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DISCLAIMER

Considerable time and effort has been put into the development and testing
of the computer program IDARC. Wherever possible, analytical results have
been validated with experimental data. All modules and routines in the pro-
gram have been carefully tested with examples. Nevertheless, the authors
do not take any responsibility due to inadequate analysis results derived
from flaws in the modeling techniques or in the program. The user is re-
sponsible for verifying the results of the analysis. The program incorporates
current knowledge in the field of nonlinear structural dynamic analysis. The
user should be knowledgeable in this area to understand the assumptions m
the program, adequately use it, and to verify and correctly interpret the re-
sults. The following DISCLAIMER OF WARRANTY applies to the use of the
computer program IDARC and its associated subroutines.

DISCLAIMER OF WARRANTY

The program IDARC, the associated subroutines, and the data files, are provided
“AS IS withou! warranty of any kind. The authors and the sponsoring institutions
make no warranties, express or implied, that the program is free of error or s consis-
tent with any particular standard of merchantability, or that the program will meet
your requirements for any particular application. The program should not be relied
on for solving a problemt whose incorrect solution could result in injury to a person
or loss of property. If you do use the program in such a manner, it is at your own
risk. The authors and the sponsoring institutions disclaim all lability for direct or
consequential damages resulting from your use of the program.

The ownership of the program remains with the developers. The program
should not be resold or redistributed in whole or in part for direct profit.
Neither the whole program nor routines of the program shali be incorpo-
rated into the source code or the executable binary code of other programs
without prior written permission from the authors. Programs containing
IDARC routines must acknowledge acceptance of the above DISCLAIMER
OF WARRANTY and of the fact that no business relationship is created be-
tween the program'’s users and the authors of IDARC or the sponsoring in-
stitutions. The names of the authors and the names of the sponsoring insti-
tutions should not be used to promote products derived from this program
without specific prior written permission from the authors.

NOTICE

This report was prepared by the State University of New York at Buffaloas a
result of research sponsored by the National Center for Earthquake Engi-
neering Research (NCEER) through a grant from the National Science Foun-
dation and other sponsors. Neither NCEER, associates of NCEER, its spon-
sors, the State University of New York at Buffalo, nor any person acting on
their behalf:

a.  makes any warranty, express or implied, with respect to the use of any
information, apparatus, method, or process disclosed in this report or
that such use may not infringe upon privately owned rights: or

b.  assumes any liabilities of whatsoever kind with respect to the use of, or
the damage resulting from the use of, any information, apparatus,
method, or process disclosed in this report.

Any opinions, findings, and conclusions or recommendations expressed in
this publication are those of the author(s) and do not necessarily reflect the
views of NCEER, the National Science Foundation, or other sponsors.
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PREFACE

The National Center for Earthquake Engineering Research (NCEER) was established to expand and
disseminate knowledge about earthquakes. improve carthquake-resistant design, and implement
seismic hazard mitigation procedures to minimize loss of lives and property. The emphasis is on
structures in the eastern and central United States and lifelines throughout the country that are found
in zones of low., moderate. and high seismicity.

NCEER's research and implementation plan in years six through ten (1991-1996) comprises four
interlocked elements. as shown in the figure below. Element 1. Basic Research. is carried out to
support projects in the Applied Research area. Element i1, Applied Rescarch. is the major focus of
work for years six through ten. Element 1L Demonstration Projects. have been planned to support
Applied Rescarch projects. and will be either case studies or regional studies. Element [V,
Implementation, will result from activity in the four Applied Research projects. and from Demonstra-
tion Projects.

ELEMENT | ELEMENT Il ELEMENT Il
BASIC RESEARCH APPLIED RESEARCH DEMONSTRATION PROJECTS
¢ Seismic hazard and * The Building Project Case Studies
ground motion * Active and hybrid control
* The Nonstructural * Hospital and data processing
+ Soils and geotechnical Components Project facilities
engineering * Short and medium span bridges
¢ The Lifelines Project E * Water supply systems in
+ Structures and systems Memphis and San Francisco
The Highway Project Regional Studies
* Risk and reliability * New York City
* Mississippi Valley
« Protective andintelligent * SanFrancisco Bay Area
systems + City of Memphis, Tennessee
and Shelby County
* Societal and economic
studies J_L J_L
AV

vV
ELEMENT IV

IMPLEMENTATION

* Conferences/Workshops
* Education/Training courses
* Publications

¢ Public Awareness

Researchin the Building Project focuses onthe evaluationand retrofitof buildings inregionsof moderate
scismicity. Emphasisisonlightly reinforced concrete buildings. steel semi-ngid frames. and masonry walls
orinfills. The research involves small- and medium-scale shake table tests and full-scale component tests
atseveral institutions. Ina parallel eftort. analytical models and computer programs are being developed to
aidin the prediction of the response of these buildings to various types of ground motion.



Two ofthe short-term products ot the Building Preoject will be a monograph onthe evaluation of lightly
reinforced concrete buildings andasstate-of-the-urt report on unreinforced masonry

The structures and systems program constitutes one of the importantarcas ot rescarch in the Building
Project. Currenttasks include the following:

1. Continued testing of hightly reinforced concrete external joints.

2. Continueddevelopmentofanalytical tools. suchas svstemidentitication, idealization. and computer
programs.

3. Perform parametric studics otbuilding response.

4. Retrofitoflightly reintorced conerete trames flat plates und unreintorced masonry .

5. Enhancementofthe IDARC (inelastic damage analy sis ot reinforced conerete ) computer program.

6. Researchinfilled frames. including the development ot anexperimental program. development of

analytical models andresponse simulation.
7. Investigatethe torsional response ofsymmetrical buildings.

This report presents the continued investigation of computer software development for response
analyvsis of reinforced concrete structures. including dvnamic analyvsis. The previous version of
IDARC has been revised and enhunced to inclide additional features such as modeling and analyvsis
of dampers ay passive control devices and static pushover analysis which can be used for design
purposes. IDARC2D can be potentially useful in response and damage evaluation of building
structures under future scismic ground excitation.



ABSTRACT

This report summarizes the modeling of inelastic structures and enhancements to
the program series IDARC developed tor analysis, design and support of experimental
studics.  This report preseats a synthesis of all the material presented in previous reports
NCEER-87-0008. NCEER-92-0022 (and in other related reports).  This report presents
also the new developments regarding modeling of inclastic elements and structures with
supplemental damping devices. infill panels. cte.

The analytical models described herein include. frame structures with rigid or
semi-rigid connections made of beams. columns. shear walls, connecting beams, edge
elements. intill musonry panels. inclastic discrete springs (connectors). and damping
braces (viscoelastic. fluid viscous. friction. hysteretic).  The formulations are based on
macromodels  in which most  structural members are represented by a single-
comprehensive element with nonlincar characteristics.

The nonlinear characteristics of the basic macromaodels are based on a flexibility
formulation and a distributed plasticity with vield penctration. Properties of members are
calculated by fiber models or by formulations based on mechanics.  ‘The solutions are
obtained using step-by-step integration of the equations of motion using Newmark beta
method.  One-step correction and  iterative  computations are performed 1o satisty
equilibrium.  The nonlinear dampers are treated as time dependent Maxwell models.
Kelvin models or hysteretic models. Their solution is obtained by simultancously solving
their individual equations using a semi-implicit Runge-Kutta solution.

Ihis report presents several types of analyses which can be performed by the
computer program. i.c.. monotonic inelastic static analysis (push-over). time-history
analvsis with mulu-components ot pround motion and gravity loads. and quasi-static
analvses of the type required by laboratory experiments.  The analvses include evaluation
of inclastic response through damage analysis of members and of the global structure,
Several damage indices formulations are presented (Park ¢t al.. Reinhorn & Valles.
Cakmak ¢t al.y based on cnergy. stifiness and ductility including monitored  damage
progression.

The current report emphasizes also the latest improvements to thus analytical
plattorm which include: (i) improved plasticity and vield penetration model: (i) new
masonry infill panels: (it1) new braces with damping: (iv) new hysteretic model and -
solution: (v) new global damping formulation: (vi) new “push-over™ analyses including
adaptable technique: (vii) new damage indicators. (viit) improved information on damage
progression through snapshots: (ix) improved efficiency threugh  reprogramming of
stiffness formulations: (x) new case studics presented as examples of use of inclastic
analyses,



The computer program has a users manual which is presented in Appendix A and
is distributed to members of the IDARC Users Group.  Additional information is posted in
an Internet site (see Introduction)

AR
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SECTION 1

INTRODUCTION

Significant research has been carried out in an effort 1o understand the behavior of
building structures subjected to earthquake motions Due to the inherent complexities that
buildings have, often, research has focused on understanding element behavior through
component testing The conclusions and models derived from these studies must later be
integrated so that the response of the whole structure may be captured The well known
computer program DRAIN-2D (Kaanan and Powell, 1973) was introduced in 1973 with
the state of the art knowledge at that time in an attempt to capture the structural response
The program has recently been updated and the new version is called DRAIN-2DX
{Allahabadi and Powell, 1988)

A number of programs for the nonlinear dynamic analysis of building structures
have been introduced since then  Among them, SARCF (Chung et al . 1988, Gomez et
al . 1990), IDARC (Park et al , 1987, Kunnath et al , 1992) and ANSR (Oughourlian and
Powell, 1982) became widely used by the research community The computer program
IDARC has been conceived, since its first release, as a platform for nonlinear structural
analysis in which various aspects of concrete behavior could be modeled, tested and
improved upon Throughout the various releases of IDARC, program developments and
enhancements have been based primarily on the need to link experimental research and

analytical developments

Structural design engineers have been aware of the inherent limitations that widely
used elastic analysis have when trying to calculate the response of a building designed to
respond inelastically However, due to the computational effort required to perform a

nonlinear analysis, the fact that building codes are mostly concerned with elastic analvsis,



the need for a more precise characterization of the input motion, ctc. have forced

structural engineers to continue using elastic analvsis programs

The introduction of new protective svstems. such as base isolators and damper
elements, require the use of nonlinear dvnamic analvsis programs for their design  To
bnidee this gap. commercial software for elastic analysis. such as ETABS (Habibullah.
1995) and SAP (Wilson, 1995), have incorporated nonhnear elements to model the
behavior of such devices, allowing design engineers already famihar with those programs
to easily incorporate the protective devices in the response of the structure However, the
structure itselt is still modeled in the elastic range. theretore. not able to capture the
inelastic response of structures  This drawback may not be significant for new buildings,

however, retrofitted structures mav considerably deviate from an elastic response

The new release of IDARC incorporates the results trom recent experimental
testing on reinforced concrete components and structures. as well as structural steel
clements. that have led to enhancements in modeling using macromodels with new
distributed plasticity models. new hysteretic models. and modifications to the combined
model for shear-flexure capacitv of members  IDARC is now enhanced to capture. with

greater accuracy. the response of reinforced concrete and structural steel elements

Furthermore. in parallel with an experimental program to study the response of
buildings with damper elements for seismic protection. new mathematical models for such
elements were incorporated and venfied in the program  IDARC 1s now capable of
accurately predicting the response of inelastic multistory builldings with viscoelastic,

friction and hvsteretic damper elements

More over. combined with an experimental program, and a loss assessment
program in a metropolitan area in the vicinity of the New Madrid zone, a model for infill
panel elements was incorporated and tested  This model mav be used to studv the

response of masonny buildings, commonly used as low to medm rise structures in



metropolitan areas [DARC 1s now capable of modehng buildings with masonry walls. o1

other type of infill panels

In addition. the new method tor seismic evaluation proposed in the ATC-33 (1995)
using the results from lateral pushover analysis, was already incorporated in previous
versions of the program  However. in conjunction with an analytical program to estimate
the inelastic response of structures, an extended and more reahstic set of options 10 carry
out the pushover analysis have been incorporated  Furthermore. the need to better
characterize the structural pertormance of a building during a seismic event led to an
analyvtical investigation to develop a damage model from basic physical considerations
The new model. referred to as fatigue based damage model. developed by Reinhorn and
Valles (1996) was also incorporated in the program. along with a global damage model.
and the model by Park and Ang (1984) that was introduced in the first release of IDARC,
and is now a benchmark damage quantification index 1DARC now ofters a broader range

of pushover and damage indices derived from strong phvsical considerations

Finally. most of the program routines. internal vanables and program structure
have been checked and optimized to improve the performance. and considerably reduce
execution time  In addition. the users manual was revised and restructured to facilitate the

input data preparation  1IDARC is now more efticient and user triendlv

This report summarizes the program modeling techniques used. and provides
references for cach ot the broad topics considered  Appendix A has the user’s manual for

the program  Appendix B includes the sample imput files described in Section 4

-



SECTION 2

THEORY AND BACKGROUND

2.1 Nonlinear Structural Analysis Software

Building structures are often designed using results from an elastic analysis.
although inelastic behavior may well be observed during the design earthquake To
estimate the actual response of the structure when some of the elements behave in the
inelastic range. nonlinear structural analysis programs have been introduced The well
known computer program DRAIN-2D (Kaanan and Powell. 1973) was introduced in the
carly 1970’s The program included the state of the arnt knowledge at the time Since
then, the program was not considerably modified in its structure. untii DRAIN-2DX
(Allahabadi and Powell. 1995) was introduced Nevertheless. the new program has some

limitations regarding plasticity and flexibility rules

Since then, a number of programs for nonlinear analysis of structures have been
introduced Among them SARCF (Chung et al . 1988, Gomez et al , 1990), IDARC (Park
et al . 1987, Kunnath et al . 1992) and ANSR (Qughourlian and Powell. 1982) became

widely used by the research community

2.2 The IDARC Computer Program Sevies

The computer program IDARC was conceived as a platform for nonlinear
structural analysis in which various aspects of concrete behavior can be modeled, tested
and improved upon Program development and enhancements have been primarily to link

experimental research and analytical developments



The computer program IDARC was introduced in 1987 as a two-dimensional
analysis program to study the nonlinear response of multistory reinforced concrete
buildings The original program released included the following structural element types

a) Column Elements

b) Beam Elements

¢) Shear Wall Elements

d) Edge Column Elements

¢) Transverse Beam Elements

Column clements were modeled considering macromodels with inelastic flexural
deformations, and elastic shear and axial deformations Beam elements were modeled
using a nonlinear tlexural stiffness mode! with linear elastic shear deformations considered
Shear walls include inelastic shear and bending deformations, with an uncoupled elastic
axial component Edge column elements were introduced considering only inelastic axial
deformations.  Transverse beam elements. that have an effect on the rotational
deformation of the shear walls or beams to which they are connected. were modeled using

elastic linear and rotational springs

One of the significant features incarporated in the program, 1o implement inclastic
behavior in the macromodels. 1s the distributed flexibility model that replaced the
commonly used hinge model developed for steel frames The hinge model is not suitable
for reinforced concrete elements since the inelastic deformation is distributed along the
member rather than being concentrated at critical sections (Park et ai , 1987) To trace
the hysteretic response of a section, a three parameter model was developed Through the
combination of three basic parameters and a trilinear skeleton curve stiffness degradation,

strength deterioration and pinching response can be modeled
The original version of the program included the damage model developed by Park

and Ang (1984) to provide a measurc of the accumulated damage sustained by the

components of the structure, by each story level, and the entire building This damage
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index included the ratio of the maximum to ultimate deformations, as well as the ratio of
the maximum hysteretic energy dissipated to the maximum monotonic energy, therefore

capturing both components of damage

The oniginal release of the program consisted of three parts (Park et al . 1987)
a) System identification: static analysis to determine component properties and
the ultimate failure mode of the building
b) Dynamic response analysis step by step inelastic dynamic analysis
¢) Substructure analysis and damage analysis analysis of selected substructures,
and comprehensive damage evaluation
Later versions of the program included
a) The addition of a fiber model routine to automatically calculate the envelope
curve of columns, beams and shear wall elements
b) A quasi-static, or pseudo-dynamic, analysis module for comparisons with
experimental tests

¢) Addition of P-Delta cffects in the program

2.3 Program Enhancements

The new release of the program, version 4 0, contains a number of enhancements,
including

a) Viscoelastic, friction, and hysteretic damper macro elements

b) Macro model for infill panel elements

¢) Spread plasticity and yield penetration

d) New Hysteresis modules

¢) New damage indicators

f) New pushover options

) Response snapshots during analysis

h) Proportional damping options



1) Reprogrammed for improved efliciency
i) New case studies for program validation
k) User group and internet site

The major highlights of each improvement are briefly described below

a) Viscoelastic, Friction and Hysteretic Damper Macro Elements

The three main types of supplemental damper elements were included in the
program  Damper elements oppose the relative displacement of two floors in the
structure  Viscoelastic damper elements are modeled using either a Kelvin or a Maxwell
model. depending on the characteristics of the dampers Friction and hysteretic dampers
arc included using the Bouc-Wen smooth hysteretic model  All models are capable of
capturing the response of the dampers dunng a dynamic. quasi-static and pushover

analysis

An equivalent dvnamic siftness is used for the viscoelastic elements during quasi-
static and pushover analysis, while the Bouc-Wen model was reformulated in terms of
deformation increments to remove the time dependency in the original formulation
Furthermore, the instantaneous apparent dynamic stifiness of the damper elements is
included in the global building stiffness matrix before the eigenvalue analysis takes place
Theretore, the eigenvalue analvsis automatically incorporates the actual instantaneous
contribution from the damper elements, which is often only accounted for using a user
specified equivalent constant stiffness for these elements in other nonlinear analysis

programs

This new element types in the program allows the user to studv the response of
nonlinear structures with a wide varicty ot supplemental damping devices  Commercially
available programs such as ETABS Version 6 (Habibullah. 1995) are capable of capturing
the response of somc supplemental damping devices. but are incapable of capturing the
nonlinear response of the building This shortcoming may be unimportant for the design

of new structures that can be proportioned to remain elastic during the design earthquake



However, when existing buildings are retrofitted using supplemental damping devices,
often the new design will still allow some level of inelastic response in the structural
elements in order to make the retrofit economically viable Under such conditions, an
analysis considering the inelastic response of in the structural elements must be performed

to estimate the actual response of the retrofitted structure

b) Macro Model for Infill Panel Elements

A new element was introduced in IDARC to capture the contribution of infill
panels to the lateral load resistance of the structure The hysteretic response of the infill
clement is captured using a smooth hysteretic model based on the Bouc-Wen model The
smooth hysteretic model includes stiffness decay, strength deterioration. and pinching
responise.  An important improvement of the implemented model is that strength

deterioration is related to a fatigue damage index of the panel element

The infill panel element was implemented so that the modeling parameters could be
easily changed to capture different types of hysteretic loops Masonry infill walls can be
modeled using the infill panel element  Provisions in the program were made so that if a
masonry infill wall is used. the program will automaucally caiculate the hysteretic
parameters based on geometric and material considerations  Other types of panel

elements, structural or nonstructural. can be modeled using user defined parameters

¢) Spread Plasticity and Yield Penetration

The spread plasticity model in the original release of the program was reformulated to
enhance numerical precision and computation efficiency The spread plasticity formulation
includes the effect of shear distortions in the elements  The revised formulation can now
handle flexural or shear failures with the possibility of numerical overflow ehminated This

effort is part of a larger project to mode! clement coliapse (loss) during analysis

In addition to the reformulation of the spread plasticity model, vield penetration

rules were introduced to allow for varving plastic length zones The formulation can



capture the change in the plastified length under single or double curvature conditions
The penetration length is updated at each step in the analysis as a function of the
instantaneous moment diagram in the element, but the penetration length is never allowed

to become smaller than the previous maximum.

d) New Hysteresis Modules

The original IDARC program used the three parameter model 1o trace the
hysteretic response of structural elements The piece-wise linear three parameter model
that included stiffness degradation, strength deterioration and slip was introduced to
model the response of reinforced concrete structural ¢lements  With a variation in the
hysterctic parameters, and in the monotonic characteristic points, the user could simulate

other hysteretic shapes. such as the one observed in steel structures

A new set of routines were introduced to account for different hysteretic loops
steel and bilinear hysteresis The structure of the program was modified to facilitate the
addition of new hysteretic routines that can be developed in the future, or by other

researchers

e) New Damage Indicaters

The onginal releasc of IDARC incorporated damage qualifications for the building,
the building stories, and the structural elements based on the damage index proposed by
Park ct al (1984) Since then, the Park and Ang damage model has become a benchmark
damage qualification model A new damage index has been developed (Reinhorn and

Valles, 1996) based on basic principles and low cvcle fatigue considerations

The new damage quantification index, fatigue based damage index, was
incorporated in the new release of IDARC  The original Park and Ang damage model can
be derived afier simplifications of the fatigue based damage model  In addition, provisions
in the program were made so that the user can request printing of the vanation of the

fundamental period of the structure as the analysis progresses
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The new fatigue based damage index. the Park and Ang damage model. and the
history of the variation of the fundamental trequency of the structure provides the user
with a more accurate description of the building pertormance for damage quantification
The extended damage index options pravides three scope levels for quantification

building. story and element damage

f) New Pushover Options

Pushover analysis 1s used to determine the force-deformation response
charactenstics of a structure  Using the results from this analyses, the actual nonlinear
dynamic response of the structure can be estimated (Valles et al . 1996) Furthermore, a
new set of dynamic evaluation procedures, as suggested in the ATC-33 502 Draft (1995),

utilize the results obtained with pushover analyses

A number of different options for the pushover analysis were added to the
program displacement control. user detined force control distribution. a generalized
power distribution, and a modal adaptive lateral force distribution  These options allow a
more reahstic force distribution to be used in the pushover analysis The gereralized
power distribution is also suggested in the ATC-33 50% Draft (1995) 10 determine the
load distribution as a function of the fundamental period of the structure The modal
adaptive force distribution is able to capture the changes in the lateral load distribution as

the building responds in the inelastic range

g) Response Snapshots During Analysis

One of the new features of the program is that the user can request a series of
response snapshots during the analysis The response snapshots provide the user with
displacement profile, clement stress ratios, coilapse states, damage index states, and
{ynamic characteristics (eigenvalues and eigemvectors) of the building at an instant during

the analysis



The instant where response snapshots are taken can be specified in terms of a
desired threshold in overall shear or drift levels By default. the program can report
snapshots at the end of the analysis, and when a column. beam or shear wall cracks. vields
or fails Response snapshots provide the user with the instantaneous building state. which
1s also required by the ATC-33 50% Draft recommendations for scismic evaluation of

existing buildings

h) Proportional Damping Options

In the new version of IDARC, the damping matnix can be specitied to be Rayleigh
or stiffness proportional, besides the mass proportional option available in the carlier
versions of the program  Proportionality coeflicients are calculated internally by the

program using, the first made, or the tirst two modes in the case of Ravleigh damping,

i) Reprogrammed for Improved Efficiency

Most of the solution routines, mcluding the cigenvalue routine, the shear
calculation, the spread plasticity and vield penetration routines. and the matrix
condensation routines were revised and reprogrammed to improve computational
ctlictency in the analysis  With these maditications, the program can readily be excecuted

in a personal computer

i) New Case Studies for Program Validation

Vernfication examples have been included to highlight the program capabilities and
features, as well as to validate. whenever possible, numenical models with experimental
results  The case studies will also help new users of the program to become familiar with

1IDARC capabilities and input formats



k) User Group and Internet Site

A user group for the program has been organized for questions, suggestions or
comments related to the program  The E-mail address is

reinhorn‘eng buffalo edu
A world-wide web site in the internet has been created where news. updates, comments
and current developments are posted  The world-wide web address is

http //shalom eng buttalo edu/idarc



SECTION 3

DESCRIPTION OF PROGRAM FEATURES

3.1 Introduction

The program was devcloped assuming that floor diaphragms behave as rigid
horizontal links, therefore, only one horizontal degree of freedom is required per floor
This approach greatly reduces the total computational effort  Theretore, the building is
modeled as a series of plane frames linked by a rigid horizontal diaphragm Each frame is
in the same vertical plane, and no torsional etlects are considered Since the floors are
considered infinitely rigid, identical frames can be simply lumped together. and the
stiffness contribution of each typical frame factored by the number of duplicate equal

frames Input is only required for each of the typical frames

The computer program IDARC integrates different structural element models in
the global stiffness matrix of the system, or treats them as loads in a pseudo-force
formulation Such an arrangement aliows for new element modules to be easily added to

the global structure of the program

3.2 Structural Element Models

Version 4 0 of IDARC includes the tollowing types of structural elements
a) Column elements

b) Beam clements

¢) Shear wall elements

d) Edge column elements

¢) Transverse beam elements



1) Rotational spring elements
¢) Visco-elastic damper elements
h) Friction damper elements
1) Hysteretic damper elements
1) Infill panel elements
k) Moment releases
Figure 3 1 schematically shows a bullding with some of the element types available in

IDARC Version 4 0 Each of the element tvpes are discussed below

3.2.1 Stiffness Formulation for General Structural Elements

Most structural elements, 1 e columns, beams and shear walls. are modeled using
the same basic macro formulation Flexural, shear and axial deformations can be
considered in the general structural macro element, although axial deformations are
neglected in the beam element  Figures 3 2 to 3 4 show a typical column, beam and shear
wall element with the corresponding degrees of freedom Flexural and shear components
in the detormation are coupled in the spread plasticity formulation, as discussed in Section
352, and any of the following hysteretic models can be used for both the flexural and
shear springs

a) Three parameter Park model

b) Three-linear steel model

¢) Bilinear model!

d) Linear model
Axial deformations are modeled using a linear elastic spring element uncoupled to the

fiexural and shear spring elements

Rotations and moments at the face of the element are related by the basic element

stiffness matrix, according to
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Where M’ and M, are the moments at the face of the structural elemenmt, 0’ and 6! are
the rotations at the face of the element, and [K'] is the basic stiffness matrix of the

element including shear and flexural deformations, calculated using the spread plasticity

model described in Section 3 52

K, I k.m k.t" 39
LI RPN o
Where
2} L .
k, \2h1 ELE, (fnGAL - 12K 1 11,) (3 3a)
‘ D1 ’
2L1 KL EL L, - g
k. Kk 125 ‘*”“(v/;,‘(,.u; 211 1L EL) (3b)
D1 :
V201 11 1, .
k., LT, (f1GAL V281 1T 1) (3¢)

Dl
with I/ being the elastic rotational stitfhess, [/, and /./, the tangent rotational stiffness
at the ends of the element. (;4. the shear stitlness, /. the length of the member, and the

rest of the parameters are described in Section 3 52

Column and beam elements can include a rigid length zone to simulate the increase
in the stitffness of the elemem at the joint, or in the connections with shear walls The
etfect of the rigid length zone is negligible in typical shear wall clements  The user can
specify the length of the rigid length zones depending on the dimensions of the connecting
clements From geometry, the relationship between rotations and moments at the face of

the element. and these quantities at the nodes is expressed by the following

transformation
"M A
R | Y [ 34a
M. [ ]“/\/l ‘ ( )
0 4 (0
FCRU 1)) PR (3 4b)
0 [ ]f()h:
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Where

oA, A,
L] 'x SHIEE Y (35)

Where A, and A, are the proportions of rigid zone in the element. as shown in Fig 3 5

Combining the equations, the basic equation relating moments and rotations at the element

nodes is

3 { )

S [ ' IO 36
) [ ‘]1 ) 7o)
Where

(K] [Cfxqe] (37)

Considering force equilibrium of all the forces perpendicular to the axis of the

element
X
‘M [R M, (3 8)
‘ X (A, ] ‘
|
M.
where X, and Y. are the shear forces at ends “a” and “b", respectivelv, and
L YL
1 QO
[R] (39)
YLyl
0 I
That can also be rewritten as
PY (u,
(M [k ]<|0 (3 10)
X el '
M, | 0,
where
[x.] [RIK]JR.] (311
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is the element stiffness matrix relating displacements and forces at the element joints, while
[K‘] is the stiffness matrix relating rotations and moments at the element flexible ends, as

givenby Eq 3 7

Bending moments and axial forces are considered uncoupled in the tormulation,
hence. the force deformation relation for the resulting elastic axial stiftness is considered

as follows

R HID B R
g e {o 312)
RS A A B I
Where } and I, are the axial forces in the element at ends “a™ and “b™, respectively, v,
and v, are the vertical displacements at ends “a” and “b" of the structural element.

respectively. and /.4/ /. is the axial stiffness of the element

The element basic stiffness matrix [K’] is constantly varied throughout the

analysis according to the formulation for the spread plasticity model presented in Section
3 5 2. and the hysteretic model selected Depending on the hysteretic model considered.
some characteristic values for the response of the element are required, namely moment-
curvature or shear-shear distortion For reinforced concrete elements, the user may select
to specify the section dimensions and reinforcement. and use the fiber model to calculate

the properues

3.2.2 Fiber Model for General Structural Elements

The moment curvature envelope describes the changes in the force capacity with
deformation during a nonlincar analysis  Therefore, the moment-curvature envelopes for
columns, beams and shear walls form an essenuial part of the analysis  The program
IDARC now provides an option for users to input their own cross-section properties

directly, and the moment-curvature is computed internally Fig 3 6 shows a tvpical
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rectangular section subjected to a combination of axial load and moment The procedure
outlined below is applicable to all types of cross-sections T-beams, shear walls, columns
sections, etc. Some simplifying assumptions are made in the analysis and summarized
here:

a) Plane sections remain plain after bending

b) Tensile strength of concrete is 1ignored beyond the tensile cracking capacity

¢) The effect of bond-slip between reinforcement and concrete is ignored

d) The difference in properties between confined core and cover is ignored

€) Stress strain properties for concrete and steel are shown in Figs. A 3 and A 4

f) The axial force applied to the section is constant

The procedure outlined below works with only a few iterations required to obtain
convergence. The program IDARC uses this procedure to set up moment-curvature
envelopes for columns (rectangular or circular), beams (rectangular or T-sections) and
shear walls (with or without edge columns). Shear walls may be irregular and include “U™

or "L.” shaped core walls.

3.2.2.1 Moment-Curvature Envelope Computation

The procedure used was outlined by Kunnath et al (1992a), adapted from Mander
(1984) The moment-curvature analvsis is carried out on the cross-section by dividing the
concrete area into a number of strips or fibers. The section is subjected to increments of
curvature and the strain distribution is obtained from compatibility and equilibrium
considerations. Steel areas and their respective locations are identified separately  The
strain at any section is given by (see Fig 3 6 and 3 7)

e(z) ¢, -2¢ (3 13)
Where ¢, is the centroidal strain, = is the distance trom the reference axis, and ¢ is the
curvature of the cross-section The resulting axial load and moment in the cross section

can be computed from



N 'J‘!'.'ch (3 14a)
A j l-zedA (3 14b)

Where A s the axial force, A/ the tlexural moment. £ s the elastic modulus of the
corresponding concrete or steel fiber, ¢ is the stran in the fiber. and = is the distance to
the fiber trom the reference axis  The axial load .\ should be equal to the applied load
N at all cases This dictates a certain distribution of the axial strains £(z)  Since the
stress-strain relation 1s nonlinear and the axial strain increment & cannot be computed
directly tor a given value of the axial load and moment, it 15 necessary to develop an
iterative procedure tor the moment-curvature analvsis  This is done through an ierative

tiber analysis as tollows

Substituting Eq 3 13 into Eq 3 14 and replacing the integral by a finite summation
over the discretized fibers, the following expression is obtained for any incremental step 4

of strain at neutral axis Ae and curvature A

AV k(e 0) k(e 0)

) i : (315)
A k(e ) k(e 0) N

Where
l(; Z/(L ..¢t. )A + il (E (1).)1 (3 16a)
k. VZfI{_(a RN Z/ (e ..0.)4 = (3 16b)
k. Zl(i ‘v¢ﬂ.)<4‘:‘j ZI(; ,.d)_);l\: (3 16¢)

Where ‘¢ and \sv are the number of concrete strips and steel areas considered in the
section, respectively. /. and /- are the concrete and steel section tangent moduli in the
fibers =" and "y, respectivelv, and. 4 and 4 are the areas of the concrete sirip and

steel. respectively
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With the above relations. the complete procedure for developing the moment-
curvature envelope 1s as follows
1) Apply a small incremental curvature A¢, to a previous known value ¢, ., ie

(bt d)x [ \¢A

2) In the first step (£ 0), the entire axial load is applied  Since the computation assumes
this axial load to be constant, the axial force increment AA must be zero for the
remaining steps  Based on the previous suffness matrix (in Eq 3 15), compute the
incremental centroidal strain as tollows, where » is the iteration step number (# # 1)

Ae" kA, K (317)
Note k., and k,, are the stifiness characteristics at the previous step. & |
3) Update the new strains and curvatures

[ o i v; Lo

ol e 1o G

4) Recompute the terms of the stffness matrix of Eq 3 15 using the expressions in
kg 310

5) Find the unbalanced axial load trom

ANT KD AT, kT A, (3 19)

6) If AN > £ where £ is a tolerance limit value. then continue the iteration procedure by
returming to step (2)  Otherwise calculate the moment increment

AML kT AT KT NG, (3 20)

and update the moment capacity, and continue to search for the moment-curvature

relation by adding another increment A, . to the process and continue 1o step (1)

In the fiber model analysis, the etfect of hoop spacing on the moment-curvature of
columns can also be considered 1t is assumed that the capacity of the column remains
unchanged after the concrete cover has spalled

085/'4, ['d (321)



Where [ is the confined compressive strength, A is the area of the core concrete, and
A, 1s the gross concrete area  An expression relating confined to uncontined strength of
concrete is given by Park and Paulay (1975), and is based on the contining stress relation
of Richart et al (1928)

£ 14205 f, (322)
where . 1s the volumetric ratio of continement steel to concrete cover

’1;,7“1‘
P, P
SA
and A, s the cross-sectional area of the hoop steel, and + is the spacing of hoops  The
modified compressive stress of concrete is obtained substituting g 3 22 into kg 3 21
(/7 +205p.7)4

v 7 324
fa 0854, ( )

3.2.2.2 Ultimate Deformation Capacity Computation

The ultimate deformation capacity 1s expressed through the ultimate curvature of
the section as determined from the fiber model analvsis of the cross-section The
incremental curvature that is applied to the section is continued until one of the following
conditions is reached

a) The specified ultimate compressive strain in the concrete 1s reached (£ > € )

b) The specified ultimate strength of one of the rebar 1s reached (/. > £.,)

The attained curvature of the section when cither of the two conditions is reached 1s
recorded as the ultimate curvature This parameter forms an important part of the damage

analysis

The only factor considered to influence the ultimate deformation capacity of the
section is the degree of confinement  Since confinement does not significantly affect the
maximum compressive stress. the present formulation only considers the cffect of

confinement on the downward slope of the concrete stress-strain curve (see Fig 3 8) The
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factor 7/ detines the shape of the descending branch The expression developed by Kent
and Park (1971) 1s used
0s

ZF (3 25)
€ ,°€ , ¢t
where

Jce f°
£, et (3 20a)

£ 1000

b
€., O075p, . (3 6b)

vy,
m which the concrete strength is prescrnibed in psi. p. is the volumetric ratio of
confinement steel to core concrete, A is the width of the confined core, and s, is the

spacing of hoops The et¥ect of introducing this parameter is to define additional ductility
10 well-confined columns Improved formulations for stress-strain behavior of confined

concrete can be found in a publication by Paulay and Priestley (1992)

3.2.3 Column Elements

Column elements are modeled considering flexural. shear and axial deformations
A tvpical column element with the corresponding degrees of freedom is shown in Fig 3 2
Flexural and shear components of the deformation are modeled using onc of the following
hysteretic models described in Section 3 3

a) Three parameter Park model

b) Three parameter Steel model

¢) Bilinear model

d) Linear-clastic model
The axial detormation component s modeled using a lincar-clastic spring  The column
elements include a ngid length zone to simulate the increase in stiffness at the joint  The

user can specity the length of the rigid zone depending on the dimensions of the



connecting elements  The stittness tormulation tor column clements is described in

Section 3 2 1

The clement stiffness matrix [K | is constantly varied throughout the analysis
according to the formulation for the spread plasticity model presented in Section 3 8 2,
and the hysterctic model selected  Pepending on the hysteretnic model considered. some
charactenstic values for the response of the element are required. namely moment-
curvature or shear to shear distortion  For reintorced conerete elements, the user mav
select to specity the section dimensions and remtorcement. and use the tiber model to

calculate the properties as described in Section 3 2 2. or provide user supphied values

Simplified formulations can be used alternatively to determine the moment-
curvature characteristics  For reinforced concrete columns, the following formulas may be
used 1o estimate the characteristic values of the moment-curvature response of the element
(Park ct al . 198%)

a) Cracking moment

M,ONGSZ - Nd o (327)
where /’ is the concrete strength in ksi. 7 is the section modulus in in”. A is the axial
load in kips_ and « is the depth to rebar in inches
b) Yield Curvature (Park and Paulav. 1974)

oo (3 28)
0 kd

Where ¢ is the strain at vield stress of steel. and & is calculated according to

- ] I
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Where . is the area of the tensile reintorcing bars. 1 15 the area of the compressive

reinforcing bars. £ is the strain at maximum strength of the concrete. and @ 1s the cover



depth tor compression bars  Note that this expression tends to underestimate the actual
cunvature since the inelasticity of concrete and the effect of axial loads 1s not taken into
account Based on the results on an iterative analysis (Aovama, 1971) the following

modification is introduced

| . "
a, ‘ 105 - (€. 0()5)0 03 (3 29)
Where
C.045/(084 +p,)
n ,\'/{_[’ hd)
¢) Yield Moment (Park et al | 1984)
Al OSfhd {(l B (2 ). (n 2B )(x‘p.'} (3 30)
Where
075 (¢
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a (1-B)> B <10
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d) Ultimate Moment (Park et al | 1984)
A (124 01Sp, 05n )AL (330

¢) Ulumate Curvature
For ultimate curvature estimates, the relations suggested by Park and Paulay

(1975) can be used

*More up 10 date relations of capacity of columns are presented by Mandcr et al

(1995). and could be used instead of those suggested

3.2.4 Beam Elements
Beam clements are modeled as flexural elements with shear deformations coupled

A typical beam element with the corresponding degrees of freedom s shown in Fig 3 3



The flexural component of the deformation is modeled using one of the following
hysteretic models described in Section 3 3

a) Three parameter Park model

b) Three parameter Steel model

¢) Bilinear model

¢) Linear-elastic model
The beam elements include a rigid length zone to simulate the increase in stiffness at the
joint  The user can specify the length of the rigid length depending on the dimensions of
the connecting elements  The stiffness formulation for column ¢lements is described in

Section 3 2 1

The element stiffness matrix [K | is constantly varied throughout the analysis

according to the formulation for the spread plasticity model presented in Section 3 5.2,
and the hysteretic model selected Depending on the hysteretic model considered. some
characteristic values for the response of the element are required, namely moment-
curvature or shear-shear distortion For reinforced concrete clements, the user may select
to specify the section dimensions and reinforcement, and use the fiber model to calculate

the properties as described in Section 3 2 2. or provide user supplied values

Simplified formulations can be used alternatively to determine the moment-
curvature characteristics  For reinforced concrete beams the following formulas may be
used to estimate the characteristic values of the moment-curvature response

a) Cracking Moments (Park et al . 1984)
AL 110y (1 /x) (3 32a)
M, V0Jr(1 fh x) (3 32b)
Where A, and A/, are the positive and negative cracking moments; /  is the gross

moment of inertia of the section. x is the distance from the base to the centroid of the

section, and A is the height of the section
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b) Yield Curvature (Park and Paulay, 1974)

£
0, €, 3 33
R TIY (3 33a)
& (3 3b
o, ¢ 3.
' (1 &K )
Where
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and & 1s the strain at vield stress of the steel, ¢ 15 a factor to amphity the curvature due to

inelasticity of the concrete, &'is the neutral axts parameter (similar to 4 ). and the rest of
the variables were defined in Section 3 2 1

¢) Yield Moment (Park et al . 1984)

M 0SB np, (28 )op!] (3 34a)
MoOSSHEY2 np, s 2B gl (3 4b)
Where
078 jft:\ 078 g
n ‘ 1
lva, & s bva ve

& od g .8 od ¢

Where A/, and A7/ are the positive and negative vield moments, £ and € are the
maximum compression and tension strains in the concrete. and all additional parameters
are defined in Fig 3 9

d) Ultimate Moment (Park et al | 1984)

A1 (129 015p,)M, (3 3%a)

M, (129 015p))M, (3 35h)
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Where M, and A/, are the positive and negative ultimate moments
¢) Ultimate Curvature
For the ultimate curvature estimates, the relations sugpested by Park and Paulay

(1975) could be used as a rough approximation

3.2.5 Shear Wall Elements

Shear wall clements are modeled  considermg  flexural.  shear and  axial
deformations A typical shear wall clement with the corresponding degrees of freedom is
shown in Fig 34 Flexural and shear components of the deformation are modeled using
one of the following hysteretic models descnibed in Section 3 3

a) Three parameter Park model

b) Three parameter steel model

¢) Bilinear model

d) Linear-elastic mode!

The axial deformation componemt is modeled using a linear-clastic spring The user can
specify the length of the naid zone depending on the dimensions of the connecting

clements The stiffness tormulation tor shear wall elements is described in Section 3 2 1

The clement stitfness matrix [K | is constantly varied throughout the analysis
according to the formulation for the spread plastieny model presented in Section 3 S 2,
and the hysteretic model selected  Depending on the hysteretic model considered. some
characteristic values for the response of the element are required. namely moment-
curvature or shear-shear distortion  For reinforced concrete elements the user may select
to specity the section dimensions and reinforcement. and use the fiber model to caleulate
the shear wall flexural properties as descrnibed m Section 3 2 20 or provide user supplied
valuecs  Simplified formulations can be used alternativelv to determine the moment-

cunvature charactenstics



The inelastic shear properties are evaluated based on a regression analysis of a
large number of test data presented by Hirosawa (1975)  The cracking and shear
strengths, 1" and I, are determined from the following empirical relations

oa(qun)hl

AI/(,'I,“)¢I7 el Tw ( ()a)

(008p, '(f'+256) s Iy '\
N \’ 1117(1*_1:’)1 ‘0 l: -t 0 . ‘-V‘/‘ p“ * (.) If, :h‘ I " (; 1‘()b)

Where Af/(17.) is the shear span ratio. p, is the tension steel ratio in percent, p, is the
wall reinforcement ratio, f is the axial stress. A is the equivalent web thickness, and /.,

is the distance between edge columns

The shear deformaiion may be determined using the secant stitfness as follows

0 SA.
k, )Z”k. (337
I,

where & is the elastic shear stiffness ((;A4//., ) The above relations which resulted tfrom

the parametric analysis of test data (Hirosawa, 1975) was found to be the most suitable for

defining the shear properties of walls  This formulation is incorporated in the program
IDARC
3.2.6 Edge Column Elements

FEdge columns are the columns monolithically connected to the shear wall

elements Their behavior is pnmarilv dependent on the deformation of the shear wall, and

therefore are modeled as one dimensional axial springs  Fig 3 10 shows a typical pair of

edge column elements with the corresponding degrees of freedom  This elements may
also be used to model other transverse clements, such as secondary shear walls that can be

lJumped with the corresponding column clement

RI¢)



!Yb'vb
. lmb,caj‘2 RICID
L ,
R R

v JmM,.6,  RIGID

L k
1

Fig. 3.10 Edge column elements

Fig. 3.11 Transverse beam clements
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The stiffness matrix for the pair of elements is

/R AR B Y I ! T A1 A
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Where .1 and A, are the cross-sectional areas for the lefi and right edge column elements,

h is the length of the edge columns, and A is half the distance between the edge columns

The stiffness matrix is added to the one determined for the shear wall elements

3.2.7 Transverse Beam Elements

Although the modeling of the structure i1s done using 2I) (planar) frames. it is
recognized that strong transverse beams may aflect the frame behavior Transverse beams
are elements that connect nodes of different frames to take into account the contribution
of beams perpendicular to the direction of analysis The transverse beam elements are
modeled by two springs, onc to provide resistance to relative vertical motion, and the
second. a rotational spring. to provide resistance to relative angular motions (see
Fig 3 11) Both springs are considered lincar-clastic  The equation relating nodal forces

and nodal displacements 1s

Y, I L 1o 0 0 0 0" v

A, L 00 0 1 0 10,
SNk ok, s (3 39)
¥, 1l L 10 0 0 0 0 v

Moo 0 0 0 0 0 10 1 06

Where &, is the stiffness to vertical relative distortions, /. s the offset to the center of a
shear wall, and 4. is the torsional stiffness of the transverse beam  When the transverse

beam connects two columns the contribution of the shear stiftness may be neglected

These beams are assumed 10 remain elastic at all times, therefore. & and k. are constants
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3.2.8 Rotational Inelastic Spring Elements

Discrete inelastic spring elements may be identified and connected to beam or
column element ends, to simulate a flexible or semi-rigid connection in the joint
Figure 3 12 shows four elements framing into a joint with three discrete inelastic springs.
In gencral, more than one spring may be specified at the same location, however, the
maximum number of springs that can be used in a particular joint must be one less than the
number of elements framing intv it. The moment deformation of the spring may be
modeled using any of the following hysteretic models described in Section 3 3.

a) Three parameter Park model

b) Three parameter steel model

¢) Bilinear model

d) Linear elastic model

The stiffness of the rotational spring element may be varied from a small quantity
to simulate a hinge, to a large value to simulate a rigid connection The spring stiffness is
incorporated into the overall structural stiffness matrix as follows

jM“ L [ 1

.
k,
Moy -

fBHL
4{8 ; (3.40)

r)
where Af_ and M, are the spring “/" and the fixed joint moment, respectively, 6, and 6,
arc the corresponding rotations, and 4, is the current tangent stiffness of the spring

element. Spring rotations are expressed as a function of the fixed joint rotation

3.2.9 Visco-Elastic Damper Elements

An innovative approach to reduce earthquake hazard was introduced by adding
protective devices 1o dissipate energy within the structure Input energy during a seismic
event is transformed into hysteretic, potential, damping and hysteretic energy. The

performance of structures can be improved if the total energy input is reduced. or an

39



Fig. 3.12 Modeling of discrete inelastic springs
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important portion can be dissipated through supplemental damping devices (Reinhorn et

al ., 1995)

Supplemental damping devices can be broadly classitied as viscous dampers.
triction dampers. and hysteretic dampers  Viscous dampers exhibit an important velocity
dependency  Several types of viscous dampers have been proposed

a) Viscoelastic elements

b) Viscous walls

¢) Fluid viscous dampers
All of these devices can be modeled using a Kelvin Model. a Maxwell model. a4 Wierchen
model, Fractional derivative models, or a convolution model (Reinhorn et al . 1995) The
program IDARC includes routines tor the Kelvin and Maxwell models  The Maxwell
model 1s rccommended when the damper exhibits a strong dependency on the loading

tfrequency

I'he above devices are modeled with an axial diagonal element  Forces at the ends

of the elements are calculated according to
ST N (341)

where /- is the dynamic stiffness of the element, calculated considering a Kelvin or
Maxwell model, as described in Sections 334 and 335  The forces in the damper
clements are considered using a pseudo force approach. that is, the forces in the dampers

are subtracted from the external load vector

a) Viscoelastic dampers. made of bonded viscoclastic layers (acrvlic polymers)
have been developed by 3M Company Inc . and have been used in wind and seismic
applications World Trade Center in New York (110 stonies), Columbia SeeFirst Building
in Seattle (73 stories). the Number Two Umon Square Building in Seattle (60 stonies), and

the General Service Adnumistration Building in San Jose (13 stories)  Fig 3 13 shows a
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Fig. 3.13 Viscoelastic damper and installation detail (from Aiken, 1990)



typical damper and an installation detail in a steel structure  Sce Lobo et al (1993) for a

summary

b) Viscous Walls, consist ot a steel plates moving in ghly viscous fluid contained
in a thin steel case (wall), as shown in Fig 3 14 The viscous walls were developed by
Sumitomo Construction Company L.td . and the Building Research Institute in Japan  The
devices were investigated by Sumitomo Construction Company (Arima, 1988). and
installed in a 14 storv building in Shizuoka city, 150 km west of Tokyo. Japan
Earthquake simulator tests of a S story reduced-scale building. a 4 storv full-scale steel
frame have been carried out (Arima, 1088) More recently, a 3 story | 3 scale reinforced
concrete building has been tested in the Larthquake simulator at the State University of
New York at Buffalo (Reinhorn et al. 1994) The devices exhibit a nonlinear viscous

behavior with stiffemng characteristics at high frequencies (Reinhorn et al | 1995)

c) Fluid Viscous Dampers. have been extensively used in military applications for
many vears because of their efficiency and longevity  This kind of devices operate on the
principle of fluid flow through orifices The damper was used to reduce recoil forces
Modern fluid dampers have only recently been used in large scale structural applications
The device 1s designed to be insensitive to significant temperature changes, and can be
designed to exhibit linear or nonhinear viscous behavior (Reinhorn et al . 1995)  The size
of the device 1s very compact in comparison to torce capacity and stroke  Experimental
studies have been recently performed by Constantinou et al (1993). and by Reinhorn et al

(1995)

3.2.10 Friction Damper Elements

Friction damper ¢lements are one of the tvpes of supplemental energy dissipation

devices that have been introduced to enhance the seismic response of buildings  These
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tvpe of devices dissipate input energy through trictional work  Several types of friction
dampers, or friction like devices, have been proposed

a) Fniction devices

b) Lead extrusion devices

¢) Slotted bolted connections
Modeling of these devices 1s done using a Wen-Bouc model (Reinhorn et al . 1995)
without strength or stiffness degradation  Details of the Wen-Bouc model used in IDARC

are described in Section 3 3 ¢

The friction devices are modeled with an axial diagonal clement  Forces at the

ends of the elements are calculated according to
ek (342)

where [, 1s the dynamic stiffness of the clement. caiculated considening the smooth
hysteretic model described in Section 336 The forces in the damper elements are

considered using a pseudo torce approach, that s, the torces in the dampers are subtracted

from the external load vector

a) Friction devices. have been developed and manutactured for many vears by
Sumitomo Metal Ltd (see Fig 3 15)  The behavior of the devices are nearly unatfected
by amplitude. frequency, temperature. or the number of applied loading cvcles (Reinhorn
et al ., 1995) The onginal application was in railway rolling stock bogie trucks, but since
the mid 1980°s the friction dampers were extended to the tield of structural and seismic
protection  Fricion dampers were suggested as displacement control devices for bridge
structures with shding supports made of stainiess steel-bronze surtace (Constantinou et al .
1991) Recently. fricion dampers manufactured by the Tekton company were tested in
the seismic simulation laboratory of the State University of New York at Buflalo
(Reinhorn et al . 1995)  This type of friction dampers are manutactured with simple

components to minimize the cost of manutacture  The friction force in the damper can be
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Fig. 3.15 Sumitomo friction damper and installation detail (from Aiken, 1990)
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adjusted through appropriate torque of the bolts that control de pressure on the friction

surfaces A detailed evaluation of the dampers i1s presented by Li et al (1995)

b) Lead extrusion devices (1.1:D), lead extrusion was identified as an effective
mechamism for energy dissipation in the 1970°s (Robinson and Greenbank, 1976)  The
hysteretic behavior 1s similar to a friction device, and shows stable cvcles unaftected by the
number of loading cycles, environmental factors, or aging (Robinson and Cousins, 1987)
Lead extrusion devices have been used in a 10-story base isolated building, in Wellington,
New Zealand (Charleston et al, 1987), and in seismically isolated bridges (Skinner et al .
1980) 1In Japan a |7-story and a 8-story building have lead extrusion devices connecting

the precast concrete wall panels and the structural frame (Qiles Corp . 1991)

c) Slotted bolted connections, are bolted connections designed 1o dissipate
energy through friction steel plates and bolts (Gnigorian and Popov. 1993)  The
development of slotted bolted connections is to attempt to use simple modifications 10

standard construction practice and matenals widely available

3.2.11 Hysteretic Damper Elements

Hysteretic damper devices are energy dissipation devices that reduce the dynamic
response of structures subjected to carthquake loads Hysteretic dampers dissipate energy
through inelastic yielding of the device components  Several types of hysteretic dampers
have been introduced

a) Yielding steel elements

b) Shape memory alloys

¢) Eccentrically braced frames
Most of these devices can be modeled using a Wen-Bouc model without strength or
stiffness degradation  Details of the Wen-Bouc model used in IDARC are described in

Section 3 36
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The hysteretic dampers are modeled with an axial diagonal element  Forces at the
ends of the elements are calculated according to
'r 1)

O
SRS 5
IR

(343)

— e

where [, is the dynamic stiffness of the element. calculated considering the smooth
hysteretic model described in Section 336  The forces in the damper elements are

considered using a pseudo force approach. that is, the forces in the dampers are subtracted

from the external load vector

a) Yielding steel elements, take advantage of the hysteretic behavior of mild steel
when deformed in their post-clastic range The devices exhibit stable behavior. long term
reliability, and in general good resistance to environmental and temperature factors Many
of these devices use mild steel plates with triangular or hourglass shapes (Tyler, 1987,
Stiemer et al, 1981) so that yielding occurs almost uniformly in the device One such
device, ADAS, uses X-shaped steel plates (Bergman and Goel. 1987, Whittaker et al ,
1991) ADAS devices have been installed in a non-ductile reinforced concrete building in

San Francisco (Fiero et al , 1993), and in two buildings in Mexico City

Triangular plate energy dissipators were originally developed and used in base
isolation applications (Boardman et al . 1983) The triangular plate concept was extended
to building dampers in the form of triangular ADAS. or T-ADAS (Tsai and Hong. 1992)
The T-ADAS device does not require rotational restraint at the top of the brace
connection assemblage. and there is no potential for instabilitv of the plate due to

excesstve axial load on the devices

An energy dissipator for cross braced structures using mild steel round bars or flat
plates was developed by Tvler (1985), and used in several industnal warchouses in New
Zealand Variations on the cross bracing device have been developed n italy (Ciampi.

1991) A 29-story steel suspension building in Naples utilize tapered steel devices
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between the core and the suspended floors A six-story government building in Wanganui,
New Zealand, uses steel tube energy absorbing devices in precast concrete cross braced
panels (Maithewson and Davey. 1979) The devices were designed to yield axially
Recent studies have been carried out to study different cladding connection concepts

(Craig et al ., 1992)

A number of mild steel energy dissipation devices have been introduced in Japan
(Kajima Corp . 1991 Kobori et al . 1988) lHoneycomb dampers. formed by X-plates
loaded in the plane of the X. have been installed in a 15-storv and a 29-story building in
Tokvo Kajima Corporation developed two type of omni-directional steel dampers Bell
dampers and Tsudumi dampers (Kobori et al | 1988) The Bell damper is a single tapered
steel tube, and the Tsudumi damper is a double tapered tube intended to deform as an
ADAS X-plate Bell dampers have been used in the massive 1600 fi long artificial ski
slope structure to allow for differential movement between four dissimilar parts of the
structure under seismic loading A joint damper between two buildings has also been

developed (Sakurai et al . 1992). using 4 short lead tube loaded to detorm in shear

b) Shape memory alloys. arc capable of vielding repeatedly without sustaining
any  permanent deformation because the material undergoes reversible  phase
transformations as it deforms rather than intergranular dislocations  Thus. the applied load
induce crystal phase transformations that are reversed when the loads are removed The
devices are therefore selt-centering  Scveral tests with this tvpe of dampers have been
carried out a 3-story steel model was tested with Nitinol (nickel-titanium) tension devices
(Atken et al, 1992), and a S-story steel model was tested with a copper-zinc-aluminum

device (Witting and Cozzarelli. 1992)

¢) Eccentrically braced frames (1:BF) have become a well recognized and
widely used structural system for resisting lateral seismuc forces  Hysteretic behavior is
concentrated in specially designed regions. shear links, and other structural elements are

designed to remain clastic under all but the most severe excitations  Extensive research
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has been devoted to EBF (Roeder et al . 1978, Popov et al . 1987, Whittaker et al | 1987)
and the concept has gained recognition and acceptance by the structural engineering

profession since the inclusion of design rules into seismic code practice

3.2.12 Infill Pane! Elements

Infill panetl clements were included in the new version of the program IDARC
using a smooth hysteretic model that connects two stories in the building  Details of the
smooth hysteretic model used can be tound in Section 3 3¢ The proposed analytical
formulation assumes that the contribution of and inftill panel can be modeled using
compression struts (see Fig 3 16 for masonry infill element)  This assumption is often
used in the analysis of Masonry infill panels (Reinhorn et al . 1995d) and other types of
infill panels The formulation for the infill panel clement is capable of modeling a variety
of panel types by changing the values of the control parameters in the smooth hysteretic

model The masonry infill panels are described with greater detail below
3.2.12.1 Masonry Infill Panels

The prograin ts capable of determining the hysteretic parametets for masonry
nfilled frames The stress-strain relationship for masonry in compression is commonly
idealized using a parabolic tunction (Reinhorn et al . 1995d) until the peak stress ) is
reached, then it is assumed to drop linearly with increasing strains to a small fraction of the
peak value, and then remains constant at this value of stress (see Fig 3 17)  The assumed
constitutive model tor the masonry struts 1s shown in Fig 3 18 The struts are considered
ineffective in tension, however, the combination of both struts prowvides resistance in both
directions of loading The lateral force-deformation relationship assumed for the system
of compression struts is shown in Fig 3 19 The analvtical formulations for the envelope

were developed based on the masonry constitutive model and a recent theoretical modcl
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for infilled masonry trames suggested by Saneinejad and Hobbs (1995)  The formulations

tor masonry infilled frames are brietly summarized herein

Considering the masonry infilled frame shown in Fig 3 16, the maximum lateral
force 1, and the corresponding displacement n,, are calculated as (Saneinejad and
Hobbs, 1995)

P A £ cosO

: vl (3 44a)
o N 3 44a
(1 045tan0’)cosd
O83(AMPul’
cos0
el
u, v (3 44b)
cost
in which 7 1s the thickness or out-of-plane dimension of the masonry infill panel. {7 is the
masonry prism strength, €., is the corresponding strain, v is the basic shear strength or
cohesion of masonry, and 4, and /., are the arca and length ot the equivalent diagonal

struts obtained from (Saneinejad and Hobbs, 1995)

0 S’ :

A, (l o )(1 Ih'c_ oLl tf - (3 45a)
f t cost

L, (U a)w o (3 45b)

Where the quantities &, a,.. o . 1., f, and f depend on the gecometric and material

properties of the frame and the infill panel  The relations used to calculate these quantities
are presented in Appendix D
The monotonic lateral force displacement curve 1s completely defined by the
maximum force 1 | the corresponding displacement #, . the initial stiffness A and the
ratio a of the post-vield to initial stiffness  The mnimal suffness A can be estimated using
the following relation
%

’\' m { 340
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The lateral yield force and displacement in the masonry infill can be calculated from

(Retnhorn et al., 1995d)

R M T S
I ' ' (3 47a)
1 «a
;- .
u, " QA M, (3 47b)
KAl a)

A value of 01 1s suggested for the post-vield stiffness ratioc o The monotonic force
deformation model described was extended to account for hysteretic behavior due to

loading reversals and strain softening

A recommended set for the values of the controlling parameters for the smooth
hysteretic model described in Section 3 3 6 are listed in Appendix D However, other
values can be used to achieve difterent hysteretic response charactenstics  More
information on the solution of hysteretic model with slip 1s presented in Reinhorn et al .

(1995d)

3.2.13 Moment Releases

A perfect hinge could have been modeled as an end spring with zero stiffness,
however, the implications i the numerical analvsis are leading often to singular matrices
Therefore, a perfect member hinge is modeled by setting the hinge moment to zero and
condensing out the corresponding degree of freedom  1f a hinge is assigned at the end b~
of an element the rclation between moments at the joint “a™ and at the face of the element
1s given by (see Fig 3 20)

TR

M. AL (3 48)
ol AL

The element stiffness equation relating moments and rotations is
My k{o,) (3 49)

Where k_is a coefficient obtained by condensing the element stiffness matrix
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Fig. 3.20 Modeling of moment releases in structural elements
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kK], ([[I:]]‘) (3 50)

Where [K] are the coefficients of the element stiffness matrix calculated considering the

spread plasticity model

The overall equilibrium equation for the entire element becomes

X, u,
M (Y e
S R e 35
i"l; Y _{R',}{R‘}\"L“ (351)
“‘lu,‘j ‘Oh
Where
R A
R : (3 52
R} s 132
0

This element can be integrated into the global structural model as a standard
element In case of a single column structure the degree of freedom "b” 1s eliminated trom

the global stiffness matrix
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3.3 Hysteretic Rules

Modeling the hysteretic behavior of structural elements 1s one of the core aspects
of a nonlinear structural analysis program The new release of IDARC includes the
following types of hysteretic response curves

a) Three parameter Park model

b) Tr-Linear Steel model

¢) Bilinear hysteretic model

d) Kelvin model

¢) Maxwell model

) Smooth Hysteretic model
Currently, cach of the programmed hysteretic models are used for different structural
elements  Columns. beams, shear walls and rotational springs can be modeled using a
three parameter Park model, a tri-linear steel model. or a bilinear model The program has
been modified to allow for the later addition of other hysteretic models  Viscoelastic
dampers are modeled using either a Kelvin or a Maxwell model. while infill panels are
modeled using the smooth hysteretic model Each of the available hysteretic models in the

program are described below
3.3.1 Three Parameter Park Model

The three parameter “Park hysteretic model™ was first proposed by Park et al
(1987) as part of the original release of IDARC.  The hysteretic model incorporates
stiffness degradation. strength deterioration, non-symmetric response, slip-lock. and a
trilinear monotonic envelope The model iraces the hysteretic behavior of an element as it
changes from one linear stage to another. depending on the history of deformations  The
model 1s therefore piece-wise hnear Each lincar stage is referred to as a branch
Figures 3 21 and 3 22 show the influence of various degrading parameters on the shape of

the hysteretic loops For a complete description of the hysteretic model see Park et al
(1987)
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3.3.2 Tri-Linear Steel Model

To capture the response of steel structures a tri-linear hysteretic model was
introduced  This hysteretic model does not include stiftness degradation.  strength
deterioration or slip, since its intended 10 capture the loops of structural steel elements

Fig 3 23 presents the branches of the hysteretic model and typical hysteretic curves
3.3.3 Bilinear Hysteretic Model

The commonly used bilinear hysteretic model was also included as an options for
vanous structural elements  Fig 3 24 presents the branches of the hysteretic model and

typical hysteretic curves
3.3.4 Kelvin Model

The behavior of viscous dampers can be modeled using a Kelvin or a Maxwell
model (Reinhorn et al | 1995a) The Kelvin model includes the contribution of a stiffness
element. and a linear viscous damper (see Fig 3 25)  T'he force displacement relation ot a
Kelvin element 15

£ Kulo) - Cule) (3 53)
Where wn and wmn are the relative displacement and velocity of the damper, & is the

damper storage stiffness. and (7 is the damping coeflicient

Considering the response of a damper clement to a harmonic motion, the
properties of the damper can be identificd (Constantinou and Symans. 1992)  Consider
that the damper is subjected to a harmonic motion

u(t) n siny (3 S4)
The torce in the linear viscous clement s

oy Cu QeosQr (3 5%)
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Fig. 3.24 Bilinear hymereﬂc

63



Fig. 3.25 Kelvin model: a) Damper behavior, b) Linear stiffness component; C) Linear
damping component
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Fig. 3.26 Maxwell model for damping devices
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Eliminating time, force and displacements are related according to

A? :
( L (“] K (3 56)
(‘2“0} \”o/

that represents an ellipse with amplitude », and <, (see Fig 3 25¢) The energy
dissipated by the viscous element is obtained by equating the area in the ellipse
W, moeow! (357

The damping coefficient is therefore.

(‘ . ,,/,,:, (3 58)

Form the total element force, the following relation between force and displacements is

obtained:

TR : RNk

TR ( (K KONk }(u

Sl I TR e I O [ S | [ TN ) T I 359
‘\('().M” /‘ \“n) g k(‘()/ [\({2)\( 'Slu“ u)} ( )

/

The stiftness coeflicient is therefore

el (3 60)

Most damping devices display frequency dependency properties, therefore, the
stitfness and damping charactenistics calculated in kgs 3.60 and 3.58 are dependent on the

testing frequency (2 Frequency dependency of the Kelvin model can be determined by

Fourier transformation of Eq 3.53

Pty - Klodu(a) + oo o) (3 6la)
or

Fdo) -~ (K)o K (o)) - K (o)l ) (3.61b)
Where the complex stiftness & '(«) has a real component, K (=), known as th2 “storage”
stiffness, and an imaginary component, & .(w) defined as the “loss” stiffness

K:(m) el {ar) (1 62)

In the computer program IDARC the forces in the viscoelastic Kelvin elements are

determined as
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P, ~ku +cn (3.63)
in which &, and ¢ can be obtained for each device using Eqs 3 60 and 3 58, and « and
u, are the relative displacements and velocities in the damper /" that can be obtained
from the global displacement and velocity configurations of the structure  The force in
dampers with identical properties can be modeled as

{F.} - [AK[u} + [AC[u} (3 64)
where [AK] and [AC] are the changes in the stiffness and damping matrices due to the
addition of dampers For damping braces with identical properties throughout the
building, these matrices are

|AK] - £|B] and [AC] ¢ [B]
where & and ¢, are the properties of the base damper, and matrix [B] is a “location™

matrix indicating the inclination of braces and the number of braces at each location For

the identical dampers case, this matrix is

| N, cos 9, N cos 0
N cos’ 0 Nocos O +N ,cos O . N cos 0,
(8] - '
N, cos O
N.cos 0, +N.cos 0. } (3 65)
N.cos 0. N.cos 0. ‘

|
N.ocos 0.+ N cos O

where N is the number of dampers in brace level */” with and angle of incidence of 6,

Kelvin elements have a stiffening contribution also for monotonic or quasi-static
loads. The dynamic stiffening contributes to a further reduction of displacements. and an
increase in the base shear. For pushover and quasi-static analyses the combined influence
of the static and dynamic stiftening provided by the Kelvin element is accounted for using

an equivalent dynamic stiffness defined as (Reinhorn et al . 1995d)
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K, - JK{‘W ro (3.66)
where K, and (' are determined using kqs 3 60 and 3 S8 for a value of © often

taken as the fundamental circular frequency of the structure

3.3.5 Maxwell Model

The behavior of viscous dampers can be modeled using either a Kelvin or a
Maxwell model (Reinhorn et al , 1995a). When a damper displays a strong dependency on
trequency, the more refined model using a Maxwell model is recommended This model
was found suitable to represent fluid viscous dampers with accumulators (Constantinou
and Symans, 1992) The Maxwell model consists of a damper and a spring n series (see

Fig 3.26) The force in the damper is defined by

) - () Cule) (3 67)
in which A is the relaxation time

v (3 68)

v A,” R

Where KA., is the stiffness at an “infinitely” large frequency. €, is the damping constant at

zero trequency  The Maxwell model can be expressed in the frequency domain as

I (o) (K,((n) ‘ IK..((!)))II((L)) (3 69)
Where the storage stiftness and the loss stiftness are
e o)

ANlw) O, R O (3.70a)
2 " (o) " (o)

ko) ocl) 07 (3 70b)
Ao) oo . 3
: 1+ (o)

The dependence of the normalized damping and stiftness coeflicients with frequency is

shown in Fig 327
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Fig. 3.27 Stiffness and damping versus frequency in Maxwell madel
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For convenience in the solution procedure, Eq 3 67 can be expressed as

. o i I .,
FI (K uat) ) 1(e) + }' n(() (71
that can be solved simultaneously with the other time dependent structural components
in the computer program IDARC, the forces in the viscoelastic Maxwell dampers are

expressed as
L, 6y (372)

The solution of which 1s found using the semi-implicit Runge-Kutta method (Rosenbrook,

1964)

(AL) Ak ) Rk R (373)
where (AI';,., \" is the increment in force of damper "1 at time step “4”. k, and /, arc
determined from (Reinhorn et al - 199%a)

; YT ) V\

k1 oan” . iy )\ (3 74a)
ol

&

I«ff(l; ook, )

L1 wA o
' il

AR LY AR A A Y] (3 74b)

Where the constant parameters R, K.. a . a.. b and ¢ were sclected 1o obtain a
tourth order truncation error (Rewmhorn et al, 1994y R 078 K. 02§,

a a. 07886751, b, 11547005 and ¢, 0

Maxwell elements have a stitfening contnbution in the dvnamic response, and
therefore will also have a contribution to the monotome or quasi-static loads  The
“dvnamic stitffening” contributes to a further reduction of displacements. and an increase in
the base shear  For pushover and quasi-static analvses the combined intluence of the static
and dynamic stiffening provided by the Maxwell element is accounted for using an

equivalent dynamic stiffness defined as (Reinhorn et al | 1095h)

K, \(’[K\:w R © "(',fw (379
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Where K. and (' are determined using kg 3 70 for a value of o often taken as the

tundamental circular frequency of the structure

3.3.6 Smooth Hysteretic Model

A smooth hysteretic model 1s used in IDARC to model the response of friction
dampers. hysteretic dampers, and infill panels  The smooth hysteretic model used also for
mnfill panels include the effects of stiffness degradation. strength deterioration  and
pinching  Such etfects are not included in the model used for dampers since no significant
degradation, deterioration or pinching is observed in their response  The development of
the present hysteretic model 1s based on the Wen-Bouc model (Bouc, 1967, Baber and

Noort, 1983) The hysteretic model with degradation and shp s described below

The force displacement relationship for the smooth hysteretic model is (see
Fig 319)

M CTR (R TS (3 76)
in which I’ and }" are the instantancous force and the vield force. respectively, p is the
normalized displacement calculated as

M " (377)
u

where the subscript "1 is used to refer to the instantanceous values, while subscript “y7 is
used to denote vield values. a is the ratio of post-vielding to initial clastic stiffness (a0
for friction dampers), and 7 1s the hysteretic component determined from the following
cquations

7 p“[A 2" (Bsgn(, 7.) - y)] (3 78)
Where

sen(t.2) Vol (47) -0
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sen(n Z) Lt (@ /). 0
Eliminating the time ditferenual of . and noung that sgn(ji 7 ) sen(dj 7). g 3 78 Can
be rewritten for quasi-statical or monotonic loading

47 du [.»\ Z “(Bsen(dn 7 ) - ) (379

InEgs 378 and 379 4. 3 and v are constants that control the shape of the
generated hvsteresis loops, and # controls the rate of transition frem the clastic to the
vield state (Lobo. 1994) A large value of # approximates a biinear hyvsteretic curve,
while a lower value will trace a smoother transiic: Different hysteretic shapes with
variations on the various parameters can be “ound in Fang (1991)  To satisty viscoplastic

conditions the present development assumes that 4 [} -+ 10

An important characteristic in the hvsteretic response of infill panels is the loss of
stiftness due to deformation bevond vield (see Fig 3 28)  The stiftness deterioration due
to plastic excursions of the ntill panel 1s expressed as a tunction of the attained ductility
(Lobo, 1994) The stiffness decay s incorporated directly in the hysterctic model by
including the control parameter n The difterential equation for the hvsteretic parameter

Z (Eg 3 79) may be modified to generate stiftness deterioration as follows

['4 7 (Bsun(dp 7 ) )]

dZ du (3 80)
n
The control parameter is defined as
/u/ - >
n 10" _’ " (381

Where s is a control parameter used to vary the rate of stiftness decay as a tunction of
the current ductility pt . as well as the maximum attained ducubty 1! betore the start of

the current unloading or reloading cvele (Remhorn et al . 1995d) A value of v, 0
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simulates a non-degrading system A default value of s, 01 is suggested (Reinhorn et

al . 1995d)

Degrading systems such as masonry infill panels also exhibit a loss of strength
when subjected to cyclic loading in the inelastic range (see Fig 3 28)  The strength
deterioration in the smooth hysteretic model was modeled reducing the vield torce of the

panel according to
reos b (3 82)
where 1" is the reduced vield force at the k-th cvele of loading, 17 is the initial non-

degraded vield torce

The factor s, determines the amount of deterioration from the original vield force
and depends on the cumulative damage in the infill pane! during the response history A
damage index ( /3/ ) was used to quantify the cumulative damage in the infill panel The
reduction factor s, is related to the damage index according to

s. 1 DI (3 83)

The damage index proposed in this development. known as fatigue based damage index. is
a function of the auained ductility and dissipated cvclic energy (Reinhorn and Valles.

1995 see also section 3 6 2)

TR l
DI (3 84)
wool s, far,
! ‘
AL,

in which u’ _ is the maximum attained ductility in the response historv, (1 is the ductility

capacity of the infill panel. the parameters s . and s,. control the rate of strength

detenoration, J'dl',',, represents the cvclic energy dissipated before the start of the current

reloading cvcle, and £, 1s the monotonic energy capacity

E, Vu(n 1) (3 RS
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Thus, the damage tndex /3/ may also be expressed as (Reinhorn et al | 1995d)

{3 80O)

The proposed damage index can retlect the cumulative eftect of softening due 1o large
inelastic excursions without load reversal as well as strength degradation due to repeated

cyclic at moderate or small inelastic deformations

Pinching of the hysteretic loops due to opening and clostng of cracks 1s commonly
observed in concrete and masonry structural svstems subjected to evehie loading  Baber
and Noori (1985) proposed a general degradation model to mncorporate pinching in the
response of a single degree of freedom system  The model implements the smooth
degrading clement developed by Bouc and modified by Baber and Wen (1981) in series
with a time dependent slip-lock clement (non-linear hardening spring) A rate dependent
differential equation was proposed (Baber and Nooni. 1905) relating the velocity
contribution due to the shp-lock element with the hysterctic parameter 7. which was
solved simultaneously with the equations of motion for the sinzle-degree-of-freedom

system to obtain the rernonse of dynamically degrading pinching systems

The concept of slip-lock element proposed ..+ Baber and Noori (1985) has been
adapted for this studv to formulate a more peneralized hysteretic rule for degrading
pinching elements  The hysteretic rule is rate-independent and defines the force
detormation response of the pinching clement for any arbitrary displacement history
independent of the system differential equations  The present formulation incorporates a
slip-lock clement in senes with the smooth degrading element to develop a hysteretic
maodel for pinching response (see Fig 3 29y The normalized displacement of the pinching
smooth hysteretic element ¢ is the sum of the normalized displacement ot the smooth
degrading clement . and the slip-lock element w Inincrementai form. the relationship

can be expressed as
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Fig. 3.29 Slip lock element. a) Influence on hysteretic response; b) Slip-lock function
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dn dy, ¢ dy, (3 87)
in which Ju. and du. are the incremental normalized displacements of the smooth

degrading element and the slip-lock elements, respectively

The smooth degrading element is based on Bouc-Wen's model discussed earlier
Thus, the hysteretic parameter 7/ can be rewntten in terms of the displacement
contribution
[A " (Bsgn(du, Z) - y)]
n

1774 (3 88)

The following relationship is proposed for the displacement component p . in the slip-lock
element

du.  af{(Z)d7 (3 89)
in which the function f{Z) is taken as

A

N7Z) CXP\'\ /'x
in which 7 is the range of Z about 7 0. in which the slip occurs and thus controls the
sharpness of the shp The vartation of 7(Z) 1s shown in Fig 3 29b  Upon substitution of

Egs 3 87and 3 89into kg 3 88

- 12 (Bsun(upz) +
az A2 seld2) ) 3 90,
du 4

nfhuexpl\ ;J(A iZﬁ"(Bsgn(u’uZ) {))

In the present development, the slip length « is assumed to be a function of the

attained ductility

a Rip 1) (3 91)
Where K is a control parameter to vary slip length which mayv be linked to the sizc of
crack openings or reinforcement shp (Lobo. 1994). and 1’ is the normalized displacement

attained at the load reversal prior to the current loading or reloading cycle The effect of
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varying the control parameters of the slip-lock element on the pinching of hysteresis loops
is shown in Fig 3 30 The parameter Z . that controls the sharpness of the slip, is
assumed to be independent of the response history  Slip occurs in the range of 7 equal to
Z . and is symmetric about Z O In order to shifi the effective slip region to be
symmetric about an arbitrary 7 7. the value of Z used for slip may be offset by a value

4

Z/ o A_ : M‘n(B\bg’n(dul) ) Y) (392)
H ; . (2 7}
nl-aexp ( 7 ) {(A 2" (Bsgn(dy?) /))
[ \ -~ ‘

Equations 3 81 and 3 91 with Eg 3 92 furnish a modified Bouc-Wen model for hysteretic
pinching elements subjected 1o dynamic or quasi-static loading For dynamic analysis.
Eq 3.92 can be rewritten in a rate dependent form

) A 27" (Bsgn(n2) +

Z:p“, — L “B!’,QJJ}Y) G (3 93)

[ / -~ 3\ !
‘ v\Z 7 [

ataee 7 aripsntin) 1)
1 ‘ S

| |
t

N \

The solution of the differential equation (kg 3 92 for quasi-static loading and
Eq 3 93 for dynamic loading) can be reduced to the following general form

I'(u) - f(} u) (3 94a)
in the quasi-static case, or

FFuy = f(F,u.) (3 94b)
in the dynamic case Differential equations of this form can be incrementally integrated
using the semi-implicit Runge-Kutta method (see section 33 5) The increment A/ is
given by

Al b T Rk R (2 95)
in which the subscript “&" denotes the k-th step The quantitics &, and /, are determined

from

77



FORCE (KIPS)

FORCE (KIPS)

300 - e S 300 -
20.0 - : 20.0 -
. - (’/')‘ -
10.0 - -a  10.0 .
- - é .
0.0 - w 0.0
. . %:) .
-10.0 - o -100 - -~
- TH -
-20.0 - z . -20.0 ——
a00 b 1 ggol. L.l E
20 10 00 10 20 20 10 00 10 20
DISPLACEMENT (IN) DISPLACEMENT (IN)
30.0 [ r N ]--w.——j 30.0 [——r—[ T T
20.0 : ) ! 20.0
- - a -
10.0 : - 10.0
¥
0.0 - W 0.0 :
S .
-10.0 . & -100 f ‘
A=02 - LL - As=0.5
-20.0 : Z,=0.05 - -20.0 | L Zg=0.1
i |  Z=00 - - l Z=00 -
_300 Lo ; [ O VR | ' ! _30.0 | 1 [ i ' | 1
-20 1.0 00 10 20 20 -10 00 10 20
DISPLACEMENT (IN) DISPLACEMENT (IN)
Constant Parameters
A=10 o= 0.01 sk =0.1
B=0.1 V, = 25 Kips Sp1=0.8
y=09 Ko=125 K/in Sp2=1.0
nN=2 uc=25

Fig. 3.30 Influence of varying the slip-lock parameters
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(f(l )l

|- aAx /(/ JAx (3 96a)

| f / e /(

11 a.\x (*: . ) /( s hk )Ax (3 96b)
| or
To obtain a fourth order truncation error the coeflicients are (Reinhorn et al | 1994)

R, 075, R 025.a a. 07886751 h 11547005 and . O

3.4 Analysis Modules

The program calculates the nonlinear response of the structure under the
following four possible analysis options

a) Nonlinear S1atic Analysis

b) Nonhnear Pushover Analysis

c) Nonlinear Dynamic Analysis

d) Nonlinear Quasi-static Analysis
The user may select any of the four options for the analysis, or a combination of a

nonlincar static analysis with any of the three other analvsis options

For all four analvsis options, the s-stem to solve assumes the following form

[K J{Au} {AF) (397)
Where |K,] is the vverall tangent stiffness matrix of the structure. }au} is the vector of
unknown nodal displacement increments, and {aF} s the vector of applied load

increments  Since the stiffness matrix is banded and svmmetric. the matrix 1s stored n a
compact scheme with the diagonal elements in the first column and the remaiming half’

width diagonal terms are stored in the adjacent columns

The element stiffness matrices are first calculated at the element level, and later

assembled onto the global stiffness matrix  The suffness matrix is then modified to
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account for P-Delta effects if required by the user The load vector in the structure is
determined depending of the choice of analysis being performed Element sub-matrices
are stored to enable direct computation of the end moments and shears, and the hysteretic
model checks for changes in the element stiffness The global stiffness matrix is only
upgraded if an element changed in stiffness A single step force correction procedure is

incorporated in all analysis options

3.4.1 Nonlinear Static Analysis

The analysis phase begins with the evaluation of the initial stress states of members
under dead and live loads that exist in the structure prior to the application of monotonic.
cyclic, or earthquake loads Static loads may be specified as distributed loads in the
beams, or as concentrated forces or moments in the model joints  When distributed loads

are specified, the program internally calculates the fixed end forces

Moments are assumed to have a linear distribution when the beam flexural matrix
1s generated, therefore, stress levels due to initial loads must be relatively small so that the
assumed moment distribution pattern is not significantly violated  Otherwise, beam
elements must be subdivided into sub-clements so that the moment distribution due to

gravity loads is captured effectively

The prescribed static loads may be apphed incrementally to capture stress
redistribution due to inelastic response.  If the system is expected to remain elastic with
the gravity loads applied, the entire load may be applied in a single step. otherwise, care
should be taken to sub-divide the static loads in a reasonable number of increments so as
to trace the nonlinear response accurately A simple technique o assure convergence in
the static analysis is to increase the number of loading steps until consistem results are
obtained Note that this module may be used also (o perform nonlinear nonotomc

analysis
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3.4.2 Nonlinear Pushover Analysis

The nonlinear pushover analysis, or collapse mode anaiysis, is a simple and
efficient technique to predict the seismic response of prior to a full dynamic analysis A
pushover analysis can establish the sequence of component yielding, the potential ductility
capacity, and the adequacy of the building lateral strength. The pushover analysis option
performs an incremental analysis of the structure subjected to a distribution of lateral
forces. The system of equations solved in this module are:

[K [{au}  (aF) {aP } {aP.} {aP,} {aP, }sc . }AF, ) (3.98)
Where [K,] is the tangent structural stiffness, {Au} is the vector with the increment of

lateral displacements, {AF} is the vector with the increment in lateral forces, !AP.},

{aP, ). {aP,}, and {aP,| are the vector with the increment of forces in viscous

dampers, friction dampers, hysteretic dampers, and infill panels respectively; « _, is a

correction coefficient (usually taken as one), and {AF,.} is the vector with the unbalanced

forces 1n the structure

The pushover analysis may be carried out using force control or displacement
control In the former option. the structure is subjected to an incremental distribution of
lateral forces and the incremental displacement arc calculated. In the tormer option the
structure is subjected to a displacement profile, and the lateral forces needed to generate
that deformation are calculated Typically, since the deformed profile is not known, and
an estimate of the lateral distribution of forces can be made, torce control is commonly
used For displacement control, the user must specify the target maximum deformation
profile of the structure This profile is internally divided by the number of steps specified
by the user, and then incrementally applied to the structure  In :ae force control option
the user must specify the maximum torce distribution, or select one of the torce
distributions available in the program

a) Uniform Distribution

b) Inverted Tnangular Distribution
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¢) Generalized Power Distribution
d) Modal Adaptive Distribution

Each of the distributions are briefly described below

a) The uniform distnibution considers a constant distribution of the lateral forces
throughout the height of the building, regardless of the story weights The force
increment at each step for story “r” is given by

Al
5

Al (3 99)

where 11, is the increment in the base shear of the structure, and \ is the total number of

stories in the building

b) The inverse triangular distribution, often suggested in building codes, considers

that the structure is subjected to a linear distribution of the acceleration throughout the

building height. The force increment at each step for story “/” is calculated according to

Al = === Al (3 100)

where 17 and 4 are the story weight and the story elevation, respectively, and 1\l is the

increment of the building base shear

¢) The generalized power distnbution was introduced to consider different

variations of the story accelerations with the story elevation  This distribution was
introduced to capture different modes of deformation, and the influence of higher modes
in the response The force increment at floor /" is calculated according to
N
L L Al (3 101)
S wnf
i1
where & is the parameter that controls the shape of the force distribution  The
recommended value for ¥ may be calculated as a function of the fundamental period of

the structure (7')



k-10 for 7 <05 sec
k& 20 for 1 -25 sec

0s

1 .
ko1 otherwise

Nevertheless, any value for 4 may be used to consider difterent acceleration profiles
Note that & 0 produces a constant variation of the acceleration, while & 1 produces a
linear variation (inverted triangle distribution), and 4 2 yields a parabolic distribution of

story accelerations

d) The modal adaptive distribution difters significantly from all the previous ones
in that the story force increments are not constant A constant distribution throughout the
incremental analysis will force the structure to respond in a certain form  Often the
distnbution of forces is selected considering force distributions during an elastic response,
however, 1t is clear that when the structure enters the inelastic range. the elastic
distribution of forces may not be applicable anymore If the pushover forces are not
modified to account for the new stiffness distribution, the structure is forced to respond in

a way that mav considerably differ trom what an earthquake may impose to the structure

The modal adaptive distribution was developed to capture the changes in the
distribution of lateral forces Instead of a polynomial distribution, the mode-shapes of the
structure are considered  Since the inelastic response of the structure will change the
stiffness matrix, the mode shapes will also be atfected. and a distnibution proportional to
the mode shapes will capture this change If the fundamental mode is considered, the

increment in the force distribution 1s calculated according to
Ha,

Z It
ot

where @, is the value of the first mode shape at story “¢", i} is the new base shear of the

Al

Lo (3 102)

structure, and /"' is the force at floor “¢” in the previous loading step
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The modal adaptive distribution may be extended to consider the contribution from
more than one mode  In this case. the mode shapes are combined using the SRSS method
and scaled according to their modal participation tactor  The incrementai force at story

1" is calculated according to
wid(or)
Lot o ‘
YuX(or)

where @ s the value of mode shape /" at story /7, I" is the modal participation factor

A]';

[ D (3 103)

i

for mode /7, I, is the new base shear of the structure. and /"™ is the force at floor “r in

the previous loading step
3.4.3 Nonlinear Dynamic Analysis

The nonlinear dynamic analysis is carried out using a combination of the
Newmark-Beta integration method. and the pseudo-force method The solution is carried

out in incremental form, according to
(M A}« [Cl A}« [K Jtau) - [MI{L, Jae, - {1 Jac ) {ap ]
{ap.} {ap,} {ap, ) c  {AF.}

where {M] is the lumped mass matrix of the structure. [C| is the viscous matnix of the

(3 104)

structure, [I\',] is the tangent stiffness matrix. }Auj. }Aa). and | Ai} are the
incremental vectors of displacement, velocity and acceleration in the structure.
respectively, {Lh} and { l,\} are the allocation vectors for the honzontal and vertical

ground accelerations, A¥, and A¥_ are the increment in the horizontal and vertical

ground accelerations, {AI’,}, {AP,,,}, {.'\P,,, } and {AP“,} are the restoring forces
from viscous dampers, friction dampers, hysteretic dampers. and infill panels. respectively.
¢ .. 15 a correction coefticient (usually taken as one), and {AF”, } is the vector with the

unbalanced forces in the structure

84



The solution of the incremental system is carried out using the Newmark-Beta

algorithm (Newmark, 1959), that assumes a linear variation of the acceleration, therefore

fad, . ted - aq(e vl vlad (3 105a)

tal, ., tud, o artad o f(os plal, - plad, | (3 105b)
where 3 and y are parameters of the method  The program IDARC 1s by detault set up
to perform the unconditionally stable constant average acceleration for numencal
integration, for which

814

yo2

but the parameters may be changed to perform a linear acceleration numencal integration,

tor which
B ole
y /2

Rearranging Eqs 3 105 yields the following expressions for the increment in

velocity and acceleration

£y Y "
Aa}, CoArdad, e e (A 3 100
HRUTIN A 20/‘\'%“}‘ B!u} [W{\u!,. (3 100a)
i
LA}, daa), . al, (3 106b)
'A% v

When substituting in Eq 3 104 | the governing equation of motion can be rewritten as
[k Jau). , {aF.} (3 107)

where [l\',,] and {Al{,,} are known as the equivalent dvnamic stiffness and load vectors

. ! Yo (e
[K,] B(Ar)"[‘“l , BA,l(.l k] (3 108a)
(ar, ) m{e, e, e dae) fae ) {aeL) (o) {ae, )
a1 Y et L] Yiepigay O 1ORP)
co AR} " 2I¥I‘~II'\2(¥ L) i), "\B_\,IMI‘ [3I(I;{u},
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The increment in displacements is calculated when the system of linear algebraic
equations in Eq. 3 107 1s solved Velocity and accelerations may be calculated by direct

substitution in Eqs 3 106a and 3 106b. respectively

The solution 1s performed incrementally assuming that the properties of the
structure do not change during the time step of analysis — Since the stuftness ot some
clements is likely to change during the ime step. the new configuration may not satisty
equilibrium A compensation procedure 1s adopted to mimmize the error by applving a

one step unbalanced force correction

At the end of step ¢ - Ar the difference between the restoring force calculated
using the hysteretic model ({R}). and the restoring torce considering no change in

stiffness during the step ({ R’} ). vields the unbalanced force (see big 3 31)

{AF .} R} (R (3 109)

This corrective force is then applied at the next time step of analysis  The
unbalanced forces are computed when moments, shears and stiffness are being updated in
the hysteretic model Such a procedure was first adopted in DRAIN2D (Kannan and
Powell, 1973) since the cost of performing iterations in the nonlinear analysis would
become prohibitive, especially for large building systems However. it must be pomnted
out that this technique is not physically accurate. since adding the unbalanced forces at the
next time step has the effect of modifying the input loads  Such a procedure generally
works well when small unbalanced forces occur To minimize the magnitude of the
unbalanced forces. a sufficiently small time increment must be sclected for analysis
Numerical instabilities in the program are often due 10 an inadequate time step. that have
lead to large unbalanced forces and problems in the hysteretic routines to trace the actual

response of the elements

The viscous damping matrix 1s calculated in the program using one of the

following options
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a) Mass proportional damping

b) Stiffness proportional damping

¢) Rayleigh damping
All three options can be expressed as

[l a,Im]+a,[K] G 110)
where the coetlicients a,, and a, are calculated depending on the tvpe of damping
matrix selected
a) Mass proportional damping

a,, 2L (3 111a)

o, 0 (3 112b)
where £, and v, are the critical damping ratio and the circular trequency for mode “¢™

b) Stiffness proportional damping

a, O (3 112a)
Z

o, (3 112b)
o,

c) Rayleigh damping

oo 2Loo

a, . . (3 113a)
) [}
e o33
280 2o,
o, C . (3 113b)
O ON

when the damping ratio is the same in both modes considered (£ £ £) the

expressions simplify to

oo
a,, co (3 114a)
O 0
2
a, s (3 114b)
o, v(x)l

In the program IDARC. the circular frequency corresponding to the first mode of

vibration s used for the mass and stiffness proportional damping, while the circular
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Fig. 3.32 Computation of shear due to P-delta effects
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frequencies corresponding to the first and second modes are used for the Rayleigh
damping type Under these conditions. mass proportional damping will vield a smaller
damping ratio for the higher modes, while stifthess proportional and Rayleigh damping

will yield a higher critical damping ratio for the higher modes
3.4.4 Nonlinear Quasi-static Analysis

A common testing procedure for components and sub-assemblages is to perform
cyclic loading of the specimen against a reaction frame  The history of cvclic loads may be
applied to the specimen in force or deformation control  The computer program IDARC
is capable of performing both types of cyclic loading by specitying the force or
displacement history at one or more story levels In both cases the program internally
interpolates between user-specified points for a more accurate analvsis  The system of
equations solved in the quasi-static routine are the same ones solved in the pushover

routine (Eq. 3 98)

3.5 Additional Program Features
3.5.1 P-Delta Effects

The additional overturning moments generated by the relative inter-story drifts are
generally referred to as P-delta effects  Such moments arise essentially due to gravity
loads and are usually taken into consideration by evaluating axial forces in the vertical
elements and computing a geometric stiffness matrix which is added to the clement

stiffness matnix

In the program IDARC, P-delta effects are represented by equivalent lateral forces,
equal in magnitude to the overturning moments caused by eccentric gravity forces due to

inter-story drift (Wilson and Habibullah, 1987) Consider a typical vertical element
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between two story levels shown in Fig 3 32 Taking moments about the lower story

level, the following equilibrium equation is obtained

Ph "’(M/ + M ) N‘(u, N I) 00 3 115)

Considering equilibrium of the additional gravity load shears at story level ~r the
following expression is obtained

p N‘(u‘ " ;) N,_,(um u{)
Rk (3 116)

d

The above equations can be written in the following form for each component
(P} [K. [ au} 3117
where [K(.,] is a tridiagonal matrix similar to the geometric stiffness matrix in the finite

elements. This matrix is added to the overall stiffness prior 10 the start of a new analysis

step
3.5.2 Spread Plasticity Model

The moment distribution along a member subjected to lateral loads is linear, as
shown in Fig. 3 33 The presence of gravity loads will alter the distribution, and in cases
of significant gravity load moments the structural elements should be subdivided to
capture this variaion.  When the member experiences inelastic deformations. cracks tend
to spread from the joint interface resulting in a curvature distribution as shown in Fig
333 Sections along the element will also exhibit different flexibility characteristics.
depending on the degree of inelasticity observed (see Fig 3 34) The program 1IDARC
includes a spread plasticity formulation to capture the variation of the section flexibility.

and combine them to determine the element stiffness matrix

The flexibility distribution in the structural elements i1s assumed to follow the

distribution shown in Fig 3 34, where [/ and 1./, arc the current flexural stiffness of
the sections at end “A™ and “B". respectively, /27 is the stiffness at the center of the

element, (;4, is the shear stiffness of the element, assumed constant througheut the
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length, o, and a, are the yield penetration coeflicients. and /. is the length of the
clement. The flexural stiffness 1./, and /.7, and the shear stiffness (74, . are determined
from the hysteretic model. The stiffness 1./ and the yield penetration coefficients a ,
and u, are determined as indicated in Section 3 S 3, depending on the moment

distribution and the previous yield penetration history

The flexibility matrix. including shear distortions, relating moments and rotations

at the ends of the element is.

0. i‘f" S i[M] (3 118)
18HJI ' llfm f/m n A"n i} )

where 0 , and 0, are the rotations at the ends, A/, and A/, are the moments at the ends
of the element The flexibility coefficients are obtained from

r m (x)m (x) v (v (x)
mbm ) b

, : 3119
A T " GA, G319

Where m (x) and m (x) are the moment distributions due to a virtual unit moment at end

"I or ", respectively, v (x) and v (x) are the corresponding shear distributions

Afier some algebra, the flexibility coefficients can be written as (1.obo, 1994)

. AR '\i(m“s :)f' D e
P, e, k)% TR )%
O AN U ANV Ve B (3 120a)
L
GA, 1
l 4 \ ( |
L1 2 I ! ! :
fm ol i - 9 :(2(1! (1“) 1 (..(1,, Cl,)
J \ !
120 k1, LI, 21 L1, ’J (3 120b)
1
,
GA, 1
oo (3 120¢)
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AR (1 l}(w w ‘)(1 '\i‘i
e e S i - ot L Bt T
I Lu,, pr, ) O%n T Ty gy

1
+-7
GA, L

(3 120d)

In the current release of IDARC, the formulation above was rewritten, and close form
solutions were derived for the element stiffness matrix to avoid numerical instabilities if’

close to failure conditions are observed in flexure or shear

The flexibility coeflicients in the current release of the program are

I} 1
Lo 3121
CRTYSNE, FI, it GA,L L (3.121)
fuw=1 ! /i ! (3 121b
= = T T T 4 T 4
w = =y i, Gal 3 121b)
fon - L f. b 3121
Lo " p e 11, T GA L (312l
where
S, =4kl KT, +(I:'l‘, -k, )Idl,,((xx L, 4o +(1',) s 12
(3 122a)
(K1, - E1)E )
=2t 01, (k1 - E)EL (29, -
AH 1 B ( ‘ !) !( 1 l) (3 122b)
(#1, - E1)E (205«
Fow AR EL (EL - B )ELG,
(3 122¢)

(k1 - EL)EL (60, - 40, +o))

Note that the total flexibility of the element is the sum of the flexural and shear

contributions.

The element stiffness matrix, including shear deformations, relating moments and

rotations at the element ends can be found

p

‘M,

% 1" k.'M k.lf{ .;4(9 o ‘; (9 4

; |
. LKL 3123
Myl Lk k10, (K Hg, (319
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Where the elements in the stifthess matrix are

120111 1,

y i (ro.G0. 05 0201 KT EL) (3 124a)
120041 0, . .
koo ky, N (r a6 281 KL 1, (3 124b)
V2ELELEL, o
(r.GA 17 0280 10 1, (3 124¢)
n,i ' '
D, GAL(f e fn) 0206 bl 21(f - 1 2f0) (3 124d)

In the present formulation shear or flexural failures of the element can be incorporated

3.5.3 Yield Penetration Model

The wvield penctration model combined with the spread plasucity formulation
captures the variation of the stiffness i structural elements  The spread plasticity
formulation described in Section 3 S 2 is dependent on the vield penctration parameters
@

, and a,,, and of the flexural suffness /.7 at the center of the clement  The rules tor

the varation of these parameters as the moment diagram changes in the element are

described below

The yicld penetration parameters, a , and o, . specify the proportion of the
element where the acting moment s greater than the section cracking moment, A/, or

M, These parameters are first calculated for the current moment distribution. and then

checked with the previous maximum penetration lengths o, and «

JAIEAN FARAINEN

the vield

penetration parameicrs cannot be smaller than the previous maximum values regardless of

the current moment distribution  Two cases for the moment distribution are identified
single curvature ané double curvature moment diagrams A set of rules are specified for

cach of these cases
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a) Single Curvature Moment Diagram (Af A, > 0)
In the single curvature moment diagram the moments at the end of the element
have the same sign. Depending on the moment distribution four cases can be identified

al) End moments smaller than the corresponding cracking moments

(M} <|M, | and M, <A1, )

+

a, Obuta,>a,,, {3 125)
o, Obuta, »a,.. (3 125b)
v 201 K, 3 125
A 3 125¢
KL E, (1220
a2) Moment at end “A" greater than cracking moment (:A/: -iAf, and

M, M,
a.vl Ai;‘ 7A_I*” - l bUI a" Ca HIAIBEN (‘; IZ()a)
a, ~0Obuta, >a,,. {3 126b)
Il 21“1[»”“’[1' (} la,b )
R 5 S 5 e
a3) Moment at end “B” greater than cracking moment (?AI,5< M,”:E and
M"u' >‘M//,,‘, )
o, Obuta, >a, . (3 127a)
A”H B A’l/m Py
a, - Aj’:——/\/l_, <1 but Wy >0y (3 127b)
204, L,
B L 3127
R DY A Y | ( ©

a4) Moment at both ends greater than cracking moments (M, M .. and

3'\4/!1 :)iA4H.r!)
a, 05 (3 128a)
a, 08§ (3 128b)
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201 1T, 3 18
ELCH, (3 1:8¢)
Where A, and A, are the cracking moments of the section corresponding to the sign
of the applied moments, /./ . and L/, are the elastic stiffness of the sections at the ends

of the element

b) Double Curvature Moment Diagram ( A/ A/, - 0)
In the double curvature moment diagram the moments at the end of the element
have different signs Depending on the moment distribution four cases can be identitied

b1l) End moments smaller than the corresponding cracking moments

(M, <M, and M, <M, )

a,~Obuta,>a, . (3 129a)

a, Obuta,>a, . (3 129b)

p 28T ET 2 129

Tk, (125)
b2) Moment at end “A" greater than cracking moment ( Af, -iM.,,? and

MM
M, M

o H Ail :A’.y‘, ) I bu‘ o i TQ e (3 I30a)

a, Obuta, ~a,_. (3 130b)

L1 210, 1T, 3 130

T, (3 130¢)

b 3) Moment at end “B" greater than cracking moment (A7, - Af ;(,3 and

}‘44 ‘ > ;Allm‘ )

"

a, Obuta, ~a . (3 131a)
M, M, \ .
o, A1, A <lbhuta, ~a,. . (3 131b)
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i 200 K,
) Lo, (3 131c¢)
b 4) Moment at both ends greater than cracking moments (‘Af, - Af_and
M, M)
7 A1, ,\I;,b .
a VoA ut o, o, (3 132a)
A1, A1 b 3 132b
o, Mo, ut a, tw, (3 132b)
1 2511, 3132
Tk, vk, (132

Where A/, and A, are the cracking moments of the section corresponding to the sign
of the applied moments, [/ and L/, are the clastic stiffness of the sections at the ends

of the element

In the formulation described above, cracking moments are dependeni on the sign
of the applied moments.  Special provisions are made in the program to adjust the
flexibility distribution of members where vield penetration has taken place on the whole
element that is, when

a, +o, 7l
In such cases the stiftness /.7 1s modified to capture the actual distribution considering a

new set of yield penetration coeflicients that will satisfy « , » @, < 1 (see Fig 3 35)
3.5.4 FEigenvalue Analysis

An eigenvalue analysis 1s carried out using the condensed stiffness matnix of the

system

(.] o/[m ]} to} (3 133)
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Where [K J] 1s the condensed lateral stifiness matrix of the system relating lateral forces
and lateral displacements, [MJ] 15 the diagonal lateral mass matnix of the structure, o

circular trequency of the structure tor the mode /7, and {)\ } is the corresponding

eigenvector The complete set of eigenvalues for the condensed degrees of treedoms is
calculated, that is, the number of eigenvalues calculated equals the number of stones in the

building

The complete set of eigenvectors are stored by columns in the matrix |®]  The

modal cquivalent masses in the structure are calculated according to
[m.,] lel[w. ]l (3 134)
Where [M] is the matrix with the equivalent modal masses in the diagonal  The mass

normalized eigenvectors are calculated according to

[o.] ,'lm']"f (3 135)
\,";[M ,] ‘
The modal participation is then calculated using the mass normalized eigenvectors
o ] [mL ) (3 136)
or for diagonal mass matrices
o Y arfe] (3 137)

'

Where {I'} is the modal participation factor for mode /", and {1} 1s a vector of ones

3.5.5 Structural Response Snapshots

The program IDARC includes the option to determine the response of the
structure at instants during the analvsis  Several types of response snapshots can be
specified

a) Displacement profile
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b) Element stress ratios
¢) Structural collapse state
d) Damage indices
e) Dynamic characteristic- (eigenvalue analysis)
Response snapshots can be requested by the user during pushover, quasi-static or dynamic

analysts

Two types of response snapshots are specified in the program default and user
defined. Default snapshots will be reported, if requested by the user. for the first crack.
yield or failure observed in any column, beam or shear wall in the structure during the
analysis  Furthermore, all snapshot types are always reported at the end of the analysis
User defined snapshots can be specitied for specific base shear or top displacement
threshold levels  Using this feature the user can recover the response state of the structure

at any particular point during the analysis

3.5.6 Structural Collapse State

During analysis the state of columns, beams and shear walls is observed  The
program keeps track if a structural clement has cracked, vyielded or failed The
qualification is based on computing deformations to the specified envelope values This
information is automatically reported graphically. at the end of the analysis, but it can also
be recovered at any step in the analysis using the response snapshot option The structural
collapse state is reported for each frame in the structure following a simple praphical
convention to identify cracked or yielded elements (see Fig 3 36)  Additional information
on the state of the structure can be obtained from the damage analysis, presented in

Section 3.6
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3.5.7 Element Stress Ratios

During analysis the stress ratios of the structural elements can be reported  This
information can only be requested as a response snapshot  This option reports the ratios
of demand to ultimate capacity in shear, axial and tlexure tor columns, beams and shear

walls

3.6 Damage Analysis

Important research efforts have been carnied out to develop an accurate damage
index to qualify the response of structures  See Reinhorn and Valles (1995) for a
summary of various damage indices proposed in the literature  The current release of
IDARC incorporates three models for damage index' (/) a modified Park & Ang model
(Park ct al . 1984, Kunnath et al 1992b). introduced in the previous relcases of the
program. (1) a new fatigue based damage model introduced by Reinhorn and Valles
(1995), and (1) an overall damage qualification based on the variation of the fundamental

period of the structure

The Park & Ang and the fatigue based damage model can be used to calculate
different damage indices element, story (subassembly). and overall building damage
However, tor the story and overall damage indices the ultimate inter-story deformation or
top story displacement are required. as well as the corresponding story yicld shear force or
base shear yield force level Such guantities can be readilv determined from a lateral
pushover analysis To determire an estimate of the story and overall damage indices,
weighting factors were introduced based on the energy absorption in the difterent
structural elements or stories of the structure For a descniption of the methodology
necessary to adequately determine story and overall damage indices see Valles et al

(1995)



3.6.1 Park & Ang Damage Model

The Park & Ang damage model (Park et al , 1984) was incorporated in IDARC
since the original release of the program Furthermore, the Park & Ang damage model is
also an integral part of the three parameter hysteretic model since the rate of strength

degradation is directly related to the parameter [ described below (Park et al | 1987)

The Park & Ang damage index for a structural element is defined as

5, 4
Dl = g%;»jd/:h (3 138)

u

where §,, is the maximum experienced deformation, 8, is the ulumate deformation of the
element, /> is the yield strength of the element; Idl;',, 1s the hysteretic energy absorbed

by the element during the response history, and [} is a model constant parameter A value
of 0.1 for the parameter [ has been suggested for nominal strength deterioration (Park et
al, 1987). The Park & Ang damage model accounts for damage due to maximum

inelastic excursions, as well as damage due to the history of deformations Both

components of damage are linearly combined

Three damage indices are computed using this damage model.
1 Element damage index  column, beams or shear wall elements
2. Story damage index vertical and horizontal components and total story
damage
3 Overall building damage
Equation 3138 is the basis for the damage index computation. although some

considerations need to be taken into account as discussed below
Direct application of the damage model to a structural element, a story, or to the

overall building requires the determination of the corresponding overall element. story, or

building ultimate deformations Since the inelastic behavior is confined to plastic zones
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near the ends of some members, the relation between element, story or top story
deformations. with the local plastic rotations is difficult to establish  For the element end
section damage the following modificanons to the original model were introduced in
version 3 0 (Kunnath et al . 1992b)

g, 0 B

DI R
"o 0 "are

W ' (S}

(3139)

Where 0, 1s the maximum rotation attained during the loading history, 6, s the ultimate
rotation capacity of the section, €, 1s the recoverable rotation when unloading, Af is the
yield moment, and /- is the dissipated energy in the section  The clement damage is then

selected as the biggest damage index of the end sections

The two addimonal indices story and overall damage indices are computed using
weighting factors based on dissipated hysteretic cnergy at component and story levels
respectively

Dl S D)) L (3 140a)

DN
Z g et

I
\ Z /". S

Where 7. are the energy weighting factors, and /.. are the total absorbed energy by the

(3 140b)

D ) (0ny ()

oy
component or story 1"
The Park & Ang damage model has been calibrated with observed structural

damage of nine reinforced concrete buildings (Park ct al . 1986) Table 3 1 presents the

calibrated damage index with the degree of observed damage in the structure

104



LIMIT DEGREE DAMAGE USABILITY APPEARANCE
STATE OF (SERVICE)
DAMAGE DAMAGE STATE
INDEX
(1) ) 3) _4) 3
None Undamaged Undeforrmed/uncracked
000 Usable
Slight Serviceable Moderate to severe cracking
0.20-0 30
Minor Repairable  Temporarily Spalling of concrete cover
0.50-0 60 Moderate Unusable
Severe Unrepairable Buckled bars, exposed core
>1 .00
Collapse Collapse Unusable L.oss of shcar/axial capacity

Table 3.1 Interpretation of overall damage index (Park et al , 1986)

3.6.2 Fatigue Based Damage Model

The fatigue based damage model was introduced by Reinhorn and Valles (1996)
The damage model was developed based on basic structural response considerations, and
a low-cycle fatigue rule. The damage index is
5, -6

Te v !

5,-8

M v

DI =

. r, }
45, -5, ). )

v

— (3 141)

Where 8, is the maximum experienced deformation, rotation, or curvature. &, is the yield

deformation capacity, &, is the ultimate deformation capacity, /-

v

1s the yield force

capacity. and /., is the cumulative dissipated hysteretic energy

The damage index proposed can be used to qualify the performance of structural
elements, stories (subassemblies), or the overall response of the building  Yield and
ultimate capacities for storv and overall assemblics can be easily determined using the

pushover analysis option. However, since these capacities are not readily available during
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a time history analysis, weighting of element damage indices using dissipated cnergy
considerations are used (see considerations described in the Park & Ang damage model)
See Valles et al (1995) for a detailed methodology on how story and overall building

damages can be obtained combimng the results from pushover and time history analysis

Note that simplifving the fatigue based damage model for the case when the ratio
(5“ -9, )/(8“ ~—6‘) is close 10 one Eq 3 141 simplifies to

o, 9, L,
DIt T (3 142)
8, 8, 48, 8
That is the Park & Ang damage formulation for 3 025 Therefore. the Park & Ang
damage model is correlated to the fatigue based model for maximum deformations close

to the ultimate capacity of the element For more details on the fatigue based damage

model see Reinhorn and Valles (1995)
3.6.3 Global Damage Model

Another measure of how much the structure has undergone damage is to study the
variation in the fundamental period of vibration of the structure This history is related to
the overall stiffness loss in the structure due o inelastic behavior The history of the
variation of the first mode of vibration is part of the user defined snapshot options in the

program, as described in Section 3 § §

DiPasquale and Cakmak (1988) defined the softeming of the structure as

(7).

DI (3 143)
( I"‘ ). yuivaien?

Using the snapshot option to print the variation of the fundamental period. the softening of

the structure can be estimated
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SECTION 4

PROGRAM VERIFICATIONS AND EXAMPLES: CASE STUDIES

4.1 Component Testing: Full Scale Bridge Pier Under Reversed Cyclic Loading

A series of full-scale and scale model circular columns were tested at the
laboratories of the National Institute of Standards and Technology (Stone and Cheok,
1989. Cheok and Stone, 1990). These columns represent typical bridge piers designed in
accordance with Caltrans specifications  The piers were tested by applying both axial and
lateral loads as shown in the experimental set-up in Fig. 4.1. The column analyzed in this
sample investigation is a full-scale circular bridge pier measuring 30 feet with an aspect
ratio of 6 0 The tests were performed using a displacement controlled quasi-static history
as shown in Fig. 4 1. The column was made of 5 2 kst concrete (measured compressive
strength at 28 days) and had a modulus of elasticity of approximately 4110 ksi. Grade 60
steel with an actual yield stress of 68 9 ksi and elasticity modulus of 27438 ksi was used as
longitudinal reinforcement The steel exhibited good ductility in the material testing with a
2% strain and a strain hardening of 1454 ksi before actual rupture  The cross-section in
Fig 41 also shows the reinforcement details. The experiment was analyzed using data

presented in the Input Data Sheet for Case Study #1 (see Appendix B)

The purpose of this analysis is to simulate the essential characteristics of the
hysteretic behavior and compare it with the experimental recorded response. The
modified three parameter hysteretic model was used with a stiffness degradation
coefficient HC=9 0, strength degradation coefficient HBE -0 05, HBD-0.0 (very little
deterioration in strength), and a pinching coefficient HS -1 0 (indicating no pinching).
These parameters were estimated from the observed experimental loops, and could be
used to represent well-detailed section The response obtained from the analysis is

compared with the test resulits in Fig. 42 The maximum loads attained in the analysis,
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290 kips and 3 .6 kips (positive and negative) compare well with those observed n the

tests, 284 kips and 296 kips, respectively

The damage evaluated using the analytical model is presented in Fig 43 Part of
the damage is due to permanent deformations while part is due to strength deterioration
from hysteretic behavior Note that the deformation damage stays constam during the
phase in which the column was cvcled repeatedly at a ductility of 40 The total damage
reaches approximately 0 9, which is indicative of extremely large damage, usually beyond
repair, as was the case for the tests presented here. It must also be pointed out that the
specimen was able to sustain an additional one and half cycles before failure at a ductility

of 08
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4.2. Subassembage Testing: 1:2 Scale Three-Story Frame

A 1.2 scale model of a three-story frame, tvpical 10 construction practice of
reinforced concrete structures in China, was tested in the laboratory by Yunfei et al
(1986) The structure was tested using a displacement controlled loading as shown in
Fig 44 The geometry of the frame and the essential reinforcement used for the analysis
is also shown in Fig 44  The frame is made of 40 2 NiPa concrete and is reinforced by
Grade 10 steel (400MPa vield strength)  Default parameters were used for the other
material property information (see zero input in data Case Study #2. Appendix B) The
first three cycles of loading produced cracking and first vielding  Subsequent loading of

three cycles at the same ductility were applied until the frame collapsed

The model was analyzed using the data specitied 11 the data sheet for Case Study
#2 in Appendix B The hysteretic parameters were imually assigned based on well-
detailed ductile sections obtained from the previous case study These parameters were
found to be adequate in reproducing the overall system response, however, a better
estimate was obtained by increasing the strength degrading parameter  The final
parameters, HC-8 for stiffness degradation. HBE 01 for strength deterioration and
HS-1 0 for bond slip (pinching), produced excellent agreement of force levels at the lager

amplitude cycles as shown inFig 4 §

The choice of hysteretic parameters i1s important, but not critical in establishing the
overall system response For cxample, values of HC between 4 0 and 9 0, and values
between 005 and 010 would have produced almost comparable results  As will be
pointed out later, a proper choice of hysteretic parameters becomes important for local
failure cases due to effects of bar pull-out. pinching shear. etc . or when microconcrete is
used for small-scale models (1 4 or greater) In this case study. no special connection

behavior was modeled
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The present version of the program calculates the dissipated hysteretic energy of
components that can be used as an identification target for the choice of hysteretic
parameters In the current analysis, the identification was directed towards the maximum
force level which involves only the strength deterioration parameter  Fvsteretic energy 13
also a known measure of structural damage Fig 46 presents a comparative
representation of dissipated energy and total svstem damage A maximum damage of
about 0 6 was achieved in the analvsis. indicating that the global damage index is less
sensitive 1o local damage accumulated at individual sections  Theretore, it will be

necessary to calibrate global indices before they can be used in damage assessment

Another feature of the IARC program is the push-over analvsis under
monotonically increasing lateral loads  This feature was used to determine the
correspondence with the observed collapse mechanism  The frame developed a beam side
sway collapse mechanism that was clearly documemed n the experimental records
through measured rebar vielding in the cntical beam-column interface and column-base
sections, and identified by visual observations  Fig 4 7 shows the damaged frame with

observed plastic hinge locations and computed sequence of hinge formation using IDARC

Finally, the progression of damage history is shown in Fig 4 8 for each of the story
levels  The upper two levels did not experience any column damage  Studies of this
nature can be used to calibrate damage models using ductility demand and dissipated

hvsteretic energy as controlling criteria

The two cases studies presented this far are based on displacement controlled
loading. which is typical in laboratory testing of components and subassemblies  TDARC

can also be used for force-controlled loading histories
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4.3 Seismic Simulation: Ten-Story Model Structure

This study is based on shaking table tests of a ten story. three-bay frame, scale
model of a structure conducted at the University of Hlinois. Urbana (Cecen, 1979) The
model was subjected to similar earthquake ground motions at levels that produce strong
inelastic behavior and damage The peometrical configuration. element designation,
dimensions and reinforcement details are shown in Fig 4 9 The model is made of 4350
psi concrete and grade 60 steel with a measured yielding strength of 70 ksi and modulus of
elasticity of 29000 ksi  The initial concrete modulus was adjusted to provide a
fundamental period consistent with observed response. This is an important consideration
when initial conditions, such as cracking resulting from gravity loads or model
construction, produce a system that is not consistent with gross moment of inertia

computations

The model was subjected to scaled ground excitations with 2.5 times compression
of the 1940 El Centro accelerogram The peak base accelerations of the three successive
seismic inputs were: 0.36g, 0 84g and 1 6g respectively. as shown in Fig 410 The
purpose of this case study is 10 compare the analytical response with the experimental
results when severe nonlinearities resulting from progressive damage are observed The
second objective of the study is 1o compare the analytical performance with other
analytical programs that perform similar tasks The analysis was done using the
information presented in the input data sheets for Case Study #3 (see Appendix B). The
structure is modeled by mass similitude with a total floor weight ot' 1000 Ibs per floor
The dynamic analysis is performed considering an integration time step of 0.001 sec
Hysteretic parameters used are listed in the input data sheet. There was no predetermined
basis for the choice of hysteretic parameters The program default values were used for
both beams and columns, with the exception of the stiffness degrading parameter tor
columns where the program assigned default is 20 However, results of testing on
relatively small scale components (1 4 or greater) indicate that the parameter HC is much

smaller, and a suggested value of HC 0.5 - 1 0 in recommended in such cases
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The comparison of the analvtical and experimental results in terms of” (i) peak
accelerations ts shown in Fig. 4 11, and (1) peak displacements is shown in Fig 4 12 The
maximum displacement reporied in Cecen (1979) are based on one-half the double
amplitudes, while the IDARC values are absolute peak  The enure displacement histories

compare more favorably as will be discussed next

The analysis results are also compared with two other computer programs (1)
SARCFE-H (Gomes et al . 1990) and (1) DRAIN-2D (Kaanan and Powell. 1971)  Since
both SARCF and DRAIN use bilinear envelopes, only the imtial stiffness and vield
moments were provided as basic input  The default Takeda degrading model was used in
DRAIN. while the damage-based hysteretic model was used in SARCE  The results are
presented in Figs 4 13 through 415 IDARC shows peak differences ranging between
3% to 10% of experimentally observed values 1t can also be observed that an excellent
agreement is obtained using IDARC for RUN HI1-3 which has the largest inelastic

response

In all three programs, the three seismic inputs were provided successively as a
continuous ground motion, so that the effects of each run were carried forth to the next
without returning the system to undamaged conditions  Recording instruments, on the
other hand. are typically reset 10 zero conditions between tests, thereby making it difficult

to track permanent deformations. if any



_,_——'-_-- -
o ... SEBIPTEL 3 AU IDARC
B4 0goocneraccanans Agreereacestcectcacecacesstretrranacnnnccocscansone EXPT
71 -----------------------------------------------------------------
g (.1 TRTLLEPLRERE CEEH (. ------------------------------------------------
Y I W U —
G ...........................
‘1 .......................................
3 ......................... \. ......................................
\h ........
24 Rt
]
1 S — v v
0.8 1 12 14 16 18 2 22
ACCELERATION (G)

Fig. 4.11 Computed versus observed peak acceleration response.

IDARC

0 05 1 15 2 25 3 as
DISPLACEMENT (IN)

re
P
(3]

Fig.4.12 Computed versus observed peak displacement response

123



DISPLACEMENT (IN) DISPLACEMENT (IN)

DISPLACEMENT (IN)

20
-y
- EXPERIMENT
. IDARC Ver 3.0
1.0
0.04
.1.04
203 SRR 3 ) 10 2 Te 1
TIME (SEC)
20
] EXPERIMENT
] DRAIN 2D
1.0
0.0
-1.0-
2.0 ) 3 * 8 ] M 10 12 14 18
TIME (SEC)
20
] EXPERIMENT
i SARCF It
1.04
0.0
-1.04
203 3 R 3 0 12 o 16
TIME (SEC)

Fig. 4.13 Comparison with other programs (Low intensity)

124



DISPLACEMENT (IN) DISPLACEMENT (IN)

DISPLACEMENT (IN)

3.0
n EXPERIMENT
20: IDARC Ver 3.0
i A A/]\ [\f\/v!\/l\ ‘ \
ood—MRALL 11 AL oy VWQ\,//}C_‘,M.?V VAN
n \/ .
Ry T
203
q
-
303 - 2 4 6 8 10 12 14 16
TIME (SEC)
a.0
E EXPERIMENT
201 — DRAINZ2D
-
1.04
3 AL
040- ‘M ﬁ{m /\ A [ L : TGGXVFVA.XI/W&\\;'A\J%
: i v s f\,’ ~ i \/m'_
-1.0] w M
'205
3.0 2 i 4 o 6 i 8 i 10 . 12 14 i 16
TIME (SEC)
30
E EXPERIMENT
2.0 A\[\ SARCF Il
1.0
U AN A A R~
0.04 \)\/u\j \\\//, Vf v.‘_\y V,
-1.04
204
-3.c"o ) ‘ 3 3 10 12 14 16

TIME (SEC)

Fig. 4.14 Comparison with other programs (Moderate intensity: Inelasuc)

125



N

- D> -

DISPLACEMENT (IN)

b oAb

o lll?lll?ll l?lll?l I\Plllc?lll?lll?lll?l ?

EXPERIMENT
IDARC, Ver 3.0
™ 2 4 ) [ T 8 ; 10 12 14
TIME (SEC)
EXPERIMENT
DRAIN 20

?lll?lll?ll : 1

o JY TN
[N )
»~

DISPLACEMENT (IN)
P QAN

[=]

mm /\[ﬂ\/\nmw/\ A~

6 8 10 12 14

TIME (SEC)

M —_————  EXPERIMENT
SARCF

-/f\ \f\ /’V\«J\/\

o

l‘?lll?lll?ll 4

11

DISPLACEMENT (IN)

bbb

N

[ ]

TIME (SEC)

Fig. 4.15 Comparison with other programs (Highly inelastic)

126




4.4 Seismic Response: 1:3 Scale Model Lightly Reinforced Concrete Structure

A comprehensive study of lightly reinforced frame structures was the subject of
numerous investigations at the State University of New York at Buffalo (Bracci, 1992).
and at Cornell University (E1-Altar, 1990) A | 3 scaled model was constructed, tested,
retrofitted and re-tested using simulated earthquake motion gencrated by the shaking table
at SUNY/Buffalo The model reflects a “slice™ ot a long structure with three-bay frames
in the transverse direction The “shce” has two parallel lightly reinforced frames as
indicated by the model representation in the plan view in Fig 4 10 Essential geometrical
data and reinforcement details are also shown in the figure  Attained concrete strength
were 4000 psi, 3000 psi and 3500 psi at the first, second and third storv levels
respectively. with an elastic modulus of 2700 ksi. 2300 ksi and 2530 ksi, respectively  The
steel had an average yielding strength of 65 ksi after annealing with modulus of elasticity
of approximately 29000 ksi Additional details about the structure and the testing can be

found in Bracci (1992)

The model was tested by a sequence of ground (table) motions reflecting a low
level earthquake (PGA 00S5g), a moderate carthquake (PGA 020g) and a severe
earthquake (PGA 030g) The ground motion was obtained by scaling the acceleration

time history of Taft (1952) N21E component  Only two sets of results are presented here

The main purpose of this study was to nvestigate the effectiveness of using
identified component propertics from separate sub-assemblage tests in predicting the
dynamic response of the total structure  The data set used for in this example 1s presented
in Appendix B Only the second run at a measured peak acceleration of 0 22¢ is included.
since the basic data is the same for both runs, with the exception of the initial stiffhess and
the input ground motion  As indicated, the data was denved entirely from the results of
separate interior and exterior beam-column sub-assemblage tests which provided
information on vicld strength and hysteretic behavior  No attempt was made to fit the

observed shaking table response
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The comparison of displacements for the top story during the mild and moderate
earthquakes are shown in Fig 417 and 4 18 [IDARC predictions show good agreement
for both peak values and the total response history The companison includes predictions
by DRAIN-2D and SARCF More data on observed behavior in terms of deformations,

stresses and damage mechanisms are reported in Bracci (1992)
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4.5 Damage Analysis: Cypress Viaduct Collapse During the 1989 Loma Prieta
Earthquake

The collapse of the Cypress Viaduct during l.oma Prieta Earthquake in 1989
provided an excellent opportunity to verify IDARC in seismic damage evaluation of an
existing structure. The Cypress structure consisted of a boxed girder roadway supported
by a series of 83 reinforced concrete two-story bents  Eleven bent types were used in the
construction of the viaduct Fifty-three of the bents were designated as Type B1. which
consist of two portal frames, one mounted on top of the other (Fig 4 19)  The upper
frame is connected to the lower by shear keys (hinges) The dimensions of a typical 51
bent and its reinforcement details are shown in Fig 4 19 Type B bents suttered the most

damage and seemed to have failed in the same consistent manner throughout the treeway

The structure was modeled using a combination of tapered column, shear-panel
and beam elements. The pedestal region was modeled as a squat shear wall so that its
impending shear failure could be monitored The Outer Harbor Whart horizontal strong-
motion records were transformed to 94°, which is transverse to the alignment of the
collapsed portion of the viaduct The influence of gravity loads on the structure was
simulated by imposing a ramp load in the form of a vertical excitation with magnitude of
lg  The actual ground motions were introduced afier the resulting free vibrations had
damped out The data used for the analysis is presented in the data sheet for Case Study

#S in Appendix B

The purpose of this analysis is to demonstrate the use of the program in the
practical analysis of existing structures The IDARC model of the bent is shown in
Fig 420 The imposed vertical and horizontal motions on the structure are shown along
with the top level displacement response in Fig 4 21 The analysis with IDARC revealed
that the first element to fail was the lefi-side pedestal after approximately 12 § seconds
into the earthquake, note that the plot shown in Fig 4 22 includes an initial 4 seconds of

gravity load input A plot of the damage history of the pedestal is shown in Fig 422 in
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which the horizontal input motion and the pedestal shear history are also shown for
reference Complete details of the analysis of the Cypress Viaduct using IDARC can be

found in Gross and Kunnath (1992)
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4.6 Pushover Analysis: Ruilding in the Vicinity of the New Madrid Zone

This case study describes the different capabilities for pushover analysis available
in the program The pushover analysis was carried out to evaluate a tour story reinforced
concrete building, subjected to a set of static lateral loads representing the irertial forces
that may be observed during an carthquake event  The typical floor framing plan of the
building is shown in Fig 4 23 The lateral load resisting svstem in both directions consist

of shear walls and weak frames, as shown in Figs 4 24 and 4 2§

The pushover consists of a static analysis of the structure under a set of
incremental loads The results describe the behavior of the structure in the elastic and
inelastic ranges, and therefore is often used as a tool 1o identify the lateral load at which
different elements crack. yield, or fail Furthermore. it captures the sequence of gradual
element failures as the structure collapses A detailled description of the building 1s

presented by Valles et al. (1995)

The pushover curves, often referred to as capacity curves. characterize the
strength and displacement capacity of the building  However, the capacity curve is
dependent on the force distribution along the height considered during the pushover
analysis Fig 4 26 shows typical capacity curves for ditferent lateral load distributions
The available options in the program for a pushover analysis are

1) Force control linear (inverted triangular)

2) Force control uniform

3) Modal adaptive

4) Force control user defined

5) Force control generalized power distribution

0) Displacement control

In this studv the giobal and the story response of the building were investigated

and compared to the results from a non-linear dvnamic analysis  The overall capacity
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curve is defined using the variation of the base shear versus the top story displacement
(see Fig 4 26) On the other hand, the capacity curve for a story was characterized using
the variation of the inter-story drnift versus the story shear (sce Fig 427)  The figures
include the results from the nonlinear time-history analysis with a black circle Note that
the generalized power distribution with power provides the best match between pushover

and dynamic analysis Further discussions on the results mav be found in Valles et al
(1995)
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Fig. 4.27 Story pushover capacity curves for different lateral load distributions
(NS Direction)
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4.7 Response Snapshots: Eight Story Building in Los Angeles

This case study presents the results of the application of the IDARC program in
the evaluation of the seismic performance of a reinforced concrete building, using the
ATC-33 (50% submittal) guidelines During the evaluation process a number of response
snapshots were required The building was designed and constructed in 1961 according to
the requirements of the 1959 Uniform Building Code It consists of one subterrancan
basement level and seven above ground floors the typical floor framing plan of the building

is shown in Fig 4 28

The lateral load resisting system in the longitudinal direction consist of non-ductile
reinforced concrete moment-frames along column lines 2 and 3 Frames | and 4 were
excluded in the analysis due to the architectural feature which seriously limits their
participation The lateral load resisting system in the transverse direction consists of 127
thick reinforced concrete exterior shear walls (along column lines A and W), and 8~ thick
reinforced concrete walls along column lines E, G, N\, and V' These walls are assisted by
several one-bay moment-frames spanning between lines 1-2 and 3-4 Hence, the lateral
system in the transverse direction may be considered a dual system featuring shear wall-

frame interaction, Figure 4 29

The following models were considered in the analvsis of the building, one three-
dimensional linear elastic. and two 2-D non-linear models. one for cach principal direction
of the structure Only the results corresponding to the inelastic analysis are shown, for
more detailed information see Naeim and Reinhorn (1995)  The nonlinear analysis was
carried out using the pushover option along with user requested response snapshots to
evaluate the seismic performance of the structure according to the recommendations of

the ATC-33 (50% draft) guidelines (1995)

Three different response spectra were considered a site specific smooth responsc

spectra representing the 1994 Northridge shaking at this site. as supplied by ATC
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(Somerville, 1995), and the ATC-33 5% damped design spectra corresponding to return
periods of 500 years and 2500 years for soil type 1D and map area 7 which correspond to a
the ATC site classitication for the building (Somerville, 1995) These spectra are shown in
Fig 4.30 where the initial and effective tundamental periods of the building in both

directions are identified

The longitudinal and transverse 2-1D models of the structures were pushed using a
lateral force distribution as specified in the ATC-33 02 (see generalized power distribution
in Section 3 42) The exponents tor the load distributions were calculated according to
the ATC-33 02 recommendations & 1965 in the longitudinal direction, and & 107 in
the transverse direction In bath directions the model was pushed beyvond the specified

target roof displacement according 1o the ATC-33 2500 year event

Preliminary calculations conducted betore the 1994 Northridge earthquake,
indicated a significant potential for serious damage during a moderate 1o large carthquake
During the Northridge event. however, although extensive damage v.ere observed in one
or two neighboring buildings, no apparent signs of structural damage were observed This
observation is in accordance with the results of the pushover analvses, where no damage

to very shght damage was predicted for the structure when subjected to this event

Impontant information was obtained from the pushover analyses. including the
variation of roof displacement versus base shear, and the response stages of the building
Figure 4 31 shows this variation for the longitudinal direction. with significant stages in
the response identified Using the response snapshots capability of the program, reports
for the state of the building at different stages can be generated.  User detined snapshots
were requested for the three carthquake intensities considered  Figure 4 32 shows the
lateral displacements, in the longitudinal direction. corresponding to the three carthquake
intensities studied  Other response snapshots were requested, including element stress

ratios for beams (see Table 4 1) Based on the curvature demand/capacity ratios reported.
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beams are expected to undergo severe damage during the ATC 2500 vear event  Relevant

overall response snapshots are summarized in Table 4 2



VIV, | M/M, /0,
Northridge
Story 8 0.1387 0.1935 0.0035
6 0.439%4 0.7860 0.0277
4 0.5605 0.8760 0.2240
2 0.5809 0.8820 0.2611
1 0.5329 0.8625 0.1393
ATC 500
Story 8 0.2370 0.3412 0.0062
6 0.5820 0.8837 0.2721
4 0.6122 0.9428 0.6416
2 0.6158 0.9482 0.6756
1 0.6110 0.9379 0.6111
ATC 2500
Story 8 0.2433 0.3389 0.0062
6 0.5838 0.8868 0.2915
4 0.6287 0.9743 0.839%0
2 0.6327 0.9810 0.880°
1 0.€264 0.9666 ¢.7911
Table 4.1 Elements stress ratios for typical beams
8101: / va ‘//‘.I\l' / ‘VI D,I‘ARA
Site Northridge 0.0062 0.0410 0.042
ATC 500 0.0256 0.0475 0.351
ATC 2500 0.0488 0.0502 0.502

Table 4.2 Structural response, longitudinal direction, for various earthquake intensities
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4.8 Steel Structure: Evaluation of Seismic Performance of a 11 Story Steel Moment

Frame Building during the Northridge Earthquake

This case study exemplifies one of the options incorporated in the present IDARC
version, this is, the alternative for the user to input their own moment-curvature propertics
directly Thus, the program can be used to perform the analvsis of buildings with trames
made of different matenals, besides reinforced concrete  This case presents some results
of the inelastic analysis performed to an {1-story steel building subjected to carthquake

loads

This building. located in West Los Angeles. was damaged during the January 17.
1994, Nonthridge earthquake An extensive field investigation of damage was performed
prior to the start of the analvtical study and then compared with the results of the
extensive two an three dimensional, linear and non linear, static and dynamic analyses of
the building in order to investigate and correlate observed damage with various elastic and
inelastic damage predictors  As mentioned above, only some results corresponding to the
inelastic analysis are shown The reader can sce the report by Naeim et al (1995) for an

ample description of the observations

The building is made of compaosite concrete and steel metal deck slabs which are
supported by A36 structural steel beams and columns  The exterior skin is made of
precast concrete panels and glass plates  Structural steel columns are supported at the
foundation by cast-in-place reinforced concrete triction piles  The seismic load resisting
system consist of ordinary moment frames constructed of A36 structural stecl. a typical
frames shown in Figure 4 33 Seismic loads are carried to the lateral resisting svstem by
the composite concrete and steel deck slabs which act as horizontal diaphragms  Typical

moment frame connections at the column flange and web are shown in Fig 4 34
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The seismic loads considered were postulated ground motions for the site during
the 1994 Northridge earthquake In addition. the tollowing earthquake records were also
considered

1 The 1994 Nonhridge carthquake as recorded at the parking lot of the Sylmar
County Hospital Building This is considered 1o be one of the records with the

highest damage potential for this event (Naeim. 1995)

9

The 1994 Northridge earthquake as recorded in Canoga Park (7769 Toponga

Canyon Blvd ) which represents levels of shaking larger than the motion postulated

for the site but less than that recorded at Sylmar

3 The 1978 Iran earthquake records at Tabas 10 represent a larger event

4 The 1940 El Centro earthquake as recorded at El Centro Irngation district because
it has been widely cited in previous studies and hence has certain value as a
benchmark record

5 A uniform risk design spectrum representing 10 %o probability of exceedance in 50

vears developed for the site of the Sylmar County Hospital (Somerville, 1995)

Two nonlinear 2-ID computer models were constructed (onc for the E-W and
another ftor the N-S directions) In both mathematical models all frames in the direction
under consideration were included and connected by the ngid floor diaphragm assumption,
the columns were considered fixed at the foundation level. and 2% damping was assumed

for the first mode and the mode nearest to 30 Hz

Bilinear hysteretic behavior was assumed using a 5% strain-hardening ratio  The
yield and ultimate curvatures correspond to the cross section’s full elastic and full plastic
strengths, respectively (Fig 4 35) The ultimate deformation (curvature) for members was
specified as the lowest of (a) maximum strain at fracture (¢ 15%) divided by the
distance to neutral axis, or (b) using the maximum plastic moment and a post-vield
hardening capacity of 0 05 (Fig 4 35) The resulting ultimate curvature produces ultimate
rotations between 003 and 0 04 radians. depending on plastic penctration  Yielding

curvature corresponds to a strain of 0 14%, and the curvature at the onset of strain-
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Fig. 4.35 Material model used for the study

158



hardening corresponds to a strain of 1 5%  These assumptions are in basic agreement with

the published A36 steel stress-strain relations

To predict structural damage. damage indices were assigned at the element level
(beams and columns), as well as story levels, and to the overall structure  The damage

model developed by Park and Ang (1985) was utilized

The following analyses were performed for madels corresponding to N-S and E-W
frames
1 Static nonlingar pushover analvsis with an inverted triangular lateral load

distnbution

t9

Nonlinear time history analysis with simultancous applications of horizontal and
vertical components of the synthetic ground motion representative of the Northridge
carthquake at the site

3 Nonlincar time history analysis with simultancous application of horizontal and
vertical components of the 1994 Northridge at the Svimar Countv Hospital Parking

l.ot

Typical plots of storv shear versus stary drift for the above analyses are presented
in Fig 4 30 for the N-S direction  In these figures. the maximum time history response to
the syntheric motion at the site and that of the Sylmar time history are marked by a black
arcle and a square, respectively  The results of the pushover analyses and the time
histories show a very good match at all stories  This is a strong indication that for this
building. in spite of its complexity and vertical irregulanties, the static pushover analysis
may be used to obtain a good approximation to nonlinear dvnamic analvses results with

ground motions of widely ditfering severity
The damage indices corresponding to inelastic dvnamic and pushover analyses

were computed  Typical damage indices corresponding to pushover analvses in one of the

frames are shown in Fig 4 37 This figure compares the damage observed n the ficld
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inspection and the numerical damage indices computed  Although there is no one-to-one
correspondence between analysis results and observed damage. certain  analytical

indicators do provide strong indications of where damage might be present
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4.9 Passive Energy Dissipation Devices: 1:3 Scale Model Retrofitted Using Different
Types of Dampers

The response of the 13 scale three story model structure described in Section 4 4
was investigated using different passive energy dissipation devices  This case study
compares numerical predictions of the response with actual experimental measuremrents of
the building with ditferent types of dampers The tested structure included conventional
concrete jacketing in the interior columns and joint beam enhancements (Bracci et al |
1992} to retrofit the original damaged structure  The test program included the following
types of dampers

a) Viscoelastic dampers by 3M company (Lobo et al . 1993, Shen et al . 1993)

b) Fluid viscous dampers by Taylor Devices (Reinhorn et al | 1995a)

¢) Fnction dampers by Sumitomo Construction Co (L.i and Reinhorn, 1995)

d) Viscous walls by Sumitomo Construction Co (Remhorn et al | 1995b)

¢) Friction dampers by Tekton Co (L1 and 2einhorn, 1995)

The objectives for the retrofit test program was to reduce overall damage progression.
provide data tor analytical modeling of inelastic structures equipped with linear and non-
linear dampers. and to determine the force transfer in retrofitted structures and its local

eftects

The new version of the computer program 1DARC is capable of modeling viscous.
friction and hvsteretic dampers  Test results for the Tavior fhuid viscous dampers and the
Sumitomo friction dampers are summarized The test program did not include any type of
hvsteretic dampers, but the numerical results for the structure with hysteretic dampers are

included

4.9.1 Viscous Dampers

The fluid viscous dampers by Tavlor Devices were selected for this comparison

Results for the other types of viscous dampers tested can be found in the corresponding
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reference listed above The viscous dampers installed in the brace (see Fig 4 38), were
selected from the catalog of Taylor Devices Inc Model 3x4, rated 10 10,000 lbs (44 6
kN) The damper was connected to the brace using a load cell with a capacity ot 30,000
Ibs The damper construction can prevent rotations between its two ends which is suitable

to prevent buckling in the brace assembly

Figurcs 439 and 440 presents a comparison of story displacements and
accelerations for Ei Centro 03g  Results show a good correlation between the
experimental test results and the numencal prediction.  Figure 4 41 shows the pushover

response of the structure for a simplified evaluation, as presented by Reinhorn et al
(1995a)

4.9.2 Friction Damper

For this comparison the friction dampers by Sumitomo Construction Co were
selected Results for the other type of friction damper tested can be found in the
corresponding reference listed above. The damper was installed using the layout shown in
Fig 4 38, as described for the viscous damper example Figures 4 42 and 4 43 presciits a
comparison of story displacements and acceleraticns.  Numerical results show good
correlation with the experimental measurements  Figure 4 44 shows the pushover
response of the structure that can be used in 2 simplified response evaluation as described

in Reinhorn et al (1995a)
4.9.3 Hysteretic Dampers
The test program on the three story scale model did not include retrofit using

hysteretic damper elements  For completeness, the results considering a hysteretic damper

arc presented inigs 4 45 and 4 46
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4.10 Masonry Infill Panels: Experimental Test of a Masonry Infilled Frame

The computer program IDARC is capable of analyzing the response of buildings
with infill panel elements In this case study. the response of a masonry infill panel 1ested
at the University of Buffalo (Mander and Nair, 1994) is investigated The infill frame was
part of a research program to obtain the hysteretic force deformation of masonry infilled
frames The subassemblies, constructed from bolted steel frames and infilled with clay
brick masonry. were tested under in-plane quasi-static cyclic loading  The test specimens
consisted of three story steel frames with the center story infilled with the brick masonry
(see Fig 4 47) Diagonal braces with stiffness similar to the infill were provided at the top

and bottom stories

Conrections in the frame were designed to half the strength capacity of the
connecting members to achieve concentrated yielding in the connections. preventing
therefore damage to the principal members  The test setup was designed to simulate
boundary conditions shown in Fig 4 48, with plastic hinges at the beam ends and a
compression strut in the infill  Such conditions exist in frames subjected to lateral loading
with the infill being the crnitical clement (Mander et al. 1994)  Test specimens were

subjected to a sinusoidal cyclic drift history with increasing amplitude

The program IDARC Ver 40 was used to simulate the observed experimental
force deformation response of the masonry infill subassembly The idealized structural
model used for the analysis is shown in Fig 4 49 The model parameters were determined
using the formulas presented in Appendix I (see Reinhorn et al | 1995d. for more details)
The same cyclic Jdrifi history used for the experimental test was used as input for the
model The comparison of the experimental and analviical force-deformation response for
one of the subassemblies tested is presented in Fig 4 SO (see Reinhorn et al, 1995d, for
more comparnisons) The figure shows the lateral force vs. interstory dnft hysteresis oops
obtained in the experiment and the simulation The comparison indicates that the

theoretical model predicts the experimental results to a reasonable degree of accuracy
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The proposed hysteretic rule 1s sufficiently versatile and adequate to generate the observed

hysteretic loops

179



4.11 Remarks and Conclusions

The case studics presented in this Section are only meant 10 show a represemauve
sample of IDARC capabilities The task of inodeling different structures vary from case to
case, depending upon the degree of complexity in structural configuration and member
connections While IDARC must still be regarded as a special-purpose program, it can be
used with generality in analysis of structures ranging from buildings to bridges and partial

subassemblies used in laboratory testing

The input parameters to the program are obtained directly from engineering
drawings or from separate computations of member properties The only exceptions are
the input of hysteretic parameters and the assigned viscous damping analysis The case
studies presented here cover a range of different structures from single components to
scaled model frame buildings to full scale existing structures They also include well-
detailed ductile joints to gravity-load-designed non-ductile connections The parameters
used here can serve as a reference for the choice of appropriate parameters It is
recommended to use data from component tests when available, either by actual testing or

from the literature of past testing of similar configurations and detaiis

The choice of hysteretic parameters is critical only in the prediction of local failures
at a beam-column interface For systems with a large number of elements. the overall
response is less sensitive to.local behavior Consequently. the prediction of global damage
states is more reliable for single components. such as single bridge piers, and structures

where the damage 1s more evenly distributed
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SECTION §

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The present report summarizes the theory, developments, and capabilities of

IDARC Ver 40 for the inelastic damage analysis of structures  Significant changes and

improvements with respect to previous versions are summarized below

a)

b)

c)

Viscoelastic, friction and hysteretic damper elements  The three main types of
supplemental damper elements were added to the new releasc of the program
Viscoelastic damper elements can be modeled using a Kelvin or a Maxwell
model, depending on the specific characteristics of the damper used Friction
and hysteretic dampers are modeled using the Bouc-Wen smooth hysteretic
model ANl damper models are capable of capturing the response during
dynamic, quasi-static and pushover analysis

Infill panel elements Contnbution of infill panel elements 1o the lateral load
resistance of the structure were added The hysteretic response is captured
using a smooth hysteretic model that accounts for stiffness degradation.
strength deterioration, and pinching of the hysteretic loops A large variety of
infill panel elements can be modcled with changes in the control parameters of
the hysteretic model Formulas to internally calculate the response parameters
of masonry infill panels are available in the program

Spread plasticity and vield penetration  The spread plasticity model was
reformulated to include the effects of shear distortions with enhanced
numerical precision The new formulation can accommodate shear or flexural
failure conditions  Yield penetration rules were introduced to track the

variation of the plastic length zones
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d)

¢)

h)

New damage indices Three damage indices can now be calculated in the
program the Park & Ang damage model. the tatigue based damage index, and
an overall measure of the lateral stitfness loss  The first two damage models
can provide damage estimates for structural elements. stonies (subassemblies).
or the vverall buildings response

Hysteresis modules  New set of routines were introduced to model difterent
hysteretic responses, including a three branch steel model. and a bilinear maodel
The structure of the program was modified to facilitate the addition of new
hysteretic routines that can be developed in the tuture. or by other researchers
New pushover options A number of different options for the pushover
analysis were added to the program displacement control. user defined force
control distribution, a generalized power distribution. and a modal adaptive
lateral force distribution These distributions allow for a more realistical force
distribution to be used during pushover analysis

Response snapshots during analysis  The user can now request response
snapshots during the analvsis  Response snapshots provide the user with
displacement protile. element stress ratios. collapse states. damage index states,
and dvnamic characteristics (eigenvalues and ecigenvectors) ot the building
during the analysis

Proportional damping options  In the new version of IDARC the damping
matrix can be specified to be mass proportional. stiffness proportional. or
Rayleigh proportional Proportionality coeflicients are calculated internally by
the program using the first mode. or the first two modes in the case of
Rayleigh damping

Reprogrammed for improved efficiency  Most of the solution routines.
including the eigenvalue routine, the shear calculation. the spread plasticity and
yield penetration routines, and the matrix condensation routimes were revised
and reprogrammed to improve computational efficiency in the analvsis  The

program can readily be executed in a personal computer



)) New case studies for program validation Verification ¢xamples have been
included to highlight the program capabilities and features, as well as to
validate whenever possible numerical models with experimemal results  The
case studies will help the new user of the program to understand IDARC
capabilities and input formats

k) A mail user group for the program is available for questions, suggestions or
commen's related to the program

Email CIEREINA{@ubvms cc buftalo edu
A web site in the internet has been created where news, updates. comments
and current developments will be posted

http //shalom eng buffalo edu/idarc

5.2 Further Development Recommendations

The following is a list of recommendations for turther developments of the
program

» Incorporate element collapse

¢ Smooth hysteretic model for columns, beams and shear wall elements

o Include axial, shear, and moment interactions in the element capacity

o Automatic calculation of overall and story fatigue based damage indices
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APPENDIX A
USER’S GUIDE

INPUT FORMAT
A free format is used to read all input data. Hence, conventional delimiters
(commas, blanks) may be used to separate data items. Standard FORTRAN
variable format is used to distinguish integers and floating point numbers. Input
data must, therefore, conform to the specified variable type.
Notes: 1. Provision is made for a line of text between each set of data items. Refer to
the sample data files accompanying this Manual.
2. No blank lines are to be input.
3. A zero input will result in program default values, where applicable.

SET A: GENERAL INFORMATION
e Title of Probem:
TITLE
Description: TITLE: Alpha-numeric title, up to 80 characters.

e Control Data (See Figure A-1):

USER_TEXT
NSO, NFR, NCON, NSTL, NMSR, NPDEL, IPC
Description: USER TEXT: Reference information, up to 80 characters
of text.
NSO: Number of stories.
NFR: Number of typical (non-identical) frames
NCON: Number of different concrete material
properties sets.
NSTL: Number of different steel reinforcement
properties sets.
NMSR: Number of different masonry material
properties sets.
NPDEL: 0 to ignore P-Delta effects, or
1 to include P-Delta effects.
IPC: 0 for Unix operating system, or

1 for DOS/WINDOWS operating system.
Notes: A structure must be decomposed into a series of parallel frames. Input is
required only for non-identical frames, denoted here by the integer variable
NFR. The number of duplicates of each typical frame is specified later in this
DATA SET. The entire group of frames can be dcfined in the IDARC L-1-J
nodal locater system. This concept is shown graphically in Figure A-1. Three
examples of different frame definitions are shovwn. In Figure A-la, the four-
story building made up of a total of four frames is assumed to have

A-l IDARC 4.0
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o pairs of identical frames, hence, only mwo of them need be input in
IDARC (NFR Q). The cantilever beamvccolumn shown in Figure A-1b iy
defined as a single-story structure with one column line.  Likewise, the
subassemblage shown in Figure 1c is defined as a 2-story structure with three
column lines.  The number of concrete and steel properties refer to the
number of stross-strain envelopes to be input in Set B and Set C respectively.

SET AL: ELEMENT TYPES
o  Control Data (See Figure \-1):

USER TENI
MOCOL MBENO MW AL MEDG, MTRN, MISPRMBRY., MBRE, MBRH.
MIW
Description: USER TEXT: Reference information. up to 80 characters
of teat.
MOOL: No. of columau ty pes.
MBEN: No. of heam tyvpes.
MWAL: No. of shear wall 1y pes,
MEDG: No. of edge column types.
MFIRN: No. of transyerse heam types,
MSPR: No. of rotational spring tvpes.
MBRV: No. of visco-elastic brace types.
MBRE: No. of friction brace types,
MBRH: No. of hysteretic hrace types.
MIMW: No. of infill panel types.
Notes:  Elements are grouped into identical sets based on cross-section data and

initial conditions such as axial loads.  For example, in the exterior frame
shown in Figure A-la, there are 8 columns.  Typically, the exterior columns
at each level will be identical, hence, only 4 column types need to be defined.
The interior frame, assuming identical interior and exterior columns in each
Mloor, will require only 8 column types 1o define all 16 clements, i.e.. 2 vpes

per cach level as shovwn in the Figure.

SET A2: FLEMENT DATA
e Control Data:

U'SER TEXNT
NCOLNBEMONWAL NVEDG NTRNNSPRONMR, NBR,NVIW

Description: USER TENT: Reference information. up to 80 characters
of text.
NCOL: No. of columns,
NBEM: No. of beams,
NW AL No. of shear walls,
NEDG: No. of edge columns.
NTRN: No. of transverse heams,
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NSPR: No. of rotational springs.

VMR No. of moment releases.

NBR: No. of braces (VE ¢ friction + hysteretic).
NIW: No. of infill pancls.

Notes:  NMR is used to specify mament releases (hinge locations) at member ends.
Releasing a mament at a member end resales in a hinge condition at that end
thereby disallovwing moments to develop at the section.

SET A3: SYSTEM OF UNIIS
o  Control Flag:

USER TENT
In
Description: USER TEXT: Reference information, up to 80 characters
of teat,
In: System of units

1 for inch. Kips
2 for mm. kN
DEFAULT SYSTENM OF UNUES: inch, hip
A zero input for 1U will result in the use of inch cnd khip units.

SET A4 FLOOR ELEVATIONS
o  Control Data (See Figure A-2):

USER TENT
HIGT(1), HIGT2), ... HIGT(NSO)
Description: USER TENT: Reference information. up (o 80 characters
of text.
HGIG): Elevation  of story i from the base,

beginning with the first floor level.

SET AS: DESCRIPTION OF IDENTICAL FRAMES
e Control Data:

USER_TEXT

NDUP(1), NDUP(2). .... NDUP(NFR)

Description: USER_TEXT: Reference information, up to 80 characters
of text.
NDUP(Gi): List with the number of duplicate frames of

tvpical (non-identical) frame “i™.
Notes: In the sample structure shown in Figure A-1, there are four frames.
However, the two interior frames are identical as are the exterior frames.  In
this case, NFR=2, and NDUP(1) = NDUP(2) = 2.
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SET A6: PLAN CONFIGURATION
e Control Data:
USER TEXI
NVEN(DNVEN(2). ..o NVLN(NFR)

Description: USER TEXT: Reference information. up to 80 characters
uf teat.
NVENG): Number of column lines (or J-locater points)

an frame =i,

Notes: A set of NVILN points for cacl frame shoald define completely the column
lines necessary 1o specify every vertical element in that frame.  If a beam
clement is subdivided into beo or more segments, then the mumber of column
lines specified must include these internal beam nades as well,

SET A7: NODAL WEIGH TS
o  Control Data (See Figure \-2):
USER TEXT
LEVEL,IFR(E), WNT(1), WVT2) oo WYTINVLN(D))
TFR2). WVYT(D WYT2) .o WVTINVIN(2))

..... repeat for NFR frames
«orepeat for NSO levels (in ascending or descending order)
Description: USER TEXT: Reference information, up to 80 characters
of text,
LEVEL: Story level number.
IFR(J): Frame number.

WVT(R): Nodal weight.
Notes: 1. Nodal weights are anly used for the story mass computation.
2. Nodal weights may be inpui in ascending or descending story level

SET B: MATERIAL PROPERTIES SETS
e Envelope Generation Option:
USER_TEXT
IUSER

Description: USER_TEXT: Reference information, up to 80 characters
of text,
IUSER: Code for specification of user propertics:

0. produces IDARC generated envelopes for
at least one element.

1. requires complete moment-curvature
cnvelope data to he provided by user.
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Fig. A.2 Floor heights and nodal weights
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SET Bl: CONCRETE PROPERTIES SETS (SEE FIGURE A-3)
(SKIP THIS INPUT IF IUSER=1 OR NCON=0)
¢ Reference text:
USER_TENT
Description: USER_TEN'T: Reference information, up to 80 characters

of text.

e Characteristics of concrete stress-strain curve (one line for each of the NCON
concrete types):
IM.FC, EC, EPSO, FT, EPSU, ZF

Description: IM: Concrete property type (set) number.
FC: Unconfined compressive strength.
EC: Initial Young's Modulus of concrete.
EPSO: Strain at max, strength of concrete (%),
FT: Stress at tension cracking,
EPSL: Ultimate strain in compression (o).
A Parameter defining slope of falling branch,

DEFAULT VALUES (if a zevo was specified as data input):
EC =87*Jro=100 ksi: EPSO=0.2%: FTI =012*FKC;
EPSU and ZF are derived from Equation (3.12) and depends on section data.

SET B2: REINFORCEMENT PROPERTIES SETS (SEE FIGURE A-4)
(SKIP THIS INPUT IF IUSER=1 OR NST1.=0)
e Reference Text:
USER_TENT
Description: USER_TEXT: Reference information, up to 80 characters
of text.

o  Characteristics of steel stress-strain curve (one line for each of the NSTL. steel

types):
IML FS, FSU, ES. ESH. EPSH
Description.: IM: Steel type (set) number.

FS: Yield strength.

FSU: Ultimate strength.

ES: Modulus of elasticity.

ESH: Modulus of strain hardening.
EPSH: Strain at start of hardening (%).

DEFAULT VALUES (if 2 zero was specifed as data input):
FSU=14*FS:; ES =29000ksi; ESH=(ES/60)ksi: EPSH =3.0%
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SET B3: MASONRY INFILL PROPERTIES SETS
(SKIP THIS SECTION IF IUSER=1 OR NMSR=0)
o Reference text:
USER TEXT
Description: USER_TEXT: Reference information, up to 80 characters
of text.

o Characteristics of masonry (one line for each of the NMSR masonry types):
IM, FM, FMCR, EPSM, VM, SIGMM, CFM

Description: IM: Maseonry type number.
FM: Prism strength of masoury.
FMCR: Cracking modulus of masonry
EPSM: Strain corresponding to prism strength (%).
VM Basic shear strength of masonry bed joints.
SIGMM: Maximum allow able shear strength
CEM: Coefficient  of (friction of frame-infill

interface.

DEFAULT VALUES (f a zero was specified as data input):
EPSM =0.2% : FMOCR = 0.05%FM; VM - 0,04 ksiz SIGMINM = 0.058*FM:
CFM=0.3

SET C: HYSTERETIC MODELING RULES (SETS)
(SEE. FIGURF. A-5)
o  Control Data:

USER_TEXT

NHYS
Description: USER_TEN'T: Reference information. up to 80 characters
of text,
NHYS: Number of (ypes (scts)of hysteretic rules.

e  Hysteretic Model Parameters (one line for each NHY'S hysteresis rule types):
IR, HC. HBD. HBE. HS

Description: IR: Parameter set number.
HC: Stiffness degrading coeflicient.
HBD: Ductility-based strength decay parameter.
HBLE: Energy-based strength decay parameter.
HS: Target slip or crack-closing parameter.

DEFAULT VALUES(GF a zero was specified as data input);
HC=2.0: HBD=0.0; HBE=0.10;: HS =10
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Fig. A.5 Qualitative view of effects of degrading parameters on hysteretic behavior
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Notes:  Hysteretic behavior is specified at both cnds of each member.  Access to
experimental results of the cyclic force-deformation characteristics of
components typical to the structure being analyzed provides the best means of
specifying the above degrading paramcters.  Table A-1 and Figure A-§
provide a number of qualitative insights inte modeling of the hysteretic
parameters. The loops showa in Figure A-3 are only meant to show the
relative cffects of changing the parameters. The general meaning of the
paramerers can be characterized as follows:  An increase in HC retards the
amount of stiffness degradation; an increase in HBD HBE accelerates the
strength deterioration; and an increase in IS reduces the amount of slip.
(Also refer to Section 3.3 of this report)

Table A-1. Iypical Range of Values for Hysteretic Parameters

Parameter Meaning J__ Value Effect
HC Stiffness degrading 0.1 Severe degradation
parameter 2.0 Nomiaal degradation (default)
10.0 Negligible degradation |
HBD Strength degrading 0.0 No degradation (default)
parameter 0.1 Nominal deterioration
(ductility-based) 0.4 Severe deterioration
HBE Strength degrading 0.0 No deterioration
paranieter 0.1 Nominal deterioration (default)
(energy-controlled) 0.4 Severe deterioration
HS Slip or crack- 0.1 Extremely pinched loops
closing parameter 0.8 Nominal pinching
1 Lo No pinching (default)
SET D: COLUMN PROPERTIES
(SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS)
e {ontrol Daia:
USER_TEXT
1CoL
Description: USER _TEXT: Reference information. up to 80 characters
of text.
ICoL.: Type of column input:
0:Section  dimensions  and reinf. to  be
specified.
L:Moment-curvature emvelope  to be
specified

IF TUVCOL =1, GO TO SET D3
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* Reference Text:
USER_TEXT
Description: USER TEN'T: Reference information, up to 80 characters
of text.
e For each column type (MCOL). input the following:
ICTYPE
Data from SET D1 (ICTYPE=1) or SET D2 (1CTYPE=2)
Description: 1ICTYPE: Type of column:
1; rectangular (DEFAULT),
2; circular.
READ DATA FROM SET Dt OR D2 (See below)
GO TO SET E WHEN FINISHED READING ALL COLUMN TYPES.

SET DI1: for ICTYPE=1: Rectangular Column Data Set (SEE FIGURE A-6)
e General data:
KC, IMC, IMS, AN, AMLC, RAMCIL, RAM(2
e Bottom section:
KHYSC, D, B, DC, AT, HBD, HBS, CEF
o Top section:
If KHYSC for bottom section is input with negative sign, section is

symmetric, hence, do not input top section data, otherwise repeat as above,
starting with KHYSC.

Description: K(: Column type set number.
IMC: Concrete type number.
IMS: Steel type number.
AN: Axial load.
AMLC: Center-to-center column height.
RAMCI: Rigid zone length at bottom.
RAMC(C2: Rigid zone length at top.
KHYSC(: Hysteretic rule number {may he negative)*.
D: Depth of column,
B: Width of column.
DC: Distance from centroid of reinforcement to
face of column.
AT: Area of reinforcement on one face.
HBD: Hoop bar diameter.
HRBS: Hoop bar spacing.
CEF: Effectiveness of column confinement.

Note:  * An input value of KHYSC with negative sign for the bottom section will result
in symmetric values being assigned to the top section.
Return to input of ICTYPE for next column type. \When done go to SET E.
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SET D2: ICTYPE = 2; Circular Column Input (SEE FIGURE A-7)

o General Data:

KC, IMC, IMS, KHYSC, AMLC, RAMCI1, RAM(2

o Column Section:

AN, DO, CVR, DST, NBAR, BDIA, HBD, HBS

Description: KC:
IMC:
IMS:

KHYSC:

AMILC:

RAMCI:
RAM(2:

AN:
DO:
CVR:
DST:

N “\ R:
BDIA:
HBD:
HBS:

Column type set number.
Concrete type number.,

Steel type number.

Hysteretic Rule number.
Center-to-center column height.
Rigid arm bottom.

Rigid arm top.

Axial load on the column.
Outer diameter of column.
Cover to center of hoop bar.
Distance between centers of Jong, bars.
N umber of longitudinal bars.
Diameter of longitudinal bar.
Diameter of hoop bar.

Spacing of hoop hars,

Return to input of ICTYPE for next column type. When done go to SET E,

SET D3: USER INPU'T PROPERTIES (Rectangular or Circular) (SEE FIGURE

A-8)
e Reference Text:
USER_TEXT

Description: USER_TEXT: Reference information, up to 80 characters

of text,

For each section type provide the following data:

o General Data:

KC, AMLC, RAMCI, RAMC2, IHYSC

e Bottom section:

KHYSC, EL EA, GA, PCP, PYP, UYP, UUP, EI13P,
PON, PYN, UYN, UUN, EB3N

¢ Top section:

If KHYSC for bottom section is input with negative sign, section is
symmetric, hence, do not input top section data, otherwise repeat as above,

starting with KHYSC.
Description: KC:
AMLC:
RAMCI:
RAMC2:
IHYSC:

Column type number.

Column Length.

Rigid Arm (Bottom).

Rigid Arm (Top).

Type of hysteresis model to be used:
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Fig. A.8 Notation for user input trilinear envelopes
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1 for three parameter Park model,

2 for three parameter Park model for steel,
3 for three parameter steel model,

4 for bilinear model.

KHYS(: Hysteretic rule number (may be negative)*.

ElL Initial Flexural Rigidity (El).

EA: Axial Stiffness (EA/L).

GA: Shear Stiffness (Shear modulus*Shear
Area).

PCP: Cracking Moment (positive).

PYP: Yield Moment (positive).

UYP: Yield Curvature (positive).

uup; Ultimate Curvature (positive).

E13pP: Post Yield Flexural Stiffness (positive).

PCN: Cracking Moment (negative).

PYN: Yield Moment (negative).

UYN: Yield Curvature (negative).

UUN: Ultimate Curvature (negative).

EI3N: Post yield Flexural Stiffness (negative).

Note: * An input value of KHYSC with negative sign for the bottom section will result
in symmetric values being assigned 1o the top section.
Repeat for each column type, starting with General Data (SET D3)

SET E: BEAM PROPERTIES SETS
(SKIP THIS INPUT IF THE STRUCTURE HAS NO BEAMS)
e Control Data:

USER TEXT
IUBEM
Description: LISER_TEXT: Reference information. up to 80 characters
of text.
IUBEM: Type of beam input:

0; Section dimensions. and reinforcement
details (internal computation of moment-
curvature envelope).

I; User specified moment-curvature
envelope,

IF IUBEM =1, GO TO SET E2

SET El: BEAMS SECTION DIMENSIONS SETS (SEE FIGURE A-9)
o Reference Text:
USER_TEXT
Description: USER_TEXT: Reference information, up to 80 characters
of text.
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For each section type provide the following data:

e General data:
KB, IMC, IMS, AMLR, RAMBI, RAMB2

o Left section:
KHYSB. D, B, BSL. TSL., BC. AT, AT2, HBD, HBS

e Right section:
If KHYSB for left section is input with negative sign, section is symmetric,
hence, do not input right section data, otherwise input right section data
starting with KHYSB as in the left section.

Description: KB: Beam type set number.
IMC: Concrete type number.
IMS: Steel type number.
AMLR: Member length,

RAMBI: Rigid zone length (left).
RANMB2: Rigid zone length (right),
KHYSB: llysteretic rule number (may he negative)*.
D: Overall depth**,

B: Lower width**,

BSI1.: Fffective slab width**,
TSI Slab thickness**.

B(: Cover to centroid of steel.
AT Area of bottom bars,
AT2: Area of top bars,

niBn: Diameter of stirrup bars.
HBS: Spacing of stirrups.

Notes: * An input value of KHYSB with negative sign for the left section will resalt in
symmetric values being assigned to the right section.
** For a rectangular beam or flar slah D is the overall depth, B=BSL& TSI=0
Repeat for each beam tvpe starting with General Data (SET E1)
When done, go to SE'T F

SET E2: USERINPUT PROPERTIES SETS (SEE FIGURE A-8)
e Reference Text:
USER_TEXT
Description: USER TEXT: Reference information, up to 80 characters
of text,

For each section type provide the following data:
e (eneral Data:
KB, AMLRB, RAMBI, RAMB2, IHYSB
e Left section:
KHYSB, EL, GA, PCP.PYP. UYP, UUP, EI3P,
PON.PYN, UYN, UUNCEI3N
e Right section
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If KHYSB for left section is input with negative sign, section is symmetric,
hence, do not input right section data, otherwise repeat as aboy e, starting
with KHYSB as in the left section,

Description: hB:
AMLB:
RAMBI:
RAMB2:
IyssB:

KHYSB:
kl:
GA:

PCP:

PYP:

Uyp:
ue:
FI13P:
PON:
PYN:
UYN:
veN:
EI3N:

Beam type set number.

Beam Length,

Rigid Arm (L.eflt).

Rigid Arm (Right).

Type of hysteresis model to be used:

1 for three parameter Park model,

2 for three parameter Park model for steel,
3 for three parameter steel model,

4 for bilinear model.

Hysteretic rule number (may be negative)*.
Initial Flexural Rigidity.

Shear  Stiffness  (Shear  modulus*Shear
Area).

Cracking Moment (positive).

Yield Moment (positive).

Yield Curvature (positive).

Ultimate Curvature (positive).

Post Yield Flexural Stiffness (positive).
Cracking Moment (negative).

Yicld Moment (negative).

Yield Curvature (negative).

U ltimate Curvature (negative).

Post vield Flexural Stiffness (negative).

Note: * An input value of KHYSB with negative sign for the left section will result in
symmetric values being assigned 1o the right section.
Repeat for each beam type. starting with General Data (SE'T E2)

SET F: SHEARWALL PROPERTIES SETS (SEE FIGURES A-10 AND A-11)

(SKIP THIS INPUT IF THE STRUCTURE HAS NO SHEAR WALLS)

e Control Data:
USER _TENT
TUWAL

Description: USER_TEXT: Reference information, up to 80 characters

TUWAL:

of text.

Type of wall input:

0; Section dimensions and reinforcement.
details (internal computation of moment-
curvature and shear strain envelopes).

1: User specified moment-curvature and
shear-sirain envelopes.
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Fig. A.10 Typical input details for shear wall sections
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IF IUWAL = 1, GO TO SET F2

SET FI: WALLS SECTION DIMENSIONS SETS

e Reference Text:
USER_TEXT
Description:

USER_TENXT: Reference information, up to 80 characters

of text.

For each section type provide the following data:

o General Data:

KW, IMC, KHYSW(1), KHYSW(2), KHYSW(3), AN, AMLW,NSECT
e  For each of the NSECT sections, input the following:
KS. IMS, DWAL, BWAL. PT, PW

KW:
IMC:

Description:

KHYSW(1):
KHYSW(2):
KHYSW(3):

AN:
AMLW:
NSECT:
KS:
IMS:
DWAL:
BWAL:
PT:

PW:

Shear wall type set number.
Concrete type number.
Hysteretic Rule Number (hottom).
Hysteretic Rule Number (top).
Hysteretic Rule Number (shear).
Axial load.

Height of shear wall.

Number of Sections.

Section number.

Steel type number.

Depth of section.

Width of section.

Vertical reinforcement ratio (%).
Horizontal reinf ratio (%).

Repeat for each wall type starting with General Data; When done go to SET G

SET F2: USERINPUT PROPERTIES SETS (SEE FIGURE A-8)

e Reference Text:
USER_TEXT
Description:

USER TEXT: Reference information, up to 80 characters

of text.

For each section type provide the following data:

e General Data:

KW, AMLW, EAW, IHYSWF, IHYSWS

o Flexure BOT:

KHYSW, EL, PCP, PYP, UYP, UUP, E13P, PON, PYN, UYN, UUN, EI3N

e Flexure TOP:
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IF KHYSW for bottom section is input with negative sign, section is
symmetric, hence, do not input top section data, otherwise repeat as above,
starting with KHYSW.

Shear:

KHYSW, GA, PCP, PYP, UYP, UUP, GA3P, PCN, PYN, UYN, UUN, GA3N

Description:

KW:
AMLW:
EAW:
IHYSWE:

HIYSWS:

Wall type set number.

Wall length.

Axial StifTness (EA/L).

Type of hysteretic model to be used for
flexure:

1 for three parameter Park maodel,

2 for three parameter Park madel for steel,

3 for three parameter steel model,

4 for bilinear model.

Type of hysterctic model to be used for
shear:

1 for three parameter Park madel,

2 for three parameter Park maode! for steel,

3 for three parameter steel model,

4 for bilinear model.

Data for Flexural Properties:

KHYSW:
El:
PCP:
PYP:
UYyp:
uue:
El13P:
PCN:
PYN:
UYN:
UUN:
FI3N:

Hysteretic rule nnmber (may be negative)*.
Initial flexural stiffness (E1).

Cracking Moment (positive).

Yield Moment (positive).

Yield Curvature (positive).

Ultimate Curvature (positive).

Post Yield Flexural Stiffness (positive).
Cracking Moment (negative).

Yield Moment (negative).

Yield Curvature (negative).

Ultimate Curvature (negative).

Post yicld Flexural Stiffness (negative).

Data for shear properties:

KHYSW;
GA;
PCP:
PYP:
UYpP:
uup;
GA3P:
PCN:
PYN:
UYN;

Hysteretic Rule Number.

Initial Shear Stiffness (shear modulus*area).

Cracking Shear (positive).

Yield Shear (positive).

Yield Shear strain (positive).

Ultimate Shear strain (positive).

Post Yield Shear Stiffness (positive).

Cracking Shear (negative).

Yield Shear (negative).

Yield Shear strain (negative). UUN:
U'ltimate Shear strain (negative).
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GA3N: Post Yield Shear Stiffness (negative).
Note: * An input value of KHYSW with negative sign for the bottom section will
result in symmetric values being assigned to the top section,
Return to start of General Data (SET F2). Repeat for each wall type

SET G: EDGE COLUMN PROPERTIES SETS (SEE FIGURE A-11)
(SKIP THIS INPUT IF THE STRUCTURE HAS NO EDGE COLUMNS)
Do not duplicate edge column data if already input in SHEAR WALL data.
¢ Reference Text:
USER _TEXT
Description: USER_TENXT: Reference information, up to 80 characters
of text.

e Edge Column Data (Provide one line for each MEDG edge column type):
KE, IMC, IMS, AN, DC, BC, AG, AMLE, ARME

Description: KE: Edge cotumn type set number.,
IMC: Concrete type number.
IMS: Steel type number,
AN: Axial load.
DC: Depth of edge column.
BC: Width of edge columan.
AG: Gross area of main hars,
AMLE: Member length,
ARME: Arm length.

Repeat for each of MEDG elements starting with edge column type number.

SET H: TRANSVERSE BEAM PROPERTIES SETS (SEE FIGURE A-12)
(THIS INPUT NOT REQUIRED IF STRUCTURE HAS NO TRANSVERSFE
BEAMS OR IS MADFE OF IDENTICAL BEAMS ONLY)
e Reference Text:
USER_TEXT
Description: USER _TEXT: Reference information, up to 80 characters
of text.

e Transverse Beam Data (Provide one line for each M TRN transverse heam type):
KT, AKV, ARV, ALY

Description: KT: Transverse heam type set number
AKV: Vertical Stiffness
ARV: Torsional Stiffness
ALV: Arm length

Repeat for cach of MTRN clements

Notes: 1. Transverse elements are assumed to remain clastic.  The degree of fixity at
the ends will depend on the state of the joint and the state of the members that
Sframe into the joint before and during  the application of load. I the entire
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Fig. A.12 Transverse beam input
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region is expected to stay elastic, then the vertical stiffness shasld be
computed as : AK1" 1211/ 1. In the extreme case that one of ends do not
transmit stiffness due to yielding of adjoining members or deterioration of the
Joint, then ANV 31171 . An imtermediate value is a pood average
approximation.

2. If duplicate frames are present, extreme care should be taken in specifying
transverse beam properties.  The progeam multiplies the input values by the
number of duplicate frames to which they are attached.  For example, for the
Srames shown in Figure A-1, NDUP(1) = NDUP(2) = 2. The program will
Jactor the input stiffness values by (NDUP(1H)NDUP(2))=4.0. Input
stiffnesses should, therefore, be modified to account for this effect.  If the
maodeling of transverse clements is not cracial to the analysis, the wse of
duplicate frames should be avoided.

SET I: ROTATIONAL SPRINGS PROPERTIES SETS (SEE FIGURE A-8)

(THIS INPUT NOT REQUIRED IF ROTATIONAL SPRINGS ARE NOT

SPECIFIED)
o Reference Text:

USER_TEXT

Description: USER_TENT: Reference information. up to 80 characters

of text.

General Data (Provide one line of data for each MSPR spring type):

KS. IHYSR, KHYSR. EL PCP PYP, UYP, UUP, E13P, PON, PYN, UYN,

UUN, EI3N

Description: KS: R .ational spring set number.,

IHYSR: Type of hysteretic model to be used:
1 for three parameter Park model,
2 for three parameter Park model for steel,
3 for three parameter steel model,
4 for bilinear model.

KHYSR: Hysteretic Rule Number,

El: Initial Rotational Stiffness.

PCP: Cracking moment (positive).

PYP: Yield moment (positive).

UYP: Yield rotation (positive, radians),
tLe: Ultimate rotation (positive, radians),
E13pP: Post-yield stiffness ratio (positive).
PON: Cracking moment (negative).

PYN: Yield moment (negative).

UYN: Yield rotation (negative).

UUN: Ultamate rotation capacity (negative).
KI3N: Post vield stiffness ratio (negative).

repeal for each spring type
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Nates:  Spring properties, unlike other clement types, are specified in terms of
moment and rotation (in radians).  The envelope  follows the same
nonsymmetric trilinear pattern as shown in Figure A-8.

SET J: BRACES PROPERTIES SETS

SET J1: VISCO-ELASTIC BRACE PROPERTIES SETS
(SKIP THIS IF NO VISCO-ELASTIC BRACES ARE SPECIFIED)
»  Control Information:
USER _TEXT
ITMODEL, ITDVCON
Description: USER_TEXT: Reference information, up to 80 characters
of text.
ITMODEL:  Model for viscous dampers:
0 for Maxwell model,
1 for Kelvin model.
ITOVCON:  Type of connection:
0 for diagonal braces,
1 for chevron braces.

SET JI-1: VISCO-ELASTIC BRACFE. PROPERTIES

o General Data (Provide one set of data for each MBRV visco-elastic brace type):
ITDv. CDV,. KbV

¢ Chevron Braces Data (Provide only if 'TTDVCON=1):
KDVCH, ANGDV

Description: ITnv: Visco-elastic brace type set number,

CDV; Damping constant O of this tvpe of visco-
elastic brace.

KDV: Axial stiffness of this type of visco-elastic
brace (EA/L).

KDVCH: Axial stiffness of one leg of the Chevron
bracing (EA/L).

ANGDV: Angle of inclination of the hrace with respect

to a horizontal line.
Repeat set J1-1 for each visco-elastic brace type

SET .J2: FRICTION DAMPER BRACE PROPERTIES SETS
(SKIP THIS IF NO FRICTION DAMPER BRACFES ARE SPECIFIED)
o Reference Text:

USER_TEXT

ITDFCON
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Description: USER_TEXT: Reference information, up to 80 characters
of text.
ITDFCON:  Type of connection:
0 for diagonal braces,
1 for chevron hraces.

SET J2-1: FRIC I'ION DAMPER BRACE PROPERTIES

e General Data (Provide one line of data for each MBRF friction brace type):
ITDF, KDF, FYDF

e Chevron Brace Data (Provide only if ITDFCON=1):

KDFCH, ANGDF
Description: ITDF: Friction (damper) brace type set number.

KDF: Axial stiffness.

FYDF: Friction force of this tvpe of friction
dampers,

KDFCH: Axial stiffness of one leg of the Chevron
brace (EA/L).

ANGDF: Angle of inclination of the brace with respect

to a horizontal line.
Repeat set J2-Uor cach friction damper brace type

SET J3: HYSTERETIC DAMPER BRACE PROPERTIES SETS

(SKIP THIS 1IF NO HYSTERETIC DAMPER BRACES ARFE SPECIFIED)

s Reference Text:

USER _TEXT, ITDHCON
Description.: USER_TEXT: Reference information, up to 80 characters
of text.
ITDHCON:  Type of connection:

0 for diagonal braces,
I for chevron braces.

SET J3-1: HYSTERETIC DAMPER BRACF. PROPERTIES

*  General Data (Provide one line of data for each MBRH hysteretic brace type):
ITDH, KDH, FYDH, RPSTDH

¢ Chevron Brace Data (Provide only if TTDHCON=1}):
KDHCH, ANGDH

Description: ITDH: Hysteretic damper brace type set number.
KDH: Axial stifTness.
FYDII: Yield force of this type of hysteretic
dampers,

RPSTDRH: Post vield stiffness ratio.
KDHCH: Axial stiffness of one leg of the Chevron
bracing (KA/L).
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ANGDH: Angle of inclination of the brace with respect
to a horizontal line.
Repeat set J3-1 for each hysteretic damper type

SET K: INFILL PANEL PROPERTIES SETS
(SKIP THIS IF NO INFILL PANEL ELEMENTS ARE SPECIFIED)
o Reference Text
USER_TEXT
Description: USER_TEXT: Reference information, up to 80 characters
of text.

SET K1: CONTROL. DATA
e (Control Information
USER_TEXT
IPT, ICTYPE

Description: USER_ TEXT: Reference information, up to 80 characters
of text.
P Masonry infill panel type set
ICTYPE: Type of infill panel input:

0. Masonry panel dimensions to be
specified for automatic generation of
panel strength envelope parameters.

1, User specified panel strength envelope
parameters

SET K2-1: INPUT FOR GENERATION OF STRENGTH ENVELOPE
PARAMETERS

(SKIP TO K22 IFICTYPE =1)

o Infill panel dimensions (provide two lines of data for each 1PT infill panel type

set):
IMT, TMP.VEMP,VHMP
Description: IMT: Masonry property type number
T™MP: Thickness of masonry infill panel
VI.MP: L.ength of infill panel
VYHMP: Height of infill panel
QMPC.OMPB. QMPI,. QMPC
Description: OMPC: Plastic moment capacity of column
OMPB: Plastic moment capacity of heam
QMPJ: Plastic moment capacity of joint
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SET K2-2: USER INPUT FOR STRENGTH ENVELOPE PARAMETERS
(SKIP THIS INPUT IF ICTYPE = 0)
e User specified infill panel strength envelope properties (provide one line of data
for each IPT infill panel type set):
EAIW, VYIW
Description: EAIW: Initial elastic stiffness of the panel type
VYIW: Lateral yield force of the panel type

SET K3: INFILL PANEL HYSTERETIC PROPERTIES

e Hysteretic model parameters for infill panel (provide three lines of data for each
1PT infill panel type set):
AW, BTA, GMA, ETA. ALPHIW
IS, AS,ZS, 28BS
SK, SPL.SP2. MU

Description: AN Parameter A in Wen’s model.

BTA: Parameter beta in Wen's model.

GMA: Parameter gamma in Wen's model.

ETA: Parameter eta in Wen's model.

ALPHIW: Post yielding stiffness ratio.

IS: Flag to indicate no slip (=0), or slip (=1) in
the hysteretic response.

AS: Control parameter for ship length.

AR Parameter that controls the sharpness of the
slip.

78S: Offset value for slip response.

Sk Control parameter to varv the rate of
stiffness decay.

SPL: Parameter to control the rate of strength
deterioration,

SP2: Parameter to control the rate of strength
deterioration.

MU Ductility capacity of the infill panel.

Nates: | DEFAULT VALUES (if a zero was specified as data input):
AIW=100, BTA=0.1, GMA=0.9, ETA=2.0, ALPHIN=0.0]
18=1, AS=0.3, ZS=0.1, ZBS=0.0
SK=0.1. SP1=0.8, SP2=1.0, MU=5.0

2 See Section 3.3 for details on the role of hysteretic maodel parameters,

Repeat Sets K1, K2 and K3 for each IPT infill panel type set.
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SET L: ELEMENT CONNECTIVIES

Notes:  Element connectivity is established through the 3 positional locaters deseribed
in Figure A-1: a story level, a frame number and a column line. The I
position locater (or story level) varies from 0 to the number of stories; the 1
position locater (or frame number) varies from 1 to the number of frames;
and the J locater varies from 1 to the number of NVIN positions (column
lines) for each frame. The hypothetical structure shown below is used to
demonstrate the input format. Only a representative data set is shown.

Element Type Number | Type | IC JOC | LBC | LTIC
COLUMNS t 1 1 1 3 4
2 2 1 2 3 4
10 8 1 4 0 2
Number | Type | LB B JILB | JRB
BEAMS 1 1 1 1 2
2 2 4 1 2 3
6 3 3 1 3 4
Number | Type | W JW O LBW | LTW
WALLS 1 1 1 3 3 4
2 |2 | v} 3 2] 3

SET LI: COLUMNS CONNECTIVITY (SEE FIGURE A-13)
(SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUNMNNS)
e Reference Text:

USER TEXT

Description: USER_TEXT: Reference information, up to 80 characters

of text.

o Column Connectivities (Provide one line of data far each NCOL. column):

MOITC G JC LBC LTC

Description: M: Column number.
ITC: Column tyvpe number.
1C: Frame number.
JC: Column Line number.
1.BC: Story level at bottom of column,
LTC: Story level at top of column,
Nates:  Input is required for each of the NCOL columns,
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L=d
3
4 6 ? L=3
6 7
8 10 11 L=2
12 10 " L=
® = hinge
s 1 L=0
J=4 J=5
Element Type | Number | Type| IC | JC | LBC | LTC
1 1 1 1 3 4
COLUMNS 2 2 1 2 3 4
10 8 1 4 0 2
Number|Tvpe| LB | IB | JLB | JRB
1 1 4 1 1 2
BEAMS 2 2 4 1 2 3
6 3 3 1 3 4
Number | Tvpe | IW [ JW [ LBW[LTW
1 1 1413 3 4
WALLS 2 2 1] 3 2 3

Fig. A.13 Element connectivity for sample structure
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SET L2: BEAMS CONNECTIVITY (SEE FIGURE A-13)
(SKIP THIS INPUT IF STRUCTURE HAS NO BEAMS)
e Reference Text:
USER_TEXT
Description: USER_TEXT: Reference information, up to 80 characters
of text.

o Beam Connectivities (Provide one line of data for each NBEM beam):
M. ITB, LB, I8, JLB, JRB
Description: M: Beam number.

ITB: Beam type number.

I.B: Story level.

1B: Frame number.

JLB: Column Line number of left section.
JRB: Column Line number of right section,

Note:  Input is required for cach of the NBEM bheams.

SET 1.3: SHEAR WALLS CONNECTIVITY (SEE FIGURE A-13)
(SKIP THIS INPUT IF STRUCTURE HAS NO SHEAR WALLS)
o Reference Text:
USER_TEXT
Description: USER_TEXT: Reference information, up to 80 characters
of text,

e  Wall Connectivities (Provide one line of data for each NWAL wall):
M, ITW, IW,JW, LBW, LTW

Description: M: Wall number.
ITVW: Wall type number.
(A} Frame number.
JW: Column line number.
LBW: Story level at bottom.
LTW: Story level at top.

Note:  Input is required for cach of the NWAL shear walls.

SET L4: EDGE COLUMNS CONNECTIVITY
(SKIP THIS INPUT IF STRUCTURE HAS NO EDGE COLUMNS)
¢ Reference Text:
USER _TEXT
Description: USER_TENXT: Reference information, up to 80 characters
of text,

o Edge Column Connectivities (Provide one line of data for each NEDG edge
column):
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MLITE, LE, JE, LBE, LTE

Description: M: Edge columa number.
ITE: Edge column type number.
1k Frame number.
JE: Column line number.
LBE: Story level at bottom of column.
LTE: Story level at top of column.

SET LS: TRANSVERSE BEAMS CONNECTIVITY
(SKIP THIS INPUT IF STRUCTURE HAS NO TRANSVERSE BEAMNS)
e Reference Text:
USER_TEXT
Description: USER TENXT: Reference information, up to 80 characters
of text.

e Transverse Beam Connectivities (Provide one line of data for each N'TRN

transverse beam):
MUITT, LT IWT WL IFTLJFT

Description: M: Transverse beam number.
Imr: Transverse heam type number.
L Story level.
IWT: Frame number of origin of transverse
beam*,

JWT: Column line of origin of transyerse beam*,
I+ Frame number of connecting wall or column.
JET: Column line of connecting wall or column.

Note:  *For beam-to-wall connections, IBT and JWT refer to the 1J locations of the

wall.

SET L6: SPRINGS LOCATIONS (SEE FIGURE A-14)
(SKIP THIS INPUT IF ROTATIONAL SPRINGS ARE NOT SPECIFIED)
e Reference Text:
USER_TEXT
Description: USER _TENT: Reference information, up to 80 characters
of text.

o Spring Location (Provide one line of data for each NSPR springs):
M. ITRSP, ISP, ISP, LSP, KSPL.

Description: M: Spring number.,
ITRSP: Rotational Spring Type Number.
ISP: Frame number.
JSP: Column line number.
LSP: Story level.
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SPRING LOCATION IDENTIFIERS

Fig. A.14 Specification of discrete inelastic springs
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KSPL.: Relative spring location as follows:
1, for spring on heam, left of joint. or
2, for spring on column, top of joint, or
3, for spring on beam, right of joint, or
4, for spring on column, bottom of jeint,
Note:  The number of springs at a joint is limited to one less than the total number of
smembers framing into the joint.

SET L7: MOMENT RELEASES (SEE FIGURE A-15)
(SKIP THIS INPUT IF MOMENT RELEASES ARE NOT REQUIRED, NMR = 0)
e Reference Text:
USER_TEXT
Description: USER _TENXT: Reference information, up to 80 characters
of text.

o Moment Release L.ocations (Provide one line of data for each NMR moment

releases):
IDM, IHTY, INUM, IREG
Description: IDM: 1D number.

IHTY: Element type using following code:
1 for COLUMN;, or
2 for BEAM, or
3 for WALL.
INUM: Column, Beam or Wall number.
IREG: Location of hinge or moment relecase:
1 for BOTTOM or LEFT,
2 for TOP or RIGHT.
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Somple Input (with reference to Fig A—13)

(1DM IHTY INUM IREG
1 10 1
(col) (col #) (bot)
2 2 6 2
L (beam) (beam#) (right)

/

Fig. A.15 Specification of moment releases
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SET 1.8: BRACES CONNECTIVITIES
(SKIP THIS IF NO BRACES ARE SPECIFIED)

o Reference Text:
USER_TEXT
Description: USER_TEXT:

Reference information, up to 80 characters
of text.

o Brace Connectivities (Provide one line of data for each NBR braces):

M, IF, ITBR, ITD, LT, LB, JT,
Description: M:
1F:
ITBR:

1TD:
LT
1.B:
JI:
JRB:

AMLBR:

JB, AMLBR

Brace number.

Frame number.

Brace type:

1, Visco-elastic brace, or

2, Friction damper brace, or

3. Hysteretic damper brace,

Property type number of specified brace.
Story level at top side of the brace.

Story level at bottom side of the brace.
Column line number at top side of the brace.
Column line number at bottom side of the
brace.

Brace length (joint to joint).

SET L.9: INFILL PANELS CONNECTIVITIES
(SKIP THIS 1¥ NO INFILL PANFLS ARE SPECIFIED)

o Reference Text:
USER_TEXT
Description: USER TEN'T:

Reference information, up to 80 characters
of text,

o Infill panels connectivitirs (Provide one line of data for each of NIW panels):
MLIF ITIW, LT, LR, JL. JR, JBMT

Description: M:
1F:
I'TIW:
11:
LB:
JL:
JR:

JBMT:

Infill panel number.

Frame number.

Property tyvpe number of specified infill
panel.

Story level at top of infill panel.

Story level at bottom of infill panel.

Column line number at left side of the infill
panel.

Column line number at right side of the infill
panel.

Beam type number on top of infill panel
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SET M: ANALYSIS OPTIONS
e General Data:
USER_TEXT

10PT
Description: USER_TEXT: Reference information, up to 80 characters
of text.
10PT: Option for continuing analysis:

0. STOP (Data check mode).

1, for Inelastic incremental static analysis
(with static loads.if specified)

2, for Monotonic "pusheover” analysis
including static loads (if specified).

3, for Inelastic dynamic analysis including
static loads (if specified).
4, for Quasi-static cyelic anal
static loads (if specified).
Notes: It is generally advisable 10 use the "data check” maode for the first trial run of
a new data set. The program performs only minimal checking of input data.
Structural elevation plois generated by IDARC help identify errors in
connectivity specification.  Since IDARC prints all input data  almaost
immediately after they are read, the task of detecting the source of input
errors is generally expedited. It is alse important to verify all printed output,
especially section properties such as flexural stiffness and yield momen.
OPTION 1 permits an independent nonlinear static analysis.  Static loads are
input in data set M1. OPTIONS 2 - 4 may he combined with long-term static
loads which is input in duta set M1.

sis including

SET M1: LONG-TERM LOADING (STATIC LOADS)
e Control Information:

USER_TEXT
NLU, NLJ, NLM, NLC
Description: USER_TEXT: Reference information, up to 80 characters
of text.

NLU: No. of uniformly loaded heams.
NLJ: No. of laterally loaded joint.
NIL.M: No. of specified nodal moments.
NLC: No. of concentrated vertical loads.

Note:  This input is required for all analysis options,

o Long Term Loading Analysis (Provide only when static loads are present):
JSTP, IOCRL
Description: JSTP: No. of incremental steps in which to apply
the static loads (default = 1 step).
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10CRL: Steps between printing cutput (If IOCRL=0,
only final results will be printed; if
IOCRL.=2, printout will result every 2 steps,
and so on).

Notes:  Dead and live lnads that exist prior to the application of seismic or quasi-static
eyclic loads can be input in this section. Such loads are typically specified
through uniformly loaded beam members.  An option is also available for
lateral load analysis and the specification of nodal loads at joints. When ased
in conjunction with Options 2-4, the resulting forces are carried forward to
the monotonic, dynamic and quasi-static analysis.

e Uniformly Loaded Beam Data (Skip this input section if NLU=0):
USER_TEXT

Provide NL.U lines of data as following:
IL, IBN, FU

Description: USER _TEXT: Reference information, up to 80 characters
of text.
il.: Load number.
IBN: Beam number.
FU: Magnitude of load (Force/length).

e Laterally Loaded Joints (Skip this input section if NLJ=0):
USER_TENT

Provide NL.J lines of data as following:
IL, LF, IF, FL

Description: USER_TENXT: Reference information, up to 80 characters
of text.
1L: Load number,
LF: Story level number.
1F: Frame number.
Fl.: Magnitude of load.

e Nodal Moment Data (Skip this input section if NLLM=0):

USER_TEXT
Provide NL.M lines of data as following (See Figure A-9 for beam moment sign
convention):
IL. IBM, FM1, FM2
Description: USER_TEXT: Reference information, up to 80 characters
of text.
1. Load number,
18BM: Beam number.
FMI: Nodal moment (left).
FM2: Nodal moment (right).

o Data on Concentrated Vertical Loads (Skip this input section if NLC=0);
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USER_TEXT
Provide NLC lines of data as following:

ILIFV, LV, IV, FV
Description: USER_TEXT: Reference information, up to 80 characters
of text.
iL: L.oad number.
IrFv: Frame number.
LV: Story level numbher.
Jv: Column line number.
FV: Magnitude of load.

1F IOPT =2, CONTINUE TO SET M2,
IF IOPT =3, CONTINUE TO SET M3.
IF IOPT =4, CONTINUE TO SET M4,

SET M2: MONOTONIC PUSH-OVER ANALYSIS (FOR IOPT = 2 ONLY)
o General Data:
USER_TEXT

JOPT
Description: USER_TEXT: Reference information, up to 80 characters
of text.
JOPT: Push over option:

1, force control
2, displacement control

For JOPT =2 GO TO SET M2.2

SET M2.1: Ferce Controlled Input
(PROVIDE ONLY IF JOPT=1)

¢ (Control Data:
USER_TEXT

ITYP
Description: USER_TEXT: Reference information, up to 80 characters
of text.
1TYP: Option for lateral load distribution:

1 for linear (inverted triangle). or

2 for uniform, or

3 for modal adaptive pushover distribution,
or

4 for user input, or

S for distribution proportionai 1o a power of
the story elevation.
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For ITYP =4 GO TO Set M2.2

e Stop Criteria:
PMANX, MSTEPS, DRFLIM

Description: PMANX: Target ultimate hase shear coefficient.
MSTEPS: Number of steps to reach PMAN,
DRFLIM: tpper limit for displacement of structure

top-story (percentage of building height).

¢ Number of Modes for Modal Adaptive Option (Provide only if I'TYP-3):
NMOD
Description: NMOD: Number of modes used during the modal
adaptive pushover analysis.

o Power for lateral distribution (Provide only if ITYP=5):
EXPK
Description: EXPK: Power for story elevation.
Note:  The lateral forces at story “i" are proportional to the story weight (13}, and
the story elevation (') ta the power EXPK, according to:
Wh'

E}rh”*

The exponential distribution will take into account the effocts of higher modes
in the response. If EXPR<0 a default value is calculated as a function of the
Sundamental period (1):

R
to- LYPK - boos 20

Continue to SE'T N

SET M2.2: Displacement Controlled Input (or User Defined Force Control)
(PROVIDE ONLY IF JOPT=2 OR JOPT=1 AND FTYP--4) -
e Displacement Control Data (or User Defined Force Control Data):
USER_TEXT
NLDED
NSTLD(), NSTLIN2). ... NSTLI(NLDED)
PX(1). PX(2). .... PX(NLDED)
MSTEPS, DRFLIM

Description: USER TEXT: Reference information. up to 80 characters
of text.
NLDED: number of loaded stories (levels).
NSTLDG): list of loaded stories.
PX(i): list of maximum forces/displacements

applied at loaded stories (levels),
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MSTEPS: number of steps to reach each ultimate story
force/displacement.

DRFLIM: upper limit for displacement of structure top
story (percentage of building height).

Continue to SETN

SET M3: DYNAMIC ANALYSIS CONTROL PARAMETERS (FOR 10PT = 3
ONLY)
e Control Data:

USER_TEXT

GMAXH. GMAXY, DTCAL, TDUR, DAMP ITDMP

Description: USER TEXT: Reference information. up to 80 characters
of text.
GMAXH: Peak horizontal acceleration (g's).
GMAXY: Peak vertical acceleration (g's).
DTCAL: Time step for response analvsis (secs).
TRUR: Total duration of analysis {(secs).
DAMP: Damping coefficient (% of critical).
ITDMP; Type of structural damping:

1 for Mass proportional (default),
2 for Stiffness proportional, or
3 for Rayleigh proportional damping.

Notes: 1. The input accelerogram is scaled uniformly to achieve the specified peak
acceleration. DTCAL should not exceed the time interval of the input wave,
DTINP. The nonlinear analysis of the structure is often very sensitive to the
choice for DTCAL, a value of 0.005 is suggested for typical buildings,
however, a smaller value may be necessary if drastic changes in the stiffness
ot the clements are expected, or if the structure consists of only a few
elements.  Larger values ean be used for smoother transitions in the stiffness
of the elements. Often an inadequate choice of this parameter will yield large
unbalanced forces, that may cauve numerical instahilities, and stop the
execution of the program, or report extremely large values in the damage
indices (DI>>3) of some or all clements.

2. The ratio (DTINP/DTCAL) must yield an integer number.

3. TDUR muy be less than the 1otal duration of the curthguake. If TDUR is
greater than the total time duration of the input wave, a free vibration
analysis of the system will result for the remaining time.

o Input Wave:
USER_TEXT
ITWVNDATADTINP
Description: USER_TENXT: Reference information, up to 80 characters
of text.
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IWV:
NDATA:
DTINP:
o Wave Title:
NAMEW
Description: NAMEW:

¢ Filename - Horizontal Component:
WHFILE
Description: WHFILE:

0 for Vertical component of acceleration not
included, or

1 for Vertical component of acceleration
included.

Number of points in earthquake wave files.

Time interval of input wave.

Alpha-numeric title for input wave upto 80
characters.

Name of file (with extension) from which to
read horizontal component of earthquake
record. Note: Filename should not exceed 12
characters.
WINPH()I=1,NDATA

Horizontal component of earthquake wave
(NDATA points).

NOTE: This data is read from the file
WHFILE specified in the previous data item.

e Filename - Vertical Component (Skip this input if IWV=0);

WVFILE
Dexcription: WVFILE:

Name of file (with extension) from which to
read vertical component of carthquake
record. Note: Filename should not exceed 12
characters.
WINPV(1),I=ILNDATA

Vertical component of earthquake wave
(NDATA points).

NOTE: This data is read from the file
BVFILE specified in the previous data item.

Nates:  Accelerogram data may be input in any system of unirs. The aceelerogram is
scaled uniformly to achieve the specified peak values of GMAXH and
GMAXY. Since data is read in free format, as many lines as necessary to read
the entire wave must be input.  The data points of the input wave may,
therefore, be entered sequentially until the last (or NDATA) point.

Continue to SET N
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SET M4: QUASI-STATIC CYCLIC ANALYSIS (FOR 10PT=4 ONLY)

o  Quasi-Static Data:
USER_TEXT
ICNTRL.
NLDED

NSTLD(1). NSTLD(2), .... NSTLD(NLDED)

NPTS

F(L.1), F2.1). .... FINPTS.D)
F(1,2), F(2.2), .... F(NPTS.2)

F(1.NLDED), FQ.NLDED), ...

 F(NPTS.NLDED)

DTCAL
Description: USER TEXT: Reference information, up to 80 characters

of text.

1ICNTRL.: Cyclic Analysis option:
0, Force controlied input. or
1. displacement controlled input.

NLDED: Number of story levels at which the force or
displacement is applied.

NSTLDj): List of story levels at which the force or
displacement is applied.

NPTS: Number of points te be read in force or
displacement history.

F@i.j): Quasi-Static  force step i, at story
NSTLDj).

DTCAL: Analysis step (fraction of input steps).

SET N: OUTPUT CONTROL

The analysis is performed between
(1/DTCAL)
interpolated points on the input history.

SET N1: DEFORMATION. STRESS AND DAMAGE SNAPSHOTS

SET N1.1: Pushover Snapshot Control Data
(Provide only if Pushover analysis was selected in set M: 10PT=2)

e Control Data:
USER_TEXT
NPRNT
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Description: USER TEXT: Reference information, up to 80 characters
of text.
NPRNT: Additional number of snapshots of the

structural response during pushover (- 10).
‘otes: 1. Quipur in this set is written in file “DEFORMED.OUT".  The story
displacements, and the element stress ratios are provided at each snapshor.
2. By default the program will always identify the structural response at the first
crack, first yield, or first collapse of a column, beam and wall.

¢ Ratios for wich Additional Snapshots are Required (Provide only if NPRN'T>0):
ITPRNT, UPRNT(1), UPRNT(2), ..., UPRNT(NPRNT)
Description: ITPRNT: Type of data provided to print snapshots:
1 if Base shear/Total weight is specified. or
2 if Top displacement/Fotal height s
specified.
UPRNT(i): List of base shear/total weight ratios (if

ITPRNT=1), ~or  top  displacement/total
building height (if ITTPRNT=2), for wich
printing of additional smapshats is required.

Continue to set N1.3

SET N1.2: Dynamic and Quasistatic Analysis Snapshot Control Data
(Provide only if Dynamic or Quasistatic analysis was selected in set M: 1OPT--3 or

10PT=4)
e Control Data:
USER_TEXT
NPRNT
Description: USER TEXT: Reference information, up to 80 characters
of text.
NPRNT: Flag to indicate if additional snapshots

during dynamic analysis are required:
0 for no user defined additional snapshots.
1 for user defined additional snapshots,
Notes: 1. Qutput in this set is written in file “DEFORMED.OUT™.  The story
displacements, and the clement stress ratios are provided at cach snapshot,
2. By defauls the program will abways identify the structural response at the first
crack, first vield, or fiest collapse of a columm, heam and wall,

o User Defined Snapshots (Provide only if NPRNT=1)
DTPRNT. DFPRNT, BSPRNT
Description: DTPRNT: Time increment for printing additional
snapshots (Use DTPRNT: 0 10 deactivate
this option)
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DFPRNT: Threshold story drift ratio at which
snapshots are desired (U'se DFPRNT: 0 to
deactivate this option)

BSPRNT: Threshold base shear coefficient at which
snapshots are desired (U'se BSPRNT: 0 to
deactivate this option)

Notes: 1. Output in this set is written in file “DEFORMED.OUT™.  The story
displucements, and the element stress ratios are provided at cach snapshon,
2. By default she program will always identify the structural response at the first
crack, first yield, or firse collapse of a column, beam and wall.

SET NL.3: General Snapshot Control Flags (Provide Always)
o Control Flags for Default Snapshots:
ICDPRNT(1), KCDPRNTQ). ICDPRNT3) ICDPRNT ). ICDPRNT(S)
Description. ICDPRNT(1): Flag to activate (=1). or deactivate (=),
printing of the displacement profile during
default snapshots,

ICDPRNT(2): Flag to activate (=1). or deactivate (=0),
printing of the element stress ratios during
default snapshots,

ICDPRNT3): Flag to activate (=1). or deactivate (=0),
printing of the element collapsed state
during default snapshots,

ICDPRNT): Flag to activate (=1). or deactivate (=0),
printing of the structural damage indices
during default snapshots.

ICDPRNT(5): Flag to activate (=1). or deactivate (=0).
printing  of the structural _ dynamic
characteristics during default snapshots.

Notes: 1. By default the program will identify the first crack, yield, and collupse of a
column, beam and wall. At these stages during the pushover analysis, the
uscr may indicare the program to report the displaced profile. the stress ratios,
collapse state, damage indices, and periods,

2. Output for the defunlt snapshors is written in the file “DEFORMED.OUT™.

¢ Control Flags for User Defined Snapshots (Provide only il NPRNT>0):
ICPRNT(1), ICPRNT(2), ICPRNT3). ICPRNT(4), KCPRNT(5)

Description: ICPRNT(1):  Flag to activate (=1), or deactivate (=0),
printing of the displacement profile during
user defined snapshots.

ICPRNT(2):  Flag to activate (-1). or deactivate (0),
printing of the clement stress ratios during
user defined snapshots.
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ICPRNT(3): Flag to activate (=1), or deactivate (=0),
printing of the element collapsed state
during user defined snapshots.

ICPRNT(4): Flag to activate (=1), or deactivate (=0),
printing of the structural damage indices
during user defined snapshots.

ICPRNT(5): Flag to activate (=1), or deactivate (=0),
printing of the structural dynamic
characteristics  during user defined
snapshots.

SET N2: STORY OUTPUT CONTROL
e  Output Control Data:

USER_TEXT
NSOUT, DTOUT, ISO(1). 1SO(2), ... ISO(NSOUT)
FNAMES(1)
FNAMES(2)
FNAMES(NSOUT)
Description: USER_TEXT: Reference information, up to 80 characters
of text.
NSOUT: No. of output histories,
DTOUT: Output time/step interval'.
1SO(i): List of output story numbers.

FNAMES(i): Filename to store time history output for
story number ISO(i).
Notes: 1 If the pushover ar quasi-static cyclic analysis option is used, DTOUT refers to
the number of steps between output printing; for example, DTOUT=2 will
print results every 2 steps.

SET N3: ELEMENT HYSTERESIS OUTPUT
* Control Data for Element Output:
USER_TEXT
KCOUT, KBOUT, KWOUT, KSOUT, KBROUT, KIWOU"

Description: USER_TEXT: Reference information. up to 80 characters
of text,
KCOUT: Number of columns for which hysteresis
output is required (- 10).
KBOUT: Number of beams for which hysteresis

output is required (- 10).
KWOLUT: Number of walls for which hysteresis output
is required (- 10).
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KSOUT: Number of springs for which hysteresis
output is required (- 10).

KBROUT: Number of braces for which hystereis output
is required (- 10),

KIWOUT: Number of infill panels for which hysteresis
output is required (- 10),

SET N3.1: Column Output
o  Column Quput Specification (Skip this input if KCOUT=0):

USER_TEXT
ICLIST(1), ICLIST(2), ..., ICLIST(KCOUT)
Description: USER_TEXT: Reference information, up to 80 characters
of text.
ICLIST(): List of column numbers for which moment-

curvature hysteresis is required.

SET NJ3.2: Beam Output

e Beam Output Specification (Skip this input if KBOUT=0):
USER_TEXT
IBLAST(1), IBLIST(2). .... IBLIST(KBOUT)

Description : USER TEXT: Reference information, up to 80 characters
of text.
IBLIST(i): List of beam numbers for which moment-

curvature hysteresis is required.

SET NJ3.3: Shear Wall Output
e Shear Wall Output Specification (Skip this input if KWOUT=0):

USER TEXT
IWLIST(1), IWLIST(2), ..., IWLIST(KWOUT)
Description. USER _TEXT: Reference information. up to 80 characters
of text.
IWLIST(i): List or shear wall numbers for which
moment-curvature and shear-strain

hysteresis is required.

SET N3.4: Spring Output

o Discrete Spring Output Specification (Skip this input if KSOUT=0):
USER_TEXT
ISLIST(1), ISLIST(2), .... ISLIST(KSOUT)
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Description: USER_TEXT: Reference information, up to 80 characters
of text.
ISLIST(i): List of spring numbers for which moment-

rotation hysteresis is required.

SET NJ3.5: Brace Output
o Brace Output Specifications (Skip this input if KBROU T'=0):
USER_TEXT
IBRLIST(1), IBRLIST(2). .... IBRLIST(KBROLUT)
Description: USER _TEXT: Reference information, up to 80 characters
of text.
IBRLIST(i): List of brace numbers for which force-
displacement hysteresis is required,

SET N3.6: Infill Panel Output
e Infill Panel QOutput Specifications (Skip this input if KIWOUT=0):
USER_TEXT
HWLIST(1), BWLIST(2). ... HWLIST(KIWOU'T)
Description: USER TEXT: Reference information. up to 80 characters
of text.
HWLIST(@):  List of infill panel numbers for which force-
displacement hysteresis is required.

Notes:  All the output generated in this section refers to moment-curvature hysteresis
Sor beams, columns and shear-walls; in addition shear vs. shear strain history
is generated for walls; whereas moment-rotation hysteresis is produced for the
discrete spring elements. Qutput filenameys are generated as foilows:

IF KCOUT = 2, AND ICLIST(1) = 3 AND ICLIST(2) = 12, THEN THE
FOLLOWING FILES WILL BE CREATED:

COL_003.PRN and COI_012.PRN

(where 3 and 12 refer to the element numbers for which output is requested)

END OF DATA INPUT
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APPENDIX B
SAMPLE INPUT

CASE STUDY #1

input filename. idarc.dat
data filename: casei.dat
output filename: tdare out
results filename. cused out

file: idarc.dat
casel.dat
casel.out

file: casel.dat

CASE STUDY # 1 : Circular Colug Test
CONTROL DATA f

1,1.1,1,0,1.0

ELEMENT TYPES

1,0,0,0,0,0.0,0,0,0

ELEMENT DATA

1,0,0,0,0,0,0,0,0

UNIT SYSTEM (KIPS/INCH)

1

FLOOR ELEVATIONS

360.0

DESCRIPTION OF IDENTICAL FRAMES

I

PLAN CONFIGURATION (SINGLE COLUMN LINE)
1

NODAL WEIGHTS

1,1, 3000

CODE FOR SPECIFICATION OF USER PROPERTIES
0

CONCRETE PROPERTIES

1,5.2,4110.0, 0.2,0.624,0.0. 0.0
REINFORCEMENT PROPERTIES

1,68.9,103.6, 27438.0,00,.0.0

HYSTERETIC MODELING RULES

1

1.9.0,0.00, 0.05, 1.0

MOMENT CURVATURE ENVELOPE GENERATION
0

COLUMN DIMENSIONS
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-
1,1,1,1, 360.0,0.0,0.0, 1000.0, 60.0, 2.5, 54.5, 25, 1.69,0.625, 3.5
COLUMN CONNEC- IVITY

1.1.1,1,0,1
ANALYSIS TYPE
4
STATIC ANALYSIS OPTION (Axial Farce Only)
0,0,0,1
4,1
Nodal Loads

1,1,1,1,900.9
Quasistatic Analysis
1
1
1
301

00 25 00 -280 0.0 35 7.060 35 00 -35
-703 -35 00 350 708 35 00 -35 -7.02 -35
00 50 9.0 1060 90 50 00 -50 -90 -1055
-90 -50 00 50 90 106 90 50 00 -50
-9.0 -10.55 9.0 -50 0.0 50 10.0 135 1408 135
10.0 50 0.0 -50 -10.0 -13.5 -14.05-13.5 -10.0 -5.0
0.0 50 100 135 14.07 135 100 50 00 -50
-10.0 -13.5 -14.05 -13.5 -10.0 -5.0

00 50 100 135 1408 135 100 50 00 -50
-10.0 -13.5 -14.08 -13.5 -10.0 -5.0

00 50 100 135 14.08 135 100 50 00 -50
-10.0 -13.5 -14.07 -13.5 -10.0 -5.0

00 50 100 135 1410 135 100 50 00 -5.0
-10.0 -13.5 -14.07 -13.5 -10.0 -5.0

00 50 100 135 1410 135 100 50 00 -50
-10.0 -13.5 -14.07 -13.5 -10.0 -5.0

0.0 50 100 135 1412 135 100 50 0.0 -5.0
-10.0 -13.5 -14.07 -13.5 -10.0 -5.0

00 50 10.0 135 1412 135 100 50 00 -50
-10.0 -13.5 -14.07 -13.5 -100 -S.0

00 50 100 135 14,12 135 100 50 00 -50
-10.0 -13.5 -14.07 -13.5 -100 -5.0

00 50 100 135 1412 135 100 50 00 -50
-10.0 -13.5 -14.07 -135 -100 -5.0

0.0 50 100 135 1410 135 100 SO0 00 -5.0
-10.0 -13.5 -14.07 -13.5 -10.0 -5.0

00 50 100 160 1766 155 100 50 00 -50
-10.0 -155 -17.66 -155 -10.0 -5.0

00 50 100 160 1766 155 100 50 00 -50
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-10.0 -15.5 -17.66 -15.5 -10.0 -5.0
00 50 100 160 1766 155 100 50 0.0
-10.0 -15.5 -17.66 -15.5 -10.0 -3.0
00 60 120 200 2130 200 120 60 00 -60
-120 -200 -21.19 -20.0 -120 -6.0
00 60 120 200 21.32 200 120 60 00 -60
-12.0 -20.0 -21.27 -20.0 -120 -6.0 0.0
0.05
SNAPSHOT OUTPUT
0,
0,0,0,0,0
OUTPUT CONTROL
1,6,1
CYC1.0UT
MISCELLANEOUS OUTPUT INFORMATION
1,0,0,0,0,0

-5.0

th

COLUMN QUTPUT
1
CASE STUDY #2
input filename. idarc.dat
data filename: casel.dat
output filename: idarc.out
results filename: casel out

file: idarc.dat
case2 dat
case2.out

file: case2.dat

CASE STUDY #2: 1:2 SCALE THREE STORY FRAME
CONTROL DATA

3,1,1,1,0,00

ELEMENT TYPES

4,5,0,0,0,0,0,0,0,0

ELEMENT DATA

9,6,0,0,0,0,0,0,0

UNITS SYSTEM : KN - MM

-

FLOOR ELEVATIONS

1500.0, 3000.0, 4500.0

DESCRIPTION OF IDENTICAL FRAMES
1
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PLAN CONFIGURATION: NO OF COLUMN LINES
3
NODAL WEIGHTS
1,1,22.24,22.24,22.24
2.1,22.24,22.24,22.24
3.1,22.24,22.24,22.24
CODE FOR SPECIFICATION OF USER PROPERTIES
0
CONCRETE PROPERTIES
1,0.0402,0.0,0.0,0.0,0.0, 0.0
REINFORCEMENT PROPERTIES
1,04,00,0.0,0.0,0.0
HYSTERETIC MODELING RULES
5
1,8.0,0.00,0.10, 1.0
2,8.0,0.00,0.10,1.0
MOMENT CURVATURE ENVELOPE GENERATION
0
COLUMN DIMENSIONS
1
1.1.1,394.2, 1498.6, 149 86, 149.86,
1,250.0, 250.0, 15.0, 226.2, 8.0, 75.
1,250.0, 250.0, 15.0, 226.2, 8.0, 75.
1
2,1,1,990.6, 1498.6, 149.86, 149.86,
1,250.0. 250.0, 15.0, 307.7, 12.0,75.0, 0.5
1,250.0, 250.0, 15.0, 307.7, 12.0, 75.0,0.5
1
3.1,1,594.2, 1498.6, 0.0, 149.86,
1,250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5
1, 250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5
1
4.1,1,990.6, 1498.6, 0.0, 149.86,
1,250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5
1,250.0, 250.0, 15.0, 307.7, 12.0, 75.0,0.5
BEAM MOMENT CURVATURE ENVELOPE GENERATION
0
BEAM DIMENSIONS
1.1,1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0.0.0,15.0,401.9,401.9.6.0,75.0
2,300.0,150.0,150.0,0.0.15.0, 401.9.401.9,6.0,75.0
2.1,1,3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0,15.0, 480.6,401.9, 6.0. 75.0
2, 300.0,150.0,150.0.0.0,15.0. 401.9,509.0, 6.0, 75.0
3.1.1, 3000.0, 125.0, 125.0

0,0.
0,05
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2.300.0,150.0.150.0,0.0,15.0, 401.9.509 0, 6.0, 7
2,300.0,150.0,150.0,0.0.15.0, 480.6.401.9, 6.0, 7
4.1.1,3000.0, 1250, 125.0
2,300.0,150.0.150.0,0.0,15.0, 307.7,226.5,6.0.75.0
2,300.0,150.0,150.0,0.0.15.0. 307.7.307.7. 6.0, 75.0
.1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0.15.0, 307.7,226.5, 6.0. 75.0
2. 300.0,150.0,150.0,0.0,15.0, 307.7,307.7, 6.0, 75.0
OLUMN CONNECTIVITY

‘)

0
0

W

—

5.

7.3.1,1,0,1

8.4,1,20,1

9.3,1,3,0,1

BEAM CONNECTIVITY

1,5,3,1,1,2

2,431,273

3,3,2,1,1.2

422123

51LL11,2

6.1,1,1,23

ANALYSISTYPE

4

STATIC ANALYSIS OPTION

0.0,0.0

QUASI-STATIC CYCLIC ANALYSIS

1

1

3

249

0.0000 6.83580 0.0000 -6.8580 0.0000
0.0000 -10.1600 0.0000 12.7000 25.4000
25.4000 12.7000 0.0000 -12.7000 -25.4000
-25.4000 -12.7000 0.0000 12.7000 25.4000
25.4000 12,7000 0.0000 -12.7000 -25.4000
-25.4000 -12.7000 0.0000 12.7000 254000
254000 12.7000 0.0000 -12.7000 -25.4000
-25.4000 -12.7000 0.0000 20.3200 40.6400
55.8800 50.8000 40.6400 203200 0.0000

-40.6400 -50.8000 -53.3400 -50.8000 -40.6400

0.0000 20.3200 40.6400 508000 57.4040

10.1600

32.4104
-31.0802
31.9024
-20.7180
30.0482
-28.7020
50.8000Q

-20.3200

-20.3200
50.8000



40600 203200 0.0000 -20.3200 -40.6400 -30.8000
-54.3560 -50.8000 -40.6400 -20.3200 0.0000 20.3200
40.6400 50.8000 56.1340 50.8000 40.6400 20.3200
0.0000 -20.3200 -40.6400 -50.8000 -54.1020 -30.300¢
-40.6400 -20.3200 0.0000 254000 50.30G00 76.2000
868680 76.2000 50.8000 25.4000 0.0000 -25.4000
-50.8000 -76.2000 -83.3120 -76.2000 -50.8000 -25.4000
0.0000 254000 50.8000 76.2000 87.1220 76.2000
50.8000 254000 0.0000 -25.4000 -30.8000 -76.2000
-84.5820 -76.2000 -50.8000 -25.4000 0.0000 25.4000
50.8000 76.2000 88.6460 76.2000 50.8000 25.4000
0.0000 -25.4000 -50.8000 -76.2000 -84.5820 -76.2000
-50.8000 -25.4000 0.0000 38.1000 76.2000 106.6800
114.3000 106.6800 762000 38.1000 0.0000 -38.1000
-76.2000 -106.6800 -111.7600 -106.6800 -76.2000 -38.1000
0.0000 38.1000 76.2000 106.6800 114.3000 106.6800
76.2000 38.1000 0.0000 -38.1000 -76.2000 -106.6800
-112.2680 -106.6800 -76.2000 -38.1000 0.0000 38.1000
762000 106.6800 113.5380 106.6800 76.2000 38.1000
0.0000 -38.1000 -76.2000 -106.6800 -112.2680 -106.6800
-76.2000 -38.1000 0.0000 38.1000 76.2000 114.3000
139.7000 147.8280 139.7000 114.3000 76.2000 38.1000
0.0000 -38.1000 -76.2000 -114.3000 -121.9200 -127.7620
-121.9200 -114.3000 -76.2000 -38.1000 0.0000 38.1000
76.2000 114.3000 139.7000 147.0660 139.7000 1[14.3000
76.2000 38.1000 0.0000 -38.1000 -76.2000 -114.3000
-121.9200 -128.0160 -121.9200 -114.3000 -76.2000 -38.1000
0.0000 38.1000 76.2000 1i4.3000 139.7000 147.3200
139.7000 114.3000 76.2000 38.1000 0.0000 -38.1000
-76.2000 -114.3000 -121.9200 -127.0000 -121.9200 -114.3000
-76.2000 -38.1000  0.0000
0.02
SNAPSHOT OUTPUT CONTROL
0
0,0,0,0,0
STORY OUTPUT CONTROL
3,10,1,23
LEVEL1.OUT
LEVEL2.OUT
LEVEL3.OUT

ELEMENT HYSTERESIS OUTPUT INFORMATION
0,0,0,0,0,0
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CASE STUDY #3
input filename: idarc.dat
data filename: casel.dat
output filename. idarc.out
results filename: case3.out

file: idarc.dat
case3.dat
case3.out

file: caseld.dat

CASE STUDY #3 : TEN STORY MODEL STRUCTURE
CONTROL DATA

10,1,1,1,0,0,0

ELEMENT TYPES

20,2,0,0,0,0,0,0,0,0

ELEMENT DATA

40,30,0,0,0,0,0,0,0

UNITS SYSTEM

1

FLOOR ELEVATIONS
90,18.0,27.0,36.0,45.0,54.0,63.0,72.0,81.0,90.0
DESCRIPTION OF IDENTICAL FRAMES
2

PLAN CONFIGURATION

4

NODAL WEIGHTS
1,1,0.125,0.125,0.125,0.125
2,1,0.125,0.125,0.125,0.125
3,1,0.125,0.125,0.125,0.125
4,1,0.125,0.125,0.125,0.125
5.1,0.125,0.125,0.125,0.125
6,1,0.125,0.125,0.125,0.125
7,1,0.125,0.125,0.125,0.125
8,1,0.125,0.125,0.125,0.125
9,1,0.125,0.125,0.125,0.125

10, 1,0.125,0.125,0.125, 0.125

CODE FOR SPECIFICATION OF USER PROPERTIES
0

CONCRETE PROPERTIES
1,4.35,1000.0,0.3,0435,1.2,100.0
REINFORCEMENT PROPERTIES
1,70.0, 72.5, 29000.0, 40.0, 2.0
HYSTERETIC MODELING RULES
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t2

1.0.0.0.0.1.1.0

2.0.0.0.0.1,1.0

COLUMN MOMENT CURVATURE ENVELOPE GENERATION
0

COLUMN DIMENSIONS

1

1.1,1,1.25.9.0,0. 0 0.75,1. 2. O 1.5,0.25,0.049,0.0625.0.35.0.3
1,2.0,1.5,0.25,0.049.0.0625,0.35,0.5

e —

1

2.1,1.1.12.9.0.0.75.0.75, 1, 2.0,1.5,0.25.0.049,0.0625,0.35.0.5
1,2.0,1.5,0.25.0.049,0.0625,0.35,0.5

1

3,1,1,1.00,9.0,0.75,0.75, 1, 2.0,1.5,0 25,0.049,0.0625,0.35.0.3
1,2.0,1.5,0.25.0.049,0.0625,0.35.0.5

1

4,1,1,0.88,9.0,0.75,0.75, 1, 2.0,1.5.0.25,0.049,0.0625,0.35 0.5
1.2

73,
0,1.5.0.25,0.049,0.0625,0.35,0.5

1

5,1,1,0.75,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0 0490 0625.0 35 0.5
1,2.0,1.5,0.25,0.029,0.0625,0.35,0.5

1

6.1,1,0.63,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.029,0.0625,0.35.0.5
1,2.0,1.5,0.25,0.029,0.0625,0.35,0.5

|

7.1,1,0.50,9.0,0.75,0.75, 1, 2.0,1.5.0.25,0.029,0.0625,0.35.,0.5
1,2.0,1.5,0.25,0.029,0.0625.0.35.0.5

1

8.1,1.0.38.9.0,0.75,0.75. 1, 2.0,1.5,0.25,0.029,0.0625,0.35.0.5
1.2.0.1.5,0.25,0.029,0.0625.,0.35,0.5

1

9,1.1,0.25.9.0,0.75,0.75, 1. 2.0,1 5.0 25.0.029.0.0625.0.35.0.5
1,2.0,1.5,0.25.0.029,0.0625.0.35,0.5

1

10.1,1,0.139.0,0.75,0.75. 1, 2.0,1.5.0.25,0.029,0.0625.0.35.0 5

1.2.0,1.5,0.25 00 9.0.0625,0.35.0.5

1

11,1,1,1.259.0.0.0,0.75, 1, 2.0,1.5,0.25.0.041.0.0625,0.35.0.3
1.2.0.1.5.0.25,0.041,0.0625,0.350 5

1

12,1,1,1.139.0,0.75,0.75, 1. 2.0.1.5.0.25,0.041,0.0625,0.35,0.5
1,2.0,1.5.0250.041.0 0625.0.35.0.5

1

13,1.1,1.00.9.0,0.75.0.75, 1, 2.0.1.5.0.25.0.041,0.0625.0.35.0.5
1,2.0,1.5,0235,0041,0.0625.0.35.0.5
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l

14.1,1,0.88,9.0,0.75,0.75. 1. 2.0.1.5,0 25,0.041,0.0625.0 33 0.3
1.2.0, 1 L0.25.0.041.0.0625.0 350 3

1

13.1,1,0.75,9.0,0.75.0.75, 1, 2.0.1.5,0.25,0.041.0.0625,0.35,0.5
1,2.0,1.5,0.250.013,0.0625,0.35,0.5

!

16,1,1,0.63.9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013.0.0623,0.35,0.5
1.2.0,1.5,0.25,0.013.0.0625.0.35,0.5

|

17.1,1,0.50.9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35.0.3
1,2.0,1.5.0.25,0.013,0.0625,0.35.0.5

1

18,1,1,0.38,9.0,0.75,0.75. 1,2.0,1.5.0.25,0.013,0.0625,0.35 0.5
1,2.0,1.5,0.25.0.013,0.0625.0.35,0.5
1
16,1,1,0.25,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625.0.35.0.5
1,2.0,1.5,0.25,0.013,0.0625,0.35.0.5
|
20.1,1,0.139.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35.0.5
1,2.0,1.53.0.25,0.013,0.0625,0.35.0.5
BEAM MOMENT CURVATURE ENVELOPE GENERATION
0
BEAM DIMENSIONS
1,1,1,12.0,0.75,0.75,
2,15.1.5,1.5,0.0,0.25.0.0092.,0.0092,0.0625,0.3
2.1.5,1.5,1.5,0.0,0.25,0.0092,0.0092,0.0625,0.3

2111 0073,0.75,
2,1.51.5,1.50.00.25,0.013,0.013,0.0625,0.3
2,151 3150002300130013006"30?

COLUMN CONNECTIVI

11101

221112

331123

441134

551145

661156

771167

§81 178

991189

0101910

It 12o01

12121212

13131223

14141234

B-9



-~
-
- —
=
L
-
o o o @
YO - W o — N O~ S < ~1
— Clen = O~ 00N W?—?-zq}“q’u?aﬂ/knlbﬂlﬁ [aall aa B as T o B as B aa B aa B aal
TNLEEC VRS = ATNOR0R o a0~ Z TN NN
21.221.2333333.&.3334444444444m e e e e
lllllllllllllllllllllllll — o
O~ 00O | TN OO 0Ml.:.3456789l A
] — — —_— — —— —
lllll C) rm e et e e e o o e () 7~34567891M7.7.7—7.11]l] [ B ot B ot B
MO~ RO —~FM TN O~NARD—=ClAg W ON 0RO — S — flen N D o0
lllll C NN CNRNCACANAM A A MR @ CL M T W ND 00 NI e e e e

B-10



1919123
ZOllOl 23
2021134
2222134
2323134
2424134
2515134
2616134
2717134
2818134
2919134
30110134
ANALYSIS TYPE
3

STATIC ANALYSIS OPTION
0,0,0,0

DYNAMIC ANALYSIS CONTROL PARAMETERS
1.6163, 0.0,0.001,43.5, 2.0, 1
INPUT WAVE INFORMATION
0,1000,0.004

Recorded Table Motion
waveh.dat

SNAPSHOT CONTROL

0

0,0,0,0,0

OUTPUT CONTROL
5,0.02,1,3,5,7,10

LEVEL1.OUT

LEVEL3.0UT

LEVEL5.OUT

LEVEL7.0UT

LEVEL10.0UT

ELEMENT HYSTERESIS OUTPUT INFORMATION
1,1,0,0,0,0

CCLUMN OUTPUT

1,37

BEAM OUTPUT

1,21

NOTES : The earthquake ground acceleration record is read separately from a file
named ‘waveh.dat’ as specified in the input data



input filenume. wdare.dat
data filename: cased.dat
output filename idarc.out

results filename: cased.out

file: idarc.dat
cased.dat
cased.out

file: cased.dat

CASE STUDY #4

Case Study 4: Analysis of 1:3 Scale Three Story Model 0.05g

Control Data
3.1,0,0,0,0,0
Element types
6,1,0.0.0.0,0.0,0.0
Element data
12,9.0,0,0,0,0,0,0
Unit system

1

Floor elevations
45.0,93.0,141.0

Number of duplicate frames
-

No of column lines

4

Nodal weights
1.1.3.375,3.375,3.375,3.375
2.1,3.375,3.375,3.375,3.375
3,1,3.375,3.375,3.375,3.375
Env generation option

!

Hyvsteretic Control

B}

1.05.00,01.1.0
2,2.0,00,01. 1.0

Column input option

!

Column data

1.48.03.0.3.0.0

1. 45400.0, 843.0, 199808, 10.0, 18.0, 0.00200, 0.006. 400.0
) 0.0, 18.0, 0.00200, 0.006, 400.0
1,45400.0, 843.0, 19980.8. 10.0. 18.0, 0.00200, 0.006, 400.0

10.0, 18.0. 0.00200. 0.006. 400.0
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2.48.03.03.00
1. 45400.0. 843.0, 199808, 10.0. 22.0, 0.00200, 0.006, 400.0
10.0. 22.0, 0.00200, 0.006, 460.0
1, 45400.0, 843.0, 19980.8. 10.0, 22.0, 0.00200, 0.006, 4000
10.0, 22.0, 0.00200, 0.006, 400.0
3.48.0.3.03.00
1. 43900.0, 900.0, 24160.0, 10.0, 22.0, 0.003, 0.006, 400.0,
10.0, 22.0, 0.003, 0.006, 400.0,
1,45900.0, 900.0, 22528.0, 10.0. 22.0, 0.003, 0.006, 400.0,
10.0, 22.0, 0.003, 0.006, 300.0
4,48.0.3.0.3.0,0
1,45900.0, 900.0, 24160.0, 14.0, 29.0, 0.003, 0.006, 4000,
14.0, 29.0, 0.003, 0.006, 400.0,
1, 45900.0, 900.0, 22528.0, 14.0, 29.0, 0.003, 0.006, 400.0,
14.0, 29.0, 0.003, 0.006, 400.0
5.45.0,0.03.0,0
1, 45200.0, 960.0, 20640.0, 12.0, 28.0, 0.003, 0.008, 400 0,
12.0, 28.0, 0.003. 0.008, 400.0,
1,45200.0, 960.0, 24000.0, 12.0, 28.0, 0.003, 0.008. 400.0,
12.0, 28.0, 0.003, 0.008, 400.0
6,45.0,0.0,3.0,0
1, 45200.0, 960.0, 20640.0, 16.0, 38.0, 0.003, 0.008, 400.0,
16.0, 38.0, 0.003, 0.00%, 400.0,
1.45200.0, 960.0, 24000.0. 16.0, 38.0. 0.003, 0.008, 400.0,
16.0, 38.0, 0.003, 0.008, 400.0
Beam input type
1
Beam data
1,72.0.2.0,2.0,0
2. 140000.0, 20000.0, 15.0, 30.0,0.001, 0.01, 2400.0
30.0, 70.0, 0.001, 0.01, 2400.0
2, 140000.0, 20000.0, 15.0, 30.0, 0.001, 0.01. 2400.0
30.0, 70.0, 0.001, 0.01, 2400.0
Column connectivity
1,1.1,1,23

221,223
321323
41,1423
53.1,1,1.2
6:4.1.2,1.2
74.13.1.2
83.1.4.1.2
9.5.1.1.0.1
10.6.1.2.0,1
11.6,1,3,0.1
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12,5.1,4,0,1

Beam connectivity
1,1,3,1,1,2

2,1,3,1.23

3.1,3.1.34

4,121,122

512123

6,1,2,1,34

7,1.1,1,1,2

811,123

9,1,1,1,34

Type of Analysis

3

Static loads

0,0,0,0

Dynamic Analysis Control Data
0.05, 0.0, 0.005, 20.0, 1.2,1
Wave data

0, 2000,0.01

TAFT - CARTHQUAKE
wave(5 .dat

SNAPSHOT CONTROL DATA
0

0,0.0,0,0

QOutput options

1,0.02,3

JELAS.PRN

Hys output

0,0,0,0,0,0

NOTES : The earthquake ground acceleration record is read separately from a file
named ‘wave05.dat’ as specified in the input data

CASE STUDY #5
input filename: idarc.dat
data filename: case5.dat
output filename: idarc.out
resulls filename: caseS.out

file: idarc.dat
case5.dat
case5.out



file: caseS.dat

CASE 5: Seismic Damage Analysis of Cypress Viaduct

Control Data - 4 stories, | frame, | conc and | steel type

4,1,1,1,0,0,0

Element types: 2 cols, 12 beams, 2 walls

2,12,2,0,0,0,0,0,0,0

Element data: 4 columns, 12 beams, 2 walls

4,12,2,0,0,0,4,0,0

System of units: k/in

1

Floor elevations

252.0 327.0 327.0 528.0

Duplicate frame info

1

No of column lines

7

Nodal weights (Note: Story 2 & 3 are dummy levels)

I 1 1167 233.3 233.3 233.3 233.3 2333 116.7

21 00 00 00 00 00 00 0.0

31 00 00 00 00 00 00 00

4 1 116.7 233.3 233.3 233.3 233.3 233.3 116.7

Option for M-phi input

1

Hysteresis Rules

4

.0,00,0.1,1.0

.0,0.0,0.1,1.0

0,00,0.1,1.0

4 1.0,0.0,02,1.0

Option for column input

1

COLUMN DATA

1 2525 0.0 480 0

-1 8.38E+9 8 73e+4 0.0
50350 266300 5.12e-5 2.19e¢-4 1.37¢+8
50350 266300 5.12e-5 2.19e-4 1.37¢+8

2 201 00 480 O

1 1.02e+9 5.82¢e+4 00
12200 64350 1.04e-4 4.07e-4 1.85¢+7
12200 64350 1.04e-4 4.07e-4 1.85¢+7
1 2.32¢+9 74]le+4 0.0

19200 90300 7.24e¢-5 3.70e-4 3.21e+7
19200 90300 7.24e-5 3.70e-4 3.2le+7

Option for beam input

12
22
32
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BEAM DATA

1

-

2

to

t9

89

t2

t9

9

9

o

(3]

9]

t9

1170 480 000

2.00E+10 00 45700 70500 2.29E-5 8 78E-4 6.29E-7
47100 136800 2.51E-5 5.68E-4 1.16L~%

2.00E+-10 0.0 45900 117800 2.48E-5 5.68E-4 1 01E-8
40900 45600 2.27E-5 921E-4 423E-7

1170 00 000

2.00E+10 0.0 45900 117800 2 48E-5 5.68E-4 1.01E+8
40900 45600 2.27E-3 9.21E-4 4.23E+7

2.00E+10 0.0 48500 208200 2.84E-5 307E-4 1.27E-8
18500 20600 2.11E-5 8.23E-4 2.71E-7

1170 00 000

200E+10 0.0 48500 208200 2.84E-5 3.07E-4 127E+8
18500 20600 2.11E-5 8.23E-4 2.71E+7

2.00E+10 0.0 49000 222300 2.87E-5 2.89E-4 130E~+8
18500 20600 2.10E-5 7.81E-4 2.90E+7

1170 00 000

2.00E+10 0.0 49000 222300 2.87E-3 2.89E-4 130F+R
18500 20600 2.10E-5 7.81E-4 2.90FE+7

2.00E+10 0.0 .48500 208200 2.84E-5 3.07E-4 1.27E+8
18500 20600 2.11E-5 8.23E-4 2.71E~7

1170 00 000

2.00E+10 0.0 48500 208200 2.84E-5 3.07E-4 127E-8
18500 20600 2.11E-5 8.23E-4 2.71E+7

2.00E+10 0.0 45900 117800 2.48E-5 5.68E-4 1.0l1E~3
40900 45600 2.27E-5 9.21E-4 4.23E+7

1170 00 4800

2.00E~10 0.0 45900 117800 2.48E-5 5.68FE-4 1.01E+8
40900 45600 2.27E-5 9.21E-4 423E+7

2.00E~10 0.0 45700 70500 2.29E-5 8.78E-4 6.29E~+7
47100 136800 2.51E-5 5.68E-4 1.16E+8

1170 240 000

2.00E+10 0.0 44800 86800 2.39E-5 6.36E-4 7.57E+7
44100 54500 2.31E-5 9.10E-4 4.90E+7

2.00E+10 0.0 49200 224300 2.98E-5 2.96E-4 1.28E+8
25500 28600 2.24E-5 7.51E-4 3.62E+7

1170 00 000

2.00E+10 0.0 49200 224300 2.98E-5 296E-4 1.28E+R
25500 28600 2.24E-S 7.51E-4 3.62E+7

200E~10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7
21600 24000 2.14E-5 S5.62E-4 5.70L~7

1170 00 000

2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7
21600 24000 2.14E-5 5.62E-4 5.70E-7



2 2.00E~10 0.0 51200 301900 3.33E-5 2.16E-4 9.7
21600 24000 2.14E-5 362E-4 5.70E-7
10 1170 00 000

2 2.00E+10 0.0 351200 301900 3.33E-5 2.16E-4 9.77E-7
21600 24000 2.14E-5 5.02E-4 570E-7

2 200E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E~7
21600 24000 2.I4E-5 5.62E-4 5.70E+7

11 1170 00 000

2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E~7
21600 24000 2.14E-5 5.62E-4 5.70E+7

2.00E+10 0.0 49200 224300 298E-5 296E-4 128E~-S8
25500 28600 2.24E-5 7.51E-4 3.62E+7

12 1170 00 2400

2 2.00E+10 0.0 49200 224300 2.98E-5 2.96E-4 | 28E+R
25500 28600 2.24E-5 7.51E-4 3.62E+7

2.00E+10 0.0 44800 86800 2.39E-5 6.36E-4 7.57E~7
44100 54500 2.31E-5 9.10E-4 4.90E+7

Option for wall input

|

WALL DATA

1 75.0 2.83e+5 0 0

-3 9.9e+15 99e+15 9.99¢+15 2.0 10.0 9.9e+12
0.9e+15 9.99+15 2.0 10.0 9.9¢+12

4 9.433+5 400 520 9.380e-4 1.600e-3 1.500e+4
250 405 1.105¢-3 5.333¢-3 1.125e+4

275 283+5 00

-3 9.9e+15 9.9¢+15 9.99e+15 2.0 10.0 9.9e+12
9.9e+15 9.99e+15 2.0 10.0 9.9e+12

4 9433+5 250 405 1.105¢-3 5.333¢-3 1.125e~4
400 520 9.380e-4 1.600¢-3 1.500e+4

Column connectivity

(29

t9

to

1. 1,1,1,0,1
2, 1,1,7,0,1
3, 2,1,1,2,4
4, 2,1.7,3,4
Beam connectivity
1, 1,1,1,1,2
2, 2,1,1,2,3
3, 31,134
4, 4.1, 1,45
5. 5.1, 1,56
6, 6.1,1,6,7
7. 7.4, 1, 1,2
8. 8,4, 1.2,3
9, 9.4,1,3,4

B-17



10,10,4, 1,4,
11,11,4, 1,5,
12,12,4,1,6
Shear wall coni
1, 1,1,1,1,2
2, 2,1,7,1,3
Moment releases

~N N W

nectivity

o
11
2, 1,2,
3. 1,3,
4,1,4

e

y

’ v

Phase II option (=0, STOP; =3, Seismic; =4, Quasistatic)
3

Long term loading: static loads
2000

Control data for dynamic analysis
0.33, 1.065, 0.001, 20.0, 3.0, 1
Wave control data

1, 2201, 0.02

GRAVITY LOAD PLUS OUTER HARBOUR WHARF RECORD
ohw_hon.dat

ohw_vert.dat

SNAPSHOT CONTROL DATA
01

00000

Output control

2,0.02,1,4

FIRST.PRN

SECOND.PRN

Hysteresis Output

0,0,2,0,0,0

Wall numbers for output

1,2

NOTES : The earthquake ground acceleration record is read separately from files:
ohw_hori.dat (horizontal component)
ohw_vert.dat (vertical component)
as specified in the input data
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CASE STUDY #6

input filename: idarc.dut
data filename: caseb_ew.dat
oulput filename: idarc.out
results filename. caseb_ew.out

file: idarc.dat
case6_ew.dat
case6_ew.out

file: case6_ew.dat

PATTERSON BUILDING EAST-WEST FRAMES HALF STRUCTURE (simplified)

CONTROL DATA

4,2,1,1,0,1,1

ELEMENT TYPES

12,6,4,0,0,0,0,0,0,0

ELEMENT DATA

48,44,4,0,0,0,0,0,0

UNITS

1

FLOOR ELEVATIONS

144. 288. 432. S76.

IDENTICAL FRAMES

1,2

COLUMN LINES

10,3

NODAL WEIGHTS

1, 1,87. 66. 66. 66. 66. 66. 66. 66. 66. 87.
2,349 495, 349.

2, 1,16, 39. 39. 39. 39y. 39. 39. 39. 39. 16.
2,242, 484. 242,

3.1,16. 39. 39. 39. 39. 39. 39. 39. 39. 16.
2,242, 484. 242, ‘

4,1,52. 39. 39. 39. 39. 39. 39. 39. 39. 52.
2,206. 293. 206.

ENVELOPE GENERATION

0

CONCRETE PROPERTIES

1,3.0,3122. 0.2,0.36, 04, 0.

REINFORCEMENT PROPERTIES

1,60.0. 0. 0. 0.

HYSTERETIC RULES

1

1.2.0. 0.1 1.
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COLUMN PROPERTIES
0

COLUMN DATA

]

LLL 17 144 0
.24.30. 1.5 1.8 0.25

o0

[
wn

2.1 1183 144, 0. 8.
-1, 12030 1.5 1.8 0.25

31184 144, 8. 8.
-1.24. 30 1.5 1.8 0.25

4, 1,1, 117, 144, 8. &
-1,12.30. 1.5 1.8 0.25

5.1, 1,68. 144. 8. 8.
-1,24.30. 1.5 1.8 0.235

6.1, 1,78 144 8. 8.
-1,12.30. 1.5 1.8 0.25

7.1, 1,52, 144. 8. 8.
-1,24. 30, 1.5 1.8 0.25

8,1,1,39. 144. 8. 8.
-1,12.30. 1.5 1.8 0.25
!

9,1, 1,1039. 144. 0. 8.
-1,30. 36. 1.5 3.6 0.25
!

10, 1,1,690. 144. 8. 8.
-1,30. 36. 1.5 3.6 0.25
1

11,1, 1,448 144. 8. &
-1,30. 3¢ 1.5 3.6 0.25
1

12,1, 1,206. 144. 8. 8.
-1,30. 36. 1.5 3.6 0.25
BEAM PROPERTIES

0

BEAM DATA
1.1,1,105. 6. 6.

.05

. 05

.05

.05

-1,17. 60. 69. 3. 1.5 3.08 3.08 0.5 18.

211,156, 6. 6
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-1, 17, 60. 69, 3. 1.
1.1.105. 6. 6.
11730039 3. 1.5 1.76 1.76 0.375 1%,
1.156. 6. 6.
-1.17.30. 390 3. 1.5 22 0. 0.375 18
5.1,1,585. 18 120.
-5 14024 120 3. 1.5 248 16 0. 12
6.1,1,585 120. 18.
L1424 120 3. 15 248 1.6 0. 12,
SHEAR WALL PROPERTIES
0
SHEAR WALL DATA
LI L1756, 144, |
1,1,264. 12. 0.09 0.14
2,11, 1,1, 1261. 144, |
1, 1,264 12. 0.09 0.14
3L L1777 144 ]
1, 1,264, 12. 0.09 0.14
4.1, 1,1,1,293. 144, |
1, 1,264 12. 0.09 0.14
COLUMN CONNECTIONS

\v 23

308 U 0518

>

S8 ]
IJ—-

W I -
o

-

H W
OOOPOOO

“.)
9 1o

o v

Bl
o to

.

L
1
1
1
L
A
.
1
1

<
===
o .

W W W R RN

X
!\)

M

—\O‘CE\IO*UI

<
B
.
—

-
-

-
-

-

J I ~ VS I )

)
-

-
-

ettt Bt b bt bt e e

© % o

e

@O\QMW‘B‘A‘&A&&:DP}ﬂ:—

| I S T S N T S R T J e
£~ DO 0o~ W -IJ —
e et e et Mt Bt bt bt et gt e m e

B —
N2 Nt

B-21



33..7.331\”444444444%117-7~3344.| 2345678907~3456789m23

rricicici Al e mmm NS = NN Z - TGN o~ TSN 6o i
N b FS T TR O N FS S =M=V —=eaQ - - S VS G g
l.l.l,l.l.l..l.l..hl.l.l..l..l.l.,.l,2,2,..4,2,2,2.2,2,Ml,,hl.l,l,l.l.l.:h222222.2.1213
F a0 0 BN AR T DAY NN SN mT T AT AT AT AT

® ot et gt Pt gt gt et bt et

r~ o0
R R V- . N e A i AR L B IR R S LI R Y- SR X B SV V- S a1 3
333%333334444M4444Bl234567890 o = x2S

B-22
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DISTRIBUTION PROPORTIONAL WITH THE HEIGHT

3

STORY OUTPUT CONTROL

414321

RESPONSE SNAPSHOTS
po_ewdml.out

(FORCE CONTROL)
0

STATIC LOADS
0000

|

0.5 400 150

1

00000



po_ew3ml.out

po_ew2ml . out

po_ewliml.out

ELEMENT HYSTERESIS OUTPUT
000000

CASE STUDY #7

input filename idarc.dat
data filename: case’.dat
output filename: idarc out
results filename: case’.oul

file:

idarc.dat

case7.dat
case7.out

file:

case?7.dat

Physics Building in UCLA, Longitudinal model {kips-in]
CONTROL DATA

8

1 1 1 0 1 0

ELEMENT TYPES

10

4 0 0 ¢ 0 0 O 0 O

ELEMENT DATA
88 80 0 0 0 © O 0 O
UNIT SYSTEM

!

FLOOR ELEVATIONS
162 324 486 648 810 972 1134 1296
DESCRIPTION OF IDENTICAL FRAMES

9

PLAN CONFIGURATION

11

NODAL WEIGHTS

8

W N

to

I

166.05132.1 132.1 1321 132.1 1321 1321 1321 132.1 132.166.05
1739514791479 1479147.91479147.9 147914791479 73.95
17395147.9147.914791479147914791479 147914797395
1739514791479 147914791479 14791479 14791479 73.95
17395147.9147.9147.9 147914791479 1479 1479147973 65
1739514791479 1479 147914791479 147914791479 7395
1739514791479 147.9 147.9 147914791479 14791479 73.95
17395147914791479i47914791479 1479 (37914797395

ENVELOPE GENERATION OPTION

0
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CONCRETE PROPERTIES
b3 0 0 0 0 0
REINFORCEMENT PROPERTIES
150 0 0 0 0
HYSTERETIC MODEL RULES
|
1 2 0 01 05
COLUMN PROPERTIES
0
RECTANGULAR COLUMNS
|

| 82.8 162 12 12
12 144 2 160625 18 03

(9 — e

1 11703 162 12 12
12 144 2 160625 18 0.3

0d =

1 1257.8 162 12 12

-1 12 144 2 160625 18 0.5
!

4 1 13015 162 12 12

-1 12 144 2 160625 18 05
1

5 1 13452 162 12 12

-1 12 144 2 160625 18 05
1

6 1 11656 162 12 12

-1024 24 23120375 18 05
|

7 1 13406 162 12 12

-1 24 24 23120375 18 053
]

8 1 15185 162 12 12

-1024 24 2237 05 25 1
]

9 1 16033 162 12 12

-1 24 24 2237 05 2 !

—

10 1 16904 162 12 12
-1 24 24 2237 05 25 |
BEAM PROPERTIES

0
BEAM DATA
I 1 1 288 |1 1

9o
W
—
t9
"
n
b
S
(%)
-J
o

2
124 12 12 0
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80 1 10 11
ANALYSIS OPTION (PUSHOVER)
9

LONG-TERM LOADING

00 0 0

<

O o ~dJ NN Wiy —
D 00~ N B LY

o

[ZS I VSRRV SR UN B DU TR UV R VU IR G SO SO N N VIR S DU S N
<D

O 00 ~2 O\ WV & W) -
O 00~ W b Wil

=
-
— o

MR- B NV I S N S N
Nelie RN B o RV I RV I )

o

o

—_—e e o e e e e R D R RN NN N W W W
OO0 <) N W bWt —

Nelie RN B« NS I e S

w b b bbb bbb bW a&EAREEELLELDWDLDEDELEDRBLRLELAERWWSEDEDREEBELLEEWW
>

e bt et Pt et et bt pm bt e e et et P bt Mt M m et e md et b e pm P Pt e b et s e bt s bt s Pt pee et bt g



MONOTONIC PUSH-OVER ANALYSIS
1

FORCE CONTROL
5

02 150 10.0

2

SNAPSHOT OUTPUT CONTROL

0

0,0,0,0,0

GLOBAL OUTPUT CONTROL

8§ 1 8 7 6 5 4 3 2 1

pushl8.out

pushl7.out

pushl6.out

pushlS5.out

pushl4.out

pushli3.out

pushl2.out

pushll.out

ELEMENT HYSTERSYS OUTPUT

000000

CASE STUDY #8

input filename: idarc.dat
data filename: case8.dat
output filename: idarc.out
results filename: case8.out

file: idarc.dat
case8.dat
casesd.out

file: case8.dat
Pushover analysis of frame #1, LINE 2,6,9 and 11, Olym. Ctr. CA.
control data
17,4,1,1,0,0, 1

clement types
32,6,0,0,0,0,0,0,0,0
element data
543,289,0,0,0,0,0,0,0
units

1

elevations
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descnpuon of |dem|cal frames
LI

plan configuration

9, 11,11, 10

nodal weights

1,1,0,0,0,0,0,0,0,0,0
2,5,5,5,55,5,55,5,50
3,00000,000,00,0
4,0,0,0,0,0,0,0,0,0,0

2,1,0,0,0,0,0,0,0,0,0
2,10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10
3,0,10,10,10, 10, 10, 10, 10, 10, 10, 10
4,0,0,0,0,0,0,0,0,0,0

3,1,0,0,0,00,0,0,0,0
2,0,0,0,0,0,0,0,0,0,0,0
3,92,92,92,92,92,92,92,92,92,92,92
4,037,37,37,37,37,37,37 37,37

4,1,73,73,73,73,73,73, 73,73, 73,
2,129,129,129,129,129,129,129,129,129,129,129
3,0,0,0,00,0,0,0,0,00
4,0,0,0,0,0,0,0,0,0,0

5,1,0,0,0,0,0,0,0,0,0
2,0,0,0,0,0,0,0,0,0,0,0
3,131, 131, 131, 131, 131, 131, 1314, 131,131, 131, 131
4,0, 53, 53, 53, 53, 53, 53,53, 53,53

6, 1, 105, 105, 105, 105, 105, 105, 105, 105, 105
2,179,179,179,179,179,179,179,179,179.179,179
3,0,0,0,0,0,0,0,0,0,0,0
4,0,0,0,0,0,0,0,0,0 0

7,1,0,0,0,0,0,0,0,0,0
2,0,0,0,0,0,0,0,0,0,0,0
3, 250, 250, 250, 250, 250, 250, 250, 250, 250, 250, 250
4,0,53,53,53,53,53,53,53,53,53

8, 1, 100, 100, 100, 100, 100, 100, 100, 100, 100
2, 175,175,175,175,175,175,175,175,175,175,175
3,00,0,0,0,0,0,0,0,0,0
4,0,0,0,0,0,0,0,0,0,0

9,1,0,0,0,0,0,0,0,0,0
2,0,0,0,0,00,0,0,0,0,0
3, 250, 250, 250, 250, 250, 250, 250, 250, 250, 250, 250
4,0, 53, 53,53, 53, 53, 53,53,53,53

10,1, 100, 100, 100, 100, 100, 100, 100, 100, 100
2,175,175,175,175,175,175,175,175,175,175,175
3,0,0,0,0,0,0,0,0,0,0,0
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4,.0,0,0,0,0.0,0.0.0.0
LI, 125,125,125,125,125.125, 1251250
2219219’19’19’197]9’1 219.219.219.219
3,157,157, 157, 157, 157, 157, 157,157, 157, 157,157
4,0, 63,63, 63, 63, 63, 63, 63, 63,63
12,1, 169, 169, 169, 169, 169, 169,0.0. 0
2,0,169, 169, 169, 169, 169,0,0,0,0.0
3,0, 169, 169, 169, 169, 169, 159, 169, 169, 169, 0
4,0,0,0,0,0,0.0,0,0,0
13.1, 139,139,139, 139, 139,139,0,0.0
.0, 139,139, 139,139, 139,139,0,0,0,0,0
.0,0,0,139,139,139,139,139,139,139.0
O 0,0,0,0,0,0,0,0,0
134,134,134, 134, 134, 134.0,0,0
, 134,134, 134,134,134,0,0,0,0,0
,0,0,134, 134,134, 134,134,134, 134,0
0 0,0,0,0,0,0,0,0
0,138, 138,138, 138,138,0,0,0
38, 138,138, 138,138,0,0,0,0.0
0,138, 138,138,138, 138, 138,138, 0
0,0.0,0,0,0,0,0

N-N-N
co=*2

, 144, 144,144, 144,0,0,0,0
, 144, 144,144,144, 144,0,0,0,0,0
,0,0 144, 144, 144, 144, 144, 144, 144, 0
,0,0,0,0,0,0,0,0,0
17,1, 0, 190, 190, 190, 190, 0,0,0,0
2.0, 190, 190, 190, 190, 0,0,0,0,0
3,0,0.0, 190, 190, 190, 190, 190, 190, 190, 0
4,0,0,0,0,0,0 6,0,0,0
envelope generation
1
hys prop
1
1,.-1.0,0.0,0.0,0.0
column property option
1
column data
1, 156,0,0,2
-1,8.70E7, 1 99E6, 7.64E5, 13511, 14198, .00025, 0.0005, 5.99E6
13511, 14198, .00025, 0.0005, 5.99E6
2,168,0,0,2
-1, 9.80E7, 2.19E6, 8.43E5, 14945, 15747, .00026, .00059. 5.41E6
14945, 15747, .00026, .00059, 5.41E6
3,156,0,0.2
-1,9.80E7, 2.19E6, 8 43ES5, 14945, 15747, .00026, .00059, 5.41E6
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14943, 15747, .00026, .00059. 5.41E6
4,156,0,02
-1, 1.11E8, 2.42E6. 9.29E5, 16516, 17438, .00025, .00054, 7.15E6
16516, 17438, .00025, .00054, 7.15E6
5,132,0,0.2
-1, L.11E8, 2.42E6, 9.29E5, 16516, 17438, .00025, .00054, 7.15E6
16516, 17438, .0002S, .00054, 7.15E6
6,156,0,0,2
-1, 1.26E8, 2.65E6, 1.02E6, 18210, 19275, .00024, .00036, 7.6E6
18210, 19275, .00024, .00056, 7.6E6
7,132,0,0.2
-1, 1.26E8, 2.65E6, 1.02E6, 18210, 19275, .00024, .00056, 7.6E6
18210, 19275, .00024, .00056, 7.6E6
8,168,0,0,2
-1,5.25E7, 2.93E6, 1.13E6, 7966, 9107, 0.00051, .0016, 2.78E6
7966, 9107, 0.00051, .0016, 2.78E6
9,156,0,0,2
-1,5.25E7, 2.93E6, 1.13E6, 7966, 9107, 0.00051, .0016, 2.78E6
7966, 9107, 0.00051, .0016, 2.78E6
10, 66,0, 0,2
-1, 1. 42E8, 2.93E6, 1.13E6, 20114, 21345, .00025, .00057, 8.90E6
20114, 21345, .00025, .00057, 8.90E6
11,156,0,02
-1, 1.58E8, 3.16E6, 1.22E6, 21857, 23017, .00025, .00059, 1.02E7
21857, 23017, .00025, .00059, 1.02E7
12,132,0,0.2
-1, 1.58E8, 3.16E6, 1.22E6, 21857, 23017, .000235, .00059, 1.02E7
21857, 23017, .00025, .00059, 1.02E7
13,66,0,0,2
-1,6.29E7, 3.39E6, 1.30E6, 9418, 10789, .00051, .0016, 1.94E6
9418, 10789, .00051, .0016, 1.94E6
14, 84,0,0,2
-1,6.29E7, 3.39E6, 1.30E6, 9418, 10789, .00051, .0016, 1.94E6
9418, 10789, .00051, .0016, 1.94E6
15, 66, 0, 0,2
-1, 1.74E8, 3.39E6, 1.30E6, 23619, 24923, .00025, .0006, 1.12E7
23619, 24923, .00025, .0006, 1.12E7
16, 66, 0,0,2
-1, L.51E10, 7.25%.7, 2.79E7, 749952,852151. .00016, .0005, 7.79E8
749952,852151, .00016, .0005, 7.79E8
17, 66, 0,0,2
-1, 8.70E7, 1.99E6, 7.64ES, 13511, 14198, .00025, 0.0005, 5.99E6
13511, 14198, .00025, 0.0005, 5.99E6
18, 66,0, 0,2
-1, 1.26E8, 2.65E6, 1.02E6, 18210, 19275, .00024, .00056, 7.6E6
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18210, 19275, .C0024, .00036, 7.6E6
19,84,0,0,2
-1, 1.74ES8, 3.39E6. 1.30E6. 23619, 24923, 00025, .0006, 1 .12E7
23619, 24923, .00025, .0006, 1.12E7
20, 42,30,0.2
-1, 1.51E.0, 7.25E7, 2.79E7, 749952,852151, .00016, .0005, 7.79E8
749952,852151, .00016, .0005, 7.79E8
21,168,0,0,2
-1, 8.70E7, 1.99E6, 7.64E5, 13511, 14198, .00025, 0.0005, 5.99E6
13511, 14198, 00023, 0.0005, 5.99E6
22,132,0,0.2
-1, 8.70E7, 1.99E6, 7.64ES5, 13511, 14198, .00025, 0.0005, 3.99E6
13511, 14198, .00025, 0.0005, 5.99E6
23,66,0,0,2
-1, 8.70E7, 1.99E6, 7.64E5, 13511, 14198, .00025, 0.0005, 5.99E6
13511, 14198, .00025, 0.0005, 5.99E6
24,168,0,0,2
-1, 1.11E8, 2.42E6, 9.29E5, 16516, 17438, .00025, .00054, 7.15E6
16516, 17438, .00025, .00054, 7.15E6
25,66,0,0,2
-1, 1.26E8, 2.65E6, 1.02E6, 18210, 19275, .00024, .00056, 7.6E6
18210, 19275, .00024, .00056, 7.6E6
26,132,0,0,2
-1, 5.25E7, 2.93E6, 1.13E6, 7966, 9107, 0.00051, .0016, 2.78E6
7966, 9107, 0.00051, .0016, 2.78E6
27,66,0,0,2
-1, 5.25E7, 2.93E6, 1.13E6, 7966, 9107, 0.00051, .0016, 2.78E6
7966, 9107, 0.00051, .0016, 2.78E6
28,66,0,0,2
-1, 5.25E7, 2.93E6, 1.13E6, 7966, 9107, 0.00051, .0016, 2.78E6
7966, 9107, 0.00051, .0016, 2.78E6
29,84,0,0,2
-1, 1.42E8, 2.93E6, 1.13E6, 20114, 21345, .00025, .00057, 8.90E6
20114, 21345, .00025, .00057, 8.90E6
30, 66, 0, 0,2
-1,6.29E7, 3.39E6, 1.30E6, 9418, 10789, .00051, .0016, 1 .94E6
9418, 10789, .00051, .0016, 1.94E6
31,42, 20, 20,2
-1, LL.51E10, 7.25E7, 2.79E7, 749952,852151, .00016, .0005, 7.79E8
749952,852151, .00016, .0005, 7.79E8
32,66,0,0,2
-1,6.21E7, 1.50E6, 5.78ES, 13511, 14198, .00025, 0.0005, 5.99E6
13511, 14198, .00025, 0.0005, 5.99E6
beam property option
I
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beam data
1,344, 7,72
-1, 2.62ER, 1.28E6. 18080., 18968.,0.00011, 0.00021, 1 OE7
18080., 18968., 0.00011, 0.00021, 1 9E7
2.344,7,7.2
-1, 3.05E8, 1.45E6, 21000., 21980., 0.0001, 0.0002, 2.07E7
21000, 21980., 0.0001, 0.0002, 2.07E7
3,344, 7,72

.’2000.. "3646., 0.0001, 0.0002. 2.2OE7
4,344,7,7.2
-1, 3.83E8, 1.79E6, 26400., 27297., 0.0001, 0.0002, 2.7E7
26400.,27297., 0.0001, 0.0002, 2.7E7
5,344,7,72
-1,4.06E9, 3.76E7, 280000, 318126, 0.00022, 0.00069, 2.1 7E8
280000, 318126, 0.00022, 0.00069, 2.17E8
6,344,7,7.2
-1,2.62E8, 1.28E6, 18080., 18968.,0.00011, 0.00021, 1. 9E7
18080., 18968., 0.00011, 0.00021, 1 9E7
column connectivities

) oy

s 8y

v &0 By

2,1,
8!3
2,1,4
2. 1,8
3.1, 2,
9, 1.3
3. 1,4,
3. L5,
3, 1,2

’

v

. .15
09,1,3.14,15
1.3, 1,4, 14, I5
12,3,1,5,14, 15
13,6,1,6,14,15
14,1, 1, 1,13, 14
15,6,1,2,13, 14
16,11,1,3,13, 14
17,6,1,4,13,14
18,6,1,5,13,14
19.6,1,6,13,14
20.1,1,1,12.13
21,6,1,2,12,13
22,111,3,12,13
236.1.4,12,13
24,6,1,5,12, 13
25.6,1,6,12,13

)

1
2.
3
4
5
6,
7
8,
9,
1
l
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264, 1.1, 11,12
276,1,2, 11,12
28,11,1,3. 11, 12
296,1.4, 11,12
306.1,5 11,12
316,1,6,11, 12
32,5, 1, 1, 10,11
33.7.1,2.10, 11
34,12.1,3, 10, 11
35,7,1,4,10, 11
36,7,1,5.10, 11
37,7, 1,6, 10, 11
38,17,1,7,10, 11
39,171, 8,10, 11
40,18,1,1,9,10
41,10,1,2,9. 10
42,13.1,3,9.10
43.10,1,4,9,10
44,10,1,5,9,10
45,10,1,6,9, 10
46,17,1,7,9,10
47,17,1,8,9, 10
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71.10,1,
72,10,1,
73.17.1,
74.17.1,
75.17,1,
76.15,1,
77,151,
78.13.1,
79,151,
80,15,1,
81.15.1,
82,15.1,
83,15.1,
84,151,
85.15,1, 1,
86,15.1,
87.13.1,
88.15,1, 4,
89.15,1,
90,15,1,
91,15,1
92,15,1
93.15,1,
94,151,
I,
I
l,
L,
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95,15,

oy

-

8
9
|
2
3
4
5
6,
.7
8
9,
l
2,
3,
4,
5,
6,

99,15.1,
100,13,1,7.3,4
101,15,1.8,3.,4
102,15,1,9,34
103.19,1,1.2,3
104,19,1,2,2,3
105.14,1,3.2.3
106,19,1.4.23
107,19,1,5,2,3
108,19,1,6.2,3
109.19,1,7.2.3
110,19,1.8.2,3
111,19,1,9,2,3
112.16,1,1.1,2
113.16,1.2,1,2
114,16,1,3,1,2
115,16,14,1,2
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116.16.1,5.1.2
117,16,1,6,1,2
118,16,1,7.1.2
119,16.1.8.1.2
120,16,1,9,1,2
121.20,1,1,0.1
122,20,1,2,0,1
123,20,1,3,0,1
124,20,1.4,0,
125.20,1,5,0,1
126.20,1.6.0.1
127,20,1,7,0,1
128.,20,1,8,0.1
129,20,1,9.0.1
130,2,2,3,16, 17
131,24,2,4,16,17
132,2,2,5,16, 17
133,21,2,6, 16, 17
134,4,2,2,15, 16
135,3,2,3,15, 16
136,4,2,4, 15,16
137,3,2,5,15, 16
138,1,2.6.15, 16
1394,2,2,14, 15
1403, 2.3, 14, 15
141.4,2,4, 14,13
1423,2,5,14,15
143,1,2,6,14, 15
14492, 2,13, 14
145.6. 2,3, 13, 14
146,9,2, 4,13, 14
147,6,2,5,13, 14
148,6, 2,6, 13, 14
149,9,2,2, 12,13
1506,2,3,12,13
151,9.2,4,12,13
152,6,2,5,12,13
153,6,2,6,12,13
1549,2,2, 11,12
155,6,2,3,11,12
1569.2,4, 11,12
157.6.2.5.11, 12
158.6,2,6. 11,12
159.22,2, 1,10, 11
160,26,2,2, 10, 11
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161,7,2,3, 10, 11
162,26.2. 4,10, 11
163,7,2,5,10, 11
164,7.2,6,10, 11
165,26,2, 7, 10, i1
166,7,2, 8, 10, 11
167,7,2,9, 10, 11
168,26,2,10, 10, 11
169,22, 2,11, 10, 11
170,23,2, 1,9, 10
171,28,2,2,9, 10
172,10,2, 3,9, 10
173,28,2,4,9, 10
174,10,2,5,9, 10
175,10,2,6,9, 10
176,27,2,7,9, 10
177,25,2, 8,9, 10
178,25,2,9,9, 10
179,28,2, 10,9, 10
180,25,2, 11,9, 10
181,23,2, 1, 8,9
182,28,2,2,8,9
183,10,2,3,8,9
8,9
8,9
186,10,2,6,8,9
89
188,25,2,8,8,9
189,25,2,9,8,9
0,8,9
1,89
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-~~~

210,25,2, 8,
211,25,2,9,6.7

212,28,2,10,6,7
213,252, 11,6, 7

vivbhivivivivivivu v

SO0 O LWL

15,2545
0.15,2,6,4,5
1.28.2.7.4.5
232,10,.2,8,4,5
233,10,29,4.5
234,30,2,104.5
235,10,2,11.4,5
236,252,134
237,30,2,2,3.4
238,152334
239.30,24,3.4
240,15,2,5.3.4
241,15,2,6,3,4
242282734
243,10.2,8,3.4
244102934
2453021034
246,10.2,11,3 4
247,25.2,1,2.3
248.14.2,2,2,3
249,19,2,3.2.3
250,14.24,23
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251,19,2,5.2.3
252,19.2,6.2.3
253292723
254292823
255292923
256,14,2,10.2,3
257.29.2.11.2,3
258.16,2.1,1,2
259,16,2.2,1,2
260,16,2,3,1,2
261,16,2,4,1.2
262,16,2,5,1,2
263,16,2,6,1,2
264,16,2,7,1,2
265,16,2,8,1,2
266,16,2,9.1,2
267,16,2,10.1,2
268,16,2,11,1,2
269,20,2,1,0,1
270,20,2,2,0,1
271,20,2,3,0,1
272,20,2,4,0,1
273,20,2,5,0,1
274,20,2,6,0,1
275,20,2,7,0.1
276,20,2.8,0.1
277.20,2,9,0.4
278.,20,2,10,0,1
279,20,2,11,0,1
280,2434,16,17
281,2,3,5,16,17
282,2,3,6,16,17
283,24,3,7,16,17
284,2,3,8,16,17
285,2,3.9.16,17
286.24,3,10,16,17
287.434,15.16
288.3,3,5,15,16
289,3,3,6,15,16
290,43,7.15,16
291.3.3,8,15,16
292,33,9,15,16
293.43,10,15,16
294,4.3.4,14,15
295.3,3,5.14,15
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296.3.3,6,14,15
297.9.3,7,1415
298,3,3,8,14,15
299,3,3.9.14,15
300,4,3,10,14,15
301.9,3.4,13,14
302,6,3,5.13,14
303,6,3,6,13,14
304,9,3,7.13,14
305,6,3,8,13,14
306,6,3,9,13,14
307,6,3,10,13,14
308,9,3.4,12,13
309.6,3,5,12,13
310,6,3,6,12,13
311,9,3,7,12.13
312,6,3.8,12,13
313,6,3,9,12,13
314,6,3,10,12,13
315,1,3,2,11,12
316,1,3,3.11,12
317,9.3,4,11,12
318,6,3,5,11,12
319,6,3,6,11,12
320,9.3,7.11,12
321,6,3,8,11,12
322,6,3.9.11,12
323,6,3,10,11,i2
324,22,3,1,10,11
325,22,3,.2.10,11
326,22,3,3,10,11
327,26,3,4,10,11
328,7,3,5,10,11
329,7,3,6,10,11
330,26,3,7,10,11
331,7,3,8,10,11
332.7.3.9,10,11
333,7,3,10,10,11
334,22,3,11,10.11
335,23,3,1,9,10
336,23,3,2,9.10
337,23,3,3,9.10
338,25.3,4.9,10
339.25.3,5.9.10
340,25,3,6,9,10
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341,27,3,79,10
342,25,3,8,9,10
343,25,3,9.9.10

344,25,3,109,10

345.8,3,11,9,10
346,8,3,1,8,9
347,253,289
348,10,3,3,8,9
349,283,489
350,103,5.8,9
351,10,3,6,8,9
352,28,3,7.8,9
353,10,3,8.8,9
354,103,989
355,28,3,10,89
356,23,3,11,8,9
357,23.3,1,7,8
358,25,3.2,7,8
359,10,3,3.7.8
360,28,3,4,7,8
361,10,3,5,7,8
362,10,3,6,7,8
363,28,3,7,7,8
364,10,3,8,7.8
365,10,3,9,7,8
366,28,3,10,7,8
367,23,3,11,7.8
368,23,3,1,6,7
369,25,3,2,6,7
370,10,3,3.6,7
371,28,3,4,6,7
372,10,3,5,6,7
373,10,3,6,6,7
374,28,3,7.6,7
375,10,3,8,6,7
376,10,3,9.6,7
377,28,3,10,6,7
378,233,11,6,7
379,23,3,1.5,6
380,25,3,2,5,6
381,10,3,3.5,6
382,283,45.6
383,10,3,5.5,6
384,10,3,6,5,6
385,28,3,7,5,6
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386,10,3.8.5,6
387,10,3,9,5,6
388.28,3,10,5.6
389.23,3,11,5.6
390,25,3,14,5
391,25,3,24.5
392.25,3,34,5
393,30,3,4,4,5
394,15,3,5.4.5
395,15,3,6,4,5
396.30,3,7.4,5
397,15,3,84,5
398,15,3,94,5
399,30,3,10.4,5
400,27,3,11,4,5
401,25,3,1,3,4
402,25,3,2,3.,4
403,15,3,3,3,4
404,30,3,4,3,4
405,15,3,5.3.4
406,15,3,6,3,4
407,30,3,7,3,4
408,15,3,83,4
409,15,3,9,3,4
410,30,3,10,3,4
411,27.3,11,3,4
412,253,123
413,273,223
414,193,323
415,143,423
416,19.3.5,2,3
417,19,5.6,2,3
418,143,7,2,3
419,19,3,8,2,3
420,19,3,9,2,3
421,14,3,10,2.3
422273.11,2.3
423,253,1,1,2
424273212
425,15.3,3,1.2
426,30,3,4,1,2
427,15,3,5.1.2
428,153,6,1,2
429,30,3,7.1,2
430,19,3,8,1,2
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411,15,3,9,1,2
432,30,3,10,1,2
43327,3,11,1,2
434,31,3,1,0.1
435.31,3,.2,0,1
436,31,3,3,0,1
437,31,3,4,0,1
438,31,3,5,0,1
439,31,3,6,0,1
440,31,3.7,0.1
441,31,3,8,0,1
44231,3,9,0,1
443.31,3,10,0,1
444.31,3,11.0,1
445,5,4,2,10,11
446,5,4,3,10,1
447,54.4,10,11
448,5.4,5,10,11i
449,54,6,10,11
450,5,4,7,10,11
451,5,4,8,10,11
452,5,4,9,10,11
453,5,4,10,10,11
454,32,42.9.10
455,32,43,9,10
457,32,4,59,10
458,32,4,6,9,10
459.32,4,7,9,10
460,32,4,89,10
461,32.49,9,10
462,32,4,10,9,10
463,324,289
464,32,4,3,8,9
465324489
466,324,589
467,32,4,6,8,9
468,324,789
469,324,889
470324989
471,32,4,108.9
472,324,278
473324378
474,32 44,7.8
475324578
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476.32.4.6.7.8
477,32,4.7.1.8
178.32.4.8.7.8
479.32,4.9.7.8
480.32.4,10,7.8
481,32,4,2.6.7
482,32.4,3.6,7
483.32.4,4.6.7
484,32.4,5.6,7
485.32,4,6,6.7
486.32.4.7.6.7
487,32,4.8.6.7
488.32,4,9.6.7
489,32,4,10,6,7
490,32,4,2.5,6
491,32,4,3.5,6
492.32.4,4.5.6
493.32,4,5.5.6
494.32,4.6.5.6
495,32.4,7,5.6
496,32,4,8,5.6
497,32,4,9,5.6
498.32,4.10,5.6
499174245
500,17.4.3,4,5
501.17,4.4.4.5
502,17.4,5.4.5
503,17.4.6.4.5
504,17,4,7.4.5
505,17.4.8.4.5
506,17.4.9,4.5
507,17,4.104.5
508,17.4,2.3.4
509,17.4,3,3.4
510,17.4.4,34
511,17.4.5.3,4
512,17.4.6,3.4
513,17,4.7.3.4
514.17.4.8,3.4
515,17.4.9.3.4
516.17.4,10.3 .4
517,17.4.2.2.3
518,17.4,3.2.3
519,17.4.4,2.3
520.17.4.5.2.3
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521,174,623
522,174,723
523,174823
524,
525,

526,17,4,2,1,2
527.17,43,1,2
528.17,44,1,2
529,174,5,1.2
530,17,4,6.1.2
531,174,7.1,2
532,17,48,1,2
533,174.9,1,2
534,17 4,10,1,2
535,314,2,0,1
536,31,4,3,0,1
537,31,4,4,0,1
538.31,4,5,0,1
539.314,6,0,1
540,31,4,7,0,1
541,31,4,8,0,1
542,31,4,9,0,1
543,31,4,10,0,1

beam connectivities

L1L,17,1,2,3
2,1,17,1,3,4

214,12,

3.1,17,1,4,5
4,1,16,1,2,3
5.1,16,1.3.4
6,1.16,1,4,5
7.3.151,2,3
8.3,151,3,4
9.3,151,4,5
103,15, 1,5,6
113,14, 1, 1,2
12,3,14,1,2,3
13,3,14,1,3,4
143,14, 1,4,5
15,3,14,1,5,6
164,13,1,1,2
174,13,1.2,3
184,13, 1,3, 4
19.4,13,1,4,5
204,13,1,5,6

1,1,2
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224,12, 1,
234,12, 1,
244,12, 1,
254,121,
262, 11,1,
272,11, 1,
1,
i
1,
1,
1,
I,
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28,2, 11,
292,11,
30,2, 11,
312,11,
32.2,11,
33,2, 10,
342,10, 1,
352,10, 1,
36,2, 10, 1,
37,2, 10, 1,
38,2, 10,1,
39,2, 10,1,
40,2, 10, 1
41,3, 8,
42,3,
43,3,
44.3,
45,3,
46,3,
473,
48,3,
49,3,
50,3,
513,
52.3,
53.3,
54,5,
55.5,
56,5,
57.5,
58,5,
59.5,
60.5,
61,5,
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78,3, 13,
79,3, 13,
80,3, 13,
813,12
823, l"
833,12,
84,3, 12,
852,11,
86,2, 11,
87.2. 11,
882, 11,
892, 1,
90.2, 11,
91.2, 11,
922, I,
93,2, 11,
94.2. 11,
95.2, 10,
96.2. 10,
97,2, 10,
98.2. 10,
99.2, 10,
100.2, 10
101,2, 10,
102,2, 10,
103.2,10,2
104.2, 10, 2
105.2, 8,
106.2, 8,
107,2, 8,
108.2. 8,
109.2. 8,
1102, 8,
111.2, 8,
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142,5, 2,
143,5,2,2,10, 11
144,1,17,34,5
145,1,17.3,5.6
146,1,17,3,6,7
147,1,17,3,7.8
148,1,17,3,89
149.1,17.3.9,10
150,1,16,3.4.,5
151.1,16,3,5,6
152,1,16,3,6,7
153,1,16,3,7,8
154,1,16,3,89
155,1,16,3,9,10
156,2,15,34.,5



157.2.15,3.5,6
158,2,15,3,6,7
159,2,15,3,7.8
160,2,15,3,8,9
161.2,153.9,10
162,2,14,3.4.5
163,2,14,3,5.6
164.2,14.3,6,7
165,2,14,3,7.8
167,2,14,3.8,9
168,2,14,3.9,10
169,2,13,3.4,5
170,2,13.3,5.6
171.2,13,3,6,7
172,2,13,3,7.8
173,2,13,3,8,9
174,2,13,39,10
175,2,12,3,2.3
176,2,12,3,3 4
177.2,12,3.4,5
178,2,12,3,5,6
179,2,12.3,6,7
180,2,12,3,7,8
181.2,12,3,89
182,2,12,3.9,10
183.2,11,3,1.2
184,2.11,3.23
185,2,11,3,34
186,2,11,3,4.5
187,2,11,3,5,6
188,2,11,3,6,7
189,2,11,3,7.8
190,2,11,3,8,9
191,2,11,3,9.10
192,2,11.3,10,11
193,29,3,1,2
19429323
195,29,3.3.4
196,2,9,3.4.5
197.2,9.3.5.6
198,2.9,3,6,7
199,29,3,7,8
200,2,9,3,8,9
201.2.9.3.9.10
202,2,9.3,10,11
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203.2,7,3.1.2
2042,73.23
205,2,7,3,34
206,2,7,3 4.2
207,2,7.3,5.6
208,2,7.3.,6.7
209.2,7,3,7,8
210,2,7.3,8,9
211,2,7,3,9,10

212,2,7,3,10.11

21325312
214,2,53.23
21525334
216,2,5,3,4.5
217,2,5,3,5,6
218,2,5,3.6,7
219.2,5,3,7.8
220,2,5,3.8,9
221,2,53,9,10

222,2,5,3,10,11

223243,1.2
22424323
22524334
226,2,4,3,4,5
227.2.4,3,5,6
228.24.3,6,7
22924378
230,2,4,3,8,9
231,2,4,3,9,10

232,2,43.10,11

233,5.3.3,1,2
23453323
235,5,3,3,3.4
236,5,3,3,4,5
237,5,3,3,5,6
238,5,33,6,7
239,5,33,7.8
240,5,3,3,8,9
241,5,3,3,9,10

242,5,3,3,10,1!

243,6,11,423
244,6,11,434
245,6,11.445
246,6,11,45,6
247,6,11,4,6,7
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248,6,11.4.7.8
239.6,11.489
250,6,11.4.9,10
251,6.94.23
252,694,334
253,6,9.44,5
254,6,9,4,5.6
255,6,9,4,6,7
256,6,9.4,7.8
257,6,9,4,89
258,6,9,49.10
259,6,7,4,2.3
260,6,7,4,3.4
261,6,7,4 4.5
262,6,7,4,5,6
263,6,7.4,6,7
264.6,7,4,7.8
266,6,7,4,9,10
267,6,5,4,2.3
268,6,5.4,3.4
269,6,54 4.5
270.,6,5.4.5.6
271,6,5.4,6,7
272,6,54,78
273,6,54,89
274,6,54,9.10
275,6,3.4.2.3
276,6,3,43,4
277,6,3,4,4.5
278,6,3,4,5,6
279.6,3,4,6,7
280,6,3,4,7,8
281,6,3,4,89
282,6,3,4.9,10
283,5,1,4,23
28451434
285,5,1.4,4,5
286,5,1,4,5,6
287.5,1,4,6,7
288,5,1,4,7.8
289,5,1,489
290,5,1,4,9,10
Type of analysis
2
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static loads

0.0.0,0

Monotonic Pushover Analysis (1=force control. 2=dirplacement control)
1

FORCE CONTROLLED ANALYSIS
1

0.2,50,1

Snapshot Control Data

0

0.0.0.0.0

OUTPUT CONTROL

3123576, 11,12,13,15,17

story2

story3

story5

ELEMENT HYSTERESIS OUTPUT
0,0,0,0,00

CASE STUDY #9.1

input filename: idarc.dat
data filename: case9 1. dat
output filename. idarc.out
resul:s filename: case9_I out

file:  idarc.dat
case9_1l.dat
case9_l.oum

file: case9_l.dat

CASE STUDY 9.1: 3 STORY R/C FRAME WITH VISCOUS DAMPERS
Control Data

3,1,0,0.0,00

Element types
6,9,0,0,0,0,1,0,0,0

Element data
12,9,0,0,0,0,0,3,0

Unit system

1

Floor elevations

45.0,93.0. 141.0

Number of duplicate frames
“

-

Na of column lines
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4

Nodal weights

1, 1,3.375,3.375,3.375,3.375
2,1,3.375,3.375,3.375,3.375
3,1,3.375,3.375,3.375,3.375
Env generation option

1

Hysteretic Control

3

1,2,0.1,00,1.0
2,2,01,0.0,1.0
3,2,0.1,0.0,0.1

Column input option

v
»
)

1
Column data
1,48.0,0,3.0,1
1, 72264.6, 1140.0, 21888, 7.0, 16.0, 0.0008, 0.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
1, 72264.6, 1140.0, 21888, 7.0, 16.0, 0.0008, 9.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
2,48.0,0,3.0,1
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.0, 72.0, 0.0006, 0.001, 600.0
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.0, 72.0, 0.0006, 0.001, 600.0
3,48.0,0,3.0,1
1,47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
11.0, 21.0, 0.0008, 0.003, 400.0
1,47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
11.0, 21.0, 0.0008, 0.003, 400.0
4,48.0,0,3.0,1
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 840, 0.001, 0.003, 600.0
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 84.0, 0.001, 0.003, 600.0
5,45.0,00.3.0,1
3,14453.2, 380.0, 7296, 8, 10.0, 0.0025, 0.006, 40.0
8, 10.0, 0.0025, 0.006, 40.0
3, 14453.2, 380.0, 7296, 1, 2.0, 0.0025, 0.006, 40.0
1, 2.0, 0.0025, 0.006, 40.0
6,45.0,0.0,3.0,1
1, 62496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115,120, 0.003, 0.008, 600.0
1, 82496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115, 120, 0.003, 0.008, 600.0
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Beam input type
1
Beam data
1,72.0,20,7.0,1
2. 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003.
7.38, 37.0. 0.0004, 0.003, 2400.0
2, 181980.0, 24264.0, 7.38, 37.0. 0.0004. 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
2,720,70,7.0,1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0. 0.0004, 0.003, 2400.0
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
3,720,70,20,1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
4,720,20,7.0,1
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
5,72.0,70.7.0, 1
2,123186.0,19411.2, 7.38, 37.0, 0.0004, 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
2,123186.0, 19411.2. 7.38, 37.0. 0.0004, 0.003,
7.38.37.0, 0.0004, 0.003, 2400.0
6.72.0,7.0,20,1
2,123186.0, 19411.2, 7.38, 37.0. 0.0004. 0.003,
7.38, 37.0, 0.0004, 0.003, 2400.0
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,
7.38,37.0, 0.0004, 0.003, 2400.0
7,72.0,20,70,1

2400.0

2400.0

2400.0

2400.0

2400.0

2400.0

2400.0

24000

2400.0

2400.0

2400.0

2400.0

2,43675.0,9705.6, 7.38. 37.0, 0.001, 0.003, 2400.0

7.38.37.0. 0.001, 0.003, 2400.0

2,43675.0, 9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0

8.72.0, 70,1
3

2
2.4
7.38.37.0,0.001, 0.003, 2400.0

7.0,
75.0.9705.6. 7.38. 37.0, 0.001, 0.003, 2400.0

2,43675.0,9705.6, 7.38, 37.0,0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0
9,72.0,7.0,20,1

2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
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7.38, 37.0,0.001, 0.003, 2400.0
2,43675.0. 9705.6, 7.38, 37.0, 0.001, 0.003. 2400.0
7.38,37.0,0.001, 0.003, 2400.0
VE BRACE PROPERTIES
0,0
1,0.05. 80
Column connectivity
1L1,1,1,2,3
2,2,1,2,23
3.2,1,3,23
4,1,1,423
53,1,1,1.2
64,1212
7.4,1,3,1,2
83,1,4,1.2
9,5.1,1,0.1
10,6,1,2,0,1
11,6,1,3,0,1
12,5,1.4,0,1
Beam conectivity
1,1,3,1,1,2
2,2,3,i,2.3
33.3.1,34
442112
55,2,1,23
6.6,2,1,3,4
7,7,LL1,1,2
8.8,1,1,2,3
9,9,1,134
VE connectivity
1,1,1,1,1,0.3,2,76
2,1,1,1,2.1.2376
3,1,1,1,3,2,3,2,76
Type of Analysis
3
Static loads
0,0,0,0
Dynamic Analysis Control Data
0.30, 0.0, 0.0005, 32.0, 6,0
Wave data
0. 6400, 0.005
El-Centro - EARTHQUAKE
fica30.a
Output options
0
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00000

STORY OUTPUT CONTROL
3,0.005,1,2,3

floorld

floor2d

floor3d

Hys output

0,0,0,0,0,0

NOTES : The earthquake ground acceleration record is read separately from a file
named 'flea30.a’ as specified in the input data

CASE STUDY #9.2
input filename: idarc.dat
data filename: case9_2.dat
output filename: idarc.out
results filename: case$_2.out

file: idarc.dat
case9_2.dat
case9_2.out

file: case9_2.dat

70% reduction st fl. 35% 2nd & 10% 3rd. consider col. compre
Control Data

3,1,0,0,0,0,1

Element types
6,9,0,0,0,0,0,1,0,0

Element daia
12,9,0,0,0,0,0,3,0

Unit system

1

Floor elevations
45.0,93.0,141.0

Number of duplicate frames

2

No of column lines

4

Nodal weights

1, 1,3.375, 3.375,3.375,3.375
2,1,3.375, 3.375,3.375, 3.375
3,1,3.375,3.375,3.375,3.375
Env generation option
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1
Hysteretic Control

3
1,2,0.1,00,1.0
2,2,01,00,1.0
3,2,0.1,00,0.1
Column input option
1
Column data
1,48.0,0,3.0,1
1, 72264.6, 1140.0, 21888, 7.0, 16.0, 0.0008, 0.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
1, 72264.6, 1140.0, 21888, 7.0, 16.0, 0.0008, 0.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
2,48.0,0,3.0,1
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.0, 72.0, 0.0006, 0.001, 600.0
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.¢, 72.0, 0.0006, 0.001, 600.0
3,48.0,0,3.0,1
1, 47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
11.0, 21.0, 0.0008, 0.003, 400.0
1, 47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
11.0, 21.0, 0.0008, 0.003, 400.0
4,48.0,0,3.0,1
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 84.0, 0.001, 0.003. 600.0
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 84.0, 0.001, 0.003, 600.0
5,45.0,0.0,3.0,1
3, 14453.2, 380.0, 7296, 8, 10.0, 0.0025, 0.006, 40.0
8, 10.0, 0.0025, 0.006, 40.0
3, 14453.2, 380.0, 7296, 1, 2.0, 0.0025, 0.006, 40.0
1,2.0,0.0025, 0.006, 40.0
6.45.0,0.0,3.0,!
1, 62496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115, 120, 0.003, 0.008, 600.0
1, 82496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115, 120, 0.003, 0.008, 600.0
Beam input type
1
Beam data
1,72.0,2.0,7.0, 1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
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2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2,720,7.0,70, 1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
3,72.0,7.0,20,1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
4,72.0,2.0,7.0,1
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2, 123186.0,19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0,0.0004, 0.003, 2400.0
5,72.0,7.0,7.0,1
2, 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
6,72.0,7.0,2.0,1
2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
2, 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
7,72.0,2.0,7.0,1
2,43675.0, 9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
7.38, 37.0, 0.001, 0.003, 2400.0
2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
7.38, 37.0,0.001, 0.003, 2400.0
8,720,7.0,70,1
2,43675.0, 9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
7.38,37.0,0.001, 0.003, 2400.0
2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
7.38,37.0,0.001, 0.003, 2400.0
9,72.0,7.0,2.0,1
2,43675.0,9705.6, 7.38, 37.0,0.001, 0.003, 2400.0
7.38,37.0,0.001, 0.003, 2400.0
2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0
7.38,37.0,0.001, 0.003, 2400.0
FRICTION DAMPER BRACES PROPERTIES
0
1,1, 80
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Column connectivity
1,1,1,1,2,3
2,2,1,2,23
32,1323
4,1,1,4,23
5.3,1,1,1,2
6,4,1,2,1,2
7,4,1,3,1,2
8,3,14,1,2
9.5,1,1,0,1
10,6,1,2,0,1
11,6,1,3,0,1
12,5,1,4,0,1
Beam conectivity
1,1,3,1,1,2
2,23,1,23
33.3,1,34
442112
552,1,23

7,7,1,1,1,2

88,1123

99,1134

BRACE CONNECTIVITY
1,1,2,1,1,0,3,2,76
2.1,2,1,2,1,2,3,76
3,1,2,1,3,2,3,2,76

Type of Analysis

3

Static loads

0,0,0,0

Dynamic Analysis Control Data
0.30, 0.0, 0.0005, 32.0, 6, 1
Wave data

0, 6400, 0.005

El-Centro - EARTHQUAKE
flea30.a

Output options

0

00000

STORY OUTPUT CONTROL
3,0005,1,2,3

floorlf

floor2f

floor3f
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Hys output
0,0,0,0,0,0

NOTES . The earthquake ground acceleration record is read separately from a file
named ‘flea30.a’ as specified in the input data

CASE STUDY #9.3
input filename: idarc. dat
data filename: case9_3.dat
output filename. idarc.out
results filename: case9_3.out

file: idarc.dat
case9_3.dat
case9_3.out

file: case9_3.dat

CASE STUDY 9.1: 3 STORY R/C FRAME WITH HYSTERETIC DAMPERS
Control Data

3.1,0,0,0,00

Element types
6.9,0,0,0,0,0,0,1,0

Element data

12,9,0,0,0,0,0,3,0

Unit system

1

Floor elevations

45.0,93.0, 141.0

Number of duplicate frames

2

Ne of column lines

4

Nodal weights

1.1,3.375 3.375,3.375,3.375
2,1,3375,3.375,3.375,3375
3,1,3.375,3.375,3.375,3.375
Env generation option

1

Hysteretic Control

.2,01,00,1.0
,2,0.1,00,1.0

19 = I
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3,2,0.1,00,0.1
Column input option
1
Column data
1,48.0,0,3.0,1
1,72264.6, 11400, 21888, 7.0, 16.0, 0.0008, 0.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
1, 72264.6, 1140.0, 21888, 7.0, 16.0, 0.0008, 0.003, 400.0
7.0, 16.0, 0.0008, 0.003, 400.0
2,48.0,0,3.0,1
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.0, 72.0, 0.0006, 0.001, 600.0
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0
24.0, 72.0, 0.0006, 0.001, 600.0
3,48.0,0,3.0,1
1,47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
1.0, 21.0, 0.0008, 0.003, 400.0
1. 47559, 887, 17024, 11.0, 21.0, 0.0008, 0.003, 400.0
11.0, 21.0, 0.0008, 0.003, 400.0
4,48.0,0,3.0,1
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 84.0,0.001, 0.003, 600.0
1, 250800.0, 1995.0, 38304, 32.0, 84.0, 0.001, 0.003, 600.0
32.0, 84.0, 0.001, 0.003, 600.0
5,45.0,0.0,3.0,1
3,14453.2, 380.0, 7296, 8, 10.0, 0.0025, 0.006, 40.0
8, 10.0, 0.0025, 0.006, 40.0
3, 14453.2, 380.0, 7296, 1, 2.0, 0.0025, 0.006, 40.0
1, 2.0, 0.0025, 0.006, 40.0
6, 45.0,0.0,3.0,1
1,62496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115,120, 0.003, 0.008, 600.0
1, 82496.0, 885.0, 16416, 115, 120, 0.003, 0.008, 600.0
115, 120, 0.003, 0.008, 600.0
Beam input type
1
Beam data
1,72.0,2.0,7.0, 1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2,181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38,37.0, 0.0004, 0.003, 2400.0
2.720.7.0,7.0,1
2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003, 2400.0
7.38, 37.0, 0.0004, 0.003, 2400.0
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2. 181980.0. 24264.0, 7.38, 37.0. 0.0004, 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0
3,720.70,20.1

2, 181980.0, 24264.0, 7.38, 37.0, 0.0004, 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0

2. 181980.0, 24264.0, 7.38, 37.0. 0.0004. 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0
4,720,20,7.0, 1

2, 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0

2,123186.0, 19411.2, 7.38, 37.0. 0.0004, 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0
5,72.0,7.0,7.0, 1

2. 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,

7.38, 37.0, 0.0004, 0.003, 2400.0

2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,

7.38,37.0,0.0004, 0.003, 2400.0
6,72.0,7.0,2.0,1

2,123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003,

7.38,37.0,0.0004, 0.003, 2400.0

2400.0

2400.0

2300.0

2400.0

2400.0

2400.0

2400.0

2400.0

2.123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0

7.38, 37.0, 0.0004, 0.003, 2400.0
7.72.0,2.0,7.0,1

2.43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0

2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0
8,72.0,7.0,7.0, 1

2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0

2.43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0
9,72.0,7.0,2.0,1

2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38,37.0,0.001, 0.003, 2400.0

2,43675.0,9705.6, 7.38, 37.0, 0.001, 0.003, 2400.0

7.38, 37.0, 0.001, 0.003, 2400.0

HYSTERETIC DAMPER BRACES PROPERTIES

0

1, 1.0, 80, 3,
Column connectivity
1L1,1,1,2.3
221,223
32,1323
41,1423
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-

10,6,1,2,0.1

11,6,1,3.0.1

12,5,1.4,0.1

Beam connectivity
1,13,1,1,2

22.3,1,23

333,134

442.1,1,2

55,2,1,23

662,134

7,7,L1L1.2

8.8,1,1,2,3

99,1,1,3,4

BRACE CONNECTIVITY
1,1,3,1,1,0,3,2,76
2,1.3,1,2,1.2,3,76
3,1,3,1,3,2,3,2,76

Type of Analysis

3

Static loads

0.0.0,0

Dynamic Analysis Control Data
0.30,0.0, 0.0005, 32.0, 6, |
Wave data

0, 6400, 0.005

El-Centro - EARTHQUAKE
flea30.a

QOutput options

0

00000

STORY OUTPUT CONTROL
3,0.005,1,2,3

floorld

floor2d

floor3d

Hys output

0.0,0,0,0,0



NOTES : The earthquake ground acceleration record is read separately from a file
named ‘flea30.a’ as specified in the input data

CASE STUDY #10
input filename: idarc.dat
data filename: casel0.dat
output filename: idarc.out
results filename: casel0.out

file: idarc.dat
casel0.dat
casel0.out

file: casel0.dat

CASE STUDY 10: MASONRY INFILLED FRAME TESTED IN SEISMIC LAB
Control Data

3,1,0,0,1,0,1

Element types
2,1,0,0,0,0,0,0,0,1

Element data
6.3,0.0,0,0,0,0,1

Unit system

1

Floor elevations
12,82.512,94.512

Number of duplicate frames
1

No of column lines

2

Nodal weights

1,1,3.375, 3.375
2,1,3.375,3.375
3,1,3.375,3.375

Env generation option

0

Masonry properties
1,3.408,0.123,0.003,0.115,0.120,0.3
Hysteretic Control

1

1,10.0,0.0,0.0, 1.0
Column input option

I

Column data
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1,70.512,4.0.4.0,1

1,456228,553.2, 138187, 142.96, 146.19, 0.000735, 0.003,

142.96, 146.19,0.000735, 0.003, 2850

1,456228, 553.2, 138187, 142.96, 146.19, 0.000735. 0.003,

142.96, 146.19, 0.000735, 0.003, 2850
2,16.0,4.04.0,1

1. 456228, 3250., 138187, 142.96, 146.19, 0.000735, 0.003.

142.96, 146.19, 0.000735, 0.003, 2850

1,456228, 3250., 138187, 142.96, 146.19, 0.000735, 0.003,

142 96, 146.19, 0.000735, 0.003, 2850
Beam tnput type
1
Beam data
1,100.5,4.0,4.0,1
1,414903, 4610.2,124.45, 127.3,0.000725, 0.003, 2373
124.45,127.3, 0.000723, 0.003, 2375
1, 414903, 4610.2, 124.45, 127.3, 0.000725, 0.003, 2373
124.45, 127.3, 0.000725, 0.003, 2375
Infill Wall input
Infill panel geometry
1.0
1,3.504,92.008,62.480
175.23,165.504,112.726
1.0,0.1,0.9,2.0,0.02
1,0.22,0.05,0.1
0.2.0.8,1.0,10.0
Column connectivity
1.2,1,1,0,1
2,L0L11.2
3.2,1,1,23
421,201
511,212
6,2,1,2,2.3
Beam conectivity
1,1,1,1,1,.2
2,1.2,1,1.2
3,1L3,4,1.2
Infill wall connectivity
L2, L1021
Type of Analysis
4
Static loads
0.0.0.0
Quasi Static Analysis Control Data
1
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| S% BRI

5
0.,0.3,0..-0.3,0.,0.3,0.,-0.3,0.,0.65,0.,-0.65,0..0.65.0..-0.65,0.,1.3,0.,-1.3.0.,1.3.0.,- 1 3,0
0.001

Snapshot Output

0

0,0,0,0,0

Output options

L1123

FRIi1.PRN

FR22 PRN

FR33.PRN

Hys output

0,0,0,0,0,1

Infill Wall # to be printed
1
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APPENDIX C
DEFAULT SETTINGS IN FILE IDDEFN.FOR

The following table contains the list of the control variables used in IDARC to
dimension the variables used during analysis. The executable PC version of the program
is compiled using the default values listed below. The default value for each variable
may be changed in the file IDDEFN.FOR, and the program recompiled to take into
account the new variable sizes.

Variable Default Variable Description

Name Setting

NN1 10 Maximum Number of Stories.

NN2 5 Maximum Number of Frames.

NN4 15 Maximum Number of Vertical Lines.

NNS 500 Maximum Number of Degrees of Freedom.

NN6 300 Maximum Half Band Width.

NNC 100 Maximum Number of Column Elements.

NNB 80 Maximum Number of Beam Elements.

NNW 40 Maximum Number of Shear Wall Elements.

NNE 10 Maximum Number of Edge Beams.

NNT 10 Maximum Number of Transverse Beams.

NNR 10 Maximum Number of Rotational Spring Elements.
NNDI 10 Maximum Nurber of Viscoelastic Damper Elements.
NND2 10 Maximum Number of Friction Damper Elements.
NND3 10 Maximum Number of Hysteretic Damper Elements.
NND4 10 Maximum Number of Infill Panels.

NP1 5 Maximum Number of Concrete Tvpes.

NP2 5 Maximum Number of Steel Reinforcement Types.

Nzl 10 Maximum Number of Output Histories for Dynamic

Analysis.

NZ2 3001 Maximum Number of Points in Earthquake Wave.

NZ3 10 Maximum Number of Hysteretic Properties Specified.

NZA 200 Maximum Number of Points in Monotonic Analysis and

Quasi-Static Input.

Table B.1 Default Maximurr Settings in File IDDEFN.FOR



APPENDIX D
FORMULATION FOR MASONRY INFILL FRAMES

The following formulation is used in the program 1o calculate the hysteretic
parameters for masonry infill frames. The formulation is adapted from Saneinejad and
Hobbs (1995).

The permissible stress f, for the masonry strut in compression is calculated as:

l 2
f = ft[l—(f—\ ] where £, = 0.60f, and 6 =065 D1

’

The upper bound or failure normal uniform contact stresses at the column-infill interface

O, and beam-infill interface &,, are calculated from the Tresca hexagonal yield

criterion as:

£ ; afe (D.2)

Co=—F=——==.0,= WS
1fl+3p.;r‘ MEXY
Where r is the aspect ratio of the infill, i.e. 7 =h/l; and p is the coefficient of friction
of the frame-infill surface. Tke contact lengths at the column-infill interface o 4 and

beam-infill interface or,! are calculated from equilibrium as:

M +2B.M
ah= '—L—BL—’i <04k’ (D.3)
V [ PN 4

M +2B.M
o,l= ’—&—E—J‘— <041’ (D.4)
O ol

in which B, =0.2.

The actual normal contact stresses 6, and ©, are calculated form the rotational

equilibrium of the infill panel using the following methodology:
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If A 2 A, then

A
G6,=0,, ind ¢, = o“,(-A—"] (D.5)

"

If A, 2 A, then:

A,
6,=6_, and 0, = oho(—‘—) (D.6)
A,
Where:
A =r'co (-0, —p,r) (D.7)
A, =oboab(l—a,, —p,r) (D.8)

The contact shear stresses at the column-infill interface T, and beam-infill
interface T, are given as:

1, =u,r'c, (D.9)

T, =HU,0, (D.10)
The sloping angle 8° of the masonry diagonal strut at shear failure is given as:

6" = tan"'[(1- o, )/1'] (D.11)

The controlling parameters of the smooth hysteretic model exhibit well defined
physical charactenstics if the following constraint is imposed:

A=B+y (3.777)
When using masonry infill panel elements, the following are suggested values of the
smooth hysteretic parameters (Reinhorn et al., 1995d):

A=10,=01,y=09,n=20

u =50
A, =03
Z, =0l
Z=00

s, =01

s, =08
5,,=10

Other values can be used to achieve different hysteretic response characteristics.
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9 15/RR, (PB8Y-174460. A0S, ME-AODL. This report is only available through NTIS (see address poven
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“Preliminary Studies of the Eftect of Degrading Infill Walls on the Nonlinear Seismic Response of Steel
Frames,” by C.Z. Chrysostomou, P, Gergely and T F. Abel, 12/19/88, (PB89-208383. A0S, MI-ADL).

“"Remporced Concrete Frame Component Testing Faailey - Design, Construction. Instrumentation and
Operation.” by S.P. Pessiky, C. Conley. T, Bond, P Gergely and RN, White, 12:16/88. (PB89-17447K,
A ME-ADD).

“Eftects of Protective Cusluon and Soil Compliancy on the Response of Equipment Within a Seismically
Excied Buiding,” by J.A. Hol.ung, 2/16/89. (PHE9-207179, AGd, ME-AO] ).

“Statistical Evaluauon of Response Moditicaton Factors for Remtorced Concrete Structures,” by H.H-M.
Hwang and J-W. Jaw, 2.17/89. (PBR9-207187, AOS. ME-ADI).

"Hyseretic Columns Under Random Excitation.” by G-Q. Carand Y. K. Lin, 1/9'89, (PBR9-196513 AO3.
ME-AOL).

"Expenmental Study of “Elephant Foot Bulge' Instability of Thin-Walled Metal Tanks.” by Z-H Ja and
R.I.. Ketter, 2:22:89 (PHR9-207195, AO3, MI:-AO1)

“Expenment on Pertormance of Buried Pipelines Across San Andreas Fault.” by J. [senberg. |
Richardson and T.D. O'Rourke. 3/ 10/89, (PBRY-218430. A04. ME-AOL This report as avastable only
through NTIS (see address given above).
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“Inelastic Three-Dimensional Response Analysis of Resnforced Concrete Bullding Structures (IDARC-31),
Part | - Modeling,” by $.K. Kunnath and A.M. Reinhorn, 4/17/89, (PR90-114612. A07, ME-A0]).
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"Program EXKAL2 tor Identutication of Structural Dynamic Svstems.” by O, Maruyama, C-B. Yun, M.
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“Bedrock Accelerations in Memphis Area Due to Large New Madnd Barthquakes,” by H.H .M. Hwang,
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Shinozuka. 6/25/90, (PR91-110312. AO8. MI--AO01L).

“Two-Dimensional Two-Phase  Elasto-Plasic: Sesmic Response of  Earth Dams.” by AN Yiagos,
Supervised by 1.H. Prevost, 6/20/90. (PBY1-110197. A13, MF-A02).

“Secondary Systems in Base-lsolated Structures: Expenimental Iovestigation. Stochastic Response and
Stochastiz Sensitivity,” by G.D. Manohs, G. Juhn, M.C. Constantinou and A M. Reinhorn, 7/1/90,
(PB91-110320, AO8. MF-AOL).

“Seismic Behavior of Lightly-Remtorced Concrete Column and Beam-Column Jont Details,” by S P
Pessiki, C.H. Conley. P. Gergely and R.IN. Whate, 8/22/90, (PBO1-10879S, A11. MF-A02).

“Two Hybnd Control Systems for Building Structures Under Strong Barthquakes.” by J.N. Yang and A
Danielians, 6/29/90, (PB91-128393, A4, ME-AO0),

“Instantancous Opimal Controb with: Acceleration and Velocaty  Feedback.” by JN. Yang and 7. L.
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(PB91-125377. A03, MF-AO1).

E-8



NCEER-%0-0018

NCEER-90-0019

NCEER-9U-0020

NCEER-90-0021

NCEER-%0-0022

NCEER-90-0023

NCEER-90-1)24

NCEER-90-0025

NCEER-90-0026

NCEER-90-0027

NCEER-90-0028

NCEER-90-0029

NCEER-91-0001

NCEER-91-0002

NCEER-91-0003

NCEER-91-(004

NCEER-91-0005

“Evaluation ot Liguetacuon Potential in Memptus and Shelby County.” by 1.8, Chang, P.S. Tang. C.§
Lee and H. Hwang, 81090, (PBY1-125427. A09, ME-AOD)
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10:-11:90, (PRYL-196857 A03, MI-Aul.

“A User's Guide 10 Strongme: Version 1.0 of NCEER's Strong-Monon Data Access Tool tor PCs and
Termumuls,” by P AL Friberg amd C. AT Susch, 11 1590 (PBY91-171272, A3, ME-A0]).

"A Three-Dimensional Analynical Study of Spatial Varabihity ot Sermic Ground Motions, ™ by L-1. Hong
and A H.-S. Ang. 103090, (PB91 170399 A0G9. ME-AOL).

"MUMOID User's Guide - A Program tor the [dentitication ot Modal Parameters,”
Gamers and L. DiPasguale, 9:30:90, (PBY1-171298, A04, ME-AOL).

by S, Rodrigues-

"SARCE-IT User's Guide - Senstnic Analysis ot Remtorced Concerete Frames.™ by §. Rodigues-Gomer,
Y.S. Chung and C. Meyer, 9730790, (PBY1-171280, A0S, MFE-AOD).

"Viscous Dampers: Testing, Modehing and Application in Vibration and Seismie Bolation.” by N Makns
and M.C. Constantinou. 12720 %) (PRY1-190561. A06, ME-AOL).

“Soil Ettects on Rarthquake Ground Motions i thie Memphis Area,” by H. Hwang. C.S Lee. K.W. Np
and T.S. Chang. 82790 (PBY]1-190751, A0S, M AOL).

"Proceedings trom the Third Japan-11.S. Workshop on Earthquake Resistant Design ot Lifehne Facilines
and Countermeasures tor Soil Liguetaction, December 17-19, 1990, edied by T.D. OO'Rourke and M
Hamada, 2:1/91. (PB91-179259. A99. ME-AM).

“Physical Space Solutions ot Non-Proportionally Damped Svsteas.” by M. Tong. Z. Liang and G.C. Fee.
1/15/91, (PR91-179242 . A4, ME-AOL.

“Seisne Response of Single Piles and Pile Groups.” by K. Fan and G. Gazetas, [V10/8]1, (PBY2-174994,
A4, ME-AOI).

“Damping of Structures: Part |
(PB92-197235. A12. ME-AOY).

- Theory of Complex Damping. ™ by Z. Lang and G Tee, 101091

“3D-BASIS - Nonhinear Dyvnamic Analysies of Three Dimensional Base Isolated Structures: Part 117 by S,
Nagarajaah, A M. Renbomn and M.C. Constantimou. 22891, (PRYL-190553. AO7. ME-AOL) This repost
has been replaced by NCEER-93-0011
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"A Framework for Customizable Knowledge-Based Expert Systems with an Apphication 10 a KBES for
Evaluaung the Seismic Resistance of Exisung Bulldings,” by E.G. Ibarra-Anaya and S.J. Fenves, 4/9/91,
(PB91-210930, AU8, MF-A01).

"Nonlinear Analvsis of Steel Frames with Semi-Rigd Connections Using the Capacity Spectrum Method ™
by G.G. Deierlem, S-H. Hsich, Y-). Shenand 1.E. Abel, 7/2/91, (PB92-113828. A0S, MF-A01).

"Earthquake Education Materials for Grades K-12.7 by K E.K Ross, $/30/91, (PB91-212142. A06, MF-
AOD). This report has been replaced by NCEER-92-0018.

“Phase Wave Velocities and Displacemient Phase Datterences in a Harmowcally Oscillating Pile.” by N
Makris and G. Gazetas, 7/8/91, (PB92-108356, AO3. ME-AUL).

"Dynamic Charactenistics of a Full-Size Five-Story Steel Structure and a 2/ Scale Model.® by K.C
Chang. G.C. Yao, G.C. Lee. D.S. Hao and Y .C. Yeh.” 7/2/91. (PBY3-116648. AV6. MF-AQ2).

“Seismic Response of a 2/5 Scale Steel Structure with Added Viscoelastic Dampers.” by K.C. Chang, T.T.
Soong. $-T. Oh and M.L. Lai. S/17/91_ (PB92-110816. AUS. MF-A1).

“Farthquake Response of Retaimng Walls; Full-Scale Tesung and Computational Modeling .~
Alampalli and A-W M. Elgamal, 6/20/91 10 be published.

hy §.

"3D-BASIS-M: Nonlinear Dynamic Analysis of Multiple Bullding Base Isolated Structures,” by P.C.
Tvopelas, $. Nagaragaah, M.C. Constantmou and A.M. Rewhoin, 5/28/91, (PR92-113885. A0Y9. MF-
A02).

“Evaluation ot SEAOC Design Requirements tor Shding Isolated Structures,” by D, Theodossiou and M.C.
Constantinou, 6/10/91, (PR92-114602, All. ME-A03).

"Closed-Loop Modat Testing of a 27-Swory Remtorced Concrete Flat Plate-Core Building.” by H.R.
Somaprasad. T. Toksoy, H. Yosyuki and A E. Aktan. 7/15/91, (PB92-129980, A07, MF-A02).

"Shake Table Test ot a 1/6 Scale Two-Story Lightly Remntforced Concrete Buiding.” by A G. LI-Attar,
R.N. White and P. Gergely. 2/28/91. (PB92 222447, A(6. ME-A02).

“Shake Table Test of a 1’8 Scale Three-Story Lightly Reintorced Conerete Building.” by A.G. El-Attar.
R.N. White and P. Gergely, 2/28/91. (PB93-116630. AUB, MF-AQ2).

“Transter Functions for Rigid Rectangular Foundations,” by A S. Veletsos, A.M. Prasad and W.H. Wu,
7/31/91, to be published.

“Hybrid Control of Seismic-Excited Nonlinear and [nelastic Structural Systems.” by J.N. Yang, 7. i1 and
A. Danielians, 8/1/91, (PB92-143171. A6, Mi-AO2).

"The NCEER-9] Earthquake Catalog: Improved Intensity-Based Magmitudes and Recurrence Relations for
11.S. Earthquakes East of New Madnd,” by L. Seeber and 1.G. Armbrusier, 8/28/91, (PB92-176742,
AD6, ME-AQ2).

“Proceedings trom the Implementation of Earthquake Planming and Education m Schools: The Need tor
Change - The Roles of the Changemakers,” by K E.LK. Rows and F. Winslow, 7/23/91, (PB92-129998,
Al2, MF-A03).

"A Study of Rehability-Based Critenia tor Seisimic Design of Reinforced Conerete Frame Buildings.”™ by
H.H.M. Hwang and H-M. Hsu. 8/10/91, (PR92-140235. A09. MF-AM).
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“Experimentzl and Theoretical Study of a Shiding Isolation System tor Bridges,” by M.C. Constantinou A
Kartoum, A.M. Renhorn and P. Bradford, 11/15/91, (PB92-176973, A10, MF-A03).

“Case Studies of Liguetaction and Liteline Pertormance During Past Earthquakes, Volume 1: Japanese
Case Swdies,” Edited by M. Hamada and T. O'Rourke, 2/17/92, (PB92-197243, A18. ME-AO4).
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“Proceedings trom the First U.S. - Japan Workshop on Eanthquake Protective Systems for Bridges.” Edited
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"Proceedings trom the Site Effects Workshop, ™ Edited by R. Whitman, 2/29/92, (PB92-197201. A4, ME--
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M.H. Baziar, R. Dobry and A-W .M. Elgamal, 3:24/92, (PB92-222421. A13, MF-A03).

"A Procedure for the Seismic Evaluation of Buildings in the Central and Eastern Umited States.” by C.D.
Poland and J.0. Malley, 4/2/92, (PB92-222439. A20. MEF-A04).
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"Earthquakes in the Northeast - Are We lgnoring the Hazard? A Workshop on Earthquake Science and
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“Retrofit of Rewnforced Conureic
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Frames Using Added Dampers.” by A. Remhborn, M. Constantinou and

"Seismic Behavior and Design Guidehines for Steel Frame Structures with Added Viscoelastic Dampers.”
by K.C. Chang. M.L. Lai, T.T. Soong, D.S. Hao and Y.C. Yeh, 5/1/93, (PB94-141959. A07. MF-AQ2).

"Svismic Performance of Shear-Critical Reintorced Concrete Bridge Piers,” by J.B. Mander. S M.
Waheed, M. T.A. Chaudhary and §.S. Chen, 5/12/93, (PB93-227494. A08. MF-A02).

"3D-BASIS-TABS: Computer Program tor Nonhnear Dynamic Analysis of Three Dimensional Base
Isolated Structures.” by 8. Nagarajaiah, C. Li, A.M. Reinhorn and M.C. Constantinou. 8/2/93, (PB94-
141819, A09, MF-AQ2).
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"Simplified Procedures for Seismic Design of Nonstructural Components and Assessment of Current Code
Provisions,” by M.P. Singh. L.E. Suarez. E.E. Matheu and G.O). Maldonado, 8/4/93, (PRY4-141827.
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“Reconnaissance Report of Damage to Historic Monuments in Cairo, Egypt Following the October 12,
1992 Dahshur Earthquake,” by D. Sykora, D. Look, G. Croci, E. Karaesmen and E. Karaesmen, 8/19/93,
(PB94-142221. A08. MF-A02).

“The Island of Guam Earthquake of August 8, 1993." by S.'W. Swan and S K. Harris, 9/30/93, (PB%4-
141843, A04, MF-A0D).

“Engineering Aspects of the October 12, 1992 Egyptian Earthquake.” by A W. Elgamal, M. Amer, K.
Adalier and A. Abul-Fadi, 10/7/93, (PB94-141983, A0S, MF-A01).

"Development of an Earthquake Motion Simulator and its Apphication i Dynamic Centrifuge Testing.” by
L. Krstelj, Supervised by J.H. Prevost, 10/23/93, (PB94- (81773, A-10. MI--A03).

“"NCEER-Taise1 Corporation Research Program on Sliding Seismic 1solation Systems for Bridges:
Experimental and Analytical Study of a Friction Pendulum Sysizm (FPS)." by M.C. Constantinou, P.
Tsopelas, Y-S. Kim and $. Okamoto, 11/1/93. (PB9%4-142775. AO8, MF-AQ2).

"Finite Element Modeling of Elastomeric Seismic lsolation Bearings.™ by L.J. Billings, Supervised by R.
Shepherd, 11/8/93, w be published.

“Seismic Vulnerability of kquipment in Critical Facilities: Life-Safety and Operational Consequences,” by
K. Porter, G.S. Johnson, M.M. Zadeh, C. Scawthorn and S. Eder. 11/24/93, (PB%4-181765. Al6. MI--
A03).

“Hokkaido Nansei-oki. Japan Earthquake of July 12. 1993, by P.1. Yancv and C.R. Scawthorn, 12/23/93.
(PB94-181500. A07. MF-AOL).

“An Evaluation of Seismic Serviceability of Water Supply Networks with Application to the San Francisco
Auxiliary Water Supply System.” by 1. Markov. Supervised by M. Grigoriu and T. O’Rourke, 1/21/94,
(PB94-204013, A07. MF-A02).

"NCEER-Taiser Corporation Research Program on Sliding Seismic Isolation Systems for Bridges:
Experimental and Analytical Study of Systems Consisting of Shding Bearings, Rubber Restoring Force
Devices and Fluid Dampers.” Volumes | and 11, by P. Tsopelas, S, Okamow, M.C. Constantinou, D.
Ozaki and S. Fujii, 2/4/94, (PB94-181740. A09. MF-A02 and PB94-181757. Ai2, MF-A03).

"A Markov Modei for Local and Global Damage Indices in Seismic Analysis,” by S. Rahman and M.
Grigoriu, 2/18/94, (PB94-206000, A12, MF-A03).

"Praceedings trom the NCEER Workshop on Seismic Response of Masonry Infills,” edited by D.P.
Abrams, 3/1/94, (PB94-180783, A07, MF-A02).

"The Northridge, California Farthquake of January 17, 1994: General Reconnaissance Report,” edited by
J.D. Goltz, 3/11/94, (PB193943. A10, MF-A03).

“Seismic Energy Based Fatigue Damage Analysis of Bride: Columms. Part 1 - Evaluation of Seismic
Capacity,” by G.A. Chang and J.B. Mander. 3/14/94, (PB94-219185. All. MF-A03).

"Seismuc Isotation of Multi-Story Frame Structures Using Spherical Shding Isolation Systems,” by T.M.
Al-Hussaini, V.A. Zayas and M.C. Constantinou. 3/17/94, (PB193745, A09, MF-A02).
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"Proceedings of the Third U.S.-Japan Workshop on Earthquake Protective Systems for Bridges.,” edited by
I.G. Buckle and I. Friedland, 3/31/94, (PB94-195815. A99, MF-A06).

"3D-BASIS-ME: Computer Program for Nonlincar Dynamic Analysis of Scismically Isolated Single and
Multiple Structures and Liguid Storage Tanks,” by P.C. Tsopelas, M.C. Constantinou and A.M. Reinhorn,
4/12/94, (PB94-204922, A09, MF-A02).

"The Northridge, California Earthquake of January 17, 1994 Performance of Gas Transmission Pipelines,”
by T.D. O'Rourke and M.C. Palmer, 5/16/94, (PR94-204989, A0S, MF-A01).

"Feasibility Study of Replacememt Procedures and Earthquake Performance Related 10 Gas Transmission
Pipelines.” by T.D. O'Rourke and M.C. Palmer, 5/25/94, (PBS4-206638. A09, MF-A02).

"Seismic Energy Based Fatigue Damage Analysis of Bridge Columns: Part Il - Evaluation of Seismic
Demand,” by G.A. Chang and ].B. Mander, 6/1/94, (PB95-18106, A08, MF-A02).

"NCEER-Taisei Corporation Research Program on Sliding Seismic Isolation Systems for Bridges:
Experimental and Analytical Study of a System Consisting of Sliding Bearings and Fluid Restoring
Force/Damping Devices.” by P. Tsopelas and M.C. Constantinou, 6/13/94, (PB94-219144, A10, MF-
A03).

“Generation of Hazard-Consistent Fragility Curves for Seismic Loss Estimation Studies.” by H. Hwang
and J-R. Huo, 6/14/94, (PH95-181996, A09, MF-A02).

"Seismic Study of Building Frames with Added Encrgy-Absorbing Devices.” by W.S. Pong, C.S. Tsai and
G.C. Lee, 6/20/94, (PB94-219136. A10. AO3).

"Sliding Mode Control for Seismic-Excited Linear and Nonlinear Civil Engineering Structures,” by J.
Yang.J. Wu, A. Agrawal and Z. Li. 6/21/94, (PB9S-138483, A06, MF-A02).

“3D-BASIS-TABS Version 2.0: Computer Program for Nonlinear Dynamic Analysis of Three Dimensional
Base Isolated Structures,” by A.M. Reinhorn, §. Nagarajaiah, M.C. Constantinou. P. Tsopelas and R. Li,
6/22/94, (PB95-182176, A08, MF-A02).

"Proceedings of the International Workshop on Civil Infrastructure Systems: Application of Intelligent
Systems and Advanced Materials on Bridge Systems.” Edited by G.C. Lee and K.C. Chang. 7/18/94.
(PB95-252474. A20, MF-AM4).

“Study of Seismic Isolation Systems for Computer Floors.” by V. Lambrou and M.C. Constantinou.
7/19/94, (PB9S-138533, A10, MF-A03).

“Proceedings of the U.S.-halian Workshop on Guidelines for Seismic Evaluation and Rehabilitation of
Unreinforced Masonry Buildings, ™ Edited by D.P. Abrams and G .M. Calvi, 7/20/94, (PB95-138749, Al3,
MF-A03).

"NCEER-Taiser Corporation Rescarch Program on Sliding Seismic Isolation Systems for Bridges:
Experimental and Analytical Study of a System Consisting of Lubrnicated PTFE Sliding Bearings and Mild
Steel Dampers,” by P. Tsopelas and M.C. Constantinou. 7/22/94, (PB95-182184. A0S, MF-A02).
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“Proceedings trom the Fitth U.S.-Japan Workshop on Earthquake Resistant Design ot Lateline Facihities
and Countermeasures Agamst Sl Liguetaction,” Edited by T.DD. (Y Rourke und M. Hamada, 11794,
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“Priontization of Bridges tor Senmic Retrotitting,” by N Baswoz and AS Kirenudpan, 4/23'95. (PRYS-
252300, AUR. MF-A2).
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“Expenimental and Analvtical Investigation o Seismee Retrotit of Structures with Supplemental Damping
Part 111 - Viscous Damping Walls.” by A.M Rewhorn and C. Lil 1041795,

“Seismie Fragility: Analysas ot Egquipment and Structures in a Memphss Electric Substation,™ by J-R. Huo
and H.H.M. Hwang. & 1095,



NCEER-95-0015

NCEER-95-0016

NCEER-95-0017

NCEER-95-0018

NCEER-95-0019

NCEER-95-0020

NCEER-95-0021

NCEER-95-0022

NCEER-96-0001

NCEER-96-0002

NCEER-96-0003

NCEER-96-0004

NCEER-96-0005

NCEER 96-0006

NCEER-96-0007

NCEER-96-0008

NCEER-96-0009

NCEER-96-0010

“The Hanshin-Awap Earthquake of January 17, 1995: Performance of Lifelines.” Edited by M. Shinozuka.
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