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PREFACE

The National Center for Earthquake Engineering Research (NCEER) wu established to expand
and disseminate knowledge about earthquakes, improve earthquake-~sistantdesign, and imple
~nt seismic hazard JT.itigation procedures to minimize lou of lives and property. The emphasis
is on structures in the eastern and central United States and lifehnes throughout the country that
are found in zones oflow, moderate, and high seismicity.

NCEER's research and implementation plan in yean six through ten (1991-1996) comprises four
interlocked elements, as sltown in the figure below. Element I, Basic Research, is carried out to
support projects in the Applied Research area. Element n, Applied Research, is the major focus
of work for years six through ten. Element III, Demonstration Projects, have been planned to
support Applied Research projects, and will be either case studies or ~gional studies. Element
IV, Implementation, will result from activity in the four Applied Research projects, and from
Demonstration Projects.

ELEMENT I
BASIC RESEARCH

• se.,.1c haurd Ind
ground motion

• Soil. Mel geal8chnlcwl
engineering

• 8tructur...nd .,.....

• RIek.nd rellebnlly

• Proa.ettve end
InteUIgent ayIhlma

• SocIemIend ecanomIc
..ud...

EI,...,..
APPLED RESEARCH

• The Non8lrucbnI
~ProIeCt

ELEIENT.
DEMONSTRATION PRO.IECTS

cu.1Iud...
• Adlve end hybrid ClOI1tI'OI
• HoepiWI end ... pr ggu.",......
• Ihort MCI medium ....

brtdgee
• W.. euppIr.,.....1n

.......... end Fr8ncIeao
Rlglonel ...
• VarIlCily
• IV.1ay
• Fr8IICI8Do ..,ar.

ELEIENTIY
Mll..EllENTA11ON

.~orUhope

• ElI&atIonlTraInIng .....
• PubI........
• Publlc~•••

Research in the Buildina Project focuses on the evaluation and ~Irofit of buildings in ~gions of
moderate seismicity. Emphasis is on lightly reinforced concrete buildinp, steel lCIIli-rigid
frames, and masonry walls or infills. The research involves smalI- and medium-scale shake table
tests and fun-scale component tests at several institutions. In a parallel effort. analytical models
and computer programs are being developed to aid in the prediction of the response of these
buildings to various types of ground motion.
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ABSTRACT

This report summarizes the significant modeling and program enhancements to the

computer rode, IDARC (see Technical Report NCEER-87-00(8) for inelastic damage

analysis of reinforced concrete frame-wall structures. The base program is capable of

analyzing structures in the inelastic range subjected to combined horizontal and vertical

excitations, quasi-static cyclic loading, and incrementally applied static loads.

The distributed flexibility model originally resident in IOARe was based on

prismatic members with constant cross-sections and identical properties at both ends of

a member. This model has now been extended to include members with tapered

cross-sections and the ability to specify different envelope characteristics at each end of

the member. In addition, it is possible to prescribe moment releases at either end of a

member to model perfect hinge connections.

Two new element types are available: a circular column element with circumferential

arrangement of longitudinal reinforcement and spiral hoops; and an inelastic discrete

spring element which can be used to model nonlinear flexible connections, or indirectly,

the effect of bar pull-out and joint distortions. The trilinear mODtent-eurvature properties

at critical sections may be specified in two ways: either directly as user-specified

nonsymmetric trilinear envelopes; or by specification of cross-section data, in which case

the moment-curvature envelopes are automatically generated by the program using a

generalized fiber model, thus replacing the empirical formulations of the previous version.

p.Delta effects are included in the step-by-step analysis, and a single-step correction

to control unbalanced forces during event transition (stiffness changes during loading and

unloading) is incorporated. In addition to inlJLit of transient loads, it is now possible to

specify applied force ordisplacement histories, typkal in laboratory testing ofcomponents

and subassembiages. In this case, the system is assumed to respond quasi-statically

without influence of inertia or damping.

The computation of damage indio>s has been considerably enhanced. Several

indicators of damage using energy, stiffness and ductility based representations are

included,and the progressionofdamageasa function of time canbe monitored. Numerous

input and output enhancementshavealso been incorporated to make the taskofdata-input

and output-interpretation simple and meaningful.
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The program is validated using several available experimental results of dynamic

and quasi-static testing of components, frames and model structures. While a certain

degree of model tuning may be necessary to match experimental results, it was established

that the only essential parameter to be calibrated is the initial stiffness of the structural

memben which collectively provides a good estimate of the fundamental system period.

Several sample problems are included, along with corresponding IDARC data files.

A User Manual for the new version of the program accompanies this report.
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SECTION 1

INTRODUcnON

The need for computational tools to facilitate inelastic analysis of reinforced concrete

structures under transient loads has led to the development of several programs during

the last few decades. The most popular of these programs has been DRAIN-2D (Kanaan

and Powell, 1973) which has been used successfully in several applications, and has seen

only one major enhancement recently (Allahabadi and Powell, 1988). Apart from its

original release version, a number of researchers have also adopted the basic DRAIN-2D

framework for their respective developments through the incorporation of either new

element modules or new hysteretic models. A case in point is program SARCF (Chung

et ai.,1988;Gomez et ai.,1990) which also contained damage modeling features and options

for automated damage design. Other programs such as SAKE (Otani, 1974) and

unpublished versions of the computer code written to support the Tsukuba tests of the

full-scale 7-storybuilding (Wight, 1985)were limited in scope to find as widean application

as DRAIN-2D.

The release of IDARC in 1987 (Park et al.,1987) introduced a number of significant

enhancements to conventional modeling schemes, such as those in the DRAIN-2D-based

programs, for reinforced concrete structural analysis in the inelastic range. IDARC

developments were based primarily on the need to fill a vacuum between experimental

research and analytical simulation. While dozens of quasi-static and shaking-table tests

were being carried out to study the performance of reinforced concrete components and

structures, little progress was being made in incorporating observed aspects of concrete

behavior into analytical tools for global structural evaluation. Hence, IDARC was

conceived as a platformfor reinforced concrete structural analysis in which various aspects

of concrete behavior could be modeled, tested and improved upon. Some highlights of

the program which make it particularly attractive for modeling of reinforced concrete

structures are as follows:

(1) It is well established from laboratory testing that inelasticity in reinforced concrete

is not confined to a concentrated point but rather tends to spread into the member.

Hence, a distributed flexibility model in which the effects of spread plasticity are

1-1



somehow included would represent a more realistic approach to constructing the

element stiffness matrix. IOARC provides a basis for including a variety of

distributed models.

(2) Another vital aspect in predicting the inelastic behavior of reinforced concrete is

modeling the hysteretic foree-deformation response. Depending upon the level of

axial load, the effects of high shear, the amount and distribution of reinforcement,

and numerous other factors, the resultant foree-deformation behavior may exhibit

vastly different loop patterns. Hence, the need for a versatile foree-deformation

hysteretic model which can simulate stiffness degradation, strength deterioration

and pinching behavior (either bond-slip or crack-closing) is essential. IOARC

provides a non-symmetric trilinear envelope with the ability to model all of the

above hysteretic characteristics.

(3) The presenl."e of shear walls in most concrete buildings make it necessary to

adequately model the behavior of these panels and their interaction with

moment-resisting frames. In particular, the behavior of walls in shear is

considerably different from their response in flexure. IOARC provides a means to

model flexure and shear independently. Consequently, the effects of shear yielding

or impending shear failure can be predicted.

(4) A great deal of effort in typical program input goes toward the preparation of

primary moment-eurvature envelopes. (DARC provides a module to carry out this

preprocessing taskby buildingall of the required envelopes from basiccross-section

data that can be read directly from engineering drawings of building plans.

(5) Finally, (DARC introduced the idea of including a qualitative assessment of the

inelastic dynamic analysis through damage indices. These indices are

representativeof thedamagedistribution throughout the system in a physical sense.

While the assessed damage magnitudes cannot currently be related to damage limit

states, such as repairable, irreparable or collapse, there exists the possibility of

calibrating the model, through comparison with available dynamic experiments or

damaged building data, using (DARe.

1-2



1.1 Organization of Report

This report is organized into three parts. The first part, coveringSections 2-4, presents

various aspects of the IDARC program highlightin; specific enhancements to the code

from the earlier release version, and accompanying modeling details. Improvements and

added features in the member-by-member modeling of structures is detailed in Section 2.

Evaluation and stipulation of envelope characteristics at member cross-sections is

considered a vital part of the modeling process, and is presented in Section 3. Section 4

outlines the numerical processes involved inperforming the step-by-stepinelasticanalysis.

This section also describes the task of post-processing, in which response quantities are

expressed as damage indices.

The second part, presented inSection 5, is devoted exclusively to program validation.

Several available experimental results of dynamic and quasi-static testing are used to

demonstrate the effectiveness of the program to reproduce real-world results. The

performance of IDARC in simulating experiments is compared with two existing tools for

nonlinear seismic analysis: DRAIN2D and SARCF-I1.

The final part comprises the User Manual for the program. Several user input

guidelines are provided and every attempt is made to show clearly the meaning and effect

of critical input parameters. The sample problems are accompanied by input data files.

1-3



SECTION 2

MODELING OF STRUCTURAL SYSTEM

IDARC is a computer program for two-dimensional analysis of 3D building systems

in which a set of frames parallel to the loading direction are inter-eonnected by transverse

elements to permit flexural-torsional coupling. The structural model is capable of

integrating ductile moment-resisting frames with shear wall models and out-of-plane

elements thereby enabling a more realistic modeling of the overall structural system.

A reinforced concretebuilding is idealized as a series of planeframes linked together

by transverse beams. Each frame must lie in the same vertical plane. Consequently, a

building is modeled using the following element types:

(i) Beam-Column Elements

(ii) Shear Walls

(iii) Inelastic Axial (or Edge Column) Elements

(iv) Transverse Beams

(v) Discrete Spring Elements

A discretized section of a building using all of the above element types (exceptthe

discrete springs) is shown in Figure 2.1. Beams and columns are modeled as inelastic

single component elements with distributed flexibility. Shear and flexwe are combined

at the element flexibility level (Kunnath et aI., 1990). Shear walls are modeled using a

combination of shear and flexwe springs connected in series. This enables ilie modeling

of shear craclcing and yielding. Since shear wall elements, lIS modeled in IDARC, am be

represented as line elements, it is possible to use them for modeling short columns or other verticlll

elements in which inelastic shear behavior needs to be modeled independently. In addition, edge

columnsofshear walls or anyother axial element can be modeled separately using inelastic

axial springs. Transverse elements which contribute to the stiffness of the building are

assumoo to have an effect on both the vertical and rotational deformation of the shear

walls or main beams to which they are connected and are modeled using elastic linear and

rotational springs. Discrete inelastic springs may also be attached anywhere in the

structwe to represent local behavior that cannot otherwise be incorporated into the

structwal model.

2-1



2.1 SUIIUDU)' of IDARC Element Library

Details of the element types that currently exist in the IDARC library can be found

in the earlier manual (Park et aI., 1987). A brief smnmary is presented here for

completeness.

BtmrI-eotumns: Main beam-eolumn elements form a vertical plane in the axis of loading.

They are modeled as simple flexural springs in which shear-deformation effects are also

included. Axial deformation effects are included in columns but ignored in beams.

I"teraction between bending moment and axial load is presently not considered directly

in the step-by-step analysis, but the effect of axial load in the moment capacity

computations is included.

Sheilr Walls: Walls may be modeled in two ways: (1) With reference to Figure A-lO, the

entire wall, including the edge column, may be modeled as a single element ill which cue
it is not nec:esMry to inpflt the edge col"".,. "til ill Section Hi (2) The ~undarycolumns

may be modeled separately as axial elements in which case the wall input in Section Gl

should contain the central section ONLYI and the boundary columns are modeled as edge

columns in Section H. Note that the input of boundary edge ml1Ullftl should not be

duplicated. The ability to treat each wall as an eqllivalent column with inelastic aXial
springs at the edges allows for the bending deformation of the wall element to be caused

by the vertical movements of the boundary columns. The motivation for such a modeling

scheme is based on experimental studies conducted during the U.S.-Japan Research

Program (Wight, 1985). ~

Inelastic Ax",' Elements: Studieson t!'e behavior ofcolumns subjected to axial load reversals

are limited, hence no attempt was made to develop a new model for the inelastic response

of the axial spring of edge columns tied to shear walls. Instead, the model developed as

part of the U.S.-Japan Research Program was implemented witiiout modification. The

details of the model can be foUnd in Kabeyasawa et al.(t983).

TrrlPlsuer5e Beams: To incorporate theeffectsoftransverseelenientson the in-planeresponse

of the main frames, each transverse T~ is modeled using elastic springs with one

vertical and one rotational (torsional) degree-of-freedom as shown in Figure 2.1.

Transverse elements are basically of two types: beams which oonnect to shear walls; and

beams oonnected to the main.}Jeams in the direction of loading. Direct stiffness

contributions arising from these springs are simply added to corresponding terms in the
~
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overall structure stiffness matrix. The purpose of modeling transverse beams in this
fashion is to account for their restraining action due to two effects, should they become

significant: (a) the axial movements ')( vertical elements, especially edge columns in shear

walls; (b) flexural-torsional coupling with main elements.

Details of the inelastic discrete spring element is described in the nat section on Program
Enhancemmts.

The distributed flexibility model originally resident in IDARC was based on

prismatic members with constant cross-sections. This model is extended in this version

to include (t) members with tapered cross-sections; (2) members in which the cross-section

properties are different at each end; and (3) members requiring specification of different

hysteretic properties at either end.

One of the limitations of the earlier (DARC release was its inability to handle internal

member hinges, which though uncommon in buildings, is encountered frequently in

laboratory testing of beam-slab-column subassemblages. The present version provides

this capability. Also, as a general case of the preceding option, a discrete spring element

is implemented wherein a range of stiffness and inelastic behavior patterns may be

specified.

2.2.1 General Distributed F1exibUity Moclel

The moment distribution along a frame member under the action of lateral loads,

such as those arising from seismic forces, is linear, as shown in Figure 2.2. The presence
of gravity loads will alter the distribution somewhat, but the linear distribution is valid

for lateral load momentswhichfar exceed thegravity loadmoments. Ifgrtlf1ity IOtId moments

aresignifialnt, then it is impft'atiue to subdit1ille tht bmn intoanllllafUilte numberofSIl"-tlnMnts.
When the member experiences inelastic deformations, cracks tend to spread from the joint

interface resulting in a curvature distribution as shown in Figure 2.2. In the IDARC

flexibility formulation, both a linear and nonlinear variation of curvature is assumed,

depending upon whether the member cross-section is constant or tapered. This

assumption is more realistic than the figure suggests, since the additional inelastic

curvature due to yield penetration in the joint and possible diagonal tension cracking are

not shown.
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Once the flexibility distribution is established, the 2x2 flexibility matrix is derived

from virtual work principles. Flexibility coefficients are obtained from the following

relationship:
L

lij - Jm;(x)mj(x)E/~)dx
•

(2.1)

The integration can be carried out in dOled form for the assumed linear variation in

curvaturefor two possiblecases: (i) membersbent indouble curvaturewitha contraflexure

point within the member; and (ii) members in single curvature without any contraflexure

point.

A typical inelastic single component element model is shown in Figure 2.2. Two

degrees-of-freedom are considered per node. For columns and shear walls, an additional

axial degree-of-fteedom is considered at each node. For members with constant

aoss-section, the flexibility factor, llEl, is assumed to have a linear variation along the

member ~tween the end sections and the point of contraflexure. flexibility coefficients

for this case are reported in Kunnath et a1. (t992).

A procedure is now described to consider a more general case in which the ratio

of the flexural rigidity term (1 lEI) may be assumed to vary nonlinearly as shown in Figure

2.2. This will require a complete numerical integration along the member to determine

the flexibility coefficients. The sequence of operations to determine the 2x2 flexibility

matrix is as follows:

(1) From the end moment of the member, determine the contraflexure point

(2) If the contraflexure point lies outside the element, subdivide the member into

2It(NSP-t) equal segments. (where NSP is an integer variable used to specify the

number of segments to be used in the numerical integration)

(3) If the contraflexure point lies within the element, determine the zero croesing of

the moment diagram. Divide each part of the member (about the contraflexure

point) into (NSP-l) equal segments.

(4) An explicit integration scheme must now be employed to determine the integral

of the (l/El) diagram about each set of NSP points.
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lUIIi Two IISptCts must bt noted in theflexibility fomaillllion: (1) Ifbot,. mils cf the stdion

yield and the contmflaurt point is IoaJtaI outsitk tire tlmrent, it is obuious that tire

entirt mtmbn luis plllstifitd, IItnct tilt computation in Step (2) must bt fftOtlifi#xl
accordingly; (2) 1/ tlte momnrt distribution in II mmIbtr ItInnng double cu","',e

alwstS cmeD/ tMshearsptIPIS to btwry smaU (say, less tlum lOCI of tire memberlength),
then tM elastic zone must bt txttnded furt1m' titan that computed in Step (3) btIstd on

tM morntrIt distribution in tltt tldjaant shetu 5pfIn.

The flexibility coefficients are obtained from the following integrals:

(2.2)

(2.3)

(2.4)

where:

(2.5)

The subsequent steps in constructing the stiffness matrix follows the procedure

outlined in Kunnath et aI. (1992).
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2.2.1 Modelina of perfect Hinp

A perfect member hinge is modelled by setting the hinge mOMent to zero and

condensing out the corresponding degree-of-freedom. With refe~ce to Figure 2.3, the

relationship between the moments at the center of the joint and the f.~ of the member is

given by:

(2.6)

The element stiffness equation relating moment and rotation is:

where:

1 • Ie _ (112)2

• \I len

(2.7)

(2.8)

where Ie;; are the coefficients of the inverted flexibility matrix. FNlly, from equilibrium

of forces, the 3 x 3 element stiffness matrix is constructed as fol1o~:

where:

{R.} ={-lIL I IlL f

2.2.3 Modelins of Dilcrete lDeIaltic SpriDa

(2.9)

(2.10)

A discrete springwith user-specified moment-rotationcharaeteriJtics maybe located

atany node in the structure. In the IDARC nodalconvention, this refers to an L-I-] position.

Figure 2.4 shows four elements framing into a joint with the poui~lemaximum of three

springs. In general, more than one spring may be spedfied at the ,atne location, though

the total number of locations at which springs may be spedfied at _ particular joint must

be one less than the number of elements framing into it.
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The characteristics of the spring can be specified as a nonsymmetric trilinear envelope

with degrading parameters. Alternatively, the spring stiffness may be specified either as

a relatively small quantityor an infinitely largevalue tosimulatea hingeor rigidconnection

respectively. With reference to Figure 2.4, the spring stiffness is incorporated into the

overall structural stiffness mabix as follows:

(2.11)

where M.. and M1 refer to the spring moment and the fixed joint moment respectively,

9.. and 91 are the corresponding rotations, and ke; is the current tangent stiffness of

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

The introduction ofdiscrete springs in this manner results in the possibilityof having

upto 4 rotational degrees-of-freedom per node. Modeling of joint distortions and bar

pull-out is thus accommodated, but not directly implemented. Modeling of joint

distortions, for example, will still require the incorporation ofa newelement module which

relates joint shear to the independent rotational degrees-of-freedom. The modeling ofbar

pull-out can be accomplished in the present framework by apportioning the total element

stiffness between the Epring and the element itself. Spring yielding is then initiated at the

impending bar pull-out strength.
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SECTION 3

COMPONENT PROPERTY IDENTIFICATION

The s-pecification of moment-curvature envelopes of member cross-sections forms

an essent:i~1and important part of the analysis. The earlier IDARC version incorporated

an identifiL:ation module that computed the necessary envelopes from cross-section data.

However,mostof the expressions used to compute the moment-eurvature envelopes were

based in ~rton empirical models derived from statistical analysis of experimental data.

Conseql.lE:!Iltly, these models were not suitable for a variety of cross-sections with

non-staJldard details such as non-ductile frames.

The present IDARC version replaces the empirical identification module with a mechanical
one in whiclt all cross-section properties are computed from a fiber model analysis using concrete
and reinfol~nt stress-strain properties. Alternatively,lDARC now also provides an option for
users to itl~t their own cross-section properties directly. Details of the fiber model computations
are describeKi irr the next section.

3.1 Mo..ent-Curvature Envelopes

Figu-e 3.1 shows a typical rectangular section subjected to a combination of an axial

load an(i a m()ment. The procedure outlined here is general and applicable to all types of

cross-sections; T-beams, shear-wall sections and circular column sections. Some

simplifyit\8 assumptions are made in the analysis and are summarized here:

- "Lane sections are assumed to remain plane after bending of the cross-section has

talen place;

• tile tensile strength in concrete is ignored beyond the tensile cracking capacity;

- tile effects of bond-slip between the reinforcement and concrete is not accounted;

- tile difference in properties between confined core and concrete cover is ignored;

- tile stress-strain properties of concrete and steel are modeled as shown in Figures

A~3Clod A-4 (seP.lJser Guide in Appendix A).

The-I'rocedure used isadopted from Mander (1984). Themoment-curvature analysis

is carried "ut on the cross-section by dividing the concrete area into a number of strips or
fibers. St-eel areas and their respective locations are identified separately. With reference

to Figure 3--1, the strain at any section is given by:
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£(z) =dE" : d. (3.1)

where dE" is the centroidal strain, z is the distance from the reference axis, and • is

thecurvatureof the cross-section. The resultingaxial load andmomenton the cross-section

can be computed from:

N =f E dE dA

M = f E dE z dA

(3.2)

(3.3)

where N is the axial force, E is the elastic modulus of the corresponding concrete or steel

fiber, de is the strain in the fiber, and Zi is the distance to the fiber from the reference axis.

Substituting Equation (3.1) into Equation (3.2) and replacing the integral by a finite
summation over the discretized fibers, the following expression is obtained:

(3.4)

where NCC, NSS are the number ofconcrete strips and steel areas considered in the section

respectively, In, f.. are the stress in the concrete and steel &e\.1ions respectively, and

An • A. are the areas of the concrete strip and steel respectively. The complete procedure

for developing the moment-curvature envelope is as follows:

1. Apply a small incremental curvature to the previous value.

d.; .. =d.i +~ (3.5)

2. The change in the centroidal strain to provide equilibrium is determined from

Equation (3.4) due to the out~f-balanceaxial load (in the first step, this will be the total

axial load, and in subsequent steps, the unbalanced axial force), as follows:

/i£" =(Ml - E~) I E. (3.6)

where: E =('I/.. A· + If.. A.) (3.7a)
• ;-1.... i-I 6J 6J
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(3.7b)

3. The incremental centroidal strain computed above is added to the previous value

of the centroidal strain, and the revised strain profile of the section is established from

Equation (3.1).

4. The new axial load and moment are then computed from discretized forms of the

Equations (3.2) and (3.3). If the computed axial load is close to the applied axial load

(specified by some tolerance limit), the established strain profile is correct, and a new

increment of curvature is applied. If any unbalanced axial load exists, return to Step 2

after setting the curvature increment to zero.

The above procedure works very well with very few iterations required to obtain

convergence. IDARC uses this procedure to set up moment-eurvature envelopes for

columns (rectangular or circular), beams (rectangular or T-sections) and shear walls with

or without edge columns. Shear walls may be irregular and include such sections as U

and L-shaped core walls.

Effect of hoop spacing on column capacity of circular sections: The effect of hoop spucing on

the moment-curvature envelope is introduced in the following manner. It is assumed

that the capacity of the column remains unchanged after the concrete cover has spalled.

Hence,

o.8s/~, =I~« (3.8)

where f« is the confined compressive strength, A« is the area of core concrete, and A,

is the gross concrete area. An expression relating confined to unconfined strength of

concrete is given by Park and Paulay (1975) and is based on the confining stress relation
of Richart et at (I928):

Icc =t + 2.05p.f,

where P. is the volumetric ratio of confinement steel to core concrete, given by:
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where A. is the cross-sectional area of the hoop sta!l, A« is the diameter of the concrete

core, and 5 is the spacing of hoops. The modified compressive stress of concrete is finally

obtained from substitution of Equation (3.9) into Equation (3.8):

. cit + 2.0SpJ,) Arcf_ = .=..---:-.:....:;..:~~
0.8SA,

3.2 Ultimate Deformation Capacity

(3.11)

The ultimate deformation capacity is expressed through the ultimate curvature of
the section as determined from the fiber model analysis of the cross-section. The

incremental curvature that is applied to the section as described in Equation (3.5) is

continued until one of the following conditions is reached:

- the specified ultimate compressive strain in the extreme concrete fiber is reached;

or

- the specified ultimate strength of one of the reinforcement bars is attained.

The attained curvature of the section when either of the two above conditions is

reached is recorded as the ultimate curvature. This parameter forms an important part of

the damage analysis, and hence, the specification of the ultimate strain of concrete must

be done with reasonable certainty.

The only factor considered to influence the ultimate deformation capacity of the

section is the degree of confinement Since confinement does not significantly effect the

maximum compressive stress, the present formulation only considers the effect of
amfinement on the downward slope of the concrete stress-strain curve. With reference

to Figure A·3 (see Appendix), the factor ZF defines the shape of the descending branch.

The expression developed by Kent and Park (1971) is ~1.Sed:

u. O.S
£"'+~-r...

where:

3.0 + r... Ie
e,.,-

1:-1000.0
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E,o" =0.75 P,'" (b-'I ;;: (3.14)

in wi1ich the concrete strength is prescribed in psi, P, is the volumetric ratio ofconfinement

steel to core concrete, b is the width of the confined core, and s" is the spacing of hoops.

The effect of introducing this parameter to define the descending branch of the concrete

stress-strain curve is to providt! additional ductility to well-eonfined columns. Improved

formulations for stress-strain belUlvior ofconfined concrete can be found in a recent publication l1y
Paulay and Priestley (1992).

3.3 Hysteretic Modeling

The hysteretic model used for the inelastic analysis is a general-purpose versatile

model which uses four hysteretic control parameters in conjunction with a non-symmetric

trilinear curve to establish the rules under which inelastic loading reversals take place.

The three main characteristics represented in the model are: stiffness degradation; strength
deterioration, and crack-elosurel bond-slip or pinching. The control parameters can be

combined in various ways to achieve a range of hysteretic patterns typical of reinforced

concrete sections.

Stiffness Degrading Parameter: This input parameter has the same meaning as the previous

IDARC version, and defines the amount of stiffness decay as an indirect function of the

attained ductility. As shown in Figure 3.2, all unloading paths on the primary curve target

a common point. This introduces the effect of increased stiffness degradation at larger

deformation levels. The parameter, HC, can be obtained quite effectively from a review

of experimental data of components that are typical to the structure being analyzed. The

typical range for HC, based on observations of test data, lies between 1.5 and 3.0.

Strength Deteriorating Parameters: These parameters have been redefined in the present version.
T"~ loss in strength, as indicated in Figure 3.2, is obtained from the following expression:

(3.15)

where HBE and HBD are user-input control parameters that determine the amount of

strength decay as a function of dissipated energy and ductility, respectively:
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- AT
E-

M,••
(3.16)

(3.17)

where AT is the total area under the M -. loops, "', is the yield moment, ., is the

yield curvature and .... is the maximum attained curvature. TM MmlltJJgt of this
for'ral1lltion owr tM pm7iotls IDARC motUl is tM ftIct tltllt strmgth d«tIy alii now be COIltrolkd
as II function of tithtr ductility ur mergy til' 110I11.

Typial values to be used, when access to test data is not readily available, are as

follows: 0.1 for HBf, 0.0 for HBD. For substantially increased degradation, either orboth

parameters may be increased upto a maximum of approximately 0.5 to obtain a

amaervative (highly degraded) response.

Slipur Pim:hiftg CmItrol PII1'tIIMtn: This parameter remains unchanged from the previous
IDARC version. Unloadins paths, upon crouing the zero moment axis, aim a lower target
point specified by (HS·PYP) ur (HS·PYN) and retain this smaller stiffness until the path
CI'OIIe8 the craddng deformatio~ as shown in Figure 3.2. Upon CI'OIIing the cracking
deformation point, the loading paths aim the previous maximum point, unless strength
deterioration isalso specified, inwhich casea lower targetpoint is used. A value ofHS=O.5
can be used to simulate typical effects of crack opeIIins and doling.

11re modeIiftg of tM~t ,.,."..", ., shoam irI Figure 3.2, capture 1M t{frcts of
IJIdI J1II1IIIftder~t of tile others. WIn cornbiIIaI DI_""",uprilltt rntmfter, theseamtroI
,.,..",ettrs IITt CtIpIIbIe of rqrodllCi1lg II f1fIriety of IIysterttic shIIpts tMt IITt typiaIl of most RC
stetiDns.



SECfIONt

ANALYSIS MODULES

The inelastic response analysis is carried out on the assembled eleIDent stiffness

matrices in conjunction with the force-deformation hysteretic model. The following

options are now available:

(a) nonlinear static analysis for computation of initial stress statPS under dead

and live loads;

(b) failure/collapse mode analysis under monotonic lateral loading;

(c) quasi-static cyclic analysis under load or displacement control;

(d) incremental dynamic response analysis under horizontal and vertical seismic

excitations;

(e) a comprehensive damage analysis.

The sequence and interaction of the various modules is shown in the flow chart in

Figure 4.1. In aU cases, the final equilibrium equation to be solved assumes the following

form:

[K]{u} = {F} (4.1)

where [K] is the overall stiffness matrix, (u) is the vector of unknown nodal displacements,

and (F) is the vector of applied equivalent forces on the system. Since the stiffness matrix

is symmetric and banded, a compact scheme is used to store the resultant matrix in which

the main diagonal is offset to the first column and only the remaining half band width is
saved.

Stiffness matrices are stored at the element level. These matrices are then assembled

onto the global stiffness matrix. The load vector corresponding to the right-hand side of
Eq.(4.l) is established, depending upon the type of analysis being performed (static,

monotonic, cydic, or dynamic). Following the solutivn of the equilibrium equation, the

inelastic moments at the ends of each element are computed from the recovered member

nodal displacements. Element sub-matrices are stored in a manner to enable direct

computation of inelastic end moments at the face of the element across the rigid panel

zone. The updating of stiffness matrices is carried out only in the event of a stiffness
change.
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A single step force-equilibrium correction procedure was incorporated into the cyclic

and seismic analysis routines. Finally, a simple equivalent force method is used to account

for P-delta effects due to inter-story drift. Details of these procedures, and the general

features of the analysis modules are presented in the following sections.

4.1 Incremental Nonlinear Static Analysis

The analysis phase begins with the evaluation of the initial stress states of members

under equivalent dead and live loads that exist in the structure prior to application of

cyclic or earthquake loads. The same initial state is assumed prior to the failure mode

analysis under monotonically increasing lateral load. For the static analysis option, loads

can be specified in two ways: (a) uniformly distributed loads; and (b) nodal forces and/or

moments. If a uniform load is specified, equivalent nodal values with fixed-end forces

are computed.

Due to the assumed linear moment distribution in the flexibility matrix, stress levels

in the members due to initial loads must be relatively small so that the assumed moment

distribution pattern is not seriously violated. Otherwise, beams must be subdivided into

sub-elements so that the dead load moment distribution is captured effK1ively. An

example of such an application is shown in Section 5 (see case study *5).

The prescribed initial static loads can be applied in small increments. If the system

is expected to remain elastic, the entire load can be applied in a single step. Care must be

taken to sub-divide the load into reasonably small increments so as to trace the nonlinear

behavior accurately. A simple technique to assure convergence is to keep increasing the

numberof load steps (parameter/STP in the UserGuide) till consistent results areobtained.

Note that this module may be used independtlltly to carry out nonliMU static and monotonic
analyses.

U Collapse Mode Analysis

A collapse mode analysis is a simple and efficient technique to predict seismic

response behavior prior to a full dynamicanalysis. The method provides a means to assess

adequacy of strength, determine potential ductility capacity and establish sequence of

component yielding. The monotonic analysis involves an incremental solution procedure

whereby the structure is loaded laterally under an inverted triangular load. The force

vector corresponding to the lateral floor degree-of-freedom is computed as follows:
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. - Ew(;) . .

(,) =w'Ew(i)h(i)w(.)h(.) (4.2)

where w, hand w, are the weight, height and factored base shearestimate and the subscript

i refers to the story level under consideration. The lateral load distribution, as computed

above, is then applied to the structure in small increments, as a function of building weight.

The stress state of each member is evaluated at the end of each step of load application.
Analysis proceeds till the deflection of the top of the structure exceeds 2% of the total

building height.

4.3 Nonlinear Quasistatic Cyclic Analysis

A common application in laboratory testing of RIC components and

sub-assemblages is reversed cyclic loading using force or deformation control. IDARC

provides these options with the following features: (a) specified force history at one or
more story levels; and (b) specified displacement history at one or more story levels. In

both cases, the program will interpolate linearly between user-specified points for a more

accurate analysis. The cyclic analysis routine i& identical to the transient analysis module

with the exception that inertia and damping terms are not included in the computation of

the restoring force vector.

4.4 Incremental Dynamic Analysis under Earthquake Loads

The incremental solution of the assembledsystem ofequations involves the following

dynamic equation of equilibrium:

[M]{M} + [C]{~} + {R(u,)} = {.:V(t)}

in which:

[M] is the lumped mass matrix

[C) is the viscous damping maaix

{R(u,)} is the restoring force vector at the stan of the time step

u is the relative displacment

{AI"(t)} is the effective incremental load vector
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The solution of Eq.(4.3) is accomplished by a dlrec:t step-by-step in.....tion
procedure using the Newmark's ~ method. Assuming linear acceleration:

{Ii },.AI - {Ii}, + 4t((l-6){1l}, +&(u},.AI] (4.4)

Newmark (1959) proposed an unconditionally stable algorithm with 6= 112 and

~=1/4 which reduces the above scheme to a constant-average-acceleratioll method.
Substitution of these coefficients and rearranging of Eqs.(43)-(4.5) yield the following

expressions for incremental velocity and acceleration:

(4.6)

(4.7)

Substituting the above expressions into the dynamic equation of equilibrium (Eq.4.3), it

is possible to solve for the incremental displacements at the current time step:

where K" and AP" are the equivalent dynamic stiffDeu and load vector given by:

"4 2
[K] • Atz[M) +&,[C]+[K]

{AP"} • {AI'}~.AI + (.eI&'(M] + 2(C){j}, + 2(M]{Ii},

(4.8)

(4.9)

(4.10)

Once the displacement at time I +&' is~ it is poeaible to compute the corresponding

velocities and accelerations by direct substitution in Bqa.(4.6)-(4.7).

Wibriwn Q?TTCdjqn: The solution is performed inaemefttany uauming that the

properties of the structure do not change during the time stepofanalysis. However, Iince



the stiffness of some element is likely to change state during some calculation step, the

new configuration may not satisfy equilibrium. A compensation procedure is adopted to

minimize this error by applying a one-step unbalanced force correction.

At the end of some given time step, tj + I , the computed restoring force using the

current stiffness kl recorded at time t; may lead to an unbalanced force as shown in

Figure 4.2 :

{M} ... {Rbl - {R); (4.11)

where R; + I is computed using the current stiffness instead of accounting for the event

transition to a new stiffness k2 • This corrective force is then applied at the next time step

of analysis. The unbalanced forces are computed. when moments, shears and stiffnesses

are being updated in the hysteretic model. Such a procedure was first adopted in

DRAIN2D [Kannan and Powell, 1973J since the total cost of performing an iterative

nonlinear analysis would become prohibitive, especially for large building systems.

It must be pointed out that this ttdrnu,ue is not physiaIlly IICCUrate, since lidding the
unbalanced forces at the next time step has the efftct ofmodifying the input laid historyand thertby
altering the overall response. Such a proadure generally works weU for single tkgrt!e-of-frtedom

systems and rrray or may not improve numerical drifts lISSOCiRttd with unbtWlnctd forces in
multi-degrt!e-of-freedomsystems. Hetla flris t:.tn'rectiw udt"u,w isprof1iM4a tIunoptiort

irt tile lDARC progrtuft.

4.S Analysis of p·Delta Effects

The additional overturning moments generated by relative inter-story drift are

generally referred to as P-delta effects. It arises essentially due to gravity loads and is

usually taken into consideration by evaluating axial forces in the vertical elements and

computing a geometric stiffness matrix which is added to the element stiffness matrix.

In the present IDARC version, P-delta effects are represented by equivalent lateral
forces, equal in magnitude to the overturning moment caused by eccentric gravity forces

due to inter-story drift (Wilson and Habibullah, 1987). Consider a typical vertical element

between two story levels shown in Figure 4.3. Taking moments about the lower story

level, the following equilibrium equation is obtained:



Force

Deformation

Fipre U Unbalanced Force Correction

M.
I

u·I

h.
I

LEVEL (i) OJ
• ------- ~---+--

LEVEL (i-1)

Fipre U Comptdation of Shear Due to ,-Delta Effecta
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(4.12)

Considering equilibrium of the additionalgravity load shears at story level i, the following

expression is obtained:

The above equations can be written in the following form for each component

{pO} =[K1G {~}

(4.13)

(4.14)

where [Klc is a tridiagonal matrix similar to the geometric stiffness matrix in finite

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

analysis step.

4.6 Damage Analysis

The damage model resident in the original release version of IDARe is the model

developed by Park, Ang and Wen (1984) wherein structural damage is expressed as a

linear combination of ductility (dtformidion) damage and that contributed by hysteretic

energy dissipation due to repeated cyclic loading. Direct application of the model to

structural systems requires determination of an overall member deformation. Since
inelastic behavior is confined within plastic zones near the ends of a member, the
relationship between overall member deformation, local plastic rotations and the damage

index is difficult to correlate. Moreover, the presence of internal member hinges renders

the model unusable. A modified version of the model was, therefore, developed, based

on moment, rotation, and dissipated hysteretic energy, as follows:

8.-8, P
D =-- +-Ey.

9.-8, M,9.

where:

8. = maximum rotation attained during load history

8. =ultimate rotation capacity of section

8, =recoverable rotation at unloading

P= samgth degrading parameter -= HBE (see User Manual)
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M, =Yield moment of section

ET =Dissipated hysteretic energy

The original Park model used different strength degrading parameters for damage
and local member hysteresis. Since the intent of the P parameter was to provide a
correlationbetween strengthloss anddamage, the presentversion uses the sameparameter

for both damage computations and hysteretic modeling, i.e., p = HBE.

The above damage index can be used directly to determine damage at each member
cross-section. Dissipated hysteretic energy is used as a weighting factor to compute the

component damage index. As in the original IDARC program, two additional indices are

also reported: a story level damage index; and an overall structural damage ind!!x. Both
indices are computed using weighting factors based on dissipated hysteretic ener~"Yat the
component and :itory levels, respectively.

4-9



SECTION 5

PROGRAM VALIDATION: CASE STUDIES

The new version of IDARC has been verified extensively for accuracy of results

through simulation of experimentally recorded behavior. The case studies include

verification of observed performance of full-scale and scaled model structures. The

structures are subjected to different loading types, encompass a variety of structural

properties, and present mostof the modeling, input and output features of the new IDARC

program. The results obtainedfrom the IDARC analysesare compared to analytical results

obtained by other computer codes and by experimental results obtained in laboratory

testing. This section presents a representative sample of case studies, emphasizing

geometric and material descriptions, the input excitation (either quasi-static or

earthquake), and selected results which illustrate the capabilities of the program.

5.1 Case Study'l: ComponentTesting- Full-Scale Bridge Pier UnderReversed Cyclic

Loading

A series of full-scale and scale model circular columns were tested at the laboratories

of the National Institute of Standards and Technology (Stone and Cheok, 1989; Cheok and

Stone,199O). These columns represent typical bridge piers designed in accordance with

CALTRANS specifications. The piers were tested by applying both axial and lateral loads

as shown in the experimental set-up in Fig. 5-1. The column analyzed in this sample

investigation is a full-scale circular bridge pier measuring 30 feet with an aspect ratio of

6.0. The tests were performed usinga displacementcontrolled quasistatic history as shown

in Fig. 5-1. The column was made of 5.2 ksi concrete (measured compressive strength at

28 days) and had a modulus of elasticity of approximately 4110 ksi. Grade 60 steel with

an actual yield stress of 68.9 ksi and an elasticity modulus of 27438 ksi was used as

longitudinal reinforcement. The steel exhibited good ductility in the material testing with

a 2% strain and a strain hardening of 1454 ksi before actual rupture. The cross-section in

Fig. 5-1 also shows the reinforcement details. The experiment was analyzed using data

presented in the Input Data Sheet for Case Study'l (see Appendix B).

The purposeof this analysis is to simulate the essential characteristics of the hysteretic

behavior and compare it with the experimental recorded response. The modified three

parameter hysteretic model was used with a stiffness degradation coefficient HC=9.0,

strength degradation coefficients HBE=O.05; HBD=O.O (very little deterioration in

S·l
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strength), and a pinching coefficient HS=l.O (indicating no pinching). These parameters

were estimated from the observed experimental loops, and could be used to represent

well-detailed sections. The response obtained from the analysis is compared with the test

results in Fig. 5-2. The maximum loads attained in the analysis, 290 kips and 316 kips

(positive and negative) compare well with those observed in the tests, 284 kips and

296 kips, respectively.

The damage evaluated using the analytical model is presented in Figure 5-3. Part of

the damage is due to permanent deformations while part is due to strength deterioration

from hysteretic behavior. Note that the deformation damage stays constant during the

phase in which the column was cycled repeatedly at a ductility of 4.0. The total damage

reaches approximately 0.9, which is indicative of extremely large damage, usually beyond

repair as was the case for the tests presented here. It must also be pointed out that the

specimen was able to sustain an additional one and half cycles before failure at a ductility

of 8.0.
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5.2 Case Study'2: Subassemblage Testing -1:2 Scaled Three-Story Frame

Al:2 scaled model of a three-story frame typical to construction practice of reinforced
concrete structures in China was tested in the laboratory by Yunfei et al (1986). The
structure was tested using a displacement controlled loading as shown in Fig. 5-4. The
geometry of the frame and the essential reinforcement used for the analysis is also shown
in Fig. 5-4. The frame is made of 40.2 MPa concrete and is reinforced by Grade 40 steel
(400 MPa yield strength). Default parameters were used for the remainder of the material
property information (see zero input in data set for Case Study 12, Appendix B). The first

three cycles of loading produced crackingand first yieldin~. Subsequent loadings of three
cycles at the same ductility were applied until the frame collapsed.

The model was analyzed using data specified in the data sheet for Case Study 12 in
Appendix B. The hysteretic parameters were initially assigned based on well-detailed
ductile sections obtained from the previous case study. These parameters were found to

be adequate in reproducing the overall system response, ilowever, a better estimate was
obtained by increasing the strength degrading parameter. The final parameters, HC=8

for stiffness degradation, HBE=O.l for strength deterioration and HS=1.0 for bond slip
(pinching), produced excellent agreement of force levels at the larger amplitude cycles as
shown in Fig. 5-5.

The choice of hysteretic parameters is important but not critical in establishing tire overall
system response. For example, values of He between 4.0 and 9.0 and values ofHBE bdween 0.05
and 0.10 would have produced almost comparable results. As will be pointed out later, a proper
choice ofhysteretic parameters becomes important only for cases where local failures, due to effects
of bar pull-out, punching shear, ric., are expected, or wlren microconcrde is used for small-SCIlle
models (1:4 or greater). In this case study, no special connection behavior UNlS modeled.

The present version of the program calculates dissipated hysteretic energy of
components that can be used as an identification target for the choice of hysteretic
parameters. In the current analysis, the identification was directed towards the maximum
force levels which involves only the strength deterioration parameter. Hysteretic energy
is also a known measure of structural damage. Fig.5-6 presents a comparative

representation of dissipated energy and total system damage. A maximum damage of
about 0.6 was achieved in the analysis, indicating that the global damage index is less
sensitive to local damage accumulated at individual sections. Therefore, it will be
necessary to calibrate global indices before they can be used in damage assessment.
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Another feature of the IDARC program is the push-over analysis under

monotonically increasing lateral loads. This feature was used to determine the

correspondence of the observed collapse mechanism. The frame developed a beam side

sway collapse mechattism that was clearly documented in the experimental records

through measured rebar yielding in the critical beam-column interface and column·base

sections, and identified by visual observations. Figure 5-7shows the damaged frame with

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

Finally, the progression of damage history is shown in Fig. 5-8 for each of the story

levels. The upper two levels did not experience any column damage. Studiesof this nature

can be used to calibrate damage models using ductility demand and dissipated hysteretic

energy as controlling criteria.

The two case studies presented this far utere both based on displacement controlled loading,
which is generally typical in laboratory testing of components and subassemblages. IDARC am
also be used for force-controlled loading histories.
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5.3 Cue Study 13: Seismic Simulation of Ten-Story Model StnIet1IIe

This study is based on shaking table tests ofa scaled model ten-story, three-bay frame

structure conducted at the University of Illinois, Urbana (Cecen, 1919). The model was

subjected to simulated earthquake ground motions at levels that produce strong inelastic

behavior and damage. The geometrical configuration, element designation, dimensions

and reinforcement details are shown in Fig. 5-9. The model is made of 4350 psi concrete

and Grade 60 steel with a measured yielding strength of 10 bi and modulus of elasticity

of 29000 ksi. The initial concrete modulus was adjusted to provide a fundamental period
consistent with observed response. This is an important consideration when initial

conditions, such as cracking resulting from gravity loads or model construction, produce

a system that is not consistent with gross moment of inertia computations.

The model was subjected to scaled ground exdtations with time compression of 2.5

of the 1940 EI Centro accelerogram. The peak base accelerations of the three successive

seismic inputs were: 0.36g, O.84g, and 1.6grepsectively I as shown in Fig. 5-10. The purpose

of this case study is to compare the analytical response with the experiment in case of

severe nontinearities resultingfrom progressivedamage. The second objectiveof the study

is to compare the analytical performance with other analytical programs that perform

similar tasks. The analysis was done using the information presented in the input data

sheets for Case Study '3 (see Appendix B). The structure is modeled by mass similitude

with a total floor weight of 1000 lbs per floor. The dynamic analysis is done using an

analysis time step of 0.001 sec. Hysteretic parameters used are listed in the input data

sheet. There was no predetermined basis for the choice of hysteretic parameters. The

program default values were used for both beams and columns, with the exception of the

stiffness degrading parameter for rolumns. The program assigned deafault for this

parameter is 2. O. However, results of testing on relatively small scale components (1:4 or

greater) indicate that the parameter HC is much smaller. It is suggested to use HC =0.5

- 1.0 in such cases.

The comparison of the analytical and experimental results in terms of (i) peak

accelerations is shown in Figure 5-11; and (ij) peak displacements is shown in Fig. 5-12.

The maximum displacements reported in Cecen (1979) are based on one-half the double

amplitudes, while the IDARC values are absolute peaks. The entiredisplacement histories

compare more favorably as will be seen shortly.
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The analysis is also compared with two other available computer programs:

(i) SARCF-Ill (Gomez et al.,1990) and (ii) DRAIN-2D (Kaanan and Powell, 1971). Since

both SARCF and DRAIN use bilinear envelopes, only the initial stiffness and yield

moments were provided as basic input. The default Takeda degrading model was used

in DRAIN while the damage-based hysteresis model was used in SARCF. The results are

presented in Figs. 5-13 through 5-15. IDARC shows Peak differences ranging between 3%

to 10% of eXPerimentally observed values. It can also be observed that an excellent

agreement is obtained using IDARC for RUN H1-3 which has the largest inelastic response.

In all three programs, the three successive seismic inputs were provided as a

continuous ground motion 50 that the effects of each run were carried forth to the next

without returning the system to zero conditions. Recording instruments, on the other

hand, are typically reset to zero conditions between tests thereby making it difficult to

track permanent deformations, if any.
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5.4 Case Study14: Seismic Response of 1:3SCale Model Lightly Reinforced Concme

Structure

A comprehensive study of lightly reinforced concrete frame structures was the

subject of numerous investigations at the State University of New York at Buffalo (Bracci,

1992), and at Cornell University (EI-Altar, 1990). A 1:3 scaled model was constructed,

tested, retrofitted, and retested using simulated earthquake motion generated by the

shaking table at SUNY/Buffalo. The model reflects a slice ofa long structure with three-bay

frames in the transverse direction. The "slice" has two parallel lightly reinforced frames

as indicated by the model representation in the plan view in Fig. 5-16. Essential geometrical

data and reinforcement details are also shown in the figure. Attained concrete strengths

were 4000 psi, 3000 psi, and 3500 psi at the first, second, and third story levels respectively,

with an elastic modulus of 2700 ksi, 2300 ksi, and 2530 ksi, respectively. The steel had an

average yielding strength of 65 ksi after annealing with a modulus of elasticity of

approximately 29000 ksi. Additional details about the structure and the testing can be

found in Bracci (992).

The model was tested by a sequence of ground (table) motions reflecting a low level

earthquake (PGA=O.05g), a moderate earthquake (PGA=0.20g) and a severe earthquake

(PGA-O.3Og). The ground motion is obtained by scaling the acceleration time history of

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

The main purpose of this study was to investigate the effectiveness of using identified

component properties from separate sub-assemblage tests in predicting the dynamic

response of the total structure. The data set used for in this example is presented in

Appendix B. Only the second run at a measured peak acceleration of O.22g is included,

since the basic data is the same for both runs, with the exception of the initial stiffness and

the input ground motion. As indicated, the data was derived entirely from the results of

separate interior and exterior beam-eolumn sub-assemblage tests which provided

information on yield strengths and hysteretic behavior. No attempt wgs made to fit the
obser'vfti shaking table response.

The comparison of response displacements for the top story for the mild and

moderate earthquake are shown in Figs. 5-17 and 5-18. IDARC predictions show good

agreement for both peak values and the total response history. The comp~risonincludes

predictions by DRAIN-2D and SARCF-ll. More data on observed behavior in terms of
deformations, stresbes, and damage mechanisms are reported in Bracci (1992).
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S.S Case Study'S: Damage Analysis of the Cypress Viadud Collapse During the
1989 Loma Prieta Earthquake

Thecollapse of the Cypress Viaduct during Lorna Prieta Earthquake in 1989 provided
an excellent opportunity to verify IDARC in seismic damage evaluation of an existing
structure. The Cypress structure consisted of a boxed girder roadway supported by a
series of 83 reinforced concrete two-story bents. Eleven types of bents were used in the
construction of the viaduct. Fifty-three of these bents were designated as Type Bl, which
consists of two portal frames, one mounted on top of the other (Fig.5-19). The upper frame
is connected to the lower by shear keys (hinges). The dimensions of a typical 51 bent and

its reinforcement details are shown in Fig. 5-19. 81 bents suffered the most damage and
seemed to have failed in the same consistent manner throughout the freeway.

The structwe was modeled using a combination of tapered column, shear-panel and
beam elements. The pedestal region was modeled as a squat shear wall so that its
impending shear failwe could be monitored. The Outer Harbor Wharf horizontal
strong-motion records were transformed to 94° which is transverse to the alignment of the
collapsed portion of the viaduct. The influence of gravity loads on the structure was
simulated by imposing a ramp load in the form of a vertical excitation with magnitude of
1 g. The actual ground motions were introduced after the resulting free vibrations had
damped out. Thedata used for the analysis is presented in the data sheetforCaseStudy "5

in Appendix 5.

The purpose of this analysis is to demonstrate the use of the program in practical
analysis of existing structures. The IDARC model of the bent is shown in Fig.5-20. The

imposed vertical and horizontal motions on the structure are shown along with the top
level displacement response in Fig.5-21. The IDARCanalysis revealed that thefirst element
to fail was the left-side pedestal after approximately 12.5 seconds into the earthquake (Note
tlUlt the plot shown in Fig.5-22 includes an initial 4 seconds ofgravity lotld input). A plot of the
damage history of this pedestal is shown in Figure 5-22, in which the horizontal input
motion and the pedestal shear history are also shown for reference. Complete details of
the analysis of the Cypress Viaduct using IDARC is reported in a separate publication
(Gross and Kunnath, 1992).
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The case studies presented in this Section are only meIInt to show a representative sample of
IDARC capabilities. The task of modeling different structures vary from case to case, depending
upon the degree ofcomplexity in structural configuration and member connections. While IDARC
must still be regarded as a special-purpose program, it can be used with generality in analysis of
structures ranging from buildings to bridges and partial subassemblages used in laboratory testing.

The input parameters to the program are obtained directly from engineering drawings or
from separate computations of member properties. The only exceptions are the input ofhysteretic
parameters and the assigned viscous damping for the dynamic analysis. The case studies presented
here cover a range ofdifferent structures from single components to scaled model frame buildings
to full scale existing structures. They also include well-detailed ductile joints to
gravity-load-designed nonductile connections. The ptlrllmeters used here can seroe as II reference
for the choiceofappropriate parameters. It is recommended to use data from component tests when
available, tither by achull testing of from the literature ofpast testing ofsimilJJr configurations and
details.

The choice of hysteretic TJQrameters is crit~l only in the prediction of local failures at a
beam-eolumn interface. For systems with a large number of elements, the overall response is less
sensitive to local behavior. Consequently, the prediction of global damage states is more reliable
for single components, such as single bridge piers, and structures where the damage is moreevenly
distributed.
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SECflON6

CONCLUSIONS

The success of an analysis is dependent largely on the adequacy of the modeling.
Given the complexities of RC behavior, the task of assembling a structural model with
reliable capacity estimates (both strength and deformation) is formidable. Yet, in the

simple framework ofmember-by-member modeling, as illustrated in the previous section,
it is possible to predict overall system response with reasonable accuracy.

The primary basis of the member-by-member modeling of RC elements is derived

from distributed flexibility concepts. Inelastic action is accounted in terms of hysteretic
moment-curvaturebeha'Jior at critical sections. The resulting instantaneous system is then
ready to accept a variety of loading options: incremental static, lateral monotonic,

quasistatic cyclic, and transient dynamic.

A significant portion of this report deals with validation studies, in which analytical
predictions are compared with experimentally observed response. If experimental results

are to be reproduced with great precision, a certain degree of model tuning may be

necessary. The tuning process is sometimes referred to as "identification". System

identification for the prediction of inelastic response requires that the following estimates
be as precise as the degree of precision expected:

- strength and deformation capacity

- hysteretic control parameters
- constant mass-dependent damping

- variable stiffness-dependent damping (not available in IDARC)

- initial stiffness of components

Based on studies conducted this far using IDARC, it has been established that the only
essential parameter to be calibrated is the initial stiffness of the structural members which

collectively provides a good estimate of the fundamental system period.

A summaryof the major modelingand programenhancements to the romputercode,
IDARC, was presented. Though this is the second official release of the program, it has

been labeled Version 3.0, since a number of intermediate versions have been distributed

with ad-hoc changes and improvements. The intent of Release 3.0 is to supersede all
existing versions of the code.
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IDARC, Version 3.0

USER GUIDE

INPUT FORMAT

A free format is used to read all input data. Hence, conventional delimiters (commas,

blanks) may be used to separate data items. Standard FORTRAN variable format is used

to distinguish integers and floating point numbers. Input data must, therefore, confonn

to the specified variable type.

NOTE: Provisio" is mIUk for aline of textbdwe~ each set ofdata it:etu. Refn to~

S4"'ple data files .c:comp."yUlg this Ma".l. No blllllk lilies tJJY to be iq"t. A

%nO inp"t will JYs"lt in J'f'Ogr,.", 4d9Mlt values, wWn a""lietable.

DATA SET A: GENERAL INFORMATION

IlILE QE PROBLEM

TITLE Alpha-numeric title, upto 80 characters.

CONTROL DATA (SEE FIGURE A-1)

Re(efYftt:e ill/om"dio,,: uptoSO charadersof text

NSO=
NFR=
NCON:

Number of stories
Number of frames
Number of different concrete
material properties

NSTL = Number of different steel
reinforcement properties

NPDEL = 0 (ignore P-De1ta effects)
• 1 (include P-Delta effects)

NOTES: A structure must be decomposed into asmes ofptlTallel fra,nes. Input is req"ired only
for non-identical frames, denoted here by tM integer Ptlriable NFR. The entiregroup of
frames CIIn be defined in tM IDARe L-I-J tIOflalloalter system. This conapt is shown
graphiClllly in Figure A-l. Three examples of different frame defintions are shown. In
Figure A-la, tM four-story l1uiJding mDde up ofa total offour frllmtS is assumtd to have
two pIIirsof identical frames, hence, only twoof tMm need be input in IDARC (NFR=2).
The CIIntiltwr beam/column shown in figure A-Ib is defined as asingle-story structure
with one column line. Likewise, tM subassmablage shown in Figure 1c is defi1U!J1l as a
2-story structure with three column lines. The number ofconcrete lind steel properties
re!" to fM numberofstress-strain ent1tlopts to be input in Sd Band Sd C rtSptCtiutiy.

NSO,NFR,NCON,NSTL,NPDEL
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ELEMENT TYPES (SEE FIGURE A-I)

USER_TEXT Ref"ence infornuttion: upto 80 charadei'll of text

MCOL,MBEM,MWAL,MEDG,
MTRN,MSPR

MCOL =No. of types of columns
MBEM =No. of types of beams
MWAL =No. of types of shear walls
MEDG = No. of types of edge columns
MTR"l = No. of types of transverse beams
MSPR =No. of types of rotational springs

NOlES: Elementsaregrouped into ideJItical sets based on cross-section dJltaand initialconditions
such as axial loads. For example, in the atmor frame shown in Figure A-Ia, there are
8 columns. Typically, the extn-ior columns at each level will be identical, hence, only 4
column types need to be defined. The intn-ior frame, assuming identical intmor and
exterior columns in each floor, will require only 8 column types todefine all 16 elements,
i.e., 2 types per each level as shown in the Figure.

ELEMENT DATA

USER_TEXT Reference infornuttion: upto 80 charadei'll of text

NCOL,NBEM,NWAL,NEDG,
NTRN,NSPR,NMR

NCOL =No. of columns
NBEM =No. of beams
NWAL = No. of shear walls
NEDG =No. of edge columns
NTRN =No. of transverse beams
NSPR =No. of rotational springs
NMR =No. of moment releases

Reference i"fonruJtio,,: upto 80 charadei'll of text

System of units
=1, inch,kips
=2, mm, kN

NOlES: NMR is used to specify moment releases (hinge 10000tions) at member ends. Releasing
a moment at a member end results in a hinge condition at that end thereby disaUowing
moments to develop at the section.

UNlISYSTEM

USER_TEXT

IU

DEFAULT SYSTEM OF UNaS: inch, kip

A ~ro input for IU will result in the use of inch and kip units.
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BOOR ELEVATIONS

USER_TEXT

(SEE FIGURE A-1)

~a info"'''"1on: upto 80 characters of text

HIGT(1),HIGT(2)...HIGT(NSO) Elevation of each story from the base,
beginning with the first floor level.

NDUP(t ),NDUP(2).. NDUP(NFR)

PESCRIPTION Of IPENTICAL FRAMES
USER_TEXT Refnna infomuation: upto 80 characters of text

Number of duplicate frames for each
of the NFR frames

NOTES: In the sample structureshown in Figure A-l, there are four frames. However, tire two
interior frames are identical as are the exterior frames. In this case, NFR=2, and
NDUP(1) =NDUP(2) =2.

fLAl:ICONflGURATION

USER_TEXT Refrmta infomuation: upto 80 characters of text

NVLN(t),NVLN(2)..NVLN(NFR) Number of column lines (or J-Iocater points)
in each frame.

NOTES: AsetofNVLNpointsforeachframeshoulddtfinecompletelythecolumnlinesnecessary
to specify every verticlll element in that frame. If a beam element is subdiuided into
two or more segments, then the number of column lines specifiaJ must include these
inttmlll beam nodes as wrU.

NODAL WEIGHTS

USER_TEXT

(SEE FIGURE A-2)

Refrmta infomuation: upto 80 characters of text

LEVEL, 1FR(t), WVT(t) WVT(NVLN(l»
IFR(2), WVT(t) WVT(NVLN(2»
.....repeat for NFR frames

(next level)
repeat for NSO levels

A-4

LEVEL:;: Story level number
IFRO) =Frame number
WVT(K) :;: Nodal weight



5 '0 5

LEVEL=2
...... ~""'"0""-- .....5

6

J=, J=2 J=J J=4 J=5

FRAME "
(numbers shown at nodes .. nodal weights)

INPUT DATA: 1, 1, 03.0, 6.0, 6.0, 6.0, 03.0
2, 1, 5.0, 0.0, , 0.0, 0.0, 5.0
03, " 5.0, 0.0, 10.0, 0.0, 5.0

Fipre A·2 Fl~HelP" and Nodal WeipIs
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ENVELOPE GENERr.J.ICai OPTION

USER_TEXT Refemta ill/ormanoll: upto 80 characten of text

IUSER Code for specification of user properties
= 0, requires IDARC generated envelopes for

atleast one element
=1, complete moment-eurvature envelope data

to be provided by user

(SEE FIGURE A·3)

IU/erma ill/ormanoll: upto 80 charaden of text

Characteristics of concrete stress-strain curve:
1M =Concrete type number
Fe =Unconfined compressive strength
Ee =Initial Young's Modulus of concrete
EPSO =Strain at max. strength of concrete (%)
Fr =Stress at tension cracking
EPSU =Ultimate strain in compression (%)
ZF = Parameter defining slope of falling branch

repetlt for each of the NCON concrete types

DEFAULT VALUES;

EC = 57.....;(FC·IOOO) Icsi; EPSO = 0.2%; IT = 0.12"FC;

EPSU and ZF are derived from Equation (3.12) and depends on section dDta.

DATA SET B: CONCRETE PROPERTIES

SKlP THIS INPUT IF 'USER .NE. 0

USER_TEXT

IM,FC,EC,EPSO,FI',EPSU,~

Refemta illfo,."..non: upto 80 charaden of text

Characteristics of steel stress-strain curve:
1M =Steel type number.
FS =Yield strength
FSU = Ultimate strength
ES =Modulus of elasticity
ESH =Modulus of strain hardening
EPSH = Strain at start of hardening (%)

DATA SET C: REINFORCEMENT PROPERTIES (SEE FIGURE A-4)

SKIP THIS INPUT If IUSER .NE.O

USER_TEXT

IM,FS,FSU,ES,ESH,EPSH

repetlt for each of the NSTL steel types

DEFAULT VALUES;

FSU =1.4 It FS; ES =29,000 Icsi; ESH =(ES /60) ksi; EPSH =3.0%
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DATA SET D: HYSTERETIC MODEUNG RVLFS (SEE FIGURE A-5)

USER_TEXT Reference i"fomuatio,,: upto 80 characters

NHYS Number of types of hysteretic rules

HYSTERETIC MODEL PARAMETERS

IR, HC, HBE, HBD, HS IR = Parameter Set Number
He = Stiffness degrading roeffident
HBE =Energy-based strength decay parameter
HBD =Ductility-based strength decay parameter
HS = Target slip or cradc-closing parameter

(NHYS lines ofdata)

DEfAULT VALUES;

NOTES:

HC =2.0; H8E =0.10; H8D =0.0; HS =1.0;
(assigned only if HC,HBE}lBD and HS are all input as UTO)

Hysteretic behavior is specified at both ends of tach member. Access to aperimtntal
results of the cyclic force-deformation charQCteristics of components typical to the
structure being analysed provides the best means of specifying the above degrading
parameters. Table A-land Figure A-5 provide a number of qualitative insights into
modeling of the hystertti£ parameters. ,The loops shown in Figure A-5 are only meant
to s!ww the relative effects of changing the parameters. The general meaning of the
parameters can be cMracterised as follows: An increase in HC retards the amount of
stiffness degradation; an increase in HBD,HBE aa:eleratts the strength deterioration;
and an increase in HS reduces the amount of slip. (Also refer to Section 3.3 of this
report)

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

Parameter Meaning Value Effect

HC Stiffness degrading 0.10 Severe degradation
parameter 2.00 Nominal degradation (default>

10.0 Negligible degradation

HBE Strength degrading 0.0 No deterioration
parameter 0.10 Nominal deterioration (default)

(energy-rontroUed) 0.40 Severe deterioration

HBD Strength degrading 0.0 (default)
parameter 0.10 Nominal deterioration

(ductility-based) 0.40 Severe deterioration

HS Slip or crack-closing 0.1 Extremely pinched loops
parameter 05 Nominal pinching

1.0 No pinching (default)
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ql.1____-+- ..-...=.1 +- ~.1

HC = 0.5 HC = 2.0 He = 15.0

Stiffness Degrading Parameter

M/V M/V M/V

HBE=HBD=O.O HBE=HBD=0.10 HBE=HBD=0.40

Strength Deterioration Parameter

M/V

1

HS = 1.0 HS = 0.5 HS = 0.1

Slip Control Parameter

fipreA..S Qualitative View of Elfeda of Depadina Puametela on
Hysteretic Behavior
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DATA SET E: COLUMN PROPERTIES

SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS

USER_TEXT ~fnence ;"10"""'"0": upto 80 charaden of text
IUCOL Type of column input

= 0; Section dimensions and reinf to be specified
= 1; Moment-eurvature envelope to be specified

IF IOCOL - 1, GO TO SET E3

USER_TEXT Reference ;"10"""'"011: upto 80 charaden of text

For each column type, input the following:

ICTYPE Type of column
= 1; rectangular (PEFAULV
= 2; circular

IF ICTYPE - 2r GO TO SET E2
SEIII ICIYPE=I: RECTANGULAR COLUMN DATA (SEE FIGURE A-6)

General data: KC,IMC,IMS,AN,AMLC,RAMCt,RAMC2
Bottom section: KHYSC, D, B, DC, AT, HBD, HBS, CEF
Top section: If KHYSC for bottom section is input with negative sign,

section is symmetric, hence do not input top section data
ELSE, repeat as above, starting with KHYSC

KC = Column type number
IMC = Concrete type number
IMS = Steel type number
AN = Axial load
AMLC = Center-to-center column height
RAMCI = Rigid zone length at bottom
RAMel = Rigid zone length at top

Column datD for bottom section:
KHYSC = Hysteretic rule number (may be negative)"
o = Depth of column
B = Width of column
DC = Distance from centroid of

reinforcement to face of column
AT = Area of reinforcement on one face
HBD =Hoop bar diameter
HBS =Hoop bar spacing
CEF "" Effectiveness of column confinement

Column datD for top section: (similar to bottom)
Skip this input if KHYSC is negative for bot section

.. An input value of KHYSC with negative sign for the bottom section will result in
symmetric values being usiped to the top section.
&turn to input of ICTYPEr When dont, go to SET F
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LEVEL
NO.2

LEVEL
NO.1

!RAIlAC2

AMLC

!RAMC1

Note moment
sign convention

DC

Typical Column Line

Typical Column Cross-Section

0 m !J
Minimal Confinement Nominal Confinement Well Confined

CEFF - 0.5 CEFF - 0.66 CEFF - 1.0

Effectiveness of Confinement for Some Typical
Hoop Arrangements
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trCVR

CROSS-SECTION

NBAR = 8

DO

-- 1·- I--

"'{
CIRCULAR HOOPS

DO

SPIRAL HOOPS

Figure A-7 Circular Column Input Details

~~ lCIYPE=~ CIRCULARCOL~INPUI(SEE FIGURE A-7)

KC,IMC,IMS,KHYSC,AMLC,RAMCl,RAMC2
AN,DO,CVR,DST,NBAR,BDIA,HBD,HBS

I<C =Colum Type number
IMC =Concrete type number
lMS =Steel type number
I<HYSC = Hysteretic Rule number
AMLC .. Center-to-center column height
RAMCI =Rigid arm bottom
RAMO =Rigid arm top
AN =Axial load on the column
DO =Outer diameter of column
CVR =Cover to center of hoop bar
DST = Distance between centers of long. bars
NBAR = Number of longitudinal bars
BOIA =Diameter of longitudinal bar
HBD = Diameter of hoop bar
HBS .. Spadng of hoop bars

Return to input of IC1YPE. When done go to SET F.
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SE.I EJ.;. usm INPUT PROPERTIES <RectaniU1ar .Q.[ Circular) (SEE FIGURE A-8)

USER_TEXT IUference infDrmRtion: apto 80 characters of text

General Data: KC, AMLC, RAMCI, RAMC2
Bott,frl section: KHYSC, EI,EA,GA, PCP,PYP,UYP,UUP,EI3P,

PCN,PYN,UYNt UUN,EI3N
Top section: If KHYSC for bottom section is input with negative signt section is

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

KC =Column type number
AMLC = Column Length
RAMCl =Rigid Ann (Bottom)
RAMO :::: Rigid Ann (Top)

Data for column bottom
I<HYSC :::: Hysteretic rule number (may be negative)·
EI =Initial Flexural Rigidity (EI)
EA =Axial Stiffness (EA/L)
GA =Shear Stiffness (Shear modulus1t5hear Area)
Positive pro.perties:

pcp =Cracking Moment (positive)
PYP :::: Yield Moment (positive)
UYP =Yield Curvature (positive)
UUP =Ultimate Curvature (positive)
EI3P = Post Yield Flexural Stiffness (positive)

Ne&ative properties:
PeN = Cracking Moment (negative)
PYN =Yield Moment (negative)
UYN =Yield Curvature (negative)
UUN =Ultimate Curvature (negative)
EI3N =Post yield Rexural Stiffness (negative)

Dota for column top (similar to BOT section)
Skip this input if I<HYSC is negative for bottom section

• An input value of KHYSC with negative lip for the bottom IIeCtion will reault in
symmetric values being assigned to the top section.

Repeat for each column typet starting with General Data (SET 0)

SEIf; BEAM PROPERTIES
SKIP THIS INPUT IF THE STRUcrURf. HAS NO BEAMS

USER_TEXT Refermce in/orrtldtion: upto 80 characters of text

IUBEM Type of beam input
=0; Section dimensions, and reW details specified
- 1; Moment-curvature envelope directly specified

IF IUBEM = 1, GO TO SET F2
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UUP

EI3P or GA3P
f

~: Foree = Moment or Sheor
Deformation = Curvature, Rototion

or Strain

Force

PCP

PYP

{

'-
EI3N or GA3N

+U_U_N U4Y_N -+-~_ __+-----__+- Deformation

Fipre A-8 Notation for Ula'-lnput Trilinear Envelopes

H RAMBl
t-"

AMLB

RAMB2 H
~

BSL

D

ATl
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SET F1: SECIlON DIMENSIONS SPECIFIED (SEE FIGURE A-9)

Referm~ info,."..t1on: upto 80 charaeten of text

KB,IMC,IMS,AMLB,RAMBl,RAMB2,
KHYSB, 0, B, BSL TSL, Be, ATl, An, HBD, HBS

If KHYSB for left section is input with negative sign, section is

symmetric, hence do not input right section data, ELSE, input

right section data starting with KHYSB

KB =Beam type number

IMC =Concrete type number
IMS =Steel type number
AMLB =Member length

RAMBI =Rigid zone length (left)

RAMB2 =Rigid zone length (right)

Data for bemn section on LEIT

KHYSB = Hysteretic rule number

(may be negative)·

o =Overall depth

B =Lower width

BSL =Effective slab width

TSL =Slab thickness

BC =Cover to centroid of steel

ATl =Area of bottom bars

A1'2 = Area of top bars

HBD =Diameter of stirrup bars

HBS =Spacing of stirrups

Data for beam section on RIGHT

(Similar to definitions for left section)

Skip this input ifKHYSB is negative for left section

•An inputvalueofKHYSB withneptivesipfor the left sectionwDl result insymmetric

values being usipecl to the ript section.

Repeat for ttlCh bttmI typt sttn'ting with GentrIllOfJta (SET FV
When done, go to SET G

General data:

Left section:

Right section~
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SET F2: USER INPUT PROPERTIES (SEE FIGURE A-8)

General Data:
l..Lft section:
Right section:

USER_TEXT Reference information: upto 80 characters of text

KB, AMLB, RAMB1, RAMB2
KHYSB, EI,GA, PCP,PYP,UYP,UUP,EI3P, PCN,PYN,UYN,UUN,EI3N

IfKHYSB for left section is input with negative sign, section is symmetric,
hence do not input right section data
ELSE, repeat as above, starting with KHYSB

KB ;;:; ~am type number
AMLB ;;:; Column Length
RAMBI :; Rigid Arm (Left>
RAMB2 =Rigid Arm (Right>

Data for beam - left section
KHYSB =Hysteretic rule number (may be negative)
EI =Initial Flexural Rigidity
GA = Shear Stiffness (Shear modulus-Shear Area)
Positive properties:

pcp = Cracking Moment (positive)
PYP =Yield Moment (positive)
UYP = Yield Curvature (positive)
UUP =Ultimate Curvature (positive)
EI3P =Post Yield Flexural Stiffness (positive)

Nfiatiye properties:
PCN = Cracking Moment (negative)
PYN =Yield Moment (negative)
UYN =Yit.~d Curvature (negative)
UUN =Ultimate Curvature (negative)
EI3N =Post yield flexural Stiffness (negative)

Data for beam - right section
(Similar to definitions for left section)
Skip this input if KHYSB is negative for left section

- An input value of KHYSB with negative sign for the left section will result in
symmetric values being assigned to the right section.

Repeat for each beam type, starting with General Data (SET F2)

SEI~ SHEAR WALL PROPERTIES (SEE FIGURE A-tO AND A-tt)

SJ(JP THIS INPUT IF THE STRUcrURE HAS NO SHEAR WAllS

Reference in!omuJtion; upto 80 charaders of text

Type of wall input
=0; Section dimensions and reinf details
=1; Moment-eurvature and shear-strain envelopes

IF IUWAL =1, GO TO SET G2
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SET Gl: SECTION DIMENSIONS SPECIFIED

USER_TEXT Rqnetla information: upto 80 cit u3ders of text

General Data: KW,IMC,KHY5W(I ),KHY5W(2),KHY5W(3),AN,AMLW,NSECT
KW =5hear waillype number
IMC =Concrete type number
KHYSW(l) =Hysteretic Rule Number (bottom)
KHYSW(2) =Hysteretic Rule Number (top)
KHYSW(3) = Hysteretic Rule Number (shear)
AN =Axial load
AMLW =Height of shear wall
NSECT =Number of Sections

For each of the NSECT sections, input the following

KS,IMS,DWAL,BWAL,PT,PW KS =Section number
IMS =Steel type number
DWAL = Depth of section
BWAL =Width of section
PT = Vertical reinforcement ratio (%)
PW =Horizontal reinf ratio (%)

.repeat NSECT times

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

SECTION 1 SECTION 2 SECTION 3

BWAL(,i!r :] 8WAL(2) :[ ;~I EWAL(3l:t ; ; : ;
-I I I DWAL(3)IDWAL(1 ) DWAl(2)

WALL SECTION WITH EDGE COLUMNS

8WAl(1 )=8WAl(2)=8WAl(3)

8WAL(I)II: ::: ~ :::::::::::::::::t: ::I
I I I ,-
DWAl(') DWAl(2) DWAL(3)

WALL WITHOUT EDGE COLUMNS

Figure A-IO Typical Input Detail for Shear Wall Sections
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SET G2: USER INPUT PROPERTIES (SEE FIGURE A-8)

USER_TEXT lWjrmIa inf""",,tion: upto 80 characters of te)rl

General Data: KW, AMLW, EAW
Flaure: BOT: I<HYSW, EI,pcp,PVP,UYP,UUP,EI3P, PCN,PYN,UYN,UUN,EI3N
Flaure: TOP: If KHYSW for bottom section is input with negative sign, section is

symmetric, hence, do not input top section data
ELSE, repeat as above, starting with KHYSW

Shtm: J<HYSW, GA,pcP,PVP,UYP,UUP,GA3P, PCN,pyN,UYN,UUN,GA3N
KW =Wall type number
AMLW =Wall length
EAW =Axial Stiffness (EAtL)

Data for wall section at bottom
KHYSW = Hysteretic rule number (may be negative)"
EI = Initial flexural stiffness (EO
Positive properties:
pcp =Cracking Moment (positive)
PYP =Yield Moment (positive)
UYP "" Yield Curvature (positive)
UUP =Ultimate Curvature (positive)
EI3P =Post Yield Flexural Stiffness (positive)
Neaatiye properties:
PeN = Cracking Moment (negative)
PYN =Yield Moment (negative)
UYN =Yield Curvature (negative)
UUN =Ultimate Curvature (negative)
EI3N =Post yield Flexural Stiffness (negative)

Data for wall stdion at top (similar to bottom section)
Skip this input if KHYSW is negative for bot section

• An input value of KHYSW with negative aip for the bottom section wUl result in
symmetric values beinB uaipecllo the top lIedion.

Data for slim, propntits:
KHYSW • Hysteretic Rule Number
GA =Initial Shear Stiffness (shear modulus·area)
PCP • Cracking Shear (positive)
PyP =Yield Shear (positive)
UYP = Yield Shear strain (positive)
UUP • Ultimate Shear strain (positive)
GAJP .Post Yield Shear Stiffness (positive)
PCN =Cracking Shear (negative)
PYN =Yield Shear (negative)
UYN = Yield Shear strain (negative)
UUN =Ultimate Shear strain (negative)
GAJN .Post Yield Shear Stiffness (negative)

Retu,.,. to start of Genmd lJtJItJ (SET G2). Repttn for t«h WGll~
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SET H: EIXiE COLUMN PROPERTIES (SEE FIGURE A-l1)

SKIP THIS INPlIT IF THE STRUCTURE HAS NO E[X;E COLUMNS

Do not duplicate edae column data if already input in SHEAR WALL data. See Section
2.1 for information pertaining to modeling walls with edae columns.

USER_TEXT Refermcz in/o,."..tion: upto 80 chuaden of text

KE,IMC,IMS,AN,OC,BC,AG,AMLE,ARME
KE • Edge column type number
IMC =Concrete type number
IMS = Steel type number
AN = Axial load
OC =Depth of edge column
Be = Width of edge column
AG = Gross area of main bars
AMLE =Member length
ARME =Arm length

Repeat for ttlch of MEDG elements starting with edg~ column type number.
SET I: TRANSVERSE BEAM PROPERTIES (SEE FIGURE A-W

THIS INPUT NOT REQUIRED IF STRUCTURE HAS NO TRANSVERSE BEAMS

USER_TEXT kferrncz in/oml/dion: upto 80 dtaraden of text

KT,Al<V,ARV,ALV KT = Transverse beam type number
AKV =Vertical Stiffness
ARV =Torsional Stiffness
ALV = Arm length

~t for ttlch of MTRN elements

NOTES: 1. Transverse elements areassurMi to remain elastic. The degree of fixity at the mils
will depend on the state of the joint and the state of the rnembm that frame into the
joint btfore lInd during tht llppliaJtion 0{ lotJd. If tht entire region is expected to stllY
elastic, then tht m-tical stiffntss should be computed as: An' =12EJ IL] . In tht
extreme cose that one of ends do not trlllf.Smit stiffness due to yielding of adjoining
members or dtttrioration of tht joint, then An' =3EllL] . An intmrwliatt value
is" good IWtTflge """,.oximfltion.
2. IfduplicAte frames flre prtsnlt, extremeCtlreshould be takm in specifying transverse
betmt pr~ties. The program multiplies tht input Dtllues by the nUmM- ofdupliCtltt
frames to which they areattllch«l. For trtlmpk, for the frames shown in Figure 04-1,
NDUP(l) = NDUP(2) = 2. The program will {«tor tht input stiffness valutS by
(NDUP(1)+NDUP(2»=4.0. Input stiffnesses should, therefore, be modifU!tJ to
accountfor this qject. If tlu mothlingof transwrse tiements is cruciAl to tluanlllysis,
the use ofduplicAte frames should bt avoided.
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Fipre A·U TrlJll\'ent Beam Input
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SET J: ROTATIONAL SPRINC PROPERTIES (SEE FIGURE A-8)

THIS INPUT NOT REQUIRED IF ROTATIONAL SPRINGS ARE NOT SPECIFIED

General Data:

~12 ilrfomuatio..: upto 80 cl\aracten of text

KHYSR, EI,pcp,PYP,UYP,UUP,EI3P,
PCN,PYN,UYN,UUN,EI3N

KHYSR =Hysteretic Rule Number

EI =Initial Rotational Stiffness (M /9)

Positiye pro.perties:
PCP = Craddng moment (positive)

PYP • Yield moment (positive)

UYP =Yield rotation (positive, radians)

UUP =lntimate rotation (positive, radians)

EI3P ... Post-yield stiffness ratio (positive)

Neptixe~es:

PCN ... Cracking moment (negative)

PYN =Yield moment (negative)

UYN = Yield rotation (negative)

UUN =Ultimate rotation capacity (negative)

EI3N = Post yield stiffness ratio (negative)

rtptl't for trJCh spring type

NOTES: Spring prapmits, wnlOu oth6 tlmlent typts, art specifWJtl in tmns of moment tnUl

rotlltion (in rtJdiIJns). The tnt1tlopt follows the SlIme nonsymmttric trilintrU' ".attern
as shown in Figure A-8.
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ELEMENT CONNECTIVITY INPUT

NOTE: Element connectivity is estllblished through theJ positiorW loaItm describttI in Figure
A-I: a storlJ level, a frame number and II column line. The L positiorlloctltn (or story
level) varies from 0 to the number of stories; the I position loaItn (or frtIrM nurnl1n)
varies from 1 to the number of frames; and the lloa1ter wrriesfrom J to the nurnl1n of
NY1-N positions (column lintS) for etJch frame. '1"he hypothetiaJl str1Icturt shown btlow
is usm to demonstrate the input format. Only II rqJTtstntativt dlltII stt is shown.

2 3 L-4-

2 3
4 5 6 7 L-3

4- 5 6 7

8 9 10 11 L-2

8 9

12 13 10 11 L-1

12 13 • - hinge

L-O

J=1 J=2 J=3 J=4- J=5

Element Type Number Type IC JC LBC LTC
1 1 1 1 3 4

COLUMNS 2 2 1 2 3 4
10 8 1 4 0 2

Number Type LB IB JLB JRB
1 1 4 1 1 2

BEAMS 2 2 4 1 2 3
6 3 3 1 3 4

Number Type IW JW LBW LlW
1 1 1 3 3 4

WALlS 2 2 1 3 2 3

FipIe A-D. Element CoJmectiYity for Sample Structure
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SET K: COLUMN CONNECTIONS (SEE FIGURE A-I])

SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS

USER_TEXT

M,ITC,IC,JC,LBC,LTC

Reference information: upto 80 characters of text

M =Column number
ITC =Column type number
IC =Frame number
JC =Column Line number
LBC = Story level at bottom of column
LTC = Story level at top of column

(NCOL lines of data)

NOTES: Input is reqUired for each of the NCOL columns.

SET L: BEAM CONNECTIVITY (SEE FIGURE A-13)

SKIP THIS INPUT IF STRUCTURE HAS NO BEAMS

USER_TEXT

M,ITB,LB,IB,JLB,JRB

Reference information: upto 80 characters of text

M = Beam number
lTD =Beam type number
LB = Story level
IB = Frame number
JLB = Column Line number of left section
JRB =Column Line number of right section

(NBEM lines of data)

NOTES: Input is reqUired for each of the NBEM beams.

SET M: SHEAR WALL CQNNECINITY (SEE FIGURE A-13)

SKIP THiS INPUT IF STRUCTUR! HAS NO SHEAR WALLS

USER_TEXT
M,nw,IW,]W,LBW,LTW

lWference infomaatiofl: upto 80 characters of text

M =Wall number
ITW =Wall type number
IW =Frame number
JW = Column line number
LBW == Story level at bottom
LlW == Story level at top

(NWAL lines ofdatu)

NOTES: Input is required for each of the NWAL shear walls.
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SET N: E.lXiE COLUMN CONNECTIVITY

SKIP THIS INPUT IF STRUCTURE HAS NO EDGE COLUMNS

USER_TEXT

M,ITE,IE,JE,LBE,LTE

(NEDG lines of data)

Reference information: upto 80 characters of text

M =Edge column number

lTE =Edge column type number

IE ;::; Frame number

JE = Column line number

LBE ;::; Story level at bottom of column

LTE ;::; Story level at top of column

SET 0: TRANSyERSE BEAM ffiNNECIIVITY

SJ<IP THIS INPUT IF STRUCTURE HAS NO TRANSVERSE BEAMS

USER_TEXT

M,ITI,LT,IWT,JWT,IFr,JFr

Reference infom,ation: upto 80 characters of text

M =Transverse beam number
ITT =Transverse beam type number
LT = Story level
lWI =Frame number of origin of

transverse beam"
JWI ;::; Column line of origin of

transverse beam"
Iff = Frame number of connecting

wall or column
JFf =Column line of connecting

wall or column

(NTRN lines of data)

NOTES: "For beam-to-wall connections, lWT and lWT refer to the I,] locations of the wall.
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SET P: SPRING LOCATIONS (SEE FIGURE A-14)

SKIP THIS INPUT IF ROTATIONAL SPRINGS ARE NOT SPECIFIED

USER_TEXT

M, ISP, JSP, LSP, KSPL

Refnence i,,/orJfUJtio,,: upto 80 characters of text

M =Spring number
ISP =Frame number
JSP =Column line number
LSP =Story level
KSPL =Relative spring location as follows:
Code for KSPL ->
== 1, spring on beam, left of joint
== 2, spring on column, top of joint
=3, spring on beam, right of joint
== 4, spring on column, bottom of joint

(NSPR lines of data>

NOTE: The number of springs at a joint is limifed to one less than the total number of members
framing into the joint)

KSPL = 1 KSPL =3

KSPL = 2 KSPL =4

SPRING LOCATION IDENTIFIERS

Fipre A-14 Specification of Discrete Inelastic Sprinp
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SET Q: MOMENT RELEASES (SEE FIGURE A-IS)

SKlP THIS INPUT IF MOMENT RELEASES ARE NOT REQUIRED, NMR =0

USER_TEXT Referena inforrtlQtion: upto 80 charaden of text

10M, IHTY, INUM, lREG

(NMR lines ofdata)

10M = 10 number
IHTY = Element type using following code

CODE: 1 =COLUMN
2=BEAM
3=WALL

lNUM = Column, Beam or Wall number
lREG = Location of hinge or moment release

=1, BOTTOM or LEFr
=2, TOP or RIGHT

Sample Input (with reference to Fig A-1.3)

10M

1

2

IHTY

1
(col)

2
(beam)

INUM

10
(col #)

6
(beam#)

IREG

1
(bot)

2
(right)

Fipre A-IS Specification of MOIIWlt ReleMa
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~ference in!omliltion: upto 80 characters of text

Option for continuing analysis
=0, STOP (Data check mode)
= 1 , Inelastic incremental analysis with static loads
=2, Monotonic "pushover" analysis including

static loads (if specified)
=3 , Inelastic dynamic analysis including static loads

(if specified)
= 4 , Quasi-static cyclic analysis including

static loads (if specified)

It is generally advisable to USt' the "data check" mode for the first triill rJ'r. of a new
data set. The program performs only minimal checki,lg of input data. Structural
elevation plots generated by IDARC help identify errors in connectivity specification.
Since IDARC prints all input data almost immediately after th~ are read, the task of
detecting the source of input errors is generally expedited. It is also important to verify
all printed output, especially section properties such as flexural stiffness and yield
moment.
OPTION 1 permits art independent nonlinear static analysis. Static loads are input
in data set RI. OPTIONS 2 - 4 may be combined with long-term static loads which
is input in data set RI.

Notes:

ANALYSIS OPTIONS:

USER_TEXT

IOPT

SET Rl: LONG-TERM LOADING (STATIC LOADS)

Control Information

USER_TEXT

NLU,NL},NLM,NLC

Reference infomliltion: upto 80 characten of text

NLU = No. of unifonnly loaded beams
NL} = No. of lateraUy loaded joint
NLM::;: No. of specified nodal moments
NLC = No. of concentrated vertical loads

NOTE: THIS INPUT IS REQUIRED FJR ALL ANALYSIS OPTIONS.
IF NLU =NL/ =NLM = NLC = 0, and IOPT =2, CONTINUE TO SET Rl.
IF NLU =Nl./ ::;: NLM =NLC =0, and IOPT =3, CONTINUE TO SET RJ.
IF Nl.U =Nl./ =NLM =NLC =0, and IOPT =4, CONTINUE TO SET R4.

Next Data Set:
}STP,IOCRL JSTP = No. of incremental steps in which to

apply the static loads (default =1 step)
IOCRL = Steps between printing output
(If IOCRL=O, only final results will be printed;
if IOCRL=2, printollt will result every 2 steps, and so on)
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NOTES: Dead and live loads that exist prior to the appliaJtion of seismic or quasi-static cyclic
loads am be input in this section. Such loads art typiaJlly specified through uniformly
loaded beam members. An option is also available for lateral load analysis and the
specification of nodal loads at joints. When used in conjenctitm with Options 2-4, the
resulting forces are alrried forward to the monotonic,dynamic and quasi-static analysis.

Uniformly Loaded Beam Data

SKlP THIS INPUT SECTION IF NLU=O

USER_TEXT Reference information: upto 80 characters of text

IL, IBN, FU IL =Load number
IBN =Beam number
FU =Magnitude of load (Force/length)

NLU lines ofdata required in this section

Laterally Loaded Joints

SKlP THIS INPUT SECTION IF NLJ=O

USER_TEXT Reference information: upto 80 characters of text

IL, LF, IF, FL IL = Load number
LF =Story level number
IF =Frame number
FL =Magnitude of load

NLJ lines ofdata required in this section

Nodal Moment Data

SKlP THIS INPUT SECTION IF NLM=O

USER_TEXT Reference inforrutio,,: upto 80 characters of text

IL, IBM, FMl, FM2 IL =Load number
IBM =Beam number
FMl =Nodal moment (left)
FM2 = Nodal moment (right)

NLM lines of data required in this section. Set Figure A-9 for beam moment sign conVt."7Ition.

Data on Concentrated vertical Loads
SKlP THIS INPUT SECTION IF NLC=O

USER_TEXT Reference iIIf0",..tio,,: upto 80 characters of text

IL, IFV, LV, JV, FV IL == Load number
IFV =Frame number
LV = Story level number
JV == Column line number
FV =Magnitude of load

NLC lines ofdata required in this seetior.
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If IOPT =2, CONTINUE TO SET R2.
If IOPT =3, CONTINUE TO SET RJ.
If IOPT =4, CONTINUE TO SET R4.

Sg R2: MONOTONIC PUSH-oYER ANALYSIS (FOR IOPT =2 ONLY)

USER_TEXT

PMAX, MSTEPS

Reference information: upto 80 charaden of text

PMAX =Estimate of base shear strength coefficient
(ratio of lateral load capacity to total weight)

MSTEPS =Number of steps in which to apply the
monotonically increasing load

DEFAULT yALUES: PMAX = 1INSO + O.Ol·NSO ; MSTEPS = 40

NOTES: The program uses thf PMAX value only to determine the load steps for the push-owr
analysis. The prescribed base shear (product of PMAX and total structure t«ighO is
applied incrementally in MSTEPS steps as an inverted triangular load, until the top
story displacement reaches 2% of the total structure height OR the specified PMAX is
reached. If the program output shows a linear shear vs. deformation plot, the bast shear
estimate is too low. If the maximum displacement is reached too quickly (indicated by
too few points ill the ploO, the estimate is too high.

fOR IOPT .. 2, STOP HERE

SET R3: DYNAMIC ANALYSIS CONTROL PARAMETERS OUR IOPT =3 ONLY)

USER_TEXT Reference information: upto 80 cwaden of text

GMAXH,GMAXV,DTCAL,TDUR,DAMP

GMAXH =Peak horizontal acceleration (g's)
GMAXV =Peak vertical acceleration (g's)
OTeAL = Time step for response analysis (sees)
TDUR =Total duration of analysis (sees)
DAMP =Damping coefficient (% of critical)

NOTES: The input accelerogram is scaled uniformly to achievf! the specified peak acceleration.
DTCAL should not exceed the time interval of the input UNlVt', DTINP.
The ratio (DTINPIDTCAL) mllSt yield an integer number.
TDUR ~y be less than the total duration of the earthquake. IfTDUR is greater than
the total time duration of the input wave, a free vibration analysis of the system will
result for tire remaining time.
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INPtlIWAYE

USER_TEXT

IWV,NDATA,DTINP

WAyEIlILE

NAMEW

&fer-ena i"lo"'"'tio": upto 80 characters of text

IWV ". 0, Vertical component of acceleration
not included

= 1, Vertical component of acceleration
is included

NDATA =Number of points in earthquake wave files
DTINP = Time interval of input wave

Alpha-numeric title for input wave upto 80 characters

AI .ENAME: HORIZONTAL COMPONENT

WHFILE Name of file (with extension) from which to read
horizontal component of earthquake record

Nott: FiltnJl1tle should not exceed 12 characters

WINPH(I),I=l,NDATA Horizontal component of earthquake
wave (NDATA points)

NOTE: This data is rtlld from the filt WHFILE
specified in the previous datil item

WAYE DATA: YERTICALCOMPQNENI

SKIP THIS INPUT IF IWV .EQ. 0

FII,ENAME: VERTICAL COMPONENT

WVFILE Name of file (with extension) from which
to read vertical component of earthquake record
Nott:F~ should not acml12 clulrtu:tm

WINPVO),l-l,NDATA Vertical component of earthquake wave
(NDATA points)

NOTE: This datil is rttld from the file WVFlU'
specified in the prtvious dati, item.

NOTES: Atulerogrmn data may be input in any system of units. The IlCctltrogram is SCIJltd
uniformly to achievt the specified ptJJk VfJ1ues of GMAXH and GMAXV. Since data is
rttld in free formtIt, lIS ,,",ny lint!S lIS ntCtSS/ITY to rttMI the mtirt wave must be input.
The ddta points of the input wtIt' may, thtrtfort, be tnttrtd seq'4entilJlly until the last
(or NDATA) point.
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GO TO DATA SETS

NPTS

NLDED

NSTLD(l),I=l,NLDED

F(I,l),I=l,NPTS
F(l,2),I=1,NPTS

SET R4: QUASi-STATIC CYCLIC ANALYSIS (FOR IOPT=4 ONLY)

USER_TEXT Reference information: upto 80 characters of text

ICNTRL Cyclic Analysis option
=0, Force controlled input
=1, displacement controlled input

Number of story levels at which the force
or displacement is applied
List of story levels at which the force
or displacement is applied
Number of points to be read in force or
displacement history

first data set (NPTS) at story level NSTLD(l)
next data set (NPTS) at story level NSTLD(2)

F(I,K),I=l,NPTS

OTCAL

repeat till last set, where K = NSTLD(NLOED)

Analysis step (fraction of input steps)
The analysis is performed between Cl/OTCAL)
interpolated points on the input history

SET S: OUTPUT CONTROL

USER_TEXT

NSOUT,DTOUT,ISO(l),I=l,NSOUT

Reference infornu.tio..:upto 80 charaders

NSOUT = No of output histories
DTOUT = Output time interval
lSO(I) output story numbers

FNAMES(1)

FNAMES(2)

Filename to store time history output for
story number 150(1)
Filename for story number 150(2)

FNAMES(NSOUT) Fdename for story number ISQ(NSOUT)

NOTES: If the quasi-static cyclic analysis option is used, DrOUT refers to the number of steps
between output printing; for example, DTOUT=2 will print results every 2 steps.
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SET T: ELEMENT HYSIERFSIS OUTPUT

USER_TEXT

KCOUT, KBOUT, KWOUT, KSOUT

Reference infomuation: upto 80 dtMaders

Control Dita fw: Element Output:

KCOUT =Number of columns for which
hysteresis output is required

KBOUT =Number of beams for which
hysteresis output is required

KWOUT =Number of walls for which
hysteresis output is required

KSOUT =Number of springs for which
hysteresis output is required

COLUMN OUTPUT SPECIFICATION

SKlP THIS INPUT IF KCOUT = 0

USER_TEXT

ICLISI(I),I=l,KCOUT

Reference information: upto 80 charaders

List of column numbers for which
moment-curvature hysteresis is required

BEAM OUTPUT SPECIFICATION

SKlP THIS INPUT IF KBOUT =0

USER_TEXT

IBLIST(I), 1=1,KBOUT

SKlP THIS INPUT IF KWOUT =0

USER_TEXT

IWUSI(I), l=l,KWOUT

Reference infomuation: upto 80 charaders

List of beam numbers for which
moment-curvature hysteresis is required

SHEAR WALL OUTPUT SPEOFICAUON

Reference ;nfomuation: upto 80 dtMaders

List of shear wall numbers for which
moment-curvature and shear-strain hysteresis

is required

DISCRETE SPRING otITPUI SPECIFICATION

SKlP THIS INPUT IF KSOUT =0

USER_TEXT

ISLIST(I),I=l,KSOUT

Reference ;nlomuaOOn: upto 80 dtMaders

List of spring numbers for which
moment-rotation hysteresis is required
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NOTES: All the output generated in this section refers to moment-curvature hysteresis for
beams, columns and shear-walls; in addition shear vs. shear strain history is
generated for walls; whereJlS moment-rotation hysteresis is produced for the discrete
spring elements. Output filenames are generated as folluws:
IF KCOUT = 2, AND ICUST(I) = 3 AND ICUST(2) = 12, THEN THE
FOLLOWING FILES WILL BE CREATED:
COLJ)03.PRN and COL_012.PRN
(where 3 and 12 refer to the element numbers for which output is requested)

END OF DATA INPUT
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APPENDIXB

SAMPLE INPUT DATA SHEETS



Full-Scale Circular Bridge Pier (NIST)CASE STUDY * 1
CONTROL DATA
1, 1, 1, 1, 1, 0
ELEMENT TYPES
1, 0, 0, 0, 0, 0
ELEMENT DATA
1, 0, 0, 0, 0, 0, 0
UNIT SYSTEM (KIPS/INCH)
1
FLOOR ELEVATIONS
360.0
DESCRIPTION OF IDENTICAL FRAMES
1
PLAN CONFIGURATION (SINGLE COLUMN LINE)
1
NODAL WEIGHTS
1, 1, 300.0
CODE FOR SPECIFICATION OF USER PROPERTIES
o
CONCRETE PROPERTIES
1, 5.2, 4110.0, 0.2, 0.624, 0.0, 0.0
REINFORCEMENT PROPERTIES
1, 68.9, 103.6, 27438.0, 0.0, 0.0
HYSTERETIC MODELING RULES
1
1, 9.0, 0.00, 0.05, 1.0
MOMENT CURVATURE ENVELOPE GENERATION
o
COLUMN DIMENSIONS
2
1, 1,1,1, 360.0, 0.0, 0.0, 1000.0, 60.0, 2.5, 54.5,

25, 1.69, 0.625, 3.5
COLUMN CONNECTIVITY
1,1,1,1,0,1
ANALYSIS TYPE
4
LONG TERM LOADING (none)
0,0,0,0
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CASESlUDYI2

CASE STUDY * 2: 1 : 2 SCALE THREE STORY FRAME
CONTROL DATA
3,1,1,1,0
ELEMENT TYPES
4,5,0,0,0,0
ELEMENT DATA
9,6,0,0,0,0,0
UNITS SYSTEM: KN - MM
2
FLOOR ELEVATIONS
1500.0, 3000.0, 4500.0
DESCRIPTION OF IDENTICAL FRAMES
1
PLAN CONFIGURATION: NO OF COLUMN LINES
3
NODAL WEIGHTS
1,1, 22.24, 22.24, 22.24
2,1, 22.24, 22.24, 22.24
3,1, 22.24, 22.24, 22.24
CODE FOR SPECIFICATION OF USER PROPERTIES
o
CONCRETE PROPERTIES
1, 0.0402, 0.0, 0.0, 0.0, 0.0, 0.0
REINFORCEMENT PROPERTIES
1, 0.4, 0.0, 0.0, 0.0, 0.0
HYSTERETIC MODELING RULES
2
1, 8.0, 0.00, 0.10, 1.0
2, 8.0, 0.00, 0.10, 1.0
MOMENT CURVATURE ENVELOPE GENERATION
a
COLUMN DIMENSIONS
1
1,1,1, 594.2, 1498.6, 149.86, 149.86,

1, 250.0, 250.0, 15.0, 226.2, 8.0, 75.0, 0.5
1, 250.0, 250.0, 15.0, 226.2, 8.0, 75.0, 0.5

1
2,1,1, 990.6, 1498.6, 149.86, 149.86,

1, 250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5
1, 250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5

1
3,1,1, 594.2, 1498.6, 0.0, 149.86,

1, 250.0, 250.0, 15.0, 307.7, 12.0, 75.0, 0.5
1, 250.0, 250.0, 15.0, 307.7, 12.0, 75.0. 0.5

1
4,1,1, 990.6, 1498.6, 0.0, 149.86,

1, 250.0. 250.0, 15.0, 307.7. 12.0. 75.0. 0.5
1, 250.0, 250.0, 15.0, 307.7, 12.0. 75.0. 0.5

BEAM MOMENT CURVATURE ENVELOPE GENERATION
a
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BEAM DIMENSIONS
1,1,1, 3000.0, 125.0, 125.0

2, 300.0,150.0,150.0,0.0,15.0,
2, 300.0,150.0,150.0,0.0,15.0,

2,1,1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0,15.0,
2, 300.0,150.0,150.0,0.0,15.0,

3,1,1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0,15.0,
2, 300.0,150.0,150.0,0.0,15.0,

4,1,1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0,15.0,
2, 300.0,150.0,150.0,0.0,15.0,

5,1,1, 3000.0, 125.0, 125.0
2, 300.0,150.0,150.0,0.0,15.0,
2, 300.0,150.0,150.0,0.0,15.0,

COLUMN CONNECTIVITY
1,1,1,1,2,3
2,2,1,2,2,3
3,1,1,3,2,3
4,1,1,1,1,2
5,2,1,2,1,2
6,1,1,3,1,2
7,3,1,1,0,1
8,4,1,2,0,1
9,3,1,3,0,1
BEAM CONNECTIVITY
1,5,3,1,1,2
2,4,3,1,2,3
3,3,2,1,1,2
4,2,2,1,2,3
5,1,1,1,1,2
6,1,1,1,2,3
ANALYSIS TYPE
4
LONG TERM LOADING (none)
0,0,0,0
QUASI-STATIC CYCLIC ANALYSIS
1
1
3
249

401.9,401.9, 6.0, 75.0
401.9,401.9, 6.0, 75.0

480.6,401.9, 6.0, 75.0
401.9,509.0, 6.0, 75.0

401.9,509.0, 6.0, 75.0
480.6,401.9, 6.0, 75.0

307.7,226.5, 6.0, 75.0
307.7,307.7, 6.0, 75.0

307.7,226.5, 6.0, 75.0
307.7,307.7, 6.0, 75.0

0.0000 6.8580 0.0000 -6.8580 0.0000 10.1600
0.0000 -10.1600 0.0000 12.7000 25.4000 32.4104

25.4000 12.7000 0.0000 -12.7000 -25.4000 -32.0802
-25.4000 -12.7000 0.0000 12.7000 25.4000 31.9024
25.4000 12.7000 0.0000 -12.7000 -25.4000 -29.7180

-25.4000 -12.7000 0.0000 12.7000 25.4000 30.0482
25.4000 12.7000 0.01)00 -12.7000 -25.4000 -28.7020

-25.4000 -12.7000 0.0000 20.3200 40.6400 50.8000
55.8800 50.8000 40.6400 20.3200 0.0000 -20.3200

-40.6400 -50.8000 -53.3400 -50.8000 -40.6400 -20.3200
0.0000 20.3200 40.6400 50.8000 57.4040 50.8000

40.6400 20.3200 0.0000 -20.3200 -40.6400 -50.8000
-54.3560 -50.8000 -40.6400 -20.3200 0.0000 20.3200
40.6400 50.8000 56.1340 50.8000 40.6400 20.3200
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0.0000
-40.6400
86.8680

-50.8000
O.OOOl

50.8000
-84.5820
50.8000

0.0000
-50.8000
114.3000
-76.2000

0.0000
76.2000

-112.2680
76.2000

0.0000
-76.2000
139.7000

0.0000
-121.9200

76.2000
76.2000

-121.9200
0.0000

139.7000
-76.2000
-76.2000

-20.3200
-20.3200
76.2000

-76.2000
25.4000
25.4000

-76.2000
76.2000

-25.4000
-25.4000
106.6800

-106.6800
38.1000
38.1000

-106.6800
106.6800
-38.1000
-38.1000
147.8280
-38.1000

-114.3000
114.3000

38.1000
-128.0160

38.1000
114.3000

-114.3000
-38.1000

-40.6400
0.0000

50.8000
-83.3120

50.8000
0.0000

-50.8000
88.6460

-50.8000
0.0000

76.2000
-111.7600

76.2000
0.0000

-76.2000
113.5380
-76.2000

0.0000
139.7000
-76.2000
-76.2000
139.7000

0.0000
-121.9200

76.2000
76.2000

-121.9200
0.0000

-50.8000
25.4000
25.4000

-76.2000
76.2000

-25.4000
-25.4000
76.2000
-7~.2000

38.1000
38.1000

-106.6800
106.6800
-38.1000
-38.1000
106.6800

-106.6800
38.1000

114.3000
-114.3000
-38.1000
147.0660
-38.1000

-114.3000
114.3000

38.1000
-127.0000

-54.1020
50.8000

0.0000
-50.8000
87.1220

-50.8000
0.0000

50.8000
-84.5820
76.2000

0.0000
-76.2000
114.3000
-76.2000

0.0000
76.2000

-112.2680
76.2000
76.2000

-121. 9200
0.0000

139.7000
-76.2000
-76.2000
139.7000

0.0000
-121. 9200

-50.8000
76.2000

-25.4000
-25.4000
76.2000

-76.2000
25.4000
25.4000

-76.2000
106.6800
-38.1000
-38.1000
106.6800

-106.6800
38.1000
38.1000

-106.6800
114.3000

38.1000
-127.7620

38.1000
114.3000

-114.3000
-38.1000
147.3200
-38.1000

-114.3000

0.02
OUTPUT CONTROL
3,10,1,2,3
LEVEL1.0UT
LEVEL2.0UT
LEVEL3.0UT
MISCELLANEOUS OUTPUT INFORMATION
0,0,0,0
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CASE STUDY.3

CASE STUDY * 3 TEN STORY FRAME MODEL (ILLINOIS TEST)
CONTROL DATA
10,1,1,1,1
ELEMENT TYPES
20,2,0,0,0,0
ELEMENT DATA
40,30,0,0,0,0,0
UNI TS SYSTEM
1
FLOOR ELEVATIONS
9.0,18.0,27.0,36.0,45.0,54.0,63.0,72.0,81.0,90.0
DESCRIPTION OF IDENTICAL FRAMES
2
PLAN CONFIGURATION
4
NODAL WEIGHTS
1,1,0.12"5,0.125,0.125,0.125
2, 1, 0.125, 0.125, 0.125, 0.125
3, 1, 0.125, 0.125, 0.125, 0.125
4, 1, 0.125, 0.125, 0.125. 0.125
5, 1, 0.125, 0.125, 0.125, 0.125
6, 1. 0.125, 0.125. 0.125, 0.125
7. 1, 0.125. 0.125, 0.125, 0.125
8, 1, 0.125, 0.125. 0.125, 0.125
9, 1, 0.125, 0.125, 0.125, 0.125
10, 1, 0.125, 0.125, 0.125, 0.125
CODE FOR SPECIFICATION OF USER PROPERTIES
o
CONCRETE PROPERTIES
1, 4.35, 1000.0, 0.3, 0.435, 1.2, 100.0
REINFORCEMENT PROPERTIES
1, 70.0, 72.5, 29000.0, 40.0, 2.0
HYSTERETIC MODELING RULES
2
1, 1.0,0.0,0.1,1.0
2, 2.0,0.0.0.1,1.0
COLUMN MOMENT CURVATURE ENVELOPE GENERATION
o
COLUMN DIMENSIONS
1
1,1,1,1.25,9.0,0.0,0.75, 1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

1, 2.0.1.5,0.25,0.049,0.0625,0.35,0.5
1
2,1,1,1.12,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5
1
3,1,1,1.00,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

1, 2.0,1.5,0.2~,0.049,0.0625,0.35,0.5

1
4,1,1,0.88,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

B-6



1
5,1,1,0.75,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.049,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.029,0.OE25,0.35,0.5
1
6,1,1,0.63,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.C29,0.0625,O.35,0.5

1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5
1
7,1,1,0.50,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5
1
8,1,1,0.38,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.C29,0.0625,0.35,0.5
1
9,1,1,0.25,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.029,0.0625,0.35,0.5
1
10, 1, 1,0.13 , 9.0,0.75,0.75, 1, 2.0, 1.5,0.25, 0 .029, 0 .0625, 0 . ::. 5, 0 .5

1, 2.0,1.5,0.25,0.029,0.0625.0.3~.0.5

1
11,1,1,1.25,9.0,0.0,0.75, 1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.:

1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.~

1
12,1,1,1.13,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5
1
13,1,1,1.00,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5
1
14,1,1,0.88,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5
1
15,1,1,0.75,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.041,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
1
16,1,1,0.63,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
1
17,1,1,0.50,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
1
18, 1, 1, 0 . 38, 9 . 0, O. 75, 0 . 75, 1, 2. 0, 1. 5, 0 . 25, O. 013, 0 . 0625, 0 . 35, 0 . 5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
1
19,1,1,0.25,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
1
20,1,1,0.13,9.0,0.75,0.75, 1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5

1, 2.0,1.5,0.25,0.013,0.0625,0.35,0.5
BEAM MOMENT CURVATURE ENVELOPE GENERATION
o
BEAM DIMENSIONS
1,1,1,12.0,0.75,0.75,

2, 1.5,1.5,1.5,0.0,0.25,0.0092,0.0092,0.0625,0.3
2, 1.5,1.5,1.5,0.0,0.25,0.0092,0.0092,0.0625,0.3

B-7



2,1,1,12.0,0.75,0.75,
2, 1.5,1.5,1.5,0.0.0.25,0.013,0.013,0.0625,0.3
2, 1.5,1.5,1.5,0.0.0.25,0.013,0.013,0.0625,0.3

COLUMN CONNECTIVITY
111 1 0 1
221 1 1 2
3 3 1 123
441 134
551 145
661 156
7 7 1 1 6 7
88117 8
991 189

10 10 1 1 9 10
11 11 1 2 0 1
12 12 1 2 1 2
13 13 1 2 2 3
14 14 1 2 3 4
15 15 1 2 4 5
16 16 1 2 5 6
17 17 1 2 6 7
18 18 1 2 7 8
19 19 1 2 8 9
20 20 1 2 9 10
21 11 1 3 0 1
22 12 1 3 1 2
23 13 1 3 2 3
24 14 1 3 3 4
25 15 1 3 4 5
26 16 1 3 5 6
27 17 1 3 6 7
28 18 1 3 7 8
29 19 1 3 8 9
30 20 1 3 9 10
31 1 1 4 0 1
32 2 1 4 1 2
33 3 1 4 2 3
34 4 1 , 3 4
35 5 1 4 4 5
36 6 1 4 5 6
37 7 1 4 6 7
38 8 1 4 7 8
39 9 1 4 8 9
40 10 1 4 9 10
BEAM CONNECTIVITY

1 2 1 112
222 112
323 112
424 1 1 2
5 1 5 1 1 2
6 1 6 1 1 2
717 1 1 2
8 1 8 1 1 2
919 1 1 2



Thetartlupulkerecord is rttId sqldTtlttlyfromfih WAVEH.DATdSsp«ified in the input
datil. This fih consists ofall thr~ r«ords, mngtd sequentilllly, thertby prtWroing the
dimulgtd statt of the structure lit tM tfId of ttICh test.

2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4

1 1
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 3
1 3
1 3
1 3
1 3
1 3
1 3
1 3
1 3
1 3

TYPE

10 1 10
11 2 1
12 2 2
13 2 3
14 2 4
15 1 5
16 1 6
17 1 7
18 1 q
19 1 9
20 1 10
21 2 1
22 2 2
23 2 3
24 2 4
25 1 5
26 1 6
27 1 7
28 1 8
29 1 9
30 1 10
ANALYSIS
3
STATIC ANALYSIS OPTION
0,0,0,0
DYNAMIC ANALYSIS CONTROL PARAMETERS
1.6163, 0.0, 0.001, 43.5, 2.0
INPUT WAVE INFORMATION
0.0,10773,0.004
Actual Table Motion - TAFT NS Component
WAVEH.DAT
OUTPUT CONTROL
4,0.02,1,5,7,10
LEVEL3.0UT
LEVELS.OUT
LEVEL7.0UT
LEVEL10.0UT
MISCELLANEOUS OUTPUT INFORMATION
2,2,0,0
COLUMN OUTPUT
1,37
BEAM OUTPUT
1,21

Nott:

8-9



10.0, 18.0, 0.001, 0.006, 400.0
10.0, 18.0, 0.001, 0.006, 400.0
10.0, 18.0, 0.001, 0.006, 400.0
10.0, 18.0, 0.001, 0.006, 400.0

10.0, 22.0, 0.001, 0.006, 400.0
10.0. 22.0. 0.001, 0.006. 400.0
10.0, 22.0, 0.001, 0.006, 400.0
10.0, 22.0, 0.001, 0.006, 400.0

CASESTUDYH

Analysis of 1:3 Sca~e Three Story Model (Achieved PGA = 0.22 g)
Control Data
3,1,0,0,0
Element types
6,1,0,0,0,0
Element data
12,9,0,0,0,0,0
Unit system
1
Floor elevations
45.0, 93.0, 141.0
Number of duplicate frames
2
No of column lines
4
Nodal weights
1, 1, 3.375, 3.375, 3.~75, 3.375
2, 1, 3.375, 3.375, 3.375, 3.375
3, 1, 3.375, 3.375, 3.375, 3.375
Env generation option
1
Hysteretic Control
2
1, 0.5, 0.0, 0.10, 1.0
2, 2.0, 0.0, 0.10, 1.0
Column input option
1
Column data
1 , 48. 0 , 3 . 0 , 3 . 0,

1, 30400.0, 843.0, 19980.8,

1, 30400.0, 843.0, 19980.8,

2, 48. 0, 3 . 0, "i • 0 ,
1, 30400.0, 84~.0, 19980.8,

1, 30400.0, 843.0, 19980.8,

3, 48 •0 , 3 . 0, 3 . 0,
1, 22900.0, 900.0, 24160.0, 10.0, 22.0, 0.0012, 0.006, 400.0,

10.0, 22.0, 0.0012, 0.006, 400.0,
1, 22900.0, 900.0, 22528.0, 10.0, 22.0, 0.0012, 0.006, 400.0,

10.0, 22.0, 0.0012, 0.006, 400.0
4, 48.0,3.0,3.0,

1, 22900.0, 900.0, 24160.0, 14.0, 29.0, 0.0013, 0.006, 400.0,
14.0, 29.0, 0.0013, 0.006, 400.0,

1, 22900. 0, 900.0, 22528.0, 14.0, 29.0, 0.0013, 0.006, 400.0,
14.0, 29.0, 0.0013, 0.006, 400.0

5, 45.0,0.0,3.0,
1, 34000.0, 960.0, 20640.0, 12.0, 28.0, 0.0016, 0.007, 400.0,

12.0, 28.0, 0.0016, 0.007, 400.0,
1, 34000.0, 960.0, 24000.0, 12.0, 28.0, 0.0016, 0.007, 400.0,

12.0, 28.0, 0.0016, 0.007, 400.0
6, 45.0,0.0,3.0,

1, 34000.0, 960.0, 20640.0, 16.0, 38.0, 0.0014, 0.007, 400.0,
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16.0. 38.0. 0.0014. 0.007. 400.0,
1. 34000.0, 960. O. 24000.0. 16.0, 38.0. 0.0014. 0.007. 400.0,

16.0, 38.0, 0.0014, 0.007. 400.0

Beam input type
1
Beam data
l. 72.0, 2.0. 2.0

2, 140000.0, 20000.0, 15.0. 30.0, 0.0005. O. 005, 2400.0
30.0. 70.0, o. DOL 0.008. 2400.0

2. 140000.0. 20000.0. 15.0, 30.0, 0.0005, 0.005, 2400.0
30.0, 70.0, 0.001. 0.008, 2400.0

Column connectivity
1,1,1,1,2,3
2,2,1,2,2,3
3,2,1,3,2,3
4,1,1,4,2,3
5,3,1,1,1,2
6,4,1,2,1,2
7,4,1,3,1,2
B,3,1,4,1.2
9,5,1,1,0,1
10,6,1,2,0,1
11,6,1.3,0.1
12,5,1,4,0,1
Beam connectivity
1,1,3,1,1,2
2,1,3,1,2,3
3,1,3,1,3,4
4,1,2,1,1,2
5,1,2,1,2,3
6,1,2,1,3,4
7,1,1,1,1,2
8,1,1,1,2,3
9,1,1,1,3,4
Type of Analysis
3
Static loads
0,0,0,0
Dynamic Analysis Control Data
0.22, 0.0, 0.002, 30.0, 1.2
Wave data
0,3000,0.01
TAFT - EARTHQUAKE
WAVE23.DAT
Output options
1, 0.02, 3
JINEL.PRN
Hys output
0,0,0,0

Note: The tlJrthqlUlke record is retld separately from file WAVE23.DAT lIS speci~ in the input
data.
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CASESTUDY~

are dummy levels)
233.3 233.3 116.7

0.0 0.0 0.0
0.0 0.0 0.0

233.3 233.3 116.7

2 & 3
233.3

0.0
0.0

233.3

1.0
1.0
1.0
1.0
input

weights (Note: Story
116.7 233.3 233.3

0.0 0.0 0.0
0.0 0.0 0.0

116.7 233.3 233.3
for M-phi input

CASE 5: Seismic Damage Analysis of Cypress Viaduct
Control Data - 4 stories, 1 frame, 1 cone and 1 steel type
4, 1, 1, 1, 0
Element types: 2 cols, 12 beams, 2 walls
2, 12, 2, 0, 0, 0
Element data: 4 columns, 12 beams, 2 walls
4. 12. 2. O. O. O. 4
System of units: k/in
1
Floor elevations
252.0 327.0 327.0 528.0
Duplicate frame info
1
No of column lines
7
Nodal
1 1
2 1
3 1
4 1
Option
1
Hysteresis Rules
4
1 2.0, 0.0, 0.1,
2 2.0, 0.0, 0.1,
3 2.0, 0.0, 0.1,
4 1.0, 0.0, 0.2,
Option for column
1
COLUMN DATA
1 252.0 0.0 48.0

-1 8.38£+9 8.73e+4 0.0
50350 2615300 5.12e-5 2.1ge-4 1.37e+8
50350 266300 5.12e-5 2.1ge-4 1. 37e+8

2 201 0.0 48.0
1 1.02e+9 5.82e+4 0.0

12200 64350 1.04e-4 4.07e-4 1.85e+7
12200 64350 1.04'!-4 4.07e-4 1.85e+7

1 2.32e+9 7.41e+4 0.0
19200 90300 7.24e-5 3.70e-4 3.21e+7
19200 90300 7.24e-5 3.70e-4 3.21e+7

Option for beam input
1
BE.JUot DATA
1 117.0 48.0 0.0

2 2.00£+10 0.0 45700 70500 2.29£-5 8.78E-4 6.29E+7
47100 1368GO 2.51£-5 5.68E-4 1.16E+8

2 2.00£+10 0.0 45900 117600 2.48E-5 5.68£-4 1.01E+8
40900 45600 2.27E-5 9.21£-4 4.23£+7

2 117.0 0.0 0.0
2 2.00E+10 0.0 45900 117800 2.48£-5 5.68E-4 1.01E+8

40900 45600 2.27E-5 9.21E-4 4.23E+7

8-12



2 2.00E+10 0.0 48500 208200 2.84E-5 3.07E-4 1. 27E+8
18500 20600 2.11E-5 8.23E-4 2.71E+7

3 117.0 0.0 0.0
2 2.00E+10 0.0 48500 208200 2.84E-5 3.07E-4 1.27E+8

18500 20600 2.11E-5 8.23E-4 2.71E+7
2 2.00E+10 0.0 49000 222300 2.87E-5 2.89E-4 1.30E+8

18500 20600 2.10E-5 7.81E-4 2.90E+7
4 117.0 0.0 0.0

2 2.00E+10 0.0 49000 222300 2.87E-5 2.89E-4 1.30E+8
18500 20600 2.10E-5 7.81E-4 2.90E+7

2 2.00E+10 0.0 48500 208200 2.848-5 3.07E-4 1. 27E+8
18500 20600 2.11E-5 8.23E-4 2.71E+7

5 117.0 0.0 0.0
2 2.00E+10 0.0 48500 208200 2.84E-5 3.07E-4 1. 27E+8

18500 20600 2.11E-5 8.23E-4 2.71E+7
2 2.00E+10 0.0 45900 117800 2.48E-5 5.68E-4 1.01E+8

40900 45600 2.27E-5 9.21E-4 4.23E+7
6 117.0 0.0 48.0

2 2.00E+10 0.0 45900 117000 2.48E-5 5.68E-4 1.01E+8
40900 45600 2.27E-5 9.21E-4 4.23E+7

2 2.00E+10 0.0 45700 70500 2.29E-5 8.78E-4 6.29E+7
47100 136800 2.51E-5 5.68E-4 1.16E+8

7 117.0 24.0 0.0
2 2.00E+10 0.0 44800 86800 2.39E-5 6.36E-4 7.57E+7

44100 54500 2.31E-S 9.10E-4 4.90E+7
2 2.00E+10 0.0 49200 224300 2.98E-5 2.96E-4 1.28E+8

25500 28600 2.24E-S 7.51E-4 3.62E+7
8 117.0 0.0 0.0

2 2.00E+10 0.0 49200 224300 2.98E-5 2.96E-4 1.28E+8
2S500 28600 2.24E-5 7.51E-4 3.62E+7

2 2.00£+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7
21600 24000 2.14E-5 5.62E-4 5.70E+7

9 117.0 0.0 0.0
2 2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7

21600 24000 2.14E-5 5.62E-4 5.70E+7
2 2.00E+10 0.0 51200 301900 3.33E-5 2.168-4 9.778+7

21600 24000 2.14E-5 5.62E-4 5.70E+7
10 117.0 0.0 0.0

2 2.00£+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7
21600 24000 2.14£-5 5.62£-4 5.70E+7

2 2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9. 77E+ 7
21600 24000 2.14E-5 5.62E-4 5.70E+7

11 117.0 0.0 0.0
2 2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7

21600 24000 2.14E-5 5.62E-4 5.70E+7
2 2.00E+I0 0.0 49200 224300 2.98E-5 2.96E-4 1.28E+8

2S500 28600 2.24£-S 7.51£-4 3.62£+7
12 117.0 0.0 24.0

2 2.00£+10 0.0 49200 224300 2.98E-5 2.96E-1. 1. 28E+8
25500 28600 2.24£-5 7.S1E-4 3.62£+7

2 2.00E+10 0.0 44800 86800 2.39£-5 6.36£-4 7.57E+7
44100 54500 2.31E-S 9.10E-4 4.90E+7

Option for wall input
1
WALL DATA

1 75.0 2.83e+S
-3 9.ge+1S 9.ge+15 9.9ge+15 2.0 10.0 9.ge+12

9.ge+15 9.9ge+1S 2.0 10.0 9.ge+12
4 9.433+5 400 520 9.380e-4 1.600e-3 1. SOOe+4

250 405 1.105e-3 5.333e-3 1.125.+4
2 75 2.83e+5

-3 9.98+1S 9.ge+15 9.998+1S 2.0 10.0 9.98+12
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9.9.+15 9.998+15 2.0 10.0 9.9.+12
C 9.433+5 250 405 1.105.-3 S.333e-3 1.12Se+C

400 520 9.380e-C 1.600e-3 1.500e+4

Column connectivity
1, 1, 1, 1, 0, 1
2, 1, 1, 7, 0, 1
3, 2, 1, 1, 2, 4
4, 2, 1, 7, 3, 4
Beam connectivity
1, 1, 1, 1, 1, 2
2, 2, 1, 1, 2, 3
3, 3, 1, 1, 3, 4
4, 4, 1, 1, 4, 5
5, 5, 1, 1, 5, 6
6, 6, 1, 1, 6, 7
7, 7, 4, 1, 1, 2
8, 8, 4, 1, 2, 3
9, 9, 4, 1, 3, 4
10, 10, 4, 1, 4, 5
11, 11, 4, 1, 5, 6
12, 12, 4, 1, 6, 7
Shear wall connectivity
1, 1, 1, 1, 1, 2
2, 2, 1, 7, 1, 3
Moment releases
1, 1, 1, 1
2, 1, 2, 1
3, 1, 3, 1
4, 1, 4, 1
Phase II option (=0, STOP; =3, Seismic; =4, Quasistatic)
3
Long term loading: static loads
o 0 0 0
Control data for dynamic analysis
0.33, 1.065, 0.001, 20.0, 3.0
Wave control data
1, 2201, 0.02
GRAVITY LOAD PLUS OUTER HARBOUR WHARF RECORD
ohw_hori.dat
ohw_vert.dat
Output control
2, 0.02, 1, 4
FIRST.PRN
SECOND.PRN
Hysteresis Output
0, 0, 2, 0
Wall numbers for output
1, 2

Note: The tdrthqlulke record is retJd septlTllttlyfrom files:
OHW_HORI.DAT (horizontlll component) tmd
OHW_VfRT.DAT (wrtiall component)
lIS spteifiaI in the input.,.
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APPENDIXC

PROGRAM NOTES



c.t Installation and Execution

The current version of the program has been tested on VAX/VMS and several UNIX-based
machines. The program is composed of two files: the main source code _c3.tand a file
which contains the global common block definitions IDDEFN.FOR. On a UNIX machine
the following command will create an executable file called IDARO :

m -0 IDARO idarc3.f

On a VAX/VMS machine, it is necessary to rename the source file to -c3.for. The typical
two step process to create the executable file is:

for idarc3
linkidarc3

On a UNIX machine, real-time execution is done by simply typing the name of the
executable file (in this case, IDARO). On a VAX/VMS machine the command for
executing the program is : RUN IDARO.

C.2 Data FUes and Output FUes

Upon execution, IDARC looks for a data file named
IDARC.DAT

which should contain the names of the input and output files on separate lines.
For example, to run the sample CASE sruDY 'I, the file IDARC.DAT should contain the
following lines:

CASE1.DAT

CASE1.OUT
where eASE1.DAT is the data file presented in Appendix B.

A number of output fUes are generated by the program:

1. The main program output which contains a summary of input and essential output
parameters is stored in the main output file specified in the IDARC.DAT file.

2. Story level outputs are generated for specifiedstory levels and are outputonseparate
user-specified output files. These file names are specified in the data section titled
Output Control.

3. Elementhysteresisoutputcan begeneratedbyspecifyingelementnumbers for which
output is required (see Case Study 15 which requests output of foree-deformation
hysteresis for Walls 1 and 2).
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