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A CABLE TROUGH SYSTEM
Technical Field
Aspects of the present invention relate to Flame Retardant Fibre Reinforced Plastic (FR-FRP) cable

troughs configured for housing high voltage power transmission cables in cable tunnels.

Background

Singapore and other countries have constructed underground transmission cable tunnels to supply
electricity, freeing the ground above for road traffic and architectural space, and preventing dangerous
accidental contact associated with overhead power lines. Underground power transmission cable
tunnels may reside many metres, e.g., up to 60 metres, below ground level to avoid underground train
systems, expressways, and drainage pipes. For fire safety and ease of access / maintenance, high
voltage power cables are compartmentalised within cable troughs at elevated levels in the cable
tunnels, and are typically affixed to the cable tunnel walls with supports and/or trough racks. Inside
vertical shafts leading into the cable tunnels, power cables are also housed in cable troughs. It is
important that cable troughs and key portions of an entire cable trough system can be easily and quickly
installed and maintained. For high voltage cables installed in cable tunnels, fires or explosions
associated with the high voltage cables can occur; hence, it is important that cable troughs in which
high voltage cables reside can appropriately withstand possible fires or explosions. Unfortunately,
existing cable trough structures and cable trough systems fall short with respect to these requirements.
A need exists for cable troughs and cable trough systems that can be easily and quickly installed and

maintained in cable tunnels, and which provide superior fire and explosion safety.

Summary

Aspects of the present disclosure are directed to cable trough systems comprising a set of cable troughs
(at least 1 cable trough) suitable for carrying at least portions of power cables (e.g., particularly high
voltage power cables). Cable trough systems in accordance with embodiments of the present disclosure
include particular types of cable troughs and/or cable trough elements or structures that facilitate ease
of cable trough installation and maintenance, and which provide effective or highly effective structural
resiliency and safety with respect to fires and explosions that can occur in association with the power
cables that reside therein. With respect to the power cables installed in cable tunnels, it is important
that any fire or explosion event that occurs where the power cables are installed (e.g., within the
physical structures that house the power cables) should be contained or confined at a small localized
spatial region or location with minimum impact to the surrounding assets and tunnel. As cables carried
by cable troughs can be damaged or rendered inoperative due to fire and/or explosion event, a cable
trough and/or cable trough system that includes one or more types of Flame Retardant materials, such

as a Flame Retardant Fibre Reinforced Plastic (FR-FRP) material, is desired. For a flame retardant
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cable trough, cable trough assembly, or cable trough system, such as an FR-FRP trough or a cable
trough system that includes a set of FR-FRP troughs or FR-FRP trough assemblies, two significant or
important safety hazards to consider include: (a) flame retardancy of the cable trough, which can be
aided by material properties of portions of the trough, trough assembly, and/or trough system, e.g.,
which can include trough wrapping materials; and (b) power arc and explosion resiliency of the cable
trough, which can be aided by mechanical properties of the assembled trough, trough assembly, and/or
trough system, e.g., which can include trough wrapping materials. In several embodiments, the major
components of a cable trough or cable trough assembly that can form or which reside in a cable trough

system include at least some of:

(1) top cover or top casing (which can be referred to as a top trough);

(2) bottom cover or bottom casing (which can be referred to as a bottom trough);
(3) H-clip or panel edge clip;

(4) top splice plate or top bracket;

(5) bottom splice plate or bottom bracket;

(6) pipe/ cooling pipe support (which can simply be referred to as a support);
(7) guide plate or guiding element;

(8) cable spacer;

(9) sacrificing or sacrificial shield or protective shield;

(10) explosive force absorbent / resilient / resistant bands or belts, which typically include or are
made of polymer material(s), such as a set of Aramid / Kevlar® fibre bands and/or belts;

(11) a set of fasteners associated with or corresponding to the belt(s), such as buckles;
(12) a set of cushioning components or packers;
(13) a set of explosive force absorbent / resilient / resistant wraps, which typically include or are
made of polymer material(s), such as aramid wraps or thermal-resistant sheet(s);
(14) a set of water resistant / waterproof (WR/WP) and/or Flame Retardant (FR) wraps or sheets
(WR/WP-FR wraps or sheets), which can include fibres and/or plastic(s) / polymer(s), such as
a set of polymer coated fiberglass wraps; and
(15) a retaining structure such as at least one bar and a corresponding set of nuts and bolts for

retaining or securing the WR/WP-FR wrap(s).

where such numbers (1) — (15) can be present in various FIGs. referred to herein, and like or analogous
element numbers associated with different types of troughs or trough structures or components thereof
indicate like or analogous types of structures. Element numbers (1) through (9) can include or be made
of Flame Retardant Fibre Reinforced Plastic (FR-FRP) material(s), and/or Flame Retardant High

Performance Polymer (FR-HPP) material(s), depending upon embodiment details.
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According to one aspect of the present disclosure, a cable trough system comprises a first plurality of
cuboid members (e.g., elongate cuboid members), each comprising a top casing and a bottom casing
joined to form an elongated body encompassing a hollow cavity that is accessible from a front opening
and a back opening at a front end and a back end of the cuboid member, respectively. Each of the first
plurality of cuboid members is coupled or connected in tandem or series such that a back, rearward,
or rear opening of one cuboid member resides adjacent to a front or forward opening of a next cuboid
member at an interface or joint where two adjacent cuboid members are coupled. The system can
include a plurality of top bracket and bottom bracket pairs. For each such pair, the top bracket and
bottom bracket can respectively be secured or fastened to the joint where edges of the top casings and
edges of the bottom casing of two adjacent cuboid members meet. The system can include a plurality
of belts and corresponding buckles or buckle assemblies. Each belt is slidably engageable with its
corresponding buckle or buckle assembly. Each belt comprises a fabric and/or explosive force

absorbent / resistant band, such as an explosive force absorbent / resistant polymer fiber band, e.g., a
band that includes or is made of Kevlar® band or ultra high molecular weight polyethylene

(UHMWPE) fiber / UHMWPE fiber-reinforced cloth, having one end engaged to its corresponding
buckle and another end insertable to the buckle. Each buckle or buckle assembly includes an outer
frame carrying one or more crossbars to catch against the band for strapping and securing the belt
around the elongate body of a cuboid member and securing the top casing to the bottom casing thereof.
It is important to note that each buckle or buckle assembly is configured to allow its corresponding
belt or band to slide out of the buckle or buckle assembly a limited or acceptable target distance
permitting at least some upward lifting of the top casing of a cuboid member away from the bottom
casing, thereby creating or enabling the creation of a gap for discharging increased air pressure within
the hollow cavity in the occurrence of a fire or explosive incident within the hollow cavity when the

increased air pressure reaches or exceeds a predetermined level, threshold, or value.

A crossbar and/or outer frame of each buckle or buckle assembly can include knurling, knurled
structures, and/or protrusions to control an amount of friction imposed by the buckle or buckle
assembly against the belt corresponding thereto and react or progressively react against the belt sliding
out of the buckle in response to increased air pressure. The system can further comprise, for one or
more belts strapped around the cuboid member, at least one cushioning component, element, structure,
or “packer” disposed between the top casing and part of the belt strapping around the cuboid member

for partially absorbing an impact caused by increased air pressure.

The top casing and/or bottom casing of each cuboid member can be substantially U-shaped to provide

a planar or generally planar panel coupled to a first and a second elongate side respectively folded into
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a first and a second vertically extending sidewall. The first sidewall has a greater spatial extent along
the vertical axis than the second sidewall. Each sidewall is coupled to or terminates at an elongated
edge running lengthwise along the cuboid member. The elongated edge of each of the first sidewall
and the second sidewall of the top casing can be structured to respectively couple to the elongate edge

of the second sidewall and first sidewall of the bottom casing to form the cuboid member.

The system can additionally comprise a pair of panel edge clips or H-clips for coupling the elongate
edges of the top casing to the elongate edges of the bottom casing. In several embodiments, the H-
clip comprises a strip or strip element running lengthwise corresponding to the elongate edge of the
top casing and/or bottom casing defining a top groove and a bottom groove for separately

accommodating the elongate edge of the coupled top and bottom casings.

The system can further comprise multiple guiding or guide elements spaced along and arranged in
pairs on the opposing sidewalls of the bottom casing. Each guiding element comprises a pair of
opposing arms stretching upwardly away from the sidewalls of the bottom casing with one of the arms
affixed on external surface of the sidewall and another arm mounted on internal surface of the sidewall.
Each pair of the opposing arms creates a slot in which one of the sidewalls of the top casing is insertable
such that the pair of opposing arms is configured to guide the top casing to recouple with the bottom
casing after the top casing shifts away from the bottom casing in response to increased air pressure
(e.g., because of an explosion event). According to additional embodiments, the opposing arms of the
guiding elements outstretch the H-clip in length about the vertical axis. Each pair of guiding elements

can be oriented or wrapped towards or against the cuboid member by one of the belts.

In still further embodiments, for two adjacent cuboid members, the pair of top and bottom brackets
fastened to the joint stretches over the edges of two adjacent cuboid members, concealing or overlaying
a spatial gap or any spatial gap (e.g., a planar or longitudinal / lengthwise gap) between the two

adjacent cuboid members.

The system can also comprise a at least one support, e.g., a plurality of supports, positioned within the
hollow cavity of each cuboid member. Each support comprises a substantially rigid platform, bar, or
slat extending across at least portions of the cavity, for instance, from one sidewall toward or to another
sidewall of the bottom casing and shaped for carrying a set of pipes such as cooling pipes running
within the cavity along the connected cuboid members and separating the cooling pipes from one or
more cables running underneath the support (and possibly or typically separating the cooling pipes
from each other). In several embodiments, the support comprises an n-shaped member having a slat

extending laterally across the cuboid member inner cavity, and two downwardly reaching legs. For
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further embodiments, the legs are respectively seated in or anchored to the top groove of the H-clips.
Hence, the top groove of the H-clip in such embodiments has a cross-sectional width greater than the
bottom groove of the H-clip for receiving the elongate edge of the top casing as well as the leg of the
support. In certain embodiments, each support carries one or more indentations or recesses on its slat
for positioning or securing the cooling pipe(s) on the support. In some embodiments, each leg
terminates with two parallel prongs with a more outwardly located prong being insertable into a top

groove of an H-clip for anchoring the support onto the H-clip.

For multiple embodiments, the system includes a protective sheet or shield placed within portions of
a cuboid member assembly’s inner cavity, overlaying the joint of two adjacent cuboid members at
each bottom casing. The protective sheet or shield is configured for at least partially absorbing a force
or impact directed toward the joint due to the aforementioned increased air pressure. The protective
sheet or shield can comprise two L-shaped frames or frame members. Each frame has a vertical
segment and a horizontal segment respectively overlaying onto the sidewall and the planar panel of
portions of the bottom casings around the joint of the two adjacent cuboid members. More particularly,
the two L-shaped frames mate at the edge of their horizontal segments to form the protective sheet,

thereby forming a protective trough joint shield / sheet.

In various embodiments, the top casing of each cuboid member or at least some cuboid members can
be detachable, e.g., individually, from the bottom casing, permitting easy and rapid access to the

cuboid member’s inner cavity upon removal of the top bracket and belts.

In multiple embodiments, each of the plurality of belts is spaced equidistant along each cuboid
member. In particular embodiments, each cuboid member has a belt strapped proximate to a joint with
an adjacent cuboid member, and another belt spaced midway along the cuboid member. The belt can

comprise or essentially consist of Kevlar®; however, the belt can additionally or alternatively comprise

or essentially consist of one or more additional or other types of explosive force absorbent / resilient /
resistant materials (e.g., at least one explosive force absorbent / resilient / resistant polymer material,
such as an ultra high molecular weight polyethylene (UHMWPE) fiber containing or fiber based
material, where in certain embodiments the explosive force absorbent / resilient / resistant polymer
material(s) may contain nanostructures or nanoparticles that can aid explosive force absorption /

resilience / resistance).

For several embodiments, the system further comprises a thermal-resistant sheet wrapped around at
least one of the cuboid members or the joint of two adjacent cuboid members. For some embodiments,

the system further comprises a water-resistant and flame resistant material or fabric wrapped around
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at least one of the cuboid members or around joint of two adjacent cuboid members.

In accordance with an aspect of the present disclosure, the first plurality of cuboid members includes
a first terminal cuboid member, and the cable trough system can further comprise one of: (a) a second
cuboid member structure coupled to the first terminal cuboid member of the first plurality of cuboid
members, wherein the second cuboid member structure has a larger opening end, a smaller opening
end, and a length therebetween along which a perpendicular cross-sectional area changes between the
larger opening end and the smaller opening end, and wherein one of the larger opening end and the
smaller opening end is coupled to the front opening of the first terminal cuboid member of the first
plurality of cuboid members; and (b) a third cuboid member structure comprising a plurality of cuboid
member segments configured for curving or bending in one of a leftward, a rightward, an upward, and
a downward direction, wherein a terminal cuboid member segment of the third cuboid member

structure is coupled to the first terminal cuboid member of the first plurality of cuboid members.

In accordance with an aspect of the present disclosure, each of the first plurality of cuboid members
can have a first cross-sectional area perpendicular to a length of each of the first plurality of cuboid
members, the first plurality of cuboid members includes a first terminal cuboid member, and the cable
trough system can further comprise: (a) a second cuboid member structure coupled to a first terminal
cuboid member of the first plurality of cuboid members, wherein the second cuboid member structure
has a larger opening end, a smaller opening end, and a length therebetween along which a
perpendicular cross-sectional area changes between the larger opening end and the smaller opening
end, and wherein one of the larger opening end and the smaller opening end is coupled to the front
opening of the first terminal cuboid member of the first plurality of cuboid members; and (b) a third
plurality of cuboid members, wherein each of the third plurality of cuboid members has a third cross-
sectional area different than the first cross sectional area, and wherein a terminal cuboid member of
the third plurality of cuboid members is coupled to the other of the larger opening and the smaller

opening end of the second cuboid member structure.

Brief Description of the Drawings

FIG. 1 is a cross sectional view of a cable tunnel in which cable troughs reside along / on trough racks;

FIG. 2 in an upper portion shows a representative, typical, or standard straight configuration Flame
Retardant Fibre Reinforced Plastic (FR-FRP) trough, and in a lower portion shows an exploded version

of the FR-FRP trough in accordance with an embodiment of the present disclosure;

FIG. 3 is a cross sectional view of a representative, typical, or standard trough with accessories in
6
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accordance with an embodiment of the present disclosure;

FIGs. 4A and 4B respectively show first (e.g., left) and second (e.g., right) side views of a
representative, typical, or standard elongate trough having circumferential Aramid bands in

accordance with an embodiment of the present disclosure;

FIG. 5 shows a splice plate in accordance with an embodiment of the present disclosure;

FIG. 6 shows a sacrificing shield plate in accordance with an embodiment of the present disclosure;

FIGs. 7A, 7B, and 7C are three-dimensional (3D) drawings showing aspects of a representative,

typical, or standard joint bay trough in accordance with an embodiment of the present disclosure;

FIG. 8 is an exploded view of portions of the joint bay trough shown in FIGs. 7A through 7C, e.g.,

which can be disposed between two adjacent joint bay troughs;

FIG. 9 shows a representative cable fault access point located at regular intervals, e.g., every 50m;

FIG. 10A shows a representative, typical, or standard trough assembly in accordance with an

embodiment of the present disclosure;

FIG. 10B shows a guide plate installed on a bottom trough;

FIG. 10C shows a top splice plate and a bottom splice plate at a location between two consecutive

troughs in accordance with an embodiment of the present disclosure;

FIG. 10D shows a sacrificing shield installed on a bottom trough;

FIG. 10E shows a cooling pipe support in accordance with an embodiment of the present disclosure;

FIG. 10F shows a trough wrapped with Aramid bands in accordance with an embodiment;

FIG. 10G shows a representative, typical, or standard 2.8m long trough wrapped with Aramid bands,
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buckles and packers in accordance with an embodiment of the present disclosure;

FIG. 10H shows a trough wrapped with an Aramid sheet at a joint bay location in accordance with an

embodiment of the present disclosure;

FIG. 10I shows a trough wrapped with an Aramid sheet and Aramid bands at a joint bay location in

accordance with an embodiment of the present disclosure;

FIG. 10J shows a trough wrapped with a layer (e.g., an outer/ final layer) of a Water Resistant / Water
Proot Flame Retardant (WR/WP-FR) wrap, with an Aramid sheet and Aramid bands below, at a joint
bay location and secured with SS316 buckles;

FIG. 10K shows a cable head being lowered onto or into a bottom trough;

FIG. 10L shows a representative top cover of 50m length that can be opened on two ends;

FIG. 10M shows a space available for an H-Clip for a cooling pipe support and a top cover in

accordance with an embodiment of the present disclosure;

FIG. 10N shows a cooling pipe support and top cover installed onto an H-clip;

FIG 100 shows a second embodiment or version of a cooling pipe support;

FIG. 10P-1 shows a third embodiment or version of a cooling pipe support, extruded as one piece;

FIG. 10P-2 shows a fourth embodiment or version of a cooling pipe support;

FIG. 10Q shows a first embodiment or version of a guide plate adhered together using multiple plates

for bolting to a trough using galvanized bolts;

FIG. 10R shows a second embodiment or version of a guide plate extruded as a single piece without

using glue(s) to adhere them together in accordance with an embodiment of the present disclosure;

FIG. 10S shows a section of an embodiment of a sacrificing shield;
8



10

15

20

25

30

35

WO 2021/066745 PCT/SG2020/050549

FIGs. 10T-1 and 10T-2 show a representative buckle assembly, including at least one buckle having a

knurled, textured, or roughened face or edge portion;

FIG. 11A is a cross-sectional view of a hybrid type of joint bay trough with an openable top panel in

accordance with an embodiment of the present disclosure;

FIGs. 11B-1 and 11B-2 show a representative hybrid type of joint bay trough corresponding to or
analogous to that shown in FIG. 11A;

FIG. 12A is a perspective view of an embodiment of transposition trough;

FIG. 12B is an exploded view of the transposition trough shown in FIG. 12A;

FIGs. 13A and 13B are a perspective view and an exploded view of an embodiment of a reducer trough;

FIG. 14 is a perspective view of a coupled or connected reducer trough, a transposition trough, and a

joint bay trough in accordance with an embodiment of the present disclosure;

FIG. 15 is a schematic view showing general arrangement of a multi-trough system including the
reducer trough, the transposition trough, and the joint bay trough in accordance with an embodiment of

the present disclosure;

FIG. 16 shows a combined perspective and exploded view of a left / right turn trough in accordance

with an embodiment of the present disclosure;

FIG. 17 shows a combined perspective and exploded view of an upward / downward trough in

accordance with an embodiment of the present disclosure; and

FIG. 18 shows a combined front and side cross-sectional view of a reduced height trough in accordance

with an embodiment of the present disclosure.

Detailed Description of Particular Aspects of Representative Cable Trough Assemblies
Fundamental/Foundational/Representative/Typical/Standard FR-FRP Trough Assembly Structure(s)
With reference to FIGs. 2 through 6 and also FIG. 10A, in several embodiments a basic, fundamental,

foundational, representative, typical, standard, general, or straight-type Flame Retardant Fibre
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Reinforced Plastic (FR-FRP) trough assembly or trough 100, which can simply be referred to herein

as a trough 100, can include the following primary components:

Part No. Part Description Quantity / Part Count
1 First / Top Trough, Cover, or Casing 1
2 Second / Bottom Trough, Cover, or Casing 1
3 H-clip or Panel Edge Clip 2
4 First / Top Splice Plate or Top Bracket 1
5 Second / Bottom Splice Plate or Bottom Bracket 1
6 Cooling Pipe Support or Support 2
7 Guide Plate or Guiding Element 6
8 Cable Spacer Not always in typical use
9 Sacrificing / Sacrificial Shield or Protective Shield 2
10 Aramid Band and Buckle or Belt and Buckle 3
11 Packers or Cushioning Components 6

Table 1: Primary Components of standard FR-FRP trough

Thus, an FR-FRP trough 100 in some embodiments includes at least or up to 11 components or parts
assembled together to form an entire assembly, which is flame and explosion retardant and durable. It
is important to note that these primary components can be used to form particular portions of additional
or other types of trough assemblies (such as a transposition trough, a reducer trough, a joint bay trough,
etc...as also described herein) with certain parts being removed, added, and/or modified, such that
specific structural trough aspects can depend upon embodiment details and/or situational needs. In
some embodiments, a standard FR-FRP trough 100 having a straight configuration can be 2800mm
long x 766mm wide x 566mm high, although dimensions can depend upon embodiment details and/or

situational needs in a manner readily understood by individuals of ordinary skill in the relevant art.

Top Trough / Top Cover / Top Casing

The top trough / top cover / top casing is positioned over the bottom trough / bottom cover / bottom
casing for covering or overlaying the bottom trough / bottom cover / bottom casing after a set of cables
has been placed or positioned along or inside the bottom trough / bottom cover / bottom casing. The
top cover protects the cables beneath / inside from damage, e.g., arising from objects or substances
falling toward the cable. The top cover also serves a fire safety purpose, in that if a power arc or
explosion event due to cable fault occurs, the top cover can shift or move upwards, e.g., during or in
response to the power arc event, and subsequently return to or essentially to its original position to
prevent the spread of fire and/or cut off oxygen supply to the fire. Additional structural elements

facilitate the return of the top cover to its original or intended position, as further detailed below.

Bottom Trough / Bottom Cover / Bottom Casing

The bottom trough / bottom cover / bottom casing can be secured to steel brackets within a cable tunnel

10
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before accessories and cables are placed inside the trough structure. The purpose of the bottom trough
/ bottom cover / bottom casing is to be a holding structure for the cables, as well as to protect the cables
from external damage from objects or substances outside of the bottom trough / bottom cover / bottom
casing. In the event of a fire or explosion event, it also serves to contain the fire or explosion inside

the trough without spreading the hazard to other locations.

H-Clip or Panel Edge Clip

The H-clip is a part whereby the top cover and the cooling pipe spacer can be coupled together, such
that the top cover and the cooling pipe spacer have a cooperative support structure and share available
space. The H-clip is disposed at a coupling location or intersection point linking or connecting the

bottom cover to the top cover.

Top Splice Plate or Top Bracket

A top splice plate can be placed at the interface top boundary of two adjacent top covers. The top splice
plate is a coupling or connection plate between two adjacent troughs 100, thus making the troughs 100
along a trough system span act or essentially act as a monolithic structure. The top splice plate also
covers an(y) excess gap between two adjacent troughs 100 to ensure that no or essentially no gap exists
or is created in between two adjacent troughs 100, preventing foreign objects or liquids from entering
the trough(s) 100 and causing damage to the power cables and water pipes therein. The top spice plate

also limits or prevents air / oxygen from entering the trough encasement during a power arc event.

Bottom Splice Plate or Bottom Bracket

A bottom splice plate serves a counterpart function to the top splice plate, and is placed at the location
between two bottom cover edges, and provides a connection plate and also covers any excess gap(s)
between two adjacent troughs 100 to ensure that no gap intentionally exists or is created between two
adjacent troughs 100, such that any foreign objects or liquids would not enter the trough(s) 100 and
cause damage to the power cables and cooling pipes therein. The bottom splice plate also limits or

prevents air / oxygen from entering the trough encasement during a power arc event.

Cooling Pipe Support or Support

After the power cables are laid into the trough 100 (e.g., positioned along the bottom cover), there can
be a set of pipes, e.g., fluid / water cooling pipes, placed above or laid on top of the power cables,
which can cool the power cables during power transmission, as there is tremendous heat generated
along the cable. If the cable if not cooled, cable de-rating due to high heat may result. A cooling pipe
support provides some segregation or separation between the power cables and cooling pipes. A
portion of the cooling pipe support can sit on and be supported by the H-clip, which holds a cooling

pipe leg in place with little sideways movement.
11
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Guide Plate or Guiding Element

Guide plates can be placed at particular intervals along a trough 100. A guide plate guides the top
cover into the H-clip without the top cover getting misaligned as a result of explosion force impact.
During an explosion event, within 0.4 seconds the entire top cover shifts upwards due to explosion
force(s). The guide plate keeps the top cover movement in check so that when the top cover moves
up and subsequently drops down within two “teeth” of the guide plate, the top cover is still able to
close consistently, securely, or nicely onto the H-clip. The guide plate has a profile that allows the top
cover to return back to or essentially to its original position, and the guide plate guides the top cover

onto the H-clip in an intended position after a power arc explosion event.

Cable Spacer

The cable spacer can establish a gap between the cable underside or bottom and the bottom cover. This
is to create a small gap for air circulation to cool the ambient air when the power cable is hot during
power transmission, such that the power cable avoids or does not have back-to-back or direct contact

with the bottom cover. Cable spacers are not always required in all embodiments.

Sacrificing Shield or Protective Shield

The sacrificing or sacrificial shield can be a two piece or two section component that is placed on the
inside of the bottom cover to act as a first line of defense in cushioning the impact force created by an
explosion. It is placed at a location corresponding to or overlapping the bottom splice plate, as such
locations are typically the most significantly or severely impacted when there is a power arc explosion
event. Thus, the sacrificing shield is placed at a known weak(er) or weakest point of the trough to aid

structural integrity in the event of a cable fault explosion event.

Aramid Band with Buckle, or Belt with Buckle

Troughs 100 and/or portions of a trough system assembled can be circumferentially secured or
wrapped by bands that include or are made of explosive force absorbent / resilient / resistant materials,
such as Aramid bands, or bands that include or are made of another type of explosive force absorbent
/ resilient / resistant materials (e.g., at least one explosive force absorbent / resilient / resistant polymer
material, such as an ultra high molecular weight polyethylene (UHMWPE) fiber containing or fiber
based material, where in certain embodiments the explosive force absorbent / resilient / resistant
polymer material(s) may contain nanostructures or nanoparticles that can aid explosive force
absorption / resilience / resistance). This can be seen at least in FIGs. 4A, 4B, and FIG. 10F, showing
a representative manner of how a set of Aramid band(s) and a set of buckles can be used to wrap a
representative, typical, or standard 2.8m trough 100 at 1.2m centre-to-centre spacing. FIGs. 10T-1 and

10T-2 show representative buckle assemblies, which include at least one buckle having a knurled or
12
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textured face, as further elaborated upon below. An Aramid band can include or be woven from
Kevlar® and the buckles can include or are made from a metal such as stainless steel. For some

embodiments, stainless steel SS316L buckles offer a further improvement. Once the top cover of a
trough is installed, the Aramid bands can be used to wrap around the entire trough 100, e.g., at 1.2m
spacing. Such bands hold top cover relative to an intended guide plate alignment during an explosion
event and then absorb at least some of the impact force of the explosion. A band spacer, packer, or

cushioning element acts as a cushion to mitigate or absorb impact force during explosion.

Aramid Wrap Sheet or Thermal Resistant Sheet

Typically or preferably, a high strength and heat resistant and/or explosive resistant sheet of material,
e.g., a polymer material, such as an Aramid wrap sheet, is wrapped around one or more portions of the
trough 100 or series of troughs 100. A representative wrap sheet can include or be made from Aramid
string of 3000 denier. The wrap sheet(s) can be wrapped around troughs 100 or portions of a trough
system at least at cable joint locations to alleviate explosion impact force severity. It can be noted that
particular trough structures at the cable joints can have a different configuration from a typical straight

trough 100, yet wrap sheets can still be employed in such configurations if or as needed or desired.

Top Trough / Cover / Casing, and Bottom Trough / Cover / Casing — Improvements

Some top cover embodiments carry a chamfered round(ed) or round edge. The Inventor designed the
round edge radius and profile to mitigate potential safety hazards as well as keep sufficient space for
installations inside the trough 100. Some embodiments of the bottom cover carry a chamfered
round(ed) or round edge. The Inventor designed the round edge radius and profile so as to alleviate

safety hazards as well as keep sufficient space for installations inside the trough 100.

H-Clip or Panel Edge Clip — Improvement

The Inventor invented the H-clip profile and dimensions to allow sufficient space for the top cover and
the cooling pipe spacer to be able to sit on top portions of the H-clip for support. See FIG. 3 and FIG.
10B. The position of the H-clip can be or generally needs to be at a correct height in relation to the

height of the cuboid member so as not to obstruct installation of cables.

Top Splice Plate or Top Bracket — Improvement

The inventor conceived the employment of the top bracket and incorporated it into the standard trough
100 because it was found that the gap in between two consecutive top troughs 100 could tend to be the
location of a potential hazard; see FIG. 5. The top splice plate can also serve as a connection piece

between two adjacent top covers.
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In some Japanese designed trough assemblies, establishing the connection between two trough
assemblies is very tedious and if one needs to open the top cover, the cable installer must undesirably
open the top cover for an entire span, e.g., along multiple serially adjacent trough assembly sections.
Embodiments in accordance with the present disclosure eliminate this disadvantage by way of the top
bracket / splice plate, which is appropriately sized for covering gaps, such that no foreign objects can

drop inside the trough 100. See FIG. 5 and FIG. 10C.

The inventor further improved the trough 100 such that a given distance, e.g., every 50 metres, along
a trough assembly or trough system there is a double splice plate, e.g., on one 2.8m trough, which
makes available an access point within this 50m length. Otherwise, if any cable fault occurs, the
maintenance team would undesirably need to open up the top cover 100 from the very beginning of a

starting point spanning a longer or much longer distance.

Bottom Splice Plate or Bottom Bracket — Improvement

The inventor conceived the employment of the bottom bracket in the trough 100 and added it into
various embodiments because it was found that the gap between two consecutive bottom covers could
tend to be the location of a potential hazard. The bottom bracket / splice plate is appropriately sized to
cover up the gaps and prevent foreign objects from entering inside the trough 100. See FIG. 5 and FIG.

10C. The bottom splice plate is also used as a connection piece between two bottom covers.

Cooling Pipe Support or Support — Further Improvement

The actual profile and curvature of the cooling pipe support(s) of the troughs 100 were developed by
the inventors. A 1% cooling pipe support version or embodiment has straight legs, but it was found that
when the cooling pipes are installed, the weight of water pipes could tend to warp the legs and hence
cause the space on the H-clip to be constrained when co-shared with the top cover. Hence,
improvement was made in a 2™ version to revise the cooling pipe support leg to be a two-ply leg that
would restrict the leg from moving out. See FIG. 10E for the 1st version and see FIG. 100 for a 2™
version. FIG. 10M shows available H-Clip space for both the top cover and the cooling pipe support.
FIG. 10P-1 shows a 3™ version of the cooling pipe support with further improvements at the legs and
the top cover installed onto the H-clip. Such improvements help ensure that the cooling pipe support
legs would not intrude or overly intrude into the available space on the H-clip once the top cover shifts

or moves up during a power arc event that generates an impact force which displaces the top cover.

The centre-to-centre spacing interval of the cooling pipe support was also invented so that it would be
able to adequately support the cooling pipes. The cooling pipe legs underwent substantial

improvements as well. A 1% version of the cooling pipe support is a single legged support to H-Clip;
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a 2" version (FIG. 100) is a 2-legged support to H-Clip; and a 3 version (FIG. 10P-1) of the cooling
pipe support is the entire extrusion of the cooling pipe support in one piece. Referring to FIG. 10P-2,
a 4™ version of the cooling pipe support is shown, whereby the leg or inner leg, housed in the cuboid
member or the bottom casing, of the two-legged support is further spatially extended downward
compared to the outer leg or leg hooked or rested onto the H-clip to prevent misalignment of the
cooling pipe support after and/or during the power arc event. The extension of the inner leg can be an
additional construct mounted at the side of the 3™ version shown in FIG. 10P-1 or an integral part of

the extruded cooling pipe support, depending upon embodiment details.

Guide Plate or Guiding Element — Further Improvement

The inventor conceived of a 1** version of the guide plate by joining various cut profiles together
through adhesive. See FIG 10Q. During type test and mock-up, it was found that the 1* version could
be inadequate for guiding the top cover into place, thus in a 2™ version an improvement was made to
the profile and the guide plate was moulded in a single piece. See FIG. 3 and FIG. 10R for the 2™
version. Stainless steel bolts and nuts, e.g., SS316, were also used as improvements from previous

galvanized bolts and nuts.

Sacrificing Shield or Protective Shield — Further Improvement

The Inventor found that it is useful, desirable, or necessary to have a part referred to herein as a
sacrificing shield in between two guide plates at two consecutive trough coupling or connection points
to cushion an impact force at the weak(est) point of the connection. See FIG. 6 and FIG. 10D. The
Inventor conceived of the profile and height of the sacrificing shield to meet type test requirements.
The sacrificing shield was designed as two parts in some embodiments for ease of installation; in
certain embodiments, it can be a single piece / unitary part. See FIG. 10S for one section and FIG. 10D

for two sections of the sacrificing shield.

Aramid Band with Buckles or Belt with Buckle — Further Improvement

The Inventor found that it can be useful, better, or necessary to have high-strength, and heat and/or
explosive force resilient or resistant bands, e.g., Aramid bands, spaced not at equal spacing along the
trough 100 but at a spacing as shown in FIGs. 4A and 4B. In such a configuration, Aramid bands are
spaced closer together at the edges or borders of troughs 100 and at least one additional Aramid band
is positioned at or approximately at trough centre, that is. This spacing configuration was reduced to

practice through a series of research & development and type test results.

In an improvement to the buckle on the band, an additional, e.g., smaller, buckle was added to prevent
slippage with knurling or textured / rough(ened) edges on at least one face of the additional buckle.

Hence, it becomes a buckle assembly or two buckle system (one large(r) buckle and one small(er)
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buckle) with knurling on portions of at least one face or edge of the two buckles attached to the Aramid
band. See FIG. 10F for the Aramid band secured to the Trough 100 using two buckles; and see FIGs.

10T-1 and 10T-2 showing aspects of a representative two buckle assembly.

The stitching of the Aramid band was also improved, as the way the Aramid band is stitched at the
buckle / buckle assembly end region contributes to the required strength and elongation stiffness, e.g.,
in various embodiments the Aramid band is allowed to elongate when the impact force is within an
intended, specified, or predetermined force limit (e.g., a certain number of tons, such as several or
many tons) and the buckles’ tightness is allowed or designed to slip when the impact force goes above
the predetermined limit, such as a certain number of tons), yet retain grip or re-grip when the impact
force drops below the predetermined limit. Some Japanese-designed trough band buckles are round in
shape and do not have any knurling on their buckle, which results in undesirable performance and/or

trough structure misalignments during and/or after power arc explosion events.

Buckle improvements were made in terms of size and knurling at the buckle face(s), and the inventor
added one more buckle to make a buckle assembly / two buckle system (i.e. one big and one small(er)
buckle working together). A knurling pattern or engraved pattern for the buckle assembly was invented
to allow for the Aramid band to slip during an initial power arc explosion event and at the same time
hold on to the band to prevent further slippage after the initial power arc explosion event.
Improvements were made to Aramid band in terms of stitching at the joint, such that an appropriate

band weaving method was utilized after a series of research and development trials.

There is typically an additional part or set of parts associated or included with or added to the Aramid
band, e.g., disposable under a particular segment of an Aramid band, which is a set of band packers or
cushioning elements shown in FIG. 10F. The band packers allow the top cover to move up slightly
during an explosion due to a cable fault in the trough 100. It was determined that when an explosion
event happens, the impact force arrives at the top cover in less than 0.1 second, and the Aramid band
does not have sufficient time to elongate in this short time interval. The band packers provide a first
line of energy absorption for the initial impact force. The band packers main, key, or essential
properties are impact force absorption to absorb the initial impact force rapidly pushing the top cover
upwards, e.g., in approximately 0.1 second or less, during power arc explosion events. In various
embodiments, each band packer includes or is made from one or more types of resiliently compressive

polymer material(s) (e.g., a compressible polymer foam material).

Further Aspects of Various Embodiments

A FR-FRP trough 100, which for purpose of simplicity and brevity can simply be referred to as a
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trough 100, is characterized by various parts assembled together to house power cables. The trough
100 is typically installed progressively starting from a bottom trough portion, e.g., the bottom trough,
bottom cover, or bottom casing, using a bottom up assembly technique. A complete trough or trough
system assembly can include or end with an Aramid band wrapping the top cover and bottom cover,
e.g., as part of or at a last stage. The assembly of each trough 100 or a trough system having multiple
troughs 100 therein or therealong is progressive, as each power cable that resides in the trough 100
needs to be installed into a given bottom cover at a particular elevation along the cable tunnel walls.
See FIGs. 2 to 6 and FIG. 10A for aspects of representative or typical 2.8m straight trough parts and
assembly thereof, and FIG. 12K with reference a manner in which the cables can be installed into a

standard FR-FRP trough 100.

Various structural variations or permutations of a trough 100 and/or portions of a trough system in
accordance with embodiments of the present disclosure exist to meet various types of tunnel
alignments, site constraints, and work purposes. These include, for representative embodiments: a)
2.8m long, 2m long, 1.6m long, and 1.4m long troughs; b) bend troughs at one or more selected or
predetermined radii, e.g., a Smradius, for vertical and/or bends; c) at cable joint locations, the assembly
of the troughs follows a certain assembly configuration to allow working space for a cable jointer and
allow workers to install the cables into the troughs; d) there is a 3-piece trough which allows ease of
dismantling for fault repair whereby the trough is situated at an inner row of a certain height; and e)
there is also an FR-FRP trunking to house auxiliary cables. For locations at cable joints, the usage of
Aramid wraps and Aramid bands can be configured in accordance with a specific format to give
maximum protection to the tunnel assets in the event of a cable fault event causing explosion and/or
fire. A series of type tests were carried out by accredited laboratories around the world to confirm that
embodiments of troughs of an assembled trough system clearly satisfy appropriate Technical

Specifications requirements.

Embodiments in accordance with the present disclosure and particular improvements to various trough
related structures have made the installation of high voltage power transmission cables in the cable
tunnel a safe and simple manner. In accordance with various embodiments, a trough 100 or trough
system and its parts are substantially maintenance free and can include flame retardant materials, and
can further include heat resistant and/or explosive force resilient or resistant materials. Such troughs
when installed help mitigate the hazards of a cable fault event in the tunnel, which is typically several
kilometres long and at approximately 60m depth underground. Another aspect of the invention is a
trough system that can be assembled with ease in the tunnel where the availability of large equipment
or machines to help installation is not feasible. The assembly can be entirely completed by way of

bolt and nuts with no usage of welding, or nailing of the parts together in the tunnel, which also
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minimizes the risk of fire hazard.

As described in detail hereafter, there can exist additional and/or other types of trough types, trough
structures, trough assemblies, and/or trough systems in accordance with embodiments of the present
disclosure, which can be based on or analogous or similar to at least portions of the representative FR-

FRP trough 100 described above.

Joint Bay Trough Assembly

A joint bay trough assembly 200 is intended or dedicated for housing the joining of cables in various
phases running along the trough system, and typically needs a larger inner cavity compared to a
standard trough assembly 100 to accommodate the joined cables. Representative aspects of joint bay
troughs 200 in accordance with particular embodiments of the present disclosure are shown in at least
FIGs. 7A, 7B, 7C, 8, 10H, 101, and 10J. Generally, the joint bay trough 200 comprises most of the
parts or components of the standard trough 100. For a number of joint bay trough embodiments, the
top and bottom covers are not designed to be completely detachable for creating a gap to vent the
abrupt increased pressure during the power arc. Instead, air pressure is channeled towards both opening
ends of the cuboid member of the joint bay trough 200 to a standard trough 100 via one or more reducer
trough assemblies 400 coupling the joint bay trough 200 and the standard trough 100, and movement
of top and bottom portions is controlled or controlled only by the wrap(s) and belt(s) / band(s).

A representative procedure for assembling or setting up the joint bay trough 200 is a bottom up
approach, with the bottom cover / casing installed first, to the top cover / casing, followed by Aramid
wrap and Aramid bands and buckles coupling or tying the bottom cover / casing and the top cover /
casing together to form an integral trough, trough assembly, or trough system. The entire system can
be wrapped in an outer sheet, such as a WR/WP-FR sheet, which can be secured to the underlying
joint bay trough 200 by way of a retaining structure, for instance, at least one bar or rod structure
having a plurality of openings therealong and associated nut-and-bolt pairs that couple the WR/WP-
FR sheet to the bar or rod structure by way of cooperative alignment of apertures or holes formed
along a strip of the WR/WP-FR sheet and the plurality of openings along the bar or rod structure. The
bar or rod structure can be formed of a metal such as type 316SS. Typically or preferably depending
upon embodiment details, there are 3 joint bay troughs 200 per circuit for the entire cable joint location;
one joint bay trough 200 for one phase of power cable joint. A typical cable joint bay end-to-end is
about 36.66m long, and a corresponding trough structure arrangement includes a set of joint bay

troughs 200, a set of transposition troughs 300, and a set of reducer troughs 400.
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Hybrid Joint Bay Trough Assembly

Further embodiments relating to the joint bay trough 200 extend to or include a hybrid joint bay trough
250 such as shown in FIG. 11A, 11B-1, and 11B-2, which can comprise an inner trough or trough
structure 252 that resides beneath at least one releasable or (re)openable outer frame structure 254,
e.g., which has a top frame bar 256 disposed above the inner trough structure’s top trough / top cover
as indicated in FIG. 11A. The outer frame structure 254 can comprise a top frame bar 256 as well as a
pair of side frame bars 258, e.g., vertically extending side frame bars 258, to which the top frame bar
256 is engageable, e.g., detachably or removably coupleable / coupled or securable / secured. In
multiple embodiments, the top frame bar 256 can include a pair of downwardly extending edges
couplable to or engageable with upper borders or edges of the side frame bars 258 and the upper edge
of a first sidewall of the bottom trough / bottom cover via a pair of H-clips. A lower edge of the side
frame bar 258 can terminate at the edge of a second sidewall of the inner trough structure’s bottom
cover using another H-clip. In some embodiments, the hybrid joint bay trough 250 has an external size
of 766mm (Wide) x 566mm (High) and internal size of 750mm (Wide) x 550mm (High). The hybrid
joint bay trough 250 with outer frame structure(s) 254 (e.g., at least one top frame bar 256 and
associated side frame bars 258) is normally deployed as an inside, inward, or inner trough (nearer to a
tunnel wall) for a particular trough rack elevation in a cable tunnel. The hybrid joint bay trough 250 is
structured such that after its installation on a trough rack, it is possible to dismantle and reassemble
the hybrid joint bay trough 250 for repair and maintenance. The removable top frame bar 256 provides
ease of dismantling for accessing the inside or inner cavity of portions of the trough system, which can

be difficult to reach for maintenance and/or repair.

In several embodiments, multiple outer frame structures 254 (e.g., a pair of outer frame structures 254),
e.g., disposed at intermediate intervals along the hybrid joint bay trough 250 with a predetermined
amount of space therebetween, can form a steel frame support structure 260, which can also include
at least one elongate bar or connecting bar 262 coupling or connecting its outer frame structures 254,
to help secure the inner trough 252 in position and preserve trough system integrity. Typically, top
frame bars 252 are only (re)openable for maintenance and/or service, but not under the rising air
pressure caused by the power arc. A hybrid joint bay trough 250 can be a substitute for a standard
trough 100 if desired or needed.

Transposition Trough Assembly

Referring to FIGs. 12A, 12B, and 14, representative embodiments of a transposition trough 300 are
shown. A transposition trough 300 can be interposed between the joint bay trough 200 (or hybrid joint
bay trough 250) and other types of trough assemblies, as illustrated in FIG. 15. The cable structure /

diameter running within the trough system begins to transpose inside the transposition trough 300
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before reaching the joint bay trough assembly 200 or after leaving the joint bay trough assembly 200.
The transposition trough 300 can have an external size of 766mm (Wide) x 716mm (High) and internal
size of 750mm (Wide) x 700mm (High). In some embodiments, a transposition trough length can be
3200mm, 3000mm, 2600mm or 1600mm to suit particular site constraints or requirements. A
transposition trough 300 is constructed using a bottom up approach, with the bottom cover or casing
installed first and then the top cover or casing, followed by a set of aramid bands including the buckles
for tying the bottom cover / casing and the top cover / casing together to form an integral system or

assembly.

Reducer Trough Assembly

Referring to FIGs. 13A and 13B, another representative type of trough assembly, the reducer trough
400, is depicted. The reducer trough 400 is utilized to connect the transposition trough 300 or the joint
bay trough 200 to the standard trough 100. The standard trough 100 has a cuboid member size smaller
than the cuboid member of the transposition trough 300 or joint bay trough 200, and the reducer trough
400 functions to seamlessly couple or connect the cuboid members of two differently sized troughs or
trough assemblies (i.e., troughs or trough assemblies having different cross-sectional areas). More
particularly, the cuboid member of the reducer trough 400 is tapered from one end to another such that
the cuboid member possesses a large(r) opening (and hence a large(r) cross-sectional area) at one end,
a small(er) opening (and hence a small(er) cross sectional area) at an opposite end, and a length
therebetween. The large opening is fashioned to couple or join to one opening ends of a transposition
trough 200 / joint bay trough 300 and the small opening couples or connects to an opening end of a
standard trough 100. Like the transposition trough 200, the top casing of the reducer trough 400
typically is not made to be openable for creating a gap to vent out the increased air pressure during
power arc. However, owing to cross-sectional area reduction or perpendicular slice volume reduction
(e.g., progressive cross-sectional area reduction or perpendicular slice volume reduction) of the
reducer trough 400 from its large(r) opening end to the relatively small(er) opening end, it is important
to avoid implosion of the reducer trough 400 around the tapering cuboid member. To mitigate high
pressure which may implode or disengage the top and bottom covers of the reducer trough 400, a set
of reinforcement ring structures, e.g., two steel ring structures 410, can be incorporated in some
embodiments, wrapping around the length or the elongate body of the cuboid member to secure the

top cover to the bottom cover for structural reinforcement if a power arc event occurs.

In some embodiments, the reducer trough 400 has an external size of 766mm (Wide) with tapering
height ranging from 566mm to 716mm (High) and internal size of 750mm (Wide) x tapering height
from 550mm to 700mm (High). The length of the reducer trough 400 in some embodiments can be

around 1530mm to suit site situations. The reducer trough 400 can be set up using a bottom up
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approach, with the bottom cover engaged to the top cover followed by securing the covers by way of
the Aramid band(s) and buckles as well as a set of packers to form a unified or integral reducer trough
400. The entire reducer trough 400 can be encased in a steel ring frame structure so it can better
withstand an explosive power arc event. Commonly, there are two reducer trough assemblies 400 for
an entire cable joint location: a left reducer trough assembly 400 on the extreme left end and a right

reducer trough 400 for the extreme right end.

FIG. 15 illustrates a possible or typical multi-type trough arrangement or system 1000 corresponding
to or around a joint bay location, including: a) a first / left reducer trough 400 connected to a standard
trough 100 on its left (L) side or left-hand side (LHS) and a transposition trough 200 on its right (R)
side or right-hand side (RHS); b) the transposition trough 300 further connecting to a joint bay trough
300 on its RHS where the cable starts to transpose; ¢) a joint bay trough 200 housing the cable joint
for one phase cable connecting to the transposition trough 300 on both the LHS and RHS where such
configuration is intuitive until a third phase cable joint bay trough assembly 200; d) the transposition
trough 300 connected to the joint bay trough 200 on the LHS and another reducer trough assembly 400
on the RHS; and e) the reducer trough 400 having the transposition trough 300 on its LHS and the

standard trough 100 on its RHS to complete the arrangement at the joint bay location.

Right / Left Turn Trough Assembly

Referring to FIG. 16, a left/right turn trough 500 in a representative embodiment has an external size
of 766mm (Wide) x 566mm (High) and internal size of 750mm (Wide) x 550mm (High). Such a
left/right turn trough 500 can be deployed at locations where the tunnel is undergoing substantial tunnel
bend(s) at a radius of around 4000 — 7000mm, typically or preferably depending upon embodiment
details about 5000mm. The left/right turn trough 500 can typically include 5-8 cuboid member turn
segments 501, e.g., six cuboid member turn segments 501, which can simply be referred to as turn
segments (TS), to form a complete left/right turn trough 500. Each cuboid member turn segment 501
of the left/right turn trough 500 can be about 1m in length, and includes or is formed of bent or turning
components that align with a portion of a bending radius of about 10 to 30 degrees, more typically or
preferably 15 degrees. A right turn trough 500 or a left turn trough 500 is used when the cable needs
to negotiate a significant or sharp bend. The bend radius is typically kept at about 5m, as any radius
much smaller than 5Sm would be deemed infeasible for high-tension cables. As an example for
horizontal bends, the left/right turn trough 500 can be deployed at a section where the cable comes

down from the ground level passing through an adit into the cable tunnel.

Upward / Downward Bend Trough Assembly
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Referring to FIG. 17, a representative embodiment of an upward / downward bend trough 600 is
shown. Some embodiments have an external size of 766mm (Wide) x 566mm (High) and internal size
of 750mm (Wide) x 550mm (High). Upward/downward bend troughs 600 can be deployed at locations
where the cable enters the tunnel shaft from ground level, or the cable enters the tunnel from a vertical
shaft. The upward / downward bend trough 600 are used when the cable needs to negotiate a significant
or sharp vertical bend. Typically or preferably, some embodiments have a bend about a radius of 4500
- 7000mm, more typically or preferably about 5000mm. One or each of the upward / downward bend
troughs 600 may comprise 5 — 7, typically or preferably 6, up / down cuboid member segments 601,
which can be referred to as U/D segments 601 to negotiate the bend. Each such segment 601 is about
1m in length, and includes or is formed from upwardly / downwardly bent components shaped to align
with a portion of a bend radius, which is typically or preferably kept at about Sm as any radius much
smaller than 5m may be less feasible or infeasible for the high-tension cables. A deployment situation
can occur when the segment of the cable comes down from the cable gallery level passing through the

vertical shaft, and/or the adit into the cable tunnel.

Reduced Height Trough Assembly

FIG. 18 shows a representative embodiment of a reduced height trough 700. Some embodiments have
an external size of 860mm (Wide) x 466mm (High) and an internal size of 844mm (Wide) x 450mm
(High). The reduced height trough 700 can be used at locations where there is limited space, e.g.,
limited head room, that makes standard trough use difficult or impossible. Like the reducer trough
400, in at least some embodiments the reduced height trough 700 need not or does not typically include
the pressure venting structures for managing the occurrence of a power arc event. The cables and/or
cooling pipe(s) residing in a reduced height trough 700 can be spatially organized or arranged in a

space-efficient manner that is different than in a standard trough 100.

It should be noted that the above examples of various types of troughs or trough assemblies provided

herein are representative, and not exhaustive in scope.
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Claims
1. A cable trough system comprising:

a first plurality of cuboid members, each cuboid member comprising a top casing and a bottom
casing joined to form an elongate body encompassing a hollow cavity that is accessible from a
front opening and a back opening respectively located at a front end and a back end of the cuboid
member, each of the first plurality of cuboid members connected in tandem or series with each
other such that the back opening of one cuboid member resides adjacent to the front opening of
a next cuboid member at an interface or joint where two adjacent cuboid members are coupled;

a plurality of top bracket and bottom bracket pairs, wherein for each top bracket and bottom bracket
pair the top bracket and bottom bracket is respectively secured or fastened to a joint where edges
of the top casing and edges of the bottom casing of two adjacent cuboid members meet; and

a plurality of belts and corresponding buckles, each belt slidably engageable with its corresponding
buckle, each belt comprising a fabric and/or an explosive force absorbent / resilient / resistant
polymer fiber band having one end engaged to its corresponding buckle and another end
insertable to the buckle, each buckle including an outer frame carrying one or more crossbars to
catch against the band for strapping and securing the belt around the elongate body of a cuboid
member and securing the top casing to the bottom casing thereof, wherein each buckle is
configured to allow its corresponding belt to slide out of the buckle a limited distance permitting
at least some upward lifting of the top casing of a cuboid member away from the bottom casing
thereby creating a gap for discharging increased air pressure within the hollow cavity in the
occurrence of a fire or explosive incident within the hollow cavity when the increased air

pressure reaches or exceeds a predetermined level, threshold, or value.

2. The cable trough system of claim 1, wherein the crossbar and/or the outer frame of each buckle
includes knurling, knurled structures, and/or protrusions to control an amount of friction imposed by
the buckle against the belt corresponding thereto, and react or progressively react against the belt

sliding out of the buckle in response to increased air pressure.

3. The cable trough system of claim 1, further comprising for each belt strapped around the cuboid
member a cushioning component, element, or structure disposed between the top casing and part of
the belt strapped around the cuboid member, for partially absorbing an impact caused by the increased

air pressure.

4. The cable trough system of claim 1, wherein each of the top casing and the bottom casing of each
cuboid member is substantially U-shaped and provides a planar panel coupled to a first and a second

elongate side respectively folded into a first and a second vertically extending sidewall, wherein the

23



10

15

20

25

30

35

WO 2021/066745 PCT/SG2020/050549

first sidewall has a greater spatial extent along a vertical axis than the second sidewall, wherein each
sidewall is coupled to or terminates at an elongated edge running lengthwise along the cuboid member,
wherein the elongated edge of each of the first sidewall and the second sidewall of the top casing is
fashioned to respectively couple to the elongated edge of the second sidewall and first sidewall of the

bottom casing to form the cuboid member.

5. The cable trough system of claim 4, further comprising a pair of panel edge clips or H-clips for

coupling the elongate edges of the top casing to the elongate edges of the bottom casing.

6. The cable trough system of claim 5, wherein each H-clip comprises a strip running lengthwise
corresponding to the elongate edge of the top casing and/or bottom casing defining a top groove and a

bottom groove for separately accommodating the elongate edge of the coupled top and bottom casings.

7. The cable trough system of claim 6, further comprising multiple guiding elements spaced along and
arranged in pairs disposed on opposing sidewalls of the bottom casing, each of the guiding elements
comprising a pair of opposing arms stretching upward away from the sidewalls of the bottom casing
with one of the arms mounted on external surface of the sidewall and another arm mounted on internal
surface of the sidewall, each pair of opposing arms creating a slot in which one of the sidewalls of the
top casing is insertable, such that the pair of opposing arms is configured to guide the top casing to
recouple with the bottom casing after lifting of the top casing away from the bottom casing in response

to increased air pressure.

8. The cable trough system of claim 7, wherein the opposing arms of the guiding elements outstretch

the H-clip along the vertical axis.

9. The cable trough system of claim 7, wherein each pair of guiding elements is wrapped towards the

cuboid member by one of the belts.

10. The cable trough system of claim 1, wherein for two adjacent cuboid members, the pair of top and
bottom brackets fastened to the joint stretches over the edges of the two adjacent cuboid members,

concealing or overlaying a planar gap between the two adjacent cuboid members.

11. The cable trough system of claim 6, further comprising at least one support positioned within the
hollow cavity of each cuboid member, each support comprising a substantially rigid slat expanding
across portions the cavity from one sidewall toward another sidewall of the bottom casing, and shaped

for carrying a set of cooling pipes running within the cavity along the connected cuboid members, and
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separating the cooling pipes from one or more cables running underneath the support.

12. The cable trough system of claim 11, wherein each support comprises an n-shaped structure having

its slat extending across the cavity and two downwardly reaching legs.

13. The cable trough system of claim 12, wherein each support carries a one or more indentations on

the slat for guiding, holding, or securing the cooling pipe on the support.

14. The cable trough system of claim 12, wherein each leg terminates in or into two parallel prongs
with a more outwardly located prong being insertable into a top groove for anchoring the support onto

an H-clip.

15. The cable trough system of claim 1 further comprising a protective sheet placed within the cavity
overlaying the joint of two adjacent cuboid members at each bottom casing, wherein the protective
sheet is configured for at least partially absorbing a force or impact directed toward the joint due to

the increased air pressure.

16. The cable trough system of claim 15, wherein the protective sheet comprises two L-shaped frames,
wherein each frame has a vertical segment and a horizontal segment respectively overlaying onto the
sidewall and the planar panel of a bottom casing, and wherein the two L-shaped frames mate at the

edge of the horizontal segment to form the protective sheet.

17. The cable trough system of claim 1, wherein each of the plurality of belts is spaced equidistant

along each cuboid member.

18. The cable trough system of claim 1, wherein each cuboid member has one of the plurality of belts

strapped proximate to the joint.

19. The cable trough system of claim 1, wherein the top casing of each cuboid member is detachable

from the bottom casing permitting access to the cavity upon removal of the top bracket and belts.

20. The cable trough system of claim 1, wherein the belt comprises an explosive force absorbent /

resilient / resistant polymer fiber band.

21. The cable trough system of claim 1, further comprising a thermal-resistant sheet wrapped around

at least one of the cuboid members or the joint of two adjacent cuboid members.
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22. The cable trough system of claim 1, further comprising a water resistant and flame resistant
material or fabric wrapped around at least one of the cuboid members or the joint of two adjacent

cuboid members.

23. The cable trough system of claim 1, wherein the first plurality of cuboid members includes a first

terminal cuboid member, and wherein the cable trough system further comprises one of:

(a) a second cuboid member structure coupled to the first terminal cuboid member of the first
plurality of cuboid members, wherein the second cuboid member structure has a larger opening
end, a smaller opening end, and a length therebetween along which a perpendicular cross-
sectional area changes between the larger opening end and the smaller opening end, and wherein
one of the larger opening end and the smaller opening end is coupled to the front opening of the

first terminal cuboid member of the first plurality of cuboid members; and

(b) a third cuboid member structure comprising a plurality of cuboid member segments configured
for curving or bending in one of a leftward, a rightward, an upward, and a downward direction,
wherein a terminal cuboid member segment of the third cuboid member structure is coupled to

the first terminal cuboid member of the first plurality of cuboid members.

24. The cable trough system of claim 1, wherein each of the first plurality of cuboid members has a
first cross-sectional area perpendicular to a length of each of the first plurality of cuboid members,
wherein the first plurality of cuboid members includes a first terminal cuboid member, and wherein

the cable trough system further comprises:

(a) a second cuboid member structure coupled to the first terminal cuboid member of the first
plurality of cuboid members, wherein the second cuboid member structure has a larger opening
end, a smaller opening end, and a length therebetween along which a perpendicular cross-
sectional area changes between the larger opening end and the smaller opening end, and wherein
one of the larger opening end and the smaller opening end is coupled to the front opening of the

first terminal cuboid member of the first plurality of cuboid members; and

(b) a third plurality of cuboid members, wherein each of the third plurality of cuboid members has
a third cross-sectional area different than the first cross sectional area, and wherein a terminal
cuboid member of the third plurality of cuboid members is coupled to the other of the larger

opening and the smaller opening end of the second cuboid member structure.
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