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ANALYSIS OF NON CIRCULAR PROFILE COMPOSITE 

PIPES 

 
PHD DISSERTATION 

(WRITTEN BY GERGELY CZÉL) 
 

THESES 
 

Thesis 1. 
On the basis of results of water uptake and ring compression tests of filament wound 

glassfiber reinforced polyester composite ring specimens of various lengths (20-160 mm) the 

following statements were done: Vas’s function that was originally developed for liquid 

absorption modelling of yarns and yarn bundles, was first applied for overall modelling of the 

diffusion and capillary water uptake process of a fiber reinforced polymer composite material 

in function of time. During the function fitting high (R2>0.99) correlation factors were 

achieved. Analyzing the relative mass gain of the specimens after 6500 hours of immersion, a 

size effect was detected in function of the specimen length. Increasing the specimen lengths, 

the amounts of mass gains were decreased by a maximum of 20%. Water uptake values of 

each specimen types were significantly (min. 5%) decreased by the cut edge sealing of the 

specimens. These two effects make the outstanding role of the cut edges in the water uptake 

process obvious. Effective elastic moduli of the ring specimens were not decreased 

significantly during the 10000 hours test period. 

 
Thesis 2. 

Periodic changes in the material properties of the tested standard egg shape profile 

filament wound glassfiber reinforced polyester composite pipes were described around the 

perimeter of the section that has constant radii of curvatures in certain sections. On the basis 

of numerous test results, linear relationships were set up between the origin of the specimens 

around the section and the density or fiber volume fraction of the material. The reason of the 

periodic changes were described with the following relationship, which was constructed 

analyzing the forces during the winding process with constant fiber tension, on a mandrel with 

different radii of curvatures. 
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where dN/ds [N/m] is the fiber packing force, which is normal to the surface of the mandrel,  

F [N] is the fiber tension force, Rg l [m] is the local radius of curvature of the section. 

The inverse proportion between the packing forces and the local radii of curvatures means 

that besides constant fiber tension, higher packing forces appear at the lower radii areas of the 

section, more matrix material is compressed out of the fibers, and the density or the fiber 

volume fraction becomes higher than in the higher radii areas. 

 
Thesis 3. 

A new method was developed for calculating the effective elastic modulus of oval 

profile ring specimens from ring compression test results. Ceff [-] constant in the following 

relation which is typical of the sections, was calculated from a mechanical model for a general 

oval cross section, with the help of the work theorem of statics.  
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where Eeff [N/m2] is the effective elastic modulus of the material, R1 [m] is the typical mean 

radius of the section, 
12

3tlI ⋅
=  [m4] is the moment of inertia of the ring wall, l [m] is the 

length of the ring specimen, t [m] is the wall thickness, ∆F/∆f [N/m] is the initial slope of the 

force-displacement curve of the ring compression test. 

Programming the calculation Ceff  constants of numerous potential oval cross sections were 

evaluated in function of the typical geometrical parameters of the sections. In case of a 

standard egg shape profile, Ceff=0,169. 

 

Thesis 4. 
Two different methods were developed for the estimation of fracture stresses of 

circular profile filament wound composite rings during ring compression tests, and large 

displacements. 

a) The first method considers the deformed shape of the specimen by taking a photo before 

the fracture and creating a 33 term Fourier polynome using image processing. In the 

mechanical model, the measured fracture force was put on the deformed shape and the 

bending moment functions were calculated using the work theorem of statics along the 

described shape. Finally the stresses were calculated with the Navier formula in the 

critical cross section of the ring wall. 
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b) During the development of the second method, the changes in radii of curvatures of the 

critical ring cross sections were used to describe the deformed shape of the specimens. 

Using the equation of the elastic fiber of the specimen in case of an initial curvature and 

the Navier formula, the following stress estimation relation was set up: 
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where σRg [N/m2] is the fracture stress, calculated from the change of the radius of 

curvature, Eeff [N/m2] is the effective elastic modulus of the material, Rg0 [m] is the initial 

radius of curvature, t [m] is the wall thickness. 

Rg [m], the radius of curvature in the moment of fracture was estimated from the vertical 

displacement of the upper compression plate using the finite element method. For this 

estimation, the linear relationship between the vertical displacements and the radii of 

curvatures were used, which is valid in the range of the fracture displacements  

(80-160 mm) and has a high correlation factor (R2=0,99). 

 

Thesis 5. 
New test method was developed for eliminating the inaccuracies in wall thicknesses 

measured by conventional methods, due to the unevenness of the outer surfaces of filament 

wound composite pipes. Wall thicknesses of rings cut from pipes were calculated using the 

volume of the specimens determined from mass measurements in air and under water, and the 

accurately measurable specimen lengths. The following relation shows the calculation 

formula for circular ring specimens: 
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where tV [mm] is the wall thickness calculated from the volume of the specimen, rb [mm] is 

the inner radius of the specimen, V [mm3] is the volume of the specimen, l [mm] is the length 

of the specimen. 

In case of the tested standard egg shape profile pipes with 160x240 mm overall dimensions, 

the following wall thickness calculation formula was written: 
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where l [mm] is the length of the ring specimen, Rb [mm] is the typical radius of the standard 

egg shape profile, Vt [mm3] is the measured volume of the ring specimen, and t subscript 

refers to the standard egg shape profile.  

The applicability of the method was checked on standard egg shape profile ring specimens 

and after comparing the results of the new method with the average of several conventional 

measurements I stated that it is capable of fast and accurate determination of wall thicknesses 

of rings with uneven surfaces.  

 

Thesis 6. 

Pipe-in-pipe type finite element model was developed for simulation of working or 

installing conditions and stiffness scaling of underground pipe linings. M [MPa/m] pipe 

stiffness was defined using the initial slope of the pressure-displacement curves of the lateral 

critical point of the liner. A 10 parameter function was fitted with high accuracy to the 

modelling results in function of the fiber volume fraction and the winding angle of the 

composite material, and the thickness of the liner. Using the simulation results of models with 

various stiffnesses, a diagram was composed for standard egg shape profile pipe linings with 

160x240 mm overall dimensions from which the allowable outer pressures can be read in 

function of the stiffness calculated from the fitted function and the displacements of the 

notable points of the liner. 

 


