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PREFACE

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

NCEER's research and implementation plan in years six through ten (1991-1996) comprises four
interlocked elements, as shown in the figure below. Element I, 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 studi~ or regional studies. Element IV,
Implementation, will result from activity in the four Applied Research projects, and from Demon­
stration Projects.
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ResearCh in the Buildinl Project focuses on the evaluation and retrofit ofbuildings 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. Ina parallel effort, analytical models and computer
programs are being developed CO aid in the prediction ofthe response ofthese buildings to various
types of ground motion.
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Two of the short-term products of the BuDding Project will be a monograph on the evaluation of
lightly reinforced concrete buildings and a state-of-the-art report on unreinforced masomy.

The protective aDd intelli&eDt SYlteDiI PfOInDi constitutes one ofthe important areas ofresearch
in the BuUdial Project. Current tasks include the following:

1. Evaluate the performance of full-scale active bracing and 8£tive mass dampers already in
place in terms ofperfonnance, 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 ofhybrid control.
4. Develop and test hybrid control systems.

This is the latest in a series ofNCEER technical reports documenting the development ofthe 3D­
BASIScomputerprogram, which is designedfor nonlinear dynamic analysis ofseismically isolated
structures. In this report, theprogram isextendedto include the simulationofthe hystereticbehavior
offriction pendulum bearings and linear and nonlinear viscous fluid dampers. The effects of
overturning moment and vertical groundacceleration on the behavior ofsliding bearings are also
included

,.., .
\.
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ABSTRACT

--7 3D-BASIS-ME is a special purpose program for the nonlinear dynamic analysis of seismically

isolated multiple buildings and liquid storage tanks. New features of this program, which do not

exist in the currently available class of 3D-BASIS programs, are new eleenents for modeling

hysteretic stiffening behavior, for modeling the behavior of spherical sliding isolation systems and

for modeling linear and nonlinear viscous fluid dampers. Furthermore, the effects ofvertical ground

motion and overturning moment on the behavior of sliding bearings have been included. C:~--
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SECI10Nl

INTRODUcnON

3D-BASIS-ME represents an enhanced version of program 3D-BASIS-M (Tsopelas et al. 1991),

which is an extension of program 3D-BASIS (Nagarajaiah et aI. 1989, 1991b and 1993).

The 3DBASIS class of computer programs were developed for the nonlinear dynamic analyses of

seismically isolated structures. Program 3D-BASIS was designed to analyze a single superstructure

isolated building. Program 3D-BASIS-M was designed to analyze single as well as multiple

superstructures with a single isolation basemat. It is suitable for the dynamic analysis of isolated

structures which consist of several parts separated by thermal expansion joints. The program may

also be used in the dynamic analysis ofisolated liquid storage tanks in which the liquid-tank system

is modeled by two multi-degree-of freedom systems, representing respectively the impulsive and

convective effects.

Program 3D-BASIS-ME maintains the features of programs 3D-BASIS-M with the following

enhancements:

1. The effects ofoverturning moment and vertical ground acceleration on the behaviorofsliding

bearings have been included.

2. A new stiffening hysteretic element with bidirectional interaction has been included. This

element may be used in modeling the behavior of high damping rubber bearings at large

strains.

3. A new element capable of modeling the behavior of spherical sliding isolation systems(such

as the Friction Pendulum or FPS bearings) has been included.

4. A new viscous element has been included that produces output force which is proportional

to a power of the velocity of motion of one end of the element with respect to the other end.

1-1



This report describes the enhanced program 3D-BASIS-ME and demonstrates its capabilities

through a series of example analyses of an isolated liquid storage tank.
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SECTION 2

OVERVIEW OF PROGRAM 3D-BASIS

Program 3D-BASIS (Nagarajaiab ct aI. 1989, Nagarajaiah et aI. 1991b) was Je·teloped as a public

domain special purpose program for the dynamic analysis of base isolated building structures. The

basic features of program 3D-BASIS are:

1. Elastic superstructure,

2. Detailed modeling of the isolation system with spatial distribution of isolation elements,

3. Library of isolation elements which include elastomeric and sliding bearing elements with

bidirectional interaction effects and rate loading effects,

4. Time domain solution algorithm for very stiff differential equations, and

S. Bidirectional excitation.

These features are maintained in the extended 3D-BASIS-M program.

1.1 SuperstnldDre Modeling

The superstructure is assumed to remain elastic at all times. Coupled lateral-torsional response is

accounted for by maintaining three degrees of freedom per floor, that is two translational and one

rotational degrees of freedom. Two options exists in modeling the superstructure :

a Shear type representation in which the stiffness matrix of the superstructure is intemally

constnlCtedby the program. It is assumed that thecenters ofmassofall floors lieon a common

vertical axis, floors are rigid and walls and columns are incxtensible.

b. Full three dimensional representation in which the dynamic characteristics of the super­

structure are determined by other computer programs (e.g. ETABS, Wilson et aI. 1975) and

.imported to program 3D-BASIS. In this way, the extensibility of the vertical elements.

arbitrary location of centers of mass and floor flexibility may be implicitly accounted for.

Still, however. the model for dynamic analysis maintams three degrees of freedom per floor.

('-1"1
I'-L.....
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In both options, the data needed for dynamic analysis an~ the mass and the moment of inertia of

each floor, frequencies, mode shapes and associated damping ratios for a number of modes. A

minimum of three modes of vibration of the superstnlcturt' need to be considered.

A recently developed version of 3D-BASIS, called 3D-BASIS-TABS (Nagarajaiah et al. 1993),

incorporates the modeling approach ofETABS (Wilson et d. 1975) into 3D-BASIS and allows for

the calculation of time histories of superstnlcture member forces and joint displacements.

2.2 Isolation System ModeUna

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.

Program 3D-BASIS has the following elements for modeling the behavior of an isolation system:

1. linear Elastic element.

2. Linear viscous element.

3. Hysteretic element for elastomeric bearings and steel dampers.

4. Hysteretic element for sliding bearings.

2.2.1 Linear Elastic Element

All linear elastic devices of the isolation system are combined in a single element having the

combined properties of the devices. These are the translational stiffnesses, Ie. and K, and the

rotational stiffness, K" with respect to the center of mass of the base. Furthermore, eccentricities

ea
B and e,.B of the center of resistance of the isolation system to the center of mass of the base need

to be specified.

2-2



The forces exerted at the center of mass of the base by the linear elastic element arc given by the

following equations (with reference to Figure 2-1)

F, = K,(u: +e: u~)
TK ·K--K··= ,u, + ,ea u, - at!,ux

y

(2.1)

(2.2)

(2.3)

C.R.
ED

Figure 2-1 Displacements and Forces at the Center of Mass of a Rigid Diaphragm
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2.1.2 Linear Viscous Element

The linear viscous element is used to simulate the combined viscous properties of the isolation

devices. All linear viscous devices arc combined in a single viscous element having translational

damping coefficients ClL and C, and rotational damping coefficient Cr' Furthermore, eccentricities

elLC and e,C are dermed in a manner similar to those of the linear elastic element. The forces exerted

by the linear viscous element at the center of mass of the base are given by :

F C ( .6 C .s)z= zuz-e,u,

2.2.3 Biaxial Hysteretic Element for EIastomerIc BearInp and Steel Dampen

(2.4)

(2.S)

(2.6)

The forces along the orthogonal directions which are mobilized during motion of elastomeric

bearings or steel dampers are described by :

F'
F, =ay-u,+(l-a)F'Z, (2.1)

(2..R)

in which, a is the post-yielding to pre-yielding stiffness ratio, F' is the yield force and Y is the yield

displacement, as illustrated in Figure 2-2. Z. and Z, are dimensionless variables governed by the

following system of differential equations which was proposed by Park et aI. 1986:

{~z Y} ={A ~z} _( Z:(ySgn(U~)+(i) ZA(ySgn(.U,Z,)+P»){~x}
z, Y A U, Z.z,(ySgn(Ux~)+P) Z;(ySgn(U,Z,) + (i) u,

in which A, y and (i arc dimensionless quantities that control the shape of the hysteresis loop.

Furthennore, Uz' U, and (jx' U, represent the displacements and velocities that occurat the isolation

element.

~ .. ('

\ .. • 10.- '\.'
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Figure 2-2 Hysteretic Element for Elastomeric Bearings and Steel Dampers. For Elastoplastic
Behavior a =O.

Constantinou et al. 1990 have shown that when motion commences and displacements exceed the

yield displacement. Equation 2.8 has the following solution provided that A/(P +"() = 1

Zx=cos8. 2, = sin8 (2.9)

where 8 is the angle specifying the instantaneous direction of motion

(2.10)

Equations 2.1 and 2.9 indicate that the interaction curve of the element is circular. To demonstrate

this. consider motion along an angle 8 with ~spect to the X-axis so that u. = U cos 8 and

U, = U sin 8. By substituting Equations 2.9 into Equations 2.1 t it is easily shown that the resultant

of mobilized forces is independent of8 and given by

(2.11)

0-= ~1...... ,
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Equation 2.11 clearly describes a circle. At the lower limit ofinelastic behavior. i.e. U =Y. Equation

2.11 reduces to F =r which demonstrates that the yield force of the element is equal to F' in all

directions. This desirable property is possible only when Af(P +1> = 1 (Constantinou et al. 1990).

In particular. A =1 and P=O.1 and 1=0.9 are suggested.

This element may be used in modeling the behavior of low damping rubber bearings. high damping

rubber bearings in the range of strain prior to stiffening and lead-rubber bearings.

2.2.4 Biaxial Element Cor SUdlng Bearings

For flat sliding bearings. the mobilized forces are described by the equations (Constantinou et aI.

1990. Mokha et aI. 1993)

(2.12)

in which N is the vertical load carried by the bearing and J1, is the coefficient of sliding friction

which depends on the bearing pressure. direction of motion as specified by angle 9 (Equation 2.10)

and the instantaneous velocity of sliding 0

o=(O~ + O~)112 (2.13)

The conditions ofseparation and reattachment and biaxial interaction are accounted for by variables

Z. and Zy in Equation 2.8.

The coefficient ofsliding friction is modeled by the following Equation suggested by Constantinou

etal. 1990:

(2.14)

.." "".'

in which,f_ is the maximum value of the coefficient of friction and la is the minimum (at (j =0)

value of the coefficient of friction as shown in Figure 2-3. Furthermore. a is a parameter which

controls the variation ofthe coefficient of friction with velocity. Values ofparameters 1_.1...and

a for interfaces used in sliding bearings have been reported in Constantinou et aI. 1990 and Mokba

et aI. 1991. In general. parameters f-.. fmila and a are functions of bearing pressure and angle

9. though the dependency on 9 is usually not important.
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COEFFICENT
OF

FRICTION

Figure 2-3 Model ofCoefficientof friction in Program 3D-BASIS. The Model CoUapses to the
Coulomb Model when f_ =f...

u.s Uniaxial Model for Elastomertc lea........ Steel Dampen ud SIIdI.. Bearlnp

The biaxial interaction achieved in the models of Equations 2.7 to 2.10 and 2.12 to 2.14 may be

neglected by replacinl the off-diagonal elements in Equation 2.8 by zeroes. This results in two

uniaxial independent elements havinl either sliding or smooth hysteretic behavior in the two ort-

bogonai directions.
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SECTION 3

PROGRAM 3D·BASIS·M

Program3D-BASIS-M (Tsopelaset al. 1991) is anextension ofprogram 3D-BASIS for the dynamic

analysis of base isolated structures with multiple building superstructures on a common isolation

system. This section concentrates on the development of the equations of motion of the multiple

superstructure isolated system and the method of solution.

3.1 Superstructure and Isolation System Conftguration

The model used in the analysis ofthe system (superstructure and isolation system) has beendiscussed

in Section 2. The same options available in 3D-BASIS were adopted in program 3D-BASIS-M.

The basic assumptions considered in modeling the system are :

I. Each floor has three degrees of freedom. These are the X and Y translations and rotation

about the center of mass of each floor. These degrees of freedom are attached to the center

of mass of each floor.

2. There exists a rigid slab at the level that connects all the isolation elements. The three degrees

of freedom at the base are attached to the center of mass of the base.

3. Since three degrees of freedom per floor are required in the three-dimensional representation

of the superstructure, the number ofmodes required for modal reduction is always a multiple

of three. The minimum number of modes required is three.

The degrees offreedom of the floors and base and the confisuration ofa multiple building isolated

structure are illustrated in Figures 3-1 and 3-2. A global reference axis is attached to the center of

mass of the base (Figure 3-1). Tbc coordinates of the center of mass of each floor of each super­

structure are measured with respect to the reference axis. The center of resistance of each floor is

located at distances e.j and e"j (eccentricities) with respect to the center ofmass of the floor (Figure

3-2). All degrees of freedom (two translations and one rotation at each floor and base) are attached

3-1



to the centers of mass as shown in Figures 3-1 and 3-2. Displacements and rotations of each floor

are measured with respect to the base, whereas those of the base are measured with respect to the

ground as shown in Figure 3-3.

SUPERSTRUCTURE I

SUPERSTRUCTURE 11

ztL:
X

Figure 3-1 Multiple Building Isolated Structure.
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As in program 3D-BASIS. the extended 3D-BASIS-M program has two options for the represen­

tation ofthe superstructure. In the first option, each superstructure is represented by a shear building

representation. In this representation, the stiffness characteristics of each story of each

superstructure are represented by the story translational stiffnesses. rotational stiffness and

eccentricities of the story center of resistance with respect to the center of mass of the floor (see

Figure 3-2). Furthermore, and only for the shear type representation, it is assumed that the centers

of mass of all floors of each superstructure lie on a common vertical axis. This common vertical

axis is located at distances Xj and Yj with respect to the global reference axis which is located at

the center of mass of the base (see Figures 3-1 and 3-2). Ofcourse, the shear representation implies

that the floors and the base are rigid and aU vertical elements are inextensible.

In the second option, all restrictions of the shear type representation other than that of rigid floor

and base are relaxed. A complete three dimensional model of each superstructure is developed

externally to program 3D-BASIS-M using appropriate computer programs (e.g. ETABS, Wilson

et al. 1975). The dynamic characteristics of each superstructure in terms of frequencies and mode

shapes are extracted and imported to program 3D-BASIS-M.

Modeling ofthe isolation systeminprogram 3D-BASIS-M is identical to that in program3D-BASIS.

Spatial distribution and biaxial interaction effects are included.

3.2 AnaIytka.l Model and Equations of Motion

A multiple building base isolated structure and the coordinates (displacements) used in the basic

formulation is shown in Figure 3-3. ui
j is the relative displacement vector of the center of mass of

floor (j) of superstructure (i) with respect to the base, lit. is the relative displacement vector of the

center of mass of the base with respect to the ground and u. is the ground displacement vector.

Each one of the these vectors has translational X. Y components and rotation about the vertical

axis.
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Figure 3-3 Displacement Coordinates of Isolated Structure.

The equations of motion of the part oftbe structure above the base (superstructures) are :

(3.1)

In the above equations M, C and K are the combined mass, damping and stiffness matrices of the

superstructure buildings, U is the combined displacement vector relative to the base and R is a

transformation matrix which transfers the base (a.> and ground (II,> accelention vectors from the

center of mass of the base to the center of mass of each floor ofeach superstnJcture building. The

3-S



subscripts in Equation 3.1 denote the dimension of the matrices. Nil is the number of degrees of

freedom in the part above the base. It is equal to the total number ofdegrees of freedom minus the

three degrees of freedom of the base. In extended fonn, Equations 3.1 are expressed as

m' 0 0 0 0 U'
o 0 0 0

o 0 m l 0 0 UI

o 0 0 0

OOOOm""U""

(I 0 0 0 0 til

o .. 0 0 0
+ OOclOO til

o 0 0 .. 0

0000c""6""

k l 0 0 0 0 ul

o .. 0 0 0

+ 0 0 kl 0 0 ul =
000 .. 0

OOOOk""u""

m l 0 0 0 0 r l

o 0 0 0

o 0 ml 0 0 ~ lUb + U, ]
o 0 0 0

o OOOmUr'"

(3.2)

In Equations 3.2, ml,~, and k' and the mass, damping and stiffness matrices of superstructure (i).

These matrices are of dimensions 3nt' where nf is the number of floors in superstructure (i). It

should be noted that matrices m' are diagonal and contain the mass and mass moment of inertia of

each floor. The range of index (i) varies between one and ns, the Dumber of superstructures. u· is

the displacement vector of superstructure (i) relative to the base. Further, rJ is the transfOnnatiOD

matrix which transfers the base and ground acceleration vectors from the center of mass ofthe base

to the center of mass of each floor of superstructure (i) :

where

(3.3)

~ -::J
o 1
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in which Xj , Yj are the distances to the center of mass of floor (j) of superstructure (i) from the

center of mass of the base (see Figure 3-2).

The equilibrium equation of dynamic equilibrium of the base is:

(3.5)

in which .M.. is the mass matrix of the base, C. is the resultant damping matrix of viscous elements

ofthe isolation system, K. is the resultant stiffness matrix ofelastic elements ofthe isolation system

at the center of mass of the base and fN is a vector containing the forces mobilized in the nonlinear

elements of the isolation system.

Employing modal reduction:

(3.6)

where czt is the orthonormal modal matrix relative to the mass matrix of superstructure (i), yt is the

modal displacement vector of superstructure (i) relative to the base and ne i is the number of

eigenvectors of superstructure (i) retained in the analysis.

Combining Equations 3.2 to 3.6, the following equation is derived

(RT~. R~~M,L."x~..J~L.,,,x,{~ ~.L..".....J~L. .....

(3.7)

in which~ is the total number ofeigenvectors for all superstructures retained in the analysis, and

~andCl>are the matrices ofmodal damping and eigenvalues for all eigenvectorsofall superstructures,

respectively. Furthermore, I denotes an identity matrix and 0 denotes a null matrix.
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Equation 3.7 may be written as:

Aiy,+Cy,+Ky,+j,=P I (3.8)

in which subscript t denotes that the equation is valid at time t. Extending Equation 3.8 to time

t+tJ, where tJJ is the time step, we have

(3.9)

Taking the difference between Equations 3.8 and 3.9 gives the incremental equation ofequilibrium

(3.10)

Accordingly, the response of the multiple building superstructure and base is represented by the

modal coordinate vectors y" y, and j,.

3.3 Method ofSolution

The modified Newton-Raphson solution proceUute with tangent stiffness representation is widely

used in nonlinear dynamic analysis programs and rapidly converges to the correct solution when

the nonlinearities of the system are mild. However the method fails to converge when the non­

linearities are severe (Stricklin et al. 1971, Stricklin et al. 1977). Additional studies by Nagarajaiab

et aI. 1989 reported the failure of this method to converge when nonlinearities stemmed from sliding

isolation devices.

The pseudo-force method is used in the present study as originallyadopted in the program3D-BASIS

by Nagarajaiab et al. 1989. This method has been used for nonlinear dynamic analysis of shells by

Stricklin et al. 1971 and by Dubre and Wolf 1988 for soil structure interaction problems. More

details and the advantages of this method in the analysis of base isolated stroctures have been

presented by Nagarajaiab et al. 1989, 1990, 1991a and 1991b. In the pseudo-force method, the

incremental nonlinear force vector A/, +41 in Equation 3.10 is unknown. It is, thus brought on the

right hand side of Equation 3.10 and treated as pseudo-force vector.

,. ,, .
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3A Solution Algorithm

The differential equations of motion are integrated in the incremental form ofEquations 3.10. The

solution involves two stages:

(i) Solution of the equations of motion using the unconditionally stable (for both positive and

negative tangent stiffness - Cheng 1988) Newmark's constant-average-acceleration method

(Newmark 1959).

(ii) Solution of the differential equations governing the nonlinear behavior of the isolation ele-

ments using an unconditionally stable semi-implicit Runge-KUlla method suitable for stiff

differential equations (Rosenbrock 1964). The solution algorithm ofthe pseudo force method

with iteration is presented in Table 3-1.

3.4.2 Varying Time Step for Aecuracy

The solution algorithm has the option ofusing a constant time step or variable time step. The time

step is reduced from MIlJp (time step at high velocity) to a fraction of its value at low velocities to

maintain accuracy in sliding isolated structures. The time step is reduced based on the magnitude

of the resultant velocity at the center of mass of the base :

(3.11)

in which, u is the resultant velocity at the center of mass of the base, MmcA is the reduced time step

when the base velocity is low (MIlJp > liImcA > liI..,Jnl ,nl is an integer to introduce the desired

reduction) and B is a constant to define the range of velocity over which the reduction takes place.

It is important to note that the reduction in the time step is not continuous as indicated by Equation

3.11 but rather at discrete intervals of velocity. This procedure is adopted for computational effi-

ciency.
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SOLO'l":IOII ALCiIOIt:I"1'IIII

K"=a1M+a.l~+K

(only if the time

TABLK 3-:I

A.:Initia1 C0D4itioaal

1. Form stiffness matrix :i, mass matrix M, and damping matrix
e. Initialize ~, ~ and ~.
2. Select time step & , set parameters 3=0.25 and e=0.5, and
calculate the integration constants:

3. Form the effective stiffness matrix
4. Triangularize K" using Gaussian elimination
step is different from the previous step) .

•• :Iteration at each tt.e .tepl

1. Assume the pseudo-force ~+& = 0 in iteration i = 1.
2. Calculate the effective load vector at time t+&:

P;+& = 4P,+& -11/,+& +M(~i, +a3ii,)+c(a~t\,+a6G,)

~,+& =P, +& - <Mii, +eli, +:iii, +1,)

3. Solve for displacements at time t+4t:

4. Update the state of motion at time t+4t:

.. .. -i ... ..... ... -i ... .. - - At'o'
0,+& = 0, +al4U;+& -azu, -a30,; 0,+& = u,+a44U;+& -a~0,-a6u,; u,+AI =0,+--,+&

5. Compute the state of motion at each bearing and solve for the
nonlinear force at each bearing using semi-implicit Runge-Kutta
method.
6. Compute the resultant nonlinear force vector at the center of
mass of the base A/,:~.
7. Compute

E
IA/,:~-A/'+.vl

rror=
Ref. Max Moment

Where 1.1 is the euclidean norm
8. If Error ~ tolerance, further iteT~tion is needed, iterate
starting form step B-1 and use A/,:~ as the pseudo-force and the
state of motion at time t, 0,. t\, and Ii,.
9. If Error ~ tolerance, no further iteration is needed, update
the nonlinear force vector:

'+11,+& =f, +M;+AI
reset time step if necessary, go to step B-1 if the time step is
not reset or go to A-2 if the time step is reset.
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SECI10N4

ENHANCEMENTS IN PROGRAM 3D-BASIS-ME

4.1 Stift'enlng Biaxial Hysteretic Element

The element is appropriate for modeling the behavior of high damping robber bearings. Typically,

these bearings exhibit higher stiffness at large strains. The element is formed by combining the

elastoplastic version (a. =0) ofthe biaxial hysteretic elementofSection 2.2.3 and a stiffening bilinear

spring.

The resultant force, F, in the stiffening bilinear spring is described by

KIU

(K2-XI) (U _DI)z
F= (Dz-D

I
) 2 sgn(U)+Kp

(XI - Xz)(D I +Dz)
2 sgn(U)+XzU

(4.1)

where K. is the tangent stiffness which is mobilized for displacements less than the limit 0 1 and Kz

is the higher tangent stiffness which is mobilized for displacements larger than the limit Oz. as

illustrated in Figure 4-1. Furthermore, U is the resultant displacement

The components of the force F in the two orthogonal directions are

(4.2)

Fu=Fcos9, F,s=Fsin9 (4.3)

where

9=9
0

when Ux' U,>O (4.4a)

0= 0
0

+1CI2 when Ux<O, U,>O (4.4b)

0=9
0

+7t when Ull , U,<O (4.4c)

n ~.r)
. \ \..
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o=~* when Ux>O, U,<O

o=7tl2 and U=U, when Ux=O

0=0 and U=Ux when U,=O

and

o*=tan-{IU"I)
IUxl

(4.4d)

(4.4e)

(4.4J)

(4.5)

The complete model consits of the combination ofcomponents given by Equations 2.7, with a = 0

and P=Q, and 4.3 :

F,=QZ,+F" (4.6)

These relations aredepicted graphically in Figure4-2. The uniaxial versionofthe model is recovered

by replacing the off-diagonal elements in Equation 2.8 by zeroes and by enforcing Equations 4.4e

or4.4f.

To illustrate the capabilities of this model, we consider the modeling of the behavior of a high

damping robber bearing based on data from testing of scaled specimens. The test data on the scaled

specimens, obtained at pressure of 10MPa and frequency of 0.5 Hz, are: tangent shear modulus

forshearstrain 1=0.5 to 1.0 G=O.8MPa,equivalentdampingratio (per 1991 UBC) P=O.10

at shear strain 1= 1.0 , displacement limits D,=1.2T and Dt=1.3T, yield displacement

Y=O.07T, where T=total rubber thickness. Furthermore, the tangent stiffness beyond the dis-

placement limit D2 is Kr 2K,.

The bearing to be modeled is made of the same material and bas the same shape factor as the tested

scaled specimens. The bearing bas bonded robber diameter I>=SOO mm and total robber thickness

T=lSOmm.
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The tangent stiffness K) (see Figure 4-2) is determined from

K _GA
.- T (4.1)

where A =1tD2/4 is the bonded robber area. The force Q (see Figure 4-2) is determined from

(4.8)

where p= 0.1 (equivalent viscous damping ratio) at U=T (shear strain Y= 1.0). It follows that

K.=1.05 kN/mm, K2=2.10 kN/mm, Q=29.35 leN, D.=180 mm, D2=195 mm, Y=10.5 mm. The

mathematical model of Equations 4.1 to 4.6 is constructed from these data and analytically deter­

mined loops of force vs displacement are shown in Figures 4-3 to 4-5.

In Figure 4-3 the imposed displacement is harmonic with amplitudes of 240 rom and 176.8 rom

along the X axis. The computed loop in the X direction shows the anticipated stiffening behavior

in the motion with Uo=240 mID, whereas in the loop for displacement amplitude less than Dtt it

does not. InFigure 4-4 the imposed motion is also harmonic with amplitudes of 240 nun and 176.8

mm along a 45° axis. The loops in that direction are identical to that of Figure 4-3. The loops at

the largest displacement amplitude in the X and Y directions show stiffening behavior despite that

the displacement amplitude is 169.7 nun. thus less than the limit D.=18O nun. This ofcourse, was

expected since the amplitude of the resultant displacement is 240 mm, thus more than the limit 0 •.

Figure 4-5 shows loops of force vs displacement in bi-directional motion ofelliptical shape (X and

Y displacements of motion out of-phase). The peculiar shape of the loop in the Y diIection bears

a similarity to loops recorded in tests with bidirectional motion ofother isolation devices (Mokha

1993).
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4.2 Element for Friction Pendulum (FPS) Bearing

The principles of operation of the FPS bearing have been established by Zayas et al. 1987. Mokha

et aI. 1990 and Constantinou et al. 1993. These principles are, of course. valid for all types of

spherical sliding bearings. A cross section view of an FPS bearing is shown in Figure 4-6. The

bearing consists of a spherical sliding surface and an articulated slider which is faced with a high

pressure capacity bearing material. The bearing may be installed as shown in Figure 4-6 or

upside-down with the spherical surface facing down rather than up. In both installation methods

the behavior is identical.

BEARING MATERIAL-""'f"""'\

SEAL

SPHERI~ SURFACE

Figure 4-6 FPS Bearing Section.

The force-displacement relation of an FPS bearing in any direction is given by

(4.9)

in which R is the radius of curvature of the spherical sliding surface. N is the nonnalload and

J.Lr is the coefficient of the sliding friction. In cases in which the normal load may be assumed to
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be constant and equal to the carried weight Wi' modeling ofan FPS bearings may be accomplished

by combining the linear elastic element of Section 2.2.1. using stiffness KJ:j = K" = W/R. and the

biaxial element for sliding bearing of Section 2.2.4, using N=Wj • To reduce computational effort,

all the linear elastic elements may be combined in a global element described by translational

stiffnesses KJ: = K. = l;W/R (l;Wj =total weight) and corresponding rotational stiffness Kr and

associated eccentricities e: and e: (see Section 2.2.1 and Nagarajaiah et al. 1989 and 1991). This

has been the approach followed in programs 3D-BASIS and 3D-BASIS-M.

In general. the vertical load on an isolation bearing does not remain constant but rather varies as a

result of the vertical ground motion and the effect of overturning moment. For vertically rigid

structures, the nonnalload on an FPS bearing is

(
0. NOM)N=W.l+-+-

I g lV;
(4.10)

where W j is the weight. O. is the vertical ground acceleration (positive when the direction is

upwards) and NOM is the additional axial force due to the overturning moment effects (NOM is

positive when compressive).

The direct effects of variations in the normal load on the behavior of the FPS bearing are to

instantaneously change the stiffness and friction force. Another indirect effect is to change the

coefficient of friction which is pressure dependent. Modeling of the behavior of FPS bearings to

this detail is important in the accurate estimation of the forces in individual bearings. However.

use of N=Wj rather than Equation 4.10 results in nearly the same global isolation system response

and superstructure response. This has been demonstrated by comparison of analytical results to

shake table results of a seven-story model in which the axi:tl forces on individual bearings varied

from 0 to 2W j • Wi being the gravity load (Al-Hussaini et aI. 1994).

,.
'II: ' •
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The forces in the FPS element of program 3D-BASIS-ME are described by

N
Fy =R Uy + JL,NZ, (4.11)

which ~ and Zy are described by Equation 2.8 and N is described by Equation 4.10. Program

3D-BASIS-ME requires user-supplied routines to

a) Calculate the additional axial force on individual bearings from overturning moments about

the two horizontal orthogonal axes, and

b) Describe the variation ofcoefficient/max in Equation 2.14 with bearing presswe.

Details of these routines are given in Section 4.6.

4.3 New Biulal Element for Sliding Bearinp

The new biaxial element for flat sliding bearings in program 3D-BASIS-ME is again described by

Equations 2.12 to 2.14 and 2.8 with the exeption that N is not constant but rather described by

Equation 4.10. The element requires the user-supplied routines described in Sections 4.2 and 4.6.

It should be noted that wilen (j .. is not given and when the user-supplied routine returns zero for

the additional axial load NOM (eq. 4.10), the model collapses to the original constant normaiload

(N=Wj ) model of programs 3D-BASIS and 3D-BASIS-M.

4A Linear Elastic Element

This element can be used to model the behavior of helical steel springs, robber springs or other

devices that exhibit linear elastic behavior.

The model of linear elastic element in program 3D-BASIS-ME is identical with the one available

in programs 3D-BASIS and 3D-BASIS-M. In those programs, the properties of the linear elastic

elements were combined automatically by the program in one global clement, whereas in 3D­

BASIS-ME the program is dealing with each element independently. The forces generated in each

O -r
element are . , '-'
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Fx=KxUx' (4.12)

where Kx. Ky and U., Uy are the stiffnesses and displacements of the element in X and Y directions,

respectively.

It should be noted that the option of using one global linear elastic element that combines the

properties of a linear elastic isolation system is also available in the program 3D-BASIS-ME (see

Section 2.2.1 and Appendix A, Section C2).

4.5 Viscous Element

This element is suitable for modeling the behavior of Fluid Viscous Dampers or other devices

displaying viscous behavior. Specifically, fluid dampers which operate on the principle of fluid

orificing produce an output force which is proportional to the power of the velocity. That power

can take values in the range of O.S to 2.0 (Constantinou et al. 1992).

The mobilized forces on a viscous element are described by

Fx =Cx I Ox rsgn(O..) (4.13)

F, = Cy I0, IU sgn(O,) (4.14)

where C., Cy and Ox, 0 y are damping coefficients and velocities experienced by viscous

elements placed along the X or Y directions respectively. and a is a coefficient taking real

positive values. For a =1. the linear viscous element is recovered. It should be noted that program

3D-BASIS-ME allows only the placement of dampers along the principal directions.

In the case of linear viscous devices, an alternative approach is possible. The properties can be

combined in one global linear viscous element located at the center ofmass ofthe base ( see Section

2.2.2 and Appendix A. Section C3).

I~ -
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4.6 User-Supplled Routines In Program 3D-BASIS-ME

4.6.1 Routine ror Additional Axial Load Due to Overturning Moment Eft'ects

The routine (a function) has the form

FOVM(OVMX,OVMY,XP,YP,I)

in which I is the bearing number, XP and yP are arrays containing the bearing coordinated

(XP(I)=X coordinate of bearing I etc.), and OVMX and OVMY are the overturning moments

about the X and Y axes, as illustrated in Figure 4-7. Function FOVM is called by the main program

at all time steps. The function returns to the main program the additional axial load FOVM on

bearing I. FOVM is positive when compressive.

z

FOVM

XP(I) JISOLATION
................•. B~G

YP(I)

x
OVMY

Figure 4-7 Definition of Overturning Moments OVMX and OVMY, and Additional Force
FOVM.
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It should be noted that we have assumed a unique relation between overturning moments and

additional axial load on bearings. The user is cautioned that this is a simplification of a complex

phenomenon. However, it is a commonly used engineering approximation. The report of AI

Hussaini et al. 1994 provides valuable insight into the behavior of slender isolated structures with

FPS bearings which are suhjected to strong overturning moments.

To exclude the effect of the overturning moment on the additional axial force, function FOVM

should be as follows:

FUNCfION FOVM(OVMX,OVMY,XP,VP,I}
IMPLICIT REAL *8
COMMONIMAIN11 NB,NP,MNF,MNE,NFE,MXF
DIMENSION XP(NP},YP(I}
FOVM=O.DO
RETURN
END

This is the default version of function FOVM in 3DBASIS-ME.

4.6.2 Routine for Describing the Dependency of Parameterf_ on Beariq Pressure

Constantinou et al. 1990 and 1993 described the dependency on bearing pressure of the parameters

in the model of friction in Equation 2.14. Specifically, the coefficient of sliding friction is given

by

J16 =1_ - If-. - IIDiD)exp(-a I (j I) (4. IS}

where a is nearly in~pendentof pressure, whereas llDiD is dependent on pressure for unfilled and

glass-fIlled PIFE but nearly independent of pressure for the PTFE-composites used in the FPS

bearings. Parameter1_ is generally dependent on bearing pressure. Since parameterf_ describes

the maximum friction force that is transmitted through the bearing, its dependency on pressure is

explicitly modeled in program 3D-BASIS-ME. However, the much less significant dependency

on pressure of parameters a and I... is neglected.
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The user-supplied routine (function) has the form

FFMAX(FRMAX,FRMIN,FNOR,I)

in which I is the bearing number, FNOR is the normal load on bearing I, which includes the

gravity, vertical ground motion and overturning moment effects, normalized by the weight Wi on

the bearing. Furthermore, FRMAX and FRMIN are, respectively, the supplied, through the

INPUT. parameters fllllUO and f IIIiIIO under almost zero static pressure ofbearing I. Function FFMAX

returns the value of f ....... at the bearlllg pressure resulting from the instantaneous normal load. Note

that parameter fmill is assumed indepenndent of pressure, that is flllbtO =fmiJJ.

Forexample, consider the case in which the dependency on pressure ofparameter frau is neglected.

Function FFMAX should be

FUNCTION FFMAX(FRMAX'FRMIN,FNOR,I)
IMPLICIT REAL *8
COMMONIMAINI/NB,NP,MNF,MNE,NFE,MXF
FFMAX=FRMAX
RETURN
END

This is the default version of function FFMAX in 3DBASIS-ME.

Consider now the case of pressure dependent parameter frrw.' Figure 4-8 shows the assumed

dependency on pressure of parameter frau.!t is typical of the behavior of sliding bearings (Soong

and Constantinou 1994). An accurate representation ofthe variation ofparameter f_ with pressure

can be accounted for by using the following expresion

(4.16)

where p is the pressure, f-" is the maximum coefficient of friction at very high pressures, ftMJlO

is the vakue of the coefficient at zero pressure, £ is a constant that controls the transition of f.....

between very low and very high pressures.
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Figure 4-8 Variation of Friction Parameter 1_ with Pressure.

As an example, Constantinou et al. 1993 gave the following values for the parameters of a bearing

at pressure of 17.2 MPa: 1-0=0.12. I-..,,=O.OS. 8=<l012 (p is in units ofMPa). For this case

function FFMAX should be of the fonn :

FUNcrION FFMAX(FRMAX,FRMIN,FNOR,I)
IMPLICIT REAL ·8
COMMONIMAINI/ NB,NP,MNF,MNE.NFE,MXF
DIMENSION P(SOO)
DATAIP(J)=17.2J= 1,.J

etc. etc.

Note that p(J) contains the bearing pressure under static conditions of bearing 1. Quantity PRES

is the instantaneous bearing pressure in units of MN/m2 or MPa.
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4.7 Validation of Model of FPS Bearing

The validity of the model ofFPS bearings in program 3D-BASIS-ME is investigated by comparison

of the predictions of the model to experimental results. The experimental results were obtained in

shaking table testing of an isolated structure, in which the FPS bearings were subjected to lateral

motion under normal load of varying magnitude.

Al-Hussaini (1994) reported test results ofa 7-story model structure supported by eight FPS bearings

and tested in a variety of structural system configurations. One of these configurations is shown

in Figure 4-9. The 7-story structure is a moment resisting frame with the isolators placed directly

below the columns without connecting them to form an isolation basemat. The structure had a total

weight of 212 leN (47.5 kips). The bearings had radius of curvature R=248 mm (9.75 in) and were

loaded to an averege bearing pressure of about) 10 MPa (16 ksi), for which the friction coefficient

flUX was measured to be 0.06. Length scale factor in the experiments was 4.

The columns of the model above the isolation bearings were instrumented with strain gages so that

measurements of axial and shear force could be made. In one test the table was excited with the

1971 San Fernando earthquake, record at Pacoima Dam, component S74W. While the command

signal consisted of only horizontal motion, the shake table responded with additional vertical, roll

and pitch motions, as a result of the large model weight and demand for high table velocity. The

recorded horizontal and vertical acceleration histories of the table are shown in Figure 4-10. The

recorded loops ofbearing shearforce versus bearing displacement oftwo FPS bearings (one interior

and one exterior) are shown in Figure 4-11.

The loops have been also analytically constructed from the recorded histories of bearing dis­

placement and axial bearing force by using Equations (4.11), (2.8), (2-14) and (4.15). That is U..

= rec~rded bearing displacement, Uy = 0, N = recorded axial force, and (J.r and (J'I were determined

by numerical differentiation of the displacement histories. The parameters used were: f-.:dJ = 0.12,

f...." = O.OSJmia = 0.04, £ = 0.012 (MPar l and a = 0.0429 slmm. The bearing pressure under
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Figure 4-9 Model in Shake Table Testing of Al-Hussaini (1994).
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Figure 4-10 Recorded Horizontal and Vertical Accelerations of Shake Table in Test of Model
Structure with Pacoima Dam S74W Input.
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Figure 4-11 Recorded and Analytically Predicted Force-Displacements Loops of Exterior (C4)
and Interior (CS) Bearings in Pacoima Dam S14W Test.
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static conditions was set at 120 MPa for the interior bearing and at 220 MPa at the exterior bearing.

The analytical results are compared to the experimental results in Figure 4-11. The agreement is

very good.

In another test the structure was excited with the 1940 El Centro earthquake, components SOOE and

vertical. Figure 4-12 shows the recorded table accelerations. The shake table response was unstable

with extremely high frequency vertical motion, which reached a peak acceleration 0.6 g (it should

have been only 0.21 g). The recorded loops of the bearing shear force versus bearing displacement

of one exterior and one interior bearings are shown in Figure 4-13. The analytically determin~d

loops. obtained by th~ same model and using the same parameters, are compared to the experimental

ones in Figure 4-13. Again the agreement is very good.

Of interest is to note in Figure 4-13 the significant variations in shear force of the interior (C5)

bearing. These variations could not be caused by variations in the friction force alone. Rather, they

are caused by variations in both the restoring force (that is, force NUIR in Equation 4.9) and friction

force.

Finally, the dynamic response of the tested model in the 1940 El Centro SOOE plus vertical input

(Figure 4-12) was computed with program 3D-BASIS-ME. The analytical model was based on the

experimentally determined modal properties of the structure (A1-Hussaini 1994). The overturning

moment effects on the axial bearing load was accounted for by assuming a linear distribution of

axial load. Time histories of isolation system displacement and base shear-displacement loops arc

compared in Figure 4-14. They compare well.

We may conclude that satisfactory experimental evidence has been provided for the validity of the

FPS bearing (and other spherical sliding bearings) model in 3D-BASIS-ME.
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Fipre 4-12 Recorded Horizontal and Vertical Accelerations of Shake Table in Test of Model
Structure with E1 Centro SOOE plus Vertical Input.
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SECI10N5

EXAMPLES

5.1 Introduction

Examples are presented which demonstrate the modeling details of isolation devices and their

implementation in program 3D-BASIS-ME. Detailed input and output from the program are

presented for each case.

5.2 Isolated Structure

The isolated structure is a water tank as illustrated in Figure S-l. Unit weights are: for water 62.75

IblftJ, for steel 490 Ib/ftJ and for concrete ISO Iblrt3. The weights are: water (for full tank) 28387.4

kips, steel tank 646.S kips, steel roof 4TI.3 kips and concrete basemat 2629.8 kips with a total

isolated weight of 32141 kips.

1 in.
R=80.0 ft -I

STEEL ROOF2.0 ft

1TI--"';-~~-+--------~W:A':"::T==E;;:R:----t
STEEL TANK

8="0.0 ft
- ....-1 in.

.1
RIc PEDESTAL
WITH BEARING

122.0 ft

RIc BASEMAT 1
~:=:;;;:::=::::;;;===~:::::::;;::=::;=-==i:J f 1.5 It

I.
Figure S-I Geometry of Isolated Water Tank.

S-I



Four different isolated systems are considered. They are :

(a) High damping rubber bearings,

(b) Low damping rubber bearings with linear viscous fluid dampers,

(c) Low damping rubber bearings with non-linear viscous fluid dampers and

(d) FPS bearings.

Each isolation system consists of 52 bearings or 52 bearings plus 24 fluid dampers in the config­

urations shown in Figures 5-2 and 5-3.

5.3 Mathematical Model of Tank

The mathematical model of the tank is based on the mechanical analog of Haroun and Hausner,

1981 which takes into account the defonnability of the tank wall and sloshing of the fluid. In the

mathematical model used in the present examples, only the fundamental sloshing and fundamental

tank-fluid modes of vibration are considered. Based on the theory of Haroun and Hausner, 1981,

the following were determined:

Sloshing Mode: Sloshing weight 16317 kips, sloshing period 6.89 sees, damping ratio (as-

sumed) 0.005.

Fluid-tank Mode: Weight 12000 kips, period 0.162 sees, damping ratio (assumed) 0.02.

The model of the tank is illustrated in Figure 5-4. It should be noted that the convective fluid is

rigidly attached to the concrete basemat, raising its weight to 3824 kips.

5.4 Deslp of Isolation Systems

The design of the isolation systems does not follow a common design basis and their safety is not

assessed. Rather, the design demonstrates the capabilities of the computer program rather than the

capabilities of the isolation systems.

The propertiesofthe isolationsystems are determined in the stage oflcast stiffness and characteristic

strength. That is, for robber the properties under scragged and fresh conditions are used. Fur­

thennore, all quantities, such as friction coefficient and shear modulus of robber are obtained from

o ""r­
. L' ...i
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Figure 5-2 Configuration of Isolation System in High Damping Rubber Bearing and FPS Sys­
tem.
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Configuration of Low Damping Rubber Bearing· Fluid Damper Isolation System.
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RIGID CONVECTIVE
FLUID
WR =118•.2 kip.

TANK-nUID
WP =IZOOO kip.
T p -O,18Z ••c.
fJp =0.02

le.04 n18.2 n
RIGID/

22.2 fl

SLOSHING FLUID
WS =111317 kl,.
T S -8.88 ••c.

fJs -0.005

RIGID BASEIiAT
WB =2821t.8 kl,.

Figure 5-4 Mathematical Model of Fluid Tank.

representative mean values at nonnal temperatures and fresh conditions, with a funher reduction

for variability of propenies. Thus, the analyzed stage is the one which results in the maximum

response of the isolation system (i.e. bearing displacement). A complete analysis would require

funher analysis for a second stage ofpropenies with the highest stiffness andcharacteristic strength.

For this second stage it is necessary to consider the unscragged propenies of robber, aging and low

temperature effects. and funhennore increase these propenies for variability. This second stage

results in the maximum response in the isolated superstructure.

5.4.1 Hlab Damping Rubber Burlna System

The system consists of 52 bearings in the configuration of Figure 5-2. The bearing construction is

shown in Figure 5-5. The bearings have stiffening hysteretic behavior as shown in Figure 4-2 with

Kr:2Kt. Kt=AGfT (Equation 4.7), D.=l.2T, D2=1.2ST and Y=O.06T, where A=bonded robber

area, T=total rubber thickness and G=115 psi. Funhennore, the characteristic strength Q is

determined from Equation 4.8 and an assumed damping ratio~.10 at shear rubber strain of 1.0.

5-4
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The properties for each bearing are

K.= 7.4S kip/in

Kz=14.90 kip/in

Q =13.19 kips

Y =0.57 in

0.= 11.40 in

0 1=11.88 in

5.4.2 Low Damping Rubber Bearing and Linear Viscous Fluid Damper System

The system consists of 52 bearings and 24 linear viscous fluid dampers in the configuration of

Figure 5-3. The rubber bearing construction is shown in Figure 5-5. The behavior of the bearing

is linear elastic and viscous with stiffness K=AGrr where 0=96 psi. Thus. K=7.63 kip/in. The

viscous behavior is accounted for by assuming a damping ratio in the isolation system equal to 0.03.

-11/1'­
13.7S-

1-r
I /I II // // II II II II II II II II //

I t 1V-I- .-'1
I I
I I
I I
II I I

, '" '" I' '" .I/ I' I/ I/ II // // // //

19 RUBBER LAYERS

• 1/7'
18 STEEL PLATES

• 1/t!'

T1/1'-
13.75-

_I

I. 1- J
-------- • 2~ -------

1·r
// // /I II /I .II II // /I I/ /I II II II I

I t
~-I-

I
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I I
II I I
/I II I/ /I // // // // // // II I/ .II/I I/

1- J

19 RUBBER LAYERS
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• l/t!'
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Figure 5-5 Construction of (a) High Damping Rubber Bearing. (b) Low Damping Rubber
Bearing.
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Each fluid damper has linear viscous behavior with force F; proponional to velocity, OJ (i= X or

Y. dampers arc placed along principal directions):

(5.1)

where CL=3.61 kip-slin. Approximate dimensions of a fluid damper with constant CL= 3.61

kip-slin. stroke of ±15 in., rated load of 200 kips and ultimate load of 500 kips are shown in Figure

5-6. It should be noted that for twelve dampers CTOTAL=43.32 kip-slin. Thus, for a SDOF system

with KTOTAL=52X7.63=396.76 kip/in and weight of 15824 kips (ex.c1uding the weight of the very

flexible sloshing mode), the damping ratio is 0.17. This. together with 0.03 damping inherent in

the rubber bearing. gives a total viscous damping of 0.20 of critical.

12 in

--.-

LENGTH = 100 in

--

CONNECTION

I TORADIAL
BUSHING

Figure 5-6 Approximate Dimensions ofFluid Damper with Stroke of±15 in and Ultimate Load
of 500 kips.

5.4.3 Low Damping Rubber Bearing and NonUnear Viscous Fluid Damper System

'The system consists of 52 bearings and 24 nonlinear viscous fluid dampers in the configuration of

Figure 5-3. The bearing construction is that ofFigure 5-5 with K=7.63 kiplin and viscous damping

ratio of 0.03. Each fluid damper has force-velocity relation

5-6
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(5.2)

where 0---0.5 and CN=26.67 kip(s1in)ll2. A damper with this damping constant, stroke of ±15 in.

and ultimate load of 500 kips has approximately the same dimensions as the damper of Figure 5-6.

The difference between the nonlinear and linear viscous fluid dampers is iUustrated in Figure 5-7.

For this motion with peak velocity approximately equal to the one calculated in the analyses, the

two dampers reach nearly the same peak force. However, the nonlinear damper dissipates more

energy per cycle. This often desirable feature of nonlinear dampers has long being exploited in the

shock isolation of military hardware. Furthcnnore, nonlinear dampers with a equal to approxi­

mately 0.5 are used together with rubber bearings in the seismic isolation system of the San Ber­

nandino County Medical Center Replacement Project, of which constroction is scheduled to start

in late 1994.

-- LINEAR VISCOUS DAMPER
... ..... NONLINEAR VISCOUS DAMPER

16128-404
DISPLACEMENT (In)

.......-......•.•....•.._......•..•_ _ _---- _- _-----
...... -....................

-12

250

200

150

100-U)
Q. 5052-w 0

(,)
a: -50f2

-100

-150

-200

·250
·16

Figure 5-7 Comparison of Force-Displacement Loops of Linear and Nonlinear Viscous Fluid
Dampers for Harmonic Motion of Frequency of 0.55 Hz and Amplitude of 15 in.
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5.4.4 Friction Pendulum (or FPS) System

The system consists of 52 bearings in the configuration of Figure 5-2. The bearing construction is

shown in Figure 5-8. The radius ofcurvature of the concave sliding surface is R=82.4 in. Average

bearing pressure (for full tank) is IS ksi. The coefficient of friction follows Equation 2.14 with

f mm=O.03. a=O.8 sec/in andfmu=O.045 at pressure of 15 ksi. Parametcr fmu is pressure dependent.

Figure 5-9 depicts the variation of parameter fmu with bearing pressure.

;-- CONCAVE PLATE

,..-----------------------1

1--- SEAL

"----- HOUSINC PLATE
R- 82.40"

NCAVE SPHE~ SURFACE
FACED WITH STAINLESS STEEL OVERLAY

L-,-e;:::::r=~=====;r==7.~====::::::::::::::::i"T~-:::J.- CIRCULAR RETAINER

Figure 5-8 Construction of FPS Bearing.

5.5 Model or Isolated Tank In 3D-BASIS-ME

To reduce computational effort. the 52 isolation bearings arc grouped into one clusterof26 bearings

at the center of the base and four clusters of 6.5 bearings cach at a distance of 68.38 feet (820.56

in) from the center. In this way. the rotational stiffness of the five clusters of bearings is equal to

that of the 52 bearings in the configuration ofFigure 5-2. Furthermore. an eccentricity of0.01 times

the tank's plan dimension or 14.4 in. is induced in the X direction as illustrated in Figure 5-10.
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25 30

Figure 5-9 Dependency of Parameterlmu (coefficient of friction at high velocity of sliding) on
Bearing Pressure of FPS Bearings.

1be fluid dampers are also grouped into four clusters as shown in Figure S-11. Each clusterconsists

of three fluid dampers placed in the X-direc::tion and another three fluid dampers placed in the

Y-direction. That is. the damping constants used for each cluster of dampers is Cx=Cy=10.83

kip-slin for the linear dampers and Cx=Cv=80.0 kip(slin)11Z for the nonlinear dampers.

In the analysis of the isolation systems with low damping rubber bearings, additional viscous

damping of0.03 ofcritical is used to account for the energy dissipation capability of the bearings.

This is included in the analysis as a global linear viscous element (see Section 2.2.2) with

Cx=Cy=7.6S kip-slin and Cr=2374932 kip-s-in.
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Figure 5·11 Clusters of Fluid Dampers in 3D-BASIS-ME. Model of Low Damping Rubber
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5.6 Seismic Excitation

Analyses are performed using the Pacoima Dam record from the 1971 San Fernando earthquake as

input. Component S16E (PGA=1.17 g, PGV=44.58 in/s, PGD:14.83 in) is applied in the X direction

and component S74W (PGA=l.08 g, PGV=22.73 in/s, PGD=4.26 in) is applied in the Y direction.

The vertical component (PGA=O.71 g, PGV=22.95 in/s, PGD:7.60 in) is used only in the analysis

of the FPS system. The very strong vertical component of this earthquake is known to influence

the response of isolated structures with the FPS system. Specifically, zayas et al. 1987 studied

experimentally the response of three different isolated model structures with and without the vertical

motion effects. Only the Pacoima Dam motion had some influence on the peak superstructure shear

force, which amounted to an increase of about 20% over the case without vertical motion.

The vertical ground motion is included in the analysis of the FPS system because the effects of

varying normal force on the FPS bearings is a well understood phenomenon (Al-Hussaini 1994,

Constantinou 1993). Varying normal forces affect other types of isolation bearings. However,

these effects are not well understood and have not been incorporated in computer program 3D­

BASIS-ME. For such cases, a designer should bound the response by performing analyses which

account for plausible variations in the characteristics of the isolation devices.

This seismic excitation is severe, even for an isolated structure. The use ofthis excitation illustrates

the capabilities of program 3D-BASIS-ME in capturing the effects ofstrong vertical ground motion

on the response of sliding systems and in capturing the effects of stiffening behavior at large strains

of high damping rubber bearings. Furthermore, the nature of the motion, being a near-fault high

velocity motion, demonstrates the usefulness of nonlinear viscous dampers.

5.7 Results of Dynamic A....ysis

Dynamic analyses are performed for the five isolation systems under the following conditions:

(a) High damping rubber bearing system without the effect of vertical ground motion and

overturning moments,
(':' .
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(b) Low damping rubber bearing system with linear fluid dampers without the effect of vertical

ground motion and overturning moments,

(c) As (b) above but with the properties ofbearings and fluid dampers represented by one global

stiffness and one global damping element,

(d) Low damping rubberbearing systemwith nonlinear fluiddampers without theeffect ofvertical

ground motion and overturning moments,

(e) FPS system without the effect of vertical ground motion and overturning moments,

(f) FPS system with the effect of vertical ground motion and overturning moments.

Detailed input and output of program 3D-BASIS-ME for each case is presented in Appendix B. A

summary of the results is presented in Table 5-1. Figures 5-12 to 5-14 present representative

force-displacement loops ofthe four systems. It should be observed thatanalysis ofthe low damping

rubber bearing-linear viscous fluid damper system by explicit representation ofthe isolation devices

or by global representation gives nearly identical results.

Q£'f'
-. \.. u
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Table 5-1 Summary of Dynamic Analysis Results

RESULTANT RESULTANT RESULTANT RESULTANT RESULTANT SLOSHING PEAK
ISOLAnON SYS- TYPE OF ANALY- CENTER CORNER ISOLATION SLOSHING FLUID-TANK DISPL. DAMPER.

TEN SIS BEARING BEARING SYSTEM FLUID SHEAR INXJY VELOCITY
DISPL. DISPL. SHEAR SHEAR FORCE DIRECTIONS AND

FORCE FORCE FORCE I

(in) (in) (kips) (kips) (kips) (in) (ints, kips)

Wilhout Venical 40.41
Hi.h Dlunpin. Motion and Overturn- 19.32 19.49 11090.0 1423.0 8879.0
Rubber Bearin. in. Moment EffeclS 12.09

LowDampin. Without Vertical 37.76 51.58
Rubber-lilai' Motion and Ovenurn- 12.60 12.73 5821.0 1337.0 5052.0
fluid Dmnpcr ins Moment Effecu 7.89 186.20

Without Venical
Low Dlunpina Motion and Ovenurn- 37.79 51.08 J

Rubber-lilai' ins Moment Effects, 12.58 J 12.78 J 5792.0 1338.0 5045.0
fluid Dmnpcr Global Repmena.aion 7.87 184.40)

of Isolation System

LowDampinl Without Veatic:aI 39.03 41.57
Rubber-Nonlinar Motion and Overturn- 11.40 11.53 6029.0 1382.0 5245.0

fluid D8IRpCI' in. Moment Effects 5.93 183.90

Without Veatic:aI 40.53
FPS Motion and Overturn· 15.51 15.79 7352.0 1433.0 6287.0

in. Moment Effects 9.82

Wilh Venical MoIion 40.72
FPS and Ovenumin. 15.64 15.89 7909.0 1439.0 7228.0

Moment Effects 9.97

I Force of one d8mper. J At artifICial (without stiffness) bearinlS, 3 Calcullfed from velocity
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SECTION 6

SUMMARY

Program3D-BASIS-MEis capableofanalyzing single isolated structures. multiple building isolated

structures on a common isolation basemat and isolated liquid storage tanks. New elements for

modeling Friction Pendulum (FPS) bearings, high damping rubber bearings with stiffening behavior

and nonlinear viscous dampers have been included in the program. Furthennore, program 3D­

BASIS-ME accepts vertical ground motion and user supplied routines for describing the overturning

moment effects on the axial bearing forces and for describing the dependency of the coefficient of

friction on bearing pressure. This infonnation is utilized by the program in modeling the behavior

of sliding bearings.

The validity of the FPS bearing model in 3D-BASIS-ME has been established by comparisons of

its predictions to experimental results under combined lateral displacement and varying nonnaI

load.

The capabilities of the program have been demonstrated through the analysis of an isolated liquid

storage tank. The mathematical model included the effects of convective and impulsive modes of

vibration.
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APPENDIX A
3D·BASIS·ME PROGRAM USER'S GUIDE

A.IINPUT FORMAT FOR 3D.BASIS.ME

Input file name is 3DBME.DAT and the output file is 3DBME.OUT. Free format is used to
read all input data. Earthquake records are to be given in files WAVEX.DAT andlor WAVEY.DAT
andlor WAVEZ.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.
All values are to be input unless mentioned otherwise. No blank cards are to be input.

A.l PROBLEM nnE

A.3UNlTS

One card

TITLE TITLE up to 80 characters

One card
LENGTH,MASS,RTIME

LENGTH = Basic unit of length up to 20 characters

MASS = Basic unit of mass up to 20 characters

RTIME = Basic unit of time up to 20 characters

AA CONTROL PARAMETERS

A.4.1 Control Parameters· Entire structure

One card
ISEV,NB,NP,INP,G

ISEV = 1 for option 1 - Data for Stiffness of the superstructures to be input.

ISEV = 2 for option 2 - Eigenvalues and eigenvectors of the superstructures (for fixed base
condition) to be input.

NB = Number of superstructures on the common base.

NP = Number of bearings.

INP = Number of bearings at which output is desired.

G = Gravitational acceleration.

Notes': 1. For explanation of the option 1 and the option 2 refer to section 3.1.
2. Numberofbearings refers to the total numberofbearings whichcould be acombination
of linear elastic, viscous, smooth bilinear, sliding bearings etc••

0"'".I • l ..1
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AA.2 Control Parameten • Superstructures

NBcards
NF(I),NE(I).I= I,NB

Notes:

NF(I)=

NE(I)=

Number of floors of superstructure I excluding base. (If NF<l then NF set = I)

Number of eigenvalues of superstructure I to be retained in the anaIysis.(If NE<3
then NE set = 3)

I. Number of eigenvectors to be retained in the analysis should be in groups of three ­
the minimum being one set of three modes.

A.4.3 Control Parameten • Integration

one card
TSI,TOL,FMNORM,MAXMI,KVSTEP

Time step of integration. Default =TSR (refer to A.4.5)

Tolerance forthe nonlinear force vectorcomputation. Recommended value=0.001.

Reference moment for convergence.

Maximum number of iterations within a time step.

Index for time step variation.
KVSTEP =I for constant time step.
KVSTEP = 2 for variable time step.

I. The time step of integration cannot exceed the time step ofearthquake record.
2. IfMAXMI is exceeded the program is terminated with an error message.
3. Compute an estimate of FMNORM by multiplying the expected base shear by one
half the maximum base dimension.

KVSTEP=

Note:

TSI =
TOL =
FMNORM=

MAXMI=

A.4.4 Control Parameters • NeWllllll'k's Method

One card
GAM,BET

GAM =

BET =

Parameter which produces numerical damping within a time step. (Recommended
value =0.5)

Parameter which controls the variation of acceleration within a time srep. (Rec­
ommended value =0.25)

,-...- , ...
,j • 'LI
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A.4.5 Control Parameters· Earthquake Input

One card
INDGACC,TSR.LOR.XTH,ULF

INDGACC= Index for earthquake time history record.
INDGACC =I for a single earthquake record at an angle of incidence XTH.
INDGACC =2 for two independent earthquake records along the X and Yaxes.
INDGACC =3 for two independent earthquake records along the X and Z (vertical)
axes. (X axes excitation at angle of incidence XTH.
INDGACC = 4 for three independentearthquake records along X, Yand Z (vertical)
axes.

TSR=

LOR =
XTH=

ULF=

Notes:

Time step of earthquake record(s).

Length of earthquake record(s) (Number of data in earthquake record)

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

Load factor.

I. Four options are available for the earthquake record input:

a. INDGACC= 1refers to asingle earthquakerecord inputat any angleofincidence
XTH. Inputonly one earthquake record (read througha single fileWAVEX.OAT).
Refer to 0.2 for wave input infonnation.
b. INDGACC =2 refers to two independent earthquake records input in the X and
Y directions, e.g. EI Centro N-S along the X direction and EI Centro E-W along
the Ydirection. Input two independentearthquake records in the Xand Ydirections
(read through two files WAVEX.OAT and WAVEY.OAT). Refer to 0.2 and 0.3
for wave input infonnation.
c. INDGACC =3 refers to two independent earthquake records input in the X and
Z directions. e.g. EI Centro N-S along the Xdirection and EI Centro Vertical along
the Zdirection. Input two independentearthquake records in the XandZdirections
(read through two files WAVEX.OAT and WAVEZ.OAT). Refer to 0.2 and 0.4
for wave input infonnation.
d. INDGACC = 4 refers to three independent earthquake records input in the X,
Y and Z directions, e.g. EI Centro N-S along the X direction and El Centro E-W
along the Y directionand El Centro Vertical along the Z direction. Input three
independent earthquake records in the X. Y and Z directions (read through three
files WAVEX.OAT. WAVEY.OAT and WAVEZ.OAT). Refer to 0.2 to 0.4 for
wave input infonnation.

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 or 3 or 4.
3. Load factor is applied to the earthquake records in the X, Y and Z directions.

'") .....
, ,. j
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B.l SlJPERSTRUCnJRE DATA

Go to B.2 for option I - three dimensional shear building representation ofsuperstructure.

Go to B.3 for option 2 - full three dimensional representation of the superstructure.
Eigenvalue analysis has to be done prior to the 3D-BASIS-ME analysis using computer
program ETABS.

Note: I. The same type of group, B2 or B3, must be given for all superstructures (the same
option, either I or 2, must be used for all superstructures).
2. The data must be supplied in the following sequence:
B2 or B3, B4, B5, B6 and B7 for superstructure No. I, then repeat for superstructure
No.2, etc. for a total of NB superstructures.

B.2 Shear Stift'ness Data for Three Dimensional Shear Building (lSEV =1)

B.2.1 Shear Stiffness· X Direction (Input only If ISEV =1)

NFcards
SX(I),I=I,NF

SX(I) = Shear stiffness of story I in the X direction.

Note: I. Shear stiffness of each story in the X direction starting from the top story to the fust
story. One card is used for each story.

B.2.2 Shear stlfrness In the Y Direction (Input only If ISEV = 1)

NFcards
SY(I),I=I,NF

SY(I) = Shear stiffness of story I in the Y direction.

Note: I. Shear stiffness of each story in the Y direction starting from the top story to the fust
story.

B.2.3 Torsional stiffness In the 8 Dlredion
(Input only If ISEV = 1)

NFcards
ST(I),I= I,NF

ST(I) = Torsional stiffness of story I in the edirection about the center of mass of the floor.

Note: I. Torsional stiffness of each story in the 9 direction starting from the top story to the
fust story.
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B.2.4 Eccentricity Data • X DIrectIon (Input only If ISEV =1)

NFcards
EX(I),I= I,NF

EX(I) = Eccentricity of center of resistance from the center of mass of the floor I. Default
=0.0001.

B.2.5 Eccentrldty Data • Y dInctIon (Input only If ISEV = 1)

NFcards
EY(I),I= I,NF

EY{I) = Eccentricity of center of resistance from the center of mass of the floor I. Default
=0.0001.

Note: I. The case ofzero eccentricity in both the X and Y directions cannot be solved correctly
by the eigensolver in the program. hence if both the eccentricities are zero, a default
value of 0.0001 is used.

B.3 Eigenvalues and Eqenvecton for Funy Three DImeasioaaI BulIdiDa
(lSEV= 2)

B.3.1 Eigenvalues (Input only If ISEV =2)

NEcards
W(I),I=I,NE

W{I) = Eigenvalue of JIh mode.

Note: I. Input from the fust mode to the NE mode.
2. Eigenvalues are frequencies squared (ar in nJJ2

/ s'l)

B.3.2 Eigenvectors (Input only If ISEV =2)

NEcards
(E(KJ),K=I,3·NF),J=I~

E(K.J)= Value corresponding to Kill floor of eigenvector of1* mode.

Note: 1. Input from the fust mode to the NE mode.
2. Eigenvectors must be normalized with ftispeet to the mass matrix of superstructure
(4>>™ 4» =- {I}).
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BA Superstructure M.- Data

BA.l TraDllatloaal M.­

NFCards
CMX(I),I=I,NF

CMX(I)= Translational mass at floor I.

Note: 1. Input from the top floor to the rust floor.

B.4.2 Rotatioaal MMs (MMs MomeDt~ inertia)

NFCards
CMT(I),I=I,NF

CMT(I)= Mass moment of inertia of floor I about the center of mass of the floor.

XN(I)=

Note: 1. Input from the top floor to the first floor.

B.5 Superstructure DampIDa Data

NECards
DR(I).I=I,NE

DR(I)= Damping ntio corresponding to mode I.

Note: 1. Input from the fIrst mode to the NE mode.

B.6 DistaDce to the Center~M.-~ the Floor

NFcards
XN(I).YN(I),I=1,NF

Dista,lCC of the center 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 Ooor 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: 1. Input &om the top Ooor to the first floor.

B.711eiaht fIlthe ........ our.eat J'Ioon

NF+lcards
8(I),I=I,NF+1

H(I) = Height from the ground to the floor I.

Note: 1. Input from the top floor to the buc.
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EXE=

EYE =

SXE=

SYE=

STE=

eel ISOLATION SYSTEM DATA

Ce2 Stiffness Dalta for Linear Elastic Isolation System

One card
SXE,SYE,STE,EXE,EYE

Resultant stiffness of linear elastic isolation system in the X direction.

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

Resultant tortional stiffness oflinearelastic isolationsystem in the 9direction about
the center of mass of the base.

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

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: I. Data for linear elastic elements can also be input individually (refer to C.S.l).
2. See reports by Nagarajaiah et al. 1989 and 1991 for definitions.

C,J Mass Data of the Base

One Card
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.

CA Global Damp"" Data

One card
CBX,CBY,CBT,ECX,ECY

CBX=

CBY=

CBT=

ECX=

ECY=

Note:

Resultant global damping coefficient in the X direction.

Resultant global damping coefficient in the Y direction.

Resultant globa1 damping coefficient in the ediRction about the center of mass of
the base.

Eccentricity oftilecenterofglobaldamping oCtile isolation systemin the Xdirection
from the center of mass of 'he base.

Eccentricity ofthecenterofglobal dampingofthe isolation systeminthe Ydirection
from the center of mass of the base.

1. Data for viscous elements can also be input individually (refer to C.S.2).
2. See reports by Nagarajaiah et al. 1989 and 1991 for defmitioos.
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COS Coordinates orBearings

NPCards
XP(NP),YP(NP),I= I ,NP

XP(I) =

YP(I) =

X Coordinate of isolation element I from the center of mass of the base.

Y Coordinate of isolation element I from the center of mass of the base.

Note: 1. If NP equals zero then skip Section C.S.

C.61so1ation Element Data

The isolation clement data arc input in the following sequence:
I. Coordinates of isolation elements with respect to the center of mass of the base. One
card containing the X and Y coordinates ofeach isolation element is used. The fIrSt card
in the sequence corresponds to element No. I, the second to element No.2, etc. up to
element No. NP.
2. The second set of data for the isolation elements consists of two cards for isolation
element. The first card identifies the type of element and tbe second specifies its
mechanical properties. Two cards are used for isolation element No. I, then another two
for clement No.2, etc. up to No. NP. The farst of the two cards for each clement always
contains two integer numbers. These numbers are stored in array INELEM(NP,2) which
has NP rows and two columns. The card containing these two numbers will be identified
in the sequel as INELEM(K,I),INELEM(K,2)
where K refers to the isolationelement number (I to NP), INELEM(K, I) denotes whether
the clement is uniaxial (unidirectional) orbiaxial (bidirectional). INELEM(K,2) denotes
the type of element:

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

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

INELEM(K,I)=3 for biaxial clement

INELEM(K,2)= I for linear clastic clement

INELEM(K,2)=2 for viscous clement

INELEM(K,2)=3 for hysteretic element for elastomeric bearings/steel dampers

INELEM(K,2)=4 for hysteretic element for flat sliding bearings (friction force and f..-; inde-
pendent of instant changes in normal force)

INELEM(K,2)=S for hysteretic element for flat sliding bearings (friction force and f_ depend
on instant changes in normal force)

INELEM(K,2)=6 for FPS bearing element

INELEM(K,2)=7 for stiffening hysteretic element

Note: I. Uniaxial element refers to the element in which biaxial interaction between the forces
in the X and Y directions is neglected Iendering the interaction surface to be square,
instead of the circular interaction surface for the biaxial case.
2. IfNP equals zero then skip Section C.6. ,. f "

~ - ,
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Note:

PS(K,I)=

PS(K,2)=

C.6.l Linear Elastic Element

One card
INELEM(K, I),INELEM(K,2)

INELEM(K,I) = I or 2 or 3

INELEM(K,2) = I (Refer to C.6 for further details).

One card
PS(K,I ),PS(K,2)

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).

Shear stiffness in the Y direction for biaxial element or uniaxial element in the Y
direction (leave blank. if the uniaxial element is in the X direction only).

I. Biaxial element means elastic stiffness in both X and Ydirections (no interaction
between forces in X and Y direction).

C.6.2 Viscous Element

One card
INELEM(K,1 ),INELEM(K,2)

INELEM(K,l) = 1 or 2 or 3

INELEM(K,2) = 2 (Refer to C.6 for further details).

One card
PC(K,l),PC(K,2),PC(K,3)

PC(K.I)= 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 uniaxial element in
the Y direction (leave blank if the uniaxial element is in the X direction only).

PC(K,3)= Power that velocity is raised (ex in the Equations 4.13 and 4.14). Usual values in

the range of O.S to 1.2. If given value is 1.0 then the linear viscous clement is
recovered.

Note: 1. Biaxial element means elastic stiffness in both X and Y diR:ctions (no interaction
between forces in X and Y direction).
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C.6.3 Hysteretic Element for EIastomerIe Beuinpl'Steei Duapen

One card
INELEM(K.l).INELEM(K.2)

INELEM(K.l) = 1 or 2 or 3

INELEM(K,2) = 3 (Refer to C.6 for further details).

One card
(ALP(K,I).I=1.2).(YF(K,I).I=1.2),(YD(K.I),I=1.2)

ALP(K,l)= Post-to-preyielding stiffness ratio (leave blaDk if the uniaxial element is in the Y
direction only);

YF(K,l) = Yield force (leave blank if the uniaxial element is in the Y direction only);

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 only);

ALP(K,2)= Post-to-preyielding stiffness ratio (leave blank if the uniaxial element is in the X
direction only);

YF(K,2) = Yield force (leave blank if the uniaxial element is in the X direction only);

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

,
\ f-

l,
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C.6ABluiaI HysteretieElementfor SIIdlDaBeariDp(FrlctioDIDdepeDdentoflnltaDtCbaDIe
of Normal Lo8d)

One card
INELEM(K,1),INELEM(K,2)

INELEM(K, I) = I or 2 or 3

INELEM(K,2) = 4 (Refer to C.6 for further details).

One card
(FMAX(K,I),I=I,2),(FMIN(K,I),I=1 ,2),(PA(K,I),I=l,2),(YD(K,I),I= I ,2),FN(K)

FMAX(K,1)= Maximum coefficient of sliding friction (leave blank if the uniaxial clement is in
the Y direction only);

FMAX(K,2)= Maximum coefficient of sliding friction (leave blank if the uniaxial clement is in
the X direction only);

FMIN(K,I)= Minimum coefficient of sliding friction (leave blank if the uniaxial element is in
the Y direction only);

FMIN(K,2)= Minimum coefficient of sliding friction (leave blank if the uniaxial element is in
the X direction only);

PA(K,l) = Constant which controls the transition of coefficient of sliding friction from max­
imum to minimum value (leave blank if the uniaxial element is in the Y direction
only);

PA(K,2) == Constant which controls the traDSition of coefficient of sliding friction from max­
imum to minimum '. alue (leave blank if the uniaxial element is in the X direction
only);

YD(K,1) == Yield displacement; in the X direction for biaxial element or uniaxial element in
the X cfuection (leave blank if the uniaxial element is in the Y direction only);

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

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

A-It



C.6.! New Biaxial Hysteretic Element for Sliding Bearlnp (Frictioa Depends on Instaat
Chanle ofNormal Load)

One card
INELEM(K.l),INELEM(K,2)

INELEM(K,l) = I or 2 or 3

INELEM(K,2) = 5 (Refer to C.6 for furtbt;r details).

One card
(FMAX(K,I),I=l,2).(FMIN(K.I),I=1,2),(PA(K.I).I=l,2),(YD(K.I),I=1 .2),FN(K)

FMAX(K,l)= Maximum coefficient of sliding friction at almost zero pressure (f1NUl) in Equation

4.16) (leave blank. if the uniaxial element is in the Y direction only);

FMAX(K,2)= Maximum coefficient of sliding friction at almost zero pressure (f1NUl) in Equation

4.16) (leave blank. if the uniaxial element is in the X direction only);

FMIN(K,l)= Minimum coefficient of sliding friction (independent of pressure) (leave blank if
the uniaxial element is in the Y direction only);

FMIN(K.2)= Minimum coefficient of sliding friction (independent of pressure) (leave blank. if
the uniaxial element is in the X direction only);

PA(K,I) = Constant which controls the transition of coefficient of sliding friction from max­
imum (fmu) to minimum (f..uJvalue (leave blank if the uniaxial element is in the Y
direction only);

PA(K,2) = Constant which controls the transition of coefficient of sliding friction from max­
imum (frea) to minimum (f.) value (leave blank if the uniaxial element is in the X
direction only);

YD(K,l) = 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 only).

YD(K.2) = Yield displacement; in the Y direction for biaxial element or uniaxial 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 (static condition).
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C.6.6 Element for Friction Pendulum Rea...... (FPS)

One card
INELEM(K,1),INELEM(K,2)

INELEM(K,l) = 1 or 2 or 3

INELEM(K,2) = 6 (Refer to C.6 for further details).

One card
ALP(K,3),(FMAX(K,I),I=1,2),(FMIN(K,I),I= I,2),(PA(K,I),I= l,2),(YD(K,I)J= I,
2),FN(K)

ALP(K,3) = Radious of curvature of the concave surface of the bearing;

FMAX(K,1)= Maximum coefficient of sliding friction at almost zero pressure (fwP) in Equation

4.16) (leave blank if the uniaxial element is in the Y direction only);

FMAX(K,2)= Maximum coefficient of sliding friction at almost zero pressure (fwP) in Equation

4.16)(1eave blank if the uniaxial element is in the: X direction only).;

FMIN(K,l)= Minimum coefficient of sliding friction (independent of pressure)(leave blank if
fl·c uniaxial element is in the Y direction only);

FMIN(K,2)= Minimum coefficient of sliding friction (independent of pressure)(leave blank if
the uniaxial element is in the X direction only).;

PA(K,l) = Constant which controls the transition of coefficient of sliding friction from max­
imum (f",.J to minimum (j,..) value (leave blank if the uniaxial element is in the Y
direction only);

PA(K,2) = Constant which controls the transition of coefficient of sliding friction from max­
imum (j_) to minimum (j...J value (leave blank if the uniaxial element is in the X
direction only).;

YD(K,1) = Yield displacement; in the X direction for biaxial element or uniaxial clement in
the X direction (leave blank if the uniaxial clement is in the Y direction only);

YD<K(2) = Yield displacement; in the Y direction for biaxial element or uniaxial 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 (static condition).
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ALP(K,3)=

ALP(K,4)=

ALP(K,5)=

ALP(K,6)=

ALP(K,7)=

YD(K,I) =

C.6.7 StiffeDlna Blulal Hysteretic Element

One card
INELEM(K,I),INELEM(K,2)

INELEM(K,I) = I or 2 or 3

INELEM(K,2) = 7 (Refer to C.6 for further details).

One card
ALP(K,3),ALP(K,4),ALP(K,5),ALP(K,6),ALP(K,7),YD(K, I)

Characteristic strength (Q of Equation 4.6);

Tangent stiffness K. (see Equation 4.1);

Tangent stiffness K2 (see Equation 4.1);

Displacement limit D1 (see Equation 4.1);

Displacement limit D2 (see Equation 4.1);

Yield displacement;
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D.t EARIllQUAKE JLUA

D.2 UnldlrectionaI Earthquake Record

File:WAVEX.DAT

LOR cards
X(I),I=I,LOR

X(I) = Unidirectional acceleration component.

Note: 1. If INDGACC as specified in A.4.4 is 1 or 3, then the input will be assumed at an
angle XTH specified in A.4.4. IfINDGACC as specified in A.4.4 is 2 or4, then X(LOR)
is considered to be the X component of the bidirectional earthquake.

D.3 Earthquake Record ill the Y DIrection for the Bidirectional EarthqUllke

File:WAVEY.DAT (Input only if INDGACC =2 or 4)

LOR cards
Y(1,1 ),1=1,LOR

Y(l,l) = Acceleration component in the Y direction.

D.4 Earthquake Record ill the Z (Vertical) DIrection

File:WAVEl.DAT (Input only if INDGACC =3 or 4)

Y(I,2) =

LOR cards
Y{I,2),I=I,LOR

Acceleration component in the Z direction.
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£.1 OUTPUT PATA

E.2 Output Parameters

One card
LTMH,KPD,IPROF

LTMH= 1

LTMH=O

KPD=

IPROF= 1

IPROF=O

for both the time history and peak response output.

for only peak response output.

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

for accelerations-displacements proflles output.

for no accclerations-displacements profiles output.

IP(I) =

E.3 Isolator output

INPcards
IP(n,l=1,INP

Bearing number of bearings I at which the force and displacement response is
desired.

Note: 1. If INP equals zero then skip Section E.3.

E.4lDterstory drift output

The following set of cards must be imported as many times as the number of super­
structures NB.

One card
ICOR(I),I= I,NB

leOR(I)= Number ofcolumn lines of superstructure I at which the interstory drift is desired.

ICOR(I) cards
CORDX(K),CORDY(K),K=IJCOR(I)

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

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

Note: I. Maximum number ofcolumns at which drift output may be requested is limited to six
for each superstructure (maximum value for ICOR(I) is six)
2. The coordinates of the column lines arc with respect to the reference axis at the center
of mass of the base.
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INPUT-OUTPUT OF 3D-BASIS-ME
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HIGH DAMPING RUBBER BEARING SYSTEM

WITHOUT VERnCAL GROUND MonON AND OVERTURNING MOMENT BFFBCTS
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.2 1_IIOVED D._INa IIUIIBER BURINGS
tn Ktp./tn·••ct2

t ~ II • 30.22
, 3
t 3
O.COS to t soo t
0.1 0.21
2 0.02 2000 0 1

31.12
31.12

_18.0018
0.0
0.0

.2.2.7••
t ooססoo.0סס70
0.001 O.COS 0.005

0.0
0.0
2••.~. ".00

.'71'.10

.'711.10
'''.227.SO

0.0
0.0

3t .01031
17ClOOOO. ClOOOO

0.02 0.02 0.02
0.0
0.0
210..... 11.00
00000

•.10108
ooסס0.'42712

00000-.3.... 0.00
0.00 -'20.11

808.11 0.00
0.00 .20.•'

-14.40 0.00
3 1

.'.131 ••.•25 ....1 11.40 t1.'.0.57
3 7

' •. 73•••.•2.....1 " .•0 " .•• 0 .•'
3 1

••. 731 4'.421 ....1 11.40 11 .•' 0.17
3 7

••. 731 ••. 421 ....1 ".40 11." 0.17
3 7

3.2... '.3.7 sa7.. ".40 " .•• 0 .•7
021
1 2 3 • l5,
-.3"." 0.00
1
-''' .•0 0.00

INPUT
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-0.3071t1.01
-O.I1UII.OI
-0.111111.02
0.145321+02

-0.141711+01
0.720721+01

-0.23:1'41+02
0.'05121+00
0.111011+02
0.40'511.01

-0.103111.02

0.121711.02
0.315071.01
O.JUUI.Ol

-0."1521.00
-0.141211.02
-a .175211.02
-0.241711.02
-e.445821.02
0.317531.02
0.214141.02

-0.213011.02

-0.102401.o:a
O. 120511.02

-0.134301+02
0.122411+02
0.157531.01
0.1052U+02

-0.170531+02
0.'4050101.00

-0.157531+01
0.15"U+02
0.1"541.01

0.220551.01
-0.20Ull.02
-0.145721.02
-0.'11141.01
0.127211.02
O. '05121+01

-0.104371.02
-0.477721.02
-0 .•05UI.Ol
0.270171.02
0.'73ICI.01

-0.410411+01
-0.I':11UI+02
0.7.42571.02

-u.Sn12I+01
\/.207551.02
o . 213171.02
0.130141.00

-0.5"111.01
-0.320511.02
0.313111.02
0.U.,31.01

-0.22IUI.Ol
-0.1'1021.02
-0.101221.02
-0.2nlll.01

0.215311+02
0.173511.02
0.211'01.02

-0.11'7311.02
-0.3n451.02
O.3IU.I+Ol
0.4U15I.02

0.102001.02
-0.134301.02
-O.tlO'SI+Ol
-0.271121.01

o . 110211+01
0.4'1"1+01
0.110141.02

-O.23UOI.Ol
-O.II2UI.Ol
·0.117311.02
0.227511.02

-O.unSI.Ol
0.410"1.01
0.111"1.0:1

-0.244111+01
0.134UI.Ol

-0.'02571.01
0.50"'1.0:1
0 . .,1251.01

-0.373751.02
-0.225271.02
0.411'01.02

8-6

-O.:IIn'I.Ol
0.141111.02

-0.720721.01
0.575001.01

-0.2115'1.02
-0.100031.02
0.121171.02
O.I"UI.Ol
0.'17141.01

-0.3713'1.02
O.tlU'I.Ol

0.112UI+Ol
O. ""71+01
0.111521.02

-0.135171.02
-0.241511.02
-0.21'7711.02
0.100121.02
0.4123.1.02

-0.10"31.02
-0.352011.02

0 .....'71.01



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

PROGRAM 3O-BASIS-M A GENERAL PROGRAM FOR THE NONLINEAR
DYNAMIC ANALYSIS OF THREE DIMENSIONAL BASE ISOLATED
MULTIPLE BUilDING STRUCTURES

DEVELOPED IY ...P. C. TSDPElAS. S. NAGARA~AIAH •
N. C. CONSTANTINOU AND A. M. REINHORN
DEPARTMENT OF CIVil ENGINEERING
STATE UNIY. OF NEW YORK AT IUFFALO

NATIONAL CENTER FOR EARTHQUAKE ENGINEERING RESEARCH
STATE UNIYERSITY OF NEW YORK. IUFFALO

................................................................... '

VERSION 3O-IASIS-ME. ~ANUARY '"3

t:I:'
I

-..I

DEVELOPED IY ..• P. C. TSOPELAS. N. C. CDNSTANTINOU AND A. No REINHDAN
DEPARTMENT OF CIVIL ENGINEERING
STATE UNIY. OF NEW YORK AT BUFFALO

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

12 I.ROVED O..ING RUBBER IEARINGS

o
~
~

UNITS
LENGTH
USS
TIME

in
K1pI/ln·.-cn

secs

,"R.

•••••••••••••• INPUT DATA···············

••••••••••••••••• CONTROL PARAMETERS •••••••••••••••

NO. OF IUILOINGS .
NO. OF I SOLATORS 0 ••••••••••••••••••••••••

INDEX FOR SUPERSTRUCTURE STIFFNESS DATA·

2
I
I

"\,



INDtx • 1 fOR 3D SHEAR BUILDING REPRES.
INDEX • 2 fOR fULL 3D REPRESENTATION

NUMBER Of ISOLATORS, OUTPUT IS DESIRED .. •

TI.E STEP Of INTEGRATION (NEWMARK) •
INDEX FOR TVPE OF TI.E STEP .............•

INDEX - 1 FOR CONSTANT TI.E STEP
INDEX - 2 FOR VARIABLE TI.E STEP

GAMA fOR NEWMARKS .ETHOD -
BETA FOR NEWMARKS .ETHOD -
TOLERANCE FOR FORCE COMPUTATION -
REFERENCE MOMENT OF CONVERGENCE -
MAX NUMBER OF ITERATIONS WITHIN T.S -

INDEX FOR GROUND MOTION INPUT -

5

0.00500
1

OOסס0.5

0.25000
ooסס10.0

ooסס1.0

500

2

INDEX - 1 FOR )(
INDEX - :2 FOR )( a v
INDEX • 3 FOR X a z
INDEX - 4 FOR X • V a z

DIR. INPUT
DIR. INPUT
OIA INPUT
DIR. INPUT

tp
00

TI.E STEP OF RECORD .
LENGTH OF RECORO -
LOAD FACTOR -
ANGLE OF EARTHQUAKE INCIOENCE -

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

SUPERSTRUCTURE

r-.? STIFFNESS DATA .

0.02000
2000

ooסס1.0

ooסס0.0

" . STIFFNESS (THREE DI.ENSIDNAL SHEAR BUILDING)
LEVEL STIFF X STIFF V STIFF R ECCENT x ECCENT v

35.12000

SUPERSTRUCTURE MASS .
LEVEL TRANSl. MASS

42.2..79..

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

35.12000

ROTATIONAL MASS

ooססoo.0סס170

3659.00590

ECCENY X

ooסס0.0

OO1סס.0

ECCENT V

ooסס0.0

ooסס0.0

1
2

0.00500
O.OOSOO



3

HEIGHT .
LEVEL HEIGHT

0.00500

t :1......00
o 11.000

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

MODE ....ER

1
:I
3

EIGENVALUE

0.21!5236E-02
0.131213E+00
0.1312.3E+00

PERIOD

0.13!5432E+03
0.6.9137E+Ot
0.618137E+01

ImDE SHAPES
LEVEL 2 3

x 0oooooס.0 0.11531489 0oooooס.0

y 0oooooס.0 0oooooס.0 0.t!531"99

R 0.0007670 O.0סooooo O. 0oooooס

l1:l
I-e

SUPERSTRUCTURE :I

..... STIFFNESS DATA .

STIFFNESS (THREE DIMENSIONAL SHEAR IUILDING)
LEVEL STIFF X STIFF V STIFF R ECCENT X ECCENT Y

:J
r~

~.. ,

467t6.80000

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MASS

31.07037

SUPERSTRUCTURE DAMPING .... , ..
ImDE SHAPE DAMPING RATIO

46716.90000

ROTATIONAL MASS

ooססoo.0סס170

661.2:17.!50000

ECCENT X

ooסס0.0

OO1סס.0

ECCENT V

ooסס0.0

ooסס0.0

1
2
3

HEIGHT .
LEVEL HEIGHT

t 210."eo
o 11.000

0.0:1000
0.02000
0.02000



••••••••••••• ISOLATION SVSTEM DATA ••••••••••••

STIFFNESS DATA FOR LINEAR-ELASTIC ISOLATION SySTEM .

STIFFNESS OF LINEAR-ELASTIC SVS. IN X OIR. ­
STIFFNESS OF LINEAR ELASTIC SYS. IN Y OIR. ­
STIFFNESS OF LINEAR ELASTIC SYS. IN R OIR. -
ECCENT. IN X OIR. fROM CEN. OF MASS -
ECCENT. IN Y DIR. fROM CEN. OF MASS -

MASS AT THI CENTER Of .ASS OF THE BASE ....
TRANSL. MASS ROTATIONAL MASS

ooסס0.0

ooסס0.0

ooסס0.0

ooסס0.0

ooסס0.0

MASS '.10101 ooסס0.'42152

GLOBAL ISOLATION DAMPING AT THE CENTER OF MASS OF THE BASE .....
X Y R Eex Eev

OA.ING ooסס0.0 ooסס0.0 ooסס0.0 ooסס0.0 ooסס0.0

ISOLATORS LOCATION INFOR.ATION .
ISOLATOR X Y

rp-o
1
2
3
4
5

-134.MOO
OOסס.0

106.1100
OOסס.0

-'•.•000

OOסס.0

-no. HOD
OOסס.0

no. MOO
OOסס.0

...... ELE.ENT TVPE -

-,
.. 'NONLINEAR ELEMENT FORCE -DISPLACEMENT LOOP PARAMETERS .
, ... ISOLATOR C". STRENGTH I( 1 Ie 2, .
~. ,

2
3
4
5

15.13500
1!!I.73500
1!!I.73500
15.73500

342.'.000

••.•2500
••.•2500
4'.42500
4'.42500
OOסס113.7

1I.1!5000
•. I!5000
•. '!5000
•. '!5000
OOסס317.4

01

ooסס11.4

ooסס11.4

ooסס11.4

OOסס11.4

ooסס11.4

02

11.11000
11..1000t, .••000

" ."000t, .••000

YIELD DISPL.

0.57000
0.51000
0.157000
0.151000
0.51000

•••••••••••• OUTPUT PARA.ETERS •••••••••••••

TI. HISTORV OPTION -

INDEX - 0 FOR NO TIME HISTORV OUTPUT
INDEX - 1 FOR TIME HISTORY OUTPUT



ND. OF TIME STEPS AT WHICH TIME HISTORY
OUTPUT IS DESIRED ..........................•
ACCELERATION-DISPLACEMENTS PROFILES OPTION .. •

INDEX • 0 FOR ND PROfILES OUTPUT
INDEX • 1 fOR PROFILES OUTPUT

FORCE-DISPLACEMENT TIME HISTORY DESIRED
AT ISOLATORS NUMBERED ...................•

2 3

2
1

4 5

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

NODE NUMBER

1
2
3

EIGENVALUE

0.388307E+Of
O. f503118E+04
O. 150358E+04

PERIOD

0.318444E+01
O.•82038E+00
0.182038E+00

NODE SHAPES
LIVEl 2 3

'i'--

.
.....,-.1

~ ...(:

x 0oooooס.0 0.17'401' 0oooooס.0

Y 0oooooס.0 0oooooס.0 0.171.018

R 0.0007670 0oooooס.0 0oooooס.0

MAX. RELATIVE DISPLACIMINTS AT CENTER OF MASS OF LEVELS
(WITH RESPICT TO THE BASE)

SUPERSTRUCTURE: 1
LEVEL TIME DISPL X TIME DISPL Y TIME ROTATION

'.3111 0.~1E+02 4.735 -.1201E+02 3.8250.253IE-03

SUPERSTRUCTURE: 2
LEVEL TIME DISPL X TIME DISPL Y TIME ROTATION

11.1150 -.1743E+00 3.100 -.1"31-01 4.710 -.34171-03

MAX. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIME DISPL X TIMI OISPL Y TIME ROTATION
lASE I .... -.1710£+02 3.115 -."4.E+01 3.'25 -.211311-03

MAXIMUM IEARING DISPLACEMENTS

ISOLATOR
1
:2
3

"

MAX DISPL
TIME X DIRECT
5.5&5 -.17IOE+02
I. H5 -. 17'8£+02
5.5811 -.171OE+02
'.HII -.1112E+02

X
Y DIRECT

-.7321£+01
-.7502E+01
-.7I7IE+01
-.1502£+01

TIME
3.915
3.1':;
3.815
3.815

MAX DISPL
X DIRECT

-.1564E+02
-.15I5E+02
-. '1I6U+02
-.1'544E+02

Y
Y DIRECT

-.1731£+0'
-.184IE+01
-.1153E+01
- .•949E+01

MAX RES.
TIME DISPLACEMINT
5.5700.1925E+02
5.5750.18481+02
5.5750.'8311+02
5.5700.1816E+02

DISPL. SQRT(DX'2+DY'2)



5 5.565 -.1780E+02 -.7499E+01 3.915 -. 1564E+02 -.8946E+01 5.5150.1932E+02

MAXIMUM BEARING VELOCITIES

ISOLATOR
1
2
3
4
5

MAX VELOCITY X
TIME X DIRECT Y DIRECT
5.915 0.6571E+02 0.3482E+02
5.920 0.663O€+02 0.3435E+02
5.915 0.6571E+02 0.3599E+02
5.815 0.6512E+02 0.3542E+02
5.815 0.6571E+02 0.3541E+02

MAX VELOCITY Y
TIME X DIRECT Y DIRECT
5.870 0.6351E+02 0.3884E+02
5.810 0.6389E+02 0.~923E+02

5.810 0.6351E+02 0.3961E+02
5.870 0.6312E+02 0.3923E+02
5.870 0.6351E+02 0.3923E+02

MAX RES. VELOCITY SORT(VXt2+VVt2)
TIME VELOCITY
5.895 0.7519E+02
5.900 0.7583E+02
5.895 0.7566E+02
5.8950.7503E+02
5.8950.7543E+02

ISOLATOR
i
2
3
4
5

MAXIMUM BEARING FORCES

MAX FORCE
TIME X DIRECT
5.555 -.1266[+04
5.555 -.1283E+04
5.555 -.1266E404
~.555 -.1248E+04
5.555 -.5063E+04

x
Y DIRECT

-.5444E+03
-.5598E+03
-.5131E+03
-.5589E+03

. 2235E+04

MAX FORCE Y MAX RES. FORCE SORT(FXt2+fYt2)
TIME X DIRECT Y DIRECT TIME FORCE
3.895 -.1068E+04 -.6421E+03 5.5650.1380E+04
3.900 -.1080E+04 -.G615E+03 5.5650.1403E+04
3.810 -.1033E+04 -.6160E+03 5.5650.1392E+04
3.905 -.1023E+04 -.6576E+03 5.5650.1369E+04
3.900 -.4231E+04 -.2631E+04 5.565 0.5544E+04

MAX. TOTAL ACCELERATIONS AT CENTER OF MASS OF LEVELS

tl:I•-N SUPERSTRUCTURE: I
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

'.:.

(' .,
'~

8.300 -.3360E+02 4.7250.1006E+02 3.675 -.9911E-06

SUPERSTRUCTURE: 2
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

5.5450.2621E+03 3.800 0.1382E+03 •. 690 0.1348E-02

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

BASE 5.5100.2580£+03 3.8700.1358E+03 3.6950.3119E-Ol

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE DISPLACEMENTS

MAXIMUM lASE DISPLACEMENT IN X DIRECTION
nME: 5.565

suPERSTRUCTURE
X y



r:p-~

LEVEL DISP ACCEL DISP ACCEL
1 12.6955 -10.2606 !i. 3307 -4.4177

BASE -17.7974 252.2362 -7.5024 113.447"

SUPERSTRUCTURE : 2
lC Y

LEVEL DISP ACCEl DISP AceEL
1 -0.1724 251.9142 -0.0774 116.5551

BASE -17.797" 252.2362 -7.502" 113 .....7..

MAXIMUM BASE DISPLACEMENT IN y DIRECTION
TIlliE: 3.815

SUPERSTRUCTURE :
lC y

LEVEl DISP ACCEL DISP lCCEl
1 21.1312 -2:1.2372 7.6564 -6.2791

I.sE -1!i.6ua 210.4397 -8.9"92 130.3809

SUPERSTRUCTURE : 2
X Y

lEVEl DISP ACCEl DISP ACCEl
1 -0.1513 226.5920 -0.0909 136 ....7..

lASE -itl.644. 210.4397 -8 .•"92 130.3809

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUILDING

SUPERSTRUCTURE :

MAX ACCELERATION IN X DIRECTION
nME: 8.300

!,.• lEVEL
. 1

/.. BASE

DISP
40.3911
-1.7051

ACCEL
-33.5979
102.8309

DISP
2.'356

-4.2112

ACCEL
-2.22"7
43.0927

MAX ACCELERATION IN Y DIRECTION
nME: 4. 72~

LEVEL
1

BASE

OISP 'ceEL
- .......7 3.7221
15.1430 -214.3719

DISP
-12.0164

7.9607

ACCEl
10.05117

-123.5597

SUPERSTRUCTURE: 2

MAX ACCELERATION IN X DIRECTION



T1Mt: 5.545

LEVEL
1

BASE

DISP
-0.17..3

-17.7337

ACCEL
262. 1~5
244.1050

DISP
-0.0747
-7.3411

Accn
112.6542
101.3166

.ax ACCELERATION IN Y DIRECTION
TIME: 3.900

LEVU
1

BASE

DISP
-0.1579

-15.1107

ACCEl
236.975.
211.01"

DISP
-0.0919
-1.1215

Accn
131.2no
126.1989

rp-.r:o.

. .aXIMUM STRUCTURAL SHEARS .

SUPERST. No TIME FORCE X TIME FORCE Y
1 9.300 -.1419E+04 4.7250.425OE+03
2 5.545 0."44E+04 3.900 0.4295E+04

~..
. \

... ~

TIME Z MOMENT
3.675 -.1615E+01
4.610 0.2291E+04

. .aXIMUM 8~SE SHEARS .
TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME AES. SHEAR SQAT(FXt2+FYt2)

5.555 -.1013E+~ 3.900 -.5274E+04 3.110 -.1552E+05 5.5650.1109E+05

.MAXIMUM STOAY SHEARS .

SUPERSTRUCTURE : 1
LEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT nME AES. SHEAR SORT(F~t2+FYt2)

9.300 -.141IE+04 4.7250.4250E+03 3.675 -.1615E+01 1.2950.1423E+04

SUPERSTRUCTURE : 2
LEVU TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQAT(FXt2+FYt2)

5.545 0."44E+04 3.100 0.4285E+0. 4.610 0.2211£+04 5.550 0.1179E+04



PROFilES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX STRUCT SHEAR IN EACH BUILDING

SUPERSTRUCTURE :

MAX STRUC SHEAR IN X DIRECTION
TIM: 1.300

LEVEL
t

lASE

DISP
.0.3.'
-7.7057

ACCEL
-33.5171
102.1309

DISP
2.1356

-4.2112

ACCEL
-2.2247
43.0127

MAX STRUC SHEAR IN Y DIRECTION
TIME: •. 725

LEVEL
t

lASE

DISP
- .......7
t5.543O

ACCEL
3.7221

-214.3711

DISP
- 12 . De."

7.H07

ACCEL
10.0517

-123.5517

tp­VI

SUPERSTRUCTURE: 2

MAX STRUC SHEAR IN X DIRECTION
TIM: 1.141

LEVEL
1

lASE

DISP
-0.17"3

-17.7337

ACCEl
262.105B
24".1050

DISP
-0.0747
-7.3411

ACCEl
112.6542
1De.31••

t·. MAX STRUC SHUR IN Y DIRECTION
r', TIME: 3.100,~.

LEVEL
1

lASE

DISP
-0. tl7.

- tS .It07

ACCEl
236 .•7S1
2t 1.0111

DISP
-0.0111
-1.'2IS

ACCEl
13•. 2470
126. ttl.

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX lASE SHEARS

MAXIMUM lASE SHlAR IN X DIRECTION
TIM: B.III

SUPERSTRUCTURE :



LEVEL
1

BASE

DISP
13.0038

-17.7815

x
ACCEL

-10.5"0.­
2..7.1..65

DISP
15. 2631

-7."272

y
ACCEL
- .......21

110.0184

SUPERSTRUCTURE: 2
X

LEVEL
1

BASE

DISP
-0.17"0

-17.7115

ACCEL
261.5005
2..7. , ..65

DISP
-0.0763
-7."272

y
ACCEL

114.8470
110.0114

MAXIMUM BASE SHEAR IN Y DIRECTION
TIME: 3.800

SUPERSTRUCTURE :
X Y

SUPERSTRUCTURE: 2
X Y

LEVEL
1

BASE

LEVEL
1

BASE

DISP
21.3"10

-15.1107

DISP
-0.157.

-15.1107

Accn
-23 ......4
2".01l~1

ACCEL
236 .•75.
211.01.1

DISP
7.7101

-1.9215

DISP
-0.011'
-1.9215

ACCEL
-6.4016

126.1.1.

ACCEL
131.2"70
126.1819

t:D
I-QI

f·..
·.···.··.·····FORCE PROFILES···.····.··

• • MAX OVERTURNING MOMENT X DIRECTION MAX STRUCTURAL SHEAR X DIRECTION

SUPR!STURE TIME OVERTURNING MOMENT
1 8.300 -403618.7OS1

FLOOR INERTIA FORCES
1 -1411.4"34

BASE 1011.1382

SUPR!STURE TIME OVERTURNING MOMENT
2 5.5"5 171"018. 1752

TIME MAX STUCTURAL SHEAR
'.300 -1418.4434

INERTIA FORCES
-1418 .....3..

1018.1382 FORCE AT C.M. OF ENTIRE BASE

TIME MAX STUCTURAL SHEAR
5.545 8143.7152

FLOOR
1

lASE

INERTIA FORCES
1143.1152
2"23.1361

MAX OVERTURNING MOMENT Y DIRECTION

INERTIA FORCES
8143.7152
2423.8368 FORCE AT C.M. OF ENTIRE BASE

MAX STRUCTURAL SHEAR Y DIRECTION

SUPR!STURE TIME OVERTURNING MOMENT
1 ".725 120151.5021

TIME .AX STUCTURAL SHEAR
".725 42".8586

FLOOR
1

BASE

INERTII FORCES
..2....5.6

-1223.3751

INERTIA FORCES
"2".9596

-1223.3757 FORCE AT C.•. OF ENTIRE BASE



SUPR!STURE TIIllE OVERTURNING ~IllENT

2 3 .100 804082 .6905
TIIllE IllAX STUCTURAL SHEAR
3.900 4295.3853

FLOOR
1

BASE

INERTIA FORCES
4295.3853
'249.5070

INERTIA FORCES
4295.3853
'249.5070 FORCE AT C.Ill. OF ENTIRE BASE

.MAXIMUM INTERSTORY DRIFT RATIOS' FOR EACH SUPERSTRUCTURE

SUPERSTRUCTURE :

COORDINATES OF COLUMN LINES WITH RESPECT TC MASS CENTER OF BASE
CIL : , X COOR: -834.860

Y CODR : 0.000

~
I-....,

COLUMN LINES
1

LEVEL TIME X OIR TIME Y OIR TIME
t 8.3150.1517E+00 4.7350.4470E-0'

SUPERSTRUCTURE: 2

X CIA TIME Y OIR TIIllE X aIR TIIllE Y CIR

COORDINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE
Cll : 1 X CODR: -14.400

Y COOR : 0.000

COL... LINES

~ ..
C:

lEVEL TIME X OIR TIME Y OIR TIME
1 5.550 0.8058E-03 3.100 0.5024E-03

X OIR TIME Y DIR TINE X OIR TINE Y OIR



LOW DAMPING RUBBER BEARING· LINEAR VISCOUS FLUID DAMPER SYSTEM

wrmOlJr VERTICAL GR.OUND MOTION AND OVERnJRNlNG MOMENT EFFECTS
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INPUT

52 LOW DAMPING RUBBER BEAR. + 24 LINEAR FLUID DAMPERS
in I( lp./ i n· ••ct2 ••c.

1 2 8 8 3".22
1 3
1 3
0.001 10 i SOD i
0.1 0.21
2 0.02 2000 0 •

31.12
31.12

3118.0018
0.0
0.0

42.24784
170DD00. ODOOD
0.001 O.DOS 0.001

0.0
0.0
214.40. 1'.00

.1"11.10

.1"".10
H11227.1O

0.0
0.0

3 •. 0.,03.,
1.,00D00 .OODOO

0.02 0.02 0.02
0.0
0.0
210.41. 11.00
00000

8.10108
'27121.0DD00

".11. 7.1'. 23".832. 00
-13•. H 0.00

0.00 -laO.M
101.1' 0.00

0.00 '20.M
-1•. 40 0.00

-101... 0.00
0.00 -.81 .•1

'11.01 0.00
0.00 .81 .•1

I 1
.1.1" .'.SI'

3 1
48.S15 .8.S85

I 1
.1.11' .'.S"

I 1
'1.111 .1.111

I 1
1".11 18'.11

:I a
10.'1 10.'1 1.0

3 2
10.13 10.'3 1.0

3 :2
10.13 10.'1 1.0

3 2
10.'3 10.'1 1.0
021
1 23. I • 7 • •
1
-114.M 0.00
1
-1'.40 0.00

B-21

lr ~ ..



MVD.DAT

-0.307UI.01
-0 .•U1 01
-0. 11U 02
0.145321.02

-0.1417".01
0.720721.01

-0. 233t41.02

0.'05'21.00
0.1&10.1.02

0 .•On'I.01
-0.103111.02

MWY.DAT

0.121'7'1.02
0.315011.01
0.352331+01

- O. '''521.00
-0.1492'1.02
-0.1752'1.02

-0.2.3711.02
-0.445121.02

0.317531.02
0.214141.02

-0.2'3011.02

-0.102401.02
O. 120511.02

·0.134301.02
0.122..1.02
0.157531.01
0.4052U.02

-0.170531.02

0.945201.00
·0.157531.01

0.3""1.02
0.4"5.1.01

0.220551+01
-0.203UI+02
- 0.145721.02

-0.'''141.01
0.127211.02

0.'05'21+01
- 0.104311.02
- O••,7731+02

-0.405151+01
0.270111.02
0.173411+01

-0 ....0....01

-0.101111.02
o 142571.02

-0.517121.01
0.207551.02
o.213171+02

0.630141+00

-0.5'''11+01
-0.320511.02
0.313.,1.02
0.134931.01

-0.221421.01

-0.115021.02
-0.101231.02
-0.217111+01

0.2953'1+02
0.173'11.02
0.211901.02

-0.1"111.02
-0.317451.02

0.3""1.01
0 .•123'1.02

0.102001.02
-0.134301.02
-0.91015••01
-0.27112••01
0.11027••01

0."'1"••01
0.17014••02

-0.23510••01
-0.112191.01
-0.U73•••02
0.22714••02

-0.1"351.01

0 .•'0"1.01
O. 1'1171.02

-0.244111.01
0.13.931.01

-0. '02571.01
0.50Un.02
0.171251.01

-0.37375••02
-0.225271.02

0 . .,.,01.02

B-22

-0.213511.01
o.14UlI.02

-0.12072••01
0.575001.01

-0.2115'1.02
-0.100031.03

0.12"71.02

0.'''131.01
0.91114••01

-0. J713'1.02
0.9145'1.01

0.1121'••01
0.117171.01
0.un21.02

-0.135171.02
-0.24151••02

-0.217"1.02
0.10012••02
0 .•12341.02

-0.10173••02
-0.3520'1.02

0 ...." ••01
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PROGRAM 3D-SASIS-•...... A GENERAL PROGRA. FOR THE NONLINEAR
DYNA.IC ANALYSIS OF THREE DI.ENSIONAL BASE ISOLATED
MULTIPLE BUilDING STRUCTURES
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52 LOW DAMPING RUBBER BEAR. + 24 LINEAR FLUID DAMPERS
~

f· ..

UNITS
LENGTH
MASS
TIME

in
1C1P8/tn·• .ct2

• .c.

-,
(' \
"-

.·.··.·.······INPUT DATA···············

••••••••••••••••• CONTROL PARAMETERS •••••••••••••••

NO. OF BUILDINGS •
NO. OF ISOLATORS •
INDEX FOR SUPERSTRUCTURE STIFFNESS DATA·

2

•1



INDEX· 1 FOR 30 SHEAR BUILOING REPRES.
INDEX • 2 FOR FULL 3D REPRESENTATION

NUMBER OF ISOLATORS. OUTPUT IS OESIAED .. •

TIME STEP OF INTEGAATION (NEWMAAK) ......•
INDEX FDA TYPE OF TIME STEP , ..•

INDEX • 1 FDA CONSTANT TIME STEP
INDEX • 2 FOR VAAl ABLE TIME STEP

GA.. FOA NEWMARKS .ETHOD , .. •
BETA FDA NEWMARKS .ETHOD , .. •
TOLERANCE FOR FORCE COMPUTATION., , ..•
REFERENCE MOMENT OF CONVERGENCE , ..•
MAX NUMBER OF ITERATIONS WITHIN T.S .. , ..•

INDEX FOR GROUND MOTION INPUT , .. •

9

0.00500
1

OOסס0.5

0.2!5000
ooסס50.0

ooסס1.0

500

2

INDEX • 1 FOR X
INDEX • 2 FOR X a Y
INDEX • 3 FOR X a 1
INDEX ... FOR X • Y a z

DIA. INPUT
DIA. INPUT
DIA INPUT
DIR. INPUT

TIME STEP OF AECORD .
LENGTH OF RECORD •
LOAD FACTOR , ..•
ANGLE OF EAATHQUAKE INCIDENCE •

r:p
~

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

SUPERSTRUCTURE

..... STIFFNESS DATA .!.. STIFFNESS (THREE DIMENSIONAL SHEAR BUILDING)
" LEVEL STIFF X STIFF Y

0.02000
2000

ooסס1.0

ooסס0.0

STIFF R ECCENT X ECCENT Y

35.12000

SUPERSTRUCTURE .ASS .
LEVEL TAANSL. MASS

42.24794

SUPERSTRUCTURE OAMPING .
MODE SHAPE DAMPING RATIO

35.12000

ROTATIONAL IIASS

ooססoo.0סס170

3659.00590

ECCENT X

ooסס0.0

OO1סס.0

ECCENT '{

ooסס0.0

ooסס0.0

1
2

0.00500
0.00!500



3

HEIGHT .
LEVEL HEIGHT

O.OOSOO

1 214.400
o 11.000

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

NODE NUMBER

1
2
3

EIGENVALUE

0.215236E-02
0.131283E+00
0.131283E+00

PERIOO

0.135432E+03
0.689137E+01
0.689137E+01

NODE SHAPES
LEVEL 2 3

x 0.00000oo 0.1538499 0.00000oo

Y 0.00000oo 0.00000oo 0.1538499

R 0.0007670 0.00000oo 0.00000oo

..... STIFFNESS DATA .........

tl:I
~
V\

SUPERSTRUCTURE 2

STIFFNESS (THREE OIMENSIONAL SHEAR BUILOING)
LEVEL STIFF X STIFF Y STIFF It ECCENT X ECCENT Y

,!...
t·;

i "

46716.90000

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MAS5

31.07037

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

46716.90000

ROTATIONAL MASS

1700000.00000

6618227.50000

ECCENT X

0.00000

0.00001

ECCENT Y

0.00000

0.00000

1
2
3

HEIGHT .
LEVEL HEIGHT

1 210.410
o 18.000

0.02000
0.02000
0.02000



• •••••••••••• ISOLATION SYSTEM DATA ••••••••••••

STIFFNESS DATA FDA LINEAR-ELASTIC ISOLATION SySTEM .

STIFFNESS OF LINEAR-ELASTIC SYS. IN X DIR.•
STIFFNESS OF LINEAR ELASTIC SYS. IN Y DIR.•
STIFFNESS OF LINEAR ELASTIC SYS. IN A DJR.•
ECCENT. IN X OIR. FROM CEN. OF MASS •
ECCENT. IN Y OIR. FROM CEN. OF MASS •

MASS AT THE CENTER OF MASS OF THE BASE ....
TRANSL. MASS ROTATIONAL MASS

0.00000
0.00000
0.00000
0.00000
0.00000

MASS 8.80108 427521.00000

GLOBAL ISOLATION DAMPING AT THE CENTER OF MASS OF THE BASE .....
X Y R ECX Eey

OAMPING 7.6!5000 7.6!5000 2374832.00000 0.00000 0.00000

ISOLATORS LOCATION INFORMATION .
ISOLATOR X Y~

Q'I

J ..
, .
, ~

1
2
3..
I
6
7
1

•

-13".1600
0.0000

106.1600
0.0000

-14.4000
-501.1100

0.0000
411.0100

0.0000

0.0000
-120.5600

0.0000
120.5600

0.0000
0.0000

-485."100
0.0000

...5 ...100

...... ELEMENT TYPE·

LINEAR ELASTIC
ISOLATOR

1
:2
3
4
5

ELEMENT PARAMETERS .
STIFFNESS X STIfFNESS Y

......500 48.58500

......500 .... 5.500

.....1500 ..1.a.5OO

......500 ..8.a.5OO
1'1.31000 1'1.31000

...... ELEMENT TYPE.

VISCOUS ELEMENT PARAMETERS .
ISOLATOR DAMP-COEf X DAMP-COEf Y POWER OF VELOCITY



6'
7
I
8

10.13000
10.13000
10.13000
10.13000

10.83000
10.13000
10.13000
10.13000

ooסס1.0

ooסס1.0

ooסס1.0

ooסס1.0

•••••••••••• OUTPUT PARAMETERS •••••••••••••

TIME HISTORY OPTION -

INDEX • 0 FOR ND TIME HISTORY OUTPUT
INDEX • 1 FOR TIME HISTORY OUTPUT

NO. OF TIME STEPS AT WHICH TIME HISTORY
OUTPUT IS DESIREO -
ACCELERATION-DISPLACEMENTS PROFILES OPTION .. -

INDEX - 0 FDR NO PROFILES OUTPUT
INDEX - 1 FOR PROFILES OUTPUT

2
1

FORCE-DISPLACEMENT TIME HISTORY OESIRED
AT ISOLATORS NUMBERED -

1
6

2
7

3
I

4
9

5

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

MODE NUMBER EIGENVALUE PERIOD

tJ:I 1 0.389307E+01 0.311444E+01•to.) 2 0.1!1035IE+04 0.162031E+00-.J
3 0.1!1035IE+04 0.16203IE+00

MODE SHAPES
LEVEl 2 3

! ...
t- •
, _I

X 0oooooס.0 0oooooס.0.17840110

Y 0oooooס.0 0oooooס.0 0.1784011

R 0.0007670 O. 0oooooס O. 0oooooס

MAX. RELATIVE DISPLACEMENTS AT CENTER OF MASS OF LEVELS
(WITH RESPECT TO THE BASE)

SUPERSTRUCTURE: 1
LEVEL TIME OISPL X TIME DISPL Y TIME ROTATION

8.leo 0.3776E+02 4.710 -.7185E+01 3.8250.117DE-03

SUPERSTRUCTURE: 2
LEVEL TIME DISPL X TIME DISPL V TIME ROTATION

3.740 -.876OE-01 3.785 -.4883E-01 3.8200.2575E-03



MAX. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIME DISPL X TIME DISPL Y TIME ROTATION

BASE 3.850 -.1111E+02 3.905 -.6094E+01 3.925 -.1869E-03

MAXIMUM BEARING DISPLACEMENTS

ISOLATOR
1
2
3..
5
6
1
8
9

MAX DISPL
TIME X DIRECT
3.850 -.1111E+02
3.850 -.1125E+02
3.850 -.1111E+02
3.8SO -.1096E+02
3.8SO -.1111E+02
3.8SO -.1111E+02
3.850 -.1119E+02
3.850 -.1111E+02
3.8SO -.1102E+02

x
Y OIRECT

-.5784E+01
-.5932E+01
-.6074E+01
-.5932E+01
-.5929E+OI
-.5841E+OI
-.5932E+OI
- .6017E+OI
-.5932E+OI

TIME
3.905
3.905
3.905
3.905
3.905
3.905
3.905
3.905
3.905

MAX DISPL
X OIRECT

-.1079E+02
-.1094E+02
·.1079E+02
-.1064E+02
-.1079E+02
-.1079E+02
- .1088E+02
·.1079E+02
-.1070E+02

y
Y DIRECT

-.5939E+01
-.6094E+Ol
-.6244E+01
-.6094E+Ol
-.6092E+OI
-.5999E+OI
-.6094E+01
-.6184E+01
-.6094E+01

MAX RES.
TIME DISPLACEMENT
3.8600.1253E+02
3.8600.1273E+02
3.8600.1267E+02
3.8600.1247E+02
3.8600.1260E+02
3.8600.1256E+02
3.8600.1268E+02
3.1600.1265E+02
3.8600.1253E+02

DISPL. SQRT(DXt2+DYt2)

Y
Y DIRECT

-.2945E+03
-.3022E+03
-.3097E+03
-.3022E+03
-.1208E+0"
-.3136E+03
-.3181E+03
-.3224E+03
-.3181E+03

VELOCITY SORT(VXt2+VVt2)

MAXIMUM BEARING VELOCITIES

MAX VELOCITY X
ISOLATOR TIME X DIRECT Y DIRECT

1 3.465 -.5122E+02 -.1990E+02
2 3.465 -.5182E+02 -.2050E+02

~ 3 3.465 -.5122E+02 -.2109E+02
I 4 3.465 -.5063E+02 -.2050E+02~

00 5 3.465 -.5122E+02 -.20"9E+02
6 3.465 -.5122E+02 -.2013E+02
7 3.465 -.5158E+02 -.2050E+02

, I 3.465 -.5122E+02 -.2085E+02, , 9 3.465 -.5086E+02 -.20SOE+02
I
, I

MAXIMUM BEARING FORCES

MAX FORCE X
ISOLATOR TIME X DIRECT Y DIRECT

1 3.150 -.5508E+03 -.2868E+03
2 3.8SO -.5580E+03 -.29..2E+03
3 3.8SO -.5508E+03 -.3013E+03
4 3.850 -.5"36E+03 -.29"2E+03
5 3.8SO -.2203E+04 -.1176E+04
6 3."70 -.5541E+03 -.2166E+03
7 3."70 -.5585E+03 -.2205E+03
I 3."70 -.55"7E+03 -.22"3E+03
9 3.470 -.5508E+03 -.2205E+03

TIME
3.595
3.595
3.595
3.595
3.595
3.595
3.595
3.595
3.595

TIME
3.905
3.905
3.905
3.905
3.905
3.600
3.600
3.600
3.600

MAX VELOCITY Y
X DIRECT V DIRECT

-.4099E+02 -.2870E+02
-.4166E+02 -.2938E+02
-.4099E+02 -.3004E+02
-.4032E+02 -.2938E+02
-.4099E+02 -.2937E+02
-.4099E+02 -.2897E+02
-.4140E+02 -.2938E+02
-.4099E+02 -.2977E+02
-.4059E+02 -.2938E+02

MAX FORCE
X DIRECT

-.5352E+03
-.5428E+03
-.5352E+03
-.5276E+03
-.2141E+04
-.4401E+03
-."""5E+03
- .....01E+03
-.4357E+03

MAX RES.
TIllE VELOCITY
3.450 0.5507E+02
3.4500.5588E+02
3.445 0.5555E+02
3.4500.5475E+02
3.4500.5531E+02
3.4500.5517E+02
3.4500.5565E+02
3.450 0.5545E+02
3.450 0.5"97E+02

MAX RES.
TIME FORCE
3.860 0.6216E+03
3.860 0.6315E+03
3.860 0.6285E+03
3.860 0.6117E+03
3.860 0.25OOE+0"
3.450 0.5974E+03
3.450 0.6027E+03
3.450 0.6006E+03
3.450 0.5953E+03

FORCE SORT(FXt2+FVt2)

MAX. TOTAL ACCELERATIONS AT CENTER OF MASS OF LEVELS

SUPERSTRUCTURE: 1
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R



9.880 -.3139E+02 4.7650.6557E+Ol 3.1700.5592E-06

SUPERSTRUCTURE: 2
LEVEL TIME ACCEL X TIME ACCEl Y TIME ACCEL R

3.7400.14'8E+03 3.7850.7357E+02 3.895 -.I006E-02

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME ACCEL ~ TIME ACCEl Y TIME ACCEL R

BASE 3.7200.1435E+03 3.8250.7270E+02 8.525 -.I009E-Ol

PROFILES OF TOTAL ACC~lE~ATION AND DISPLACEMENT AT TIME OF MAX BASE DISPLACEMENTS

MAXIMUM BASE DISPLACEME~! IN X DIRECTION
TIME: 3.850

SUPERSTRUCTURE :
X Y

LEVEL DISP AceEL DISP ACCEL
1 23.1.e7 -19.1878 5.1369 -4.2166

D:l lASE -11.1062 126.9532 -5.9316 68.4944
I

to-)

'" SUPERSTRUCTURE : 2
X y

lEVEL DISP ACCEL DISP ACCEl
1 -0.0151 127.6145 -0.0463 69.5495

BASE -11.1062 126.9532 -5.9316 68.4944

MAXIMUM BASE DISPLACEMENT IN Y DIRECTION
TIME: 3.905

~ ..
SUPERSTRUCTURE :

~ ..
~ . X Y, . LEVEL DISP ACCEl DISP ACCEl

1 22.602. -18.6650 4.7075 -3.8247
BASE -10.71110 110.4702 -6.0943 64.0398

SUPERSTRUCTURE : 2
X Y

lEVEL DISP ACCEl DISP ACCEl
1 -0.0740 110.8643 -0.0421 63.0781

BASE -10.71110 110.4702 -6.0943 64.0398

PROFilES OF TOTAL ACCELERATION ANO DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUllOING



SUPERSTRUCTURE :

MAX ACCELERATION IN X DIRECTION
TIME: •.••0

LEVEL
1

lASE

DISP
37.7621

2 .•223

ACCEL
-31.3832

-•. 1532

DISP
-4.7126
0.125.

ACCEL
4.0137

-7.7&18

MAX ACCELERATION IN Y DIRECTION
TIME: 4.765

LEVEL
1

lASE

DISP
3.51.6
7.6046

ACCEL
-2.8080

-62.1106

OISP
-7.1103
3.1444

ACCEL
6.5571

-48.8624

SUPERSTRUCTURE: 2

MAX ACCELERATION IN X DIRECTION
TIME: 3.740

rp
W
o

LEVEL
1

lASE

OISP
-0.0176
-9.77.7

ACCEL
146.757.
141.5.85

DISP
-0.0463
-4.63.7

ACCEL
69.6&03
71.8017

MAX ACCELERATION IN Y DIRECTION
TIME: 3.7.5

LEVEL
1

, ... laSE

~ .
DISP
-0,0145

-10.6610

ACCEL
142.0018
140.6156

DISP
-0.04.8
-5.3184

ACCEL
73.569.
6•. 2881

.MAXIMUM STRUCTURAL SHEARS .

SUPERST. No TIME FORCE X
1 9.880 -.1326E+04
2 3.7400.4560E+04

TIME FORCE Y TIME l MOMENT
4.7&50.2770E+03 3.1700.9507E+00
3.7.50.22.&E+04 3.885 -.1710E+04



1:1'
I
~-

...XIMUM lASE SHEARS .
TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SORT(FXf2+FYf2)
3.740 -.5154E+04 3.180 0.2124E+04 1.5150.4941E+04 3.750 0.5121E+04

...XIMUM STORY SHEARS ............•

SUPERSTRUCTURE: 1
lEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SORT(FXf2+FYf2)

9.110 -.132&E+04 4.7&50.2110E+03 3.1100.8501E+00 8.800 0.1331E+04

SUPERSTRUCTURE: 2
lEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SORT(FXf2+FYt2)

3.1400.45&0£+04 3.1150.2216E+04 3.885 -.1110E+04 3.750 0.5Oe2E+04

PROFILES OF TOTAL ACCELERATION ANO DISPLACEMENT AT TIME OF "X STRUCT SHEAR IN EACH BUILDING

SUPERSTRUCTURE :

MAX STRUC SHEAR IN X DIRECTION
n.: 8.110

..X STRUC SHEAR IN Y DIRECTION
n.: •. 765

~ ....
r •.. ,

LEVEl
1

lASE

LEVEl
1

BASE

DISP
37.7621

2.1223

DISP
3.1511&
7.&046

ACCEl
-31.3132

-1.1532

ACCEl
-2.1080

-62.1106

DISP
-4.7726
0.1251

DISP
-7.8803

3.8444

ACCEl
•. 0137

-7.T'"

,"ceEL
'.!l1571

-4....24

SUPERSTRUCTURE: 2

..X STRUC SHEAR IN X DIRECTION
TIME: 3.740



LEVEL
1

lASE

DISP
-0.0176
-9.7717

lCCEL
146.7571
141.59915

DISP
-0.0463
-4.6387

ACCEL
69.6603
71.1017

MAX STRUC SHEAR IN Y DIRECTION
TIME: 3.715

~EVEL

1
BASE

DISP
-0.0145

-10.6610

ACCEL
142.0018
140.6156

DISP
-0.0419
-5.3194

ACCEL
73.15698
61.2991

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE SHEARS

MAXIMUM BASE SHEAR IN X DIRECTION
TIME: 3.740

SUPERSTRUCTURE :
X Y

LEVEL DISP ACCEL DISP ACCEL
o:l 1 22.88215 -111.1239 5.3280 -4.41510
I lASE -1.7717 141.15115 -4.1387 71.10171M

t-.)

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEL
1 -0.0176 146.7571 -0.0463 69.6603

BASE -1.7787 141.5195 -4.6387 71.1017

MAXIMUM BASE SHEAR IN Y DIRECTIDN
TIME: 3.1&0

SUPERSTRUCTURE :
X Y

LEVEL DISP ACCEL DISP ACCEL
1 -0.4611 0.0192 -1.915915 1.5636

BASE 10.8384 -103.8023 IL2116 -67.15312

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEL
1 0.0697 -104.15141 0.0475 -71.4101

8ASE to.1314 -103.8023 5.2116 -67.15312

··············FDRCE PROFILES······.····

MAX OVERTURNING MOMENT X DIRECTION MAX STRUCTURAL SHEAR X DIRECTION



SUPR!STURE TIME OVERTURNING MOMENT
1 •.••0 -377189.5405

TIME MAX STUCTURAL SHEAR
9."0 -1326.299"

FLOOR
1

BASE

INERTIA FORCES
-132•. 2....

-'0.7251

INERTIA FORCES
-1326.2994

-80.7251 fORCE AT C.•. OF ENTIRE BASE

SUPR!STURE TIME OVERTURNING MOMENT
2 3.740 858750."18

TIME MAX STUCTURAL SHEAR
3.7"0 "559.8195

FLOOR
1

BASE

INERTIA fORCES
4558."85
1401 .•••3

MAX OVERTURNING MOMENT Y DIRECTION

INERTIA FORCES
4559.8195
1401.9893 FORCE AT C.•. OF ENTIRE BASE

MAX STRUCTURAL SHEAR Y DIRECTION

SUPR!STURE TIME OVERTURNING MOMENT
1 ".765 7'7".0332

TIME .AX STUCTURAL SHEAR
".765 277.0254

FLOOR
1

BASE

INERTIA FORCES
277.025"

-4'3.7811

INERTIA FORCES
277.025"

-"83.7911 FORCE AT C.•. OF ENTIRE BASE

SUPR!STURE TIME OVERTURNING MOMENT= 2 3.7'5 4"12".0512
I
IN
IN

TIME MAX STUCTURAL SHEAR
3.785 2285.8421

FLOOR
1

BASE

INERTIA fORCES
22.5 ....21
6'6.1370

INERTIA FORCES
2285.8"21
6".1370 FORCE AT C.•. OF ENTIRE BASE

X DIR TIME

f,.. .MAXI_ INTERSTORY DRIFT RATIOS' fOR EACH SUPERSTRUCTURE

r-

SUPERSTRUCTURE :

COORDINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER Of BASE
C!L : 1 X COOR: -'34.860

Y COOR : 0.000

COLUMN LINES
1

LEVEL TIME X olR TIME Y DIR TIME
1 8.'10 0.1.. 1.E+00 4.7750.292"E-01

SUPERSTRUCTURE: 2

COORDINATES Of COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE

Y DIR TIME X OIR TIME Y OIR



ell: t X eOOR
y COOR

-t4.4oo
0.000

~..

COLUMN lINES

LEVEL TIlE X aIR TIME YaIR TI.E
t 3.740 0.107t£-03 3.780 0.2708E-03

X DIR TIME Y DIR TIME X OIR TIME Y OIR



LOW DAMPING RUBBER BEARING - LINEAR VISCOUS FLUID DAMPER SYSTEM

GLOBAL REPRESENTATION OF ISOLATION SYSTEM

WlTHOUl' VERTICAL GROUND MOTION AND OVERTURNING MOMENT EFFECTS

B-3S



SUPRISTURE TIME
2 3.847

FLOOR
1

BASE

OVERTURNING MOMENT
868651 . 3953

INERTIA FORCES
4121.0021
882.9128

TIME MAX STUCTURAl SHEAR
3.847 4127.0021

INERTIA FORCES
4127.0021
882.9128 FORCt AT C.M. OF ENTIRE BASE

.MAXIMUM INTERSTORV ORIFT RATIOS' FOR EACH SUPERSTRUCTURE

SUPERSTRUCTURE :

COORDINATES OF COLUMN LINES VITH RESPECT TO MASS CENTER OF BASE
C/l : 1 X COOR: -834.960

V COOR : 0.000

COLUMN lINES

COORDINATES OF COLUMN LINES VITH RESPECT TO MASS CENTER OF BASE
C/l : 1 X COOR: -14.400

Y COOR : 0.000

~
\0.)
'I

LEVEL TIME X OIR 71ME Y OIR
1 10.0420.1528E+00 4.7540.3670E-01

SUPERSTRUCTURE: 2

COLUMN LINES

lEVEL TtME X DIR TIME Y OIR
1 3.837 ~.6656E-03 3.848 0.4913E-03

TIME

TIME

X OIR TIME

X OIR TIME

VOIR

VOIR

TIME

TIME

X OIR TIME

X OIR TIME

VOIR

VOIR



INPUT

52 LOW DAMPING RUBBER BEAR.• 24 LINEAR FLUID DAMPERS - GLOIAL REPR.
In KIPI/tn-.ec'2 ••c.

1 2 0 0 a".22
1 a
1 3
0.001 50 1 500 1
0.5 0.25
2 0.02 2000 0 1

311. 12
35. 12

3111.001I1
0.0
0.0

42.24714
ooססoo.0סס170

0.001I 0.001I 0.001I
0.0
0.0
2'4.40. 18.00

4171'.10
4'71'.10

1118227.50
0.0
0.0

a1.07037
ooססoo.0סס170

0.02 0.02 0.02
0.0
0.0
210.41. 18.00
311.7' a".7' 123270210.0 14.' 0

1.10108
ooסס0.'42752

50.17 10.17 13010010.' 14.' 0.0
021
1
-13.... 0.00
1
-1'.'0 0.00

8-38



_va.OAT

·0.30'7U'.01
-0.1111".01
-0.1151".02
0.14532'.02

-0.14111'.01
0.'720'72'.01

-0.23314'.02
0.'0512'.00
0.1&10".02
0.4015".01

-0.10111'.02

_VU.OAT

0.121"'.02
0.3150'7'.01
0.31233'.01

-0.IU5a••00
-0.14t2'••02
-0.1'7521'.02
-0.241"••02
·0.4451a••02

0.3.'751 02
0.214U 02

-0.2t3011.02

·0.1024O••0a
0.120511.02

-0.13430'.02
o.12241lh02
0.15'751'.01
0 ••052'••02

- 0.1'7051'.02
0.'4no oo

-0.15'751 01
O. JlUI••02
0.nn•••01

0.22055"01
-0.20311'.02
-0. 145'7u.oa
-0.,.,14••01
0.12'721'.02
0.'0512'.01

-0.100'7••02
-0.4'7'7'72....02
-0.40515'.01
0.2'7017'.02
0.n3U••01

-0 .•'0"'.01
-0.101&11.02
0.1425'71.02

-0.5"'13...01
0.,z0755••02
0.2131'7'.02
0.110141.00

-0.5'''11..01
-0.3205'1.02
0.313"1.02
0.UUU..01

-0.221421.01
-0.1.i50U.02
-0.101221.02
-0.2""11.01
0.2"3'1.02
0.173"1.02
0.2'UOI.02

-0.U'7J11.02
-0.15'745'.02
0.313••1.01
0.4U11••02

0.102001.02
-0.114301.0a
-0.,.0151.01
-0.2'7"2••01
0.1102'71.01
0.4""'.01
0.1'7014h02

-0.UI30h01
-0 ...21U.01
-0.11'7311.02
0.22'7'4&+02

-0.11'311.01
0.U0'7t1..01
0.1111'71.02

-0.2441'&.01
0.13..,3 ...01

-0.5025'7&.01
0.lonn.02
0.1'71251.01

-0.3'73'75&.02
-0.2252'7&.02

O. .,.,01.02

-0.213551..01
0.141111.02

-0.720721.01
0.5'75001.01

-0.211591.02
-0.100031.02
0.12"71.02
0.'''111.01
0.t1'7141.01

-0.3'71UI..02
0.914511.01

0 ••UU••01
0.'7'7"'...01
0.1'na••02

-0.13511••02
-0.241511.02
-0.21'7'7".02
0.10012'.02
0.412341.02

-0.101'7".02
-0.3520'••02
0.4."'7••01

B-39



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

PROGRAM 3D-BASIS-•...... A GENERAL PROGRAM FOR THE NONLINEAR
DYNA.IC ANALYSIS OF THREE DIMENSIONAL BASE ISOLATED
MULTIPLE BUILDING STRUCTURES

DEVELOPED BY .•. P. C. TSOPELAS, S. NAGARA~AIAH ,
M. C. CONSTANTINOU AND A. M. REINHORN
DEPARTMENT OF CIVIL ENGINEERING
STATE UNIV. OF NEW YORK AT BUFFALO

NATIONAL CENTER FOR EARTHQUAKE ENGINEERING RESEARCH
STATE UNIVERSITY OF NEW YORK. BUFFALO

........•..••....••................................................ '

VERSION 3O-BASIS-ME. ~ANUARY 1893

o:l...
o

~EVELDPED BY .•. P. C. TSOPELAS••. C. CONSlANTINDU AND A.•. IEINHORN
DEPARTMENT OF CIVIL ENGINEERING
STATE UNIV. OF NEW YORK AT BUFFALO
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52 LOW DAMPING RUBBER BEAR. + 24 LINEAR fLUID DAMPERS - GLOBAL REPR.

o
Si
~

•••••••••••••• INPUT DATA••••• • •••••••• •

r-'

~,,--

UNITS
LENGTH
MASS
TJ.

In
Klp./ln·.eet2._. ~

••••••••••••••••• CONTROL PARAMETERS •••••••••••••••

NO. OF BUILDINGS -
NO. OF ISOLATORS -
INOEX FOI SUPERSTRUCTURE STiffNESS DATA-

2
o
t



INDEX - t FOR 3D SHEAR BUILDING REPRES.
INDEX - 2 FOR FULL 3D REPRESENTATION

NUMBER OF ISOLATORS, OUTPUT IS DESIRED .. -

TI.E STEP OF INTEGRATION (NEWMARK) -
INDEX FOR TVPE OF TIME STEP -

INDEX - t FOR CONSTANT TI.E STEP
INDEX - 2 FOR VARIABLE TI.E STEP

o

0.00500
1

GAMA FOR NEWMARKS .ETHOO -
BETA FOR NEWMARKS .ETHOD -
TOLERANCE FOR FORCE COMPUTATION -
REFERENCE MOMENT OF CONVERGENCE -
MAX NUMBER OF ITERATIONS WITHIN T.S -

OOסס0.5

0.25000
ooסס50.0

ooסס1.0

500

INDEX FOR GROUND MOTION INPUT - 2

INDEX - t FOR X OIR. INPUT
INDEX - 2 FOR X a Y DIR. INPUT
INDEX - 3 FOR X a Z DIR INPUT
INDEX - • FOR X • Y I Z OIR. INPUT

TIME STEP OF RECORD .
LENGTH OF RECORD -
LOAD FACTOR -
ANGLE OF EARTHQUAKE INCIDENCE -

0.02000
2000

ooסס1.0

ooסס0.0

0'
~

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

• SUPERSTRUCTURE
~

ooסס0.0

ECCENT V

OO1סס.0

ECCENT XSTIFF R

3658.0059035.1200035.12000

..... STIFFNESS DATA .

(THREE DIMENSIONAL SHEAR BUILDING)
STIFF X STIFF V

SUPERSTRUCTURE MlSS ..........
LEVEL TRANSL .•ASS ROTATIONAL MASS

<:'J
.2.24184

~
1 t ooססoo.0סס10

SUPERSTRUCTURE OAMPING .......
MODE SHAPE OAMPING RATIO

ECCENT X

ooסס0.0

ECCENT Y

ooסס0.0

1
2

o.~

0.00tI00



3

HUGHT .
LEVEL HEIGHT

0.00500

1 28•.•00
o ".000

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILOING REPRESENTATION) ....

NODE NUMBER

1
2
3

UGENVALUE

0.215238E-02
0.831283E+00
0.831283E+00

PERIOD

0.135.32E+03
0.'88137E+01
0.'88137£+01

NODE SHAPES
LEVEL 2 3

x 0oooooס.0 0oooooס.0.15384880

y 0oooooס.0 0oooooס.0 0.1538.88

R 0.0007870 O. 0oooooס O. 0oooooס

~
SUPERSTRUCTURE 2

..... STIffNESS DATA .

STIffNESS (THREE DIMENSIONAL SHEAR BUILDING)
LEVEL STIfF X STIfF Y--

~
4'71'.80000

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MASS

31.07037

SUPERSTRUCTURE DAMPING .
NODE SHAPE DAMPING RATIO

4ti71'.80000

ROTATIONAL MASS

ooססoo.0סס170

STIFF R

6611227.50000

ECCENT X

ooסס0.0

ECCENT X

OO1סס.0

ECCE NT Y

ooסס0.0

ECCENT Y

ooסס0.0

1
2
3

HEIGHT .
LEVEL HEIGHT

1 210."0
o 18.000

0.02000
0.02000
0.02000



••••••••••••• ISDLATION SYSTEM DATA ••••••••••••

STIFFNESS DATA FDR LINEAR-ELASTIC ISOLATION SVSTEM .

STIFFNESS OF LINEAR-ELASTIC SVS. IN X DIR. ­
STIFFNESS OF LINEAR ELASTIC SYS. IN Y DIR. ­
STIFFNESS OF LINEAR ELASTIC SYS. IN R DIR. -
ECCENT. IN X OIR. FROM CEN. OF MASS -
ECCENT. IN Y DIR. FROM eEN. OF MASS -

MASS AT THE CENTER OF MASS OF THE BASE ....
TRANSL. MASS ROTATIONAL MASS

396.76000
396.76000

t232702.0.00000
OOסס4."1

ooסס0.0

MASS '.80tOl 42752•. ooסס0

GLOBAL ISOLATION DAMPING AT THE CENTER OF MASS DF THE BASE .....
X Y R Eex rey

OA.ING 50.97000 50.97000 130tOOtO.60000 OOסס14.4 ooסס0.0

f
\N

-
~
-t

•••••••••••• OUTPUT PARAMETERS •••••••••••••

TIME HISTORY OPTION -

INDEX - 0 FOR NO TIME HISTORY OUTPUT
INDEX - t FOR TIME HISTORY OUTPUT

ND. OF TIME STEPS AT WHICH TIME HISTORY
OUTPUT IS DESIRED -
ACCELERATION-DISPLACEMENTS PROFILES OPTION .. -

INDEX - 0 FOR ND PROFILES OUTPUT
INDEX • 1 FOR PROFILES OUTPUT

FORCE-DISPLACEMENT TIME HISTORY DESIRED
AT ISOLATORS NUMBERED -

2
1

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

MODE NUMBER EIGENVALUE

t 0.3.'301E+01
2 O. t!10351E+04
3 O. t!10351E+04

PERIOD

0.31.......E+01
O. t62038E+00
O. t62031E+00

IIJDE SHAPES
LEVEL 2 3



x 0oooooס.0 0.1794018 0oooooס.0

Y 0oooooס.0 0oooooס.0 0.1794018

R 0.0007670 0oooooס.0 0oooooס.0

MAX. RELATIVE DISPLACEMENTS AT CENTER OF MASS OF LEVELS
(WITH RESPECT TO THE BASE)

SUPERSTRUCTURE: 1
LEVEL TIME DISPL X TIME OISPL Y TIME ROTATION

9.890 0.3779E+02 4.780 -.7865E+01 3.885 -.2904£-03

SUPERSTRUCTURE: 2
LEVEL TIME DISPL X TIME OISPL Y TIME ROTATION

3.735 -.9751E-01 3.780 -.4862E-01 3.875 -.3981E-03

MAK. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIME DISPL X TIME OISPL Y TIME ROTATION

BASE 3.850 -.II08E+02 3.905 -.6082E+Ol 3.8850.2902E-03

~

t
.....-.
~
~

MAXIMUM BEARING DISPLACEMENTS

MAX DISPL X
ISOLATOR TIME X DIRECT Y DIRECT

1 0.000 O.ooooE+oo O.ooooE+oo

MAXIMUM BEARING VELOCITIES

MAX VELOCJTY X
ISOLATOR TIME X DIRECT Y OIRECT

1 0.000 O.ooooE+oo O.ooooE+oo

MAXIMUM BEARING FORCES

MAX FORCE X
ISOLATOR TIME X DIRECT Y DIRECT

1 0.000 O.ooooE+oo O.ooooE+oo

MAX DISPL V
TIME X DIRECT Y DIRECT
0.000 O.ooooE+oo O.ooooE+oo

MAX VELOCITV Y
TIME X DIRECT Y DIRECT
0.000 O.ooooE+oo O.ooooE+oo

MAX FORCE V
TIME X DIRECT Y DIRECT
0.000 O.ooooE+oo O.ooooE+oo

MAX RES. DISPL. SORT(DXt2+DVt2)
TIME DISPLACEMENT
0.000 O.ooooE+oo

MAX RES. VELOCITV SORT(VXt2+VYt2)
TIME VELOCITY
0.000 O.ooooE+oo

MAX RES. FORCE SORT(FXt2+FYt2)
TIME FORCE
0.000 O.ooooE+oo

MAX. TOTAL ACCELERATIONS AT CENTER OF MASS OF LEVELS

SUPERSTRUCTURE: 1
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

9.880 -.3142E+02 4.7700.6541E+Ol 3.6600.9082E-06



SUPERSTRUCTURE: 2
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

3.7350.1466E+03 3.7800.7311E+02 3.8550.1555E-02

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

BASE 3.7700.1442E+03 3.8150.7241E+02 8.5200.1833E-01

PROFILES OF TOTAL ACCELERATION ANO OISPLACEMENT AT TIME OF MAX BASE DISPLACEMENTS

MAXIMUM BASE DISPLACEMENT IN X DIRECTION
o TIME: 3.850

~i SUPERSTRUCTURE :x
Y

LEVEL DISP AceEL DISP ACCEL
1 23.1247 -19.1693 5.1287 -4.2100

BASE -11.0773 128 .0!58 1 -5.9176 67.4256

t:D SUPERSTRUCTURE : i
j. X Y
VI LEVEL DISP ACCEL DISP ACCEL

1 -0.0843 126.4401 -0.0461 69.3254
BASE -11.0773 128.0581 -5.9176 67.4256

MAXIMUM BASE DISPLACEMENT IN Y DIRECTION
TIME: 3.90!5

SUPERSTRUCTURE :
X Y

LEVEL DISP ACCEL DISP Accn
1 22.5865 -18.6530 4.7008 -3.8195

l
BASE -10.7694 108.6323 -6.0816 63.5302

SUPERSTRUCTURE : 2
X y

LEVEL DISP AceEL DISP AceEL
1 -0.0740 110.82:12 -0.0418 62.7202

BASE -10.7694 108.6323 -6.0816 63.5302

PROFILES OF TOTAL ACCELERATION ANO DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUILDING



SUPERSTRUCTURE

MAX ACCELERATION IN X DIRECTION
TIME: 8.880

LEVEL
1

BASE

DISP
37.7835
2.78"

ACCEL
-31.4183
-3.7780

DISP
-4.7617
0.1157

ACCEl
4.0047

-7.2207

MAX ACCELERATION IN Y DIRECTION
TIME: 4.770

LEVEL
1

BASE

DISP
3.5225
7.5814

ACCEL
-2.8124

-65.4885

DISP
-7.1634
3.1376

ACCEl
6.5410

-41.1114

SUPERSTRUCTURE: 2

MAX ACCELERATION IN X DIRECTION
TIME: 3.735

o:t

~

lEVEL
1

lASE

DIS'
-0.0875
-8.61'"

ACCEL
146.6272
138.0511

DISP
-0.0462
-4.5405

ACCEl
68.5184
70.8963

MAX ACCELERATION IN Y DIRECTION
TIME: 3.710

LEVEL
1

lASE

DISP
-0.0831

-10.5!107

ACCEL
140.8062
143.2884

DISP
-0.0416
-5.2384

ACCEL
73.1071
61.8781

.MAXIMUM STRUCTURAL SHEARS .

SUPERST. No TIME FORCE X TIME FORCE Y
1 8.810 -.1327E+04 4.7700.2763E+03
2 3.7350.4556E+04 3.710 0.2271E+04

.MAXIMUM lASE SHEARS .

TIME Z MOMENT
3.6600.1544E+Ol
3.855 0.2644E+04



TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FYt2)
3.73! -.!12'E+04 3.1!! 0.2'03E+04 '.!2! -.7353E+04 3.7450.5792E+04

.MAXIMUM STORY SHEARS .

SUPERSTRUCTURE: 1
LEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQAT(FXt2+FYt2)

1.110 -.1327E+04 4.7700.2763E+03 3.6600.1544E+01 9.905 0.133IE+04

SUPERSTRUCTURE: 2
LEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SORT(FXt2+FYt2)

3.7350.4556E+04 1.710 0.2271E+04 3.8550.2644E+04 3.7400.5045E+04

PROFILES OF TOTAL ACCELERATION ANO DISPLACEMENT AT TIME OF MAX STRUCT SHEAR IN EACH BUILDING

~ SUPERSTRUCTURE:

MAX STRUC SHEAR IN X DIRECTION
nME: 1.'80

MAX STRUC SHEAR IN Y DIRECTION
TIME: 4.770

~...
r;
(,J

LEVEL
1

BASE

LEVEL
I

BASE

DISP
37.7935
2.7'"

DISP
3.1225
7.5114

ACCEL
-31.4183

-3.7780

AceEL
-2.8124

-55.4815

DISP
-4.7617

O. 1157

DISP
-7.1634
3.'376

ACCEL
4.0047

-7.2207

ACCEL
5.S410

-41.1"4

SUPERSTRUCTURE: 2

MAX STRUe SHEAR IN X DIRECTION
TIME: 3.735

LEVEL OISP ACCEl DISP ACCEl



1
IIASE

-0.0875
-8.6144

146.6272
138.0511

-0.0462
-4.5405

69.5184
70 .•963

~x STRUC SHEAR IN Y DIRECTION
TIME: 3.7ao

LEVEL
I

IIASE

DISP
-0.0831

-10.5507

ACCEL
140.8062
143.2184

DISP
-0.0416
-5.2384

ACCEl
73.1071
61.1781

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE SHEARS

~XIMUM BASE SHEAR IN X DIRECTION
TIME: 3.735

SUPERSTRUCTURE :
X Y

lEVEL DISP ACCEl DISP ACCEl
1 22.7804 -1•. 0552 5.3075 -4.4373

BASE -8.1144 13•. 05" -4.5405 70.8963

=• SUPERSTRUCTURE : 2
00 X Y

LEVEL DISP ACCEL DISP ACCEl
I -0.0875 146.6272 -0.0452 69.5194

BASE -9.114" 139.0588 -4.5405 70.9963

MAXIMUM BASE SHEAR IN Y DIRECTION
TIME: 3.115

SUPERSTRUCTURE :
X V

'-EVEl DISP ACCEL DISP ACCEL
I -0.6457 0.1722 -1 .•786 1.1130

i ' BASE 10.9257 -104.6614 5.1257 -70.5990

SUPERSTRUCTURE : 2
X V

LEVEL DISP ACCEL DISP ACCEL
1 0.0704 -105.4977 0.0465 -68.1751

BASE 10.1257 -104.6614 5.1257 -70.5990

··············FORCE PROFILES········· ••

MAX OVERTURNING MOMENT X DIRECTION

SUPR/STURE TIME OVERTURNING MOMENT
1 8.8ao -377512.6513

MAX STRUCTURAL SHEAR X DIRECTION

TIME MAX STUCTURAL SHEAR
•.••0 -1327.4003



FLOOR
1

lASE

INERTIA FORCES
-1327.4003

-37.4167

INERTIA FORCES
-1327.4003

-37.4167 FORCE AT C.M. OF ENTIRE BASE

SUPRISTURE TIME OVERTURNING MOMENT
2 3.735 951186.4608

TIME MAX STUCTURAL SHEAR
3.735 4555.7605

FLOOR
1

lASE

INERTIA FORCES
4555.7605
1376.1334

MAX OVERTURNING MOMENT Y DIRECTION

INERTIA FORCES
4555.7605
1376.1334 FORCE AT C.•. OF ENTIRE BASE

.AX STRUCTURAL SHEAR Y DIRECTION

SUPRISTURE TIME OVERTURNING MOMENT
1 4.770 78582.7073

TIME MAX STUCTURAl SHEAR
4.770 276.3457

FLOOR
1

lASE

INERTIA FORCES
276.3457

-476.4251

INERTIA FORCES
276.3457

-476.4251 FORCE AT c .•. OF ENTIRE BASE

SUPRISTURE TIME OVERTURNING MOMENT
2 3.710 471097.6878

TIME MAX STUCTURAL SHEAR
3.780 2271.4638

f
'C

FLOOR
1

lASE

INERTIA FORCES
2271.4638
612.8'14

INERTIA fORCES
2271.4638
682.9684 FORCE AT c.•. OF ENTIRE BASE

X OIR TIME

.MAXIMUM INTERSTORY ORIFT RATIOS' FOR EACH SUPERSTRUCTURE

~...
~ ,
(-,SUPERSTRUCTURE

COORDINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE
C/L : 1 X CooR: -134.860

Y CooR : 0.000

COLUMN LINES
1

LEVEL TIME X OIR TIME Y OIR TIME
1 •. Iao 0.1418E+OO 4.7100.3OO7E-Ol

SUPERSTRUCTURE: 2

COORDINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE
ell: 1 X COOR: -14.400

Y COOR : 0.000

Y OIR TIME X OIR TIME Y OIR
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LOW DAMPING RUBBER BEARING - NONLINEAR VISCOUS FLUID DAMPER
SYSTEM

WlTHom VERTICAL GROUND MonON AND OVERnJRNlNO MOMBNT EFPECTS

B-51



INPUT

.2 LOW DAMPING RUIIER BEAR. + 24 NON-LINEAR DAMPERS
in Kip./in·••ct2 • .c.

1 :2 •• '".22
1 :a
1 :I
0.0002 10 100 100 i
D.• 0.2'
2 0.02 2000 0 ,

'5.12
".12

a".0008
0.0
0.0

..2.2..78..
ooססoo.0סס70'1
0.001 0.001 0.001

0.0
0.0
2'4."0. 1'.00

""1'.10
"'71'.10

1111227.50
0.0
0.0

11.07037
ooססoo.0סס170

0.02 0.02 0.02
0.0
0.0
210..... 1'.00
0.0. 0.0. 0.0. 0.0. 0.0

'.101oe
ooסס27121.0"

7.1' 7.1' 237...32. 0 0
-'M." 0.00

0.00 -.ao.1I
801.1' 0.00

0.00 '20."
-1.....0 0.00

-101." 0.00
0.00 - .

"".De 0.00
0.00 .

, 1....... .......
3 1....... .......
I t

.............1
I t

....... 4'.'"
3 t

,H•• 1....
3 2

80 80 0.'
I 2

80 10 0.'
3 :2

10 10 0.1
I :2

80 10 0.1
0101
1 2 1 4 I • '7 • •
t
-1M." 0.00
t
-14.40 0.00

8-53



lfAVD.OAT

-0.307191.01
-0.IUlIl+01

-0.1151'1.02
0.145321+02

-0.141711+01
0.720721+01

-0.233"1+02
o. to!,121+00
0.161011.02

0.010'591.01
-0.103111+02

_'1ft.OAT

0.121711+02
0.315071+01
0.352331.01

-0."1521.00

-0.1412&1+02

-0.175261+02
-0.2013711+02

- 0.445121+02
0.317531+02
0.21""41+02

-0.293011+02

-0.1020101+02
0.120511.02

- 0 .1301301.02
0.1220111+02
0.157531+01
0.0105251+02

-0.170531+02

O. "5201+00
-0.157531+01

0.U'''1+02
0.01"501"01

0.220551+01
-0.203611+02
-0.145721+02

- 0 • '..,141.01
0.127211+02

0.'05121+01
-0.1001371+02
-0.0177721+02

-0.4051i51+01
0.270171+02
0.573451+01

-0.410""1+01
-0.101511.02
0.142571.02

-0.557121+01

0.207551+02
0.213171+02

O. '30141+00
-0.5'5111+01
- 0.320511+02
0.313111+02
0.1301931+01

-0.2:11I421+01
-0.155021+02
-0.101221+02
-0.257111.01

0.2153.1.02

0.17UII+02
0.251'01+02

-0.1"311+02
-0.357451+02

o.3UI4I+01
0.452351+02

0.102001.02
-0.134101+02
-0. "OIiSI.Ol
-0.2"UI+01
0.110271+01
0.451"1+01
0.170141+02

-0.231301+01
-0.112191+01

- 0.157311+02
0.227""1+02

- 0 •1"351+01
0.""0711+01
0.151171+02

-0.244111+01

0.134931+01

-0.'02571+01
0.50"'1+02
0."1251+01

-0.373751+02
-0.225271+02
0.471101+02

B-54

-0.21:1561.01
0.146111.02

-0.720721+01
0.515001+01

-0.2I1UI+02
-0.100031+02

0.12"71+02

0."5131+01
0.117541+01

-0.371]'1+02
0.9145'1+01

0.112191+01

0.717"1+01
0.UU21+02

-0.1]5171+02

-0.241511+02

-0.2177t1+02
0.100121+02
0.t12341+02

-0.106731+02

-0.3520'1+02
0.441171+01



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

PRGGRa. 3D-.ASIS-•...... A GENERAL PROGRA. FOR THE NONLINEAR
DYNA.IC ANALYSIS OF THREE DIMENSIONAL .ASE ISOLATED
MULTIPLE BUILDING STRUCTURES

DEVELOPED .Y ... P. C. TSOPELAS. S. NAGARAJAIAH •
•. C. CONSTANTINOU AND A.•. REINHORN
DEPART.ENT OF CIVIL ENGINEERING
STATE UNIV. OF NEW YORk AT BUFFALO

NATIONAL CENTER FOR EARTHQUAkE ENGINEERING RESEARCH
STATE UNIVERSITY OF NEW YORk. BUFFALO

................................................................... '

VERSION 3D-IASIS-ME. JANUARY tll3

tr'
VI
VI

DEVELOPED IV ... '. C. TSOPELAS ••. C. CDNSTANTINDU AND A.•. REINHORN
DEPART.ENT OF CIVIL ENGINEERING
STATE UNIV. OF NEW YORK AT BUFFALO

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

12 LOV DAMPING RUBlEI lEAl. + 24 NON-LINEAl DAMPERS
~

~..
~ ,
r••. 1

UNITS
LENQTH
MASS
fl.

fn
Kfp./tn·.ect2

eece

(1 • •••••••••••• ·INPUT DATA···············

••••••••••••••••• CONTROL PARAMETERS •••••••••••••••

ND. OF BUILDINGS -
ND. OF ISOLATORS -
INDEX FDA SUPERSTRUCTURE STIFFNESS DATA-

2

•f



9'
VI
0'1

INDEX - 1 fOR 3D SHEAR BUILDING REPRES.
INDEX - 2 FOR FULL 30 REPRESENTATION

NUMBER OF ISOLATORS, OUTPUT IS DESIRED .. -

TIME STEP OF INTEGRATION (NEWMARK) -
INDEX FOR TYPE OF TIME STEP -

INDEX - 1 FOR CONSTANT TIME STEP
INDEX - 2 FOR VARIABLE TIME STEP

GAMA FOR NEWMARKS .ETHOO -
BETA FOR NEWMARKS .ETHOO -
TOLERANCE FOR FORCE CO.PUTATION -
REFERENCE MOMENT OF CONVERGENCE -
MAX NUMBER OF ITERATIONS WITHIN T.S -

INDEX FOR GROUND MOTION INPUT •

INDEX - 1 FOR X OIR. INPUT
INDEX· 2 FOR X • Y OIR. INPUT
INDEX - 3 FOR X • Z OIR INPUT
INDEX. 4 FOR X • Y • Z OIR. INPUT

TI.E STEP OF RECORD ., ..................•
LENGTH OF RECORD ........................•
LOAD FACTOR .•........................... •
ANGLE OF EARTHQUAKE INCIDENCE ...........•

9

0.00020
1

0.50000
0.25000

10.00000
100.00000

500

2

0.02000
2000

1.00000
0.00000

" ,
'" .

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

SUPERSTRUCTURE

.....STIFFNESS DATA .

STIFFNESS (THREE DIMENSIONAL SHEAR BUILDING)
LEVEL STIFF X STIFF Y STIFF II ECCENT X ECCENT Y

35.12000

SUPERSTRUCTURE MASS .
LEVEL TRANSL .•ASS

42.24794

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

35.12000

ROTATIONAL MASS

1700000.00000

3659.00590

ECCENT X

0.00000

0.00001

ECCENT Y

0.00000

0.00000

1
2

O.OOSOO
O.OOSOO



3 0.00500

HEIGHT .
LEVEL HEIGHT

1 284.400
0 11.000

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

-.DE ~ER EIGENVALUE PERIOD

1 0.215236E-02 0.135432E+03
2 0.1312.3E+oo 0.689137E+Ol
3 0.831283E+00 0.6'8137E+Ol

MODE SHAPES
LEVEL 2 3

x 0oooooס.0 0oooooס.0.15384980

Y 0oooooס.0 0oooooס.0 0.1538499

R 0.0007670 0oooooס.0 0oooooס.0

..... STIFFNESS DATA .

STIFFNESS (THREE DIMENSIONAL SHEAR BUILDING)
LEVEL STIFF X STIFF Y

46716.90000

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MASS

31.07037

ooסס0.0

ECCENT Y

ECCENT Y

ooסס0.0

ECCENT X

OO1סס.0

ECCENT X

ooסס0.0

STIFF R

6611227 .5000046716.90000

ROTATIONAL MASS

ooססoo.0סס170

2SUPERSTRUCTURE

~.,. ,'. ~
"1

t;C
VI
--..I

1
2
3

0.02000
0.02000
0.02000

HEIGHT .
LEVEL HEIGHT

1 210 ....0
o 18.000



• •••••••••••• ISOLATION SYSTEM DATA ••••••••••••

STIFFNESS DATA FOR LINEAR-ELASTIC ISOLATION SYSTE•.... ,.

STIFFNESS OF LINEAR-ELASTIC SYS. IN X OIR.•
STIFFNESS OF LINEAR ELASTIC SYS. IN Y OIR .•
STIFFNESS OF LINEAR ELASTIC SYS. IN R DIR.•
ECCENT. IN X DIR. FROM CtN. OF .'55 •
ECCENT. IN Y DIR. FROM eEN. OF MASS •

MASS AT THE CENTER OF .ASS OF THE BASE ....
TRANSL. MASS ROTATIONAL MASS

ooסס0.0

ooסס0.0

ooסס0.0

ooסס0.0

ooסס0.0

.ASS 8.90108 ooסס427528.0

GLOBAL ISOLATION DAMPING AT THE CENTER ~F MASS OF THE 8ASE .....
X Y R ECX Eey

OUPUIQ 7.65000 7.65000 ooסס2374832.0 ooסס0.0 ooסס0.0

tD ISOLATORS LOCATION INFORMATION .
~ ISOLATOR X Y
00

),

1
2
3
4
5

•7
I
II

-134.HOO
OOסס.0

806.1600
OOסס.0

-1.....000
-lS08.laoo

OOסס.0

"11.0e00
OOסס.0

OOסס.0

-'20.5600
OOסס.0

'20.5600
OOסס.0

ooסס.0

-"85."100
OOסס.0

..85 ...800

..•... ELE.ENT TYPE.

LINEAR ELASTIC
ISOLATDR

1
2
3..
II

ELE.ENT PARA.ETERS .
STIFFNESS X STIFFNESS Y

"8.58500 48.58500
48.!85OO 48.!15OO
48.51500 "8.58500
48.511500 48.58500

181.31000 181.31000

....•. ELE.ENT TYPE·

VISCOUS ELE.ENT PARA.ETERS .
ISOLATOR DAMP-COEF X DAMP-COEF Y POWER OF VELOCITY



6
7
1

•
ooסס10.0

ooסס10.0

ooסס10.0

ooסס10.0

ooסס10.0

ooסס10.0

ooסס10.0

ooסס10.0

0.50000
0.50000
0.50000
0.50000

•••••••••••• OUTPUT PARAMETERS •••••••••••••

TIME HISTORY OPTION ........................•

INDEX • 0 FOR NO TIME HISTORV OUTPUT
INDEX • 1 fOR TIME HISTORY OUTPUT

ND. OF TIME STEPS AT WHICH TINE HISTORY
OUTPUT IS DESIRED ..........................•
ACCELERATION-OISPLACEMENTS PROFILES OPTION .. •

INDEX • 0 fOR ND PROfILES OUTPUT
INDEX • 1 fOR PROFILES OUTPUT

fORCE-DISPLACEMENT TIME HISTORY DESIRED
AT ISOLATORS NUMBERED ...................•

1
6

2
7

3
1

50
1

4
9

5

EIGENVALUES AND EIGENVECTORS (30 SHEAR BUILDING REPRESENTATION) ....

rp
U\
10

IilODE NUMBER

1
2
3

EIGENVALUE

0.388307E+01
0.150351E+CM
0.15035IE+CM

PERIOD

0.311444E+01
0.162031E+OO
0.16203IE+00

NODE SHAPES
LEVU 2 3

~ ...
(" ,
(0

X 0oooooס.0 0oooooס.0.17140110

V 0oooooס.0 0oooooס.0 0.1714011

R 0.0007670 0oooooס.0 0oooooס.0

MAX. RELATIVE DISPLACEMENTS AT CENTER OF MASS OF LEVELS
(WITH RESPECT TO THE BASE)

SUPERST~TURE : t
LEVEL TIME DISPL X TINE OISPL y TIME ROTATION

10.022 0.3803E+02 11.011 -.5126E+Ol 3.1250.116IE-03

SUPERSTRUCTURE : 2
LEVEL TIME DISPl X TINE DISPL y TIME ROTATION

3.736 - .•813E-Ol 3.645 -. 5174E-Ot 3.107 0.2545E-03



MAX. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIME DISPL X TIME DISPL Y TIME ROTATION

BASE 3.824 -.1015E+02 3.843 -.5202E+Ol 3.825 -.1867E-03

MAXIMUM BEARING DISPLACEMENTS

ISOLATOR
1
2
3
4
5
6
7
8
8

TIME
3.824
3,824
3.824
3 .•24
3.824
3 .•24
3.824
3.824
3.824

MAX DISPL
X DIRECT

- .1015E+02
- .1030E+02
-.1015E+02
-.9995E+Ol
-.1015E+02
-.1015E+02
- .1024E+02
-.1015E+02
-.1006E+02

X
Y DIRECT

-.S029E+Ol
-.5185E+Ol
-.5335E+Ol
-.51.5E+Ol
-.51.2E+Ol
- 509OE+OI
-.51.5E+Ol
-.5275E+Ol
-.51.5E+Ol

TIME
3 .•44
3.843
3.143
3 .•43
3 .•43
3 .•43
3 .•43
3 .•43
3 .•43

MAX DISPL
X DIRECT

-.1012E+02
-.1027E+02
-.1012E+02
-.9966E+OI
-.1012E+02
-.1012E+02
-.1021E+02
-.1012E+02
-.1oo3E+02

Y
Y DIRECT

-.5046E+Ol
-.5202E+Ol
-.5352E+Ol
-.5202E+Ol
-.5199E+Ol
-.5107E+01
-.5202E+01
-.5291E+01
-.5202E+01

MAX RES.
TIME DISPLACEMENT
3 .•290.1133E+02
3.8290.1153E+02
3.8290.1147E+02
3.8290.1126E+02
3.8290.1140E+02
3.8290.1135E+02
3.8290.1148E+02
3.8290.1144E+02
3.8290.1132E+02

OISPL. SORT(DXt2+Dyt2)

MAXIMUM BEARING VELOCITIES

~

ISOLATOR
1
2
3
4
5
6
7
8
9

TIME
3.454
3.451
3.454
3.459
3.454
3.454
3.452
3.454
3.457

MAX VELOCITY X
X DIRECT Y DIRECT

-.4717E+02 -.1832E+02
-.47.3E+02 -.1930E+02
-.4717E+02 -.1961E+02
-.4653E+02 -.1.53E+02
-.4717E+02 -.1896E+02
-.4717E+02 -.1.57E+02
-.4757E+02 -.191.E+02
-.4717E+02 -.1935E+02
-.467.E+02 -.1.73E+02

TIME
3.591
3.592
3.592
3.592
3.592
3.591
3.592
3.592
3.592

MAX VELOCITY Y
X DIRECT Y DIRECT

-.3666E+02 -.2381E+02
-.3707E+02 -.2432E+02
-.3651E+02 -.2482E+02
-.3606E+02 -.2432E+02
-.3657E+02 -.2431E+02
-.3663E+02 -.2401E+02
-.36.7E+02 -.2432E+02
-.365"E+02 -.2462E+02
-.3626E+02 -.2432E+02

MAX RES.
TIME VELOCITY
3.418 0.5119E+02
3.417 0.5221E+02
3.417 0.51.5E+02
3.418 0.5083E+02
3.417 0.5151E+02
3.418 0.5132E+~2

3.417 0.5194E+02
3.417 0.5172E+02
3.4180.5110E+02

VELOCITY SORT(VXt2+VYt2)

SQRT(FXt2+FYt2)FORCEMAX RES.
TIME FORCE
3.829 0.5618E+03
3.829 0.5721E+03
3.829 0.56.7E+03
3.829 0.5585E+03
3.829 0.2261E+04
3.407 0.661.E+03
3.407 0.6665E+03
3.407 0.6664E+03
3.407 0.6619E+03

Y
Y DIRECT

-.2503E+03
-.25.0E+03
-.2654E+03
-.2580E+03
-.1031E+04
-.3920E+03
-.3945E+03
-.3969E+03
-.3945E+03

MAX FORCE
X DIRECT

-.50IlE+03
-.509"E+03
-.5019E+03
- ...9.3E+03
-.2oo7E+04
- ....41E+03
- .•159E+03
-.4835E+03
-.4.'8E+03

TIME
3.84"
3.843
3.143
3.843
3.1.3
3.591
3.592
3.592
3.592

X
Y DIRECT

-.2.94E+03
-.2571E+03
-.2646E+03
-.2571E+03
- .1028E+04
-,3447£+03
-,3502E+03
-.3519E+03
-,3462E+03

TIME
3.12"
3.12"
3.12"
3.12"
3.12"
3."55
3 .•53
3 .•55
3."57

MAXIMUM BEARING FORCES

MAX FORCE
X DIRECT

-.5033E+03
-.5109E+03
-.5033E+03
-.4957E+03
-.2013E+04
-.5495E+03
- . 5517E+03
-.5"95E+03
-.5"72E+03

ISOLATOR
1
2
3

\ 4,.- .... 5

6
7
8
9

MAX. TOTAL _CCELERATIONS AT CENTER OF MASS OF LEVELS

SUPERSTRUCTURE: 1
LEVEL TIME ACCEL X TIME ACCEL Y TIME AceEL R



10.011 -.3244E+02 11.009 0.4927£+01 3.663 -.5861E-06

SUPERSTRUCTURE: 2
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

3.1350.1503£+03 3.644 0.77'0£+02 3.181 -.9945E-03

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

BASE 3.'880.1411E+03 3.6780."92E+02 '.0810.6538E-Ol

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME DF MAX BASE DISPLACEMENTS

MAXIMUM BASE DISPLACEMENT IN X DIRECTION
TIME: 3 .•2..

SUPERSTRUCTURE :
X y

LEVEL DISP ACCEL DISP ACCEL
1 22.400t1 -18.147' 4.7462 -3.8455

tI:l 'ASE -10.148" 96.9077 -5.184' 64.'046I
0-- SUPERSTRUCTURE : 2

X Y
LEVEL DISP ACCEL DISP ACCEL

1 -0.0843 126.0661 -0.0431 65.3455
BASE -10.' ..... 96.9071 -5."4' 6....046

MAXIMUM BASE DISPLACEMENT IN y DIRECTION
TIME: 3 ....3

k~ SUPERSTRUCTURE :
, X Y. UVEL DISP ACCEL DrsPJ. ... ACCEL

1 22.2317 -1'.3187 4.52'5 -3.6531
BASE -'0."'6 105.5173 -5.2011 .. 1. !lSI"

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEL
1 -0.0615 101.3220 -0.0395 51.9043

lASE -10.111' 105.5113 -5.2011 "'.5514

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUILDING



SUPERSTRUCTURE :

MAX ACCELERATION IN X DIRECTION
TIME : 10.011

LEVEL
1

lASE

DISP
31.0252
2.4180

ACCEl
-32.4431
-4.3113

DISP
-4.9032
0.121'

"CCEl
4.0111

-11.0341

MAX ACCELERATION IN Y DIRECTION
TIME : ! 1.001I

LEVEL DISP ACCEl DISP ACCEl
1 23.31.1 -11.1113 -5.1254 4.8210

lASE 2 .•353 -10.5H7 -0.5141 -7.8211

SUPERSTRUCTURE : 2

MAX ACCELERATION IN X DIRECTION
TIME: 3.735

~ lEVEL DISP ACCEl DISP ACCEl
1 -0.0881 150.2558 -0.0511 76.1""

BASE -1.2413 140.0605 -4.6020 75.2155

MAX ACCELERATION IN Y DIRECTION
TIME: 3 ......

LEVEL DISP ACCn DISP ACCEL
1 -0.0183 134.6504 -0.0517 11.1041

lASE -6.1116 128.1.15 -3.2762 66.4941

I:..

'-of
.MAXIMUM STRUCTURAL SHEARS .

SUPERST. No
1
2

TIME FORCE X TIME FORCE V TIME Z MOMENT
10.011 -.1371E+04 11.001I 0.20121+03 3.663 -.89631+00
3.7350......E+04 3 ..... 0.2.111+04 3.117 -.'.811+04



·.aXI~ lASE SHEARS .
TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FYt2)

3.732 -.12&3£+04 3.741 -.2145E+04 &.011 -.2107E+05 3.734 0.602'£+04

..aXI~ STORY SHEARS .

SUPERSTRUCTURE: 1
LEVEL TIM£ FORCE X TIME FORCE Y TIM£ Z MOMENT TIME RES. SHEAR SQRT(FXt2+FYt2)

10.011 -.1371E+04 1t.OOI 0.2012£+03 3."3 - ....3£+00 to.016 0.1382E+04

SUPERSTRUCTURE: 2
LEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FYt2)

3.7350.411IE+04 3.144 0.2417£+04 3.787 -.1'11E+04 3.7320.5245E+04

=~ PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX STRUCT SHEAR IN EACH BUILDING
~

SUPERSTRUCTURE :

MAX STRUC SHEAR IN X DIRECTION
TIME : 10.011

LEVEL
1

lASE

DISP
38.0252
2.4.-0

Accn
-32.4438
-".31'3

DISP
-4.8032
0.12'8

Accn
4.0111

-11.0347

DI5P
23.3'"

2.1353

IN Y DIRECTION~MAX STRUC SHEAR
• TIME; 11.001,. ~

CJ
LEVEL

t
lASE

Accn
-18. tT13
-10.eH7

DISP
-5.8254
-0.5848

ACCI!L
4.8270

-7.12'7

SUPERSTRUCTURE: 2

MAX STRUC SHEAR IN X DIRECTION
TIME: 3.735



lEVEL
1

lASE

DISP
-0.08••
-1.2"73

Accn
t50.255.
t"O.0605

DISP
-0.0511
-".6020

ACCEL
76.8184
75.2155

MAX STRUC SHEAR IN Y DIRECTION
nME: 3.6....

LEVEL
t

lASE

DISP
-0.0183
-6.1"6

ACCEl
134.65<>4
t28.1115

DISP
-0.0517
-3.2762

ACCEL
77. lOot 1
66 .......

t

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE SHEARS

MAXIMUM lASE SHEAR IN X DIRECTION
TIME: 3.732

SUPERSTRUCTURE :
X y

LEVEL DISP ACCEl DISP AceEl
1 22.5072 -1'.7662 5 .......8 - .....800

lASE -1.202" '''0. t.,3 -".57.7 7".71"1

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEl DISP ACCEl
1 -0.0811 150.2218 -0.0512 76.8758

lASE -1.202" '''0. t.t3 -".5717 7".71".

MAXIMUM BASE SHEAR IN Y DIRECTION
TIME: 3.7'"

SUPERSTRUCTURE :

"LEVEL
X v

DISP ACCEl DI·SP ACCEl, 1 22.555" -1•. 7.36 5."06' - .....518- .. BASE -8.3761 '''0.3''.8 - •. &.88 76.8048

SUPERSTRUCTURE : 2
X Y

LEYEL DISP ACCEL DISP AceEL
1 -0.0988 , ..8 .• t ... -0.0IS08 7•. 3180

lASE -8.37.' '.0.3...1 - •. &68' 76.9041

••••••••••• •• ·FORCE PROFILES.· ••• ••••••

MAX OVERTURNING MOMENT X CiMECTION MAX STRUCTURAL SHEAR X DIRECTION



SUPRISTURE TIME OVERTURNING MOMENT
1 10.011 -31'123.1014

TI"E Max STUCTURAL SHEAR
10.011 -'370.6860

SUPRISTURE TIME OVERTURNING MrHENT
2 3.735 .12627.0317

flOOR
1

BASE

FLOOR
1

lASE

INERTIA FORCES
-1370.6160

-42.7563

INERTIA FORCES
4"1.5055
1316.7518

MAX OVERTURNING MOMENT Y DIRECTION

INERTIA FORCES
-1370.6160

-42.7563 fORCE AT C.M. OF ENTIRE lASE

TI"E "AX STUCTURAl SHEAR
3.735 4661.5055

INERTIA FORCES
4661.5055
'316.75'8 FORCE AT C.... OF ENTIRE BASE

MAX STRUCTURAL SHEAR Y DIRECTION

SUPRISTURE TIME OVERTURNING MOMENT
1 11.008 58181.8124

TI ..E "AX STUCTURAL SHEAR
11.008 201. '539

SUPRISTURE TIME OVERTURNING MOMENT
~ 2 3.644 508114.5347
~
~

FLOOR
1

lASE

FLOOR
1

lASE

INERTIA FORCES
201.1538
-71.5025

INERTIA FORCES
2.17 .•008
651.3715

INERTIA FORCES
201 .1538
-71.5025 FORCE AT C.... OF ENTIRE BASE

TI ..E "AX STUCTURAL SHEAR
3.644 2417.4008

INERT IA FORCES
24t1.4008
658.3715 FORCE AT C.M. OF ENTIRE BASE

X DIR TIME

.MAXIMUM INTERSTORV DRIFT RATIOS' FOR EACH SUPERSTRUCTURE

~

• ~ SUPERSTRUCTURE:
C~

COORDINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE
C/l : , X CODR: -134.860

V CODR : 0.000

COLUMN LINES
1

lEVEL TIME X OIR TIME V OIR TIME
1 10.022 0.1465E+00 ".001 0.2232E-01

SUPERSTRUCTURE: 2

COORDINATES OF COLUMN LINES WITH RESPECT TO M.4ss CENTER OF BASE

Y OIR TIME X DIR TIME Y OIR



-.4.400
0.000

t

C/l :' 1 )( COOR
VCOOR

COLUM LINES
1

lEVEL TIlE X DIR TIME Y Oil TIME
1 3.7" 0.1.82E-03 3.7220.2154E-03

lC DIR TIME V OIR TIME X OIR TIME Y Oil



FPS SYSTEM

wmtOlTf VERTICAL GR.OUND ManON AND OVBRnJRNING MOMENT EFFBCTS

8-67



INPUT

52 fPS BEARINGS - CONSTANT NORMAL LOAD
In K,p./ln·••e,2 ••e.

1 2 5 5 3'1.22
, 3
1 3
0.001 50 , 500 1
0.50.25
2 0.02 2000 0 ,

31.12
35.12

3151.0051
0.0
0.0

.2.2.71.
ooססoo.0סס70'
0.005 0.005 0.005

0.0
0.0
2......0. ".00

.1711.10

.1711.10
""227.50

0.0
0.0

31.07037
ooססoo.0סס170

0.02 0.02 0.02
0.0
0.0
210..... ".00
310.01. 310.01. 121188853.0. -' ....0. 0.00

1.10101
ooסס27128.0"

00000
-.3..... 0.00

0.00 -'20.11
101.11 0.00

0.00 120.11
-'.....0 0.00

3 ..
0.0<11 0.0<11 0.03 0.03 0.' 0.' 0.02 0.02 .0'7.125

3 ..
0.0<11 0.0.5 0.03 0.03 0.' 0.8 0.02 0.02 "0'7.125

3 ..
0.0<11 0.0.5 0.03 0.03 0.' 0.' 0.02 0.02 .0'7.125

3 ..
0.0<11 0.0<15 0.03 0.03 0.' 0.8 0.02 0.02 "017.125

3 •
0.0<11 0.0.1 0.03 0.03 0.' 0.' 0.02 0.02 '6070.1

o 10 1
1 2 3 • 1
1

-'3"." 0.00
1
·,....0 0.00

B.69

1. ~,.,
.~- ·v



WAVU.DAT

-0.307191:+01
'0.119111:+01
-0.115111:+02
0.1.5321:+02

-0.141 711:+01
0.720721:+01

-0.233141:+02
0.'05121:+00
0.1UOII:+02
O••U5t1:+01

-0.103111:+02

DVI:Y.DAT

0.121711:+02
0.315071:+01
0.312331:+01

-0. '''531:+00
-0.1.,UI:+02
-0.1'752&1:+02
-0.243711:+02
-0.U5821+02

0.317531+02
0.2UUI+02

-0.U3011+02

-0.102401:+02
0.120511:+02

-0.UUOI:+02
0.122"1:+02
0.157531:+01
o . t052&B+02

-0.170531:+02
0.'.5201:+00

-0.15'7531:+01

0.3""1:+02
o.47&54B+01

0.220551:+01
·0.203UI:+02
-0.1t5721:+02
-0.'4U41:+01
0.127211:+02
0.'05121:+01

-0.10U78+02
-0.4'7772B+02
-0.40555.+01
0.2'7017.+02
O. &'73461:+01

-0.U04l1+01
-0.101611+02

0.142571:+02
-0.5'7121:+01

0.207551:+02
0.2131'71:+02
0.nOl41:+00

- 0.51"11:+01
-0.320511+02
0.313"1:+02
0.134931:+01

-0.221421:+01
-0.155021:+02
-0.101221:+02
-0.2&7111+01
o.2UU1:+02
0.173&11:+02
0.2'1901:+02

-0.1"]11:.02
-0.3&'7&51:+02
0.3U...+01
0.4623&1:+02

0.102001:.02
-0.134301:.02
-0. ,.0&51:.01
-0.2"UI:.01
0.110271:.01
0.461"1:.01
0.170141:.02

-0.23&301:+01
- 0.112191:.01
-0.1"381:.02
0.227641:+02

-0.1"351:+01
0.460'711:+01
0.1'1171+02

-0.244111:+01
0.13"31+01

-0.'025'71:+01

0.50'''''02
0.171251:+01

-0.3'73'751+02
-0.225271+02

0 .•7.,01+02

B·70

-0.213561+01
0.146111+02

-0.720721:+01
0.575001+01

-0.211511+02
-0.100031.02
0.12"71.02
0 ...&131.01
O. U 7641+01

-0.3713)1+02
0.914591+01

0.11219.+01
o.7"".+01
0.1"52.+02

-0.135171:+02
-0.2"511+02
-0.2177'••02

0.100121+02
0.412341+02

-0.10&731:+02
-0.3520'.+02

0 ....".+01



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

PROQRa. 3D-.ASIS-•...... A GENERAL PROGRa. FOR THE NONLINEAR
DYNa.IC ANALYSIS OF THREE DIMENSIONAL .ASE ISOLATED
MULTIPLE BUILDING STRUCTURES

DEVELOPED .Y •..P. C. TSOPELAS, S. NAGA.A~AIAH ,
M. C. CONSTANTINDU AND A•• 0 REINHORN
DEPARTMENT Of CIVIL ENGINEERING
STATE UNIV. Of NEV YORK AT BUFFALO

NATIONAL CENTER FOR EARTHQUAKE ENGINEERING RESEARCH
STATE UNIVERSITY OF NEV YORK, IUFFALO

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
VERSION 3D-.'SI5-.E, ~'NU'RY t883

rp
-..J-

DEVELDPED IY ... P. C. TSOPELAS ••. C. CONSTANTINDU AND A.•• REINHORN
DEPARTMENT OF CIVIL ENGINEERING
STATE UNIV. Of MEV YORK AT IUFFALO

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

52 'PS .EARINGS - CONSTANT NDRMaL LOAD
~

t,;"
,. ,

UNITS
LE"TH
USS
TIME

In
Klpe/tn·eect2

eece

()' ••••••••••••••INPUT OAT•••••••••• ••••• •

••••••••••••••••• CONTROL PARAMETERS •••••••••••••••

ND. OF BUILDI..S 0 0 0 .. 0-

ND. OF I SOLATDAS -
INDEX FOR SUPERSTRUCTURE STIffNESS OATA-

2
5
t



tJ:'
jj

INDEX. 1 FOR 3D SHEAR BUILDING REPRES.
INDEX • 2 FOR FULL 3D REPRESENTATION

NUMBER OF ISOLATORS. OUTPUT IS DESIREO .. -

TIME STEP OF INTEGRATION (NEWMARK) -
INDEX FOR TYPE OF TIME STEP -

INDEX • 1 FOR CONSTANT TIME STEP
INDEX • 2 FOR VARIABLE TI.E STEP

GA.A FOR NEWMARKS .ETHOO -
BETA FOR NEWMARKS .ETHOO -
TOLERANCE FOR FORCE COMPUTATION -
REFERENCE MOMENT OF CONVERGENCE -
MAX NUMBER OF ITERATIONS VITHrN T.S -

INDEX FOR GROUND MOTION INPUT -

INDEX. 1 FOR X OIR. INPUT
INDEX • 2 FOR X a Y OIR. INPUT
INDEX • 3 FOR X a Z OIR INPUT
INDEX - 4 FOR X . Y a Z OIR. INPUT

TI.E STEP OF RECORD .
LENGTH OF RECORD •
LOAD FACTOR .............................•
ANGLE OF EARTHQUAKE INCIDENCE -

5

0.00100
1

OOסס0.5

0.25000
!lO.OOOOO
ooסס1.0

!lOO

:I

0.02000
2000

ooסס1.0

ooסס0.0

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

SUPERSTRUCTURE

I ~ •••• STIFFNESS DATA .

;STIFFNESS (THREE DIMENSIDNAL SHEAR BUILDING)
LEVEL STIFF X STIFF Y

35.12000

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MASS

42.24784

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

35.12000

ROTATIONAL MASS

ooססoo.0סס170

STIFF R

3659.00590

ECCENT X

ooסס0.0

ECCENT X

OO1סס.0

ECCENT Y

ooסס0.0

EceENT Y

ooסס0.0

1
2

0.00!l00
0.00!l00



3 0.00500

HEIGHT .
LEVEL HEIGHT

1 2......00
o 1'.000

EIGENVALUES AND EIGENVECTORS (30 SHEAR BUILDING REPRESENTATION) ....

NODE NUMBER EIGENVALUE PERIOD

1
2
3

0.215236E-02
0.1312'3E+00
0.1312I3E+00

O. 135..32E+03
0."9137E+01
0.6I9137E+01

MODE SHAPES
LEVEL 2 3

x 0oooooס.0 0oooooס.880'''0.153

V 0oooooס.0 0oooooס.0 0.153'''••

R 0.0007670 O. 0oooooס O. 0oooooס

..... STIFFNESS DATA .

STIFFNESS (THREE DIMENSIONAL SHEAR BUILDING)
LEVEL STIFF X STIFF Y

tp
......
W

SUPERSTRUCTURE 2

STIFF R ECCENT X ECCENT Y

"'716.80000 ...71•. 80000 661.227.!SOOOO OO1סס.0 ooסס0.0

ooסס0.0

ECCENT Y

ooסס0.0

ECCENT XROTATIONAL MASS

ooססoo.0סס170

DA.ING .
DAMPING RATIO

SUPERSTRUCTURE MASS .
LEVEL TRANSL. MASS

31.07037
f''';''
r ..
l ~I SUPERS1 ~UCTURE

MOOE SHAPE

1
2
3

0.02000
0.02000
0.02000

HEIGHT .
LEVEL HEIGHT

1 210 ....0
o 1'.000



• •••••••••••• ISOLATION SYSTEM DATA ••••••••••••

STIFFNESS DATA FOR LINEAR-ELASTIC ISOLATION SYSTEM .

STIFFNESj OF LINEAR-ELASTIC SVS. IN X DIR. ­
STIFFNESS OF LINEAR ELASTIC SVS. IN V DIR. ­
STIFFNESS OF LINEAR ELASTIC SVS. IN R DIR. -
ECCENT. IN X DIR. FROM CEN. OF MASS -
ECCENT. IN V DIR. FROM CEN. OF MASS -

MASS AT THE CENTER OF MASS OF THE BASE ....
TRANSL. MASS ROTATIONAL MASS

390.06000
390.06000

ooסס121111153.0

OOסס14.4-

ooסס0.0

MASS 9.90109 ooסס427528.0

GLOBAL ISOLATION OAMPING AT THE CENTER OF MASS OF THE BASE .....
X Y R Eex ECY

OAIFING ooסס0.0 ooסס0.0 ooסס0.0 ooסס0.0 ooסס0.0

ISOLATORS LOCATION INFORMATION ..
ISOLATOR X Yr:p

~
1
2
3
4
!I

-134.9600
OOסס.0

106.1600
OOסס.0

-14.4000

OOסס.0

-820.5600
OOסס.0

820.5800
OOסס.0

...... ELE.ENT TYPE -

SLIDING IEARING PARAMETERS .. (CONSTANT NOR.AL FORCE a FMAX) .
ISOLATOR FMAX X FMAX Y FMIN X FMIN Y PA X PA Y VIELD DISPL. x YIELD DISPL. V

1 0.04500 0.04500 0.03000 0.03000 0.100 0.100 0.02000 0.02000
2 0.04500 0.04500 0.03000 0.03000 0.100 0.100 0.02000 0.02000
3 0.04500 0.04500 0.03000 0.03000 0.100 0.100 0.02000 0.02000

• ",ow .. 0.04500 0.04!500 0.03000 0.03000 0.100 0.100 0.02000 0.02000

" . Ii 0.04!500 0.04500 0.03000 0.03000 0.100 0.100 0.02000 0.02000

•••••••••••• OUTPUT PARAMETERS •••••••••••••

NORMAL FORCE

4017.82!500
4017.62500
4017.62500
4017.62500

16010.!50000

TI.E HISTORY OPTION .. , -

INDEX - 0 fOR ND TIME HISTORY OUTPUT
INDEX - 1 fOR TIME HISTORY OUTPUT

o



ND. OF TIME STEPS AT WHICH TIME HISTORY
OUTPUT IS DESIRED -
ACCELERATION-DISPLACEMENTS PROFILES OPTION .. -

INDEX • 0 FOR ND PROFILES OUTPUT
INDEX • 1 FOR PROFILES OUTPUT

FORCE-DISPLACEMENT TIME HISTORY DESIRED
AT ISOLATORS NUMBERED ...................•

2 3

10
1

4 5

EIGENVALUES AND EIGENVECTORS (3D SH£AR BUILDING REPRESENTATION) ....

MODE NUMBER EIGENVALUE

1 0.389307E+01
2 0.15035IE+04
3 0.15035IE+04

PERIOD

0.311444E+01
0.162031£+00
0.16203IE+00

MODE SHAPES
LEVEL 2 3

tp
~

x 0oooooס.0 0oooooס.0.17940110

Y 0oooooס.0 0oooooס.0 0.1794011

R 0.0007670 0oooooס.0 0oooooס.0

MAX. RELATIVE DISPLACEMENTS AT CENTER OF MASS OF LEVELS
(WITH RESPECT TO THE BASE)

SUPERSTRUCTURE: 1
LEVEL TIME DISPL X TIME OISPL Y TIME ROTATION

10.0440.4053E+02 4.753 -.9815£+01 3.887 0.3999£-03

3.809 -.1136£+00 3.872 -.8195E-01

, SUPERSTRUCTURE: 2
tc~ LEVEL TIME OISPL
i1

1"'....

X TIME DISPL v nME ROTATION

4.755 -.5577E-03

MAX. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIM£ OISPL X TIME DISPL Y TIME ROTATION
lASE 3.857 -.1317E+02 3.886 -.1243E+Ol 3.187 -.399IE-03

MAXIMUM IEARING DISPLACEMENTS

y

V DIRECT
-.7909E+Ol
-.1243E+Ol
-.8565E+01
-.1I243E+Ol

ISOLATOR
I
2
3
4

MAX DISPL
TIME X DIRECT
3.857 -.1317£+02
3.857 -.135OE+02
3.857 -.1317£+02
3.156 -.1285E+02

X
Y DIRECT

-.7831£+01
-.1161£+01
-.I4I1E+Ol
-.1164E+01

TIME
3.897
3.196
3.896
3.896

"AX DISPL
X DIRECT

-.1303E+02
- .1336£+02
-.1303£+02
- .1271£+02

"AX RES.
TIME DISPLACEMENT
3.11660.1534£+02
3.166 O. 1579E"02
3.167 0.156I1E+02
3.166 0.1523E"02

DISPL. SQRT(OXf2"OYt2)



I 3.851 -.1311E+02 -.8162E+Ol 3.896 -.1303E+02 -.8237E+Ol 3.8660.1551E+02

MAXIMUM BEARING VELOCITIES

ISOLATOR
1
2
3
4
5

TIME
3.47!l
3.414
3.47!l
3.411
3.47!l

MAX VELOCITY X
X DIRECT Y DIR£CT

-.53!lIE+02 -.2342E+02
-.5468£+02 -.2456E+02
-.535IE+02 -.2551£+02
-.5251E+02 -.2445E·02
-.535IE+02 -.2451£+02

TIME
3.594
3.595
3.591
3.195
3.!l1!l

MAX V£LOCITY Y
X DIRECT Y DIRECT

-.4513£+02 -.3215£+02
-.4655£+02 -.3393E+02
-.4533E+02 -.3487E+02
-.4464E+02 -.3393E+02
-.4559£+02 -.3391E+02

MAX RES.
TIME VELOCITY
3.554 0.5902E+02
3.554 0.6014E+02
3.555 0.5886E+02
3.554 0.5815E+02
3.554 0.5944£+02

VELOCITY SORT(VXt2+VYt2)

MAXIMUM BEARING FORCES

ISOLATOR
1
2
3
4
5

MAX fORCE X
TIME X DIRECT Y DIRECT
3.213 -.1808E+03 -.2562E+01
2.513 0.1808E+03 0.1507E+01
6.024 0.1808E+03 -.1410£+00
2.!l93 0.1808E+03 0.1!l13E+01
2.513 0.1232E+03 0.6053E+01

MAX FORC£ Y
TIM£ X DIRECT Y DIRECT
3.148 -.3453£+01 0.1808E+03
9.161 0.6021E+00 0.1808E+03
9.172 0.1792E+01 0.1808E+03
3.146 -.2252£+01 0.1808£+03
9.172 0.6640E+Ol 0.7231£+03

MAX RES. FORC£
TIME FORCE
3.1490.1808E+03
2.5930.1808E+03
9.1120.1808E+03
3.1460.1808£+03
2.5930.7232E+03

SQRT(FXt2+FYt2)

0'•-...I
0\

MAX. TOTAL ACCELERATIONS AT CENTER OF MASS OF LEVELS

SUPERSTRUCTURE ; 1
LEVEL TIME ACCEL X TIME ACCEL Y TIME AceEL R

10.033 -.3310E+02 4.142 0.8163E+01 3.706 -.1224E-05

SUPERSTRUCTURE : 2
LEVEL TIME AceEL X TIME ACCEL y nME AeCEL R

3.808 0.1101E+03 3.811 0.1232E+03 4.1380.2114E-02

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME AceEl X TIME AceEL Y TIME ACCEL R
lASE 7.3'1 -.2211E+03 6.247 -.1412E+03 6.1550.2386E-OI

~FIL£S OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BAS£ DISPLACEMENTS

MAXIMUM lASE DISPLACEMENT IN X DIRECTION
TIME: 3.851

SUPERSTRUCTURE
X y



tp
:j

LEVEL DISP ACCEL DISP ACCEL
1 25.15&2 -21.4312 7.7007 -&.3355

BASE -13.1743 126.2531 -8.1612 117 .3194

SUPERSTRUCTURE : 2
X Y

LEVEL DISP AceEL DISP ACCEL
1 -0.1074 1&0.7382 -0.0790 119.2784

BASE -13.1743 126.2531 -1.1682 117.3194

MAXIMUM BASE DISPLACEMENT IN y DIRECTION
TIME: 3.88&

SUPERSTRUCTURE :
X y

LEVEL DISP ACCEL OISP Accn
1 25.5221 -21. 1124 7.3476 -6.0140

BASE -13.0336 177.4471 -8.2425 63.7171

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEL
1 -0.0606 BII.4051 -0.0644 14.5614

BASE -13.0336 177.4471 -8.2425 63.7978

PROfiLES Of TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUILDING

SUPERSTRUCTURE :

MAX ACCELERATION IN X DIRECTION
TIME : 10.033

).....
",

A..,' LEVEL
~ • 1

lASE

DISP
40.5288

1.81110

ACCEL
-33.&870
25.5478

DISP
-4.5752
0.5174

ACCEL
3.7966

13.2791

MAX ACCELERATION IN Y DIRECTION
TIME: 4.742

LEVEL
1

lASE

DISP
0.8322
1.8686

ACCEL
-0.&480

-113.8813

DISP
-8.8088

5.6884

ACCEL
8.1633

-80.1861

SUPERSTRUCTURE: 2

MAX ACCELERATION IN X DIRECTION



TIME: 3.101

LEVEL
t

lASE

DISP
-0.1 t3.

-t2."3'

Accn
'10.7"26
t••.•,.3

DISP
-0.0617
-1.7'"

ACCEL
104 ....07
106.502'

MAX ACCELERATION IN V DIRECTION
TIllIE: 3 .•71

LEVEL
t

lASE

DISP
-0.01&5

-t3.'S'"

Accn
'''3.387''
'7.!5041

DISP
-O.OIt.
- •. 21 ....

ACCEL
123.2.....
11."'"

~
GO

.MAXIMUM STRUCTURAL SHEARS .

suPERST. No TIME FORCE X TIME FORCE Y
1 to.033 -.1"2"E+04 ... 7..20.3....8E+03
2 3.101 0.5305E+04 3.'71 0.3.28E+04

TIME Z MOMENT
3.706 -.2010E+Ot
".7380.3'97E+04

.MAXIMUM lASE SHEARS .
TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SORT(FXt2+FYt2)

3.1De -.6OI5E+04 3.'" -."608E+04 6.155 -.1111E+OS 3.'30 0.1352E+04

,~, .. .
.MAXIMUM STORY SHEARS .

SUPERSTRUCTURE: 1
LEVEL TIME FORCE X TIME fORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FVt2)

to.033 -.t..24E+04 4.7420.3"4'E+03 3.708 -.2010E+01 10.032 0.1433E+04

SUPERSTRUCTURE: 2
LEVEL TIME FORCE X TIME fORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FVt2)

3.1De 0.5305E+04 3.'7t 0.3.2.E+04 4.73.0.3.87E+04 3 .... , 0.62.7E+04



PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX STRUCT SHEAR IN EACH BUILDING

SUPERSTRUCTURE :

MAX STRUC SHEAR IN X DIRECTION
TIME : to.033

LEVEL
1

lASE

DISP
"0.52••

l.UtO

Accn
-33.&170
25.5U'

DISP
-".5752
0.517"

Accn
3.796&

t3.271t

MAX STRUC SHEAR IN V DIRECTION
TIME: ".7"2

LEVEL
1

lASE

DISP ACCEL
0 .•322 -0.&410
•.•••• -"3."'3

DISP
-8 .•089
5."'"

Accn
1.1633

-10. tl.t

SUPERSTRUCTURE: 2

t;J
~

MAX STRUC SHEAR IN X DIRECTION
TIME: 3.808

LEVEL
1

lASE

DISP
-0.113'

-12 .•'3.
ACCEL

170.7"26
, ••.•713

DISP
-0.0617
-7.7881

Accn
tOot .1"07
106.5028

Accn
123.2....
17.116.

DISP
-0.0811
-1.214"

ACCEL
1"3.3174
17.!IOot&

DISP
-O.OMS

-13.1S"1

MAX STRUC SHEAR IN V DIRECTION
TIME: 3 .•71

).04
i~EL
l: ~ t

BASE

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE SHEARS

MAXIMUM lASE SHEAR IN X DIRECTION
TIME: 3.101

SUPERSTRUCTURE :



tJ:'
I

~

x y

LEVEL DISP ACCEl DISP ACCH
1 25.U61 -21.593" 7.9075 -6.5616

lASE -12.1839 1&8.8783 -7.7&18 10&.!lO2&

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEl
1 -0.113& 170.7"2& -0.0&97 lo.a .U07

lASE -12.'938 1&1.1783 -7.7619 10&. !lO2&

MAXIMUM BASE SHEAR IN y DIRECTION
TIME: 3.861

SUPERSTRUCTURE :
X y

lEVEL DISP ACCEL DISP ACCEL
1 25.130& -21."117 7.&708 -6.30&2

BASE -13.1722 11....752 -'.1'''3 113.1370

SUPERSTRUCTURE : 2
X Y

.,LEVEL DISP ACCEL DISP ACCEL
1 -0.1052 157.2116 -0.0801 120.1!l17

r • BASE -13.1722 11....752 -1.1'''3 113.1370

• ••••••••••••• FORCE PROFILES···········

MAX OVERTURNING MOMENT X DIRECTION MAX STRUCTURAL SHEAR X DIRECTION

SUPR/STURE TIME OVERTURNING MOMENT
1 10.033 - ..o.a880.0&90

TIME MAX STUCTURAL SHEAR
10.033 -'''23.628'

FLOOR
1

IIASE

INERTIA fORCES
-1"23.6218

252.9515

INERTIA FORCES
-1423.&28.

252 .•515 FORCE AT C.M. OF ENTIRE BASE

SUPR/STURE TIME OVERTURNING MOMENT
2 3.101 1116603.7337

TIME MAX STUCTURAL SHEAR
3.101 5305.0348

FLOOR
1

IIASE

INERTIA FORCES
5305.03"1
1672.0817

INERTIA FORCES
5305.03"8
1672.0817 FORCE AT C.... OF ENTIRE BASE

MAX OVERTURNING MOMENT Y DIRECTION

SUPR/STURE TIME OVERTURNING MOMENT
1 ".7"2 '8014.1321

MAX STRUCTURAL SHEAR Y DIRECTION

TIME MAX STUCTURAL SHEAR
".742 344.1809

FLOOR
1

laSE

INERTIA FORCES
344.8808

-783.8288

INERTIA FORCES
344.1809

-793.9299 FORCE AT C.M. OF ENTIRE BASE



SUPR!STURE TINE
2 3.871

FLOOR
1

BASE

OVERTURNING MOMENT
106013.2396

INERTIA FORCES
3128."05"
162.5..7..

TINE NAX STUCTURAl SHEAR
3.171 3829.4054

INERTIA FORCES
3829."054
862.5474 FORCE AT C.M. OF ENTIRE BASE

•MAX IMUM INTERSTORY DRIFT RATIOS' FOR EACH SUPERSTRUCTURE

SUPEASTRUCTURE :

COOADINATES OF COLUMN LINES WITH RESPECT TO MASS CENTER OF BASE
C!L : 1 X COOR: -134.860

Y COOR : 0.000

COL~ lINES
1

lEVEL TINE X DIR TINE Y DIR TINE
1 10.04" 0.1521E+00 ".7520.3598E-01

~
~ SUPERSTRUCTURE: 2...

X DIR TIME Y DIA TIME X DIR TIME Y DIR

X OIR TINE

~
t""",

o

COORDINATES OF COLUMN lINES WITH RESPECT TO MASS CENTER OF BASE
C!l : 1 X COOR: -14.400

Y COOR : 0.000

COl~ LINES
1

lEVEL TIME X DIR TINE Y DIR TINE
1 3.109 0.59OOE-03 3.872 0.466"E-03

Y DIR TIME X DIll TIME Y DIll



FPS SYSTEM

wrm EFFECT OF VERTICAL GROUND MonON AND OVERnJRNING MOMBNTS
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12 ,PS IrARINGS - VARIAILE NORMAL LOAD
tn Ktps/tn·s.et2

t 2 15 I 3.i.22
t 3
t 3
0.001 10 1 100 1
0.5 0.21
.. 0.02 2000 0 1

31.12
31. t2

3811.0011
0.0
0.0

"2.2"""
1100000 .00000
0.005 0.005 0.001

0.0
0.0
2'''.40. 1'.00

.171'.10
••.,1•.10

•• t'221.10
0.0
0.0

INPUT

secs

3t .01037
1700000.00000

0.02 0.02 0.02
0.0
0.0
210 .••• 1'.00
00000

1.10101
.27152'.00000

00000
-.3•• M 0.00

0.00 -'20.18
108.1' 0.00

0.00 '20.18
-1".40 0.00
3 I

'2 .• 0.105 0.101 0.03 0.03 0.' 0.' 0.02 0.02 "Ot7 .•21
3 •'2." 0.101 0.101 0.03 0.03 0.' 0.' 0.02 0.02 .Ot7.125
3 •

'2 •• O.t05 0.101 0.03 0.03 0.' 0.' 0.02 0.02 4Ot" .•215
3 I'2." 0.101 O.tOl 0.03 0.03 0.' 0.' 0.02 0.02 4017.'25
3 •

'2." O.tOl 0.101 0.03 0.03 0.1 0.' 0.02 0.02 18070.5
o 10 1
1 234 I
1
-I"'.M 0.00
1
-14.40 0.00

B-85
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WAVD.DAT

-0.307UI:+01

-0.819111:+01

-0.1161.1:+02
0.1453:11:+02

-0.1417.1:+01

0.72072.+01

-0.2339401:+02
0.905.21+00

0.161011+02

0 .•09591+01

-0.103111+02

0.1217.1+02

0.315071:+01

0.362331+01

-0.66952.+00

-0.14926.+02

-0.17526.+02

-0.2"371.+02

-0.445.2.+02
0.3.753.+02
0.21U...+02

-0.293011:+02

0.17092.+02

0.332.0.+02

O. 140".+02
-0.11510.+02

-0.42110••02

-0.379"••02
0 ••7210.+02

0.21'22.+02

-0.1"171'.02
0.43322.+01

-0.10240'.02

0.12051.+02
-0.13.30.+02

0.122".+02

0.15753.+01

0 .• 0526£+02
-0.17053E.02

0.94520E+00

-0.157531+01

0.3"661+02

0 .•765"1+01

0.22055.+01

-0.20361'+02
- 0 .1..572.+02

-0.94914.+01

0.12721.+02

0.90582••01

-0.10437.+02
·0 .•7712••02

-0.40565••01

0.27017.+02

0.673461+01

0.23354£.02

·0.163.....+02

0.30522.+02

-0.53315.+02

-0.59075'+01
- 0 •931511&+02

0.12100.+02

0.35445.+00

0.12681.+02

-0."1471.+02

-0 .... 0....01

-0.10161.+02
0.14257.+02

-0.567121+01

0.:10755.+02
O. :11317.+02

0.6301••+00

-0.584111.+01

-0.32058£+02

0.31389£+02
0.83493£+01

-0.22."2.+01

-0.15502'+02
-0.10122£+02

-0.257'1.+01

0.2UJlI+02

.0.17361.+02
0.26190.+02

-0. U731.+02

-0.357.5.+02

0.3UU£+01

0.46236£+02

0.326111.01

-0.15675••02
-0.245]6.+02

0.19110••02
0.295311.02

-0.2"81••02

'0.21553.+02

-0.70""1+01
0.5Unl+02

-0 ...7,.,7.+02

0.102001+02
-0.134301.02

-0.910651.01

-0.2"621+01
0.110271+01
0 ...6166••01

0.17014••02

-0.2363011:+01

-0.8.219£+01

-0.167381.0:1

0.2276"••02

-0.1593511:+01

0.460791+01

0.16117.+02
-0.2....1•••01

0.83.. 931.01

-0.60257••01
0.506.61+02

0.171251:.01

-0.373751+02

-0.22527£+02
0.471901:+02

-0.31625••02

0.61921••01

0.2047"+01
0.422191+02
0 757••02

0 81••02

-0 81£.02

0.220551.01
0.7..4351.01

0.32215••02

B-86

-0.2835U+01

0.14611.+02

-0.1307:<1£+01

0.575001+01

-0.21159£+02
-0.10003.+02

0.12"7.+02
0.886131+01

o.91764£.01
-0.37139£+02

0.98459£.01

0.8121911:.01

0.717"1+01

0.196521+02

-0.135.7.+02

-0.2"151£+02

-0.217"1:+02
0.100.28+02

0.U:U..8+02

-0.106738+02

-0.352091+02
0 ....197.+01

0.59075••00

- 0 •2"'''1+02
0 ...02111.02

-0.23433••02

0.331701+02

0.63""'••02

'0.109"'+02
0.685278.01

-0.15045••02

0.68"08+02



FUNCflONS

c·····················································POYM.•...••...••..
PUHCTICl1l fOVM I OYMX, OYMY. 1&P, YP, 1 1

c····················································· .
c
C CALCQLA.TII1O AXIAL roac:a Dr TIm UMII10B PROM OYDTUlUrII1O MOICaft'I
C DSVILOPID BY PANAOIOTIS TSOPKLAS ,.. 1"3
C

c·····················································........••••••••••
DKPLICIT aKAL-.(A-H.O-ZI
caeu lMAIJn In. MP, M1Q, MIll,Nn.IOP
COtMJIl IUARAUAlAUA (500 1
Dl~SICl1l OVNXCRB.1.21.0VMYIRB.l,21.XP(NPI,YP(NPI

1'(1.10.11 'l'IIDl
CMX-O.O
CMY-O.O

DO 10 Jta1....1

CMX-e»cX+OYMX Ill:. 11
CMY-oMY+CMIY Ill:. 1)

10 CClIlTIIIW

DlDIr

1'(1.10.51 PaVN.O.O
1.(1.10.•1 PaVM- CMY/lC.l.12
1'(1.10.3) PaVN. CMX/1C.1.12
1'(1.10.21 POVM.-CMY/lC.1.12
IP(I.IQ.11 PaVN.·CMX/lC.l.12

e-····················································PPMAX .
I'QICTIClIl PrMAX (nMAX, ntMu..... II

c·····················································.•...•..••..•••.••
C
C CALC:ULa.TIIIQ MAXIMQI ftlCTIClIl COUI'ICl.-r A8 I'QIC O' .....staa
C D~PID BY.....•........•.P~IOTIS TSOP8LAS .... ,.. 1"3
C
e-••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

tKPLICIT aJaL·.(A-R.D-S)
~ IIaDIl In.......,MIll.....MXJ'
~ I.....v./MD(SOO)
aTDJIAL IIlITCP

racr....
......15.0·.N:T

MohO .1012""
Dr.o.on

rnax.PIlIaX- IDr)-~(ALP·""')
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

PROGRA. 3D-BASIS-•...... A GENERAL PROGRA. FOR THE NONliNEAR
DY~IC ANALYSIS OF THREE DIMENSIONAL BASE ISOLATED
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NO. OF BUILDINQS -
NO. OF ISOLATORS -
INDEX FOR SUPERSTRUCTURE STIFFNESS DATA-

2
!I
1



rp
00
loCI

INDEX - 1 FOR 3D SHEAR BUILDING REPRES.
INDEX - 2 FOR FULL 3D REPRESENTATION

NUMBER OF ISOLATORS, OUTPUT JS DESJRED .. -

TJ.E STEP OF JNTEGRATION (NEWMARK) -
INDEX FOR TYPE OF TI.E STEP -

INDEX - 1 FOR CONSTANT TJME STEP
INDEX - 2 FOR VARIABLE TJME STEP

GAMA FOR NEWMARKS .ETHOD -
BETA FOR NEWMARKS .ETHOD -
TOLERANCE FOR FORCE COMPUTATJON -
REFERENCE MOMENT OF CONVERGENCE -
MAX NUMBER OF ITERATJONS WJTHIN T.S -

INDEX FOR GROUND MOTJON JNPUT ........... -

INDEX - 1 FOR )( DJR. JNPUT
INDEX - 2 FOR )( • Y DJR. INPUT
INDEX - 3 FOR )( • Z DJR JNPUT
INDEX - 4 FOR X . V a z OJR. INPUT

TJME STEP OF RECORD .
LENGTH OF RECORD -
LOAD FACTOR -
ANGLE OF EARTHQUAKE JNCJDENCE -

••••••••••••• SUPERSTRUCTURE DATA ••••••••••••

~ SUPERSTRUCTURE
~
~)

• . STIFFNESS DATA .

STJFFNESS (THREE DI.ENSIONAL SHEAR BUILDING)
LEVEL STIFF X STIFF Y

5

0.00100
1

OOסס0.5

O.2!5000
ooסס50.0

ooסס1.0

!500

4

0.02000
2000

ooסס1.0

ooסס0.0

STIFF R ECCENT )( ECCENT Y

35.12000

SUPERSTRUCTURE ..SS .
LEVEL TRANSL. "SS

42.24784

SUPERSTRUCTURE DAMPING .
MODE SHAPE DAMPING RATIO

35.12000

ROTATIONAL .ASS

ooססoo.0סס110

3659.00590

ECCENT X

ooסס0.0

OO1סס.0

ECCENT Y

ooסס0.0

ooסס0.0

1
2

0.00!500
0.00!500



3 0.00500

HEIGHT .
LEVEL HEIGHT

1 2......00
o 1'.000

EIGENVALUES AND EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

IIJDE MJIIIIER

1
2
3

EIGENVALUE

0.215236E-02
0 .•:i12.3E+00
0.1312'3E+00

PERIOD

0.135432E+03
0.6'9137£+01
0.6.9137E+01

IIJDE SHAPES
LEVEL 2 3

lC

• <., • y

1 A.. ~-

0.00000oo 0.153'''990.00000oo

0.00000oo 0.00000oo 0.153'''99

0.0007670 O. 00000oo O. 00000oo

..... STIFFNESS DATA .

STIffNESS (THREE DI.ENSIONAL SHEAA BUILDING)
LEVEL STIFF lC STIfF Y

"6716.90000

~
SUPEASTRUCTURE 2

"6716.90000

STIFF R

661'227.50000

ECCENT X

0.00001

ECCENT Y

0.00000

SUPERSTRUCTURE .ASS .
LEVEL TRANSL .•ASS

31.07037

SUPERSTRUCTURE DAMPING .
IIJDE SHAPE DAMPING RATIO

ROTATIONAL .ASS

1700000.00000

ECCENT X

0.00000

ECCENT Y

0.00000

1
2
3

HEIGHT .
LEVEL HEIGHT

, 2'0."80
o ".000

0.02000
0.02000
0.02000



••••••••••••• ISOLATION SYSTEM DATA ••••••••••••

STIFFNESS DATA FOR LINEAR-ELASTIC ISOLATION SYSTE•......

STIFFNESS OF LINEAR-ELASTIC SVS. IN X DIR .•
STIFfNESS OF LINEAR ELASTIC SYS. IN Y DIR .•
STIFfNESS OF LINEAR ELASTIC SYS. IN R DIR.•
EeCENT. IN X OIR. FROM CEN. OF ..55 •
ECCENT. IN Y OIR. FROM CEN. Of ..55 •

MASS AT THE CENTER Of IIASS Of THE BASE ....
TRANSL. IIASS ROTATIONAL "55

0.00000
0.00000
0.00000
0.00000
0.00000

..55 •. 80101 427521.00000

GLOBAL ISOLATION OA.ING AT THE CENTER OF MASS OF THE BASE .....
X Y R ECX ECY

OA.ING 0.00000 0.00000 0.00000 0.00000 0.00000

ISOLATORS LOCATION INFORMATION .
ISOLATOR X Y

r~
.....~EMENT TYPE •

(~

F. P. S. BEARING PARAMETERS .
ISOLATOR RADIUS FMAX X FMA~ Y

tp
\C- 1

2
:I..
IS

1
2
3..
I

-"4. MOO
0.0000

108.1100
0.0000

-14.4000

12.4000
12.4000
12.4000
12.4000
12.4000

0.0000
-120.5600

0.0000
120.!I6OO

0.0000

0.10l500
0.10l500
0.10l500
0.10l500
0.10l500

0.10l500
0.10500
0.10500
0.10l500
0.10500

FIlIN X FinN Y PA )( PAY YIELD DISPL. )( YIELD OISPL. Y NORMAL FORCE

0.03000 0.03000 0.100 0.100 0.02000 0.02000 4017.62500
0.03000 0.03000 0.100 0.100 0.02000 0.02000 4011.62500
0.03000 0.03000 0.100 0.800 0.02000 0.02000 4011.62500
0.03000 0.03000 0.800 0.100 0.02000 0.02000 4011.62500
0.03000 0.03000 0.800 0.800 0.02000 0.02000 16010.50000

•••••••••••• OUTPUT PAR~TERS •••••••••••••

TIllE HISTORy OPTION ........................•

INDEX • 0 FOR NO TIME HI~TORY OUTPUT
INDE~ • 1 FOR TIllE HISTORY OUTPUT



NO. 0; TIME STEPS AT WHICH TIME HISTORY
OUTPUT IS DESIRED ..........................•
ACCELERATION-DISPLACEMENTS PROFILES OPTION .. •

INOEX • 0 FOR NO PROFILES OUTPUT
INDEX • , FOR PROFILES OUTPUT

FORCE-DISPLACEMENT TIME HISTORY DESIRED
AT ISOLATORS NUMBERED ...................•

2 3

10
1

4 5

EIGENVALUES ANO EIGENVECTORS (3D SHEAR BUILDING REPRESENTATION) ....

MODE NUMBER EIGENVALUE

1 0.3.9307E+01
2 O.1!5035.E+04
3 0.15035'E+04

PERIOD

0.31'444E+01
O.16203.E+00
0.162038E+00

ImDE SHAPES
LEVel 2 3

1·",

c:
a:J

IS

x 0.00000oo 0.179.01. 0.00000oo

Y 0.00000oo 0.00000oo 0.119401.

R 0.0007670 O. 00000oo O. 00000oo

MAX. RELATIVE DISPLACEMENTS AT CENTER OF MASS OF LEVELS
(WITH RESPECT TO THE BASE)

SUPERSTRUCTURE: 1
LEVEL TIME DISPL X TIME DISPL V TIME ROTATION

10.042 0.4072E+02 4.155 -.9913E+01 3.91.0.3.29E-03

SUPERSTRUCTURE: 2
LEVEL TIME DISPL X TIME DISPL V TIME ROTATION

3.'37 -.'2"E+00 3 .••• - .••32E-01 •. 717 -.4a79E-03

MAX. DISPLACEMENTS AT CENTER OF MASS OF BASE
LEVEL TIME OISPL X TIME OISPL Y TIME ROTATION

lASE 3.'54 -.1329E+02 3.'93 - .•303E+01 3.91' -.3'2'E-0~

MAXIMUM IEARING DISPLACEMENTS

V
V DIRECT

-.799.E+01
-.8303E+01
-.a604E+01
-.'303E+01

ISOLATOR
1
2
3
4

nME
3.154
3.15'
3.'54
3.153

MAX DISPL
X DIRECT

- . 1329E+02
-.135IE+02
- . 1329E+02
- . 13OOE+02

x
Y DIRECT

-.7824E+01
- .•23OE+01
- .•509E+01
-.1217E+01

TIME
3.aaa
3.193
3.a91
3.193

MAX DISPL
X DIRECT

-.1318E+02
-.1346E+02
-.1312E+02
-.12a5E+02

MAX RES.
TIME DISPLACEMENT
3.8640.1549E+02
3.'65 O. '519E+02
3.8550.1510£+02
3.8640.1539E+02

DISPL. SORT(DXt2+DYt2)



5 3.154 -.1329E+02 -.1217E+01 3.193 -.1315E+02 -.829IE+01 3.8650.1564E+02

VELOCITY SQRT(VXt2+VYt2)MAX RES.
TIME VELOCITY
3.470 0.6012E+02
3.469 0.6128E+02
3.469 0.6085E+02
3.470 0.5970E+02
3.469 0.6048E+02

MAX VELOCITY Y
X DIRECT Y DIRECT

-.4465E+02 -.3288E+02
-.4528E+02 -.3371E+02
-.4427E+02 -.3453E+02
-.4363E+02 -.3371E+02
-.4446E+02 -.3370E+02

TIME
3.598
3.600
3.602
3.'00
3.600

TIME
3.474
3.473
3.474
3.474
3.474

ISOLATOR
1
2
3
4
15

MAXIMUM BEARING VELOCITIES

MAX VELOCITY X
X DIRECT Y DIRECT

-.5490E+02 -.2441£+02
-.5576E+02 -.2533£+02
-.5490E+02 -.2612£+02
-.5404£+02 -.2528£+02
-.5490E+02 -.2527E+02

MAXIMUM BEARING FORCES

ISOLATOR
1
2
3
4
5

MAX FORCE X
TIME X DIRECT Y DIRECT
4.720 0.7781E+03 0.442'E+03
3.J03 -.7'39E+03 -.495OE+03
3.819 -.9104E+03 -.'537E+03
3.813 -.8.58E+03 -.S0!59E+03
3.104 -.3263E+04 -.21'7E+04

TIME
3.855
3.840
3.841
3.841
3.847

MAX FORCE
X DIRECT

-.5855E+03
-.7032E+03
-.8101E+03
-.7886E+03
-.2840E+04

Y
Y DIRECT

-.506tE+03
-.528tE+03
-.6887E+03
-.6577E+03
-.2367E+04

MAX RES.
TIME FORCE
4.7250.8970E+03
3.812 0.9130E+03
3.8270.1124E+04
3.8280.1066E+04
3.8200.3854E+04

FORCE SORT(FXt2+FYt2)

MAX. TOTAL ACCELERATIONS AT CENTER OF MASS OF LEVELS

~

~...
-")
. "

SUPERSTRUCTURE : 1
LEVEL TIME ACCEL K TIME ACCEL Y TIME ACCEL R

10.031 -.3385E+02 4.743 0.8284E+01 3.668 -.1131E-05

SUPERSTRUCTURE : 2
LEVEl TIME ACCEL X TIME ACCEL Y nME ACCEL R

3.1360.1827£+03 3.8410.1328E+03 4.6870.1811E-02

MAX. ACCELERATIONS AT CENTER OF MASS OF BASE
LEVEL TIME ACCEL X TIME ACCEL Y TIME ACCEL R

BASE 7.388 -.2344E+03 1.4830.1843E+03 3.8230.5560E-01

PROFILES OF TOTAL ACCELERATION AND DISPLA~EMENT AT TIME OF MAX BASE DISPLACEMENTS

MAXIMUM BASE DISPLACEMENT IN X DIRECTION
TIME: 3.854

SUPERSTRUCTURE
X y



III

lEVEL DISP ACCEL DISP ACCEl
1 25.1412 -21.4211 7.6727 -6.31 tI

IIASE -13.2832 104 .••3. - •. 2217 82 .•33.

SUPERSTRUCTURE : 2
)( y

lEVEL DISP ACCEL DISP ACCEl
1 -0.116. 173.5615 -0.0175 131. 126.

IIASE -13.2832 104.1139 -•. 2217 82.8336

MAXIMUM IIASE DISPLACEMENT IN Y DIRECTION
TIME: 3.113

~

SUPERSTRUCTURE ;
X

lEVEL DISP ACCEL
1 25.417. -21.0147

IIASE -t3. t508 ,.,. '4.0

SUPERSTRUCTURE : 2
X

t', lEVEL DISP ACCEl. ...
1 -0.0411 ..•. 7.17..

t rO IIASE -t3.1501 ,.1. '4'0

y
DISP ACCEL

7.3117 -5 .•'74
-'.303t 18.3010

Y
DISP ACCEl
-0.0520 15.'24'
-'.303t 1•. 3010

PROFilES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX ACCELERATION IN EACH BUILDING

SUPERSTRUCTURE :

MAX ACCELERATION IN X DIRECTION
TIME : 10.031

LEVEL
1

IIASE

DISP
40.7131

1.1865

ACCEL
-33 .•484

1•. 3669

DISP
-4.44t.
0.5464

ACCEL
3 .•••,

-tt.1107

MAX ACCELERATION IN Y DIRECTION
TIME: 4.743

LEVEL
t

lASE

DlSr
0.5Oe5
1.1173

ACCEl
-Q.3104

-101.0376

DISP
-9.8611
5.6604

ACCEl
•. 2944

-77.2021

SUPERSTRUCTURE: 2

MAX ACCELERATION IN X DIRECTION



TI.t: 3.13&

lEVEL
1

lASE

DISP
-0.1210

-13.261'

Accn
182.&852
117.2813

DISP
-0.0855
-I. tl88

ACCEL
128.2238
86.2306

MAX ACCELERATION IN V DIRECTION
TIME: 3.147

LEVEL
1

lASE

DlSP
-0.1243

-13.2881

Accn
185.7066
102.3710

DlSP
-0.0883
-1.1870

ACCEL
132.8276
18.1733

.MAX!.u. STRUCTURAL SHEARS .

~

SUPERST. No TIME FORCE X
1 10.031 -.1430E+04
2 3.136 0.5117E+04

TIME FORCE Y TIME Z MOMENT
4.7430.3504E+03 3.661 -.1123E+01
3.a47 0.4127E+04 4.697 0.324IE+04

~
... !

L'

.~IXIMUM lASE SHEARS .
TIME FORCE X TIME FORCE Y TI.E Z MOMENT TIME RES. SHEAR SQRT(FXt2+FYt2)
~'.104 -,65241+04 3.147 -.47411+04 3.823 -.248IE+0!I 3.a20 0.7901E+04

.MAXIMUM STORV SHEARS .

SUPERSTRUCTURE: 1
LEVEL TIME FORCE X TIME FORCE V TIME Z MOMENT TIME RES. SHEAR SORT(FXt2+FVt2)

10.031 -.14301+04 4.7430.3504E+03 3.661 -.1823E+01 10.0300.1438E+04

SUPERSTRUCTURE: 2
LEVEL TIME FORCE X TIME FORCE Y TIME Z MOMENT TIME RES. SHEAR SQRT(FXt2+FVt2)

3.136 0.5117£+04 3.147 0.4127E+04 4.6870.324IE+04 3.1380.722IE+04



SUPR!STURE TIME
1 10.03~

~

x y

LEVEL DISP ACCEL DISP ACCEL
1 25.8778 -21.6165 7.8027 -6.5571

BASE -13.02"3 231.3975 -7 .•217 1..... 339..

SlM»ERSTRUCTURE : 2
X y

LEVEL DISP ACCEL DISP ACCEL
1 -0.1100 165.622. -0.0681 102.6127

BASE -13.02.3 231.3975 -7.8217 , ..... 339..

-'xlMUM BASE SHEAR IN y DIRECTION
TIME: 3 .••7

SUPERSTRUCTURE :
X y

LEVEL DISP ACCEL DISP ACCEL, 21 ...... -21."709 7.7213 -6.35."
BASE -13.2.11 102.3710 -•. 1.70 .9.1733

SUPERSTRUCTURE : 2
X Y

LEVEL DISP ACCEL DISP ACCEL
1 -0.1243 1.5.7066 -0.0813 132.8276

BASE -13.2111 102.37'0 - •. ,.70 19.1733

·······.·····.fORCE PROFILES.· •••••••••

-.X OVERTURNING MOMENT X DIRECTION

OVERTURNING MOMENT
406710.7518

MAX STRUCTURAL SHEAR X DIRECTION

TIME MAX STUCTURAL SHEAR
10.031 -t430.0659

SUPR!STURE TIME OVERTUANING MOMENT
:.I 3 .•36 1260101.5233

flOOR
1

BASE

flOOR
1

BASE

INERTIA FORCES
-1"30.0659

181.8523

INERTIA FORCES
5816.7883
1161.3.'3

INERTIA FORCES
-1"30.0659

181.8523 FORCE AT C.M. Of ENTIRE BASE

TIME -.X STUCTURAL SHEAR
3.'36 5986.7993

INERTIA FORCES
5986.7993
1161.3813 FORCE AT C.M. Of ENTIRE BASE

MAX OVERTURNING MOMENT Y DIRECTION

SUPR!STURE TIME OVERTURNING MOMENT
1 4.743 88659.2330

MAX STRUCTURAL SHEAR Y DIRECTION

TIME MAX STUCTURAL SHEAR
4.7"3 350."192

FLOOR
1

BASE

INERTIA FORCES
350 .• ,82

-764.3927

INERTIA fORCES
350."192

-764.3927 FORCE AT C.•. OF ENTIRE BASE



PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX STRUCT SHEAR IN EACH BUILDING

SUPERSTRUCTURE :

MAX STRUC SHEAR IN X DIRECTION
TIME: 10.031

LEVEL
1

."SE

DISP
"0.1131

1.'M5

"CCEL
-33 ....8 ..

11.3668

DISP
- •.••1.
0.5.6.

"CCEL
3.6'17

-11.7'07

MAX STRUC SHEAR IN Y DIRECTION
TIME: ".1.3

LEVEL
1

."SE

DISP
0.5015
'.8113

ACCEL
-0.3104

-10'L0376

DISP
-8.8611
5.6604

ACCEL
'.28."

-77.2029

=
~

SUPERSTRUCTURE: 2

MAX STRUC SHEAR IN X DIRECTION
TIME: 3.'36

LEVEL DISP ACClL DISP ACCEL
1 -0.1210 182.6152 -0.0155 128.2238

."SE -13.2115 117.2'13 -1.1191 86.2306

~ MAX STRUe SHEAR IN Y DIRECTION• '7
TIME: 3 ....7

LEVEL DISP ACCEL DISP ACCEL
1 -0.12"3 115.706. -0.01.3 132.1276

.ASE -13.2111 102.3710 -1.1170 19.1733

PROFILES OF TOTAL ACCELERATION AND DISPLACEMENT AT TIME OF MAX BASE SHEAAS

MAXIMUM .ASE SHEAR IN X DIRECTION
TIME: 3.104

SUPERSTRUCTURE :
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Soong and A.M. Reinhom. 4/20/87, (PB88-13434I ).

NCEER-87-OOO3 "Experimentation Using the Earthquake Simulation Facilities at University at Buffalo," by A.M. Reinhom
and R.L. Kelter, to be published.

NCEER-87-()OO4 "The System Characteristics and Pedormance oca Shaking Table," by I.S. Hwang. K.C. Chang and G.C.
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M. Budhu, V. Vijayakumar. R.F. Giese and L. Baumgras. 8131/87. (P88&-163704). This report is available
only through NTIS (see address given above).

NCEER-87·00l0 "Vertical and Torsional Vibration of Foundations in Inhomogeneous Media," by A.S. Veletsos and K..W.
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NCEER-87-OO16 "Pipeline Experiment at Parkfield. Califomia," by J. Isenberg and E. Richardson. 9/ISI17, (PB88.163720).
This report is available only through NTIS (see address given above).

NCEER-87-OO17 "Digital Simulation of Seismic Ground Motion," by M. Shinozuka, G. Deodatis and T. Harada, 8131117,
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Yang. S. Sarkani and F,X, Long, 9127187. (PB88-1878SI).

NCEER-87-OO20 "A Nonstationary Solution in Random Vibration Theory," by J.R. Red-Horse and P.O. Spanos. 1113117,
(PB88-163746).

NCEER·87-OO21 "Horizontal Impedances for Radially Inhomogeneous Viscoelastic Soil Layers." by A.S. Veletsos and K.W.
Dotson, 10/ISII7, (PB88·IS08S9).

NCEER·87-OO22 "Seismic Damage Assessment of Reinforced Concrete Members," by Y.S. Chung, C. Meyer and M.
Shinozuka, 1019187. (PB88-IS0867). This report is available only through NTIS (see address given above).

NCEER-87-OO23 "Active Structural Control in Civil Engineering," by T.T. Soong, 11111187, (P888·187778).

NCEER·87-OO24 "Vertical and Torsionallmpcdances for Radially Inhomogeneous Viscoelastic Soil Layers," by K.W. Dotson
and A.S. Veletsos, 12187, (PB88·187786).
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