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ABSTRACT

Generally the building frames are analysed by Response
Spectrum Method. Some of the modal combination rules used in
Response Spectrum Method which has been suggested in ASCE-4-86
i.e. ASCE Standards on seismic analysis of Safety Related Nuclear
Structures and Commentry on Standards for Seismic Anaysis of
Safety Related Nuclear Structures are SRSS (Square Root of sum of
the squares), Grouping, Ten per cent, Double sum. All these modal
combination rules and CQC (Complete quadratic combination) have
been evaluated in this thesis.

To account the responses from the three earthquake components
calculated separately the spatial combination followed in this

thesis are :

(i) SRSS

(ii) 1R1 + 0.4R2 + 0.4R3
(iii) 0.4R1 + 1.0R2 + 0.4 R3

(iv) 0.4R1 + 0.4R2 + 1.OR3

For evaluating the above mentioned rules three buildings of
different configuration have been analysed by Response Spectrum
Method using above modal combination rules and by A Time-history
Analysis. The results by Response Spectrum Method have been
compared with the results by Time-history Analysis considering the

later as standard.
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NOTATIONS

Notation Description

FJ Mode participation factor for jth mode
At, h time step

Ai modal damping

eij Coupling coefficient in ith & jth mode

R Response

[M] Mass matrix

(K] Stiffness matrix

{X} Displacement vector

Y Generalized coordinate

{¢j) Mode shape vector for mode j

[C] Damping matrix

[T] transformation matrix

W frequency (rad/s)

ﬁg ground acceleration

S, spectral acceleration in ‘g’

fr frequency (cps)

dp modal damping

px mode participation factor in x direction
PY mode participation factor in y direction
pz mode participation factor in z direction
mx modal mass in x direction

my modal mass in y direction

mz modal mass in z direction

cmx cumulative modal mass in x direction
cmy cumulative modal mass in y direction

cmz cumulative modal mass in z direction



X horizontal axis direction
Y vertical axis
Z horizontal axis perpendicular to X & Y

Rest other notations wherever used has been defined.
Above notations having different meaning, has been

at appropriate place.

explained

11



CHAPTER -1
INTRODUCTION
1.1 General :
The previous decade has shown us the disaster caused by
earthquakes that came in the then U.S.S.R., Iran, N.Bihar and the
recent in Garhwal area (North India). The difficulty that the

people has suffered, the huge wealth lost due to the earthquake

has forced us to realise the fact the ‘earthquake forces’ must be

given an important place in the design forces of any civil
engineering structure irrespective of whether the structure is
small dwelling house of a poor man or high rise building built for

national importance.

For the structural engineers the first aim behind the
aseismeic design of structure is to get the most probable forces
that will be developed in the structure if earthquake hits the
area in which the structure is to be made. For finding out these
forces, the dynamic analysis of.is necessary. The accuracy
and closeness of the resulting forces depend on the method adopted
for the analysis and type of structure. For simple and symmetric
structure a two dimensional analysis 1is sufficient but the
multistoreyed building, bridges and special structures like
nuclear power plant etc. need 3 dimensional analysis to reach
close to real values of forces and deformations.

The present architectural design practice is such which makes
the building highly unsymmetrical and center of mass doesn’t
coincide with the center of rigidity and hence even if no

torsional component is available in exciting force, the torsion
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will develop in building and it will cause additional stresses in
the elements. A two dimensional analysis does not account for it
but three dimensional analysis can account the torsional component
very easily. The three dimensional analysis also takes into
account the coupled translational behavior of entire structure.
It can consider the three earthquake components in three mutually
perpendicular directions whether dependent or independent thus 3
D. analysis is very much relevaﬁt where ever very precise

seismic analysis is needed.

There are a no. of analytical alternatives available which
vary in approach 1i.e. empirical, semi-empirical, mathematical
complexity, timg taken for solution, accuracy of results etc.

1.2 THE TIME-HISTORY METHOD :

The time history method for seismic analysis is the
solution of a no. of simultaneous secénd order differential
equations of motion (1.2-1). If the earthquake ground motion is
known, this method gives most realistic values. Since it gives
the temporal information so this method of analysis becomes very
necessary when the design of secondary responding equipment eq.
piping, machinery etc. on upper floors of a structure is required.
Since it accounts for intermodal phasings so it gives precise
results for any type of structures whether
symmetric/unsymmetric

Time history analysis may be done by direct integration or by
mode superposition time integration for 1linear or non linear

cases. The motion of equation is -

13



(Ml [{x} + { U, 31 + [C) (x} + (K] {x} = {0}  ....(1.2-1)

1.2.1 Direct Integration :

In this approach the response is evaluated in a direct step
by - step integration procedure No. decoupling is necessary and
damping does not have to be proporticonal to mass or
stiffness.

Response is evaluated for successive short time increments At,
and dynamic equilibrium is established at the beginning and end of
each interval.

1.2.2 Mode Superposition :

The equation of motion (1.2.1 -1) can be solved by mode
superposition method if the equation of motion can be
decoupled using the transformation

{Xr = [¢] (Y} ....(1.2.2 -1)
{X}

displacement vector

where [l

mode shape matrix, normalized as

(61T [M] {¢] = [1] (m x m)

[Y] = generalized co-ordinate vector (m x 1)
m = no. of modes considered
In direct integration method , if the mass matrix is diagonal

and no damping is asssumed, the number of operations for one time
step are somewhat larger than 2nmk where n and mk are the order
and half-bandwidth of the stiffness matrix considered
respectively. If damping matrix is included and consistent mass
matrix is wused in the analysis and additional number of

operations proportional to nmx 1is required per time



15

step.
Therefore, neglecting the operations for the initial calculations
total number of about anm s operations are required in the

k

complete integration, where o depends on the characteristic of

the matrices used, o = 2 and s is the number of time step. Thus
if m is reduced the no. of calculations reduces in same
proportion. In fact there is a 1limit beyond which m _ can not be

reduced and so due to huge computation involved, the direct
integration method is effective when the response for a relatively
short duration is required and, for larger duration an
alternative method i.e. mode superposition method is adopted.

In mode superposition method the final response say

displacement x is given by

X (t) = % ¢ i Yi (t) ... (1.2.2 - 2)

Where m is no. of modes considered and the transformation
(1.2.2-1) reduces the ’'n’ coupled equations of motions into ‘m’ no.
of uncoupled equation of motion for each mode. Thus the no. of
calculations in each time steps is considerably reduced, but at
the same time solution of eigenvalues and eigenvevtors i.e. the
free vibration mode shapes of the idealized structure is required.
However, 1t 1is also a fact that the effectiveness of mode
superposition depends on the number of modes that must be included
in the analysis. In general, the structure considered and the
spatial distribution and frequency content of the loading

determine the number of modes to be used. For earthquake loading

in some cases only the 10 lowest modes need be considered,
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although the order of system ‘n’ may be larger than 1000.

One important aspect should be mentioned in this context.
What 1is really aimed is to obtain a good approximation to the
actual exact repose of the structure under consideration. In the
case of stiffness matrix method or finite element analysis upper
bounds to the ‘exact’ frequencies of the actual structure are
obtained. In general this method approximate the lowest exact
frequencies best, and little or no accuracy can be expected in
approximating the higher frequencies and mode shapes. Therefore
there is usually little Jjustification for including the response
in the mode shape corresponding to the high frequencies in the
analysis.

Thus it appears that mode superposition procedure has an
inherent advantage over direct integration in that the response
corresponding to the higher, probably inaccurate frequencies of the
idealized system is not included in the analysis. Even if these
higher frequencies are correct their response is little and not
important. So exclusion of higher frequencies will not affect the
accuracy of the solution.

A suitable stable numerical method for time integration
should be adopted and an appropriate integration time step At
should be chosen. In the present dissertation Newmark Method
has been adopted with At equal to 0.005 seconds.

As discussed above the choice between mode superposition
analysis and direct integration is merely one of numerical

effectiveness. The solution obtained using either procedure are



identical [if the same time integration methods are
used in direct integration and in mode superposition method,]
same numerical errors and the round off error in the computer are

present

1.3 RESPONSE SPECTRUM METHOD :

In modern earthquake engineering the response spectrum
method has emerged as the most commonly used method of analysis.
The primary reason for this popularity is the fact that it
provides the designer with a rational and simple basis for
specifying the earthquake loading. Another reason often sited is
that the method is computationally economical. A major part of
the effort, which is common in mode superposition time integration
and response spectrum method is the solute of the eigenvalue
problem. In fact if the objective is to evaluate the response of
a
structure subjected to known earthquake ground motion, there
should not be any question about using a standard time - domain
analysis. It is when the designing a structure for a potential
future earthquake is required that the response spectrum method is

much more relevant.

The lack of temporal information of the response of the
structure seems to be its great limitation and so the design of
secondary responding equipment (piping, machinery etc. on upper

floors of a structure) seem to be impossible with this method.

17



Much progress has been made in this field so far. Lack of
temporal information in the response spectrum method no longer
appears to be a handicap.Rational rules are now available to
combine responses from various modes and from three components of
earthquake motion. These rules account for the physics of the
problem and can be further Jjustified in the same spirit as the
design spectrum itself, as a representation of expected response
values in an uncertain world. Response of secondary system can
now be evaluated using efficient modal synthesis techniques in
conjunction with the response spectrum method. Alternatively, the
secondary spectrum, or the instructure response spectrum can be
evaluated by applying similar model synthesis techniques to the
se‘condary single degree of freedom oscillator coupled to the
primary systen. These new techniques directly use the design
response spectrum at the base of the primary structure as seisnic
input and account for the effects of mass interaction (between the
equipment and the structure) and of multiple support input into
the secondary systen. In doing so it is no longer necessary to
convert the design response spectrum into a ‘compatible motion
history or a power spectral density function.

In a multi degree of freedom system the maximum response
value in individual modes are determined and by model combination
rules, these values are combined to give the most probable maximum
values. The modal combination rules i.e. SRSS, CQC, GROUPING
10%., DOUBLE SUM etc. are based partly on the physic of the
problem, that is an deterministic concepts, and partly on the

random vibration modeling of the phenomenon. The model

18



combination technique can be viewed as tools for giving
approximate values of the deterministic maximum response values.
It is in this spirit that the response spectrum analysis results
shall be compared with the corresponding time-history maxima for
an earthquake considering the latter as standard. A rule which
models the physics well is 1likely to give results which are
reasonably close to those obtained wusing the time-history
analysis.
1.4 Objective and scope of study :-

The objectives of the present thesis are
(1) Three dimensional Dynamic Analysis of building frames by Mode
Superposition Time Integration for given dependent time-histories
of ground acceleration in three mutually perpendicular directions
coinciding with the axes of building frame and to obtain the
time-domain maximum for deformations of different modes and forces
in different structural elements of the building frame.
(2) The calculation of most probaBle maximum values of

deformation of different nodes and forces in different element of

the same buildings analysed by time-history method for the

response spectrum corresponding to the given time-history, acting
in three mutually perpendicular directions which coincide the
three

axes of building frame. The modal combination techniques chosen

for response spectrum techniques are

(a) SRSS (square root of sum of the squares)

(b) CQC (complete quadratic combination)

19



(¢) Grouping

(d) 10%

(e) Double sum.
(3) Comparison of the spatially combined results obtained from
response spectrum method 1i.e. different modal combination
technique with that obtained from time-history analysis

considering the later as standard.

In order to get the above objectives mentioned as 1, to 3,
three typical buildings have been chosen without shear wall. In
the above analysis soil structure iteration has not been taken
into account. The response spectra corresponding to given time
history is shown in figure(1l). The same Pésponse spectra value is
used multiplied by 0.5 in vertical direction. The results
obtained due to earthquake in each three directions are
combined by spatial combination rules before comparing with
the results obtained by time history analysis.

4. The number of modes considered in the R.S.T. and Mode
Superposition time history analysis depends on total modal mass.
Sufficient number of modes have been taken so that total modal

mass is equal or greater than 90%.



CHAPTER - 2
REVIEW OF LITERATURE AND DIFFERENT METHODS
2.1 General :

The seismic analysis has an important place in the design
of structures' related to nuclear power plants. The ASCE
standards (ASCE 4-86) on seismic analysis of safety related
nuclear structures gives proper guideline for designing such

important structures.

This standard provides requirements for performing analysis
to obtain design information which will lead to the reliability
ofbstructures under a severe earthquake. The main aim of this
standard is to provide rules and analysis parameters that are
expected to produce seismic design response that have about 90%
chance of not being exceeded for a given design earthquake,
assuming that the input response spectrum is specified at the mean
plus one standard deviation level. Specification of input
motions, response spectra and input motion time histories and
analysis standards for different type of special structures are
given in this standard.

2.2 Modelling of Structures :

The seismic response of a structure 1is determined by
preparing a mathematical model of the structure and calculating
the response of the model to the prescribed seismic input. The

torsional effect due to eccentricity between the centre of mass

and centre of rigidity should be considered. The possibility of

accidental torsion should also be considered.
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When significant coupling exists between horizontal and
vertical structural responses, one combined analytical model (a
three-dimensional model) should be used for the seismic response
analysis otherwise, a separate analytical models for horizontal

and vertical excitations may be used.

The need for 3 D. model of structure is evident from the
result of experiments and analysis of 40 story framed tube
building done by Reddy, D.P. et.al. (1973). The static and
dynarﬁic response were compared with 3 D. and 2D. analysis based on
UBC. Based on their study it was found that building showed 3 D.
behavior even if it was symmetric about two centre lines of
building. The conventional 2 D frame analysis results 1in

significant error for tall buildings.

2.3 Time History Analysis :
As per discussions made in article 1.2.1 and 1.2.2. mode
superposition time-integration scheme seems to be most suitable

for the time-history analysis if mass matrix 1is diagonal and

’ ’

damping can be assumed to rayleigh damping

In the implicit method of integration N.M. Newmark (1853)

proposed the unconditionally stable scheme, the constant average

acceleration method in which « = —41—, and 8 = —é—, when the

following assumptions were made

Yioar= Ypt [(1-8)y, + 8§, 14t ... (2.3-1)
. ' 1 2
Yooar = Y * YpAt ¢ [l = a )Y +o¥, ) At

....(2.3-2)

and equilibrium at time t + At is considered



teatt Yeeat ¥ Kpiat =R {iat ... (2.3-3)

MY
where y = deformation, t = time, At = time step; M = Mass, C =
damping K = stiffness, R = force). The solutions by different

implicit and explicit scheme were compared by Bathe & Wilson and

the solution of Newmark’'s method was found close to the exact

solution.
ASCE - 4-86 suggests the maximum interval of time step for
different numerical integration scheme. It suggests maximum time

step size of of shortest period of interest for Newmark method

10
in modal superposition time integration method.

The lowest time period for earthquake analysis is 0.033
seconds so the time step size of 0.0033 may be sufficient but

a value of 0.005 is said to be quite satisfactory for the seismic

analysis.

2.4 RESPONSE SPECTRA METHOD :

Use of response spectra for the design of earthquake
resistant structures has been established as an inexpensive and
reliable alternative to multiple time history analysis. In fact
design engineers may prefer the response spectrum technique, not
only because of its simplicity and low computational cost, but
also because it lends itself to.a more general description of the

required strength in a particular seismic environment.

One of the difficulties and occasionally a source of
criticism for the response spectrum method is the superposition of

modal maxima, not all of which will occur at the same time.

23



Extension of the method to deal with multicomponent excitation
adds one more unknown to the problem because now the combination
of directional responses must also be considered. Most of the
experience with the response spectrum technique comes from
analysis in which only one motion component has been used. In
this case, modal combination method based on probability
considerations, provide reasonable engineering estimates of
maximum response for a large class of real earthquakes and as a

result, they have been widely accepted and routinely used in

design; when multicomponent excitation are to be considered, the

question of statistical dependence between motion components

arises. Design recommendations for offshore platforms (API—RPZA)

and the Regulatory Guide 1.92 of the U.S.N.R. recommend that the

three spatial (or directional) responses be combined by SRSS. The
tentative ATC-3 provisions on the other bhand, recommend the
maximum of the three components plus 30% of other two combination
rule. Both these mefhods can be derived from probability
considerations under the assumption of statistical independence
between motion components or less restrictively between the
corresponding structural response. It appears, however, that very
little has been done to validate these rules wusing actual
earthquake accelerograms and realistic structural models.
Moreever, the assumption of statistical independence between
motiqn components may not be always Justified, Motions with a
strong unidirectional character, for example such as those
recorded on hard ground at small epicentral distances and from

shallow earthquakes, constitute a class of excitations whose

24



components can be expected to exhibit appreciable correlations.

A third type of uncertainty is associated with the design
equations that involve more than one component of stress, as
for example the AISC equations for combined axial compression and
bending. For a space frame structure, the force quantities in
such equations will generally peak at different times. The
response spectrum technique, however, does not provide any
information that would allow estimates of maximum combined
effects. Thus, conservative results may be expected if, as is
typical in practice, the peak (response spectrum) values of the

force and moments in a section are used without any reduction.

2.4.1 Different Modal Combination Rules :
1 S.R.S.S. (square root of sum of square) :

Originally proposed by Goodman (1953), on the basis of
probabilistic theory, it gives the most probable .values of

response. It gives lower bound tc the response.

The study carried out by H.C Merchant and D.E. Hudson (1982)
suggests that this method is applicable to limited type of
structures and earthquakes excitation For another situation
other methods should be searched for ASCE-4-86 suggests its use

The S.R.S.S. combination rule is

N 2 172
Ri=[2 (R, ) ]
g=1
R. = response of i the degree of freedom

J = no. of mode (from 1 to N)

25
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2 C.Q.C. (Complete quadratic combination) :

Proposed by E.L. Wilson, A. Der Kiurghian and E.P. Baya in
(1981) it gives better result than SRSS because of cross
correlation coefficient pjk' If the modal damping of two modes
are same, then value of pjk=1 and the response obtained by CQC
and ‘Double sum ' discussed later are same.

The CQC method is

Ri = VvV N N
. R, .R,
ng k§1 ka ij ik

cross correlation

wk wk,3/2
_ 8 Vv T)‘jnk (T)J- + W T'J) (—;j)
wk wk wk .2
[(1 (wj))+4njnk—;13—(1+(wj))+
2 2 wk .2
4(nj+nk)(wj)]

nj & n, are modal damping ratios in mode j & K respectively

W] 0.2 - .
i < o fo) ~ 0.1 and it may be neglected.

3 jk

when

ASCE 4-86 has not mentioned its use.
CLOSELY SPACED MODES :

Modes are called closely spaced if natural frequencies do
wk - wj .

not differ by 10% 1i.e. 1if the criteria 7 = 0.1 is

satisfied, both modes are considered closely spaced. Where Wy and

wj are natural frequency of modes k and j respectively.



For closely spaced ques a no. of modal combination methods
are used, some of them are as follows.
3. Grouping Method :

It is an improvement over the SRSS to account for closely
spaced modes. In this method, modes are divided into groups that
include all modes having frequencies lying between the lowest
frequency in the group and a frequéncy 10% higher. - For each
group the representative value of the response is taken as the sum
of the absolute values of modal maxima belonging to the group.
The maximum response is then obtained as the SRSS of the

representative group values. This rule is

> nc 1/2

r N q dqg
By T [ L Ry +X LI [Byg Rimkl]
j:]_ . k=1 1=p M=p

1#m

where
n, = no of closely spaced group
p = number of mode where grouping starts
d = number of mode where grouping ends
Rilk, Rimk_ modal response within ‘k’group for ‘ith’ degree

of freedom in mode 1 and m respectively.

This method is suggested in ASCE 4-86.
4 Ten percent method (104 method). It is an another improved
method like grouping method over SRSS rule in case of closely
spaced modes. It has at least as many terms as in ‘grouping’ and
it gives same or a more conservative result. Mathematically it is

expressed as

27



28

N 1/2
Ry = [ Ry v2 Ry Ry ]
g=1 Y K # 1
Second summation is carried out for all thbse modes which satisfy

(i) wk<wl<0.1 wk}

where (ii) 1< K < L<n
5. Double sum method- the exceptions for the SRSS combination
rule aries when the responses to be combined are from modes with
closely spaced frequencies. If frequencies and dampings of two
modes are identical, the maximum values in the two modes do occur
simultaneously and they should be combined algebraically. If
combination equation in time domain is

n
R(t) = ¥ R, (t) 2.4.1-5.1
i .

Defining the standard deviation of the response as

td td
oZ = I RZ (t) dt = o© = 1 I RZ (t) dt  2.4.1.5.2
t i td i
o 0
where td = duration of motion. Considering the earthquake to be

a stationary ergodic process, the maximum response may be given
like

R= mno; R. = n, o 2.4. 1.5.3

Since prime interest is modal response with close
frequencies,simplifying assumption . 7 = m; can be made for all

values of i, thus

5 .
o = Zo‘iz + Z Z e, , 0,0,
i .



where eij is modal correlation coefficient given by

1 td
td J-o R, (t) Ry (t) dt
eiJ. =
Giaj

and alternative from of equation 2.4.1..5.3 is as

P = ¥ T e..R. R, , 2.4.1.5.4
i J

Rosenblueth and Elorduy assumed the earthquake ground moticn
to be a finite segment of white noise, and assumed the response to
be damped periodic of the form e—th sin w.t. Based on his work

D

correlation coefficient can be written as

Wn, — W . -1
€, =[1+(———D1 DJ ) 2]
W

L W, + ’
cJ 1 ¢ J J

Where ws and w‘j are circular frequencies of the two modes in

rad/s, @hs and wy; are corresponding damped frequencies. {i & Cj

are equivalent damping ratios which account for the reduction in

the response due to finite nature of white noise.

_ 2
¢ =% * Wos

1
C:c -(-....2....



where S is the effective durations of the white noise segment.

As suggested by Prof. A.K. Gupta in his book Response
Spectrum Method, no absolute sign should be included in equation
2.4.1..5.4, but still A.S.C.E. 4-86, has given the rule of Double

Sum Method as

m
(=
("
]
rm
—
+
—r—
® =
[
£
|
+ 3
~
m -
x‘ -
=
~
—
[ SE—

o 2 1/2
W= oW (1 Bk )

where , Bk = modal damping of Kth mode, W, = frequency of
s 2

Kth mode (rad/s), Bk=Bk + td o,

Since no recommendation has been made for td so the value of td

.shall be taken as duration of earthquake 38 s in the present

thesis. The rule as suggested in A.S.C.e. - 4-86 shall be used

instead of that suggested by Prof. A.K. Gupta.

2.5 Spatial combination of responses .

When response from the three earthquake components - are
calculated separately, the combined earthquake induced response
are obtained by a number of combination rules. Some of them as

suggested by ASCE-4-86 are discussed here.

2.5.1 Combination of components for time history analysis

In a 1linear time history analysis, the analysis may be
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performed separately for each of the three components of earthquake
motion, or one analysis may be pefformed by applying all three
components simultaneously, if the three components of earthquake
motion are statistically independent.

When linear time history analysis are performed separately
for each component, .the combined response for all three components
may be obtained using the SRSS rule to combine the maximum

responses from each earthquake component.

2.5.1.1

Y
i

I+
<

X
Il

response in ith degree of freedom
Rij = response in ith degree of fre?dom due to earthquake
in jth direction.
If the three components of earthquake motion are statisticélly
independent in a linear analysis, time history responses may be

obtained individually for each of the three independent components

and combined algebraically at each time step.

3
R.(t) =T R, .(t) 2.5.1.2
i j=1 ij

2.5.2 Spatial combination rules for response spectrum method

There are following four methods suggested in ASCE-4-86 for
combining responses from three earthquake components.
(1) SRSS (Square root of the sum of the square) - This rule

is mathematically represented as
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3 2
R, = Y RS, 2.5.2.1
i 3 ij

where, R.1 = combined response of ith degree of freedom

Rij =Response of ith degree of freedom due to

earthquake component in jth direction (j = 1,2,3),

i.e. two horizontal and one vertical direction.

(2) Other alternative methods for <combining the
response, due to earthquake 1in three directions are based
on assumption that, when the maximum response from one
component occurs, the response from the other two
components are 40% of the maximum. In this method, all
possible combinations of the three components, Rl’ R2’ R3
including variation in sign (+, -), should be considered, i.e.

(B) Ri = + [Ri1 + 0.4 R12 + 0.4 Ri3] 2.5.2.2 (b)

(C) Ri = + [0.4 Ril + 1.0 R12 + 0.4 RiS] 2.5.2.2 (c)

(D) Ri = + [0.4 Ri1 + 0.4 R12 + 1.0 Ri3] 2.5.2.2 (d)

As mentioned earlier the modal combination rules SRSS,
grouping, 10%, Double sum as recommended by ASCE-4-86 has been
chosen for the evaluation of its accuracy with respect to time
history analysis results, considering the later as standard. In
addition to, the four modal combination rules mentioned above, CQC

has also been chosen since it 1is among the recent modal



combination rules and it applies to closely spaced modes as well
as non-closely spaced modes.

For the spatial combination the SRSS has been chosen for
time-history method and for response spectra method the spatial
combination rules chosen are SRSS, and all combination rules
mentioned as B, C, D above.

Similar comparisons were made by Mr. Trivedi J.K. in his
dissertation Analysis of Multistorey Building wusing 3-D Beam
Element. His comparison among the modal combination rules shows
that DABS (Double Absolute Sum Method) envelopes the response

given by CQC, Double Sum etc.
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CHAPTER - 3

THREE DIMENSIONAL ANALYSIS OF BUILDING FRAMES

3.1 General

The stiffness matrix method for three dimension analysis of
building frames is a compact and powerful method. It is suitable
for digital computer too. In the 3D analysis each node has six
degrees of freedom i.e. three translational along the x, y, z axes
and three rotational about these akes. Consequently, a beam element
of a space frame has for its two Joints a total of 12
degrees of freedom , hence the resulting element. Stiffness
matrix will be of dimension 12 x 12.

The 3 dimensional analysis of frames results in a
comparatively longer computer program in general Pequir;ng
substantially more input data, and the availability of a computer
with larger storage memory. However, except for size, the
analysis gives far precise result as compared to 2 dimensional
analysis for unsymmetrical buildings, tall structures and special

structures where 2 dimensional idealization is not justified.

3.2 STATIC ANALYSIS :

Static analysis is done for dead load due to self weight of
structure or any additional load of permanent nature and for live
load on the structure. Equivalent wind load can also be applied

at nodes like that due to dead loads and live loads.



3.2.1

(a)

(b)

(c)

(d)
(e)

()
(g)

(h)

(i)

(J)

Assumptions :

The following assumptions has been made in this method.

All column and beams of space frame can be replaced by line
members oriented along the centroidal axis of the original
member.

The line members have same properties of original member i.e
length, inclination, elasticity, moment of inertia, damping,

poisson’s ratio, cross sectional area etc.

The Joint where two members meet are rigid and
infinitesimal in size.

The structural material is homogeneous and isotropic.

The deformation of structure bears linear relationship
with the load causing this deformation.

The material remains in elastic limit.

The reinforced concrete structures element is modeled as
uncracked sections.

The base support is taken as fixed and does not allow any
type of deformation.

The total deformation of a node can be represented
completely by six degrees of freedom, i.e. three
translational along three mutually perpendicular axis and
three rotational about these three axis.

Out the three local axes, one axes that is x axis coincide

with centroidal axis of member.
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3.3.2 Element stiffness matrix :

Figure -3 shows the beam element of space frame with its 12
degrees of freedom numbered consecutively. The double arrow
indicates rotational degree of freedom where as single arrow shows
translational.

By solving the following equations

du

(a) F, = - ( - aT ) EA For axial
1 dx m -
(b) F, = - cJ(238), For rotational
4 dx
d2v
(e) EIZ 5 = F ¥ - F 6~ M T2 For shear & bending
dx
where MTZ = J a ETydA
A
a number of equation are obtained. They are as follows
respectively.
F, = _EA u neglecting T = temp difference
1 L 1 m
- GJ
F4= T ¥
12EIZ 12EIZ
F, = 5~ U, where ¢y = (———————§—)
(1 + ¢y) L GASy L
F.= ( 4 + @y ) EIz
6 1 + ¢y L
where,

u = translational displacement in direction 1
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v = translational displacement in direction 2
6 = rotation

E = Modulus of Elasticity

L = Length

I = Moment of inertia about axes z-z

G = Modulus of rigidity

o« = thermal coefficient of expansion
T = temperature

F = force

Thus defining stiffness coefficient kij as restoring force in

¢ ’

direction ‘i’ due to unit displacement in direction ‘j’ and at

other direction no displacements following coefficients are

obtained
_ EA
K11 =T
el
Ka,a = T
12ET_
K2,2 = —— 2 _
(1 + ¢y) L
K- arev, &
6,6 T+ ¢y T

Similarity solving equation relating deformations and forces
in all directions at two nodes the stiffness matrix for one
element of size 12 x 12 is obtained. Table - 1 shows the

stiffness matrix of one beam element in local direction.



3.2.3 Transformation matrix :

Since the direction of 1local co-ordinate axes and the
direction of Global co-ordinate axes do not coincide so
deformations and forces in local co-ordinate system are multiplied
by a matrix ‘[T]’” to bring these deformations and forces
corresponding to Global axes for the whole system. This
multiplying matrix ‘[T}’ is called transformation matrix.

Figure - 4, shows the local and Global co-ordinate systemn.

Table - 3, shows the transformation matrix.

3.2.4 Static Equations and Its Solution :

Local Element stiffness matrix [k] is multiplied by

12x12

transformation matrix {T]12X12 to convert into Global stiffness

matrix [K] and this is assembled together to form Global

12x12
stiffness matrix for whole system [K]nxn where n is degrees of

freedom (total). Denoting force at node as {F} in global

co-ordination system and deformation vector {x} in Global

direction.
[K] = [T1} [K] [T]
12 x 12 12x 12 12 x 12 12 x 12 ...3.2.4.1
The Global stiffness matrix [K] , Force vector [F] and
nxn nx1
deformation vector {X}nxl are related as
[K]nxn {X}nx1 = {F}nx1 3.2.4.2

Since right hand side of equation 3.2.4.2 1is known, the

deformation vector {X}nX can be found out by solution of equation

1
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3.2.4.2. The solution can be achieved by a no of methods
available but Choleskey’s forward backward substitution method is
very economical.

After finding {X}nxl , the relative deformation in each
‘direction of an element is known and thus {X}12x1 which indicates
deformation of an element in global direction is known. Thus
{X.} in local coordinate is achieved as

1" 12x1

_ T
{xl}12x1 =[T] {X}12X1 ... 3.2.4.3

and element forces {f} are calculated by following equation

{X} ... 3.2.4.4

12x1 ~ 12x1 12x1

3.3 DYNAMIC ANALYSIS :

Dynamic analysis has been done by two methods namely mode
superposition time integration and Response spectrum method.
3.3.1 Time history Analysis :

The response of a multi degree of freedom 1linear system
subjected to seismic excitation 1is represented by following

differential equation of motion.

[M][{x} + Ug}] + [c] {é} + [K] {x} =0 ... 3.3.1.1
where

[M] = mass matrix (n x n)

[C] = damping matrix (nxn)

[K] = stiffness matrix (nxn)

{X} = Column vector of relative displacements (nx1)

{X} = Column vector of relative velocities (nx1)
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{X} = column vector of relative accelerations (nx1)
n = number of dynamic degrees of freedom
{ Ug} = column vector of ground accelerations (nxl)

3.3.2 Assumptions involved in above dynamic analysis method are

(a) All assumptions mentioned in article 3.2.1 are valid in
the dynamic case too.

(b) The inertial mass properties of a structure may be
modeled by assuming that the structural mass and
associated rotational iner}ia are descritized and lumped
at node points of the model. Alternatively, the

consistent mass formulation may be used.

In present thesis the structural mass is lumped so that the
total mass, as well a the location of the center of gravity is
preserved, both for the total structure and for any of its major
components that respond in the direction of motion. The inertial
effect associated with any rotational degree of freedom has been

assumed to be zero.

The element mass matrix in local co-ordinate is shown 1in

table 4.

(c) Damping for the R.C.C. structure has been taken as 5% as
per reéommendation made in ASCE-4-86.
3.3.3 Transformation of coordinates :
The transformation matrix is same as discussed in article
3.2.3. The Qonversion of local mass matrix, 1local stiffness

matrix, and local damping matrix is done by following
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transformation equations.

_ T
Ml opiz = Tlioggp IMlypugo X [Th5000
[cl (11! [e] % [T]
12x12 12x12 12x12 12x12
(K] =K [T17 [k] x [T]
12x12 12x12 12x12 12x12
where(T] ijs transformation matrix

12x12

consideration.

373'3’1
3.3.3.2
3.3.3.3
under

for element

[m]12x12 mass matrix for element under consideration in local
co-ordinate system.

[c]12x12 damping matrix in local coordinate for element under
consideration.

[M]12x12 mass matrix in global coordinate

[C]12x12 damping matrix in global coordinate

3.3.4 Assembling of matrices :

The assembly of element damping matrix,

mass matrix and

stiffness matrix in global coordinate system is done with respect

to node numbering of element under consideration and corresponding

degrees of freedom. Mathematically.
N i
[K]nxn _.§ [K]12x12
i=1
N i
(€ rn =i£ﬁ [C€112x12
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N .
_ i
[M]nxn =L !M]12x12
i=1
where [K] , [C] m [M] are matrices stiffness, damping, and
nxn nxn nxn

mass for whole system whereas [K]¥12x12’ [C]112x12’ [M]l12x12 are

respective matrices for ith element in global co-ordinates.

3.3.5 Free Vibration characteristics :
The frequently considered eigenproblem in the seismic analysis

is the generalized eigenproblem.

[(K1{¢} = {A}[M][o]
where [K] = assembled stiffness matrix nxn
[M] = assembled mass matrix nxn
[¢] = [¢1, ¢2, R ¢p]nxp where ¢i = eigen vector
for mode ‘i’
{1} = [A,. A, ... A_ where A, = w 2
1 2 P i i
where W, = natural frequency in mode ‘i’ in rad/sec

A number of methods are available for the solution of
eigenproblem. In the present thesis the computer program developed

by Prof. A.R. Chandrasekran has been used.

3.3.6 No. of modes to be considered :

ASCE-4-86 suggests (a) The number of modes included in the
analysis by response spectrum technique and modal superposition
time integration should be sufficient to ensure that inclusion of
all remaining modes does not result in more than a 10% increase in
total response. The method based on missing modal mass in which

the cutoff frequency is determined so that the total modal mass
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considered in the response calculation is at least 90% of the total

system mass.

(b) In lieu of above, it may be sufficient to include all

modes having frequencies less than the ZPA frequency (i.e. 33 Hz.)

In the present thesis both criteria have been taken i.e. modes
up to 33 Hz frequency or upto modal mass equal to 90% in all three
directions of earthquake have been considered.

3.3.6.1 Modal mass for mode ‘j’ is defined as

n
2
(L m, ¢ij)

Modal mass = ;=1
Yy m ¢ .2
i=1 - 1
n = No. of degrees of freedom

3
I

mass in ith degree of freedom direction

3.3.7 Modal superposition time history method :
This method may be used when equation of motion 3.3.1.1 may be

decoupled using the transformation

2 LT 2 VIR ¢ Ce 3.3.7.1

where {X}nxl = vector of relative displacement

n is total degree of freedom

[¢]nxm mode shape matrix containing
‘m’ mode shape vector
{Y}mx1 = vector of normal, or generalized coordinate

The uncoupled equation of motion for each mode shall be



transformed to a single degree of freedom system for mode;

: 2
Y.+t w Y, +0 Y, =-T,0 3.3.7.2
3 %5t 33 JoJ

where I, = mode participation factor for mode ‘j’

J

T
— {¢J}1xn [M]nxn {l}nxl

T
{¢j}1xn [M]nxn {¢j}nx1
Aj = modal damping for mode °‘j’

T N
{¢j}1xn[i§1 [AK]i]nxn{¢j}nx1

w.2
J

stiffness matrix for the ith element or subsystem in

where [AK]i

the global coordinate system, scaled by the modal

damping ratio of the ith element.

Wy o= natural frequency (rad/sec) of jth mode
YJ = generalized coordinate for jth mode
Ug = ground acceleration which is a function of time

3.3.7.1 Numerical integration

Equation 3.3.7.2 is integrated numerically at a particular
time step ‘ h’ which has been taken as 0.005 second in the'present
thesis. The numerical integration method wused 1is Newmarks’s
constant average acceleration method as discussed in 2.3

Using « = 1/4, 8 = 1/2 and equations 2.3.1, 2.3.2, 3.3.7.2,

the three equations obtained are in generalized coordinate for mode

¢ 29

J
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B b . c - 1
Yo = Yo (—5) + yo( = ) +(yo FjUg) - 3.3.7.1.1
y = () (y -y) -y 3.3.7.1.2
e h e [e] e}
4 4 _ 4 o N
Ve = —5 Yo = 5 Yy~ B Yo = Yo 3.3.7.1.3
h h
where,
4w, A,
a=we + 2, _J 3 3.3.7.1.4
J 2 h
h
a 4w A,
b= — 4+ —39J 3.3.7.1.5
2 h
h
4
C = — + 20_.A. 3.3.7.1.86
h JJ

and h = time step = 0.005 second

I'., w.,A. has been defined before

LA

Ug = average acceleration in each time step
subscript ‘0O’ indicates value at beginning and ‘e’ indicates at the
end of time step.

Y, Y, Y are displacement, velocity, acceleration respectively for

generalized co-ordinate

3.3.7.1.1 Calculation of Response

At end of each time step ‘h’ value of ye is obtained for all
the modes to be considered. The final response at end of each time
step is calculated as follows :
(a) Deformation at time ‘t’

{X}n {a}

= [¢]_ (V)

x1 P px1 nx1



where {X}
n

%1 is deformation in global coordinate

{a}nxl is a vector having value of 1 in direction in which

earthquake is acting and ‘O’ in which no earthquake is acting e.g.

{oc}=4

(b)

(c)

(d)

R,
i

> if earthquake is acting in direction ‘x’
p = No. of modes considered

Forces in members at time ‘t’

{X}

12x12 12x1

The deformation and forces are calculated at end of each
time step ‘h’ and maximum value of displacement and forces

irrespective of sign are found out.

Calculation from ‘a’ to ‘c’ is done for earthquake’s acting

¢ bl € b ¢ »

in ‘x’, ‘y’, ‘z’ direction one by one and final response R

is calculated by SRSS rule mentioned in 2.5.1

= response in ith degree of freedom
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Rij = response in ith degree of freedom due to earthquake in
Jth direction
3.3.7.2 COMPUTER PROGRAM
A computer program SPTH.F in language Fortran-77 compatible
to HICIX system has been developed by candidate to calculate the

response by mode superposition time-history method for any given

ground acceleration time-history. The listing is in appendix B.

3.3.8 Response Spectrum Method :
In the response spectrum method the uncoupled equation of

motion for ‘j’th mode in generalized coordinate is

Y. +22, w0, Y, + w? Y.=-T.U 3.3.3.1
J J 3 J J 3 J 8

This equation is same as mentioned in 3.3.7 and meaning of
terms are also same as mentioned in article 3.3.7.

The calculation of response is done in following way for
earthquake acting in each direction i.e. X, Y, Z.

(a) Generalized response of each mode ‘j’ is determined as

y. (max) =T, (§Ei——) 3.3.8.2
J J o L2
J

where, Saj = spectral acceleration corresponding to frequency w‘j

(b) The maximum displacement of ith degree of freedom

€ »

relative to base in mode ‘j’ is

X; j(max) = 9 ; Yj(max) P 3.3.8.3
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where « =1 , if direction of ith degree of freedom and direction of
earthquake is some.
o = 0 if both directions mentioned above are not same

(c) The forces in each element in each mode is calculated as

{F} = [K]

12x1 X

12x12 12x1

(d) Modal combination - The results calculated in b, and c
above in each mode for earthquake in one direction say ‘x’ are
combined by following modal combination rules as discussed in 2.5.1

in detail.

(i) SRSS (Square root of sum of the squares)

b
2
R, =1y R 1V
g=1
Ri = 1ith response
Rij = 1ith response in jth mode
p = total number of modes considered as per 3.3.6

(ii) CQC (Complete quadratic combination)

g

P P 2.
R, = [ Y ) P.. R, R, . ]
i 3=1 k=1 Jk ik ij
w w
where, 8 Vv 5y (nj + nj) ( wk )3/2
( J J
1, -
i w w w.
k 2,2 k k,2
[(1-( o )7)T + 4 nymy o (1+(—w_) ) +
J J J

2 k.2
4 (”j + nk) (T.) ].
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W, 0.2
. . . . . J
; <
nj, nk are damping ratios in modes j & k ; if o e
k J 'k
pjk= 0.1 and it is neglected.
W W,
(ii) if = 0.1 1=js=sk
w
J
groups are formed as discussed in 2.5.1.
Grouping method :
N > Ue q q 1/2
R, = [ Y R .“+% ¥ I |R . R l]
J 5=1 ij = 1=p m=p ilk imk 1 # n

where,

n, = no of closely spaced group

p = number of nodes where grouping starts

d = number of nodes where grouping ends

Rilk , Rimk - modal response within ‘k’ group for j th component

in mode 1 & m respectively.

(iv) 10% method.

N 5 1/2
R.=[2 R.° +2Y |R, R, |]
J 5=1 ij ik il K #1
Second summation to be done if
wk < wl = 0.1 wk
1 <k<1=n
(v) Double sum method
N N 1/2
R, =
i [Z L <l By Rikl]

J=1 k=1



w,” -w 2 1-1
EJF[“{J . }]
By Wy’ * B W)

k

. 2,172

where Bk = modal damping of k th mode
th

w. = frequency of X mode

2
By * T
k t W,
td = duration of earthquake

B’k

(e) After carrying out above modal combination for earthquake in

50

each direction x,y,z, the final response is calculated by spatial

combination rule mentioned in article 2.5.2.

(i) SRss

R, ¥V 3
oy R?.
=1
(ii) Spatial combination B

Rii [Rij + 0.4 R12 + 0.4 R13]
(iij)Spatial combination C

+
R.1 = -[0.4 R11+Riz

+ 0.4R13]
(iv) Spatial combination D

R, = + [0.4 R,, + 0.4 R,2 + 1.0R,3]
1 1 1 1

1
where,
1,2,3 indicates responses due

directions respectively.

earthquake

K45 &5 RS

X,Y, 2
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- Response spectra used is shown in figure - 1

3.8.1 Computer program :
The program DA25.F has been developed by the candidate in

Fortran - 77 language compatible to HICIX system, for this purpose. The

listing is in appendix C.

3.4 Study of modal combination rules

The results obtained by methods discussed in 3.3.8 i.e. by
different modal combination rules in response spectra method has
been compared with results obtained by time history method discussed
in article 3.3.7 considering the later as standard and suitability

of modal combination rule is discussed in chapter 4 and 5.



CHAPTER - 4

DISCUSSION OF RESULTS

4.1 STRUCTURES CHOSEN FOR STUDY :

Three types of structures i.e. building frames have been

chosen as follows :

(1)

(ii)

(iii)

Building I - It is unsymmetrical in all X ,Y,Z directions.

Base is fixed. Material used is R.C.C. The isometric view
giving details of node numbering, element numbering and

other dimensions have been shown in figure 5.

Building II - Building II is stepped at second floor. Total
number of story is 4. The isometric view giving node,
member numbering and other details is shown in figure 6.
Building III - Building III chosen is symmetric. The
isometric view giving all details as in previous cases is

shown in figure 7.

4.2 Properties of material

(1)

Modulus of Elasticity

For uncracked section of R.C.C. the value of E as suggested in

15:456-1978 is

E = 5700 v fck N/mn°
fck = characteristic strength of conc.

In the present thesis M20- concrete has been chosen and

10

corresponding value of E = 2.5 x 10 has been adopted.
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(ii) Damping
Damping for R.C.C. should be taken as 4% - 8% as per

ASCE-4-86. In this thesis the value of damping adopted is 5%.

4.3 SPECTRA USED

The Blume spectra shown in figure 1, has been adopted for
response spectrum analysis. The same spectra is used for all
three directions with a multiplication of 0.5 in vertical

direction only, shown in figure 2.

4.4 Time History

The time history of acceleration corresponding to response
spectra mentioned above has been used in the present thesis for
time history analysis.

The initial values for time history analysis are

(i) ZPA = 0.25 g

(ii) Initial displacement = 0.0

" velocity = 0.0

" Acceleration = 0.0
(iii) Time step ‘h’ = 0.005 second

The same time-history has been used in three directions with
value of acceleration half in vertical direction as compared to

that in horizontal directions.

4.5 Results
4.5.1 Building I
4.5.1.1 EIGEN VALUES AND EIGEN VECTORS

The modal frequency, mode participation factor, cumulative



modal mass of all modes are shown in table 5 in which the symbolic
representations are as follows :
‘n’ frr = AXX
(i) n = No. of mode under consideration

(ii) frr = frequency (in cps)

(iii) dp = modal damping

(iv) px mode participation factor in x direction

py = mode participation factor in y direction

pz = mode participation factor in z direction(vertical)
(v) mx = modal mass in x direction

my = modal mass in y direction

mz = modal mass in z direction

(vi) Cmx cumulative modal mass in x direction

Cmy cumulative modal mass in y direction

Cmz cumulative modal mass in z direction

4.5.1.2 The results obtained by response spectrum method by
different mocdal combination rules combined with three spatial
combination rules have been shown in table 6. (Results of only

typical nodes and members have been chosen).

4.5.1.3 The corresponding results obtained by time-history
analysis is shown in table 7.

(Above results are in Global coordinate system)

4,.5.1.4 The errors in results of response spectrum method with

respect to time history method is shown in table 8.

4.5.2 Building II - The results in same sequence as mentioned
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from 4.5.1.1 to 4.5.1.4 have been given in tables 9, 10, 11, 12

respectively for this building.

4.5.3 Building III - The results of this building in same
sequence are given in tables 13, 14, 15, 16 respectively.
4.6 Discussion
The average errors and maximum errors for different modal
combination rules for building I, 1I, III are given in table 17,
18, 19 respectively.
The following observations can be drawn from tables 5 to 19
(i)The spatial combination rule 2 i.e (B,
1.0R, +0. 4R +0.4R3),

1 2
3(C,0.4Ri+1.0R +O.4R3), 4 (D; 0.4R1+O.4R2+1.0R3) gives very large

2
error of the order of 0.70 as compared to T.H.A. results.So in
further discussions these spatial combinations shall not be
considéred

(ii)The results from Grouping and 10% methods are comparable

(iii)In the unsymmetrical buildings i.e 1,& 2 most of
the results
by all modal combination rules are lesser than that obtained
by time history analysis but in symmetrical case these are
larger than that obtained by T.H.A.

(iv)On the basis of Average Error calculated in Table 17, 18, 19(Av.
error has been calculated for all displacement >10”10 m. and
force >10_2) the different modal combination rules
in increasing average error are

Double Sum, CQC, Grouping & 10%, SRSS for both

displacement and forces.



(v)The standard deviation of error the results are
least for Double Sum,followed by CQC,Grouping &
10%,and max for SRSS.

(vi) Following recommendations can be made to get the

results equal to or greater than that by T.H.A.

If Ry < Rpgr * F

where F is multiplying factor

Factor F for displacements

method F
Double Sum 1.158
cQc 1.178
Grouping & 10 % 1.256

SRSS 1.26

Factors for forces

method F

Double Sum 1.1853
cQc 1.203
Grouping & 10% 1.273

SRSS 1.31

36
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CHAPTER - 5°
CONCLUSION

5.1 CONCLUSION - The final conclusion can be made like this

(i) Spatial combination A (SRSS) should be wused for
combining the responses due to earthquake 1in three
directions

(ii) The results obtained by Double Sum method gives least error
followed by CQC ,Grouping & 10% and SRSS which gives maximum error
(iii) For design purposes the forces obtained by Double

| Sum, CQC ,Grouping ,10 %,and SRSS should be multiplied by a
factor 1.153,1.203,1.273,1.273 ,1.31 respectively for forces

and 1.156, 1.178,1.256,1.256 , 1.26 respectively for

displacements.
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10

11

12

C1 0 0 0

c2 0 o

C3 O

SYMMETRIC

TABLE

1

ELEMENT STIFFNES MATRIX IN

LOCAL CO-ORDINATE SYSTEM, MEANINGS OF
CONSTANTS ARE GIVEN IN TABLE 2

-C1 0 0] 0 (0]
0 -C2 0 0 0
6] 0 -C3 O -C’3
0 0 0 ~C4 O
0] 0 -C’3 0 C’S
0 -C’2 0 0 0]
C1 o) O 0] 0
c2 0] 0 0
C3 0 -C’3
ca O
cs
7 8 9 10 11
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C6

12




TABLE 2

CONSTANTS
EA . s
C1 = —1 E = Modulus of Elasticity
12}31zz
c2 = —5 A = Are of cross section
L™ (1+¢y) :
12EI
c3 = -3#— I, = Moment of inertia
L (1+¢z) about zz
ca = —gi— I = Moment of inertia
Yy about yy
(4+¢2)E1yy
CS = —ETTI$;7___ G = Modulus of rigidity
{4+¢ ) Elzz
03] = —tTT¥$—T——— AS = Shear area along y
y y direction
BEIZz 12E1 2
c’'2 = —— ¢ = —
L (1+¢ ) 4 GA L
Yy sy
_BFIZZ 12EI
C’3 = ——2——————— ¢z = ._____yz_
L7(1+¢_) GA L
z sz
(2-¢_) EI
cs = —2 W
L(1+¢Z)
(2-¢ ) EI
ce = —F %%

1
L( +¢y)
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TABLE 3

TRANSFORMATION MATRIX [T]

(T1] 0 0 0 ]
o [T1] 0 0
[Tl =
0 0 [T1] 0
i 0 0 0 [T1]
where
lox mox nox
[T1]= loy moy noy
loz moz noz
where lox = cosine of angle between local x axis and
global X axis
mox = cosine of angle between 1local x axis and
global Y axis
nox = cosine of angle between local x axis and

global Z axis

similarly for other local axis oy, and oz.



MASS MATRIX (LUMPED MASS MATRIX) FOR ELEMENT IN LOCAL CO-ORDINATE

SYSTEM

10

i1

12

m

TABLE 4

1 = (total mass of uniform beam)/2

Rotational inertia has been neglected

ml 0 0 0 0 0 0 0]
m1l 0 0 0 0o o 0
ml 0O O o o 0]
o 0 0 0 0
0 0 0 0
0 0 0
ml 0
ml
SYMMETRIC
1 2 3 4 5 6 7 8

ml

10

11
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Avarage and maximum error by R.85.T. for Building |

TaR(E 17

SPATIAML COMBINATION A(SRER)

DXSPLACEMENT
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e s v o S0 o ot e ot S04, S0 S $900 4 . S48 A St St 000 1000 B 500 0000 42 o e St oy P oot SPutd 40N S S0 18008 SRS BT i Soh A0 aah S 00 Pt 404 W4aee NS PSS SO e et St et GHRY J40e Sl decn P SO 19000 s S0 e

method Average o

nMax.nagative

ervor,

Max. positive
ervor

e e s00m o v o0 o 0 o S S S0 e 400 S S oD W S S e St S e eSS S v 4400 SO0 B S Y000 A SR (808 S0 $008 SR e Bt WASD FRAT S0008 ey Goem S b i St RO 800 et STES S Geme G000 e e T S Fo0t S e e

SRSS -@.068
cac ~-@.054

GROURF ING -3.079
TEN PERCENT -Q.Q77
DouRLE SUM -8.021

-@.27

- -0.16

~0. 267
~@. 264

~B. 15 -

+0. 0094
- +0.00178

40,032
40,033

40,19

. = o et 00 ¢ o e S RO e R ok A RS T e e S 1AG T B > Ao e Sor8 UHD HRS LBE W SBE Serk B Frer e e HA 008 M AT WS GRS o R P B n e WSt e Gh e Hoe BP W Seoe S b Sosm mom S e

8REE ~-B.Q76

coc Tm.mz7
GROUFING ~-@.048

TEN PERCENT -0.@478

DOURLE 8SUM. 0.8189.
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TABLE 18
/
Average and meximum error by R.S.T for Building
SFATIAL COMBINATION A{(SRSS)

DISPLACEMENT

=
&
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Method Average error o Max . Negative - Max.

ereror : L oervar

— —— —— ———— " o oo " oot 72433 S04 W20 H0mS e oo P Shi s reh 4000 U0 S04 $00P oS e RO Salds i s e e v e e e e i o0 S i S Gt P S it S M S G SO SRR SO0 W S0000 SAen VS S0000 G O TOS St P00 SO e b

SRES -0, DLTH @.078  -0.12-. +0. 042
cac -B. 865 .03 -B.116 +@. Q34
GROUFING  ~0.Q55% @.054  -0.1273 +(). 342
TEN PERCENT -Q. Q557 0.0539 ~0.120 -~ +3.943
DOURLE SUM -@.0% @.05%%  -0. 1S ' +@, 051

@n e . v Bee se ms Hrm S Heh S48 B et T S Bah & S S St $08% Ta® A A M Hed M S i S S0 I O e At s Soem RS o Pow G318 Seom W S PSR A Sk Wi SO i S - S S b Fat Lot e e St Paoi st e S o s s

FORCES

SRSS -0, 3439 0.096  -@.179 +@. 192
-Qc ~@A. 014 . Q. 388 ~@. 11589 +@. 187
GROUFING  -@.24% ?.096  ~B.170@ +0. 192
TEN PERCENT -@.Q45 Q.294 ~QA, 178 ' +@. 192
DOUELE SUM  @.00046& 8.095  ~-8.11S3 +@. 197

Y
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TARLE 19
/ i
/ ) o
Average and maximum errar by R.3.T.for Building 2

SPATIAL COMBINATION A(SREE)

DISFLACEMENT

Method Avrage error o Max. Negative Maw.Fositive
' ery oy ' error

SRS +@,07% B, 069 -@, B1%@ C+Q, 188 )

cac +0.025 ?.a54 -@A,12 : +@. 331

GROUPING  +@. 055 Q. 095 -0, 145 +@. 194

TEN FERCENT @.853 @. 094 ~-@.149 : +0. 190

DUBLE SUM  +@.0283 . 0. 028 -0.016& +0. Q7

FORCES

GRES Q.017 @. 1359 -Q. 225 +B. 1581

coe @0.028 - 0.081 -0. 084 +0.1184

BROUF ING 2.0%7 @. 151 -3, 22 +@.153

TEN FERCENT @.0%7 e @. 151 -0, 225 +@. 158

DOUBLE 5UM Q.04 3. 11 -@. 07 . +0.19@

4000 sevme st ctnd S i Ao I o Svmes S smats mare e e S Mt Lo e SOt Fobel S VS s ot P oo oo BT Go0 Se0es eLRL it Sin S hooed Been G000 4ves oo G Shean e P Se Shoe G4Sae SR Some RRS SEPCs e S e Soee vt S0 et s St St Mt e e
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APPENDIX -B

A2 22222 ST T ST ST S ST LITI LI LTI L LT LTI E T T TR T TR T

c SPTH.F

¢ program for mode superpusition time integration for space frame

CEEENFXUFFEFERFUBEREELRU R L E R LR UREERE R RERERERER R RN U RRER R R UL R F U R R R SR %
implicit double precision (a-h, a-z)

c
commonsdl/mnd,, nm, imode ,nne b h .

c ) : o
common /il 1/bm (200) ynode (600,2) ,bmrz (200) ,bnry (200, bmrx (200)
commmn/ii“/freq(?b) pta(29) amp(z 3
comnon/113/af (600,12,25)

< : ) . :
common/cl/gnd (&) bf (&3, 12,73 P o :
common/c2/spl(12,1) ,sp2012,1) ,es1?,12 S : 'l
cummon;caizpa,a{ma (600, b,:),ymm(Z)),ydmm\ q),yvﬂm( C
LOMMUH/Cq)afh(u@Q 12,25 .

ol

tharacter #& 1 (%) -
r%**%%%%i%#¢%¥%%K%ti****¥*+W*+**k%**i%i*%*****%***%*h******%******k%«***

write(x,%) ‘give nnd,nnf,nm,imode,td,b,hth,zpa’

read (%, *)nnd,nn+,nm,1mmde td,hv,bth,zpa

writel*, %) ‘name 0f  eg. acc. data file’

read (%, 101) €1 (1) '

181 format (ad) o ,
write(®, %) ‘give Yo ,¥YVao,¥An' , o N
read (¥, %) yy@,yyvd,yyad ' )
write (¥, ®)yvd,vyvR,yyald
open (unit=1, Filwzfl(XY ystatus="nld")

open (unitmL,fxl “thd,status="new’)
open (unit=12 fxle— test.els’,status="0ld")
C reading te&t.inp '

call dinpty

write(#,#) ‘test,inp read’
call dinpt2

writel#,¥%) “test.out read’
e =td/hth

ntsd=hth/h

C calculation of response in each direction
do 3@Q igd =1{,3
te=0.0 : i
ugl=yyad

do 304 it =1,nte ' ]
writel®,*) igd ', igd,"it ’,it :

B



10
a8
02

read{l,%)ugl

do 34 112 - =1,nts?

tas=tat+h

wgZ=ug@+ (lugl-ugd) /nte2) #it2

wgav = (ug@+ug?) /2.4

uwg=ug?

ug=ugavkaipa

1£{igd «eq. 2)then

wg=ugeG. S

else

endi f .

do 302 im = 1,imode '

calculate ye

frvr=2.0%3. 1413927 %freq{im)

constants

acl = (frr¥el) + (4, A/ hEe2) + (4, Q%frreetadin ) /h
bl =4, B/M%%2 44, Bxfrrxatalim) /h

cel =4,A0/h +2.Q0%frr¥etalin)
if¢it Leq. 1)then

y@=yy@

yv@=yyv@

yall=yyaf

else

v @=y@m (im)

ya@=yaldm{im)

yv@=yvOm {im)

endif v
ves{y@sbol+yv¥ccl+ (yaB—amptim, igd) #ug) ) 7act

yae={(4,3/h*x2) *¥ye —{4.0/h*%2) ¥y@ —{4.Q/h) *yvd —ya@

yVEu\Z.@/h)*(vv~y®)-yv@
y@miim) =

yamm(im)myae

yvBm{im) =yve :
disp. of each d.o.f in evach mode
do 328 kn =1 ,nnd

do F10 id =1,6

1fdigd .eqg. id)then
atbin,id,im)=ye*af (kn,id,im
el se

afbikn,id,im =Q.0

endif

continue

continue

continue .

calculation of final disp.

do 312 kn =1,nnd
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do F14 id =1,6

mum =8.0
do 314 im =1,impde

sam =pum +tafbkn,id,im)
continue
afb(kn,id,igd)=sum
iflit .eq. L)then
afmax (kn,id,1gd)=sum :
eloeif (abs(afmar (kn,id,igd)) .gt. abs{sum))then
go to 314 '

2lse ,

afmav (kn,id,igd)=sum b
endif

continue

continue

write (s, 213 te, (afb(kn,igd,igd) (kn=1,nnf)

writet2,313)ts, tafbkn,igd,igd) Jkn=t,nnf)

format (1u,€5.3,6e13.5)

calculation of forces

do 318 tm =3i,nm

call esread{es,ign)

Nl =node (kg 1)

nd2 =node (km,2)

gdo 320 idi=1,&6

spllidl,)=0.0

aplidl,D=afbindl,idl,igd)

continue

do 322 id2=7,12

idd=id2-6

splid2,1)=0.0

splid2, L =afbind2,idd,igd)

continue :

call matmuies,spl,sp2,12,12,12;0

do 324 id =1,12 ’ '

ifdit seq. L) then

Bfkm,id,igd)=epdiid, 1) .

glsel f(absibdm,id,igd) ) .gt. absl(sp2{iid, 1)) )then

go to 324 o ;
el se - ' ‘ . R
BF Chmydd,igd)=ep2{id, ) , o i

endif ' '
continue . o
continue 1 : G E
rewing (12) ' '
coptinue ,

rewind{l) : NIy AR TRRIE.

¥

i !U



<

e

10

gy
RNV

328
326

A
e

SS2
pser

KNS

—yoer s

P ]

ey

c’

740

e
-t

continue

close(l)

close(12) - ,

forces and disp. calculated in each divection
final response

deformations

go 26 kn =i,nnd

do 328 id =1,6

disp =0.0

do 230 igd =1,3

disp =disp +afmau {kn,id,iga) *x2
continue

aflkn,id,)=0.0

af (kn,id, D=sqriidisp)
continue .

continue

forces

o 1 km=lnm

do 3E2 id=1,12

force=a.0

do 334 1gd=1,3
force=foroeths (bm,id,igcd) #%2
continue

bt (hm,id, 1)=0.Q .

B vkm,id, D =sqri{force) !

continue ‘

continue

writing resulis

deformations .
open(unit=4,file="disp.out ' ,statusg="new’)
write(d,334)

format (250 k%% ") /2000, "NODRL DISF. BY THA/7/25(0 #%%€"),/)
weite (4,337)

format (13, ‘method S, ‘mode” T, U g g, Uy, 14k, TUR T 150,
An g L3N, TRyy T, L8, TRee T, 0

do I38 dn =1 ,nnf

deo 340 id =1,56

gp2Gid, ) =at (in,igd, 1)

coantinue

call dwritedin,sp?2, 1)

continue

cloze (4)

force

open{unit=7 file="force.out " ,status = unknown )
writed7,341)

'

138

341 formnat (2D ##¥% ) /185, "FORCES in global by T.H.G.',/ﬁQS(’*%%*”),f

EQ
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c )
342 furmdtilh, mmthod ,q ynode” TRy TPy, TRy Ty 140, TFR T, TR,
My, 13y TMyy T, s Mzz',/) ,
do 344 km o=1,nm
rdi=node (km, 1)
nd2=nccde Ckm g 2)
do %46 ie=1,12 ‘
epRGis, 1)=bf (km,is, 1)
245 contioue
call rwritednd! ,nd2,sp2,1,km) RN
44 continue ‘
close(7)
write(#®,%) result in file DISP.OUT % FORCE.QUT’
write(%,%) program completed’

stop

-end :
(*¥t*********¥*k%%&¥%*h¥*%i****¥**%*%*k*%%*****k*%***#**%*****%&k*****ﬁ
C This reads data from test.inp

{5 e e o e et s ot St S o 0 i S Rk St o 2 S R e S o e 0 e e .—.-.v_---———-—.-—.-_.__.~...--_‘..‘-;_A._........

subroutine dinptt
implicit double precision {(a-h ,o0-2)

C ——————————————————————————————————————————————————————————————————————— .....-.—-.-.-.-.—....._........—........—.-’_.....
common /gl S rnd ynm, dmode,ranf ,td b i : o - j? i

« . ; : ' A
common/iil/ bmi200) ,node (&0Q, '),bmrL‘ 169 bmry(”wﬂ),bmrn(’ﬂm) J  ;j
cmmman/ii'i{rpq(ZS) etal. q),mmﬂ(gu,f} v ‘ . a5 S
common/s/ii 3 af (&0Q,12,25) ' : ' 5

c - : g
common/cl/sgud (&) ,bf (600,12,T T R
common/c2/epl (12,1) ,sp2012,1) yeaii2,12) ‘ o FI

C v ' K

character #5@ ofn
c ._._....._..........A._....._........__-......................._...-_~.-~.~.-....._.___....................l............-...-......._...................-,..._.._.-......._._.-.-..........—'.m-.......;...._...
opaniunit=14,file="test.inp’ ' ,status="ald")
do 208 in =1,nnd
read{l4,%¥)il,nli,nl2 ynld,ydal,ydzd ,yd‘$,n14 bmxxi) bmrz\xi)
Ibmry (il) ,bmrs (L 1) .
C wreite (12,102 i1,bmdi 1) ybawrz2 G 1) yhawry (i 1) ybmwrx i 1) ‘_ e
132 format (1x 1q,443 2) ‘ o
200 continue : ' - ‘
read (14,103 cfn '
103 format (a2@)
write(*,1083)cen
do 202 im=l,nm .
read (14,%) k] ,vdal ,,ydz2,ydz3 ,yu;4,ydzﬁ,yﬂzé,ydz?,ydzB,node(Wl,2),
i
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202

tnade (1, 1) ,nll,nld,nl3,yde9

writedlZ, 100 k1, nodedkl,2) ,node il , 1)
format (Ln,316)

writed(#,104) ki ,node ki, 2) ,nodaeditl, 1)
continue

closedid)

140

return
end
**%%%%%%*4**%**%*%*ﬂ*****%i%%%*%*******%¥***%*%*%%%*%***%*%*%*******%**

c Thigs reads data from test.out ‘

e e e e e e e e e o e o o s s st e e 2 e e e o e s e e s et o e
subroutine dinptd
implicit double precision (a-h ,o-2)

(o 2 2 2 o 1 s 2 2 2 e e e b 1 5 S0 2 et e 5 et et e e e e £ e o i 2 1 e o e e e S
common/di/mnd, nm,imode,nnf,td,h ‘ ‘ ,

c :
cammon/iiX/bm(”mﬁ),noda(&@m,b),bmr (20Q) ,bmry (200) ,bmr (200)
common/ii2/Freqi2%) ,eta(29) ,amp (25,
conmon/ii3/af (600,12,25)

<
common/cl/gud (&) ,bf (a0@,12,3)
common/c2/splil2,1) ,sp2¢12,0) ,es{12,12)

¢ -
character cfl*6,cf2%4,cf7%#4,cf 444, cf S5, cfoHuE

(. o e o o o 2 o s 2 s e 2 2 e S e e 2 e 2 e i 2 58 2 e e e e e e e e e e o e et e 50 e e it
ppen{unit=13,file="test,.out ",status="old"}
do @0 im =1,imode o E
r@ad(lﬁ,l@@)cfl,nll,lfn,cf?,freq(ifn),cfE,eta(i%n),cf4,amp(i4n,1¥§
flefd,amplifn,2) cfoyamplifn,d) ’

120 format(36,214,a4,al3.5,a4,48.4,&4,@13.5,ab,91-.q, G,el3.9)

C write(lZ,18@) cfli,nit,ifn,cf2,freqlifn),cfl,etalifn) ,of8,

< Tamp (ifn, 1) yefG,amplifn, ) ,cfé, amp(xfn,,)
write(* , 183)cfl,nlt,ifrn,cf2,freqlifn) , cfi,etalitm cfd,amplifn, 1)

1qu,amp(14n,2),Lfé,amp\\fn,q)

« writed*,*) ‘press return Lo continue pause’
do 302 in =1,nnf

read V1S, ®)inp, (af {inp, Jdyimd , dd=1,6)
writel*,102)inp, (af (inp,Jdyim), Jd=1,8)
102 furmat(l%,id,éel?.ﬁ)
302 continue
I1i=nnf+1
do 04 Jn~111,und
dio 3Q4 jd=1,6
af(gn,3d,1m)=m.®
@4 continue _ P
208 continue ‘ '

Iy
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/
closel{ls)
return
end )
CHRUXRFFFEERRBEREFEERERRRRREF U ERELEERRERRRUF LR RR R R R R F U RN B RN F RN R, R RRRRRHE
C This reads test.els

(5 = o s o s e ot ot 1 S8 2 1 et 0 e 1 e 8 e i 2 e S s s B o i 8 o e et

subroutine esread(es,ibm)
implicit double precision (a~-h,o-z)
dimension es{l2, 12 .
[ e e ot e e e . 8 e e e 5 s o o e 0 B 0 b 0 2 e B 2 e e e 2 e o e e e e e e et e et e e e e
read (12,%)ibm, ((esli, ) ,3=1,12) ,i=1312)
T write(#, *)me,((wb\I,J),le,i Y,i=i 12)
do 1@ i=1,12
do 1@ J—x,xﬂ
ifili.eq.jlgo to 1@
en(j,i)=es{i, i)
19 continus

= write(¥,%) ‘element ', ibwm
C write(*®,12) {({eg(i,j),i=1,12),i=1,12)
12 format (1% ,5e13.5)
return
end T B .
C***%******k**k*i%+¥*+*%***f*%k%**%¥f%t*%%***%**t**%%h%**%***ti%%**%****
. This is for writing result ‘ : .

(5 o o e s e o 2 e e o b e e by e o e e et

subroutine rwrite(ndl nd2 g BE L, Jmimykm)
implicit double precision (a-h,o-2) ; :
dimension spl(i2,12) o : : R LA

D o o o e e e e e e e e et e o s e S e S o 1 e e i S . i s s o e e e _._.__‘....__‘.‘.l...,...
wrxt@(/,l)tm ! .

I format (1@0x, ‘Element ' ,5x,14/) o _ s
ifiimm .eq.l)then ‘ ‘ S '
weite(7,3)ndt, (epl i, 1),i=1,4) ,nd2, (bpl(l,i),&—-? 1") .

T format (1u, ’ thS',6%,iS,belb.é/llx,lq,bplé 6/) N *gi 55'
wlee » L S N
endi ¢ ' A A
returns ‘ Y , S
end '

C*ﬁ******%%***%%%**%%%************%********%%4**%%%**%*ﬁf**********&***4
C _ ‘ - D : ‘
c it performs matria multiplication of two matrices
e
subroutine matmuai{a,b,c,ia,ja,ib,ib) _ . ‘
implicit douwble precision (a-h,o-2) S o o o
dimension alia,ja),blib,ib),cdia,ib) N ,iﬁ; by ;N iww

™)
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do 4031 mi=] b
do apdl mi=1,3b
¢ tmd ,mi) =R,
do 4002 mbk=1,ia
&Aama (i ,'m‘f. 3
mbmm(mk,mj)
1 (aa.eq.8.@) g0 to 4002
if(hb.eq.Q.Mge to 4002
cimi,my)=cini ,mi) taaxbt
4002 continue ‘ -
4903 continue
¢ write (2,400%) ((a i, 4y, d=1,12) ji=1,12)
4003 format (1un, /7, "¢ ,6e14.4)
return
end
C KA W46 N4 e 35 06 30 0 9 3005 0 B 0 0 A 3 B 0 4 K A B B B 36 A A A 36 B0 06 3 A O 5
c This is for writing result disp.
e e o o e s s o e
subroutine dwrite(ndl, spl, Jmm)
implicit double precision {a-b,o-2)
dimension spliitd, 1)
[ e e s e o e e e e o e o 7 2 e e e 8 e S o o o . B e o 1 e 2 e e et e et et . 2 ot 0 e
VEJmm Leqga. i) then
write(d,2)ndl, (epliiyd) iz, &)
£ format i/ La, 'BRED jhu,13,0:216,6)
elae
endi £
return
end

My
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APPENDIX - C

CRRERKERFERKERFREEREREEEHENRERRRERRERERFRFRREREERNRENNRRRRRRNAFENRER L ERNRE
o program for dynamic analvsis (DA2S5.F)
c calculates disp. and element forces by R.58. Timode combination)

CHEBEL AR R EDRELC LR ULENERREE SRR LR SRS R RR LV RSN U LR L LS SR BE R UL ERES LR ERENE
implicit double precision (a-b ,o-2)
(5 e o e e e 2 o i £ S ok e S 2 1 e e £ 2 e e et e e e 5 1 o ek ot 2 et e et e ot e et e et e e et e e e

common/dl/nnd qnmy inode, dofm,nnf ,sfac,td,nnco

oEn Ty

common /2 /ea (28,3

¢
commen il bm (200) ,node (600 ,7) yDIr e (200) by (200 | bmrs (200)
common /132 /freq(285) ,eta{25) ,amp (25,3)
tommen /S0 3 af (600, lk,QG)

c
common S cl/gud (&) ,bE (s, 12,
cmmmnn/cZingr,mgr(Qb),mdgr(Qﬁ,TD)
commonscl/epl (12,30 ,8p2012,10) ,esd12,12)

c

V***%%*w%%**%kr**¥*%&**%Vt%%%*%k¥%+k*%t**%¥*%%¥¥%%*{%*K*%{***%%***t***
opentunit=19,file= "disp.bin’,accesss ‘direct’ ,recl=48)
Opwnluhlt—ll,fllaw mdisp.bin’,access= "direct’ ,recl=48)
opentunit=1{2,file="test.els’ ' ,status="old")
Dppn(uﬁitml?,%iléz'rst.forca sstatus="unknown )
open{unit=1,file="force.bin’ ,accessx ‘direct  ,recl=10®
open (units ‘mforce.bin’yaccess= direct ' ,recl=100)
openiunit=3,file="rat.digp ,status="unknowns )

{5+ o £ £ 2 e i 0 2 S 2 e 0 e e e o e e 4 5 4 i i i o e 2 1 2 s e s e et e e e e e e e e et et e
wri tedx,181) : .

101 furmatxln, give valu of nnd,nm,incde,dofm,nnf sfac,td, nmce’, )
raad(¥,%) nnd,nm, fnode ,dofa,nnf ,sfac, td, mco
wrelte (13,102) nnd,nmyd mode ,dofm,nnt ,sfac, td, nmeo
192 fDrmﬂt(ih,w]d,ui:nd,ld,ule-d,ld/)
if Clmode cgt. 29 then
write (¥, %) "imode > 2%
stop
elseif (nnd .glt. 200 then
wreltet®, ) ‘nnd > 20¢
stop
elself (nm .gt. &QQ)then
wrrite (¥, %) ‘nm > &H&OQ°
astop
elzeif (nimco gt S then
writei® ¥) ‘omoo S
stop

.

e
PN
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else
endi f
veading from test.ing
call dinptt '
write (#,%) "test.inp read’
call dinmptd
write (B,%) “test,out vead’
wreite (6, %) ‘give values of Sa for T and damp % direction’
do 97279 im=1imode
fregqCio) =2, @3 4415927 kfrag (i m)
Timp=2.Q%5, 1415927/ freq tim)

wridte (4,104 timp,etalinm DR
134 format (ln, "Type Sax Bay Sax For T7,24,f1@.5, "dnp=",€8.4,/)
999 read (¥, ¥isalim, ) ysalim,d) jsalim, )

caloewlation of nodal displacement
gn 200 igd =13
write(#,%) direction °, igd
g 202 welyinode
do 284 kel ond
do 50 i=1,4%
58 gudvi)=3.9
kd=1iqgd _
gudbd=amp (Lo, igd) ¥af kn,kdyim) ¥sadim, 1gd) ¥atac
gud ) =gudbd /S CFreq tim) ®#fraegiim) ) +gud (kd)
meEnnddimode® Agd-—1) + Clm—1 0 #¥ond+ ko
284 wirl te X1, rec=nr) {gudii) , i=1,58)
g 20% km =1ynm
redl=nade Cim, 1)
ndZ=rode (m, 2)
nr b=nnddl mode® (1gd- 1+ (lm=-1) #nnd4ndl
e d=nnd ® modex G gd=- 1+ {in-1) ¥nnd+nd2
read (1@, rec=mn- ) (spl G, 1) ,i=1,&)
read {(1@,rec=nr) (epl (i, 1) ,i=7,12
call esread(es,igl)
writetx 10 km,ig1
wrdite (s %) pavse
frause
15Q format (1u, "esread for element ,id,1x, igl ,i4)
call matouies,spl,spl,12,12,12,0
write (#,%) ‘matma called for elem’ hm
mrl=0igd-1) ¥imodeknm +{im-1) ¥run+hm
write(l, rec=mr 1)k, (ep2ii, 1) ,i=1,12)
write(*®, (92)km
192 fovrmat (1a, "force caleoulated for element’ ,i4)
283 continue
rewind 12

)
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«

218

104

154

write(#,%) "test.els rewined pause’
PALSe ’
continue
continue
witd b (%, %) ‘disp.in each directions calculated’
write (R, %) ‘farces in each directions calculated’
modal combination for each dirvection
dao 208 igd =1,3 '
o 210 1w =1,inode
do 210 kno =1, nnd

ne=nndElnodes (Lgd-1) -+ {im-1) $rnd+kn

read (1@, rec=nr) (af (ko bd, im)  kd=1,6)"

call ar"»\m,nnd) .
wrlte(*, %) ‘sres called’
call oge (bynnd) .

write(*,¥*) ‘cqc called’
call grouwpis,ond)
writels,%) ‘group called’
call tenper (&, nndg)
write(¥,%) tenper called’
call d»um\ﬁ,nnd)
write(x, ¥) ‘deum called”’
write (¥, 106)igd.
format {Ix, ‘disp. combination done for divection’ ,1x,i4)
writing in dirvect acgess form ‘
do 212 in =1,nnd
do 212 imm=1,0mco
nrAw(igd 1) #rnd¥nme ot Lan- 1) #rimc et Jimm
writeiitl,rec=nr2) (f{in,id, Jmm),xd 1,8
do 2110 im ”1,1mudu
do 218 kmo=1,nm
e 15 (i gd -~ 1) kil modednimt Chin- 1) #nathm
read{l,rec=mridigl, (af {km,kd,im),kd=1,12)
call sres{l2,nm)
write (¥, *%) ‘sreg callied’
call cqeil?,nm
aritedx %) ‘oo called”
call gruup(1 § VI
wrrite(*,%)’ grnup called”’
call tenper (12,nm)
wrritei®, %)’ twnper called’
call dsum{i2,nm)
writel(x,*) "deum called’
write (¢, 154) igd
format (L, "force combined for direction ' ,i4)
do 212 im =1i,nm

145
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[

do 213 jom=linmco
myr 2=l gd- L) R OmETINC G L In-

}REIMC T Jmm

146

O RERET) )

(srue)

213 writel2 rec=mrd) dof (Jm,dd, dmmd yid=1,12)
208 continue
wribtie (e, ¥) ‘modally combined disp. weitter in mdisp.bin’
write(x, %)’ mudull, combined force weitten in méorce.bhin’
cluarxih,h atus="dJelete )
closedl,statues "delete )
wrmtct%,%) disp.bin deleted’
writei®, ®) "force.bin deleted’
caloulation of veupmﬂ%@& .
writetlid, 103 :
195 format (20 ®¥%6 ) /7200, "ELEMENT FORDES IN GLOBAL S, /7,29
go 2549 in =1, 0w
rdi=node(in, 1)
rdZ=nodelin,2)
method &
writing heading
. wrtte{13,110)in
110 format (/11x, "ELEMENT =’,14/11x,'gpatial combination &

1 method” B« , node’
2 13, Mez ', )
do 21L& imm =1 ,nmeo

do 218 igd =1,3

3 L4 [

‘¢
7//\7 P

Cobu, Fz, 1T

me I=Cin- 0 #nmc ot dmine (L gd - 1) #nmEnme o

read (2,rec=mr 1) {splii,igd)

Jiml, 42

‘method A, 0

Agor conting process pavsed’

218 continue
do 217 is =1,12
219 epiis, D=sqrtispl (ie, 1) ¥%2 %dpi\lL,J)*¢
wrlt@\*,iwa)xu
198 format (Iuy "'mforce.bin  for element’ 14,
write(¥,%) preass enter
pAauseE
writing heading
call rwritedndl,ndd,spZ, Jmm)
2146 continue
write(®,%) ‘method & completed’
method B
writing heading
writel(ll, 112
112 format (Aiiy, "spatial combination B
do 220 Jmm =1, 0mc0
do 2272 dgd =1,3
1= m= 1) #mme o Joond L go-1) $runkameo
readi2,rec=m 1) (spl i, igd) ,i=3,52)
222 continue .

R+, AR2+Q. AR3Y 7,

,f\w,

T b3, Myy

+epl (ls,3) ¥K2)

i
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114

11é

162

166

tUrmethod ', S0, node " ,7a, U 58w, Uy ", 840, Uz 7, 130, "Run ", 1

2

do 226 s =1,12

spdlis, D=upl{is, 1)+, 4gp1 s, ) +0. 4%spl (is, )

call rwrite(ndl,nd?2,spd, Jrm
continue

write (¥, ‘aethod B completed”
method C

writing heacing

write(ld, 114)

format (S, ‘espatial combination € (R=0.4R1+R2+Q. 4RT)

deo 234 I =5 nimeo
do 228 dgd =1,3
mr 1= Chn= 1) Fnmc o+ dnmd (1 gd-1) #nmrazo
read(2,rec=m 1) {epl (i, igd) i=1, 1)
contioue
do 232 1e =1,12
gpdlis, 1) =0, 4*mp1\1%,1)4mp1(1h, )@ dunpllis,
call rwrlth\ndi,ndl,&p",Jmm)
continue
wrdte(#,%) ‘method C completed”
method D
writing bheading
write (i3, 116)

)

a5

format (71, "spatial combination D (R=0.4R1+@Q. 4R2+R3) ', )

do 236 Imm =1, nmco
do 238 igd =1,3% :
e L= Gl 1) #nmc o+ dmmd L1 gad-1) #mdnme o
read (2, rec=m 1) {(apiii,igd) ,i=t,1d
continue

do 2432 =1,12

sp2 s, D=, 4xspl (i, D +@. 44spl (i, D) +upllis,?

call ruwriteindl ,nd2,sp2, Jmm)

continue

write (s, ®) "method D completed”

continue

calowlation of displacement

write (3, 142)

format (20 C %x%e ) /7200, ° NODAL  DISF. IN GLOBAL -,

do 250 5n =1 ,nnf

method A

writing heading
write (3, 18@) in

)

¢ e
A Avan

format (/11x, " NODE =",i4/1%x, ‘spatial combination @A

., e
130, "Rz’ , ")

“AED

do 282 dmm =1, nmeo
o 254 dgd =1,3

G T I

147

)n,l")



254

274
274

208

148

e =l gd- 1) Ennddnme o+ Cne 1) BraRco S i
read il racsn 2 (apl i, igd) ,i=t,6)
do 296 dm=1,4
> epdlie, D=sqrt {apl (s, HD#s+apl s, D) ¥#24ap 1 lis, ) #%2)
call dwritelin,epd, imm)
write (s, %) "method & completed’
method B
writedZ, 112)
do 258 Jmn =1, meo
do 268 digd =1,3
tr e =dgd- 0 dnnd¥nmen +Oan-1) ¥runco o+ dmm
read (1l rec=nrd) (spl il ,lgd) ,i=1,56)
do 262 iw =1,5
> epdiis, li=apllie, ) +@. 4¥apl {is,2) +Q. d%spi{is,3)
Call dwrite(jn,spd, jmm)
wriite (s, %) ‘method B completed’
method C
write (3, 114)
do 2&64 imm =L, nmco
do 266 igd =13
nrd =digd-D) ¥nndEnmc o +an-10) ¥ nanco 4 iom
readill rec=nr2) {splii,igd),i=1,dé)
do 268 is =1,6&
sp2 s, D=0 4%epliis, D +epl s, 2 +Q. 4%epl (ia, ™)
call dwritedjn,spd, jmm)
wrdite (¥, %) ‘method © compleled”’
method D ’ :
write(Z,118)
do 2780 Jmm =1,0m00
do 272 igd =1,3
wrd o= Chgd- 1) #nd¥nme o +(\n~1)ﬁnm«u + jmin
ead {1l rec=nr2) (spl (i ,ig9d) ,i=1,8)
do 274 is =1,6 '
sp2lis, 1)=0, 4¥%p1(1m,i;+@ 4¥gpliis,2i+spliis,3)
call dwritedin,sp?2, imnm) _
write (6,%) ‘aethod D conpleted’
continue
closedll,status= "delete’)
closp(l”)
clogse (il
close( h,b‘ﬂrHM“ delete’)
closed3)
wreite (e, %) ‘program completed result in file RET.FORCE”
writelx, %) ‘programn complaeted result in file ﬁS SDIBFE
st op '
end

—
—~
la)
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¢ This reads data from test.ing

(T o s 1 s s 1 2 2 it T 18 R 2 6 4 4 0 R 03 1 1 s 8 s B 1 B 2 21 e o o e e i e e o 40 e

subroutine dinptl
implicit double precision {a-h oo
(0 = ot e o 1 4 £ e e 2 o it ot 12 £ o £t o i e 5k o e S 54 2 £ 0 2 e 5 e 1 A o 8 e

commensdl Srondd gvee Laode gdofmyonf ysfac, bd,amco

common/iil/bm(200) ,node (&00,2) ,bmra (Z 2R, by C208) , by (200)
ommonimiA/Fveq\ib),@ta(zu),dmp(T5;3> '
uummunlllw,a{\uﬂﬂ,iﬁ,tb)

< -
Common ol ‘gud (&) b f 600, 12,5
common/c2/ngr ,mgr (28) ,mdgr (2%, 8%5)
Commen /eI ept (32,3 ,ep2{12,1) yese (12,12)

character #5350 ofn

opentunit=14,file=
do 200 in =1, und
read{id, )il ,nll,n12,n13,ydat,ydel,yda® nld,bmdii ) ,bmrz (i),
lbmryxxt),bmrh(ll)
write (13, 102) i 1,bm (L) ;bimra {4 1) yomry (i 1) gbmrs (i L)
1@32 format (1n,15,4¢3.2) e
200 continus
read{14,183)cén
10% format (afi@d)
writed*®, 185 cfn
do 202 im=1,nm
read {14, ¥ k1 jydalydel, yde3,ydaed,ydae S, ydeé,yde 7, ydz B ynode (1,2,
inodedkl, ) ,nl1,ni2,nl3,vde?
write (13,104 jnode 01,20 ynodedkl, 1)
134 farmat {lyw, 318
wed e (e, 1040 1 ynode (1, 2) ynode a1, 1)
202 continue '
closedld)
return
end
CHEFERERURFRELREEEREERLELREEER R RR SRR F R SRR R L E R HER RS EE RS R H LR
¢ This reads data from test.out

([ =1 o= e s e e o ot o e i s e i 1 S . ) e Sk 0t 18 St 8 S 84 M i o A 1 8 o S A St i S .8 S 11 +m s 41 e o S0 1 e . i s et e v s

test.inp ’,etatus="0ld")

o sutroutine dinptl
implicit double preci

(5, #mm ot e e i e e oo e 44 ot e i 10t b e e e

sicn (a~h -3

commorSdlfond ,nnyimode dofmyoamd ysfacytd, nmen
«



cormmon 1l L/bm {2080 ,node (500, 2 ybmrz 1208) ,bawry (2000 ,bmr s (200
common /13 2/ freg (295) ,eta (23) ,amp (25,3
cowmmon /i3S af (400, 12,25

comnon el /gud (&) b€ 1500,12,5)
common/C2/ngr yingy (25 ymdgr (25, 25)
COMMON/QI/ER1 (1207 ,8pRil12,1) yes{12,12)
[
character cfixd,ct264 ,cf2%4,cf4%4  cfOrS, ofon
cu»—-- ~~~~~~~~ - o it it o8 St 408 b e T Sus 4 SR @ EY EOS Ht E a4 GRS M M e S LA e S e Taaae A SR a8 9% e et M cmts o SIS Sed WY e B08 A a8 e ® (o WS o S BAS S mm oS A S e s s rn
openfunit=1%,file="test.out ' ystatus="old")
do 30@ i =1{,imode . o
read (15,100 cfi,nll,ifn,cf2,fregifn) ,cfd,etain) ,cfd,amplifn, 1y,
lefSeamp{ifn,2) ,,cfd,ampiifon,
100 format(adb,2id,ad,;el3 5, a4,8.4,a88,el3.8, a8, 0135, a5, 213.5)
wriltle (12,1000 cf b nit,ifn,cf2,freqlifmn) cfi,etalifn) ,cfb,
famp Gofn, ), cfS,amp Gfn,2) yofs,amp {ifn, )
weite (s, 10@Q) st ,nil,ifn,cf2, freqgiidnd cfdetalifn) cfd,ampiifn, ),
lcfZ,amp Gifn, ) ,cfb,yamp (ifr, 3D '
cC write(¥,%) press return to continue pauwse’
di 202 in =1,mmf
raead {13, %)inp, (af Cinp,Jdyim) ydd=1,&
writed®* Q) irp, (aflinp,Jd,im) ,;jd=1,54)
102 format (1n,i4,6wl2.%5)
202 continue
1li=nnt+1
do 384 Jo=1ill,nnd
do 304 id=1,& : ' !
af (in,3d,im) =0,0
3804 continue
Z00 continua
close (15
return
&g
R g g Y L I E L TR R e R R R R R R e R R L
o This reads test.els

(e o e e o o L i bt i o s e 2 s 1 S 1 2 1 2 e 1 o 1 o 2 8 o S 0 e

' subroutine esreadies,ibml

implicit double precision (a-h,o-z
dimension esd{l2,td
(o e o e e e 2 o i . 1 2 2 7 2 41 e e e o 5 e et e i e o e e e e o e 2 2 e e e o e e e
read (12, ®¥)ibm, ((esli j), =1 ,12) ,1i=1,12)
dio 19 i=1,12
do 1@ j=i,12
14 Gl.eq.ddtoo to 1@
esij,i)=esil, i)
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(@ comtinue . ‘
¢ wrritei*, %) ‘glement ", 1bm
C write(#,12) (les il 1) yi=1,132) ,i=1,172
2 format vlx,6el3.5)
rzturn
ernd
vV**%%#%%fkf%%&“%%*v#v%*%b**%*ffhk$+¥%*¥%%¥*%%hth%“*t{%%**w%¥¥kt%%%t%%**
c ) This 1e for witing result

subiroutine rwrite(ndl,nd2,spl, Jmm)
implicit double precieion {(a-h,o~2)
dimension spl (12,12)
[ o e o e 2 b e 8 2 e e i 2 e e . £ o e e e e 2 e s et e e e ot ek e 1 e e e et e 2
ifiimm Leq. ) then '
writedld, S ndl, (spldi 1) ,1=1,8) yndl,(spl (i, 1) ji=7,1)
format (1, "GRE8 , & ,1353,5815. 67110 ,15,5e14.58)
eloel f Clnan eg.2) then ?
write(1Z3,6)ndl, (epl (i, 1),i=1,6),nd2,(epl(i,1),i=7,12)
5 format (I, " CAC” ,4A,1q,u91a.m/lln,lq,éelénﬁ)
eleseit (dmm . 3 then
wred te (15, Dindly (epl i, 1) yi=l,6) yndd, (epl (i, 1) ,1=7,12)

'L’)

er.
H

7 format (In "GROUWFING ,22,18,0els.6/ /010,158,618, 8)
eleeif (dom .eg.4)then
writ@fl?.a)ndj,(5p1(i,1),i=1,6),nd2,(gplitvi),1-/,1’W-

o~

8 formatiln, 1@ L7, &8 18,6el6.6/111,15,515.86)
eleelf (imm . eq.'3) then
write (13, dndly tepl i 1) gi=1,86) ,nd2, (spl i, 1),i=7,12)

7 farmat (lu, ‘DOURLE SUM ,i%,5%els.6/11x,15,8816.6)
elae ‘
endi f
return
end
W T Ty e %%*i+t%¥*h%%i%%%%%%h%{*%*%%%&+%+*#%*%***%*h*++*i*%
« subroutine caloulates by erss method
\:' ______________________________________________________________________________
subrouwtine srssind,mnd)
implicit douwble precision (a-h,o-z
common/dl/and,nm, imode  dofm, nnd , sfac td,nmcn
o
common /11 1/bm (2000 jnode (A0R,2) , UmrA 2R hanry (2000 , oy (C200)
comnon /1L 2/ fregqili), etal23) ;amp (25,3
common LT/ af (600, 12,25)
<

common /Gl gud (&) b (6BQ, 12,8
uommun/c?lngr,mgr(ﬁb),mdgr\ O,20)
common/Ci/epl (12,10 ,ep2012,1) ;en(12,12)

i

i

]

h

IS‘
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<

12

11
10

do 10 in =1,mnd

o 11 id ={,nd

=@, QA

bfvin,id,1)=0.Q

do 12 im=1,imode \
re=ratafiindd,im)*¥af (inyid,im)
continue

re = aqrtirs)

B din,id, =bf lin,iad, ) +rs
comtinue

continue

return . -

erd

¥ A6 3 946 36 5 6 ¥ o0 H W W UK I A A A K A 3 I R 3N R B K B B 0 1 R KW B

»
C
¢

subroutine caloulates by COC method

subroutine ogo ind ,mnd)
implicit douwble precision (a-h,o-2)
commonsdl Somd , nmy i mode ydofm,nof , sfac, td ynmeo

common /i 1/ n {2000 jnode (GO0, 2) ,bavr e (2000 ,bmr y (28Q) , bmrx (2000
common /i i2/¢req 285 ,etal28) ,amp (25,3
common il IS af (SO, 12,2%)

comnon/scl/gud (b1 bf (H00,12,5) .
comnon/cZ/ngr ymgre (23, mdgr (25, 25)
connon /ol ep 2,3 ,ep2 012,10 yewil, 12

do 28 in =1 ,mnd

do 2% id =1,nd
ve =@.0
bfiin,aid,2)=0.0

do 22 im =1 ,imbde

do 23 ik =1,imode
ar=freq (ik) S/ fregiim)

anum=g. ¥ (sqrt leta o) *eta (i) ) ) #{letalim) +artetalib) ) ¥ (ar¥xl . %)
dnomi={1.B8~ar®%2) ¥x2
dnomd=4,Q+4etalim vetalib) tar®#{l.Q+tar#%2
dnoml=4, 8% letatim) #x2eatalik) ¥x2) ¥ lar*¥%2)
denom=dnoml +dnom2+dnomd
cross = oanumnsdenom

v o=re 4+ cross¥at Gin,id,im) kaf lingid,ik)
wrlte(®,20)imy ik, cross



el

o]

o
L vt

ey

raxs

21

20

—
Wik

format (1x, ‘cnoe  orossel’ 1,

continue

comtinue

re =eqriirs)
hfFdin,id,2)=bflin,ld,2)+rs
continue

continue

P
v g luly )

= ,wmif, &)

write (55 ((bf (i y 0,2 yd=1,id) ,i=1,mnd)

format (1n, ‘cqe b bell. 5
return
end
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subrouvtine calculates by GRQUPXNG method

subroutine group (ind,mndd
implicit double precision

(a~t, 02

common/dl/onmd, rn, vmode , dofm,nnf ysfac, td,nmco

commonSii 1 hm(200) ynode (AAR, &) sbmva (200) ,hmry (208) , bawex (200)
Y yamp (25,73

¢ e

common/iid/ freqidd) jetal(2d
common sl 3 af (600,128,285

common/cl/gud (&) JOf (600, 12,%)

¢

common/c2/ngr ,mgr C25) gmage ¥
common/c3/epl (12,75 ,ep2012, 1) jes (12,1

ok
230 9 -2 w34

C
<
o
[
[
“r ey
tel Lo

ig =
ign =1
mgr {ign)=1

L ==ig

vf=l, 1¥freglim)

Lingpr =l

madgr Cignyimge s = dm

jm =im +1

ifldm o.gt. imode)go to S5
VEFraegiims L le. of)then
imgr=imgr+l

medgr (i gr, imgr ) =3m

mgy Lo =lmgr

Jon=amee

if (jm

Q=g
lign=1gn+l
endif

)53
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(i}

s

el

-y .

il

g g
I

-3
g

N

1Q4

110
148
196

1V
10@
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if¢ig Jeq. imode)go to 4

go to I2 ‘ -

ngr=ign

write vk, IH)ngr

format (1w, ‘no. of groups =7 13AS)

o A7 1 =1,00r

write (#,38) 1 ,mgr (i), dmdgr (4 ,10) ;ib=1,mgr (1))

format (Lx, group= 13,24, “total modes’ 13,24, ‘mnodes =" ,20135/)

continue
wrrite (%, %) " pause -
pause
do 10Q in =1 ,mnd
do 182 id =1,nd

res=0.0

bBf(in,id, ) =3.0
do 104 im =1,imode

ras sres Fat (inyddyim) ®af dingiad,im
contioue

cross =0.0
do 1@4H 19 =1,ngr
do 108 ia =1i,mgr (1g)

la=mdgr{ig,ia)
go 11@ ib =1,mgr iig)

ma =ndQriig,ib)

if(la .eqg. ma) go to 110

cross = orosstabs(af (n,id,la)¥aflin,id,ma))
cormtirmae :
oLl e
cortinue

I S o el

=gt (rag) _
bfiin,id, ) =bflan,id, 3 +rrea
cowrtd nue

Cort d e

return

el

UL BB s Y 3 36 B 3 0 e 4 00 3 306 36 B A6 000 0 A0 0 U B0 IR A 6 B 0 40 6 0 6 R B O e R R R R R R R K R R RN

subroutine calocuwlates by 1@ 7 method
subiroubtine tenpear tod, med)

implicit double precision (a-h,o-20
coamman Sdl/and,mmgymode , dafn, nnt ,sfac, L, roma

cosnmon 1 1 bm 200, nocde (SRR s hmr s CEBRD) yhmry (2RAY  baws (2GQ0)
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common sl 2/ freg (25 yeta ED)  anp (20,5
commen /11 B af (HBA, LELEDD )

comman b Sgued (e b (AR, 12 ,0)
Commen /o S nge FOUEEY , mdgr (25, 25)

cewmen S e R ep L2, ,ep2 (18, 1) es (12, 12)

€ e e e e e e e e e 2 o e i e o o s e o 1 e 4 o e e 5 21 1t 21 s e 1 o e s et e £ e 1 2 et e et 2 et e et e i e
C
o 1@ A=l e
do 122 1d =1,nd
res=. @
b Giny o, d)=0.0
go 104 im =1,imode
res = res taflin,idyim ¥at (inyid,im
184 continue
cross =@.A
imode =1 node -1
do 166 ia =1 ,imodel
oot . @
1h=tat]
1A% cf=1.I%freqgila)l
if (hreqiib) Jle. of)then
any =af{in,id,iad®afdin,id,ib)
prog =prod 4 abs Gasn)
b=t _
iflb.gt.imode)go to 108
go to 105
&l se
andif
AQ8 cross =orosseprod : -
1346 cantinue
Ryy =res +2.0%0ross
brdin,idyai=hiin,id,d) raqrilayvy)
122 continue '
100 continue
reaturn
ernd
4B K 5 36 U A 3 3 B KU I B 3 I B B B B M 0 A SR K R B T M KA
e asutrrouwtaine calculates by "doubie sun” method

subrouwtine dewmind , and)
implicit double pracision (a-h,o-2)
commonsdLamnd  nm, i mode ydofmynnd ysfac,tdynmeo

commen il 1/hm 200 node (58Q, ) ,bmr 2 (200 ybnr y (2Q@) , bar (2ZQ@R)

A
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(RS, anp (25, )

rﬁmman/ii?/’rﬁq’ﬁﬁ),c
commonsi i3 at (GBR 1225

common/cisgnd (&) ybf (&QQ, 12,5)
common /o2 /ngr ,mor X25) ymdogr (25 ,25)

comnonSci S splil2,5) ,ep2012, 1) yes (12,12)

o 1@ in =1 ,mnd
do (5 1d =4 ,nd
P (inyid, 5 =0.0
ves=A.@
do 28 im =1,imode
do 29 im =1,i1moda
calculation of correlation cosfficient
Fi =freqgiim)*sqri (L. — etadim) *x3) :
£i =fregiim st (1.0 ~ abta (jm) ¥xd
@1 «PLd\lm)*“.@/\fﬁkfrﬁu\lm))
ed =eta(jm +2.67 (td¥freq (im) )
corr=1.08/ 1, {({fi-FJ)/l@i®fragqiimltaisfregiimnl)) *%2)
rensEres fabs (af tin,id, 1m)¥afx1n id, dm) r¥corvy
wr i e Ox 3@ Lag Im, cor
2@ format (1, ‘deuan cross (7,12, 7, " ,12,7) =" ,eld4.6)
253 continue : , v
200 contimae o o
bflin,id,S)=bflin,id, p)+bqrt\r s )
15 continue ‘
19 continue
retuare
endd |
ir%**V*iiﬁE%*%*5%%%5*%k%k%“*%w**k%%*br**#+%#%**%*h*%¥v**%****%%%i%**&*

it performs matrix multiplication of two matrltus_

subrouwting natmula,b,c,ia,da,ib, ib)
implicit double precision (a~-h,a-2)
dimension &(1a,ja),b(ib,jh),u(ia,ib)
do 40931 mi=i,ia
i 4001 mJ~1 it

L\ml,m)J“m Q
do 4002 mi=1 ) _J A

aa=aimi,mk)

b= Gok ymi)
VElaa.eq.8.8)gn to 4002

i?(hb eq @. @)Qﬁ to 4@&” ’

p 1S



| 1557{

4002 cantinue

3001 continue
¢ wedte (2, 4003 (leii, ) ,i=1,12) ,i=1,12)
4303 Format (tn,/, ' 6814, 8)

L, return

- f' I
X" end .
RS R R A VAR I A N A R0 B 0 0B A D I A
C This is for writing result disp.

[0 e e e 100m b i i 1 0 Tl sl s s ik AL ks e ki et b it e e s e o A S Y AT i TS (Y T S0 o i 0 1O @ e AR G S NS PO A5 ke B i 10 9t F1e 0 B S S0 e o e s e

subrautine dwrite (ndl,spl, jmm) -
implicit douwble precision {a-h,o-2
dimension spldl2, n ‘
L& = ot o o 1m0 B 1 B e 8 1 £ e o 5 2 e S 0 £ s 1 e o
ifydmm Leq. L) then
write (3, 0)ndl, (epli{iy1),i=1,6)
format (/1x, "BREE 4u,10,0elb6.6)
eleelf (jmm .eq.2) then ‘
write(d,6)ndi, (eptdi, ), i=1,4)
S format (I, "COC" 7% ,15,6816.6)
elseif (jmm .eq.3) then
write(3,7)pdl, (splii, 1) ,i=1,é)
format (1x, "GROUFING 24,15, 6a1b5,6)
Eleelf Cimm eqg.4) then
write (Z,8)ndl, (spl i, 1), i=1,6)
format Clu, 10 77 &0, 15, 6elb.8&)
elself {jmmn .eq.3) then '
write (3, odl, (spl iy 1) ,i=1,8)
9 fmrmat(ix,'DOUHLE;SUM',iﬁ,éelbuﬁ,f)
el ue ‘
endif
yeturn
end

- — " L Sy 4554 e oy Loght o) By S Y
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Page Misprint, /Missed

T4(bottom line)

1@ W
11(line 4,5 ) has
12(line 14) of
14(line 15) {X3
m
15 , = 43
17(linel3) error
17(1inel3 solute
18E%in825; physic
19(1lineld) different modes
19(1linelg) for the
22 Tieat (2.3.2)
23 ‘ MYt+at
27 lzm
28 k=1
29 ‘ i: J u)i
39 | Rij:Rik
38 {X3+{U0g} (3.3.1.1)
45 -y
o

47 Yj+2 (3.3.3.1)
48 s30me
49 kK=

1=m

k=1
50
54 (ii)frr
56 . NOTE missing NOTE
61 ~world conferenceeee
85 NOTE missing

To be read as

L

have

(X}

m .

E g
=1t
errors

sclution
physics

different nodes
by the ~

Y eat (2.3.2)

M YAt

14m

k1l

Ry
Ris* Bix
(X 3+{Ug} (3.3.1.1)

o
Y. +.
J
same
K=1
1#m
k#£1l .
‘z'sign missing after
R, .
i
(ii)fr
:The above factors:
F are calculated by

F:[(-—Av.Error)max«‘l.So']max

symposium
NOTE :SPACE.F 1is the
prog. developed by the

candidate for static
analysis of space frame

no. of considered no. of modes considered

113
132 " Avarage Average
Avirage ir Average
1 4 n

134 Avarage Average
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