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Abstract—Texgen software and EasyPBC plugin Abaqus 

are sophisticated and smart CAD and CAE Finite Element 

tools in terms of design and mechanical performance 

investigation of 3D composite RVEs 3D composite RVEs with 

different weave pattern, angle interlock and orthogonal weave 

type. Number of 3D composite RVEs of the two weaving 

pattern mentioned earlier are generated and then simulated 

using Texgen software and EasyPBC plugin Abaqus tool. 3D 

composite RVEs of orthogonal weave pattern with different 

yarns swap over show in general higher stiffness than those 

with angle interlock weave pattern. Moreover, three RVEs of 

orthogonal weave pattern extracted from same large 3D 

composite plate with different size have been generated from 

Texgen and simulated using FE EasyPBC plugin tool. The 

contrast between the stiffness of the three cases found to be 

very small.  

Keywords—3D, RVE, Texgen, EasyPBC, finite element, 

orthotropic, weave pattern, angle interlock, orthogonal.   

I. INTRODUCTION  

All types of composite materials (long fiber reinforced 

matrix, short  or mats fibers reinforced, composite laminate, 

advanced 2D and 3D woven fabric composite, non-woven 

fabric composite) are used extensively in industry due to 

highest stiffness and strength to weight ratio. 

Attributable to the enhanced specific energy absorption, 

impact and fatigue resistance of woven and non-woven 

composite materials, aircraft construction suppliers have 

gradually replaced metals spare part with composite. In the 

recent years 50% of Boeing 787 weight is produced from 

composite materials which result in reducing the weight 

approximately to 25% lower.     

Advanced textile composite materials consistence to fabric 

and matrix. Fabric can be woven or non-woven. The 

common woven fabrics used in composite forming are plain, 

twill and satin. Moreover the common non-woven fabrics 

are braided, stitched, knitted and non-crimp fabric. The 

ordinary used matrices used in automotive and aircraft 

applications is thermoset and thermoplastic matrices.  

 

Every type of woven fabric has its special weave pattern. In 

view of the fact that generating numerical woven structure 

manually for further investigation is incredibly tedious and 

time consuming job. A numerical tool is indispensable. 

TexGen, the open source software package [1] is one of 

several computational tools that generate numerical 2D and 

3D woven and non-woven fabrics and advanced and non-

advanced laminate composite absolute readily. Modeling 

very complex structures such as 2D or 3D fabrics without 

software is not easy task to perform and take huge of time 

and effort. However, using Texgen software is very easy 

and fast. 

Representative volume element of woven and non-woven 

fabric or composite material with any geometrical 

information can be constructed easily using softwares such 

as (Texgen, Digimat or any other softwares).  

 

Valavala et. al. [3] have predicted the linear mechanical 

properties of polycarbonate and polyimide polymer systems 

using Molecular dynamics simulations and micromechanical 

modeling. They investigated the relation between the bulk 

linear Young's modulus as function of the representative 

volume element size and force field type. A comparison 

between experimental and predicted results of the Young's 

modulus as function of the representative volume element 

size show the predicted bulk linear Young's modulus 

converges to the experimental Young's modulus as the 

representative volume element increases for polycarbonate 

and polyimide polymer systems. The results obtained using 

the multi-scale modeling approaches show that, predicted 

bulk elastic mechanical properties of both polymers systems 

are more accurate for more biger representative volume 

element. They also concluded that it is still not clear how 

large the representative volume element for accurate 

predictions from just one simulation. Consequently, 

considering representative volume elements of practical size 

with multiple microstates give superior results greater than 

results obtained from ordinary averaging method.                    

   

Xia et al [4] investigated the elastic deformation of an 

uniaxial and biaxial composite laminates using a periodic 

representative volume element method. Yarns or fibers of 

uniaxial laminate have equal radius cylindrical geometry 

and were aligned and embedded in the matrix uniformly and 

equally along fiber direction. In modeling the representative 

volume element takes in account fiber or yarns direction and 

orientation angles, i.e. modeling each layer with different 

orientation angles can be carried out by representative 

volume element with different mechanical properties.  

  

Bargmann et al [5] reviewed advanced generation methods 

for generating 3D representative volume elements for 

permeable and impermeable materials. In general all 

materials considered as heterogeneous in very small level. 

Therefore the tiny phase between heterogynous and 

homogenous is a matter of size. In literature there are a 

significant number of analytical and computational 
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homogenization methods for generation appropriate 

representative volume element from micro-scale to macro-

scale. Representative volume element computational 

technique find to be given more accurate results than 

analytical techniques according to Bargmann et al [5] in 

their review. The geometrical and finite element 

computational means facilitate the job for researchers who 

interested in developing new materials by controlling the 

microstructure constitutes for optimizing the mechanical 

properties such as stiffness and strength to weight ratio of 

light weight composite material.                  

Constructing 3D microstructure representative volume 

element experimentally can be built for characterizing the 

microstructure by methods such as destructive serial 

sectioning or non-destructive imaging based on transmissive 

radiation method using mechanical cutting or etching of 

specimen. Then scanning the 2D slices specimens using 

optical microscopy processing methods such as scanning 

electron microscopy and transmission electron microscopy. 

Instead of serial sectioning method which considered a 

destructive method since require machinery cutting of 

specimen, confocal microscopy for transparent or highly 

porous materials is recommended to use. These 

experimental and image post-processing methods need huge 

amount of efforts and time even when cutting process is 

automated. Thus, they considered time consuming and 

tedious methods. 

 

Generating polycrystalline microstructure information is by 

simulating the grain formation and grain growth based on 

minimizing of the grain boundary energy. There are several 

methods in the literature that recounting the fundamentals of 

the evaluation and solidification of grain's microstructure 

such as vertex method, surface evolver method, and for 

modeling 3D microstructure cellular automata and Monte 

Carlo methods are employed. The previously mentioned 

methods extremely adequate for being a base of mapping 

geometrical microstructure information from them to finite 

element method for further investigation or vice versa which 

mean finite element results from crystal plasticity simulation 

mapped to physical based microstructure generation 

methods to be an input as initial state of grain growth or 

solidification microstructure evolution. This follow-up 

tactics from microstructure evolution to finite element 

simulation or vice versa is known as coupling simulation 

[6].  

 

Apart from generating microstructure RVE from 

experimental data and physical methods, geometrical 

methods are also employed such as Voronoi method. 

Voronoi method gives geometrical results that simulate the 

actual geometrical features of polycrystals. Voronoi method 

was readily input as ready function in Matlab library.       

 

Several types of 2D and 3D woven and  non-woven 

numerical fabric models were built in researchers from 

institutions on over the world. These models were 

constructed based on experimental information about outer 

image features using digital photomicrographs tools. In this 

paper coupling approach of generation and mechanical 

performance investigations of periodically homogenous 3D 

composite material RVEs with different weave and binders 

style was carried out using two softwares  Texgen and 

EasyPBC Abaqus Standard Plugin  Tool [2].  

II. TEXGEN AND ABAQUS EASYPBC PLUGIN MODELING 

      Texgen is an open source textile geometric modeler 

initially built at the University of Nottingham [1]. The fact 

about Texgen is that, it has large capacity  in terms of textile 

composite modeling. Different type of composite material 

from single path composite, 2D composite, layered 

composite to 3D advanced composite can be modeled easily 

by Texgen.  

 

In this investigation two types of 3D RVEs with different 

regular and unregular warp, weft and binder weaving style 

has been constructed using Texgen software. Weaving styles 

of the 3D RVEs are shown in Fig. 1,2 below. 

  

  
 

Fig. 1. Case 1-3 angled binder 3D RVE for power elliptic section 0.4, 0.6 

and 0.8 (a) Ang0012 (b) Ang0016 (c) Ang0412 

 
Fig. 2. Case 1-3 orthogonal binder 3D RVE for power elliptic section 0.6  

(a) Ort00 (b) Ort0011 (c) Ort001120  

 

      Steps of creating RVE of 3D textile composite models. 

Two type of 3D textile composite models have been created; 

3D textile composite models  with orthogonal binder yarns 

travelling vertically through layers at top and bottom and 3D 

textile composite models with angled interlock binders 

travelled in fixed pattern from top to bottom. Thirteen 3D 

RVEs with different binders weave styles have been built 

for further mechanical performance investigation as shown 

in Fig.s 1,2. The first six models see Fig.s (1,2) have been 

named as Ang and Ort for the first three litters and then four 

numbers which referred to Swap the positions of two yarns 

in the patter with given index x, y as in python scripts [7]. 

Texgen has two ways of creating textile models; one is 

graphical user interface which is a easiest way to use and the 

other one is an interpreted programming language Python. 

Python scripts can also run from the Texgen graphical user 

interface [8, 9].  

 

The steps of constructing 3D textile composite RVEs using 

graphical user interface with small details are as follows; 

from Texgen layout 3D weave style was chosen, then a new 

window 3D weave wizard and two 3D weave types was 

adopted in this paper (orthogonal and angle interlock binder 

weave). After that assigning model dimensions that shown 

in TABLE I-III Domain represents the matrix phase was 

created by default domain option fit the 3D fabric model in 
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orthogonal cubic geometry. Once all the dimensions entered 

a weave pattern window appear on the screen shows an 

initial weave pattern. Swap the cross over order of binder 

yarns is  manually user interface as in Fig.s (1,2). Using the 

dimensions data in TABLE 1-3 in Texgen software 

generated the 3D composite RVEs models of orthogonal and 

angle interlock binder weaving pattern as shown in Fig. 3.  

  

TABLE 1: 3D COMPOSITE MATERIAL RVES DIMENSIONS OF WEFT YARNS. 

Weft data No. of yarns 4 

No. of yarn layers 3 

Yarn spacing 0.003 m 

Yarn width 0.0024 m 

Yarn height 0.0003 m 

Ellipse section power 0.4 

0.6 

0.8 

 TABLE 2: 3D COMPOSITE MATERIAL RVES DIMENSIONS OF WARP YARNS. 

Warp data No. of warp and binder yarns 3 

Ratio of binder yarns to warp yarns 2:1 

No. of yarn layers 3 

Yarn spacing 0.003 m 

Yarn width 0.0024 m 

Yarn height 0.0003 m 

Ellipse section power 0.4 

0.6 

0.8 

 

TABLE3: 3D COMPOSITE MATERIAL RVES DIMENSIONS OF BINDER YARNS. 

 

 

 

 

 

 

Fig. 3. 3D composite RVEs models (a) angle interlock (b) orthogonal.  

To this end an abaqus input file for the 3D composite RVE 

model is created and exported to specified folder on PC or 

Labtop. The input file is consisted of one part with sets of 

several number of yarns and one set of matrix. Each set has 

been assigned its mechanical properties through solid 

section. The input file containing the nodes, C3D8R 

elements, boundary conditions, load cases and material 

definitions (see TABLE 4 for mechanical properties of E 

glass fiber and epoxy matrix) [4]. The mesh density can be 

controled by the user from coarse to fine meshing. 

TABLE4: MECHANICAL MATERIAL PROPERTIES OF FIBER AND MATRIX [4]. 

Material Young's Modulus E (Gpa) Passion ratio  

E-glass 72.50 0.22 

Epoxy 2.6 0.4 

 

There are two ways of running Abaqus EasyPBC plugin 

simulation; the first way is by Abaqus Command Line and 

the second one by Abaqus CAE user interface. In this 

investigation the second way is used. The input file was 

imported to Abaqus along with defined the part in the form 

of orphan mesh one part with several yarn element sets and 

one matrix element set (see Fig. 4). 

 
Fig. 4. 3D composite RVE orphan hexahedral mesh solid C3D8R type 

element (a) open part consisted of yarns and matrix sets (b) identical 

to (a) with highlighted yarns.  

At this stage it was the turn of EasyPBC Abaqus plugin to 

predict the material mechanical properties of the 3D 

composite RVE models. The elastic mechanical properties 

of the 3D composite RVE models are estimated by 

EasyPBC Abaqus CAE plugin which shorten the distance 

from using a third-party software. The plugin work based on 

imposing different periodic boundary conditions PBCs and 

different displacement boundary conditions for estimating 

each elastic mechanical properties of the RVEs the subject 

of the study, and that will not taken place except in case of 

involving different Abaqus analysis jobs. For further details 

about the theory and algorithm of EasyPBC Abaqus plugin 

refer to [10]. 

 

For quite some time researchers used Chamis and Sendeckyj 

[11] analytical model to estimate the mechanical properties 

of orthotropic materials such as unidirectional fiber 

reinforced composite and bidirectional advanced textile 2D 

or 3D composite. Also there are a number of 

micromechanical methods in literature for predicting the 

elastic mechanical properties of composite vary from 

roughly simple method [12] to reasonably complex [12,13]. 

However, these methods are limited in terms of they are not 

sufficient to accommodate all possible geometrical 

structures and geometrical variability in meso-strcture and 

macro-structure scales of some materials. In addition, using 

Finite Element method in determining the material 

mechanical properties of 3D composite for the reason that 

Chamis and Christos [11] composite micromechanics 

equations not sufficient since 3D composite RVE as shown 

in the Fig. 1 has no identical pair profiles for due to the 

existence of binder layer.       

     

Finite element Easy PBCs Abaqus plugin is an alternative 

approach which have been shown to cope with the problems 

of different geometrical microstructures and variability 

inherent in some materials such as binder yarns (see Fig. 3) 

in 3D composite RVE in this paper more efficiently. 

III. RESULTS  

Results of Finite Element simulations using the EasyPBC 
plugin tool to estimate the mechanical properties of 3D angle 
and orthogonal weave composite RVEs are conducted and 
illustrated in Fig.s in this section. Fig.s (5-7) show the 
relations between Young's E11, E22 and E33 as function in 

Binder data Yarn spacing 0.0015 m 

Yarn width  0.0012 m 

Yarn height  0.00015 m 
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the eccentricity  (ellipse section powers) (0.4, 0.6 and 0.8) 
of Ang0012, Ang0016 and Ang0412 (see Fig. 1) of 3D angle 
weave pattern composite RVEs. 

    

Fig. 5. E11 function in  of Ang0012, Ang0016 and Ang0412 RVEs   

   

Fig. 6. E22 function in  of Ang0012, Ang0016 and Ang0412 RVEs   

   

Fig. 7. E33 function in  of Ang0012, Ang0016 and Ang0412 RVEs   

  Three orthogonal weave 3D composite RVEs Ort00, 

Ort0011 and Ort001120 weave pattern (see Fig. 2) have also 

been simulated for mechanical properties estimation using 

Finite Element Abaqus EasyPBC plugin. Fig.s (8-10) show 

the relation between Young's modulus E11, E22 and E33 as 

function in ratio of warp yarn to binder yarn  (1:1, 1:2, 1:3) 

of 3D composite RVEs Ort00, Ort0011 and Ort001120. The 

eccentricity  (ellipse section powers) for the three weave 

pattern is 0.6.  

 

Fig. 8. E11 function in  Ort00, Ort0011 and Ort001120 RVEs   

 

Fig. 9. E22  function in  Ort00, Ort0011 and Ort001120 RVEs   

 

Fig. 10. E33  function in  Ort00, Ort0011 and Ort001120 RVEs   

Moreover, Young's modulus of orthogonal 3D composite 

RVEs with 1:1 warp to binder ratio  (see Fig. 2 a) as 

function in binder width to height aspect ratio  are 

illustrated in Fig. (11-13). The binder width to height aspect 

ratio  of five orthogonal 3D composite RVEs with 1:1 

warp to binder ratio  are listed in TABLE 5.  

TABLE 5: BINDER WIDTH TO HEIGHT ASPECT RATIO  OF ORTHOGONAL 3D 

COMPOSITE RVES (FIG. 2 A). 

Binder yarn 

width (m) 

Binder yarn 

height (m) 

Binder width to height 

aspect ratio  

0.00150 0.00015 10 

0.00135 0.00015 9 

0.00120 0.00015 8 

0.00105 0.00015 7 

0.00090 0.00015 6 

1.85E+10
1.90E+10
1.95E+10
2.00E+10
2.05E+10
2.10E+10
2.15E+10
2.20E+10
2.25E+10
2.30E+10

0.40 0.60 0.80 

E1
1

 (
p

s)
 

 

Ang0012

Ang0016

Ang0412

2.50E+10

2.55E+10

2.60E+10

2.65E+10

2.70E+10

2.75E+10

2.80E+10

2.85E+10

2.90E+10

0.40 0.60 0.80 

E2
2

 (
p

s)
 

 

Ang0012

Ang0016

Ang0412

7.60E+09

7.80E+09

8.00E+09

8.20E+09

8.40E+09

8.60E+09

8.80E+09

9.00E+09

0.40 0.60 0.80 

E3
3

 (
p

s)
 

 

Ang0012

Ang0016

Ang0412

2.00E+10

2.10E+10

2.20E+10

2.30E+10

2.40E+10

2.50E+10

2.60E+10

2.70E+10

2.80E+10

0 0.5 1

E1
1

 (
p

s)
 

 

Ort00

Ort0011

Ort001120

2.95E+10

3.00E+10

3.05E+10

3.10E+10

3.15E+10

3.20E+10

3.25E+10

3.30E+10

0 0.5 1

E2
2

 (
p

s)
 

 

Ort00

Ort0011

Ort001120

1.30E+10

1.35E+10

1.40E+10

1.45E+10

1.50E+10

1.55E+10

1.60E+10

1.65E+10

1.70E+10

1.75E+10

1.80E+10

0 0.5 1

E3
3

 (
p

s)
 

 

Ort00

Ort0011

Ort001120
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Fig. 11. E11 function in  of orthogonal 3D composite RVEs with 1:1    

 

Fig. 12. E22 function in  of orthogonal 3D composite RVEs with 1:1    

 

Fig. 13. E33 function in  of orthogon al 3D composite RVEs with 1:1    

As a final point, influence of RVE size has also been 

investigated. Three different sizes of orthogonal 3D 

composite RVEs were considered to study the effect of 

different RVE size on the mechanical properties. The 

orthogonal 3D composite RVEs shown in Fig. 14 (b), (c), 

(d) and (e) are extracted from a large 3D textile composite 

as shown in Fig. 14 (a). The three RVEs Fig. 14 (b, c, d and 

e) were modeled and simulated using Texgen and Finite 

Element EasyPBC plugin tool. Young's modulus of the three 

RVEs as function in RVEs volume (V) are illustrated in Fig. 

(15-17). The three RVEs Fig. 14 (b, c, d and e) have been 

named (Ort00, Ort0020, Ort0002 and Ort0222) respectively.   

. 

Fig. 14. Extracting four 3D composite RVEs from large 3D composite plate 

(a). (b) Ort00, (b) Ort0020,  (d) Ort0002 and (e) Ort0222 

 

Fig. 15.  E11 function in V of three orthogonal 3D composite RVEs (Ort00, 

Ort0020, Ort0002 and Ort0222). 

 

Fig. 16. E22 function in V of three orthogonal 3D composite RVEs (Ort00 

Ort0020, Ort0002 and Ort0222). 
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Fig. 17. E33 function in V of three orthogonal 3D composite RVEs (Ort00, 
Ort0020, Ort0002 and Ort0222). 

IV. DISCUSSION 

Fig.s (5-7) show inverse proportion between Youngs E 

modulus and eccentricity  for RVEs (Ang0012, Ang0016 

and Ang0412). Young's modulus E are decrease gradually 

as the eccentricity  increase. The highest Young's modulus 

recorded of all RVEs (Ang0012, Ang0016 and Ang0412) 

are those with eccentricity  =0.4. While the lowest Young's 

modulus are those with eccentricity  =0.8. Another 

important finding from Figs. (5-7) that can be seen clearly 

the differences between Young's modulus with identical 

eccentricity  for the three RVEs (Ang0012, Ang0016 and 

Ang0412) is extremely small less than 1% which often 

neglected. This is attributed to the fact that decreasing the 

eccentricity  leads to increasing fiber volume fraction. It is 

obvious from Chams [11] first equation the direct 

proportional between Young's modulus and fiber volume 

fraction. It is obvious from Chams [11] first equation the 

direct proportional between Young's modulus and fiber 

volume fraction. The highest stiffness have been obtained 

E22, E11 and at last E33 because the yarns run axially in the 

direction of 2 orientation axis have bigger cross section than 

those run also axially in the direction of 1 orientation axis. 

On the other hand the lowest Young's modulus for all cases 

are E33 due to the fact that the 3 ordinations axis is 

transversely to the weft and warp yarns, even though there is 

binding yarn which used to holding and 

binding the 3D fabric together and the supreme purpose of 

its existence is preventing de-lamination failure mode from 

occurring (this phenomena will be figured out with more 

details in next paper).  

      The relation between Young's modulus (E11, E22 and 

E33) as function in ratio of warp yarn to binder yarn ratio  

are illustrated in Figs. (8-10) for 3D composite RVEs 

(Ort00, Ort0011 and Ort001120). The warp yarn to binder 

yarn ratio  considered are (1:1=1, 1:2=0.5 and 1:3=0.333) 

for RVEs (Ort00, Ort0011 and Ort001120) respectively as 

demonstrated in Figs. (8-10). From the Figs. (8-10) a 

gradual increase can be seen, as the warp yarn to binder yarn 

ratio  increase the Young's modulus increase for the all 

three cases. This indicator indicates that the RVE Ort00 with 

(1:1) warp yarn to binder yarn ratio  weave pattern gives 

the highest stiffness in all axis while RVE Ort001120 gives 

the lowest. This indicator refers also to the fact that, the 

cross sections of weft and warp yarns are bigger in size than 

the cross section of binder size so whenever the number of 

binder yarns increase in one row the number of warp yarns 

decrease which cause reducing in the stiffness.   

 

The relations between Young's modulus and the aspect ratio 

binder width to height  for RVE with 1:1 warp to binder 

ratio  (see Fig. 2 a) are illustrated in Fig. (11-13). For the 

three relations in Figs. (11-13) the curves start with almost 

small or no changes in Young's modulus for first increment. 

However, the curves stated to increase gradually as the 

aspect ratio binder width to height  increased (see Figs. 11-

13). This is also attributed to the fact that RVEs with higher 

fiber volume fraction give higher stiffness. 

 

The effect of RVEs size on the mechanical performance 

demonstrated in Figs. (15-17). Figs. (15-17) show the 

relation between the Young's modulus and the orthogonal 

RVEs volume of the RVEs (Ort00, Ort0020, Ort0002 and 

Ort0222). In Figs. (15-17) there are small errors between 

Youngs modulus of RVEs Ort00, Ort0020, Ort0002 and 

Ort0222 ranged from (2-8%), however the highest error was 

8% which recorded between RVE Ort0002 and RVE 

Ort0222 in Fig. (16). Since the drift away or the scattering 

of some values relatively small and  there is no specific 

indicator, it can be then attributed that to numerical 

problems such as convarge and intensity of mesh.  

V. CONCLUSION   

         Texgen and EasyPBC Abaqus plugin are quick and 

smart to use computational tools. Number of two types of 

weave pattern (angle interlock and orthogonal) 3D 

composite were produced and tested using Texgen and 

EasyPBC plugin to investigate their mechanical 

performance. 3D composite RVEs with orthogonal weave 

pattern show higher stiffness from those with angle interlock 

weave pattern. RVEs with relatively small eccentricity  

have higher stiffness in all three directions which attributed 

to increasing fiber volume fraction. Not only RVEs with 

small eccentricity  have higher stiffness but also RVEs 

with high warp yarn to binder yarn ratio  have higher 

stiffness. Moreover, RVEs with higher binder width to 

height aspect ratio  have higher stiffness. Finally, 

simulation results from different orthogonal RVEs periodic 

sizes exhibited small stiffness error does not exceed 8% In 

the worst case which attributed to numerical problems.  
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