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QI(a) Fire Damage to Concrete Structures (section 6.5 in notes)

°

Severity of damage is dependent on the maximum temperature reached and the duration of
exposurc of concrete to that maximum temperature. Depends on cement type, W/C ratio,
cement content, aggregate type and depth of cover to reinforcement. Visible changes occur
to concrete at certain temperatures which also can be used to estimate, within certain limits,
the temperature reached by the structural members. At around 300°C to 400°C there is a
noticeable colour change to pink or pale red. This pink colour may disappear if the
temperature reached was very high but in such a case, the concrete would be friable. This
colour change can sometimes fade with time.

As the temperature rises, the uncombined (surplus) water in the concrete will be driven off
from the surface layers and some shrinkage cracking will occur. Up to about 100°C there
will be no significant loss of chemically bound water even with a prolonged exposure to
this temperaturc. As the temperature rises above 100°C there is a gradual loss of chemically
‘‘‘‘ bound water from the calcium silicate hydrates. The actual loss depends on time and
: temperature. With this loss of chemically combined water there is a drop in the strength of
the concrete corresponding to the amount of water lost. However once the concrete cools

therc will be no further reduction in strength.

If the concrete reaches greater than 400°C the calcium silicates start to decompose into
quicklime and silica. This is an irreversible process and leads to a progressive loss of
strength with time. When the concrete cools, the quicklime (CaO) will absorb moisture,
converting to slaked lime (CaOH). This will result in disintegration of the heat-affected

areas of concrete. The fire will introduce high temperature gradients in the structural
members and, as a result, the hot surface layers tend to separate and spall from the cooler
interior ones.

With major fires it is usually found that some of thc reinforcement in slab structures will
have buckled and requires replacing. Samples can be taken of the reinforcement to check
the yield strength and ductility. Damage to reinforcement in slabs is usually found to be
much greater than in beams, probably due to the greater depth of cover normally found in
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Q1(b) High Strength Concrete (HSC) / High Performance Concretes (HPC)
(section 6.6 in notes) '

High strength or high performance concretes are those which have compressive strengt
typically in the range of around 50 — 120 MPa. These are now quié@ widely used
construction, in particular for columns in high-rise buildings. Such strengths have 2
obtained by reducing the water-cement ratio, which has been made possible by the use of
high doses of superplasticizer and, to a lesser extent, through the use of silica fume; In
addition, compared with normal strength concrete, the cement content is usually slightly
increased and the maximum size of the coarse aggregate is usually smaller.
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Reactive Powder Concrete (RPC) (section 6.6.1 in notes)
Information based on: http://www.new-technologies.org/ECT/Civil/reactive htm

More recently, developments in concrete technology have lead to a new family of Portland
cement based concretes that are essentially made of powders. Depending on the
composition and the heat treatment to which they are subjected, reactive powder concretes
(RPC) can achieve strengths of up to 200 MPa when cured in hot water (90°C) for three
days. It is claimed that concretes have been produced in the laboratory with compressive
strengths of up to 800 MPa when cured with dry heat at 400°C. The high strengths are
achieved by:

e Improving the homogeneity of the mix by eliminating coarse aggregates.

¢ Improving the packing of the granular mix by carefully sclecting the grain size of
the different powders.

e Using the pozzolanic properties of highly refined silica fume and optimisation of
the Portland cemhent chemistry to produce the highest strength hydrates.

e Pressing the concrete before and after setting so that the entrapped air can be
eliminated as well as most of the.chemical contraction accompanying hydration
reactions

e Improving the microstructure after setting through a heat treatment that changes the
nature of the hydrates formed

e Improving the ductility of the materials through the use of steel fibres.

Potential advantages of RPC

. RPC is claimed to be a better alternative to High Performance Concrete. It is
also claimed to have the potential to structurally compete with steel.

. Jts superior strength combined with higher shear capacity results in
significant dead load reduction and limitless structural member shape.

. With its ductile tension failure mechanism, RPC can be used to resist all but

direct primary tensile stresses. This eliminates the need for supplemental shear and
other auxiliary reinforcing steel.

. Its low and von-interconnected porosity diminishes mass transfer making
penetration of liquid/gas or radioactive elements nearly non-existent. Cesium
diffusion is non-existent and Tritium diffusion is 45 times lower than conventional
containment materials.

Application
An application of RPC can be secn in the Pedestrian Bridge in the city of Sherbrooke,

Quebec, Canada. RPC has also been used for isolation and containment of nuclear
waste of several projects in Europe.

Disadvantages

In a typical RPC mixture design, the least costly components of conventional concrete
have been basically eliminated or replaced by more expensive elements. The finc sand
used in RPC becomes equivalent to the course aggregate of conventional concrete, the
Portland cement fills the role of the fine aggregate and the silica fume that of the
cement. The mineral component optimization alone results in a substantial increase in
cost over and above that of conventional concrete (5 to 10 times higher than High
Performapce Concrete.)

Fibre Reinforced Concrete (section 6.7 in notes)

Fibre reinforced concrete has been used widely in recent years. Small fibres of steel or
various synthetic materials are added to the mix and distributed throughout the concrete.
This provides additional tensile strength to the concretc.

Advantages — can be used to replace temperaturc steel near slab surface - it is not as
susceptible to corrosion of reinforcing bars which leads to spalling and delamination. Close
spacing of fibres results in very fine crack pattern compared to conventional mesh and bar
arrangerents spaces at typically 100mm.

g [



I [mf’a\),

Disadvantages — limited tensile capacity - still need primary steel in locations of high
tensile forces as FRC is mainly used for temperature and shrinkage crack control. Can be
difficult to get uniform distribution of fibres throughout mix. Can be costly.

Examples of Use in Practice — It has been employed to reduce the extent of cracking and, in
particular, to reduce shrinkage cracking c.g. insitu overlays on concrete bridge decks,
concrete floor slabs to reduce surface cracking.
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Z Q 2(a) Fundamental requirements of limit state desngn in EC2: [EC2 Clause 2.1]
~ (Section 1.3 in Lecture notes)

Note: In the Eurocodes a prcfix P before a clause number denotes a principal,
whereas application rules are indented.

Fit for purpose

P(1) A structure shall be designed and constructed in such a way that:
- with acceptable probability, it will remain fit for the use for which it is

required, having due regard to its intcnded life and its cost,
and

- with appropriate degrees of reliability, it will sustain all actions and
influences likely to occur during execution and use and have adequate
durability in relation to maintenance costs.

Disproportionate collapse

P(2) A structure shall also be designed in such a way that it will not be damaged by

events like explosions, impact or consequences of human errors to an extent
disproportionate to the original cause.

(3) The potential damage shall be limited or avoided by appropriate choice of one
or more of the following:

- avoiding, eliminating or reducing the hazards which the structurc is to
sustain

- selecting a structural form which has low sensitivity to the hazards
considered

- selecting a structural form and design that can survive adequately the
accidental removal of an individual element

- tying the structure together.

P(4) The ahove requirements shall be mct by the choice of suitable materials, by
appropriate design and detailing and by specifying control procedt.xres for
production, design, construction and use as relevant to the particular projcct.

The primary goal of the design is to produce a safe and robust structure that will fulfil the
function for which it is designed over the full design life at the lowest feasible costi.e. it is
fit for the purpose for which it was intended. In theory a structure designed to comply with
the requirements of the Eurocodes should be fit for purpose however there is always
considerable flexibility for the designer to select the structural form, dimensions and
materials and hence scope to produce an economic and successful design. In particular
attention should be given to ensuring that a realistic evaluation of potential loadcases and
hazards is undertaken at the start of a design and that not only the strength requirements at
the ultimate limit state are met, but also the various serviceability limit states such as
deflection. cracking, vibration and durability, since in practice these tend to determine the

useful life and economic viability of a structure. To achieve this goal particular attention
needs to be paid to reinforcement detailing to ensure proper distribution of tensile stresses
and cracking in the structure, mix design (cement content and water cement ratio) and
reinforcement cover, compaction and curing during construction to ensure a durable,
impermeable material. The choice of materials used is also critical. Reinforcement
corrosion is probably the single most common cause of failure in concrete structures so
careful consideration should be given to the protection systems employed and possible
allowance for repair or replacement in the futurc. For example in severe environments
corrosion prevention measures such as galvanised or even stainless steel may be employed
or else connections built in for the use of cathodic protection at some later time. Several
studies have shown that a subs;tantiall incrcase in live load capacity can be achieved for
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only a margmal increase in mmal cost thus conservatlve projechons of future load
demands can be a very cost-effective tool when designing structures to ensure they remain
fit for purpose over their long design lives.

The requirement that a stmcture should not be susceptible to disproportionate collapse
was included in codes in response to disasters such as Ronan Point Tower Block collapse
in London in 1968 in which a small gas explosion in a flat lead to the progressive collapse
of a significant proportion of the building. In particﬁlat'it emphasised that a structure must
have continuity between elements and also be able to sustain extensive damage without
total collapse. The Oklahoma bombing was an example of a major collapse from a blast
loading that should not have lead to such a catastrophic outcome. Similarly earthquake
damage could be mitigated significantly if designs had sufficient attention to fundamental
detailing to provide ductility, connectivity and continuity in extreme overload scenarios.
Buildings supported on columns should be designed so that the loss of any single column
should not result in total collapse of the building. Similarly it is good practice to design
beam and column structures such that the beams would fail before the columns to avoid
catastrophic collapse. Reinforcement detailing is again the key to both ductility and
robustness with appropriate attention to confinement of primary steel bars and the
structural concrete enclosed being an essential part of this process. Redundancy in the
number of critical load paths is another key element used in designs that are robust to
extreme events.
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