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A computer progr?m is developed ‘for 11near dynamic

afalysis of planar«and tube-type building'structures usiﬁg

A o

Lo o - . .
the macro-element tgchniqué. In this technique the actual
- . . = . .
discrete frame is ‘replaced by an elastically equivalent
N Fid r
orthotroplc membrane. The equ1valent structure is -

\

subsequently amalyzed by us1ng the finite element method
Seismic response is obta}ned through spectrum analy51s in,

. . L]
conjunction with the lumped mass: formulation. The seismic

responses obtained from an analysis may include: natural

p ’ - . ;
-frequencies and mode skhapes, displacements, storéy shear

fbrces;—ﬂverturnihg base moments,-and-internal forces

The final .structural respbnses‘are determined by thé

square-root-sum-of-squares method. Several two and )

' Q - -
three-dimensional %ﬁructures consisting of frames and

6

- . , : .
walls have been analyzed, and the results are ‘in excellent
1 A L Y .

agreement with publlshed data. P

It has been found that in framed- tube structures,

v
3

shear lag behaviour is-present, and that flexibility of ,



R ’, E I‘ L N .
. N ) -, ’ T ) h
& ’ o . =~ ! !
' . e s ) . - . .
. v . , . o . )
. . J'. ‘ ° N v
/ . . - . o] ..
- ! - , o 1
“ . ° . L4 ' '
L [} . ‘ [
AR}
N q ‘ ) ©
finite size,joints sign}ficantly affect the-seismic
* behaviqur. Shear deformations in beams and columns havye .. .-
1. e -
.. less_ influence. - _— )
- 14
The computer program was used to generate data whic J
' v . : i
' N N . L. R
N are presented in the.form of graphs and simplified - . :
. . . . . < - . - -
equations for rapid estimation of the natural frequencies h cL
: ' ’ ¢ . - - ¢ e
of planar and tube-type structures. Recommendations are . -
alsdo made\ﬁér the preliminary estimates of natural ) '
’ frequencies of framed-tube .buildings. .
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CHAPTER 1

" / T .
. / 7

INTRODUCTION

1.1 PLANkR AND TUBE-TYPE STRUCTURES

r

Planar ‘and tube-type structures are broad
classifications of many existing- structures. Planar

structures are those which can be analyzéd as

\

two-dimensional structures such as shear walls, coupled

shear walls, and two-dimensional frames.

 d

Tube-type structures are any assembly of planar
structures connected at their edges. Several examples of

tube-type structures are framed-tube buildings, .
g / : .

frame-shear wall Buildings and core supported buildings.

1.2 FRAMED-TUBE BUILDING

£
kS !

~The dynamic characteristics of framed’ tube buildings

- are of primary _importance in this project and thus a

-

! ‘a - \\ ' - - -
characteristic review of this structure is in 6rder. The

framed- tube System was origiﬁally developéd for the design
\ .
of theq43-storey De Witt Chestnut Appartment Building*in

-
)

©

‘Chicago in 1963 (Fig. '1.1b) (2).

I ey - ity s na Ry e 3
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The framed-tube system consists of closely spaced
. ' R )
exterior columns connected. by deep spandrel beams around

the periphery'of.theibuilding which is usually but not

necessarily ¢ectangular

The structure resembles an aSSembly of perforated

planar exterior walls or a perfofated tube- (F1g. 1.1a).

. The exterior walls are designed to withstand the entire

»

lateral load. The frame efficiency of lateral load.
resistance results from deeper members ih conjunction with
shorter bey‘widths and storey heiéhts. Bay widths (or -
centre to centre column spaciqgs) generally vary from 4
ft. to Uﬁ ft.’although structural efficiency is net
significently reduced for columﬂ spatings~ub to 15 ft.
(1).- Typlcal column and spandrgl beam depths vary from 2
ft. to 5 ft. while column widths vary from 10 inches up to
3 ft. (2). The framed tube system is arf optimum design
for bu1ld1ngs up to awbout 400 ft., however the twin towers
of the erld Trade Centre -in New York are 110 storeys high
3). o |

Although the structure has a tube:like appearance, the

structural behaviour is much more: comp}ex than ‘that of a
simple cantilever tube. This structural system comblnes

/ A
the characteristic behaviour of both

multi-bay frames, and walls. -The structure thus undergoes

o

»

A

— e et e




lateral load is resisted by the Bending of beanms and‘

‘columns primarily in the facades parallei to the direct i n

L3 ,
e e .
éheariﬂg~actionko? frames. Consider the framed tube shown . X
in Fig. 1.2, T?e whole three-dimensional structure f AL
resis§s overgurning under lateral load, causing

-

compression and tension in columns. The shear from‘&he

- ache bm et

of loading. dnlike the ﬁure bending behaviour of ideal
tubes whicH'exhibif\liqear norﬁzl stress variati?n in the
web the framed tube peffofatdons in the "weﬁ" frame cause
an inefficiency due éo {ts higher dezree of flexibility , #

causing what is known as shear lag.

' . . -

[

i
1.3 SCOPE AND OBJECTIVES E |
]

The primary objectives of this project dre i) to

devélop an efficient computer program for earthquake

§pectrél analysis of large planar and three—dimensionaI. ;
tube-type buildings, ii) to'%tuﬂy the behaviour ‘aof _ J
framed-tube building structures subject to seismic forcésﬁ V J

]

and iii} to providé equations'and graphs for natural

~p o 5

frequency calculation of the above méntionedvstructurés. !
The‘macro-elemeﬁf technique o% structuralkmodeliing
developed by El-Moselhi (1) is adopted and further
extended for dynamic’analysis. This technique is capable
of modeliing most existing planar and tu@plar*structural

systems. These systems may include multi-storey,

)
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\ - (1) The structural material is isotropic,

multi-bay frames having a wide range-.of aspect ratios and

stiffnesses,’ shear walls, coupled shear walls, clad - '

-

frames, planar and tubular structures consisting'of frame
. ” \ . .

h

and.ibear wall assemblies, and core-supported structures.

“The computer program is used to stydy the behavioural

characteristics of framed-tube building‘structdres
subjected to earthquake ground motions. The effécts of

shear deformation in members.and flexibility ,of Finite

sizeci;iﬁts on the seismic responses of framed-tube

stru res will alsone,investigated.

Simple methods for estimating the natural frequencies of

planar and tube-type structures will be presented. .

¢ .
' .

1.4 GENERAL ASSUMPTIONS -, R .

s
1

Several general assumptions will be made here which:.

v

hdlq throughout this research. Other specific—assumptiani“,u;_

pertaining to specific topics treated in this work will be

‘

presented later.

\ homogeneous, and linearly elastic. .

- .

-(2) Frame members are rigidly connected to form an

\\ orthogonal grid system.

\ L

v



~1.5-ORGANIZATION OF THE THESIS o

corner nodes and 6 degrees of freedom. The second is a

/t

S . ‘ Zr .
(3) Floor diaphrams are iﬁfinitely rigid in their own
* . planes. This assumption is widely accepted for

the exact analysis of tall$bui1dtng structures
(4). \
(4) Out;of-plane defOrmatioﬁs dfrwails and'fyames'a}e

ignored. Published results shoy their negligible

-~

. ?

‘Contribution fotstrbctural behaviour (3, 4, 5, 6, *
7). . ‘ ) ©

- © °

Chapter II of the thesis introduces the' concept: of
replécing\a-disqrete structqral sjéteh by elastically
equi&aient membranes. Equétﬁons for the elastic
ppqperfies of the orthotropi% membranes are presented.

The effects of column axia}'d;fdrmatioﬁs, shear and
bending deformations in beams and columns, and flexible '
finite size joints are taken into account.

) Chapter III.presents tWo"orthotropié‘rectangular plane
stress finite elements incorporating the assumption of
infinite horizontal rigidity for cémputational efficiency

purposes. The:first is an "ordinary'" element with 4,

1

<

"refined" element with 6 nodes and 9 degrees of freedom.

©

4
. .

2
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These elements are used to subdivide each equivalent

membrane and coqseqbently discrétizing the equivalent

-
’ .

structure.

Iﬁ,Chapter IV, a general three-dimensional structure
is modelled, and the'formulations for its linear static
analysis ;;d linear earthquake spectrum analysis are
developed. A ductilify'factor may be used to alter the
reSponse specérum for approximate elasti;-plast{c 1 5

eaytﬁquake analysis.

Chapter[V is des}gned mainly to establish the validity
of the present method. Two and three-dimensional
structures are analyzed to show the accuracy, versatility,

b

and efficiency of the present method.

‘ ;hapter,VI is a study on the behavioural
characteristics of framed- tube buildings. A shear lag
parameter is introduced to measure the degree of shear lag

in the structure, and its effect on internal column axial

forces and natural frequencies. The contributions of

-

. flexible finite size joints, and shear deformations in

beams and columns to the d{namic responses are

investigated.
Chapter VII provides desigrers and researchers with

two methods of determining natural frequencies of planar

«’



) * & . . «

" ' . s ’
. . o , {
and tube-type structures., The first more accutate method :

‘

-

. !
requires the use of graphs and simplified equations. The '
second method, which_applies only to framed-tube v
structures, requires less computation, but yields more 1

approximate results. . ' N

Finally, conclusions for the present study and
recommendations for further studies are presented in

Chapter VIII.

.
s -

5
r
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EQUIVALENT ORTHOTROPIC MEMBRANE I

2.1 INTRODUCTION

»

The concept of modelling a complex, highly redundant

i

2

discrete system by an elasticaly equivalent continuum is

not new. It has been applied to“ship and aircraft: B
structures (8), bridges (9), shells (10), space roof o o
trusses (11), coupled shear walls (12,:13), and tall | . .
frame-type building structures (14, 15, 16). With . '
particular reference to tube-type‘bﬁilding structures, the
macro-element technique ﬁqﬁ g;;n shown (1) to be an - i
efficient and accurate method for static analysis. The : <
metﬂod consists of first replgcing the discrete structure ‘
by an eléstically equivalent systém.‘ For completeness, '
the relevant theoretical developheng related to the “ - 5
élastically équivélent memb;anes for coupling lintel beams - . i’
and récFaﬁgular framework is presented in this chapter. |
n' \ ' ' N .

2.2 ORTHOTROPIC MEMBRANE FOE COUPLING BEAMS

R
»
o s ’

NN K .
Lintel beams connecting planar or three-dimensional gy v

°

‘ .
4 : !




o - N
s . CL e ¢

,assemblies of shear walls are replaced by an elastically

- 4 _ .
.

equ1valent orthotropic membrgne as shown in Fig. 2.1. : oo

Both bend1ng and shear deformat1ons of the connectzng

. \

"beams are. ' . , .

considered in evaluating the shear modulus of the

{4
i
i
N N IR
’ 1
i
s

membrane' this allows modelling of a wide range of .

-~

coupllng elements from slabs to relat1ve1y deep 11nte1
beams. N : %ﬁn : ‘ “ , Lo

In evaluatlng the shear modulus of the membrane it is '
assumed that the inflection p01nts ‘are located at the
midspan of the 11nte1 beams. This qssumptlon is commonly
accepted (1,3,12313). For é.gene;al c}oas—sect;op-of,

b

lintel beam the membrane shear modulus is o

-

anj = la }Eh' E | ' o (2.1)
Tl )| I ‘

where
1 b= spaniof lintel beam
E;G = eiastic ﬁoduli of\liptel beém material,
Ib’ Arb =l" mbment of inertia ahd reduqed . N
V(effectfvé) area of the beam’ :
i‘cr9;s~se;tiop - . - 3 :
t " =. " membrane thickness | o o

h = ' storey height

) -
“ ‘ « . .
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-widths may vary only from one zone to anothef within the

12

ke’ s

! <8

For a Iintel bean of rectangular cross-section with .
thickness t, and depth db, the membrane shear modulu$ -

is

2.3=0RTHOTROPIC MEMBRANE FOR PLANAR GRIDWORK SYSTEMS o

v . M 2
K

In repiacing the perforated wall or planar gridwork:
system by an elastically equivalent orthotropic membrane,

there are several restrlctlons based on practIcal

con51derat10qs. Flrs%ly, w/A and h/H of the structure

. must be small; A and H are depth and he1ght of the

structure respectlvely 'Typ1cql existing structures range
/ .

from fl/lO_to‘l/ZO) and (1/20 to 1/100) respectively.

Secondly, {he member preperties, storey heights, and bay
buiIding These reﬁtri&tions would make the application
of the technlque more feas1b1e but are not required for

t

the va11d1ty of the theoret1cal development
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; 2.3.1 MODULI.OF ELASTICITY Ex y

8
“
K}
-

-/ .Consider a typical wall-frame unit composed of

rectangular concrete sections subjected to a vertical

axial load P (Fig. 2.2). The total

is obtained considering the uniform

3, and the complex stress variation

vertical deformation
stress in parts 1 and

in part 2, (Fig.

2.2b). Next a rectangular membrane encompassing the

wall-frame unit is‘subjecteé tq;a,uniform vertical axial

ic’

stress ‘of P/(wt). Considering the vertical elast

’,quuius,.Ey, of the membrane as unknown, the total

deformation of the wail-fréme unit, and the membrane are

o

€quated to yield'

E, = "Ehod ! i ' (2,3)
kW G
win which’ | K i
o ot 3 _ ' '
Co =i s A dde L 9w I An_ﬂ_ﬂmkw] "
. h Aylwh g 3»=:Z:. m ) (2 -4)‘ :
A, = .@fw[&ln (2-n)/a] - (2.8)
A /)ml— . W(xdc) ) (2.2), ;

 mlemh@edi) ¢ 2ecd,]

s ~

1 nad e s ve e s e
v N

, ~
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where .
| o< = mT/w L .4 (2.),
do,t, = depth and thickness of column feSpectively
ab,tb = déﬁfh and thickness of beam respectively

A similar procedure cdn be carried through to obtain the
horizontal equivalentielastic quulus Ex, bat in the

‘cdgtegt of this research, E has been taken to be . ,
infinity; infipite in-plane rigidity of floors can be

assumed in tall building analysis (1, 4). o /
2

It can be seen from Eq..(2.4) that for slender . %\&L

members, Cy app{oaches unity. 'In this instance, Eq.
. 1 ‘
(2.3) is an expression of the equivalent vertical elastic

modulus of the column only. For structures having deep

beams and a small column thickness to beam thickness

ratio, Cy could be significantly less than one. Typical
values of Cy range from 0.8 to 0.96. In the case of
steel Etructures, the eipression for Cy qanibe

copsiderably simblifiedw

b

2.3.2 SHEAR MODULUS G, | S . ,

B S

Consider the wall-frame unit of Fig. 2.3 subjected to
ol . , N . ' .
~&%horizontal shear force Q. Note that the support

conditions simulate the midspan inflection point’

dssumption commonly used in literature (3). Agaiﬁ the
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PN

rectangular membrane is made to deflect w1th the grid -
unit. The total lateral deflection of the gr1d unit is
oeta}ned by con51der1ng bending and shear deformations of
both .beam and column; and the flexiﬁility,of the finite
size joint. Equating this deflection to the laterel ‘
deflection. expression of the membrane yields the

J

equivalent shear modulus. . ' {

Gx) = B o . ‘ S 2.8)

;{:WCXy ’ -

[4

in which

C) (h- J;) k(wd [h“(wg)#h JQ L )j (2.8)

AL v, G WAy e ﬁg.)s

4 y

where
Ib,I = moment of inertia pf beam and
- column nesbectively\
- Arb’Arc= reduced or effectlve shear.erea of

' T . ’ .. the beam and column respectively

Y

Cross- sect1ona1 area of the 301nt

-
>
)
L
i

‘ - parallel to the acting force Q‘
[ G . =~ shear modulus of the actual

material

X4




= L

Note “that C.y is a summation. of five terms. Going from'

Y
left to right they take into account the following

deformations: bending in:the column, bending in the bean,
t

. shear in the beam, shear in the column, flexibility of the
finite size joint. 1In the case of 'steel structures, the

flexibility of finite size joint comes mainly from tthe

so-called. . "panel zone deformations'". This factor can be

\ P

®  derived in a similar fashion.
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CHAPTER III

14

SPECIALLY ORTHOTROPIC FINITE ELEMENTS FOR TALL BUILDING

ANALYSIS . , o

3.1 INTRODUCTION , .

For highly regular-plahar and tubplar structures.
subjected to statlc lateral loads, ciosed form solutioné for
d1splacements and Internal forces have been presented (1, ?,
3). Most tubular buildings have variations that cannot be
realized by closed form solutlons lintel beam sizes may- vary
along the height of coupled shear walls, membér sizes and '
grid sizes in a frame may change from one zone to another,
asseﬁblies of coupled shear walls, frames, and solid'shgar
walls max'be difficult to analyze, building tonfigurations
may not be rectangular, mass distribution for a dynanic
analysis is irregular. Finite element analysis is a good
‘alternative. Th? discrete idealized structure is'replaced by
equivaleﬁt membranes, (presented in the previous chapter),
which;are subseéuently subdivided into several rectanghiar
finite macro-eleﬁent;. Note that the qctuaf‘strutture need

be only highly regular within each individual membrane. This -

technique has_ been shown to be an efficient and accurate :

method for static analysis. For completeness, the relevant

X
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’

theoretical developments of two macro-elements (1) are

presented in~this chapter,
¢

1

3.2° FORMULATION OF THE ‘ORDINARY ELEMENT

.

Consider the rectangu'lar. element of Fig. 3.1. The

3

" -displacement function which satisfies infinite horizontal

rigidity (in accordance with infinitely rigid-floors),

maintains compatibility along the edéés, and satisfies all

- other requirements for convergence in finite element

theory (17) is assumed to be:

S
1

Let, t <3 X ) . (3.1a)

< -
\

=yt uE X Tt EY (3.1b)

in which'S and 7 are dimensionless coordina‘tes equal to
x/a and y/b respectively. Eq. (3.1) can be exlpre,s'sed in

\
terms of the 6 nodal displacement as

' ; uz =' [N] {d} | . . (~3.2)'
v B
such that . [N] = [l‘;? 7. 0 o o o W} (3.3)
. 0 o (-e(r) s-7) £7 2G-5)
and . {d}—r = [LL, U v, vV V, ] | : ' (3.4)




B

sttt

2

2
Using the strain-displacement Lrela:tionship o
€y r‘)/e?x O {Qz - N
€yt = 0 9y lv : ©(3.5)"
XX) . - %) a/éx ’ %Q ‘
results in - .
{6} = [ D] 5(1} ’ (5.6),
where {é}T :[6, €y Y,\J , (3.7),
t o6 o o .0 o \
and. [0]2] 0 0 -9 -$h E4H -k (3.8)

-h %l‘(l“'?)/a "(l-’%),b_ a f’?[a\

Since-infinite in-plane rigidity of floors is assumed,

Poisson's ratios )}x) and //)x of the equivalent orthotropic

membrane have zero values and thus the stress-strain

matrix rel#ti®n is given by:

{r} -[€] 1€} (5.9

such ‘;hat ‘ {F}i : [ O 0) Tx)] | (3 10)
E, 0 o

and ‘ L E] 2 E» 0 -(3-.11)
a : O 0 ny
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The 6 X 6 ordinary element stiffness matrix.(Ke)“is

obtained from .

[Ke}’“bg (oIl 6lde a7 G

F L
o Ky | ,
Ky K Sym
K= % e m e | sy
X .
-KZ K2 _é_i K5' K3 ‘ - <
K
i KZ 'Kz K5 —_2_3_ K4 . K3 \
- L taG "
, a
in which K, :L__Eil o L (3.14a)
tG - )
K. = Xy (3.14b)
2~ 72 |
b .
t(2E. +» 26 ) .
by a Xy .
Ky , 3 , (3,14C_)
o '.b . . r .
t(8-£ - 26.) . .o
K = -2by —a'xy’ : (3.144d)-
4 3 . }
b a o
t(Rg. - 2 /
K5.= ﬁxy3 .Sy ' | (3.146)
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3.3 FORMULATION OF THE REFINED ELEMENT

e .
"The need for a more refined element was' induced

because the ordinary element was unreliable in-certain
[4

applications. The ordinary element is only capable of

"describing.a linear deformation configuration along its

edges. For this reason, the bending deformation of -

~ , \

several example shear walls were poorly described. It was

found that as the aspect ratio increased, the lateral

[ '

deflection became more erroneous. Errors for the maximum

1atera1-def1ection of over 100% were frequentIy obtained.
A
It can also be seen that .stress variation w1th1n an

B

ordinary elenent is only linear, and tnus many elements a Ké}r——{‘
may have to be used tarobtain accurate column axial forces i
in a framed tube building ;haracter1zed by nonllnear
column axial force dlstnlbutlon due to shear lag. \

’ Consider the rectangular element of Fig. 3.2. The S\ Ny

displacement functions sat1sfy1ng convergence requ1rements ’

in finite element theory (17) may be assumed to be

’ . l '
. W= trecy (4 o<y 7 o .(3.15a)
J .2 L, ! ’
V' - ¢><qh+ G(J-g ‘} M‘Q?-"C’g +°<3§7+'<\7I7 (3.15b) fa _
LS
such that & = x/a and 1 =y/b. .

[
. ' -

) - ’




Note that the regﬁned elemeht is capable of descrlbang

4

¢ -

2

4

a quadrat1c deformation conf1gurat10n along its edges,

which i¢ more representatlve of bendlng deformatibn.

o .

T

In terms of nodal dlsplacementé\Eq (3. 15) may, be written

as

M {az

were  [N]" = '~57(.;-,;)
|

Q L1(117)

| S
4 ' O
. O

S o
~ O

| o

. ;,' and ;‘{le:{“'LG Uy V,

- L] o
!
L] v ' * . ‘- ' \

>
O

-+ §(1- £—7+£?)
,4(: T-E%ET)
$8(is--57)
4801547 48)
(- s 3"7)

LE(rT - 7;‘)J

0
3

¢

V2 Vi \G,‘G' VZJ::‘

The (D) matrlx is obtalned,from the strain- dlsplacement

relatlonshlp Eq (3, S)

[




0

o

, - 0
E( “E)hb
“(-8)
~§(1+ €)Mb
| g1 ¥ )b
(1-§94)
“5(-¥)/ub

[= DR < B -]

v

" (D)

n
o o© (=]

= o o

.The 9 X 9 .refined element

[Kc]"':,» iabg

-

—

~(1-27) /2y
CS27U
(11270)/2p
-(1-25-7+257) /10
- E(-7) ‘
(1428 -"¢-267%) Jua-
(u2§+7¥2§7)@a

€A S
(2 et-28)ba |

stiffness matrix is

| .
§ [oTE)[0) d5 o7

& .

7'|<"1 o
- 8K, 16K,

K, -8k1 ~z°r'<]¢ Sym.
\ -5K, -4K, -K, K '

- - ¢ ) I e nb
; \ 5K, 4K, Ky Kg Ky Ky

. Ky Ky 3Ky Kg Ky Kg Ky

o : K

‘ ) K

Ky 4Ky -5Kp Kg K7 Kg Kso

26’

(3.15) )

(3.

20)
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3.4 DETBRMINATION OF FORCES IN BEAMS AND COLUMNS

"

Once all‘'element dlsplacements are obtained, the
equ1valent membrane strain and stress d1str1but1ons are
determined from Eqs. (3.6) and (3.9) respectively.
Referring to Fig. 3.3, axial forces and shear forces'in
beams and columns ape‘evaluated«first at their midleﬂgth
points by integréting the corresponding equivalent
membrane stress component over a ba} width w or a storey

height h for columns or beams respectively, as follows:

ey = /‘- ~y

B.ﬁ': 5 (U),j‘ =0 AN ' (3.23a) .
iz ~w/
i=Wa )
\/C‘-a-z A ,,g),yc -0 J,x (3.23b)
Yei=-~Wi .
\/ & h/a
L= ' 3.23
bi T (T )y, <0 ‘}"6 | (3.23c)
Ij=-ha : : :
in which )
Pij’vcij o= the axial and shear forces
respectively in the ij column
Vbij = " the shear force in the ij beam

xbi,xci,ybj,yCj =the cgordinates of the gppropriate

midlength poinf, as.shown in Fig.

3.3 ] ,

t

-1

o
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. D |
Because inflection points, are assumed - at ‘the midspan
of beams and columns, the bending moment in beams and - '

columns can be evaluated at any section by multiplying}thé
- i | a h . . . . '
?pproprlate midspan shear force Vle or VC1J
1]
respectively by the distance from the midpoints.
l u
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STATIC AND EARTHQUAKE ANALYSIS -
OF PLANAR AND TUBE-TYPE STRUCTURES

4.1 INTRODUCTION : \ ﬂ ?
|
i

Planar structures, in this thesis, encompass shear
'wallg,’coupled shear walls, frames or any combination of
these three that form a plane. Tube-type bujldiné
Structurgs here means any assgmbly of planar structures
connectéd along their eages. Typical examples of
tube-type building structures are framed-tuge structurés,
shear wall structures, shear wall frame structdres, rigid
tube structures and?;ore—sﬁpported structures.

Many approxiﬁate and detailed methods of analysis have
been developed for these types of structures-.-(3). In the
ea}ly stages of research on this topic, appfoximate
methods of analysis such as the portal and cantilever
methods resuitgd in relatively large errors, but provided
a fairly simple method of analysis. Most approximate . -
methods‘of.analysis are derived from basic assumptions;
some are more valid then others. In gen;ral, most recent
developments in approximate structural analysis methods

give fast reliable results, but are too restricted in

» A
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applicability. On the othgr_ﬁaﬁd; detailed methods of’
gnaiysis alter very good results with a wider range of
applicability at the expense of time and effort.

‘ The present equivalent membrane finite element method
of" analysis yieldg fairly accurate results with little
effort and tiﬁe, and has wide range of appiicability fo;
building structures and structural components.

’

4.2 SCOPE

v

\ . X/( ';

The theoretical static and dynamic analysis
developments presented in this chapter must satisfy the

following conditions:

-1) The behaviour is linear elastic.

L
2) The structure must be planar or tube-type.
i) Planar structures may be any assembly of
grigidly connected shear walfs, frames, and
lintel beams forming a plane. Frames must

consist of rigidly qonnécted horizontal beams

-

.




.

and vertical columns. .

ii) Tube-type structures may be any assembly of

Ll

AY

planér structures connected along their

edges.

N

4) Both static and dynamic analyses follow the same

\

general assumptions stated earlier in Chapter I.

)

4.3 ANALYSIS PROCEDURE

A planar structure may be considered as a tube-type
structure with one facade. Since planar structures gre
special cases of tube-type structures, the latter will be

i
used for the development of the analysis procedure.

‘ +

4.3.1 MODELLING OF STRUCTURES ‘

L4

The hypothetical framed-tube of Fig. 4.la is used to
illustrate the idealization process. The structure

consists of three planar facades intersecting at corners

(Fig. 4.1c). Note that the plan form can be any open or

closed polygon shape. Facades and corners are numbered in
a counterclockwise direction:

The facades of the actual structure are‘réplaééa\by

e
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the equivalent o6rthotropic membrane which isﬁgiscrevizéd

4

L3
into a set of rectangular-plane stress finite e€lements

{Fig. 4.1b), developed infChapter III, according to the

- following rules which dpply also to shear walls and lintel

beams.

1)

‘2)'

’

-
3

A4

Elements may span one or more stories or bays (if

applicable), but element boundaries need not
A

coincide with beam and column lines. ~ However,

the element boundaries must be aligned throughout

the height and width of the structure. The

. structure is thus divided into a number of

"structural levels" which should be numbered

consecﬁti%ely from bottom to top (Fig. 4.1b).

Structural properties of members may vary along

- the building height and width, but must remain

constant within each elqment. (i.e. elastic
h ' - '

"modulus, shear mogilus, storgy height, bay width,
moment of - inertia,® shear area, and depths of

-

columns and beams).

As shown in Fig. 4.2a, element corner nodes are

numbered from bettom to top starting from the

]
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fashion (Fig. 4.2b),

r -

4) Element connectively i sptcified by node numbers

in a counterclockwise direction starting from the

bottom left corner node.

“

autematically generated from thie given number of elements

in the horizontal and vertical directions of each facade.

Automatic generation reduces effort in data preparation

\

and eliminates possible data errors. o
With the assumption of rigidifloor diaphragms, each
level of the building Mill acquife three degrees of

freedom: two orthogonal translations and one in-plane
: e
rotation. These  three degrees of ' freedom can be
; ‘

\

associated with any convenient point on the level. To

4

ensure vertical compatibility at f?cade junctions (or

ilding corner for each level. The above degrees of
freedom will be referred to as the "global static’degreps

of freedom” (Fig. 4.3). When the building is subjected to
;

a horizontal earthquake excitation) the vertical corner

s

degrées“of freedom of the global static degrees of freedom

: ? X

cz;ners), a vertical degree of fregdom is assigned at eacﬁ‘

o
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elements are conventionally associated with only small

-~ -

.
2

W
are statically condensed and the remaining .degrees of

freedom are termed as the "global'dynamic degrees of

&

. freedom". For convenience, these degrees of freedom

should be associatéd with the mass- center of each level

(Fig. 4.4). Displacements associated with interior nodes

‘within individual facades are called the "internal facade

degrees of freedom". These are statically condensed,
leaving just-global degrees of fr;edom to form the global
structure stiffness magrix.

The primary unknowns in a global analysis are the

global degrees of freedom.\'Once'$hése are known, all the

previously condensed degrees of freedom can be recovered

" and subsequently, the stresses in the membranes as well as

member- forces in the actual structure can be determined.
The present method of analysis takes advantage -of the
finite element analysis‘techn§QUe on a macroscale. Finite’
portions of Structural components. The macro-elemen{;
conforms to the same ruies as a finite element, but
encombas§es many structural members andhiarge areas of

walls. ‘ : : j e

- S

L1

o

vy
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- 4%3.2 STATIC ANALYSIS PROCEDURE ‘ ‘ N

]

L b
H '

\ o? - -
1} . a 0

The major steps in the static analysis procedure are

. ' ” ‘ v
summarized below.
1\\ . i o

1) The individual facade stiffness matrices are-

. assembled from their respe;tivé element &tiffness

matriCes. ~Boundary and fatade symmetry

o ,conditions are directly taken into account.:

Out-of-+plane deformations of, facades are not

v
‘

conSideted.
! - 4
¢ : ‘ LY [

s o

2) - The internal degrees of freedom of each facade
, Stiffness mattix areréondensed to leave onmly

those at.the edges of the facade.

- -

3) The condensed facade stiffness matrices are
transformed into tre global coordinate system
. taking into accouwt the gldbal ('structure)

restraints and/or |symmetry conditions.

v

7
Y ot . ) . . s s .
+ 4) 'The“g¥obal static|structure stiffness matrix is

assembled from the transformed, condensed facade

stif fnéss matrices ebtained’ in the previous step.
P p

» I . s

[}

0




. horizontal ground excitation, steps 1 to 4 of the static

.40

i
- .
.

3

5) The .global structure load vector associated with
the global static degrees of freedom is assembled.
" 6) The global static’displpcementé are solved for.’
. ‘.
S ., f

7) The global static dispiacements are extracted and - ) )
transformed into local axes‘%or each facade. ’

8) The internal local displacements of each _facade ‘f -
are recovered for subsequent stress calculations )
within each element.

9) The internal member forces in the actual i

structure are determined by iﬁtegrating the

L]

appropriate stress component. ‘

¢

-4.3.3 EARTHQUAKE SPECTRUM ANALYSIS PROCEDURE

v

In the dynamic analysis of buildings subjected to

8

v

case are eqﬁall&}applicableq. Thexégditipnal steps arg as \
follows: ) ' _ . : |
E D
5) Static condensation of'fﬂe vertical corner

displacements leaves only two translations and

N A




6)

i) . element stresse€s:

¢ "41

one in-plane rotation per level as the global

dynamic degrees 9E freedom, Lumped masses and "

-

rotational inertias are required at each level.

A S
Determination of the natural frequenc1es and.

7vxbrat16n mode shapes by solv1ng the elgenvalue

problem. '

K . ———

’ I

. . .
For each mode the following responses are:

determined' '
a) modal part1cppat1on factor

b) pseudo veloc1ty from a ‘suitable response -

spectrum taklng 1nto account elastlc or:

1

{

elasto-plastlg behaviour

! v

~
'

c) _normal coordinate

d) effective elastic forces associated with the

global dynamic degrees of freedam

e) base shears, torques and moments

£) gfggal dynanic displacementd \ ’ "

g) . corner vertical displacements

h) facade internal displacements - , o

R




‘ ’ . ~
Prescribed zero-displacements due to structural supports

8) Use the square-root-sum-of-squares (SRSS) method

.

to obtain the final response fo}.d, e, £, g, i,

of part 7. . .

’

v
~

' 9) Determine the anternal forces of the actual

structure.’ N ‘

All the above mentioned steps for the static and - 9
earthquake ~analysis are described in detail below with

particﬁlar attention to programming qspectsﬁ

-
)

4.4'ASSEMBLY OF FACADE STIFFNESS MATRIX IN LOCAL) AXES

Since .the facade coordinate systém coﬂnciiii_z}th tha%

of its elements, the local element stiffness-fatrices are

directly assembled to form the facade stiffness matrix.

and symmetry conditions are satisfied by elimination of

[}

the corresponding equilibrium equations. This technique’

saves computation time and computer storage. The bottom - .

nodes, are assumed to be fixed, however, foundation

flexibility can be taken into account by introducing a

1 s

bottom\ row of elements to simulate the supporting soil.




¢and local facade level.

levels.

A
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r

Symmetry exists‘'at two levels: global structure level

If local facade symmetry is
specified, then\global structure symmetry must also be
specified (to ‘ensure proper assembly of the global static
strﬁcture~st§ffne%s matrix). There are no other"\
restrictions on the compatibility of these two symmetry

1

The facade stiffness matrix is assembled’

element-by-element according to their associated degrees

]

of freedom. These degrees of freedom are automatically

3

. generated according to the‘type of facade symmetry'shown

in Fig. 4.5. One of the following facade symmetry options.
may be exercised:

1) No symmetry.

2) Facade symmetry type” one means no herizontal

nodal deflections of the facade,

3) Facade symmetry type two means no vertical

nodal deflections of the facade at edge J.

v

4) Facade symmetry'type three means no vertical
4 .

nodal deflections of the facade at edge I.

-~




o , _ / o aa
| /

Note that each édge of a,facade is designated I or J. The

"I edge is encountered first wﬁeﬂ@ﬁ%mbering the structure
corners counterclockwise.
~Since the facadé stiffness matrix is symmetr.ical, only
its upper triangle is assémbled and stored in a singly J

)

subscripted arfay (i.e. vector) column by.column. The

mapping function between the stiffness matrix coefficient

at row i column j and its vector representation address
”1" ‘is

1=+ [(3 - 1)51/2 for j2i_ (4.1)

4.5 CONDENSATION OF FACADE INTERNAL DEGREES OF FREEDOM

s

-

‘All facade internal degrees of freedom (i.e. those not
required td'maiﬁtaih compatibility with adjacent'facadesy
are eliminated by the well known process of static ’
condensation (i7, 18, 19).  Static condensation entails no

loss of accuracy, but significantly'}educes storage

" requirements and computation time.. In effect, facades are

treated as substructures with boundary degrees of freedom
at facade edges. An efficient algorithm for static
condensation and recovery of unwanted displacements using

vector representaion is described in reference (18).




‘degrees of freedom.

G -

4.6 ASSEMBLY .OF THE GLOBAL STATIC : .

STRUCTURE STIFFNESS ‘MATRIX

~
\ N

Since the orientation of a facade in plan is
“‘ B v

arbitrary, it is necessary to trans$form the condensed

facade stiffness matrix into the global coordinate system

(Fig. 4.3). 'This process involves the transformation

\bet&een facade degrees of freedom and global static

i
r 5

i

in which
'{d'} = ‘'vector of global degrees of
/ . .freedom affecting facade

deformations.

—~
[a 9

o}

L
1

vector of local facade degreés of
f;eédoﬁ. |
[T} = tfansfoymafion matrix
¢ . .
A specific prdéring system’fof the global structural

degrees of freedom as well as the local facade uncondensed

~degrees of freedom is chosen to facilitate the

‘presentation and derivation of the transformation matrix -

AT]).

\

: {(1% [ﬂgd:} o k ‘ ‘.‘(4.2).




sy Yo

and

in which

1]

. freedom.

,gAlL;‘ . B
{UIJL,| « , : (4.3)
{w’}m | |
(),

{V}Lxl

{6} L . (4.8)

(Wi
{wj]“"/ | \

anBer of levels.

vector of lateral or horizontal local
facade degrees of freedomt

vector of vertical degrees of freedom
at e@ges I~ and J respectiveiy 6f the

facade. These degrees of freedom are

also in the vector of global degrees of

L L‘

vectors of the global degrees of

- freedom associated with the reference

’
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point of each level; u refers to global

. x-translation, v to global

y-translation, and © to rigid body
level rotation. For a dynamic
analysis, the reference point must be

positioned at the lumped mass locations.

Referring te Fig. 4.3, the lateral displacements of

the facade at level i can be expressed in terms of the

three global displacements at the same level.

where

<

.

Uy

A; = [coox  aimee Dji] v;' (4.5)

G

the angle measured from the gljobal
x-axis fo the positive direction of the
facade.  Note that the posjitive
direction of a facade is defined.as the
direction going from\the facade corner
I to corner J.

the perpendicular distancé between the

facade and the level reference point.

]

sosiaia,

iy




Eq. (4

(
A,
[APY
4
wri
. < Wrzy
whi
Ws,
U{:).

Wy
L )

.2) then becomes

_
COS = sin«
COS = 4 Sifne

COSet $1nee |

48

Le,f [‘r"]'.n:~T o9t [ﬂ

[Tl = aime=[1]

1 Vi ‘(4-6)




[Tn]L,L =

"where

1) = identity matrix

Then

7=

P[Tn] ‘—_Tal] [T"], ' O

19

.Dz D | ‘ | _ (§.7c)

(4.8)

(1]
0. il

From Eq. (4.2) the contragradient law of transformation

yields

) - [ () sy

where {Fb‘*] a'nd {F"}

[

are nodal force vectors associated

with the global structure degrees

degrees of freedom respectively.

Substituting the following equation into Eq. (4.9)

f

!‘,

£

F"] P .. (4.10)

{

of f(r,eedom and boundary facade -
e




in which [FQ] is the facade boundary stiffness matrix,

(Fh*}':[TT[RF] fdy} . | (4.1.1) _

yields

. Substituting Eq. (4.2) yields”
| {E*}z[T]T[RFHT]{Jr} - (4.12)

- ¢

The transformed facade stiffness.matrix in global

coordinates can he recognized as ‘

[R;T]:[T]T.[RF][T] s | | ((4.13)

The diregt matrix multiplication aboveerequires 1arg;
' storage and muitiplication of large matrices. To
alleviate this problem, the sparseness of [T] will be
taken advantage of as follows: ‘ |

Let LKg) be partitioned as ( N

(k] [Ra] Dhol] . |
[RF] : l[Ku‘l [haa] [K_aﬂ o - (44
- [ bar) [ Kia] [K”]., : ‘




corresponding to {A},
symmetry). Then from Eq

-t

(7] =T D]
(o] T [Ha) | |
| [Ied Tl |

)

R B
' 0 H|

s. (4.8),

hﬂhﬂhj 0
0

1]

- 1]

‘Manually multiplying these matrices, s.ubs‘equently

substituting Eqs. (4.7) and enforcing the symmetric

properties of stiffness matrices yields

K] lwﬂw{m

coomel10][T]

coo{ltn]

MN[N;]. :

A

a;n'l[hll]

airx[h]

I

WAILHE

- _” L sintelro]
' [R:]" 0

Sym.

o

[,Tu][kuﬂ '3]

| (__K:ﬂ

[ Kaz]

[&ﬂ_

51

{wﬂ , and {’wj}, (i.e. no facade
(4.13), and (4.14)°

(;1.15)




-in significant input data reduction and smaller matrices.

. conditions must be satisfied.

Having transformed the condensed facade stiffness .

-

matrix for each facade, the overall giobal static
structure stiffness matrix [K*] is assemblé&. Symmetry

of (K*] again’ allows storage of its upper triangular

! . - N N &

part 1nto a vector column by column. \

& S
i L S ’ ' J
4.7 TRANSFORMATION MATRICES FOR DIFFERENT e, - : %

STRﬁbTURB SYMMETRY CONDITIONS ' u-';:

v : » »

Structure symmetry condltlons may be used to discard L

some global degrees of ﬁreedom. Its appllcatlon results . .

To take advantage of this option, one of the following .

v . L.

S : 3

* 1) - The structural stiffness is symmetric about one

b

or two axes. This condition is usually
associated wigh geometric structural symmetry. C
For a static analysis, loading must also be : o

-

symmetric.

A t

2) The structure is externally restraxned such that

{0, }ocr{ea}o e




®

°
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The second condition is usually not associated with

%uildings,

considered at the reference point. {V} and {6} are

restrained (i.e. set to zero), thus the transformation

matrix is mod

-

>

" {T],37

\

b .
.

4

¢

ified to

U wy

(7]
'[I]

[

and the global facade

IR

o

»

111

-l

stiffness matrix is given by

ﬁor the case of structure symmetry type 1, only {U} is

«
)

. ¢

]

-
-

o< [F13)  coome[H13) -

"["zﬂ

F
.

[ ka3
[K:JJ\‘T'

-

Structure symmetry type 2‘;5 similar to type 1 exceﬁi

‘that {V}'ié retaﬁneq while {u} and {9} are set to zero.

The transformation matrix is

-
3

N !

-~¥"

RPN




v

i)

L.

Sym.

54
- v ah WJ -
{7l L
_ [ﬂf [1] a e
L m
' * . -
~and the global facade stiffneSS*ﬁatrix is given Ry T ¢
[ o [ K} m«[K'ﬂ %x[K:sj— .
- IwMT | [ ka2l [K:ﬂ'

(4.20)

 [kn] J‘

If the loading.and'géémetry are such that only

twisting occurs, then {0}'15 retained while {U}'and {v}

are restrained. ~The appropriate transformation matrix is

\

- [, |

| [7s)

& wr ow_

[1]
[7]

"

) (4.215

-

and the global facade stiffness matrix is

. Y
’ .

. [l (7] h‘.,uk.;‘i
[R:|

[%:2]

Sym.

—

hll;l [b"’]‘ | /
LYk

RENY )

2

| O (4.22) L
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It should be noted that the reduced facade stiffness
. matrix of Eq. (4.14)lis for facade'symmetryjtype 0, and
thus of order 3L x 3L. If facade symmet;y exists, the
order is only 2L ¥ 2L. For purposes of compatibilify, it
{s.tempor;r%ly expanded to 3L x 3L before tran;fermation.
After the'globai static structure stiffness matrix is

assembled, the static_and'eartthake analysis procedures

differ.

. 4.8 STATIC ANALYSIS

Ve

4.8.1 SOLUTION FOR DISPLACEMENTS

A\ \

. 'Having established-the global static stiffness matrik,~'h

and. the associated load vector, the-global static
" structural displacements can be goived from the linear set

of equations . ‘ L.

17 B

3

23

!
t

‘Solutions. for {d*} are obtain using the Gauss elimination ..

technique described in section 4.5,




4.8.2 DETERMINATION OF STRESSES .

56

. - S .
.Global static structural displacements are then

transformed into local facade boundéry displacements for_

"each facade using the apﬁropria;e transformation matrix

described in the ﬁrevious section. These boundary
displacements, are used in conjunction with the full
condensed facade'stiffness matrix to recover the condensed

degrees of freedom for each facade.

*

¢ ‘ .
After all facade displacements are deteérmined, they

are extrac?ed to yield the displécéménfs associated with
each element within the'facadé, ‘The st;ains and stressgs‘
are subsequently determined as in Chapter II1. It is
noted that these streéées\gre for.the equivalent membrane,
and not 'for the actual sgructure; “Internal member forces
in the discrete beémicolumn system of the actual strucfure
are evaluated based on’fhése stresses ;s exélained in

Chapter III. | B

e
/

4.9 EARTHQUAKE ANALYSIS | L

9

4ﬂ9;1 GLOBAL DYNAMICISTRUCTURE STIFFNESS MATRIX

3

The global static structuré stiffness matrix



&
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previously described corresponds to the set of degrees of

freedom:

{U}, {VI; {a}ﬁ {UA}, {ub},...;{ukl yhere c = the

"number of corners in plan view. For a dynamic analysis,

the reference points must have been located at thé(méss
center of each level. To obtain the global dynamic

structure stiffness matrix [R:}, the vertical corner

dégrees of freedom fuﬂ};{hbJ,..;, ﬁud are eliminated by

static condensation.  The global dynamic structure

'stiffness matrix is now associated only with {u], {V}' G

’ {6) if no strudture‘symmétry exists and only one of

these if structure symmetry does exist.

~ 4.9.2 DIAGONAL LUMPED-MASS MATRIX

For simplicity of the'analytical formﬁﬂw&ion, the

distributed inertia of the building is luhped at the mass

center of each level in the form of lumped masses and

rotation inertia. Because the global dynamic degrees of

gfreeddm {&1, {V}, and {61 ,aréxassociateh hith'the' |

center of mass ‘at each level; the mass matrix will be:
diagonal, thus simplifying the eigenvalue.solution for
frequencies and mode shapes. A more refined analysis

. ) C \ | . .
could be achieved via a consistent-mass matrix which

™. e e —
'
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A

~.contains off-diagonal terms leading to what is called mass

)

=m. for i = j.
J - [ ' B I3 ’ . .
"' The lumped:mass matrix differs among qh;\>ossib1e

\ v
coupling., . However, in normal circumstances, such

refinement does not justify the extra computational effqrf.
" With tﬁe:above-approximétion; the diagonal form of the_
mass matrix can be explained as follows. Let ﬁij be tﬁe
@ass coefficient in row i, cdlumn j of the lumped-mass
matrix. Thé coefficient mij
inertia force produced at degree of freedom'i dqe to a

‘can be interpreted as the

unit acceleration at deér?é of freedom j while restraining

all other degrees of freedom. Applying a unit

’

acceleration at j and restraining all other degree of

freedom accelerations would cause only an inertia force at

j equal to the lumped mass or'inertia at j. Thus, the

mass influence coefficient myj = 0 for i # j, and m 5

structural symmetry conditions. ~Let m, be the the
' ' N N4 .

lumped mass at level i and let Jy be the rotational mass’
moment of inertia lumped at level i.: For no, structural

symmetry, the mass matrix is: )

4

a,




1

LxL

e
»

1

- 59

(4.24)

éanL
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ks

oy -

R . : | -
[M]3 = J2 O (4.26)

L <4 LxL .

Note that the order of the mass matrix in each case must

be the same as the number of available global dynamic, _ .
deérees of freedom in the structure. For programming
purposes only the diagonal coeff;cients of the lumped-mass .

matrix are. stored in a vector. -

4.8 3 DYNAMIC EQUILIBRIUM EQUATIONS

The dyngmic equilibrium of the structure is described
. by a set of ordinafytsecond order differential equatipné
in the following form: o .
1 o Tt ' :
[M] {dj L+ [C] {J:}+[KS]{O‘5 } = {P(t)} (4.27)

~

'

/)
.

e



.
> ep

e
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where [Pq]'
[c]
LKs]
{Fe)

lumped-mass matrix ‘ ) T w

]

damping matrix . #

if

"dynamjc structure stiffness matrix

1]

structural loqd vector associated with
' 'tﬁe global dynamic degrees of freedom
| 8 . |
‘ {df} ;,{V} = vector of global displacements
L . ‘ &ﬂ ,Telative to. support motion (4.28)
{d:h}: vector of absolute displacemgﬂts* . - —
qloné global degreeswf freedom

Note tht a dot (") over a symbol designates its first

derivative with respeéf to time while a double dot (")

for its second derivative. The two displacment ' .
vectors {d;? and {Jf}q are related in the following‘
fashion: ‘

® .

o {a

-
4

{'“}Va + {df} (.29)

and © ,

{LL]Q={»}V3+‘{;€:} | K (4.3'0)

! ¢

where Ve is the ground displacement and'{r] is the SR

influence coefficient vector which describes the influence
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of a unit ground displacemeﬁt on the global degrees of
freedom. These vectors have the following form for a

typical level_yith no structural symmetry (Fig. 4.4):

and
Ua gmy i \
Vat = lamd Va t v | (4.32)
8. I 0 &) |

where x = the angle formed going counterclockwise from

the positive x axis to the lide of ground motion.

L)



Considering all levels, the influence coefficient

vector {f} is obtained.

g ( cosY\. 3

cos

costf| .y

LS
(sinY

quf %lsMY > , : | '

O e = s O O

. "L'j(]', /

63
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For structural symmetry types 1 and 2 and 3 respectively,

the infl

~ i

{Y*':_ﬁco§ !

and

and

uence coefficent vectors are

(cosY

®

cos ¥ Lyl

&

siny

sinl _

,si#Y

Lx1

Jw

(4.34)

(4.35)°
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Note thaé for structural symmetry type 3, the influence
coefficient vector is null, reflecting the exclusion of
rotational ground motion considerations. Usage of this
symmetry condition would yield trivial solutions for all
parametersaexcept mode shapgs and frequencies. ’

In the case of a seismic analysis, there are no
externally applied loads so that {P(fﬂ ={o}. Eq. (4.27)

may now be written as-

[ (i + )+ LAY + R =10 aany

[+ [l R = -G

4

Eq. (4.38) can be interpreted as the equafion of motion of

the structure not subjected to ground motion but resisting

the following effective dynamié forces:

.

N

{Pm}: -[m1{r} VJ _, o (4.39)

The coupled set of ordinary second order differential

" ”
equations of motion may be solved directly by numerical

&
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integration; this technique ‘is* commonly used for inelastic

analysis. However, for linear structures, a ’ ‘

E;gn}fqrmation of the degrees of freedom into a set of
generaiized coordinates usually called normal or modal
coordinates via the mode shapes of the system, is much
more efficient because the support motions tend to excite
stronély only the lowéstumodes.of vibration. This |

Eqs.

A .

transformation will uncouple the *dynami¢ equilibrium
. . .
(4.38) and the normal coordinates may be solved for

‘ 4
independently, ) e

a2

4.9.4 MODE SHAPES AND NATURAL FREdUENCIES

> . U

The vibration mode shapes must satisfy the undamped

free vibration equation given by

v

[1{ds} + (RAMa) = b}

i

!
v

e

o
/ CA e
. .

t

, Assure a solution of the form o o -

: R A ’ | v

»
Lf
.y

{ch“]’ {8} co(At +Y) | (4.41) ‘.

(%

.

Y 1od
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- o f
Nop
. N
where = angular frequency of %ibfﬁtiod {
Then {ds*} = -—A’.{ﬁg m(/bt +:7r) = (?4;42)
- : L8 v , -
- . . Lo . oh ' 1 \
§ub§titutﬁhg‘5q$: (4.41) and (4.42) inf@fEd. (4.40Q) yields .
o . - -
o [ B et 1Y) + [RGBt Y), = { 0} (4:43) .
. - . E
) 2 .
Sinceithe cosine term is arbitrary, it can be cancelled o

. yiélding C N T h '
([Rsx]_‘ A‘[M])_{ﬁ} = [OT' | N .(_4:44)
~' . - i ‘ * ‘ . J
This is the clagsital e%genvalpe problem.. The solution
procedurg adopted-is applicable to the case_where;[Ef]‘is

singular (20) .(i.e. for unrestrainea structures). Eq.

\

‘(4.44) may be newrjpten in the following ?orm:

A MY = (RA (o)
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i

1f [K;] is positive definite, Choleski factorization can

be used: ~ o . s

[RT= 10"

(4.46)

where [L] is a\lower triaqularqmatrii. 'To accommodate
“the caée where [K*] is singular, Eq. (4.45) is
transﬁormed to ;\
| [L] P% L] (17 {a)) = _lJI (LY {g}) (4.47)
Letting [D] = [LJ'I[M][L]'T (4.48)
, X (
r } Q s c N ..
+ T v ‘ g
, and {'Z} ¢ 1] {ﬂ} 3 . (4.49)
‘ ‘ . , ‘
‘,. . ) , ’ W ‘ . .“, B
- Eq. (4.47) may be rewrigten in the following manner: fa
' | = “' o ) Q ™y
Lo]{2} j;g} v s
~ : LA ©p
) . .
o 0N
o a

R i & i »w-~‘!’.\m - sy - [
kS

A




wbandwigth storage of {D], (M), [K;*], andﬁtL]. For the
: j

\

‘Witﬁ the above\form‘the eigénvéiues are |/2? and
eigenvectors are {Z}£; The natural ?requencies are Ai
and’ the corresponding moqé shdées are [Qﬁi. fhel
eigenvalues corresponding to the lower natprai frequenéieg
may be obtaiﬁed by simultaneous itepatioﬁ with matrix [D]

which is premultipiied by trail eigenvectoré. The

" computer subroutines implemented into the present computer

pregram for eigenvalue and eigenvector solutions were

developed by Corr and Jennings (20). The parseness of the

equations is taken advantage of by/way of variable

s

present purposes, minor modifications of the subroutine

were effécted for the triangular storage form of [fg*].

4.9.5 UNCOUPLED EQUATIONS OF MOTION

' As mentioned in section 4.9.3 the dynamic equilibrium

Eq. (4.3?) may be uncoupled by a suitable transformation

~of coordinate’s. Without any loss of generality, the

~d.yn‘_amiclglobal displacement vector may be represented by a

superposition of mode shapes: Ty .
. ' ’ 4

s

1

{a)= [o1 ) Gy




" where (Z]

)

Substitution

yields

. ‘s ' —_— )
PR 70

matrix of mode shapes placed columnwise -
vector' of normal coordinates, representing the
modal amptitudes.

o .
of the above transformation into Eq. (4.38) "~

3

3

) + LA+ () = 0T (o522

\

. Multiplying by [ﬂﬂ ylelds H N
[ M11a (4} + el [c][ﬁl{ ARG [P}y (a.55)
Lettiﬂg o : .
[m] < [01" (M @] co SNCRI N
and > ) . '
(2] = [ol'(c]a] . o | (4.55)
and , B | 1f" | I'
O [R= e[RM e S ase)

,
. v
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- )
‘and \ - | :
' [L] @J [M]{r} N (R D)
Lo a .
: ',
where
) | [77}] = generalized r.n'ass matrix : o
, [f-l = generalized damping,}na;rix
[H] = gener"e,iiz'ed, global dynamic \st'iffness matr.i:g
Eq. (4‘.53)_becomes ~ . . o
({41 + (100 + K1 =0y wse
- « Through the .use of Betti's law, [M] can be proven to
‘be diagonal (21?. Applying this _condnition to.the
undamped, free vibration Eq. (4.40) reveals that [I] is
also diagonal J | { .
Rayleigh showed that the damping matrix is
uncoupled by [ﬁ] through the tmﬁsformatlon of Eq. (4.55)
(i.e. [EZ] is diagonal) 1f 1t can be expressed as a linear
- comblnatmn of the mass matrlx ], and the global

dynamic stszness matrix [K ]. Clough and Penzien (21)

&

C el Lo
x Mg
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o \

‘ ‘further proved that this condition is satisfied by an

1nf1§3te number . of ‘matrices formed from the above mas's and

s'tlffness ma@rlces.

in the present formulation.

The dlagonal form of [F ] is adopted
Eq. (4.58) is now an

uncouple equation of motion in normal coordinates and can

i

be expressed for each mode n as follows:

t 4

where W, en, Kn

Lh‘

- ) mn;)ih + .Chﬂ;tn t 'ﬁhqzn = tha ‘ '(4.59)

H

~

B . , ’
the nth diagonal elements of

(m1, (£, and [K)
respectively. They

represent, respectivelf, the
/

generalized mass, generalized |,

damping, and ggneralize‘d‘ /

.

stiffness for mdode number n.

the nth element of [L}

Making use of Duhamel's Integral (21), and assuming

\
low values of modal dampmg, the solutmn to Eq. (4.59)

{/ can be expressed as

¢ N,

M= Ln Vy(h)

”.Ah ‘mh

(4.60)

1

<



Lok ‘ ‘
Vo) = [ R MEF 0 2-7)

0

e -

*

N
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a1 (4.61)

)

Once OLJl)is solved for each mode, Eq. (4.51)'15 used fo

obtain the global dynamic structural displacements. In

bracticé, only the first few modes need to be considered.

4.9.6 RESPONSE SPECTRUM

Unless the ground acceleration records are available

for a given earthquake, a more common solution teéchnique

is via the average response spectrum.

spectrum provides the maximum average response (from many

.

The response

‘earthquake records} of any given single degree of freedom

(in this case normal coordinate) oscillator with specified

period of vibration and damping value.

the maximum modal amplitude

nZn)qu =—L”—-SVYI .

An M,

From Eq. (4.60),

is given by

Yo
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!
) | where \Svn=' V&(t)max = the spectral pseudo-velocity
\ ' .
. response for.mode n, which

s | ' can be read off from the

spectrum curves.

Other response measures are the spectral displacement Sd ,

! ~ and the spectral acceleration S; which are related to the

v spectraf bseudo-velocity Sv as follows:

)

¢ | . ’ .Sd = Vv | ‘ . (4.63)

,( \ A

\ :J ! ‘ , \ , . /:‘:’
i

[y

Sq = Afv = ?tlfd _ , (4.64)

Examples of response spectrum curves are shown in Fig.
(4.6). For a given ﬁériod_T and damping value f, the
spectral values 54, S, , and S can be readily obtained
from a responée spectrum eg¢tablished from the earthquake
recoras of a particular site.  Response spectrum curves
’ can also be established Ebr an estimate of the inelastic

response by means of 'a ductility ratio. The respgnse

’
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&

-!spectrum giv'en in the Supplement to the National Building
Code of Ca@iaiwﬁo (22) will 'be used in all the examplés

preéente.d in the latter chapters (Fig. 4.7).

4.9.7 STRUCTURAL MODAL RESPONSES TO

EARTHQUAKE GROUND MOTIONS

Once the natural frequencies and mode shapes of the
first few predominant modes are determined, the
corresponding modal participation factors can be .

determined as %

Pn= Ln = [oh [M]{':} | (4.65)
M (830 1112(2), : o

a

¥

For a given dampin-g'rativo and period, Sy can be
extracted from the response spec‘truni.’ If an
elasto-plastic analysis is necessary, the methodology of
(22) may be applied. A ductility factor/u must be
selected depending on.the type'of building'a'hd materials

‘(Table 4.1).\ Sv must then be altered as follows: -

~
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Svh - SVn valid for T> 0.5 sec (4.66)
\ A
Svn -—_Svn_ valid for'T < 0.5 sec  (4.67)
va/s-l . ]
. N
The maximum modal amplitude is determined from Egs, /
(4.62) and (4.65) yielding
7n,max = Tn Sva _ (4.68)
i ,
which can be converted to ‘the structural physical
displacements by Eq. (4.51).
1 . » - ) ' ’
{d*} = {q} 7 (4.69)
$Inmax Jn Ch,max , -
g 1)
The condensed corner degrees of freedom are then
recovered, as explained in section‘4.5), to yield the
#‘ . ; , maximum corner displacements {w,},,, {U);}h, A {wf. h

The maximum elastic forces [‘PJh,Fnax‘ associated with the

global dynamic degrees of freedom are sought next.

A
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Pl = R e w70

¢

Substituting Eq. (4.69) yields

' {?’]h,ynnx = [R:] {¢}h 7n,ma, | ) (4.71)

Making use of Eq. (4.45) gives

2

e mar = An MDY, 7, e (4.72)

Applying Eq. (4.62) produces

.{P’}n,max = [M] .{G}n An _,:!l‘gvn' . | (4.73) -
m, o .

Finally substituting Eq. (4.65) yields:

G

0 =D A RS,

This expression for the elastic forces is more convenient

-

because of the diagonal form of the lumped-mass matrix.




base torque respectively are:

¢

»

It is emphasized that Eq. (4.74) is a completely general
expression for the elastic forces developed in a damped

spructur.e subjected to arbitrarily varying ground motions;

!
..even though it was derived using an expression for

"undanped free vibrations, its applicability is not limited.

The structure can now be analyzed statically by

- applying the elastic forces externally for each mode. The

maximum base shears in the x and y directions, and maximum

>

u v & ‘

T

Vormmas =L {0 £0), (O EAT, e (5,750

Vo max = [ {00, {1}in {0)i) (fstmey  (4-75b)

Ve‘hhqu = [ {O}:Xl {O}ZM {,}LTXI] {Ps}n,ma‘r (4-75(:)

where {I} = unit column vector
The maximum base overturning moments about the x and y

axes respectively are:

u V"B'

Md,n,may z [ {O}L:' {‘h]:xa t{O}L’] {{:}n,mar ' (f1.7'6a)
Mv,n,‘mdx 2 [{”L' {0};' {O}L']{ﬂzn,m“ , '(4.76Db)

.
»
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vector of level elevations

where . {h}
‘ measured from the building base.

|

Once all maximum modal global displacements are

obtained, the maximum modal membrane stresses are computed

as explaind in section 4.8.2. .

4.9.8 FINAL STRUCTURAL RESPONSE TO 'EARTHQUAKE

GROUND MOTIONS

The calculations described in the previous sections

are carried out for each mode.” The '"total" maximum oo
, \y ! i '
response obtained as the absolute sum of the individual

maximum modal responses would be overly conkervative .
' 1]

because these maximum modal responses do not all occur at

1 4

the same instant of time.

The square-root-sum-of-squares (SRSS) m‘éthpd is a

’

simple statistical method of estimhting the probable

maximum response. Suppose ;S are the maximum modal -
» ’ ]
responses of a certain parameter for modes i = 1,] 2, ... n

!

respectively. The absolute maximum ‘responsé would be

a=2|cu| o
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/ Table 4.1 bDuctility factor (22) ]
’ AN ‘ ) T Structural
. ' ‘ Building Type Ductility
. - ) . : - \Factor
- Ductile moment resisting space frame_ 4
- " e
. o (
Comhined system of 25 percent ductile
moment resisting sbace frame and ductile 3
- flexural walls" : o . .
. P ’ T~
o Ductile reinforced concrete flexural walls 3 .
| Regular reinforced concrete structures, ‘
~
cross-braced frame structures and reinforced A
masonry‘structufes ‘
L ‘ k]
' : ] :
Structures having no ductility gnd plain '
. masonry structures 1
t . \
\\ \ R ‘
. et “ia
~ $ '
. ~ ~ .
4 o h'] )
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. ©5.1 INTRODUCTION .-

A

4. . T 4. CHAPTRR V ' - o

o, . N ~
- Y - . ©
w

EXAMPLES OF TUBE PROGRAM °AP\PLICATIONa

» . .
. " v

-

-
. N 3

¢ : ' .
TN program named TUBE has bbeen-déve'loped, to analyse .

hgst\planar and tube-type building “s’trixctur’es. Several

examples of these types of structures have been cited
‘ * ' -« ! v K N ’ N

‘earlier’'in Section 4.l1. The analysis.can be carried out

for>linear elastic static, .or linear elastic earthquaka.

,spectral;respor{ses with,an option,to -take into account the -

ductility facttor., It is noted tﬁ_at responsge ,'spectruny

b ’

curves’are required for the earthquake analysis.
Desc'ripti“on of , the program inpbf data is given in Appendix
- L 3 - . t
A. e,

-

.
4 -

In this chapter,, four structures are analysed using
the present method, and the results will 'be compared with - .

other techniques. The 6bjective "is to verify the validity -~

I of the proposed modelling for seismic ;éspon~se§ of 'tall

planar and tube-type structures.
In chapter IIT, the stiffness matrices of two. types of
. rectangular elements were presented: one consistipg of 4
. J -

-
v

A

i

et o e o, 1o
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- )

of freedom elements dre attractive because. they have only’

e ' . .
corner nodes and.are|simple to use, but they are too stiff

in'b,ending. For very tall buildings where ‘the"ele'men‘ts ’ . :

may,,hav_e'hig’h, aspect ratios; these simple %'1ements may

yield unacceptably inaccurate results. . Alternative .

schemes for improvement generally. fall into two claése§:

are beyond the scope/of the present. project. Throughout

v

techhique applied t6 simple structures, a box cantilever
4 -~

beain is ¢onsidered. Typical dimensions and properties of .

the structure are given in Fig. 5.1. Three analysis

.technlq es W111 be compared G00dno's and Gere's

.

superelement method (23), the pre?ent macro- element :
and beam ‘theor_y. . ‘ y

_dn the superelement techniqué, a basic rectangular .

»




« -

element .is o{riginally assembled from a plate bending

element and a,g.p_lane‘stress element each containing 16

L4 0

degrees of frqeddm. This basic element has 4 corner nodes

L 1
each consistin‘g\of 8 deg‘rees’ of freedom: 3 orthogonal ) /
’ tr;ns,lations, 2 out.-of:qil'éne rofations, 2 independent :
in-plane edge rotations, ;nd l'iﬁ-p.iane nodal twist. To
“expedite the”assema‘ly of the superelement, other
specia‘lized elefments are generated from the basic - o

element. Four-elements are subsequently assembled to form

4

a box-shaped superelement. The 'sup;erelement stiffness
matrix is statically condensed to ‘4 degreles. of freedom
representihg horizontal ‘translatio‘ns of the-tég\p and bottom
'edgevs parallel to one direction (Fig. 5.2). The. _
supef‘elemer:t reduced stiffness matri;ﬂare assembled to
give the structure stiffness matrix. Three different mass
formulations are used: consistent mass (CM), assembled
lumped mass (A:LMS;‘and input lumped mass (ILM). The CM
formulation permits t;he“‘mass of the actual continuous
sstructure to be lump;ad at the corner nodes of the ‘
rectangular element on an ‘energly equivalent basis. The

. ¢ . »
- ALM formulation in contrast, requires physical mass

e -

1i1mping'at each of the 4 nodes. The element mass matrices

a

of the 4 basic oy/ specialized elements are then assembled
. . I . .

to form the superelement mass matrix which is subsequently




; ¢\

dyhamieal}y condensed to the 4 parallel horizontal degrees

of freedom. The structure mass matrix is then assembled

in a similar fashion as the structure¢ stiffness mdtrix.

- Unlike the CM and ALM formulations, the ILM formuiation

yd
permits dhdiagonal structure mass matrix-because it is

created from ;he lumped masses ‘associated with the
\ggcelqg§f§on of thg 4 remaining superelement degrees of
freedom.

Gooéno and Gere modelled the box cantilever beam using
8 superelements (Fig. 5.2). Sixteen structure degrees of
‘freedom were retained ffom the 352 nodal degrees of
freedom represented in the model. \\

Using the present method; the box cantilgver beam is
modelled as follows. Due to symmetry, only one quarter of
the structure is analysed. No part of the structure needs
to be replaced by an elastically équivalent membrane
‘because no discrete columns or beams exist. For
‘simplicity the remaining structure is analysed using
equally sized refined elemenfs. To shownconvergence, two
meshes are used; the first and second meshes are divided

. into 4 and 8 levels respectively. Each mesh has two
elements horizontally spanning the 1§nger facade and one

element horizontally spanning the shorter facade (Fig.

5.1c). The input data presented in section A.5 was used

hd .
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S -
/

/
to obtain the first four natural frequencies of the
structure in the x direction using the first mesh.
Employing a discreté coordinate system for a dynamic
?esponse analysis can only yiéld approxi‘mate resulfs

because.the motions of the system are represented by a
limited number of displacement coordinates. In contrast,
the beam theory.approach renders more accurate results

because .it considers’ the beh\aviour of an infinite number-
of connected points by means of differential equdtions;
this procedure allows the distributed physical properties ..

of the structure to be described at each one of these

. EY
points. ;

7
Table 5.1 compares the natural, frequencies in the x

direction obtained from beam theory taking into account
shear déformations, the superelement technique, and ‘the
pfesent macro-element method.

The first three natural frequencies obtained using
mesh 1 are all within 7% of beam theory results, but the
fourth natural frequency is 25% less. For the refined
mesh 2 the corresponding values are 8% and 11%. ~
Convergence for higher modes can thus be. obtained by mesh
refi‘nement. .

The efficiency of the present method can be exposed

when comparing it to the superelement method. For the

first mesh, only 4 structure degrees of freedom were




. . , < A
. retained from the 32 nodal degres of .freedom represented

. ) . . . »
. in"the model. Respectively, these values are 1/4 and 1/11

of those using the superelément technique. Although mesh

© 1 uses significantly less degrees of freedom than the

"sugqrelement model; its first two natupél_frequencies
(which are the gréatest contributors to the structural
responses) are closer to those of beamﬂtﬁ?o;y than the ILM
formulation. Compared to beam theory, the ALM formulition
provides the best results for ihe superelement method, but
does not justify the extra computational ‘effort due to
mass coupling. Meshpz provides comparable accuracy with

’lumpeq masses (i.e diagonal mass matrix). |

}

5.3 CONCRETE WALL-FRAME BUILDING

4

In this example, a 30-storey concrete wall-frame
building is analysed (Fig. 5.3a). Two parallel shear :
walls are connected to two parallel frames forming a

re#tgngular plan. The structure has the following

Jproperties: .
‘. storey height ; | = 12 ft.¢o
width of gtructure' = 127.5 ft.
" depth of strﬁé&g&é, = 50.0 fr. |
lumped weight per floor = 1305 kips ‘



-

.t Material Properties -
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a P

Frame properties =,
a 16 columns per frame at 7.5 ft. c/c
. spacing’ . . T

column size = 1.0 ft. x 175 ft.

i . beam 'size =¥0 .5 ft. x 2.0 ft4
w£11 properties ¢ ' .
. “ . . s
thickness _= 1.0 ft.

0 * i elastic modulus ="3.0 x 109 psi.
Y X ‘
. Poisson's,ratio = 0.25
) b °x"‘\\ -

. .
s . .
’

' Altﬁough the structure looks like a cantilever tube,

‘classical beam theory cannot be applied for afdlysiss Due

to.the flexibili%y of the spandrel beams in the frames,

the column axial forces near the center lag behind (are.

-

lower than) the column aXial fortes-near the building
edges. This phenomenon is known as shear lag.. This

‘ . 7o
example shows that wall-frame cbmbinitidns forming a

H

tubular structure can be analysed using the present method.

- ]

R . PN »
The results of the analysis are compared to those

obtained by Ghan (3). His formulation is derived from the

principl'e of minimum total potential energy: The strain

[4

.

energy i's considered to be composed of:

N N

"~~"ﬂ 1) in-planelbendiné of'the shear wall . {
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b

.determinant for the/COeffiéient matrix (i.e; a- .

i
s [y ! ¢
S
-

'é)’ axial deformations of columns’

3@ in-plane bending'of beams and columns

. .

4) ° out-~of-plane bending of columns; fphnd to be

negligible

'It should be noted that shear deformations in the shear

‘1

wall, beams and columns are not considered. Finite size -
- 7 :

) ~
fgints are considered rigid. *In-plane rigidity of floors

and'midspan inflection poiants of beams and columns are

kS

assumed as in the present method. Mass is distribute

2

‘ throughout the height of the-buildiné./ Compatibility is

imposed gt the building edges while the column axial

deformations, which take into account the "magnitude of

shear lag in the normal frame", are approximated by-a
hyperbolic cosine variation or a parabolic variation. A

sixth order differential equation for, the mode shapes in
e T D e ‘
the direction parallel to the shear walls 1is derived. A

«

summation of .4 hyperbolic and 2 trigonometric .terms is

presented as the general solution. The_mode shape .

M ¥

equation is subjected to 6 boundary conditions-which

.«

produce a homogeneous system of linear equations. The
natural frequehéieﬁ are thosg which yield a zero
S

trial-and-error procedure). W

S . '
” , e . \
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_present in the frame (see section 6.2). T .
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-

Using the present method, the structure is modelled as

A

fqllows. Due to symmeiry, only one quarter of the
structure need be analysed using global structural
éymmetry tyﬁg one. The frape& ﬁbrnion of the remaiﬁing
structur? is replaced'by an»elasti&gely equivalent o
ﬁembrane. This equivalent structure\Ki then diviaed into
refined maéro-eleﬁents formihgla mesh (Fig.5.3b). 1If a
full spectral earthquake,analys{s fdr'gfound'motion in the
X direggion is required, the set of input data presented

/

in section A.5 must be processed with TUBE.

Using a membrane thickness of 0.5 ft., the equivalent

elastic properties of the membrane were determined to be:
E, = 159 X 107 ksft.

' - 3
ny = 13.8 X 10° ksf. - .

" X 4 v
Their-ratio ny/Ey indicates the degree of shear lag

[}

Table‘S.Z shows the first‘thieé natural frequgncies
obtained by Chan, the preseﬁt method, and beam theory.
For the latter, the.building was first considered as i) a
cantilever tube beam (i.ei shear .lag is ignored), and then

ii) as two" parallel shear walls excluding the framed

facades. The results for the two parallel shear walls

were found to he close to those obtained- by Chan and:the,J/j

present method. This suggests that preliminary estimates
of the dynamic characteristics of wall-frame structures

can be obtained by consi&eringionly the shear walls. The

;o

Ersalen




‘ 5.4 PLANAR FRAME

v

“cantilever tube beam model yields natural frequencies

«which are at least 48% greater than any other model

5

‘ pppsented: The first, second, and third natural
frequencies obtained using the present method are
aﬁproximately 1.11, 0:&9, 0.78 times those obtained by
Chan's approximate method. This ‘'significant difference in
results may Be due to the following approximations in
Chan's formulation: - o .

1) Shear deformation modes in beams ?%h columns are
. ignored. .
2) Finite size jointi are considered rigid.
3) An assumed axial column deformation{fun;tion.
i . : -y

N .

’

‘o

. ¢ %
- In this éxample, a2”16-bay, 40-storey plane frame will

‘be analysed. 'The structure has the following properties

: élong with those shown in Fig. 5.4:

~ . f

, storey ‘height = 12 ft.
“ lumped weight per storey = 1800 Kips
y elastic modulus - 3.0 x 10° psi.
shear modulus’ - 1.2 x 108 psi.
P

iy o
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As in-the previous example, .the shear lag effect

ihhibits tﬁe accurate application of beam theory. The -
purpose of this example is jto show that TUBE is capable oé
aﬁélysing planar structure; effeciently and "accurately.
The results will be compared to those of another modified
comﬁuter prégram'called TABS (24). TABS assumes infinite
in-plane rigidity of floors. Joints are considered rigid
with finite dimensions. Both bending and shear

deformations of beams and columns are recognized. TABS

allocates one vertical and one in-plane rotational degree’

of freedom per joint, and one lateral translational degree
.of freedom per storé&. Tﬁh\joint degreegfof freedom are
statically condensed to leave the lateral stdyey |
translations which are tranéformed into global degrees of
freedom consisting‘of'two J}thogonal translations and one
_in-plane rotation per storey. Mass and in-plane‘ ,
rotational inertia is specified for each storey. ' ‘,1

For the present method, only half the structure is®

considered because of symmetry. The remaining structure
- - S R

is replaced by an equivalent orthotropic membrane which is:

subsequently divided into equal size macro-elements for
& : )
+ “ease of data preparation. Here, structure symmetry type

. " . - ‘
one and facade symmetry type three is used. Two analyses

> will be performed; the first will include the -5ame
N . .

e s o A

A e et e .

W ) s b ® 2 hE e i et S Bk e g
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assumptioﬁs as TABS,,and the other will coﬁsidgr flexiblg
finite size, joints. . -

The first four nagﬁra}xfrequencies are presented in
Table 5.3. Nﬁ;e.thét'TABS uses 40 degrees of free@om for
the n;tural frequency calculatiom whilé~TdBE ugses only
10;- this is a .very significant differeﬂte in computational
effort. However, the natural frequencies of the first
anaiysis are comparable with those of TABS. It was
expected that the present method would yield higher .
natural frequenéigs due to the model's greater .stiffness
induced by the Prescribed element displacement functions;
TABS uses no such functions. This‘woqld only be Frue if a
consistent-mass formulation.was used,

The second analysis, which imcludes the effects of

3 \ -

finite size joint flexibility, alters from 9% to 13% lower

natural frequen&ies compared to TABS. In the next

‘chapter, it will be shown shat this percentage difference

. \ . ~ »
can be magnified for the internal member forces.

5.5 FRAMED-TUBE BUILDING

In this example, a framed-tube building will be

e

analysed. The structure is .square in plan with each-

M

-

&y
a3

+




-corner nodes of the building. The result is a stiffer,

a

The structure has the following properties along with

those shown in Fig. 5.5: o J

«

storey height 12 ft.

lumped weight per floor 3,600 kips

elastic modulug\

3.0 ,Z 10% psi. ,
6 psi. ) -J

it

1.2 x 10

~

shear modulus

-
4,&‘\\
."Many computer programs such as TABS, do not consider

4

the vertical tompatibility at facade junctions (i.e. after

loading their edgeskslide vertically relative to each

t

other). The present method eliminates this action at the -

but more representative model of the actual structure.

The results obtained by TABS and Chan (3) will be used
as coﬁparisons for the present method. Chan's method of
analysis is épalogous to that presented ' in section 5.3 ! ~

except i) out-of- plane bending of columns is ignored, *

v

and ii) a hyperbolic sine variation is assumed for the

-
<

column axial deformations. .

i

Using the present method, only one quarter of the
structure is analysed because of symmetry conditions. The
s

remaining structure is replaced by an elastically

equivalent orthotropic membrane which is divided into

( [
j
1 .

R
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. 2
rectangular plane stress refined macro-elements each

spanning several bays and storeys'(Fié. 5.5). Note,that'

elements of equal size are used here only to simplify data

preparation. Some useful rules for better modelling of

A

the structure are presented in section A.4.1. Three

analy S were performed for the natural frequencies and
mode shapes of the building in the x di;éptibn. Bach

-J - 4. ’ - -
considers a different combination of deformation modes.
< < ¥

_1) Analysis 1 : behdiné»of'beams and coiumns,
rigid finite size joint;
(same deformation modes as
Chan) .

g v »

©ii) Analysis 2 : ‘benaing of beams and columns,

-~ » ’
shear in beams and columns,

- rigid finite size joints

(same deformation modes as

"~ TABS)

iii) Analysis 3. : bending of beams and columns,
\ | . : . shear in beams and-columns,
_\» . . * flexible finite size joints |



9

_ ' - =3
Table 5.4 displays” the first four natural N '

frequencies. Although Chan's method is approximate,‘the

results compare well with analysis 1; the maximum

’

¢

difference being 4.7% for the second mode. The effect of
shear deformations in members is found to be negiigiblé
when comparing wifh'analySis 2. - | '

Observe that the na;ural'frequenciqs»of TABS are’
identical to those Prgsented fn the prekgeding section.

I3

This was expected since

Iy o

v

i) the frame properties are identical to those of: .

-

. the previous -section.

t

ii) the normal ffame dogs not contribute to the-
sfructﬁral stiffness 'because ﬁé&adés exhibit only
iﬁ-ﬁlane stiffness, and because vertical
;ompétibility at ficade,j%hétionﬁ areqnc:)t~

- enforced.

L] . N

Thqvfesdlting internal member force in the parallel

¢ -

facade are unreliable, while those of the no;mél facade

are nonexistant. The first natural frequency of analysis
2 is 11.4% higher than TABS' .value reflecting a stiffer.

model induced by the



<

o

vertical compatibility at the facade junction. If the
normal f;ames are replaced by shear walls, éhereby
_.incrgasing the overall stiffness of the structure, the
difference will increase even more.
As for the case of Fhe wa}l-frame stricture of seciion

\ ,
5.3, the norma}\££3?§ has little contribution to the

dynamic behaviour. \Preliminary estimates of the natural
“ﬁrequenc{es and mode shapes can be obtained by considerirg
only the frames parallel to the vibration direction.

The reéu}ts of analysis 3 are the most accurate
because fléxibility!of finite size" joints is also
considered. The resulting model‘is more flexible than

- that of analysis 2. Consequently: thé natural frequencies

M

‘are lower.
5.6 DISCUSSION

The present method was applied to a planar frame, and
4 three-dimensional assemblies of planar frames ;nd planar
- shear walls. Although not presented here, the present
method is versatile enough tofconsider‘panels, frames,

lintel beams, and shear walls all combined in planar

facades. '

The efficiency of the bresent method is significantly

~
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\ 4 .

.

/ v

greater than others presented (i.e. superelement’téchnique

and TABS); only one quarter of the global dynamic degrees

of freedom were used, but results were in good agreement. P

It was shown that increasing the number of levels in

L}

the structural model induces convergence of higher natural
frequencies. Enforcihg vertical compatibility at facade

junctions was found to be important.
. ’

In examining the validity of the present method, some
impor%ant structural behaviour characteristics were found:
1) The effect of shear deformations in members has

little contribution to the dynamic behaviour.

!

Zi Finite size joint flexibility signif}cantly
pifects the dynamic behaviour.

3) Contribution of the normal facades of rectangular
,buildingé to the dynamic Heha;iour'is significant

: but small so that rough estimates can be obtained

¢

by considering only the parallel facades.

N
LS

'

[y

3

.
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Table 5.1 Natural frequencies of box cantilever beam

Mode No. Natural Frequencies (rad/sec). | '
Beam TUBE Pregram Superelement Method (23)
Theory | 'Mesh No. 1| Mesh No. 2| CM ALM ILM X

(23) ! ' . v
1. 1186 1271 1284 1279 | 1267 | 1368
2 5815 | 5777 . 5918 5914 5702 6245
3 ‘13185 “11752 12674 14125 12992 | 12792
4 21488° 15976 19047 25093 | .21162 | 18000
7 é
"
‘-
- ®
\ -
|
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Table 5.2 Natural frequencies (rad/sec) of wall-frame

building.
Method Mode 1 Mode 2 Mode 3
Simple Shear Wall Alone 1.47 9.18 25.69
Beam Cantilever tube beam '
Theory(3) (shear lag ignored) 2.23 13.97 39.11

Parabolic

- CHAN Approximation 1.47  10.07. 27.88
(3) Hyberbolic cosine
> . . :
Approximation 1.47 9.82 26.92

TUBE ¥ \ ‘ 1.64 8.78  22.27




Table 5.3 Natural frequencies of planar frame

]
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NATURAL FREQUENCY (rad/sec)*

MODE t diff. with TABS
NUMBER TABS(24) TUBE TUBE
FIRST SECOND FIRST *SECOND
ANALYSIS| ANALYSIS | ANALYSIS:| ANALYSIS
1 .710 .697 .044 -L.8 -9.3 -
2 2.31 2.23 2.08 -3.5 -10
3 4.33 4.10 3.85 -5.3 -11
4 6.21 5.75 5.41 -7.4 -13
NO. OF
RETAINED . 40 10 . 10
DEGREES OF . .
FREEDOM
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Table 5.4 Natural freq

"

H

uencies of ﬁgqmeg-fubé’building.‘

c

MODE NATURAL FREQﬁEh‘%{rad/sec)«
NUMBER | TABS | CHAN Q " TUBE
(24) (3) | ANALYSIS 1| ANALYSIS 2| ANALYS!
. ﬁ P » - B

1 710 | ez f . 805 791 740

2 |zt | o2s3| 2.44 240 [ 2.25

307 433 | 422 | 4,23 4.16 3.92

4 6.21 5.96 . 5.85 5.’75/ 5.43

o
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(c) Structure'ldeaTizat§on (Mesh 15

) 4d)~P%opertie§ (steel)

.Pbisson's ratio 0.25

Fig.'5.1 Box cantilever

Young's modulus 30000 ksi.

specific weight 0.284 1b/in3

~

-

beam and present model

.
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"Fig. 6.4 Planar .frame, properties, and model.
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CHAPTER VI

r

) BEHAVIOURAL CHARACTERISTICS
OF TALL. FRAMED-TUBE BUILDING STRUCTURES

6.1 INTRODUCTION

v

In this chapter, the behavioural'ch;racteristics of
- tall framed-tube buildings are investigated. ’In , %
particular, the shear lag-phenomenon, and the effects of
shear defor;ations and of finite size joints' on the
@ynamic responses are of special interest. JFdr this
study; the framed-tube structure presented in section 5.5 ~ 1
is used in conjunctidn-with'the following additionak data:
\ *
1) 5% critical damping for all modes
Zj risk factor of 0.01 (for Vancﬁuver){ an

acceleration of 0.08g is .recommended (22)

3) the response spectrum as shown:n Fig. 4.7 (22).

-

6.2 SHEAR LAG PHENOMENON , o ?ﬁ

"

. In the case of a slender tube made up of solid faces

\

.and subjected to lateral load, the normal stress

i e W TN
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distribution would be almost linear. However, when the '

faces are perforated .with large openings resembling

v

windows in tall buildings, the shear flexibility:of the
"window lintel beams? tend to diminis¥ the shear*transfer
from one "column'" to another with th consequenbe that the,
interior "columns" take less axial forces than the

exterior ones. This nonlinearity of stress distribution’

is most pronounced at the tube corners, and the term shear

.
& -

lag is used to denoté this phénomenon.

) To reduce the shear lag effect (i.e. to make the tube
more éffecxive in résisting lateral load), tbeq%eam
stiffnesses should be high, thus requiring*reldtively déep

beams. A measure of the shear lag severity can be

effected by means of the ratio

SL

|
mf
<k

¢ -
4

s

(6.1)

4

The’higher the shear lag parameter, the more effective the

. tube action will be.

The shear lag'parameter for the cantilever tube

H

discussed irf'section 5.2 is 0.40. Fig. 6.1 shows that the

i

_vertical stress variation is almost linear.

-
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Taking -the basic geometry of Chan's builiding, and
varying the shear modulus ny, the column axial stresses
are plotted for different values of the shear Jlag

parameter as shown in Fig. 6.2. The shear lag parameter

- varies from 0/,919;9’3:0 0.0819. These values are much less

— }

than—that of the cantilever tube above resulting in highly

nonlinear curves. Note that the linearity. increases with .

increasing SL especially for the parallel facade.

In terms of the actual structure, as opposed to the

equivalent membrane model, ny can be increased while

\

leaving E)’ relativeiy constant simply by increasing the
beam depth (‘I‘able- 6.1). A stiffer beam thus yields a
higher shear lag parameter and permits more efficient
shearwtransfer'from one g¢olumn to the other. The shear
lag effect diminishes Tesulting in a more linear cqlumn
axial force variatiori.‘ |

The magniltude of the m‘aximum internal member forces
depend heavily on the natural frequencies whicH are -
ultimately deriveci from the mass and stiffness properties
of thel structure. A correlation can also .be made here
between the shear lag parameter and the natural
frequencies. Varying ny as before, the first four
natural frequencies are blétted in Fig. 6.3. The natural
freduencies ‘increase with increasing shear lag parameter.

1\ 2

S A ks Wk bttt o sk i
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Similar curves are presented in Chapter VII to be used in
conjunction with simplified equatibns for natural
frequency estimations of planar and tube-tybe building

structures.

L N 4

6.3 IMPORTANCE OF SHEAR DEFORMATIONS, FLEXIBLE FINITE

SIZE JOINTS, AND RESPONSE SPECTRUM CONSIDERATION

I4
Y

The natural fréquencies of Fhe framed- tube structure
are presented in sectionm 5.5. It was concluded that
omitting any kind of deformatpion component results in a
stiffer model, and consequently higher frequencies.
However, a designer's concern is with respect to their .
eff;acts on the i‘nternal member forces. The column axial
forces of four analyses will be investigated to determine .
the'importance of shear deformations in beams a'nd columns

/ ' .
and Finite size joint flexibility. The deformation

4 k]

considerations of each analysis are listed below.
Analysis 1: bending in beams and columns,
shear in beams and columns, '

~ flexible finite size joints. (




-~

Analysis 2:-._ hending in beams and columns, -
shear in columns, (shear in beams is
ignored), |

g flexible finite size joints.

- Analysis 3: bending .in beams and columns,
* shear in beans, (shear in columns-is
ignored), .
flexible finite size joints. ‘

Analysis 4: bending in beams and columns;’
) - : j

- ¢

shear in beams and columns,
rigid finite size joints.

The results are plotted in Fig. 6.4. Ignoring shear
deformations in beams (analy\sis 2) and columns (aha'lysis
3) increases the cérn’er column (No. 8) axial force by 2.1‘%
and 4.6% Yespectively. If rigid joints are consiriered /
(arialysis 3), there is an acute.incredse of 17%. .The
. joint size of this struci:‘ure in ;elatioﬁ to t;le storey
height and bay widf}} is typical of framed-tube budi\ldings.
If the relative size of the.joint,is increased, the error—

¥

due to thejrigid joint assumptionglso increases, For a

[




. . :
-the elastic force vector for each mode depends on A, [ ,

“is termed the error fa¢tor which reveals the factor by

iwhic‘:h the elastic force vector of analysis m is greater

.analyses are linear elastic, the member internal forces of

1.19

. , | Lo
xleasonably accurate analysis, joints must be considered a
flexible. The accuracy rﬁayl still be slightly. enhanced by -
considering shear deformations in beamﬁ‘ E‘)nd columns.

. It was stated in section 4.9.7 that once the elastic
forces on ‘the structufe' are determined, the structure can
be analysed sta}tically for each mode. From Eq. (4.74),°
S,» ‘{@},q [M]. For each of the analyses, [M] remains the ) i
same, while {ﬂ} waé_ almost identical for .cqﬁrrespondﬁing ) \
modes; from Eq. (4.65), [" must also be the same for |

cérresponding mode's. We can thus conclude that A and s, -

are€ the major factors which changed the elastic force :

vectors from'one analysis to another. Table 6.2 displays P,

A, S,» and (/X'Sv)m/(k Sv)l where the

subscripts refer t the analysis number. The last ratio

than that of analysis 1 for a specific mode. Because the o [

L

analysis m are also greater by this factor for each

corresponding mode. Notice that the frequencies increase

with analysis numbé€r, (m). For mode number one, the -

.

pseudo-velocities, which depend on the frequencies, also

.

increase. Thus both effects strengthen the error factor..




. .

For the other modes, ;he pseudo-velocity stays constant,
apd thus only the ratio of n%fural frequencies provide the
only error factor. . In other words the response spectrum

)
acts in such a Qay that errors are magnified for modes with

periods greater than approximately 5 seconds. As shown

above, the first and perhaps the second mode, which are the

‘major. contributors to the structural behaviour, lie in this

(

region, and thus consideration of flexible joints is

-

vital. Shear deformation considerations are%ess essential '

&
to the analysis.

6.4 DISCUS?ION ‘ '
t . ~

Slender planar and tube-type Structures with sqlidlﬁ
(unperforated) faces exhibit an almost linear normal stresé
dfstribution. When the faces are pefforated, the
distributioh becomes nonlinear. A shear léé parameter was
introduced to measure the degree of iinearity. It was
found that increasing the beam depth, also increased the
shear lag parameter, inducing a more linear distribution’

especially in the parallel facade. }

-

A higher shear lag parameter was also fouﬁd to increase
the natural fréquencies which cause an increase in the
pseddp-velocities of the primary modes and consequently

Y
-~

o "r

—~
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increase the maximum effective external elastic forces and
. r-x ' ' ’
internal stresses. : ‘

y

Flexibility-of finite.size joints was found to
significantly affect the internal forges. Rigid joints
yielded approximately 20% higher column axial forces at

the sécond storey of a framed- tube buildiﬁg. Shear .

deformation considerations had substantial but less

significant effects and thus may be ignored at least for

. *

preliminary purposes. -

~

The nature of the response spectrum was found to
Al ‘ ' -t

. magnify errors7ip the internal forces induced by .

? .

approximations in modelling‘the stiffness propprfies.

-

kal

B
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Table 6.1 Variation of ny', Ey’ and SL with’ beam “deptﬁ.
' \\ S \
- BEAM ' EQUIVALENT MODULUS' (pséxg sL |
. “\ S )
DEPTH (ft.) nyﬁ. . g 1o |
2.5% 343 172 | .0199
3 433 172 - 10251
3.5 536" 173 0312
4 656 174 ' 0377
5 986 178 0554
6 1515 . 185 .0819
+ The membrane thjckﬁess is- taken as 0.75 ft
. ) i i . ’ Q
*’ Basic structure .
| . AT
¥ ‘ - ~ .
S R

’ 2

|

i XL
13

ORI %/ ST 2N D
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TABLE.6.2 Modal part'g;:.ipation facters, n‘atural
, ) frequencies, pseudo-velocities, and error _
. factors for framed-tube building.
- \
, MODE | ANALYSIS B A §§, _(ks;,)mVS)L'sv)l
) NO. NO. ' (rad/sec)|(ft/sec) | (error factor)
1 1.35, .740 311 | . 1.000
1| o2 1.35 749 /315 _1.0z5
; 30 1135 759 319 1.052
; 4 1.34 791 332 1.141
1 .510 “2.25 .525 1.000
v 2 2 511 2.28. | .s525 1.013
_ | 3 513 |-, 2.31 .525 1.027
E VIR 503 | .2.40° .525 1,067
1 .264 "3.92 1 525 | .1.000
) 3 2 .265 3.99 .sziﬂ 1.015
° . 3 .265 4.03 .525 1.028
' “ 4 2263).”: 4.16 .525 1.061
N 1 176 5.43 .525 ~1.000
. .4 | L2 176" 5.51, . " 528, "1.015
s 177 5.59 525 " 1.029
4 176 5.75 525 )T 1.059
A

o
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CHAPTER VI1I

3

NATURAL FREQUENCY DETERMINATION FOR PLANAR AND
TUBE-TYPE STRUCTURES

\ -

7.1 INTRODUCTION ‘ ) ‘ . ‘ N

This chapter provides designers and researchers with
two simple methods 'of determining natural frequencies of
planar and tube-type structures. The fir§t, moré accurate
method requires the use of a simple frequency equation. -
&he Buckingham 7 theorem (30) is used to partially solve
the equation as the product of two functions. ‘The
undetermined variation of the second function is found to
depend on'three dimensionless- parameters. ‘Many computer
runs varying these parameters provided characteristic
points which were plotted to give design curves for the
second function. These curves in conjunction with the

first function provide the natural frequencies of a wide

range of structural characteristics.

The second, more approximate method reduires less
computations, and applies strictly to framed-tube

buildings. The building is modelled in such a way that

L. . . A
modified natural frequency equations for cantilever beams
. 7

. 4 .
can be used. The modelling which yields the most accurate

.results for different building characteristics is sought.

Q ”

M emed L
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»

7.2 SCOPE AND LIMITATIONS ' ‘

e . »

\The two methods ofKﬁatutal frequenqr'detefmination

preseﬁted, are within the following scope and limitations:

1)

2)
3)

A)

5)
6)

7)

»
®

Only the first two translationél natural
frequéﬁcies for,vibratioﬁ afgng the depth (A) of
‘the structure can be determined. |
Linear elastic behaviour. e

The stiffness properties must remain constant
through the structures (i.e. the structure can be

idealized using a single orthotropic membrane).

Infinite horizonal rigidity is assumed (i.e. all

the points in a horizontal plane displace

equally).

Structure is fixed to a rigid foundation.

Three-dimensional structures .must be rectangular

1 b ]

'in plan

Mass distribution along the height of the
structure mus;(be uniform or at least
conptentrated uniformly along many (>4) equally

spaced intervals.




8) The first method can be applied to tube-type or
plénar structures. The second method is strictly

for framed-tube buildings with members of

a

~rectangular cross-section.

-

7.3. BUCKINGHAM 77" THEOREM APPLIED TO NATURAL FREQUENCIES

)

The variables affecting the natural frequencies of the

structure along with their basic dimensions are described

below. ' __— )
é

variable : dimension r description :

‘A f L width of structure.
' B ' L “ depth of structure.

t ' _ L = thickness of elastically

.o equivalent orthotropic
membrane.
H . L ~ height of structure
E ‘ M, 1r2 . equivalent vertical

Y - N
’ ‘ - elastic modulus.




\e

ny ML~ 112 * equivalent shear modulus.
-1 mass distribution along

the height of the
structure

natural frequency.

where L = 1eﬁgth ) .
‘ . - 4
M = mass
T = time \ ' _ / C
All the above variables are known to be essential to the
solution, and hence some functional relation must exist.
fl(A,B,t,,H,gy,ny,m,,\) =0 | C ©(7.1)
The Buckingham TT theorem allows a reductioﬁ-in'
variables. ' There are eight variables and only three
dimensions; Eq. (7.1) can be expressed using 8 -. 3 = §
dimensionless parameters (T ) as
“Fa.(”-,ﬁa,m;m)m) =0 ‘ . (7.2)

Tr, ) sz) ﬂ, , ’Tq' Ty must be found.




-

’ ) ] 3‘2

Since there are three dimensions, three‘repeating variable
(which together contain all the dimensions) must be

chosen. H,lEy, and m yields 7r's with the best physicai .
;eaning.

J
ﬂ, = Hx' E)' w A
- ;Hx‘ Ey)a. ml‘ B
- T = H'E w4
. HX« E)yq A G;)
= H* £ A

=

2 =
i "

Since the-7r's are dimensionless,

f?r 7/' , (L)x.(ML-;T-J)%(ML—n)vZ:(L) - MoLo Tho ) B

P

from which

Xi=yi- 2 +1 =0 : B
‘lj, = '
pJ *Z' - = ¥]

thus X' = "‘ y, =0 Z, =0

£

Similarly for [l , Xzl V.0 - 2,:0

Similarly for /7; ) X; = -1 : V3= 0 Z, o) o

Vv asme e ' - L S o M
v ) p g 12 S, o w E e w o hams AR e i & ki TAD e b b *ae k.
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For ”‘:‘ ) (L)x‘l(ML-IT'J)‘)q(ML.l)!q(ML.,T-J) : L°« T° ﬁ"‘
fr;)ll\l which

-

,xq‘y,, "Zq‘l =

o
“1)&‘ -l=o0-
© gty =0
thus ) : .
Xy 0 yy=-| Z,=0
s \
‘For 775-)

(L)xs (’ML-lT-J)y-"(ML")zS(T“') = LO Ta mo

4

from which

Xs = Y5 -Z5

= Q0
‘1)5 "' = O
¥ YS * l; = 0
thus , N
| Xs20  Ys:-l/a . zg= /2
. phe five dimensionless Wﬁ;ﬁwﬁarametegs are N
IT,= A/H
T, = B/H 2
Ty = t/H ' A
= E
1y ny/ y
I

L
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Eq. (7.2) can now be expressed as

£, (WH,B/H,t/H,6, /B, AJm/Ey) = 0 (7.3)

14 . ,
or . ’ |
p .

A

£, (H/A;H/B,t/H{Ey/ny,,lJﬁK/E) ) =0 (7.4)
] ' .
Eq. (7.4) can further be manipulated to give
A [P = €, (/A /8, ¢/H,E/6, ) - (7.5)

E
or ) ) N :
A = /%%r £ (H/AH/B, E/HE /G, )| (7.6)

This is the limit to where the 77 Buckingham theorem can
\

be used. d
Eq. (7-6) can further be simplified by noticing that

the element stiffness ma?rices shown in section 3.2 and
|

3.3 are directly proportional to-t. Since t is constant
throughout the structure, the facade stiffness matrices
and global §tructure stiffness matrix are|also lineérly'
.proportional to t. Recall the eigenvalue problem oﬁtained

. ¢ {
from free undamped vibrations yielding Eq.[(4.45).

.S | o
Xlife} = (Rl RS




Let (R¥] = £ [KT ©(7.8)

Thgn EQ; (7.7) becomes . i
XM@- i (7.9)

) (;A_)lm]'{g}:[f‘].{fa} . - '- RENCRTS

2z

[

From this equation it can be -seen clearly that the natural
frequency is.directly p}Oporfional to the square root of
the thickness (i.é./l°<437). This means that f(xj?.

Since f4 can be factored by JZi and ;ne}of the

dimensionless “parameters is t/H, then’f4 can be factored

by Jt[H.

A = .—E_.)_L_ f(H/A,H/B,?y/gxy) ‘ . (7.11).
= H ,A
Let Eys’ Fs’ msi Hs.be a set of standard

N . . i
. (constant) values, then the natural frequency for this set

4

of values 'is

As = By A E(H/A,H/B,E /G . ) (7.12)

ms Hs o Q\

LY
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\_ T
which depends on three dimensionless paraméte;é.’A4 is
termed "basioc frequeney". Diviaing Eq. (7.11) by Eq.

'o‘(i.la) yields '(
7 A ,
" (7:13)

LoANEREE . e

For a given structure, H/A, H/B, and Ey/ka'ape known,

and Ag. can be'determfné& through Eq. (7.12.) 1If E_, t,

. \ y
m, and H, are also known, then-A can be calculated using -

o

Eq. (7.13.)

’

'y ‘ . .
For convenience the standard constants-are taken as

. [
n' N -
>

, _ 6
Bys . = 10 r
I
' Hg =102
— L a8 o ‘
— my . =10 _ o ;
N tS = 1 ) - L o‘
- . ‘ 7 .
, . ' V) ) o : . ]
N s Eq. (7.13) becomes H{(\\ .
Y . - o
% : A= A JE & ' (7.14)
N m_H
’a),/ " B : : . ° . .




£

0
L)

A has units of time ! ;,hsmdst therefore be unitless,

and the standard constants may be taken as unitless.

t

}' ‘Many computer runs using TUBE were performeéd.leading

"Fg'graphs of A for a wide range of H/A, H/B, EyLny

values and the standard constants. Because of symmetry
only one half of the planarvstructu%e and one quarter'of
"the tube—typé stucture was analysed. For the remaining

ﬁqdelf 10 levels were used in conjuctioﬁ with 4 refined

~

elements horizonta11y~spaﬁn;ng each facade. Figs. 7.1la/- "~

r show the variation‘oﬁ‘lsfor the first and second mode.

v
- -

g ‘ ‘
7.4 SIMPLE STEPS FOR NATURAL FREQUENCY CALCULATIONS

t

°

The following set of steps may be followed .
chfonolhgically to obtain the natural frequencies of

planar or tube-type structures. ' .

For soiid walls,

use the elastic broperties of the actual

STEP 1. Determine tE_ ‘and tG.
] etermine tE Xy

material. FoT orthoéonal gridwork of recfangular.
b cross-section, use,EqS. (2.3) and (2.8), These
‘'values may always ‘be determined by equating the

deflection of the discréte structure obtained

’

]

«



: g . 1}3

4 ]

: , experimentally, and the equivalent membrane
A . ' E . , I

) : . obtained theoretically (See sectjons 2.3.1 and
| N 2.3.2). '

..-

"vSTEP 2. Determine H/A, H/B, E./G :
. etermine H/ | /B Ey/‘xy ;o

STEP 3. Determine the basic natural frequency (Ag)
LY B 4 '/ “ .
(1) For tube-type structures
v - For the first mode, use Figs. 7.la - é

- For the second modé, use Figs. 7.1h - p

1 I

-

~(2): For planar structures

L

: . ‘ "' - For the first mode, use Fig.{7.1q‘
- Fon\the second ﬁodé, use Fig;r7.lr

3
N ) N ~

’ 3

o 'STEP 4. Determine ' A | \\

T = the linear mass density along the heighf of

the full ?@Tucturé , '

- ‘ -

STEP 5. Determine A for. each mode.
f':. . . ' §

\ - /1h= '/(”/_—' E, £ - (7.15).
- - R Y mH - | -

T X




The following examples should familiarize

where n =

mode number
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the wreader

with the method while giving confidence in the results.

'

. cantilever beam of section 5(2

STEP 1.

i

STEP 2,

~ STEP 3.

STEP 4,

O da

3|

tE, =1 in. (30,000 ksi) =
t6,, = 1 in.(30,000 ksi) =
- o 2(1 + 2.5)
'H/A = 48.in./12 in. = 4
H/B = 48 in./6 in. = 8
G.. ~= 30,000/12,000 =
By/Sxy 7 1

Using Fig. 7.1d, Ag, can be
Using Fig. 7.1k, Ag, can be

5

0.262

Ay

1.210

i

0.284 1b/in>(2)(12in.

"32.2 ft/s> .

0.3175 slugs/in.

The first example to be illustrated is'the box

30,000 kips/in,
e
12,000 kips/in.

o

determined.

determined.

//’—/j‘

+ 6in.)(1lin.)




3

(30,000,000 slugs,(IZin.)/Szin)

140

w
—
-
"o
v
|
-
it

m H 0.3175 -slugs/in (48 in)

v
it

4860 rad/sec

1,270 rad/sec

p
H

4860 (0.262)

i

- : /{ 2

4860'(1.210)

-

5,880 rad/sec
' g
The resulting frequencies are close to those
calgulated ﬁreviously. .
The second example shown below is for a steel '
cantilever ,beam of rectangular cross-section. The

following data is required for the analysis:'

E = 30,000 ksi
J =0.25
- /° - 0.00882 slugs/in - °
H = 500 in.
A = 50 in.
t = 50 in.

_From beam theory, the natural frequencies are -

/{h =-Cn -EQL; ‘, ‘ ,
. - JmH 1

~

where C, = 1.8752 and C, = 4_6955.‘\

~

/



o

1

—
N

/ ) L

.

N 4/
For a solid: rectangular crossﬁsegg on

| 1=t (A)°
12 '
resulting in : SRR L
A = L (AN JE £ :
h=0Cn/L __) £ C (7 \
fald) far |

Note the similarity of Eq.(7.15) to Eq. (7.17) 2 K
If the present method is to/yield equivalent answers as

beam theory; then
\

v
I¢]

Note that Asn for beam theory depends only on H/A (i.e. -

independent of,Ey/ny). Pitting values in the above

equation yields \

‘_}/
"

- o .
(:.svs_f/L(zo_y': 5. 0321 R
.« yJJa\5o00 C .

. b]
(«q'_”fl) ﬁ(%% )3

" S
[
*

]

o.201 N

I

- v



& .

142

Using the graphs

1) t = 50 in.

f ' ‘ G‘xy= 30,000 ksi = 12 ksi
2(1 + 0.25) |
. _ / ,
| | | AEy = 5oin[3XIo7s!u]s(/1in)/s?'in] = /)8 X/Omslujsﬁ‘L
P \ ) | 'f.G,) = S\Oin[/leq-’SlaJs(l.l iny/sin) = 072 X /‘o"°_glujy/;.1 T
] ‘ \ . - : . //
2)  H/A = 500/50 = 10
, B \\ =0 |
=1.8/.72 = 2.
Fy/ny | / 2.5

" 3) From Figs. 7.1q-and r respectivély, /L, = 0.0318

’ \ | Asa = 0.193
¢ -These values are vefy close ‘to the.-ones calculated
above using beam theory.
C
For the planar frame of section 5.4
-~ . - . \“
. / .
1) Using Eqs. (2.3) and (2.8), tEy and thy are
calculated to be 128.9 X 10° 1b/ft and 2.569 X .
\\ . ' ‘ 10% 1b/et respectively. ‘
N . - .
\\
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‘2)  H/A,

= 480/12Q0 = 4
B =0
’ 6 = 129.8/8.563 = 50.2
BY/ Xy
3) From Fig. 7.1q,. A_s, = 0.082
| . .
‘ - From Fig. 7.1r, . Ay = 0.245
\ , |
R /sooxmisﬁ%sﬁ-_ x Storey, 1 mgsluzs
‘ Sl S"’OFC» /J'ﬁ‘* ‘ 33.1‘”‘./51 ,‘_‘_‘P A
| 5y JEe L - /289 Xty /5 = 7.593 radfsec.
' m H 458 s!ugs/f}’. (g0 f4,)
AN

A, = (0.082)7.593 = 0.62 rad/sec.
/{:LA = (0.265)7.593 = 2.01 rad/sec.

These values are almost identical to those previously

ca?culate'd for the second analysis of section 5.4.
The last example presented. here is for Chan's
Lt '
- framed-tubeibuilding presented in section 5.5.

4

1) Using equati?ns (2.3) and (2.8), tEy gnd thy

are calculated to be 128.9 X 10° 1b/ £t and
2.569 X 106[1b/f'q. respe‘cti.vely.

t

2) H/A = 480/120 = 4




section 5.5 are 0.740 and 2.25 radians per second

144

H/B = 480/200 = 4
E./G._ = 429.8/8.563 = 50.2
Ey/Gy /

3)  From Fig. 7.1d and k, Ag'= .138 and A, = .420

respectively

q) = 200X slugsfh  storey | = 9301 .suig's
: s storey 12 ft." 7 322p1/52 1.

¥

5) [Ey A ’:/1.28.‘7 X0 shuss f/°04. " _ 53¢ rad/sec.

P H (930 sl /pa G0 P4)
A, = (0.138)5.396'= 0.741 rad/sec.
/11 = (0.420)5.396 = 2 ..25 rad/sec.

The first and second natural frequencies obtained in

4

respectively for analysis 3.

" 7.5 CANTILEVER BEAMKMODELEING OF FRAMED-TUBE

BUILDINGS FOR FREQleNCY CALCULATIONS

PN
¢

Natural frequency calculations using "the design curves

may prove ihconvenient for prgliminary design. Determining

the equivalent elastic orthotropic membrane
: : . ,

ke €kt o




' Ve
N

.
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properties Ey and Gx is often tedious. A simple

y
method of natural frequency calculations using a
‘cantilever beam model is presented here. All limitations
presented in section 7.2 apply here also. .

For a cantilever beam, the nth natural frequency along
the depth (A) is given by Eq. (7.16). Treating Chan's

framed- tube building presented in section 6.2 a cantilever
7 . . '

-

beam in which : -

R ACLY 0.1
i
. £ {
columns Y |
where d = distance from the neutral axis to L‘l‘
column i ’1‘
L
AC = cross-sectional area of column i, \\
" \
4

the moment of inertia was detelimined to be 346,285 ft
“of which 70% \;vas contributed by the no'rmal facades (nuoymal
"to the vibration direction), and 30% by the parallel
facades' (parallel to the vibration direction). From Eq.
(7.6), the first.and second natural frequencies were
determined to be 1.934 rad/sec and 12.12 rad/sec '“)

resg,ec':ltively. These values are 2.4 and 5 times greater

~
than those determined from the design curves. .These’

1




errors are too iarge for any reasonable preliminary
design. From the design curves, frequency is s.een to be’
‘more sensitive to A than to B; the reverse is true using
the beam vibration equation. This is one reason why Eq.
(7.16) applied to framed-tube structures is fundamer;tally
incorre;:t. The form of Eq. (‘7.16) will be altered to take

care of the errors involved.

/lh XCh/__l_Lﬁﬂi), | (7.19)

[y

where X

= a correction factor to be determined
I, = moment of inertia of the parallel facades
including corner columns. - !
I2 = moment of inertia of the normal facades

excluding corner columns. |

A = a factor to be determined specifying the

percentage of I2 to %e considered.

“




M7

Because it is now known that for framed-tube

~structures, the parallel facade is of greater

' ‘ : importance,,e-is introduced so that only a fraction of the
normal facade moment of inertia is considered. Eq. (7.18),
is valid only for a linear distributipn of axial column
deformations; the shgar lag phenomen;)n inhibits this
behavior. The correction factor X takes into account this

QV’* discrepency along ‘with the effects of & . “The A sought

is that which yields the smallest variation’of X. From

‘Eq. (7.15) and Eq. (7.19).

Ao [Ext _ XC» JEQAL)
- ym H i H .

3

Xl=(’i"‘)l E#‘tgz | ‘ (7.20) .
G/ EQL +/€IJ)‘ ‘ )

ff‘\om'which

\

Substituting Eq. (2.3) yields

-

Xl - (/ts‘n)z E iczac H3
Cn WCy(I. '};AI;) \‘1 :

T

(7.2;)
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2 | 2
but 1, = Y2 Acdi = Uk 4 ¥ d] . o (7.22) ¢
Summation is over one half of one parallel facade.
! S
1= vide wZ | . (7.l23)-
where w = bay width
° o &Na ,
Z = i i* if Ng; is even (7.24)
': 5 B ) '
" <
s'(Na.ﬂ) ,
‘ L
= -1
i (L ) . if NB] is odd (7.25)
' L= ‘ . ' N
° - k
rd3| = No. 'of bays in one parallel facade
T, = 20 VA =L 4 d AANea-) 26)9
S B2 2 = 'i cdcﬁ ( 81 | — (7~326)
. where NB; = No.  of bays in one normal facade

A

[}

'depth of one parallel facade

. =F




1%

v

Substituting Eqs. (7.23) and .(J7.26) into (,7.2'i) yields

-

o ' ) 2 ) 3. . ,‘ . ' ‘
xlz(jﬁ) ‘ H o (7.27)

; Crnl WLyluw'z +3 BA*(Nw1))

e

3 . . v

Replacing w with h/Na| giv"q_s'l"z.

?

'Xl = (/‘sn) o] (H/Af;’~
Cn C,[Q(T\',;)’z-jt ,5(%1_;"_')]

v

K

At thi's point, -several approximatins @are made. An average‘

val"t'Je of Cy for framed-tube structures is 0.9. . From the
basic frequeﬁcy curves (Figs. 7.1a—q)‘, for a given H/A,

the ﬁ.m does.not vary too much. Xm of Eq. (7.28) will: be

a

replaced in accordance with Table 7.1 derived for H/A =

LY

H/B ‘andkEy/ny = 50. The ratio Ey/ny- of most

framed- tube structures varies between 30 and 80, Téble

7.1 also displays Eq. (7.27) incorporat'in’g the above

approximations. Note that for a given H/A, the X value

r . .
varies only with Ng, , NB;; and A, (i.e. Y=£(Ng NoayB)).
Values of Y were computed for all coinbinations of Nag, =
8,9,10, ...,24 and- Ng = 8,9,10,...,24 and .4 = Zm ‘

0.,.1,.2,....,1.0. Several of these, values are shown.

I
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in Table 7.2. Note that as/g decreases, the percentage

var1at1on of Y for d1fferent values of Ng, and h%; also

decreases. For/g 0., this variation is the smallest; an

average value for Y is taken as 1.55 for h&,-— Ng, = 15.

-

(7.19)~now becomes

.
»

An = X‘C,,/_ETI—',“—' O 7.30)
TR R

'
v .
: R
v ' .
) 7 N
g B . N
B

r -

¥
The .value of X is obtained from Table 7.3. It'emp now
e
be ‘seen clearly that X takes into account the errors
Y
involved in moment of inertia calculatlons u51ng Eq ,
iy

(7.18) -and the effects of ignoring the normal facades.

Errors in using Eq. (7.30) are usually within 15%, but

A Y

this value can be sighificantiy decreased. The major.
source af error is 1n the approx1mat10n of Ash fbr a given
H/A. For framework with deep members X shoulg)be |
increased by a factor of 1.1. For framework with shallow

members, X should be decreased by a"factor of 0.9. The

‘number of bays within the parallel facade should be

’

. between 8 and 24. For these two extremes, multlply X by
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0.94 or 1 05 re;pectlvely If these tﬁo rules are
followed errors will usually remain withip 8%. V
Eq. (7.29) will be used on Chan's framed- tube ‘ )
building. The follow1ng values were computed. “;’ : ~

’ I, = 103,300 £t
Q

W = 9317 slug/ft .
E* = 432 X 10% pst. . - .
H =480 £t '
H/A = 4 ] ,

At’.? . ' ' .

4 ‘ ;

From Table 7.3, X1 = .72$ and'X2.§u.352

e

\
The frameWork if fairly normal, and the parallel facades

have 16 bays, therefore the values of Xl, and X, are

> unaltered. The first two natural frequencies are

% L]

0.125 ( 3.5/4)/7(31 XIO‘psP)(IonooM'? = 0.795(3.57¢)(0. 30) = 05 rad/sec.
, (3317 :nugs/n)(usom"

i .

>~
A
]

'OUSA(JJ.ozq)(o.so) = 2.33 rad/sec.

A [

These values are respectively 3% and 4% greater than those

obtained using the basic natural frequency curves.
{

/ S, ' 4
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‘Table 7.1 Average Values of Ay and X for.different H/A
values taking Fy/ny" = 50
MODE 1 MODE 2
*\ v . N
" H/A Asi X Asa . X
10. .065 .872Y 22 L471Y
8 081 |\ L777Y .26 .398Y
6. -.103 | es2y .32 .318Y
, \ .
4 138 .468Y .42 .227Y
3 1166 .366Y .50 LI76Y
2 210 .252Y .63 1217
. T ‘ , v .
1. .310 131Y .91 .0616Y
[ .(_L)B’ ' (N.;-n)]"“fi‘
* Y = L8 Nei Z +. /5‘ N

(7.29)

e il




Table 7.2

~
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Y values for different &, Ne,, and Ns2 values
A Naz Nsa.
£,
8 16 24
8 . 1.46 . 1.46 1.46
0. " 16 1.58 1.58 1.58
24 1.63 1.63 1.63
.8 1.05 .843 .724
0.5 ’ 16 1.27 1.07 .946
24 1.38 1.21 1.08
’ 8- .862 .653 . .547
1.0 16 '1.09 -.865 ,738
24 1.22 .999 .866,




.

A

"Avetage X values for different H/A r.atiés

'talfing Ey/ny = 50, Nm,= Nea = 15

~

H/A

MODE 1 MODE, 2
10 1.35 730
8 1.20 617
6. 995 - 493
4 725, .352
3 567 .272
2 391 .187
1 203 .0954

' R

i

.\ o . Vb ———
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CHAPTER VIII

CONCLUSIONS AND RECOMMENdATiONS

8.1 CONCLUSIONS

‘

The equivalent orthotropic hacfoelemént method has
been adopted and implemented. for the .efficient dynamic
analygis of planar and tube-type structures consisting’of
frames, shear?walls, coupled shear walls and their
combinations. Frames magt consist of rigidly, connected
horizontal beams and vertical columns. Repetition of
dimensions over~1$rge{borziqns of the structure‘i§
required for efficient implementation-of the nethod.

The technique requires replacing discrete beam- c olumn
systems and bands of lintel beams by elastically
equfvalent orthotropic membranes.” Expressions for the
elastic propeptiés of the rembranes were presented; they
' take into account axial column deformations, bending and
shear deformations in beams ané columns, ahq finf;e si;e
joint deformations. The equivaleﬁt structure 1is
subsequently discretized by.eithe; of two specially

4 .
orthotropi¢ finite elements. It is noted that although

the membrane properties have been obtained analytically,

..
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4

they may also be determined experimentally or by detailed
finite element analysis.
A general large capacity sgmputer program (TUBE) was

developed for the static and ea thquake spectrum analysis

.of the above structures. The program was developed for

minimal memory storage requirements, as well as effort for

data preparation.

¢

The efficiency of the present method is 51gn1f1cant1y
greater than others presented; only 1/4 of the'globa‘l
dynamic degrees of freedom were used to obtain comparable
resul;:s. Convergence of higher natural frequencies was |
shown when 1ncre351ng the number of 1levels in the model
WIth respect to the translational naturalo frequenc:les of
wall-frame structures, and framed-tube structures, the
facades normal to the vibration direction have little
contribution so that preliminary‘,estimates can be obtained
by considering only t}:e ﬁaréllel facades. Enforcing
vertical compatibility at facade junctions yielded
significantly higher natural frequencies'so that f‘acad.es
.cannot. be assumec{ to act 1ndependent1y of each other.

Large perforations in planar and tube- type structures
cause ‘shear lag SO that 1nte\1 1 normal forces in columns

measure of, shear lag

form a nonllnear varlatlon.

" severity (nonline%rity) was expedited through a shear



-
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" the natural frequencies and internal column axial forces.
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lag parameter which is the ratio of the equivalent shear
modulus to the equivalent vertical elastic 'modulus of the
membrane. It was dis,co'vered that increasing this ratio
produced higher natural frequencies and a more linear
column axial force distribution especially in the parallel
facades. 1In terms of the actual structure, this can be
done simply by increasing the beam depth.

Flexibility of finite size joints in planar fra;nes and

framed- tube buildings was found to significantly decrease

L4

. Shear deformations in the members were determined to be

less significant and can be ignored at least for
preliminary design.

" Two methods of dete'rminivng natural frequencies of
planar and tube-type structures are. presented in the form
of graphs and simplified equations. The first method is
simply a compilation of data'obt?ined by TUBE using three
dimensionless parameters as variables. To ensure good
accuragy, the equivalent structures was refined to 10

levels and 4 elements horizontally spanniz-xg‘each facade.

,The second, more approxmate method is strictly for

framed- tube structures, and attemps to mode# them as

cantilever beams. ‘The results of the first method are

approximated to yield a modified cantilever bean frequency

%




174

equation'which considers only the parallel facade inertia,
and a correction factor. The errors are expected to

remain within 15%.

8.2 RECOMMENDATIONS FOR FURTHER STUDIES

The present method is confined to the elastic §tatic
and elastic earthquake spectrum analysis with a possible
ductiiity factor consideration for approximate
elasfic-plastic analysis. Loads and ground motions are
considered only in horizontal planes; the analysis can be
extended to consider loads and ground motions in vertical
planes. 'Extens\i\on of the method for stability analysis'
and optimization st;udy is also possible. In addition, the
following aspects could be'investigated.

. .
1) Obtain the equivalent membrane properties of the
Ebasic frame unit for membérs. of nonrectangular
cross-section. “Ex'paerimental or detailed finite
eiement analysis are possible routes, and may

improve the membrane prbperties of the unit.

~
o
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2) Improvement of the finite element stiffnes's:

-~ 4

matrices by using hybrid stress elements or

incompatible displacement models.

3) Extension of the p~rog'ram procedure for the

analysis of tube-in-tube structural systems.'

(4) Extend the analysis for a consistent mass

*

formulation.

< - .
o

(5) TUBE can be altered and appended to include

earthquake analysis by the direct numerical
/
integratin of the equation of motion.
, . ’ ‘

(6) 'Arialysis can be extended to consider plastic |

behaviour.




(1)

(2)

(3)

(4)

(5)

(6)

(N

(8)

tCanaaa 1978.

U

176

REFERENCES

Moselhi, 0., "Ana1y51s of Perforated Walls and .
Tube-Type Tall Building Structures", Ph.D.
Thesis, Concordia University, Montreal 1, Quebec,

Khan, F.R., and Amin, N.R., "Analysis and Design

of Framed Tube Structures for Tall Concrete .
Buildings," Paper 3, ACI Publication SP-36: .
Response of Multi-

storey Concrete Structures to Lateral Forces

1973, pp. 39-60.

Chan, P.C.K., "Static and Dynamic Analysis of .
Framed-Tube Structures", Ph.D.Thesis, McMaster ;
University, Hamilton, Ontario, Canada, 1973. :

Stafford-Smith, Editor, Planning and Design of
Tall Buildings, Vol. CB, Chapter 21C, Revised
Draft 1, March 1976. -

-

Fazio, P., and Ha, H.K., "Sandwich Plate
Structure Analysis by Finite Element,' Journal of
the Structural Division, ASCE, Vol. 100, ST6,
June, 1974, pp. 1245-1262. b .

!

Ha, H.K., Fazio, P. and El-Moselhi, O., . i

"Orthotroplc Membrane Analog for Tall Building

Analysis," Journal of the Structural Division,

ASCE, vol. 104, No. 9, September, I97%, pp.

1495-1505, ' . ' " .

Zienkiewicz, 0.C., The Finite Element Method in ~
Engineering Sciences, 2nd Edition, McGraw-Hill
Book Co., N.Y., 1971. ’ '

\ !

v

Troitsky, M.S., Stiffened Plates - Bending,
Stability and Vibrations, Elsevier Sc1ent1f1c

Publ. Co., N. Y., 1976 ..

-

\
i} -y




(9)

€10)

(11)

(12y

~(13)

(14)

(15)

(16)

()

177

Troitsky, M.S., Orthotropic Brlgggs - Theory and
De51§n The James F. Lincoln Arc eldlng
JFoundation, Cleveland, Ohio, 1967.

‘Flugge, W., Stresses in shells Springer- Verlag,

N.Y., 2nd Edition, 1973, PP- 295 310. - ‘

Flower, W.R., and Schmidt, L.C., "Analysis of_
Space Truss as Equivalent Plate", J. Struc. Div.,

. ASCE, Vol. 97, No. ST-12, Dec. 1971, pp.2777-2789.
1 ’ A ,

Beck, H., "Contribution to the Analysis 6f -
Coupled Shear Walls'", J. Am. Concrete Inst., Aug.
1962, pp 1055 1070. ~3 , o

Rospan, R., "An Approximate Method of Analysis of
Walls of Multi-Storey Buildings", Civ. Engg: and
Public Works Rev. , London, Vol.59, Jan. 1964,
pp.67-69. .

s

Bazant, Z.P., and Chrlstensen, M., "Continuous
Approxlmatlon of Large Regular, Frameworks and the

3

Problem of a Substitute Erame",

Paper 13, ACI

Publication SP-36:

Response of Multlstorey

1973,

. Vol.11, 1976, pp.69-78."

. Cook R'D

Concrete Buildings to Lateral Forces

257 280,

Coull, A., and'Bose; B., "Simplifiég Analysis of
Framed-Tube Structures'", J. Struc. Div., ASCE,
Vol. 101, No. ST-11, Nov. 1975, pp.2273-2730.

/ ' \

I

Khan, A.H., and Stafford-Smith, B., "A Simple
Method of Anal¥sis for Deflection and Stresses in
Wall-Frame Structures’, Building-and Environment,

Concepts and Xﬁp11cat1ons of Finiite
Element Ana1y51s, John /Willey & Sons, Tnc., N.Y.,

197787

.




e

7/

(18)

“

&

L o~

(19

.

- (20)
(21)
(22)
(23)

- (24)

(25)

(26)

»
.

™~

| Ha, H.K. "A Multlpurpose Gauss Routine for

Unbanded Symmetric Matrix™, International Journal

for Numerical Methods 1n Englneerlng, Vol. 14,

o4

Cantin, G., “An Equation Solver of Very Large
Capacity", International Journal of Numerical

Methods in Engineerigg, vol, 3, 1971, pp.379-388.

Corr R.B., and Jennings A., "A Slmultaneoug
Iterytion Algorithm for Symmetr1c Eigenvalue
Problems”, Internacional Journal for Numerical
Methods in Engineering™, Vol. 10, 1976,
pp.647-663. o : .

" Clough R.W., and Penzien J., Dynamics of .
Structures, McGraw-Hill, Inc. U.S.A., 1975. .

1

Associate Committee on the National Building
Code, National Research Council of Canada,
Ottawa, The Supplement to the .National Bulldlng
Code of Canada 1980, Canada, I980.

- Goodno, B.J. and Gere, J.M. "Analysis of Shear
Cores Using Superelements, J. Struct. Djv. \
ASCE., Vol. 102, No. ST 1, January 1976,
pp.267-283.

N

i . -

Wilson, E.L. and Dovey, H.H., "Three Dimensional

‘Analysis of Building Systems", Earthquake
Engineering Research Center, Report No. EERC
/2-8, University of Ca11fornia Berkeley,
Cali fornla December 1972.

ACI Committee 442, “Response of Buildings to
Lateral FoRFes" J. Am. Concrete Inst., Feb, ~
1971, pp. 81 106. . .

De Clercq, HI, "Analysis and Destgn of Tube- Type
* Tall Building Structures", Ph.D.Thesis, -
“4University of California, Berkeley, 1975.

AN




. /
! ~

(27) Khan, A.H., an ~Stéfford-Smith, B,, “Resfraining -
: Action of Bracing in Thin-Walled Open Section i

‘Beams", Proc. Inst. Civ.Engrs., Part 2, 1975, 59,
( Mar, 67-78. \ —

N » N <
~(28)  Lim, L.C., and McNamara, R.J., "Stability of _
, - Novel Building System'", Proc. Int. Conference on
Planning and Design of Tall Buildings, Lehigh,
1972, Technical Committee No. 16, SOA Report No. '
5, Vol. 11, I972, pp.499-524. -

(29) . Streeter, V.L., and Wylie, E.B., Fluid Mechanics, '
- seventh ed., McGraw-Hill, Inc., U.S.A., I979. 7

o~ B . ]
\\
N

¥
N
- e
~.
\ x\\
-
: N
. -
- \
~ - - /
.
~
“ .
— -
'ﬂ'
\
) ~
' ~
’. -
RN Is
~
~ -
1 & A
¢ ’
[
.
\
. -
- LY
¥ -
s o\
X
'
- »
~ v LY
1 N -
- -
D « e e



PR . . ) ./ . ) | ] . -
] . -
h’a? e
. - , 180
- ‘ ; |
\ e : I ! . - . " - - . .
LN
\\ ) ¢ . . - ' . r
e CQMPUTER PROGRAM MANUAL AND LISTING *
- \ . g ' . ' . , " )
A.1 INTRODUCTION ’ e

A large capacity computer program ‘(TUBE) has been

developed for the static and earthquake.specfrum analysis

¢

1 of most planar and tube-type buirdfﬂg structures
- incorpora{ing the developments presented in chapters II,
\ 111, and V. . ’

, ‘ . ")
The program was written in FQRTRAN IV computer

. languaﬁe'and was run on a CDC 6600 computeT using the F&N\
compilen. Auxiliary storage via nine magnetice tapes, and

T

substructuring techniques along with static condensation

procedures allow the efficient use of memory storage.
N ' . .
Reduction of computer time and stqrage is generally °

,obtéined.at tﬁe éxpense of some logs in accuracy.
/ oMiﬂimiiation éf accuracy loss can'béuachieved’thmough
proper structure idealization. Efficient modelling of a
Nstrucfure'via thp»equivalenf orthotropic macroelement -
. method-requifesian ﬁnde;standingfof its characteristic
physical behaviour. Structures that can be analysed by

TUBE have been previously studied;-(1;2;3,14)25,26,27,28,)
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;

(3 . LA

are recommended as references. '

Effort'in'data preparation and possible data er:drs

are minimized throygh the usage of automatic data , .

generation in the .program wherever it i’s possiBle. The

;amohnt of data required is thus keﬁt to a minimum. 1)
S . ' ' .
The aim of this appendix is to clearly describe the
essential features and~16gic of TUBE. This will.assist

4

- the user in,impleméﬁting‘TUBB'Eorrectlx and efficiently
. - v . 5, . -

while faciLitafing any further alterations and
modifications of its current version. ’

. R -
a

-

.
.

The program may perform approximate elastic static

-analysis of structures subjected to lateral- loads or

r

approximate elastic earthquake spectral analysis of .
structurei with an option fot ducgility considerations.

Only planér or- tube-type building structures can be

1 . - : ‘
analysed. Direct examples of planar Qtruqtures‘are frames

consisting of slender or relatively deep members, shear
g y deep ’

-

walls, coupled shear walls, frames. interactiﬁg,with shear
- . .

walls, and clad-frames. ~ Some examples 'of tube:typq

- Fau

building structures include framed-tube structures,

E

core-supported structures with open or closed seefions, *

.

f

N
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- Chapter I.

'A.3 DESCRIPTION OF [THE PROGRAM C

“,

and structures con51st1ng of 1nteract1ng shear walls and

frames fThejf.tubular systems in general are any

: three-d1mens‘onal assembly of planar systems connected at

. \ N M ! . “ : . a N
their edges. Planar frames must consist of herizontal
N At

-beams rigidly connected to.vertical columns. Structures

, Must also satisfy the assumpt¥ons stated earlier ¥n .

»
. ) \’ ) , . ¢34
Structures to be analysed by TUBE  should préferably °

possess a high degree of regularity. ‘For example‘ bey

widths, storey ‘heights.and member sizes should not change

A
- L N

over large portions of framed structures This'is not a
Id

heavy lamltatlon, high degree of regularlty is 1nherent in:

<

,most tall building structures due jo\aesthetlc reasons and

to ensure ease of construction and subsequent savings. in

) L1

time an money (26). U

»

]

~

Most of tﬁe program logic follows the "Analysis

Procedure" section uresentéd in Chapter IV. The progranm

~

can be d1v13@d into three main stages.

)

The fifst stage involves data entry on- two levels:

A
glob7{ strutture 1eve1 through subroutlne DATAl, and local

!

facdde and element level through subroutine DATA2.
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Basically,. in Ehe global~level, the geometry of the plan

N " view and theéfnalysis type .is specified. 'Also, DATAl
. ’ / ' .
oo e directiy assembles the overall load vector in the case of.
A . -’ . | - . I - .
' ‘o » a4 static analysis, or the diagonal vector .representation

©

of the 1umped mass mater 1n the case of a dynamlc

N analysis. At theelocal_yevel facade propert1es (number LY

. R

'j. of elements and their propert1es) are spec1f1ed ‘ -
9 e ) ’
. The second'maln stage is the constructlon of- the"

¥ ' . M N

global struchre stlffness matrlx which corrésponds to the

‘overall.load vector or lumped mass matrix. In this stage,;
the elastic propertges of the.equivalent orthotrbpic

_membranes, for dlfferent elemént types if not input .

o
- N s

-

directly, are evaluated in subroutine EMAT Element
: connect1v1ty and t%?e automatlcally generated in. ELCON
' pravide facade discretization:. ‘Refined or.ordxnary

element stiffness matrices "are generated in RECT and then

«assembled in ASMBL1 to form the%xxxﬂtfﬁcade stif fness

' . ’ ‘

matrix. Ksseﬁbly‘fs‘based on the degrees of treedom
‘
assoc1ated w1th each element. xThe numberlng of the R
degrees of freedom are automatlcally generated in’ LABEL
. ‘} and ad]usted in SYMM if any facade symmetry “is specified.

The local facade st1£fness matr;x is then reduced.by

/ conden51ng all 1nterna1 facade degrees of freedom us1m;\\\\\

GAUSS , amd then stored. on tape 4. Once all reduced local o

-

-~ ) v

<y
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.
t . s -

.faclde stiffness matrices are- stored, they are recalled‘

N .

from tape transformed to global degrees (of freedom, and

! ]

then assembled into the global static structure stlffness
%trrx one- by one within ASMBLZ. Notd that t&ﬁ\ 0 3

transformation procedure for static and dynamic analysis

- . :
LIS g v

differ due to the latter's poss'ib"ly .var'ying. reference '~

position from:level to level. °‘If the analysis is d)_(mamic;

the corner vertical degrees of freedom ‘of the global -

v
v

static structure stiffness matrix are further condens‘ea

~v1a GAUSS to form the global dynam}c structure $t1f.fness

1
»

matrix which is stored on tape 6.

e

Fe In the th1rd and final stage, procedures for the

i

‘statlc and earthqua‘ke analy51s dlffer 51gn1f1cantly For

-

the statlc ana1y51s, dlsplacements membrane stresses, and

member 1nternal forces are evaluated reépecnvely via '

-

‘GAUSS STRESS and FORCE, For the ear thquake analy51s,

‘freqenc1es and mode shapes are evaluated through SIVIBZ

K
.

N mmsequent“‘dl'sb‘facements, level shears and torques, base

. . ) » — ’ & -
shears and torques, and overturning base mements are

determined in MODAL. Finally membrane stresses and member

IS . . ] L]

‘internal forces are determined Note that for each

¢ .

parameter above; except member internal forces the square
root sum of squares (SRSS) nethod 1s used to obtain the.
final responge. The member mternal forces are computed

from the SRSS of membr-ape stresses. -

v
- _ - .

Lo

A

’
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A - .

, In an.effort to minimize.any possible data errors-and

cr1pt1on of

suggestwns are’ based on e per1ence gained through .o T

¢

1mplement1n the program,._ . o - ;o

[

A.4.1 STRUCTURAL MODELLING . - S

4 . - »

‘ U . . )
’ ! s

Besides the rules and definitionsigiven previously in

1

"Section 4.3.1,

v

STEP 1.

[N
-

5

the'follcrwing' steps may be followed:.

3

Sketch™a plan ‘view and elevation of the structure.

Include the reference axes,

- ] N

and- lateral loads or ground

motlon d1rect1on.

“of freedom).

Number each level, corner, and facade

hd

as shown in Figs. 5.1’and 5.5. \

v

STEP 2:

-

Decide whether the structure is to be discretized

using the ordinary element (4-corner nodes, and 6 degrees

of"freedom) or the refined element {8 -nodes and 9 degrees

.

The latfé_r is recommend for the cases where

Y Y.
the effect of shear lag.-is significant, and where there is

JE— N -

"bending of high aspect rdtio structures.

. , \
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STEP 3: .

If symmetry exists, restrain the appropriate degrees
of freedom. Thus, indicate the symmetry type number for

the structure and for each facade. Note that if facade

T

symmetry is specified, then .structure syﬁmetry must also

’ .

' ﬁe Specified. > - v

STEP '4: :
- Draw a separate elevation for each facade disgrétizéd

.

by several elements. - Number each element and its type.

. . ‘ I's
Note that element boundaries need not coincide with beam

’

or column lines.

Al

-a

STEP §: < ‘ | ‘.

Decide on the type of output (i.e. stresses or

internal member forces) and the levels at which they

‘ X
should be evaluated. L. Coe

., STEP 6: (For dynamic analysis only) . - 7

- - !

‘Decide on the required output (i.e. level 'shears and - i)
torques,-base shears and torques, overturning base
moments). )
- ) ™ ° .’
- L 4
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N ’

In addition to the above 6 steps, the following
suggestions may help in dividing the structure into

levels, and subsequently facades into elements.

A N v

o 8 For‘é stdtic analysis, an element can incorporate

¢

as many as 5 to 10 storeys. For a dynamic

analysis masses ére-lumped at levels. . To better
approximate mass distribution, more levels should
©  be used.’, = , o L

2) Three single siorey levels at the base of the

4

structure is a sound rule (1,14,26) mainly

_“because of the high curvature.

.37 A aingfe—storey~level or -more at the top of the
structure is desirable particularly for -

structures deforming in a predominantly bending

o -

mode.

By
1

This is not crucial to the overall behaviour of

3

the structure.

' LY

4) Always providé a finer mesh at stress

P

concentration areas such as facade edges. In

general, the elements at the corners of buildings
& ! ' »

° shqqu incofporate only one bay especially when

using the ordinary element.

N .
' ’
9
, : - s
’
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. A.4.2 INPUT DATA

a

Vid

\

188

~ Undts must be consistent and data cards must be in the

- /sequence shown below. Integer and real numbers are input
,i‘n free-format. .Below will be presented the sequence of
s "czla-rQS, the variables on each card, and-the condition(s)
for the'existance of that card or group of cards.

¥

Very important‘to remember that if the condition(s) in the

It is

\\ ~fight hand side column is/are not satisfied for a

’

particular card, that card must be excliuded. Section

“A.4.3 provides a description of each variable.

g

-
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JCARD {CARD No. INPUT VARIABLES CONDITIONS
GROUP | of -
No. | GROUP , .
1 1 TITLET
2 1 'NDYN ‘
3 1 NF NL NDOF NSHAPE NSSYM NSYM23 NOUT
4 1 M NRQD NOI TOLVEC GES IRENT GAMMA INTER | NDYN=0
5 1 1 X(1) Y(1)
2 2 X(2) ( )
N N X(N) Y(N)
6 1 1 FP(1,1) FP(1,2) FP(1,3) RFP(1,1) NDYN=0
1Ry 2 FP(2,1) FP(2,2) FP(2,3) RFP(2,1) NDYN=0
. ‘77 . . :
NF NF FP(NF,1) FP(NF,2) FP(NF,3) RFP(NF,1.) | NDYN=0
7 1 1 FP(1,1) FP(1,2) FP(1,3) NDYN=1
2 - 2 FP{2,1) FP(2 2) FP(2,3) NDYN=1
NF NF FPNF,1) FP(NF 2) FP(NF,3) NDYN=1
8 5 FX(1) FX(2)...... FX(NL) NDYN=0 NSSYM=1
1 FY(1) FY(2)...... FY (NL) NDYN=0 NSSYM=2
1 MT(1) MT(2)...... MT(NL) NDYN=0 NSSYM=3
1 FX(1) FX(2).....:FX(NL) | NDYN=0 NSS¥M=0
2 FY(1) FY(2)...... FY(NL) ND¥N=0 NSSYM=0
3 MT(1) MT(2)...... MT(NL) NDYN=0 NSSYM=0
9 1 1 XMC(1) YMC(1) MAS(1) RMAS(1) NDYN=1
2 2 XMc(2) YMC(2) MAS(Z) RMAS (2) NDYN=1
| N NL XMG(NL) YMC(NL) MAS(NL) RMAS (NL) NDYN=1
0 | 1 NPRINT(1) NPRINT(2) ...... NPRINT(NL) NDYN=0
PR B NPRI{1) NPRI(2)...... . .NPRI (NL) NDYN=1
2 NPRIN(]) NPRIN(2)....... NPRIN(NL) NDYN=1
3 NPRINT(1) NPRINT(2)...... NPRINT(NL) NDYN=1 NPRI(3)=1
*** Card group numbers 12, 13, 14, ***
*** 15, 16, 17 must be repeated for Fokk
**+* each facade. rokx
12 1 CITITLEZ.




=

13
14

15

16

17

18

19

20

NMAT. 1
NMAT . 2
NMAT. 3

——

NMAT

——r

NGROUP

—

PPN = et et
WA~ WM —

NTYPE

o

. _ .
NMAT NTYPE NGROUP Q§YM INCODE:

Vd
E MU IBENDB IBENDC ISHEARB ISHEARC ISHEARJ
B BD BT
HCD CT .
Same as 1.7, 1.2, 1.3, ”
but for material
type-2.
Sarie as 1.1, 1.2, 1.3,
but for material
type NMAT
\ . .
EX(1)  EY(1)  6XY(1) ° TH(1)
EX(2)  EY(2)  exv(2) TH(2)
EX(NMAT) EY{NMAT) GXY(NMAT) TH{NMAT)
1 ET(1,1) ET(1,2) ETM(1) IEW(1) IEM())
) IEH(2)

(1
2 ETKZ,l) ET(Z,Z) ETM(Z) IEN!Z

°
~

NS(1)
( )

NE(T)
NE(2)

NELT(1)
NELT(Z)

NS(NGROUP) NE(NGROU?) NELT(NGROUP)

u(1,1) U(2,1)......U(NREM,1) .
U(1,2) U(2,2)...... U(NREM,Z) ,
U(T,M) U2, M)...... (mmm .
W(1,T) W(2,1). ... W(NREM,1) .

w(1 2) wgz,z)...,..w(NgEm 2)

w(1 M) WZM). .. W(NREM, M)

SV(1) SV(2)...... SV(NRQD)

190

INCODE=0 -
INCODE=0
INCODE=0

INDDE=0
INCODE=0
INCODE=0

INCODE=0
INCODE=0.
INCODE=0

[ INCODE=1 *

INCODE 1

INCODE 1

IRENT=1 NDYN=1
IRENT=1 NDYN=1

IRENT=1 NDYN=1

IRENT=2 NDYN=1
IRENT=2 NDYN=1

IRENT=2 NoffN=1

INTER=0 NDYN=1
any NPRI=1
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. A.4.3 DESCRIPTION OF TUBE INPUT - )
: - - . - ey )
"TITLE 1 '= .80 spaces are provided for an alphanumeric
, , . description of- the problen.
NDYN = 0 for static- analysis . -
' ¢ =- , 1 for dynam1t analy51s . T
NF = (1nteger) number of facades in the model
~after symmetry considerations.(NF<4)
- N o '
NL . = (integer) number of levels in the model
, N (NL‘lO) . .-
. NDOF =70 for the’ ordlnary element (4 nodes and 6
g - degrees of freedom)-
= 1 for the refined element (8 nodes and 9
° ‘ degrees of freedom)
NSHAPE =" 0 for closed plan shape of model- after
’ symmetry conirderatlons.
A .
. = +1 for open plan shape of model ‘after-
o symmetry considerations
NSSYM = 0. for no structural Symmetry ’
¢ . o (If NSSYM-s 0, then at least 2 facades must
onet be parallel) (If NF = 1, then NSSYM =
0
k = 1 for sg;ucture sxmmetry type one
= 2 fqr structure symmetryﬂtype two
* = 3 for structure symmetry type three
w ; (See Section 4 7 and F1g 4. 3)
© - e N
° [}
L4 \n" Ll
l' @ -

L=

»
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NSYM23

NOUT

"NOT =

s

TOLVEC= .

GES =

" IRENT =

S .
(real) random number chosen between -0.5 and +0.5 )
with at least 4 decimal places used for automatic -
'trlal vector generatlon. .

L] t ot . - °

Orfor automatic generatin of random trial vectors .
1 for user.input of trial vectors
.2 for user input of trial mode shapes ,

(NRQD £ M £ 11

trial’jvectors-4nd the mode shapes)
. Voo
/// '
e / . * .
> N - e

. - , 192

(integer) number of facade edges that are
restrained vertically

]

0 member forces output. | <

= 1 el€ment stresses output at element
midheight coinciding with vertical divisions
specified by IEW of card group 16. -

'# 2 element stresses output at the centroid of

the ordinary element, or at-the centroids of
each half of the refined element cut’
vertically. :

—

(See Fig. A.1)
} . ) . b

(integer) number of trisml vectors gr trial mode

shapes to be used for eigenvector Calculations.

(1nteger) number of vectors required to satisfy
the vector tolerance criteria (see TOLVEC) and
the number 6f modes to contribute to tﬁe
structural responses. &

-

(integer) (NOI + 1) is the maximum number of
trial vector iterations if ‘the vector tolerance - ) ‘
criteria jis not acheived (see TOLVEC), A value ° '
of 10 is recommended

(real) number specifying the maximum error (20)

permitted in the trial vectors. A value of
0..0001 is recomménded.’

(See Tectlon 4,9.4 for the dlfference between the




" GAMMA
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(real) radian angle measured counterclockwise

from the X axis to the line of earthquake
excitation (Fig. 4.4)

INTER

0 for pseudo-velocity input“from datafile

Pl

= 1 for intenaCtiXe pseudo velocity input after

" time periods ar

X(KK)

Y(KK)

=z
]

displayed.

(real) X coordinate of corner number KK. - 7

after symmetry consideratins
(= NF'if NSHAPE = 0) '

(= NF + 1 if NSHAPE = 1)
(NZ’NSYMB must be satlsfled)

" FP(K,1)

FP(K,2)

L]

| FP(K,3)

REP(K,1) =

FX(L) =

FY(L) =

MT(L) =

XMC(L) - =

YMC(L)

#

(real) Y coordinatkgof corner number KK

(integer) number of corners in plan view of model .

Y

(1nteger) number of corner I of facade Kk

(integer) numbeT of corner J of facade K

spanning facade K. (NL x

(integer) number of elements horizontally

FP(K,3) < 90, i.e..

no more -than 90 elements per facade)

to the reference point.

(real) perpendlcular distance from facade' K
Reference points

are assumed to form a vertical line. through

. the structure if a static

0) is. specified.

(real) externally. applied
in the x direction at the
1eve1 L

(real) externally applled
in the y direction at the
level L.

(real) externally applled
level L.

analysis (NDYN =

“

‘concentrated load

reference point of

concentrated load
refernce point of

torque appl)éd to

(real) x-coordinate of the mass center. for

1evel L.

level L.,

{real)’ y-coordinate of the mass center for




4.

-

MAS(L)

n

n

RMAS(L)

NPRI(MM)df

NPRIN(MM)

\

NPRINT(L)

TITLE2

(real) lumped mass of'le el L.

{real) rotational in-plane mass moment of
inertia of level L with respect to 'its mass
center.

0 response parameter MM is not output for
each mode.

1 response parameter MM is output for each
mode.

MM = ' 1 reference point displacements

MM = '2 corner displacements of structure

MM = 3 element stresses or 1nternal
member forces

MM = 4 inertig’or equivalent elastic

‘ forces at the reference points of
each level .

MM = 5 base shears in the x and y

N\ direction and base torque

.MM = 6 overturning base mOmentszabout

the x and y axis ' \
0 the square-root-sum-of-squares of response
parameter MM is not output

1 the square-root-sum-of- squares of r sponse
parameter MM is output S
0 don't calculate stresses.or member
internal. forces for the elements between
level L and (L - 1)

1 do calculate stresses or member ‘internal
forces -for the elements between level L and
(L - 1)

80 spaces for an -alphanumeric description of.

the facade , S
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i

~ NMAT (integer) number of different kinds of
Q'. : materials in the facade. More specfflcally

it equals the number of different equivalent . '

membranes. in the facade. The membrane
- properties are (Ey, Gxy, t). If member -
| \ -+ properties _are input (see INCODE), the
‘ membrane properties are derived from the
" . : : inpdts of card group number 14.- Thus any
.- , : difﬁ@rent combination of E » Gxy, t or
{ C ' card group number 14 within a facade
- ‘ ‘ cdnstitutes a dlfferent material.
Lo (NMAT < 12)

. i , .
y o NTYPE i (1nteger) number of different element types
. in' the facade. Element types are
‘ . ‘ characterized by the material 'kind, height,
© ' width, and internal subdivisions which
: spec1fy stress or force evaluation points.
(NTYPE =< 36) ;
‘ o (See input varlables for card group 16)

I

NGROUP (1nteger) DeSLgnat1ng each element with an
element type number starting from 1,
rectangular groups of 'the same element type -

cam be formed. NGROUP is the total pumber
. of groups. Often, only one single element

or a single line of elements form a group.

'NSYM

0 for.no facade symmetry (If NSSYM = 0, then
NSYM must be 0) :

= :1 for facade symmetry typell

= 2 for facade symmetry type 2 ’

-

3 for facade symmetry type 3 - . ‘

(See section 4.4 and Fig. 4.5)
INCODE 0 if frame properties will be input for the
i , . ’ whole facad® (i.e. card‘group'14§

1

1

- 1f membrane properties will be input for’

- ' the whole facade (1 e. card group 15)
If lintel beams or framed portions exist in |
- o e a composite facade, the elastic properties
o of theif equivalent membrane must be
evaluated using Eqs. 2.1, 2.2, 2.3, 2.8
) prior to executing TUBE ' g

>

/ ‘ ' . ' .

P




MU

BD
BT

H

cD -
cT -
IBENDB

IBENDC
ISHEARB
]
ISHEARC
I'SHEARJ
-]
EX(LL)
EY(LL)

GXY(LL)"
' THCLL)

ET(JJ,1)
ET(JJ,2)

ETM(JJ)

196

(real),Ydﬁng's modulus

(reai) Poisson's ratio

(real) bay width- = ' e

(real) beam depth \ | S 1

{real) beam thickness. TUBE treates the

_beam thickness also.as the membrane ) .
“thickness. . -

v

(real) storey height . - p

.(real) column depth ‘

{(real) column Ehickness

consider bending deformations in beams ..
(0 = no, 1 = yes) .. ' .

consider bending deformations in columns C
(0 = no, 1 = yes) <

‘consider shear deformations in beams

(0 = no, 1 = yes)

'.;.,\_

consider shear deformations in columns
(0 = no, 1 = yes) " .

consider fléxibility of finite gizg joints
(0 = no, 1 = yes)
: \

(real) horizontal elastic modulus for

. membrane type LL

(real) vertical elastic modulus for membrane
type LL .
L4

(real) shear modulus for membrane type LL
(real) thickness .of nMembrane fype LL .

(real) width of element type JJ' ; g

(real) height of element type JJ

(integer) material kind for element type JJ



-

IEW(JJ)

CIEH(ID) -
NS(NN)
NE(NN)
NELT(NN)

NREM

U(A,II)

.

"UW(A,ITI)

SV(II)

I

"\ (integer) n

«
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(integer) number of "bays'" within an element ,
which partly specifies the internal membBrane
stresses or member forces evaluation poings
for element type JJ. (See Fig. A.1l)

(integer) same as IEW (above) buy for
“stories". (see Fig. A.l). .

(integer) number of the bottom left element
of the element group NN.(see NGROUP)

‘(integer) number of the top right element of
the elementdfroup NN (sSee NGROUP)

mber of element type of the‘g

above element group NN

(integer)Nnumber af global dynamic degrees -
of freedom ) : ’

(3 X NL if NSSYM = 0)
-/

(NL if NSSYM # 0)

{real) trial vector for mode number IIE ,
(See section 4.9.4 for the difference- Lo~ -
between trial vectors and mode shapes).
(real) trial mode shape for mode number II.
(real) pseudo-velocity for mode number II.

]




. (IEH and IEW are redundant)

— — — —

@ points of member force evaluation .

element boundary

o points-of element stress evaluation

Fig. A.1 Definition of NOUT for IEW = 4 and IEH = 3.

¥

v \
(P. '~.w -
o .
: . °
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NOUT = 0
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3 A.5 INPUT DATA EXAMPLES

This section provides the 1nput'data réquired to hﬂ%lyse

- structures presented in sections 5.2 and 5.3

199

y CARD
GROUP

-—
(=]

CARD No.
of
‘GROUP

. DATA INPUT for box cantilever
beam .of section 5.2

-

O- W W N~ . U W N, —

s

« .
—t et ad ad ed ed ok wd emd mmd emd (D
S W NN O U WY e -

—
~J

et ed et el e e e et amd D) = [ W ON) e AN emd WON) ot e e md e

FREQUENCY ANALYSIS OF TUBULAR CANTILEVER BEAM |

411110 . ° "

415 .0001 .3145 0 0. 0
0. -.0762 ‘

1524 -, 0762

.1524 "0,

122

231

0. 0. 13.86 0.
0. 0. 13.86 0.
0. 0. 13.86 0.
0. 0. 6.93 0.
00000
0000 d\’,
facade No; 1’
11131 :
0. 210000000000. 84000000000, .0254
1 .0762 .3048 1 0 0

OO P W N =N =N =N e
-

181

facade No. .2
11111

0
1 .0762 .3048 1 00
141 ‘

TP
.

. 21000020000&. 84000000000. .0254 °
\
|
l
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CARD CARD No. DATA INPUT for wall-frame

GROUP - of building of section 5.3

No. GROUP :
1 1 EARTHQUAKE ANALYSIS OF CHAN'S WALL-FRAME BUILDING
2 1 1 : -

3 1 -21011110 , .

4 ] 4 310 .0001 .3154 0.0. 1

5 B 10, “63.75

5 ~~2 .| 225 -63.75 -

5 - 3 3 25. 0.

7 1 1123

7 2 22373

9. o1 .| 10.0. 20264. 0.

9’ 2 '2 0. 0. 20264. O,

g 3 3 0. 0. 20264. O.

9 4| 4 0. 0. 20264. 0. .
9 5 5 0. 0. 20264. 0.

9 6 6 0. 0. 20264. 0.

9 7 7 0. 0. 20264. 0.

9 8 8 0. 0. 20264. O.

9 9 9 0. 0. 20264. O.

9 10 10 0. 0. 10132. 0.

" 1 111111

11 2 111111

1 3 1111111111

12 1 facade No. 1

13 1 16931 |

15 1 432000000. 432000000. 172800000, 1.

16 T 112.524. 132

16 2 28.3324. 122 ‘
16 3 34.1724.112

16 4 4 12.548. 134 .

16 . 5 58.3348. 124

16 6 64.1748. 114 )
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17 1 171 ° _

17 2 282 ‘

17 .3 393 \

17 4 10 22 4

17 5 ‘11 23 5

17 6 12 24 6

17 7 25 28-1

17 8 26 29 2

17 9 2730 3 ) »

12 1 facade No. 2 o

13 ] 14610 ‘

14 1.1 432000000, .251 71 111

14 1. 7.5 2. .5 :

14 1.3 12. 1. 1.5 . .

16 . 115.24.122 -

16 2 '230.24. 142 C

16 3 315.48. 124

16 4 4.30.°48..1 4 4

17 1 {181

% 2. 392

17 3 10 23 3 )

17 4 12 244 )

17 5 257291

17 6 27 30 2 ¢
- .
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r N \

A.6 PROGRAM OUTPUT - ' ) ‘.

Mast of the input data is printed to allow. direct
checking. Some automatically generated datd is also )
printed. In case of errors ari;ing from core allocation,
ogfratfons in algebraic equations in GAUSS, incomptable
data, ; cofresponding message will be'printed out.

Some input variables control what i; to be printed out.

-

A.7. PROGRAM ,LISTING

The FORTAN IV compiled listing of TUBE is documented

below.

o

fm

- e "
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10
15
20
‘25

30

i Vee

35

40

43

50

55

COOOOOOOOOOOOOOOOCONOOOOOOOOOOO0DOCOOOOOOO0OO0n000OOON0O0O00

'

v

* PROGRAH TUBE
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FTN 4.84552 °83/03/21. 15.51.27 PAGE 1

PROGRAM TUBE (TAPFerﬁPFZyINPUT:OUTPUTfTAPF3rTAPE4vTAPE5
1y TAPE&Y TAPEZ » TAFPE10: TAPELL) B

t*tttfttt*tl*ltttl*it**tttttttttttttttttttttttt!tttt#tttttttttttltttt:

LXEXEAKXXKTHE PURPOSE OF THE FROGRAM IS TO' ANALYZE TUBULAR (3223
KXS2I3XXXATALL BUILDING STRUCTURES SUBJECTED TQ EARTHQUAKE 3830 ]
KXXRAXAXXAOR STATIC LOADS, THE ANALYSIS IS LINEAR ELASTIC, EXXER
LXRRXUKXKKELASTIC AND STATIC. t!tt!l*!tltttlti!lltttti*tlttl!*l*l

s
1!3!13*Xtﬂ!!?!**1!!1!!!!!t!txit!ttt!!l!1t!ttttt!l!!!tt!tt!!lt!l!litl!!

i*#******#*ttt*t*****t*tl**ttt*tttttttt!tt*tt!tttltt*itt*t##tttt*ti#:

X
¢
X PROGRAH VARTABLES  d
X NF  =MNO. OF FACADES - L3
k NL -RO. GF LEVELS : X
¥ HJL = NO, OF LOADED LEVYELS X
¥ * MNHEL=NO. OF .HORTZORTAL ELEMENTS IN ONE FACADE .
X NVEL=NO. OF VERTICAL ELENENTS IN ONE FACADE x
X NHAT=NO. OF DNIFFERENT MATERIALS'IN OHE FACADE X
X ATYPE=NO, OF ELEMENT TYPES IN UNE FACADE X
X NGROUP=NO. OF GROUPS OF ELEMENT TYPES IN O ADE 3
X "+ NEQ@ =NO., EQUATIONS FOR THE TUBE STRUFTURE FOR STATIC ANAL X
§ NREM =NO, EQUATIONS FOR THE TUBE STRUCTURE FOR DYNAKIC ANAL ;
H X

tt#l***X*XXXX*XXXX****l*ltt#t*t*tIXXtt*tX*Xlt!ti*t**!ltl**#******!*!

**t*****x#*tﬁtl*x#t#t**Y*********t*t********t#*t**tt*iii*#t****t***ttt
XY ¥FRGRAN ARRAYS .

X FP(Ns1) =NO. OF FIRST CORNER LINE H
X FP(Ns2) <NO. OF SECOND CORNER LINE X
X FP(NsZ) =NHEL X
X FP(Ns4) =NVEL £
¥ ‘RFP(N) =DISTANCE OF FACADE FRON CENTRE LINE OF TUBE STRUCTUREX
X X(N) = X-COORDINATE OF A CORNER LINE+ N=NQ, OF FACADE %
X Y(N) = V-CBRRRINATE OF A CORNER LIKE, R=RD, OF FACADE x
X EX(H) . 7 : X
X EY(M), . . 5.
* GXY(N) . =ELASTIC PROPERTIES OF EQUIVALENT ORTHOTROPIC X

t HEMBRANE» K= HATERIAL TYPE NO %

X EC(NP) = ELEMENT CONNECTIVITYs NP=NODE NO. X

& EL(KD) = EIEENT LAREL, ND=NO, OF ELEHERT DOF X

X aK = ELENENT STIFFNESS MATRIX %

% §mmmmmmm GLORAL STRUCTURAL STIFFNESS MATRIX X

X ETN(N) = ELENENT TYPR NO IN SEQUENCE FROM 1 TO N %

X BB = STRAIN DISPLACEMENT MATRIX X

x c = STRESS STRAIN HATRIX - X

¥ R = GENERALIZED L0AD OR DISPLACEKENT VECTOR *
X OR L.OCAL FACADE PISPLACENENT VECTOR

£ aK EACHDE STIFFNESSHMATRIX -REFORE ARD AFTER CONDENSATION

X 0r SI6 = ELENENT NODAL DISPLACEMENTS AND C.6., STRESSES ON X

X JB1BBCLKyLNy FDy FLOv o4 ARRAYS FOR KATRIX MANIFULATION

. LI
222233822220 302203080333 22 0320230003803 3030338038283 80000933203320339343243

)
o o 0 e i s % S vt =

S
o 4 At e e o ot o e it kb

e ot e ne

. —— A



60

435

70

75

80

20
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PROGRAN TUBE

FTN 4,84352 83103/21}/15.51.27 PAGE 2

C g
¢
DIMENSION' TITLE(8) .
C COHMON ON STRUCTURAL LEVEL.Sesses00 INPUT
'COKKON NF s NL  NDOF+ NSHAFE s RESYHs NOUT s ,
C CONHON ON FAVADE LEVEL seoo0s INPUT,
CONHON/P2/NHEL  NUEL , RHAT) TYPE) KEQF | NPR 1 NBAY, NSTORy
1EXC12) 1ETC12) 1 BXY(12) 3 TH(12) yEC(8) yEL L&) yLEL(D) s
2ET(3672) s ETH(12) s ETN(90) 10K (9r9) » IEN(12) s IEH(12)
C CONMON ON STRUCTURAL LEVEL +vesvserSOLUTION
DINENSTON S(3240)¢CA(4)1SAC4) +LD(30)»BD(10) sERR(10),0(30,10)
178(30:10)1UC50110) 1RFP (41101 1R(80110) ,6C(10)
1 .
INTEGER ECrEL,ETHyETNy ICOUNT(4) yRPRICS) sNPRIN(&) sNPRINT(10)

INTEGER GD(3Q)iFP(4,4)
REAL MAS(30)
DATA MAXNFyMAXNLrHAXHAT;HAXTYngAXFEL/

1. 7/ 4, 10y 2y
E .
E PROBLEN InFNfIFIFATIDN AND DESCRIPTION
READ(1,100) (TITLE(I):I 1 R) ‘
READ{1:X) NODYN
WRITE(2+%) °*NDYN=*,NDYN . .
¢ WRITE(2+200) (TITLE(I)!I”I!Q) f”“\
%‘READ OVERALL STRUCTURAL DATA ) ’

CALL DATAL(HANNF MAXNL»ISTOPL/NDYNsCA»SAsHINODI»NRAD
1y TOLVEC,GES» IRENTsALPHA»MAS s INTER s NEQ s NPRI
1/HFRINYNPRINTsRFPsFPR)

I[FCISTOP1.GT.0Q) GO TO 999 .

COMFUTE REQ. STORAGE FOR GLOBAL TUBE STIFF MATRIX

INAX = (REQENEQ4NEQ)/2
. WRITE(2,%) 'STORAGE REQUIRED FOR STRUCTURAL SFIFF MATRIX=

REWIND 3
REWIND 2 :
REWIND 5 . )

~ REWIND 7 .

DO 500 N=1,NF
NHEL=FP(N+3) -

READ DATA FOR:EACH FACADE
CALL BATAZ(HaXHAI:HAXTYPvHAXFEl;ISTDPZ;NDOF;NEL;LHAX NSYH)
IF(ISTOP2.6T.0) STOP

CIO0

<3

1....AQS%MBLE EACH FACABE STIFFNESS HATRIX
244+ CONDENSE INTERNAL DOF,
3+...8AVE CONDENSED FACADE STIFF. HATRIX ON TAPE 4

CALL ASMBL1CNL sNDOF s NELsLHAY s HSYHIRIREG) ,
c 500 CONTINUE )

. “

OOaaono

L]

"+ IHAX

£

-
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PROBRAH TUBE ‘. FTN 4.8+552 §3/03/21. 15.51.27 PAGE 3
_C\ASSEBlE UUERAlL¢STﬁTIC STRUCTURAL STIFFNESS BATRIX AK -
- CALL hQHBL2(NIrNEDvNREH:IHﬁX;NF NSHAPEsNSSYHrG+CAsSA
. 1+ ICOUNT NDYN;RFPr .
IF(NDYN.NE, 0) G070 10 - : N
CALL STAT(SsRsyNEQs THAXY NSSYH!NL)
CALL STRESQ(NLvNFrRDDFlNSHﬁPE!NSSYH!NOUT!CA!SGrICOUNT RFP
BO%EP§£NT'NED’R'1’ND N
C..iboCEﬂﬁﬁﬁzE STRUCTURAL STIFFRESS MATRIX, ADDRESSES FOR SKYLINE STPRAGE
DD =1'NRE” ” Y . . v ' -
GD(I)=I ' .- N
NN=HN$] L .
LD(I)=NN ) ' -
5 CONTINUE *
Co...oFONPUTE STORAG %%E UIRED FOR DYNAMIC STRUCTURAL STIFFRESS MATRIX
' INAX2=NRENK( M+1)/2
T URITE(?;!) NREM» (GRCT ), T=1, NREM) 5 (HAS(I) s I= lvNREH) ;
WRITE(2y%) INAA2,(LD(I)yI=1y NRFH)!(S(I)!I lsIHAX2)

WRITEC(ZyX) HeRRANDyROIyTOLVEC, IRENT;GES
- IF(IRFNT NF 0) 60T0 20

GO .
20 TFCIREAT.RE, 1) sgfo 30 ,
N0 _60 T=1iM - '
- o READCIYKD (ULJrIDyJ=1 1 NREH) .
60 CONTTHUE, .
30 IECIRENT, NE#ﬂp GOTO 40 .,
DO 70 I=1,

N
REﬁD(J X) (W(J»1)»J=1»NREH)

JO Eita g -
50
40  WRI TE(2:§) 'X!tt‘llltﬁlNPUT DATA ERRORXXEEXXLELEL®
WRITE(2s%) "XXXINPUT FOR INTER IS NOT EQUAL .TO 0+1,0R 2 xxx*
C.-.gthLCUIhTE FREQUENCIES AND MODE SHAPES
50 CALL SIVIB2(MAS,6D,S lDiBDIERRrU!V!U!IHQX?!NREN!H!NRQD!NUI
I!TOLVECDIRENTrGFS)
({NPRI(1).EQ,0), AND&(NPRI(?) ER. ARD, NPRI(3).EQ.0)¢AND.
1(NPRI(4).§Q-0) AND, (NPRI(D) ,£Q.Q) AND NPRI(4).EQ.0)) GOTO 999
€veeePERFORM A& SFECTRAL-ARALYSIS
) HH=NRQD+1
- CALL MODAL(ALPHAINRQD»MMyTH AX2 1 KASYNSSYMaNLs NPRISNPRINsNFRINT
s lvNRFﬁyﬂFG!nyfTNrNHF yBUOs JCOUNT s INT FRYERR!U!V!U!GPISUIR’S!NFINDDF
! 2!NSHAPE!NOUT;FA!QQ;RFP) ’
« 100 FORMAT(BAL10) h
:C 200 FURHAT(/BAIO/) ]
999 STOP : ' -
END . t

o .
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. SUBROUTINE DATAL . FN 4.8+552 83/03/21. {5.51,27 Pnés' 1

IxIx1xIxlx]

o0

IO

.

SUBROUTINE DﬁTAt(HAXNFrHAXNLrISTDPlrNDYN;FArSA:HvNOIyNROQ
1yTDLUFCyPFS:IRENT!ALPHA:HAS;INTER:NFQ;RPRI
1yNPRININPRINT+RFPsFPsR)

**Xttﬁ*t***tttXtt*t***ttt**t***ttt!ttt*tt**t**t***tttt!it!lg

"k THIS BUBROUTINE READS PROPERTIES OF THE TUBE STRUCTURE X
EEIS 22823 SRR S222 23222 S8 80 3 LE33 SR LSRRI SLRETSLLAS 4RSS

COMMON NF yNLyRDOF s HNSHAPE » NSSYH,NOUT
COMMON/P2/NHEL yNVEL s NNATy NTYPE +NEQF
1EXC12)+EY (12)46XY( 12),EC(8)
2ET(3622) s ETIH(12
INTEGEK FF(4,4)
REAL MTsCA(4),
IrRFP(Ar 0)

Ry
PRINT(lO)
NFyNL » NDOF y HSHAPE Y NSSYM ) NSYH23 5 NOUT

) NFsNL s NDOF s NGHAPE» NSSYM» NSYM23» NOUT®
) NFsNLsNDOOF s NSHAPE »NSSYNs NEYH23 5 NOUT

L X2 d

)NREAD(I;*) My NRQDvNUI1T0LUEC!GE5'IRENT
"WRITE(2s%) 'H:NRQD:NOIrTOLUFF:GESrIRENT
WRITE(2+%) MsHRQD+NOIyTOLVECY GES» IRENT
,0) 60 TO 90 )

Az

91 fONTIHUE

L
CHECH TO BE SURE INPUT DATA DOES NOT EXCEID STORAGE FAPAFITY

IST0P1=0
IF (NF
sToP
E
L

+HAXNF) 6D TO 10
§T70P1+1 . :
20) MAXNF )

E
R
RITE(2y
i.HAXNL) 60 TO 11
y
)
!

10 IF(N
ISTOP
WRITE(2,2 e

11 IF(ISFU 1.EQ.0) GO T0 12 ~ - .
WRITE(2,22) I§TOPL - ‘ L.

STOP :
12 FONTINUE , ‘ : '

CONPUT TUBE DOF (ND. OF EQUATIONS)

Ay .
IF(NSSYM.NE.0) GO TO 40
IF (NSHAPE.NE.O) 60 0 50 .. N
NEG=' (3+NFI%NL - s - ’ >
60 TO 61 ' . ‘
S0 CORTINUE : ' : .
NEQ=(A+NF) XNL . : ’

STOP1+1

L
1=
2
oL
1:=
(2:21) HAXN
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SUBROUTINE DATAL
IF (NSHAPE.E0.1)60_TO 110

NEQ=NLX(NF+1-HS5YH23)
© 60 TO 61

.60 T0 61
60 CONTINUE

{‘112;

D0 150 L=1,NL

¢ . ) N
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SURROUTINE DATAL ' FTN 4,8+552 '83/03/21..15051.27 _PAGE. 3

208

Ny XHC YHC 1 HAS (L) s RHAS

»XNCy YHCs HAS(L) y RHAS®

XHC» Y4 » MAS (L ) s RMAS

Q10,08 , (NSSTH.EQ.3)) GOTO 220
0) 60TD 230
=HAS(L ). .
L)=RHAS _

6OTO 220 g

READ
WRITE(2
WRITE(2

IF((

IF(N

M

230 IF(%S
220 Do 20

200" CONTI
190 CONTTNUE
READ (1, X
WRIT
WRI
REA
WR1I
WRI
1F¢
IF (

MC-Y(FP(R»1)))XCA(N) - (XHC~- XCFP(Ns1)))ESACN) )

-ﬁ.
~S~DQODXITVLZTZ
B e~~~
EE TP A e s

* s s WVOVVD
T 20 T ot 1~ o o e

o Umm~mm
mmiMiea sX~

bt et et S0 1D et T 20 D
R . Lt el il

. o -

rn-_:c' Ty —t
'J'J'AN T 00 b

—_h S e NN DO

o
OO
L

) .
TURAL LOAD VECTOR

=1 \
IF(NSSYH Ea. 0) N=3 '
J=NENL L
DD 40 T=.y NFQ

+

b N

40

o0
= o]
z
[ T Y
AHGV
St i 1Tt

1n
”
L.

WL+ N
) R I=IIID) e

) xkttttlKt!t*tt*t****t#!LBAD VECTOR® '

) (RUI)sI=1yNED)

(HPRIHT(I)s1=1)HL) - .
.NPRINT(Il?fslooool L)' . " T ' *
(NPRINT{T)»X=1sNL) » :

H INPUT'TABLE 1., BASIC PARAHETFRQ 7/

40H NUNBER DF FAChUF T T S S S S S SN .115/
2 X+ 40H NUHRER 0 VELS., 115
1001F253AT(;/¥ ANALYSIS IS PERFORMED USING THE' ORDINARY ElEHENT WITH
95 FORH?T(;/! ANALYSIS IS FERFORMED USING THE REFINED ELEMENT WITH

A 20 FORMAT(//// 2BH T00 MANY FACADES» - HAX THUM 1 I5)
”{} 21 FORKAT(//// 28H TO0 MANY LEVELS.» HAXINUM 1 I5)
.22.FORMAT(//7/ 28H EXCUTION HALTED: BECAUSE OF »15,13H FATQL ERRDRS /)
102 FORMAT(//34H INFUT TABLE 2., FACADE PROPERTIES //
. 12H CORNER Nﬂ.ka:l?Hk COORDINQTE;BX:I2HY CODRDINATE)

P
[=]
-
B ) | e SO L B D

M

DI
maoxpsn
>ttt
~mm-am
— PN e -
NN NSO
- - a e I~
TN X - o
S

C
1011F0RHA 3

A~
<
-

“{n
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" SUBROUTINE DATA1

FTN 4.84352

- 52 FORKAT(I12/2F20',4)

103 FORMAT(// 12H FACADE N
1 174DIST, FROM C

53 FORNAT(I12s

104 FORKAT(//24

A 10H
240 RETURN
.. END

H INPUT TABL

0
E
2150218;F20.e
LEVEL RO, »5

.

83/03/21, 15.51.27 PAGE ' 4

y4Xs1HT » X1 1HJy AX » 4HNHEL » 8X y AHNVEL » 4X s
TRE/) . P

3

4

. I.OAD DATA //
HFORCE=X»5Xi 7HFORCE-Y s 5X » ZHTORSION)

N
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45

210

AN

. ’ /
SUBROUTINE DATA2 - FTN 4,84552 83/03/21., 15.51.27 ~ FAGE 1
c SUBROUTINE DATAZ(MAXMAT/HAKT(P MAXFEL,ISTDPZ.NDOFwNEL;LHAX:NSYH)
% :xxt*txxxttlt!txXtxt*tlttttxtttxt*tttlttttttttttttttttttttt;
% '; THIS SURROUTIKE READS FACADE PROPERTIES - ‘
E‘ xt:;xxxxxxxxxxxxzzxxxtttxtzxxxxtxxxtxttxxttttxxxttxttxxxxxtt
C. ¢ : ’ '

COMMON/P2/NHEL s NVEL s NNAT/NTYPE s NEQF  NPRyNBAY ' NSTOR @
TEXCLZ)0EV (L2004 C12) 1 THEL2) 2 EC(B) sELCO) 1 LELL(D) )
2ET(3612)9ETM(12)yETN(90)s0K(9+9) »IEW(12)/1EH(12)

DIKENSION TITLE(8)

; INTFEER ECEL/ETMN,ETN ‘ . -
£ .

READ(1+99) TITLE

WRITE(2,100) TITLE ) .

READ{(1yX) NHAT;NTYPE NGROUF y RSYM» INCODE :

WRITE(2s%) "NHEL»NMATNTYPE s NGROUPsNSYHs INCODE®

t. WRITE(2y%) NHEL:NHAT;NTYPE NGROUP»HSYH» INCODE
* NEL=NHELINVEL
URITE(Z;IOI) NHEL:NUEL;NHAT:NTYPE
C CHECK TO RE SURE THAT INPUT DATA DOES NOT EXCEFD STURAGE CAPACITY
15TOP2=0 ~

IF(NEL.,LE,MAXFEL) GD JO 10

ISTOP2=15TOP2+1

WRITE(2+20) MAXFE

10 IF(NHAT.IE.MAXHRT) 60 10 11
ISTOP2=ISTOP2+1
WRITE(2+21) HAXMAT ~ -

11 TF(NTYPE.LE .HAXTYP) 60 T0 12 .
ISTOP2:I1STOP2+1 ’ -
WRITE(2:22) MAXTYP

12 IF(ISTOP2.EQ.0) G0 TD 13

©OISTOR2=1STOP241.
WRITE(2,23) ISTOP2
STOP ’

%
13 CONTINUE

g READ OR CONPUTE ELASTIC PROPERTIES OF ELEHENT

IF
A
GO
14 €O
RE » I=1+NHAT)
WR I=1sNHAT®
WR 1 I=

o 1sNNAT)
. *15 CO

c CLPEXCI) P EYCD) BXY () THCT )y 121, HMAT)
. " ' .
C READ AND FRIKT ELEWENT TYPE PROPERTIES
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SUBROUTINE DATA2

FTN 4.84552 83/03/21, 15.51.27 ' PAGE

WRITE(2,103)

00 30 J =1,HTYPE

READ(Ls%) NNs(ET(IrI)sl
(ET(I 1) I

I
WRITE
R
o

ROU
1Ht) NSvNEvNELT
1) "NS)NESNELT®
1) NSy NESNELT

L=NOD(LL+NHEL)" N
INC =N , o
DO 35 1I=INC/NE,NHEL .

L
D0 35 J=Hs1I
ETNC.J)=NELT
35 CONTTRUE ‘ i
GENERATE AND FRINT ELEMENT» NODE CONNECTIVITY» AND TYPE

D0 40 I=1,NEL °
CALL ELCON(I;NDOF)
IF(NDOF \NE.0) GO TO 41 :
NNP=4 -
50' T0_42 .
41" CONT INUE
NP =8 i
42 CONTINUE
WRITE (2/54) T» CECCJ)rJ=1sHNP) S ETNCI)
40 CONTINUE

EVALUATE N@+ OF FACADE DOF “S: NEQF :
THE REQ./STORAGE FOR 1TS STIFF..HATRIX -
IF(RDOF.NE,O) GO 70 210
[F(NSYM.NE,O) GO T0 215
NEQF = NUELHNHELH)*NUE’[
G0 TO 205
213 CONTINUE '
NEGF=NVELX (1+NHEL)
G0 TO 205
210 CONTINUE '
IF(NSYM.NE.O) GO TO 220
NEGF NgF%t(Z*NHEL*S)

10 20

220 CONTINUE .
© IF(NSYM.EG.1) GO TO 225
NEQF =NVEL % (2¥NHEL+2) .
GG TD 205~ ST

INUE
NEGF NUFL*(Z*NHELH)
2035 CONTINHUE
LHAX= (NEQFXNEQF +NEQF) /2
. WRITEC2,%) *NO, OF FACADE DQF =",NEQF

oo0n -

acoo

211

<

WRITE(2,%) "SPACE REQUIRED FOR FACADE STIFF HATRIX=" o LHAX

+
1
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SUBROUT INE DATA2 FIN 4.84552  83/03/21..15.51.27  PAGE 3

79 FORMAT(BA10)
100 FORKAT(///2X,8A10)

101 FORMAT(3SH INPUT TABLE A.. FACADE PROPERTIES //
1 9k 40H NUMBER QF HORIZONTAL ELEMENYS » » .~y +.0158/ |
2 9Xs 40H NUMBER OF VERTICAL FELENENTS o « v o o o #I3/
3 3XAs 40H NUMBER OF DIFFERENT MATERIALS + o & o« o IS/
4 SX» 40H NUMBER OF DIFFERENT ELEMENT TYPES o+ «.,:915/)
102 FORHAT(/&::/:H gNPUT TABLE B., NATERTAL PROPERTIES //

§ /
1 TERIAL,SX210H  HODUL US;SleOH MONULUS)
- 8X97H SHEAR)7X,8HMATERIAL/
3 QXyéHNUHBERyIOX;?HEXvHX 2HEY:11X17HHDDUI USs 6XyBHTHICKKES)
52 FORNAT(I1Qs4ELS '

- 103 FORMAT(//30R INPU’!’ TARLE C,. ELEMENT TYPES /

1 10H El.FMFNTrS,(r7HEIEHENTrBXv?HELEHENT,ZX98HMM’ERIAL'
1- 4X16HND. OF 14Xy 6HNO, OF/
2 SXr4HTYPE » 8y 7HWIDTH- Ar?XrSHHFIGHT By 6Xs 4HTYPE,
3 6X14HEAYS 94Xy 7HSTORIES/) ©
93 FORMATC(T10,2F15,453110)
104 FDRHAT(//i EhEMENT CONNECTIUITY AND TYPEX//)
94 FORMAT(10I3
20 FORP’:AT(////*TUDHANY ELEMENTS IN FACADE, MAXINUN=XyI15)
21 FORWATC(////7%700 MANY DIFFERENT MATERIALS» HAXIHUH“ A ID)
22 FORMAT(////¥T0D MANY ELEMENT TYPES sMAXIHUM= %/13) -
23 FORMAT(////Y¥EXECUTTION RALTED BECAUSE OF Xy IS,*¥FATAL ERRORSX/)

RETURN - _ a G ‘
END .
' &
o
L - .
a. ) .
”

-

s “—
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: .
' SUBROUTINE EMAT. ° ' FTN 4.84552 83/03/21, 15.51,27  PAGE 1
. " SUBROUTINE EMAT ' N
¢ et
C X . THIS SUBROUTINE EVALUATES THE ELESTIC PROPERTIES '
¢ 3 OF THE EQUIVALENT ORTHOTROPIC HENBRANE .
' ¢ Umnuxmxnxnmmxxmmuxmmxxmmxumn
. e 1 ’
— COMMON/P2/NHEL 1HYEL s RNA) RTYPE » NEQF s NPR y NBAY: RS TORs
~ 1EXC12)9EY(12) ;6XY(12) » TH(12) s EC(B) 1ELCA) SLEL(T) »
2ET (34,20 ETMC12)1ETNC90)10K(95 ) »IENC12) s IEH(12)
- "INTEGER FPyEC,EL/ETH S ETN |
- REAL HU
C
€ .
.. DO 9999 I=1, NHAT
READ(1sk)  E hll; JRENDB) IBENDXARRs ISHEARC+ ISHEAR
READ(1;X)  BsR0sBT
READCII)  HiLDI)
RITECH1) *EHs IBENDB, TRENDC » ISHEARR TSHEARC » ESHEARJ» K » RD1BT
ﬂﬁiégfzm £ » Uiy IEENDB  TBENDC » T SHEARE» ISHEARC, 1SHEARJ) By BD1BT
c.....njggm THICKNESS (TT) IS TAKER T0 BE THE BEAN THICKNESS (BT)
0=1 ./ (CDBY)
. X=CD72,
o w VEDZZ

c o

C DFLTA OF PARTS 1 AND 3 .

s DCOL=(H-BB)/ (COXCTXE)
WRITE(2/91) DECOL

91 FGRHQT(// DEFORHATION OF FARTS 1 AND 3 = hEiJ.4)
ISHEARY .NF 00
VUNIF=0» .
VFUNC=0,
G0TO 94 ,
97 CONTINUE
C .DELTA OF PART 2 DNUE TO UNIFORM STRESS ONLY
. VUNTF=04CDXBO/(BLE)
CWRITE(2)92) VUNIF
92&9%?‘(2‘;( b4 NEFORKATION DUE TO UNIFORH qTRFSS «« PART 2,4 X%
c HELTQERI‘; F(’)ART 2 DUE TO 1INFINITE FOURIER SERIES ONLY
D0 10 M=1,50
AlL=§4%22,/(7 . %B/2,)
ALA=ALX(D/2.
ALC=AlXBD/2,
ALX=ALXX
ALY=ALXY
T1=SIN(ALA)/(AL¥H)
T?=(1.4Hll)¥ALC¥f.BSH( CIXSINHCALY)
T3=C(1,-HDKSTNH(ALG) XSINH(ALY)




214
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SUBROUTINE EMAT FTN 4.84552  83/03/21, 15.51,27  ‘PAGE 2
. T4= (1, $4U)XCAL YRCOSHCAL Y ) -SINH CALY) JISINH(ALD) ‘ .
; 15=COSCALX)/ (SINH(2,EALC)+2,XALC) \ :
60 o IERMSTERKITLSCT24TI-TASITS ‘ N
: DFUNC=TERNE4, X0/ (£422./7.) ' :
‘ URLTE (2,93) UFUNC
o 73 FORMATC & EDFORMATION DUE TO FOURIER TERMS .. PART 2 . %.+
. . 94 CON 1N '
4 : EY(1) =H/ (BXTTE(DCOLIVUNIF+2,XVFUNC))
z WRITE(2,999) EY(I) ~
" o 99% FORMATC////8 EQUIVALENT ELASTIC HODULUS EY = %sF15,4) -
‘ C EINT SHEAR HODULUS  GXY * ‘ .
T1=C(H-BD)/H
, ~ CI=CT%CDXX3.
75 ‘ BI=BT#ED¥L3,
BENDB=0. ’ .
BENDC=0. - : .
SHEARB=0, 3
, SHEARG=0.
80 SHEAR J=04 .
/ IF(IRERDR,EQ.0) 6OTO
4 ‘ BENDB=(H/B )X ((B- ,,0)/3)1((3 -CD)2(3-CD) /BI) ,
, 20.1F (IEENDC,EQ,0) 6010 3
BENDC- muu-anmu SBDy/eD)
g5 30 TF(TSHEARB.EQ.O) GOTO 4
SHEARRo (k¢ RoCh)/(BARKBTRL/ 1., (211502, 7 C1,4H0))
40 IF(ISHEARC.EQ.0) GOTO 50
SHEARC=(1, 2XT1/(CTACD ) R(20/ (LU , ,
50 IF(ISHEARJ.EQ,0) GOT0 &0
90 SHEARI=E (L4 BoCDM R Ta-1)KK2, )/ (RTACDRC1-T1)) ) K (2 /41, 4HU))
: 60 CX{=BENDB+BENDC+SHEARB+SHEARCHSHEAR. .
: RS th/(mecxv) .
_ WRITEC2s111) BXY(I) '
95 111 FORWAT(//8  EQUIVALENT SHEAR MODULUS = %,F15,4) .
9999 CONTTNUE - R .
RETURN - \ .
END . . . )
AN . «
. . )
t d .
- H/’
. . '
. ,-\ Vs

.)_j,.
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" SUBROUTINE EI:CQN\ FTN 4.8+552 83/03/21., 15.51.27 - -PAGE 1

[

SUBROUTINE ELCON( I s NDOF)

CONHON/P2/NHEL RVEL s RHAT» NTYPE,NEQF s NPRyNBAY s NSTOR »
LEX(12) ) EY(12)9GAYC12)yTH(12)yEC(B) s EL(&)sLEL(D)
. 2ET{3692) sETH(12) tETN(20)»QK(9»9) »TEW(12)»IEH(12)

INTEGER FPoECYELSETHIETN-
*t*HXX**t*tt!tttt**t**ﬂ!****“"¥*t**ﬂ*!tt*tt*”***t"t"*t**t
:' THIS SUBROUTINE GENERATE ELEMENT CONNECTIVITY :
tXtﬂtnt**tHﬂtxtXl*ﬂ!!*¥¥*"ﬂt!*#ﬂﬂt*#**Hﬂ!*#t"ﬂttt!tt

+

THIS CAN RE ACHIEVED BY RELATING THE ELEHENT ND. TO ﬁS

FIRST NODE(L/NERy LEFT)

L

=l=inleleleiilel
- e takatad
s | MX
"t s s pa e [T
- e O
N
< -~
mx=o
rco
-+ m
-

+1)4JJ41 o
1)X(2ZNVEL+1) -

ELFOSTINNVELEI#L » .

A Cmart Ot
L

ARG Tt s |
N ot N NP [t e e

MOOOOZOOMOYONIN M
| e e e b e

ZMOo0O00annn
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SURRDUTINE ASHBL1

Izl ixixlzizix]

o OO

glrlelielelrlelele]

oOoO0 OO

[glrlwlele]

SUBROUTINE ASHBL1 (NLyHDOF s NELsLHAX» NSYHsR, NEQ)

1

FTN 4.84552 -83/03/21. 15.51.27 PAGE

-

1

216 .

1323370393 233037832 3339983293 0338332 38Y4¢3333 3343403 33233333823¢33

X THIS SUBKOUTINE ASSEMBELS EACH/FACADE STIFF, HATRIX,
% CONDENSE ITs AND FORNS 1.OCAL(K) LEVEL SUBMATICES AND

¥  AND GLORAL SUBHMATRICES (S).

t*t*tﬂt!t*X*H“tt!*ﬂ-“#tt*#“ﬂt***t“nt*ttt*uttttt!ﬂt*****!

DMHON/P 2/ NHELSNVEL » NHAT) NTYPEsNEQF s NPRYNBAY » NSTOR,

lE).(l?)vE\ (12)s6XY(12)yTH(12) sEC(R) s EL(8)+LEL(9)y
2FT(36:?) »ETH(12)»ETN(90),QK(9,9) »TEW(12)»IEH(12)

F}EAL K AK (6105) sR(KRER)
I‘NTEGER FPIECIELsETMIETH

URITE(2:¥) "NSYN=" »NSYM

INITIALI?F FPC‘AIAII;( STIFF. MATRIX AK 3

1 I=1sL
AK(I)=0.0
CONTINUE
WRITE(2:,100)
IF(NDOF.NE.O) GO TO S
LIK=é
DO 99 M=1sNEL

PF\OCEDURE IN THIS SUBROUTINE WILL BE AS FOLLOWS..

1., FORH LOCAL ELEMENT STIFFNESS NATRIX

0K
2.. ASSEMBEL EACH QK TO FORM FM‘ABF STIFF, MATRIX AK °

3.. CONDENSE AK

FORNM ELEHENJ LABEL VECTOR- El. OR LEL -

CALL LABEL (MsNDOF s HSYH)
WRITE(2:,200) My (EL(I)sI=1s6)

FORM ELEMENT STIFF, HATRIX 0K

ASSEMBEL EACH QK ACCORDING 70 THE CORRESPONDIKG LABEL VECTOR *EL®

CALL RECT C(MsHDOF) o

NOTE » LIN= NO. OF ELEMENT DOF

DO 10 LL=1,LTH
I=EL(LL)
DO 10 H¥=1sLIN
J=EL (HH)

SSSEHBEL ONLY THE LOWER TRIARGLE » ROW BY ROW

THE UPPER TRIANGLE COL+ BY COL. ... NOTICE THAT BOTH ARE. IDENTICAL

A

IF(1.6T.J) GO TO 10




. 60

65

70"

- 75

" 80

g5

90

93

100

105

el
.

SUBROUTINE ASMBLI

IF(1.,£0,0) GO TO 10 :
LOC=((J~1)%J) /241 <
AK(LDC)= AK(LDF)*GK(LL-HH) -

5 CORTIRUE
L1

xl twli—4
D>PIDD>O
T K
~={ir-ao i
m -0
~r
>

—
1]
— b
oMo
—

T

I

m
O~MO A AT D

=4
(=]
Cvr =X rmne

K(LL s 4M¥)

@
o«
L]
o
z
-
Pt ol
zZZ
| o]
m

6 CONTINUE
veerFACADE STIFFNESS MATRIX (AK) IS NOW FORMED

CONDENSE INTERNAL DOF IR ABOVE AK

IF(RDOF.EQ.1) GOTO 30
IF(NHEL.EQ.1) GOTO 20
30 IF(stn.NE.O) GO 10 17

onon.,

60 TO 14
17 CONTINUE

NR=2XNL
16 CONTINUE

CALL GAUSS(AKyRsLEAXsREAF0sNRyDET1)
C.....FAPADE STIFFNESS MATRIX IS NOW REODUCED
WRITE(3»k) NSYMsNEOF)LMAXsNELyNKAT/NTYPE s NR
WRITE(Ss%) (ETN(J)sJ=L1sNEL)
‘WRITE(Ss2) (EXCI)yEYC(I)yBXY(I) s TH(I)sI=1+NHAT)
WRITE(S,¥%) (ETH(I)sIEW(I),IEH(I
WRITE(ArX) (AK(I)sI=1ysL MAX)
100 FORMAT(//%x  ELEMENT NO.
200 FORMAT(I14,5Xs91I3) )
RETURN
END

~.

FTN 4.84552 83703/21. 15.51,27
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SUBROUTINE LAREL

a0

c
C

[ardyrl ord 2p)

wipio N ele

OOMMOOO00

FIN 4.B4552

SUBROUTINE LABEL (HsNDOF»NSYN)

.~ CONKOR/P2/RHEL » NVEL 1 NKAT s NTYPE s NE
JAEX(12) 9 EY(12)4BXY(12) s TH(12) ,EC(B
2ETL36:2)vETH(l?)vETN(?O);RK(?v?)

INTEGER FPyEC,ELSETHsSETN

FIRST HORIZONTAL DOF
L=(H~1)/RHEL

NPR=L+1
LIM=ND. OF. DOF- PER ELEMENT
NP= NO. OF NODES PER ELEMENT

60 TO 2
2 BL(2)=L+1

. 1 CONTINUE

SECOND VERTICAL DOF

LL=K-L&NHEL
LLL=NVEL®(LL+1)

£

Teao ELEHENTS FIXED TO F&UNDATION

-
[N

[y
N
STV G (N =t 1Y 3 1) F¥T bt et TR PP

cr——-c—'n--cr-t-m-m—r-'n

+1
RHEL+1)41
10 ronrxnug '

2.4+ REST OF ELEMENTS
IF(NHEL.EQ.1) GOTQ 21

A.o ELEMENTS .ON THE LEFT MOST SIDE

A

83/03/21. 15.51,27

PAGE

b

1
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tl!ttli*ttt#tti*tttl*!tttttt*ttttt*!ttlt!tt*tttt!ttttt*ttttttt*ttt
THIS SUBROUTINE FORHS THE LABEL(NUMBERING OF DOF) FOR EACH ELEMENT .
t*tttt*!ttktlt}t*tX*Xt!l!!!tttt!!tltlt2!!!!!!t!!ttt!!!!t!lttt!!!t!‘




1o

219

2

:

83/03/21: 15.51.27

SUBROUTINE LABEL

PAGE

FTN 4.84552

¢
)

60 TO 20-

[T R A | ]
[ TV TR WY L]

60

N

\
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WRITE(7+%) EL/NPR.

, GO 10 999
~ 70 CONTINUE

. {-90

R_FOR _THE REFINED ELEMENT %% BASED %%

0
Y ELEMENT '

-0

2
IXED TO FOUNDATION

4
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" . SUBROUTINE LABEL

FTN 4,84552

83 CONTINGE

LEL(9)=EL(8)

84 CONTINUE

115

6

60 T0 91
~C 24444+ REST OF ELEMENTS

c

‘120

&

(3+NHEL) +(LL-1)XNVEL$L
NE.0) CALL SYMN(NDOF,»LL/NSYM)

Ll
O~
(]
o < o
o~ [ ol «
Qd.d
=i o [~ o
QO -, S e =
COZTE wlvdri - v = -
- e = A —
o~~~ P ] -l s W
AWAARETO BT AT W -
[ PWE R v St PO o 8 |
widvOadadd ddodei—ed X -~
D di il el o »
TTIVYE - JTTIS  § 7) U g TT T YR S VRSV AT UIVE Sy A VY]
SHHN N BIIN P AZN DX HRDD2END
ol omn o s cPNE X
O T O POC O Ot od @ 05 Ll O
P o~ e s b s s ) N e e D S e QO = D
add A L A o ad ad = e e d T LT e P 2 = 2
Sl WWE Wb MV C L WL X O 2
CLLLILLCLLLILchLCIuCRE
o o4 < - o
2] (3] o~ o o~
z . o~
o .
n ' " - 0
o 2 ™ < <
-t -y i - -
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o000

ipixle

©oo

SUBROUTINE SYHK

N

!

FIN 4,84552

\
,SUBROUTINE SYHH(NUOFoLL;NSYH

4
p 4
. : FACADE SYHETRY COMDITIONS

83/03/21, 15.51.,27

221

PAGE 1

X**tt!ttttttt!tttlt!!t!t*t**ttttttt!tttttt!!!!tttt*t!t!t*ttlt*
THIS SUBROUTINE MDDIFIES ElEHFNT LAREL TO ACCOUNT FOR

|

!ttt!#!!!ttl!t!!¥¥¥l!*XXI!t!*!t!ltti!lt!ttt!tt!ttt!!ttttltxtt

< /
CDHMDN/PZ/NHEL:NVEL:NNAT!NTYPE;
, IEXC12) sEY(12) 96XY(12) s TH(12) sEC
2ET(3692) sETM(12)ETN(90)1RK(F+9
- AMTEGER FPECSEL,ETHIETN

£Xx NOTES

N
!
)

EDF;NRR:NBAY:RSTORv
8)1EL(8)PLEL(9)y
yIEW(12)»IEH(12)

. ) L]

XXX NSYM
XX% NSYH
0343 NSYH

B FACADE SYMETRY OF ACTUAL FACADE ' -

CADE SYMETRY OF ALTUAL FACADE

A
I
0
g

ot nHM

OO:!M'HI’“ c.ommmm-vlmm M Sasmmmmoo T XXM

OF ANTI- SYHH. NSYM=2 OR 3
1) G0 70 41

NHEL) GO TO 42

AL ELEMENTS

Aves A
)=
)
)
)

-

MMM Me

4
2
é

or-rrrTce MM
RECCrMOO
Tl e -

(4 )-
{5)=-N
NE.3) GU T0 444

-rmrex= m

42 CUNTINUE

Civeve ELEMENTS ON THE RIGHT MOST SIDE ° ;

ES ANTI-SYMETRY OF ACTUAL FACADE

ENTS UN THE LEFT HOST SIDE




80 .
65 - 444

4444
70

80
75

OO0 OO 00

E

80
85

90 /’f

.95

82

100

105
25

110

24

M= CmMmme=mmmm
rmoorrmrrer

-

CONTINUE
G0 T0 9999

CONTINUE '

IF(NSYM.NE.1) GO TD 81
CASE OF SYMM. )

CONTTMUE

% LEFT HOST SIDE ELEMENTS

LEL(4)=LEL(4)-RVEL "’
LEL(5) =LEL(5)-NN

NOS -

:

SQBRDUIINE QYHH FTN 4.8+552:"83/03/210 15+51.,27 PAGE

-~

XXXX$  MODIFICATION FOR REFINED ELEMENT. -

E

2

222
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SURROUTINE SYNH
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’ 'FTN 4.84552 83/03/21, 15.51.27 PABEI 1’

AN

SUBROUTINE RECT(HsNDOF)
CONMON/P2/RHEL yNVEL y NWAT)NTYPE y NEQF s NPR s RBAY s RSTOR
lEX(12$vFY(12)vPXY(IZ)vTH(12)uEC(B)vEL(é);LEL(?ii)

2ET(36;2)1ETH(12)1ETN(9O)vﬂK(?v?) 9]EU(12) IEH
, INTEGER FPyEC,EL/ETMsETN

ﬁ**t}l!!t*tti*ltt!X!*;tlt*ttt!&}Xl!*t*!X*i!!t*‘t#l!*ttttttttt»

THIS SURROUTINE FORNS EACH ELéHENT STIFFNESS KATRIX . K -

1398080902 3333833399332083333 3338033938221 099220%42224223¢23%124

ELEKENT FROPERTIES

rd
10 CONTINUE
FORM STIFFNESS MATRIX OF ORDINARY ELEMENT
OK(1+1)=TTEREG12 S e

AK(2»1)=-0K(1r1)
OK(321)=,5XTTRGL2
AK(451)=-0K(3+1)

- RK{591)=-0K(3s1)

0K<(5r1)= 0K{3»1)
0K(2,2)=0K(1:1)
QK(392)=-0K(3r 1)

" OK(4+2)= QK(3s 1)

QK (S 2)=0K(3y1)
0K(692)=-0K(3r1)
OK{3y3)=(E2XR+612/RIKTT /T,
QK(4,3)=(03*E7*R GIZ/R)*TT/30
BK{Sr3)=- 5XQK(
GK(6v3)=(oS#GlZ/R*EZ*R)tTT/3o
0K (4vA4)=0K(3s3
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4)=-0X0K(3:3)

(524)=0K(56,3)
(6

ax
0K
0K (616)=0K(313)

SUBROUTINE RECT
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SUBROUTINE RECT

X5342,154

)=

115

3-15,454
3H14,%54

esg

120

125

130

135

OK(959)=QK(4:4)

I
J
E
)
U

140

L
J
N

999 CONTINUE

145

RETURN
END

o
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SUBRDUTINE GAUSS FTN 4,8+352 83/03/21. 156.51.,27 PAGE 1 \

15

20
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35

L OOOO0O00000N000NNOOO0OOOCOH000O0M00

45

- 600

35
200

QARZ O SN=OXDMZU 4 2>2ammm
sl m AD A e LA -

OD RNt = IO I B T [ R T I et 2 et
- R AR A RN Z QA DT ZD G T

SUBRHUTINE GRUSS(AK!R!IHAX:NEG:NIOvNRrDETrNCODE)» I :
DIMENSION R(NEQ,NLO)sAK(THAX)

tt#tttttttt*tttltt**t*t*tt***t*ttt**itttt#t*tttt‘tttttt#tttttt!!

AK CONTAINS COEFFICIENTS IN ONE TRIANGLE OF SYMETRIC
NATRIX COL. BY COL, IF WPPER TRIANGLE , ROW BY ROW
IF LOWER TRIANGLE,
R= RIGHT HAND SIDE MATRIX IN (AK) {X)= (R)
NEG= NO, OF EQUATIONS
IMAX=STORAGE REQUIRED FOR AK
NLO=HO. OF LOAD CASES, I.E. COLS, OF R
NR= NO. OF EQUATIONS RFHAINED IN CONDENSATION
. ¥XX% NOTICEXXXXE ELENINATED DOF MUST BE RED LAST
DET= UETERHI ANT
NCORE:: FQRUARB FLININATION AND BACK SUBSTITUTION
ELIMINATION OF RIGHT HAND SIDE AND BACK SUBSTITUTE
NR.LT.0= MODIF\ MATRIX AK AND BACK SURSTITUTE TD .
RECOVER ELTMINATED UNKNOWNS., KNDUN VALUES UF
R MUST BE IN POSITION BEFORE.

ATl
ST0
BST

¥KXKEKECALLING ARGUMENTS t*t***i*t

'FOR SOLUTIONS OF (AK)(X)=(R) USE GAUSS(AK, RsIHhXtNEGvNLOvivDET;I) ¢
- FOR NEW RIGHT HAND SIDE GAUSS(AK;R:IMQX)NEQ NLOrs1/,DET»2)

FOR DETERMINANT GAUSS(AKsQ» IHAX»NLDsOsLyDETs1)

FgfﬂPGNEENEAgION GAUSS(AKyRy IHAXyNEGYNLOsNRyDET 1)

FOR RECOVERY GAUSS(AKyR»IMAXsNEQsNLO»-NRsDET»2)

txxtxzxxttxxxxx*xxxxxxrrttxxtxtxxxtxxxxtxxtttttttttttxtx*itt:tt

0) GO T0 1

i T ROe ~OO~=OME | XKEZS =MD

ZHNFromMrroon
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60
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SUBROUTINE ASHBLZ(NL}NFQvNREMoIHAX NF.NSHAPE.NSSYH.S.CA.SA
17 ICOUNT » NDYNsRFP s R) C
COMMON/P2/NHEL s NMAT s NTYPE s NEQF s NPRs NBAY s NSTOR s \

(12) 9EY (12 2)r TH(12)1EC(8) fEL 13} LEL(9)s :
(3492) s ETH N(90)sQK(919) »TEW(12) s IEH(12)
HENSTON AK COF (315) »SCIMAX) rCA(4) » SAC4)
FP(4+10) R
TEGER FPsEC/EL»ETH/ETNs TCOUNT (4)

****lttX¥¥ttX*!tt**t*ttttittt*#*ttt#l***ttl{}!l*tttttttt*t*tttt S

Ll o 1
e MM
A
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o Ty =
e, P

Z Ot

N
%1 B6X
T(3 2)
IHE 10
RFP EQ
NTE

THIS .SUBROUTINE RETREIVES THE CONDENSED LOCAL-
FACADE STIFFNESS MATRICES, TRANSFORMS THEM TO
GLOBAL FACADE STIFFNESS MAIRICESs ARDN 'THEN

Qg?g??LgS THEM INTO THE STRUCTURAL STIFFNESS

13393823333¢393393238302388832330 00383733333 108332223321¢82222334%1

REWIND 3 S ‘ '
RENIND 4 ,
INITIALIZE S

DD 100 I=11KAX o .
§(I1)=0, o b
100 CONTINVE . ;

EGFsLHAXsNEL,NHATINTYPEsNR =

> 1715 LNAX)

0%0°10 !

T8 9UN3NL REDUCED FACADE: STIFFNESS HATRIX AK
LOCAL LATERAL DEFLECTION, AND THE TWO CORNER °

ONS INTO & SNLESNL STIFFNESS MATRIX AK

HE THREE SHEAR CENTER DEFLECTIONS AND THE

AL NEFLECTIGNS BY USING THE FOLLOWING

- SEQUENCE !

DDRESSES

N
)
Q a
IF(NSSYM.N 6
veess JF NSSYH=0 D
CORRESPONDING
VERTICAL DEFLLC
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TWO CORNER VERY
HAPPING PROCEDY
NOTE ¢ JNDECIEX
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-

AK(3s3)=AK(1s1)

+s+0THE OBJECTIVE OF THIS MAPPING FROCEDURE IS8 T0 LAITER
TRANSFARM THE REDUCED FACADE STIFFNFSS HATRIX FROM

C
¢
% LOCAL TO GLOBAL ORIENTATION,
C -
c

reeee THIS IS HAP
. T

-1
C+1)/2+NL
NN-1

KLog)

230 ‘ DO 250 J=1,NN
T - LOC= anu
LNf=

AK(LNI) AK(LDC)
250 % CDNTINUE

340 CONTINUE
330 ' LONTINUE
200 CONTINUE-

c
C
Covesen THIS IS NAPPING & 2
. D0 260 L=1s2
£0 270 Ki=1,NL -
LOC=LENL +NN-1
LOC=LOCK(LOC+
UN1=(2fL) XNI.+
CN1=LNIE(LNT+
 LN2=LNI#NL
T - LN3=LA2INL
L DO 260 I=1,NL
L0C=LOC+L
LNi=LN1+1
LNZ=LN2+41
LN3=LNI+1
. AK(LN1) =AK(LOC)
= AK(LN2) =AK(LOC)
AK(LN3) =AK (LOC)
280 CONTINUE
270 CONTINUE
260 _ CONTINUE

1)/72
NN-1
1)72

aon

00 290 NN=1yHL
. LNL=NL+NN-1

FTN 4,84552 83/03/21. 15,51.27

1)/2+3XNL
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-..m.».THISLag gﬁPPING $ 3 (UPPER TRIANGLE INCLUSIVE)

4

2

230
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300
290

c
€ .
C

320
310

122

¢vesent THIS

231
. B

N1+1) 72

=
[© 3 ]
-

L
L
N
LN3+1)72
L

L

1

¥

. AK(LN1)=AK(LOC) : .

AK(LN2)=AK(LOC)

' AK (LN3)=AK(LOC)

AK(LN4)=AK(LOC)

AK(LNS)=AK(LOC)

CONTINUE - '
CONTINUE X

APPING # 3 (LOWER RIANBLE)
!

L-1

0 NN=1sLN4
LGHNN
C=LG
1=NL+NN-1 \
ERTERTS(LAL+L) /24NN |
CN2=2XNL NN-1

LNZ=LN2E (LN241) 724NN

EN3=LN24NL

DO 320 I=NNsLN4

LOC=L.0CH

LNI=UNI4D -

LN2=LN241

[N3=UNS+H

IS H
LG=0
LN4=N

- DO 3%
LG
L0
LN

CONTTRUE
. CONTINUE
WRITE(2,%) °"INITTALIZE FACADE STTF MAT TO BE RDTATED TO GLOR A!‘

E(2v¥) Lo Jdr (AK(K1) 1 K1=KKKs )
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) GOTO 130
1) XNL 4NN

OC=LNX(LN+1)/2
1oNL

H

LOC+L
AK(LOC)=AK{(LDC)XCOF (IsL) °

CONTINUE

N=(L-

GOTO 140 .
IF(I.EQ«L) GOTO 130
DO 145 J

" LDE=

IF(INELI
L
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Q

~ GOTO_153 SR ‘
150 DO 135 HH=1 o NN ,
o« . .+t LOf=LOCHL
AK(LOC) =AK(LOC) $COFC(IsLY "
35 . CONTINUE
55 - CONTINUE
80. CONT INUE
65 CORTIRUE
GOTO - .
0 CONTIN
C.ovy.ROTATE REDUCED FACADE STIFFNESS HATRIX INTO GLOBAL FACADE
€ SIIFPNESS MATRIX FOR A DYNANIC ANALYSIS WITH
€ NSSYM = 0 DR NSSYM =
Coovr NOTE 'THAT REFERENCE POINTS OF EACH LEVEL DD .NOT NECCESARILY

1
1
1
1
]

FORM A VERT
s LOC=0
, " DO 520 L=1,IA .
e DO 530 NN=1,NL- o
' DO 540 .I=1,s1 °
° IE(I.NE.IHY GOTO 550
LN=(L-1)XNI:4NN .
LOC=LNZ(LN+1)/2
- o GOTO 530 : .
550 ot IF(L.NE.IC) GOTO 570
oL, C o IF(1.EQ.L) GOTO 580
’ D0 590 J=1 .
LOC=LNC+1
‘ . , . AK(LOC) = AK(LDC)!COF(IrL)lRFP(N;NN) .
590 CONT INUE .
\ GOTP 540 . o
580 DO 400 MM=1sNN
_LOC=LOC+1
.7 AK(LDC)= ﬁK(LOC)tRFP(N;HH)!REP(N;NN)
600 & CgNTINUE |
570 . IFC(L.LE.TC),OR. (I.NE,IC)) GOTO 840
t DO 610 J=1yNL 2 -
LOC=L0OC+1 .
AK(LOC)= hK(LDC)tRFP(NvJ)
410 ‘ conrrnus
. s GOTO
840 IF(I Eﬂ L) GOTO 620 .
. JJI!N . . ¢
. . LDC—L CHi1
AK(LOC)=AK(LOC) XCOF (I5L)
630 CONTINUE . o
\ GOTO 540 .
620 LODOLBBO 1 MNE
. AK(LDC)=AK(LOC)3CDF(IvL)
640 . CONTINUE 7
540 : fﬁﬁf/kgg )
530 . CONTINUE . -
520 ¢0NTINUE . .-
5 CONTINUE

Cesvs+GLOBAL FACADE STIFFNESS HﬁTRIX HAS NOW BEEH FORKED
IF(NSYHB NE 2) GOTO 410

~
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SURROUTINE ASMBL2  FTN 4.84552 83/03/21. 15.51,27  PAGE 7
2 FACADE NUMBER *sN y; n
145 . 6QT0. 819 | S
, Covvo ASSEMBLE GLOBAL FACADE STIFFNESSE ‘STRUCTURAL -
c STIFFNESS WATRIX (§) CORRESPONDING 10 REFERENCE POINT DISPLACEHENTS
. ¢ AND CORNER VERTICAL DISPLACEMENTS OF EACH LEVFL
350 . 7125 LE=0 | ’
. ’ IN=0 . A
. LOC=0 :
DO .30 L=1,14 ~
1Cc=L
355 IF(L,NE, IH) 6OTO 210
LL=NLXID+1
GATO 85
, 210 IF(L,NE,IH) GOTO 65
. IFCNSYH.EQ,2) 6OTO 85 oo ——
360 1F<§§.gs i R Bhape 0. 1)) GOTO 85 o
N ‘ IR=0 R " o .
Y DO 215 NN=13H( - :
C IP= 16 +NL+NN-1 / .
365 o 1P=1PR(IP-1)/2416-1 _ .o
T R . * IR::ID*NL - ' ‘ N
. IR=IRE (IR-1)(2+1GHNN-1 .
, , DO 220 T=1:NL . 4
- ' ] 1P=1P+1 : .
370 IR=TR+IDANLHI-1 , -
‘ SCIR)=8(IRJ+AK(IP) - A
220 CONTINUE - ’ ,
| 215 | CONTTNUE .
~ : 18=0 ‘
375 : ' 16=IL \
. LL=16 :
‘ IF (NSYH.E0.3) GOTO 85 .
. 85 ALK 2
380 - . 65 NN=1»NL : ,
\ . DO 40 I=1,IC : . -
) , TP CIoNE, IH) 6070 205 - \ : o
LG=1.64 IBENL e
| LOC=LOCHIN
385 - 205 IFcI €0, 10 GoTo 45
=1y .
’ | > tgFLEEE+1 ' =
S(LGI=S(L6) +AK(LOC) s \
390 50 - CONTINUE - :
, . GOTO 40 - .
45 DO 60 MM=1sNN — : »
- LB=LGH . , *
. LOC=A0C+1 - s
395 ] : . 5¢1.0)-6(L6)+AK(LOC) o
~ 60 - CONT INUE .
30 - CONTINUE .
35 UE -

CONTIN
30 CONTINUE
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400 NSYMB=NSYH o
9999 CONTIKUE e ,
1F (NRYN.EQ.0) GOTO 730
NREM=NL ‘

AR IF (NSSYN.EQ,0) HREH—StNL .
a5 - WRITE (2330 (8T ToLe THAK)
) . CueeerIF ANALYSIS IS DYNAMICs CONDENSE THE STATIC STRUCTURAL STIFFNESS

c NATRIX TO DYNAMIC STRUCTURAL STIFFNESS MATRIX (REFERENCE POINT DOF’S ONLY) .
230 REUCAI[ GAUSS (S Ry INAXINEQ» Oy NREMDET»1)

410 , URITE(bv!) (S(I)s1:219 INAX)

WRITE(2,%) *GLOBAL STRUCT STIF MAT IN VECT FORM CUL BY coL*
D0 23 I=1,NEQ
J=(In(I+1 22— ‘ -
\ : KKK=.J-T+1 :
A15 WRITE(25%) I»Js(S(K1)sK1=KKKyJ) o
23 CONTINUE’ | ,
819 RETURN S &
END S o ' -
-3
l 4
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FURDEAEE-1INY

FREQUENCY = *»BD(J)
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llllll

10

e 1]

15

20

SINCALPHA)

SSYK.NE.0) GOTO 540

)=COS(ALPHA)
SSYH.EQ.2) YVU(1)

25

30

TE HODAL PARTICIPATION FACTOR ‘HPF*
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’ FTN'Q 8+552 83/03/74. 15.51.27 PAGE 2

(Iyl1)= DIS?LACEKENT I FOR gpnc J
DO 40 T=1,N 7
RCLLE S0 CLe 1) KBC) i
.40 CONTINUE ,
WRITE(27%) *REFERENCE POINT D1SPLACEMENTS FOR MODE $'».J
At e B LYy L s NRER) o AND. CRPRT(4) «EQ+0)AND
~(NFRI(S),EQ+0) " AND: (NPRI(&).FD.0)) GATO
RENIND & - . :
READ(6,%) (S(I)sT=1,IHAX) ,
c...........REcovER CORNER VRRTICAL DISPLACEMENTS
CALL GAUSS(SsR(1v1.1) 4 NK+NEQs1s~NRENsDET,
WRITE(2,%) *REFERENCE FOINT AND CORNER DISPLAPEHENTS "FOR 'MODE #° 14
| JRITEC2/0) LU (RED LD T8 NED)
IF (RPRINCA) ,EQ,0) L4=1 .
IFC(NPRI(4) .EQ.0) ,AND. (NPRI(5) .EQ.0) .AND.
~(NPRI(4).EG.0)) GOTO 10
HPFSUF =HPF XSV (1) ERD( J)
c...........uct.Liv- EQUIVALENT ELASTIC FORCE I FOR MODE J
10 50 1=1sNREN o
UCTs1.4)=ERR (1) RHPFSYF - .
S0. . CONTINUE ‘
WRITE(2,%) *EQUIVALENT REFERENCE POINT ELASTIC FORCES *
WRITE(2,k) (UCTsL4)91=1yNREH)
IFC(NFRI(5).EQ,0).AND, (NPRI(4),EQ.0)) 6OTO 10
Covvononeve BASE SHEARS AND TORQUE
COOFDR NSSYN=0
Co v vreaUl1yd)=HAX EASE SHEAR IN X RIRECTION FOR MODE J
L U(2y 1) =NAX BASE SHEAR IN Y DIRECTION FOR MODE U
v ivi (%, J)=MAX BASE TOKQUE FOR HODE J
e U(4r1)=NAX COMBINED BASE SHEAR XY FOR MODE J
. FOR"NS8VHo1"' 001, =HASE SHEAR IN X DIRECTION. FOR KODE J
CLVFOR NSSYH=2 U(1,)=BASE SHEAR TN Y DIRECTION FOR MODE J
}CUUFOR NSSYH=3 U(1,J)=FASE TORQUE FOR HODE J-
e >7'D0 4Q T=1,ND
720 , )
D0 70 K=1sNL ‘ \
KK=(1-1) ENL4K '
227411 (KK J) ~
70 CONTINUE )
: Y(lsd)=Z
0 CONTINUE
URITE(Z%) *SHEARS AKD TOROUES FOR HODE 4°1J
TF(NSSYN.NE,0) GOT
TR NI s J)tV(l-J)+V(2vJ)tV(2yJ))
© WRTTE(27%) VNDH1yJ
80 iR R S
IF (NFRI(6).£Q.0) GOTO 10
1F (NSSYH.NE,3) 6OTD 560 .
WRITE(21%) 0.010,0
GOTO 10
Ctoooitt»vth(!)=HFIGHT oF LEVEL I
é “NB=1 -
oy JEANSSYN,ER.0) NB=2
XCD=ET(ETHT)12)
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115 ' D0 100 I= 2.NL
 K=K4NHE CT
: X(I) X(I 1)+ET(ETN(K)v2)
, 100 CONTIN
‘ , WRITE(2y t) 'HEIGHT OF EACH LEVEL FRON 1 TO NL®
120 WRITEC(29%) (X(I)yI=1sNL)
C..FOR NSSYN=0
cotrerrine JMOK(19)JESE MOMENT ABOUT Y AXES FOR MODE J «
vevrensens o HOK(2yJ)=HAX BASE MOMENT ABOUT X AXES FOR MODE J
Coovnvernee e MOM(3pJ)=MAXIHUM COMBINED RASE MOMENT X,Y FOR MODE.J
125 . CvoFOR NSSYH=1 MOW (1)) =HAX BASE MOMENT ABAUT Y AXES FOR MODE J
C,+FOR NSSYM=2 HOM(1,J)=HAX RASE MOMENT ABOUT ¥ AXES FOR MODE J
WRITE(2s%) * BASE MONENTS FOR MODE $°J
Do %18 I=1sNR 4 v
130 . D0 120 K=1,NL i
, KK=(I-1)XNL+K
Z=Z+U(KKsJ) XX (K)
120 CONTINUE .
- MOM(I»JdY=Z \
135 : 110 CONTINUE
: X IF(NSSYM.NE.0) GOTD 130
; MDH<NB+1,J)=SQR7(HOM(1.J)xnon(i.J)+M0M(2,J)xnon(2.J))
. URITE(25%) NOM(NB#is.)
: 130 WRITE(2s%) (MOM(IyJ)syI=1sNB)
140 c 10 CONTINUE
C. ' ‘ .
%.....THE REMAINDER OF THIS SURROUTINE IS FOR SRSS CALCULATIONS
145 C e
WRITE(2,13)
IF(NFRIN(1),ER.0) GOTO 570
e e ® b oooDIQPLQCEI FNTS
- I1=1
150 JJ=NEQ
, . IF (NPRIN(2) .EQ.0) JJ=NREM
GOT0 590
‘ 570 IF (NPRIN(2).EQ,0) 6OTD 580
: . II=NREN+1
155 . JJ=NEQ : o
590 N0 140 I=11,JJ L L
WRITE(2y%) *DISPLACEMENT"31,°FDR ALL MODES®
i uax;sézyt) I9(RCXp D) s d=10 M) )
. 1460 . no 150 J=1sM
. Z=7T4R(1 J)‘g(l vJ)
150 cnnrtnus
R(IsM+1)=8RRT(7)
: i 140 CONTIMUE
145 « WRITE(2+2¥) *SRSS OF HISPLACEHENTS'
‘ WRITEC29¥) (R(IsH+1)91=110Jd)
580 CONTINUE '
IF(NPRIN(4) .EQ,0) GOTO 140 : ‘ N
' LR N B N ) OOEl ASTIC FORCES \ -
170 Do §7g I=1,NREM N ’
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185
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240
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‘DO 180 .J=1sM
= YBU(Ivﬁl)tU(IvJ)

E
)=8QRT (2Z)
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FORMAT(S3H OUTPUT TABLE..2 INTERNAL FGRCEQ IN COLUMNS AND REAMS )
FORHAT(//34X11FQCADE NUNBER  X»I5
* ' ELEMENT WO, CoL., XIAL Fe COL., SHEAR coL. HOHFNT
BEAlY SHEAR BEAM MOMENT

-m

2
'1000iFORHAT(1H1’ 7HELEHENT17X:8HSIGHA(X)s7X'8HSIGHA(Y)v

7XyBHIAU(X» Y ))

c1010 FORMAT(110+ tP3E15.4)

RETURN -
END

i
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SUBROUTINE FORCE FTN 4.84552 B3/03/21. 15.51.27 IE'ABE 1
SUBROUTINE FORCE(STGrIIsJJoHsJSTRSTT BW,SH,12)

;***ﬂﬂ"tt*X"t"t*!ﬂ"“***tnﬂt*ttHtﬂlt!tttﬂﬂ.t*ﬂ*"ﬂt
X THIS SUBROUTINE EVALUATES INTERNAL FORCES IN

10

e - ,‘.‘,q_w., \Mmm—m.
,.—a\ R

15
20.

25

3o

33

40

OO 00 denonnooono

L X

BEANS AND COLUMNS

DIHENSION S5IG(J)

IF(IZ.EQ.0) GO -TO 10
EVALUATE BEAH INTERHRAL FORCES

SF=8TG () RTTEEH
BH=SFXBW/2,

ggng(moo) KsT11009QF s BY
10 CONTINUE '

C
% EVALUATE COLUMN INTERNAL FORCES

IFC(JJ,EQ. 1), OR, (JJ.EQL JSTRS))
AF=ST1G(2) $TT4BW

SF=GIG(3)XTTXBW
GO TO 30 o
20 CONTINUE
AF=SIG(2)XTTERW/2,
SF=SIG(3)XTTkBW/2,
30 CONTINUE
Bi=SF¥SH/2,
WRITE (272000 M»ITsdJrAF ySFoBH
799 CONTINUE
100 FORMAT( 313 +47X,2(4X»E10,3))
200 }};2?5}%}5( IS 1AXyEL3.35204X1EL0.3))

t!tt"“t**!t“ﬂ#t#t#t"ﬂttt!HHN'I****‘Hﬂt*tﬂttﬂ*t*utﬂﬂ

X X X J
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SUBROUTINE STAT FTN 4,84552
SUBROUTINE_STAT(SsR,NEQs THAX, NSSYH /KLY
DIMENSION SCIMAX)yR(NEQ)
Beevo o DBTAIN GLOBAL STATIC DISPLACEMENIS .
CALL GAUSSCS Ry IMAX,HEDs 14 1, DETy 1) .
RITE(2:%) *STRUCTURAL DISPLACENENT VECTOR IS
URITECS,%) (RCLTD)TTo0,NEQ)
ND=NEQ/NL
IF(HSSYM,NE,0) 6OTO, 55
WRITE(2,300)
DO 50 I=1;NL
L=(ND~1)ENL+I ,
, WRITE(Z,400) T1(RCJ)yJ=IsLoNL) 0
50 CONTINUE - :
6OTQ 444 : -
55 IF(NSSYM.NE.1) GOTO 40
WRITE(2,600) .
6070 75 )
- 60 IF(NSSYN,NE.2) GOTD65
WRITE(2/700)
6070 75 ‘
65 IF(NSSYN,NE.3) 607D 70
WRITE (2,800
60TD 75
70 WRITE(2,%) *SXXREKXXXKX ERROR IN INPUT DATA KEXEXXEXEE®
WRITE(2)%) * STRUC SYHETRY WAS NOT SPECIFIED AS 0r1r2,0R 3*
S LR
75 D0 BO I=1,NL ,
L= (ND-1)ZNL+I
MRITE(2,900) s (R(J)»J=IrLsNL)
80 - CONTINUE
o 444 CONTINUE
300

lFDRHAT(ISSHDUTPUT TABLE 1.. GLORAL DNISPFLACEMENTS //

X9 SHLEVEL » 8X s 7HX-DISP . ¢8Xs 7HY~ DISP.;SX;7H ROT-0 »16X%,
SHVERTICAL RISP. OF CORNERSY )

2
400 FORﬂAT(I?-?ElS!S(ElO 3+3X))

600 FORMAT(3BHOUTFUT TABLE 1.,.
3 LEVEL NO.

COR //)
700 FDRHAT(38HDUTPUT TABLE 1..
LEVEL WD,
CORNERS

800 FORHAT(BBHOUTPUT TABLE 1.
LEVEL NG’
CORNERS

[y vy

s b

GLOBAL DISPLACEHENIS //
X-DISPL, DISPLACEMENT OF °

GLOBAL. DISPLACEMENTS //
Y-DISPL, DISPLACEMENT OF

GLOBAL DISPLACEHENTS /17
ROTATION DISPLACEMENT OF

!//
900 FORMAT(110,4%X,E10.3,5(4XyE10.3))

999 RETURN
END.

&




