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PRESTRESSED CONCRETE SEISMIC DESIGN

K. E. Williamson*

1. Editorial Foreword

This paper is reproduced from the proceedings of a seminar
on "Seismic Problems in Structural Engineering" arranged by the
Departments of Civil Engineering and Extension Studies of the
University of Canterbury, and held in Christchurch from May 13
to 16, 1968. Another paper from that seminar, also published
in this issue of the Bulletin, discusses requirements for
ductility in reinforced concrete structures. The present
paper makes a comparison of prestressed concrete with rein-
forced concrete, and discusses the factors to be considered
in the design of prestressed structures for earthquake resistance.

2. Summary

Prestressed concrete has been used in primary seismic resis-
ting frames and towers of moderate height, particularly in long
span frames or where precast elements are assembled into frames
by post-tensioning. The response of fully prestressed concrete
structures is generally considered to be greater than "comparable"
reinforced structures because of bilinear elastic rather than
elastoplastic behaviour, and because of a lower degree of damping.
The main difference between prestressed and reinforced concrete
(p.s.c. and r.c.) in the range of interest is in the properties
of the steel. The rules for the design and detailing of the con-
crete, including ductility requirements, are similar to those
for the concrete in reinforced concrete, except that the residual
stress in prestressing tendons in the compressive zone can lead
to over-reinforced characteristics appearing earlier than in
comparable reinforced concrete members.

The notes briefly discuss the factors to be considered in
the seismic design of prestressed structures and a suggested
design procedure for a typical frame is given. Comparisons are
made with reinforced concrete. A design example is presented.
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General.

Prestressed concrete is widely used in structural elements
not contributing to the primary vertical seismic resisting
system, (e.g. flat plates and precast floor units), although
these are required to provide horizontal diaphragm action. The
seismic resistance required by any prestressed member is there-
fore one of degree.

Moment resisting frames may have:

(a) Beams and columns fully prestressed.
(b) Beams prestressed, columns normally reinforced.

(c) Beams partially prestressed, columns normally
reinforced.

If an increased response is to be taken into account for (a),
then intermediate wvalues should be taken for (b) and (c).

Walls or towers can be fully prestressed vertically, thus
eliminating the laps that would be required in normally rein-
forced walls.

Post-tensioning can be used to assemble precast units into
rigid frames - this method may be used in short or long span
structures. Normal reinforcing has been introduced as well as
post tensioning tendons in one large building assembled from
precast waffle slab units (10

The behaviour of the concrete in p.s.c. members is similar
to that of the concrete in r.c. members except that:

(a) Concrete strengths are likely to be higher.

(b) Less permanent damage is likely since cracks are more
likely to close again.

(c) Prestressing tendons in the compression zone act to
provide a variable additional compressive force which
can lead to over-reinforced characteristics occurring
before those of comparably sized r.c. members.
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The steel used for prestressing differs from mild steel, but
has some similarities with the higher tensile steels (unstressed)

sometimes used in r.c. The stressing steel has:

(a) A strength approximately six times that of mild
steel and steel areas therefore substantially less
than r.c.

(b) No well defined yield point.
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(c) A lower minimum elongation than mild steel (generally
4% minimum which is adequate for the seismic behaviour
of the steel in practical members).

(d) Special anchorage and bond requirements (large
forces have to be anchored in joints with complex
stress patterns, and cracks in the length of members
will generally open wider and be spaced further.
apart than in r.c.).

P.s.c. remains uncracked longer than r.c. during a loading
cycle and therefore comparable structures of p.s.c. will be
stiffer than r.c. for small displacements but less stiff for
large displacements, ("comparable" structures in these notes
means p.s.c. and r.c. structures with the same overall dimen-
sions, member sizes and concrete strengths - reinforcing quan-
tities and ductility requirements will differ).

The obtaining of a sufficient degree of seismic resistance
in a structure is necessarily dependent on:

(a) The intensity and number of governing earthquakes
during the life of the structure.

(b) The required resistance to damage of the remainder
of the building and its contents.

If (b) is the more important in a particular structure,
then a comparison of the likely actual displacements of comp-
arable p.s.c. and r.c. structures would be important. Further
information is needed to verify that a "comparable" p.s.c.
structure would have a maximum displacement for a particular
earthquake exceeding that of the r.c. structure.

Grouting of all tendons is recommended to increase damping
and improve safety.

Rosenblueth(l'3)'Guyon(ll)' Despeyroux(4'5)' and Zavriev(
have commented on the theoretical aspects of p.s.c. seismic
behaviour. Sutherland(6) has reported on the development and
performance of p.s.c. and on current research projects. He
also described a number of buildings using p.s.c. for seismic
resistance. Lin(9) gives information on current practice in
California and describes some buildings. Nakano 7) has tested
a 4-storeyed model structure and considerable research and test-
ing is being done in Japan and Russia.

8)

P.s.c. members have been reported to have performed well
in actual earthgquakes although there have been connection and
other failures not attributable to p.s.c. itself. A continuing
survey should be made to obtain up to date information on earth-
quake performance.
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Response of Prestressed Concrete Structures.

Experience of the behaviour of p.s.c. in actual earthquakes
has not been sufficient to determine response by observation.

The static force deformation curve for fully prestressed
members tends towards that for a bilinear elastic material (Fig.1)
whereas the curve for a normally reinforced member is often
assumed as that for an elastoplastic material (Fig. 2).
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The energy absorbed is largely dissipated by plasticity in
the elastoplastic case, whereas the energy at first cycle in the
bilinear elastic case is largely released as kinetic energy. It
is generally assumed therefore that the responses for p.s.c. and
r.c. will differ and may be larger for p.s.c.

Hysteresis effects could be significant in p.s.c., particul-
arly at near ultimate conditions. These effects have been the
subject of recent research at the Universities of Auckland and
Canterbury.

R.c. suffers "stiffness degradation” with repeated loadings,
presumably due to increasing damage. This leads to reduced
response. The concrete of p.s.c. could suffer similarly if not
well detailed, but recovery could be expected to be better due
to prestress effects.

The bilinear curve for p.s.c. is made up of a lower part
which represents the behaviour of the uncracked concrete and an
upper part which represents the cracked concrete in which the
steel and concrete are both still in the elastic range (Fig.3).
Continued loading leads to a flattening of the upper part due
to inelastic effects in steel and concrete. The "apparent
ductility factor” for p.s.c. can be defined as the total dis-
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placement divided by the displacement at first crack (the ten-
sile strength of the concrete should be neglected). For low
"ductility factors", the concrete and steel will remain elastic
whereas for higher factors, a true ductility factor will be added.
The prestressing steel is itself ductile and the ductility factor
achieved will depend mainly on the concrete.
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Fig.3 Typical Load-Deflection
Curves for Comparable p.s.c.
and r.c. Members.

Despeyroux(4) has compared the cracking moment of p.s.c.
with the yield moment of r.c. and therefore implies a consid-
erably stronger p.s.c. member than the comparable r.c. member.
Other non-published information indicates that on this basis,

the displacement of p.s.c. in a particular case could be greater
than r.c.

The actual situation would be affected by hysteresis in
p.s.c., and by the differing initial stiffness of comparable
p.s.c. and r.c. structures. A less severe approach may there-
fore be justified.

American and Russian practice does not apEear to take any
increased response of p.s.c. into account(7'8' 4)

A conservative approach is recommended at this stage and
where the same seismic coefficients are used for p.s.c. and r.c.
as at present required by N.Z.S.S. 1900 Chapter 8, it is sug-
gested that the necessary seismic part of the strength of a
p.s.c. member be made up to 50% greater than for r.c.

Member sizes for p.s.c. structures are not necessarily
smaller than r.c. and it should not necessarily be assumed that
p.s.c. is more flexible and for this reason responds less than
r.c. to a particular earthquake.






