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The Forth Road suspension Bridge was opened in 1964 and 

spans 1006 metres across the Firth of Forth estuary in Scot-

land.   

The bridge was the fourth longest in the world when constructed, it 

was over taken in 1966 by the Tagus in Lisbon at 1012 metres. The 

two main cables consist of 11,618 aerially spun zinc galvanised 

5mm dia. high strength steel wires and are 590mm in diameter.   

The cables are suspended across the towers and anchored on either 

shore into either bedrock or concrete blocks (Fig.1b). 

History... 

The first suspension bridge intrusive main cable inspection 

performed in Europe was on the Forth Rd Bridge in 2004.  It 

was concluded from this inspection that ~10% of the cable 

strength had been lost due to corrosion. 

A second inspection was performed in 2008 which confirmed 

loading restrictions would be required as early as 2017. 

The third inspection was performed in 2012 and examined 

wires in four locations on each cable.  A total of 1636 test 

specimens (460mm length) were removed for laboratory met-

allurgical and mechanical testing.  

Process... 

To remove wires, the outer external wrapping is removed 

which exposes the outer coiled layer of high strength wire.  

The outer wire is then removed and any original red lead paste 

used during construction, revealing the aerially spun wires of 

the cable. Wooden wedges are then driven into the cable at 

pre-determined locations to allow visual inspection, removal of 

test specimens and allow any broken wires to be replaced. 

 

Information has been taken from 

the 2012 inspection.  Laboratory 

tests included fractography, chemi-

cal analyses, tensile testing, fatigue 

testing and hardness testing. 

The aim of the inspection was to 

provide further information for main 

cable strength evaluation calculations to assess remaining life 

and   allow a further opportunity for wire fracture mechanism 

research. 

 The latest inspections have shown that the newly in-
stalled dehumidification system appears to be slowing 
down the rate of corrosion of the wires.  However, the 
Forth Road Bridge main cables will continue to require in-
ternal inspections and strength evaluations for the re-
mainder of the life of the bridge. 

 The new replacement 2.7km cable stayed bridge, the 
Queensferry Crossing, will be opening in 2016 and will 
help to ease the loading on the current bridge. 

Wire Fracture Process: 

1. The protective galvanised zinc layer is locally depleted by the electrolyte 

exposing the underlying steel; this is then attacked through pitting corro-

sion.  Pitting locally increases the stress intensity factor and applied ten-

sile loading initiates a crack;  

2. Propagation exposes virgin steel at the crack tip which corrodes and 

forms an oxide layer;  

3. Propagation continues through the wire to a maximum depth of around 

half the diameter of the wire (or as short as 150 µm) before final over-

load failure occurs. 

Did you know?  

 

In 2012 a total of 23,744,931 

vehicles crossed the Forth Road 

Bridge, compared to only 

~4,000,000 in 1965. 

Did you know?   

The total length of wire in the 

cables is 30,000 miles; enough 

to reach around the globe 1.25 

times! 

Tensile Testing 

Fig.5: Fracture process; (a) breakdown of zinc, (b&c) corrosion pit-
ting, crack initiation and propagation followed by (d) axial cracking, 

finally rapid overload occurs. 

Fig.7: Rapid overload at critical crack size.  Stria-
tions; indication of low cycle fatigue? 

Fig.2e)  Corrosion stage classifications 

according to NCHRP 534 Guidelines 

Fig.1b 
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Drawn lamellar ferrite structure 
0.8% carbon, 0.5% manganese 

~450 HV 
1550 MPa UTS (min) 

Fig.3 

Oxidised (corroded) perpendicular 

crack from surface corrosion 

Crystalline 

(overload) final 

failure 

Fig.4 

Fig.6:  Surface defects, such as a corrosion 
pit, act as a stress raiser.  The applied load 
on the wire initiates and propagates a per-

pendicular crack.  The critical crack size be-
fore failure can vary between 150 -2300 µm. 

Fatigue Testing 

In-situ  with secondary axial cracking 

Fatigue test crack  with secondary axial cracking 

Did you know? 

The bridge cost £11.5 million to construct 

in 1963, around £200 million in today’s Did 

you know?  money.  The cost of the new re-

placement crossing is currently estimated 

at £1.45bn, £82 million in 1963. 

It is assumed that cyclic loading 

on individual wires is negligible 

and therefore not related to 

fracture of wires.  However, this 

mechanism can still not be 

ruled out due to features ob-

served on wires removed from 

the main cable which compare 

to fatigue tested wires (Fig.7 & 

Fig.8). 

Fig.8a) Perpendicular cracking with secondary 

axial cracking prior to overload on wire removed 

from main cable; Fig.8b) similar features ob-

served on fatigue test specimen. 

 Tests performed in accordance with 

ASTM 586 & A370 on 460 mm long 

specimens. 

 1083 tensile tests performed across 4 

corrosion stage categories. 

 Zinc removed from gripped ends to pre-

vent slippage. 

 Required minimum stated as 1550 MPa. 

 Averages calculated based on corro-

sion stage showed Stage 1 and 2 

specimens were above the required 

minimum value. 

 UTS then reduced as corrosion se-

verity (stage) increased. 

 Relationship also observed on wires 

removed from other suspension 

bridge cables. 

 Fracture surfaces which possessed a pre

-existing defect were subjected to detail 

fractography and crack measurement. 

 Defects ranged from 100—1600 µm. 

 Defect size plotted as a function of rec-

orded UTS revealed a decreasing linear 

relationship.  

 UTS decreases, independently of classi-

fied corrosion stage, as defect size in-

creases. 

Factors for consideration… 

 Defect sizes measured on fractured tensile test specimens may have continued to 

grow if wire left in-situ. 

 Pre-existing defects are typically identified on the intrados of the wire, forced straight-

ening of the wire can increase size. 

 Corrosion stage classification is a general visual assessment of a 460mm specimen.  

Pre-existing defects however initiate from very localised corrosion, hence a Stage 4 

is more likely to fracture due to an increase in the propensity of localised pitting. 

 Inspections shown that over 50 years the wires have re-

duced in tensile strength.  Cracking was not found to 

be related to position within main cable. 

 Laboratory tests on the galvanised layer showed an ade-

quate coverage and a 90% pass rate for perforation. 

 Little evidence of chlorine detected on the fracture sur-

face of broken wires, or, in the corrosion product on the 

surface. 

 Tensile testing shows an increase in corrosion stage in-

creases the likelihood of localised corrosion and hence 

crack initiation and propagation. 

 Limited fatigue testing has revealed interesting data but 

more in-depth research is still required. 

 Pre-existing defect size resulting in fracture within the main 

cable was shown to vary considerably from 150-2300 µm, 

the reason for the variation is currently not well understood. 

 Fracture mechanics may be used to assess crack size 

and geometry which may provide insight into the varia-

tions observed, complications however arise from the 

material loss through corrosion resulting in imperfect 

geometries. 

 Fracture analysis is difficult due to the extent of corrosion 

on the surfaces, it is further complicated due to the pres-

ence of features which indicate various fracture modes.  

These include; hydrogen embrittlement, stress corrosion 

cracking, corrosion fatigue and overload (ductile and brittle). 

 Further research is required on the Forth and other 

bridge wires from around the globe to allow a full and 

complete understanding of the fracture mechanisms. 

Poster content taken from research paper published in Engineering Failure Analysis 31 (2013) Pages 430– 441, P.Roffey. 

Fig.2b) Aerially spun main cable wires exposed 

Fig.2d) Inspection performed, broken 
wires removed and replaced 
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Fig.2a) Outer wrapping and 
external wire layer removed 

Inspections are performed in accordance with NCHRP 534 

guidelines and the condition of wires are classed into 4 

corrosion stages: 

Did you know?  

When opened in 1964 it was the longest in the world 

(outside the US) with a length of just over 2.5km. 


