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SYNOPSIS

This work presents that a shearwall-frame system could be
substituted by a virtual system which consists of a shearwall
and infinitely rigid floor beams, jointed to the shearwall at
its axis on one ends with springs defined by their bending
stiffness and supported by sliding supports on the other ends.
The internal forces of this virtual system could be calculated
by using a set of equations written for the moments on the
shearwall sections just above the floor beams. This set of
equations is similar to the three moments equations. The
internal forces of the real system could be found afterwards

easily.
ANALYSIS

A shearwall-frame system may consists of a)shearwalls,
b)internal frames and end frames, c)the tie beams joining
frames to shearwalls and shearwalls to each other (Fig.1l)

It is known that frames could be substituted, wich an accep-
table aproximation, by shearcolumns with story shear stiffness

— 3 .
AX.D, = AX; I ( 12 E Icij aij/Axi)Lﬂ . Such a system being

cut with horizontal planes just above the floor beams, is
shown in Fig.2 with its internal forces. Mﬁi and Mii are
bending moments applied to the shearwall on its axis by the
floor tie beams.

The moment equation of equilibrium for the i th portion
of the shearwall, divided by AXi is

R r
T M) /8%y = (AM/AX) = = (Mg M)/ MKy = Qs

1.

By writing the same equation for the (i-1l) th portion of the
shearwall, subtracting it from 1 and eliminating the

(Q

(Moi41

pitl ~ Qpi ) difference by using the

- _ _ 2 r L r
%i = T Wis1 T (Qaya1 * Qqua1 ) Qa5 * Q)

Qpi+l pi

horizontal projection equation of the i th portion of the
system, the following relation could be obtained :
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By using they known relations of deformations - internal forces
for the y horizontal displacements of the system,

t t Ay t _ . t, _ .t Ay 3

Q3i = AxiDi ( )i P M, o= kie = ki ( ). t=1r,8 3.
Ax Ax

and assuming for simplicity that kz ’ D§ and Axi are

constant, could be obtained from 2,

( AMp/Ax )g oo CAM/bx )y g o= - { kRAx.D.Ax }(AR/Ax®); = Wy,
4.

Here is k = k2+ kT, D = D£+ D%, k? could be obtained by

using kl given in [2] and changing I, into Ii (Fig.1).

Nog}a system could be assumed consisting of the shearwall
with the moment of inertia Ip and the infinitely rigid floor

beams jointed to the shearwall at its axis by springs with
bending stiffness R

R=k + Ax . D . Ax . 5.

on their one ends and with sliding supports on their other
ends as shown in Fig.3. It is obvious that equation 4 gives
the relation between ( AMP/Ax )i and the horizontal vy

displacements of this system under Wi forces. Therefore the
system shown in Fig.l could be transfered into a virtual
system shown in Fig.3a. It could be stated that this trans-—
formation is also valid in the case in which the rigidities
of shearwalls and frames differ from floor to floor. However
in this case R changes from floor to floor. Ri should be

taken as Ri = ki + AxiDi Y OAx, . Ax, and ( AxiDi )

m im im m

N
are averages of the corresponding values of immediate upper
and lower floors of the i th floor beam. For the uppermost

or is R+1 = kn+l

heklnternal forces of this virtual system could be
determined by solving the set of equations

+ ( Ax.D_ ) Ax_ .
n n n
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which is written by choosing Mpi values of Fig.2 as Xi

unknowns of statically indeterminate system as it is shown in
Fig.3b. The moments of the springs with the bending stiffness
R, are shown as Mps-
i i
Mpi values of the real system are found as X, - The sum
of the bending moments of the tie floor beams on a floor at

shearwall axis is Mki = MRiki/Ri and the moment of any tie

. t t
floor beam is Mki = Mkiki/ki‘ Shear forces of the shearwalls

: _ AL r
Qpi could be obtained from Eg.l. The force Qdi = Qdi + Qdi
could be found from horizontal equilibrium for the portion of
the system above i th floor : Qdi + Qpi = To,l (Fig.l and 2).
2
Qd'

i and Qgi values could be determined by assuming that
they are proportinal with Di and D? according to Eg.3. The
bending moments MAi of the tie floor beams at the ends
joining to the frames are found by using the results given in

2 with the notations in Fig.l as a function of Mki as

t t
My, = Mg, [(1+9—_A)/{1+9—)(1+9—)—(1+§—k3) é}].
2a 2a a 2a 2 -
. t
Here A is A = { Kac (1+b/2a) + Kyp }/IK. M., moments could
t t ‘
be assumed as couples Fi = MAi/(Axi + Axi_l) acting on the

frames at the floor levels (Fig.4). Internal forces of the
frame under FE and Qgi could be determined by using the

method given in [1)

If the system contains several shearwalls with moments
of inertias Ip(l), Ip(2),..,Ip(m) , changing in the same
manner according to x, they could be substituted by a

m
single shearwall with a moment of inertia Ip(s)- z Ip(Z)
) 1
z =1,2,..m.
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