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PRf:FACE 

The National Center for Earthquake Engincering Research (N( 'ErR) was established to expand ami 
disseminate knowledge about earthquakes. improve earthquake-resistant design. and implement 
seismic hazard mitigation procedures to minimize loss of lives and property. The emphasis is on 
structures in the eastern and centrall Jnited States and lifelines throughout the country that arc fl.lUnd 
in zones oflow. moderate. and high seismicity. 

NCEER's n:search and implementation plan in years six through ten (1991-1996) comprises tour 
interlocked elements. as shown in the figure below. Element I. Basic Research. is carried out to 
support projects in the Applied Research area. Element II. Applied Research. is the major fi)cus of 
work tor years six through ten. Ekment III. Demonstration Projects. han: been planned to ~Ujlport 
Applied Research projects. and will he either case studies or regional studies. Element IV. 
Implementation. will result from activity in the !{IUr Applied Research projects. and from Demonstra
tion Projects. 

ELEMENT I 
BASIC RESEARCH 

o Seismic hazard and 
ground motion 

o Soils and geotechnical 
engineering 

o Structures and systems 

o Risk and retiability 

o Protective and intelligent 
systems 

o Societal and economic 
studies 

ELEMENT II 
APPLIED RESEARCH 

• The Building Project 

o The Nonstructural 
Components Project 

o The Lifelines Project 

The Highway Project 

ELEMENT III 
DEMONSTRATION PROJECTS 

Case Studies 
• Active and hybrid control 
• Hospital and data processing 

facilities 
Short and medium span bridges 

o Water supply systems in 
Memphis and San Francisco 

Regional Studies 
o New York City 
o Mississippi Valley 
o San Francisco Bay Area 
o City of Memphis. Tennessee 

and Shelby County 

ELEMENT IV 
IMPLEMENTATION 

o ConferenceslWorkshops 
o EducationlTraining courses 
o Publications 
o Public Awarenes. 

Research in the Buildin2 Project tl.!Cuseson the c\'al uation and retrofitofhui Idings in rcgionsofmodcmte 
seismIcity. Empha'>is ison lightly reintilrced concrete hui Idings. steel semi-rigid tral11cs. and masonry walls 
or inti lis. The research in\'Olvcs small- and medium-scale shake tablctcsts and full-scale component tests 
at scveral institutions. Ina parallel cftill1. analytical modcls and computer prng ram s arc hcingde\'elllpcd to 
aid in the prediction ofthe rcsponscofthesc buildings to \'arious typcsofgrnund motion. 

III 



Twoofthe short-tenn produ\:tsofthe Buildin2 Projed will Ilea Illonographon the e\ aluallunllflightly 
reinfurced concrete bui Idingsand a state-of-the-art rerml llll unn:inli.lrced masllllry 

The lItructures and systems pro2ram \:llllstituteslIm: ohhe important areas of research in the Buildinl!: 
Projed. Current ta."ks indudethe 1(1110\\ ing: 

1. '-'ontinued testing lIf1ightly reinlllfl.:cuconcr..:teextemal joints . 
., '-'ontinucd dcwillpmcnt ofanalyticaltlKlls. !'-u\:has sysh:m iuenti lie at ion, iueal il.ation. and computt..,. 

progranls. 
~. Perillml par.tmetric studies llfbui Idi ng resptlIN!. 

4. Retrofit onightly reinlllrced wn\:rete franles.l1at plates ;.tnu unrcint(lrCed masonry. 
5. Enhancement ofthe I DARt' (inebsticdamageanalysislIfreintlm:ed concrete } computer program. 
6. Rt..'SCarch infilled tramcs. including thl'devclopment ofan experimental prugram. de\"c!opmcntof 

analytical modclsandresponsc simulation. 
7. Inwstigatethetorsillnal responscllfsymmetrieal buildings. 

Tlli.\ n:porl pn:.\t:nl.~ Ihe co/llimlt,d il/\'l'Sli~(lIirm (/t compllla .w/hWrL' dl.'l"elopmenl li)r n'.~p()nse 
analysis of r('in/orced ("(mcre/I! structllrL'.\". II1d/i"in~ tirl/amic lllla(\".\i.\ The pr('\'jous l"er.\;(1fl ot" 
I [)A R( . htlS han rt'I'iscci and ('nllL/llced /11 iI/dude addillOnal tl'lllllrl'.\\ll<"h (l.\ modeling and analysis 
of dump as a.\ pet.Hi"" ,'(iIIlrol d('I'In'\' (/1/£1 .\Iali(' !J/I.\hm·t'/" 0110(\"\;\ which can he u\('d for de.\ign 
pllrposes I [)A R( ':! lJ can nL' potent ioll\" I/.\.:ful ill rnl'o//\l' lIlIli damage n'li/lltlt ;011 III hllildin~ 
slnKtllr(!.\" unJa/ullln' -,"l'i.\lI/h· ~,,(/ul/d ".Hilati(///. 

1\ 



ABSTRACT 

lhis n:port summariJ'es the modeling of indasti~ strudures and enhan~ements \(1 

the pro~ram series IDARe de\dopcd for analysi~, design ami slJppon lIf experimental 
studies. This report presents a synthesis of all the material prescntcd In prc\ious rcports 
NClTR-87-()(}()X, NClTR-92-00:!2 (and in other related reports). Thb repl.lrt presents 
also the new developments regarding modeling of inelastil.: clements and strudures \\ ith 
supplemental damping de\'i~es, intill pands, et~'. 

I he analytical modds des~rihcd h~rein include. frame stru~tures \\ ith rigid or 
semi-rigid ~llnnectillns made of ~ams. columns. shear walls, ~onne~ting heams. edge 
dements. intill mJSl.mry panels. inelastic dis~rete springs (~·ollllcd,)rs~. and damping 
hraces (\iscoelastic. fluid \is~()us. friction. hystereti~), Thc tl)rmulations arc hased on 
macromodcls in whil.:h most stru~tural mcmhers arc n.:prescilted hy ,I singlc
comprehensin: e1emcnt \\ tth nonlinear ~hara~teristi~s. 

lhe nunlinear characteristics of the hasic maaomodds arc hased on a flexihility 
lixmulation and a distrihuted plasti~ity \\ ith y idd pcnetration. I)ropcrties of l11emhcrs an.: 
~akulated hy ti~r models or hy ti.IITI1ulations hased on mcchanics. '1 hc solutions arc 
ohtained using step-hy-step integration of the equations of motion using Ne\\mark heta 
method. One-step correction and iterati\e computations arc pcrt(lrmed to satist~ 

equilihrium. rhe nonlinear dampers an: treated as time de(wndent \lax\\ell models. 
Kelvin models or hysteretic models. rhcir "olution is ohtaincd h:- simultaneollsl~ sohing 
their individual cquations using a "cmi-implicit Rungc-Kulla solution. 

rhis report prcscnts sc\eral types of anal~ ses \\ hich ~'all hc perli.1rmed h~ thl.' 
i:l1ll1puta program. i.e .. monllwnic inelasti~ stati~ analysis (push-mer), time-history 
analysis with multi-componl:nls of ground motion and gravit~ loads. and quasi-stalic 
analyses of the type reljuired hy lahoratory ~xp~rilllcnts. Ih~ analyses indudl.' e\aluation 
(11' indastic response through damag~' analysis of Illl:mhcrs and of the glnoal struclure. 
Several damag~ indi~es I\mnulalillns arc presented (I'ark ct al.. R~inhorn & Vall~s, 

Cakmak ct al.) hased on energ~. slilrnc~s and dlll:lilit) induding nlOllilm~d damage 
progression. 

I'h~ current report emphasiJ'es also the lat~sl impro\'cmcnts to thiS analyli~al 

platlilrm which indude: (i) impro\'Cd plasticity and yield pl.'netratioll model: (ii) new 
masnnry intill panels: (iii) Ile\\ hra~es with damping: (i\) ne\\ hysteretic model and 
solution: (\) new glohal damping Ii.mnulation: (\i) ne\\ "push-owr" analys~s induding 
adaptahle technique: (vii) new damage indicators. (\'iii) impro\'Cd intiml1alioll on damage 
progrcssilln through snapshots: (ix ~ ill1pr,)\ed I.'fti~icl1~~ thruugh r~progral11lllil1g of 
stiffness formulations: (X) new case sludi~s pres~nll.'d as ~xal11plcs of lise (If inclastk 
analyses. 



The computer program has a users manual ",hich is presented in Appendix A and 
is distributed to members of the IDARC Users Group Additional intixmation is posted ill 
a'l Internet sIte (see Introduction) 
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A(,KN()WI.F.DGM[NTS 

Financial support was provided fur the de\'L~lopmcnt of IDARC indirectly through 
projects regarding modeling and evaluation of structural systems hy the National ('cnter 
tllr Earthquake Engineering Research I)roject #<)4-.1101 A. Q4-JIOJA and tJ4-5105A. 
NCEER is supported hy the National Science Foundation. and hy the Statc of New York. 
The support is gratefully acknll\\ledged. Some enhancements to the current release "cre 
also sponsored and/or dewloped with cooperation from: 

National Institute of Standards and Technology (NISn. (iaithershurg. MD -
Dr. J. (/mss 
Dames and Moore_ Inc.. I.os Angeles. CA. - Dr. M. Mehrain 
John A. Martin and Asslll.:iates (JAMA I. I.os Angeles. L\. Dr. F Naeim 
Sumitomll ('onstrul.:tion. Co .. Tokyo. Japan. - Dr. Myiazaki 
Taylor Devices. InL N. Tonawanda. NY - Mr. D. Taylor 
Tekton. Inc .. Tempe. Ari/ona. - 1\1r. P. :\tt;J\\a~ 

Their cooperation is greatly appreciated. 

Ihe authors wish to thank the members of IDARC Users (jroup for their 
comments. that initiated some revisions. The members lit' the llscrs (jrour arc further 
encouraged to provide teedhack Ii.lr the impfOwment of the pfllgram. 

\II 



T ABLF. OF CONTENTS 

SEC. TITLE PAGE 

2 
2.1 .., .., 

2.3 

3 
3.1 .. .., ,'.-
3.2.1 
3.2.2 
3.~.2.1 

3.2.2.2 
3.2.3 

INTRODll('TIO!\i .................................................................................................... I 

THEOR\ AND BA('I\GROI'!\iO ............................................................................... 5 
Nonlinear Structural Anal)sis Sotiwarc .............................................................. 5 
The IDARC Computer Program Series .............................................................. 5 
Program Enhancements ...................................................................................... 7 

DESC'RIPTION 010' PRO<;R.-\I\I Ft.:ATlRt:S , .......................................................... 15 

Introduction ....................................................................................................... 15 

Structural Element Models .............................................................................. 15 

Stifrness Formulation '{)r General Strul:tuml Elements .................................... 16 
Fiher Model ".Ir General Structural Elements ................................................... 23 
Moment-Cur\3ture Envelope Computation ..................................................... 25 
Ultimate Deformation Capacity Computation ................................................... 28 
Column Elements ............................................................................................... 30 

3.2.4 Beam Elements .................................................................................................. 32 
3.2.5 Shear Wall l::lements ......................................................................................... 35 
3.2.6 Edge Column Elements .................................................................................... 36 
3.2.7 Transverse Beam Elements ............................................................................... 38 
3.2.K Rotationallnclastic Spring Flements ................................................................ 39 
3.2.9 Visco-Elastic Damper Hements ........................................................................ 39 
3.2.10 Frktion Damper Elements ................................................................................. 43 
3.2.11 Hysteretic Damper Elements ............................................................................ 47 
3.2 .12 1 ntill Panel Elements ....................................................................................... SO 
3.2.12.1 ~1asonf) Intill Panels ......................................................................................... ~O 
3.2.1J 
:U 
3.:U 
3.3.2 
3.3.3 
:U.4 
·u.s 
:U.6 
3.4 
3.4.1 
3.4.2 
3.4.3 
3.4.4 
3.5 
3.5.1 

Moment Releases .............................................................................................. 55 
Ilysteretic Rules ................................................................................................. 58 
Three Parameter Park Model ........................................................................... 58 
hi-Linear Steel Model ...................................................................................... 61 
Bilinear lIysterctic Model ............................................................................... (ll 
Kelvin Model ..................................................................................................... 61 
Maxwcll1\1odcl ................................................................................................. 67 
Smooth Hysteretic Model .................................................................................. 70 
Analysis Modules ............................................................................................. 79 
Nonlinear Static Analysis ................................................................................. 8{) 
Nonlinear Pushover Analysis .......................................................................... 81 
Nonlinear Dynamic Anal~ sis ............................................................................. 84 
Nonlinear Quasi-static Analysis ...................................................................... 89 
Additional Program I-catures ............................................................................. 89 
I'-Delta Etrcct~ ................................................................................................... 89 

" 



TABLE 01" CONTENTS (~ont.) 

SEC. TITLE 

3.5.2 Spread Plasticity Model ..................................................................................... 90 
].5.3 Yield Penetration Model .................................................................................. 95 
3.5.4 Ei!,!en\'aluc Analysis .......................................................................................... 98 
3.5.5 Structurallksponsc Snapshots .......................................................................... 98 
3.5.0 Structuml Collapse State ................................................................................ 100 
].5.7 Flcment Strcss Ratios ...................................................................................... IO::! 
3.6 Damage Analysis ............................................................................................. 10::! 
.1.6.1 Park & Ang Damage Model ............................................................................ 103 
3.6.2 Fatigue Bascd Damage Modd ........................................................................ 105 
3.0.3 (j lollal Damage 1\1 odel ..................................................................................... I 06 

.. PRO(;RA\' Vt:RIUCHIO'S .\") IX·\\,pus: C\SI: Snun: .......................... 107 
4.1 ('lImponent Testing: Full S~ale Brillgc I)ier I !nller Ren:rsed 

(\clic I.oalling ................................................................................................ 107 
4.2 Sullassemiliage Testing: 1:2 Scale Three-Story Frame .................................... 112 
4.3 Sci sOlie Simulation: len-Story ~1odcl Structure ............................................. 119 
4,4 Seismic Response: 1:3 Scale Model Lightly Reinlilrced ('oncrete 

Structure .......................................................................................................... 127 
4.5 Damage Analysis: Cypress Viaduct Collapse During the 191(9 

Loma Prieta Earth'luake ................................................................................. I 32 
4.6 Pushm'Cr Analysis: Building in the Vicinity or th.: Ncw Madrid 

lone ................................................................................................................. 138 
4.7 Response SnapSh(ltS: I-ight-Stllr: huilding in I(ls :\ngdcs ............................. 145 
4.K St.:c1 Structure: I':valuatillll of Seismic I)ertilmlanl'c Ilf:.l II Story 

Sl!:el Moment haOle Building during the Nllrthridge I·arthquakc.. ................. 15 .. 
4.9 IJassi\e Lnergy Dissipation I>l'\in's: 1:3 SClie Modd Retrolitted 

l'sing I>iflcrent lypes (If I>ampcrs: ............................................................... 163 
4.9.1 Viscous Dampers .......................................................................................... 163 
4.9.2 Friction Dampers ............................................................................................. 164 
4.9.3 Ilysteretil.: Dampl.'rs ......................................................................................... 164 
4. J() Masonr: Intill I)anels: I':xpl'rimental I est of a !\lasonr~ Inlilled 

,,"ranle ............................................................................................................... 174 
4.11 Rl.'marks and Conclusions ............................................................................. II(() 

~ CO'('USIO'S.\") KU·O\l\II:'U·\ no,!'. .................................................... I I( I 
5-1 ('onclusions .................................................................................................... 181 
5-2 I·urthl.'r Development Recmnlllendations ...................................................... 11(3 



T ABU~ nt· CONTENTS (cont.) 

SEC. TITLE 

6 RE"':R .. :~n:s ................................................................................................ 11(5 

App":~Dln:s 

A llSds Guide ................................................................................................. A-I 
B Sample Input Data hies ............................................................................. H-I 
(' Default Sl!tting in File ID()LF~.F()R .......................................................... C-I 
\) Fonnulatlon fi.lr t\tason~ Inlill Frames ......................................................... 1>-1 

xi 



LIST (W ILLl!STRATIONS 

FI(;. TITLE 

3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
:UC 
39 
3.10 
3.11 
:U2 
3.13 
3.14 
3.15 

3.10 

3.17 

3.1 " 
3.19 

l.20 
'L!I 
3.22 
),23 
3.24 
3.25 

3.~h 

3.27 
3.2" 
3.29 

3.30 
3 .. 11 
3.32 
3.33 
3.:'\4 
3.35 

Structural Model ................................................................................................. 17 
Typical Column Element With Degrees Of Freedom ........................................ I" 
Typical Beam Element With Degrees of Freedom ............................................ II) 
Typical Shear Wall Element With Degrees of Freedom .................................... 19 
Typical Structural Element With Rigid Zones ................................................... ~~ 
Section Detail ti.lr Fiber Model Analysis ............................................................ 24 
Fihcr Mudc\ Analysis Ii.lr a Shear Wall ........................................................... 24 
Stress-Strain Curve ti.)r I incnntined Concrete .................................................... 21) 
Ddi.)rmation Pammcters ..................................................................................... 29 
Edge Column Elements ...................................................................................... 37 
Transverse Beam Elements ................................................................................ 37 
Modeling of Discrete Inelastic Springs .............................................................. 4/) 
V ISlodastie Damper and Installation Detail (hom Aiken. 11)9()) ..................... 42 
Viscous Walls and Hysteresis I.oops (hom Miyazaki. 19(2) ........................... 44 
Sumitomo Friction Damper and Installation Detail (From 
Aiken.19l}O) ........................................................................................................ 46 
Masonry Intill Panel: a) Frame Suoassemolage. 0) Compression 
Struts ................................................................................................................... 51 
Constitutive Model for Masonry ........................................................................ 52 
Strength Envelope fl)r Mas(mry Intill Panel ...................................................... 52 
Bouc· Wen Model for Smooth Hysteretic Response of Intill 
Panels .................................................................................................................. 53 
Modeling of Moment Releases in Structural Uements ...................................... 56 
Control Parameters ti.)r the Three Pammcter Hysteretic Model ......................... 59 
Intluence of Degrading I)aramcters on the Hysteretic Behavior ......................... 60 
hi·Linear Steel Model ...................................................................................... 62 
Bilinear Ilysten:tic Modcl .................................................................................. 63 
Kelvin Model: a) Damper Beh,I\'ior: h~ Linear Stiffness 
Component: C) Linear Damping Component .................................................... 64 
Maxwell Modc\ for Damping De\'ices ............................................................... 64 
Stiffness and Damping Versus Frequency in Maxwell Model ........................... 68 
Smooth Ilysteretic Model ................................................................................... 72 
SlipYicld I'enetration I.engths for Fully Inelastic Members Lock 
Element: a) Inlluence on Hysteretic Response: h) Slip-Lock 
Function .............................................................................................................. 75 
Intluence of Varying the Slip-l.ock Parameters ................................................ 78 
llnhalanced Force (·orrcction ............................................................................. K7 
Computation or Shear Due to P-Delta Fftccts .................................................... "7 
Curvature Distritmtinn Along an F1cmenl.. ....................................................... 9) 

Spread Plasticity Model ..................................................................................... 92 
Yield Penetration l.engths I;')r Fully Inelastic Memhers ...................................... 92 



LIST OF ILLUSTRATIONS (cont.) 

FIG. TITLE PA(a: 

3.36 SamplcotTllllapsed State Rl!sponsc ........................................................... 101 
4.1 Conlig.uration and Loading of Full-Scale Bridge l)ier ....................................... IOK 
~.~ Comparison ofOnscr\'ed \s. Computed Rl'sponsl' .......................................... 109 
4.3 Progressive Damage History During Cydic Testing ........................................ III 
4,4 Details of !lalf-Scale !'.1odcl Frame ....... "",,,,, "",,,,,,,,,,,,,, ""'" """,,,,,,,,,,,,,,,,, 11 ~ 
4.5 Comparison of Ohsaved \'s. Simulated Fon:e-Dcformati(m 

Response .... " ................................... """"""" .................................................... I J 4 
~.6 Correlation of Dissipated energy and Glohal Damage ................................ 116 
4.7 Study of Co \lapse Mcchanism .......................................................................... 117 
4.8 Progrl!ssi\'e Story Levd Damage ..................................................................... 11 R 
4.9 Conliguration and ReinICm:cment Details lil[ Mudd Structure ........................ 120 
4.10 Achie\ed Tanle Motions ti.lr Seismic Testing ................................................... 121 
4.11 Computed \S. Ohserved Peak Acceleration Response ..................................... 1 23 
4.\2 Computed \'s. Ohserved I)eak Displacement Response ..................................... 12:; 
4. \3 Comparison with Othl:r Programs (l.ow Intensity) .......................................... 124 
4.14 Comparison with Other Programs (Moderate Intensity: Indastic I ................... 125 
.... \5 ('nmparison with Other Programs Ulighly Inelastic) ...................................... 126 
.... 16 Details of Gravity-l.oad-Designed Frame Building .......................................... J 28 
4.17 Comparison with Other Programs - I.ow Intensity (O.OSg) ............................... 130 
.. U K Comparison with Other Programs - Moderate Intensity (O.22g) ....................... 13! 
~. 19 Structural Configuration and RcintilrcI,.'ment Details of T)o pe B 1 

Bent .......................................................................................................... , ......... 1:;3 
4.20 lDARC Modcll!sed in Damag~ Analysis ......................................................... 134 
.... 21 Displacement Rcsponse of Type Ii 1 Bent ....................................................... ! 35 
4.2~ Damage Ilistory of Pedestal Region ................................................................. J 36 
4.23 Plan Vic\\ of Structure ... ......... ......... .. ............................................................ J:;9 
".24 NS Frame ElI.:\'ations ......................................................................................... 140 
4.25 1:\\ IrameUcvalions ........................................................................................ 1 .. 1 
4.26 Overall Pushover ('aracit) Curves for Different I.ateral I.oad 

Distributions (NS Direction) ............................................................................. I~:; 
4.27 Story Pushover Capacity Cur"cs for Diflcrent Lateral I.oad 

Distrihutions (NS Direction) ........................................................................... 144 
4.28 Typical Floor Plan of Structurc ...................................................................... 146 
~.29 Perspective View ofl.atl:ral Load Rl.'sisting Uements .................................... 1 ~7 
4.~O Response Spectra \ :sed for haluation .............................................................. 149 
.... ~ I Pushovcr Capacity ('un'c with Signilicant Responsl.' Stages 

(I.ongitudinal Direction) .................................................................................... 150 
~.:;2 I.ateral Story Dri ft Ratios for Various Earth4uakl.' Intcnsitil:s 

(I.ongitudinal Direction) .................................................................................... I ~ I 
... y~ Frame Elevation at Grid I.im: "1\1" .................................................................. 1 ~5 
~.34 Typical Moml:nl Connl:ction at Column Flange .............................................. 156 



·us 
~.36 

~.37 

4.41 

4.47 
4.48 
·t·N 
5.50 

A.I 
:\.2 
,\.3 
A.4 
:\.5 

A.6 
:\.7 
A,X 
A.9 
A.IO 
A.II 
:\.12 
:\.13 
:\.14 
A.15 

UST 0" IU.llSTRA'I'IONS (coni .• 

TITl.E 

Material Modd l lsed li)r the Study .................................................................. 151< 
Nonlinear Story Shear Versus Story Drili (NS direction) .............................. 160 
Comparison of Ooser\'ed Damage and ('omputed Damage Indices 
((irid Line .. 1\1'.) ................................................................................................. 161 
I.ocation of Dampers and Measuring Dc\ices ................................................... 165 
Comparison of I:xperimental and Analytical Displaccments \\ ith 
Viscous Dampers (IJ (\.'ntm (Ug) ................................................................... 166 
l'nmparison of Fxpcrimental ,JIld Analytical :\ccc\eratiolls \\ ith 
Viscous Dampers (F1 ('cntro (Ug) .................................................................. \67 
Pushover Response nf Slructun.' \\ ilh Viscous Dampers for 
Simplilied Evaluation ....................................................................................... IMC 
Comparison nf \-:xperimental and .\nalytical Displac~.'l1lents \\ ith 
Friction Dampers (L1 Centrol (Ug)..... ............. ...... ........ ....... .. ..................... (()9 

Comparisun llf I·.xperimental and Anal) tical DisplaccllIcnb \\ ith 
Friction Dampers (1-:1 Centro I (Ug) ............................................................. 170 
I'usho\,er Response of Structure \\ ith I-riclion Dampers lilr 
Simpli tied h alum ion .............................................................. ........... I 71 
:\nalytical Displaccment Responsc "ith II) sterctic Dampl'rs (/-:t 

Centro (Ug)... ........... .......... ........ ....................... ... . .. ....................... 172 
Analytical :\ccekration Response \\ ilh Hysteretic Dampcrs (L1 
Centro (Ug).............................. ............................................................. 173 
\-Jason') Intillcd Frame lest Spccimen.. ........... ........... ............... . ............ 175 
Bounda,) Cllnditions ofintilkJ I'rame Suhassemhlagl' .................................. 17(1 
Idealized Structural !\1ndcl I'm . \nal~ sis.. ................ ................ .. ........ 177 
('omparison of Lxperimental and :\nal~ tical I'orce-I klilfll1ation 
Response (Specimen I) ................. ..... . ............................................... 171< 
I-rame Discrelizatinn and Nodal Identitkatilln ............................................... :\-2 
l'ln{)f I kights and Nodal Weights.... ............................................ .............. A-6 
Stress Cunc tilr l :ncontined ('oncrete ......................... ............................... A-X 
Stress Curve tilr Reinli1rcing Bars .................................................................. A-I () 
Qualitative View (If Ftkcts of Degrading Paraml'ters 01' 

Hysteretic Behavior ...... ............ . ................................................... " ........... :\-1 :l 
Rel.:tangular Columns Input Dctails.......... .......... ................ .. .. :\-16 
Circular Column Input Details .................. .............. ......................... :\-17 
~otation lin l 'ser Input Trilinear I·mc\opl..'s ......... .. .................... A-19 
Input Details for Bcam-Slah Sections....... . ...................................... :\-21 
T)picallnput Details lill' Shear Wall Sl'diollS .............................................. :\-24 
Shl..'ar Wall and hlge Column DL'tails ....... .......................... :\-27 
lransn:rse Beam Input .................................................................................. :\-29 
Element ('onnl..'cti\'ity tilr SamplL' StruclLHl' ....... . . ........................ A-.\(l 
Specification of Discrete Inc\asti~ Springs ....................................... ,\-40 
Spccilication of Moment RL'leases .... . ................................................. :\-41 



---

LIST <U' T ABLt:S 

TABLE TITLE PAGE 

:;.1 Interpretation of( herall Damage Index (Park el al.. 191(6) ............................. ) O:'i 
".1 Element Stress Ratios for lypical Beams .................................. , .................... ) 5~ 
".:! Structural Response. longitudinal direction. t(lr Various 

Earthquake Intensities ................................................................................... 15~ 
A.I Typical Range of Values tllr II~ stcril: Parameters .................. , ..... . .. A-) ~ 
C. J Default Maximum Settings in File JI)()EFN.PO('. .... , .......... , ........................ C-I 



S[CTION I 

INTRODlJCTION 

Significant research has been carried uut in an effort to understand the behavior of 

building structures subjected to earthquake motions Due to the illherent complexities that 

buildings have, often, research has focused on understanding element behavior through 

component testing The conclusions and models derived from these studies must later be 

integrated so that the response of the whole structure may be captured The well known 

computer program DRAIN-2D (Kaanan and Powell. 1(73) was introduced in 1973 with 

the state of the art knowledge at that time in an attempt to capture the structural response 

The program has recently been updated and the new version is called DRAI~-2DX 

(Allahabadi and Powell. 1988) 

A number of programs for the nonlinear dynamic analysis of building structures 

have been introduced since then Among them. SARCT (Chung et al. 1988, Gomez et 

ai, 1(90), IDARC (Park et al. 1987. Kunnath et ai, 1(92) and A~SR (Oughourlian and 

Powell. 1(82) became widely used by the research community The computer program 

IDARe has been conceived, since its tirst release, as a platform for nonlinear structural 

analysis in which various aspects of concrete behavior could be modeled. tested and 

improved upon Throughout the various releases of IDARe program developments and 

enhancements have been based primarily on the need to IlOk experimental research and 

analytical developments 

Structural design engineers have been aware of the inherent limitations that widely 

used elastic analysis have when trying to calculate the response of a building designed to 

respond inelastically However. due to the computational effort required to perform a 

nonlinear analysis. the fact that building codes arc mostly concerned with elastic analysis, 



the necd for a more precise characterization of thc input motion, etc, have I(m;cd 

structural engineers to continue using ela~tic analYSIS programs 

The introduction of ncw protectivc svstcms, such as base isolators and damper 

e1emcnts. require the use of nonlinear dynamic analvsis programs ttlr their design To 

bridge this gap, commercial sottv.arc fiJr clastic analysis such as FrABS Olabibullah 

19(5) and SAP (W;lson, 199~), have incorporated nonlinear clements to model the 

beh<'.IIOf of such df:vices. allowing design engineers already familiar with those programs 

to easily incorporate the protective dC\'iccs in the response of the structure Howcver, the 

structure itself is still modeled in the elastic range, therefiJre, not able to capturc the 

inelastic response of structurcs ThiS drav.back Olav not be signiticant I'm ncw buildings, 

hov.c"cr, retrofitted structures ma" considerabl" deviate from an clastic response 

The new release of IDARC incorporates thc results from recent experimental 

testing on reinforccd concretc components and structures, as well as structural stecl 

c1cments. that have Icd to enhancements in modeling using macromodels with ne\\ 

distributed plasticity models, new hysteretic models, and moditications to thc combined 

model for shear-flexure capac it\' of members \DARC is now enhanced to capture, with 

greater accuracy, the response of rcinforced concrete and structural steel clements 

Furthermore, in parallel with an experimental program to study the responsc of 

buildings with damper clements tt)r seismic protection, new mathematical models tor such 

clements were II1corporated and vcritied 111 the program IDARC IS now capable (11' 

accuratclv predicting. the response of inelastic multistorv buildings v.ith viscoelastic, 

friction and hvstclctic damper clements 

\1ore over, combincd with an experimental program, and a loss asscssment 

program in a metropolitan area in the vicinitv of the -"';ew \1adrid ?one. a model for intill 

panel elements was incorporated and tested Thi-; model ma\' he used to stud\' the 

response of masonf\' buildings, common I\' used as Im\ to medium flse structures III 
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metropolitan areas IDARC is no\\, capablc of modeling buildings with masonry walls. 01 

other type of in till panels 

In addition, the new method for seismic evaluation proposed in the ATC-B ( 199") 

using the results from lateral pushovcr analysis, was already incorporated in previous 

\'crsions of the program 1I0wewr. in conjunction with an analytical program to estimate 

the inelastic response of structurcs. an extcnded and more realistic set Df options to carry 

out the pushover analvsis have been incorporated Furthermore. the need to better 

characterize the structural perl()rmance of a huilding during a seismic e\cnl led to an 

analytil:al invcstigation III dcvelop a damagc model Ii OIn basil: phvsll:al WIlSldcrations 

The ne\\, modcL referred to as fatiguc based damage model. developed b~' Reinhorn and 

\' alles ( (996) was also incorporated in the program. along with a global damage model. 

and the model by Park and Ang ( J (84) that \\as intmduced in the tiTS! release of [DARC. 

and is now a benchmark damage quantitication Index lI)ARe nm\ oilers a broader range 

of pushover and damage indices derived Irom strong physical considerations 

Finally. most of the program routines. internal \ariables and program structure 

have been .. hecked and optimized to improve the performance. and considerably reduce 

exccution timc In addition, the users manual \\ as rc\ised and reslrudured to lacilitatc the 

input data preparation I DARC is nm\ more ctlkient and user tfiendl\' 

This report s,lmmari.les the progl am l11odellll!! techniques used. and prm"ides 

rderences for each of the broad topics considcred "ppendix A has the user's manual for 

the program AppendiX B includes thl! sample j'lPUt tilcs descrihed in St'ction ... 



SECTION 2 

THEORY AND BACKGROliND 

2.1 Nonlin~ar Strudural AnalY5i5 Software 

Building structures are often designed uSing results from an elastic anaIY!lis. 

although inelastic behavior may well be observed during the design earthquake To 

estimate the actual response of the structure when some of the elements behave in the 

inelastic range. nonlinear structural analysis programs have Leen introduced The well 

known computer program DRAIN-2D (Kaanan and Powell. 1(73) was introduced in the 

early 1970's The program included the state of the art knowledge at the time Since 

then. the program was not considerably modified in its structure. until DRAIN-2DX 

(Allahabadi and Powell. 19(5) was introduced !\:evertheless. the new program has some 

limitations regarding plasticity and t1\!xibility rules 

Since then. a number of programs for nonlinear anal~'sis of structures have been 

introduced Among them SARCF (Chung et al. 1988, G6mez t't al. 1<)90), !DARC (Park 

et al. 1987. Kunnath et al. 19(2) and A!\SR (Oughourlian and Powell. 1(82) became 

Widely used by the research community 

2.2 Th~ IDARC Comput~r Pro~ram SUi~5 

The computer program IDARC was conceived as a platform for nonlinear 

structural analysis in which various aspects of concrete behavior can be modeled. tested 

and improved upon Program rievclopment and enhancements have been primarily to link 

experimental research and analvtical de\elopments 
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The computer program IDARC was introduced in 1 C)~7 as a two-dimensional 

analysis program to study the nonlinear response of multistory reinforced concrete 

buildings The original program released included the folluwing structural clement types 

a) Column Elements 

b) Beam Elements 

c) Shear Wall Elements 

d) Edge Column Elements 

c) Transverse Beam Elements 

Column elements were modeled considering macromodels with inelastic flexural 

deformations, and elastic shear and axial deformations Beam elements were modeled 

using a n"nlinear tlexural stiffness model with linear elastic shear deformations considered 

Shear walls include inelastic shear and bending deformations, with an uncoupled elastic 

axial component Edge column elements were introduced considering only inelastic axial 

deformations Transverse beam elements, that have an effect on the rotational 

deformation of the shear walls or beams to which they arc connected. were modeled using 

elastic linear and rotational springs 

One of the significant features incorporated in the program, to implement inelastic 

behavior in the macromodels. is the distributed flexibility model that replaced the 

commonly used hinge model developed for steel frames The hinge model is not suitable 

for reinforced concrete elements since the inelastic deformation is distributed along the 

member rather than being concentrated at critical sections (Park et Lli. 1(87) To trace 

the hysteretic response of a section. a three parameter model was developed Through the 

combination of three basic parameters and a trilinear skeleton curve stiffness degradation. 

strength deterioration and plllching response can be modeled 

The original version of the program included the damage model developed by Park 

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

components of the structure, by each story level. and the entire building This damage 

(, 
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index included the ratio of the maximum to ultimate deformations. as well as the ratio of 

the maximum hysteretic energy dissipated to the maximum monotonic energy. therefore 

capturing both components of damage 

The original release of the program consisted of three parts (Park et al , 1987) 

a) System identification static analysis to determine component properties and 

the ultimate failure mode of the building 

b) Dynamic response analysis step by step inelastic dynamic analysis 

c) Substructure analysis and damage analysis analysis of selected substructures, 

and comprehensive damage evaluation 

Later versions of the program included 

a) The addition of a fiber model routine to automatically calculate the envelope 

curve of columns. beams and shear wall elements 

b) A quasi-static, or pseudo-dynamic, analysis module for comparisons with 

experimental tests 

c) Addition of P-Delta etfects in the program 

2.3 Program Enhancements 

The new release of the program, \ersi(lO 4 O. contains a number of enhancements. 

including 

a) Viscoelastic. friction. and hysteretic damper macro elements 

b) Macro model for infill panel elements 

c) Spread plasticity and yield penetration 

d) New Hysteresis modules 

e) New damage indicators 

f) New pushover options 

g) Response snapshots during analysis 

h) Proportional damping options 

7 



i) Reprogrammed l'Or improved etliciency 

j) New case studies l'Or program validation 

k) User group and internet site 

The major highlights of each impruvement arc briefly described below 

a) Visc~lastic. Friction and Hystt'rttic Damper Macro [Iements 

The three main types of supplemental damper clements were included In the 

program Damper elements oppose the relative displacement of two floors in the 

structure Viscoelastic damper elements are modeled using either a Kelvin or a Maxwell 

model, depending on the characteristics of the dampers Friction and hysteretic dampers 

are induded using the Houc-Wen smooth hysteretic model All models are capable of 

capturing the response of the dampers during a dynamic. quasi-!>tatic and pushover 

analysis 

An equivalent dynamic stitlhess is used for the viscoelastic elements during quasi

static and pushover analysis. while the Bouc-Wen model ",'as reti.)rmulated in terms of 

deformation increments to remove the tlmc dependenc" in the origmal ti.)fmulation 

Furthermore. the instantaneous apparent dynamic stitlness of the damper elements is 

included in the global building stiffness matrix before the eigenvaluc analysis takes place 

Theret()fc, the eigenvalue analvsis automatically incorporates the actual instantaneous 

contribution from the damper elements. which is often only accounted l'Or using a user 

specified equivalent constant stiffness for these clements in other nonlinear analysis 

programs 

This new element types in the program allows the user to study the response of 

nonlinear structures with a wide variet\' of !'upplemcntal damping devices Commercially 

available programs such :is ETABS Version 6 (1Iabihullah, 11)9,,) are capable of capturing 

the response of somc supplemental damping deVices. but are incapable of capturing the 

nonlinear response of the building This shortcoming may be unimportant for the design 

of new structures that can be proportioned to remain clastic during the design earthquake 
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However, when existing buildings are retrofitted using supplemental damping devices, 

often the new design will still allow some level of inelastic response in the structural 

elements in order to make the retrofit economically viable Under such conditions, an 

analysis considering the inelastic response of in the structural elements must be perti.)rmed 

to estimate the actual response of the retrofitted structure 

b) l\bc::ro Model for Intill Panel Elements 

A new element was introduced in lDARC to capture the contribution of intill 

panels to the lateral load resistance of the structure The hysteretic response of the infill 

dement IS captured using a smooth hysteretic model based on the Bouc-Wen model The 

smooth hysteretic model includes stltlness decay. strength deterioration. and pinching 

response An important improvement of the implemented model is that strength 

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

The infill panel element was implemented s{) that the modeling parameters could be 

easily changed to capture ditferent types of hysteretic loops Masonrv intill walls can be 

modeled using the infill panel element Provisions in the program were made so that if a 

masonry intill \\'all is used. the program will automaticallv calculate the hysteretic 

parameters based on geometric and material considerations Other tvpes of panel 

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

f) Spread Plastidty and 'field Penetration 

The spread plasticity model in the original release of the program was reformulated to 

enhance numerical precision and computation etliciency The spread plasticitv formulation 

includes the effect of shear distortions in the clements The revised t(1rmulation can nnw 

handle tlexural or shear failures with the possibility of numerical overflow elimmated This 

effort is part ofa larger project to model clement collapse (loss) during analvsis 

In addition to the retormulation of the spread plasticitv model. ~'icld penetration 

rules were introduced to allow for varying pla~tlc length zones The tormulation can 

'J 



capture the change in the plastified length under single or double curvature conditions 

The penetration length is updated at each step in the analysis as a function of the 

instantaneous moment diagram in the clement, but the penetration length is never allowed 

to become smaller than the previous maximum 

d) Ntw Hysteresis Modults 

The original IDARC program used the three parameter model to trace the 

hysteretic response of structural elements The piece-wise linear three parameter model 

that included stiffness degradation, strength deterioration and slip was introduced to 

model the response of reinforced concrete structural elements With a variation in the 

hysteretic parameters, and in the monotonic characteristic points, the user could simulate 

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

A new set of routines were introduced to account for different hysteretic loops 

steel and bilinear hysteresis The structure of the program was modified to facilitate the 

addition of new hysteretic routines that can be developed in the future, or by other 

researchers 

e) New Damaa=t Indieaton 

The original release of IDARC incorporated damage qualifications for the building, 

the building stories, and the structural clements based on the damage index proposed by 

Park ct al (1984) Since then, the Park and Ang damage model has become a benchmark 

damage qualitication model A new damage index has been developed (Reinhorn and 

Valles, 1<)96) based on basic principles and 10 .... cvcle tatigue considerations 

The new damage quantification index, fatigue based damage index. was 

incorporated in the new release of IDARC The original Park and Ang damage model can 

be derived after simplifications of the fatigue based damage model In addition, provisions 

in the program were made so that the user can request printing of the variation of the 

fundamental period of the structure as the analysis pmgresses 

III 



The new fatigue based damage index, the I)ark and Ang damage model, and the 

history of the variation of the fundamental trequency of the structure provides the user 

with a more accurate description of the building perfixmance tor damage quantification 

The extended damage index options provides three scope levels liJr quantilication 

building. story and element damage 

f) New Pushover Options 

Pushover analvsis IS used to determine the force-deformation response 

characteristics of a structure L'sing the results trom this analyses. the actual nonlinear 

dynamic response of the stmcture can be estimated (Valles et al. I <N6) Furthermore. a 

new set of dynamic evaluation procedures. a!. suggested in the ATC-B 5()O,o Draft ( 19(5). 

utilize the results obtained with pushover analyses 

A number of different options tor the pushlwer analysis were added to the 

program displacement control. user detined force control distribution. a generali.led 

power distribution. and a modal adaptive lateral forcc distribution Thesc options allow a 

more reahstic force distributIOn to be used In the pushO\'cr analysis The generalized 

power distribution is also suggested in the ATC-B ~ooo Draft (1995) to determine the 

load distribution as a tunction of the lundamental period of the structure The modal 

adaptive force distribution is able to capture the changes in the lateral load distribution as 

the building responds in the inelastic range 

g) Response Snapshots During Analysis 

One of the new features of the program is that the us'!r can request a series of 

response snapshots during the analysis The response ~napshots provide the user with 

displacement profile. element stress ratios. coi!apse states. damage index states. and 

1ynamic characteristics (eigcnvalues and eigen\'cctors) of thc building at an instant during 

the analysis 

II 



The instant where response snapshots arc taken can be specitied in terms of a 

desired threshold in overall shear or drill levels By detault. the program can report 

snapshots at the end of the analysis, and when a column. beam or shear wall cracb. yields 

or fails Response snapshots provide the user with the instantaneous building state, which 

is also required by the ATC-.H 50% Draft recommendations t()r seismic evaluation of 

existing buildings 

h) Proportional Dampin~ Options 

In the new version of IDARC the damping matrix can be specitied to be Rayleigh 

or stitlness proportionaL besides the mass proportional option available in the earliel 

versions of the program Proportionality coetlicients are calculated 1I1ternally by the 

program usin~ the tirst mode, or the tirs! two modes in the case of Ravleigh damping 

i) Repro~rammed for Impro\'ed t:mcienry 

\lost of the solution routines, including the eigenvalue routine, the shear 

calculation, the spread plasticity and yield penetration routines. and the matrix 

condensation routines wcre rcvised and reprogrammed to improve computational 

etliciency in the analysis With these moditications, the program can readily be executed 

in a personal computer 

.i) ~ew Case Studies for Pro1lram Validation 

\'crilication examples have been included to highlight the program capahilities and 

tcatures, as well as to validate. whene"er possible. nUJ11erical model;; ",ilh experimental 

results The case studies will also help new users (\1' the program to hecmne familiar with 

IDARC capabilities and input I()rmats 

12 
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k) User Group and Internel Silt' 

A user group for the program has been organized t{)r questions, suggestions or 

comments related to the program The E-mail address is 

reinhornt{bcng bulTalo edu 

A world-wide web site in thc internet has been created where news, updates, comment .. 

and current developments arc postcd The world-v, ide \\l'b address is 

http Iishalorn eng butlido edulldarc 

I ~ 
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SECTION 3 

m:SCRIPTION Of' PROGRAM f"EATllRES 

3.1 Introduction 

The program was developed assummg that floor diaphragms behave as rigid 

horizontal links, therefore, only one horizontal degree of treed om is reqUired per floor 

This approach greatly reduces the total computational elfort Theretore. the building is 

modeled as a series of plane frames linked by a rigid horizontal diaphragm Each frame is 

in the same vertical plane, and no torsional etlects are considered Since the floors are 

considered intinitely rigId, identical frames can be simply lumped together. and the 

stiffness contribution of each typical frame factored by the number of duplicate equal 

frames Input is only required for each of the typical frames 

The computer program IDARC integrates different structural element models in 

the global stiffness matrix of the system, or treats them as loads in a pseudo-force 

formulation Such an arrangement allows for new element modules to be easily added to 

the global structure of the program 

3.2 Structural Element Models 

Version 4 0 of IDARC includes the tollowing types of structural elements 

a) Column elements 

b) Beam clements 

c) Shear wall elements 

d) Edge column elements 

c) Transverse beam elements 

15 



t) Rotational spring elements 

g) Visco-elastic damper elements 

h) Friction damper elements 

i) Hysteretic damper elements 

j) Infill panel elements 

k) Moment releases 

Figure :; I schematicallv shows a building with some of the clement types available in 

IDARe Version 4 0 Each of the element types are discussed below 

3.2.1 Stiffness Formulation for General Structural Elements 

Most structural elements. i e columns. beams and shear walls. arc modeled using 

the same basic macro formulation Flexural. shear and axial deformations can be 

considered in the general structural macro element. although axial deformations arc 

neglected in the beam element Figures:; 2 to :; 4 show a typical column. beam and shear 

wall element with the corresponding degrees of freedom Flexural and shear components 

in the deformation are coupled in the spread plasticity formulation. as discussed In Section 

:; 5 2. and any of the following hysteretic models can be used tin both the flexural and 

shear springs 

a) Three parameter Park model 

b) Three-linear steel model 

c) BIlinear model 

d) Linear model 

Axial deformations are modeled ustng. a linear elastic spring clement uncoupled to the 

flexural and shear spring elements 

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

stifTness matrix. according to 

16 
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n I) 

Where J( and M; are the moments at the face of the structural element, 0:, and 0: are 

the rotations at the face of the element, and [1('] is the basic stitlne!.s matrix of the 

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

model described in Section 3 ~ 2 

[1('] 
:k k.,., .1,1 

! k, khh .. , 
Where 

I 2l.1~·~·{ ./!, ( I;', (;AJ . I '21·.1 1-.1 1.1 .. ) 
n,/. .' " (33a) 

12 1-.'1.1-.'1,".1, ( /" (i:l I.' . I '2 I) l.l U,) 
/),,1 .. ," (Jh) 

n c) 

with FI being the elastic rotational stitlness. Fl, and U, the tangent rot:ttional stitTncss 

at the ends of the element, (;A the shear stitlness, I. the length of the member. and the 

rest of the parameters arc described in Section 3 ~ '2 

Column and beam clements can include a rigid Icngth IOnc to simulate the increase 

in the stitlness of the element at the joint. or in the connections with shear walls The 

etlect of the rigid length zone is negligihle in typical shear wall clements The user can 

specity the length of the rigid length zones depending on the dimensions or the connecting 

clements hom geometry. the relationship between rotations and moments at the face of 

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

transformation 

',\( , 

.\1, [1,]:. AI,'. 
\ AI' 
, ' 

n .ta) 

(~ 4hl 
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Where 

(3 5) 

Where Au and AI> are the proportions of rigid zone in the e1emcnt. as shown in Fig -' 5 

Combining the equations, the basic equatIon relating moments and rotations at the clement 

nodes is 

~ At.. ~ 
lM"j 

(36) 

Where 

(3 7) 

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

element 

'.r " 
" I 

where X" and X, are the shear forccs at ends "a" and "h", rcspectivelv, and 

i 1/ /. 1/1. 

[R,] 
0 

1/ /. 1/ /. '! 

I 

0 

That can also be rewrittcn as 

where 

" r ' 
: • • 1 ; 

: \1 I 
) J .J l. 
~. X, : 

:M,] 

ill: 

lu" 
[I( ]< " 

i II, • 

10 • \ ' 

[K .. ] [R.IK,)R, r 
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(3 9) 
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-
is the element stiffness matrix relating displacements and forces at the clement joints, while 

[K,] is the stiffness matrix relating rotations and moments at the element flexible ends, 3!> 

given by Eq J 7 

Bending moments and axial forces are considered uncoupled in the formulation, 

hence. the force deformation relation for the resulting clastic axial stiflness is considered 

as follows 

L4 1 

r I 
n I~) 

Where ~:. and }~ are the axial forces in the element at ends "a" and "b", respectively, I',. 

and I'!- are the vertical displacements at ends "a" and "b" of the structural element, 

respectIvely. and foA I I. is the axial stiflness of the clement 

The element basic stiflness matrix [K'] is constantly varied throughout the 

analysis according to the formulation for the spread plasticity model presented in Section 

J 5 ~, and the hysteretic model selected Depending on the hysteretic model considered. 

some characteristic values lor the response of the element are required, namely moment

curvature or shear-shear distortion For reinforced concrete elements. the user may select 

to specil)- the sectilln dimensions and reinforcement. and use the tiber model to calculate 

the properties 

3.2.2 Fiber Model for {;eneral Structural f:lements 

The moment curvature envelope describes the changes in the force capacIty with 

deformation during a nonlinear analysis Therefore, the moment-curvature envelopes for 

columns. beams and shear walls form an essential part of the analvsis The program 

IDARe now provides an option fin users to input their own cross-section properties 

directly, and the moment-curvature is computed internally Fig 3 6 shows a typical 



M 

f I 

- • - -e- --- -1. 
Ac~. J~. rc. _. _. _: _. _. _. _. _. 

y 

M 

N~-

• • • 
Fig. 3.6 Section detail for fiber model analysis 

,...----Sheer Well 

* I x. 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~d 1 
I 

-I 
)(2 

e/2 

-
Xl = d/2 

I 
I 
I 
I 
I 
I -, 

d5~M 
dCo{ ~(-----=------~.~-------------J>VIEW A-A 

• TOP OF WALL 

Fig. 3.7 Fiber model analysis for a shear wall 

2-1 



---

rectangular section subjeC'ted to a combination of axial load and moment The procedure 

outlined belo~ is applicable to all types of cross-sections T -beams, shear walls, columns 

sections, etc Some simplitying assumptions are made in the analysis and summarized 

here. 

a) Plane sections remain plain after bending 

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

c) The etfect of bond-slip between reinforcement and concrete is ignored 

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

e) Stress strain propenies for concrete and steel are shown in Figs A:1 and A 4 

f) The axial force applied to the section is constant 

The procedure outlined belo~ works with only a tew iterations required to obtain 

convergence The program IDARC uses this procedure to set up moment-curvature 

envelopes for columns (rectangular or circular), beams (rectangular or T-sections) and 

shear walls (with or without edge columns) Shear walls may he irregular and include "U" 

or "L" shaped core walls 

3.2.2.1 Moment-Curvature t:nnlopt Computation 

The procedure used was outlined hv Kunnath et al (19<)2a), adapted from Mander 

(1984) The moment-curvature analysis is carried out on the cross-section by dividing the 

concrete area into a number of strips or fibers The section is subjected to increments of 

curvature and the strain distribution is obtained from compatihility and equilibrium 

considerations Steel areas and their respective locations arc identitied separately The 

strain at any section is given by (see Fig :1 6 and :1 7) 

(3 13) 

Where f:, is the centroidal strain, = is the distance trom the reterence axis, and q, is the 

curvature of the cross-section The resulting axial load and moment in the cross section 

can be computed from 



.\' f l.WA 

.\I f /·.:wA 

(3 14a) 

(1 14b) 

Where .\' is the axial force. .\/ the llexural moment. l. is the c1a~tic modulus of thc 

corresponding concrete or steclliber. t: is thc stram in the liber. and = is the distancc to 

thc tiber Irom the reference axis The axial load .\ should be cqual to the applied load 

X at all cases This dictates a cenain distribution of the axial strains t:( =) Sin~e the 

stress-strain relation is nonlinear and the axial strain increment til: cannot be computed 

directl\" Il>r a given value of the axial load and moment. it is neccssary to develop an 

iterativc procedure 'IX the moment-cun:ature ana Iv sis This is done through an iterati\C 

tiber analysis as lollows 

Substituting Eq 3 13 into Eq 3 14 and replacing. the integral hv a tinite summation 

over the discretized fibers. the following exprcssion is obtained for any incremcntal !>tep k 

of strain at neutral axis ,\t; and curvature .\$ 

Where 

k 

. \\' 

,\\t 

'k,(f: .. $.) 
.t(t: ,.(jJ.) 

k(t: .. <1>.) . 

k(t: ,,4),) 

"'.\ 

,\4> 

~>.,(I; . ,4>.)A • IJ. (I: .. <1>.).1 

\,' \ 

\/' 

k LF (I: .,<1>,)..1 - 'Ll..(': ,.4>.)."'= 

(3 16a) 

n 16b) 

o 16c) 

Wherc \('(' and \\s arc the number (If nmcrcte strips and steel areas cnn!>ldered in thl~ 

'ection. respectivelv. F and F arc the concrete and steel section tangent moduli in the 

fibers "f" and "('. respcctively. and. ,·1 and A arc the areas of the concrete strip and 

steel. rc!>pectivcly 



With the abovc relations. the complete procedure tt)r developing thc moment

curvature envelope is as follows 

I) Apply a small incremental curvature \4>. to a prcyiuus kmmn value 4>. ,. Ie 

2) In the first step ( * () ). the entire axial load is applied Since the computation assumes 

this axial load to be constant. the axial force increment ,\.\';' must be /.cm lin the 

remaining steps Based on the previous stillness matrix (in hi ] I~). compute the 

incremental centroidal strain as follows. where 1/ is the iteration step number (1/ • I ) 

(3 17) 

Note k.'. and * ;. arc the stitlncss characteristics at the previous step. * 
3) Lpdatc the new strains and curvatures 

f: iE, ' .\£, 
; , ) : . , 

4> , ) 
4> 

, 
0 , ; I I , 

(18) 

4) Recompute the terms of the stiffness matrix of Fq .l I:; uSing the c:xpresslOns in 

Eq -' 16 

~) Find the unbalanced axial load Irom 

(319) 

6) IfA}\,:' '., E. where E, is a tolerance liml1 value. then continue the iteration procedure by 

returning to stcp (2) Otherwise calculate the moment increment 

.'IoAI, *.:',A£",' *.::,.\<1>, (320) 

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

.e1atlon by adding another increment .\4>, to thc process and continue 10 step (I) 

In the fiber model analvsis. the ellect of hoop spacing on the moment-curvature of 

columns can also be considered It is assumed that the capacity of the column remains 

unchanged alter the concrete cover has spalled 

(321 ) 

27 



Where .r: is the con lined compressive strength. A" is the area of the core concrete, and 

A~ is the gross concrete area An expression relating conti ned to uncontined strength of 

concrete is given by Park and Paulay ( 1(75), and is based on the contining stress relation 

of Richart et al (1928) 

.c .f' ~ 205PJ (J 22) 

where I', is the volumetric ratio of confinement steel to concrete cover 

p, 

and Ai. is the cross-sectional area of the hoop steel, and , is the spacing of hoops The 

modified compressive stress of concrete is obtained substituting Eq' 22 mto l'.q J 21 

f' 
. "" 

v' ~ 2 05p,f ).{ 
-- --_. - - - .- (124) 

3.2.2.2 lJltimate Deformation Capacity ('omputation 

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 is continued until one of the following 

conditions is reached 

a) The specified ultimate compressive strain in the concrete is reached «(;> (;," ) 

h) The specified ultimate strength of one of the rebar IS reached (f '.' f" ) 

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

recorded as the ultimate curvature This parameter fi.Jlms an important part of the damage 

analysis 

The only factor considered to influence the ultimate deii.)rmation capacity of the 

section is the degree of continement Since confinement does not significantly affect the 

maximum compressive stress, the present ti.lrmulation only considers the clTcct of 

confinement on the downward slope of the concrete stress-strain curve (see Fig .~ 8) The 

28 
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factor 7.1- detines the shape of the descending branch The expression developed by Kent 

and Park (1971) is used 

where 

t.: , " 

05 

3 t E. f' 
f' 1000 

h 07:;.) I 

~'\' ., 
" 

(] 26a) 

(] 6b) 

In which the concrete strength IS prescribed in pSI, p, IS the volumetric ratio of 

confinement steel to core concrete, h is the width of the confined core, and .'h is the 

~pacing of hoops The elfect of introducing this parameter is to define additional ductility 

to well-confined columns Improved formulations for stress-strain behavIor of confined 

concrete can be tound in a publication by Paulay and Pnestlcy ( 19(2) 

3.2.3 Column Element!! 

Column elements are modeled considering flexural. shear and axial deformations 

A typical column element with the correspondIng. degrees of freedom is shown in Fig 3 2 

Fle\ural and shear components ol'the dc/ormation arc modeled using one of the following 

hysteretic models described in Section 3 3 

a) Three parameter Park model 

h) Three parameter Steel model 

c) Bilinear model 

d) Linear-elastic model 

fhe axial dctormauon component I~ modeled lIsing a linear-elastic spring The column 

clements include a rigid length lone to simulate the increase in stitlness at the joint The 

user can specif~' the length of the ngid zone depending. on the dimensions of the 



connecting elements The stifrncss flJrmulatinn fllr wlumn demenr.s IS de~cribcd in 

Section 3 ~ I 

The element stillness matrix IK I is constantly \aried throughout the analysl~ 

according to the formulation for the spread plasticitv model presented In Section -' " ~. 

and the hysteretic model selected Depending on the Iwstcretlc model considered. ~ome 

characteristic values for the response lIf the clement are required. namelv moment

curvature or shear to shear distnnion For reinforced Cllncrete clements. the user Illa\ 

select to speci6. the section dimensions and relnli.lrcement. and USt' the liber model to 

calculate the properties as described in Section -' ~ 2. or prm ide user supplied values 

Simplified formulations can be used alternativelv III determine the mllment

curvature characteristics I-or reinforced concrete columns. the tiJllowing ti.)rmulas may be 

used 10 estimate the characteristic value~ of the moment-curvature response of the clement 

(Park et al . 1(84) 

a) ('racking moment 

.\t, II~l Z . Sci· 6 o ~7) 
where l' is the concrete strength in bl. /. is the section modulus in in' . .\ IS the axial 

load in kips. and d is the depth to rehar in Inches 

h) YicldCurvature (Park and I'aula\. 1(74) 

(I kId 

Where I; is the strain at yield stress of steel. and k is calculated according to 

k . (P .. p;) .(p. ·f\p:) 
I . I (P .. p) 

411 (t ~(l 

. II :l f . I; d 
p. p: (1 1\ 

heir Mf' I; d 

Where ..t. is the area of the tensile reinfmcJI1g bars. A IS the area of the C()l11preS~I\l' 

rcinforcmg bars. I; is the strain at maximum strcngth urthe concrete. and II is the co\cr 

, I 



-
depth for compression bars l\ote that this expression tends to underestimate the actual 

curvature since the inelasticity of concrete and the eflcct of axial loads is not taken into 

account Based on the results on an iterative anal~'sis (Aoyama, 1(71) the t()lIowing 

modification is introduced 

Where 

i 105· (C. OO~)" I,,. () 0, 

1/ .\' / (f hJ) 

c) Yield !\1oment (Park et al . 1(84) 

.\1. () 5f hJ {( 1 • I~ 11)'" (2 I1)P.· (11 21~ )(1 p:} 

Where 

() 7S (t: ': 

I'u"t:) 

d) Lltimate \1QJ!1~nt (Park et al , 1(84) 

AI. (124 01 Sp, 0 s" )AI. 

e) Lltimate Cun:ature 

(1 30) 

n 31) 

For ultimate curvature estimates, the relations suggested by Park and Paulay 

( 1(75) can be used 

~.1ore up to date relations of capacity of columns are presented bv Mandu et al 

( 199~). and could be used instead of those suggested 

3.2.4 Beam Elements 

Beam clements are modeled as flexural clements with shear deformations coupled 

A typical beam element With the corresponding degrees of freedom is shown in hg ., 3 



The flexural component of the deformation IS mudeled using one of the fllllnwing 

hysteretic models described in Section 3 3 

a) Three parameter Park model 

b) Three parameter Steel model 

c) Bilinear model 

e) Linear-elastic model 

The beam elements include a rigid length zone to simulate the increase in stiffness at the 

joint The user can specify the length of the rigid length depending on the dimensions of 

the connecting elements The stiffness flJrmulation fl)r column clements is described in 

Section 3 2 I 

The element stiffness matrix 1"-\ is constantl~' varied throughout the analysis 

according to the formulation lor the spread plasticity model presented in Section 3 ~ 2. 

and the hysteretic model selected Depending on the hysteretic model considered. some 

characteristic values for the response of the element are required. namely moment

curvature or shear-shear distortion For reinforced concrete clements. the user may select 

to specif\ the section dimensions and reinforcement. and use the tiber model to calculate 

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

Simplified formulations can be used alternatively to determine the moment

curvature characteristics For reinforced concrete beams the following formulas may be 

used to estimate the characteristic \ alues of the moment-curvature response 

a) Cra.ckjJlzMQD1~ms (Park et al . 19&4) 

AI.. IIOJ/(/J\") n 32al 

\f IIOJ/'(/)(I, x») n 32b) 

Where ,\,1. and .\f. are the positive and negatl\'e cracking moments. I, is the gross 

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

section, and h is the height of the section 

.n 
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b) Yj~ld -.CMIY~H!!~ (park and Paulav, 1(74) 

Where 

P, 

(' 

(I k)d 

(' 

(I k'~/' 

AI 
hdl' 

,0 
hd( 

I;, 
, /\ 

(p . p') 1 
2(l 

d 

" 

f.1 .1]a) 

n .lb) 

and t; is the strain at vidd stress of the steel, (' IS a factor to a\llplit~, Ihe curvature due to 

inclasticitv of the concrete, k' is the neutral axis parameter (similar to k ). and the rest of 

the variables were detined in Section 1 2 1 

c) Yield \1ol11l!l1t (Park et al. 1(84) 

,\1, 0 5th,cd' 1(2 '1)p,' ('1 2/\)a p'] o Ha) 

,\1, 0 S(h(d')'[(2 'l)p,' (r]' 2rl)a p~] (.I 4b) 

Where 

075 
r \ 

(J 7" / f;' \ I: 
'1 

I.a, 
11' 

I • (1, ,I: i \ f: ) 

!; I:>,d t; \ ' t' I'):d' f: ' 

(1, (I rl ) !: 
~ I () , (X' ( I rr) !; /1' 10 

t:\ !; 

Where ,\1) and ,\I, are the positi\c and neg.ativc \Icld Ilml11cnts,!: and I:' arc thc 

maximum compression and tension strams in thc concretc, and all additional parameters 

are detined in Fig ] I) 

d) L1timalc M9m~nt (I'ark et ai, I ()X4 ) 

:\1. (124 o I "p,).\/, 

,\/,. (124 OISp;)AI, 
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Where ,\( and /1.( are the pllsitive and negative ultimate moments 

e) Ultim~te ('ur\atllre 

For the ultimate curvature estimates. the relations suggested h\' I)ark and Paulay 

( 197~) could be used as a rough approximation 

3.2.5 Shear Wall [Iemen.s 

Shear wall clements arc modcll~d I:onsidl'nng l1exuraL shear and aXial 

deformation.. "typical shear \\all clement "ith the corresponding degrees of freedom is 

shown in Fig 3 4 Flexural and shear components of the deformation are modeled using 

one of the following hysteretic models described in Section 3 .I 

a) Three parameter Park model 

b) Three parameter steel model 

c) Bilinear model 

d) Linear-clastic model 

The axial deformation component is modek'd USIIl).! a linear-elastic spring The user can 

specit\, the length of the rIgid /One dcpendlllg on the dimensions of the connecting 

elements The stitlness formulation tllf shear wall elements is descrihed in Section, 2 I 

The clement stillness matrix I K I is constantlv \aried throughout the analysis 

according to the tllrmulation for the spread plastlcitv m()del presented in Section 3 S 2. 

and the hvsteretic model selected Depending on the hysteretic mndcl considered. some 

characteristic values ti.lf the response of the element arc required. namely momcnt

curvature or shear-shear distortion For reint()rced concrete clements the lIser rna\ select 

to specity the section dimensions and reintllrcement. and usc t he tiber model to calculate 

the shear wall flexural properties as descnhed III Section' 2 2. or prO\'ide user supplied 

valucs Simplified tiJrmulations can he lIsed alternali\ch 10 determine the 11111l11l'nt

cun alUre charal:terI st les 



The inelastic shear properties are evaluated based un a regression analysis of a 

large number of test data presented by Hirosawa (197 ~ ) The cracking and shear 

strengths, ,. and I; . are determined from the following empirical relations 

06({'+711) -" - - - h J. 
AI / ( 1'1" ) t I 7 ' , 

n 36a) 

" 
, 

,OOSp, :'(t', t 2 :;6) I. 

\ Aii{11.:r. -012·· + 0 32~j,p. ·0 If. :h, I • (336b) 

Where At I( 1'1.,) is the shear span ratio. P, is the tension steel ratio in percent, p. is the 

wall reinforcement ratio, /, is the axial stress. h, is the equivalent web thickness. and I 

is thc distance between edge columns 

The shcar deformation may be dctcrmined using the secant stillness as follo\\s 

k, 05.\1 k 
n . (337) 

where k, is the elastic shear stiffness ( (iA/ I..) The above relations which resulted Irom 

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

defining the shear properties of walls This formulation is incorporated in the program 

IDARC 

3.2.6 f:dge Column [Iements 

Edge columns are the columns monolithically connected to the shear wall 

elements Their behavior is primarily dependent on the detiJrmation of the shear wall, and 

therefore are modeled as one dimensional axial spnngs Fig ., I () shows a typical pair of 

edge column elements with the corresponding degrees of freedom This clements may 

also be used to model other transverse clements, such as secondary shear walls that can be 

lumped with the corresponding column clement 
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The stillness matrix tor the pair of elements is 

):, '; ( A- i-.. I I A I. " I'"~ ; ~ , t i 
I AI" : , 

/'A I A ' ' A A: lA, J. ).' 1. I, 0 A 
~ -'I ( (.\ .18_ 

)" II 
i 

I A I A II I A- I I. \'/, I 

,,\( : I. A' A "i. A A I. i. ' : '0 I \ I ,;, t'; 

Where A and A, are the cross-sectional areas fi.>r the lett and right edge column clements, 

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

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

3.2.7 TransHne Beam Elements 

Although the modeling of the structure is done using 2D (planar) frames, it is 

recognized that strong transverse beams may atlect the trame behavior Transverse beams 

arc clements that connect nodes of different frames to take into account the contribution 

of beams perpendicular to the direction of analysis The transverse beam elements are 

modeled hy two springs, onc to provide resistance to relative vcrtical motion, and the 

second, a rotational spring, to provide resistance to relative angular motions (see 

Fig -' I I) Both springs are considered linear-clastic The equation relating nodal fi.lrces 

and nodal displacements is 

):, I I., I 0 1 '0 0 0 o " \' 
" 

.\1., I., ( I 0 0 I () I, 0" k 
" .k '-' .19) 

}' 
, 

I () () () 0 0 ", 
.\1. 0 () 0 0 0 () , 0, 

Where k, is the stiffness to vertical relative distortions. I., is the offset to the center or a 

shear wall. and 11., is the torsional stiffness of the transverse beam When the transverse 

bl~am connects two columns the contribution or the sheC'f stillness may be ncgleded 

These beams arc assumed to remain clastic at all times. therefi)fe. k, and k" arc constants 



l.1.8 Rotational Inelastic Spring Elements 

Discrete inelastic spring elements may be identified and connected to beam or 

column element ends, to simulate a flexible or semi-rigid connection in the joint 

Figure 3 12 shows four elements framing into a joint with three discrete inelastic springs 

In general. more than one spring may be specified at the same location, however, the 

maximum number of springs that can be used in a particular joint must be one less than the 

number of elements framing int.) it The moment deformation of the spring may be 

modeled using any of the following hysteretic models described in Section 3 3 

a) Three parameter Park model 

b) Three parameter steel model 

c) Bilinear model 

d) Linear elastic model 

The stiffness of the rotational spring element may be varied from a small quantity 

to simulate a hinge, to a large value to simulate a rigid connection The spring stiffness is 

incorporated into the overall structural stiffness matrix as follows 

-I]J8" l 
I 18, j 

(340) 

where AI.. and !Ii, are the spring "," and the tixed joint moment, respectively, 0" and e, 

are the corresponding rotations. and k .. , is the current tangent stitfness of the spring 

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

l.1.9 Visco-Elastic Damper Elements 

An innovative approach to reduce earthquake hazard was introduced by adding 

protective devices to dissipate energy within the structure Input energy during a seismic 

event is transformed into hysteretic. potential. damping and hysteretic energy The 

performance of structures can be improved if the total energy input is reduced. or an 
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important portion can be dissipated thmugh supplemental damping devices (Reinhorn et 

ai, 19(5) 

Supplemental damping devices can be bmadh dassitiL:d as viscou!oo dampers. 

friction dampers. and hysteretic dampers VisCllus dampers exhibit an important velocity 

dcpcndencv Se~'eral types of viscous damper~ have been proposcd 

a) Viscoelastic clements 

b) Viscous walls 

c) Fluid viscous dampers 

All of these devices can he modeled using a Kelvin Model. a \1axwellmodel. a Wierchert 

model, FractIonal derivative models, or a ~onvolution model (Reinhorn et al. 1995, The 

program IDARe includes routines Illl thl' Kelvin and Maxwell mlldcls Thc \1axwell 

model is rc~ommended when the damper exhibits a strong dept:ndencv on the loading 

frequency 

rhe above devices arc modeled with an axial diagonal clement Forces at the ends 

of the clements arc calculated according to 

/'" , 

1-, /'" I' (41) 

where F, is the dynamic stillness of the clement, calculated considering a Kelvin or 

\1axwell model, as described in Sections .~ .~ 4 and '\ J S The tllrces in the damper 

elements arc considered using a pseudo t(lrce approach. that is. the forces in the dampers 

arc subtracted from the external load vector 

a) Viscoelastic dampers. made of bonded viscoelastic layers (acrvlic polymers) 

havc been developed bv 3\1 Companv Inc. and have been used in wind and seismic 

applications World Trade Ccnter in :-';ew York (110 stories). Columbia SeeFirst Building 

in Seattle (73 stories). thc ~umbcr Tv.o Lnion Squarc Building in Seattle (60 stories), and 

thc Gcneral Servicc Administration Building in San Jose ( I J stories) Fi~ J I:~ shows a 

41 



..,.."-------- IIId OON*S-

Fig. 3.13 Viscoelastic damper ami mstallulion detail (from AIken, 1l)l)O) 



tvpical damper and an installation dctail in a steel structure Sec Lobo et al (199]) for a 

summary 

b) Viscous Walls, consist ofa steel plates moving In highly viscous fluid contained 

in a thin steel case (wall). as shown in Fig 1 14 The viscous walls were developed by 

Sumitomo Construction Company Ltd . and the Building Research Institute in Japan The 

de\'ices were investigated by Sumitllmo Construction Company (Arima. 1(88), and 

installed in a 14 story building in Shizuoka city. 1 SO km wcst of Tokvo. Japan 

Eanhquake simulator tests of a 5 story reduced-scale huilding., a 4 story full-scale steel 

frame have been carried out (AriOla, 1(88) More H~ccntl\', a ., story I ., scale reinforced 

concrete building has been tested in the Eanhquake simulator at the State t 'niversity of 

New York at Buffalo (Reinhorn et ai, I ()c)4) Thc devices exhibit a nonlinear viscous 

behavior with stiffening characteristics at high frequencies (Remhorn et ai, 1995) 

c) "Iuid Viscous Dampen, have been extensively used in military applications for 

many years because of their efficiency and longevity This kind of devices operate on the 

pnnciple of fluid flow through orifices The dampcr was used to reduce recoil forces 

\10dern flUId dampers have only recently been used in large scale structural applications 

The device is desig.ned to be insensitive to significant temperature changes. and can be 

designed to exhibit linear or nonlinear viscous behavior (Rcinhorn et al , 19(5) The Sll.e 

of tile device is vcry compact in comparison to ti.lrCl' capacit\' and stroke Experimental 

studies have been recentl\' performed bv Constantinou ct al (1993 ,. and by Reinhorn et al 

(1995) 

3.2.10 Friction Damper t:lements 

Friction damper clements arc onc of thc tvpc~ of supplemcntal cnergy dissipation 

devices that have been introduced to cnhance thc seismic response of buildings These 
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type of devices dissipate input energ\' through frictional \\ or!.: Se\eral types of friction 

dampers, or frIction like devices, ha\e heen pwposed 

a) Friction devices 

b) Lead extrusion devices 

c) Slotted bolted connections 

~odeling of these devices is done using a Wen-Bouc model (Reinhorn et ai, I INS) 

without strength or stiflhess degradation Details of the Wen-Boue model used in IDARC 

arc described in Section J .\ () 

The friction de\·ices arc modeled with an axial diagonal clement "mces at the 

ends of the clements arc calculated according to 

042) 

where I'." IS the dynamiC stilfness of the clement. calculated considering the smoot h 

hysteretic model described in Section .., 3 () The forces in the damper clements are 

considered using a pseudo Ii-nce approach, that is. the Ii.uccs in thc dampers arc subtracted 

from the external load vector 

a) ,,'ril"tion dt'virt's. have been developed and manutactured fiJr many years b\" 

Sumitomll \1etal Ltd (see Fig .\ I 5) The behavior of the devices are nearly unaffected 

bv amplitude, frequency, temperature. or the number of applied loading cvcles (Reinhorn 

et ai, 1<)95) The original application was in railway rolling stock bogie trucks, but since 

the mid IC)80's the friction dampers were extended to the lield of structural and seismic 

protection Friction dampers were suggested as displacement control de\lces ti.u bndge 

structures with sliding suppmts made of stainless stcel-bron/c surface (Constantinou et al , 

19(1) Recently. friction dampers manufactured bv thc Tekton company \\ere tested III 

the seismic simulation laboratoTv of the State l'nivcTsity llf '1.'\\ York at But1alo 

(Rcinhorn et ai, 19(5) ThiS tvpe of friction dampers are manufactured with simple 

components to minimize the cost of manulacture The friction Il)fCe in the damper can he 
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adjusted through appropriate torque of the bolts that control de pressure on the friction 

surfaces :\ detailed evaluation of the dampers i~ presented by Li et al (1995) 

b) Lud extrusion dcovices (LED), lead extrusion was identified as an etlcctive 

mechanism for energy dissipation in the 1970' s (Robinson and (Jreenbank, 1(76) The 

hysteretic behavior IS similar to a friction device, and shows stable cycles unatlccted by the 

number of loading cycles, environmental factors, or aging (Robinson and Cousins, 1(87) 

Lead extrusion devices have been used in a 10-stol)' base isolated building in Wellington, 

~ew Zealand (Charleston et ai, 1(87), and in seismically isolated bridges (Skinner et al. 

1(80) In Japan a 17 -story and a 8-story building have lead extrusion devices connecting 

the precast concrete wall panels and the structural frame (Oiles Corp, 19(1) 

c) Slotted bolted connections, are bolted connections designed to dissipate 

energy through friction steel plates and bolts (Grigorian and Popov, 199J) The 

development of slotted bolted connections is to attempt to use simple modifications to 

standard construction practice and materials widely available 

3.2.11 lIysteretic Damper Elements 

Ilysteretic damper devices are energy dissipation devices that reduce the dynamic 

response of structures subjected to earthquake loads Hysteretic dampers dissipate energy 

through inelastic yielding of the device components Several types of hysk:-etic dampers 

have been introduced 

a) Yielding steel elements 

b) Shape memory alloys 

c) Eccent rically braced framcs 

\1ost of thesc dc"i!.:cs can be modeled usmg a Wen-Bouc model without strength or 

stiffness dcgradation Details of the Wen-Bouc model used in IDARC are described in 

Section 3 3 (, 
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The hysteretic dampers are modeled with an axial diagonal clement hm:es at the 

ends of the elements are calculated according to 

I r~ 'I 

i J . ~ 
, . , 
I. ," I 

: 1 1 
J . J . 

'1' ~ ~ 
l -II 

(J-B) 

where r;, is the dynamic stiffness of the element. calculated considering the smooth 

hysteretic model described in Section 3 3 b The t()rces in the damper clements are 

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

from the external load vector 

a) Vi~lding sl~~1 ~I~m~nts. take advantage of the hvsteretic behavior of mild steel 

when deformed In their post-clastic range The devices exhibit stable behavior. long term 

reliability. and in general good resistance to environmental and temperature factors Manv 

of these devices use mild steel plates with triangular or hourglass shapes (Tyler. 1987. 

Stiemer et ai, 1(81) so that yielding occurs almost uniformly in the device One such 

device. ADAS. uses X-shaped steel plates (Bergman and CioeL 19&7, Whittaker et al . 

19(1) ADAS devices have been installed in a non-ductile reinf(Jlced concrete building in 

San Francisco (Fiero et al . 1(93). and in two buildings in Mexico City 

Triangular plate energy dissipators were originallv devel()ped and used in base 

isolation applications (Boardman et al . 1(83) The triangular plate concept was extended 

to building dampers in the form of triangular AlMS. or T-ADAS (Tsai and Hong. 19(2) 

The T-ADAS device does not require rotational restraint at the top of the hrace 

connection assemblage. and there is no potential for instahilitv of the plate due to 

excessive axial load on the devices 

An energy dissipator fe)r cross hraced structures using mild steel round hars or flat 

plates was developed by Tyler ( 1 C)85). and used in several industrial warehouses in ~e", 

Zealand Variations on the cross bracing device have heen de\c1opcd in Italy (CIampi. 

1991) A 29-story steel suspension building in ~aples utilize tapered steel dc\iccs 
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bctwcen the core and thc suspcnded l10ms A six-story government building in Wanganui. 

;"\jew Zealand, lIses stcel tube cncrgy absorbing d,,~viccs in prccast concrcte cross braced 

panels (Matthewson and Daycy. 1(79) Thc devices werc designed w yield axiall~ 

Rcccnt studies havc been carried out to study dillerent cladding connection conccpts 

(Craig et al. 1(92) 

A number of mild steel energy diSSIpation devices havc been introduced in Japan 

(Kajima ('orp, 1991. Kobori et al. 1(88) Iioncycomb dampers. tixmcd by X-platcs 

loaded in the plane of the X. haye becn installed in a I ~-storv and a 29-stllry buildmg in 

Tokvo Kajima Corporation developed two type of omm-directional steel dampers Bell 

dampers and Tsudumi dampers (Kobori el al ,1(88) The Bell dampcr is a single tapered 

steel tubc. and the Tsudumi damper is a double tapered tubc intended to deform as an 

ADAS X-plate Bell dampers have been used in the massivc 1600 n long artificial ski 

slopc structure to allow for dinerential mm'ement between fi)ur dissimilar parts of the 

structure under seismic loading :' joint damper between two buildings has also been 

developed (Sakurai et al. 19(2). using a short lead tube loaded to deform in shear 

b) Shape memory alloys. are capable of YIelding repeatl'dlv without sustaining 

any permanent deformation because the material undergoes reversible phase 

translormations as it deforms rather than intcrgranular dislocations Thus. the applied load 

induce crystal phase transfi)Tmations that are reversed when the loads are rcmovcd The 

dcvices are therefore self-centering. Several tests with this tvpl' of dampl'rs havc heen 

carried llut a :~-story stcel model \'as tested \\ith 'itlllOl (nickel-titalllum) tcnsion devices 

(Aiken et al. 19(2), and a ~-stor\' steel model , .. as tcsted with a copper-zinc-aluminum 

device (Witting and Cozzarelli, 1(91) 

c) I:ccentrically braced frames (lJW). ha\c hecome a well recognized and 

widely used structural system Ii.)r resisting lateral selSl111C flm:cs Ilysteretic bchavior is 

concentratcd in speCIally designed regions. shear links. and other structural clements are 

designed to remain clastic under a\l but the most severe c'(citations F\tensi\'c research 
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has been devoted to EBF (Roeder ct al. 1978, Popov et al. 1987. Whittaker et al. 1987) 

and the concept has gained recognition and acceptance by the structural engmeenng 

profession since the inclusion of design rules into ~eismil: code practice 

3.2.12 Infill Pantl t:lements 

Intill panel clements ",ere included In the new verSlO1l of the program I[)ARC 

using a smooth hysteretic modcl that connects two stories in the building Details of the 

smooth hysteretic model used can be Ii.lund in Section -' -' {; The proposed analytical 

tormulation assumes that the contribution of and intill panel can be modeled using 

compression struts (see Fig 3 16 for masonry inlill element) This assumption is ottcn 

used in the analysis of \1asonry intill panels (Reinhorn et al. 1995d) and other types of 

intill panels The formulation tor the intill panel clement is capable of modeling a variety 

of panel types by changing the values of the control parameters in the ~mooth hysteretic 

model The masonry intill panels arc described with greater detail below 

3.2.12.1 Masonry Infill Pantls 

The progra;n is capable of determimng the hysteretic parameters lor masonry 

infilled frames The stress-strain relationship for masonry in compression is commonly 

idealized using a parabolic tunction (Reinhorn et al. 1995d) until the peak stress f;, is 

reached. then it is assumed to drop linearlv with increasing strains to a small fraction of the 

peak value. and then remains constant at this value of stress (sec Fig 3 17) The assumed 

constitutive model t(Jr the masonry struts is shown in Fig -' 18 The struts are considered 

ineffective in tension. however, the c()mbinatlOl1 of both struts provides resistance in both 

dIrections of loading The lateral I(lrcc-det(lrmation relationship assumed t()r the systcm 

of compression struts is shown 10 hg -,)9 The anal~1ical formulatIons for the envelope 

were developed based on the masonry comtitutivc model and a reccnt theoretical model 
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for intilled masonry ti'ames suggested by Saneincjad and Ilobbs ( 19(5) The I{lrmulations 

for masonry infilled frames are brietly summarized herein 

Considering the masonry intilled frame shown in Fig " 16. the maximum lateral 

force /'n, and the corresponding displacement /I '" art: calculated a!\ (Saneinejad and 

Hobbs, I C)C)~) 

/ ;" " A, f;, cosO 

"II' 

/I "1 

(I 0 4~tanO')cose 

o 83(J/I'£I)II' 
- - - - -

cosO 

1;:,1" 
cosO 

(344a) 

n 440) 

in which I is the thickness or out-or-plane dimensinn of the masonr\' inlill panel. C,:, is the 

masonry prism strength, I;:" is tht~ correspondmg strain. " is the basic shear strength or 

cohesion of masonry, and A, and '-./ are the area and length nf the equivalent diagonal 

struts obtained from (Saneinejad and Hobbs. 199~) 

f () 51h' , 

( I a)a ,h' cr 'fl.,fl' t, 
f f 

I, J(I a) h"·/, 

f 

cosU 
(3 4~a) 

(345b) 

Where the quantities r1.. • a". cr . t" f. and f depend on the geometric and material 

properties of the frame and the infill panel The relations used to calculate these quantities 

are presented in Appendix [) 

The monotonic lateral tllrce displacement curve IS completely defined by the 

maximum f(lfn: /'", the corresponding displacement /I", the initial stillness A' and the 

ratio fJ. of the post-yield to mitial stiffness The initial stillness A.' can he estimated llsing. 

the t(lllo\,<ing. relation 

I' m (34h) 



The lateral yield force and displacement in the masonry inlill can be calculated from 

(Reinhorn et al , 19Q5d) 

", 
, ' n, aJ.:, .II,,, 

(347a) 
0: 

II 
r',,, 0.1\ ,II m 

(347b) , 
A' (I a) 

A value of (l I is suggested ft1r the post-yield stitlness ratio <1 The monotonic f()rce 

deformation model described was eMended to account ti.lr hysteretic behavior due to 

loading reversals and strain sd\ening 

A recommended set t(lr the values of the controlling parameters t(lf the smooth 

hysteretic model described in Section .\ 3 6 are listed in Appendix () However. other 

values can be used to achieve ditferent hysteretic response characteristics \1 ore 

information on the solution of hYsteretic model with slip is presented 10 Reinhorn et al , 

( 19f}~d) 

3.2.13 Moment Releases 

A perfect hinge could have been modeled as an end spring with zero <;tiffness, 

however. the implications in the numerical analvsls are leading otten to singular matrices 

Therefore. a perfect member hinge is modeled by setting the hinge moment to zero and 

condensing out the corresponding degree of freedom If a hinge IS assigned at the end "b" 

of an element the relation between moments at the joint "a" and at the lace of the element 

is given bv (see Fig .~ 20) 

( 

.H" 1,'1,1' 
), )' 

.J 

The clement stiffness equation relating moments and rotations is 

Where k, is a coefficient obtained bv condensmg the element stillness matrix 

(148) 
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([K']l') 
[K,L 

(3 50) 

Where [K, l are the coetTicients of the element stiffness matrix calculated considering the 

spread plasticity model 

Where 

The overall equilibrium equation for the entire clement becomes 

. X, . 
M 

" ~ 
;X, 

:M,; 

{R" } 

II 
1 " 

( '\ ' iO 
I ' Ie {R }{R }I;'!, 
"\1).)' " • If/' 

.J ~, 

I! Ii 
I 

II I. 
o 

n 51) 

n ~2) 

This clement can be integrated into the global structural model as a standard 

clement In case ofa single column structure the deg,rce offreedom "b" is eliminated trom 

the global stitTness matrix 



3.3 Hystndic Rul~s 

Modeling the hysteretic behavior of structural elements IS one of the core aspects 

of a nonlinear structural analysis program The new release of IDARC includes the 

following types of hysteretic response curves 

a) Three parameter Park model 

b) Tri-Linear Steel model 

c) Bilinear hysteretic model 

d) Kelvin model 

e) Maxwell model 

t) Smooth lIysteretic model 

Currently, each of the programmed hysteretic models are used for ditlcrent structural 

elements Columns. beams, shear walls and rotational springs can be modeled using a 

three parameter Park model, a tri-linear steel model. or a bilinear model The program has 

been modified to allow for the later addition of other hysteretic models Viscoelastic 

dampers are modeled using either a Kelvin or a Maxwell model. while infill panels are 

modeled using the smooth hysteretic model Each of the available hysteretic models in the 

program are described below 

3.3.1 Three Parameter Park Model 

The three parameter "Park hysteretic moder' was first proposed by Park et al 

(1987) as part of the original release of IDARC The hysteretic model incorporates 

stiffness degradation. strength deterioration, non-symmetric response, slip-lock, and a 

trilinear monotonic envelope The modelliaces the hysteretir behavior of an element as it 

changes from one linear stage to another. depending on the history of deformations The 

model is therefore piece-wise linear Each linear stage is referred to as a branch 

Figures 3 21 and 3 22 show the intluence of various degrading parameters on the shape of 

the hysteretic loops For a complete description of the hysteretic model sec Park ct al 

(1987) 
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3.3.2 Tri-Unrar SI«1 Model 

To capture the response of steel structures a tri-linear h~steretic model ~as 

introduced This hysteretic model does not include stillness degradation. strength 

deterioration or slip. since its intended to capture the loops of structural steel elements 

Fig, :!J presents the branches of the hvsteretic model and t~ .. pical h\steretic curves 

3.3.3 Bilinrar Jlystrrrtic Modtl 

The c{lmmonl~ used hilinear hYsteretIc model v. as also included as an options fix 

various structural elements Fig _~:!~ presents t he branches of the hvsteretic model and 

typical hvsteretic curves 

3.3.4 Kelvin Model 

The beha\'ior of \ismus dampers can be modeled Llsmg a KeI\'in or a \1a'(\~ell 

model (Reinhorn et al. 1l)9~a) The Kelvin model includes the contnbution of a stillness 

element_ and a linear viscous damper (sec I-ig _~ :!~) The force displacement relation of a 

Kelvm clement is 

Where I/(t) and 1/(1) arc the relative displacement and velocity Ill" the damper. " is the 

damper storage stinnl·~s. and (' is thl' damping coetl1cient 

Considering thc response of a damper clement to a harmonic motion. the 

properties of the damper can be identilied (('onstantll1ou and Symans. I ()()2) Considl'r 

that the dampcr is subjected to a harmonic motIon 

If( I) If si n !!J 

The liJfce in the linear VISCOUS clement I~ 
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Eliminating time, force and displacements are related according to 

that represents an ellipse with amplitude II" and ('UII, (see Fig 325c) The energy 

dissipated by the viscous element is obtained by equating the area in the ellipse 

The ~mpil1&J:oefficient is therefore 

II 
( • _---J--

nUll,; 

(3 57) 

(3 ~8) 

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

obtained 

(3 59) 

The ~tiffness coefficient is therefore 

/. 
I-: - I I 

u, i 

, '1: 

I
: (1!,,-1- I 

/ : I ' 
\ , 

(3 (0) 

I 

Most damping devices display frequency dependency properties, therefore. the 

stitfness and damping characteristics calculated in Eqs 360 and 3 58 are dependent on the 

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

Fourier transformation ofEq 3 5:1 

n 61a) 

or 

(3 bIb) 

Where the complex stillness ,I.' .(,',) has a real component. A· I (",). known as th~ "storage" 

stiffness. and an imaginary component. A.I,,») defined as the ""loss" stiffness 

,1.',(,,» (,'{-I',)/ (3 (2) 

In the computer program \DARC the forces in the viscoelastic Kelvin clements arc 

determined as 
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in which k, and (', can be obtained for each device using Eqs -' 00 and -' 58. and II. and 

Ii, are the relative displacements and velocities in the damper "," that can be obtained 

from the global displacement and velocity configurations of the structure The force in 

dampers with identical properties can be mudeled as 

where 1,1K] and I ~cl are the changes in the stilfness and damping matrices due to the 

addition of dampers For damping braces with identical properties throughout the 

building. these matrices arc 

I:\KJ k,IO] and lAC! (',1 8 ] 

where k, and c, arc the properties of the base damper. and matrix 101 is a "location" 

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

the identical dampers case, this matrix is 

(B] 

/1/, cos" 0, N cos 0 

N cos-' 0, /,' cos-' 0 j /1/ cos 0 

,\, cos: 0, • N, cos - 0, 

/1/, cos 0_ x _ cos' 0 

.\', cos· 0, t N; cos 0 

/1/ I cos' (1 

IV, cos' 0 

(365) 

where ,r..;, is the number of dampers in brace level ",., with and angle of incidence of 0) 

Kelvin elements have a stiffening contribution also for monotonic or quasi-static 

loads The dynamic stiffening contributes to a further reduction of displacements. and an 

increase in the base shear For pushover and quasi-static analyses the combined influence 

of the static and dynamic stiffening provided by the Kelvin clement is accounted lor using 

an equivalent dynamic stiffness defined as (Reinhorn et al , 199~d) 
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(3 (6) 

where 1\1 '4 and ('1 .'~ are determined using Eqs 3 60 and 3 S8 for a value of (j) often 

taken as the fundamental circular frequency of the structure 

3.3.5 Maunll Modtl 

The behavior of viscous dampers can be modeled using either a Kelvin or a 

Maxwell model (Rcinhorn et ai, 1995a) When a damper displays a strong dependency on 

trequency, the mJre relined model using a Maxwell model is recommended This model 

was found suitable to represent tluid viscous damper~ with accumulators (Constantinou 

and Symans, 19(2) The Maxwell model consists ofa damper and a spring in series (see 

Fig 326) The force in the damper is ddined by 

(67) 

in which A is the relaxation time 

(1 68) 

Where 1\;, is the stillness at an "intinitely" large trequene\'. .' is the damping constant at 

zero Irequency The Maxwell model can be l!xpressed in the frequency domain as 

Where the storage Stitlilcss and thc h.s stillness arc 

(,1 ( ';, 

It 0.(,1)' 

(1 70a) 

(170b) 

rhe dependcnce of the normalized damping and stillness coetlicients with trequency is 

shown in Fig .~ 27 
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For convenience in the solution procedure, E4 ,,67 can be expressed as 

i(1) f(F,I/,li,1) U 71) 

that can be sulved simultaneously wilh the othcr limc dcpendent structural components 

In the compuler program IIJARC the forces in the viscoelastic Ma ... wcll dampers are 

c ... prcssed as 

l;" I " I C::" Ii 
A, ", 

(.1 72) 

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

1(4) 

(.v,,), f("; ,Ii,.Ii.) lU,' N." 07.1) 

"here (.1/-1'». is the increment in ti.xce of damper "," at time step "k". k, and I, arc 

determined Irom (Reinhorn et al . ! 99'ia) 

k. " I iY(J.; .. II, .Ii. ): 
f( I'; .Ii, ).\/ n.\/ .11, 

('F 
(374a) 

" I 
(:I(f-, • CK,. " • . Ii, ) . 

1(1', hk, ,II, )\, (/, /\/ , 1/, 
('F 

(374b) 

Where t he constant parameters H, R.. a . CI,. hand (' '''ere selected to obtain a 

t()Urth order truncation error (Reinhorn ct ai, 1()q4) I< 07<;', I( 02". 

a 1I. 0788675 I. hi I 1<;4700<;. and c\ 0 

\1axwcll clements have a stitlcning contnbution in the d\'namic resplmse. and 

tllcrelore will also have a contribution to the monotonic or quasi-static loads The 

"dvnamic stitl'ening." contributes to a further reduction of displacements. and an increase in 

the base shear For pushovcr and quasi-static analvses thc ~ornbincd int1ucncc of the static 

and dynamic .~tifTening provided bv the Maxwell demcnt is accountl.'<i I(lr usmg an 

equivalent dynamic stiffness defined as (Rcinhorn ct al , I ()I)"b) 

K j (75) 
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Where K and (' .. / are determined using Eq ,70 Ii.lr a value of (!) otten taken a!> the 

tundamental circular Ircqucncy of the strm:ture 

3.3.6 Smooth Hysteretic Modtl 

A smooth hysteretic model is used in IDARC tll model the response of Ihction 

dampers. hysteretic dampers. and inlill panels The smooth hYsteretic model used also t(lr 

infill panels include the ellccts of stilTness degradatioll. strength deterioration and 

pinching Such ellects are not mcluded in the model used for dampers since no signilicant 

degradation, dcterioration or pinching is observcd in thclr responsc The development of 

the present hysteretic model IS based on the Wcn·Bollc model (Bouc. 1967. Baber and 

\;oori. 1(85) The hysteretic model with degradation and slip is describcd belm., 

The fiJrcc displacement relationship for the smooth hvsterctic model IS (sec 

Fig ., 19) 

I; 1~[aJ.1,.(1 all,] (376) 

in ,\!hich r' and I', are the instantanl'()~'s force and the yield force. rcspectively, J.1. is the 

normalized di~placement calculated as 

/I 
(] 77) 

where the subscript "," i~ uscd to refer to the instantaneous values, v"hile subscript "y" is 

used to denote yield values. a is the ratio (If post-vieldmg to initial clastic stiffness (a 0 

for friction dampers). and Z is the hysteretic component determined from the following 

equations 

(3 711) 

Where 
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sgn(ll/. ) I if (Iii), () 

Eliminating the time ditlercntlal dl, and noting that sgnUl /.) sgn(d~l / ). Lq .\ 7X ('an 

dZ d~l [A Z '(llsgn(dp Z ) , yl] n 79) 

In I-.qs 3 78 and -' 79 A. II and "( arc constants that wntrol the shape of the 

generated hvsteresis loops, and /I controls the rale of tnlll~,ition fmlll the clastiC to the 

vield state (l.obo. 19(4) A large value of " approximates a hilinear hv'>teretic cune, 

while a lower value will trace a smoother transitic' Ditlcrent hYsteretic shapes \\ ith 

variations on the various parameters can be 'llUnd in rang ( 1991, Tn satist\ viscllplastic 

conditilms the present development assumes :hat .·1 11."( II) 

·\n important characteristic in the hvsterctlc response of Intill pancls is the loss of 

stitrness due to deli.lrmatlon he\ond vleld (sec h.!:! 3 ~H) The stilfness deterioration due 

to plastic excursions of the intill panel is expressed as a lunction of the attained ductilitv 

(Lobo, 19(4) The stillness decay is incorporated directl\" in the hvsteretie model bv 

including the control parameter 11 The dili"crential equation for the hvsteretic parameter 

/ (Eq .~ 79) ma" be modi tied to generate stillness deterioration as folkms 

d/ d~l. 
[ ,I/.,' (Ihgn( d~ll ) . ",)] 

n 80) 
'1 

The control parameter is detined as 

( I 

I 0 • ,\ P ,'" • ~I. 
I ., 

(J HI) 

Where \ is a control parameter used to \ an .. the rate of stitliless deca\" as a tunction of 

the current ductility ~l ,as \\cll as the maximum altallled ductllit\ ~IJ. " hefore the start of 

the current unloading or reloading c,clt: (Remhorn et al. I <)9)d) A value of" I) 
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simulates a non-degrading system :\ dctault value of '. 0 I I~ suggested (Rcinhorn ct 

ai, 1995d) 

Degrading ~y!items such a~ masonry mtill panels also exhibit a loss of strength 

v. hen subjected to cyclic loading in thl.' inelastic range (sec Fig 1 2S) Thc strength 

deterioration in the smooth hysteretic model was modeled reducing the vield ti.lrce of the 

panel according to 

I': .,:.1', 

where I': is the reduced yield force at the k-th c\ide of loading, /', is the initial non-

degraded yield force 

The factor" determines the amount of deterioration from the original yield fl)rCe 

and depends on the cumulative damage in the intill panel during the response history A 

damage index ( /)! ) was used to quantify thc cumulati\'c damage in the in fill panel The 

reduction factor ,\, is related to the damage index according to 

., , 1>/ (J 83) 

The damage index proposed in this development. known as fatigue based damage index, is 

a function of the attained ductility and dissipated cyclic energy (Remhorn and Valles. 

1995, see also section 3 6 2) 

/)/ 
( J 

\', 
\, dr" 

(3 84) 

41-.'", 

in which J.l~." is the maximum attained ductility in the re~ponse historv. ~l is the ductility 

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

deterioration, J dl;h represents the cyclic energy diSSIpated bet()fe the start of the current 

reloading cvcle, and "-n, is the monotonic energy capaclt~· 

n 



Thus, the damage index I >/ may also be expressed as (Reinhorn et al , 1l)9:"d) 

/1/ 

The proposed damage index can rellec! the cumulative circe! of sotiening due to large 

inelastic excursions without load reversal as well as strength degradation due to repealed 

cyclic at moderate or small inelastic deformations 

Pinching of the hystefl,tic loops due to openmg and clOSing of cracks is c()mmonl~ 

ohserved in concrete and masonrv structural systems suhjected to c"elic loading Baber 

and \';oori (19R") proposed a general (\l'!!radation model to I!1corporate pinching in the 

response of a single degree of freedom system The model implement~ the smooth 

degrading element developed bv Boue and modified by Baher and Wen f 1981 ) in series 

'>I.ith a time dependent slip-lock clement f lI11n-l!near hardening spring) A rate dependent 

difTerential equation \\as proposed (Baber and 'oori, I <}()S) relating the velocity 

contribution due to the slip-lock clement with the hysteretic parameter /., which was 

solved simultaneouslv \\ith the equations of motion for the sin;le-degrcc-of-freedom 

system to obtain the r("''Jonse of dvnamically degrading pinching svstems 

The concept of slip-lock clement proposed ,,' Baber and 'oori (I l)SS) has heen 

adapted for this ~tudv to fiJfmulate a more generalized hysteretic rule f()r degrading 

pinching clements The hysteretic rule is rate-independent and defines the force 

defiJfmation response of the pinching clement f()r any arbitrary displacl.!ment history 

independent of th\! system differential equations The present formulation incorporates a 

slip-lock clement in series with the sn~ooth degradin~ clement to develop a hysteretic 

mDdcl fi.lr ptnching response (sec Fig 1 29 I The normalized displacement of the pinching 

smooth hvsteretic clement ~1 is the sum of the nurmali/.ed displacement of the smooth 

degrading clement ~I and the slip-lock clement ~l In incrl~mentai form, the relationship 

can be expressed as 
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Fig. 3.29 Slip lock element. a) Influence on hysteretic response; b) Slip-lock function 
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(.l 87) 

in which dJi. and dJ.l. ~ arc the incremental normali/cd displacements of the smooth 

degrading clement and the slip-lock elements, respectivclv 

Thc smooth degrading clement is based on Bouc-Wen's model discussed earlier 

Thus, the hysteretic parameter /. can be rewritten in terms of the displacement 

contribution J.l. I 

dl d~ l4 ~:1:,rt(~sgn(d~l/.)' YJ] 
f1 

(3 88) 

The following relationship is proposed t()r the displacement component ~l in the .. lip-lock 

clement 

dJ.! ' a/( /.)J/. (3 X9) 

in which the function f( /.) is taken as 

( /. \,: 
f(Z) expi Z\-) \ 

in which Z is the range of Z about /. 0, in which thc slip occurs and thus controb the 

sharpness of the sltp The variation of l"( /.) is shl)wn in Fig 1 2% Lpon substitution of 

Eqs J 87 and 3 89 into Eq J 88 

A ~ /.! " (J3 sgn ( dJ.l.Z) + y) 
--- -- ------ ---- ---- - ---

( Z: '\ 
1')1 I +aexpl .-: J(AIZ:"(13sgn(d,.u) y)): 

\ /." 

(190) 

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

attained ductility 

(391 ) 

Where I( is a control parameter to vary slip length which may be linked to the sizl: \If 

crack openings or reinforcement slip (Lobo, 19(4). and ~l' is the normalized displacement 

attained at the load reversal prior to the current loading or reloading cycle The effect of 
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varying the control parameters of the slip-lock element on the pinching of hvstcresis loops 

is shown in Fig 3 30 The parameter Z" that wntrols the sharpness of the slip, is 

assumed to be independent of the response history Slip occurs in the range of Z equal to 

Z" and is symmetric about Z 0 In order III shin the etll.'Ctivc slip region to be 

symmetric about an arbitrary I I, the value of I used for slip may bc onset by a \alue 

7. 

d7. 

dJ.! 

Equations 3 81 and 3 91 with Eq 3 92 furnish a moditied Houc-Wen model for hysteretic 

pinching clements subjected to dynamic or quasi-static loading For dynamic analysis. 

Eq J 92 can be rewritten in a rate dependent form 

." " A . ;Zi"(l3sgn(!1Z) + Y) 
7. = J.l ~ .. ~~- -----~-.~-

r ( (Z z) '\ 
lli I t aexp: z. 1(.4 iZ~nWsgn(~Z) 

, "\") 

i 
I 

I 

y)) i 

(393) 

The solution of the differential equation (Fq' 92 fc)r quasi-static loading and 

Eq 393 for dynamic loading) can be reduccd to the following general form 

F'(II) /(F,II) (394a) 

in the quasi-static case. or 

((u) = l( /-",II.li) (3 94b) 

in the dynamic case Uifferential equations of this form can be incrementally integrated 

using the semi-implicit Runge-Kutta method (see section 3 3 5) The increment AF is 

given by 

1-;" i F • (395 ) 

in which the subscript "k" denotes the k-th step The quantities k. and I. arc determined 

from 
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IJ(/';) 1 
.. (l L\r-- - . f( J.; ).\x 

I i"F i 
(396a) 

J 

i rY(!·; ! ck, ) 
II a .. \r .-

i"/' 
f( r; . h *1 ),\." cJ 96b) 

To obtain a fourth order truncat ion error the cL\eflklcnts are (Reinhorn et al , 19(4) 

J( 075,}<, 025, (I, a, 0 78867'i I, h. I 1547005 and l. 0 

3.4 Analysis Modules 

The program calculates the nonlinear response of the structure under the 

following four possible analysis options 

a) Nonlinear Static Analysis 

b) Nonlinear Pushover Analysis 

c) Nonlinear Dynamic Analysis 

d) Nonlinear Quasi-static Analysis 

The user may select any of the four options fIX the analysis, or a combination of a 

nonlinear static analysis with any of the three other analysis options 

For all four analvsis options, the !>: 'stem to solve assumes the following form 

(3 (7) 

Where I K, I is the uverall tangent stiffness matrix of the structure, I Au I IS the vector of 

unknown nodal displacement increment s, and : WI is the vector of applied load 

increments Since the stitfness matrix is banded and symmetric, the matrix is stored in a 

compact scheme with the diagonal clements in the IIrst column and the remaining half 

width diagonal terms are stored in the adjacent columns 

The element stiffness matrices are !irst calculated at the clement level, and later 

assembled onto the global stiffness matrix The stiffness matrix is then modified to 
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account for P-Delta effects if required by the user The load vcctor in the structure is 

determined depending of the choice of analysis being performed Element sub-matrices 

are stored to enable direct computation of the end moments and shears, and the hystcretic 

model checks for changes in the element stiflness The global stiffness matrix is only 

upgraded if an element changed in stiflness A single step lorce correction procedure is 

incorporated in all analysis options 

3.4.1 Nonlinear Static Analysis 

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

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

cyclic, or earthquake loads Static loads may be specified as distributed loads in the 

beams, or as concentrated forces or moments in the model joints When dIstributed loads 

are specified. the program internally calculates the lixed end I.xces 

Moments are assumed to have a linear distribution when the beam flexural matrix 

is generated, therefore. stress levels due to initial loads must be relatively small so that the 

assumed moment distribution pattern is not significantly violated Otherwise. beam 

clements must be subdivided into sub-clements so that the moment distribution due to 

gravity loads is captured effectively 

The prescribed static loads may be applied incrementally to capture stress 

redistribution due to inelastic response If the system is expected to remain elastic with 

the gravity loads applied, the entire load may be applied in a single step. otherwise. care 

should be taken to sub-divide the static loads in a reasonahle number of increments so as 

to trace the nonlinear response accurately A simple techni,lUc ,0 assure convergence in 

the static analysis is to increase the number of loading steps until consistent results arc 

obtained Note that this module may be used also III pcr!<lrm nonlinear nunotonic 

analysis 
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3.4.2 Nunlinrar PUlIhovrr Analysis 

The nonlinear pushover analysis, or collapse mode 8~:4iysis, IS a simple and 

efficient technique to predict the seismic response of prior to a full dynamic analysis A 

pushover analysis can establish the sequence of component yielding. the potential ductility 

capacity, and the adequacy of the building lateral strength T~e pushover analysis option 

performs an incremental analysis of the structure subjected to a distribution of lateral 

forces The system of equations solved in this module are 

(398) 

Where IK, I is the tangent structural stiffness. I Au I is the vector with the increment of 

latrral displacements. I L\FI is the vector Vvith the increment in lateral forces, lAP, I ' 

I ~PfH ,. (~P'f)', and {~PI" are the "ector with the increment of forces in viscous 

dampers. friction dampers. hysteretic damper!>, and in fill panels respectively; ',. is a 

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

forces in the structure 

The pushover analysis may be carried out using torce control or displacement 

control In the former option. the structure is subjected to an incremental distribution of 

lateral forces and the incremental displacement arc calculated In the former option the 

structure is subjected to a displacement profile, and the lateral forces needed to generate 

that deformation are calculated Typically. since the deformed profile is not known, and 

an estimate of the lateral distribution of forces can be made. torce control is commonly 

used for displacement control, the user must specify the target maximum deformation 

profile of the structure This profile is internally divided by thc number of steps specified 

by the user. and then incrementally applied to '.hc structure In ;;IC force contro! option 

the user must specifY the maximum force distribution. or select one of the torce 

distributions available in the program 

a) Uniform Distribution 

b) Inverted Triangular Distribution 
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c) Generalized Power Distribution 

d) Modal Adaptive Distribution 

Each of the distributions are briefly described below 

a) The l,miforrru.ti~tri~lJtiQI1 considers a constant distribution of the lateral forces 

throughout the height of the building, regardless or the story weights The force 

increment at each step for story "/" is given by 

.'1'/', 
~I;, 

.\ 
(3 (9) 

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

stories in the building 

b) The inverse-.trj.!ngular distributioll, often suggested in building codes. considers 

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

building height The force increment at each step lor story "/" is calculated according to 

(3 100) 

where Jr, and ii, are the story weight and the story elevation, respectively, and \I ~ is the 

increment of the building base shear 

c) The geneLalized .JlQ.W.~L di_~(ibution was introduced to consider ditTerent 

variations of the story accelerations with the story elevation This distribution was 

introduced to capture different modes of deformation, and the influence of higher modes 

in the response The force increment at floor Hr is calculated according to 

Mo, 
Jrh' 

-\-'-'-~I~ 

'Jrh' L.. I I 
I I 

(3 101) 

where k is the parameter that controls the shape of the force distribution The 

recommended value for k may be calculated as a function of the fundamental period of 

the structure ( T ) 
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k - (0 for r < (I <; sec 

k 2 (I for 1 - 2:' sec 

k 
1 05 ' 

(,- othernlse 
2 

Nevertheless, any value fix k may be used to consider different acceleration profiles 

Note that k () produces a constant variation of the acceleration. \\ hile ~ (produces a 

linear vanation (inverted triangle distribution), and k ~ yields a parabolic distribution of 

story accelerations 

d) The mo!ial adantive distribution differs significantlv from all the previous ones 

in that the story torce increments are not constant A constant distribution throughout the 

incremental analysis will fi)rce the structure to respond in a certain fbrm Otten the 

distribution of forces is selected considering fi:>rce distributions during. an elastic response. 

however, It is clear that when the structure enters the inelastic range, the elastic 

distribution of forces may not be applicable anymore If the pushover forces are m)t 

modified to account for the new stitTness distribution. the structure is forced to respond in 

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

The modal adaptive distribution was developed to capture the changes in the 

distribution of lateral forces Instead of a polynomial distribution, the mode-shapes of the 

structure are considered Since the melastic response of the structure will change the 

stifrness matrix, the mode shapes will also be atfected. and a distribution proportional to 

the mode shapes will capture this change If the fundamental mode is considcrerl, (he 

increment in the force distribution is calculated according to 

,\I', 
" :(1), 

LIf;(I', 
I I 

/ ;, /'," n 102) 

where (I'" is the vahl~ .,,1 the !irst mode shape at story"''', /', IS the new hase shear of the 

structure, and ,-;"'/ is the force at floor "," in the prcviom loading step 
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The modal adaptive distribution may be extended to consider the contribution fmm 

more than one mode In this case. the mode shapes arc wmblned using the SRSS mcthod 

and scaled according to their modal participation lactor The Incrementai Il)fCe at stnn' 

"," is calculated according to 

/v-; 
w' ~(<D r ): 

II L... I' 
I ' , , I 

(J I<H) ': : ,', 
iu;: r(4);r r ' 

where <1>, is the value of mode shape "( at slOr\' ",". I' is the modal participation tacto! 

for mode .:(. 1', is the new base shear of the structurc. and r,';" is the I(HCe at 1100r "," in 

the previous loading step 

3.4.3 Nonlinear Dynamic Analysis 

The nonlinear dynamic analysis is carried out uSing a combination of the 

\;ewmark-Beta integration method. and the pseudo-force method The solution is carried 

out in incrcmental form, according to 

where 11\11 is the lumped mass matrix of the structure. I cl is the \ISCOUS matnx of the 

structure. [K,J is the tangent stillness matrix, :,\ul. :,u:. and :,\ul arc the 

incremcntal vectors of displacement. velocity and acceleration in the structure. 

respectively. {L h } and {I.,} arc the allocation \'ectors for the hori/.ontal and vertical 

ground accelerations, Ai ,h and :\\\' are the incrt,'ment in the hori/.Ontal and vcrtical 

ground accelerations. {t\p, }. {APIlI}' {,'P"l}' and {AP;,,} arc the restoring lorces 

from viscous dampers, fflction dampers. hysterctic dampers. and intill panels. rcspecti\ely. 

C,,,. is a correction coeflicicnt (usually taken as one), and {,U: .. } is the vector with the 

unbalanced forces in the structure 
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The solution of the incremental system is carried out using the ~ewmark-Beta 

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

I iI L ',r (u I. '\/t ( I y)( ii I, ' y I 0 L \, 1 (3 IO~a) 

luL Or {ul,· .\tlol t (.\,)'[(05 PHiil:· ~Hiil 'r I n I05b) 

where ~3 and y arc parameters of the method The program IDARC' is b ... default set up 

to perform the unconditionally stable constant average acceleration tin numerical 

integration. tor which 

,I 1/4 

y 1/2 

but the parameters may be changed to pcrfllrm a linear acceleration numerical integration, 

tor which 

P 1/6 

Y 1/2 

Rearranging Eqs 3 105 yields (he tiJllowing e"presslOns for the increment in 

velocity and acceleration 

( \ 
V V v 

l.\iJ I, ,. ~II ,"tl iiI, il luI .. ~I~\I I,\ul, (J IO(la) 
\ - I 

I 
l.\ul, \r L\ul,. '. 

y.\' . 
I I Ii I. n 106b) 
"( 

When substituting in Eq J 104 , the governing equation of motion can be rewritten as 

(.l 1(7) 

where I" 1>] and {,\I':,} are known as the equivalent dvnamic stillness and load vectors 

I " 
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The increment in displacements is calculated y,hen the system of linear algebraic 

equations in Eq 3 107 is solved \' elocity and accelerations may be calculated by direct 

suhstitution in Eqs ] 106a and _~ 106b, respectively 

The solution is pertixmed incrementallv assuming that the propenies of the 

structure do not change during the tIme step of analvsis Since the stillness of some 

elements is likely to change during the time step_ the ne\~ configuration may not satis!,' 

equilibrium ;\ compensation procedure is adopted to mlmmi.le the error by applving a 

one step unbalanced force correction 

At the end of step t + ,\f the ditlerence between the restoring Ii.Jrce calculated 

using the hysteretic model (I R}), and the restoring Ii.Jrce considering no change in 

stiffness during the step ( I R' I ), yields the unbalanced force ~ see FIg .l 3 I ) 

~3 IfN) 

This corrective ti.Jrce is then applied at the next time step of analysis The 

unbalanced forces are computed when moments, shears and stitTness are being updated in 

the hysteretic model Such a procedure was first adopted in DRAI~2D (Kannan and 

Powell, 1<)7]) since the cost of performing iterations in the nonlinear analysis would 

become prohibitive, especially for large building systems However. it must be pointed 

out that this technique is nl" physically accurate. since adding ~he unbalanced forces at the 

next time step has the etTect of modi(ving the input loads Such a procedure generally 

works well when small unbalanced forces occur To minimize the magnitude of the 

unbalanced forces. a suffiCIently small time mcrement must be selected for analysis 

~umerical instabilities in the program arc often due to an inadequate time step, that have 

lead to large unbalanced forces and problems In the hysteretic routines to trace the actual 

response of the element s 

The VISCOUS damping matrix IS calculated in the program usmg one of the 

t(Jllowing options 
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a) Mass proportional damping 

b) Stiffness proportional damping 

c) Rayleigh damping 

All three options can be expressed as 

(3 1(0) 

where the coetlicients a It and a k are calculated depending Oil the t"pe of damplllg 

matrix selected 

a) ~tls~ ~rQPQoiollal damping 

a It 2E,,<1l (3 lIla) 

a~ 0 n ll2b) 

where E" and It) , are the critical damping ratio and the circular frequency IlH mode "," 

all 0 (3 ll2a) 

n ll2b) 
(!), 

c) RlIyleighdamping 

a" 
2E,,(!},w: 2E,."l (!) 

(!l' (!) 
n Il~a) 

2~ It) 
~, , 

when the damping ratio IS the same in both modes considered • .:, ~) the 

expressions simplil\ to 

2;(!) .<!) 

n 114a) (l II 
(0) • (!) 

2~ n ll4b) a~ 
(J) t (1) 

I 

In the program IDARC the circular frequencv corresponding to the first mode of 

vibration is used lor the mass and stitTncss proportional damping. while the circular 
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Fig. 3.32 Computation of shear due to P-delta effects 
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frequencies corresponding to the tirst and second modes arc used tc.)r the Rayleigh 

damping type Under these conditions. mass proportional damping will vield a smaller 

damping ratio for the higher modes. while stiffness proportional and Rayleigh damping 

will yield a higher critical damping ratio for the higher modes 

l.4.4 Nonlinrar Quasi-statit Analysis 

A common testing procedure for components and sub-assemblages is to perti.)rm 

cyclic loading of the specimen against a reaction frame The history of cyclic loads may be 

applied to the specimen in force or detllrmation control The computer program IDARC 

is capable of performing both types of cyclic loading by specitYing the torce or 

displacement history at one or more story levels In both cases the program internally 

interpolates between user-specitied points tor a more accurate analvsis The system of 

equations solved in the quasi-static routine are the same om:s solved in the pushover 

routine (Eq J (8) 

l.5 Additional Program I'raturrs 

l.S.1 P-Drlta Effeds 

The additional overturning moments generated by the relative inter-story drifts arc 

generally referred to as P-delta etfects Such moments arise esst.~ntially due to gravity 

loads and are usually taken into cnnsideratinn by evaluating axial ti.1rces in the vertical 

elements and computing a geometric stilfness matrix which is added to the clement 

stiffness matrix 

In the program IDARC P-delta effects are represented by equivalent lateral forces. 

equal in magnitude to the overturning moments caused by eccentric gravity Illfces due to 

inter-story drift (Wilson and Habibullah. )987) Consider a typical vertical element 
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between two story levels shown in Fig 3 32 Taking moments about the lower story 

level, the following equilibrium e4uation is obtained 

(3 115) 

Considering equilibrium of the additional gravity load shears at story level "'{', the 

following expression is obtained 

iV, (II, tI, J .TI,',: (/I" : tI,) 
h, II n 116) 

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

(3 117) 

where [K,;] is a tridiagonal matrix similar to the geometric ~tltli1ess matrix in the tinite 

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

step 

3.5.2 Spread Plasticity Model 

The moment distribution along a member subjected to lateral loads is linear, as 

shown in Fig 3 3J The presence of gravity loads will alter the distribution, and in cases 

of significant gravity load moments the structural clements should be subdivided to 

capture this variation When the member experiences inelastic deformations. cracks tend 

to spread fi-om the joint interface resulting in a curvature distribution as shown in Fig 

3 J3 Sections along the element will also exhibit different flexibilitv characteristics, 

depending on the degree of inelasticity observed (see Fig 3 H) The program I DARe 

includes a spread plasticity formulation to capture the variation of the section flexibility. 

and combine them to determine the element stiffness matrix 

The flexibility distribution In the structural clements is assumed to follow the 

distribution shown In Fig 3 .,4, where 1-.1 I and 1-.1 Ii arc the current flexural stiffness ot' 

the sections at end "A" and "B". respectively, Fl .. is the stitfness at the center of the 

clement. (iA/ is the shear stiffness of the element, assumed constant through(lut the 

9() 
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length, (l ~ and (l H are the yield penetration coetlicients. and I. is the length of the 

element The flexural stiffness 1:'1 , and 1:'1 i< • and t he shear stiffness (;A.'. are determined 

from the hysteretic model The stiffnt'ss 1-.1, and the yield penetration coefficients (l : 

and U /l are determined as indicated in Section 3 53, depending on the moment 

distribution and the previous yield penetration history 

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

at the ends of the element is 

r
o 'l I f" 

181<J lfHI 
(3 118) 

where 0 , and 0 H are the rotations at the ends, At I and AI!I are the moments at the ends 

of the element The flexibility coefficients are obtained from 

JI m, ~~lm, ~~~ dx • II I', ~x)\!~ (x) dr 
"H(x) "(,A,' 

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

"," or 'f', respectively. I', (x) and \' Cd are the corresponding shear distributions 

After some algebra. the flexibility coefficients can be written as (L.obo. 1(94) 

r r .: 
( 

I 1 \ ( I 1 
\ 

III -I _ t! FI !,(oo: 4('t:: • a") ,I I ; 

12! U" \. I-J I \I-J il 
FI ,all .,) . ,) 

(J 120a) 
I 

~ 

(;AJ 

I 2 ( \, ( I I \ i 
1.- ! I t'a: a-,) )(2U;1 (l,:I) I f'lI 121 j.J" \.1-.1, 1-:/. ) - I \, "'-1/1 U 

(3 120b) 

(J 120c) 
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f -c L[-~+l(-~- ----'---J(oo-4<1-' ta'), 
• HH 12 _ U" ,-1 H 1:1" Ii fj Ii 1-.1 I 

(3120d) 

+---
(iA; r 

In the current release of IDARC, the formulation above was rewritten, and close form 

solutions were derived tor the element stiffness matrix to avoid numerical instabilities if 

close to failure conditions are observed in flexure or shear 

where 

The flexibility coefficients in the current release of the program are 

r I 
Il.., ~ -12-'-:1-,-,1-:1-, HI: I;, T (iA.,1. 

r I 
f'lI, =- flil = ~I"I" ,-:-,-' ',-- ',-- f;h • --;-A---'I---

_ " " : , : /I (, I . 

I. I - ----,--,---:- /';11 -+ -,----
12U"U AU II (,A; /. 

I;A -4'-J,UjJ +(U" --,-.1 ,)U II (oo, 40:, +a',) 

-'-(H" -U/I)U,u;, 

/;/1 -" -2U,,I-.'I H - (U,,- U I)U H(2a " - a',) 
-(U" - UH)U 1 (2a;, - a;,) 

f';11 - 4H 1 U" + (1-.'1" - FI, )U /lu ',.': 

+- (H" -- U /I )U, (6a " - 4u ~, + a;,) 

(312Ia) 

(312Ib) 

n 121c) 

(3 1~2cl) 

(3 122b) 

(3 122c) 

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

contributions, 

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

rotations at the element ends can be found 

(3 123) 
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Where the elements in the stillness matrix are 

I 'U.1J.1 J.1" ( ..' "') " " . j)1 .', I,</< ( 1,1.1' • I 'J. U 1.I ,/'./., 
.': 

(l 124al 

",.', "HI 
12U"FI. I U II (". .' .,.'.. .. ) 

/)1 .lII,(".LI ·LI.JI.J,U" 
d ' 

I 2 Fll.J IF! " ( '.' ' .,' ' ' ) 
k"h n 1 .I JI.-I.I. ·1.1-.1 U ,U" 

" ' 

(l 124c) 

1>,- (;A/((t;J,:" /:';)'121-.1 U:FI"(I:,, t,;11 2'/:1') 

In the present ti.1rmulation shear or flexural tailures of the clement can he incorporated 

3.5.3 Yield Penetration Model 

The yield penetration model combined with the spread plasticity fllfmulation 

captures the variation of the stillness in structural elements The spread plasticit\ 

formulation described in Section 3 " 2 is dependent on the vield penetration parameters 

a I and a II' and of the tlexural stillness FI, at the center of the clement The rules tll[ 

the variation of these parameters as the moment diagram changes in the clement arc 

described below 

The yield penetration parameters. (1, and (1!,. specit'v the proportion of the 

clement where the acting moment IS greater than the section cracking moment. ,\I", or 

M'I" These parameters arc first calculated Illf the current moment distribution. and then 

checked with the previous maximum penetration lengths (l I,,,,, and (1",,,,, the \icld 

penetration parame,ers cannot be smaller than the previous maximum values regardless of 

the current moment distribution Two cases fix the moment distrihution are identitied 

single curvature and double curvature moment diagrams A set of rules are specitied for 

each of these cases 
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a) Single Curvature Moment Diagram ( M , M b c. 0 ) 

In the single curvature moment diagram the moments at the end of the clement 

have the same sign Depending on the moment distribution four cases can be identilied 

a I) End moments smaller than the corresponding cracking moments 

(1 M ,i <: 1M ,.,I and IM/11 <- iA/ il,,: ) 

a, o but a , --, a 'eM' 

() but al/ ~. UI/m" 

u. 2Ft ,Jill" 
---"" --- --

I-.f,.' U" 

n 12S) 

(J 12Sb) 

(J 12Sc) 

a2) Moment at end "A" greater than cracking nmment (:/0.1, ,:.\1,,,. and 

'A·f " c . Af ) ii' III . W II., i 

a, 
M", 

c I but a I '> C1. I tn." 
M" 

(J 126a) 

a II - 0 but a II '> a" m." (3 126b) 

l-:t .. 
2J-:t"UI/. 

(3 126c) 
I-.f ,. • I-JI/" 

a 3) Moment at end "B" greater than cracking moment (I M ,I < I M I, ,i and 

a, - 0 but a , '> a 'In'" (3 121a) 

114" - "'/1/" 
a 1/ ~ ----- < I but a" '> a /, 0'." 

Mil M, 
(3 l27b) 

. 2U,,,/,l/1 .. U -=------------

" r.1,.> ,r,l/1" 
(3 127c) 

a 4) Moment at both ends greater than cracking moments (i AI Ii, M ,.,', and 

, I I 
IM",>IMI!.,I) 

a, os 

a" as 

(3 128a) 

(3 128b) 



FI, 

-
2U,"-1 u 

l.'l, + Un 
(1 128c) 

Where /I,f ,,' and AI/I, , are the cracking moments of the section corresponding to the sign 

of the applied moments. /oJ 1 and U Ii are the clastic stiffness of the sections at the ends 

of the element 

b) Double Curvature Momenl Diagram ( AI, ,\I" . 0) 

In the double curvature moment diagram the moments at the end of the clement 

have ditTerent signs Depending on the moment distribution four cases can be identitied 

b I) End moments smaller than the corresponding cracking moments 

, " I ' 
(iM ,I < !M".: and iA,11I1 < IM,I", 

a I . 0 but a , > a 'OM' 

a/l 

"-1, 

o but a Ii > a Ii '"''' 

2FI ; /-JI! 

I-J ,,, + I-J Ii 

(1 129a) 

(1 12%) 

n 129c) 

b '2) \-loment at end ":\" greater t han crack ing moment ( ,\ I; . At ; . ~ and 

a, 

a /I 0 but a Ii "a " '" " 

FI 
2F/, IJ i' 

F/, • Fill 

(31]Oa) 

(3 DOb) 

(1 \JOc) 

b ]) Moment at end "B" greater than cracking moment (: AI,. . i,\/ /" and 

a, 0 but (1, ',' alp,,, n 1]la) 

n Illh) 
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1-:1 
').1-:1 I l.i II 

1·.1; • 1-.1!i 
(3l]le) 

b 4) \.1oment at both ends greater than cracking moments (.\1 > M:,: and 

.\1 .\1 ; . 
U : 

.\! Ii 
but a : 

'(J 
,'1,1\ 

(3 I'').a) 
\/ : 

;\1 Ii '\/1" 
but 13 1]2b) ui( 

.\1 Alii 
(1 .I~ • <1. if ':: 1\ 

U 
2FI,U ji n I.'').c) 

1-.1, ~ /-}" 

Where All., and '\//1" are the cracking moments of the section corresponding to the sign 

of the applied moments, FI , ' and / . ./ /I are the clastic stilrness of the sections at the ends 

of the element 

In the formulation described above. cracking moment~ are dependent on the sign 

of the applied moments Special provisions are made in the program to adjust the 

flexibility distribution of members where yield penetration has taken place on the whole 

element. that is. when 

In such cases the stitfness U. is modified to capture the actual distributIon considering a 

new set of yield penetration coefficients that will satisfy a: - a!< " I (sec Fig ]] ~ ) 

3.5.4 ":igenvalur Analysis 

An eigenvalue analysis is carried out using the condensed stillness matrix of the 

system 

(3 LB) 
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Where [K J] is the condensed lateral stillness matrix of the system relating lateral forces 

and lateral displacements, (!\1 J] IS the diagonal lateral mass matnx of the structure, (I}. 

circular frequency of the structure tor the mode ",", and {A } is the correspondin~ 

eigenvector The complete set of eigenvalues for the condensed degrees of frecdoms is 

calculated, that is, thc number of eigenvalues calculated cquals the number of stones In the 

building 

The complete set of eigenvectors are stored bv columns 111 thc matrix I $1 The 

modal equivalent masses in the structure are calculated according to 

Where [M "I] is the matrix with the equivalent modal masses in the diagonal Thc mass 

normalized eigenvectors are calculated according to 

I <l>1, , 

![ ] '1\1 \I 'I" 

The modal participation is thcn calculated usmg thc mass normali/cd cigcnwctors 

(3 136) 

or for diagonal mass matrices 

01.17) 

Where 1 q, is the modal participation factor for mode ",", and III IS a vector of oncs 

3.5.5 Structural Rt'5pom.(' Snapshots 

The program IDARC includes the option to determine the response of the 

structure at instants during the analv"is Scvcral typc~. of response snapshots can bc 

specitied 

a) Displacement profile 



b) Element stress ratios 

c) Structural collapse state 

d) Damage indices 

e) ()yn~:nic characteristic" (eigenvalue analysis) 

Response snapshots can be requested by the user during pushover. quasi-static or dynamiC 

analysis 

Two types of response snapshots are specitied in the program delimit and user 

detined Delimit snapshots will be reported. if requested by the user. ti.n the first crack. 

yield or failure observed in any column. beam or shear \\all in the structure during the 

analysis Furthermore. all snapshot types are al\\ays reported at the end of the analysis 

t:ser deli ned snapshot!' can be specitied for specific base shear or top displacement 

threshold levels l~sing this feature the user can recover the response state of the structure 

at any particular point during the analysis 

3.5.6 Structural Collapse State 

During analysis the state of columns, beams and shear walls is observed The 

program keeps track if a structural clement has cracked. yielded or tailed The 

qualitication is based on computing deformation!' to the specitied envelope values This 

information is automatically reported graphically. at the end of the analysis. but it can also 

be recovered at any step in the analysis using the response snapshot option The structural 

collapse state is reported for each frame in the structure following a simple graphical 

convention to identify cracked or yielded clements ~ see Fig 1 .-;6) Additional information 

on the state of the structure can be obtained from the damage analysis. presented in 

Section 3 6 
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3.5. 7 EI~mut Stnss Ratios 

During analysis the stress ratios of the structural clements can be reported This 

information can l~nly be requested as a response snapshot This optIon reports the ratios 

of demand to ultimate capacity in shear. axial and tlexure t(lr wlumns. beams and shear 

walls 

3.6 Damage Analysis 

Important research etl(Jrts have been carried out to dcvelop an accurate damage 

mdex to qualify the response of structures See Reinhorn and Valles (I 99S) t()r a 

summar)' of various damage indices proposed in the literature The current release of 

II)ARe incorporates three models for damage mdex (II a modified Park & Ang model 

(Park et aI, 1c)84. Kunnath et al 1992b). introduced in the previous releases of the 

program. (II) a new fatigue based damage model introduced by Reinhorn and Valles 

( 1995). and (III) an overall damage qualification based on the variation of the fundamental 

period of the structure 

The Park & !\ng and the fatigue based damage model can be used to calculate 

different damage indices clement, story (subassembly). and overall building damagc 

However. flU the story and overall damage indices the ultimate inter-story deformation or 

top story displacement arc required. as well as the corresponding stor)' yield shear force or 

base shear yield force level Such quantities can be readily determined from a lateral 

pushover analysis To determine an estimate of the story and overall damage indices. 

weighting factors were introduced based 0'1 the energy absorption in the different 

structural elements or stories of the structure For a description of the methodology 

necessary to adequately determine story and overall damage indices see Valles et al 

(1995) 
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3.6.1 Park & Ang Damagt Modtl 

The Park & Ang damage model (Park et al. 1984) was incorporated in IDARC 

since the original release of the program furthermore. the Park & Ang damage model is 

also an integral part of the three parameter hysteretic model since the rate of strength 

degradation is directly related to the parameter P described below (Park ct al . 1(87) 

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

6 m P . 
/)/ ,,-- '1---- f dJ· 

I's.. I 0 0 J> 'It . ". 
(J 138) 

where 0", is the maximum experienced deformation. 6,. is the ultimate deformation of the 

element. J~ is the yield strength of the element. J dl'-" is the hysteretic energy absorbed 

by the element during the response history. and ~ is a model constant parameter A value 

of 0 I for the parameter P has been suggested for nominal strength deterioration (Park et 

aI, 1987) The Park & Ang damage model accounts for damage due to maximurr. 

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

components of damage are linearly combined 

Three damage indices are computed using this damage model 

Element damage index column. beams or shear wall elements 

2 Story damage index vertical and horizontal components and total story 

damage 

3 Overall building damage 

Equation 3 138 is the basis for the damage index computation. although some 

considerations need to be taken into account as discussed below 

Direct application of the damage model to a structural element. a story. or to the 

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

building ultimate deformations Since the inelastic behavior is confined to plastic zones 
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near the ends of some members, the relation between clement, storv or top story 

deformations, with the local plastic rotations is dit1icult to establish For the clement end 

section damage the following modifications to the original model were introduced in 

version 3 0 (Kunnath et ai, 1992b) 

n 139) 

Where ()"' IS the maximum rotation attained during the loading history, 0,. is the ultimate 

rotation capacity of the section, O. is the recoverable rotatiun when unloadIng, M, is the 

yield moment. and F
" 

is the dissipated energy in the section The clement damage is then 

sdected as the biggest damage index of the end sectillfls 

The two additional indices story and o\erall damage indices are computed using 

weighting factors based on dissipated hysteretic energy at component and story le\els 

respecti\cI~ 

/)/ 
\', n I(i,') "",,,.,,(/)/ )'01'"'''' (JJ ,,;""" (J 140a) 

L 

. L r:~. 
,:, '\ 

(3 140b) 

Where j" are the energy weighting factors. and I., are the total absorbed energy by the 

component or story "(' 

The Park & Ang damage model has been calibrated with observed structural 

damage of nine remforced concrete buildings (Park et al. I 9S6) Table:; 1 presents the 

calibrated damage index with the degree of observed damage in the <;lructure 
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LIMIT DEGREE DAMAGE lJSABILITY APPEARAN(~[ 

STATE OF (SERVICE) 
DAMAGt: DAMAGE STATE 

INDEX 

!I~ !2! !3! ~4! !5~ 
None Undamaged Undeforrmed/uncracked 

000 Usable 
Slight Serviceable Moderate to severe cracking 

020-030 
Minor Repairable Temporarily Spalling of concrete cover 

050-060 Moderate lJnusablt~ 

Severe U nrepai rable Buckled bars. exposed core 
;.>100 

Collapse Collapse Unusable I.oss of shear/axial capacity 

Table 3 1 Interpretation of overall damage index (park et al. 1986) 

3.6.2 Fatigue Based Damage Model 

The fatigue based damage model was introduced by Reinhorn and Valles (1996) 

The damage model was developed based on basic structural response considerations. and 

a low-cycle fatigue rule. The damage index is 

0-6 
I)J -= -~ -.' - ------ ---

O"~O'[I /-;h 

4(6- 6 )/' " . . 
(3 141) 

Where D" is the maximum experienced deformation. rotation. or curvature, 8. is the yie!d 

deformation capacity. 6. is the ultimate deformation capacity. ,< is the yield force 

capacity. and I':~ is the cumulative dissipated hysteretic energy 

The damage index proposed can be used to qualitY the performance of structural 

elements. stories (subassemblies). or the overall response of the building Yield and 

ultimate capacities for story and overall assemblies can be easily determined using the 

pushover analysis option However. since these capacities are not readily available during 
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a time history analysis. weighting of element damage indices using dissipated energy 

considerations are used (see considerations described in the Park & Ang damage model) 

See Valles et al (1995) for a detailed methodology on how story and overall building 

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

Note that simplifying the fatigue based damage model for the case when the ratio 

(6" -0.)/(0. -6.) is close to one Eq J 141 simplitiesto 

6 . 
& ·6 " . 6 )!-. , 

n 142) 

That is the Park & Ang damage tormulation for I~ 0 2~ Theretllfc. the Park & Ang 

damage model is correlated to the fatigue based model for maximum dcformations close 

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

model see Reinhorn and Valles ( 1(95) 

3.6.3 Global Damage Modtl 

Another measure of how much thc structure has undergone damage is to study the 

variation in the fundamental period of vibration of the structure This history is related to 

the overall stitTncss loss in the structure due to inelastic behaVior The history of the 

variation of the first mode of vibration is pan of the user detined snapshot options in the 

program, as described in Section J 5 ~ 

DiPasquale and Cakmak (1988) dcfined the softening of the structure as 

j)J (3 143) 

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

the structure can be estimated 
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SECTION 4 

PROGRAM VERIFICATIONS AND EXAMPLES: CASE STlJDlES 

4.1 Component Testing: Full Male Bridge Pier Under Rcvencd (:ydic: Loading 

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

laboratories of the National Institute of Standards and Technology (Stone and (,heok, 

1989. (,heok and Stone, 1990) These columns represent typical bridge piers designed in 

accordance with Caltrans specifications The piers were tested by applying both axial and 

lateral loads as shown in the experimental set-up in Fig 4 1 The column analyzed in this 

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

ratio of 6 0 The tests were performed using a displacement controlled quasi-static history 

as shown in Fig. 4 1 The column was made of 52 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 689 ksi and elasticity modulus 01'27438 ksi was used as 

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

2% '>train and a strain hardening of 1454 ksi betore actual rupture The cross-section in 

Fig 4 I also shows the reinforcement details The experiment was analyzed using data 

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

The purpose of this analysis is to simulate the essential characteristics of the 

hysteretic behavior and compare it with the experimental recorded response The 

modified three parameter hysteretic model was used with a stitTness degradation 

coefficient HC=90, strength degradation coefficient HBE 005; HBD-OO (very little 

deterioration in strength), and a pinching coefficient HS c 1 0 (indicating no pinching) 

These parameters were estimated from the observed experimental loops. and could be 

used to represent well-detailed section The response obtained from the analysis is 

compared with the test results in Fig 4 2 The maximum loads attained in the analysis, 
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290 kips and 3.6 kips (positive and ne~ative) compare well with those observed in the 

tests, 284 kips and 296 kips, respectively 

The damage evaluated using the analytical model is presented in Fig 4 1 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 09, which is indicative of extremely large damage, u~ually beyond 

repair, as was the case tor 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 0 8 
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Fig. 4.3 Progressive damage history during cyclic testing 
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4.2. Subassrmba~r "'ntin~: 1:2 Scalr Thrre-Story t'rame 

A I 2 scale model of a three-story lI'ame, tvpi.:al to construction practice of 

reinforced concrete structures in (,hina, was tested in the laboratory bv Yunlci ct al 

( 1986) The structure was tested using a displacement controlled loading as shown \0 

Fig 44 The geometry of the frame and the essential reinforcement used Ii.)f the analysIs 

is also shown in Fig 4 4 The frame i~ made of 40 2 \'j I)a concrete and is reinforced by 

Grade 40 steel (40(}MPa yield strength) Default parameters were used for the other 

material property information (see zero input in data ('ase Study 112. Appendix B) The 

first three cycles of loading produced cracking and t1rst yielding Subsequent loading of 

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

The model was analyzed using the data specilied i·. the data sheet ii.)f Case Stud~' 

#2 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, however, a better 

estimate was obtained by increasing the strength degrading parameter The tinal 

parameters, He -~8 for stitTness degradation. UBE 0 I for strength deterioration and 

HS -1 () for bond slip (pinching). produced excellent agreement of f()rcc levels at the lager 

amplitude cycles as shown 10 Fig 4 S 

The choice of hysteretic parameters is important, but not critical in establishing the 

overall system response For example. values of II( between 4 0 and 9 0, and values 

between 0 05 and 0 10 would have produced almost comparable results As will be 

pointed out later, a proper choice of hysteretic parameters becomes important for local 

failure cases due to etTects of bar pull-out. pinching shear. etc. or \\ hen microconcrete is 

used for small-scale models (1 4 or greater) In this case study, no speCIal connection 

behavior was modeled 
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The present version of the program calculates the dissipated hysteretic cnergy of 

components that can be used as an identilication target Ii.)r the dlllice Dr hysteretic 

parameters In the current analysis. the identiticatiun ~as directed hmards the maximum 

It]rce level which involves only the strength deterioration parameter lI\'steretic cnerg' IS 

also a known measure of structural damage Fig -t (> presents a comparativc 

representation of disslpatcd cnl!rgy and total S\'stl!n\ damage :\ maximum damage of 

about 06 \\as achicvcd in the analysis, indicating that the global damage index IS lcss 

sensitive to local damagc accumulated at individual sectiuns Thereti.,re. it \\111 be 

necessary to calibrate global indices before they can be used in damage asse~sment 

Another feature of the lDARC program IS the push-mer anah'sis under 

monotonically increaSing lateral loads Tllis feature \\as used to determinc the 

correspondence with the observed collapse mechanism The frarne de\clllped a beam side 

sway collapse mechanism that was clearly uocumented 111 the experimental records 

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

sections. and identilied by visual obscnations Fig -t 7 shows the damaged frame with 

observed plastic hinge locations and computed sequence of hinge formation using II)ARe 

Finally. the progression of damage historv is shov,n m Fig 48 ti.)f each of the stnf\' 

levels The upper two ll!\'cls did not experience any column damage Studies of this 

nature can be used to calibrate damage models uS1l1g ductilitv demand and dissipated 

hYsteretic energy as controlling criteria 

The two cases studies presented this tar are based {)(1 displacement controlled 

loading. which is typical in laboratorv tc~ting of components and subassemblies IDARC 

can also be used fi.lr force-controlled loadlllg histories 
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4.3 Mismic Simulation: T~n-Story Mod~ Struclure 

This study is based on shaking table tests of a ten story. three-bay frame. scale 

model of a structure conducted at the University of Illinois. Urbana (Cecen, 1(79) The 

model was subjected to similar earthquake ground motions at levels that produce strong 

inelastic behavior and damage The geometrical configuration. clement designation, 

dimensions and reinforcement details arc shown in Fig .t <) The model is made of 4JSO 

psi concrete and grade 60 steel with a measured yielding strength 01'70 ksi and modulus of 

elasticity of 29000 ksi The initial concrete modulus was adjusted to provide a 

fundamental period consistent with observed response This is an important consideration 

when initial conditions, such as cracking resulting from gravity loads or model 

construction, produce a system that is not consistent with gross moment of inertia 

computations 

The model was subjected to scaled ground excitations with 2 S times compression 

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

seismic inputs were 030g, 084g and I 6g respectively. as shown in Fig 4 10 The 

purpose of this case study is to compare the analytical response with the experimental 

results when severe nonlinearities resulting from progressive damage are observed The 

second objective of 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 t13 (sec Appendix B) The 

structure is modeled by mass similitude with a total 1100r weight of 1000 Ibs per floor 

The dynamic analysis is performed considering an integration time step of 0 001 sec 

Hysteretic parameters used are listed in the input data sheet There was no predetermined 

basis for the choice of hysteretic parameters The program default values were used for 

both beams and columns, with the exception of the stiffness degrading parameter tor 

columns ~here the program assigned default is 20 However. results of testing on 

relatively small scale components (I 4 or greater) indicate that the parameter HC is much 

smaller, and a suggested value of HC 0 5 - lOin recommended in such cases 
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The comparison of the analytical and experimental results in telms of (i) peak 

accelerations is shown in fig 4 II. and (ii) peak displacements is shllwn in Fig 4 1:2 The 

maximum displacement reported in Cecen (1979) arc based on one-half the double 

amplitudes. whIle the IDARC values arc absolute peak The entire displacement hIstories 

compare more favorablv as will be discussed next 

The analysis results arc also compared with l\H) other computer programs (i) 

SARCF-III (Gomes et al. 19(0) and (ii) ()RAI~-2D (Kaanan and Powell. 1(71) Since 

both SARCF and [)RAI~ usc bilinear envelopes. only the initial stinness and yield 

moments were provided aj basic input The default Takeda degrading model \\as used in 

DRAI~. while the damage-based hysteretic model was used in SAR(T The results arc 

presented in Figs 4 13 through ~ I" JI):'\RC shows peak dltlcrences ranging between 

3°0 to 10% of experimental\v observed values It can also be observed that an e.xcellcnt 

agreement is obtained uSlOg \DARC for RL" 111-3 which has the largest inelastic 

response 

In all three programs. the three seismic inputs were provided successively as a 

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

without returning the svstem to undamaged conditions Recording instruments. on the 

other hand. are tvpically reset to zero conditions between tests, thercbv making it difficult 

to track permanent deformations. if any 
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".4 Mismic Responst: 1:3 Scalt Modrl Ughtly Rrinforcrd Concrrlr Siruclun-

A comprehensive study of light", reinforced trame stmctures was the subject of 

numerous investigations at the State l'niversity uf~e .... York at Sumlin (Bracci, 19(2). 

and at Cornell l:nivcrsity (E1-Altar, 1(90) A I J scaled model was wnstructed, tested. 

retrotitted and re-tested using simulated earthquake motion generated by the shaking table 

at St'NY/Buffalo The model reflects a "slice" of a 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 4 I () Essential geometrical 

data and reinforcement details arc also shown in the tig.ure Attained wncrete strength 

were 4000 psi. JOOO psi and J~OO psi at the tirst. second and third storv le\l~ls 

respectively. with an elastic modulus of 2700 ksi. :noo ksi and 2~30 ksi, respectively The 

steel had an average yielding strength of M ksi aller annealing with modulus of elasticity 

of approximately 29000 ksi Additional details about the stmcture and the testing can be 

found in Bracci (1992) 

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

level earthquake (PC; A 0 OSg), a mnderate earthquake (P(jA 0 20g) and a se,ere 

earthquake (PGA 0 JOg) The ground motion was obtained bv scaling the acceleration 

time history of Tall (I c)S2) N21 F wmponent Only two sets of results arc presented here 

The main purpose of this study was to \Ovestigate the etlccliveness of using 

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

dynamic response of the total stmcture The data set used ti.)r in this example IS presented 

in Appendix B Onlv the second mn at a measured peak acceleration (lfO 22g is included. 

since the basic data is the same ti.)r both mns. with the exception of the initial stitlhess and 

the input ground motion As indicated. the data was defJ\ed entirely from the results of 

separate mterior and exterior beam-column sub-assemblage tests which provided 

informatIon on yield strength and hysteretIc behavior '\0 attempt was made to tit the 

observed shaking table response 
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The comparison of displacements tor the top story during the mild and moderate 

earthquakes are shown in Fig 4 17 and 4 18 IDARe predictions shuw guod agreement 

for both peak values and the total response history The comparison includes predictIOns 

by DRAIN·2D and SARCF More data on observed behavior in terms of deformations. 

stresses and damage mechanisms are reported in Bracci ( 1992) 
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4.5 Damage Analysis: Cypress Viaduct Collapse Durin. the 1989 toma Prieta 

Earthquake 

The collapse of the Cypress Viaduct during Lorna Prieta Earthquake in 1989 

provided an excellent opportunity to verity IDARC in seismic damage evaluation of an 

existing structure The Cypress structure consisted of a boxed girder roadway supported 

by a series of 83 reinforced concrete two-story bents Eleven bent types were used in the 

construction of the viaduct Fifty-three of the bents were designated as Type B I, which 

consist of two portal frames, one mounted on top of the othl'r (Fig 4 19) The upper 

frame is connected to the lower by shear keys (hinges) The dimensions of a tYPical Ii I 

bent and its reinforcement details are shown in Fig 4 I <) Type B I bents sutrered the most 

damage and seemed to have failed In the same consistent manner throughout the freeway 

The structure was modeled u~ing a combination of tapered column, shear-panel 

and beam elements The pedestal region was modeled as a squat shear wall so that its 

impending shear failure could be monitored The Outer Harbor Whart horizontal strong

motion records were transformed to (}4°, 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 torm of a vertical excitation with magnitude of 

Ig The actual ground motions were introduced after the resulting free vibrations had 

damped out The data used for the analysis is presented in the data sheet for Case Study 

#5 in Appendix B 

The purpose of this analysis is to demonstrate the use of the program in the 

practical analysis of existing structures The IDARC model of the bent is shown in 

Fig 4 20 The imposed vertical and horizontal motions on the structure are shown along 

with the top level displacement response in Fig 4 21 The analysi~ with IlJt\RC revealed 

that the first clement to fail was the lell·side pedestal after approximately 12 ~ seconds 

into the earthquake, note that the plot shown in Fig 4 22 includes an initial 4 seconds of 

gravity load input A plot of the damage history of the pedestal is shown in Fig 4 22. in 

1.2 
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which the horizontal input motion and the pedestal shear history are also shown tbr 

reference Complete details of the analysis of the Cypress Viaduct using IDARC can be 

found in Gross and Kunnath ( )992) 
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4.6 Pushover Analysis: Building in thr Vicinity of the New Madrid Zone 

This case study describes the ditlcrent capabilities for pushover analysis available 

in the program The pushover analysis was carried out to evaluate a ti.Jur story reinforced 

concrete building, subjected to a set of static lateral loads representing the inertial f()rces 

that may be observed during an earthquake event The typical 110m framing, plan of the 

building is shown in Fig .. 23 The lateral load resisting, system in both directions consist 

of shear walls and weak frames, as shown in Figs .. 24 and .. 25 

The pushover consists of a static anah'sis of the structure under a set of 

incremental loads The results descrIbe the behavior of the structure in the clastic and 

inelastic ranges, and therefore is onen used as a tool \0 identity the lateral load at which 

dilTerent elements crack, yield, or fail Furthermore, it captures the sequence of gradual 

element failures as the structure collapses A detailed description of the building, is 

presented by Valles et al (I <.J<.JS) 

The pushover curves, onen referred to as capacit~· curves. characteri;:e the 

strength and displacement capacity of the building Ilowever, the capacity curvc is 

dependent on the force distribution along the height considered during the pushover 

analysis Fig 4 26 shows typical capacity curves for ditlcrent lateral load distributions 

The availablc options in the program for a pushover analysis are 

I) Force control linear (inverted triangular) 

2) Force control uniform 

1) Modal adaptive 

4) Force control user defined 

S) hlrcc control generalized power distribution 

6) Displacement control 

In this study the global and the storv re"'ponse of the building were investigated 

and compared to the results from a non-linear dynamic analvsis The overall capacitv 

IlX 
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curve is defined using the variation of the base shear versus the top story displacement 

(see Fig 426) On the other hand, the capacity curve for a story was characterized using 

the variation of the inter-story drill versus the story shear (lICl' Fig 4 27) The figures 

include the results from the nonlinear time-history analysis with a black circle '\lote that 

the generalized power distribution with power provides the best match between pushover 

and dynamic analysis Further discussions on the results may be found in Valles et al 

( 1995) 
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4.7 Response Snapshots: Eight Story Building in Los Angeles 

This case study presents the results of the application of the IDARC program in 

the evaluation of the seismic performance of a reinforced concrete building, using the 

A TC -33 (50% submittal) guidelines During the evaluation process a number of response 

snapshots were required The building was designed and I:onstructed in 1961 according to 

the requirements of the 1959 l:niform Building Code It consists of one subterranean 

basement level and seven above ground noms the typical nom framing plan of the building 

is shown in Fig 4 28 

The lateral load resisting system in the longitudinal direction consist of non-ductile 

reinforced concrete moment-frames along column lines 2 and " Frames I and 4 were 

excluded in the analysis due to the architectural feature which seriously limits their 

participation The lateral load resisting system in the transverse direction consists of 12" 

thick reinforced concrete exterior shear walls (along column lines A and W). and 8" thick 

reinforced concrete walls along column lines E. G. !\:. and \' These walls are assisted by 

several one-bay moment-frames spanning between lines 1-2 and ,,-4 lienee. the lateral 

system in the transver!le direction may be considered a dual system featuring shear wall

frame interaction. Figure 4 29 

The following models were considered in the analysis of the building, one three

dimensional linear elastic. and two 2-D non-linear models. one for each principal direction 

of the structure Only the results corresponding to the inelastic analysis are shown. for 

more detailed information see Naeim and Reinhorn (I <)95 ) The nonlinear analvsis was 

carried out using the pushover option along with user requested response snapshots to 

evaluate the seismic performance of the structure according to the recommendations of 

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

Three different response spectra were considered a site specific smooth response 

spectra representing the 1994 Northridge shaking at Ihis site. as supplied by ATe 
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(Somerville, 1995), and the ATC'-JJ 50
0 damped design spectra corresponding to return 

periods of 500 year!' and 2500 years tor soil type D and map area 7 which correspond to a 

the ATC site c1assitication for the building (Somerville, 199") These spectra are shown in 

Fig 4.30 where the initial and etfective fundamental periods of the building in b()th 

directions are identitied 

The longitudinal and transverse 2-D models of the structures were pushed using a 

lateral force distribution as specitied in the ATC-JJ 02 (sec generalized power distribution 

In Section 3 4 2) The exponents tor the load distributions were calculated according to 

the ATC-D 02 recommendations k 1 965 in the lungitudinal direction, and k 1 07 in 

the transverse direction In both directions the model was pushed beyond the specitied 

target mof displacement according to the ATC-J3 2500 year event 

Preliminary calculations conducted bct(Jre the 1994 ~orthridge earthquake, 

indicated a significant potential for serious damage during a moderate to large earthquake 

During the !\Jorthridge event. however, although extensl\e damage \". ere observed in one 

or t\\O neighboring buildings, no apparent signs or structural damage were observed This 

observation is in accordance with the results of the pushuver analyses. where no damage 

to very slight damage was predicted for the structure when slIbjected to this event 

Important information was obtained from the pushover analyses. including the 

variation of roof displacement versus base shear. and the response stages of the building 

Figure 4 31 shows this variation tor the longitudinal direction. with signiticarlt stages in 

the response identified Using the response snapshots capability of the program, reports 

t()f the state of the building at ditlerent stages can be generated lser defined snapshots 

were requested for the three earthquake intensities considered Figure.\ n shows the 

lateral displacements, in the longitudinal direction. corresponding to the three earthquake 

intensities studied Other response snapshots were requested. including clement stress 

ratios t(Jr beams (see Table 4 I) Based on the curvature demand/capacitv ratios reported. 
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beams are expected to undergo severe damage during the ATe 2500 year event Relevant 

overall response snapshots are summarized in rable 4 2 



V/Vu M/M, ¢/Q.. 

Northridge 
Story 8 0.1387 0.1935 0.0035 

6 0.4394 0.7860 0.0277 
4 0.5605 0.8760 0.2240 

2 0.5809 0.8820 0.2611 
I 0.5329 0.8625 0.1393 

ATC 500 
Story 8 0.2370 0.3412 0.0062 

6 0.5820 0.8837 0.2721 

4 0.6122 0.9428 0.6416 

2 0.6158 0.9482 0.6756 

I 0.6110 0.9379 0.6111 

ATC 2500 
Story 8 0.2433 0.3389 0.0062 

6 0.5838 0.8868 0.2915 

4 0.6287 0.9743 0.8390 

2 0.6327 0.9810 0.880~ 

\ 0.6264 o . 9666 0.7911 

Table 4.1 Elements stress ratios for typical beams 

O,,,,.IH,,,, ", .. ", fW, Dl NR~ 

Site Northridge 0.0062 0.0410 0.042 
ATC500 0.0256 0.0475 0.35\ 
ATC2500 0.0488 0.0502 0.502 

Table 4.2 Structural response, longitudinal direction, for various earthquake intensities 



4.8 Stftl Strutlurr: Evaluation of Srismit Prrformancr of a II Story Strrl Momrnl 

"rame Building during the Northridgr t:arthquakt 

This case study exemplities one of the options Incorporated in the present I DARC 

version, this is, the alternative lor the user to input their 0\\ n moment-curvature propcrtil's 

directly Thus, the program can be used to peri'()rm the anahsis of buildings with frames 

made of ditTerent matenals, besides reinforced concrete This case presents some results 

of thc inelastic analysis perli.lfmed to an I I-storv steel building subjected to earthquake 

loads 

This building. located in West Los Angeles. was damaged during the Januar'\, 17. 

I ()c)4, !l\orthridgc earthquake An extensive field investigation of damage was performed 

prior to the start of the analytical study and then compared with the results of the 

extensivc two an three dimensional. linear and non linear. static and dynamic analyses of 

the building in order to investigate and correlate observed damage with various clastic and 

inelastic damage predictors As mentioned abovc. only some results corresponding to the 

inelastic analysis are shown The reader can see the report bv '-.jaeim et al (19c)S) for an 

ample description of the observations 

I"he building is made of composite concretc and steel metal deck slabs which are 

supported by :\36 structural steel beams and columns The exterior skin is madc of 

precast concrete panels and gla ... s plates Structural steel columns are supportcd at the 

foundation by cast-in-place reinforced concrete frictIon piles The seismIc load resisting 

system consist of ordinary momcnt Iramcs constructed of A16 structural steel. a typical 

frames shown In Figure 4 33 Scismic loads are carried to the lateral resisting system bv 

the composite concrete and stcel deck slabs \\ hi .. h act as hori/ontal diaphragms Tvpical 

moment frame connections at the column tlange and v.cb are shov.n in Fig. 4 .H 



'!, - =' I , 
.>: - '" Xl ,D 

t 1 , 
tl n I {I \ , \:1 {I ~-

e '" 
I -I I I ,- I 

I 1 1 I I 1 1 

e I 
I I l , ,. -I 

1 1 1 
, I I ~ 

I 1 1 1 I I ~ ,. 
1 1 1 I I I I 

e -I I I · I I-, 
~ 

I , I 1 1 I ~ • 
6 I , '\"'~ j II (I'~' , , · , I 1 

2 a c fi? .... ~ ;:: 
~ ~ :i i ,-.., • • • • 

'" ''i':I.~. liP". II C·" • 
0 !:! 9 ~ '? '? $:? 

~ " -, 

~ 
.... .... 

~ ~ ~ ~ ~ • • • • .. • • 
.. "~I' .• •. i l • ,III olP·ltII .... 

'" 0 ~ 'Z 'Z 'Z '? $:? 

~ 
.... .... .... 

~ 
.... 

i ~ ~ ~ i • • • • ,. • • 
t7I 

L~C'''. Ilr'tlM "r"" 
., 

Ii! .:: 
=- j • 

® -

- · . -

:'::1 ., '" ::.. .l- .l-

I 
, I ~ " I ". I ' .. 

-' 
"-;~5: v, 

d' ~ .,. 1 ~t~ 
I i6t",. I "II 

1 
, 

1 
, , 

I It\l "II I itt·Ol. ! T 

~ ~ ~ I I 
~ ~ I I 

I 
I 

: I I I I /., "II i'~'I". 

i1 ;j OJ ! I 

~ ~ ~ I I 

T 

~,,{, "IO ad'tlil 

~ ~ 
a 

~ j I 
1/ 

l'~ I au t,1l ... 
-+-

+ 
~ &J ~ ~ I , 

~ ~ ~ ~ I I 
:,~ .. - i61 tI. 

I 1 1 1 ~ 
~\ ~\ ~\ ~\ 'i 

T 
I 

! 

~ \ i' : 

1 tt·,. 

~ ~ 
1 I 
I t('tl 
I I 
I I 

~ II 

1m ', 

~ ~ 
I i 
I Hr', 

I , 

! 
i 
I 
I 
I 
1 

I 

I 

-i-
I 
I 
I 
I 

4-
I 

I , -t4-
I I 

~I . 
~ 

31 ~ c 
I -= 

0' 
';: 
c;.(j 

~, 'i; 

~I 
§ 

r; 

~I 
..s:! 
IU 

E iij :'::I .... 
.J :L. 

W r-, .... 
W .,. 

il t 



, 12 . 
I 

----- DOuBLER Pl AT 
COL. SEE SCHED. 

-; r-.t-- -Tr --- <t= 
'I I 
'I I : 

BOLTS 
SEE SCHED. 

5/ ~ 6 -
II : ~ 

~~-tl I // 
,,----. 

-30' '\ < TYP. 
CP 

~ /2" PL-

DOUBLER PL AT 
COl. SEE SCHED. 

CP 

f 

r 
I 
I 

) 

1/2 

TOP OF COL. WHEN 
COL. DOES NOT CONT. 
ABOVE 

HORIZ. STIFF. PL'S AI 
W1 4x 1 76 & W14x233 
COLUMNS ONLY. STIFFENERS 
TO MATCH flANGES OF 
LARGEST GIRDER FRAMING 
INTO COLUMN. 

Fig. 4.34 Typical moment connection at column flange 



The seismic loads considered were postulated ground motions for the site during 

the 1994 '\jorthridge earthquake In addition, the following ear1hquake records were also 

considered 

The 1994 \;or1hridge ear1hquake as recorded at the parking lot of the Sylmar 

County lIospital Building This IS considered to be one of the recmds with the 

highest damage potential lor this evcnt (\aeim. 19(5) 

:! The 1994 ~orthridge earthquake as recorded in ('anoga I'ark (7769 Toponga 

Canyon Blvd) which represents levels of shaklllg larger than thc motion postulated 

for the site but less than that recorded at Svlmar 

] The 1978 Iran earthquake records at Tabas to represent a larger event 

4 The 1940 EI Centro earthquake as recorded at U Centro Irrigation district because 

it has been widely cited in previous studies and hence has certain value as a 

benchmark record 

5 A uniform risk design spectrum representing 10 °0 probability of cxcccdance in 50 

vears developed for the site of the Sylmar County Hospital (Somerville. 19(5) 

Two nonlinear 2-D computer models were constructed (one for the E-W and 

another for the 1'<-S directions) In both mathematical models all frames in the direction 

under consideration were included and connected by the rigid 110m diaphragm assumption, 

the columns were considered fixed at the loundation level. and 2°0 damping was assumed 

for the tirst mode and the mode nearest to 30 IV 

Bilinear hysteretic behavior was assumed using a 5°'0 strain-hardening ratio The 

yield and ultimate curvatures correspond to the cross section's full elastic and full plastic 

strengths. respectively (hg 4 -'5) The ultimate deformation (curvature) for members was 

specified as the lowest of (a) maximum strain at fracture (J;, 1,,0 0) divided by the 

distance to neutral axis. or (b) using the maximum plastic moment and a post-yield 

hardening capacity of 0 05 (Fig 43S) The resulting ultimate curvature produces ultimate 

rotations between 0 m and 0 04 radians. depending on plastic penetration Yielding 

curvature corresponds to a stram of () 14°0, and the curvature at the onset of strain-
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Moment 

Mp = Z Fy .--------===::;:::;.., 
M. C;:::::;::-..,.------a;EI 

M". = SF" EI 2 
I I 1 

Curvature 

Fig. 4.35 Material model used for the study 



hardening corresponds to a strain of I 5° 0 Thesc assumptions are in basic agreement with 

thc published A36 steel strcss-strain rclations 

To predict structural damage. damage indices \\ere assigncd at the clement Icvel 

(beams and columns). as \\ell as story levels. and to the overall structure The damage 

model developed bv Park and Ang ( 1(85) v. as utilized 

The following analyses \\cre perl(lrmed for models corresponding to '-S and I:-W 

frames 

Static nonlincar pushovcr analvsis with an imel1cd triangular lateral load 

distnbution 

:2 Nonlinear time history analvsis with simultaneous applications of horizontal and 

vertical components of the synthetic ground motion representative of the Northridge 

earthquake at the sitc 

3 Nonlinear time history analysis \vith slIllUltaneous application of horizontal and 

vertical componcnts of the 1994 \orthridge at the Svlmar ('ount\, Ilospital Parking 

I.ot 

Typical plots of story shcar vcrsus slorv drift for the above analyscs arc prescntcd 

in Fig 4 36 for thc I\-S direction III these ligures. the maximum timc historv response to 

the svnthetic motion at the sitc and that of thc Svlmar time historv are marked bv a black 

circle and a square. respcctively Thc rcsults of the pushovcr allal~ ses and thc time 

histories show a vcry good match at all stories rhis is a strong indication that for this 

building. in spitc of its complexitv and vertical irregulanties. the static pushovcr anal~sis 

may be uscd to obtain a good approxImation to nonlinear dvnamic analvses resuits with 

ground motions of widcly ditlcring seyerity 

The damage indices corresponding to inelastic dynamic and pushover analyses 

were computed Typical damagc indices corresponding to pusho\'!'r analvses in one of the 

Ii'amcs arc shown in Fig 4 n ThIS figure compares the damage ohserved in the lield 

I ~') 
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inspection and the numerical damage indices computed Although there is no one-to-one 

correspondence between analvsis results and observed damage, certain anal}1ical 

indicators do provide strong indications of where damage rmght be present 
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4.9 Passin En~rgy Dissipation Dn-itn: 1:3 Scale Model Retrofitted l!sin~ Different 

Ty~s of Damp~n 

The response of the 1 ] scale three story model structure described in Section 4 4 

was investigated using ditlerent passive energy dissipation devices This case study 

compares numerical predictions of the response .... ith actual exp\!rimcntal measurcrr.ents of 

the building with ditlerent types of dampers The tested structure included conventl'mal 

concrete jacketing in the interior columns and joint heam enhancements (Bracci et al . 

1992) to retrotit the original damaged structure The test program included the f()lIowing 

types of dampers 

a) Viscoelastic dampers bv]1\1 company (Lobo et al. II)(H. Shen et al. 199]) 

h) Fluid viscous dampers by Taylor Devices (Reinhmn et al . 199~a) 

c) Friction dampers by Sumitomo Construction ('0 (l.i and Reinhorn. 199:") 

d) Viscous walls by Sumitomo Construction ('0 (Reinlmrn et al . 1995b) 

e) Friction dampers by Tckton Co (l.i am' ·'einhorn. 1995) 

The objectives I(lr the retrolit test program was to reduce overall damage progression. 

provide data li)r analytical modeling of inelastic structures equipped with linear and non

linear dampers. and t(l determine the force transfer in retrofitted structures and its Im;al 

eflccts 

The new version ufthe computer program IDARC is capablc of modeling viscous. 

friction and hvsteretic dampers Test results for the Tavlor tl,.id \iscous dampers and the 

Sumttomo friction dampcrs arc sUllllllaril.cd The test program did not include any type of 

hysteretic dampers. hut the numerical results for the structure \\ ith hvsterctic dampers are 

included 

4.9.1 Viscous Dampt'rs 

The fluid viscous dampers bv Ta\'lor Dcvices \\ ere seil'cted Ilu this comparison 

Results for the other t\pe~ of \iscous dampers tcsted can be lilllnd in the corrcspundin~ 



reference listed above The viscous dampers Installed in the brace (see Fig 4 38), were 

selected from the catalog of Taylor Devices Inc Model h4, rated to 10,000 lbs (446 

kN) The damper was connected to the brace using a load cell with a capacity of ,0,000 

Ibs The damper construction can prevent rotations between its two ends which IS suitable 

to prevent buckling in the brace assembly 

Figures 439 and 440 presents a comparison of story displacements and 

accelerations for E: Centro 03g Results show a good correlation between the 

experimental test results and the numerical prediction Figure 441 shows the pushover 

response of the structme for a simplilied evaluatioll, as presented by Reinhorn et al 

(I99Sa) 

4.9.2 I'riction Damper'! 

For this comparison the friction dampers by Sumitomo Construction Co were 

selected Results for the other type of friction damper tested can be t(lUnd in the 

corresponding reference listed above The damper was installed using the layout shown in 

Fig 438, as described for the viscous damper example Figures 4 42 and 4 43 pres';li~~ a 

comparisoll of story displacements and acceleratir os. Numerical results show good 

.;orrelation with the experimental measurements Figure 444 shows the pushover 

response of the structure that can be used in a simplitieJ response evaluation as described 

in Reinhorn et al (199Sa) 

4.9.3 Hysteretk Dampen 

The test program on the three stor. :;cale model did not include retrofit USing. 

hysteretic damper elements For completen,~ss, the results considering a hvsteretic damper 

are presented in r;gs 445 ami 4 46 
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4.10 Masonry Intill Panels: Experimental Test ora Ma!lonry Intilled Frame 

The computer program !DARC is capable of analyzing the response of buildings 

with infill panel elements In this case study. the response of a masonry infill panel tested 

at the University of Butl'alo (Mander and Nair. 1(94) is investIgated The infill frame was 

part of a research program to obtain the hysteretic force deformation of masonry intilled 

frames The subassemblies. constructed from bolted steel frames and inlilled with clay 

brick masonry. were tested under in-plane quasi-static cyclic loading The test specimens 

consisted of three story steel frames with the center story intilled with the brick masonry 

(see Fig 447) Diagonal braces with stillness SImilar to the inlill were provided at the top 

and rottom stories 

Conr.ections in the frame were designed to half the strength capacity of the 

connecting members to achieve concentrated yielding in the connections. preventing 

therefore damage to the principal members The test setup was designed to simulate 

boundary conditions shown in Fig 4 4K. with plastic hinges at thc beam ends and a 

compression strut in the infill Such conditions exist in frames subjected to lateral loading 

with the infill being the critical clement (\lander ct al. 19(4) Tcst specImens were 

subject cd to a sinusoidal cyclic drift history with increasing amplitudc 

The program IDARC Ver 40 was used to simulate the observed experimental 

force deformation response of the masonry mfill subassembly The idealized structural 

model used for the analysis is shown in Fig. 4 49 The model parameters were determined 

using the formulas presented in Appendix D (see Reinhorn et al , 1995d. for more details) 

The same cyclic Jrift history used for the experimental test was used as input for the 

model The comparison of the experimental and analvtlcal force-deformation response for 

nne of the subassemblies tested is presented in Lg 4 50 (see Reinhorn ct al . I '>95d. for 

more comparisons) The figure shows the lateral force \'s interstory drift hysteresis loops 

obtained in the experiment and the simulation The comparison indicates that the 

theoretical model predicts the experimental results to a reasonable degree of accuracy 
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Fig. 4.48 Boundary conditions of infilled frame subassembly 
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fig. 4.50 Comparison of experimental ami analytical force-deformation response 
(Specimen 1) 
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The propo!ied hysteretic rule IS sutliciently versatile and adequate tu generate the observed 

hysteretic loops 
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4.11 Remarks and Conc::lusions 

The case studies presented in this Section are only meant to show a representauvc 

sample of IDARC capabilities The task of modeling difl'erent structures vary from case to 

case, depending upon the degree of complexity in structural configuration and member 

connections While \DARC must still be regarded as a spccial-purposc program. it can hc 

used with generality in analysis of structures ranging from buildings to bridgcs and partial 

subassemblies used in laboratory testing 

The input parameters to the program are obtained directly from engineering 

drawings or from separate computations of member properties The only exceptions are 

the input of hysteretic parameters and the assigned viscous damping analysis The case 

studies presented here cover a range of different structures from single components to 

scaled model frame buildings to full scale existing structures They also include well

detailed ductile joints to gravity-load-designed non-ductile connections The parameters 

used here can serve as a reference for the choice of appropriate parameters It is 

recommended to use data from component tests when avaIlable. either by actual testing or 

from the literature of past testing of similar configurations and details 

The choice of hysteretic parameters is critical only In the prediction of local failures 

at a beam-column interface For systems with a large number of clements. 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 more evenly distributed 
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SECTION ~ 

CONCLllSIONS AND RECOMMENDATIONS 

~.1 Conclusions 

The present report summanzcs the theory. developments. and capabilities of 

IDARe Ver 40 for the inelastic damage analysis of structures ~ignificant change~ and 

improvements with respect to previous versions are summarized below 

a) Viscoelastic. friction and hystercl1c damper clements The three main types of 

supplemental damper elements were added to the new release of the program 

Viscoelastic damper clements can be modeled using a Kelvin or a Maxwell 

model. depending on the specific characteristics of the damper used Friction 

and hysteretic dampers are modeled using the Bouc-Wen smooth hystereti.: 

model All damper models are capable of capturing the response during 

dynamic. quasi-static and pushover analysis 

b) Infill panel elements Contribution of infill panel elements to the lateral load 

resistance of the structure were added The hysteretic response is captured 

using a smooth hysteretic model that accounts lor stiffness degradation. 

strength deterioration. and pinching of the hysteretic loop~ A large variety of 

infill panel elements can be modeled with changes In the control parameters of 

the hysteretic model Formula .. to internallv calculate the response parameters 

of masonry intill panels arc available in the program 

c) Spread plasticity and yield penetration The spread plaSli(;ltv model was 

reformulated to include the effects of shear distortions with enhanced 

numerical precision The new formulation can accommodate shear or flexural 

failure conditions Yield penetration rules were introduced to track the 

variation orthe plastic length zones 
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d) New damage indices Three damage indices can nO\~ be calculated in the 

program the Park & Ang damage model. the fatigue based damage index. and 

an overall measure of the lateral stiffncss loss The first two damagc models 

can provide damage estlmatcs lor structural clements. stones (subassemblies). 

or the vverall buildings rcspon~c 

e) Hysteresis modules ~ew set of routines were introduced to model ditlcrent 

hysteretic responses. including a three branch steel model. and a bilinear model 

The structure of the program was modified to facilitate the addition of new 

hysteretic routines that can be developed in the future. or bv other researchers 

t) :-";cw pushover options A number of ditlcrent options tin the pushover 

analysis were added to the program displacement control. user dcfined f(lrCe 

control distribution. a generalized power distribution. and a modal adaptive 

lateral force distribution These distributions allow for a more realistical feJfce 

distribution to be used during pushover analvsis 

g) Response snapshots during analysis The user can now rcqucst response 

snapshots during the analvsis Response snapshots provide the user With 

displacement profile. element stress ratios. collapse states. damage index states. 

and dynamic characteristics (eigenvalues and eigenvcctors) of the building 

during the analysis 

h) Proportional damping options In the new version of IDARC the damping 

matrix can be specified to be mass proportional. stiffness proportional. or 

Rayleigh proportional Proportionalitv coetlicients are calculated internally bv 

the program using the first mode. or the lirst l\~o mode" in the case of 

Rayleigh damping 

i) Reprogrammed for improvcd etliciencv \10s1 of the solution routines. 

including the cigenvalue routine, the shear calculation. the spread plasticity and 

YIeld penetration routines. and the matrix condensation routlllcs were revised 

and reprogrammed to improve computational etliciency in the analysis The 

program can readily be executed in a personal computer 
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j) New case studies tor program validation \' erification examples have been 

included to highlight the pl· 19,ram capabilities and features, as well as to 

validate whenever possible numerical models with experimental results The 

case studies will help the new user of the program to understand IDARC 

capabilities and input formats 

k) A mail user group for the program is available for questions, suggestions or 

commen~s related to the program 

Email C1EREINA((~ubvms cc bumdo edu 

A web site in the internet has been created where news, updates. LOmments 

and current developments will be posted 

http Iishalom eng buffalo edu/idarc 

5.2 Furthtr Dtnlopmtnt Recommendalions 

The following is a list of rec,)mmendations for further developments of the 

program 

• I ncorporate element collapse 

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

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

• Automatic calculation of overall and story fatigue based damage indices 
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APPENDIX A 

USER'S GUIDE 

INPUT FORMAT 
.\ free format is used to nad an input data. Hence. c:onnntional delimiters 
(commas. blanks) may be ustd to separate data items. Standard FORTRAN 
variablt rormat is used to distinguish integers and noating point numbers. Input 
data must, thenron. conform to the specifitd variable type. 
NOIn: 1. Provis;oN is 1IUlIh for a I;N~ of lat bmw~N ~aclt set of dala ;I~ms. R~fer to 

,"~ SQmp/~ dIIIlI filn accompaNyiNg ,,,;s MaNllaL 
2. No blaNk 'iNn an 10 H iNpllt 
J. A 1PO iNPllt willlftllh ill prograM #kf",,'t vailles, "'''ere lIf'pli(·able. 

SET A: GENERAL INFORMATION 
• Title of Probem: 

TITLE 
DescriptioN: TITLE: 

• Control Data (See Figure A-I): 
USER_TEXT 

Alpha-numeric: title, up to 80 (haraeten. 

NSO. NFR. NeON, NSTL, NMSR, NPDEL, IPC 
Descriptioll: USER_TEXT: Reference information, up to 80 c:harat'ten 

NSO: 
NFR: 
NCON: 

NSTL: 

NMSR: 

NPDEL: 

oftnt. 
Number orstories. 
N umber of typical (non-identic:al) frames 
Number of difTerent (on(r"'e material 
properties sets. 
Number of different steel reinforcement 
properties sets. 
Number of difTerent masonry material 
properties sets. 
o to ignore P-Delta etTec:ts. or 
t to include P-Delta effeds. 

IPC: 0 for U nis operating system. or 
I for DOSIWINDOWS operating system. 

Notn: A st",ctllr~ ""ul be decompoud illto a serie.f of parallel frames. IlIplIl is 
reqllired ONly for NON-idellticai frames, delloted here by the illteger .'ariable 
NFR. TIle IIl1l1tHr of dllplicates of each typical frame is specified later ill this 
DATA SET. The elltire grollp offrame ... call be defilled ill tile IlJARC I.-I-J 
lIodallocaler syst~1II. Tlli ... COllupt i ... sho,.,11 grllf'hicollJ' ill Figure A-I. Three 
examples of dif/erellt frame defillitioll.f are ... hoWII. In figure A-la, tht' jtlur
story bllildill/: made lip of a total of fOllr frames is ouumed to ha"e 

A·I IDARC' 4.11 
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IIf fl" I. 

'I{,OI.: 
'IIIE!'I: 
\1\\\1.: 
\IEU(;: 
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;"ili(ll ('"",/il;"",\ .\IId, fI.\ IIXill1 loml .. , For c',mlllpl,·. ;11 Iltl' "xl,'r;"r .I"""c' 
,/,,, ... ,, ill "'J:llrc' I-Iii. ,/re'rl' tm' 11 ('tII,tII"", (1'I'i('(//~I'. II", ('x'C'r;"r ('01"11111.\ 

til ('"d, 1/'1','/ will hc' il/c'"I;n". '''·/KC'. tI"~r -I c"III",,, ~\'''I'\ ""c,,/ '0 he' ,I'~fi"('''' 
Till' i"'c'rior '/r"",,'. 1f.\\/I",i"1: i".·",i('(/I ;1lI"ri"r IIIlII I'xle'rior ('01",,,,,\ ill ('(I,'" 
floor .... i/l rC"llI;r.· ""(1' 11 l'ilI" "''' ~I'JI'" Iii t11'/i"t' till /" "/1''''''''''. i. ,',. ! ~rl't'\ 
I't'r c·"d, 1('\'('/11\ ,/i"",,, ill II,,' Fi1:lIr .. , 

SET :\2: U,E,u:vr IHT\ 
• ('onlro' Illllll: 

Ist:R TE\T 
'(,01,. ~ln:\I. '''.\1,. '1-:1)(;. 'TR'. 'SIOR. \"R. 'BR. 'II" 

/)/'.\('r;",i/ll,: I SI-:R 1'1-:\1': 1~I'fl'n'\I('(' infnnll:llillll. "I' In IW dl:tt':U''''t'S 

'COl.: 
'IIE\I: 
'\\.\1.: 
,1-:1)(;: 

'TR': 

,,1'1('\1. 

,", of {'lIhlllln .. , 
'II, IIf ht·an". 
'41. of sh('ar \\ ails. '0. or l'll~(' ,·olullln .. , 
,", IIr Iralls\ (,,.st· h(·allls. 

A-3 mARC 4.11 



-
'0. of rol:tliollal sprill~s. '0. of III(IIl1t'1I I n'h':lst,s. 

'SIJK: 
'.\IK: 
'11K: '0. of hnlt't'S (\.: t frit'lilln t h~ slt'n'lin, 
,1\\ : '0. of in till 1l:IIIt'ls, 

!\·lIle.': \.\lR i_' "'('t/ 1",/I('('il ... 11111111",,1 ,('/,'/1.\('.\ ("i"~t' IO('lIfio",' (II 1II,'",her {'IIlI\, 

R"/"".\illK tl "Wlllt'''' III II "",,,,her 1'1111 """/h ill II hi,,]:,' n",tlit;"" III tI'1I1 e",/ 
11""t'hy (li_\lIl1oll';II;': 11101111'111\ III (/{' I ",101' lit lIlt, .\('('1;011, 

SET Aj: s\sn:\I 01· ,\ITS 

• {'ollirol .'lag: 
I SEK nSI 
It 

1>"\(',i"lilll, : I srK TEXT: Rt'ft'n'II('(' illfunllalillll. lip Iu XII &'11011';1('(("" 

of'In,I, 

It : S~ sll'lII of II nils 
I for illdl, killS 

2 for 111111. '" 

I)E ... ·\' 1.1 S\ STE'I ()I-' '\ITS: i''''I" "ip 
.\ /("ro illlllli for II "ill n'slIll in Iht, liSt' of illt''' ""d ~;I' lI11il" 

SET A4: FU)OK EUY\TIO'S 
• ('oillrol l)al:1 (St't' f'igllrt, .\-~.: 

l'S.:R nSI 
IIIGT(I). 111(;1'(2) ..... III(;T('SO' 

/"'-\(',il',illll: l'SEK TEXT: 1~('f('I'('lIt,t' illfnnnalioll. lip 10 XU ('hanlt'h'rs 
(If lUi. 

111(;'1 (i): Elt'\ alioll (If sI(lr~ "i" 1'1'0111 Ilw h:lst', 
Ilt'ginllillg "ilh Ihr IiI'S! floor It'HI. 

SET A5: UES('KWTIO' OF IInSnC\1. .... H"ES 

• ('ontrol flata: 
l'SER n:XT 
!'4()lrp(l). l'iut'P(2, ..... ,tn'P(!'4.'R) 

/)".\(',iplim,: llS.:R TEXT: Rrfurncr information, "I' to lUI rharartt'rs 
oftI'd. 

~1)('P(i): List "ilh Iht' numhl'r of duplicalt' frames of 
I~'piral (noll-idl'ntic:ll) framt' "i". 

Note.\: /" tl,e .\11",,,/(' .\t,,,et,,,(, .lilw ... " i" f"iK"'" :1-1, ,,,",,, ''''' filii' I,II/I/('.\. 
11",,'("'('" ,II" tll'tl i"ter;o, fr(",,,'.\ (,,(' it/(',,'it'1I1 1I.1i ,,,,' II,t' (~\"('rit1, Irmll,'.\. I" 
11,;.\('11\(', :\FR=l"mtl.\'/Jl'I'(1) = Sm'l'(l) '" 1, 

IllARC ·VI 



---

SET :\6: PI.:\\ (U\ .... GlR\TlO\ 

• Control O:lt:l: 
l'SER 'n::\1 
\" .. \( I,. \'1,\(2) ..... "'U,;('H~, 

/)"Kr;I'/;"": lSt:Rn:\T: Rt"ft'rt'II('(' illful'I,,:uioll. III' Iu "" d':II'lIt'h'l'\ 
IIflt·\I. 
~illmht'r of ('011111111 lilll'" (01' .1-h"':II('I' IJUints, 
;n fnllnt' "j". 

S",,'.\: .1\,""1·\ 1/,\ 110;"',\ .for ,'"d, .1"'''',' .\lfIIUM,le/illc' "(IIIII'I"I('~I' II,,· ('ol"m" 
,;"".\ fI('('(,\\IIt:1' I" 'I'('d/,i' (,IWJ' 1','rli(,II' ,,','lIIl'''' ill ,lrlll .I1'm",', ~I II h(,lII11 

('/t'III""' ;\ \"""il'ill,,d i",,, '11''' "r mor(' \(';:111""". Ilrell IIr(' ""","er '~I 1'01"ml1 
lin,'.\ ,/1t'('~/it'd 111".\1 ;11t'''"I" 11,('\" i"','rllII' ""1111/ IIm','.\ tI.\ ... d', 

SET :\ 7: 'OIHI." EI(;lITS 
• COlltrolO:ltli (St'l' H~lIrt'·\-2): 

I'SER 'USI' 
LEVU,.IFR(I" "''1(1). "YIU), .... \\\''If\VL\(I,, 

IFR(2). \\ \'TO). \\ \"1'(21. .... "'''I( \"'.\( 2)) 
..... rl'11(':II for' FR fnun('s 

.... r('lll·llt for \SO 1('\'l'I~ (ill ;Isct'fHling or dl'srt'fulill~ ord(,r) 
/),',\cr;I,Iim,: ('SER TEXT: R('fl'rl'lIcl' inronn:ltiun. "I' 10 "Ii dll ..... ctl'rs 

U:\,EL: 
IFR(.I,: 
" ,'T(K): 

or Ct'xl. 
SIO') It·\t'l IIlImht· ... 
.,'r:lme flmnher. 
\mlal ,nighl . 

. \'otL'\: I, .\'mlt,/II"·;;:"'.\ tire ("'~r ,,\(',/ lor ,''(' .\Iory "'tl.\.\ ('0"'1111'''';0''. 
2, ,"mllllll"';;:"'" mlly h,' ;"1'"/ ;n 1I\('"",I;n:: "r ,/('\('(,,,,'i,,:: ,\Iory "'1"" 

SET 11: M:\Tt:RI,\L I'R(WERTIES SETS 

• Enn'lopl' (;l'flrratioll 0lltion: 
ITSt:R TEXT 
n:SER 

(,SER 'n:, ... : Reft'''t'llcl' illfo .. mlilion. III' 10 80 dWl'll('ll'rs 
or Il"t. 

IlSER: ('mit' 1'0 .. sprcificl.tiofl of IIser 11rnprrlil's: 
O. Ilrodll(,l'S I U\ R(, 2t'lirrall'd l'1I\'("IOIIt'S fo .. 

lit leasl ont' l'lrmt'nt. 
I. rl'tlui .. l's ('ornl,It'Il' 1I100nefll-Cllnalll"t' 

l'Il\t'loJl(' d:'I" to hl' 111'O\idl'd h~ IISl'r. 

mARC' ",Ct 



10 
LEVEL-3 

LML-2 
~ ________ ~'~O~ ______ ~.5 

LEVEL-1 

FRAME " 
(numb.,. shown at nodes - nodal weights) 

INPUT DATA: " " J.O, 6.0, 6.0, 6.0, 3.0 
2, " 5.0, 0.0, 10.0, 0.0, 5.0 
3, 1, 5.0, 0.0, , 0.0, 0.0, 5.0 

Fig. A.2 Floor heights and nodal weights 

A-(, IDAR(' ".41 



---

SET 01: CONCRETE PROrt:RTn:S St:TS (St:t: .... GI'Rt: :\-3) 
(SKIP TillS INPFI' .... WSt:R=1 OR N(,()~=O) 
• Refnen('t' lell: 

11SER n:XT 
IJeS4:ripti"n .' ISER_'n:XT: Rt'frrl"ncl" information. "I) 10 80 chara('tl"rs 

of It'll. 

• Characterislin of ('oncrl"tr slrtss-slrain ('1II"\'t (ont' lillt' for ra('h of Ih .. S('O~ 
foncrrtl" t~'pt's): 

1!\1. I'C, t:C t:PSO. FT. EPSI. ZF 
f)t· ... cript;on.' 1\1: COII('r .. le propert~' 1~'I)e (set) lIumhrr. 

H ': I ;nconfined comprrssi\'r strt'n~lh. 
EC': Inilial \'OUII~'S Modulus of ('ollcrelr. 
t:PSO: Strain al nun. strtn~lh of (·onn .. t .. ('~.~. 
""1': Stres~ al lens ion crackinj!. 
t:PSI: ('Itimate strain in ('uIIII,ression ('\';.~. 

ZF: Parameltr dt'finin~ sIUI)(' (If falling branch. 
I>t: .. ':\1 i 1.'1' \'.\U'[S (if a zero was sprcified as dala input): 
tT =S7*J/r*'IHlo ksi; t:I'SO=O.2'%; ...... =0.12*1-'(': 
t: PSI' lUld Z'" lire deri\'ed from t:(llIation (3.12) and drllends on stclion dat:l. 

SET 02: REINFORCE''':'T PROPt:RTU:S SETS (SU: "'IGIRI-: .\-~) 
(SKIP TillS ISPI", .... IlSt:R=1 OR 'STL~tI) 
• Rrfrrl"nce Texl: 

IISER Tt:XT 
1Je.'icription .' ('St: R _Tt:XT: Refrrenct information. "I' 10 8(1 ch:lraclers 

of text. 

• Characleristics of steel strrss-stnlin cun'e (nnr line for eadl of Ihe 'STI. str'" 
typ('s): 

1\ •• "'S. FSt'. t:S. t:SII. t:PSII 
Ik"t'r;l'ti",,: 1\1: Strrl t~'pe (S('O nllllll)(,l". 

FS: "irld stren~lh. 
FSl: I'Itinulte strength. 
t:S: :\Iodllills of elaslicit~'. 
t:SII: :\Iodllills of slnlin hllntelling. 
t:PSII: Stnlin III shirt of hardt'nins: ("I" I. 

IlEF:\'; .. '" \'AI.l't:S Cif a I.ero "as sl'l'dfed as data inllllt): 
FSl' = 1.4 " FS; t:s = 2').flflO ksi: t:SII = (t:S 1('11) k"i: H'SII cc. 3.fl'Y.. 

IIHR(' ".41 
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Stress. fT 

----l-...J..-----+-------t-~ Strain. e 

Fig. A.3 Stress curve for unconfined concrete 
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Stress. a-

--------~L-------------------r_------~ 
Strain, e 

EPSH 

Symmetric 

Fig. A.4 Stress curve for reinforcing bars 
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SET OJ: MASONRY IN .... U, PROPt:RT .. :S St:TS 
(SKIP THIS SECTIO~ ... nrSt:R=1 OR NMSR=O) 
• Rtftrtnct ttxt: 

USER TEXT 
IJelL'ripti,ln: IISt:R._'n:XT: Reoferenre informal ion, UI) to So rharaetl'1'S 

of lelt. 

• Characttristics of masonry (onl' lint for tarh of the ~MSR masonry Iypes): 
1M. FI\I. "MCR, EPS!\I. V!\I. SI(;!\I!\I. ct'\1 

IJnaiplion: 1M: Masonry type numher. 
FM: Prism strt"n~th of masonl'). 
t'MCR: Craekin~ modulus of masonry 
EPSM: Strain rorrespondinf,! to prism strl'ngth (01..). 

\'\1: Hasie shear stren~th of masonry hl'd joints. 
SI(;'''I: \lalimum allo" ahle shear stren~th 
('1''': Coefficient of frirtion of frame-intill 

interface. 
1,.:1":\ l' I.T \'AIXES Cif:t ll'rO "a", spl'rified :IS dOltOl inlHlI): 
EPS\I = U.2·~.: "'\1('1{ = II.II~*F": \'\1 - 0.04 "si: SIG\I\I ~ 1I.1I5*"'!\1: 
(''''!\I=0.3 

SET C: II\'STEI{ETIC' '1()I)t:lJ~(; I{l'U:S (SETSl 
(SEE FI(;IIRt: :\-5) 

• Control Data: 
liSt:R n:XT 
~II\,S 

/)e ... cril'ti,m: I"SE I{ Tt:XT: Rrferrnn' infol"lnation. up to XO rh:lract('rs 
of tt'lt. 

~II\'S: 

• 1I)'sleretic !\Iodel Parameters (0I1l' line for each ~ IIYS h~st('resis rule types): 
IR. IIC 111m. liRE. liS 

/)e,'\cril'ti,m: IR: Param('tl'r Sl't numher. 
11(,: Stiffness deJ.!nulillJ.! roeffiriellt. 
1181): l)ur.ilil~'-hOlsed sln'II~lh dera~' I)arametrr. 
II HE: t:llt'rg~'-hast'd strt'lIJ.!th drra~ paraml'ter. 
liS: Ta~rt slip or rrad.-rlosing p:trllllletrr. 

Dt:t',\liLT \'r\U;t:S(ifa Zl'ro was sprrifird as data ill!>ut): 
11(' = 2.U: 1181) =, n.o: 1II1t: = 0.10: liS = 1.11 

.\·111 mAN(' ~J' 
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M/V M/V 

------I ___ ...::II:.r.:' ____ ~;"....;....:.....-=.7 

He • 0.5 He - 2.0 He - 15.0 

Stiffness Oegrading Parameter 

N/V M/V 

HBE-HBD-O.10 

Strength Oeterioration Parameter 

T 

HS - 1.0 HS - 0.5 HS - 0.1 

Slip Control Parameter 

Fig. A.S Qualitative view of effects of degrading parameters on hysteretic behavior 

A-II 



~I"I" 

N,,'es: Hystereli(' behlll·i"r i.~ spt!"iJiell lit bOlh l'lrIl~ IIf ('(1('" ",(·",h,·,. A,'('C"u to 
experimental resulls lif Ihe qe/it" fi,,('e-llefornlllliIJn c'h'lru£'fl'ri.t.tit"s (if 
ctlmptments '),p;£'alll' the ... t,u£'lu,e being Imlll)':t'11 prm·itle ... the be.~t means of 
spedfj';ng Ihe "''''''e 11,'/.:,,,,I;ng paf'tm'd(·"'. 1i,hle A-I lind figure A-J 
pm"itle! a number lif qUlllitllt;,'e ;n.~;ght.\ into mmlt'ling lif the hysteretic' 
parameters. The IllIIps ... htlwn in Figurt' A-.i lire IInly nU'lmt 10 ... hllW Ih'l! 
relalitoe effe('( ... 'if dutnging Ihe p"ramel""" The gt'n"ra/ mellning lif Ihe 
parameters ,'"n /Je dmrllcleri:.l'tIIIS fi,l/oll' ... : An inc,ell ... c? in lie 1'elllrtl ... Ihe 
lI",ount lif sti/fne ... s ,legrlli/tll;tln; lin ina,'a."I! ;n IIIU).IIBE ,u'C'{'lerate ... the 
~Irl'ngth Ilrler;,.rllt;lm,· IIntl an increa ... e in liS relluces ,1,1.' ,,,,,,,unl lif .\lip. 
(AI .. ", r(:fer 111 Se,'lilln 3. 3 (~f II,i .. rep""'} 

Table A-I. ~!piral Ra~~ofValllt'" for IIrsle.relic P.l!.r:llmett'rs~===~~=== 

Parameter !\1eaninL I Vallle._L _. __ ~:_fTert '1 
parmnett'r 2.11 !\luminal de~r;'ldllli()n ~dt'flllllt) 

H(~' Sliffnrss d~~r"din:f' 0.1 '-,-- S;~'('rt'-deg;lld"lion 

1----. __ _ _ 10.0 _ _n_ !\It'gIigihlt' dt'gr:adali~~!.. __ 
HBO Strt'n~th dt'~r .. din~ lUI !\Io dl'~rlldlltion (dt'f:mlt) 

paraDlt'tt'r 0.1 ;\omillal dt'tt'rioralioll 
~. l_ldllclilit~'-h:lst'd) _~~!.... _____ Sl"~l'rt' dl'lt'rioratioJl 

IIBE I Stl·t'n~th th"~I'lIl1in~ 0.0] :\0 dl'lt'riorlllion 
paramett'1' IJ.I. ~ominal dl'll"rioralioll (tI('fault) 

(t'n('I"2~'-conlrt)II,'d) _~~___~.("·('r('_'!.t'It'ri()r'!.lio_n __ _ 
liS Slip or l'rlll'k- n.1 l' .:urt'D1t'ly pilll'h('d loops 

L l'Iosin~ paranlt'Il'r 05 Nominal pinrhin~ i 

:. ________ _ ~..L 1.0 1'0 Ilinchi~~nlt) j 

~ET 0: COLl':\IN I)ROPERTIFS 
(SKIP TillS INPITT II' Tin: STRt:('T('RE liAS '40 (·()Lt\l'~, 
• Control Oala: 

lfSfR_'n::\T 
weo!. 

J)('.~(";pti"n : I!SFR TEXT: Rt'f('rrnr(' information. np to XU char:trlt'n 
of I('xt. 

U'(,OI.: 

IF nreOt = I. GO TO SfT 03 

Type of ('olnmn inl)lIl: 
O;Sl"rlioll dimt'nsions 
spl'l'ifit'd. 
I;' I omt'nl-('lIn'lltut'(' 
spt'l'ified 

:\·11 

lind rl'illf. to he 

en \' do Ill' 10 ht' 
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• Rrfrrt'nrt' Text: 
IISER .... :XT 

/)~(''';pl;lJn : lISt:R __ 'n:XT: Rdert'nrt' illformation. III' 10 80 ('harartt'n 
of text. 

• For each column t~'I't (M('Ot •• input the follo"'inJ.!: 
ICT\'PI-: 
Data from St:T ()I (ICT\,Pt:=l) or SE ... D2 (1(''1'\'1'.:=2, 

I)t'~"''';pl;tm: IC ... \,PE: "'ype of ('olun .. l: 
I: rrctan~lIlar (I)Ef:·1l '/.1). 
2: rirrular. 

READ DATA "R()!\I SET DI OR DZ (St't' belo,,') 
GO TO SET E WilEN FlNISIIEI) READlN<; ALL ('()Ull\l~ T\'Pt:S. 

SET 01: for ICTVPt:=I: RC('ftln/:lI/tll' ('tl/umn /)(/1" S('I (Sn: .'IGllRt: .\-6) 

• Geot'ral data: 
1\(". IMC, IMS, AN. AI\II.C, RAI\1('1. RA:\I(,2 

• Bottom section: 
KIIYSC, D. B. Uc, AT. liDO. liDS. (,EF 

• Top sectioo: 
If KIIYSC for hottom st'rtion is input with nt'~ati\'t' Si~ll. lit'('tioll is 
symm .. lric. ht'lIct'. do not inpul top s('ction d~lt;I, olht'fW'ist' rrl,('al as aho\'(', 
startinll with KIIVSC 

lJe~(,,.ipl;lm: K(,: 
I!\I(': 
1!\IS: 
,\:"11: 
,\:\11,(': 
RAI\1('1 : 
RAI\IC2: 
KtI\'S(,: 
I): 
D: 
1)(': 

AT: 
IIDD: 
liDS: 
('n'~ 

('olumll t~'pt' srt lIumht'r. 
('ollrrt'te tnll' lIumhrr. 
Stt'el tYIlt' oumhrr. 
Axial load. 
C't'lItrr-to-cent('r columll ht'i~ht. 
Ri~id 1.ont' len~lh at hottom. 
Rillid zoot' It'n~th at top. 
IIlsterelir rul .. numhtr (may he nr~ative)*. 
I)t'pth of colun,... 
Width of colilmn. 
Distallct' from ct'ntroid of rt'illforcement to 
fact' of roillmn, 
Ar('a of rrinforctmrnt 011 onr fac('. 
1I0op har diamt'tt'r. 
lIoop bar spacill~. 
t:fTe('ti"t'nt'ss of cohman confillem('nt. 

!Ville: * An inpul \'II/U(' 4 /(11 J'S( , with nt'/:lIIi,'1' :lii/:n ftll' 1/,(, htllltllll ~('('t;lm wi/l re,'iult 
In 'iJ'",mptrk mlllC'," hl.'in/: t,u;/:Ht·t/ 1(lI/u' IIII'\(·(,ti,,". 

Return to input of ICTYPf: for nflt column type, Wh(,11 dOIl(, JlO to srT r, 

/HJ m .. \RC .. ,U 



LEVEL 
NO.1 

Not. moment 
sign convention 

Typical Column Cross-Section 

Typical Column Line 

o 
-"inimol Confinement 

CEF'F' - o.~ 

IT] 
Nominal Confinement 

CEFF - O.~6 

Well Confined 
CEF"F" .. '.0 

Effectiveness of Confinement for Some Typical 
Hoop Arrcngements 

Fig. A.6 Rectangular columns input details 

A-U 

DC 
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SET 02: I(TYP .. : =- 2: Ci't'uI", Column Input (SU: ,,'IGl'Rt: :\-7) 
• G~n~ral Data: 

KC. 11\1(', II\IS. KII\'SC ;\'11.(', RA"n. R,\'lC2 
• Column S~ction: 

AN. DO. C'VR. OST. ~B:\R. IIDIA. IIBO.IIBS 
IJe,n";pt;tm: KC: Column I)'pt' lit'l numhl'r. 

I !\1(,: ('on("rt'tl' typt' numht'r. 
IMS: Stnl typl' numhl'r. 
KIIYSC: lIystrrt'tic Rull' numhrr, 
A 1\1 I.e: Cl'ntrr-to-cl'nttr column ht'ight. 
RA 1\1C I : Ri~id arm hottom. 
Rr\1\1C2: RiJ!:id arm top. 
AN: Alialload on tht cohmlll. 
1)0: Outrr diall1rl('r of COhllllll. 
(,\'R: Conr to ct'nttr of hoop har. 
UST: I)istancf' hf'lwf't'n ct'nlt'rs of IOllg. h;u"S. 
~ IIA R: "umht'r of lon2ilud inal hars. 
IIU1A: l)iamt'lt'r of lon2itudinal bar. 
11111>: Iliamt'tt'r of hOOf' har. 
IIns: SI'ltcing of hoop hars. 

R('turn to input of I(,T\'PE for next column 1~'I't'. Wht'll dOIl(, 20 to S.:T .:. 

SET 03: (JS .. :R I:'IlPIT PR(WERTIES (Rf'ct:1II2ular or Circular) (SU: FI(;I!R": 
A-8) 

• R('fu('nc(' 're'll: 
IJSF:R ... J:XT 

IJe.n·r;pl;(ln: rS.:R_'n:XT: Rtffr('n(,f infurmatioll. IIf' to 80 charaet('rs 
of t('xt. 

For (,3ch s('ction typ(' f,ro\'idf' thf' folJo\\'ing data: 

• Gem'ral Data: 
KC, AMLC RAI\U'1. Rt\:\K2. IIIYSC 

• Bottom st'ction: 
KtlYSC. EI. L\. GA. PCP. PYP. ('YP. IT". ":13". 

PC'i. PYN. ('YN. (TN, .:13' 
• Top sl'ction: 

If KtlYSC for hottom sretion is inflllt with nt'2ati\'t' si211. st'ction is 
symmetric. hl'nef'. do nol input top sfrtioll data. otht'rwisf' rt'f'f'at as ahovf'. 
starting with KtlYSC 

IJt'!>l'Tiplilln: KC: 
AMLC: 
RAMCI : 
RAMe2: 
IIIYSC: 

Column typf' numhtr. 
Column Lt'ngth. 
Rigid Arm (lloltom). 
Rigid Arm (Top). 
T~pt' of h~'st"rrsis mod,,1 to hr lIsl'd: 
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00 DO 

NeAR • 8 

t1~ 
CROSS-SECTION 

-1 
CIRCULAR HOOPS SPIRAL HOOPS 

Fig. A.7 Circular column input details 
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pyp 

PCP 

UUN UYN 

I 
\ 

EI3N or GA3N 

Force EI3P or GA.3P , 
~ 

I 
I 
I 

EIorlGA 
Deformation 

Uyp UUp 

~: Force - Moment or Shear 
Deformotion - Curvature, Rotation 

or Strain 

Fig. A.8 Notation for user input trilinear envelopes 
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I(IIYS(,: 
EI: 
EA: 
GA: 

I for three parameter Park mod("l. 
2 for Ihree parameter Park modt'l for sleel. 
l for three parameter steel model. 
4 for bilinear model. 
lIyst("retic rul(" number (may be ne~ati\'f')jt. 
Initial Flexural Ri~idity (.:1). 
Axial Stiffness (f:A/I.,. 
Shear Stiffness (Sh("ar modlllus·Shear 
Area'. 

PCP: ('racking Moment (positi\'f). 
PVP: Yield Mom("nl (positin',. 
tiYP: Yield ('un'alurt (posith,t" 
lIOP: tiltimate Caln'ature (positiH, • 
• :I3P: Post Vitld Flexural Stiffness (positive,. 
peN: Crackin~ !\Iomt'nt (nt'~ati\'t'). 
PVN: Yield 'iornent (nt'j!atin,. 
llYN: Yield ('un'ature (negatin' I. 
t: l: 1'1: Htimate Curvature (nt'gatin"), 
EIJN: Post yield .'Iuural Stiffness (neJ!,ativel. 

Note: • An input ,."Iu(' '~f KIIYSC with m'fo:lII;"(' .\;Kn .filr Ilu' /loffom .\('('I;on will re'.lilll, 
;n symmetric' WIllie ... heinfo: tI ...... iKn(',/ ttl tlti' top wC'lion, 

Repeat for each column typ(". starting with G("nt'ral Ilata (SET 1l3, 

SET E: BEAM PROP.:RTIES SETS 
(SKIP THIS INPITT IF TilE STRtlCTtlR.: liAS !\i0 BEA:\IS) 
• Control Data: 

IJSER TEXT 
WO[M 

/)e.n·ription: tiSER_TEXT: Reft'rrnce information. lip to 80 t'haractrrs 
of tut. 
Typt of ht'am input: 
0; Section dimensions. and reinforcem("nt 

dt'tails (intt'rnal t'omputation of momt'nt
curvaturt tn\'tlopt). 

I; trstr specified mOl1u'nt-cun'alurt' 
tn\'flope. 

IF IlJBEM = I. GO TO SET E2 

SETEI: BEAMS St:<:TION IlI\U:NSIONS SETS (SEE I-'IGI!RE A-9) 
• Reference Text: 

USER TEXT 
/)e ... cripti,m: llSER_ Tt:XT: Reference information. up to 80 dlluacters 

of tn •. 
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H RAM81 
~ 

AMl8 

RAM82 H 

Fig. A.9 Input details for beam-slab sections 
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I'or ~ach sl"Clioll I~'pt" pro\'idt' Iht' fo"o"ill~ data: 
• Grnt"ral dala: 

K8. IMC IMS. :\!\IUI. R:\\1Il1, R.\\1II2 
• Ldl st"clion: 

KIIYS8, I), n. nsf. TSI.. BC AT!. ,,\'1'2. 111m. IIBS 
• Ri~hl s("clion: 

If KII\'S8 for lefl st"clion is inpul wjlh nrJ:alin' sign. st"clion is S~nllllf'lric, 
hellct, do 1101 ilipUI ri~hl sl'ction dala, olht"rM isl' in,,.., /'ighl s(,l'lioll dala 
starting "jlh K IIYS8 as in tht' It"rt st"clion. 

/)(""",ipli",,: KU: Ht"anl Iypl' Sl't IIl1mbf'r. 
1\1(": ("olicrt'll' tn»e nlllllbf'r. 
II\1S: SIt'tll~'Jle IIUlIlhl'r. 
:\\11.11: \lember I('nglh, 
R:\!\1Il I: Rigid 1.01lf' h'lIglh (It'ft). 
R..\!\IU2: Rigid I.lIl1t-lellgth (right). 
KU\SII: 1I~'steretic rult" lIulllhl'r 41ll:l~ hl'lIt·galhr)". 
1): ()Hra" deplh .... . 
II: I.ow('r width .... . 
IISI.: 
TSL: 

HT('cliw slah wid.h"*. 
Sia h I h ickllf'sS u. 

11(": ("oHr 10 (,t'lIlroid of stt't'1. 
An: :\rl'a of hottom h:lrs . 
. \ '1'2: :\rt"a of top h:lrs. 
II BI): l>i:IIlll'ler of stirrup hars. 
IIIIS: Silacing of stirrups. 

S(IIes: '" A" i"put "(1/11(' (!f 1\11)'.\'11 willr ""K(I';"" ,,.;/.:n for lire ',~ti .\('('/;111' 11';/1 "',\,,1, ;n 

'''.1'"",,,.,,;(' ,'ulu(',\ heinK (l.'ui/:nL·,I", II,£, r;/.:'" .'it·(·Ii"n. 
idt Por" r£'cI(rnKu/u, h,'''''' or/lal .. /tlh /) i.,. ,1rC' ""C'rtllI tlL'ptlr, U=.JISI.& TW. =(1 

Rt'peal for t':tch ht'alll I~',)l' sllirting wilh (;elll'ral l)l!I:1 (S[T E I) 
Wht"n dOliI.', go 10 SET ... 

S.:T E2: l'SER J:\PI'T I'R(WERTIES sn's (Sn: FI(;lRt: ..\-8) 

• Rtft"rl'nc(' '1'('\1: 
I'SER n:XT 

Ik .. cr;l't;on: ('srR_T.~\T: Rt'fl' rt IH'(' inform:lIioll. "I) 10 SO l'h:lrlll'll'rs 
of I('XI, 

For ('Itch s('clion 1~1'l' prmidl' thl' followinj! dalll: 
• (;enl'rllll>ata: 

K8. A:\I 1.11. RA \1111. R,,\m2, III"SB 
• Ltfl s(,clion: 

KII"Sn •• :1. (;:\, I'D', I)yt'. ""P, ITI'. EI3I'. 
PC,. I)"'. t:"'. n ". EI3' 

• RiJ!:ht sl'clion 
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If Kln'SB for Idl st'clion is inlJUI ,,'jlh nt'J;!ali\t' sign, st'ction is s~lnnlt'lri(", 
ht'nrt", do nol illllllt right s("l'lion data, olht'~ist' rt'1't'al as abO\ t', slarting 
wilh KltlSIl as in the Idt st'l'lion, 

/)f!saiptim,: K II: lIt'am I~'pt' st'l numht'r, 
,\1\1 1.11: lIt'am l.t'ngth. 
R/\ '1111: Rigid Arm ("t'ro. 
RA\m2: Rigid Arm (RighO. 
III\'SII: T~'pt' of h~'slt'rt'sis lIIodl'l 10 ht' used: 

KII\SII: 
t:l: 

I for Ihrt't' panlmt'lt'r I'ark modt'I, 
2 for Ihret' paramt'lt'r I'ark model for sl("d. 
3 for Ihrt''' param"at'r slt',,1 modl'l, 
.. for hilinl'ar 11I0dt'l. 
1I~'Slerl'lic rull' II 11m ht'r (II1n~' hI' lIt'J;!llli\'t"*, 
Inilinl ... Il'xllr." RiJ!:idil~'. 
Shenr SaiiTnt'ss (Sh"<!r modulus"She:lr 
An'a, . 

.,CI': ('racking \lonll'lll (I,ositin'). 
I')'P: Yield MOIIIl'nl (posili\'l',. 
l'\P: Yit'ld ('un':llure (llOsili\t'l. 
lit I': Hlilllall' ('un:llurl' (Ilosilin',. 
t:l31': I'osl \,il'ld .. I('!lural Sliffn("ss (posilin-I. 
PCN: ('I'acking I\Iolllt'nl (n('g:lli\l'). 
"YN: Yidd ,\lOlIIl'lIt (1II'glllin,. 
l' \,: Yidd ('un':11 lire (IU'~:II in,. 
l'l ,: l'ltim:ltl' ('lIn'alllre (nl'g:uiw,. 
t:13': I'ost ~'il'ld "'I('\lInll Sliffn('ss (nl'g_Ilin'I, 

Note: "An ;nl'lIIl'al"c' (!r KIIl'Sllll'itil ",'galil'c' \ig" .f;Ir tlr(, le:,i .\('('/;"" lI'il/ re'\"I, ill 
...... ",,,,e·trk I'lII11c'\ h";,,g 1I,\\;gll('t/ 10 II,,' r;g"t ",'c't;"", 

Rt'peat for each hemn t~pe. sl_Irting "ilh (;ell("I':11 nala (SrT r2) 

SET F: Sln:r\R \\.\1.1. PR(WERTlt:S st:TS (sn: FI(;l' Rt:S :\-10 ,\'1) :\-11) 
(SKIP TillS IN., .. T It· Tilt: STRI'CITRE liAS \0 SIIL\R \\ ,,\U.S) 
• Conlrol I)nla: 

,Jst:R TEXT 
H'WAt. 

1Jc.\criptim,: Ist.R TJ:XT: R("fl'r(,II('l' inform:ltioll. up 10 SO dl:lnll'lt'rs 
of Il'xt, 

11\\,\1.: T~lle of\\all illlllll: 
II: Se("tiull dillll'lIsions ;11111 l'l'illfol'l,t'I1Il'III. 

clel:lils (inll'rnal ('omlllll:llioll of 1II01ll('nl
flln'aillre alld sh(""r s'nlill l'1l\'("lnp('s,. 

I: "sl'r spl'lifil'd 11I01lll'1I1-("lIn':lllIr(' land 
shl"ar-slraill (,1I\('lopt's. 
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SEcnON , SECTION 2 SECTION 3 

eW.L({ IE""-:-,,,:3-t11~-....,.:t .... : BW ... :_AL. .. , ( ... : ... ) :_: ... : ---.,It[-,~: 4S I rWAL(': 

IOWAL.C')~ OWAL(2) I OWAL(J)I 

WALl SECTION WITH EOCE COLUMNS 

BWAL{' )-BWAL{2)-BWAL(:5) 

eWAL(I) I I: ::. ~: :::::::::::: 
I I 

DWAL(') CWAL(2) 

WALL WITHOUT EDGE COLUMNS 

t: : =1 
I 

CWAL(J) 

Fig. A.tO Typical input details for shear wall sections 
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/ 
EDGE 
COLUMN 

V 
A 

~---.J L 

II II 
+ARME ~ 

I DC IE -ARME ~I 

81 ~r----+-~ 
SECTION M 

Fig. A.It Shear wall and edge column details 
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IF IllWAL = I. GO TO SET 1-2 

SET .'1: WAttS S"TTIO~ l)I!\n:NSIONS st:-rS 
• Rdtrence Ttlt: 

(ISER 'n:x'l' 
/)e""ript;o" : IISER_'n:XT: Referencr information. III) to 80 charactrrs 

of tnl. 

For each section t~'I)r provide thr foliowinJl data: 
• Grnf'ral Ilata: 

KW.IM(". KII\,S\\'( I). Kltl'SW(2), Klll'SW(J) ... \~. AI\1I.\\'. NSECT 
• For rach of thr ~SE("r st'C'tions, input Iht' foUowinJ!: 

KS, 1:\1 S. ()\\ .. \ I.. 11\\:\ I.. 1''1'. I'" 
/)l'.\(·ri,,,i,m: K\\: Shear walltypt' sel numht'r. 

II\U': Conrrt'lt' t~·pt' nllmh('r. 
K II\,S\\( I,: 1I~'strrrtir Rnlt' N umhrr (hottom). 
KII\'S\\,(2): lIystt'rt'tiC' Rult' Numbt'r (lOp). 

KII\'SW(3): lIyslf'retic Rulr Nnmbt'r (shear). 
AN: Alialload. 
AMI.\\': llti~ht ofshrar wall. 
NStTT: 
KS: 
IMS: 
I>\\AI.: 
8\\:\1.: 

Numhrr of St'C'tions. 
St'rlion nllmht'r. 
Slrt'1 typr numher. 
Ueplh of st'C'tion. 
"idth of srrlioll. 

PT: Vrrliral rrinforcrmt'nt ratio ('Yo). 
P\\: lIorizonlal rrinf ralio (4Y,.'. 

Rt'peat for t'arh wall t~'pr start in!! with (;rllt'ral Oata; Wht'n done ~o to SET G 

SET F2: l'St:R INPl'T I'R(Wt:RTlt:S St:TS (sn: 1'1(;I'Rt: A-8) 

• Rdt'rrncr Tt'lt: 
rSER TEXT 

I)es('ription: I:SER TEXT: Rrft'rrn('t' infornultion. up to 80 chan,ctt'rs 
of It'lt. 

For t'arh !it'clion type pro\'idr the f()lIowin~ data: 
• General Data: 

KW. AML\\,. t::\W. lIIySW .... IIIYS\\S 
• Flnure BOT: 

KIIYSW. EI. PCP. P\P. [,YP. (:lIP. [IJP. I'('N. PYN. llYN. n:N. EIJN 
• Flnure TOP: 
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If KHYSW for bottom seelion is input with nellative silln. seelion is 
symmetrie. henet'. do not input top seelion data. otherwise repeat as abon. 
starting with KIfYSW. 

• Shear: 
KtlYSW. GA, PCP. PYP. IIYP. 1111P. (;AJP. PCN, PYN. I'Y~. ITN. (,AJN 

I)es('riplitln: KW: Waillype u't numb .. r. 
AMI,W: Wall length. 
f:A W: Axial Sliffntss (I-:,\/L). 
IIIYSW 1': Typt of hysltrelir model 10 be used for 

nexurt': 
I for three paramett'r Park model, 
1 for thrH paramett"r Park modt'l for stttl, 
1 for thrH paramt'tt'r steel modtl. 
4 for bilint'ar model. 

IIIYSWS: Typt' of h~'sl('rl'li(' mod'" 10 hl' lIsed for 
shear: 
I for thrt'f' pdramett'r I'ark modf'l. 
2 for thrt'f' I,aramf'tf'r Park modf'1 for stef'l. 
3 for thrt'e paranlf'tt'r stf't'l modtl. 
4 for bilinear model. 

Dala for .'Inural Propl'rlies: 
Kin'S\\': lfystt"rl'lic rulf' nllmher (ma~' he 1I('~ati\'t')* . 
• :1: Initial nelll.'lil slilTnf'ss (n). 
PCP: Cracking :\Iom('nl (positi\e). 
PYP: Yield Momt'nl (positi\'l'). 
l'YI': Yield ('lInatllrt' (IJosilhe). 
IIIIP: liltimate Cun'alllrf' (positin') . 
• :UP: Posl Yif'ld Flnural StilTnt'ss (positi\'t). 
peN: Crackin~ !\Iomf'nt (nf'~atin). 
PYN: Yield !\Iomt'nl (nf'~atin). 
llYN: \'ield <:un'aturf' (n~ati\'f'). 
IIIIN: liltimate Cun'a'lIre (ne~ath'e). 
[UN: Post yield nt'lllral StilTnrss (nt'gath'e). 

Data for shear properties: 
Klll'SW: lIystrretic Rule Number. 
(lA: 
PCP: 
PYP: 
IIYP: 
IIIIP: 
GAJP: 
peN: 
PYN: 
llYN: 

Initial Shear Stiffness (sht'ar modllhls*arf'a). 
Cra('kin~ Sht'ar (positiu'). 
Yield Shtar ClJosith'e). 
Yield Sht'ar strain (positiu'). 
Illtimale Shf'ar strain (IJOsitin). 
Post \,if'ld Shrar S.ilTnf'ss (positin). 
Cracking Shear (nrtlath'e). 
\'idd Shf'ar (nrgati\t'). 
\'i('ld Shl'ar strain (nl'gati\'t'). ITN: 

liitimatt Shtar strain (nt~ali\f'). 
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GA3N: Post Yield Shrar Sliffnrs.1II (negali\'t'). 
Note: * An input "alue (if K/lYSW with n~l:ati,'~ ,\il:" fi,r Ihe boltt",' .\:('{·I;tln lI'ill 

result in ... ymmdrit· "Illu~ "~i"g tu.dgnt'11 t(l the top ~l'Iifm. 
Rtturn to start of Genrral Dalll (St:T 1'2). Repul for tRch "'aIlIYlle 

SET G: EDGE courl\1!'1i PROPt:RHt:S St:TS (Sn: 1:1<;(r,u: A-I I) 
(SKIP TillS INPI:T It' TilE Sl'RrCTl'RE ItAS NO U)(a: ('OLt!!\1~S) 
Do not duplicatl' l'dgf column dala if alrrady inlJUt in Sln:AR WALL data. 
• Reference Tnt: 

lJSER TEXT 
I>est'ript;on: IISt:R_TEXT: Refl'rencr information. lip 10 80 chanlcters 

of lext. 

• Edge Column Data (I-ro\'idr one line for each MEOG rdgf ('olmnn t~'llc:): 
K .. :, 11\1(', IMS. A!'Ii. 0('. 11('. ,U;. AMU:. ARME 

l)eseril'lilln: Kt:: t:dge ('oluII111 t~lle ~fl nllluhcr. 
11\1('; ('on('retr 1~'I)e numhl'r. 
I'IS: Slrell\'pc- nllmbt'r. 
AN: Axial load. 
1>(,: l>"lllh of ed~l' ('oillmn. 
He: Width of l'dge coillmn. 
AG: Gn)ss arrll of main hars. 
AM U:: :\1l'll1her Irll~th. 
AR'\1t:: ,\rm len~th. 

Repl'al for l'a('h of l\U:Il<; rlfll1enls slartin~ wilh edgl' ('011111111 tll)e nllmher. 

SET II: TRANSVERSE IIL\!\1 PROP.:RTIES SETS (Sn: ,,'I(;I'Rt: A-12) 
(THIS INPllT NOT REQllIREI) .... STRl'CITRE I"\S NO TR:\~S\,ERSt: 
BEAMS OR IS !\1:\llt~ OF mr~TIC:\L 1It::\!\IS ()~I.Y) 
• Rdtrtn(,l" Text: 

llSER TEXT 
/}e,n'ripl;on: llSER TEXT: Reft'rrn('e information. III' 10 SO ('hara('tl'rs 

of tnl. 

• Transverse Ream Uata (prmid(' ont' lint' for r:t('h MTR!'i IranS\ersr hrllm IHle): 
KT. AKV. ARV. ALV 

/}c,\cripl;iln: K T: 
AK\': 
,\RV: 
AL\': 

Repeat/(Ir e(ld. f~r IllTRI\' ele",enl ... 

Tralls\'erse heam 1~llt' srt I1II11,ht'r 
,"('rliral Sliffnfss 
Torsional Stiffnt'ss 
Arm length 

Note~: I. Trlln,{l'e~e I"lemenl ... are mmmll"l/ til rellwin ellnti,', TI,e (legr('1" t~r.fix;~l' tit 

the enll{ )I'iII (Iepentl on tl.e ."'tlle t~r 111£' jo;nl (Intlllt(' ... tt,t" (~r II", "",,,,ben II",t 
!r"",e inl" the jainl b(:I;,r(' IIntl ""r;nl: II", "1'1'/;("(II;on ,~r /lItltl. ~f IIr,' ,'nlif(' 
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PIWoI[ , 

(J: -1) 

I 
I 
I 
I +At.V 

~ ..... 

WALL 

ColurM Un. 2 
(J-2) 

:> 
HORIZONTAL. CROUNO MOTION 

1, 8 t 

TRANSVERSE ~~ B~ L-J __ H 

t b Ie 
J " 

ARV. [' B + II (H. t) J G 
3L 

Fig. A.12 Transverse beam input 
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r"g;,Jn is e.xpecl,·,1 I" .\IIIY el"...,;(" tl,en Ihe "e"';('(/I .\tiffn(~s "htlul,l be 

(',m,puI,.,1 iI.\: .41\ /. 111-..,! /'. In the t!..\:lr,'IIu· ('a\#! thaI ("'(' tif en,l .. ,I,I not 
Iransm;t sliflne ... " Jue ttl yiel,ling tlf a,lj"in;ng nu.'mbt.·n '''' ,/(·ler;",.",;,,,, IIf Ih,· 
jllint. Ihen AA:t· 31-.1 I I '. An inl('rmetlitlle mlue ;.t II XIHH1 lII'erllxe 
appl'flx;mtlli(m. 

2. If dupli"llle Irll",es IITt' pr'·.t;('nl, ,'xlre'",,' ("(Ire ... I",uld b,' I"ken ;n ,"pet'ifj'ing 
Irlln,""ene b,""" properties. The progrtlm multipl;es Ih,' inpul mlues by the 
numb,',. I~f ,Iupli,·"te Ire""'· ... ttl whit-h the.'· lire I,1I1,,'h('(L Fill' e.x,m'pl". fO,. the 
frlll",.s sh(III'n in flxur(' A-I. lVIWI'(/} = /\'/)l!I'(l) = 1. rh,' prllxrllnJ will 
flu·tttr Ihe input .'iliffnt"n mlu,· ... bJ' (/\"J)(lP(I)+N/)VP(2»=4.tJ. Inpul 
·"t'iffnt.' ... · .. e.t • .'illtllllll, tl,,·ref"rt'. he "''''/~f;e'' III 1I(','ollnl fill' II,i ... (:f/ecl. ~( tlU' 
nWI/elin!: '~f I,.lIIHi\'ene ""'",,·nl.\ i.\ tr'" alicia/ 10 "it' t"'ll~\'.\i\, Ihe lI.'.e t~( 
,lupl;('(/tef","m',1i .lihtlflltl bt' (l1'O;",',L 

SET I: R()lXn()~:\I. SPRI:,\(;S I'ROPERTIES St:TS (SEE FIG('Rt: :\-8. 
(THIS INPI'T :'\()T Rt:Qt'IREU IF RO'L\TlO:\:\L SI'RI:\(;S ARt: wn 
SPECIFIEn) 
• Reference Text: 

('St:R TP';T 
J)""(,,.iplim, : ISt:R Tt:XT; R"l'fnnrt' information. lip to HO charactt'rs 

of tnt. 

• {;eneral Oata (Prm'ide one lillt' of data for ('arh J\lSPR sprin~ tH)t): 
I\.S.III\'SR. KII\'SR. 1-:1. 1'('1'. Pl'l', (,yp, t'('P. t:I3P, PC!'i. P"!'i,l~\,!\. 

(J(JN. t:13~ 

newr;",;,,,, : KS: 
IIIYSR: 

KIIl"SR: 
U: 
P('I'; 

PYI': 
('\"I': 
n I': 
rl3l': 
PC': 
PY!'Ii: 
('\'!'Ii: 
tTl'I: 
EI3~: 

r.-pea. for tarh sprin2 1~'I't 

R .ation:" sprill~ stt lIumht'r. 
Tn,e of h~·"ttretic model 10 ht' IIst'd: 
I for Ihrt't' l)ararn('l('r Park Dlodel. 
2 for IlIrt'1' 1);tn"lIl'h'r Park model for stel'l. 
3 for thrt'e Imn"l1('1"r st,,('1 mudel. 
" for hili near modtl. 
lIys.ert"ic Rilit Nllmh('r. 
Initial Rota.iomll Slillnl'ss. 
('rarkin~ monu'nt (positiH'). 
Yield mOI11(,lIt (a)ositi\'(',. 
Yield rotluion (!lositi\'('. radillus), 
('I.imatt" rot:uion (Imsitin', radians). 
I'os'-~itld slilllll'~s mtin (positiHl. 
('rarkillJ! I1Inl1lellt (1l1'J!llt i", •. 
"irld moml'nt (n('~:tli\'e). 
Yirlll rollltion (nt'J!:tth,t). 
I'lIimale rotll'ion rap;Il"i'~' fntg:lliH). 
I'osl yirld st illness ratio (negat"t'). 
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Note ... : Spring p",p"rlit'.... un/il\e 1111"" ,·I,'nlt·nl ~r/l('.\. "". VJ,·c~fit·tI in It""'." tlf 
momenl IIntl ,.,,'tll;/III (in ,lIt/iam). 111(' ('m'l'/ol't' loll"..... ,I't'\/"'''' 
non .... t·"wlt·,,.ic "iline/I,. f'ilttt',n In ... lwlI'n in Figu,.e ..t-x. 

S .. :T .• : BRACI-:S PR()PERTn:s SU'S 

SET .11: VISCO-t:L\STU' IJR:\('J: PROpt:RTn:S St:TS 
(SKIP TillS .... NO VIS('()-EL,\STIC' HR:\('t:S ARt: SPUnU])} 
• (,ontrollnformation: 

IISt:R Tt:XT 
H!\IO()EI., IT()H'O~ 

/)t·scription: IS[R TEXT: Referenre information, lip to 80 rharartf'rs 
oftut. 

1T:\IOn .. :I.: \lodf'l for \'isrolls dampers: 
o for !\Ia \\H'II lUodel, 
I for Kf'h'in lIIodel. 
Type of cOllm'ction: 
o for dia~onal hrart's, 
1 fur rheHoII hrarl's. 

SET ,II -I: HS('()-EL\STIC' IIRAC'E PROPERTIES 
• (;ellf'ral Data (Pro\'idl' onl' st't of data for each '1IlR\' \'ism-elastic hnlct' t)'pel: 

ITO\', (,O\', K()V 
• Chl'HOn IIrarl's nata (l»ro\'ide finly if JTn\'(,()~=II: 

K()V(,II, A~C;()V 
Iklil',.iplion: ITU V: "isro-elastic hrace t)'pe st.>t nUlIlbt.>r. 

nlHnlJin~ ('onstllnt (' of this t~'pe of visco
t'lastir hrace. 

KIn:: Axial stitTnt'ss of this typf' of ,'isco-f'lastic 
hrace (1-::\/1,), 

KO\,(,II: Axial stitTllf'sS of one Ir~ of thf' ('hrvron 
hracing (Er\/L,. 

:\~(;nv: Angll' of indination of thf' bract' with respf'ct 
to a horizolltallinf'. 

Repeat set "1-1 for each \'isco-eillstir brace t)pe 

SET .'2: t'RICfl()~ IH\II't:R IlRAet: PROPt:RTU:S St:TS 
(SKIP TillS It' "IiO "RI(,TIO~ IH\IPER BRACES ARE SPHUU:1l) 

• Rdf'renct.> Tf'xt: 
I:SJ:R n:XT 
ITO"-CO" 
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Description: USER _ TF.XT: Rtftrtnf't information. up to 80 l"harartt'rs 
of tnt. 

ITD.'CON: Typr of ronneftion: 
o for dia~onal bract's, 
I for th,."ron brart!'s. 

SET J2-1: FRI( nON DAMPER BRACt: PROPt:RTIES 
• General Data (Provide one line of data for .. arh I\1BRF friction bratt' t~'pt): 

ITDF. KO.', .. 'YOF 
• Chevron Brace Data (provide only iflTO"'COI'll'" I): 

KOFCII. AN<;DF 
/)e!j('r;pt;lIn: ITOI': 

KD .. ': 
FYOF: 

KDI<'('II: 

"'riction (dampt'r) brace type stt number. 
Axial stiffness. 
Friction force of this t~'p(' of frkdon 
dampt'n. 
Axial stifTnt's!! of Ol1t Ir~ of tht' (,heno .. 
hrart' (.:A/I ,). 

AN(;llI': An~lt' of inclination of tht' bract' with rl'sp("ct 
to a horizontal lint'. 

Repeat srt .12-1 for each friction daml't'r braC't' t~ Itt' 

SET J3: HYSTERETIC DAMPt:R BRACE PROPt:RTIt:S SETS 
(SKIP TillS IF NO IIYSTt:RETIC O,\l\1Pt:R BRACES ARt: SPt:nFIt:()) 
• Reft'renct Ttxt: 

liSER_TEX1', ITOIICON 
!Je, .. criptim,: llSER TEX''': Rrfrrtnct information. Ult to RO C'hararttrs 

ortnt. 
ITDItCON: Typr of connection: 

o for dia~onal brac("s. 
, for chtvron bract' ... 

SET .13-1: tlYSTF.Rt:T'C 1>AI\1PER IJRACE PROPERTlf:S 
• General Data (Provide ont' lint' of data for l'ach !\1 URII h~'stert'tir hra\'e t~'Jlt'): 

nOli. Knit. "YDB. RPSTOJI 
• Chevron Brace Oata (Pro\'idt' only if I'I'IHlCON=H: 

KOIICII, AN(;I)II 
/)e.{l'Tipti(ln: ITOII: 

KIlII: 
"'YOII: 

RPSTOII: 
KOHell: 

1I~'stl'rt'tit' damJll'r hrat't' 'lllt' st't numher. 
Axial stilln('ss. 
Yifld force of this tYlll' of hyslert'tit' 
damprrs. 
Post yirld stiffnt"sli ratio. 
Axial stifTnrss of onl' Il'~ of thl' Chl'HOn 
bracin2 (EMI.). 
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---

AN(;IUI: An~le of inclination of the hrace with respect 
to a horizontal line. 

Reput set J3-1 for rach hysltrttic damlJtr Iypt 

SET K: IN .. 'II .. , PAN 10:1. PR(WERTlt:S SETS 
(SKIP TillS IF NO I~FII.L I'ANEL EI.t:MENTS ARt: SPHUU])) 

• Rrftl"f'nct Tnt 
IISER TEXT 

/JeSt'riptitm: t:St:R_ TEXT: Reference information. UIJ 10 Stl characltrs 
of fClf, 

Sr.T 1<1: CONTROL 1),\'1':\ 
• Control Information 

(:SER TEXT 
IPT,I('T\'PE 

/)e.'t('ription: l!st:R_ Tt:XT: Rcftrt'nct information. up 10 80 chllracfers 
of fCll, 

IPT: 
ICrn'E: 

'1asonry intill pantll~'pt S('I 

T~'llt' of in till Ilantl input: 
(). :\lnsonry IJant'l dimtnsions fo hl' 

s(ltritit'd for aulomatic ~t'nt'ration of 
pantl strtn~th tm'cIOI)t parameters, 

I. llser sptcitied panel strtn~th cllnlopt 
IJaramefers 

SET K2-1: INPI:T FOR (;t:NER:\TION (W STRENGI'II t:N\'t:UWt: 
PARAMf:n:RS 
(SKIP TO K2-2 .... I('T\,I't: = I) 
• Infill panel dimensiolls (prm'idt two lints of data for t:ldl 11''1 intilllllllJel tYIJt 

stt): 
11\11','1'1\1 P, VI.!'1 P. VIIMI' 
/'e.'icription: IMT: :\Jasonl)' llrolltrt~' Inw numher 

T!\1 P: Thickness of mason~' intilll)anel 
VLM P: Lenllth of intillilanel 
VIIM P: lIei~hl of intill panel 

QI\1 pC,Q!\1 PII. Q\IP.I. QM PC' 
",·.'iail'tion: Q!\IP(,: 

Q1\1I'II: 
QMP.I: 

I'laslie momcnt C3lJacit) of column 
Plastic momenl c3pacit~, of hf'am 
Plastic mom .. nt fapacity of joint 
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SET K2-2: llSt:R INPlITI;OR STRt:N(;TII El'i\'EUWE .-..\R:\Mt:n:RS 
(SKIP TillS INPFr .... I(,T\PE ~ 0) 
• tlser specitied infill panel stren~th envelope prol,erties (l,rO\'ide one line of datn 

for each IPT infillilanel t~,.,e st't): 
EAIW. V\'IW 
I)esc'riplit",: I::\IW: 

VYIW: 
Initial dastic stiffness of Ihe pan .. 1 tYlle 
Lat .. ral ~'ield force of Ihe panel tHle 

• lIysteretic modt'II,:tram('l('rs for intill panel (pro\'id(' three lines of data for ('ach 
IPT intill panel t~,.,e set): 

:\IW, UTA, (;\1:\, ET:\, ..\I.I'IIIW 
IS, AS, ZS, zns 
SK, SI-" SI-Z, ,It 

l)e, .. ,'r;I";'''': A IW: 
UT:\: 
G1\1:\: 
ETA: 
A I.PIII\\: 
IS: 

:\S: 
ZS: 

ZIIS: 
SK: 

sri: 

SP2: 

"It' : 

I'arameter A in "'ell's model. 
Parameter beta in Wen's 1110del. 
Paramt'tt'r ~:unllla in \\en 's model. 
I)antlllt'ter fta in Wfn's 1II00h·l. 
Post ~'iddinJ! stiffness ratio. 
... Ial! to indirate no slil' (-=0), or slil' (oo I) in 
tht' hystl"rt'tir responst', 
Control paranu·ter for slil' It'nl!th. 
I'arameter that controls thf shaqJlH.'ss of the 
slip. 
Offset value for slil) resllonse. 
Control paran1('tt'r to \':I~' till' rate of 
stiffness der:I~', 
I'arameter 10 rnnlr()1 tht' rate of slren~lh 
c\ett'rionll ion. 
l'arall1eter 10 rOlltrol tht' rate of strfnJ!th 
d('t('rioral ion. 
I>\lctilit~' uparil~ of Ihe intill Ilant'1. 

Nole ... : I I)Ef:,Il,"- l' J >1/. (T ES af II :.,'rtJ 1l't1.\ '\/J"('~f;(',1 lI.\ dmll inl'lIl): 
.,I/W=I,II, IHA=II.I. (;.\I.-1=tI,9. 1:"1:'1=2.11. "II. IWI Jf'=f WI 
IS=I . .-tS=fU. 7..\'=11.1. ZIl.\'=fU# 
SI\=".I. SP/=II,H. SP2~/.", ,\II'~';.IJ 

2 .\('t' .'\('('1;1111 .1.3 .fi" ,/('tu;t.\ fill ,Ir" rotC' O'-".1', .. (('rl'l;,' "",,/"'1""""11'11'''. 

Repeat Sets K I, K2 lind 1\.3 for fach 11'''- intill .,lInt'1 t~I)t' s('t. 
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SET L: t:U:MF.NT CONNU'TIVlF.S 
Ntlle ... : Element ('Imneel;"it)' i ... e ... tllbli ... hetl through the 3 po.liiliontllltl("(llt'n ,Ie.v·r;hell 

;n Figure A-I: tI .~ltIry /c>,'d, II fmnre nunrbc'r lint! II c'olullln lint'. l'he I. 
pmiition Im'tller (or .,,'ory /e,',·/) mr;e.1i from II 10 the numb"r of .litorie.\·,' the I 
pm,;tion l"cIlter ("r frtlme nunrber) "IIr;'·." frtJm I IfI the number (~ffrtm"'.\; 
IInt/lhe J 1(J(·tI/er "{lrie.1i from I til the numb"r of .I\'J 'J..I\' pm.i,i,m.1i ("IIIumn 
line.li) fllr e{l('h frtlme. Thc' hJPolhelk", .lilrudure .\·h"wn bd"w i.\ uWII til 
tlenltln.,,'rlll,· Ihe inputfornwI. Only II repre.\(·nlillil'(' tltl'" .lie' i.\ .\h"wn. 

F.lemenc Tn~e Numhtr Tvpe 1(' J(, "HC' 1.'1'(' 

COUll\1NS I ! 1 1 I I J 4 
2 2 1 2 J ... 
10 8 1 ... 0 2 

1"IIlIr~'hl'r '[\·pt LII III r!l1n 
BF.A!\IS 1 .. I 1 2 

-+2 2 .. 1 2 J 
(, j J 1 J ... 

!'iur~lhfr T~'I)('n .\\ .1\\ 1.11" II. n,-, f-. 
WALLS • • J J ... 

~2 2 I -'-- _ 3_~ 2 __ ~~~~ - --

SET L I: COl.lil\1NS co"n'TIVIT\, (sn: ,,'I(a'R": A-I3, 
(SKIP TillS INPl'T IF Tin: STRt:crt'RE liAS '0 ('OI.l';\.:\S) 
• Rff('renC'(' T('\;t: 

l!SER Tt:XT 
l'S": R TEXT: Rt'fl'rl'nC'l' information. III' to 80 rhar:lrCfl's 

of tnt. 

• Column ('onn('('CiviCit's (Pro\'id(' 011(' lillt' of dat:' for (,Mh NCO!. ('oillmn): 
1\1. ITC, IC, .JC LlIC. LTC' 

IJe,\a;ption: '1: 
ITC: 
1(,; 

. 1(': 
1.8(': 

Coillmn numlK'r. 
('oillmn C~'I)(' nllmhl'r. 
,,'ram(' !lumlwr. 
{'oillmn Lint' numht'r . 
SCory 1('\'('1 at hottom of ('olumn. 

1.'1'( ': Sto,)' .('\('I at top of ('011111111. 

Note ... : Input i.\ r,'quirt·tllor ('"eI, (~"'''(' .\( '01. (,01"",,,,. 
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L-" 

:3 
7 L-3 

" 6 7 , , L:a2 

8 

10 1 1 L-1 

12 • - hinge 

..I.... L=O 

J-1 J-2 J-3 J-4 J-S 

Element Type Number I TyTe 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 T\Te 1\\1 JW LBW LTW 

1 1 1 3 3 4 
WALLS 2 2 1 3 2 3 

Fig. A.I3 Element connectivily for sample structure 
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SET L2: BEAMS CONNECTIVITY (SU: FIGliR": A-I3) 
(SKIP THIS INPFr If' STRIICTl;RIo: liAS NO BF.AI\1S) 
• Rr-fr-rr-ncr- Text: 

USER_TEXT 
/)esu;pt;fJn: lISf:R_'n:XT: Rtfutnct information. up to 80 characttrs 

of Itxt. 

• Beam Connectivilies (Providt one line of data for each N Hf:M beam): 
M. ITH. LB. 18. JLH. JRB 

IJen'r;pt;fJn: 1\1: Beam numbtr. 
ITR: 
1.8: 

Rum type number. 
SIOry lenl. 

18: f'rame number. 
J 1.8: Column Unt number of It"fI section. 
J RH: Column Une nllmber of ri~hl st"('tion, 

/VIIII': Input is rellu;"',I!"r et,('/, I~"th(' .\'Ilf:M het/nI .... 

SET L3: Sln:AR WALLS ('ON N f:cn V ITY (SEE FI(;llRE A-I3) 
(SKIP TillS INPliT ... STRllCTllRE liAS NO Sln:AR WAI.I.S) 
• Rerr-rence Text: 

lJSER TEXT 
IJe'''('r;pti"n: I ISER_ Tf:X1': Rt"ference information. up to 80 characlers 

of It"xl. 

• Wall Connecti\'itit"s (Pro\'ide ont' lint" of data for t'aeh "1\\:\ I. wall): 
1\1, ITW, IW, ."\-', LBW, I.TW 

/)e,'i('ripti"n: 1\1: WaU numbt'r. 
ITW: WaU I~'pe nllmht"r. 
1\\: Framt' nllmbt'r . 
. 1"': Column lint' numbt"r. 
1.8W: Slory It"vel al bottom. 
1.1''': Story 1t"\'('1 al top. 

N(Ite: Input i" require(/!"r em'/' (~"t/It· ,\'W·lI. "he"r 11'(,1/.\. 

SET IA: f:f)(;t: COUIl\1~S COl\NIo:CTI\T)'Y 
(SKIP TillS INPI!T'" STRliCTliRf: liAS ~O J:f)(;f: ('OL('MNS) 

• Rrft"rt"nce Text: 
11SER ... f:XT 

/)e",'ripti"n: ('SER_'n:XT: Reft'renct' information. lip to 80 ('haractt'r~ 
of It'xt. 

• Edgt' Column Connt'cli\'ilit's (Pro\'idt' one lint' of data for t'ach NEue; ('d~t' 
column): 

IIJ:\R(' ",II 



-
'1, rn:, It:, JIo:, 1,0.:, .: ... : 

I>e""'r;pt;on: 1\1 : 
rn:: 
IE: 
JIo:: 
LO.:: . : ... :: 

t:dJ!t' coilimn nlllllht'r. 
t:d~t' coilimn I~'p(' IIl1mher. 
.'ramt' 1111 01 ht'r. 
{'olllllln lillt' IIl1l11her. 
SIOry It'nl at hottom of rollllllll. 
Story It'nl at top of colli 11111 • 

SET L5: TRANSVERSt: BEAMS CONNU'lH'IT\' 
(SKIP TillS INP .. T .... STRII{'Tt'Rt: II:\S NO TR:\NSVt:RSt: IIL\!\lS) 
• Rdf'rt'lice Tut: 

IISER TEXT 
Ik\('r;pt;on: I'St:R Tt:XT: Referellre information. lip t41 !UI dlaracters 

of t"xl. 

• TranS\'el'St' Beam {'olllle('th'ities (I'rm'ide ollr lillr (If data for ('arh 'TR'\ 
Irans\f'l'St' healll): 

1\1, ITT, I:r. 1\\'1' •• '\\T. I ............. .. 
1>l'.\cr;l',ion: \.: TranS\'('rst' h('am lIund.('r. 

ITT: TrallS\'('rs(" 1)(,:1111 I~'I'(, lIumh('r. 
1.'1': SIO~' lenl. 
1\\'1: .·ralllt' lIulllber of oriJfin of IranS\'("rst' 

h("am" . 
. 1\\'1': ('olullln lille of oriJfili of InlllsH'rst' ht'am". 
1FT: "'ral11(, IIl1mher of (,ollne(,lill~ wall or COIUIIIII . . '.T: {'OIUIIIII line of cOllnectin~ wall or ('OIUIIIII . 

. '\jote: -f'or b('lII11-t,HI'111l ('(mm'cti"n.\. "'1' tlntl."tT r(:{t'r to til,' 1 . .IIt1,·llti"n.\ ,~,. "tt' 
1I'1If1. 

SET 1.6: SPRINGS U)C\TIO,\S (SEt: FlGrRE ,\-14) 
(SKIP TillS INP .. T IF ROTATIO"AI. SI'RI'(;S ARt: NOT SI"En .... t:I)) 
• Referellce Tnl: 

IrSt:R TE\T 
I>e.\aipt;'m,' Ist:R_'n:\T: Rrft'rt'lIct' informalion. lip 10 !UI rhararlt'rs 

of t('xt. 

• Sprill~ Lo('alioll (Pro\'ide one line of data for ('arh 'SI'R !oiprill~s): 
M. ITRSP. ISP •. ISP. LSP. KSPL 

I>e,\('rip'ion,' :\I: SI)fin~ nlllllilt'r. 
ITRSI': ROlational SprinJf TH.e Numher. 
ISP: I'ramt nlllnhtr. 
.• SI': 
I.SP: 

('olumilline numher . 
Sto~ Ir\rl. 
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---

KSPL -= 1 KSPL -3 

KSPL - 2 KSPL -4 

SPRING LOCATION IDENTIF"IERS 

Fig. A.14 Specification of discrete inelastic springs 
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---

KSPL: Relatin sprin~ lCK'ation as follows: 
I. for sprin~ on beam. lefl of joint. or 
2. for spring on column. lop of joint. or 
3. for spring on beam. right of joint. or 
4. for spring on column. bonom of joinl. 

N("e: The number lif'iprings III II joint i~ Iimite,l to tlnt'/t'\'i ,llIIn ,h" Itllt./ number lif 
membu~ /rllming inl" the jllinl. 

SET L 7: MOMf:NT Rt:LEASES (SEE "'1(alRt: A-15, 
(SKIP THIS INPIIT n: 1\10l\U:NT Rt:U:ASt:S ARt: NOT Rt:QI!IJU:U. ~!\1R = 0) 
• Refprpnce Tplt: 

liSER Tt:XT 
I)~('r;ptitm : I'SER TEXT: Rrft'rrnct information. "11 10 841 rhanu·ttrs 

oftut. 

• Moment Release Locations (Ilro\'idt one line of data for each ~ 1\1 R InOlllrnt 
rpleasps,: 

10M. IHTV. INIIM. IRHo 
lJe.n·ripti"n: 101\1: 10 numhtr. 

IfIT": t]tmtnl typt using followin~ codt': 
1 for (,OUI1\1~. or 
2 for Bt::\1\1. or 
3 for \\' AI.L. 

INIII\I: 
IRHo: 

('olumn. B('am or Wall nlllllht'r. 
Localion of hingt' or momt'nl rt'lt'ast': 
I for BOTTOM or U: ....... 
2 for TOP or RIG lIT. 
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Sample Input (with reference to Fig A- 1 3) 

IDM 

1 

2 

IHTY 

1 
(col) 

2 
(beam) 

INUM IREG 

10 , 
(col #) (bot) 

6 2 
(beam#) (right) 

Fig. A.lS Specification of moment releases 
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---

SET L8: BRACES CONNECTIVITn:S 
(SKIP THIS .. ' NO BRACES ARlo: SP[C ..... :D' 
• Rtftrence Ttllt: 

USER_TEXT 
J)~J(:';pl;tm : llSt:R_'n:XT: Referenfe informal ion, lIl) 10 80 charaders 

of lelli. 

• Brace Connectivilies (Provide one line of data for eafh 1'1 BR hran's.: 
M, II', ITBR. ITI). LT. LB. JT. JB. AMI.BR 

IJen·,iptitm.' M: Brafe numher . 
.... : Frame numhu. 
ITOR: Drafe t~'pe: 

I. Visco-elastic hrace. or 
2. Friction damper hrace. or 
3. 1I~'sterl'lif damper hrat·t". 

rr(): Propt'rt)' typl' nUlllbl'r of spt"cilit"d hract". 
LT: Sto~' 1l'\l'I at lop side of the brace. 
1,8: StOl)' It\el at hOllom side of thl' hran'. 
. rr: 
.111: 

:\!\1LBR: 

("olulI1n lint" numhl'r al 101) side of the hract . 
("olull1n linl' numht"r at hottoll1 sidl' of tht 
hrafe. 
Draft' It''n~lh (joinl 10 join". 

SET 1.9: INnu, PANELS CONNHTI\Tln:S 
(SKIP TillS IF NO INI'IL!. P:\NrI,S ARE SPEn!'IEm 
• Reference Text: 

11Slo:R ... t:XT 
/)e, .. cript;on .' I:SI:R Tt:XT: Reft"rellcl' infol"ll1alioll. "11 10 " .. characl('rs 

of l('ll. 

• Infill panels connetlh'ilil's (Pro\'idt" one lint of dala for (,:lch of N IW pant"ls): 
1\1 ..... ITI\\,. LT. 1.8 •• IL .. IR •. mur 

I)t!~(',iption .' 1\1: 
.... : 
ITI\\: 

1.'1': 
1,11: 
.11.: 

.IR: 

.IIIMT: 

Inlill pan('1 nllmlll'r. 
!'ral11t" IIllln h('r . 
I)roptrl~' I~'pt" nllluher of sp('cilil'd ill iii I 
pam'l. 
Stol) len'l :II 1(1) of inlilllHIIJ(,1. 
St 0 I)' 1('\'('1 al holloll1 of inlill 1):111('1. 
Collll11n lin(' IIlllnht'r al 1('f1 sidt· of Ihl' illtill 
I)antl. 
Collllllniinl' numhrr:1I ri~ht sid" ofthl' intill 
l)an('1. 
Bt'am I~'pt" nllmh('r on lop of infilll):lIll'1 
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SET M: ANALYSIS OPTIONS 

• General Data: 
lISER_TEXT 
IOPT 

Descript;lIn: lJS.:R T.:XT: Rd('rt'nc(' information. lip '0 RO charactt'rs 
of text. 

IOPT: Oplion for conlinuin~ analysis: 
O. STOP (Uata ch"ck mod" •. 
I • for In('lastir inrr('m('nlal static analysis 

(wilh slatic loads.ifspf'cifif'd. 
2. for Monolonic "ollsho\'u" analysis 

including static loads (ihp«ifif'd •. 
3. for Intlastir dynamic analysis inrludin~ 

stalic loads (if spf'rifi('d), 
4. for Quasi-static cyrlir amllysis incilldin~ 

static loads (if spt'rifit'd., 
Nilles: II i.Ii gener"/(.' ml";.mhle III use II,,' ",I"te, ,·he,·" " "wlle for 11"'.firsl Ir;,,1 run tlf 

" n,'w ,It,te, sel. 11re I""grt"" 1Il, ... li"", .. IIn(r minimtll dlet'''in]: '~f ;npUI tI,'ltI. 
Stru,'lur"I del'lll;,m pltlls gener",(',1 hy II)ARC h('/p itI('nt~fr errors ;n 
clmneet;,·;t)' speciji,'tlI;tm. S;nt'e 11)/1 RC prinl.\ till ;nl'"1 tllII" "Inwsl 
imme,I;"te(I' tifter Ihey "rt! rt!(I(I. 11ft! Imil. I~f ,1t!I"('I;ng II,t!",,"r,'(' t~f inpul 
err,'rs i ... genere,lI)' expt!,Iile,l It;s ,,'.lill imptlrtltnl I" ""r~fl' till prinle,l IIl1lpul, 
espee;lIlI)' ."e£'lilln prtlpert;e", ."u(·h II." flex"r,,1 s/~(fne.n tim' yi,'1tI nrom,'nl. 
(}P110N I perm;I ... 1m imlepentlenl nonlinl'elr ."'tllic emtl~rS;S, SIIII;c loml ... tire 
;npul ;n ,Itlltl sel AI I. OP110;'\IS 2 - 4 ""'-" h" /'illlfhim'lllI'it', 'ong-Il'"'' .Ii't"i,' 
Imltl.1i which i", inpul in tltlltl ... ,'1 AI I. 

SET M I: LON(;-Tt:RI\I UHIlI"iG (S,(,:\TI(" Ul:\I)S) 

• Control Information: 
llSER TEXT 
NUl. NI~J. NLl\l. NU' 

/)es,'riplit",: IISER TEXT: Rt'ft"rt'ncl' information. up to Hit charact('rs 

NLI;: 
NI~J: 

NLM: 
!'ILC: 

of t('xl, 
No. of IIniforml~' loadtd hl'ams. 
~o. of lattrally loaded jOinl, 
No. ofsp('cified 1I0dai mOI11l'lIls. 
~o. of ronrt'ntratt'd ,,(,rtiralloads. 

NOll': Tlt;.1i inp'" i ... TC"I,,;rellfi" "lIl1nt,(r.liis oplion .... 

• Long T('rm Loadin$!, Analysis (PrO\'id(' onl~' wht'n stalic loads are prt'sen,,: 
.JSTP, IOCRI. 

l)e"'L";plitln: ,JSTP: No. of incr(,D1enlal sl('P" in which 10 aplll~' 

thf' slatic loads (dt'fault = I slf'Il)' 
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IOCRI.: Steps Mlwetn printin~ output (If 1(){:Rt=O. 
only final results ",ill be printed; if 
IOCRI.=2. printout will result e\'try 2 steps. 
and so on). 

Ntltt>S: Ikatl antlli,'e /,lIItl" that ex;.'" p";o" ttl 'he IIppIiC'I,';tm til seismic' II,. qum,;-s,",;c' 
eydie' /tllIll" ,',In be input in 'his "e(";tm, SII,'h /mltl .. (11'" 'J'p;('(,IIJ' ... pedJietl 
,hmllgh IInifi,rmly "lIItled "('t,m mrmhl!"-. An IIpt;"n i,,, al."(1 ("'I,illlbll! IlIr 
lotl!,,,II'1i1t1 am,/y.\;.\· Ilnl/ 'he .'ipedjic'"ti,ltl "I nm/lllltHltl ... lit jilin"", When IIsell 
in (."IIIjlln,'I;"n wi,h Option,'i 2-4, 'he reslllt;ng Im'u ... ,"'I! ('I,";ed f,'""("''' til 
'he nltm"',,n;,'. '{t'm""ic' I,ml'lumii-.'il(,tk Ilnll(r.'i;,'" 

• Uniformly Loaded Bl'am nata (Skip this input strtinn if NU 1=O): 
llSER TEXT 

Provide NLlllines of data as followin~: 
IL. IBN ... T 

I)es('r;ptitm .' (lSt:R._'n:x'r: Rdt'rt'n('(' information. "11 to 80 ('hara('ttrs 
of tnt, 

II.: 
IBN: 

"T: 

Load numbrr, 
Beam numbrr, 
l\1a~nitllde of load (,,'or('r/lt'n~th), 

• Laterally Loaded .Ioints (Skip this input section if M~'==O): 
(ISER n:XT 

Provide N IA.lines of data as follo"'inJ!: 
IL.U· .......... 

I)e"a;pt;on: (:SER_'n:XT: Rdt'rt'n('t' information. lip to 80 charartrrs 
of tnt. 

11.: 
..... : 
.... : 
"'I.: 

Load nllmber, 
Slory It'\,t'lnumbrr, 
Framr nllmber, 
\1:aJ!nillldr of load. 

• Nodall\1omt'nt Ilata (Skip this inlUlt st'rtion if ~"\I=O): 
tiSt:R TEXT 

Providr N 1.1\1 lint's of dltllt ltS follo"ill~ (St't' Fi~lIrt' :\-9 for heam momenl si~n 
('oovent ion): 

II .. 18M. "\11. "':\12 
/)e ... aipti"n: (:S t: R _'n:XT: Rtft'rt"n('t" informat ion. III' to HI) chllrartt"rs 

of lelt, 
11.: 
1U:\1: 
1;'11 : 
1':\12: 

Load nllmhrr. 
Ileam IHlmht"r. 
:'IIodal momenl (Idl), 
'odal DloDlt"nt (right). 

• Data on ConCf'ntratt"d Verticall.oads (Skip this inpllt sf'clion if NI.('=lt): 
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llSER TEXT 
Provide NLC lines of data as followin~: 

IL. IFV. LV. JV. H' 
[)es("r;pt;tln: llSER_TEXT: Reff'l"f'nce information. up to 80 chltracters 

of text. 
II.: 
IFV: 
LV: 
JV: 
F\': 

Load numbtr. 
t'ramt numbtr. 
Story levt'l numher. 
Column lint numhtr. 
Ma~nitude of load. 

IF 10PT = 2. CONTINla: TO St:T 1\12. 
IF 10PT = J. CONTlNll.: TO st:T :\13. 
IF 10PT = 4. CONTINllE TO SET 1\14. 

SET M2: MONOTONIC PllSII-OVF.R ANAL\'SIS (l'OR IOPT = 2 ONLY) 
• Gentral Data: 

llSER TEXT 
JOPT 

/)e ... ("r;pti'ln : I'St:R_'n:XT: Rtftl"f'nce information. lip to 80 characters 
of text. 

.J(WT: Push ov .. r option: 
I, foret control 
2, displae .. m .. nt control 

For JOPT = 2 GO TO SET M2.2 

SKf 1\12.1: Foret' Controlltd Input 
(PROVIDF. ONLY IF JOPT=I) 
• Control Dala: 

llSER TEXT 
ITVP 

/)e ... ("ription: rSER_ TEXT: Rtftrtnce information. up 10 80 charact .. rs 
of text. 

ITVP: Option for lat .. ralload distrihution: 
I for lin .. ar (invtrt .. d Irian~lt). or 
2 for uniform. or 
3 for modal adaptiVt' pushovtr distribution. 
or 
4 for user input. or 
:; ror distribution proportionai to a powtr of 
the story tlevation. 
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fo'or ITYP = .. GO TO Sl'1 1\12.2 

• Stop Critl'ria: 
PI\1AX, I\1s'n:ps, I)Kfo'l.Il\1 

/)ese,ipl;on: Pi\1AX: 
I\1STfo:PS: 

Tar~l'1 lIhimall' bll"l' shl'llr col'ffil'il'llt. 
NlImbrr ofserl)s to rr .. ch I'!\IAX. 

I)KI'U!\I: llpptr limit for displ:tcemrllt of slrllctllrt' 
tOIHitOry (pl'rCtlltll~l' of hllildill~ hl'i~h", 

• NlImbl'r of Modl's for 1\10dlll Adlliltin' Oillioll (l»ro\'idt, onl~' if IT\,I'- 3): 
~!\10n 

/)(,.'''·';pli"" : ~ !\IOI): NlImhl'r of modl's ustd durinJ! Ihr mod:" 
:ull'ptin' IHlsho\'rr anal~sis. 

• PO\H'r for lattn" distrihutinn WrO\idr nlll~ if IT\,I),c~l: 
EXPh: 

/)('.'1"';I',i",,: EX 1'1\:: I'owtr for sln~ l'lt'\":Ition. 
:'\',,,(,; rile 1t",',i1/./im'(·.\ til ,,",)' "i" lIT,' 1''''/''ITlimwl 10 ,",' \lory 11'(';;:'" (11"), /III/I 

1/1(' .<;""..r dC'\'II1;"" (" ) 10 '/11' 11(1II'('r /:'.\ PK, I/(','(m/;,,;: 10: 

1f'1i' .' 
"\1 1 

TIre (~\l",n""t;/lII/i,\t,i'mtim' lI'i/lIII"" i"to 1I(','o""t tire (~tf('('h ,~,. ";;:lrc" "'(1(1('<; 
;" Il,e ,e\f"""\('. I,-/:',\"'K<(I" t1(~fillllt 1'111,,(' ;,\ l'"IC'III",,'t1 ".\ ".!i""·1;",, (~,. "ll' 

/'''IIIIIII'''"IIIII'"r;OII (1J: 
j () :' 

I () J-.\l'A I, ~ \I .., 

('ontintlt 10 SET' 

SET 1\12.2: nispla('('mtllt ('Ililtroll('d InlUlt (m'['s('r Ut'tint'ell'm"'" ('ontrol) 
(PROV..,t: ON I.\, .... .I01'Te 2 OR .IOI'T=I ANI) IT\,P--,&)' 

• ()isphlcl'mtnt ('onll'nll):lt:l (or ['St·1' nt'tilll'd .... JI.l'(. COllt1'll1 Uat:l): 
liSEK TEXT 
NUWU 
NSTI.I)(I). !'ISTI.I)'2) •...• !\STU)('UW!)) 
PXO). I'X(2) •...• I'X(:\l.ut:l)) 
I\1STt:PS. nRfo"lJM 

Ik~('r;f1';tJI': l"SER TEXT: Kt'ft'r('nce infnrlll:ltinn. lip In Mil ('h:lrllclers 

'I.m:(): 
'STUJ(i): 
I'X(i): 

of teu. 
nllmht'r of 10:ltlt41 sln"i,'s (1('\t·ls). 
list of loaded storits. 
lisl or nlllXillllllll fon·t's/disl,lac(,IIlt'l1ts 
applied al Imultd sl()ries (It'wls). 
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!\1STEPS: 

IlHI'UI\I: 

Continu~ to SF.T N 

numht'r of slt'ps 10 r~ach t';teh uhinutlt' stoQ' 
forct'!d isplact'm en t. 
upper limil for dispillcl'mt'ni of slructure 101' 

Slol)' (pt'rct'ntagt' of building ht'ighH. 

SET 1\13: DYNAMIC" AN,\I.YSIS (,ONTROI. PAR,\\lETt:RS (J'()R I(WT = 3 
ONLY) 
• Control Data: 

l:St:R TEXT 
GI\1t\XtI. G\lAXV. IHC\I.. TIllIR. IlA!\..,. ITD\W 

Ik'icripli",,: l'St:R Tt:XT: Rrft'rt'nn' information, up 10 ftfl ch:lra("tl'rs 
of It'll. 

Gl\lr\XV: 
IH(:"I.: 

1),\!\1 P: 
ITIlI\1 P; 

Pt'ak horizonlal aC("t'Il'ration (~'sl, 
Peak \'t'rtinl accrleration (~·s). 
Time stell for response anal~'sis (sel's). 
Tolal duration of :In:''~'sis (Sl't'S). 

Uampillj! ('orffidrlll ('Y., of critical). 
T~'pt' ofstrllctural dampillJ!: 
I for !\Iass Ilroportional (dt'falllt). 
2 for Stillness prolUlrtiolU,I, or 
3 for Haylt'i~h proportional daml)in~. 

NtJlf!!I: I. The ;np'" d{·{'t'/ertlJ:rtI", ; .. ,\t'll/C'II ",,~rl1rm~l' to IId';(,I>£' tlu' !i1'('('~fi('cI l'£'lI" 
tlL·t'e/erllt;"". 1>1·C·H ... Iwllitl not {~\'('{'{'II tIlt' tim" int{'n'lll (~,. Ilu' inplIt II'tIl'i', 
I) TIN P. TI, .. non/illL'lIr IIIW(.' ... i. .. '~f tltc' ,'ilruefllrc' i,\' I~fi('n I'C'I)' ,\{'miitit'(' 10 th(' 

choke lor IJTC-H., II 1'"llIt' (~f fUIfI.; ;,\ ,\II1:J:t.'.\teti lilT ~l'l'i('(li huilt/inK'\' 
howel' .. T, II .. "liIl1er mit/t' mtl." hc' n('('(',\.\(lI)' ~,. ,I"nth- dttmJ:£,.\ ill til£' "/~lfire,.,. 
tIt the elements ,,,,, ('xl,e('l(',I. (lr !f lire """"'llIr,' ('011,\;""" ,~r 0"(1' II ft'''' 
elcm .. nh. 1.lIrKer ",,1,,(':\ {'1m he lO(',llilr ,,,,,wtlter Irlln,\;I;ol1.\ i" lltt' ... t~lfir('\,\ 
of II, .. ele",(,,,t.\. (Nit'n II" intll/t'f/Ilt1t(' C/win' tI,. IIIi,\ ""ramell'r will yiC'ltIlllrgC' 
u"bllltmcet/ lora.... tit", ",{~ .. l'tlll\{, """,('r;clIl i",\whiliric'\, (t1ll1\'11I1' the 
e:l:(!clllwn (~f II,c' I'ro!:rtlIIt, or Tt'I",rt t~\'lrt''''{'~r ""!:c' m/"t',\ ill IIIL' ,11I",,,g" 
india ... (IJI».1} ,~(.",,,,,e {IT"I/ ('/('1,,,,"1.\. 

2. The r,,';o (/JTlN/'InJ'( :·1I.} ","sl y;elt/,m ink!:('T IlII1t,h('r . 
.1. Till! R ml')' bt' I(',\~ tl",,, tift, 10111/ ,llIr,,,ion '~f tlU' ('Ilrth'l,wlt.e. ~f TlH r R i.\ 

1:r"{Iter tlttm lilt' ttlftll limt' ,111m/ill" t~" tlf(' ;"1'111 "'111'(', II frt''' I'ihml;,," 
ctnll(.'\;,\ ,~"'Irc''i.r'il{'''' will Tt''iII/tfor til(' r('fIU/i"in!: ti",('. 

• Input Wa\'l': 
lfSt:R Tt:XT 
IWV.N I)'\TA.IHI S I' 

IJe1til'r;ption .' liSER TEXT: Rl'ft'rt'lu:r information. III' to 80 t'haractt'o 
of It xc. 
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• Wave Title: 
NAMEW 

/)e.~criplilln : 

IWV: 

:'\iDA ... ": 
DTINP: 

NAMEW: 

• Filename - Horizontal Component: 
WHFIU: 

/)esc.:riplion: WIIFIU:: 

o for Vertical comllonent of acceleration not 
included. or 

I for Vertical component of at"celeration 
included. 

N umher of points in earthquake wan' files. 
Time interval of input wave. 

Alpha-numeric title for inllUt wan' upto 80 
characters. 

Name of fill' (~'ith extension) from which to 
read horizontal component of earthquake 
record. Note: Filenaml' should not exceed 12 
characters. 

WI!'IPII(I).I= I,NllATA 
lIorizontal component of earthcluake ~'a\'(' 

(NI)ATA IlOints). 
NOTE: This data is rt'ad from tht' file 
WIII·II.I-: Sl)ecifled in the prt'\'ious data item. 

• Filename - Vertical ('omrol1(,l1t (Skip this input if IW\,=O): 
WVFlU: 

/)e.licriplilln: WVFII.f:: Name of file (wilh utension) from which to 
rud \'ert ica I component of earthquake 
rerord. Note: Filename should 110t uceed 12 
chararters. 

WIN PV(I ),I=I,N ()ATA 
Vertical component of earthquake waH 
(N()ATA poinls). 
N(rn:: This data is read from the filt' 
WI '1-"11-1:: spedlied in the Ilrevious data item. 

Nllte.": AC{'rlerogrtlm ,It''11 mlly be inpul in IIny ......... ,t'", (~,. IIni,.., 1n(' 1I('('('it'rogrll'" i.\ 
-",·(,/C,tI uni/"r"'(r 10 IId,;("'(' III£' .lip{'('~{i('tI p,'t,A ""'II,·... (~,. (i.\#..1.\:11 (lml 
(i~IAXV. Sinc(' ,1"", i.1i relltl in free forn"", II." 'fIlmy lint' ... tI" nl'l·t· ..... m:" to retlll 
the entire ... IIt'e mU.lil he inpul. In(' ,i"ttl floint ... 0,. til,' inl"lt Wilt·" "'''y, 
thereftlre. be entered sef/uenlill/~1' until tl,1' It,.'" (or "1M 7:4) floint. 

Continue to S.~T 1\ 
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SET M4: QlIASI·STATI(" ("''CU(" ANALYSIS (FOR IOPT=4 ONU') 
• Quasi-Static I>ata: 

lJS[R Tt:XT 
ICNTRL 
NLDlm 
NSTI.D( n. NSTU)(2, •...• NSTI.I)(NU)t:I») 
NPTS 
«'(1.1).1'(2.1) ..... t'(NPTS.I) 
1'( 1.2). 1'( 2.2) ..... t'( N I'TS.2) 

F( I,NU)EIl). F(2.NLI>t:Il, •...• F( NPTS.NLllt:U) 
DTCAL 

I>c'''('riptitm .' IISt:R_'n:XT: Rtff'rf'ncf' information. 1111 to 80 charactf'1'lI 
of tl'll. 

1('~TlU,: 

NU)t:U: 

NSTU)(j): 

NPTS: 

Inc\l,: 

()'l'Iic Anal)'sis olltion: 
O. t'orcl' contronl'd inllUt. or 
I. displacrmf'nt contronl'd inpili. 
!'Iumher of !itory lenls at whkh the force or 
displacf'ment is applif'd. 
List of stor)" 1f"'f'ls at which thf' forcf' or 
displo(,f'ment is OPIllif'd. 
Numher or Iloints to he rl'ad in ron'e or 
displacf'mf'nt histo~'. 
Quasi-Static force stl'l) "i", at story 
NSTLI)(j'. 
Analysis stl'P (fnlction of inlllli steps). 
Thf' anal)'sis is Ilf'rformf'd between 
(I/ln('AI,) 
interpolatf'd Iloints on thf' inllUl histo~'. 

SET N: OllTPrT (,ONTROL 

SET NI: 1>t:l'(lRl\IATION. STRt:SS ANflll,\U,\(;t: SNAPSIIOTS 

SET N 1.1: Pushonr Snapshot ('ontrol flata 
(Providf' only if PushO\'l'r anal~:sis ~'as st'll'ctf'd in st't :\1: IOPTco2) 
• Control Data: 

l!SER TEXT 
NPRNT 
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I}es(:ript;on: lISER_'n:XT: Rtfrrrncr informal ion. up 10 80 characlrrs 
of In I. 

:"<II I' K!'IT: Addilional nllmbt"r of snapshots of tht" 
structural rt"sl,onst' dllrin~ l)lIShoHr.' 10). 

Note, .. : I, (Jutput in tlri, .. ,\('t i.. II'ritt('n in fil,· "/)I~·"'()H,\lf:J>.( Jl'T", 111t· , .. tory 
Ji,\plt,eem(·nts. (,ntllhe ,'I"III,'nl ,,,'r,',n ,tlli",\ t",' "rm'it/",I tit "tlt'h ,\ntll,'O/wI, 

2, I~J' tleftlUlI the "mgr",,, lI'i/l (,,,.·t~J',\ itt,·nlif.- Ih,' ,\lrudllr,,1 r","ponw (,, 11,,' .fir, .. , 
('rtlt'k, fin! ."i,·I.I, or fint ('011,,1',\(' (~r I' ("llumn. h"tm. tlntl ... tI/I. 

• Ratios for wich Additional Snapshots art' Reqllirt'd • Prm'ide ()nl~ if" PR'T>O,: 
ITPRNT. l'PR!'IT(1). lrpRNT(2) ..... t:PRNTc~rRNT) 

/)"!i('r;pl;on: ITPKl\T: T~'pt' of data pro\'idt'd to pri.1I snal)shots: 

('ontinul' 10 set' 1.3 

I if Hast' shl'arrrotal wt"i~ht is !til)t"cilil'd. or 
2 if TOi' dispi:lcl'mt'n.rrotal hl'i/.!hl is 
sl't'cilit'd. 

1'.'K:'IIl'(il: Usl of hast' slU'ar/.o.al wl'il!h. r:.lios (if 
rn'K'T=-I,. - III tlll' displ:'l'l'nH'nt/tllt:1I 
hllildillJ! ht'il!ht (if rn'K'T-2,. for wkh 
I'rintin~ of IIdditiOlUtl S'U'llshols is rt'lluirt'd. 

SET N 1.2: I)Yllamic and QU:lsistatic :\nal~'sis Snapshot ('o.ltrol Uata 
(providt' onl~' if U~'nalllic or C}uasislatir IInal~'sis was s"ll'rtt'd in Slot :\I: IOI'TJ or 
IOPT:") 
• Control I)ata: 

llSt:K TEXT 
NPRNT 

I'SER TJ:XT: Rt'ft'rt'nct' information. up 10 811 rh:lr:,clt'rs 
of tt'~t. 

'I'K'''-: "'III~ to indirat" if addilional snapshots 
dllrinJ! d~'n:llnir :lI1al~sis arl' rl'(luin'd: 
o for no IIst'r dl'lilll'd :uldilillmll snapshols. 
I for ust'r d"lillt'd addit ionnl slI:'Jlshots . 

.\'olt·,\; I. 0"'1'"1 ;n tlr;,\ \('1 ;\ ... ritt"" ;11 .Iil<' ""':TOH,\IU). Of r', I1r<' \lm:r 
tl;V""("('II/""",,, ."rtf If", ""'III('IIt ,\In',\,\ r",io\ tire I'rm';t/('tl til "t,d, \lwl"\/"'" 

2. 11.1' (/,:fillllf 11U'l'ml:rtllll 11';/1 tlllI't~r\ ;til',,'~f.'· 1IIl' ,\lrll('llIrlll r(','1,,/lrw III III(' .fir\1 
('rtrd., ,fir"" .l'il'ltl, or.fir,\1 ('oll"I'.\(' .~r tr ('olr",m, 1/('/1111 IIII,/lt'lIl/. 

• lis~r I)l'filltd Snapshots jl'rO\idt' onl~ if :\I'K:\T-I) 
IHPRNT. UFPR'T. HSI'R' ... 

I)c',\ail'titm: I)TPR'''': Tinll' inrrl'lIIt'nt for Ilrintilll! additional 
snapshots (t 'st' I)TI'R~T' It 10 d(';lclhall' 
Ihis option, 
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OI'PR'T: Th rt"sh old SIO!") drifl ralio al "hirh 
snap~hol§ art" dt"sirt"d «l :se I)FPR'T 0 10 
durli"ale Ihis oplion) 

BSPRNT: Threshold bast" shl'ar rot"mdenl al "'hirh 
snapshots art" dt'sired «l' st' IISI)R~T It 10 
dt"aflh'ale Ihis 0luion) 

Noles: I, OUlput in thi,'ri sel ;\ II'r;tI('n ;n file "IJEFORM/:'iJ. Of 'T", 11,(' ,,,"'ry 
,Ii,\pltl('enrent,.,;, lint/ the ,·lell/(·nI .. tr('.', .. ",tim. tlrl' ",.,wit/(',I til ('tiel •. 'intll, ... I"'I, 

1, II)' ,Iefi,ull Ihe l,r"I:""" 11';11 r'/lI'tly,.,; itI(·nt~f.r II,,· .'ilrU"'U",1 re."pm,.\(' ,II tlu·.fint 
(',lid, fint yie"', 0' fint ""II"p.\e of II ('olumn. 'WI"" tlntlll'illI, 

SET N 1.3: Gl'neral Snapshol ('onlrol Fla~s ~ Pro'iidt' :\Iwa~s) 
• Conlrol .·Ia~s for Ddault S""I)shot!l: 

ICOPRNT( I). 1('IWRNT(2). I('IWRNT(J). I('I)I)RNTH). I( 'IWRNT(5) 
IJe, .. ('ription: I(,()PRNT(I): l"la~ 10 arlh'ale (= t). or dt'arli\alt' (cll). 

I,rinling of Ihe c1ililll:tr('lIIelll profitt, during 
d('faull snalJshols. 

1(,IWRNT(2): Flag 10 arli,ale (~t). or df':tfli,:ltl' (~cn). 

Ininling of Ihf' f'1f'1IIt'1I1 slr('ss ralios during 
tltfaull snalJsholS, 

In)PR~T(J): Fla~ 10 at'li,ale (= I). or dl'a('li\alr (=()). 

prinl ing of thl' l't(,111 t''' I rollallst·t! slalt' 
during dt'faull snapshots. 

1(,IWRNT(4): Flag 10 arlh'a't' (= I). or dt'arli'i:llr (=0). 

I,rin.ing of .he slrurlur:ll ":IIII:Ige indires 
during tlef:tult Sltal,shots. 

IC'IWRYI'(S): Flag to arli\'ate (= I). or de:lrli'iatl' (=()). 

IJrill'ing of Ihl' struf'ural lhnamir 
fh:trarlt'rislirs during tldau" snapshols, 

Nole.": I, I~r ,Ieflrull II,,' pr0l:rlllll will itI('nt~f.t· tlu' .lint am'!.. ,rh·"'. lind (,tlllr,p.\(' (~,. II 

('olu",,,, h('m" IIntl "'tIll. At 11,(· ... (· ... llIl:c'.\ tluri"l: ,1", 11II· .. lwl·c'r lIntl~\'.\;.\, tlU" 
u.lier IIU~J' ;mlictlt(, III(' 1'''''1:",111 to r"p(/rt t/,(' di"l,It,o',1 p"'~/;It'. Ih(' .\Irc·\.\ rtlli" ... 
('ollt'p ... e .'.IIIIc'. (/("PIl'I:(' ; mlice.\, tlntll'('rior/.\. 

1, Outputl"r till' delimit .\IIl'".\lwl.\ ;\ II'ri,,('" i" tIlt" lil(' "/)I:"H JR,\II:'/H Jl '1''', 

• Control "Ia~s for l'ser I>efilll'd Snapshots (I'ro\'idt' (lnl~ if N I'RNT>C1): 
ICPRNT(I). I(,PR~T(2 •• I('I)R~T(J), 1('I'R:VI'(4). WPRNT(S) 

/)('''O('';plion: IC'I)RNT( I): ,,'I:lg In arli\lIlt' (-I). or dl'arlhale (-"). 
Ininlillg of Ihe disllla('rlllrlll I,rofilr durillg 
usrr defillrc! )ollilpshols. 

I("I)R~T(2): "'lag to at'li\:tlt' (-I). or "t·ar.hafl' (U). 
I,.-inting of Ihe ('I('mcn, s.rrss mlins during 
IISl'r df'finf'd snilpdwts. 
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ICPRNT(J): .'ag to Ictiutt (=1). or dtactintt (=0). 
printing of tht tltmtnt collapstd statt 
during ustr dtfintd snapshots. 

ICPRNT(4): Flag to artivatt (=1). or dtactivatt (=0). 
printing of tht structural damact indicts 
during ust'r dtfintd snapshots. 

ICPRNT(5): Flag to arlivltt (=1). or dradivatf (=0). 

prinling of thr structural dynamic 
charactrristics during usrr dtfintd 
snapshots. 

SET N2: STORY OilTPlrr CONTROl. 
• Output Control Data: 

IISER_ T .. :XT 
NSOlIT. DTOlIT.ISO(l). ISO(2) •...• ISO(SSOI'T) 
FNAM(O:S(I) 
FNAMES(2) 

FNAMES(NSOIIT) 
/Jest:ription: IISER Tf:XT: Rtftrtllct information, up to 80 chararttrs 

NSOlIT: 
DTOllT: 
ISO(i): 
FNAMF.S(i): 

of tnt. 
No. of outpul hislorirs. 
Outputtimr/strp inttrval'. 
I.ist of output slory numhrrs. 
Filrnamt 10 stort limt history output for 
story numhrr ISO( i). 

Nflles: I If the pushm'er tlr quasi-littlt;(· (·.I'dit- tmtll."!!; ... "pt;"n i!! u.'.etl. t>T()UT rete" ttl 
the number (If step ... betw('"n output print;n/:; ftlr e.mmplt·, /)TO('T=2 will 
print results el'ery' 2 stepli. 

SET N3: El.EMENT In'STI':R.:SIS OIITPlll" 
• Control Dala for [Irmt'nl Output: 

IISER_ TI':XT 
KCOliT. K8011T, KWOlIT. KSOllT, K8ROI!T, KIWOIIT 

/Je.'i(:,.;pl;tm: 11SF.R_ TF.XT: Rrfrrt'nct' information. up to 80 ('haractt'n 
of Itlll, 

KeOI:1': 

K80111': 

KWOIIT: 

Numhrr of ('olumns for whi('h h~'sltrt'sis 

olltput is rtquirtd (. 10). 

Numhtr of htams for which h~'strrrsis 

Olltput is rrquirrd (. I (J). 

Numhtr of walls for which hystt'rrsis outPll1 
is rrquirf'd (. 10). 
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KBROll",: 

KIWOl:T: 

SET Nl.l: Column Output 

-

Number of springs for which hysteresis 
output is required (. 10 •. 
Number of braces for which hyslereis OUlpUI 
is ITquirrd « 10 •• 

Number of intill panrls for which hysttresis 
output is ITquirtd (. I () •. 

• Column Ouput Specification (Skip this input if K(,OllT=O): 
USER_TEXT 
IClIST(I). I<:US,[(2) ..... ICLlST(K('OI!T) 

/)"S('ript;m,: IISF.R_ TEXT: Rdtrenct information. up to 80 characlt~ 

1C'I.IST(i): 
of ttlt. 
Usl of column numhus for "'hich momellt
cun'ature h~'st("rrsis is r("(luirt'd. 

S .. :T Nl.2: Bt'am Output 
• Beam Output Specification (Skip this input if K 8(WT=O,: 

llSER Tt:XT 
IBUST(I,. I8I.1S,[(2) ..... IRLlST(KROFr) 

J)e~('r;pl;t IH: IISF.R _ TEXT: Rt'ftrellct' information. up to 80 chardcttrs 
of tt'xt. 

I8UST(i,: List of ht'am numht'~ for which momt'nt
cUn'aturt' h~'st("rt'sis is requirt'd. 

SET N3.3: Shear Wall Output 
• Shear Wan Output Specification (Skip this input if KWOIIT=n,: 

11SER TEXT 
IWUST(I).IWLlST(2) •...• IWLlST(KW()I'T) 

/)esc'riplio,,: I ISER _ TEX'r: Rt'ft'rence information. up to 80 characters 
oftut. 

IWI.IST(i): List 0" shear wall l1ulllht'rs for which 
moment-cun ature and shear-strain 
hystt'rt'sis is rt'quired. 

SET N3.4: Spring Output 
• Discrete Spring Output Spt'cification (Skip this input if KSOI T=O): 

lJSER TEXT 
ISLlST(1). ISI.IST(2) ..... ISI.IST(KSOI;1') 



I )esc:ripl;"n: IlSER_'n:XT: Rrfl"rt'ncl" information. up to 80 charactfrs 
of (l"xt. 
Ust of sprin~ numbers for which 11I011lfllt
rotalion hysttrl"sis i!i rl"quirl"d. 

SET N3.S: Bract Output 
• Bral't Output SI)l"dtiutions (Skil) this input if KUROl 1'=-0.: 

11SER Tn:.T 
IBRUST(I). IBRUST(2) ..... IBRUST(KIJROl"n 

I)e.'i('r;pl;on: l!St:R TEXT: Rdfrtlll't' information. up to 80 l'hllrllctl'1"S 
of tnt. 

IHRI.IST(i): Ust of hract' numhl'1"S for whil'h forct'
displal'tmtnt h~'slt'rl'sis is n'(luin·d. 

S .. :T N3.6: IlItili Pantl Output 
• IlIfili Pantl Output Spt'cifiratill"~ (Skill this inpnt if K 1\\ 01"'=0): 

I'St:R Tt:XT 
IIWLlSTCn.IIWUST(2 ...... IIWI.IST(KIWOIT) 

USER TEXT: Rl'fl'rl"lIrl' informati()n. lip to SU rluuartl'1"S 
of tl'xl. 

IIWLlSTO.: Ust of intill pallt'l Ilnmhl'rs for which forct'
displacl'mtnt h~'stt'rt'sis is rl'(luirt'd. 

,""'oles: All lire output Ilenerll','tl ;n thi ...... c'c·li"n refer ... Itl m"III,'nl-cur""'lIre hy ... 't'rc'.\;.\ 
.li,r be"'''-'i, "ollllllns IIntl ... h""r-II'III/. .. ; in ,,,It/il;,,,, ... I,ear ".\ . . \-IIL'tlr ... trt,;n hi~"'(lr)' 
i.t; Ilener,,'ecl,filr II'tllI\; II'/rer"(I ... monU'nt-rtJwtion hy\lere.\i ... i,\ prmlllL'L',I.liJr Ihc' 
tI;screle '''I'r;nll eielllL'nh. (JllIPIII.fiIL'ntlllU'.\ '''t' gt'nC'rlll"llu,\ .fi,ll".,·s: 
II-" K(,()Vl' = Z. A"'/) I(,UST(I} = .l A,""'/) 10.1.\'1'(2' = 12. 111t.A nil:" 
HJI.UJWI"'(, H/.ES WIU. liE (,RE,ITt'/): 
('01. ,itO. PRi" (Inti ('()/, (J 11. PR'" 

- -
(where 3 ",.,112 refer III tIlt' elt'IIIenl n"nlht,,...!i,, wlrid, (llIlp"t is rl'tJII,'SIL'tl) 

[ND OF DATA INPllT 
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APPESDIX B 
S:\!\lPLE INPUT 

CASE STUDY #) 

inpllt} i Jt!lIame.· 

data Ji leflan//!: 
output .filellame· 
results j!/ctlam/!: 

file: idarc.dat 
casel.dat 
easel.out 

file: casel.dat 

iaurc.dat 
case i.Jut 
IJarc 0141 

("/.lSI! j Ollt 

CASE STUDY;; I : Circular COli I' Test 
CONTROL DATA 
1,1.1. 1,0,1,0 . 
ELEMENT TYPES 
1,0,0,0,0,0,0,0,0,0 
ELEMENT OAT A 
1,0,0,0.0,0.0,0,0 
~1T SYSTn1 (KIPS/INCH) 
1 
FLOOR ELEVATIONS 
360.0 
DESCRIPTIOi' OF IDENTICAL FRAMES 

PLA:\ CONfIGURA TIOr-.; (SINGLE COLUMN LINE) 
I 
NODAL WEIGHTS 
1. 1, 300.0 
CODi FOR SPECIFICATION OF USER PROPERTIES 
o 
CO;-':CRETE PROPERTIES 
I, 5.::?, 4110.0, 0.2,0.624,0.0. 0.0 
RENFORCEMENT PROPERTIES 
1. 68.9,103.6. 27438.0, 00. 0.0 
HYSTERETIC MODELING RULES 
1 
1. 9.0, 000, 0.05, 1.0 
MOME!'T CCRVATURE ENVELOPE GENERATlO;\ 
o 
COLli\1:\ DI\1ENSIONS 
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2 
1.1.1.1. 360.0.0.0.0.0, 1 JOO.O. 60.0, 2.5. 545. 25, 1.69,0.625, 3.5 
COLUMN CONNEC-: IVITY 
1.1.1.1.0.1 
ANALYSIS TYPE 
4 
STATIC ANALYSIS OPTION (Axial Force Only) 
0.0,0.1 
4.1 
Nodal Loads 
I. I, I, 1.900.0 
Quasistatic Analysis 
I 

I 
301 

0.0 2.5 0.0 -2.80 0.0 3.5 7.060 3.5 0.0 -3.5 
-7.03 -3.5 0.0 3.50 7.08 3.5 0.0 -3.5 -7.02 -3.5 
0.0 5.0 9.0 10.60 9.0 5.0 0.0 -5.0 -9.0 -\0.55 
-9.0 -5.0 0.0 5.0 9.0 10.6 9.0 5.0 0.0 -5.0 
-9.0 -10.55 -9.0 -5.0 0.0 5.0 10.0 13.5 14.08 135 
10.0 5.0 0.0 -5.0 -10.0 -13.5 -14.05 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.07 13.5 10.0 5.0 0,0 -5.0 

-10.0 -13.5 -14.05 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.08 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.08 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.08 13.5 10.0 5.0 0.0 -5.0 

-\0.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.10 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.10 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.12 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.12 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.12 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.05.0 10.0 13.5 14.1213.5 10.05.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 13.5 14.10 13.5 10.0 5.0 0.0 -5.0 

-10.0 -13.5 -14.07 -13.5 -10.0 -5.0 
0.0 5.0 10.0 16.0 17.66 15.5 10,0 5,0 0,0 -5.0 

-10.0 -15.5 -17.66 -15.5 -10.0 -5.0 
0.0 5.0 10.0 16.0 17.66 15.5 10.0 5.0 0.0 -5.0 
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-10.0 -15.5 -17.66 -15.5 -10.0 -5.0 
0.0 5.0 10.0 16.0 17.66 15.5 10.0 5.0 0.0 -5.0 

-10.0 -15.5 -17.66 -15.5 -10.0 -5.0 
0.0 6.0 12.0 20.0 21.30 20.0 12.0 6.0 0.0 -6.0 

-12.0 -20.0 -21.19 -20.0 -12.0 -(iO 
0.0 6.0 12.0 20.0 21.32 20.0 12.0 6.0 0.0 -6.0 

-12.0 -20.0 -21.27 -20.0 -12.0 -6.0 0.0 
0.05 
SNAPSHOT OUTPUT 
0, 
0,0,0,0,0 
OUTPUT CONTROL 
1,6,1 
CYCI.OUT 
MISCELLANEOUS OUTPUT INFORMATIO~ 
1,0,0,0,0,0 
COLUMN OUTPUT 
1 

input filename: 
data filename: 
output filename: 
results filename: 

file: idare.dat 
case2.dat 
cClse2.out 

file: ease2.dat 

idarc.dat 
case2.dal 
idarc.out 
case2.oul 

CASE STUDY #2 

CASE STUDY # 2: 1:2 SCALE THREE STORY FRAME 
CONTROL DATA 
3.1, l.l,O,O.O 
ELEMENT TYPES 
4,5.0,0,0,0,0,0,0,0 
ELEMENT DATA 
9,6,0,0,0,0,0,0,0 
UNITS SYSTEM: KN - MM 

FLOOR ELEVATIONS 
1500.0, 3000.0,4500.0 
DESCRIPTION OF IDENTICAL FRAMES 
1 
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rLAN CO:'-JFIGURATIO~: 1\:0 OF COLC~Il'\ LI~ES 
.., 
-' 
~ODAL WEIGHTS 
1,1, 12.24, 22.24, 22.24 
2,1, 22.24,22.24,22.24 
3.1. 22.24. 22.24. 22.24 
CODE FOR SPECIFICA TIO?\: 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 
o 
COLUMN DIMENSIONS 

1.1.1,594.2,1498.6, 149.1ol6. 149.86, 
1.250.0,250.0, 15.0,226,2,80,75.0,0.5 
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 

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 CURV A TURE ENVELOPE GENERA TIO]\; 

° BEAM DIMENSIONS 
1.1.1.3000.0,125,0,125.0 

2,300.0,150.0,150.0.0.0,15.0,401.9,401.9.60, 75,0 
2, 300.0,150.0,150.0,0.0,15.0,401.9,401.9.6,0. 75.0 

2.1,1,3000.0,125,0,125.0 
2. 300,0,150.0,150.0.0.0,15.0, 4S0.6.40 1.9.6,0. 75.0 
2, 300,0,150.0.150.0.0.0,15,0.401.9,509,0,60, 75,0 

3.1, 1. 3000.0. 1250. 125.0 
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::. 300.0.150.0.150.0,0.0.15.0.401.9.509 O. 6.0, 75.0 
2. 300.0,1500.150.0.0.0.150. 4~O.6.401.9, 6.0.75.0 

·U.l. 3000.0.1250.125.0 
2, 300.0,150.0.150.0,0.0,15.0. 307.7.2~6.5, 60. 75.0 
2. 300.0.150.0.1500.0.0.15.0. 307.7.307.7.6.0. 7St} 

5.1,1.3000.0.125.0,125.0 
2. 300.0,150.0.150.0.0.0.15.0. 307.7,~265. 6.0.75.0 
2.300.0,150.0.150.0,0.0.15.0,307.7.307.7.6.0,750 

COLUMN CONNECTIVITY 
1,1,I,l.2.3 
2.2.1.2.2.3 
3.1.1.3.2.3 
4.1,1,1.l.2 
5,2.U.l.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 
ANAL Y515 TYPE 
4 
51 A TIC ANALYSIS OPTION 
0.0,0.0 
QUASI-ST ATIC CYCLIC A,'1AL YSIS 
1 
1 
3 
249 

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

-25.4000 -12.7000 0.0000 12.7000 
25.4000 12.7000 0.0000 -12.7000 

·25.4000 -127000 0.0000 12.7000 
25.4000 12.7000 0.0000 -\2.7000 

-15.4000 -12.7000 0.0000 20.3200 
55.8800 50.8000 40.6400 20.3200 

0.0000 
25.4000 
-25.4000 
25.4000 

-25.4000 
25.4000 

·15.4000 
40.6400 
0.0000 

10.1600 
32.4104 
-32.0802 
31.9024 

-29.7180 
30.0482 

-lS 7010 
50.8000 

-203200 
·40.6400 -50.8000 -53.3400 -50.8000 -40.6400 -:0.3200 

0.0000 203100 40.6400 50.&000 57.4040 50.8000 
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406-,00 20.3200 0.0000 -20.3200 -40.6400 -50.~OOO 

-S4.3560 -50.8000 -40.6400 -20.3200 0.0000 20.3200 
40.6400 50.8000 56.1340 50.8000 40.6400 20.3200 
0.0000 -20.3200 -40.6400 -50.8000 -541020 -50 sooe 

-40.6400 -203200 00000 254000 50.8GOO 76.2000 
868680 76.2000 50.8000 25.4000 0.0000 -25.4000 
-50.8000 -76.2000 -83.3120 -76.2000 -50.8000 -25.4000 
0.0000 25.4000 50.8000 76.2000 87.1220 76.2000 
50.8000 25.4000 0.0000 -25.4000 -SO.8000 -76.2000 

-84.5820 -76.2000 -50.8000 -2S.4000 0.0000 2S.4000 
50.8000 76.2000 88.6460 76.2000 50.8000 25.4000 
0.0000 -25.4000 -50.8000 -76.2000 -84.5820 -76.2000 

-50.8000 -25.4000 0.0000 38.1000 76.2000 106.6800 
114.3000 1066800 76.2000 381000 00000 -3R.IOOO 
-762000 -106.6800 -111.7600 -106.6800 -76.2000 -38.1000 
0.0000 38.1000 76.2000 106.6800 114.3000 106.6800 
76.2000 38.1000 0.0000 -38.1000 -76.2000 -1066800 

-112.2680 -106.6800 -76.2000 -38.1000 0.0000 38.1000 
76.2000 106.6800 113.5380 106.6800 76.2000 38.1000 
0.0000 -38.1000 -76.2000 -106.6800 -112.2680 -106.6800 

-76.2000 -38.1000 0.0000 38.1000 76.2000 114.3000 
139.7000 147.8280 139.7000 114.3000 76.2000 38.1000 
0.0000 -38.1000 -76.2000 -114.3000 -121.9200 -127.7620 

-1219200 -114.3000 -76.2000 -38.1000 0.0000 38.1000 
76.2000 114.3000 139.7000 147.0660 139.7000 114.3000 
76.2000 38.1000 0.0000 -38.1000 -76.2000 -114.3000 

-121.9200 -128.0160 -121.9200 -114.3000 -76.2000 -38.1000 
00000 38.1000 76.2000 114.3000 139.7000 147.3200 

139.7000 114.3000 76.2000 38.1000 0.0000 -38.1000 
-76.2000 -114.3000 -121.9200 -127.0000 -121.9200 -114.3000 
-76.2000 -38.1000 0.0000 

0.02 
SNAPSHOT OUTPUT CONTROL 
o 
0,0,0,0,0 
STORY OUTPUT CONTROL 
3,10,1,2,3 
LEVELI.OUT 
LEVELl.OUT 
LEVEL3.0UT 
ELEMENT HYSTERESIS OUTPUT I~FORMA TION 
0,0,0,0,0,0 
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CASE STUDY #3 

input filename: 
datafilename: 
output filename. 
results filename: 

file: idarc.dat 
case3.dat 
case3.out 

file: case3.dat 

idarc.dat 
case3.dat 
idarc.out 
ease3.out 

CASE STUDY # 3 : TEN STORY MODEL STRUCTURE 
CONTROL DATA 
10,1,1,1,0,0,0 
ELEMENT TYPES 
20,2,0,0,0,0,0,0,0,0 
ELEMENT DATA 
40,30,0,0,0,0,0,0,0 
UNITS SYSTEM 
1 
FLOOR ELEVATIONS 
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 
1,1,0.125,0.125,0.125,0.125 
2,1,0.125,0.125,0.125,0.125 
3, 1,0.125,0.125,0.125,0.125 
4,1,0.125,0.125,0.125,0.125 
5,1,0.125,0.125,0.125,0.125 
6, 1,0.125,0.125, 0.12S, 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, 1000 
REINFORCEMENT PROPERTIES 
1,70.0,72.5,29000.0,40.0,2.0 
HYSTERETIC MODELING RULES 
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I, 1,0,0,0,0, 1,1.0 
2.2,0,U,0.0,1,1,0 
COLlJM;-'; :'\to:\lE:\T CCR\'ATljRE E;-';VELOPE GE;\,ERATIO~ 
o 
COLUM~ DIMENSIONS 
I 
1,J, 1,1.25.9,0,0.0,0.75, I. 2,0.1. 5,0,25,U 049,0 0625035,0,) 

1,2,0,1.5,0,25,0.049,0.0625,0,35.0.5 

2,1, 1,1.12,9.0,0,75.0.75, I, 2,0,1.5,0.25,0.049,0,0625,0,35.0,5 
I, 20,1.5,(), 25.0,049,0,0625,0,35,0,5 

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 
1,2,0,1,5,0,25.0049,00625,035.05 

4,1,1,0,88,9,0,0.75,0,75, 1,2,0,1,5.0.25,0,049,0,0625,0.3 5,0,5 
1.20,1,),0,25,0.049,0,0615,0.35,0.5 

5,1,1,0.75,9.0,0.75,0.75, 1,2.0,1.5,025.0049,00625,035.0.5 
1,2.0,1,5,0.25,0.029,0.0625,0.35,0.5 

6,1.\,0,63,9.0,0.75,0,75, 1,20,1.5,025,0,029,0,0625,0,35,0.5 
1,2.0,1.5,0.25,0.029,0.0625,0.35,0.5 

7,1,1,0,50,9,0,0.75,0.75, 1,2,0,1.5,0.25,0,029,0,0625,0.35,0,5 
1,2.0,1.5,0,25,0.029,0.0625,035,0,5 

8, I, I ,0.38,9.0,0,75,0.75, 1,2,0, 1,5.025,0029.00625.0.35,0,5 
1,2,0,1.5,(),25.0,029,0,0625,0.35,O,5 

9,1.1 ,0,25,9,0,0,75,0,75, 1. 20, I 5,025.0,029.0,0625,0,35.05 
1,2,0,1.5,0.25.0.029,0,0625,0.35.0,5 

10.1, 1.0 13,9,0,0.75,0.75. I, 2.0,1.5.0.25.0,029,0,0625,0,35.0 5 
1.2.0.\ ,5,0.25,0029.0.0625,0.35,0.5 

11,1, 1,1 ,25,9,0,0,0,0.75, I, 2,U,1.5,O,25,0041,0 0625,0 35.0,5 
I. 2,0,1.5,0,25,0,041,0.0625.0.35,05 

12,1,1,1.13,9,0,0,75.0,75, I. 20.15.0,25,0,041.00625,0,35,0,5 
1.2.0,1.5.025,0,041.00625.035.0,5 

13.1.1.1 00.C) 0,0 75.0 75, I, ~O.I 5.0.25.0041,00625.035.0,5 
1,20,1.5,025,0.041.0,0625,0,35,0,5 
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14,I,l.OSI\,9.U,O.75,0.75. I. 20.U.O 25.0.0~1.().O(':;:i.() 3".()"; 

I. 2.0.1 S.0.25.0.041.() ()o2S.0 ':;5J) ~ 

15,1,1,0.75,9.0,0.75,0.75, 1. 20, 1.5.0.25JJ041.00625'(US.O :; 
I, 20,15,0.25,0.013,00625,0.35,05 

16,1,1,0.63,9.0,0.75,0.75, 1. 20.1.5,0.25,0.013,0.0625,0':; 5.1):; 
1.20.l.5,O.25.0013.0.062S,0.35,OS 

17,1,1,0.50.9.0,0.75,0.75. 1. 2.0,1.5,0.25,0.0 13,0.0625,0.35.0S 
1,2.0,1.5,0.25,0.013.0.0625,0.35,05 

18,1.1.0.38,9.0.075,0.75. 1. 2.0,1.5.0.25,0013,0.0625,0.35,0.5 
1,2.0,1.5,0.25,0.013,0.0625.0.35,0.5 

19,1,1,0.25,9.0,0.75,0.75, 1,2.0,1.5,0.25.0.013,0.0625.0.35.05 
1,2.0,1.5,0.25,0.013,0.0625,0.35.0.5 

20, l.1,O.13,9.0,0.75,0.75, 1. 2.0,1.5,0.25.0.013,0.0625,0.35.0.5 
1,20,1.5.0.25,0013.0.0625,0.35.0.5 

BEAM \-fOMENT CURVATURE ENVELOPE GENERATIO:\ 
o 
BEAM DIMENSIONS 
I, 1,1.12.0,0.75.0.75, 

2.15,1.5,1.5,0.0,0.25.0.0092,00092,0.0625,0.3 
2, 1.5,1.5,1.5,0.0.0.25,0.0092,0.0092.0.0625,03 

2,1.1,120,0.75,0.75, 
2, 1.5,1.5,1.5,0.0,0.25.0.0 \3,0.0 13,0.0625,0.3 
2, 15, \.5.1.5,0.0.0.25,0 013,0.013,0.0625,0 3 

COLUM~ CONNECTIVil 
I I I 0 1 
2 2 I 2 
3 3 2 3 
4 4 3 4 
5 5 4 5 
6 6 5 6 
7 7 6 7 
8 g 7 8 
() 9 8 9 
1010 I 9 10 
II II 2 0 I 
12 12 2 I 2 
13 13 223 
1414 234 
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15 15 2 4 5 
16 16 2 5 6 
1717 267 
18 18 2 7 8 
1919 2 8 9 
2020 2 9 10 
21 11 1 3 0 1 
22 12 1 3 I 2 
23 13 I 3 2 3 
24 14 I 3 3 4 
25 15 I 3 4 5 
26 16 1 3 5 6 
27 17 3 6 7 
28 18 3 7 8 
29 19 -' 8 9 
3020 1 3 9 10 
31 I 1 4 0 I 
32 2 1 4 1 2 
33 3 1 4 2 3 
34 4 4 3 4 
35 5 4 4 5 
36 6 4 5 6 
37 7 4 6 7 
38 8 1 4 7 8 
39 9 1 4 8 9 
4010 I 4 9 10 
BEAM CONNECTIVITY 
I 2 1 1 2 
2 2 2 I 2 
323 2 
424 2 
5 I 5 2 
6 6 2 
7 7 2 
8 8 I 2 
9 9 1 2 
10 1 10 1 1 2 
11 2 1 1 2 3 
12 2 2 123 
13 2 3 1 2 3 
14 2 4 123 
15 1 5 123 
16 1 6 1 2 3 
17 1 7 2 3 
18 1 8 2 3 

---
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19 I 9 1 2 3 
20 I 10 I 2 3 
21 :2 1 1 3 4 
2222 34 
23 2 3 3 4 
24 2 4 3 4 
25 J 5 3 4 
26 I 6 3 4 
27 I 7 3 4 
28 I 8 3 4 
29 I 9 134 
30 I 10 1 3 4 
ANAL YSIS TYPE 
3 
STATIC ANALYSIS OPTION 
0,0,0,0 

---

DYNAMIC ANALYSIS CONTROL PARA~ETERS 
1.6163,0.0,0.001,43.5,2.0,1 
INPUT WAVE INfORMATION 
0,1000,0.004 
Recorded Table Motion 
waveh.dat 
SNAPSHOT CONTROL 
o 
0,0,0,0,0 
OUTPUT CONTROL 
5,0.02,1,3,5,7,10 
LEVELI.OUT 
LEVEL3.0UT 
LEVELS.OUT 
LEVEL7.0UT 
LEVEL I O.OUT 
ELEMENT HYSTERESIS OUTPUT IN FO R.J\1 A TION 
1,1,0,0,0,0 
COLUMN OUTPUT 
1,37 
BEAM OL'TPUT 
1,21 

NOTES: The earthquake ground acceleration record IS read separat(!~\' from a file 
named ·wa~'eh.dal· as specified in the input data 
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inpurji/eflame. 
dara filename· 
output .Iii cnaml' 

results filename· 

file: idarc.dat 
case4.dat 
case4.out 

file: case4.dat 

Idarc.dar 

CiJ.\c.J.dal 

idarl' out 

CQ.I't'.J 011/ 

CASE STUDY #4 

Case Study 4: AnalysIs of 1:3 Scale Three Story Model O.05g 
Control Data 
3.1,0,0,0,0,0 
Element types 
6,1.0.0.0.0.0.0,0.0 
Element data 
11,9.0,0,0,0,0,0.0 
Unit system 
I 
Floor elevations 
45.0,93.0,141.0 
Number of duplicate frames 

:'\io of column lines 
4 
Nodal weights 
l. 1. 3.375, 3.375. 3.375. 3.375 
~, 1,3.375,3.375.3.375.3.375 
3. 1,3.375.3.375.3.375.3.375 
Env generation option 
I 
Hysteretic Control 
2 
l. 0.5, 0.0,0.1. 1.0 
~. ~.O, 00, 0.1. 10 
Column Input option 
1 
Column data 
l. 4S.0J.O.3.0.0 

1.45400.0. X43.0. 199XOR. 10.0. I ~.O. 0.00200. 0.006. 400.0 
10.0, 18.0.0.00100,0.006,400.0 

1.454000. x-n.o, 19980.8. 10.0. 18.0.0.00100. D.OO(). 400.0 
10.0, 18.0. O.OO:WO. 0.006. 400.0 
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~. 4~(U(UO.0 

1. 454000. 8430. 199808, I 00. ~~O. O.OO~OO. 0.006. "OOU 
100. 220. 000200. 0.006. 400.0 

1. 454000. 843.0. 19980.S. 10.0. ~~O. O.OO~()O. U.0()6. 4(J() 0 
10.0. ~~.O, 0.00200. 0.006.400.0 

3.480.30.30.0 
1.459000. 900.0. ~4160.0, 10.0. ~~O. 0.003, 0.006. ·WOO. 

\0.0, ~~.O, 0003, 0.006, 400.0. 
:.45900.0.900.0,22528.0. \0.0.21.0,0.003.0.006.4000. 

\0.0, ~2.0, 0.003, 0.006, 400.0 
4.48.0.30.30.0 

1.45900.0.900.0.24160.0. 14.0,29.0,0.003,0.006,4000, 
140.29.0,0.003,0006.400.0, 

1,45900.0.900.0.22528.0, 14.0,29.0.0.003.0.006.400.0. 
14.0,29.0.0.003.0006,400.0 

5,45.0,0.0.30,0 
1.45200.0,960.0,206400, 12.0,280,0.003.0.008,4000, 

12.0.28.0,0.003.0.008.400.0, 
1,45200.0,960.0,24000.0, 12.0,28.0,0.003.0.008.4000. 

12.0,28.0,0003.0.008,400.0 
6,450,0.0.3.0,0 

1,45200.0,960.0.20640.0, 16.0.38.0,0.003,0.008,400.0. 
16.0,38.0.0.003.0.008,4000, 

1,45200.0,960.0,24000.0. 16.0,38.0.0.003,0.008,4000, 
16.0,38.0,0.003,0.008.400.0 

Beam mput type 
1 
Beam data 
1. 72.0. 2.0, 2.0,0 

2. 1400000.20000.0, 150,30.0.0.001. 0.01. 2400.0 
30.0,70.0,0.001. 0.01, 2400.0 

2,140000.0,20000.0.150,30.0,0.001.0.01. 2400.0 
30.0.70.0.0.001,0.01.2400.0 

Column connectivity 
1,1.1,1,2.3 
2.2,1,2,2.3 
3.2.1.3.2.3 
4.1.1 A.2,3 
5.3.1.1.1.2 
6.4,1.2,1,2 
7.4.1.3.1.2 
8.3.1 .... 1.2 
9.5.1.1.0.1 
10.h.I,2.0.1 
11.6.1.3.0,1 
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12.5.1.4.0,1 
Beam connectivity 
1,1,3,1.1.2 
2,1,3,1.2.3 
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 
0.05, 0.0, 0.005, 20.0. 1.2.1 
Wave data 
0,2000,0.01 
TAFT - EARTHQUAKE 
wave05.dat 
SNAPSHOT CONTROL DATA 
o 
0,0.0,0,0 
Output options 
1,0.02,3 
JELAS.PRl"'l 
Hys output 
0,0,0.0,0,0 

NOTES. The earthquake ground acceleration record is read separately from a file 
named 'wave05.dat· as specified in the input data 

input filename' 
data filename: 
output filename: 
results filename: 

file: idarc.dat 
case5.dat 
case5.out 

idarc.dat 
case5.dat 
idarc.out 
case5.out 

CASE STUDY #5 
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file: caseS.dat 
CASE 5: Seismic Damage Analysis of Cypress Viaduct 
Control Data - 4 stories, I frame. I cone and I steel type 
4, I, I, I, 0, 0, 0 
Element types: 2 cols, 12 beams. 2 walls 
2, 12,2.0,0,0,0,0,0,0 
Element data: 4 columns, 12 beams, 2 walls 
4, 12,2,O,O,O,4,~0 
System of units: klin 
I 
Floor elevations 
2S2.0 327.0 327.0 528.0 
Duplicate frame info 
I 
No of column lines 
7 
Nodal weights (Note: Story 2 & 3 are dummy levels) 
I I 116.7 233.3 233.3 233.3 233.3 233.3 116.7 
2 I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 116.7 233.3 233.3 233.3 233.3 233.3 116.7 
Option for M-phi input 
I 
Hysteresis Rules 
4 
I 2.0, 0.0,0.1, 1.0 
2 2.0,0.0,0.1, 1.0 
3 2.0,0.0,0.1. 1.0 
4 1.0, 0.0, 0.2, 1.0 
Option for column input 
I 
COLUMN [lATA 

252.Q ·C.O 48.0 0 
-I 8.38E+9 8 73e+4 0.0 

50350 266300 5.12e-S 2.1ge-4 1.37e+8 
S0350 266300 5.12e-5 2.1ge-4 1.37e+8 

2 201 0.0 48.0 0 
I 1.02e+9 S.82e+4 0.0 

12200 64350 l.04e-4 4.07e-4 1.85e+7 
12200 64350 1.04e-4 4.07e-4 1.85e+ 7 

I 2.32e+9 7.4le+4 0.0 
19200 90300 7.24e-5 3.70e-4 3.2Ie+7 
19200 90300 7.24e-5 3.70e-4 3.21 e+ 7 

OptIon for beam input 
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BE:\~lD:\T:\ 

1 117.0 48.0 0.0 0 
2 2.00E+10 00 45700 70500 2.29E-5 8 78E-4 6.29E~7 

47100 136800 2.51E-5 5.68E-4 1.16E~X 

2 2.00E+ 10 0.0 45900 117800 248E-5 5.68E-4 1011>8 
40900 45600 2.27£::-5 9.2IE-4 423E-7 

2 117.0 0.0 0.0 0 
2 2.00E+10 00 45900 117800 248E-5 5.68E-4 101[+8 

40900 45600 2.27E-5 9.21 E-4 4.23[+7 
2 2.00E+ 10 0.0 48500 208200 2.84E-5 3.07E-4 I.17E-8 

18500 20600 211E-5 8.23E-4 2.71E-7 
3 117.0 00 0.0 0 
2 2.00E-t-IO 0.0 48500 208200 2.84E-5 3.07E-4 1.27E+8 

18500 20600 2.11 E-5 8.23E-4 2.71 E+ 7 
2 2.00E+ 10 0.0 49000 222300 2.87E-5 2.89E-4 UOE+l') 

18500 20600 2.10E-5 7.81E-4 2.90E+7 
4 117.0 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 2.90b7 

2 2.00E + 10 0.0 .48500 208200 2.84[-5 307E-4 I.27E +8 
18500 20600 2.1IE-5 8.23E-4 2.71E~7 

5 117.0 00 0.0 0 
22.00E+1O 0.0 48500 208200 2.84E-5 3.07E-4 1.27E+8 

18500 20600 2.11E-5 8.23E-4 271[+7 
2 2.00E+ 10 0.0 45900 117800 2.48E-5 5.68E-4 1.01 E-~ 

40900 45600 2.27E-5 9.21E-4 4.23E+7 
6 117.0 0.0 48.0 0 
2 2.00E+I0 0.045900117800 2.48E-5 5.6l\[-4 101[+8 

40900 45600 2.27[-5 921 E-4 4.23b· 7 
2 2.00E-1O 0.0 45700 70500 229E-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 0 
2 2.00E'" 1 0 0.0 44800 86800 2.39E-5 6.36E-4 7 .57E + 7 

44100 54500 2.31E-5 9.10E-4 4.90E+-7 
2 2.00E+I0 0.0 49200 224300 2.98E-5 2.96E-4 1.28E+8 

25500 28600 2.24E-5 7.51 E-4 3.62E+7 
8 117.0 0.0 0.0 0 
2 2.00E+1O 0.0 49200 224300 2.98E-5 2.96E-4 1.28[+8 

25500 28600 2.24E-5 7.51E-4 3.62[+7 
2 2.00E·dO 00 51200 301900 3.33E-5 2.16E-4 9.77E-7 

21600 24000 2.14E-5 5.62E-4 5.70[-7 
9 117.0 0.0 0.0 0 

2 2.00E+1O 0.0 51200 301900 3.33E-5 2.16E-4 9.77E+7 
21600 24000 2.14E-5 5.62E-4 5.70E~7 
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2 2.00E"'1O 0.0 51200 301900 3.33E-5 2.16E-4 9.7"71:< 
21600 24000 2.14E-5 .5 62E-4 5.70E-7 

10 117.0 0.0 0.0 0 
22.00E ... 1O 0.0 51200 301900 3.33[-5 2.16E-4 9771>7 

21600 24000 2.14E-5 5.62E-4 5.70E~7 
2 2.00E+10 0.0 51200 301900 3.33E-5 2.16E-4 9.77E~7 

21600 24000 2.14E-5 5.62E-4 5.70E+7 
11117.0 0.0 0.00 
2 2.00E+IO 0.0 SI200 301900 3.33E-5 2.16E-4 9.771:>"7 

21600 24000 2.14E-5 5.62E-4 5.70E+ 7 
2 2.00E+10 0.0 49200 224300 2.98E-S 2.96E-4 1.2~bX 

25500 28600 2.24E-5 7.51 E-4 3.62E+ 7 
12 117.0 0.0 24.0 0 
2 2.00E+1O 0.0 49200 224300 2.98E-5 2.96E-4 128E+R 

25S00 28600 2.24E-S 7.51 E-4 3.62E.4-7 
2 2.00E+IO 0.0 44800 86800 2.39E-5 6.36E-4 7.57E~7 

44100 54500 2.31£-5 9.IOE-4 4.90E"'7 
Option for wall input 
I 
WALL DATA 
I 75.0 2.83e+5 0 0 
-3 9.ge+IS 9.ge+15 9.9ge+15 2.0 10.0 9.ge+12 

9.ge+IS 9.9ge+15 2.0 10.0 9.ge+12 
4 9.433+5 400 520 9.380e-4 1.600e-3 1.500e+4 

2S0 40S l.IOSe-3 5.333e-3 1.I:25e+4 
2 7S 2.83e+S 0 0 

-3 9.ge+IS 9.ge+IS 9.9ge+15 2.0 10.0 9.ge+12 
9.ge+IS 9.9ge+IS 2.0 10.0 9.ge+12 

4 9.433+5 250 40S 1.l05e-3 S.333e-3 1.125e~4 

400 520 9.380e-4 1.600c-3 I.SOOe+4 
Column connectivity 
I. I, I, 1,0, I 
2, I, 1,7,0,1 
3, 2, I, 1.2,4 
4, 2, I, 7,3,4 
Beam connectivity 
I, I, I, I. 1,2 
2, 2, I. 1,2.3 
3, 3, I. 1,3,4 
4. 4, I. 1,4.5 
5, 5, I, I, 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 
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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, I, I, I 
2, 1,2, I 
3, 1,3, I 
4, I, 4, I 

-

Phase II option (=0, STOP; =3, Seismic; =4. Quasistatic) 
3 
Long tenn loading: static loads 
I) 0 0 0 
Control data for dynamic analysis 
0.33. 1.065.0.001,20.0,3.0. I 
Wave control data 
1,2201,0.02 
GRA VlTY LOAD PLUS OUTER HARBOUR WHARF RECORD 
ohw _hori.dat 
ohw _ vert.dat 
SNAPSHOT CONTROL DATA 
o I 
00000 
Output control 
2,0.02, 1,4 
FIRST.PRN 
SECOND.PRN 
Hysteresis Output 
0,0,2,0,0,0 
Wall numbers for output 
1,2 

NOTES.' The earthquake ground acceleration record is read separate(v from files: 
ohw _ hori.dat (hori=ontal component) 
ohw _ vert.dat (vertical component) 
as specified in the input data 
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CASE STUDY #6 

inpur jiifmame.· 
data filename: 
output filename: 
results filename: 

file: idarc.dat 
case6 _ ew.dat 
case6_cw.out 

file: case6_ew.dat 

iaarc.dat 
case6_e ..... dat 
idan:.out 
case6_ew.OId 

PATTERSON BUILDING EAST-WEST FRAMES HALF STRUCTURE (simplified) 
CONTROL DATA 
4,2, l. I,D, I, I 
ELEMENT TYPES 
12,6,4,0,0,0,0,0,0,0 
ELEMENT DATA 
48,44,4,0,0,0,0,0,0 
UNITS 
1 
FLOOR ELEVATIONS 
144. 288. 432. 576. 
IDENTICAL FRAMES 
1,2 
COLUMN LINES 
10,3 
NODAL WEIGHTS 
1, 1,87. 66. 66. 66. 66. 66. 66. 66. 66. 87. 

2,349. 495. 349. 
2, I, 16. 39. 3-J. 39. 3';1. 39. 39. 39. 39. 16. 

2. 242. 484. 242. 
3, I. 16. 39. 39. 39. 39. 39. 39. 39. 39. 16. 

2, 242. 484. 242. 
4, 1,52. 39. 39. 39. 39. 39. 39. 39. 39. 52. 

2,206. 293. 206. 
ENVELOPE GENERATION 

° CONCRETE PROPERTIES 
1,3.0.3122.0.2,0.36,0.4, O. 
REINFORCEMENT PROPEr,TIES 
1. 60. 0. O. O. 0. 
HYSTERETIC RULES 
1 
1. 2. O. 0.1 I. 
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COLt;~I~ PROPERTIES 
o 
COLU.ll\ DATA 
1 
1. 1, !, 17\ I~·t O. 8 
·1, 2~. 30. 1.5 1.~ 0.25 9. 0.5 

I 
2,1. I, 183. 144. O. 8. 

·1,12. 30. 1.5 1.8 0.25 9. 0.5 
I 
3, 1. I, 84. 144. S. 8. 
-I. 24. 30. 1.5 l.8 0.25 9. O.S 

1 
4,1, I, 117. 144. 8. 8. 

-1, 12. 30. 1.5 1.8 0.25 9. 0.5 
I 
5, I, I, 68. 144. 8. 8. 

-1, 24. 30 1.5 1.8 0.25 9. 05 
1 
6, I, I, 78. 144. 8. 8. 
-I. 12. 30. 1.5 1.8 0.25 9. 05 

1 
7, I, I. 52. 144. 8. 8. 

-1,24. 30. 1.5 1.8 0.25 9. 0.5 
1 
8, I, 1,39. 144. 8. 8. 

-1,12. 30. 1.5 1.8 0.25 9. 05 
1 
9, I. I. 1039. 144. O. 8. 

-1,30. 36. 1.5 3.6 0.25 9. 0.5 
1 
10,1. 1,690. 144. 8. 8. 
-1,30. 36. 1.5 3.6 0.25 9. 0.5 

1 
11,1,1,448. 144.8.8. 
-1,30. 3f 1.5 3.6 0.25 9. 0.5 

1 
12,1.1,206. 144. 8. 8. 
-1,30. 36. 1.5 3.6 0.25 9. 0.5 

BEAM PROPERTIES 
o 
BEAM DATA 
1. I, I, 105. 6. 6. 
-1, 17. 60. 69. 3. 1.5 3.08 3.08 0.5 18. 

2,1, I, 156. 6. 6 
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-1,17. 60 69. 3. 1.5 30S U. n.:' IS. 

3, I, 1. 105. 6. 6. 

-1.17.30.39.3. 1.5 1.76 1.7tl U.375 IX. 
4, 1, 1. 156. 6 6. 

-I, 17. 30. 39. 3. 1.5 2.2 D. 0.375 IS 
5,1,1,585. 18. 120. 
-!. 14. 24. 120 3. 1.5 2.48 1.6 0 12 

6,1,1,585. 120. 18. 
-\. 14. 24 120 3. 1.5 2.48 1.6 U. 12 

SHEAR WALL PROPERTIES 
o 
SHEAR WALL DATA 
1.1.1.1.1.1756.144. I 

1.1.264.12.0.090.14 
2, 1.1.1. 1. 1261. 144. I 

I.1.2M. 12.0.090.14 
3.1.1,1.1,777.144.1 

1.1.264 12.0.090.14 
4.1.1,1.1.293. 144. I 

1, 1.264. 12. 0.09 0 14 
COLUMN CONNECTIONS 

1. 1. 1, 1.0, 1 
2,2. 1.2.0. I 
3.2.1,3.0.1 
4,2.1,4,0,1 
5.2. 1.5, O. I 
6,2.1.6,0, I 
7,2,1.7,0,1 
8,2. 1.8.0, I 
9.2. 1,9.0.1 
10. I, 1,10, O. I 
11.3,1.1.1.2 
12. 4. 1. 2. 1. 2 
13.4.1.3.1.2 
14,4, 1,4. 1,2 
15,4, 1.5,1.2 
16.4.1,6.1,2 
17.4, I, 7,1.2 
18, 4, I, 8, I. 2 
19, 4, 1. 9, 1. 2 
20. 3. 1.1 o. 1. 2 
21. 5. 1. 1.2. 3 
22. 6, I. 2. 2, 3 
23,6, 1. 3.2, 3 
24, 6, I, 4. 2. 3 
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25. 6. 1. 5,2. 3 
26. 6, I. 6, 2. 3 
27.6,1.7.2.3 
28.6. 1. 8. 2. 3 
29,6, 1.9,2.3 
30.5,1,10.2.3 
31, 7, I, 1.3.4 
32, 8, I, 2, 3.4 
33,8. 1. 3. 3.4 
34, 8, 1. 4. 3,4 
35,8, I, 5. 3,4 
36,8, 1,6, 3,4 
37,8.1,7,3,4 
38,8.1.8,3,4 
39,8, 1,9,3.4 
40.7,1,10,3,4 
41.9,2, 1.0, I 
42,9,2,3, O. I 
43,10, 2. I, \, 2 
44,10,2,3, 1,2 
45, II, 2, 1. 2, 3 
46,11,2,3,2,3 
47,12,2,1.3.4 
48.12,2,3.3.4 
BEAM CONNECTIONS 
I, I, I, I, 1,2 
2, 2, 1, I, 2, 3 
3. I, I, \, 3, 4 
4, 2. 1, 1. 4, 5 
5, I, 1, 1,5,6 
6, 2, I, 1, 6, 7 
7, 1, I, 1,7,8 
8,2, I, 1,8,9 
9, 1, I, 1.9,10 
10,3,2, \, 1.2 
11, 4, 2, 1, 2, 3 
12,3,2,1,3,4 
13, 4, 2, 1. 4, 5 
14,3,2, \, 5,6 
15, 4, 2. \, 6, 7 
16.3.2. 1,7.8 
17.4,2, 1. 8,9 
18,3,2,1.9,10 
19,3,3. I, I. 2 
20, 4, 3, I, 2, 3 

-
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21.3.3.1.3.4 
22.4. 3. 1.4. 5 
23.3.3.1.5.6 
24.4.3. 1.6. 7 
25.3.3. I. 7. 8 
26,4.3. 1.8,9 
27,3,3.1.9,10 
28.3,4, I, 1,2 
29.4,4, 1,2, 3 
30,4,4, I, 3, 4 
31. 4. 4. I. 4, 5 
32. 4. 4, I, 5, 6 
33.4,4,1,6,7 
34,4,4, 1,7,8 
35,4, 4, I, 8, 9 
36,3,4,1,9,10 
37.5,1,2.1,2 
38, 6, 1. 2, 2, 3 
39, 5, 2, 2, I, 2 
40,6,2,2,2,3 
41,5,3,2,1,2 
42,6,3,2,2,3 
43,5,4,2.1,2 
44,6,4,2.2,3 

-

SHEAR WALL CONNECTIONS 
I, l, 2, 2, 0, 1 
2,2, 2, 2, I, 2 
3,3,2,2,2,3 
4,4,2,2,3,4 
ANAL YSIS OPTION (PUSHOVER FORCE CONTROL) 
2 
STATIC LOADS 
o 000 
(FORCE CONTROL) 
I 
DISTRIBUTION PROPORTIONAL WITH THE HEIGHT 
3 
0.5 400 15.0 
1 
RESPONSE SNAPSHOTS 
o 
00000 
STOR Y OUTPUT CONTROL 
4 1 432 1 
po ew4m I.out 
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po_cw3ml.out 
po_cw2ml.out 
po_cw 1m I.out 
ELEME:--:T HYSTERESIS ot ·TPl.·T 
000 0 0 0 

CASE STtD\' #7 

input fi /ename . 
data ji/enaml.': 
olltpllljilename 
results ji/enaml.': 

file: idarc.dat 
case7.dat 
case7.out 

file: case7.dat 

idarcdat 
casl.'i'dat 
idarc (Jut 

case 7. out 

Physics Building in UCLA. Longitudinal model (kips-in] 
COSTROL DATA 

8 I I I 0 0 
ELEME:\T TYPES 

10 4 0 0 0 0 0 0 0 0 
ELEME:\T DATA 

88 80 0 0 0 0 0 0 0 
UNIT SYSTE:\1 

I 
FLOOR ELEVATIONS 

162 324 486 648 810 972 1134 1296 
DESCRIPTION OF IDENTICAL FRAMES 

PLAN CONFIGURATION 
II 

SODAL WEIGHTS 
8 166.05132.11321132113211321132113211321132.166.05 
7 1 73.95 147.9 147.9 147.9 147.9147.9147.9 147.9 147.9147.973.95 
6 1 73.95 1479 147.9 147.Q 147.9 147.9 147.9 147.9 147.9 147.973.95 

5 1 73.95 147.9 147.9 147.9 147.9 147.9 147.9 147.9 147.9147.973.95 
4 1 73.95 147.9 147.9 147.9 147.9 1479 147.9 1479 147.9 147.973.95 
3 1 73.95 147.9 147.9 147.9 1479 1479 147.9 1479 147.9147.973.95 
2 1 73.95 147.9 147.9 147.9 147.9 147.9 147.9 147.9 147.9 147.9 7 3.95 

173.95 147.9147.9147.9 147.9147.9147.9 147.9 147.9 147.973.95 

ENVELOPE GENERATIO\' OPTlO\' 
o 
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CO:--;CRETE PROPERTIES 
1 3 0 I) () 0 0 

REI~FORCDtE:--;T PROPERTIES 
1 50 0 () 0 0 

HYSTERETIC \10DEL RliLES 

1 2 0 0.1 0.5 
COLU\.-f:" PROPERTIES 

0 
RECT At\GULAR COLC\1~S 

1 
1 82.S 162 12 12 

-I 12 144 2 1.60.625 18 

2 1 1703 162 12 12 
-1 12 144 2 1.60.625 IS 
1 
~ 1 257.8 162 12 12 -' 

-I 12 144 2 1.60.625 18 

4 1 301.5 162 12 12 
- 1 12 144 2 1.60.625 18 

5 1 3452 162 12 12 
-1 12 144 2 1.60.625 18 
I 
6 I 165.6 162 12 12 
-I 24 24 2 3.120.375 18 

7 1340.6 162 12 12 
-1 24 24 2 3.120.375 18 

8 1515.5 162 12 12 
-I 24 24 2 2.3i 0.5 2.5 

9 1603.3 162 12 12 
-I 24 24 2 2.37 0.5 2.5 
I 
10 I 1690.4 162 12 12 
-1 24 24 2 2.37 0.5 25 

BEA:vt PROPERTIES 
o 

BEA\1 DATA 
1 1 1 288 12 12 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

-I 24 12 12 0 2 3.12 3.540.375 12 
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2 1 288 12 12 

-1 24 12 12 0 2 158 3.810.375 12 
3 1 288 12 12 

-1 24 12 12 0 2 2.54 4.1 0.375 9 
4 I 1 288 12 12 ; 

-1 24 12 12 0 2 2 4.1 0.375 9 
COLUMN CONNECTIONS 

1 1 I I 7 8 
2 I 1 6 7 
3 2 I 5 6 
4 2 I 4 5 
5 3 3 4 
6 3 2 3 
7 4 I 2 
g 5 0 I 
9 6 2 7 8 
10 6 2 6 7 
11 7 2 5 6 
12 7 2 4 5 
13 8 2 3 4 
14 g 2 2 3 
15 9 1 2 1 2 
16 10 1 2 0 I 
17 6 1 3 7 8 
IR 6 1 3 6 7 
19 7 3 5 6 
20 7 3 4 5 
21 8 3 3 4 
22 8 1 3 2 3 
23 9 I 3 1 2 
24 10 1 3 0 1 
25 6 4 7 8 
26 6 4 6 7 
27 7 4 5 6 
28 7 4 4 5 
29 8 4 3 4 
30 8 4 2 3 
31 9 1 1 2 
32 10 1 4 0 1 
33 6 1 5 7 8 
34 6 5 6 7 
35 7 5 5 6 
36 7 5 4 5 
37 8 5 3 4 
38 8 5 2 3 
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39 9 5 1 2 
40 10 I 5 0 1 
41 6 1 6 7 8 
42 6 6 6 7 
43 7 6 5 6 
44 7 6 4 5 
45 8 6 3 4 
46 8 6 2 3 
47 9 I 6 1 2 
48 10 1 6 0 I 
49 6 7 7 8 
50 6 7 6 7 
51 7 7 S 6 
52 7 7 4 5 
53 8 7 3 4 
54 8 7 2 3 
S5 9 7 I 2 
56 10 1 7 0 1 
57 6 I 8 7 8 
58 6 I 8 6 7 
59 7 I 8 5 6 
60 7 I 8 4 5 
61 8 8 3 4 
62 8 8 2 3 
63 9 8 1 2 
64 10 1 8 0 1 
65 6 I 9 7 8 
66 6 9 6 7 
67 7 9 5 6 
68 7 9 4 5 
69 8 9 3 4 
70 8 9 2 3 
71 9 1 9 I 2 
72 10 1 9 0 1 
73 6 1 10 7 8 
74 6 1 10 6 7 
75 7 I 10 5 6 
76 7 1 10 4 5 
77 8 1 10 3 4 
78 8 1 10 2 3 
79 9 1 10 I 2 
80 10 1 10 0 1 
81 1 II 7 8 
82 1 II 6 7 
83 2 11 5 6 
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84 2 II 4 5 
85 3 II 3 4 
86 3 II 

., ~ - j 

87 4 II 2 
88 5 I II 0 I 

BEAM CO~NECTIVITY 
I 1 8 1 2 
2 2 ~ 2 3 
3 2 8 3 4 
4 2 8 4 5 
5 2 8 5 6 
6 2 8 6 7 
7 2 8 7 8 
8 2 8 8 9 
9 2 8 9 10 
10 1 8 10 11 
11 3 7 2 
12 4 7 2 3 
13 4 7 3 4 
14 4 7 4 5 
15 4 7 5 6 
16 4 7 6 7 
17 4 7 7 8 
18 4 7 8 9 
19 4 7 9 10 
20 3 7 10 II 
21 3 6 I 2 
22 4 6 2 3 
23 4 6 3 4 
24 4 6 4 5 
25 4 6 5 6 
26 4 6 6 7 
27 4 6 7 8 
28 4 6 8 9 
29 4 6 9 10 
30 3 6 10 11 
31 3 5 1 2 
32 4 5 2 3 
33 4 5 3 4 
34 4 5 4 5 
35 4 5 5 () 

36 4 5 6 7 
37 4 5 7 8 
38 4 5 8 9 
39 4 5 9 10 
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40 3 5 10 II 
~I 3 4 ~ 

4: 4 4 2 3 
~3 4 4 3 4 

44 ~ 4 4 5 
45 4 4 5 6 
46 4 4 6 7 
47 4 4 7 8 
48 4 4 8 9 
49 4 4 9 10 
50 3 4 10 II 
51 3 3 I 2 
52 4 3 2 3 
53 4 3 3 4 
54 4 3 4 5 
55 4 3 5 6 
56 4 3 6 7 
57 4 1 7 8 
58 4 3 8 9 
59 4 3 9 10 
60 3 3 10 11 
61 3 2 1 2 
62 4 2 2 3 
63 4 2 3 4 
64 4 2 4 5 
65 4 2 5 6 
66 4 2 6 7 
67 4 2 7 8 
68 4 2 8 9 
69 4 : 9 10 
70 3 2 10 1 t 
71 3 1 : 
72 4 2 3 
73 4 3 4 
74 4 4 5 
75 4 5 6 
76 4 6 7 
77 4 7 8 
78 4 8 9 
79 4 9 10 
80 3 1 1 10 11 

ANAL YSIS OPTION (PUSHOVER) 
:! 

LO:'>lG-TERM LOADING 
0 0 0 0 
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MONOTONIC PUSH-OVER ANAL YSIS 

I 
FORCE CONTROL 

5 
0.2 150 10.0 

2 
SNAPSHOT OUTPUT CONTROL 
o 
0,0,0,0,0 
GLOBAL OUTPUT CONTROL 
818765432 
pushl8.oul 
pushl7.oul 
pushl6.out 
pushl5.out 
pushl4.oul 
pushl3.out 
pushl2.out 
pushll.out 
ELEMENT HYSTERSYS OUTPUT 
o 0 0 000 

CASE STUDY #8 

input filename.' 
data filename: 
output filename: 
results filename: 

file: idarc.dat 
case8.dat 
caseo.out 

file: caseR.dat 

idarc.dat 
case8.dat 
idarc.out 
case8.our 

Pushover analysis of frame #1, LINE 2,6,9 and II, Olym. Cu. CA. 
control data 
17,4,1,1,0,0,1 
element types 
32,6.0,0,0,0,0,0,0,0 
element data 
543,289,0,0,0,0,0,0,0 
units 
I 
elevations 
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12,78,162,228,294,360,426,492,558,624. 756,912,1068,1224,1380.1536.1704 
description of Identical frames 
I, I. I. I 
plan configuration 
9, II, 11, 10 
nodal weights 
1, I, 0, 0, 0, 0, 0, 0, 0, 0, 0 

2,5,5, 5, 5, 5, 5, 5, 5, 5, 5, 0 
3,0,0,0,0,0,0.0.0,0,0,0 
4,0,0.0,0,0.0,0,0,0,0 

2, 1. 0, O. 0, 0, 0, 0, 0, 0, 0 
2, 10, 10, 10, 10, 10, 10, \0, 10, 10, 10, 10 
3,0,10, 10, 10, 10. 10, 10, 10, 10, 10, 10 
4,0,0,0,0,0.0,0,0,0,0 

3, I, 0,0, 0, 0, 0.0, 0,0,0 
2, 0, 0, 0.0, 0, 0, 0, 0, 0, 0, 0 
3,92.92,92,92.92,92,92.92,92,92,92 
4,0,37.37.37,37.37,37.37,37,37 

4. 1,73, 73, 73,73, 73, 73, 73, 73, 73, 
2,129,129,129,129,129,129,129,129,129,129,129 
3, 0, 0, 0, 0, 0, 0, 0, 0, O. 0, 0 
4,0,0,0,0,0,0,0,0,0,0 

5, I, O. 0, 0, 0, 0. 0,0,0,0 
2,0,0,0,0,0,0,0,0,0,0,0 
3,131,131, 131, 131, 131, 131, 13i, 131.131, 131, 131 
4,0,53,53,53,53,53,53.53,53,53 

6, I, 105, lOS, 105, 105, 105, lOS, 105, lOS, 105 
2,179,179,179,179,179,179,179,179,179,179,179 
3,0,0,0,0,0,0,0,0,0,0,0 
4,0,0,0,0,0,0,0,0,00 

7, I, 0, 0, 0, 0, 0, 0, 0, 0, 0 
2,0,0,0,0,0,0,0.0,0,0,0 
3,250,250,250,250,250,250,250,250,250,250,250 
4,0,53,53,53,53,53,53,53,53,53 

8, 1, 100, 100,100,100, 100, 100, 100, 100, 100 
2, 175,175, I 75,175,175. I 75,1 75, I 75,175,175,175 
3, 0, 0, 0, 0, 0, 0, O. O. 0, 0, 0 
4,0,0.0,0,0,0,0,0,0,0 

9,1,0.0,0,0,0,0,0,0,0 
2,0,0,0,0.0,0,0,0.0,0,0 
3,250.250,250,250.250.250.250,250,250,250,250 
4,0,53. 53,53, 53, 53, 53, 53, 53,53 

10,1,100.100,100,100.100,100,100, lOa, 100 
2,175,175,175, I 75,175.175,175,175.175.175,175 
3,0,0,0,0,0.0,0.0,0,0,0 
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4.0,0,0.0,0.0,0.0.0.0 
11.1, 125.1:!5.1:!5.1:!5.1:!5.1:!5. 125.125,0 

2,219,219.219,219,219,219,219,219,219.219.219 
3.157,157,157,157,157,157.157.157,157.157,157 
4,0,63,63,63,63,63,63,63.63.63 

12,1.169,169,169,169,169,169, O. 0.0 
2,0, 169.169,169,169,169, O. 0, 0, O. 0 
3,0,169,169,169, 169, 169, 169, 169,169,169.0 
4,0.0,0,0,0,0,0,0,0,0 

13.1,139,139,139,139, 139,139,0,0,0 
2, 0.139,139,139,139, 139,139,0,0,0,0,0 
3, 0.0.0,139,139,139,139,139,139,139,0 
4,0,0,0,0,0,0,0,0,0,0 

14,1,134.134,134,134.134,134, O. O. 0 
2,0, 134, 134, 134, 134, 134, 0, 0, 0, 0, 0 
3, 0, 0, 0, 134, 134, 134, 134, 134, 134, 134, 0 
4,0,0,0,0,0,0,0,0,0,0 

15,1,0,138, 138,138,138,138,0.0,0 
2,0, 138, 138, 138, 138. 138,0, O. O. 0.0 
3,0,0,0,138,138.138,138,138,138,138,0 
4,0,0,0,0,0,0,0,0,0,0 

16,1,0, 144, 144, 144, 144,0,0,0,0 
2,0, 144, 144, 144,144, 144,0,0,0,0,0 
3,0,0,0,144, 144,144, 144, 144, 144, 144, ° 
4,0,0,0,0,0,0,0,0,0,0 

17,1,0,190,190,190,190,0,0,0,0 
2,0,0,190,190,190,190,0,0,0,0,0 
3,0.0,0,190,190,190.190, 190,190,190,0 
4,0,0,0,0,0,0 v,O,O,O 

envelope generation 
1 
hys prop 
1 
I, -1.0, 0.0, 0.0,0.0 
co11.1mn property option 
1 
column data 
1,156,0,0,2 

-I, 8.70E7, 1.99E6,7.64E5, 13511, 14198, .00025,0.0005. 5.99E6 
13511,14198, .00025,0.0005. 5.99E6 

2. 168. 0, 0,2 
-1. 9.80E7, 2.19E6, 8.43E5, 14945, 15747 •. 00026, .00059.5.41 E6 

14945,15747 .. 00026 .. 00059. 5.41E6 
3, 156.0,0,2 

-I. 9.80E7, 2.19E6, 8.43E5, 14945, 15747, .00026 .. 00059, 5.41E6 
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14945.15747 .. 00026 .. 00059. 5.4IE6 
4. 156, O. 0.2 

-I. 1.11 E8. 2.42E6. 9.29E5. 16516. 17438 .. 00025, .00054. 7.151::6 
16516. 17438 .. 00025 •. 00054. 7.15E6 

5. 132. O. 0.2 
-I. I.lI E8. 2.42E6. 9.29E5. 16516. 17438 .. 00025 .. 00054, 7.15[6 

16516.17438 .. 00025 .. 00054. 7.15E6 
6. 156. 0, 0,2 

-1. 1.26E8. 2.65E6, 1.02E6, 18210, 19275 .. 00024, .00056. 7.6E6 
18210.19275, .00024, .00056, 7.6E6 

7. 132.0,0,2 
-I, 1.26E8, 2.65E6, 1.02E6, 18210, 19275, .00024 .. 00056, 7.6E6 

18210,19275, .00024, .00056, 7.6E6 
8. 168,0,0,2 

-I. 5.25E7, 2.93E6, \.I3E6, 7966.9107.0.00051. .0016. 2.78E6 
7966,9107,0.00051, .0016. 2.78E6 

9. 156,0,0,2 
-I, 5.25E7, 2.93E6, 1.13E6, 7966. 9107, 0.00051. .0016, 2.78E6 

7966,9107.0.00051, .0016, 2.78E6 
10,66,0,0,2 

-I. 1.42E8, 2.93E6, 1.I3E6, 20114, 21345, .00025, .00057, 8.90E6 
20114,21345, .00025, .00057, 8.90E6 

II, 156, 0, 0.2 
-I, 1.58E8. 3.16E6, 1.22E6. 21857, 23017, .00025, .00059. 1.02E7 

21857,23017, .00025, .00059, 1.02E7 
12, 132, 0, 0,2 

-I, 1.58E8, 3.16E6, 1.22E6, 21857. 23017 •. 00025, .00059, 1.02E7 
21857,23017, .00025, .00059, 1.02E7 

13.66, 0, 0,2 
-I, 6.29E7, 3.39E6, 1.30E6, 9418, 10789, .00051, .0016, 1.94E6 

9418,10789, .00051, .0016, 1.94E6 
14, 84, 0, 0.2 

-I. 6.29E7, 3.39E6, 1.30E6, 9418,10789, .00051 •. 0016. 1.94E6 
9418, 10789, .00051. .0016. I. 94E6 

15, 66, 0, 0.2 
-I. 1. 74E8, 3.39E6, 1.30E6, 23619.24923 •. 00025 .. 0006. 1.12E7 

23619,24923 •. 00025, .0006. 1.12E7 
16, 66, 0, 0,2 

-I, 1.51EI0, 7.25'.::7, 2.79E7. 749952.852151. .00016 .. 0005. 7.79E8 
749952,852151, .00016 •. 0005, 7. 79E8 

17,66,0,0,2 
-I, 8.70E7, 1.99E6, 7.64E5, 13511, 14198 •. 00025. 0.0005. 5.99E6 

13511.14198, .00025,0.0005. 5.99E6 
18, 66, 0, 0,2 

-I, 1.26E8, 2.65E6, l.02E6, 18210,19275, .00024 .. 00056, 7.6E6 

B-JJ 



18210. 19275 .. 00024 .. 00056. 7.6E6 
19,84,0,0,2 

-1. 1.74E8, 3.39E6. 1.30E6. 23619.24923 .. 00025 .. 0006. 1 12E7 
23619.24923 .. 00025 .. 0006. 1.12E7 

20, 42, 30, 0.2 
-I, 1.51E. 0, 7.25E7. 2.79E7. 749952,852151, .00016.0005. 7.79E8 

749952,852151, .00016, .0005. 7.79E8 
21. 168. O. 0.2 

-1, 8.70E7, 1.99E6, 7.64E5. 13511, 14198 .. 00025, 0.0005, 5.99E6 
13S11, 14198,00025.0.0005. 599E6 

22, 132, 0, 0.2 
-1. 8.70E7. 1.99E6. 7.64E5. 13511. 14198, .00025. 0.0005, 5.99E6 

13511. 14198 •. 00025.0.0005, 5.99E6 
23, 66, 0, 0.2 

-1, 8.70E7, 1.99E6, 7.64E5, 13S11, 14198. ,00025, O.OOOS, 5.99E6 
13511.14198 •. 00025, 0.0005, 5.99E6 

24, 168,0, 0,2 
-1. l.lIES, 2.42E6, 9.29E5. 16516. 17438, ,00025, .00054, 7, 15E6 

16516,17438, .00025, .00054, 7.15E6 
25,66,0,0.2 

-1, 1.26ES, 2.65E6. 1.02E6. 18210, 19275, ,00024, .00056, 7.6E6 
18210,19275, .00024 •. 00056. 7.6E6 

26. 132, O. 0,2 
-I, 5.25E7, 2.93E6, 1.13E6, 7966,9107.0.00051, .0016, 2.78E6 

7966,9107,0.00051, .0016, 2.78E6 
27, 66, 0, 0.2 

-1. 5.25E7, 2.93E6. 1.l3E6. 7966.9107. 0.00051. .0016. 2.78E6 
7966,9107, 0.00051, .0016, 2.78E6 

28, 66, 0, 0,2 
-I, 5.25E7, 2.93E6, 1.13E6, 7966.9107,0.00051, .0016. 2.78E6 

7966,9107,0.00051 •. 0016. 2.78E6 
29, 84, 0, 0,2 

-1, 1.42E8. 2.93E6, J.l3E6. 20114. 21345, .00025, .00057, 8.90E6 
20114.21345, .0002S •. 00057, 8.90E6 

30, 66, 0, 0,2 
-1. 6.29E7, 3.39E6, 1.30E6. 9418,10789, .00051. .0016. 1.94E6 

9418. 10789 •. 00051, .0016, 1.94E6 
31, 42. 20, 20,2 

-1, 1.51ElO, 7.2SE7, 2.79E7, 749952.852151. .00016 .. 0005. 7.79E8 
749952.852151, .00016 .. 0005. 7,79E8 

32, 66, 0, 0,2 
-1, 6.21E7, 1.50E6, 5.78ES, 13511, 14198, .00025. 0.0005, 5.99E6 

13511,14198, .00025, 0.0005, 5.99E6 
beam property option 
I 
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beam data 
1.344. 7. 7.2 

-1. 2.62E8. l.28E6. 18080 .• 18968 .. 0.00011. 0.00021. 19[7 
18080., 18968 .. 0.00011.0.00021. 19E7 

2.344. 7. 7,2 
-1. 3.05E8. 1.45E6. 21000. 21980 .. 00001. 0.0002. 2.07E7 

21000 .. 21980 .• 0.0001.0.0002.2.07E7 
3.344, 7, 7,2 

-1. 3.28E8. 1.55E6, 22600 .• 23646 .• 0.0001.0.0002. 2.20E7 
22600 .• 23646., 0.000 I. 0.0002. 2.20E7 

4,344, 7. 7.2 
-1. 3.83E8. 1.79E6. 26400,27297 .• 0.0001. 0.0002, 2.7E7 

26400., 27297 .• 0.000 I, 0.0002. 2.7E7 
5.344,7,7.2 

-I. 4.06E9. 3.76E7. 280000, 318126. 0.00022, 0.00069, 2.17E8 
280000. 318126, 0.00022. 0.00069, 2.17E8 

6.344. 7, 7,2 
-1,2.62E8. 1.28E6. 18080 .. 18968 .. 0.00011,0.00021, 1.9E7 

18080 .. 18968.,0.000Il,O.00021,1.9E7 
column connectivities 
I, 2, I, 2. 16. 17 
2.8, 1,3.16.17 
3,2. 1,4.16.17 
4,2. 1.5,16,17 
5,3. 1.2.15.16 
6,9.1. 3.15,16 
7,3,1,4.15.16 
8,3, 1,5, IS, 16 
9,3, 1.2,14,15 
10,9, l, 3. 14, 15 
Il.3, 1,4, 14,15 
12,3, 1,5, 14. 15 
13,6, I. 6, 14, 15 
14.1. I, l, 13, 14 
15.6, 1,2,13,14 
16,11,1, 3, 13, 14 
17,6.1.4.13,14 
18,6. 1,5.13,14 
19.6, 1.6.13,14 
20,1, I, I. 12, 13 
21,6. 1,2.12,13 
22.11,1,3.12, \3 
23,6. I. 4. 12, \3 
24.6. I. 5. 12. \3 
25.6.1,6.12,13 

8-35 



:!6.4. I. I. I 1.12 
n.6, 1.1. II. 12 
28.11.1.3,11.11 
29.6, I. 4.11.12 
30.6, 1.5. II. 12 
31.6,1.6.11.12 
32.5,1.1.10.11 
33.7. I. 2. 10, 11 
34.11,1,3,10.11 
35,7,1,4.10.11 
36,7.1,5.10,11 
37,7, 1,6. 10, 11 
38,17,1,7, 10. 11 
39,17.1,8, 10. 11 
40,18,1, 1,9,10 
41,10.1. 2. 9.10 
42.13.1. 3,9.10 
43.10.1,4.9, \0 
44,\0,1,5.9,10 
45,10.1,6,9,10 
46.17.1,7,9,10 
47,17,1,8,9,10 
48.17,1,9,9,10 
49,18,1,1,8,9 
50.10,1.2.8,9 
51,13,1. 3. 8. 9 
52.10,1. 4,8,9 
53,10,1.5,8,9 
54,10,1.6,8.9 
55,17.1. 7,8,9 
56,17,1.8,8,9 
57,17,1,9,8,9 
58,18,1,1, 7, 8 
59,10,1, 2, 7, 8 
60,13.1. 3. 7, 8 
61.10,1,4,7,8 
62.10.1,5.7,8 
63,10,1,6,7,8 
64,17,1,7.7.8 
65.17,1.8.7,8 
66.17.1,9.7.8 
67,18.1,1. 6.7 
68,10.1, 2. 6, 7 
69.13.1.3.6.7 
70.10.1. 4.6, 7 
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71.10.1.5.6.7 
72.10.1. 6. 6. 7 
73.17.1. i. 6.7 
74.17.1. 8. 6. 7 
75.17,1.9,6.7 
76.15,1. 1.5.6 
77.15,1. 2.5.6 
78.13.1. 3. 5.6 
79.15.1,4.5.6 
80.15.1,5,5,6 
81.15.1. 6.5.6 
!i2,15.1. 7. 5. 6 
83.15.1.8.5.6 
84.15.1.9.5.6 
85.15.1,1,4.5 
86,15.1.2.4.5 
87.13.1,3.4, 5 
88.15.1,4,4.5 
89,15,1,5,4,5 
90,15,1.6,4,5 
91,15.1.7,4.5 
92.15.1,8,4,5 
93,15.1, 9, 4, 5 
94,15.1, 1,3.4 
95.15,1,2.3,4 
96,13.1,3.3.4 
97.15.1.4.3.4 
98.15.1.5,3,4 
99.15.1,6.3.4 
100.15,1.7.3.4 
10 1.I 5, 1.8.3.4 
102,15.1,9.3,4 
103.19,1.1,2.3 
104, 19.1,2.~.3 
105.14.1,3.2.3 
106.19.1.4,2,3 
107.19,1,5.2,3 
108.19,1,6.2,3 
109.19,1,7.2.3 
110.19,1.8.2.3 
111.19.1,9,2,3 
112.16,1,1.1.2 
113.16.1.2,1,2 
114.16.1,3.1,2 
1 :5.16.1.4,1.2 
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116.16.1.5.1.~ 

117.16.1.6.1.2 
118.16.1.7.1.2 
119.16.1.8.1.2 
120.16.1.9.1.2 
121.20,1.1.0.1 
122.20.1,2.0.1 
123.20.1,3,0.1 
124.20.1.4.0.1 
125.20,1.5.0.1 
126.20.1.6.0.1 
127.20.1.7.0.1 
128.20.1.8.0.1 
129.20.1.9.0.1 
130. 2. 2. 3. 16, 17 
131.24.2.4.16.17 
132.2.2.5. 16, 17 
133.21. 2. 6.16.17 
134.4.2.2.15.16 
135.3.2.3. IS, 16 
136.4. 2.4, 15. 16 
137.3.2.5.15.16 
138.1.2.6.15.16 
139.4.2.2, 14, 15 
140,3,2,3, 14, 15 
141.4,2.4.14.15 
142.3.2.5.14. 15 
143.1,2,6,14. 15 
144.9,2.2. 13, 14 
145.6.2.3.13.14 
146.9.2,4. 13, 14 
147.6,2,5, 13. 14 
148.6,2,6, 13, 14 
149.9,2. 2. 12, 13 
IS0.6,2,3,12,13 
151.9,2.4,12,13 
152.6, 2. 5. 12. 13 
IS3.6. 2.6. 12. 13 
IS4.9,2. 2.11.12 
155.6,2.3,11. 12 
156.9.2,4,11.12 
157.6.2.5. 11. 12 
158.6.2.6.11.12 
IS9.22.2.1.10. II 
160,26.2. 2. 10. II 

--
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161,7,2,3, 10, 11 
162,26,2, 4, 10, 11 
163,7,2,5, 10, 11 
164,7.2,6, 10, 11 
165,26,2, 7, 10, i 1 
166,7,2,8,10,11 
167,7,2,9, 10, 11 
168,26,2,10, 10, II 
169,22,2,11. 10, II 
170,23,2, 1,9, 10 
171,28,2,2,9,10 
172.10,2, 3, 9, 10 
173,28,2,4, 9, 10 
174,10,2,5,9,10 
175,10,2,6,9,10 
176,27,2,7,9, 10 
177,25,2,8,9, 10 
178,25,2, 9.9, 10 
179,28,2,10,9, 10 
180,25,2,11,9,10 
181,23,2, 1,8,9 
182,28,2, 2, 8, 9 
183,10,2,3,8,9 
184,28,2, 4, 8, 9 
185,10,2,5,8,9 
186,10,2,6,8,9 
187,27,2, 7, 8, 9 
188,25,2, 8, 8, 9 
189,25,2,9,8,9 
190,28,2, 10, 8, 9 
191,25,2, 11,8,9 
192,23,2, 1,7,8 
193,28,2,2,7,8 
194,10,2,3,7,8 
195,28,2,4,7,8 
196,10,2,5,7,8 
197,10,2,6,7,8 
198,27,2, 7,7,8 
199,25,2,8,7,8 
200,25.2,9. 7,8 
201,28,2, la, 7,8 
202,25,2, 11, 7, 8 
203,23,2, 1,6, 7 
204,28,2, 2, 6, 7 
205,10,2.3,6,7 
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206.28.2. 4. 6. 7 
207.10.2.5.6.7 
208.10.2.6.6.7 
209.27,2, 7, 6, 7 
210,25,2. 8, 6, 7 
211,25,2,9.6,7 
212,28.2,10,6,7 
213.25,2,11,6,7 
214.25.2. 1. 5,6 
215,30.2,2.5.6 
216,15.2.3.5,6 
217.30.2,4.5,6 
218,15.2,5,5.6 
219.15,2,6,5.6 
220,28,2, 7, 5,6 
221,10,2,8,5,6 
222,10.2,9, 5,6 
223,30,2, 10, 5.6 
224.10.2. 11, 5,6 
225.25,2, 1,4.5 
226.30,2.2.4, 5 
227.15.2,3,4,5 
228,30,2,4.4. 5 
229,15,2,5,4,5 
230.15,2,6,4,5 
231.28,2.7,4.5 
232,10.2,8,4,5 
233.10.2.9,4,5 
234,30.2.10.4.5 
235,10,2.11.4.5 
236.25.2.1.3,4 
237.30,2.2.3,4 
238,15.2,3,3.4 
239.30.2.4,3,4 
240.15.2.5.3,4 
241.15.2.6.3,4 
242,28.2.7.3,4 
243,10.2.8.3.4 
244.10.2 9.3,4 
245,30.2.10,3,4 
246,10.1.11,3,4 
247,25.2.1,2.3 
248.14.2.2,2.3 
249.19,2.1,2.3 
250,14.2.4,2.3 
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251,19,2,5,2.3 
252.19,2.6.2.3 
253.29,2.7.:U 
254.29,2.8.2.3 
255.29,2.9,2,3 
256.14,2,10.::.3 
257.29.2.11.2.3 
258.16,2.1.1,2 
259.16,2,2.1,2 
260.16,2,3.1.2 
261.16.2,4,1.2 
262.16,2,5,1,2 
263,16,2,6.1,2 
264.16,2,7,1.2 
265,16,2,8,1.2 
266.16.2.9.1.2 
267.16.2.10.1.2 
268,16,2,11,1,2 
269,20,2,1,0,1 
270,20.2,2,0,1 
271,20.2,3,0,1 
272,20.2,4,0,1 
273.20.2,5,0.1 
274,20,2,6,0.1 
275.20,2,7.0.1 
276.20.2.8.0.1 
277 .20,2.9 .0,1 
278.20.2,10,0,1 
279.20,2,11,0.1 
280.24,3.4,16,17 
281.2.3,5.16.17 
282.2,3,6.16.17 
283.24,3.7.16.17 
284.2,3,8.16.17 
285.2,3,9.16.17 
286.24.3.10.16,17 
287.4,3,4,15,16 
288.3,3,5.15.16 
289,3.3.6,15.16 
290,4.3.7.15.16 
291,3,3,8.15.16 
292,3.3.9,15.16 
293.4.3.10.15.16 
294.4.3.4,14.15 
295.3.3,5.14.15 

-
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296.3.3.6.14.15 
297.9.3,7,14.15 
298,3,3,8,14.15 
299,3,3.9,14.15 
300.4,3,10,14,15 
301.9,3.4.13,14 
302,6,3,5.13,14 
303,6,3,6,13,14 
304,9,3,7.13,14 
305,6,3,8,13,14 
306,6,3,9,13.14 
307,6,3,10,13,14 
308,9,3,4.12,13 
309.6,3,5.12.13 
310,6,3,6,12,13 
311,9,3,7,12,13 
312.6,3,8,12,13 
313,6,3.9,12.13 
314,6,3,10,12.13 
315,1.3.2,11,12 
316,1,3,3.11,12 
317,9.3,4,11,12 
318,6,3,5.11,12 
319,6,3,6.11,12 
320,9.3,7.11.12 
321,6,3,8,11,12 
322.6,3,9,11,12 
323,6,3,10,11,12 
324,22,3,1,10,11 
325,22,3,2.10.11 
326,22,3,3,10,11 
327.26,3,4,10,11 
328,7,3,5,10.11 
329,7,3,6,10,11 
330,26,3,7,10,11 
331,7,3,8,10,11 
332.7.3.9.10,11 
333,7,3,10,10.11 
334.22,3,11,1 0.11 
335.23.3,1,9.10 
336.23.3.2.9,10 
337.23,3,3.9, I 0 
338.25.3,4.9,10 
339.25.3.5,9,10 
340,25,3.6,9, I 0 

--
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341,27,3,7,9,10 
342,25,3,8,9,10 
343,25,3,9,9,10 
344,25,3,10,9,10 
345,8,3,11,9,10 
346,8.3,1,8,9 
347,25,3,2,8,9 
348,10,3,3,8,9 
349,28,3,4,8,9 
350,10,3,5,8,9 
351,10,3,6,8,9 
352,28,3,7.8,9 
353,10,3,8:8,9 
354,10,3,9,8,9 
355,28,3,10,8,9 
356.23,3,11,8,9 
357.23,3,1,7,8 
358,25,3,2,7,8 
359,10,3,3,7,8 
360,28,3,4,7,8 
361,10,3,5,7,8 
362,10,3.6,7,8 
363,28,3,7,7,8 
364.10,3,8,7,8 
365.10,3,9,7,8 
366.28,3,10,7,8 
367.23,3,11,7.8 
368.23,3,1,6,7 
369,25.3,2,6,7 
370,10.3,3,6,7 
371.28,3,4,6,7 
372,10,3,5,6,7 
373,10,3,6,6,7 
374.28,3,7,6,7 
375,10.3,8,6,7 
376.10.3,9,6,7 
377,28,3,10,6,7 
378.23,3,11,6,7 
379,23,3,1.5,6 
380.25,3,2,5,6 
381.10.3.3,5,6 
382,28,3,4,5,6 
383,10,3,5,5,6 
384.10,3.6,5,6 
385,28,3,7,5,6 

8-43 



386.10.3.8.5.6 
387.10,3.9.5,6 
388.28.3.10.5.6 
389.23.3.11.5.6 
390,25.3,1.4.5 
391.25.3.2.4.5 
392.25,3.3.4.5 
393,30,),4,4,5 
394,15,3.5,4,5 
395,15,3.6.4.5 
396.30.3.7,4,5 
397,15,3,8,4,5 
398,15,3,9,4,5 
399,30,3,10,4.5 
400,27,3,11,4,5 
401,25,3,1.3,4 
402.25,3,2,3.4 
403,15,3.3.3,4 
404,30,3,4.3,4 
405,15,3,5,3,4 
406,15,3,6,3,4 
407,30,3,7,3,4 
408,15,3,8,3,4 
409,15,3,9,3,4 
410,30,3,10,3,4 
411,27.3.11.3,4 
412.25.3,1,2,3 
413.27,3.2,2,3 
414,19,3,3,2,3 
415,14.3.4.2,3 
416,19.3.5,2,3 
417,19,J,6,2,3 
418,14,3,7,2,3 
419,19,3,8,2,3 
420,19,3,9,2,3 
421.14,3,10,2,3 
422.27.3.11,2,3 
423.25,3,1,1,2 
424.27,3.2.1,2 
425,15,3,3,1.2 
426.30,3.4, 1,2 
427,15,3,5,1.2 
428.15,3,6.1,2 
429,30.3,7.1.2 
430,19,3,8.1.2 
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4J 1,15,3,9,1,2 
432,30,3,10,1,2 
433,27,3,11,1,2 
434,31,3,1.0.1 
435,3 1,3,2,0,1 
436,31,3,3,0,1 
437,31,3,4,0,1 
438,31,3,5,0,1 
439,31,3,6,0,1 
440,31,3.7,0.1 
441,31,3,3,0,1 
442,31,3,9,0,1 
443,31,3,10,0,1 
444,31,3,11.0,1 
445,5.4,2,10,11 
446,5,4,3,1 0, ~ I 
447,5,4,4,10,11 
448,5,4,5.10, II 
449.5,4,6,10,11 
450,5,4,7,10,11 
451,5,4,8,10,11 
452,5,4,9.10,11 
453,5,4,10,10,11 
454,32,4,2.9, 10 
455,32,4,3,9,10 
456,32,4,4,9,10 
457,32,4.5,9,10 
458,32.4,6,9,10 
459.32.4,7,9,10 
460,32,4,8,9,10 
461,32.4,9,9,10 
462.32,4,10,9,10 
463.32,4,2,8,9 
464,32,4,3,8,9 
465 ,32,4,4,~,9 
466,32,4,5,8,9 
467,32,4,6,8,9 
468.32,4,7,8,9 
469,32,4,8,8,9 
470,32,4,9,8,9 
471,32.4,10.8.9 
472,32.4,2,7,8 
473.32,4,3,7,8 
474,32,4,4,7,8 
475.32,4,5,7.8 
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476.32,~,6,7,S 

477,32,4,7,7,8 
478.32,4,8,7,8 
479,32,4,9,7,8 
480.32,4, I 0,7,8 
481,32,4,2,6,7 
482,32,4.3,6,7 
483.32,4.4.6,7 
484,32.4,5.6,7 
485.32.4,6,6,7 
486,32.4,7,6,7 
487,32.4,8.6,7 
488,32,4,9,6,7 
489,32.4.10,6,7 
490,32,4,2,5,6 
491,32.4,3.5,6 
492.32.4.4.5,6 
493.32,4,5.5.6 
494,32,4,6,5.6 
495,32,4,7,5,6 
496,32,4,8.5,6 
497.32.4,9.5,6 
498,32.4,10,5,6 
499.17,4.2.4,5 
500,17,4.3.4.5 
501.17.4.4,4,5 
502,17.4,5.4,5 
503,17,4,6,4,5 
504,17,4,7,4,5 
505,17.4,8.4.5 
506,17.4,9.4.5 
507,17,4, 10,4.5 
508,17.4,2,3,4 
509,17.4,3,3,4 
5 10,17.4.4,3.4 
511,17,4.5,3,4 
512,17,4,6,3.4 
513,17,4.7,3,4 
514,17.4,8,3,4 
515,17.4,9.3,4 
516,17.4,10,3,4 
517,17.4.2.2.3 
518,17.4.3.2.3 
519,17,4.4.2.3 
520.17,4.5,2.3 



521.17,4.6.2.3 
522,17,4,7.2,3 
523.17,4,8,2,3 
524,17,4,9,2,3 
525.17,4.10.2.3 
526,17,4,2.1.2 
527.17,4,3,1,2 
528.17,4,4,1,2 
529,17,4,5,1.2 
530,17,4,6.1.2 
531,17,4,7,1,2 
532,17,4,8.1.2 
533.17,4,9,1,2 
534.17,4,10,1.2 
535,31,4.2,0,1 
536,31,4,3.0,1 
537,31,4,4.0,1 
538,31,4,5.0,1 
539,31,4,6,0,1 
540,31,4,7,0,1 
541,31.4,8,0,1 
542,31,4,9,0.1 
543,31,4,10,0,1 
beam connectivities 
1,1,17,1.2,3 
2, 1,17,1.3,4 
3.1. 17, 1,4,5 
4,1,16.1,2,3 
5,1.16,1.3.4 
6, I. 16, 1.4.5 
7, 3. 15, I, 2, 3 
8,3, 15, 1,3,4 
9.3,15,1,4,5 
10,3,15,1,5,6 
11.3, 14, I, 1,2 
12,3,14,1,2,3 
13,3,14,1,3,4 
14,3, 14, 1,4,5 
15,3,14.1,5,6 
16.4.13,1. 1,2 
17,4,13, I. 2, 3 
18,4,13, 1,3,4 
19,4,13,1,4.5 
20,4,13,1,5,6 
21.4. 12, I, I, 2 
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nA. 12.1. 2.3 
23.4, 12. 1. 3. 4 
24.4. 12. 1,4,5 
25,4, 12, I. 5, 6 
26.:. II. 1. 1.2 
27.2,11.1. 2. 3 
28.2. II. I. 3. 4 
29.2,11.1.4,5 
30.2, 11. I. 5, 6 
31.2. I 1. I. 6, 7 
32,2, II, 1.7,8 
33,2,10, I, 1,2 
34,2. 10, I, 2, 3 
35,2. 10, I. 3, 4 
36,2. 10, 1.4,5 
37,2.10,1.5,6 
38.2,10.1,6,7 
39,2, 10, I. 7, 8 
40.2,10, 1,8,9 
41,3,8, I, 1. 2 
42,3,8, 1,2,3 
43,3,8, 1,3,4 
44.3, 8, 1. 4, 5 
45,3,8, 1.5,6 
46,3.8, 1.6,7 
47,3,8. 1,7.8 
48,3,8. 1.8,9 
49.3,6, I, 1,2 
50,3,6. 1,5,6 
51,3,6,1,6,7 
52,3,6,1,7,8 
53,3,6,1,8,9 
54,5.2,1, I. 2 
55,5,2, 1,2,3 
56.5.2,1.3.4 
57,5, 2, I, 4, 5 
58,5.2. 1,5,6 
59,5,2, 1,6.7 
60.5,2, I, 7, 8 
61.5.2. 1,8,9 
62,1.17.2.3,4 
63.1.17,2.4.5 
64.1, 17,2,5.6 
65. I, 16,2.2,3 
M. I. 16,2.3.4 
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67. I. 16, ::!, 4,5 
68. I, 16. ::!. 5. 6 
69.::!. 15.::!. 2. 3 
70.::!. 15.2.3.4 
7I.::!.15.2.4,5 
72.2. 15.2.5.6 
73.2. 14,2.2.3 
74,2. 14.2.3.4 
75.2. 14.2.4.5 
76.2. 14.2.5.6 
77.3. 13.2.2.3 
78.3. 13.2.3.4 
79.3. 13,2.4. 5 
80,3. 13.2.5.6 
81.3, 12.2.2.3 
82.3. 12,2.3.4 
83.3. 12.2,4.5 
84.3, 12.2,5.6 
85.2, 11,2. 1. 2 
86.2,11.2,2,3 
87.2. 11.2.3,4 
88,2, 11,2,4.5 
89,2. 11,2.5,6 
90,2. 11.2,6.7 
91.2, 11.2,7,8 
92.2, II, 2.8,9 
93.2. II, 2.9. \0 
94.2. II, 2.10. II 
95.2. 10. 2. 1. 2 
96.2. 10, 2, 2, 3 
97,2, 10,2,3,4 
98.2. 10.2,4.5 
99.2. 10. 2. 5.6 
100.2. 10.2,6, 7 
101,2,10,2,7,8 
102,2.10.2,8.9 
103.2, 10.2,9, 10 
104.2, 10, 2, 10, II 
105,2, 8, 2, I, 2 
106,2.8,2,2,3 
107,2,8.2.3,4 
I 0~.2. R. 2. 4. 5 
109.2.8,2,5.6 
110.2,8.2,6.7 
111.2,8,2, 7,8 



112,2,8,2,8,9 
113,2.8, 2.9. 10 
114,1.8,2, 10, II 
115,1,6,2, 1,2 
116,2,6,2,2,3 
I 1 7,2, 6, 2, 3, 4 
118,2,6,2,4,5 
119,2,6,2.5,6 
120.2. 6, 2, 6, 7 
121.2,6,2,7,8 
122,2.6,2,8,9 
123,2.6,2,9. \0 
124,2,6,2, 10, II 
125,2,4, 2,2,3 
126,6,4,2,3,4 
127,6,4,2,4.5 
128,6, 4, 2, 5, 6 
129,6,4,2,6,7 
130,6,4, 2, 7, 8 
131.6.4,2,8,9 
132,6,4,2,9. 10 
133,2,4, 2, 10, II 
134,5, 2, 2, I, 2 
135,5,2, 2,2,3 
136,5, 2, 2, 3, 4 
137,5,2,2,4,5 
138,5, 2, 2, 5, 6 
139,5, 2, 2, 6, 7 
140,5,2,2, 7. 8 
141.5,2,2.8,9 
142,5,2,2,9, 10 
143,5,2,2,10,11 
144,1,17,3,4,5 
145,1.l7,3,5,6 
146,1.l7,3,6,7 
147,1,17,3,7,8 
148,1,17,3,8,9 
149,1.17,3,9,10 
150,1,16,3,4,5 
151.1,16,3,5,6 
152,1,16,3,6,7 
153,1,16,3,7,8 
154,1.16,3,8,9 
155,1,16,3,9,10 
156.2,15,3.4,5 



157.2.15.3.5.6 
158.2,15,3.6,7 
159.2,15.3.7.8 
160,2,15,3,8,9 
161.2,15.3.9,10 
162.2.14,3.4.5 
163.2,14.3,5,6 
164.2.14.3,6,7 
165.2,14,3,7,8 
167.2.14.3.8,9 
168.2.14,3.9,10 
169,2,13,3,4,5 
170,2.13.3.5,(; 
171.2,13,3,6,7 
172.1.13,3.7,8 
173,2,13,3,8,9 
174,2,13,3.9,10 
175,2,12,3.2.3 
176,2,12,3,3,4 
177.2,12,3.4,5 
178,2,12,3,5,6 
179,2,12.3,6,7 
180,2,12.3,7,8 
181.2.12,3,8,9 
182,2.12,3.9,10 
183.2,11.3,1.2 
184,2,11,3,2,3 
185,2,11,3.3,4 
186,2.11.3.4,5 
187.2.11,3,5,6 
188,2,11,3,6,7 
189.2,11,3,7,8 
190,2,11,3,8,9 
191.2,11,3,9.10 
192,2,11.3,10,11 
193,2.9,3,1.2 
194.2,9,3,2.3 
195,2,9,3.3.4 
196,2,9,3.4,5 
197.2,9,3,5,6 
198,2,9,3,6.7 
199,2,9,3,7,8 
100,2,9,3,8,9 
101.2.9.3.9,10 
202.2,9,3,10,11 
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203.2.7.3 .1.2 
204.2.7,3.:U 
205,2,7,3,3.4 
206.2,7,3,4,5 
207,2,7,3,5.6 
208.2.7 .3.6.7 
209,2,7,1,7,8 
210,2,7,3,8,9 
211,2,7,3,9,10 
212,2,7.3,10.11 
2\3,2,5.3.1.2 
214,2,5,3,2,3 
215,2.5,3,3,4 
216,2,5,3,4,5 
217,2,5.3,5,6 
218.2,5.3,6,7 
219,2,5,3,7,8 
220,2,5,3,8,9 
221.2.5,3.9, 10 
222.2,5,3,10,11 
223.2,4,3,1,2 
224,2,4,3,2,3 
225,2,4,3,3,4 
226,2,4,3,4,5 
227.2.4,3,5,6 
228,2,4,3,6,7 
229,2,4,3,7,8 
230,2,4,3,8.9 
231,2,4.3,9,10 
232,2,4,3.10, II 
233,5,3,3,1,2 
234,5,3,3,2,3 
235,5,3,3,3,4 
236,5,3,3,4,5 
237,5,3,3,5,6 
238,5,3,3,6,7 
239,5,3,3,7,8 
240,5,3,3,8,9 
241,5,3,3,9,10 
242,5,3,3,10,11 
243,6,11,4,2,3 
244,6, II ,4,3,4 
245.6,11.4,4,5 
246,6,11,4.5,6 
247,6,11,4,6,7 
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1-'8,6,II,·U,8 
249,6,11.4,8,9 
150,6,11.4.9.10 
251.6.9,4,2.3 
152.6.9.4.3,4 
253,6,9.4,4,5 
254,6,9,4.5,6 
255.6,9,4,6,7 
256,6,9.4.7 ,8 
157.6,9,4,89 
258.6.9.4.9.10 
259.6,7,4,2,3 
260.6,7.4.3,4 
261.6,7.4,4,5 
262,6.7.4.5,6 
263,6.7.4,6,7 
264,6,7.4,7.8 
265,6,7.4,8.9 
266,6.7.4,9,10 
267,6,5.4,1.3 
268,6.5.4,3.4 
269,6,5.4,4.5 
270,6.5.4,5.6 
271,6,5.4,6,7 
272.6,5.4,7.8 
273,6.5.4,8.9 
274,6,5.4,9,10 
275,6.3.4,2.3 
276,6,3,4.3,4 
277,6,3,4,4,5 
278,6,3.4,5,6 
279,6,3,4,6,7 
280,6,3,4,7,8 
281,6,3,4,8,9 
282,6,3.4,9,10 
283,5,1,4,2,3 
284,5,1,4,3,4 
285.5,1,4.4,5 
286.5,1.4.5,6 
287.5,1.4,6,7 
288,5,1,4,7,8 
289,5,1,4,8,9 
290.5,1.4,9,10 
Type of analysis 
2 
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static loads 
0,0,0,0 
Monotonic Pusho\'cr Analysis ( I = force control: 2=dl~·.placcmcnt control I 
I 
FORCE CO~TROLLED A~r\L YSIS 
I 
0.2,50,1 
Snapshot Control Data 
o 
0,0,0.0,0 
OUTPUT CONTROL 
3,1,2.3.5,7,9,11,12,\3,15,17 
story2 
story3 
story5 
ELEMENT HYSTERESIS OUTPGT 
0,0,0,0,0,0 

CASE STUDY #9.1 

input filename 
data filename: 
output filename. 
resu/:s filename,' 

file: idarc.dat 
case9 I.dat -
case9 I.out 

file: case9 _1.dat 

idarc.dac 
casc9 Ida! 
idarc.olll 
cQse9_I,olll 

CASE STUDY 9. \: 3 STORY R/C FRAME WITH VISCOUS DAMPERS 
Control Data 
3,1,0,0.0,0,0 
Element types 
6,9,0,0,0,0,1,0,0,0 
Element data 
12,9,0,0,0,0,0.3,0 
Unit system 
I 
Floor elevations 
45,0,93.0. \41.0 
Number of duplicate frames 

No of column lines 
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4 
Nodal weights 
I, 1,3.375,3.375,3.375.3.375 
2, 1,3.375,3.375,3.375.3.375 
3, 1,3.375,3.375,3.375,3.375 
Env generation option 
1 
Hysteretic Control 
3 
1,2,0.1,0.0, 1.0 
2, 2, 0.1, 0.0, 1.0 
3, 2,0.1,0.0,0 1 
Column input option 
1 
Column data 
1,48.0,0,3.0,1 

1. 72264.6, 1140.0,21888,7.0, 16.0,0.0008,0.003.400.0 
7.0, 16.0,0.0008.0.003,400.0 

1, 72264.6, 1140.0,21888,7.0, 16.0,0.0008,0.003,400.0 
7.0, 16.0,0.0008,0.003,400.0 

2,48.0,0,3.0,1 
1, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.001, 600.0 

24.0,72.0,0.0006,0.001,600.0 
I, 369360.0,2322.0,49248,24.0, 72.0, 0.0006, 0.001,600.0 

24.0, 72.0, 0.0006, 0.001, 600.0 
3,48.0,0,3.0.1 

1. 47559, 887, 17024, 11.0.21.0.0.0008.0.003,400.0 
11.0.21.0,0.0008, 0.003. 400.0 

1,47559,887. 17024, 11.0,21.0.0.0008,0.003.400.0 
11.0, 21.0, 0.0008, 0.003, 400.0 

4,48.0,0,3.0,1 
1,250800.0,1995.0,38304,32.0,84.0,0.001,0.003,600.0 

32.0,84.0,0.001,0.003.600.0 
1.250800.0, 1995.0,38304,32.0,84.0,0.001,0.003,600.0 

32.0,84.0,0.001, 0.003, 600.0 
5, 45.0,0.0.3.0.1 

3, 14453.2,380.0, 7296, 8. 10.0,00025,0.006,40.0 
8, 10.0,0.0025,0.006, 40.0 

3, 14453.2,380.0, 7296, 1,2.0,0.0025,0.006,40.0 
I, 2.0,0.0025,0.006, 40.0 

6, 45.0,0.0,3.0,1 
1,62496.0,885.0,16416, liS, 120.0.003,0.008.600.0 

115. 120. 0.003, 0.008, 600.0 
1,82496.0,885.0,16416,115,120.0.003,0.008.600.0 

115, 120.0.003,0.008,600.0 
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Beam mput type 
1 
Beam data 
1. 72.0. 2.0. 70. 1 
2. 181980.0,24264.0. 7.38. 37.0.0.0004.0.003. 24UOO 

7.38,37.0.0.0004.0.003.2400.0 
2,181980.0,24264.0,7.38.37.0.0.0004.0.003.2400.0 

7.38.37.0.0.0004.0.003.2400.0 
2.72.0. 7.0. 7.0. 1 
2,181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0.0.0004,0.003,2400.0 
2.181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004.0.003,2400.0 
3, 72.0. 70, 2.0, 1 

2, 181980.0,24264.0,7.38,37.0,0.0004,0.003.2400.0 
7.38,37.0,0.0004.0.003.2400.0 

2. 181980.0,24264.0, 7.38. 37.0. 0.0004,0.003.2400.0 
7.38,37.0,0.0004.0.003,2400.0 

4, 72.0, 2.0, 7.0, 1 
2,123186.0,19411.2.7.38,37.0.0.0004.0.003.2400.0 

7.38.37.0.0.0004.0.003,2400.0 
2. 123186.0. 19411.2, 7.38. 370. 0.0004. 0.003, 2400 0 

7.38. 37.0, 0.0004, 0.003. 2400.0 
5.72.0, 7.0. 7.0, 1 

2, 123186.0, 19411.2. 7.38. 37.0, 0.0004, 0.003. 2400.0 
7.38,37.0.0.0004,0.003,2400.0 

2. 123186.0, 19411.2. 7.38,37.0.0.0004,0.003,2400.0 
7.38,37.0,0.0004,0.003,2400.0 

6,72.0,7.0,2.0, 1 
2, 123186.0, J 9411.2, 7.38, 37.0. 0.0004. 0.003, 2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2, 123186.0. 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0 

7.38,37.0,0.0004.0.003,2400.0 
7,72.0,2.0, 70, J 

2,43675.0,9705.6,7.38.37.0.0.001, 0.003, 2400.0 
7.38.37.0,0.001,0.003,2400.0 

2,43675.0.9705.6,7.38.37.0,0.001,0.003,2400.0 
7.38,37.0.0.001,0.003.2400.0 

8,72.0,7.0,7.0, 1 
2,43675.0,9705.6, 7.38,37.0.0.001. 0.003, 2400.0 

7.38,37.0,0.001.0.003.2400.0 
2,43675.0,9705.6,7.38,37.0.0.001. 0.003, 2400.0 

7.38,37.0,0.001,0.003.2400.0 
9,72.0, 7.0,2.0, 1 

2,43675.0,9705.6. 7.38,37.0.0.001,0.003,2400.0 
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7.38, 37.0, 0.00 1,0.003, 2400.0 
2,43675.0.9705.6. 7.38. 37.0,0.001. 0.003. 2400.0 

7.38,37.0,0.001,0.003,2400.0 
VE BRACE PROPERTIES 
0,0 
1,0.05.80 
Column connectivity 
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 
8,3,1,4,1,2 
9,S.U.O.I 
10,6,1,2.0,1 
11,6,1,3,0,1 
12,5,1.4,0,1 
Beam conectivity 
1.1,3, J .1.2 
2,2,3, i ,2.3 
3,3,3.1,3.4 
4,4,2,1,1,2 
5,5,2,1.2,3 
6,6,2,1,3,4 
7,7,1, I , 1,2 
8,8, 1,1,2,3 
9,9,1,1,3,4 
VE connectivity 
1,1,1.1,1,0.3,2,76 
2,1,1,1,2.1,2,3,76 
3,I,l.l,3,2,3,2,76 
Type of Analysis 
3 
Static loads 
0,0,0,0 
Dynamic Analysis Control Data 
0.30, 0.0. 0.0005, 32.0, 6.0 
Wave data 
O. 6400, 0.005 
EI-Centro - EARTHQUAKE 
t1ea30.a 
Output options 
o 
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-
00000 
STORY OUTPUT CONTROL 
3,0.005,1,2,3 
floorld 
floor2d 
floor3d 
Hys output 
0,0,0,0,0,0 

NOTES: The earthquake ground acceleration record is read separate(v from ajile 
named 'j1ea30.a· as specified in the input data 

input filename: 
data jilename: 
output filename: 
results filename: 

file: idarc.dat 
casc:9 2.dat 
case9 2.out 

file: case9_2.dat 

idare.dat 
case 9 _2.dal 
idare.out 
case9 _2. out 

CASE STUDY #9.2 

70% reduction 1st fl. 35% 2nd & 10% 3rd. consider col. compre 
Control Data 
3, I ,0,0,0,0, 1 
Element types 
6,9,0,0,0,0,0,1,0,0 
Element data 
12,9,0,0,0,0,0,3,0 
Unit system 
I 
Floor elevations 
45.0,93.0, 141.0 
Number of duplicate frames 
2 
No of column lines 
4 
Nodal weights 
I, 1,3.375,3.375.3.375.3.375 
2, 1,3.375.3.375.3.375.3.375 
3. 1.3.375,3.375,3.375,3.375 
Env generation option 
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Hysteretic Control 
3 
1,2,0.1,0.0,1.0 
2, 2, 0.1, 0.0, 1.0 
3, 2, 0.1, 0.0,0.1 
Column input option 
1 
Column data 
1,48.0,0,3.0,1 

I, 72264.6,1140.0,21888,7.0, 16.0,0.0008,0.003,400.0 
7.0, 16.0,0.0008,0.003,400.0 

1,72264.6,1140.0,21888,7.0,16.0,0.0008,0.003,400.0 
7.0,16.0,0.0008,0.003,400.0 

2, 48.0,0,3.0,1 
t, 369360.0, 2322.0, 49248, 24.0, 72.0, 0.0006, 0.00 I, 600.0 

24.0, 72.0, 0.0006. 0.001. 600.0 
1,369360.0,2322.0,49248,24.0,72.0,0.0006,0.001,600.0 

24.0, 71.0, 0.0006, 0.001, 600.0 
3,48.0,0,3.0,1 

1,47559,887, 17024, 11.0,21.0,0.0008,0.003,400.0 
11.0,21.0,0.0008, 0.003,400.0 

1,47559, 887, 17024, 11.0,21.0,0.0008,0.003, 400.0 
11.0, 21.0, 0.0008, 0.003, 400.0 

4,48.0.0.3.0.1 
1,250800.0,1995.0.38304,32.0,84.0,0.001,0.003,600.0 

32.0, 84.0,0.001,0.003.600.0 
1,250800.0, 1995.0,38304,32.0,84.0,0.001,0.003,600.0 

32.0,84.0,0.001,0.003,600.0 
5.45.0,0.0.3.0.1 

3, 14453.2,380.0. 7296, 8, 10.0,0.0025,0.006,40.0 
8, \0.0,0.0025,0.006,40.0 

3, 14453.2,380.0, 7296, 1,2.0,0.0025,0.006,40.0 
1.2.0.0.0025,0.006,40.0 

6,45.0,0.0,3.0,1 
1,62496.0,885.0,16416, 115,120,0.003,0.008,600.0 

liS, 120,0.003,0.008,600.0 
1,82496.0,885.0,16416,115,120,0.003,0.008,6000 

115, 120, 0.003, 0.008, 600.0 
Beam input type 
1 
Beam data 
1, 72.0. 2.0, 7.0, 1 
2, 1819800,24264.0, 7.38, 37.0,0.0004,0.003,2400.0 

7.38,37.0,00004,0.003,2400.0 
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2, 181980.0,24264.0,7.38,37.0,0.0004, 0.003, ~400.0 
7.38,37.0,00004,0.003.2400.0 

2.72.0,7.0,7.0. 1 
2.181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2,181980.0,24264.0.7.38.37.0,0.0004,0.003,2400.0 

7.38.37.0.0.0004.0.003.2400.0 
3, 72.0, 7.0, 2.0, 1 
2, 181980.0,24264.0, 7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2. 181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0.0.0004.0.003.2400.0 
4, 72.0, 2.0, 7.0, 1 

2,123186.0.19411.2,7.38,37.0.0.0004,0.003,2400.0 
7.38,37.0,0.0004,0.003,2400.0 

2,123186.0,19411.2,7.38,37.0,0.0004,0.003,2400.0 
7.38,37.0,0.0004,0.003,2400.0 

5, 72.0, 7.0, 7.0, 1 
2,123186.0,19411.2,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2, 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0 

7.38,37.0,0.0004,0.003,2400.0 
6, 72.0, 7.0, 2.0, I 

2, 123186.0,19411.2,7.38,37.0,0.0004, 0.003, ~400.0 
7.38,37.0,0.0004,0.003,2400.0 

2, 123186.0, 19411.2. 7.38, 37.0, 0.0004,0.003,24000 
7.38,37.0,0.0004,0.003,2400.0 

7, 72.0,2.0, 7.0, 1 
2,43675.0,9705.6, 7.38, 37.0,0.001,0.003,2400.0 

7.38,37.0,0.001,0.003,2400.0 
2,43675.0,9705.6, 7.38, 37.0,0.001,0.003,2400.0 

7.38,37.0,0.001,0.003,2400.0 
8,72.0,7.0,7.0, 1 

2,43675.0,9705.6,7.38,37.0,0.001,0.003,2400.0 
7.38,37.0,0.001,0.003,2400.0 

2, 43675.lI, 9705.6, 7.38, 37.0,0.001, 0.003. 2400.0 
7.38,37.0,0.001,0.003,2400.0 

9, 72.0, 7.0, 2.0. 1 
2,43675.0,9705.6,7.38,37.0.0.001. 0.003. 2400.0 

7.38,37.0,0.001,0.003,2400.0 
2,43675.0,9705.6,7.38,37.0,0.001, 0.003,2400.0 

7.38,37.0,0.001, 0.003, 2400.0 
FRICTION DAMPER BRACES PROPERTIES 
o 
1, 1,80 
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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 
8,3,1,4,1.2 
9.5,1,1.0,1 
10,6,1.2,0,1 
11,6,1,3,0.1 
125,1,4,0,1 
Beam conectivity 
1,1,3,1,1,2 
2,2,3.1,2,3 
3,3,3,1,3,4 
4,4,2,1,1,2 
5,5,2, 1,2,3 
6,6,2, I ,3,4 
7,7, 1 • 1 , 1.2 
8,8.1,1,2.3 
9,9,1,1,3,4 
BRACE CONNECTIVlIT 
1,1,2,1,1,0,3,2,76 
2.1.2,1,2,1,2,3,76 
3,1,2,1,3,2,3,2,76 
Type of Analysis 
3 
Static loads 
0,0,0,0 
Dynamic Analysis Control Data 
0.30,0.0, 0.0005, 32.0, 6, 1 
Wave data 
O. 6400, 0.005 
EI-Centro - EARTHQUAKE 
flea30.a 
Output options 
o 
o 0 0 0 0 
STORY OUTPUT CONTROL 
3, 0.005, I, 2, 3 
floorl f 
floor2f 
floor3f 
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Hys output 
0,0,0,0,0,0 

NOTES: The earthquake ground acceleration record is read .\t'parl.1tl!f\· Fom a/ill! 
named 'jlea30 a . as spec~fied in the illpLll data 

input filename: 
data filename: 
output filename. 
results filename: 

file: idarc.dat 
case9 3.dat 
case9 3.out 

file: case9 3.dat 

idarc.dat 
case9 Jdat 
idarcout 
case9 3.out 

CASE STUDY #9.3 

CASE STUDY 9.1: 3 STORY RIC FRAME WITH HYSTERETIC DAMPERS 
Control Data 
3, 1,0,0,0,0,0 
Element types 
6,9,0,0.0,0,0.0,1,0 
Element data 
12,9,0,0,0,0,0,3,0 
Unit system 
I 
Floor elevatIOns 
45.0,93.0, 141.0 
Number of duplicate frames 
2 
N(' of column lines 
4 
Nodal weights 
I, I, 3,375. 3,375, 3.375, 3.375 
2, 1.3.375,3.375.3.375,3,375 
3, 1.3.375.3.375,3.375,3,375 
Env generation option 
I 
Hysteretic Control 
3 
1. 2, 0.1,0.0, 1.0 
2,2,0.1,0.0, 1.0 
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3,2,0.1,0.0,0.1 
Column input option 
I 
Column data 
1,48.0,0,3.0,1 

I, 72264.6, 1140.0. 21888, 7.0, 16.0, 0.0008, 0.003, 400.0 
7.0, 16.0,0.0008,0.003,400.0 

1,72264.6,1140.0,21888,7.0,16.0,0.0008,0.003,400.0 
7.0,16.0,0.0008,0.003,400.0 

2,48.0,0,3.0,1 
1,369360.0,2322.0,49248,24.0, 72.0,0.0006,0.001,600.0 

24.0, 72.0,0.0006,0.001,600.0 
1,369360.0,2322.0,49248,24.0, 72.0,0.0006,0.001,600.0 

24.0, 72.0,0.0006,0.001,600.0 
3,48.0,0,3.0,1 

I, 47559,887, 17024, 11.0, 21.0, 0.0008, 0.003,400.0 
11.0,21.0,0.0008,0.003,400.0 

I, 41559,887, 17024, 11.0,21.0,0.0008,0.003,4000 
11.0, 21.0, 0.0008, 0.003, 400.0 

4,48.0,0,3.0,1 
1,250800.0, 1995.0,38304,32.0,84.0,0.001. 0.003, 6000 

32.0,84.0,0.001,0.003,600.0 
1,250800.0, 1995.0,38304,32.0,84.0,0.001,0.003,600.0 

32.0,84.0,0.001. 0.003, 600.0 
5,45.0,0.0,3.0,1 

3, 14453.2,380.0,7296,8, 10.0,0.0025,0.006,40.0 
8, 10.0,0.0025,0.006,40.0 

3, 14453.2,380.0,7296, I. 2.0,0.0025,0.006,40.0 
I, 2.0, 0.0025, 0.006,40.0 

6,45.0,0.0.3.0,1 
1,62496.0,885.0,16416, liS, 120,0.003,0.008,600.0 

liS, 120,0.003,0.008,600.0 
I, 82496.0, 885.0, 16416, liS, 120,0.003,0.008,600.0 

liS, 120,0.003,0.008,600.0 
Beam input type 
I 
Beam data 
I, 72.0, 2.0, 7.0, I 
2, 181980.0,24264.0, 7.38, 37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2.181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2. 72.0. 7.0, 7.0, I 

2,181980.0,24264.0,7.38,37.0,0.0004,0.003,2400.0 
7.38,37.0,0.0004,0.003,2400.0 
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--
2.181980.0. 2·n6·l.0, 7.38, 37.0. 0.0004. 0.003.2400.0 

738.37.0.0.0004.0.003.2400.0 
3. 72.0. 70.20. 1 

2. 181980.0.24264.0.7.38.37.0.0.0004.0.003.2400.0 
738.37.0.0.0004.0003.2400.0 

2. 181980.0.24264.0. 7.38, 370.0.0004.0.003.2400.0 
7.38,37.0, 0.n004. 0.003, 2400.0 

4. 72.0,2.0, 7.0, I 
2,123186.0,19411.2, 7.38,37.0,O.000~,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
2, 123186.0, 19411.2, 7.38, 37.0.0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003. 2400.0 
5, 72.0, 7.0, 7.0, I 

2.123186.0.19411.2,7.38,37.0,0.0004,0.003,2400.0 
7.38,37.0.0.0004.0.003, 2400.0 

2, 123186.0, 19411.2, 7.38, 37.0, 0.0004, 0.003, 2400.0 
7.38,37.0,0.0004,0.003,2400.0 

6, 72.0, 7.0.2.0. I 
2. 123186.0. 19411.2, 7.38, 37.0.0.0004.0.003,2400.0 

7.38,37.0.0.0004,0.003.2400.0 
2. 123186.0, 19411.2, 7.38, 37.0, 0.0004,0.003,2400.0 

7.38,37.0,0.0004,0.003,2400.0 
7.72.0,2.0,7.0,1 

2,43675.0,9705.6,7.38,37.0,0.001.0.003,2400.0 
7.38.37.0,0.001, 0.003, 2400.0 

2,43675.0,9705.6,7.38,37.0,0.001,0.003,2400.0 
7.38.37.0,0.001,0.003,2400.0 

8, 720, 7.0. 7.0, I 
2,43675.0,9705.6,7.38,37.0,0.001,0.003,2400.0 

7.38,37.0,0.001,0.003,2400.0 
2,43675.0.9705.6, 7.38. 37.0.0.001.0.003,2400.0 

7.38.37.0.0.001.0.003.2400.0 
9,72.0, 7.0, 2.0, I 

2,43675.0,9705.6.7.38,37.0,0.001, 0.003. 2400.0 
7.38,37.0,0.001.0.003,2400.0 

2,43675.0.9705.6.7.38,370.0.001,0.003,2400.0 
7.38,37.0,0.001,0.003,2400.0 

HYSTERETIC DAMPER BRACES PROPERTIES 
o 
I, 1.0, 80, 3. 
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 
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5.3.I,l.l.:! 
6.4.1.2.1.:! 
7.4.1.3.1.2 
8.3.1.4.1.2 
9.5.1.1.0.1 
10.6.I,:!.0.1 
11.6.1.3.0.1 
12,5,1.4.0,1 
Beam connectivity 
1.1.3.1,1,2 
2.2,3.1.2.3 
3.3.3.1.3.4 
4.4.2,1,1.2 
5.5.2,1.2.3 
6,6.2,1,3,4 
7.7. I, I ,1.2 
8.8.1,1,2,3 
9,9,1,1,3,4 
BRACE CONNECTIVITY 
1.1.3,1,1,0,3,2,76 
1.1.3.1,2.1.2.3,76 
3,1,3,1,3,2,3,2,76 
Type of Analysis 
3 
Static loads 
0.0.0.0 

--

Dynamic Analysis Control Data 
0.30.0.0,0.0005,32.0.6. I 
Wave data 
0, 6400, 0.005 
EI-Centro - EARTHQUAKE 
flca30.a 
Output options 
o 
o 0 000 
STORY OUTPUT CONTROL 
3,0.005.1,2,3 
floorld 
floor2d 
floor3d 
Hys output 
0,0.0.0,0.0 
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NOTES. The earthquake ground acceleration record IS read separate!rp"om a file 
named 'jlea30.a· as specified in the inpw data 

CASE STUDY #10 

inpul filename: 
data filename: 
output filename: 
results filename: 

file: idarc.dat 
case I O.dat 
caselO.out 

file: caselO.dat 

idarcdal 
case/O.dal 
idarc.oul 
case/O.out 

CASE STUDY 10: MASONRY INFILLED FRAME TESTED IN SEISMIC LAB 
Control Data 
3, I ,0,0, I ,0.1 
Element types 
2,1,0,0,0,0,0,0,0,1 
Element data 
6.3.0.0.0.0,0.0.1 
Unit system 
1 
Floor elevations 
12,82.512,94.512 
Number of duplicate frames 
1 
No of column lines 
2 
Nodal weights 
1,1.3.375.3.375 
2, 1.3.375,3.375 
3. 1,3.375.3.375 
Env generation option 
o 
Masonry properties 
1,3.408,0. I 23,O.O()3,O. 1 15,0.120,0.3 
Hysteretic Control 
1 
I, 10.0. 0.0. 0.0. 1.0 
Column input option 
I 
Column data 
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1. 70.512.4.0.4.0.1 
1.456228.553.2. 138187. 142.96. 146.19.0.000735.0.003.2850 

142.96. 146.19.0.000735.0.003.2850 
1.456228,553.2, 138187. 142.96, 146.19.0.000735.0.003. :!850 

142.96. 146.19,0.000735,0.003,2850 
2, 16.0,4.0.4.0,1 

1.456228.3250., 138187, 142.96. 146.19,0.000735. 0.003.2850 
142.96. 146.19,0.000735.0.003.2850 

I. 456228,3250.,138187,142.96,146.19. 0.000735. 0.003.2850 
142.96, 146.19,0.000735.0.003.2850 

Beam input type 
1 
Beam data 
I, 100.5,4.0,4.0,1 

1,414903, 46102.124.45.127.3.0.000725.0.003,2375 
124.45, 127.3.0.000725.0.003,2375 

1. 414903, 4610.2.124.45.127.3.0.000725.0.003.2375 
124.45. 127.3,0.000725.0.003.2375 

Infill Wall input 
Intill panel geometry 
1.0 
1,3.504,92.008.62.480 
175.23,165.504.112.726 
1.0.0.1,0.9,2.0,0.02 
1.0.22,0.05,0.1 
0.2.0.8,1.0,10.0 
Column connectivity 
1.2.1,1.0.1 
2,1,1.1.1.2 
3.2,1,1,2.3 
4.2.1.2,0,1 
5.1,\.2.1,2 
6,2,1,2.2.3 
Beam conectivity 
1.1,1,1.1.2 
2.1.2.1,1.2 
3,1,3.1,1.2 
lnfill wall connectivity 
1.1.1.2.1.1,2, I 
Type of Analysis 
4 
Static loads 
0.0.0.0 
Quasi Static Analysis Control Data 
1 
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1 
3 
25 
0.,0.3,0.,-0.3,0.,0.3,0.,-0.3,0.,0.65,0.,-0.65,0.,0.65,0.,-0.65,0.,1.3,0,-1.3,0.,1.3,0.,-1.3,0 
0.001 
Snapshot Output 
o 
0,0,0,0,0 
Output options 
3,1.1.2.3 
FRll.PRN 
FR22.PRN 
FR33.PRN 
Hys output 
0.0.0.0,0,1 
lnfill Wall # to be printed 
1 
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APPENDIX C 

DEFAULT SEITINGS IN FILE IDDEFN.FOR 

The following table contains the list of the control variables used in IDARC to 
dimension the variables used during analysis. The executable PC version of the program 
is compiled using the default values listed below. The default value for each variable 
may be changed in the file IDDEFN.FOR. and the program recompiled to take into 
account the new variable sizes. 

Variable Default Variable Description 
Name Setting 
NNI 10 Maximum Number of Stories. 
NN2 5 Maximum Number of Frames. 
NN4 15 Maximum Number of Venical Lines. 
NN5 SOO Maximum Number of Degrees of Freedom. 
NN6 300 Maximum Half Band Width. 
NNC 100 Maximum Number of Column Elements. 
NNB 80 Maximum Number of Beam Elements. 
NNW 40 Maximum Number of Shear Wall Elements. 
NNE 10 Maximum Number of Edge Beams. 
NNT 10 Maximum Number of Transverse Beams. 
NNR 10 Maximum Number of Rotational Spring Elements. 

NNDI 10 Maximum Number of Viscoelastic Dam~er Elements. 
NND2 10 Maximum Number of Friction Damper Elements. 
NND3 10 Maximum Number of Hysteretic Damper Elements. 
NND4 10 Maximum Number of Infill Panels. 
NPI 5 Maximum Number of Concrete Tvpes. 
NP2 5 Maximum Number of Steel Reinforcement Types. 
NZI 10 Maximum Number of Output Histories for Dynamic 

Analvsis. 
NZ2 3001 Maximum Number of Points in Earthquake Wave. .-
NZ3 10 Maximum Number of Hysteretic Propenies Specified. 
NZ4 200 Maximum Number of Points in Monotonic Analysis and 

Qua~I-Static Input. 

Table B.I Default M<lximurC' Settin~s in File IDDEFN.FOR 
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APPENDlXD 

FORMULATION FOR MASONRV INFILL FRAMES 

The following formulation is used in the program to calculate the hysteretic 

parameters for masonry infill frarnes. The formulation is adapted from Saneinejad and 

Hobbs (1995). 

The permissible stress f. for the masonry strut in compression is calculated as: 

f. = fc[l- ( ""-Y 1 where f, = 0.6«11 f~ and ~ = 0.65 
401, 

(DI) 

The upper bound or failure nonnal uniform contact stresses at the column-infill interface 

0,0 and beam-infill interface cr bO are calculated from the Tresca hexagonal yield 

criterion as: 

f 
. 0 = ' 
• 1>0 I ' 1+ 311' " ,.., 

(D.2) 

Where r is the aspect ratio of the mfill. i.e. r = hI'; and J.l, is the coefficient of friction 

of the frame-infill surface. The contact lengths at the column-infill interface o.,h and 

beam-infill interface a.' Me calculated from equilibrium as: 

r2M +"13 M a h = I Pl -, pc < 0 4h' , V cr,or _. (D.3) 

(D.4) 

in which 130 = 0.2 . 

The actual nonnal contact stresses 0 ( and (J b are calculated fonn the rotational 

equilibrium of the infill panel using the following methodology: 

0·1 



= cr (~) ,0 A 
<" 

(D.5) 

If AI> ~ Ac then: 

cr c = cr cO and 0 I> = cr 1>0 ( ~: ) (D.6) 

Where: 

(D.7) 

(D.S) 

The contact shear stresses at the column-infill interface 1c and beam-infill 

interface "t~ are given as: 

The sloping angle a' of the masonry diagonal strut at shear failure is given as: 

(D.9) 

(D. 10) 

(D.11) 

The controlling parameters of the smooth hysteretic model exhibit well defined 
physical characteristics if the following constraint is imposed: 

A = P+')' (3.???) 

When using masonry infill panel elements. the following are suggested values of the 
smooth hysteretic parameters (Reinhom et al.. 1995d): 

A = 1.0. P = 0.1. Y = 0.9. 11 = 2.0 

~c = 5.0 
As = 0.3 

Z, = 0.1 

Z=O.O 
Si ",0.1 

sri = 0.8 

Sl'~ = 1.0 

Other values can be used to achieve different hysteretic response characteristics. 
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".K KUllnalh'lIl" N. l',mah,hahI.Y·7XK. ~I'BKlJ20715.'. A07. MI'-AOI, 
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NCEfR-IIS-11113b "Soluuon III Ihe DaRl-Re'CrVlllr IrU..-Ia,lI\In P",h!em I ~"nf .I ('IIlIIhllldllon "' H-,M, BtM wllh Pall..-ular 
Inl"~ra". Mlldal Analy,,,. and Suh'lru'lunn~." h~ COS -hal. C;C Lee and R.L K ... ner. 12'31·111(. 
I PHIIIJ-.!07 140. A04. MI'-AOI' 

NCEI'R-IIK-IMi37 "Oplnllal Pla .... menl ot A,lualol\ IIIr Slru,lur.1 Control." hy '-.Y (,hellf and c.p, Palllellde', KI~:KK. 
,PHKIJ-102K40. A05. MI'-AOI), 

NCI:I'R·IIH-IMnK "Tdl,'n !karlng, HI A, ... ""II\: Ha' ... ""Iallon: I;\pertrncntal Siudle' and Malhernatl • .,1 MllddUlj!." 11) A 
Mllkh •. M.e. CIIIl,tallllllou and A.M, Relllholll. 12i~!III1. (PBH'J-2IK4~7, AIO, MI; AOI) TIll' report I' 
al'Jllahk "Ill~ Ihruufh NTIS I'el: add,e" fllell aho\'el 

NCEI;R-IIK-IMnlJ "Sel"lII( Ikhanllr lit Hat Sial> Ih~h·RI'" Hutldlnf' In Ihe N ... " YllrK Cily i\,,~ •. " h) 1'_ Weldltnger anll M 
Htoul1ey. 10i1~1I11. (J'8IJO-145tJKI. A04. MI'-AOII, 

NCEER·KII·IM140 "I'.-aIUJII"11 III the Earth"ua).,e R",,'I<I"':'" III '-_x"tilif 8U1111111~' III N ... " Yllrk ('II)." h) 1', Welllllllg"r anll 
M _ FlIIIU""Y _ I ()' l:'i MH. til he l'uhlt,hcJ 

NCEER·KK-IM141 "Small-S.al ... Mudchng f".:hllllJuc, 'ur RCIIl"" .. ~lI ClIlllrctl: Strudulc, SUhICl'ICd to SCI\IlIl, Load,." hy W 
KIIIl. 1\. !'It'llar and R.N While. II 22MK, IPBK'J-llIlJfl!:'i. 1\05. MI'-/\Oll 

NCEFR-III1·IM142 "Mlldehng Slrullg Gruund M",,"n !rlllll Multlpk """rn Ldrlh"uah"." h)' G.W, LIII' and t',~ Ca"'l1Ia~. 
)()/I~/IIII. (I'BH9-17444~. A03. MI'-AOI) 

NCEER-IIK-IM43 "Noll'tauonary Mlld ... h of S"'Nnll: Ground /·,,:.deralloll, " hy M_ GII!!II"U. S.L. RUIl and 1:_ RII,~nhlucth. 

7 15'HH. cPHIN-IHYflJ7, N14. MF-/\Oll 

NCITR-!(K-IMl4ol "SARCF [I'cr', Gu,llc: SCI\IlIll. Anal,,,, "' Rcml"flcd ('"nucle I'rallle,_" h~ Y.S_ Chung. C Mc\cr Jill! 
M 'ihmUlul ... II ,Y'III1. (I'HH9·17445l. AUH. MF-I\OII. 

NCEER-IIX-()(145 "I'll\! I'xpert Panel Mcctlllg lin J)1~J'ler Re~eardl alld Planlllng." ,'llllell hy 1_ I'anleh. anJ J, Sloylc. 
Y,' 15 IHII. ~ P811'1-174460. A05. 1\1 1'·'\0 II, Th" rep"" I' only avallahlc Ihrou~h NTI~ (,"" allllrc" f 1\ I:n 
a),.,,''')_ 

NCI:I-_R-KK·(Ml4o ""rehn1lnary Studlc, of the I:ftcll .. I [)c~ladlll~ Inltll Wal" on thc Nonlinear ~c"mll' Rc,,,,nl'c 0' Sled 
1-la111c,." h)' ('1 (,hr) ""11I111"U, 1'. Gel!!cl) and J I; Ahd. 1~!lyl!\lI. (J>BIIY-20K~II~. AO~. MI'-AOII. 

NCI!J!R KIIIM147 "Reml"rle" ('oncrele hdme CIII11",IIICIII TC'\ln~ Falllll) - 1>C"gll. ('III"uu.uon. ImlfumcntatulI1 anll 
Operauon." hy ~ I' "e"I~1. C Conic). T, Bond. I' (jcr~cly .. nd R.N. While. 121fliHK. cPHII'J-J7447K. 
"'14. MI'-AOI). 

NCI:ER-K'J-IMMll "Eftee" nl Plnlcell"c Cu,h .. 'n and Sill I ('ompltalll) Oil lite RC'I'III"" .. I I'"UII'IIICIII Wllhm a ~c"'llIl'aJly 

h':lIed8ulldln~." hy J,A. IIl1l.ung, 2ilo/X'J, (I'BK'J-.!CJ7J7'1. Allol. MI'·AOI J, 

NCI;I'.R-K'J-(MMI2 "~Iall,ti.al I:,aluallolllll Rl"pnmc MlldllllatlO" Fa"",, lor Rl'lIIlnrcctl Concret" Slrut'IUr",." h) 11.111\1. 
IIwang and J·W Jaw. 217:IIY, cPBK'J-207J1I7. A05. MI'·I\OI J. 

NClJ'R·H'J·(MM)) "lIy,lcrelll (' .. IUIIIII' \:ndel Rand.1II1 1:\.lIalll,n_" hy G-() ('al and YK 1.111, I/'J!HIJ. IPBH9-I'JMn. A03_ 
:'I<II;·AOI I. 

NClTR-K'J-IMMI4 "I:xpenlllclllal Sludy III Tkrhant h,'1 Bulge' hNa)-llhly 01 Thlll-WalleJ Melal Tan~'." h) ?-II l,a anll 
R." Keller. l'l2;Xl), d'BH'I-207J'I5.f\II_'. I\1I'-AOII 

N('J+R-K'J'I"")~ "1'.xpelllllCIIl 1111 1'",lormal1'I: III Buned PlpelIllC' A" .. " San Andrea, l·aull." hy J. I,,,nhel!!. F 
R .. hard,"" and T.D. O'Rourke. -', J()/!!'I. rl'BK'J-.!I lIol40. A(~. MI'-AOII Thl' ,,·pt'rl " .,,"lahk 11111) 
Ih",u~h NTIS I 'cc aJdre" ~1\.'l'1I .ht"e) 
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NCEER-!!9-(lO()6 "A KI1<,wlellgc:-8a...:1I Approa.:h Iii Slruclural 1>C.-gn ,,' brth'luakc-Re",Lanl liulld,"~,," Il~ M 
Sullramilnl, 1'. Gcrj!dy. CII. C'unlc:~, 1.1' Ahel and A.I/. I.agh .. , 1/151H9, IPIi!j<J-21K4h~, A()t" MI' 
AOI ~. 

NCEER-89·0(}()7 "L''1uc:''''II''n Halard, and Th",r Uk,'I, un Iiuncd Plrellne,." Il) T.D O'R,'urkc anll PA Lane. 21 liMY. 
f.PB89·21K4HI. A(I'I, 1I1(,·AOO 

NCEER·89-llIkIK "t'undiimcntlb ul Syslem 11IcnllhcaluIfI III Slru<:lural Dynanll<"," Ily 1/. hllill, ('.8. Yun. O. Maruyama anll 
M. Sh'I1<'Lula, 1/16iK9. IPBK9-20nll. A04, MF-A(lll 

NCEER·S9-0tlll'l Tneel' "t Ihe 1985 M .. hllacan hrthqualt: "n Waler S~'It:III' and Olher Buncd I,klllles III Mc .. w." I>~ 
A.G. Ayala alkl M.J. O'Rourke. JIS/K9. (l'HK9-107;!19. All(,. MI·-A()I~. 

NCEl:R·89-ROIll "NC'EER Hlhlougral'h) ", Earth4wl..e l;du.·dllOlI Malenals." Ily K .I'..K. R"", Se,'und Rnlsuln. yl I :H9, 
(PB9U- L!S352. AOS. MF-AOI). Thi, rel'''rl "rc:placcd Ily NCEER-91-0018. 

NCEER·SY-(Wlil "Inclaslle Three-DlIllcn\lunal Rcsl'unse "nal~,IS III Remlorced C""crcle Hu,IJlII~ Slru,'lurcs III)AR(,-3I>1. 
Pari 1- Moochn!!: Ilv S.K. Kunoalh dnd A.M. RClllh"rn, 4/17;89, (PBIIO-114612. A07, MF-AOI~. 

NC'EER·H9-lk1l1 .. Re .... lIl111enJ"J MIIJ,li<.:allllrh III AT(,-14." Ily C.D PlllallJ and 1,0. Malley. 4! 111H9. (/'B9()·IUHMH . 
.... 15. MI'·.'\(lI). 

NCITR-!N-tWIIJ "Rcllalr and SlrclIglhelllnl! ul Healllh,THlulI1n (''''IIlL',IIIln, SUhJcL'lell III Fanhquake L,'adlll!!." Ily M. 
('uralao .lIId A J Durrano. 21281H9, I!'INO HI'JI!K5, '\I)t,. MI·-AIlI~. 

NCI+R-R9-(I1l14 "Pro!!ram FXKAL~ '"r "'enlllt~al"'11 01 Slru~lUrdl D~nal1l" S~sle!m." Il~ O. Maruyama. C-Ii YUII. M 
If",hlya and M. ShllllllUka. 5: 19!HY. (PH90·IIlYH77. AI 1'1. MI'-AIlI). 

NC'EER-89-00 I ~ .. Re\poll\l' "' hame, Wllh H .. hcd SCIIII·RI~,d COllnecllOlIs. !'art I I'xpcrnncmotl ~Iudy and Allalyll~al 
Pred!':lIon,." hy P.1 [)'('or, ... A.M. Relllhorn. 1.R Dld.er"'II. 1.B. Rddllnumkl and W.L Ifar""r. 
6/ I ,89, 10 he pullll\hcd. 

N(TER-89·INII" "ARMA M"mc ('arl" SlIlIulalllln In Prnllahlllsllc Slrut:lural Analy,,': Ily I'.D. Sran", and M.P. 
M'l,!lIolel. 7,'J()/H9. (PH90-J(I'IH9J. A03. MF-AOII 

NCEER-8Y-Pc.n7 "Prdllmllary Pwccclllllg' twm Ihe Conkrcm:c lin I)isa,tcr Preparcdncss . The Placc 0' Earlhquake 
I:dut:alloll III Our Schnoh: Ethlcd h~ K.E.K. R,M. 6113/89. tPIi9l1-)(I!!b(l(" AO.l. MFAOI). 

NCEER-~9-{)()17 "Pnll.:ced,"~s from Ih~ ('onlerl'lIt:c .. n D"a,rer Preparedness - The Plan' HI' Earthquilkc Eoucallllll III Our 
St:J. .. ol,." Edll~o hy ".I'.K. Ross. 1213I IR9. IPII90-2071195. AOl2, MF-A(2). This report" avallahl .. only 
IhlllU!!h NTIS i sce address ~lVen a"'lYc). 

NCEER·89-IKlIH "Muludlmcn'''"lal M"deh of 1I~'lcrcl" Malcnal IIchaVior '"r V,hralu," Analp" of Share Memnry 
Energy Ah,orhlllg Ikvlt:cs. hy F.1. Grdc"cr and 1'.1\. CO/ldrcill, "17IK'I. IPH9II-I04146. A04, MI:-AOI) 

NCEER-H9-(NlI 'J .. N"nllnear Dynamll: Analy'!', 0' Thrcc-Drnlen"lInal Ha,c ,,"lalcd Slruclurc, I JI>-liASIS~." hy S 
NagaraJalah. A.M. RClllhorn anll M.e ('o"slallllnou. 8!3/H9. (pH9Il-16193", All(" MI'-AOI). ThIS rt.'l'"rt 
ha, hecn repla,eo hy NCEER-9~-(m I. 

N(,I'ER·89-0011l "Slructural Coni rill ('IIn"denn!! TIIIlt'·RdIC "' ('IIl11rol "'"C'CS dnd Comrul Rate ('II"slraml\," Ily I'. Y 
Cheng alld c.P. Panlelldl's. ~'J,89,IPII9II-120445, AIJ.a. MI'·AIlI). 

NCH·.R-K9-1011 ·Suh"lrf;lI:e e"OOIIIII"' 41' Mcmphi' alkl Shdhy COUllly: hy K W. Nj!. T-S. ('hang and II-II M. Ifwang. 
7126189. (PH9Il-12(J.aU. AOJ. MF-AOII. 

NCEER-89-0022 "SelSm,c Wave Propagal,on Ulcel, on Slra'l,!hl l"lIIleO HUllcd ("rellne,," h~ K. F1hmao. alld MI. 
O'Rourkc. !1:241119. (P891J-162.'22, A 10. MF-A(2). 

E-6 



NCEFR-89-0023 "WlIrk,hllp .. n Servl\:~ahlhty AII.II) 'I' "' Waler I~h":ry S~'lcm'," cd ned ~ M. Grrgurlu, 3:6/119, ,PB9(I-
127424, AOJ, MI'-AOII. 

NCEER-89-()024 "Shitkln~ Tat-Ie Study 01 a 1/5 S.atc Sled Frame CO"'I",'-Cd 01 Tapcrell Mcmht:r .. ," h~ K.C Chan~, J S 
IIwan~ and G.c. I~, IJ!I~j89. 11'89(1-16(1169. AIM. MI'·AOII 

NCEER-89-()()2S "DYNA I D: A Cu"'pulel Pmgralll tor Nonhnear Se"IIl"; S.te RC'I"'lbC Anal) ", - Tcdmh.:al 
l>ocUmenlalll,n: h) Jean If. PII:v",I. 9/14iK'I, (PB9(I-161944, A07, MI'·AOII. Th., rCflIm " aVd.lahk 
only Ihrnu~h NTIS I",e addre" g"en ah.,vel. 

NCEER·1I9·()026 "1:4 S,alt: Mlld.-I Stud,,:, lIt Alll\" T':lIlllln S)'tCIll' and A.:"", MOl" I>aml"'" 'or A,cl""'': Pwlc"wn." 
hy A.M R"IIlhuIII, T.T. Su"nl!, R.C 1.10. Y.P Van!!. Y l'uLan. II Ahe and 1'.1 Nabl. 'I, 1"i,IN. (PR9('· 
17,246. AIO. MI'·A021. 

NCEER-89-IX'l7 "SCallenn!! 01 Wave, hy Irldu,ulI1' III a r.;"nhomllgellellu\ l'Ia,l1( lIall Spa,c Snlvcd hy Hllulldar~ UemcllI 
Melhl"h." h} PK lIadk)'. f\. A,l.ar amI AS C'..l.maL. fl' 151119. IPB9('-145f199, A07. MFAOII. 

NCEER·~IJ·002X "Slall,lh:al Fvalualllln "' 1~'kcI"'" Ampllhcallllll \-JeWr' tnr Rem!IIr,cd Cun,rele SlruClure,." h) 
11.11.1'.1. IIwang, J-W. law and A.1. Ch'nf. X/Jill'!. (PRO)('IMflJJ. A05, MFAOII. 

NCEER-89·(X)29 "lkdrlld ACl:c\eralilln\ III Memph., ,'rca Duc 10 Lar~e New Madlld Eanh4uaLe,: hy 11.111'.1. IIwanl!, 
C.II.S Chen and G. Yu. 1I.'711!9. IPB9(I-Ifl2J311, 1\04. MF-AOII. 

NCEER·1!9'(XHO "Sc"m.e Beha~lor and RC'I",nsc Scn'llIvllY III' Se",ndar~ Slruelural Sy'lcm,," I>y Y.Q Chen and T.T. 
SOling, 1012311!9. (P890-liI4MS. AOIl. MF·AUI i. 

NCEER-89·0031 -Rand(lm Vlhralilln and Rehal>lhlY AnaIY'I' "' Pllmar~ ·Se,nndar~ StrullUral ~Y'h:m'." hy Y. (hrahlln, 1'.1 
GII!:IIIlU and T.T. S.","!!. 11!1O!~9, (PB9(I-(61'151. AIM. MI'-AOI,. 

NCEER·89·I)032 "Pnll:ecdll1~' fr"l11 Ihe Sc"""d \l.S .. Japd" W"r~,hllp on l.14udaclllln. Largc Ground Dclmlllalwn and 
Th':lr Efl!!""," l.lldll1t:" Scplc",hcr 2f1·29, 19!19." I'dlled 1» T.D. ()'R"urk~ and M Hamada. 1~'1.'~9. 

IPB90·209388, A22, Mf'·A031. 

NCEER-89-lkH3 "llclerlllumlK Mndd for Se"mK Damage I'valualllln 01 Relll'lIIced ('"nucle SlIu,lurcs." hy 1.M. Hra,CI. 
A.M. RClI1horll. J.B. Mander and S.K. Kunnalh. 'Iln:H9. IP891-IOKHlI~. AOf>. MI'·AOII. 

NCEER·89-lMl.34 "On Ih ... Relallon Helween I.llCal and Glohal Damage Indl,e'." hy E. 1)IPa'4uale and A.S. CaLmak, 
11115189, IPR90-17311f15. A05. Mf'-AOII. 

NCEER·R9,,(Xt35 "CycliC IIndrall1cd Ikhavlor Ill' Nllnplaslll: and Low Pla'ilell) S.Il,," I>y A.J. Walkcr and H.E. Slewart, 
712f1/H9, (PB90-183518. A 10. Mf'-AOI). 

NCEFR-R9-OCt36 "!.I'Iuclacllnn Plllcnllal Ill' SurfiCial ~flI',il' m lhe CII) "' Rulfalo, New Yllr~." hy M. 8udhu, R. Giesl' 
and L. Baumgrass. 1/17/89, !PBQ()-20S45S. A04, M!'-AIII i 

NCEER-1!9·()O]7 "A llclcrmmlsllc A'~s'mcnl III' Hle':ls "I' Glllund Mllllnn locnher.:nce." 1» A.s. Velcl"" and Y. Tang. 
7/15/89. IP890-liI4294. A03. MF-AOI). 

NCEER-89-0ms "Wmhhup nn GIIIUnd Mnllnn Parameler, tnr ScNlII, lIa,ard Mappmg," 1ul~ 17·11!. I'lS9. edlled hy R \' 
Whllman, 12i1iR'l, !PB90-17W23. AIM, Mi-AIIII 

NCEER-\!9-0039 "Se"mlc Hfc,,, on Elevdled Tran"l l.lIIe' ". Ihl.' Nl.'v,,, York ('II) Tran,,1 Aullll11!ly." h) (,.J (''',lanlll1o. 
C.A. M.llcr and E. Heym,held, 12:26'1!9, IPR9()-207H!!7. A()fI, MI:-AIIII 

NCEER·1!9·()(MO "Cenlnt'ugal Mndehng "I 1J}'nam'~ S"ll·SlrudUII.' Inleracl.lln," 1»' K. Wel,sman. Supenl'cd Ily 1.11. 
Prcv .. ,I. 5/111/R9. (PR~I-207K79. A07. MI'-AOI) 
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-
NCF.ER-89-()("1 "LlIlearlLt:d Identl"~allon "I IJulldlll~' Wllh Cllrt" lor SCI'III1C \'ulnl'ral'lIht~ 1\"e"lIIelll." h~ I-K. 1111 Jml 

AE. Aklall. 1I:I/H'I.IPHIj('-~519·H. A07. MI· AOII 

NCEER-'JO-O(Xll "Ge .. te~hnK·al and Lllehll( A'pe.:t, 0' the (ktilhcr 17. 1 'IK'I \.IIlIIa Pncla 1·.anh4ual.c III San 1·lal\(I'<·"." h~ 
T_Il. O·Rourk<'.II.I·. SICwarl, F T Hldcl.hurn and T S DKl.crlllall. 1 '10. II'BIj()·.:!O~WI1. AO~. MI'-AUI, 

NCH:R-Ij('-I)()()2 "N,,"normal S':'lIndar) Re'I"'II,c Duc III Vleldlng 11\ a I'fIIllar; Strudure." h) D.C.K Chell dnd L I> 
LUle' . .:! .:!H "10 , 1I'",IO·Z5197I1, A07. 1'.11'/\01, 

NCEER-9()-IMMI1 "Earlh4uake Edu\:allllll MalcrlAl, I"r Grade, K·I.:!." h) K.\:.K. R .. ". 4 II1'Ij(,. d'H'II·':!51IJK~. AO~, MI" 
A051. Thl' r(purl ha\ h<:cn rcpl .. ccd h) Nl'I.LR·Y.:!-UlIl!. 

NCI+R·Ij()-()(K14 "Calalll~ 01 Str"ng ~1I11"n Slall"I" In I-.a.tern North Amen' ..... h) R.W. Bu,h). 4',''10. II'BIj()·:!~I'JK4, 

AOS_ MI'-AOII. 

NC'!:I-.R-Ij()-I)()1.l5 "NCEER Strung-MulIlln [lala Ha,e' A II,a Manual I"r Ihe liellHa'c Rdca,," (VI."I"'1II 1.0 IlIr thc SUIl~I," 
hy p. I;nh<:rg ano K. Jawh. 313 lilj() IPBlJ()-:!SI«IO:!, A114, MF·AOI) 

NCEER-90·()()(10 "S.n\IIIIC lIa/anl AIling a ("ruoe (hll'lpelllle III til<" hl'lIl 01 all IHII-l!lL~ .,1'" Ne'A !'.1aono Earth4ual.l'." 
hy IUI.M. IIwalig alld C·\lS Chell. 4'1(,11j(). (I'BIj()-251!054, A04. ~1'·AIll) 

NCEER-9()-(X)()7 "SIll'·Spel:lhl RC'I"'Il'l' Spectra lor Mcmphl' ShcJhan I'Ull1rlll~ Sldl'"I1." h) 11.11. M. IIwang and (' S 
I.':e, 5115 '90. WH91-IOHKII. r\\)5. MI·A(lI). 

NCLER-lJ('-IM)Ol! "PII"I Sludy "n SCl'nll, \'ulnerahlht~ "I Crude (hi TlaINlIl,,"'n S)'t~n"." h\'1 AlIlllall. R. I>"hr~. M 
GfI~ .. rlu. F. K,,"n. M O'Rourke, T O'Ruurkc and M Shlllo/ub. ~'~5''IIi. II'DYI-toK!07. AOo. MI· 
AOI). 

NCEER-lJ()-IXM)Q "A Program III Generall' SUc [)epend~1ll Tmle 1I"lunc.: !:(}GI·.N." h~ G.W Llh" M. Srll1l\a.'aIiOino A.S 
Cakmak, 1/~1I11j(). (PIJ91-IOM!U9, A(14. MI'-AOI) 

NCEER·9()·()O\O ".'\o.:lIv.: ""Iatum lor SCI~mi, l'rolcl'IlIln "I 0l"'rallll~ R""IIl'," Il) M.E. Talholl. Supen·l.cd h~ M 
"hmo/uka, Il/KI9. (pB91-11OZ05. AOS, MI'-AOI) 

NCI:I:R·lJ()·OOII "Prllgram L1NEARID "'r Idenllfi<'alu," of I.lIIcar Siruciural Dynalllic SV'ICIIl'," h~ ("·D. Yun alld M. 
Shmoluka. 6125/90, (PD91-11031~. AOM_ MI'AOI). 

N('E1:R·YO·(X)l~ "Two-Dllncn\lollal Two·Pha,l' Ha,to·Pla,lll: Sl'NIllC Rl"Jlon't' ot Earth Dam'." h) ".N Vlago\. 
Supervlwd hy 1.11. Pr(v."I, f>l2()/90. IPB'lI·IIOIY7, AI3. MI'·A(2). 

NCEER-91)·()0I3 "Secondary SY'lem\ '" Ba.c·I",laleo Slr~ture~: E"pefllllenlal Inv."llgalllln. Slllcha,lic RC'(l<ln,c and 
SlUchasu:: S(nMlivlly." hy G.D. Manllh" G. JUhn. M.e. CUII.'lantlllou and A.M. Remhorn. 7!11lJ(). 
(PB91-11Il.\20, AOS, MF-AOII 

NCEER-91H)(1I4 "Scl,mil" Behavlllr "I' Llghlly·Rclllrorced runcrele ColulIln and !kalll,Clllumn 101111 1ll'lall'," hy S.I'. 
Pes"k\' c.\I. Conky. I' Gergely and R.N. While, H':!:!IIj(). (P891-IOK7'1'i. All. MF·A(2). 

NCEI'R-Ij()-OOI5 "Twllllyl>rid ('"ntrol Sy,t.:nh lur HUilolllg Strudurc, Ilnder Strlln~ Farlh4uakc,." h) 1.N. Vanl! ano A 
Dallll'han\. 6/~qlq(). II'D91·1253Q~, A(14, MI'-AOI) 
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