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Possible solution to past CM examination question
Question 4 April/ 2007
Swimming Pool

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).



Question 4. Swimming Pool

Client’s requirements

k& A swimming pool with car-parking and a 2-storey basement: see Figure Q4

2. Car-parking is required on levels 2 to 4. Entry and exit to the car-park is via two curved access ramps, integral
with services cores, lifts and staircases. The services cores serve all levels including the roof. A swimming pool
50.0m long and 15.0m wide is requirved on level 1. The pool depth is to vary linearly from 1.5m to 2.5m. Floor-to-
floor heights and minimum headroom requirements are shown in Figure Q4. There is no restriction on the roof
height.

3. Each parking bay is to be a minimum of 2.6m wide and 4.8m long. 6.0m wide traffic lanes are required on each
parking level as shown in Figure Q4. No structure is permitted in any parking bay or traffic lane.

4. A fire resistance of 2 hours is required for all structural elements.

Imposed Loading

5. Roof 1.5kN/m?2
Car park floors and ramps 2.5kN/m?2

Level 1 floor and basement floors  5.0kN/m#

Site Conditions

6.

The site is level and is located in a city centre.
Basic wind speed is 40 m/s based on a 3 second gust; the equivalent mean hourly wind speed is 20 m/s.
Ground conditions:

Ground level — 1.0m Made ground
1.0m - 18.0m Sand and gravel. N values vary from 10 to 40
Below 18.0m Rock. Allowable bearing pressure = 1500kN/m?

Groundwater was encountered at 6.0m below ground level

Omit from consideration

8. Detailed design of the lifts and staircases.

SECTION 1 (50 marks)

a. Prepare a design appraisal with appropriate sketches indicating two distinet 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. After completion of your design, it is discovered that groundwater levels are slowly rising and are predicted to
reach 1.0m below ground level in the long-term. Write a letter to the client explaining the implications and how
your design could be modified to accommodate the rising groundwater. (10 marks)

SECTION 2 (50 marks)

Tor the solution recommended in Section 1(a):

i 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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Q4/2007 - SWIMMING POOL

Before marking I like to review the large number of choices presented by this question.
This is characteristic of the versatile questions set by this Examiner: answers can be
assembled from a wide variety of structural forms and materials, giving candidates with
diverse experience the widest scope in their attempt at an answer.

This does not mean to imply that a “Good” answer would need to be, or would have time
to be, as comprehensive!

| believe that the key to identifying the two viable alternative solutions required by
Section 1a is to have the widest possible knowledge of the different construction
procedures [as distinct from a facility with different analytical techniques].

So, I have set down a couple of ideas for the pool, the basement, the frame [four ideas],
the floors and the wind-stabilising elements. These ideas are not exhaustive and | fully
expect to be delighted by another, quite different, answer when | come to mark the
scripts.

I have also used a “picture-with-notes” style of presentation. | find that this is an efficient
and pragmatic form of communication: | also suppose that it may not suit everyone! It
takes some practice to become fluent in this “language”. However, it generally avoids
ambiguity [often found in wordy presentations] and makes direct contact with the other
person in the discussion — in this case the Examiner.

Remember, we can only mark what you draw and write! You may have had any
number of brilliant thoughts during the examination, but if you have not written them
down they are not available to us! So you must get all your ideas down on paper. Only
practice and experience will allow you to do so in a professional [neat, tidy and orderly]
manner. Mistakes are “painted out” using correction fluid if you are using ink [as | have,
because | knew it was going to be printed]. Pencil is a better medium for the examination
as it can be rubbed out and does not show your errors.

I have used various colour washes, but then | admit that | am not working against the
clock! The ubiquitous Highlighter™ is one source of several colours; however | have
used Tombo™ dual-brush-pens that come in 144 brilliant colours and a wide range of
Grey tones. | suggest that you select perhaps six from the range to represent water/steel
[blue], concrete [grey], soils [yellow and brown] and another two, say, red and green.
Colouring is a quick way of defining materials.

As soon as | have set down a couple of sensible ideas for each component of the building
[floor, cladding, frame and foundations], I can assemble the two alternative and viable
solutions required. As you do this I find that the preferred choice emerges and all you
need to do is to keep a note of your thoughts as you go along.

In a real-life situation you discuss the two solutions with your colleagues — especially the
QS [and Contractor if you have one aboard at this time]. You will, of course, express
your preferences — and this is what you have to do at the tail-end of your answer to
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Section 1a. This is generally called the “Review”, but as a Marking Examiner | would be
content if the candidate wrote “I prefer this because ...” In this manner you can review
the Floors, Frame, Foundations and any special features specific to the question.

My approach to this would be “What is the best value for money?” in this question a
Bentonite-slurry Diaphragm basement wall is a “good buy” because it can be installed
before the dumpling is excavated, retains the sides of the excavation, keeps out most of
the groundwater and eventually supports the superstructure. Using top-down basement
construction [and a lot of planning!] allows the Contractor to erect the superstructure
while at the same time excavating the basement. What other system gives you all this?

Section 1b — “the letter” needs to be addressed in a professional way — not used as an
opportunity to make-up time! There are ten marks allocated, and at 4 minutes per mark
this allows 40 minutes for a proper answer. Sadly, many candidates regard this as a five-
minute respite to write some trite and general remarks about an increase in time, costs
and professional fees! This approach does not address the question asked and certainly
does not resolve the problems that are posed. Half a page of scribble does not earn 10
marks — at least, not in this examination!

Your Client has asked a question and expects to be led through the answer in a sensible
way. You need to express quite complicated engineering concepts related to rising
groundwater without being superficial or patronising!

You explain that there will be greater water pressure and how you propose to deal with
both the construction and permanent problems raised by the increased pressure. You will
also explain that although waterproofing was provided in the original scheme that the
waterproofing needs to be extended.

As your remarks are actually going to be read by an experienced engineer — the Marking
Examiner — many of the concepts will transmit themselves or be recognised if you
incorporate some sketches in your answer and “bullet point” the main issues. The
sketches and diagrams can of course be used in “discussions” with other members of the
design team and so become a handy way of circulating ideas. The letter is written after
the sketches and accompanies them to add brief written explanations. | believe that only
in rare cases can this answer be limited to a couple of pages of text.

The Method Statement and Outline Programme — Section 2e — is another area where
candidates skimp their answer and effectively throw away marks! Being at the very end
of the examination, the last-gasp task, if it is not answered or skimpily answered it is a
strong indication that the candidate has not managed their time well — a most
unprofessional practice! Avoid creating this impression! Make sure that you allow
yourself 40 minutes to address these last two tasks. There will be five marks for each part
— the method statement and the programme — although the examiners are given discretion
as to how the marks are divided. It should not be difficult for you to pick up 3/5 for both
parts — equivalent to 60% for Section 2e and a pass!
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What is wanted in this Method Statement is the Designer’s view of how the building will
be assembled — the effects of the design on the method of construction and the
consequential sequence that must be adopted. In real life these matters are incorporated
into the Specification and BoQ and may have significant effect on cost and programme.

The Outline Programme must indicate to the Client and QS where construction time will
be spent. Basements take a considerable time to build and usually everything else has to
wait until it is finished. Steel superstructure goes up quickly, but then the programme
slows down while floors and enclosing cladding are assembled. The building is not
weather tight until the roof and cladding have been finished, and may delay the fitting of
services and fitting-out the interior of the building. Delays can be caused if large items of
plant have to be “built-in”. Deadlines may have to be observed if the Client’s business is
seasonal.

If the answer can indicate that the Candidate has an appreciation of the wider planning
process, this will improve the marks. Examples might be: identifying activities on the
critical path; specific plant requirements such as heavy lifting equipment for the new
crane girders or long trusses; and resource levelling using “Float” available in the non-
critical items. Most candidates sketch a Bar Chart but incorporate a large number of
activities; this gives them a lot of work cascading the duration times in a sensible manner.
Many of the duration times are faulty because they have been blind-guessed. Personally, |
believe that the best approach is related to the four quarters that are used to monitor the
cost in the form of an S-curve.

Candidates should not become obsessed with the pass mark [40%]. A Pass in the
Examination is the final confirmation that you are a competent structural engineer. In an
ideal world you would be given time to develop your concepts and provide your Client
with a full and exhaustive professional service — viz. a 100% solution! The reality is that
you are only given seven hours! Consequently it must be expected that your “service”
may be less than 100%.

Would you consider it professional to give 10% or perhaps 15% less service? This would
put your examination target at 85%.

Again, if you received only 40% of a full professional service would you be satisfied?

So your objective in the examination should be to pass with a really good mark — 60 to
80% - and not merely scrape through with 42%. A good pass will confirm to both
yourself and the rest of the World that you are a competent engineer. In actual fact you
will never know what your marks were, but you will know within yourself if you made a
good job of it.

This time | have not attempted the calculations — Section 2¢ — nor the drawings — Section
2d. Advice is given elsewhere on this CD. | have made a list of the principal elements
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that | would expect to see being calculated. There are 20 marks for the calculations and |
have identified four elements — the swimming pool floor, the basement walls [for soil and
water pressure], the pool supports and the selected main frame. The allocation of marks
would probably be five per element: perhaps two for the loading, one for the moments
and shears [the analysis] and two for designing the section to resist the forces on it.
Resolved into “working minutes” this is 8 minutes for determining the essential loading
[not every possible load case], 4 minutes for analysing the critical Bending Moment and
8 minutes for determining [at the critical section] the rebar or selecting a steel section
and drawing a sketch for the detailer! There is no time for contemplation! You should
have decided the structural model during the work on Section 1a — that is what is meant
by the “functional framing, load transfer and stability aspects”.

Section 2d — the GA and Details, will need a plan or plans to show the supports for the
pool — after all, the question is headed “Swimming Pool” and this goes with a cross
section though the basement and upper storeys. A part-elevation may be necessary to
show the external column features. The cores and ramps might take up too much time to
draw in detail but something must be shown if you are relying on them for overall
stability. Cross sections of the main elements will be needed — the transfer beam and the
supporting columns; the basement wall and the lower basement slab. Details of the
rooftop waterproofing and the finishes to the pool would earn “Brownie Points” and
boost your score in this section. Think about this section as a huge field of corn with
patches where the corn has grown thicker, and make the best harvest you can from it in a
limited time! Candidates with the traditional drawing skills fare best in this part of the
question. If your regular work uses CAD drawing this does not prepare you for the
examination. You must find time to learn how to draw and letter in the old way: with
pencil, setsquare and tee square. Find someone who can teach you the basics and then
practice at home. To give you some idea of the effort needed, the old-time apprentice had
to fill an AO-size sheet with alphabets drawn by hand before they even started to draw
lines! Actually, it can be very satisfying to prepare drawings this old-fashioned way: the
way of the craftsman.
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