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1. SUMMARY 

,. The analytical basis for interactive or on-line experimental t.estin, under simulated 

dynamic loads. often referred to as Pseudodynamic Testin" is summarised in this report 

and imphment.ed in a computer code PSDYN. 

The u)I'le is based on the CALSD series of structural analysis prOKrarns III and incor

porates a set of commands aUowin, n\lt only t.he computation of the displacement 

response in a Pseudodynamic Method but also linear dynamic 4lIalysis of structures uBin, 

ste~by-step methods, solution of eigenvalue problems, and leneral matrix manipulat;ons. 

PSDY~ is written in FORTRAN77 with a free-field type of input. and can ~ used 

either in balrh or intl'rlll'tive mode. The program utilizes runtimf' libraries interconn~ted 

by a common database which allows applications on large mainframes as well as on 

microcomputer systems. Examples described in this report have been run in a V AX/VMS 

environment and on the CRA Y X-MP. 

Chapter 2 descri~s briefly the Pseudodynamir Test Method and summarizes the 

background necessary to utilize it. A complete user's manual for all the PSDYN com

mands is given in Chapter 3. In Chapter" two exampl~s of a three Degrees of Freedom 

(DOF) structure subj~ted to Il blast loading and to the EI Centro 1940 (NS) earthquake 

arl'shown. 
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2. THE PSEUDODYNAMIC TEST METHOD 

2.1 INTRODUCTION 

In Beismically adive regions, buildings are usually designed to deform inelastically 

under Bevere eart.hquakes. Currently, analyt.ical methods are unable to fully predict the 

complex inelast.ic behavior exhibited by most structural systems under seismic loading 

conditions. Therefore experimental testing remains the moat reliablE means to evaluate 

t.he inelastic response of structures under critical earthquake loads. 

Recently, a new experimental method hall bftll developed which attempts to rom

bine t.he economy and flexibility of qUalli-st.atic testa with the realism of shaking table 

teats [2,3]. In this method, a computer is used on-line to determine the displacement his

tory to be imposed on a test specimen. Conventional step-by-.tep integration methods are 

used to calculate these displacements based on the equations of mot.ion formulated for the 

specimen. The inertial and damping charact.eristics of the teat structure all well all the 

earthquake accelerogram are numerically prescribed by the uaer. Since the structure's res

toring forces are likely to vary significantly during a teat, they are measured experimen

tally from the deformed specimen at each step in the test. 

By using a direct integration mf'thod, the displacement response in each step of a 

teat is computed baaed on the measured restoring forces from the previous step and on the 

prescribed inertial and damping characteristics, and then imposed on the specimen using 

aervo controlled hydraulic actuaton. 

Previous studies have shown that Pseudodynamic Test.ing (PDT) can be very reli

able- if appropriate test equipment and techniques are used. It should be eDphuiaed that 

the accuracy of teat results dependS larcely on the .Iection of appropriate test specimens, 

the determination of realistic discrete-parameter models and the 'llie of reliablf' numerical 

methods. While lumped IDU8 structural models are most convenient to formulat.e and 

teat., it. may be difficult to apply the method to structures with significant distributed 
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muses. Additionally, ViacoUII dampinl, strain-rate effects and the performance of la.dinl 

apparatus may all affect the results of PDT. 

AI80 certain mechanic.al and numerical problema have been experienced in te.tinl 

stiff systems which have a larle number of nOF. The major problema in theM! tata were 

caueed by limitations in resolution of the displacement control in aervo controlled multi

actuator systems and tbe aensitivity of numerical computations to pertubatioDl in the 

experimental data. 

Improved actuator-control t.echniques are under development at the University of 

Michigan, Ann Arbor 14] to reduce displacement control errors. The prop&lation of ex per

imr.ntal errors in numerical computation bas been inveatisated and methods for 

artificially supreasing the error effects have been developed at U.C. Berkeley IS]. 

As part of the U.S.-Japan Coordinated Project on Masonry Reaearch for Earthquake 

Resistant Buildings 16], efforts are under way at the University of California, San Dieso, 

to develop an on-line computer controlled experimental testin« procedure suitable for test

ing geometrically complex shear wall type structures with opening. under simulated 

eeismic loads. 

In the following. state of the art summary is given on PDT for dilCrete parameter 

systems which will form the basis for new developments in on-line teatin« procedurea of 

full scale structural systems under critical earthquake loads. 



2.2 DISCRETE-PARAMETER STRUCTURAL MODEL 

The equations of motion for a diacrete-pararnet.er syst.em can be repreaent.e<i by a 

family of lleCond-order ordinary differential equations which can be expreued in a matrix 

form as: 

m a (t) + ~ v (t) + It d (t) = r (t) (2.1) 

In this report, vector and matrix quantities are always represented b) bold-faced 

variabln as in the equation above, where m, c, It, are t.be mau, darnpins and stiffoeN 

matrices of t.he structure and a, v, d, C, are t.he acceleration. velocity, displacement and 

loading vectors respectively. Thne equations of motion can be formulated for discrete 

coordinates by the finite element method. 

In the PDT the mass and damping matrices of a test IItructure which are assumed to 

be invariable are analyt.ically constructed, wbile tbe restorins {orces developed by struc

tural deformations are experimentally measured. Thus, the formulat.ion of the stiffnn!l 

matrix for the discret.e st.ructural system is not required. The viacous damping is usually 

determined based on some idealized modal damping properties of a system, like for 

instance the Rayleigh damping assumption (see Ref. 17]). A lumped-mus idealization can 

tremendously simplify t.he experimental setup and the numerical formulati·:m, and is usu

ally employed in the PDT. 

The results of PDT should closely represent the actual dynamic bebavior of the test 

structure as long as tbe higher frequency responses neslect.ed by the analytical model are 

insignificant. 
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2.3 STEP-BY-STEP INTEGRATION METHODS 

Dividing the duration T of the struct.ural responR into D time steps (~t = T /n), a 

step-by-st~p integration method is used to transform the eet of differeDtial equations of 

motion (2.1) int.o n eets of algebraic equations. The solutioD in each step is a function of 

the structural response in the prnious st.ep or steps. If the displacement solutior·. in each 

step is a function of previous step solutions only the method is considered explicit, if infor

mation (rom the current time step is utilized then the method is considered implicit. 

Many implicit methods are unconditionally stable while geDerally the explicit methods are 

only conditionally stable. 

One of the most general integration method in structural dynamics is the Newmar~ 

algorithm: 

(2.2) 

(2.3) 

(2.4) 

Here the indices 1 and 2 reprl'!ll'nt respectively the solutions at the beginning and at 

the end of a certain step i ( or the solutions at the time iAt and (i+ 1 )At ). The parame

ters fJ and., are st'lected by the user to ~hieve desirable stability and ~curacy. For fJ = 

1/4 and ..., = 1/2 t.he method is called constant averase acceleration which is an implicit 

and unconditionall;,' stable method. When fJ = 0 and "1 =1/2 the method i. explicit and 

conditIOnally stable. 

Since in p!lCudodynamic testing oDly the product. It d 2 can be measured experimen

tally. explicit methods are recommended. Although the restoring forces r2 = It d 2 and the 

displacements d, are known in each step of a test there is not sufficient information to 

cumpute the instantaneous tangent stiffness It& for a highly rour-led MooF nonlinear 
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system. Even if a method for determining the tangent IItiffness could be deviaed, the 

resultinl values may be overly llensitive to tolerances in experimental meuur.ments. 

Furthermore the solution of nonlinear differential equationll by an implicit method ullually 

requires an iterative proced\!re which can be another source of error accumulation. 

Japanese researches 12,8] have found the Central Difference Method (COM) which ill 

an explicit integration method the most lIuitable one for the PDT method. However, 

Shing and Mahin 15] have shown that the basic CDM is more aensitive to experimental 

errors than the Newmark ~xplicit method or than the summed-form of the COM. They 

have also recommended a modified Newmark method which has a numerical dissipation 

property anel the numerical dan, ping is approximately frequency-proportional. Numerical 

dissipation is very useful for supressing the spurious growth of high frequency responses 

encountered in pseudodynamic testing of MDOF syatems. Only these two methods, the 

Newmark explicit and the modified Newmark, were implemented in the PSDYN program 

and art presented next. 

(i) The Newmark Ezpiirit Mrthod 

(2.5) 

(2.6) 

(2.7) 

(ii) The Modified Newmark Ezplieit Method 

m a2 + {II + oj k + fir m} d2 = '2 + [Q k + fir m] dl (2.8) 
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(2.9) 

(2.10) 

2.3.1 STABILITY AND ACCURACY 

A linear elastic SDOF system is considered in the following analysis. However, the 

results obtained herein are applicable to linear MDOF systems in general by means of 

modal superposition. In solving the equation of motion for a free-vibration response of a 

linear elastic SDOF system, a step-by-step integration algorithm can be written in a 

recursive matrix form as: 

(2.11 ) 

where xP) is a solution vector (kxl) which contains the displacement, velocity and/or 

acceleration terms at the beginning of step i and XJi) at the end of step ij A is called the 

amplification matrix. 

The numerical properties of a step-by-step algorithm can bf. obi.ained from its 

corresponding amplification matrix A. 

The IOlution at step n is obtained by applyinl (2.11) recursively: 

{2.12} 

where xP) is the initial conditioDs vector. 

The spectral decomposition of the ampli&ution matrix A (k x k) gives: 

(2.11) 

where 
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and 

the vectors ~ are the eilenvec:tors correspoDdiDI to the eilenvalues "I of the matrix A. 

From Eqr.. (2.1~) and (2.13) the Dumeric.al IOlution of the free-vibration respoue, 

the displacement at the end of step n, can be written as: 

(2.14) 

where CI' c2' ... ,c. are constants determined from init.ial conditions. For most. a11~ 

rithms A can bt> formulated as a 2 x 7 or 3 x 3 matrix. 

Calling p (A) = max I "i! the spectral radius of A, JD is said to be bounded when 

n .... oo if and only if p (A) :;:; 1. Moreover, in order to Eq. (2.14) represent an OIICillatory 

response, two of the eigenvalUe! of A, ~1.2 should be complex conjugate!. The third eigen-

value "3 (if it exists) is called the spurious root since it dOe! not have a physical meaninl. 

In summary, the stability conditions for an integration algorithm are: 

The eigenvalues Al and ..\2 can be reprel!t'nted as: 

(2.15) 

whe:,e i = vCJ and .4, B are real numbers such t.hat (A 2 -t 8 2) ~ 1 and 

(2.16) 

(2.17) 

Calling n "" W'At and lubat.itutin, Eq. (2.13) into Eq. (2.14), can get: 

(2.18) 
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Tbe exact IOlution of an undamped free-vibration responae is siven by: 

d (t.) = (: e=Wt (2.19) 

,..bere w is tbe natural responae frequency. 

By comparinB Eqs. (2.18) and (2.19) it. can be induced that pbysically '1 repreaents 

the numerical dampinc and w the frequency of the approximated responae. Therefore, the 

numerical inaccuracies of an alBorithm can be measured by its numerical dampinl'1 and 

by tbe perc-ent.age of frequency distort.ion (':i - w)/w or, more commonly by the percen

tage of period distortion (T - T)/T, ,..here T = 2 .. /w. These numerical properties and 

the stability of both al,orithrns described in the previous IeCtioDS are considered next: 

(i) The Newmark Ezplicit Method 

The Newmark explicit method has the {ollowin, solution scheme for a SDOF free-

vibl ation response: 

which can be written in a recursive form as Eq. (2.11) with: 

and 

1 ~t 
~t2 

2 

A 
,;z~t ,;z~t2 ~t_w2~t3 

(2.20) --- 1---
2 2 2 

-wi' -wi'~t 
wi'~t2 --2 
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The eilenvaluell of matrix A are: 

~1,2 = .4 ± i B and As = 0 

where 

A 
,.}tu' 

1---
2 

(2.21) 

B (2.22) 

Stallilit, : 

The lltability conditionll require tbat (A 2 + B2) ~ 1 and t.hat B ill a real number. 

Since (A 2 + B2) ill a1waYII equal to 1 here, the numerical ltability is loverned by the con-

dition that: 

Aeeuraev: 

w~t ~ 2 or 
.I1t 1 
T ~ • 

Substituting (2.21) and (2.22) into (2.16) and (2.17) yieldll: 

7"' 0 

and 

101 = 

(2.23) 

(2.24) 

(2.25) 

Therefore the Newmark explicit. method baa DO Duowrical darnpinl, the only 1O\lrt:e 

of innacuracy ill the frequency or period distortion which is a function of w.l1t. In Fic. 

(2.1), tbe percent.a&e of period distortion (T - T)/T apjnst .I1t/T is plotted. It can be 

obeerved that period distortion will approach aero .. .I1tfT Ion to aero and tbat a rea

IOnably accu!'at.e IOlutioD can be obtained (_ t.ban 1% distortion) when .I1tfT is less 
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than 0.05 (~t - T /20,. This level of accuracy is comparable to tt.o. ohhe moat reliable 

implicit methods (Me Ref. 19]). 

0.3 

I~ 0.2 
~ 

01 

oL-~~~~~~ ____ L-__ ~ __ ~ .. 
0.05 0.10 OJ5 0.25 0.30 0.20 

~t/T 

Fig. 2.1 • Period Shrinkage by the Newm.ark Explicit Method 

(%) 

Fig. 2.2 - Numerical Dampiq by the Modified Newmark Explicit Method 
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(ii) TIa~ Modified Nevmaori Ezplitit Mdlaod 

Baaed on the equations (2.8) to (2.10) the modified Newmark allorithm caD be writ

ten in a recunive form as (2.11) with: 

and 

1 1 
I 
2 

02 

1 - (1 + 0) ~2 - f 1 ( ) 0
2 

A -- 1+0--.1- (2.26) 
2 2 .. 4 

_02 -(I + 0)02 
- P -(I + 0) ~2 _ ; 

in which 0 = w~t. 

Stabilitl/ " 

Matrix A hall eileDy&iues: 

where 

0' 
I - (1 + 0)- - J! 

1 2 
(2.27) 

(2.28) 

In. order for ~1,2 t.o ~ complex conjulal.el and I ~1,2! ~ 1. Al • A2 must. .. t:..cy 

Al < A2 ~ 1. When Al = A, the al,orithm will have a r.on-oecillatory IOlution but the 

solution will remain stable _Ion, as A2 ~ 1. The condition Al ~ A, implies that: 

-1 + Vi - (1 + o)p ~ 0 
1+0 

~ 
I + VI - (1 + o)e 

1 + 0 
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To obtain approximately frequency-proportional numerical dampiDI. p should be 

aelected nqative and 0 poeitive. Under thelle UBumptions tbe stability conditions are 

equivalent to: 

AuuraCIl : 

yq 1 + viI - ( 1 + 0 )p 
-0 ~ n ~ 

1 + 0 
(2.29) 

According to Eqs. (2.16) and (2.17) the eigenvalues of A from Eqs. (2.27) and 

(2.28) give: 

and 

where 

and 

'7 = _ In (1 - on2 - e) 
2'0 

A 

_1 arctan [.!!.j 
~t A 

n2 
1 - (I ~ Q)- - .e.. 

2 2 

(2.30) 

(2.31) 

From Eq. (2.30) it can be seen that e = 0 when n = yq. For n < yq, 
damping is nqative and the solution becomes unstable, i.e., enefK)' is added into t.he 

numerical solution. For Q equal to 0.1 and 0.5 • e .. aiost ",6t i. plotted in Fil. (2.2) 

where for both curves yq is 0.1. It can be observed that ciampini increues with 

iocreuinl Q. Couequently, by an appropriate combination of Q and p, ODe can have a 
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ftro or .mall dampinl for th~ fundamental m .. ld~ whil~ havinl a li,nific.a.ltly ,reater 

dampin, for a hi«h~r frecjuenr.y. Thi. char .... i.eri.tic is v~ry uaefui for .upreair~& th~ .puri

ous ,rowth of hi«her mode reaponaea encount ~red in pseudodynamic t.est.in~ c.f MOOF sy. 

tema. 

NOTE: The stability and accuracy properties of numerical inte&ration metl.odll in BOivin, 

nonlinear differential equations are not very well understood due to the lack o( &ll analyti

cal ~valuatiol' technique. It can be shown that unconditionally Itable implicit metbods 

can become unstable when applied t.o nonlinear problema with lar«e inl.elration time 

interval!.. This is caused mainly by t.be fact t.hat implicit inte&ration methods usually 

require an approximate IIOlution procedl>re .uch as iterative correction, tanlent modulus 

or pseudo-force approximation when solvin, nonlinear equations. Tbis problem does not 

'>erur when explicit integration methods are employed since a direct IOlution (or a non

linear equation is utilized. However, (or nonlinear systems, the inte&ration time interval 

selected should always be sufficiently small so that the nonline.ar beha\'ior can be accu

rately traced with the discretized displacem~nts increm~·"t.s. The ~t selected for a linear 

system will remain conservative if t.he nonlinearity is of the softenin, type. This is because 

the effective ~t!T ratio will be smaller as a system becomes less stiff. The opposi.t.' .,.ill 

be true for a hardening system. 
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2.3.2 IMPLEl~NTATION 

(i) Newmark Explidt Method 

Initialise: 

d1, v.' ai' m, c, r, ~t 

Calculate: 

~t2 
d2 = d l + ~t v. + ""2 al 

m" = [m + ~t e r· 
Jmpoee d 2 on the test structure 

Measure and input the restoring forces r2 

Compute: 

a2 ;- m· [ '2 - r2 - c v. - ~t c a.\ 

v2 = VI + ~t (a1 + a2) 

• 
Set IC.:: IC + I 

a • .. a2 

• 
Calculate: 

dz - d 1 + ~tvi + 
~tZ 
--al 

2 

I 
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(ii) Modified Newmark Ezplieit Method 

Ini tialiae: 

IC "- 1 

Calculate: 

- 1m pose d 2 on the test structure 

Measure and input the restorin& forces r2 

Compute: 

M 
'V2 = 'VI + T (al + a2) 

+ 
Set Ie ~ IC + 1 

+ 
Calculate: 

J 
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NOTE : In the Row-charts presented in du' previous pages, the first two boxes correspond 

to the INIT command and the lut three boxes correspond to the PSEUDO command of 

tbe PSDYN program. These commands are described in tbe next chapter, in IIeCtioD 3.2.4 
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s. USER INFORMATION 

S.l PSDYN PROGRAM AND INTERACTION 

PSDYN incorporates a let of command. which are deecribed in the next Metion 

RpMated into four Kroupa according to the operation type. Each command can perform 

operations on matrices formed by other commands by using the common dat&bue. 

The program is designed to operate in either an interactive mode by reading input 

from the terminal or in a batch mode by reading input linea (commands marked by 

aeparators) from a file either specified by the user or from the default file INPUT. Interac

tive mode operation will prompt for all missing data not supplied with the original com

mand line. When in "int.eractive mode" all commands typed in at the ICl'ffn are recorded 

in th{ file OU fPUT. In addition, the output from a PRINT command is also written to 

thi" file. When in "batch mode" the commands beine read from the input file are .choed 

to the scr(t!n and the results of those commands are writ.ten into the file OUTPUT. In 

this way a complete record of a PSDYN run may be kept. 
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8.2 PSDYN COMMANDS 

There are a few leneral rules that must be followed for execution of any PSDYN c0m

mand. All commands are of the form: 

OP Ml+ MJ- N=Nl,N2, .. 

where 

OP 

Mi 

Ni 

is the operation to be eXKuted. This can be 1 to 6 char· 

act.ers. 

is the name of the array or separator to be uaed for that 

operation. Only the first four charatters are read by the 

procram. 

is a set of i additional parameters. 

Some of the operations have single character abbreviations. They are desianated by the 

single charader enclosed in parenthesis. A command may require Done or up to eight 

matrices. The' -+' or '.' after the Mi designates the condition of the matrix after the com· 

mand is eXKuted. A' +' means the array will be created by the command and therefore 

such an array must not exist or it will be dele~. A '.' means the matrix will be changed 

in some manner by the command. If neither '+' or '.' follows the Mi then the matrix is 

unchanged aft.er the operation. A command mayor may not require any additional 

parameter lists. 

General input conventions are: 

·A "C" in column 1 of any line denotes a comment line. 

·A backslash "\" at the end of information on an input lioe will allow a Ie<:Ond line 

extension to a total "f 160 charatters. 

·A colon ":" indicates the end of informat.ion on a line. Information to the right of 

the colon ill ilnored by the procram. 
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-Requested data not lupplied by the uler will be automatically let to sero or blank 

dependinlon the routine used. 

-Real numbers do not require decimal point.. E format il acc:e;»ted. 

-Arithmetic statements (+,-,.,1) may be ueed wit.hin the data input. The order of 

evaluation ill sequential. 

-Input data mUllt be aeparated by a "blank" or "eomma". 
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3.2.1 PROGRAM AND DATABASE MANAGEMENT MACRO 

COMMANDS 

DELETE (D) MI-

This command deletes one or more matrices named Mi, where i-I,2, .. ,6. 

DUPDG MIM2+ 

This command forms the row matrix M2 which CODsists of the diqoDai values of the 

matrix Ml. 

DUPSM Ml M2+ R=Rl C=Cl L=Ll,L2 

This command forms the matrix M2 which is a submatrix of Ml. The submatrix is Rl 

rows by Cl columns. The submatrix starts at the location LI,L2 of the matrix MI. 

HELP (H) 

This command lists PSDYr\'s operations. 

LIST (L) 

This command lists the directory of all files hown to the database. 

LOAD Ml R=Rl C=Cl 

This command loads the real matrix MI with RI rows and Cl columns. The matrix is 

entered row-wise, one row per line. 

MODIFYMl-

This command modifies any individual term of the matrix MI. This command can only 

be used interactively. 

RETURN 

This is tbe lut command in a separator croup of a submit file. This command returns 

control to the interactive mode aft.er exeeutinc the commands (ollowinc a leparator. 
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START 

This command reinitializes the database by deletin& all files. 

STODG MI-MZ 

This command stores the row or column matrix M2 on the diAlonal of matrix MI. 

STOP (S) 

This command stops execution of the current aqment and aves the databue. 

STOSM MI- MZ L=Ll,L2 

This command lltores the matrix M2 &II a lIubmatrix in matrix Ml. The lubmatrix Itart.S 

at the location LI,L2 of matrix Ml. 

ZERO Ml+ R=Rl C=Cl 

This command forma the real matrix MI which is RI rowa by CI columna. The values of 

all terms in th~ matrix are zero. 
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3.2.2 MATRIX OPERATION MACRO COMMANDS 

ADD MI-MZ 

This commaDd adds tbe matrices Ml and M2 aDd stores tbe result in Ml. 

DUPMIMZ+ 

This commar.d forms the mat.rix M2 which is the duplicate of MI. 

Il'IVERT MI-

Thi~ command inverts tbe matrix Ml. The :nvene is stored in MI. MI must be Iym-

metric and positive definite. 

MULT MI M2 MS+ 

This command multiplies matrix Ml times M2 and stores t.he result in M3. 

SCALEM1- M2 

This command aca.les all the terms of matrix MI by the (I,I~ term of matrix M2. 

SOLVE MI- M2- S=SI 

This command solves the tlf!t of equations MI x M2. The result is written back into 

MI and/or M2. 

where Sl 

SQREL MI-

= 1 complete solution of MI). = M2. x is retumed in M2. 
= 2 triangularil&tion of MJ only. The result ill st.ored in MI. 
= 3 forward and back substitution of M2 only. The result is stored 
inM2. 

This command replaces each term of the matrix Ml with the equare root of the term. 

SUB MI- M2 

Thill command subt.racts the matrix M2 from Ml aDd .tores tbe results in Ml. 

TRANMIM2+ 

This c:ommand forms the mat.rix M2 which i. the transpoee of matrix Ml. 
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3.2.3 I/O OPERATION MACRO COMMANDS 

DEFINE Ml M2 R=Rl C=Cl 

This command defines the direct.ory for a matrix stored on a disk file. This command is 

only needed i( the d~tabue does not contain the matrix dir~tory. 

FILEMI 

MI 

M2 

Rl 
Cl 

is the matrix (or ""hicb the directory is t.l be created. 

i. the matrix type. 
M2=R if the matrix is real. 
M2=1 if the matrix is intqer. 

is the number of row!! in Ml. 

is the number of columns in Ml. 

This command saves the matrilC Ml in a di~ file with the name "INPUT.EXT". 

where I!'IPUT is the f.ame of th .. current input fiie. Tbe default is INPVT. 

EXT is the t.hree character extension marle up o( thf' 61'8t three characters of the 
name of the matrix Ml. 

INPUT 

This command is 'Jsed to change the input file for batch operation from the default file 

I~PUT to any 01 her file. It can only be used from the interactive mode It prompts for 

the input file nam~. 

PLOT Ml N=Nl R=Rl,R2, ... S=Sl,S2, ... 

This command generates a screen plot of the fOWl> of matrix MI. 

where 

MI 

Nt 
Ri 

Si 

is th ... matrix to be plott-ed. 

is the number of rows of NI that are to be plotted. 

is the row number to be plotted (rom Ml. 

is the symlx-I 1.0 be used for plotting row i. 

Ther!' m".t be Nl entries for Ri and Si. 

PRINT (P) Ml 

This command prints the matrix named Ml. 
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BFlLE Ml 

Thill command reads into core tbe matrix MI which ill stored on a disk file. The dat.abMe 

directory must contain &I) entry for the matrix MI. If no entry elfists, ODe must be cre&~ 

by th~ DEFINE command. 

SUBMlTMI 

This commlind starts ti.e batch executi.,n. It execut~ the commands followin~ the MI 

separliitor in the input 1:11'. Tile input 61t: n&.n~ is def.ulted to 1 hI' namr "INPUT". 
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3.2.4 DYNAMIC OPERATION MACRi) COMMANDS 

ElGEN Ml- M2+ MS- T=Tl 

Thil commUld mini the followinc eicecvaiue problem; 

.. here 

Ml 
M2 
M3 

Tl 

is t.he N by N Iymmet.ric, ~itive definite matrix K. 
is t.he N by N mat.rix cont.ainiq tbe eicenvectofl •. 

is a row or column vector cont.ainin& the diacooal tenna 
of the matrix M. The valua for tbe InUI matrix 
MUST be positive. After the operation it completed , it 
contain. the ei,envaiua, ~. 

il the approximate number of li,nificant dilita for the 
eicenvaiuets. The default for TI i14. 

The procram reduces 'he problem to the standard iorm by the followin, transformat.ion; 

whert' 

in which 

1 

~ 
The calculated mode shapes ., are normalized by; 

.TM. I .T K. ~ 

The operation uses the standard Jacobi method to IOlve for all eicenvaluei and eilenvec:-

tors. 

FUNG Ml M2+ T=Tl L=Ll,L2 

This operation forms t.he mat.rix M2, which contain. valua, at equal intervals, of t.he 

function lpecified by the mat.rix Ml. 

where 

Ml is the input. function, Ml it 2 x K val .... of tbe form; 

Ml 



M2 

TI 

LI 

L2 
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which repraenu a function of the form; 

ia the output. time function at equal int.ervaia in t.ime. 

iI t.he delta t.ime increment t.o be u.ed in t.he matrix M2. 
is the number of function value t.o be formed in M2. 
This should be ~ (til - tl)/ll t + 1. 
iI the number of row. t.o be leDerated for tbe matrix 
M2. 

L2 = 1 for jut the function value. 
L2 = 2 for bot.h t.he function and t.ime values. 

The matrix M2 un have two forms. If L2 = I, M2 will be a 1 x Ll row mat.rix containinl 

the function values at time increment Tl. If L2 '"" 2, M2 will be a 2 x LI matrix in which 

the fint row contains the time value and the second row contains the correspondinl runc-

tion value. 

INIT 1=11 Ml M2 M3 M,+ MS M~ M1 Me T=Tl (P=I»1'p2) 

This is the initial command for the Pseudodynamic: Met.hod and It mu' be executed only 

once. It initializes and prepares the arrays and parameten necessary t.o execute t.he .tep 

command PSEUDO. The array names (MI t.o M8) and parameters (I,T,P) are written t.o 

a file named I~ITIAL. Another file named COUNTER which contains t.h. 4tep ID 

number (IC=I at this stale) is created in this command. This step number will be 

updated at the end of each PSEUDO operation. 

Th. parameter I defines which s~p-by-step met.hod will be u.ed by the PSEUDO com-

mand: 

11 = I Newmark Explicit Met.hod 

11=2 Modified Newmark Explicit Met.hod 

when 11-2, PI and P2 mUlt be speci6ecl, when': 



PI 

P2 
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is tbe parame~r Q and 

is tbe parameter P (lee Retion 2.3). 

Thill command calculates the inverse of the effective mass matrix and allIO t.be dilplace-

ment vector at the end of the first. step: 

where 

Ml 

M2 

M3 

M4 

M5 

M6 

M7 
MB 

Tl 

ill t.he name of the N by I displacement vector at. t.he be&in
ninlor-Lep I, d J (default ill the null vector). 

ill the name of the N by 1 velocity vector at the beainninl of 
step I, vI (default ill the null vector). 

is the name of the N by I acceleration vector at the be&in
ninl of step I, al (delault is the null vector). 

is the name of the N by I calculated dillplacement vector at 
tbe pnd of step I, d 2-

for 11=1 --t is the name of the N by N dampinl matrix, c 
(deCault is the null matrix). 

for 11 =2 ..... is the name of t.he N by I rest.orinK force vec
t.or at the besinninl of step I, FI (deCault is the null vector). 

is the name of the N by N mass matrix, m. After the opera
tion ill completed it Ki v e5 m' where: 

for 11=1 --t mO = I m + ~t c rJ 

for 11=2 .... m" ~ m- J • 

is the name of the'" by 1 load distribution vector,p. 

is the name of tht' I by (n + I) load multipliers matrix, '., 
at equal increments At , ( f ~ P f. ). 

is the time interval At. 

NOTE: Heft' N represents the number of DOr and n the number of steps or time inter-

vals which divide the duration T oC the response, At = T In. 

PSEUDOMl-

Thill is the lltep command Cor the Pseudodynamic Method, where: 

Ml is the name of the N by I reatorins Corce vector at the end oC 
the turrent step, r2' This vect.or will be deleted at. the end of 
t.hill operation. 
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In this command the array names and parameten defined in tbe command INIT are read 

from the file INITIAL. Also the step number (IC) is read from t.he file COUNTER. 

By usiOK the arrays from the prevbus step d l, VI' ai' Irll and the arrays defined in INIT 

c, m·, p, f, (all kept in the DATABASE) the ex ... rnal load forces, f2 are formed and the 

accelerations and velocities at the end of the current step, v2 and a2 respectively, com· 

puled. 

Next a new step is set (IC= IC+ 1) and the displKements, velocities. Keelerations, lrestor. 

inK fo!'ces; updated: 

VI "2 

a l a2 

IrJ rz] 

Finally the displacements at the end of this new step, d 2, are u.lculated: 

Thest' displacements d 2 will be impoM'd on thf' test structure and a new vector of restor· 

ing forces r2 will be measured and loaded into the program. PSEUDO can then be exe-

cuted again and so on. 

NOTES: 

I) Here II means just to consider what is inside the brackets for 11=2. 

2) For backup the arrays dl' VI' ai' ,j2' c or r .. m" p, f are also saved on a disk file (out 

of core) with the names respectively: INPUT.DIl, INPUT.VEI, INPUT.ACI, 

INPUT.D12, INPUT.DAM or INPUT.RSI, INPUT.EMI, INPUT.ELD and INPUT.FOR 

where INPUT is the name of the current input file (the default is INPUT). 

In caM the DATABASE file is 100t or deleted by mistake, the arrays can be retrieved by 

usinl the commands DEFINE and RFILE (eee eection 3.2.3). Then the DUP command 
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(11ft aection 3.2.2) can be ueed to chan,e the array names to thoee lpecified in the INIT 

cornmUld. 

STEP MI- M2 MS M'- MI+ Me NT T-TI L-LI,L2 P-PI,P2,PS 

This command calculates the dynamic relpoue of a structural Iyltem .will direct Rep by 

step int,qrat.ion of t.be followin,linear matrix equationl of motion; 

M U + C U + K U = R(t) = P F(t) 

where 

Ml 
M2 
M3 
M4 

Ma 

M6 
M7 

Tl 

Ll 

L2 

PI 
P2 
P3 

is the name of the N by N stiffnea matrix K. 
is the name of the N by N m&II matrix M. 
is the name of the N by N dampinl matrix C. 
is the name ofthe N by 3 initial condition matrix Vo• 

Vo(I,I) is a v~tor ofthe initial displacemepts Vo' 
V o(I,2) is a vect.or ofthe initial velocities Uo ... 
Vo(l,3) is a veetor of the initial accelerations Vo. 

is the name of the N by L2 matrix of calculated dis
placements. Column i repre.ents t.he displacement at 
time ixLlx~ t. 

is the name of the N by 1 load dist.ribut.ion matrix p. 
is the name of the 1 by K row matrix repreaentinl the 
load multipliers f at equal t.ime increment.s ~ t, where 
K=LI*L2 + 1. 

is the time increment ~ t. 

is the output interval for t.he displacement.s. That is, dis
placements will be output at each Ll time step. 

is the total number of displacement v~tors to be out
put. Therefore, the total time for which results will be 
calculated will be Ll x L2 x ~ t. 
is the.., value for tbe int.qration type. (derault = 1/2) 

is the {J vallie for the int.qration type. 

is the' value for t.h., int.qration type. (default = 1.0) 

Tbe use of different values of "'t, fJ Uld , allows the uller to eeleet different method. of step 

by step intelration. The foUowin, table lists possible values. 

fJ , 
Newmark A verase Acceleration 1/2 1/4 1.00 

Newmark Explicit 1/2 0.00 1.00 

Linear Acceleration 1/2 1/6 1.00 
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Wilton - Theta Method (Low DampiDI) 1/2 1/6 1.42 

WillOn - Theta Method (Ri,b Dampio,) 1/2 1/6 2.00 
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4. EXAMPLES 

4.1 EXAMPLE 1 

A three-story frame structure, modelled by a lumped-maaa system with 3 translational 

DOF, is subjected to a trianlular pulae blut-pressure u shown below: 

1>1 

---...po 2 

__ --I> 3 

fm 'kipl 

500 

o 12 24 36 

p = l~l 
The mass and the linear elutic stiffness matrices for this frame are: 

[

1.0 0.0 0.01 
m = (I kip.a2 jin) 0.0 1.5 0.0 

0.0 0.0 2.0 
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A dynamic analysis of this structure using the PDT method by rne&DS of the PSDYN pr~ 

gram is shown in this example (just the first steps are shown). Both explicit methods 

deac::ribed previously, the Newmark and the modified Newmark method are utilised. 

The INPUT file and the OUTPUT file produced by the prOBrem are lilted .cter each 

example. The INPUT file contains the commands to be executed in the batch mode by 

means of the INPUT and SUBMIT commands. In the OUTPUT file all the commands 

foJlowing " •• " were typed to the screen by the user in the interactive mode. 

To select the tim~ interval ~t the natural frequencies of the structure have to be deter-

mined which can be done using the command EIGEN; the result is: 

{
WI) {14.5) 
W2 = 31.1 rad/s 

wl "6.1 

Hence, 

{
O.4333) 
0.2020 s 

0.1363 

a) Using the Nl'wmark explicit mf>thod 

- Selu~ion of the time interval ~ t 

Selecting 

TI T2 Ts 
~t = 0.0128 = - = -- = --

36.1 16.8 11.4 

the stability condition (2.23) governed in this case by the third natural period 

(~t ~ Ts/II') is satisfied and al!!O a good accuracy can be achieved (!~ Fig. 2.1). 



- 34 -

- VilCou damping 

Considering the Rayleigh d~ping &8Sumption (see Ref. \7]) : c = &0 m + al II and aelect-

ing the damping ratio in the first and second modes to be 3% of critical, the constanta ao 

and a 1 are: 

&0 = 0.59335 and al = 0.00132. 

The resulting damping matrix is : 

1.383 -0.790 0.000 I 
c = -0.790 3.259 -1.579 

0.000 -1.579 5.135 

and the resulting damping ratio in the third mode is 3.68% . 

b) Using the modified Newmark explicit method 

- Selection 0/ ~t and parameters Q and p : 

Selecting ~t = 0.012s, Q = 0.5 and p = -0.005 the stability condition (2.29) is satisfied: 

~=O.I ; 
I + VI - (1 + a)p 

1+0' 

Hence, 

- Numerical damping 

wl~t = OJ = 0.]740 

w2~t = O2 = 0.3732 

w3~t = 0 3 = 0.5532 

1.336 

For (} = 0.5 and p = -0.005 t.he resulting damping ratios given by Eqs. (2.30) and (2.31) 

are: 
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i) 01 .. 0.17.0 

A = 0.9798 
B .. 0.1728 .... 0 1 " 0.1746 

1t = 2.92% 

ii) O2 = 0.3732 

A = 0.8980 
B = 0.3590 .... O2 = 0.3803 

{2 == 8.79% 

iii) O~ = 0.5532 

A .. 0.7730 
B = 0.50.5 -+ O~ .. 0.5782 

13 " 13.85% 

An analytic linear dynamic analysis can be perf"omed by the PSEUDO command ir 

instead or the measured restoring forces r:z the product or the linear elastic .tifFness k by 

the displacements d 2 is input at each sup. The same response can be obtained by the 

STEP command if the same algorithm, t.he Newmark explicit i. employed. A comparison 

of the t.wo procedures is shown at the end and the plot of the lirst DOF displacement 

response is also included. 
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4.2 EXAMPLE 2 

The same .tructure deacribed in tbe fint example is .ubjected now to the EI Centro 1940 

(NS) earthquake. 

For aei.mic loadinl the equations of motion (2.1) b«ome : 

m a (t) + c v (t) + IE d (t) = - m p .. (t) 

where a, (t) is the Kround acceleration time history from the EI Centro earthquake and p 

is the load distribution vector which in this cue is equal to the unity vector. Hence, 

r(t) :: - mal (t) 

A dynamic analysis of the 3 DOF structure for the fint 10 aeconds of aeismic excitation is 

shown in this example. The physical properties of the frame inc!~dinl the villCOUS damp

ins are the same adopted in the fint example. 

Fint a nonlinear analysis is performed usinK the PDT method by means of the INIT and 

PSEUDO commands. The allorithm chosen is the Npwmark explicit and the time inter

val ~t seIer ted is O.Ols. 

!'iext an analytic linear analysis usintt thf' Nf'wmark explicit method by means of the 

STEP command is shown. The plot of the first DOF displacement response for tbe first 

2.55 using the PLOT command is included at the end. 

It should ~ pointed out that in this example the disk 61e EC40.ACC contains a (2 x 

20(1) matrix which has on the fint row the time values at equal intervals O.02s ranKinl 

from 0 to 40 s and on the leCond row the EI Centro at.celerOiram record ( ~ x IOSlat the 

correa..-ondinl time values. The command. DEFINE and RFILE are ueed to put the 

matrix ACC in the DATABASE file. Next tbe command FUNG is utm.ed to form the 

accelerations array at equal intervals 0.011 (~T chosen). Tbe acceleratioDs are 

transformed to in./s2 by the command SCALE 80 t.hat tbe displacement rapoDIe will ~ 

liven in inches. 
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