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Possible solution to past CM examination question
Question 1 - April 2009
Office building incorporating an existing stone tower

by Dr Peter Gardner

The information provided should be seen as an interpretation of the brief and a possible solution to a past question offered by
an experienced engineer with knowledge of the examiners’ expectations (i.e. it's an individual's interpretation of the brief
leading to one of a number of possible solutions rather than the definitive "correct” or "model" answer).
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Question 1. Office Building Incorporating An Existing
Stone Tower

Client’s requirements

1. An existing stone tower is to be used in a new office development; see Figure Q1.

2. The tower is made from stone set in mortar and cannot be used to support the new office structure in any
form. The new building is to be set partially into the interior of the tower as shown on Figure Q1.

3. The Architect wishes to retain the smallest floor depth possible and to have the building clad entirely in glass.
The Architect has also stipulated that there is to be no visible structure around the glazed perimeter other
than columns and the floor plate. Columns are to be spaced at least 8.0m apart.

4. The building is to have a 3.1m clear height between each floor and ceiling and is to be 4 storeys high. The
height of the tower is 16.5m. The Architect has requested that the maximum level of the roof line of the
building matches the height of the tower.

5. The existing stone tower is founded at a constant depth of 1.0m below ground level. The foundation of the
tower does not extend beyond its plan area.

Imposed loading

6. Roof 2.5kN/m?
Floor loading 6.0kN/m?
Loadings include an allowance for partitions, finishes, services and ceilings.

Site conditions

7.  The site is level and located in a park in the centre of a town.
Basic wind speed is 40m/s based on a 3 second gust; the equivalent mean hourly wind speed is 20m/s.
8.  Ground conditions — Assumed to vary linearly between boreholes
Borehole 1 Ground - 1.0m  Made ground
Below 1.0m Rock. Allowable bearing pressure = 1000kN/m?
Borehole 2 Ground —-5.0m  Made ground
5.0m - 8.0m Stiff clay C = 80kN/m?

Below 10.0m Rock. Allowable bearing pressure = 1000kN/m?
Omit from consideration

9.  Detailed design of staircases

SECTION 1 (50 marks)

a.  Prepare a design appraisal with appropriate sketches indicating two distinct and viable solutions for the
proposed structure. Indicate clearly the functional framing, load transfer and stability aspects of each
scheme. l|dentify the solution you recommend, giving reasons for your choice. (40 marks)

b.  After the design has been completed, the Client advises you that he wishes to include an atrium opening
of the full width of the building at the south end with the floors set back by 5.0m from the south wall. Write
a letter to the Client explaining how this might be achieved. (10 marks)

SECTION 2 (50 marks)

For the solution recommended in Section 1(a):
c.  Prepare sufficient design calculations to establish the form and size of all the principal structural elements

including the foundations. (20 marks)
d.  Prepare general arrangement plans, sections and elevations to show the dimensions, layout and disposition
of the structural elements and critical details for estimating purposes. (20 marks)

e.  Prepare a detailed method statement for the safe construction of the office building and an outline
construction programme. (10 marks)
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Introduction

This question relates to a new office development wrapped around an existing stone tower. The
new office building is structurally independent from the tower, but is clearly intended to be
architecturally linked. There are structural implications to consider.

The brief is relatively straightforward with clear constraints. The building is of comparatively
modest scale, so first impressions are of an understandable question without any insurmountable
difficulties.

The issues

e The brief states that the tower cannot be used to support the new office and that the
foundations of the tower do not extend beyond its plan area. Any attempt to use the
tower for structural support would result in automatic failure.

e There is a client requirement for slender floors and for the building to be clad entirely in
glass. There is a stipulation of no visible structure around the glazed perimeter other than
the columns and floor. This means there can be no diagonals, or any other form of
additional structure around the perimeter. The key requirement is for "no visible
[additional] structure around the glazed perimeter" so strictly speaking additional
structural elements could be added anywhere as long as they are not actually on the
perimeter, but the spirit of this requirement is surely to provide clean uncluttered lines
when viewed from the outside. However, in a fully glazed building any internal structural
elements would be visible, wherever placed!

e Columns are to be spaced at least 8 metres apart. There is no specific reference to
external or internal columns, so this should be read to be all columns. The examiners are
rightly hard on any candidate who infringes any of the stipulated client requirements.

e The building is to have a 3.1 metre clear height between each floor and ceiling, and the
overall height of the building must not exceed that of the tower. So effectively this
constraint sets the maximum floor depth. Even at this stage, without the benefit of any
calculation, you should be preparing yourself to design/specify relatively slender floors
spanning at least eight metres.

e The ground conditions are clear, with two borehole logs showing varying depths of made
ground, stiff clay and rock. The question says that you may assume the ground conditions
vary linearly between boreholes, and the existing stone tower foundations are one metre
below ground level, so actually the stone tower sits on the made ground or stiff clay on
all but its northern edge. This is somewhat curious and is unlikely to be the case in
practice, however the question is about a new office building and not about the stone
tower, so there is no reason for us to concern ourselves about the foundations of the stone
tower, other than to make sure the new building doesn't interfere with them. Despite the
borehole profiles, it might be reasonable to assume that the tower is founded on rock, in
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which case the new building will not influence the foundations at all, however as
discussed above, a literal interpretation of the data suggests that the tower is on rock on
its north face and on softer ground on the southern end. By ensuring that the foundations
of the new building are kept away from the tower, the more onerous of the two
interpretations relating to the tower's foundations can be easily dealt with.

In summary, the critical elements that will impact on the overall design appraisal and resulting
schemes are: the floor depths, the column spacings, requirement for structural independence
from the tower (superstructure and foundations), the stipulation of no visible structure other than
the columns and floor around the perimeter, the stability system and dealing with the variable
soil conditions.

Proposed solution

Bearing in mind that all the way through any of these questions you need to have firmly planted
in your mind the need to provide two distinct and viable solutions, the obvious starting point
would be to quantify the constraints: initially the available construction depths and then the
column layouts.

Floor depths

The brief says “the architect wishes to retain the smallest floor depth possible”. A simple
calculation (see figure one) shows that there is in fact ample floor depth. This leaves a choice,
either to have a building overall height less than the tower (the question says “maximum level of
the top of the tower”, not that it must be the same height) or have a floor depth greater than the
absolute minimum. Because the question specifically states “smallest possible floor depth”, my
advice would be to demonstrate your ability to design slender floors. One way of squaring this
circle would be to design a minimum depth floor and use the resulting available space for
services (raised floors and/or ceiling voids) with a commentary saying that the overall height
could be reduced by allowing less service space.

Column layout

The next step is probably to lay out the columns, providing as much variation as possible within
the absolute constraint of a minimum centre to centre spacing of 8 metres. There is no reason
why columns shouldn't be adjacent to the stone tower, but we must bear in mind that the
foundations to these columns may need to be set back to avoid surcharging or disturbing the
material under the stone tower. Figure 3 provides four possible layouts.

A more radical column layout (longer spans and cantilevered floors) would provide greater

variation between the schemes but this would immediately conflict with the minimum floor
depth requirement.
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Stability system

The next area to consider is probably the stability system which often provides opportunities for
variation for the two required schemes. In this case we are prohibited from having any form of
additional stability system in the glass clad elevations. It is less clear whether bracing is allowed
on the new building/stone tower interface. We therefore need to think about the constraints in
relation to the interface between the stone tower and the new building. The brief says "the
building is clad entirely in glass™ but the diagram clearly says the glazed perimeter is on three
sides. This leaves the detail of the interface between the stone tower and the new building open
to interpretation, which in turn has implications for the stability system. There are three possible
interpretations/assumptions, the first is that the glazed perimeter continues around the stone
tower, the second is that solid cladding (eg brickwork) is used, and a third is that the elevations
are open, allowing the face of the stone tower to form the internal walls, with a weatherproof
(but not structural) joint between the two. Each of these assumptions provides different
constraints on the stability system: the assumption of a solid wall enables the use of shear walls,
whereas the visually open assumption would limit the use of these elevations to aid stability (see
figure 4).

The building must clearly have some form of vertical access in the form of stairs (and possibly a
lift) which would be enclosed in a fireproof shaft. It would seem reasonable that these somehow
could be used to contribute to the building’s stability, either as a shear core or to locate diagonal
bracing. At this point we need to consider how shear cores would fit in with the requirement for
columns to be spaced eight metres apart: are they to be fitted around the columns, are they
allowed in addition to the columns and how close to the perimeter can they go? Whatever you
decide, the cores must be kept away from the perimeter (at least on the three exposed sides).

Whatever is proposed, the arrangement must be symmetrical so as not to induce torsion in the
overall structure. Some candidates (possibly as a consequence of their interpretation of the brief)
offered stability systems (cores and/or bracing) concentrated at the north end adjacent to the
stone tower. This would induce significant torsion, which was ignored (this was a significant
error!). A symmetrical system at the north and south ends completely overcomes this problem.

The above discussion is leading us to provide a stability system comprising internal shear walls
and/or vertical bracing and an alternative with no additional internal structural components,
relying on the frame to provide lateral resistance.

The option of a full moment-frame in both directions would provide a visually uncluttered
building and crucially a distinct and viable alternative to a braced frame. The main discussion
point with this option is the increased flexibility of the frame which will result in increased
lateral movement, which is especially important adjacent to the stone tower (this was not
appreciated by many candidates who attempted this question).
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Ground conditions and foundations

As far as the ground conditions are concerned, we have rock relatively close to the surface at the
northern end and a deep seam of made ground, with a further three metres of stiff clay on top of
rock at the southern end (see figure 2). Although it would be theoretically possible to found the
building on the stiff clay, there is a very significant issue of differential settlement. Also, from a
practical point view the stiff clay starts five metres down, at the southern end, which would be
deep (but feasible) for the construction of traditional foundations. By going down an extra three
metres the whole building can be founded on the rock, which seems the only practical solution.

By founding the new building on the rock, its foundations cannot surcharge any soft ground
under the stone tower. To avoid any disturbance to the existing structure the new foundations
should be positioned away from the tower’s footings (this may necessitate cantilevered
foundations or ground beams if the columns are located on the perimeter). However, even
though this isn't strictly in accordance with the data given, it would seem reasonable to assume
that the tower is on the rock. In these situations a discussion of the various
options/interpretations resulting in an argued assumption (as | have done here), seems a
reasonable approach.

A combination of different column layouts, different stability systems, possibly combined with
variations in the foundation system, would therefore form the basis of our "two distinct and
viable schemes™.

Letter

In this particular question the letter gives tremendous opportunity for discussing the structural
implications of various options that can be proposed to meet clients revisions.

The client wishes to introduce an atrium at the south end the building with all the floors set back
five metres from the south elevation. This will have a fairly dramatic effect on the whole
structure and gives a perfect vehicle for discussion in the letter.

The inclusion of an atrium is likely to interfere with the framing arrangements and the stability
system. Because the building has been based on a minimum clear column spacing of 8 metres,
the atrium will compromise the symmetry of the overall grid layout. The “obvious” grid layout is
a line of internal columns 5m from the south elevation with the remaining columns evenly
spaced (on a 9.25m grid) but this clearly infringes the original brief. Adherence to the existing
8m minimum spacing will necessitate a 3m cantilever with all the inherent disadvantages
(deflection/vibration). The letter can therefore discuss the possibilities afforded by a
modification of the eight metre requirement, and the alternatives if the constraint stays. Figure 5
shows one possible layout based on a 9.25 c/c grid running North — South.
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The other major issue is the structure and stability of the south elevation, which was previously
afforded natural support from the floor plates and the overall stability system. The overall
stability arrangement will need to be modified and the south elevation itself will now create
additional issues.

The south elevation’s columns will now span the full building height without intermediate
support from the floors and the whole elevation will link to the main structure at roof level
(potentially with roof bracing depending on whether we assume a solid or glass roof).

It’s completely inadequate to just provide a few bland statements about checking structural
sections for new loads (which is what many candidates did).

Summary

This question is relatively straightforward, with some clear constraints on column spacings,
storey heights and perimeter limitations, which should have provided an ideal question to
demonstrate an understanding of structure behaviour, particularly in relation to alternative
stability systems. There are however areas where the brief needs to be interpreted, with
different structural implications depending on what is assumed/decided. This can be turned to
your advantage by discussing the issues and the options afforded by each choice/assumption.

Because of its relative simplicity, it’s even more important with this question to fully develop
clear "distinct and viable" alternatives utilising all possible attributes (column layouts, stability
systems etc), a full analysis of the merits of each option and a clear understanding of the
structure’s behaviour. Many candidates offered no more than slight variation between schemes
based only on alternative column layouts, even though there are clearly alternatives available
(stability systems and possibly foundation arrangements). This was an ideal vehicle to
demonstrate an understanding of structure behaviour and to propose different structural
arrangements.

All-in-all this is a fundamentally straightforward question that should have been ideal for a

competent, experienced candidate, who could have concentrated on demonstrating an
understanding of structure behaviour and an ability to conceptualise different arrangements.
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ofStructural
Engineers

Possible solution to past CM examination question
Question 4 - April 2009
Commercial Building

by Bob Wilson

The information provided should be seen as an interpretation of the brief and a possible solution to a past question offered by
an experienced engineer with knowledge of the examiners’ expectations (i.e. it's an individual's interpretation of the brief
leading to one of a number of possible solutions rather than the definitive "correct” or "model" answer).
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Question 4. Commercial Building

Client’s requirements

1. A seven-storey commercial bullding on a square site 45.0m x 45.0m: see Fig. Q4.

2. The facade at the south-east corner is to be inclined between level 2 and the roof. All other facades are to
be vertical. All facades are required to be fully-glazed between level 2 and the roof.

3. To provide flexibility for building entry points, the clear distance between external columns on level 1 must
be a minimum of 8.0m. External columns on level 2 and above, if required, must be evenly-spaced. No
column is permitted on any leve! at the narth-west corner of the building.

4. Nelther external nor interal structural walls are permitted. A clear distance of at least 7.0m is required
between an internal column and any other column or external enclosure. The service cores are to be
structurally independent of the main building.

No foundations may extend beyond the site boundary.

6.  Allowable structural floor zones are;
Level 2 1.7m
Other levels and roof: 1.2m

7. Aminimum fire resistance of 2 hours is required for all structural elements.

o,

Imposed loading

8. Roof 2.5kN/m?
All floors 5.0 kN/m?

Site conditions

9. The site is level and is located in the suburban area of a town 200km from the sea. Basic wind speed is
40m/s based on a 3 second gust; the equivalent mean hourly wind speed is 20m/s.

10. Ground Conditions
Ground level - 2.0m Loose fill

2.0m-5.0m Sandy gravel. N varies from 10 to 20
5.0m - 8.0m Weathered rock. Allowable bearing pressure 500kN/m?
Below 8.0m Rock. Allowable bearing pressure 1500kN/m?

Ground water was encountered at 2.5m below ground level.

Omit from consideration

11. Detailed design of the service cores,

SECTION 1 (50 marks)

a.  Prepare a design appraisal with appropriate sketches indicating two distinct and viable solutions for the

proposed structure including the foundations. Indicate clearly the functional framing, load transfer and

stability aspects of each scheme. Identify the solution you recommend, giving reasons for your choice. (40 marks)
b.  Before construction begins, a group of piles forming the foundations of a previous building on the site are

discovered. The group comprises 49 concrete piles each 600mm diameter in a 7 x 7 grid spaced at 3.0m

centres in both directions and the centre of the group is located at the north-west corner of the site. The

client wishes to know whether the piles can be re-used. Write a letter to the client advising him of the

implications of the discovery and the practicality of re-using the piles. (10 marks)

SECTION 2 (50 marks)

For the solution recommended in Section 1(a):
c.  Prepare sufficient design calculations to establish the form and size of all the principal structural elements

including the foundations. (20 marks)
d.  Prepare general arrangement plans, sections and elevations to show the dimensions, layout and disposition
of the structural elements and critical details for estimating purposes. (20 marks)

e.  Prepare a detailed method statement for the safe construction of the building and an outline construction
programme. (10 marks)
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The /olan Fp Scale [abovg/ /he goup of /0/425' ams, a%%dy
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Cornar [ Clienl’s /‘czquf/‘o!ﬂuznf namber 3 ]
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o5 AW

”&7%0{6 consfruction ég?/'n.fl 2 group q/ f»?es. .. are Ar'seovared-



With This assumplion i should ba possible 7o substifule

/0/74'5 749r Fwo or evan 2 Taree mass concrele /)érf under
fhaesz colamn /oos/ﬁbns.

/f?’owemr; e relevant P'/es would nead o be Vesﬁbafcd
in order fo eon/é'rm haf They 2 suifable, ard Tae Three
column baszs would nead fo be Fiad fcyafiur wilh ground

beams Fo oiminale The e//crfs c)/ aacants ﬂ_C‘ffy — The loads
do nof coine’de wilh The axas 9/ fha piles. Whelrar There

wouvld be ang cost benefif /s douk fv/- The raMmme
/w:'g/;f be a}%cfea’ — /e};ﬂnz/nz{ _—jq{Z)o, /Y@

Tha conlractor may prefar b excavate and “clexr” Tha
Affected areas undar tha colomns anod /uzcaed wilt
fhe /O/annczd /ound afions.

/n any evenS he 25 Mles focalad undaer The jrroana/
ﬂoor [Level 1] slab” would all need fo be cuf down
info , say, e 53049 51-;;1(43/ and 6@0174'//@;/ wilh The
resf of 7he 5/ e [removal ‘7/ lhe a@x</sing [oose /'// or
ifs com/oacﬁbn ] wilh seloctad f&nular mataerral |
Co:n/aaafad in layers- W/ ?aahly of the "Loosa Ll
is (nknown and may be confaminated with plase
[ﬁﬂfsum affacks eonc/tz/@] and /o,, Ffimbar, efc.

Al hings considered, i 13 unlkaly hat The /01'/a oY
can be bencfically used. Howevgr if is @ warning
because // /bmwbus nd2fvons needed /y/,'ng
perhaps The use of pling Should ba considerad for
fhae new works.
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Szcton /a a/way.s includas e ﬂdﬂ/’lbﬂfﬂ /n The
Fex/ 5/.)&; ]I,'callj fo remind Ihe candidale o/ The
needo 7?) 5712/}5{ fama on Mhem . The (/na’aﬁ'on_f/a’
C}aﬁ'on A’ can be 6,7b¢d'ad fo b diﬂﬂ?znl' 7lmm Mose
7[0’ Optton B I [ can be & bad misfake fo * sawe
Hme éy making fham The same. ‘

The nd fe shouwn on c O0G has a gound
W&%‘mjm aF-25m, o/){q o/-giglxz/m/{ he mfm(Zra/ fv/)
?f fie sandy gavel Tk averaqe N'vatue 15 18 ;N
fndicating a possible bearing cafsa.e;’c? of /50 X,
but The bhigh GWE will hatve Pus value fo 75 N
will be more eflieiant fo found on The weahared rok

2t Soo /él\//m" oOr eVan fock af /530;@/\//1:42 — The
blem will be fo exavafe %rvug/q The wafé/‘/(yj'é'd
s'zzndy 5ravd
An mefm@fa column load will indicale The /oad MzA
hat will be necessary - buf do nol” expact many marks
for Thi's work dince Sacfion 2e Is W fhase ax
el fahle ,for caleulations. you 7/@/ unsare 2bout
Zocza' ing ‘7€xma’aﬁbﬂs wilhoul an eslimafa (y load
e /Iowfng m;'j/\/' be done:
/n/msed /aa.a(/Mfﬂd"’" 5.0 kﬁ//mz
Romanant load por foor (ay) /2- € RN fon*
(//‘75/24 *% 24)
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Seo
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A 57“"1"@/’2‘"’ Cm x CGm provides 3em” buf The pads
would foduch [colurn spaaEng enfy /- 75 m ]
A squart pad 35 <3.5m provides 1225w and is cradible.
A 3-8m Aiame/er ”62256“ ovides .34 m= buf is foo 61:7 ﬁ)r
a single cassson /o//z [realisfic diamelers range betwean
Coomm dia and 2doomm dia, a//%mj/) Mhe /arjasf’ machines
can iy pile shafts up fo 45fm A amefer — raf. Tombinson
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2ough A a me fers of as much 2s J3ec0m 22 f)oﬁié/c-‘ y
soThe 3.8m Aamaker s cradybla Usiny AN 800 mus i amalar

shatf under-reamed or belled out n The wealharod rock
which is 3-0n nominal [hickness- Wate would be confrolled

casing and for benfonide. The 74://@14/[/)5 would b

bg u:rf'ng d
soifale fo- Szclion 2e¢-
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Opbion B’ is essentially a compressiop core” wih a
mass/ve CIoss -s/:gow’ focf 505/0@”5/""’ sgs/am ﬁwn which
fhe Hoor edges are hong. The 7%0;- s/abs span in & diagena/
i rection [ see page o3/ on/o d:'ajana/ Szcmda::y beams. s
reduce s Tha /afmb-a/ span /fpm /3-67m o Q&Fm or less.
The whole /rama uses structural steal with /om/;(zd 5/&:2/‘ ‘
dacking @M with eoncrele. The dominant canfral core

Compryses - 7abrcated sfanchions madae ap ]hm Universal
column seltyon’s welded fogeter. Tha hollow-sa/7on
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4/w:4 v 202
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Incomina beams erecfed
/ater toHen Aan can
Sc?o/oor/' oufer ends

Each ;éor/' 2/ s braced wilh lned 6/3(://757 Connec/;‘ny he
S/nchion 1o The beam jﬂ'd. Thus ; the erac/ion /arzxmds

;%0 the core from //aor 0 Hoor: . ) _ )
e beam sizes can be sized oFf s st~ age éy 306.51/1033/3@)

or /afer ip Sectian 2 by more, precise ol cu latron - However;
1F 7’'s more /mpor- Fank ot Mhi's 5/‘@@ 7o Commu i cale ha
'caﬂcapiffa Jdeas” rathar than The dafai/s.

Consegquentty, | shall move /o the reof Stus pansion
Sysfem :




Jhore 2w Fwo inforiwined SUSPInsion Sysfam' — the /,',-5/
Scﬁar/: The /mr corners and run s‘dz’ ajcma//y — e second
Jc//)/oorfs' Pie mlermediate hangaors along [tz .fé{af and is
on Mg requ/zr jwa’ Aroond He &o‘l’gﬁi‘ Here (s an -%ag—‘and
Girdler 77?:3 hanaers are afached fo. the U/O5f¢?ﬂd . Jhe
/yzm‘qers anz fwinngd in order o provide a Jadl-safe”
machanism — one h&njé’r can /a/7 com/o/a/éa ly In Gach /oa;r

- wilhout Causi/y ca/asﬁ‘oplu'c /ai/mz.' The 53/15&?/5 aF Tha
Soclt ~-2as/arm corner 5/0/35 c’?oc’?lf' mn oder #p Plsz -L%D The
CAges of the cufalid s/abs below:

The infersecfions he j‘rder.f occur 2bove Ihe cofumn heads.
Eachjrder Ve, s Ffo da ﬁ‘&n%baffad andl assembles/ so
e 51’fdef5' musl bz Jasrcaled m sations. 5}96(’@5 can be
beated at the inkirsactions.
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m‘/ /’/3”3‘2” rod
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.: 7o fransier Fube
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Wit reference 7o fhe Level I slab plan on page 03, tha
Core will be sugporfed on a piled raff, with The piles
Carri inj The (:oncenﬁ'af'dd load a’:lzd"/yfb Jha
bedrock strafum. This foundakion must be sfable wder
direct /oads anA over’s urnl'/)g Condi fions
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e e Bt e

1775

8.0
!
\
|
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v
[af windd oresSere = 12 ,é//mz [=10x /-27435}0,» ]
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A~ Z 25.0x280 ~ 25.0°
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=330 k)2 < So0 RV
TNz Eoo AN foi®
fhare. (s no cfﬁff + 308 %"/ |
/he ]éx/r column loads [ ABrox 50 eco AN czac/.] will need
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I} Phis aplion is chosen for The //hzz/ proposal Hhen Seclion 2e
will confin a Numbar o/ smporianl- calculz2trons. Chack
back 7o Ihe question: ” Prgozmz sofficiant design catelations
1o esizblsh /Ac /orm and si=z a/ M e pr/ha}aa/ shuclura/
efamenis /'nc/adfny The ]ﬁ/na’aﬁbng, 7
Any de,sfgn Caleulations already done in Sachron |'a’ and 6
will have been markaed and cannot be markad again in
Section el W s /bqjoof/' anl 7hat The descqn calculalions
covar new ground @nd develop he proposal o a
/éb.fz'/%'m way - W is unlikely thal calcilations 7@' e
Composite “rHhn Aak” will A af)jﬂiify D 3n Inswar
obfained Using mana/ac/wzz"'} data . On The oer hand
the roof cirdaers , M2 sionchions snd hanga rods are
Uﬂi‘?{)@ Mhi's ootion and noed fo be "527%2:,21/”‘{7 “
caladated — ot in e minulest daail.’

The foondations usz a raff and piles _':5(/%,'5;@,,/' &
caleulatfions 2re nead. /or b0%.

Agamn, whon if comes fo Section 2o/ Iy A/l lready
marked wndar Seclion a cammot b markad cyaa'r) ynkzss
Signi’ 'canf/y dm@omﬁ c.g by 6@727 arown Fo @/ﬁ and
imensioned so hat The Q.S. can use Them ﬁr é‘sﬁmaﬁ'/y
/ifr/]oses . Zy/orf Should bz concantrated on fhe GA.
a/rz’}m/'nj 76;— Jhe /2)% aond é//o:cz’i/ //aor ; ardd e ﬁw/ldaﬁbﬂg_
A cross section %r”oajﬁ The building and Jdefar/s cy

73//01 ca/ c/add/‘ny and wzaﬁwﬂm(f/bj are Neazdad -

Saction 2e requires 2 delacled melhod Sfement nd an
wtline Construction programma. Thag e ovly /Omarks,
l;)dr'ca/‘/bj Sbout Ao minufes work. If 75 probzéle 7haf The
examing- has provisionally alocated 7he marks m fie

przs/oaf/:bn o A wvisionall inThe sense Thal good work
w, N be rewarded even 1/ Fme appedrs fo have Fun ouf and

he programme /s an]%isﬁ.:zd
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ineers Method Statamant /1/ Ihts The conslruction

36/91/; e s Thal /m A m//uench Me z mafa %l cos/s. /n
OptionA”, a We/z construction, onee The Houn dafions
Have Aczzn nished (saz p2ge 08) The columns and slxbs
will folloar conventons! renforced conerdz /0" aclica ‘f
scltin 74 fa/seufonk‘ /a 2ing The s/ab /A:’rmwafié assembling
The reinforcemant and /aa/) and cbring the concrefe.-
The oncrefz will /maéaf 6@50/0 Sz @ are mix
22 /@e" and 7 The Wonéffy level 7he 5’2’4/

/Oac/m Mix m// need iz < readding buf will need
7o be ’S’frz:tck- "o @ leve! surface Using 2 vibratin 7717

Serees or ’/Sa ;gan striker " (A roller-Fpe seread).
sazy‘aaz neets 7o be kc;d' /140/5'/' ﬁw/'aﬂgaw{ fodg ouf)

and power frowelled fo poduce The /7 jﬁl’]éms/n Affer
fhic /‘:a/ wish The concrefe will need 7o *“cure” i work
is to proleed The /4' esh surface will need /o be /ﬁro}‘m"ezl
be ﬁorcz fthe next [iH of falsework /s erecled. Fopriefary
systems Lke ” i a(” s ke v sllows The /onnwark pane(s fo
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i 1

bz shruck _w/' Mou d/k';‘z/rb/'{y The /ov/?:wy a7 on

gﬁ e

fafsewof/ﬁ '
I Ogtron B He consfeaclion q‘ Jae /{)z'/as ans /foc-caf'
/~ stoulA be Aescrrbed, buf Tnd mair d}%ﬂi oeicaited
Fn how the structural sfea/work must be eracled. The
various levels of Hhe core ane assembled Using A larga
crane. TAZ /4 girders will e delivered m Sécfions, /5//%
A bolted FogeTher: Scme “ouf of bafance” e/chf may
chVe/o/J ond need o bo eonsidlered - Oncz he Marr
roof ~leve/ Sc;)o/oaffs are in /o/accz /he hanger rods can be
hung and the first feva/ of f/mr girders /f//ed info place—
Dils will be Leve!Z. The member 7o b2 liffed /s rolled info

lace on Level 1, The crane lowers ifs ook /Hroogh 7he
roof-leve/ sleelwork fo raise The new beam . Ihis will nead
s be pal/ad S,Idczwayf info }g/aaz. No /bordeckr})j can
be [a;d unhil an The Hoor beams hHave baen assemblezd ffam
Leve/ 2 Fo leve/ 7 7he conarele fopong would be S’cﬂo/o//'e(f
ready mixed and pumped info plce™ 7he decking wilf

el 2s /amaﬂ@of oymmwork.
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Possible solution to past CM examination question
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Art Gallery

by Bob Wilson

The information provided should be seen as an interpretation of the brief and a possible solution to a past question offered by
an experienced engineer with knowledge of the examiners’ expectations (i.e. it's an individual's interpretation of the brief
leading to one of a number of possible solutions rather than the definitive "correct” or "model" answer).
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Question 5. Art Gallery

Client’s requirements

1. Atwo-storey art gallery is to be constructed on a sloping city-centre site containing a buried culvert: see
Fig. Q5.

2. Level 1 is to have plan dimensions of 56.0m x 35.0m with columns at a minimum centre-to-centre spacing
of 7.0m in each direction. Level 2 is to have plan dimensions of 50.0m x 12.0m with no internal columns.
An allowance for lift and stair cores is included within these plan dimensions.

3. The floor-to-floor height from levels 1 to 2, and the floor-to-eaves height from level 2 to the roof is to be 4.5m.
A maximum structural zone of 0.75m is permitted.

4. Afiat, level access route of minimum Width 3m is to be provided around the perimeter of the building at level 1.

5. Asingle car park with plan dimensions of 20.0m x 50.0m is required.

6. Access to the site is to be provided at the two locations shown on Fig. Q5, one for vehicles and one for
pedestrians.

7. The culvert may be built over but may not be diverted and no additional loads may be applied to it either
vertically or laterally. No construction may approach horizontally closer than 4.0m to the centreline of the culvert.

Imposed loading

8. Gallery floors, levels 1and 2 5.0kN/m?
Roof 1.5kN/m?
Car park 2.5kN/m?

Site conditions

9. The site is located in a city 100km from the sea. Basic wind speed is 46m/s based on a 3 second gust; the
equivalent mean hourly wind speed is 23mv/s.

10. Ground conditions:
Datum level - 12.0m sandy clay, C =100kN/m?, @=15°
Below -12.0m rock, allowable bearing capacity = 2000kN/m?
Groundwater was found at 3.0m below ground level. The soil strata and ground water level may be assumed
to follow the slope of the ground.

Omit from consideration

11. Detailed design of stair and lift cores.
SECTION 1 (50 marks)

a.  Prepare a design appraisal with appropriate sketches indicating two distinct and viable solutions for the

proposed structure. Indicate clearly the site layout, functional framing, load transfer and stability aspects of

each scheme. ldentify the solution you recommend, giving reasons for your choice. (40 marks)
b.  After the design has been completed, the Client advises that he wishes to consider adding a further area

of parking of plan dimensions 20.0m x 50.0m. Write a letter to your client advising how this may be

achieved. (10 marks)

SECTION 2 (50 marks)

For the solution recommended in Section 1(a):
c.  Prepare sufficient design calculations to establish the form and size of all the principal structural elements

including foundations, any structure associated with the car park and any significant retaining structures. (20 marks)
d.  Prepare general arrangement plans, sections and elevations to show the site layout, dimensions, layout

and disposition of the structural elements and critical details for estimating purposes. (20 marks)

e.  Prepare a detailed method statement for the safe construction of the building and an outline construction
programme. (10 marks)
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Site boundeuyT

Access

Site boundary ——=

LA

-——Centre line of
1.8m dia. culvert

750

—-———+—Access

175 575

SITE PLAN

| A 4 +4.0m
Datum O00m ¢ — - i o 28m
Buried
Culvert 175 575
SECTION A-A
FIGURE Q5

NOTE: All dimensions are in metres




Q5/3009 -_Ad- Gallery
At first reacting, the question may give concer: The

BC.om dimension Is, of course, cz(‘?/)/'modulz,c of Z-om —

e minimum centre - fo —cenlre Sﬁaahy - b Then Tae
Scructure and claAding mush~ cwer/a]o The /alan AimeNnsran
at cach end! Therw 15 no menfian of cladding, ex/z2nal
walls, dAcors and windows ; and el Thay Iﬂasfqéz Shere /o
pofect Thevaluable confents’ I is nof clear whalier
Lave// is at "Datum 0-0m”: if if is, then 2 large
/)orf'fon o/ The sifz must- be excavaled and Tac sa,mcmi'y
Se’/ 520/94%1‘&{ Again, The posfion of fhie secord slorey
/s po /orascn'écd . )
Al This “Adoubt” mus” nof be assumed fo bz & “‘misfake
on The /oar/' of e Examiner. To do so wovld ba /ike
i/ 'ng Geur Clianl That he 1s wrong / You musl- assoma
ThatThe quesfion is clevety conslructed A confains

A wealli 67/ 2fernaltives and dz{,'gn Ffasks !
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e The plan omaensions 4o Level/ are 36-om x 35.0m
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i 7'0 m:'n . i
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X l . il
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Me sfucfure }e s Ob.0ox 350
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Ill Lavel 1 s af
Dalum Then ’”05{‘

",”W s.fe needs
I be excavaled

and the sides
Zohz/d , f7;t¢f¢ _
ogs No
fo be su 1‘??5?
space 7o fofm
a2 /['2 j/o/oz af
#a 1‘0/7 o/ he
5tz
The car.park arca sladdles The culverf with a 5u.<»/o<md¢d
S/ab: accass /s aF e Noh _Westl-conar:  fedesfnan access

via = ramp or stairs will be af e Sevthy-Fasl corner:
(see Cienf 5 r¢¢a/‘r¢m¢nf number & ) ;

A secord o/o/z’on Iy
fo excavate part
of The sife, form

2 f"(l/‘a/m'ng wa//
2cross e sife and
bu'lo/ -up e back
0/ Thae 5/7@ .

mg car /oar,(‘ woald
be s5fed Nz with
QCaLss 7‘mm 7he
Soulh -East corner.

Jha main bc///a//ng would Shaddle he colvert wilh 2

Suspended s/ab : accass 7lor /Dctc/a;h//an.r would ba af

the! North-Wesk corner with a link ramp /J/‘a}'/ii”%‘om
he car /park.
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A thirdd c;offan s
o) U/'/d —(//’D he
/z/yo/' /D&ﬂL # Tha
Soping site with

a ref2ining wall
across The sie.
Thare would be no
ro-usablke excavalad
Sandy C/&y Thi's Wd‘y
ard fhe whole f/’//

would have Fo be im /Dorfa?' . The car /.w/( and vehicle
2ccass would e 25 jéw The 7475;‘ opfion, with /oaa’asfr/an
Access Hom e Seuth -Lasfconer. Ram / sfarir /inks
would 'be needed af e refaning wall. Windows in
The West side of The second storey would be able 1o look

out-over Hhe car /J&fkr

The ﬁw’ﬂ: oolion
| Considered Aare
is fo build-op The
Whole sifec wilhi
/"Gl‘&in/'nj walls on
Aree sidas. A ajn,
Me whole /47/ woold
need fo be )m/oor/‘ed
Vehicle access af
e North-Wasl
Coner wovld be
2 purposa - bu/lF

Famp This opfion
would 2ffow 2 road Fo bz bu/lF basidaz fhe mIB/no btllli;a/”)

So Thal zmarjctnfy vehicles cou/d anfar//zam ar 7he J
South -East cornor. Considerable works wovld -be Naedad
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reguiremenf nomber 7 )
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// fic candi'dafe %gazd These 470/3’0/15 They wovld need
fo bz complelz wilth 2F [zasl one baiﬂt'nj <, sulable
7(ound afions boh stz o ons ( onz wilh oaf;lf// and he
other with The building on 76‘// ), rzl’afm’/y wdlls and boih
vahicle and /Oedczs/’nfan accass. Thrs a./o/omac/: wouvld aﬂoczal
fo a candidztc wilh civil-engineerng QPenance.

Lor The candyidafe with Bulding expenance e challange
Miﬂ/’f Lz dQVG/o}Of/y Fwo bulding ffdmaf And assume
an excavared sz As Shown af e fop 91 Page 2.

>




/4 s can be sazn ( page 4) He /ﬁosf'//an 9/ fhe second
Storey (Crent'’s fequ/mm:znﬂf numbars |, 2 3n4 3) is e
Aefermining ecature. My Fao o/d‘:'ons have been /blaazd
Jo ge#uzr /n The /)Aofojra/oﬁ balow.

BE AL LU AL
B Al Al L3

Opken 1 has 2 rz/n]lomad -concrefe, fwo-Slorey
/'/a//ng /omm'dmj fhe main [aferal s/a6ilily - The
m2in exhibi'tion Area is single-sforey wilh roof @Aﬁ'ty.
7he frusses are 9pan waeb ( Shough solid in The modea/
]‘@/' /brac/-z‘ca/ mode/ing reasons and /Ombab/_y we/daA

fubular stee/ constuction.

Opton 2 has & Single-stordy, renforcad- concrefe "core”

fo /bmw'dcz 5479001-/' and 53611y ”7Zn¢ maode/ shows Two

Z)h‘on.f /or- e roof. The “basi= ona, on The /¢74‘, has
on{y-sfaazd raffers s/'oanmhq?lmm 2 /oo,f,a{/_s;ed, [oaA -

bearing wall frcuue fo ' simar Zl,-;t,,,é bearig oothe

€dge of fae rei'nforced-conerafe “core”.

Q5 / 2veq 5. LA



The second rocf option o i right, has fabricated,
triangd afed raffer “frusses ’ Sufyper’ Fing fengifudia .
Purlins. This wou/d pobably b2 A stez/ consfruction buf

’”’:75/' be /OOSY/'é/cz i Fambar vsing 5/u¢d ~famindizd
Frussing wilth frmbar connactfors and 7[7,‘/‘0/1 /olafczs af

The Jo;nf.f'
omf of concan s haf he fh’o—sfuzg

One r2ther— minor
Sar-fion /s on/g So0.Om /any - m shorfer ThanThe nz_c/"Of

the duilding . The firsF o/oﬁ'on can acczpf This buf woould
[ook 2 bBFf Funcafed un/ss The second sfoey WTE

Y antradt’ on The Au:'/dfnj balow. The sccond o/aﬁ'on rF3Thar

needs e /-idjz +o run 7lu/l /m%, /%néa,/o.r Thrs covld be

AgalfF with as 2 notz o fie Clhet S'L‘/ﬁ@.';/?hj That Thzre
woold bz & Mﬁsz' L Tha WJM@)’ urs aAs [onj 25

The resr 175 the duil. "’37 7

A/J%wjh Yiam I omifs The derailed a2siq) of fie si2irs and
ift Shatt, Thase faatures sthoulA ba mcladad on Tha
General Arra/gsz olrawing in Sazfion 2d.

In 0/0/7'0/2 2 p rmf j/a j/n ) 7 would /ﬂfmﬂ’d{ JTle dd»y#m.z
liahting buf The cenfral sn Je storey 2re& would probabl
g7y ity poascy
need ch/:/emcn/‘ag /rjéfinj.

150, 31z | 750 250
% Dapy 500 =129 WL
| 750 250
q e
3 Plon 56.0x 12:0
B Ji2 : e e i
l T4 7
3/2 | A 560 50— o
7 i =~ o0-L25 _ p.L25
| l ' 358. 375 49-375
7@ 7 9m. % ., e 7. Uni e

Rt



o.312,

Two- SToREY Brock

56-0 9A

There

e

43

|
|

: ‘ —

ONE- SToREY Brock

2.0 4 _,-—————%l
35.0 )

ears fo be an irreconsiable d:‘sfaan'/y befween
p/an dimensions ad column Cenfres.

RC 27- shorey block

4 Staalwork /-sporey block
el el el]

T

3.75CIcar




it is clearly des/rable to have The vpper K< foﬂ‘als
Qbove Fie fowar R.C- Paf/’&/sa Within The consfainfs saf
65 The 7(1@5/:‘00 [ Client's rec]aifaman/' numbar 2] There
appears s ba 2n /rraceonci able dfs/oan‘l:cl b ween e
12n dimensions and colomn canfrzs. One musl qu«zsﬁ‘on
whether The UppPD~ sforey needs fe be & rcz/‘n/lorzd
conerele frame 2F all. Surely o€ coufA Su/a/aaﬂ" fae roof
over s /bar/’c}/ e cdn/a/czx on fradihonal loadbezaring
M ASNY 7

D gy wmeeny  — S —

KNSR
375jcuar

23.0 "

1

N
N— -

/12:0%%4

The lower sforey columfs c2n be at 7 Um % [which

Com fl l'¢5]’ he U/ﬂﬂdf .g‘oray Q/\&/vifllg wadls and WW
fOf fie root ¢an be /o’adbczan‘qg m as0nry — brick oufer
Skcin — cavity insulafion- block innar skin - plaste, whi'ch
250 com /o/:'es, JF seams reasonable o have a fradfonal
Fimbar Fruss - 53,4’({1)3 boards-filas /‘oo/,

Abfe Hhat an Ilamabonal hshifufion  based in The UK.,
Should be expesfed Fo sef ifs examinafions n 2
manner hat expects The 'Z;/a/aa/f” answer o be

in accordance Wil U K. pracliaz and re ulafions.

However The ecamination Fegulations alow e eandidrte

o use any ofher Natonal SFandards and credible ,
Sajte /Orac/‘/'az. The ecanAidzte is mstrucked [ ugczd 7
fo' state what assumplions haw been madc éngz?m
The consfuction of walls @ roof may be guite dieran
n a d,ﬁcmznﬁ elimale: ong fam[/z‘ar o Mha candidaltc.

QR5/2009 E. s
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S L s RS

[ W's aphion is developed, caleulations (Saction 2c ]
will bd neeA ekt /of 2 ﬁ/m'ca/ re/nforcad concratfe

ane/ — 5/26, beams 20Ad colurm ; & ffy/oz'ca/ Fruss
ans /oasf ; anA unA2frens. Thase will be ILIZAS/?M

info drawings [Secfion 24/ - 2 GA . plan and
5'¢G/'fan; 2 )fj/Ot'cZJ %Io-or/bz.n@/[{o Gz 2 Aajsd/'nj
schadule can be made ‘and rebasr weights measured
9?]; Z"yﬂz’cz/ defalls re/zfad fo The slaa/ wok Such ds
fha conneclion Fo Tae fwo -slorey budlAing : e
conn<clions af The hgoAd + 7470/' y Tle /Qos/' : 2nd The
fwnd&h’onf[ 2 Threz {Yf‘“‘ /]

The MeltioAd Satement will featue The insifu consirudlion
qﬁ e £.C. Jrama and slabs [ 7/ alfczwork‘l- work, .s/oarw’
franiloorﬁ'nj, Iaa’nj and Hishing The ¢oncr‘¢/’¢]: He
;bnz:z,h’m, ¢5/7‘/)9,fraﬂ :'nj 2and cun’ch‘on cy he
Skee/work+ 2nA e ndations ! The oufline ‘
Construckion DgrAMME will begin o A nAaltions,
yveceeA o LC. me and 7C'm‘;h with e
Skee/work. The stzal work cannol pe eractad unkil The
KC. 50 /aar/’ /s 7uffe ready. Can m_e hwrsq ba ﬁans/w-r/-qd
in oné ece cach? /f nol +me will be ndzdazA on’scfe
fo 2ssemble 2nd wald he hoe halves ﬁsjdﬂ»iw:

95/ 2809 7 KAt



// s opfrion is developed, calculzFrons will be
negded [ Seclion 2 C] /or' Jhe rein /orcea{ concrelz
frmz and/&ang/ —~ S(ab, beams and column = 274
The fwo exf‘almal /borfalt'ffd .S’ufpor/‘f : and Thaor
undations . Lepending wpon which l:yf"l of reof is
Chosen, Cilfier fhe Friangulzfeel fruss And purlins or
Hhe raflas and load- bearing wall ’]["M¢ will naad
7o ée;nroved',' Do nof ryaf The b-acfng.’ The
ﬂ’ravwfnjs [ Saction 2A }lﬂ will have 2 GA.Flan and
Saction; 2 Fypical foor /ban¢/ and bar schaedala - 2nA
dofarls o / connechkions 2as Sppro n'ate. Will The
/Ur/l'l)S neaA saq rods 2 How asll The NR/I-f”km@ be
evenfed 74-pm buckling /nwards 7 Do nof 74»:7e/f’7/ue
sundztrons !
Th e Method Statement will fe&fure fhe founAdztions
7ﬂ’r5/’ and tien The RC frame and siab [ —/alsewrk;
rmwork » source Fransporfing, Iacing and f'nishin
e Concfefcz], or will /;Q; be g z{:cajf g Can ée <
hﬁ‘f&n ulated frusses, i ns a;nd/or /'Z/fczrj' be fran ?oorﬁw’
f -/cznj/h “7 The /Omjfammz neads fo mcdude .#andaﬁms
R-C. fr'zzmcz and staz/wok, 2l » seguence. ‘

™5 200
y2ocd 10. AW



4517‘(2' C’ondf fons -/IL em /0 c/c25m15¢5, The jrvund

conditons ! ‘*S}""’
Daf;m leve/ A : SandyQay
Gl -Bow e g ,:,-:-‘:: B
T Mwaséndy é/éy c = loo RV/m*

/d: /5°

Rock: allowanle K7
bearing Dooo feN /mz
Capaci fy

with a cohesion value of /aok/\’/mz e a/ay will bz

”)":}'m o /D"’f/'/%’,’ 721¢ 2"5/¢ 0/ jhm})‘? f@SI‘SIanCQ,/

F=15° mdicates fhat tic of Airec) slress

5 minim2al; i.c. the sand fas [itle mfluenca on

The sfrenat ;—/robzb/y m Tin /ayarf or fensas

within < otyo 7his would accoun/' 74?/’ Sz /@Wfé&"
Jround - water Jeve/ which s unusoal m oA c/a), soil.

Shear z Ground leve/
shuss 4 ; avelpe 3 B
T L

T ST AN A <l Sand lens

U ossible Gw.L S

f 5305/9 Clay

5 - —— _
Oract-stess o g -+ E—-
2 a Kock

Fossibly somd may be fragoad by The suggestion of
"sard " and 2 high GW.L which would hormally
halve the A¢aq‘nj ca/oaa‘fy , 8uF in s case do
hof ( ” /ny 47017)1'0/) ) 51/3 /O/f/,

A
Q5/2004 0. K



Sect on /a requires Hhe candidzfe o ’ ﬂ.¢/,_, 2r - - - T
Aistinet and viable solufions .- ”’ So There should be

R d/sfinct [dﬂenzn)_‘/ ﬁundaﬁ'on solufon for zach
th'on. You advised nol fo re-usc The go/f onl

Solul'on in Opfion 2. 7he arrAnﬂemmf is vary
un/ikely fo bz idenkial, for Zxan70/¢:

And e Aa&d//)g will ba Adifferant:

8. _

Toesssares ARE Vo gpeimalely T
= N.& feN [m* ordar / Va/ucz) & pile

@50 +l@ !5 = U5 k /m or unda/‘t'onbéadslofs

sheel /rapmz {54;,) /0.0 feu/m" 25’ shown befow (kN) :

Arez A Arez O .
3x /3 ,‘[7,7,‘ ¢.0) = 1850 kv | x 1Ox (5.75x7-9) = 455 Jon
+ /XI/’5,¢(7'?ﬁsé'0) = 545 / x /-5« (5'—;5,‘;.7) = &
2395 523
A 5 —_— —
ezl Area £
3 13x (395 135)= 5390 3, 3x(?9x/P5)= 320
+ /x //,5,;4],6,‘ /?,5): /590 / x /-5 (‘; 9 x(-3S)= 1068
: 6989 —
= #¢22
Area c
/ x 1O ,;(7,7,‘//.5): q10 //Onncz a O /QA/_.‘ .
+ /x /.5,‘(1 9y 1(-5)= /3G
/046

—_—

Q5 /2009 (loq24) /2. (1o#22)  Raw



The calcu/afions on /525702 /12 do nof include 7“’" e
@)C/caj,'/)f ma.{ong walls, So an allowanca needs fo b6¢

made,
:(&?ﬂxﬁ@ﬂ@ = 2-/28

C'.ay,‘fy wall
+ (200 x 0.150) = -0
# (Jog x 0.00)= 9% o
{ x ) 5-5’28%’-"4'5 = 25.0 Y

= /98 RV

Z}r’/o"ca/ /Oane/&’/ =XKox{T

Areza A 2395 + 2x/98 = 2791 kN Thrs Shovldd

Area B 980 + 2x198 = F3F0 RV ba abouf
f{ihl' /

Az ¢ Jodo + /98 = 1244 RN

Area D 523 + /18 = Fal RV
Arva £ 4688 + 2x198 = Bo&4 =N

771é Cheices 74:/' foun Azlions are /Ombab/y £

wilh The Jarger [oads wnder The 2 -Slorey

bHock - Jﬁ&#‘Hﬁw”hyéﬁﬁmﬂiﬁbﬂxkly’
CFA bored /ai/fng Fo rock

Qotion2- with lighter, more §or¢zzzd loading -

e n::@{-éonerz/'z ralf af LQVQ/ /| which

Oxtendds fo include e 3-Om-nrde /WM/?/

Access [ Clianfs requiremant number 4/.

(3[7/7'0/7 / -

— - -
Datum A= —- —orfL ||
T ﬁt}_.m/ e
. /GC. Fa# e#af‘/, li

s/ 2009 Wal g i

—

/3.



Tora/ r'a//' 2rea = G20 % 4/-0 = 24504'1
A//'(J/O foad - 0/0/‘;'0/:2 = ,2[-7’2/-/— 5084] = WGlo kA,

Confact /Drass’c/m wpder /'a//' =/ é7’0/245 = 47 'éﬂl/"z

"Skread/oo//nj on c/ag: D tlowable = 2x Cu =2x /ook%z
K Flona Cobb, “Stctoral Ey;ncm = o j 47

Fockalf Book” ’ .
opa 53/75iamo

Afa[n' there should be fwo c?of/'ons 7lor +he rﬂ‘&im’nj

wall. D/sfinctness 1s s required :

fmg/swio,Z@g Cribwall Re.Cont faver

A»/va/"f‘;a/'¢ calculalbons would bz Adona mn Sgcﬁbn Ze.
ﬁomﬂﬂ'&/’@ sechions would ba shown in Seclan 2.

The Method Statement [ Seclion < ] wou /d e;jp/a/n how
the wall would be built The outhne programme would
daterming a duralfion and mnsert This o [he
Saguanca 94 The works — /brpbab/y : bulk exeavation,
refaining wall and backfill. This would provde a
6a/¢ sle /or thae main works.

Qs/2007 » A



Alffiough much of the buk excavalion could be
/’cr/ajed Ihroug h Ha Soulh-Eashemn Access, if is
unlkely That 7%@ resf-of fie werk ceuld b Aone
wiThouf agfnj the Norfh-Wastern ccess Ind crossing
The buricd culver! [Fha refaining wall wil] /)-ona/a
a "step” in Mie sife profile / Larter Access Fo 7he
car park will requre fo coss Ha culvat Foo.

A gain ) +wo c}oﬁ‘ons’ are nz?ai red /

é Com 0/ ASSs b/ maferial

e o E TR /Ao/F
H |
Stee/-shaot || GwL
Camfr%ié/(z malrna/ /sz:caf /7
Concre
W Aecaslconeree ézamsz , €

MM; Comfz ' - f - N

 backin \\ —160 e
&;ncft?f¢ Block <z - ’

Wekcirli ’g"”fé it

\/

ey --.——-—.‘,,.‘,_x

B ' V‘.

‘ Pl m r:zgﬁ/ﬁkz
Ster/ - sheel n — T &

Qs /2007 /5. | 4w



. The /Dw/hanwsf Access Sur/acz-; could be /2/d in
"A’ao'k;b/o ’ concrele [fn which case "2 aenfraine }lmff
fesisfant concefe should be 5/0¢C///<Za‘], or concrafe

block 2”7’7, 7he colours o]L he concra/e block /Daw'/y
can bz use A o mark-ouf parbhj 63j51 zfe.

In Section /b The Clienf wishzs D dw6/¢-c;o The
ark;/y 31?3[@6»» x 50—0‘»7' COhe w&y would be

o pave The feqm’r@/ Arcx [ Loo m"] b.(/ J.ud/a’:gos
Use¢ 0/ the excavalzd sife. Mowever, 7The a’/m:zns'/ ons
of tha addifional area suq9esh fhat the Cliant is

Thinking of 2 second arking area 5a5/>¢nca@4 Above

tha original 2rea. Jhis proposa/ would naed access
ramps Nd eAge prifection as wall as drainage.
z@e/. Fo: | Struct £. Reoor, “Design recommendalions...car 5

-

Pzzzcaff Concralz dack anAd presfressAd |

recast concrafe Fransvesse’ Peams.
(dafails nof spown) 7

“D" el ’w&»,‘;‘;, P .:_.-,,Wﬁg, oo SRR J’:i T A TR R Y
- 1

| Confinuify rebar w.zéd; fo H-pile 2ni
| shaaf piling . nsitu l s/2b 3f Lave!/ 7
_Wg o L, o Y. ) .

T S U P ey S

v G

Eae————
T a—
=

~~ovarsifc concrete H
1

| A /b,‘/a: 7L
J == | /M’ B Sdctvons anvan
&/ -

. Slaz/-shea/ Sl /'/tzckdand f/f'
Y i ‘ Lp-sianding. 79
, )404-/07 4. 0 ) K; fnmmZ ka“z/
e 1 56 E o and connaecfad 10 _'

1 7L0/0 Ak

1G-0m which is [ess Than e /7-5m
| o The s5/fa boun dary ~-Sec Sation A-A.

Q5 /2609 /G, Rty






