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Introduction

Extruded unplasticized Poly(Vinyl Chloride) (uPVC)

pipes are certified for use in e.g. water distribution

systems using pressurised pipe tests. During these

tests the pipes are subjected to a certain temperature

and internal pressure. At the same time the time-to-

failure, the time at which the internal pressure drops

due to rupture or fracture, is measured. These tests

are time consuming and are therefore costly. To

reduce both the costs and the required testing time, a

model-based approach is proposed which can predict

the time-to-failure of pressurized pipes based on only

one (short term) test.

Initiation of failure

Although uPVC pipes can fail in a ductile, a semi-

ductile or a brittle manner (Fig. 1), it is our

hypothesis that plastic deformation initiates failure for

all three failure modes. Upon loading a polymer,

plastic deformation will accumulate continuously. At

a certain (plastic) strain the polymer enters its

softening region and fails due to localization of strain.

Observations of our experimental data shows that, for

uPVC, this critical strain (γ̄cr) is constant for a wide

range of applied stresses and temperatures.

Figure 1 : Three different modes of fracture of uPVC

subjected to an internal pressure [1].

Model

From our hypothesis follows that the time-to-failure of

a polymer under static load and isothermal conditions

can be calculated with:

tf =
γ̄cr

˙̄γ (T, p, τ̄)
. (1)

The equivalent plastic deformation rate ( ˙̄γ) resulting

from the applied load and temperature can be

equated with a pressure modified Eyring relation. The

values for the material parameters in this model can

be obtained by uniaxial tensile and creep testing. In

addition a reference point or e.g. a tensile test is

needed to determine the thermodynamic state of the

polymer.
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Figure 2 : Typical result of pressurized pipe test

on uPVC (markers) [2] with predictions using the

presented model (lines). The blue, green and orange

markers represent ductile, semi-ductile and brittle

failure respectively.

The model predictions agree quantitatively with data

from Niklas et al. [2]. Both the slope and temperature

dependence are predicted accurately for all failure

modes. This supports the hypothesis that plastic

deformation up to a critical level of strain, initiated

failure for all three failure modes within the range of

stresses and temperatures studied here. This makes

the presented approach a promising tool for reducing

certification costs significantly.
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