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Coupled shear walls or viscously coupled shear walls? A seismic point
of view

1. ABSTRACT

Coupled shear walls have been long recognized as an advantageous structural system for
mitigation of responses due to both earthquake and wind loadings. By connecting two walls
through the use of coupling beams, those systems utilize the couple resulted from axial forces in
the walls, thus stiffen the system to appreciably reduce deformations and stresses. Nevertheless,
while stiffening structures may result smaller deformations, other important responses due to
seismic loadings may increase (e.g. total accelerations, wall shear, total base shear, total base
moments etc.). Viscous dampers have been shown to be able to effectively reduce both
deformations and total accelerations of frame structures. An alternative solution to coupled
shear walls, thus, may be found by coupling the walls by viscous dampers to result “viscously
coupled shear walls”. This solution may reduce deformations as well as the other important
responses mentioned above.

The aim of this paper is, thus, to rigorously compare the seismic behavior of walls coupled by
beams to that of walls coupled by viscous dampers. Both structural systems assume uniform
distributions of their parameters through the height. The basic question asked is: for a given
level of reduction in the peak inter-story drifts, compared to the uncoupled wall system, what
would be the change in other important structural responses? The comparison is made using a
non-dimensional representation of both structural systems to reduce the number of parameters
controlling the structural behavior. This, in turn, allows an efficient comparison and a good
insight while automatically taking into account a wide range of the parameters. This is followed
by a modal spectral analysis. Important structural responses are evaluated using analytical
solutions for an equivalent continuous model. The FEMA 356 response spectrum is adopted and
the comparison is made separately for two regions of the spectra: The constant acceleration
region where the pseudo acceleration is constant, and; The constant velocity region where the
pseudo acceleration decreases in proportion to inverse of the natural period).

The results supply quantification to reveal that viscously coupled shear walls are superior to
coupled shear walls in terms of all responses considered. This is much more emphasized for
buildings with natural periods located at the constant velocity region of the response spectra.



2. Structural Models:

Two models are compared in this paper: both consist of two identical walls. In one option, the
walls are connected by horizontal connecting beams that transfer shear forces due to their
deformations (a.k.a: CSW).in the second model discussed the walls are connected by viscous
dampers that have no stiffness to shear deformations but can resist shear velocity (a.k.a VCSW).
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Fig 2.1

In order for the comparison to be made, these structures were modeled by a continuum model
(as described in fig 2.2) for which, semi analytical solutions were already obtained. This model
is fairly accurate for structures with a large number of stories
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The two semi-analytical solutions that were applied are: (Heidebrecht & Stafford Smith (1973))
For stiffened coupled shear walls (CSW), and (on the seismic response of walled structures
equipped with viscous dampers-Dr. O. Lavan) for the damped coupled shear walls (DCSW).
Both solutions were made with the further assumptions:



o the axial deformation of the walls is negligible. (that is relatively true for many cases
since the axial stiffness of a wall is much greater than its bending stiffness.)

e the systemis linear

e shear deformations of the walls is negligible.

e The viscous dampers are installed on relatively rigid diagonals

The governing non dimensional equations are:
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The natural periods and mode shapes for both problems are based on the papers mentioned
above

3. Spectral analysis and structural responses for the CSW:

The displacement function of the ith mode can be described (dependant on the response
spectrum) as follows:

A ()
w2

(3.2a)T, = Mi (32b)L, = [ py,(0dx = pH [ (ndn;  (3.20)M, = [ py()dx = pH? [ 42 ()d7
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While D, -is the pseudo displacement (for the @ of the ith mode); A = is the pseudo

acceleration (for the @ of the ith mode);

AEI . )
p (from eq 2.5) and I" (from eq 3.2a) the displacement due to the ith
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Substituting @® =

mode is derived:
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The wall moment (in both walls together):

Eld’u _ Eld’u d? .
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The wall shear at the base: (in both walls together):

Eld®u Eld%u d?® .
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The shear in the connecting beam:
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The axial force in the walls (in a single wall):

(310N, = [ 0= IMH ) Hin =LY ) i) Ay - £

T
The "frame moment™ (moment taken by the coupled axial forces in the walls):

(311) Mcoupled_walls,i = NI = ﬁpH . ABN,i ' A(a)l)

The total overturning moment:

(312)M :Mwall,i+McoupIed_walls,i=IOH2 ﬁj'¢l|( )d77+¢" C A( ) pH ABMI A( )

total i

The acceleration (multiply by pH to get the equivalent outer force)

(313)A =@’ U =4C A®) = AB,, - A(@)

An identical analysis for the VCSW is made in (on the seismic response of walled structures
equipped with viscous dampers-Dr. O. Lavan)

4, Attaining total structural responses




In order to attain total reactions of the structure, a method of SRSS was used. The values of the
pseudo acceleration A(@,) (=Sa) were taken from the response spectrum suggested in FEMA

356 and the comparison was made with the assumption that the first three modes of the
structure are either in the CA (constant acceleration) region of the spectrum (governed by the
equation Sa = Sxs/ Bs) or in CV (constant velocity) region of it (governed by the equation
Sa=Sx/BT)

The governing equations can thus be formulated as:

B S F S )
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(For the CV region)

While: D™ -is the maximum drift obtained by SRSS; D.™ -is the maximum ordinate of the
drift in the certain mode ith mode (obtained at the top of the wall); Sa-is the pseudo acceleration
(A(@,)); w,-is the circular frequency of the ith mode; B1, Bs-are constants taken from FEMA
356 (notice that they depend on &(i) ); Sxs,Sx1-are constants that depend on the seismic area

only
The same procedure can be done with other structural responses as well as with the drift

substituting the necessary maximal reaction instead of D,™

5. Comparison:

The criterion for the comparison is: for a given level of reduction in the peak inter-story drifts,
compared to the uncoupled wall system, what would be the change in other important structural
responses?

The comparison is made separately for each region of the response spectra since Ts is a
dimensional value

The only parameters that change are the stiffness\damping of the connecting lamella. Thus the

solution can be written in terms of the non-dimensional values of @w(m), D™ (m) and the

constants outside the square root can also be disregarded (since the solution would be linear to
them and that wouldn't change the improvement ratio).thus the equations can be written as
follows:

2 AB™ Y
(2.23) D*™ = > WDDS) (*Constl)  for the CA region
< Bs(¢, +
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While D™ -is the non dimensional total drift; @, = \JZ -is a the non-dimensional circular
frequency of the mode i; and ¢&; is the equivalent damping coefficient of the ith mode notice

that additional 5% are added to (i) that represent a standard value of the additional
intern damping of the structure

The non-dimensional values for the stiffened walls were taken from the (Heidebrecht &
Stafford Smith (1973)

The non-dimensional values for the damped walls were taken from (Dr. O. Lavan on the
seismic response of walled structures equipped with viscous dampers). The structural reactions
using SRSS are obtained in the same way as the drift is

6. Results

The comparison was made for several reduction factors of the max drift: the results are given in
the graphs below. The graphs represent the reductions of the structural response as a
function of the drift reduction for each region of the response spectrum:

For the CA region:
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For the CV domain:
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N

-
-
-

-

o o o
3 % ©
Displacement reduction
o o
® ©
Wall Shear reduction
/.

/

\.\ 0:6 i \

— — 0

|

o
@
o
@

-
o
©
o
o
o
3
o
>
o
@
-
o
©

0.8 0.7 0.6

o
@
-
o
©

0.8 0.7 0.6

Drift reduction Drift reduction Drift reduction

o
&

S 2 o o o B PP e e
o > N ® w© I O
Total moment reduction

Wall Moment CV region Acceleration CV region

[
He
In
BN

16 ‘f— ¢ ¢ 1 g
8 3
S
- e ~___ W
08 E 08 ¢
5 ‘.\.__—_. .%
07 2 07 5
3 3
0.6 g 06 <
05 _ 05
1 0.9 038 07 0.6 05 1 0.9 08 07 0.6 05

Drift reduction
Drift reduction

Solution analysis and conclusions:

It is easy to see that the VCSW is superior to the CSW in all the parameters. there Is a
slight improvement in the displacements and wall moment This is much more emphasized
for buildings with natural periods located at the constant velocity region of the response spectra
(since the increase in the stiffness-unlike the increase in the damping, yields a
significant increase in the natural frequencies and thus in the pseudo acceleration)
Furthermore, when examining the wall shear, acceleration and total overturning
moment, we can see that an increase in the stiffness yields increase in those structural
responses while an increase in the damping leads to a decrease in them. This is highly
important when upgrading existing buildings against earthquakes since the new
stiffened structure may exceed from the designed values. (Example: the overturning
moment may exceed the moment that the foundations were designed for, or a growth in
the total acceleration may affect the sensitive inner systems). A decrease in those
parameters can only be achieved with a VCSW solution.




