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Possible solution to past CM examination question
Question 5 - April 2009
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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evenfed 74-pm buckling /nwards 7 Do nof 74»:7e/f’7/ue
sundztrons !
Th e Method Statement will fe&fure fhe founAdztions
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And e Aa&d//)g will ba Adifferant:

8. _

Toesssares ARE Vo gpeimalely T
= N.& feN [m* ordar / Va/ucz) & pile
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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
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CFA bored /ai/fng Fo rock
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— - -
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T ﬁt}_.m/ e
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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.
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Use¢ 0/ the excavalzd sife. Mowever, 7The a’/m:zns'/ ons
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