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Abstract

The research presented in this thesis focuseseoadturacy of predicting deflections and cambers
in partially prestressed suspended slabs. Precisiopredicting this behaviour accurately is
complex due to the large number of variables wiaitact the behaviour of suspended prestressed
slabs. This level of complexity is particularlyeeant for post tensioned slabs due to the numerous
on site construction steps. Many of the variables laard to determine accurately due to their
tendency to be unique for each construction sitgidlles such as ambient temperatures, concrete
material properties, stressing times, applied lpkling times, prop movement and humidity are
all examples of these properties. Hence, when gtiadithe behaviour of post tensioned suspended
slabs of a multi storey building there always remaa degree of uncertainty. The research
presented in this thesis addresses crucial arethgsdbpic and ultimately aims to supply reinfaice

concrete designers and constructors with additiooafidence when predicting this behaviour.

The requirement for this project surfaced during ttesign stages of 151 Pirie, a multistorey
building constructed in Adelaide, Australia. Thesida project for 151 Pirie was particularly
complex due to a very ambitious construction timeli The strict construction timeline was
imposed due to the contractual agreement of eadymancy of the top three floors (of a 9 storey
building). The client purchasing the top floors uigd functioning office space within a matter of
months. This contract created a construction gyiai erecting the bare structural requirements up
to and including the top three floors in the shairi@ossible time. Fittings and services to the top
three floors was then the secondary priority. kgttand services to the lower floors (which would
usually be achieved before the upper floors) wolodd performed at a later date. Excessive
deflection limits of the slabs due to the acceltatonstruction were a major concern for the client
The effect on the deformation performance due o dhcelerated construction was difficult to
predict for the designer. Therefore, this projeasviborn to help supply confidence to the designer

and concrete supplier for this construction scenari

This research project was designed to assist incthse monitoring and recording of the

construction process of 151 Pirie. Due to the matirdata collection, data from this construction
site would be limited in its benefits for the cumteonstruction. However, the data obtained would
be vital for future projects by providing a log ohsite slab performance data as well as
explanations of delays or other general outcomds tlie construction process. Therefore, the aim

of this research is to present the issues that faeexl, the methods used to overcome these issues
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as well as displaying the vast amounts of siteifipaetata documented within this project for future

reference.

In this research a wide range of concrete matprigperties were collected and monitored closely
on site as well as in the laboratory. The experiadetesting created large detailed database of
concrete material properties as well as other eglevactors such as surveyed deflections and
construction timing. Concrete material propertiesravthe primary focus of this research due to
their direct effect on member performance. The lukga was sufficiently large to allow a
meaningful statistical data analysis to be perfarroe the compressive strength.f’modulus of
elasticity (E) and tensile strength (f' of the concrete samples. This analysis supplietailed

understanding of the statistical relationship bemvdifferent concrete material properties.

A Monte Carlo simulation was performed, with mukigleflection and camber models, to create a
statistical distribution of predicted deflectionadacambers from the statistical distribution of
concrete material properties. This statistical atiip then critically analysed and compared to the
surveyed data. Proposed improvements to the prafgssedicting deflections and cambers have
been outlined. These improvements have then beksedtin the construction of a finite element

style program.

Finally, the multiple predictions of column stripdamid panel deformation are compared to the
short term surveyed deflections. It is summarisédt tthe improvements suggested and
implemented in the finite style analysis yield feswith a higher degree of accuracy. The accuracy
and benefits of the suggested improvements has jost@fied and proven by the application of

multiple examples and a parametric study.
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fem = mean compressive strength of concrete
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f; = tensile strength of a sample of concrete

FTS = flexural tensile strength of concrete

h = slab height

H = relative humidity of concrete

| = moment of inertia

laverage= Weighted average moment of inertia with respedength
Isectiona= Sectional values of moment of inertia

lrans= Transformed moment of inertia

| = member length

Lt = effective member length

FTS = flexural tensile strength of concrete

| = moment of inertia

ler = moment of inertia of cracked section

lef = effective moment of inertia

lg = gross moment of inertia

K1 = factor according to slab location (Warneratt, 1998)
K2 = factor according to slab dimensions (Warneakt 1998)
k. = a factor which accounts for volume-to-surfaderéCollins and Mitchell, 1997)
kcs = long term deflection multiplier

k: = factor which accounts for lower creep of higegength concretes (Collins and Mitchell, 1997)
| = length

L = span of member, to centre of each support

L, = span of member, to face of each support or deoyel

M = maturity index

M¢r = applied moment to cause cracking

Ms = applied moment at service load

p = tensile reinforcement ratio {/d)

pc = compressive reinforcement ratios{Ad)

P = Prestressing force

PPS = Partially Prestressed Suspended

RC = Reinforced Concrete

STS = splitting tensile strength of concrete

t =time

t,g = time at 28 days

T = indirect tensile strength of concrete cylinder
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TDy = Total Deformation of the member at point x
UDL = Uniformly Distributed Load

UTS = Ultimate Tensile Strength

w = applied uniformly distributed load

West = effective width of slab

Ws = sustained uniformly distributed load

y = distance from neutral axis down to the memleatroid
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