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SUMMARY 

 
 
A sample was taken from a joint at a construction site in the City of Lyon. The joint had served rehabilitation purposes 
in the framework of applying the AMEX process. The sample was intended to compare a joint which had been applied 
for 15 years with a new one. The investigations consisted in the execution of tensile stress testing and in determining 
the degradation temperatures using DSC (differential scanning calorimetry). The results lead to the conclusion that the 
mechanical properties of the two joints showed to be highly comparable and that the same material was used, although 
the manufacturing process may have changed, as deducted from the differences observed during DSC and infrared 
spectroscopy. As the mechanical properties of the two materials are close to each other, the joint used for the last 15 
years does not show any changes as compared to its initial properties. 
 
 
Keywords: réhabilitation, canalisation, gestion patrimoniale [Rehabilitation, pipes, asset management] 

 
 
 
 
 
 
 
 
 

ABSTRACT 
 
 

A sampling of joint used for the rehabilitation of drinking water pipes with the process AMEX was carried out on field 
in the city of Lyon. The objective of the sampling was to compare a 15 year old joint to a new one in order to evaluate 
the durability of the material. The analyses done were tensile tests, DSC analysis and infrared spectroscopy. The results 
showed that the mechanical properties were nearly the same between the two joints even if the DSC and infrared 
spectras show differences. As the mechanical properties are close, the old joint doesn't show any large chemical 
modifications 
 
Keywords: Rehabilitation, pipes, asset management 
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INTRODUCTION 
 
 

The durability of rehabilitation methods represents a decisive aspect of a decision between renewal, rehabilitation or 
keeping up the existing state. When a respective opportunity came up, a sample was taken from a joint applied for the 
rehabilitation of joints within piping of more than 600 mm diameters. The objective of this process was to compare 
this used (15 year old) joint to a new one. 

The methods to characterize the properties in question are restricted to mechanical testing (tensile stress), analyzing the 
degradation temperatures by means of DSC and infrared spectrophotometry. Further criteria would be required to 
cover the full range of polymer properties. Nevertheless, these first findings allow for obligatory conclusions with 
regard to any changes in the resistibility of the polymer under conditions of use in the drinking water sector (mainly 
due to mechanical properties). 

 



 

I. ENVIRONMENT 
 

I.1. THE PRINCIPLE OF THE AMEX PROCESS 

Thanks to the AMEX process, junction points of piping with large-scale diameters (DN > 600 mm) may be sealed. Its 
principle consists in applying a tape of elastomer materials (nitrite butadiene or EPDM) to the junction cleaned before 
and filled up with a material adapted to the piping (use a concrete mortar for lines made of concrete) so that the 
elastomer tape is completely attached to a surface without any low areas. This method was developed by SADE which 
is its sole provider within the territory of France. 

So the tape is fixed and held in place by two locking rings of stainless steel. The tightness is verified by pressure tests 
with a load of 1.5 bars in the zone between the elastomer tape and the piping. 
 
I.2. OBJECTIVES 

This process has been developed within the Lyon network for almost 15 years. The last work was completed in 
summer 2006. The installation of the new joints now already occurs in sports where the first mounting took place 15 
years ago. 

On this occasion, a sample was taken from an AMEX joint which is 15 years old. The goal was to compare the 
mechanical and chemical properties of this joint with the ones of a new one in order to evaluate the durability of this 
process. 

 

Figure  1: Dismounting of the stainless-steel strap retainers 



 

 
Figure  3: Extracted sample 

 

The results of these examinations only allow for a closer consideration of the material characteristics and in no way for 
evaluating the resistivity of the full system which makes up the AMEX joint, i.e. the joint which is fixed by two 
clamping rings. Nevertheless, it may thus be determined if a degradation of the material has occurred or not. 
Probabilities of failure may also be derived from this, should the material prove to be very deteriorated. 

 

Figure  2:       Joint area after sample taking 



 

II. METHODS OF CHARACTERISATION 
   
  I.1. TENSILE STRESS 
   
  II.1.1. Principle 

 

This experiment consists in subjecting a test bar with known dimensions (and fixed by clamps at its 
ends) to a uniaxial tensile load. Generally this occurs until rupture of the bar (Figure no. l), however 
also until the stress (the load) or the deformation (elongation) has reached a particular value in order to 
determine one or several mechanical properties. The test bar is subjected to continued deformation in 
this test, whereas both the power F and the extension in length L-Lo are measured simultaneously 
(whereas Lo represents the initial length between the reference points). 

 

Figure  1: Principle of tensile test using a dumbbell-shaped test bar, until rupture of the material                           

II. 1.2. Material and method 

The tensile test machine is of the Hounsfield H10KT type. The test frame consists of two columns and 
has a maximum capacity of 10,000 N. The useful stroke without the clamps amounts to 1,100 mm and 
the distance between the columns is 405 mm. The moving speed of the crossbeam is constant and 
amounts to 100 mm.min-1. 

A tensometer of the 100-RC type measures the elongation from 0 to 250 mm with a deviation of less 
than 1%. 

A load cell ISO 7500-1, class 0.5, measures the stress with a relative accuracy error and a repeatability 
of 0.5%. 
The test bars are extracted from different sections of the elastomer tapes. They are cut off by punching 
tools (test bar of type 2 as per ISO 6259-3 standard). Their reference length amounts to 200 mm. 
 



 

 
Figure  2: Hounsfield H1OKT machine with load cell and tensometer during tensile test 

 

II.2. DSC 

II.2.1.Principle 

The differential scanning calorimeter represents a DSC on the basis of the heat flow. This heat flux is determined by 
measuring a temperature difference across a thermal resistance which is very well known. The DSC system allows for 
direct calorimetric measurement and therefore the determination of the material properties in connection with heat. The 
DSC is programmed on an initial and an end temperature and enables us to measure the transitional material 
characteristics, e.g. fusion, glass transition, solid-solid phase transition, degradation or crystallization. 

An oven of a low mass represents the core piece of the Pyris 6 DSC of Perkin Elmer. It allows precisely controlled 
heating or cooling in increments of 0.1°C/min. A system with a platinum resistance measures and regulates the 
temperature of the oven. The atmosphere in the environment of the sample is very efficiently controlled, as a purge gas 
with a controlled flow enters at the side of the sample crucible. The sample and the reference piece are positioned on 
two similar precision-made disk-shaped trays. Extremely sensitive thermocouples serve to measure the temperature of 
this sample and its reference piece. 

 



 

Platinum resistance (temperature control of the 
oven). 

Figure 4: Schematic representation of the DSC scanning oven 
 
 
II.2.2.Material and method 
 

The Pyris 6 DSC of Perkin Elmer is programmed on a temperature scan range from 25 to 400°C with a linear velocity 
of 5°C.min-1, so that the endothermal and exothermal reactions of the sample may be examined. The samples’ mass 
amounts to approx. 20 mg. The taking of samples was made arbitrarily over the whole new and used elastomer tapes. 
 
 
II.3.   INFRARED SPECTROPHOTOMETRY 
 
 

II.3.1.Principle 
Infrared spectroscopy is based on the absorption of infrared radiation by the analyzed material. If the wave length 
(energy) introduced by the luminous beam is similar to the energy of the molecule, the molecule will absorb the 
radiation and the difference in luminosity is recorded. A vibration is translated by this luminosity. It is specific to the 
existing bond between the atoms. By means of this method, a material is determined by characteristic vibrational 
spectrums.  
 
 
11.3.2. Material and method 

A transformation spectrophotometer SP100 from Fourier Perkin-Elmer creates the infrared spectra and records them in 
the mode of the absorption coefficient. The range of wave numbers looked into extends between 4,000 and 675 cm-1 
with a spectral resolution of 4 cm-1. A recording mode of attenuated total reflexion (ATR) was added to the equipment, 
as the samples are opaque. In each infrared analysis, a joint element in the existing state is pressed on a germanium 
single crystal (Ge) which is penetrated by an infrared beam itself (cf. Figure 5). 

 

Outside lid 
 

Inside lid 
 
Heating resistor 
 
Sample trays 

Cooling chamber 



 

 
Crystal (Ge) 

Figure  4:      Principle of infrared analysis by means of ATR 
Vis = screw 

Faisceau IR = infrared beam 

Joint AMEX = AMEX joint 

III. RESULTS  

III.1. TENSILE LOAD DIAGRAMS 

 
The curves represented in Figure 3 correspond to a selection of graphs determined for the values of two samples, with 
10 curve trends recorded for each of them. One graph was set up for each tensile test and bar. The curves left out are of 
a unique character and correspond to imperfect bars containing local material flaws or for which problems occurred to 
handle them. 

 

Signif icant graphs 
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Figure 3: Curve trends for tensile tests on new and used elastomer materials  

Contrainte = load 

Evaluation of the graphs: 

■  The ascents of the blue curves are lower than the ones of the red: The new material shows a better elasticity than the 
used one.  

 

New material 
Used material 



 

■ The elongation at tear of the new material is around 300%, whereas for the used one its value is approximately 
350%. The deviation between these two deformation values is about 16% as compared to the new material.  

 
View of tear result: 

 

Figure  6: Test bars after tearing 

Matériau neuf = new material 

Matériau usagé = used material 

 

With the new material the rupture is clean and smooth, whereas the old sample is torn. This is how the result looks for 
all the test bars. 
 
 
 
III.2. HEAT TRANSMISSION 
 

The curves represented in Figure 6 correspond to a selection of graphs determined for the values of two samples, with 
5 curve trends recorded for each of them. An endothermally induced peak occurs for each sample. It corresponds to the 
degradation temperature of the elastomer. Two groups of peaks are shown corresponding to one elastomer type each:  
 

Elastomer new used 
222.82 155.27 

 

224.6 152.56 
Degradation 

temperature (°C) 
226.5 149.59 

Moy (°C) 224.64 152.47 
 

Ecartype (%) 1.84 2.84 

Figure  5: Degradation temperatures of each sample 



 

 
 
Figure  6: Degradation peak of the new and used elastomer 
 
Interpretation of the curve trends 

■ The characteristic deviations between the three decomposition temperatures of each material type are under 3%. A 
good repeatability of the measurements is derived from that.  

■ The essential difference of the two elastomers’ degradation temperatures may indicate a difference in the 
composition of the two joints.  

These differences between the degradation temperatures provide evidence of the deviations in the structure of the 
polymers. A decrease on the degradation temperature may indicate a modification of the polymer.  
 
 
III.3. INFRARED SPECTRA 
 

Three types of spectrums were determined: 
■ The first on the surface in contact with water 
■ The second on a sample extracted from the material’s core 

In both cases, two characteristic peaks of the EPDM (ethylene propylene diene rubber) were identified: peaks 1 to 5 
and 10 to 12 
The characteristic peaks of the EPDM’s vulcanization can also be found (bonds S-C and S-H): peaks 6 to 9 
 
Therefore both joints seem to be made of the same type of rubber material (EPDM). However, it is observed in the two 
analyzed sections (surface and core) that the 15 year old joint seems to show some degradation in the external part 
(“full material” in Figures 7 and 8). 
 
Indeed, peak no. 8 (vibration of C-S bond) is very present in the “center” part of the joint, whereas it is limited to a 
small projection in the external one. The disappearance of this peak may be interpreted as a devulcanisation of the 
EPDM. This correlates with the observed decrease of the melting temperature (from 225°C to 152°C) of the two joints. 
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Figure  6:      Infrared spectrum of the used joint 

— Core 

— Full 
material 

 
Absorbance = absorption coefficient 

Figure  5:      Infrared spectrum of the new joint 
 

Milieu = center          Entier = full material 
 
Nevertheless, the comparison of the determined spectrums from the core of the joint shows the same difference with 
regard to peak no. 8 for both samples (new and aged). In this case, the new joint would have a lower density of the C-S 
bonds than the used material. Therefore this difference within the core of the joints makes a difference in 
manufacturing likely to be deduced. 
 

 



 

 
CONCLUSIONS 

 
 

The tensile tests show us a slight difference in the elasticity of the new and the used material. The used one has a 
higher stiffness to be attributed to stiffening due to its aging. Nevertheless, the aged material proves characteristics 
close to the new one in the tension tests.  
The degradation temperatures observed in the DSC analysis are 72°C apart on average. This divergence is large and 
needs to be interpreted as a considerable ageing of the used material, with possible polymer chain interruptions and 
physical cross-linking (branching) between the chains, or as a continued development of the manufacturing process 
within 15 years. The infrared spectra confirm these results by proving a modification over the different thickness 
positions of the joint. 

How ever this is to be interpreted, it is evident that the mechanical properties of the two joints show values which are 
close to each other. Therefore the wear of the used joint does not deviate very much from the one of the new one with 
regard to certain loads. Merely tightness values in the area of the retainer rings of stainless steel may deviate from each 
other. This is a parameter which we could not consider. It therefore seems plausible to conclude that the AMEX joints 
have a satisfactory durability by bringing up the hypothesis of modifications in the material formulae within the 15 
years. 

 


