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(57)  Along span truss dome comprises:

(a) a plurality of trusses, wherein each truss comprises:
(i) a compression member,

(i) a tension member, and

(iii) a plurality of intermediate members,

(b) a compression ring,

(c) a tension ring,

wherein a first end of the compression member of each
truss is connected to the compression ring,

wherein a first end of the tension member of each truss
is connected to the tension ring,

wherein a first end of each intermediate member is con-
nected to the compression member,

wherein a second end of each intermediate member is
connected to the tension member, and

wherein each truss experiences axial forces, the axial
forces experienced by the intermediate members being
less than 5% of the axial forces experienced by the com-
pression member and less than 5% of the axial forces
experienced by the tension member.
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Description
Introduction

[0001] The present invention relates to domes made of or comprising rafters or trusses, referred to herein as truss
domes, and to methods of constructing truss domes. In particular, the invention relates to a truss dome having a long
span, as well as a stepwise method for constructing the truss dome.

Background

[0002] Domes are structures used to provide a full or partial canopy over a floor or the ground. As used herein, the
term "dome" is intended to mean a rounded vault forming the roof or canopy of a building or structure, wherein hitherto
this rounded vault has typically had a circular or elliptical base. The dome may alternatively be referred to as having a
diaphragm secured at its periphery to supports and these definitions are used interchangeably herein.

[0003] Domes typically comprise a plurality of rafters or trusses that provide the overall shape and structure of the
dome. A cladding material is typically then laid on top of the rafters/trusses to complete the dome and present its visible
diaphragm.

[0004] Domes may have diaphragms of various widths, with a dome having a particularly wide diaphragm commonly
referred to as a "long span dome". The term "span" is used to indicate the longest width of the diaphragm of the dome,
bearing in mind that not all domes have a circular base and thus the term "diameter" may not always be appropriate.
However, the term "diameter" may be used to indicate the span of a dome having a circular base.

[0005] Existing domes are typically hemispherical in shape because these domes are generally considered to be more
aesthetically pleasing than domes of alternative shapes. However, non-hemispherical long span domes are also known
and may be found, for example, in sports stadia. In many existing non-hemispherical long span domes, the dome may
comprise one or more arched rafters or trusses that span the length of the dome, with additional rafters/trusses provided
on either side thereof and arranged substantially perpendicular thereto to support the arched rafters/trusses.

[0006] Examples of existing long span domes include the Singapore National Stadium, the Cowboys Stadium in
Arlington, Texas, USA, the Oita Stadium in Japan, the Georgia Dome in Atlanta, Georgia, USA, and the Louisiana
Superdome in New Orleans, Louisiana, USA.

[0007] Several problems with existing long span domes are known.

[0008] Firstly, the shape of existing long span domes means that certain parts thereof experience large bending
moments. Whilst the dome can tolerate these large bending moments under working load (the load applied to the dome
as a result of its self-weight, i.e. when no external loads are additionally applied thereto), these bending moments may
become a problem when additional, non-uniform loads are applied to the dome. When such additional, non-uniform
loads are applied, the bending moments experienced by the dome increase, which may result in the dome collapsing
(an event known as "buckling") if the bending moment experienced by any part of the dome is increased above a certain
threshold value.

[0009] It is known that the bending moments experienced by long span domes are generally larger than those expe-
rienced by domes having a short span. Accordingly, to ensure that the dome is able to cope with an increase in bending
moments when additional, non-uniform loads are applied thereto, and thus to ensure that dome buckling does not occur,
the span of current domes is limited by the maximum bending moment that can be experienced by any particular part
thereof before buckling will occur, taking into account the strength of the construction materials and the overall weight
of the structure needed to meet safety criteria.

[0010] Non-limiting examples of non-uniform loads that may be applied to a dome include snow falling on some, but
not all, parts of the dome, snow falling on the entire surface of the dome in uneven amounts, and strong winds.

[0011] Based on the above, when attempting to develop domes having a long span, it is desirable to provide a dome
wherein minimal bending moments are exhibited across the dome, as this will enable domes having a long span to be
constructed without yielding a high risk of dome buckling.

[0012] Secondly, many existing domes comprise a tension ring around their edges, typically positioned as close to
the diaphragm as possible. This feature can assist in reducing thrust into the foundations of the dome and can prevent
dome buckling from occurring. In domes comprising such a tension ring, any additional, non-uniform loads applied to
the dome are directed by the rafters/trusses underlying the surface of the dome to the eaves of the dome (the term
"eaves" refers to the points around the edge of the dome where the cladding and the rafters/trusses meet the diaphragm).
[0013] Alternatively, ties, e.g. rods between eaves positioned directly opposite to each other around the perimeter of
the dome, may be included. These ties, together with the rafters of the dome, may form a truss. Similarly to the tension
ring mentioned above, the truss reduces thrust into the foundations compared to a dome not having ties (i.e. a dome
that comprises rafters instead of trusses). In domes having such truss structures, the truss as a whole resists bending
moments induced therein, unlike in domes having rafters instead of trusses, wherein these rafters alone resist the
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bending moments induced therein.

[0014] When the diaphragm is at ground level, a support post is typically connected to the end of each rafter/truss at
diaphragm level and is buried in the ground. These support posts help to direct the loads into the ground when these
loads are directed to the eaves because the loads are directed down these support posts once these loads reach the eaves.
[0015] For domes raised on columns and thus above ground level, each column is typically connected at its upper
end to the end of one of the rafters/trusses at diaphragm level and, as a result, the loads applied to the dome cannot
be directed directly into the ground once these reach the eaves. In such domes, it is particularly important that a tension
ring or ties or another diaphragm-level means of diverting any additional, non-uniform loads applied to the dome away
from the rafters/trusses thereof is provided, so as to prevent the dome from buckling.

[0016] There are two main problems with using conventional means for resisting additional, non-uniform loads, such
as tension rings and ties, in existing domes. Firstly, tension rings are large structures that are not aesthetically pleasing.
Ties across the diaphragm on the interior of the dome are not aesthetically pleasing, either. The large size of tension
rings means these are also expensive both in terms of material costs and installation costs. Secondly, in domes wherein
a tension ring is used but ties and/or other supporting structures are not, a single tension ring arranged around the
perimeter of a dome at diaphragm level acts as a single point of failure.

[0017] Accordingly, it is desirable to develop alternative domes that are not reliant on a single point of failure, e.g. a
tension ring around the perimeter of the dome, remaining structurally intact in order to be safe.

[0018] Another problem with existing domes is that these exhibit poor structural integrity when being installed. Many
existing domes are thus only structurally integral once completely erect. As a result, many existing domes have to be
constructed by first installing an extensive supporting structure, then arranging the rafters/trusses of the dome into
position against the supporting structure, then covering these rafters/trusses with cladding, then removing the supporting
structure from underneath the dome. In such cases, the rafters/trusses of the dome have to be installed more or less in
their entirety before it is safe to install the cladding and remove the supporting structure.

[0019] Accordingly, it would be desirable to develop a dome that is stable, i.e. structurally integral independent of the
support structure, before all rafters/trusses thereof have been installed.

[0020] Existingdomes are typically very expensive. There are three main costs associated with existing domes, namely
(i) the cost of installing foundations capable of resisting horizontal forces, such as support posts buried in the ground
and having their top ends connected to the ends of rafters/trusses at eaves of the dome, (ii) the cost associated with
providing and installing a structure designed to support the dome whilst this is being constructed, and (iii) the cost
associated with installing the dome itself and including the cost of the materials thereof. In some cases, the cost of the
supporting structure mentioned at part (ii) above is more expensive in both terms of materials and installation costs than
the cost of the dome itself.

[0021] Accordingly, itis also desired to provide a long span dome that requires less material in order to be constructed
and that is cheaper overall to manufacture and install.

[0022] A still further problem with existing domes is that their rafters/trusses cannot typically be constructed of high
strength steel. This is because high strength steel is more flexible for a given strength than many other steels and thus
can only be used for structures that do not deflect much. This is not typically the case with the rafters/trusses of existing
domes, which deflect whenever additional, non-uniform loads are applied to these domes, and thus these rafters/trusses
cannot typically be made of high strength steel.

[0023] It is therefore desirable to provide a dome comprising rafters/trusses that do not deflect much so that these
rafters/trusses can be manufactured from high strength steel in order to increase the range of materials that these domes
can be made of.

Summary of the Invention

[0024] The invention provides a truss dome having a long span and preferably a curvature in accordance with a cubic
formula, as well as a stepwise method for constructing the truss dome.

[0025] A first advantage of the present invention is that a single point of failure can be avoided, unlike in many existing
domes wherein a tension ring is provided around the perimeter of the dome. The present invention instead has a
compression ring provided at a point of the dome more or less directly above the centre of the diaphragm and, optionally,
a tension ring provided at a point on the dome more or less directly at or above the centre of the diaphragm. A third (or
more) ring(s) may also optionally be provided below the compression ring to act as a backup in case the tension ring
fails. Each rafter/truss is individually connected to the ring(s) in the centre of the dome. Accordingly, if one of the
rafters/trusses fails, or one of the rings in the centre fails, there are backup structures in place to continue to absorb the
loads applied to the dome.

[0026] A second advantage of the present invention is that the dome thereof can be constructed using a much less
extensive support structure than existing long span domes. To construct the dome of the invention, a support structure
can be provided to allow the central compression ring (and the tension ring, if one is provided) to be held in position.



10

15

20

25

30

35

40

45

50

55

EP 4 253 680 A1

Then, each rafter/truss is connected to the compression ring (and tension ring, if present) one at a time. To do this, each
rafter/truss can be constructed flat on the ground, then lifted into an upright position using, for example, a crane. The
end of each rafter/truss designed to be positioned nearest the eaves can then be attached to the ground or foundations
that have previously been installed in the ground or to columns designed to raise the dome above the ground. The other
end of the rafter/truss, i.e. the end above the approximate centre of the diaphragm of the dome, may then be connected
to the compression ring. Once at least eight rafters/trusses have been connected to the compression ring (and tension
ring, if present), the support structure can be removed and the at least eight rafters/trusses, together with the ring(s) to
which these are connected, can remain stably erect of their own accord. This stepwise method of installing each rafter/truss
not only has the advantage that a less extensive support structure may be used compared to existing domes, but also
has the advantage that the dome does not need to be completely erected before it is stable. As used herein, "stable" is
intended to mean that the dome can stand erect of its own accord, independent of the support structure, without collapsing.
This means that the dome of the present invention is safer, simpler, and thus easier, to install than existing domes. The
less extensive support structure required, compared to existing domes, also reduces the cost associated with constructing
domes.

[0027] A third advantage of the present invention is that the dome thereof exhibits minimal deflection once installed
due to the composition of the rafters/trusses. Accordingly, the rafters/trusses of the dome of the present invention can
be constructed of more flexible materials that could hitherto only typically be used for structures that exhibit minimal
deflection, materials such as high strength steel. Accordingly, the range of materials from which the dome of the present
invention may be constructed is greater than that from which existing domes may be constructed, which allows for greater
design choice.

[0028] A fourth advantage of the present invention is that domes thereof may have longer spans than existing domes.
As mentioned above, existing domes are limited in terms of their span because, when the span is long, the bending
moments experienced by a particular point or particular points on the dome are too large for the dome to be able to cope
with additional, non-uniform loads, such as snow or wind, which results in dome buckling when such loads are applied.
However, such large bending moments are not experienced by the rafters or the curved compression members of the
trusses of domes of the present invention. Instead, the bending moment experienced by each point on these rafters or
curved compression members is kept to a minimum under working load. Accordingly, domes of the present invention
may be constructed having much longer spans than existing domes.

Detailed description of the invention

[0029] According to a first aspect of the invention, there is provided a long span dome comprising:

(a) a plurality of rafters, and
(b) a compression ring,

wherein a first end of each rafter is connected to the compression ring, and wherein the rafter, once deflected, is curved
in a manner that minimises the bending moments experienced by the rafter.

[0030] Conveniently, each rafter comprises an outer end and an inner end, the outer end being connected to the dome
periphery and the inner end being connected to the compression ring, located approximately centrally in the dome.
[0031] Typically, one or more lateral connecting members are positioned between adjacent rafters in a manner such
that a first end of each connecting member is attached to one rafter and a second end of each connecting member is
attached to the adjacent rafter. Typically, both ends of the connecting member are positioned at the same height above
the ground as each other.

[0032] Optionally, one or more ties may be provided across the diaphragm of the dome, from one side of the dome
periphery to the other.

[0033] Optionally, cladding may be arranged on top of the rafters of the dome.

[0034] In preferred embodiments of the first aspect of the invention, the curvature of each rafter approximately obeys
the following formula (hereinafter referred to as the "formula" and the "cubic formula", wherein these terms are used

interchangeably):
[ 24D ] [ a+u 2_l_(aL_l_uL) ]
Y= 2@+ 3w 7 Y T\G T2 )

wherein "y" denotes the height of a particular point on the rafter above the diaphragm of the dome (m), "a" denotes the
uniformly distributed load due to cladding, any support structures present, and loads imposed at the eaves (kN/m), "u"
denotes the uniformly distributed load due to the self-weight of the rafter (kN/m), "L" denotes the span of the dome (m),
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"D" denotes the height of the dome (m), and "x" denotes the minimum horizontal distance of the particular point from
the eaves of the dome (m).

[0035] Typically, the height of the dome ("D") is at least 6% of the length of the span of the dome ("L").

[0036] Itis known that, once erect and any support structures removed, domes move slightly into their final positions;
such a process is termed "deflection". Accordingly, it should be noted that, in preferred embodiments of the invention,
the curvature of each rafter obeys the above formula once the dome is erect and has deflected into its final position.
Hence, reference to approximate obeyance with this formula refers to designing the dome components so that once the
dome is complete the rafters substantially meet the calculated curvature. Reference to approximate obeyance always
refers to intending to meet the required curvature during dome design and construction.

[0037] According to a second aspect of the invention, there is provided a long span truss dome, comprising:

(a) a plurality of trusses, wherein each truss comprises:

(i) a compression member,
(ii) a tension member, and
(iii) a plurality of intermediate members,

(b) a compression ring,
(c) a tension ring,

wherein a first end of the compression member of each truss is connected to the compression ring,

wherein a first end of the tension member of each truss is connected to the tension ring,

wherein a first end of each intermediate member is connected to the compression member,

wherein a second end of each intermediate member is connected to the tension member, and

wherein each truss experiences axial forces, the axial forces experienced by the intermediate members being less
than 5% of the axial forces experienced by the compression member and less than 5% of the axial forces experienced
by the tension member.

[0038] In this context, the "axial forces" experienced by a member of the dome are the forces existing in the longitudinal
direction of the member.

[0039] In such a second aspect of the invention, the compression member of each truss is equivalent to the rafter
mentioned above in relation to the first aspect of the invention.

[0040] In preferred embodiments of the second aspect of the invention, the curvature of the compression member of
each truss obeys the following formula:

[ 24D ] [ a+u 2+<aL+uL)]
Y= 2@+3wl” 1307 7 T\a ")

wherein "y" denotes the height of a particular point on the compression member above the diaphragm of the dome (m),
a" denotes the uniformly distributed load due to cladding, any support structures present, and loads imposed at the
eaves (kN/m), "u" denotes the uniformly distributed load due to the self-weight of the truss (kN/m), "L" denotes the span
of the dome (m), "D" denotes the height of the dome (m), and "x" denotes the minimum horizontal distance of the particular
point from the eaves of the dome (m).

[0041] Typically, the height of the dome ("D") is at least 6% of the length of the span of the dome ("L").

[0042] In more preferred embodiments of the second aspect of the invention, the tension ring is approximately centrally
located in the dome. In such embodiments, a first, inner end of the tension member of each truss is connected to the
tension ring with the second, outer end of the tension member of each truss being connected to dome periphery struc-
ture(s). Typically, the tension ring will be positioned approximately directly beneath the compression ring and the tension
member of each truss is arranged approximately horizontally once the dome is erect and has deflected into its final
position. In typical embodiments of the second aspect of the invention, the second, outer end of the tension member of
each truss is connected to the second, outer end of the compression member of that truss at an eave of the dome.
[0043] Preferably, the compression and tension rings are located approximately centrally with the compression and
tension members extending radially therefrom.

[0044] In preferred embodiments of the second aspect of the invention, the tension ring is positioned beneath the
compression ring.

[0045] There may optionally be provided one or more additional tension rings and/or one or more additional tension
members to act as fail-safes in the event that one of the tension rings fails. For example, a third ring, being a second
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tension ring, may be added near the first tension ring. It can be e.g. above, below or to the side of, though generally
close to the first tension ring.

[0046] In embodiments of the first aspect of the invention, i.e. wherein no tension ring and/or tension members and/or
intermediate members are provided, the length of the span of the dome will typically be 100 m or less. In embodiments
of the second aspect of the invention, i.e. wherein a tension ring and tension members and intermediate members are
provided, the length of the span of the dome will typically be more than 100 m and may be 200 m or longer, 400 m or
longer or even 600 m or longer.

[0047] In both the first and second aspects of the invention, a plurality of support posts may optionally be provided,
usually around the circular or elliptical outer edge / periphery of the dome, wherein an upper end of each support post
is connected to the second, outer end of the rafter or the compression member, i.e. the end of the rafter or the compression
member that is not connected to the compression ring. Typically, these support posts are buried in the ground and/or
other foundations. Alternatively, these support posts may not be buried and may be used to raise the dome off the
ground, instead, in which case, these support posts are typically referred to as "columns". The support posts assist with
directing non-uniform loads applied to the dome into the ground, therein preventing dome buckling.

[0048] Typically, the support posts are positioned vertically or substantially vertically. However, the support posts may
alternatively be raked.

[0049] In some embodiments of the first and second aspects of the invention, the dome is approximately circular or
elliptical in plan view and comprises a plurality of columns located evenly spaced around the dome periphery.

[0050] In some embodiments of the invention, bracing members may be provided and arranged diagonally between
adjacent support posts. In such embodiments, a first, lower end of the bracing member may be connected to one support
post, and a second, upper end of the bracing member may be connected to the support post adjacent to the one support
post. The firstand second ends of the bracing member will typically be positioned such that one end is higher than the other.
[0051] Columns having bracing members connected to them are typically referred to as "braced columns".

[0052] In embodiments of the invention wherein the perimeter of the dome is circular, all of the rafters/trusses that
constitute the dome may be substantially identical.

[0053] In embodiments of the invention wherein the perimeter of the dome is elliptical, and according to the dome
width at that point, some of the rafters may be of different lengths to other rafters (in the case of the first aspect of the
invention), or some of the trusses may have compression and tension members of different lengths to other trusses (in
the case of the second aspect of the invention).

[0054] In both circular and elliptical embodiments of the invention, the curvature of the rafter or the curvature of the
compression member of each truss may obey the cubic formula.

[0055] In preferred embodiments of the second aspect of the invention, the long span truss dome is approximately
circular or elliptical in plan view and comprises a plurality of columns located evenly spaced around the dome periphery.
[0056] The rafters and the members of the trusses of the dome may be made of any suitable material. However, the
rafters and the members of the trusses of the dome are typically made of steel, e.g. S355 structural steel.

[0057] The rafters and the members of the trusses of the dome may alternatively be made of high strength steel. This
is now possible because domes of the invention typically exhibit reduced deflection once installed compared with prior
art domes.

[0058] According to a third aspect of the invention, there is provided a method of constructing a long span truss dome,
the method comprising:

(a) installing a support structure to support a compression ring and, optionally, to support a tension ring,

(b) assembling (i) a plurality of rafters in accordance with the first aspect of the invention or (ii) a plurality of trusses
in accordance with the second aspect of the invention,

(c) positioning one of the rafters/trusses upright,

(d) connecting a first, inner end of (i) the one rafter or (ii) the compression member of the one truss to the compression
ring and, if a tension ring is included, connecting a first, inner end of the tension member of the one truss to the
tension ring, and

(e) repeating steps (c) and (d) for at least seven more of the remaining rafters/trusses, and

(f) removing the support structure.

[0059] Preferably, step (e) need not be completed for all rafters/trusses, i.e. some rafters/trusses are not installed, e.
g. not connected to the compression ring and not connected to any outer dome periphery structures, before the support
structure can be removed and the dome remains stably erect. An advantage of the invention is the support structure is
not needed for dome stability up until the dome has been completely constructed because the dome is stable, i.e.
structurally integral independent of the support structure, once as few as eight rafters/trusses have been installed.
Therefore, the dome is safer to install than existing domes as there is less risk of the dome collapsing during construction
thereof.
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[0060] Inpreferred embodiments of the method of the invention, step (b) may involve measuring the minimum horizontal
distance of a particular point on the rafter or the compression member from the eaves ("x"), then substituting this value
into the cubic formula to determine the height of the particular point above the diaphragm ("y"), as all other variables
("a", "D", "L", and "u") are known. The rafter or the compression member of each truss may thus be constructed such
that its curvature will obey the cubic formula once deflection has occurred following removal of the support structure at
step (f).

[0061] Inasecond embodiment of the method of the invention, one or more support posts may be buried in the ground
prior to conducting the other steps of the method outlined above. In such embodiments, an upper end of each support
postis connected to a second, outer end of one of the rafters orthe compression member of one of the trusses of the dome.
[0062] In preferred embodiments of the method of the invention, cladding may be installed on top of the rafters/trusses
once two or more of the rafters/trusses have been installed.

[0063] In preferred embodiments of the third aspect of the invention, there is provided a method for making a long
span truss dome in accordance with the first or second aspect of the invention.

Examples

[0064] The inventionis now illustrated by way of the following examples, with reference to the accompanying drawings,
in which:

Fig. 1 shows an isometric view of a long span truss dome according to an embodiment of the first aspect of the
invention;

Fig. 2 shows a top view of a portion of the dome of Figure 1, wherein one of the rafters and the connecting members
attached to it are highlighted by a dashed line;

Fig. 3 shows an isometric view of a long span truss dome according to an embodiment of the second aspect of the
invention;

Fig. 4 shows an isometric view of the long span truss dome of Figure 3 with a section thereof removed;

Fig. 5 shows a cross-section (side view) of the dome of Figures 3 and 4, wherein two trusses on opposite sides of
the dome are shown; and

Fig. 6 shows a partial cross section of the dome of Figures 3-5, wherein a compression member of one the two
trusses depicted in Fig. 5 is shown with the other components of the truss removed.

Example 1 - Rafter only dome

[0065] Referring to Figures 1 and 2, a long span dome 1 of the invention is shown and has a span of 100 m. The dome
1 comprises a plurality of rafters 2, wherein each rafter 2 is curved in accordance with the cubic formula of the invention.
The long span truss dome 1 additionally comprises a plurality of connecting members 3 laterally positioned between
and linking adjacent rafters 2, and a central compression ring 4 to which a first end of each rafter 2 is connected.
[0066] Cladding (not shown) is arranged over the rafters of the dome.

[0067] Snow may fall on a part of the dome but not on other parts of the dome. Axial forces are thus induced in the
rafters underlying the part of the dome upon which snow has fallen. These axial forces are directed along these rafters
to the compression ring at the top of the dome. The compression ring then distributes the loads, i.e. axial forces, down
the rafters of the dome to the eaves of the dome.

[0068] The result is that the rafters underlying the part of the dome upon which snow has fallen do not take all of the
loads induced by the snow, which prevents the dome from buckling.

Example 2 - Compression and tension truss dome

[0069] Referring to Figures 3-5, along span truss dome 5 of the invention is shown and has a span of 400 m. Trusses
6 are constructed in accordance with a preferred embodiment of the second aspect of the invention. Each truss 6
comprises a compression member 7, a tension member 8, and a plurality of intermediate members 9 joining the two.
[0070] Connecting members 10 are additionally provided laterally between adjacent trusses 6.

[0071] Afirstend 11 of each compression member 7 is connected to a compression ring 12, wherein the compression
ring 12 is positioned at the top and centre of the dome 5. Additionally, a first end 13 of each tension member 8 is connected
to a tension ring 14 positioned directly beneath the compression ring 13. Each tension member 8 is arranged horizontally
in the embodiment shown.

[0072] Furthermore, a second, outer end 15 of each compression member 7, and a second, outer end 16 of each
tension member 8 is connected to an upper end 17 of a column 18 such that the diaphragm of the dome 5 is raised
above the ground to which a lower end 19 of each column 18 is connected. Columns 18 are evenly spaced around the
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outer, circular periphery of the dome 5. Again, cladding (not shown) is arranged over the trusses 6.

[0073] Several of the columns 18 are additionally connected to bracing members 20, which are each arranged diag-
onally between adjacent columns 18. These columns 18 are known as "braced columns".

[0074] Strong winds may blow against one side of the dome 5. The loads/forces induced in the dome thereby are
transferred by the cladding and or secondary steelwork to the columns 18. The diaphragm (formed by the tension
members 8, the compression ring 14, and the connecting members 10 at diaphragm level) redistributes axial forces
from the top of the columns 18 to the braced columns. The axial forces are then distributed down the bracing members
20 to the ground.

[0075] This process of load distribution additionally induces axial forces in the intermediate members 9, which under
typical working load experience less than 5% of the axial forces in the compression and tension members, therein further
helping the dome 5 cope with the non-uniform loads (wind) applied to the dome 5.

[0076] The result is that the trusses 6 underlying the part of the dome 5 upon which strong winds have blown do not
take all of the loads induced by the winds, therein preventing the dome 5 from buckling.

Example 3 - Construction of a truss dome

[0077] Referring to Figures 3, 4, 5 and 6, a long span truss dome 5 is constructed as outlined below.

[0078] Firstly, a plurality of trusses 6 are constructed. Each truss 6 comprises a compression member 7, a tension
member 8, and a plurality of intermediate members 9. The compression member 7 of each truss 6 is designed such that
it is curved in a manner that will minimise bending moments experienced by each point thereon once installed.

[0079] A support structure is then installed at the site at which the dome 5 is to be constructed. Then, a compression
ring 12 is centrally positioned, using the support structure, such that it is positioned directly above the intended centre
of the diaphragm of the dome and is positioned at a height corresponding to the intended height of the dome. A tension
ring 14 is then positioned, also using the support structure, such that it is directly beneath the compression ring 12.
[0080] A first column 18 is then installed such that a lower end 19 thereof is fixed to the ground and an upper end 17
thereof is positioned above, generally, directly above, the lower end 19.

[0081] Next, a crane is used to lift a first one of the trusses 6. A first, inner end 11 of the compression member 7 of
the first truss 6 is then connected to the compression ring 12, and a first, inner end 13 of the tension member 8 is
connected to the tension ring 14. A second, outer end 15 of the compression member 7 and a second, outer end 16 of
the tension member 8 are subsequently connected to the upper end 17 of the column 18. They may be connected to
the same point thereon. The crane is then disconnected from the first truss 6.

[0082] A second column 18 is then installed on the opposite side of the dome 5 to the first column in a similar manner
to the first column.

[0083] A second one of the trusses 6 is then lifted using the crane and connected to the compression ring 12, the
tension ring 14, and the second column 18 in much the same manner as the first truss 6 was installed. The crane is then
disconnected from the second truss 6.

[0084] Further trusses may then be installed in a similar manner to the first and second trusses.

[0085] Once at least eight trusses are installed and the crane disconnected, the support structure can be removed,
leaving the compression ring 12 and the tension ring 14 supported by no structures other than the eight trusses. At this
point, the trusses undergo deflection from a supported position to a final position.

[0086] Once in the final position, the curvature of the compression members 7 of each of the first and second trusses
6 obeys the following formula:

[ 24D ] [ a+u 2+<aL+uL)]
Y= 2@+3wl” 1307 7 T\a ")

wherein "y" denotes the height 21 of a particular point 22 on the compression member 7 above the diaphragm of the
dome (m), "a" denotes the uniformly distributed load due to cladding, any support structures present, and loads imposed
at the eaves (kN/m), "u" denotes the uniformly distributed load due to the self-weight of the truss 6 (kN/m),

[0087] "L" denotes the span of the dome (m), "D" denotes the height of the dome (m), and "x" denotes the minimum
horizontal distance 23 of the particular point 22 from the eaves of the dome (m).

[0088] Cladding is then optionally arranged over all or part of the top of these trusses 6. Other stadia etc. components
may also be installed, including lights, electrical systems etc.

[0089] The dome is thus conveniently erected using reduced support structure than hitherto needed.
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Claims

1.

10.

1.

A long span truss dome, comprising:
(a) a plurality of trusses, wherein each truss comprises:

(i) a compression member,
(i) a tension member, and
(iii) a plurality of intermediate members,

(b) a compression ring,

(c) a tension ring,

wherein a first end of the compression member of each truss is connected to the compression ring,

wherein a first end of the tension member of each truss is connected to the tension ring,

wherein a first end of each intermediate member is connected to the compression member,

wherein a second end of each intermediate member is connected to the tension member, and

wherein each truss experiences axial forces, the axial forces experienced by the intermediate members being
less than 5% of the axial forces experienced by the compression member and less than 5% of the axial forces
experienced by the tension member.

The long span truss dome of claim 1, wherein the compression and tension rings are located approximately centrally
with the compression and tension members extending radially therefrom.

The long span truss dome of claim 1 or 2, being approximately circular or elliptical in plan view and comprising a
plurality of columns located evenly spaced around the dome periphery.

The long span truss dome of any preceding claim, wherein the curvature of the compression member of each truss
obeys the following formula:

[ 24D ] [ a+u 2+<aL+uL)]
Y= 2@+3wl” 1307 7 T\a ")

wherein "y" denotes the height of a particular point on the compression member above the diaphragm of the dome
(m), "a" denotes the uniformly distributed load due to cladding, any support structures present, and loads imposed
atthe eaves (kN/m), "u" denotes the uniformly distributed load due to the self-weight of the truss (kN/m), "L" denotes
the span of the dome (m), "D" denotes the height of the dome (m), and "x" denotes the minimum horizontal distance
of the particular point from the eaves of the dome (m).

Thelong span truss dome of any preceding claim, wherein the tensionring is positioned beneath the compression ring.

The long span truss dome of any preceding claim, wherein the dome comprises one or more additional tension rings
and/or one or more additional tension members to act as fail-safes in the event that one of the tension rings fails.

The long span truss dome of any preceding claim, wherein the length of the span of the dome is 200 m or longer.
The long span truss dome of claim 7, wherein the length of the span of the dome is 400 m or longer.
The long span truss dome of claim 7, wherein the length of the span of the dome is 600 m or longer.

The long span truss dome of any preceding claim, wherein the height of the dome ("D") is at least 6% of the length
of the span of the dome ("L").

A long span dome comprising:
(a) a plurality of rafters, and

(b) a compression ring,
wherein a first end of each rafter is connected to the compression ring, and
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wherein the rafter, once deflected, is curved in a manner that minimises the bending moments experienced by
the rafter.

12. The long span dome of claim 11, wherein the curvature of each rafter obeys the following formula:

[ 24D ] [ a+u 2+<aL+uL)]
Y= 2@+ 3w 7 Y T\G T2 )

wherein "y" denotes the height of a particular point on the rafter above the diaphragm of the dome (m), "a" denotes
the uniformly distributed load due to cladding, any support structures present, and loads imposed at the eaves
(kN/m), "u" denotes the uniformly distributed load due to the self-weight of the rafter (kN/m), "L" denotes the span
of the dome (m), "D" denotes the maximum height of the dome (m), and "x" denotes the minimum horizontal distance
of the particular point from the eaves of the dome (m).

13. The long span truss dome of claim 11 or claim 12, wherein the length of the span of the dome is 100 m or less.
14. A method of constructing a long span truss dome, the method comprising:

(a) installing a support structure to support a compression ring and, optionally, to support a tension ring,

(b) assembling a plurality of rafters or trusses,

(c) positioning one of the rafters/trusses upright,

(d) connecting a first, inner end of (i) the one rafter or (ii) the compression member of the one truss to the
compression ring and, if a tension ring is included, connecting a first, inner end of the tension member of the
one ftruss to the tension ring, and

(e) repeating steps (c) and (d) for at least seven more of the remaining rafters/trusses, and

(f) removing the support structure.

15. A method according to claim 14, for making a long span truss dome according to any of claims 1 to 13.

10
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