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Abstract. The composite hybrid pipe is a novel structure made of concentric composite 

multilayer possess improved thermal and mechanical properties better than its original 

components. At variance experimental analysis, the numerical studies on the structure and 

behavior of composite hybrid natural fiber reinforced epoxy pipe materials pressurized 

internally seem lacking. In this study, numerical analysis was carried out for three different 

stacking plies of composite hybrid natural fiber ±55o basalt and Eglass fiber reinforced epoxy 

tube which was tested under the subjection for three modes of applied load, the hoop and 

longitudinal tensile tested as well as subjection under biaxial internal pressures load in 

accordance to ASTM’s standard to investigate the mechanical behavior and the optimal 

configuration among them. Also, analyzed the comparable three types of hybrid natural fiber 

(basalt)/ Eglass reinforced epoxy with pure ±55o Eglass reinforced epoxy and pure ±55o basalt 

reinforced epoxy numerically to predict the performance for the hybrid over the pure E-glass 

and basalt fiber reinforced epoxy composite pipe as a good replacement to meet the different 

demand of applications in the pressure pipelines. Also The three stacking plies types of hybrid 

composite pipes were compared with the pure E-glass and basalt fiber reinforced epoxy pipes. 

All samples were fabricated using a dry filament wound CNC machine with ±55o orientation 

angle, then infused with epoxy resin using vacuum infusion procedure (VIP). Numerical 

analysis was carried out using finite element commercial code ANSYS V14. 

1. Introduction 

Composite hybrid pressure pipes are advanced structures produced by concentric layers of wound 

fiber reinforced matrix possess better thermal and mechanical properties exceeds of their constituent 

materials. Large demands for composite pressure pipe products have been motivated by the satisfying 

for the requirements of erosion and corrosion, high stiffness properties with lighter weight and low 

price, especially for the composite natural fiber used for its abundance, cheap and healthy with 

environmental. Composite hybrid pipe investigation studies had been increasingly popular and 

attracted many researchers because of its important applications in many fields, especially cooling 

water pipeline, aerospace, oxygen pipeline usage in hospitals, manufacturing power plants, 

biomaterials and other applications. Various sectors can utilize basalt like marine [1], ballistic warfare 

and impact [2,3]. The beneficial properties of basalt include its tensile strength and modulus. Basalt 
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has proved itself as a viable option since it is a natural product with minimum environmental 

contamination, has light weight and fits well within the costs of the processing and hence can be used 

in different ways [4]. 

Usually, the process that yields a hybrid novel composition involves combining two foreign 

materials which are placed within a host matrix. Since, the combination of two materials produces an 

end product which has better properties like ductility, elasticity, resistance against fire and decreased 

weight [5-7]. New combinations can be developed by this method. Polyethylene (PE) fibers were 

incorporated with carbon fibers in the framework of an epoxy matrix by Park and Jang [8] and a 

hybrid laminated composite material was produced. The scientists decided to use PE fibers for this 

study since it has good stiffness and is a strong fiber that can withstand high degrees of stretching. 

This experiment showed that the position at which the reinforcing fiber is placed is the determining 

factor of the mechanical strength possessed by the compound produced by the combination process. 

The developed compound had a higher degree of strength when the position of CF was at the 

outermost layer. These findings reinforced the need to develop fibers that are lightweight yet strong, 

but are also long lasting and do not increase the cost of the production process. Basalt fibers are used 

most commonly in the present scenario since they are inorganic in nature, have good mechanical 

strength, can withstand high temperature and function in the presence of chemicals, retain their 

stability in different environments, require simple processing steps and cause less environmental 

pollution. The flowing lava which is produced from basalt based molten volcano rock is a rich source 

of basalt fibers [1,9]. Basalt stands out in comparison to E glass in terms of tensile strength and ability 

to withstand compression and costs quite less than fibers of carbon origin [10-12]. 

Replacing E-glass fiber by natural fibers as suitable substitutes can be recycled and comparable like 

flax, hemp, kenaf and sisal as well as renewability, abundant and cheap with contributes their high 

toughness, easy chapping, low density, capable of neutrality with CO2 and simplest fabrication 

procedure and maintenance [13]. Moreover the important request for reducing the need of petroleum 

derivatives products by nature and friendly replacement products is an interesting for many 

researchers and in developing. Subsequently, the investigations for the new products of natural fiber 

mechanical behavior have a great deal of attention for many researchers recently [14]. Lately, a step 

forward had been developed polymer composite material by natural fiber usage to avoid human 

dangerous from glass fiber [15]. 

So, basalt fibers are being explored as a viable option to act as a reinforcement compound in the 

development of hybrid composites or laminates [16]. There are many instances in the literature that 

show the use of basalt fibers as reinforcements in CFRP based composites. Lopresto et al.[17] 

compared plastic polymers reinforced with basalt fibers (BFRP) and plastics reinforced with glass 

fibers (GFRP) on the basis of Young’s modulus, compressive strength and flexural behavior and their 

findings favored the use of basalt over glass. Manikandan et al. [18] also conducted a study which 

provided similar conclusion. Such a combination would not only be financially attractive, but would 

also be long lasting and weigh less, thus increasing the scope of basalt in the hybrid composite sector 

[19]. According to Carmisciano et al. [10] composites reinforced by basalt fibers [BWFRC] had higher 

shear strength and flexural modulus. The construction sector has made use of basalt fibers in the recent 

past and it has also been utilized in concrete materials as an external or internal reinforcement [20, 21, 

and 3]. Both tensile and flexural strength showed an increase of 16% when laminates made of basalt or 

epoxy TM were used, the tensile modulus would have an increment of 27% and flexural modulus 

would have an increment of 153% [22]. 

For easy and fast biaxial strength  predicting method of the filament winding E-glass/epoxy tube is 

by using “netting analysis”. This process was defined by a study of Hull and was extensively used 

throughout the primary progression of filament wound method [23]. It has been getting to give an 

equally rupture strength respectable approaches of composite tubes. This conventional approach and 

its simplicity may be the motives for its current use. Figure.1 presents the principal stresses are        

( 1 2and  ), whereas the reference stresses are ( y x xy, and   ). 2 2

y 2 x 1sin , cos= =      ;
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xy 1 (sin cos )=     ; if H A/ 2=  ; and 
y H x A,= =    ; then, within pipes case of closed ended 

with thin walls, 
2 2

H A 1 1/ ( sin ) / ( cos )=      , 2then it will equal to (tan 2) = to give o2 54.7 = =  
 

 

 

 
Figure 1. composite pipe Configuration {reference and principal axes (x, y) (1, 2) respectively} 

 

The netting analyses can be used to predict the best angle that agrees with axial to hoop stress 

relative ratio. The best ratio of the glass/epoxy pipes is at twice of a hoop stresses to longitudinal 

stresses ratio, wound with ±55° orientation angle. 

Xia et al [24] used an exact solution to study the different strain and stress in a tube that has many 

layers and has been pressurized internally; the basic presumption behind the model is that the tube has 

orthotropic for each layer. Later Xia et al [25] also used an exact technique in context of the sandwich 

tube with thick walls with internal pressure and thermo mechanical load and calculated the thermal 

stresses in such a system. Rosenow [26] developed an approach for calculating stresses and strain in 

case of composite cylinders composed of different layers in different angles varying from 15 degrees 

to 85 degrees. Accordingly, for thin layered composite tubes 55 degrees would be the best angle of 

orientation on the basis of comparison of actual and experimental data, but Xia et al [25] proposed 75 

degrees as the best angle in case of internal pressure loading without axial. 

The work done by Shultz’s et al [27] showed that as far as thin pressure vessels that are 

manufactured from carbon fiber or epoxy are concerned the best winding angle was ±50 degrees. 

Highton et al [28] conducted research on failure and concluded that in case of epoxy tubes reinforced 

with glass ±75 degrees winding angle was sufficient to cause fracture under biaxial loads. Echold et al 

[29] has proposed the theory that it is not merely the anisotropic factors that dictate the chances of 

failure; it is also the type of raw materials used, the process of manufacturing and the testing 

conditions that play a very important role in deciding the failure limits. Carswell [30] has concluded 

that the leak pressure is directly proportional to resin flexibility. Spencer et al. [31] showed that when 

biaxial load was used to create a pressure and the axial negative strain that was used came out to be 

fewer than ±35 degrees, then the maximum value of leak pressures was detected to be ±55 degrees. 

The calculation of stresses and strain in the filament winding tube which were pressurized biaxialy 

internal pressures and could work in different temperature was facilitated by the work of Bakaiyan et 

al [32]. Due to this work the structure of the pipe was pictured as an orthotropic cylinder form in 3 

dimensions with reinforced layers with alternate pigment composition. The conventional designs are 

based on standard safety mechanisms that are based on non-predictable problems during 

manufacturing, loading or problems arising out of mechanical or material issues. 

The work of Wang et al. [33] focused on developing an enhancement method for BFRP using 

hybridization and the design was structured in a manner that it was best suited for use in long span 

cable based bridge. According to the findings of the study, there was an increase in the mechanical 

strength, modulus and fatigue behavior, the increase was attributed to hybridization. Zhang et al [34] 

also conducted a similar study. Quartz content up to 20% of basalt make it with excellent mechanical 

properties [35]. With augmented requests for fiber hybridization of composite pipe, the mechanical 

behavior sound investigation knowledge subjected to internal pressure is being necessary; 

consequently this numerically analysis would inspect the mechanical performance for hybrid (basalt 

and Eglass) filament winding multilayer fiber ±55o reinforced epoxy subjected to internal pressure, 
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longitudinal and hoop tensile test load to verify the best hybrid structure among others. Also, 

compared with the pure wound ±55o Eglass and pure basalt fiber reinforced epoxy composite pipe to 

show the performance of hybridization over the conventional Eglass fiber reinforced epoxy and basalt 

fiber reinforced epoxy pipe.  

2. Materials 

In this numerical study the pipe profile and geometry used in the analysis can be shown in Figure 2. 

The five used materials were used, basalt/E-glass/basalt reinforced epoxy, E-glass/basalt/E-glass 

reinforced epoxy, hybrid (both of one E-glass strand and one basalt strand were wound altogether) 

reinforced epoxy, pure E-glass/epoxy and basalt/epoxy. All mentioned sample types were wound with 

the filament wound machine with three layers and 55o orientation angle of 2.5mm pipe thickness and 

infused with epoxy resin by the vacuum infusion process. Each sample dimensions followed the 

ASTM for each test that were subjected to. Three types of applied load were subjected to all 

mentioned sample types. The hoop and longitudinal tensile test and biaxial internal pressure test 

according to ASTM D2290[36], ASTM D2105[37] and ASTM D1599[38] respectively. The tubes 

were produced for experimentally tests, even though the investigation is numerical. 

 
 

 

 

 
Figure 2. Dimensions and geometry of the composite tube. 

 

According to ASTM D2584 [39] The volumetric fraction has been computed are by adopting 

ignition-loss of the cured strengthened resins, Following Jones [40-41]. The required parameters 

computed are by adopting the material mixture law (Eqations.1). Table 1 presented the two fiber 

type’s properties which were used for the different composite constituent fabrication. 

 

Table 1. Fiber characteristics for components of composites structures 

 E [GPa] G [GPa]   (kg/cm3)    

Basalt 89.0 21.70 2.750 0.280 
E-glass 72.4 29.70 2.540 0.330 
Epoxy 3.60 1.440 1.20 0.280 

 

Elements that were essential to simulate the hybrid tubes were: volume v in cm3, mass M in gm, 

volume fraction V and density   in g/cm3.  The tube material mechanical properties that are 

computed are by adopting Eqns. 2-8 are: modulus of elasticity E, the density  , the Poisson ratio  

and shear moduli G. Table 2 displays the composite tube mechanical properties. 
 

= +c m fM M M ; /= m m m
v M ; /= f f fv M ; = +c m fv v v ; /=m m c

V v v ; /=f f cV v v  (1) 

. .= +  c f f m mV V         (2) 

11 .= f fE E V ++ .m mE V        (3) 

12 = 13 = .=f fV + .+m mV        (4) 
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/ 2(1 )= +f f fG E   ;  and    / 2(1 )= +m m mG E    ;    assume 12 13G G= .  (7) 

23 . / . .= +    f m m f f mV V        (8) 

 

Table 2. Composite constituent material’s characteristics 

Composites 
ρ 

[kg/m
3
] 

E1 

[GPa] 

E2 

[GPa] 

E3 

[GPa] 

G12 

[GPa] 

G23 

[GPa] 

G13 

[GPa] 
12  23  13  

Eglass/Epo

xy 

2.54 45.8

8 

10.1

2 

10.1

2 

3.46 3.46 3.46 0.308 0.31 0.308 
Basalt/Epo

xy 

2.75 54.4 9.8 9.8 3.24 3.24 3.24 0.28 0.28 0.28 
Hyb/Epoxy 2.645 50.2

4 

9.99 9.99 3.35 3.35 3.35 0.29 0.29 0.29 
 

3. A finite element simulation 

Through utilizing a FEM-ANSYS V14 commercial software code, linearly and elastic composite 

properties investigation of the composite structure of the filament winding tube pressurized internally, 

axial tensile and hoop tensile test were implemented numerically. The hybrid of Eglass and Basalt 

fiber reinforced epoxy composite tube had been taken under consideration to be orthotropic. The fiber 

elastic property and ply angle were familiarized. The model with fine-meshed, linear 3D tetrahedral of 

thin wall thickness with 8 nodes were utilized for simulation for all  load modes through divers of 

element numbers and node numbers for each load mode. For the internal pressure test mode, the 

element numbers were 416 and the nodes were 818, although for the hoop tensile testing, the elements 

were 4059 and the nodes were 16927, then for axial tensile testing the element numbers were 454 and 

the nodes were 465. The numerical analysis provided axial and hoop strain and stress for diverse fiber 

ply angle and for the three different types of hybrid composite selected material pipes. From the 

outcomes it can be assessed the behavior of the three different types of the novel hybrid basalt/E glass 

fiber reinforced epoxy to designate the optimal ply sequence among the three different types. 

4. Results and discussions 
The elastic and linear numerical investigations had been simulated utilizing three different modes of 

subjection load of biaxially pressurizing internally as well as longitudinal tensile and hoop tensile tests 

on three different kinds of composite hybrid stacking plies tubes of basalt/Eglass/basalt, 

Eglass/basalt/Eglass and hybrid contributed fibers of Eglass and basalt at the same time for the dry 

filament winding process assuming for all selected stacking hybrid plies of fiber materials wound with 

an angle of ±55o ply angles and six stacked layers. Figure.3 (a) displays the strain results contour of 

composite ±55o hybrid basalt/Eglass/basalt subjected to 18 MPa biaxial internally pressure. Hoop 

strain results contour can be shown in Figure.3 (b) for the subjection under hoop tensile load mode. 

According to ASTM D2105 standard that had been adopted so that there were no bend happened on 

the dogbone segment. Axial strain result contour shown in Figure.3 (c) under the subjection of axial 

tensile load mode. 

Table 3. Shows the numerical results of longitudinal and hoop strains and stress against the diverse 

comparable three types of hybrids of basalt/Eglass/basalt, Eglass/basalt/Eglass and hybrid contributed 

fibers of Eglass as well as pure basalt and pure Eglass fiber reinforced epoxy tubes (a) under 18 MPa 

biaxial internally pressure, (b) under hoop tensile test and (c) under Longitudinal tensile test. The 

strain results of basalt/Eglass/basalt reinforced epoxy hybrid pipe type shows low differences in stress 

as much as strain under same internal pressure level. As well as the differences between the three 

different composite hybrid kinds for the simulated tube structures are because of their different 

stacking plies adhesive of fiber interface behavior. 
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(a) (b ) (c) 

 Figure 3. The contours of strain result for: (a) The result of hoop strain for ±55o basalt/Eglass/basalt 

type of composite hybrid pipe under 18 MPa biaxial internally pressure. (b) The Hoop strain of 

±55o basalt/Eglass/basalt type of composite hybrid pipe under hoop tensile testing (c) Axial strain 

of ±55o basalt/Eglass/basalt type of composite hybrid pipe under longitudinal tensile testing 

 

Table 3. Axial and hoop strain and stress for diverse pipe materials: (a) under 18 MPa biaxial internal 

pressure, (b) under 10918 N hoop tensile test and (c) under 3258 N Longitudinal tensile test 

(a) 

Numerical results of different materials under const. internal pressure 18 MPa 
material type Pr MPa ε hoop ε Long. σ hoop MPa σ Long MPa 

3L Eglass 55 18 0.0134 -0.0082 178.03 89.8 
3L Basalt 55 18 0.0132 -0.0089 178.3 89 
3L BGB 55 18 0.012861 -0.0036 182.73 83 
3L GBG 55 18 0.01297 -0.0038 193.8 85 

 3L HYBRID55 18 0.01317 -0.0021 194.23 87 

(b) 

Numerical Hoop tensile test results, different Materials at selected const. load 
material type Ɛh σh Gauge.Length mm Max.load 
3L Eglass 55 0.0181 169 9.4 10918 
3L Basalt 55 0.0177 178.46 9.4 10918 
3L BGB 55 0.0167 184.427 9.4 10918 
3L GBG 55 0.01897 173.448 9.4 10918 

3L HYBRID 55 0.0204 177.21 9.4 10918 

(c) 

Numerical longitudinal tens test results of different. materials at const. load 

material type ƐL σL 

Mpa 

A 

mm^2 

Max.load 
3L Eglass 55 0.000486 9 480 3258 
3L Basalt 55 0.000467 8.9 480 3258 
3L BGB 55 0.000458 9.46 480 3258 
3L GBG 55 0.000463 9.42 480 3258 

3L HYBRID 55 0.000466 9.07 480 3258 

 

Form the results, it can be detected that when the stacking plies is diverse within the subjection for 

the same level of internal pressure value, the value of hoop strain 0.012861 mm/mm occurred for ±55o 

with 3 layers basalt/Eglass/basalt hybrid pipe type is lower than the rest. The hoop tensile test results 

indicated that the hoop strain and for ±55o with 3 layers basalt/Eglass/basalt hybrid pipe type equal to 

0.0167 mm/mm under the same hoop tensile load is lower than the rest. While for longitudinal tensile 

test the longitudinal strain for ±55o with 3 layers basalt/Eglass/basalt hybrid pipe type equal to 

0.000458 mm/mm under the same longitudinal tensile load is lower than the rest. The results in the 

lower strain values for the pure of basalt and Eglass with the three hybrid types within the same load 

condition for the three different test modes subjection indicate that the hybrid shows optimal 

performances than pure of basat and Eglass, also among the three hybrid pipe type, the results 

indicated that stacking of basalt/Eglass/basalt hybrid type shows better performance more than the rest. 

 



AAME 2019

IOP Conf. Series: Materials Science and Engineering 638 (2019) 012012

IOP Publishing

doi:10.1088/1757-899X/638/1/012012

7

 

 

 

 

 

 
And the basalt/Eglass/basalt fiber reinforced epoxy hybrid pipe can carry more internal, hoop and 

longitudinal tensile load  earlier the tube fails. For the basalt/Eglass/basalt tube, a lower strain has 

been detected due to the strength of basalt fiber that has a greater elastic modulus more than Eglass. 

The property of an adhesive for Eglass fiber enhances the stacking for the plies interface when it 

occupies the middle layer among the basalt plies which will be result in better mechanical behavior. 

Figure.4 shows the effect of different stacking plies fiber material on the hoop strain (a) under a 

biaxial of an internal pressure value equal to 18.0 MPa, (b) under the hoop tensile load of 10918.0 N 

and (c) under a axial tensile load of 3258.0 N. It can be detected that the lower hoop strains recorded 

value with basalt/Eglass/basalt hybrid type. A lesser axial strains values were noted for the 

basalt/Eglass/basalt hybrid type also. 

 

 

(a)                                                 (b) 

 

(c) 
 Figure 4. Effect different stacking plies fiber material on hoop and longitudinal strains (a) under 18 MPa 

 biaxial internal pressures, (b) under 10918 N hoop tensile test and (c) under 3258 N axial tensile test 

5. Conclusion 

In this numerically elastic and linear stress and strain investigates of composite pipes of hybrid of 

Eglass and basalt fiber reinforced epoxy with  different stacking sequence as well as the pure of 

Eglass and the pure of basalt ±55 filament wound hollow cylinder were carried out under the 

subjection of internal pressures as well as longitudinal and hoop tensile test. A designated model of 

finite element was recognized to evaluate the performance for a new structure of hybrid of basalt and 

Eglass reinforced epoxy over the pure of Eglass/epoxy and the pure of basalt/epoxy composite tube. 

Also to show the optimal stacking plies among all of hybrid different plies stacking composite pipe 

that has been utilized within different application. From the analysis results it concluded that: 

• The basalt/epoxy showed better mechanical behavior than Eglass/epoxy composite pipe. 

• Basalt/epoxy filament wound composite tube can be replaced by Eglass/epoxy tube within many 

healthy pressurized pipelines applications successfully as a better replacement with good mechanical 

performances than Eglass/epoxy.  

• The hybrid basalt fiber and Eglass fiber reinforced composite pipe structure showed enhanced 

mechanical performances than the pure of each one. 

• Basalt/Eglass/basalt fiber reinforced epoxy hybrid composite pipe has been seen as an optimal 

stacking plies among the three different stacking plies of hybrid composite pipe. 
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Based on this study, hybridization of basalt with Eglass fiber augmented the mechanical behavior, 

increased the mechanical strength, modulus and fatigue behavior, made costs less, excellent and has 

desired mechanical properties. 
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