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ABSTRACT 

A computational procedure and co~puter program for. the 

inelastic dynamic response analysis of three-dimensional buildings 

of eS:lentially arbitrary configurations is described. 

~he building is idealized as a series of indepennent 

plane substructures interconnected by horizontd~ rigid diaphragms. 

Each substructure can be of arbitrary geomet.rJ and int'lu.ie 

st~uctura1 elements of a variety of type~. It is not necessary for 

all sl",bstructures to connect to all diaphra.gJ!ls. so that structures 

wi t!-l independent diaphragms of some leve~s ~an bl? idealized (as, for 

example. two towers connected only at the top floors). '!'he analysis 

mAkes use of substructuring techniques to :improve comput'lt'conal 

effie: .-mcy. 

The major limitation is that the coupling ::\f the su1s',rJc-.. 
tures though conunon columns is not fully taken into acco'1:1t. ,;0 

that the idealizatio!1 13 r.':Jt suitable for tuoe-type 'ouildings. 

The program consists of 8. "l\8.se" program which reads arid 

p"-ints data for the structure 13.nrl its loading, allocates storage, 

~arries out a variety of bookkeeping operations, asse~bles th~ 

substructure and building stiffnesses and lOcdings, solves the 

equilibrium equations, ~nd uetermines the displacempnt response. 

This be.se pj"ogram is tl1en cORoined with a Ubra·..-y 'Jf el~ent sub-

\ : ~tI I ' 

routines tc produce (.l'A.:. ~·~m~l·.~~:e progrs . .!. 

elements can be develope'} independently and added to the element 

library with relative ease. Subroutines for truss. beam column, 

shear panel. semi-rigid connection, and beam elements are currently 

included. 



The structure idealhation i8 explained, and the 

computational procedure and computer progrBm logic are deBcr~bed. 

Instructions to be followed when adding new elelllenta to thl! program 

lire presented. A eomputer program user's guide and an ill".l8t~.'ative 

example are ineluded. 

Ii 
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1 • INTRODUCTIC!i 

1.1 OBJECTIVE 

The seismj.c resistant design methods specified in building 

codes are intended primarily to safeguard public safety. Th~y 

recognize that significant structural damage may be acceptab1~ 

under certain circumstances, and imp1icity rely on ~he inelastic 

dpformations associated with structural damag~ to dissipate seismic 

energy. It is essential for safe performance, however, that the 

demands placed by an earthquake on the ductility of the structure 

should not exceed the available ductility, otherwise loss of 

strength may be severe and collapse may result. Methoao of dynamic 

response analysis based on linear elastic assumptions can be carried 

out conveniently and econamica11y, and can greatly assist in the 

production of safe designs. Such meT,hods, however, cannot provide 

dire~t information on the inelastic behavior of the structure, or 

on the ductility demands on the structural members. To obtain such 

information, inelastic response analyses are necessary. 

1 

Buildings are three-dimensional, and often cannot be 

represented adequately by two-dimensional idealizations. In 

particular, if the center cf rigidity of tt.e str'L'cture doec not 

coincide with its center of gravity, tor~ional defurmations will 

occur and it becomes importa-:t to account for three-dimensional 

behavior in ~he analysis. A variety of computer programs have been 

develop~ for the efficient elastic analysis of three-dimensional 

buildings, most notably TABS [3]. Also, aeveral computer programs 

have been developed for inelastic seismic analyses of two-dimensional 

structures, in particular DRAIR-2D [1,2]. The progr~ described in 

this report combines the features ot TABS and DRAIN-~D, to produce 
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an efficient program for the inelastic analysis of certain types of 

three-dimensional buildings. 

Although tall buildings are three-dimensional structures, 

they otten have special features that can be used to reduce the 

computational effort below that required for a full three-dimensional 

analysis. One procedure is to idealize the structur~ as an assem

blage of plane frames linked by rigid floor diaphragms, with no 

enforcement of compatibility for v~rtical and rotational displace

m~nts at joints common to two or more frames. Although it is known 

that this type of idealization may not be accurate when applied to 

{'raming systems of certain types (part icularly framed-tube st.ructures), 

it .. s a sound idealization for many structures and is in widespread 

us~ r~~ line&: elastic analysis. 

The purpose of the research described in this report has 

been to develop a similar procedure for the dynamic ~alysis of 

inelastic building structures. This report describeE the theory 

and computational procedure. and presents detailed instructions 

for use and er;ens ion of the ce.mputer program developed to apply 

the procedure. 

1.2 REPORT LAYOUT 

A review of the structural idealization is presented in 

Chapter 2. The computational procedure is presented in Chapter 3 

and the program concepts in Chapter 4. The prccedures to be 

followed in adding new structural elements are des:ribed in Chapter 

5. A sample problem is present~d in Chapter 6, and conclusions in 

Chap~er 7. Appendix A constitutes a detailed User's Gude for the 

program. 
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2. STRUC'l'UP,E IDEAT.lZATION 

Several authors have proposed methods of analysis which take 

advantagt' of the special features of typical building frames. Clough, 

King and Wilson [4] and Wilson and Dovey [5] treated the structure 

as an assemblage of plane fr9~es linked by rigid floor diaphragms. 

This technique grebtly reduc~'s the computational effJrt. but does 

not enforce compatibility of the vertical and rotational displace-

ments at joints common to two or mC'r,~ frames. Weaver !:.nd Nelson [6] 

used a complete three-dimensional aIJproach to the analysis of 

bulldings. assuming rigid floor diaphragms and a rectangulal' layou ':. 

of framing members. Wilsun, Hollin3.3 and Dov(':,' [7] and Nair [9] 

a~.so used a three-dimensi. .nal id(~~l~,zation. but improved the 

\ 
computational efficiency over that e,f a f'uil three-dimensioTlf'1. 

analysis by allowi.ng ..... nly displacelr.p.r.t:, in ·,he plane of the fra.rr.~ 

at joints which are not common to two or :'ore frames. 

A basic assumption of these methods is that each flool' acts 

as a rigid horizontal diaphragm in its own plar.e, so thu,t the 

horizontal displacements of all points in the diaphre,gm plane are 

uniquely determined by two translations and one rotation of ,each 

floor. In accordance with this assumption, the l)eams are assurred 

to bend only normal to the floor slab, and to have no axial st~ain. 

The computer program TABS [31 and various program~.; balO ed (~I 

Reference [41 are in widespread use by- the engineering profes:;ion. 

Although it. is known that they may not be accurate when appli,~d to 

framing systems of certain types (particula~ly framed-tub~ st-uctures). 

the results for most tall building structures are sufficiently 

accurate for use in design. 
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The ideali zatic.n se) ected herein for the analysis of' 

inelastic frame building$ is essentially identical to the TABS 

idealization. However, each individual frame is idealizaed as in 

the DRAIN-2D computer p~ogram [1). so that the resulting idealiza

tion allows rather greater generality than TABS. In addit:!.r _, 

greater freedom is allowed in the positioning of the floor diaphragms. 

With reference to Fig. 2.1, the structural iaealization can 

be summarized as follows_ 

(a) The building must be separated into a qeries of discrete 

plane frames, connected together by rigid horizontal 

dia.phra.gms, as indicat~d in Fig. 2.1(a). Each frame 

must lJe in the vertic(ll plane. but ma.y othervise be 

essentially arbitrary. A typical frame is shown in 

Fig. 2.l(b). The frames may be arbitrarily oriented 

and located in plan. 

(b) Except for the co~~on cclumn approximation noted later, 

the only connection betveen frames is through the 

diaphragms. The diaphragms are assumed to be rigid 

and horizontal, but may otherwic~ be located arbitrarily. 

For example, there may be two or mor~ independent 

diaphragms at any level, as shown in Fig. 2.t(b) for 

diaphragms 6 and 7. Some frames may be connected to 

a given diaphragm and others not connected, us in 

Fig. 2.1(b) where the frame shown is not c~nnected 

to diaphragm 5. 

(c) The dis,lacement degrees of freedom for any frame are 

organized into two groups namely, (1) internal degrees 

of freedom and (2) connected (or external) degrees of 



freedom. The horbontal displacements at those1oints 

which COlmect to diaphragms are kinematically related 

to the diaphragm displacements, the relationship 

depending on the frame orientation and its location 

relative to the diaphrarm center. These horizontal 

di~placements are the c~nnected degrees of freedom of 

the frame. All other displacements are internal 

degrees of freedom. 

(d) Compatibility of vertical and rotational displacements 

at joints cor-mon to two frames is not enforced. For 

jOint rotations, if two frames intersect ~t right 

angles in plan view, then the rotat ions -.n.ll act ually 

be uncoupled provided the prirlcii>al axes of the beams 

and columns lie in the pla:1es of the fra.tes. For 

other cases, however, the rotations will not be 

uncoupled, and hence the structural idealization is 

approximate. The assumption that common joints may 

have different vertical displacements, and hence that 

common columns may have different axidl deformations 

in each frame, introduces a more serious approximation. 

To avoid the inconsistency of computing two or core 

different axial forces for a single column, an approxi

mate correction for co~on-column effects is made, as 

described in ';he followj.ng paragraph. However, dis

placement cOJDiJatibilJty is not enforced, and hence the 

id~alization is not s11itable for structures such as 

framed tubes. in which there is substantial coupling 

through common columns. 

5 



6 

(e) It is assumed that the axial forces in columns which 

are common to two different frames can be obtained by 

adding together the forces calculated for the two 

frames. This addition is carried out by the computer 

program and the combined force is used in assessing 

P-M interaction effects for common columns. For 

framing systems in which the computed behavior is 

likely to 'be affected lit.tle by axial deformations of 

the columns, this approach is believed to be a reason

able one. Because the dynamic analysis is performed 

step-by-step in a series of small load increments, 

consideration has been given to a successive corrections 

procedure in which ver~ical displacement compatibility 

Is enforced by adding corrective nodal forces at each 

time step to eliminate the incompatibility while still 

satisfying equilibrium. At the ti~e of writing, 

however, this procedure has not been incorporated into 

the computer progr~. 

(f) For dynamic analysis the mass of the structure may be 

lumped at the joints of the fram~f for vertical inertia 

effects, but should preferably be lumped entirely in 

the diaphragms for horizontal inertia effects. Lumping 

of the vertical inertias at the joints permits 

consideration of vertical as well as horizontal ground 

motions. The reason for lumping horizontal inertias 

into the diaphragm is explained subsequently. 

(g) The torsional stifCnesses of all members are ignored. 
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(a) PLAN OF BUILDING 
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...------.o....-.::_~ ----2 
I'--...l.-~ ___ 3 

-4 

t----I--6,7 

(b) ELEVATION OF FRAME 

FIG. 2.1 TYPE OF STRUCTURE TO WHICH 
PROGRAM APPLIES 
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3. COMPUTATIONAL PROCEDURE 

3.1 GENERAL 

Structur~s to which the proposed techni~ue is applicable 

must be composed of structural components which are separat''!d into 

a series of vertical frames tied together by rigid diaphragms. As 

indicated in Chapter 2, individual frames are idealizPQ as in thp. 

DRAIN-2D co~puter program, except for the specification of nodes 

connected to the diaphragms. The solution procedure is, however, 

substantially l'lore complicated than in DRAIN-2D, because of the use 

of substructure techniques to consider coupling of the frames 

throug~_ tIle diaphragms. The procedure is described in this chaptel. 

3.2 FRAME DEGREES OF FREEDOM 

An elevat~on of a simple frame is ~hc~n in Fig. 3.1(a). The 

frame is idealized as a finite number of ciefOrlIlal>le elements (members), 

connecting a finite number of l:odes (joints). The nodes are lccated 

~ll all H, Z coordinate system as shown, where H lies in the global 

X. Y plane and Z is verticF.l. Nodes may have finite dimensions. but 

are commonly considered only ~s points. The elements may be one- or 

t,wo-dimensional. Loads may be a.pplied to th,~ frame directly at the 

nodes or through the elements. Element loads must be specified in 

terms of elastic fixed-end forces associ~ted with each element. 

Lumped masses fo~ consideration of vertical and rotational inertia 

effects may be placed at individual nodes. However, masses for 

consideration of horizontal inertia effects should preferably be 

lumped into translational and rotational inertias of th~ diaph~agms. 

For any frame, the degrees of freedom are typically the two 

translational end one rotational displacement at each node. These 

degrees of 1'reedc:m permit extension, two modes of flexural deformation. 



and three rigid body motions for each beam-type el~ment. However, 

provision iE matte for degrees of freedom to be deleted, combined, 

or connect~ to the flcor diaphragms ,so that the total nW:iber of 

unknown displacements will usually be substantially less th~ 

three times the number of nodes. 

The relationship between the potential displacell'.ents of the 

~odes (three at each node) and the actual de~rees of f~eedom is 

defined by an Identifying (ID) Array. ~ne procedure used to 

construct this array is simil!l.I' to that :'or DRAIN-2:l. but is 

extended to account for the connected degrees of freedom. The form 

of the ID array can be explained with reference ~o Fig. 3.1. 

9 

The degrees of freedom within any frMe are bElsi~aJIJ 

numbered in the order H, Z and rotational displacement, respectively, 

at e~ch node, startin~ with node 1 and continuing through the nodes 

in increasing numerical order. Howeve~, the numbering of the 

degrees of freedom will be affected by constraints of three types, 

namely zero displacement, identical displacem~nt and connected 

displacement constraints, as follows. The constraints must be 

specified by the program user, but the numbering is carried out 

automatically by the computer program. 

(a) Zero displacements: The number zero is assigned to 

all degrees of freedom which are specified to have 

zero magnitl1d~s. This will typically include dis

placements at "rigid" support., (nodes 9 through 12 

in Fig. 3.l(a)). 

(b) Identical displacements: If displacements are con

strained to be identical for a group of two or more 

nodes, the degree of freedom number is assigned for 



10 

the lowest numbered node of the grouP. and re-used for 

subsequent nodes. Horizontal displacements will 

typically be l(e~tlcal if extensions of a hori~ontal 

beam are to be ignored, and vertical displacer.lents may 

be identical if column extensions are to be ~gnored. 

Rotational displaL~ents might be specified to be 

identical in cer~ain cases. In Fig. 3.1(&) the 

vertical columns are assumed to be inextensible, so 

that the vertical displacements at both ends of each 

snch colUl'Ul have identical degree of freedom numbers. 

(c) Connected Displacements: The H displacements of 811 

nodes which are connected to a given diaphragm will 

be identical, and must ultimately be related to the 

rigid body displacements of the diaphragm. These H 

displacements are numbered last within each frame. If 

there are k degrees of freedom for the frame, excluding 

connected degrees of freedom, then the H displacements ~or 

nodes connected to diaphragm n are assigned degree of 

freedom number k + n. 

3.3 FRAME STIFFNESS 

The frame st~.ffliess matrix is assembled exactly as in the 

DRAIN-2D program, bi ~stablishing a Location Matrix, or "LM" array. 

for each element, ~·f!lating the degrees of freedom of the element to 

those of the frame. 

In expanded form, the assembled stiffness matrix for a 

typical frame vill have the "arrov" form shown in Fig. 3.2, with 

the internal degrees of freedom corresponding to the shaft of the 

arrow and the connected degree!! of .~reedom to the arrowhead. In 



the computer program. only ";he top half of the stiffness is stored. 

columnwist~ in ccmpacted fOr::ll ignoring 8,11 terms up to the first 

nonzero term in any column. 

3.4 FRAME LOAD VECTOR 

11 

For loads applied directly to the nodes of a frame. the frame 

load vector.!!. is assembled by use of the "ID" array. Loads origi

nating wi thin elements are assembled using the "L.."1" arrays. In either 

case. if a particullll' nodal displacement is fixed al:d has no degree 

of freedom. any corresponding loads are ignored.. If two or more 

nodal displa~ements are assigned identical degrees of freedom, any 

corresponding loads are added together. 

Loads may ulso be specified to act orl the diaphr-agms. 

rather than on individual frames. The procedure for dealing with 

these :oads is explained subsequently. 

3.5 FRAME MASS MATRIX 

The masses associate~ with a particular frame must be lunped 

at the nodal points. so that the frame mass matrix is diagpnal. At 

the frame level. it is usually wise to specify only masses asso~iated 

with vertical ~nd rotational degrees of freedom, and to lump the 

masses for consideration of horizontal inertia effects into h'ans

lational and rotational inertias of the diaphragms. 

The reason for this is that the vertical and rotational 

displacements will always be internal degrees of freedom, whereas 

horizontal displacements may be connected to the diaphragms. During 

the analysis. horizontal inertia effects at connected nodes are 

transformed into equivalent horizontal and rotational inertias of 

the diaphgrams. However. this transformation account~ only for 

inertia effects in the H direction for any frame, and not !or inertia 
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normal to the plane of the frame. Hence, unless these normal 

inertias are accounted for as H inertias for the intersecting frames, 

some inertia e~.(ects may be lost. Hence, it is recollllllended that the 

program user lump all horizontal masses into translational and 

rotational inertias of the diaphragms, and sp(~ify them as 

diaphragm properties. 

The frame mass matrix is assembled by use of the "ID" array. 

If a particular nodal displacement has no correspondhg degree of 

freedom, any corresponding mass is ignored. If tvo or more nodal 

displa~ements are assigned the same degree of freedom, any corres-

ponding masses are added together. 

3.6 CONDElmATION OF FRAME STH"FNESf, AND LOAD VECTOR 

'.l'he equilibrium equatiON, for a. single frame ca.n be written 

as: 
r!n !]:El r ::;'1 r -

! ~I) I 

= (3.1) 

~Ej 
I I 

!~I Il:Ei I R 
-E 

'- ~ J ~ 

in which ~I and 1£ are the internal and connected degrees of freedcm 

of the frame, respectively; .!iI and !4; are loads on the frame 

corresponding to £.r and !:£; and !.U' !.IE' ~I and ~E are frame 

stiffness submatrices. The load vector and stiffness m~trices are 

assembled as described in the preceding sections. Because the 

connected degrees of freedom are numbered last for each frame, the 

stiffness matrix storage within the computer conforms to the 

partitioned torm of Eq. 3.1. 

For each frame, a sti~fness and load vector in terms of the 

connected degrees cf treedOlll onl:: are obtained by ("ondensing out 



Lhe internal degrees of freedom, ~I. In matrix form the condensa

tion process is a: follows: 

Hence 

in which 

-1 
= ~ - ~I 1£1 I .!IE (3.4 ) 

and 

-1 
= 14: - ~I .!n ~I 

~ and ~ are the required c~ndensed stiffness and load 

ve~tor, respectively. Eq. 3.2 allows ~I to be determined when !£ 

is known. 

In the computer program, the condensation is carried out by 

eliminating only the equations corres<X'nding to ~I in tile equation 

solving process. The remaining portions of the stiffness matrix 

and load vector are then the required matrices ~ and B£. The 

partially triangularized matrix also providef all the necessary 

coefficients to allow ~I to be determined when ~ is knOWJI. 

3.1 BUILDING STIFFNESS 

The condensed. stiffness matrix for each frame is tIle frame 

stiffness in terms of the H displacements only. These cO·_ldensed 

matrices can be combined to form a stiffness matrix for the complete 

13 

building, in terms of the rigid body displacements of the diaphragms. 

To do this the condensed. frame stiffnesses must ·be transformed to a 

common displacement system in terms of two translations and one 



rotation of each dia.phra.gm at the center of mass of the 11npllr'JI:m. 

The centers of mass need not have the same X. Y ~oordina'"t:s for ;:11 

diaphragms. 

The transformation relating the connected de~~ees of freedom 

referen~e to Fig. 3.3. The transformati0n for d~Rphragm n ann frame 

m is: 

r = < cosn sinn 
-"m m m 

d > 
nm 

( ~.G) 

in which r = H displa.cement for diaprlragm n and frame m, and U>= 
Tun 

remll.ining quantities are shown jn Fig. 3.3. ~e transformaticn fJr 

a singlf' fra.m·~ and all diapl1ragms car. henc€' be written as: 

. :x1 
;r xn \ 

r = [cosn [I] sina [I) - ['d 11 -m m m nm 
r 
: y1 
y' 
yn 

:e1 

ren 
-' 

in which [I] is a unit matrix; [d ] is 8 diagonal matrix co.,taininiT 
nl'l 

t,le normal distances d frorr. the dill.phragrn centers to the fra:nes; 
nlll 

and .!l is the ·rector of dIaphragm displacemetl"!:.s. The conden3ed fra nt' 

stiffness transformed to the diaphragm system is therefore 

U.8) 

in which K is the condensed stiffness ma.t.rix of frame I'l, in frame -m 

cocrdinates; and K is the contribution of frame m to the building 
~ 



stiffness. Eq: 3.8 can also be written as 

r cos2a K cosa sina K -:05a K ['d ]-
________ ~m~-m=_+-__.. __ ~m~~ m _-m~+-__________ m=--m~ ____ ~nm~~ 

SYr-!METRIC AL 

2 
sin ~ 

=---~--

-sina K [,.:l ] 
m -m run 

['d ] K ['d ] run -m run 
.J 

The building stiffness matrix for all frames is assembled 

by simple addition of the individual frame stiffnesses. That iE 

( 3.10) 

It can be observed that if all frames are para.] leI to the X 

or Y axes, then the ter.ns co~amsina~ will be zero, so that it is 

not neces~ary to form this part of the matrix. Other off-diagonal 

submat~·ices of Eq. 3.10 I!I8.Y be: zero be:::a'.lse of symmetry in certain 

cases. 

The building s'"iffness matrix is stored columnwise by t"<1e 

~ "ogram as a compacted .'lrray, in order to minimi ze storap:e reqlOire-

ments. 

3.t BUILDING LO.\O VECTOR 

Loads may be applied to the individual frames or dir~~tly to 

the diaphragms. Loads applied to the i'ra!l1es are condensed during 
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the static condensation process, as already described, and must then 

be transformed to the diaphragm system. ~e transformation is 

i~ which ~ is the contribution to ~he building load vect~r from 

the loads on frame m; and ~ is the condensed load vector for frame 

m in frame coordinates. 



The building load vector is form~d by a(lding the fr8JI'e 

contributions find any leads. I. Ifhich are applied directly to tbe 

diaphrapm3. That is 

3.9 BUILDING MASS II.ATRIX 

Horizonta.l irJertia effects at the builrUn~ l~vel are obtained 

from the specified translational and rotational i.nertias of the 

di.aphragms. It lS req1lired that the diaphrligrt] inerT ias hp 

referred to the diaphragm centroids, so that the ciaphragm m8"G 

matrix is diagonal. 

3.10 SOLuTION FOR STATIC LOADS 

The equilibrium equations for the buil.-:ing under static 

loading can be wr:tten as 

Eq. 3.13 is solved dirt'ctly to give a \r~c~.or of diaphragm 

displace:nents.9.' For each frame the conn~cted degrees of freedom, 

~ are computed from these diaphragm displacements, using the 
-m 

transformation of F.q. 3.7. To) find the ir.tf'rna.l dlsplsC'ements of 

each frame, .!I' Eq. 3.2 is then used. In the computer progrPM 

these internal displacements are computed by back substituti0n, 

beginning from the last internal d':!gree of freedom in the part.ially 

reduced frame stiffnes8. The determination of member forces i3 then 

ca.rried out exactly as in the DRAIN-2D program, using the statE~ 

determination procedure des~ribed 1n R~ference [11. 
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3.11 STEP-BY-STEP DYNAMIC ANALYSIS 

The step-by-step procedure for d)~amic response is essentially 

identical to that used in the DRAIN-2D program, except that the 

equation solving it> modified to account for substru ... turing. 

At the fr&me level, Eq. 3.1 is modified so that the btiffness 

matrix and load vector Include contributions from the frame mass and 

d&dping matrices and the init~~l conditions at the beginning of the 

time step. The load "ee:Lor also incluC:es terms to correct for 

equilibrium unbalance at the end of the previous time steV. The 

stiffness matrix is the tangent stiffness ~t the beginning of the 

time step. 

The condensation of the frame stiffness matrix and load 

vector. and the transformation and addition of the condensed matrice"; 

to give the building ~tiffness and load vector, are carried out 

exactly as for static analysis. "'he building ~,tiffness matrix Ilnd 

loaj vector are then augment.?d by terms dependine: _on the diaphragm 

mass matrix and the diaph~agm Notions, and the equilibri~~~.tions ...... 

for the building are solved to gi-:e increments of diaphragm di~place-

ment. The diaphragm displacements are then transformed back tc the 

individual flames, and the back substitution is completed. The 

state determination phase proceeds exactly as in DRAIN-2D. 

3.12 GEOMETRIC STIFFNESS 

In the elements developed to date for the DRAIN-2D program. 

it has been assumed that the geometric stiffness is zero for the 

static analysis. and remains constant throughout the dynamic 

ar.alysis. The simple "truss bar" geometric stiffness has been used 
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for bnth trt:.ss elements and beam-co:.,.!;!>!1 e.lements, using the axi'J} 

fOT(:e under s"atic load. This assumption of constant ge(metric 

5 tiffness is reasonable for a typical plane bllilding fra- e wi tb 

vertical columns, because the tctal P-,:":"~a effect i· 'lny story for 

a single frame depends on the sum of the cclumn forc('.~ jn the story, 

aria this sum remains constant if only horizontal grour,d motions and 

inertia effects are considered. The assUlTIT'tion of co. stant geometric 

stiffness is ccnvenient computationally b~ca.use i t ~mm!'es t,hat 

changes in element stiffness Ol~cur only 'I.'''ten an element yielJs ,w 

unloads. If 1.he gecrnetric stif:fness · ... ere to bp cLan~ed cantinuoll31y, 

then the struc' ure sti ff'l~ess 'l.'oulj chang';: every time step, anri 

executiofi times 'l.'culd increase. 

In a three-di.mensional 'oui lding, unfortunRtely, the :'-lel ta 

effect in any StOi'y i::; no loneer (,(In!'t,ant. This is because t~ere 

are both translational and torsinnal P-Jelta eftects in the story, 

and although the translational effects remain constant, the tJ. sional 

effects de.> not. UE"vertheless, in the current version of the 

computer p::-ogra;:-" the gp.ometric !'tiffnesses are as?\.uned to remain 

constant, as f'or a single plane frame. As a result, the torsional 

P-del ta effect in !:I.ny story "ill not be represented exactly at any 

instant of time. It i5 not clear at the time 0f 'l.'riting ,.,r.~"ti:'··r 

this C8.n introduce sig:-Iificant error. 

It should be noted that the ass4mption of constant ~eometric 

stiffness is not essential, and that elements in 'l.'hich this sti~fness 

varies from time step to time step cculd be developed if def;ired. 

During the t'ondensatt'J!l of the frame stl.ffnesses and 

assembly of the b"ilding stiffn~£'s, the frame geometric stiffnesses 

are transformed into geometric ~tiffnesses fvr the building. Within 



any frame. however. the geometric stiffness accounts for P-delta 

effects only in the H direction. and not in the direction normal 

to the plane of the frame. Hpnce. if the P-delta effect in the 

nc!'mal direction is not accounted for by intersecting frames, the 

building geol!tetric st.ifil.~qS will not be correct. Further, even 

with intersecting frames the geometric stiffness will be correct 

only for frames intersecting at right angles, This is a similar 

problem to ~hat which arises with the transformati~n of horizontal 

inertia effects from individual frames to the complete b-,l1lding. 

However. whereas the problem can be overcome for inertia effpcts 
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by lumping all horizontal masses into the diaphragms, no similar 

solution is available for geometric stiffnes:. ~~nce, the inclusion 

of P-delta eft';,'cts by means of geometric stiffnesses is at best 

approximate. 

3.13 COMMON COLtOOJS 

Provision is made in the program for the axial forces in 

common column;; to he computed as the sum of the forces for correspond

ing elements in the intersecting frames. The option is currel~tly 

available only for beam-column elements. but co,lld be incorpcrated 

into any new elements developed for the program if desired, The 

op~ion is also currently applied only for axial force~, However, 

storage is allocated for moment information as well as axial force 

information to be transferred between common columns, so that elements 

incorporating yield criteria with biaxial bending could con~eivably 

be developed in the future. 

For initial force effects and static analyses, the ax~~1 

forces for common elements are added. and the sum is then used for 

dete!~lnlng the geometric stiffness. Because initial and fixed end 



forces are added. it is important to specify initial and fixed end 

axial forces for only one 'Of the CODUnan elements. otherwise the 

combined value may be too large. For the static analysis and each 

step of the dynamic analysis. increments of axial force are 

computed and added to the exi~~ing force to give an updated value. 

When the yield criterioll is being evaluated ~or a beam-column 

element, the axial force w~ich is used is the value including the 

increment for that element and time step. If this is the first of 

two (or more) cormnon elements to appear in the element sequence, 

then the axial force will not include the increments from the second 

(or later) common elements. and hence will be out of date by 8 

portion of the step. Because the force increments within a time 

step should be small, this is not believed to be a serious error. 

3.14 SOLUTION OF MODIFIED EQUILIBRIUM EQUATIONS 

The equilibrium equatione &ri" solved using a subroutine 

derived from the efficient in-core equation solver OPl'SOL [9]. If 

the response of any frame within a time step is such that no elements 

within the frame change their yield dabs (by yielding or unloadirlg) 

then the tTiangularized stiffness matrix for that frame remains 

unchanged. If, hovever, status changes occur in one or more elements, 

a new triangularized form for the frame stiffness must be constructed. 

Because the change will generally not affect the entire stiffness 

matrix, computer time can be saved by carrying out triangularization 

operations on only that part of the matrix which changes. If the 

first degree of freedom to be affected by a change is in row j. then 

triangularization operations need to be carried out only on terms in 

and belOW row j. 'This is done automatically, subj ect to tlle follow

ing qualificatiN'. 
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Fig. 3.4 shows a frame stiffness, in which changes are to 

be made below row j. In the program, the un-triangularized frame 

3tiffness is first modified by adding tc it any changes resulting 

from status changes in the element. Then. if sufficient core storage 

is available to store the previously triangularized matrix, this 

matrix is set up. and all re:luced coefficients above row j are 

transferred to the un-trian!;ularized stiffness (the cross-ha'(;ched 

region in Fig. 3.~(a)). The triangularization then proceeds beginn

ing at row j. If, however, there is insufficient storage to hold a 

duplicate frame stiffness, then the previously reduced cOP~fici~nts 

must be recalled from disc rather than transferred from core. 

The triangu1~rized stiffness is sto~ed on disc columnwise as a 

single record. Hence, with a single READ statement it is possible 

to transfer only those reduced coefficients shewn by cross hatching 

in Fig. 3.4(b). Thus, unless a more complicated reading procedure 

is used, it becomes necessary to triangularize all columns beyond 

column j. A more complicated reading scheme is balieved to be 

undesirable, because the input/output c~st is likely to exceed the 

cost of performing the extra triangulariz~tion operations. Hence, 

for t:,e case in which a 6.uplicate stiffness matrix cannot be held 

in co~e, the number of numerical operations required for 

re-triangularization is increased. The storage of duplicate stiff

nesses is controlled by a user-selected storllge option, as expla'_ned 

in Chapter 4. 
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4. PROGRA'4 FEATURES 

4 .1 PROGRAJ4 CONCEPTS 

The program d~scribed in this report consists of a number of 

"base" suhroutinEcs which read and print the structure and loadir"T 

data, allocate storage, carry out a variety of bookkeepin~ operations, 

assemble th~ frame and huilding stiffnesses and load vectors, solve 

the equilibrium equations. and determine the displacement response 

of the structure. This base program is combined with el.·ment sub

routines to produce the cC'mplete pro~rar.. Characteristics of the 

program are described in the following secti·)ns. 

4.2 MODULARITY 

The program is modular, so that subroutinep for new elements 

can be developed and added with relative ease. All data input and 

output operati~ns for the elements, and all element stiffness and 

state determination ~alculations, are carried out within the 

element subroutines. The requirements for transfer of informa+.ion 

to and from the tlement subroutines, and the ~tiffness and state 

determination calculations, have been reduced to an essentially 

standard procedure which applies for elements of virtually ali tynes. 

4.3 STORAGE ALLOCATION 

The progi"am i~ organized to make efficient use of the 

available core storage. This has been achieved by usinv, dynamic 

allocation for blank COMMON stc)r'l.ge and by buffering data into 

large bloclcs for transfer to scratch (disc) storRge. Tho:! required 

information for toe computation is grouped in data blocks as f01lows. 

Arrays which ~~y vary in size from ~roblem to problem are stored in 



27 

blank COMMON, with the storage allocated at execution time. 

(1) General building data. This block conteins i~formatjon required 

to allocate storage and control the analysi~. plus information 

on diaphragm motions, earthq'lake records and (;ommon columns. 

(2) Building atiffness matrix. This matrix is stored in compacted 

form, &.llo'llng for symmetry. Wi th certain storage options 

(as descr~.'t-ed in the following Section) this core storae;e area 

m~ be shared with other data, the stiffness ~atrix being 

·w·,:l:tten on a scratch file and recalled as necessary. A dupli

cate stiffness matrix may also be stor~d. in order to reduce 

the execution time for re-triangularization of the stiffneF-s 

as the structure yields. 

(3) Frame data. For each frame the following sub-blocks of data 

are stored. Depending on the storage option selectp.d. the 

data for all frames may be held in core simultaneously, or for 

only one frame at a time. 

(a) General frame data. This block contains information 

required to control the frame computations, plus infor

mation on the motions of the nodes. 

(b) Frame stiffness matrix. This ma~rix is stored in 

compacted form. With certain storage options a dupiicate 

frame stiffness matrix may also be stored, in order to 

reduce execution time. 
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(~) Condensed frame stiffness matrix. The condensed frame 

stiffness is extracted from the partially reduced frame 

stiffness and r.opied :I nto labelled COMMo~/wORK/ to s; mpli fy 

the coding. This limits the number of diaphragms to a 

Il,aximum of 61 for the currently arsigned length of 2000 

for this common block. 

(4) Element information. The element information is stored either 

in core or on scrach disc, depending on the problem si~e, the 

storage option selected by the user. and the available stor'll~('. 

If the da"a for all elements of all frames can be Il.ccomrnodAtpd 

in core, then the data remains in core and no input/outnut 

operations to s::,ratch storage are l·"!quired. If storage on 

disc is necessary, the j nformation is blocked to minilLl zc thr 

number of input/output operations. The storage used is that 

remaining after all other information has been :It(jr~d in blank 

COMMON. The number of elements is no" limited by the available 

core storage, except that the storage must be sufficient to 

hold the information for at least one of the elements requirtn~ 

the largest number of data lo~ations. 

4.4 STORAGE OPTIONS 

In order to provide both efficient computation fo~ small 

problems and the capability to analyze large struc~ure~, a series of 

10 different storage cptions is available to the program user. 

These options vary primarily according to whether or not the data 

for all frames are to be held permanently in core (so that i nputl 

output operations to scratch storage are minimized), and whether or 



not duplicate stiffnesses are stored (so that the computational 

effort required to re-triangularize ~ modifi~d s~iffness matrices 

is minimi zed). Storage Option I requires n:ost core but provides 

for the most rapid execution, whereas Option 10 requires the least 

core but may involve su~~tantially larger execution times. 

The storage options can be explained in terms of the 

following four storage codes. 

(a) Storage Code A: 

(i) Code = 1 if the general frame data blocks for 

all frames are to be held in core simultaneously. 

(ii) Code z 2 if the general frame data block for 

only one frame at a time is to be held in core. 

(b) Storage Code B: 

(i) Code = 1 if all frame stiffness matrices plus 

duplicates of all these matrices are to be held 

in core simultaneously. 

(it) Code"" 2 if all frame stiffness JI'.atrices are to 

be held in core simultaneously, but space is to 

be provided for only one duplicate matrix. 

(iii) Code = 3 if only one frame stiffnesc matrix plus 

one duplicate matrix are to be held in core at 

any time. 

(iv) Code = 4 if only one frame .~tiffness matrix is 
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to be held in core at any time, with no ornvision 

to store a duplicate matrix. 
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(c) Storag~ Cede C: 

(1) Code· 1 if the building stiffness matl"ix plus a 

duplicate matrix are to be held permanently in 

t'or~. 

(ii) (':lde~' 2 if the building stiffne3s mat:-ix is -Lo 

iJe held permanently in core. but no duplicate 

matrix. 

(iii) Code = 3 if the building ~tirfness matrix is to 

us~ tr.:- !;"..ne storage are&9.S the frame stiffness 

mat-rices. 

The values of these codes are assigned by th'~ ;:Jrogram for t::ach of the 

10 different sLorage options as shown in Table 4.1. 

For al: ~torage options except Option 1 the stiffness matrices 

for different frRJlles share the sarrle storage area, ar.d the allocatei 

storage must be sufficient to accommodate the largest matrix. If 

the building has frames of different sizes, and if ~ storage option 

:for which sturage code B = 4 is selected. then for nome of the 

smaller frames it ma.i be possible to st.ore both an original ar.d fl 

duplicate stiffness mll.trix in the stol";;;.ge allocated for the larF:est 

matrix. If this is so. then the prograM will automatically provide 

for a duplicate stiffness matr:x for these smaller frames. 

During data checking runs, the required data storage lengths 

for all 10 storage options are printed, to guide the pl"'ogra.!'T1 user 

in sel~cting an appropriate option. 



4 . ~ OVERLAY STRUCTURE 

The program is ~ubdivided into ~verlays in order to r~~uce 

core storage requirements. The overlay .rroced'lI"e will operate on 

CDC 6400/6600 computers. and will require modification for other 

machines. However. because the overlay structur~ is simple. it is 

not am.icipated that conversion will be difficult. 

The overlay struchre is as follows. 

(0,0) overlay (1. e. main link): a small nur.lber of control 

subroutines. 

(1,0) overlay (follows main link): subroutines for input 

of structure. frame and loading data. 

(2.0) overlay (replaces (1.0) overlay): subroutines f~l 

exec11ti on of the step-by-step anaJysis. 

(3,0) overlay (replaces (2,0) overlay): su~routine~ f0r 

organization of the time-history results. 

Blank COMMON is allocated at the end of the program at eacn stage. 

Because the program length varies from stage to stage. the data in 

blank COMMON is automatically _Titten to a scratch file at the end 

of each overlay, and recalled into its new location immediately 

af~er the next overlay is loaded. 

4.6 FIELD LENGTH 

The length of blank COMMON must be specified at execution 

time, and the program automatically sets the field length to the 

requir~d length for each overlay. 'Ihe sut:"outine which sets the 

field length on the CDC 6400 at the U::liVerliity of California. 

Berkeley, is subroutine MEMORY, which is system dependent. For 

other computers the call to MEMORY (from ~ubroutlne MEMRY) must be 
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changen to the appropriate system subroutine (e.g. XRFL r',r most 

CDC 6600 installations). This involves a change in onlJ the MEMRY 

subroutine. 

As previously noted, the required IF''neths of blank CmfMON 

for all 10 storage options are printed by the program during data 

checking runs, so tnat the selection of an appropriate lengtn for 

any execution run Sh01Ud not be a serious problem. 

4.7 RANDClM ACCESS REQUIRFI1ENT 

At any time step of the dynamic analysis, it can be expected 

that only seme (or none) of the frame stiffness matric~s will ne~d 

to be modified. Hence. for storag~ options in which the frame 

stiffnenses are stored on disc, it is inefficient to access the 

frames sequentiall:.-. oecause tI.is wOllld require r-eading and r-e-

writing the stiffness matrices for E.ll frames ~ach tim!> any on,~ 

stiffneos required modification. lIenee, ro rf'duce input/output 

cost. the fre.r.l€ st i ffrJPsses are r" :alle.1 from dis," us in" a random 

acces;; feature. 'rhis feature is system dependen'.;, so tha.t pror,ram 

changes will be needed to convert thp. pro~r~m to other computer 

inntallat ·ions. 

Details of the Berkeley random ac~ess routine (TSDISK) are 

given in Table 4.2. 

For other comp1)ters it will be nee.:!ssary to write four 
·t~ 

subrout ines. namely OP'l'DISK, CLDISK. WRDISK, RDDISK, which will 

perform the same functio:!s a.s described in this table. These 

subroutines should be simple, requiring probably only one 

executable statement. 



Subroutines OPTDISK and CLDISK are called from Program 

SDRAIN in Overlay (2,0). The maxim~.un record length (LSTR) required 

for the largest frame stiffness is available in SDRAIN, and can be 

used to open the :"andon. fileset if required by the specific 

computer. During data checking runs (which do not require random 

access), the required number of random access records and the 

maximum record length is printed. This information can be used 

for execution runs if special control cards are required to use 

rs.ndom access. 

Subroutines WRDISK anJ RDDISK are celled from Subroutine 

SFRAME in Overlay (2,0). It is expected that it will be not necess

ary to change SFRAME, bIt merely to develop two simple subroutines. 

The present comput.er coding ~ontains ccrmner,t cards which speci fy 

the functions of these subroutines and show from where they are 

called. 

4.8 REORGANIZED TIME-HISTORIES 

During the step-by-step analysis, time-histories of results 

are generated for all nodes and elements at (.'De step, followed by 

all nodes and elements at the nex~ step, etc. The printout of the 

time-histories in thid form is inconvenient, ana hence provision is 

made for t.hem to be reorganized to giv{ aJ:. time steps for one node 

or eletnent followed by a11 time steps for thf! next node or element, 

etc. This reorganization is code::'. u.s 1 ng standard FORTRAN input! 

output commands, and requires a large ~ount of disc record 

manipulation. However, the program length in the reorganization 

phase (Overlay (3,0») is shcrt, so that peripheral processor costs 

in this phase viII be lov for those billing algorithms vhich base 
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PP cost on central memory requirements. 

This phase of the prop,ram could undoubtedly be re-codeu to 

provide more efficien~ ~xecu+'ion on particular computer systems. 
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TABLE ~.l 

DATA STORAGE OPTIONS 

-
OPTION 1 2 3 r 

4 5 6 7 8 9 10 

CODE A 1 1 1 
T 

1 1 1 2 2 2 2 

CODE B 1 2 2 ~ 4 4 3 3 4 4 

CODE C 1 1 2 2 2 3 1 2 ? 3 
-



TABLE 4.2 

CDC 6400 RANDOM ACC~ES~ FEA'r'URE 

19 CAL TSDISK: FEB 1972 

IDENTIFICATION 

Code Designation: 
Title: 

Author: 

Date: 
Environment: 

Program Name: 
Entry Points: 

Availability: 

PURPOSE 

19 CAL TSDISK 
Random Acc~ss 

Subroutine 
Disk Input/Output 

Thos Sumner. Computer Center. 
University o~ California. Berkeley 
Revision: February 1972 
Machine: CDC 6000 Series 
Operating Sys4;em: CALIDOSGOPE 
Coding Language: COMPASS 
I·in1~ago! Convention: RUN~ Fortran 
TSDISK 
CLDISK. LRDISK, MTDISK. OPDISK. 
RDDISK.1VRDnlK. NMD1SK 
CLDR System Library (Public 
Fileset SUBFiLIB) 

To provide random access disk storage for the Fortran programmer. 

USAGE 

The user must provide an index array whose size is greater than the 
number of distinct records to be written on the random access file
set. The fileset RANDOM is normA.lly used by TSDISK and should not 
be accessed by any other routine. TSDISK may only be used to read 
a fileset which it has created. 

To open fileset RANDOM 

and provide access to the index array by TSDISK, OPDISK is nonnally 
called exactly once before any other call is made to TSDISK in the 
Job step. 

CALL OPDISK (N , INDEX) 

N - the dimension o~ the array INDEX, N ~ 2. At most N-l indexed 
records (identified by the integers from 1 to N-l) may be 
written on RANDOM. If RANDOM was written in a previous .job 
or Job step, N must be at least equal to the value used when 
it vas writter. 

INDEX - the array declared in the user's program to hold the 
random file index. 



To write on flleset ~ 

TABl.E 4.2 
(CONTD) 

CALL WRDISK( IW ,ARRAY, p.:w) 

IW - ".;he record identification number f·)r the record to be 
written. IW is an integer and 1 c: HI 0( N. !'he values 
allowed for IW may. but need not. 'te used-in their natural 
order (IW = J. followed by IW = .1+1). 

ARRAY - the first word of the block of data to be stored on the 
disk as the record identifif·d by I"w. 

KW - the number of words to be \.'ritt('n in th<:! record identified 
by IW. 

If a record has already been written for the given value of IW. it 
will be superseded by the new record, and the disk space used by the 
old record will be reused provided the new record is not longer than 
the old one. If the new record is longer. the disk space occupied 
by the old record is wasted. 

To read from fileset HANDOM 

CALL RDDISK(IR.ARRAY,KR) 

IR - the identification number of the record to be reac. 

ARR~Y - first word of the bloc~ into which the data in the 
indicated record are to be read. 

KR - the number of words to be read from the indicated record. 
This must be less than or equal to the number of words 
written in the record. 

To close i,he fileset RANDOM 

CALL CLDISK 
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This call is used to close the fileset RANDOM after it is written if 
it is to be preserved for use in a subsequent Job or job step. 
CLDISK need net be called f.f RANDOM is only being read in the current 
Job step. 
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5. ADDITION OF ELEMENTS TO PROGRAM 

5.1 GENERAL 

New elements may be a'lded to the program by developing five 

subro11tines for each element. as d'!scribed in this chapt:~r. 

Information is transmitted to an<: from the subroutines through short 

argument lists and labelled COMMO;'f llocks. TIle procedures wl'>ich 

must be observed are described in the folloloring sections. These 

procedures are essentially the same as those for the DRAIN-2D pro

gram, but are extended to include changes since Reference [lJ was 

publi :lhcd. 

The five subroutines required are as follows. The "X" at 

the eud of the subroutine name must be a number (currently from 

1 to 10) to identify the element type. 

(1) INELX: Input and initialization of element data. 

(2) STIFX: Calculation of element tangent stiffness. 

This may be termed the "linearizd.tion" phase. 

(3) RESPX: Determination of increments of element 

deformations (strains) and forces (~tresdes). 

determination of yield status. and output of time 

history results. This may be termed the "state 

determination" phase. 

(4) OUTX: Output of final envelope values for element 

deformations and forces. 

(5) THPRX: Output of re-ordered time historie!'l for e]ement 

results. 



5.2 CONTROL INFOR¥~TION 

In the input data for each fra~e. the e~ements must be 

arranged in groups such that all elements witnin each group are of 

the s8llle type. The bape program then establishes certain variables 

to maintain control over the SUbl'outine calling sequence and other 

parts of the computation. The control variables are as follows. 

The procedures for using them are described subsequently. 

(1) KCONT: KCONT (1) contains the element tyt'Je number for 

the group of elements currently being input. KGONT 

(2) contai;.s the nUll1ber of elements in this group. 

KCONT (3) through KCOWr (10) may contain other integer 

information on the element group. as desired by the 

progr~er. The use of this array is explained in 

Section 5.8. 

(2) FeONT: This array is similar in purpose to KCONT, 

but contains real information on the element group, 

up to a maximum of 3 valUI;!S. 

(3) NN: An undimensioned vr.riable, equal to the total 

number of nodes in the frame. 
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(4) NINFC: NINF'C (N) contains the number of words of 

information stored for each element in the Nt.h group of 

elements. This number is the length of the labelled 

COMMON block INFEL created for elements of this type. 

8.S described in Section 5.3. NINFC (N) is transferred 

to subroutines INELX, STIFX, RESPX and OUTX through 

the argument lists, and is treated within these sub

routines as an undimensioned variable. 
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(5) NDOF: NDOF (N) cvnt.ains the number uf element degrees 

of freedom for each element in the Nth group. NDOF (N) 

is transferred to subroutines lNELX. STIFX and RESPX 

through the argument lists as an undimensioned variable. 

(6) MSTEP: An undimensioned variable set equal to the step 

number in the step-by-step integration sequence. For 

the static load case, MSTEP = o. 

(7) KPR: An undimensioned variable which indicates whether 

or not time history information for the current element 

is to be printed. 

(8) KST: An undimensioned variable which informs the base 

program whether or n"t the tangent stiffness matrix 

has changed for the current element at the current time 

step. Each time an eLement stiffness changes, the 

frame and building stiffnesses are modified as necessary. 

(9) KBAL: An undimensioned variable which informs the base 

program whether or not unbalanced loads have developed 

within the current element at the current time step. 

Any unbalanced loads must be assembled into the frame 

load vector for the next time step, to re-establish 

equilibrium. In general, unbalanced loads will be 

prod'~ced within an element at the same time that changes 

occur 1.n the element tangent stiffness. However, 

separate indicators (KST and KBAI.) are used to permit 

the progr~er to suppress either the stiffness change 

or the \.Ulbalanced load correction if this is desired. 



(10) ITHP, NELTH, WAVE, ISE, NF7: Variables for control 

of the reorganized time-history printout. Their 

meanings and uses are explained in Section 5.4. 

5.3 E::.EMENT INFORMATION BLOCK 

For each element a block of information must be C'reaten and 

continually updated. All information to be retained for any e:_ement. 

must be contained within this block. 

For the purposes of adding element subroutines to the 

program, the element information is contained within thp label~ed 

COMMON bloCK INFEL. This block may be divided in any way the 

programmer wishes, subject to the following restrictions. 

(1) The maximum length currently permitted is 200 words. 

This could easily be changed. 

(2) 'I'he first variable l'lI.usi: be the number of t.he element 

within the element group. This is a single integer 

variable, for which the name !EL i.s suggested. The 

value of this variable is set in the TNELX subroutine. 

and must not be changed subsequently. 

(3) The second variable must be KST. which must be s~t as 

explained subsequently. 

(4) The third variable must be the "lJ.1" matrix for the 

element. This is an integer array with a dimensioned 

length equal to the number of element degrees of 

freedom. The name LM is s\lhgested. The values in the 

array must be set in the INELX subroutine, as explained 

subsequently. 
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The labelled COMMON block INFEL must appear within subroutines 

INELX, STIFX, RESPX and OUTX. During the execution of subroutine 

INELA, the information in this block must be initialized for each 

element. This initialized information is then transferred. by the 

base program, to a scratch storage :f'iJ.e. After all elements have 

been considered, the information is brought back into cor~ for all 

elements and stored compactly in the available Rtorage. If thi~ 

storage becomes filled. the elements stored constitute an output 

block. This output block is written on a scratch file. and a new 

output block begun. At each cycle of the subsequent calculation. 

the output blocks must be returned to core. updated and re~r1tt~n 

on scratch files. The blocking and input/output operations are all 

carried out by the base program. If the information for all elements 

can be held in core. then there 1s no input/output of ·;)utput blocks 

to scratch storage, and input/output costs arc reduced. 

Within subroutines STIFX, RESPX and OUTX, the element 

infvrmation is not available directly within COMMON block INFEL, but 

is stored in an array CaMS transferred through the argument list. 

The addr~ss assigned to crn~ in the base program is the address of 

the first word of the data for the corresponding element in the 

o'..rr;put block storage area. In order to transfer the data to INFEL, 

statements essentially as follows should appear at the beginning of 

each of tll/~ STIFX, RESPX and OUTX subroutines. 

COMMON/INFEL/IEL, KST, LM( .• ). 

DIMENSION COMS (I), COM (1) 

EQUIVALENCE (IEL. COM (1» 

DO 10 N a I, NINFC 

10 COM (N) - COMS eN) 



These statements transfer ~he element in~ormation from the output 

block stor&&e area to COMMON block INFEL. Note that because COM[ 

and COI.f are bott real varia.bles, the tr9~lsfeT of data from COMS <:0 

COM is IIlBde without mode chaI".ge. Thi':i is, it is illlll18.terial .... hettler 

the data being transferred is ulti~a~ely to be interpreted as real 

or integer. 

At the end of the subroutine RESPX, any updated el~ment 

infoI~tion must be transferred back to the output block storage 

area. This may be achieved by the f()11owing statements 

DO 100 N = I, NINFC 

100 COMS (N) = COM (N) 
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However, it :i.3 common for only a part of the element informH.tion to 

be changed, an~ hence it may be more efficient to transfer the 

modified data selectively. For example, if only the 2~rd through 

30th items in the INFEL block have been changed, the coding could be 

DO 100 N = 23, 30 

100 COMS (N) = COM (N) 

Similarly, in transfe~ring data from the output block storage area 

to the INFEr. block the programmer may wish to save computer time by 

transferring ouly selected words. In some cases, it llIE'.y even be 

desirabl~ to use and modify the data with direct reference to 

variable COMB, without transfer to the INFEL block. In general, 

however, the coding of the element subr("lutines is greatly simplified 

if appropriate variable names are created within the INFEL block. 

The computer time required to transfer the data within core should 

be a relatively small part of the total execution time. Also, 



44 

because the arrays i.n INFEL are in fixed storage, whereas the 

address of COMS is transferred through the argument list, the 

compiled code for reference to arrays within the INFEL block is 

likely to be more efficient than if reference were made directly to 

COMS. This greater efficiency should compensate for the time 

required to transfer the data. 

The informatior~ :1 n the INFEL bl C'ck may be updated only in 

the R~PX subroutines. That is, subroutines STIFX may use the data 

but may not change it. This restriction is also present in DRAIN-2D, 

and is imposed to reduce the number of jnp1..,t./ou:,Pl.lt QP('rations to 

scra.tch storage for cases in which the tnformation for all elements 

cannot be held in core. 

5.4 TIME HISTORY BLOCK 

The labelled COMMON block THIST is used to control 

re-ordering of the time history results. This block is as follows. 

COMMON/TP.IST/ITHOUT(lO), THOUT(20), ITHP, ISAVE, NELTH, NSTH, NF7, ISE 

Variables ITHP and ISE are set from user-specified input data, as 

follows. 

(a) ITHP: An undimensioned variable which indicateb whether 

time history printout is required (1) only as the 

computatil"'l1 progresses (Le. not re-ordered). (2) both 

as the computation rrogresses and at the end of the 

compulation (i..e. re-ordered). or (3) only at the end 

of the computation. ITHP is set to values 0, 1 and 2, 

respectively, for these cases. 



(b) ISE: Tape storage code, to indicate whether or not 

the re-ordered time histories are to be saved on 

storage unit TAPE7 for subsequent off-line procesEing 

(e.g. plott1ns uaing user-d~veloped plot routines). 

The remaining vll.rlables are set or used as follows: 

(c) NF7: Storage '..Ulit number, currently set t.() 7. 

(d) NELTH: This indicator counts, for each frame, th., 

number of eleruc~ts for wnich ti~e hiotory results are 

requested. It is initiali ~ed to zero for eacr ne,,' 

frame by the base program and incremented in the INELX 

subroutines us explained in Section 5.8. 

(el ITHOUT :10), THOUT(20): Areas used to transfer time

history data from the RESPX subroutines for subsequent 

re-ordering. The procedure is explained in Section 5.10. 

(f) ISAVE: This variable informs the base program whether 

or not a re-ordered time history p:-int·)ut is required 

for the current element. It is set to Zel"O by t.he base 

program for each element before entry to RESPX, and 

must be set within RESPX as explained subsequently. 

(g) NSTH: The variable counts the total number of time 

steps in the time-history pri~touts. It is set auto

matically by the base program. 

The values of the variables in the THIST block must not be set in 

the element subroutines except as indicated in the subroutin~ 

descriptions. 
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5. 5 WORK BroCK 

Labelled COMMON block WORK provides a work area for use br 

the programmer. The block currently has a maximum length of 2000 

words, and may be subdivided ill any way. 

The W~RK block should not be used to transfer data betvpen 

subrout.ines, beeausf' it will generally be used differently for 

different elements, and the data will therefore be continually 

chauge<i. Data stored in this block for one element in suoroutines 

INELX and OUTX is available for use by any subsequent element in tne 

same group for the same sub!'outine at the current time step, but. not 

in any other subroutine or at any other time step. 

5.6 OTHER ARRAYS 

The following arrays are generated by the base program, and 

transferred to some or all of the element subroutines. 

(l) X, Y: XCI). yeT) con~ain the H, Z coordinbtes, 

respectively. of node I. 

(2) ID: ID(I,I). ID(r,2) and ID(I.,) contain '~he numbers 

of the frame degrees of freedom corresponding to the 

H displacement, Z displacement and rotation, r;~spectively, 

at node I. For computational ~onvenlence in the base 

program. a value equal to one larger than the total 

number of structure degrees of fr~edom is assigned if 

the corresponding di~placement is constrained to be 

zero. This is not important from the progr8llllller' 5 

point of view. 



5.1 COMMON COLUMN PROCEDURE 

Storag~ with a length of NCOLC*NESPL*NFORT words is reserved 

at the beginni,g of blank COMMON, for transfer of common column 

forces and related information, where: 

NCOLC = Total number of common column lines in building; 

NESPL = Largest number of elemellts 1.n any comn:on column .Line, 

and 

NFORT = Maximum number of items (forces, mc-ments, or di'3-

plac~ments) to be transferred between common col enns. 

NCOLC and NESPL are required to be specified by the program user. 

The value of NFORT is set equal 2 by the base p-.:-ogrBI:1 for tt,e 

current version 0:' the program, corresponding to the axial fr·rcE's 

at ends i ~~d j of a beam column element (these forces may be 

different because of the initial and/or fixed t'[lr' forces). The 

value of NFORT co~d be modified if more column actions were to be 

transferred. The storage area is initialized to zero by the base 

program, corresponding to zero force values. 

In addition the following labelled COMMON block is 

established: 

COMMON/CMCOL/NCOLC, NESPL, NFORT. NKDATA, CMCOL(6) 

The variables NCOLe, NESPL and NFORT are specified as indicated 

above. The variable NKDATA is a data checking variable which is 

initialized to zero by the base program and should be set to 1 in 

INELX if an error in the common column specification is found, 

so that only a data checking run will be performed. CMCOL(6) is an 

array that may be used in any way desired by the programmer. 
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The base program merely reeerves the storage area, 

initializes it to zero, and establishes the variables NeOLe, NESPL, 

NFORT and NKDATA. All other computations are performed in the 

element subroutines. The procedure for beam-column elements (Type 2) 

is as follows. Other el~ments will be similar. 

(a) For each beam-column element which is also a common 

column element, the number of the common column line 

(~COLL) and the story number within the common column 

line (NSeL) ~ust be i~put (see User's Guide). 

(b) 170RT words of common column space are available for 

each pa~ .alues of NCOLL and NSCL. The starting 

address of this space within blank COMMON is computed 

in the INEL2 subroutine as: 

ICB = (NCOLL-l)*NESPL*NFORT+(NSCL-l)*NFORT+l 

and its value is stored in COMMON/INFEL/. so that it 

is available for subroutines STIF2, RESP2, and OUT2. 

(c) :n subroutine INEL2, the initial fLTces and fixed 

end axial forces at ends i and j are added to 

locations rCB and rCB+l in blank COMMON. 

(d) At each step of the analysis in the RESP2 substructures 

the axial force increments are added to locations 

IeB and ICB+l in blank COMMON, with appropriate signs. 

These updated values of axial force ~~e then 

us~ for the state determination computations and 

time-history output in subroutine RESP2, and also ror 

geometric stiffness determination in subroutine STIF2. 



5 . 8 SUBROUTINE INELX 

The argument list for this subroutine is as follows: 

KCONT. FCONT. NDOF. NINFC, ID, X, Y. NN 

The following arrays must be dimension~d; 

KCONT(lO). FCONT(3), ID(NN.3). X(NN) , Y(NN). COM(200) 

Dummy dimensions may ~e used if desired. (e.g., ID(NN,I), 

yell) 

Labelled COMMON blocks THIST and TNFEL must be defined. 

Labelled COMMON bJock CMCOL and blank COMMON must be used for common 

columns. Labelled COMMON block WORK may be used if deuired. The 

variable COM(I) must be equivalenced to the first va~iable (TEL) of 

the INFEL block. If element fixed end forces are to be specified, 

a one-dimensional array OD with a dimension equal to NDOF for this 

element type must be set up (typically within/WORK/). This array is 

used to set up the fixeu end forces in the H, Z coordinate system, 

as explained subsequently. An INELX subroutine is called once for 

each group of elements, early in the execution. :~e purpose of the 

subroutine is to read the input data for the elements in the group, 

and initialize a number of variables. 

The variables ID, X, Y and NN are established within Lhc base 

program before INELX is called, and must not be modified. Variables 

NDOF and NINFC are to be set within subroutine lNELX. Variables 

KCONT and FeONT are established within the base program by reading 

the rirst data card of each element group on a (1015, 3EIO.O) 

format, one field for each term in KCONT and FeONT. This first data 

card of each element group must contain the following information: 



50 

Columns 1 - 5: A number (1 through 10) identifying 

the type of element in the group. 

For example, if 4 is entered, the 

subroutines called for this group will 

be named lNEL4. STIF4. RESP4. OUTl~. 

and THPR4. 

6 - 10: Number of elemente in group. 

11 - 50: Up to 8 fields. each 15. containing 

any other integer information on the 

group that the programmer may wish to 

store in KCONT. In the elements 

developed to date, these fields have 

been used for entry of the number Qf 

element stiffness types, number of 

fixed end forr.e patterns, et~. 

51 - 80: Up to 3 fields, each EIO.O, containing 

any real info~tion on the group that 

the programmer may wish to store in 

FCONT. 

All subsequent data cards for the element group are read 

within lNELX, and may be of any type desired by the programmer. 

The following steps must be performed within the subroutine. 

(1) Set the values ot NDOF and NINFC. 

(2) If desired, establish reference tables of stiffnesses, 

strengths, fixed end forces and initial forces for sub

sequent use in specifying the individual elements. The 



stora~~ arrays should preferably be defined within 

COMMON block ~roRK, to avoid requesting new storage. 

(3) Speclfy the properties of each element in the group. 

The element node numbers and appropriate stiffness, 

strength and fixed end force data must be specified. 

Use may be made of any reference tables established 

in Step 2. Generation options may be incorporated, 

provided the elements are generated in element number 

sequence and information for only one element at a 

time is stored in COMMON block INFEr.. 

(4) For each element, the following initialization 

nperations must be carried out. 

(a) Set up the LM array within COMM,;N bleck INFEL. 

This is easily done, with reference 7;0 the element 

node numbers and the I~ array. 

(b) Initialize all element information va~iables 

within INFEL to appropriate v~lue~ corresponding to 

the initial state of the structure. Set IF.T. to the 

element number within the group and set KST to ~ero. 

(c) Cal] subroutine BAND with the statement 

CALL BAND 

to permit the base program to establish information on 

the form of the frame stiffness mat.rix. This call may 

be made at any time after LM has bl!'en defined. 

(d) Set up the element fixed end for::es, if a:lY, in 

array DD. These forces must b~ in tl'e R, 'l coordinate 

system for the frame, and must be the forces acting 2£ 

the element necessary to clamp its ends. The eleme~~ 
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internal torces IIlUst also be Inl tialized to their 

values in the clamped condition. Call subroutine 

SFOReE with the statement 

CALL SFORe! (DO) 

This subroutine transfers the fixed end torces trom DD 

to the static load vector for the trame. This call 

should be omitted if there are no fixed end forces. 

(e) Establish, within COMMON block INFEL. a variety 

of indicators to permit the current status and any 

status changes of the element to be monitored. Also 

set a variable, KGEOM, to a nonzero value it a geometric 

stiffness is to be computed (otherwise zero) and a 

variable KOUTDT to a nonzero value if time history 

results are to be printed (otherwise zero). 

(f) Add one to variable NELTH whenever the value of 

KOtl'l'DT for an element is nonzero. This co~ts the 

number of elements in the current frame for which time 

histories are requested. The value of NELTH is 

initialized to zero by the base program for each new 

rram~. 

(g) Because arrays X and Y will not be available at 

later times in the execution. save information on the 

element size and orientation in space" so that subse

quent stiffness and state dete~nation calculations 

can be cr..;:'ried out. A convenient means of storing 

element orientation info~atiob is to retain a displace

ment transformation relating nodal displacements and 



element deformations, although other procedur~s may 

be used. 

(h) Call subroutinp. FINISH with the statement 

CALL FINISH 

This call must be mad~ after the INFEL block for the 

element has been fully initialized. The subroutine 

transfers th~ data from INFEL to scratch 3torage. 

Ultima.tely the data is brmlght back into core by the 

base program ar:d cOluj::!.cted into output blocks. 
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(i) If this is a common column elem~nt. initialize the 

axial force values for common columns. First, calculate 

the location. I ~B. of the force values in blank COf.f.lON 

as 

ICB = (NCO~-l)*N~)PL*NFORT+(NSCL-l)*NFORT+l 
where the variebles are defined in Section 5.7. 

Second. add any initial and fixed end axial forces at 

ends i and j of the element into blank COMMON locations 

IeB and ICB+I, respectively. It is also advisable to 

store IeB in the INFEL block to avoid recalculating it 

in the STIrx and RESPX subroutines. If an e1'ror is 

detected in the specification of the column line and 

sta'7 T.llDIber. print an error message and set l-.'KDATA = 1. 

5.9 SUBROUTINE STIFX 

TIle argument list for this ~ubroutine is as follows: 

MSTEP, NDOF. NINFC. COMS. FK, DFAC 

The following arrays must be dimensioned: 

COMS(200). FK (NDOF. NDOF). COM(200) 



~ dimensions may be used if desired:t Labelled COMMON block 

INFEL must be defined, and block WORK m~ be defined if desirp.d. 

ThP variable COM(I) must be ~quivalenced to the first variable 

(IEL) of the INFEr. block. 

The purpose of this subroutine is to return. in array FK. 

the change in element stiffness. The subroutine is called onc,~ in 

each time step for each element which changes its status. e:c~ept 

for the cases MSTEP : 0 and MSTEP = I, when it is callel once for 

each element as explained below. 

The size of the FK array is currently limited, by a 

DIMENSION statement in subroutine STIFF of the base program,to a 

maximum size of 10 x 10. 

The following operations must be performed within the 

subroutine. 

Case 1: MSTEP" O. 

Form the initial elastic stiffness of ,he element. and 

return in a'!"ray FK. 

Case 2: MSTEP" 1. 

(a) If the geometric stiffness of the element is to ~e 

included (KGEOM ~ 0), form this stiffness and return in array FK. 

If this i~ a common column element, use the axial forces s~ored in 

blnr~ COMMON addresses IeB and ICB+l. 

(b) To consider 8 k damping, augment the ~lement stiffness, o 0 

ko' ":Jy the amount DFAC *!o. The value of ::>FAC is set in the bB.Sf~ 

program. It may be not~d that it would be possible to specify, for 

each p.lement gro~p or even for each element, a scaling factor tc be 

applied to ao ' allowing it to \ary from one element to the next. 



such all option has not been included in the elempnt subroutines 

developed to date, but could easily be added if needed. 

Case 3: MSTEP > 1. 

Form the change in stiffness and return in array FK. The 

status codes for the previous and current state of the element, as 

established. in subroutine FESPX, should be used to rletermine the 

nature of the stiffness ,~hange. Set the previcus code equal to the 

current code. 

In each case, appropriate information must be transferred 

from the storage array COMS to the INFEL block, No modification 

of data in the INFEL block is allowed in this subroutine. 

5·10 SUBROUTINE RESPX 

The argument list for this subroutine is as follows: 
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NDOF. NINFC. KBAL. KPR. CaMS, DDISM. DD. Tn-tE. VELM, DFAC, DELTA 

The following &Trays must be dimensioned: 

COMS(200), DDISM(~moF). DD(NDOF). COM(200), VELM(NDOF') 

Dummy dimensions may be used if desired. Labelled COMMON blocks 

THIST and INFEL must be defined. Block WORK may be defined if 

desired, and block CMCOL must be used for common columns. The 

variable COM(l) must be equivalenced to the first variable (IEL) 

of the INFEL block. 

The purpose of the subroutine is to determine the increments 

of element force and deformation, check the yield status for the 

element. set the status codes as necessary, and determine any 

unbalanced forces resulting from overshoot or reversal. The sub

routine is called once for each element at each time step. 
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1~e following steps must be carried out within the 

subroutine: 

(1) Transfer the element data from the storage array COMS 

to the INFEL block. 

(2) The increments of nodal displacement are transferred 

from the base program in array DDISM. Using these 

increments, determine the increments of element defor

mation and element f'orces. The general procedure is 

described in Chapter 3 of Reference [11. Common 

column elements m~st be treated as described in 

Section 5.7. 

(3) The value of KST is set. to zero in t:1e base program. 

If the status of the element changes, so that its 

stiffness must be modified in the next t.ime step, set 

KST :: 1. The values of the status indicator:> !'o~ th~ 

current state must also be set. These .-t Ll be cOMpared, 

in subroutine STIFX, with the vulue~ for the previ0us 

state to determine the nature of the stif'fness ~hange. 

(4) The value of KBAL _s set to zero in the base program. 

If' unbalanced loads are developed because of overshoot 

or reversal, set KBAL = 1 and add the magnitudes of 

the unbalanced loads to array DD. These unbalanced 

l~ads, and any damping loads as described in the 

following se~tions, must be the loads to be assembled 

directly into the structure load vector for the next 

time step, without transformation or change of ~ign. 

The theory is explained in Reference [1] and the detal ~_s 



can be inferred by studying the subroutines for the 

existing elements. If KBAL r~.ains zero. no data need 

be stored in array DD. 

(5) '!'be nodal velocities are transferred from the base 

program in array VELM and may be used to obtain element 

deformation increments from DDISE. To consider 

original stiffness proportional damping determine a 

load term equal to DFAC-k -r. where DFAC is set in the 
~-

basic pr~'~ram and transmited as argument; ~ is the 

original element elastic stiffness matrix; and ~ the 

deformation rate vector at the beginning of the time 

step. Add this load to the vector DD. Set KBAL = 1. 

(6) To consider "structural" damping the partl.Dleter DELTA 

is used. This parameter is defined by the user and 

read by th~ base program. A set of damping forces must 

be computed at the end of each integration time step. 

as follews. 

The damping force generated in, for example, a 

truss bar is 

S d = - DELTA * I s I I ~ I 
V 

in which Sd. damping axial force; S = current force 

(which for an elastic element will be proportional to 

the extension); and V = rate of extension. The damping 

forces for other elements are determined similarly. 
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Tranaform the force to correspond to the nodal displace-

menta and add to DD. Set KBAL = 1. 
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(7) Retain appropriate envelope values ·of element forces 

and deformations fer subsequent printing. The infor

mation retained will depend on the type of element. 

(8) The value ~f KPR is set to the element group number in 

the base program if ttme history results are to be 

printed or saved for the current time step, otherwise 

it is set to zero, except for the static load case 

where it is set to minus the group number. If KPR < 0, 

then this is the static load case and results for all 

elements should be -printed. If !CPR > 0, this io an 

element for which time history ~ata is requ!red. If 

ITHP :. 1, this is an element for which a time history 

is required as computation progresses. Care ~ust be 

taken in pril1ting the headings for time history data. 

A heading may 'be printed when IEL = I, but there w:!.l.i 

be no corresponding data unless a time history print 

is required for at least one element. in the group. 

Hence, it is recommended that a heading indicator, IRED, 

be established within COMMON block WORK. and initialized 

to zerc when IEL - I, KPR ~ 0 and ITHP ~ 1; or to 1 

when IEL = 1 and either KPR = 0 or ITHP < 1. Then, 

when an element is encountered for which a time history 

print is required (Le. KOUTDT; O),print the heading 

and set IHED = 1 if IHED = 0, otherwise do not print 

the heading. The existing element subroutiuefl use this 

procedure. 



(9) If the value of ITHP ~ 1 and KOUTDT ~ O. this i 3 an 

element tor which a reorganized time history is to be 

printed at the end of the computation. The results tor 

this element must therefore be saved on a scratch tile, 

for subsequent re-ordering by the base program and 

printout in subroutine THPRX. The arrays ITHOL~(lO) 

and THOUT(20) in COMMON block THIST are provided for 

transter of results to the base pre-gran, which then 

writes the data on t"'le scratch i'ile. The following 

rules must be followed in setting up these two arrays. 

(a) The value of ITHOUT(2) must be the element group 

number, because it. will be ,\sed by the base pro

gram for final printing in subroutine THPRX. 

(b) The remainder of JTHOuT and all of THOUT can be 

used to transfer any desired information needed 

for the reorganized time history printout, with 

integer intormation in ITHOUT and real information 

in THOUT. 

(c) Set ISAVE = I, to indicate to tne basp. program 

that the arrays are t~ be saved. rSAVE is 

initialized to zero by the base p~ogram for each 

element at each time step. 

(10) Transfer the updated element data. from tbe INFEL 

block back to the storage array co~~. 

5.11 SUBROUTINE OUTX 

The argument list for this subroutine is as follows: 

COM3, NINFC 

59 
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The following arrays must be dimensioned: 

COI.fS ( 200 ), COM (200 ) 

Dummy dimensions may be used if desiren. Labelled COMMON block INFEL 

must be defined. and COMMON block WORK may be used if desi~ed. The 

vari~ble COM(l) must be equivalenced to the first variable (IEL) of 

the INFEL block. 

TIle purpose of the subroutine is to print final results fOT 

each element. The subroutine is called once for each element. at 

user specified time interva.ls. The information in the INFEL block 

must not be modified in this subroutine. 

The following step5 must be carried out within the subroutine: 

(I) Transfer the element data from the storage array CO~~ 

to the INFEL block. 

(2) If IEL = 1. print appropriate output headings for the 

element group. 

(3) Print the results. typically envelop~ values of forces 

and deformations, for each Ellel1ent. 

5.12 SUBROUTINE THPRX 

The argument list for this subroutine is as follows: 

NS, IFR 

The labelled CQl.IMON block THIST must be defined. 

The purp~se of the subroutine is to print reorganized time 

histo'"y results for the specified clements. This subroatine is 

called aft~r all other computation is complete. 

Tne element time hiltOry results are recalled from a scratch 

file by the base progrem, and transferred through arrays ITHOUT and 

THOUT, exactly as these arrays were created in the corresponding 

subroutine RESPX. 



The variable NS is set by the base program to the output 

intp-rval number, starti.~ with 1 for the initie! static condition, 

and may be used in the ~rintout if desired. The subroutine is 

called once for each outIut interval. 

The variable IFR is the frame number to which the element 

belongs and m~y be used in the printout if desired. Its value must 

not be changed. 
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The following steps must be carriea. out '.1 thin thlC' subrout ine: 

(1) Print all appropriate heading if NS = 1. 

(2) Print time history results using the data transferred 

in arrays ITHOUT and TRO!JT. 

(3) If ISE > 0, write the time history results (arrays 

ITHOUT and THOUT, or any other desired information) 

on file NF7. The variable NF7 is set to 7 in the 

current version of tl.e program, so that this file is 

TAPE7. The file is rewound by the base progr~ before 

the saving of time history results begins, but is not 

re~ound at the end. Any desired dat~ may be saved (for 

example, the arrays ITR01.rI' and THOUT), and the data may 

be formatted or unforruatted. There will be one record 

for each output interval and each element. The data 

is not processed further by the program, being intended 

for processing by user-provided data processing programs. 
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6. EXAMPLE 

The hypothetical example structure shown in Figs. 6.1 

through 6.4 exercises most of the options in the program. The 

example illustrates data preparation procedures for the program, 

and may be used to check its execution following implementation on 

a new cOJrl.puter installation. Program decks received through the 

National Information Service for Earthquake Engineering will include 

a data deck and computer output for this example. 

The input cards for the structure are listed in Table 6.1, 

including identification by the corresponding section in the User's 

Guide. A user who is unfamiliar with the program will be able to 

obtain guidance in datn preparation procedures by studying this 

sample data. 

The example structure does not represent any real structure, 

and the structural idealization used for the example is not 

necessarily a sound one for the analysis of real structures of 

similar type. 
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TABLE 6.1 

LISTING OF INPUT DA~A FOR 
EXAMPLE STRUCTURE 

The numbers on the right of the input data in the following 

table are the corresponding sections in the Program User's Guide. 

These numbers are not to be punched in the data cards. 
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7. CUNCLUSION 

The computer program described in this report is believed 

to be a usefUl practical tool for analysis of the inelastic earth-

quake response of three-dimensional buildings. The major 

restriction on the procedure is that frame interaction through 

common columns is not taken into account. so that the program is 

not applicable to tu~~type buildings. 

Because of the TABS type idealization and the use of sub-

structuring techniqueu, the analysis will be substantially more 

efficient than aL analysis based on a fUll three-dimensional 

idealizatiol". r,~1e progr!l.l!1 is also able to consider both large 

and small structures efficiently, because of the several available 

data storage options. The program has some sy~tem-dependent 

features, but these are minor 8.nf. adaptation of the program to 

other I,;omputer systems should rC1t be difficult. 

'It€'~ program reprezents a~,~stantial adva.r.ce over the 

DRAIN-2D pro gran: , and bridges tl'e gap between two-dime1.sional 

and !'uJ..l three-dimensional idealization;:) of buildin?; structures. 
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APPENDIX A 

PROGRAM USER'S GUIDE 

UNIVERSITY OF CALIFORNIA 
BERKELEY 

DIVISION OF STRUCTURAL ENGINEERING 
AND STRUCTURAL MECHANICS 

Corrputer Programming Series 

IDENTIFI:::ATION 

DRAHJ-TABS : computer program for the inelastic dynamjc 

analysis of three-dimensional buildingd under 

earthquake excitation. 

Programmed: R. Guendelman, University of California, 

Berkeley. 1976. 

PURPOSE 

The program determines the inelastic aynamic response of three-

dimensional buildings of essentially arbitrary configuration due to 

ground motions. 'I'vo independent horizontal motions plus ver\ical 

motion may be specified. Out-o!'·-phe.se support. motions canr.ot. be 

considered. Static loads may be applie1 to the structure prior to 

the application of the dynamic loading, but tne behavior under static 

load must be elastic. 

The structure may be compo~ed of elements having a variety 

of behavior patterns and yielding characteristics. The program is 

designed to permit new elements to be added with a relatively small 

amount of coding effort. 

IDFALlZATION 

The building is idealizpd as a s~ries of plane frames 

interconnected by horizontal rigid diaphragms, with no enforcement. 



of compatibility for vertical and rotational. displacements at 

joints cOIIIJIX)n to two or more frames. Each frlUlle can be of arbitrary 

geometry and include structural elements of a variety of types. It 

is not necessary for all frames to connect to all diaphragms. so 

that structures with independent diaphragms at some levelS can be 

idealized. 

Provision is made in the program for the axial forcp.s in 

common columns to be computed us the sum of the forces for correspond

ing elements in intersecting frames. This option is currently 

available only for beam-column el~ments. but could be incorpcrated 

into new elements developed for the program if desired. 

For each frame the elements must be divided into "groups." 

All elements in any group must be of the same type (e.g. truss. 

beam-column, etc.) and typically all elements of a single type viII 

be included in a single group. However. elements of the same type 

may be subdivided into sep&rate groups if deoired. Within any 

group. elements must be numbered sequentially starting with 1. 

The behavior of any element is determined by the progr~er 

developing the subroutines for the element. This behavior may be 

nf virtually any degree of complex! ty. depending on the purpose for 

which the element is intended. Characteristics of the available 

element library at the timt' of writing are described in Appendices 

B of Ref~rence [2]. 

Displacements and coordinates are defined with respect to a 

right-handed global coordinate system (X. Y. Z) :or the diaphragms. 

with Z vertically upwards and a local system (H.;:) for I!a.ch frame. 

with H positive t,., the right. 
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CAPACITY LIMITATIONS 

Some capacity limitations resulting from the use of fixed 

dUnensions are associated with the input of element data, as explained 

in Section E. Some restrictions also result from the length of 

labelled COMMON/WORK/ as explained in this section. However, most 

data is stored in arrays w!th variable dimensions, with the required 

core storage established in blank C0MMON and allo~ated dynamically 

at execution time. 

The minimum required length of blank COMMON depends on the 

storage option selected, number of dif1.phragms, ·'v~.ber of frames, 

number of nodes in each frame, the form of the building a.nd frame 

stiffness matrices, number of integration time steps, and number 

of diaphragm and frame nodes for t~~e-history printouts of dis

placements. Because there are EI?veral ctorage options and the 

stiffnesc matrices are stored in compacted form, the storage 

requirements are difficult to determine by hand. Hence, storage 

computations are made by the program and printed during data 

checking runs. It is assumed that one or more data checking runs 

will be required before any extensive computation is carri.~d out. 

If a blank CmlMON length in excess of that required is specified, 

the current version of the program for the CDC 6400 wi.ll :"educe it 

tc' the required length. 

For data cr~cking runs the storage is independent of the 

storage cption. and only a s!l8.ll amount ·~f information is held in 

core. The storage requireJ for data checking runs can be estimated 

as follows: 
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Let: 

NFRAME = Number of frames. 

NDIAP = Number of diaphragms. 

NCOLe = Number of common column lines. 

NESPL Maximum number of stories per common column line. 

NFORT ~ Maximum number of forces to be transmitted between 
common column. For the current version of the 
program this is set to 2. 

NSTEPS = Number of integration times steps. 

NDX. NDY, NDR = liumoer of diaphragms for which time history 
prints of X, Y and rotational displacements, 
respectively, are required. 

NDXR. NDYR = Number of pairs of diaphragms for which 
relative time history prints of X and Y 
displacements, respectively. are required. 

NEARQ = Number of ea.rthquake motion components in 
X, Y, Z coordinates (1, 2 or 3). 

For each frame let: 

NJTd 

r..'HOUT, 
NVOUT. 
NROUT 

= Number of Joints h, th~ frame. 

= Numbers of nodes for whir.h time history prints 
of H, l and rotational displacements, respectively, 
are required. 

NHR, NVR = Number of node pairs for which time history prints 
of relative H and Z disp:~acements, respectively, 
are required. 

NELFR = total number of elements in the frame. 

Then the required blank COMMON for 8 data checking run is: 

NCOLC*NESPL*NFORT+53*NDIAP +NEARQ*NSTEPS+9*NFRAME+NDX+NDY+ 
NDR+2*(NDXR+NDYR)+3l+Maximum for MY frame of: 

(lB4+20·NJ'l'S+NROUT+NVOUT+NHOUT~2·(NHR+NVR)) 

The storage requirements for each storage option will be 

printed as follove: 

(1) Minimum blank COMMON length for the option. without 

element data. 
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(2) Required blank COr-MON length required to:> hole all 

element information in core. In add~tior. to the 

minimum storage in (1), spa~e mus', be provUed in 

blank COMMON to s+ore information 01) the elements. 

The number of storage lvcations required for each 

different typ~ of element is noted in section E. The 

element information is compacted into the available 

core, and if sufficient blank COMMON length ~s pr;.;:vided, 

the information for all elements will be retaine5 

permanently in core. The input/output cost for tne 

computer run will then be minimized. If insufficient 

leng-:h is provided, the e1eme!1t int'ormatioll will auto-

matically be divided into blocks, with as many elements 

as possible in each block. The blocks viII be savp.d 

on scratch storage, and a considerable amount of input 

output effort may be involved. 

In addition a messagp. will be printed, ~ndicating a needed 

increase in COMMON block WORK if the length of this block, LWORK, 

is less than 

nw = (NDIAP *(NDIAP +1»)/2 + NDIAP + 6 

The allocated stol'age can be modified by changing the follow-

ing two cards: 

(1 ) 

(2) 

LWORK ~ n in the main program. v 

COMMON/WORK/w(n ) in the SDRAIN program. w 



INPUT DATA 

The following punched cards define the problem to be solved. 

Consistent units must be used throughout. 

Sections A and B specif,y data for the complete building. 

Sections C, D and E specif,y data for individual frames. and must be 

repeated for each frame (i.e. Sections C. D. E for first frame; 

Sections C, D, E for second frame, etc). 



AI. PROBLEM INITIATION AND TITLE (A5.3X.18A4) - ONE CARD. 

Cols. 1 - 5: Punch the word START. 

6 - 8: Blank 

9 - 80: Problem title. to be printed with output. 

A2. STRUCTURE CONTROL INFORMATION (7:5.5X,I10) - ONE CARD. 

Cols. 1 - 5: Total number of frames in structure (NFRAM). 

6 - 10: Number of floor diaphragms (NDIAP). 

15: Code for allowable diaphragm displacement, 
as follows. 

(a) 1: Full 3D action (X, Y Rnd rotational 
displacements). 

(b) 2: X displac~ment only. 

(el 3: Y displacement only. 

(d) 4: X and Y displacements but no rotation. 

]9 - 20: Data checking code. Punch 1 if only a data 
checking run is requir~d. Leave blank or 
punch zero if the problem is to be executed. 
Punch -1 if the problem is to be executed 
provided the number of element information 
blocks does not exceed one. This last option 
prevents execution, with excessive input! 
output cost, in cases where in-core operation 
is intended but errors are made in specifyi~g 
the required storage. 

24 - 25: Data storage option (1 through 10). See 
Table 4.1 for available options. Option 1 
requires most core stor£,ge but least execution 
~ime; option 10 re~uires le~st storage but 
rr.ost execution time. The required storage 
lengths for all options are printed during 
data checking runs. 

26 - 30: Numbpr of common c~lumn lines (NCOLe). SeE 
NOTE 9 for explanation. 
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~ols. 31 - 35: Maximum number of column elements in 
colUIIL"l line. Leave blank if NeOLC .. 
zero or blank and NeOLe > O. assumed 
to the' number of diaphragms. NDIAP. 
9. 

any common 
O. If 
equal 
See NOTE 

41 - 50: Blank COMMON length to be assumed. If zero 
or blank. the value compiled into the program 
will be assumed. See discussion of capacity 
limi tations • 

A3. FLOOR DIAPHRAGM INFOR1.fATION (6r:o. 0) - UDIAP CARDS, ONE FOR 
EACH DIAPHRAGM. 

Cols. 1 - 10: X coordinate of center of mass. 

11- 20: Y coordinate of center of mass. 

21 - 30: Translational mass for X direction. 

31 - 40: Translational mass for Y direction. 

41 50: Rotational moment of inertia about Z axis. 

51 - 60: Modifying factor by which masses are to be 
divided. If blank or zero, the fa~tor fro~ 
the preceding diaphragm is assumed, so that 
if the same factor applies for all diaphi:agms, 
it needs to be specified for the first 
diaphragm only. This factor will tYricaily 
be equal to g, in which case the mass values 
will be given a~ weights. If zero or blank 
on the i'irst card, assumed to be 1. O. 



Bl. LOAD CONTROL INFORMATION (2I5,EIO.O,I5,5X,2EIO.0) - ONE Ck~V. 

Cols. 5: Static load code. Punch 1 if st.atic loads 
are to be applied before the ("~yn.unic loads. 
Leave blank or punch zero if stat:c loads are 
not to be applied. 

5 - 10: Number of static horizontal loads applieod to 
diaphragms (NLDP). See Section P2. 

11 - ~): Earthquake ang!e (degrees). Angle from 
global X axis to earthquake X' axis, measured 
clockwise from X to X I in plan (see figure). 

~'l - 25: Number of integration time steps to be 
consLdered in the dynamic analysis. 

31 - 40: Integration time step, ~t. 

41 - 50: Ab30lute value of the maximrun nis~:acement 
permitted before the structure can be assumed 
to have collapsed. The execution is 
terminated if this value is exceer\ed at a'lY 
step. If zero or blank, assumed to be very 
high. 

B2. EARTHQUAKE SCALE FACTORS (6ElO.O) - ONE CARD. 

This card may be left blank if all scale factors are 1.0. 

Cols. 1 - 10: Magnification fa~tor to be applied to ground 
accelerations specified for the X' direction. 
See NOTE 5 for p.xplanation. 

}1 - ~o: 

21 - 30: 

':!l - 40: 

4'_ - 50: 

51 - ~O: 

Magnification factor to be applied to time 
scale of the acceleration record specified 
for the X' di rectio,l. See NOTE 5. 

Magni fication factor for ground 8.~c,~lerat i (lOS 

in yl direction. 

Magnification factor for time s~ale in Y' 
direction. 

Magnification factor for ground accelerations 
in Z (i.e. vertiral) dirpction. 

Magnification factor for time scale in Z 
direction. 
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B3. HORIZONTAL DIAPHRAGM lOADS (r5,5X.4Elo.o) - NLDP CARDS, ONE 
FOR EACH DIAPHRAGM LOAD. 

Omit if NLDP, Card Bl, is zero. More than one load m~ be 

applied to a~v diaphragm if desired. 

Cols. 1 - 5: Diaphragm number. Diaphragms are numbered 
in the sequence in which they were defined 
in Section A3. 

6 - 10: Blank 

11 20: X force, positive in the +X direction. 

21 - 30: Y force. positive in the +y direction. 

31 - 40: X coordinate of point of application. 

41 - 50: Y coordinate of point of appli cati or .• 

B4. TI~m HISTORY OUTPUT SPECIFICATION. 

Printed tim~ histories of selected diaphragm displacements, 

frame nodal displacements and element results at selected 

time intervals m~ be obtained if desired. Envelope values 

of all nodal displacements and element results are auto-

matically printed at the end of the computatic~ ~d if the 

specified maximum displacemerlt should be exceeded. Intermed-

iate results envelopes m~ be printed at selected time 

intervals. 

Time history values m~ be printed as the computation progresses, 

at the end of th~ computation only. or in both of these fOTm3. 

The printouts at the end of the t!omputation are ordered element 

by element. node by node, or diaphragm by diaphragm rather 



than time step by time step, and hence are both more compact 

and more convenient for use in plotting time history ~raphs. 

These re-ordered time histories may also be saved 01 tape for 

subsequent mac~ine plotting or other processing. 

B4.l CONTROL INFORMATION (1115) - ONE CARD. 

eols. 1 - 5: Time interval for printout of diaphra~ 
and lIode displacement time hi3tories, 
expressed as a multjple of tb~ time step 
6t. Leave blank for no priPtout. The 
diaphragms for which time ;listories are 
requirea are specified in Sections B4.2 
through B4.6. The nodes for which time 
histories are required are specified in 
Sections D2 through n6. 

6 - 10: 

11 - 15: 

16 - ~~O: 

21 - 25: 

26 - 30: 

31 - 35: 

36 - 40: 

Time interval for printout ()f time histories 
of element results, expressed as a multiple 
of the time step ~t. Leave blank for no 
printout. The elements for which time 
histories are required are specified in 
Section E. 

Time interval for intermediate printout of 
envelope values, expressed as a multiple of 
the time step l'It. Leave blank for no inter
mediate printout. invelop2 values are 
automatically printeJ at the end of the 
res~ (InSe period. 

Number of diaphragms (NDX0UT) for which X 
displacement time histories are required. 

Number of diaphragms (NDYOUT) for vhich Y 
displacement time histor~.es are required. 

Number of diaphragms (NDROUT) for which 
rotation time histories are required. 

Number of pairs of diaphragms (NDXR) fOl 
vhich time histories of, relative X displace

j 

'i t 
ment are required. 

Number of pairs of dia~.,uagms (NDY!» ~or 
which time histories of relativp Y displace
ment are required. 
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Cols. 45: Time history print code for diaphragm dis
placement time histories. as follo.s: 

(a) Zero or blank: time history printout 
only as the computation progresses. 

(b) 1: both a printout as the computation 
progresses and a re-ordered printout 
at the end of the computation. 

(c) 2: only a re-ordcr~d printout at th~ 
end of the computntion. 

50: Time history print. corle fnr relative dial;~ragm 
displacement time hjs~0ries. Zero. 1 or 2. 
as for the precedin; code. 

51 - 55: TLp') storage ':Od0 for saving re-ordered time 
histories of diap~ragm d1:lplacements. as 
follows: 

(a) Zero or blank: the re-ordered time 
histories are printed but not saved on 
tape. 

(b) Nonzero: the; :-e-ordered time rdstories 
ere printed and also written on ou+.put 
unit TAPE7. See NOTE 8 for explar.3.tion. 

B4.2 L13T OF DIAPHRAGMS FOR X ~ISPLAC~~ TIME HISTORIES (1015). 

As ~ cards as needed to specify NDXOUT diaphragm numbers. 

punched ten to a card. ~it if NDXOUT is zero. 

B4.3 LIST OF DIAPHRAGMS FeR Y DISPLACEMENT TIME HISTORIES (1015). 

As many cards a.s needed to specify NDYOUT diaphr.a.gm numbers. 

punched ten to a card. Omit if NDYOUT is zero. 



B4.~ LIST OF DIAPHRAGMS FOR ROTATION TIME HISTORIES (1015). 

As many cards as needed to spec11'y NDROUT diaphragm nwr.l>f. r s • 

punched ten t'J a card. Omit if NDI10U'!' is zero. 

B4.5 LIST OF DIAPHRAGMS FGR RF.ALTIVE X DISPLACEMENT TIl..ffi HlSTORfES 
(1015). 

As many cards needed to speci1'y NXDR pairs of db.phragms, 

punched 5 pairs to a card. Omit if NXDR is zero. The printed 

displacement is the displacement of the first dlarhragm of 

any pair minus the displacement of the second diaphragm. 

034.6 LIST OF DIAPHRAGMS FOR RELATIVE Y DISPLACEMEN'i' rIME HISTORI ES 
(1015). 

As many cards as needed to specify NYDR pairfl of diaphragms. 

punched 5 pairs to a card. Omit if NDYR is zero. 

B5 • ACCELERATIOn RECORDS - ONE COnTROL CARD, FOLLOWED BY AS MANY 
CARDS AS NEEDED TO SPECIFY THE ACCELERATION TIME H~STCRIE~. 

B5.1 CONTROL INFORMATION (5~5.5X.8A6) - ONE CARD. 

Cols. 1 - 5: Number of" time-acc<:!leration pairtl defining 
g:"''llmd motion in X, direction (NPTX). 
Punch zero or leave blank for no ground 
motion in this direction. 
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6 - 10: Number of ~ime-acceleration pairs d(;fining 
ground motion In Y' direct.ion (NPTY). Pun::h 
zero or :eave blank for no groun" motion in this 
direction. 

11 - 15: Number of time-acceleration pairs defining 
ground motion in Z (vertical) direction 
(fC"l'Z) • PUIlch zero or lc!ave blank. for no 
ground motion in thiti direction. 
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Cola. 20: Code for p~inting accelerations as input. 
Leave blank or punch zero for no printout.. 
Punch 1 to get listing of acceleration rl!cord. 

25: Code for printing of accelerations as int.er
polated at intervals of flt. Leave blank or 
punch zero for no printout. Punch 1 tc get 
listing of acceleration record. 

31 - 78: Optional title to identify records, to be 
printed with output. 

B5.2 GRiY.JND A.CCELERATION TIME HISTORY IN X' DIRECTION (l2F6.o). 

As many cards as needed tc specify NPTX time-acceleration pairs, 

6 peirs to a card, assumed to be in acceleration units (~ 

mul~iples of the acceleration due to gravity). Omit if NPTX 

equals 2.ero. Note that both the acceleration and time scales 

may be scaled if desired (see Section B.2). If the record 

is input in terms of the acceleration due to gravity, the 

acceleration ~agnification fRctor must be g to convert to 

. acceleration units. 

B5.3 GROUND ACCELERATION TIME HISTORY IN yl DIRECTION (l2F6.o). 

As many cards as needed to ~pecifY NPTY time-acceleration 

pail'S. Omit if NPl'Y equals zero. 

B5.4 '~GROUND ACCELEM'I:ON TIME HISTORY IN Z DIREC';.'ION (12F6.o). 

As many cards as needed to specit,y NPTZ time-acceleration 

pairs. Omit if NPTZ equals zero. 
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B6. DAMPIlfG INFORMATION (4F10. 0) - ONE CARD. 

See NOTE 6 for explanation. 

Cols. 1 - 10: Masa proportional damping factor. a 

11 - 20: Stif!ness proportional damping factor. B, for 
current tangent stiffness. 

21 - 30: Stiffness proportional damping factor, Bo ' 
for original elastic Dtiffness 

31 - 40: "Structural" damping factor. t5. rtis 
recommended that this factor be left blank. 
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Cl. FRAME LOCATION AID TITg, (4E10.0,4A8) - on CARD. 

See NOTE 10 tor explanation of frame location and orientation. 

Cols. 1 - 10: X coordinate ot point 1 on frame. 

11- 20: Y coordinate ot point 1. 

21 - 30; X cCi'Jrdinate ot point 2 on trame. 

31 - 40: y coo~'dinat~ ot point 2. 

41 - 72: Optional fr!1llle title, to be printed with 
output. 

C2. FRAME CONTROL INFORMATION (9I 5) - ONE CARD. 

Cols. 1 - 5: Number of nodes in frame. 

6 - 10: Number of "control nodes" tor which 
coordinates are specified directly. See 
Section C3. 

11 - 15: Number ot node coord~nate generation commands. 
See Section c4. 

16 - 20: Number ot cOIIIDaIlds specif'ying nodes with zero 
displacements. See Section C5. 

21 - 25: Number ot commands specif'ying nodes connected 
to noor diaphrBgIIIS. See Section c6. 

26 - 30: Number ot cOIIIIlands specifying nodes vi th 
identical displacements. See Section C7. 

31 - 35: Number ot cOllllll&llds specif'yi~ lumped Dl&8t.-.s 
at nodes. See Section Ce. 

36 - 40: Number ot cOlllllUUlds specif'ying static loads 
applied directly at the nodes. See Section 
C9. Leave blank or punch zero it there ~re 
no static loads applied direct.~ at the nodes. 

41 - 45: Number of dif~erent groups ot elements in 
this frame.. See Section E. Maximum 10. 



C3. CONTROL RODE COORDIRATES (15,2F10,O) - ONE CARD FOR EACH 
CONTROL RODE. See NOTE 1 for explanatioD. 

Co1s. 1 - 5: Bode number. The nod~s tor each frame must 
be DUIIlbered starting vi th 1. vi th no nUlllbers 
omitted. However. the control nodes maJ be 
input in any convenient sequence. 

6 - 15: H coordinate of nodf'. 

16 - 25: Z coordinate of node. 

C4. COMMARDS FOR STRAIGHT LINE GENERATION OF NODE COORDINATES 
(4I5.F10.0) - ONE CARD FOR EACH GENERATION COMMAND. 

Omit it there are no generation commands. See NOTE 1 for 

explanation. 

Cols. 1 - 5: Node number at 'beginning of generation line. 

6 - 10: Node number at end of generation line. 

11 - 15: Number of nodes to be generated along lir.e. 

16 - 20: Node number difference (constant) between any 
two successive nodes on line. If blank or 
zero. assumed to be equal to 1. 

21 - 30: Spacing between succesF.ive generated nodes. 
If greater than or equal to 1.0, assurued to 
be the actual spacing. If less than 1.0. 
assumed to be the sctual spacing divided by 
the length of the generation line. If zero 
or blank, the nodes are automatically sraced 
uniformly along the generation line. 

C5. COMMARDS FOil NODES WITH zElIa DISPLACE)fEN'l'S (615) - ONE CARD 
FOil EACH COfIotABD. 

Omit it no nodes are constrained to have zero dlsplacemeur,s. 

See BOTE 2 tor explanation. 
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Cola. 1 - 5: Node number, or number of first node in a 
series of nodes covered b~ this command. 

10: Code for H displacements. Punch 1 if con
strained to be zero. otherwise leavE: tlanlt t,r 
punch zero. 

15: Code for Z displacement. 

20: Code for rotation. 

21 - 25: Number of last node in series. Leave blank 
for a single node. 

26 - 30: Node number difference (const-i.nt) between 
successive nodes in series. If blank or zero, 
assumed to be equal to 1. 

c6. COMl,WfI)S FOR NODES CONNECTED TO FLOOR DIAPHRAGMS (16I5) - ONE 
CARD FOR EAr.H COMMANt 

C1. 

Sp.e Chapter 2 and 3 for explanation. 

Cola. 1 - 5: Diaphragm number. 

6 - 10: Number of noden ~overed by this command 
(max. 14 - See NOTE 3 for pro~edure when mnr~ 
than 14 nodes are ,'onnected to one diaphragm). 

11 - 80: Up to 14 fields, each 15. List of nodes, in 
increasing numerical order. 

COMMANDS FOR NODES WITH IDENTICAL D~SPLACFMENTS (161~) - ONE 
CARD FOR EACH COMMAND. --

Omdt if no n~dea 8r~ constrained to have identical displacements. 

See ROTE 3 for explanatiun. 

Cols. 5: Di~p1acement code, 89 fellows. 

Punch 1 for H displacement. 

Punch 2 ~or Z displacement. 



Cols. 5: Punch 3 for rotation. 

6 - 10: Numter of nodes covered by this command 
(max. 14 - See NOTE 3 tor procedure when mere 
than 14 nodes have idenU.cal displacements). 

11 - 80: Up to 14 fields, each 15. List of nodes, 1r. 
increasing numerical order. 

C8. COMMANDS FOR LUMPED MASSES AT NO~~~ (I5.3FIO.O.215.FIO.O) - ONE 
CARD FOR EACH COMMAND 

See NOTE ~ for explanation. 

Cols. 1 - 5: Node number, or number of first node in a 
aeries of nodes covered by th:l.s cOlllll18.nd. 

6 - 15: Mass associated with H displacement. See NOTE 
11. Should be nonzero '»1ly in spp.~ia.1 cases. 

16 - 25: Mass associated with Z displacement. May be 
zero. 

26 - ~5: Rotary Inertia. May be zero. 

36 - 40: Number of last node in series. Leave blank 
for a single node. 

41 - 45: Node number difference between successive 
nodes in series. If blank or zero. assumed 
to be equal to 1. 

46 - 55: Modifying factor by which masses are to be 
diVide~. If blank or zero. the factor from 
the preceding command is assumed. so that if 
the same factor applies for all commands. it 
needs to be specified for the first command 
only. This fa~tor will typically be equal 
to g. in which cases the mass values will 
be given as weights. If zero or blank for 
the first command, assu~ed to be 1.0. 
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C9 • COMMANDS FOR STATI C LOADS APPLIED DIRECTLY AT nODES (I 5, 3FIO. 0, 
. 215) - ONE CARD FOR EACH COMMAND. , 

Omit if there are no static loads applied directly at nodes. 

If the static load code (Card Bl) is zero or blank the loads 

will be read and printed, uu"; are otherwise ignored. 

Col:;. 1 - 5: Node numb~r. or number of first node in a 
series of nodes ccvered by this command. 

6 - 15: Load in H direction, the same on all nodes 
in the series. 

16 - 25: Load in Z direction, the same on all nodes 
in the 6eries. 

26 - 35: Moment load (counterclockwise positive). 

36 - 41): Number of last. node in series. Leave blank 
for a single node. 

41 - 45: Node number difference (constant) between 
£uccessive nodes in series. If blank or 
zero, assumed to be equal to 1. 

Note: A single node may appear in two or more commands if desired. 
In such a case, the total loads applied at the node will be 
the sum of the loads from the separate conunands. 

note that Z loads are positive upwards. 



D. r'RAME TIME HISTORY OUTPUT SPECIFICATION 

Dl. CONTROL INFO,~TION (1015) - ()NE CA.~D. 

Cols. 1 - 5: Nwnber of nod~s (~mOUT) for which H displace
ment time histories are required. 

6 - 10: Number of nodes (NZOUT) for which Z dIsplace
ment time histories are required. 

11 - 15: Number of nodes (lROUT) for which rotntion 
time histories are required. 

16 - 20: Number of pairs of nodes (NHR) for which time 
histories of relative H cisplacement are 
required. 

2l - 25: Number of pai rs of nodes (NZR) for which time 
histories 0f relative Z displacement are 
required. 

30: Tim~ history print code for nodal displace
m~nt time histories, as follows: 

(a) Zero or blank: time history printout 
only as the computation progresses. 

(b) 1: both a printout as the computation 
progresses and a re-ordered printout 
at the end of the computation. 

(c) 2: only a re-orderec printout at the end 
of the co-.nputation. 

35: Time history pi'int code for relative nodal 
displacement time histories. Zero, 1 or 2, 
as for the preceding code. 

40: Time Libtory print code for element re3ults 
time hi~tories. Zero, 1 nr 2, as for the 
precedin>', code. 

;~l - 45: Tape storage code for saving re-ordered time 
histories of noaal displacements and relat.ive 
displacements, as follows: 

(a) Zero or blank: The re-ordered time 
histories are printed n~t not sav~d on 
tape. 
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Cols. 41 - 45: (b) Nonzero: The re-ordered time 
histories are printed and also 
written on output unit TAPE7. See 
NOTE 8 for further e~lanation. 

46 - 50: Tape storage cede for saving re-ordered time 
histories of element results. Zero or 
nonzero, as for preceding code. See. NOTE 8 
for further explanation. 

n2. LIST OF NODES FOR H DISPLACEMENT TIME HISTOR~ES (lOI5). 

As many card! 1\8 ne:eded to speci fy NHOUT node numbers, puncheJ 

ten to a card. Omit if NHOUT equals zero. 

D3. LIST OF NODES FOR Z DISPLACEMENT TIME HISTORIES (lOI~). 

As many cards as needed to sped fy NZ0UT node nwnbers. punched 

ten to a card. Omit if NZOUT equals zpro. 

D4. L1ST OF NODES FOR ROTATION TI~~ EISTORIES (leI5). 

As many cards as needed to ~pecif,y NROUT node numbers, punched 

ten to a card. Omit if tmOUT equals zero. 

D5. LIST OF NODES FOR RELATIVE H DISPLACEM?1.T TIME HISTORIES (1015). 

As many cards as needed to specify Him pairs of nod,! •. umbers, 

5 pairs to 8 card. Omit if NHR equals zer~. The printed 

displacement is the displacement of the first node ~f any pair 

minus the displacement of the second node. 
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D6. LIST OF NODES FOR RELATIVE Z DISPLACEMENT TIME HISTORIES (1015). 

As many cards as needed to specify NZR pairs of node numbers, 

5 pairs to a card. Omit if NZR equals zero. 
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E. ELEMENT SPECIFICATION 

For input and output, the elements of e&ch frame must be divided 

into groups. All eleme."lts in any group must be of the same type, 

and typically all elements of a single type vill be included 

in a sin~le group. However, elements of the same type may be 

sUbdivided into separate groups if desired. 

Element groups may be ~nput in any convenient sequence. Within 

any grouP. the elements must be numbered in sequence beginning 

with l. 

The number of element groups for any frame ma:r not exceed 10. 



El. TRUSS ELEMENTS 

SeE' Peference [21 for description of element. N~Tllber ,)1' wor-n::; of 

inrormati~n per element • 35. 

El(a) CONTROL INFORMATION FOR GROUP (415) - ONE CARD. 

Cols. 5: Punch 1 (to indicate that group consists 
of truss elements). 

6 - 10: Number of elements in grGup. 

11 - 15: Number o~ different element stiffness 
types {max. J~}, See Section El(b). 

16 - 20: Number of different fixed end 1'Oj',-(, 

patterns (max. 40). See SE'e~::','n Flc). 

El(b) STIFFNESS TYPbS (I5,5FlO.O,I5) - ONE CARD FOR EACH ~~lFFNESS 
TYPE. 

Cols. 1 - 5: Stiffnt!ss type number, in sequence 
beginning with 1-

6 - 15: Young I s modulus of elasticity. 

16 - 25. Strain hardening modulus, as a l2ro.l2ortion 
of Young's monulus. 

26 - 35: Aver"ge l.ross sectional al'ea. 

36 45: Yield stress in tenslon. 

46 - 55: Yield stress or elastic buckling str~ss in 
compression. 
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60: Buckling code. Punch 1 if element buckJes 
ela.stica.lly in compression. flmch zero or 
leave blank if element yields in compression, 
without buckling. 
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El(c) FIXED END FORCE PA~~S (2I5,4FIO.0) - ONE CARD FOR EACH 
FIXED END FORCE PATTERN. 

Omit if there are no fix-.d end forces. 

Cols. 1 - 5: Pattern number, in sequence beginning with 
l-

10: Axis code, as follows. 

Code = 0: Forces are in the element 
coor~inate system, as in 
Fig. Bl.5a, ~eference [2]. 

Code = 1: For~es are in the global 
coordinate sY."1tem, as in 
Fig. Bl.5b, Reference [2 ]. 

11- 20: Clamping force Fi • 

21 - 30: Clamping force Vi' 

31 - 40: Clamping force F
j

. 

4l - 50: CIM.ping force V
j

• 

El ( d) ELEMENT GENERATION COHMANDS (915, 2F5 • 0 ,FlO. 0) - ONE CAR') 
FOB EACH GENERATION COMMAND. 

Elements must be specified in increasing numerical order. 

Cards for the first and last elements must be included. See 

NOTE 7 ~or explanation of generation procedure. 

Cols. 1 - 5: Element numb~r. 0]' number of first element 
in a sequentially numbered series of 
elements ~o be gen~~ated by this command. 

6 - 10: Node number at element end 1. 

H- 15: Node numbe- &.t element end j. 

16 - 20: Node number increment for element 
generation. If zero 0r blank, assumed to 
be equal to 1. 



Cols. 21 - 25: Stiffness type number. 

30: Code for inc~~din~ ~eo~etric stiffness. 
Punc~ 1 if geometric stiffness is to be 
included. Leave blank or punch ,ero if 
geometric stiffness ib to be ignored. 3ee 
~hapter 3. Section 3.12 for warnin~ on 
ge~metric stiffness. 

101 

35: Time history output code. If a time 
history of element results is not required 
lor the elements covered by this command. 
punch zero or leave blank. If a time 
history p:-intout, at the interv~ls sppcifit·d 
on Card B4.l, is required. punch 1. 

36 - 40: Fixed end force patterr. number for static 
dead loads ~n element. Leave blank if 
there are no dead loads. See Not e be 1 0"1. 

41 - 45: Fixed end force pattern nWllber for static 
live loads on element. Leave blank if 
there are no live loads. 

46 - 50: Scale factor to be applied to fixed end 
forces due to static dead loads. Leavp 
blank if there are no dead loads. 

51 - 55: Scale factor to be applied to fixed end 
forces due to static live loads. Leave 
blank if there are no live loads. 

56 - 65: Initial axial force on element. tension 
positive. 

Note: If the static load code, Card Bl, is zero but fixed end 
forces are still specified for some elements. an inconsistency 
results. In effect, any such fixed end forces will be 
treated as initial element forces. 
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E2. BEAM-COLUMN ELEME~ 

See Reference [2J for des~ription of elewent. Number of words of 

information per element. 144. 

E2( a) CON'l'ROL INFORl.fATION FOR GROUP (7I 5) - ONE CARD. 

Cols. 5: Punch 2 (to indicate that group eonsists 
of beam column elements). 

6 - 10: Number of elements in group. 

11 - 15: Number of different element stiffness 
types (max. 40). See Section E2(b). 

16 - 20: Number of different end eccentricity types 
(max. 15). See Section E2{c). 

21 - 2~: Number of different yield interaction 
surfaees for cross sections (max. 40). See 
Section E2(d). 

26 - 30: Number of different fixed end force patterns 
(max. 35). See Section E2(e). 

31 - 35: Num'ber of different initial element force 
patterns (max. 30). See Section E2(f). 

E2(b) STIFFNESS TYPES (I5,4FI0.0.3F5.0,2F10.") - ONE CARD FOR EACH 
STIFFNESS TYPE. 

Cols. 1 - 5: Stiffness type number, in sequence beginning 
with 1. 

6 - 15: Young's modulus of elasticity. 

16 - 25: Strain hardening modulus, as a proportion 
of Young's modulus. 

26 - 35: Average cross sectional area. 

36 - 45: Reference moment of inertia. 

46 - 50: Flexural stirrn~ss faetor kii • 



Cels. 51 - 55: Flexural stiffness factor kjj • 

56 - 60: Flexural stiffness factor kij . 

61 - 70: Effective shear area. Leave blanK or 
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punch zero if shear deformations are to ~e 
ignored, or if shear deformations have 
already been taken into account in co~putipv. 
the flexural stiffness factors. 

71 - 80: Poisson' ': ratio (used for computinp: shear 
modulus, 9.ll:i required only if shear 
deformations are to be considered). 

E2(c) END ECCENTRICITIES (15,4FIO.0) - ONE CARD FOR EACH END 
ECCENTRICI~Y TYPE. 

Omit if there are no end eccentricities. See Fig. B2.6. 

Referen~e [21 for explanation. All eccentri~ities Rr~ 

measured from the node S2 the element end. 

Cols. 1 - 5: End eccentricity tn1e number, in sequence 
beginning with 1. 

6 15: Hi = H eccentricity at end 1. 

Ib 25: Hj '" H eccentricity at end j. 

26 - 35: z • i 
Z eccentricity at end i. 

36 - 45: Zj = Z eccentricity at end j. 

E2(d) CROSS SECTION YIELD INTERACTILN SURFACES (215,4FI0.0,4F5.0) -
ONE CARD FOR EACH YIELD SURFACE. 

See Fig. B2.3. Reference [2] for explanation. 

Cols. 1 - 5: Yield surface number, in sequence bep:innin~ 
Yith 1. 

10: Yield surface shape code. as follows. 
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Cols. 10: Punch 1: Beam type, without P-M interaction. 

Punch 2: Steel I-beam type. 

Punch 3: Reinforced concrete ::olumn t)"Pe. 

H- 2O: Positive (sagging) yield moment, My+' 

21 - 30: Negative (hogging) yield moment, M . y-

31 - 40: Compression yield force, P Leave blank 
if shape code = 1. yc 

41 - 50: Tension yield force, P yt' Leave b1arlk if 
shape code'"' 1. 

51 - 55: M coordinate of balance point A, as a 
proportion of My+' Leave blank if shape 
code" 1. 

56 - 60: P coordinate of balarlce point A, as a 
proportion of P Leave blank if shape 
code = 1. yc 

61 - 65: M coordin~~e of balance point B, as a 
proportion of M Leave blank if' shape 
code = 1. y-

66 - 70: P coordinate of bal~nce point B, as a 
pronortion of P Leave blank if shape 
cCode = 1. yc 

E2(e) FI~ END FORCE PATTERNS (2I5,7F10.0) - ONE CARD FOR rACH 
FIXED END FORr.E PATTT.RN. 

Omit if ther~ are nQ fixed end forces. 

Cols. 1 - 5: Pattern nlDllber, in sequr.llce beginning with 
1. 

10: Axis code, as follows. 

Code = 0: Forces are in the e:ement 
coordinate system, as in 
Fig. B2.5a. Reference [2]. 

Code .. 1: Forces are in th(! global 
coordinate system, as in 
Fig. B2.5b, Rererence [21. 



Cols. 11 - 20: Clamping force. F
i

. 

21 - 30: Clampin~ force, Vi' 

31 - 40: Clamping moment. Mi' 

41 - 50: Clamping force, F
j

. 

51 - 60: Clampin~ force, V
J

• 

61 - 70: Clamping moment, M,,' 

71 - 80: Live load reduction factor. fo;' ,:omputation 
of 11 ve load forces to be app]_ied to nodes. 
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Sf"e S~ction B2. 5. Reff're-rJC'f' [2) for exp] ~nat.l on. 

E2(f) INITIAL ELEMENT FORCE PATTERNS ~I5,6FIO.O) - ONE CARD FOR 
EACH INITIAl. FORCE PATTERN 

Omit if there are no initial forces. See Fi 01:. B2. 58,. ReferenC'e r 21. 

Cols, 1 5; Pattern number. in sequence beginning with , 
.1. 

6 15: Inlth.l axial force, F!, 

16 - 25: Initial shear force, V •• 
1 

26 - 35: In i tial nloment, Mi' 

36 - 45: Initial axial force, F
j

. 

46 - 55: Initial shear force, v
j

. 

56 - 65: Initial moment, M
j

. 

E2(g) ELEMENT GENERATION COMMANDS (815.2(13,12),215,2F5.0,15,F5.0) -
ONE CARD FOR EACH GENERATION COt~AND. 

Elements must be specified in increasing numerical order. 

Cards for the first and last elements must be included. See 

NOTE 7 for explanation of generation procedure. 
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1 - 5: Element number, or number of :irst element 
in a sequenti&lly numbered series of 
elements to be generatei by this command. 

6 10: Node number at element E;·nd i. 

11 - 15: Node number at element end j. 

16 - ~O: Node number increment for elemclt generation. 
If zero or blank. assumed to be equal to 1. 

21 - 25: Stiffness type number. 

26 - 30: End eccentricity type number. Leave 
blank or punch zero if there is no end 
eccentricity. 

31 - 35: Yield surface number for element end i. 

36 - 40: Yield surface number for element end j. 

42 - 43: Number of ~OInmon column line f')r' this 
element. 
effect. 

Le~ve blank for no common column 
See NOTE 9 anJ NOTE 7. 

44 - 45~ Number of column in coluu~ line. Leave 
blank for no common column effect. 

48: Code for incl~ding geometric stiffness. 
Punch 1 if geometric stiffness is to be 
included. Leave blank or punch zero if 
geometric sti.ffness is to be ignored. 

50: Time history output code. If a time 
history of element results is not req~ired 
for the element covered by thfR comnand. 
punch zero or leave Llank. If a time 
history printout. at the intervals 
specified on card B4.1, is required. 
punch 1. 

51 - 55: Fixed end force pattern number for static 
dead loads on element. Leave blank or 
punch zero if there are no dead loads. 
See Note Df'JoW. 

56 - 60: Fixed end forces pattern number for static 
live loads on element. Leave blank or 
punch zero if there are no live loads. 

61 - 65: Scale factor to be applied to fixed end 
forces due to Gtatic dead loads. 



Cols. 66 - 70: ScaJe factor to be I\pplied to fixed end 
forces due to stati~ live loads. 

71 - 75 : Initial force pattpl"TI nUJllber. I,eave 
blank or punch zero if there are no 
initial forces. 

76 - 80: Scale factor to be applied tc initial 
element forces. 

Note: If the static load code. Car~ BI, i3 7ero but fjxed end 
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forces are still specified for scme elements. an inconsistency 
resul ts. In effect. any such fixeJ e':1d fe·rees will be 
treated as initial element forces. 
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E3. INFILL PANEL ELEMENTS 

See Referencp [21 for oeserintion of element. Number of words of 

information per element = 42. 

E3(a) CONTROL INFORMATION FOR GROIW (315) - ONE CARD. 

eols. 5: Punch 3 (to indicate that group consists 
of infill panel elements). 

6 - 10: Number of elemer.ts in group. 

11 - 15: Number of differ~nt element stiffness 
types (max. 40). See Section E3(b). 

E3(b) STIFFiiESS TYPES (15,5FlO.O,I5) - ONE CARD FOR EACH STIFFNESS 
TYPE. 

Cols. 1 - 5: Stiffness type number, in sequence 
beginning with 1. 

6 -

16 -

26 -

36 -

46 -

1'" /. 

25: 

35: 

45: 

55: 

Shear mod'llus of elasticity. 

Strain hardening shear modulus, a~ a 
proportion of shear modulus of elasticity. 

Average thickness of panel. 

Yield stress in shear. 

Strain at complete failure, as a proportion 
of strain at yield. This must not be less 
than l.0. 

60: Failure code, governing type of behavior 
after failure. Punch 1 if strength and 
stiffness are to be reduced to zero after 
failure. Punch zero or leave blank if 
strength and stiffness of elastic (strain 
hardening) c~mponent is to be retained 
after failure. 



E3(c} ELEMENT GENERATION COMMANDS (~I5.FlO.O) - ONE CARD FOR EACH 
GENERATION COMMAND 

Eleme.lts must b@ spfOcifi@d in increasing numerical order. 

Cards for the first and last elements must be included. See 

NOTE 7 for explanation of generation procedure. 

Cols. 1 - 5" Element number, or number of first element 
in fL sequentially numbered series of 
elements to be genera.ted by this ·~ommand. 

6 - 10: Ilcde nwnber i. Spe flote below 

11- 15: ~ode mmbel' j. 

16 - 20: ~!ode nun.ber k. 

21 - 25: Node number L 

26 - 30: Node number increment for element 
generation. If z~ro or blank assumed to 
be equal to 1-

31 - j5: St.iffness type nUJ!Jber. 
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40: Time history output code. If a time hi:3tvry 
of element results is not required for 
~lements covered by this command, punch 
zero or leav~ blank. If a time history 
p~intout. at the intervals specified on 
Card B4.1, is required, punch 1. 

41 - 50: Initial shear stress in element. 

Note: Node i may be any of the four nodes to Which the element 
conrlects. Nodes j, k and ~ must then be counterclockwise 
from i Bround the element. 
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E4. SEMI-RIGID CJNNECTION ELEMENTS 

S~e Reference [2 J for dEscription uf element. Nun,:"er of words c)!' 

ihformation per element • 25. 

E4(a) CONTROL INFORMATION FOR GROUP (315) - u~E CARD. 

Cols. 5: Punch 4 (to indicate that group (,'JOf'ists 
of semi-rigid connection element~). 

6 - 10: Number of ele~ents in group. 

11 - 15: Number of different dement stiffness 
typ~s (max. 1!0). See Sed ion E4(b). 

E4(b) STIFFNESS TYPES (I5,4F10.0) - C~~ CAR~ FOR EACH STIFFNESS 
TYPE. 

Cols. 1 - 5: Stiffnees type number, in sequence 
beginning with 1. 

6 - 15: Initial rotational stiffness (moment per 
radian) • 

16 - 25: Strain hardening Rtiffness. as a pro
portion of initial rotational stiffncFs. 

26 - 35: Positive yield moment. Dee Note below. 

36 _. 45: Negative yield moment. 

Note: Positive rotation is rotation of node i counterclockwise 
relative to node j. A positive moment in the conne~i:.ion 
tends to produce positive rotation. 



El.(c) ELEMENT GENERATION COMflANDS (6IS.FlO.a) - ONE CA..J:lD FOR EACH 
GENEPATION COMMAND. 

Elements must be specIfied in inc.·e lsing numerical order. 

Cur"ds for the first and last elements must be i ncl uded. See 

NOTE r for explanation of generation procedure. 

Cols. l - 5: Element number, or number of first element 
in a sequentially number~d series of 
elements to be generated by this command. 

6 10: Node nwnber i-

ll- 15: Node nu:nber j. 

16 - 20: Node nwnber increment for element 
gener~tion. If zero or blank, asswned to 
be equal to 1. 

21 - 25: StiffnesD type number. 

30: Time history output code. If a time 
hist~r~' of element result~ is 110t required 
for elements covered by this command, 
punch zero or leave blank. If a time 
history printout, at the interva.ls sped
fied OT. Card B4.l. is required, punch 1. 

31 - 40: Initial moment in connection. 
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E5. BEAM ELEtI.ENTS 

The beam element is ijentical to the beam column element 

except that only a beam type yield code is pe~itted. 

The input data i~ identical to that for the beam column 

element (Section E2). excepi as follows. 

(1) Punch 5 in column 5 of Card E2(a). to indicate that 

the groups consists of beam elements. 

(2) The term "yield moment values" is substituted fer 

"yield interaction surfaces". 

(3) The yield surface data on Cards E2(d) is unchanged. 

However. any data in columns 5 - 10 and 31 - 80 are 

ignored, and a beam type yield surface is automatically 

assumed. 

(4) The column line and column numbers. Card E2(g) Cola. 42-43 

an1 44 - 45, are ign~red. 

N~ber of words of information per el~ent - 97. 
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E6. BEAM ELEMENTS WITH DEGRADING STIFFNESS 

See R~feren~e [lOj for desrription of elemen~. Number of wor~s of 

information per element • 165. 

Except for Sections E6(&) and (b) below. the input data is identical 

to tbat for beaJl!-column elements (Section E2). See ~;ote on sign 

convention at end of this section. 

E6(a) CONTROL INFORMATION FOR GROUP (715) - ONE CARD. 

Cols. 5: Punch 6 (to indicate that group consists 
of beam elements with degrading stirfn~ss). 

6 - 10: Number of elements ~n group. 

11 - 15: Numbe!' of different element stiffness typet. 
(max. = 40). See Section E6(b). 

16 - 20: Number of di fferent end eccentricity t:rpes 
(max. : 15). See Section E2(c). 

21 - 25: Number of ~~fferent yield moment values 
for cra,' s sectione (max. ~ 40). See 
Section E2( ~) • 

26 - 30: Number of different fixed end force ;)c·.tterns 
(max. = 34). See Section E2(e). 

31 - 35: Number of illfferent initial element fc.~ce 
patterns (max. = 30). See Section E2(f). 

E6(b) STIFFNESS TYPES - TWO CARDS FOR EACH STIFFNESS TYPE. 

CARD 1: BEAM PROPERTIES CARD (I5.3FlO.O.3F5.0.2FlO.O) 

Cols. 1 - 5: Stiffness type number, In seq~ence 
be~inning with 1. 
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Cels. 6 - 15: EI. referer.ce flexural stiffness. 

16 - 25: EA. effective axial stiffness. 

26 - 35: GA' • effective shear stiffness. If blank 
or zero, shear deformations are negll"cted. 

36 - 40: Flexural stifl'He::s f>il"tor It. ••• 
11 

41 - 1:5: Flexural stiffness factnr k,1J' 

46 - 50: Flexural stiffness facf.t)r 
k. " I, 

51 - 60: Strain na1'1~ning ratio for inelastic 
flexure at node i. If a nonzero hinge 
stiffness ~s specified fer node j on 
CARD 2. columns 6 - 15. then this strain 
ha.rdening ratio will apply directly to the 
hinge moment-rotation relationship. Other
wise. this "Iltio wi1-l apply to ~he o','erall 
'oeam end me nent-rotation relat:Lonship or 
cantilever p-6 relationship. 

61 - 10: Strain hardening ratio for inelastic 
flexure at nod~ j. As with node i. a zero 
or nonzero hinge stiffness for node j on 
CARD 2, columns 16 - 25 will control whether 
this ratio is directly applied to the hinge 
al)n~ or to the beam as a whole. 

CARD 2: HINGE P"{OfE~TIES CARD (I5,l'FlO.0) 

Cols. 

Lea,re blank to obtain Takeda model. 

1 - 5: Stiffnes3 tYPE number. in sequence 
beginning wi.th 1 and corresponding to 
the stiffne:':s type number on the preceding 
BEAM PROPER'rIES CARD. 

6 - l~: Hinge stiffness at node i. Leave blank or 
zero if hinge properties are to be 
determined by the program (these properties 
are marked with .,. in the output). If blank 
or zero, the following field for node j 
must also be blank or zero. If nonzero, 
the following field must also be Ilonzero. 



Cols. 16 - 25: Hin~e stiffness at node ~. 

26 - 35: ai' unloadi np.: sU ffness parameter for end 
i. Leave blank or zero for unloading 
accordlng to Takeda model. 

36 - 45: OJ. unloading stiffness parameter for end 
j. Leave blank or zero for unloading 
according to Takeda mode~. 

46 - 55: 6i. loading parameter for end i. Leave 
blank or zero fer reloading ~~cording 
to Takeda model. 

56 - 65: Sj, loading parameter for end j. ~eave 
blank or zero for reloading accor:'~ r-,,'" to 
Takeda model. 

66 - 75: N, loading exponential pa.ramet.er. 
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E6( c) through E6( g) These sectj.ons are identical to sections E2( c) 
through E2( g) . 

NOTE ON SIGN CONVENTION 

The sign convention used for positive bending moments for the 

degrading stiffness beam element differs from that for the beam-

column and beam elements, as follows. 

(1) Beam-column and beam elements: 

(' j ) 
(2) Degrading stiffness element: 

( i 
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F. NEXT PROBLEM 

The data fOl' a neoW' problem may folloW' iuunediately. starting 

with Card A. 

G. TERMINATION CARD (A4) - or~E CARD TO TERMINATE THE COMPLE'It 
DATA DECK. 

eols. 1 - 4: Punch the W'ord STOP. 



USER'S GUIDE NOTES 

NOTE 1. NODE COORDINATE SPECIFICATION 

The "control node" coordinates must be defjned with respect 

to the frame H. Z coordinate system. with H positive to the right 

and Z positive upwards. The coordinates of the remaining nod~s may 

be generated using str~ight :'..ine generation commands (Section B3). 

The nunber of nodes generated by each command may be one or any 

larger number. The coordinates of the two nodes at the beRinninp 

and end of the seneration lint, ml..'.st have been previously defined, 

either by direct specification or by previous straight line 

generation. 
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It is not necessary to provide generation commands for nodes 

which are (a) sequentially numbered between the beginning and end 

nodes of any straight line, and (bi equally spaced alonl!: that line. 

After all generation command.s have been executed, the o.!oordinates 

for each group of unspecified nodes are automatically r,enerated 

assuming sequential numbering and equal spacing along lines joining 

the specified nodes illimediately preceding and following tlie rroup. 

That is, any generation command with equal spaeing and a node number 

difference of one is superfluous. 

NOTE 2. tJODES WITH ZERO DISPLACEMENTS 

Each node of the stru~ture may have up to three de~rees of 

freedom, namely H displacement. Z displacement and rotation. These 

are all displacements relative to the ground. 
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Initially the program assumes that all three de~rees of 

freedom are present at all node~ (code • 0), and initializes the 

data arrays accordingly. If this as&umption is correct, the cards 

of Section C5 ShOllld be omitted. In some cases, however, either (r.) 

c~rtain nodes may bp. fixed relative to the ground in certain 

directions or (b) it may be reasonable to assume zero displacement. 

Any degree of freedom which is fixed is to be assigned a code = 1. 

and cards must be included in Section C5 to specify those nodes 

and degrees of freedom for which the codes are equ9.l to 1. 

If there is any doubt, it should be assumed that Rll nodes 

can displace with all three degr~es of fre~dom (i.e. all codes = 0). 

I~ however, certain degrees of freedom can be el:minated, the 

computer time may be ~ignificantly reduced. See Chapter 3 for 

further discussion. 

NOTE 3. NODES WITH IDENTICAL DISPLACEMENTS 

It may often be reasonable to assume that certai~ nodes 

displace identically in certain directions. Identical displacements 

may be specified by the commands of Section C7. The input format 

for this Section limit to III the number of notie'.! covered by any 

single command. If more than 14 nodes are to be aSSigned identical 

displaC'elllents, two or more commands should be used, with the nodes 

in increasing numerical order in each command. and with the 

smallest numbered node CODDDon to all commands. The procedure if 

more than II, nodes are connected to a floor diaphragm is the same. 

As with displacements which are constrained to be zero, 
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greater comput8tion~l efflcien~y may be echieved by specifYing 

identical displa~ements. However, whereas the speclfication of zero 

displacements wUl always decrease the struct.ure stiffness band 

width or leave it unchanged, specification of identical displ~.cements 

may increase this band width. The effect may be to increase the 

required structure stiffr,ess storage and/or the computational effort 

required to solve the equili.bliurn equations. Identical displacements 

spould therefore be specified with caution, and their effects on 

~to·:-age requirements and execution times should be investil1;ated. 

NOTE ~:. SPECIFICATION OF LUMPED MASSES 

The specification commands for lumped mE,sses will generally 

permi t the ~lser t.o input tr.e nodal masses wi th only a few cardG. 

Any node may, if desired, appear in more than one specification 

command. In such cas.~s the mass associated wi th any degree of 

freedom will be the f • ...un of the masses specified in the separate 

commands. If certain nodes are constrained to have an identical 

displacement, the mass associated with this displacement will be 

the sum of the masses specified for the individual nodes. 

~OTE 5. SCALING OF EJI.RTHQUAKE RECORDS 

The acceleration scale factors may be used to increase or 

decrease the ground acceleration, or to convert from multiples of 

the acceleration due to gravity to acceleration units. Modification 

of the earthqUake intensity by scaling the a~~eleration values is a 
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common practice in research investigations, but should be under-

taken cautiou3ly in practical appli~ations. When the accelerations 

are scaled, the ground veloci~ies and displacements are scaled in 

the same prt:'portlon. 

Provildon is also madE' to modify the time scale. If a time 

scale factor ~q~~l to, say, f, is specified, all input times are 

rroultiplied by f before obtaining the interpolated accelerations 

at intervals e'lual to the integration time step. If the ground 

accelerations remain unchanged, the effect is to increase the 

2 ground veJ.ocities by f and the grounrl. displacemen-cs by f , and to 

alter the ii-~'1.uency content of the earthquake. Time scale 

Inodifications should not ~Q made without carefully considerine 

their influence on the ground motion. 

NOTE 6. DAMPING 

Damping of four different types may be specified, singly or 

in ~ny combination. These are as follows: 

(1) Mass-proportional damping, in which a viscous damping 

matrix C = aM is assumed, where M = mass matrix. The procedure for 

calculating ~ ~s reviewed in Reference 1. 

(2) Stiffness proportional damping, in which a viscous 

damping matrix C = ~~ is assumed, where ~ • current tangent 

stifflless matrix at I\ny time, including any geometric stiffnesses. 

(3) Stiffness proportional damping, in whi~h a viscous 

damping matrix C = SKis assumed, where K • original elastic 
o 0 0 

stiffness matrix, ignorning the geometric stiffness. See Reference 



1 for further explanation. 

(4) "Structural" dampinp;. in which dampinp: forces are 

assumed such that (a) the magnitude:; of the dF.lJllping forcf'S 

originating within any element are a multiple, 6, of the absolute 

values of the element actions (axial forces, end moments, etc), 
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bnd (b) the direction of each damping action is such that it opposes 

the rate of change of the corresponding element d~formation. No 

viscous damping r.latrix is assumed. Instead, damping forces in any 

time step are applied, based on the member actions and rates of 

deformation existing at the end of tt.e EL~vious step. The me~ber 

actions used to calculate the dampinp; fe-rces are the ~ actions, 

including both static and dynamic ef~ects. The damping forces are 

first applied in the second time step. See Reference 1 for further 

explanation. 

Little use appears to have been made of the "structlJal" 

damping concept, and hence little experience is aVailable, 

especiGlly for inelastic structures. A possible problem is that 

the damping forces may tend to accentuate small oscillations in the 

numerical computations, because the damping forces in any step are· 

always based on the state at the end of the previouG step. Until 

experience is gained, this option should be used c:.i.utionsly. It ·LS 

included in the program primarily for rf sP',rch reasons. 

NOTE 7. ELEMENT DATA GENERATION 

In the element generation commands, t~e elements must be 

specified in increasing numerical order. Cards mB¥ be provided for 



sequentially numbered elements, in which case each card specifies 

one element and the generation option is not used. Alternatively. 

the car1s for a group of elements may be omitted. in which cas~ the 

data ~~r the missing group is generated as (01:ow6. 

1. All elements are ~ssigned the same stiffnesses, strengths, 

element load data, outpt.t codes. etc .• as the element precedin~ 

the missing group. 

2. The numbers of the nodes for each ~issin~ element are 

obtained by adding the specified noce m.rnber "increment. to the node 

nUIT.rers tvr the prF>ceding element. The node number increment is 

that specif~ed for the element preceding the missing p;roup. 

In the printout of the element data. generate~ data is 

identified by an asterisk at the beginning of the printed line. 

See NO'IE 9 ror COmDlon column generation. 

NOTF. 8 'f TAPE STORAGE JF TI'-IE HISTORIES 

• 

lf the tape storage code is nonzero, each print.t'd line of 

time hi!:tory data in th·~ re-ordered time history (Le. th~ print-

out excluding any head'.ngs} is written. non-formatted. on I/O unit 

TAPE7. ')ne record per printed line. That is, the printeu time 

histories are directly reprod\;ced on the f:l.le TAPE7. 

rhis option should be used if routines are to be developed 

for computer p]ctting of the time history data. In such a case, 

TAPE7 will usually bl> equiva.lenced to a physical tape unit, so 

that the results will be saved on magnetic tape for future 

processing. 



At the beginning of any computer run. TAPE7 is rewound. If 

more than one problem is executed in the run, the timp hist0ries 

will appear sequentially on TAPE7. in the same sequence as the 

pri~ted time histories. 

The program does not write any problem identification da~a 

on TAPE7, nor does it explicitly place an end-of-file mark after 

the last record. 

To provide a record of the library number of the physical 

tape which has been used for any results set. it is suggesteJ that 

the tape storage code be set equal to the librsry number. Tte 

printed value of the code will then provide a record of the tape 

assigned to the subse~uent time history output. 

NOTE 9. CQt.ft.10N I.:OLUMNS 

Common columns are ident1fied by the number of the column 

line and the number of the ('olumn withir the line. Column l:"nes 

mrs be numbered arbitrarily. The columns within a column line m~v 
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be numbered from top to bottom or bottom to t.op. or even arbitrarily. 

dependin~ on user preference and on whether or not beam-col~n 

elements art'! gt'!nerated. If elements are generat.ed, the column line 

numb~r remains the same for all elements in the missing group, and 

the column number wi thin the line is increased by one for eac·.l 

successiv~ element. 

Ncde numbers i and j for common columr.s must be the sa~e for 

all elements making up a common column. That is, if node i is at the 

top of the column for the element, it must also be at the top of tJ.e 

column for the other element(s). 
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NOTE 10. FRAME LOCATION 

All frames must be located with respect to a fixed, right

handed, X. Y, Z coordinate system, with Z vertically upwards. Any 

frame is positioned by specifying the X, Y coordinates of any two 

points on the H axis of the frame. T},e H coordinate of Point 2 

must be la."ger than that of Point 1. 

NOTE 11. H MASSES AT FRAME NODES 

As not~d in Chapter 3, Section 3.5, the program may not 

correctly account for horizontal masses specified at the frame 

level, and it is recommended that all horizontal inertia effects 

be lumped in the diaphragms. A user who wishes to specify H masses 

may do so, but should study Section 3.5 to ensure that the prvgram 

will model the structure in the correct w~. 
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