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AJThe'work~ done in this report is based on Rosman's Thda@ed

with a wider and deeper look into coupled shear walls. Besides the ,

o

study of these great shear resisting ‘structural elements, a very

-

3

special effort has" been nrade to use the results obtaine& for fast

. . .o

-analysis and-design of shear walls and also to.give engineers-a '
3
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Rosn:an's theory which is a simplified /sd,lution for coupled shear

walls is used. The theory is applied to 3 different loading cases:t

PN - - ¢

a point“load acting A: the top of the wall, “a uniformily distributed.load

(Rosman 8 loading Case) and_a Atr_iangularly distributeilnedgzith_load

T | e

concentrated at top. The theory is applied with respect to these loading

J

cases. This is done by varying the wall parameters to inclede any shape

, ’
or height of the wall, the purpose being to study ¥he behaviour' of the walls,

of different shapes under different tyi:‘e loading conditions and also to

i °

make the results available for use in practical problems. -0
-~ ‘ ’ \ ’
‘ ) ‘ - ) "‘ e » ;

Extra effdrt has ‘been made tb make .this paper eompletely independent,

80 that the user will not have to search for other material in order, to

“ © ’

comx;letely solve the structure for total axial ‘loads, shear created in

-
R -

* connecting beams, deflection at any floor or height of the wall, an{/\

) -

moments and the- stresses at the extreme fibers.
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i R /&n this paper the solution is-obtained by means of a computer
. . . . ) ’ . - ‘
. ‘ - ® [
i (/' program.: oThe tal).tes and curves- are (produc‘ed for each kvading Case, .-
: . - - ’
’ . % W . . .
the ‘curves make it visually easier to see the behaviour of the wall 4
. under differ’en‘t Loading Conditions. - s N
. ! . * A typical example is also.bresented for f\amiliarizing the usdr, - " ,l".
J. . .. . . g
ith the method of calculations and use of curves. . .
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NOTATION .
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LL
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Depth -of connecting beam

Cross sdctional area of walls

A1+A2

" Thickness ‘of 'wall

Clear distgnCQ'hetween-two walls.
Total .width cf the wall .
Eccentricity of the opening relatiye to the centre line

of ‘the wall,

Jdidth of walls

Modulus of elasticity of the wall
Axial force intensity factor

Deflection factors

Storey height
Total height

Moment of inertia of a centilever beam equivalent.
. wall with one 'row of openings

Moment ' 'of inertia of walls

Il +~12 -

" Moment of inertia of a connecting beam

2 (d)b

.
'
—)

4

e

~

‘.

-u/

-

{
Distante between centroidal axes of tworwalls

Total bending.moment at any point x froﬁ top of wall

Bending moments at any point from top of wall, for external

loads only -

*

Total bending moments in walls 1 & 2

Numbe? of storeys

Point load in Loac&ﬂase I

Total axial force
Total axial. force factor

Shear force intensity in'-connecting medium

g
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-,
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2,0 INTRODUCTION

B

¢ 2
- .

* . Since the dawn of history men built their various structures

.

e . .

(puihdings, dwellffigs,. palaces, -shrines, temples, etc.) by using shear
\ ~ . ‘ .

-

walls. - > o ) .

(4 e LI -

~

. ¥
» . N
, ° . .
.
.
.
.

Loee - - . P 3 . . o .
S Thousands of old huildirngs around us which, withstood the forces

v

of pature for”hundréﬁs of years prove~that this method of construction
. N Lo

. ‘/ . K . A" "
is safe 'and effective. = ' N . o
L . , Y
" a ” ¢
. . ) . ~ .
- Openings were cut in the shear walls for entrances, lighting ™

4 * - . . '
.and ventilation purposes.and for different architectural and aesthetic

.

1

.

effects. Thus sﬁear walls were used extensively with oy without

ppenings,since the beginning of civili2ation.
3 ‘ A
. . .

3

"
v s -

L
o

- Openings in shear walls weaken the:wall, section. To overcome®

2 - ¢

this probfem, builders depended purely on past exﬁerienée based on .

/trial and error.' This method was conservative in design. )
i = - . ¥ -

. o, y .

P i . -

In recent years the engineering.profession introduced economics,
. \ ’\ , - . .
and safety in the design and cond?ruct;on of buildings, and with.the

availability of new constructien materials and methdds a new era was bormn.

° o !

° -
- .

¢ : . : N ¢

-

Since thrdéugh the ages the :shear wall sysfem of construction
° establisheﬁ itself as a viable constrqction method, scientisté and’

- > a8 °

engineers started ad extensive study on the ameliorstion and feasibility
. A
- 'of this kKind of comstruction. A

‘e ]
" n
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Systematic construction first was accepted 'by eastern Europe

£
-

- ‘ ’ v
then it, spread to the-western world because of its safety, economy

4

and period of construction. .

' 0

" Since solid shear walls are very simple to.analyze and

published studies are amply ava%}able on the squect, this discussion

o

will concentrate mainly on coupled shear ;alls. t

~ '
-« .

.

: Tﬁe analysis of coupled shear walls has~beeﬂ the subject of

N

numerous studies. Several researchers have put forward useful methods

N

to assess the elastic behaviour,of these major lateral load resisting

structures of muitivscorey buildings.

M '
4 s 4 -
. . ‘

v

Beck (1)*, Rosman, Coull and dhdudhuf& (4,5), simplified'the

. analysis of coupled shear walls by replacing the connecting beams in a

-
)

coupled shear wall by a continuous shear medium. Thus the high degree |

of indeterminancy is reduced to a simble éecond order diffefentiaL
equat%on by assuming that the point of contraflexure of the conmnecting

.

beams occur at their mid point and the axialsdefdrmétion of the béais

is neglected. ' . [

[
i3 o
°

[}

. - . .
The purpose of thi paper is to use the avai#able theory and

2

prepare a parametric study for coupled shear walls.

\
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*METHOD

]

' . % 13,1, - INTRODUCTION

égk Stiffened walls behave as cantilever slabs bent in their own -
. . . . a 5
N | . e planes by horizontal ,forces. If the shear walls are solid with no

Ppenings the analysis is very simple, but in the case of walls with
'openings the analysis is somewhat complicated.
rd - . q

»
* Perforated walls are treated sometime

s as plain cantilevers .

with reduced cross sectional areas and moments of inertia. This is

's equivalent to saying that the cantilever is weakened du® to the opening,

with respect to a solid cantilever wall, therefore according to the above . !
H h ~ *
we can assume that all lines which are horizontal and coplanar before

‘ B -

defgrmation takes‘place,uwill remain so ifter defbtma%ion. ) /]

' e

: ' . Howevig,tﬁis assump:ion is rather unrealistic beégpse it '
;;glects the effect of the con;ecting beams on the internal gtfesses ]
. of the wall. A bettet approxim;;ion is to consider the @all‘?s a\ ‘
" : . multi;storey frame, or as ; cantilever consisting of several vaft;cal.

. . .

F ' . N bands, each of which is subjected to tangential forces representing the

| effects of the beams. In the above two models, the assumption that the
horizontal coplanar sections remain unaffected a%ter deformation applies\

'

_only within each individual band.

[

- . R,
v ' e ~.
T

The multi-storey approach is studied by A. Kacrmer and B.igwicki.(IO)*.

-

'~ s
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Many researchers have Qorked‘wfth the banded cantilever approach,

assuming that tdégential forces act on the edges. of individual bands.:

» Various solutions differ vqmong themselves in the expression for the

=g

equivélent«tangential forces.replacihg the beams. Oneauthor‘AiS- Kalmanok treats

r
the vertical cantilever bands not as linear members, shut as plates

"
;.

abandoning the assumption that plane sections remain planer. The

resulting formulae, however, are rather complicated. . ‘

v
1
*

' Rosman's method is recommended for prac:}cal uses. The analysis
in this report is based on this method, which will be explained fully in

the upcoming.pages.

The differences in maximum deflection obtained by the frame

"and the bang:f cantilever metliods are relatively insignificant, both ’
Y h " ‘
with regard to the displacement and to the stresses. 3

s .

-

T
Tests carried out on Perspex models show that the results
; .

obtained by calculations using the above methods give a fairly accurate

picture of the behaviour of a perforated plate. It is important to
\]

“

verify the above solutions to be applicable to concrete structures.

At Warsaw gzalding-lnsxitute, concrete models were built and

~

tested to failure by gradually increasing the horizontal loads.

a
°

The deflection of the walls tested under the action of the

horizontal forces and the calculated values'qere within 10% of each

othér. . <:/ : .

-
LR | A
N, n:{f;.a,:i,

Eoy.
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In Rosman's method the results indicate that, the shear

* forces and bending moments in the beams reach their maximum values -

at approximately-% H .(wvhere H is the height of €he wall). This

should be kept in mind in designing the reinforcement for the beaﬁs;

° " -

Ky

4

. When stiffening walls are m&ﬁolithically connected to
(9 . . LY
sufficiently rigid cross walls the combined section wall should be
~ | . " o
considered as a whole for calculation purposes.-

More attention should be given to the joints of walls *

. consisting of prefabricated components because as a rule they are less *

. rigid than joints in monolithic buildiné system.

. : | ' !
“ : N |
3.2 THEORY v ‘ l

'

Elastic analysis of a cqupled shear wall has been'previously

, . done by Rosman. ’

-

\ o
method, the follog}ng assumptions are made:

' ’ ' T

-

-

. a - The connecting beams of stiffness EI* are replaced by an"
° ° ¢ bl

equivalent continuous medium of stiffness EI*/H per unit height. -

where:

E moaulus of elgsticity of concrete

I¥ = the moment of inertidijof a conneg!'ng beam
¢ , .

=]
n

height of the wall




S

r kol
N .
1

b - #Axial deformation of connecting beams is neglected, this means '

’

that both| cantilever strips located on'either,side of apenings

deflect equally dye to the action of lateral loads on the wall

¢
e ]

Big. (3.1). . o >

. . 3
The point of contraflexure is assumed to fall at the mid-point

of the connecting beams. Fig. (3.2).

. ) L

¢} 2
The whole perforated wallgis assuned to behave as a cantilever,

A

| <
I~
|




. Since the point loagd action on the connecting beam of the
’ " I - o Y.

cantilever.bands is‘'replaced by continuous; uniformly distributed

tangential forces, a unit force cé.uses a displacement § at the

yiddle of @-conngcting beam of span ¢ Fig. (3.3).

~
4
'

- 3
§ = oy (Cy (842 1 - _he
2(3? ('2) (2) (EI* }2E1*

<

. Span of connecting beam
. ! 4 N

h + = ~"Storey height

[
Y

The s\m of all tangentlal forces at a distance.x from the top of
< N ; e
the building is expréssed by the integral
&

.
" o

4
Q = Hf qdZ (3.2)
0 ;

where q is a function of ¢

.

Sum of all the tarigential forces and

S i
C=ﬁ

tht bending momernt at any Section a distance x from the top is

(3.3).

e S R RN e S T
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. : ""\5% ; ‘
where M = Moment due to external loads only .
, (depending on the e of load) oo ol 3 |
Lt [
\ . ' . . . e |
. L * the distance between the ‘enter 1in§< ' ' ) B ;
; . . ) of cantilevér bands ’ s o 1 |
: . “ N ‘ C
- » . . A < . ‘ 5 3 “
4 o Owing to the_eque}lity of deflections of both cantilever bands, the |
‘ y i)
\ 2 . mom(-:maMx ig divided into two_coppoqslts Mxl & M?{Z in proportion to ‘he s
- " moments of inertia L &'I'z, where Il and I, are the moments of inertia of ‘ ‘
h two cantileyer bands respectively. v ) -
' - ' . ~ 0 .
)
n . R A Il , . - » : ]
i Mg = (-G oo 3. - s
: \ 1 2 ' - O- .
0 ’ 4 Il * . , . ' » -
- = - . 3 B 3 3 @
- o,y M- QL) 737 . (3.3 < oLk
. . 172 ; v o
- - ‘ Z’)
. c ' 9 ' R 0 K
, the variation in Q°as developed by Rosman (2)- is -given by\a second order ° o
| .differential équation o . ' ’, ¢ . '
. 2 2 o - 22
; Q" -B8Q +x<yHM = 0 . (3.6) ‘
where Q" .= —%— & M is a function of : ) T g
. ' a2r ‘ .. ,
2 . , .
"e2 2 .
. . A v l% ) (3.7)L . i{.
g ) 0 1 2 he R . b .
12L1* ’ L - L
X = —3-—- R Lo , (3.8) . . ! R . .
he I : ‘ - L
0 . ‘ : ,
: I, = L+, - : .
» © N
. / ' , . S ' .
*Numbers in pa;;ethesis réfer to bibliography entries
P . 1 *
. \4
' \ L{
3 \
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\ ! .L B , - } | :

1 o solve the differential\wfn, M should be determined,
™~ M{

| L

therefote a loading case should be assumed. ¢

In this paper three types of loadihg casess have been taken into’
accpunt, ' !
‘-

‘

Solution of the differential eq\iation gives values for Q, and

by differentiating q is obtained i.e. ,‘

0

a

] . 4 ?
= 49
“U\: q Hdc “ .
| o r ’
! l v - .
. where Cg[sAe shear per unit of height of the wall. / L

v ’
- .
n v
-~ Y.

5 ’Knowing qQ, thg c@flecfion at any point can be reddily found;. this

Al
is @‘iven by another second order'kdifferential equatian
) ' ; .

a A . . v -
s

(3.9)

" = = - a )
ELy M, = 01— QL) o '
) r '
' sz ‘ .
where y" = 5 , ¥ being the deflection of the wall. .
L} dc
4
) ) 4
1Y ) /Jﬂ N




i
b oz
o]
1 /

(4

o»

T 4.1

. / & .
\ -1 ;/ '
o4 e . R ' ;
< — 1’1‘ °
4.0 ANALYSIS & , ) ’ '

LOAD CASEI * - . LY - / ' be

L ’ -

BOINT LOAD ACTING AT THE TOP OF THE WALL |

Moment M at a distapce'x~frog the top of the wall is

-
-

M= Px- S ‘ - ‘

40 , '

X -
= e e £

Where (
H , . . ;

"M,='PH o ) ' T . : (4.1) . ;

Substituting in Equation (3.6)
therefore the differeﬁfial\eqﬁatidh becomes:
Q" - 8% + yu® PHC = 0 »

or Q" - 82Q + yuIpL = 0 e (42)
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Y < PR O T AT XS IR SR L T e e

T

~_

., . ) C v
» 3

k]

The solution to this differential equation is:’

Q= H3p [CISinh(BC),+D1Cosh(8C~)+ —g]
- B

By differentiatin&; -

¢ 2 1.°
dQ = q = YH p[B C,Cosh(BZ)+D,Sinh(BT)+ —5]
“HdT ol 1 82

RN

h

' By substituting the boundary conditions id thé

¢ .

values for ¢, %‘Df are found as follows:F
¥ C

The boundary conditions are

(1) when Q = 0, § = 0 therefore'D = 0

4Q _ - ®
(ii) when HdZ 0,z 1 ) .

-

o

above 9quations the

@

Aftﬁr differentiating the equation (4.3) and substituting.the boundary

codﬁitions, C, is found to be

1

L E N U
1 B3 CoshB

therefore the equation (4.3) Become; Q

[

| q, = i’} [C, siah (87) + —8-2‘-]

To find the deflection comsider equation (3.9)
0
.

~

.

3

e

-




v ! dzy ] » . *
EI ———2—l = (M’1 -1 K .
a° I o
\ K - [pHC - YH3p (C,sinh BT + —25)1,]
- . | 8

where- I is the,equivalent momen&f inertia of the';vall. By inéegrating )

]

twice, y:L becomes . ' .
* L] . ’ *
EL _ 1 3. - 1 .a,3 : '
3 ¥y = [6 g —R(Clxsinh BC+6. C)]+UlC 4:V1 4.7

pH> -

Where R = YI'{ZL/B2 e;nd is a non~dimensional constant.

) - dy, - , i
The boundary conditions are when I = 1 then -‘—1—:—1-;= 0 B : '
v . , ) )
dy ° i s ) ' . !
= hy -——1- = | ] . r 1 |
(i) wvhen 7 =1, az 0 1[ . ,
- . | ) o
. Therefore, , p o : ‘ . ' . : N
' - ' Ly _1 . T\ g0 T
U1 = R (ClB Cosl} B + 2) 7. ‘ o (48) b
/ ‘ .

(ii) when =11, vy, = 0 - \

. ‘Therefore,

«

_ 1 1, ) - !
=R sinh.B +2) -2l -u : (4.9

L gt

From these the deflection: at any point may be found.
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4,2 . LOAD CASE II ° -

’1 - -~ ' ’ ) < ¢
UNIFORMLY DISTIRBUTED LOAD ACTING ALONG THE HEIGHT OF THE WALL.

> -
3 '
-

°

Moment M at a distarice x from the top of the wall is

2 2 ’
M = 19_2_1*_ - (4.10)
Substituting M in equation (3.6) N
the differential equation becomes: . ‘ .
’ 2.2° > .
eoger i EE Ly
' s oyt , ,
\Q"-BQ'*'lL‘;_Q—‘,O . M (4.11)
1 v " °
R . " Y
4__L____’J' ' -
«~ W ‘, [} ’/
A | 3 j
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N . .
- | -
. > “ . .
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The  sqlution to the above differeptial equation becomes:. -
A _ : . 2 " - -
Q = YH q [C, sinh (BZ) + D, Cosh (BQ) + 5L (4.12)
2 2 7 2 ab
: o 28 B .
%gg =q-= YH [c, Cosh (BL) + D,B %inh BL + ‘—g—1 T 13 /
o -t — . * R L‘nB //)’ ) . . H ' .
Co o . ' ‘ A - v i ) ¢ : ’ 4 N
' after substituting the boundary conditions as, 1/; Load .Case I the . .
e constants- are obtained as follows: . " S . e f o oo ]
° - - ‘ ' -
l . o . . . ¢ D‘ . o " 0
D2 1= - ' 'Q B —s. ~(4.14)
S N 1% , A ' T
e 3 BT® - Gae! ST (415 -
- ’ ) . K /i ) ) "¢
Deflection is found by substituting % 4nd Q and’ integrating
- ‘ 1%]
Yy, f ) : T C . 0
i \ .equdtion (3.9) twice. This gives ) o
© L EL g L 2% LR (c., sinh (BL) + D, Cosh (BZ) ++- ' + g T
w2 28 AN 2 24.% .
3 L,‘_.l‘ G'ZQ o o . ( ) ' e | A‘
=y T A UL 4, . o ‘ (4.16) -
~28° » . N
- - N ~ \ . . P ' - <N
T Applying the boundary conditions, the c:ons“ta..m:slU2 and VZ are
obtained as follows: ) . . . :
. M= R (C,8 Cosh-B+ DB Simh B +=+25 1., .
) 2 “2 2 XV IANC
7 " ¥, = [R(C, sinh (B) + D, Cosh (é)+l-+‘—1—)-—1—1‘—?1
' T Vg.m 1Ry SR 2 ° 24 2’7 2675 %2
® - “ o R " b 26, ~
; )
Sl . . N
l (Y ' . " a -
y Lo o l ‘« . ¢
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- 4.3 o  TLOAD CASE III:
UPPER TRIANGULAR LOAD PATTERN . °
. .
.

~

© Moment M at a distance x from the top_of the wall is

O R ¢

R R P
N 3

.

where W = total triangular load.

K}
¢

Q

5

W

B

.

a

.

’

§7

°

°

o

\

1y
’

v

o

o \'r\ ]
. 3 .
% . 2 3 .
g = g2+ yadw (i -,%)- 0\
v I .
Lo
s/ ,‘

s Substituting é:ﬁe‘ ;bovle ~value in' equation (3.6) we have

N

a

.o

B ks b i
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Solution to the'diffefential gquation (4.20) is:

3 . 1 -;3 2 2
Q = YWH [c3 Sinh (BZ) + D, Cosh’ (L) - = [—3- -+ —2(1:-1)]] - (4.2])
o B : B o

’ »

and
KO . -~ I%'Y '
¥ 2 )
4 q= Ywuz [B(C., Cosh (BL) + D. Sinh (BZ) - 1 (r7-2¢ + —2—)] ~ (4.22)
HdZ , 3 3 BZ 82.
‘(
Appl&ing the boundary conditions the constants 03 & D3 are obtained
. as follows: _
' The boundar& conditions are Q= 0 Z= 0 or §%= 0, Z=1 -
(1) Q=0atZf=0 L N
_(_19 _ _ : ) ] . - ) N ,)..
(ii)e d?; 0 ?t T : ]‘. : ) ] o ‘
Hence the constants ﬁ3 & C3 are
2 -
B ‘ . o
S 1,2 th(8) ] ' (4.24)
Ca=3[3-D g * 8 ' )
B B . ¢
» S " . ’

i

The deflection 1s found by substituting'M, and Ql'and integrating the

1
- <y ‘lb .
‘equation (3.9) twice. This gives ) wet N .
s 3 q )
d2 : 3' 2 ° C3 2 : . * ' C *
1 =L =wa’ [(¥ - =) - YE'L ¢, sinh (BY) + D, Cosh (BY) -
a2 - T
s ST - « !
3 ‘ . ’
Lis-2+5cevn - T (4.25)
B, ) B ¥
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Integrating twice we have:

dy
. EI 3_.1 3 1 4 2 1 1
B F1G O o) - w10y F Cosh 8D+, F stan (B
L1 4 13,2 1.2 S
L Y-l gl -oney (4.26) ,
B B 4
' . o ‘ \ o 3'
EL _orel 41 _ . ‘
—3 }’3 [(12 c - 60 é) R [C3 sinh (lBZ;) + D3 Cosh (@ - | )
. l’j 1 I 4 2 1 1 ' | \
o —1%5 —-l*:',_—c+‘—3~2-(~6-€3-;.5cz)]].]+u3+v3 (4.27) . .
_\\Apply:‘lng the boundary conditiéns, -U3 and V3" are found. . ‘
\\\\ . i ‘ i
\\\ - 3 " /
Boundar\y conditions ) ' : g a - : l
, . ° - P
= .d_X = ' . .. ’
(i) wheng = 1, iz 0 - . . /
and
, . (ii) whenf =1, Yy = 0 i
' 4
' - 1
r Hence the constants: 3
U, = R (C,6 Cosh B+ D8 sinh B - L+ly- 1 - -
. 3 3 3 4 32 4 - (4.28) - .
v. = [R'(c “'sinhB-i-D CoshB + -+ -2y -Ly_y (4.29) ’
3 3 X 3 15 2 15 3 ' ‘ :
; 38 . '
R . - | -
. 1
where B is a geometric stiffness parameter j
- /
ana R =, '.Y_H'i'l_‘ 4 i . . . P .
o B ‘:
¢ (@/’—-\b
.
I’ - [
£ . ) -
<
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4.4 DEFINITION ‘& LIMITS OF THE NON-DIMENSIONAL CONSTANT R

T

In Sections &.1, 4.2 & 4.3 the product oﬁ‘YLHZ/B2 is defined as

a non-dimensional constant,R. In this section R has been studied and’
3 ’ '

limits to which it could vary are determined. ’

°

[ ¥
9

The values of vand BZ are given in previous sections and are as

@

follows

12LT* ' P

hc3‘I0
2

. *

8 ='H2(%—+i—+i—) 12:13‘

’ 0 1 2 he

By subsﬁituting‘for Y and 82, R becomes’

-
.

12LT* LH '
R =85 ]
he™I. . ,.2(L 1 1 121*
0" H “=—+ —+ —) ==~ /
» IO ‘ A1" A2 hc3 (4.30)
o : bd13 bd23
where I0 = Il + 12 = 12 + 12
Al ==bd1 - / \
,h \
and A2 = bd2 . .

d1 and d2 are widths of walls 1 and 2 respectively and b is their

respective thickness. w

Substituting the values for IO’ A1 and A2 in equation (4.:30) and

- —_—

simplifying R Becomes: \

12 12 q.d

e A . .
BT 212 dat@tan @ e (4.31)
1727717271 2 j U




a) R tends to-0.0 when d, = d, tends to ®

It 1s readily seen from equation (4.31) that -

w

1 2
This shows that‘the walls are very large and hence stiff. Fig. (4.4)

b) On the other ﬁ;nd 4 '

R.tends to 1.0 when d, = d, tends to 0.0 and L tends to ® ' ]

1 2
4 } ] . ' * x: . ]
This indicates that the Shear Wall system is no longer ‘applicable. The .
“ »
system becomes a frame system where moment in the girders governs and
shearing forces become negligible. Fig. (4.5) 1
' ' l
L] “ & ‘
* in-
. L : L : \
C:fl 1 . .::" R tends to O i
. - T
¢
¢
W .
dl——bw ] 1 c HZ mam———. 00 [ . «
e ; e —
Fig. (4.4) !
/ ‘ — "7-- 0
’ ]

[d
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From above, it is seen that R can never be .equal tp 0.0 nor

.

1.0 but it can approach thege values. Also it is obvious tﬁat it is

more realistic for R to approach 1.0 thpn 0;0. The theory is applicable,

even though R.approaches zero, the ratio of the span to the depth of

a tonnecting beam c/a plays a very important role in the theory used
. ;

.in‘this paper for gnalyzing coupled shear walls.

.
‘
v

If the ratio c/a has a, large value it indicates that the

s

connecting beam will fail due to moment, on the ¢ther hand if this rétio
is smali the failure will bevdue to shear forces. :The use of the theory
is ideal in the latter-fade. It should be made clear that the ratio c/a
of-a connecting Seam should be chosen in such a way that the beam is

stronger in shear than in moment. Usually this ratio varies from

. a .
0.0 to 5.0 depending-on lateral supports to prevent buckling.
ca

)

°

In this particular paper,the analysis is capf{ed out. for R = 0.1

to £ = 1.0.

. e
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5.0 - COMPUTER PROGRAM

A 1

5.1 INTRODUCTION N . . ‘ .

i

The purposes of the computer program is to carrig out the numerical

analysis of sections 4.1, 4.2 and 4.3, so that tables and curves could be

p

produced for use in design.

The language used in this proéram is Fortran. This program
will be available to others. The user may modify the parameters to

suit his own problem.

:

5.2 - COMPUTING ASSUMPTIONS

5.2.1 Force qufficients, Q .

LY

In the computer program the force coefficients (Q.l)’ (QZ) and ’(Q3)

are coefficients of Qi, Qé‘, and Q:'i' respectively.

.

Equations (4.6). (4.12) and (4.21) correspond to Q}, Q) and Q)

respectively as follows: .

3

Q.' = yip (c, sinh (BT) + —Eo ' ' ’
1 Y p 1 B2 » B K B
4 ? 1
‘ Qzl = YH w (C2 sinh (BC) +,P2 cosh (BT) + Téi'.i- —B-Z'

- ) 2

-~

»

A . 3
Dol @y - S - e A
ay" = Y [c, sinh (8C) + Dy Cosh’ (D) 82[13- g D1 ]

™~

‘The above equations could be written as: s

v




v ' . - 23 -

" 3 -
1 = . -
Q v ? (Ql) P
- /

4 - .
Q = YHw -7(Q) A

y S TR 4
o AT T R
. .

R T ~ .
Q3 } YH w ,‘,.4 (”Q3) v

‘Where (Ql) ,— (Qz) and (Q3) are:

-

(@) = ¢, stan (80) + /82 5.1 I -

z? °

. . . R !-___ n

(Q,) = C, sinh (BL) + D, cosh (BZ) + 262 g | (5.2)
) 3

(@) = C siah (BY) + D, cosh (BT) - ;—2 [ ,

wl
!
T
+

NIN

(z-1)] (5.3)

; , Knowing the values for (Ql),(QZ) and (Q3) ,.the values for Ql', Qz' and |

Q3' are readily found. . :

/
| [
~ 4 . '

5.2.2 Force Coefficient (FQ)\ .

In the computer program the force/unit height coefficients,

L3

- 1. i FQ,,. FQ, and FQ., are coefficients of q,; q, and q., respectively.
' 1 2 3 . 1 _.% - '3

v

. o
Equations (4.4), (4.13) and (4.22) corresponding to 95 9 “
‘ . and q, respectively are as follows: < - f
! ‘ Pe

-ggv—a = 2 -1-'— ” ‘s b

- LT LA : ' L .
i Hdr a4, YH w (Czd~ Cosh (BL) + Dzsn sinh (BT) + BZC) .

. z

4

L

%%.'E. a5 = “mzw[czﬂ Cosh (BL)™RD,8 sinh (B7) - 82(3_2“ .:?) ]
TN

The, above equations could be written as

-
A




3 ' ) Y
y . - 24 -
o 1 ] A"
: )
bt - ¢
& . .
4 .
% = YH *(FQ) ) ) :
3 9 P 1 , .
x 3 4 A
: = yHw - (FQ,) ‘ .
; LG 7Y {FQ, . : ’ : .
! - : % ' '
qy =~ YHW (FQ4) . . .
‘ . 3 " -t
Where FQl’ I:‘Q2 and FQ3 are . ) )
FQ, = BC, Cosh (BZ) + 2 T (5.4) -
1 1 2 , .
L | B , _ .
1 : T . b . 3
, FQ, = czs Cosh (Bg) + D, sinh (BT) + 3 (5.5)
» : B o, co
. . ‘ rS
3 A J..__ 2 2
FQ, = C,B Cosh (Bg) + DB sinh (BZ) - (z°-2r +=) (5.6)
3 3 3 2 B2 . 'y |
: Knowing the values for FQl, FQ2 and FQ3\the values for 1, 9, and |
. 9, are readily computed. ' ' . {
4 ~' ] ) R 4 A
. . : AN
i . The above equations are evaluated by taking the stiffness parametey ) - )
-, B=2,4, ....,20 and findipg the corresponding values for Ql’ sz, Q3, . . i
. ‘ 3 ;
) FQ,, FQ, and FQ, when % va§ies f£rom 0.0 to 1.0.
' ’ ) « Constants Cl’ Cz, C3, Dz,‘D3 are given in their corresponding sectiong. s
[ l\ 5.2.3 Deflection Coefficient (Fy) . ,. o .
In the computer program the deflection coefficients (Fyl), (Fyz)
. \ N ) 8
and (Fya) are coefficients of equation Yis g and’y3 respectively.
i : : C |
oo
§ ¢ ! \
. LS
\
T
& « - LY
l ’ &
. . | .
S R // o e st
3 N B BT T Ll




X Equations (4.7), (4.165 and (4.27) correspond to Yys ¥y and

A respectively ’ o r
Py

3 " g »

PH .3 1 .3 '
¥, =57 [[1/6 £° - R (G, Sinh (BD) + AR R AR +v,1 - |
-—w—]ﬁ[[i— C.!"‘—-R‘(C.Si h (B) + D, C h(BC)+}— cl"+’ .j
Y2 TEL ' g oimn AFS) T By BOSh RS T g &0 |
» o 1
Lo D+ +v,) - o ‘
28 . Lo ‘ |
. . ‘
3 . : -
oWt 1 A4 15 . ) "
v3 g [G7 ¢ ~gg ©) - R [C3 Sink (BY) + Dy Cosh (BL). \
15 4,2 1 3 1 2 .
60.;—1%c+82(6 -3 DN +V :
: S &
The above eqqations could be written as: . ' . '
. ‘ : ' : o
}:1 = EI o (Fyl) ‘ N
: 4 ‘ : :
- - W # - , .
. 2T m (Fyy) \ : AR /o ' ﬁ
= WHT E IS
Y37 T (Fyy) . ‘
; L . '
{ | where Fyl; Fy2 and Fy3 are: ,/ . ) vt
l l 4 - ’ -
F( : S 1 .3, .o |
j Fy, = [ & - R (¢ Sinh (BT) + 7 T7)] +/U T+ V) (5.7
? \ ' : .
Fy, = [ ¢ - R (C ginh (BZ) + D, Cosh (ér,) v Ay \
| Y2 -t 2 2 24 .
i . .
1—-2- z_;?)] +U T + Y, (5.8)
. 28 .




Knowing values for Fy'l, Fy2 and Fy3 the values for Y5 ¥, and ¥, are,

- - v "

Vo I )
l26 -
14 . ‘.

1 4 1 .5 L :
Fy3.= 12 L - 0 ?%) - R [C3 vSinh (BC)'*-D3 Cosh (BL) -

1 5 _ 1 4.2 1 3 1 2.0 ,

Ee-5 -3 °© +82 G T-F DN+ UL+, (5.9)

»*>

readily calcula ted. . . A *
. o . -

’

Constants Cl’ CZ’ C3, D2’ D3, Ul' UZ’ U3, Vl, V2, and 'V, are given in

3
their respective sections, and
. 2 .
. B -
W

F};l, Fy2 anf Fy3 are evaluated by letting §{ vary from 0.0 to. 1.0 while

R varies from 0.1 to 1.0 and the stiffness coefficient from 2 to 20.

a
. »

The procedure is as follows <

a) First, starting values of 0.1 and 2 are assigned t\S and B

respecti/vel.y while T is varied through its full rahge, and values
for Fyl, Fy2 and Fy3 are found in the above three cases.
b). Next R is kept at its original value and B 1is assigned the next

value 4, 6, 8 up to "20 (full range of B)
. ' I . .
c) Next }\is assigned the next value of 0.2 and step (b) is repeated.

This is continued until R reaches its final value of 1.0.
/
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5.3 PROGRAM
5,541 PRUGRAM (U FvALUATE (ug),(ue).(u31.(F01).(FUE) AND (FU3),

D0 20 IB=142091
B=1B . '
——— PRI T B
00 10 1E=1.2T1 : -
- Es(IE~1)%0,0S !
10 CONTINUE <
'20 CONTINUE
STOP ) . . . >
- - H—FORMA T HH Y 7/ T *BETA S F vy /A TE T ZEFASy T ey ’
» ! 1#1000 (FCLl) # o TZ6+#1000(FQ2)29T38+#1000(FQ3)* :
‘ : ;.Tso.olooocol)o,yel'ﬁlooo(QEJ*.T72.~1000<03)~./.72.ab(1u-))
22 FORMATI(IHO 9 TS+F4¢29T149FB.a9TCHIFBeLsTIBIFBoly ‘
1T509FB+49T613FB49TT729FBe4) .
END ; . /
" ) SR
FUNCTION FQLl(B,E)
R2=H*B N
BI=gw ]
RAE=B*E
e ONEDB2E 1 0782
; »7ONEDB3=21.0/R3 .
b . 1==ONEDB3% (1+0/COSH (R))
1=C1#B*COSH (BE) ;
| T2<ONEDR2 . /!
FOL=1000%#(T1+T2)
, - RETURN-
B END

N ' .

2 1 FUNCTION FQ2(BsE)" .
. , BE=B¥E .

— —BR=R#E— .
| ' " B3=pw#] , :
| - \ B4zB w4 ' Toe

‘ ONEDB2=1.0/B2 . 4

ONEDB3=1.0/B3 ° : '
22=1.0/COSH (R) ‘

- ® 1 4
C2= (ONEDB3) # (21-22) 5
D2z=1,0/B4 ' . .
T3=8% ((C2#COSK (BE) ) » (D2#SINH(BP) ) )
T4=E #ONEDB2 : .
: FO2=1000%(T3+Tark _
e RETURN- :

i END . T T
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FUNCTION FQ3(B,E)
-BE=B9E
E25E%E
B2:zR*B

A

BIzBweI
B4=Ruel o’
TWODB=240/8
TWODBZ2=2.0/82
0N5082= «0/82
ONEDB3=1%0/83

“_‘ZG'TTWODB*TtNFTBT??‘U”TONEDB:rLU:HTUTT)
Z4=3(1,0/COSKH(B)) ’
C3=(ONECBI) #(23~24)
N3==2.0/84
T5= a“(lc3'CC°k(aE))*(DJ*SINH(BE)))
‘. Tés= ONEDBE“((Ec*TNODB£)~(2.0“E))

T T RR3ET 0O TS e
RETURN
END

4

FUNCTION Q1 (BsE)

. T TR2ERYE-
+ B3=B#e3
ONEDB2=1,.,0/B2
ONEDB3=1.0/83
BE=R®E
C1=~ONECB3* (140/COSH (R) )

S T TIECIYSTRABEY
' T2=E%ONEDBZ
Q1210004 (T1+T2)
RETURN
END - -

+ FUNCTION Q2(R¢E)
a2=R*8
BE=B*E -
E2=E*E
B4=Re#Y

—— " ONEDBZ2=130782
" B3=R#*]
" ONEDB3=1,0/83
ONENB4=1,0/84
- D2==1.0/B4
Z1=(1. oze)'TAkH<a! .

 C2=(ONECB3) #(21-22)
13=(c2*51NH(BE)onz*cosn(BE))
T4205 s*tezocnsoazroONana ,
oz-loopfjra¢rar
RETURN

END
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~

" FUNCTION Q3(BsE)
‘R4zReey

]

P

CUTR2EgYET— —

E2=E*E . . 4
E3=pw#] ]
"BE=B%E _

TWODB=2.0/8 -

R3=0#+3

¢ T TONEDER= L0783

-

€ ~

B2sR+*8

ONEDB2=1.0/82,
TWODR2=2 +0/82
D3==2,0/84 -

ZB:!THODB“TANF%B)*Z 0’(ONEDBZICOSH(8)))

s 2aE T 07O SHE )

C3= (ONEDB3) *(23-74)

T5-(C3"INH/BE)‘03'COSH(BE)) .

T6=(E3/3.0=E2¢TWODB2* (E~1)) ¢ ° N

‘03310009(T5-ONEDBZ’T6)
RETURN )

END *

.
ty

ar

i
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R R T

. 5,3,2 PRUGRAM TU EVALUATE (FYr1),(FY2) AND (FY3),

DO 30 IR=105100510

Rxz]R/10040 » -
R=I8

e PRINT—HTRYE-
5 DO 10 IEsly21 Y
. F=(lE=1)%0.0S
10 CONTINUE i :
20 CONTINUE

.30 CONTINUE .
T STOP *
. 11 FORMAT (1HOs// 9 TGe®R=#1FOe29//1 T4y #BETAS#9F 6029/ /TEVHZETA%y
v 1T21+#1000(FYL)®3T41921000(FY2)®9T619#1000(FY3I)®y/yT2
1+70(1H=))
22 FORMAT (1HO s TSeF 4, 2lelnF14 4sTIB4FLa,41TS69F1404) s
END :

FUNCTION FY1(B4EWR) ‘ :
© ONEMB1'=1,0/8 C .

ONENB2=1,0/0%%2 )

ONEDB3=1,0/B%*3 ’ 4

T T T ONEDBY= 1L 0/RY Y
. BE=B*E

E2zE*E

E3=g#43

E4=C el

ES=Euns5

= =t T==ONEE B3It 1 0/COSH B - £
P1=Cl*SINH(B)+1.0/6e0 - ) *
Al=R*(C1*B#COSH(B) +0.5)=0.5 - .
VIER®Ple=],0/6+0=A) - ~
Y1=Cl*SINH(BE) +E3/6.0
FY1=1290'((EJA@.O-R*Yl)vAI*EOVI)

~———RETUR! x
“--  END ; ' \

————FUNCTION PY2tHTETRT —— : —
BE=B*E - ,
ONEDB1=1.0/8 \
ONENB2=),.0/R442 RN
ONEDB3=1,0/8%*3
ONEDB4=1+0/84%4

\

BETBYE"
E2=E*E A\
X L

\ %1=2(1.0/8) *TANH (B)
22=1,0/COSH (R) . . e
C2= (ONECB3) ¥ (21+72)

) .‘"T‘“‘“f"02=?17078*'n
A2=RY (CZ$B9COSH (8) sD29B#SINH (B) +140/6.0+ONEDR2) =1« 07640
P2=C2*SINH(B) ‘DZ’Coswmtm OMM Tre
/. | V2sRP2=140/2440-42 BrA R3IT
Y23C29SINH (BF) +D2%COSH (BE) +£6/24 L 04E2/ (240%82)
FY221000% ((E4/24,0-R*Y2) +A29E $V2)

“  END N

K
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. FUNCTION FY3(BE4R) : . :
, ONEDNB1=1,0/8 .
“f*‘“““UNEBBZ’TTOTB}ZZ \ - : P - *

ONEDBI=1,0/8%23
TWODB=2.0/8 .
TWODB2=2.0/8%4%2 T
BE=R*E .

o E2=E#E L ’ e iy .
T T E3wEwe 3 - T
EGm=Enny ¢ .
" ESmEw##5
23=17 DB'TANP(B)*2.0'(ONEDBZ/COSH(B)))
’ Za= () M/COSH(B))
- C3=(ONECB3) # (Z3-24)
‘*"“"‘“‘“33='27ﬁ18=#q
; . . A3=R® (CI#*B#CNSH(B) +DIPH*SINH (B) +0,25+ONEBE2) =0, 25

P3= (CI*SINH (B ) +DI*COSH (B) ) ,
\\\\Tnﬂﬁwﬂll§;°*055032’(2 0/3.,00 ‘ Woe
- V3aR® (PIeP4i=1,0/15,0-A3 ~

- va=(s4112.o-55/€u.ot§»

YS= (ES/6040=E4/12.0) \\\“\\\\\\\\\\\\‘\\‘\‘;ﬁ

Y6=(£3/6,0-E2/2.0) .

. FY3=1000% ((Y3R¥ (Y4~ (Y5 TWODB2#Y6) 11 ATHE+V) ‘“\““~\\\\\\
RETURN | . ST

... S

€+ WHERE: Als, Al ANU a3 CORRESPOND T1) ua,ua AND U3 RESPECTIVELY
. ﬁ

IN-THE TeEXT,

-




COMPUBER OUTPUT

DEFINITIONS

The computer output is the evaluation of axial load factors
1000(Q) ,- axial load/unit height of the wall factors 1000(FQ) and

deflection factors 1000(fy)

_ [1000(Fy) Ky]
|/ ~7 1000
} . A

{1000(Q) K, ] -

Q=——0*-\/
1000

L]
i
O
[

Fig. (6.1) Fig. (6.2)

deflection diagram o force diagram

n

. Where Ky’ kQ & KFQ'are multiplication factors. In the computer output,

\

FQl’ Fng FQ3, 91’ Q2, Q3 etc. correspond to load cases 1,2 & 3,

respectively Fig. (6.3):
T




S TR ET G AT IR SN ST AN

o TR

e —————— T TIRRe—e? " AR T TR 0%

LR

Load Case 111

-
~

I

T

L

®

I,

1
[o]

, 7

Load Case II

3
YH v, =
KFQ3

wHA, K =

El V3
P

as given in sectien 3.0

YH'p, K
Q,
2
AR L¢
! i
PHS , K
EI Yo
12LI*
3
he 1
0

(3.8)
- E .
X
S
—2y] ‘ ‘!
mened
el
v [
;,,
.Load Case I
i
9

=’ moment of inertia of connecting beam

= moment of inertia of wall 1

= moment_ of inertia of

= L,

ol

wall 2

<

= the equivalent moment of inertia of a coupled shear wall
4 et )

e

it ow

R TNV T Y-



i

6.2 . EQUIVALENT MOMENT OF INERTIA

’ - /
The moment of inertia I of a wall ?ith one row of openings

i
i

as in Fig. (6.1) is

d3

§ | : 2 o (6.1)
- : N ’ 4

Where n 1s the numericai coefficient, b and d are the thickness

[
]

3 {e
lcr'

[

and width of the wall respectively.

13 . 1

Coefficients n are treated as functions of ratios

EYY

-
i

a
2 d.4 c 0
@ ’K2=vd&K3 3

"

K

1 ™"

T
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c

9

Where n is the number of storeys, q the width of the wall, H the

height of the wall, ¢ the width of the opening‘and do‘the gccentriciéy
- of the opening relaéi?e to the center line of the wall .

Coefficiéntg n for K1 = é and Kl = 8 are given graphically in Fig. (6.2)

and Fig. (6.3).

The intermediate value for n should be obtained by linear interpolation.

~

For a given wall, kl, k2 & ké are evaluated and N is found from ghe'

graph, and substituted in éﬁuation (6.1) to, find I.

- . .
For a typical coupled shear wéll,kl, k2 and k3 should fall within the

limits shown on the graphs, otherwise the following guidelines are

recommended.

»

1) k2 should not be greater thanm 0.35

C /;2&///;f~kl is smaller than 2, use k2 = 2. This will give a mofg

/

conservative value for I but less conservative than if I0 is used,

where 10 = Il+12.

3 In thg case where kl is greater than 8, I should be taken equal to
L) I * (
0 ‘ ! 1 [y
“\ . «
™ )

The above recommendations for calculating the equivalent moment of inertié,

I, represents a more accurate technique than by using the sum of inertias

of the two walls.

Bk et
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¥
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M——ﬁ—_—"—".
3 Ki
KZ
K3

>
‘K:
n
5.0
4.0
3.0
2.0
1.0
=n? ()}
H
-t
d
=do

- 38 -

=2.0 ‘
*
: a
| Oo
. ; (n
¢l
L . <]f [
\\ K, = 0.35
, :
—\*\\ : \ K2 =0.3
\\ / .
. f/
R K, = 0.25
\ / 2
\
— P~ /// Kz =0.2
I — ) ' .
. _ T——t=—T1 Ky =015
/
0 0.10 0.20 0.30 *0.40
N K .
. 3 -/
i} N /
FI6. (6.5) /
| | =1 oo
: n. 12

'







TR
BETA= 1,00 "
~ . . .
. EEIi--- fOSO(Fcfl- _1200(502)' 1000(FQ3) ., 1000(61) * 1000(Q2)  1000(Q3)
0.00 I51.9457  113.5399 171,226 0.0000 0.0000 0.0000
- .05 351,1355 113.6610 171.4155 17.5838 5.6791 8.5652
T 18,7028 113.9413  171.7743 35,0865 11,3688 17.labkb
‘ .15 344, 6414 114.2565 172.0886 \  $2.4269  17.0738 25.7419
.20 338,9414 114,4823 172.1404 69.5233 22.7929 34,3491
.25, ., 331.5883  114,4942  171,.2234 _86.2935 2e+54ss____42,9;s¢__
‘.3b‘ 322.5639 - 114.1673.  170.6429 102.6543 34,2367 51.5104
.35 311,8455 113.3758 168,7145 118.5217 39.9275 59,9982 2§
o4l 298 4064  111.9925  165,7657 1338102 — 45,5644 68+3649
45 285,2155 109.8891 161.6318 -148.4357—___§T7\147 7645551
S0 269,2372 10649352 15641589 162.3020 ,’56.5391 84.5057
.55 ?=1-a3La____Lnz*a9a5____Laé:;nzz____L1s‘3asA____54*1949____32,+asz__'
60 231,7542 97,9440 140,6254 187.4139 66 .8204 99,3989
| 65 210,1558 91.6341 120.3009 198.4698 71.5653  106.1796
10 186 SRZ24 A3,9 *
) .75 160,9750 74.6815 103,9380 217.0941 79.9325 ° 117.9575
80 133.2696 63,7462 87.6837 22644591  83.4005 122.7570
A5 " 103 /-;qm 50,9700 69,2493  230,3850 86,2764  126.68Q6
.50 71.2822 36,1957 48,5447 ,}v234.7614 88,4642 129.6441
.5 36,8453 19.2615 25,4871 237.4745  89.8600  131.5048
1.00 0,0000 0.0000 0.0000 238,4058 g0 ,.3516  132.1523
} - :
.
' Table (6.1)
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RETA= 2,00

. e i s
4 Foaagats T L S
| pu—
A Y
5

ZETAa . 1000(FG1) 1000 (FG2) 10001FQ3) 1000(G1) 1000 (Q2) 1000(QJ)

R TYYYTTIIIYIT YT PRTYT LI PYTY PYYPIT SPRPLY YHITPYYYTTTPLITIPIE P PPPT T PN i PTTELTTT Py Y.

Ansi ¢ o

‘ 0,00 18335494 S440529 82,7816 040000 0.0000 ~—=\0,0000
ke .05 183,2169 5443025 8341547 9.1719 2.7069 455
: :
} 210 182 2160 S4,9706 B4.1121 18,3106 '5-417; A,3283
; 15 180,5367 55.9385 *  85.6471 27.3822 8.2089 12.5633
Y . ,
é 20 - 178,1621 57.0910 86,9389 3643526 11,0342 16.8727
b - .
& 25 - 175,0686 _SR,.3145 88,4011 4S5, 1PAS 1349192  21.2567
% 030 171,2252 ©  59.4961 89,6548 53.84170 16 48649 25.7093
E, \ )
% / ¢35 166,5933" 6045225 90.5301 62,2958 19.8663 30,2158
: {: 40 161,1367 61.2790 90,8679 70,4924 22.9127 34.7533
11 .
! .
: .AS“—\ 154,7706 61,6479 90,5148 7843537 25.9877 39.2911
.50 147,4614 6145078 89,3235 85,9536 29.0690 Q 43.7909
55 139, 12640 60,7323 R7,150€ 93,1227 32,1279 48.2071 l
| 60 129,6809 '59,188S. 83,8556 99,8477 35.1294 , S52.4872
] ' ' ~ . -
: ¢S+ 119,0317 $6.7358 79.2991 106.0708 38.0316. 5645716
210 1070716 5’!.??3_&,___7_'&15_\_&___\,8;?_\_;40.78%1 6£0.3938
5 93,6811 48,4346 ' 65,8426 1164791  63.3338  63.8801 J
. " 80 78,7260 42,3734 56,6577 121.0711 45,6116 66,9499 '
B8 ¢ 62,0569 6. 6746 45,6390 124.5981 47.5648  £9.51531 ;
‘ .90 : 43.5;67 25.1961 32,6322  127.2454 49,0494 71.4807° ,
95 22,8898 13.7179 17.4761 12849144 5040311 727427
1.00 0,0000 00000, 06,0000  1:29.488F 50,3839 23.1897
&‘ 1 v
' - 3
= k
o ., Table (6.2 g
i
@
’
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( 1600 X 01

(a} TOTAL AXIAL LOAD FACTOR — LOAD CASE I

‘It .9

€1 8

§1 9

AR

e ey e e —mm mm e

t

»

{
! !

-

e wae o ey e wE AT ) e

L~

[ Y 'y ]

+
‘\

1
3,

( 1000 X.

]
2.«

-

( H

/X

n
.

o m

SHE

Z)

)

01

5

]

(b) TOTAL_ AXIAL LOAD FACTOR ~ LOAD GASE I
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13,

( 1000 X 02

4

L]

&
16,
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N 7]

(a) TOTAL AXIAL LOAD FACTOR - LOAD CASE II

w
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(b) TOTAL AXIAL LOAD FACTOR - LOAR CASE TI1
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15.
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(a) TOTAL AXIAL LOAD ?‘ACT()R - LOAD CASE IIl
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(b) TOTAL AXIAL 1.0OAD FACTOR - LOAD CASE III
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’ n
BETA= 1S,00 3
_ -EEIf----iggn(ffii- ;IUOOLFQE) 1000(F03) 1000(C1)  1000(G2) 1000 (Q3) f
0.00 2.7701 <1458 2762 0.0000 0.,0000 -.0000 3
.08 2.7701 +1846 +3675 - »1385 0082 «0155 :
o0 2.27201 <2988 5546 <2270 0204 0383 :
15 _R.7701 4239 7702 #4155 .038¢6 0714 3
.20 2,7701 5573 V>' 29884 <5540 .0629 .1154
<258 2.2701 49138 1-|~qq1 5528 0942 170}
.30 2.7701 8315 1.,3984 8310 .1323 «2351
.35 2.7701 <9697 1.5847 <3695 ‘1773 Y3007 |
i 2.,2201 ~1l+1081 1.2526° 1.1080 3293 3933 !
.45 2.7700 1.2465 1.9168 1.2465 .2881  .u852
50 2.7699  ° 1.3848 2.0620 1.3850 .3539 5848 é
.55 2.,168% 1.5230 2.1933 _1.5235 4266 s9iz2 |
€0 2.7687 1.6607 2.3101 1.6620 -5062 .8028 :
.65 2.7665 1.797¢0 2.4118 1.8004 .5927 9220 |
20 . 3.7608 1.9298 _2.4962  1.9386 6859 1 .046l
75 2.7461 2.0536 2.5578 240763 «7855 lel712.
«80 2.7081 241541 2.5823 2.2128 +8908 1.2999
<88 2.0098 2,1943 2.5331 2.34861] 2999 1 h282:;
oS0 2.3558 2.0788 . ‘ 2.3150 244713 1.1078 1.5505
Y55 1.6988 1.5601 1.6824 2.5752 1.2013 1.6530, |
1,00 0,0000 0.0000 0.0000 2¢gu;7_1,257ég 1.7017 é
Table (6.3) - |

PR st x5
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BETA= 20400

1000(Q3)

‘ZETA 1000(FG1)  1000(FG2)  1000(FQ3)  1000(C1)  1000(Q2)
RS NaRSEt I ARSI RARS RN RN SRS R A AR AR 0800 000

0400 2.5000 (1350 72375 040000 0.0000 -+0000
.05 2.5000 .1710 {3232 1250 0071 <0134
«10 ?rQOﬂﬁ <2669 /-9963 .)Eﬂ% -ﬁ'lrlq <0337
15 2.5000 .3812 © 6937 .3750 0341 <0634
.20 2.5000 «5023 .8921 5000 .0561 .1031
25 2.5000 6258 1,182S <6250 ~0BG43 .1525
.30 245000 .7503 1.2631' <1500 .1187 .2112
«35 2.5000 «8751 1.4315 «8750 «1594 +2786

— .40 . 2.85000  1.0000  1,5876  1.0000 2062  .3562
' .

!

45 2.5000 141250 1.7312 1.1250 «2594 © 44372
50 2.4999 142496 1.8624 1.2500 ;3187 5277
. +5S 2,4997 1.3742 1.980Q 1.3750 e VYA 6232
€0 2,4992 1.4992 . 2.0867 1.5000 04562 . 7250
65 2,4977 1.6227 2.1790 16249 +5343 «8317
.?0 2.0938 1.7438 2.2963 1.72497 <6184 29428
75 2.4832 1.8582 2.3145 1.87642 7085 1.0570
.80 2.4542 1.9542 243419 19977 «8040 1.1736
288 2 175.‘; 2..0008 - 2.3074 2.l lgé ;mv 1.2902
90 2.1617 1.9117 ¢ 2,1259 2,2331 1.0018 1.4019
«55 1.5803 1.4553 1.5661 2.3250  1.0884 1.4966
100 0. 0000 0.0000 0.0000 2.1150 1.1312 1.5423

Table (6.4)
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* 13,8+ 19
2
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.8

- / . . I
.9
0. 2. &k 63. €3. o 100.° 120. 140. 360. 160. 200, 220. 280, 260, 269, 300. 320,

" (1000 X FY1 FORR = .1 )

.C ZETR =" X/H )

(a) DEFLECTION FACTOR - LOAD CASE I

O
f

o. 2. @. 60. €. 100. 120, 180. 160. 180. 209; 2Z25. 249, 260. 269. 290,

( 1000 X FY1 FOR R.= ¥2 ) | |

\ \
(b) DEFLECTION FACTOR — LOAD CASE 1I .

/ Fig. (6.13) A ~ .

’
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b
arer et s D S i T

P R

"y

.8
Ny4
1.0
o. 20, 80, 60, 8p. 100, 120. 140. 168. 180, 200. 220, 280. 260, 289,

( 1000 X FY1 FOR R = .3 ) |

(a) DEFLECTION FACTOR -~ LOAD CASE 1

L

20. 49. 60. 69. 180. 120, 110, 160. 180. 209. 0. 9.

- ( 1068 X FY1 FOR R = .4 3

(b) DEFLECTION FACTOR ~ LOAD CASE I

Fig, (6.14)
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Fig. (6.15)

™~
0. 20. e9. 68. €..  180.  120.  1898. 160, 160, 200. 200,
’ ( 1000 X FY1 FOR R = .5 ) \ '
(a). DEFLECTION FACTOR - LOAD CASE I
— — e e e} , -
’ A
, -
(3]
9. - W
|
1 /
.2
~.3
x .
e
> .5
" )
@ .6
,—..
L .7
~
.8
‘\.J
.8 -
1.0 : : ,
0. 2, 0. €9, 8. 109, 120, 149, 168, .180, 220.
> ( 1908 X FY1 FOR R = .6 ) .
L} : * N ‘
(b) DEFLECTION FACTOR - LOAD CASE 1 o

[ U,




‘€. 199, 120. 149 160, 180. 200,

s 69. X . '
C 106@ X FY1 FORR = .7 ) ' é

20, w

ES

*  (4) DEFLECTION FACTOR - LOAD CASE 1 ) ) 1
i . . . , [ ’

B= 18

1?

s
.
y 1.

T B

1.0
2. 20. 0. £0. 9. 100, - 320, 100, 160. [ 169,
C 1000 X FY1 FOR R = .8 ) ' .
vl (b) DEFLECTION FACTg'é - LOAD CASE 1 ‘
. Fig. (6.16) - . -
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.

X/H )

( ZETA -

[
v

8. 60. 70. 0. s8. 100. 110, 120..

. "0,
( 1600 X FY1 FOR R = .8 )

38

“.

(a) DEFLECTION FACTOR - LOAD CASE I

= X/H )

. . . . . . . . .
« w o ~ oy 12 - w N L

( ZETA

[
.

39. 80. 59. 60. 70. €0. 80. 100.

T 1000 X FY1"FORB = 1.0 )

Ab) DEFLECTION FACTOR - LOAD CASE I

* Fig. (6.17)
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3

R

' Y

0. 10. 20. 0. 40, 50, 59, 9.

8
( 1080 X FY2 FOR R = .1 )

(a) DEFLECTION FACTOR - LOAD CASE II

0. 9. 180, - 0.

120.

- T :
0. 10. 20 30. 8 50, 60. 78. 89. 8g. 105. 130,

C 1000 X FY2 FOR R = .2 )

' (b) PEFLECTION FACTOR - LOAD CASE II

Fig. (6.18)

v e, -4‘\5?'(’&;»«\.&6...',"

120.
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5.

X/H )

( ZETA
4

.8

.9

-

0. 10, 20. 2. 20, 59, 60. 78. 80. sg. 100, 110, '
( 1000 X FY2 FORR = .3 ) ‘ -~
(a) DEFLECTION FACTOR - LOAD CASE Ii_ f f
! +
4 o
S & ;
l / /
S =
=== ~
; |
/
4 |
I )
') 10. 2. 0, 0. 59, £0. 70. 80. 53, 109.
( 1000 X FY2 FOR R = .4 ) ‘
(b) DEFLECTION FACTOR - LOAD CASE I1.
‘Fig. (6.19) o
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i e i
% ‘ . 10. 3. 3. . 59. 59, 79. €. 50,
i ' ( 1000 X FY2 FORR = .5 ) :
i j
L (a) DEFLECTION FACTOR - LOAD CASE II
5. )
.3 L — / !
- ! ‘z ! Ay
.
} .3
? ° .8 (
7
.5 Z /

( ZETA = X/H ]

- 10. 29. 39, w. L & - 70. 8. 89,

( 1000 X FY2 FORR = .6 )

‘ ' (b). DEFLECTION FACTOR - LOAD CASE II
| , f Fig. go.zp)
{ .
. - , 3 i{!,ﬁ S
E—~—-‘——-4——-—* s NG boas i A




T T
18, 2. 25, a0, as, 0. s, 59, 35,

100@ X FY2 FORR = .7 J

< (a) DEFLECTION FACTOR - LOAD, CASE II
; < .

a
- .

~

" 4

15, 20. 25, 30, as 0. 85 . 50 55, 69.
( 1060 X FY2 FOR R = .8-) .

¥
©

(b) DETLECGTION FACTOR - LOAD CASE I1




S B AN
15. 2. 38, 2. ».
)

2, ,
(1000 X FY2 FOR R = .9

(d) DEFLECTION FACTOR - LOAD CASE 1T

©

e .

. 1
15, 29, . - 3 35

( 1000 X FY2 FOR R :

. ..
.09

~

,(b) DEFLECTION FACTOR - LOAD CASE fI

Fig. (6.22) - a




a

10. ,20. 230. 49. %0. 60. 7. €9, 99, 108, 119, 120, 133, 3. 1. 169. 378. .

. 1080 X FY3 FORR = .1 )

N

(a) DEFLECTION FACTOR - LOAD CASE TII

-~
”
: ¢ =
L -
- [ )
.
= S
- (2 ~~—
- \\\
o / —

e

L) i J 1 ¥
9. 0. 2. . 5. 5. 75. €. 50. 109. 110, 320, 139, . 150. 163, 17N 160,

( 1060 X FY3 FOR R = .2 )

" -(b) DEFLECTION FACTOR -. LOAD CASE" IIT

{ Fig. (6.23) ’
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e

0. 8. 5. 6. 7. €3 53 = 199, 0. 128, 139,

(1000 X FY3 FORR = .3 ) .

T L N
(a) DEFLECTION FACTOR -~ LOAD CASE III
)

1. 2 9 5. 6. 79. €. 80. 100. 119, 128, 139, 149,

. 49.
(1000 X FY3FORR = .4 ) : o

(b)DEFLECTIQN FACTOR - LOAD CASE TII
B 8

Fig. (6.24)
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9. 10. 8. g, 0. 59. 69. 70.

e9.
( 1000 X FY3 FORR = .3 )

(a) DEFLEéTION FACTOR - LOAD CASE III

9. 189. 119, 120. 138, i

. 2

8. 10. 20. 2, @ se. 69. - 10,

. 88,
( 1000 X FY3 FORR'# .6 )

9. 199, 119, 129,

(b) DEFLECTION FACTOR - LOAD CASE III

e Fig. (6.25)
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«
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0. 10. 20 0 (] . ta, [ 100,

. 3. / N 50. .
( 1000 X FY3 FOR R = .7 )

,l' - (a) DEFLECTION FACTOR - LOAD CASE 11

¢ .
|

~

AV A R

{
'S
|74
0. IQ. 20, 3?. 30, 30. 0. 7. €0, 99,
. , ( 1000 X FY3 FOR R = .8 )
D )
(b) DEFLECTION FACTOR - LOAD CASE ITT

“ 5 o ‘ Fig. (6.26 .
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10.

20.
¢ 1000

3

0. .
X FY3 FOR R

-(a) DEFLECTION FACTIOR - LOAD CASE III

59

68.

9

PR

. d
(b) DEFLECTION FACTOR - LOAD CASE IIT

Fig. (6.27)
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-7.0 -DESIGN EXAMPLE

In order to illustrate the use of the design curves an example /

.0of a typical system of a coupled shear wall is shown in Fig. (7.1). ~5_ ‘

ey

B S 7.1 EXAMPLE
» | In this example it is assumed that the walls are-connected by ' f ﬁ

‘0.4 m deep connecting bea;s.
Where: ’
H = 24,75 m

+h = 2.75m ‘
L = 575m
d) = 4.5 ‘m : ’ ' ’i '

‘ . w ) ,
2 d2 = 4 m : B g
) | c = 15 m - b .
b = 0.2 m ﬁ‘;;;
a = 04 m | - — , DQ’
N 4y = 0.25m ) ’
n-= 9 .
Solutions will be.obtained fér the following - . .- !
a) Q'maximum ‘
B b) gq for ¢ = 0.5, 0.6, 0.7, 0~.8 & 0.9 .

c? Ymax and relative deflection between 8th & 9th floorst (” . ‘ s
Loadiqg will be assumed as the probiem progresses., o ’ .

S

1‘ b
- (IrZZzrd | EZZZZIa .
‘FIJCLdzl

] - A f

4

ERTIEE I, - e i X



- 64 -
Solution ¢ |
3 4
0.2 x 0.4
I 12 0.0011
3 3
I, =bd, /12 = 0.2 x 4.57/12 . = 1.52
N
L3, 4
I, =bd,”/12=0.2 x 4'/12 = 1.07
Al = 0.2 x4.5 /" '0,9(
Ay = 0,2x4 . = 0.8 o’ ’
R {
' ' B 4
I, T,+1, = 1.52 + 1,07 | 2.59 o 3 : t
2 2 121 1. 121% )
A N
0 1 2 he
.l 2 - ' -
- 24.7'52(——2';; +-6£§ + 0—13) 12 x 0.001L . 13.18 -
. ¥ % 2,75 x 1.5 '
- ¢
B =ve? = 3.63
\ /
Yy = 1213,1* .12%5.75 x 0.0011 - 0.08316 : ‘ - F
he'I, .2.75 x 1.5” x 2.59
. 2 e 2 :
R - YT _0.00316 x 5.75 x 24.75 - 0.86
g2 13.18 ¥ : ' ) .

In accordance with Rosman's graphs for equivalent moment of inertia ]

4
2 d.4 2,10
K ¢ _ 1.5 C

--10— = 0,15

%0 _o0.25
d

10 = 0.025 e\

, 5 bt .;‘



From these values and the use of graph in section 6.0 of this paper
. n = 1.5
bd™ . 1 0.2 x 103\_,ﬂL- - :'4
= : X——7 = 1l.11 m

12 n T 12 1.5 5

From Fig. (6.7), Fig. (6.8) and Fig. (6.9), (a) for L = 1.0 and B = 3.63

|
1000 @) = 56 Q) = 0.0

o | 1000 () = 23 | (Qj;/ - 0.023
1000 (@) = 3% L@ = o.0m ‘

¢

From Fig. (6.10),, Fig. (6.11) and Fig. (6.12), (a) for & = 0.5, 0.6,

0.7, 0.8 and 0.9 and B = 3.63

z 1000 F(Q,) - 1000 F(Q,) - - 1000 F(Qy)  F(Q,) F(Q) F(Qy)
0.5 66 30 41 0.064 0.03  0.041
0.6 61 32 43 0.061 - 0.032 0.043

! 0.7 .53 - 29 . 40 0.053 0.029 0.040
0.8, %1 2 . 33 0.041 0.026 0.033

’ 0.9 23 17 20 " 0.023 0.017 0.020

. From Fig. (6.16) (b), Fig. (6.17) (a), Fig. (§.21) (a), Fig. (6.22) (b),

Fig. (6.26) (a) and Fig. (6.27) (b) for L =0 and C = %jl%g,. 0.11.

B =3.63, R = 0.84

g 1000 F(Yl) 1000 F(YZ) 1000 F(Y3) (FY (FY (FY,)

1 2 3

v

v 0 107.33 42 60.67 . 0.1073 , 0.042 0.0607

v

0.11 95.33 37.67 - 53 0.0953 - 0.0377 0.053 .

- '
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Assume P =. 450 kN ) v ) ,

v = 3% k/my, g

W o= 450 kN
KQ, = YEP =" 0.00315 x 24.75° x 450 = 21558.8 kN
KQ, = YH'w = 0.00316 x 24.75" x 36 = 42686.5 kN ,
KQ, = YA'W = 0.00316 x 24.75° x 450 = 21558.8 kN AN |
F(FQ)= YA’P = .0.00316 x 24.757 x 450 = 87L.0 kN/m = %’

3

o
.

K(FQ)= Yi% = 0.00316 x 24.75° x 36 = 1726.7 KiN/n|

/ /

K(F93)- #sz = 0.00316 x 24..752 x 450 = 871.0 kN/m

3 3 :
@, - grll _ 450 x 24.75 . 0.0202 m
21 x 10° x 11.11
A 4 -« . )
Ky, = B . 6x2.D3 = 0.0579m | -
21 x 10° x 11.11 '
3 3
c, - x;‘u 450 x 24.75 . - 0.0202 m
21 x 100 x 11.11 '
EC = Modulus of elasticity of concrete = 21 x ;06 kN/m2 i
. Q= (@) - KQ = 0.056 x 21558.8 = 1207.3 kN

—_—

-

7 . .
q, = Q) - Ko, = o.ozaxazsse.s/, = 981.8 kN

Q; = (@) - Ko, = 0.03 x 21558.8 = 733.0 kN’




kN/m / kN/m kN/m
' ﬁ/ . N ‘
B , /
L F(Q) - K(FQ)) =q; ~F(@Q,) - K(FQ) =q, F(Qy - K(FQ,) = q4
0.5 55.74 /’ 51.74 - 35.71
0.6 53.13 / 55.19 37.45
0.7 46.16 ' 50.02 34.84
0.8 35.71 ! 44 .84 28.74
0.9 20.03 29.32 17.42
m m m
_ % F().RY =Y F()). KY, =Y, F(Y). K, =¥,
0 0.003133 0.002432 0.00177 Maxd mum
0.11  0.002783 0.002183 0,001547 at 8th Floor
Relative ' o, . - o i
Deflection oﬁ.oo_oa\so o.ovoozag 0.000223 | %
/ , .
(1) thn ©=0, 5 " Yooy,
’ ," < Oul
, B 10.2
0.3

R
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/ . A
Relative deflection = Yo - YO.ll

Fig.'(7.2) shows where the maximum shear occurs by taking the average
value between two consecutive floors. The vaiue of shear on the
_ connecting beam can be obtained by using the same methods. Similarly }

the shearing can be obtained for beams at any level. .

The bending moment in the wall in each case is given by the following:

Mx =M - QL

M for three different loading cases is given in sectioﬁ 4.0.

M = TG T *
2] 2 \T‘ -

M "—;——"w ZH \ - -l

3 R - :

\

" The maximum moment occurs when § = 1.0

M| = 450 x 24.75 x 1.0 = 11137.5 kN.m ' ' T
' 2

2 N

My = 450 x 24.75 (1 - %) = 7425  ¥KN.m

By substituting for M, Q and L we have L ﬁ Cy

Mi = 11137.5 - 1206.3 x 5.75 = 4195.5 kN.m Load Case I

u

Mx = 11026 - 981.8 x 5.75

M_ = 7425 = 733 x 5.75 3210~2 kN.m  Load Case III

.

. .
. . -
A o
. . o ‘ ’ . .
. . B
\ N 3 *
* .
:

M, = 36 x 1.0 x 26.75%/2 = 11026 ° kN.m , ' t o

2 2 TN : ‘
. 3 . k . . ' /
M. = W (CZ _ G ) - R : - |

5280.6 kN.m  Load Case II - .

R T SV T



N

I
1
/// ¥x1 Mx I0 '
I ‘
Moo ™ M Ez S -
0 i i
£
M = 41955 2222\ <! 31577 wim .
x * . Load Case I
‘M. =4195.5 =07 . 1733.3 kN.m
XZ * 2059 * -
1.52 ' : _
M = 5380.6 S7I 3}57.7 kN.m . .
’ 1.07 ' Load Case Il
M. = 5380.6 =2 = 2223 kN.m .
x2 ©00 2059 X A ,
© ' . . ’~ i - i
M, = 3210.2 %*%% - 1884  kN.m
x . Load Case III
1.07 ‘
M, o+ 3210.2 2 1326.22 kN.m

~y

. ’ - 1 . f‘ :
‘Fhe motient could be found.at any height in the wall by tdking‘the

appropriate values for § and Q. . .

LAY

o

The gbbve is a typical example of\a coupied shear wall. It should be
borne in mind that the dolution will also app%y to other shapes of

‘wall sections. Fig. (7.3).

-l

Fig. (7.3) - AR

AN aeden et T A
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8.0 DISCUSSION OF RESULTS -

8.1 STIFFNESS PARAMETER B S . ‘ .

e, -

e ¢ L, >

The stiffness parameter B is the wall stiffness constant.

'3 . PN 5t

and depends solély on wall dimensions. . : C, . o

' 3
N hd N L]
1) . N

. “ ' * [ » o .
) s ety B2 - L
. , o M A ne i

. | l r
. 2 2 1212 d) +]di 12I% L S e
- B =B 55+ 5 ) 3 - : :
. bl + 4.7 1% ne : . n
' 1 2 . .
By keeping b, d;, d,, h, ¢ and I* constant, it is.opvious the s . ‘j;:
value of B increases by increasing the height’ of the wall. This © ) v [

N “ 8 KR
. : : W A I A
indicates that B is large when the shear wall is less stiff. Therefore,, e

o

' " “the smaller the value of B the stiffer is the wall. 8 1s assumed to
vary from l.Olfo 20 which for pract{cal purposes .covers all possiblg~ - ' © oy

,
. . - -
) 4 ¢ a ; 4 -
* & L >

wall systems. The major factor contributing to the above is H,,éhe -

: ) ] ' . v Y- 2 G
¢ height of the wall. Variation of b, d,, d,, h,’c and I* also contributes - -3 .
R N ‘/ I‘y , , H.e 0.'4 . .,
towards the wall stiffness but -variation of B';;Eh respect to these | Co. ’
. ) : % .- ’ .o , . Lve
~ variables is limited to a small value in comparison with B.- - . e 7 1

Te
o

It is more common to vary B between 4 and 12 fﬁr practical . .
’ R . s 4

&3 m' °

- design purposes.




12L I*

3.
he Io

1,
'y
1y

The value of Y fs independent of H, therefore it varies oniy

when the internal shape of the wall is varied. This gives an indication
of internal stiffness of the wall with respect to openings and the

togal gidth of the wall. As in the case of 8 the smaller the value
L ) vy “ ! R
- ~of y the stiffer is the wall. In the analysis, Y 1s not given a

<

speycial' status. : "

8.3 ° Nou-nmmsxom CONSTANT R
. 5. v L
‘R is givenby R-E—
. g2
* ~ . A
. From figure (4.4) in section 4.0 it is seen that when R tends’’
' to 0.0 the structure becomes increasingly stiff. R was computed for
“’gome typical walls., The vg"iuea were greater than 0.7 and in the majority

. of the cases the values of[R were greater than 0.8. This indicates that

°

. foar' practical p;xtgc;ses R would fall between 0.75 and 0.95. Any value
.'smal]ier than 0.75 indicates a vezly stiff struc;:ure. The R curves
demohstrat:e“ this point. Also, 'it: is observed that when R is given
values from. 0 1.to 0.6 for different value‘s of S the vac;riation in
deflection is very small and when R is given values greater than 0. 6
the graphs indicate a greater chgnge in deflection with respect to

B LA
the ch‘nsc in the stiffneu patmter. . ®




9.0 CONCLUSION

A simﬁlelprocedure has been employed for the analysis of

linear response of any type of coupled shear wall ‘system to three
. B —
types of lateral loading. In this paper the basic elastic EBIuti&Ef:::f‘~\L\\;‘
L \‘»M

is obtained by means of a computer program. The tables and curyes'

are produced for each loading case. The force and deflection factors

o

obtained from the graphs serve as dés:lgn 'gids.

)

i

The curves seérve to make it visually easier to see the behaviour

of the wall under different loading conditions.

N
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