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Abstract
The mathematical procedure in this study covers the calculation of sectorial

properties of the equivalent cross-sectiona storey for high-rise building frames. The
formulation is efficiently used to obtain the free vibration analysis of high-rise
buildings which are constructed from several columns, beams, shear walls and
bracing etc. the analysis is based on transformation the complex system to a smple
tall column to represent a cantilevered tall building structure. This is partitioned to
nodes one of which indicates a storey with equivadent cross-sectional properties for
al storeys eements after calculation of these properties with respect to the shear
center of high-rise building. A thin walled bar finite element with seven degrees of
freedom at each node is assumed. A new formulation of the stiffness and consistent
mass matrices of the thin- walled element is presented in this study. The effect of
cross sectional warping and its properties on the flexural, torsional and axial

properties was investigated, using discrete element agpproach in idealizing the
structure in high rise building. For the purpose of the present study, it is assumed
that the cross-sectional types under condition are only of thin-waled sections.
Algorithm method was developed which covers the caculation of sectorial
properties of the cross section for floor plan in high-rise building, to study the share
of columns for lateral shear force resistance, and investigate the behavior of different
types of high-rise building with inclusion of warping restraint. The effect of natural
frequency with height of tall buildings, and the mode shape for different cross-
sectional plans of high-rise building was studied. To check the efficiency and
accuracy, the mathematical procedure is demonstrated for static and dynamic
examples by comparing the results with those obtained by using software ANSYS
program. A difference of 15% is shown. An eigen vaue problem is analyzed and
numerical examples are discussed.

Keywords: High-rise building, finite element method, thin-walled sections, torsion,
warping restraint, stiffness and mass matrices, natural frequencies.
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was assumed to be either completely
free or fully prevented at supports [2,
3]. When the warping effect has been
taken into account in space frame

1. Introduction
High-rise  buildings  have
become one of the impressive

reflections of today's civilization. The
outlook of cities al over the world
has been changing with these tall and
slender structures.

High-rise structural problems,
like most other practical engineering
problems, involve complex materid
property, loading and boundary
conditions. The engineers introduce
assumptions and ideali zati ons deemed
necessary to make the problem
mathematically manageable, but still
cgpable of providing sufficiently
accurate solutions and satisfactory
results from the point of view of
safety and economy.

Anaysis of the effect of
warping restraint on the behavior of
high-rise building has been a mgor
topic of structural  engineering
research for many years. Most of the
early work on this problem was
concentrated on the response of
isolated members in which warping

analysis, the joints have again been
assumed to be either free to warp or
completely prevented from warping
[4, 9]. The global stiffness matrix of
the core sysem on the basis of an
assumed solution for the governing
differential  equations of  three-
dimensiona non-planar core element
with seven degrees of freedom at each
node to idedlize the non-planar wall
unit (used in static analysis of core
systems), in which, the seventh
degree of freedom accounts for cross-
sectional warping [10,11]. The same
finite element idedization introduced
by Taranath as a method for verifying
free vibration response of cores
obtained wusing the finite strip
idedlization [3]. A generdized
coordinate method for the anaysis of
core system, the overadl diffness
equation is obtained in generaized
coordinates. A transformation was
perfformed a the member, and
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computations involving large matrices
were reduced [14]. The natura
frequencies and corresponding mode
shapes are evaluated for thin-walled
elements of constant and open cross-
section using the finite element
method. Following the classical thin-
walled bar theory, warping and Saint-
Venant torsiona rigidities were
accounted [12]. A concept to increase
the laterd stiffness of wall-frame tall
building structures by dtiffening a
storey of the frame system either at
the top or a an intermediae
optimized level[1]. The warping
deformation is considered as a
seventh degree of freedom in space
frame elements for static and dynamic
analysis. The main conclusions drawn
from his study were: a) warping
deformation has a  significant
influence on the coupled lateral-
torsional and the uncoupled torsiona
response. b) Shear deformations
affects both lateral and torsional core
response, especialy, sguare core
system. ¢) The discrete element
idedization procedure with negligible
warping can never be a reliable
approach in estimating shear cores
and tubular structures response,
especialy when they are subjected to
loading that causes torsiona
deformations [1]. An efficient and
practica random vibration approach
for seismic response anaysis of a
super tal building with a large
number of degrees of freedom, the
seismic responses of tal buildings
subjected to random earthquake
excitations were evaluated by using
the Pseudo-excitation method[8].

The aim of this study is to
investigate the behavior of different
types of high-rise buildings with
incluson of warping restrained. The
mathematical procedure in this study
covers the calculation of sectoria

properties of the equivalent cross
sectional storey for high-rise building
frames.

A new formulation presented to
obtain the free vibration andysis and
transformation of high-rise buildings
which are constructed from severd
columns, beams, shear walls and
bracing etc. to a simple tall column to
represent a cantilevered tall building
structure. This is partitioned to nodes
one of which indicates a storey with
equivalent cross-sectional properties
for @l storeys elements after
caculation of these properties with
respect to the shear center of high-rise
building.

2. Analysis of High-Rise Building

In general, the normal stresses
vary from point to point along the
member, hence, they are accompanied
by a non uniform shearing stress
distribution which, in turn, alters the
twist of the section, as a result, the
twisting moment developed on each
section is no longer proportiona to
the rate of twist and final shearing
stresses cannot be obtained by supper-
imposing  those  produced by
unrestrained torsion and bending. To
complicate matters, such "warping"
stresses are  aso developed by
subjecting thin walled member to
eccentric axid load; consider, for
example, the high-rise building in
Figure (1), which is composed of four
stringers of equal area connected to
thin skin. For simplicity, it is assumed
that the stringers develop on normal
stresses and the skins develop only
shearing stresses [7].

According to the Bernoulli-
Euler theory of bending, the eccentric
load (P) produces the axial force (NXx)
and the bending moments (Mz) and
(My) shown in Figure (3-1). No
additional stress results are given by
the elementary theory because it is
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based on the assumption that planes
remain plane. The super-position of
cases (b), (¢) and (d) in Figure (1),
does not lead to a force (P) in bottom
stringer; the additional force system
shown Figure (1, €) is also necessary.

In thin walled open sections,
stresses  produced by  restrained
warping diminish very dowly from
their points of application and may
congdtitute the primary stress system
developed in the structure. High-rise
buildings are modeled by using thin-
walled open section and analyzed as a
space structure. Due to he fact that
effect of warping is important in the
analysis of such structures, seven
degrees of freedom are consdered at
ajoint, as shown in Figure(2). Six of
these are the familiar trandations and
rotations about three orthogona axes
and the seventh one is the warping
displacement [11].

3. System Analysis

An C-storey tall building shown
in Figure (3, & is considered. The
origin of the principal coordinate
system (x,y,z) is arbitrary chosen of
the first floor, the positive direction of
z-axisis upward.

The structure is comprised of
vertical members (columns and shear
walls) and bracing. The column and
shear wall at which the vertical axis
crosses the floor are named an
element.

An element is denoted by (i)
and the shear walls are divided into a
number of smal elements, each
containing one layer of rebar as
shown in Figure (3,b) and the length
of each element is equal to the
spacing between the bars. Although in
practice there are usualy two rebar
placed near the edge of walls of core,
in this study these two bars are
theoretically represented by a single

bar which is placed in the middle of
each element.

This assumption is made by
considering the fact that the thickness
of wall of core structure is quite small
compared with its other dimensions
3.1 Computations of sectional
properties

The sectional and sectorial
properties of floor plan in high-rise
building are calculated by initialy
dividing the plan into a number of
columns and shear wall. At the same
time the shear walls are divided into a
number of smal elements , which
contains a rebar at its center as shown
in Figure(3-3b). The procedure is
based on Vlasov's theorems [13] and
similar to that used by Miranda [6].
The steps of procedure are given as
follows:

1 Divided the shear wall cross
section into a number of small
elements in which each element is
defined by two node numbers. k
represents a node number.
2. Choose an arbitrary
coordinate system (Xr and Yr)
(principal  axis) and obtain the
coordinates of nodes according to this
system.
3. Calculate the area for each
smal equivalent element of the shear
wall cross section :

A=A, +A 1)

where

A isthe concrete

element cross section

area ;

A isthe steel element

area.

4, Cdculate the totd area for
storey cross section (plan):

n-1 m
A =aAt+aAs @

i=1 j=1
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where

A is the cross section area
of shear wal number i ;

Af is the cross section area

of column j.
The concrete area must be
transformed to equivalent area of steel
as below;

A, =(1- o.ooz)tiTS'

A, = o.9rs:8ti i %Py o

Also the area of sed which is
computed by:
Ay =0.002;s (4)

where:

ti= thickness of each small element.
s= length of each small element.

X, and y=principa coordinate of
nodes to arbitrary coordinate system
Xrand Yr.

n:E is the modular ratio in which
(Es) and (Ec) are the modulus of

elasticity of concrete and sted;
respectively.

5. Transform  the  arbitrary
coordinate system Xr, Yr into

centroidal coordinate system X, Y

5o Voo + Ver)
th — a A|Sh % \Yr (k+1) r.k

2 )

N (6)

Sx = a Aj * yr

j=1
S, =S +S¢ ()
St = A ey *2) g

i 2

i=1

. (©)
S, =aA{*x

j=1 (20

— csh c
S, =S +S; )
S S
C= Y- yt=x
)
where:

S, and S, = sectional moment about
arbitrary coordinate system X, Y.

X' and y'=coordinate of centroidal are
shown in Fig. (3b)

n=number of steel columns.
m=number of smal elements in shear
wall.

6. Calculate the moment of
inertia of the section with respect to
centroidal coordinate system.

e =1y +Ai5h(in)2 (12
le=1, +A7(dx)* (13)
L =1y, + A X dy, (14)

Doing that for both sted
columns and shear walls and
the overall moment of inertia

are (15)
L8
Ix¢_a.|xjt+a|x? (16)
i=1 j=1
8
|y¢_a IyF+a Iy?
i=1 j=1 (17)

e g
lge = A |xw ta |xw
i=1 j=1

The same as for the steel column
section;

7. Locate the pole a the center
of gravity C of the section. for
simplicity select C1 as the initial
radius of the sectoria coordinate.

The total sectorid
coordinatesWg .,y  for  concrete
elements are;
chl,(k+1) =Wak Wik (18)
In which:

Wei = qu * Wi|+|dyi * DX]|) (29
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Also, the totd sectorial
coordinateswg .,y for steel elements
are;

W§1,(k+1) =Wak * Wk
In which:

e = (ax * Dy, +jay > Dx|) @Y

(20)

where
W, Wi =sectorial  coordinates  of

point (k) from arbitrarily chosen pole
C and an initial radius of Cl1 for

equivdlent  concrete and  sted
elements, respectively. (Note
W WS

ctk*™clk are equal to zero at point

1). Are calculating from:
ngvk - gyr,kﬂ + yr,k * D(i Xr,k+1 ) (2

22

+
2

DX = Xu1 = X DYy = Vi = Vi g

The area of reinforcement bars is
converted into square areas so that
sectorial coordinate of each bar can be
caculated easily. The sides of this
equivalent square are taken as:

Dxg =Dyg = \/A_sn (24)

To find the sectoria area of stedl
columns by dealing with discrete
elements idedized, where each
element is bounded by two nodes
taken at adjacent floor levels. That is
to say, each column behaves aone
with respect to centroid.

w; = 1/‘dij+idijg*dj (25)

where:
dj=effective depth of column's cross-
section.

8. Determine the location of
the shear centre, or torsion
centre.

it isthe point in the plane of the cross-
section about which twisting take
place .The shear centre location is
required for calculating the warping
tensional constant. It aso requires
determining the stabilizing or
disabling effect of gravity loading
applied below or above the shear
center. For this, first calculate the
sectorid  statical moments of the
section.

it =we . * ACi (26)

Sw? :W;,i *Ag (27)
Sin = (SNiC + SNis )* dyl (28)
Swy; = (S’ViC + S’Vis)* dx, (29)
where:

wg, = 0-5(\/V§1,k +chl,(k+1)) (30)
Wy, = 0'5(\Ncsl,k +Wcsl,(k+l)) (3D
and

S

W =W tWg (32)

For column element, the sectorial
statical moment is obtained by:

_ 33
Swx; =w; *dy, * A (33)
Swy; =w; *dx; * Af (34
Then, caculate overal plan section:

n-1 m
Swx=g Swx +3q Swx, (35

i=1 j=1

SA,y:é.SA,yi+éSAij (36)
i=1 j=1

The location of the principle pole is
then obtained from:
ax:_éawSNX'lmeNYQ S
8 I x¢l ye ~ I xt§/¢2 B
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x¢SNy xt§/¢ O (39)

8 I x¢l y¢ x ¢ 5
The principal pole is the shear center
of the section and its coordinates (ax)
and (ay) are shown in Figure. (3b).

9. Calculate the principal
sectorial coordinates and
principal sectorial moment
of inertia.

This is achieved by finding non-
principal sectoria coordinates of the
section using Al as the initial radius.

ay =

Cc
Note that Atk and
to zero a point (1).

WS
ALk are equal

Wae) =Wy = WE 1) - Ga>|< Dy, +Hay* Dﬂ)
(39
W) Wi~ W s - (2 DY +a* D)
(40)
where;
W,Cm,k :|dxi¢' aXI(DYi)"'|in¢' ay 4
:|dxi¢' a'XI(WS )+|in¢' a 4o
)
and
Wiy = O-S(qu,k +W;L(k+l))E| 43)

Wiy = O-S(fol,k +WAS\J,(k+1))?I)
The same as for the sted column;

we = g/dax +(day, )ZQ*d 44
)

W(=gactorial area for each column
and small element in shear wall with

respect to shear centre.
Sax; =w(* day, (45)
Sy, =WJ( * daxj

J

For determining the sectorial statical

C S
moments S &S for equivaent
concrete and steel bar in shear wall:

s_‘g1 s
SN a.WAl|*AC|’SN_a.WAl 46

i=1 i=1 )

The total sectorial statical moments
for each smal element in shear wall
are equal to:

SENEE (47
The amount of coordinate
transformation required to render wa;
into the principal wao is caculated
from:

_S
W, =—— 48
AO ASht ( )
The principal sectorial coordinate for
each point k and center point of each
element is determined from

c —\n/C S —\nsS 49
Waok =Wark = Wao:Waok =Wark = Wao (49)
(50)
[ — [
WAo,(k+1) _WA:L(k+l) WAO’W 0,(k+1)
—_ S
_WAl,(k+l) - Wao
[ + [ S + S (51)
¢ _ Waox WAo,(k+1) s _ Waok TWpo,
Wi = Wi = (52)
2 2
53
Wiq:sh :Wic +Wis ( )
n-1 (54)
= é Wieh * day
i=1
rgl
=gqwe*d,
i=1
where;
s ¥
a agnd %= dgaica moment of

shear wall about shear center.

Now w can get the shear correction
factor in both directions x and y for
shear wall:
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1 2
a1, b
cr=fi_ 9@ _ (55)
sz +lar)y
2
gt 0,
¢a o> *b (56)
Cc2= €i=l %]
y 2 2
(s5) a2
where:
b= width of shear wall.
10. Calculate the warping
properties
Finaly warping properties by

caculating the principal sectorid
moment of inertia is obtained from:

Iy = én (VViC)Z*Aci +(Wis)2*A 57

i=1

12 = 8 (wef > Ac
j=1

58
)

The total warping constant for floor
plan cross-section is equal to:

I, =13+ (59)
For calculating the product moment in
inertia:

n-1
lx = é. dyy,; (\Nic* Ay +wS* Asxi)
i=1 60
AWt A *d,
j=1
n-1
Ly = é. Aoy (\Nic*Aci +WiS*Ain) 61
=1
FAWEA *d,,
j=1
n-1
[o]
Se=a (WiC*Aci +WiS*Asti) 62
i=1
g
rawfrA,
j=1
where;

T
Swe= product moment of area.

3.2 Thin-Walled Finite
Element Members
When a thin-waled member having
one or more Cross section constrained
against warping is subjected to a
general system of externd loads, a
complex distribution of longitudinal
stresses is developed that cannot be
evaluated using the eementary
theories. The assumption that plane
sections remain plane  during
deformation is no longer vdid, and
applications of Saint Venant's may
lead to serious errors [7].
The most popular approach used by
the greater part of researchers is
employing of principle-generalized
coordinates; the mass matrix will
have a simple form. When such
coordinates ae assumed, some
quantities are referred to the shear
centre and other to the centriod[12].
Linear theory of thin-walled bars has
been wel known since the early
works of Vlasov, his set of the four
ordinary differentional equations of
the fourth order with congtant
coefficients describes the behavior of
thin-waled member to distributed
torque m(2)[13]:
Axid deformation  along  the
longitudina axis (z) of the member:

AW} +Sul - ST - 5 Q' = 63

Bending about (y) and (X) axes,
respectively:

iii iv iv i 64
- Swe +lhul - v - 1,,Q

. . . 65
C S LU - LY - 1,Q"

Torsional behavior of the member:
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iii iv iv iv Gld i
- Sch +|wxuc - Iwyvc - CWQ - ?Q

...(66)

Attempts of uncoupling Equation (3-
91) were also made for stability and
free vibrations analysis of I-beams of
variable cross section using the finite
difference method. The coefficients in
last equations become variable in this
case; only numerical technique can be
employed to solve the problem [13].

4 Numerical Examples
In order to show the efficiency of the
proposed algorithm procedure and
computation the properties of tall
building, a H high-rise building, L
high stories, include five identical w-
shape steel columns and rectangular
shear wall.

The material properties of
concrete and sted are given in
Figure(3-5). The values of sectional
and sectorial properties obtained in
the optimum analysis using the
iterative technique suggested in this
study are givenin Table (2).

4.1 Building with Different Cross-
Sections

Herein, a building shown in Figure
(5), is anayzed, which has variable
cross-sectional plane storey in height.
The height of storey is (3m) and the
first, second and third storey was X-
shaped floor plane (Figure 5-a) while
the other stories was L-shaped floor
plane (Figure 5-b).

The mode shape and the behavior of
this building with height (18m) have
been  analyzed by numerical
procedure; the result is compared with
the same building with one cross
section (Figure 5-a). The result is
shown in Figure (6).

Theresultsin Figures (7, 8 and
9) indicate that the maximum val ue of
trandlationisin (X, Y) direction and

rqﬁ(@n at the top of building in case
I cross-sectional plane for
storey. Whereas the maximum value
of trandationisin (X, Y) direction
and rotation is at the third storey
when the cross-sectiona plane was
varying .
4.2 Effect of building storey shapes
Figure (10), shows buildings with
varigble cross-sectional plan storey
which have been anayzed. The
overall building height is 18m, with
storey height of 3m.

The mode shapes in X-
trand ation direction and warping have
been considered. Figure (11 and 12),
shows that there is small differences
in results can be seen between the
cases X-shaped plan and H-shaped
plan, compared with C-shaped plan
and L-shaped plan for the trandation
in X-direction.

On the other hand, the results agree
reasonably well with C-shaped plan,
L-shaped plan and H-shaped plan.

4.3 Warping Effect or Inclusion

To study the effect of warping on free
vibration  behavior of high-rise
buildings, a (C and H-shaped)
building of Figures (10,a and d) are
assumed to be of steel. They are
assumed to be a linearly elastic
material with the same properties. In
general, a procedure has been
presented for the formulation of the
stiffness matrix and consistent mass
matrix for an open cross-sectional
plane in warp-restrained torsion,
including the warping shear effect by
coupling the twist displacement field
and the warping shear displacement
field.

The lateral response, when
warping was considered that was
using (7-DOFs per node) seems to be
larger than the response of the
structure with warping (6-DOFs per
node), especialy when the cross
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section of the building increases, or as
the structure height decreases.

The behavior is related to the increase
in torsional and warping stiffness as
cross-sectionad dimensions increase,
which results is larger torsiona
motions and separation of the laterd
and torsona motions. These results
are presented in Figure (13 and 14).
4.4 Column Shear Forces

L-shaped plan of the structure
under the applied horizontal and
vertica loads act on the peak point of
the structure shown in Figure (10, c).

Similar correlation exists for the
distribution of column shear forces
around the plane framed as evidenced
by Figure (15).

Figures (16 and 17), present the
distribution of these forces over the
height of the building. It is seen from
the results the two cases are with or
without warping. Therefore, the only
shear force in Y-direction affects on
warping deformation.

5 Ansys Result

The accuracy of the results
obtained by the numerical procedure
examined by comparing with data
generated using the commercidly
available software ANSYS program.
A 18m building is employed, Figure
(4) show the plane layout of the
building. A horizontal load is equal to
1.2 times area of plane and acting on
the peak point of building and a
vertica is equal to 1.2 times (0.5
*H*W), where H and W , height and
width of building, respectively.

For comparison, the
corresponding  results given in
software ANSYS program are aso
given in the Figure (18). The results
agree reasonably well with those
given in the present theory.

According to the results,
differences (of about 15%) seem to be
mainly due to fundamenta mode

between the caculations of present
theory and ANSY S program.
6.Conclusions

An  efficient  mathematical
theory for analysis of behavior of
hi gh-rise buildings with the inclusion
of warping has been proposed in this
study. Heren, the method
incorporates the high-rise building
with shear wall and bracing modeled
as thin-walled beam elements in three
dimensiond anaysis for
displacements, natural frequencies
and modes shape of tal building
structures. From the present study the
following conclusions have been
drawn:
1 The shape of storey plane has
great influence of the structural
behavior of high rise steel buildings.
2. From studying different
cases of loading in many directions,
the largest value of natura frequency
is obtained for uniform distributed
load in the direction perpendicular to
the shear wall.
3. Based on the theory of
mathematical procedure, an analytical
method of solution is proposed and
genera solution to the EIGN vaue
problem is used to determining the
natural frequencies and modes shape
of either symmetric or un-symmetric
tall building structures.
4, In genera, the number of
times nodal displacement fields are
computed along the height of the
building is not critical for floor slab
displacements and natural
frequencies. In the case of buildings
under pure torsion, it has no influence
on noda displacements and member
forces.
5. The presented theory has
made use of sectorial properties of
section which is quite useful in
describing deformations and mode
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shape when the plane cross-section no
longer remains plane.

6. In this study the automated
computation automated of sectiond
and sectoria properties in addition to
the determination of the shear centre
and mass centre of plan storey for
building.

7. The present study has been
applied to atall building with variable
cross-sections aong the height of
building and for different materials,
thus considerably extending the range
of applicability of accurate numerica
formulations for this type of structure.
8. The numericad examples
pertaining to free vibration analysis of
high-rise building are presented. The
results from the proposed and ytica
method are in good agreement with
those from a software ANSYS
program and results from theoreticd
research.

9. The presented study provides
an efficient and practica free
vibration approach for seismic
response  analysis of  high-rise
building with a large number of
degree of freedom. Free vibration
analysis of such a complex three
dimensiona model is more efficient
than the conventional algorithms and
high complexity of structural models.

10. Finaly, the ssimplest method
is presented in this study dealing with
complex and tall building structures
such as a cantilever column which
contains different nodes each of
which refers to the storey of tal
building.
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Table(1): The sectiona and sectorail properties for building in Figure (4)

’ 2 3 3

No "’()m Sax)(m Sav)(m (MY | 1a(m® | 1mY | C2 c? 1M | 1om® | 1oxM®) | Toy(m®) | So(m?)

1 | 167 | o gugy | 2649 | 0537 | 00857 | 3032pL | 0026 | 42103 | 0172 | 0093 | 0223 | 0089 | 0056

2 | 164 | -656 | -2303 | 0537 | 0.0664 | 30.03psL | 0.0265 | 3310°-3 | 0169 | 009 | -0219 |-00771| 0055

894*10

3 | 054 | o |-0762| %010 ooees  126pL 003 | 005 | 001 0 0026 | 0018

4 | 164 | 656 | -2303 | 0537 | 0.0664 | 30.03p.L | 0.0265 | 3.3*10°-3 | 0169 | 0.9 0219 | -00771| 0055

5 | 167 | qougy | 2649 | 0537 | 00857 | 30.32p.L | 0026 | 42103 | 0472 | 0093 | 0223 | 0089 | 006
i 2310 2107 5 32¢ | -1.95°

6 | 062 | oo | 0333 | “3 20 | 00615 | 2437p.L | O 043 | 0386 | ° s | B e
i 9.632*10 5 22¢

5 oors | 0403 | 2151 | 0431 ¥SF 345 | 038 s | 22, | 023
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Figure (1) High-rise building channel cross=section[13].
a)Vertical load at corner; b)Symmetrical axial loading; c) Bending
about X-axis, d)Bending about Y-axis; €)Self- equilibrate loads

Figure (2) Generalized Displacement for Thin-
Walled Element
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Figure (3) a) C-High risebuilding. b)Cross-section with principle
axes. ¢) Small dement of shear wall.

Figure (4) High-rise building prototype example
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Figure (5) Planelayout of 18m height of building

a) X-shaped plane b)L-shaped plane
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Figure (6) First mode shape of 18m height of building with
variable cross-sectional plane of storey
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Figure (7) Trandation in X- direction of 18m height of building
with variable cross-sectional plane of storey
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Figure(8) Trandationin Y- direction of 18m height of building with
variable cross-sectional plane of storey
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Figure (9) Rotation of 18m height of building with variable cross-
sectional plane of storey
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Figure (10) Planelayout of 18m height of building a) H-shaped plan, b) X-
shaped plan c)L--shaped plan d)C-shaped plan
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Figure (11) Mode shapefor 18m height of building with

variable cross-sectional of plane
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Figure (12) Mode shape for 18m height of variable building
configuration
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Figure (13) Natural frequency with height variation of C-
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Figure (14) Natural frequency with height variation of H-shaped
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Figure (15) Distribution of column shear force
(KN) at top level
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Figure (16) Column shear force (kN) in X-direction for columns (1& 2)
(L -shaped) building
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Figure (17) Column shear force (kN) in Y-direction for columns (1&2) (L -
shaped) building.
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Figure (18) Natural frequencieswith height building of 6-storey space
structure
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