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CONCEPTUAL DESIGN REPORT

The following report presents the initial structural design concept that was commissioned for the
replacement of the Southfield Rugby Club Grandstand. This report includes an appraisal of two
options and a recommendation is made for the choice of design. For the recommended design, the
foundation scheme, material specifications, construction procedure, and robustness are also
discussed. Verification for structural viability, drawings, and plans for sustainability of the structure

have been provided in the appendices.

AN APPRAISAL OF TWO DESIGN OPTIONS
For the replacement of the Southfield Rugby Club Grandstand, we have developed two designs for
consideration, both of which will enhance the experience of watching a match of the recently

promoted team, while keeping with the basic requirements set out by the client.

DESIGN SOLUTION 1

The first design solution shall have four frames; one on each end and two spaced 12 meters apart in
the centre. Each frame consists of a roof beam, two columns, and a support beam for the seating.
The centerpiece of this design concept is the roof beam, which will be curved to represent the shape
of a rugby ball. Figures 1 to 4 show the overall layout of the structure as well as details of the load

paths.
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Figure 1. Ground Floor Plan of Design Solution 1.
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Figure 3. Roof Plan of Design Solution 1.

CONCEPTUAL DESIGN REPORT 2



’ U U R $UEE N U T R T e TR TR TER R R R R R R e

Structural Concrete 2011 Entry No. 11-001
ROCOF BEAM:
- o HOLL( E U
TaoNEs oG 8 [ PRETENSioNED oor st

SUPPORTED ON ROOF BEAM

PINNED SUPPORT / \
PINNED SUPPORT
~—————REINFORCED CONCRETE REINFORCED CONCRETE

SUPPORT COLUMN SUPPORT COLUMN
TERRACING BEAMS SUPPORTED :
ON TERRACING SUPPORT BEAM - L

TIE BEAM

[~REINFORCED CONCRETE |

‘ FLOOR SLAB ~COLUMNS TO BE SUPPORTED ON PILE CAPS.

| / (PILE CAPS OMITTED FOR CLARITY)

LTERRACING SUPPORT BEAM
SUPPORTED ON COLUMN AND PILE
CAP (PILE CAP OMITTED FOR CLARITY)

Figure 4. Section through Design Solution 1.

In this concept, the floors of the internal structure are to be supported solely by shear walls, while
the frames carry the weight of the roof and terraced seating. The roof is sloped, allowing for an

unrestricted view of the games, and is supported by the two columns in each frame.

The roof itself will consist of precast pre-tensioned slab units. On the front half of the roof, the slabs
are hollow core units, reducing the dead load on the structure. However, to prevent overturning due
to the cantilever, we have designed solid slab units for the back half of the roof. The beam
supporting the roof is to be post-tensioned and precast in the shape of a curved I-beam with
prestressing strands in the top flange to resist the negative moment caused by the cantilever.
Diaphragms shall be provided approximately every 2.5 meters along the beam to prevent lateral

buckling.

Due to the large moments acting on the roof, it was determined that the connection between the
roof beam and the columns should be pinned, to prevent excessive moments from transferring into
the columns. To accomplish this, the connection will be a combination of an elastomeric bearing pad
between the column and the roof beam, with a dowel bar projecting from the column into a duct
that has been cast in the roof beam at the appropriate location. To reduce resistance of rotation,
loose materials such as sand will be placed in the duct before grouting. Design of additional

reinforcement around the connection will be required as well.
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In addition to the roof slabs, the tiered seating and the support beams under the seating will also be
precast pre-tensioned members. The tiered seating consists of terraced box beams and the support
beam is a solid beam of rectangular section, framing into the first column. The top face of the
support beam will be shaped in order to provide a suitable bearing for each of the box beams. In
order to achieve this, shear studs will be cast into the member which will protrude from the top of
the beam. Once the precast beam is installed in place on site, the bearing sections can be formed

and cast in-situ, with connectivity to the main support beam being provided via the shear studs.

Behind the tiered seating there will be large windows between the frames, allowing for unrestricted
views from the box seating. These windows will be supported from a beam spanning between the
frames, which will also serve as an additional diaphragm for the frames. Cladding will be provided

around the framing for aesthetics.

The first floor structure shall consist of reinforced concrete beams, in the form of T-beams and L-
beams, where the flange of the beams will act as the first floor slab. The first floor beams are to be
supported on reinforced concrete shear walls, which will act as the inner leaf of the external wall
and also act as partition walls within the building where appropriate. The reinforced concrete shear
walls will be installed between each frame, in line with the columns, acting as a diaphragm in order
to provide stability and shear resistance in the lateral direction. All wind loads acting on the sides of
the structure will therefore be transmitted to these shear walls. As well as being provided below the
first floor slabs, the shear walls will also be provided above the first floor slabs in order to act as a
diaphragm. The shear walls above the first floor slabs will not be subject to any imposed vertical

loading or any vertical dead loading from other members.

It is intended to then clad the external walls with precast concrete cladding as per the specification.
There will be an insulated cavity between the cladding and the shear walls in order to prevent cold
bridging. The precast concrete cladding units will be hung from the main columns and will transmit
any wind loads onto the columns. If it is deemed necessary during detailed design, additional
columns could be installed to reduce the span of the precast concrete cladding. This would have the
added benefit of reducing the wind loading on the main frame columns. If additional columns are
necessary, the columns would need to be strategically positioned such that additional shear walls

can be provided behind them to provide resistance to the horizontal forces.
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Finally, for the connection of the cladding to the columns, channel and bolt fixings will be installed.
The channels are to be cast vertically into the columns. T-headed bolts will then be inserted into the
channel and turned 90°. These bolts are to protrude through the precast cladding panels with a nut

and washer used to secure the cladding to the column.

DESIGN SOLUTION 2

The second design solution shall have a total of five frames, with one on each end, one in the centre,
and two strategically placed within the remaining space on each side. Each frame consists of a roof
beam, two columns, the seating support beam, and a horizontal beam spanning the two columns
and supporting the first floor. The unique design element in this solution is the arched roof, as can
be seen in Figure 5 below. Figures 6 to 9 show the overall layout of the structure along with the load

paths.

J’ARCHED ROOF

T 0 0 0 F

TERRACING

Figure 5. Front Elevation of Design Solution 2.
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Figure 7.First Floor Plan of Design Solution 2.
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For this structure, the frames support the entire weight from the roof and terraced seating, along
with a portion of the floor loading. In addition to the frames, the floor is also supported by well
placed columns and beams within the structure. The roof beam is supported by the columns in each

frame and the slopes of the roof beam have been varied to support the arch in the roof slabs.

The roof beams are to be precast post-tensioned beams with an in-situ concrete slab constructed on
top to provide cover. The roof beam has been designed as a uniform I-beam with prestressing in the
top flange to take the negative moment caused by the cantilever. This design also requires
diaphragms every 2.5 meters for the roof beam. Since the roof must be cast in-situ, it has been
decided to use a solid concrete slab. Due to this, it may be required to increase the thickness of the
slab towards the back of the roof to provide some additional dead weight, which will prevent any
overturning that might occur with the cantilever. The connection between the roof beam and the

columns will be the same as that described in the first design solution.

The terraced units for seating and the support beam will also be precast members. The terraced
units are to be pre-tensioned L-shaped beams and the support beam is to be a solid post-tensioned
beam of rectangular section. This beam will frame into the first column and support the terracing in

a similar fashion to that described in the first design solution.

This design will also have large windows behind the terraced seating, spanning between each of the
five frames, so that the matches can be viewed from the box seating. These windows will be hung
from a reinforced beam spanning between the columns of the frames. Cladding around the framing

of the window will be provided to give the structure a clean appearance.

The first floor structure shall be similar to that in the first design solution, with reinforced concrete
beams, in the form of T-beams and L-beams, where the flange of the beams shall act as the first
floor slab. The difference for this design is that the first floor beams will be supported on a series of
reinforced concrete beams and columns appropriately located around the structure, as well as the
columns and beams in the frames. As per the client’s specifications, no columns will be placed within
the space of the club room. Each of the columns will support beams above the ground floor and the
first floor. The flooring will then be tied into the beams above ground level and cladding will be hung
from the beams on both levels to act as partition walls within the building. Bracing will also span
between the columns on both floors where appropriate to provide shear resistance and stability, as

well as resist wind loads acting on the structure.
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The external walls will have precast concrete cladding as per the specification with an insulated
cavity, preventing cold bridging. As in the first solution, the precast concrete cladding units will be
hung from the main columns and will transmit any wind loads onto the columns. The number of
columns required around the structure to support the cladding and resist the wind load will be
determined in final design. The connections for the cladding are to be the same as that described in

the first design solution.

ADDITIONAL DESIGN NOTES

For both designs, sustainable construction has been incorporated as much as possible, without
significantly affecting the cost of the design. In the concrete, the use of silica fume or granulated
blast furnace slag (ggbs) is recommended. Both are industrial byproducts that can be recycled as a
cement replacement. These byproducts have beneficial effects on the concrete as well, which will be
discussed further under the topic of material properties. The use of recycled concrete aggregate
(RCA) was also considered, however with the high performance that will be demanded of the
concrete, it was determined that its use will not be feasible for this project. However, use of RCA

may be considered in the pavement designs around the grandstand.

Each design has as many precast units as possible. Since they can be made in advance, the
construction phase will be much faster and simpler. A second benefit of precast members is better
quality control. Production in a factory provides superior mix designs, better equipment, more
accurate dimensions, and better curing since it is a controlled environment. The waste from
production can often be recycled as well, in contrast with concrete cast in the field, which creates

more waste. The higher quality will help to ensure long lasting use of the structure.

To extend the life span and sustainability of the structure it is also recommended to apply a silane-
based water repellent or a similar product to all surfaces. This repellent is typically used for
impregnating or priming reinforced concrete after the concrete has hardened, providing a dramatic
reduction in the absorption of chlorides and water. It also provides resistance to alkalis and
protection against frost. It is environmentally compatible and allows for good adhesion of paints as

well.

CONCEPTUAL DESIGN REPORT 9



Structural Concrete 2011 Entry No. 11-001

EVALUATION OF THE DESIGN SOLUTIONS

There are several advantages and disadvantages for each solution that has been developed. Two
main points that have been considered in selecting the most appropriate and beneficial concept are
the cost and ease of construction. In comparing the costs of the two designs, it was determined that

the first design solution is more economical and buildable for a number of reasons.

First, with only four frames rather than five, there are fewer concrete members to design and
manufacture in Design Solution 1. This also carries through to the foundations, where only four large
foundations for the support of the frames will need to be constructed. It should be noted that due to
the wider spacing between the frames, the capacity and size of the members and foundation must
be greater than those in the second design solution; however, this disadvantage is outweighed by

the fact that there is one less frame to build and support.

One advantage that the second design solution has over the first is that the concrete members in the
design are of standard shapes and sizes in contrast with the first design solution which requires the
production of a large curved prestressed I-beam. The manufacturing of precast elements in the
second solution will be much simpler. Nonetheless, the second solution also requires more in-situ
construction with difficult formwork and temporary supports required for the arched roof, making
the construction phase longer and more complicated. It has been determined that advantage of the
ease of construction with more precast members in Design Solution 1 prevails over the ease of

manufacture for the precast members in Design Solution 2.

A third advantage for first solution is that the design is more robust than that for the second
solution. The support of the flooring is completely separate from the framing, allowing for
disproportionate collapse in the unfortunate occurrence of a local failure. Additional details of this

aspect will be discussed later.

Overall, it is also felt that the first solution provides a more aesthetically pleasing design, thereby
encouraging more fans to attend the matches and make use of the grandstand. Based on the
advantages listed here, it is recommended that the first design concept be selected. From this point

on, discussions will be based on that solution.
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FOUNDATION SCHEME

The foundation scheme to be adopted comprises of tubular steel piles bearing onto the chalk layer.
An insitu concrete “plug” will then be poured into the pile, with continuity reinforcement within the
concrete in the pile and protruding into the pile caps. A pile group with a suitable insitu cast
reinforced concrete pile cap will be provided at each support location to support the main structural
frame. Piles installed at an angle, known as raked piles, will also be provided in order to help
withstand horizontal loads. The ground floor slab will be supported on a carpet of piles installed in a
suitable grid. During construction this pile carpet will be used to support the heavier machinery
needed to install raked piles and any larger piles. Piles will also be provided to support the shear
walls which support the first floor structure. The shear walls will be supported on insitu concrete
ground beams supported on insitu concrete pile caps on these piles. The pile groups, pile caps and
ground beams will be required to take the axial load of the shear walls and first floor, as well as the

moments due to the fixed connection to the shear walls.

This system has been adopted for many reasons. The made ground is not a suitable foundation
material. Voids, the remains of old foundations, and contamination may be present. If
contamination is present, then the made ground could be expensive and difficult to excavate and
dispose of. Strip foundations on the sand layer were considered to support the shear walls, however
there are a number of reasons why it would likely prove difficult to found on this layer. The high
water table is one of the primary reasons, as sheet piling and dewatering may be required to
excavate and provide a suitable formation. The problem of disposing of the made ground also
arises. Although the clay layer may provide a suitable bearing stratum for large pad foundations on
which to support the structure, the aforementioned problems of dewatering of the formation and
disposal of the made ground and sand are even more relevant. Combined with the fact that this
solution would involve deep excavations requiring temporary supports, founding onto the clay
would clearly be uneconomical. There are also a number of health and safety concerns with deep
foundations. The use of piled foundations bearing onto the chalk layer is therefore the most viable

option.

The use of tubular steel piles has been selected over other piling methods due to the fact that the

supports are subjected to large horizontal forces. As well as being suitable for large vertical forces,
such as those experienced in this structure, steel tubular piles are able to accommodate significant
horizontal loads. These piles are also suitable for being driven through any obstructions which may

exist in the made ground in the form of old foundations.
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The use of insitu concrete pile caps has been adopted for the main frame supports due to the fact
that the pile caps should provide continuation into the piles to resist horizontal forces and applied
moments. This continuation will be provided by lapping the continuity reinforcement, which is
encased in the concrete plug within the pile, onto the reinforcement in the pile cap. The
reinforcement and the top of the steel pile can then be encased in the insitu concrete. Large pile
caps supported on many piles including raked piles will be provided to support the main frame,
below each column and at the foot of the terracing area. Smaller pile caps over a smaller pile group,
which may possibly include the use of raked piles, will be provided to support the ground beams
which support the shear walls and floors. Ground beams and piles will also be provided
perpendicular to the main pile caps to tie the structure together and help distribute horizontal
forces. Insitu concrete ground beams have been selected in order to provide continuity with the pile
cap reinforcement, as well as providing continuity with the shear walls above. A kicker will be cast
on the top of the ground beam, with starter bars protruding, and a construction joint provided at the
top of the kicker. The reinforcement for the shear walls can then be tied to the starter bars and the
shuttering of the shear walls can also be clamped to the kicker. This will assist in the construction of
the shear walls as well as ensuring a fixed connection between the shear walls and the ground

beams.

MATERIAL PROPERTIES

Considering the required capacity of the structural members, it was decided to use C50/60 concrete.
The properties of this concrete can be seen in Table 1. Due to the structures’ close proximity to the
sea, it is recommended to include a cementitious material such as silica fume or ground granulated
blastfurnace slag (ggbs) in the mix design. Both ingredients reduce the permeability of the concrete,
thereby providing greater resistance to the penetration of chloride ions from the salt water. A
superplasticizer should be used in the concrete mix as well in order to achieve a low water/cement

ratio, which will reduce the permeability of the concrete and therefore increase its durability.

Table 1. Concrete Properties from EN 1992-1-1 Table 3.1

C50/60
fa (MPa) 50 fem (MPa) 58
fex cube (MPa) 60 feem (MPQ) 4.1
Ecm (GPa) 37
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For the prestressing steel in the post-tensioned roof beam and pre-tensioned terracing support
beam Y1820S7G strands with a 15.2mm diameter are to be used. For the terraced box beams,
Y1860S7 strands with a 16mm diameter have been chosen. And for the roof slabs, it was decided to
use Y1860S7 strands with a 12.5mm diameter. The properties of these can be seen in Table 2. A

50mm duct has been assumed for the post-tensioned roof beam, with 4 strands in each duct.

Table 2. Properties of Prestressing Strands from BS 5896:1980 Table 6 and EN 10138-3

Y1820S7G Strands
¢, (mm) | 15.2 fox (MPa) 1820 | Ultimate Prestress (kN) 300

A, (mm?) | 165 | f01 (MPa) | 1560 | Initial Prestress (kN) 219

Y1860S7 Strands

¢, (mm) | 12.5 fox (MPa) 1860 | Ultimate Prestress (kN) 173
A, (mm?) 93 foo.1x (MPa) | 1600 | Initial Prestress (kN) 126
Y1860S7 Strands
¢, (Mmm) 16 fox (MPa) 1860 | Ultimate Prestress (kN) 279
A, (mm?) 150 fo0.1 (MPa) 1600 | Initial Prestress (kN) 204

For the reinforcing steel, a strength class of BSOOB was chosen. Table 3 presents the properties for
this steel class that have been used in design.

Table 3. Properties of Reinforcement from BS 4449:2005 Table 4

Grade: B500B
Yield Strength T 500 | MPa
Modulus of Elasticity E, 200 | GPa
Elongation at max force euk 50 | %

METHOD STATEMENT FOR SAFE CONSTRUCTION
e The existing facility is to be demolished in a safe manner, the site cleared, and the ground is
to be made level and free from obstructions or excavations prior to any construction works
taking place.
e Full PPE must be worn at all times including high visibility clothing, hard hats, protective
footwear and any additional PPE required for specific tasks, such as respirator masks and

gloves.
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Any excavation, including the lift pit, shall be supported or battered to a safe slope, with
barriers erected to prevent pedestrians from accessing the area.

Temporary scaffolding shall be provided at all areas where working at height is required.
The scaffolding should be designed adequately and the installation carried out by a
professionally approved scaffolder. All scaffolding installed should then be checked by the
approved scaffolder and clear signage and fencing put in place to ensure that no person may
access any scaffolding before it is complete. Similarly, signage must be installed to show
which areas of scaffolding have been approved as being complete.

Once the site is cleared, the piling carpet should be installed prior to any heavy machinery or
stored materials arriving on site. A separate piling carpet shall be installed initially, and a
concrete slab cast as soon as possible, in order to take the loading of a large crane which will
be required later in the construction.

The piling carpet shall provide a safe working area for machinery. A banksman shall be
present to direct each machine operator as to where safe working areas are. The banksman
will also ensure that a safe distance is kept between the plant machinery and people on the
site.

Once the carpet is in place and the piles are installed, pile testing of a number of piles will be
carried out in order to ensure that the safe working load for the piles has been achieved.
The continuation reinforcement should be installed into the top of each of the piles and
insitu concrete poured to provide a plug in the top of the pile. The insitu pile caps should
then be excavated, the reinforcement tied, and the concrete poured.

The in-situ ground beams, columns, and tie beams can then be constructed once the pile
caps have cured to sufficient capacity. Temporary bracing and support structure should be
provided to the columns and tie beams during pouring, curing, and until the strength of the
frame is sufficient to withstand any applied loading.

The ground floor shear walls will be constructed once the ground beams have cured to
sufficient capacity. The order of construction of the shear walls may be amended in order to
allow plant to access to building.

The lift pit shall be excavated in a safe manner as directed above, and the lift shaft base and
walls constructed.

The ground floor slabs shall be constructed in bays, on a “hit and miss” basis, in order to
facilitate differential movement of the individual slabs. Once the initial pour (the “hit”) has

cured sufficiently, the “miss” areas of slab can be poured, and suitable movement joints
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provided between. Any waterproofing and membranes shall be included in the ground floor
construction as appropriate.

Once the columns have cured sufficiently, as well as the pile caps, the precast pre-tensioned
support beams for the tiered seating can then be installed. The support beams shall be
lifted into position by a crane and each will be supported by one pile cap and also a
connection to a column. The bearing sections can then be constructed in situ.

Once the shear walls, as well as the fixed connection to the ground beams, the foundations
themselves, and the ground floor slab, have cured sufficiently, the in-situ first floor T-beams
can be constructed. The formwork for the T-beams should be adequately designhed to
withstand all loads that will be applied during construction, with props to support the
formwork on the ground floor slab installed. This formwork must only be removed once the
first floor has cured sufficiently to withstand any applied loading itself.

While the first floor slab is curing, the precast concrete wall cladding shall be supported on
the columns. Insulation and waterproofing shall be applied between the cladding and the
shear walls as specified in detailed design.

Once the bearing sections to support the terracing have achieved the required structural
capacity, the precast pre-tensioned terracing beams can be installed. These shall be lifted in
by crane and supported by the bearing sections.

The cladding and any glazed panels can then be installed behind the terracing and in front of
the boxes. The seating can then be installed into the terracing beams.

The precast post-tensioned roof beams can then be installed. These shall be lifted into place
by crane and supported by the main columns.

The precast pre-tensioned hollow core and solid roof slabs shall then be installed. These will
be lifted into place by crane and supported on the roof slabs. The order of installation of
the roof slabs is important. The roof slabs should be installed in a particular order such that
the cantilever is not over-loaded before there is suitable dead load on the stabilizing span.
Similarly too much loading onto the middle span may produce an applied sagging moment
for which the roof beam is not designed. Therefore further calculations should be provided
and a clear schedule of erection should be prepared and followed to ensure that the slabs
are erected in the correct order. An alternative that may be proposed by the contractor may
be to provide additional temporary supports to the roof beams in order to ensure stability

and to reduce any sagging moments applied to the beam.
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e After these stages the building shall be wind and watertight, ready for any plumbing,
electrical, plant and furniture installation to take place, as well as any soft furnishings or
finishing.

e The order of construction of the insitu pile caps, ground beams, shear walls, columns, tie
beams and first floor slabs may be programmed in order to speed up construction. For
example, the ground beams at one side of the building may be cured sufficiently to take
loading while the ground beams at the opposite side of the building are just being poured.

In this case the construction of the shear walls could commence at one end of the building
simultaneously with the construction of the ground beams at the other. This example shows
how the construction of all of the in-situ members can be programmed efficiently in order to

reduce the time of construction of the building.

STATEMENT REGARDING ROBUSTNESS IN THE DESIGN

By definition, a sufficiently robust design is one that can withstand arbitrary damage, such as the
removal of any member in the design. For this structure, the removal of some members, such as the
roof beam would cause damage, however the structure is designed so that this damage will be kept
to a minimum with only local failures. By designing higher capacity members or adding additional
members throughout the structure, it may be possible to make the design more robust, however it
was determined that the cost of this would be significant, and based on a risk assessment the

current design is sufficient enough.

The current design is such that each of the three sections could stand on its own, thereby avoiding
disproportionate collapse. Simple spans have been assumed between each of the frames. Therefore,
in the unfortunate event of a local failure, only one section of the structure will be affected. The
structure is also designed such that the floors of the building will be supported only by the shear
walls in the structure and the roof and terracing will be supported entirely by the four frames.
Therefore, if a failure occurs with the floors, it will not affect the roof, terracing, and frames.
Similarly, if a failure occurs with the terracing, it will not affect the flooring and shear walls of the
main structure. While it is unavoidable that a failure in the roof would affect the terracing and/or the
floor slabs underneath, the design is such that this failure would be kept localized in one section of

the structure.
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In addition to creating a robust design that will prevent the total collapse of the structure,
precautions have also been taken in the design to ensure that even local failures will not occur.
Efforts have been made to protect the structure from adverse environmental conditions, with the
recommended use of silica fume or ggbs in the cement, as well as application of a sealant on all
surfaces of the concrete as previously mentioned. There is also a plan for the maintenance and
sustainability of the structure in Appendix 3. And accessibility to all main structural elements and
their connections for inspection will also be ensured in the final design so that a thorough inspection

and maintenance plan can be put in place to monitor and preserve the condition of the structure.

LETTER REGARDING EXTENSION OF THE ROOF
To the Southfield Rugby Club Owner:

This letter is in response to your request for the implications of extending the roof by one meter. We
have completed a brief investigation, and have determined that extending the roof would be
possible. However, it would require extensive additional design, and would increase the cost

significantly. The following modifications would be required:

e Additional dead load on the back of the roof, to help prevent uplift due to the extension on
the front. This can be achieved by designing a roof slab with a greater depth or extending
the length of the roof in the back as well.

e Reanalysis and redesign of the curved roof beam due to increased length and loading.

e Reanalysis and redesign of the columns and foundations due to increased loading on the

structure.

We have concluded that extending the roof by one meter is possible; however it will require the

modification of several of main elements in the design. These changes will most likely raise the cost

of the Grandstand significantly.

Respectfully yours,

11-001 Consultants
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APPENDIX 1: VERIFICATION OF STRUCTURAL VIABILITY

The following pages provide calculations, verifying the viability of our chosen design. For each
member type, the worst case was designed for. These calculations confirm that the design is
possible; however, since this is only a design concept it should be noted that additional calculations

will be required for the final design.

Due to the many load combinations which need to be calculated in a building of this type, it was
decided that the use of computer modelling software was the most appropriate and efficient
method for determining the maximum loading on each member. CSC S-Frame software was chosen
due to the ability to model various combinations of member loading in order to calculate the worst
case design. The methodology used was to model the main frame in two dimensions. Member sizes
were assumed initially and were re-modelled through an iterative process in order to provide the
correct stiffness properties for each member. Each of the members was set to have a dead load of
zero, so that the dead load could be applied separately. This served two purposes; the first was to
allow the dead loading to be factored by the appropriate factors for beneficial and non-beneficial
loading, and the second was to allow the curved roof beam loading to be applied accurately. In
order to determine the most onerous load combination, different load cases were applied to each
span of each member. One of these load cases assumed that the dead load was favourable,
therefore it was factored down in accordance with BS EN 1990:2002 Table A1.2(A) Note 1. The
unfavourable load case assumed fully factored variable and permanent loading in accordance with
BS EN 1990:2002 Table A1.2(A) Note 2. The design loads for each case were calculated in
accordance with BS EN 1990:2002 Equations (6.10), (6.10a) and (6.10b). Every feasible combination
of each span of each member subject to either unfavourable or favourable loading was then
modelled. In conjunction with the favourable load applied to the roof beams, uplift was applied to
the individual spans, whereas downward wind loading was applied to the spans subject to
unfavourable loading. This method was conservative and ensured that the roof will be stable with
regards to equilibrium, and also structurally able to withstand an unlikely event (i.e. full downwards
wind and variable load applied to certain spans, and full uplift and reduced permanent load applied
to other spans). Under no load combination is the roof subject to a positive (sagging) moment;

therefore no reinforcement to take positive moments is required.

This process made it clear that for each member the critical load case was different, i.e. the worst

case for the roof beam was not necessarily the worst case for the columns. The computer data was
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then collated and the members were individually designed using their respective worst case loading.
An approximate hand calculation was then completed of one load combination on the roof beam in
order to verify the data in terms of axial loads on the columns and bending moment forces on the
roof beam. To facilitate simpler calculations, the roof beam was assumed to be straight rather than
curved. Although the computer model is far more accurate due to more accurate loading we feel
that this hand calculation demonstrates that the computer model is correct and that the correct
methodology has been applied in its construction. Due to the limitations of space within the report
it has been deemed appropriate to provide the worst case bending moments on the roof from the

model.

Moment (kN-m)
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Figure Al1.1. Worst case bending moment at the front support of the roof beam.
Figure Al1.1 shows the worst case Bending Moment at the support to the front of the building as
taken from the S-Frame model. The worst case bending moment within the terracing support beam
is also shown. Note that the bending moment diagram and values have been inverted for clarity.
The load combination under consideration in this diagram consisted of each span of the roof beam
subject to fully factored unfavourable variable (imposed) load and permanent (dead) load, applied to
one of the central frames. The load case applied to the terracing support beam was fully loaded
terracing beams, with the worst case loading as per the terracing beam calculations applied. Wind

was also applied to the right of the building in this case.
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Figure A1.2. Worst case bending moment at the rear support of the roof beam.
Figure A1.2 shows the worst case bending moment at the support to the rear of the building, as
taken from the S-Frame model. Note that the bending moment diagram and values have been
inverted for clarity. The load combination under consideration in this diagram consists of uplift and
favourable permanent load applied to the front cantilever and the middle span, and full
unfavourable loading applied to the rear cantilever span. The load case applied to the terracing
support beam was fully loaded terracing beams, with the worst case loading as per the terracing

beam calculations applied. Wind was also applied to the left of the building in this case.
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Figure A1.3. Worst case for column reactions.
The structure was also checked in each combination that the forces at the base were all downwards,
i.e. there is an upwards reaction at the base. Figure A1.3 shows the worst case, in terms of the
smallest downward force in either of the columns. In this case the reaction is at the rear column.

The load combination under consideration in Figure A1.3 includes uplift and favourable permanent
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load applied to the front cantilever span, and uplift and favourable permanent load applied to the
front cantilever and the middle span. All other dead loads within the building were also factored
down as favourable. As this is the worst case, it is clear that the building is suitable with regards to

equilibrium.

In the design process, the prestressed roof slabs were considered first so that the weight of these
could then be applied to the CSC S-Frame model that was just described. Initially the use of
reinforced concrete slabs for the roof was considered, however after some preliminary calculations
it was determined that prestressed slabs would be more appropriate due to the required span
length and the need to limit the loads applied to the frames. To further reduce the loads on the
structure, it was also decided to use hollow-core slabs on the front half of the roof. These were
designed assuming a small I-Beam with the flange width equal to the spacing of the hollow cores.
The final result was a pre-tensioned hollow core slab with a 360 mm depth and 170 mm spacing
between the cores. To prevent overturning of the structure due to the cantilever roof, a pre-
tensioned solid slab was designed for the back of the roof to add some dead load. Some additional
prestressing strands had to be added to support the extra weight; however, it is designed to the
same depth as the hollow core depths, so the aesthetics of the structure are not affected. Details of

these designs can be seen in the following pages.

Following the completion of the roof slab designs, the design of the prestressed roof beam was
completed. This beam is the centrepiece of our design, with the shape representing that of a rugby
ball. The depth ranges from 500 mm to 1770 mm at the centre. As the results from the load model
show, the roof beam must resist a negative moment throughout its length. This is due to the
cantilever in the roof. To account for this, the prestressing is in the top of the beam, with the flange
on the top of the beam having twice the depth as the bottom flange. Due to the curved shape of the
beam, it was decided to design it as a post-tensioned beam. This allows more flexibility in the shape
of the prestressing strands within the beam, as the ducts can easily be cast in curved positions. Four
strands will be threaded, tensioned, grouted, and anchored in each duct, requiring a total of 12

ducts for the 48 strands in the design. The details of this design can be seen in the following pages.

In addition to the roof, the tiered seating and support beam have also been designed with
prestressing. The tiered seating has been designed as prestressed for similar reasons to those of the
prestressed roof slabs. The result is a series of 400mm x 800mm pre-tensioned box beams stacked

on top of the 750mm x 500mm pre-tensioned solid support beam. The support beam has been
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designed for flexure; however due to it’s positioning in the frame, it should also be checked for axial

compression in the final design.

For all of the prestressed concrete designs, strength requirements as well as any limits set by the
Eurocodes have been met in relation to durability and fire resistance, beam sizing, prestressing force
and eccentricity, concrete stress limits, ultimate moment resistance, and deflection limits. For these
checks, some initial assumptions were made on the prestress losses. In the final design, detailed
calculations of prestress losses should be made and checks on final stresses should be performed.
For several of the members, additional sections should be checked in the final design as well, to
determine if and where debonding of the strands is required. Also, future consideration should be
given to shear reinforcement design, end block design, and any additional un-tensioned
reinforcement required. Detailed calculations for the diaphragms in the roof and full design of the

connections will be required as well.

The main columns have been designed using the worst case loads taken from the S-Frame Model.
The worst case loading has been assumed as being the highest axial vertical load to occur to a
column in conjunction with the bending moment applied to the column during the same load case.
The columns have all been designed on this basis. The columns are to be 500mm deep x 1000mm
wide and of reinforced concrete. There is to be a tie beam between the columns which will be at
first floor level. This beam has not been designed during conceptual design and therefore must be
considered during detailed design. Due to axial forces it may required for the tie beam to be
prestressed. Due to the difficulty of connecting a prestressed beam to insitu columns other bracing

arrangements may be considered at a later date, which are beyond the scope of this report.

The first floor will be supported on in situ concrete shear walls. In the design of the shear walls, we
have provided the required capacity to resist the vertical shear loads from the floor. In addition to
these loads, wind loads will act horizontally, however it has been determined that a more detailed
design of these walls will be done in the full design. We believe that the shear walls will have the
capacity to take the wind loads, however if this turns out not to be the case, other options may be
considered such as a combination of columns and horizontal beams to support the floor loads and
wind loads. The shear walls have been designed in order to accommodate the worst case floor load,
which occurs beneath the office, due to the 9m span above the club room. The shear walls have

been designed as 200mm thick reinforced concrete, which are to be fully fixed to the ground beams.
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The in-situ floors, which shall span onto the shear walls, have been designed for the worst case,
which occurs in the office and nearby boxes due to the 9m span above the club room. The floors
have been designed as T-Beams, with the top flange acting as the first floor slab. The T-beams have
been designed as being 500mm deep overall, with a 300mm wide web. The flange depth is to be
250mm and the spacing of the webs is to be 1000mm. The T-beam has been designed with regards
to bending and shear and assumes that the beams are to be simply supported on the shear walls.
During detailed design the top flange will be required to be designed with regard to spanning

between the webs, and also shear at the web-flange interface.
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APPENDIX 3: SUSTAINABILITY PLAN

USER MANUAL

This user manual has been developed in order to ensure that the structure is maintained in a
serviceable condition. This will ensure sustainable construction by identifying and addressing any
problems before they become too extensive, thus reducing the amount of repairs required. This will
also help control the life cycle costs of the structure. In order to achieve the maximum benefit from
this user manual, the findings of all inspections carried out should be recorded and collated. It may
be useful for an individual within the client’s organization to be responsible for this information. It is

recommended that a computerized database be established with all inspection information.

The recommended inspection scheme is as follows:

e Initial full inspection noting any defects from construction. To be carried out by Engineer.
(Once)

* Fullin-depth inspection and documentation of the following to be carried out by Engineer:
(Every 2 years)
Look for cracks, corrosion, spalling, water seepage, damage, etc.
o Prestressed concrete elements
o Reinforced concrete elements
o Joints/connections
o Any exposed connections to foundations
o Any exposed foundations

e Interim inspections of high stress elements and problem areas. To be carried out by Engineer.
(Every year)

e Inspections following catastrophic events or natural disasters. To be carried out by Engineer.
(Determined by client)

e Inspections following any modifications to the structure. To be carried out by Engineer.
(Determined by client)

e Detailed investigation of any defects, including non-destructive testing of the concrete, concrete
sample testing, or further investigation. To be carried out by specialist inspector.

(Determined by Engineer)

APPENDIX 3 1
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e Routine inspection. Report any defects or monitor known defects. Monitor and document
crack widths and lengths in the concrete. May be carried out by inspector or assistant who may
be a member of the on-site staff.

(Every 6 months)

e Remove debris from the structure, preventing deterioration. To be carried out by on-site staff.
(Monthly)

e On-site staff should report any defects immediately to client.

(Daily)

Health and Safety should be considered at all times during any inspection, investigation or repair
works. Access to working areas should be restricted and inaccessible to members of the public.
Where possible, inspections should take place when the public do not have access to the building.
Any non-urgent repair works or modifications should be scheduled during the rugby close season.
Any urgent repair works or modifications should be carried out in accordance with the Health and
Safety advice given above, and if possible, the building be closed to the general public during the

works.
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