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SHIELDING FOR STRUCTURAL SUPPORT
ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
application Ser. No. 11/499,101, filed on Aug. 4, 2006.

BACKGROUND OF THE INVENTION

[0002] The invention relates to blast and ballistic shielding
for structural support elements for buildings, bridges, trans-
portation infrastructure and vehicles, and in particular to pre-
formed shielding which provides protection from the effects
otf'blast(s) from explosives or accidental or malicious destruc-
tion.

[0003] Due to increased threats and awareness of potential
terrorist activities, increased attention is being given to pro-
tecting structures of all types against damage from fire, explo-
sion, and other threats, malicious and accidental, to structural
elements of buildings and the like. An example is U.S. Pat.
No. 6,960,388 to Hallissy, et al. which discloses and claims
flexible but intumescent coatings for an electrical conduit
which, when exposed to intense heat, forms an expandable
insulative layer about the conduit. This provides increased
protection for electrical and communication cables and wires
which the conduit encases.

[0004] There is a need for blast and/or ballistic impact
resistant harrier structures for use in both existing and new
construction/manufacturing for exposed structural elements.
Exposed structural elements of buildings and transportation
infrastructure are particularly vulnerable targets for terrorist
activity. One particularly vulnerable structural element that is
widely used in construction is tension cables. Tension cables,
generally of steel, have long been used in design and con-
struction of suspension bridges, and are finding increasing
use in structures of all types. While designs employing such
tension cables always employ a certain degree of redundancy,
damages to numerous cables can have a catastrophic effect.
Damage in the case of explosive devices is particularly prob-
lematic, since even small “nicks” in highly tension metal can
create failure modes which are largely absent in non-tension
structures.

[0005] It would be desirable to provide systems that are
relatively inexpensive and have an acceptable weight effi-
ciency which can protect both existing and new exposed
structural elements against damage by explosive devices,
both in terms of the energy created by the explosion per se as
well as from flying objects/debris created during explosive
blasts, as well as from other threats to the integrity of the
structural element.

SUMMARY OF THE INVENTION

[0006] According to the present invention, a shield is pro-
vided which shields an exposed structural element from,
among other things, an explosive blast and ensuing fire. The
shield of the present invention can be retrofitted onto existing
structures or installed in new construction. The shield
includes at least two pre-formed shield members that are
assembled to enclose at least a portion of a structural element
to provide protection to the enclosed portion.

[0007] The assembled shield protects structural elements
from blast energy, ballistic threats, and flying debris. The
structural member can be a structural component of'a building
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or a vehicle, or, for example, a tension cable (or cables) which
supports suspension bridges and the like, e.g., viaducts, etc.
And the shield members can be made so that they interlock,
e.g., can be slidably interlocked, around the enclosed portion
of the structural member.

[0008] The energy absorbing shield can, in one primary
embodiment, include mainly an ultra high strength concrete.
In a second primary embodiment, the shield can include a
chassis and at least one ballistic liner, preferably an ultra high
strength concrete, disposed on the chassis such that the chas-
sis is more proximal to the structural member than the ballis-
tic liner. In both embodiments the shield includes at least two
shield members which are capable of being assembled to
enclose at least a portion of the structural member to provide
protection to the enclosed portion from an explosive blast and
ensuing fire.

[0009] The ultra high strength concrete, which can be pre-
cast, includes metallic fibers. Preferably, the metallic fibers
are present in an amount of up to about 120 kg/m>, more
preferably in an amount of about 20 to about 120 kg/m® of
concrete, and most preferably in an amount of about 40 to
about 100 kg/m> of concrete. The metallic fibers preferably
include steel fibers.

[0010] The ultra high strength concrete preferably shows a
flexure strength Rfl measured on prismatic samples, higher
than or equal to 15 MPa and a compression strength Rc
measured on cylindrical samples, higher than of equal to 120
Mpa, the flexural strength and compression strength being
evaluated at the end of a 28 day time period.

[0011] The chassis of the second primary embodiment is
preferably a metal plate which includes a metal selected from
the group consisting of aluminum, steel, stainless steel, tita-
nium and mixtures and/or alloys thereof. The metal chassis
can be in the form of a hinged assembly capable of pivoting to
surround the enclosed portion of the structural member. The
chassis can also include interlocking, spaced-apart tabs or
fingers which cooperate to assemble around the structural
member.

[0012] Inthesecond primary embodiment, the shield mem-
bers further include a concrete-integrating-structure embed-
ded in the concrete, which is preferably attached to the chassis
prior to application of concrete to the chassis. The concrete-
integrating-structure is preferably made of metal, most espe-
cially steel.

[0013] In both embodiments, the thickness of the ballistic
liner, especially the ultra high strength concrete, is sufficient
to significantly reduce (or, indeed, eliminate) damage to the
cable. Preferably, the lower limit of thickness of the ultra high
strength concrete (ballistic liner) is at least about 0.5 inches,
preferably at least about 1.0 inch, and most preferably at least
about 1.5 inches. Meanwhile the upper limit of the thickness
of the concrete (e.g., ballistic liner) is not greater than about
4.0 inches, preferably not greater than about 3.0 inches, and
most preferably not greater than about 2.5 inches. Any com-
bination of upper and lower limits of thickness set forth above
can be combined and used as part of this invention.

[0014] In all embodiments, at least one shield member can
also include at least one data sensor for detecting a threat to
the shield and/or the protected structural member. Preferably,
the sensor detects a threat selected from the group consisting
of'an elevated temperature, excessive vibrations, an explosive
blast and other events affecting the integrity of the shield
assembly. This inventive feature can also include a system for
transmitting threat data to a remote receiver.
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[0015] Both embodiments can also include a solar collector
which can power the sensor/transmitter. A heat tracing wire
can be used in all embodiments to dehumidify annular space
within the shield so that corrosion damage is mitigated. And
a solar collector can be used to power the heat tracing wire.

[0016] The shield members can also include at least one
heat resistant coating, which is preferably disposed adjacent
to the structural member upon assembly of the shield. An
exterior and/or interior heat resistant coating can be made of
an intumescent coating for an electrical conduit as disclosed
in U.S. Pat. No. 6,960,388.

[0017] When the structural member is a tension cable, the
shield can have a substantially annular shape with an inner
surface adjacent to the cable and an outer surface facing
outward towards a potential explosive blast source. In such an
embodiment, the shield can also include at least one end cap
which fits around the tension cable sufficiently snugly to
substantially prevent weather and debris from entering the
annular space.

[0018] Inboth of the primary embodiments, i.e., (i) the first
primary embodiment which includes mainly concrete and (ii)
the second primary embodiment which includes a chassis and
atleast one ballistic liner, can further include a blast defeating
layer disposed on the surface exposed to blast. The blast
defeating layer preferably includes a metal selected from the
group consisting of aluminum, steel, stainless steel, titanium,
and mixtures and/or alloys thereof.

[0019] The present invention also includes a system having
a thermally-insulative/ballistic liner disposed on the struc-
tural member, especially tension cables, before assembling
the shield to enclose the structural member. The thermally-
insulative/ballistic liner is a jacket which can include a woven
or non-woven textile fabric or combination thereof. The
material used can be selected from the group consisting of
glass fibers, polyaramide fibers, polyolefin fiber, aliphatic
polyamide fibers, steel fibers, titanium fibers, carbon fibers,
ceramic fibers and mixtures or alloys thereof. The liner jacket,
which is secured to the structural member, can increase the
ballistic and/or heat protection afforded the structural mem-
ber, e.g., cable. The liner can also include a blanket layer
disposed between the jacket and the protected structure, e.g.,
cable. The blanket can be a refractory material, e.g., Kao-
wo00l™ refractory blanket and/or Inswool™ refractory blan-
ket.

[0020] The invention also includes a method for mitigating
damage to a structural member from an explosive blast, which
includes assembling a shield (with or without the liner) as set
forth herein around the structural member. Preferably, the
structural member is a tension cable.

[0021] Additional objects, advantages and novel features of
the invention will be set forth in part in the detailed descrip-
tion which follows, and in part will become apparent to those
skilled in the art upon examination of the following, or may be
learned by practice of the invention. The objects and advan-
tages of the invention may be realized and attained by means
of the instrumentalities and combinations particularly
pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Preferred embodiments of the invention have been
chosen for purposes of illustration and description and are
shown in the accompanying drawings, wherein:
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[0023] FIG. 1isacross-sectional view ofashield according
to a first primary embodiment of the invention that has been
slidably interlocked around a tension cable to be protected;
[0024] FIG. 2is across-sectional view ofa shield according
to a second primary embodiment of the invention that
includes a metal chassis that has been slidably interlocked
around a tension cable to be protected;

[0025] FIG. 3is across-sectional view ofa shield according
to yet another preferred embodiment of the invention that
includes a metal chassis thatis in the form of a hinged assem-
bly that has been interlocked around a tension cable to be
protected;

[0026] FIG. 4 is partial side elevation view, partly in cross-
section, showing a shield that includes an end cap according
to a preferred embodiment of the invention assembled around
a tension cable; and

[0027] FIG. 5is partial side elevation view, partly in cross-
section, showing a shield that includes an end cap according
to another preferred embodiment of the invention assembled
around a tension cable.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention provides a shield that is rela-
tively inexpensive and is easily constructed, which shields an
exposed structural element from an explosive blast and fire.
The shield can be retrofitted onto existing structures or
installed in new construction. One primary embodiment of
the invention provides a shield that includes at least two shield
members made mainly of pre-cast ultra high strength con-
crete. The shield members are capable of being assembled to
enclose at least a portion of the structural member to provide
protection to the enclosed portion from an explosive blast.
[0029] Inone preferred embodiment, the structural element
or member is a tension cable. Tension cables are well known
and details of structures using such cables can be obtained
from numerous textbooks and treatises on civil engineering
and architecture. Numerous variants are possible, and most
cables for heavy structures and/or tall structures such as radio
or television broadcast towers, suspension bridges, transmis-
sion towers, stadium towers, viaducts and the like, consist of
a plurality of smaller cables, which may run parallel to each
other or which may be twisted together. Likewise, each of
these plurality of smaller cables can contain numerous
strands of wire, twisted together in numerous patterns. The
material of construction is generally high tensile strength
carbon steel, although occasionally stainless steel or even
metals such as aluminum can be used.

Ultra High Strength Concrete Shield

[0030] Referring to the drawings there is shown in FIG. 1 a
cross-sectional view of a shield 100 assembled around a cable
which includes a first shield member 102 and a second shield
member 104 that are slidably interlocked to provide a sub-
stantially annular shape having and inner surface 106 sur-
rounding a tension cable 108 and an outer surface 110 facing
explosive threat. The first and second shield members 102 and
104 are a pre-cast ultra high strength concrete material having
a wall thickness sufficient to provide protection to the tension
cable 108 from an explosive blast.

[0031] The ultra high strength concrete material should be
capable of absorbing and distributing energy from an explo-
sive blast, so that the integrity of a tension cable 108 enclosed
by assembled shield members is preserved after an explosive
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blast occurs external to the shield 100. The ultra high strength
concrete is preferably an ultra high strength reactive powder
concrete that contains ductile fibers. The fibers are preferably
of'atype and present in an amount sufficient to absorb energy
transmitted by the blast itself and to enhance protection from
flying debris secondary to the blast. The fibers can be high
carbon steel or poly vinyl alcohol fibers. Examples of suitable
concrete materials are disclosed in U.S. Pat. No. 6,887,309 to
Casanova et al., which is incorporated herein by reference in
its entirety, and sold under the name Ductal® by LaFarge.
[0032] The LaFarge concrete has metallic fibers dispersed
in a composition having a cement; ultrafine elements with a
pozzolanic reaction; granular elements distributed into two
granular classes (C, ) >1 mm and <5 mm and (C,) ranges from
5to 15 mm; cement additions; an amount of water E added in
the mixture; a dispersant, and preferably a superplasticizer;
metallic fibers, in an amount maximum equal to 120 kg per
m?> of concrete, the contents of the various components (a),
(b), (C)), (C,), (d) and the amount of water E, expressed in
volume, meeting the following relationships: ratio 1:0.50=
(CHNCH=1.20; ratio 2:0.25=[(a)+(b)+(d))/[(C+(C,)]=0.
60; ratio 3:0.10=(b)/(a)=0.30; ratio 4:0.05=E/[(a)+(b)+(d)]
=0.75; ratio 5:(d)/(a)=0.20. The cement includes particles
having grain size D50 ranging from 10 to 20 mm, and the
ultrafine granular sizes having grain size D50 of maximum
1.0 mm.

[0033] The wall thickness of the ultra high strength con-
crete is sufficient to significantly reduce the occurrences of
cuts, nicks and parting of the cable compared to an unpro-
tected cable. Preferably, the wall thickness is from about 0.5
inch to about 4.0 inches, more preferably from about 1.0 inch
to about 3.0 inches, and most preferably from about 1.5
inches to about 2.5 inches. Thus, the lower limits of the wall
thickness is not less than about 0.5 inches, preferably not less
than about 1.0 inches, and most preferably not less than about
1.5 inches; whereas the upper limit of the wall thickness is not
greater than about 4.0 inches, preferably not greater than
about 3.0 inches, and most preferably not greater than about
2.5 inches. (The same wall thicknesses set forth above are
used in other embodiments of the invention).

[0034] The first shield member 102 can also include at least
one, but preferably a plurality of, data sensor(s) 112 embed-
ded in the ultra high strength concrete matrix. (See also sen-
sors 132 shown in FIG. 2). The sensors 112 detect threats to
the shield 100 and/or the tension cable 108. For example, a
steel tension cable will typically lose significant strength and
will be at risk for failure if it reaches a temperature of about
300° C.-350° C. Accordingly, a temperature sensor can be
used to detect heat threat to the tension cable. Depending on
the type of tension cable, sensors can be included in the shield
member to detect a threat selected from the group consisting
of elevated temperature (heat), excessive vibration, shock
from an explosion and other factors affecting the integrity of
the shield assembly.

[0035] Theshield canalso include a system for transmitting
threat data to a remote location (not shown). The system can
include a transmitter and a power source to receive the threat
data from the data sensors and transmit the data to a remote
location. In a preferred embodiment, the power source
includes a solar collector, such as collector 182 shown in FIG.
5 of the second primary embodiment, and the transmitter can
transmit the data via wireless communication.

[0036] The shield can also include at least one heat resistant
coating 114 in FIG. 1 between the inner surface of the shield

Dec. 23, 2010

and the tension cable. A heat resistant coating can also be
applied to the exterior surface, but is preferably applied to the
inner surface of the shield. The coating is preferably a flex-
ible, adherent coating which, when exposed to high tempera-
tures, expands to form an insulative yet coherent coating to
insulate the tension cable from the high temperature.
Examples of suitable insulative materials are the coatings
disclosed in U.S. Pat. No. 6,960,388 to Hallissy et al., which
is incorporated herein by reference in its entirety.

Combined Chassis and Ballistic Liner

[0037] Ina second primary embodiment, the ballistic liner
can be attached to the chassis (which is preferably metal) by
casting ultra high strength concrete (as described above) onto
the chassis. The chassis can be hinged, slotted together,
screwed, welded or otherwise assembled and secured around
tension cables. Referring to FIG. 2, a cross-sectional view of
a shield 120 is depicted according to this second primary
embodiment of the invention. The shield 120 surrounds a
tension cable 122 and includes a shield 120 assembled from a
first shield member 124 having a chassis 126 and a first
ballistic liner 128 made of an ultra high strength concrete
casting on the chassis 126.

[0038] The shield member also has a first metal concrete-
integrating-structure 130 embedded in the casting. The first
concrete-integrating-structure 130 can be welded or other-
wise attached to the first chassis 126 prior to casting the
concrete ballistic liner 128. The concrete-integrating-struc-
ture 130 appears as “v-shaped” cross-sections which means
that in the example shown herein they are a series of winged-
shaped metal pieces attached at their apices to the chassis.
[0039] The first shield member can also include data sen-
sors 132 embedded in the concrete ballistic liner 128. The
sensors 132 can include the types of sensors 112 described
above in connection with FIG. 1.

[0040] The shield 120 also includes a second shield mem-
ber 134 containing a second metal chassis 136 and a second
ballistic liner 138 of an ultra high strength concrete casting on
the second chassis 136. The second shield member also
includes a second concrete-integrating structure 140 embed-
ded in the casting. Similar to the first shield member, the
second concrete-integrating-structure 140 can also be
attached, such as by welding, to the second chassis 136 prior
to casting concrete ballistic liner 138.

[0041] The concrete-integrating-structure, shown as
“v-shaped” in cross-sections 130 and 140, can have other
configurations such as a grid composed of bars criss-crossed
and secured to each other and to the chassis such as by
welding.

[0042] The first and second shield members 124 and 134
can be slidably interlocked via chassis 126 and 136 around the
tension cable 122 to form shield 120 which surrounds the
cable 122. The respective surfaces of each chassis (126 and
136) facing the tension cable 122 can also have a fire resistant
coating 125 which provides thermal protection to the tension
cable 122 against elevated temperatures generated by blast
and fire.

[0043] The shield of the present invention can also include
a blast defeating layer, preferably made of metal, disposed on
the outside of the assembled shield. Thus, in FIG. 1 a blast
defeating layer 210 is shown in phantom on the outside of
shield 102. Similarly, in FIG. 2 and FIG. 3 a blast defeating
layer 212 is depicted in phantom. Blast defeating layers are
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preferably made from metal selected from the group consist-
ing of steel, aluminum, stainless steel, titanium, and mixtures
and/or alloys thereof.

[0044] FIG. 3 is a cross-sectional view of a shield similar to
the shield shown in FIG. 2, but which includes a hinged metal
chassis instead of a slidably interlocked metal chassis. The
hinged assembly consists of a first metal chassis 142 and a
second metal chassis 144 connected by a hinge 146 and
interlocked around a tension cable by a pin 148 opposite the
hinge 146. (The pin connection does not have to be located
precisely opposite hinge 146).

[0045] FIG. 4 is a partial side elevation view, partly in
cross-section, of a shield 150 having an end cap 152 accord-
ing to a preferred embodiment of the invention and assembled
around a tension cable 154. The shield 150 includes a chassis
156, a ballistic liner 158 disposed on chassis 156, a heat
resistant coating 160 disposed on chassis 156 (opposite the
ballistic liner 158) and data sensors 162 embedded in the
ballistic liner 158. The end cap 152 is positioned on the end of
the shield 150 to prevent weather and debris from infiltrating
annular space 164, the space between the shield 150 and the
cable 154. The end cap 152 fits into the space 164 and is
secured to the cable 154 by a clamp 166. The concrete-
integrating-structure(s) 130/140 are seen in this view by the
ends of the upper edges of the “v-shaped” metal pieces.
[0046] FIG. 5 shows a shield similar to that of FIG. 4, but
having a different style of end cap 170. The end cap 170 is
positioned on the end of the shield 172, fits into the space 174
between the shield 172 and the tension cable 176, and is
secured to the cable 176 by a clamp 180. The cap 170 also
includes a solar powered transmitter 182 connected to data
sensors 184. The transmitter 182 is powered by solar energy
and transmits data to a remote receiver by wireless commu-
nication.

Shield System

[0047] The present invention also includes a shield system.
The system has a thermally-insulative/ballistic liner 410 dis-
posed on the protected structural element, especially a tension
cable, between the protected element and the shield.

[0048] The thermally-insulative/ballistic liner is on the
non-threat side ofthe shield, e.g., between the inner surface of
the shield and the outer surface of the tension cable, to provide
additional protection to the tension cable. The thermally-
insulative/ballistic liner can be a single material in a single
layer or more than one layer, e.g., multiple layers of a single
material or multiple materials.

[0049] In the drawings, the thermally-insulative/ballistic
liner is shown with two layers, a jacket 414, and a blanket
layer 412. The blanket layer 412 is preferably made of a
refractory material such as ceramic fibers. For example, the
blanket layer 412 can be Kaowool™ refractory blanket or
Inswool™ refractory blanket.

[0050] The jacket 414 can be those materials known for
their protective ballistic properties. Numerous materials
which can be used for the jacket layer include materials that
are known for use in other application such as ballistic covers
for military vehicles, personal armor, etc. Typically, the bal-
listic cover is a woven or non-woven textile fabric, or textile
fabric of both woven and non-woven material. Suitable mate-
rials include glass fibers of all types, polyaramide fibers such
as Kevlar® polyaramide fiber; high modulus polyolefin fiber
such as SPECTRA® polyethylene fiber; aliphatic polymide
fibers; steel fibers, including those of stainless steel; titanium
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fibers; carbon fibers; ceramic fibers; and the like. The fibers
may be present as individual fibers, tows or strands of fibers,
yarn woven from fibers or from strands, or in any suitable
combination. Yarn, strands, tow, etc., may consist of a single
type of fiber or a plurality of different types of fibers. The
fibers are preferably continuous fibers, however, chopped
fibers such as staple fibers are lengths of about 1 cm to about
7 cm, or longer discontinuous fibers, e.g., having length in
excess of 7 cm, are also useful, particularly when used in
conjunction with continuous fibers. In use the material is set
up using an epoxy or the like to form a jacket 414.

[0051] The fibers, strands, tow, yarn, etc. may be present in
the form of a woven or non-woven sheet material, e.g., a
textile material, preferably a woven textile material. These
woven or non-woven sheet materials may be used as a single
layered composite sheet material or may be composed of
multiple layers. By way of example, two woven polyaramide
fabrics may sandwich a further woven or non-woven layer of
steel mesh; conventional natural or synthetic fiber fabric,
woven or non-woven; a layer of flexible foam, i.e., a polyole-
fin or polyurethane foam; or a layer of unconsolidated or fully
or partially consolidated chopped fibers. These examples are
not limiting. A preferred example of a liner material is SPEC-
TRA® manufactured by Honeywell.

[0052] Preferably, the jacket secures the blanket layer to the
protected structural element so that the blanket material does
not migrate away from the protected structure. In the case of
a tension cable, the jacket can be cylindrically shaped mem-
ber (e.g., tube) having an opening running linearly along the
tube. The tube can simply be opened linearly and placed over
a cable on which a material such as a Kaowool™ refractory
blanket has already been wrapped. The tube is a rigidfied
ballistic material as described above which will snap back
around the Kaowool™-wrapped cable. Preferably, the jacket
will have either (or both), heat resistance and ballistic prop-
erties which further enhance protection of the structural
member, e.g., cable.

[0053] In another aspect, the invention is directed to a
method for mitigating damage to a structural element, e.g., a
tension cable, from an explosive blast. The method includes
assembling a shield as discussed above around the structural
member. When the energy absorbing shield is pre-manufac-
tured rather than prepared in situ, the shield is wrapped or
otherwise placed around the tension cable. Optionally the
cable is first coated with an anticorrosive composition such as
a filled oil or grease, and subsequently the shield (with or
without a thermally-insulative/ballistic liner) is applied and
secured.

[0054] The shield may be applied along the entire length of
the cable or only on portions thereof, preferably lower por-
tions which would be more likely to be exposed to a blast or
to projectiles which result from the blast. For long cables for
radio towers or the cables of suspension bridges remote from
the lower portion of the parabolic supporting cables, for
example, coverage of one third to one half the length may be
appropriate. In such cases, provision may be made for lifting
the shield so that the cable may be inspected. Such provision
may be, for example, a hook, grommet, or loop of material
which is then used to lift the shield.

[0055] The energy absorbing shield of the invention pref-
erably includes a concrete casting and metal chassis with a
metal concrete-integrating-structure welded to the metal
chassis. However, additional layers or components may be
added as well, or the structure may be limited to the two
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necessary components, i.e., the concrete casting and metal
chassis. This positioning may also be reversed where the
metal chassis faces the threat and the ultra high strength
reactive powder concrete is the metal chassis. In another
embodiment, the metal chassis may be sandwiched between
two concrete castings.

[0056] Yet another feature of the present invention is the
use of a tracing wire 190 (in FIG. 5) which can be used to heat
the area 164 between the interior of the shield and the cable
154. The tracing wire can be powered by a solar collector 182
also see in FIG. 5.

[0057] Thus, while there has been described what is pres-
ently believed to be preferred embodiments of the invention,
those skilled in the art will appreciate that other and further
changes and modifications can be made without departing
from the scope or spirit of the invention.

1-25. (canceled)

26. A method for mitigating damage to an exposed tension
cable of a pre-existing structure, the method comprising the
steps of assembling a tubular shield around said tension cable,
said shield including two shield members substantially
enclosing at least a length of said tension cable and defining a
space between said tension cable and said shield members,
each of said shield members comprising:

(a) a chassis having an inner surface facing said tension

cable and an outer surface;

(b) an ultra high strength concrete ballistic liner cast on said

outer surface of said chassis; and

(c) a concrete-integrating-structure attached to said outer

surface of said chassis and embedded in said concrete
ballistic liner, said concrete-integrating structure and
said outer surface of said chassis forming a plurality of
concrete retaining pockets.

27. A method according to claim 26, further comprising the
step of applying a thermally-insulative/ballistic liner to said
tension cable prior to assembling said shield.

28. A method according to claim 26, wherein said shield
members are pivotably connected to each other via a hinge
assembly, said hinge assembly comprising a hinge pivotably
connecting one edge of each chassis together and a pin inter-
locking spaced-apart tabs provided on an opposite edge of
each chassis together.

29. A method according to claim 26, wherein said chassis
and said concrete ballistic liner are substantially longitudi-
nally and laterally coextensive along the length of the tension
cable.

30. A method according to claim 26, wherein said pre-
existing structure is a suspension bridge.

31. A method according to claim 26, further comprising the
step of assembling an end cap to a longitudinal end of said
tubular shield, said end cap being inserted into said space
between said tension cable and said shield members to main-
tain a distance between said tension cable and said shield
members and to prevent weather and debris from entering
said space.

32. A method according to claim 26, further comprising the
step of wrapping a blanket made from a refractory material
around said tension cable prior to assembling said tubular
shield around said tension cable.

33. A method according to claim 32, further comprising the
step of wrapping a fabric jacket around said blanket prior to
assembling said tubular shield around said tension cable.
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34. A method according to claim 26, wherein said tubular
shield is removable from said tension cable, without damag-
ing said tension cable.

35. A method for retrofitting an exposed structural member
of a pre-existing structure to protect the structural member
from damage by an external force, the method comprising the
steps of:

providing a pre-formed shield for the structural member,

said shield being separately formed from the structural
member and comprising at least two shield members
pivotably connected to each other, each of said shield
members comprising a metal plate and a high strength
concrete ballistic liner cast on an outer surface of said
metal plate;

applying the shield to a length of the structural member;

pivoting said shield members together to enclose the length

of the structural member with the shield, wherein said
metal plate faces the structural member and said con-
crete ballistic liner faces the exterior environment; and
locking said shield members together to secure the shield
around the enclosed length of the structural member.

36. A method according to claim 35, wherein said exposed
structural member is a tension cable of a suspension bridge.

37. A method according to claim 35, wherein said shield
members are pivotably connected to each other via a hinge
assembly, said hinge assembly comprising a hinge pivotably
connecting one edge of each metal plate together and a pin
interlocking spaced-apart tabs provided on an opposite edge
of each metal plate together.

38. A method according to claim 35, wherein each of said
shield members further comprises a concrete-integrating-
structure attached to said outer surface of said metal plate and
embedded in said concrete ballistic liner, said concrete-inte-
grating-structure and said outer surface of said metal plate
forming a plurality of concrete retaining pockets.

39. A method according to claim 35, wherein said metal
plate and said concrete ballistic linear are substantially lon-
gitudinally and laterally coextensive along the length of the
enclosed structural member.

40. A method according to claim 35, wherein an annular
space is formed between said metal plate of said shield mem-
bers and said structural member upon locking said shield
members together.

41. A method according to claim 40, further comprising the
step of assembling an end cap to a longitudinal end of said
shield, said end cap being inserted into said annular space
between said structural member and said shield members to
maintain a distance between said structural member and said
shield members and to prevent weather and debris from enter-
ing said annular space.

42. A method according to claim 35, further comprising the
step of wrapping a blanket made from a refractory material
around said tension cable prior to assembling said tubular
shield around said tension cable.

43. A method according to claim 42, further comprising the
step wrapping a fabric jacket around said blanket prior to
assembling said tubular shield around said tension cable.

44. A method according to claim 35, wherein said pre-
formed shield is removable from said exposed structural
member without damaging said member.
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