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Possible solution to past CM examination question
Question 3 - April 2007
Opening Access Bridge

by Kirsten Morris

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 3.Access Bridge with opening span

Client’s requirements

1. A bridge carrying two 4.0m-wide traffic lanes and a 2.0m-wide footpath over a canal to provide access to a new
waterside development: see Figure Q3.

2. The minimum headroom required above water level is 4.5m when the bridge is closed and 15.0m when the bridge
is open.

3. The minimum clear channel width required is 10.0m. The water depth in the clear channel is 3.0m. The clear
channel must not be closer than 5.0m to either bank.

4. There are no restrictions to the overall size or height of the bridge in either the open or closed positions.

5. The minimum headroom required for road vehicles is 5.7m

6. Approach ramps should be kept to a minimum height with a maximum gradient of 1:12.

Imposed Loading

7. Vertical traffic loading 10.0 kN/m2
Footpath loading 5.0 kN/m2

Site Conditions

8. The site is located in a marine environment adjacent to a seaside town. Basic wind speed is 46m/s based on a
3-second gust; the equivalent mean hourly wind speed is 23m/s.

9. Ground Conditions:

East side Existing ground level to 0.2 m depth  Made Ground
0.2mt010.0 m Limestone, allowable safe bearing pressure
1000kN/m2
West side Borehole No. 1
0.0 to 2.0m Topsoil
2.0m — 30.0m Loose Sand and Gravel, N=5 to 10
30.0m Limestone

Groundwater was encountered at 2.0m below ground level.

Omit from consideration

10.  Detailed consideration of the mechanical means of opening and closing the bridge.
Accidental impact on bridge and supports.
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. Identify the
solution you recommend, giving reasons for your choice. (40 marks)
b. The client has asked you to consider increasing the headroom above water level to 6.0m when the bridge is closed.
Write a letter to your client explaining how this could be achieved. (10 marks)
SECTION 2 (50 marks)

For the solution recommended in Section 1(a):

C.

d.

Prepare sufficient design calculations to establish the form and size of all the principal structural elements
including the foundations. (20 marks)

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)

Prepare a detailed method statement with diagrams showing the key elements of temporary works for the safe
construction of the bridge. (10 marks)
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The problem is to design a structure to provide access over a canal with an opening span. This is
outside the experience of most bridge designers but it should not be seen as a major problem after
careful study as the question specifically excludes consideration of the mechanical means of
opening. A question that at first glance appears difficult is often the one that provides the best
opportunity to gain marks and show the candidates understanding of a variety of structural issues.
i.e. You are required to demonstrate understanding of key structural principles and be able to design
key elements of the structure.

The key to understanding this question is to appreciate that there are at least two distinctly separate
but equally critical load conditions: in the closed and open positions partly because it is likely some
reversal of load effects may occur. It is also important to consider the temporary state during
erection which can also be critical. For an efficient design the moving part of the structure should
be as small and lightweight as possible and the loading on bascules/ swings should be balanced to
minimise lifting effort/ overturning moments respectively.

The ground conditions are very different on each side of the canal with Limestone close to the
surface on the east side and at a depth of 30m on the west side with loose sands and gravels on top.
This is pointing towards a possible asymmetrical arrangement for the structure and foundation
construction which should at least be discussed in section a. The question also allows some
flexibility in the position of the clearance envelope within the canal. There are benefits in building
the larger foundation to support the fulcrum of the swing or sliding structure close to the rock
embankment to minimise its' size and the amount of construction in the water. It will mean that a
deeper piled foundation will be required on the other side for the approach viaduct.

Part a:

There are a number of possible options for solving this question and providing elegant structure.
The lifting span could be achieved in a number of ways:

® Swing bridge using a balanced cantilever or cable stayed system. A single swing with the
foundation as near as possible to the rock embankment with a longer lightweight span across
the water and a heavy short back span to balance towards the embankment.

e Bascule lifting bridge. A single bascule again near the rock embankment would be most
efficient. A counterweight span at road level is likely to dip into the water which is not ideal
for a durability point of view so it would be preferable to have an overhead bascule with
cables to lift the bridge or a decorative counterweight that rises above road level when the
bridge is closed. Note that the closer the pin is to the clearance the greater angle of lift
required but the smaller the span.

e Sliding bridge (sideways or longitudinal). This would be harder to set up as all the elements
of the moving part would have to clear the road before sliding can be achieved. Sliding in
line would need a cantilever involving uplift as well as vertical loading on the sliding
bearings.

e Direct lifting. This would require two piers of similar construction in the canal so is likely
to be expensive compared to alternative options. Also both sides would need to be lifted
simultaneously. Wind loading in the raised condition may be a critical issue as it needs to
be a lightweight structure lifted high.

Q3 - 2007



It would be good practice to avoid any part of the mechanics / moving parts to be sited permanently
or temporarily in the water or inside confined spaces as this presents a durability and a hazard for
maintenance activities.

The loose sands that may be subject to settlement under the approach embankments so some
discussion of differential settlement gained marks. Keeping the channel close to the east side will
reduce the fill on the east and reduce the rock excavation on the west.

The available depth of construction with a horizontal vertical alignment is 500mm which is
adequate for a number of structural solutions to span 10m clear. The road alignment does not have
to be horizontal but must be within the given limits for the slope. There are no restrictions on the
road level or length of the approach — other than those dictated by economy. If in doubt in exam
situations you are permitted to state your understanding of the question and the examiner should
mark accordingly. It is generally NOT a good idea to try to simplify the question as it is likely to
limit your opportunity to gain marks. Remember you are trying to show the examiner how much
you know and not just present a solution that works. Some of the options would be more complex
with a sloping alignment.

The stability of the structure in the open condition must be considered and to check that the moving
parts will not clash with static elements of the structure.

The key to the solution for a swing bridge is to balance the dead loads to minimise the moments
around the pivot point and for a bascule is to balance the dead loading so the effort required to
move the bridge is minimal.

It is suggested that candidates come to the exam with a checklist that can be described in one
paragraph or even one sentence per option, as follows:

- sketch elevation and cross section (not to scale) to explain structural type adopted
- column types and abutment types

- foundation types

- articulation

- load path

- constructability

- durability and maintenance

- aesthetics

The above points can then be summarised in a table before the recommendation is made.

Part b: The question requires an increase in the clearances - the scope of the response depends on
the solution chosen. It is best to aim to get as many issues as possible for discussion so do not
select your option to avoid problems in part b or you may limit your opportunity to gain marks.
There are a number of issues to discuss for a rise in the vertical profile. Raising the approach
embankment on the west will increase fill and possible settlement. Raising on the east will reduce
rock excavation on the approach. The height of the substructures will be increased as will the visual
impact. Greater cost, longer construction time, possible affect on the moving mechanism, increased
wind loading for the temporary condition. It may also be worth noting where your design is
beneficial in this regard — i.e. Issues that will not be a problem such as no change to the lifting
mechanism,
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Part c: Itisagood idea to do an outline calculation for the balance of loading at an early stage to
allow preliminary sizing of the length of cantilever and backspan. This will allow final layout of
the piers and moving section to be fixed. The size of the main beams and cantilever elements,
lifting cables, and the pier and abutment needs to be established along with two types of
foundations (piled and direct on rock). Two load cases must be considered for the open and closed
situations. The open condition should consider wind loading effects. If the bridge is to be launched
the temporary reverse loading and cantilever effects during launching must be included in the
design of critical members since this can be the critical load condition. Lateral buckling / u frame
action to restrain the compression members/ flanges of compression members is a critical issue in
truss solutions.

Part d: Plan, elevations section, details of significant elements — bearings, joints etc.

Part e: There is a great opportunity in this question to show your knowledge of special
construction issues and temporary works but make sure the basic sequence makes sense. Itis
helpful to be familiar with Health and Safety and environment issues but you must be able to
describe temporary works required to construct their design. There are lots of issues to discuss for
example:

e Working in and over water (piling/ caisson)

e Access across water

e Possible pollution to sea with debris / construction materials
e Possible sensitive area with tourists, residents etc.

e Siting a crane on soft ground.

You don't need to be familiar with methods of construction over / in water but you should be able to
recognise the problems and understand basic principles.

Figures:

Fig 1l Outline scheme - Option 1
Fig2 Outline scheme - Option 2

Fig 3 Load transfer - Option 1

Fig4 Load transfer - Option 2

Fig5 Bearing layout - options 1 & 2

Commentary on the figures

Figures 1 — 5 with notes

References & examples:

NCE 22/11/07 insert “The historic bridges & Infrastructure awards 2007 page 21 Wellington St
Swing Bridge Kingston Upon Hull.

http://www.bardaglea.org.uk/bridges/bridge-types/bridge-types-intro.html

Tower Bridge London.
Peros Bridge Bristol

Q3 - 2007



S am s e e e W e %M

P X ]

LDM)ﬁM c\( MOA (Y;MAAA'\M : . {—L OettoN | - SWIVE BLIDGE~ 0\3 deck L»\,[Mce_ok CW\:‘VICUJ
olose as eossikle o Rock =3 painim tSE octf# deck /Caw\bwefﬁul clock
PR S — ‘
N-‘u\:\@t“‘e \N&e Radakfon wm ,wJJ.Le il GAs\wt}‘cM O’éPﬂ‘ v Gnhleve o / 1 o T E
o olef w ke bealha . ~ b G be tedoce as osde DL.
2 eo\wl spons =) Ao o pleS w <
;)hk:}b Yo ase level olocve J
shown | ‘b) (oole |
ﬁep(oacL\ @rrp Span ()McuS‘}’ /du\ | Hodh o gmpb sdppo/kd spu/lb fx DLELL .
o minceuse [k werlkbag oves wade/>
e ol e
100 400 Rliow 160 5 i delonce Yo pint
- |cana! ( - Yo exsure clecyonce
' ' S mn A > Juriaa, rekehan .
LA ; Een %’/’M—’ nole Qow\: at s\%LJ' 0‘@(2
. . § , , o prever Jamatiasy
Tessible aon slab WES ¢ _
to  dea witle setilomart. WEST : Temporean f% 4 Poller \oewwss S st be Gbdlecd
: Position ook [l -Pileas N g § EAST Locked cn pestkon on oper ¢ o
Finished BC:{ Clenronce - © 2 wead (oa.o’c,}b .
road level | ! deflection Rrokne,  Finished
 — | erante ) 3 i~ road level R
] : . . i < [
e S T | AT NP I 7% el
: 2 g T e — N BN A - .
der o b Gustucho Y — tempo (WY I | "
pre/ odoukterl  Gumsuchon 502, L - ,_,_pﬁf—rﬁ?\fpwc&m e : -
- _ 4 T 7 — y / .
JBedlevel I ‘3.0 ) e
§ ' }/ v N LIMESTONE
4 LT x/ / \—-—r—{ Q
£ S/ lever agm e |
Aecoachn Spon LOOSE | - P /”' ' lles  stailthy :‘%i /‘?\g::saj;( i
WQC e . - : /. . on ovement + Ot \| L of\ offer AGM
G ollernokive  choi@s Qs . SA;]D / _\s\fe“(;f:: P / QPileA"‘G’O/\fJ“ﬁGC / Gledr ‘:(:c:\ posihon “f\lcvo Yo mipige Gaciete ?
fud ok @ O IR P AN = TR iy Fred £ Loti londs.
com ks, N 7/ ’ Expected G~% o va Woler b"j\”‘w b LV pccesS &£r machues
Deasin nob AT , // Rockhead v aufliout 4 e
: ‘777 ;"\";m.j‘;}\* seb)\ as M&t\'()at/\& ‘\\)@Col &\-mo‘ seace: Q o(
.7 ’ ot W : S Jeel lo
% Az///(\}\cck Loondak Gllodowr + ek sheet : Sprces ey °
‘ ¢ anow . p'.,le &u\-o ock
LIMESTONE Lovoy cakingy gles FAbs s Deed b
e ‘o Gaduck Hon e poter .
roL Bollvds 4o pevm\' ship wpact .



k besco le

| D) (aﬁerwe%\/\} dec

heavey Gunderweisht

© Mo imom |

shdd ask allas i o

Colole

opTion) 2 Boscute

('ml’}\evef 0’9P+L

con be v -
as supperts DL
but shfiness required
dunkb {«ff‘c}\s.

LA@ oveheod bascle.

'.Dep’}l— ol deck 2
2 g coanhlever Tascole

|

MUA 30»\ om Yo MLAMLSE

\F o Keep Gutilever
(@6{:‘« o midaimom

drop wate walr - pravienan ce 100 - 400 canal lovdlor o L} :
- oJoul‘ o LZ 9 .
Y "b / G wb:;?g clearonce o" (GUA¥0“)€‘3‘~+
. [ 10 ‘ movmert o mechalgm / dane
‘ ovokead loscule lbeones \oss elfechue
. - . = ol (.2 ch /‘b\ 'b cl-[(o.»)
n lone hhess dvinsy Lt o anse WEST | EAST ” goeMa Lixik & Age se
ol MecL\nvitsM "-’(’ “(‘Bued J VLIQFA;‘F"‘"*S ,} . Position 7
e Weed o look oF wead a:’:l':"ﬁ ‘}l:::l.&"\ Hn?}:ﬁg BO:H Finished
P‘“‘u‘ ‘ s mecl : roa , : oad level
when oper. owd load en hr3e — i Plvel  ro8 ?eogsﬂole ok Cak Yo ot 3 Smda?
1 Bslepe Simple spn \/ A
. ‘ { , -
30| _Ground M. U P )
N T - — 7 5.0
50 " ’[ 300
R ) /-~Bed level 30 LUMESTONE .ga“ololS iz Pr;Gc'\l 9‘9"’\
—

LOOSE
SAND
&
GRAVEL

U U P TN W T VI T W Y W

AU U W

ey
/
P74

?\\ec\ / (onSSen A waler

s Ficed /Peec
:{’/ y Expected
_// ' Rockhead

4 .. gt ame, Jastsend . . M

e ] .
$ILT / 7_’}

S\a’p Jmpac'k' e ppeum"
enctoackpment avk o} clecronce
zore (IMPacl" on laused obck)

Fuced oloukment.

Fowmdah s @
¢ one clese b pook tedoce st /o’epl'L /CDM.
fxed o o pweb & bascule .

foced end o opproaci. spon  tequres fovkpsy pﬁlﬂs/s‘o}l m‘s\na/

benolaa an plles @ Bodonce cosbs + asks ob
Ciy.;w:5 efler ene Wl D.leck cheice 1=
Docussien wilh ?z‘.;b Owbtacker essahod w pruchice
el bect ofiin 4o “Ro of alouchment.



Loa> —1RANSFEEL — SwWWé&  B2iDGE oPter> |\

DL,

o : t D, .
got'w\ceA Gantilever oPen RS NYVYYYY
- 4 A >
L NV L,

T 3
Max M = wh = Wi
2 Zz
mwnor  Grrechens do .oalwm Aeder b ‘w\/&:l\é peachons
lp,.eLua-\o.(_.,) 9\,\\ w Gapressioa e Torees clese o loolarce.
gM Ongom Corkd ouve o efleck o o©DL
DL as ealoone : '
LU each Spen Seowo:\’e + Botl "'OSCH.U'
= moax Shg o eack spea  mox L\p& ) MO ‘oec/p:ﬂs [aac/
S envelepe o 8M. )
wend  Ade s:%mﬁowd i closed P“‘k""

T - tensien ; ’
¢ - ContppesSSion ‘

f Rriche shodd lock oawm

ot end \geoJ&\S LA cleséa(

pacl on o aweid, bounce /up'«\[f

Calole S\n\/

: le .
s rc)\e. a-ble Lonj*uohko.i « drowsy dpads & P

o Trensy (oqols at aJou&M* /pe
© wihea closed .

moltiole aable

oper /%\\_/1 6M}\\..,.j

\\_/

closio\ S Sumles Youk vu-\mo«l exd reachans well ”“";‘(.3 e/\\/elaee_



LoaD TeAOSFER - gASCOLE- /  oPTLen) 2.

L
DL 1
Bascuck DECIL AN ‘f
) 2 . OPEN: :
&m WL/@_ wead (oao‘ o ‘:zold\és‘ + dreve

OPC/\ wmecharcs m [[Q,‘HA P 4'°.A€)

DL+l .
closed /\BM DL+ L Eavelere  loadcases as ophow |

THoe—— 1 ~—"1

opeij 4 /}/ sheat ‘C’IQ O)Caf)MM (mere (oad on @v'\lo"’“al“’l' wde)

Rascole Waln level BeoM . rmmm»W " eree 7
= " , L orive force”

ks T : -
8m = PXL‘-!- w,L' = \f’__’;: + One —Qrce
2 z

OpeA
losed! __.Mﬂ\
ofer + clo Am closed P=0 (o0 ree’ O) deve = O

cogved oue fo upL

gm o\iasrowi slf‘ﬁ\'vf‘)




BEAR\LVG

sSWIVGF

Rascuv le

WeoT .

SPecCu\ls—l' (a\—q}\',\b
beo-ra\b-wil( \ce lqrﬁe

&>

4>

f

N
e .4;. caeal pin - Bived \ooth Suechmas
¥ F(ce “'b fo*c»‘-(.
« & " . ‘
" os o w4 rlle bearass A
¥ ‘é— ! > Creolas Ohoane - wesk ke
¥ tronsv werd (oad + rovered lvolS.
I 4>
4> Free loearinas.

Guwided baissS wsh ke goallel fo lue o
e\zpmslm + Pltdu-‘\ l°¢k"5

.

&> sldig L bearnss - traasu
wrd  (oad wler closeo| .
(opfo~ to gt Grmiboune il one
sole of Qe bew»kg}

Roller beonls /PL.A - Fu.e o rotote ¢ gliode Homsuers€

Sepec colist R\ft’ol (Msl‘l'ao’m'na.l

ﬁoU-e: \oeuw\s/pu\— £ree e (‘o"a.'tt; ‘L\\oeo( o (JIM

Seecialcst

lie op witt fxed cdler e avedel

-
ey

- POG?JOLZ ao’o).}\.wm.( C.»ee EQIMSS /G’»a rller eack acl .



Commentary to
accompany diagrams

Question 3, 2007
Access Bridge with Opening Span




o) et b Gbleve”

v eclarniale) Aeek
- Opped | - SwulE SEBGE " F &)
Loenbins o it ki e
Jotr va el o B ik Mo gt o i
s g e et Gughoches sl ¥ :..-'ﬁ v-h,-: o e b
Bt bof - e gar ik, b e loval et by Gk vy
el wpens P,
= . sy ol Pl BB
b femd L =
paprearks  mp tpn prod ;
rice e i, e mnle/
o w 3
e bttt Yo ik
- '§ o asore loinace
(e = 2 b g B

an _-1-\/E_+___——

B bomsimp iy stk b bl
bl o priie S e g

o b8
Ml Goafoad ymest
Sment ke o i

Ballundy o e Whp wapact

At the beginning of the examination it is recommended that you start with drawing and writing notes in a rough plan
to collect your thoughts and this will help develop your ideas. This is a quick way of setting out your ideas and,
where you have been unable to finish, these notes can be invaluable to get marks. You will notice the volume of
information on the sketches on the following slides and this will all count for marks. This form of presentation is much
quicker to do and easier for the examiner to understand than lengthy essays. This is particularly relevant if English is
not your first language. It is helpful to draw up the problem roughly to scale so you can try out ideas and check
dimensions to make sure the solution will work. You cannot rely on the drawings in the question to be to scale. All
of the notes above are likely to get marks for section a and some for e for the temporary works. The examiner is
Iookli)ng for you to show that you understand the issues around the problem and arguments for why certain solutions
are better.

My initial idea was to put the pin of rotation well onto the east embankment but then realised that | was wasting the
back span and having to cut into the rock. This type of issue can only be appreciated by drawing up the problem. It
may be more cost efficient to provide a single large central pier to support the pin with two cantilevered spans to be
supported on each abutment when closed.

It is critical to look at the movement on plan. The back span cantilever is probably too short as drawn here to prevent
the corner of the deck being obstructed by the abutment during rotation. The joints can either be curved (centre of
curvature at the pin) or angled to ensure release of opening which is the cheaper / simpler option.

Note that the rough working shown here probably took slightly more time than people have in an exam but there are
many points to be had from legible scribble. | don't think it is necessary to put much more description on the paper to
pass part a other than some description of stability under various load conditions open / closed and reasons for your
selection to follow up.

Deck construction. You can prepare span: depth tables for various types of construction to use as a lookup in the
exam. This will save time deciding what solutions are viable. Note that the depth shown on these diagrams is
probably too shallow. Preliminary rough sizing of the depth of construction using span : effective depth ratio’s of 1:6
for a cantilever or 1:12 for a simply supported span or 1:15 for a continuous span can be helpful. IStructE “manual
for the design of reinforced concrete building structures” gives these values which are a good start. You could of
course use your own experience to prepare rules for different types of bridge structures.

It is a good idea to prepare folders with information on different bridge types such as railway, river, footbridges,
motorway, aqueduct, moving etc. for quick reference in the exam. The same applies for construction types: truss,
bow string, arch, composite steel beam & slab, prestressed beam, cable stay, suspension etc. and for different
foundations. There are many websites and references you can use to give you information.

Study also construction methods and associated health and safety and environment issues: Launching, top down /
bottom up, caissons, cofferdam, Lifting material delivery.
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It is ideal if the second solution is significantly different to the first so you can
show as much knowledge as possible

Do not bother to repeat issues mentioned in solution 1 as it will not get extra
marks but it is worth mentioning where elements are the same/ similar.

| have ignored detail of the simply supported span but some marks can be
gained by discussing it and it is better not to ignore issues. Certainly do not
ignore issues deliberately because you don’t know exactly how to solve them
or try to simplify the question. This will limit your available marks as you will
get some for recognising a problem even if you don’t know the best solution
and you could lose marks because the examiner thinks you haven't identified a
key structural issue to the question.

The foundations options are subject to discussion as one end of the approach
span must be fixed. It would be more structurally efficient to do this on the
shorter piles but construction in the water is significantly more complex. You
would not be expected to know the best answer but you will get marks for
discussing the issues which would in practice be resolved by discussion with
specialist contractors.

For this solution it is important to protect the headroom when open with
bollards to prevent shipping getting too close. Generally ship impact should
either be included in the design or prevented by the installation of barriers in
the water.
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The examiner will be looking for simple diagrams to show that you understand
the structural behaviour of your structure. If you can’'t draw these simple
diagrams for the main types of bridge structure then this is a key area for
further study. The diagrams above clearly show how the load transfer is
working within the deck.

Don’t forget to discuss the foundations as well — particularly why they are
different at each end. How are torsional loads carried by the deck, bearings.

Longitudinal braking (each separate span), transverse loads from wind (each
span).

| originally drew the bending moment diagrams with straight lines but the UDL
effect causes a slight curve. This is a minor effect and the formula is correct.
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It is important in this question for you to show you understand the different
load conditions both open and closed. The examiner will be confident in your
abilities if you can present good bending and force diagrams.

These diagrams can also be helpful to assist your answer to section c
calculations.

| originally drew the bending moment diagrams with straight lines but the udl

effect causes a slight curve. This is a minor effect and the calculation is
correct.
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A bearing diagram is a useful way to gain additional marks but can also show
lack of understanding. It is good to provide a key to your diagrams in case you
mix up and draw them the wrong way round in haste. Each deck must be
fixed at each end in each direction but too many points of fixity will prevent free
movement on expansion of the deck. It is best to look at each direction
separately. Itis important if the deck is curved to make sure the direction of
the sliding bearings is towards the fixed bearing and not on the tangent of the
curvature. Uneven loads on the deck must be supported by a bearing that can
support torsion or two bearings that create a couple. A single bearing at the
end of a span is unlikely to be acceptable unless it can support torsion.

The swing bridge deck would probably need bearings that can resist uplift
(unless sufficient kentledge is provided) to prevent it lifting with traffic loading /
wind actions.

Due to the complex working of the problem it is likely that the above has taken
a significant time so it would be better to set out some pro’s and con’s for the
choice of structure and then tackle the rest of the question and return to tidy up
text for section a if there is time.





