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FRP Strengthening on the London
Underground System

Reasons for Using FRP 1

* Strengthening in the case of marginal assessment failures
where we could not make a business case for
reconstruction (i.e. no stock or speed restrictions)

* Plating is fraught with problems. It has been found very
difficult to get a satisfactory weld to old steel and plating a
rivetted structure within the short work “window” and
limited space is impractical.

* FRP is a cold applied strengthening method and is light and
easy to handle. It is also fast and easy to apply in short
possessions.

©



FRP Strengthening on the London
Underground System

Reasons for Using FRP 2

* As strengthening on Cast Iron structures
where their position makes it prohibitively
expensive to replace them. It often proves
impossible to make the business case for
replacement when there is no stock or
speed restriction involved
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FRP Strengthening on the London
Underground System

Successes

Cast Iron struts at Shadwell
Covered way CW12/58 at High Street Kensington
MR46A
D90B at Olympia
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Contract Journal

Special report Rall

Under

the

bridge

The ageing Hammersmith Read Bridge crosses three rail
lines and is part of one of west London’s busiest roads.

When the time came to strengthen the weakening
structure, the use of specialist materials kept disruption
to a minimum. Helen McCormick takes a closer look.

strengthening a 145-year-old road
bridge over several railway linesin
one of the busiest parts of west
London was never going 1o be an
easy task. Replading the bridge
altogether was not an option
because of the massive disruption
that would be caused, 5o a quicker
solution had to be found. A light-
welght carbon-fibre  polymer
proved to be the ideal answer.
Hammersmith Road Bridge,
part ofthe A315 near Olympia, is
(hre¢-span  bndge over (wo
Network Rail (NR) lines and a
London Underground (L UL) irack.
it1s situated between the London
Borough of ilammersmith and
Fulham, and the Royal Borough of
Kensinglon and Chelsea Most of
Ihe bridge is owned by the lwo
councils, excepl those seclions
1hat pass over the railway lines

Short-term sobutian

[t was originally constructed n
1880 from 13 longitudinal casi-
iron girders per span, supported
on brick abutmenis and piers. But
(he bndge is well under the 40
required capacity for modern tral-
fic, wilh a deck plate resistance of
just 3rand a beam capacity of 171,

As 2 resull, the number of
lanes on the deck was limited and
a weight limit applied. This was
not 2 long-ierm solulion because
the road concerned is busthing
Kensington High Sireet on
one hal, and traflic-laden
‘Hammersmith Road on the other.
1t also serves both the Earls Court
and Olympia exhibition venues

“The new London buses are
also quite heavy, and the bridge
wasn't up 10 (he task,” says Sam
Luck, director rail south diwision
ai Mouchel Parkman, the design.
er on the project.

“Massive sirengthening was
needed, but it had 10 be es light as
possible and quick toinstail,” he
adds. “The Tube is ohviously
always busy, and the NR lines

carry freight trains as well as
being the Euroslar's roule 1o ils
depat, 50 it was very dillicyll 10
gel the 1rains 10 slop for any
length of ime *

Cominunus ser
Full reconstruction using pre-cast
beams or 2 sieel/concrele com
posite arrangenient was
appropriale. This was because of
the potential disruption 10 the
railway, the A315, Olympia. Earls
Court and the services carried
witlun Uhe bridge’s struciure - of
which lhere were many, including
w0 large-bore waler mains, sev-
eral gas mains and 2 clusier of
unclaimed fTbre optic cable
banks) “Replacing the bridge
would have cost an absolute
foriune because of the services,”
says Luck. “The diversion slone
would have been enarmausly
expensive.”

Several oplions were exam-
ined 1o reduce Ihe dead load of
the bridge, including replacing
the exisiing concrele and fill
malerial with a modern, hght
weight concrete or foamed con-
crete. Some suggestions went
ahead, such as separaling the
traffic lanes 1o reduce the load.
and reducing surface depth 10
100mm from the existing 180mm

The method of strengthening
eventually chosen was carbon
fibre renforced polymer (CFRPI
plale bonding, a lechnigue pio-
neered by Luck and Mouchel. This
expertise arose from a longsland-
ing Mouchel JV wilh siructural
engineer Tony Gee and Parners.

MR commissioned he JV 1o
produce a report on the develop-
ment and implemeniation of
advanced composile fibre-rein-
forced polymer materials for
sirengthening siructures, in par-
ticular railway bridges. Under a
subsequent agreement with NR,
detailed design of this type of
sirengthening must be carred oul

by Mouchel, and independenly
checked by Tony Gee and Partners
(or vice versa).

“This is relatively new lechnol-
d we need 1o ensure it is

has been used i more than 400

sites over Ihe past four years. In
2002, the Mrst all-composile
bridge was buill in Oxfordshire
out of a mixlure of carbon fibre
and glass Mibre. “lts reduced
weight meant we could build it
offsite for wransportation with 2
mobile crane, and fewer founda
tions were needed.” adds Luck. “Il
als0 has excetlent durability over
the long lerm, so wholeife costs.
are significantly less *

A strong band

The process of CFRP plate bond-
ing is similar to the steel plale
bonding developed in Ihe early
1970s. The stronger, stffer plale
of maierialis bonded o Ihe lower
flange of 3 beam. The plutes are
made of wo main materials - stiff
carbon fibres and a proteclive,
more lexible material.

Steel plate bonding has been
used extensively in renovating
structures, but suffers from sev-
eral insurmountable design
1s5ues: the steel cornedes; it is not
significantly stiffer or stronger
than cast iron; and it s dense, so
the increase in strength s
often offsel by Ihe increase in
dead load.

CFAP plates, on the other
hand, cause a negligible increase
n dead load and do not corrode.
The plates are bonded using a
Iwo-parl cold-cure epoxy adhe-
sive and are nol mechanically
fastened in any way, a benefil
when alfixing 1o casl imon, which
because of ils brittle nature is not
swilable for drilling

Apart from the technical
requirements ofthe Hammersmith
project, there was aiso an

MULTITRACK

exiremely lighl and inflexible
schedule Lo be taken 1nto account
The bridge, and therefore the
railway lines underneath 1, could
be closed only for very short
periods of lime. “This was lhe only
viable way of sirengthenling the
bridge in @ cealistic limeframe
wilhoul causing massive disrup-
ton in that part of iown.”
says Luck.

The strengthening of the LUL
span 100k place mnoslly during a
rare 96-hour possession over
New Year 2005. The main task
was the CFRP sirengthening of
the main beams. The metal sur-
Tace is prepared by grit blasting,
and there have 10 be strict envi-
ronmental controls in place, par-
ticularly in the winter, o ensure
the adhesive functions correctly.

Ligt
The gesign of sirengthening for
Ihe main central span required
dead load reduction. Some of the
Ml material was removed and
replaced with alightweight con-
crete. This had to be performed
n 2 slagéd construction method
10 allow Ihe road to rematn open.
The surfacing of the whole bridge
was siripped off and a concrele
screed put down 10 bed a new
walerproofing membrane and
surfacing.

Furiher work was rarried out

during the weekend of 23 10 24
July 2005. This was successfully
completed on sile within 48
hours, despite being delayed due
10 a train in the wrong location.
The LUL span is now rated
a1 400,

The completion of the scheme
depends on the availability of
long possessions on ihe other
spans.  Normal possessions

(around eight hours) will be
used over the next couple of
months to grit-blast the NR
span deck plates. Luck is confi-
dent the project will be com-
pleted within 1he next 12 months
and soys the bridge shoutdn't
need any major work for the
next 40 years, which should
please both the road and rail
commuters of West London. T

Factfile: Project timeline

u Preliminary feasibility: July 2000
Secondary feasibility: April 2004
B Detailed design: Summer 2004 - spring 2005

W Site construction: New Year 2

005

B Night possessions: January 2005

® Weekend possession: July 2005

tfile: Hammersmith Road Bridge
@ Value of design work: £250,000

Gincluding site supervislon)
& Value of site work: £3.5m

' Designer: Mouchel Parkman Services,

‘Advanced Engineering Group

& Main contractor: Colas

8 Supervising contractor: Edmund Nuttall

W Spedialist subcontractors: Conerete Repairs (CFAP bonding),
Tone iscatfolding), Nixa {grit blasting and painting)

 Material suppliers: Epsilon (DeguysaMBT),

London Concrete, Lytag

B Computational software; Mathsoft Mathcad, Ansys




FRP Strengthening on the London
Underground System

Recent Difficulties

FRP Composites : Life Extension and strengthening
of metallic structures 2001, Thomas Telford.

This recommends a design life for FRP of 40 years!
What is the basis for this?

Effectively, this destroys any business case, as at
best in theory we will only get a 40 year life
extension on a structure that has much of its’ life

already expired.



FRP Strengthening on the London
Underground System

Question — What do we mean by Bridge/Structure life?

Bridges will last for as long as they will carry their required
load! A proportion of LU bridges are old than 120 years and
so in theory they are fully depreciated and therefore have
no value. In practice this is untrue, there are of full strength
in good condition and are likely to remain for at least
another 100 years, their replacement cannot be justified on
any economic grounds, and to do so would cost huge
sums of money in disruption costs.

©



	Slide 1
	FRP Strengthening on the London Underground System
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9

