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PREFACE

The National Center for Earthquake Engineering Research (NCEER) was established to expand and
disseminate knowledge about earthquakes, improve earthquake-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 tha. are found
in zones of low, moderate, and high seismicity.

NCEER’s research and implementation plan in years six through ten (1951-1996) comprises four
interlocked elements, as shown in the figurebelow. Element 1, Basic Research, is carried out to support
projects in the Applied Research area. Element II, Applied Research, is the major focus of work for
years six through ten. Element III, Demonstration Projects, have been planned to support Applied
Research projects, and will be either case studies or regional studies. Element I'V, Implementation, will
result from activity in the four Applied Research projects, and from Demonstration Projects.

ELEMENTI ELEMENT Ul ELEMENT Il
BASIC RESEARCH APPLIED RESEARCH DEMONSTRATION PROJECTS
+ Saismic hazard snd * The Building Project Case Studies
ground motion + Active and hybrid control
* The Nonstructursl < Hospital and data processing
« Soils and geotschnical Components Project facllities
engineeting + Short and madium span briciges
~N1 ¢ The Lifelines Project I: * Water supply systems in
* Structuies and systems Cb Memphis and San Francisco
* The Highway Project Regional Studies
* Risk and reliability * New York City
* Mississippl Valley
* Protective and intailigent + San Francisco Bay Area
systems
+ Societal and economic
s Il )
\'4 A4
ELEMENT IV
IMPLEMENTATION
+ Conferences/Workshops
+ Education/Training courses
¢ Publications
» Public Awareness

Research in the Building Project focuses on the evaluation and retrofit of buildings in regions of
moderate seismicity. Emphasis is on lightly reinforced concrete buildings, steel semi-rigid frames, and
masonry walls or infills. The research involves small- and medium-scale shake table tests and full-scale
component tests at several institutions. In a parallel effort, analytical models and computer programs
arebeing developed to aid in the prediction of the response of these buildings to various types of ground
motion.



Two of the short-term products of the Building Preject will be a monograph on the evaluation of
lightly reinforced concrete buildings and a state-of-the-art report on unreinforced masonry.

The protective and intelligent systems program constitutes one of the important areas of research
in the Building Project. Current tasks include the following:

1. Evaluate the performance of full-scale active bracing and active mass dampers already in place
in terms of performance, power requirements, maintenance, reliability and cost

2. Compare passive and active control strategies in terms of structural type, degree of
effectiveness, cost and long-term reliability.

3. Perform fundamental studies of hybrid control.

4. Develop and test hybrid control systems.

The new computer program docimenrsd m this report, 3D-BASIS-TARS, is an enhanced
version of 31-BASIS, a special purpose program developed by NCEER for nonlinear
dynamic analysis of base-isolated structures. (Ine disadvantage associated with the original
version 15 that the supersiructure forces can not be computed directly. The superstructure
member forces are computed in 31)-BASIS-TABS by back substitution, after the nonlinear
time history analysis is compieted, and peak member forces are oulpuf to facilitate the desig
of members. The verification of this enhanced version is prexented in 1R1S report using mo
case studies. A comprehensive user's manual with input output files is also presented.

v
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ABSTRACT

The new computer program 3D-BASIS-TABS is a special purpose program developed
for nonlinear dynamic analysis of three dimensional base isolated structures. The program
can analyze base isolated structures with an elastic superstructure and inelastic/nonlinear
isolation system. 3D-BASIS-TABS has three options for modeling the elastic superstructure:
(i) option 1 - three dimensional shear building representation, in which case the stiffness
matrix of the superstructure is construcied internally by the program followed by the dynamic
analysis; and (ii) option 2 - full three dimensional representation, in which case the dynamic
characteristics of the superstructure are obtained from a structural analysis routine followed
by a dynamic condensation and dynamic step-by-step analysis with a final full recovery of
maximum internal forcesinstructural elements; and {iii} option3 - three dimensional building
representation via stiffness matrix suplied by user, hence the superstructure i1s modeled at a
global level by using cither the story stiffnesses or the dynamic characteristics. The isolation
system is madeled by representing the force displacement relationship of each individual
isolator explicitly. The aforementioned approach yields global response results accurately as

well as the history of elements response.

A previous version of this program, 3D-BASIS [Nagarajaiah, Reinhorn, and Constan-
tinou, 1991b] had the disadvantage that superstructure forces could not be computed directly.
Hence, the design of beam and column members should have been based on pseudostatic
analysis using global response results. This report describes the development and verification
of the new camputer program 3D-BASIS-TABS, an enhanced versiaon of 3D-BASIS, which
includes linear beam, column, shear wall and bracing elements to maodel the elastic three
dimensional superstructure and inelastic/nonlinear elements to mode! the isolation system.
The superstructure member forces are computed in 3D-BASIS-TABS by back substitution,
after the nonlinear time history analysis is completed, and peak member forces are output to

facilitate the design of members.



The verificaticn of the program 3D-BASIS-TABS is presented in two case studies, ie.,
three-story and eight-story buildings with various isalators. These case studies serve also as
examples of use of this computer program. A comprchensive user's manuai with input/output

files is presented.
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SECTION 1
INTRODUCTION

A comprehensive research effort for testing, analysis and design of base isolated
structures with different isolation systems has been underway at the State University of New
York at Buffalo. The objective of this research effort was: (i) to develop analysis capability
and analytical models, calibrated using experimental results, and (ii) 1o use the analytical
tool in-turn in experimental research and practical design applications. The result of this
continued research effort was a comprehensive computational tool and computer program
3D-BASIS (Nagarajaiah, Reinhorn, Constantinou 1991a, 1991b; Tsopelas, Nagarajaiah,

Constantinou, Reinhorn 1991).

Computer program 3D-BASIS has been specifically developed for analysis of base
isolated structures (Fig. 1.1) with elastic superstructure and inelastic/nonlinear sliding and/or
elastomeric isolation systems. The novelty of the analytical model and solution algorithm in
AD-BASIS was its capability to caplure the highly nonlinear behavior of sliding isoiation
systems in plane motion. Biaxial and uniaxial models in 3D-BASIS can represent both elas-
tomeric isolation bearings, sliding isolation bearings, various hysteretic devices, and viscous
damping devices. The solution algorithm in 3D-BASIS, consisting of the pseudoforce method
with iteration, is accurate and efficient.

Computer program 3D-BASIS-M (Tsopelas, Nagarajaiah, Constantinou, Reinhorn
1991), an enhanced version of 3D-BASIS, has been developed for analyzing multiple building
base isolated structures (Fig. 1.2). The analysis of multiple buildings on a combined isolation
system arises in long buildings which may consist of several buildings separated by narrow

thermal expansion joints. The torsional characteristics of the combined isolation system
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and single basemat with multiple superstructure configuration can be significantly different
than that of individual buildings on separate isolation systems. In such cases, 3D-BASIS-M
can be used.

3D-BASIS has two options for modeling the elastic superstructure: (i) option 1 - three
dimensional shear building representation, in which case the stiffness matrix of the super-
structure is constructed internally by the program and the dynamic analysis is performed; and
(ii) option 2 - full three dimensional representation, in which case the dynamic characteristics
of the superstructure are obtained from other computer programs, such as ETABS (developed
by Wilson et al. 1975 (i.e., the superstructure is modeled separately by ETABS to determine
the frequencies and maode shapes) and imported into 3D-BASIS where the dynamic analysis
is performed. Hence the superstructure is modeled at a gtobal level by using either the story
stiffnesses or the dynamic characteristics (i.e., beams, columns, etc. are not modeled explicitly
in 3D-BASIS). However, the isolation system is modeled by representing the force dis-
placement relationship of each individual isolator explicitly. The aforementioned approach
yields global response results accurately and this approach is attractive because of its merit
of simplicity. However the disadvantage of this approach is that the time history of super-
structure member forces cannot be computed. Hence the design of beam and column members

should be hased on pseudostatic analysis using global response results,

This report describes the development and verification of a new computer program
3D-BASIS-TABS, an enhanced version of 3D-BASIS, which includes linear beam, column,
shear wall and bracing elements to model the elastic three dimensional superstructure and
inelastic/nonlinear elements to model the isolation system. The superstructure member forces
are computed in 3D-BASIS-TABS by back substitution, after the nonlinear time history

analysis is completed, and peak member forces are output to facilitate the design of members.
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Verification of the program 31D-BASIS-TABS is presented. A case study analyzing an eight
story base isolated structure is presented. A comprehensive user’s manual with input/output

files is presented.

The input format for the superstructure in 3D-BASIS-TABS has been retained in the
same format as in ETABS [Wilson et al., 1975) to facilitate usage (since many engineers and
researchers are familiar with the superstructure input requirements for ETABS). It is to be
noted that some of the aforementioned beam, column, shear wall and bracing elements are
adopied from the same computer program, ETABS. The substructure condensation, global

assembly, and backsubstitution procedures used in ETABS are also adopted.
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SECTION 2
OVERVIEW OF 3D-BASIS AND ETABS

In this section, the features of computer programs 3D-BASIS and ETABS are reviewed.
The limitations of 3D-BASIS are pointed out and the advantages of enhancing the program

3ID-BASIS are elucidated,

3D-BASIS was designed and developed according 1o the advantages of the modeling
approach proposed by Wilson et al. (1975) for the 3D-superstructure in ETABS, i.c., frame
substructures interconnected by rigid floor diaphragms, with three degrees-of-freedom per
floor at the center of mass. The process of modeling the elastic superstructure in 3D-BASIS
was simplified by using eigenvalues and eigenvectors obtained using programs suchas ETABS,
The tremendous computational advantages that can be gained by this modeling approach,
adopted in 3D-BASIS for modeling the linear superstructure, coupled with: {i) modal
reduction; and (11) pseudaforce solution procedure with equilibrium iterations, makes the
algorithm in 3D-BASIS highly efficient. The only disadvantage of using eigenvalues and
eigenvectors for modeling the superstructure in 3D-BASIS is that superstructure member
forces cannot be computed. Hence, the design of beam and column members should be based
on pseudo-static analysis performed using the computed global time history response at the

center of mass of the fioors.

The program 3D-BASIS-TABS described in this report is designed to overcome this
limitation. Linear elastic elements available in ETABS are adopted in 3D-BASIS-TABS to
model the three dimensional superstructure. The condensation, global assembly and back
substitution procedures from ETABS are also adopted. The time history of member forces
are computed by back substitution, after the nonlinear time history analysis is completed, and

peak member forces are outpu to facilitate the design of members.
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2.1 COMPUTER PROGRAM 3D-BASIS

Computer program 3D-BASIS (Nagarajaiah et al. 1990,1991) is a special purpose
program for nonlinear dynamic analysis of three dimensional base isolated structures. A typical
multistory base isolated building that can be analyzed by 3D-BASIS, along with the relevant
degrees of freedom, is shown in Fig. 1.1. The superstructure is modeled with three degrees of
freedom attached to the center of mass of each floor. The base and floors are assumed to be
rigid diaphragms. The 3D-superstructure is modeled as an elastic frame-shear wall structure
and nonlinear behavior is restricted to the base. The isolation system is modeled with spatial
distribution and explicit nonlinear force-displacement characteristics of individual isolation
devices. Library of isolation elements includes linear spring element, linear viscous damper
element, sliding bearing elements, elastomeric bearing elernent and steel damper element.
The hysteretic model used to model the isolators is a differential equation model which can
represent the nonlinear biaxial characteristics of the isolators. The time domain solution
algorithm developed, consisting of the pseudoforce method with iteration, is suitable for the

solution of stiff differential equations that arise in sliding systems due to stick-slip behavior.
2.2 SALIENT FEATURES OF 3D-BASIS

Salient features of 3D-BASIS which make it specially suitable for analysis of base

isolated structures witl: different 1solation systems are:

(1)  Capabilityto analyze isolation systems that are a combination of elastomeric and sliding

isolation systems;

(2)  Unified model capable of representing the biaxial behavior of either elastomeric or

sliding bearings and other isolation devices;

(3)  Capability to capture the highly nonlinear behavior of sliding isolation systems in plane

motion;



(4)  Pseudo-force solution algorithm for accurate and efficient solution of stiff differential

equations that arise in sliding systems due to stick-slip behavior;

(5)  Solution algorithm with the accuracy of predictor-corrector methods and efficiency

suitable for anaiyzing large base isolated structures;

(6)  Capability to model multistory base isolated buildings and capture the lateral-torsional

behavior under bidirectional earthquake motion;
(7)  Simplicity of input requirements and execution on both main and microcomputers.

With the aforementioned capabilities, 3D-BASIS has become increasingly popular
amongst both researchers and practicing engineers leading to several applications: (i) pre-
liminary studies in preparation for shake table tests at SUNY-Buffalo and UC-Berkeley; (ii)
evaluation of the important effects of nonlinear biaxial interaction between orthogonal lateral
forces in isolation bearings, on the response of base isolated structures, by Nagarajaiah et al.
(1990) and by Mokha et al. (1993); (iii) simulation of shake table test results using measured
properties of the structure and the isolation system (Nagarajaiah et al. 1992); (iv) study of
lateral torsional response of base isolated structures (Nagarajaiah et al. 19934;1993b); (v)
evaluation of SEAOC code provisions for base isolated structures (Constantinou et al 1993;
Theodossiou et al. 1991; Winters et al. 1993); (vi} analysis of new base isolated buildings and
existing buildings to be retrofitted using base isolation (Amin et al. 1993a: 1993b; Asher et
al. 1993; Button et al. 1993; Cho et al. 1993; Nagarajaiah et al. 1993; Palfalvi et al. 1993); and
(vi) post-earthquake evaluation studies of existing base isolated buildings in seismically active

areas such as the region of San-Andreas fault (Clark et al. 1993, Mitsusaka et al. 1993).
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2.3 SUPERSTRUCTURE MODELING IN 3D-BASIS

The 3D superstructure is modeled as an elastic frame-shear wall structure and nonlinear
behavior is restricted to the base. Coupled lateral-torsional response is accounted for by
maintaining three degrees of freedom per floor, i.e., two translational and one rotational
degree of freedom attached to the center of mass. The base and the floors are assumed to

be rigid diaphragms.
Two options exist for modeling the superstructure:

(1) Three dimensional shear building representation in which the stiffness matrix of the
superstructure is internally constructed by the program. It is assumed that the centers of
mass of all the floors lie on a common vertical axis, floors and heams are rigid and walls

and columns are inextensible.

(2) Full three dimensional representation in which the dynamic characteristics of the
superstructure, such as frequencies and mode shapes supplied by user. [determined by
computer programs such as ETABS (Wilsen et al. 1975) and imported to program 3D-
BASIS]. In this way, the axial deformation of columns; bending and shear deformation of
column and beam members; and arbitrary location of the center of mass are implicitly
accounted for. However, the mode! for dynamic analysis still maintains three degrees of

freedom per floor because the other joint degrees of freedom are condensed out.

In both options, the data needed for dynamic analysis are the mass and the moment
of inertia of each floor, frequencies, mode shapes and associated damping ratios for a given
number of modes. A minimum of three modes of vibration of the superstructure need to be

considered.
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2.4 1ISOLATION SYSTEM MODELING IN 3D-BASIS

The isolation system is modeled with spatial distribution and explicit nonlinear
force-displacement characteristics of individual isolation devices. The isolation devices are
considered rigid in the vertical direction and individual devices are assumed to have negligible

resistance to torsion.

The following elements are available for modeling the behavior of an isolation system:
1. Linear elastic element (spring).

Z. Linear viscous element {damper).

3. Hysteretic element for elastomeric bearings and steel dampers.

4. Hysteretic element for sliding bearings.
24.1 Linear Elastic Element

The linear elastic element can be used to approximately simulate the behavior of
elastomeric bearings along with the viscous element. All linear elastic devices of the isolation
system specified are combined internally by the program, in global elements having the
combined properties of all the elastic devices, and to1al translational stiffnesses, K, and l'(y,

and the rotational stiffness, K, with respect to the center of mass of the base.
2.4.2 Linear Viscous Element

The linear viscouselement canbe used to simulate the viscous properties of the isolation
devices, Alllinear viscous devices specified are combined, internally in the program, in global
viscous elements having the combined properties, and total translational damping coefficients

C,and G, and rotational damping coefficient C, with respect to the center of mass of the base.
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2.4.3 Model for Biaxial Isolation Elements
At a bearing undergoing plane molion with displacement components {/, and (',

and velocity components ¢/, and U, in the X and Y directions, lateral farces develop and
these forces exhibit biaxial interaction. In addition, a torsional moment develops at the
bearing, The contribution of this torsiona! moment to the total torque exerted to the structure
supported by several bearings is insignificant.

The direction of the resulting force at the bearing opposes the direction of the motion

given by:

o ol o
= tan ka (Z.1)

The mode] presented herein accounts for the direction and magnitude of the resulting hys-

teretic force.

The model for biaxial interactic.1 is based on the following set of equations proposed

by Park, Wen and Ang (1986):

{Z'x}: A {U',>_ U ZIvSgr(U 2,0+ B)  Z,Z,(vSign(U,2,)+ ) {b.\
z,]7 ¥ \u, T Y\z,z (ySigrU, 20+ By Z2vSign(l, 7 )+ By J\U,f

Y

(2.2)

in which, Z, and Z, are hysteretic dimensionless quantities, }” is the yicld dispiacement, A,y

and (3are dimensionless quantities that control the shape of the hysteresis loop. The values
ofA=1,y=0.9and [3 =~ 0.l are used in this report. When yielding commences, Eq. 2.2

has the following solution provided that A/ ([2 + y) = 1 (Constantinou et al. 1990):

Z,=cos0, 7 =sind (2.3)

26



Z,and Z, are bounded by values + 1 and account for the direction and biaxial interaction of

hysteretic forces. The interaction curve given by Eq. 2.2 is circular.
2.4.3.1 Biaxial Element for Sliding Bearings

Foraslidingbearing, the mobilized forces are described by the equations (Constantinou

et al. 1990):

Fo=u W2, F,=u W2z, (2..9)
in which, W is the vertical load carried by the bearing and i, is the coefficient of sliding

friction which depends on the value of bearing pressure, angle © and the instantaneous

velocity of sliding  &/:
U=(U2+U2y" (2.5)

Zy and Z which are bounded by the values + 1, account for the conditions of separation and
reattachment (instead of a signum function) and also account for the direction and biaxial

interaction of frictional forces.

The coefficient of sliding friction is modeled by the following equation (Constantinou

et al. 1990):

u's=fmax_‘5f * exp(—aiui) (26)

in which, £ ..., is the maximum value of the coefficient of friction and A £ is the difference

between the maximum and minimum (at U~0) values of the coefficient of fric-
tion. fmax. Afand a are functions of bearing pressure and angle © (Constantinou et
al. 1990). To account for the effects of axial load, the parameters are adjusted based on
experimental results (Mokha et al. 1993). The dependency on the angle  © is negligible and
hence neglected.
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2.4.3.2 Biaxial Model for Elastomeric Bearings and Steel Dampers

For an elastomeric bearing, the mobilized forces are described by the equations:

S Y Al

! v . . P
l-'l=uTl’\+(l—01)]5’/,. [-./‘—'(17—[ Syt (2.7)

in which,a is the postyielding to preyielding stiffness ratio, /”” is the vield force and } " is the

yield displacemem. Z, and Z, account for the direction and biaxiul interaction of hysteretic

forces.

2.4.4 Model for Uniaxial Isolation Elements

The biaxial interaction can be neglected when the off-diagonal elements of the matrix
in Eq. 2.2 are replaced by zeros. This results in a uniaxial model with two either frictional or
bilinear independent elements in the two orthogonal directions. Eq. 2.2 collapses to the

uniaxial model governed by the following equation (Wen, 1976):
ZY = AU - 21Ny Sgn(U 2)y B (2.8)

where 1 = 2 in the biaxial case and this parameter controls the transition from elastic range

tothe postyieldingrange. The value of this parameter can be increased to achieve near-bilinear
behavior rather than smooth bilinear behavior. When the ratio 1/ (3 ¢) = | the model

reduces (Constantinou et al. 1990) to a model of viscoplasticity.

The interaction curve in the uniaxial case is effectively square. In the case of uniaxial
sliding element the velocity used for calculation of the coefficient of friction from Eq. 2.6 is

either [/, orl/ .
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2.4.5. Validity of the Biaxial Elements

The validity of the biaxial elements was verified by comparison with the experimental
results of: (i) tests on Teflon-steel sliding bearings under simultaneous compression and high
velocity bidirectional motion (Mokha et al. 1993) shown in Fig. 2.1; anc (ii) tests on steel rod
dampers under bidirectional motion (Yasaka et al. 1988) shown in Fig, 2.2. The simulated
and experimental results from Nagarajaiah et al. (1993a;1991b) shown in Fig. 2.1 and 2.2

indicate good agreement.

From the comparison with experimental biaxial force-displacement loops, the accuracy
of the hysteretic model in 3D-BASIS is evident. Further verification of the hysteretic model

in 3D-BASIS by comparison with test results can be found in Nagarajaiah et al. (1991;1990),
2.4.6 Global System Assembly and Pseudofgrce Solution Algorithm in 31)-BASIS

The global system assembly, of the 3D-superstructure and the isolation system, has
been described in Nagarajaiah et al. (1991). The incremental nonlinear force vector in the
equations of motion is brought on to the right hand side and treated as a psendoforce vector.

The two step solution algorithm that was developed by Nagarajaiah et al. (1991) is as follows:

1. The solution of equations of motion using unconditionally stable Newmark’s

constant-avetage-acceleration method,;

2. The solution of differential equations governing the behavior of the nonlinear
isolationelements using unconditionally stable semi-implicit Runge-Kutta method

suitable for solution of stiff differential equations.
2.4,7 Validity of the Analytical Model and Solution Algorithm in 3D-BASIS

The validity of the analytical model and solution algorithm used in 3D-BASIS was
demonstrated further, by Nagarajaiah et al. (1993a), by comparison with experimental results
from bidirectional shake table tests on a sliding isolated model by Hisano etal. (1988).
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The tested model was a 1/8 scale steel structure, 120 in (3048 mm) long and 94 in (2286 mm)
wide, on a sliding isolation system consisting of 9 sliding bearings with 4 rubber springs. The
model weighed 10.1 tons (101 kN), with 8.05 tons (80.5 kN) of superstructure weight and 2.05
tons (20.5 kN) of base weizht. T g radius of gyrationwas r = 0.29 L. The model had symmetric
stiffness and mass properties. For the scaled superstructure, the uncoupled lateral peried was
0.i1 sec (corresponding to .3 sec in prototype) and the uncoupled torsional period was 0.07
sec (0.2 sec in prototype). The damping ratio measured in the superstructure was 19. For the
isolation system, the uncoupled lateral period was 0.35 sec (1.0 sec in prototype) and the
uncoupled torsional period was (.208 sec (0.588 sec in prototype). The diameter of the slidiny
bearings were between 2.75 in (69.85 mm) and 1.4 in (35.56 mm). The maximum bearing
pressure during tests was 900 psi (6.21 MPa). The coefficient of friction was measured to vary
between 0.10 and 0.15. The model structiire was excited by time scaled acceic -ations of 1940
El Centra NS ard EW components. The peak table acceleration in both the directions was
scaled up by a factor of 1.5. Fig. 2.7 shows the measured and simulated frame acceleration
and the base displacement in the NS direction, and the displacement orbit of the center of
mass of the base. The historical accelerogram of 1940 EI Centro motion scaled appropriately
was used as the excitation for the analytical simulation, as the achieved shake table accel-
eration time history was not available. Despite this, a comparison between the measured and

simulated results show good agreement, including major features of the displacement orbit.

From the above comparison with shake table test results, the accuracy of the analytical
model and solution algorithm in 3D-BASIS is evident. Further verification of 3D-BASIS by
comparison with unidirectional shake table test results and results from general purpose finite
element computer programs such as ANSR (Mondkar et al. 1975) and DRAIN-2D {Kannan

et al. 1975) has been presented by the authors (Nagarzjaiah et al. 1991b).
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2.5 3D-BASIS APPLICATIONS

3D-BASIS is a useful tool for experimental studies, for respanse prediction and for
postprocessing data. Among these applications was an analytical study of a shake table test
performed on a six-story-steel-structure at SUNY-Buffalo with a sliding isolation system
(Nagarajaiah et al. 1992). Applications at UC Berkeley include preliminary studies for a
shake table test of a 1/2.5 scale reinforced concrete three-story-structure with three types of
isolation systems (Aiken et al. 1993). 3D-BASIS has been also used to evaluate the important
effects of nonlinear biaxial interaction, between orthgonal lateral forces in isolation bearings,
on the response of base isolated structures, by Nagarajaiah et al. (1990), and by Mokha et al.
(1993).

In a more recent application, 3D-BASIS has been used in the study of lateral-torsional
response of base isolated structures. The important system parameters which influence the
lateral-torsional of response of: (i) sliding isolated structures (Nagarajaiah et al. 1993a) and
(ii) elastomeric isolated structures (Nagarajaiah et al. 1993b) were studied. It was shown that
although small in magnitude significant torsional effects could occur in the total response

depending on the system parameters.

3D-BASIS has been recently used in evaluation of SEAOC code provisions for base
isolated structures (Constantinou et al. 1993; Theodossiou et al. 1991;Winters et al. 1993).
These studies, conducted at SUNY-Buffalo, involved structures ranging from one to eight
stories with different isolation systems and involved statistical evaluation. The structures were

excited by historical strong ground motions and spectrum compatible simulated motions.

Another application is a post-earthquake evaluation study and performance evaluation
of Foothill Communities Law and Justice Center, San Bernardino, California, and some other

Japanese buildings under actual earthquakes (Clark et al 1993; Mitsusaka et al 1993).
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Some recent use of 3D-BASIS was in retrofit projects such as: (i) the Court of Appeals
Building in San Francisco, by consulting firm Skidmore, Owings and Merrill and Associates
(Amin et al. 1993a; 1993b); (ii) State of California Justice Building, San Francisco, and
Hayward City Hall, Hayward, by Charles Kircher and Associates and (iii) Los Angeles County
emergency operations center, by the consulting firm Daniel, Mann, Jochnson & Mendenhall
and Associates (Cho et al. 1993). In a recent application 3D-BASIS was used in the design
verification of a new base isolated structure, the Martin Luther King Hospiizi ‘n Los Angeles,

by Office of Statewide Health Planning and Development, California.

Microcomputer PC-DOS/WINDOWS versions of 3D-BASIS and 3D-BASIS-M have
also been developed and made available through the National Center for Earthquake
Engineering and the National Information Service in Earthquake Engineering. This has
greatly facilitated the usage of 3D-BASIS in design offices which have in-house microcom-
puters. The versatility of 3D-BASIS stems from the fact that it can analyze base isolated
structures like sliding structures with great accuracy and yet complete the analysis in
reasonable CPU time on a microcomputer. Furthermore, simplicity of input requirements
and fast execution on microcomputers make the program atiractive to the designers of base

isolated structures.
2.6 COMPUTER PROGRAM ETABS

Computer program ETABS (Wilson et al. 1975) is a special purpose program for lincar
structural analysis of frame and shear wall structures subjected to both static and earthquake

loadings. This program and its new PC based versions are widely used for several decades.
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2.7 SALIENT FEATURES OF ETARBS

(1

€5

(3)

(4)

()

(6)
(7)
(8)
9)

Salient modeling and analysis features of ETABS are as follows (Wilson et ul. 1975):

Nonsymmetric, nonrectangular multistory buildings which have frames and shear walls

located arbitrarily in plan can be modeled;

The structure is idealized as a systern of frame and shear wall substructures intercon-

nected by floor diaphragms which are rigid in their own plane;

Only three degrees of freedom, i.e., two translational and one rotational degree of
freedom attached to the center of mass, are retained in the analysis after condensation

of other frame-shear wall degrees of freedom;
Beam, column, shear wall and diagonal bracing elements can be included;

Axial deformation in columns and bending and shearing deformations in columns and

beams can be included;

Finite column and beam widtbs or "rigid zene™ can be specified;
Nonprismatic beams can be modeled;

Vertical static loads can be combined with seismic loads;

Time history or response spectrum analysis can be performed and peak member forces

can be output.

Because of the aforementioned capabilities, ETABS is one of the most widely used

programs by practicing engineers for analysis and seismic design of structures.
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2.3 SUPERSTRUCTURE MODELING IN ETARS

The 3D superstructure is modeled as an elastic frame-shear wall structure. Coupled
Jateral-torsional response is accounted for by maintaining three degrees of freedom per floor,

Le., two translational and one rotational degree of freedom attached to the center of mass,

The complete structure composed of several frame and shear wall substructures is
modeled with the assumption that these substructures are interconnected by floor diaphragms
which are rigid in their own plane. Each joint in the structure is modeled with six degrees of
freedom. Within each frame, three degrees of freedom (the two translations and one rotation
in the floor plane) are transformed, using the assumption of rigid floor diaphragm, to the
frame degrees of freedom at that floor level. The remaining three joint degrees of freedom
are eliminated by static condensation before each frame substructure stiffness is added 10 the
total structural stiffness. The total structural stiffness matrix corresponds to three degrees of

freedom per floor at the center of mass.

The inherent assumptions in this approach, such as: (1) compatibility being not enforced
withregard to displacements at joints which are common to more than one frame substructure;
(2) approximate inclusion of the out-of-plane bending stiffness of the rigid floors while
specifying beam properties; .nd (3) axial deformation of beams is not permitted beccuse of

rigid floor assumption, which has been described in detail by Wilson et al. (1975).
2.9 ELEMENTS FOR MODELING INDIVIDUAL MEMBERS

Beam, column, shear wall-panel and diagonal bracing elements in ETABS are linear
elastic elements. Column elements are available for modelling prismatic column members
only; bowever, beam elements are available and can either model prismatic or nonprismatic
beam members; beam members must be symmetric about their vertical midplane. Axial

deformation in columns and bending and shearing deformations in columns and beams can
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Finite column and beam widths or "rigid zone" are explicitly accounted for. The panel element
available for modelling infill panels and discontinuous shear walls has two modelling options:
(i) a "flexural” model which carries both bending and shear; and (ii) a "pure shear” model
which is restricted to carrying only shear. The diagonal bracing element available is a truss
element and can be placed in any arbitrary story of the frame. A complete description of the

element stiffness matrices and modeling options can be found in Wilson et al. (1975).

2.10 FRAME SUBSTRUCTURE

The stiffness matrix of the frame substructure, planar or rectangular with arbitrary plan,
is assembled first, following which, the global stiffness matrix of the whole structure is con-
structed by direct stiffness approach using individual frame substructure stiffness matrices.
The frame reference axis and the reference lines, formed by column lines and floor levels,
are used for describing connectivity. A complete description of the lateral frame stiffness
matrix assembly and static condensation can be found in Wilson et al. (1975). Vertical loading
is applied to the individual frames by means of sets of fixed end forces associated with each

beam.
2.11 GLOBAL STIFFNESS MATRIX AND SOLUTION ALGORITHM

The global displacement coordinate system consists of two translations and one rotation
in the floor plane attached to the center of mass; hence, the mass matrix is diagonal. The
position of the center of mass at each story level may vary from swory to story. The center of
mass of each floor is defined with reference to global structure axes. The global stiffness matrix
is assembled by transforming the frame substructure stiffness matrices to the global coordinate
system. Gaussian elimination is used for solution in static load cases and step-by-step modal
solution procedure is used for earthquake response. A complete description of the global

stiffness matrix assembly and solution procedure can be found in Wilson et al. (1975).
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2.12 CONCLUDING REMARKS

It is evident from the overview of 3D-BASIS and ETARS that the two programs have
special features which can be integrated to develop a more comprehensive program for analysis
ofbase isolated structures. The intent of 3D-BASIS-TABS is to integrate structural capabilities
of EYABS with the nonlinear analysis of base isolations from 3D-BASIS. The subsequent

scctions describe these new developments.
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SECTION 3
3D-BASIS-TABS

The structural model and the solution algorithin in 3D-BASIS-TABS ure described in
this section. The major steps in the solution algorithm are presented in the Flowchart 3.1

‘vhe detailed description of each step is described in the following scctions,
1 INPUT DATA

The input format has been retained in the same format as in EVABS to facilitate usage
(since many engineers and researchers are familiar wiih the superstructure inputrequirements
for ETABS). The data in the form of beam, column, shear wall. und bracing member properties,
connectivity, ete., need to be input. In addition the isolation svstem datain the form of isolator
properties, connectivity, etc., need to be input. The data needed for the dynamic analysis also

has to be input. The usei’s manual in APPENDIX A specifies the datu input requirements.
3.2 SUPERSTRUCTURE STIFFNESS ASSEMBLY

3D-BASIS-TABS is desigried to include three options for modeling the superstructure.
Option 1 for 3D-shear building i *which story shear stiffnesses are to be input. Option 2 for
full 3D-buiiding inwhich member properties for beam, column, eic., are to be input for detailed
member by member i1epresentation of the superstructure. Option 3 for full 3D-building in
which eigenvalues/eigenvectors (computed rising ETABS) are to be input. Option 1 and
Option 3 are cases which have been described in detail by the authors (Nagarajaiah et al,|
1991) in 3D-BASIS. It Option 1 or 3 is used, member forces are not output, as no data for

representing members is available.



INPUT DATA

STIFFNESS ASSEMBLY
BEAM, COLUMN, WALL ELEMENT STIFFNESSES
CONDENSATION TO 3 DOF /FLOOR

EIGENVALUE ANALYSIS
FIXED BASE MODE SHAPES AND FREQUENCIES

GLOBAL SYSTEM ASSEMBLY
GLOBAL SYSTEM - COMBINE%S%S{FE“}:‘!STRUCTUHE AND ISOLATION
YSTE

SOLUTION FOR GLOBAL SYSTEM RESPONSE
SOLUTION USING PSEUCOFORCE SOLUTION ALGORITHM

BACKSUBSTITUTICN
BACKSUBSTITUTION TO COMPUTE MEMBER FORCES

OUTPUT
SUPERSTRUCTURE RESPONSE - MEMBER FORCES
ISOLATION SYSTEM RESPONSE

FLOW CHART OF MAJCR STEPS IN 3D-BASIS-TABS
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In Option 2, assembly of the stiffness matrix of the frame substructure described in
Section 2.8 from ETABS is adopted. Each joint in the structure is modeled with six degrees
of freedom. Within each frame joint three degrees of freedom (the two translations and one
rotation in the floor plane) are transformed, using the rigid floor diaphragm, to the frame
degrees of freedom at that floor level. The remaining three frame joint degrees of freedom
are eliminated by static condensation before each frame substructure stiffness is added to the
total structural stiffness. The global degrees of freedom retained after condensation are three
degrees of freedom per floor. The global stiffness matrix of the superstructure in the fixed

base condition is used for eigenvalue analysis.
3.3 EIGENVALUE ANALYSIS

An eigenvalue analysis is undertaken to determine the eigenvalues and eigenvectors,
i.e., frequencies and mode shapes in the fixed base condition using the global stiffness matrix.
The frequencies and mode shapes are used in the glabal system assembly. The frequencies
and mode shapes obtained correspond to the condensed three degrees of freedom per floor

model.
3.4 ISOLATION SYSTEM MODELING

The isolation system is modeled with spatial distribution and explicit nonlinear force-
displacement characteristics of individual isolation devices. The isolation elements in 3D-
BASIS described in Section 2.4, such as: (i) linear elastic element; (ii) linear viscous element;
(iii) hystereticelement for elastomeric bearings and steel dampers; and (iv) hystereticelement

for sliding bearings, can be specified.



3.5 GLOBAL SYSTEM ASSEMBLY

The formulation for global system assembly of the combined superstructure and the
isolation system has been presented in detail by Nagarajatah etal. (1991): hence, it is presented

only briefly herein.

A typical buse isolatied multistory building and the displacement coordinates that will
be used in the formulationare showninFig. 3.1¢",. {',. (' ,maybeinXor Y direction).
The superstructure is modeled as an elastic frame shear wall structure with three degrees of
freedom per floor. The three degrees of freedom are attached to the center of mass of each
floor and base. The floors and the base are assumed to be infinitely rigid inplane. The isolation

system may consist of elastomeric and/or sliding isolation bearings. and other isolation series.

The equations of motion for the clastic superstructure are expressed in the following

form:

N! lnlnxl*'cnxn“nx]+hn-nuuxl=;'\ln\an\11{“q*“b}_g‘; (:il)

nan

in which, n is three times the number of floors, M is the diagonal superstructure mass

matrix, C is the superstructure damping matrix, K is the superstructure stiffness matrix
and R is the matrix of earthquake influence coefficients i.e. the matrix ot displacements and
rotation at the center of mass of the floors resulting from a unit transkation in the X and Y
directions and unit rotation at the center of mass of the base with respect ‘o global structure
reference axis. Furthermore, i1, 01 and u represent the floor acceleration, velocity and ;jis-
placement vectors relative to the base, i1, is the vector of base acceleration relative to the

ground and i 4 is the vector of ground acceleration.

The equations of mation for the base are as follows:
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R3eaMap ({0} R{O,+ 0p}) Mo o {ila U, )y, + Coy o (), + Koy g (U0 )y, # {1}, = 0
(3.2)
in which, M, is the diagonal mass matrix of the rigid base, C, is the resultant damping

matrix of viscous isolation elements, K. is the resultant stiffness matrix of elastic isolation
elements and f is the vector containing the forces mobilized in the nonlinear elements of the

isolation system. Employing modal reduction:

un=¢nx,numxl (33)

inwhich, < is the modal matrix normalized with respect to the mass matrix and u '’ is the

modal displacement vector relative to the base and m is the number of eigenvectors retained

in the analysis, and combining Eqs. 3.1 to 3.3 the following equation is derived:

s

( (47 MR] ) {n'} +(m,.w.l 0 ) ful)
L[R,Md,l [RIMR+M"] {(m+3)x(m-3]) ii“ tm+3xt 0 [C"‘ (m-a)r(m-ua\“bf(m-:n-'

(w?1 O u’ 0 $'MR )
+ + =" ! Yoo
0 [Kbl (m-3)x(m-3) u, te=3)al f {m-~3)x! 7R MR+K1& (m-3)x3 i

(3.4)
in which, %, = the modal damping ratio andw, = the natural frequency, of the fixed bas¢
structure in the mode i. In Eq. 3.4 matrices[ 2£,w,] and{ w’] are diagonal.

4. 3.4 can be written as follows:
MG, +Ci,+Ka, +f,=P, (3.5)
Attime! + At

Eiﬁtodt+6ﬁl«¢:+ﬁﬁtvnt+tuat:pnm (36)
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Written in incremental form

N

MAG, ,,+ CAl,, + KAT, ,, + AL, =P s - Mi,-Cili,-Ko, - I,
(3.7)
In which, M, €. Rand P represent the reduced mass, damping, stiffness and load

matrices (see Eq. 3.4). Furthermore, the state of motion of modal superstructure and base is

represented by vectorsil,. @, and i, (see Eq. 3.4).
3.6 LOADING CONDITIONS

Vertical static loading conditions for representing dead loads, and earthquake loading
conditions for representing seismic excitation, canbe specified. The vertical loading conditions
caninclude up to three independent vertical load distributions (I, I1, III) and these distributions
are combined to form load cases for the complete building. For earthquake loading conditions,

bidirectional latera! ground motions can be specified.

3.7 SOLUTION FOR GLOBAL SYSTEM RESPONSE
The incremental nonlinear force vectorAl,. ,, in Eq. 3.7 is unknown, This vector is

brought on to the right hand side of Eq. 3.7 and treated as a pseudo-force vector. The two
step solution algorithm developed is as follows:

(i) The solution of equations of motion using unconditionally stable Newmark's constant-
average-acceleration method (Newmark 1959); (ii) The solution of the differential equations
governing the behavior of the nonlinear isolation elements using unconditionally stable
semi-implicit Runge-Kutta method (Rosenbrock 1964) suitable for solution of stiff differential

equations.
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Furthermore, aniterative procedure consisting of corrective pseudo-forces is employed
within each time step until equilibrium is achieved. Detailed explanation of the solution

algorithm can be found in Nagarajaiah et al. (1991a;1991b).
3.8 BACKSUBSTITUTION

The time history of member forces are computed by backsubstitution, after the non-
linear time history analysis is completed, and the peak member forces are output to facilitate
the design of members. The backsubstitution procedure described in section 2.11 (from

ETABS) is adopted.
3.9 OUTPUT DATA

The output data consists of three sets: (1) input data for the structure and isolation
system; (ii) dynamic characteristics of the structure; (iii) peak response results in the form of
maximum response quantities; (iv) time history of response. The dynamic characteristics of
the structure output are frequencies and made shapes. The peak response results of member
response and isolator response is output. The time history of isolator response, and other
response quantities of interest are also output. A full range of options for output are available,

the details of which can be found in the user’s manual in APPENDIX A.
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SECTION 4
VERIFICATION OF 3D-BASIS-TABS

A sliding isolated structure and a structure supported on a combined sliding-
elastomericisolation system are considered as case study since the novelty of 3D-BASIS-TABS
(as well as 3D-BASIS} is that it can capture the highly nonlinear behavior of sliding isolation
systems in plane motion accurately. The verification of 3D-BASIS-TABS was performed in
two stages by dvnamic analysis of a three story reinforced concrete building with a sliding

isolation system.

The first stage verification was accomplished by comparing global results (results at the
center of mass) of the program 3D-BASIS-TABS, modeling the superstructure explicitly
element-by-element, with the results of the program 3D-BASIS (Nagarajaiah et al. 1991b)
using the dynamic characteristics of the superstructure i.e., frequencies and mode shapes. The

first stage verified the global results.

The second stage was accomplished by comparing the dynamic analysis results of the
program 3D-BASIS-TABS, in the form of peak member forces at a chosen instant of time
during the time history, withthe results of a pseudo-static analysis using commercially available
finite element program STAAD, which can analyze 3D - linear structures. The pseudo-static
analysis using STAAD consisted of the application of lateral forces or inertial forces at the
center of mass of the three floors at the same instant of time as chosen in 3D-BASIS-TABS
time history analysis. The lateral forces or inertial forces were extracted from the dynamic
analysis using 3D-BASIS-TABS. The second stage verified the member force computations

in the program 3D-BASIS-TABS.
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4.1 THREE STORY REINFORCED CONCRETE BASE ISOLATED BUILDING

A three story reinforced concrete building designed based on code provisions is con-
sidered. The building is square in plan and consists of three bays in each direction as shown
in Fig. 4.1. The dimensions of the various members shown in Fig. 4.1 are: (i) beams 300 x 4()}
mm; (ii) interior columns 300 x 400 mm: (iii) exterior columns 300 x 300 mm; (iv) R /C bracing
members 300 x 300 mm; and (v) shear wall or panel of 100 mm thickness. The {loor slab is
150 mm thick. The floor masses are: (i) translational mass of 108317 kg (119.4 ton) and
(ii) mass moment of inertia 2985.6kN-m. The modulus of elasticity of the concrete is assumed
to be E, = 29862560kN/m?. The damping ratio in the superstructure is assumed to be 5% of

critical.

The building is base isolated using a sliding isolation system as shown in Fig. 4.2. The
sliding isolation system consists of 16sliding bearings placed concentrically under each column
and 4 recentering springs placed at the four curners of the building as shown in Fig. 4.3. Design
of the isolation system is based on appropriate code provisions. The sliding isolation hearings
are made of unfilled Teflon and polished stainless steel plates. The sliding bearings have a
coefficient of friction f,,.,=0.10 and /., = 0.07. The recentering helical springs
are designed to provide an isolation period Ty, = 3 sec. The sliding bearings and helical springs

are shown in Fig. 4.2 in greater detail (see the enlarged detail in Fig. 4.2).

3D-BASIS-TABS is used to analyze the base isolated building excited by El Centro NS
carthquake. The input file and the output file for the three story base isolated building is given
in Appendix B and C. The details about bay numbers and 1.D. numbers of column lines are

shown in Fig. 4.4 and should be read in conjunction with the input file in Appendix B.
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4.1.1 Verification of Global Results

In order to verify the global response computed by 3D-BASIS-TABS i.e_, at the center
of mass of the floors, the same building was analyzed using 3D-BASIS (Nagarajaiah et al.
1991) with eigenvalues and eigenvectors of the three story building as the input for super-
structure dynamic characteristics. A comparison of the results showed identical results in both

cases, indicating the global response computed by 3D-BASIS-TABS 10 be accurate.
4.1.2 Verification of Member Force Computations

The local respanse results, in the form of peak member forces at a chosen wnstant of
time ( ( = 3.0L sec) during the time history analysis of 20 secs under El Centro ground
motion, were verificd by comparing the results of 3D-BASIS-TABS with the results of a
pseudo-static analysis using commercially available finite element program STAAD. The
pseudo-static analysis using STAAD consisted of application of lateral forces or inertial forces
at the center of mass of the three floors at the same instant of time as chosen in 3D-BASIS-
TABS time history analysis. The lateral forces or inertial forces were extracted from the
dynamic analysis using 3D-BASIS-TABS. A comparison between the member forces
computed in 3D-BASIS-TABS and STAAD is shown in Table 4-1 and 4-2. Table 4-1 shows
the column moments and forces, Table 4-2 shows the beam moments. It is eviden: from this
comparison of results, obtained using 3D-BASIS-TABS and STAAD, that the member force

compuiations in 3D-BASIS-TABS are accurate.
4.1.3 Time History Response

The time histery of base displacement, roof displacement, and force displacement
response of bearing no. 1, are shown in Fig, 4.5. Identical time history response was obtained

by using 3D-BASIS-TABS and 3D-BASIS.
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42 CASE STUDY - EIGHT-STORY REINFORCED CONCRETE BASE ISOLATED
BUILDING

Aneight-story reinforced concrete base isolated structure shown in Fig 4.6 is considered.
The structure consists of three bays inthe transverse direction and eight bays in the longitudinal

direction, as shown in Figure 4.7. The typical floor height is 147 inches.

A complete description of member properties, such as beam and column properties; is
given in Table 4-3 and Table 4-4. The slab thickness is 102 mm in ali floors and roof. The
modulus of elasticity of the concrete is assumed to be 22183098 kN/m?2 (3150k/in2). The

damping ratio in the superstructure is assumed 1o be 5% critical.

The isolation system consists of 28 sliding bearings and eight recentering springs, as

shown in Fig. 4.8. The sliding bearings are made of unfilled Teflon and polished stainless

steel plates. The sliding bearings have a coefficient of friction /.., = 0.08. and
fwm = 0.04. Therecentering helical springs are designed toprovide an isolation period
T, = 3sec.

3D-BASIS-TABS is used to analyze the basc isolated structure. The structure is excited
by bidirectional El Centro earthquake, since bidirectional/biaxial interaction is of importance

{Nagarajaiah et.al. 1990; Mokha e1 al,, 1993).
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Table 4-3 - Column Schedule

8th fl.

7th fl.

6th {1,

[}

L}

1

(g ]

5th 1.

(o]

™~

(o3}

(]

o~

(o]

4th fl

3ud £l

Ind fl.

1st €l

o

o

COL.ID

10

11

14

16
17
18
19

o

2

28

"Column types:

18x24

24x32

28x28

24x28

4-14

26x26

24x24

18x18

TYPE

bxh
{inxin)




Table 4-4 - Beam Schedule

Bay# | Istfl | 2ndfl. | 3rdf. | 4hfl | Sthfl. | 6thfl | Thfl. | Behil.
1 13° 13 9 9 6 6 3 1
2 13 13 9 9 6 6 3 11
3 13 13 9 9 6 6 3 T

4 12 12 12 12 6 6 é 2
5 12 12 12 12 6 6 6 2
6 12 12 12 12 6 6 6 2
7 11 1 1 11 5 5 3 2
8 12 12 12 12 6 6 6 2
9 11 11 11 11 5 5 3 2
10 12 12 12 12 6 6 6 2
11 12 12 12 12 6 6 6 1
12 12 12 9 9 6 6 6 1
13 12 12 9 9 6 6 6 11
14 12 12 9 9 6 6 6 1
15 10 10 2 2 4 4 2 1
16 10 10 2 2 4 n 2 !
17 10 10 2 2 4 a 2 1
18 9 9 6 6 3 3 2 1
19 9 9 5 6 3 3 2
20 9 9 6 6 3 3 2
21 8 8 5 5 3 3 2
22 9 9 6 6 3 3 )

23 9 9 6 6 3 3 2
24 12 12 9 6 6 6 6
25 12 12 9 6 6 6 6
2% 12 12 9 6 6 6 6
7 12 12 9 6 6 6 6
28 12 12 9 6 6 6 6

"Beam types:

TYPE| 1 [ 2 | 3| 45|67 (s |oe|w|lunufnr|n

bxh [ 12x [ 16x | 18x | 1dx | 20x [ 20x [ 16x [ 22x | 22x [ 18x | 24x [ 24x { 26x

nxin)] 22 | 24 f 24 |23 |22 | a2 | | a2 2224 26
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4.2.1 Response to Bidirectional EI Centro Earthquake

Figure 4.9 shows the envelope of axial forces, shear forces, and moments in Column 1,
The results presented in Fig. 4.9, such as member forces, illustrate the capability of 3D-

BASIS-TABS to provide useful information for the design of members.
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SECTION §
CONCLUDING REMARKS

3D-BASIS was designed to emphasize the advantages of the modeling approach pro-
posed by Wilson ¢t al, {1975) for the 3D-superstructure in ETABS. The developments
described in this report have led to the incorporation of the modeling approach for the
3D-superstructure of ETABS into 31)-BASIS, resulting in the enhanced version 3D-BASIS-
TABS. New features, such as multidirectional excitation capabilities, have been incorporated
into 3D-BASIS-TABS. The program 3D-BASIS-TABS has been verified by comparison with

other program and previous versions.

Microcomputer PC - DOS/WINDOWS version of 3D-BASIS-TABS has also been
developed. The PC version of 3D-BASIS-TABS can be used with desktop microcomputers
running MS-DOS or WINDOWS environments. The versatility of 3D-BASIS-TABS (as well
as 3D-BASIS) stems from the fact that it can analvze base isolated structures like sliding
isolated structures with great accuracy and yet compleite the analysis in reasonable CPU time
on a microcomputer. 3DD-BASIS-TABS has been designed keeping in view the concerns and

feedback from practicing engineers and it is envisaged that further improvements can be made.

Finally, 3D-BASIS-TABS will be enhanced in the near future to incorporate nonlinear
dampers, failsafe devices, displacement restraints and hybrid control which has been devel-
oped by several researchers (Reinhorn, et al. 1987; 1993; Feng, et al. 1993; Nagarajaiah. et
al. 1993c, 1993d; Riley, et al. 1993; Soong, et al 1993; Subramaniam, et al. 1993;
Yang, et al. 1992). Hybrid control involves augmentation of the passive isolation system with

a active hydraulic devices.
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APPENDIX A
3D-BASIS-TABS PROGRAM USER’S GUIDE

A.1 INPUT FORMAT

The input will be specified in a main file BASTABS.DAT accompanied by wave motion
data files WAVEX.DAT, WAVEY.DAT.

Dynamic arrays are used. Double precision is used in the program for accuracy. Common
block size has been set to 100,000 and should be changed if the need arises.

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. All values are to be specified in the input file unless mentioned
otherwise. No blank cards are to be specified in the input file.

Note: Provision is made for a line of text between each set of data items. Refer to the sample
data files accompanying this manual. No blank lines are to be specified in the input

file.
A.2 PROBLEM TITLE
TITLE TITLE upto 80 characters.
A3 UNITS
UNITS UNITS upto BO characters.
A.d CONTROL PARAMETERS

A.4.1 General Control Information
USER_TEXT Reference information: upto 80 characters of text.
ISEV . NST,NFQ,NP,LOR

(1) ISEV = 1 for option 1 - Data for 3D-shear building

story shear stiffnesses to be specified in the input file.

(1) ISEV = 2 for option 2 - Data for full 3D-building
member praoperties for beams, columns etc. to be specified in the
input file.
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(D* ISEV = 3 for option 3 - Data for 2D-building
Eigenvalues/Eigenvectors to be specified in the input file.

NST = Number of stories in the complete building
excluding the base (If NST<1 then NST set = 1).

(2) NFQ = Number of eigenvectors/eigcrvalues to be retained
in the analysis (If NFQ <3 then NFQ set = 3).
3) NP = Total number of isolators such as bearings, dampers etc. (if

NP <4 then NP set = 4)

LOR = Lengthof earthquake record {number of aata points) [Records
in different directions must have same leng'h as specified here ]

“Notes: 1. For explanation of the option 1, option 2 and option 3 refer to section 3.2. foption 2
or 3 is used then member forces are not ouiput.

2. Number of eigenvectors/eigenvalues to be retained in the analysis should be in groups
of three - the minimum heing one set of three modes.

3. Number of bearings refers to the total number of bearings which could be a combination
of linear ¢lastic elements, viscous elements, lead-rubber bearings, steel dampers, sliding
bearings.

A.4.2 Superstructure Control Information (for ISEV =2 only; skip this to A4.3.1{ ISEV=1 or
3)

USER TXT Reference information; upto 80 characters of text.
NDF,NTF,NLD,NAT
(° NDF = Number of frames with different properties

or different vertical loading

(1) NTF = Total number of frame or shear wall elements
in the structure

(2) NLD = Tota! number of load conditions
(3) NAT = Analysis type code:
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EQ.1; Static load analysis + mode shapes and frequencies
+ Lateral earthquake response and peak response
printout only

EQ.2; Static load analysis + mode shapes and frequencies
+ Lateral earthquake response and time history printout

"Notes: 1. Input data for frames with identical properties and vertical loading are given only
once - see also section A.5.1.2.10 on Frame Location.

2. Load conditions are defined as combinations of the four load cases - see section A9 on
Load Case Definition.

3. Allowable story degrees of freedom are restricted to three degrees of freedom per floor.

A.4.3 Integration Control Parameters

USER TXT Reference information; upto 80 characters of text.
TSI, TOL,LFMNORMMAXMI,KVSTEP

(n* TSI = Time step of integration.
(If TSI> TSR then TSIset = TSR,
refer o A4.5 for details about TSR)

(2) TOL = Tolerance (error) for the uonlinear force
vector computation.

(3) FMNORM = Reference moment at
the center of mass of the base

used for computing convergence.

(4) MAXMI = Maximum number of iterations within
a time step.

KVSTEP = Index for time step variation.

KVSTEP = 1 for constant time step.
KVSTEP = 2 for variable time step.



“Note: 1. The time step of integration cannot exceed the time step of earthquake record given
in A4.5.

2. Tolerance for force computation may be 0.001.
3. The reference moment at the center of mass of the base can be calculated approximately
by multiplying the base shear by one half the maximum dimension at the base (may require

some iterations).

4. If MAXMI is exceeded the program is terminated with an error message.

A.4.4 Newmark’s Method Control Parameters

USER_TXT Reference information; upto 80 characters of text.

GAM,BET GAM = Parameter which produces numerical
damping within a time step.

(1) (Default value = 0.5)

BET = Parameter which controls the
variation of acceleration within a
time step.

(D (Default value = 0.25)

1. Default values are assigned only when both GAM and BET are zero.

A.4.5 Earthquake Control Parameters

USER_TXT Reference information; upto 80 characters of text.

INDGACC, TSR, XTH,ULF
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(1a* INDGACC = 1 for a single lateral earthquake record
at an angle of incidence XTH.
(b INDGACC = 2 for two independent lateral earthquake

records along the X and Y axes.

(2) TSR = Time step of the earthquake
record(s).

XTH = Angle of incidence of the earthquake
with respect to the X axis in anticlockwise
direction (for INDGACC = 1).

(3) ULF = Load factor.

*Notes: 1. Three options are available for the earthquake record input:

a) INDGACC = 1 refeis to a single earthquake record input at any angle of incidence
XTH with respect to the X axis. Input only one earthquake record (read through a single
file WAVEX.DAT). Refer to A.7.1 for wave input information.

b) INDGACC = 2 refers to two independent earthquake records input in the X and Y
directions, eg. El Centro N-§ along the X direction and El Centro E-W along the Y
direction. Input two independent earthquake records in the X and Y directions (read
through two files WAVEX.DAT and WAVEY.DAT). Refer to A.7.1 and A.7.2 for wave
input information.

2. The time step of earthquake record and the length of earthquake record has to be the
same in X, Y and Z directions for INDGACC = 2 and 3.

3 Load factor is applied to the earthquake records in X, Y and Z directions.
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A.5 SUPERSTRUCTURE DATA

Go to A.5.1 for option 2 of A.4.1 - Full three dimensional representation of the super-
structure.

Go to A.5.2 for option 1 - three dimensional shear building representation of the super-

structure.

Go to AS3 for option 3 of A4,1 - Eigenvalues/Eigenvectors for three dimensional
representation of the superstructure.

A.5.1 THREE DIMENSIONAL BUILDING (for ISEV = 2)

USR TXT Reference information; upto 80 characters of text

Note: The sections A.5.1.1to A.5.1.3 to follow are based on the input requirements of ETABS.
A.5.L.1 Story Data

Repeat the following block of data according to the number of stories (NST) *

USR TXT Reference information; upto 80 characters of text,

(SD{N,I) i=2,6), N=1NST)
SD{N,2) = Story height [distance from the floor (or roof)level to the
floor (or base} level below).
SD(N,3) = Translational mass.

SD(N.4) = Rotational mass moment of inertia about a
vertical axis through the center of mass.

SD{N,5) = X-distance 1o the center of mass measured from
the STRUCTURE REFERENCE AXIS.

SD({N,8) = Y-distance to the center of mass measured from
the STRUCTURE REFERENCE AXIS.
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*Note: Input one set per story from the 1op story 10 the bottom story of the superstructure.
(1) The Global STRUCTURE KEFERENCE AXIS has to be a vertical axis at the center

of mass of the base.

A.5.1.2 Frame Data

Repeat the following block of data according to number of different frames (NDF).

USR_TXT

Frame data informaticn; up 1o 80 characters

A.3.1.2.1 Frame Control Parameters

USR_TXT

Reference information; upto 80 characters of text.

MNSNCNBNCP.NBP.NFEFNPAN NTRU

(n’

(2)

(3)

(4)

(6)

0

(8)

M = Fraine identification number,

NS = Number of story levels above the base.

NC = Number of vertical column lines in the frame.
NB = Number of bays in the frame.

NCP = Number of sets of different column properties.
NBP = Number of sets of different beam properties,

NFEF = Number of sets of different fixed end moments
and shears to be applied as vertical loads to beams

NPAN = Number of infill shear panels in the frame.

NTRU = Number of bracing elements in the frame.



"Note: One set of data must be entered for each different frame. Frames with different
locations but identical properties and vertical loading need be entered only once (see¢ also

section A.5.1.3 on Frame location cards).
1. Frame identification numbers must be entered in numerical sequence beginning with
number one (1). This frame may be located (repeated) at different paositions in the

structure.

2. If a frame does not extend the fuil height of the building, then only those story levels
actually existing in the frame are to be specified in the input file.

3. An isolated shear wall is a single column line frame. For this case all data pertaining to
beams is meaningless an must be omitted in the data input section to follow.

4. Column properties may be referenced to any number of columiis in the frame. The
number of column property sets control A 5.1.2.3.

$. The number of beam property sets control the number sets of data to be read in section
AS5124

6.1f no vertical static loads act on the structure, then input zero, and skip section A.5.1.2.5.
7.1fno panel elements are included in thisframe, then input zero, and skip section A.5.1.2.8.

8. If no bracing elements are included in this frame, then input zero, and skip section
A3129.



A.5.1.2.2 Vertical Column Line Coordinates

USR_TXT Reference information; upto 30 characters of text.

(M,(CLN(J,I).I=1,2),]=1,NC)

{(nH* M = Column line identification number

(2) CLN(J,1) = X-distance 1o Jth column line from frame reference point.
CLN(J,2) = Y-distance to Jth column line irom frame reference point.

"Note: 1. One set of vertical column line coordinates have to be specified in the input file for
each column line in the frame. For frames with a single column line a second column

should be specified to defire the major axis for colutnn properties entered in section
AS5.1.27.

2. Coordinates of column lines are measured from the frame (local) axis.

A.5.1.2.3 Column Properties

USR TXT Reference information; upto 80 characters of text.
(M,(CP(J,I),] =1,9),]1=1,NCP)
1y M = Identification number for this column property set
CP(1,I) = Modulus of Elasticity, E.
CP(2,I) = Axial Area A.

2) CP(3,I) = Shear area associated with shear forces in major
axis direction.

) CP(4,1) = Shear area associated with shear forces in minor
axis direction.



CP(5,1} = Torsional inertia.

CP(6,1) = Flexural inertia for bending in the major axis direction.

CP(7,1) = Flexural inertia for bending in the minor axis direction.
3) CP(8,]) = Rigid zone depth at the top of column (for both axis). DT.

(4) CP(9,1) = Rigid zone depth at the botiom of column. DB.

*Note: One set of data must be supplied for each different column in this frame,

1. Property set identification numbers must be in increasing numerical sequence beginning
with one (1)}.

2. Shearing deformations are ignored if shear areas are zero.

3. The rigid zone depth is used to reduce the effective length of the column about both
axis.

4. Usually zero unless beam extends above the floor level.
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A.5.1.2.4 Beam Properties

USR_TXT Reference information; upto 80 characters of text.
(M,(BP(J.1),J =1,9),1= 1,NBP)
(1)* M = Identification number for this beam property set
BP(1,1) = Modulus of Elasticity, E.
2) BP(2,1) = Shear Area SA.
BP(3,1) = Torsional inertia.
BP(4,1) = Flexural inertia, 1.
BP(5.I}) = K, - stiffness factor (eg. 4)
BP(6.1) = Ky - stiffness factor (eg. 4)
BP(7.I) = Kyj - stiffness factor (eg. 2)
(3) BP(8,1) = Rigid zone depth at the I side of heam.

BP(9,1) = Rigid zone depth at the J side of beam.

*Note: One set of data must be supplied for each different beam in the frame; skip this input
if the frame has only one column line.

1. Property set identification numbers must be input in increasing numerical sequence
beginning with one (1).

2. Shearing deformations are ignored if shear areas are zero.
3. The beam rigid zone lengths are used to reduce the effective length of the beam.
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Fig. A-2 - Typical Notation of Beam Stiffness Coefficients

A.5.1.2.5 Fixed-End Beam Loads

(See A.5.1.2.1 If NFEF = 0, skip this.)

USR_TXT Reference information; upto 80 characters of text.
(M,IFEF(I),(FEF(J,1),J =1,5),1=1,NFEF)
n* M = Identification number for this vertical loading set
IFEF(1) = Index:
EQ. 0; Fixed-end forces are applied at the column faces
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EQ. 1; Fixed-end forces are applied at the column centerlines
) FEF(1,I) = Fixed-end reaction, M,

FEF(2,I) = Fixed-end reaction, V,

FEF(3,I) = Fixed-end reaction, M,

FEF(4,1) = Fixed-end reaction, V,

(3) FEF(5,1) = Uniform force per unit length, W, acting
downward to be added to fixed-end reactions

"Not~: One set of data rust be supplied for each differ2nt type of vertical beam loading; omit
this data set if this is a single column line frame

1. Load set numbers must be input in sequence.
2. Reactions act on the beam ends and are positive as shown in the sketch.

3. Additional fixed-end forces due to the uniform load -1, are calculated using:
M=wl?/12: V=wl/2

and are added to ~ny specified fixed-end reactions. The forces due to w are exact only for
prismatic beams.

COLUMN COLUMN
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P
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wL | | wr
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Fig. A-3 - Typical Beam Loading
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A.5.1.2.6 Beam Location, Properties and Loads

USR TXT

Reference information; upto 80 characters of text.

[ { LILB(N,M,L).L=1,3),K,(LDB(N,M,L),L=1,3) },N=1NS |,M=1NB

1y

(4)

I = Bay identification number for this beam.
LB(NM,1) = Column line number atend 1.
L B(N,M,2) = Column line number at end J.
LB(N.M,3) = Beam property set identification number for this beam.

K = Number of beams in sequence below to be generated

having the same properties and vertical loading as this beam.

LDB(N.M,1} = Vertical l. ading set idertification number
for vertical load case 1.

LDB(N,M,2) = Vertical loading set identification number
for vertical load case II.

LDB(N,M,3) = Vertical loading set identification number
for vertical load case II1.

"Note: One set of data must be input from top to bottom and from bay to bay in the frame
(unless the data generation opticn is used)

1. Position of I and J ends defines local coordinate axis with local "y" positive from I 10 J
and local "z" positive vertically upwards. A right hand screw rule sign convention applies.

2. Beams with zero stiffness (missing beams) may be input as having a property set number
of zero; if the beam has finite stiffness, the set number must reference an existing property
set defined previously is section A5.1.24.
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3. The generation option can only be used to define girders within the current bay; a new
bay must be started with a new beam card.

4. The vertical loading sets defined in section A.5.1.2.5, are applied to the beams defined

herein. Three independent vertical load distributions (LILIII) are al'owed, and these
distributions are combined to form load cases for the complete building; see section A.9.

A.5.1.2.7 Column Location and properties

USR TXT Reference information; upto 80 characters of text.
[ { KK,(LC(NM,D,J=1,2),K } N=1,NS | M=1NC

KK = Column line identification number for this column.

1’ LC(N,M,1) = Column property set identification number.
{2) LC(N,M.2) = Column line number defining direction of major axis.
3) K = Number of columns in sequence below to be generated

having the same properties as this column member.

*Note: One card per column must be input from top to bottom and from column line to column
line of the frame (unless the data generation option is used).

1. Missing columns may be input as having a property set number of zero (0); if the column
has finite stiffness, then the set number referenced must correspond to onc . the property

sets defined previously in section A.5.1.2.3, above.

2. Defines direction on local "y" axis; local “z" axis is in the vertical plane with positive
upwards. A right hand screw rule convention applies.

3. Generation is allowed only within the current column line; begin a new column line
with a new column card.
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A.5.1.2.8 Panel Properties

USR_TXT Reference information; upto 80 characters of text.

(LP(1,1),LP2,1),LP(3,1),(PP(J,I).J=1,5),]=1,NPAN)

(n' LP(1,]) = Level identification number at the top of this panel.
LP(2,1) = Column line number at the I side of this panel.
LP@.]) = Column |..i.e number at the J side of this panel.
PP(1,I) = Modulus of elasticity, E.
PP(2,1) = Gross sectional area, A.

(2) PP(3,1) = Moment of inertia, L.
PP(4,I) = Effective shear area, A,

PP(5,]) = Shear modulus, G.
*Note: Input one set of data per panel in any order; no generation is allowed.

1. Base is defined as level zero, and the roof level number is equal to the total number of
stories in the building.

2. A zero (0) value for the moment of inertia selects the pure shear deformation panel

model. The pure shear panel uses the gross sectional area, not the effective area, to cal-
culate stiffress and stress values.
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A.5.1.2.9 Bracing Properties

USR_TXT Reference information; upto 80 characters of text.
(LT(L,D,LT(2.DH,LTG3,D, TP( 1,1, TP(2,1),I= | NTRU)
LT(1I) = Level identification number at the top of this hrace.
LT(2,I) = Column line number at the upper end of this brace.
LT(3,I) = Column line number at the lower end of this brace.
TP(1,1) = Modulus of elasticity, E.

TP(2,]) = Cross sectional area, A

"Note: Input one set of data per brace in any order; no generation is allowed.

A.5.1.3 Frame location cards

USR TXT Reference information; upto 80 characters of text.

IF,JFC,X1,Y1,ANG

n* IF = Frame identification number

(2) IFC = Force calculation code;
EQ. 0; Frame forces will be calculated and printed.
EQ. 1; Frame forces will not be calculated.

(3) X1 = Distance, X;.
Y1 = Distance, Y.
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(4) ANG = Angle between the frame x axis and the structure
(global) X axis (anti-clockwise from X to x).

*Note: One set of data must be entered in this sectjon for each frame (or single column) in
the building; the total number of frame locations to be read is controlled by the entry in

section Ad.2,

1. Frame identification numbers may be repeated, but location data set must be input in
frame identification number sequence.

2. A frame force calculation code of one (1) will suppress output for the frame.
3. Distance from structure (global) axis to origin of frame (local) axis.

Structure reference axis has 10 be at the center of mass of the base.

4, Angle is input in degrees and decimal fractions eg. 159 30" input as 15.5.

l —

structure reference
point

Fig. A-4 - Typical Coordinate Systems.
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A.5.2 Shear Stiffness Data for Three Dimensional Shear Building
(forISEV = 1)

USR_TXT Reference information; upto 80 characters of text

A.52.1 Shear Stiffness - X, Y and Torsional Stiffness in© Direction

USR_TXT Reference information; upto 80 characters of text.

SX(I),J=1NF SX(1) = Shear stiffness of story 1
in the X direction,

SY(I),I=1NF SY(JI) = Shear stiffness of story 1
in the Y direction.

ST(I),I=1,NF ST(I) = Torsional stiffness of story |
in the © direction about
the center of mass of the floor.

Note: Input shear stiffness in the X and Y direction and torsional stiffness in the© direction
of each individual story starting from the top story to the first story.

A.52.2 Eccentricity Data - X and Y Direction
USR TXT Reference information; upto 80 characters of text.

EX(I))=1NF EX(I)} = Eccentricity of center of resistance
from the center of mass of the floor L.

EY(I},I=1,NF EY(I) = Eccentricity of center of resistance
from the center of mass of the floor 1.

Note: Input eccentricity at each individual story in the X and Y direction starting from the
top story to the first story. If both the eccentricities are zero, a default value of 0.0001 is
used to facilitate eigensolution.
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A.5.2.3 Superstructure Translational Mass and Rotational Mass {Mass moment of Inertia)

USR_TXT Reference information; upto 80 characters of text.
CMX(I),1=1,NF CMX(I) = Translational mass at floor .

CMT(D,I=1,NF CMT(I) = Mass moment of inertia of floor 1
about the center of mass.

Note: Input from the top flvor to the first floor.

A.5.3 Eigenvalues and Eigenvectors for Three Dimensional Building
(for ISEV = 3)

USR_TXT Reference information; upto 80 characters of text

A.5.3.1 Eigenvalues

USR_TXT Reference information; upto 80 characters of text.

WwW(I),1=1NFQ  W(I) = Eigenvalue of mode I
Note: Input from the first mode to the NFQ mode given in section A4.1.

A.5.3.2 Eigenvectors

USR_TXT Reference information; upto 80 characters of text.
E(3*NF,1),1=1,NFQ

E(3*NF,1) = Eigenvector of mode 1.

Note: Input from the first mode to the NFQ mode given in section A.4.1.
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A.5.4 Superstructure Damping

USR_TXT Reference information; upto 80 characters of text.

DR(I)I=1,NE
DR(I) = Damping ratio corresponding to mode 1.

Note: Input from the first mode to the NE mode.

A.5.5 Eccentricities of center of mass

USR_TXT Reference information; upto 80 characters of text.
XN(DYN(I),1=1,NF

XN(I) = Distance of the ¢enter of mass of
the floor I from the center of mass of
the base in the X direction.

YN(I) = Distance of the center of mass of
the floor I from the center of mass of

the base in the Y direction.

(If ISEV = 1 then XN(I) and YN(I)set = 0)

Note: Input from the top floor to the first floor.
A.5.6 Height of Different Floors and the Base

USR TXT Reference information; upto 80 characters of text.
H(I),I=1NF+1

H(I) = Height from the ground to the
floor L*

*Nate: Input heights of floors ordered from the top floor to the base.
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A.6 ISOLATION SYSTEM DATA
USR_TXT Isolation data text: up to 80 characters of text.

A.6.1 Stiffness Data for Linear Elastic Isolation System

USR_TXT Reference information; upto 80 characters of text.

SXE,SYESTE.EEXE,EYE

SXE = Resultant stiffness of
the linear elastic isolation system
in the X dirscuon.

SYE = Resultant stiffness of
the linear elastic isolation system
in the Y direction.

STE = Resultant torsional stiffness of
the linear elasiic isolation system

in the O direction

about the center of mass of the base.

EXE = Eccentricity of the center

of resistance of the linear elastic
isolation system in the X direction from
the center of mass of the base.

EYE = Eccentricity of the center

of resistance of the linear elastic
isolation system in the Y direction from
the center of mass of the base.

Note: Data for linear elastic elements can also be input individually (refer 10 A.6.4.1).
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A.6.2 Mass Data of the Base

USR_TXT Reference information; upto 80 characters of text.

CMXB,CMTB CMXB = Mass of the base in the
translational direction.

CMTB = Mass moment of Inertia of the base
about the center of mass of the base.

A.6.3 Global Damping Data of the Base

USR_TXT Reference information; upto 80 characters of text.
CBX,CBY,CBT,ECX,ECY

CBX = Resultant global damping coefficient
in the X direction.

CBY = Resultant global damping coefficient
in the Y direction.

CBT = Resultant global damping coefficient
in the O direction about the
center of mass of the base.

ECX = Eccentricity of the center of
global damping of the isolation
system in the X direction from the
center of mass of the base.

ECY = Eccentricity of the center of
global damping of the isolation
system in the Y direction from the
center of mass of the base.
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Note: 1. Data for viscous elements can also be input individually {refer to A.6.4.2).
A.6.4 Isolation Element Data

(i). Data for NP isolation elements to be given using the library of various elements types
given in the subsequent subsections.

(ii). The following indices are used in the following subsections to identify the element
types in the isolation system. INELEM(NP,2) described below:

INELEM(K,1:2) = Indices for the isolation element K indicating its type and whether
it is a uniaxial or biaxial element, as follows below:

INELEM(K,1) = 1 for a uniaxial element
in the X direction

INELEM(K,1) = 2 for a uniaxial element
in the Y direction

INELEM(K,1) = 3 for a biaxial element

INELEM(K.2) = 1 for a linear elastic element
INELEM(K,2) = 2 for a viscous element
INELEM(K,2) = 3 for a hysteretic element
for elastomeric bearing or steel damper
INELEM(K.2) = 4 for a hysteretic element
for sliding bearing

A.6.4.1 Lincar Elastic Element

USR TXT Reference information; upto 80 characters of text,
INELEM(K,1:2) INELEM(K,1) can be either 1,2 or 3

INELEM(K.2) = 1
(Refer to A.6.4 for further details),
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PS(K.,1),PS(K.2)

PS(K,1) = Shear stiffness in the X
direction for biaxial element or uniaxial
element in the X direction

(leave blank if the uniaxial element

is in the Y direction only).

PS(K.,2) = Shear stiffnessinthe Y
direction for biaxial element or uniaxial
element in the Y direction

{leave blank if the uniaxial element

is in the X direction only).

Note: Biaxial element means elastic stiffness in both X and Y directions (no interaction
between forces in the X and Y direction).

A.6.4.2 Viscous Element

USR_TXT Reference information; upto 80 characters of text.

INELEM(K,1:2) INELEM(K,1) can be either 1,2 or 3
INELEM(K,;2) = 2
(Refer to A.6.4 far further details).

PC(K,1),PC(K.2)

PC(K,1) = Damping coefficient in the X
direction for biaxial element or

uniaxial element in the X direction
{leave blank if the uniaxial element

is in the Y direction only).

PC(K,2) = Damping coefficient in the Y
direction for biaxial element or
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uniaxial element in the Y direction
(leave blank if the uniaxial element
is in the X direction only).

Note: Biaxial element means damping in both X and Y directions (no interaction between
forces in the X and Y direction).

A.6.4.3 Hysteretic Element for Elastomeric Bearings/Steel Dampers

USR_TXT Reference information, upto 80 characters of text.

INELEM(K,1:2) INELEM(K,1) can be either 1,2 or 3
INELEM(K,2) = 3
(Refer ta A.6.4 for further details),

ALP(K,1), YF(K.1).YD(K,I),]=1,2

ALP(K,1) = Post-to-preyielding

stiffness ratio;

YF(K,1) = Yield force;

YD(K,1) = Yield displacement;

in the X direction for biaxial element or uniaxial
element in the X direction

(leave blank if the uniaxial element

is in the Y direction anly).

ALP(K.2) = Post-to-preyielding

stiffness ratio;

YF(K,2} = Yield force;

YD(K,2) = Yield displacement;

in the Y direction for biaxial element or uniax:al
element in the Y direction

(leave blank if the uniaxial element

is in the X direction only).
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A.6.4.4 Hysteretic Element for Sliding Bearings

USR_TXT Reference information; upto 80 characters of text.

INELEM(K,1:2) INELEM(K,1) can be either 1,2 or 3
INELEM(K,2) = 4
(Refer to A.6.4 for further details).

(FMAX(K,1),DF(K,D,PA(K,I), YD(K,1),I = 1,2),FN(K)

FMAX(K,1) = Maximum coefficient

of sliding friction;

DF(K,1) = Difference between

the maximum and minimum

coefficient of sliding friction;

PA(K,1) = Constant which controls the
transition of coefficient of sliding

friction from maximum to minimum valug;
YD(K,1) = Yield displacement of Friction Interface;
in the X direction for biaxial element or uniaxial
element in the X direction

(leave blank if the uniaxial element

is in the Y direction only).

FMAX(K,2) = Maximum coefficient

of sliding friction;

DF(K,2) = Difference between

the maximum and minimum

coefficient of sliding friction;

PA(K,2) = Constant which controls the

transition of coefficient of sliding

friction from maximum to minimum value;

YD(K,2) = Yield displacement of Friction Interface;
in the Y direction for biaxial element or uniaxial
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element in the Y direction
{leave blank if the uniaxial element
is in the X direction only).

FN(K) = Initial normal force at the
sliding interface.

A.6.8 Coordinates of Isolation Elements

USR_TXT Reference information; upto 80 characters of text.
XP(D),YP(I),1=1,NP

XP(I) = X Coordinate of isolation
element I from the center of mass
of the base.

YP(I) = Y Coordinate of isolation
element I from the center of mass
of the base.

A.7 EARTHQUAKE DATA

This information is to be specified in additional files outside the main input data file.
A.7.1 Unidirectional Earthquake Record
USR_TXT Frame data information; up to 80 characters

File:WAVEX.DAT

X(1),I=1,LOR X(I) = Unidirectional acceleration component.
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Note: 1.If INDGACC as specified in A.4.5 is 1, then the input will be assumed at an angle
XTH specified in A 4.5. If INDGACC as specified in A 4.5 is 2, then X(LOR) is considered
to be the X component of the bidirectional earthquake.

A.7.2 Earthquake Record in the Y Direction for the Bidirectional
Earthquake

File:WAVEY.DAT (Input only if INDGACC = 2)

Y(I),[=1,LOR Y(I) = Acceleration component in the
Y direction.

A.8 OUTPUT INFORMATION DATA

A.8.1 Output Parameters

USR TXT Reference information; upta 80 characters of text.
LTMH,KPD,IP1,IP2,1P3,IP4,

LTMH = 0 for both the time history and peak
response output.
LTMH = 1 for only peak resp -ase output.

KPD = No. of time steps before the next
response quantity is output.

IP1,1P2, IP3, IP4 = Bearing numbers of four
bearings at which the peak response values
and the force - displacement time history
response is desired.
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A.8.2 Interstory drift output

USR_TXT Reference information; upto 80 characters of text.
CORDX(K), CORDY(K),K=1,6

CORDX(K) = X coordinate of the column line
K at which the interstory drift is desired.

CORDY(K) = Y coordinate of the column line
K at which the interstory drift is desired.

Note: 1. The coordinates of the column lines are with respect to the reference axis at the
center of mass of the base. Six column lines can be specified.

A.9 LOAD CASE DEFINITION:

USR_TXT Reference information; upto 80 characters of text.
[XM(1,L),XM(2,L),XM(3,L),XM(4,L), L=1,NLD]
XM(1,L) = Multiplier for vertical load case I
XM;2,L) = Multiplier for vertical load case II
XM(3,L) = Multiplier for vertical load case I1I

XM(4,L) = Multiplier for earthquake response

Note: Load cases for the complete building are defined as a combination of vertical load
conditions (I,ILIII), and earthquake loading. One card must be entered in this section for
each different building load case; the total number of building load cases is controlled by
the control information in section A.4.2.
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APPENDIX B
INPUT FILE FOR THREE STORY R/C

SLIDING ISOLATED STRUCTURE
(Refer to Section 4.1)
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INPUT FOR CASE STUOY #1
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INPUT FOR CASE
1 117 43280000 0.016
3 6 10 43280000 0.01¢6
3 10 6 43280000 0.016
2 6 10 43280000 0.016
2106 62280000 0.016
1 6 10 43280000 0.016
1106 k!iBOOOO 0.016
3 14 15 43280000 0.0
315 14 Aggaonoo 0.01
2 14 15 43280000 0.0
2 15 14 43230000 0.0
1 14 15 43280000 0.0
1 15 14 43280000 0.01
FIRST FRAME LOCATION
10000
SUPERSTRUCTURE DAMPING
0.15 0.15.0.15 0,15 0.15 0.15 0.15 0.15 0.15
ECCESTRICITHES OF CEMTER OF MASS
38
to
HEIGHT QF FLOORS
10.573.50
#** BASE ISOLATION SYSTEM DATA **
STIFFNESS DATA FOR LINEAR SLASTIC BEARING
2092.64 2092 .64 602680.32 0 0
MASS OF ASE
119.¢ 2985.6
GLOBAL DAMPING
0.10.10.70. 0.
BE;I:G ATA
g; 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
g.z 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
gll 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
g.z 0.03 23.4 0.000254 0.1 0.03 23.6 0.000254
g.z 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
gz 0.03 23.6 0.000254 0.1 0.03 23.& 0.000254
gz 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
gl‘. 0.03 25.6 0.000254 0.1 0.03 23.6 0.000254
gz 0.05 23.6 0.000254 0.1 0.03 23.6 0.000254
gz 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
gz 0.05 23.6 0.000254 0.1 0.03 235.6 0.000254
g}‘ 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254
gl 0.03 25.6 0.00025+ 0.1 0.03 23.& 0.000254
gl‘l. 0.03 23.6 0.000254 0.1 0.03 23.5 0.000294
(3)2 0.03 23.5 0.000256 0.1 0.03 23.6 D.000254
0.1 0.03 23.6 0.000254 0.1 0.03 23.4 0.000254
coogmzues OF BEARING
-6 -2
-6 2
¥
Is 2
i
3 2
€6
1] gg
ﬂlgﬂ{n TROL PARAMETER
cogaglnuzs OF DESIRED INTERSTORY DRIFT
00
00
00
00
00
LOAD CASE DATA

STUDY #1

292.85
292.85
292.85
292.85
292.85
292.85
292.85
292.85
292.85
292.8%
292.85
292.85
292.85
292.85
292.85
292.85



APPENDIX C
OUTPUT FILE FOR THREE STORY R/C

SLIDING ISOLATED STRUCTURE
(Refer to Section 4.1)
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OUTPUT FOR CASE STUDY #1

LA R R4 iR A T At s sl e de sl iadd sl il dd st Rygly 1]

PROGRAM 3D-BASIS-TABS ... A GENERAL PROGRAM FOR THE NONLINEAR
AMIC ARALYSIS OF THREE DIMENSIONAL
BASE ISOLATED BUILDINGS

DEVELOPED BY ... SATISH KAGARAJATAH
CHEN L1

ANDRE] M. REINHORN

AND MICHALAKIS C. CONSTANTINOU
DEPARTMENT OF CIVIL ENGINEERING
STATE UNIV. OF NEW YORK AT BUFFALO

VAX VERSION AND PC VERSION, DEC. 1992

NATIONAL CENTER FOR EARTHQUAKE EHGINEERHIG RESEARCH
STATE UNIVERSITY OF MEW YORK, BUFFAL

thbhdhbhd bt hbrtbbbbdbbadbbtbddd b Abbd bbbt hdAhd bbb bbb bbb dd At AW

THIS PROGRAM HAS BEEH DEVELOPED USING:
(1) PROGRAM 30-B,
DEVELOPED BY ... SAHSM NAC\ARAJAIAH
ANDRE| M, REIN
AND llCHALkKlS C. CCNS TANTINOGU
DEPARIMENY OF CIVIL ENGINEERING
STATE UNIV. OF I(EH YORK AT BUFFALO, VAX YERSION, 1990
{2) PROGRAM ETABS

DEVELOPED BY ... E. L. WILSON
K. H. DOVEY
AND J. P, HOLLIN
DEPARTMENT OF CIUIL ENGINEERING
UNIVERSITY OF CALIFORNIA, BERKELEY, SEPTEMBER 1974, REVISED MARCH 1979

PR e e A A R e L e L T P P P T DL 2 L e e

wwemwawt MIRROR OF INPUT DATA wweewaws
THREE STORIES BUILDING IN [TALY
UNTT KN-METER-SEC
GENERAL CONTROL [MFORMATION
23916 720

SUE[’E?S{R%CBURE CONTROL I1NFORMAT ION

INTEGRATION CONTROL PARAMETERS
0.01 0.005 1000 20 9
NEEMGRK METHOD CONTROL PARAMETERS (DEFAULT VALUES: 0.5 AND 0.25)

EARTHOQUAKE CONTROL PARAMETERS
10.020%9.8

SUPERSTRUCTURE INFORMAT ION
THIRD STORY-GEMERAL DATA
SEss 119.4 29856 0 0 0 0

CONi
51196298560000

Fl
351195298560000
FRAME D
FIRST FRME
13162 210318
COLUMN LéNE COORD INATES

Ll [
o O O
LT N LV - S
oo [

OV A = OO0 N VI LN -
N

O\ O NINININ &
O\ v+ TR

ks et bk

COLUMN PROPERTIES
1 29862560 0.09 0.0747 0.0747 0.0011 0.000675 0.0006751 0.2 0.2
2 29862560 §.12 0.0996 0.0996 0.0018 0.0016 0.0009 0.2 0.2
BEM PROPERTIES

1 29862560 (.0996 0.0018 0.0016 4. 4. 2. 0.15 0.1
BEAN LOCATION

112 12000
§§312000

¢ 12000
6151%000
§357 12000
?1.515300
85?15000
9 6 12000
10781%000
115 9 12000
126 1012000
137111%000
148 1212000
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OUTPUT FOR CASE STUDY #1
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St fan e A AR s N g S & <o =
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S RO Id i Oh o S I R D B R T T o ouininen B Gns e DZSMWDH
Cr e e e 2000 TR TR T 020 o BT nIn g, NE5 w IS“u -
B anatat et Lan el el ol ot ok 2 = o O twa o~ o a _a
Or Qe N PR O = FI RN T IR e G e O o wio u e
1O 000N T I YT @ ] N ] HHWSWMJM
111112222&% = < R1 .C00011 —re N B o«
- [- 4 w - RN ]
[5) a, o = s 9 @

.03 23.6 0.000254 0.1 D.03 23.6 0.000254 292.85
0.03 23.6 Q.000254 0.1 0.03 23.6 0.000254 292.8%
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000c54 292,85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.8%
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85

0.03 23.6 0.00025%4 0.1 0.03 23.6 0.1/ 0754 292.85

0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.46 0.000254 292.85
0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85

NP e e P ‘1‘1‘1‘1‘1‘1‘1‘1‘_1‘1‘

(]

0.10

30303030 303303033083030303
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COORDINATES OF BEARING

CASE DATA

sweawasw END OF MIRROR OF INPUT *wwwwwus
AANAANAR s“it GF PRmEssED DATA NENRRNW
THREE STORIES BUILDING IN TTALY

POIKTER WITHIN MASTER ARRAY... MAX STORAGE =

SUPERSTRUCTURE CONTROL INFORMATION
UNIT KN-METER-SEC

TOTAL NUMBER OF STORIES-- 3
NUMBER OF DIFF. FRAMES--- 1
TOTAL NUMBER OF FRAMES--- 1
NUMBER OF LOAD COMDITIONS 1
TYPE OF ANALYS[S==c=-=="--

~=llR.

OQUTPUT FOR CASE STUDY #1
0.1 0.03 23.6 0.000254 0.1 0.03 23.6 0.000254 292.85

3978

S
EQ_1-STATIC LDAD ANALYSIS+MODE SHAPES AND FREQUENCIES
+LATERAL EARTHQUAKE RESPONSE AND PEAK RESPONSE PRINTOUT
EQ.2-STATIC LOAD ANALYSIS+MODE SHAPES AND FREQUENCIES
+LATERAL EARTHAUAKE RESPNSEgA’ID TIME RISTORY PRINTOUT

NUMBER QF FREQUENCIES----
STORY TRANSLATION CODE--- €

NO. OF FLOORS(EXCL. BASE)............... 3
NO. OF BEARINGS .. ...ocenrninrnrcnnes 1%
NG. OF EIGEN VECTORS CONSIDERED......... ?
INOEX FOR SUPERSTRUCTURE STIFFNESS CATA= 2
iNDEX = 1 FOR 30 SHEAR BUILDING REPRES.
INDEX = 2 FOR FULL 3D REPRESENTATION
TIME STEP OF INTEGRATION (NEWMARK)...... 0.0100
INDEX FOR TYPE OF TIME STEP............. * 1
INDEX = 1 FOR CONSTANT TIME STEP
INDEX = 2 FOR VARIABLE TIME STEP
GAMA FOR NEWMARKS METHOD............... 0.50
BETA FOR NEWMARKS METHOD....... .25
TOLERANCE FOR FORCE COMPUTATION. 0.0050
REFERENCE MOMENT OF CONVERGENCE.. . 1000.0
MAX NUMBER OF |TERATIONS WITKIN T. . 20
IHDEX FOR GROUND MOTION INPUT........... 1
INDEX = 1 FOR UNIDIRECTIONAL INPUT
INDEX = 2 FOR BIDIRECTIONAL INPUT
0.020
730
9.80
0.00
hddddwddonpen ”ERS'M]’WE DAIA FERAWTRERNNNNEN
STORY DATA
iilE"l,EmiS “?hv-é%ﬁw. DA?EIG“T Mss ki
i 3.50 119.40 2985.60 0.00
SECOND
FIRST 3.50 119.40 208560 0.00
' 3.50 119.40 2985.60 0.00
c-3
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0.00
0.00
0.00

Y{N)

0.00
0.00
0.00

K-X

0.00
0.00
0.00
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OUTPUT FOR CASE STUDY #1

LCASES A AND B

STRUCTURE LATERAL LOADS..

LEVEL NO.
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Fﬂoo
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[- 451
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A b g G L U L L
HMBBBBEBBB
4 =
EXXIXITX
Cw-TETEEZTTTX

RIGID BOT

0.20
0.20

RIGID I
0.15

RIGID TOP

AN O—D
Vo~ O MO
T
Jnomo v
T

)

QOOCROCOIO0220000 -0
0000000000000000‘“2 [~

$Q26622662266226 (R
L) ) v

OCOLUMN L INE COORDINATES
LINE

QOO0 O0W » W
COQOOOoOOO0

-2.00

— P N OO0 — (Mg

1 298625
2 29862560
1 29532560.
IC
1

LEY
3

1

BEAM LOCATION

BAY

10
"
‘2
13
14
15
16
17
18
19

1"

10

1

12

14
15
16
L)
15
16

10
1"

12
13
14
15

2

&2
3
26
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22 23 24

17 18 1% 20 2

15 16
16

15

13 W%
14

13

12
12

QUTPUT FOR CASE STUCY #i
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"

9 10
? 0 N

KCOL
5
10
12
13
14
15
16
12

7
7

E

N

&
CID

5
5

4
4

3
LEV

3
3

1 2
|
COLUMN LOCATIONS
LINE
1
10
12
13
14
15
16
12

3

GENERATED COLUMN_LOCATIONS

GEMERATED BEAM LOCATIONS
PANEL CARDS

STORY
STORY

b La"al"s} [ 1" W |
o Juon guein

Sos oo ocoo

LA e T T T VY T Y T T
Bomr Beer Xeee

o0 oo Doo

11945024 .00
11945024.00
11945024 .00
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NN NN o~y
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S rr s Moe st M owora
tapgry PP PN S W
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—~o —~o —000Q
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=O2% =S89 Z<«e
R ~ -y -
o
Rl coo —ooa —
Sca -888 —883 MNM
ogon oo 22283 o2 x58%
Ooﬂmmmm mmm 8533 lcoc Lcce EODO
DO 88383 pr} o

A N A e A ey ey - =

AOQOOOOGUDOOOUUUOOU
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QUTPUT FOR CASE STUDY #1

[l =1=1"

VERT

I
B

[=]=1e)

A AL o]
A —

[=l=1=]

A= e=0=
—DOO

B T

ml=l=T=]

I
~r~t -8

29B&62561,00

BAY NUM3IERS

LEVEL
3
2
1

5

29B62560.00

NUHBERS

LEVEL
3
2
1

€000

Vi —

E

29862560.00
29662260.00

&

BAY NUMBERS

gl altnl
b e

oo

LN
B

[=l=]=]

i =i=g=]
=000

oNOw N

20O
000

ey

—oOoy
—~OO0O

Ty

O

>
WOOO
)

"nooo

VERT

VERTZ
0
0
0

YERT1
0
0
0

SrOwn
R

[=lela)

Pl AL AL
AL

29862560.00

20842540 .00
29842560.00

NUMBERS 8
29B62540.00

LEVEL
3
<
1

=2 oY 21" o}
X

OO0

frad Al )

e

25362560.00
2986256C.00

g
£9862560.00

BAY NWUMBERS

LEVEL
3
2
1

AW
X

o000

AL ALA]

R

a0

il l=
—00D

i

ial=l=le]
o000

3-8

— g
—_O OO

1.r-y

—o Do
[=gr =1

wo oo

Fr

—oQo
QO

oco

TORS

«<OQO

B

E

292£2560.00
26862560,00

i

293425460.00
12

29862560.00
29862560.00
n"
29862560.00
29E625360.00
29862560.00
29862561.00

3

2

1
BAY NUMBERS
LEVEL

3

4

1
BAY WUMBERS

BAY NUMBERS
LEVEL

3

2

1

LEVEL

Ed=l=g=]

s
[ =t=Y=1

«O0O
[ Py

E

29862560, 00
2$B42560, 00

BAY NUMBERS

nNooo
o

VER

VERTZ
0
0
0

15

29862560.00
298467560.00
29862560.00
29862560, 00

BAY NUMGZERS

LEVEL
3
2
1

Mnoco

VERT

29842260.00
29842560, 00

BAY NUMBERS

LEVEL
3
2
1

298462560.00

29B425£60.00
BAY NUMBERS

Al ATal
B

SO

—un U
B

[=1=1—

—oeo
-000O
> -

N

mi=l=1=1
1111

» - e
i

BAY NUMBERS

LEVEL
3
2
1

—O0C
aaa

P
8

[ 4=]=l=]
P =

coo

29862560.00
29862560, 00

BAY NUMBERS

LEVEL
3
2
1

£¥862960.00

mnooo

VERT
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xOOo
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VERTY
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e e
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BAY NUMBERS
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QUTPUT FOR CASE STUDY #1

1 29862540,00 0.10 0.00 0.00 4,00 &.00 2.00 D.15 0.15 0 0 0
BAY NUMBERS 24
LEVEL E SA TORS 1 FLEX | kil KJ) KlJ Wl CX] VERT1 VERT2  VERTZ
3 29862560.00 0.10 0.00 0.00 4.00 4.00 2.00 0.1% .15 0 0 0
2 29B42540.00 0.0 0.00 0.00 4_00 & 00 2.00 0.15 D.15 D 0 0
1 298&2540.00 0.10 0.00 0.00 4.00 4.00 0.1% .15 0 0 0
COLUMN PROPERTIES
COLUMN LINE NC. 1
LEVEL E A MAJ SA  MIN SA TORS 1 MAJ | MIN 1 DT 0B
1 29862560.00 0.09 0.07 07 0.00 0.00 ¢.20 0.20
2 29862540.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20
2986¢2550.00 0.09 0.07 .07 0.00 0.00 0.20 0.20
COLUMN LINE NC. 2
LEVEL £ A MAJ SA  MIN SA TORS 1 LI VS| LRSI pr CB
3 29862560.00 Qq.09 0.07 0.07 0.o0 0.00 0.09 0.20 0.20
2 29862%40.00 0.09 0.07 0.07 0.00 0.00 0.00 B.20 0.20
1 29B62960.00 0.09 0.07 0.07 B.0Q 0.00 0.00 0.20 0.20
COLUMN LIKE NO. 3
LEVEL E A MAJ SA  MIN SA TORS 1 MAJ 1 MIN DT ol ]
3 29862560.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20
¢ 29862560.00 0.09 0.07 0.07 9.00 0.00 0.00 0.20 £.e0
1 29862560,00 0 a.07 o7 0.00 .00 0.00 0.20 C.20
COLUMN LINE WO, 4
LEVEL 3 A MAJ SA MIN SA TORS 1 T N | MIN 1 DT 91
3 20842560.00 0.0@ 0.07 0.07 0.00 0.00 0.00 0.20
2 298625460.00 0.09 or 0.07 0.90 0.99 G.0g 0.29 0.20
1 26862560.00 0.09 0.07 0.07 0.00 €.80 0.00 0.20
COLUMN L INt NO. s
~EVEL £ A MAJ SA  MIN SA ORS 1 MAJ MiN 1 [*hs na
3 29862560.00 0.09 0.07 .07 0.06 0.00 D.20 0.20
2 298625060.00 0.09 0.07 0.07 00 0.00 0.0¢ 0.20 C.20
1 29Bee560.00 0.09 0.07 0.07 00 0.00 0.00 0.20 0.20

0
0
COLUMN LINE NO. 6
LEVEL E A MAL SA  MIN SA T0RS MAJ 1 MIN | ] be
0
Q
o

3 29842%50.00 0.12 0.10 0.10 .00 0.00 2.Q0 0.20 620
2 29862560,00 0.12 0.10 0.10 .00 0.00 0.00 0.20 0.?70
1 29862540.00 0.12 0.10 0.10 .00 0.00 0.00 0.20 0.20

COLUMN LIKE NO. T

LEVEL E A MAJ SA  MIN SA TORS 1 MAJ MIN 1 bt o))
3 29862%60.00 D.12 0.10 0.10 0.00 0.00 ¢.00 0.20 J2.20
2 29862960.00 0.12 0.10 0.10 0.00 0.00 0.un 0.20 0.20
1 29862562.00 0.12 0.10 .10 0.00 0.00 0.00 0.20 0.20

COLUMN LINE NC. -]

LEVEL £ A MAJ SA  MIN SA TORS 1 MAJ 1 MIN I D1 0B
3 29842560.00 Q.09 Q.07 Q.07 0.00 0.00 0.00 0.20 0.20

29862560, 00 0.0% 0.07 0.97 0.00 0.00 0.00 0.20 0.20
1 29862560.00 0.09 0.07 0.07 0.00 0.00 0.0 0.20 0.20

COLUMN LINE NO., ?

LEVEL E A MA S SA MIiN SA TORS | mAJ ] MIN 1 DY jo1-)
3 29BA2540.00 0.09 .07 0.07 0.00 J.00 0.00 0.29 g.¢0
2 29B62540.00 0.09 c.07 0.07 0.00 0.00 8,00 .20 0.20
1 29862560, 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20

CCLUMN LIKE WO. 10

LEVEL E A MAJ SA  MIN SA TORS 1 MY ] MIN 1 3¢ ot}
3 29862560.00 0.12 .10 10 0.00 0.00 0.00 0.20 0.20
2 29862550.00 0.12 Q.10 010 0.00 0.00 0.00 Q.20 0.29
1 29862560.00 0.12 0.10 i0 0.00 0.00 0.00 0.20 0.20

COLUMN L INE NO. n

LEVEL E A HAJ SA  MIN SA TORS I MAJ 1 MIN | DT o]
3 29862560.00 0.12 0.10 10 0.C0 0.00 0.00 0.20 0.20
2 29862560.00 0.12 0.10 0.10 0.00 0.00 0.00 0.20 0.20
1 29862560.00 0.12 0.10 10 0.00 .00 0.00 0.20 0.20

COLUMN LIKE NO. 12

LEVEL 3 A MAJ S5A MIN SA TORS 1 MAJ 1 MIN 1 ) o] ]
3 29862560.00 0.09 0.07 0.07 0.00 0.00 0.20 0.20
2 29862560.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20
1 2986256D.00 D.09 0.07 0.07 0.00 0.00 .20 0.20

COLUMN LINE wO, 13

LEVEL E A MAJ A MIN SA TOoRS 1 MAJ 1 iy 1 D7 0B
3 29862560,.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20
2 29862560.00 0.09 0.97 0.0? 0.00 0.00 9.00 0.¢0 0.20
1 29862560.00 0.00 a.07 0.07 0.00 0.00 0.00 0.20 0.20

COLUMN LINE WO. 14

LEVEL E A MAJ SA  MIN SA TORS | LTI LILTS! or DB
3 29862560.00 0.09 G.07 0.07 0.00 0.00 0.00 0.20 0.20
2 29852560.00 0.09 Q.07 0.07 0.00 0.00 0.00 0.20 0.20
1 29862560.00 0.09 .07 0.07 0.00 0.00 0.00 0.20 0.20

COLUMN L INE NO. 1%

LEVEL E A MAJ SA  MIN SA TORS 1 MAS 1 MIN 1 DY D8
3 29862560.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20
2 29862560.00 6.09 0.0?7 0.07 0.o0 Q.00 0.00 0.20 0.20



QUTPUT FOR CASE STUDY #1

1 29862560.00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 0.20

COLUNN LINE NO, 18

LEVEL E A HAJ SA MIN SA TORS | M1 LI oY DB
29842560, 00 0.09 0.07 0.07 0.00 0.00 0.00 0.20 Q.20
29662560, 00 0.09 0.07 0.07 .00 0.00 Q.00 0.20 0,20
29862360.00 0.0¢ 6.07 0.07 0.00 0.00 0.00 0.20 0.20

FIRST FRAME LOCA

FRAME POSITION DATA

FRAME (0 FORCE CODE X1 Y1 ANG

1 1 0 0.00 0.00 0.00

SUPERSTRUCTURE DAMPING.......
MODE SHAPE DAMPING RATIO (%)

OB ~IO L LR
AT

T

[={~Y-1-1- <lals]e]

dhtawkkrRnwkw SO ATION SYSTEM DATA wo**ewwawwnw
BASEMAT MASS AT THE CENTER OF MASS OF THE BASE ....
TRANSL, MASS  ROTATINAL MASS
MASS 119,400 2985 .600
BASE 1SOLATION DATA: OPTION OME: EQUIVALENT GLOBAL DEVICE PROPERTIES

GLOGAL 1SOLATION DAMPING AT THE gEHTER Of MS? OF THE BASE.&...

ECX ECY
LINEAR STIFFNESS(F/L] 2092.6400 2092.6400  602680.3200 0.0000 0.0000
VISCOUS DAMPINGIF/L/T) $.1000 0.1000 D.1600 0.0000 0.0000

BASE ISQULATION DATA: OPTION TUO: INDIVIDUAL ISOLATEON ELEMENTS

SLIDING BEARING PARAMETERS.......

BEARING FRAX X FWAX Y DF X% DF Y PA X PAY Y.DIS. X Y.DIS.Y NORM. FORCE
1 0.100 ©.100 0.030 0.030 23, 23.500 0.00025 D,000Z5 292.85000
2 0.100 0.100 0.030 0.030 2. 23.600 a.gggzs o.ooozg gz.esgoo
Poofm L Sa ae Mum Do s ated  prEm
PodR MR OB IR AR 28 e iR i
PorR HE tn viR oal A% iEE iR SR
9 0.100 0:100  G.030 .03¢ 600 .600  0.00025 0.000 .

10 0.100 0.100 0.030 0.0%0 23.400 gs.wo 0.00025 0.00025 29285000
1 Q100 0:100 ¢.030  0.030 25.600 23.500 0.00025 0.000% 29385000
‘I§ 0.100 0.100 0.030 0.030 23.400 g.wo o.oougg 0.0002% 532.35

1 0.100 0,100 0.030 0.030 23.500 400 0.00085 0.00025 285000
1% 0.100 0.100 0.0 0.030 53'233 g.wo o.ooogg 000 2. 85000
15 g.mu 0.100 0.0%0 0.030 23. 2600 HI00055 0.900 2. 85000
16 2100 0100 0.030 0.030 23.600 23.600 0.00025 . 2.85

BEARING LDTATION .. .......

BEARING X Y
4 -6, -6,

: & 52
3 -&. 2.00
45- :6. b.%
B
3 -5:00 - 00
9 2.00 -6.00

c-8



10 2.00
H 2.00
12 2.00
13 6.00
14 6.00
15 6.00
16 4.00

TIME HISTORY DPT!
INDEX = 0 FOR TIME

STORY

Hl

o

TPuT
INDEX = 1 FOR MO TIME HISTORY OUTPUT

NO QF TIME STEPS AT WHICH TIME NISTMY
PUT 15 DESIRED ..., ...vevaceesssrea®
FMCE CISPLACEMENT H!E HWISTORY DESHED

AT BEARINGS NUMBERE

coL

. X

1 D.D .D0
2 0.00 0.00
3 0.00 0.00
4 0.00 0.00
H 0.00 0.00
] 0.00 0.00

OUTPUT FOR CASE STWOY #1

L e T -0 S LR RS L S T e

MODE SHAPES
LEVEL 1D DIRN
H X 0.000000
3 Y 0.0288%4
3 ROTN 0.012811
2 X 0.000000
2 Y 0.00758
F4 ROTN 0.009659
! b 0.000000
} Y £.009895
1 ROTN 0.004814
MUOE SHAPES
LEVEL 1D  DIRN 9
3 X 9.092000
3 Y -0.023486
1 ROTK 0.001717
% X 0.008000
Y 0.060167
2 ROTN -0.006355
i % 0.0000D0
1 Y -0.056894
1 ROTN 0.004091
HODE NUMBER  PERIOO
1 0.269144
2 0.267683
3 0.205015
4 0.0908%5
S 0.09002
3 0.062462
7 0.058352
a 0.0%7300
9 0.037163

2

-0, 070705
0.000000
0.000000

shdvanapnnRan MAY RESPONSE Svtewedvidew

3

000000
68-“1
05789

SHo oA OQO

MAX. REL. DISP. AT THE CENTER OF MASS OF FLODRS
(WITH RESPECT TO THE BASE)

FLOOR X DISP. Y DISP. ROTN.(rad)
3 0.0044 0.0000 0000
2 0.0030 0.3800 0.000
1 0.0014 0.0000 0. ooou

MAX INTERSTORY DRIFT
STORY X DSY. Y DST. TIME

CC(';RDP{A'IES OF tOL&N llNES AT g]cn INTERSTORY DR1FTS ARE DESIKED
D

&

000000
1017460
009780

g

0.
Q
0.
0.
0.013985
0.
¢.
-0.
-0.

X DRIFT/FL. HY.(X) TIME

c-9

o0 a0 00O

5 &
051357 0.000000
000000 0.044028
. bO0O00 -0.003318
037300 0.000009
.000000 -0.041217
000000 0.002711
0a59e7 0.000000
. 000000 -0.060575
000000 0.004938

Y DRIFTZFL. KT.(X)

oo ooo 000

o

=3

=4

Lel=] =

PNWVC 00 VWO

U2 ¥28



DUTPUT FOR CASE STLOY #1

3 0.00 . 57 0.04
2 0.00 838 4.56 0.05
1 0.00 0.00 2.58 0.04
3 0.00 0.00 4.57 0.06
2 0.00 0.00 4.56 .05
1 0.00 0.00 2.5 0.04
. . 4.57 0.04
3 8.5 §:%8 &8 3:0¢
1 0.00 0.00 2.58 0.04
3 0.00 0.00 4.57 0.04
2 0.00 0.00 4.56 0.05
1 0.00 0.00 2.58 0.04%
. 0.00 4.57 0.04
3 §-88 0.00 8 0.05
1 0.00 0.00 58 0.04
3 0.00 0.00 4.57 0.04
2 0.00 .00 4£.56 0.05
i 0.00 .00 2.58 0.04
MAX. DISP. AT (THE CENTER OF MASS OF BASE
X Disl Y DISP, ...
0.034 0.000 0.000
MAX RESULTANT DISP. AT THE CEII‘IER OF MASS OF BASE
TINE RES. GISP. X COoMP.
5.440 0.034 0.03% 0.000
MAX RESULTANT BEARING DISP.
GEARING TIME . DISP  ANG. WITH X AXIS
5 g'lilt:g 3'3%: 0.000
3 52440 0.03%4 0.000
4 5.440 0.034 0.000
MAX BEARING o:sn N X
BEARING TIME MAX. DISP X
1 5.44D 0.034
2 5.44D 0.034
3 g.u.n 0.034
It 640 0.034
MAX BEARING DISP. IN Y
BEARING TINE MAX. DISP Y
1 }g.zso o.g%
% 102% giooo
H 10.260 0.000
NAX. TOTAL ACCL. AT ceuren or nuss or noons
FLOOR  ACCL. X ACCL
% ; 2259 0.000000 ..000000
2641 0-0600000 . 000000
1 2.%29 0.000000 000000
MAX STORY SHEAR
STORY TIne X SHEAR TINE Y SHEAR
2.550 -43 10.790 0.000
3 a.gso 8 9’2 7.480 0.000
I 2.570 -525.501 10.700 0.000
STRUCTURE SHEAR (TOP OF BASE)
FoRte X FORCE ¥ 7 NOMEN
-szs.su 0.00 0.00

MAX. BASE SHEAR (BEARING LEVEL)
FORCE X FORCE ¥ Z NOMENT

511.87 0.00

LOAD CONDITION DEFINITION CARDS
LOAD 1 11

0.00

RESPONSE

10.79
48
6.61

283

0.
7.
6.

-
o~E
2&3

_.
~S
o582

..
OTJD
283

o
S
2563

oS00 oo [==1=] OOP _OOO

823 238 388 838 238 888

[~g=l=]



QUTPUT FOR CASE STUDY #%

1.0

0.00 0.00

0.00

1

FRAME TYPE

LOCA

FIRS T FR AME

FRAME [D

MEMBER FORCES .....

LEVEL 1D

1

LEVEL NO

COLUMMN FORCES

LINE LOAD

[}

0.0300
-0.0300

22.2053
-22.2051
38:80

0.0000
0000

a3

0.0000
0.0000

——

13.3062
-13.3062

9. 7764
-9.7T64

0.0000
©.0000

8.2583
-8.2583

0.0307
-0.0307

Q

9?.TThk
-P.TTeb

0.0000
0.0000

MAX
MIN

BEAM FORCES

MOMENT
0.0895
-0.0895

0.2765
-0. 2765

TORS MOMENT

MAX
HIN

BAY LOAD
'

0.0371
-0.037

0.0000
0.0000

oo
-

-~
&8

0.2697
-0.2697

0.0DDD 0.2697
0.0000 -0,2697

0.B504
~0.8504

-

MAX
MIN

10

n

0.2057 16.5341 16.3104

MAX

12

c-11



0.0000
0.0000

SHEAR- FORCE

-16.3104
18,9403
-18.9403
24, 084S
-24.0BLS
24 .0BLS
-24.0846

3
S39L. 4139

QUTPUT FOR CASE STUOY #1

AYLAL-FORCE

15.7039
-15.7039
25.9289
-25.9289
25.9289
-25.9289
0.0001
-0.0001

16,5341
BRACING ELEMENTS - LISTED 1IN SAME SEQUENCE AS INFPUT

BOT-MOMENT

-0,2057
0.2937
-0,2937
0.1870
-0,1870
0.1305
-0.1305
0. 1305
-0.130%
0.392
-0.3¢92
AX1AL -FORCE
130,5494
=130.5494

1 MIN
MAX
MAX
MIN
MAX
MiN
MIN

1
1

PANEL FORCES
7

FLEXURAL PANELS
T-COL LCAD

g OO0 OO0 WVin
m‘w ~Newe N M
888 2o ¢n 33
05 oo oo So

5 o6 Sa

Mg v
8337 PR PR 3
£Em= 93 9F -

ST JNNEVAR N

= e 3

£2% 55 55 88

oo oo oo oo
5 o9 o8 oc
e
%
mvl MM S

T 2R oR T RR
ﬁ =M NN nn gl 3
a K e e e
- —e N WY e
- b ;
]
o
=

14.6782
~14.6782

LOCA

o
=
g B
— =
g £ 2285 ik kR 2B
£ 2 gyog KK KK 23
x OO ewo e O
w T e e .
.
- 3
ey
"
o
w =
QO - OO W sm w00 o0 O [=]=]
b A S el a4 T2 T ] o Qo o9 o0 O m
Qo M QO NN NN - = b oo oG oo 2=3
S S TR I R S s
20 OO0 OO0 NI NN W oo m oC OO0 OO0 Qo
NO M S . v X W
e e e < = -
. ' ' o W
[
ME XE XX XZT MNE : M ME WE XX
L e A — — MI. . o — u.l m-l Ml
X XX XX x x - »n x = x x
wl W
—_— e e, e e ] QO O e e e e
w -
o X W
— L] h=d ~4 [La) d w x - ~ [aa) ~
- - - - o -
x 3
] [=]
x o
(=3

9.4305

-9.4305

0.7233
-0.7233

0.7632
-D. 74632
80,8200
-80.820Q

D.7632
-0.7632

t-12

20.3207
.3207



DUTPUT FOR CASE STUDY #1

1.164%
=1.1649

9.4528
~9.4528

14.7102 1.8674 1.6819
~%4.7102 -1.86T4 -1.6819

14.5937
-14.5937

. 0000
.0000

1]
0

-

1.5764
-1.5764

1.7662
-1. 7682

180. 5945
- 180.5945

21.379%
-21.37%%

21,4273
-21.4273

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

96.7102
<14.7102

14.5937
-14.5937

0.1007
-0.1007

9.6756
-R.6756

9.6903
-9.6903

0.074%
-0.0749

9.6903 9.6756 14.2844 D.9624 0.1497
-9.6903 9.6756 14.2844 -0.1624 0.14697

0.0009
0.0000

A
MIN

BEAM FORCES

0.0599
-0.05%99

0.0599
~0.0599

0.0000
0.0000

15.5787
-15.5767

25,2585
-25.2585

25.2585
-25.2585

23.4172

-23.4172

0.0781
0.0781

—

6105
.8610%

g

2.459¢
-2.4599

G.8299 2.6105 2.4599
-2.6105 -2,4599

«0.8299

MAX
MIN

-

19

11.4809
-11.4809

0.3007

-0.3007

MAX
MIN

13

3.3123
3.3123

——

13.338%
-13.3385

——

0.8962
-0.8962

16

26,3066
-26.3086

28.5609
-28.5609

0.188%

-0.188%

MAX
MIN

20

0.6427
-0.4427

——

—

0.442
~0.442

MAX
L)

24
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0.0000
0.0000

SHEAR-FORCE

14
T

ol

OUTPUT FOR CASE STUDY #1

AXIAL - FORCE

BOT -MOMENT
-8.0001

IN SAME SEQUENCE AS INPUT

PANEL FORCES
FLEXURAL PANELS
LOAD

T-COL

For

1

MINOR
SHEAR
C.1200
-0.1200

EAR
1547
-6.,1547

MA JOR

SH

1

FRAME TYPE

FIRS T FR AME LOCA
LEVEL 1D

TORSIOKAL

LEVEL NO 3

LINE LOAD

10
14

15
KEMBER FORCES ..... FRANE 1D

COLUMN FORCES

0

11.229%
~11.2294

13.0322

-13.0322

0.0000
0.0000

——

200

200
0.7457
~0.7457

-

ca

1.7594
7596

-1

2.9232
-2.9232

1.2864

-1.2844

13.978%
-13.1785

0.0000
0.0000

MAX
L]

-

4£.9845
-4, 9866

8.9358
B.9358

BEAM FORCES

0.1
-0.1

0.4491
=0.4491

MA|
1L

——

c-14



QUTPUT FOR CASE STUDY #1

0.5934
-0.5936

0.59
-0.59

0.0000
000D

o

.03N
>%.0371
7.0305
-7.0305

2.589?
-2.2897

7.0700
-7.0700

0.4524
~0.4524

MAX
MIN
MAX
MINK

13

7.0303
-7.0305

7.0700
-7.0700

——

99
o0

14

4.6902

-4.6902

4.0078
-4.0078

0.6445

-0.6445

MAX
L}

4.6902
4.86902

0.6445
~0.6445

MAX
MIN

—

0.0676
-0.0674
0.1333
-0.1333
D.0476
-0.0476

0.1333
-0.1333
0.0674
-0.0674

SAME SEQUENCE AS INPUT

AXTAL-FOR
96,4841 e
-96.4841

3

%4

0.0000
0.0000

94
-9

MIN
X
MIN

1
1

LOAD

6

BRACING ELEMENTS - LISTED [w
7
1%

FLEXURAL PANELS
T-COL

PANEL FORCES
1 COL LOAD

:3ns

whdkbenn END OF OUTPUT it 2 217

MA
M

——

15

c-15
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APPENDIX D
INPUT FILE FOR EIGHT STORY R/C

BASE ISOLATED STRUCTURE
{Refer to Section 4.2)
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A

INPUT FOR CASE STUDY ®2
EIGHT STORIES R/C BUILDING iN CALIFORNIA
UNIT KIPS-IN-SEC
GENERAL CONTROL TNFORMATION
2 B 12 28 30

?WER?TRUC!I'URE SCNTROb INFORMATION
INTEGRETION CONTROL

0.005 0.001 5000 200 1

NEWMARK METHOD COMTROL PARAMETERS
0.5 0.25

PARAMETERS

Eimnc'mxe CONTROL PARAMETERS
0.07 0 384,22

.‘l;

SUPERSTRUCTURE INFORMATJON #wde

EIGHTH STORY-GENERAL INFORNATION )

;gem 2.819 589802  421.5  &3%

;?;TH 3.529 738151 421.5 &39 0

;?;T" 3.529 738351 421.5 839 0.00 0.00
;gm 3.529 738351 &21.5 639 0.00 0.00
mﬂu 3.526 738351 421.5 639 0.0C 0.00
;gEOND 3.555 743790 L2%.5 639 0.00 0.00
;?;sr 3.555 743790  421.5 639 0.00 0.00
157 I.555 743790 421.5 617 Q.00 0.00
FRAME CATA

EXTERNAL FRAME

i 45 7 13 ¢ 0 0O

COlilMN EIHE ECIIDIIATES

2 0.0 237

3 0.0 _ 474

4 0 mi

S 0 98

¢ 0 1185

7 0 1422

8 233 [}

1] 233 237

10 233 L£76

B OB W

13 235 1185

% 233 122

15 46 0

16 Lbb 237

17 W66 L76

18 466 711

19 466 948

20 466 1185

21 4o6 14622

22 699 0

23 699 237

L 699 476

25 99 711

26 699 4B

27 699 1485

28 699 1422

COLUMN PROPERTIES

1 3150 '552& 269 269 14762 B7648 8748 12.0
$ 3030 ere se1 sel e ey el %%
4 31?0 673 §58 558 75846 ﬁg&. 25 12
5 3120 TB. 651  &51 36 51221 51227 12,0
& 380 7 637 637 BOITY 65536 MuB&4 12.0
7 3150 432 359 359 25349 20736 11664 12.0
BEAM PROPERTIES

1 3130 818 26 1 4 & 2 12.1_12.0

2 M50 X9 268 18452 4.0 4.0 2.0 12.0° 12.0
3 ;so 5¢ 25349 20 4.0 4.0 2.0 12.0 12.0
s 330 58 Jedlo 1mer £ &8 28 188 18
g igg 398 51872 :;z%g l‘..o 44.02 2.92 12ig fé.o
8 350 235 ;2943 19521 4 & 2 14 1%
9 150 4?239 /I BS¥Us 4 L 2 14
to ~3150 21331 15972 4 4 2 13 13
1 ;150 438 21339 21296 4 4 S 14 14
12 3180 478 48256 37848 4 4 1% 14
13 3150 518 53914 29952 4 4 2 1% 14
BEANS LOCATION

] 5 70000

1 6 2 0 0 0

| 5 9 1000

SEERRRE

§33 g2 3 8 3

s s ; 1000

12 1000
} g 41 D 0 G 0
& 5 2 000

; g & 9 100 0

SEEEREE

4 4 E 2 8 3 00

4 45 41000

D-1



INPUT FOR CASE STUDY #2

OO OO RO N OO NC OO OO0 N0 ROOROCOOOOOOOOOLOOOOLO0OOOOCOOCOOODOLOCOOLCOOOOCOOOOOOLO0OOOCOoD
[=i=leialalalaielslelaloagpelei=lelelslelelelelelelie=delefelal=t=loelis]efe]etelelelala]=feloteleieleialalelaiaieielalafeldetelaladal=lat=lalatafa]alatele ol oo lolele]ole] oo leleleelelelelw el Yol -] -]
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OO T OO YT T OO O ONMONMONMONNMOOr rmr QO rQOr r OO ~r QO v~ QO— v QO r OO - ONMO O~ MO MOGCMOMNNMC QOO r—
921242312‘9213337627627 627.0 2?. 6213693123691236912369‘236917:05812369136?3762’-0627051736‘1762138317!6

— o e e

5566666-(7777883699900011122233344“‘999990000011111 BIBSAIOI I MUANIA 3 F 3 < SN O 0 OP- AP - 200050 0O O 0 OO O D T r—r— r— 0 009
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INPUT FOR CASE STUDY #2

OO CoOo00O0NOCOOOOORROLO0DOCCCOOLO0IDOOOOOROOCO0000D00EOoORROOOODOCOOOCROOOOOO
DOoODOoOD0O0O000COOOoOOoOOCOODOoOOOOOOO0ON OO COCOOOORROOOOOOOCCOOINOCOOOOLODOoODOD

f=llalalelolalelelslelalalelalslalelrlole ivlelel=tale=lel=lelsfoleirlolelalslalolelelelelelelslalale alslolelclelate =lalelalatetalafalalats sl )

-

OO OO OO OO e OO0 e OO e = O NG RIMIO0 N O I M OO 3 e e e DO s 3 i kD O 3= OO = O N = SO0 s P P OO o PN D v v S e P v = v W v
-

Our 0N OO O B r— DO O — M OO r— i OO ”38-1....7. .bn-MT. 6..1‘76”7. 61-/1»7'&01.““369 --\147.69171.-‘“ 69!&-.‘1!169””69”” 69!7!.”6” wzsnﬁss OGOt P e DO D O T v e et

——r e e

SOP i e e 0 E04D S0 O O OOV OO O 0 80 v v v v— v OGN SO AU M) o 8~ W YO 30 SO B e €0 20 80 40 S0 MMMINTF wF o8 SN WD OO0 B B b g0 e 2
e e e v e e e i e v (4 S TN OO O OO OIOU PO DO AN O B RO 0 8N OO AN O AU IR AR iy B RN B IO 0N O A IO 0
TN PP e = O M = CJ P M P e A N O 0

OO0 OO P B B 30 FOR0E0 M 0N O O O D OO O O MWD OO M e 040 O O O O O O v = o v v (OO M4 W) MY oF 8 3 A0 0 O OPe b

A A e e e At At )  OIDOU O 1 0 ey i i e e R e = OO O O O N OO 0NN 0 P PO INCUOUNI N IO

Lt JaVTar [ar]
=4
PN N A LTt o Tn at et Tl al alal ety glel oLyl alat gl L2l LalalalaTop gl ala L og L Ly B S Q St S8 SN BN S A A A B B g S At S SX AN g JX S ) —rere
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INPUT FOR CASE STUDY #2

I A PO RIPIRIINI A A FOFU R 8 —8 8 8 b b bl bt bbb b b 5 b — —a
00~ O VR AHO 2 2t OO 0000 00 G0 000~~~V O WP B 3 P W W AN

I A A FOROIIIIND A PSS b b b B Bl b b b i b ol bt b b b b b bk
RNV EWN=O 0 QO 00000008 0000 N~ N0 O8O WS- U N RO P etk

&7

N N SN L ot LA S UL ) —8 LLN S b UL md U e LT L e LR

1
1
1
1
1
1
1
1
1
)]
7
7
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
7
7
7
7
7
7
7
7
1

FRAME 1 LOCATION

10D 0 a0
SUPERSTRUCTURE DAMPING
D05 0050

- . .05 0.05 0.05 0.05 0.05 0.0 7. 05 6.05 0.05 0.05
ECCENTRICITIES OF MASS

G FLOOR

6 1029 BA2 733 588 461 294 147 O

* BASE ISOLATION SYSTEM DATA wwww
FENESS CATA FOR LINEAR ELASTIC REARING
136.73 136.73 87155787 C 0

MASS OF BASE

.581 749211

GLOBAL DAMPING

) s LD DO GO O

. lis)
— A =ODOQODOO

ol

gEfR?NG DATA

3.88 0.04 0.6 0.0% 0.08 0.06 0.4 0.01 430
§.§B 0.04 0.6 0.01 0.08 0.04 0.6 0.0t 430
2.28 0.04 0.6 0.01 0.08 0.04 0.6 0.07 43¢
g.?ﬁ 0.04 0.6 0.0 0.08 0.04 0.6 0.01 430
8.28 0.04 0.6 0.0% 0.08 0.04 0.6 0.01 430
g.g& 0.04 0.6 0.0t 0.08 0.04 0.4 0.01 43¢
g.lz& 0.D4 0.6 0.01 0.08 0.04 0.6 0.01 430
g?& 0.04 0.6 0.07 0.08 0.06 0.6 0.01 430
(3]28 0.04 0.6 0.07 0.08 0.04 0.6 0.01 430
g?ﬂ 0.04 0.6 0.0% 0.08 0.04 0.6 D.01 430
g.g& 0.D4 0.6 0.07 0.08 0.04 0.6 0.01 430
g.E& 0.04 0.6 0.0% 0.08 0.04 0.6 0.01 430
(}J?& 0.04 0.6 0.01 G.08 0.04 0,6 0.01 430
(!).28 0.06 0.6 0.01 0.08 0.04 0.6 0.0t 430
ggﬂ 0.04 0.6 0.01 0.08 0.04 0.6 0.01 430
gg& 0.04 0.6 0.01 0.08 0.04 0.6 0.01 430
l}l?& 0.04 0.6 0.01 0.08 0.04 0.6 0.0% 430
G.08 0.04 0.6 0.01 0.08 0.04 0.6 0.01 430

D4



INPUT FOR CASE STUDY #2

D-5
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APPENDIX E
OUTPUT FILE FOR EIGHT STORY R/C

BASE ISOLATED STRUCTURE
(Refer to Section 4.2)

E4



QUTPUT FOR CASE STUDY #2

RARARAARR AR AR AA SRR AN A AR A RS AR AN AR AR AR A AR AR R hd bbb bbb R dd

PROGRAM 3D-BASIS-TABS ... A GENERAL PROGRAM FOR THE NONLINEAR
WIC MIALTSIS OFf THREE DIMENSIONAL
IA ISOLATED BUELDINGS

DEVELOPED BY ... SA'I'ISII NAGARAJATAH
CHEN LI

ANDRE | N. RE INHORN

AND MICHALAKIS C. CONSTANTINOU
DEPARTMENY OF CIVIL ENGINEERING
STATE UNIY. OF NEW YORK AT BUFFALO

VAX VERSION AND PC VERSIOM, DEC. 1992

MATIONAL CEMTER FOR EARTHQUAKE EWGINEERING RESEARCH
STATE URIVERSLTY OF NEW YORK, BUFFALO

FERRANEEAN AT AN TR RAR NN RCREVANRECARR IO AT A A AT AR ATENANT NS EAT AN TR TN ey

THIS PROGRAM HAS BEEN DEVELOPED JSING:
(1) PROGRAM 3D-

DEVELOPED BY ... SATISN NAGARAJA AW
REI W, R l NHORN

3
ANDHIC LAKIS C. CONSTA TIW
DEPIR’I*IT Of TlviL ENG"IEERI
STATE UNIV. OF NEW YORK AT SUFFALD, YAX VERSION, 1990
(2) PROGRAM ETABS

OEVELOPED BY ... E L HILS?I

DOVE
D J, HOLL
DEPARIHENT oF Cth ENGINEERING
UNIVERSITY OF CALIFORNIA, BERKELEY, SEPTEMBER 1974, REVISED MARCH 1979

AR AT AR RNV AR A AN AN T AN AN AAN T A VAT TE RN NARACTRAARC AT ANRRARRL AN TN AN ENAY

whwdddk bk niRRm Of I"NT DATA EEFRERTEER
EIGHT STORIES R/C BUILDING I[N CALIFORNIA
UNIT KIPS-IN-SEC
GENERAL CONTROL INFORMATION
2 & 12 28 3000
?WER%TRUCTU«RE Cﬂl'l'lotd INFORMAT 108

1
INTEGRETION CONTROL PARAMETERS
0.005 0.001 5000 200 1
gEgﬂsﬂgsﬂETm CONTROL PARAMETERS
EARTHGUAKE CONTROL PARAMETERS
2.0.01 0 386.22
*##% S IPERSTRUCTURE INFORMATION *=rw
EIGHTH STORY-GENERAL INFORMATIOM
1%7 2.a1% 589802 421.5

L] 0
SEVENTH
;1;71" 3.529 738351 £21.5 639 0 0
;II.?TH 3.52¢9 738351 421.5 639 0.00 0.00

147 3.529 738351 421.5 439 0.00 0.00
3.529 738351 £21.5 639 0.00 0.00
;:;RD 3.555 743790 £21.5 639 0.00 0.0
1l|$w 1,555 743790 421.5 639 0,00 0.00

FIRST

167 3,555 743790 421.5 639 0.00 0.00
FRAME DATA

EXTERNAL FRAME

1 8 28 45 7 13 0 0 0
CDI:'.LIN b_lHE SWDIIATES
Z 0.0 237

3 0.0 474

'3 0 711

5 0 %8

-] 0 1183

7 0 1622

- 233 Q

9 3; 7

10 474

11 3 71
I

14 gi 1422

15 458 g'.'.

1? 456 7

1 464 474

18 466 711

19 68

g2 B
& o
28

%z 99 N8

21 oW nes



QUTPUT FOR CASE STUDY #2

o O
o w00
R =00 s Y
Rt ity iy 13
N o e
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o o (=]
o OO0 oooCo -
NN 0 " .
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- —_— ————— Mgg P
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NOOOO
— o e s ey 15 2" [a"]
e 1ot b NI Y
23 ~
Ly 32”0 200000 NN
— s
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[=] 328~
“l &m Ch QOO0 + ~F~r
L

O v 00—

Ot
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Ju
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a 0 OO BNNNNMIAMMNE 32 -FNAD N b A A o
Bl woooooRoocacnooaRaRas 00000 RRNRO* LR T NNNADNI I IS0 22 2 Do m S NI
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QUTPUT FOR CASE STUDY #2
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OUTPUT FOR CASE STUDY W2

.05 0.05 0.05 0.05 0.05 §.05 0.05 0.05

(=]

~

-

=

-
0A000OaBIBOOOO oS0 3
s g

GOCOOOARCICSOO WM w
5 NODOO m

OO0 COO000000

STIFFNESS DATA FOR LINEAR ELASTIC BEARING

136.73 136 75 8755787 0 O
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GLOBAL DAWPING
0 % 09
ARING DATA
0.25 0.04 D.6 0.01

0.6 0.0%
0.6 0.01%
0.6 0.0%
0.6 0.0
0.6 0.0

0.6 0.01
N 'ﬁs OF BEAR
L74

237
0

VIVIVAAVHAUVIAWMWAAAI =G © O © © O O O O © O 0 D O 0 0 0 ©0 © 0 0 0 O o o
(=]

0

3
?28 0.04 0.6 0.01
gg& 0.04 0.5 0.01
g?& 06 0.6 0.07
ggﬂ .06 0.6 0.01
gg& 04 0.6 0.01
gg& .04 0.6 0.01
0.08 0.04 0.5 0.01
36
0.08 0.04 0.6 0.0
34
gg& 04 0.6 0.01
gg& .04 0.6 0.01
gg& 04 0.6 0.01
gg& .04 0.6 0.0
ggﬁ .04 0.6 0.00
ggB .04 0.6 0.01
gg& .04 0.6 0.01
gga .04 0.6 0.01
ggﬂ .04 0.6 0.01
g.gﬂ -04 0.6 0.01
g.gﬂ 04 0.5 0.01
ggﬁ .04 0.6 0.01
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QUTPUT FOR CASE STUDY #2
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OUTPUT FOR CASE STUDY W2

8 §1§0.00 i%-’».OO 265.00 269.00 14762.00 B8743.00 874B.00
7 120.00 4. 00 26%. 269.00 14762.00 B74B.00 B74B.00
[ §150.00 576.00 478.00 47B.00 46656.00 27648.00 274648.00
S 150.00 576.00 478, 47B.00 46456.00 27648.00 27648.00
[ 3150.0 676.00 561.00 3T.00 64262.00 38081, 1.0
3 3150.00 676,00 561.00 1.00 64262.00 38081.00 38081.00
2 3150.00 784, 651.00 651.00 .00 51221.00 51221.00
1 3150.00 784.03 45100 651.00 B6L36.00 51221.00 51221.00
COLUMN LINE Nu. 20

LEVEL E A MAJ SA MIN SA TORS | MAJ | MIN [

8 3150.00 324.00 269.00 26%.00 14762.00 B748.00 8748.00
? 3150.00 326.00 26%.00 269.00 14762.00 B748.00 8748.00
) 3150.00 576.00 478,00 47B.00 46656.00 27648.00 274648.00
5 3150.00 576.00 478.00 478.00 46656.00 27648.00 27648.00
4 3150.00 676.00 $61.00 561.00 64262.00 38081.00 38081.00
3 3150.00 9;3.08 561.00 561.00 64262.00 38081.00 38081.0Q
3150.00 . 651.00 651.00 86435.00 51221.00 51221.00
1 3150.00 784.00 651.00 651.00 B86436.00 51221.00 $1221.00
COLUMN LINE NC. 21
LEVEL E A MAJ 3A  MIN SA TORS 1 MAJ | MIN I
g 3150.00 432,00 35¢.00 359.00 25349.00 20736.00 11664.00
7 3150.00 £32.00 35¢.00 350.00 25349.00 20736.00 11664.00
[ 3150.00 A!S.OO 350.00 350.00 25369.00 20736.C0 11664.00
5 3150.00 432.00 3159.00 359.00 25369.00 20736.00 11664.00
4 3150.00 432.00 35%.00 359.00 25359.00 20735.00 11664.00
3 3150.00 432.00 35¢.00 359.00 25369.00 20736.00 11664.00
2 3150.00 432.00 359.00 359.00 25389.00 20736.00 11664.00
1 3150.00 432.00 359.00 359.00 25349.00 20736.00 11664.00
COLUMN LINE NO. 22
LEVEL E A MAJ SA  MIN SA ToRS | MAS | MIN |
8 3150.00 676.00 561.00 561.00 64262.00 38081.00 38081.00
7 3150.00 676.00 561.00 561.00 $4282.00 3B081.00 38081.00
& 3150.00 676.00 561.00 9561.00 64282.00 3B0B1.00 38081.00
S 3150.00 676.00 561.00 561.00 64262.00 3B081.00 38081.00
4 3150.00 676.00 561.00 S41.00 64242.00 38081.00 38081.00
3 3150.00 676.00 561.00 561.00 64262.00 38081.00 3B8084.00
2 3150.00 676.00 561.00 561.00 64262.00 38081.00 38081.00
1 3150.0 &76.00 561.00 561,00 64262.00 38081.00 38081.00
COLUMN LINE NG, 23
LEVEL E A MAJ SA  MIN SA TORS | MAJ T MIN 1
8 3150.00 432.00 35%.00 359.00 25369.00 20736.00 11664.00
7 3150.00 432.00 359.00 359.00 25389.00 20736.00 11664.00
8 3150.00 35000 350.00 25349.00 20736.00 11664.00
5 3150.00 432.00 359.00 350.00 253¢9.00 20736.00 11664.00
&4 3150.00 432,00 .00 35¢.00 25369.00 20736.00 11664.00
3 3150.00 432,01 150,00 359.00 25369.00 20736.00 11664.00
2 3150.00 %32.00 15¢_00 359.00 25369.00 20736.00 11664.00
1 3150.00 432.00 359.00 359.00 25349.00 20736.00 114664.00
COLUMN LINE NO. 24
LEVEL E A MAJ SA  MIN SA TORS 1 MAJ 1 MiM !
8 3150.00 432.00 359.00 350.00 25349.00 20736.00 114664.00
7 3150.00 43%.00 35¢.00 g . 25369.00 20736.00 11684.00
[} 3150.00 432.00 359.00 . 25369.00 20736.00 11664.00
5 350.00 43200 354.00 359. 5369.00 20736.00 11664.00
4 $0.00 432.00 399.00 359.00 25349.00 20736.00 11664.00
3 3150.00 432,00 359.00 359.00 25369.00 20736.00 11664.00
K 3150.00 432.00 359.00 25369.00 20736.00 11664.00
1 3150.00 432.00 359.00 359.00 25369.00 20736.00 11664.00
COLUMN LINE NO. 25
LEVEL E A MAJ SA  MIN 5A TORS 1 MAL | MIN |
8 §150.00 432.00 359.00 359.00 25359.00 20736.00 11664.00
7 150.00 432_00 359.00 359.00 25369.00 20736.00 11664.00
[ 3150.00 43200 359.00 359.00 sg 9.00 20736.00 11664.00
5 3150.00 432.00 359.00 359.00 9.00 20736.00 1166&.00
4 3150.00 432.00 359.00 359.00 25369.00 20736.00 11684.00
1 150.00 432.00 359,00 3156.00 25369.00 20734.00 11664.00
2 3150.00 432.00 359.00 359.00 25359.00 20734.00 11664.00
1 3150.00 432.00 359.00 359.00 25349.00 20736.00 11644.00
COLUMN LINE NO. 26
LEVEL £ A MAJ SA  MIN SA TORS ! MAJ 1 MIN |
a 3150.00 432.00 359.00 359.00 25369.00 20736.00 11664.00
7 3150.00 32. 359.00 359, £3369.00 20 00 11664.00
& 150.00 32. 59.00 359.00 25369.00 £0736.00 11664.00
5 %150. 432.00 359.00 359.00 55369.00 20736.00 11664.00
& 150. .00 359.00 359.00 25369 20736.00 11664.00
g 2150.00 ng.oo 59.00 ggQ.gg 5369.00 50736.00 11664 .00
150.00 4£3¢2.00 59.00 9. 5369.00 20736.00 11664.00
1 3150.00 432, 35¢.00 359.00 25369.00 20736.00 11664.00
COLUMN LINE NO. 27
LEVEL & A MAJ SA  MIN SA TORS ! MAJ ] MIN |
9 3150.00 £32.00 359.00 59.00 gﬁgm 20736.00 11664.00
150._00 4£32.00 35¢.00 59.00 .00 20736.00 11684.00
g 31?3.00 4;%.00 359.00 59.00 52369.00 58736.00 11664 .00
: 130000 43500 33900  339.00 23369.00 S0P0.00 1lece o
IS IR bR bsdhe amw s
% 3150.00 4;5.00 323.80 259.00 32369.00 20736.00 1 .00
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LEVEL E A MAJ SA  MIN SA TORS ! WAJ 1 MiN I
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OUTPUT FOR CASE STUDY #2
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10

QUTPUT FOR CASE STUOY #2
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QUTPUT FOR CASE STUDY #2
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OUTPUT FOR CASE STUDY #2
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DUTPUT FOR CASE STUDY W2

o
o-2-r
D00

27,6743
27,6743
b 3402
4k . 3402

37.5637
-37.5937

2085 _4422
-2055.4622
1840, 4996
- 1840.499¢

34649253

3647. 7091
- 3666 .9253

<3647 . 1091

7
14

]
8

1348475
-1348.475
1161 5450
-1161.5450
1806.7393
-1806 7393
1394.9258
-1394.9258

1

222 9761
-222.9761
222.7598
-222.7598
218.3739%
-218.373¢
£38.1900
- 2381900
221.3384
-221.3384

FRANE TYPE

.00

2728 8564
~2728 8554
I579.5724
-31579.9724
9524.1089
-5524.1089

RESP?NSE

1L OCAT

LEVEL 1D

0.00
17314040

-1731.4460
29979854
-2197.9854
2091.8799

F RAME
-2091.879¢

2 MOMENT
T MOMENT
-294848.21

291871.74
1

11

0.00
37.1671
-37.1671
68,3539
-68.353%
126.56340
-126.8340

FORCE Y

-1379.05
FRAME 10
LEVEL WO

1385.06

FORCE Y

0.00
MIK

BASE SHEAR (BEARING LEVEL)
1
1

MAX. STRUCTURE SHEAR (TOP OF BASE)

FORCE X
-1337.07
MAX,
FORCE X
1386.97

1

LOAD CONOITION OEFIKITION CARDS
LINE LOAD

OLOAD

MEMB_R FORCES .....
COLUMN FORCES

0

40.9650
-40.9650

2749.1309
-2749.1309

2289 5591
- 22895591

169.3345
- 169.3345

2433 .0559
-2433.0559

371671 1077.0075
-1077,0076

-37.1671

MAX
MIN

63.4876
-63.4876

34.1196
1198
5128.167%
+5128.1673

3171.4529 3
1 <73

3
-3171.453

33.4426
-33.4426

5693,0391
56930391

ney
—
al
oo
g8
-

ey

5.834L0
6.6340
117.4671
1174870
126.6340
-126.6340
126.6340
~126.6340

MAX
MIN

£2.4220
62,6220
682922

t8.2922

72,4901
-T2.4901

2562 1436
=2562.1436

28.0006
~28.000&6

6861, 6440
- 6841 6440

2170.9302
-2170.9502
2249 6377

-2245.6377

MAX
MIN
HAX
MIN

722.6982
-5722,6982

[Talal

-

26,283
-26,283
851845
~85.1865
63,2891
-63.2891
26.1835

65,5089
-66.5085

29.8792

28,6614
-2B.65%4

742, 78746
-%7&%.75?&
TIZL . T349
-7326. 7349
1774.9797

2602 B926
~2602 .8926
2144 1665
- 2164, 1665
19977648
- 19977646
14455922

161.1983
-161.1983
32.9067
-32.9047
4.087¢
-4.0879
.5400

. 2400

175.7642

E-23

2439.4609
- 2439.4600
-5929.8271

5992.57
-5952,??86

2536.5483

5929.8271

4]
75
52.2622
52,2622

1138.5903

230B.0303
-2308.0303

23

23

126.634D
-126.6340
26.6340
26.8340
37.167

1
-1

MAX
MIK
MAX
MIN

21



[ 74

-175.7642

3

OUTPUT FOR CASE STUD.
-2536.5483

ST BTR? -29.8792 -26.183%

-1445.5922

-37.167 -1138.5903

LI

2054 . 0449

- 2054 . D&k ?

Y el vt

37.1671
~37.1671

MIN

1
1

3127.0867
-3127.0867

2035.0054
- 2035.005%4

«1.8009
-41.800%
w4703
~43.4703

,gm
2981

1581, 6499
-1581. 0499

478
6

1
-1678

21.0062
062

V.

BEAM FORCES

2685.5928
-2485.5928

34.6%28
4.6928

MAX
] ]

—

1234 7288
-31234.72%88
2571, 7361
~2571.7361

35645.34%3

2957.7395
-2957.739%

[t lnil
wan

2584 2
-2585.2

44 .5769
~6l 5769

MAX
MIN

——

~3645.3413

3521.5073
-3524.5073

3939 7271
-3939.72M

3597.06T9
-3597,0679

37764333
-3774.4333

3633.6721

-3433.6721

%&1.5002
-3861.5002

I9BB. 64897
- 3988, 4897

31903552
-3190.3552

202._9785

-202.9783

WAX
HIN

-

-~

1%

3421.6587

5.2B59

2
-2755.28%9

2749 1633
-2749 . 1433

51.233%9
-51.2339

2437.2234
-2437.2234

2628.9980
-2428.9980

2902
2942

84
B

pries

X
Phr Rt

NN
o0
~F

4

3

72.3794

3

-A399.379%4

4

S
S

3883

3922.
-3922.

77.5491
=77.5491

1
1

a2

8748
3043,9028
-50439028

23

3013.8208
-3018.2208

35.2493
-35.2693

MAY
MIN

-

24

76.4073 3549.7737 3I579.4309

MAX

25
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QUTPUT FOR CASE STUDY #2

1 HIN -75.4073 -3549,.7737 «3579.4309
26 1 MAX 83.9827 1705.5425 1711.133
1 MIN -83.9827  -1705.5425 171101334
27 1 max 204.0952 3275.5935 35249812
i WK -204.09%2 327505935 (X3 Iee12
28 1 MAX 7.5715 512, 1895 3505.1768
1 MW -gr.ms »3515.1395 -3503.1765
2% 1 WX 58,8300 3504.3743 3503, 8066
1 MmN -58 _R300 -3504.3743 -3%08._8064
1 1 MAX 61.94315 3500.4434 3500.6135
1 MIN -61.96316 - 3500.4434 -3500.4135
3 1 MAX 61.4767 3508.2043 3;15.0%9
1 MIK 61,4767 ~3508. 2043 ~X516.09¢9
32 1 MAX 178.9155 3325.8635 12756292
1 MW -178:9155  -330518835  -3275.4202
13 1 MAX 138.3543 528.3772 46934224
1 M -IRBIRELY W3B28)3TT2 469314224
34 1 MAX 129.94 920.2236 35761906
1 MIN -159.9&2% -;928.2236 -3572.;906
35 1 MAX 111.2991 3643.0972 3279.6731
1 MIN -111.2997 ~3643.0972 ~3279.6731
16 1 MAX 112.7435 1526.9009 3140.0598
1 MIN SM207%35 352619009 -3140.0598
7 1 MAX 141.2087 33 9.650€ 2992.8967
t w®IN -111.2087 -3350.6506 -2992.8967
38 1 MAX 130.3772 21509749 2871.1758
1 MIN -130.3772  -3150.9745  -2871.475R
39 1 MAX 138. 2659 2364 206 3172.5955
1 MIN -138.2459 -2394.3408  -1173.5955
40 1 MAX 249.9274 3694.7761 315704852
1 NN 249 9274 -369L 7781 -3157.045?2
41 1 MAX 583831 2747 .B298 2795.0181
1 MIM -58.3831 2747 .B25% -2795.0181
&2 1 Max $2.789 832.2808 2827_116%
1 MIN -52.785 -%832.2&08 -2B27.116%
3 1 mMax 2.3023 2827.2385 zssz.gzs-s
1 MIN -8213023  -2827.2385  -2A32 3348
4 T MAX 55.3919 2798, 6833 2748.8027
T OMIN -56.391% - 2798, AR13 -2748 8027
&5 1 MAX 137.4427 3174.8494 3715.0234
1 MIN -137.4427 -3174.8494 -3713.0234
MEMBER FORCES ..... FRAME 1D F RAME 1 L OCAT FRAME TYPE 1
LEVEL NO 2 LEVEL ID
COLUMN FORCES
0 LINE LOAD TORSIONAL MAJOR AXIS AXIAL MINOR AXIS MAJOR
L1 mAx M4pe90t  JesaoiN:  anar-eosy T30 oB0n3med  Sieicheny SE%
1 KN ~u5253% -1658.303, —5351::;99 0858 ENeamE  og-an -giaevs
2 1 MAX $5.1727 2891.0933 3089, 6699 199.8299 1824, 6326 1881.3312 4B.6249
1 W -55.1727  -Z891.0933 .3089.5699 -199.8299  -1824.8336  -1881.3312 -48.6241
3 1 MAX 56,1727 2135.8232 2930.4038 0. 973 1695 .2843 1807.0782 46,0659
1 MIN -86.1737  -3735.8337  -3930.4038 -500.2973 -1633.2&.3 -1507.3752 -46.0669
% 1 MAX $6.1727 2805,399¢ 2907.4028 191.7334 1527.9084 1404.8330 46,4455
1 KIN -56.1727  -2805.399%  -2907.4078 -191.7336 -1537.9084  -1486.8330 -b6 4455
5 1 MAX 162.2906 2805,1736 3087.8433 2073650 1903.0852 2164.323;2 47.9109
1 KIN -155.2906 -2805.1736  -3087.8438 -207°%450  -1903.0852 -zm.ig;z 479109
6 1 mAxX 162.2906 2959.2912 3238.4673 190, 1634 1782.4370 2051.0195 50.3876
1 NN -142.2906 -7959.2112  -3238 4873 -190.1634  -1782,4370 -2051.0195 -50.3876
7 MAX 142.2906 1804.7036 196.2021 19.8750 1610,8267 1913.2593 32.5277
} MIN 7y 3524y ER 2 a0 - SR W+ T H -219.8750 -1610,51.? -1313.5393 -32.2577
8 1 MAX 56.1727 16056086 1827.460% 154. 0962 ig“&‘ 12B8. 4468 27.9111
1 NN -BAIAT27 -1605.6086 - 1827.4609 ~154.0992 3374826 -328B.ub58 -2 9
9 1 mAX 191. 3739.0876 4085.79%8 6.3811 4T52.8560 4795.5469 63.6170
1 MIN -1910 -3759.0876  -4085.79%8 -563311 4TSZ. 580  -4795.5469 -63.6170
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OUTPUT FOR CASE STUDY #2

65,5749
-65.5749
63.5581
-63.5%51

67.9460
-67.9460

7.3359
7.3359

——
~Tr

3698.3882
-3896. 3882

®i:

10

65.2309
-65.2309

n

751.0454

3
+3751,0454

3408.8550
-3408.8550

12

68.2474
-68.2474

4375.4292
-4375.4292

4£039.055%
-4039,0559

18.1679
-18.1679

36622729
-3662.2729

3316.6360
~3316.6360

13

2269.6921
-2269.6921

139.7222
-139.7222

14

3265.6917
-3265. 207

-——

15

16

70.4949
=7D.494%

4£212.3540
-46219,3540

3879.0083

-3879,0083
5883, 7590

191,3888
-191.3883

MAX
MEN

17

3960.3004
-3960.3994
3817.8999

-3817.899%9

4224, 7500
~4224.7500

.3888
.3588 -3883.759C

1
1

19
-19

HAX
MIN

18

59.5405
-59.5405

65.9048

-65.9048

350%. 5840
-3505.5840

6390

5.6390

5

-3882.8821

3882.8821

191.3888
-191.3888

MAX
NIN

MAX
NIN

—

1889_4108
-1839.4198

18143341
-1815.3341

201.2463

-201.26563

3326.3545
-3326.3545

50,2075
-50.207%

50.4
-50.4

1872.2490
-1872.2490
1808.9227

-1808.9227

L alial
—

oo

1674.9229
-1674.9229

185. 7959
»185.795%

1735.0878
-1735.0878

601.6174
601.6174

—

3325.1665
-3325 1665

68.4097

3
-3166.4097

—

88
28

=

-

Ll g
nNey

1959._4063
-1959.4063

BEAM FORCES

79
P9

.30

47.7198 2992.3494 2950
-2992. 3494 -2950.,

-67.7198

MAX
MIN

—

2107 2870,5857
-2870.5857

£86
-28B4.2107

£038.5757
-4038.5767

~3886. 7837
4973.4741

3888, 7837

B2.0718
-82.0718

~4975.4741

10

4075, 1694
-&073 ., 1694

——

3855

&
-r

E-26
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1

32
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-
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170.5765
-170.5765

BB

73.13¢
-0

F54R8

34 0547
-34.0547

88
76.5932
-76.5932
88.5640
-88.5640

AR

140.74689
~140. 746869

109.0518
-109.0518

96.3743
-96.3743

96.344
-96.34%
96 _BLBS
~96.8486
108.026
-108.02

143.5313
=143.56313

B.88

3549.3411
'35593211
3780.4299
-3780.4299

3858

3758.9495
-3738.9495

35383543
33867485

2935.7690
-2935.7690

4569.4771
-4569.4771

4247.6138
-4247.6138

i
2

%53

NN e i
o 33
by =
L2 3

£E

o=

Y - Sy

3
&

;

o
o
%o

23

28
Wi

BE EE B8 B B

B

.

g

Ja &
WA
ag
P4+

S H

.

oo
VI
v .

~~
—_—
&

T

£E 2 58

£
&

2735.6750
-2735.6750

4063 6ok
~h065 . 6k4.

3270.7795
-3270.7795

;307.10 0
~3307.10.

3305.1333
-3305.1333
R Licspin

3357.4348
=3557.4368

~i.

OUTPUT FOR CASE STUDY #2

3535.9153
-3536.9153

38243423
-1824.3423

766.9226
-3786.9226

.3
-3779. 72N

3022.4197
-3022.4197

3558. 2969
-3558. ¢9¢9

%‘9?55 .4170
- 4170
4570.937C
-4%70.9370

43392964
-4339.2964

3464 .6948
3464 . 6948

8 i RE

3816.7939
-3816.7939

3625.1035
~3625.10%5

3497.0784
-3497.0786

3370.1313
-3370.1333

488

3554.0046
-3554.0045

HER

3296.0967
-32906.0967

338773

3303. 7586
-3303.7566

8877

4077.5154
~&077.5154
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QUTPUT FOR CASE STUDY #2

1 L OCAT

LEVE. ID

1

FRAME TYPE

F RAME

MENEFR FORCES ..... FRAME ID

LEVEL NO 3

COLUMN FORCES
0 LINE LOAD

MINGR AX
TOP MOMENT

2748 ,5483
-2748.5483

249,
-249.

BOT MOMENT
1932.9634
-1932 943

MAJOR AXIS
TOP MOMENT

1956.448%

-1956. 4485

MONEKT
146.2077

TORS I ONAL
-1466.2077

HAX
NIN

1
1

1

2982.509%

-2982.5095

27.4891
~27.4391

46.3402
-4 .3402

1678.9120
-1678.9120

—
[Tallal
(o]

(=]

-

7

172.1930
-172.1930

2850.6421
-2850.6421

27.290
-e7.2%0

48.2990

-48.2990

1674 .6465
- 1674 .6465

52.8062
62.8062

1
1

82, 2939

32
-3282.2939

37.1089
-37.1089

S2.659
-52.6591

L5874
L5874

3206. 8408

-3206.8408

1
1

L6.2077
-166.2077

MAx
RIN

1
1

3334.4048
-3334.404B

5.2%44

D
-3405.2544

29.9848
-29.9848

33.1006
-33.1006

1735.9031
~1735,9031

191.8%48
-191.8948

2046.6533
-2046.6533

2092.9773
-2052.9773

146.2077
-146.2077

HIN
MAX
HIN

1
1

3200.5154
-3290.515¢«

3243.8760
-3243.8750

4347.3594

L
e
2oy
et

-

1692.8728
-16%92.8728

1649.3832

“1649. 3832

ST.7191
-97.7191

——

68,1663
-68.1663

53.3430
+53.3430

4LLB 4390
~4 4684350

-4347.3594

20,4457
-20.4467

3269.1089
-3269.1089

99.4038
-5§.4038

%736.7764
-3756. 7764

—

23,4469
-53.4469

Iy

33

v

-1360.9795

3493 bohb
-3493. 6646

3360.979%
3767.1909

3352.0794
-3352.079%%

3373.9414
-3575.5414

146.2077

-146.2077

MAX
MIN

S4. 6967
-S& 6969

49 4571
A RS YA
4B.2254
-48.2254

21.0389
-21.0389

3027.8022

-3027.8022

146.2077
- 146.2077

MAX
MIN

59 732
-59.7342

-3767.1909
2656.6250

3683 . 7606
- 34683. 7666

2366.6163

15.9444
-15.9444

2953.90522
-2955.0522

2978.6626

146.2077
-2978.6026

-146.2077

MAX
MIN

~2a58,6250

-2300.6143

67.7423
-67,7423

LLAT7 9345
~hL67.9346

3796.0015

5@_7220
-59.7220

-3796.0015

3803.3152
-3803.3152

23.8218
-23.8218

3436.4004

-3436.4004

3428.5452
-3428,5452

2077
L2077

3637.7697
-3437.7607

3428.5959
-3428.595%

96.6724
-56.6724

Pt

——
s
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-3472.2050

4503.4082
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3462.451
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4209.8120
-4209.8120
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-4153.4961

2.0847
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3245.7092
-3245.7092
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-2627.3247

0B8.4534
-3088.4534

3007.6838
-3007.5838

4652. 3691
-4652.3691

4164.3267
~6164 . 3267

3477.9260
-3 77.9260

3374.7561
-3376. 7661

4075.4050
-4075.4050
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-2376.8514

3195.4004
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-3381

3390.3813
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-3368.815%

BAHR

3556.7041
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-3940.9814

2679.3318
-2679.3318
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3291.9080
-3291.9080

3258.0342
-3258.0342

2636.741
-2636.74 15

3101.3120
-3101.3120

3005.4497
~3005.4497

4652.7197
-4652. 7197
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~6236.7026

3482.2905
-3482.2905

3399.041
-3389.041
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3367.0476
-3367.0676
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-3361.3147
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QUTPUT FOR CASE STUDT #2
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LEVEL ID
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- 28564771 - 2868.9187
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3645.9380 748.1787
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35L8.¢563
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LEVEL ID
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QUTPUT FOR CASE STUDY #2
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—
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-
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N
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-3125.0521

35248

332.2215
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-4765.7378
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3414.2993
-3414.2993
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GUTPUT FOR CASE STUDY 82
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FRAME TYPE
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LEVEL 10

F RAME

MEMBER FORCES ..... FRAME 10

LEVEL MO &

COLUMN FORCES

TORS | ONAL

LINE LOAD

g

MOMEN Y

136.1103
-136. 1103

NIN

1
1

1

28.5603

3833

5. 1321
L1321

]
-

17344032
- 1734 .,4032

1493.0300
-1493.0300

25098093

-2509.8093

2587.3533
-2527.3533

53.7329

-53.7529
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~47.2548

6. B452
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-
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-2582.8018

2582.8018
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—
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5%

-

58.4146
-58.4746

22.7626
-22.7626

3626, 7307
-3626.7307

L3589 36067
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3671.3809

-3671.380%
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-4903 3247

B_5447
-8.5447

58.8198
-98.8173
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L H

-

£9.7451
-49.7651

3651.9333
-3551.9333

31547778

-3104. 7778

A0S

98.8198 3010 328
-3016.3289

-98.8198

MAK
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—

3549.4946
~3549 .49
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98.8198

-98.8198
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]

-
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-98.8198

33.6731
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8707
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2057.0852
~2057.0652
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536.8338

_5106_7639
-3536.!538

34 0598
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53.7327 137B.7676 16434 .8198
-1378, 2476 - 1434 .8198

-53.7329

MAX
N

- 34054761

98.8198
-98.8198

98.8198
-98.8198

MAX
NIN

3228.34647
-3228.3a47

3592.3824
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9B.2198
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§2‘3 bl
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7.0327
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NATIONAL CENTER FUR EARTHQUAKE ENGINEERING RESEARCH
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Publicauons Department. National Center for Earthquake Engineenng Rescarch, State University of New York at Buffalo. Red
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Virgima 22i¢ 1. NTIS accession numbers are shown in parenthests, if available
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“Verucal and Torsional Vibration of Foundanons in Inhomogencous Media,” by A.S. Veletsos and K.W.
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“Seismic Probablistic Risk Assessment and Seismic Margins Studies for Nuclear Power Plants,” by Howard
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"Parametric Studies of Frequency Response of Secondary Systems Under Ground- Accelerauon Excitations,”
by Y. Yong and Y.K. Lin, 6/10/87, (PB88-134309).

"Frequency Response of Secondary Systems Under Seismic Excitation,” by J.A. HoLung. J. Cai and Y K. Lin,
773187, (PBB3B-134317).

"Modelling Earthquake Ground Motions in Seismically Active Regions Using Parametric Time Series
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“Detection and Assessment of Seismic Structural Damage,” by E. DiPasquale and A.S. Cakmak, 8/25/87,
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“Digatal Sinulation of Seismic Ground Motion.” by M. Shinozuka, G. Deodaus and T. Harada, 8/31/87,
(PB&&-155197). This report is available only through NTIS {see address given above).

“Practical Considerations for Strucwral Control: System Uncertainty, System Time Delay and Truncation of
Small Control Forces,” JIN. Yang and A. Akbarpour, B/1(/R7, {(PB8X-16373K)

"Modal Analysis of Nonclasswally Damped Suuctural Systems Using Canonical Transformauon,” by N
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"A Nopsiationary Solutien in Random Vibrauon Theory,” by J.K. Red-Horse and P.D. Spanos, 117347,
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"Horizontal Impedances for Radially Inhomogenevus Viscoclasuie Soil Layers,” by A S. Veletsos and K. W.
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"Seisrmic Damage Assessment o} Reimnforced Conerete Members.” by Y.S. Chung, C. Meyer and M
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"Active Structural Control in Civil Engineering.” by T.T. Soong. 11/11/87. (PBR8-187778).
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“"Report  on the Whittier-Narrows, Califorria,  Earthquake of  October 1. 1987 by 1
Pantebic and A. Reirhorn, 11/87. (PBB8-187752). This report is avalable only through NTIS (see address

given above).

“Design of a Modular Program for Transient Nonlinear Analysis of Large 3-D Building Structures,” by §.
Srivastav and JF. Abel, [2/30/87, (PB8B-187950).

"Second-Year Program in Research, Education and Technology Transfer.” 3/8/88, (PB88-219480;.
“"Workshop on Seismic Computer Analysis and Design of Buildings With Interacive Graphics.” by W.
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and G. Juhn, 2/10/88, (PB88-213780).
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