






























































































































































In case of a structural response time less than the positive phase duration, the

lisplacement is given by:

F F(sina) )
3 e g 78 1 lod = 317
x(1) (1-cosar)

Where © is the natural circular frequency of vibration given by: @ = J(K ) ;
Taking the worst case, the maximum displacement x_,, occurs, when the velocity of the

structure is zero. Differentiating the equation and setting dx/dt to zero gives:

o=msin(wt,,)+icos(wt,,)-—l— 318
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The strain energy acquired by the structure, U, is the area under the resistance

displacement curve which is given by:

1

U==Kx,, 3.23
2
Equating the WD and U
x
—BE =2 3.24
(F/K)
Which could be written as:
Xm o 3.25
X

Where x, is that static displacement achieved due to the application of force F

statically. Equation 3.26 is known as the Dynamic Load Factor (DLF). In this case
DLF takes the maximum of 2 to represent an upper boundary of response and is

called the the quasi-static asymptote.

b. When analysing the response of a structure to an impulsive load, one has to know that
when the impulse approaches the structure it provides it with instantaneous velocity
change. Consequently, the structure will gain a kinetic energy, which is converted, to

strain energy.

The impulse, 1, that causes an initial velocity change X is given by the following

equation:
I

;oz—"' 3.26
M

The kinetic energy (KE)the structure will receive is given by:

T O, W 327
2 M

The structure will acquire the same strain energy U as before, because it displaces by

X, Thusthe KE and U are equated and the resulting equation rearranged to get















of pressure and impulse that fall to the left of and below the curve will not induce failure
while those to the right and above the graph will produce failure due to stresses in excess
of the allowable limit, (Smith and Hetherington 1994). Another structural model for a
building we have to consider is that where the structure is idealised as a rigid plastic
structure which undergoes yield when it reaches a resistance force R as shown in Figure

328
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Figure 3.28 Rigid Plastic structure loaded by blast wave, (Baker et . al, 1983).

The upper and lower bounds of response, the quasi-static and impulse asymptotes
respectively are established by analysis. The work done by a constant blast force F to

achieve a displacement x__ is equated to the strain energy acquired by the structure.

Hence:

This idealisation (Smith and Hetherington 1994) shows that the quasi-static asymptote is
the zero displacement asymptote but for a force to resistance ratio that just exceeds

unity, a large displacement can take place.

When equating the kinetic energy caused by the blast load impulse I with strain energy

the impulse asymptote is obtained. Thus:

L= R,
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- Higher air content is needed.
- The maximum aggregate size is 10 mm in addition to a ratio of fine to coarse aggregate

used.

Glass -Fibre- Reinforced - Concrete (GFRC), is a material with good mass appearance
and durability. Its advantages are:

- Reduction in weight.

- Adds flexure, tensile and impact strength.

- Provides the designer with a variety of shapes and finishes.

Stucco and exterior plastic are field mixed and applied to materials composed of cement,
aggregate, and water. The cement may be Portland, masonry, or gypsum, and the
aggregate is usually sand. There are many types of admixtures to be used with stucco

and plaster materials.

These include plasticzers, air entrainment materials, accelerators, water repellents,
bonding agents, and colouring pigments. Wide variations in both colour and texture can

be achieved with the placement of the finishing coat.

2. Masonry materials

In the past, buildings were built with massive load-bearing walls. These walls were
different from the thin veneer walls typically used for cladding today. Masonry is now
used as a type of veneer, which, if not properly designed, the following aspects must be

considered:

- Volumetric changes which occur in the masonry unit are accommodated by the back up
support system, and the primary structural system.

- Water prevention must be properly detailed to stop water infiltration through the

cladding.

- The relative performance in bending of the exterior masonry and the back-up support

system needs to be analysed.

Steel studs should be used as a support framing for masonry veneers. Cavity walls are
suitable for resisting rain penetration, concrete units in single- width or double - width

are used, Figure 5.1.



Sandwich panels are manufactured by facing both sides of a rigid insulation or non-solid
core, such a paper or metal honeycomb, with metal sheets. Most metal cladding is
installed as a curtain wall, either in an exposed grid frame or back fastened to an interior

grid frame system.

5. Glass materials

Glass is usually installed into the exterior cladding of tall buildings in two forms: in a
curtain - wall type frame, or as window frames in other types of exterior cladding
systems and materials. The type of glass will define its framing, and seals and gaskets
must be properly selected and specified by the designer. The designer and the
manufacturer’s engineer are responsible for specifying the criteria for the structure, water
penetration, air leakage, heating, light and sound transmission performance, fire

resistance, and provision for thermal movements.

Glass used for exterior cladding is manufactured with a variety of additives and
combination of layers, which improve the material’s characteristics, its strength,
appearance, and heat and visual performance. The common properties of glass are
transparency hardness, brittleness and chemical inertness. Glass can be coloured by
means of additives. When tempered by heat its strength increases; it is patterned by
etching or sand blasting. When varying the chemical make up or when combining sheets
of glass and adding different films or coatings one can get additional strength , insulation,
heat-absorption and glare-reduction. Double or multiple pane glazing is now commonly
manufactured by combining the required number of glass sheets with an air space
between them. Primary and secondary sealant are used to prevent moisture

accumulation between the sheets.

6. Plastic materials

Plastic is a product of synthetic origin which is capable of being shaped by flow in some
stages of its manufacture making it different from rubber, wood, leather, or metal.
Plastics used in cladding fall into the general categories of sheet plastics and polymer
modifiers. Sheet plastics are used as alternative materials for glass and metal siding.

Polycarbonate, whether clear or patterned and textured, is used to create dramatic






important problems which appears, due to the differences in temperature between the
outside and the inside the building. Cold interior surface temperatures on the window are
the normal cause of condensation in these assemblies. The use of insulation requires the
use of an air and a vapour barrier to prevent the passage of moisture vapour to the

location of the dew-point temperature.

4. Joints
The primary purposes of joints are either for ease of construction, such as between
panellised systems, or for providing compensation for movement. Joints and sealant for

each cladding material and their effect on the panel geometry are different.

5. Internal drainage

Rain, in combination with high winds, can cause water to penetrate through the wall by
trying to find its way to and collecting at the joints. Using an internal drainage system
can provide the cladding with a second line of defence. The internal drainage system is
designed on the premise that the wall will leak, but when it occurs, the water can be
collected, prevented from reaching the interior finishes, and channelled to the exterior of
the wall. Gutters and drains are devices for flashing and collection of water behind the

joints. The internal drainage is used as a back-up system to the sealant.
5.4 Cladding systems

Cladding systems can be classified according to their structural functions or according to
how they are attached to the structural frame. The two main cladding systems are:

- Non load bearing cladding which does not share in the structure system of the building.
- Load bearing claddings which share in the building structure system.

Non load bearing cladding will be discussed in this section together with its different

construction methods and its materials. The systems shown as follows:

Non load bearing cladding
Svstems which Curtain wall Attached system Infill system
contribute to the system
structural frame
















'he designer must also be familiar with erection procedures of the cladding systems and
1e integration of different materials that need more than one source of supply. There
re many types of erection procedures which utilise different methods of insulation for
art of the cladding system. The selection of the procedure for the erection of the
ladding must take into account the materials to be used, the type of building and site,
vork-force availability, contractor experience, and cost. "Panelization" and "piece by
iece" are two cladding manufacture procedures which affect erection. The panellised
yrocedure is a specific lift method and attaches a panel to the building. Installation and

nterior finishes may or may not be included on the panel.

Che joint sealant and the cleaning of the exterior surface are the only operations required
o complete the exterior enclosure of the building. The architectural precast concrete

wall panel is an example of panellised cladding procedure.

The design of the cladding panel is heavily influenced by the decision to use the
sanellised procedure. The panel must be constructed or manufactured with the
sonnections for attaching it to the building and means by which it can be lifted and
handled during manufacture, shipment, and erection without interfering with the

attachment procedure.

The design of the panel must be such that it can resist handling stresses which usually act
differently from those which occur while the panel is in place, because the attachment
connectors are usually in a different location from the lifting point, and it is the dead-load
weight of the panel and not the wind forces that creates the stresses. The panellised
procedure is influenced by the site and the methods used to construct the building. A

crane limited by the panel type and weight and the building height, is used to erect the

panels.

The two common means of attaching panels to the structure are bolted and welded
connections. The piece-by-piece procedure for erecting cladding is completely opposite
from the panellised procedure in that each part of each component is placed on the
building individually. =~ Two examples of this procedure are curtain walls and the
conventional masonry wall. The piece-by-piece procedure is more labour intensive at the

job site than the panellised procedure, and the quality control is usually not as high as it






b. The threat measured with respect to an explosive charge weight at specific distance,
these values are proposed according to risk assessment.

c¢. Economical design must be considered.

d. The strength of materials will increase due to the high rate of strain permitting some

plastic deformation.

When analysing the threat, one can predict the expected size and location of the
explosion to protect against. The positive phase duration of the blast wave is then

compared with the natural period of response of the cladding panel.

2. The response of cladding

As Mays and Smith, 1995 said the ductility and natural period of vibration of any
cladding panel or element will govern its response to a given explosion. As they also
mentioned a tall building has a low natural frequency and therefore a long response time

in comparison with the load duration.

Cladding elements, like other building individual elements (columns and beams), will
have natural response times which might equate with the load duration. Ductile cladding
elements made of steel or reinforced concrete will absorb most of the strain energy; "they

can undergo substantial bending without breaking", Mays and Smith, 1993.

Brittle materials such as glass, brick, timber and cast-iron will fail abruptly with little
prior deformation. Structure members of high flexibility, such as high-mass, long-span
beams and floors can absorb a great deal of the energy brought by the blast load. Rigid
elements like short-span light weight elements (conventional glazing components) are

described as poor energy absorbers and can fail catastrophically.

The response of cladding is a function of material characteristics and the way such
materials are going to be used. Reinforced concrete could be used to create bunker - like
walls specially with in-situ concrete. Large scale structures have a better response than
those of light weight constructions.

3. Cladding design precautions against explosive blast

The type of building being considered in this research is a typical commercial multi-story
public building. The cladding ought to meet the fundamental requirement of the safety of



































































































































































































































































































































































































