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THE BRIDGE


The High Level Bridge is a key route between Newcastle and Gateshead.  It is an iconic structure, one of seven bridges which cross the River Tyne in this vicinity.
The High Level Bridge is a major part of railway, engineering and local heritage.  The bridge is a Grade 1 Listed structure, which was designed by Robert Stephenson and built by Thomas Harrison; it was opened to traffic in 1849.

The bridge is a unique structure carrying both road and rail traffic.  It is one of a few remaining cast iron structures that, owing to its listed status, must be preserved as near as possible to the original condition.

THE PROJECT

Workers have been on site since 2001.  In Feb 2005 they began work on the road deck which is made of timber covered with normal road surface.
Removing the road deck allowed access to previously unreachable parts of the structure which revealed further defects.  In some places there were in excess of 30 coats of paint, which further masked faults.  
Faults included cracks in the cast iron load-bearing beams and work on the road deck was stopped while further investigations were undertaken to establish the extent of these faults.  

Many of the faults were very similar and related to the age of the bridge, the loads it has carried and the fact that it is predominantly made of cast iron.

The bridge’s listed status means that the project had to replace like with like OR fully justify any alternative solution.  Many of the longitudinal beams had faults but, instead of replacing them, specially designed and made overbeams were installed which take the load previously carried by the old beams.  The cast iron beams remain in-situ in accordance with listed building consent.  However, each overbeam had to be cut to fit and bolted into place.  There are many hundreds of thousands of bolts over the whole structure.

The faults on the road deck do not affect the rail deck above – hence trains have run throughout.

The work was completed in May 2008.  However there will be limitations on the road traffic allowed to use the bridge  - only buses and taxis and just in one direction.  This decision was taken by the councils following expert advice from the engineering teams at Network Rail, May Gurney and Mott Macdonald about the strength of the structure.
FATIGUE TESTING

The bridge had suffered fatigue damage over the past 160 years, and engineers needed to find the extent of this damage.  
Some of the cast iron beams from the north hardstanding area were removed and sent to the metallurgical laboratory at the University of Manchester for testing.

Once testing was complete the beams were repaired and strengthened with carbon-fibre reinforcement before being re-installed on the bridge.
To help assess the level of fatigue damage, the National Archives in Kew were consulted and every single recorded passenger and freight train movement since 1849 was accounted for.
RAIL DECK
Additional ‘swan neck’ girders were added to the rail deck in the 1890s, to strengthen it for heavier trains.  A number of the bolts had corroded so every one was replaced at night while trains were not running. Some of the work on the structure of the rail deck was carried out during 54-hour weekend ‘possessions’, when all trains were diverted from the bridge.  Engineers dug down through the ballast under the tracks to uncover the drainage troughs.  New pieces were made, welded into position, and sealed.  All of these jobs were completed in time for the first trains to run on each Monday morning.
Steel beams known as stringer girders are part of the structure of the rail deck.  Several of them were damaged or badly corroded so they too were either repaired or replaced.
Many of the connection bolts between the tops of the columns and the rail deck posts were corroded.  In some locations they were missing altogether.   These were replaced and - where necessary - new brackets were fitted for the bolts to attach to.
Inspections of both flared ends of the bridge discovered that the central row of columns no longer supported the structure.  The ground under the columns had been compacted over a number of years and the columns were in fact hanging off the rail deck rather than supporting it.  The ground was injected with grout before re-loading the columns by driving in wedges.
ROAD DECK

Modern vehicles are much heavier than the ones the bridge was designed for.  Similarly the original longitudinal girders had deteriorated over time.  The originals could not be replaced because of the listed status of the bridge.  Therefore extra ‘overbeams’ and ‘underbeams’ were added to carry the weight of the road deck.

The roadway cross girders were also too weak for modern traffic and very corroded.  Each one was replaced with a new stronger steel girder in careful sequence to ensure the bridge remained stable during the work.
There were fractures in the wrought iron chains that tie the ends of the main arches together.  These were repaired to stop the structure spreading under load. 
‘Metalock’ repair techniques were used to repair cracks in the cast iron all across the structure.  This method uses carbon steel annealed keys (or metal ‘stitches’) to provide a virtually invisible repair.

The weight of the road deck rests on wedges driven through rods that hang from the rail deck.  Many of them were seriously corroded and had to be replaced.
Repairs were also needed to the wrought iron hanger rods themselves.  It was not practical to replace the whole rod, as each one is encased inside a cast iron column.  Instead a small temporary ‘window’ was cut in the column and used to gain access for the repair.  This process has been likened to keyhole surgery.
The original road deck drainage was inside the masonry piers, so it could not be accessed for repairs or replacement.  Following consultation with conservation officers, new 6”x 4” cast iron downpipes were installed on the pier faces.  The work was carried out by teams using rope access suspended from the bridge above.
Inspection gantries that were added to the bridge in the 1950s were in poor condition.  These were lowered from the bridge and taken away by boat for refurbishment.  At the request of the conservation officers, they were painted grey before being reinstalled to not make them stand out as being part of the original structure.
WOODEN DECKS 

The existing softwood road deck was in a very poor condition and had to be temporarily supported.  This has now been fully replaced with a more durable greenheart hardwood imported from sustainable sources in Guyana.
The timber deck has been waterproofed and surfaced with the application of a waterproofing membrane which will provide additional protection to the hardwood timber and transverse cross girders underneath.  The tarmac road base material was then laid before a modern hot-rolled asphalt surface completed the road construction.
Similarly the softwood footpath timbers were in poor condition.  These have been replaced with new Pacific Douglas Fir timbers.  The existing timber supports were tested, and if found to be in good condition they were retained.
The footpath timbers were waterproofed before mastic asphalt was hand-laid providing both a waterproofing and surfacing function.  The surface was finished with a textured roller to provide an anti-slip surface.
DECORATIVE DETAILS

In order to restore the bridge to its former glory the decorative parts of the structure also needed attention.

This included rail deck balustrades which had many cracks.  The ones which were beyond repair were replaced with new cast iron ones made to match.  Ones with fewer cracks were repaired.
Fascia panels at the top of the columns were also cracked.  A small section of the fascia was removed, and new cast iron sections were made to fit and bolted into place.
Many of the decorative roundels were fractured or missing, and there was a risk that they could fall off and cause damage.  These were replaced with new castings where necessary.
The paint was carefully examined to discover the original 1849 colour, which turned out to be cream to match the sandstone piers.  Dirt layers between coats suggested that the bridge had been re-painted 17 times during its history, with a total of 33 paint layers in places.  
In its time the bridge has been black, gun metal grey, dark blue, green, and battleship grey.  Conservation officers and English Heritage decided to return the bridge to its original colour.  The paint used is a modern five-coat epoxy system with an expected lifespan of 25 years. 
Each masonry pilaster has an ornate casting on top which are thought to have originally been used to support gas lamps.  Where possible, the castings were grit blasted and painted.  Ones which were missing were replaced with new castings made to match the originals.
With funding from the Railway Heritage Trust and both Newcastle and Gateshead Councils, the original cast iron lighting at road level has been restored and converted to electric power.  During the grit blasting operation, a detailed rose design was found on each lamp post, which had been hidden by the thickness of paint.
THE FUTURE
Work on the bridge was completed in May 2008.  The roadway and pedestrian footpaths were then handed back from Network Rail to the Gateshead and Newcastle Councils' management.

Before the refurbishment the bridge had carried two lanes of traffic.  Engineering experts have advised that, given the age and strength of the bridge, this is now unsuitable.  Following negotiations between engineers and council experts a decision has been made to allow buses, taxis, cycles and pedestrians ONLY onto the bridge.  As an additional safety measure the road traffic will travel only in one direction - from Newcastle towards Gateshead.

Crash barriers have also been installed along the edges of the roadway to provide collision protection to the cast iron columns.

Network Rail remains owner of the bridge and will continue to monitor the structure and maintain it.

FACTS AND FIGURES

Engineers inspected more than 57,000m2 of cast iron, wrought iron, and steel structure using the following techniques:

· Careful ‘hands on’ visual inspection

· Magnetic particle inspection – iron filings in a paraffin solution are drawn to any defects when a magnetic charge is introduced

· Ultrasonic testing – this looks deep within the structure to show defects

· Radiographic testing – taking x-ray images

More than 1,600 tonnes of scaffold were used at the height of the refurbishment - the scaffold boards would have covered 2½ football pitches.  Heat-shrink containment sheeting fully encapsulated the bridge to stop the river being polluted by grit blasting.

At the peak of construction activities, more than 30 managerial staff and over 160 operatives were employed on the scheme.  We operated 24 hours per day, 12 days in every fortnight.
Material quantities used during the works included:

Paint
75,000
litres

Blasting grit
2,000
tonnes

New steel
610
tonnes

New timber
252
tonnes

Macadam
785
tonnes
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