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SUMMARY

This paper presents the dynamic characteristics of a new
structural system, consisting of staggered discrete panels, to assess
its suitability in practice. The longitudinal component of Koyna
earthquake (India) of December, 1967 is considered for studying
response of the staggered system in comparison with the conventional
shear wall frame system. Dynamic response is evaluated for three
different frame heights of 3, 11 and 19 storeys with (i) 1C% damping
and (ii) no damping. The staggered system is found to be superior
to the conventional one for medium heights with respect to the top
displacements.

INTRODUCTION

That frames with walls are advantageous for earthguake
resistance has been recognised and they have been in use in earthe~
quake resistant design of practically 211 high rise buildingse. As
for apartment buildings, if the locations of the walls could be
ad justed and systematised, it would be possible for applications
to be: made to a variety of housing plans utilising the walls to the
utmost for earthquake resistance. The present ipnvestigation aims at
studying new structural forms of building frames with discrete shear
pabels systematically dispositioned, Fig. 1, using the same quantity
of material as in a frame with conventional shear wall extending
from foundation to roof continuously, Fige 2. It 1s possible that
by appropriately staggering the storey-deep and baywide panels in
the plane of a building frame or/and along the length of the building,
the system can be mede functionally more useful than a conventional
shear wall frame. Staggering of panels can be varied through the
combinations of the simple basic systems given in Fige l. In the
present study two dimensional systems with planar loadings are
considered. The static response was presented separately (Ref. 1)e.
The dynamic characteristics are presented herein for the proposed
stagger ed system, based on the stiffness approach using Macleod's
pair of elements (Ref. 2)y to £ind its suitability in actual practice.
The longitudinal component of 'Koyna Zarthquake' (India) for Decernber,
1967 is considered for studying response of the proposed system in
comparison with the conventional systeme
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Sxperimental verificetion ves limited to the study of fre-
cuencies and moac snapes only (L.2f. 2. Jour perspex mcdels vere
tested for the Jurpose. The experiments validete the sdequacy of
the finite elenents chosen snd should give nscessary confidence
for tne adopticn of the proposed system by the construction industry,

METHOD CF ANALYSIS

Finite element metnod is recommended for the stetic anal:rsis
of staggered pancl system cs the wide column idealisation with rigid
arms for the discrete panels does not simulate the real structure
{(Ref. 1l). Further the capabilities of the prezent generation Compu-
ters have practically removed the constraints previously encountered
in the designs requiring considerations of dynamic aspects of loading
and less severe idealisations in the form of finite elements repre-
senting the panels. As such the finite element procedure is adopted
for the dynamic analysis of the stagjered panel system using Macleodfs
pair of rectangular elements, (Ref. 2) which consider inplane
rotation with single rotationzl degree of freedom at each of the fouwr
nodes. The displacement functions considered are

2
u=al+a2x+a3y+a4xy+a5y2+a6><y eea(l)
2 2
and V= a9+ agk + 3g¥ + XY + 3;,X + 3.XY eee(2)

giving full boundary compatibility. Satisfactory convergence is
obtained with a mesh division consisting of 16 elements in each panel
{Refe 1). All the degrees of freedom at the internal nodes are eli-
minated and a condensed stiffness matrix of 12 x 12 size is obtained
for @ panel (Ref. 3). Using these typically condensed stiffness met-
rices and treating all the columns and girders as flexural line ele-
ments undergoing axial deformations, the stiffness matrix for the
frame with discrete panels is formulated. The lateral flexibility
matrix is generated by solving for as many unit load cases as the
number of storeys using Gaussian elimination procedure and altering
only the load vector without disturbing other elements while solving
for different load cases. The staggered panel system has four nodes
at any floor level due to condensation and hence a horizontal load of
0«25 is applied at each to add to a unit loade However, for the
conventional shear wall system the wide column frame analogy method
is adequate and hence used for comparisone Discretised masses are
considered at floor levels which give a diagonal mess matrixe. The

wre was adopted owing to the limitations of the computer faci- _
lities (ICL 1909 with an effective core storage of about 23 k) availahll
at the Indian Institute of Technology, Delhi in 1978 during which
period this investigation was undertaken. Discretization of masses
at the centres of pesnels was not considered in view of heavier masse§
at floor levels duve to the slabse

DYNAMIC RESPONSE FOR KOYNA EARTHQUAKE
Accelerogram record for the Koyne earthguake recorded the
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longitudinal component of geak ground sccelerstion egual to 4305
of grevity {(«efe. £}. For tie progosed and convanticnsl systoms,
dynamic responses are opbtezined for the lonyitudinel coruponsnt of
the Xoyne earthgueke considering the contribution of The first
three modes of vibratiocn and the rasults comgarsds The disitised
accelexcroram data 2s obtzined by School of lessarch and ’:::inirg
in marthguake Ingineering, University of Joorkee hased on £CCC=-
ierogrem record is used for the study of dynemic response.

Dynamic response is evalusted at the end of 5.6 scconds with
(i) no demping and (ii) 10 demping. Three. different frame heights
3, 11 and 1y storeys are considered for investigation as represen-
tative. For tne first two heights, conventicnal system and all the
three cases of staggered panel system are considered. For the 19
storey height, case 1 of the proposed staggered system, Fige. la, has
been compared with the cconventional one. Time step adopted is
Q. 0053 seconde

COMPARISCN OF METHCDS OF ANALYSIS

Two methods, (i) the modal superposition method using Simpson's
rule for evaluating Duhanrel integral and (ii) the step method {(8=1/6)
are used for the evaluation of the dynamic response. The first three
modes are considered in evaluating the response by modal superposition.
The results obtained f£rom modal analysis are verified with those from
step method. They are in agreement as expected (Ref. 3).

RESPCNSE COMPARISON

Storey Displacements

The meximum top displacement in respect of the different cases
of the staggered system have been compared with those for conventional
shear wall system in Table 1. The maximum top displacements are
considerably less for cases 2 and 3 of the staggered system and they
are comparable, except for 19 storey frame with no damping, for case 1
with those for conventional systeme The effect of damping is observed
to be about the same in both the systems.

Inertial Forces and Mode Shapes

Contribution to displacements from the second mode, espectially
in the lower storeys, is significant besides that from the first mode,
Fige 3+ AS a result of this significant influence of the second mode
on the deflections the floor inertial loads do not continuocusly
increase, Fige 4. 1In fact in some of the cases investigated, there
is a change of sign in the inertial loads along the height,

The mode shapes for the staggered panel system consist of zigzag
lines, especially for higher modes, Figs 5, unlike in the conventional
system for which they are smooth curves. This is duve to the disconti- -
nuity in the shear wall and provision of discrete panels. In such modes:
sway déformetions are small as compared to panel rotations and the adjoin-
ing story panels have the direction of rigid body rotations reversed.
The inplane rotation in'a discrete panel causes opposite nature of
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moverent in tne top and bottom edges of the panel, Fig. 6« There
can be a2 change of a sign in the horizcntal deforme€icns of top
and bottom corners of a panel. This feature mekes the mode shapes
zigzag in nature for the proposed systeme As an illustration, for
a ll-storey frame 10 reversals take place in sixth mode, Fige. 5.
Because the masses are assumed to act at floor levels, the eigep-
vectors are ccmt;uted with respect to these levels. Based on the
above discretization the mcde shape with respect to the centroids
of the discrete panel is zlso shown in Fige 5Se

Table 1 = Comparison of Maximum top Displacements between the
proposed and conventional systems

Proposed System

Description
Casa 1 Case 2 Case 3
a) 3 Storey frames
i) No damping Less Less Less
T« 98% 5664 8% 56485
ii) 10% damping Less 1less less
4.95% 36+56% 36456%
b) 11 Storey franes
i) No damping More Less Less
6~ 85% 44.T5 44475%
ii) 1056 damping More Less Less
1.98% 28. 24&% 306 21%
c) 19 sStorey frame
i) No damping More
17.97%
ii) 10% damping More
6 36%

Base shears

The maximum base shear need not necessarily occur at the
instant when the maximum top displacement occurs. In the present
investigation, it has been observed that the maximum base shear
and maximum top displacement do not occur simultaneously except
for the 3 storey framese The values are compared with the corres-
ponding results for a conventional system in Table 2. The maXimum
base shear in case 1 of the staggered system is comparable with that
for a conventional system for all the heights considered. 1In
respect of cases 2 and 3 of the staggered system, the values are
comparable for 3 storey frames; but are considerably more fcr
11 storey frames.
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Table 2 - Comparison of maximum base shears between the proposed
and conventional systems (with 1C% damping)

Description Proposed System
Case 1 Case 2 Cease 3
&) 3 Storey frames Less Less Less
4.83% 3.39% 3.39%
b) 11 Storey frames More More More:
2. 71% 51.56% 49.93%
c) 19 Storey frames More
1.73%

Displacement Time History for Top Storey

The variation in top displacement with time is presented in
Fige 7 for case 1 of the proposed staggered system and the conven-
tional system for the height of 19 storeyse. it can be observed

that the responses in both the systems are similar and magnitudes
comparables

GENERAL

It is desirable that the analytical results obtained by =
proposed method in respect of a new structural form are further
confirmed by experimental investigations. To study the overall
behaviour of the proposed system, both static and dynamic tests
were carried on 4 perspex models; and 3 reinforced concrete panels
were tested tc examine and behaviour of the panel at its connections
with the skeletal members (Ref. 3).

CONCLUSIONS

The feasibility of staggered panel system has been assessed
in comparison with the conventional shear wall systems The dynamic
characteristics for medium rise frames with staggered panels are in
no way inferior to those provided with continuous shear wallse

Cases 2 and 3 of the proposed stagge ed system are superior
to the conventional one in respect of displacements for frames of
moderate heightse The displacenents in case 1 are comparable with
those for the conventional shear wall frame.



The displacem=nt time history of the top storey is similar
and compsrable between the staggéred panel system, case 1 and the
conventional shear wall systeme

The maXimum base shears are comparable for case l. For
cases 2 and 2 they are comparable for the 3 storey frames and
zre hicher for the 11 storey frames.

The presence of discrete panels mekes the mode sheapes,
especially for the higher modes, zizzag in nature for the staggers
2nel systeme

L¢]

The contribution of second mode is not insignificant in tx
caese of tall fremes. Other higher modes are not importante.

The effect of damping is about the same in the proposed
and the conventional systems.

The discrete shear penels can be made functional and at the
same time to the best advantace of earthguake resistant design
by appropriate dispositioning of the panelse.
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