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. if the setback is unsymmétrical It destroys the Dynamic Symmétry of

P

ABSTRACT

] . g Y oa .
[( = DYNAMIC BEHAVIOUR OF SETBACK SPTRUCTURES : * '

BY SUDHANSHU K. VARMA . ' jy '
7

b

The éurpose of this 'study is to investigate the effect of -

symmegfic setback. on the dynamic. behaviolir of a tall building #ith

¢ °

* L4
setback based on (i) Seismic’;;:}Qing.Codc, (1i) Elastic analysis

- .

and (iii) Elasto Plagkic Anal&sis.‘ Two problems ‘arise due to the

presence of setback in a buildiny. First there is serious concentra- : -

tion of lateral shear force in the vicinity.of the setback. S$econdly

N

~t

) : .
the building and translgtional as well as torsional vibrations may be

T

induced.

.

- *

. .

The present study is restricted to buildinés of a rectangular

cross section having setback é& only one level al‘_lgng their height.

Setback is defined by two parametersn one referring to the level and
' ~ B 1

the other to the size or degree of the sctback. Only horizontal «

Bl
t [y

motions are considered. Response is studied for lumped mass models

\ 4, ) .
subjected to high intensity E.Q. excitation for both linearly elastic
L . -
and bilinear member bchaviour. Viscous damping is assumed to be 2%!.°

. * -
1
.

i .
Code recommendations are evaluated and comparisons made. ' . “

-
'

- The following conclusions may be drawn .from thezstudy reported here.
' . . ~

- The fundamental translational period of a building is lowered by ’
: . i “ v

decrease in the level of setback and/or degree of setback. < Y

4

-~ Modal displacements 'undergo an abrupt change at setback level. ‘
N 5 ’ 'uc$ :
Modal digplacements of gtructures with lafge. towers' are found to be

2

.y -
comparable to uniform structures.

b [ '
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. ‘ 4
\ ¢ -\

: ~ The code procedure underestimate® the shéar response of yielding N o
b 4
14 . b [ “

structures-vhereas claitic Fnalysis :j;teétimateé the response. - The
variation of ratio of inelastic base shear to code base slear is
found to be in the range of 1.5 *o 5.0 (structures.with relatively o

stiff tall tbwers yield the highest ratio). The ratio of elastic to
- - ' - - hd ! '. i

inelastic base shear is close to 2. ’ \
- Interstorey sway may show an abrupt increase at setback level. In-

elastic analysis leads to high degree of thange in smal) towers whereas

-

with elastic an?E151s taller towers show high de;}ee of change.

L N

ﬁgastlc sway is slightly greater than 1nelastlc sway and geng{ally no

¥ .
' abrupt changes are noticed at setback level. | 3 s

-

- Abrupt changes in girder and column ductility factors are found at
setback level, max". ductility occuring in relatively stiff t4ll towers. //

"

o R " Top® and bottom floors possess roughly sxmklar glrder ductlilty factora..

T -
Column ductility factors ane-found to be greater in the-tower than the
- . ) . N - _d

base and also in less stiff setback structures.

©

NO‘significaﬁF difference in girder dudctility, factors is noticed while

. comparipg elastic and inelastic memher behaviour.' Howeyer column duct- ’
s.' . t

\“ o ‘ ility fagtqrg‘ihcrease due to inelastic behaviour.

- [}

N 4
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| SECTION'1, .,
! : : S ' N
xy ; ~ INTRODUCTION R
s = ’ N . o s '
.1.1 The Broblem i C . . . :
..4,.' 4 - ‘ . © e 1 R ®
a 2 Behaviour of structures with setbacks subjected to earthquake has .
\ . ' s ; .
. ]
9 .not received significant study to date as compared .to uniform and regqular

struyctures, but the afact remains that set backs do occur in modern rrful_ti:—
L B . “
-.stgrey buildings in large or small shapé and size. Several difficulties

. \ . .

"arise in the evaluation of effect of setback on the dynaitic stresses in
4 ‘ - . *

o, ‘ .
a setback structure. First of all it is well known that serious concentra-

- . -
.

! . * tion of lateral shear force occurs at the setback level or in the vicinity
" , of setbaqk‘;iug/to notch effect.' Secondl)} i'r: unsymmetrical setbacks the
. P : .
. © 7 ground motion induces torsional osc¢illations in the struct‘uré, due to the
” ’fact. that/ d}')ﬁamic symmetry of a structure iq one or both,principal directiox,)s )
A . . 9 f ’

. N o . s ' . ) .
. + 1is destroyed. - . .

o " The method of dealing with the problem in some ciaxgent ‘seismi{
building' codes, is to ignore the effect of setback if the plan area of

a certain percentage range of "the basé a;ea”(?fi% or more)

tower falls in

.- , in case of codes (1), (2), #3), (4) anI% (5. For-.other conditions of set-

backs the tower is considered as a separate building for its own height

or as a part of the overall structure -whichever _qives the critical resukt.

- . . SEAOC (1) however requires suitable:adjustments dependifig upon the shérpg

- 3 ."-( [ .

‘and size of setbacgk, to somewhat 'approximate the actual dynamic behaviour.

The separate towe{:'concppt does not take into account the fa/ct that the

+ , ground motion is modified to a great extent by the largexr base before

) affecting the toWer. Dynamic symfietry in a-uniform building may also be
a . - [Q

.¢ . , .




.0

»

. s -

“4§%gall compared with that of the building (say, less than 1/1

R4

lacking due to unsymmetrical distribution of stiffnéss,.which is usually\'
N LN . 1 -
ignored by codes (1), (2), (3), (4), (5). . p .

3

1.2, Prior Related Studies . ) , ' R4

-

- [ '\ “
explored the effwact of setbacks using a rectangular stepped’
] B . A

»

'Berg(7)

Y

cantilever shear beam as a model, considering the general case of coupled

il

lateral-torsional vibration of the beam wilh unsymmetric, setbacks.

. ¢ . . o N .

Multistorey structures with appendages or very light‘toweré can

. - .

(6)

be considered as extremb cases of setbééklproblem. Penzien describes
) ) ! ' ' . —~
an appraximate method of analysis applicable to buildings having offsets )

.oxr appéndages ag well ‘as to structures that respond in a combination of

.
.

torsion and translation, making use of two degree of freedom response
spectra -of the motion for wpich the system is being analysed.
-, . ? ) -
3

The most severe conditions for an appendage arise when its fundamentai -

N -

1M .

period of vibration lies close to thé rest of the structure. ‘g%nifi—- -
cation fadtors' of as much as 8.0 in the appendage's base shear, relative N
. . e 2

. -
to the result of conv§ntional statical analysis have been reported by

Bustamante aﬁd Rapopbrt(lz): These very high magnification factors were

~

. . ~ v
?zﬁputed assuming that design response were cqual t§ the rdot of the sum
(e)

ve

of modal values. Howe&é} as shown by Penzien ; this criterion greatly

-
-

14 . - . - .

overestimates the appendagé¢ responses when the mass of the appendage is = -

- ' -~ a N N .
00 of the ¢

1]

bufigﬁng), and there is near coincidence®f the fundamental periods of

&, ° " . o«

both subsystems. _

.

Jhaveri(a) made_ an extensive study of‘the problems of setback pre-

A ) e
) [
dicting/an elastic member behavjour. The structure is assumed to be
0 ¢ , R .
linearly elastic and viscous dgmping is assumed to have neglidible effect
. ‘ )’
. . Y .
. . v ,
“ - o . .




’

P2

(=]

2

7 A : ’ . .
on the %odé shapes and frequencies of ‘the undamped structure. HorizZontal
hY ~ IS

1

motions are considered and are assumed. to be independent of the vertical
o o ¥

» . ¢
e ~

motions. Study has been reported for the effect of a symmetric sethack e

o

on the uncoupled translational vibration of a building and also coupled

Fad o -

lateral-torsional vibration of a building with unsymmetric setback. .
. c a v . ° W

LN

9 ' s .
Pekgu( ) reported a deterministic analysis of structural response

of symmetric setback structures iﬁ’el&ato plastic range for-digitized\
- ' -
histories of ground motion. A bilinear model is assumed for mcmber be-
- ' " '~ [
haviour and structural response to basc excitation is cvaluated numeri-

[ol

cally following an incremental procedure. Damping is assumed of viscous®
. - ’ L 4

. .

type. Pekau and Green intheir paper(lq) have also’examined the effect- .

iveness of using uniform structures, elastic behaviQur and simplified
, . - . ® ‘ ..
code provisions to treat yielding systems and values of the setback par-

P
-

‘ ¥ . ? . . .
ameters where these approximations provide useful results are reported.

on o

The results indicate certain ranges of the setback parametersowhere the

14

effect of yielding and irregular shape do not influence response signi-. ¢
ficantly. . .
. » C

. .
The adgjufey of code provisions can be argued based on refs. (6}, (7),

- ¢

{8y, (9Y,(10), It is seen frow-(S) ané (9) that-code (1) underestimates

the shear response (most important for struc%;ral design) whereas the

.
- °

analysis based on elastic behaviour (8) tendsato pvereéfimafe.'_ﬁowever :
i .

* it isinteresting to note thgt buildings have survived severe ground
< v o ' -
motions, possibly designed with an underestimated latecral force. Probable .
3 ! . 7 - N N v

answer is that structures undergos plastic deforpation during ground shaking

and therefore withstand large shecar forces and also due*to the force -

o o

resisting capacity of non-structural members in a modern high rise building.

E)

«©

o




¢

o

[

o
It may not be always accurate as a rule to depend upon the plastic

yielding of theé structures, unless the E&ue"capacity is exploxed, rather

. .
4thap treating it as an inherent factor of safety. Furthermore the over-

3

.estimated values of elastic analysis can only lead tq@&pproper use of

maferialocapacity and increased cost and an overdesigned structure may
‘be more rigid or - less ductile. '

. N\ / .
- Q ' 0

1.3 Scope of Pregent Study’ . »

D .

L § ‘\ . ‘
- . A}
The purpose of this study is to compare the effect of symmetric

.
° 0

setbacks on’ the dynamic behaviour of a'multistgrey structure, based on

Al " o " . . : .

(1) seismicrbuilding\podes (ii) elastic analysis (iii) elasto plastic
. o : - e

'

aralygis. The comparison of response namely shear response may lead,to °

a factor w?ich can be applied to underestimated code shear in order thd® =

°, .

»,
. W
response may be closely approxi%§ted. Comparison of other modal guantities

° . *
(Mode shapes, Absolute acceleration,Max sway, Interstorey sway, Girder
and Column ductility) may eventually lead to a better coﬁ%aritive under~
. . . ‘
Q

" standing of the complex‘pfoblém.

~ -

el

«

Q
To explain the fact that a factor is sought than a suggestién/fhat
[~ 2
code ‘shears be increaseg'to match exact analysis, it can be said that the
t “ ‘\/‘ .
. behaviour of st{gcture will depend upon the design forces. For argument's.
- ,

sake if high design loads are Lsed, the structure required wiIl be much
(o) . ‘I

.stiffer and will have .a shorter period cfﬁv&bration than a structure de-

signed in accordance with the code provJsions. Because the shorter period
, N
of vibration results in higher spectral acceleratign, the stiffer structure

maye be subjected to more lateral force than wodld the structure designed

o N ]
>

&’ - o , i - .
o s code recommends. Consequently, designing for too large a force will

- ) . . ' .
not necessarily-make the structure safer if in the ‘process structures

-
-
-

-




r

*

" . " -
‘become stiffer or less ductile. \ e .

\ .\ . -

The present study is limited to buildings having setback at oﬁly

one level along their height and having a:rec ngufar cross section both, - :

‘above and below of setback level (called: Tower & Base réépectively).

1 .

It is not intended to develop any ﬁew-method'or mathematical formulation

l_,) * )
for the analysis but available literatures (8) and (9) have been used

-

8 ’ ’
‘ .

o

to evaluate the response.

Dynamic analyéés are.made for 13 model setback frame structures.
= - \

Series of models are generated by varying simple parameters describing

e

tower and base geometry. A bilinear model is agsumed for member beﬁaviouf,
-damping is assumed to be of viscous typé anq st{uétural response to
digitized El Centro‘(N-S Compénent) excitation is evéiﬁatedsnumericélly
. following an incremental procedure (9). fh?)effect,and relative impor-

tance of modal response are demonstrated by comparing the inelastic

response to corresponding elastic behaviour. Code is compared to above
o . B

¥ _two in shear response only. ' \]

Y
Results are demonstrated in‘the form of grabhs’(envelopes of"

o » *

"y [N
maximas) for each sub group of models, and tables. Thé salient and .
peculiar features are outlined.
. L . -

Section 2 is devoted to model selection and their properties.

Section 3 describes the steps taken in the analytical investigation of

the bresent study and different parameters affecting the dynamic.respdnse

are outlined. Bai% and storey shears are also calculated based on code

o

(1) provisions. Section 4 is devoted to results and discussion on the ‘ /;¢?//

.model behaviour. Also, conclusion is presented in Section 4.

4 v ? \ N
. \




variation of these properties for girders gﬁd columns is given by linear )

. ¥ ) . ’l
SECTION 2 o .

4

Y
SELEC;I‘ION OF MODEL FRAMES : ‘, <

-

e

For the purpose of this study a pumber of typicai structural frames

are developed with varying degrec of scthdck “and level of setback.

.
o

' The series of setback structures studied are shown in Figures 2,1
and 2.2. The Base consists of three equal bays for a fraction of the

overall height given by "level of setback ls". The Tower is a siﬁélé
4

roperties at a particular

?

storey equal corresponding storey sums of a unifform three bay structure

central bay where the sums of girder and column

multiplied by the "degree of setback, CS"Z

\

F (9. . -~ !

v
»

Actual values of member properties are obtained from {9), for a

3]
r

typical 10 storey single bay (Desigrm data: Bay width = 20', Equal storey
k

s

height = 12', D.L = 55°, L.L = 37.5k, a f%pre§entative load of residential

type building such as hotels),designed for a seismic exposure of zone 3,
a .
Ref.(5) and using A.36 steéel. This single ba& frame has been referred

o

to as 'standard frame in the text of this study.

+

The properties of interior columns of setback frames in question

<.

are formed by doubling the flexural stiffness’ and strength of the standard
A:\; .
frame. ' The member flexural rigidity EI is related to yield moment My.by

a constant relationship determined fot 14 WF section Ref.(9), ,and the

¢

gkpression of storey level 92, Ei'respectivcly. Relative column to girder
¢ ; . , )

strength is expressed by parameters Cc'givinq the' strength ratio for @he

" exterior teop column -to the top girder in uniform structurc (Degree of

. b s
setback Cs = 1.0). Therefore from reference ¢9) the girder and column
\ - -

properties “can be summarized as follows:

©




i
T
t
-
=

‘Girder flexural rigidity EI

Gn n . . . .
i : . = ”? ; N w
Column Yield strength Mnd : Cc cn Myo SN ; «ea(2)
! . 3 I3 ~ ’ — .‘. )
Column flgxural rlgldlty. EICn c:?Cn'EIo ) ) see(3)
. YL _ ?
Girder Y;el% strength MyGn Gn Myo ' . e (4)
- ‘ (n-1) (T _-1)
wherez =1+ G o
' .. 7Gn N-1 .
.. 3
° - -
’ . Cn . N-1 ) . . .
. . AN R . s L
- - ' » ! \ v H
And also from ref.(9) . . g
Reference yield strength M _ M\= 1148 M ' e (5)
. of uniform 3 bay structur AN Y .
] tl . N . °
tn qhesticon . -where M= = | Reference. strength
' Y° of standard frame.
Reference rigidity EI_ of . “BI '= 0.951 éf” ' . e (6)
, : o 0 e I : )
uniform 3 bay structure . - —
in dquestion o where EI = Reference idity
© of standard frane.
o ) , Te = 1:5,, 1. =3.0, C_ = 0.7
v ’ o _ T(Funda. Period) = 2.13 secs. .;3
. . i ., :
n = storey, N = Tot. no® Of "storey.
’ ., - . ‘ / - /
Cl R . L4 }‘
d . ) .
re - ) ) T

[
-
-
’
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5 A .‘,}/l ,
) e , ) . . . i
. T . R
0Cs Lw ‘ & Ce Ce.
TYP. 4 . .5 . - !
% ' |sETBACK ‘“',3
' - f LEVEL
< .
. ) ' %) 5,
Sihan -:.rJP xoz ° ziv 73
3 Ta | = L l L. I . ’I‘ QQDCcfélﬂ
SUM OF NORM. L _ S UM OF NORM, . -
GQIRDER PROPERTIES , Fig. 2.1 ] colluMn PROPERTIES
- 'PER FLOOR

FRAME GEOMETRY, 10'STOREY, 3 BAY Pe‘z R FLOOR.

Level of setback 0.8, 0.6,70.4, 0.2

Degree of setback 1.0 ‘(uniform), 0.667, 0.333, 0.167 . T

“ Normalising factors EI , M , m-
o' “yo\'o _ .

TOTAL No. of models = 13.

> —
-

%Basic assumption from Ref. (9):

. L
(1) Lumped storey mass, attached with flexible columns,|sum of column,

" length = sum of girder length. (approx.)

(?i) Interior columns possess dowyble stiffness and strepgth of

i
N exterior columns:; F = 2.13 segcs.

-
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v
4\ °
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hY
\
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v
“ a

Having calculated the Girder and’ Column properties for a 3 bay umiform
stricture from Equation 1 to. 4 on page 7, twelve other models are gener-

ated by varying CS(0.667,'O.333, 0.167) an@ 15(0.8, 0.6, 0.4 & 0.2).

To maintain a compatible study of the begéviour of 13 different-

models it is very desirable that the fundamental period T of all the
. -~ ;' w

models be kept constant (i.e. 2.13 seconds, as for the standard frame
. . ) P

described on page 6). This i% achieved by using a routine computer

programme where first the fundamental periods-ofldifférent models

are calculated and then the reference flegural rigidity of the respectﬁve

N .

model is adjusted.to yield T = 2.13 seconds as shown.

v . ' |
EI
c2 o) . 21
W oL —= ., where & = . .
. 3 \
B . P
or T (EI ) 172 ] -
1/2 _ 5 12 . ]
or T (EI ) = 17, {(eT ) 3+ ) ’ )
1/2' T calculated x (EIo)l/z
or {CEIo)l}¥ regd. = 13 e )|
To = 2.13 sec. for standard frame
or uniform 3 bay structure
EI = 1.88 x 10%% for standard frane
The adjusted values are shown 'in Table 2.2 on page 13. & )

a

»
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TABLE 2.1
MODEL SB-1, MEMBER PROPERTIES (RIGIDITY & YIELD MOMENT)
. . . i
NORMALISED GIRDER PROPERTIES NORMALISED COLUMN PROPERTIES
K v ‘ L0 4 : ,
I3 LEFT |MIDDLE RIGHT |  EXTERIOR |INTERIOR| INTERYOR| EXTERIOR
15 BAY BAY BAY ﬂg . .
10 1.00 1.00 1.00. 0.70 1.40 1.40 0.70
91 .1.05 1.05 1.0 ° 0.85 1.7 1.71 0.85
8l 1 | n 1.11 1.01 2.021| 2.02 1.01
7 1.7} 1.7, 1.17 *1.17 2.33 2.33 1.17
6] 1.22 1.22 1.22 1.32 2.64 2.64 1.32
: St
Sy 1.27. 1.27 1.27 ©1.47 .\ 2.95. 2.95 1.47
4 1.33 1.33 1.33 1.63 3.26 |y 3.26 1.63
o Teo N
3] 138 | 1.38 1.38 1.78 3.57 3.57’ 1.78
2 1.44 "1.44 1.44 1.94 3.88 3.88 1.94
i 1.50 1.50 1.50 ©2.10 | 4.20 4.20 {_. 2.10
. ( \
o '; . - (1) Propertieé.shoﬁn above have been calculatéxrfrom'Equationd 1l to Q:
' . \ . \ g
a M : EI o y <
page 7, with ﬁ%— = 1.148, —= = 0.951 : : . :
. yo EIo' . . -
: P
& . * N
\ ‘ TG = 1.5, TC = 3.0' Cc = 0.7 A
- {11) The normalising factor ET =1.88 _ X 1010 for uniform structurc.
*(3ii) It can be seen that girder and column properties’ is & uniform- AN

-t

taper.

(i;? It can be seen that Interior Columns possess double the values of

<

t the Exterior Columns. . -

- -

_Proggrties of other models (SB-2 to éB-l3) can be calculated by

multiplying the above properties by degree of setback (i.c. 0.667,
, 14 . T

0.333 or 0.167). ' Yo -~

’




1

. (vi) Properties ofxﬁolumns or Girders above the setback level will have
. . « . - -

._'to be further mpdified to .conform to the suﬁ of n

.

erties, as shéQE;if\fi?e 8.

. O'\ x‘
AN . - \
’ | \
. \ )
- N <° | ;
l
|
. { *
. |
! -
!
4“1
K 5\‘ . -
- - u‘ @
\ .
A ¢
p \ o
. b ' Q
- \ o
- 1 M °
. | . ’ o
N ‘ ~ * o
|- :
0y 1 -
. . . \ . .
} : . e
B \‘. .o o
. |
R s .
L i N 11
. # [ -~
' \
- . P v
.
. | "o
{ N
. t
- ‘,
- \ I '
A) : ) ’
s | Coe e o
. - - 9.
“ " - i . o \ s} .
) . l, : N
. l O 4
‘ ..
| Oe :
. . ' i * »
* . ! B
. o . o [+
4 4 “ . i
. M “
.
. * h
- . ! - S o
N - - 4 .
‘ ~ ] ) e
1
. .
s °.
1 ’ . .
v . ¢ .
. -' ' ’-'“i ¢y
4 v ¢

ormalised prop-

J
-
.
.
. -7
[
]
°
.
14
A N A
- % ‘
-
. .
‘
\ °
.
-
N 1
s ©
] “
e
;
N
-~
°
-
°
. ° l°
: .1"
3 >
.
. v
.
s -
»
.
S
<
4;
.
Y
3
’
.
a
EEEE
.
'
o
<
s -
QN
.
)
1
‘
v
[* s
-,"
."

“y
D

{

i




. TRBLE 2.2

r

e » »

(ADJUSMENT OF REFERENCE RIGIDITY) -* ‘ -.

NORMALISING FACTORS, EI_

\

Ead

— - B 4
‘a~ Fund. Freq.) (EIO);qu.-(for models;vto s
MODEL ;’a;“:g'léiic' , yield T = 2.13
) . EI_ = .88 %" 1070 (EI ) reqd. = (—2—?—%—"—’ )X BT
: sB-1+ 2.95 x 1000 - . - 1.88.x 10°° :
sB-2 3.6 x 1070 1.63 x- 108 7
| sB-3 3.3, 1007 1.38 x 10%°
SB-ds 3..@9’/x 1020+ 1.26 x 1010'{ ’
L SB-5 © 329 x 1070 - 1,50 x, 10 .
sB-6- 8 3.85 x 1000 - ) 1.10 x 10"° v
’ SB-7. 4.31 x 10%° 4 ov.ee x 1080
' SB48 3.25 % '1‘010 @ 1.54 x 10%° '
o | sBle T L 3w x 100 ] 1.18 x 10%°
"7 se-10 4.07 x 10%° "l o0.98 g 10%°
T~ {t sB-11 ; 3.09 X 1010, 1.70 x 10%° .
sp¥12 3.20 x 100 1.50 x 10110
1osef3 0 3.2 x 107 1.39 x 1070 .
- i -
Yoy ° .

v

1) w rad./séc. was obtained by a library programme, for each model..
® ) :

(ii) The caléulated‘value of EIo-for each model .will give equal funda.

pericd .for eacl model, and is used asAthé normalising factor fox

.

further use.

(iii) For formulation ref. page 9.

”

.




. SECTION 3 : e
. I

' .f' N 23 . of
Analytical Investigation ’ . . i
- N . \\
3.1 Investigation Criteria o :
4
& L3 R © -

This section. describes the various steps used to ah;;;gv the
. : \\

dynamic response of 13 modéls for the purpose of this study . Analysis

] . .
T tenm - -

. o . ~
1ls done bot@lég‘elastic and inelastic range, code shears Ref. (1) are . A
», o = " :

calculated and f?sults‘are presented graphically and in tabular form§

.and, finally, comparisons are made. W \-
L)

The selection of SEAOC recémmendations, Ref. (1), to analysc 13
N ' 1 . ' B . ..
models for base shear and storey shears is hased in large part on' the -

experience of eng%peers in Earghgquake regions. The accelefated recent

studies on earthquake effects on structures have led to some revisions

in the d?sign concepts that are now used and in .this respect,tﬁe SEAOC (1)

¥
’

-~

" recommendations seem to be the most extensive and most up-to-date.

-
s

The computer programmes used for dynamic analysis are (i) DYNAL

.
;nd (%i) INELAS, Ref. (11). DYNAL is basigally used to calculate the
fundamental period of each model and their mode éhapes. The computer
results (funda. period) are then used to adjust the.reference flexural
éigidity of different modgls in order to a rivé at a‘constant value
of 2.13 seconds (refer to page 9). The adjuste§ values are shown ‘in
-Table 2.2, page 13: The adjusted values are fur?her used as an input
¢

for INELAS (11). INELAS evaluates absolute acceleration, maximum

.eSWay, Interstoxéy sway, Lateral forces at differént levels for mulzi;/

H

« storey, multibay plane frame structures subjected to digitized history

of ground motion (EL CENTRO QUAKE MAY 1940, N-S Component in the present

- study). Nomlinear, hysteretic member behavious is represented by bilinear

v

moment rotation relationship. The system of simultaneoué differential

t
’ - b

] @



o

1. (a) Length of E.9. record, required to determime maximpm response

equatlons of motion is$ reduced to a set of algebraic equatlons by ‘ .
o - : : - ..
assumlng‘llnear Varlatlons of accele atlon over small interval of time.

A tridiagbnalisation'procedure is used to obtain the incremental, time
depepdent solution M1). ' : T
) N . .
In- order that INELAS could be used to analyse frames with setback,

!
"DUMMY MEMBERS" &are introduced in the tower portiqn of the detback frame

50 that a regular frame, sec Fig. 3.1, can be obtained. The dummy girdérs

are assigned ‘a negl%pibly small value of moment of inertia and full yiela

moment capacity (as for corresponding member of model SB-1). Dummy columns
i - .

in a}ternate storey are assigned full rlgldlty and strength values (as for

3
correspondlng column of model SB-1) and other sets of dummy columns have
i

negligible moment of inertia and full yield moment capacity. This has been

done in order that yielding'of dummy joints takes piace in the very early

e

part of the ground excitation so that no significant error is encountered

- . N\ ?

in the dynamic behaviour of thé model . *

- s ML

“ - s .
3.2 Parameters e - .

N .

‘In view of the fact that'many unknowns do exist in complex multi-
storey structures and nume¥ous approximations must be made, no standard
criteria have been set to evaluate the parameters of dynamic analysis.

" However,-based on past experience several parameters and values are in- o
) . ‘ i
troduced. * i
. . . . N .

o

Control Parameters SR

"
+ i

¥

. . ¥ e
is est%mated from the variation of accelerogfam intensity with time. The

*

.excitation consisting of first 15 seconds of EL CENTRb quake, May 1940, \\
X N .

]

N-S component, seems adeqouate.,

< '. L ' '
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\. ! \ V‘:‘;) ' * ﬁ

(b) The time increment, which is a fraction of‘ggallest period of

- \

vibration is cﬁ%sen to be 0.005 seconds. - From past ecxperience .005 4 '
B N 4 ~ . .

sec. has given very satisfactéry results and any reduction in value
H - N ‘

* A

T

BV

2
/s

¥ %
N
-
5 ! X
4
[y . $, .
A
N *
Ld u’
i -
. .
e
/

. 2 N . L
» ~ mechafism Ref. (9), is chosen to be 2% (usual variation between 1%

“

. ¢ . . .
requires unreasonable computer time for analysis without giving re- s
. v - ! ¢
. . (] N . i ‘
markably differerit results. W . CN d

v 4 .

- >

(¢), The control parameter for P-, effect inclifes the.dead load of

A

— .
are

the sfructure, since frames with wgak columns”and strong girders are
particu}a%ly susceptible to the gravity effect. e ' ' A

(d) The maximgm aiiowable error in yield level that can occdr durin§g %

¢ T ’ LI - L '
. ‘ \ - ° !
2. Intensity scale Yactor - the %S‘second% of EL CENTRO quake are

[y

magnified by 1.5. The combination of rqlatively 16w demping and - -

the sodution was set at 1%.

-l

+ intense excitation allows study of a level of response where the

~effect of vielding and participation of higher modes can be con- ’
N . s . | B
sidered critical. Actual conditions to be expefted would, of course,

. [ N §
7
be less seyere. . . v
v" . % M v ! /
3. -Fraction of critical viscous dampirg, in the form of mass proportional
R ; )
L

¢ 3

" to 10%), for the fundamental mode. The actual value however depends

< 4 N *

upon the'type of structure and the level of response. For a modern

-
v

curtain Wall structure with few partitions damping ratio of 2% gives

. . - ;.

©

reasonable'résults for welded steBl structures.

\

; .
4. Relative damping and associated dashpot constants are assumed to -
: r . ’ : wy |
be zero. L N g

. $ f “ ”

5. Bilinearity coefficient is chosen to b¢ 0.001 and represents rate of
. ' : @

strain hardening in plastic region, expressed as the ratio of plastic

c



to elastic region gradients. ' ' ' /

~

v £l A

INELAS (11) is versatile in nature and has been used for both

» Vs

| .
elastic and inelastlc analysis with use of a behaviour parameter.

-

3.3 cCode Sheaxr Response

.

r

As discussed earlier on page 14; it wais decided to use SEROC (1) I
recommendations to analyse the models for shear resp-onse due to ground
shaking. It ﬁs also reguire& that ?shgai‘ calculated from reqular code
provisiocns be adjusted depending upon geqmetz& of setback models to “

el

approximate the actual dynamic résponse. © =~ * .

Latexal Force:

Th'e‘regular_‘code rrovisions (1) requires minimum base shear V to be .

v
t

determined from the egquation .
V = KCW -

where W is the total)wt. of the building and K (a coefficient) is assigned

2

varicus values fyop €.67 to 1.33 for buildings having different framing

’

systems, K value depending upon estimated ductility and xeserve energy . s
capacity of structure and also taking into account the record of seismic N

performance of the different types, of framing systems. C is a numerical ~~ l

N

coefficient for base shear and is given by . -

~ ‘ . - ' ‘\\
¢ = 9:05 ‘ ' R A
CE ‘ . . :

. ]
., , - n
where T is the fundamental period of vibration in seconds, in'the direction

considered. In abgsence of proper substantiated data the value of T is

given by

+




3

. where H = Height of buildiﬁg above base.

N = Total number of stories above grade.

©

. ‘ D = The 'dimension Of the building in feet in a
direction parallel to the avplied force. ' 2

To compute storey shesrs the total base shear .V is.distributed over the -

<

+ height of the building in accordance with the following\formulé: Ref. (1),

-

i \ .

“ F o= Jwx X where w¥ = portion of y at level x.
. . . X Zwh . .
o s \ . hx3=.Height at level x,

*

~

[ Excebtion 1: -ohe and two storeysbldg. to have uniformly
1 . b

¢distributed shear.

’ ExceptionAZE when height to depth ratio of a latexal
. . \ !
force resisting system is eaual to or greater

H 2.

thén three ,Ft = ,004 (5) ¢?.15 \Y is'applied

at tyé top and the rest is distributed as

L4
above.

=

. To utilise-the above relétipps in a setback sitdation the SEAGF (1)

requires that b -

(i) setback situations where the plan dimension of the tower in

each direction is at least 75% of the plan dimension of the
® h

base, the building be considered as an uriform buildipg

) without setback. .
. , - \
(ii) when the setback portion is nct more than 25% of the corres-

L4 t . A ]
ponding dimension of the base, the kbuilding is to be analysed .
- \ as abeve, but fundamental pericd T is to be calculated on the

basis of full width P of the base of the building but height

H of the building be reduced to a height corresponding

- .

i}




L] ' s
e ~ 20
. v »
. - | )
. . }
, o e
to the vertiﬁgl projected area“on a plane parallel to the
direction considered divided by hkase D. ' b
- . (iii) For other ccndaitions of the sethack the tower he designed
g . as a separafe building using the lafger of the seismidc
?

LY
i

coefficient at 'the kase of thec tower as either a separate
A bpilding for its own height cr as part of the cverall

‘structure. The resvliting total 'shear fé}ce from the .

tower is to be applied at the toﬁ of the lower part of {he

building, which is‘considered_sgparately for its own

height. !

~ To further modify the above requirements (i), (ii) and (iii) four ad-

a y

. justment protegures are outlined by the code (1), taking info consider-
\ . ) U . : A : .
\\\\\ - ation not only the plan dimension but also the relative heights of the

- > - tbwer. and base-porticns. It is also the suggestion of the code that the

structural frame be wrade moment resisting or braced in both tower and

kase portion snd also the columns supporting the setback be carmied

14

straight-down to the foundation.

1 t

Figure 3.2, on page 22, presents the parameters of the setback

structure and lists the adjustment procedure 1) to be employed.

‘e Q"\ -

Procedure A requires the building to be considered as a building

\ " of full height #, with weighted average width for purrose of compufing

- peried and kase shear. Prccedure B requires the tase to be considered

2

a séparate building of its own height with tower wejgh? and tower base

-

4 /
—— . shear applied at rocf level (of base). It is also required that tower

> ) base shear coefficient be at least 40% greater than that oBtained on

- - . ER

the aséumption that the tower ic a separate building -situated on the

ground. However other tower shears gan be datermined prc rata from this



-,

‘tower base shear as for a separaté building. In ocutlining this procedure

s‘tudy' may be kept compatible." The summary of base shears is presented

Y, -

!

)

. e . e .
the code recognises that base portion is prxddominant and tower may be— )

considered as an'appendage subject to ground motion which is equal in

o -
o

acdeleration to that of the top oflbasé portion.

2
2

Imaginary rextension of tower thrcugh the base to the foundation
level is reguired in Procedure C and tower is considered to be of height

H and additional weight of the base not included in the so called
) ' o .
“Extended~Towerﬁ.is used as a Lean-tc,having the height of the base
.t ° N ¢
portion. It is also' required that at least 70% of all tower originated

’

. 2 _
forces be provided for, within the plén limits of the extended tower.

. -

It can be seen that tower predominates. . J

In situations where tower and base can have considerable effect

q

on each other, Prccedure D requirxes the bhilding to be aznalysed as (i)

a buildinQ‘of full height H and weighted average width' and calculated

coefficient be increased by 20% cr (ii) Prccedure B, whichever geverns.

To show the approach set by code (1) and as discussed inﬂpreceding

paraqraphs several calculations.arg presented below. "It is to be seen
tha£ base shear cocefficient has been increased by & factor of 1.5. It
can be recalled from.ggée 13, that EL CENTRO excitation is magnified by
same factor,as such the need for the increase heré, in ozdgr that the

5

in Table 3.1. Table 3.2 presents the comparative values of shears cal-

\

culated by code and dynamic analysis with the aid of computer.



Adjusted Seismic Fchesﬁ ) : e

i

L] i s

A
(ad?ustment of forceq as calculated from regular code provisions.)
o/

s

% f ‘l . Su e "ﬂ
. : 2 TOWER Co
g I F . ’
[ I I ‘ ° 1’
. : l ! : R .
g - : Lo TOWER EXTENDED .-
c Bask d l _
. % —2" l ' ,
‘ ! 1. | ALL DIRECTION IN
. : l l FEET, PARALLEL
- A} .
. ¥ > : ‘| TO DIRECTION )
’ ENE A7 TR TN CONSIDERED,
”~ . P K R ‘
)?\g. 3.2 ‘
co i SET BACK STRUCTGRE ELEVATICN . o
' * . {
) J {
b )
: 1 , T JT*
"T/E !RATIO _ t/b RATIO, gggg:l)ﬁ;?
N, . N
1.0 or.0 ‘ .. 0.7 .
‘ ' _ 0.5 ' A | -
0.3 : ,. . \
i . N LR N
A £y
0.2 - ) 0.7 - T
0.5 ‘ " B v
: . o
0.3 o =
\‘ R ’ <
'0.8 5 0.7 o : , o
=
. - c . o
1] e - % .
. s D)
. L. ' [
‘ : — — o
' ) .- , : . &
0.6, 0.4 0.7 & C.5 _ o
0.8, 0.€, 0.4 f 0.3 D ' A .
) | .

~J
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} 3.4 calculation of Base and Stoley Shear 9

| > A H.IE v
| ' . -—Ir—

| . 1) Model SB-1 (UNIFORM) - ]

A H ,05x120 ‘ P

, Lo T S imm ' 1630 TYP
. Vo, Ve, ' C
- 5 ‘ . sH=120,D= 00

. . .= 0.776 secs. * ;)‘ W =z [OXI0D =650
, - ’ '.\\C - .05 .05 \ - K:LO
oL \;/-T_ 3/0.776 ®
. ‘ 4 .
, = 0.054% « KC= .0545 *
V = KCW = .0545x1650 -, R
= 90X TCTA], BASE SHEAR . .
. ,
Frcm relation, see page 19
Y vwx hx
WX < e ‘90x16e5x120 : o
F_ = —=—— S :
%~ T wh | Fipletorey sheax 1€5(120+108+56+84
: . at 10~ level) " +72+60+48+36
‘ ' _ +24+12) (
J" . " 3 ’ = ch'Qk >
: 4
Similarly F9 thra Fl are calculated.
R 2) Model'SB-2 ¢ (1_ = 0.8, C_ = C.€67 = .7) o o

e W ° S
Using procedufe B of appendix C of SEAOC (1).

Tower considered as a-serarate building.of its own height .

A v

o Base shecr coefficient (of tower) : oL BACH,
) . . . -
Bace width = C.667x60 = 40" Y
- 4 X
T .= -05x24 191 secs.
\/40
. ) \ .
> c =-22_"- .oses
' /191 , )
. ‘ '
/ Increase C by 40% C'= 1.4 x ,0868 '
. . . o )
<, KC = .121%- s

V Tower .121‘5 x“2 X 110 = 26.7k

\ ! °

K "

0.66I% 165" j1I0%




W

- 24

- ¢
For shear distribution along storey, for two storey higﬂ=towar,. \\N
} ! — .
) using dnifory distribution : . ’
' ko k . )
\\ . Flo = 13.357, F9 = 13.35", .
4 J

Base considered as i separate building with tower weight and shear

applied over .it. % Lbi%

‘sE : TowER WT=220 . ke
‘Lgfgi“ +—"gSHEAR =26.7% -

N APPLIEDAT SET BACK k

&

= .05 x 2= = 0.62 sec. ' -

Veo ’
: _ .05 _ ) J o
. C= = ,0585 KC = .Q585 .
—L ) 3/ .62 ° ' ’

S
Total weight at setback

S&-0
-
2]

2x110+165 =,385k

i}

Tetal wééght at base of base = 385‘+7x165=1540k -
portion '
V total = 26.7 + .0585 x 1540. b

(Tower + base)

26.7 + 950 = 116.7"

i

Storey shear distribution ‘ Ly

) 8
. = 26.7 + (90-26.7)x385x96
8 "7 Y 385x96+165(84+72+60+48+36+24+12)

-
&)
1

"

63.3%305x96  _ e n ey oK
4 26.7 + g2 26.7 + 25.3 = 52.0
L 3 ' ' . ?

. 63}5xl65x8£ k ’ ) -
= SRRl - 9, - ,
Fq 92,400 9.5 : , ,

M

thry F, can-'be calculated. . o

. Similarly F 1

6

SB-11 (1_ = 0.2, C_ = 0.333) . B .
s s ) A

Ed

Using procedure C of appendix C 6ﬁ SEACC (1).

3

. 1
Tower considered as a separate building extended through the base.

*

“a ) ' H = 120' . ©
. D = 0.333 x 60 = 20°' ’ .

-



~

<

. . ) ) ! .
AR Y ) ' :o ) ' b
. ) ) ‘l
. i , T,
p = 205x120 _ 1.343 |
Vao S 4
C = -0 0.0454 B Lo

31383 . o ' ‘“ f'
/ ) ‘ N . . -

for -g-/=6r’{§ 10% of base shear is applied at top of structure or

i ' Ft = O.I.V.. ' s . * .

. -
-V(tower) = .0454x10x(0.33x165)

L o = 25k ’ - . o, -
o k i . » S /
F, = 2.5 ) _ _ ,
Storey shear distributicn <N
F. = 2.5 + (25-2.5)x55x120

10 ' 55(120+108+264, .. .12)

+
1

] ! 5 f
_ 22.5x55x120 _ Tk :
= 2.5 + 552660 = f2.§ + 4.1 5.6 ]
22.5x55x108 _ 4 _k ' : '
‘Fg = T55xe60 = 3.6
- \ » k .
Simjlarly F‘8 = 3.24 ,
» ’ tn ‘. k.
} A a F7 - 2‘-80
» k -
L Fo = 2.38", . “
- k ' .
Fg = 2.01
. k ©
F, = 1.59 .
F. = 1.18% A
“ 3 * " .
s _ k. O((.
—— F, = 0.82 -
o k -
F1- 0.41

i

.o < »
r -
Base Additional weight not considered in above extended tower

L . 2% (165-0.33Bx165)

2x110 = 220k ' :

|



. » t
Revised storey shear o . ) ~ | . ’ “
- F,=3x20.9+ .7x .82%= 11.02% '
\ F, =5 x zo“.g +.7x .61 =10.73%,
. Model sB-4 . | Cg = 0.167 < 0.25 ‘ )
‘ , 1= 0.8 -~

° t

. ) ‘ T v 9
o= 205%28 0 5

. ; R ﬂ . * C '= .05 ~ b95N ) ' ad ..s i
"3 0.156 : i ( °*

. - V(base) = .095x220° = 20.9% ’

applying &t least 70% of:.tower originated force in the extended portion -
/ ? .

° -

. .
V (Total) = 20.9 + 6.6 + 3.24 + 2.8 + 2.38 + 2.01

£.1.59 + 1.18'+ 0.7(.82 + ,41) = 44.96".

e

Building treated as a uniform structure from

~

4 £

C_=:=0.167 .2 t =60 x .167

S

ol
I,
{1
o

4

For-’fundgmental_period calculatidn

*v+Vertical projected area of the setback structure

»

[}

10'x24'+96'x60 '

. . ' = 6,000 Sq. ft.
e 2 w
£ : : et ‘
Equivalent height _ . }
. ‘? B
. \ v 3 1
H of structure of ; - N j
base 60' wide = 2:338'= 100" %
) ’ \ ~
’ . 'T - M = .646 . ) . . . N
' \/|60 .
) \ : N RYE XL

- .' ' ‘\“'\ L ADR ) ’ o
C= =2 = .0578 . «c = .0s78  * " : .
,3/..646 * . B ’ : ) o




. H

B-\‘ <, 3 use_,,f‘t = 0, ° R
Total storey weights = 2 x .167 x 165 + 8 x 165
v . = 1375%, , ,
V = .0578'x 1375 = 79.5k
/
Storey sheay distribution : : -
’ \ e o 79 %x27 . 5%120 :
N 10 27.5£(120+108) +165(96+84+...+12)
/ .\ . . s . L J
T ' = 79.5%x27.5x120 _ 3.40K
' o 77,460 . )
Similarly F. thru F.. .o
9 1 . :
- ¥ ]
' . & °
? :
& »
e{q" A Y
o ¢ - 1
¢ ': "‘
: - . ’ “
- J -

&t
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. amea

28
~ /
. - . ~ !l‘a&! .E; 3.1
* . . v g\/‘) (SUMMARY OF SHEARS) ,
\ CALCULATED FROM CODE cptt'm:ﬁa )
’ N : ; «\J
ot e e amamenre & e Set eme e eaebes S A ——— S bt SmcA ok 18 st ’
. STOREY SHEAR IN KIPS *
| 2 o R
¢ 1 p 4,
MODEL 92| S S 5 51 § 5 15 18 ;2 b4 . > B
O Bl B VR LB L EL SR E E & |3.L5385
’ o g " | % I I o6&l SEaR
2 ! ! i i o R R .’é
SB-1{ A. |24.6 22,2 }19.7 517.4 i 14.7 {12.3 { 9.9 [7.4 15,0 {2.0 [135.6- | 1650
. N H i Vo ' s
! ¢ , - :
SB-2 | B {20.1{20.1 178.0 {14.3 .‘ 12.2 }10.0 i- 8.1 6.2 f4.4‘§2.4 '175.8 {1540
~ f : y 3
sB-5 | B,D! 25.5 {19.2,112.9 |,6.5 FLO? 8 {10.1 § 8.1 6.00‘ 4.113.0 [203.2 {1430 ;
e ( ' b :
SB-8 | B }23.9 ;20:0 '16.1 {12.0¢ 8.0} 4.1 {132:3 7.4 {5.0}3.64232.4 ;1320
N . ) M H H -
- } § P 0
sB-11 ¢ |22.2 }12.5 }11.1 9.6.§ 8.3 6.9 {5.4 ¥4.2-19.8{8.9 {98.9 {1210
i P . }
sB-3 | B | 9.0 | 9.0 {52.4 {18.3 | 15.6 |13.1 } 10.4 7.8 5.5 2.6 ;143.5 1430
P ~ b
SB-6 § B;D!11.4°! 8.4 { 5.6 § 2.9 | 71.4 p.3 16.2 /3.2 {145.9 (1210
5 i i i A ! !
SB-9 | B [13.4 { 8.1 | 6.5 | 4.8 3.2 12.0: 8.1 i4.1 114873 | 980 |
{ i i ’ . '
: sB-12{ ¢ ! 5.0 is5.4 )48} a2 3.6 1. 8§ 16. 5*16 .1 67.7 770
; : < x i .
sB-4 !'A ' 5.1 4.7 {24.5 i21.4 {18.3 21 6.1 {3.01119,9 {1375 .
‘ i i ' 3 b
sB-7 {A | 6.5 | 5.7 5.{ 4.5 1 22.4 §7. 8:3.9 §102.6 2119{;
| i . : . . ; . .
- .y b ¢ i
ss—log A ( 8.1 | 7.4 | 6.5} 57| 5.014.1 }19.:414. 6) 8 4.8 85.4 ’ 825
¢ I ’ ) h { '5 !
sB-13iA | 9.3 18.4{7.5{ 65| 5.6}4.7 | 3.8]2.7; 11.155.61, 65.2 i 550 °
M T R B 5
- , N
. NOTE All shear values noted above have been increased by 1.5, as calculated
- ’ ﬁ .
N from Code’'Criteria shown on pages 23-27. This has been done to
» ‘ AN
. account for earthquake intensity factor of 1.5 which has been used
. for‘inelést'ic and elastic analysis..
-~ ' 4
Y ' )

Al
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SECTION 4 . »

RESULTS & DISCUSSION .

A digcussion on the results of this stludy are outlined in this
section: Although the ggkermination of the shear force resulting ﬁ%om
ground shaking is ~the mqé% important factozoﬁar the structurai deé%gn; ;
other response ﬁarameters are dlso compared.

s .
o K . ’ {

: However, the code criteria could only be used for the comparison .of

shear re;ponseb(as it does not deal with opﬁer'important response) . y

FOEY

Exact dynamic analysis based on inelastié and elastic behaviour has been

usédﬁto compare other response parameters.
e

4.1 Fundamental Period . -

3

The values of fundamental period shown in Fig. 4.1 and 4.2 have

been obtained on the basis of constant flexural rigidity for each model
. -

-y
b

éRef. page 13). From the variation}of fundamental period against level

of setback, Fig. 4.} and d&gree of setbackféig. 4.2, the following points
~ . ’

"are noted. “

»

-

(i) Period for the first mode gradually décreases in value as, the

.

L

lewgl of setback decreases from 1S 2 1.0 (uniform) with minimum values ™-
\
for l;\= 0.6 or 0.4. The reason for this behaviogr can be attributed

to the fact that models with 1_ = 0.8 and 0.2 closely resemble a uniform /
N | -

N . . . -
structure and effect of tower (for 15 = O.8)lor effect of base (for(lé =
' |
0.2) ig‘very:idtt%g on the overall structure. In models with ls = 0.6

and Q.4 both portions‘of the structure have considerable. effect on each

other.

" + N 1)
However, the variation of period for second mode gradually increases
h .
. E4 . s

¢
|; kY .




- N . s
L

for setbacks at about mid height, values for uniform and models with

” ‘ l %l . .
. \\>ls = 0.8 and 0.2 closely resembling each'bgher. ‘

' The curve for variation of period (lst and 2nd) with degree of set~

back (Fig. 4.2) is approximately parallel for each subgroup of models
R - {of simi;ar lsngrhe values of 1lst period decrease almost linearly with
dgcreaé&ng CS while values for 2nd period aré]neariy independent of CS'

\ . It can be noted from Fig. 4.1 and 4.2 and this discussion that it -

is the level ofksetbgck which determines whether the structure will

-

behave closely to a unifo}m structure or otherwise, not the degree éf
'setback. ‘ ' -
4.2 Mode Sﬂapes : s
) ’ .
‘ The first two mode shapes of models are shown in Figs. 4.3.A,

4.3.B and 4.3.C for each subgroup of models.- (having equal degree of ) ‘
|
|
|
|
|

setback). The response o%,uniform\structure is also plotted to show the
effect oﬁ»setﬁack. The model displécements havembeen normaliseg by 
fixing the displacement at the top of éhe structure equal to unity, to
e FAl

} - allow ready comparison of shapes. - °

R lst MODE: Models with setback have generally less displacements

. J" , than ca%parabl uniform structure at mid levels. This behaviour is ,

~
true for eafth subgroup of models of similar Cs' The models with ls = 0.6,

0.4 and 0.2 shor“a feduction in displacement as compared to uniform .

.

.model.at mid levels as Cs is decreased. The greatest reduction being

noticed. for 1s = 0.6 and 0.4. An abrupt change.in shape is noticed \\‘

1
»

Al 1]
ﬁE‘ at level of setback (irrespective of CS) which may result in whiplashing ) /ﬁ

S effect for certain structures.

s

2nd MODE: Shapes for 1q = 0.2 and 0.4 are found to rescmble com-

4

parable uniform structure while models with lS = 0.8 and 0.6 show the

.
L 4 %
. Ed



_ This may imply that contributions of higher modes to the shear response

R N )
. L ’ .
. . { .
\\
N

. largest setBack‘Fffect. The displacement at mid levels of models with®

ls’= 0.8 and 0.6 become smaller as the degree of setback is reduced.

¢

of models with ls = 0.2 and 0.4 is comparable to a uniform structure \\\\\J

v 1 4 .
and is not greatly affected by change inm degrec of setback. The shear

contribution due to second mode however becomes smaller due to decrease
2

in CS (degree of setback). ‘. .

4.3 Total Storey Shear ' \\

Considerable variations in 'the shear response of models is noticed
|
by employing three different dethods of analysis (namely code criteria,
elastic and inelastic analysis). As also stated earlier in Section 1,

it is found that inelastic analysis gives shear values between those

!

of code and elastic analyses. The comparison of base shear and ’Gmmula~
' ‘ - '

tive shear values at storey levels was presented in Table 3.2 of Section

N o
3. "The tabular values are presented graphically in Figs. 4.4.A, 4.4.B

]
{

and 4.4.C for each subgroup of models (of equal CS) and the:following

observations are made:
e

(i) Distribution of shear is strongly influenced by the setback

geometry. (-\

a

]

(ii) Marked and sudden change in shear‘occurs at the setback level.

Y

The largest change in storey shear occurs, according to code, for set-

¢

back where 1S = 0.4 and Cs = 0.667, Fig. 4.4.A. The code criteria in

general predict larger discontinuities in the shear envelope for modéls
(}‘ v

with large Cs and setback at about mid height. The effect of the set-

back decreases with decreasing degree of setback.




&

‘\/\

7

~

N ’ . »

For elastic and inelastig analysis , however, structures with tall
tower portions and large setbacks have shear envelopes thac deviate '
widely from that of the uniform case (Ref Fig. 4.4.0). ngher values

for cs and 1s tend, as-expected, to lead to the shear envelope of the

[~
uniform case. . . -
..

(iii) Ne”consistent pattern of comparison in the values of base .

shear is noticed, as ‘obtained from three approaches. "The ratio of

14

inelastic to code base sheaf is, found to be in the range of 1.5 to_5:0.
. )

s N\ T ) -
The ratios can bé\grouped as follows: - )
for uniform model N " Ratio 3.0 R ‘
models with ls = 0.8 Range of Ratio 2.0 to 3.0

models with 1_ = 0.6 & 0.4 Range of Ratio 1.5 to 3.5

‘models with 1s 0.2 Range of Ratio 3.0 to 5.0

The models with CS = 0.667, yield the lowest ratio. The ratio of elastic

s

to inelastic base shear is in ‘the neighbourhood- of 2.

. ‘ -

The above Underestimation of shears for even inelastic behaviour
s i

by the code suggest.that'the 2% viscous damping of this study needs to

-

be re-examined. It is.expected that use of 5 - 10% would yield better

X , . - '
agreement between inelastic and code forces. .

v

4.4 pbsolute Acceleration

The variation of absolute-fleor acceleration with floor levels is

.
-

shown in Figs. 4.5.a, 4.5.B and 4.5.C and the following observations
are noted.
(i) There is a sudden increase in floor acceleration of setback

levels, i;respective of Cs and 1s values. . l




' N It .

- . (ii) Maximum value of absolute accelération is found to occur in

® '

. . : .
models with setback level below mid height, models with lS = 0.2

- generally yielding higﬁest acceleration irrespective of CS. However,

the maximum acceleration generally occurs in the top few floois of the -
- . é '

-

setback,structure. .
' le . .‘
(1ii) Magnitude of maximum acceleratioh -increases as the degree
A
- )
.0f setback decreases.

(iv) Magnitude of maximum absolute acceleratign is generally

D
greater in elastie case than inelastic éase‘i}respective of setback .\N\\
| ‘ , .
geometry.

(v) ?he effect of yielding for the case of largest absolute

acceleration encountered was to reduce the peak value as shown.

o . . P

¢ 4.5 Interstorey Sway - : >

B i \
The variation of interstorey sway with storey levels is shown

A\

" in Fig. 4.6.A, 4.6.B and 4.6.C., and the following 0bserva£ion$ are

. présented.
// S .

- - .
(1) Sudden increases in inelastic interstorey sway at setback

levels are observed. The increase is larger for models with smaller

Cs and smaller tower (Ref. Fig. 4.6.C); maximum increase appears ;0)/
~ -

=

occugfin model ‘with smallest tower (1_ = 0.8 and C, = 0.167Tf//However,
) s & Y

‘for elastic analysis, such increased tower response is obtained for

Id

" models with taller towers. : S .

-
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&
o _ o . ) .
e (ii) Maximum magnitude of sway is found at lS = 0.6, Cs = 0.167,
for both elastic and inelastic case, (Ref. Fig. 4.6.C) occuring at -
‘upper storey levels. \,*,
: 4.6 Total Sway ‘ ' Cot , g .

¢ . \

From, the variation of sway along floor levels, as shown in Figs.

o

. ] X

4.7.7A, 4.7.B, 4.7.C the following observations are made. *- °
y .

(i) The sway curves are similar to the first mode shape irres-

?ipectivé of setback geometry.

.
@

(ii) Generally no considerable difference is observed in the -
magnitude of sway due to variation in level of setback except at few
'top stories, irrespective of degree of setback or - vise vegia. X

(iii) Generally there are no abrupt changes in the magQitude of
3

sway at’ setback level. ,
~ - . ] o

(iv)} Elastic sway is generally slightly greater than theg}nelastic
' {

.

sway.

- 4.7 Column puctility Factors «

i

o ' The envelopes of maximum célumn ductility factors are presented’

- in Figs. 4:§;A, 4.8.B and 4.8.C and following behaviour is observed.

(i) Large column ductility factors occur in the tower portion

f . of setback structures. ‘ ) ol
% - . (ii) "The maximum iﬁcreése in ductility factor at setback level

’ % I is found to occur for ls = 0.8 and Cs = 9}167 (Fig. 4.8.C). '

’ “t (iii) 'Values are higher in inelastic é;se than ?éé corresponding

factors for elastic behaviour.

| . o




‘4.8 Girder Ductility Factors , ) Ty , °

- From the envelopes of maximdm girder ductility factors, presented
in Figs. 4’9TA' 4.9.B, 4.9.¢, tha following behaviour is observed.
(1) Girdérs in top and bottom floors ex%ibit réughly similar
* ' . . )
ductility factors. 3 )

{i1) Maximum yielding is observed for most Rases in intermediate

y .

floors (between 4th and 8th) irrespective of modél geometry.
(iiif Abruptlinc}eascs in values occur at setback levels, maximum
increase occuring in model with 1S.=’0.8, c, = 0.167, Fig. 4.9.C.

(iv) No definite pattern is observed in the change of girder.
ductility factor by varying %he degree of sctback;\powever, they ge;;
eral;x tend to become larger'as Cs is reduced (only at few locations
and 'more significantly in elastic response). i .

{v) VNo sggnifiéanp difference is observed in Qpe maximum values
while comparing elastic and inelustic respénse: however, vaiue;\differ

@ .

significantly when considering a particular floor. ) ; T

4.9 Graphical Representation Of Results

Refer to Figs. 4.1 to 4.8.C, on pages 40 to 83. Response plots

represent the envelopes of maximum absolute valueslincurred at different

floor levels.. ' . .
} o v

CONCLUSION

The data presented in this report applies only t3 a particular set

LY

of medel structures squected to the 1940 EL CENTRO NS earthquake record,
and as such, has limited application to other structures.’ In particular,

the degree and model for viscous damping need to be examined further.




»

In order td mg}s possible generél rules of behaviour, and especiﬁlly )
N :ﬁi E s - ° .
. L s
to evaluate suitable code guidelings that allow for inelastic behaviour.

.

\ , -
of setback structures, additional studies are required using an ensemble

¢

of earthquake motiens. At the same time, response data over the raﬁge‘

_ Thus this study should

r \
only be considered as an initial attempt of the problem as a whole. \

of fgéqueﬁcies of interest should be obtained.

, .
B + i




.
L d
T i e R -
. ‘ a
.
3
. ' —
s
. ' .
e s g 2 e .- R, J— - [

{-o

!

b.a‘
SET Back..
|
{

i

1

-

i

" FIRST PERIOD.
Lewl o

}
i
!
)

Fia. 4+1

©-4

Ls.

Pp—

l
f
|
l

X ' » L] . !

(
i
R 6..0!.#\-‘,.1:\! B e LT et e B e el

Lo .
’ ‘”\
_o5
O .
{
R
i
)
!
i
?
[P




-
. - -
x
.
i ' ¢ i
.
- ; !
b ;
" o S P, o RSO .
¥ *
B .
o
s -
} -~ 1
. ( / s .
o
- — ——p = ——— 13 - -~ —~ - — - = -
i -
] N .
- ”
- ' -
r ,
v
v t
5
. ,
. 7
: - P - - —
- - . - - t
. . § . I
Dn ™
ID : (L) T
’ (L) )
- q ]9 S
. o s
+ i
i 1
. o1
] - PP - - a

Firer Per)

' 3
. . { '
- - — —— I!..O' - I _ - - JEPSRSURT |
N ! ! ! |
! ; i " _
! i- 1 / o ' :
n * H
: S IR T S S B B =] mﬂ . ) T i
P “ 0. C |
: m . . i ~ .
N - e o = LY R I . SO
NN 4 ) . : / . : -
\ “ 3 — .
/./ _ i _ i ‘ i~ ; ! “
e - 4 - 'J. P |r,'v|hlll.!| l.ll._.l B e DI - G ~- - B L. WGP |
. I R : . 3 | Lo
f l\w * .m. “ _ © ) 3 . m ‘
. S AN AUV I b
LT ” . o U - A P _ 4 v
. ! A ) ! . | ' Vo

' ! S T UL SRS S B o b
1 t N H i t i H ] B et .}.AM! u..lfll..
0 “ 2 . % T

b Tt 4 i 9 S A
o ! : ._ ; ! oL, _

c23s3 QOII I - L4 b |

L)
o

ZRD peRie
»
Cs . DEGREE oF SET BACK,




A yeCep B4 . LT

N.@GO S FdVHS . 3advHs .
[CON ANOO3S . S - 3QonW Isud T, T

»

MALagr s

——s e

12-200

H N
._ =
! - O-F S0 o S-o- o)~ O-F S-o o.
t
el : S —t -
. ! . [} _ i / i - N q. 1 / . ” ,
+ ) ».\m\ E :
} ' 4 ;
- - ~ p— - ) PR
; K]
i
o . H L
- ' . m ”
ml, - - - - - + O u ey
. m “ . M “t 3 . !
' W | ; i ‘ « ,
i N H
frg e - At HVvl ...... ot - [ B N
SRR mo
I - i 1 . < m\wy
H“ m ‘/_ o ’ 3 ~
e e - - - -
] Tt ! D C
v B oL N
e e 1 -
! : . :
1i- .
A - . - RS ST
i ' m § .; . m
P . :
i , 0
e itk R o SR i T
. 1 -3 i
. ! : *otE r
- ; ' ;!
—— S S R
: i 7 LO_ ot " ~
4 ~ v
.ol L !
' M ' %w ! * w - ~ ' .~ 3
i e e e Rt
.o M | . m . { ‘ L {-
. n _ c—e . . m
S INREES I SRS S RRILAS SR B
. @ ® -
3 o — ~ = b



-

- ~

. .“mmm.uuhO,nﬂU, . | - 34vHS 39 VHS . Lo

Jgow daNo>3 S : o R O

—

f -

R
-

- - S0- ’ : : . S
f,llllth. R ‘
: -
s
: C
o ...
ao t
C
‘v B o |
N 3 . 9.“.
SRR ST
m
C :
> R
{ ! {
. ._‘ t
_ !
— e =
- ¢ !
: e ;
e T W‘!-i.:.w
: { "y .
- L3
- —— ]
i
. -
B

.
. -
JUCSI UL, Ny B
.

|

oo ; | . | ~ .

- )leov.\! . e o - - X T L aE IR B RS ST ——— e L S R
- ' o ' -y s . ; R E X .

SRS .o : i _ | ! _ b . RN S h Ao boe,

g N E N N I Tt T S AT Ay EOt Eat IO O SO T B
— — SO U SO AU (R SISt SO QR SRR S : ! IO SO N | -

- N N - - N

12.2%5,
?
.
.
-~
2

-

I Qavpare s e the 1o b




W T
o ; L
e B
!
F &
R & U RN R S
. ~ N : * lvm oﬂ ¢ m ‘
P . -4 i [ m - -4 ¢ -
- T S i | ._ o
. 1 ' ¢ a i i H 1 - “s
! A S T ,ll..l. e R - l,_q’n T s as e -..!lx-v\-_—('u e
' : LT : P
SSSh I A SRS E T R AN CUURE IS B CE SR BEER
. R “f ! M 9“ i . i .<‘ o i | H bl
1 lll_llmvl‘..o:!. ——— — v ——— .Ix'lt..' .lnm e _ —_— _ _ L R Y vlfl..llL
] LY -

[TTRN

HY Ggaania re




s

) (7°432H H2ovas T T

S ® \..

D 0m \J‘ BFGVOoS -

T e .N:\mxm ANTAOLS \ZQOF e S
M . oob ose .ﬁom . omm oog o9l . o0l Tt os . 0 ’ e

T T T — T ] (I S B e 1 1 .

- - , . R i / /.‘ W .

m . - Q. . R ,Olu_... - B i . i i - i L e .

_".- Y St § L * “ ! : i ﬂﬁi Vu_ ! / - -
B [ .o ) - _ ¢ .

,w o v - s 4 ' \ \ f

et v B e e e © e i e e

)
L Y
:
t1
:e"
é_.
7
l
a4
r
]
A3FA0LS
1
ra

R
1
&
7
/
T

2

an=A"
M

B I e A PR . .
. N ' . Iad -~ 3
" J s N . . ! e . 4
. i i '
H o | ‘. X e 1 " o e o
ST AT BT S s L -
W:,, - I . d H s \w nfl - - //
o t ¢ y 4 ﬂu‘i * i B .
: [ S s e e e B .u.\llwrnyllo PR e - —_— - PSR |
. ] h K ! I : - .
Py w ' “ 1o ‘_ - .
- ' : - ! .
- ” S B ! | e
s T s T — ~ - T T T ot et s, 7 - . - N
. . 1 } ! - ..
T o900 T T >
S ) T et A D e g
L i N TR P N R e S
—- s : — . o v -
i i ! i ! o o . . ~
I T R | b e _ “ .o ol
i . ] 1. . . . X -
w i R e
P . - { - - g - - » - 14 8
i ! . i ] ! ;

T Cguares b th




AR e B A ,Y.,T /..nlu_ = , B .
.v.ou.& . o T
e .ﬂq de.ﬂ LY ) . . ) x
8097, : . oo R .
(Nyodinn . . e i : .-

-~

. . o 1 3IYOs

: m_<mzo A~3A0LS IVLOL EEREE

O .

L

R

3A37 AJA0LS

ot

T

s
P
e !
i e KA
d

o
1

\.GG O mU

{

eg
|

m .

e e e

o

m\.. wtb\;\ —

S

]
I
T
- ~;\aA.’.....::»J
N,

L

.

i




D 00397
p—2 +$-0= S7 ‘ . . _
~ AV \v @.OJWN . ,. ‘. .. - - -
N O——0 8-0+9] _ o ™
E X Swo..:zo : . i bt -
. .v.OO.ﬂ. n\w.ﬂ mj,q.um . e
JAVans A3l 0ls TlvioLr ,
N M.. oo8. ' ._ f AWJHOG —=JeX 3 1=J~1 - ooz o9l
<// A = ¥ 4] T .ﬁ -

73A3T AFBOLS




48

som-eq IS .
\N.ﬂmxw ATAOLS \.:,FOP

cog °e3 ooz o5t

- -

Tt ,_./j

o
{

- - ! P - i
. {
- .
o i
M r _
. ; : )
f , : '
b N ! t w :
- b L R S
s ; I ' !
) -t a !
} -~ 1 . .
} { L - '
] l ! H .
: . . e !
e L
: . . [ }
i
W.y

,.
\ —
L’
i
i
)
t
JOY
‘.l.l.\Q'll anl. - -
i . -
. ;
; i
! ¥
; m
. 1
]
P ]
H
e e
i !
. L] ks
) A3
.
e
; .
¢ ¥
H =
; i .
i i..ﬁ... T
1 1
|
i
L e
H " N
f
i
;
]
N i
=
1 ou
o
Az
~nn
. RN
R

i «\.. p--,r. L-i%«z-

e

- m

?

n
Nggols »

4
i

o 13aa)

i
I

o
. -
3 :

]
'f
t
.
|

®

1
{
}

]

' . N
s TSR PISPRIUSINE WO TSI

1
ROV U S

i

R




i
o
e

20O » S}
$.0 = SY
90=8Y
@o= Sy

WaodIND

4

R

oo

@b TBDITT

AOG=,T 37V2s -

os2 oco2 num.u _

VIHS A3J0LS TvLoL

o ———— e ——

OO« :

..-wazon_wma u_._.w.<._mz_ -

g e e e e i ey

4
- T
s v

s

d///D

NW./ L LY

g9

/

%0

i

. »

}
i

TINIT ATAOLS |

i !.
§ 3

-1
: i

t
TG
oo
i BEPELE w

At th

0 haa




50

g

“

TTANTT ATAOLS

i

(p——D TO>S] g+ 14 AR
PD—0 bo-s] _ . .
F——7 905} W - : ’ ’ . "AsSNOdS3y 2ilsVY13
ﬁulD m.Ouw‘ . . - .
>  WZoIINO . i -
) v_OQ =, 3v>s
S dV3IHs A3JdOLls |_<._.O,_. ,
oocg . ooL CoE ooz ool S
3 .// X T ..ﬂ
¢
E
- 1L
- Q.
¢z 0= s
I . . oi
: | T T R
® - D B
. { -




) , 20° ST

e o | et e i s o S

T o T-,w_u
&.QIM.N‘, IM!I;.!!%?IM%%.!;;..I.!I B oce s et e -
7 9025Y )
nll..lvd»rm. g-0=57

t
{ - , [ 4

i
' ' !
' i
.

/WMQL:LQ ; ) S ) L 1

. B %90S =, T HFAVOS
TavEHS AT3d OLS Tviol
. om_,

oog o5 cog: »

00. .

I

Ry ol

mci

- : | - R . a7

w

el N S SO
: !
! . N .
I .
JI R - ———— -~ - - PR ‘i.tl. — -
: _
. ’
. ‘
;_
'] 1

On\,u

/

«l

,«

/
.w

o8
T~

TR
Lo o

o~
{

“1an3] ST 2A0LS




f.

’
L

52

<
i

<

D:O0=9Y7
8-0=5sy
WYJOdINO

oot~

=24

00

m

- 062

Dy el e

S mmee g mzou..amd-.uz.,w.jmz_,z-_.&%%,im

AOS=,F 3VOS
S \fm 01l \l_.q.._.O.._. N

GON OQ 0ol

————

u;:‘w
2
“ b oot
. , ;
.

ot

AR ERY



o -iAsNeg 53y DILSYT

. A00} =T VIS
m<me ATAOLS J<.~O_.

o |
oog ) °o-
- T.
) 1w
1€ (n
l
] . o
a .
- m
N 15 <
- 1O
. m
- ] <
L™ M.
) T
LO1-Q =52 e
Lo h or- -
- . wlsa,:, [ S IR S '..MII:L.. R .4 et e




-0
H
[l
§

-

25

o.5.

A

i Y 20

{+O

r - T
- KOO
: b i
o
. ~Og&ew |
Twova |
28Qvoc<° .
=2 I

t
|
1

i

$OLUTE ACCELERATION




[0

FLOOR JEVEL.
o

i_'" R |
!

Py

e on
P

- .

o

.55

___*l

t

€52 0-66T

2.0 3.0

i

3 5 40 .
"ABSOLUTE = ACCELE RATION
- 4 < PR

' UNIFORM

S$: O-8

le~ 06

dg s OG- .

15 a8 .O‘olZ

50, .

Hem e -
L )
Ly
gy v i
L




R A S 141, i:_, —— -

N [ e T
X EL o i S . S |
- ! ) ot , . i]-- A bl
_ S . \m N .w',l‘nn H %u c’mh~“~lﬂnh’~“
” _ 0S8 .
R R aneL
S5 L Fmegds
-M, .- lc.ill.m.l,mtw Ha.u.s‘n.v. ;
) ; s
<L L 54328
N A P
2;E e e i 1 o B
- ' E xw -,m
N Y . :
R
- - - e Al - !
,G. AV AR «

i T TR

= S SRR L
0D i N W
T 0t
O Lt ! r'4 =
. ~.. no ..H..Iw
nllSlu» - —— ",“Lnl SD.. . _
- R A

, . .
U S
SIA,.; o ; i R i
¥. [ < - ..._. \,ﬂu. 11\_.
L ! . ¥ .0

- .Jrl.“ .M : it V) ’

N m-m L.

ol e W

; : oz s
. 3 PR e e
D =l

N

Y
PN I TTRTIT TN SURE TN



@H

Ao_

A

_P‘

FL@%Q LEVEL -

)
- ,
1 .
;
+ v
[ -
‘ i
N ¥
,
Lo . ~
' .
i
, %
P
i
i
i
.
1

®

C5:0333

»
N PR

o

ELASTIC RESPonSE..

FlG. 458

A}

2:0 3-0

. Ca)

46

S0

A BSOLUTE AccELE EATIOM

\ |
ONIEORW X
{s:08 .

18:0-G Dmmaedy

L5004 B

Is.0.2 @—




|

30LU

.

@

Jeon - et . Lo
mﬁ“m.m.- @ . [y - @

»

.o

t
[

T
c

|

!

1

i

.

!

Lt
v

~ip
N ’
L T T T T
- T A_,~ 5
- l‘wv'.nql e e s - “ -~y - - .w. P N ——
) . b M :
L T - R B
| R L ¥ O.4.d. % .
o~ Y W
gk )l feddy
L Z . 2949¢°
O . 3%urse
OT 2 ’ e el ,!t.
N < - : g _
N
L 4 i . 1
- Flp..h— T ot e Ma,. EAte
ol | Y
-.Ium-wf ST e e o W
- > T ' :
AAG. o ¢ .. - ﬂA../

!

FlGie

|
!
:

:RESPONSE

IR}

Y

i
\

I
<
'
|
f

b

P

th Ie b

R UL ST PRNY ¥




¢Lo.g;a

v ! [
.
-
»n
-
S -
gl T - ’
R\ A )
\ v .
L f ,
~ | al
!
i
» b —
i

LEVEL."

.

a

: - wQRQ(M e ‘;, > T
1 e O e 10 2Q__ .. 30 r 40 ' 50 .
] [ ot b
o S k ABSOLUTE Accklz Eﬁm iOI\J S
ORI S ce> S
\ T ‘ v > Cc o W SN “" “"‘ T /g L ‘s‘
P ': PR * s, J* . N . . -
s ’ * - . § . »‘ /' . R N ) N
Poe : _‘” c - . - . . < ‘ 2 :
‘ |- : N N / . ‘ UnIFaRM KB %
- S o , - lsr108 O—1
@ - 2 : R ' " )
U~ ¢ ELASTIC RESPONSE ' o\ ?‘ ©G LD
. C ’ ¢~ , 5:0.4 (}—M-O
’ | a‘ * 5 ¢ 4 ‘ ' . " l
S R S (I T SN 0.8 G- ——0
- ‘ , - N ‘ ! f ' ' - '
’ N “:“-"A [N » \ n N .




i ..tiﬂ,.}_w J 3/

M
!

:
b

3
H

iy A

L

-
_4‘, . :-.._._JI -

. }
< 4. . .
- ~1 W, T T
“m 3 O._.WN L A
_ i i 4o '
A TR T AU DU SO o
~a ”
cling -

< 19-.1(.._1

p— e

}
'
i
!

\d
r

b g
1

|
!

3% SR
'
4

~

%

(L. 4

L4

- - »
o s A S
, _@. 1 ”
L9 T T ,,..._‘ﬂ.ﬂ_@.@w.
. » . " ” w 1
- 3 .ﬁls.a ' . . XO0aA9 G
Ce | b T to
.o <L . m 66009
- - ; la «:xw..ﬁt., I B R R
N 2w o w vV,
. _.\V\Q B RVE ) S U
\-- - - et Ce
T S <
) 9
Q E E [
&z 5 . 'l
O < C e
A B
S n . .“_u By
\74 ~ 0
S . a
- N N . %
20T T o
——— l..w — L 4 - ot OI’ "lll.l.m
. . i~ u
v
" ! : < X
- - M...l - 'H,.!.ul - 3 : nl.'“:. o -
L e L2 A

-

-

.

RO (7T SRNE PR SR



*

.
». ¢
AL
7 Lo
. [ -
ke . ’
- W - - e
[ 4
R .

4+

. STOREY. LEVEL.

© .

{G

61

'6\ .

A

1
¥ 4

-

- ELASTIC ‘RES PONSE..

.
-

FiG. 4GaA" .

INTER. STORE\( SWAY,
/ SCALE . = 2"

' .
~ UNIFoRM) s~
' ls .08 )
- ls.6e n— -n

- [5:0.4 G-
'ls,,oz_ et

,}




. - a4 '
oy . / | “
X 8,6 ' Vo '
! N Lu 5;. -.‘u..\.,“ /@ : {
o N T ,
0 . . / /‘.:
- N 8 N £ el c Lt '
\ ) 3 AT\ A AT Buwe |
SR S ;_ . e - -3 N : - Me | . -
| i’ '6 ' 1 i
; I . i ' :
R u § A . . Cs=-0.2333
. ! 3 , ! '
A % o a .
- - -L LD 3 1 1 2 ) 1 2 1 1
- o T & G 8 1=} a2
2| S '.
AP INTER STOREY SWAY ;
P . 7,
USSR SCALE =2 T
! \ o , !
IR AR ' o | i
: . Sl " . 'y ) i '\t |
: 5 L 2 : : i i ;
A ' . : o ‘. ,
i , Lo e ! 14 1 TN N ¢ t
A oo o N ! - . - .
A T TR | Lo
E . ; - 3 | ' ! g ' ON\FoRM A ;
B AL A . ! ls.o&-J«~—~D oo
e L 5206, oz
: ) X I . ) ..’ ? - . 2 N
P lNELAST\c RESPONSE | . i ls-0-4 --v
- SR : ls 02 g
L F*@““ 6 B A | -

=~

LEVEL.

d

3]
&
' 8

X




63

.e

- e e
-

v o

w.n:.-

t e
Cs:=0-333

———
STOREY SWAY.
/ !

©

4

)

>

o0
i

IAZT AFAOLS
SRR A

s
< (O2R=

INTE/{E_*

'

,2/

-
-

/

Le {1

<

ScA

o

|

t
3

ELASTIC RESPONSE,

.
[, - —f———-
)
' ' -
[ 4
——— - o M b)

P - .
i

O AN |

} . L

O .-

S i ' - b 3 e
[ o i N PO M
m‘ 1 -y . .

- : [ . B G

e g b o b e = b i T — s e e o
=
\\
N et
.w..w <
3
.



64-

I

!
i

!
[
12
[
i
: :TT_ "
g
A
]
|
;
+_
v
f
i
!
[

|

P

i

)

|

|

]

)

1

-t
‘

. P
B . o b
i
e e b

i

[l

lj

A
i
i
I
t
1]
1
!
i
{
}
1}
1

|
|
by
|
g
N

=067

i
i
H
;_T
. t
~:L)(
D
3
'\
°

. N A - - : LI 1N o Y S BUURS A S A

i 3 L ] — .o o . i} ]
= : | . PN b i w0A6 9o
SRRSO S A 3 oL <. L S

{
-
|
!
i
|
l
1
!
!

e T
v by

Pl S AN

e m me aa - - - ‘ -
: .
VS - o4 \r
1

ORE
A.’,-

&
|
|
i
i
s

ST

’
e e be an e

PRI SV DR - .
SRR &
: i i -~

scale
i
N
GG C

[}
!
|
|
|
|
!
I
!
1
I
!
i
!
{

+
+

(UNTER:

L Fl

1
i

e

1]

|

t

i
CNSE |

; I

s
[ § - N - '
S - 4 i
— . —— ~ L SO U
PO RO -
e - -

'
-l
i
N R \
e DTN

1 ——— e - - O!. | " .

R R _ 1 ; _ s -
F N T B =) e P A Tl ) s
i . ¢ .
N N L ELCRR u/mm o_.ﬁ TR
.VRIL_JWJ.;MVQ_ ..cw.m.r..m;..n N _HN.M ..wu.;.“. oo I MHH- qH,lml- s T wwwr L .ﬁ.-_

@

GRAPH 1/10”

CANADA H° 6520




oW

co

i)

N

OREY 'LEVEL.

!
.AEQT
s

: 2
i { '
A . P - .
T " ’
! ;

oo Y INTER STORE\( SWAY )L
N - ‘2 - SCALE.L” v . . - ‘

ONIFRI . X

.i e o 7 | Ls:0g j——0 |

.' : - ‘ t " Z : t/ ' ] “ Co
:-;,:_T;_-;‘t.. b E—‘LAsTlo RESPONSE. | ; N S I f" 06 Ly
A T BRI etgrimn 4
RTINS Fl& 4 GC- ) Lo R



A 1 . 20° 30
! : ! C Lo ' Lo .
T A . N
ST TOTAL SWAY
' l ' ) ‘ P *
fm o e e - “__‘_. . .
— -j " v
:f‘.'&._.......‘;.”_ . p(.; RIS .’- - ‘l. :
. o i e
L e a

. INELASTIC RESPONSE.

|
[ e e e
|

1: [

. ]

. ' i ! .
‘e : {

! . v . 1 % [

o I \
S . RERC
.

.‘O

U T S
L

s
N 7'('.

< © D

L]

S '}

.



' ' ' -
J.“R‘fv ’ w—‘ 67
‘ET“. - : h , ' , A B
) i H : '
' . . : x
i ’ -« 1
. T | i .
@ ERTE
. ) . i V ' , 0 .
i ' ‘ . !
¢ ) h Al
’
- "~ )
. D N [ad
40 - - J‘:u VA f -~
’ ‘ i ’ ”~ ! //// ) .
i L, , 1 ~l5_’.)-," A LA

P 8 . ' o8 ——// 0-4- =
- . . . . e M
i ‘ // ) \

- b ! ¢ K('j R , R / _ !

& / .
’ i A " //n

22

b

- i
' ! i
| — [ - - ' )
P |

° '

Y

) F',_Lc}jo'ié LEVEL.

|
2
j

|
Q
®
°
o

!

By
L .

, d

- _mﬁ;.‘.t_.._

1
i X !
i

-

t

1

,

.
-y H
" .
| -
1 |
; :

- r
.
i
1

‘

R K i .

A - NN -1 20 .. 30 40
{ . ' ' - { ‘ ' f : ' {
oo o scALE Y2 666" o
} :. i to 2 :6: ) ! " .. . N DV. . i:'i °
T R L
: Co r; ¥ ’ P :

, l..,-;tﬂ',} R _.§. g - ; o . o WUNIFORN »——X
. e ‘{ o ? Co :: , i . y is;o.a 'J"'T".’:“D;
@' % A LA _ ER C ds:06 O——n

" piied .. ELASTIC RESPONSE:. . N Ae o4 S0
S O R ‘x_\/.\ . I R R o
AN PN S *‘-.ffeh 4TA R A




13

o8

A \ _
L —8 - e e e e
| SR B S SR
P oo X ohdd s
/ , , T M . o R
5 ) M 0 00

i
Ls

Cs
bmFoRM ,
Y

. O a0 v .
¢ -~ =i =t N
o ' i “ .
- - - P — - e e N~ o C—— - i e - o o e e e e s+ o e s o
- n.... S 4 -

30

TOTAL SWAY

3
lll loll L
. \ v
N
h
i
) -
'
}
H
s
J
- -y
«

s e Te

.
i

:

,

f
|
!
!
1
4
i

4

.

. E iy 1_
w.nw. w -IA.— i 5 - M\\
e—— 2N h - o)
/,.Wﬂ w/r e 18 TN T e ant
N3 i N . P .. '
* . / = ! 17} '
> RO — e R
- I3 ) ’
. el S
- m .
. - .
P T
R o i o wb -}
' 7 o ut 1
. , _. “ : N2 -
1 —1 A s s e :
- ' I ¢t., m,

ol = : :
H ; ' @’ N f
N - - - R - — PP DU ——
1 + H * ! i i
H : ! ~ i T H
i i .
T SN SRR TSR RS CEUNR NS AN OIS SIS ST S St

!

MY Ngres e g e s




g St Irym o

-

.
N

'
4

"FLOOR LEVEL.

‘1

I
BT R
e

B , \
IéUAsT}c RESPONSE ' - L

W h | . ) ' tls""o' ‘@ .
| boys ‘ o 5 At i
. ) .t 1 + H , ‘
Fl@. 4B [

1
H

o
o
o

TOTAL -SWAY. .7
Scale "= G66% N+ .|
: | . * UNIFORM) | >-——tmind ;

: e le:og v——a

| , - ls:06 | |

' - ls.0.4 " @":“""‘—ﬂ’) : .

&
[
i

H

°



1

Lo ! I

g . y V. )

© 20 ' 30 '40 . S50 ! 60

TOTAL SWAY @ . . ..

!
VRS AN S . R il e el
T\ ' n I
Gt it seale 12107 ‘ : |
'—-_~¢ - - _‘." it - ‘ . 3
o . [ ) ! ’I . '

, )

N . ' ‘ | ) 1 . !

N pood ‘ ; ' :

U : . N A N
. ' L ; N

, .

4

« 0
[ -

. .
. PN . -
| | . I .
' B . f . +
[ . :
o , , *

:
1"
'
+
'
+

1

PUUIPISIESE UV, |
"

a UNchRM ' x i
) ds:0g
" .f"i/}fsoe’ /AW%
- ' ‘ls oq— 4)“;/, gy
lsn» o. ei‘,mm-s,»-@

H
. "-.__‘_.._.,...._1 P

-

) AT wb‘ ! N -
A% A . -i P Co
A . . . . v .
L] 1 ’
i

, X
N P i

l
1
i
{
3
| .‘
¢ 1
i
. !
¥ i
t !
I . LR
s i R
. i i - LT N
s L RGs ATe

| \
v o
mmid WP IV :NELAST!C RESPONSE .. - . .
‘ |
t

+

v e a e * — = PEPSEPUR SO .




- PR
RN li *
'
@ ‘
. -
'
. .
1
i
1
h
a
! /
!’ ’

——

%
o -
!
7
e .
o o
[

.

- X Y
PR
+
U St YU
i i
.
i [
o s e Dl
R
. ' |
\ "i.._.::,, I YRR,
. ‘ i
\ | ‘ i
} . :
S
' . i
t
o fFome - -
SRRRPORS
» ! J
‘ . H
N . i
¢ iemere e

n Satrates to thy gy

b
Qs
ooy
i
-
h’
~

e

OTAL S
$c.ALE 1”-

e

20

WA\(
&.GG!

QNIFORM .
. lsiog

Us:06
lsx Oa
le=0.2

i

-
e ————

><«——-—-—-~——k
S
AN
K -—”*-*r* '&'
i

°




-

N

(%)
r~

——
et o o —— ———

.o
t
-

'
H
' 4
i
)
’

A
1

e e = v e 2

L wva =

-

- lf‘

&.

- . \

se -

- 4

t 4 N o
N o - -] . :
) ¥ -~ * ' t “3 . 9
N e e .;.»./;MIL.?- . - . A G - —

t \ T = u
. .u. . a m\ .
’ . - - & «.u. -~ N °,

4 I'.S

T

R o

i
, h .
-@

t
!
-Lr ~B e

&
&

|
o
’
-,

Factor

-~
-
3

'ofﬁ‘

.6:0
T
-5

LT

!
}

" .
-
-—

e

’

!
;
a
.
4
v
1
'
o
@
1
i

DUCT]

un

4.8-A

!
{
t
i
|

4

FIG.

3.0

. ScaLe 4
\

f
j
.
1
.

L

{*COLUMN

%
{
a

Tic Responsis

I
|
"
]
Y L N‘EL;,AQ

THsqpurrest b



FLOOR.- LEVEL..
.

»
v ), ¥
- . -
D 2
0‘! <
¥
/ .oeee '
A oo
. ; &
» { GROUND
* * ‘&.’ A @
14
C‘ -
L
. N 7
R
. ‘e
- ' - .
* - \
e . ot

o

(A

o . T g *

3'0

,COLUMN DUCTILITY FACTOIZ K
SCALEI ©7b

45

L \ .
3 ’ : .-/,
™ ‘ - o
' , . ! WNIFORM  ~ ———
[ . L. R .
. . ' leiog 1r.. i
. v v : 2 Tl
' le= 06 ~A—rN -2,

Fige 's»e-A oy




1

VN
4 5

Ve
[

L ef /. L, C5=0-333%
v Y v }’
N . ‘\ 'QIN‘ ’ " - .
. GROUND PN ‘1 v Lo I P t -
' : \O . s - 3.0 .5 ° ' JG'O 15 9.0
‘ . CN : ' . , ,
: Lo ouget - COLUMN DUCTILITY FACTOR.
l - i o, " 13
- - N Scale L'=15 .
\‘ \ . . “ [} s - 1 ‘ .
. | - - . : e . J '
. T, ' 4 ~
L 4 X . IR v * . N
, ‘ * da‘ Cs ' ' hl)/N'FOQM X ermemtyey ==X
) \ . . " - ’ : ., . l - >
g _ | v Is:og me— -1
. L ‘. S ‘ ) ‘ \ l$_:_o-60 AN A
" INELASTIC iIRES PONSE ;o - dsrod ¢ ———p
. { ~ . K . T~ — ' \isﬁ-b'z Lo ey B ,
e L) s . M ) P L
- ‘4‘ : ) F‘th'4;-9‘& o \ o e , -‘\f
- ) ¢ ( ’ . ‘ . ' N ' \\ L& ... '




LAY

DR

)
LR

‘

1

1

i

o p——

i

t .
N
'
..

ot

.

A

«r

=

DA

. .

. 4

v
€t !
), 4 »

o *
. b

”’-,".ﬁ Cs: 0333
o {/

ELAST!C. mﬁpomsr.—.‘ \) N
b . t "{

In

{

3. O‘ .
COLUMN DUCTI LITY FAC_TOR
Sc:ALt—. 7= 075 ‘

'
. ~
( i b
L0
ki 7
- i
- ! . '
o
¥ Je
*
-
3 .
s

: UNIFORM A
o ls.og e —
P (T '.S oG
| Is. 04-

i

Flen C‘,Q.B \ !



©

ELOOR LEVEL.

T4

b

. ; . '
. . . . ~ -
- e -hl .
' ’ . 5 L] -
AR . . . -
PN , ¢ .
. . 1 ' . o
B ' ,
. ! ' . '
L . ' S
. . iy

s : Ly T -
-~ ¢
g T : N

~.\»«’r$
g|

. AU ’\ I . 2 'l:: ;ﬁ - .
s L 30T as o G 'rs - 9.0 3
' -COLUMN 'DUC,Tl LITY FACTOR
C SCALL_ 'ri. > T T
. . . R . !
Cow e A S I
t J )' v\;‘":‘.\ . ;le\ \‘ . ’. :,“ P TR
W O Y onsorm wc&ww-—-'“x , I
s ooy Aszos gL
L cn dsadg et
vee [ L lwww—-—@.» L
Lot B ls o?_«:.u o
FlG. ‘i“,ac i “ f PR ”&' A .w\ ,i
. e ‘ .
. 't v !



¢

. FLOOR LEVEL-

<«

R

6

e

o .

)

.

¢ .
o
¢
v _é._,.?‘._
<.
t
i
e

o

l‘ . 1

S

! . COLUMN BucTiLiTyY,
Lok ‘”:‘: Oﬁ75

- 'seale

e
1, “©t g

ELASTIC.RESPONSE - - .

y -

Cw L7
. oo .- 3 y
. p .

B .. .#'Fra‘rq"‘

~ L

;
.
DT
t 5
‘ > i
“at

R /"#“1-'_ .
. N 1

. le-0@ X,
}lSzOQ )

4
o .
o .

O

30 7
Y. FACTOR

.

UNIFORM D,
loon
2\
iS -.0-4’ 4}__._._.._«...0 '

h]

3,
i



R

%;
*

i

1
L)

N
1
8
S
4

T
I . !
!

"FLLOOR 'LEVE

/

!

|

,('N

.

i

\ ) ! ' I

: L\ ' o
el i I - é\’.b '2, - s . o

| | hol /" ! , ¥
| . ' '// p ! ', . “ ~
o 2 ! oy ' AN
r-—-—--~ - b - 4 — - , -' ,}' ! ‘_'i ; -

. - , A ' S ' .

P / ///3 L a

{ é‘ /.-‘\ -

 GROUNDL__*

prae e Y mee g ————

l
|
l
l!
l
—
| »
o

-k e - e

l5

Y

i
!

1

DI
GIRDER DUCTILITY FACTOR
SOALEl’fS " o

_';_:_; e INELA“:TIO P-Espo»sg—_

FK& 4

,A

~ Aa-5 60 75

] LS;QG
ks.o.4

A”""“Y"“”‘ Fal ,

>

o

1

Ls »0.2 - u-—-—--®

-

i
- |
A S -
I ! . .
b N . ; +
! LI . { ‘ .
} ‘ ' ! . . : é i !
e MEREEE S T —. :
f R ' i | ) . 4 t * !
. /: . , i | , | . : . ’ . |
SR A e e
N t ) 1 H - : ‘
o % : ! . I.s + 0.8 e e S .




/9

ot

L
®

J
u .
>
1] ‘. .
Ey . S
d’ 4_ .
O .
Q -
=)
1L : {
. 2 .
CS$= 0-GG7
GROUMD‘ J 1 ! - yann
’ S 3.0 / ‘45
GIRDER DUCTILITY FACTOR:
" sealE 1”-075
‘z CONIFORM e
' ’ LS'.OB ’ e o= )
’ . . ls-.oe _ PaSor ~L\‘
' .ELAsTIC RESPoNSE | lsvod Gy
) SRS - T T —
N F'G\ 4’9|A .
A n



. 80

{0

FLOOR: LEVEL
s
.

.4/,8' - Lowe '. . ) ‘ o
RS o

GROULND : ; ‘
L o IR 30 .5 .60 TS 90

" @IRDER DUCTILITY ‘FACTOR |
4, / - SeAlE L:IS e

L . - UNIFORM x-

Lo - _ L . le:68 iy

e cL ey - | . ls.06 , o—nr

..  INELASTICRESPONSE | . oo Msroq - o

L - IR ' - Ls:02 @@
’ G

R » R o
-

v




e - ) \ - .
-;:a- , a } . ‘ gl
o : . e ‘
- .“ . ° ¢
ol - .
". .
’J ¥ . «
14 ‘ . v 1
10 -
l
al :
. + . .’
- S p ,
N W ~
} > G_ A . s
wi . ’ b )
i [
; ’ ‘ ~ /_:3."‘. . R" /'Q ' (h ’
. . \, f e
Dl . ) \\(/ e ’/ /é. 7. K
é:,‘,‘; Yo 8 4" - © TN a o : &
D ' . - -/
__1 ) l. . 4 \ \/
LL L ‘ . 7-3 4 13 ) . )
'4. v
' A W / . .
E Z}_ .- -’ (_‘{):; i) “ : S ‘ -.
© ;» , ) .) ‘/ AT . .
Tl ! : . "A.\l.__l D ~ s CS/: 0‘335
i , . ‘ N )
[
. X , t -
s » GROUND 1 1 1 L 1
. ' ‘ S o 3.0 . a5
: GIRDER DUCTILITY ' FACTOR
! f Scale L' =075 T
T I s ' . '
L l v - €
; 4 i
[l i , f
| | \ ' " , UNIFORM | X —rh—x
S ) (s:08 13—-—a.
-' | o ' ls:0.6, 56— -
- ’ 2
) . ELASTIC RESPonsE ls:0.47 6—-—0
Lo ' . ‘ (s:02 " @—a
Al ~ .

SFIG. 49 B



9 [ S

] . -
- B2
\ -
@ | :
‘ -
\
J \
¢ ¢ w
'0 , o ) -
A0: _
-
'S ' o |
° v .8- ¢
k] - ' -
. -
. .
) S G| .
M .-
- ) -J | . . ) o
9‘ - S | ” :
I 4 O .
':\ N‘< - .
.k .
\ -
| XS Q‘.' ' . M
ol o ) . Co ' ‘ . .
' o.’ i .- ’ ) . . ; CS:"- O'I®7
f ' ; ‘ C © ' SR :
- g w ] ' ) /
' GROUND — . o
o 3-0 4-5 o, . 15 - 90
R :
" L, SCALE
. d B
- “~
. i i -
: ¢ :
’ |'.;‘ : -

N INELASTIC RL-SPOMSE; ,,' . .
P ; . .

L “Fia 49c/

. ‘ , s

: Co . !
-~ v . R . N N
‘o P R DA b"‘
t . .
. v i
i ot L { -
Co !
. 1
-

}
i

v
>

T bNiFORM

GIRDER :DucIn.rr\( FACTOR.
-IS

\

3
£

- Coo
XX
ls'-_o-g c o

\ ls.o6 o — A

ek ls:04 o—ro

* l$'.'.0-2. & C:J




FLOOR LEVE.L.

-

GROUN

2

\

3

.

4

ELASTIC RESPONSE ®

CFle. 4-9-C

3Q

.~ &GIRDER. DUCTILITY!
- Seale 172 OTS

)

S

EACTOR.

45

| - a !
\ . '
LNIFORM X ———x
ls.0'® 00—
ls 0.6 o a0
Lo:r04 ¢ —inep
$ 202 O—i—i |



[

REFERENCES . ' .o

-
-

- N . - i
1. SEAOC, Recommended Lateral Force Requircements and ’f‘on‘mentary,’ 1967

' edition, -, T | .
1 ' E Y ° !
- ’ - : /
. / * .
* 2. U.B.C., International Conference of Bldg. Officials, 1970 cdition.

- >

» -

3. Ameyican National Standard, ANSI, A58,1-1972, L
1 -’ ) . ') »r
14 < ’ L ! .
4. National Bldg. Code, Recommended by American.Insurance’ Associatj:ori,) S
. . * i
1967 edition. /" . ' - ;
. " IR
5. N.B.C., Canada, 1970. ' . ' -
. - /
€. Penzien, J., "Earthguake, K Response of Irregd‘lar,ly' shaped Bldgs.", | ‘o
. . .
. ‘ .
Proc. Fourth World Conference Earthqguake Engr., Santiago, Chile, (
. . . e
¥ 2 J <
1969. , o o
< ) : ) . S
. . ) R o ) -
* 7. Berg, G.V,, "Earthquake stresses in Tall I)Bldgs. with Setback", Proc.
. o . L ' . . N L ‘3 I +
- ! N . " . . . ' ’
of 2nd Sym. on E.Q- Engr., University-of Woorkee, Jpdia, 1962. . . ¢,
N e " ’ ol ) %2 1]
- . ) ’ LT . .
8. Jhaveri, D.P., "Earthquake Forces in Tall Blslgsf.’"with Setbac}(s", Ph.D
' . . . . » [
Thesi$, University of Mich., 1967. ot ’
. . L, ' \ > . , g . . .
. ' .
9. Pekau, 0.A., "Inglastic éehavi‘our of Prame Structures under static °
¢ A ‘ . * ~— P] ' .4
and E.Q. Forces", Ph.D.T'besis, Uni\;e‘réity of Waterloo, 1970. )
10. ' Pekau, 0.A., and Green, " Inelastic Structures with Setbacks", Proc.
Fifth World Confei‘enceaEgrthquake. Engr., Rome, itélé?‘ AR73. ' ’ .
. , ' R S, ‘ . ’ : .‘ ' o N
1l. Pekau, 0.A., "Compyter Programmg for the Inelastic Response of v '
- ' , [ N ' A L ’ te
Multistorey Frame Structures, Subjected to E.Q. Excitq‘tfoq","hegdrt
. . 4 ' o ' e . .
., - \ ~ )
. ~ - ‘. M ) 7




o,

o

.

Bustamante, ¥.1., ana ‘Rapoport, "Mcmento

| 2

[

prepared for Canada Emergency Measures ’Or%anization, ,15“70. , "

s
;

ol
de Volteo y Furzas Cortantes

-

r”

€
N
.
.
’
N
° Pl
.
'
-
.
.
o
-
L
«”
.

[N

]

Sismicas", Bol. Soc. Mex. ]'Qr{

.

-
\
.« .
y
e
I};\\
. ‘!,'.‘-
-
Vo
)

Sism.,

-
c
.
‘
L
[a
.
L]

1904, 7 ot
§

-
.
*
"
» a
.
-~
- A L]
.
. .
a
14 »
* .
. .
.
..
.
- P ‘
) .
.
'
. . & .
.
1 4 [
¢i§ ‘ , o
-
. -
y, ,
,
. W
. .
.
. .
.




