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SEISMIC DESIGN OF 

PUBLIC BUILDINGS 
R. B. Shephard* and O. A. Glogaut 

Synopsis 

This paper is in two sections• 

The senior author discusses in the first section the reasons for 
some of the revised provisions in the current Ministry of Works, 
Structural Design Office, Code of Practice for the design of buildings, 
while the junior author deals in the second part with the application of 
these provisions to a reinforced concrete shear core building. He presents 
methods of designing and detailing a core for ductility and the effect of 
incremental damage to the spandrels in a coupled shear wall are examined. 

SECTION A 

Some notes on the Revised Ministry of Works Code of Practice for 
The Design of Public Buildings. 

1.0 introduction 
Code making in N.Z. is largely a voluntary effort from people with 

full time jobs. Not surprisingly it takes a long time to produce a code. 
A recent example is the proposed revision of N.Z.S.S. 1900 Chapter 9.3, 
Concrete which is essentially an adaptation of the 1963 ACI code for use 
in a seismic area. It is not yet available. It is not the purpose of 
this paper to discuss code making nor does the author wish to be unduly 
critical; the above example is merely cited as one reason why it is 
necessary for a progressive organisation like the M.O.W. to supplement 
the current N.Z. Model Building Bylaws by a code of practice of their own 
that allows its designers to avail themselves of the most up to date 
information and methods. 

The Ministry of Works, Structural Design Office, Code of Practice 
for the design of Public Buildings, has as its principal objective aseismic 
design. The relevant N. Z. Model Building Bylaw is mainly concerned with 
the prevention of panic amongst, or injury and loss of life to, persons 
in and around buildings during earthquakes. It sets only minimum standards. 
The M.O.W. must in addition protect the interests of the N.Z. Government 
as the owner of Public Buildings, the provider of subsidies and loans for 
many building projects, and the Insurer of all buildings against earth­
quake damage. From this aspect the following two additional objectives 
are derived: 

(a) To prevent material damage to buildings and to stop 
buildings from inflicting damage to adjacent buildings 
during moderate earthquakes. 

(b) To assure ease of restoration, strengthening or 
replacement if damage occurs. 

*Senior Engineer 
+Chief Structural Engineer, Ministry of Works, Wellington 
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The code gives the minimum requirements to achieve these objectives 
while taking into consideration the function, appearance, cost and ease 
of erection of buildings. 

In 1968 our code of practice was extensively revised. The more 
significant variations from our 1966 edition are discussed in the 
following. 
2.0 General Provisions 

2.1 Slender Horizontal Diaphragms in Shear Wall Buildings 

In buildings of this type a dual approach is recommended. 

(a) A distribution of the total lateral force in accordance 
with relative stiffnesses considering interaction of 
frames and shear walls. It is frequently found that 
this approach taxes columns of the upper stories most 
heavily due to stresses induced by shear wall deformation. 

(b) A minimum lateral force to be applied to the frames 
considering the shear walls to be ineffective. This 
approach makes the greatest demand on the lower storey 
columns. 

The combined effect of approach (a) and (b) has sometimes resulted 
in a uniform column detail over its full height - very convenient from a 
construction point of view. 
2.2. Concrete Quality 

The recommended nominal 28 day concrete strength for all buildings 
of over 65 ft in height is 4,000 p.s.i. The aim is to achieve a more 
workable concrete for the congested regions of confined members in ductile 
moment resisting frames and shear walls, to reduce inter-storey deflections, 
and to resist greater compression, bond and shear stresses under high 
seismic loads. 

2.3 Height Limits 

Height limits have been raised or entirely removed, 

Fbr buildings where an accepted elastoplastic analysis has been 
carried out using earthquake spectra appropriate for the site there is 
no height limit. 

For shear wall buildings detailed for ductility and buildings with 
ductile moment resisting frames but which are not analysed as described 
above, the height limit is from 220 ft to 280 ft depending on the seismic 
zone. 

Buildings not detailed for ductility are limited to one storey with 
light roof. For buildings from two to four storeys there are provisions 
for detailing to what is termed 1 limited ductility 1. These are discussed 
later. 

Reinforced Masonry Buildings can now be constructed up to five 
stories high in zone C provided certain conditions with regard to detail-
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ing, construction methods and supervision are met, and where the grouted 
masonry stresses are low. 

2A Design Methods and Energy Dissipation 

The Ultimate S'trengtn Design method Is recommended for all material 
but should be supplemented by the Working Strength method to check ser-^Lie 
lead adeg^ac^. 

The 'ilzjL?.3te Strength Design met^cd prcvI5ea fzr tie same load 
factor iZ'ZiTiis as reccrc-enoeS currently for rainfor:ed rjos^ie^e t^t 
with an r:5iticr:I fa.ccor, designated "energy 6i?s:-^cLion factor" , 
introdu^ J rioclify tf:~ seismic lo<?df e.c<» 

U - 1 : • „-l . 2:1 1 -j. 
U - V -1 . 1 V 

- \. - : c 1 ~ r - ~ " 1 ~ 1 1: - f e L_ a I:-l I = I r r ' - L c f , 1 ~ ; -

~-" \ i *-'-^- i-iKleis z . - ~ c.cf = i-6C • > r - - : c . i . t-x-i-. ^ ^ 
eg:_t^ »f~^J c : l:-—r. f ; » " e ; £ c i i v.er j i e ^ i ; . : i i - l 

- : ; . c i > . : - : ii ~ . - n - r : - * n e _ : <7ill * j . t = c i o^er-il f - c t m / ' :r-~l~.- j l 
j - s c r r for ch- laicinc. f^e sac^asieo energy iis^Iiscicr i 5 " f . : r f:>_ 
^inferrse " ̂ ric^^z- i- ore and foi structural ^teel ^Sf- lex ccf^r u ~~ 
erii.ls sucit as ^restressed concrete and reinforced masonry, energy ai:-: 
pacion fsrtcrs -ill bs recCiLur.er.de 1 *7hsn more factual information is 
available. 

Material or member under capacity factors are also aiven. For 
reinforced concrete these are Identical to these gi ven in the orafv Mew 
Zealand Code, For shop jointed structural steel the under capacity 
factors are arranged to give the same factor of safety when using ultimate 
leads and plastic section moduli as when using working stress design under 
seismic loads. This factor Is a maximum of 0.9 and varies downwards with 
fabrication method etc. 

3.0 Ductility Provisions for Reinforced Concrete 

These are generally the same as those in the draft of the commentary 
on the New Zealand Code (i.e. the S.E.A.O.C. recommendations for lateral 
forces 1968) but a less pessimistic view if taken of shear core ductility. 
Figure 1 compares the potential performance of a shear core with that of 
a rectangular shear wall. It is seen that for a given maximum concrete 
strain, much greater inelastic strains in the reinforcement of shear 
cores can be achieved. The conditions at the sides of large openings 
are, however, much less favourable and confinement of the concrete in 
these areas may be required or ribs added (dotted lines in Fig. 1). 

The most convenient manner in which concrete can be confined in 
these positions seems to be by means of lapped stirrups across the shear 
wall tying the considerable quantities of vertical and horizontal rein­
forcement which are already present to resist flexural and shear forces. 

http://recCiLur.er.de
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It is thought that the cross links need provide no more than half 
(and probably less) the resistance of the confining steel required at the 
faces of a section. The reason is that they are not subjected to bending, 
but only to tensile stresses owing to the balance of concrete pressures 
perpendicular to their axis. It is important to remember however, that 
each cross link carries the load component produced by two adjacent 
compressed columns of concrete. (Figure 2). 

Excepting in the lower regions of high shear walls the thickness of 
the wall is inadequate to allow the cross stirrups to be spliced to normal 
code lap lengths but the presence of high pressures exerted perpendicular 
to the splice should make shorter splice lengths effective. It is hoped 
that tests will be carried out to confirm the above assumptions. 

3.1 Limited Ductility Requirements for Low Concrete Buildings 

The M.O.W. code, as mentioned earlier, makes provision for ductile 
detailing of all buildings of height greater than one storey with light 
roof. While this seems to be a reaonsable requirement it must be recog­
nised that the ductility demand on low buildings will in general be less 
than that on high buildings. In a multi-storey building it is not practi­
cal to achieve simultaneous energy dissipation by all the joints of all 
stories. Additional demands are thus made on those joints that dissipate 
energy and hence requiring local ductility factors that are significantly 
higher than that for the building as a whole. If, for example, in a 20 
storey building, five stories are effective at a given instance, the 
required ratio of local ductility factor to overall ductility factor for 
the building will be much greater than for a two storey building in which 
one storey is ineffective. Another reason for a lower ductility demand 
in many small buildings is that member sizes are often governed by non 
structural considerations and are stronger than required, hence there is 
a built in reserve. To cope with this type of structure, limited ducti­
lity requirements for buildings from two to four stories (depending on 
seismic zone and type of occupancy) have been developed*. Briefly the 
provisions allow the columns, if carrying light axial loads and shears, 
to be stirruped as for beams (excepting the bottom end of the lowest 
storey which must be fully confined). Special joint reinforcement is not 
required provided the beam and column depth ratio does not exceed 1 1/3 
(a reasonable and practical ratio) and provided the beam reinforcement 
is anchored in the column in a manner that will allow the transfer of the 
concentrated beam reinforcement force by a rational compression mechanism. 
An acceptable means of anchoring this in an exterior column is by: 

(a) Giving the beam reinforcement full anchorage length 
beyond the 90° downward bend near the far column face 
or alternatively 

(b) Forming the beam top and bottom rods into a U continuous 
through the column and extending to the region of the 
far face. 

It is considered necessary, even for these low buildings, to develop 
ductility in the beams and not the columns. It can be shown that for a 
member joint ductility factor as low as 2, (expressed in terms of member 

*The reasoning is described in Bulletin Vol.2. No.3 September 1969 
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deflection) strain ratios 0 u / 0 * of 5 are required. For ductility factors 
of 4 the strain ratio goes up to 13. It can be further shown that a 
symetrically reinforced unconfined section, (f = 4 0 ksi, = 3 ksi, 2 
to 5% reinforcement and a useful limit of concrete strain of 0.004) sub­
jected to an average axial stress of as little as 0.12 f£, cannot develop 
strain ratios greater than 6 to 7. Even when a column carries no signi­
ficant axial stress, strain ratios greater than about 9 cannot be obtained. 
Since the local ductility factor must be greater than the required overall 
building ductility factor, the danger of a column yielding mechanism even 
in a low building is obvious. 

3.2 Shear Stresses in Shear Walls 

Figure 3 shows the effect of the new S.E.A.O.C. provisions. These 
shear limitations have been proposed by the P.C.A. and are based on the 
behaviour of deep beams. For short deep beams (H/D = 1 or less) the 
shear capacity is based solely on the shear capacity of concrete. For 
longer beams (H/D greater than 2.7) the formula for shear capacity becomes 
essentially the same as that prescribed by A.C.I. 318-63. For intermediate 
span-depth ratios straight line interpolations are specified. 

H is defined as the total height to which a shear wall extends in 
the structure, and D is the width of the wall. If large holes are present 
the engineer should select the appropriate H/D factor to describe the 
action of the wall or elements involved. The decision would be based on 
whether or not deep beam action is involved. 

For a wall with openings such that the piers and/or spandrels 
between are long flexural members, the shear capacity of these members 
would be determined on this basis, even though H/D of the overall wall 
may be less than 1. If the wall has a large percentage of openings and 
the piers and/or spandrels have H/D less than 2.7, the shear capacity 
would be based on this criteria, even though H/D of the overall wall may 
be greater than 2.7. This does not imply that a small opening in a tall 
slender wall will cause the resulting piers on either side of the opening 
to be considered short, deep beams. The important consideration would be 
whether or not the openings materially alter the flexural and shear stress 
distributions in the wall. Similar considerations will be required in 
other cases. If the critical level is near the top of a wall, the appro­
priate value of height to use in the equations would be from that level 
to the top of the wall, rather than the overall height of the wall. 

Because of the rapid deterioration of the concrete in short spandrels 
when subjected to high reversing loads, we tend to assume that the concrete 
takes no shear in these locations. 

In cases where the proportions of spandrels of shear walls do not 
comply with the minimum width to height ratio of 0.4 recommended by the 
S.E.A.O.C for ductile moment resisting frames, we confine the concrete 
by means of cross ties between flexural or shear reinforcement. 

4.0 Structural Steel 

Structural steel is used to a limited extent in multistorey buildings 
by the M.O.W. since it is an imported material. The 1968 S.E.A.O.C. 
provision for Steel Ductile 'Moment-Resisting Space Frames are recommended. 

*For symbols refer to "Design of Multistorey Buildings" 
Blume, Newmark and Corning. 
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5.0 Reinforced Masonry (R.M.) 

5.1 Height Limits 

These have been raised compared with our previous Code of Practice. 
But in view of the fact that, compared with reinforced concrete, rein­
forced masonry is far more difficult to reinforce in a manner that may 
achieve ductile behaviour, in that it is less homogenous, and more 
difficult to construct and supervise, it is considered reasonable to 
retain height limits. Depending on seismic zone R.M. buildings up to 
five stories high are allowed plus an additional two bottom stories in 
reinforced concrete. 
5.2 Stresses 

In recognition of the poor earthquake performance of shear walls 
not reinforced for ductility (ductile detailing is hardly practical in 
reinforced masonry) added precautions are taken for buildings over three 
to four stories. These include increased earthquake loading, together 
with relatively low allowable stresses for shear, bond, and flexural 
compression at the boundaries of openings and flanges of shear walls. 
For deep members the allowable shear stresses are further reduced. Some 
protection against non-ductile failure is thus achieved. This provision 
is in the spirit of the S.E.A.O.C. requirements for R.C. shear walls. 

5.3 Spandrels 

The statements of the previous paragraph apply even more to spandrels 
in coupled shear walls. Tests carried out by Dr. T. Paulay at the Univer­
sity of Canterbury indicate that spandrels deteriorate rapidly under 
reversing loads. Since it is not practical to use closed stirrups in 
R.M. spandrels it is advisable to avoid spandrels wherever possible. 
Cantilevered walls linked by slabs only may be expected to perform better* 

5.4 Lack of Data 

If there are large gaps in our knowledge of R.C. shear wall behaviour 
this is even more true of R.M. What is the useful limiting strain of the 
material? The frequently weak bond between the shells of the units and 
the grout is a matter of concern. 

For the above given reasons designers may well consider the use of 
R.C. as the flange material in R.M. shear walls of higher buildings. This 
will allow better reinforcement detailing in the regions subjected to high 
compressive strains. 

5.5 Construction and Testing 

Difficulties in construction and supervision have been mentioned 
earlier and we are concentrating our efforts towards improvements in this 
field. To this end two new types of concrete masonry units to Ministry 
of Works specification have been introduced in this country by the industry 
(figures 4 and 5). Core tests are taken on all important jobs. 
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5.6 Reinforceable Brick 

The almost complete prohibition of unreinfcreed masonry for Govern­
ment financed buildings has encouraged the brick industry to develop 
extruded hollow units that are reinforceable in a manner similar to hollow 
concrete units. (figure 5) 
6.0 Veneers 

Conventional unreinforced masonry veneers have had a poor seismic 
performance record. Height limits are retained for conventional veneers 
containing a cavity between the structural wall and the veneer or where 
veneers are attached to timber frames. The Ministry requires.close tie 
spacings and stiff, well anchored ties. Figure 6 shows an improved veneer 
tie. By turning the ends of the ties up rather than down, as is current 
practice, good anchorage in the grout of the veneer and structural wall 
is easier to obtain. - This is particularly so where construction of the 
shell of a structural reinforced hollow masonry wall precedes that of the 
veneer and ties are in position when the veneer is laid. 

If veneers are to be used in seismic zones A and B in buildings 
exceeding one storey, or two stories in Zone C, additional precautions 
are required such as vertically reinforcing the veneer with galvanised 
bars in addition to tying it. Alternatively the air space is to be 
eliminated and the details given in Figure 7 used. Veneers of this type 
can only move away from the structural wall and are restrained from doing 
so as shown. It should always be a consideration in the case of a veneer 
that seismic damage to the structural backing wall should not result in 
the loss of the veneer from its face. That can only be prevented by the 
use of close ties and reinforcement. 

7.0 Design Trends 

At present we are endeavouring to obtain more realistic aseismic 
designs by collaborating with the University of Canterbury in fostering 
the use of elastoplastic analyses. 

With regard to three dimensional coupled shear walls we are working 
with Ministry of Works, Central Laboratory, in checking computer results 
by means of model tests. Figure 8 shows a 1 : 30 model cast in epoxy 
resins. The sides of openings are protected by substantial vertical ribs 
running the full height of the shear core. The presence of these ribs 
also allows widening of the spandrels over the openings thus improving 
their depth tb width ratio and increasing the available shear resisting 
cross section. 
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Section B 

Design of a Multistorey Reinforced Concrete Shear Core Building to 
Resist Seismic Loadings. 

1. Introduction 

Reinforced concrete seismic design is extended to cover the theory, 
and more particularly the practical details, for the design of reinforced 
concrete shear core structures. The design of the 13 storey Rutherford 
House is used as basis of these notes to illustrate the process in general 
terms. 

2. Building Description 

Rutherford House is to be located on the block formed by Lambton 
Quay, Bunny and Featherston Streets, Wellington. It has been designed for 
the Head Office of the New Zealand Electricity Department, but includes 
office space for the Wellington City Council Transport Department as well 
as associated car parking areas and shops. 

The building consists of a basement, ground floor, mezzanine floor 
at first floor level, 12 main floors of approximately 9,000 sq.ft. gross 
area, plus a penthouse housing services equipment. Construction is to be 
of reinforced concrete throughout with the exception of the penthouse, 
which is structural steel framed. The structural framework and shear 
core are symmetrical in plan about both the longitudinal and transverse 
axis as shown in Fig. Bl. Foundations consist of tied footings and strip 
foundations bearing on preconsolidated silts and gravels in a clay matrix. 

3. General Considerations 

The building is designed to comply with the current New Zealand 
loading code, N.Z.S.S. 1900; Chapter 8, Basic Design Loads, and P.W. 
81/10/1, Design of Public Buildings. The loadings were checked in the 
later stages of design by a method of dynamic analysis and were confirmed 
as being satisfactory. 

Inspection of the relative lateral stiffnesses of the shear core and 
perimeter frames shows that the core resists almost all the applied lateral 
loads. (Later analysis shows that the core resists 90% of the applied 
loads at the top of the structure and 99% at the lower levels). However, 
the structure is analysed as a whole to determine the forces induced in 
the frame by shear core deformation. 

The shear core is assumed fully fixed at ground floor level since 
the main resisting elements are about 30 times stiffer below this level. 
Rotations of the foundation structure under seismic loadings are neglected 
since no major relative displacements can occur between elements of the 
main structure. 

4. Idealisation of the Structure 

Since torsional effects are not significant only half the structure 
is considered for each of the longitudinal and transverse seismic analysis. 
For analysis in the longitudinal direction the idealised structure consists 
of a 1 frame' of 4 bays, made up of columns and spandrel beams, and a 'wall 1 
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of 5 bays made up of columns, floor slabs, shear core piers and beams. 
Transverse analysis consists of a similar 1 frame 1 section plus a broken 
channel section 'wall'. See Fig. B2. The whole of the shear core 
vertical elements are considered effective. 

Elastic section properties of gross concrete sections are used 
throughout. Any reductions in stiffness resulting from cracked sections 
is assumed to occur in all members thus keeping relative stiffness values 
constant. Special investigation is made, however, of the reduced stiff­
ness of the shear core coupling beams with respect to the other elements 
since they are subject to relatively high forces and large deformations. 

A certain amount of in-joint flexibility is considered by taking 
members a distance equal to the member depth/4 past the face of the 
connecting members. See Fig. B3. Where the effective members do not 
meet the joint, allowance is made for a rigid zone. The effect of a 
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rigid zone on the rotation at the end of a member is shown in Fig. B4. 
This allowance is made for. columns in the 1 frame * sections-and for beams 
in the shear core sections. See Fig. B3. 

BEAM LENGTH L 

If 

EFFECT OF ClGiD Z O N E S 
O N B E A M D E F O R M A T I O N S 

Fig. B4 

The effect of shear distortions is allowed for in assessing the 
stiffness of deep members. For beams the stiffness and carry-over 
factors are adjusted according to the following expressions:-

Member Stiffness Factor = 4 for slender prismatic members 

Member Carry-over Factor = 

Where B 

(j[ + 2B^ f o r d e e P members 

= ( 

0.5 for slender prismatic members 

1 - B, 
2 + B 

6EI 
L 2SG 

) for deep members 

= shear flexibility factor. 

Only symmetrical beams can be fully catered for in the present form 
of computer programme. Shear distortions are automatically allowed for 
in columns provided shear area data is given. Haunched columns at ground 
floor level, and variations in effective beam lengths up the shear core 
are considered using approximations and equivalent member properties. 

5. Computer Analysis 

Analyses were initially carried out using a computer programme 
originating from the University of California, and the facilities of the 
Commonwealth Scientific and Industrial Research Organisation Computing 
Bureau at Canberra through the courtesy of the Commonwealth Department 
of Works, Australia. 

The Ministry of Works now posses this ability, and subsequent 
analyses, making allowances for amendments and investigating various 
effects, were carried out in Wellington, as were the dynamic analyses 
to confirm code loadings. 
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A description, including basic assumptions, limitations and data 
required, of the computer programme used is included as Appendix A to 
these notes. The method of analysis is fully covered in the reference 
given with this description. 

6. Special Investigations 

The loadings specified in N.Z.S.S. 1900; Chapter 8 were checked 
using a form of dynamic analysis approach. This method has been widely 
published by R. Shepherd, University of Canterbury, and involves the 
determination of the structure lateral stiffness matrix; periods, 
modal shapes; equivalent Ig modal responses; appropriate earthquake 
response factors; back substitution of the equivalent deformed shapes 
through the stiffness matrix to determine the individual member forces; 
estimation of an envelope of effects by the root/sum/square method. The 
computer programme used for static load analysis is modified, to carry 
out these operations using basically the same data. 

x? zooa 5 0 0 0 -4000 s< 
5 M E A £ O N Vfe. BUILDING ( I C I P ^ 

TRANSVERSE. 

TO CODE CO&Ff* 

C O D E LOAOWG SWfeA®'-
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in Fig. B5 by a comparison 
of the applied shear force. 
It is interesting to note 
that factors of 2.03 in the 
longitudinal direction and 
and 1.85 in the transverse 
direction are required to 
reduce the dynamic analysis 
base shear to that required 
by the code. This is sub­
stantially lower than the 
value of 4 given in the com­
mentary to N.Z.S.S. 1900, 
Chapter 8. Furthermore the 
reduction factor requirement 
of individual elements of the 
shear core are of about the 
same order, with a maximum 
of 3 upper storey beams. 

Fig. B5. 
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The loadings given in N.Z.S.S. have been confirmed as being satis­
factory , excepting that a slightly heavier load should be applied at the 
top level for analysis in the longitudinal direction. No reduction to 
code loading was used in the design. 

Incremental failure was investigated by means of reducing the 
relative stiffness values of various members and re-analysing the structure. 
The critical members of the shear core are the coupling beams, and 
successive analyses were carried out progressively reducing their moment 
of intertia values down to that corresponding to the cracked transformed 
section at ultimate load for all beams. Allowance was made for a reduced 
seismic loading corresponding to the period of the more flexible structure 
in accordance with the values given in N.Z.S.S. 1900; Chapter 8. Taking 
the reduced loading into account, the envelope of effects of the reduced 
shear core beam stiffnesses are shown in the graphs of Fig. B6. 
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Fig. B6 
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The effect of reduced stiffness in the shear core coupling beams was 
also investigated through an elastic dynamic analysis, the results of 
which are shown in fig. B7 and B8. 

7. Design of Reinforced Concrete Shear Wall Segments 

Design is based on ultimate strength methods in accordance with 
A.C.I. 318-63 and P.W. 81/10/1 code of practice for the Design of Public 
Buildings. Only the detailed design of shear core segments subjected to 
bending and axial load is presented. 

Determination of the state of stress in a cracked reinforced con­
crete section subject to axial load and bending is impractical under 
ultimate strength design methods since a particular combination of 
ultimate loading may not be possible for that section. An alternative 
approach is to fix one of the loading criteria, determine the position 
of neutral axis to satisfy that condition, and hence find the correspond­
ing load effect. This involves a solution of equations, which are 
quadratic when tension governs and cubic for compression governing, and 
is usually carried out to sufficient accuracy by trial and error methods. 

A more efficient approach is to determine a reinforcement arrange­
ment, select successive positions of the neutral axis, determine the 
corresponding values of axial load and moment capacity for each position, 
and plot the interaction curve. This may be carried out for a range of 
reinforcement patterns to give a set of interaction curves as shown in 
Fig. B9. In many cases only a part of the interaction curves for any 
one section are required and are obtained by determining 3 or 4 points. 

Fig.B7. Fig.B9. 
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An example of the computation to obtain inter-action values for a 
section subjected to axial load and bending moment is given in Appendix B. 
Under practical conditions the accuracy given would not be required, and 
with practice approximations can be made which give satisfactory results. 

Shear core segments are designed and reinforced on the basis of tied 
columns. The undercapacity factor of 0.7 is used where extensive compres­
sion areas are involved and where a local compression failure materially 
effects the overall capacity of the section. See Fig. BIO (a)• Where 
only part of a segment is under compression, and the compression area can 
spread to adjacent parts without effecting the overall resistance of the 
element in event of a local failure, the use of an undercapacity value of 
0.90 can be justified. See Fig. BIO (b). 

Applications of ultimate strength design methods to large members 
subject to small compressive (or tensile) axial loads assumes reinforcement 
capable of withstanding strains many times that at yield. Practical cases 
to date have required strains well within the minimum elongation specified 
for reinforcement. The effect of limiting steel strain, to say 15 times 
yield strain, has been examined and has shown sections to be capable of 
carrying the required loads under these conditions. The possibility of 
large strains emphasises the necessity of a ductile reinforcing steel and 
the attention that should be made to reinforcing details. 

$ - 0 - 9 0 

AJ2.EA OP CDMCa£T£ UKJDEffi COMPRESSION! 

OESlGKi OF S-EINFOOCED COWCfcETE. 

O F U N O t a - C A P A C I T Y V A L U E 6 

Fig. BIO. 
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GRAPHICAL REPRESENTATION OF THE ULTIMATE 
LOAD CONDITIONS OP A SHEAR, W A L L SECTION 
S U B J E C T TO REVERSING SEISMIC LOADINGS 

Fig. Bll 

PLOT OF CRITICAL LOAD CONDiTIOMS O N 
INTERACTION C U E V E O F A P A R T l O D L A R 
S E C T I O N WITH D R Y I N G ReiHFOQC&M&NIT 

Fig.B.12 

Experience to date has shown that shear cores fall into a range of 
loading such that the moment capacity increases with an increase in axial 
load. The critical load condition is shown diagrammatically in Fig. Bll 
where the states of load in a section at points in a possible loading 
cycle are given. Without seismic loading the ultimate load conditions 
are shown as 0.9 (DL + Le) or 1.25 (DL + Le). The seismic loading causes 
bending in the section while increasing or decreasing the axial load 
resulting in the ultimate load conditions 1.25 (DL + Le + EQ) or 0.9 
(DL + Le) + 1.25EQ as shown. 

Fig. B12 illustrates a plot of critical load conditions against a 
set of interaction curves. From this the designer can determine the 
reinforcement required at various locations. 

Our method of design of a shear core element for shear forces is 
illustrated in Fig. B13. Under reversing loading, where the member is 
going into the yield range, shear displacement may cause interface 
grinding of the concrete and destroy the interlocking effect. Hence, 
at any potential crack in a section, there must be sufficient reinforce­
ment crossing it to resist the applied shear. Assessment of the potential 
crack is subject to many variables including the axial load, position of 
construction joints, floor slabs, etc., and is normally taken as being at 
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45 degrees originating at the centre of concrete compression. For stirrup 
reinforcement this is the equivalent of using the equation (in A.C.I. 
318r63 notation). 

d - £ 
Vult = ^ 0 f y (—g-^) 

a 
For members of normal proportions (d - ^) = d which results in the 
A.C.I, equation. 

To ensure that elements of a shear core act in a ductile manner, 
members should be designed and detailed so that they yield in flexure 
to ultimate before failure in shear or compression. Thus the shear 
resistance of any member should be greater than the moment capacity. 
To achieve this, design shear forces are based on the moment capacities 
of a member rather than the forces resulting from code loadings. In the 
case of the coupling beams of a shear core the design shear would be 
determined from the expression 

Mu (Left) + Mu (Right) v u l t = _ 

where Mu is the ultimate capacity. In the case of pier or column 
elements the ultimate moment capacity is determined from the projection 
of the force situation on the interaction curve. Fig. B14. In general 
it is considered sufficient to shear reinforce against only the critical 
flexural failure. 

The rate of cut-off flexural 'reinforcement is also determined from 
consideration of a potential crack formation, as shown in Fig. B13. By 
taking moments of the free body about the centre of concrete compression, 
including the applied bending moment, axial and shear forces, as well as 
the resistance of the shear reinforcement, the flexural reinforcement 
crossing the crack to obtain equilibrium* conditions can be calculated. 
Again for members of normal proportions, these considerations result in 
provisions similar to those required by A.C.I. 318, or more specifically, 
those of N.Z.S.S. 1900; D8815. 

8. Reinforcement Details 

Reinforcement details often determine the thickness requirements of 
the elements of reinforced concrete shear-walls. In the particular case 
of coupled shear walls, shear stresses in the coupling beams usually 
govern the minimum thickness and reinforcement at the critical levels and 
often establishes a reinforcement pattern throughout. In reinforcing 
coupling beams highly stressed in shear,, stirrups should enclose the 
flexural bars. Pier or column elements are designed on the basis of 
tied columns and main reinforcement must be tied against buckling and 
concrete confined in some areas. To assist in achieving this the 
vertical flexural reinforcement is enclosed by a horizontal shear rein­
forcement. At the junction of coupling beams and column sections, 
congestion can be avoided by using the beam flexural reinforcing and 
the column shear reinforcement in the same plane. Hence the pattern of 
reinforcement is set; cover to beam shear reinforcement; beam flexural 
reinforcement inside the shear reinforcement, column shear reinforcement 
in the same plane as beam flexural reinforcement, and column flexural 
reinforcement inside column shear reinforcement. 
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Construction Contractors generally have preference for reinforcing 
details and the Ministry of Works are often prepared to accept alternatives 
which are proven to be satisfactory. However, a great deal of attention 
is given to details in order to obtain ease of construction and satis­
factory performance. 

Butt welded splices of flexural reinforcement in shear cores are 
favoured for heavy bars to avoid the congestion and stress raising effects 
of lapped splices as well as obtaining a better performance for large 
strains. The option is given for intermediate bar sizes to be welded or 
lapped. Investigation and tests ate being carried out on a method of 
pressure-gas welding of bars. (See Bulletin Vol.2. No.3 - Ed.) 

For ease of construction, placing, and tolerance, shear reinforce­
ment stirrups in the column segments are detailed in the form of a U 
(shop formed) which is then closed by field welding the legs through a 
steel plate. This provides anchorage and assists in confinement of con­
crete. Welded closed stirrups are used in the beam segments. 

In detailing to comply with the tied column basic design basis, 
ties are provided across the wall linking the outer layers of shear 
reinforcement. These links are provided at 18 inch centres along each 
bar and are staggered on alternate bars. For shear reinforcement at 9 
inch spacing this is equivalent to a tie per 1 1/8 sq. feet of wall space. 
Use is made of the shear reinforcement to prevent buckling of the flexural 
reinforcement between ties. 

Similar ties or links between the shear reinforcement are used in 
regions where confinement of concrete is required. Both horizontal and 
vertical reinforcement may be considered effective in confining concrete. 

Typical reinforcement details used for Rutherford House are shown 
in Fig. B15. 
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Appendix A 
Computer Programme - Calfram 

Static Load Analysis of Rectangular Frame Structures 

Purpose 
To determine the member forces (and deformed shape) in multistorey 

buildings made up of rectangular frames subject to vertical girder loads 
and/or lateral storey loads. The building frequency may also be determined. 
Method 

Reference should be made to 1 Structural Analysis of Multistorey 
Buildings 1, Ray W. Clough, Ian P. King and Edward L. Wilson, Journal of 
the Structural Division, Proceedings of the American Society of Civil 
Engineers, June, 1964. 

Assumptions and Limitations 

Restrictions - The programme is restricted to structures having not 
more than 25 stories. Each frame must not have more than 20 column lines. 
There is no limit on the total number of frames in the structure. No more 
than three load conditions may be considered in one programme run. 

Regular Rectangular Building Frame - The programme is only suitable 
for buildings laid out in a rectangular pattern in elevation or plan. 
Storey heights may vary arbitrarily, as may bay widths in each direction, 
but it is assumed that the complete structure is made up of sets of 
parallel frames acting together. Columns are assumed to extend contin­
uously from base to top and girders from side to side. All members are 
assumed to be connected rigidly at the joints. 

Minor variations in regularity resulting from omission of members 
at arbitrary locations may be accommodated by the device of assuming 
zero (or relatively very small) stiffness properties for the omitted 
members. (Similarly irregular structures may be built up to a rectan­
gular pattern with this device). The programme treats omitted columns 
exactly, but only approximates the omitted girders because axial deform­
ations along girder lines are not permitted. 

Rigid floor Diaphragms - the floor diaphragms are assumed rigid 
in their own plane (but have no stiffness normal to this plane), and also 
the loading is such, and the resistance of the structure to loading is 
such, that it produces no rotations of the diaphragms in their plane. 
Thus each floor level is constrained to translate without rotation, and 
each parallel frame is subjected to the same displacement at any given 
floor level. 

Shear Walls - Shear walls may be incorporated into any of the 
frames. In general it is assumed that each wall is of uniform width 
over the entire height of the building, but its stiffness may vary with 
height. Shear wall arrangements in the various parallel frames may be 
specified arbitrarily but the assumption that the building deflects with­
out twisting is consistent only with a reasonably symmetric distribution 
of stiffness. 
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Axial and Shear Deformations - Axial deformation of the columns 
and shear walls are considered in the analysis, but girder axial deform­
ations are neglected (as required by the rigid floor diaphragm). Shear 
deformations may be considered in the columns, shear walls and girders, 
and flexural deformations are considered, of course, in all members. 

Input Data 

Units - Units used must be consistent throughout the problem. Care 
is required with units of the Modulus of Elasticity and Mass. 

Punched Cards - The following sequence of punched cards numerically 
defined the structure to be analysed: 

1. General data associated with complete building 

(a) TITLE CARD (72H) 

Columns 1 to 72 contain information to be printed with 
output, e.g. Full Job name. 

(b) CONTROL CARD (314) 

Columns 1-4 number of stories 
5-8 number of different frames 
9-12 number of load conditions 

(c) LOAD MULTIPLIER CARD (3F10.2): 

Columns 1-10 vertical load multiplier - load case 1 
11-20 vertical load multiplier - load case 2 
21-30 vertical load multiplier - load case 3 

The vertical loads, given on the girder cards, are modified 
by the vertical load multipliers within the computer pro­
gramme. If, for a particular load case, the vertical load 
is to be omitted the load multiplier will be zero. 

(d) STORY CARDS = One card per story, entered in sequence 
from top to bottom (1A10, 5F10.2): 

Columns 5-10 story identification 
11-20 story height 
21-30 lateral load - load case 1 
31-40 lateral load - load case 2 
41-50 lateral load - load case 3 
51-60 story mass 

If any one of the story masses is zero the frequencies 
and mode shapes will not be computed. Take care with 
units of mass, i.e., value of g in foot or inch units 
must be consistent with other data. 
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2, Frame data—One set of data per frame 

(a) FRAME TITLE CARD (72H): 

Columns 1 to 72 contain information to be printed with computer 
output associated with specific frame. It is advantageous to 
include the units in this information, e.g. kip/feet. 

(b) FRAME CONTROL CARD (214, 1F12.0): 

Columns 1-4 number of frames of this type 
5-8 number of bays in frame 
9-20 modulus of elasticity of all elements 

in frame. 

(c) BAY WIDTHS* (7F10.2): 

Bay widths, from left to right, are punched in above format. 

(d) COLUMN WIDTHS* (7F10.2) : 

Column widths, from left to right, are punched in above format. 
Only necessary for columns or walls with larger width/storey 
height ratios. 

(e) GIRDER CARDS* 

One card per girder, entered from top to bottom, from left to 
right (7F10.2): 

Columns 1-10 moment of inertia at mid-span 
11-20 stiffness factor-equals 4 for prismatic girder 
21-30 carry-over factor - equals .5 for prismatic 

girder 
31-40 fixed-end-moment at left end of girder 
41-50 fixed-end-moment at right end of girder 
51-60 vertical reaction at left end of girder 
61-70 vertical reaction at right end of girder 

All moments and reactions are positive for a downward load on 
the girder. 

*These cards must be omitted for single shear wall - zero bays. 
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(f) COLUMN CARDS - one card per column, entered in sequence 
from top to bottom, from left to right (3F10.2): 

Columns 1-10 moment of inertia of column 
11-20 cross-sectional area of column 
21-30 effective shear area of column if zero 

shearing deformation is neglected. The 
shear modulus is assumed to be equal to 
E/2.4. 

More than one problem may be analysed in one computer run simply 
by putting in complete sets of data in sequence. 

Last Data Card - The last data card must have an integer punched 
in columns 73 - 80. 
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Appendix B 

Calculation of Ultimate Strength Interaction Values for a 
Reinforced Concrete Section Subject to Axial Load and Bending 

Con®i '<d@r - t H © r e i n f o r c e d c o n c r g t @ © a c h o n . — 

< 2 © ' - H J 

J 9 V 

3 r o w s * o f 3 5 n o . © 

Uaino , A.C |. n o t p t t o n o n d t o k i n g a p o e t f t o n 
a n d a m a x i m * . c o n c r g t a s t r a i n o f O-OQ3,thtiL strain d i a q r o m i @ 

o f n a u t r o l o x i a w i t h 0 * 2 5 " ( o s a h o w n a b o v a ) 

S t r a i n • 0003 • "T" 
T h q ^g |u8VoSqnt e o n c r a k u l t i m o ^ < s t r ^ & 3 b i g > c k f a l l o w i n g o n u n d a r c o p o c . i t * j f a c t o r $ • Q-7Q 
( o e -fbr t i q d c o l u m n ® ) o n d a e o n c r a f g c r u a h i n ^ j . s t r q n q t H f c ' » 4QOOpj». i .» is : — 

q « 0 8 5 c « 2 l 2 5 * 

19* 

- 2360p. K4£00? r 

Wifrn c o r r a s p o n d t n e j c o n e r a t a e o m p m s s i b n 

I24Q ' w 



419 

cont 8 d. 

Pife-loooB f r o m t h e nau^roi o x i a Cor* r@.toffereenrt@rvl» "to r a o c h n i a l d «rroirt » ̂ §SoS as - 12-

ggft£ Yield Strain 0 08iS$ 
Maximum Strain 

c d m p r a & s i o n . 

SUB 111*1! "ft***)*)*) 
Ar%d tn<g, r a i n f e r ccsmgr»+ ferca d i a g r a m : 

387 k i p -
4 9 5 k ip ~ 
493 k ip — 

I2 20 # 

H T O ' 

23 k ip 
12 T P 

83^o' 
J 3 6 T _ 

14 13 ' 

IS 47' 

h q 
k am 

8 
CO X 
8 

0| 

s 

S u m m a t i o n &f f h e v e r t I C Q I " f o r c @ s q i v g » 

- 6 5 5 7 

~ - 4 - f 5 
- 4 9 5 
- 3 0 2 

- 2 3 
+ 11 

* 4 6 
2 4 - 4 3 

•» 1 4 3 3 

U L T I M A T E A X I A L F O R C E . P u s 4 t Q S 4 ktp. 

Taking b a n d i n g m o m a n f ® a b o u t t h a s e c t i o n c a n t r g o f g r a v i t y 

( - 6 5 5 7 ) x ( - 1 3 6 7 ) 
( - 8 7 ) 

( - 4 9 5 ) x 
( - 4 9 5 ) x 
( - 8 8 2 ) x 

( - 2 3 ) * 
M l ) x 

C + 4 * ) x. 

C -1249) 
( - 1 4 1 5 ) 
( -1367) 
C-1320) 
H 2 7 D ) 
H 2 2 0 ) 
( H l T O > 

8 9 6 3 4 
+ 1 0 8 6 
• 6 9 9 4 

• 6 7 6 7 
+ 5 0 4 2 

+ 2 9 2 
- I 3 4 

- 5 3 8 

+ 2 

C O R R E S P O N D I N G 
»• I N T E C A T I O N 

C U R V E 
V A L U E S . 

U L T I M A T E B E N D I N G M O M E N T M o - 1 3 I 8 2 7 B kip ft. ' 


