spectrum is same as Elastic Vertical spectrum except
the followings:

The n parameter for Design spectrum is defined as n=1/q,
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where, qv is the structure behavior factor for vertical component (1.5 for
buildings, 1.0 for bridges).

2.26.25 2007 TSC Parameters for a Response Spectrum
Function

The 2007 TSC response spectrum function is based on Figure 2.5 in Part 1l of
the 2007 TSC. The digitization of these response spectra is based on Section
2.4.4,

The parameters required are a seismic zone factor, Z, local site classes for
soil characteristics, R and importance factor, 1. Any positive, nonzero value
can be specified for the importance and R factor. The local site classes for
soil characteristic can be input as Z1, Z2, Z3 or Z4; see Table 2.2 to 2.5 in
the 2007 TSC for typical values.

2.26.26 1995 SI 413 Parameters for a Response Spectrum
Function

The following parameters are input for the 1995 SI 413 response spectrum
function. Any positive, nonzero value can be input for these parameters.

Z = Ground Acceleration coefficient representing the effective peak
acceleration as determined in 1995 Sl 413 Section 202.1.

S = The Soil type of the site as determined by 1995 Sl 413 Table
202.2.

I = The Importance factor as determined in 1995 S| 413.

K = The Seismic force reduction factor as determined from 1995 Si
413 Tables 5,6 or 7.
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2.26.27 KBC 2009 Parameters for a Response Spectrum
Function

The following parameters are input for the 2009 KBC response spectrum
function. Any positive, nonzero value can be input for these parameters.

S1 = The design spectral response acceleration as specified in 2009
KBC Section 0306.3.1, Table 0306.3.1.

Ss = The design spectral response acceleration at a one second period.
In KBC 2009, Ss is 2.5 times the value S; from Table 0306.3.1.

Site Class = Site class Sa to Sg as specified in KBC 2009 Section
0306.3.2.1, Table 0306.3.2.

The KBC 2009 response spectrum function is based on the procedure
described in KBC 2009 Section 0306.3.

2.26.28 2013 Argentina Regulation 103 INPRES-CIRSOC Pa-
rameters for a Response Spectrum Function
The following parameters are input for the 2013 Spectrum of Argentina un-

der Regulation 103 Inpres-CIRSOC response spectrum function. Any posi-
tive, nonzero value can be input for these parameters.

Z = The seismic zone as specified in 2013 Spectrum of Argentina
under Regulation 103 Inpres-CIRSOC Annex A Section 2.2,
Figure 2.

S = The soil type as specified in 2013 Spectrum of Argentina under

Regulation 103 Inpres-CIRSOC Table 2.2.

Group = The occupation category as specified in 2013 Spectrum of Ar-
gentina under Regulation 103 Inpres-CIRSOC Chapter 2.4.

R = The response modification factor as specified in 2013 Spectrum
of Argentina under Regulation 103 Inpres-CIRSOC Table 5.1.

The 2013 Argentina Regulation 03 Inpres-CIRSOC response spectrum func-
tion is based on the procedure described in Inpres-CIRSOC Section 3.5.
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2.26.29 1993 Chile Standard NCh433 + DS61 Parameters for
a Response Spectrum Function

The following parameters are input for the 1993 Chile Standard NCh433 +
DS61 response spectrum function. Any positive, nonzero value can be input
for these parameters.

Z = The seismic zone as specified in 1993 Chile Standard NCh433 +
DS61 Table 4.2.

S = The soil type as specified in 1993 Chile Standard NCh433 +
DS61.

Category = The occupation category as specified in 1993 Chile Standard
NCh433 + DS61 Table 4.1.

The 1993 Chile Standard NCh433 + DS61 response spectrum function is
based on the procedure described in Section 6.3.5.

2.26.30 2003 Chile Standard 2369 Parameters for a Re-
sponse Spectrum Function

The following parameters are input for the 2003 Chile Standard 2369 re-
sponse spectrum function. Any positive, nonzero value can be input for these
parameters.

I = The importance factor as specified in 2003 Chile Standard 2369
Section 4.3.2.

Z = The seismic zone as specified in 2003 Chile Standard 2369 Table
5.2.

S = The soil type as specified in 2003 Chile Standard 2369 Table
5.4.

R = The response modification factor as specified in 2003 Chile
Standard 2369 Table 5.7.

The 2003 Chile Standard 2369 response spectrum function is based on the
procedure described in Section 5.3.3.
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2.26.31 2010 Colombian Regulations NSR-10 Parameters
for a Response Spectrum Function
The following parameters are input for the 2010 Colombian Regulations

NSR-10 response spectrum function. Any positive, nonzero value can be in-
put for these parameters.

Aa = The effective peak acceleration as specified in 2010 Colombian
Regulations NSR-10 Appendix A4.

Av = The effective peak velocity as specified in 2010 Colombian
Regulations NSR-10 Appendix A4.

Ae = The reduced effective peak acceleration as specified in 2010 Co-
lombian Regulations NSR-10 Appendix A4.

Ad = The effective peak acceleration for the damage threshold as speci-

fied in 2010 Colombian Regulations NSR-10 Appendix A4.

U = The Group of Use as specified in 2010 Colombian Regulations
NSR-10 Section A.2.5.1.

Fa = The amplification factor of the acceleration for short periods as
specified in 2010 Colombian Regulations NSR-10 A.2.4-3.
Fv = The amplification factor of the acceleration for interim periods

as specified in 2010 Colombian Regulations NSR-10 A.2.4-3.

The 2010 Colombian Regulations NSR-10 response spectrum function is
based on the procedure described in Section A2.6.1.

2.26.32 2011 Ecuador Standard NEC-11 Parameters for a
Response Spectrum Function

The following parameters are input for the 2011 Ecuador Standard NEC-11
response spectrum function. Any positive, nonzero value can be input for
these parameters.

Z = The Zone coefficient as specified in 2011 Ecuador Standard
NEC-11 Table 2.2.
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TS

Fa

Fd

Fs

The # coefficient as specified in 2011 Ecuador Standard NEC-
11.

The Soil types as specified in 2011 Ecuador Standard NEC-11
Table 2.3.

The Site factor as specified in 2011 Ecuador Standard NEC-11
Table 2.5.

The Site factor as specified in 2011 Ecuador Standard NEC-11
Table 2.6.

The inelastic behavior factor of subsurface as specified in 2011
Ecuador Standard NEC-11 Table 2.7.

The Importance factor as specified in 2011 Ecuador Standard
NEC-11 Table 2.9.

The Response Modification factor as specified in 2011 Ecuador
Standard NEC-11 Table 2.14.

The 2011 Ecuador Standard NEC-11 response spectrum function is based on
the procedure described in Section 2.5.5.1.

2.26.33 2010 Guatemala Standard AGIES NSE 2-10 Parame-
ters for a Response Spectrum Function
The following parameters are input for the 2010 Guatemala Standard AGIES

NSE 2-10 response spectrum function. Any positive, nonzero value can be
input for these parameters.

Sir

The Seismicity Index as specified in 2010 Guatemala Standard
AGIES NSE 2-10 Annex A.

The spectral sorted for short period as specified in 2010 Guate-
mala Standard AGIES NSE 2-10 Annex A.

The spectral sorted for long period as specified in 2010 Guate-
mala Standard AGIES NSE 2-10 Annex A.
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Fs

Dh

TS

Fa

Fv

The Type of Seismic Source as specified in 2010 Guatemala
Standard AGIES NSE 2-10 Table 4-5.

The Horizontal distance to seismic source as specified in 2010
Guatemala Standard AGIES NSE 2-10.

The types of earthquake as specified in 2010 Guatemala Stand-
ard AGIES NSE 2-10.

The Site coefficient as specified in 2010 Guatemala Standard
AGIES NSE 2-10 Table 4.2.

The Site coefficient as specified in 2010 Guatemala Standard
AGIES NSE 2-10 Table 4.3.

The Response modification factor as specified in 2010 Guatema-
la Standard AGIES NSE 2-10 Table 2.14.

The 2010 Guatemala Standard AGIES NSE 2-10 response spectrum function
is based on the procedure described in Section 4.3.4.2.

2.26.34 2004 Mexico Standard NTC-2004 Parameters for a

Response Spectrum Function
The following parameters are input for the 2004 Mexico Standard NTC-

2004 response spectrum function. Any positive, nonzero value can be input
for these parameters.

z

= The Seismicity Zone as specified in Mexico Standard NTC-2004

Section 1.4.

The Ranking by Group as specified in Mexico Standard NTC-
2004 chapter 7.

The seismic behavior factor as specified in Mexico Standard
NTC-2004 chapter 5.

The correction factor by irregularity as specified in Mexico
Standard NTC-2004 chapter 6.
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The Mexico Standard NTC-2004 response spectrum function is based on the
procedure described in chapter 4.

2.26.35 2003 Peru Standard E.030 Parameters for a Re-
sponse Spectrum Function

The following parameters are input for the 2003 Peru Standard E.030 re-
sponse spectrum function. Any positive, nonzero value can be input for these
parameters.

ZS = The Seismic Zone as specified in 2003 Peru Standard E.030
Chapter 2, Figure 1.

CE = The Occupation category as specified in 2003 Peru Standard
E.030 Chapter 3, Table 3.

TS = The Soil Types as specified in 2003 Peru Standard E.030 Chap-
ter 2, Section 6.

SC = The Structural Configuration as specified in 2003 Peru Standard
E.030 Chapter 3, Section 11.

R = The Response modification factor as specified in 2003 Peru
Standard E.030 Chapter 3, Table 6.

The 2003 Peru Standard E.030 response spectrum function is based on the
procedure described in Chapter 4, section 18.2b.

2.26.36 2011 Dominican Republic Standard R-001 Parame-
ters for a Response Spectrum Function

The following parameters are input for the 2011 Dominican Republic Stand-
ard R-001 response spectrum function. Any positive, nonzero value can be
input for these parameters.

LC = The Location in near field as specified in 2011 Dominican Re-
public Standard R-001.
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Ss = The sorted spectral reference for short period as specified in
2011 Dominican Republic Standard R-001.

S1 = The sorted spectral reference for long period as specified in 2011
Dominican Republic Standard R-001.

Fa = The Soil factor associated to short period as specified in 2011
Dominican Republic Standard R—001.

Fv = The Soil factor associated to long period as specified in 2011
Dominican Republic Standard R-001.

Use = The Classification by user of structure as specified in 2011 Do-
minican Republic Standard R—001.

Ras = The Response modification factor as specified in 2011 Domini-
can Republic Standard R—001.

The 2011 Dominican Republic Standard R—001 response spectrum function
is based on the procedure described in Chapter 3.

2.26.37 2001 Venezuela Standard COVENIN 1756-1 Parame-
ters for a Response Spectrum Function

The following parameters are input for the 2001 Venezuela Standard
COVENIN 1756-1 response spectrum function. Any positive, nonzero value
can be input for these parameters.

Z = The Seismic Zone as specified in 2001 Venezuela Standard
COVENIN 1756-1 Table 4.2.

S = The Spectral form as specified in 2001 Venezuela Standard
COVENIN 1756-1 Table 5.1.

p = The Correction factor as specified in 2001 Venezuela Standard
COVENIN 1756-1 Chapter 6.

U = The Site coefficient as specified in 2001 Venezuela Standard
COVENIN 1756-1 Table 4.3.
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R = The Response modification factor as specified in 2001 Venezue-
la Standard COVENIN 1756-1 Table 6.4.

The 2001 Venezuela Standard COVENIN 1756-1 response spectrum func-
tion is based on the procedure described in Chapter 7.

2.26.38 2015 Ecuador Standard NEC-SE-DS Parameters for
a Response Spectrum Function
The following parameters are input for the 2015 Ecuador Standard NEC-SE-

DS response spectrum function. Any positive, nonzero value can be input for
these parameters.

Z = The Zone coefficient as specified in 2015 Ecuador Standard
NEC-SE-DS Table 1.

Soil Type = The soil type as specified in 2015 Ecuador Standard NEC-SE-
DS Table 2.

n = The 5 coefficient as specified in 2015 Ecuador Standard NEC—
SE-DS Section 3.3.1.

Fa = The Site factor as specified in 2015 Ecuador Standard NEC-SE-
DS Table 3.

Fd = The Site factor as specified in 2015 Ecuador Standard NEC-SE-
DS Table 4.

Fs = The inelastic behavior factor of subsurface as specified in 2015
Ecuador Standard NEC-SE-DS Table 5.

I = The Importance factor as specified in 2015 Ecuador Standard
NEC-SE-DS Table 6.

R = The Response Modification factor as specified in 2015 Ecuador

Standard NEC-SE-DS Table 15 and 16.

The 2015 Ecuador Standard NEC-SE-DS response spectrum function is
based on the procedure described in Section 3.3.1.
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2.26.39 2014 Peru Standard E.030 Parameters for a Re-
sponse Spectrum Function

The following parameters are input for the 2014 Peru Standard E.030 re-
sponse spectrum function. Any positive, nonzero value can be input for these
parameters.

ZS = The Seismic Zone as specified in 2014 Peru Standard E.030
Chapter 2, Figure 1, Table 1.

CE = The Occupation category as specified in 2014 Peru Standard
E.030 Chapter 3, Table 5.

SoilType = The soil type as specified in 2014 Peru Standard E.030 Chap-
ter 2, section 2.3.1.

la = The irregularity factor as specified in 2014 Peru Standard E.030
Chapter 3, Section 3.6, Table 8.

Ip = The irregularity factor as specified in 2014 Peru Standard E.030
Chapter 3, Section 3.6, Table 9.

RO The Response modification factor as specified in 2014 Peru

Standard E.030 Chapter 3, Table 7.

The 2014 Peru Standard E.030 response spectrum function is based on the
procedure described in Chapter 2, section 2.5.

2.26.40 2008 Mexico CFE Parameters for a Response Spec-
trum Function

The following parameters are input for the 2008 Mexico Standard CFE re-
sponse spectrum function. Any positive, nonzero value can be input for these
parameters.

Z = The Seismic Zone as specified in Mexico CFE 2008 code. The
seismic zone are A, B, C or D.

G = The Structural Classification as specified in Mexico CFE 2008
There are two types of structural classification i.e., 1 and 2.
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S = The Soil Type as specified in Mexico CFE 2008. Soil type can
be either I, 11 or I1I.

Q = The seismic behavior factor as specified in Mexico CFE 2008.
The valuesare 1,1.5,2,3and 4.

I = The correction factor by irregularity as specified in Mexico CFE
2008. Correction factor can be either 0.8 or 1.0.

2.26.41 1993 Mexico CFE Parameters for a Response Spec-
trum Function

The following parameters are input for the 1993 Mexico Standard CFE re-
sponse spectrum function. Any positive, nonzero value can be input for these
parameters.

Z = The Seismic Zone as specified in Mexico CFE 1993 code. The
seismic zone are A, B, C or D.

G = The Structural Classification as specified in Mexico CFE 1993
There are two types of structural classification i.e., 1 and 2.

S = The Soil Type as specified in Mexico CFE 1993. Soil type can
be either I, 11 or 111

Q = The seismic behavior factor as specified in Mexico CFE 1993.
The valuesare 1, 1.5,2,3and 4.

I = The correction factor by irregularity as specified in Mexico CFE
1993. Correction factor can be either 0.8 or 1.0.

2.26.42 2010 Costa Rica Parameters for a Response Spec-
trum Function

The following parameters are input for the 2010 Costa Rica Seismic Design
code response spectrum function. Any positive, nonzero value can be select-
ed for these parameters.
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2.26.43
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Zone = The Seismic Zone as specified in Costa Rica 2010 seismic
code. The seismic zone are II, 111 or V.
Soil = The Soil Type as specified in Costa Rica 2010 seismic code.

Soil type can be either S1, S2, S3 or S4.

Occupancy = There are 4 occupancy Groups i.e., A to D in Costa Rica 2010
seismic code.

Overstrength = The ductility overstrength factor can be 1, 1.5, 2, 3, 4 and 6

as specified in Costa Rica 2010 seismic code.

SP 14.13330.2014 Response Spectrum Function

The Russian SP 14.13330.2014 response spectrum function is constructed
based on input parameters for the spectrum direction, region seismicity at the
construction site, soil category, nonlinear soil deformation factor, and three
additional factors.

The spectrum direction can be horizontal or vertical, for either buildings or
bridges. The region seismicity can be 6, 7, 8, or 9. The soil category can be I,
I, 11, or IV.

The factor Kq is only applicable for buildings and should be input with a val-
ue greater than zero and less than or equal to two.

The factor K; should be greater than zero and less than or equal to one. The
factor K, is only applicable for horizontal spectra and should be greater than
or equal to 0.5 and less than or equal to 1.5.

Nonlinear soil deformation can be taken into account for buildings with a soil
category of Il or IV by inputting a value for asi that is greater than zero and
less than or equal to one.

The following combinations of the region seismicity and soil category are no
permitted by the code:

e Soil Category — | and Seismicity = 6 or 7

e Soil Category — Il and Seismicity = 6

Response Spectrum Functions
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e Soil Category = Il or IV and Seismicity =9
The spectral acceleration, S,, is calculated as follows:
Buildings — 55 = @upir* Qgirece Ko Ky - A Ky -
Bridges — 5, = Qgipace " K1 A" Ky - f5;
where,

adirect = 0.75 for vertical response spectra

adirect = 1.0 for horizontal response spectra

The acceleration value, A, depends on the earthquake intensity and the soil

type, as shown in the following table.

| ] Il or IV
N/A  N/A 1 m/s?
N/A  1m/s? 2m/s?

1m/s?> 2m/s> 4 mls?
2m/s® 4 m/s? N/A

O|o|N| O

The value g is calculated based on the period of interest and shall be greater
than or equal to 0.8. The equations used depend on the soil type. For soil

types I and Il, g is calculated as:

f;=1+15"-T; for T; = 0.1sec
5 =25 for 0lsec < T; < 0.4sec
0.4, \*°
B = 2.5( : ;'TE) for T; = O.4sec

For soil types Il and IV, £ is calculated as:

f;=1+15"-T; for T; = 0.1sec
5 =25 for 0lsec < T; < 0.8sec
0.8, \*°
B = 2.5( : ;'TE) for T; = 0.8sec
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Chapter 3
Automatic Wind Loads

This chapter documents the automatic wind lateral static load patterns that can
be generated. Automatic wind loads can be generated in any arbitrary horizon-
tal direction for the following codes:

= 1994 UBC = ASCE 7-10
= 1997 UBC = 1987 RCDF (Mexico)
= 1996 BOCA = 2010 Chinese
= BS6399-95 = API 4F 2008
= 1995 NBCC = 2005 Eurocode 1, Part 1-4
" 2005NBCC = 2011 AS/NZS 1170.2
= 2010 NBCC

= 2002 AS/NZS 1170.2
= 2015 NBCC

= 1987 Indian 1S:875
= ASCE 7-88
= ASCE 7-95 = 2008 ltalian NTC
= ASCE 7-02 = 1997 Turkish 498

= 2006 IBC/ASCE 7-05
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3.1

3.2

Defining Automatic Wind Load Patterns

The commands used to define automatic seismic static load patterns are as
specified in the on-line, program-specific Help.

Each automatic static lateral load must be in a separate load pattern. That is,
two or more automatic static lateral loads cannot be specified in the same load
pattern. However, additional user-defined loads can be added to a load pattern
that includes an automatic static lateral load. A separate automatic static load
pattern must be defined for each direction of wind load.

Note that the actual forces associated with an automatic static lateral load are
not calculated until an analysis has been run. Thus, the resultant automatic
lateral loads cannot be reviewed until after an analysis has been run.

Automatic Wind Load Patterns

The forms defining the automatic wind loads consist of four data sets; some of
the data sets are dependent on the exposure selected.

One data set defines the exposure by selecting loading based on diaphragms or
area objects. Another data set defines the wind exposure parameters, and a
third set defines the exposure height. The fourth set is for specifying the wind
coefficients. The data in the first three sets is common to all of the codes and is
described in the subsections that follow. The wind coefficient data set is code-
dependent and is described separately for each code later in this chapter.

Wind loads also can be user defined, which is described at the end of this chap-
ter.

When the code is ASCE 7-95, ASCE 7-02, ASCE 7-05, ASCE 7-10 or NBCC
2015, automatic wind load patterns may become multi-stepped. For example, a
wind load may be specified as occurring at multiple angles around the struc-
ture. These will be treated as a single load pattern and will be analyzed in a
single load case, producing multiple output steps of response, one for each sep-
arate step of the load.
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When a multi-stepped load pattern is applied in a load case, the following rules
govern how it will be handled:

1. Ina linear static load case, the load case will internally be run as a multi-
linear static load case, producing multiple output steps.

2. Inanonlinear static load case, the load case will internally be run as a new
type of staged-construction load case, where each stage starts from the be-
ginning of the load case, producing results similar to the multi-linear static
load case.

3. All other load cases (including staged-construction) are unchanged, and
will treat the load pattern as single-stepped, using the first step of the mul-
ti-stepped load pattern.

4. For cases 1 and 2, if several multi-stepped load patterns are applied in a
single load case, they superpose on a step-wise basis. For example, if load
pattern A has 3 steps and load pattern B has 5 steps, the load case will ap-
ply five independent load steps: A1+B1, A2+B2, A3+B3, B4, B5. If a non-
stepped load pattern is applied, such as Dead, it is applied in every load
step.

Exposure

The automatically calculated wind loads may be determined by exposure to di-
aphragms or to area objects (i.e., exterior cladding, walls, and roofs).

If exposure from the extents of diaphragms is selected, a separate lateral load is
created for each diaphragm present at a story level. The wind loads calculated
at any story level are based on the story level elevation, the story height above
and below that level, the assumed exposure width for the diaphragm(s) at the
story level, and various code-dependent wind coefficients.

If area objects are used to model the actual in-plane stiffness of the diaphragm
and automatic wind loads are to be created using the diaphragm option, one or
more dummy diaphragms must be defined at each story level. Assign a dummy
diaphragm to just one point object at a story level; that point object becomes
the location where the wind load is applied. However, a diaphragm consisting
of a single point object will have a zero exposure width, so input a user-defined
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exposure width for the dummy diaphragm to generate a non-zero wind load
(use the Modify/Show Exposure Widths button on the Wind Loading form).

If exposure from area objects is selected, wind loads will be generated on each
area object that has been assigned a wind pressure coefficient, Cp. The wind
load pattern must be defined before assigning the C, values to the area objects.
The wind loads calculated at an area object are based on the elevation of the
object, the dimensions of the object, and various code-dependent wind coeffi-
cients.

Unlike the diaphragm exposure option that generates only lateral wind loads,
the exposure from area objects option will generate wind loads normal to any
area object, regardless of its orientation. Thus, this option may be used to gen-
erate vertical as well as lateral loads.

Wind Exposure Parameters

The wind exposure parameters are available only when calculating lateral wind
loads using the exposure from extents of diaphragms option. These input
values are not available when using the exposure from area objects method
because the wind coefficients are assigned directly to the area objects using a
loads command.

When specifying the wind direction, indicate the direction of the wind by an
angle measured in degrees. An angle of O degrees means the wind is blowing in
the positive global X-direction; that is, it is blowing from the negative global X-
direction to the positive global X-direction. An angle of 90 degrees means the
wind is blowing in the positive global Y-direction. An angle of 180 degrees
means the wind is blowing in the negative global X-direction. An angle of 270
degrees means the wind is blowing in the negative global Y-direction.

Any angle for the wind direction can be input. The angle is always measured
counterclockwise from the positive global X-axis. A positive angle appears
counterclockwise as you look down on the model in the negative global Z-
direction.

The windward coefficient, Cp, and the leeward coefficient, Cp, are used in
calculating the wind pressures on the windward and leeward sides of the
diaphragms, respectively. The windward side of a diaphragm is the side
exposed to the wind, while the opposite side is the leeward side.

Exposure from Extents of Diaphragms
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3.2.3

Click the Modify/Show Exposure Widths button to review and modify the
exposure widths calculated by the programs for each diaphragm. By default,
the wind exposure width for a diaphragm is equal to the calculated width of the
diaphragm in a direction perpendicular to the direction of the wind load.

The maximum width of the diaphragm perpendicular to the direction of the
wind loading is calculated using the following three-step process.

= Transform the coordinates of all of the point objects that are part of the
diaphragm constraint into a system of coordinates that is parallel and per-
pendicular to the specified direction of wind loading.

* Find the point objects that have the maximum and minimum coordinates
perpendicular to the direction of the wind load. For example, if the wind
load is in the global X-direction, find the point objects with the maximum
and minimum global Y-coordinates.

= Subtract the minimum perpendicular coordinate from the maximum per-
pendicular coordinate to obtain the diaphragm width perpendicular to the
wind load.

By default, the point where the wind load is applied to a diaphragm is the cal-
culated geometric center of the diaphragm. Modify the assumed wind load ap-
plication point and the default exposure width on the Wind Exposure Width
Data form, which displays when the Modify/Show Exposure Widths button is
clicked.

NOTE: It is recommended to only use “Area Exposure Method” for specify-
ing Auto Wind Load when Multiple Towers are present in a single model.

Wind Exposure Height

The top story/maximum elevation and a bottom story/minimum elevation input
values specify the elevation range over which the structure is exposed to wind.

The top story/maximum global Z indicates the highest story level to be
assumed exposed to wind loading for the purposes of calculating the automatic
wind load. In most instances the top story should be the uppermost story
level/elevation in the building and this is the default value.
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In some instances, for example where penthouses are included in the model, it
may be more convenient to indicate that the top story level for automatic wind
loading is the main roof level. User-defined loads can then be added to the load
pattern to account for the wind loads acting on the penthouse.

The bottom story/minimum global Z indicates the lowest story level that is ex-

posed to wind loading. It is assumed that all stories above the bottom story are
loaded by the wind.

By default the bottom story is assumed to be the base level of the structure. In
some cases, it may be advantageous to specify a higher level as the bottom
story for wind loading. One example of this might be if a building has several
below-grade levels that should not receive any wind loading.

Figure 3-1 gives a representation of how loads are distributed to the dia-
phragms when using the exposure from extents of diaphragms method.

Exposure width for Exposure width for Exposure width for
2nd level diaphragm 2nd level diaphragm 2nd level diaphragm
- Exposure - Exposure - Exposure
=) width for =) width for =) width for
= %’ Roof level 3 %’ Roof level 3 fcj Roof level
58 diaphragm 5|8 diaphragm 5|8 diaphragm
rTTTTTTo Roof T Roof N Roof
i h, f h,/2 0, T b,
2nd 2nd yel2 2nd
h,/2
AZ h, z h, \ z h,
é Base é Base é Base
a) Building Elevation b) Wind Loading at Roof Level ¢) Wind Loading at 2nd Level
Figure 3-1: Example extent of wind loading
Figure 3-1a shows an elevation of a two-story building with diaphragms at
each story level. Assume the wind load is to be automatically calculated for the
Y-direction. Thus, the wind load is acting on the face of the building shown in
Figure 3-1a.
6
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The shaded area in Figure 3-1b illustrates the extent of the wind load that is
applied to the roof level diaphragm. The shaded area in Figure 3-1c illustrates
the extent of the wind load that is applied to the 2" level diaphragm.

When using the exposure from area objects method, the exposure heights al-
lows the programs to determine how much of each area object is exposed to
wind.

1994 UBC Wind Loads
Input Wind Coefficients

Three wind coefficients are input for 1994 UBC wind loads. They are the basic
wind speed in miles per hour (mph), the exposure type, and the wind im-
portance factor, .

The basic wind speed is described in 1994 UBC Sections 1614 and 1616. A
typical range of values for the basic wind speed is 70 to 130 mph.

The exposure types are described in 1994 UBC Sections 1614 and 1617. The
exposure type can be B, C or D. No other values are allowed. The wind im-
portance factor can be found in 1994 UBC Table 16-K. The wind importance
factor, I, should be input, not one of the seismic importance factors, | or I,. A
typical range of values for |, is 1.00 to 1.15.

Algorithm for 1994 UBC Wind Loads

ETABS automatic wind loads for the 1994 UBC are based on Sections 1614
through 1619 of the 1994 UBC.

The wind loads applied in ETABS are a modified version of the Method 2
(Projected Area Method) as described in Section 1619.3 of the 1994 UBC.
ETABS applies horizontal wind loads on the vertical projected area as de-
scribed in Section 1619.3. ETABS has two modifications to the requirements
of Section 1619.3. The first modification is that ETABS does not automatically
apply vertical wind loads over the projected horizontal area. To include these
vertical wind loads in the load case, the user must manually include them.
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The other modification is that ETABS applies the method to structures of any
height. It does not limit it to structures less than 200 feet high as discussed in
1994 UBC Section 1619.3.

The shape of the horizontal projected area is determined based on the story
heights and the input exposure widths for each rigid diaphragm. ETABS uses
1994 UBC Equation 18-1 to determine the wind pressure, P, at any point on the
surface of the horizontal projected area.

P=CeCqyQs lw (UBC 94 Egn. 18-1)
where,

C. = Combined height, exposure and gust factor coefficient, as given in
1994 UBC Table 16-G.

Cq = Pressure coefficient for the structure, as given in 1994 UBC Table
16-H.

gs = Wind stagnation pressure at the standard height of 33 feet, as giv-
en in 1994 UBC Table 16-F.

lw = Importance factor, as input by the user.

ETABS determines the C. coefficient from 1994 UBC Table 16-G using the
input exposure type and the input bottom story. For use in 1994 UBC Table 16-
G the elevation of the input bottom story is assumed to be zero (0). ETABS us-
es linear interpolation to determine the value of the C. coefficient at heights
above 15 feet that are not listed in 1994 UBC Table 16-G.

ETABS determines the Cq coefficient from 1994 UBC Table 16-H. ETABS us-
es the values for Primary Frames and Systems using Method 2 (the projected
area method). Thus for buildings 40 feet or less in height, ETABS uses Cq =
1.3, and for buildings more than 40 feet in height, ETABS uses Cq = 1.4.

ETABS determines gs from 1994 UBC Table 16-F.
gs = 0.00256 V2> 10 psf
where,

gs = Wind stagnation pressure at the standard height of 33 feet, psf.
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V = Basic wind speed as input by the user, mph.
Note the units that are specified for gs and V.

ETABS distributes the pressures, P, on the surface of the horizontal projected
area to each rigid diaphragm on a tributary area basis as shown in Figure 3-1.

1997 UBC Wind Loads
Input Wind Coefficients

Three wind coefficients are input for 1997 UBC wind loads. They are the basic
wind speed in miles per hour (mph), the exposure type, and the wind im-
portance factor, .

The basic wind speed is described in 1997 UBC Sections 1616 and 1618. A
typical range of values for the basic wind speed is 70 to 130 mph.

The exposure types are described in 1997 UBC Sections 1616 and 1619. The
exposure type can be B, C, or D. No other values are allowed.

The wind importance factor can be found in 1997 UBC Table 16-K. The wind
importance factor, l.—not one of the seismic importance factors, | or l—
should be input. A typical range of values for Iy is 1.00 to 1.15.

Algorithm for 1997 UBC Wind Loads

3.4.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 1997 UBC are based on Sections 1616 through
1621 of the 1997 UBC.

The wind loads applied when using the exposure from extents of diaphragms
method are based on a modified version of Method 2 (Projected Area Method)
as described in Section 1621.3 of the 1997 UBC. Horizontal wind loads are ap-
plied on the vertical projected area as described in Section 1621.3. The pro-
grams have two modifications to the requirements of Section 1621.3. The first
modification is that the programs do not automatically apply vertical wind
loads over the projected horizontal area. To include those vertical wind loads in
the same load pattern, the user must manually include them. The other modifi-
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cation is that the programs apply the method to structures of any height. The
modification does not limit structures to less than 200 feet high, as discussed in
1997 UBC Section 1621.3.

The shape of the vertical projected area is determined based on the story
heights and the input exposure widths for each diaphragm. (UBC Eqgn. 20-1) is
used to determine the wind pressure, P, at any point on the surface of the verti-
cal projected area.

P = Qs lw (Cq—windward Ce-windward + Cq—leeward Ce—leeward) (UBC Eqn- 20'1)
where,
Os = Wind stagnation pressure at the standard height of 33 feet, as

given in 1997 UBC Table 16-F.
lw = Importance factor as input by the user.
Cqwinaward = Windward pressure coefficient as input by the user.

Ce-winaward = Windward combined height, exposure and gust factor coeffi-
cient at the height of interest, as given in 1997 UBC Table

16-G.
Cqrewara = Leeward pressure coefficient as input by the user.
Ceeewarda = Leeward combined height, exposure, and gust factor coeffi-

cient, evaluated at the specified top story level, as given in
1997 UBC Table 16-G.

The C. coefficient is determined from 1997 UBC Table 16-G using the input
exposure type and the elevation from the input bottom story. Linear interpola-
tion is used to determine the value of the Ce coefficient at heights above 15 feet
that are not listed in 1997 UBC Table 16-G.

Qs is determined from the following equation:

s = 0.00256 V2 > 10 psf (UBC Table 16-F)
where,

gs = Wind stagnation pressure at the standard height of 33 feet, psf.

V = Basic wind speed as input by the user, mph.
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Note the units that are specified for gs and V. Also note that the preceding
equation is consistent with 1997 UBC Table 16-F.

The programs distribute the pressures, P, on the surface of the vertical project-
ed area to each diaphragm on a tributary area basis as shown in Figure 3-1.

3.4.2.2 Exposure from Area Objects

Automatic wind loads for the 1997 UBC are based on Sections 1616 through
1621 of the 1997 UBC.

The wind loads applied when using the exposure from area objects method are
based on Method 1 (Normal Force Method) as described in Section 1621.2 of
the 1997 UBC. Wind loads are applied on the vertical and horizontal surfaces
of the user selected area objects as described in Section 1621.2.

(UBC Egn. 20-1) is used to determine the wind pressure, P, at any point on the
surface of the area objects.

P=C.Cp0s I (UBC Egn. 20-1)

where,

C. = Combined height, exposure, and gust factor coefficient as given in
1997 UBC Table 16-G. This value is evaluated at the height of
interest for windward exposures, and at the top story level for lee-
ward objects.

£
1

Windward or leeward pressure coefficient assigned to the area
object by the user.

gs = Wind stagnation pressure at the standard height of 33 feet as given
in 1997 UBC Table 16-F.

lw = Importance factor as input by the user.

The value for gs is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The programs distribute the pressures, P, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.
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1996 BOCA Wind Loads

Input Wind Coefficients

Four wind coefficients are input for 1996 BOCA wind loads. They are the
basic wind speed in miles per hour (mph), the exposure category, and the wind
importance factor, I, and the gust response factor, Gn.

The basic wind speed is described in 1996 BOCA Section 1609.3. A typical
range of values for the basic wind speed is 70 to 130 mph.

The exposure categories are described in 1996 BOCA Section 1609.4. The
exposure category can be A, B, C or D. No other values are allowed.

The wind importance factor, I, is described in 1996 BOCA Section 1609.5. A
typical range of values for I is 0.90 to 1.23.

The gust response factor, Gp, is discussed in 1996 BOCA Section 1609.7 and in
Table 1609.7(5). Specify that the gust response factor is (a) calculated based on
the height (distance) of the specified top story above the specified bottom story
and the exposure category in accordance with the code using Table 1609.7(5)
or (b) a value input by the user. Note that in 1996 BOCA Section 1609.7, the
following statement is made about Gp.

The gust response factor for buildings which have a height to
least horizontal dimension ratio greater than 5 or a fundamental
frequency less than one cycle per second (period greater than 1
second) shall be calculated by an approved rational analysis that
incorporates the dynamic properties of the main wind force-
resisting system.

When the Per Code option for the gust response factor is selected, the programs
do not check the height-to-least-horizontal-dimension ratio or the building
period and it does not determine the gust factor using an approved rational
analysis incorporating the dynamic properties of the main wind force-resisting
system. It is assumed that the user will do this, if necessary, and provide a user
defined value for Gn. A typical range of values for G is 1.00 to 2.36.
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3.5.2

Algorithm for 1996 BOCA Wind Loads

3.5.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 1996 BOCA are based on Section 1609 of the
1996 BOCA.

The wind loads applied are a modified version of those described in 1996
BOCA Section 1609.7. Windward and leeward horizontal wind loads are
applied on the vertical projected area of the building as determined from the
story heights and the input diaphragm exposure widths. The programs do not
apply vertical wind loads automatically over the projected horizontal area of
roof surfaces. To include those vertical wind loads in the same load pattern, the
user must manually include them.

The following equation is used to determine the wind pressure, P, at any point
on the surface of the vertical projected area.

P=PI [Kz G Cp—windward + Ki G Cp—leeward] (Table 16097)
where,
P, = Basic velocity pressure given in 1996 BOCA Table 1609.7(3).

I = Importance factor as input by the user.

K, = Velocity pressure exposure coefficient at the height of
interest as given in 1996 BOCA Table 1609.7(4).

Gn = Gust response factor as given in 1996 BOCA Table 1609.7(5) or as
user specified.

Cpwindward =  Windward pressure coefficient as input by the user.

Kn = Velocity pressure exposure coefficient, evaluated at the specified
top story level, as given in 1996 BOCA Table 1609.7(4).

Cpeewad = Leeward pressure coefficient as input by the user.

The P, coefficient is determined from the following equation.

Py = 0.00256 V? > 10 psf (Table 1609.7(3))
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where,
P, = Basic velocity pressure, psf.
V = Basic wind speed as input by the user, mph.

Note the units specified for Py and V.

The K; coefficient is determined from 1996 BOCA Table 1609.7(4) using the
input exposure category and the input bottom story. For use in 1996 BOCA
Table 1609.7(4), the input bottom story/minimum elevation is assumed to be
ground level. The programs use linear interpolation to determine the value of
the K, coefficient at heights above 15 feet that are not listed in 1996 BOCA
Table 1609.7(4).

For discussion of the gust response factor, Gn, refer to the previous section enti-
tled "Input Wind Coefficients for 1996 BOCA."

The K coefficient is determined from 1996 BOCA Table 1609.7(4) using the
input exposure category and the height of the input top story above the input
bottom story. Linear interpolation is used to determine the value of the Ky
coefficient at heights above 15 feet that are not listed in 1996 BOCA Table
1609.7(4).

The programs distribute the pressures, P, on the surface of the vertical project-
ed area to each diaphragm on a tributary area basis as shown in Figure 3-1.
3.5.2.2 Exposure from Area Objects

Automatic wind loads for the 1996 BOCA are based on Section 1609 of the
1996 BOCA.

The wind loads applied when using the exposure from area objects method are
as described in 1996 BOCA Section 1609.7. Wind loads are applied on the ver-
tical and horizontal surfaces of the user selected area objects as described in
Section 1609.7.

The following equations are used to determine either the windward or leeward
wind pressure, P, at any point on the surface of the area objects.

Pwinaward = Pv | Kz Gh Cp-windward (Table 16097)
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or
Pleeward = Py | Kh Gh Cp-teeward (Table 1609.7)
where,
P, = Basic velocity pressure given in 1996 BOCA Table 1609.7(3).

I = Importance factor as input by the user.

K, = Velocity pressure exposure coefficient at the height of interest as
given in 1996 BOCA Table 1609.7(4).
Gn = Gust response factor as given in 1996 BOCA Table 1609.7(5) or as

user specified.

Cp-windward = Windward pressure coefficient as assigned to the area object

by the user.
Kn = Velocity pressure exposure coefficient, evaluated at the specified
top story level, as given in 1996 BOCA Table 1609.7(4).
Cp-eeward = Leeward pressure coefficient as assigned to the area object
by the user.

The values for Py, K,, and K are the same as described in the previous section
entitled “Exposure from Extents of Diaphragms.”

The programs distribute the pressures, P, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects

1995 BS 6399 Wind Loads

Input Wind Coefficients

Three wind coefficients are input for 1995 BS 6399 wind loads. They are the
effective wind speed in meters per second (m/s), the size effect factor, and the
dynamic augmentation factor.

The effective wind speed, Ve, is described in 1995 BS 6399 Section 2.2.3.

The size effect factor for external pressures, C,, is described in 1995 BS 6399
Section 2.1.3.4. A typical range of values for C, is 0.52 to 1.00.
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The dynamic augmentation factor, C;, is described in 1995 BS 6399 Section
1.6.1. A typical range of values for C; is 0 to 0.25.

Note that in 1995 BS 6399 Section 1.6.2 the following statement is made about
Cr.

This part of BS 6399 does not apply when the value of dynamic
augmentation factor exceeds the limits shown in figure 3. Buildings
falling outside these limits should be assessed using established
dynamic methods.

This typically means that when C, > 0.25, the structure is assumed to be
dynamic and the methodology for establishing wind loads described herein is
not applicable. However, the program allows the user to input any value, and
performs no check to ensure that C; is less than 0.25.

Algorithm for 1995 BS 6399 Wind Loads

3.6.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 1995 BS 6399 are based on 1995 BS 6399 Sec-
tion 2.

The wind loads applied when using the exposure from extents of diaphragms
method are based on a modified version of the Standard method as described in
Section 2.1 of the 1995 BS 6399. Horizontal wind loads are applied on the
vertical projected area as described in Section 2. The programs have two modi-
fications to the requirements of Section 2. The first modification is that the
programs do not apply vertical wind loads automatically over the projected
horizontal area. To include those vertical wind loads in the same load pattern,
the user must include them manually. The other modification is that the
programs apply the method to structures of any height. The modification does
not limit structures to less than 100 meters high, as discussed in 1995 BS
Section 1.8.1.

The shape of the vertical projected area is determined based on the story
heights and the input exposure widths for each diaphragm. Eqgn. 2.3.1.6(7) is
used to determine the wind pressure, p, at any point on the surface of the verti-
cal projected area.
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p = 0.85 gs Ca (Cp-tront + Cp-rear) (1 + Cy) (Eqn. 2.3.1.6(7))
where,

Os = Dynamic pressure as given in 1995 BS 6399 Table 2.

Ca = Size effect factor as input by the user.

Cp-iot = External pressure coefficient on the windward side as input by
the user.

Cper = External pressure coefficient on the leeward side as input by
the user.

Cr = Dynamic augmentation factor as input by the user.

Note that the factor 0.85 accounts for the non-simultaneous action between the
front and rear faces.

Qs is determined from (Eqn. 2.2.2.1(1)).

0s = 0.613 V.’ (Eqn. 2.2.2.1(1))
where,
gs = Dynamic pressure, Pa.
Ve = Effective wind speed as input by the user, m/s.

Note the units that are specified for gs and V.. Also note that (Eqn.
2.2.2.1(1)) is consistent with 1995 BS 6399 Table 2.

The programs distribute the pressures, p, on the surface of the vertical project-
ed area to each diaphragm on a tributary area basis as shown in Figure 3-1.
3.6.2.2 Exposure from Area Objects

Automatic wind loads for 1995 BS 6399 are based on Section 2.

The wind loads applied when using the exposure from area objects method are
based on a modified version of the Standard method as described in Section 2.1
of 1995 BS 6399. Wind loads are applied on the vertical and horizontal surfac-
es of the user selected area objects as described in Section 2.
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Eqgn. (2.1.3.6(7)) is used to determine the wind pressure, p, at any point on the
surface of the area objects.

p=0.850;CpCa(l+Cy) (Egn. 2.1.3.6(7))
where,
gs = Dynamic pressure as given in 1995 BS 6399 Table 2.

Co Windward (front) or leeward (rear) external pressure coefficient as-

signed to the area object by the user.

Ca = Size effect factor as input by the user.

C. = Dynamic augmentation factor as input by the user.

Note that the factor 0.85 accounts for the non-simultaneous action between the
front and rear faces.

The value for gs is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

1995 NBCC Wind Loads

Input Wind Coefficients

Two wind coefficients are input for 1995 NBCC wind loads. They are the
velocity pressure, g, in kPa and the gust effect factor, Cg.

The velocity pressure, g, can be obtained from 1995 NBCC Appendix C. A
typical range of values for the velocity pressure is 0.20 to 0.90 kPa. Any posi-
tive value or zero is allowed.

The gust effect factor, Cg, is discussed in 1995 NBCC Sentence 4.1.8.1(6). The
default value is 2.0. Any positive value is allowed.
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3.7.2 Algorithm for 1995 NBCC Wind Loads

3.7.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for 1995 NBCC are based on Section 4.1.8.1 of the 1995
NBCC.

Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the load pattern, the user must include them manually.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p=0Cqy [Cp—winward Ce-windward + Cp-leeward Ce—leeward](1995 NBCC Eqn. 4181(1))

where,
g = Velocity pressure as input by the user.
Cy = Gust effect factor as input by the user.

Cowinaward = External pressure coefficient for the windward wall as input
by the user.

Ce-windward = EXposure factor for the windward wall.

Cp-eeward = External pressure coefficient for the leeward wall as input by
the user.

Ce-eeward = EXxposure factor for the leeward wall.

Ce-windward is determined from (Eqn. 4.1.8.1(5)).

15

Ce—windward =(%j >0.9 (1995 NBCC Eqgn. 4.1.8.1(5))
where,

h = Distance from the input bottom story/minimum level to the eleva-

tion considered, meters.
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Ce-leeward i determined from (1995 NBCC Eqn. 4.1.8.1(5)).

(1995 NBCC Eqn. 4.1.8.1(5))

Pimidai /5
Cefleeward :(%j >0.9

where,

hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis, as shown in Figure 3-1.

3.7.2.2 Exposure from Area Objects

Automatic wind loads for 1995 NBCC are based on Section 4.1.8.1 of the 1995
NBCC.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in 1995 NBCC Section 4.1.8.1.

The following equations is used to determine the wind pressure, p, at any point
on the surface of the area objects.

p=9gC.CyCp (1995 NBCC Eqgn. 4.1.8.1(1))
where,
g = Velocity pressure as input by the user.
Ce = Exposure factor.
Cy = Gust effect factor as input by the user.

Cp, = Windward or leeward external pressure coefficient assigned to the
area object by the user.

C. for a windward facing area object is determined from (1995 NBCC Eqgn.
Eqn. 4.1.8.1(5)).
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3.8
38.1

1/5
Ce-windward = [%) >0.9 (1995 NBCC Eqgn. 4.1.8.1(5))
where,
h = Distance from the input bottom story/minimum level to the eleva-

tion considered, meters.

C. for a leeward facing area object is determined from (1995 NBCC Eqgn.
4.1.8.1(5)).

N5
Ce-leeward = (%j >0.9 (1995 NBCC Eqn. 4.1.8.1(5))

where,

hmidgsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

2005 NBCC Wind Loads

Input Wind Coefficients

Three wind coefficients are input for 2005 NBCC wind loads. They are the
velocity pressure, g, in kPa, the gust effect factor, Cg4, and the importance fac-
tor, I.

The velocity pressure, ¢, can be obtained from 2005 NBCC Appendix C. A
typical range of values for the velocity pressure is 0.27 to 1.23 kPa. Any posi-
tive value or zero is allowed.

The gust effect factor, Cg, is discussed in 2005 NBCC Sentence 4.1.7.1(6). The
default value is 2.0. Any positive value is allowed.

The importance factor, 1, is described in 2005 NBCC Table 4.1.7.1. A typical
range of values for | is 0.8 to 1.25.
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Algorithm for 2005 NBCC Wind Loads

3.8.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 2005 NBCC are based on Section 4.1.7.1 of the
2005 NBCC.

Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the load pattern, the user must include them manually.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p= I q Cg [Cp—winward Ce-windward + Cp—leeward Ce—leeward] (2005 NBCC 4171(1))

where,
I = Importance factor as input by the user.
g = Velocity pressure as input by the user.
Cy = Gust effect factor as input by the user.

Cowinaward = External pressure coefficient for the windward wall as input
by the user.

Ce-windward = EXxposure factor for the windward wall.

Cp-eeward = External pressure coefficient for the leeward wall as input by
the user.

Ceeewarda = EXposure factor for the leeward wall.

Ce-windward 1S determined from (2005 NBCC Eqn. 4.1.7.1(5).

0.2
Ce-windward = (%) >0.9 for Open Terrain (2005 NBCC 4.1.7.1(5))
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0.3
Cewindward = O.7[%) >0.7 for Rough Terrain (2005 NBCC 4.1.7.1(5))

where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

Ce-teeward 1S determined from (2005 NBCC Eqgn. 4.1.7.1(5).

0.2
Ce-leeward = (hml'%} >0.9 for Open Terrain (2005 NBCC 4.1.7.1(5))
hoo o \03
Ce-leeward =0.7 (%j > 0.7 for Rough Terrain
(2005 NBCC 4.1.7.1(5))
where,

hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1.

3.8.2.2 Exposure from Area Objects

Automatic wind loads for 2005 NBCC are based on Section 4.1.7.1 of the 2005
NBCC.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in 2005 NBCC Section 4.1.7.1.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.

p=1qCe.CyCy (2005 NBCC 4.1.7.1(1))

where,
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I = Importance factor as input by the user.
g = Velocity pressure as input by the user.
Ce = Exposure factor.

Cy = Gust effect factor as input by the user.

Cp = Windward or leeward external pressure coefficient assigned to the
area object by the user.

C. for a windward facing area object is determined from (2005 NBCC Eqgn.
4.1.7.1(5)).

0.2
Ce-windward = (%} >0.9 for Open Terrain (2005 NBCC 4.1.7.1(5))

0.3
Ce-windward = O.7(%} > (0.7 for Rough Terrain (2005 NBCC 4.1.7.1(5))

where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

C. for a leeward facing area object is determined from (2005 NBCC Eqgn.
4.1.7.1(5)).

02
Ce-leeward = (hml'%} >0.9 for Open Terrain (2005 NBCC 4.1.7.1(5))

03
Ce-teeward =0.7 [hml'%j > 0.7 for Rough Terrain
(2005 NBCC 4.1.7.1(5))

where,

hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.
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3.9
391

3.9.2

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

2010 NBCC Wind Loads

Input Wind Coefficients

Three wind coefficients are input for 2010 NBCC wind loads. They are the
velocity pressure, g, in kPa, the gust effect factor, Cgy, and the importance fac-
tor, I.

The velocity pressure, g, can be obtained from 2010 NBCC Appendix C. A
typical range of values for the velocity pressure is 0.27 to 1.23 kPa. Any posi-
tive value or zero is allowed.

The gust effect factor, Cg, is discussed in 2010 NBCC Section 4.1.7.1(6). The
default value is 2.0. Any positive value is allowed.

The importance factor, |, is described in 2010 NBCC Table 4.1.7.1. A typical
range of values for | is 0.8 to 1.25.

Algorithm for 2010 NBCC Wind Loads

3.9.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 2010 NBCC are based on Section 4.1.7.1 of the
2010 NBCC.

Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the load pattern, the user must include them manually.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p= | q Cg [Cp—winward Ce—windward + Cp—leeward Ce—leeward] (2010 NBCC 4171(1))

where,
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I = Importance factor as input by the user.
g = Velocity pressure as input by the user.
Cy = Gust effect factor as input by the user.

Cp-windward = EXternal pressure coefficient for the windward wall as input
by the user.

Ce-winaward = EXposure factor for the windward wall.

Coreewars = EXxternal pressure coefficient for the leeward wall as input by
the user.

Ceeeward = EXposure factor for the leeward wall.

Ce-windward 1s determined from (2010 NBCC Eqgn. 4.1.7.1(5) or may be specified
by the user:

0.2
Ce-windward = [%) >0.9 for Open Terrain (2010 NBCC 4.1.7.1(5))

0.3
Ce-windward = 0.7(%) >0.7 for Rough Terrain (2010 NBCC 4.1.7.1(5))
where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

Ce-leeward 1S determined from (2010 NBCC Eqn. 4.1.7.1(5) or may be specified
by the user:

0.2
Co-leoward = (hml'%j >0.9 for Open Terrain (2010 NBCC 4.1.7.1(5))

0.3
Ceteeward =0.7 [hml'%j >0.7 for Rough Terrain (2010 NBCC 4.1.7.1(5))

where,
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hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1.

3.9.2.2 Exposure from Area Objects

Automatic wind loads for 2010 NBCC are based on Section 4.1.7.1 of the 2010
NBCC.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in 2010 NBCC Section 4.1.7.1.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.

p=1qCeCyC,y (2010 NBCC 4.1.7.1(1))
where,

I = Importance factor as input by the user.

g = Velocity pressure as input by the user.

Ce Exposure factor.

Cy Gust effect factor as input by the user.

Cp = Windward or leeward external pressure coefficient assigned to the
area object by the user.

C. for a windward facing area object is determined from (2010 NBCC Eqgn.
4.1.7.1(5)) or may be specified by the user:

0.2
Ce-windward = (%) >0.9 for Open Terrain (2010 NBCC 4.1.7.1(5))

0.3
Ce-windward =0.7 (%) >0.7 for Rough Terrain(2010 NBCC 4.1.7.1(5))
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where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

C. for a leeward facing area object is determined from (2010 NBCC Eqgn.
4.1.7.1(5)) or may be specified by the user:

0.2
Ce-teeward = [hfnl'%j >0.9 for Open Terrain (2010 NBCC 4.1.7.1(5))

0.3
Coteeward = o.7(”1‘%} >0.7 for Rough Terrain (2010 NBCC 4.1.7.1(5))

where,

hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

2015 NBCC Wind Loads

Input Wind Coefficients

Three wind coefficients are input for 2015 NBCC wind loads. They are the
velocity pressure, q, in kPa, the exposure factor, Ce, the topographic factor, C; ,
the gust effect factor, Cg, and the importance factor, l.

The velocity pressure, g, can be obtained from 2015 NBCC Appendix C. A
typical range of values for the velocity pressure is 0.27 to 1.05 kPa. Any posi-
tive value or zero is allowed.

The exposure factor, Ce, is discussed in 2015 NBCC Section 4.1.7.3(5). The
exposure factor is either internally determined from terrain type or directly
specified by the user. Any positive value is allowed when user specified.

The gust effect factor, Cy, is discussed in 2015 NBCC Section 4.1.7.4. The de-
fault value is 1.0. Any positive value is allowed.
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3.10.2

The gust effect factor, Cq, is discussed in 2015 NBCC Section 4.1.7.3(10). The
default value is 2.0. Any positive value is allowed.

The importance factor, lv, is described in 2015 NBCC Table 4.1.7.3. A typical
range of values for Iy is 0.8 to 1.25.

Algorithm for 2015 NBCC Wind Loads

3.10.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 2015 NBCC are based on Section 4.1.7.3 of the
2015 NBCC.

Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the load pattern, the user must include them manually.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p = lw q Ci Cq [Cp-winward Ce-windward + Cp-teeward Ce-leeward] (2015 NBCC 4.1.7.3(1))
where,

lw = Importance factor as input by the user.

g = Velocity pressure as input by the user.

C: = Topographic factor as input by the user.

Cy = Gust effect factor as input by the user.

Cp-windwarda = EXternal pressure coefficient for the windward wall as input
by the user.

Ce-winaward = EXposure factor for the windward wall.

Coreewars = External pressure coefficient for the leeward wall as input by
the user.

Ceeeward = EXxposure factor for the leeward wall.
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Ce-windward 1S determined from (2015 NBCC Eqgn. 4.1.7.3(5) or may be specified
by the user:

0.2
Ce-windward = (%] >0.9 for Open Terrain (2015 NBCC 4.1.7.3(5))

03
Ce-windward = O.7(%} >0.7 for Rough Terrain (2015 NBCC 4.1.7.3(5))

where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

Ce-leeward 1S determined from (2015 NBCC Eqn. 4.1.7.3(5) or may be specified
by the user:

0.2
Ce-teeward = [hmi%j >0.9 for Open Terrain (2015 NBCC 4.1.7.1(5))

0.3
Ceteeward =0.7 [hml'%j >0.7 for Rough Terrain (2015 NBCC 4.1.7.1(5))

where,

hmidgsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Px and Py, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis. The program then combines the loads for each of the four
wind load patterns described in NBCC 2015 Figure A-4.1.7.9(1), resulting in
the permutations shown in Table 3-1.
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Table 3-1: Wind Load Patterns

Case Lateral Force Torsional Moment
1 Py
1 Py
2 0.75 Py +0.75 e1 Bx Px
2 0.75 Py +0.75e1 By Py
3 0.75(Px + Py)
4 0.563(Px + Py) +0.563(e1ByPx £ €:B,Py)

where,
Py = Resultant wind force in the x-direction.
Py = Resultant wind force in the y-direction.

e1 = Eccentricity for load in the direction of applied load as input by the
user.

Bx = Diaphragm width in the y-direction.

e, = Eccentricity for load in the transverse direction of applied load as
input by the user.

By = Diaphragm width in the x-direction.

3.10.2.2 Exposure from Area Objects

Automatic wind loads for 2015 NBCC are based on Section 4.1.7.3 of the 2015
NBCC.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in 2015 NBCC Section 4.1.7.3.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.

p=1wqCeCiCqCy (2015 NBCC 4.1.7.3(1))
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where,
lw = Importance factor as input by the user.
g = Velocity pressure as input by the user.
Ce = Exposure factor.

C: = Topographic factor as input by the user.

Cy Gust effect factor as input by the user.

Cp

Windward or leeward external pressure coefficient assigned to the
area object by the user.

C. for a windward facing area object is determined from (2015 NBCC Eqgn.
4.1.7.3(5)) or may be specified by the user:

0.2
Ce-windward = (%) >0.9 for Open Terrain (2015 NBCC 4.1.7.3(5))

0.3
Ce-windward =0.7 (%) >0.7 for Rough Terrain(2015 NBCC 4.1.7.3(5))

where,

h = Distance from the input bottom story/minimum level to the eleva-
tion considered, meters.

C. for a leeward facing area object is determined from (2015 NBCC Eqgn.
4.1.7.3(5)) or may be specified by the user:

0.2
Ce-teeward = (hfnl'%j >0.9 for Open Terrain (2015 NBCC 4.1.7.3(5))

0.3
Co-leoward = o.7[”1‘%} >0.7 for Rough Terrain (2015 NBCC 4.1.7.1(5))
where,

hmigsle = One-half of the distance from the input bottom story/minimum
level to the input top story/maximum level, meters.
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3.11
3111

3.11.2

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area
objects.

ASCE 7-95 Wind Loads
Input Wind Coefficients

Five wind coefficients are input for ASCE 7-95 wind loads. They are the basic
wind speed in miles per hour (mph), the exposure category, the wind im-
portance factor, I, the topographic factor, K, and the gust factor G.

The basic wind speed is described in ASCE 7-95 Section 6.5.2. A typical range
of values for the basic wind speed is 85 to 150 mph.

The exposure categories are described in ASCE 7-95 Section 6.5.3. The expo-
sure category can be A, B, C, or D. No other values are allowed.

The wind importance factor, I, is described in ASCE 7-95 Table 6-2. Note that
the building and structure classification categories are defined in ASCE 7-95
Table 1-1. A typical range of values for I is 0.87 to 1.15.

The topographic factor Ky is discussed in ASCE 7-95 Section 6.5.5. The de-
fault value for Ky is 1.0. Kz cannot be less than 1.0.

The gust response factor G is discussed in ASCE 7-95 Section 6.6. A typical
range of values for G is 0.80 to 0.85.

Algorithm for ASCE 7-95 Wind Loads

3.11.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for ASCE 7-95 are based on Sections 6.4 through 6.6 of
ASCE 7-95.

The wind loads applied are a modified version of those described in ASCE 7-
95 Sections 6.4 through 6.6. Windward and leeward horizontal wind loads are
applied on the vertical projected area of the building as determined from the
story heights and the input diaphragm exposure widths. The programs do not
apply vertical wind loads automatically over the projected horizontal area of
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roof surfaces. To include those vertical wind loads in the same load pattern, the
user must include them manually.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the vertical projected area in pounds per square foot

(psf).
g, = 0.00256 K, Kyt V2 I (ASCE 7-95 Eqn 6-1)
where,
K; = The velocity pressure exposure coefficient. See (ASCE 7-95 Eqns.
C3a and C3b).
Ka = Topographic factor as input by the user.
V = Basic wind speed in miles per hour (mph) as input by the user.

Importance factor as input by the user.

The velocity pressure exposure coefficient, K;, is obtained using (Egns. C3a
and C3b in ASCE 7-95 Commentary Section 6.5.1).

2/a
K, =2.01 z for 15 feet<z<zq4
Zg
157
K, =201 — for z < 15 feet (ASCE 7-95 Egns. C3a, C3Db)
z
g
where,
z = Distance (height) from input bottom story/minimum height to point
considered.
zg = As specified in Table 3-2 (ASCE 7-95 Table C6-2 in ASCE 7-95
Commentary Section 6.5.1).
a = As specified in Table 3-2 (ASCE 7-95 Table C6-2 in ASCE 7-95

Commentary Section 6.5.1).

Table 3-2: a and zg factors for use in ASCE 7-95 Equations C3a and C3b
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Exposure Category o zq4 (feet)
A 5.0 1500
B 7.0 1200
C 9.5 900
D 11.5 700

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area, which is based on ASCE 7-95 Ta-
ble 6-1. In particular, it is based on the row entitled "Main wind force-resisting
systems" under the heading "Buildings of all heights."

P =q G Cpwindward + 0h G Cp-teeward (ASCE 7-95 Table 6-1)
where,
g = Velocity pressure, g, at any height z on the surface of the horizontal

projected area calculated using (ASCE 7-965 Eqn. 6-1).
G

Gust response factor as input by the user.
Cpwinawarda = Windward external pressure coefficient as input by the user.

gn = Velocity pressure at the top story height on the surface of the verti-
cal projected area calculated using (ASCE 7-965 Eqn. 6-1).

Cpeeward = Leeward external pressure coefficient as input by the user.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1.
3.11.2.2 Exposure from Area Objects

Automatic wind loads for ASCE 7-95 are based on Sections 6.4 through 6.6 of
ASCE 7-95.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in ASCE 7-95 Section 6.4.2.
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(ASCE 7-95 Eqn. 6-1) is used to determine the velocity pressure, g, at any
height z on the surface of the user selected area objects in pounds per square

feet (psf).

0. = 0.00256 K, Ky V? 1 (ASCE 7-95 Eqn. 6-1)
where,
K, = Velocity pressure exposure coefficient. See (ASCE 7-95 Eqgns. C3a

and C3b).
Kx = Topographic factor as input by the user.
V = Basic wind speed in miles per hour (mph) as input by the user.
I = Importance factor as input by the user.

The value for K; is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

ASCE 7-95 Table 6-1 is used to determine the wind pressure, p, at any point on
the surface of the area objects, which is based on ASCE 7-95 Table 6-1. In
particular it is based on the row entitled "Main wind force-resisting systems"
under the heading entitled "Buildings of all heights."”

P=qGGCp (ASCE 7-95 Table 6-1)
where,
g = Velocity pressure, g, at any height z on the surface of the area ob-

ject calculated using (ASCE 7-95 Table 6-1). For leeward facing ar-
ea objects, q = gn, the velocity pressure at the top story/maximum
height.

G = Gust response factor as input by the user.

Cp = Windward or leeward external pressure coefficient assigned to the
area object by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.
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3.12 ASCE 7-02 Wind Loads
3.12.1 Input Exposure

In addition to the items discussed in the section entitled “Exposure” earlier in
this chapter, the automatic wind loads for ASCE 7-02 also offers the capability
to generate wind loads on line (frame) objects for use on open or lattice struc-
tures. If the option to include frame objects is checked, wind loads will be
generated on each line object that has been assigned wind parameters. The
wind load pattern must be defined before assigning wind parameters to frame
objects.

Assigning frame load open structure wind parameters allows specification of
three items: the frame object is or is not loaded by wind (the default is that it
is); the thickness of ice, if any; and the net force coefficient, C:.

The ice thickness for wind load affects the area of the line object to be loaded,
and has a default value of “Program Determined.” The net force coefficient for
wind, Cy, also has a default value of “Program Determined.” The wind loads
calculated at a line object are based on the elevation of the object, the dimen-
sions of the object, and various code-dependent wind coefficients.

3.12.1.1 Input Wind Exposure Parameters

In addition to the items discussed in the section entitled “Wind Exposure
Parameters” earlier in this chapter, the automatic wind loads for ASCE 7-02
allows specification of three additional coefficients when the exposure from
extents of diaphragms is selected: the case type; and the eccentricity factors, e:
and e».

The case types are described in ASCE 7-02 Figure 6-9. The case type can be 1,
2,3,0r4.

The eccentricity factors are described in ASCE 7-02 Figure 6-9. A typical val-
ue for e; and e»is 0.15.

3.12.1.2 Input Pressure Coefficients

When the Input Pressure Coefficients option is Program Determined, pressure
coefficients, C, are taken from ASCE 7-02 Figure 6-6, Table for “Wall Pres-
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sure Coefficients” in the windward and leeward directions. The determination
of leeward pressure automatically accounts for the building aspect ratio i.e.,
L/B ratio based on diaphragm extents. When the L/B ratio varies over the
building height, the program uses the smallest L/B ratio for producing a maxi-
mum leeward pressure coefficient. If this effect is not desirable, the User Spec-
ified option provides an alternative way to overwrite the leeward pressure coef-
ficients. A single load pattern with multi-step cases is sufficient for accurately
capturing the variable leeward pressures with the Program Determined Option.
For User Specified Input Pressure Coefficients option, only a single case in
each specific direction is recommended.

3.12.1.3 Input Wind Coefficients

Seven or eight wind coefficients are input for ASCE 7-02 wind loads depend-
ing upon the type of exposure. They are the basic wind speed in miles per hour
(mph), the exposure category, the wind importance factor, |, the topographic
factor, Ky, the gust factor, G, the directionality factor, kq, the roughness length
parameter, zo, and the solid/gross area ratio if frame objects are exposed to
wind loads.

The basic wind speed is described in ASCE 7-02 Section 6.5.4. A typical range
of values for the basic wind speed is 85 to 150 mph.

The exposure categories are described in ASCE 7-02 Section 6.5.6.3. The
exposure category can be A, B, C or D. No other values are allowed.

The wind importance factor, |, is described in ASCE 7-02 Table 6-1. Note that
the building and structure classification categories are defined in ASCE 7-02
Table 1-1. A typical range of values for I is 0.77 to 1.15.

The topographic factor K is discussed in ASCE 7-02 Section 6.5.7.2. The
default value for K is 1.0. K cannot be less than 1.0.

The gust response factor G is discussed in ASCE 7-02 Section 6.5.8. A typical
value for G is 0.85.

The directionality factor, Kg, is discussed in ASCE 7-02 Section 6.5.4.4. A
typical range of values for Kq is 0.85 to 0.95.

The roughness length parameter, zo, is discussed in ASCE 7-02 Commentary
C6.5.6. A typical range of values for zo is 0.016 to 6.6.
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3.12.2

The ratio of solid area to gross area, <, is used in the determination of the net
force coefficient, C;, as discussed in ASCE 7-02 Section 6.5.13. This ratio
applies only to open structures, and thus is available for user input only when
exposure to frame objects has been selected.

Algorithm for ASCE 7-02 Wind Loads

3.12.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the ASCE 7-02 are based on Section 6.5 of ASCE 7-
02.

The wind loads applied are a modified version of those described in ASCE 7-
02 Section 6.5 (Method 2 — Analytical Procedure). Windward and leeward hor-
izontal wind loads are applied on the vertical projected area of the building as
determined from the story heights and the input diaphragm exposure widths.
The programs do not apply vertical wind loads automatically over the projected
horizontal area of roof surfaces. To include those vertical wind loads in the
same load pattern, the user must include them manually.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the vertical projected area, in pounds per square foot

(psf).

0z = 0.00256 K; Ky Kg V2 | (ASCE 7-02 Egn 6-15)
where,
K, = The velocity pressure exposure coefficient. See (ASCE 7-02 Egns.

C6-3a and C6-3b).
Kx = Topographic factor as input by the user.
Kq = Directionality factor as input by the user.
V = Basic wind speed in miles per hour (mph) as input by the user.
I = Importance factor as input by the user.

The velocity pressure exposure coefficient, K, is obtained using (Egns. C6-3a
and C6-3b in ASCE 7-02 Commentary Section 6.5.6.4).
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2/a
K, =2.01 z for 15 feet <z < z4
Zg
15 2/a
K, =201 — for z < 15 feet (ASCE 7-02 C6-3a,C6-3b)
z
g
where,
z = Distance (height) from input bottom story/minimum height to point
considered.
zy = Gradient height. See (ASCE 7-02 Egn. C6-5).
o = Empirical exponent. See (ASCE 7-02 Eqgn. C6-4).

The gradient height, zg, is obtained using (Egn. C6-5 in ASCE 7-02 Commen-
tary Section 6.5.6.4).

24 =1273 28'125 (ASCE 7-02 C6-5)

The empirical exponent o is obtained using (Egn. C6-4 in ASCE 7-02 Com-
mentary Section 6.5.6.4).

0 =6.19 280'157 (ASCE 7-02 C6-4)

where,

Zo = Roughness length parameter as input by the user.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

P = dG Cpuwindward + Oh G Cp-ieeward (ASCE 7-02 Egn 6-17)
where,
g = Velocity pressure, gz, at any height z on the surface of the horizontal
projected area calculated using (ASCE 7-02 Eqgn. 6-15).
G = Gust response factor as input by the user.
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Cp-windward = Windward external pressure coefficient as input by the user.

Ohn

= Velocity pressure at the top story height on the surface of the verti-
cal projected area calculated using (ASCE 7-02 Eqgn. 6-15).

Coeewara = Leeward external pressure coefficient as input by the user.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis, as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Px and Py, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis. The program then combines the loads for each of the four
wind load patterns described in ASCE 7-02 Figure 6-9, resulting in the permu-
tations shown in Table 3-3.

Table 3-3: Wind Load Patterns

CASE Lateral Force Torsional Moment
1 Py
1 P,
2 075 Px 1075 el Bx Px
2 075 Py 1075 el By Py
3 0.75(Px + Py)
4 0563(Px + Py) i0563(elePx i_ eZByPy)
where,
Px = Resultant wind force in the x-direction.
Py = Resultant wind force in the y-direction.
e1 = Eccentricity for load in the direction of applied Wind load as input
by the user.
Bx = Diaphragm width in the y-direction.
e, = Eccentricity for load in the transverse direction of applied load as
input by the user.
By = Diaphragm width in the x-direction.
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The design pressure for the parapet is determined by the following equation:

Pp = 0Op G Cpm (ASCE 7-02 Eqgn. 6-20)
where,
Pp = Combined net pressure on the parapet due to the combination of

net pressure from the front and back parapet surfaces.
Op = Velocity pressure evaluated at the top of the parapet
GCpm = Combined pressure coefficients
= +1.8 psf for Windward parapet
= —1.0 psf for Leeward parapet

3.12.2.2 Exposure from Area Objects

Automatic wind loads for the ASCE 7-02 are based on Section 6.5 of ASCE 7-
02.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in ASCE 7-02 Section 6.5.12.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the user selected area objects, in pounds per square

feet (psf).
0. = 0.00256 K; Ky Kg V? I ( ASCE 7-02 Eqgn. 6-15)

where,

K; = The velocity pressure exposure coefficient. See (ASCE 7-02 Eqns.
C6-3a and C6-3b).

Kz = Topographic factor as input by the user.
Kq = Directionality factor as input by the user.

V = Basic wind speed in miles per hour (mph) as input by the user.
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I = Importance factor as input by the user.

The value for K; is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.

P =09GGC (ASCE 7-02 Egn. 6-17)
where,
g = Velocity pressure, g, at any height z on the surface of the area ob-

ject calculated using (ASCE 7-02 Eqgn. 6-15). For leeward facing
area objects, g = gn, the velocity pressure at the top story/maximum
height.

G = Gust response factor as input by the user.

Cp = Windward or leeward external pressure coefficient assigned to the

area object by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.
3.12.2.3 Exposure from Line (Frame) Objects

Automatic wind loads for the ASCE 7-02 are based on Section 6.5 of ASCE 7-
02.

The wind loads applied when using the exposure from frame objects method
are applied on the exposed surfaces of the user selected frame objects as
described in ASCE 7-02 Section 6.5.13.

The following equation is used to determine the velocity pressure, g, at any
height z on the projected area of the user selected frame objects, in pounds per
square feet (psf).

G = 0.00256 K, Ky Kg V2| (ASCE 7-02 Eqn. 6-15)

where,
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K; = The velocity pressure exposure coefficient. See (ASCE 7-02 Eqns.
C6-3a and C6-3Db).

Ka = Topographic factor as input by the user.

Kq = Directionality factor as input by the user.

V = Basic wind speed in miles per hour (mph) as input by the user.

I Importance factor as input by the user.

The value for K; is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the design wind force, F, on the
surface of the frame objects.

F

0: G Cs As (ASCE 7-02 Eqn. 6-25)
where,

g. = Velocity pressure, g, evaluated at height z of the centroid of area As
using (ASCE 7-02 Egn. 6-15).

G = Gust response factor as input by the user.

Cs

Net force coefficient, as specified in Table 3-4 (ASCE 7-02 Figure
6-21).

As = Projected solid area normal to the wind.

Table 3-4: Ct factor for use in (ASCE 7-02 Eqgn. 6-25)
Solid/Gross Area Ratio

€ C
<0.1 2.0
0.1t00.29 1.8
0.3t00.7 1.6

3-44 Exposure from Line (Frame) Objects



Chapter 3 - Automatic Wind Loads

3.13

3.13.1

2006 IBC / ASCE 7-05 Wind Loads

Section 1609.1.1 of the 2006 IBC states that wind loads shall be determined in
accordance with ASCE Standard 7-05. For the sake of clarity, in the remainder
of this section all references will be made only to the ASCE 7-05 document,
with the understanding that this information is directly applicable to those us-
ing the 2006 IBC as well.

Input Exposure

In addition to the items discussed in the section entitled “Exposure” earlier in
this chapter, the automatic wind loads for ASCE 7-05 allows specification of
the generation of wind loads on line (frame) objects for use on open or lattice
structures. If the option to include frame objects is checked, wind loads will be
generated on each line object that has been assigned wind parameters. The
wind load pattern must be defined before assigning wind parameters to frame
objects.

Assigning frame load open structure wind parameters allows specification of
three items: the frame object is or is not loaded by wind (the default is that it
is); the thickness of ice, if any; and the net force coefficient, C:.

The ice thickness for wind load affects the area of the line (frame) object to be
loaded and has a default value of “Program Determined.” The net force coeffi-
cient for wind, Cs, also has a default value of “Program Determined.” The wind
loads calculated at a line (frame) object are based on the elevation of the object,
the dimensions of the object, and various code-dependent wind coefficients.

3.13.1.1 Input Wind Exposure Parameters

In addition to the items discussed in the section entitled “Wind Exposure Pa-
rameters” earlier in this chapter, the automatic wind loads for ASCE 7-05 also
offers three additional coefficients to input when the exposure from extents of
diaphragms is selected: the case type; and the eccentricity factors, e1 and e..

The case types are described in ASCE 7-05 Figure 6-9. The case type can be 1,
2,3,0r4.

The eccentricity factors are described in ASCE 7-05 Figure 6-9. A typical val-
ue for e; and ez is 0.15.
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3.13.1.2 Input Pressure Coefficients

When the Input Pressure Coefficients option is Program Determined, pressure
coefficients, C, are taken from ASCE 7-05 Figure 6-6, Table for “Wall Pres-
sure Coefficients” in the windward and leeward directions. The determination
of leeward pressure automatically accounts for the building aspect ratio i.e.,
L/B ratio based on diaphragm extents. When L/B ratio varies over the building
height, the program uses the smallest L/B ratio for producing a maximum lee-
ward pressure coefficient. If this effect is not desirable, the User specified op-
tion provides an alternative way to overwrite the leeward pressure coefficients.
A single load pattern with multi-step cases is sufficient for accurately capturing
the variable leeward pressures with the Program Determined Option. For the
User Specified Input Pressure Coefficients option, only a single case in each
specific direction is recommended.

3.13.1.3 Input Wind Coefficients

Seven or eight wind coefficients are input for ASCE 7-05 wind loads, depend-
ing on the type of exposure. They are the basic wind speed in miles per hour
(mph), the exposure category, the wind importance factor, |, the topographic
factor, Ky, the gust factor, G, the directionality factor, kq, the roughness length
parameter, zo, and the solid/gross area ratio if frame objects are exposed to
wind loads.

The basic wind speed is described in ASCE 7-05 Section 6.5.4. A typical range
of values for the basic wind speed is 85 to 150 mph.

The exposure categories are described in ASCE 7-05 Section 6.5.6.3. The ex-
posure category can be B, C, or D. No other values, including exposure A, are
allowed.

The wind importance factor, |, is described in ASCE 7-05 Table 6-1. Note that
the building and structure classification categories are defined in ASCE 7-05
Table 1-1. A typical range of values for | is 0.77 to 1.15.

The topographic factor K is discussed in ASCE 7-05 Section 6.5.7.2. The
default value for K is 1.0. K cannot be less than 1.0.

The gust effect factor G is discussed in ASCE 7-05 Section 6.5.8. A typical
value for G is 0.85.
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3.13.2

The directionality factor, Kg, is discussed in ASCE 7-05 Section 6.5.4.4. A
typical range of values for Kq is 0.85 to 0.95.

The roughness length parameter, zo, is discussed in ASCE 7-05 Commentary
C6.5.6. A typical range of values for zo is 0.016 to 1.0.

The ratio of solid area to gross area, <, is used in the determination of the net
force coefficient, Cs, as discussed in ASCE 7-05 Section 6.5.15. This ratio
applies only to open structures, and thus is available for user input only when
exposure to frame objects has been selected.

Algorithm for ASCE 7-05 Wind Loads

3.13.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the ASCE 7-05 are based on Section 6.5 of ASCE 7-
05.

The wind loads applied are a modified version of those described in ASCE 7-
05 Section 6.5 (Method 2 — Analytical Procedure). Windward and leeward
horizontal wind loads are applied on the vertical projected area of the building
as determined from the story heights and the input diaphragm exposure widths.
The programs do not apply vertical wind loads automatically over the projected
horizontal area of roof surfaces. To include those vertical wind loads in the
same load pattern, the user must include them manually.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the vertical projected area, in pounds per square foot

(psf).

q. =0.00256 K, Kzt Ky V2 | (ASCE 7-05 Eqn. 6-15)
where,
K, = The velocity pressure exposure coefficient. See (ASCE 7-05 Egns.
C6-4a and C6-4b).
Kx = Topographic factor as input by the user.
Kg = Directionality factor as input by the user.
V = Basic wind speed in miles per hour (mph) as input by the user.
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I = Importance factor as input by the user.

The velocity pressure exposure coefficient, K, is obtained using (Egns. C6-4a
and C6-4b in ASCE 7-05 Commentary Section 6.5.6.6).

2/a
K,=2.01 z for 15 feet<z<zq4
Zg
15
K, =201 — for z < 15 feet (ASCE 7-05 Eqgn. C6-4a, C6-4b)
z
g
where,
z = Distance (height) from input bottom story/minimum height to point
considered.
Zy = Gradient height. See (ASCE 7-05 Egn. C6-6).
o = Empirical exponent. See (ASCE 7-05 Egn. C6-5).

The gradient height, zg, and the empirical exponent o are obtained ASCE 7-05
Table 6-2.

ASCE 7-05 Eqgn. 6-17 is used to determine the wind pressure, p, at any point on
the surface of the vertical projected area.

P =q G Cpwindward + 0h G Cp-teeward (ASCE 7-05 Eqgn. 6-17)
where,
g = Velocity pressure, g, at any height z on the surface of the vertical

projected area calculated using (ASCE 7-05 Eqgn. 6-15).

G

Gust effect factor as input by the user.
Cpwinaward = Windward external pressure coefficient as input by the user.

grn = Velocity pressure at the top story height on the surface of the verti-
cal projected area calculated using (ASCE 7-05 Eqn. 6-15).

Cp-eeward = Leeward external pressure coefficient as input by the user.
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The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Px and Py, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis. The program then combines the loads for each of the four
wind load patterns described in ASCE 7-05 Figure 6-9, resulting in the permu-
tations shown in Table 3-5.

Table 3-5: Wind Load Patterns

Case Lateral Force Torsional Moment
1 Py
1 Py
2 0.75 Py +0.75 ey Bx Px
2 0.75 P, +0.75 e By Py
3 0.75(Px + Py)
4 0.563(Py + Py) +0.563(e1BxPx * €2B,Py)

where,
Px = Resultant wind force in the x-direction.
Py = Resultant wind force in the y-direction.

e1 = Eccentricity for load in the direction of applied load as input by the
user.

Bx = Diaphragm width in the y-direction.

e, = Eccentricity for load in the transverse direction of applied load as
input by the user.

B, = Diaphragm width in the x-direction.
The design pressure for the parapet is determined by the following equation:
Pp = 0oGCpm (ASCE 7-05 Eqn. 6-20)

where,
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Pp = Combined net pressure on the parapet due to the combination of
net pressure from the front and back parapet surfaces.

Op = Velocity pressure evaluated at the top of the parapet
GCpm = Combined pressure coefficients

= +1.5 psf for Windward parapet

= —1.0 psf for Leeward parapet

3.13.2.2 Exposure from Area Objects

Automatic wind loads for the ASCE 7-05 are based on Section 6.5 of ASCE 7-
05.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in ASCE 7-05 Section 6.5.12.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the user selected area objects, in pounds per square

feet (psf).

0. = 0.00256 K, Ky Kg V? 1 (ASCE 7-05 Egn. 6-15)
where,
K; = The velocity pressure exposure coefficient. See (ASCE 7-05 Eqns.

C6-4a and C6-4b).
Ka = Topographic factor as input by the user.
Kd

Directionality factor as input by the user.
V = Basic wind speed in miles per hour (mph) as input by the user.

Importance factor as input by the user.

The value for K; is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.
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P=qGGCp (ASCE 7-05 Eqn. 6-17)
where,
g = Velocity pressure, g, at any height z on the surface of the area ob-

ject calculated using (ASCE 7-05 Eqn. 6-15). For leeward facing
area objects, g = g, the velocity pressure at the top story/maximum
height.

G = Gust effect factor as input by the user.

Cp

Windward or leeward external pressure coefficient assigned to the
area object by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

3.13.2.3 Exposure from Line (Frame) Objects

Automatic wind loads for the ASCE 7-05 are based on Section 6.5 of ASCE 7-
05.

The wind loads applied when using the exposure from frame objects method
are applied on the exposed surfaces of the user selected frame objects as de-
scribed in ASCE 7-05 Section 6.5.15.

The following equation is used to determine the velocity pressure, g, at any
height z on the projected area of the user selected frame objects, in pounds per
square feet (psf).

Jz 0.00256 K; Kx Kq V2 1 (ASCE 7-05 Egn. 6-15)
where,

K; = The velocity pressure exposure coefficient. See (ASCE 7-05 Eqns.
C6-4a and C6-4b).

Kzt

Topographic factor as input by the user.
Kq = Directionality factor as input by the user.

V = Basic wind speed in miles per hour (mph) as input by the user.
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I = Importance factor as input by the user.

The value for K, is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the design wind force, F, on the
surface of the frame objects.

F 0: G Ct As (ASCE 7-05 Eqn. 6-28)
where,

g. = Velocity pressure, g, evaluated at height z of the centroid of area As
using ASCE 7-05 Eqgn. 6-15.

G = Gust effect factor as input by the user.

Cs

Net force coefficient, as specified in Table 3-6 (ASCE 7-05 Figure
6-22).

As = Projected solid area normal to the wind.

Table 3-6: Cs factor for use in ASCE 7-05 Equation 6-28
Solid/Gross Area Ratio

Cs

€
<0.1 2.0
0.1t00.29 1.8
0.3t00.7 1.6

3.14 ASCE 7-10 Wind Loads
3.14.1 Input Exposure

In addition to the items discussed in the section entitled “Exposure” earlier in
this chapter, the automatic wind loads for ASCE 7-10 allows specification of
the generation of wind loads on line (frame) objects for use on open or lattice
structures. If the option to include frame objects is checked, wind loads will be
generated on each line object that has been assigned wind parameters. The
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wind load pattern must be defined before assigning wind parameters to frame
objects.

Assigning frame load open structure wind parameters allows specification of
three items: the frame object is or is not loaded by wind (the default is that it
is); the thickness of ice, if any; and the net force coefficient, C:.

The ice thickness for wind load affects the area of the line object to be loaded
and has a default value of “Program Determined.” The net force coefficient for
wind, Cs, also has a default value of “Program Determined.” The wind loads
calculated at a line object are based on the elevation of the object, the dimen-
sions of the object, and various code-dependent wind coefficients.

3.14.1.1 Input Wind Exposure Parameters

In addition to the items discussed in the section entitled “Wind Exposure Pa-
rameters” earlier in this chapter, the automatic wind loads for ASCE 7-10 also
offers three additional coefficients to input when the exposure from extents of
diaphragms is selected: the case type; and the eccentricity factors, e1 and e..

The case types are described in ASCE 7-10 Figure 27.4-8. The case type can be
1,2, 3,or4.

The eccentricity factors are described in ASCE 7-10 Figure 27.4-8. A typical
value for e; and ez is 0.15.

3.14.1.2 Input Pressure Coefficients

When the Input Pressure Coefficients option is Program Determined, pressure
coefficients, C, are taken from ASCE 7-10 Figure 27.4-1, Table for “Wall
Pressure Coefficients” in the windward and leeward directions. The determina-
tion of the leeward pressure automatically accounts for the building aspect ratio
i.e., L/B ratio based on diaphragm extent. When the L/B ratio varies over the
building height, the program uses the smallest L/B ratio for producing a maxi-
mum leeward pressure coefficient. If this effect is not desirable, the User speci-
fied option provides an alternative way to overwrite the leeward pressure coef-
ficients. A single load pattern with multi-step cases is sufficient for accurately
capturing the variable leeward pressures with the Program Determined Option.
For the User Specified Input Pressure Coefficients option, only a single case in
each specific direction is recommended.

Input Wind Exposure Parameters 3-53



Lateral Loads

3.14.2

3-54

3.14.1.3 Input Wind Coefficients

Seven or eight wind coefficients are input for ASCE 7-10 wind loads, depend-
ing on the type of exposure. They are the basic wind speed in miles per hour
(mph), the exposure category, the topographic factor, K, the gust factor, G, the
directionality factor, k¢, and the solid/gross area ratio if frame objects are ex-
posed to wind loads

The basic wind speed is described in ASCE 7-10 Section 26.5.1. A typical
range of values for the basic wind speed is 85 to 150 mph.

The exposure categories are described in ASCE 7-10 Section 26.7.3. The
exposure category can be B, C, or D. No other values, including exposure A,
are allowed.

The topographic factor K is discussed in ASCE 7-10 Section 26.8.1. The
default value for K4 is 1.0. K5 cannot be less than 1.0.

The gust effect factor G is discussed in ASCE 7-10 Section 26.9.1. A typical
value for G is 0.85.

The directionality factor, Kq, is discussed in ASCE 7-10 Section 26.6. A typical
range of values for Kg is 0.85 to 0.95.

The ratio of solid area to gross area, €, is used in the determination of the net
force coefficient, Cs, as discussed in ASCE 7-10 Section 29.5. This ratio ap-
plies to open structures only and thus is available for user input only when ex-
posure to frame objects has been selected.

Algorithm for ASCE 7-10 Wind Loads

3.14.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the ASCE 7-10 are based on Section 27.2 of ASCE
7-10.

The wind loads applied are a modified version of those described in ASCE 7-
10 Section 27.2, Part 1 for Enclosed, Partially Enclosed, and Open Building of
all heights. Windward and leeward horizontal wind loads are applied on the
vertical projected area of the building as determined from the story heights and
the input diaphragm exposure widths. The programs do not apply vertical wind
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loads automatically over the projected horizontal area of roof surfaces. To in-
clude those vertical wind loads in the same load pattern, the user must include
them manually.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the vertical projected area, in pounds per square foot

(psf).

0. = 0.00256 K, Ky Kg V? (ASCE 7-10 Eqgn. 27.3-1)
where,
K; = The velocity pressure exposure coefficient. See (ASCE 7-10 Eqns.

27.3.1).
Ka = Topographic factor as input by the user.
Ky = Directionality factor as input by the user.

V = Basic wind speed in miles per hour (mph) as input by the user.

The velocity pressure exposure coefficient, K;, is obtained using Table 27.3-1,
Egns. C27.3-1 and C27.3-2 in ASCE 7-10 Commentary.

2/a.
K, = 2.01{LJ for 15 feet <z < z4
Zg
15 2/a
K, = 2.01(—} for z < 15 feet (ASCE 7-10 Eqn. 27.3.1)
z
9
where,
z = Distance (height) from input bottom story/minimum height to point
considered.
zy = Gradient height.
o = Empirical exponent.

The gradient height, zg, and the empirical exponent o are obtained using ASCE
7-10 Table 26.9-1.
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ASCE 7-10 Eqn. 27.4-2 is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p = q G Cp-Windward + qh G Cp-leeward (ASCE 7'10 Eqn 274‘2)
where,
g = Velocity pressure, g, at any height z on the surface of the vertical

projected area calculated using (ASCE 7-10 Section 27.4.1).

G Gust effect factor as input by the user.

Cp-windward = Windward external pressure coefficient as input by the user.

gn = Velocity pressure at the top story height on the surface of the verti-
cal projected area calculated using (ASCE 7-10 Section 27.4.1).

Coeewara = Leeward external pressure coefficient as input by the user.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Px and Py, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis. The program then combines the loads for each of the four
wind load patterns described in ASCE 7-10 Figure 27.4-8, resulting in the per-
mutations shown in Table 3-7.

Table 3-7: Wind Load Patterns

Case Lateral Force Torsional Moment
1 Py
1 Py
2 0.75 Py +0.75 e1 Bx Px
2 0.75 Py +0.75e1 By Py
3 0.75(Px + Py)
4 0.563(Px + Py) +0.563(e1ByPx £ €:2B,Py)

where,
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Py = Resultant wind force in the x-direction.
Py = Resultant wind force in the y-direction.

e1 = Eccentricity for load in the direction of applied load as input by the
user.

B« = Diaphragm width in the y-direction.

e, = Eccentricity for load in the transverse direction of applied load as
input by the user.

By = Diaphragm width in the x-direction.

The design pressure for the parapet is determined by the following equation:

Pp = oG Cpm (ASCE 7-10 Eqn. 27.4-4)
where,
Pp = Combined net pressure on the parapet due to the combination of

net pressure from the front and back parapet surfaces.
Op = Velocity pressure evaluated at the top of the parapet
GCpym = Combined pressure coefficients
= +1.5 psf for Windward parapet
= —1.0 psf for Leeward parapet

3.14.2.2 Exposure from Area Objects

Automatic wind loads for the ASCE 7-10 are based on Section 27.2 of ASCE
7-10.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in ASCE 7-10 Section 27.2.

The following equation is used to determine the velocity pressure, g, at any
height z on the surface of the user selected area objects, in pounds per square
feet (psf).
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0z

where,

K,

Kd=
V =

0.00256 K, Kyt Kg V2 (ASCE 7-10 Eqn. 27.3-1)

The velocity pressure exposure coefficient. See (ASCE 7-10 Eqns.
Section 27.3-1).

= Topographic factor as input by the user.

Directionality factor as input by the user.

Basic wind speed in miles per hour (mph) as input by the user.

The value for K; is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the wind pressure, p, at any point
on the surface of the area objects.

p

where,

G =

Cp

qGGCp (ASCE 7-10 Eqgn. 27.4-2)

Velocity pressure, g, at any height z on the surface of the area ob-
ject calculated using (ASCE 7-10 Eqgn. 27.4-2). For leeward facing
area objects, g = g, the velocity pressure at the top story/maximum
height.

Gust effect factor as input by the user.

Windward or leeward external pressure coefficient assigned to the
area object by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

3.14.2.3 Exposure from Line (Frame) Objects
Automatic wind loads for the ASCE 7-10 are based on Section 29.5 of ASCE

7-10.
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The wind loads applied when using the exposure from frame objects method
are applied on the exposed surfaces of the user selected frame objects as de-
scribed in ASCE 7-10 Section 27.3-1.

The following equation is used to determine the velocity pressure, g, at any
height z on the projected area of the user selected frame objects, in pounds per
square feet (psf).

g, = 0.00256 K, Ky Kg V2 (ASCE 7-10 Eqn. 29.3-1)
where,

K; = The velocity pressure exposure coefficient.

Kz = Topographic factor as input by the user.

Kq = Directionality factor as input by the user.

V = Basic wind speed in miles per hour (mph) as input by the user.

The value for K, is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The following equation is used to determine the design wind force, F, on the
surface of the frame objects.

F

0: G Ct As (ASCE 7-10 Eqgn. 29.5-1)
where,

g. = Velocity pressure, g, evaluated at height z of the centroid of area As
using ASCE 7-10 Egn. 29.3-1.

G = Gust effect factor as input by the user.

Cs

Net force coefficient, as specified in Table 3-8 (ASCE 7-10 Figure
29.5-2).

As = Projected solid area normal to the wind.

Table 3-8: Cs factor for use in ASCE 7-10 Equation 29.5-1
Solid/Gross Area Ratio Ct
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€

<0.1 2.0
0.1t00.29 1.8
0.3t00.7 1.6

1987 RCDF Wind Loads
Input Wind Coefficients

A single wind coefficient, the wind velocity, Vp, is input for 1987 Reglamento
de Construcciones para el Distrito Federal (RCDF) wind loads.

The wind velocity is described in 1987 RCDF Section 3.1.
Algorithm for 1987 RCDF Wind Loads

3.15.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 1987 RCDF are based on Section 3 of the Nor-
mas Tecnicas Complementarias para Diseno por Viento.

The wind loads applied when using the exposure from extents of diaphragms
method are based on a modified version of the Metodos Simplificado (Simpli-
fied Method) as described in Section 3 of the 1987 RCDF. Windward and lee-
ward horizontal wind loads are applied on the vertical projected area of the
building as determined from the story heights and the input diaphragm expo-
sure widths. The programs do not apply vertical wind loads automatically over
the projected horizontal area of roof surfaces. To include those vertical wind
loads in the same load pattern, the user must include them manually.

(Egn. 3-1) is used to determine the wind pressure, p;, at any point on the sur-
face of the vertical projected area in pascals (Pa). (Eqgn. 3-1) is based on (1987
RCDF Normas Tecnicas Complementarias para Diseno por Viento Eqgn. 3.3).

p, =047V§ (C p-windward *+ C p-leeward ) (Eqn. 3-1)

where,

Vb = Wind velocity as input by the user.
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3.16
3.16.1

Cowinaward = Windward pressure coefficient as input by the user.

Coeewara = Leeward pressure coefficient as input by the user.

The programs distribute the pressures, p;, on the surface of the vertical project-
ed area to each diaphragm on a tributary area basis, as shown in Figure 3-1.

3.15.2.2 Exposure from Area Objects

Automatic wind loads for the 1987 RCDF are based on Section 3 of the Nor-
mas Tecnicas Complementarias para Diseno por Viento.

The wind loads applied when using the exposure from area objects method are
based on Metodos Simplificado (Simplified Method) as described in Section 3
of the 1987 RCDF. Wind loads are applied on the vertical and horizontal sur-
faces of the user selected area objects as described in Section 3.

(Egn. 3-2) is used to determine the wind pressure, p;, at any point on the sur-
face of the area objects in pascals (Pa). (Eqgn. 3-2) is based on (1987 RCDF
Normas Tecnicas Complementarias para Diseno por Viento Eqgn. 3.3).

p, =047 Cp V5 (Eqn. 3-2)
where,
Vo = Wind velocity as input by the user.

Co Windward or leeward external pressure coefficient assigned to the

area object by the user.

The programs distribute the pressures, p,, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

2010 Chinese Wind Loads

Input Wind Exposure Parameters

In addition to the wind direction angle discussed in the section entitled “Wind
Exposure Parameters” earlier in this chapter, two additional coefficients are
input for the automatic wind loads for 2010 Chinese when the exposure from
extents of diaphragms is selected: the building width, B, and the shape
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coefficient, us. The building width, B, is also input when the exposure from
area objects is selected.

The building windward width, B, is used in determining the wind vibration co-
efficient f,, from the GB50009-2012 (Eqgn. 8.4.3).

The shape coefficient for wind load, u, replaces the windward and leeward co-
efficients previously discussed in this chapter. This coefficient is described in
section 8.3 of GB50009-2012.

When the exposure from extents of diaphragms is selected and across wind or
torsion wind option is selected: building depth D is input. For across wind,
corner modification ratio b/B and lateral period are input. For torsion wind, tor-
sion period is input.

Input Wind Coefficients

Two wind coefficients are input for 2010 Chinese wind loads: the basic wind
pressure, Wo, in kN per meter? (kN/m?); and the ground roughness type, RT.

The basic wind pressure is described in GB5009-2010 appendix E.

The ground roughness types are described in GB50009-2012 Section 8.2. The
roughness type can be A, B, C, or D. No other values are allowed.

3.16.2.1 Input Phi Z Source

Two choices are offered for determining how the mode coefficient, ¢, shall be
calculated by the program. The first mode of vibration coefficient can be ob-
tained from a modal analysis or by using the Z/H ratio.

3.16.2.2 Input T1 Source

The fundamental period, T1, may be determined by the program from a modal
analysis, or it may be input directly by the user.

3.16.2.3 Input Other Parameters

The damping ratio, C, is input for the 2010 Chinese wind loads for use in cal-
culating the fluctuating wind load resonance factor.

Input Phi Z Source
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3.16.3 Algorithm for 2010 Chinese Wind Loads

3.16.3.1 Exposure from Extents of Diaphragms

Automatic wind loads for the 2010 Chinese are based on GB 50009-2012 sec-
tion 8 and appendix H.

Along wind loads, when using the exposure from extents of diaphragms meth-
od, are applied on the vertical projected area as determined based on the story
heights and the input exposure widths for each diaphragm. Wind vibration co-
efficient, 3, at height z is determined by:

B, =1+ 29 l39 B,V1+R? (GB50009-2012 Eqn.8.4.3)

where,

g = peak factor, g=2.5.

l10 = turbulence intensity at 10m. For roughness type A, B, C, and D, val-

ues are 0.12, 0.14, 0.23 and 0.39 correspondingly.

R = fluctuating wind load resonance factor. (GB50009-2012 8.4.4)

B, = fluctuating wind load background factor. (GB50009-2012 8.4.5)

The wind pressure, wi (in kN/m?), at any point on the surface of the vertical
projected area, is determined by:

Wi = Bz1s;Wo (GB50009-2012 Eqgn. 8.1.1-1)
where,
B2 wind vibration coefficient at height z.
s shape coefficient for wind load as input by the user.
Lz wind pressure distribution coefficient at height z (table 7.2.1 GB
50009-2012).
Wo basic value for wind pressure as input by the user.
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The across wind pressure, wik (in kN/m?), at any point on the surface of the
vertical projected area, is determined by:

Wik = gWo 1,C'L 1+ RE (GB50009-2012 Eqn. H2.2)
where,

C’L = across wind coefficient. (GB50009-2012 H.2.3)

RL = across wind resonance factor. (GB50009-2012 H.2.4)

Corner modification ratio b/B is used for calculating RL, positive value means
chamfer corner, negative value means concave corner. 0.05<b/B<0.2.

The torsion wind pressure, wri (in KN/m?), at any point on the surface of the
vertical projected area, is determined by:

0.9
Wk =1.8gWo ppyC'T [ﬁj J1+R? (GB50009-2012 Eqn. H.3.2)

where,
un = wind pressure distribution coefficient at structure top.
C’r = torsion wind induced coefficient. (GB50009-2012 H.3.3)
Rt = torsion wind resonance factor. (GB50009-2012 H.3.4)

The programs distribute the pressures, wi, Wik and wrk, on the surface of the
vertical projected area to each diaphragm on a tributary area basis, as shown in
Figure 3-1.

If across wind load option selected, the program automatically create sub step
0.6FpktFi« for across wind load case, where Fp is along wind action, Fix is
across wind action. If torsion wind load option selected, the program automati-
cally create torsion wind load sub step. Only rectangular structure plan shape is
considered for across wind effect.
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3.17

3.16.3.2 Exposure from Area Objects

Automatic wind loads for the 2010 Chinese are based on Section 3.2 of the JGJ
3-2002 and Section 7 of GB 50009-2001.

The wind loads applied when using the exposure from area objects method are
as described in Section 8 of GB 50009-2001. Wind loads are applied on the
vertical and horizontal surfaces of the user selected area objects.

The wind pressure, wi (in kN/m?), at any point on the surface of the vertical
projected area, is determined by:

Wi = By lsht, W (GB50009-2012 Eqn. 8.1.1-1)

where,
B, = wind vibration coefficient at height z.
us = shape coefficient for wind load as input by the user.

u; = wind pressure distribution coefficient at height z (table 7.2.1 GB
50009-2012).

Wo basic value for wind pressure as input by the user.

The value for B, is the same as described in the previous section entitled “Ex-
posure from Extents of Diaphragms.”

The programs distribute the pressures, wg, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects. As a
general rule, only area objects exposed on the windward side of the building
should be loaded using the exposure from area objects method when using the
2010 Chinese automatic wind load option.

2008 API 4F Wind Loads

Two wind coefficients are input for 2008 API 4F wind loads. They are the ref-
erence wind speed in knots and the Structural Safety Level (SSL) Multiplier.
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In addition to the items discussed in the section entitled “Exposure” earlier in
this chapter, the automatic wind loads for API 4F-2008 allows specification of
the generation of wind loads on line (frame) objects for use on open or lattice
structures. If the option to include frame objects is checked, wind loads will be
generated on each line object that has been assigned wind parameters. The
wind load pattern must be defined before assigning wind parameters to frame
objects.

Assigning frame load open structure wind parameters allows specification of
three items: the frame object is or is not loaded by wind (the default is that it
is); the thickness of ice, if any; and the net force coefficient, Cs.

The ice thickness for wind load affects the area of the line object to be loaded,
and has a default value of “Program Determined.” The net force coefficient for
wind, Cs, also has a default value of “Program Determined.” The wind loads
calculated at a line object are based on the elevation of the object, the dimen-
sions of the object, and various code-dependent wind coefficients.

Algorithm for API 4F-2008 Wind Loads

3.17.2.1 Exposure from Area Objects

Automatic wind loads for the APl 4F-2008 are based on Section 8.3 of API
Specification 4F.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in API 4F-2008 Section 8.3.3.

The following equation is used to determine the velocity pressure, gm, at any
height z on the surface of the user selected area objects, in pounds per square
feet (psf).

gm = 0.00338 K; C, V,* (API 4F-2008 Section 8.3.3)
where,
Ki = This factor is taken as 1.0,

Co Wind pressure coefficient,
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V, = Wind speed in knots at height z as computed by API 4F-2008 sec-
tion 8.3.1.3.

The following equation is used to determine the wind speed, V;, at any point on
the surface of the area objects.

V2 = Vaes B (API1 4-2008 Section 8.3.1.3)
where
B=+/0.85 for heights < 4.6 m (15 ft)

0.211
— z ;
B= \/2.01(500) for heights > 4.6 m (15 ft)

and

Vies = Vet et (API 4-2008 Section 8.3.1.1 and 8.3.1.2)
where,

Vies= Maximum design Wind velocity.

B = Elevation factor as determine from API 4F-2008 Table 8.4.

aei= Structural Safety Level (SSL) Multiplier as input by the user.

The programs distribute the pressures, gm, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

3.17.2.2 Exposure from Line (Frame) Objects

Automatic wind loads for the APl 4F-2008 are based on Section 8.3 of API
Specification 4F.

The wind loads applied when using the exposure from frame objects method
are applied on the exposed surfaces of the user selected frame objects as de-
scribed in API 4F-2008 Section 8.3.3.

The following equation is used to determine the velocity pressure, gm, at any
height z on the projected area of the user selected frame objects, in pounds per
square feet (psf).
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m = 0.00338 K; C; V2 (API 4F-2008 Section 8.3.3)
where,

Ki = A factor to account for angle of inclination ¢ between the longitudi-
nal axis of an individual area and the wind.

Cs = Shape coefficient in accordance with clause APl 4F-2008 8.3.3.4
and Table 8.6.

Vs

Wind speed in knots at height z as computed by APl 4F-2008
section 8.3.1.3.

The following equation is used to determine the wind speed, V,, at any point on
the surface of the area objects.

V: = Vees B (API1 4-2008 Section 8.3.1.3)
where
B=+/0.85 for heights < 4.6 m (15 ft)

0.211
— z ;
B= \/2.01(500) for heights > 4.6 m (15 ft)

and

Vies = Vref Ol ref (API 4-2008 Section 8.3.1.1 and 8.3.1.2)
where,

Vaes= Maximum design Wind velocity.
B = Elevation factor as determine from APl 4F-2008 Table 8.4.
aref= Structural Safety Level (SSL) Multiplier as input by the user.

The following equation is used to determine the member design wind force, Fn,
on the surface of the frame objects.

Fmn=0mCs A (API 4F-2008 Section 8.3.3)

A correction factor Ks, is used to account for global shielding effects and for
changes in airflow around member or appurtenances ends. The Kg, factor ap-
plies to the overall wind load on the building, but does not apply to the load on
the member itself.
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3.18

3.18.1

Fi= Gt Ken 2_Fnm (API 4F-2008 Section 8.3.3)
where,
Gr = Gust effect factor to account for spatial coherence in accordance

with API 4F section 8.3.3.3.

Ksh = A reduction factor to account for global shielding by members or
appurtenances, and for changes in airflow around member or appur-

tenance in accordance with API 4F section 8.3.3.3

gn = Velocity pressure, gm, evaluated at height z of the centroid of area

As.

Cs = Shape coefficient, as specified in Table 3-9 (APl 4F-2008, Table
8.6).

A = Projected solid area normal to the wind.

Table 3-9: Cs Shape Coefficients for use in (AP1 4F-2008)

Shape Cs
Angles, Channels, Beams, Tees 1.8
Square/Rectangular box 15
Round pipes 0.8
Others 2.0

2013 APl 4F Wind Loads

Two wind coefficients are input for 2013 API 4F wind loads. They are the ref-
erence wind speed in knots and the Structural Safety Level (SSL) Multiplier.

Input Exposure

In addition to the items discussed in the section entitled “Exposure” earlier in
this chapter, the automatic wind loads for APl 4F-2013 allows specification of
the generation of wind loads on line (frame) objects for use on open or lattice
structures. If the option to include frame objects is checked, wind loads will be
generated on each line object that has been assigned wind parameters. The
wind load pattern must be defined before assigning wind parameters to frame
objects.
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Assigning frame load open structure wind parameters allows specification of
three items: the frame object is or is not loaded by wind (the default is that it
is); the thickness of ice, if any; and the net force coefficient, Cs.

The ice thickness for wind load affects the area of the line object to be loaded,
and has a default value of “Program Determined.” The net force coefficient for
wind, Cs, also has a default value of “Program Determined.” The wind loads
calculated at a line object are based on the elevation of the object, the dimen-
sions of the object, and various code-dependent wind coefficients.

Algorithm for API 4F-2013 Wind Loads

3.18.2.1 Exposure from Area Objects

Automatic wind loads for the APl 4F-2013 are based on Section 8.3 of API
Specification 4F.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
as described in API 4F-2013 Section 8.3.3.

The following equation is used to determine the velocity pressure, gm, at any
height z on the surface of the user selected area objects, in pounds per square

feet (psf).

gm = 0.00338 K; C, V* (API 4F-2013 Section 8.3.3)
where,

Ki = This factor is taken as 1.0,

Cp, = Wind pressure coefficient,

V, = Wind speed in knots at height z as computed by APl 4F-2013 sec-

tion 8.3.1.3.

The following equation is used to determine the wind speed, V,, at any point on
the surface of the area objects.

2= Viaes B (API 4-2013 Section 8.3.1.4)

where
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B=+/0.85 for heights < 4.6 m (15 ft)

0.211
_ z ;
B= \/2.01(500) for heights > 4.6 m (15 ft)

and

Vies = Vet et (API 4-2013 Section 8.3.1.2 and 8.3.1.3)
where,

Vies= Maximum design Wind velocity.

B = Elevation factor as determine from APl 4F-2013 Table 6.

awei= Structural Safety Level (SSL) Multiplier as input by the user.

The programs distribute the pressures, gm, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

3.18.2.2 Exposure from Line (Frame) Objects

Automatic wind loads for the APl 4F-2013 are based on Section 8.3 of API
Specification 4F.

The wind loads applied when using the exposure from frame objects method
are applied on the exposed surfaces of the user selected frame objects as de-
scribed in APl 4F-2013 Section 8.3.3.

The following equation is used to determine the velocity pressure, gm, at any
height z on the projected area of the user selected frame objects, in pounds per
square feet (psf).

Om = 0.00338 K; Cs V.2 (API 4F-2013 Section 8.3.3)
where,
Ki = A factor to account for angle of inclination ¢ between the longitudi-

nal axis of an individual area and the wind.

Cs

Shape coefficient in accordance with clause APl 4F-2013 8.3.3.5
and Table 8.
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V, = Wind speed in knots at height z as computed by APl 4F-2013
section 8.3.1.4.

The following equation is used to determine the wind speed, V,, at any point on
the surface of the area objects.

V; = Vies B (API 4-2013 Section 8.3.1.4)
where
B=+/0.85 for heights < 4.6 m (15 ft)

0.211
— z ;
B= \/2.01(500) for heights > 4.6 m (15 ft)

and
Vies = Vref Ol ref (API 4-2013 Section 8.3.1.2 and 8.3.1.3)
where,

Vees= Maximum design Wind velocity.
B = Elevation factor as determine from APl 4F-2013 Table 6.
arer= Structural Safety Level (SSL) Multiplier as input by the user.

The following equation is used to determine the member design wind force, F,
on the surface of the frame objects.

Fmn=0mCs A (API 4F-2013 Section 8.3.3)

A correction factor Ks, is used to account for global shielding effects and for
changes in airflow around member or appurtenances ends. The K, factor ap-
plies to the overall wind load on the building, but does not apply to the load on
the member itself.

Fe= Gt Ksh 2Fm (API 4F-2013 Section 8.3.3)
where,

Gr = Gust effect factor to account for spatial coherence in accordance
with API 4F section 8.3.3.4
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3.19
3.19.1

K, = A reduction factor to account for global shielding by members or
appurtenances, and for changes in airflow around member or appur-
tenance in accordance with API 4F section 8.3.3.4

gn = Velocity pressure, gn, evaluated at height z of the centroid of area

Ay.

Cs; = Shape coefficient, as specified in Table 3-10 (API 4F-2013, Table
D).

A = Projected solid area normal to the wind.

Table 3-10: C; Shape Coefficients for use in (API 4F-2013)

Shape Cs
Angles, Channels, Beams, Tees 1.8
Square/Rectangular box 1.5
Round pipes 0.8
Others 2.0

2005 Eurocode 1(EN 1991-1-4) Wind Loads
Input Wind Coefficients

Seven wind coefficients are input for EN 1991-1-4:2005 wind loads. They are
the basic wind speed, V,, in meter per second (m/sec), the terrain category, the

terrain orography, C, (Z) , turbulence factor, k1 , and the structural factor, C,C; .
The basic wind velocity, V,, is described in EN 1991-1-4:2005 Section 4.2
(2)P.

The terrain roughness, Cr(z), is described in EN 1991-1-4:2005 Section 4.3.2.
The terrain categories can be 0, I, II, III and IV. The roughness factor, Cr(z),

accounts for the variability of the mean wind velocity at the site of the structure
due to:

= the height of ground level
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= the ground roughness of the terrain upwind of the structure in the wind di-
rection considered

The terrain orography, C, (Z) , 1s described in EN 1991-1-4:2005 Section 4.3.3.
The orography factor is taken as 1.0 unless otherwise specified in EN 1991-1-
4:2005 Section 4.3.3.

The wind turbulence factorK; is discussed in EN 1991-1-4:2005 Section 4.4.

The roughness length parameter, zy, is discussed in EN 1991-1-4:2005 Section
4.3.2, Table 4.1. A typical range of values for zy is 0.003 to 1.0.

Algorithm for EN 1991-1-4:2005 Wind Loads

3.19.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the EN 1991-1-4:2005 are based on Section 5.3 of
EN 1991-1-4:2005.

Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the same load pattern, the user must include them manu-
ally.

The following equation is used to determine the peak velocity pressure, ¢,(z),
at any height z on the surface of the vertical projected area, in Newton per
square meter (N/m?).

A, (2)=2p[1+71,(2)][c, (2)c, (2)% | (EN 1991-1-4 Eqn. 4.8)

where,
vy = Basic wind speed in m/sec as input by the user
P = The air density. The values for P may be given in the National

Annex. The programs use 1.25 kg/m? for this item.

I(z) = The turbulent intensity at height z
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The roughness factor

cr(2)
Co(2)

The terrain roughness factor, c((z), is obtained using (Eqns. 4.4 and 4.5 in EN
1991-1-4:2005 Section 4.3.2).

The orography factor as input by the user

z
Cr (Z) == kr In[_j fOI’ Zmin S z S Zmax
z

0

where,
0.07
k = 0.19[2—0]
ZO,II
¢,(z)=c(2),;, < zumin (EN 1991-1-4 Eqn. 4.4 and 4.5)
where,

z = Distance (height) from input bottom story/minimum height to point

considered

Zo = Roughness length as given in EN 1991-1-4 Table 4.1
0.05 m (terrain category I, EN 1991-1-4 Table 4.1)

Zo,n
Zmin = Minimum height as defined in EN 1991-1-4 Table 4.1

Zmax = 1S t0 be taken as 200 m

The turbulence intensity factor, 1.(z), is obtained using (Egns. 4.7 in EN 1991-
1-4:2005 Section 4.4).

k
| =—If min = £ = Zmax
)= ez
1,(z)=1,(2,;,) for z<zmn (EN 1991-1-4 Eqn. 4.7)

where,
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z = Distance (height) from input bottom story/minimum height to point
considered.
ki = Turbulence factor. The value of k; may be given in the National An-

nex. The default value of k; is 1.0

EN 1991-1-4:2005 Eqn. 5.1 and 5.5 are used to determine the wind pressure, w,
at any point on the surface of the vertical projected area.

W= Cscd qp(z)cp-windward + Cst qp(z)cp-leeward (EN 1991-1-4 Eqn 5.1and 55)

where,
qp(z) = Velocity pressure, gy, at any height z on the surface of the ver-
tical projected area calculated using (EN 1991-1-4 Eqn. 4.8).
C,C; = Structural factor as input by the user.

Co-windward = Windward external pressure coefficient as input by the user.
Co-eeward = Leeward external pressure coefficient as input by the user.

The pressures, w, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Fx and Fy, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis.

3.19.2.2 Exposure from Area Objects

Automatic wind loads for the EN 1991-1-4:2005 are based on Section 5.3 of
EN 1991-1-4:2005.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
based on Section 5.3 of EN 1991-1-4:2005.

The following equation is used to determine the peak velocity pressure, qp(z),
at any height z on the surface of the vertical projected area, in Newton per
square meter (N/m2).
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d,(2)=2p[1+71,(2)][c (2)c, (2)v, |? (EN 1991-1-4 Eqn. 4.8)
where,
vp = Basic wind speed in m/sec as input by the user
p = The air density. The values for p may be given in the National

Annex. The programs use 1.25 kg/m? for this item.

1\(2)
c(2)
Co(z) = The orography factor as input by the user

The turbulent intensity at height z

The roughness factor

The terrain roughness factor, c:(z), is obtained using (Egns. 4.4 and 4.5 in EN
1991-1-4:2005 Section 4.3.2).

z
Cr (Z) = kr In[_j fOI’ Zmin <z< Zmax
z

0

where,
0.07
k = 0.19(2—0]
ZO,II
¢,(z)=c.(2),;, < zmn (EN 1991-1-4 Eqn. 4.4 and 4.5)
where,
z = Distance (height) from input bottom story/minimum height to point
considered.

Zo = Roughness length as given in EN 1991-1-4 Table 4.1
0.05 m (terrain category I, EN 1991-1-4 Table 4.1)

Zo,1l

Zmin = Minimum height as defined in EN 1991-1-4 Table 4.1

Is to be taken as 200 m.

Zmax
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The turbulence intensity factor, 1,(z), is obtained using (Egns. 4.7 in EN 1991-
1-4:2005 Section 4.4).

1,(2)= m for Zmin < 7 < Zmax
1,(z)=1,(z,;,) for z<zmn (EN 1991-1-4 Eqn. 4.7)
where,
z = Distance (height) from input bottom story/minimum height to point
considered.
ki = Turbulence factor. The value of ki may be given in the National An-

nex. The default value of k; is 1.0.

EN 1991-1-4:2005 Eqn. 5.1 and 5.5 are used to determine the wind pressure, w,
at any point on the surface of the vertical projected area.

W= Cscd qp(z)cp—windward + Cst qp(Z)Cp—Ieeward
(EN 1991-1-4 Eqn. 5.1 and 5.5)

where,
qp(z) = Velocity pressure, gy, at any height z on the surface of the ver-
tical projected area calculated using (EN 1991-1-4 Eqn. 4.8)
C,C; = Structural factor as input by the user

Cp-windward = Windward external pressure coefficient as input by the user.
Co-eeward = Leeward external pressure coefficient as input by the user.

The programs distribute the pressures, w, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.
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3.20
3.20.1

2002 AS/NZS 1170.2 Wind Loads

Input Wind Coefficients

Eleven wind coefficients are input for AS/NZS 1170.2:2002 wind loads. They
are the regional wind speed, V, in meter per second (m/sec), the wind direc-

tion multiplier, M, the terrain category, M the shielding multiplier, M,

Z,cat?
the topographic multiplier, M,, the identification of region (cyclonic/non-
cyclonic), the dynamic response factor, Cdyn and four parameters

(Ka, Ko K, Kp) that are used to compute aerodynamic shape factor, C .

The regional wind speed, Vj, is described in AS/NZS 1170.2:2002 Section
3.2. For regions C and D, regional wind speed, Vj, includes additional factors
F. =1.05 and F, =1.1 respectively.

The wind direction multiplier, M, is described in AS/NZS 1170.2:2002 Sec-

tion 3.3. The programs are using M, =1.0for all wind directions as default.

is described in AS/NZS 1170.2:2002 Section 4.2.
The terrain categories can be 1, 2, 3 and 4. The terrain category, szcat, ac-

The terrain category, M

z,cat’

counts for the variability of the wind velocity at the site of the structure due to:
= the height of ground level

= the ground roughness of the terrain upwind of the structure in the wind
direction considered

The shielding multiplier, M_, is described in AS/NZS 1170.2:2002 Section

4.3.

s

The topographic multiplier, M, is described in AS/NZS 1170.2:2002 Section
4.4,

The aerodynamic shape factor, Cg, is described in AS/NZS 1170.2:2002
Section 5.2.
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The dynamic response factor, Cg,, is described in AS/NZS 1170.2:2002

Section 6.1. For structures with a first mode fundamental frequency greater
than 1Hz, C,, =1.0. First mode fundamental frequencies between 0.2 Hz and

1Hz should be computed in accordance with AS/NZS 1170.2:2002 Section 6.
Structures with a first mode that is less than 0.2 Hz are not covered by this
Standard.

Algorithm for AS/NZS 1170.2:2002 Wind Loads

3.20.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the AS/NZS 1170.2:2002 are based on Section 2.4 of
AS/NZS 1170.2:2002.

Windward and leeward horizontal wind loads are applied on the vertical
projected area of the building as determined from the story heights and the
input diaphragm exposure widths. The programs do not apply vertical wind
loads automatically over the projected horizontal area of roof surfaces. To
include those vertical wind loads in the same load pattern, the user must
include them manually.

The following equation is used to determine the design wind pressure, p, at any
height z on the surface of the vertical projected area, in Newton per square
meter (N/m?).

P =3P | Vieso ] “CricCapn (AS/NZS 1170.2 Eqn. 2.4(1))
where,

Vies ¢ = Building Orthogonal design wind speed in m/sec.

p.i; = Air density. The values for p,, istaken as 1.2 kg/m®.

Csiy = Aerodynamic shape factor.

Cayn = Dynamic response factor as input by the user.
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To simplify design, building orthogonal design wind speed is computed for the
worst direction. Therefore, Vg, o =V 5 in the program.

The site wind speed, V; ;. at the reference height (z), above ground is com-
puted as follows:

Viip =VaMg (M, MM, ) 230 misec (AS/NZS 1170.2 Eqn. 2.2)

z,cat
where,

Viip = Site wind speed in m/sec at the reference height (z) above
ground

Vi, = Regional 3 seconds gust wind speed in m/sec, for annual proba-
bility of exceedance of 1/R, as input by the user.

M, = Wind directional multiplier taken as 1.0 for all directions.

= Terrain/height multiplier.

z,cat

M. = Shielding multiplier as input by the user.

S
M, = Topographic multiplier as input by the user.

The terrain roughness on wind speed factor, M
1170.2 Table 4.1(A) or Table 4.1(B).

is obtained using AS/NZS

z,cat?

The aerodynamic shape factor, C
1170.2:2002 Section 5.2.

fig» 1S Obtained using Eqns. 5.2(1) in AS/NZS

Cry =C, K KKK, (AS/NZS 1170.2 Eqgn. 5.2(1))
where,
C,e= external pressure coefficient as input by the user.

K,= Area reduction factor. The value of K, is given in AS/NZS 1170.2,
Table 5.4. The default value of K, is 1.0.
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K.= Combination factor. The value of K_is given in AS/NZS 1170.2,
Table 5.5 and for all surfaces, K_should not be less than 0.8/K,.
The default value of K is 1.0.

K,= Local pressure factor. The value of K;is given in AS/NZS 1170.2,
Table 5.6. The local pressure factor K, is 1.0 in all cases.

K,= Porous cladding reduction factor. The value of K is given in
AS/NZS 1170.2, Table 5.8. The default value of K is 1.0.

AS/NZS 1170.2:2002 Eqn. 2.2, 2.4(1) and 5.2(1) are used to determine the
wind pressure, p, at any point on the surface of the vertical projected area.

p = %pair Cdyn Ka Kc KI Kp |:([ Vdes,e(z) } 2Cp,e—windward + I: Vdes,e(h) } 2Cp,e—leeward ):|

where,
Cpewindward = Windward external pressure coefficient as input by the user.

Coeleewarda = Leeward external pressure coefficient as input by the user.

For leeward sides, wind speed is taken as the value at Z=h. The p(z),Vye )
varies with height, whereas Vv, o, remains constant.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Fx and Fy, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis.

3.20.2.2 Exposure from Area Objects

Automatic wind loads for the AS/NZS 1170.2:2002 are based on Section 2.4 of
AS/NZS 1170.2:2002.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
based on Section 2.4 of AS/NZS 1170.2:2002.
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The following equation is used to determine the design wind pressure, p, at any
height z on the surface of the vertical projected area, in Newton per square me-
ter (N/m?).

P =1puir[ Vieso | "CrioCoyn (AS/NZS 1170.2 Eqn. 2.4(1))

= Building Orthogonal design wind speed in m/sec.

CL<
&
B

|

par = Airdensity. The values for p,, istaken as 1.2 kg/m?.

Ciy = Aerodynamic shape factor.
Can = Dynamic response factor as input by the user.

To simplify design, building orthogonal design wind speed is computed for the
worst direction. Therefore, Vg, o =V in the program.

The site wind speed, Vsit,ﬁ’ at the reference height (z) above ground is com-
puted as follows:

Vip =VaMg (M, MM, ) = 30 misec (AS/NZS 1170.2 Eqn. 2.2)
where,
Vip = Site wind speed in m/sec at the reference height (z) above
ground
Vq = Regional 3 seconds gust wind speed in m/sec, for annual proba-

bility of exceedance of 1/R, as input by the user.

M, = Wind directional multiplier taken as 1.0 for all directions.
.t = rerrain/height multiplier.

M, = Shielding multiplier as input by the user.

M, = Topographic multiplier as input by the user.
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The terrain roughness on wind speed factor, M, ., is obtained using AS/NZS
1170.2 Table 4.1(A) or Table 4.1(B).

The aerodynamic shape factor, Cy;, , is obtained using Eqns. 5.2(1) in AS/NZS
1170.2:2002 Section 5.2.

cﬁg = Cp,eKaKcK| Kp (AS/NZS 1170.2 Eqgn. 5.2(1))
where,

C,e= external pressure coefficient as input by the user.

K,= Area reduction factor. The value of K_is given in AS/NZS 1170.2,
Table 5.4. The default value of K is 1.0.

K.= Combination factor. The value of K_is given in AS/NZS 1170.2,

Table 5.5 and for all surfaces, K;should not be less than 0.8/K, .
The default value of K_is 1.0.

K,= Local pressure factor. The value of K;is given in AS/NZS 1170.2,
Table 5.6. The local pressure factor K, is 1.0 in all cases.

K, = Porous cladding reduction factor. The value of K is given in
AS/NZS 1170.2, Table 5.8. The default value of K, is 1.0.

AS/NZS 1170.2:2002 Eqn. 2.2, 2.4(1) and 5.2(1) are used to determine the
wind pressure, p, at any point on the surface of the vertical projected area.

p= %pair [Vdes,e:| 2Cdyn [(Cp,e—windward + Cp,e-leeward ) Ka Kc KI K p ]
where,

Cpewinaward =  Windward external pressure coefficient as input by the user.

Coe-eeward =  Leeward external pressure coefficient as input by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.
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3.21
3211

2011 AS/NZS 1170.2 Wind Loads

Input Wind Coefficients

Eleven wind coefficients are input for AS/NZS 1170.2:2011 wind loads. They
are the regional wind speed, Vy, in meter per second (m/sec), the wind direc-

tion multiplier, M, the terrain category, M the shielding multiplier, M,

Z,cat?
the topographic multiplier, M,, the identification of region (cyclonic/non-
cyclonic), the dynamic response factor, Cdyn and four parameters

(Ka, Ko K, Kp) that are used to compute aerodynamic shape factor, C .

The regional wind speed, Vj, is described in AS/NZS 1170.2:2011 Section
3.2. For regions C and D, regional wind speed, Vj, includes additional factors
F. =1.05 and F, =1.1 respectively.

The wind direction multiplier, M, is described in AS/NZS 1170.2:2011 Sec-

tion 3.3. The programs are using M, =1.0for all wind directions as default.

is described in AS/NZS 1170.2:2011 Section 4.2.
The terrain categories can be 1, 2, 3 and 4. The terrain category, szcat, ac-

The terrain category, M

z,cat’

counts for the variability of the wind velocity at the site of the structure due to:
= the height of ground level

= the ground roughness of the terrain upwind of the structure in the wind
direction considered

The shielding multiplier, M_, is described in AS/NZS 1170.2:2011 Section

4.3.

s

The topographic multiplier, M., is described in AS/NZS 1170.2:2011 Section
4.4,

The aerodynamic shape factor, Cy, is described in AS/NZS 1170.2:2011
Section 5.2.
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The dynamic response factor, Cg,, is described in AS/NZS 1170.2:2011

Section 6.1. For structures with a first mode fundamental frequency greater
than 1Hz, C,, =1.0. First mode fundamental frequencies between 0.2 Hz and

1Hz should be computed in accordance with AS/NZS 1170.2:2011 Section 6.
Structures with a first mode that is less than 0.2 Hz are not covered by this
Standard.

Algorithm for AS/NZS 1170.2:2011 Wind Loads

3.21.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the AS/NZS 1170.2:2011 are based on Section 2.4 of
AS/NZS 1170.2:2011.

Windward and leeward horizontal wind loads are applied on the vertical
projected area of the building as determined from the story heights and the
input diaphragm exposure widths. The programs do not apply vertical wind
loads automatically over the projected horizontal area of roof surfaces. To
include those vertical wind loads in the same load pattern, the user must
include them manually.

Buildings with height over 70 m, a torsion force is also required based on the
eccentricity of 0.2b with respect to the center of geometry of each diaphragm.
Program provides an option for activating additional torsional moment for any
building height in positive and negative directions. User must include torsional
moments when building height is greater than 70m.

The following equation is used to determine the design wind pressure, p, at any
height z on the surface of the vertical projected area, in Newton per square
meter (N/m?).

P =%Par | Viess ] “CrCapn (AS/NZS 1170.2 Eqn. 2.4(1))
where,

Vies o = Building Orthogonal design wind speed in m/sec.

Pair = Air density. The values for p,;, is taken as 1.2 kg/m?.
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Cqiy = Aerodynamic shape factor as input by the user.
Cayn = Dynamic response factor as input by the user.

To simplify design, building orthogonal design wind speed is computed for the
worst direction. Therefore, Vg, o =V in the program.

The site wind speed, Vg g, at the reference height (z) above ground is com-
puted as follows:

Vyip =VaMg (M, MM, ) =30 misec (AS/NZS 1170.2 Eqn. 2.2)

where,

Viip = Site wind speed in m/sec at the reference height (z) above
ground

Vr; = Regional gust wind speed in m/sec, for annual probability of ex-
ceedance of 1/R, as input by the user.

M, = Wind directional multiplier taken as 1.0 for all directions.

= Terrain/height multiplier.

z,cat

M. = Shielding multiplier as input by the user.

S
M, = Topographic multiplier as input by the user.

The terrain roughness on wind speed factor, M
1170.2 Table 4.1.

is obtained using AS/NZS

z,cat?

The aerodynamic shape factor, C
1170.2:2011 Section 5.2.

fig» 1S Obtained using Eqns. 5.2(1) in AS/NZS

Cyy =C, KKK K, (ASINZS 1170.2 Eqn. 5.2(1))

fig

where,
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C,.= external pressure coefficient as input by the user.

K,= Area reduction factor. The value of K, is given in AS/NZS 1170.2,
Table 5.4. The default value of K, is 1.0.

K.= Combination factor. The value of K_is given in AS/NZS 1170.2,

Table 5.5 and for all surfaces, K_should not be less than 0.8/K,.
The default value of K is 1.0.

K,= Local pressure factor. The value of K;is given in AS/NZS 1170.2,
Table 5.6. The local pressure factor K, is 1.0 in all cases.

K,= Porous cladding reduction factor. The value of K is given in
AS/NZS 1170.2, Table 5.8. The default value of K, is 1.0.

AS/NZS 1170.2:2011 Eqn. 2.2, 2.4(1) and 5.2(1) are used to determine the
wind pressure, p, at any point on the surface of the vertical projected area.

p = %pair Cdyn Ka Kc KI K p |:([ Vdes,e(z) } 2Cp,e—windward + I: Vdes,e(h)} ch,e—leeward ):|

where,
Cpewindward = Windward external pressure coefficient as input by the user.

Coe-eeward = Leeward external pressure coefficient as input by the user.

For leeward sides, wind speed is taken as the value at Z=h. The p(z),Vye )
varies with height, whereas Vv, .., remains constant.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Fx and Fy, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis.
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3.21.2.2 Exposure from Area Objects

Automatic wind loads for the AS/NZS 1170.2:2011 are based on Section 2.4 of
AS/NZS 1170.2:2011.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
based on Section 2.4 of AS/NZS 1170.2:2011.

The following equation is used to determine the design wind pressure, p, at any
height z on the surface of the vertical projected area, in Newton per square me-
ter (N/m?).

P=1puir[ Vieso | "CrioCoyn (AS/NZS 1170.2 Eqn. 2.4(1))

where,

Viesy = Building Orthogonal design wind speed in m/sec.

Pair Air density. The values for p,;, istaken as 1.2 kg/m?.

C = Aerodynamic shape factor.

fig
Can = Dynamic response factor as input by the user.

To simplify design, building orthogonal design wind speed is computed for the
worst direction. Therefore, Vg, o =V in the program.

The site wind speed, Vg 5, at the reference height (z), above ground is com-

puted as follows:

Viip =VaMg (M, MM, ) 2 30 misec (AS/NZS 1170.2 Eqn. 2.2)
where,
Vip = Site wind speed in m/sec at the reference height (z) above

ground
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Vq = Regional gust wind speed in m/sec, for annual probability of ex-
ceedance of 1/R, as input by the user.

M, = Wind directional multiplier taken as 1.0 for all directions.
M, = Terrain/height multiplier.

M, = Shielding multiplier as input by the user.

M, = Topographic multiplier as input by the user.

The terrain roughness on wind speed factor, M, .., is obtained using AS/NZS
1170.2 Table 4.1.

The aerodynamic shape factor, Cy;, , is obtained using Eqns. 5.2(1) in AS/NZS
1170.2:2002 Section 5.2.

Cﬁg = (:p’eKaKCKI Kp (AS/NZS 1170.2 Egn. 5.2(1))
where,

C,e= external pressure coefficient as input by the user.

K,= Area reduction factor. The value of K_is given in AS/NZS 1170.2,
Table 5.4. The default value of K, is 1.0.

K.= Combination factor. The value of K_is given in AS/NZS 1170.2,
Table 5.5 and for all surfaces, K_should not be less than 0.8/K, .
The default value of K_is 1.0.

K,= Local pressure factor. The value of K;is given in AS/NZS 1170.2,
Table 5.6. The local pressure factor K, is 1.0 in all cases.

K, = Porous cladding reduction factor. The value of K, is given in
AS/NZS 1170.2, Table 5.8. The default value of K, is 1.0.

AS/NZS 1170.2:2011 Eqgn. 2.2, 2.4(1) and 5.2(1) are used to determine the
wind pressure, p, at any point on the surface of the vertical projected area.
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3.22
3.22.1

3.22.2

p= %pair [Vdes,e] ZCdyn |:(Cp,e—windward + Cp,e—leeward ) Ka Kc KI Kp ]

where,
Cpewinaward =  Windward external pressure coefficient as input by the user.

Coeleeward =  Leeward external pressure coefficient as input by the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

1987 Indian 1S:875 Part-3 Wind Loads
Input Wind Coefficients

Five wind coefficients are input for 1S:875 Indian wind loads. They are the
basic wind speed Vy in meter per second (m/s), the terrain category, the
structure class, Probability coefficient or Risk coefficient (k; factor) and
topography factor (ks factor). Terrain, height, and structure size factor (k.
factor) are evaluated by the program automatically from the terrain category
and structure class specified by the user.

The basic wind speed is described in section 5.2 of 1S:875 code. A typical
range of values for the basic wind speed is 33 to 55 m/sec.

The terrain categories are described in section 5.3.2.1 of 1S:875 code. The ter-
rain category can be 1, 2, 3 or 4. No other values are allowed.

The structure classes are described in section 5.3.2.1 of 1S:875 code. The struc-
ture class can be A, B or C. No other values are allowed.

Exposure from Extents of Diaphragms

Automatic wind loads for the 1S:875 Indian code are based on section 6 of
1S:875.

The wind load estimation when using the exposure from extents of diaphragms
method is based on 1S:875 section 6. The user must have defined diaphragms
in the building model to use this method for wind load computation. Windward
and leeward horizontal wind loads are applied on the vertical projected area of
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the building as determined from the story heights and the input diaphragm ex-
posure widths. The program does not apply vertical wind load automatically
over the projected horizontal area of roof surfaces. To include those vertical
wind loads in the load pattern, the user must include them manually.

If a parapet exists at terrace level, the user can specify the parapet height and
the resulting wind load due to exposure of the parapet wall to wind will be in-
cluded automatically. Such a parapet is assumed to be located at the highest
floor level along the boundary of the diaphragm. There may be certain situa-
tions when a lift machine room or a water tank could be modeled above the ter-
race level. In such a case, the highest floor level will be the floor level with
maximum Z coordinate, which could be the roof of the lift machine room or
the top slab of the water tank. Suppose the parapet exists at the terrace level; in
that case, the program would not be able to identify the location of the parapet
wall to correctly account for the wind load acting on the wall. Such a parapet
wall height should not be specified on the form used to define the wind load.
Wind loads acting on such parapets must be included by manually computing
them, and such a wind load should be applied by the user at the appropriate lo-
cation manually.

The following equation is used to determine the design wind pressure pq, at any
point on the surface of the vertical projected area.

pa= 0.6V, (1S:875 Section 5.4)
where,

ps = Design wind pressure

V., = Design wind speed in m/sec

V. = Vhkikaks

Other terms have already been explained.

The wind force on a vertical projected area is computed by the following equa-
tion.

F = Cp.A.pd

where,
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3.22.3

A Vertical projected area

Cp Net wind pressure coefficient for the windward or leeward sur-

face

Note: The program does not compute the net wind pressure coefficients. The
user should input net wind pressure coefficients on the windward and the
leeward sides by considering all possibilities of external and internal pressures
existing together or separately and specify them on the form used to define the
wind load pattern. The following equation may be used to determine the
coefficient Cp.

Cp = Cpe - Cpi

O
1

External wind pressure coefficient

g
1

Internal wind pressure coefficient

Exposure from Area Objects

Automatic wind loads for the 1S:875 Indian code are based on section 6 of
1S:875.

The wind load estimation when using the exposure from area objects method is
based on 1S:875 section 6. The user must have defined area objects in a vertical
plane covering the building’s outer surfaces exposed to wind to use this method
of wind load computation. If no such vertical structural elements are present in
the prototype building, the user can add dummy area objects with NULL prop-
erty for the purpose of estimating wind loads acting on outer surfaces of the
building. Typically the user will be applying windward and leeward wind coef-
ficients to such vertical area objects. Windward and leeward horizontal wind
loads are then computed and applied on the vertical area object, which in turn
creates loads on the joints connected to the area objects. The program does not
apply vertical wind load automatically over the projected horizontal area of
roof surfaces. To include those vertical wind loads in the load pattern, the user
must include them manually.

The wind load acting on parapet walls existing above roof level can’t be com-
puted automatically when wind loads are estimated using exposure from area
objects method. Assigning the parapet wall height in wind load definition dia-
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log box will have no effect on wind load in this method. Wind load acting on
parapets must be included by manually computing the wind load on them and
such a wind load should be applied by the user at appropriate location manual-

ly.

The following equation is used to determine the design wind pressure pq, at any
point on the surface of the vertical projected area.

Pa=0.6V,? (1S:875 Section 5.4)
where,
pa = Design wind pressure
.= Design wind speed in m/sec.
V:=Vp.k1.ka.ks
Other terms have been explained already.

The wind force on a vertical projected area is computed by the following equa-
tion.

F=Cy.A.pg

where,
A = Vertical projected area of area object, including dummy area
Cp= Net wind pressure coefficient for windward or leeward surfaces

Note: The program does not compute net wind pressure coefficients and the
user should input net wind pressure coefficient on windward and leeward sides
by considering all possibilities of external and internal pressures existing
together or separately and specify it in the form used to define the wind load
pattern. The following equation may be used to determine the coefficient Cp,

Cp = Cpe - Cpi
where,

Cpe= External wind pressure coefficient
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3.23
3.23.1

3.23.2

Cpi= Internal wind pressure coefficient

Such a wind load coefficient, C, , must be applied to the area object, including
dummy area objects drawn by the user in elevation, identifying whether it is a
windward or leeward coefficient.

2008 Italian NTC Wind Loads
Input Wind Coefficients

Six wind coefficients are input for Italian NTC 2008 wind loads. They are the
basic wind speed, V, , in meter per second (m/sec), the exposure category, the

topography factor, C;, Dynamic coefficient, C, , and the shape factor, C .

The exposure category is described in NTC table 3.3.1l. The exposure category
can be I, I, I, IV and V. The topography factor, C,, accounts for the variabil-

ity of the mean wind velocity at the site of the structure due to:
= the height of the ground level

= the ground roughness of the terrain upwind from the structure in the wind
direction considered

The Dynamic coefficient represents the interaction between the wind action
and the dynamic response of the structure. For common structures it can be
cautionary and taken as 1; for particular structures, it must be determined on
the basis of specific analysis

The shape factor depends on the morphological properties of the structure.
Values for the shape factor (also known as pressure coefficient) are reported in
EC1 part 4 section 7. These values can be used also for the determination of the
shape factor in accordance with NTC 2008.

Algorithm for Italian NTC 2008 Wind Loads

3.23.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for the Italian NTC 2008 are based on Section 3.3 of
Italian NTC 2008.
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Windward and leeward horizontal wind loads are applied on the vertical pro-
jected area of the building as determined from the story heights and the input
diaphragm exposure widths. The programs do not apply vertical wind loads au-
tomatically over the projected horizontal area of roof surfaces. To include those
vertical wind loads in the same load pattern, the user must include them manu-
ally.

The following equation is used to determine the peak velocity pressure, qp(z),
at any height z on the surface of the vertical projected area, in Newton per
square meter (N/m2).

1

q, = E,ovb2 (NTC 2008 Eqn. 3.3.4)
where,

Vb, = Basic wind speed in m/sec as input by the user

p = Theair density. The programs use 1.25 kg/m? for this item.

The exposure coefficient is obtained using (Egns. 3.3.5 in NTC 2008).

kfctln[iJP + ctln[iﬂ forz>z,..
Z Zo

c.(z)= (NTC Eqgn. 3.3.5)
Ce (Zrmin) forz<z,,
where,
z is the height of the considered point from the base of the structure
ke, Zo, Zmin depend on the exposure category of the site as defined in NTC 2008
table 3.3.11
Exposure Category kr Zo [m] Znmin [M]
I 0.17 0.01 2
I 0.19 0.05 4
Il 0.20 0.10 5
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v 0.22 0.30 8
\Y 0.23 0.70 12

Ct is the “topography” factor which can be, in general, set equal to 1

EN 1991-1-4:2005 Egn. 5.1 and 5.5 are used to determine the wind pressure, w,
at any point on the surface of the vertical projected area.

W= C.Cy UyCphindward + CeCa UoCpceward (NTC 2008 Eqn. 3.3.2)

where,

O» = Velocity pressure, gb, at any height z on the surface of the vertical
projected area calculated using (NTC 2008 Eqn. 3.3.4).

ce = Exposure coefficient

Cp = Shape factor or pressure coefficient

cs = Dynamic coefficient

g» = Dynamic pressure

Cp-winaward = Windward external pressure coefficient as input by the user.

Co-eeward = Leeward external pressure coefficient as input by the user.

The pressures, w, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis as shown in Figure 3-1. The applica-
tion of these pressures determines a resultant lateral force in both the x- and y-
directions of the building, Fx and Fy, at each diaphragm level. Note that one or
the other of these forces may be zero if the wind direction is perfectly aligned
with the x- or y-axis.

3.23.2.2 Exposure from Area Objects

Automatic wind loads for the NTC 2008 are based on Section 3.3 of NTC
2008.

The wind loads applied when using the exposure from area objects method are
applied on the vertical and horizontal surfaces of the user selected area objects
are based on Section 3.3 of Italian NTC 2008.
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The following equation is used to determine the peak velocity pressure, qp, at
any height z on the surface of the vertical projected area, in Newton per square
meter (N/m?).

1

Oy :Epvb2 (NTC 2008 Eqn. 3.3.4)
where,

Vb = Basic wind speed in m/sec as input by the user

p = The air density. The programs use 1.25 kg/m? for this item.

The exposure coefficient is obtained using (Egns. 3.3.5 in NTC 2008).

kfctln(ijP + ctln[iﬂ forz>z,.
Zo Zo

c,(z) = (NTC Eqn. 3.3.5)

Ce (Zmmin) forz<z,,

where,
z is the height of the considered point from the base of the structure

Kr, 20, Zmin, depend on the exposure category of the site as defined in NTC

2008 table 3.3.11
Exposure Category kr Zo [m] Zmin [M]
| 0.17 0.01 2
| 0.19 0.05 4
1 0.20 0.10 5
v 0.22 0.30 8
\Y% 0.23 0.70 12

c; isthe “topography” factor which can be, in general, set equal to 1

EN 1991-1-4:2005 Eqn. 5.1 and 5.5 are used to determine the wind pressure, w,
at any point on the surface of the vertical projected area.

W = C,Cy GyCymingmarg * CeCa UsCo-teomard (NTC 2008 Eqn. 3.3.2)

where,
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3.24
3.24.1

3.24.2

0, = Velocity pressure, gp, at any height z on the surface of the vertical
projected area calculated using (NTC 2008 Eqn. 3.3.4).

c. = Exposure coefficient

¢, = Shape factor pressure coefficient

¢y = Dynamic coefficient

qp = Dynamic pressure

Cpo-windward = Windward external pressure coefficient as input by the user.
Co-eeward = Leeward external pressure coefficient as input by the user.

The programs distribute the pressures, w, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

1997 TS 498 Wind Loads

Input Wind Coefficients

Two wind coefficients are input for 1997 TS 498 wind loads. They are the
wind speed, V, in m/sec and the coefficient of dynamic, C..

The velocity pressure, g, can be obtained from 1997 TS 498 from section 11.3.

The coefficient of dynamic, C,, is discussed in 1997 TS 498 section 11.2.2.
The default value is 1.0. Any positive value is allowed.

Algorithm for 1997 TS 498 Wind Loads

3.24.2.1 Exposure from Extents of Diaphragms

Automatic wind loads for 1997 TS 498 are based on Section 11.2 of the 1997
TS 498.

Windward and leeward horizontal wind loads are applied on the vertical
projected area of the building as determined from the story heights and the
input diaphragm exposure widths. The programs do not apply vertical wind
loads automatically over the projected horizontal area of roof surfaces. To
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include those vertical wind loads in the load pattern, the user must include
them manually.

The following equation is used to determine the peak velocity pressure, g, at
any height z on the surface of the vertical projected area, in Newton per square
meter (N/m?).

2
g=—Y (TS 498 Section 11.3)
1600
where,
V = Basic wind speed in m/sec as input by the user

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

P = g Cr [Cp-windward + Cp-teeward] (TS 498 Section11.2.3)
where,

g = Velocity pressure.

Cr = Dynamic factor as input by the user.

Cp-windwarda =  External pressure coefficient for the windward wall as input
by the user.

Cop-leeward = Ehxternal pressure coefficient for the leeward wall as input by
the user.

The pressures, p, are distributed on the surface of the vertical projected area to
each diaphragm on a tributary area basis, as shown in Figure 3-1.

3.24.2.2  Exposure from Area Objects

Automatic wind loads for 1997 TS 498 are based on Section 11.2 of the 1997
TS 498.

Windward and leeward horizontal wind loads are applied on the vertical
projected area of the building as determined from the story heights and the
input diaphragm exposure widths. The programs do not apply vertical wind
loads automatically over the projected horizontal area of roof surfaces. To
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3.25

include those vertical wind loads in the load pattern, the user must include
them manually.

The following equation is used to determine the peak velocity pressure, g, at
any height z on the surface of the vertical projected area, in Newton per square
meter (N/m?).

2
q= PZV (TS 498 Section 11.3)
g
where,
Vb = Basic wind speed in m/sec as input by the user
p = Theair density. The programs use 1.25 kg/m? for this item.

The following equation is used to determine the wind pressure, p, at any point
on the surface of the vertical projected area.

p=q Cr [Cp—winward + Cp—leeward] (TS 498 Section11.2.3)
where,

g = Velocity pressure.

Cr = Dynamic factor as input by the user.

Cpwinawara =  External pressure coefficient for the windward wall as input
by the user.

Corewars = External pressure coefficient for the leeward wall as input by
the user.

The programs distribute the pressures, p, on the surface of each area object,
which in turn creates loads on the joints connected to the area objects.

User-Defined Wind Loads

For user-defined loads, define the magnitude of the wind load force in the X-
and Y-directions, the torsional moment, and the location of the wind load force
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to each diaphragm at each story level. On the basis of these data, a point object
is automatically created at the location of the applied load.
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