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OPTIMUM DESIGN OF REINFORCED CONCRETE SHEAR WALLS 
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ABSTRACT 

The recently published New Zealand Code of Practice for the Design 
of Concrete Structures (NZS 3101:1982) and the newly amended Code 
of Practice for General Structural Design and Design Loadings for 
Buildings (NZS 4203) permit a variety of possible design 
approaches for reinforced concrete shear wall structures. A series 
of wall designs for dimensionally similar four-storey and e i g h t -
storey buildings has been carried out and a comparison of c o n 
struction cost estimates obtained together with an assessment of 
the relative design effort required for the different design 
options. 

INTRODUCTION 

In June 1 980, the "Discussion Group on 
Seismic Design of Reinforced Concrete 
Walls and Diaphragms" of the New Zealand 
National Society for Earthquake Engineer
ing reported the results of its delibera
tions in the Society's quarterly Bulletin. 
The work of this group was subsequently 
reflected in the New Zealand Standard for 
Design of Reinforced Concrete , pub
lished two years later. 

Two broad classes of shear walls are d e 
fined, namely, "ductile shear w a l l s " and 
"shear walls of limited ductility". The 
distinction is made on the basis of over
all height to depth ratio, with walls 
having a value of this ratio of less than 
1.0 being, ̂ classified as walls of limited 
ductility . Ductile shear walls have 
an aspect ratio 1.0 or m o r e , and may have 
the form of cantilevers or of "coupled 
w a l l s " . In the latter c a s e , two or more 
ductile cantilever walls are connected 
by "a number of appropriately reinforced 
ductile coupling beams that are capable 
of dissipating a significant proportion 
of the seismic energy" 

The procedure for design of walls of limi
ted ductility is less complicated particu
larly because explicit capacity design 
for shear is not required. Instead, the 
dependable shear strength ( 0 V. ) must be 
able to resist twice the value of shear 
induced by code-prescribed seismic 
loading together with shear resulting from 
the, .appropriately factored gravity load
ing (clause 14.4.2.1 ) . This procedure 
is used for shear wall systems where the 
overall height to depth ratio ("aspect 
ratio") is small. However, walls of grea
ter aspect ratio may, at the discretion 
of the designer, be designed as walls of 
limited d u c t i l i t y ( y 2 (clause 3.3.6.1 ) with 
increased loadings (Table 5, item 4) . 

The designer may also choose to design 
walls to respond elastically to earthquake 
loading through application of an equiva-
B U L L E T 1 N O F T H E N E W Z E A L A N D N A T I O N A L S O C I E T Y F O R 

lent static seismic load which is two-and-
a-half times as great as for limited d u c 
tility design. Elastically responding 
walls are subject neither to requirements 
for capacity design nor to the need for 
confining reinforcement. 

There are likely to be attractions for 
designers to design walls to a higher 
level of seismic loading and corresponding 
lesser ductility demand. In some low-wall 
situations, shrinkage reinforcement alone 
may provide sufficient strength to ensure 
elastic response. Additional vertical 
reinforcement may enable the reduction, 
or elimination, of expensive confining 
ties. The increased simplicity of design 
approach utilising a reduced ductility 
demand may be sufficient attraction in 
itself. 

In this study, a variety of shear walls 
has been designed for four and eight 
storey buildings. Both ductile walls and 
walls of limited ductility have been d e 
signed , all systems having an overall 
length of 1 0 m e t r e s . The efficiency of 
each solution is provided in terms of 
estimated cost and design e f f o r t . Table 
1 summarises the eight walls. 

DESCRIPTION OF WALLS 

An architectural constraint consisting 
of a 10 metre length was retained for all 
w a l l s . The floor area for each building 
height was chosen such that the full d e 
pendable strength of each wall in the base 
region was mobilised when designed a c c o r 
ding to references (2) and (3) . As a 
result, wall thickness varied at the base 
between wall types but the tributary floor 
area was kept constant for each building 
height. The wall outlines are shown in 
Figure 1. 
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The buildings were assumed to be situated 
in seismic zone A, and the risk factor 
taken as unity. In the third amendment 
to reference (2) , a materials factor of 
0.8 is proposed for reinforced concrete. 
Thus the seismic base shear is 

= C(T) S M R W 

= C(T) 0.8 S W t (1 ) 

where C (T) has dimensions of gravity 
acceleration and is a function of first 
mode period T. of the structure, and W 
is the seismic weight of the building 
(usually dead plus one-third of live load) 

Three types of wall were considered within 
the 10 metre length constraint, namely 

a continuous 10 metre wall 
two 5 metre walls with abutting ends 
a coupled shear wall of overall dimen
sion 10 metres. 

All of the three systems could be made 
outwardly identical through lining and 
thus the same architectural finish r e 
tained for all. 

2 . 0 Z ^ 2 . 0 (2) 

where 1.O^Z = 2.5 - 0.5h /I <2.0 
w w 

h is overall wall height 
w 

& w is overall wall length 

T h u s , for the four storey building an S 
factor of 1 .8 results and 1 .1 for the 
eight storey building. An aspect ratio 
of less than 1 .0 results in a value of 
Z equal or greater than 2.0 and this -im
plies a shear wall of limited ductility 
for which a constant value of S = 2.0 is 
to be used. 

When an earthquake is resisted by a single 
w a l l , a 2 0 . p e r c e n t increase in strength 
is required because of the reduced r e 
dundancy . Hence 

1.2Z<2.0 1 3 } 

and both sides are equal at an aspect 
ratio of 1.67. If only a single 10 metre 
wall resisted earthquake in the case of 
the four storey building, then 

1.2Z = (2.5 - 0.5(4 x 3.5)/10) 

= 2.16>2 

APPLIED SEISMIC LOADS 

Equation 1 states that the level of seis
mic loading to be considered for the rein
forced concrete structures depends not 
only on the building weight but also on 
two other factors, C and S. 

Coefficient C has a constant value of 0.15 
g for buildings in zone A of natural 
period less than 0.45 seconds, and reduces 
linearly to 0.075 g as the period in
creases to 1 .2 seconds. For the struc
tures studied, the natural periods for 
the assumed cracked wall sections were 
determined during the course of computer 
analysis using the ICES STRUDL package. 
Hence seismic loadings could be adjusted 
if necessary and the computer output 
scaled accordingly. 

The other variable, the structural type 
factor S, reflects the amount of ductility 
required of the shear wall during response 
to the design earthquake and the higher 
S, the more nearly elastic or less ductile 
the response. The lowest value for S, 
for frames and some coupled shear w a l l s , 
is 0.8 while an elastically responding 
reinforced concrete structure ,1s required 
to be designed for an S of 5 . 0 . 

Values of the S-factor were determined 
for the different walls studied as follows: 

1) 10 Metre Walls 

According to the Third Amendment to the 
New Zealand Loadings Code, the structural 
type factor - S - for a building contain
ing more than one cantilever shear wall 
in the principal direction being con
sidered depends on the ratio of wall height 
to length, thus 

and the appropriate design approach is 
that of "limited ductility" with an S-
factor of 2.0. 

The designs considered here are for the 
case where more than one 10 metre wall 
gives seismic resistance in each direction 
Both the four storey and eight storey 
example buildings can be designed as duc
tile walls in this situation, with S-
factors as derived above from equation 
2. However, in order to compare design 
approaches, both sets of 1 0 metre walls 
were also designed using the limited duc
tility procedure and an S-f actor of 2.0, 

2) Twin 5 Metre Cantilever Walls 

For both buildings, these walls are d u c 
tile with an S-factor determined from 
equation 2 as 1 .1 for the four storey 
building and 1 .0 for the eight storey 
building. 

3) Coupled Walls 

In determining the geometry of this system 
the main constraint imposed was that the 
overall wall length be 1 0 m e t r e s , The 
size of the opening beneath the coupling 
beam was set at 2.1 metres high by 1 .7 
metres wide so that it could serve as a 
doorway. 

C 7 
The Third Amendment to the Loadings Code' 
prescribes the S-factor for a coupled 
shear wall as follows: 
a) A > 0 . 6 7 , then S = 0.8 

b) A < 0 . 3 3 , then S = 1 .0Z^2 

c ) 0.33^A<0.67, interpolate between (a) 
and ( b ) , 
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where A is the proportion of total overtur
ning moment resisted by all b e a m s , and 
Z is as defined previously. The larger 
A, the more slender the walls for constant 
coupling beam geometry, and the more frame
like the response of the system. A value 
of S of 0.86 was determined for the four 
storey building. A lower S could have 
been achieved by widening the openings. 
However, if the openings were made wide 
enough to achieve S = 0.80, the structure 
would become too flexible and exceed the 
limitations on interst^orey drift imposed 
in the loadings code . In the case of 
the eight storey structure, an S = 0.80 
was obtained with 2.1 x 1.7 metre openings 
while still satisfying drift limitations. 

DETERMINATION OF WALL THICKNESS 

1) Analytical Model 

It was assumed that both buildings con
tained a basement. In such a situation, 
a large seismic shear is reacted at the 
ground floor level through the floor slab 
which acts as a "transfer diaphragm" 
and sheds load to the perimeter retaining 
w a l l s . A shear of reversed direction 
exists in the shear wall between basement 
and ground floor level. The value of this 
force may be very high and it is very sen
sitive to the model - in particular, to 
whether the ground floor diaphragm has 
finite or infinite stiffness and to whether 
the base is fully fixed against, x p t a t i o n , 
pinned, or modelled on springs . F u r 
ther, particularly when the wall is longer 
than the interstorey h e i g h t , it is impor
tant to explicitly model the shear stiff
ness as well as flexural stiffness rather 
than treat the wall total stiffness as 
that of an equivalent flexure-only canti
lever . The difference is shown for one 
example in Figure 5. 

2) Stability of Wall Edge 

For walls designed to the "ductile" r e 
quirements, the thickness of that part 
of the compression zone within the end 
region where reinforcement is yielding 
may not exceed one-tenth of the distance 
between effective lateral supports (usually 
the storey height) (clause 10.5.2.1 ) . 
This applies only when the length of yield
ing zone exceeds twice the wall thickness. 
On the other hand, the general (non-
seismic) limitation in width (1/25 of 
unsupported distance) applies to walls 
designed, ̂  .using the limited ductility 
approach (clause 14.3.1 and clause 
1 0 . 3 . 2 . 1 ) . 

In this study, the thicknesses within end 
regions were generally determined by the 
upper limit on v., the total shear stress, 
except for the "tour storey twin 5 metre 
w a l l s . The stability requirement will 
often be met in practice by adjoining 
walls or may be achieved by a local thick
ening at free edges of w a l l s . 

3) End Region 

The "end region" of a shear wall is the 

region in which plastic hinges may be ex
pected to form under severe seismic load
ing . For both ductile walls and walls 
of limited ductility, the end region is 
generally of height equal to the length 
of the wall or one-sixth of /its total 
height, whichever is the greater (clause 
10.5.5.3 and 1 4 . 5 . 2 ) . This distance is 
to be measured up from the point of m a x i 
mum m o m e n t , and t h u s , for the walls con
sidered in this study, from the level of 
the ground floor * 

The end region for the 10 metre w a l l s , 
from the above criteria , extended to just 
under three storey heights above ground. 

Even though there is a b a s e m e n t , the "end 
region" is correctly measured upwards from 
the level~pf the ground floor for the p r e 
scribed d i stance. This is the level 
where maximum curvature occurs in a canti
lever shear wall and hence where the poten
tial for initiation of a plastic hinge 
exists. However, the plastic hinge may 
also spread downwards from the ground 
floor and for this reason as well as the 
need to maintain the same degree of p r o 
tection against shear failure as exists 
immediately above the ground f l o o r , a m a g 
nified value of applied shear should be 
used for design of wall between ground 
floor and foundation level. 

4) Limit on Total Shear Stress 

It is important for the designer to a p p r e 
ciate the effect of shear strength/shear 
stress requirements at the stage of p r e 
liminary sizing of wa11s. In order to 
minimise the likelihood of shear failure, 
the seismic code loading must be magnified 
by a minimum factor 2 in the case of walls 
of limited ductility. The degree of m a g 
nification is not spelled out for ductile 
w a l l s , nevertheless "appropriately m o d i 
fied capacity design procedures shall be 
used to ensure that the ideal shear 
strength of walls is in excess of the 
shear force^.when flexural overstrength 
is reached" (clause 3 . 5 . 7 . 3 ) . A m u l t i 
plier , w0 , is recommended (refer (3) 
clause 3.%.7.3) for ductile w a l l s , which 
has a minimum value of about 2.1. On the 
other hand, while (for 30 MPa concrete) 
the total shear stress can approach 6.0 
MPa at any section of walls of limited 
ductility (refer (3) clause 7 . 3 . 1 4 . 3 ) , 
maximum total shear stress permitted in 
the end region of ductile walls is a func
tion of structural type factor (S) t h u s : 

V i = (O.30 QS + 0 . 1 6 ) / F " (4) 

(refer. ( 3 ) , clause 7.5.5.2) 

where 0 O the overstrength factor, can only 
be finally calculated once detailing of 
flexural steel is completed (a value of 
1.4 is a reasonable initial a s s u m p t i o n ) , 
and f is the specified compressive strength 
of the concrete. 

The capacity reduction factor 0 may be 
taken equal to unity when designing a sec
tion for shear forces obtained from the 
overstrength of adj acent members or sec
tions . However, when the limited d u c t i 
lity design procedure is followed, the 


