%

A

Y

National Library

of Canada
Canadian Thesses Service

du Cana

awa, Canada ¢ . . ‘
1A ON4 ' .. . ’ ‘
, J ‘g N
& s
ot ' . L} 9 ; —— |
i ' . ~ - . ‘
| - | ' 4 . - ¢
. '. - o
" ' CANADIAN THESES © ., . _ THESES CANADIENNES
e " : LN
. NOTICE . AVIS -, -

'l”hev quality of\this microfiche is heavily dependent upo the’ ..
quality of the original thesis submitted for microfiiming. Every *

" Bibliothéqué nationale \

Services des*théses canadiennes

effort has been made to ensure the highest quality of reproduc-

tion possible ) e

If pages are misslng. contact the university which granted the.

degre\z\ o , Yf o

Some pages may have.indistinct print especially ifiﬁe original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an’inferior photocopy. - °

Prevlously copyrighted materials (journal artic|es publlshed
“ tésts, etc.) are not filmed.

Reproductloo in full or in part of this film is gaverned by the
Canadlan Copyright Act, R S.C."1970, ¢. C-30.

* 3 ~ ’ -
f,‘ ——
. . \
G‘( ) " T -
}, - . .

-

- .

\

THIS DISSERTATION —

)/ HASBEEN MICROFILMED
~- EXACTLY:AS RECEIVED -
NL-SM(r.OO'/OS) ) ! s

-

"8

La qualnté de cette microfiche dépend grandement de la qualllé .

de la thése soumise au mlcroﬂ!mage Nous avons tout falt pour
assurer une qualité supérieure de reproductp?

«

& ]

.
il manque des pages, veuillez communiquer avec Iunlver-
sfté qui a conféré le grade-

*

La qualité dimpression de certaines bages peut laisser &

désirer, surtout si les pages originales ont ‘6té dactylographiées
a laide d'un ruban usé ou si F'université nous a fait parvenir
une photocopie de qualité inférisure. ,

_Les documents qui font déja I;ob’jei d'un droit d’auteur (articles

de revue, examens publiés, etc.) ne sont pas-microfimés.
v, L] *

La reproductiqn, méme pame!'l'é, de ce microfitm est soumise

"4 la Loi canadienne sur le droit d'auteur, SRC 1970, ¢. C-30.

o

0

* .
, . N7

LA THESE A EJE
MICROFILMEE TEILE QUE
NOUS L'AVONS, REGUE




- 1 * ° -
» ] o 1
< —_ . . -
[y . -
‘ t ’ > ° ! . [ b~ . -
AT ] -, ,:&'_ Vs
- £ . e DO

, : Approximate Seismic Analysis of . )
<o S Single and ‘Coupled Shear Walls ‘ .
. e » , . on Flexible Bdses. - PN :
> ! C . ~ - f o
. . ) ' ‘\ . . . . , ) . /ﬁ . . \
- ‘ X . [ h . .
° N r . @,
® © » v
) 1 - ° ‘ s
Q . A o 4 a .
’ . o -
. s . 14 o -
_Pranab Nandimajumdar a -
Y anmm— 5 . " ‘ . 4
‘ L] . . . . , : o .
v. - rd . i“,v . N
- ! ' v o : \ R . '
' ' ~ . ¢ - ~ (]
. A Thesis . (
LT . D ) in RN ' o
B e Department N ’ '
~ T : pof . )
o * \Civil Engineering o\
. - kg Y *
- \ ’ . o
Wy b
. A~ . N . 5 B ..
/ e i * . i ’ )
v / ' d ¢ ) - .
R “~ ) . (‘(\ . * . - ‘~
v < ’ S
\Jresented in Part1a1 Fiﬂfﬂlmen’c of the o o > i
Requirements for the Degree of Master of Engmeem ng’ é . ‘
PR o , - at Concordla University: o )
Lo —- Montréal, Québec, Canada - - ' Y )
\ ¢ “ . - ' ) N . . . -~
- ~ '
. ) . s, .
. cee e we o -— 0 December 1985 -
.' w . ’ . ' - ‘ o, N /
. .‘ . I . o - \J,{\ i . ‘ I} ’ '
N * ' ‘ s — “ ‘ "
S ‘ ‘ © Pranab Nandimajumdar, 1985 ,
* .:”“ . ’ - z ‘ >
T ¢ * A q’ b "




“

13

\ ) L . .
. . a '

Permission has been granted. L'autorisation a ét;é accordée
to the National L1brary of . .4 la Blblxothéque nationale
Canada to microfilm “this . ..du , Canada. de microfilmer
thes‘ls and  to lend or sell cette thadse et’ de pr@ter ou
coples‘,of the fllm. de vendre deS‘ exemplaires du

' fllmc

e

.

o
.

The author- Y(copyright' owner) /L'auteur (titulaire dp- droit

has reserved , ot.hér d'auteur) se r8serve’ les’
publ ication rlghts, and autres droits. de publ:.catlon-
neither the thesis nor “la th&se 'ni ‘de lorgs
extenswe extracts fro)n it extraués -de, hcelle~-ci ne
may be printed or otherwise -td01ven€ ét’t“e‘j ~imprim&s ou

‘reproduced

without his/her - autr‘emgnt réproduits sans sQn
written

-.permission, autdrisation écr1te. .

-, -

. -
"

. . .
s A} . A

R i B
- IsB - .
) . ' N a 315:‘36597-5:
.
- g ' Yo .. ¢
. L3
.
- . ., <
" . - * . [ . 4 -
o »
. & -+ - ,
. , ' ., . -
4 . - N . .
' @ ‘e ' . R APEEN
. , . -— ’
Y . : ol
© o
.
. -
N \
< - . - . .
. - : ' a
' . . - -
- P
- R
L]
N . .
N . . e ! ~
T “
r N -
' v ' .
2 ° ' . N
v . 1 N . s ’
, s
" - h .
£
' +
- .
o
v - ; - . ¥ -
. 7 B -
‘ A -
. N *
» I3 L4
. .
-
" Py 1 )
. 5
E
] » h
» 1 . \ ' !
. U PR
- —_ ; . 3 [
[ . .
. . ’ .
f [
oA o
r
s b N L
r B

vl

& mn




1

o
L]

ABSTRACT C\

A

4
Approximate Seismic Analysis of Single
and Coubled Shear Walls on Flexible Bases

Pranab Nandimajumdar _ "

¥ - -

v

‘A simple and aoproximate seismic ‘*anmalysis of‘sing']e'and coupled

shear walls on rotationaHy ﬂéxible' subport has been carried out to

determtne the unportance of soil- structure 1nteract1on assuming elas-

tic behaviour in beth the structure and the supportmg soil. To avoid
the "com’pjexity of using exact mode shapes\,f the mode shapes of flexibly'
mounted cantxﬂever beams are assumed. Ana]yses are performed io a
parametric manner emp]oyin§ structures va, different heights.

For ‘the single shear \waHs 5, 10 15 and 20 storeys are considered

w1th rotatmna] base f]ex1b111ty parameter R var1ed from r1g1d to.

very flexible condition. DBata for various responses are presented,

v

oame]y oase shear, base moment'and top~geflection.

For coupled shear waHs situated on rot tionally ﬂex1b1(\unda-
tions similar response da_ta, are generated. Re\cﬂts are examined in
terms of base flexib?‘h:ty as well as structur;a\lmgarameters oH and u,
which define the, ratio of the.sti ffnesses of connecting beams to the
walls and the measure of axial deformation of tt:e waHs respectiveiy
In addwon two prototype structures with flexible bases, 26 and 10

i

storeys\\n height are compared wi th rigid base cond1t1on

. t
\ .
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CHAPTER T ~ - . °

" INTRODUCTION -

1.1 'DESCRIPTION OF THE PROBLEM

Dumng the last few decades spec1a1 attentwn has focussed un deter-
Irmmng the behavmur of shear walls, coupled shear walls and related
structures as lateral loed-res1stant systems. _ . .

In multistorey buildings shear wa.Hs are provided :in conjunction |
’with'moment Trames because the 1a):te'r, a]one, are frequent]y not adeqane.
The provision of windows, 'doors and service ducts produce single or :
mu]twp]e vert1ca1 rows of openings throughout theahe1ght, separated by
either connectmg beams which form part of the walls or by f]oor slabs,
or a'combination of both. Such walls. are usua]ly termed coupled shear’
wa-Hs, shear walls with openings or pierced ‘shear walls. ,

It is*not abuays reasonable to assUm_e that :such structures are
situated on a rigid founda}:ion medjum, since the foundation flexibility
plays ah important, role. Sin.ce these s;ructures invariably res;t on

e]as}ic spil, they exp}av;ience vertica'1 lateral and, or rotational .

settiementq*at the base. Thé\‘assunntion of a rinid foundation for ana]ysis'

*

-

may, therefore, yield inaccurdte estimates of response.

1.2 REVIEW.OF EXISTING WORK

13

1.2.1‘, Static and Dynamic Analysis for Fixeq-Base Structures - .-

In the existing 1iterfture the continuum approach suggested by

- Beck [4] is a very useful techquue to 'analyse shear wall struétures.

12
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As a result, most investigators [5-12} have used this fechnique for the
« static and dynamic analysis of coupled shear walls and wall-frame struc-
tures on fixed dnd f]exible bases. .,

Beck [4],1nvestigeted the static analysis o% coupled shear wails of
identical properkies éonsidering fixed-bdse condftions and presented
mafhematica] expressions for the design unknowns, such as lateral and’
longitudinal deformation, wa?] shear and'Qending moment and shear force
9nd‘moment;inVthe*connecting'beams, all expressed as function of heighti
Rosman [5] used the same technique and investigated coupled shear wall
structures with double rows of openings.
ﬁi. The ‘stresses and maximum deflection of counled shear wa]]s with

“ fixed bases and subjected to static lateral loadings have been reported
by Coull and Choudhury [6,7] as design curves.

Heidebrecht and Stafford-Smi%h [8] proposed a simplified method
for the statie and dynami¢ analysis of uniform structures"consisting of

: frénes and shear walls, assuﬁdng a éombination of f]exura] and shear

ocant11ever beams, and presented design curves for response under uniform-
ly distr1buted load1ngs as well as the first few natural freQuenc1es
However, they did not prov1de information concerning the mode shapes, or
axial deformat1on in the walls Basu et al [14] included Shear deforma-
t10n in the walls and obta1ned accurate natural frequenc1es by an 1£Zra—
t1ve solution of the nonlinear frequency equation.

Many inyestigators [9,10,11,12,13] have reported the natural fre-
quencies of coupled sheer walls on fixed bases. Tso and Chan [9]
Aparrded out dynanic ana]ysjs of fixed-base coupled shear walls subjected
to time- dependent loading and obtained the fundamental .frequencies of

-

equal and unequal piers to prov1de essential information for use of the
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response spectrum technique in seismic design. Tso and Biswas [1oj pro-
posed an approximate techn1que to evaluate the natural frequencies of
f1xed-base coupled s‘tar walls using Rayleigh's principle, considerinq
tHe vibrating cantilever modes as the approximate mode shapes for the
eoupled shear walls. They also pertormed,seismic analysis using the
response spectrum technique. On the other hdnd, Coull and Mukherdee

-«

11, 12] used the Galérkin method to obtain the fundamental frequéncy

and mode shape for coupled shear walls. Rutenberg [13]
approximate formula for the calculation of natural frfquencies of coupted
shear walls assuming the deflected shape of the stryicture as the sum of
the def]ections,dué to pure flexure cantilever action and shear-flexure
can¢t1ever\action using the Dunkerley formula.

Tso and Rutenberg [15] performed a seismic spectral response

-analysis of coupled shear walls on rigid foundations. They used the '

cantilever mode shapes as the approximate shapes of the shear wall

structure thus avoiding the complexity of using the exact mode shapes.
They used the response spectrum techn1que suggested by NBCC (1980) ond
presented curves and charts for various: dynam1c response parameters ‘

Actually, thei
[10].

investigation is an extens1on of that by Tso and Biswas

sis of Structures Considerino Base F1ex1b111t1

There is 11tt1e Titerature [16 20] ava11ab1e wh1ch concerns the

AN

base flex1b111ty of coupled shear walls. S1nce the footingsorest on soil

and the soil has elastic propert1es, the flexibi1ity of the foundation

affects response There aré three types .of flexibility associated with*
* s .
two- d1mens1ona1 isolated foot1nos there are vert1ca1 hor1zonta1\and

-
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rgtational flexibilities. Usuaf]y, in single walls aqd bggm;, the rota-
+tional and horizontal flexibilities are consfdered, whereas in couplqg
" shear walls thé verticai and rotational f]exib%lities are important.

Coull [16] studied the effect of foundation flexibility -on coupled
shear walls coﬁsidering two walls 6f different cross-sections and mbments
qf inertia, basing the solution on the continuim technique. He consi- .
dered the vertical énd ﬁeﬁational settlements independently and gave
61oséa form so1utfon for lateral static Joadings. It 'was also suggested
that the proposed theorj'may be used for nonlinear foundation behav{our.
Tso and Chan [17] used the same method to study the combinéa‘effect of
veftjca] and rotational flexibilities on uniform coupled shear wé]ls.
Coull and Chantaksinopas’[18] pr;viQed design curves far rapid evaluation
of thf stresses and maximum deflection of coupied shear walls supported
by elastic foundation, borta] frames or columns assuming a static lateral
loading system. “

More recently, free vibration analysis of flexibly, mounted coupled
shear walls have been ﬁeportéd byya numbe; gf researchers [19,20].
Mukherjee and Coull [IQj obtained the natural frequenciés of coupled
shear walls on [elastic foundations ﬁsing ébe R{tz-Galerkin technique.
They also provi the fjrst twé mode shapes. In agdition, they com-

.pare& the natural fréquenciés obtained by using their proposed analysis
with matrix progression ané shqwedlthagithe'results are reasonéb1e.

Cheung and Swadd%wudhipong [20] studied the,freg vfbfation of

coupled frame-shear wall structures on flexible foundations. They

observed the effect of foundation flexibility on naturgl frequencies'

utilizing the finite strip method and/compared the results with other

existing methods .such as tﬁe finite element method and ‘the method proposed

-
P
N . J/
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1.3 SCOPE_AND OBJECTIVE OF PRESENT STUDY e

v

by Mukherjee and Coull [19].

L Iae

»

-

" The objective of the present study is to 1évesfiga;e the dynamic
response of both sjngle (isolated) ‘'shear walls and coupled shear wall§
suﬁported on rotationally f]exib]e foundations. |

The analysis is approximate and- is based on the response spectrum |
technloue For this approximate analysis the first three mode shapes
of a vibrating cgntilever beam with rotationally flexible support are

» .used to calculate various dynamic resbonses.

1.4 ORGANIZATION OF THE THESIS-

Tpe inQestigation reported herein is oréanjzed’jn the following
manner. .

The basic formulation fbr the free,vi5¥afion of cantilever/ beams -
with rotationally f]éxib]e support represented by a spring (i.e., fre-

queﬁcy equation, mode shapes and papticipation-factor) are derived in

- Chapter II. B BN

" The apﬁroximate seismic analysis of jsolated (single) shear walls

on flexible foundation¢ is carried out in Chapter III, where the mode

shapes derived in Chapter II. are utilized “to ca]cu]ate the modal loading,

base §hear, base moment-and top defiection.
. Chapter IV is devoted to investigating the seismic ana]yéfs of

coup]ed shéar'wa1ls or flexible foundations. 'Usiné the mode shabes of a

v1brat1ng cant11ever beam wvth rotational spr1n© support, the base shear, -

~ base moment and top deflect1on of coupled shear walls are presented as

\
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'functioLs of. structural parameters and base ﬂekitii‘lity

.‘* ’ . * . ‘ ' ) ’ : n:.;'
J -

examples are presented to show the importance of base flex1bility for two .

prototype shear wall buildings, ' : S

L

$inal1y, the general conclusions are presented in Chapter v.
o ?& '
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CHAPTER' 11 S X

DYNAMIC PROPERTIES OF CANTILEVER BEAM
WITH ROTATIONAL SUPPORT FLEXIBILITY

L4
A P * ' 1 e
- K A
A9

’ T . " - ‘ 4
0 X * . .
.

. 2.1, INTRODUCTION e

N . ' ."

In this Chapter the vibration properties of d-cantiJeVet begmowith _

rotational spring support are presented. These will 1§teh be applied A

ta.the problems of single walls and coupled shear-walls on flexible

"foundatdons The governing differentia] equation, the frequency equa-
-_tion as well as the mode shapes and frequency parameters, wi11 be re-

. v1ewed here, although they are ava11ab?e in the “literature [1 2]

Gorman [1] presented’the frequency equat1ons and express1ons for

o

the mode shapes of single-span beams with varieus non-classical boundary'

conditions, inciuding cantilever beams with rofationé] spring support.

Macba1n and Genin [Z] on the other hand“ stud1ed the effect of sup-

_ port f1eX1b111ty on only’ the fundamental frequenty of vibhat1ng beams

They showed the effect of rotational and translatjona] support flexibi-

lity on the fundamentél'freouenqy of beams supported at both.ends and

f]ékdbly supported cantilever beams. They showed that in each case the N

3 .
effect of rotat1onaT flex1b111ty is more 1mportant for decreasing values

4

of the length to-depth ratio. They also provided an express1on foh‘the
fundamental frequency as a function of support flexibiliti, 1eﬁ6th-to-
depth ratio, and frequency of rdgid support conditions.

4 . f
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/gf; FLEXURAL. VIBRATION OF UNIFORM CANTILEVER BEAM WITH
FLEXIBLE §UPP5RT

_ The ‘lateral yibration-of a. beam .ir‘\jthe\ Xsy plane is shown in
‘Fig. 2 1(;{) . The free-body ;h'agfram of a short sggmeqt_of 'I'ength‘ dx
: 1s shown in Fig. 2. 1(b). L ST ’, o
Defining E I and m as modulus of elast1c1ty, sectwnal wnertia

. and mass per unit 1ength respect1ve1y, shear force as V; bendmg moment

o' as M inertia force as (m d’)a‘zy/at2 amd f'= f(x t) ‘as ‘the 1oad per '

. verse vibration of the beam is given by o /\
v - (V b dx) ‘m dx —gT{' + f(x,t) dx = 0 _ (2.1)
° ! ! . ‘ ‘ I * —
which reduces to
P
e tlae s fleth T (2.2) -
'\E'ien{e'ntar_y flexural theory gives the 'rq]at'ionéhip for ;n.orheﬁtfcurvature
’ ' ‘ ) "" '-' i . ‘
M=Exax=§ \ cooL o (2.3)
. 4 . ’ k
and shear force - [’ |

Al

‘v x L ST e L

.7 Substituting Eq.. (2.3)>into Eq. -(2.4) yields -~ K\u !
~' . ) i L \ ’ ' ’ ! » . " ' \' : M - ' ' " l "

unit length dynamic equihbrwm of forces 1n the y-di rectmn for trans/



o ° ’ n
1 v ’ — (\‘r;;/ N
, 2 g T
a3y 'a ’
V = EI &% ‘ (2.5)
After sybstitution of Egqs. (2.3) and (2.4), Eq. (2.2) beécomes «
, g - Y v
! .a_lix iz_x = . - . '.‘ -
. EI U '+ metr ° f(x,t) ) L “.., " | (2.5)
) . * ! LT (ﬁ;:. - -2
i ‘ ’ ‘) . i "‘ ‘~"
or | ’ R A : .
L . r) & \
I - R @
- X * ET 3tz . -E (,’f‘tt) D ' . ) . (Z‘J)‘<
‘;“ , & . i . R
.Eq“.' (2.7) is an approxim'a'te equati‘on because it is derived considering .
only flexural deﬂectwn, neg]ectmg deﬂectwn due to shear and rotary
1nert1a of the cross—-sectmn. The equation also exc]udes f]exura]
o ',) . ! .ol . . :
' effects due to’ the presence of ‘axial force. - . ____ﬂ’\
Tf only free vibration of the beam is cons1dered f(x t) =0 and
i Eq. (2 7) reduces to the homogeneous d'iffereritial equatwn
\
'la“ ,‘.E‘; .3_21. = ”‘ . —"\ EF -, . N
'”——-x-ax“ . + ET 917 & 0 .: ‘ S L . ‘(‘2.8)
v .
. N N N N N t . ‘
"This.equation may alsc be written as I ' .
) ; .‘, ' 5 ‘ - o v" N .:w—-——:: , . s , . a ,‘o’
9y . [ = LA ; ’ -
TE bz ax? 0 ‘ . , (2,9)
where o . . , .
’ .

~

s

- s

= €
o



“ . Here, Ké represents the support rotational spri‘ng‘ st:1'f1"nessT

.
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- . .

-For harmonic motion, direct substitution leads to the general solution

~  y(x) = B 1i‘n Bx.-'l- B, cos Bx + By sinh Bx + B, cosh Bx (2.1i) ‘
,F . ’ . . . .
-4,

» Where barametef 5. is related to natural Sfrequency w by 'B*“? w?m/EL

. and By, B,, By and B, are arbitrary const_a_apté. 1
. - . ' ~
The boundary conditions forythe cantilever beam wiﬁth rqtationa]]y,

Ki

flexible support ‘are:.

- a;; at bavse' wher;el x=0,. )
y{o)= 0 - . e h ‘(2.12;) 
L Key'(0) S ELy'(0) o o “ - (2,
| b) ‘at, top v;here‘ X = H,'-‘ . ,\ ijﬁ o ‘ \ -
Clyenso . v - T 2oy
. ”:"F \é ~ ,,l ‘:'S&"i; | ;~ N ,
Y (H) =0 . ‘ T (2.18)

{
[ 4 .
V4

2.3 rReqefy EQurion . .. - .
From Egs.. (2.11) and (2.12) = . = |

“
N N .
£ . o
. . .
N 3
0 . ) :
. .
f e . .
- \ L .
B

y(0) 5 0, B, = -B,

-

I v
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 y0) =8 (By+ By S ean
o T R
- oy"o) =B (-Bp #B) | S (208 -

"From Egs. (2.16) and (2.18) .. Q R
> &® . s ) , , \. ,:. -
‘o xu(O) = ZBuBZ N . (‘8:‘]9) T e

\ . N

- . B o
-

‘Substituting y'(0) amd’ y"(o) from Egs. (2.17) and (2.19) Tnto Eq.

(2.13) g'ives;_ LT A o S s

K

‘ g N T L
Bogger Ba*B) . 0 (2.20) .

RN . S ’ IR

From Eq. (2.14). LI ST L

Co N LN : ) i T .
R . 1 B . \ .
B ? o . . .

y"(H) =jB\’" (-;B;:éih BH -“B, cosfH + By sinh g + By, cosh BH)'.}= 0
« 5 . ) ) .— “‘ ] » ) ;- .A; '"“.l N .
N T T4 D

'

- §

After substitution of Egs. (2.16) and (2.20) o |

, P B; (cos gH i cosh gH - QE_E__I_ sin BH') N
R ‘ ) . g y A
B:3 (COS BH +\£0’Sh gH + —Z—EE—L S"ﬂh,BH) =0 - Y e (2.22) . {

. 3 A . : o 0 o e k
- Similarly, from Eq. (2.15), the following expression -is obtained \¢ P
« e . ¢ M Lt R o pv
. N L . 3 : . Cs ~ ? \ ‘\:7/
v . . e r"’.' ce ' L1 T . ‘7.‘ , Lo
© . By (singH-sinh g+ BEL cosm) v - ST '
. ,' N . . e. ,“'3'. R ‘. - . ) "“ .‘ '1“‘
,’\\ ] . ” N o ) ’ v ‘ LI 4 hi
M — — L3 B
" Izl ' ' ¥ s " ' * )
» \.
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) B ‘ !
B (sin B - sinh g - ZBEL" o heH) =0 L (228) '
' . e ‘ , . B “ , v‘-v
' +Equations (2.22Qgdnd (2.23) can be written in matfix form as . .
s R A " - - L a ‘
" T cos BH + cosh"BH - _2_%5_1 sin gH cos 3H+ cosh BH + = 2 EI lh BH W' .-
, . . i . : R . ' . - . X.
| sin BH - sinh -BH + Z-E-El cos BH sin BH ‘-\si;fh BH - ZBEI cosh BH
.;1"' . e, . o - RN o 9 . -
- (.By )} ’ e 1.0‘ },“ e " ‘ \ . (2.28)- R
. ) \ . Bs . . 0 . . . v . \ . “ " y , . “» ‘ v, . .
‘_hﬁe_,__ﬁ ,, J '_ L ) ’,'n < K . ) . 7
" © © For coefficiénts B, and Bs to be non-zero, this equation reciuire,é’ ~
- . o . '
that the determinent of the square matrix vanish. Settmg th1s determm- "
; ant to zero prov1des the foHowmg frequency* equatwn =
: . ‘ 7\ ) . -
) “’ ' (c‘gs BH + cosh BH '~ ZBEI sm BH) (sm BH - s1nh BH - %%—E— cosh. BH) -
S S Ky
" ) .. . (&4‘ - : ‘ B M
N (cos gH + cosh BH + = ZBEI sinh gH) X T ‘ C
. } , 6~ ) ) _ Lo
28E1 o // o s
(sin BH. - sinh BH + cos BH) =0 _ .(2.25)
p 2) : ' oY o K
. , :'_ g ‘ - b . N R . ,‘ .L | . l\- s
Aftér simblif‘icjation Eq. (2.25) be'c;onies e o : TN |
z ' . . : ")/( ‘ c : - e , i
BH(sin BH cosh gH - cos M sinh en) . (2.26) -
L T+ cos gH cosh BH ‘ ‘ﬁ : )
' e. . e J
’ . - : e VoL
. . ’.& ’ \ cy .
‘ where -the non-dimensiona] parameter R represents thq degree of rotatwn- !
al end fixity ‘given by '. ‘ L e ' ' .
o N ‘ o TN
\ ) ) ,
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“the frequency parameter Ay deﬁned as

. _]3 -

R = KH/EL IR , @y

’
Thus, Eq (2.26) becomes the requ1red frequency equatwn of the canti-
]ever beam with rotatlon'aﬂy flexib]e support , o -

The solutmn of transcendenta] Eq. (2. 26) defines the valtes of ’BHZ
wh1ch proques the frequencies of v1brat1on as functwr}s of» end -fixity
parameter -R. In the present lnvestlgatxon, ‘the va]ues of BH¢ for dif-t

L :

ferext modes of v*ibrat?on -are obtamed employ1 ng the computer subroutine -

ZSCNT+ from the’ IMSL* hbrary Once the magmtude of BH is known,

- ' . . * ' / ‘

- v o * -
- N

a

N ST 8 (2.m).
yields the natural frequencies of vibration . : o -
. * . ‘ S . . . . )
w = A\/'—T:EI a : e - (2.29)
mH S '
2.4 - MODE SHAPES e o i

To determine the mode shapes either of the. two equat1ons 1nmtr1x )

! expresswn (2. 24) may be used to express the coeff1c1en‘t Ba in terms“ _

“of B;;. using the first gives. - ’ .

-

A d

h

t This is the subroutine in the IMSL library and it solves a system of

nonlinear equations by an iterative process.
<

-* International Mathematrca'l and Stat1st1ca1 L1brary Inc. provides sets

/1 of computatmna] Computer subroutmes

.

S + ‘ . ' 4 '
' » . .
‘ 4 . » v
.
P .
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. “ ‘ '.'

4

. .B -~B~(cos BH + cosh BH - 22“ sin BH) ‘ L | 3
' 3 =B)= ,
' . cos BH + cosh gH ZBH sinh 8H . (2.30)

B
' .
. o I
. . .

8.

1.‘This equation, together with Eqs. (2.16) and (2.20); expresses Eq. (2.11)

in terms of only coefficient B, as

e

y(x) = B; [(sin Bx - sinh Bx) - y(cos Bx - cosh 8x - g%'i sinh Bx)]*
. \ . e : (2.31)
- where | u ’ ; |
: i + . _
R cos 5:11: S:s;h ;:‘"2 ggFF sinh gH o . "\ ' '(2.32)

¢
’ Ca®

. If qt Js asﬂsumed that B, =1, Eqi-. ;(2.31) expresses mode shape

‘. . -

$(x) as

¢ ¢(x) = sin Bx - sinh 8x -Y (cos Bx - cosh\Bx - BH sinh Bx) (2.33).
. N / ¢ '

" " flexible’ shpportﬂl After the modal values of BH are obtain'ed' from

Eq. (2. 26),' the mode shapes may be obtained frorn Eq. (2 33) as’ functaons .

S (Yf flexibility- parameter R. /“

2.5 RESULTS AND“DISCI‘JSSION,

’ Results are plotted in Figs. 2. 2 to 2, 5 for the first three modes.
Fig. 2.2 shows the vaﬂatwn of frequency parameter A with end fixity

parameter R as given By Eq (2.26), whereas F1gs 2.3 to 2.5 show-the

)hi_s is the'reqhired mode shape of the cantiTever beam with rotati.oﬁan;y,'
. .
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“
AN

" mode ’shépesl for R varied to assume*the selected values =, 50, 10 and

1.0.

" In-the curves of Fig. 2.2 the effect of support f]exibi]ity'bn fre-
quency parameter X is'seen tg be prominent in the first mode. As base

-

-ﬂ'éiibih’ty increases (i.e., R decreases), the magnitude of ) decreases .
as is to be expected. Over the entire range of 42, the maximum rédyct‘ion
in A s 98.0¢, 29.5% and 20.5% for the first, second and third modes of
v’ibration reSpéc{iveU. Thus, the fundamental mode frequency can be ex-
pectéd to be relatively sensitive to the ro'tatiorié1 supp;)r:t flexibility, N
'barticuhr]y for variation of R within fhe range 0.1 to iO,_ which re-
presents the range in magnitude ‘of' R encountered in practice for shear
walls. from the‘ frequency ?arameter curves in 'F1:g. 2.2 and the shapes of
the first th{r‘ée modes of vibration, presented in Figs. 2.3 to 2.5, it is
noted that the effect of base flexibility is not r;ucﬁ significant when
R>50. Such foundation;s may therefore be treated as if rigid, becau§e the
‘error involved in considering the frequencies of such R values lies
within 2% for all three modes of ‘vibratiqn. On ;hg other‘hand,. for R
va]lues between 1 and 10, rotational flexibility has cons‘lderalz]é effect
on theqmode shapes. This implies that the ’dynam’ic response of wall struc-
| tu"re's' 1"or "whic‘h the R values fall bg]ow 10“(or s0) may be'E%Q_ected to
shpw a strong dependence on the féundation flexibﬂity.“

o

" 2.6 CONCLUSION

This chaptér has reviewed the dynamic properties of ¢ n‘ti\'lever beams

with rotational flexibility support. The mode shapes~for selective ’\fa'lues
AN .

,of flexibility parameter R and the effect of the variation of this para-

meter on the frequency parameter ) are presented in terms of curves.

/

i
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FIG. 2.1 Flexibly Supported Cantilever Beam
with Distributed Mass and Loading.
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FIG. 2.2 Variation of Freguency Parameter A
' ‘with Foundation Flexibility Parameter
..™" " R - Modes 1, 2 and 3.
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» CHAPTER ITI

SEISMIC. RESPONSE OF SINGLE SHEAR
WALLS WITHSFLEXIBLE SUPPORT

¢ -

'3.1  INTRODUCTION

Employing the mode shapes-an’d frequency parameters for cantilever .
_*'bee.ms with rotationally flexible 'Sc,up’port derived in Chapter II,‘ this‘ Co-
. Chapter examines the importance of base flexibility on the seismic res-
"ponse of s1:ngle shear walls. Studied are the response coefficients |
.for h:ase shear, base moment and top defﬁection as functions.of founaa-‘

tion rr‘btati‘onal f]exihﬂity parameter 'R. Also presented are the cor- |
responding modal response curves for sheahwa]]s vérying from 5,10 ahd |
éo-storeye .in he;ght subjec‘te'd to the 1580 NBCC seismic design.spéctru'm.‘ o
The foundation: flex1b111t1 es assoc1ated mth these str‘uctures are repre-.

sented by parameter R=1, 3, 10 and =, Fmaﬂy, to examme prototype :

cases 5, 10 and 20-storey walls are assumed to rest on dense sand and

gr;ave'1 prototype foundat'lon sizes are se'letted and the importance of

rotatwna] base f]ex1b1hty is exatmned

£
o [

® ‘ L H

3.2 PROCEDURE FOR SE{S§IC ANALYSIS

3.2.1 Governing Equations

‘ The se1sr:n'c response “of.a single shear waH on flexible foundatwns
can be anal ued as a flexib]y supported cantﬂever beam. The governing
, d'ifferenha] equatwn for the ﬂexural vibration of 'such walls can be
represented as (Eq (2 8)): | |

'
[ ' .
. .
* PN ' .
.
. . f ‘ . . . .
.
» )
D

Ty
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A , :
. . T e P o ~
o . dl. _ . ) . l ) . ; ,
EL S =Wt . o S B
For eeiémic a%]ysis, the loading term in th? above equation takes.the
'I. fom p/l ‘ . ‘ . . " | oy N . ‘\j ? .
/_/_/—-'l"’""?\\_,//- R o’ . L . o
wt) =-m y(t) - m Ua(t) - o - (3.2)
in which” m and Ug repasent, respectwely, mass per unit ‘height and
gYound acceleratwn
"+ The genera] so]utwn and boundary c0nd1tions for Eq. (3 1) have _
been given in Chapter II (see Eqs (2. lT - 2. 15))
~ - 3.2. ]a Pa,rt1c1pat1on Factor- - . . - Co
: W * L
" Based on the node shape of Eq (2 33) of Chapter 11, the modal. -,
part1c1aat1on factor for the rth mode becomes ' -
] .
. f”cb,.(X) dx
B P = 0 Loy . . o (3.3) »
& fH . - v oo
. ) 0 [¢r(x)] dx - ‘ ) A -
,ivhfch,’ after pérforminé some. mathematical steps, gives - N

1 .
. PY" - [Fz"‘Fa‘FA.J , ‘b .
‘ ‘ L )
: ' where ’
= 42 - cos. B - cosh'B.H ~ Y_r.‘ (sin/grl-l - sinh B H

A




-“‘ . . "“~ ': . '~ N .' l(‘ﬂ ‘" ‘ J‘» -‘:‘ k' , .
y : ) . ‘ - ~ . 7 L
. o . ' ZBH - . ZBrH. « - R AR ‘-'(3. : .
- _— -—R"— cosh 8 H + —--R—~)] i o ) (3.5)._ o

} y Fz = [sinh ZB H - sin 28 H - 4(s1n By H. cosh By H - = ’
+ cos 8. H sinh B H)] %f. R ' * (3.6)
) ‘F y Lsin ZB H + s1nh ZBrH + B H'= cos ﬁ H .sinh B H
»‘ . . ’ . . 2 o T .

- sin g, H cbsh B H+ - R2 sinh 28 H)

H ]
(asz - R.cos B H cosh B H - R sin B H s1nh‘8 H + %
+§-cos zer);] o . o " (3.7) “

— LFy =2y . [cosh'28 H -"cos 28 H - 4 sin g H-sinn gH - L
T aen, e H S e
Sy R sin 6 H cosh B H + —ﬁ——-cqs B,. H s1nh B, H o
S H B a8 - o
__.__] : : .+ .(3.8)

. R. .
. . The effect of base f1ex1b111t1es on the part1c1pat1on factors are pre- ‘; ’
' ‘serted in Fig. E7 (Apnend1x E}. - -
3.21b Modal Loading B I ..
WJ ’A;sociated'w{.th mode shape ¢ _(x), the loadirg fs IR
: < - “wr(x) =m PrSarcb (_)2) " ? . qooo . (3.9)
. \ v S .mf ‘ T SR | " » ~
;;i.t | _where S = ;pﬁfﬁra1~acee1eraf1§n‘for,the'?th hbee. L
] o o , * . ",

3;2.2i-Moda1 Response Expressions 5

“ 3,2.2a' Modal Base Shear and Base Moment
. ’ . 07.

iy

aAOnée,thelmodal 1eading is known the.modal bise shear is obtained

. B . .
. BN . ' - "
. . . .- N { -
- Y B ) v o ) . . ”
. . . . .
4 . . .
e 2 - .
) 4 :
. ,
N R . ‘
.

‘L . : .
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) ' H
,_Yr(°)~= J wr(x),dx
. - 0 . vt
o . q ¢

which results in the expression
3 - ) .,{ .

s

"which yields

N mHP S o

B o
. !
where - oo
‘ ., B Hy )
N. =.2[1 r.r .

f‘/

and R 1s the nond1men51ona1 foundat1on f]exib111ty parameter =

Ysee Eq. (2.27) of Chapter II)

(3.11).

EREA

"

4 ‘Thg modal base moment can be expressed as

[
S et

.
_ Mﬁ(p)‘= jbx'w(x) dx
- . . % ’~ "

‘e

r'd

ZmHPS Y
M(o) = [—1ggjs 1 -
r

" ./v':' - \ L

per unit height,

2V (o)Hy (

{3:14)

in terms of modal partiqipatjon;factor,.spectréﬁ a&celeraﬁjpn and mass ..

_Expressed in ternf,of base shear V(o] this becomes

- (3.8)
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© .7 3.2.2b Topdeflection . ) .
\" . ‘Q . e
1 T The top def]eEQ:n of the shear wall on a ﬂexible foundation can
: be r'épresented #n terms of base shear,-total height of the wa11-qnd the
‘o mode"shape by - ‘ ; ot -
| - B " ‘ o l . v ' - )
S “ v(o)Hcp(H) | | (3.16)"
, ) ' - ' i ® 3-16)‘
~ ’rf'f’ 7, I, H)s ' ]
. 8 7
a - ] . R . ) ) e ~ -
\ o 3;.2.3:_Re§pbrf§e Coefficients as ‘Function of R.
Vo ' \ - ' ’ 3
B ‘\\ 3.2.3a Governing Expressions _ , R
. T e o I R ‘ ‘
T v ' ’rhe moda] dyﬁamic respondes can be represented by coefficients such
\ ' as shear coeff1c1ent C T mom'en't coebficient C and top’ def'lectmn
N | coeff1cient Cy . The expression for these response coefﬁcients are
- H ) <
L cow gigen below. . ‘ b
, .0 “, . Co L - .. . -_
. (a) Shear Coefficient: © L ';- R ) ot
. Ty . ot . i ) @ .
" ' a ? ‘) P . v
. , e V. (o NP ) T
L St (3.17)
. ” ar. °r . '
D e ,\' 8-
‘(b) Moment C‘:efficient: o ' y o - A
. C :x& ) " t . ) ’
({ T M (o) er . : 5 , .
i T cm.r ] (o)H “ NgnH L , (3.18)
- rer y ? ) , e :
: - (¢) Top Deflection Coefficient: ¢ ) ( :
[] * .' . / C_ - yr(H)EI; ¢r(H) ] . . ' “ s . . ‘ ‘*.,, .
o Jdor - VToW - NIEET SR

o~ Sl
> ;

By v -

;

»

.
d
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3.2.3b Response Coéfficient Curdes |
N t
. Since ¢, (H),

.
. .
‘ o

r etc are functions of the nond;imensional founda-

tion f]ex1b1ht_y parameter, the response coefficients of Eqs.,, (3 17 -

3. 19) may be piotted as curves for varying R. Figs 3. to*3 3 repre-.

*sent such curves for values of R rahging from 01 to lxlO" - It :shou1d .

be noted that the lower values of R represent fouhdations that are

fhilmj,/whereas\hmh va]ues (R 10") def1ne r1gid foundations

1 ' - &

I - ' )
[ :

3:2.3c Resu]ts- and Qiscussion .

[

(A) -Shear Coefficient Curves \ R S —_—
. ' \‘, .

" 'Fig. 3.1 shows the variatio'n of shear coefficient with variation ., - -

>

of nondimensional foundatwn f]ex1b111ty parameter R. e,

It is observed in Eig. 3.1 that if the value of parameter R > 100

the effect of base f]ex1b111ty becomes insignificant and one may consider

the base as fixed w;th R=ow (C = 0. 613) However,” if the va]ue of
R decreases from 100 to 0. 1 then the effect of base flex1b111ty becomes

significant‘. It is noticed that, for the f1rs\t mode , the, magnitude of

the shear coefficient increases ‘to a maximum value of 0.743 for R = 0.25,

which is 21.2 percent greater than the rigid foundat'ion condition.

-~

For modes 2 and 3 the effegt of base flexibility on the “shear coef- o

f1c1ent is more 519mf1c<ant than for mode 1, w1th the effect most pro-
minent for mode 3. . It is important to note that the sheay coefficient
increases for the first mode as R decreases whereas in the higher
modes Cs,r decreases « The maximum decrease from r:gid foundations
(R'= ») to very flexible foundat1ons (R =0.1) for the second and ‘

third modes is =25 percent and 38.5 percent, nrespecti vely.

—-—
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(B) Moment Coefficient Curves ‘ ,.. v

The moment coefficient curves presented in Fig. 3. 2 show that
' Cm,r generaHy decreases as the foundation becomes progresswely more
v _ ‘ flexible. It is observed that the higher modes of. v1brat1on are more
sensitive to the magnitude of. R than is the fundamental-mode. Vallues

/  of momeAt coefficients for the most flexible foundation (R = 0.1) are

S s ‘O.QOG‘for mode 2 and 0.002 for mode 3. These are, respectively, 97.0

e " and 98.4 percent less than obtained for the rigid base.
‘(C) Top Deflection Coefficient ‘Curves = v
o "The .effect of ‘the variation of the base flexibility on top deflec-

“tion coefficient Cd,r is showlnﬁ fn‘ Figs. 3.3. Itl can be understood
from thts figure that the contrioution'_ to the top deflection, mith
decreasing R, is most important in the fundamental mode as compared -
to' the two higher modes of vibration. fhe efi‘fect of the base flexibility
for the very flexible condition (R = .1) results in magnitudes of G
ICC1 r that are 974 59 and 50 percent higher than for the correspondmg

© top defl ectqo@ coefficient for a fixed base. -

L3 A4 ———

3.2.4 Seismic Response. of Example Structures’as Function of R
' A - {

- 3.2.4a Protof:_ype Structures_"‘

-, The prototype structures which are considered in this investigation

consist of four walls of different heights. These walls are assumed to

¢

' J rest on efastic soi]‘represented by differing magnitude of n’dimension-

J al f]exib’ﬂity‘parameter R. (Fig. 3.4). To obtain numerical values of
e .

the seismic responses, it is assumed that each wall {s associated with

e four separate R values; name]y, R=w 10, 3 and 1.

Vo - | R
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The properties of the walls considered af‘e’as follows: (1) 2o0-
__stdrey wall (H
/ .

storey wall (H

54.90m); (2) 15-storey wall (H = 41.18m); (3} 10-

27.45m); (8) 5-storey wall (H = 13.73m); all are 7.32m
wide and 0.305m thick, with A = 13.4m2 and .1 = 10.0m",

\ -

3.2.4b~ Calculation of Seismic Responses

. e '
To evaluate the seismic responses, namely, base shear, base moment.

and the top deflection for the prototype stru%ture’ the following steps .

are involved. N : ' - . .

~ .

1.- Determine frequency W, (from Eq. (2.29) of Chapter II). To calculate

W

e A is detge'rmined by using the curves presented in Fig. 2.2; modulus

of elasticity E and mass oer unit height m are 25x106 kN/m? and 32.5 kN- -

sec?/m, respectively. v

s ", sec.

o wr‘

3. Determine spectral acceleration Sar (NBCC 1980;5% damping and zone

2. Ca]cu_]até the period of--vibration,' T;;
3 seismicity) (see Subsection 3.25f and Fig. 3.16). o
4. . Calculate modal seismic responses Vr(o),' Mr(o) and'yr(H) from '

Egs. (3.17 --3.19)-

,3.2.4c Seismic Response Curves'

‘The various responses which are calculated following the steps of
.Subsection 3.2.4b are examined in the form of curves as functions of .
. ’ ; . ) N
base flexibility parameter R and height of structure H.

To determine spectral acceleration S using the NBCC 1980 res-

ar
ponse spectrum, steps 1 and 2 in Jubsection 3.2.4b are very important.

Table 3.1 provides the neceﬁséry‘ d‘ata along with the code spectral ac- -

. celerations for the prototype structures. Once the spectral accé]erations

A
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and-the response coefficients are known, the responses can easily be

"calculated and presented as curves (see .Figs. 3.5 - 3.12). The related

data for the generation of the seismic response curves presented in

_these figures are presented in Tables 3.2 to 3.7.

>

, 4
3.2.4d Results and Discussi}on . ) §

’

(A) Base Shear Curveg

Y

In Figs. 3.5 and 3.6 the effect of foundation flgxibility on the

base shear for the first three modes of vibration aré examinedl for wall

héights of 5: 10, '15 and 20-storeys.. It is noticed that, in_ the first

\mode, the effect of foundat'io‘n flexibility on base shear is not signifi-
cant for 5-storey walls. Theleffect is, however,,significant for higher
walls. A 10-storey wall with flexibility parameter R =1 'exhibits a |
rtlagnitude of base shear which is approximately 48 percent less than
obtained for a rigi& base (ﬁ = w), .Simﬂarly, for a 20-storey-wa11( Qith
R:= 3, the corresponding decrease compared to a fixed base is 28.0 per
cent. For the higher modes (Fig. 3.6(a,b)) the effect c;f base flexi-

-

bility on base shear is 1ess”pronounced.‘_

(B) Base Moment Curves

Figs. 3.7 and~3.8 shgw the variation of base moment with variation
)

of: storey height.for different values of R.

' It is ‘observed that the effect of base flexibility on base moment

1_ncreqses for the higher mode For ekamp]e, for a 20-storey wall and =

" R = 3,. the base moment decreases\by\32 percent, 54 percent and 66 per- .

cent for the first,. second and third mod}s."fespecfi‘v’é] y, compared to

, 1
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base moment

N Ay
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teyts
. , . . &
magnitudes associated with a 'rigid foundation, Similarly, for a 10-
storey wall and. R = 1, the corresponding decreases are 50, 68 and 97
percent, respectively. \

o

(C) Top Deflection Curves

Base flexibility results in large increases in top deflection as
shown in Fids: 3.9 and 3.10 for the first, second and third modes.

.The effect is most signiﬁcaht in the first mode. It is important ’

" . to note that the top deflection is Nvery small (almost zero) in mode 3

when the num}t&aer 'of-storeys < 10 for all values of R. It is also

noticed that in mode 3 the t,op”deﬁ&ections obtained for R =10, 3

v -

. ‘
and 1 are very close and plot as a single curve.

I

In terms of typical effect of b'asel flexibility, a 20-storey wall

with R =3 experiences ir'w'crease'sf in deflection of 32.4, 38.2 and

'20.0.p.ercent for modes 1, 2 and 3 compared to the rigid foundation

. g
assumption. Simﬂar]y,'a 10-storey wall with R = 1 shows corr'gspond-’

ing‘.increases of 54.2, 40.0 and Q0 percent.

.

(D) Re8ponse Curves Consi'deéing the RSS of Three Modes

Figs. 3.11 and 3.12 summarize the total respon,ée for base‘shéar,,

d top deflection expressed by the root—sum-oj’-squares of

‘&'b\

5
-

given value of base flexibility parameter R, the reduction

the modal conpfibutions.
For a

in base momen d base shear from fhe fixed-base condition is approxi-

mately independent of the wall height when the height > 10 storeys. . _

For thé 5-storey structure, on the other hand, the .effect of base flexi- -

bility is relatively insign%ficant‘.
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tA v

v Fig. 3.12 shows that the effect of base flexibility on top deflec-
tion +s important for any wall height. :The percent increase in deflec- "

tion can be exbected—to be as large for the 5-storey wall as for walls

. of greater height. .Comparing magnitudes for R =1 with those for -

—
td

) ~<7/ R =« indicates a relatively constant percent decrease in deflection
N . IS ’

for any height of the wall. B

s - -

. 3.2.5 Effect of Base F]exibijitv for Tyoical Example Structures

LRy

In Section 3.2.4 the effect of ba;e'flexibility or seismic response

. was studied as a function of foundation flexibility R, whereﬁtheoreti-
' cal values for R were chosen as 1, 3, 10 and «. Jh’real structures,
however, values of R . should be computed based on actual foundation
s1ze and propert1es of the supporting so11 The latter are discussed

1n the following subsections. A comparison is also made between the .
seismic responses for the acthal foundation and these for the fixed -':
'base. f L ‘ |

1

3.2.5a - Prototype Structures

'Three shear walls of heights H = 54.90m, 27..45m and 13.73m repre-' :

senting, respectively, 20, 10 and 5-storey structures are studled The
: respect1ve foundation sizes are 8.99m x 5.74m, 8.99m-x é’%Qm and 8.99m x

1.14m. It should be noted that alT three walls are 7.32mﬂx 0.305m in

cross-section. Figs. 3.13 and\3.15 show the geometrical properties of

' the walls and fdundations,: The proeedure for selecting the foundation -

f

" sizes is described below.

. . . ! R “ . .
N . . . . .
';"‘ . . . N T ! . T ‘ *
. . . . . v
,!,t‘v‘ C . . ..
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ferent types of soils [21].

- 3]..

3.2.5b Typical Elastic Properties of Sails

. - The.modulus of elasticity ‘B, for soils.and Poisson's ratio v
are principal properties of interest in soil-structure interaction:pro-
blems. In the .present invéstiggfjon only homogeneous elastic soil is

considered. Tables 3.8 and 3.9 providé the values of E., v for dif-

s

3.2.5c Calculation of Kg ‘ -

Once ‘the modulus of elasticity and Poisson's ratio of the soil are
known, the rotational~stif%ness, Kg [22] can be cﬁ]cu]ated from the
ekpressian given in the Table 3.10 for rectangu]ar'footings (the‘same
expression jé repeated below as Eq. (3.20)). .Based on fhe elastic

half-space theory for homogeneous soil, the rotational stiffness is

“.given by
. 68,BL? - : S ;
Ke = ‘--I—_—'U ) . ‘ B - (3‘.20,)
where " _ _
G- = shear modulus of ‘the soil _ “ RO
. B¢ = coefficient from Fig. 3.15
L = length of foundation

B = width of foundation -

-

4 » L %4

322'5d Ca1cd1ation of Foundation Sizes

The foundation sizes mentioned in Subsection 3.2.5a are calculated

on .the assumption that the example shear walls rest on dense sand and

A
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gravel having bearing capacity q, = 766 kPa [21]. . Modulus of elasticity :
E, = 1.4x10°kN/m? and Poisson's ratio v - 0.3. . |
o It should also be reﬁembered that, to calculate the foundation
éizes, one has to know the base shear. The ;tatic base‘shear used in .
this -investigation 'is obtained according to NBCC 1980 [23]: |

B .V = ASKIFW ' o | Lo @2y
whére o i i
A = design ground acqe]ération at the size (0.089)
S = seismic factor = 0.05//T | : B -
K = structural factor (1.3) - . |
T = fundamental: period of vibration ' ' L ‘ |
I. = importdnce factor (1.0) |
CF = foundatﬁon factor (1.0) .
‘, W, = weight of the structure = wH ' .
Wy = weight per unit height (321 kN/n) R _ .
L h, = héﬁght of wall = H ‘ '

With the base shéar known the overturning moment can be computed.
4 This allows the size of the foundation to be determined based on combin-
[R} ’ . - . Vo 5 -

ing stresses:

¢ . ' . .
' ]

e



. LL

. ¢ .33. | / S
. | ,-'. \ C [
P = total load (DL + LL) on'wall (18,703 kN, 14,030 kN, 9,353
kN, 4,676 kN for 2&;‘15, 10 and 5-storev structures)

DL = dead load of the structure (17,622 kN,'13,216 kN, 8,811 kN,

4,405 kN for 20, 15, 10.and 5¢storey_§trdctures)

= Tlive load of structure (1,081 kN, 814 kN, 582 kN, 271
kN for 20, 15, 10 and ‘5-storey structures) .
o . - _ BL2 - \
5 = section modulus = =&— R

For the sizés‘of the foundation shown in Fig. 3.14, Eq. (3.20) gives
rotatijonal spring stiffnesses Ky = 2x10’*kN.m/rad; 1.:2x107 kN.m/rad; and

- 8.1x10° kN.m/rad, for 20, 10 and 5-storey walls, respéctiyely.

4 \—b

N i . ‘ .

3.2.5¢ Calculation of R

The express1on R = KBH/EI (see Ed. (2.27)) gives ‘the values of
R for 20, 10 and 5-storey walls as.4.50, 1.36 and 0.50,'respective1y.
The modulus of elasticity and moment of inertia of the walls are taken

as’ 25x10° kN/m? and 10.0 m*, respectively.

3.2.5f Design Ground Motion (Respbdse Spectrum)’

For the generat1on of the&moda] responses, the.S% damped NBCC 1980
(23] elast1c design spectrum is used The responge spe;trum is shown
in Fig. 3.16, -normalized to ‘1.0g ground aZce1eration It .is assumed that
the shear wa]ls are located at a seismic zone 3 s1te, for which the peak

ground acceleration A = 0.08g.

3.2,59 Comparison of Fixed and Flexible-Base Response

4

fhe comparison between the rigid and flexible founda tion behaviour

)
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- shear, base moment and top deflection of the f]exib]é foundation are,

—

- 34 -

. ) N ‘ ’
#s presented in terms of response coefficients and magnitudes of modai
,

responses. .Table 3.11 lists the values of the parameters Aer Tps S
‘ »

ar’
2

cs,r’ Cﬁ:? and Cd,rn fqr 5, 10 and 20-storey walls resting on fixed and

and flexible foundations. Tables 3.12 through 3.14 present correspond-

ing shear, base moment and top deflection for rigid and flexible founda-
tion conditions. The téb]es also show the RSS of three modes.for the %v'

different seismic responses.

Table 3.12 shows that for a 5-storey wall, the RSS values for base

respectively, 1.22, 1.13 and 8.§9't1mes the values obtained fqr the
rigid foundation. Simiyarly, for the 10-storey wall (R = 1:36, Table
3.13) thelresponses aré 0.61, 0.54 and 1.46 times the fesponses for «
the rigid foundation. The RSS of base shear, base moment and top deflec-
-tion for a 20-storey wall (R = 4.5) are 0.93, 0.71 and 1.24 times the
responses obtained for the rigid founqétioﬂ. .

Therefore, from Tables'3.12 to 3:14;’1t can be coﬁcTudednthat the 1@%‘

'siﬁg1e consistent trend concerning the effect of base flexibility is

t&at the flﬁxibility of actual foundations increases thé top def}ectioh.

The increase is most apparent for low-rise walls, with particularly

dramatic increase observed for the 5-storey structure.

R

3.3 CONCLUSION

The se%smic‘ana1ys1s of single sh ar walls on flexible foundations
is investigated in this Chapter. A simple approximate method of anmalysis
of guch structures j;opresenféd based on the mode shape qf a cantilever
beam with rotgtiona]ly‘flexib1e support. The reéponse coefficients and

thé modal redponses for varying magnitude of the fdundation flexibility

(4
r
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" “parameter—R are presented as curves and in tables for different wall - .
héights.r.In addition, the seisnﬁ$~}esponses of three example structures

; ;wiﬁh.profofype“foundations assumed resting oh dense sand and gravel are

‘pompéred with.magnitudes of response associated with perfectly r1gid.' "
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\ " TABLE 3.2 \
.- | \
Base Shear for Diffelren’tl'}wal] Heights ;na Paiamet;}' R
| ' Base Shear .V'(o), kN
R” (:) ] MODE - c
| I 2 3
54.90 572.6 795.2 ’5‘4.;9’
3} 41.18 761.7. . 596.4. 140.9
2745 | 3w 397.6" 45.8
13.73 | :’148.{ 66.3 '22.9
'54.90 |°  520.2. 795.2° 249.5
o |dnas | essa 596.4 127
2745 | "1028.9 . 1397.6 ¢ IR
13.73 693.9 6.3 20.8
54.90 .| - 412.2 ‘7.192.0"-’ 219.9
| 418 554.8 .539.3 119.6
P aies 7 ss0.s " 359.5 357
i3.73 7217 ' - 89.9. ] 18.3
54,90 | 2947 647.1 186.1-
M8 |- 403.6 485.4 106.4
] 27.45 59;.89 323.6 .. 3.0 |
13.73 | . 769.0 54.0 15.8
—— -
< ! *

e
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TABLE 3.3 -
X ‘ ( ﬁase Moment for Different Wall Heights and Parameter R
: ' . | _Base Moment  M(o), kN.m - O
. . R | . MODE - , g
’ (m)- 1 T2 3
? t = s ' ‘
54.90 2851.8 | x9123.6 [ 1916.8
, | #1.18 22803.5 5133.3 737.0
| 27.45 22744.0 2280.9 159.7
‘ b 13.73 6472.2 190.2 o 40.0°
\ . . }“‘o
e 54.90 .| 201923 6722.6. 1054.9
o ] 41.18 19944.7 | as2.4 . 403.]
o ¥ " 0 ' s, ' .
o 2r.as [ 19967.9 1680.7 . © 87.9
e R 13.73 6735.7 0.2 22.0
. . 54.90 15683.8 4184.2 652.0 "
| ;s 15831.8 2354.2 266.0
. .'%5 I ) . ) .
“ - | 27.45 15799.1 “1046.1 63.8
o | 13.73 . 6924.4 87.2: 13.6
J - 54.90, |. 10936.0 1705.3 183.9
o : 41.18 11235.9 - 959.5  |. 78.9 |
. ' 27.45 11054.9 " 426.3 15.3
. . .1 & . R - ]
13.73 n3z.a |+, 35.6 3.8
\ . '
£ . ’ a
L3
~
_ N o,
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" TABLE 3.4 -
Top be,f]ectigr/xxﬁr*ﬂifferent Wall Heights and Parameter R
> < 1 « . .
\Top Deflection Y(H), mm
R H - :
() | _ MoDE |
1 2. 3
. 54.90 “78.0 - 4.7. 0.4
U S PS T: D B T 1.5 0.1,
27.45 19.5 . 0.3 0.
. T >
13,73 1.4 0.0 0.0
54.90 93.0° ° 6.3 . 0.5
0| 4118 51.7 a 2.0 0.1
' 27.45 2370 0.3 0.0
N3.73 2.0 0.0 0.0 »
54,90 . |- 15.4 7.6 0.5
41.18 6546 s 2.4 ™ 0.1 . :
’ 3 . . ’ . /’ . . -
1 27.45 29.1 0.5 0.0 . |-
: . ) .
13,73 3.2 0.0 0.0 :
54.9 168.5 8.1 0.5
L } %
;| 4118 97.4 2.6 0.1
| 27.88 42.6 0.5 " 0.0
. . : v
. | 13.73. 6.9, 0.0 0.0
) °,
' t e .
— ‘ . . w L ’



RSS of Base Shear (kN)

X

-
.

s
40 - &

" TABLE 3.5 .

‘ R No. of Storeys
20 15 10 5,
° 1017.7 977.6 1207.9 552.2 |
10 982.4: 917.2 1103.8 697.4
3 857.5 782.9 905.7 730.4
1 735.0 610.2 ‘. 678.7 h 771.0
TABLE 3.6 _-hTJT*
RSS of Base Mom'entﬂm )
- No. of Storeys /
R - !
20 15 10 "5
o 24680.3 . 23385.7 22858.7 6475.1
10 21308.1 " 20304.2 20038.7 | 6737.2|
3| 62054 16008. 1 15833.8 || 6924.9
1 11069.7 112771 11063.1 © 7137.5
TABLE 3.7 | p
RSS of' To;; Deflection (mm) : .
R ] ‘ No. of Stcreyi j
20 , 15 10 .8
o 78.) 44.0 19.5 1.4,
10 93.2 . . 517 '23.07 2.0
3 115.7 65.6 2.7 3.2
J 168.7 ~ g7.4 42.6 6.9
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- . TABLE 3.8 L -

Modu]us’of E]aSticipy for Differeﬁt'Typeg of Soi] {21] .

.

L.
TYPE OF SOIL- . Eg (kn/m2)
CLAY “ .
‘ e . 2 3.
Vgry soft . 3.5x100 - 2.8x10Q
Soft - - o 1.4x10° - 403
Medium L 4.1x10° - 8.3x10°
Harg | : 7x10° “- 2,1470°
Sandy I _ o zeaot - aaxio?
Glacial fill . . . 110t - 1.5%10°
e : : 3 4.
Loose . : , 1.4x10° - 5,%x10
SAND
Silty b . 7108 - 2.1x10%
Loose ' : 10t - \2.4x]04
. | i 4 g~
Dense A . 4.8x10° - 8.3x10 ¢
. '«”‘ *
SAND AND GRAVEL v
Dense - L 9.7x10" - @xi0®
Loose _ ©a.ex10t - 1.4x10°
Shale . . | 1.4x10° - 1.4x107  *
: . S 1u1a3 7
sile , " | 2.1x10° - 2.1x10
— : e — .-:ﬂ‘
- “
.
. *;”
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“ TABLE 3.9
/

Poisson's Ratio for Different Soils [21]

a

TYPE OF SOIL ~

POISSON'S RATIO

U.
. 2]
Cldy, saturated 0.4 - 0.5
C1ay;'ﬁnsgturated 0.1 -.0.3"
Sandy, Clay 0.2 - 0.3
silt 0.3 - 0.35
Sand- (dense) 0.2 - 0.4
Course (void 'xatio = 0.15 .,
0.4 - 0:7)
‘ A |
* Fine - Granide (void ratio = 1 0.25 .
. 0.4-707) - '
Rock - 0.1 - 0.4
‘ _ .
Loose = N 0.1 -, 0.3
Ice 0.36 r
Concrete — 0.15
-~ ’ gi
ﬂ"*@f . .
% ©

=
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K
N

Spring Stiffness

1\ "'43‘

TABLE 3.10

K for Rigid Base Resting on Elastic Ha]'I;-Spac,e [22]

¥

~

)

N

. Motion * Circular Footings Rectangular Footings -
. " 4GR 1 G -
Vertwa’l (k,) e N A=) BZJZBU
- s . . ’ )
‘ v 32(1-V)GR g
,Hor‘izont‘al (kH) T8y 2G(1+U)BXJZBF§
' , 68.BL2
. 8GR?
Rocking (k¢). T - v ‘1%‘ .
. 16GR?
Torsion (ke) 3 i

. 6 1is the shear medulus for the sc_n']'where G=E/{2(1+V)},. v is
Poisson's ratio for the soil,” R is the radius of the \footing,‘
"B, L, are the plan Qimensions of rectangular pads and B‘X, Bz’ ,
% e{re coefficients given in f—‘ig. 3.15 (taken from Reference 22) y

2
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TABLE 3.12

-

4

~* Comparison of Seismic Response’ for Rigid
and Flexible Prototype Foundations: -5-Storey Wall (H=13.73m)

TN
“Rigid Foundation : Flexib)e. Foundation
. (R=w) (R=0.5)
Mode 1 + . - :
Base | Base Top Base Base Top
Shear| Moment | Deflection | Shear Moment Deflection
V(o) | M(o) - y(H) V(o) . M(o) - y(H)
(kN) | (kN.m) (mm) (kN) (kN.m) (mm)
1 |648.4 | 6472.2 1.4 793.3 | 7297.8 |+ 12.6 .
2 |66.3 | 19052 [+ 0.0 | 50.1 17.9 0.0
3 | 22.9 | 40.0 0.0 4.5 | 0.4 0.0
i - . _ _
RSS- |652.2 | 6475.1 1.4 795.0 | 7297.8 12.6
i
¢
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TABLE 3.13

Comparisoﬁ of Seismic Response for Rigid
and Flexible Prototype Foundations: 10-Storey Wall (H=27.45m)

-
- '

+

¥

{gid Foupdation :  Flexible Foundation
-y (Rew) (R=1.36) .
Base Rase - Top  (Base - Base Top
Shear Moment | Déflection | Shear Moment Defl?c?ion
MODES | V(o) . M(o). y(H; V(o) M(o) y{H
(kN)- (kN :m) (mm) 1 (kN) {kN.m) (mm)
1 " |M39.7 | 22744.0| 19.5  |659.7 12313.4 28.4
2 | 397.6 | 2280.9 0.3 3384 603.7 0.5
3 45.8 159.7 0.0 32.4 13.4 | + 0.0
RSS 1207.9 | 22858.7 19.5 742 12328.2 28.4
-9 ' . ‘
e . "
o
\
v ]
\\ .
A\ .~
\\ wr -
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 TABLE 3.14.

¢

Comparison of Seismic Response for Ri§id

and Flexible Prototype Foundations: 20-storey Wall (H=54.90m)

[P

- P ' ’
Rigid Foundation Flexible Foundation
(R=eo) (R=4.5)
=, +| Base | Base Top Base | Base Top .
ﬁODES Shear | Moment JDeflection | Shear | Moment Deflection
V(o) | M(o) y(H) V(o) | M(o) y(H)
| (k) | (knem) (mm) (kN) | fkN.m) (mm)
1 572.6 |22851.8 | 78.0° 428.2 | 16457.2 | 96.4
"2 795.2 | 9123.6 | 4.7 .1812.1 [ 5572.8| 7.8
3. 274.9 | 19168 | 0.4 228.4°|  677.1 0.5
RSS 1017.7 24680.3 1 78.1 946.0 | 17388.3 | 96.7
' =
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0,75

3 0.65

S,1

/ =~ 0.55

0.3

‘ ~0.03 I L _ -
: 01 1.0 - 10 02 .. 108 1o0®
: ’ B R .
. FIG. 3.1 Variation of Shear Coefficient with Foundation
. ' Flexibility Parameter R. < Modes 1, 2 and 3:

.
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1 1 1 . I.'i
0.60 ; “MODE 2 1.
&0.20 N
- 0.10
0 —
018 MODE 3
1
1
10% 10"
FIG. 3.2 Variation of Moment Coeff1c1en¢ with
.+ Foundation Flexibility Parameter R -
. Modes 1 2 and 3 : , :
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MODE 1
Y
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4/
J,
MODE- 3
e
P 1 . ]
1.0 10 \R’ 102 108 10"

FIG. 3.3 Variation of Top Deflection Coeffigient

with Foundation Flexibility Parameter
R - Modes1, 2 and 3.
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CHAPTER IV

. SEISMIC Ré\vonss OF COUPLED SHEAR . - :
" WALLS WITH FLEXIBLE SUPPORT - _—

—

" 4.1 INTRODUCTION

4

Employing the mode shapes of cantilever beams mith rotationally .
flexib]e\support.derived in Chaptér II, this chapter examines(the

,‘tnmortance of base f]exibi]ity on the seismic response of coupled.shear ",

~ walls. Response coeff1c1ents for wa11 base moment and top def]ectlonf
are presented as functions of base flexibility parameter R, as well as
functions of structural parameters representing ax1a1 deformatlon of the
walls and relat1ve stiffness of the coupling beams. |
Assum1ng a flat acceleration response spectrum, the seismic respohse
of two prototype coupled shear wall buildings is next examined. Here,

' 10 and 26-storey buildings are employed with rotat1ona1 base flexibility
represented by R =5 and 10, respectively, and the‘importance’of base
flexibility is determined by comparilhhjwith results\for rigtd‘founda-

tions. v
o

‘o

4.2 GOVERNING DIFFERENTIAL EQUATION, AND BOUNDARY CONDITIONS

- *

F1g 4.1 represents a coupled whar wall on a f]ex1bf; foundation

The foundation f1exibility is represented by two springs attached at the
bases of the two shear walls. If it is, assumed that the structural pro-
perties of the coup]ed shear wall are constant throughout the total

W height H, the governing differential-equat1on for the structural -

i,




-

| behaviour can be found [15];

- 61 -

A

a continuous medium, shown in Fig. 4.2, one obtains

\

’ g:x_ ; 2 d?y - .J; - &2 -1
s T ST C v "u';P‘@L M]

where Y, W, M and EI .denote horizontal displacement' distributed load,

overturnxng moment, and fleera1 rigidity, respectlvely

meters

2] —

where,

11,12

Al sAZ

G

no
IS

1nvolved in Eq. (4 la) are defined by

7

I N N , ’\
+A_'a—2) ,

i
—
[
3
-
~N

= moments of inertia of walls 1 and 2

= moment of inertia of lintel beam

= the cross- sectlona1 areas of walls 1 and 2.

= distance between centrOIda1 axes of wal]s
= _net span of lintel beam '
= height of storey

= shear modulus ~ a -

.
- . »

[ N

after replacing the connecting beams'by

(4.1a

-

The other para-

(4.1b)
(4.7¢)
' (4.1d)
o

(4.1F)
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8
Ay = effective shear area of 1inte1 beam
, The cqmp]ete derivation of Eq. (4 1a) is given in Append1x A [4].
In coupled shear wa]ls; ai and u are the two prfncjpal (non-” ‘
dimensigna]) structural parameters. In a physica1'sense parameter 1y, .
which is a function of the sec&ﬂon-propertjes, measures the axial defor-.
(T~‘—‘\~§\ mation of the walls and falls within the range 1.0 to.1.4. Parameter '
: - oH denotes the ratio of the‘stiffness of the connecting beams to the
Stiffness of the walls. For buildings of common proportions, parameter

oH - OUsually rénges from 0 to 20. When aH < 0.8, the two walls may be

treated as two isolated single shear walls [24]. T

The baundary conditions for the walls on flexible foundation are:

i) at the base of the walls where x =0,
é§gg-= 0 .. . S - (4.2)
B ) ) - v . ' | - - -
. 2
' . Kg %%»(0) = EI %;% (o) | 7 o o .(4.3)!

11) ‘and at the_tepof the walls whert x = H,

° _. N . - .

2 . & ' . . :
g;¥.(ﬂ) =0 C (4.4)
. ' H‘ | | ) L e )
K N 3§¥'(H) o? %1 (H) + ———LE——L f M(x) -dx = 0 (4.5)
% .
In the above boundary cond1t10ns. KG denotes the equivalent rota-

¢ tional stiffness of the foundat1on repre nted by spr1ngs. "It is given

to
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1s known.

T
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(4.6)
where Ké1 énd"K62

_are the rotafiqna] spring stiffness at the bases
of walls 1 and 2.*{7

‘ﬁ .
4.3 APPROXIMATE METHOD 0F ANALYSIS ' )

It is d1ff1cult to ‘obtain the actual mode shapes of a coupled shear

/

wall on a f]exible foundation. Mese mode shapes are a complicated func-

7

tion of parameter K as well as of structural parameters -aH and .,

9°
Thus, an approximate method'igentical to that squestqd&by Tso and -
Rutenberg [15] is used in the present investigation.

In, this gtu@y,thé mode shapes of the coupled shear wall resting on’
é f]ex{ble foundation are approximatéd by the mode shapes of the‘cantj-
lever-beam with rotationally flexible base already used in Chapfer I1I

for the seismic analysis of single shear walls. The mode shané of the . ’

_rotational sbring-supported cantilever are represented by the expression

given.in Chapter II as Eq. (2.33)- and repeated here fbr convenieqce:

. . - 2B H )
- . - . - - . .__f‘__
¢.(x) = sin B.x - sinh Bx - ¥, ‘cos BX - cosh Br* g sinh B.X)
(4.7)
have the same meaning as in Chapter I1, AR

The: coristants - Y. and B,

The expresswon for modal participation factor, modal 1oad1ng, as BN

well as modal base moment derived in Chapter 111 (Eqs (3 3) - (3 15))

_remain valid for th1s investigation.

Different1a1 Eq. (4 1a) can be solved once modal loading w (x)

" The resu1t1ng solution is.given by -
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? 1

L4

yr;(x) = clr + Czrx + C3r~ sinh ax + G;’r cosh ax

Zﬁr ]a \_ . :
+C,p [cosh B.X + ( R - 7;—) sinh Brx]

1

*C., [ce§'6rx -';— sin 'Brx] ' - {4.8)

. omboe— r

L 4

The constants C ., C , C and C are determined from the boundary
1r 20 ar 47
conditions of Eqs. (4.2) to (4.5), whereas Csr‘ and Csr represent the
coefficients of the particular solution.. The expressions for all six -
. . , it '
o coefficients are given in-Appendix B.
The expressions for the ﬁending moment at the base of the walls,

and the top deflection may be expressed as followsi—

2

WS (o) = v (;i ( ey et ZY["O‘Z L D2-DsDu+
MW,Y‘ O) l' r Z N';a: U(B;’.'QQT[ NrBr - Nr.Dl ( 2'p3 h_DSDS)])
S A | {4.9)
. OB S S T |
YelH = 07 (0,-0404-0406)] x -
) o ra?H? | oH aH

LR *tanhan .t R Sinhof

/.

-(«\(i!Rﬂ + Eﬁ%—aﬁ) sinh ol + cosh oH - .]] +

2y a2 RH B, - )
- B" = - —=) sinh oH & 1] .
' ' _ r . o Yra )
L u(Bi-a*) a‘s, (H)
L e gl e

aB g (H) .. - BH . .
H Igqmrar - 2 %0 (- g1 x 11 - sitholty)  (4.10)

. . f
’ A
- '

2 ‘In Eqs. (4.9) and (4.70) D,, D2, Dj, D.;. Ds. and Dg are expressions

¢
3 d

v .

o
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given in I\'pper_{dix B. It should he noted that modal resporiées My r(°)

V('

and y.(H) are expressed in terms of base shear Vr(o).—.: NERN

. [
¢ IR T 2
w0t

4.4 PARAMETRIC'EV;LUATION OF DYNAMIC RESPONSE COEFFICIENTS

V-4

4.4.1 Results and Discussion * = ° . ) :

The dynanﬁc response coefficients, namely Cm r for base wall

‘ moment and Cd P for top def'lectwn are, eéxamined in the form of ‘curves:

"obtained by employing the approximate analysis dmsgussed in Section

43, - - -

S

L]

. Since the natural frequencies for the: éoup]ed shear wall on flexible

P . T

. \ N .
foundation are not knownpand frequency parameter curves are not avail-
S ¢ ) N

able, the éa]cu]gtion of base shear, base moment and top deflection is

L™

Base_d on the flat response spect}um of Fig. 4.18. ’ :

R ad

4.4.7a° Wall Base Moment Coefficient Curves

) . 'The effect of rotational flexibﬂi’fy paraméter R on t’he modal base
wall moment coeffic’ic_énts are shown in Figs. 4.3, 4.4 and 4.5 for_the :
fjrst three modes of vibration. In these fi"gure;, the base wall moment |
coefficients are ’p1otted against ;he structurél parameter of ran'ging
from-0 to 20, for flexibility parameter R =, 50, 25, 10, 5 and 1.

" The base wall moment coefficients in coupled shear walls are also func-
tions of structural parameter u which ranges from 1. 0 to 1. 4 " however,
in the figures only the average case u = 1.2 1s‘ cons1dered. ) '

Fig. 4.3 shows that, v;vhen flexibility of the base increases from -

> rigid to very flex1b1e (i.e., when R varies fr;gm o to 50, 25, 10,

5 and‘fl)' the mggm tude of Cm,1 decreases continuously for the first

13
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moda, for all values of aH. However, it’is noticed that the moment

coefficient curve for R = 1 intersects, the fcur\?e for R =5 when
4 .
aH T1ies. between 14 and 15; for oH = 15 to 20 the magmtude of C. .
. ‘R:.‘t - ! - ?
5. These two curves are
: , .

for R=1 s ngEt1y greater than for R =

". shown in the figure as dotted lines. . e LT

' - v A
. For, the .higher modes of Figs.‘4.4 and ﬁ.s, it is observed that the
effect of rotational f]exib/ﬂity parameter_ R on moment coefficient

Cm r graduaHy becomes less significant if the valuecof R -decreases

‘ bﬂow 10 Figs. 4. 4 and 4 5 also show that the moment coeff1c1ent

curves” for lower vatues of R {R =10, 5, 1) -intersect the curves for

- higher R ‘valdes- (R ='25, 50, =) “in different regions of oH. This

indicates<that, for reTativefy flexible foundations, the moment coef- .

~ / -
" ficient curves have a tendency”of folding in an upward direction as oH

L K

1ncreases . ) ' ’

S1nce there are no ‘daaa av’a1‘lab1e for moment cqeff1c1ent curves of
co'u.p1ed she:r wa]]s on flexible foundatu;ns in the ex1st1n hterature,
to check the résu]ts expressed by the curves of Figs. 4. 3 to 4 5 addi-
tiona] data are pf‘esented‘in Figs. 4. 6. and 4.7. The latter represent.

the sect‘lons of the moment :9eff1c1ent curves taken at aH = 5 and

10 for the three modes of v1brat1on, with" u = 1.2 and R varied from

1 to 50 Th1s graphlca] check shows a smooth trend,‘with 1 first

decréasing and then ?ncreas1 ng as the magnitutle of R becomes small.

obmned in F'igs 4.3 to 4.5, S ' c
) ngs 4, 8 to 4. lﬂ prese,nt the effect of parameter U on moment
coefficient C for‘ a particu'lar foundatwn flexi b1hty paramete‘

(R =5). In these figures the ;homént coefﬁcient is plotted against

' ' M B .. B

¢ 'This e/xplains the upward fo]dmg nasure of the moment coeff1c1ent curves

«

.

o

9

-y

S
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(*:w//1;1exfbility para ter gffects the modal top deflection coefficient

. - the deflec;foﬁ(coefficient decreases with “decreasingjvalue of R (f e.

‘ \ A
 parameter oH ranging from O to 20 for variation of u_from 1.0 to

LS

Y ¥ -k] - g
No : . '\‘/ .
Sy s ” s ..

L x -
1.4. A | ‘ i

For the first mode (Fig. 4.8), the variation of Cp,y - With u s ' .
) ' ’

" not significant when oH varies from 0 to 8. Within this range of

ol the magnitude of the moment coefficient for all u values are-very

close. The effect of on moment coefficient becomes ﬁore signifi-
cant when aH varies from 10 to 20. In this range, it .is noticed that

the magnitude of the moment coefficient is greafer as the magnitude of

N . . .
' H increases. The opposite is true for rigid foundations as noted by :

T o and Rutenberg [15] (;ee Figs. C1 - C4, Appendix C).

ol

:i In the second and'thjrd modes of vibration shown in Figs. 4.9 and

'4.10, the effect of u on moment coefficient is pronounced for all

»

‘values of oM. The magnitude of the moment coefficient associated with

L)

lower va1ue§ of ‘u, is still greater than for higher values of U,

whi&h has,é]ready been noted for the first mode of Fig. 4.8.

) R

. , i
4.4.1b Top_Deflection Coafficiént Curves .

N N -

_The top def1eption coefficient curves presented in Figs. 4.11 to
4.16 are generated on the basis of Eq. (4.8) for different magnitude of . -

base flexibility paraﬁeter R: 'Figs. 4.11 t5 4.13 show how the base -

“ ?
AN :

for w=1.2 with variation of aH from O to 20. N

s

cd,r

Fig. 4.11 shows that the tpp'deflection coefficient for the first

mode 1ncré2§e§—with décreasing R when aH is small, but when aH>2.0

- disp1acémgnt decreases for flekible fpdﬁét\@ons). ;Itlﬁs also noticed

| ;- _— « e

. e

that; within this range/of ?§4J4j;e. 2<aH§20). the difference in the

N ‘ . , R .. o . v . : N ’ . :.,
- f VK 't ™~ 'Y - - T , . '._,ié
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“ magnitude of the top deflection coefficient for rig.id (R = w)q and

oL flexible (R =10, 5, 1) base conditions is approximately constant p;
for varying aH. '
€ ' In the higher modes, the effect of base ﬂex‘ibﬂwty on top deﬂec-
» ‘ tion coefficient, shown.in Figs. 4.12 and 4.13, ‘is large over the o
hY

3 enti re range of aH. Thus, for higher modes ‘t_t:e top deflection coef-
ficient is sensitive to the flexibility of the foundation and increases
with increasing fophdation flexibility.

Top defTection curves for ;;he fifst three modes of vibration of a
particular shearl wall structure on a flexible foundation (R = 5) are
-prese?nted in Figs. 4.14 to 4.16. It is noticed that coefficient ‘cdir
is inf'lu;hced by )the magnitude gf structural patameter u in-all modes.
Although the first mode Cq,, s affected significantly by u (Fig.

W ..4.14), the second and third modes are seen to be particularly sensitive

to this parameter (Figs: 4.15 and 4.16). :

Thé- above observations are important to seismic response si}\ce thé_y

1nd1’éate that’ the contm’butions to tota lection by thé higher modes
' D can be expected to become substantial whe foundatmn flexibility
is considered, whereas for the rigid basJ modes 2. and'3 contribute

« 'Htt'lg to top deflectwn of a‘ coupo'led shear wall regardless of the

structural\p}gameter ol and y. ( ,
3 ) * . " ] ‘\\,

'\

O c- 4.4.2 Effect of Base Flexibﬂity on Two Examp]e Structures

To illustrate the app/pbximate metholl afd to study t\e’effect of
4‘ .° base ﬂexibi]ity on various dynamic responses, two shear waH buildings

%, are considered for.example purposgs. These two buildings. have different \

‘ . 0
A T - ° ' s
. . &S




~ according to Eq. (4.6) witﬁ\the i..fva1ent' Ké for a,sinﬁﬁe pair of
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numbers of storeys. One is 26 and the.other is 10 storeys htgh. The

26-storey building is identical to the building used by Tso ane ( -

Rutenberg [15] in their example problem for a rigiq foundation condi-

tion. The 10-storey building is identical to the 26-storey structure

in all respects except overa11 height. In the present Exampie,struc-

tures the principal different from that of Reference [15] is the intro-

duction of'f]exib1e foundation bases. . S

Fig: 4.17 shows the floor plan of the example buildings. Both

"buildings are 45.8 m long and 16.3 m wide in plan. Each building has— -

six pairs of coupled shear wé]]s, equally spaced along the length of . -
the bhilding. The dimensions of the example buildings are shown in © .
Table 4.1. . T

In order to evaluate the seismic responses of the example buildings,
it s assumed that the se1sm1c loading is app]red in the narrow direc-
tion and(that the six pairs of coupled-shear walls in each building "

form the main lateral load resisting elements. Thus, the elevator

"shaft and the stairwells do net contribute to the stiffness in the -

-

narcow direction. - ' v
" To analyse the example structure, an equivalent single pairgof B
coupléd walls is essumEd in each building after lumping the properties

of'the‘six pairs'of walls, - Table 4.2 presents the -section properties
&

..iof the equ1va1ent single pair of coupled walls

-To determine the,(}exibi]ity parameter - R for the 26 and the 10-

g‘storey example structures, the procedures described in Chapter 111 (sub-

secttbns 3.3.1 to 3.4.2) for a single isqlated w¢11~are employed. The

equivalent spring stiffness for the coupléd shear walls is calculated

. ,
' . . ! ¢ «
- R hd .
. . . ] . L
. oL . : R . . N Ve
. #,
. . - . . B I
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coupled shear walls. The magnitude of R is found to be 5.0 and 1.0
for the 26-storey and 10-storey buildings, respect1vely The f1at res-.

ponse spectrum preSented in Fig. 4.18 gives the spectral acce]erations

S =S_ =S .=1.09. The structural parameters u and oH for the
a az as . ‘ .
two buildings are obtained using.Eqs. (4.1b) .and (4.1e). The vaiueS“
are: (1) 26-storey building, u= 1.2 and oM ='5.0: (2) ]0-storey
building, v = 1.2 and oM = 2.6 o -

The modulus of e]aéticity of iconcrete and the weight per unit heighg
of the buildings are 26x10° kN/m? RU-T;ZT0 kN/m, respectively.

-‘Tables 4.3 and 4.4 ﬁresent the Fesu1ts obtained for the seismic
response°ef the example structures. These tables are Q?de on the' as-
sumppion that both exemple structures are situated omrigid as well as

; . . t
on flexible fQundations., Table 4.3 provides the various seismic res-

‘ ponses of the 26-storey structure and also shoy; the comparison of the

two assumed foundation‘condi%i?ns. Similarly, Table 4.4 gives the cor-

respoﬁding results and comparison for the(10-storey coupled shear wall.
'fhe tables show that, for the 26-storey structure, the RSS of three

modes fpr base shear, base.moment and total wail moment are approximafe-

ly of the same maghitude for rigid and flexible foundations. However,

,  top deflecti;n for the flexible foundation = 5) is éreater than
for the rigid foundation. On the other hand, for “the 10- storey struc-

ture ‘the total wa]l moment for the f]ex1b1e (R = 1) foundation is 62
percent less than obtaineq for the rigid foundation, whi]e the top de-

flection,increases by 96 percent. BRase shear and base.moment are only

~‘marginaﬂy affected pylthe foundation flexibility oi/tﬁé structure. )

-

x
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-
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4.5 CONCLUSIONS o ;

—

This chapter concerns the effect of rotational foundetion{f1exi7'

bility on the dybamic response of coupled shear wall structure subject>

. ed to seismic 1oeding.

[

Various curves for the dynamic response coefficfent for base wall

moment end top deflection are presented for selective magnitude of

4

‘foundation flexibility and varying values of the st;pctural parameters

aH and u. In addition, a numerical examb]e is presented considering .

two example structures resting on_ flexible foundations. The mos te im-

portant conclusions noted are i%em%zed below. oo |

1. The m;ment coefficients are influenced 51gn1f1cant1y by the va]ue
of foundation flexibility parameter 'R in all 3 1ower modes of

vibration.

‘2. For a particular magnitude of flexibility ﬁarameter (§?= 5), the

effect of structunal paraéeter y 1is significant for larger-values-

of aH, pérticu]ar]y in the higher quesf

3. In the first mode, the top deflection coefficient increases with
foundation flexibility when aH is small but 1s _found to decrease
for large oH. For h1gher modes the deflect1on coefficient

increases with foUndation flexibility for all -af.

- [} -

4, 'For a flex1ble foundat1on, the qontr1but1on of the hwgher modes to
[ R
the top deflection may become very important, and may exceed the

. C
* contribution of the fundamental mode.

]

——
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TABLE 4.1

Dimegsions for Example S;ructureg

_DIMENSION VALUE
Overall Height, H, in m 71.32°
Width of Walls, di=d2, inm 7.32
Storey Height, h, inm- 2.74
3§§»rr1dor Width, c, inm - "1.68
‘Effective Width of Coupling Slab, Cp» inm 1.52
wﬁ . i -
_ Thickness of Walls, t,> innm’ 8.30
Thickne£§ of Slab, tB’ inm 0.20
» \ R ¢
Length of Building, L, inm , 25.80
®Width of éLiTaing, "B, inm 16.32 -
AN ’
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L
TABLE 4.2 |
Section Properties for EquiValeét Single Pair
of Coupled Shear Walls for 26:Storey and

10-Storey Example Structures '
I'd :
. —— —
- WALLS, . - N BEAMS |
Com ' T AA2 \ _.‘ E
A1 Az A= m Ih . {z ‘ I'(II+IZ) Ib a8
- L 1
(m2)| (m?) (m2) m*) | ] (m*) (m*y
Bal 3a| - 67 |60 60"| 119.3 .0064
— » O ‘
. " ! '
c t * v il ,
1 _ ~_b__b - . 2 & | » _T‘ .
A= (77 )= .253 m ' x\\\
s ‘- .
'/’ ’ ) ’
e M
[} ] ‘ °
st | .
. ) o
>
N . ." 7
~ . .
[ ' ' !
I.. .
’ R A A .
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dynamic properties of flexibly mounted cantilever beams #s reviewed in

\ | < w0
, CHAPTER V
CONCLUSION -~ 5. .‘
5.1 SUMMARY o : )

A study has been made on the seismic response of single and cpup]ﬁd

shear walls resting on rotationally flexible foundatioy;g', employing ;hg

@
o

Chapter II.
v In .(fha'pter III. the effect of rotational base flexibility on single

shear walls was examined. In thfs.invesfigation 55 10, 15 and 20-storey

. . . . - ! Y. T
walls were chosen, various dynamic resporse coefficients and corresponding
\ L .

A}

i'esponses were ob;ained. - These were presented as curves and tables for- SN

a selective set of foundation flexibility parameter values, (R = =, 10, )

Y

3 and l)t.‘ In addition, & comparison between the seismic response of o

single walls on rigid (R = «) and flexible prototype foundations .'(R =
0.5, 1.36 and 4.5) was made. . ' T o L . “ e

o

"In Chapter IV work was confined to coupled shear waHs,Bn_ﬂexib]e
foundations as an extention tosthe earlier study-made by Tso and 'Rufenb,erg

[15] for r'igid'foundations. This study examinef the importance of rota-
. i N,

tional flexibility on seismic responses as function of structural para®

meters u. and aH, as well as foundation f]ex'ilbﬂ'ity parameter R. In
addition, two examp]é problems showed the importance of foundation flexi- °
bility for 26 and 10-storey coup]e‘d shearr wall buildings tonsidering' |
foundation f]exibﬂity given by R =.5 and ..‘1‘f respectiveb;.

The inclusion of Fofatidna] f1exibi]{fy was found to be significant

he ’

vy e ]
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‘for the response_spectrum analysis of both the single and coupled shear

walls. The various response parameters, namely, base shear, base moment

and top deflection were found to be influenced by the foundation flexibi-

lity in different modes: of vibration. For sihgle walls the RSS of the

three modes for -top def]ection is the.panameter which is most. affected
by the rotat1ona1 flexibility of the foundation. 51m11ar1y, for cgupled
shear wa]]s the effect of base f]ex1b111ty is_most significant for top

def]ect1on a1sos ) T,

5.2, Future Research /

kY [

Study of the effect of base f]exibility,in soil-structure.interac-

t1on 1s becom1ng an important research area, byt onIy l1ttle research is.

, ava1?ab1e in th1s area; thus, future research is warranted The follow-

'sugdested.

H
A

./."—//
.

1ng‘topics for further 1nvest1gat1on of soil-strucure 1nteriction are

flexibility of the

1., In’the present investigation only the rotationa

foundationgwas'considered. In real prob]EmS'the foundation may experience

.;rotétional”as well as Both lateral ‘and vertical settlements. Therefore,

" study of this phenomenon would be useful.

‘research shculd be conducted to include both these dearees of freedom.

2. In the present research only e]astic°behavjour of both the soil and
the structure was considered. Thus, study Should be made‘on‘the‘jmpor-
tante of inelastic behav1our in the so;l structure \system.

3. The moment coeff1c1ent curves for coup]ed shear walls (presented

'in Figs. 4.6 and.4.7) show behaviour which suggests an optimum foundation

flexibility to minimize wall moments in the higher modes. Additional’
' L4 . . t

—

.
f -~ 3
* > -
N .
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- ¢ ’
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. o

~ 4, " For comparison purposes time-history analysis of coupled shear :l/ls .

on flexible foundation should ‘be made in additjon to the existing' response -
. 'spect':rum analysis. o~ : ’ e ' . .
. 5 ’ Thus far only theorétical results are availabTe for the s’e'ismic‘ res- ¢
) ponse of single and coupled-ghear walls. Expériniental results, a]though' -
a difficult tasksare desirdble to verify these theoretical results.
s o , S ‘ o ‘ ~ ‘ | .
) 14 . ( K . »
. , . - ) ! _— ‘:,‘
— . e «

y; R L4
- B . J s .
[] - X .
. .
t -
» . ' o
' b oy
.
v .
-
*
: .
—— A\
! )
N -
H -
A .
a7, - . ]
AN \
o \\ .
B ¢
D,
’ . @
- . i :
I : PO
4 . -
ve v )
. — \ A -
' ‘ ——
t 3 . L3 N
i3 - %
-+ e '
2 .
‘ .
i
t
. » co .
s 4 . D 5
RN N .
- — [
* [ ] - aQ v
-t -~
1 - 3 1 . R
. »
13 S N LS . ’ °
) - ]
.
» 1
. ) . - ! 3 y
; — :
1 \ N ' \ . .
\ . .
- \ Eed
. ’ '
- . , | . * o' fe- o, . . -
. A . . - o . . - ~
3 “ PR -
" 4 - —
. ~ o
- v . .
. ramp—— ¢ ' M ~
' 4 ot
-
+ .
e
% ¢ « . .
Y .
’
\ . a S
.
. N -
I \ . LI - —
s 3 . « . ©
. -
4 s o ’ 1
. ) .
. I3 ‘o K . [




~:Y$i

&

"y

Gorman, D.dJ.

-9

¢

-

Willey & Sons Audust 1974,

_Macb n, J.C., and Genin, J
the /Fundamental Frequency of Yibrating Beams",
Franklin/Institute, Vol.

. ~REFERENCES o ,

- .

Journal -of the
206, No 4, Octdber 1973 pp. 259-273.

“Free Vibration Ana]ysis of Beams and Shafts", John .

Jo, "Effect of Support F]exibi]ity on -

" Cardan, B., "Concrete Shear Walls Combined with Rigid Frames in-

" Rosman, R., "Approx1mate Ana1y51s of Shear1Tﬁls Subjected td
Journal of the American Concrete Institute,

Multistory Buildings Subjected to Lateral Loads",
American Concrete Institute, Vol.

1961,

pp 299-315.

1962, »p 1055 -1070.

Lateral Loadings",

V01

Vol.

. Coul

" Heidebrecht, A.C., aMkeStrafford Smith, B.,
of Tall Wall-Frame Structures", Journal of the Structural Division,
99, No. STZ; proc. ‘paper 9550, February 197%, pp.

\

o

61, No. 6, }9§4 pp. 717-733:
Coull; A., and/Cbou hury, J.R.,

"Stres§es and Deflections 1n

64, No. 2, February 1967, pp. 65-72.

1, A., ard Choudhury, J.R. -—Analys1s of Coupled Shear Wa11s",
\ Journa] of the American Concrete Institute, Vol.

September 1967, pp7.587-593.-

ASCE, Vol.

221,

Tso,
Shear Walls",

ti;

"10.

1n.

- Tso,
Cqupled Shear Walls", Bui1d1ng Science, Vol.

256.

Mukherjee, P.R., and Coull,

v

64 No. 99

W.K., and’Chan, H.B.y "Dynamic Analysis of Plane Coupled

97, No. EMI, proc. Apaper 7899, Febtuary 1971 pp. 33-48.

W.K., and Biswas, J.K.

Journal of the
58, Title No. 58 14, September

'Beck H., "Contr1but10n to the Ana]ys13 of Coupled Shear Walls",

Journal of the American Concrete Institute, Vol. 69, No. 8, August

-

- .

Coup]ed Shear Wal1?", Journal of the Amer1can Concrete Institute,

"Approximate Analysis

199-

Journal of the Engineering Mechanics Division, ASCE,

"An Approximate Se1sm1c Analysis of

.- Walls", International Journal of Earthquake Engineering ‘and -
Structural Dynamics, Vol. 1,

12.

Coul

Earthquake Engineering and Structural Dynam1cs, Vol 2,

PP.

1, A., and Mukherj®e, P.R.,

171-183.

1973, pp. 377-386.

2

7, 1972, pp. 249-

A.y "Free V1brétions of Coupled: Shear

“"Approximate Analysis of Natural
Vibrations of Caupled Shear Walls", International Journal of

1973,

¥
w1
cﬁ\: &



- N e
f"\d
R
14./
T
s
™.
L e
S
\ \‘~ | 17.
-»“. - " ‘IS}‘
TV g
J — - '
. . ) 19,
\ .
@ 29.
-
""’"
i 3.
>, . 22)
o * 2.
| 24..
_h
. o
’ -~
_— N
9 "
P ¥ "’

: /}%o.
w’/.

o | R ' o e I ] o ]

L S ‘ N .. )
¥ k : = 9&- - Q> ’ "j‘d v
- ' . e RN . W
| T~ L0 ’ -
..Rutenberg, A., "Approximate Natural Frequenc1es for Coupled Shear *
s Walls", Internationa1 Journ?ﬂ of Earthquake‘tng1neer1ng and

\\\\~ Structura] Dynamics, Vo] 1975 PPa 5«100 : ;

Basu, A.K., Nagpal., A. K ‘and Nagar,.A.K., "Dynamic Cheracteristics . .
of Frame-Wal] Systems , Journal ®f the Struyctural Division, ASCE,
Vol. 108, No. ST6, proc. paper 17171, June 1982, pp. 1201-]219. .
Tso, W.K., And Rutenberg, A: "Seismic Spectral Response Analysis
_of Coup]ed Shear Walls", Journa] of the Structural Division, ASCE,
“Vol, 103 No sT1, proc paper 12671 January 1977, pp. 181-196.

s .4
Couti, A. ‘“Interact1on of Coupled Shear Walls with Elastic Founda-
t1ons%, Journa1 of the American Concrete Inst1tute, Vol. 68, No.
‘6, June 1971, pp. 456-461. f L§

& . * g
Tso, W.K., and Chan, P T.K., "Flexible Foundation Effect on Coupled -
Shear Walls", Journal of the American* Concrete Institute, Vol. 69, »
Tit]e No. 69-65, November 1972, pp..678-683.

Coull, and Chantakgtnopas, B., "Design Curves for Coupled Shear
Wallswon F]ex1b]e>Basesf, Institution of Civil Eng1neers, Part 2,

Vo] 57,- Detember 1974, Pp. 595-618. : . .
TN

Mukheraee, P.R., and‘Cou11 A., "Free Vibrations of Coupled Shear
Walls on Flexible Bases", Inst1tution of Civil Engineers, Part 2,

Vol. 57, September. 1974, pp. 493-511.

Cheung, Y.K., and S§53d1wudh1pong, S., "Free Vibration of Erame o

Shear Wall Structuressop Flexible Foundations", gnternatibnal c
Jounra] of Earthquake Engineering and Structural Dynamics, Vol.
» 1979, pp.r 355-367. =y

Bowles, J.E., "Foundation An@]ys1s/end Des1gn", 3rd Edition, = -
McGraw HiT1, New York, 1982. - ,

©

Dowrwck -D. J , "Earthquake Resi§tanee Design", John Willey & Sons,.
1977. ‘ . , ‘ h

. National Bu11d1ng Code of Canada, National Research Council of

" Canada, Ottawa Cénada, .1980. Ws

-

Response of Multistory Structures to Laterdl Forces, Publication
SP-36 American Concrete Institute Detroit,\

a
e P d




2]

rY

JAl) will prodb\c':’e‘.défdrmation m.&&(>£ * due to bending moment and- shear
. —— - 0y * 1" R

4

—
—

"'DERIVI,LTION OF GOVERNING DIFFERENTIAL EQUAUON e
- FOR COUPLED SHEAR- WALLS ' .

e

[PN-o

" a, fFor ana1ys1s the connecting“beams (F1g 4.1) are replaced~by lami-

©1,.dx-
h.

'
ordar to have a ‘continuous set@of 1am1nae along the he1ght of the shear

i

wall, -it js assumed that the end beam has cross- section and*monent of

Qnae (Fig. 4.2) where ‘each has constant ‘moment of inertia _‘__b.____‘. In .

~ 4
1nert1a equa] to one-half of the normal beams . :

It is assumed that- the connecting beams are rectangu]ar in cross-_

L

‘ sectwn and_do not. undergo ayial defOrmatwn _fhe point of contraﬂex-’-

ure is assumed to occur at’ m1d -span. If the 1am1nae are assumed cut at

. the point of contrafT‘exure, the delfection of the shear walls will 1n-

trodice a gap &, (x) " (Fig. Az(a)). ‘ : Lo
- . p ) T " | B -
| oy s e _ -
61(X) 0 o ‘ . (A1)
) . ’ ~ e \ 3

In addition, theﬁdistributed shea@f‘orce q(x) along the cut '(Fis.

-
’

force (Figs. A2(b) and ‘A2(t)): - . - _ o
- hc : ‘. S o

Gz(x) ['IZEI +_GFb—] q(x) L S (AZ)

\ ’ I - T ‘ o .

Finally, axfal force 1ntroduces gap Gz(x) caused by deformation

‘ of the shean wal]s (Fig. A2(d)) .

4

. i X o , S
O (2 ‘)][[ ag)dgldan - T, T (A3x
5N - o ] v l, . .
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Compatibility requires that ,

ST s Galx) + 6a(x) = 0 — . (na)
o o ‘

i . " ‘ N ’ ﬂ'—?’ - ) .

Substituting Eas. (A1), (A2), (A3) into Eq. (A4) gives

A o . o x . oL
o - I+ e o - G D) jot jh a(E) dg dn =0
SRR ' B T (A5) - .

, ‘ ‘ , e T , X
The moment-curvature relationship for the combined systém is . oo

J( . N : ; ' . a oo 1&‘. "‘- - ‘ ‘4 ' ., o
: . ¢ A 7 . ‘ -
: (T + Iz)‘%*} = M-a J q(g) dg ¥ (A6)
o . - X . .
’ . ‘ ' . L . ‘ o ) .. B
Differentiating Eq. (A5) once and Eq. (A6):twice with respect to x f.‘ ‘

L gives BN T e o0 e e
' . 3 Coe e T
- - hc dg 1,1, 1. : P ;
L ‘ ﬁ 2EI b & F A Az)‘JX ale) ok = 0 (A7)
, . _ . .

and

e arydy _dM L dg - T
Eh+ L) Gk =Gz te gy N O
qs. (A8) and (A6) 1eqd,to

, . . ~ Lo
T t.aw JELET e T
S 'a%-’"i- &t e e, T

R I W E(h+12) 2 '  VN
”'fq(si‘da °=§ 37* N (O

-——Iﬁ—ﬂ—-———
s ’ v
. . . . B . .
v . : * 1 : P .
- x . [ v E.
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e Lo
Substitut1ng Egs. (A9) and (AIO) ‘into. Eq. (A7) and re-arranging
prov1des L ’

¢ - [N

he® .. he E(II—:\E;§$:;d“y e ] '3 i. 14 ‘E_ |
rzEr, g [ dx"] flar gy » /

» . . {

1 N -

S wa [1251 ][ i e -

-

B}
Vel ..

'az . » ‘ -

=

.12 1251

K = b(1+w)" Co Co (M) ..

¢.

o
N
=

. dx2
" leads to the required féurth-order‘di?feren;fél equation = .
‘dlo 'dz -'1 az "_] , ) . ’ ) Ca
R T I
. Loa, N v N
—~ .! ¥ * {" '.
"‘ s. » Pl

a - _ﬁ_ u ~\ ) : .. 4 - LATINN s “ (A]S) -

= distributed load" a TR 1))
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APPENDIX B~ .

P . /

T
Y

B'l DERIVATION OF COEFFICIENTS Cips Cz._, C3 ’ C;. » C5 s c"r

In\Chapter IV the general sq'lut1on for differential Eq. (4.la)'.
. ", NEY 2 2 - . ‘; * v ' v
/g’_g-az%%lf[ _gjyrum] . (4.1a) <

L

which can furjther be written, in teMs of -differential oparator D, as ;

o DA%y = fp v -l (B1) -
. . “. ﬂ,
is given by Eq. (4.8). ) o
L4 ‘ - ‘ . . »
~ o , ()
, y(x) = Ci #+ Cpx + s, sinh ax - N ‘ Lo
¢ B 28 H
: . + Cu, cosh ax + Cs [cosh B.X + (——- - —-) sinh Bx
. ’ e ’ ] . ’ / . ’
l+ Ce,. [cos. B.X - ﬁ sin B x] | ) a (4 8).
In Eq. (4.8)-the complementary and &arhcu]ar solutions are repre- ’
}
2 sented, respectwely, as . -
. , o
Ye = Cip + €2 x+ C;r sinh ax + Cupe cosh ax ' (B2) ﬁ
© T ' and# ' .
PN ZB H . l . / , N i 4
Yp * Csp Loosh gx + (T -——) sinh 8, x] S
r ' . ¢ ) ) — . /-/
. + c‘r [cos Br:x "y sin xﬁf}(]‘ . . (B3)

r .
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In the f&qgowing sections the der{Vation of the bqgfficein;s of
the §ene?3y/;01%;i6n‘qré'presented. To simplif& presentétion,:Eoef—
. ' A ‘ .
~ficents /Cs,. and C¢_ are derived first,

-

B].)/‘Derivation of.Coefficienfs Csr and - c‘r

-/

S/ To determine coefficients . Cs,. and Cep dirgét use of, Eq. (B1§ |

,/ is made. From Eq. (B3) 1t~fol]ows,ihat

/ | o e/ 28 H

.t ‘ B .
L . or. :
. Cep By, 1N Brggfzpﬁr Y cos B.X o o (B4)
2' ‘2 . " 2 ZBY'H 1 ’
pyp = Cs,. Bf cosh’sry +'Cik-8r (- ;;) sfnh B X
- . © g2 - N ‘
‘ - Cop'BZ COS BX * Cop St sinBx ~ « . v (BS)
. ~ N r . ’
W '3. . . ‘ . . ZBrH "l‘ ‘
: Dy, =‘C5r/8r sinh B x + Cs\ B (—¢— - 7:) cosh B X B
, ’ . 63 ) ,’ . .
+Cep B sin B.x + Lo — CO5 B,X - . - (BS6)
/’/ r °o : o . ~ ) ‘ ‘.
N .Y DT,
._q Yp = Fsr'BrfCOSh B X +.c5h B (= - ?;) sinh 8. (
. ’ ‘s P ’ JB'# ' T ;
o L.+ Csr‘B; eosferx - C‘r ;& §jn Brx ‘ o (B7)
’ . t L]
Eq. (B1) can be written as o . N
TIPS Vo) g .
(D* ~ D%a )yp', 3 [mPr Sar ¢r(x); ? M] S (B&{ |
al ’ - ' ! ™ * . . ‘
‘Substitutjng ‘D"yp "and Dzyp in Eq. (B8) gives = . .
\

- ’ ' / ______F_]__.: : :
Dyp = Cs,. B, sinh B x + 97? r ( v Yr) cosh B x 3

2
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w l/ ] i - . N l ‘ x ) ) . " ) & N ‘/‘.
. "“ . 23 ;
c r'Br cosh X + Cs, ("'TT' - ——J s1nh B
L 4 - . . .
+ c‘r‘Br cososrx C‘r Y, sin B X | - o
. ~~"“ H :
- a? [Csr B; cosh B .x * Csr - (——ﬁf-- —;ﬂ s1nh B X
. B2 )
_— - c‘r B2 cos. BX + Cs ;5 sin Brx]
o V.(0)B.y | 28 H ¢ i
: =T NEr  [cosh B X + 0——%—'- #LQ sinh g.x] )
) ‘ * r P
g v.(0)B Y - - '
‘ rr'r ) . ) &
— i - [cos B.x - — sin B x] L
. NET r Y r o
2V _(o)y 200 7Y s . - o
eV e pa?(p-1) .
NeEr Do 1 L v (B9) 1‘
' Eq. (BQ),cén further be expressed as . )
’ 3 ?BrH 1, o
Cs,. .82 (B2 - o?)[cosh B x + (—;ﬁ—r-’Q:?‘s1nb Bex]
, L . ’ ’s ,.-—»-j - . ,
- +Cs Bi (82,+ a®)[cos BLX e-#%-sin B,x] o ' B
V(o )Yr. 28 H g T
_W (Bl' [cosh Bx+ ( -T) sinh Brx]) e
L L
V. (o)y o e
- —ﬁEngﬁ [s;'(cés‘Brx - #%—sin B.x)] . . o : o
~. ) ' s, . s 4 . ". R s A
) Vr(o)Yr (62 [0-2,(]!‘])]) . ’ p .
| NETR: ‘or U e .
v (o), - [
et (sl S e)
. r' . “ o B ‘. ..‘.‘\ v

Since .Eq. (B10) is to be an identity, the,correspond1ng coeff1c1ents 1n

*

the two members of Eq (Blo) must be equa1 That is




o

E]

B1. 2 Derivation of Coefficients C1,_, Cz

" (4.2)-(4.5);

- T - 102 - Sl
- I M . AN ' \
RS e
e ’ ( 2 ; + ZBY‘H ',]) i ‘1 . - ’k;,
. Csr Br By - a*)[cosh B x + (—— - =) sinh Bx] A
S, o m ’
= NEIBa (B [cosh B x + (——Er - ~—) s1nh B x]) 1
V_(o)y - 200 1y R ‘\ J
- r r 210 H:l_"]z
‘ Nergy Bl (B11)
r..' : . 1\ .
and
. , !
+Ce,. BY (B2 f.az)(coi'Brx’-‘#% sin B X) - L %
.‘——”""1 . -‘ N . ’
"= !—SSZ;- [B“ (cos By X --l— sin B x)]
NEIR Yp
V, (o), P .
- W (82 [Jl‘-ll] I (1),
) '1 |
-Finally éqs. (811) and (B]Z) prov1de the coeff1c1ents C? qﬁd E .
‘ 'cf’r' és . ) ‘5
s - . T r,
' w0 Co e
!._SB.Z_Y_. {1 +' of - T . | ) “‘(813)
NETE3 “w(BZ -ty - ,
v e . 7 ' : T . I
and BT o ' ‘ ki
Ce,. = : Wrlohn, [:1 R P (B14)
fr.s 7 TNEIBY .u(Bf._*‘ D

Cal and »cu
' _Coefficients 'er’ C, 2p00 C’r and - Cup are derived here using

~

general, solution Eq. k4:8) and the boundary conditions given by’ Eqs

I
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|
| D (
‘ J - : . C
.. N .
1)’ at‘ the base of the walls where x=0,-

"1

1 : N ‘
B { . . .
: ' 2 , i [ .
- - ~ y(o) = 0O . ' R ' A (4.2)
kg @ () =ELyt0) (4.3)
—_— . o ) ‘T‘ 5, - ///,
i1) at the top of the wall where x =H, . -

L g2y i , ® ' L

o =0 - N (X
) T -/ . 5 * H - - .
I . d?y ;. 2 d o al(p-1 LA .
L R eeer s eel) jo M) dx © 9 (4.5)
"\ Differentiating Eq. (4.8) with respect to x 'thr‘ee‘:ti'mes,ngeS‘ o

LY

—— . - . .

T ) y(x)'-Cz +Cg‘\d'COSh o'zx:‘+ Cu\ o sinh ax
R | | BH

+ Csr’ Br [sinh B.X + (

Yr) cosh ?Yx]‘ .

- Ce B, (sin B x +}—; cos B8 x) B R (B15)

.Y'.'(X.) = c’r a? sinh ax + Ci,. a? cosh ax: - - | .
M o

*. CS 32 [COSh BX + (—-—- - —-) sinh Bx] - —m.

- r \

y" (x} = Cs5\, o coshiax + Cu, of

S ~  28H 8@
S - +Csr3’[sinh8x+(——ﬁ-——:{--)costh]

sinh ax :

r
D ——

@
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Tr *'°

" From Egs. - (4 8) and (4.2)
' C T e
. - . ‘s . f{;f %‘5:;"’,;
y(o)} = C;r + Cu + Cs +"C6r ‘vouf—f/ .
.o oo ' s .

Thé§éf6re»>

LGy m 7C"r;

. ‘ ‘.r I
Substituting Xx=0

- (Cfr

+

in Eqs

(B16) and '(B17) gives .

y'(o) = Ce

Cuye

.y;(a):;

- y'(H) Clgr

+ Csp

4

. Csé Bri(sinfBrH +

o

YU = G

82 [cosh B, H + (———— -‘*—) sinh B H] .
' . .
- "'C‘r B [gos B H - ?;-sin g;H] g
: .. . ’."“.

ot Cer +:Csp By (—-—,—r

\

l2 " 2
s, -
a‘ + CSF Br : C

a? sinh dH + Cu

Csr) . " ..

.(B15) and (B16) amd .x

fo-

ZBH

;ﬂcara cosh aHf*-qu'a‘sinh aH °

Y

28 H

B, [sinh BH +l(;E£~~~ #LJ cosh B H]

. r

Yr

an cos‘BrH)

o cosh oH

1) R

- - CG p—

. Yr i r Yr
2 ‘ .

r Br b

ZBH s

= H- .in Egs.

e

O

7(8]9) .

(815),




,‘f the same equationi:?leads to - g , S

. . . .. .
- . . 1 A

- ' ) . o, 105'.- *\\ ‘-/"‘ “\

. R . . . \ .

-y (H) =:Cs. ol §0§h‘aH + C..‘ ot3 sinh aH

) 28 H '

+ Cs,. B [sinh B H+ (-——— - -—) cosh 8 H1-
il ‘+ c"’r" B"n,(s'in 8rH * ?L cos BrH) oo ' ' o (BZ‘Q)
d:;g‘ . . R r . . L.

-

Eq (4 3) can be whtten after, the %ubstitut,mon of Eqs *(820) and

(B21), as . . . SR
. . . . . . >'
I oL 2H 8 ]
Kg LGap+ Gapo +.Csp By (¢ - —-—) cs,, -:] .
=L [Cy, o + Csp 87 - o, Bf.] o . -, (B25)’

. .

Mﬁ‘ltvp‘lying both s1des of Eq (825) by H and d1v1d1ng both sides of

[

X Ke fca, * C o' " (?'B"H 1) ce B
2, +Ls 5. B - Ce. —
TT r B R Yr | Y T |
-H [,c...nqa_z + csr B - Cop 821, N O
. The -above exprgssidh becomes
. ' &
' o 4 ZB H -I" ) Br . i .
_R[Czr + C-g'ra ol r (_T - ——) - c‘sr T]. .
< AN T
CeHle of 4o 8 - 27, o
H[C'“ru +_C5r Br‘ *Cgr' 'Br] - S : (827)
',',Th‘us', -Eq. (B27) gives the exbréssibn for coefficeint Cs. as l
' ) | . ' Lo o 4 /‘
D " ! en . i B
. . . ) ok BZH B . cz R . .\‘. )
o N ) : 'gﬂ‘ - (=T - —_r1- . ~
& C’,?‘ ' ‘[Cyr ( R) | ( Ro Yrq) (Csr )C.sr) i ] 4@28)
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]
Substituting Eq. (B28Y Tn"Eq. (B23), which can b@written according”to -,
Eq.(4.4) as - ‘ ) N .o ‘ ~ . ‘
'y"(H) = C3,, o® sinh ol + Cy_a® cosh oH - o C o~
o 2 2B H " 4 p S \._,-\ ‘
* Csy By [cosh B,.P! t g 7;-) :sin‘ BH] . I \
. . \ N _ _'L : . _ X . ’ -,
. d/ - Ce\. By [cos B H T, sin Bﬁﬂ]. 0 . ' , ) (B29) 5
L. ‘i ~ . / ® K ) . . ! _ .
gives, after sbme further stgps — .
. ‘ N . . // -
> g v. cos B.H - sin B_H ’
oH . g2 i1 r r -
- CQY. [—R— tanh OLH +1] = CGY‘ BY‘:[ aTYr Cosh oH ] ///
e e @ [R‘y‘, c6§h BrH + (ZBrYrH - R) sinh Brﬂ] . :
C) < *r "r " Ro?y,. cosh aR , .
Co,. tanh oH S ‘ ’
+ Y Srand \
- . : ZH i , . o . .
- r. : S _
‘ - + (Cs .t c“r) (=5 ‘ tanh oH . o . (B30) _
or | . : -
| L o aZH - o . R .
L 2 G U % o] IV e
T C : Ny . . - ». . oot . ) { .
B .G . Ry, cosh B H + (28 Hy  w R) Sinh qu] S
. Sp P LT Ry, stnh off —
- _— I.Yr cos Brﬁ T‘SJ"-BrH |
‘ rr ay,. sinh oH . IR . .
o . ﬂ‘y ' Bqu B . . - “ \0 - '. . .
- - (Cs,r + Csr) ("E‘ ';‘E‘) ‘ k (831) '{o
, r ‘ ’
K i . ~ : .
& TN
* 7 - ‘
Nt " >
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After substitption of the expressions for Cs and C‘r from

r

Q P %07- - 2’8

*

(813) and (B14), the expression for C’z becomes

g - 2 V,.(o) aB d.(x)

- o H
Czy, ef‘r [ R tanh LH] [NEI u(B“-faQJ[ smh oH
- "B .H , ®
] . , .
- Zyr a? (—E— -‘ﬁY—r.) ] - - , (332)
I . s \ .
. .

Coefficient Ci, is determined from the Eq...(4.5) as follows

k4 . . “

- . H .
\ d3 2 gl 0.2 -1 _. ‘ -
-aﬁ (H) - o? gL (H) + St . M(x) dx =0 (4.5)
rr ' ’ . .
where )
9 > P
' mP. S H o ik
’ - rar 1 , .
. ;:\M(X) czx B’ (‘3 i [cos BrH - cosh Br-H
- +Yr?sinBH+sinhBH)] ' '
+ w [COSh BY‘H -17) o ‘-' (B33)

v
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Py

. <1-:mp1oy1'ng Eqs. (B22§, (B24) and (B33)% Eq. (4.5) cansbe written as

Cs, a® cosh oM + Cy @® sinh oM * Csy, 87 [sinh gt

[ S

28.H ) ' 0 o H" .
+ L1 + + —
| (g Ay cpsh B fs Br [sin g H ¥, €O B H] ,
- e TCay+ Wcosﬂh aH +.Co o sihol -~~~
- ~ A 28 H - ,
+ Cer§inh BH* (T/7>) cosh 8.H]
. N 1 . T
t r By (s .ng + = cos BrH)J ‘
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/ . ” . . l .-Yr' | ~ ' i
(o yr_.(sm BH +.su‘\h BrH)] .+.-§- (cosh BrH -1))=0 (B34),
¢ - L ‘ K Ie
The above equation, ‘after substitution of the expr‘es;sidns for .
toeﬂffi’i:ie‘nts ‘ Czr' and - C; ., becomes . \ ,' L
: N . |
c Vaqﬁ{ 3 - 2 +
wp [ 7Y Tk aH] Cs (a B [smh B H (7—— - —) cosh B H]
. B2 . , RV cosh e H + (28 Hy -R) sinh B H
- X (‘E{ - 1)){. - CSY‘ (O.B [ . Y, S'IWOZH ’ ])
2 BZH B .- 1 | B:' o
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‘ o il v.’“
Eq (B38%); after using the expressmn for coeff1c1ents CSY‘ and '.ff_
\'( Csr and pgrfomnng numerous mathematwa] steps and substitution\s:, gives
the f1na1 expresswn fom C.. in tenns of bas@ shear as’ - _' L
o - ; 1. v (0) ’ Lo N o . oo
Cor =) [NEI wEr =) (02 - Dbem DsDel] ot (BSS)
\ ihere I co ° '
= aloH . ' _ . . "‘ K ;. ,". . ‘ 3
D, =1 ¥ tanhWJ IS L (,8.3,7")
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Moment and top: deflectlon coeff1c1ent curves are presented 1n this

Appendix for r1g?d foundat1gp condltion (R ). A1though the;e curves -

- : . are ava11ab1e in the work by. Tso and PutEnberg [15], they are inc1uded

. here fok the sake of comp]eteness of the present 1nvestigafion.
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is .included in this Appendix.
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‘The vatiation of modeal;barticipation factor P, ((Eq. 3.4))
W1th the var1at1on -of nond1mens1ona1 rotat1ona1 flexibi]ity parameter

for the first three modes .of vibrat1on are presented in F1g El.

' 3
o These curves are plotted using the values given in Tab]e El.
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