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1 .  INTRODUCTION 

Many early brittle failures in PVC water and sewerage pipelines, where repeated surge events 
are thougllt likelq to induce embrittlement, were attributed to fatigue. The concerns of 
pipeline engineers led to the adoption of tlie British Standard Code of Practice CP 3 12 (ref. 1) 
by the UK water industry, which gives maximum and minimum pressure ratings for various 
pipe classes. 

'Surge and Fatigue' are often combined as a collective term. However although both 
phenomena arise from the same events (valves closing quickly, pump shut down etc.) they 
should be considered separately since they describe different effects on the pipe material. 

Rapid closure of a valve or a pump starting up may give rise to a rapid increase in pressure to 
a level well in excess of tlie steady state condition. This is commonly known as surge. Surge 
'events', generally occur over a very short time-scale and it is known that many PVCu pipe 
failures followed surges in pressure in pumped systems. 

Fatigue is associated with the repetition of such events, where the fluctuations in pressure 
cause a loss in the long-term strength of the pipe material. 

Because it was believed that the combined effect of over-pressurization from surge and loss in 
properties caused by fatigue could have serious implications on the lifetimes of PVCu 
pipelines. a design code was introduced in 1977 (BS CP3 12). The advice for design from both 
CP317 and the PMSM is that in a dynamic loading situation, the difference between 
~naximum and minimum pressures must be less than 0.5*Static Rating. An additional 
criterion is that the maximum pressure must always be less than the pipe rating. In many 
pumping situations, the maximum pressure may rise to twice the steady state condition and 
drop to zero. This means that the stress range is twice the static case and hence via CP312 
criteria the wall section nu st be increased by a factor of four. Increasing wall sections of 
pipes has clear cost implications. since the cost of plastics is directly proportional to the 
weight of material used. It is also well known that increasing wall thickness promotes the 
generation of a state of plane strain in the wall section and this will reduce resistance to crack 
growth under static loading. 

The Water Industry adopted the CP3 12 code for PVCu in the PVC Guidance Manual and the 
Water Research Centre (WRc) extended the range of materials affected to include PE pipe 
materials in the Pipe Materials Selection Manual (PMSM). There was no service evidence to 
suggest that fatigue \\as a problem for PE; the criteria were adopted as a conservative 
messure awaiting experimental evidence to demonstrate whether the properties of PE are 
affected by c),clic loading. Since there is also considerable evidence to suggest that the major 
problems with PVCu were associated with static overloading rather than fatigue, clarification 
of the U.K. design position was sought by the water utilities. Laboratory research on the 
fatigue of PVC and PE materials has thus been carried out by Pipeline Developments via a 
commission from UK Water Industry Research Ltd. (UKWIR) to define the position for the 
range of tough polymers currently in use in the UK Water Industry. 



1 . 1  Defining Surge 

I n  a pumped system, the most frequent events that cause unsteady variations in pressure are 
pump start-up and sliutdo~cn. Secondary events such as air and line valves opening and 
closing could also generate pressure excursions. Generally, it is the fast closing of valves and 
uncontrolled pump shutdowns that cause the most severe changes and oscillations in pressure 
(ref. 2). 

Surge creates fluctuations in pressure about the steady state level. The initial rate of pressure 
change is very high but of short duration. The fluctuations decay rapidly. An extreme pressure 
fluctuation trace caused by the instantaneous closing of a solenoid valve on a 25mrn PE pipe 
is shown in Figure 1 .  For larger distribut~on and branch mains, the rise rates will be lower but 
nevertheless, the peak pressure may be considerably in excess of the steady state case, and the 
minimum value may be sub-atmospheric. Many engineers fear that extremes of both high and 
low pressure may cause damage and that high-pressure peaks may cause pipe rupture. 
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Figure I:  Typical Pressure Fluctuation from Sudden Valve Closure in a PE SDRl I Pipe 

It should be noted that the stiffnesses of plastic pipes are lower than for metal/AC pipes and 
thus tlie pressure shock wave transmission speeds are lower. Hence, the pressure rise rates and 
peak levels will be mi~cli reduced. It is important that designers conducting hydraulic 
simulations use the correct short-term modulus for each material, so that realistic results are 
obtained. 

1.1.1 Response of Thermoplastics to High Rate Loading 

Thermoplastics such as PVC and PE respond to high rates of loading by exhibiting greater 
strength and stiffness. since the materials' entangled molecular structure provides resistance 
to deformation. At high pressurisation rates pipes are better able to resist the higher stress 
levels generated by surge. Also, the strength of both materials will increase with high rates of 
loading. 

Tests have been made on various PVC and PE pipes wliere the pressure was raised at different 
rates until failure occurred. All the pipes were prepared by machining IOOmrn Ions sharp 
notches into tlie external surfaces. penetrating to 10% of the wall section. This simulates the 


















