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1. INTRODUCTION

1.1 Background

Reference [2J documents the development of a methodology and computer

program for estimating the damage by floor for any type of building
subjected to earthquake or wind loads. The original computer program
provided a very flexible tool for the analysis of these natural forces

and their effect on specific buildings. Multiple options for modeling

the earthquake and wind environment, site modifications, structural
configurations and types of damage were offered by this program. Under­
standably, this flexibility has proved to be somewhat of a deterrent to
practical use, because of the large amount of input required to exercise
the various options. This is especially true for local building and
safety departments where the needs tend to be more utilitarian. The
objectives of the present study were to investigate the tradeoffs
between modeling detail and flexibility on one hand, and utility on the
other, as they affected the primary output of the program which was
structural response and corresponding measures of "damageability."
Damageability is herein considered to be the potential of a building to
suffer damage from the natural hazards (or forces) under consideration.

The present computer program incorporates several major changes. First,
the text of the computer manual has been simplified so as to require
only a minimal amount of previous computer experience. Second, as a
result of a sensitivity study, many of the original input parameters in

the previous program are now internally set. This does include, for
example, ground motion attenuation constants which are used to transform
Richter magnitudes to site ground motions (i.e., peak ground accelera-.
tions, velocities and displacements). Third, several options present in
the original computer program have since been eliminated. One set of
options eliminated was the soil amplification routines. Finally, the

1-1
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program utilizes a different damage estimation routine. The present
damage subroutine is based on semi-empirical relationships between
percent damage and interstory drift for different categories of build­
ings and systems. The reader is referred to the first volume of this
report for discussion on the development of these damage relationships.

1.2 Schematic Flow Chart of Damageabi1ity Assessment Procedure

This section provides a general overview of the damageabi1ity assessment

procedure used in the present computer program. Figure A shows a schem­

atic of the program data deck. The input is organized such that most of
the data is input in data blocks consistent with the computational
organization of the program. Figure B shows a macro flowchart of the

DAMAGE computer program.

The circled numbers noted in Figure B denote, for reference, the basic

modules of the program. The building's site location, and the desired
program options are read in as input to the program in CD • The user
has the option of selecting any combination of hazard loads he
desires. The hazards which are addressed in the program are earthquake,
wind and tornado. The user must also select, at this point, the struct­
ural modeling option that will be exercised in the program. Three
options are provided: Detailed Frame model; Story Stiffness model; and
an Empirical model. The Detailed Frame model generates a stiffness
matrix and computes modal deflections from a detailed multi-degree of
freedom structural model incorporating beam and column framing elements,
rigid diaphragms and concrete or masonary shear walls. The Story Stiff­
ness model generates the same information as the Detailed Frame model
but from user input story stiffness data. The Empirical model simply
computes modal deflections from a linear mode shape model and a user .
input fundamental period. These three options provide enough program
flexibility to allow the user to select the level of detail necessary to
his problem.

1-2
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Depending upon which hazards are considered in the analysis, hazard
input loads are generated in ~ • For earthquake, a Richter magnitude
and effective hypocentral distance must be provided. In addition, the
user has the option of specifying peak ground acceleration, velocity and
displacement which overrides those computed automatically from Richter

magnitude and distance. For wind, a code describing the terrain sur­
rounding the site, and an estimate of the fastest-mile wind velocity
which can be expected to effect the site (and it1s associated return
period) must be input. For tornado, an estimate of the maximum wind

velocity (and it1s associated return period) must be determined.

Once these loads are generated, we then check in CD to see which

structural modeling option is to be exercised.If the Detailed Frame
model in~is selected, the stiffness matrix and modal deflections are
generated using a detailed finite element model. The stiffness matrix
is constructed frame by frame, story by story, from top to bottom.
Stiffness and mass contributions from each frame are superimposed in
formulating a two-dimensional model of the building. The user may

choose between two frame modeling options: steel frame, general

frame. The general frame model is intended to be used primarily for
concrete frame and shear wall type structures, although it could be used
for steel frame structures as well. If the story stiffness model inCD
is selected, the stiffness matrix and modal deflections are generated
based on user input story stiffness data, e.g., story stiffness, floor
heights and floor weights. If the Empirical model in~is selected,
modal deflections are simply computed using a linear mode shape model
and a user input fundamental period for the building.

Depending upon the type of response analysis desired (i.e., dynamic for
earthquake and static for wind), the computer program then computes
interstory drifts in CD based on the input hazard loads. For earth­
quake, if the computed response indicates that the ductility is greater

1-5
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than one, i.e., computed interstory drift exceeds the specified "drift­
to-yield," then the response of the structure is altered so that the
effects of yielding are reflected. For wind, an estimate of building
damping and shape, wind direction and ratio of open surface area to
solid area is required to evaluate the static response of the structure

to wind loads.

Once the interstory drifts are computed for the subject building,

damageability is evaluated. Damageability is determined in three parts:

I. Total damage to the building as a percent of estimated repair

cost to replacement cost of the building. This damage category
includes structural as well as nonstructural damage.

II. Damage to structural components. Damage to lateral load carry­
ing components including frames and shear walls is estimated as
a percent of their repair cost to replacement cost.

III. Damage to selected nonstructural components. Two primary

categories of nonstructural damage are considered for both
earthquake and wind. Glass damage is one of the categories in
each case. For earthquake, the second category is damage to
nonstructural components which are sensitive to floor motion.
For wind, the second category includes partitions and ceilings
which are sensitive to interstory drift.

In ® Building quality factors reflecting the relative strengths,
physical condition, integrity, and workmanship of the various systems

are determined to help select the appropriate damage model to be used
in ®. The relationships allow the estimation of damages on a floor "by
floor level, and a single estimate of total building damage.

1-6
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1.3 Organization of the Manual

Chapter 2 of this manual contains the input instructions for the DAMAGE
computer program. That chapter contains six major sub-sections. The
first five deal with how to input specific data blocks. The sixth
section contains all the Figures and Tables for Section 2. Appendix A
contains a sample input data form. Appendix B presents an input/output
example using the program. Appendix C presents a FORTRAN computer
listing of the DAMAGE program.
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2.1 Genera1 Informat ion

2. INPUT INSTRUCTIONS

The data for a computer run must be organized in the sequence described
below:

All of the input data for the computer program must be entered in fields
of eight (8) columns each, with the exception of the first card (General
ID card) where the first 72 columns are used. There may be as many as
ten fields on anyone card. Data will be either of the integer type
(i.e., no decimal point specified) or of the floating-point type (i.e.,
a decimal point must be specified). The following provides examples of

the above:

999

999.0

2-1

Format Type

A*

INTEGER (I) :

FLOATING POINT (F):

Co1umn

1-72

The data type for each parameter can be determined by examining the code
in the "Format Type" column. An III signifies INTEGER form; and IF I

signifies FLOATING POINT form. One final note: all INTEGER values must
be right justified in their particular fields. That is, no space must
appear on the right side of the field. FLOATING POINT values may be
punched anywhere in the field. All tables and figures for this section
appear at the end of the report.

A. General ID Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~
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D. Structural Modeling Option Card

(see Section 2.3 for an explanation of the different options)

2.2.1 Earthquake Input: (Only entered if earthquake hazard is
considered, i.e., if entry in column 8 of card B of Section
2.1 is equal to 1)

C. Site Locat i on Card

Entry
North latitude (degrees)
West longitude (degrees)

Entry
=1 Detailed frame
=2 Story stiffness
=3 Empirical

Entry
=1 consider earthquake
=0 do not consider earthquake

=1 consider wind
=0 do not consider wind
=1 consider tornado

=0 do not consider tornado

I

I

Format Type
I

Format Type
I

Format Type

F

F

24

16

Co1umn
8

Col umn
8

Co 1umn

1-8

9-16

B. Hazards Option Card

2.2 Loads

I
I
I
I
I
I
I
I
I
I
I
I
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2.2.2 Wind Input: (Entered only if wind hazard is considered,
i.e.,if entry in column 16 of card B of Section 2.1 is equal
to 1)

If user-determined site ground motions are to override those computed

internally from magnitude and distance, the following data fields should

be entered on the same card.

Col umn Format Type Entry

17-24 F Peak Ground Acceleration (g)
25-32 F Peak Ground Velocity (in/sec)
33-40 F Peak Ground Displacement (in)

A: Wi nd Hazard Data Card

Entry
Richter Magnitude of earthquake
being considered
Effective hypocentral distance

between site and specified

earthquake (miles)

Entry

Code that describes terrain sur­
rounding the structure (see Table
1)

Fastest-mile wind velocity for the
site (in mph), as determined from
Figures 1 through 5 or from Table
2 (select only one velocity, i.e.,
that velocity corresponding to

2-3

F

Format Type
F

F

Format Type

I

9-16

Co1umn
1-8

9-16

Co1umn

8

A. Earthquake Hazard Data Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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A: Number of Frames Card

2.3.1 Detailed Frame Model: (Entered only if structural modeling
option in card 0 of Section 2.1 is 1)

2.2.3 Tornado Input: (Entered only if tornado hazard is considered,
i.e., if entry in Column 24 of card B of Section 2.1 is equal
to 1)

your desired return period)
Specified return period associated
with above wind velocity (years)

Entry

Tornado wind velocity (in mph).
Specified return period associated
with above wind velocity (years)
(See Figure 6 for explanation).

Entry

Number of stories
Total width of building (inches)
Total length of building (inches)
Parapet height (inches)

F

Format Type

F

F

17-24

Column

1-8
9-16

A: Tornado Hazard Card

2.3 Structural Model

A: Structural Configuration Ca~

Col~n Format Type

1-8 I
9-16 F

17-24 F
25-32 F

Any number of frames may be used to model a building. Since the model

is two-dimensional, stiffness matrices for the various frames are super­
imposed (summed). Each frame is assumed to lie in a vertical plane

I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
I
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There is no limit to the number of frames which may be generated.

The following restrictions apply to each two-dimensional frame generat­
ed; none of the restrictions may be exceeded:

Individual frames for a particular building may be modeled as either
steel frames or general frames (See Figure 7). Cards B through K of

30

9

99

99

200

200

Entry

Number of frames to be analyzed

using detailed model

Format Type

I

Number of stories
Number of bays
Beam section types
Column section types
Total number of beams
Total number of columns

Column

1-8

parallel to the direction of motion. Thus, for example, if the outside

frames contain concrete shearwalls while the inner frames are construct­
ed primarily of steel beams and columns, each may be modeled separately
and their contributions to the overall stiffness of the structure will
be additive, analogous to springs acting in parallel.

The framing options presented herein offer the user considerable lati­

tude in types of building framing options. However, it should be noted
that the user may, be placing "near zero" virtual members (properties

down to 10-4 magnitude levels may be used without numerical ill-condi­

tioning), extend the range of framing types. K bracing and other brac­
ing systems may be handled in this manner.

B: Frame Option Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Only one frame description card is needed per frame. If steel frame is

considered t the card contains:

this section must be completed for each individual frame. If more than

one frame is specified t the sequence of cards B through K must be re­

peated using the appropriate data. Within each frame model (card

sequence B through K) cards G through K must be repeated until all bays
and all stories are defined. The only restriction that must be observed

is that the story heights for all frames be the same.

C: Frame Description Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~

Column

8

Column

1-8

16

17-24

25-32
33-40

41-48
56

Format Type

I

Format Type

F

I

I

I

I

I

I

Entry

=1 Steel frame (may have non­

rigid joints)

=2 General frames (used for

concrete structures)

Entry

Young's modulus (ksi)

Number of bays

Number of beam sections

Number of column sections

Number of braced bays

Number of bracing types

=0 Frame joints are simple

moment resisting joints

=1 Frame joints are com­

~ (with or without rigid

zone at end t see Figure 13)

2-6



If steel frame is considered, the beam properties card is used to select
beam properties in Table 3 or to add additional beam properties which
are not included in Table 3. If additional beam properties are to be
input, beam numbering should begin with the number 82. No more than a
total of 18 additional beams may be input. A separate card is prepared
for each different beam section specified. The total number of input
cards must be equal to the number of beam sections specified in the
Frame Description card.

If general frame is considered, the card contains:

Col umn Format Type Entry

8 I Number of bays

9-16 I Number of beam sections

17-24 I Number of column sections

25-32 F Young's modulus for columns (ksi)

33-40 F Shear modulus for columns (ksi)

41-48 F Young's modulus for beams (ksi)

49-56 F Shear modulus for beams (ksi)

57-64 F Weight of beam (lbsjcu. ft.)

65-72 F Weight of column (lbsjcu. ft.)

D: Beam Properties Card(s)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~

Co1umn

1-8

Format Type

I

Entry

Beam number, if it is between 1

and 81, the corresponding beam
type in Table 3 is used; if it
is between 82 and 99, it adds
additional properties to the
data base. For the latter case,
data for the following three
fields must be entered.

2-7
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If the beam section code> 2, enter the additional beam dimensions.

* If circular beam is selected (i.e., beam section code equal to two),
then Bl and 01 are equal.

Co1umn Format Type Entry

33-40 F Beam dimension defined by T1

in Figure 11

41-48 F Beam dimension defined by T2

in Fi gure 11

Area (in. 2)

Moment of inertia (in. 4)

Weight (lb/ft)

Entry

Beam identification number (This

number is used to identify
different beam types. Beam
numbering should begin with

the number 1.)
Beam dimension*, defined by

Bl in Figure 11
Beam dimension, defined by 01

in Figure 11
Beam section code, defined in

Fi gure 11
I

F

F

F

F

F

Format Type

I

32

9-16

17-24

9-16

17-24
25-32

Co 1umn

1-8

If general frame is considered, the beam properties card is used to
select a beam type from Figure 11 and to specify beam dimensions. A

separate card is prepared for each different beam section specified.

The total number of input cards must be equal to the number of beam

sections specified in the Frame Description card.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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E: Column Properties Cards

If general frame is considered, the column properties card is used to

select a column type from Figure 11 and to specify column dimensions. A

separate card is prepared for each different column section specified~

The total number of input cards must be equal to the number of column
sections specified in the Frame Description card.

If steel frame is considered, the column properties card is used to

select column properties in Table 4 or to add additional column pro­
perties which are not included in Table 4. If additional column pro­
perties are to be input, column numbering should begin with the number

39 and end with the number 50 for columns with the strong axis bending,

or begin with the number 89 and end with the number 99 for columns with

the weak axis bending. A separate card is prepared for each different

column section specified. The total number of input cards must be equal

to the number of column sections specified in the Frame Description

card.

Entry

Column number, if it is between

1 and 38 or 51 and 88, the cor­
responding column type in Table 4
is used; if it is between 39 and

50, and 89 or 99, it adds ad­
ditional properties to the data
base. For the latter case, data
for the following three fields
must be entered.

Area (in. 2)
Moment of inertia (in. 4)

Weight (lb/ft)

F

F

F

Format Type

I

9-16
17-24

25-32

Column

1-8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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If the column section code> 2, enter the additional column dimensions.

F: Bracing Properties Card(s)

* If circular column is selected (i.e., column section code equal to
two), then B1 and D1 are equal.

Entry
Column identification number
(This number is used to identify
different column types. Column
numbering should begin with the
number 1)

Column dimension*, defined by B1

in Figure 11
Column dimension, defined by D1

in Fi gure 11

Column section code, defined in

Fi gure 11

F

I

F

Format Type
I

32

9-16

17-24

Co 1umn
1-8

Co 1umn Format Type Entry

33-40 F Col umn dimension defined by Tl
in Figure 11

41-48 F Column dimension defined by T2
in Figure 11

(Entered only if braced bays are considered, i.e., if the entry in
columns 33-40 of card C of section 2.3.1 is greater than 0.) A bracing
type is associated with a diagonal bay member of a particular cross­
sectional area. Anyone bracing type may be used repeatedly throughout
the frame and is specified by either of the variables BTl or BT2 which
are defined in the Brace Card in card I of this Section. A separate
card is prepared for each different bracing type specified. The total

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

...



If a general frame is being considered, enter the appropriate data in
the following two fields.

number of input cards must be equal to the number of bracing types

specified in the Frame Description card for steel frames.

One bay description card is required for each set of consecutive bays
with identical widths. The total number of cards is always less than or
equal to the number of bays in the Frame Description card.

Col umn Format Type Entry
8 I Number of consecutive bays of

i dent i ca1 width
9-16 F Bay width defined by BW in

Figure 12

Entry
Bracing number identification
(This number is used to identify
different bracing types. Brace

numbering should begin with the
number 1.)

Cross-sectional area of above

bracing type member (in. 2)

Entry

Distance from column center line
to face of column, left end of
span defined by BL in Figure 12

Distance from column center line

2-11

F

Format Type
I

F

Format Type

F

9-16

Col umn
1-8

25-32

Col umn

17-24

G: Bay Description Card(s)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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2-12

H: Story Description Card(s)

I: Beam Card(s)

to face of column, right end of

span defined by AL in Figure 12

Entry

Number of consecutive stories of
identical height, beam, column and
bracing properties
Story height (in.)F

Format Type

I

9-16

Column

1-8

One story description card is required for each set of consecutive

stories of identical configuration (dimensions and structural member

properties) beginning from the top. The total number of cards is always
less than or equal to the number of stories indicated in the Structure
Configuration card (Card A of Section 2.3).

Prepare two (2) or three (3) sets of cards per story level; the third
set is required if braced bays are considered, i.e., if entry in columns
33-40 of Card C of Section 2.3 is greater than O. Data are entered in
sequence starting from the top story down to the bottom story of the
building.

One beam card is required for each set of consecutively identical beams
for each story. The total number of cards per story is always less than
or equal to the number of bays. If the steel frame option has been

selected and frame joints are simple moment resisting joints, enter
values only for fields 1 (i.e., columns 1-8) and 2 (i.e., columns 9­
16). If the general frame option has been selected, enter values only
for fields 1 (i.e., columns 1-8) and 2 (i.e., columns 9-16).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~



One column card is required for each set of consecutively identical
columns. For each story the total number of column cards per story is
always less than or equal to the number of bays plus 1. If the steel

frame option has been selected and frame joints are simple moment
resisting joints, enter values only for fields 1 (i.e., columns 1-8) and
2 (i.e., columns 9-16). If the general frame has been selected, enter
values only for fields 1 (i.e., columns 1-8) and 2 (i.e., columns 9-16).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~

Col umn

1-8

9-16

24

25-32

33-40

41-48

49-56

J : Co1umn Ca rd (s)

Co 1umn

1-8

Format Type

I

I

I

F

F

F

F

Format Type

I

Entry
Number of consecutively identical
beams, starting from the left
Type of beam from data base
(Table 4) or input (beam pro­
perties card)

=0 joints are assumed rigid and

the values for SCJ and SCK, Figure
13, that are read in are ignored

=1 joints are not rigid with

specified SCJ and SCK as read in

Dimension of rigid joint, A, at
left end (see Figure 13)
Dimension of rigid joint, B, at
right end (see Figure 13)
Spring constant left end, SCJ,
(see Figure 13)
Spring constant right end, SCK,
(see Figure 13)

Entry

Number of consecutively identical

columns, starting from the left

2-13



2-14

(Entered only if braced bays are considered, i.e., if entry in columns

33-40 of card C of Section 2.3.1 is greater than 0). The number of
brace cards is always equal to the number of braced bays in the Frame
Description card. Refer to Figure 14 for the orientation of pairs of

braces.

Col umn Format Type Entry

1-8 I Beam number (refer to numbering

conventions in Figure 10)

9-16 I Brace type for first brace,

(BTl in Figure 14)

17-24 I Brace type for second brace,

(BT2 in Figure 14)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~

9-16

24

25-32

33-40

41-48

49-56

K: Brace Card(s)

I

I

F

F

F

F

Type of column from data base
(Table 4) or input (column pro­

perties card)
=0 joints are assumed rigid and
values for SCJ and SCK, Figure
13, that are read in are ignored

=1 joints are not rigid with
specified SCJ and SCK as read in
Dimension of rigid joint, A, at

top end (see Figure 13)

Dimension.of rigid joint, B, at

to end (see Figure 13)
Spring constant top end, SCJ,

(see Figure 13)
Spring constant bottom end, SCK,

(see Figure 13)



A: Story Stiffness Card(s)

2.3.2 Story Stiffness Model: (Entered only if structural modeling
option in card 0 of Section 2.1 is 2)

2.3.3 Empirical Model: (Entered only if structural modeling option
in card 0 of Section 2.1 is 3, see Figure 9)

Prepare one (1) card per story level; data are entered in sequence
from top to bottom.

Entry

Story stiffness coefficient

Story height (in.)

Entry

Fundamental period of the build­
ing (sec)

Entry

Story height (in.)

2-15

Format Type

F

F

Format Type

F

Format Type

F

Col umn

1-8
9-16

Co 1umn

1-8

Co 1umn

1-8

Prepare one (1) card per story level; data are entered in sequence

starting from the top story down to the bottom story of the building.

These stiffnesses correspond to the springs shown in Figure 8. They
need not represent translational stiffnesses of column type structures

where both ends of the column are constrained against rotation. Al­

though this is one interpretation, resulting model frequencies may be

too high so that somewhat smaller stiffness coefficients should be used.

A: Fundamental Period Card

B: Story Hei ght Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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2-16

A: Floor Weight and Effective Story Drift to Yield card

2.3.4 Floor Weight and Effective Story Drift to Yield

Prepared one (1) card per story level; data are entered in sequence
from top to bottom.

Entry

Floor weight (kips)

Effective Drift to Yield (See
Figure 15 for explanation)

Entry

=1 Damping for steel and re­
inforced concrete frame
structures
=2 Damping for bolted steel
frame on timber structures

Format Type

F

F

Format Type

I

Co1umn

1-8

9-16

Co1umn

8

2.4 Response

2.4.1 Dynamic Analysis: (Entered only if earthquake hazard is con­
sidered, i.e., if entry in column 8 of card B of Section 2.1
is equa1 to 1.)

A: Damping Option card

2.4.2 Static Analysis: (Entered only if wind hazard or tornado
is considered, i.e., if entry in column 16 of card B of
Section 2.1 is equal to 1.)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

.....



A: Ambient Dampi ng Card

Col umn Format Type Entry

1-8 F Building damping under wind
conditions as a fraction of
critical. This value should

be less than the damping of the

building under strong earthquake
conditions.

B: External Pressure Coefficients Card

Co1umn Format Type Entry

1-8 I Code from Table 5 for specifica-

tion of building's shape

16 I Code from Table 6 for specifica-
tion wind direction.

Window Damage Due to Wind Card

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~

C:

Co1umn

1-8

16

Format Type

F

I

Entry
Ratio of open area to solid area
o. t>; ratio" 1.

Wall code specifying which ex­
terior wall has the majority
of openings:
=1 Windward wall 1 see Figure 16

=2 Leeward wall 2 see Figure 16
=3 Side wall 3 see Figure 16

=4 Side wall 4 see Figure 16

=5 Openings uniformly distributed

2-17



Building Damage Information Card

(For categories not appropriate to subject building, leave blanks)

Damageability: (Entered only if earthquake hazard or wind
hazard is considered, i.e., if either entries in columns 8
or 16 on card B of Section 2.1 are 1).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

r.....

2.5

A:

Col umn

8

16

24

32

40

Format Type

I

I

I

I

I

Entry
Building quality factors for

Framing System
=1 poor quality
=2 average quality

=3 good quality
(see Table 7 for definition

of quality types)
Frame material type
=1 structural steel
=2 concrete - poured in place

=3 precast prestressed
Building quality factors for

shear wall systems
=1 poor quality
=2 average quality
=3 good quality
(see Table 7 for definition
of quality types)
Wall material type
=1 concrete - poured in place
=2 precast prestressed
=3 masonry
Quality factor for nonstructural

materials

2-18



B: Overall Building Classification Card

*The parameters should reflect the width and height of an average pane
of glass.

If the lateral resisting system is made up of a combination of two
material types s the following card should be input. Otherwise s proceed
to Card C.

C: Window Information Card

Co1umn Format Type

1-8 F

9-16 F
17-24 F

Entry

=1 the predominant lateral re­
sisting system is a frame
system

=2 the predominant lateral re­
sisting system is a shear

wall
=3 the predominant lateral re­

sisting system is a combina­
tion of frames and shear walls.

=1 poor quality
=2 average quality
=3 good quality
(see Table 8 for definition of
quality types)

Entry

Nominal window height* (inches)

Nominal window width* (inches)
Thickness of glass used in no­
minal windows (in.)

2-19

Format Type

I

Co 1umn
8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I
I
I
I
I

~

2.6 Tables and Figures for Section 2
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Table 1. Input Code for Various Wind Terrains [6J

Code Description of the Terrain

1 For centers of large cities

2 For wooden countryside,
parkland, towns, outskirts
of large cities, rough
coastal belts

3 For open country, flat
coastal belts, small is-
lands situated in large
bodies of water, prairia
grassland, tundra, etc.
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Table 2. Hawaii Fastest Mile Data (mph) at Sea Level* [4J

Exposure Return Period in Years

2 10 25 50 100

Leeward (Westerly) 38 51 60 67 75

Windward (Easterly) 42 59 70 80 91

I
I
I
I
I
I
I
I
I

~

* The following footnote applies only to Hawaii.
Since the data of Table 2 is taken at sea level stations,
it must be converted to an equivalent fastest mile wind
velocity at 30 feet above the ground for a site at an
elevation Z feet above sea level. The user must do the
following conversion before entering the data into the
wind program:

(" ;0
30

)

1/7
VZ30 = V30

where

V30 = a velocity from Table 2.

Z = elevation of site above sea level in feet.

VZ30 = new fastest mile wind velocity at 30 feet
above ground for the site.
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Table 3. Beam Sections Included in Stored Data Base

Beam No. Section Beam No. Section

1 W16X 26 42 94
2 31 43 100
3 36 44 110
4 40 45 120
5 45 46 130
6 50 47 145
7 58 48 160
8 64 49 W27X 84
9 , 71 50 94

10 78
11 88 51 102

12 96 52 114
53 145

13 W18X 35 54 160
14 40 55 177
15 45 56 W30X 99
16 50 57 108
17 55 58 116
18 60 59 124
19 64 60 132
20 70 61 172
21 77 62 190
22 85 63 210
23 96
24 105 64 W33X 118
25 114 65 130

26 W21X 44
66 141
67 152

27 49 68 200
28 55 69 220
29 62 70 240
30 68
31 73 71 W36X .l35
32 82 72 ISD
33 96 73 "];.6.0

34 112 74 ~"1D

35 127 75 .182
36 142 76 T94 \

W24X
77 .23D i

37 55 78 .245
38 61 79 260
39 68 80 280
40 76
41 84 81 300
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Table 4. Column Sections Included in Stored Data Base

Column Number
Section

Strong Axis Bending Weak Axis Bending

1 51 W14X 61
2 52 68
3 53 74

4 54 W14X 78
5 55 84

6 56 W14X 87
7 57 95
8 5£ 103
9 59 III

10 60 119
11 61 127
12 62 136

13 63 W14X 142
14 64 150
15 65 158
16 66 167
17 67 176
18 68 184
19 69 193
20 70 202
21 71 211
22 72 219
23 73 228
24 74 237

25 75 W14X 246
26 76 264
27 77 287
28 78 314
29 79 342
30 80 370

I 31 81 398
32 82 42.6

33 83 W14X 455
34 84 500
35 85 550
36 86 605
37 87 665
38 88 730

2-24



1:1:1

h:b:.t = 1:4:4

h:b:.t = 2.5:1:1

h:b:.t =

2-25

41 A B C D E F G H

0° .9 -.3 -.4 -.4 -.8 -.8 -.3 -.3

45° .5 -.4 .5 -.4 -.9 -.6 -.6 -.3

90° -.4 -.4 .9 -.3 -.8 -.3 -.8 -.3

ep A B C D E F G H

0° .9 -.5 -.6 -.6 -.7 -.7 -.5 -.5

45° .5 -.5 .5 -.5 -.8 -.5 -.5 -.4

90° -.6 -.6 .9 -.5 -.7 -.5 -.7 -.5

41 A B C D E F G H

0° .9 -.6 -.7 -.7 -.8 -.8 -.8 -.8

45° .5 -.5 -.5 -.5 -.8 -.7 -.7 -.5

90° -.7 -.7 .9 -.6 -.8 -.8 -.8 -.8

Gabled Roofs 0 -10

E G

B

F H

c

E G

F H

D

~
A

h~~
I--b~

C

I TYPE

1

3

Building Identification by Code ITYPE Using Swiss and ANSI A58.1 - 1972
Data, External Pressure Coefficients. All Data Are Swiss Unless Otherwise
Noted [1,3J

Table 5.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~



Table 5. Building Identification (Continued)

h:b:t = 2.5:2:5

h:b:t = 1:8:16

h:b:t = 2.5:2:5

2-26

¢ A B C 0 E F G H

0° .8 -.5 -.5 -.5 .2 .2 -.6 -.6

45° .5 -.5 .4 -.3 .1 -.1 -.8 -.5

90° -.3 -.3 .9 -.3 -.5 -.1 -.5 -.1

¢ A B C 0 E F G I H

0° .9 -.5 -.7 -.7 -.6 -.6 I-.5 '-.5

45° .6 -.5 .4 -.5 -.9 -.7 -.6 -.7

90° -.5 -.5 .9 -.4 -.8 -.2 -.8 -.2

¢ A B C 0 E F G H

0° .9 -.5 -.7 -.7 -.6 -.6 -.5 -.5

45° .6 -.5 .4 -.4 -.4 -.5 -.6 -.7

90° -.5 -.5 .9 -.4 -.7 -.2 -.7 -.2

-}

o

o

~

E G

F H

300~lh

~A~-l

o

0-10° J- ---r:
~. L.h

~A t--t---fEG B It
F H

I TYPE

5

4

6

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~



Table 5. Building Identification (Continued)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
.....

I TYPE

7

5~id}

.bAtffi·I
D

8

3°~H Ih
c

+hftj. Ii
D

9
I-b-1

15
1300

A B~h

+~Atffi·Ii
D

h:b:l = 2.5:2:2.5

ell A B C D E F G H

0° .9 -.5 -.7 -.8 .3 .3 -.6 ~·9

45° .6 -.5 .4 -.4 .3 -.1 -.5 1.6

90° -.5 -.5 .9 -.4 -.8 -.2 -.81-. 2

h:b:l = 2:1:2

¢i A B C D E F i G I H

0° .9 -.5 -.~ -.81-1. 0 -1.0 ' -.51 -.5
i !

45° •.6 -.5 .4 -.4 -.3
! !

-.4 -.51-.6

90° -.6 -.6 .9 -.4 -.7 -.5 -.71-. 5

h:b:l = 1:2.4:12

ell A B C D E F G H

0° .9 -.5 -.6 -.6 -.5 -.5 -.5 -.5

45° .s -.6 .4 -.4 -i.2 -.7 ~.l -.7

90° -.4 -.3 .9 -.2 -.3 0 -.3 0

2-27



o

h:b:l = 1:4:5

h:b:l = 1:3:4

A i B
I

h:b:l :; 1:1:5

<P I

2-28

<P I AlB! c 0 I E F I G I H ! J K 1L M
: i

0° : ; ~ I ! i I
.4f-·3L .3I .9'-. -.4[-.4! .6:-.6 r.6';.5 -.5

45°1
, i

-.31 I !
-. 4 ~ .-2 .... 4 1-.2.'5f-.4: .5 .2!-.Br-.5 -.5

° ' , II -'. 31- .3j- .4 ~. 4 1-.4 ~.4 .41-·4~O 1-.4[-.4: .9 -.3

I

<P A ,B C 0 ElF G H !J K ·L M

0° .9-.5 -.6 1-.6 r' 8 j-. 8 -.4 -.4 [-i.0 -.4 .5 .5

45° .51-.5 .5 1-.4 10-.6 1-.5 -.5 -.5 -.'5 -.5 --.5 .5

90° -.51-.5 • 9 ~. 4 1-.8 -.4 -.8 -.4 -.4 -.4 I"i-O -.4

G<P[--'" E
Af---+-~ B

o

c

I TYPE

o

F H

Table 5. Building Identification (Continued)

12

300~I:

~mCGKBll
A F H

M

o

10

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 5. Building Identification (Continued)

I TYPE

13

~
•Sh=n:-,-, J(:.

h:b:l == 1:4:8~ ~ ....,(-

Ii h

~ J \ K/'/ /, ,,".V/ / & W/" / A B C 0 E F G H

r b -1 0° .8 -.S -.7... 7 .2 .6 1.0 • E- •S1-.6

~~ ~ 4So .4 -.5 .4 -.5 I- .3 .2 :1..3 1.4 -LO1-.7

90° -.4 -.4 .8 .3 -.4 -.2 -.3 -.3 -.21-.4
-t A E Gr ~1-:~61

--, I
0

14

30° ~S/l Ih
h:b:l == 1:8:16

I

~
4> A B C 0 E F G H

0° .9 -.3 -.3 -.3 -.5 -.1 -.5 -.1

ffi } 45° .4 -.3 .5 -.5 .1 - •...l -.8 -.5

C 0
90° .8 -.5 .2 .2 -.6 -.6-.5 -.5

F H

B

15
O-lOO~}

h:b:l == 2.5:2:5

'{l ~ A B C 0 E F G H

0° .9 -.4 -.5 -.5 -.8 -.2 -.8 -.2

ffi
45° .4;-.5 .6 -.5 -.9 -.7 -.6 -.7

C 0 90° -.7 -.7 .9 -.5 -.6 -.6 -.5 -.5
F H

B
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Table 5. Building Identification (Continued)

I TYPE

16
30121 h:b:R.. = 2.5:2:5

¢l A B C D E F G H

~ 0° .9 -.4 -.5 -.5 -.7 -.2 -.7 -.2

I
45° .4 -.4 .6 -.5 -.4 -.5 -.6 -.7

~C D 90° -.7 -.7 .9 -.5 -.6 -.6 -.5 -.5

F H

B

17

500~! h:b:R.. = 2.5:2:5

C F G H
~~" '

¢l A B D E

0° .9 -.41-·5 -.51-. 8 -.2 -.8 -.2

I 45°
I

~
.4 -.4 .6 _.51 .3 -.1 -.5 -.6

C D
90° -.8 -.8 .9 -.5 .3 .3 -.6 -.6

F H

B

18
301 T

~b- 1 h:b:R.. = 2:1:2

//~ ;""V//,-"""V,
C F G H¢l A B D E

~ 0° .9 -.4 -.6 -.6 - .7- .5 -.7 -.5

45° -.5 -.6

c~}]
.4 -.4 .6 -.5 - .3- .4

90° -.8 -.8 .9 -.5 LO -LO -.5 -.5

B
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Table 5. Building Identification (Continued)

I TYPE

19 1!0
O

b r h:b:t = 1:2.4:12

-'"' ¢ A B C 0 E F G H

~ 0° .9 -.2 -.4 -.3 .3 0 - .3 0

A 45° .4 -.4 .5 -.6 1.2 .7 1.1 -.7

I~
90° -.6 -.6 .9 1-.5 I- .5 .5 ~ .5 -.5

C 0

F H

B

20

600:Gl~ h:b:t = 1:1:5

¢ A B C 0 E F G H

~A 0° .9 -.3 -.4 -.4 -.4 0 - .4 0

cffiJo l' 45° .4 -.5 .5 -.8 .2 -.1 -i1.D f- • .B

90° -.6 -.6 .9 -.5 .6 .6 - .5 -.5

B

21 E F G H J K L M Neglect Wind Friction

60~1: h:b:t = 1:4:5

~A
¢ A B C 0 E F G H J K .L M

0° ••g; -.3 -.4 -.4-.3 -.4 -.4,...4 -.4 -.4 -.4 -.3

1 II ~~ 45°
I

-.5.5 -.3 .5 -.4) .2 -.8 -.4 -.2 -.4 -.2 -.5

C EF GH J1K lMo t 90° -.4 -.4 .9 -.3 .6 -.6 -.6 .-.5 -.5 -.4 -.3 -.3

I _~
B
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Table 5. Building Identification (Continued)

I TYPE

22

30~~~5h h:b:t = 1:3:4

A!B C D E F G H J K L M
" ¢

"''1 OC .9 -.4 -.5 1-.5 -.8 -.4 -.8 -.4 -.4 -.4 -1.01-.4

m I 45C .51-.4 .5 -.5 -.6 -.5 -.5 -.5 -.5 -.5 - .5 -.5
E G

C J K D 90e-.6 -.6 .9 -.5 -.8 -.8 -.4 -.4~LO -.4 -.5 ,-.5F H
M

B

23

£2iE F- -J K h:b:t 1:4:8
-- ~....j --- =

~ I E , F

~
¢ I A B C D G H J K

0°: .8 -.31-.4 -.41-.4: -.21- .3 - .3 -.2 1-.4

I T 45° -.31
I I

.4 -.5 .4 -.5 • 2~1. 31-1A 1-],0 i' 7+H KD I,
I I

90° -.7 -.7 .8 -.5 -.2 .6 I .6C 1-1.0;-.6 -.5

I 1
B

24 Essentially Flat
{

I
h:b:t = 1:~2.5:~2.5

I'-b....-l ¢ A B C D E F G H

00 .8 -.6 -.7 -.7 -.8 -.8 -.8 -.8
~",v//x,,'

~AtffijB
90° -.7 -.7 .8 -.6 -.8 -.8 -.8 -.8

I
ANSI A58.1 - 1972
(No Specifications for ¢ = 45°)

F H
D
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Table 6. Codes for Specification of Wind Direction with Respect
to Line of Frame Action
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Table 5. Building Identification (Continued)

h:b:l = 1:<2.5:<2.5

ANSI A58:l - 1972
(No Specification for ¢ = 45°)

¢ A B C D E F G H

po .8 -.5 -.7 -.7 -.7 -.7 -.7 -.7

90 c -.7 -.7 .8 -.5 -.7 -.7 -.7 -.7

h

ANGLE Direction

1 0°

2 45°

3 90°

Essentially Flat
r---":"""

~AtffijB I
D,

I TYPE
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Table 7. Quality Rating of Materials in Structural System (a. Strength)

Quality
Material Good Q = 3 Averaqe 0=2 Poor 0=1

Structural Ste~l f ~ 40 ksi fy~30kSi f y <30kSi
& Metal Decking y -

Double sheet metal Single sheet metal Cast iron
decking decking Corrugated Iron

Concrete:
Including Precast

f~ < 2 ksi& Prestressed f~ ~ 3 ksi f' > 2 ksic =
Masonry (Based on f' ~ 2.0 ksi f' > 1.2 ksi f~ < 1.2 ksicore tests or m - m =
specified strengths) Mortar f~ ~ 2.0 ksi Mortar f~ ~ 1.0 ksi Mortar f~ < 1.0 ksi

Old sand-lime mortar
Grout f~ ~ 2.0 ksi Grout f~ ~ 1.0 ksi Grout f~ < 1.0 ksi
Continuous Inspection Called Inspection No Insoection

Timber f b ~ 1.9 ksi f b ~ 1.5 ksi f b < 1.5 ksi
Plywood Select Structural Construction Not Grade Marked

Industria 1
Structural I Plywood Structural II Plywood Plywood not grade

marked
Gypsum f~ ~ 1.0 ksi f' ~ 0.5 ksi f' < 0.5 ksig - g
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Table 7. Quality Rating of Materials in Structural System (b. Physical Condition)

Physical ConTItTon
Mater fa 1 Good Q .. 3 AveraQe Q = 2 Poor Q = 1

Structural No weld cracks. Few cracked welds (none Many cracked welds.
Steel and No cracks at holes. critical). Many cracks at holes.
Metal No corrosion. Few cracks at holes Moderate corrosion.
Decking (none critical).

Slight corrosion.
Machine bolts.

Concrete: Few minor shrinkage Few shear and/or flexure Many shrinkage cracks.
Including cracks. cracks (none critical). Many shear and flexure

Precast & No shear or flexure cracks. Few shrinkage cracks. cracks. Deteriorated
Prestressed No excessive deflection. Few cracked welds at concrete. Exposed rein-

(i.e •• drift < story precast connections. forcing. Excessive de-
height dividea by 240). flections in beams and

s 1a bs. Many cracked welds.

Masonry Few minor shrinkage cracks. Few moderate shrinkage Many shrinkage cracks.
No shear or flexure cracks. cracks. Many shear and flexure

Plumb walls. Few shear or flexure cracks.
cracks. Deteriorated. soft mortar.

Exposed reinforcing. Bowed
and out of plumb walls.

Timber No splits or twisted Few knots and splits. Many splits and twisted
and members. twisted members. mem bers.
Plywood No loose bolts or screws. Few loose bolts & screws. Many loose bolts & screws.

No loose knots. Minor-moderate deflections. Rotting. Excessive de-
, No projecting nails on bot- Few loose nails. flections. Many loose

tom side. Fair nailing pattern. nails.
Grade worked lumber. Fair connections.

Gypsum No cracks in formboard. Few cracks in formboard. Many cracks and excessive
Good connection details. Crack pattern over T- deflection of formboard.
Smooth ha~d surface. SUDDorts.
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Table 7. Quality Rating of Materials in Structural System (c. Integrity)

Workmansh1 p
Material Good Q 2 3 Average (Note A) 0 = 2 Poor (Note A) O· 1

Structural All parts of joints in full Few joints with members not Many joints.with members not
Steel contact. Members straight. in full contact. Few bent in full contact. Many bent

Structure plumb. Bol ts members. Few loose bolts. members. Many loose bolts.
tight. Structural welds all Few poor welds. Many poor welds. No Inspec-
OK. Deck welds all OK. Selective Inspection. tion.
Continuous Inspection.

Concrete Clean construction joints. Few poor construction Many poor construction
(Including No rock pockets. joints. Few sma 11 rock joints. Many rock pockets.
Precast and Construction straight and pockets. Few members Many evidences of form
Prestreued) plum b. show evidence of form failure.

All tendons grouted. failure. Few poor welds Mixture of hardrock and
at precast joints. lightweight concrete at

Con~inuous inspection. Tendons not grouted. joints. Many poor welds.
Called inspection. No insDect1on.

Masonry All grout and mortar spaces Few grout and mortar Many grout and mortar
filled. spaces not filled. spaces not filled.
Construction straight and Running bond. Construction bowed and out
plum b. Called inspection. of plumb.
Running bond. Stacked bond.
Continuous inspection. No inspection.

Timber All members in full bearing Few members not in full Many members not in full
and contact at joints. Bo lts & contac t. Few loose bolts contact. Many loose bolts
Plywood screws tight. Members & screws. Few twisted or & screws. Many twisted

straight & plumb. All bowed members. Diagonal and/or bowed members.
plywood edges blocked with sheathing well nailed. Straight sheathing.
members 3"+ in width. Blocking by cleats and Unblocked plywood.
Continuous inspection. members 2"+ in width. Irregular nail spaci ng &

Called inspection. edge distance.
No inspection.

Gypsum Smooth hard surface. Fair surface. Rough. uneven surface.
Continuous inspection. Called inspection. Soft material.

No inspection.
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Table 7. Quality Rating of Materials in Structural System (d. Workmanship)

Qua lHy
Material Good Q = 3 Average Q = 2 Poor Q '" 1

Struc tura 1 Ductile framing details. Hig h Main connections are Machine bolted connections.
Steel and strength bolts or good weld riveted or welded. Minor No lateral bracing of
Metal details to member. Approved connections with unfin- members.
Deck 1ng tested deck systems properly i s he d boIt s • Some members Deck diaphragm.

welded and connected. Members not adequately braced <0.5 K/LF
well braced laterally. Deck- laterally. Decking
1ng welded for ~ 1.0 K/LF welded for ~ 0.5 K/LF in.
in. shear. shear.

Concrete: Close spacing of ties and Deficient framing details.
a. Poured in stirrups.

place
b. Precast
c. Pre- Ductile reinforced details. Ordinary reinforced No mild steel

stressed Spiral type columns. No details tied columns.
precast or prestressed <'3 and over). Deficient reinforced
members. Poured precast joinery details tied columns

well detailed w/welded <'2 & smaller).
reinforced precast & Welded precast joinery.
prestressed members.

Masonry Fully grouted members. Em- Bolted connections. Ade- Non-grouted wall. nailed
bedded anchors. bolts. & quate reinforced. concen- connection. No or partial
strap ties. Adequate rein- trated at tops & bottoms reinforcement. Poor tie
forced. uniformly spaced in of wa 11 s. Col um nsf 11 1ed and lap details. Filler
two directions. A11 columns at reinforcing only. Hor- walls not anchored to
filled. Adequate laps at izontal mesh reinforced. framing.
corners and intersections.
Adeouate bars at oDeninos.

Timber Strap anchors to masonry Melar hardware at some No connections to masonry
walls plus shear transfer connections. Few steel wa 11 s. No strap at
connections. strap ties at joints. connection$.

Plywood Bolts at critical joints Bolted & nailed joints Not anchored to footings.
well anchored to footings. anchored to footings. No strap ties.

,
I

Steel strap ties to walls No strap ties or straps I
spaced 4 ft. or less. over 4 ft. o.c.

Gypsum Trussed purlins. Adequate Solid purlins. Poor No reinforcement. No
connection to walls. Mesh connections to walls. connections to walls.
reinforced.
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Table 8. Quality Ratings for Nonstructural Components

Qual it-v
Component Good 0=3 Averaae If=~ Poor Q = I

Ceilings Gypsum Board and MLP Suspended wood framing Suspended "T" Bar
attached directly to with Gypsum Board nailed with lay-in or splined
structural framing Suspended Metal Lath and acoustical tl1es.
(not su spended) Plaster.

Suspended Plywood nailed
to wood fram i ng.

Partitions Wood Panel, well Gypsum Board and Metal Unreinforced masonry
an~hored and braced Studs and Plaster, and Gypsum block.
to structure anchored and braced to Ceiling height parti-

structure tions, braced by su s-
pended "T" bar cel1inqs.

Trim Not Applicable Masonry Veneer and Masonry Veneer on
and facings, well anchored facings, not anchored
Veneer and with cement mortar and with poor mortar.

Heavy ornamentation
such as statues,
steeples. and cornices.

Glass Full elastomeric mount- Elastomeric Mounting, Fixed sash with putty -
ing with at least 1/2" 1/4" Clearance, set negligible clearance
clearance all around. between framing.
Glass set outside of
framing.

f111l::r Reinforced Concrete or Unreinforced masonry Unreinforced masonry,
Wa 11 s ma sonry wa 11 anc hored cement mortar anchored poor mortar. No
Between to frame. Metal and to structural framing. anchorage to structural
Fram 1ng wood studs and plaster framing.
Members anchored to structure.
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Table 8. Quality Ratings for Nonstructural Components (Continued)

Quality
Component Good Q. J Average Q = 2 Poor Q • 1

Curtain Reinforced cOncrete and Unreinforced masonry with Unreinforced masonry,
walls set masonry well anc hored good cement mortar. poor mortar, not
outside of to structure. Metal Anchored to structure. anchored to structure.
framing frame and siding well Precast concrete units - Precast concrete units,
11 ne anchored. Struss well well anchored to structure. welded anchorage.

anchored.

Fire Not Applicable. Metal Framing attached to Free standing concrete
Escapes bu 11 ding. and masonry.

Overhangs Not Appl1cable. Reinforced and anchored. Unreinforced masonry,
and poorly anchored.
Gargoyles

Signs and Not Applicable. Steel Frames. Heavy marquees.
Marquees Signs on roof and walls.

Antennae Steel Towers Steel towers on roof Not Applicable.
Guyed. not guyed.
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Table 9. Drift to Yield by Type of Building and Quality Rating

GOOD AVERAGE POOR
FUNCTION MATERIAL

/::;. /::;. 6.
Y Y Y

STRUCTURAL .0125 .0077 .0036
STEEL

CONCRETE .0084 .0052 .0029
FRAME POURED IN

PLACE

PRE CAST .0049 .0027 .0013
CONCRETE

CONCRETE .0045 .0026 .0017
POURED IN
PLACE

SHEAR WALL
PRECAST .0029 .0016 .0010
CONCRETE

MASONRY .0059 .0041 .0021
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Figure 1. Mean Return Wind Velocity in Miles Per Hour - 2 Year Return Period [4J
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Figure 4. Mean Return Wind Velocity in Miles Per Hour - 50 Year Return Period [4J
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Figure 5. Mean Return Wind Velocity in Miles Per Hour - 100 Year Return Period [4J



I
I
I
I

75

I
"0 4-1
Q)ra ,.....,

I
~.s::.,.... 4-1 LO

ra L.-.I

4-IS-
.00 N04-

'"
I

Q)"o 0'1
.oQ)

,.....
> I

~S-
M

raOJ LO

EVI 0'1
.0

,.....

I
"00 VI.,....
S-VI Q)

85 01Q) 0, "0, 0

:90 Q)"o ra
Q)ra ~

I S-~
S-

01S- 0

90 Q) 0 I-
"04-1 4-
Q)4- 0

I
~o

~95 0

95 ~
u

~u
~

.o~
Q)

OJ :::l
Q) :::l 0'

I
Q)O' Q)
S-Q) S-

100 01S- u..
100 OJ 4-

"0
,.....

,..... ra
Q) ra :::l

I
~ :::l ~

0 ~
~

~ c:x::
ra ra

~

105 S- ~ ra
0 ra

Q)

I 4- Q) :E:
E

"0
OQ)

'".,.... .s::
S-4-I

I
Q) Q)

Cl. 01 S-
~

:::l
~.,.... 01
S-~

.,....
:::lS- u..
4-IQ)

I
Q) >
S- ~

.,.... "0
Q) .,....

.s:: ~ S-
1-.0 01

I Q)
~

0z

I 45 40 35 30 25

I

~
2-46



2-47

Detailed Frame Model Options

80-1332

DEFLECTION
AND SHEARS

DEFLECTION
AND SHEARS

MODE
SHAPES

MODE
SHAPES

(Steel Frame Model)

(General Frame Model)

Figure 7.
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MODE DEFLECTION
SHAPES AND SHEARS

Figure 8. Story Stiffness Model

MODE DEFLECTION
SHAPES AND SHEARS

Figure 9. Empirical Model
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REMARKS:
1. BEAMS, COLUMNS, AND JOINT LOCATIONS AT EACH FLOOR ARE

NUMBERED FROM LEFT TO RIGHT, STARTING WITH 1.
2. STORIES ARE NUMBERED FROM BOTTOM TO TOP.

2-49

Fi gure 10. Numberi ng Convent ions

80-1332
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Figure12. Bay Dimensions for General Frame Option
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Figure 13. Complex Joint Model for Beams and Columns Used
in Steel Frame Option

80-1 JJ2

Rigid

SCK L
B---r--

BT

BEAM

Column Center Line

2-52

Rigid
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Beam Number BN

BRACING

Note· K bracing and other bracing systems may be handled by
inserting "ficticious" members or members with near zero
st 1ffnes s.

80-1332

Figure 14. Braces for Steel Frame Option
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In cases where only a single bracing system is used in a building, the effective
drift to yield should correspond to that selected from information supplied in
the "Building Damage Information Card," Card A of Section 2.5. A sUl11l1ary of
these values is shown in Table g. In cases where a dual bracing system is used,
e.g., ductile moment resisting space frame and shear walls, the following guide­
lines are offered.

x+d
---+

x
--+

- r- D

--
~h -

H

TI
I

I
I
I

ILLUSTRATION OF A DUAL BRACING SYSTEM

~ = *= Interstory Urift

I (~)avg =~ = Average Interstory Drift

I
I
I

~y = Drift to Yield

~~ Drift to Yield of Space Frame Elements

~W = Drift to Yield of Shear Wall Elements
y

( ~ ) - Effective Drift to Yieldy eff -

I ( ~ ) C l + C ~Wy eff = F y Wy

I
I
I
I
J

I

~

CF and Cwmay be interpreted as the relative rigidities of space frame and shear
wall elements, respectively.

The effective drift to yield (~y)eff' for each story is used in computing the
overall response ductility of the building (See Volume I). When the dynamic
response of the building is such that this ductility exceeds unity, an approxi­
mate nonlinear response analysis is made. This generally results in larger
displacements and a lengthening of the fundamental period of the building
accompanied by higher damping. The effective drift-to-yield is used only in
the response analysis. It does not affect the damageability models themselves.
However, the user should understand that once the response enters the nonlinear
range, higher levels of damage may be expected as a result of increasing inter­
story drift.

80-1332

Figure 15. Evaluation of Effective Drift to Yield
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Figure 16. Wall Numbering Convention With Respect to Line of Frame Action
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j.h.wiggins company lti~05. eACI' IC COA51 HIGHWAY H.DONUO ~fACH. CALIfoRNIA 90211 FORTRAN
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I

N

PROGRAM
PAGE Of

PUNCHING
GRAPHIC

PROGRAMMER DATE INSTRUCTIONS CARD ELECTO NO.PUNCH

SlA HWENI

ID-SEQUENCENUWBER A l3

I 2 J 4 5 6 7 8 9 10 11112 IJ 14 15 16 n 18 19 20 21 22 2J 24 25 26 21 28 29 JO Jl 32 33 34 35 36 J7 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 ~ 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 15 76 77 78 79 80
I
I
I
I
I

I

I
I
I

:
:
I
I
I

:
:
I

I

I
I
I

:
:
:
I

:
:
I

:
I

I

I 2 J 4 5 6 7 8 9 10 III i2 IJ 14 15 16 17 I8 19 20 2I 22 23 24 25 26 21 28 29 3o 3I 32 33 34 35 36 31 38 39 4o 4I 42 43 44 45 46 47 48 49 5o 51 52 53 54 55 ~ 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 n 78 79 80
JHI fOllll 11~16
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INPUT

11l3.90

2 3900. 15bO. 2100. 840. 110. 150.40. 1
40. 1
3e. 4 18. 3b.
18. 1
HI. 9.
9. 9.
9. 18.

1.01378

T~MlSVf.~SE

2
12.
10.
III •
36.

144.
144.
144.
151).
192.

1
1
2
1
1
1
2
1
1
1
2
1
1
1
2
1
t
1
'}
1
1
1
2
1
t
t
2
1
1
1
2
1
1
1
2
1
t
t
2
t
1
1
2

b.5

VENTU~A BLVD ~A~K Cf CA
1 1 0

34.02 118.5
1

i2.5 0.0312 2.313
1 125. 25.

12 720. 1932.
7
2
5
1
2
1
2
1
3
1

11
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4
1
5
1
4

y

c;:J



~

I 1
5 2
1 1
4 2
1 1
2
5 2 'J 3900. 1560. 7100. 1l40. 110. 150.
1 12. 4C. 1
2 10. 40. 1
I 18. 36. 4 III • 3b.
2 30. Ill. 1
1 144. Ill. 9.
3 144. 9. q.
1 144. 9. I Ii.

11 1!>0.
1 192.
5 1
1 1
4 '}
1 1
5 1
1 1

cj 4 2
1 1
5 1
1 1

! , 4 2l/v 1 1
5 1
1 1
4 2
1 1
5 1
1 1
4 2
1 I
5 1
1 1
4 2
1 1
5 1
1 I
4 2
1 1
5 1
I 1
4 2
1 1
5 1
1 I
4 2
1 I
5 1
1 1
4 2
1 I
5 1
1 1
4 2, 1



~

1 t
5 '}.
1 t
4 2
1 1
2
2 3 5 HOO. 1500. 2100. <140. 110. 150.
1 • 1 • 1 1
2 21. 21. 1
3 18. 21. 1
1 • 1 • I 1
2 I fl. 3e. 1
3 40. 24. 1
4 24. 3b. t
5 44. 24. 1
1 432. til. 12.
1 2118. 12. 18.

~
11 156.

1 192.
2 1
3 1

-h
2 1
3 1
2 I
3 1
2 1
3 1
2 1
3 1
2 1
.3 1
2 1
3 1
2 I
3 1
2 1
3 1
2 1
3 1
1 2
1 3
1 2
1 3
1 2
1 2
1 3
1 4
1 5
1 2
2
2 3 5 3900. 15bO. 2100. 840. 11 O. 150.
1 .1 • 1 t
2 21. 27. 1
3 18. 27. 1
1 • 1 • 1 1
2 18. 36. 1
3 40. 24. 1
4 24. 36. !
'i 44. 24. 1



,.

1 432. Ill. 12.
1 LBil. 12. III •

11 l~b.
1 192.
2 1
3 1
2 1
3 1
2 1
3 1
2 1
3 1
2 I
3 1
2 1
3 1
2 1
3 1
2 I

-' 3 1
~'~ 2 1

3 1
2 1r"", 3 1

~\. I 2
1 3
1 2
1 3
1 2
1 2
I 3
1 4
1 5
1 2
2
2 3 5 HOO. 15&0. 2100. 1:140. 11 o. 150.
1 .1 .1 1
2 27. 27. 1
3 1B. 27. 1
1 • 1 • 1 I
2 18. 1tl. I
3 40. 24. I
4 24. 36. I
5 44. 24. 1
1 43L. 1 H. 1 :.! •
1 281:1. 12. 111 •

11 15h.
I 192.
2 1
3 1
2 1
3 I
2 I
3 1



".

2 1
j 1
2 1
3 1
2 1
3 I
2 1
3 1
2 1
3 1
2 1
3 1
2 l.
3 1
1 2
1 3
1 2
1 3
1 2
1 2

,):,/ I 3
1 4
1 5

r- 1 2... 2
2 3 5 3900. 15bO. 2100. 840. 110. 150.
1 .1 • 1 1
2 27. 27. 1
3 18. 27. 1
1 .1 • 1 1
2 18. 3b. 1
3 40. 24. 1
4 24. 36. 1
5 44. 24. 1
1 432. 18. 12.
1 2118. 12. 18.

11 l!lb.
1 192.
2 1
3 1
2 1
3 1
2 1
3 1
2 1
3 1
2 1
3 1
2 1
j 1
2 1
j 1
2 I
.3 1
2 1
3 1
2 1
3 1



,.

1 :2
1 J
1 2
1 J
1 2
1 2
1 3
1 4
1 !:l
1 2

11149. .0052
1352. .0052
1356. .0052
1360. .0052
13b5. .0052
1 no. .0052
1375. .0052
1311 1. .(lOS2
1387. .O(l5L
1391. .OO~2

.(A) 1428. .0052
1831. .0052

I 1
0.2

-J 25 1
0.5 1

2 2 2
78. 40. 0.2
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OJ
I
co

OUTPUT

RUN IDENiIFIC~TI0N:

VE~TURA eLvO RA~K Of CA TRANS~E~SE
EARTHUUAK~ HAZARD IS L~CLaD[O
wINO HAZAR~ IS INCLUD~P
SlT~ LOCATION: LAT1TUO( 14.u2 DtGR[ES, LO~GITUDE t1M.50 CEGHEES
BUILDING ~ODELING OPTION: DETAILED FRA~E



I
I
I
I
I
I
I
I
I
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I \tJ
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..J

I
Cl

z
Cl

O-_-=>o
Q '" C,~O-=-o

I u ........
Cl .. ..a.:'L .... ~

\- ':;'\I\J'.~ .&J
<:;I <Il v.""''Il:1NO

...l a: ~N-J'-cr

lAJ

I
i-

\oJ U 1111111111
Cl

'" a;
Cl IF).. :J: .... -\.1%
U ....Jl..:iW-

I
:::l --V',J-

Z ~ .....
0 0 -ZZ-

C ..... Z
x ... w-- ...

Q Uf- 1
i- 1 ~ct,.W

I
Wcto:t--U

IX Cll Cf- ... - ..
Z ::l,,<~IJ..J

Cl :::> "'-""00-
0 -OV -JI/J

W "" "' ...... lu ...
I,;) 1..,;l.-l<l.:»U

c.et

I
\&l :(<1"".. '" w... .- ..........

o::z-~-

<Il lI,.l,l~v:tJjv:

i-U
XO
...... ~

I
... ,.
c<;X

I

~
8-9
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SiTE G~OU~D MOl iON SPECTRU~

PER 100 l SEC I • I 0 .20 .30 .40 .50 .60 .70 .110 .90 1.00
v'E.L (J N/ $ EC) .'1i 1. tlJ 2.14 J.bb 4.~1 ".4/4 6.40 1. H R.B 9.1·

PERIOD lSEC) I • 1 0 1.20 1 • J () 1.40 1.50 1 • f, 0 1.10 l.llO 1.90 2.00
vEL ll~/Sfl) 9.25 'I.lS" '1.25 '1.25 9.25 9.25 9.25" ':1.25" 9.25 9.25

PERIOD (SEC I 2. 10 7.20 2.10 2.40 2.50 '2.." n 7.• 111 2.110 2.'10 l.OO
HL (P'/SEC) 9.25 9.25 ':1.75 9.2-5 q.25 9.<,5 ':1.'),5 'J.I0 11.19 11.49

PERIOD l SEC) 3.10 3.:70 3.30 3.40 3.')U 3.1>0 l. M 3.110 3.90 4.00
vn (IN/SE:C) H.22 1.9b 1.12 7.49 1.28 1.08 h.H':I b.l1 b.')] 6.31

CO
I PERIOD (SE ( ) 4.10 4.20 4.30 4.40 4.'ill 4. b.O 4.10 4.AO 4.90 5.00

....... \/£L (iN/SEC) 6.21 b.01 5.93 5.19 5.66 5.54 5.42 S.H S • .iO 5.10
0

P~llIOD lSEC) 5. I fl 5.20 5.30 5.40 5.S0 5.hO 5.10 'j.RO 5.90 b.OO
lIE l (IN/SEC) S .lOO 4.90 <I. ill 4.11, 4.1:,] 4.5<' 4.41 4.3'1 4.32 4.25

Pffl...lOD (SF.C) 6.10 t-.20 6.30 6.40 6.5!J 6.hO 6.10 6.110 6.90 1.00
HL (iN/oSEC) 4.1l:l 4. 11 4.U4 i. 'Ill 3.'12 J.ilh 3.1111 J. 1 ':l J.b ll 3.b4

PERlO!}> lSEC) 1.10 1.20 1.30 1.40 1.">0 1.bO 1.10 1.80 1.9{l B.OO
VEL ( UJ/S£C) 3.~Q 3.':14 J.4'! 3.44 3.40 3 •.~ ':l 3. H 3.21 3.2J 3.1(1

P£~l(lO (SEC) II • 1 0 fl.20 11.30 8.40 8.50 1l.bO fl. HJ 9 •.F\[l 8.110 9.00
VEL (IN/SF.(J 3.1'1 3. II 3.01 'j.93 3.oU 2.':I/) 2.93 2.':10 2.116 2.83

PE'HIOO (SH) 9.10 '>.20 Q ••~o ~.40 9.5U "1.60 Q.70 q.~o q.qO 10.00
vEL liN/SEC) 2.1:10 2.11 2..14 2.11 :I.h<1 '.b~ 2. h j 2.60 'l.'51 2.~~
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S T Rue T u R A L A N /I L V SIS

co
I

--'
N

NUHS(R Of STORIES = 12

TOTAL BUILDINr. WIDTH (JNCHF.S) =
TOTAL BUILDING LEhGlh IJNCH(S) =
HEIGHT OF PA~A~~ I (INCHES) =

NU~BER Of fRA~ES = 7

12-U.0

IQ32.U

lR4.0
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•• fRAM[ NO. J.. FRAH£ MODELING OPTJO~= Z

NUMR[R Of BAYS = 5

fltAMS: ~=

CULUMNS: E=

21lJO.0 G=

3900.0 G=

1140 • 0 ;; (1 LP,S I 0 1 • ~ T) =
15hO.0 WOL~S/CU.~T)=

110.00

150.00

co
I.......

W

BEAM npE. AI! I ~ ~B

I 'ltin.e b40GO.O 1.2U
2 4lJO.C 5HB.J 1.20

COLUMN HPf AC Ie fC

1 972.0 'l1>221i.lJ 1.50
2 b411.lJ 1149t:.O 1.20

RAY -IDTHS ••••••

1 FlA n; AT 144.CCO INCHES
J BAYS AT 144.0(0 }NCi4ES
1 HAts AT 144.CCO INC~f.S

STORY H£lGHTs •••••••

11 STORIES AT 1'56.001\ INCHES
1 STOR I E.l> AT 1 <; 2.01)\1 INCHf.S



-~- - - - - - - - - - - - - - - - -

fRAME NO. 2 -- F~A~~ MOO~LING OPTION= ~

NUMBER ur BAYS = 5

BEA"lS:

COLUMNS:

E=
E=

:/100.0

BOO.O

G=

l '-,-
840.0

15bO.()

IwfLAS/Cll.FT)=

Iw(LAS/fll.FT)=

110.00

150.0ll

co
I

--'
.p:.

BEAM TYPE AE'- Ie ttl

I 4110.G h4(lllO.O 1.20
"} 'lou.v 5HH.l 1.20

COLUMN TYPE AC lC FC

1 971.0 96228.0 1.50
2 D41l.C 174'lb.U 1.20

BAY .IOT~S ------

I HAYS AT 144.CCfI I N(HU;
.3 BAY:> 1>1 1 .. 4.((0 J r.CttF.S
1 BAYS 1>1 14~.CCO INCHES

STORY H~IG~lS -------

I I STORIES AT 150. flO II II"(HES
I STORIfS AT lS2.0()(I INCHE:S
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•• FRAME NO. J~. rHAME ~UDELlhG OPTION= 2

NUMBER or 8AY5

BEAMS: £=

CULUMNS: E=

= 2

2100.0 G=

3900.0 G=

1140.U

15"0.0

w()L~S/(U.FT1=

.C,LRS/CU.fTl=

110.00

15U.OO

o::J
I

---'
(Jl

BEAM TYPE. ~f:l, 18 Ftl

1 .0 .0 1 ... fI
2 n9.0 44286.H 1.20
l 4tl6.0 "95;l4.~ 1.20

COLUMN TYP[ A( Ie Fe
I , •c .0 1.20

" Mll.O r.99i<o1.u 1.20
] <.ltSll.O .. bIH·,O.l,! 1.211
4 ilti'l.O 'HH2.o 1.20
~ 10~6.0 S06tlli.O 1.20

BAY WIDTHS ••••••

1 BAYS ~T 43:O>.()\C,O ''ICHE.S
1 HAYS AT 2l:l!l.coo Ir.OIES

STO~Y HEIGHTS •••••••

11 STO~IES A' 1511.000 It>lCHES
1 STCI~l Eo:> A:r 1'11.('/)O INCHi.S



~- - - - - - - - - - - - - - - - - -

t:P
I
--'
m

•• f~AMl NC. 4-· fRA~F- ~OnELING OPT(Q~= ~

NUMfi~R Of jiiAYI' = ~

~lA"'S: F. = 21CO.0 G= ~40.1l W(1LBS/CU.FTI= 11() • 110

CLJLU"'NS: t= ~90(J.C' (,= 15bO.0 wf>Lt'S/CU.F'rI= 15"(1'. Oil

BEAM npl': /lB II:" rB
1 .r. .0 1 .].1
2 72<l.1l 44~!jb.fj 1.2u
'3 48.6. C 1.95:'>4.5 1 • III

COLUIoIN TYPF. AC IC FC

I (j • ,"1 1.21l
2 64tl:C 699114.0 l.:lll
) qi,(J.C ~,.(t~I).U 1.20
4 ilb4.C 'lHll.O 1.]0
S 10Sb.0 ')()b 1ll:1 • (J I.JO

~AY ~lDTHS ••••••

RAYS AT 432.000 INCHfS
BAYS AT 2l:1tl.OCO I~CMtS

STU~Y HEIGH1S ...-.. -
1 1 STORIES AT 15~.()01) ( t~CHF.S

1 STORIES AT 1C; ~ • U0 IJ INCHES
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__ fRA~£ NO. 5 -- f~AME MODELING OPTION: 2

NUMBf-R Of 8AYS = 2

B(AMS:

COLUMNS:

B=

6=

2100.C G=

3':100.C (.=

~40.0 ~~LBS/CU.'T)=

1560.0 ~~LAS/CU.FT)=

110.1)0

150.00

OJ
I
--'
"'-J

BEAM HPE AI:! It' F'H

1 .0 .f) 1.20
2 129.0 44'286..!i 1.20
j 486.0 29514.5 1.20

COLUMN THE. loe IC FC

I .n .0 1.20
2 64fl,.e 69q!l4.11 1.20
j 9~I'.l.C 4o o8n.() 1.10
4 r'';'Il.il 43312.0 1.2<J
~ 10'50.0 5[)f.F~fl.1I 1.:;10

RAY WIDTHS ------

9AlS 101 4J'2.I;eo J,NCHES
BAYS loT 2ilil.lJCO IN(HfS

STORY HflGtlTS -------

11 ST(1RIFS AT 1~6.000 }IKIiES
1 STORIES AT 1'14/.00U INCHES



~- - - - - - - - - - - - - - - - - -

-- fRAME NU. 6 f~AMf MODELING OPTION: 2

NUMBER OF gAYS = l

BEAMS: ~=

COLUMt4S: t=

2100.0 G=

HuO.e G=

A40.0 WOLf\SICLl.f1):

1560.0 WOL8SICU.F1)=

110.00

ISO.llD

OJ
I
--'
00

BEAM TYPf. AI' II' fe

I .0 .0 1.20
2 729.0 44lR6.1l 1.:lO
1 4~tl.O }QS2'1. 'j 1.'lO

COLUMN TYPE A( IC tC

I • (1 .0 I .7 (l
2 ti4fl.C 6~q"4.0 1.7.11
j 'l60.0 460l',O.(i I .2.0
4 tltl4.G 9.iJIl.U 1.20
5 IOSt>.O 50bflll.O 1.20

BAY WIDTHS ------

BAYS AT 4J2.C(}O INCHES
liAVS A( Hit.OOO IflCH~S

STORY HEIGHTS -------

II STOPIES AT 156.000 INCHES
1 STORIES A'r IGi.flOO INCHES

.."



~- - - - - - - - - - - - - - - - - -

__ 'A_ME N~. 7 -- F~~ME "rDELING 0PTIO~= 2

NU~&£R or ~~YS = 2

BEAMS: ~ =
CULUMNS: t=

2100.0 G=

J900.C G=

940.0 w~L~S/rU.FT)=

l~b().O """" ..S/eU.FT)=

110.00

ISO.OO

c:o
I
--'
1.0

BEAM np( AI!: II' ~H

1 ." .0 1.20
7. 7i.9. \) <14286.'8 1.20
l 4 ij',,, • c- 2952'1.~ 1 •.HI

COLUMN TYPE A( JC tC

1 .c • (I 1. '0
2 bl~.O 6QQ84.0 1.20
l 9i!O.O 4 c,Ofl,O. II 1.20
4 l!H.Q 9H12.0 1.20
S I051l.C 50h11l1.0 l.l0

BAY "IDTHS ------

BAYS AT 4L'_.01:0 INCH~S
flAY'S AT 2lili'.P.CO JNCHE.S

STORY HEIGHTS -------

1 I STORJES AT 156.000 INCHfS
I STOI<IES AT 192.00\1 INCHES
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STIffNESS ~ATRIX (~IPS/IN)

STORY
NO.

12
I I
10

q
B
7
6
5
4
l
2
1

7.tin+0.4 -3.tdHOl 7 .ll ~~. +11 'J -3.9Ur.ul 2.lu"tOI 1.2H.ol I .1 4 .. tOI 9. 'l.n .uo H.~I~.OO 8.12~.QO

-3.6H .1'1 7.3r. ... 03 -~.)h.+ll3 6.17".H'} -t-. 4~"+1l1 1.lil~.OO -4.11".01l -3.04" Hltl -2.12~+00 -2.431'.+00
7.01''' +02 -4.,1 .... 03 I.09".OJ -4.16rHd h. 7 H. tul -"J.'il .. till 6.7 H:.OO 6.52"-01 1.0It.OIl H.IIE-ol

-l.9H.tOI 6.7ht02 - 4. I nr:. 0 ~ 7.06r. 1l 3 -4.16r.+lIl b. 761=. .O} -').t14r.lJI 0.13•• 00 I.Sht.-OI 5.4H-OI
2.IO~.f'l -1\.3S ... 01 b.7H.02 - 4. If, r to.4 1 .lJb": t ol -4.lb".O] b.70EtU2 -5.";",".01 f>.lo .... OIl 3.IH-OI
l.lH.O I I.IC~.• I)O -'5.S7r.• lll b.7"E.• o;l -4.16".t03 7.0 .... to 3 -4.lhl'.• nt h.7M.02 -5.1.1".111 tl.41l1i..ll(j
1.141=..1l1 -4.IHHIO 6.7.41'. t no -5.b4".ul f\. 7 " .... 11 2 -4.1rE-.Ol 7.00E.O.l -4.lhEtll) b.77~.02 -5.601.01
9.q4~.• OU -j.(),a.Oil b. 5 2~. - 0 I b. 1 I ~ t I) II -5."7".01 h.761't02 -4.lbf.O] 7.lIhf.lll -4.ltj~•• ul 1'.111'.02
11.911'.110 -J.7ntOU I.un.• oo I .5 h I' - (, I 6.30~tOO -5.611=..01 6.771£.02 -4.lhf.1l3 1 • UM.• U 3 -4.101'..113
8.1'JI=..CO -}.4j~.IlO 11.1 H.-O I 5.QH.-UI 3.13".-01 h.40".01l -5.60t:.01 h.1Ht02 -4.16 .... 0] 1.061':.03
7.I}JI=..uO -2.3~r.0{J 7 .611"-U I 4. I}jE-OI 1.901:.-111 4.<;21'.-01 b.h2EtOQ -5.51"tOI 6.7H.02 -4.15HU3
9.:J!lE .00 -2.10E.00 8.l5E-OI 5.171'.-01 1.191'.:-01 1.101=.tOO (J.OlE-OI I.OflE•• OO -S.4H.tOI b.6~E.07

co
I

N
o

12
I I
10

9
8
7
()
')
4
j
2
1

7.931':+('0
-2.35".00

7.1'>0:-0\
4. B3 t - (, t
7. 9(11' -(> 1
4.92 .. -01
0.621'.00

-':>.511'.01
b.1U.O;Z

-4.15~tOI

Q.l!2" to 3
-H.7n.+03

9.210".00
-l. IN. tOO

"' •.E:o-Ol
5.11~-OI

'1. '/ q ~ - n I
1.IGt+l)O
q.C 3~ -1)\
1.08"-HI0

-5.4.1HOI
~.bqr.01.

-1l.2H..03
I.SH.·!)4

TOTAL _EIGHT V"CTO~ ~ O~IF~ TO YIELD

STORY STfHlY Io(T.
NO. ("IPS)

12 1954.43
I I 151 ii .1<5
10 I 52l.l'l'l
~ 15Z",. RS
8 15.! 1 • Ii "i
1 lSHi.II'i
b 1541.>;5
') 1541.><0;
4 ISC\l.Ii'i
j IS~7.65
J.. 1f'.'H.19
I 2H3.42

OP,IFl TO
'(\ £1.0

.Cfl"J2

.GOS'
• (HI'i2
• C(151
• GO 5].
.1)052
.0(15/.
.ens ..
• (J 057,
• (·1)5,
• f~051.
.!r·o')Z
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CHAHACT[RJSTJC VECTORS

STORY I'lUOE NO.
NO. I :2 J 4 5 ti

12 1.001'+00 -q.~1£-Ol A.~H-OI -1.11f-Ol ti.1H.-01 5.H4E-OI
11 9.59f.-Ol -1.j~F.-OI J.Y1F.-Ol -4.11~-D2 -7.94E-Ol -6.10f-DI
10 9.U5~-\)1 -'l.;{)~'::-iJl -7.2':11':-01 1.4'1f-Ul -':I.'10E-01 -1J.I1H-OI

9 8.3]f-OI -1.66i-02 -1.5bE-01 9.a~E-OI -5.44f-01 2_. ':I9E-U 1
8 1.SbE--OI j • ,,/::F;-'ll -':I.1Hr.-01 S.01€-l'1 5.:.'1£-HI I.OUE:+OV
1 b.b<if-Ol ti.'ni-IJI - ... UtlF_ -lit -J.4ti"-01 1.f)(\F.:+OO ti •.HE.-U2
6 5.651:.-01 9.14~-1l1 -J.1U.-OI -9.5"IE-PI j. j;n-Ol -9.13f-UI
5 4.57f-fJl I.COF.+tlO J.l/i-:-lll -tl.';4E-OI -1.ln-OI -4.011'::-01
4 J.44F:-Ol 9 • .!IiE-/)1 Ii. 1bl',-O 1 -1.·U1f-OI -</.33':-01 A.JH:-OI
J 2.JOl"-OI 1 • 4 I ~ -Ii 1 l.lJUi+110 b.15f-Ol -1.5Jf-(i2 ti.9H-OI
2 1.2H.-OI 4.5l:E-1I1 d.l0F.-OI I.OOE+UU I'!.J9t'-UI -5.4H-01

OJ I 5.6n-U2 2.22r:-Ul 4.]91':-01 b.Obf-1)1 .... BE-O 1 -5.1{)~:-OI

I
N
--'
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EAR T H Q U ~ ~ [ R f: S P (l N 5 E A II! A I. Y S J S

OJ
I

N
N

DAMPING CURVE. f,,,,tleN FMI ST!':U-" AND I<C FHA,,!f. STlWCTURfS

MAXIMU~ NUM~~R lr~RATJON5; 6
~~OJfr HESPONSE FeA LLCTILI1Y
"'UDAL C(J"'f.lINArJOtJ OP1JtHl ; t<~~

EFfECTIVE INTEkSTOkY [RIFT 10 YIELD BY STORY (IN/IN)

~.20E-03 ~.7nE-Ol 5.20~-Ol ~.20E-Oj ~.20E-Oj 5.20E-03 5.20E-03 ~.20f-03 ~.2~E-03 ~.20E-03
5.2UE-U] 5.20[-Qj

CRITICAL OA~PING lPERCENT) = 6.62
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co
I

N
W

MODAL RF:SPONSE

"OOf. rflYOlJF:NCY F'F.1i 1CIl "'ASS PSlJC'C-SPECTRAL MAXI",U", A~:Pl I TUDE p~. S 1>1:('1. VEl.• ~nnJrlEn roR DUCTILITY
NO. ((P~ I ISd.• ) l-A flU HLIlCln "AI>~ SI1~ All 101'1 Ju I ACO I,) lid St'L )

1 .4"24) 2. 358 .n'i 14.H'i~ 151lt'l.fi52 • .., 5 J 14.H"'-' 14.115"
"l. I.JuS7 .7bl> • I 7.9 11.744 615.101 I • '10 7 I 1.7" 4 11.144
J 1.i601 .44; .060' ti.Q.l5 J1I4.5Hll 2.1141 t;.9"}5 6.'125
4 301874 • JI 4 • (i j 5 4.974 11'J.f,}n J.1l14 4.474 4. q14
5 4.1A,)J .23<; .lJ16 3.1l2b tlS.50,! 5.375 J.Il]!) 3.1126
b 5.21'30 .lllq .007 L.t/H3 36.9~1 -1.141 ].HliJ :2 .lIH i
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VF.LoCITY
liN/MC)

2.Q155EtQI
) .'H9flf_tOI
l.fjOfiiEtOI
1.1l61Sf t ()J
I.SHI~tnl

I. jq"",, t li'l
1."""£tOI
1.1018£"+(11
9.11tlflf:tOn
f.940lEton
4.116.2f..tOO
2.2'560HOO

I.S. flHIF1'
(1 111 11 N I

2.l\~H-U~

J.l<l~o;r.-fH

3.1/t"f-Oj
".7')""';:-fd
4."lY4E-(j~
4.'l2.911E-1l3
S.II'If/E-oi
5. t4')H:-Oj
5."j,01'"-0)4
5."j td '1f - U j
3.3"97f..-oJ3
~.j9511i-Oj

1 • 0" E +nI)l .0Of; t (Ill 1 • OlE +0 09.4~E-OI 9.96E-Ol

/leeE-LE.RAT IUJ
(~ I

}.110"LE-tll
l.tiH<Sf-OI
1.54'l]f-tll
1 • '5 I 0" f - (r)
1.5iO"f-OI
1.5';hO F.-OI
1.64>25E.-Ol
1.t7""tiF--OI
1.5'l5t>E-ul
1.44bO .... -·fl l
1.2500f.-0'1
7. iii HiF:-li2

~.90E-OI

.77

12 3.tO~7F-nl
11 4.':lej4F- f'l
1 0 'l • ,I .. 11 E • (1·1

9 ~.cij11F-nl

K 1.721.6(-01
1 1.~qn~f-JI

b R.OMj~F--(l1

5 R.~lbfif-OI
4 H.fi/94€-OI
3 8.219U£-01
2 5.~So~E-UI
1 4.5qHlf-OI

OUCTILITY ~Y STCPY

4.45[-01 b.OSE-OI 7.16[-01 6.1~F.-Ol
b.4~~-OI 4.61~-OI

EFfECTIVE DUCTILITY FOH BUILDING =
CRITICAL DAMPING lPE~CENT) = 5.73

TOTAL ~ESPUNSF.
SftHlY 1 .5. Lf~L

NO. l I II I

OJ
I

N
+:>
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co
I

N
c..n

MODAL AESI'IJ ....SE.

MODE f"REOlJE NCY P£tli CD ~lASS iJSUDC-SPECT~AL MAXIMlJl1 A"IPIITliil':. PS.SPFCT.VEL. MDDIFIED FOR OUCTILITY
NO. IU,S) I S':'C • J RAilO VELOCITV ~AS~ SHtAR RATIO (A([[LJ (DJSPLJ

I .4241 2.3~8 .735 I ~. 221 1')"').1;5;.1 .753 15. ,).ll IS.l'l
2 1.3057 • -11>"" .124 12.021 bl'II.3211 1.901 12.1)1l 12.021
3 '2.260'7 .-1 ~:t. .i)btl 7.0ilS JII.t>2t:l 2.1:141 1.0~5 7.(lH')
4 3.H1H • 3 I 'I • (US 5.0HB lil3.725 3. 1114 S.OfiH '5.()6B
5 4.11l54 .239 ."Ili J. '113 H1.502 5.3/" j. 91 .j 3.913
b 5.2831 .J119 .001 2.94H 31.t122 -1.141 2.948 '2.948
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i.ioo=

. . . . - o. a D~ GIH;fS

EXTER~AL PR~S5U~~ COFFFICI£Nr FOH ~A~L 1
EXTE~NAL PRESSURE CO~ffICIENT FU~ ~ALl 2
ShAPE fACTOR FDA WIND UIRfCflON •••=
_IND DIRECTION wITH RESPECT TO
NGR~AL Uf ~~lL 1 •

.- .!:lua
-.SliU

OJ
I

N
co

OPEN AREA HATJO = .500 WALL CODE. =
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WINO ANALYSIS

co
I

N
'-0

STORY
NO.

1
2
j

4
5
t>
7
8
9

to
11
12

OHLECTION
llNCHFS)

.922

.Il .. ')

.~55

.flOI

.734

."Sf>

.5t>tl

.4"b

.358

.244

.134

.0;'3

DRI FT
lINIJ N)

.00ll;l
• ¢O Oi
.C('O]
• C C('4
• C01"5
.COOb
.ClOOIi
.COO?
.ce07
.C007
.coos
.0003

stORY SIif.AR
lI\JPS)

13.119
10.7 If
b6.4H
~O.'lI

114.0u
1 i5.nll
1"".1<7
17".43
191.n
206.01
21tl.4t­
22th07
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o A II II (, E II N A L. Y SIS

PA~AGEA~jLITY INPUTS fOR E4RTHQUAJE ~INn. oA TORNADO

snJkY OI<l FT TO Y'l ELr'( j NI J rl J ORJFT'-O FAIL(.If;E(IN/INJ QUIIl.I'n FACH',R rOl< 'Iii'l !II fir",' wIll/DOW "HICkll/ESS Of
NO. f 1-\11 "'E ""ALL FRA"If WAL.L NO~STRUCT. [;>u4 AG~ HT.lINJ lIIIDTl'llIN) "INDO'" GLIISS(lN)

I L .0057 0.C0CO .0500 lJ.UIJUO 2.00 7l<.OU 411.00 .20
II .O!).,} Ii. nc CO' .0'iCIl (J.()UUIJ 7.00 7H.OO 4 (j. (In .),0
10 .0057 u.uvOo .05'00 o.ooon l.OIl 711.00 40.00 .LO

<:I .OC";; C.OfCOG .(1'i00 0.0110\1 2.00 7H.1I1I 4U.II0 .20
B .00"7 0.0r.OO .O'lOU O.O(olJO l.lll) 7".00 4 1). Oil .20
7 .ve'l2 O.OCClI .O~()II () • /I (; I, Il L.Oo 7H.OO 4U.OQ .211
b .UC~) c.oeuo .GSOO 1I.0()(J0 2.0U 71:1.00 4/). on .10
') .OC'>7 C.CCOO .oseo 1l.001l0 :iI.IlO 7H.OIl 40.00 .:i/O
4 .0()52 1l.IlCCO .0"00 O.OLJOO :l.Uu 71<.00 4Ii.OU .10
j .OO.,} C.0(100 ..oo;co o.oono 2.f10 711'. flU 411.UO .lO
2 .0052 u.OCCI} • (,5 GO o• (I (11' 0 :i.01l 71<.00 40.00 .LO

OJ 1 .OO~2 c.oeco .o~ou 0.(1000 2.0U 7H.1I0 4U.oO .10
I

W
a
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TOTAL EAflThClUAI<E c."I'IlG£ TO fiUILOING (PERC£NT lit' kfl-'AIP. C/JS1"1 I\EPLACEJl4t:tlT C(I:\T)

BUILDING CLASSjFIC~TION: REINfORCED CONC~fle ~RAME

OVERALL UUALITY ~ATJNG: AVE~AGE

00
I

W.......

TOTAL
NO.
STY.

12

AHt(AGE
IN1U<STV.
l'Fi.1Fi

.0043

f:\'UILtING
PikCf-NT
U"fllAl-E

3.14
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(PERCENT OF COMPONENTS CAMAGED)

GLASS

INTERSTY. P~PCENT DAMAGE BY QUALITY
DRIFT GuoP AVERAGE ~UUR

co
I

W
N

12 .0014
11 .0032
10 .UO]'"

9 .0044
8 .0047
7 .UO~1
t> .OO~J
5 .0055
4 .OO~7

.3 .0054
2 .0035
1 .0025

EAPTHQUAKE DAMAGE 1~

CO~PONE.NTS

STORY FLOOR
NO. ACCL.(G)

TYPE:: 2

RCENT DA~AGE MY UUA~lTY
[IOU AVEkAGE PllCk

.77 1.4R 5.25
1.07 2.1q lj.~O
1.30 2.75 11.54
1.48 3.20 14.00
I • to 3 3.56 16. (t4
1.14 3.66 17.15
1.1\4 4. 11 19.24
1.92 4.D 20.53
1.97 4.46 21.37
1.1l7 '4.20 19.75
1.15 2.39 9.b2

.8U 1.55 5.55

NONSTHUC1URAL COMPONENTS

SENSITIV£ 10 FLOOk M01ICN

PEPCENT DA~AGE BY QUALITY
GUOU AVERAGE POOR

.0024

.Il03i

.OOH

.0044

.01J47

.on'll

.0053

.0055

.0057

.0054

.0035

.0025

0.00
(J.UO
0.00
0.00
0.110
0.00
0.00
u.oo
0.00
0.00
0.00
0.00

0.00
o.o()
0.00
0.00
(1.00
0.00
0.00
0.00
0.0'0
0.00
0.00
0.00

0.00
0.00
0.00
0.00
().(I0
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12 .22 1.1)9 10.89 70.04 .0024 1.04 2.51 7.13I 1 .1 7 1.~4 9.7b 61.7q .0032 2.11 4.45 11.7410 .16 1.3H Ii.55 53.11 .OO~9 3.2<1 t>.27 15.£129 .15 I.n 7.42 45.13 .0044 4.2h .1.85 19. H8 .1 h 1.07 b • .ill 31:1.01 .0047 5.11:1 9.19 22.0b7 .1 b .93 S.43 31 • t\ 1 .OU51 5.9~ 10.34 24.44I) .17 .~() 4.51 75."0 .0053 t>.7J 11.35 7h.515 .17 .h5 3.SH 1'1.1:>1 .0055 7.39 12.74 71i. J14 .1 b .49 2.59 lJ.5b .0057 7.H3 17.tl2 29.493 • 1 ') .~2 1.5'" 7.14 .01154 b.'ll} 11.70 27.232 .1 J .21 .97 4.42 .()035 2.48 5.07 1 ~. 1b1 .0"1 .Oll .29 I .10 .0025 1.12 2.61l 1.55

.
FRAM!; TYPES: SHEAfiwALL TYPES:

0 NOT APPLICABLF: 0 NGT APPLICABLE
1 STEEL I Rt:lNFOl'lLED CUNCRe;1"E
2 ~EJNfURCED CONCRE1E 2 ~R~CAST CCNCRET~
3 PH,t-CAST CONCKE: TI!" j ~KIC~ MA5U~Ht -
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TOTAL WIND DAMAGE TO BUILDING (P~CENT OF REPAlw COSTI RlP(,ACEM~NT COST)

BUILDING CLASSIfICATION: REINfORCED CU~CR£Tf FRAME

OVERALL QUALITY RATING: AVERAGE

OJ
I

W
W

TOTAL
NO.
STY.

12

A\lERAGE
INTERSTY.
DRIfT

.0005

BUILDING
PEWC£NT
LJA"AG~

.07
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STORY
NO.

WIND DA~~GE TO STRUCTURAL COMPONENTS
FRAr~t-TYPE: 2

INTERSTY. PERCENT DAMAGE
DRI FT GOOD AVERAGE

(PERCENT OF REPAIR COST/REPLACEMENT COST)
SHEARWALL TYPE: 0

-- -

BY QUALITY INTERSTY. PERCENT DAMAGE BY QUALITY
POOR i DRIFT ,GOOD AVERAGE POOR

12 .0UO:;1 o.no 1).01) 1l.11U ."flll2 v.uo 0.01l 11.00
11 .UOlo.) O. ')11 1I.01) lI.no • IJ (10 ~ 0.110 lI.lll) 0.00
10 .UIIO) 0.1)0 O.ul. O.IIU • uou ~ 0.00 0.00 1l.00

9 • () 0114 II • II (I /).CIi 0.00 .IIIJ04 /). CIU 0.00 1).00
II .0ul)':I II.UO 0.0<" O. (10 .IIIIIl':l 1).00 (1.(10 11.11(1
7 .01l0n 0.1)0 O. Ill, .... 7 .00lJo 0.00 0.011 (I.UO
6 .000b 0.00 O.ClJ • "It> .UOOb 11.00 O.OIl O.IlO
~ .0007 0.00 0.00 .'1':1 .OU07 0.00 0.00 0.00
4 .0007 0.00 0.00 1.U'l .OU07 o.oe O.Otl 0.00
3 .0007 0.00 O.lJO 1.00 .0007 (I.UO 0.0(1 o.uu
2 .ou05 0.00 0.00 0.00 .0uO~ o.uo u.oo 0.00
1 .0003 0.00 0.00 0.00 .u003 u.OO 0.00 0.00

OJ
I

~ WI NO DAHAGE TO NONSTRUCTURAL Cor;lPONENTS I (PERCENT OF cm·1~ONENTS oAt'li\GED )
CEILINGS AND PARTITIONS GLASS (PERC~~T DAMAGE BY WALL)

STORY INTERSTY. PERCENT DAf.1AGE BY QUALITY i WIND PRESS - WALL 1 WALL 2 WALL 3 WALL 4 CORNERS
NO. DRI FT GOOD AVERAGE POOR PSF
12 .0002 .1 l .22 1.78 17 .nll lb.67 1.77 1j.91 8.91
11 .ouo 3 .27 .36 2 ... n 2b.~4 B.n 1.4~ 7.27 ". J 7
10 .0003 .34 .~5 ].44 25. J4 1l.0~ 1 • III 5.111 5.81

9 .0004 .4t> .7~ 4. "J1 :14.0':1 lI.b8 .'14 4.55 4.0,0,
II .000'; .':Ik .'15 5.05 22.7tl b • .,3 .73 3.47 3.47
7 .00{)b .1:>9 1.1!:I 5.7t> J.I.40 4.ll9 • !:II) :l.5f, 2.':1"
6 .000"" .HO 1.3J 6.3':1 1':1.92 3.45 .42 1.lIj l.ll3
5 .0007 .'10 I.H t>.92 111.j3 2.32 .)0 1.24 1.14
4 .0007 .~b 1.6U 7.29 lb.~11 1.4~ .21 .110 .flO
.3 .0007 .'12 1.53 7. (" 14.bj .113 .14 .47 .41
2 .0005 • !:I 0 .112 4.57 12.35 .41 .011 .24 .:14
1 .0003 .31 .51 3.26 '1.49 • I 5 .04 .10 • 1 0

FRM1E TYPES: SHEARWALL TYPES:

0: NOT APPLICABLE 0: NOT APPLICABLE
1: STEEL 1: REINFORCED CONCRETE
2: REINFORCED CONCRETE 2: PRECAST CONCRETE
3: PRECAST CONCRETE 3: BRICK MASONRY

END OF JOB.

99.98
9'l.llS
99.114
99.53
9>l.14
9b.ll';
92.12
H4.511
70.!:I1l
50.25
2b.1l7
8.04
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APPENDIX C

FORTRAN Listing of Computer Program

c... -\
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C

C
C
C
C
C
C

~
C
C
C
C
C
C
C
C
C
C
C
C
C

n
I

N

PIlUGIlAM DAMAGE (ItlPUT,UU'fPllT,lAI'E5=INPllT,1AP~b=UllTf'Ul)

(:===a===z=======================================================C
( 0 A II A G (0 JJJ Hf1H C
( JJJ HHH C
C A PHOGHA~ ~CIl ASSESSING tH[ DA~AGFA~ILITY HHH C
C OF EXISIING BUILDINGS IN A NATUhAL JJJ hHH C
C HAZAPDS ENVIRON~ENl JJJ HriH (
C JJJ J.JJ HHHHHHH C
C REVISEL SEFT 1980£ (HEN • HASS~LMAN JJJ JJJ HHHHHHH C
C DEVELOPEC JULY 19/], HASSELIIAN JJJJJJJ HHH HHH C
C JJJJJJJ I1HH HHH (
C C
C WIliIliW IliW iii 110 wwloIw C
C WWIliIfi WW 110 110 wwww C
( J. H. III I G GIN 5 COM PAN k WIfiWIli WWIIoIli IfiIllWIll (
C WWWW 1IllIIlfiW wlowW C
( 1&50 SOUTH FACIFIC COAST HIGHWAY WWWW WIliWIli WWWW C
C WIIIIWW WWIIoW WIfiWW C
C REDONCO BEACH, CA 90277 wwWwlliWwwlIolliWWWwwlIII C
C WWWlfiwWWWlllllilliWWIIIIWW C
C (213) ]78-0257 WWIIIIWWwwwlIoWWWWWIfiW C
C========aa=aa========================:===========z===========za=C
R~AL M,LC(30)LSC70,70),EUE~L(30),DFT(30)
REAL CECC10},LIC(10),OMS(]O) vMMC]O)
DIM~NSI0N NHA2(]),Tfl00),FClQC),CC10),U(10,70),M(]O),

lE(]0,30)tFA()0)fFVC]0)fDHFTC30),TITLE(18)
PEAD(5fS~8) (tl LEfI), =1,18)

588 FORMATll8A4)
wPItE(b 688) CTITLE(I),I=l 18)

688 FOHMAT(r l ,{, RUN IDFNTIFIC1TION:',11,10X,lijA4)
READC5 f 900 ) (NHAZ(I),I=l,])

9001 FORMATll0IH)
IF(NHAZC1).EO.l) wRITECb,bOl)
IF(NHAZC2).EO.l) WRITECb,b02)
IF(NHAZ(]).l'-O.l) IliPITE(6 60])

601 FORMA1(' EAR1HOUAK~ HAZA~D IS INCLUDED')
&02 FO~MA1(' wIND HAZARD IS INCLUCfD')
&0] FOHMAT(' TORhADC HAZARD IS INCLUDED')

READCS,9002) DLAT,DLONG
9002 FORMAT(10E8~1)

WRITE(6 620) DLAT,DLONG
620 FORIlATCr SITE LCCATTON: LATllLOE'!F8.2 r 2X,

l'DEGREE.S6 LCNGl1UDF.',FB.2,2X,'DEGREES'J
READC5

f
9 01) LRISK,NMOD,LS~OPt

LRlSK=
LSIWPT=O
READ(S 9001) N~CD

IFCh~o6.EQ.l) IIoRITEC6,611)
IF(N~OD.EQ.2) ~RIT(Of6,b12)
IFCNMOD EO.l) RRITEC6 613)

611 FOMMAT(' BUILDING ~ODfLING OP1ION: DfTAILEO FHAMf')
&12 FORMA1C' BUILCING MOOELING OP110N: STORY STIFFNESS')
&1] FOH~ATC' BUILDING MODELING OP1ION: ~MPJMICAL')

CALL LOADS(CLA1,DLONG,LRIS~,NHAZ,T,F,VF,lSIT~,ISHAPE,VT,BL,ITOR,Fl
1,EM,A~,VR)

IFC(NHAZ(I).EO.C).AND.(NHAZ(2).EU.0).AND.ClfOR.NF..l» GO TO 99
CALL STRUCT(N~CCfNSLLC,TW8,TL~,PHR,NOPRT,L~1,~,S,E,C,D,NOPT)
IFCLRT.GT.O} GC 0 ~9
Tl=6.2Hl/SORtCC(I)
IF(NHAZC1).~Q.0) GO'TO 10
CALL DYNA~C(NS,lC,S,C,D,M,AR,VR,T,F,E,LD,NUPMT,NMUD,DF1)
DO 30 l=l,NS
FAU)-fO,b)
FVCI)=ECJ,5)
fDEFt CI ) =E CI ,4)

10 CONTINUE
10 IF(NHAZC2).EO.0) GO TO 20

SCHEN
SCHfN
SCH~N

SCHF.N
SCHEN

CHlN19
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o
I

W

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

100 CONTINUE
CALL STATIC(NHAZ,~S S,LC,T"B,FHR,Tl,O~rT,VT,
10,Vf1~,CEC,CIC1G~s~GMM,ISHAPf,ISITE,NMUU"rUR,]Tr~f,LHI)
If(L~T.GT.O) G~IU ~9

20 CONTINUE
IF(LSPOPT.EG.O) GO TO 40
If(IIOR.F.O.-I) GO TO 3b
THB::O.
DO J5 lal NS

35 THBaTHB+LC(I)
36 Pl=OflllSCt)

PI=V""'(I)
CALL LSROOFCITYFE,TLR,TwB,THB,Pl,PI,IFLY,IW)

40 CONTINUE
CALL DAMAG(NHA2,EM6AR,VR6NS,FA/rVfEDEF'LtDfT,LC,Tl,DRfT,

:CEC CIC QMS,VMH IT R LSR PT,IFLY "NOP)
If«(NHAf(3).NE.6).AN6.(ITOR.G(.0~)GO TO 9R
GO TO 99

98 nORa-1
GO TO 100

99 CONTINUE
WRITF(6 700)

700 rORMATcCOENt OF JOB.')
STOP
END
SUBROUTINE LOlCSCDLAT,DLONG,LPISK,NHAZ,T,F,VF,ISITE,lSHAPE,VT,

:BL,ITOR,Fl,E.,AR,VR)

THIS SUBROUTINE GENERATES SITE LOADS FOR THREE NATURAL HAZAPDS.

EARTHQUAKE' SITE LOAD IS DEFINED TO BF THE GHOUNO
PSEUDO-VELOCITY SFECTHUM COMPUTfO fHUM
A eASE-ROCK SPEC'RU~ AND MODIFIED Ry SITE SOIL
CHARACHRISTICS.

WINO' SITE LOAD IS DEfINED TO BE tHE fASTEST MILE OF WINC
AT 30 FEET FOR OPEN EXPOSURE.

TORNADO' SITE LOAD IS Of FINED IN TERMS OF PROPABILITY Of HIT
ANt L IF DESIRED! A NOMINAL lQHNAOO WIND VELOClTY
SPE~IFIEO BY THE USER.

INTEGER NHAl ()
REAL T(100),F(100)
IFCNHAZ(l).EQ.O) GO TO 10
CALL SEISMCCLRISK,OLAT,DLONG,F_,AR,VR,O~)
CALL SOILODCARLYRtDRtr,T)

10 Ir(NHAZ(7).EQ.u) ~o 0 20
CALL WNDLOD(lS11E t ISH4PF- LVF)

20 IflNHAZ(3).~Q.O) ~o TO 30
ClL~ TRNLOU(ClA1,OLONG,VT,ITCP)

30 CONTINUF:
PETURN
END
SU~POUTINr SEIS~C(LRISK,DLAT,tLONG,E~,AR,VR,OH)

SCHF.N

CHE.N79
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C
9002

10

SCHE.N

SCllfN
SCHEN
SCHEN
SCHPI
srH~N
SCHfN

~CHI'N

SCllfN
SCHE"l

SCIlEN
SC~H4

THIS SUBPOUTJNt RE_OS SF.IS~ICITV DATA L~lAJ~tO F~Q~
TA8LES AhD CU~FUT~S HA~U ~OCK ACrFL~~A1JU~. UFLUCITV A~C
DISPLACf~ENT CHAR_CTt~lSTICS.

WRITEC6,100)
100 FORMATCIHI,20X.'~ A R 1 H QUA K E L U A" A N A L y S I 5' .111

:)
I~CLRISKaNE.O) GO 10 10
READ(S,9v02) E~,RRAR
rOIlIUHIOF:8.3)
GO 10 100
CONTINUE
LP-O
READ(S,9001) LP
fORfilAT(lOI8)
If(LP.NE.O) GC 10 20
IIEAD(S19002) E~,RBAR,R.R,RYR,RDR

RN=l./RNI
GO TO 30

20 CONTINUE.
PEAO(St9002) BLIfE,PNOC
RN=ALO~(I./PNOC)/8LlfE

lO CO~'INUF.
READ(S,9002} A,ASIG,RBAR
WRITE(6 blO) A ASIG

610 fURfIIAT(rOMeAH StISMICITY :'tIPEI0.3,SX,
:'STANDARD DtYIA1ION :',IPEIO.JJ

READ(S 9002) A PBAR
EM_(A.ALOGIOCR~»)/.9
IfCLP EQ 0) WRI1E(6 621) EM,RNI

621 rORM.i('ORE1URN PERioD fOR EARTHQUA~E or fIIAGNITUOF:',f6.2,
12X,' s ',fS.l 2X 'YFAKS')
If(LP HE.O) WRI1lC6,620)EM BlIff PNOC

620 fORMAT('OPIUlBABILITY TIlAT EARTHQUAH Of MAGNITUOE'tfS.l,2X,I,
IIXI.IO~ ~ARCER wILL NOT OCCUR CURING A PfRIUU Of',f/.l,2X,
:'Vt.ARS s',ftl.l)

EMfilAX1I8 S
RE.O(Sl~002) EH5IG,EMMAX
AaA HN~ t CtAS IG
IIIRITE(6 630) EN5IG A

610 fO~MAT(r 5ELEC1ED SEISMJCITYI MEAN PLUS',FS.l,2X,
l'SIG... =' fS.ll
EM:(A~ALOGIO(RN»/.9
lr(E~.GT.EMMAX) r~=E~~AX
l~(~AR.EO.O.) GC TO 100
APlIRAIi
YR:;;PVIl
DR.~Ofl
GO TO 121

100 CV"T1HUE

c
cc
cc

C
9001

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C

n
I
~
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C
C
C

C

n
I

tTl

COMPUTE H~RO Hce~ GROUND ~OTlnN

LCOPzO
READ(5 9001) Leep
If(LCO~.FO.O) GC TO 110
WRlTHb (40)

b40 fOH'" AT (f OUSFR INPUT CONSTANTS f'OH COIolPlll) ~'G HAIW I!on (,I!UIJNfJ ~Q1 10
IN' II)
RE1D(5,9002) Cl,C2,C3
READ(~,9002) CA1,CA2
READ(S,9002) C~1,C02

WRITElOiOSOJ CliC2,C3,CAl,C~2,CD1,C02
650 fORMAT( X,lPl0E 0.2)

GO TO 120
110 CONTINUE

If(DLONG£GT.l05.)GO TO 115
Cl=.00861
C2=.S63
C3=.919
GO TO 110

115 Cl=.0231
C2=.563
C3=1.403

ttb CONTINUe­
CA1=-1.S615
CA2z0.1118
C01=-0.6144
C021:1 1438

120 VR=Cl;lO ••• lC2.EM).R~AP•• (-C3l
A~=CA1+CA2·ALCG10(VR)
nO=CD1+C02·~LCG10CVR)
ARal O. HAA
OP=lO ••• OO

121 CONTINUE
C FIND SIlf GROUNC ~(lION

SAR=AR.4.
SVP=VP.4.
SOf(=OR.4.
WRITECb 6601 E~,P8AP,SAP,s~p,snp

660 FORM~T(i5Xl'SITE GROUND MUllUN CHARACTlRISTICS',II,
110X,'RICHTtR ~AGNITUOE =',lPfl0.2,1,
110X,'HYPOCENTRAL DISTANCE (MILES) =',lP~lO.2,1,
z10X,' SITE ACCELERATION (G) =',lPll0.2,1,
:10X,' SITE VELOCITY (IN/SEC) =',JPE10.2,1,
110X,' SITE CISPLACFMENT (IN) =',lPflO.2)

RETURN
END
SUBROUTINE FRSfEC(~ASErSIG)
REAL BASE(100),FERll00J
PER(l)aO.l
00 1 h2 100

1 PE~~t)=PER(I·l)+O.l

SCHf:N
SCHfN
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n
I

0'\

WRlTE(b 100)
100 FORMlT(r 1 ',ISX,'SITE GRUUND ~OTION Sp~rTHUM',llll

DO 200 1~1 10
NlsIO-(J-d+1
N2=IO-I
WRITE(6,101)(PERI~),KZNIN2)

101 FORMIT(IOXt'PE~IOO (SEC)C,10(2X,f7.2»
WRITE(6 10~)IE~S~(K),K=N1,N2)

102 fORMlT({OX,'VEL IIN/SEC)',IO(2X,f7.2),II)
200 CONTINUE

RETURN
END
SUBROUTINE wNDLCO(lSITE ISHAPE,Vf)

C RElO(S,9001) ISITE,ITESf,lTV,ISHAPE
9001 FOR~AT 10IY)

lTES'I=2
ISHAPE=I
lTV=1
WRlTE(6 20)

20 fOR MlT(C 1 ',10X,'W I N 0 L 0 lOA N A L Y S I 5',11)
SIG=O.O
IFIITEST.EQ.I) REAOIS,9002) SIG
If(ITEST.EQ.l) ~RITE(6 50) SIG

50 fORMA'I('O'l;10X,'ANALVsfs TO PF BASrO ON A M~AN wIND VELOCITY AND'
l,f5.1 ' 51 MA' II)

GO TOl71 7Y),IiEST
C 71 CALL REG{(Al,81,OlFF)

71 CONTINUE
GO TO (73 74) ITY

73 RElD(Sf9002) ~F.RIOO
9002 FO~Ml'IlIOF.8.3)

~RITE(6 II) PERIOD
11 FORMAT(r l LllX,'RETURN PEHIOC IN YRS = ',E10.2,11)

XX=I./PERIuU
GO TO 75

74 REAO(S,9002) 8LIFELPRO~
WRITE(~ 21) BLIFE ~H08

21 FORMlT(r O',11X 1 'LfFE OF BUILCING IN IRS = ',Fij.2,5X,'PPOBABILIIY a
IF NON OCCURRENlE = ',Fa.3,11)

XX=ALOG(I./FROe)/BLIfE
75 VF = (ALOGI0(XX)-Alt(I.+SIC t OIFF1)/AI

WRITE(b 51> Yf
51 fORMAll 1 0',lOX f 'fASTEST MILE WIND VELOCTTY AT 30 Fl - FR~E FJFLD',

1 1,llX,' (NO GUST) FOR THF STATISTICAL PARAMfTFRS CHCS~2N" ',F8.2,' ~FH',II)
GO TO 72

C 78 READ(S,9002) Vf
78 REAPIS f 9009) ISITE,VF,~F.RIOD

Q009 FORMA1lI8,~~8.3)
WRITE(6 IO)lSI1~ ITFST,ITY ISHAPE

10 rO~~AT(rO"IOX,'lsITE= "I~,SX"(TtST= ',I~,~~,"TY= ',15,5X,'tSHAIPE" • I'j II)
WRIT~f6 13) VF,PERIOO

I) FOI4Ml1(rO"ltx"USE~SVALUE Cf WIIIIO vtLlIflTY -FA~TF.ST MILE: AT 30 F
IT A~OVE GROUNC • FRFE FIFLO IN MPH =',t7.2,II,ll~,1 RFTU~~ PVRICOlIN YEARS.',Fl.I,II)

72 CON1 (NilE.
RETURN
r.NO
SU8ROUTINr SOILCD(AR,VR,OR V,1)
REAL AMP(IOO)6 V(IOO),HRIIOO),1(IOO)
00 110 1=1,10
YUlao•o
HR( )"0 1 0
T(I)=Q.u
UlPU )ao.o

srHEN

SCHEN
SCHt:;N
srHE:N

SCHF.:N

SCHFN
SCHF"
SCHI'.N

SCHt"l
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110 CONTINUE

SCHF:NC REAU(5l900]~ IFPOC,SIG
SCHENC900] rUR~AT I9,~ .])
SCHUlIPROC=5
SCHE.NSIG=O.O
SCHEfvGO TO (1,1,2']SS)~IPROC
SCl<fNC GO TO (1,1,2 ] fI ROC

C 1 CALL SOVN(AM~,S G)
seHEN1 CONTINUE

GO TO 5
C 2 CALL SSTATA(A~F,SIG)

SCHfN2 CONTINUE
GO TO S

C ] CALL SSTATB(A~P,SIG)

SCHFN] CONTINUE
5 CONTI~UE

PI:Z2.*].1415926
TA=PI.VR/(A~*]86.)
TDtpHOR/VR

C
C
C

C
C
C

C
C
C

n
I

........

fORM PERIOD APR~V

00 10 1-1,100
A~P(I)=4 0

10 T(1)tO.ltI

FORM HAPD ROCK SPECTPUM

00 11 1-1,100
IF(T(I).LT.1A) HR(I)-(T(1)*AP*38b./PI)
IF (T(1).GF..1A.AND.T(I).LT.TC) HR(I)=V~
If (T(I).GE.TD) HR(I)=DP.Pl/l(I)

11 CONTINUE

FOH~ BASE SFEC1PU~

00 12 1=1 100
12 Y(I):ZHR(IS.A~P(I)

CALL PRSPF.C(Y,5IG)
RE1URN
EtoID
SUbROUTINE 1RNLCD(NLAT,~LONG,VT,ITOR)
REAL ~L,Fl,Vl,NlAT
WRITE(6 51 J

51 FORMAT('l'(111/15X,'T 0 RNA DOL 0 A 0 A N A L V 5 1 5',11)
C READ(5,900J) BL t fl,ITOR
C900] FOH~AT(2E8.3,I8J

ITOR=l
READ{S,9002) VT,BL

9002 FORMAT(10E~ ])
C Ir(ITOR.NE.C) READ(5,9002) VT

IF(ITOP NE.O) wRITE(b 600) VT 8L
600 FOR~AT(IHo!10X"TORNA6oWIND GELOCITY =',~9.2,2X,'~ILF.S PfR HOUR',

11',18X,'RETUPN FERIOD =',r8.2,2X,'YFARS')
C
C BYPASS PROBABILITY CO~PUTATIONS
C

GO TO 99

SCMI'N

SCHEN
SCHfN

SCMEN

BC
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00

10 IF (N~OD.NE.2) GO TO 20
CALL STIFf2 (NS,S,Lf)
GO TO 30

20 If (NMOD.N~.I) GO TO 40
CALL STIFFI CNCFT,NS,LC,S,M,LRT,NOFHT)
If(LRT.GT.O) GC TO 99

30 00 25 1=I,NS
00 25 J=I,NS
JK(J)=NStl-J

25 HlfJ)=S(I!J)
WRI EC6 603J

603 fOR~ATCrISllffNESS MATRIK C~IPS/IN)',/)
WRl1't(fl,601)

601 rOlollUl(1,L' SlCIlY',/
i
' NO.')

CALL MAT~RTCNS!hS,S
CALL fL~ASS C~:s,")
WRlTE(6,604)

604 FORMATC/III,' 1CTAL -EIGHT V~C10R + ORIfT TO Yl~LD',II,
'S10RY STORY .. ,. DRHT TrI',I,
'NO. CKIPS) YIELD',IIJ

606 rORMATCI5,fll.2,fl0.4)
DO 60 I=I,NS
LK=NStl-1
C(I)=M(l)·386.4

60 WRITEC6 (06) LK,CCI) DRFTYCI)
CALL F.IGENS CS,~T,M,t,D,NS,A,A,PP)
DO 35 1=I,NS
DO 35 J=1 NS

35 S(ltJ)=Ed,J)
GU 0 50

150 CONTINUE
CALL fLMASS(NS,~)

wRl1'E Cfl
f

604)
DO 151 =1,NS
LK=NStl-I
ACI)=II(I)·386.4

151 WRITE(6 6606) LK,A(I),DRFTYCJ)
GO TO 5

40 WRnE (6 (00)
600 fORMAT C'IS1RUC1URAL MODELING OPTIUN I~PROPFRLY SPECJfIFP.

I EXECU1ICN TERMINATED.')
99 CONTINUE
50 RETURN

END
SUBROUTINE SlIFF3CNS,LC,TI,CV,ON)

THIS SUBROUTINE READS THE NUM~FR Of STORI~S AND STORY HEIGHTS
Of A BUILDING AND ITS FUNDAMENTAL PERIOO, TI. IT THFN COMPUTES MUDAL
DEFLECTIONS ASSUMING A STRAIGHT·LIN~ MOOf SHAP~ fOR THE fUNDAMEhTAL
MODE ANO EVALUAUS THE FUIliDAlIIfNTAL EIGEt-lVAI·UE tUSFO ON Tt-IF pnUliD
SPECIFIEO.

DIMENSION CV(70),ON(70,7Q)
REAL LC(30)

600 FORMATC'ONU~eEIl OF STORIES = ',15)
9002 FORMATC10E8.3l

READCS,9002) TI
WRITEC6 (20) 11 .

620 FORMJT C' OFUNOAMFNTAl. PFR 100 (SE,C) =' ,FtI. 3)
REAOC5

t
9002) CLCCI),I=t,NS)

ou 55 =16NS
55 REAOC5,QO 2) LCCI)

wHITFCb 610) ClCCI),I=t,NS)
610 rOR~AT(rOS'~Rr HEIGHTS, rop lC 80TTU~',II,

:JC1X.I~10Fl0.2,/»

SCHE,N
S(,H~-N
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c
C

c
c
c

201

C
C
C
C
C

SCHEN
SCHEN

SUlllaO.O
DO 200 lal NS
SUMlaSUM1+lC(I)
DN (1 , 1 ) al .00
SUM2=0.0
DO 201 1-2 NS
SUH2aSUIl2+lC(I-l)
DN(I

S
1)-1IO'(SUMl-SU M2)/SUMl

CVCl a(6.~831853/TI)"2
RETURN
END
SUBROUTINE STI"2(NS,S,LC)

THIS SUBROUTINE READS CARD INPUT FOR GENFHATING THE STIFFNESS
MATRIX OF A STeRY MODEL OF A BUILDING AND PRODUC~S AN NXN
STIFFNESS MATRIX WHERE N • NU~BER Of STU~IES.

REAL S(70670),S~(10),LCC10)
WRITE(6 1 )

10 FORMAT(IOSTIFfNESS INPUT FOR STORY MODEL - NBOPT • 2')
READ(5.9002) (LClI)fI=l,NS)
READ(5f9002)(S~(I), =l,NS)
DO 55 -I NS

55 READ(S,9062) S~(I),LC(I)
9002 FORMAT(10EB.3)

lIlRlTE(6 30)
30 FORMATC'OS10RY',' STI'FNESSC~IPS/IN)')

DO 40 I-I NS
40 WRITE(6156)NS,5~(I)
50 FORMAT( H 15,E20.4)

WRITEC6 606) (LCCI),I=l,NS)
600 FORMATC'OS10RY HEIGHTS, TOP Ie BOTTOM (INCHES)',11,3(IX,IPl0El0.2,

: I)

COIlPUTE STIfFNESS MATRIX 5

5(1 l)-SK(1)
IF('SfEQ~l) GO 10 62
S(2,lJ--l:i~Cl)
NSM1-NS-l
DO 60 I-2,N5111
SCI-l I)=-S~lI-l)
S(I,IS=SKCI·l)+S~CI)
S(I+l,I).-5K(I)

60 CONTINUf
S(NS-l NS)aS(NS,NS-l)
SlNSfN5):S~lNS)+SK(NS-l)

62 CONT NUF.
RETURN
ENI;
SUB~OUTINE SlIFF1CNO~T,NS,LC,S,M,LRT,NOPHT)

4

200

n
I

1.0
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6

5

n

68&

cc
C
C
C
C

687
2

THIS SU8~OUTINE ~EAOS n~TAIL[D tilHUCTUHAL DATA ANI) CUMPU1~S
A REDUCED STIFFNESS ~ATRIX CORRESPONDING TO FLOUH
TRANSLATIONS. _HEN NDLC .NE. 1, A ~ASS VECTnH 15 CO~PUTED 10
ACCOUNT fOR THE ~ASS or STEEL fRAMING UNLY.

REAL STC]O JO),CC30 ]0)
REAL LB(10~,LC(JO).'e(q9),AC(99),leC9q).ICCq9),WBC~9).wC(qq)
RfAL SC70 70) MClO)

1 AL(16),BlCIO).fBCq9),fCC99)
INTEGER SN,FRN
INTEGER 8TP(200),CTP(220),BBTPIC200),PBTP2(200)
REAL ALB(200),8LB(200),SCJB(200),SCKP(200),ALCI220).PLCI220),

1 SCJC(220) SCKC(220)
COMMON IDAtAI ~lP1CTP1.LB,A8,AC,IBLIC,F,~P,wC,ALR.RLB.SCJB.

1 SCKBLALCtPLC,SCJL,SCKC,BBTPl,BBTP2.ABRI2n)
1 rAL,~Lrf~,FCrG,EB,GBc•••• ••• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

C INPUT PARAMETERS
c••••• •• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

CALL SOATA
NOIMs70

9001 fORMAT CIOI8)
fRNsO
DO 22 Isl,30
M(I)=O.O
DO 22 J=I,JO
STCI,J)=O.O
OCI 6J)SO.0
REA (5,9001) NFRMS
WRITEC6 687) NFRMS
JFCNFRMS.Gt.5.ANO.NS.GT.IO) NGPRT=l
FORMATC'ONU~BER OF FRAMES = ',15,/)
FRNSF~N+l

REAOCS,9001) NeFT
_RITEC6 b8b) FRN,NOPT
FURMATC'I',' •• FRA~E NO.',ll,' •• ',' FHAME MOUELING OPTION='.15.

111)
DO J l=l,NOIM
DO J Jsl,NDJ~

J scI J)=O 0
C•••••••• , •••• ; ••••••••••••••••••••••••••••••••••••••••••••••
C DEFINE STRUCTURE FARAMETFRSC.·.·· .•.•..•....•.•................•..•.................•••.

IFCNOPT.EO.l) CALL REAOICNB,NS,LC,NBB 1 NHFJ LNDLC )
IF(NOPT.EO.2) CALL RfA02(NB,NS LC NOLL .N~pt)

C••••••••••••••••••••••••••••••••••• ; •• ; •••••••••••••••••••••
c Gl~ERATE STIFfNESS ~AT~IX A~D fRA~ING MASS ~ATRIX.
C ELI"INAtE VERT. T~ANS. AND ~OTAT.RY SlAliC CUNDENSATION
C••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••

SN=O
SN=SN+l
IF(NOPT.EO.l) CALL SFRAME(NB.NS.LC,SN,S.NUPRT.NRFJ.~PB)
Ir(~OPT.EO.2) CALL GfRA~ECNB,NS.LC.S~.S.NUPRT)
IFINDLC.FO.l) GC TO 10
CALL FR~ASS(M,SN.L(.~B,~O~~T)

10 CONTI~UF

CALL CONDFNINBLNS.SNtS,LRT)
If(LRT.GT.O) GL TO q~
If(SN.LT.NS) GelU b
NH2N=C1'NB+2)'2
DO 5 1=I.NS
00 5 J=I,NS
SCI.J)=S(liNe2N,J+NB2~)

()

I
---'
o
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9

8
1

n
I

---'
---'

c·················· ..···· · .C SUPERI~POSE PLANE FRAME STIFFNESS MATRICESC···· · · .
IF(FRN.fQ.l) GGTO 7
DO 8 lal.NS
DO 8 Jal t4S
TEMP=ST d J J
SCltJ)as(I.J)+TfMP
CON INUE
DO 9 lal.NS
DO 9 J"1.N5
STU J )=50 J)
IF(f~NiLT.NfRM5) GOTO 2
GO TO 00

99 WRlT[(6 700)
700 'ORMAT(r 15T lffNESS ~ATRIX CONCENSATION rRROR. EXECUTION TF.R~INATED

1. • )100 RETURN
END
SUBROUTINE SOAU
REAL LB(10).AB(99).AC(99),IB(99).IC(99).WP(99).wC(99)

• AL(10) aLctO) FBl99).FCC99)
INTEGER fiTP(200) CTPC220J.BBTF1(200).BBTP2(200)
REAL ALB(200).eL~(200).SCJB(200).SC~B(200).ALC(220).BLC(220).

• 5CJC(220) 5C~C(220)
COMMON IDAtAI BTPICtP.LB.ABLAC.IBLIC.El~B!WC.ALB.BLB.SCJR.

• SC~BIALCIBLC.S(JL.SCKC .BBTP1.BBTP2.ABR(lO)
I .AL.~LfF~lFCfGIEBIGB

DATA «"P( ) ".8,).
1 7.67,9{13,{O.6,11.8,13.3,14.7,17.1.t8.8.20.9,23.0,25.9.2R.2.
2 10.3,1 .8,13.2,14.1,16.2,11.1,18.9.20.b.22.1,2~.0.28.2,30.9,
3 33.5,13.0,14.4,16.2,18.3,20.0,21.5.24.2,28.3,33.0.31.4,41.8,
4 16.2,18.0.20.0,22.4,24.1,27.7.29.5,32.5,35.4,38.3.42.1,41.1,
5 24.8,21.1,30.0,33.6,42.1,47.1,52.2,29.1,31.Y.34.2,36.5.38.9,
6 50.7,56.0,61.9,34.8.38.3.41.6,44.8.58.9.64.8,10.6,39.8r 44 • 2 ,
7 47.1 r 50.0 r 53.6,51.2,67.7,12.1,7b.5,82.4,PY.3,100.,0.OOJ

DATA (lIB(I, lal,83).
1 300.,314.,447.,511.,584.,651.,148.,836.,941.,1050.,1220.,
2 1360.,51l.,612'6706'1802£1891.,9Y6'11050.,11bO.,t290iL1440.,
3 t680.,1850.,204 •• 84,.,9' '11140'11,30.,1480.,1600£1 '60.,
4 2100.,2620.,l020.,3410.,134u.,t54u •• 1820.,2100 •• 23,u.,2690.,
5 3000.,l130.,3650 •• 4020.,4~70•• 5t20.,2H30.,3270.,3hl0 •• 40QO.,
6 5430.,6010.,6740.,4000.,4470 •• 4930 1 ,5360.!5160.

0
7910' 1 8850 ••

7 9890.,5900 •• 6110.,1460'68160'01110U •• 1230U'613~ 0.,78~Q.,
8 90301,9760'010500 •• 1130 .,121 0.,15000.,16t 0 •• 17300.,
9 1890u. 1 2030 '11. 11.)

DATA «W~(I).l. ,8,)"
1 26.,31 •• 36.,40.,45.,50.,58.,64 •• 71.,78.,88 •• 96'135'140'1 45 '1
2 50.,55.,60.,641,701L17.,85'196.,105'1114,,44 •• 4~.,5~'16~.,6H.,
3 131,82t696itl1~'fl~'ltI42.,~5'lbl'16H'170.,Y4.,94'Ll0U.,110 ••
4 12u.,I,., .5.,lbO.,H.l,94'110~.tl 4 t , 4S.tlbO.tI7"199.tl08.,
5 116 •• 124.,132.,172.,19u •• 21u •• l1H •• l,0 •• 14 •• 1~l •• 20u.,~~O.,
6 240 1 ,135.,150.,160.,170.,182.,194.,230.,245.,260.,280.,300.,
7 0.,0.)

DATA «AC(I) 1-1,39).
1 11.9,20.0,~1.8.22.9.24.7,25.6.27.9,30.3.32.1,35.0,31.3,
2 40.0,41.8,44.1,46.5,49.1,51.1,54

1
1,561 7,59,4,b2.1,64,4,

3 67 1 1,69.1,72.3,77.6,84.4.92.3,10 .,10~.,11 .,125.,134.,
4 14'1(162 Ir 118{,196.,215.,1.00)

DATA IC(, 1= 99)=
1 b4110,72416,19~.O,851.0,928.0,961.0,1060 •• 1170.,1210.,1310.,
2 148u.,159u.,1670 •• 1190.,1900.,2020.,2150.,2270.,2400.,2540.,
3 2610.,2AOO.,2940 •• 3080.,3230.,3530.,3910.t 4400.,4910.!54~0.,4 6010.,~610 •• 1220.,8250 •• 9450 •• 10~OO.tI250u.t14400.!1.u0t11 ' 0 • O ,
5 101.0.121.0,131.0,207.0,225.0,350.0,'84.0,4JO.O,45~.O,4~2.0,
6 528.0,S6~.O,660.0.703.0,14~.0,7QO.O,~3~.Il,A~3.o,Q30.0,980.0,
7 1030 •• 1070.,1120.,1170.,IJ30.,1310.,1470.,1630.,lAI0.t 19~U ••
8 2170.,2360· 12SbO. r 2RAO.,3l r O•• 3bkO.,4170.,4120.,l.000,

DATA (wC(l), =1.39,=



".- - - - - ~ _/~ & - - - - - - - - -

n
I

--'
N

C

ol.0,611.0,14.0,1!l.t),84.l0,1l1.0,~<;.O,I()~.,'11.,11'1.,1}1.,
2 1)6.,147.,IS0.,1~1l.,lb,.,11b.,IB4.,143.,)01.,}'1 •• }lq ••
) 228. , 231. , '} 4 b • , 2 b 4 • ,281. , .3 , 4 • , .3 4; • ,i 7 (, • , i q i:l •• 1 }" • , 4 ~ ~ • ,
4 50U.,5~O'f.b05.,bb5.,1.30.,0.OO)

DO 10 1=1,)11
12:z50+1
WC(I)=wC(1)/l000.0/12.0
AC(l2):ZAC(1 )
WC(l2):WC(1)

10 CONTINUE
DO 20 1=1,81

20 W8(1)=w8(IJ/l000.0/12.0
DO 21 J =1,99
FR(I)=O.O

21 fC(l)=O.O
Rt:TURN
END
SUBPOUTINE REAC1(NA NS,LC,N~H NRfJ ~DLC )
HfAL PAB(99) RA(99),HIB(99),RJCI99) H~A(99) R~C(9q)
R~AL L~(10)~LC()O),AA(99),AC(99),I~(99),lCI99),WH(99),R(99)
REAL AL(IOJ,~L(IO),fA(99J,F(99)
INTEGEP SUM
INTEGER BTP(200) CTP(220),B81Fl(200),~RTP2(200)
HEAL ALB(200),BLB(200),SCJB(200),SC~~(2U()),ALC(220),BL(220),

, SCJC(220) 5CK(270)
COMMON lOAf AI ~lPLCTP,L~,ABLACLIBLICtE,WB,WC,ALA,AL~,S(JA,

• SCK8 , ALC, I'll C, S(J l. , SCI< C, IHH I' I , l:1!' TI' 2 , A ~ I' ( J Il )
S AL,BL fA FC G fB GH
RfAD(S,~OOj) l,~A,~BT,NCT,NAB,~BRT,NNFJ,~VLC
NOLC=O
REAO(S,900]) Ef.NA,~BT,NCT,NAH,NART,NRFJ

900) fURMA1(E8.3,7Ill)
9004 fORMAT(18 L )E8.)

WRITE(6 61)NP hB8,E
07) fORMAT(IONUMBER Of BAYS =',15,1

• 'ONUM8ER OF BHACED BAYS =',15,1,
$ 'OYOUNGS MODULUS =',F9.1,3X,'(K1PS/SQ IN)',/)

If(NBT.LE.O) GC10 13
wpln (6 (01)

601 fORMA1(rOPlAM 1YPE AP IF WR',/)
DO 2 1= 1 NFl
READ(S,9004)J,RAB(J),RJB(J),NRB(J)
Jf(J.GE.82)GO lC 11
GO TO IS

II ABCJ):zRABC.J)
JB(J)=RIEHJ)
WB(J) =RwP.(J)/I000.0/12.0

15 WRIT~(6f602)J(AP(J)!IB(J),WP(J)
h02 fURMA1( 10,f1J.1,F'lu.1,FIl.3)

2 CONTINUE
73 Tf(NCT.LE.O) G010 74

WRITE<6 60])
603 FOPMAT(IOCCLUMN TYPE AC IC WC',/)

DO 3 I:Zl NO
READ(519604)JIPAC(J)lRIC(J)lR~C(J)
IF(J.G~.39.AN~.J.LE.~O)GO 1C 12
IF'(J.Gf.90) GO 10 12
GO TO lb

12 AC(J):zRAC(J)
IC(J)=IlIC(J)
WC(J) =RWC(J)/IOOO.O/12.0

16 WRITE(6,bO~)J,AC(J),'C(J),.C(J)
3 CUNTItolUE

74 COhTINUE

14.

SClif."l
fiCf1f"N
SCt1~,.,

45.
46.
41.

53.

54.
<;5.
5".

"Ill.
bOo
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b7.

11.
12 •
7 j.
74 •
75.
7b.
77.
79.
19.
80.

82.
83.
84.
85.
8b.
81.
8R.
Bq.

21',0.

256.
257.

253.

2S0 •

l~~A

lBR',/)

IF(NBRT.EQ.O) GeTO 71
DO 75 1=1(200
BBTPI(I)=u

7S BBTP2(I)zO
lrIRITE(6,609)
DO 76 I z I NI! R1
REAOCS,90(4) J,A8R(J)
WRITE(6 t 602) J,ABR(J)
fOR~At {'OB~ACF TYPF
CONTINUE
lrIR ITE (6 604)
rORMAT«(OBAY wICTHS •••••• ',/)
SUp.4=O

4 RF.AO(Sf9004)NU~,8W
WRITE(o 605)NU~ BW

605 FOR~ATCf6,' BAYS AT',FI0.3,' INCHES')
Jl=SU"+1
J2 z SUM+NUll
DO 102 J=JI,J2

102 I.IHJ )=8W
SUM=SUM+NUIil
If(SUM.LT.N!) GOTO 4
WRITE (6 606)

606 fORMAT«(OSTGRY HEIGHTS •••••• ·',/)
SUM=O

5 REAO(St9004) NU"'LSH
WRITE(o 607)NU" ~H

607 fORMATCf6,' S1CRIES AT',FIO.3,' INCHES')
JI=SU"'+l
J2=SUM+NUM
OU 101 J=JI,J2

101 LCCJ)=SH
SUM::SUM+NUM
If(SU"'.LT.NS) GCTO S
RETURN
END
SUBROUTINE SFIIAIIF.:CNB,NS,I.C,SN,S,NOPRT,NRfJ,NBB)
REAL S(70 70) L
REAL LB(1"),LtC]0)LA8(99),ACC99)LIB(99)fIC(99)rW8(99),WCC99)
INTEGER BTP(200) CTP(220),BBTPI(~00),BPP2(200J
REAL AL8(200),I!LB(200),SCJB(200),SCKH(200),ALC(210),BLCC220),

• SCJC(220) SCKC(220)
$ AL(IO) BL(10) fB(99) FC(99)

C6MMON 16AT'1 BfpLCTP,LBIABtlCtIBtICrEtWBI.WC,ALB,BLI!,SCJB,
• SCKBtlLCL8LC,SCJ~,SCKC,MBTpl,~ATP2,AB~(7U)
• ,AL t ML,rM,FC,G,E8 tGB

INTEljER Bl,1!2,l!h,C ,C2,CN,BT,CT,SU",SN,fl,f2
SUM=O
IFR=O
AeO.O
B=O.O
SCJeO.O
SCKeO.O
Ne z Ne+l
R9=1.0
Ir(SN.EQ.NS) R9=0.0
LszNS+l-SN
IrCNOPIIT.NE.1)wIIITEC6,600)LS
IBTP=(SN·l)·NB

ICTP=(SN·l)t(NB+l1
600 rO~"'AT(IOSTORY NO.i.IS,' ····.·.STRUCTURF OlTA'(/,'OB~A~

• II .CCL) t5X,'l',1X,'B',3X,'SCJ',5X, SCK',/)
1 IF(NRfJ.EO.l) GeTO 8u

REAO(S,9001)NU",BT

76
609

77

604

n,
.......
w
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2111.
211A.
2144.

213.
274 •
21':>.
nn .

293.
244.
2 .. 5.

2h4.

""'''.}"h.

, , I)

FORMAT(l018)
FORMU(10Ell.3)
fORMAT(JI8,4fll.3)
GOIO 81
R~AD(~,qOOj)~U~,AT,IfH,A,R,SCJ,SC~

CONTJNU~

81=SUliHl
B2=5U",+NU'"
DO 2 BN=Bl,e2
L=LIHElN)-A-1!
SCM2=4.0f~*11!(e1)/L
SC",j·=1.S*S("2/L
SCM4=2.0*SCMJ/L
ALEI(IHTP+BN)a.
BLBlIBTP+BN)=1'
SCJB(lBTP+BN)=SCJ
SC~~(IBTP+BN)=SCK

BTPlIBTP+BN)=B1
IF(lfR.F.Q.l)GC1C S9
EJ=O.O
EI<=O.O
GOTO bO

S9 EJ=SCM2/4.0/SCJ
EK=SCJil2l4.0/SCK

bO F.S=12.0*EJ'~K+4.0feEJ+fK)+1.0
El=EJ+lK+l.O
E2J=2.0fEJ+l.0
E2"'=2.0tEK+l.0
FJJ=3.0·EJ+l.0
E3"'=3.0fFI'+1.0
IFe~OPRT~NE11)~PITF.(b,bnl)BNlABeBT),JReBT),WAeHT),A,P,SCJ,SCK
rORMAT(I~ff~.1,Fl0.1,f9.5,2FH.2,lX,1~2~9.2)
Jl=lBN-1J*2+1
J2=Jl+1
I<I=J2+1
1<2=Kl+1
S(Jl,Jl)=S(Jl,Jl)+SC"'4*EI/ES
S(Jl,J2)=S(Jl,J2)+SCM3'(E2K+2.0 f (A/L)'El)/ES
S(Jl,I<I)=S(Jl,Kl)-SC~4'fl/lS
SeJl,K2)=SCJ1,K2)+SCM3'CE2J+2.0'BfEI/L)/fS
S(J2,J2)=S(J2,J2)+SC~2'eE3~+3.0*(A/L)'e~2"'+(A/L)f~1»1ES
S(J2,Kl)=S(J2,Kl)·SC"'3'CE2K+2.0'A'EI/L)/~S
SCJ2,K2)=S(J2IK2)+SC"'2/2.0'(1.0+3.U'e~/L)*E2J+3.0'~/L'

SE2K+b.0'A'BfE IL/L)/ES
S(1<1,Kl)=S(Kl,Kl)+SC"'4'll/lS
S(I<I,1<2)=s(1<1 t(2).SC"'3'(E2J+2.0'~'El/L)/ES
SC~2ft(2)=S(t<2:K2)+SC"'2'lE3J+j.0*~*(E2J+H'E1/L)/L)/lS

2 CONT NUE
SU"'=SU"'+NUM
IFCSUM.LT.NB)GC10 1
SUM=O
Fl=NC*4+SN
F2=!'I+1
IFlSN.f.Q.N8J '2afl
If(NOPRTINE.1J~RITFCb,b02)
FOR'UT (. uCOlU'Ilt.
IF(NRfJIEQtl) GeTO 82
RF.AO(Sl~OO )NUM,CT
GOTO 8j .

82 READ(5~9003)NU~,CT,tfR,A,A,SCJ,SCK
83 CUNTINuE

Cl=SUIA+l
C2=SUM+NU"'I
00 4 CN=Cl,C2
L=LC(SN)-A-e
SCM2 a 4.0'E·IC(C1)/L
SCM3=1.S'SCIil2lL
SC"'4s2.0'SC~3/L

601

602
3

9001
9002
9003

80
81

n
I.......

.f::o
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ALBlIBTPtBNJ ••
BLBlIBTPtBN J:e
SCJ8(IBTPteNJaSCJ
SC~B(IBTPteNl8SCK
BTPlIBTPtBNJ=B1
If(lfR.EQ.IJGC1C 59
EJ=-O.O
EK=O.O
GOTO 60

S9 EJ=SCM2/4.0/SCJ
EK=SC"2/4.0/SCI<

60 ES=12.0*EJ*El<t4.0*CEJtf~Jtl.0
El=EJtE:l<+1.0
E2J=2.0*EJtl.0
E21\=2.0HKt 1.0
F3J=3.0*EJ+l.0
E3K=3.0*FI<+1.0
If(NOPRT,NE%lJ_PITE(6,601lBN t AB(BTl t lBCBTl r WBCRTJ,A,P,SCJ,SCI<

601 fORMAT(I~rF~.1,fl0.l,f9.5,2F~.2,lX,~2~9.2J
Jl=(BN-ll*2tl
J2=Jl+l
Kl=J2+1
1<2=1'.1+1
S(Jl,Jll=S(Jl,JlltSCM4*El/ES
S(Jl,J2l aS(Jl,J2J+SCM3*CE2Kt2.0*CA/L)*EIJ/fS
S(Jl,1<1)=S(Jl,KlJ-SCM4*Fl/ES
SCJ1,1(2)=S(Jl,1<2)tSCMj*(E2Jt2.0*B*El/LJ/FS
S(J2,J2)=S(J2,J2)tSC~1*CE3~t3.0.(A/L).(~2~t(A/L).~lJJIES
S(J2,Kl)=S(J2,KlJ-SC~3·C[2K+2.0*A*~1/L)/~S
SCJ2,K2)=SlJ2IK2)tSC~2/2.0.Ct.Ot3.U.(~/LJ.E2JtJ.O.~/L*

$E2Ktb.O*A*B*E IL/LJ/ES .
SCKl,Kl)=S(Kl,KlJ+SC~4*El/ES
SlKl,K2J=SlKl,K2J-SC~3·CE2Jt2.0*~*~1/L)/ES
SCK2!1<2l=SlK2,K2)tSCM2*C~3Jtj.0·~.(~2JtH.ft/LJ/L)/ES

2 CONTINUE
SUIiI=SUlltNUM
IfCSUM.LT.NB)GC10 1
SUM=O
fl=NC*4tSN
F2=flH
If(SN.EQ.NS) f2.rl
IFCNOPPT.NE.ll.PITF(6,602)

602 fORMATC'OCOLUMN ',/)
3 IfCNRFJ~EO.l) GCTa 82

READC5 t vOOl)NU M,CT
GOTa 8J

82 READ(5~900l)NUM,CT,tFR,A,B,SCJ,5CK
83 CONTItoIuE

Cl=SU".1
C2=SUl4tNUM
DO 4 CN=ct ,C2
L=LCCSN)-A-B
SCM2-4.0*E*IC(C1)/L
SCII]:I: 1.S*SC/421L
SCIl.82.0*SCIiI3/L
ALClICTPtCN)-A
BLC(ICTPtCNl-e
SCJCCICTPtCN)=SCJ
SCKC(ICTPtCN)=5CK
CfPlICTP+CN ).C1
IF(lfP.EO.IJGC1C 6q
EJaO.O
EI<=O.O
GUTU 10

213.
214.
21':>.
71n.

21l7.
21l1l.
2H,..

293.
244.
295.
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316.

31 O.

312.

314.

323.

291:1.
2QQ.
3UO.
301.
304.

+ CX'CXtR9t(SCM1+SCM2)
- CX*CX*R9*CSCMl+SCM2)
+ CX*CY*R9'SCMl
+ CY*CY'H9*SCMI
- CX*CY*R9*SCfI41
- CX*CX*R9*CSCMl+SCM2)
+ CX*CXtCSClll+SCII2)
- CX*CYtR9'SCMl
- CY*CY*R9'SC",1
+ CX*CY'SClll
+ C'{*CY*SC Ml

b9 EJ=SCM2/4.0/SCJ
EK=SCM2/4.0/SCK

10 Esa12.0*EJ*EK+4.0*(EJ+EK)+1.O
El=EJ+EK+l.0
E2J=2.0'EJ+l.0
E2K=2.0·EK+l.O
E3J s 3.0*EJ+l.0
E]I(s3.0*F:K+l 0
IFCNOP~T.N~.I)~~ITEC6.601)CN •• C(CT).IC(CT).WC(CT).A.H,SCJ.SCK
Jl a Ct"'2-1
J2=J1+1
Kl=Jl+NCt2
K2=Kl+l
SCMlaE*AC(CT)/LC(SN)
SCF1.Fl)aSCF1.Fl)+SCM.tEI/FS
SCJ2.Fl)=S(J2.fl)+SCM3 t (F2K+2.0t.'El/L)/f,S
SCJ1.Jl)sSCJ1.Jl)+SCMl
S(J2.J2)sS(J2 1 J2)+SC M2 t CE3K+3.0'CA/L)t(f2K+(A/L)*EI»1ES
IFCSN.EO.NS) GC10 4
S(K2.fl)aS(K2tfl)+SCM3tCE2J+2.0tBtEl/L)/fS
SCJ1.J(l)a-SCII
S(J2,K2'sSCM2/2.0 t (I.0+l.Ot(A/L)tE2J+3.0*B/L*
'E2K+~.Ot.te'EI/L/L)/ES

5CKI.I(I)aSC Ml
S(K2.K2)=SCM2 t CE3J+3.0 t Bt(E2J+BtEI/L)/L)/ES
S(Fl.f2)=SCfl.f2)-SCM4tEl/ES
S(F2,Fl)sSCFl '2)
S(J2,f2'=-SCII~'(E2K+2.0*A'E1/l)/ES
S(K2.f2).-SCIl3 t (E2J+2!Ot8 t EI/L)/ES
S(F2 t f2,a S (f2,f2)+SC M4 t EI/ES

• CONT NUE
SUM.SUM+NUM
IFCSUM.LT.NS+I) GOTO 3
IFCNBB.EQ.O) Ge10 91
IF(NOPRT ~NE. I) WRITE(6,60l)
FORMATC'O~RACE AREA AREA'./)
00 9 1=1 NBe
REAOCS t9001) PNtST,CT
88TPIC 8TP+BN)a~T
BBTP2CI~TP+BN):CT
L=SQ~1(LeCBN).t2+LC(SN)tt2)

Jl=Bt"'2-1
J2=C8N+Ut2-1

Kl a JI+NC*2
K2-J2+NCt2
CX=LB(BN)/L
CY-LCCSN)/L
SCMI=E*AB~(Bt)/L
SCM2=EUB~(Ct)/L
S(f2.f2)=S(f2.f2)
S(F2.FI)-S(F2,fl)
S(Kl.F2)=S(~I.F2)
SCKI.KI)=S(Kl,Kl)
S(KI.Fl)=S(Kl,fl)
S(FI.F2)=S(fl.f2)
S(fl.Fl)=S(FI,Fl)
S(J2.F2)=S(J2.f2)
S(J2,KI)=S(J2.Kl)
S(J2,fl)=S(J2.fl)
S(J2 1 J2)=S(J2.J2)
CY·-\:Y
SCJI,Fl)=S(JI,fl) + CX*CY*SCII2
SCJl,JI).S(Jl,Jl) .. CY*CY'SCII2
S(JI,F2}=SCJ1,F2) - CX'CY*R9'SCM2
S(JI,K2)=S(JI.K2) - CY*CY'R9*SCM2
S(K2.FI)=S(K2,Fl) - CX'CY'~9*SCM2
SCK2,F2)=S(K2,f2) .. CX'CY'~9'SC~2
S(K2 K2)=S(K2,K2) .. CY'Cy.~q'SC"'2
IF(N6pPT.N~.I) ~PITEC6.601) ~N.AH~(MT).ABN(CT)

60l

n
I.....

Q)
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9 CONTINUE
91 CONTINUE

RETU~N
END
SUBROUTINE REAC2(NB,NS Le,HOLC HOPt)
REAL LB(10)SLC(lO)rAB(49)SAC(99)rlBl99),IC(99),WH(99),WC(99)
REAL AL(IO BL(IO"fB(99 fC(99"

a ALB(200),BLBl200),SCJB(200),
S SCKB(200),ALCC220),BLCe220),SCJCe220),SCKCl220)

INTEGER SUM
INTEGER BTP(200) CTP(220) BBTPl(200),BBTP2C200)
CON~OH 10ATAI BIPtCTP1.LB,lBtAC,lB,IC,F,WPrWC,ALR,BLB,SCJH,

S SCKB,ALC,BLC,SCJ~,SC~C,R8T~I,BBT~2,AARl2u)
S LAL6BL,FB,fC,G~EB,GB

Ir(H PT.fO J) G~TO 105
C REAOCS,900}) NB,NBT,NCT,E,G,EB,GB,W1B,wTC,NDLC

NDLC=O
REAO(5~900l) NB,HBT,NCT,E,G,EB,GB,_TB,WTC

9002 FORMITllOFS.l)
900J FORMITClIS 6E8 1 18)
9004 FORMAT(19,~E8.irI8,2E8.l)
9005 FORMATCIa,lE8!l,

IF(E~ .EO. O.u) E8-[
IFCG8 .~Q. 0.0) GBse
.RITEC&,501) NB 1 E8

t
GB,.TB,E rG1WTC

501 FORMITC 0 NUMBE" 0 BAYS _ 5 I
a '0 BEAMS: Ea',r9.1,' G:r,f4.I" W(LBS/CU.FT)=',F9.2,/ r• '0 COLUMNS: E=',F9.1,' G=',f9.1,' WCLBS/CU.FT):',f9.2,I,

IF(NBT.EO.O) G010 73
WRIT~Cb 601)

601 FOPMITCrOBEIM TYPE IB IB Fa',/)
DO 2 1=1 NBl
READ(5 L 9004) J,el,Dl,ISECT,Rll,RT2
IF(ISE~TtGT.2) GO TO 502
GO To 50,

502 Ti-RTI
T2-RT2

503 CONTINUE
GOTOe2001,2002,2003,2004),ISECT

2001 ABeJ)=BltOI
IBCJ)=Bl t Ol"3/12.0
fBCJ)=1.20
GOT a 2005

2002 81=81/2.0
ABCJ)=l.1416'SI'Bl
IBeJ)s3.1416'Bl'·4/4.0
f8eJ)=1.111111
GOTO 2005

2003 A8(J)=Tl'CDl-2.*T2)+T2'2.'Bl
IB(J)=BI·OI'·l/12.0-(BI-TI)fC~I-2.*T2)ff]/12.0
FBCJ)=ABCJ)/Ol/ll
GOTO 2005

2004 A8(J)=T2fTt+Bl'C01-TI)
Y~CBI'(OJ-Tt)ft2/2.0+T2'Tl'COI-lI/2£0»)/AB(J)
I8eJ)=BttOl'fl/12.0+CT2-81)*1If f l/lL.(J+

S 81tOI'(01/2tO-Y).'2+(T2-Bl).Tlf(DI-11/2.0-V).f2
F8(J)aI8(J)/(elfO )

2005 WB(J)=AAeJ)'~Te/172~./l000.
WRITE(b,602)J AeCJ),IB(J) FHeJ)

602 FORMAl (IIO,FI2.1,fl1.I,f4.2,Fll.1,Fl0.])
2 CONTINUE

7) IF(NCT.fO.O) GelO 74
wRITE(6 60])

603 FOR~ATCCOCOLU~N TYPf. Ie IC Fe',/)
DO 1 1=1 NCl
Rr.AO(5,9004) J,elLD1L~~ECT,Rll,RT2

327.

10.

SCHEN
SCH~N

SCHfN

45.
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IreISECT 1 GT.2)GC TO 504
GO TO 50::1

504 Tl-RU
T2=RT2

505 CONTINUE
GOTO (3001{3002.3003.3004).lSfCl

3001 AC(J)=BlfO
ICeJ)a~lfDI'f3/12.0
FCeJ) a1 t. 20
GOTa 30u5

3002 lH=81/2.0
AC(J)-3.1416'SI'81
IC(J)-3.1416fBl"4/4.0
FC(J)zlJ.ll1111
GOTO 30u5

3003 AC(J)-TlfeDI-2.'T2)+T2f2.f81
IC(J)zBl f Ol ff l/12.0-(BI·Tl)'eCl-2.fT2)ff3/12.0
FC(J)=ACeJ)/Dl/ll
GOTO 3005

3004 ACeJ)-T2 f Tl+BlfeOl-Tt)
Y-(Blf(OI·T1J"2/2J.0+T2'Tlf(Cl-TI/2.0»/AC(J)
IC(JJ-BlfOlffl/12.u+eT2-B1Jflt'f3/12.0+

• BlfOl'eDI/2.0-Y)'f2+eT2-A1J'Tlf(Dl·TI/2.0·Y)"2
FC(J)-AC(JJ/(SlfOl)

3005 wC(J)aACeJJ f wlC/1728./1000.
wRITE(6 612)J AC(J) IC(J),FCCJ)

612 rORNAT(fto.fl~.I.F11.I.f9.2.2fll.l,flO.3)
3 CONTINUE

74 CONTINUE
wRITE(6 604)

604 fORNAT('OBAY wICTHS • ••·.-'./)
SUNzO

4 HEAD(5f9005)NU~.BW.BLt.AL2
WRITECe 60~) NUM.Bw

605 fORNATcf6. SAYS AT·.'10.3.· INCHES')
Jl=SUM+t
J2=SUN+NUM
DO 102 JZJ1.J2
BL(J)=BLI
ALCJ+l)=AL2

102 LBCJ)zBW
SUNZSUN+NUN
IF(SUN.LT.NB) GeTO 4

105 CONTINUE
WIUU(6 606J

606 fORNAT('OSTGRY HEIGHTS ••••••••• /)
SUM=O

5 READ(5,9004) NUMtSH
WRITE(~ 607)NU~ sH

607 fORMA1eI6.· slcAIES AT·.F10.3.· INCHfS')
JlaSUN+l
J2l1:SU'''+NUM
DO 101 JzJl.J2

101 LCeJ)ZSH
SUIil=SUN+NUM
Ir(SUN.LT.NS) CtTO 5
RETURN
END
SUBROUTINF G'RA~E(NB6NSILCISN.S.NOP~T)
REAL 5(70 70) L AL(1 ) HL( 0) FR(99) fC(99)
REAL LB(t6)lLC(~0)!A8(99)tAC(99).J~(9q),lC(9q).~RCq9),WC(9q)

• ALB(200).~LB(200J SCJB(JOO).SCKB(200).
$ ALC(220) HLC(220) SCJC(220),SCKC(220)

INTEGEH Afp(200) Cfp(220).BB1Pl(200),PRTP2(200)
COMMON IDATAI elPLCTP.LA.AB,AC!IB!lC,F.~R,_C.ALR,RLA,SCJR,

• SCK~l.ALCtBLC,SCJC.SCKC.HHTP1,l'Bl'''2.AfHI(2(t)
• .AL.~L.f~.FC,G.EB,GB

INTEGER Bl.H2.eN,Cl.C2,CN.BT,CT,SUM,SN,Fl,F2
SUN=O

&0.

&5.
fI&.
&7.

71.
72.
73.
74.

75.
7&.
77.

78.
79.
HO.

82.
In.
1l4.
115.
8&.
Ill.
Hil.
89.

250.

253.

25&.
251.
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NCCHBtl
L.S=HStt-SN
If(HOPRT.NEfl).PIT~(6,bOO)LS

IBTP::(5N-l PNI!
ICTP=(SN-l)·(NE'tt)

600 rORMal('OSTC~Y NO.',IS,' -------STPUCTURF DATA',I,'O~EA~ APEA
• IZ .(CL.) ',SX,'RL1',7X,'AL1',/)

1 READ(S,9001) NU~,BT

9001 fORMat (1018)
Bl=SUliltl
82 c SUMtNUM
00 2 BN=Bl 82
L=L8(BN)-BL(BN)-AL(RNtl)
BTP(IBTPtBN)=Pl
If(NOPRt.NE.l).RITE(6t601)BN!aBeBT),IP(~T),~HeRT),~L(~N),AL(~N+l)

601 EORMAT(I5,2~10.1,Fl0.~2EI0.i)
Gl=b.O.EB(Bl).EE'.IB(BT~/GB/AI!(BT)/L/L
SCM2=4.0*FB·IB(8TJ/L/(1.0t2.0·Cl)
SCM3=1.S·SCIIVL
SCMh2.0.SCMl/L
Jl=(BN-1).2+1
J2=Jl+l
I<I=J2tl
K2=1'.1+ 1
B=AL(I!Ntl )
AcBLCBN)
S(Jl,Jl)=SCJ1,Jl)tSCM4
S(Jl,J2)=S(Jl,J2JtSCM]·Cl.0+2.0*A/LJ
SCJ1,1(1)=S(Jl,I<I)-SCM4
S(Jl,1<2)=SCJ1,1<2)tSCM3·Cl.0t2.0.B/L)
SCJ2,J2)=S(J2,J2)tSC~2.Cl.0t].O.(A/").(1.0+A/L»*(1.0tGt/2.0)
SCJ2,1(1)=S(J2,Kl)-SCM3*Cl Ot2.0.A/L)
S(J2,K2)=S(J2,K2)+SC~2/2.0.(t.Ot3.0.(A/L)+j.O*(R/L)t

S 6.0*A.8/L/L.)*(I.O-Gl)
5(Kl,Kl).5(Kl,KIJt5C ... 4
S(Kl,K2)=S(Kl,K2)-SCM3·(1.0+2.0.B/L)
S(K2fI<2)=S(K2,K2)+SCM2*(1.0t3.0*(~/L)*el.OtR/L»*(1.0+Gl/2.0)

2 CONT NUE
SUM=SUM+NUM
IE(SUM.LT.NB)GC10 1
SUM=O
IF(NOPRT.NE.l).RlTEC6,602)

602 fO~IiIAT('OCOlU"'N AREA IZ _eDL)',/)
3 READ(5,9001) NUII,CT

Cl=SUr-+l
C2=SUMtNUIiI
DO 4 CN=Cl,C2
CTP(ICTP+CN)=Cl
If(NOPRT.NE.l).RITEC6,6~1)CN,AC(rT),IC(CT),_CCCT)
Jl=CN·2-t
J2=Jl+1
I<I=Jl+NC*2
1C2=Kltl
Fl=NC·4+SN
E2=Fttl
SCMl=r*ACCCl)/LCCSN)
Gl=b.O*fCCCl).E.IceCT)/G/AC(CT)/LC(SN)/LC(SN)
SC M2=4.0*F*lCCCl)/LC(SN)/(1.0t2.0*Gl)
SCM3=t.S*SCII2/LCeSN)
SCIiI4=2.0.SC"'3/LC(SN)
S(fl,Fl)=S(Fl,F1JtSCII4
SCJ2,Fl)=S(J2,fl)+SC M3
SeJl,Jl)=S(Jl,Jl)+SCMt
S(J2,J2)=S(J2!J2)+SCM2'(I.Otr.I/~.u)
H·(5N.~.a NS) \,(10 4
S(1<2,Ft) S(K2IFl)t~CM3
S(Jl,1C 1) -SC'"
S(J2,K2) SC"'2/2.U'CI.O-CI)
sen,1C11 SCI'1
S(1C2,1<2) SC"2'(I.O+GI/2.01
S It I ,~. 2) S (~ I , F 2 ) -S(" ~ 4

,,"H.

2bU.

264.
2b5.
}hf>.

27 3.
274.
275.
27h.

277.

279.

2(14.

2£17.
2RR.
2~q.

791.

2q4.
2'J5.

HI:!.
299.
jOo.
]01.
3u2.
303.
j04.

JOn.
~07.

l"ll.
j09.
n £).

312 •
Hi.
H4.

31t>.

Hll.
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C
C
C
C
C

S(f2,FI)=S(r2(Fl)-5r~4
S(J2,F2)=-5CMj
5(1(2,f2)=-SCMl
S(f2rF2)a S (f2,F2).SC M4

4 CONT NUE
SUM-SUM.NUM
If(SU~.LT.Ne.,) GOTO 3
RETURN
END
SUBROUTINE FRMASS(M SN LC,NB,hOPRT)
REAL LB(IO) LC(]0)tJ.H(~9),lC(99)1.IB(99)tIC(99)tWA(99),WCl99)
INTEGER BTP 1200) C P(220),BB1Pl(200),BH P2(200J
REAL AL8(200),BLB(200),SCJB(200),SC~B(200),ALC(220),BLC(220),

I SCJC(220) 5CI(C(220)
: ,AL(10)6 8L (10),FP(99),fC(99)

REAL JII (] )
COMMON IDATAI B1PLCTP,LBtlB,lCtIBtICtE,W~,WC,AL8,BLB,5CJA,

I SCI(8LlLCLBLC,SCJ~,SCKC,~BTP1,~BTP2,A8R(20)
: LALL~L,f~,fC,G,EBtGB
INTE~ER SH,8N,CN,B ,CT
NC-NB.,
<;=]86.4

601 fUR~AT('OTOTAL -~IGHT Of STORY fRAMING =',F1S.3,' KIPS')
IBTP-(SN-l)tN8
DO 1 eN=l (tj~
BTc 8TP<IBiP+BN)
M(SN)CM(SN)+w8(eT)*L8(BN)/G
ICTPc(SN-1)tNC
DO 2 CN.',NC
CT-CTP(ICTP+CN)
M(SN)aM(SN) ••C(CT)*LC(SN)/2.0/G .
If(5N~EO~1) G01C 2
CTcCTp(!\.. TP+CN)
M(SN)=M(SN)+_C(CT)*LC(SN-I)/2.0/G

2 CONTINUE
WTL a M(SN).,
If(NOPRT.NE.l)WRITE(6,601) ~lL
RETURN
END
SUBROUTINE FLMASS(NS,M)

THIS SUBROUTINE READS FLOOR WEIGHT DATA fOR THE RUILOING
CONVERTS TO MASS, AND ADDS IT TC THE FRA~JNG ~ASS (IF ANY) FOR flCH
STORY.

31'1.
320.
lli.
l22.
l23.
l}4 •
l25.
326.
l27.

REAL M(30),rwT(30)
REAL DRFTY(]O)

C PASS TO SUBROUTINE tYNAMC
COMMON/DAT IDRF'I Y

C READ(Sf9002) ('_T(I),I=l,NS)
DO S5 0:1 NS

55 READ(5 r9002) FWT(I),DRfTY(I)
9002 FORMAT\10E8.])

DO 10 1-1, NS
10 N(I)aM(I)+FwT(I)/386.4

RETURN
END
SUBROUTINE EIGENS(S~MT,M,CV,DN,N,A,A,PP)
DIIiIENSION IolN(6)
REAL 5(70070)f~l(]O)LM(]0),CV(70),DN(70,70)
REAL A(IO ),B IOO),Pp(100)
DO 2 lal,N

2 MT(I)al.O/5QRT(~(I»
DO 3 Jal,N
00 3 '~=I,N

SCHEN

SCHEP.I

490.

49q.
500.
504.
505.



~- - - - - - - - - - - - - - - - - -

7~t.
7H2.
1HJ.

18'5.
186.
187.

551.
552.

514.

Sib.

529.

736.

73(1.

739.
740.
141.
742.
144.
145.
146.
741.
748.
74'1.
7':>2.

10;4.
7':>5.
75&.
7':>1­
158.
159.
1&1.
762.
1#>3.
764.

766.

168.
7b'J.
170.
771.
772.
773.
714.
775.
176.
117.
7711.
119.

7AQ.

OPPS

2
3 Nl

IF
00

5
6

8
9

..

to

7
75

3 S(~ K)-S(J K)'~l(J)'MT(K)
CALl HousoA (N,S,CV,ON,A,B,PP)
00 .. J=l,N
00 .. Kal,N
IIIN(II.)=K

.. ON(J,K)=ON(J,K)'MT(J)
CALL NOIHUL(N,I:N)
~~lTE(6 608)

608 FORIIIAT('lCHARAC1ERISTIC VECTORS',//)
WRITE (6,609)(IIIN(I),I=I,6)

609 FORMAT(' STORY',20X,'MOCE NO.',/,' NO.',6(17,]X»
CALL MATP~1(N,6,ON)
RETURN
END
SUBROUTINE HOUSQR(N,G,E,X,A,B,PP)

INTEGER N
REAL E(70),G(70,70),X(70,70)

INTEGER I J,K III,NQR,ll,Kl Nl
REAL T{AL;A1BE1ArGAMMA!ABSB,R,S,C,W,H,PK,AINE~,P,0,~,

1 A( 00) ~(100J PP(luO)
DOUBLE PRECISICN SUM,SIGMA,CPRS
00 29 1=1,100
A(1)=O.O
BO )=0.0

29 PP(1)=O.O
00 1 1:& liN

11 .. 1+
HI 1) :& 1
00 { J:& 11,N

X(1,J) :& 0.0
1 X(J 1) :& 0.0

IF fN .GT. 1) GC TO ]
IF(N.NE.t) G01C 2

E(ll = GO,l>
XU,l> = t.O

RETURN
a N-2
(N .EO. 2) GC TO 165
16 K:& 1,Nl

Kt :& I(+t
A(K) = G(K,K)
SIGMA = 0
DO" I a KIN
SIGMA:&SICMA+G(I K)"2
I~ (SIGMA .EO. 0.0) GO TO 16
ABSB :& GSOR1(SIGMA)
HrA a G(KI K)
IF (ALFA .G€. 0) GO TO 5

BElA = ABSe
GO TO 6

8ETA :& -ABSB
B(K) a BElA
GAMMA & 1.0/(SICMA - ALFA • RETA)
G(Kl,l() = AlrA - BETA
DO 9 1:& II. 1 ,N

SUIil a 0
It (I .EO. K) GO TO 75
CO 7 J = K.l I
OPRS :& G(J,K)
SUM :& SUM + G(I,J) •
11 :& 1+1
IF (I .fa. N) GU TO 9
00 8 J = 11 N
OPRS = G(J.KS

. SUM:& SU~ + GIJ,I) • DPRS
PP(I) :& GAMMA' SUM
SUM = 0
00 10 1:& Kl,N
DPRS :& G(I,K)
SUM = SU'"' + DPRS • PP(I)
1 = 0.5 • GAMMA' SUM

(J,
N......
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11

25

12

u

1QO.
79 t •
1<12.
193.
794.
195.
796.
797.

799.
800.
801.
802.
80J.
804.
805.
80&.
807.
9tO.
814.
9t5.
916.
817.
818.
819.
920.
921.
822.
82].
824.
829.
830.
aH.
fH2.
833.
8H.
830.
837 •
8]8.
839.
840.
841.
842.
843.
844.
84!).
950.
851.
852.
853 •
854.
A55.
85&.
A51.
858.
1.159.
Rb2.
llb3.
8/)4.
Rb!).

DO 11 I. Ilt,N
PPCI) • PPCI) - T • G(I,K)
DO 12 I. 1l1,N
00 12 .!. Ill, N
GCI I .!) • GCI,.!) - GCI,Il) • PPC.!) - P~(I) • GC.!,Il)
00 4 I. 2,N

SUM • 0
DO 13 J. J( 1, N
OPR5 • GC.!,K)
SUM. SUM + XCI,J) • OPRS

PP(I) = GAM"'A • SUM
DO 15 1. 2 N
00 15 J I: I<I,N

15 XCILJ) • X(I,J) - PP(I) • GCJ,Il)
6 CONTI NUt;

165 NI • N-I
ACN1) • GCNI/.NI)
BCNI) .. GCN, .. I)
ACN) • GCN,N)
NaR • 0
R • ABSCA(N»
00 17 I .. I NI

S • AAScl(1»
If CS .CT, R) R • S
S • AIlS (B \ I»

17 IF (5 .GT. R) R • S
IF (R .NE. 0.0) GO TO 19

00 18 I. I,N
18 Eel) • 0

RETURN
19 ECN) • ACN)

00 20 I. 1 NI
20 ECI) • HI) ,

I( • N
21 iii • I<

IF (M ~LE. 1) GO TO 28
T • AB05CECI<»
BCM) • 0

22 K = K-l
If CI( .LE. 0) GO TO 23
5 I: BCI<)
If Cl+5 .EO. T) GO TO 23
T • A8S(E(Il)
If (1+5 .EQ. T) GO TO 23
GO TO 22

23 If CI< .EO. 14-1) GO TO 21
Kl = 1(+1
T • I
5 • ECM) - (CM-l)
R • 8CM-1)
IF (ABSCR)+ABSCS) .EO. A8SCP» GO TO 24

• I: 2.0 • R I 5
T I: W I CSQPT(W •• 2 + 1.0 ) + 1.0)

24 NOR .. NOR + M-Il
H • ECI<I) - C[(M) + T • R)
W = 8(1(1)
BK • W
T • SORTCH •• 2 + W •• 2)
GO TO 26

T • SORICH •• 2 + W •• 2)
8CI<) I: 1

n
I

N
N



".- - - - - - - - - - - - - - - - - -

27

26

200

202
203

441.

449.
450.
451.

453.
454.
455.

883.
Re4.

886.
eR?
88H.
R9fl.
H91.

bhl>... "1.
Ht-II.
bb".
1i10.
H 71 •
H12.
H73.
1l14.
H15.
H16.
817.
1l11l.
~1~.
RHO.

K :r 1<+1
C = H / 'I
5 = W / T
P = E(I'd
F = C • P + S • HK
1 = [(Ktl)

Q = C • ell t 5 - T
8K = 8(/(+J)
Ii : 5 • 8K
81< & C - 8K
AlNEW • F - C to. 5
H • a • C • f • S
E(Ktl) • (PtT) - AINF.W
E(K) • AINB
00 21 ..I = I,N

P s X(J,K)
o = X(J,K+l)
X(J,K) : C * P + 5 - 0

X(J K+l).C-O - s*p
If fK .Ll • M-l) GO TO 25

80.-1) = H
K & K+I
GO TO 21
Na~ & NOR/N
1:1

0:10.0"9
00 200 J.I,N

IF(E(J).GT.Q) GO TO 200
OlliE (..I)
K=J

CONTINUE
IF(K.EQ.I) GOTO 203
SUM=E (l)
E(I)=E(K)
E(K)lISUM
00 202 JlIl,N

A<J)=XlJ,IJ
X(J,I)=X(J,K)
X(J,K)=A(J)

CONTINUE
1=1+1

IF(I.LT.N) GOTO 201
RETURN
END
SUBROUTINE NORMAL(NSON)
~EAL LARGE,CN(10,10
00 1 1.1 N
LARGE. 0.0
DO 5J=I,N

5 IF(AB5(DNeJ,I».GT.ABseLA~GE» LARGE=DNeJ,l)
DO 6 J:r I N

6 DNeJ
f

l)=6NeJ,I)/LARGE
1 CONT NUE

RETU~N

END
SUBROUTINE CEco~peN,A,LRT)
DIMENSION A(10 10)
DOUBLE PRF.CISI6N SUM,DA
DO l I=I,N
DO 3 J:I,N
SUMI:A(I,J)
Kl=1-1
HO.ED.l )GOTO
DO 4 1<=I,KI
DA • A(K.J)

29

201

n,
N
W
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n
I

N
-+::>

C
C
C

C

C
C
C

4 SU~=SUM-A(~tl).CA
1 IF(J1NE.I)GUTO 2

LRT=u
If (SUM.LE.O.O) LRT-l
IF (SUM.LE.O.O) GO TO 13
TEMP=I.0/DSQRT(SUM)
A(1tJ )aTEIolF
GOTu 3

2 A(liJ)-SUM*tE~F
3 CON INUE

13 CONTINUF.
RETURN
END
SUBROUTINE INVERS(N,U)
DIMENSION U(70 70)
DOUBLE PRECISION SUM,DU
IlzN-l
DO 2 1-1,It
Jlal+l
DO 2 J-Jl,"
SUM=OIO
U-J-
DO 1 ~-I,ICI
DU • U(IC J)

1 SU~-SUM-U(IC1.I).CU
2 U(J,I)=SU~*u(J,J)

00 4 IZl,N
DO 4 J-I,N
SUM=O.O
00 3 J<=J,N
DU = U(J<,J)

3 SUM-SUM+U(I<,I)*CU
UU,J)-SUM

4 U(J",l)-SUM
RETuRN
END
SUBROUTINE CONCEN(NB NS,SN S LRT)
INTEGER SN6NB2tN8226N8SN,N~2~,NB21
REAL SAB(2 20J 5(7 10)
DOUBLE PRECfsICN TEMP,OS
N82-2*N8+2

INVERT SUA)

CALL DECOMP(NB2,S,LRT)
If(LRT.GT.O) GC TO 9q
CALL INVERS (Ne2,S)

IF(SN.EQ.NS~ Gcto 20
DO 1 hl,NB
DO 1 J a l,NB
SAB(I,J)zS(I,J+N82)

8(AA)-1 * S(AB) STORED IN S(AB), S(AA)-l • SCAr) STORlD IN SerA)

DO 2 I-l,NB2
DO 2 J-l,NB2
TEMP-O.O
DO 22 lCal,NB2
DS-SAB(IC,J)

22 Tf.MPZTEMP+S(I1.J<)*OS
2 S(ltJ+NB2)atE"F

20 CON INUE
NB22-2 tN82+ 1
NBSNa2*NR2+SN+l
If(SNfEQ.NS) NBSNa2*N82+SN
DO 4 -I NB2
DO 4 JZN822,NBSN

4~b.

457.

CHEN
459.
460.
461.
467.
463.

CHEN
464.
465.

467.

469.
410.
471.
412 •
473.
414.

476.
471.
478.
419.
480.
481.
482.
41n.
4114.

486.
4117.
4"8.

319.

334.
]3S.
136.
337.

340.
341.
347.

344.

346.
347.
348.

350.
351.
357.

354.
355.
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:;
U1

C
C
C

C
C
C

c
c
c

C
C
C

.'

TF.MIJ=O.O
DO ] 1<= 1, NB2
OS = S (I(,J)

J TENPzTE~P+SCI,I<)tOS

4 SCJ I )=TEMP
IFISN.EQ.NS) GC10 21

S(BA). z SleB) - SIAB)1 • SIAA)-1 • ~IAH)

NR21=N82+1
NB2N=2tNB2
DO ~ l z NB2\,NB2N
00 ~ JaNB21,Nfl2N
TEMP=O.O
00 51 1(=\ ,NE'2
05=5 (I( J)

~\ TEMP=TEMP+SAB(I<,I-NB2).OS
~ SCI,J)=SCI,J)-TEMP

S(BF) •• SIBf) - SCAR)T • SIAA)-1 t SIAF)

00 6 I=NB21,Ne2N
DO 6 J=NB22,NBSN
TEMP=O.O
DO 6\ K=I,NB2
OS=S(J K)

61 TEMP=TFNP+SAB(I(,I-NR2)tUS
6 S(ItJ)=S(I,J)-TENP

21 CON INlIE.

s(rr) •• Slff) - SIAF)T • S(AA)-1 • SIAF)

DO 8 I=NB22,NBSN
00 8 J=NB22,NE'SN
TEMP =00.0
DO 7 1<=I.NB2
OS • S(J,K)

1 TEMP = TENP + SII(LI).OS
8 S(1 J)=S(I,J)-lEM~

IF(SN.EQ.NS) GCto tIl

MOVE SCSR). TO SIAA) A~D SCRf). TO SCAF)

DO 9 1=I,N82
DO 9 J=1,NE!2
S(I,J)=S(I+NB2,J+NA2)

9 S(I+NB2,J+N~2)=0.0
DO 10 1= 1 Ne 2
00 10 J=N~22 NBSH
S(I,J)=SII+N~2,J)

10 S(I+NB2,J)=O.O
111 CONTINUE

00 12 1=I,NB2
DO 12 J=N621,NB2N

12 S(lLJ)=O.O
GOTu 11

99 CONTINUE
11 CONTINUF

PETUPN
ENU
SUBHOUTIN~ MAT~PT IM,N,A)
INTEGER RTCCL
DIMENSION AI70.70)

j~".
3.,7.
3':>~.

3.,9.
3hfl.
] hi.
]hl.
3h3.
31'\4.
3b';.
3hb.

310.
371.
372.
313.
374.

316.
377.
31H.
379.
ltlo.
381.
3R2.
3 f4 3.
3~4.
311';.
3!lb.

]HR.
3H9.
HO.
3'11.
]'12.
39] •
3'14.
39 ...
]Qb.
3':#7.
]<If! •

410.
411 •

4 I 3.

41'>.
41b.
417.

b7">.
fdh •
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b81.

684.
685.

687.
b8B.

n,
N
0'\

C
C

~
C
C

~
C
C

C
C
C

&02 fORMAl (I ',I3,2X,lPIOEIO.2)
NPAGES = (N-l)/IO. 1
00 101 I=l l NPAGES
WRlTE(6 &0 )

601 fOIHUT( f 0' )
LTCOL =10*(1-1) • 1
RTCOL =10"
IF (RICOL.Gt.N) RTCOL.~
DO 101 J=I,M
Jl<aM+I-J

101 WRITE (6,602)JI<, (A(J,J(),KaLICOL,RICOL)
RETURN
END
SUBROUTINE CAMPR(NDAMP L EMU,ZEIA)
ZETA=2.16+5!2*EMU-.14.~MUf*2
EMUM=5.2/1.44
ZETAM-2.16+5.2*EMUM-.14fEMUMff2
If (lMU.GT.EMUM) ZlTA=ZETAM
If(NOAMP.EU.2) ZETA=2.fZETA
RETURN
END
SUBROUTINE 5PEC1R(TI,EMU,T,F,BETA,ASR,VSR,SV,SVf,SVC,LD)

THIS SUBROUTINE INtERPOLATES LINEARLY BETWEEN POINTS DF.FINEO ON THE
GROUND SITE VELOCITY SPECTRUM AND THEN MULTIPLIES RESULT-
ING SPECTRAL VELOCITY BY A DYNAMIC AMPLIfICATION fACTOR.
IF SPECTRAL VELOCITY IS TO BE MODIFIlD TO ACCOUNT fOR DUCTILITY,
LO NE. ZERO THEN THE MODAL PEPIOD IS CHANGED AND TWO SEPAPATE
SPECTRAL VEL6cIIIE5 ARE COMPUTED. SVE IS TO P.E USED TO COMPUTE ACCfLERATION
DEPENDENT QUANtI1IES INCLUDING FGR~E AND SVD IS 10 hE USF.D TO COMPUTE DIS­
PLACEMENT DEPENCENT QUANTITIES INCLU61NG Df.FLEC'fION AND PSEUDO V~LGCITY.

REAL T(100),r(100)
IE(LD.EOtO) GO 10 11
IF(EMU.L 1) CO TO 11
TlaTI*(.7~+lsIN(I./SQRT(2"EMU-l.»/6.283+SQRT(2.f(EMU-1.»/&.283)

11 CONTINUE
If(TI.LTtT(I» II=T(l)
DO 10 .. ,500
K_I+I
IF ((TI£LE.l(J(» .AND. (TI.GE.TeI») GO TO 15

10 CoNTINUr;
15 Y=f(K)-fCI)

XaT(J()-T(J)
If(X.LT fr OOl) XaO.OOI
ZaU-T ( J
SLUPE=Y/X
SV=f (J hZ*SLon

MODIfY SPECTRAL VELOCITY FOR ELASTIC STRUCTURAL AMPLIFICA1ION

TA=ALOGIO(T! )
T8a ALOGI0CI!EU)

600 FORMAT('OTA : 'IEI2.4 t 5X,'TB : 'E12.4)
If(TI.LT.O 2) CG TO 2u
AF8-2.18-.t47'1~-.&]3'TB
GO TO 25

20 AFB=C2.28-.633fTB)'TI/.2
25 CONTINU[

If(Ar8.LT 1 0) ~f8=1 0
23 FORMAT(IH6,~x,'AfB .',[12.4)
21 fOHMAT(lHO,2X,'5V :',EI2.4J

SV=SYfArB
If (LC.EQ.O) CC TO 140
If(EMU.LT.I.) GO TO 140
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SCHEN

SCHEN

SCHEN
SCHf,N
fiCHEN

A N A L YRES P 0 N S E

MODIFY SPECT~AL VELOCITY fOR DUCTILITY

TAl-6.28].VSR/AS~/]86.4
S~EMU-SQRT(EIiIU)

TA2cTAI/SREIiIU
If(TI.GT.TA2) GC TO 120
SVF=SV/SREIiIU
SVD=SVUiHEIiIU
GO TO 150

120 IF(TI.GT.TA1) GC TO 1]0
SVF-SV.(1.-(TI·1A2)/TAl)/SREIiIU
SVO-SV.(1.-(TI-lA2J/TAl).SREMU
GO TO 150

130 SVF-SV/EMU
SVO=SV
GO 1'0 150

140 CONTINUE
6VF=SV
SVD-SV

150 RETURN
END
SUBROUTINE DYNA~C(N,LC.5,C.0,~,ASR.VSR,T,~,E.LD.NOPRT.NMOO,OFT)

C
C
C
C
C
C
C
C
C

C
C
C

THIS SUBROUTINE CC"PUTES THE DYNjlMIC RESPONSF Of A BIIILDING
TO A SEIS"'IC ~GAC ENVIRONMENT CHjlRACT~NIZFD ~Y TH~ GROUND
SITE R~5PONSE SFECTRUM. AN INITIjlL VALUE Of STRUCTURAL DAMPING
15 COMPUTED AhD SUBSEQUENTLY UFOATEO BY SU~ROUTIN~ UAMPR
IN AN IlER.fIVE IiIANNER UNTIL THE AMOUNT OF DAMPING IS CONSISTENT
WITH THE AMPLllUCE OF MOTION fOR TH~ lYPF OF STRUCTURE SPEClflfD.

REAL T(100),f(100),C(70),0(70 10),5(70 70),DEfLY(]O),DMU(]O),
1 ~(JO)S~(]O),V(]0),E(]0,)6)'MR,EE(§O,24),DRfTY(]O).CFT(30),
1 LC()O ,D15F(]0)

REAL C'1'(70)
CO"''''ON/OAT/DRFlY
WRl'l'U6 100)

100 FOkMAT(IH1
S
20X"g ART H QUA K E

15 I S' III
00 500'1&1,30
DO lSOO "'=1 H

500 Ef;(I .,.I)~o.6
C
C READ CUNTt. VARS., STORY DRIFT Ie YIELD, AND COMPUTE MODAL PARA~ETERS.
C
C ArAO(5,9001) NCAMP,ITERMX,LD,MCOP

NCPR'f ~ 1
lTERMX=6
LO:1
MCOP*2
REAO(5(9001) NCAMP

900! FORIIAT t018)
611 fORMAT(T DAMPING CURVE OPTION FOR STEEL AND RC FRAME StRUCTURES'/)
&12 FORMU(' DAIiIPING CURVE OPTION FOR BOLT~D SlEEL OR lI~BER STRllCTUwE

15',1)
IF(NDlMP.EQ.l) ~RITE(6,611)
IF(~DAMP,Ea.2) ~RITE(6,612)
WRlTE(6 11101)

607 FO~MAT(' MAX IliUM NUMBER ITERAlIONS: 6',1,
l' MODIFY R~SPONSE FOR OUCTILIIY'tlS
1 ' MODAL COMBINATION OPTION = RSs'

E8ETA:.05
EEMU-.05

9002 FORMAT(lOE8.])

n
I

N
'-I
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n
I

N
CX>

~ READ(5,9002) (DRrTY(I),I-l,N)
00 616 I -I 5

616 liIRlTE(6,61S)
615 rORMATUl1)

WRITE(6 65U) (CRrTY(I) 1=1 N)
650 rOMMAT('OEFfEC1IVE INTfMS16MY DRIFT TO YIELD BY STO~Y ()N/IN)',II,

13CIX t lPI0EI0.2,/»
EMU: .0
CALL DlMPR(NCA~PfEMU,8ETA)
WRITE C6,(06) eE A
HR=3
N9=N
IF(N.GT.6) N9=6
IF(N"'OD.EO.3) N9=1
ITER=O

20 CONTINUE
WRITE(6,600)
TM=O.O
ITER: ITER+ 1
00 8 1=1 N

8 T14=TMUd)
00 2 I=I,N9
SUMl=O.O
SU142=0.0
SUM3=0.0
DO 1 J=1 N
SUM2-SUM~+D(J,I) •• 2.MCJ)

1 SUM3=SUM3+0CJ,I)'MCJ)
SU"'I=5U"'3·*2
W(1)=5UIill/SUM2
TI=6.2831853/S0RTCCCI»
CALL SPECTR(TI,E"'UfT,fLBETA,A5R,VS~,SV,SVF,5VD,LD)
CT(I)sC6

f
2831H53/T )·*l

tlo:l.0/T
VCl):W().2.0.3.141b.SVF/TI
AR=SU" 2I5UI'I 3
MR=W(I)/TM
WRITE(6 L601) I,FliTJ,"'H,S~,V(l),AR,SVF,SVD
W()J=SVIJ*Tl/6.28J R5/AR

2 [CN 1)=SUM3
606 rOR~ATC'OCRI1ICAL DAMPING CPERCENT) =',f8.2)

C
C COMPUTE MODAL RESPCHSE
C

DO 7 1-1,149
00 7 J-l N

7 [CJ,I)=vII).CCJ,I).Iil(J)/E(N,I)
DO :) I=I,N9
lrCNOPRT.NE.l) aRIT[C6,(02) I
SUMlaO
DO 3 J=I,N
JI<= N+I-J
5UMI-SUIill+E(J I)
SlIM2-D(J,I).lllb)
IF(J.EQ.N) SU"']=SUM2
IF(J.NE.N) SUIil3=5UM2-D(J+l,I).W(I)
SUM)-ABSCSU"])
Ir(I.GT.6) GaTe ]1 .
11=1+&
EE(J,II)-SUIl:)
II-I+12
EE(J,II)-SUIl2.S0PT(CT(I»
II=1+18
EE(J1. II )-!(J,I)/Il(J)/]96.4
IF (NOPRT.Ea.l) GO TO :)

31 WRITE(6 L&03)JI<,E(J,IJ,SU Ml,SUIil2,SUM3,FE(J,I+12),lE(J,I+18)
) E(J t °:lSU"'1
5 CON INUE

SCHEN
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ACCELERATION

lG)

VfLOClTY

lIN/Sf-C)

COMPUTE TOTAL RESPCNSE

GO TO lI10,120,130), MCOP
110 DO 111 lal,N

EE(l4)=EE(1,7)
DFTlf)aEE (II 4 )/LClI)
EE(I,5)=EE( ,13)

111 EElI6b)=EE(I,19)
GO T 140

120 DO 121 hl,N
SUMl=O.
SUMZaO.
SUM)aO.
DO 122 Jal N9
SUMl.SU~I+lEll,J+6)**2
SU~2=SUM2+EE(I,J+12)**2

122 SUM)aSUM3+EE(I,J+18).'2
[Ell 4).SQRtlSU~I)

DFtlf):EElI{4)/LClI)
FElI.5)=SQM lSU~2J

121 E[ll,6)=SQRllSU~)
GO to 140

13 0 DO 1 H I =1 , N
SUMl=O.
SUlll2=0.
SUM3=0.
DO 132 J=1 N9
SUMl a SUMl+ABSlEEll,J+6»
SUM2=SUM2+ABS(EElI,J+12»

132 SUM3=SUM]+ABSlEElI,J+18»
EEU 4)=SUMI
DFT(f)alE(I(4)/LClI)
EE(I,5)=SUMO!

131 EEUlfl)aSUM3
140 CoNT NUE

WRITEl6 1991
199 FORMATlrl',i TOTAL RESPONSE',I,

l' STORY 1,5. DEfL
1 1.5. CRIFT ,I,
l' NO. lIN)
I lIN/IN)',/)

DO 200 hl,N
Jl(a N+I-1

200 WRITElfl f flflS)JI«(EE(I,4),EElI,S),EElI,b),DFTlI)
fibS FORMATl S,IP4fO!O.4)

COMPUTE DUCTILity ey STORY AND EFFECTIVE ['UCTILITY fOR eUILDING

EMUl=EMU
DO 150 1=1 N

150 OMU(I)=EE(f 4)/LC(I)/DRFTY(I)
WRITEl6 670~ lC~UlI),I=1 N)

670 fORMATlrOOUCTILITY BY STORy·,I/,)llX,IP10~IO.2,/»
OISPlN)=EElN 4)
DEFLYlN)=DRFfYlN)*LC(N)
00 210 1:2,M
lIaN+I-1
DISPlII)aDISP(II+l)+EE(ll 4)

210DEFLYlII):UEFLYlII+1)+DRffYlII)*LClII)
IFlN~OO.FQ.J) GC TO 180
00 IbO 1=1,t<
VO )=0.
W(I ':0.
DO IbO J:l N
VlI).Vll'+§(I,J)'OISPlJ)

C
C
C

~
C

n
I

N
-0
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n
I

W
a

160 WCIJ=~CI)+5CI,J)tDEFLYCJ)
5U"'1-0.
5UM2=0.
DO 110 I-I N
SUM1=SU M1+61SPCI)tVCl)

110 SUI'12tSUM2+0EFLY(I).wCI)
EI'1UaSOPT(SUMl/SUM2)
GO TO 190

180 CONTINUE
SUI'11:10.
DO 191 Ial.lN

181 SUM18SUMl+uMU(I)
E""U-SUMI/N

190 wRITECb 680) EMU
680 rOIlMlT(fOEFfECllVE DUCTILITY FOR BUJl,DING = ',F"b.2)

If(ITER.GE.ITER"'X) GO TO 11
8ETll=BfTl
CALL Oll'1PRCND.-PrEMU,BETl)
wIlITEC6,606) BElA

C
C TEST rOR CONVERGENCE or DUCTILITY lND DAMPING
C

I'CLD.EO.O) GO 10 10
JF(ABSC1.-EMU/EMUIJ.GT.EFMU) GO TO 20

10 CONTINUE
IF (ABSC1.0-e£1A/AFTAl).GT.EPfTA) GO TU 20

11 CONTINUE
C
C PRINT rINAL RESPONSE CALCULATIONS.
C

DO SI I-I N
IFCNMOD.E6.l) GeTO 91
SUM=O 0
5UM1=6.0
5UM2-0.0
UO 4 J=1 N9
SUM2=SUM~+AeS(E(I,J»
SUMl aSUMl+E(I,Jl··2

4 CONTINUE
EE(I,2)=SQRTC5UM1)
[E(I,3)=SUI'12

51 EEll,I)=f(l,l)
K=2
wRltECl>,604 )
DO 30 Ial,N
Jl(a N+1-1
Ir (1.[Q.l) SUMlaE[(I,K)
IF (I.GT,I) 5UI'11aEE(I L K)-EE(I-l,K)

30 WR1TE(6 o05)JK,5UMl E~CI K)
600 rOIlMlT(f 1 , I ' MODlL RES~ONSf' III

.' MODE r~~6UENCY PERIOD MASS PSUDO-SPECTRAL MAXIMUM',
•• lMPLITUOE PS.SPECT.VEL. MODIFllO FOk DUCTILITY',I,
.' NO. (CPS) (SEC.) RAllO VELOCITY BlSE 5HEA~',
.' RATIO (ACCEL) COI5PL)',/)

601 '01l"'lT(14,FI2.4,2F1.3,Fl1.3,FI5.3,rll.3,2Fl1.3)602 rORI'1U (III
•• ErFECTI~E FeRCE rOR I'100E NO.' 14,1/
t' STORY FORCf(KIPS) 5HEARCKIP§) DlFLECTION STORY DEFL.',
I' VELOCITY lCCELfRlTION',/)

603 rORMlT(I5,FI2.3,FI4.3,4FI4.4)
604 rOf/MlT CIII

.' COMB1NE6 FCPC! rOR lLL I'1CCES CMETHOD RSS 1 ',1,1,

.' STORY 'CRCEC~IPS) 5HEAR(KIPSJ',/)
605 FORMA1(15,FI2.3,fI4.3)
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C
C
C
24

26

27

C

n
I

W.....

C
C
C
C

C
C
C

c
c
C

91 CONTINUE
DO 9 1=I,N
DO 9 J-l 24

9 EU 1.J)t:EEU,J)
RETuRN
END
SUBROUTINE StAtIC(NHAZ NS S lC,TwB PHR,TI,DRFT,VT,
:DN,VF,M,CEC,CIC,QMS,V~~,ISHlp~,lSlfE,NMOD,lTOR,ITYPE,LRT)

THIS SUBROUTINE CO~PUTE5 THE STAliC RESPONSl OF A BUILDING
TO WIND PRESSURE CISTRIBUTIONS.

REAL S('Ot'0)tLC(]0),DRFT(]0)tDF(]0),WF(30),M(]0),DN(70,70)
REAL CEC( 0)!~IC(10),QMS(30),VMMC30)
INTEGER NHAZ\])
WRlTE(6 700)

700 FORMAt({Hl,20X,'W I NOR ESP 0 N 5 E A N A L Y 5 IS'.
:/11)

IF(CItOR£EO i -l).ANO£(NHAZC2).NE.O» GO TO 23
IF(NMOD.~O. ) GeTO ~]

INVERT StIFFNESS MATRIX

CALL Dr-COMP(NS 1 St LRT)
IFCLRT.GT.O) Go 0 99
CALL INVERS(NS.S)

23 CONTINUE
TMt:O.
DO 10 1=1 NS

10 TM=TM+M (IS
COMPUTE PRESSURE FCRCES FOR [ACH STORY

IF(ITOR.EO.-l) GO TO 16
CALL WINO(LC,NS,TWB,TM,TI,CEC,CIC,UMS,VMM,WF.ISHAPE,ISITE,VF,ITYPE

:)
GO TO 17

16 CONTINUE
WHlTE(6,150)

150 FORMAT(IHO 20X,'W I NOD U E TOT 0 RNA 0 0',111)
CALL TRNAD6(VT,LC,NS,WF,Tw8,CEC,CIC,QMS,V~M)

900 FORMA1(IPI0EI0.2)
17 IF(NMOD.F.U.3) GCTO 24

GOTO 25

COMPUTE WIND DEFLECTIONS rOR EMPERICAL MODFL

SUMlao.o
SUM2aO 0
DO 26 f::l,NS
SUMl=SU Ml+M(I)'386.4
SUM2=SllM2HoF CI)
DO 27 1=1 NS
DF (1 ) :DN ( f , 1 )' ( 3.89*1 I)"2' (5 U'" 215111011 )
GOTD 2A
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STORY SHEAI-l',I,
(l<-1PS)',/)

C COMPUTE ~IND DEFLECTIONS FOP OTHFR MODELS
C
25 00 34 Ial,NS

TEMPaO.O
00 35 J=l,NS
TEMP=TEMP+SCI,J).wFCJ)
OF(1 )=TE"'P
SUM2=0.0

COMPUTE STORY DRIfT AND SHEA~

WRITEC6 (57)
FO~MA1CrlWIND ANALYSIS'f/'

'OSlORY D~FLECT ON CRIFT
'NO. CINCHES) CIN/IN)

DO 36 l=l,NS
SUM2111SUM2+~F(l)
IF(I.FQ.NS)G01C 37
DRFTCI).A~SCDF(I)-DF(I+l»
GOlO 38
DRFTCNS):aABS(DFlNS»
DRfTCI)=ORfl(I)/LCCI)
WRITECf!f(58) I t CFlI),ORfTlI),SUM2
FORMATC 4,f12.J,F9.4,Fll.2)
CONTINUE
RETURN

99 WRlTEC6 (60)
660 FORMAllrOSTIFFNESS MATRIX IS SINGULAR')

RETURN
END
SU8ROUTINE .INClSH,NS,B,MASS,lN,CF.C,CIC,O"'S,VMH,FC,ISHAP~,ISITE,VF

1,ITYPE)
REAL MASS6SH(30)IHC30)LGUSll30),QMSC30),V"'H(30),CC])
REAL fCl3 )CCECl O),CILCIO)
INTEGER ANG E
MA5S a /lASS·12000.
00 10 1=1,30
H(I)=O.O
GUS'tCl)=O.O
OM5(1)=0.0
VMH(I)=O.O

70 CONTINUE
BaB/12.
REAOC5,9002) es

9002 fORMATlIOE8.])
9003 FOP/lATC2E8.3,IB)

fN=l./TN
H(1)=SH(NS)1J2.
IFCN5.EQ11) GO 10 9
00 19 1=.oI,NS

19 HCI)=CSHCNS-l+I)/12.1+HCI-l)
9 HT=HCNS)

GO to C2 t J,4),lSITf
2 ALFA=l./J.

RI<=.025
ZG=1500.
GO TO ';

] ALFA=I./4.5
PK=.Ol
ZG=1300.
GU lC 5

J5
J4
28
C
C
C

657

37
38

658
36

n
I

W
N
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n
I

W
W

4 ALrA=l:l7.
~Ka.OOS

ZG=900.
5 T=J600.IVF

If(t.LT.30.) GC TO 6
Ifl(T.LT,4000.).AND.(T.GE.30.» GO TO 7
If(T.GE.4000.) GO TO 8

b F=1£S6-0.0618'IALOGtO(T)"2)-0.0733'ALOGIOIT)
GO 10 lb

7 fal~311t.06'(ALCG10(T/30.)"2)-0.277'ALUG10(T/30.)
GO ·..0 16

8 r=1.0
Ib VMSaCl.63'VF/f)'CC30./ZG)"ALfA)

VM30aVf/f
1111=4.'e
1112=4 'HT
I~Cwt.LT.W2) GO TO 20
ilJ=1iI2
GO TO 41

20 W3 a lill
41 VHaVMS'1.46661'C(HT/30.)"ALfA)/IALfAtl.0)

C(1):3
t

8S'FN'W3/VH
C(2)al S'FN'e/VH
C(3)a3.iS'FN'HT/VH
CSOal.0
DO 15 1=1 3

15 CSQacso,cfl./CCI»-Cl.-EXPC-2.'CCI»)/12.'CCI)"2»
XN=4000 'FN/V .. S
SP2=(XN.'2)'Cl.tXN"2)"C-4./3.)
GO TO C21 22 231 ISITE

21 SB=1.30-0:03§'C tOGI0(HT/I0.)"2)~O.205'ALOGI01HT/10.)
GO TO 29

22 IFlHT.LT.tOO.) GO TO 30
IflHT.GE.tOO.) GO TO 31

30 SB=1.3-0.0S'CAlCGI0IHT/I0.)"2)-.21'ALOGIOCHT/I0.)
GO TO 29

31 SBa l.04-.142.(ALOG10(HT/l00.)"2)-.23'ALUG10(HT/100.)
GO TO 29

23 IfCHT.LT.I00.) CO TO 32
IfCHT.GE 100.) GO TO 33

32 SB=1.3-.00746'CALOGI0IHT/I0.)"2)-.277'ALUG10IHT/IO.)
GO TO 29

33 se=I.02-.I61'CAlOGI0(HT/tOO.)"2)-.252'ALOG10IHT/100.)
29 5=5&/(1.0 t 0.002'B)

AA=2.0'ALfA + 1.0
Pla3.14
GO TO (86,87) ISHAP[

86 CALL SHAPfX(CA,CB,ANGL[,ITYPE,O)
GO TO 811

87 RlAD(SL9003) CA,CB,ANGLF-
1111 OC=CA-LB

PBAR=0.00256'(V"S"2)'B'CHT"AA)/(AA'130. f '(2. f ALFA»)fUC
BA=PBAR/(2. f PlfFN'MASS'VH)
R=IIPI'CSO'SP2)/(4.'(BA+BS»)tS
R=SORT(R)
DU 35 I:al NS
TZ=2.3S'S6Hl(RK)/(CHCI)/30.)f'ALFA)
GUSTC!) : 1.0 +(5.1)'R'TZ
VMHCl)=VMS'IHCI)/JO.)f'ALFA
OMSCI)=O.00256 f CUSTCl)fIVMh(I)"2)

35 CONTINUE
B=fl f 12.
CALL ilNDFORIQMS,SH NS,8,CA,C~ ANGLE fe,l)
CALL INTPRS(Q"S,GU!T,VMH,CA,C~,Clc,t~r,AN~Lf,ITYP~,NS,ISHAPE)
RHURN
ENO
SUBROUTINE lRNACO(VT,SHtNS,FC,8,CF,CI,U~S,V)
REAL CF(IO) CI(IO),VlJO,
PEAL QMS(30~,SHIJO),~c(]n)
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C
C CALCULATE A UNIFORM PRESSURE CISTRIBUTIn~ - NU GUSTING
C NO VARIATION _I1H HEIGHT - ASSUME DIR~Cl HIT tiY TU~NADO
C

DO 2 Js1 5
CEeJ)=1.6

2 CIeJ)sO.o
DO 1 I s 1,N5
V(1)=O.O

1 QMS(1)=O.00256'eVTtt2)
CALL ~NDFOR(QM5,SH,NS,B,.9,-.3,I,fC,O)

54 CONTINUE
RETURN
END
5U8ROUTINE SHAPEX(CA,C~,ANGLE,ITYPf,ICUN)
INTEGER ANGLE
If(ICUN NE.C) GC TO 500
READ15 r 9001) l1YPE,ANGLE

9001 fORMAT\10I8)
WRITE(& 400)I1YFE,ANGLf

400 fORMA1(1 0 ',11X,'BUILDING SHAPE COO~ = ',15,5X,'WIND DIRECTION ceOE
1 = ' I5,/)

500 CON1'huE
GO TO (lf2,3,4,5,6,1,8,9,10,11,12,13,t4,1~,lh,17,lH,lQ,2n,21,22,23

t 24 25), TYH
1 ~u to (66,o7,68),ANGLE

&& CA=0.9
(8=-0.3
GO TO 200

61 (A=0.5
C8=-0.4
GO TO 200

68 CA=-0.4
CB=CA

n GO TO 200
I 2 GO TO (69,7C,71),ANGLf
~ 69 CA=0.9
~ CR::-O. 5

GO to 200
70 CA=O.5

CB=-CA
GU to 200

11 CA=-0.6
CB-CA
GO TO 200

1 GO TO (72,10,1]),ANGLE
12 CA=019

C8=-u.6
GO TO 200

13 CA::-O.l
CB=CA
GO TO 200

4 GO TO (14,10,15),ANGLE
14 CA=018

CR=-u.5
GO TO 200

15 CA=-O.l
CB=CA
GO TO 200

5 GO TO (69,16,17),ANGLE
76 CA=0.6

CB::-0.5
GO TO 200

17 CA=-O .. ~
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CB-CA
GO to 200

6 GO TO (69,76,77),lNGLE
7 GO TO (69,76,77),lNGLE
8 GO TO C69,76,71),ANGLE
9 GO TO (69,78,79),ANGLE

78 Cl=0.5
C8=-0.6
GO TO 200

79 CA=-0.4
CB=-0.3
GO TO 200

10 GO TO (69,80,68),ANGLE
80 CA=0.5

CB=-0.8
GO TO 200

11 GO TO C66,67,68),ANGLE
12 GO TO C69,70,17),ANGLE
13 GO TO C74,81,b8),ANGL~
81 CA z O.4

CB=-0.5
GO TO 200

14 GO TO C66,90,77),ANGLE
15 GO TO C82,81,73),ANGLE
82 CA=.9

C8z- 4
GO TO 200

16 GO TO C82,91,73),ANGLE
17 GO TO (82,91,84l,ANGLE
84 CA=-.8

CB=CA
GO TO 200

18 GO TO C82,91,84),lNGLF.
19 GO TO (85,91,71',ANGLE
85 CA-+.9

C8 Z -.2
GO TO 200

20 GO TO C66,81,71),ANGLE
21 GO TO (66,86,71),ANGLE
86 CA=.5

CB=- 3
GO TO 200

22 GO TO C82,87,71l,lNGL~
87 CA=.5

C8=-.4
GO TO 200

23 GO TO (88,81,73l,ANGLE
88 CA=.8

CB=-.3
GO TO 200

24 GO TO (89,201,l]),ANGLE.
89 CA=.8

C8=-.6
GO TO 200

90 CAZO,,4
CB=-v.3
GO TO 200

91 CA=0.4
CBe-CA
GO TO 200

25 GO TO (14 6202,73l,lNGLE
201 liRlTE (6 3 0 l
300 fORMATCr l tHERE IS NO A.N.S.I. CODE SPECIfICATION fOR A wIND DIR

tECTION F.aUAL '10 45 flEGkH'S' ,1,' ANALYSIS ~ILL THEREfORE liE PASE:to ON tHE. ASSUMP1ION OE A ZE~C (0) wlNL ANGL~',II/)
ANGLE= l'
GO TO 89
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202 WIHTUb,JOO)
ANGLE=I
GO TO 14

200 CUNTINUE
RETUIlN
END
SUBROUTINE _NCfCIlCQ~S,SH6NS,B,CA,C~,ANGLf,fC,lfL)
REAL FC(30),Q~SCJO),SHC3 )
INTEGER ANGLF
DO I I" 1 NS
FC(I):&OM5CI)
DO 1 lalINS
IJ=NS-I+

1 OMSCI )=FCClJ)
DU 4 1:1

6
30

FCO )=0.
4 CONTINUE
FC(I):R'SH(I)'(3.·OMSC1)+U~SC2»/8.
DO 60 1=2 NS
FC(1).(3.l(SH(I)+SHCI-l»'QMS(I)+QMSCI-l)'SHCI-I)+Q~SCI+l)'SHCI»'

IR/8
&0 CONTINUE

SF=CA-Ca
DO b I I=I,NS

61 FC(I)=CCA-CB)'FCCI)/144000.
IF(IFL.EC.O) RE1URN
wRITEC& 70) CA CB SF

70 FORMATC'I',9X1.'EXfFRNAL PRESSURE C~EFFICIF.NT fOR WALL 1 •••:'lf8
, .3,1,10A,'~XTERNAL PIlESSURF. COEfFICIENT fUR ftALL 2 ••• : ,F
, 8.36I t lOX t 'SHAPf fACTOR FO~ WIND DI~~CTION •••:',f8.J,/)

GO TO C5 ,~1,5~),ANGLE
50 ANGL: O~O

GO TO 5:>
51 ANGL:45.0

GO TO 55
52 ANGL:90.0
55 CONTINUE

WRI1U& 71) ANGL
71 FORMAT(IOX,'WINC DIRECTION wl1H RESPECT 10',1,

, 10X,'NOR~AL OF wALL I •••••••••••• :',rb.l,' DE
'GREES' , II)

RETURN
END
SUBROUTINE INlfPS(QtGrV,CA,CBrCIC,CEC,ANG,IrYPE,~S,ISHAPE)
REAL Q(30),G(30l,V(jO"CICCIO"CFC(10)
INH.GF.P ANG

C
C INVEPT THE ORD~PING OF THE GUST fAC10R AR~AY
C

IF(lSHAPE.EG.ll GO TU 1~
READC5,900~) CC,CD

9002 FORMAT(IOr8.3)
9003 FORMA1(E8.3 r I8)

WRIT~C6 501J CC CD
501 FURMAHfO',I1X,'lJSFR INPUT - FRE-SSURE CUnnCIENTS .. ',2X,2(F8.2,3

2X),/1)
15 DO 1 l=lrNS

I VCI)-G(IJ
DO 2 1: t , NS
J=NS-I+l

2 G(I):'JCJl
C
C (OMPUl THE APF~CACH P~FSSUR~ ftlTHOUl GU~T fACTUR
C FOR INTEPNAL PII~SSU~~ CAI,ClILAlluNSC .



".- - - - - - - - - - - - - - - - - -

500

10
20

22

11

12

1l
2J

24
21
50

()
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c
C
C

C
C
C

C
C
C
C

C
C
C
C

C

DO 3 I-I NS
3 Y( I) -a (IS IG ( I )

PRESSURE CUEFflCIENT FOR HUIlCING CORNF.~S PER ANSI A5H.I-IQ12

CK=-2.0

DETERMINE INtERNAL PRlSSURE COEFFICIENT PER ANSI A58.1-IQ12

READ(5 f 9003) RAtIO,IWALL
WRITE(b 500) RAtIO IWALL
FORMAT('O',lIX t 'OPEN AREA RAtIO = ',f8.3,5X,'wALL CODE = ',15,/)
IF(RAtIO.GT.O.j) GO TO 11

IWALL -I 4 CORRESPONDS TO THE WALL NUM~~RING CONVENTION
IwALL = ~ IS THE CODF: FOR A UNIFOR'" DISTHH:lUTION Of wINDOwS

GO TO (62,6J,64
S
65,41),IWALL

62 GO TO (40,41,42 ,ANG
63 GO TO (42,42,42),ANG
64 GO TO (42,41,40J,ANG
65 GO TO (42,42 42) ANG
40 CI-0.3 + (RAfIC.~.)/3.

GO TO 80
41 CI=0.3

GO TO 80
42 CIa-o. 3-RATIO

GO TO 80
71 GO TO (51,52,53,54,41),IWALL
51 GO TO (43,44,45J,ANG
52 GO TO (45,45,45),ANG
53 GO TO (45,44,43),ANG
54 GO TO (45,45,45),ANG
43 CIa0.18

GO Tu 80
44 ClaO.4

GO TO 80
45 CI=-0.6
80 CONTINUP:

IF(ISHAPE.EQ.2) GO TO 50

DETERMINE THE EXTERNAL PRESSUR COEFfICIENTS OF SIDE
WALLS PARALLEL 10 GET LINE Of FRAME ACTION

IF(ITYPE.LE.) GO TO 10
IF(ITYPE.GT.l.AND.ITYPE.LE.13) GO TO II
IF(ITYPE.GT.13.ANDjITYPE.LE.123) GO TO 12
IF(ITYPE.EQ.24.CR. TYPE.EQ.~5J GO TO 1)
GO TO (20,21,22),ANG
AHG=]
GO TO 21
ANG=l
GO TO 21
ITYPEsITYPE+I0
GO TO (20,~li22J,ANG
ITYPEUTYPE- 0
GO TO (20,21,22J,ANG
GO TO (23,23,24),ANG
ANG_)
GO TO 21
AHG:l
CALL SHAPEX(CC,CD,ANG,ITYPf,IJ
CONTINUf
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c

C
C

C
C
C

C
C
C
C
C

DO A FREE ReOY ANALYSIS UF E~CH WALL fU~ MAXl~UM .]NDO~ PR~SSURf

CEC(l)·CA
CEC(2)=C8
CFC(])=CC
CEC(4)=CO
CEC(S):CK
DO 67 1:1,S

67 CIC(I)=CI
IF(lwALL.NE.S) GO TO 66
Cl=CA-CI
C2=CB-(1
C3=CC-CI
C4=CO-Cl
CS=CK-CI
If(ABSlCl).GE.ABS(CA» GO TO 90
CI(I)=-Cl

90 If(ABS(C2).GE.AfS(C8) GO TO 91
CIC(2)=-CI

91 If(ABSlC]).GE.AeS(CC» GO TO 92
CIC(])=-CI

92 If(ABS(C4).C[.AeS(CD) GO TO 9]
CIC(4)=-(I

9] IF(ABS(C5).CE.AeSCCK» GO TO 66
CIC(S):-CI

66 CONTINUE

AT THIS POINT ILL DATA IS REley FOR wINDOa PRESSlIR~ CALCULATIONS

900 fOR"AT(lP10E10.2)
RETURN
END
SU8ROUTINE CA"ACCNHAZ{.E"LAR,VR{.NSfA,VLfDEFL,DFT,LC,Tl,ORFT,
lCEC,CIC,O~S.v"",ITOR,SRuPT,lf Y, w,NlIPT)

THIS SUBROUTINE CC~PUTES THE PERCENT OAMAGE TO BUILDINGS
DUE TO EARTHQUA~E ANO wINO ENVIRCNMENTS. DAMAGE CATfGORIES
INCLUDE STRUCTURAL, NONSTRUCTURAL AND GLASS.

INTEGER NHAZ(]) OT
REAL OFTC]O) EcIFL(30) LC(]O)
REAL FDRy(],~),fORTC3,S),FDRFC3,]),FORy(],3),FQRFC3,]),FDMUFC],]),

I WDRY(].]),_ORTC3,3),wDRFC],]),WORYC3,3),wQRFC],3),wDMUF(],])
: ,FORC(],3),aORCC]t 3 )

REAL HW()OJtBWCJO),OCjO),THG(]O)
REAL CVPZR(JO)
REAL CEC(tO),CIe(IO) QMS(]O),VMHC]O)
REAL A()OI,V(]O),DRrf(]o),fOST(]J,WDST(]),DNST(]),DG(S)

LIST DATA tOR CRYiCRT,DRfLORy,ORF,OMIIF VS. 3-0TY. ]-TYPE OF MATERIAL
THE PRIOR £511MA ES or STEEL AND RC HAVE Bf~~ REPLACED BY BAYESIAN
ESTIMATES

FRA"E
DATA rbM~/.0036,.0077,.012S,.0029,.00S2,.0084'oOOl],.0027(. 00491
DATA FORT/.0014't003,.0049,{OOOSs,.00t,.0016to0002S •• 000SJ,.0009]1
DATA 'DRr/o0161.U89ro262,.0 25{,.OS.ot44

1
.003J •• Ol •• 02SI

DATA tQR¥/.51, .,1.b,.S6 I l. t l. ,o4M
1
l. t .ijl

DATA FQRF/.18,lifJ.,.24, .t~.8r.33. oLloSI
DA1~ 'O~UF/4.4, .5,21.,4.J,9.b,17.2,i.S,].8,5.tl

SHEA~.ALL
DA1'. WDRY/.OOt7L.0026,.004S,~001,.0016,.0029,.002t,.0041,.O 0591
DATA .DRT/.OOO]~,.00049,.OOO~6,.00019,.OOOJ,.000S5,.0004 •• 00078,.0

;0011/
DATA WORr/.0058,.Ot7,.046 I .0016,oOO]7,o0093 •• 0042,.01B.o041 I
DATA wORY/.65,1.,t.7,.63 •• ,1.8,.51.1 •• 1.41
DATA WORfl.28,1.,2.3t.4411.,205,.2J,1.,2o31
DATA wDMUF/J.4,6.7,t fl.3 • • b,2.3,].2,2.,4.4.b.91

C
C READ DAMAGFAeILlty INPUTS FCR fa~AK~, ~]NL. (,R TO~NADO
C

cc
C
C
C
C

n
I

W
co
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SCHEN

seHEN
SCHFN
SCHf;N

A N ~ L Y S I 5',111)

C

C
58

588

8000

C
C
C

REAO(569001) Ll,Ml,L2,~2,aT
INOEXa
IF(M1.GT.0) INCEXal
Ir(M2.GT.0) INDEX=INDEX+l
If(INOEX 1 GT.2) PEAO(S,9001) MCPT

9001 FOR~AT(luI8)
C
C FINO DMUC rROM OMUf! Tl r AND EM

CTM·Tl/.0046/EX~(EMJ
00 666 lila 1,]
DO 666 Lal,l
FORC(L,M)afCRY(L,M).~OMUF(L,M)'CTM
WORC(L,-M)a.CRY(L,M)'WOMUf(L,M)*CTM

666 CONTI NuE

Ir(NHAZ(2)ffO.0.ANO.NHAZ(3).EQ.O) GO TO 588
REAO(5 r9002, WH,WB,TH~

9002 FORMATtlOE8 1 ])
00 58 Ia1,N~
HW(l).WH
BW(l).WB
THGU ).THIC
CONTINUE

CONTINUE
WRIT[(6 8000)
fORMAT(IH1,20X,'D A ~ AGE
If(ITOR.EO.-l) GO TO 41

WRITE DAMAGEABILITY INPUTS FOR EQUA~E, WINO, OR TORNADO

WRITU6 622)
622 FORMAT(I DAMAGEABILITY INPUTS FOR EARTH~U~Kf WIND, OR tORNADO'fl"

l' STORY ORIFT TO YtELO(IN/J~) D~lFT TO FAILURE(IN/IN) QUAL TY
lFACTOR FOR WINCO. WINDOW THICKNtSS Of',I!
l' NU. FRAME WALL fRAM~ WAL~ NUNSTAU
1CT. OAMAGE Hl,(IN) wI01H(IN) WINDOW GL~SS(IN)',/)

DO 642 I=I,NS
JKaNS+l-J
Q(I)=fLOAT(Qt)
Ir(M1.GT.0) GO 10 121
AYIIBaO

IGO 10 22
121 AY=fORY(Ll,Ml)

Ba fOllF(LI 1111)
122 Ir(~2.GT.OS GO 10 123

Czo-o.
GO TO 642

123 CzWDRY(L2,M2)
0lllWOAHL2 "2)

642 WR1TE(6,~3~)J~!AY,C,R,O,Q(1
:) HW(I) PW(I) l~G(J)

632 f6RMAT(f4,2~10.4,4X,2f10.4,f70.2,2F14.2,~1}.2)

C

(),
W
I.D
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C COMPUTE TOTAL EAPtHCUAK[ DA~AGE tc BUJLDJ~G
C

IF(NHAZ(l).EQ.O)GO TO 42
IMIUTE(& &5])

65] FONMAT(IHl,ll)
IMRlTE<6 654)

654 FORMAT(I TotAL EARTHQUAKE DA~AGE TO BUILDING (PERCENT OF RF.PAIR CO
ISTI REPLACE~ENl COsT)',II)

C COMPUTE AV[PAGE IN1ERsTORY DRIFT DUE TO EART~QUAKE
SMDFT=O.
DO 89 1=1 ItS

89 SMDfTaSMofT+CF1(I)
AVDFTaSMDFT/'LCAT(NS)

C TOTAL DAMAGrl EItHER FRAME, SHEARwALL, OR T~E COMBINATION ~HICH IS
C PREDOMINANT

A05=ALOGI0( 5)
A50=ALOGI0(!O.)
Ir(AVorT.NE.O.) GO TO 671
TOST=O.
GO TO 670

671 CONTINUE
IFl"'l.NE.O~CR.MPOT.EQ.l) GO to 675
IFl"'1.NE.O.CR.~PDT.F.a.2)GO lC 676
WRIT£(6 6741)
IF(Ll.EQ.l.ANO.L2.Ea.l) IMRITfl&,6111)
IFlLl.EQ.2.ANO.L2.Fa.2) IMRllE(6,6772)
IF(Ll.EQ.3.ANC.L2 Ea.]) IMRItEl6 &113)
IF«Ll.EQ.l.ANO.L2.E(~.].).OR.(L{.[Q.3.A~0.L2.Ea.l»WPItEl&,&174)
IF«Ll.EQ.l.ANC.L2.EQ.2.).OH.(Ll.f.Q.2.A~D.L2.E().J»wR11[(6,6175)
Irl(Ll.EQ.].ANO.L2.EU.2.).OR.(Ll.Ea.2.AND.L2.EQ.]»wklIF(6,6776)
OPT05=saRT(fCRt(Ll,~1)$WDHT(L2iM2»
DRC50=saRT(FDPC(Ll,Ml)$WDRC(L2,~2»
GO TO 618

675 Ir(Ml.EO.l) WRll[(6,6551)
Irl"I.EO.2) ~RI1E(~,~552)
Ir(Ml.EO.]) WRllF.(6,6S53)
DRT05arORT(Ll,~1)
DRC50=rDRC(Ll,Ml)
GO TO 671

676 IF(.2.EO.l) WRITE(6,6561)
IFIM2.EO.2) WRItE(6,&562)
Ir(M2.EO.3) WRllE(6.&563)
DRT05a .DRT(L2,M2)
DRC50=wDRC(L2,~2)

677 IF(Ll.EQ.l.CR.L~.EO.l)WRlTEC6,6771)
IFCL1.EQ.2.0R.L2.EQ.2)WRITECb,6772)
IFCL1.EO. ] •.CR .L2.EQ. 3 )WRITE(6,6773)

678 AOPTaALOGI0(DR105)
ADkCcALOGI0lCPC50)
Cl=(AOS$ADRC-A50.ADRT)/CADRC-ADRT)
C2~(A50-A05)/(ACRC-AORT)
TDST=EXPC2 i 30258.(Cl+C2$ALOG10(AVDFt»)
IF (TDST.G .100.) TDST-I00.

670 CONTINUE
WRITEC6 698) NS AVDFT,TOST

698 FORMATCr TciAL AVERAGE BUILDING',I,
I' NO. INTERSTY. PERCENT'.I,
:' STY. CRlfT DA~AG~' II 5X 13,6X,F6.4,10X,F6.2)

6741 FORMATC' BUILDING CLASSIFICATION: COMPiNAfIO~',II)
6551 FORMATC' BUILDING CLASSIFICATION I sTF~L fRAM~' II)
6552 FOPMATl' eUILOING CLASSIFICATION: kFINFORCfD C6NCRFtE fRAME',1

:1)
6553 fOPMATC' eUILDING CLAsSIFICATIO~: PHECAST CONCREtE FHAME',II)
6561 FORMATC' eUILOING CLASSIFICATION: R~lNFORCEO CONCRE1E S~EAR~AL

:L' II)
6562 FO~~ATC' BUILDING CLASSIFICATIuN: PRECAST CONCRE1E SHtARWALL',III)
656) FORMATC' BUILDING CLASSIFICATIO : BRICK MASONRY S~EARNALL',II)
6771 fOf/MATC' OVERALL QUALIB ~A1ING POll." III
6772 FOR~AT(' CVERALL OUALI1Y RATING AVfPAGE',II)
617) fORMATC' CVERALL QUALITY "ATING GOIlL',II)
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C1<1 F"T

GLASS',II,
INTF:I'ISTY.

INTERSTY.

DRIFT

OVE~ALL UUALITY PATING: Puo", '10 GUOO',II)
OVERALL QUALITY RATING: P(llHi TO AVF"RAGf' ,11)
OVERALL QUALITY I<A1ING: AV~I'IAGt 10 GIlOO',II)

6774 FOR~ATC'
6775 FORMATC'
6716 FOR~A1('

C
C COMPUTE [ARTHOUA~! OA~AGE FOR EACH fLOOR
C
C STRUCTURAL DAMAGE
C

~RITE(6,653 )
WRIT[C6 699) IIIl,M2

699 FOR~ATCr EARTH~UA~E DAMAGE TO STRUCTURAL COMPONENTS CPERC~NT OF RE
'PAIR COSTI REPLACEMENT COS1)' II
'16X t 'FRAME TYPE"t I2 ,29X,'SHElRW1LL TYPE:',12 f ll,:' S ORY INTERS Y. PERCEN1 DAMAGE BY QUAL TY
'PERCENT DAMAGE BY QUlLITY'6/,
:' NO. CRI'1 GOO AVERAGE POOR
'GOOD AVERAGE POOR',II,)

DO 20 I a l,NS
JKaNS+I-I
DO 30 Lal ]

C FIND DAMAGE F6R rRA~E
IrCMI.EO 0.) GC TO 31
IF corTcl),£o.o.) GO TO ]1
DRT05=rORT\L,MI)
DRCSO-FORCCL Ml)
ADRTaALOG10C6RTOS)
AORC-ALOGI0(ORC50)
Cl a (AOS••ORC-A50.AORT)/CADRC-AORT)
C2 a (A50-A05)/CADRC-AORT)
FOST(L)aEXPC2.]02S8·(Cl+C2.ALOG10COFTCI»»
IfCfOSTCL).LT.O.S) FDSTCL)=O.
IFCFOSTCL).GT.l00.) FDSTCL)al00.
GO TO 13

11 fDSTCL)aO.
C fIND DAMAGE fOR SH(AR~ALL

]] II"CM2.EO 0.) GC TO ]2
If CDrTCI)~EO.O.) GO TO ]2
DRTOSaWORt L,M2)
ORCSOUORC L M2)
AORTaALOG10C6Rl05)
ADRCaALOG10CORCSO)
Cl a CAOS.ADRC-A50.ADRT)/CADRC-ADRT)
C2=CASO-AOS)/CACRC-ADRT)
WOSTCL)aEXPC2.]02S8·CC1+C2·lLOG10COFTCI»»
IrCliDSTCL).LT.O 5) WOSTCL)=O
IFCliOSTCL).GT.I~O.) liOSTCL)=loo.
GO TO ]0

32 WDST(L).O.
30 CONTINUE

WRITEC6 f '00)JK,CfTCI),rOSTC3),FDSTC2),FOSTCl),OFTCI),WCST(3),~OSTC'2) wOSh 1)
100 FO~MATCI4,4X,F9.4,lX,3F9.2,4x,r9.4,3x,3f9.2)

20 CONTINUE
C
C NONSTRUCTURAL DAMAGE INCLUDING GLASS
C

WRITE( 6,109)
709 rORMATClll l ' EARTHaUA~E DAMAGE TO NONSTRUc"rURAL COMPONFNTS (PF.RCF.N

:T OF COMPONENTS DAMAGEO)',II,
'10X f 'COMPONtN15 SENSITIVE TO FLOOR MOTION
:' S DRY FLeOR PERCEN1 DAMAGE HY QUALITY
IPERCENT DAMAGE ey QUALIIY' I,
"NO. ACCL.CG) GUo6 AVERAGf FOUR
:GOOD AV~RAGE POOR',II)

n
I

..po
--'
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n,
~
N

AJOOaALOG10(100,)
A175=ALOG10(1.7~)
A014=ALOGtO(0.14)
no 40 J=l,NS
JK::NS+l-1
A~Ml = 3.S'ALOG10(A(I»+10.28
8MMI a 2.73tALCG10(V(I»+5.1b
EMMl :: AMAX1(AM~1 , AMMl)
no 708 L=1,3
Q(1)=FLOAHL)
x = -4.62 + .552'EMMlf(1.-(OCI)-3.)/0.)
ONSTCL)·lO."ll
IFCDNST(L).GT.l00.) ONST(L)=100.

708 CONTINUE
C GLASS DAMAGE

Y=F.DEHCI)/LC(I)
IF (Y.NE.O.) GC TO .22
OG(1)=OC(2)ZCG(])=0.
GO TO 446

4ZZ Ir(~1.EQ.0.OR.~CPTtEQ.2) GO TO 401
Ir(MI.NE t l) GO 10 .02
OR100. t O 2
ORTT. ,,03
AORCalLOGIO(ORIOO)
AORTaALOGI0(DR11)
Cl::CA175 f ADRC-AIOOfAORT)/(AORC-ADRT)
C2 a (A100-AI75)/(AORC-AORT)
OG(I)=£XPC2.30258'(Cl+C2'ALOG10(Y»)
ORiOO-.017
ADRCaALOGIO(DRIOO)
Cl=C AOSfADRC-AIOOfAORT)/(AORC-AORT)
C2=(AIOO-AOS)/(ADRC-AORT)
OG(2)atXP(2.302S8f(CltC2.ALOGIOCY»)
Cl-(A014*ADRC-Al00*ADRT)/(ADRC-ADRT)
C2a CA100-A014)/(ADRC-ADRT)
OG(3)=!XPC2.30258f(Cl+C2'ALOG10(V»)
GO TO 44.

402 DR100a.to12
DRTT-.uOI
ADRTaALOG10(DR11)
ADRCaALOG10(OR100)
Cla(AI7SfADRC-AJOOfAORT)/(ADRC-ADRT)
C2a (Al00-A175)/(ADRC-ADRT)
DGCI)aEXP(2.)0258'(CltC2*ALOGlO(Y»)
DR100=.017
ADRCaALOG10(ORIOO)
Cl=( AOS'ADRC-Al00*ADRT)/(ADRC-ADRT)
C2=(Al00-A05)/(ADRC-AORT)
OG(2)=EXP(2.30258*CCltC2*ALOG10(Y»)
Cl a (A014 f ADRC-A100*ADRT)/(ADRC-ADRT)
C2a (A100-A014)/(AORC-ADRT)
DG(3)=EXP(2.30258*CCltC2*ALOG10(Y»)
GO TO 444

401 DR100a.012
DRTT•• OOOS
ADRTaALOG10(OR11)
ADRCaALOG10(ORIOO)
Cla(A175 f ADRC-A100fAORT)/(AORC-ADRT)
C2=(A100-A17S)/CADRC-AORT)
OG(1)=EXP(2.30258*(C1+C2fALOG10CY»)
OR 100=.017
AORCaALOC10(OR100)
Cl=( AOS'ADRC-Al00*ADRT1/(AORC-ADR1}
C2a (A100-A05)/(lORC-AORt)
OC(2)=EXP(2.30258 f (CltC2*ALOG10(Y»)
ClZ(A014*AD~C-Al00'AUR1)/(ADRC-AORT)
C2Z(Al00-A014)/(ADRC-ADRT)
DCC)=EXPC2.30258'CC1+C2*ALOG10(Y»)
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SHEARwALL TYPES:',II,

o NOT APPLICA~LE',I
1 REINFORC~D CONCREtE',l,
~ PR~CAST CUNCR[T~',I,
] BPIC~ MASU~RY')

n
I

+:>
w

444 00 445 Lal ]
44~ IF(DG(L) Gf.l00.) DG(L)=100.
446 WRITE(6f710)J~fA(I)tDNSTC])'CNSTC2),DNSTCl),y,OGC]),OG(2),OG(I)
710 FORMAT( 4,FI0.~,4X,Jfq.2,fI4.4,2X,]F9.})

40 CONTINUE
WRlTE(6,987)

987 FORMAT(lll r ' FRANE TYPES:
, 0: NOT AFPLICABLE
, I: STEEL
, 2 & REINF.CPCEC CONCRETE
, 3: PRECAST CCNCRETE

42 CONTINUE
C
C COMPUTF. TOTAL WIND CANAGE TO 8UIlCING
C

Ir(NHAZ(2).EQ.O) GO TO 125
41 CONTINUE

WRlTE(6,6S])
WRlTE(6 711)

711 FORMAT(' TOTAL wINO DAMAGE T~ BUILDING (PERCENT Of REPAIR COSTI RE
IPLACEMENT COST)' II)

C CONPUTE AVERAGE INiERSTORY DRIFT DUE TO WIND
DO 718 I-I NS

718 SMDRFT8SMDRFT+CRFT(I)
AVDFT-SMDRF1/FLCAT(NS)

C TOTAL DAMAGE: EITHER FRAME, SHEARWALL, OR THE COM~INATION whICH 15
C PREDON! .... ANT

IF(AVDrT.Nf.O.) GO TO 674
T05T=0,
GO TO b79

674 CONTINUE
IF(MI.NE.O~OR.MFDT.EQ.I) GO 10 201
1'(M2,NE,O~OR.~FOT.EU.2)GO 10 202
WPlTEl6 bhl)
IFCL1.E6.1.ANc.L2.Ea.l) WRITE(6,6771)
If(Ll.Ea.2.AND.L2.EO.2) WRITE(6,6712)
IF(LI EQ 3.AND.L2 Ea.]) WRIT~Cb 611])
IF«Li.E6.1.ANC.Li.Ea.].).OR.CLI.EO.].ANO.L2.EO.I»WRI1E(6,6774)
Ir«LI.EO.l.ANC.L2.EO.2.).OR.(Ll.EQ.2.AND.L2.EO.l»wRI'~(b,b175)
IF«Ll.EQ.l.ANO.L2.EQ.2.).OR.CL1.Ea.~.AND.L2.EQ.3»WRIlEC~,(116)
DRTOS-SQRT(FDRl(Ll,Ml).WDRTCL2,M2»
DRC50-SQRT(FDRY(Ll,Ml)·wURY(l2,M2»
GO TO 214

201 Ir(MI.EO.l) wRITEC6,6S51)
If(Ml.Fa.2) WRITE(6,6552)
IrCN1.EO.]) .RITE(6,65S1)
DRT05=rDRTCL1,~1)
DRC50-FDRY(Ll,~1)
GO TO 213

202 IFCM2.EQ.l) WRITE(6,6S61)
If(M2.Ea.2) wRITF.(6,6562)
Ir(M2.EQ1]) wRI1l(6,6563)
DRT05=WD~T(L2,M2)
DRC50=WDRY(L2,~2)

21] Ir(Ll.Eo.I.CR.L2.EQ.l)wRITE(6,6711)
IF(Ll.EQ.2.CP.L2.EQ.2)WRlTE(~,6712)
IF(Ll.EQ.3~CR.L2JEQ.])WRITECb,6713)

214 ADRT=ALOGlu(DR10~)
ADRC=ALOGI0(DRC50)
Cl=(AOS.ADRC-A50·ADRT)/(ADRC-ADRT)
C2=(A50-A05)/(ACRC-AORT)
TD5T=EXP(2.3025~·(Cl.C2.ALOGI0CAVDF1»)
IF (lDST.Gl.100.) T05T=100.

679 CONTINUE
WRITE(6,698) N5,AVDFT,TD5T
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(PSF)',II)

C
C
C
C
C

C
C
C

COMPUTE _IND DAMAGE FOR EACH FLOCR

STRUCTURAL DAMAGE

NRITE(&,6S3)
NRITEC&(719) MI,M2

719,OFOSRTM/ A1RC ~IND DAMAGE TO STRUC1URAL CU~~UN~~TS (P~RC~~l Cf REPAI~ CEPLACEMENT COST)',II, ' ..
:l6X t 'FRAMF. TVFEs' I2,29X~'SHEARWALL lYPF:',12 II,
:PESRCOERN Y INTE~Sty. P~RCF.Nl DA~AG~ AY QUALITY INTERSTY., T DAMAGE PY OUALITY' I, •
=GOODNO • URIFl GOOD AVERAGF POOR DRIFT
°00 100 AVE~AGE POUR',II,)1:11, NS
jl<aHS+t-!
00 110 Lal ]

C rIND DAMAGE FO~ FRAME
IF(MI.EO 0.) GC TO 331
IFCDRFTCf).EO.O.J GO TO 3]1
DRTOS-FDRTCL,MI)
DRCSO:aFDRYCLlMI)'I.O
AORT-ALOGIO(URI0S)
ADRC-ALOGIOCDRC50)
CI=(AOS'ADRC-ASO'ADRT)/CADRC-AORT)
C2a (A50-A05)/CADRC-ADRT)
rDSTCL)=fXPC2.302SS'CCI+C2'ALOG10CDRFTCI»»
IFCFDSTCL).Ll.0 5) FDSTCL)=O
IF(FDSTCL).GT.I~O.) FOS!CL)=loo.
GO TO 333

331 FDST (L )=0.
C FIND DAMAGE FOR SHEARWALL

33] IFCM2.EO.0.) GC TO 332
IF(DRFTC!),EO.O.) GO TO 332
DRT05=wDRTlL,M2)
DRCSO=IIIIDRYCL l M2)'1.0
ADRT=ALOGIO(uRIOS)
ADRC=ALOGIOCDRC50)
CI=(AOS'ADRC-A50'ADRT)/(AoRC-AoRT)
C2=(ASO-A05)/(ACRC-ADRT)
WDST(L)aEXP(2.302S8'(CI+C2'ALOGIOCDRFT(J»»
IF(WDST(L).Ll.O 5) .OST(L)aO.
IFCWDST(L).GT.IOO.) WDSTCL)=IOO.
GO TO 110

332 IIIIDST(L)=O.
110 CONTINUE

WRITE(6 l 700)JI<,CRFT(I),FoST(3),FoST(2),FDST(I),DRFT(I),_OST(]),WOS
:T(2)11III0:5TO)

100 CONT NUE

NONSTRUCTURAL DAMAGE - PARTITIONS AND GLASS

WRITE(&,7291
729 FORMAT(/" l ' WINO DAMAGE TO NONSTRUCTURAL COMPONENTS (PERCENT OF C

10MPONENTS uAMAGEO)' II
SIOXt'CEILINGS AND P1RTITIONS GLASS',
-' (~ERCENT DAMAGE BY WALL)',II,
s' STORY INlERSTY. PERCENT DAMAGE BY QUALITY wINO PRESS
SWALL I WALL 2 WALL] WALL 4 CORNERS',I,
S' NO. DRIfl GOOD AVERAG~ ~OOR

AIO=.LOGIO(IO:)
A25=ALOG10(2.:)
AI5:aALOG10Cl.5)
DO 120 I=I,NS
JIC=~S+I-I
CVPZRCI) •• 25
IF(ORFTCI).NE.O.) GO TO 554
DNST(1)zDNS1(2)=ONST(])=O.
GO TO 557

(),
~
~
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554 DR100-J.0l
DRTT=.uOl
ADRT=ALOG10(ORTT)
ADRC=ALOG10(OR100)
Cl=(A10*AORC-A100*ADRT)/(AORC-ADRT)
C2=(A100-A10)/(ADRC-ADRT)
DNST(1)=EXP(2.3025B*(Cl+C2*ALCG10(DRFT(I»»
IF(~1.EO.0.GR.~C~T.EQ.2)GO 1C 553
If(~l.NEll) GO 10 551
DRtOO=.O 35
DRTT=.OOl
ADRC=ALOG10(OR100)
ADRT=ALOG10(DR1T)
Cl=(A2S*ADRC-A100*ADRT)/(ADRC-ADRT)
C2=(A100-A2S)/(ADRC-AORT)
DNST(2)aEXP(2.302SB*(Cl+C2*ALOG10(DRFT(I»»
DR100=.02
AORC=ALOG10(OR100)
Cl=(A1S*AORC-A100*ADRT)/(AORC-ADRT)
C2=(A100-A1S)/(ADRC-AURT)
DNST(3)aEXP(2.30258*(Cl+C2*ALCG10(DRFT(I»»
GO TO 552

551 DR100aJ.0135
DRTTa.vOl
ADRC=ALOG10(OR100)
AORT=ALOG10(DRll)
Cl=(A25*AORC-A100*ADRT)/(ADRC-ADRT)
C2=(Al00-A25)/(ADRC-ADRT)
DNST(2)=EXP(2.30258*(CI+C2*ALOG10(DRFT(I»»
DRIOO=.02
AORC=ALOGIO(DRIOO) .
CI=(AI5*AORC-AIOO*ADRTl/(ADRC-AORTl
C2=(AI00-AI5)/(AORC-AORT)
DNST(l)=EXP(2.30258*(CI+C2*ALCG10(ORFT(I»»
GO TO 552

553 DRIOOs.0135
DRTT•• 0005
AORT=ALOG10(DR1T)
ADRCsALOGIO(ORIOOl
Cl=(A2S*AORC-AIOOtAORTl/(ADRC-AORT)
C2.(AI00-A2S)/(ADRC-ADRT)
DNST(2)=EXP(2.30258*(CI+C2*ALCGI0(ORFT(I»»
DR100=.02
ADRC=ALOGIO(DR100)
CI=(A1S*AORC-A100*ADRT1/(AORC-AORT)
C2 a (AI00-A15)/(ADRC-AORT)
0"ST(3)=EXP(2.30258.(Cl+C2*ALOG10(DRfT(I»»

552 DO 555 L=I,3
IF(ONST(L).GT.IOO.) DNST(L)=IOO.

555 CONTINUE
551 AA • A~IN1(H.(I),B.(I)l

BB = A~AX1(H.(I),B.(Il)
SGB=5000.
PZR = SGR.THG(I) •• 2.(1.+1.61*(AA*.3/BP.*3»/.15/AA •• 2
DO 119 J=l, 5
P=CEC(J)*OMS(I)-CIC(J)*VMH(I)
PsABS(P)/1U.
Xa(p/PZR-l.)/CVPZR(I)
IF(X.LT -5 ) X=-S.

119 DG(J)=lOO.;RNOR~(Xl
.RITE(6,130)J~,DRFT(I),DNST(3),DNST(2),ONST(l).Q~S(r),(OG(J),J=t,5

:)
7)0 fORMAT(I4,FI2.4,2X,3F9.2,F12.2,4X,5F9.2)
120 CONTINUE

WRITE (°1987)
125 CONTINUt.

IF(LSROPT.EQ.O) GO TO 500
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C LONG SPAN ROOf DA~AGE

C
NRITE(6,800)
IF(lFLY.NE.U)WRITE(01. A10 )
IF(lw.NE.O) _RllE(6,~20)

lr«IFLY.EO.O).~ND.(Iw.EQ.O» WRITE(6,830)
1100 FOI"'''''' ( 'ODA"'''G~ 1u L,U",{j-:'IJAlII I<UlJ~·' ,II)
810 FUh"AT(10X,'~OCf 11~-DOwN SU~~URTS ARl I~AD~OUATE Ie ~~Slsr ',1,

:10X,'NET UPLIFI PRESSUR~ DUE 10 ~INO. PR~DICT ROOF SEPARATION.',/)
820 FORMA1(tOX,'I/OCf OESIGN IS IhADEQIlATE TO SUPPOHT D~AI) IoUGHr',I,

:10X,'DUE TO FCNLING. P~EDICT COLLAPSE.',/)
8)0 FOHMA1(lOX,'TI~-D~wNCAPACITY ANO DEAD wtl~HT CAPACITY ARE',I,

:lOX,'AOEOUAIE lC RESIST PR~OICTED LEVELS Of NET UPLIfl'r /
:10X,'OUE TO wIhC, AND COLLAPSE OU~ TO PONDING (IF ANY). ,1,
al0X,'NO DAMAGE IS P~EUICTED.')

sao RETURN
END
FUNCTION RNeRM(Z)
Z=ZlsaRT(2. )
X=AbS(Z)
X2=-(X"2)
f.=1./(1.+.)~15911*X)
a=E'(.22S836846+E'(-.2S2128b68+E'(1.25969513+F.'(-1.2818224~3+

lE'.94064601»»
ERf=1.-O*EXP(X2)'2./l.11245385
If(Z.LT.O.) ERfa-ERE
RNORM=.S*(l.+ERF)
RETURN
END
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