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ABSTRACT. The good management of drinking water begins with a 
supply network, with a low rate of leakage. Currently, the pipes used in 
the water transport system are mainly made of polymeric materials, 
such as HDPE. The corrosion degradation of this type of pipe has 
received a lot of attention from the drinking water supply companies. It 
is therefore important to understand the effect of pressure on an 
HDPE pipe with a surface defect. To answer this problem, we will first 
study the mechanical behavior at failure of HDPE pipes in the presence 
of a surface defect using a finite element method. For the rehabilitation 
of pipe in presence of surface defect, we try to use a new composite. 
This new laminated composite is reinforced with a natural organic load. 
It is obtained from a laminated composite woven by incorporating a 
natural non-polluting organic load (granulates of date cores) which 
becomes hybrid composite. The new economical hybrid composite 
material is made of an organic matrix containing methyl methacrylate, a 
woven reinforcement including a reinforcing glass fiber and a fabric 
perlon having an absorbing role. The textile reinforcement made up of 
several folds reinforcing laid out according to the orientations (90, 452, 
and 0). A numerical simulation with the ANSYS Workbench software is 
carried out to study the behavior of the HDPE pipe with surface defect 
and with defect repaired by the new hybrid composite material in the 
form of rings to consolidate the cracked area of the tube. The 
numerical results will allow us to decide on a real practical use of the 
new hybrid composite. 
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INTRODUCTION  
 

oday, the deterioration of underground drinking water supply pipes has become a growing concern of industrial 
and environmental sectors. The global water crisis and the scarcity of water resources require good management 
of this precious resource. Good management begins with a reliable drinking water supply system with a low 

leakage rate. Leaks caused by the rupture of pipes, a fairly common phenomenon in urban areas, are initiated by a 
corrosion or other defects. The severity of these phenomena depends on several parameters including the nature of the 
material of the pipes. Polymeric materials, such as HDPE, occupy a large part of the water transport market, thanks to 
their multiple qualities (reduced cost, ease of installation, flexibility). In fact, the annual growth in the number of accidents 
occurring in water supply networks (aqueducts) and the huge rehabilitation budgets that result from it are at the origin of 
the search for innovative techniques in terms of assessment and prevention against corrosion damage. Currently, the pipes 
used in the water transport system are mainly made of polymeric materials, such as HDPE. The corrosion degradation of 
this type of pipe has received a great deal of attention from drinking water supply companies and also from producers of 
these materials. The soil where these pipes are located is a favorable environment which accentuates all types of defects 
despite the protection of these pipes. The unfavorable environment and the damage in the pipes led to explore different 
repair options for functional maintenances such as reinforcements in composite materials. The concern of pipeline 
network managers is to see the breaks that represent a potential threat because of their economic and social 
transformations [1-5]. In addition, the repair of faults and premature replacement of pipes leads to significant financial 
losses [6-10]. Therefore, the evaluation of the residual strength of pipes with defects should be as accurate as possible and 
based on confirmed experimental and numerical methods [11-18]. The objective of our work is to assess cracked HDPE 
pipes considering the crack size effect on the burst pressure. For this purpose, a finite element model is developed in 
ANSYS software. The model is validated with experimental data [19].  The maximum service pressure that an HDPE pipe 
with surface defect could be computed from the numerical model and used for comparison. Then, we studied the 
behavior of the tube with the new hybrid composite material. The hybrid composite that served as a ring strengthening on 
the weakened area by the corrosion. The numerical results obtained are important for practical use of the new hybrid 
composite for rehabilitating drinking water supply pipes in HDPE. 
 

 
NUMERICAL MODELING 
 

o model the pipeline we used the ANSYS Workbench 2020R1 software. A model has been developed that simulates 
the behavior of a HDPE pipe following an increase in internal pressure while taking into account the presence of 
a longitudinal crack in its outer wall. Given the symmetry of the HDPE 100 tube, we modeled a half cylinder. The 

dimensions of the structure are: length, radius and thickness. Thus we were able to model the surface defect of the HDPE 
tube by taking into account the geometry of the defect, the boundary conditions and the mesh [20]. 
For the simulation, we used the experimental results presented in [19]. Initially, we modeled a pipe in PEHD100 without 
defect presenting the same characteristics as those presented in [19] and we calculated the rupture pressure which 
corresponds to the value of the Von Mises stress when this one reaches the tensile strength of the material. Then we 
modeled a tube of the same grade with a parabolic defect with variable lengths and depths and calculated for each type of 
defect the corresponding rupture pressure. Only a tube with a diameter of 125 mm and a thickness of 12 mm was 
simulated. The effect of the depth of the defect was studied by varying the depth "a" for each specimen. The length of the 
defect "c" varies as a function of "a". The width of the defect remains very small compared to the other dimensions (see 
Fig. 1). The results obtained are compared with the experimental results.  
The geometry studied is an HDPE 100 tube with an outside diameter of 125 mm and a thickness of 12 mm containing a 
longitudinal defect on its outside surface of length c and depth a. Different sizes of the defect are treated (see Tab. 1) 
For the model with superficial defect (crack), a cavity was created which represents the defect on the tube. To do this, we 
create a parabolic half-surface at the end of the tube. The volume of the defect is obtained by a rotation of 90 ° around 
the upper line of the tube wall. This volume is subtracted from the volume of the original tube without defect, which gives 

T 
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us a quarter-tube with a quarter-defect [21] (see Fig. 2). 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Geometry of the defect 

 
 
 
 
 
 
 

Table 1: Geometric characteristics of the surface defects 
 

Figure 2: Pipe with elliptical defect 

 

 

Figure 3: HDPE 100 tube meshing. 

a(mm)                                           a/e c(mm) 

2 0 .167 25 

4 0 .333 34.87 

6 0.5 42.14 

8 0.667 48 

10 0.833 52.91 
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Pressure : 10 bars                                               

 
Pressure : 20 bars 

 
Pressure : 25 bars 

 
Figure 4: The variation of the Von Mises stress at the surface of the defect as a function of the increase in pressure with parabolic 
default (c = 25mm, d = 2 mm) 

 
A mesh sensitivity study was conducted to choose the appropriate mesh size (see Fig. 3a). The stress-number of elements 
curve allows us to choose the size of the elements. In the case of the parabolic HDPE pipe, we have chosen a size of 1.3 
10-2 m which corresponds to 28,443 nodes and 14,911 elements. In the vicinity of the defect, the mesh has been further 
refined for better results. A sphere of radius 0.1 m was located at the level of the defect with a size of 5.5 to 10-3 m of the 
elements (see Fig. 3b). Then, the analysis was conducted considering different levels of pressure.  
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NUMERICAL RESULTS 
 

o obtain the results, the pressure is increased until the Von Mises stress is close to the tensile strength of the 
material which is 27.62 MPa [22]. The values of the depth and the length of the defect are varied, and the value of 
the pressure is recorded each time. 

The numerical simulation was carried out in the same way for the other superficial defects. The resulting pressures after 
simulation are shown in Tab. 2. 
 
 

 
 
 
 
 

Table 2: Burst pressure vs crack initiation pressure. 

Δ1: Offset between the value of the burst pressure determined by the formula (ref.19) and that calculated by finite 
elements. 
Δ2: Offset between the crack initiation pressure and the burst pressure. 
 
The values given by the formula are in good agreement with the values of the starting pressure calculated numerically with 
an error Δ1 which does not exceed 23% and an average error of 16%. The crack initiation pressures are lower than the 
burst pressures with an offset Δ2 varying between 32% and 52%. The numerically determined crack initiation pressures 
and those given by the proposed formula as well as the experimentally determined burst pressures are shown in Fig. 5. 
 

 
Figure 5: Comparison between burst pressures and initiation crack pressures. 

 

The initiation crack pressure is the minimum loading level involving the initiation of the crack. The initiation crack 
pressure depends on the one hand on the mechanical characteristics of the material, and on the other hand it is related to 
the geometric parameters (geometry of the pipe and the size of the defect). Fig. 5 shows that the numerically calculated 
initiation crack pressure are in agreement with the pressure values given by the formula proposed in [19] the initiation 

T 

a (mm) a/e c(mm) Burst pressure (MPa) 
Crack initiation 
pressure (MPa) 

Formula (ref. 19) 

Numerical crack 
initiation Pressure 

(MPa) 
Δ1 (%) Δ2 (%) 

2 0.167 25 [5.36 ; 5.11] 3.9 3.555 4.858 33.71 
4 0.333 34.87 [4.58 ; 4.84 ; 4.81] 3.417 3.220 6.740 38.50 
6 0.5 42.14 [4.25; 4.03 ; 4.1] 2.8 2.300 10.34 49.47 
8 0.667 48 [3.52 ; 3.59; 3.58] 2.4 1.843 19.75 54.93 
10 0.833 52.91 [3.11] 2.167 1.470 28.01 52.75 
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crack pressures are lower than the burst pressures with a variable offset. This offset comes from the crack propagation 
phase. In fact, the initiation of the crack is followed by a phase of propagation of the crack on the remaining ligament 
until complete bursting. 
 

New hybrid composite repair system 
Repair with composite materials can be an effective leak containment solution to repair defects that can cause leaks in 
potable water supply pipes due to future deterioration such as corrosion and erosion. Benefits associated with composite 
repair systems include short length of time needed to complete a repair, undisrupted product transmission in the piping  
system while the repair is made and eliminating the possibility of welding or cutting of the pipeline is required. Industry 
analysis shows composite repair systems are, on average, 73% cheaper than replacing the damaged section completely 
[23]. For the reinforcement of the corroded HDPE 100 pipe with a surface defect, and in order to give it the mechanical 
characteristics of a healthy and flawless tube, we used the new hybrid composite. In order to achieve this, we used the 
Ansys Workbench 2020 R1 code to create the layers of composite that will be used to repair the defective tube. 
The new hybrid composite (90/452/0) consists of two layers of perlon, two layers of glass fiber and ten grams of 
granulated of dates. The mechanical characteristics of the new hybrid composite are presented in the table below [24].    

  

Yield 
 Strength (MPa) 

Ultimate tensile  
Strength (MPa) 

Young 
 modulus 

(MPa) 

Elongation 
A% 

Normal bending 
stress (MPa) 

Maximum interlaminar 
shear stress (MPa) 

29.628 31.63 10.829 3.94 42.1 1.26 

Table 3: The mechanical characteristics of the new hybrid composite. 

 

The Von Mises stress in the vicinity of the defect was compared for HDPE 100 tube without and with composite repair. 
The new hybrid composite layer with a thickness 1.2mm was utilized (see Fig. 6). The contact between composite and 
pipe surfaces is assumed to be perfectly bonded. 

 

 

 

 

 

 

 

 

 

 
Figure 6: Corroded HDPE 100 pipe reinforced with the new hybrid composite. 

 
The results obtained after simulation show that the Von Mises stress of the structure is modified when the 
HDPE 100 pipe with a (parabolic) defect is repaired by the new hybrid composite (Tab.4). 
It can be seen from the results of Tab. 4 that: 

✓ The maximum von Mises stress decreases when the HDPE 100 pipe is repaired using the hybrid 
composite. 

✓ The hybrid composite, if its thickness is increased or the number of its layers is multiplied can restore 
the tube to the mechanical characteristics of a healthy tube. 
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These results show that the new hybrid composite can be used in the rehabilitation and repair of HDPE pipes used for 
the transport of drinking water. 
The acceptance of composite materials as an alternative to conventional repair materials is indicated through the recent 
development of several codes and standards [25]. The standards recognize composites as a legitimate repair material. 
Long-term performance is a main concern for composite repair system. 
 

Defect Maximum value of Von Mises stress 
(MPa) 

 
a (mm) a/e c(mm) Pipe non 

repaired 
Pipe repaired  

by 
One layer 

Pipe repaired 
by  

two layers 

Pipe repaired 
 by 

three layers 

Pipe repaired 
 by  

four layers 

Pipe 
 Repaired 

 by  
five layers 

Pipe  
Repaired 

 by  
six layers 

2 0.167 25 14.39 13.11      11.94 
   

10.88 
 

9.91 
 

9.03 
 

8.22 
 

4 0.333 34.87 18.68 18.31 17.94 
 

17.59 
 

17.24 
 

16.90 
 

16.56 
 

6 0.5 42.14 22.374 21.913 21.46 
 

21.01 
 

20.58 
 

20.16 
 

19.74 
 

8 0.667 48 24.377 23.015 21.72 
 

20.51 
 

19.36 
 

18.28 
 

17.26 
 

10 0.833 52.91 25.667 24.893 24.14 
 

23.411 
 

22.70 
 

22.02 
 

21.33 
 

 

Table 4: HDPE 100 Pipe repaired with new hybrid composite. 

 

 
CONCLUSION 
 

DPE 100 pipes for the transport of drinking water are subject to corrosion failure resulting in surface defects 
that weaken the pipe. This study focuses on the assessment of HDPE 100 pipes in the presence of surface 
defects as well as a proposal of a composite reinforcement using a new hybrid composite material. For this 

purpose, a numerical model validated with experimental data is developed in ANSYS. The results of the numerical analysis 
showed that the presence of defects may increase significantly the level of stress near the crack tip (stress concentration 
zone). A propagation of this anomaly would generate the ruin of the structure which will lead to a downtime of the 
network and require repairs. The numerical results of the reinforcement based on the new hybrid composite material 
showed that the Von Mises stress decreases when the tube is reinforced with a composite layer as preventive measure 

(before ruin). A parametric study showed that the Von Mises equivalent stress increases with increasing defect length and 

depth. The repair by this system of new hybrid composite, which has the qualities of being economical and non-polluting, 
can be very effective in practice because it helps to restore corroded HDPE pipe to its initial service pressure. Long-term 
performance is a main concern for composite repair system. In response to that, a large research program sponsored by 
PTI Polymer Transformation Innovation is conducted to better understand the long-term performance of composite 
repair systems using this new hybrid composite. 
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