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@ Bridge construction.

@ A method of constructing a modular bridge across a
span, comprises deploying a frame over the back of a
launching vehicle (135) on the home bank of the span,
placing a first bridge launching rail {133} module on a
support for the launching rail on the frame, booming out the
faunching rail as it is formed and placing subsequent
launching rail modules on the launching rail support and
coupling them to the launching rail being formed, landing

the far end of the launching rail on the far bank of the span,
placing a first bridge module (75) on the launching rail and
on bridge module support means on the vehicle, launching
the bridge along the launching rail as the bridge is formed
and placing subsequent bridge modules (31} on the laun-
ching rail and on the bridge module support means and
coupling them to the bridge being formed.
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BRIDGE CONSTRUCTION

This invention relates to a method of constructing
a modular bridge acrdséwa span and to a vehicle for use °
in such a method. 7 , '

In military operations, it is desirable, if not
essential, to have a capability for allowing heavy
ground equipment, such as tanks, to cross difficulties
in terrain. Such difficﬁlties,may include gaps formed
by ditches, canals and rivers. Although the construc-
tion of a bridge for light vehicles is comparatively
straightforward, providing a bridge which is capable
of supporting a tank is of considerably greater
difficulty. | '

EP-A-0081388 discloses a modular bridge comprising
at least one intermediate bridge module and two end
bridge modules, each of the bridge modules comprising
two longitudinal main girder structures and an inter-
mediate deck having a deck surface, the main girder
structures being foldably connected one along each side
of the deck and being foldable from an operative posi-
tion in which the main girder structures offer exten-
sions of the deck surface on either side of the deck
for use to a closed position in which the main girder
structures are folded beneath the deck, the main girder
structures of the end bridge modules—ﬁeing longitudi-
nally tapered in depth when seen from a side of the

~module in its operativerposition,5the.main girder
' structures of the intermediate module(s) not being so

tapered, wherein each of the end bridge modules and
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the intermediate bridge module(s), are connected to
form a bridge.

EP-A-0081388 discloses the construction of such
bridgé by putting up a building frame, having upwardly
facing rollers,'on the first bank of the span to be
crossed. A preliminary beam is assembled on the frame
and pushed outwards towards the bank. The bridge
aseembly is assembled progressively on the frame,
behind the preliminary beaﬁ, with the beam béing
attached to the leading module. The preliminary beam
has at its outer end a jacking'ﬁnit.with support
rollersrso that, when the jacking unit reaches the
far bank of the span, it may rest on its and allow the
assembly of beam and bridge to roll across the span,
the bridge assembly is then lowered onto the bank and

' the beam withdrawn back through the bridge assembly.

This procedure is illustrated in Figures 23A to 23F
of EP-A-0081388.

EP-A-0075671 discloses a demountable non-opening
bridge comprising discrete channel-section modules and
an H-section launching girder, wherein modules
comp;ise a central part and two wing parts, the wing
parts comprise box-section track girders, the two
wing parts are downwardly hinging below the central
part for transportation, in the laying of the bridge
the launching girders are assembled and made first,'
whereafter the various modules are coupled together
and pushed'over the launching girder and the launching
girder remains in the bridge as a bearing element.

EP-A-0075671 discloses the construction of such



10.

15.

20.

25.

30.

0165712

a bridge by the joint use of a laying vehicle having

a cantilever arm and a four-tonne crane. The laying
vehicle moves to the bank of the span to be crossed
with a launching girder ramp (or end) member already
in position on guide rollers of the cantilever arﬁ.
The cantilever arm comprises a pinion to advance the
ramp member over the span by means of a cooperating
rack. The crane delivers launching girder inner
sections which are coupled up and advanced. Once

the launching girder has reached the required length,
a second launching girder ramp (end) member is coupled
up. The cantilever arm of the laying vehicle is
lowered so that the launching girder is then supported
by its own hydraulically deployable feet. A ramp (end)
bridge module is now lifted by the crane onto the
launching girder. Inner (intermediate) bridge modules
are coupled up and drawn over the launching girder by
means of a block and tackle and reversing roller. The
final module is a further ramp (end) module. The
hydraulic feet are than retracted. This construction
sequence is as illustrated in Figure 6 of EP-A-0075671.

EP~-A~-0075671 also discloses the use of a single
laying vehicle dombining the capabilities of the laying
vehicle and crane described above. It is equipped both
with a cantilever arm and with a four-tonne crane.

The bridge construction procedures disclosed in
EP-A-0075671 involve the launching rail, once completed,
being removed from the launching vehicle before any of
the bridge modules are positioned on the launching

rail. Since successive bridge modules will be coupled
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iogéther on the iaunching rail in position over the
span, it is not a particularly simple (or, therefore,
quick) exercise to couple succesive modules together.

'~ It is to be appreciated that military modular bridges

are to be capable of being built quickly, even at

‘night, by few men.

- According to a first aspect of the present
invention,'there is provided a vehicle for launching
a modular bridge, the vehicle comprising a frame
deployable'ovér the back of the vehicle, a support
on the frame for a launching rail for the bridge, and
means for supporting a bridge module.

'~ With this construction, it is possible for
bridge modules to be placed, for examplé by a crane,

in positidn on the launching rail, while the launching -

rail is still supported by the vehicle. By such con-

struction, successive bridge modules can be coupled
together at the site of the vehicle itself, rather
than over a s?an which the modular bridge is to
Cross.

" In a preferred embodiment, the frame is slidably
deployable over the back of the vehicle. The absence
of any_pivoting joints in such a construction ensures
a strong structure, which can quickly be deployed.

The f£rame méy be suitably jacked down once deployed.
To achievera greater distance bétween the centre
of gravity of the vehicle and the jacking down point

on the frame (which is advantageous for a reason that

will be explained below), the frame may itself compriserr

a first sliding frame slidable with respect to the
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vehicle body. There may also be a second sliding frame
slidablewith respect to the first sliding frame. The advantage of

having the jacking down point as far away from the back
of the vehicle body as péssible, is that it allows the
vehicle body to function effectively as a counter
weight for the launching rail during the construction
of the bridge. All that is needed is that the moment
of the launching rail (when fully boomed out) about
the fulcrum at the jacking down point is less than the
moment of the vehicle body about the fulcrum.

In a particularly preferred embodiment, the
launching rail support is tiltable with respect to
the frame. This is useful because, apart from the
effect due to launching rail droop, the far end of
the launching rail, when fully boomed out, will be
more or less at the height of the launching rail
support on the vehicle on the home bank of the span,
which will of course be above the level of the home
bank itself. The far end of the launching rail can
be landed by tilting the tiltable support. This also
applied when the far bank is lower than the home bank.

When the frame is provided as first and second

- sliding frames, it is preferred that the launching

rail support be tiltably mounted on the second sliding
frame. -

The vehicle can comprise means for booming out
the launching rail, so as to keep the number of other
items of equipment required to a minimum. The béoming
out means may be mounted on the launching rail support
and, in a particularly preferred embodiment, takes the
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form of a caterpillar-type friction drive under the
launching rail.

The bridge module support means may comprise a
first bridge module support on the frame and a second
bridge module support on the vehicle body. The first
bridge module support is preferably provided at the
jacking down point of the frame. The second bridge
module support may take the form of one or more out-
riggers deployed from the vehicle body. The outriggers
may be retractable by, for example, hydraulic piston
and cylinder arrangements. Each of the first and
second bridge module supports may be in two parts,
each of which parts being suitable for supporting a
main girder structure of a bridge module.

The vehicle can comprise means for launching
bridge modules along the launching rail. The bridge
module launching means may be mounted on the bridge
module support means, particularly on the first bridge
module support. The bridge module launching means may
comprise one or more friction drives.

The vehicle may also comprise, preferably on the
launching rail support, means for engaging with the
launching rail. Thus, if the launching rail is of

-inverted-T shaped configuration, .as is preferred, the

engaging means can comprise a pair of hold-down rollers
for bearing on the upper surfaces of the launching rail
£flanges, which result from the inverted-T shaped con-
struction.

A vehicle in accordance with the first aspect of

the invention may be used in a method according to a
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second aspect of the invention, according to which
there is provided a method of constructing a modular
bridge across a span, the method comprising deploying
a frame over the back of the launching vehicle on the
home bank of the span, placing a first bridge launching
rail module on a support for the launching rail on the
frame, booming out the launching rail as it is formed
and placing subsequent launching rail modules on the
launching rail support and coupling them to the launch-
ing rail being formed, landing the far end of the '
launching rail on the far bank of the span, placing a
first bridge module on the launching rail and on bridge
module suapport means on the vehicle, launching the
bridge along the launching rail as the bridge is formed
and placing subsequent bridge modules on the launching
rail and on the bridge module support means and coupling
them to the bridge being formed.

The frame may be deployed by sliding it over the
back of the vehicle. ,

As indicated above, it is preferred that the
frame comprises a first sliding frame slidable with

‘respect to the vehicle body and a second sliding frame

slidable with respect to the first sliding frame.

When this preferred construction is provided, there is
a particularly advantageous sequence of initial bridge
construction steps which may be followed. First, thé
first sliding frame may be deployed by sliding it over
the back of the vehicle, then the first and a second
launching rail modules are coupled together on the
launching rail support and then the second sliding
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frame is deployed by sliding it, on the first sliding
frame, away from the véhicle. The first two launching
rail modules are thus able to be connected quickly
and conveniently. '

Other preferred features of the method that

" relate to the use of the launching vehicle are as the
- corresponding preferred features of the first aspect

of the invention, mutatis mutandis.

Although it is not essential for each of the
bridge modules to be of any particular known con-
struction, they will generally be of the type that
comprises two longitudinal main girder structures and

" an intermediate deck having a deck surface.

Each bridge module is preferably substantially
described in EP-A-0081388 in that it comprises two
longitudinal main girder structure and an intermediate
deck having a deck surface, the main girder structures
being foldably connected one along each side of the deck
and being foldable between an operative position in
which the main girder structures offer extension of the

Vdeck surface on either side of the deck for use and a

- closed position in which the main girder structures are

folded beneath the deck.
A bridge formed on such modules will normally

comprise two end modules, in each of which the main

girder structures are longitudinally tapered in depth
when seen from the side of the module and at least one
intermediate module in which the main girder structures
are not éo tapered.

‘Some preferred features of modules suitable for
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use in the method of the present invention are the
same as or closely similar to the preferred features
of the modules disclosed in EP{A-0081388. Thus, it

is desirable that the main girder structures be box
girder structures; that each main girder structure
comprise at least one lifting attachment on a surface
offering the extension of the deck surface; that each
of the lifting attachments be recessed; that each
main girder structure'comprise at least one lifting
attachment on a surface which is facing a corresponding
surface of the other main girder structure when the
module is in the operative position; that the deck
comprise two lip portions and that each of the main
girder structures comprise a shoulder portion, each

of which 1ip portions stays on a respective one of the
shoulder portions when the module is in the operative
position; and/or that the module further comprise a
bracing means between the main girder structure for
bracing the module when in the operative position.

In EP-A-0081388, the disclosed bracing means
comprised steel bracing wires. In a preferred module
suitable for use in the present invention, the bridge
modules preferably compriserbracing'arms, one end of
each of which is pivotably attached either to a main
girder structure or to the aeck surface, and the other
end of which is receivable in a slide in the other
of the main girder structure.and the deck. Preferably,
the bracing arm is pivotably attached to the main
girder structure and receivable in a slide in the deck.

A further preferred feature of a bridge module
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usable in the present invention concerns means for
joining adjacent bridge modules. In EP-A-0081388,
joining plates are provided at each end of each of the
intermediate bridge modules and at the inner end of each
of the end modules. Each joining plate would be pro-
vided with a hole to receive a pin when joining plates
of adjacent bridge modules are placed together. So
much is similar with the present case. In the prior
disclosure, however, pairs of joining plates would be
provided at one end of the bridge module and would be
adapted to lie either side of single joining plates
of adjacent bridge modules. A pin would be manually
inserted through the resulting laminate of joining
plates to hold the modules together. 1In the present
case, there are two improvements to this structure.
First, the arrangement of joining plate is hermaphro-
dite in nature. It therefore does not matter which
way round the intermediate bridge modules are.
Secondly, means may be provided for remotely inserting
a pin'through a laminate of joining plates, each of
which is provided with a pin-receiving hole. Such
means may take the form of a bell-crank lever,
adapted to be operable from the side of a bridge
module when in position on the launching .rail and
arranged to move a pin through a laminate of joining
plates. By this arrangement, it is not necessary for
a man to go underneath the bridge during constfuction,
thereby saving time.

A preferred feature of the method of the inven-

tion involves the use of means for altering the angle
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of approach offered by one or both of the end bridge
modules. Such means may take the form of a hydraul-
ically operable articulating ram for moving a tapered
portion of the end bridge module with respect to a
connecting portion of tﬂe module, which is adapted to'
connect to the end module to an adjacent intermediate
module. One or more filling elements may be inserted
in the end module so that the hydraulic cylinders can
be relaxed after articulation. '

It is particularly appropriate for further
module bracing means, in addition to or instead of
those described previously, to be provided. To this
end, each bridge, comprising a number of modules, may
be provided with a sub-frame or bracing frame for
(a) bracing the bridge in the open position and (b)
supporting the bridge on the launching rail so that
it can be boomed out across the span. A sub-frame
may be provided at each end of a bridge, preferably
being located at the inner end of each of the end
modules. Each sub-frame preferably has a pair of
rollers, one for bearing on each flange of the
inverted T—sectioh of the launching rail.

For a betﬁer underétanding of the present
invention, and to show how it may be put into effect,
reference will now be made by way of example to the
accompanying drawings, in which:-

Figures 1A, 1B and 1C show side elevation,
plan and end views of an intermediate launching rail
module;

Figures 2A, 2B and 2C show side elevation, plan
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and end views of an end launching rail module;
Figures 3A, 3B and 3C show side elevation, plan

‘and end views of a bearing pad for use conjunction

with an end module of a launching rail;
Figures 44, 4B and 4C show side elevation, plan

‘and end views of an intermediate bridge module in its.

open position;

Figures 4D shows an end view of the module in
itsrfolded position; and
' Pigures 4E shows a detail of construction of
the intermediate bridge module;

Figures 57, 5B and 5C show side elevation, plan

"and end views of an end bridge module in its open

position;

Figure' 5D shows an end view of such module in
its folded pOSition; and '

Figure 5E shows a partial underneath view of a

folded end module;

Figures 6A, 6B and 6C show side elevation, plan
and end views of a sub-frame for bracing a bridge and
for supporting bridge modules on a launching rail;

Figqures 7A, 7B and 7C show side elevation, plan
and end views of an assembled bridge;

' ~ Figures 7D shows an enlarged section on D-D of
Figure 7A; and

Figure 7E shows a side elevation view of an
alternative configuration of the end of a bridge;

7 ‘Figures 8A and 8B show side and back end
elevational views of a bridge launching vehicle in

accordance with the invention:
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Figures 9A and 9B are side elevation views of
the vehicle showing successive stages in the deploy-
ment of the frame;

Figure 10 is an exploded side elevational view
showing the various components of the frame;

Figure 10X is similar to Figure 10 but shows
an alternative embodiment of the frame;

Figure 11 is a part-schematic, part-sectional
view taken along the line A-A of Figure 10;

Figure 12 shows a detailed (part elevational,
part-sectional) view on arrow B in Figure 10O;

Figure 13 is a plan view of a vehicle in
accordance with the invention;

Figure 14 is a schematic side elevational view
showing a tiltable launching rail support on the frame;

Figure 15 schematically shows the launching of
a bridge along the launching rail;

Figure 16 shows how the launching rail may be
landed on the far bankrat a height differing from or
the same as the home bank; and

Figure 17 shows a concluding stage of the con-
struction of the bridge at the home bank.

Referring now to the drawings, Figures 1A to 1c
and Figures 2A to 2C show the modules from which the
launching rail used in the invention is built up.
Figures 1A, 1B and 1C show an intermediate launching
rail 1, which is of a length of 19 feet 6 inches
(5.94 metres) which ensures that the launching rail
modules are compatible for transport with the ISO
6.1 metres (20 feet) container system. Each
intermediate launching rail module weighs about
0.8 tonnes and comprises a longitudinal upstanding
member 3 which carries, atrits lower edge, a pair
of flanges 5 and 7. The intermediate launching rail
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module thus has the configuration of an inverted-T.
Each is provided with a tension connection for conn-
ection to a bridge module, as will be described later.

At the upper and lower edges of each end of each
intermediate launching rail module 1 is a row of joining
lugs for connecting the module with an adjacent module.
The upper row of lugs is désignated by reference numeral
9 and the lower row by reference numeral 11. The
joining lugs are so positioned that each intermediate
launching rail module 1 is hermaphrodite in nature and
can therefore connect with any other module. Horizontal
pins (not shown) can be inserted through aligned holes
in cooperating rows of joining lugs in adjacent launching
rail modules.

An end launching rail module 13 is shown in
Figures 2A, 2B and 2C. The left-hand end of the module
in Figures 2A and 2B is equipped with upper and lower
rows of joining lugs 15 and 17, corresponding to the
rows of joining lugs 9 and 11 described above for the
intermediate launching rail module 1. The end
launching rail module 13 comprises a tapered (when
viewed from the side) longitudinal member 12 in the
place of the longitudinal member 3 described for the
intermediate launching rail module 1. The end
launching rail module 13 also has lower flanges 21
and 23 and, in this respect, is also of a generally
inverted-T shaped section. The right—-hand end of the
end launching rail module 13 shown in Figures 2A and
2B is equipped with opposed horizontally projecting
studs 25 and 27 on opposite sides of the module. One
use of the studs 25 and 27 is to engage with a

- bearing pad 29, shown in Figures 3A, 3B and 3C. The

bearing pad 29 is shown in outline in Figures 2A and
2B. The purpose of the bearing pad 29 is to
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distribute the load of a bridge, when formed on the

launching rail, on the bank of a span. There will

be one bearing pad 29 at each end of the bridge.

The pads 29 conform to the profile of the toe of the
bridge and therefore present their upper surfaces as
part of the bridge decking in use.

Each of the launching rail modules is of a light-
weight hollow construction of rectangular section.

The depth and width -of each module is such that it can
be accommodated beneath a bridge formed from bridge
modules, which will now be described.

As can be seen from Figures 4A, 4B and 4C, which
illustrate an intermediate bridge module 31 in its
open state, the modules envisaged for use in the
present invention are substantially the same as those
disclosed in EP-A-0081388, the disclosure of which
is incorporated by reference into this application.
Each intermediate bridge moaule 31 comprises a
centre decking 33 and left and right main girder
structures 35 and 37 which can pivot about a res-
pective axis 39 or 41 (Figure 4C) to adopt the
folded configuration shown in Figure 4D for the
purposes of transport. . '

The decking 33 for each intermediate module 31
is formed of six generally planar deckihg members 33a
to 33f (Figurer4B), each side of which has a 1lin 43
(Figure 4E) which, in the open positibn,of the module,
bears on a shoulder 45 of the adjacent main girder
structure 35. A support arm 47 extending from the
main girder section 35 bears the pivotal connection
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between the decking 33 and the main girder structure 35.
Pivotally mounted on each of the main girder

structures 35 and 37 is a respective bracing arm 49

or 51, whose free end engages in a respective slide

53 or 55 (Figures 4B) at the underneath of the

centre deck 33. The bracing arms 49 and 51 move

in their respectiye slides 53 and 55 during folding

and unfolding of the intermediate bridge modules 31.
Recessed lifting points 57 and 59 are proyided

in each main girder structure. When it is desired

‘to unfold a bridge module from its folded (transport)

position shown in Figure 4D to its deployed, open

pbsition shown in Figures 4A, 4B and 4C, the module

is simply lifted by means of a crane using a sling

attached at the lifting points 57 and 59. The main
girder structures 35 and 37 will swing of their own
accord out from under the deck 33. The unfolding

of the intermediate bridge modules is described in
detail in EP-A-0081388 and will not be repeated here,
but it should be noted that the length of the sling
can be chosen so that the line of action passes almost
through the centre of gravity of the cross section of
the intermediate bridge modules as they are unfolded.
In this way, the load on the sliding bracing arms 49
and 51 and their stops which. are mounted in slides 53
and 55 is minimised. Shock. absorbers can additionally
be fitted to reduce shock load.

-As can be seen in Figure 4C the intermediate bridge
modules 31 is provided with a recovery sling 61, which
comprises wires each attached ﬁo a lower portion of a
surface of a respective one of the main girder structure
35 and 37 which is inwardly facing when the module is

open, the wires terminating in a common ring 63, which is

accessible from above the centre deck. To close the inter-

mediate module 31, the module is simply picked up by
a crane acting at the ring 63. - Of its own accord,
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the module will fold to the position shown in Figure
4D. Again, the general principle of the folding
process is described in EP-A-0081388 and will not
be repeated here. '

As for the dimensions of the intermediate bridge
module, it is again 19 feet 6 inches in length (5.94
metres) to be compatible with the ISO 6.1 metre
(20 feet) container system. When the module is in
its folded condition, it is 8 feet (2.44 metres) in
width, again to be compatible with the ISO container
reqguirements, but in its open position the total
width of the intermediate bridge module 31 is 13 feet
5 inches (4.1 metres), which is a sufficient width
for carrying such heavy vehicle as tanks. Each of
the main girder struétures 35 and 37, over which the
tracks of the tanks pass,is 40.5 inches (1.03 metres)
in height (in the open position) and 39 inches
(1 metre) in width (again in the open position).

SuccesSive bridge modules are coupled together
by means of nesting hermaphrodite joining plates 65,
67, 69 and 71, through holes in which a pin can be
inserted. The nests 6f joiningﬂplatés are arranged

to be at the corners of the'main:girder structures

. 35 and 37. It will be éppreciated'that the most .

difficult nest for a pin to be passed through is the
lower, inner nést, at which the joining plates 67
are located in Figures 4C. To obviate the need for
a man to climb under the bridge during construction,
a remote pin shooting apparatus 69 is provided. The

pin shooting apparatus comprises a bell-crank lever
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71, one end of which projects for the operator's use
at the outer edge of the main girder structure 35,
and the other end of which connects with a pin 73 to

/push the pin through a nest of joining plates 67 (and

65 of the next module). Pins through upper
joining dowels can be inserted by a man on the deck
33 of the bridge module 31.

The tapered end bridge module 75 shown in Figures
5A to 5D has many features in common with the inter-
mediate bridge module 31, but differs in that the main
girder structures 77 and 79 are tapered when seen from
the side, when the module is in its open (deployed)
position. The end module 75 again comprises a deck 81,
but this time only five deck members 8la to 8le are
provided. The deck member at the fully tapered end
of the end module 75 (the right-hand in Figures 5A
and 5B) is missing: its place is taken in the fully
assembed bridge by the bearing pad 29. The deck

'section 8le nearest the fully tapered end is pro-

vided with a connection 83 for connecting the module
to the launching rail, as will subsequently be des-
cribed.

As with the intermediate bridge module 31, the
end bridge module 75 can be opened from a closed
position (shown in Figures 5D and 5E) to an open
position (shown in Figures 5A, 5B and 5C) by lifting
the end module 75 at recessed lifting points 85 and
87 on the deck-extension surfaces of the main girder
structures 77 and 79 by means of a crane. A

recovery sling (not shown) for the reverse operation
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is also provided. Opening and closing the end modules
75 is again very similar to the process described in
EP-A-0081388 and will not be repeated here.

Bracing arms 89 and 91 each attached to a res-
pective main girder structure (77 or 79) by a pivot
extend towards and terminate in slides 93 and 95 under
the lower surface of the deck 8l. Their purpose is
the same as for the intermediate bridge module 31.

Joining plates 94, 96, 97 and 99 are also correspondingly

positioned for joining the end bridge modules 75 to its
adjacent intermediate bridge module 31. A pin shoot-
ing mechanism 101 is again provided; ’

A difference between the end bridge module 75
and the intermediate bridge module 31 is that the
end bridge module 75 is articulated by way of a
pivot 103 at a lower portion of the end bridge module
adjacent where it is connected to an intermediate
bridge module 31. The articulation means that the
end bridge module is split into a ramp section 105
and a joining section 107. The ramp section 105 can
be moved relative to the joining section 107 by
means of a hydraulic piston and cylinder arrangement
109 mounted at the joining end of each main girder
structure 77 and 79. At one extent of the articu-
lation (used when the bridgeris being assembled on
the launching rail and boomed out across the span
it is to bridge) the upper surface of the deck 81
is level. This is shown by the discontinuous lines
in Figure 5A. At the other extent of the articu-
lation, the lower surfaces of the main girder
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-structures 77 and 79 are level. This is usually,

" though not ekélusively, the position adopted when the

bridge is in use for carrying traffic. This config-
uration is shown in solid lines in Figure 5A. In
such a configuration, there will be a gap 111 above
the point of articulation at the pin 103. The gap
111 can be filled in use by a deck compression unit

113, which is'a'planar narrow deck extension unit.

: Hydraulic pressure in the piston and cylinder arrange-

ment 109 can be relaxed once the deck compression

unit is in - place.
~ The maximum overall dimensions for the end

bridge module 75 are the same as for the intermediate

'7 bridge module 31.

15,

" bracing frame. One of these is located under the deck

20.

30.

Figures 6A, 6B and 6C show an inter-trackway

at each end of the bridge formed from end and inter-

mediate bridge modules 75 and 31 and allows the bridge

to be sﬁpported on a launching rail, formed from

- launching rail end and intermediate modules 13 and 1,

- during booming out.

~ The bracing frame 115 alsobraces the bridge in

- the open position.. Each bracing frame 115 is fitted

to one of the end bridge modules 75 and is located

- in the jaws at the joining section 107 of each end

bridge module 75. 'The'bracing frame 115 consists of

a portal frame 117, on the inside of each upright
of which is mounted a flanged wheel 119 or 121 on a

- horizontal axis for supporting the bridge on flanges

of the launching rail (shown in dotted lines in
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Figure 6C). Additional supports 123 and 125 extend
outwardly from the uprights to make further engagement
with the end bridge module 75. Additional vertical
bracing 127 and 129 extends between the supports 123
and 125 on the one hand and the cross member of the
portal frame 117 on the other hand.

Figures 7A to 7E give an overall view of a
bridge 131 after construction. The bridge comprises
three intermediate bridge modules 31 and two end
bridge modules 75. These can clearly be seen in the
side and plan views of Figures 7A and 7B. Underneath
the deck of the bridge 131 can be seen (in dotted
lines in Figure 7B) a launching rail 133, which is
itself formed of intermediate modules 1 and end
modules 13. A bracing frame 115 can be seen in
position in Figure 7D.

Figures 7A and 7B show how the bridge 131 would
be configured when spanning a gap between substant-
ially level banks. Both bridge end modules are fully
articulated. On the other hand, in Figure 7E, the
end module 75 is not articulated. This reduces the
ramp slope at the end of the bridge and renders it
more suitable for use on a sloping bank.

Figures 8A and 8B show a launching vehicle 135
in accordance with the invention. The vehicle 135 is
based on the LP6 chassis (6 x 6 MMLC). The chassis
is designated by the reference numeral 137 in Figure
8Aa.

Mounted on the chassis 137, .above the two rear
axles for transit, is a frame 139. More detailed
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views of components of the frame 139 can be seen in

-Figures-10, 11 and 12, The frame 139 comprises a

first sliding frame 141, which is slidably deployable
over the back of the vehicle by means of a first end-
less roller chain 143, which is powered by a hydraulic
motor (not shown). The first sliding frame 141 can
,bé driven from a position shown in Figure 8A to a
position shown in Figure 9a by means of the first
éndless roller chain 143.

Slidably mounted above the first sliding frame
141 is a second sliding frame 145. Like the first
sliding frame 141, the second sliding frame 145 is
generally in the form of a beam. It can be slidably
déployed along the first sliding frame 141 by means
of a second endless roller chain 147, which is again
driven by a hydraulic motor (not shown).

Mounted on the chassis 137 are two hold-down

- brackets 149 and 151. The first hold-down bracket

embraces the first sliding frame 141 and keeps it

adjacent the chassis 137. The second hold-down bracket

~ is shown in detail ihrFigure 12 and comprises upper and

lower sleeve portions separated by a pair of anti-friction

pads 153. The lower sleeve again embraces the first

" sliding frame 141 and the upper sleeve embraces the

second siiding frame 145. The first hold-down bracket
is mounted just to the front of the forward-most of
the two rear axles of the vehicle, whereas the second
hold—-down bracket is mounted at the very back of the
chassis. ' |

Pivotally mounted on the second sliding frame
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145 is a support 155 for the launching rail. The
support 155 can tilt about an axis 157 with respect

to the second sliding frame. Tilting is achieved by
means of the hydraulic piston and cylinder arrangement
159, the cylinder'of which is fixed to the support
155 and the piston of which is coupled to a chain and

.link mechanism 161, Which,passes over a bearing 163

at the vehicular front of the support 155 to termi-
nate in anrattachment 165 for attaching tora'pin 167
at the vehicular front end of the second sliding
frame 145. 77 : ,

At the vehicular rear of the support 155, there
is provided at the upper surface of the support 155
a caterpillar-type friction drive 169 for driving
the launching rail when supported on the support 155.
The caterpillar-type friction drive 169 comprises an
endless belt 171, which passes over a plurality of
support rollers 173 and under a lower drive roller
175. The drive roller 175 is itself coupled by an
endless belt 177 to a hydraulic motor 179.

The friction drive 169 may be mounted on a tele-
scopic arm 170 which extends from the support 155. This
alternative embodiment, which is shown in Figure 10X,
allows the launching rail to be supported at its maximum
depth, thereby obviating the maximum cantilever bending
moment occurring at a reduced reaction on the tapered
end launching rail module 13.

To engage with the upper surfaces of the flanges
of the inverted-T shaped launching rail, a pair of
hold-down rollers 181, which are themselves flanged,
are provided. The hold-down rollers are mounted on
arms 183, which extend upwardly, one either side of
the Support 155.

The launching vehicle comprises'means for
supporting a bridge module. Part of the bridge
module support means is constituted by a pairrof
frame outriggers 185 and 187, which can extend
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laterally and telescopically from under the first
sliding frame 141. The outermost end of each frame
outrigger 185 or 187 is provided with a jacking
hydiauiic.piston and cylinder arrangement 189 and 191
respectively, the downwardly extending pistons of

', which terminate in respective ground pads 193 and 195.

10.

15.

20.

25.

30.

Slidably movable up the cylinder of each of the
hydraulic and piston and cylinder arrangements 189
and 191 is a respective roller support collar 197 or
199. Movement of each collar 197 or 199 up and down
the respective cylinder is accomplished by means of
articulated arms 201 or 203 respectively. Each collar 7
197 or 199 carries an inwardly directed roller 205 or
207, which will support the outermost edges of the
main girder structures of the bridge modules. The
rollers 205 and 207 are not powered, but are mounted
opposite and coopérate with respective bridge module
friction drives 209 and 211 which support the inner
edges of the main girder structures of the bridge
modules and cause them to be driven forward when
launching the bridge along the launching rail.

As can be seen from Figures 10, 11 and 13, the
bridge modules friction drives 209 and 211 each
comprise an endless belt mounted on two rollers
fixed to an arm extendiﬁg upwardly from the first
sliding frame 141. '

The remaining part of the bridge module support
means is constituted by a pair of chassis outriggers
213 and 215. Figure 13 shows the chassis outriggers
213 (which is deployed) and 215 (which is folded for
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transport) to be mounted towards the vehicular front
of the chassis 137 behind the driver's cab 217. Each
chassis outrigger 213 or 215 comprises a generally
planar cradle 219, which is provided with an inwardly
directed pair of flange rollers 221 and 223. When
deployed, the cradle 219 is generally horizontal and
the flanged rollers 221 and 213 are borne upon by a
main girder structure of a bridge module. The cradle
219 can pivot about a horizontal axis parallel with
the length of the vehicle 135 to stow neatly for
transport. A piston and cylinder arrangement 225
mounted underneath thércradle and on an outrigger
arm 227 to which it is attached enables the angle of
inclination above the cradle 219 to therhorizontal
to be varied. Variations in bridgé slope can there-
fore be accommodated. |

A method of constructing a bridge in accordance
with the invention will now be described. The bridge
illustrated is to be built of a total of five bridge
modules (three intermediate bridge modules 71 and two
end bridge modules 75) and is capable of reaching a
span of 100 feet (30.5 metres) (nominal). However,
as some 95% of gaps in north-west Europe do not
exceed 100 feet (30.5 metres), it is not foreseen
that this will be a problem. Before construction
proper can begin, all the componenfs,must be brought
to the home bank. The components needed are as
follows: -

0165712
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Launch vehicle;

Three intermediate launching rail modules;

Two end launching rail modules;

Three intermediate bridge modules;

Two end bridge modules;

Two end pads;

Two inter-trackway bracing frames; and

One hydraulic power pack. ' ,

The launching rail modules can be stowed on the
launching vehicle for transport. All the remaining
components, together with necessary slings etc., could
be brought to the site on a total of three GS trucks '

"which, in addition to a standard mobile crane would be

all the vehicles needed for the bridge to be con-
structed. The crane would be expected to have a
3.5 tonne 1lift at a 6 metre outreach.

The hydraulic power pack, which is portable, is
for articulating the end bridge modules 75 when jacking
down the ends of the completed bridge.

The power paCk can be powered by an air-cooled
diesel engine of about 10 horsepower (7.5 kiloWatts)
driving a variable displacement pump working at a
pressure of 3000 psi (20.6 MN/mz). The engine would
be provided with hand or inertia start to obviate the
need for batteries. Spare power units could be pro-
vided as a precaution against breakdown. In addition,
an emergency hand pump could be provided to enable
the bridge to be jacked down in the event of power
failure. Recovery, however, would hardly be

feasible with a manual pump, due to the height to
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which the bridge has to be jacked.

The launching vehicle 135 is first reversed
up to the span to be ctossed. The first sliding frame
141 is deployed and the frame outriggers 185 and 187,
which function as jacks, are also deployed. The
chassis outriggers 213 and 215 may also be deployed
at this stage. , ,

Using the crane (not shown) an end launching
rail module 13 is placed on the launching rail support
155 and held there by the hold-down rollers 181. The
toe of the end launching rail module 13 is so posi-
tioned that its toe is towards the far back. An end
bearing pad 29 may be in position on the toe. of the
end launching rail module 13.

The crane now lifts an intermediate launching
rail module 1 into position behind the end launching
rail module 13. The end and intermediate launching
rail modules 13 and 1 are coupled together. Because
the intermediate launching rail modules only weigh .
0.8 tonnes each, .it is not necessary for the crane
to be chocked at this stage.

The second sliding frame 145 is now deployed
and the construction of the launching rail completed
by joining on two further intermediate launching rail
modules 1 and a final end launching rail module 13.
As each intermediate launching rail module 13 is
added, the launching rail is boomed out by means of
the friction drive 169.

Before the last end launching rail module 13
is boomed out, the first tapered end bridge module 75
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is lifted by the crane and unfolded. It is desirable
for the crane to be chocked by means of outriggers and
jacks beforerthis stage because of the 3.5 tonne
weight of the bridge modules. When the first end
bridge module 75 has been placed on the launching
rail, to which it is connected by means of a tension
connection at position 83 (Figure 5A4), a first roller
bracing frame 115 is fitted between the trackways of
the end bridge module 75. The end bridge module 75

'is articulated upwards (in the position shown by the

discontinuous lines in Figure 5A) so that the upper
chord is approximately horizontal. In this way, the
end bridge module 75 is appropriately aligned for
connection to an intermediate bridge module 31. The
hydraulic power pack is now lifted onto the bridge
by the crane.

The launching rail 133 is now landed on the far
bank, as shown in Figure 16. This is achieved by
tilting the support 155 by actuating the hydraulic
piston and cylinder arrangement 159. The extent of
tilt of the support 155 will depend on the level of
the far bank with respect to the home bank. The
launching rail 133 now forms a simply supported beam
across the span and along which the bridge can be
launched. It should be noted that all the hydraulic
requirements of the equipment of the launching
vehicle can be satisfied by a hydraulic pump fitted
+0 the vehicle engine power take-off.

Bridge construction proceeds by use of the

‘crane. The connection or coupling between successive
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bridge modules 75 and 31 or 31 and 31 is made by
connecting pins. The lower chord outer pins are
placed by hand. The lever mechanism 10l used for
sliding the lower chord inner pins into position
obviates the necessity for a man to go underneath
the bridge. The upper chord tension connections can
be made by a man standing on the deck. Each time
subsequent intermediate bridge modules 31 are added,
the bridge is moved forward by a module's length by
means of the bridge module friction drive unit 209
and 211. On coupling the second end bridge modules

- 75 at the end of the bridge, a second roller bracing

frame 115 is fitted between the trackways of the
second end bridge module 75.

When the bridge is complete, and the first
bridge end module 75 is at the far bank, the first
end bridge module 75 can be jacked down by means of
the hydraulic power pack (not shown) which is on the
bridge. The weight of the bridge will then be trans-
mitted by means of the end bridge module, rather than
the launching rail, to the far bank.

On the home bank, the hydraulic power pack is
again used. The articulation of the second end
bridge module 75 (which is at the home bank) is
operated so that the ramp section 105 supports the
weight of the bridge on the bridge support rollers
205 and 207 and the bridge module friction drive
units 209 and 211, which are on the frame 139 of the
vehicle 135. The launching rail 133 may then be con-
nected to the second roller bracing frame 115 by a



10.

15.

20.

25.

30.

0165712
30.

tension link W. The second sliding frame 145, which
no longer supports the weight of the bridge through
the launching rail 133, can then be retracted.

' By articulating the ramp portion 105 of the
second end bridge module 75, the launching rail 133
can be lowered down onto a second end bearing pad 29,
which has been positioned to receive it. When all
the home bank weight of the bridge has been trans-—~
ferred to the bearing pad 29, the ramp portion 105
of the second end bridge module 75 can be lifted
clear of the vehicle, again by means of the hydraulic
piston and cylinder arrangement 109 in the second end
bridge module. The frame outrigger jacks can be
raised and the first and second sliding frames 141
and 145 can be retracted clear of the bridge.

The chassis outriggers 213 and 215 can then
be stowed and the vehicle 135 driven away. Mean-
while, thé piston and cylinder arrangement 109 of
the second end bridge module 75 can be used to jack
down the home bank end of the bridge and if necess-
ary, as with the far bank end, a deck compression
unit 113 may be inserted.

The bridge is now complete and can be opened
to traffic.

The launching rail remains in the bridge, ready
for recovery, which can take place from either end,
due to the symmetrical construction of the bridge.

It should be noted that if the launching rail
is suspended from the tension connection marked W

and from a corresponding one at the other end of the



10.

15.

20.

25.

30.

0165712
31.

bridge, the lower connecting pins joining the end
launching rail modules 13 to their respective neigh-
bouring intermediate launching rail modules 1 can be
reroved. It is possible to reduce the end slope of
the bridge, or even to have the deck level, by
reducing the width of the deck compression units
113 shown in Figure 5A.

It should be mentioned that, to achieve the
various tension connections (as mentioned for point
W) during construction of the bridge, each end
launching rail module 13 and each intermediate
launching rail module 1 is proﬁided with a tension
connection for connection to the centre decking of
the bridge at the appropriate point.

The sequence for recovery and dismantling the
bridge is essentially the reverse of the launching
sequence. The timing may be comparable.

It can thus be seen that a bridge of MLC 70
capability can readily be built efficiently and
rapidly. It is anticipated that a nominal 100 feet
(30.5 metres) span could be bridgedwith the aid of
a launching vehicle, a crane and six men in less
than 15 minutes by night. The six men include the
bridge commander and crane operator. The 4 metre
wide deck presented by the bridge in use should be
sufficient for conveying the majority of ground
based military equipmént across the span.

Finally, a word about dimensions and moments
to illustrate the general compactness of the launch-

ing vehicle 135 and the stability of the bridge under
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construction. The maximum height of the launching
vehicle 135 (see Figures 1A and 1B) will be 10 feet.

(3 metres). The maximum width when all the outriggers
are in the stowed positibn will be 10 feet 6 inches -

(3.2 metres), but this includes the width of the pads
193 on the frame outriggers 185 and 187. The width

of the vehicle without the frame outriggers 185 and

7187'is 8 feet 9 inches (2.7 metres). As for length,
- the vehicle with all outriggers stowed is 32 feet

(9.75 metres) long from the front to the furthest
rear extremity.

When the first sliding frame 141 is deployed,

.the length between the centres of the pads 193 and

a mid line between the two rear axles of the launch-

ing vehicle is 16 feet 6 inches (5 metres). There

- is a further 17.7 feet (5.4 metres) between this

midline and the front axle. Now the front axle
weight of the vehicle is 7 tonnes and each of the
rear axles transmits a weight of 7.5 tonnes. Thus
the total moment due to the vehicle about a fulcrum
above the centres of the pads 193 is: '
{5m+5.5m)x7%t + 5mx (7.5t + 7.5 &)
= 142.8 metre-tonnes.
The launching rail 133 is composed of five modules,
each of which weighs about 0.8 tonne, The total
weight of the launching rail is therefore 4 +tonnes.
Because of the symmetrical nature of the 100 feet
(30.5 metres) launching rail, this can be regarded

as acting 50 feet (15.25 metres) from the centres of

- the pads 193, when the launching rail is fully boomed



0165712
33.

out, to give a clockwise moment of 61 metre-tonnes,
which is confortably less than the 142.8 metre-tonnes
anti-clockwise moment due to the vehicle 135.
Stability during construction is therefore assured.
It can be seen that the pads 193 should be capable

of transmitting a load of at'least the total weight
of the launching rail and the launching vehicle 135.
In practice, they should therefore be able to

support a load of about 26 tonnes.



10

15

20

,25

30

0165712

34
CLAIMS.
1.7 A vehicle (135) for launching a modular

- - bridge, characterised in that the vehicle comprises a
- frame (139) deployable over the back of the vehicle, a

" support (155) on the frame for a launching rail for

the bridge, and means (185, 197, 213, 215) for

- supporting a bridge module.

2. A vehicle as claimed in Claim 1,

- characterised in that the frame (139) is slidably

deployable over the back of the vehicle.

3. A vehicle as claimed in Claim 2,
characterised in that the frame (139) comprises a
first sliding frame (141) slidable with respect to the 7
vehicle body and a second sliding frame (145) slidable

with respect to the first sliding frame.

4, A vehicle as claimed in Claim 1, 2 or 3,
characterised in that the launching rail support (155)

"is tiltable with respect to the frame.

5. A vehicle as claimed in any of Claims 1 to
4, the vehicle being characterised by comprising means

(169) for booming out the launching rail.

6. A method of constructing a modular bridge
across a span, the method being characterised by
comprising deploying a frame (139) over the back of a
launching vehicle (135) on the home bank of the span,
placing a first bridge launching rail module (13) on a

support (155)7for the launching rail on the frame,
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booming out the launching rail as it is formed and
placing subsequent launching rail modules (1, 13) on
the launching rail support and coupling them to the
launching rail being formed, landing the far end of
the launching rail on the far bank of the span,
placing a first bridge module (75) on the launching
rail and on bridge module support means (185, 187,
213, 215) on the vehicle, launching the bridge along
the launching rail as the bridge is formed and placing
subsequent bridge modules (31, 75) on the launching
rail and on the bridge module support means and
coupling them to the bridge being formed.

7. A method as claimed in Claim 6 characterised
in that the frame is deployed by sliding it over the
back of the vehicle.

8. A method as claimed in Claim 6 or 7, wherein
the frame comprises a first sliding frame (141)
slidable with respect to the vehicle body and a second
sliding frame (145) slidable with respect to the first
sliding frame.

9. A method as claimed in Claim 8, wherein the
first sliding frame (141) is deployed by sliding it
over the back of the vehicle, the first and second
launching rail modules (13, 1)are coupled together on
the launching rail support and the second sliding
frame (145) is deployed by sliding it on the first
sliding frame, away from
the vehicle.
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10. A method as claimed in any one of Claims 6
to 9, characterised in that each bridge module
comprises fwo longitudinal main girder structures (35,
37)7and'an intermediate deck (33) having a deck
surface, the main girder structures being foldably
connected one along each side of the deck and being
foldable between an operative position in which the
main girder structures offer extensions of the deck
surface on either side of the deck for use and a
closed position in which the main girder structures
are folded beneath the deck.
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