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Abstract. The condition of ageing cast iron pipe networks is a problem for both clean 
water and wastewater networks. Whilst considerable effort has been put into 
understanding the condition of cast iron mains that carry potable water, wastewater 
systems have received less attention. Compared with water mains, wastewater trunk 
sewers typically have thinner walls, are often of lesser casting quality, and typically are 
exposed to a harsher and more complex internal and external environment. Metallic 
corrosion is established as the main cause of deterioration in cast iron mains. Research 
has shown that when predicting residual load capacity a loss-of-section approach is not 
applicable when dealing with corrosion pitting that is more discrete and notch-like. This 
research examines the use of both loss-of-section and fracture mechanics models to 
provide a failure envelope for a ring from a pipe under combined vertical loading and 
internal pressure. Internal corrosion defect size and morphology of this corrosion have a 
significant effect on the residual strength of the pipe. The failure envelope predicted is 
rather different to that previously reported for clean water main. 

1. Introduction 

The removal of wastewater from urban areas is an unglamorous but essential activity for 
society. Indeed, each day London trunk sewer networks convey over a billion litres of 
wastewater to treatment works. To move this volume by lorry would require in excess of 
twenty five thousand (40,000 litre) tankers, which would place a significant burden on 
the highway network. They represent critical infrastructure, which if they were to fail in 
service may have significant consequences (e.g. flooding and pollutions). This 
necessitates proactive assets management to prevent failure of individual sewers in the 
network [1]. 

 
A range of materials are found in the construction of wastewater networks.  Unlike the 
clean water network, cast iron is used relatively infrequently, but it has been used for 
over 150 years, mainly when a relatively high strength pipe was required.  Examples 
include situations where the sewer needs to be conveyed across roads, railways, and 
rivers, or if the flow needs to be pumped. Recent research on the deterioration of cast 
iron main (of a similar size and age) in the water network has shown that the corrosion 
of cast iron is; a). more pervasive than previously supposed, b). present in different 
conformations, and c). can lead to more than one failure mechanism. The corrosion of 
cast iron can take the form of a relatively uniform layer on the pipe surface, or as series 
of “pits” that penetrate through the wall thickness. When predicting the residual strength 
capacity of a degraded pipe a loss-of-section approach is not applicable when dealing 
with pitting that is discrete and notch like [1,2]. 

2. Cast iron trunk mains and sewers structural response 

The fracture of historic and aged cast iron, is typically associated with brittle failure 
across the section with little local yielding or plastic deformation. Trunk sewer (large 

diameter;  300 mm) pipes are generally rigid structures that tend to resist 
circumferential failure, but are known to fracture longitudinally whilst the smaller 
diameter lateral sewers typically fracture circumferentially [1, 3, 4]. An empirical failure 
criterion [5] for large diameter pipes experiencing resistance in the in-plane direction 



 

shows that failure of a cast iron pipe as a rigid structural component under combined 
internal pressure, p, and an external load, w, is governed by parabolic interaction curves 
and can be expressed as: 
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Where, Wf and Pf are external load and internal pressure necessary to cause failure 
independently respectively. Hence, it is possible to determine the residual strength 
based on a loss-of-section approach.   
 
Alternatively, a fracture mechanics approach can be developed, which is based on the 
condition of a pipe containing a corrosion pit. The evaluation is based on the relationship 
for a wide range of internal and external semi-elliptical surface cracks on pressurised 
cylinders (Eq. 2) relating to a crack opening mode (mode I) [6]:  
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Where, 𝑅 is the internal radius of the pipe and 𝑑 is wall thickness, F() is the boundary-
correction factor for an internally and externally located surface cracks, c and a are half 

the crack length and crack depth respectively, 𝜃 is the angle between the vertical radius 
of the pipe bottom and the point around the thin circular ring at which there is a crack. 
On this basis an analysis of cast iron water trunk main [1] determined the failure 
envelope of a pipe ring affected by external corrosion pits. However, in the wastewater 
network a number of important parameters are very different: internal corrosion defects, 
and external loads. As a result it is necessary to revise the model to take these 
differences into account. 

3. Concluding Remarks 

This work has examined the use of loss-of-section models alongside fracture mechanics 
models in a twin approach to provide a failure envelope to a ring from a wastewater pipe 
under combined vertical loading and internal pressure. The predominant forces on a 
gravity flow pipeline are due to external loading, and would tend to induce compressive 
stresses externally, with tensile stresses internally on a ring from the pipe. As a result, 
the size and morphology of a corrosion defect on the internal surface can have a more 
significant effect on the residual strength of the pipe than a similar corrosion defect on 
the external surface. 
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