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CHAPTER IV 

 
PREPARATION OF TRANSVERSELY ISOTROPIC TEST SPECIMEN 

 

 

Chapter abstract 

 

Accurate test specimen close to analytical model reduces the 

compulsion of going for unrealistic assumptions that takes the analysis 

away from reality. The composites pose problems in areas like volume 

fraction, arrangement and orientation of fibers within the matrix. A 

method to design, compute and achieve correct volume fraction is 

presented in this work. A technique for preparing and dismantling 

molds with commonly available materials is also presented in detail. 

Using simple tools and tackles coupled with a few precautions as 

described herein, FRP test specimen can be prepared close to the 

reality. Present work addresses typical problems faced by researchers 

during preparation of unidirectional continuous fiber reinforced 

composite test specimen ensuring transversely isotropic nature. With 

precautions that are far less complex to follow, transversely isotropic 

composite test specimens of glass fiber reinforced plastic (GFRP) and 

natural fiber reinforced plastic (NFRP) are prepared to suit the 

requirements.  
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4.1   Objective 

 

Researchers, particularly in academic institutions, are handicapped by 

the non-availability of detailed information on fabrication techniques 

for preparing FRP test specimens that are equivalent to an analytical 

model. The objective of this work is to prepare transversely isotropic 

test specimens that are as close as possible to theoretically assumed 

models. The present work, as a first step, is aimed at addressing 

various practical issues that are usually encountered during fabrication 

of unidirectional fiber reinforced polyester composite specimens. In 

addition, the work is aimed at developing certain techniques which can 

be implemented easily in the laboratories of academic institutions. 

Transversely isotropic specimens require all the fibers to be placed 

within the matrix in a perfect parallel alignment while maintaining 

desired volume fraction at the same time. Also the project aims to 

develop tools and tackles to make the process simple to keep fibers in 

proper alignment till casting process is completed. Procedure for 

preparing and dismantling molds with commonly available materials 

are to be developed. Ultimately, an easy to follow method to design, 

compute and achieve correct volume fraction along with dimensional 

accuracy for all the test specimens is the target of this work. 
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4.2   Methodology 
 

The methodology followed in this work to prepare transversely 

isotropic test specimen is a blend of some traditional and some newer 

techniques. The procedure sequentially touches various stages 

involved in a fabrication process aimed to avoid typical and repetitive 

mistakes. Various important stages during preparation of test 

specimen are as following. 

 

1. Collection and preparation of fibers 

2. Computation of volume fraction 

3. Preparation of molds  

4. Placing and alignment of fibers in the mold 

5. Sequence of recording the data 

6. Resin mix preparation  

7. Pouring of resin in the mold   

8. Extraction of specimens and finishing 

9. Curing of specimens 
 

Fiber is collected in the raw state from the market. Fiber glass does 

not require any treatment but natural fibers need a lot of pre 

treatment for improving surface quality before being used. Cleaning 

and treatments of natural fibers are done as per the standard 

practices. Linear density of fibers is measured and is used to achieve 

the correct volume fraction in a complete deviation from the regular 

practice. Molds are prepared by using foam tape which is found to be 

an easier and quicker procedure. Fibers are placed and held in parallel 

alignment, which is a very essential requirement, with the help of 

clamps. Keeping the mold surface in horizontal orientation is very 
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much necessary to maintain uniform thickness of the specimen and 

this is done with the help of spirit levels. The resin mix is poured into 

the molds and allowed to set for sufficient time. The specimens are 

removed easily from the molds as the material used for mold 

preparation is sacrificial foam tape. The specimens are sun dried and 

then cured in an oven. Grinding is done to remove all burrs and 

dimensional accuracy of the specimen is checked with a micrometer.    

 

4.3   Materials and methods 

 

Glass fiber and natural fiber reinforced composite preparations are 

mostly similar but not the same. Glass fiber handling is relatively easy 

but hazardous  while natural fiber handling requires extra skills and 

special tools. The present work deals with both the fibers and so both 

the methods are presented in a sequence.   

 

4.3.1    Collection and preparation of glass fibers 

 

Fiber glass available in woven mat form is selected for this work. The 

glass fibers can be drawn from the mat without any wrinkles. Glass 

fibers are highly hazardous that warrant usage of hand gloves as 

shown in figure 4.1. Microscopic observation reveals nodules formed at 

random locations all along the length of each individual fiber as shown 

in figure 4.2. These nodules, though random and uneven, improve 

gripping of fibers within the resin. Required square sized (square size 

mat reduces wastage to naught) glass fiber woven mat is cut from the 

roll and stored in a clean polythene bag. Individual glass fibers are too 

thin and brittle, hence not easy to cut. Strands of glass fibers, 

however, are supple and relatively easier to cut compared to handling 
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of individual fibers. Cutting of fiber strands is  done with a heavy 

scissors. 

 

   

 
 

Fig. 4.1 Drawing of fiber strands from the woven mat. 

 

 

 
 

Fig. 4.2 Microscopic view of a pair of glass fibers with nodules. 
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The woven mat is kept under covers, until incorporation in the mold, 

to keep fibers clean and to ensure better bonding with matrix. As the 

aim is to fabricate unidirectional reinforced composite specimen, fiber 

strands are drawn from the woven mat and counted. The strands are 

then grouped in bunches of 50 or 100 in number. For eventual control 

on volume fraction, counting of these bunches is essential. 

 

4.3.2    Collection and preparation of sisal fibers 

 

Natural fibers are available in the market in semi-finished condition. 

Fibers like palm, sisal, jute are available in bulk and in sufficient 

lengths. Natural fibers are lighter and the specific gravity of most of 

them falls between 1.0 and 1.5 as against 2.54 of glass fibers. Coarse 

in nature, natural fibers have large and uneven surface area but 

collectively have lesser surface area (compared to fine glass fibers) 

available for bonding for a given volume fraction. Hence, it required 

more understanding of fiber’s behavior and surface texture to achieve 

better bonding with matrix. Also, natural fibers are slightly greasy by 

nature and are usually available (after retting) with pith sticking all 

around, which does not contribute to the strength of the fiber. Pith by 

nature sticks loosely to the fibers and unless removed will act like an 

unwanted inclusion in the composite.  Hence, fibers are to be cleaned 

off pith completely and mercerized for eliminating greasy matter for 

improved surface texture and bonding. The following procedure is 

adopted to make natural fibers fit for incorporation in matrix. 

 

• Fibers are soaked initially in a mild detergent soap solution for 

an hour and are thoroughly agitated and combed (hackling) 

within the soap bath to remove larger parts of the associated dirt 
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and pith. Then wet fibers are pulled through a tight cloth orifice 

one at a time to remove the remaining pith from fibers.  

 

• The fibers are then soaked in alkaline (2% Na OH) bath for 1 hr. 

at room temperature and are thoroughly washed in distilled 

water. Further, for neutralization the fibers are soaked in acid 

bath (2% H2SO4) for 30 min. at room temperature and then 

washed thoroughly in distilled water. Bunches of fibers are 

placed in a centrifuge for expelling water. 

  

• Fibers are then bunched in groups of 100 or 250 and are 

wrapped in a dry cotton cloth. This step removes excess 

moisture and fibers are left wrapped till they are semi-dry.  

Fibers are then graded based on size and color. Graded fibers, 

while in semi-dry condition, are combed straight manually to 

remove curling and twisting and kept bunched as shown in the 

figure 4.7.  

 

• Fully dried natural fibers tend to curl if left free and hence are to 

be bundled in semi-dry state and wrapped in a cloth. Small 

bundles containing 250 to 500 individual fibers are held tight 

with wire bands at both ends as well as in between and cut to 

required length as shown in figure 4.8. These bunches are then 

wrapped tight in a clean cotton cloth to keep them straight. 

 
 

• The fibers are further dried in an oven for 12 hours at 400C in 

wrapped condition (with ends open) and then packed in a 

polythene bag to keep them free of dust and moisture. 
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4.4  Determination of linear density of fiber 
 

The bulk density of natural fibers is different from its material density. 

In this work both material density and linear density of fibers are 

required for achieving the target volume fraction of the composite. 

While the density of glass fiber is available in the literature and since 

glass fiber is non-porous, the issue of glass fiber density is not 

discussed here. The chosen natural fiber for this work is sisal and the 

density of sisal fiber in the literature varies from 1.35 to 1.43 g/cc in 

the literature. Hence the material density and linear density of sisal 

fiber is discussed here. Two sets of three trials, separately with two 

different media, are conducted to confirm the density and the average 

in each case is reported. A gravimetric procedure similar to that 

described in ASTM C128 is followed. To overcome the issue of the fiber 

wettability, 95% ethanol with known density is used as medium in one 

set of trials and canola oil is used in the other set. For each run, 

exactly 2.000g of fiber is weighed and cut into small pieces so as to 

facilitate easy dropping into the specific gravity bottle. The density of 

fiber sample is determined using the following data: 

 

Density of fiber = mass of fiber/Volume of fiber 

         mf   = mass of fiber sample taken 

mbm = mass of bottle with medium filled up to the calibration 

mark 

mfm  = mass of bottle with fiber placed in the medium liquid 

me   = mbm – mfm =  mass of medium expelled 

Vm   = volume of medium = mass of medium/ density of the  

medium 

Vf    = volume of fiber = volume of the medium expelled 
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4.5   Computation of volume fraction 

 

One major issue while preparing test specimens is to achieve the 

required volume fraction. The procedures like burning off or dissolving 

in a solvent for determining the volume fraction are too cumbersome 

for institutional level researchers. Moreover these methods are suitable 

only for synthetic fiber composites and cannot be extended to natural 

fibers.  Hence, one solution is to compute the volume fraction prior to 

achieving it, which is done by determining the linear density of a 

representative group of fibers (in this case strands) by careful 

weighing and judiciously averaging. This procedure is common for both 

glass as well as natural fibers.  

 

Since fibers are incorporated in their bulk form, volume fraction 

calculations are to be performed in situ. Glass fibers are handled in the 

form of strands and determining the linear density (weight per unit 

length) of these fibers accurately in their available form makes it easy 

to determine the true volume fraction and is a viable method for 

researchers. Fiber strands of variable numbers but of equal length are 

bunched together and weighed on a digital balance of 1 mg sensitivity. 

At least five such samples are weighed and averaged for determining 

the linear density of each strand. 

 

 

As an example a sample calculation is shown below for achieving 10% 

volume fraction with glass fiber. 

 

Target volume fraction:                :  10% 

Specimen dimensions:                :  250x50x4 mm 
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Averaged weight of each bunch (250mm long):   :  72g        

Linear density of glass fiber strands* (calculated)       : 0.288 g/m  

Volume of the mold:                      : 50 cc 

Volume of fiber to be incorporated for 10% Vf             : 5 cc 

Wt of 5 cc of fiber (material density: 2.54 g/cc)          : 5 x 2.54 =  

12.7 g 

Length of fiber strand to be incorporated: 12.7/0.288   = 44.097 m 

No. of strands to be placed in the mold: 44.097/0.25** = 176.39                   

say 177 nos. 

*Strands are taken as they are drawn from the knit mat without 

disturbing them. 

**250mm = 0.25m is the length of specimen/mold 

 

Say 176/177 strands of glass fiber are to be placed parallel to 250 mm 

side of the mold and arranged (spread) uniformly along the width. 

Counting the fiber strands while drawing them from the mat prior to 

placing them in the mold is done to avoid possible errors. 

 

 

4.6    Preparation of molds 

 

Three methods are tried in this work and the better one is described 

here. The mold base chosen is a vitrified ceramic tile placed on a 

heavy bench. These tiles are tough, glossy smooth, nonstick and one 

can write with pencil and erase.  Pencil lines are drawn on the tile 

surface as per the specimen geometry and a 2-way glue tape is pasted 

along these lines to form a peripheral bund. One layer of two way tape 

is pasted for 2 mm thick specimen and two layers of tape for 4 mm 

thickness. This is one of the most flexible methods as drawing of pencil 
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lines on the tile surface and sticking the glue tape along the lines is 

done quickly and corrections can be made with equal ease. 2-way 

foam tape sticks and grips well to the vitrified tile surface and the 

bunds thus formed do not allow any leakage of resin before gelling. 

Arresting leakage completely is essential to keep the poured resin 

volume constant. Volume of the mold is measured from the actual 

dimensions. 2-way glue tape also helps in sticking the fiber layers 

straight and aligned. After one layer of two way tape is glued to the 

tile surfaces, glass fibers are stuck to the width as shown in figure 4.3. 

The second layer of tape is then stuck and appears like it is in figure 

4.4. This procedure ensures that the fibers are symmetrically located 

across the thickness of the mold. 

 

Other two methods use either spongy rubber mat or acrylic sheet in 

place of glue tape. In both the cases prior cutting of cavities to the 

required mold dimension is to be done which is cumbersome, demands 

a machine and adds to cost.  Also these sheets require clamping of the 

mold set-up to the base and slight leakage of resin invariably occurs 

that introduces errors in volume fraction. Also these molds cannot be 

altered in size as and when required. Fibers are to be left free in the 

mold cavities which results in wrinkling of fibers and loss of alignment. 

The mold set-up is mounted on a heavy table as depicted in figure 4.5, 

to avoid accidental disturbances during pouring. Figure 4.6 shows a 

few tools and tackles used including a spirit level.  

 

The uniformity in thickness is achieved by making the mold base 

horizontal using a spirit level. Once casting is removed from the mold, 

glue tapes are peeled off immediately and the mold base is cleaned 

with thinner for the next operation. The time taken for preparing a 
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mold of 5 specimens by this method is observed to be, surprisingly, 

less than 30 minutes.   

 

 

                                                    
Fig. 4.3 Glass fiber strands retained in parallel 

          orientation and a series of molds in line 

                                         

 

 

 
Fig. 4.4 Aligned and secured fiber strands in the mould 
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Fig. 4.5 Mold set-up on a heavy bench during pouring  

 

 

 

 
 

Fig. 4.6    Some tools and accessories used 
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4.7  Placement and alignment of fibers in the mold 
 

Based on the number of strands to be accommodated in each mold, 

the number of strands per unit width of the mold is calculated. The 

strands are held straight by both hands (with gloves on) with slight 

pre tension and are placed one by the side of the other (sometimes 

one over the other if volume fraction is high) and parallel to each other 

which is a skilled and time consuming procedure. For providing 

sufficient hold on the fibers with fingers, fiber strands are taken 50 to 

60mm extra long than the required specimen length. For example, to 

prepare a 250mm long specimen, the fiber strands must be at least 

310mm long. The extra lengths are trimmed off after the specimen is 

taken out of the mold. 

 

The progress of fiber strands placed in each unit width; say at every 

10 mm is checked to maintain uniformity of the areal density (number 

of strands per unit area) of specimen. Also, this is found to be the 

most crucial and demanding part of the whole job to achieve uniform 

volume fraction in all specimens. Counting the number of strands to be 

placed and weighing before placing them in the mold is repeated as a 

precautionary measure. Pre weighing of fibers and post weighing of 

residuals is done and recorded to confirm that right volume of fiber is 

included in the specimen and in turn the right volume fraction. 

Keeping the fibers straight and parallel is not a very difficult task in 

case of glass fibers but due care is to be taken while handling the 

fibers so that none of the human body parts are hurt. Broken glass 
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fibers are extremely sharp and invisible and hence wearing eye glasses 

becomes mandatory.  

 

Placing of natural fibers in parallel orientation and sustaining them in 

position is a painstaking and demanding part of the whole work as 

natural fibers tend to behave differently in different temperature and 

humidity conditions. The steps for best results are as following.  

 

• Fibers are sprayed with a mist of distilled water sufficient enough 

to make them supple for handling and kept in a cloth wrap. 

Before setting off for sticking them to the mold boundary, the 

number of fibers per unit width is calculated. Fibers are held 

aligned and stuck one after the other to the glue tape as shown 

in Fig. 4, while they are still supple, with moderate pre-tension 

applied by both the hands.  Cross checking of number of fibers 

per unit length is done progressively                                                                             

      

•  Both ends are further held firmly with another layer of glue tape 

on top. A piece of 15-20 mm wide wooden reaper of sufficient 

length is placed over one end of the mold and fixed with one or 

two C-clamps. While sustaining this state, the other end is also 

clamped firmly as shown.  

 

• Clamped fibers are blown with warm air using a hair dryer 

initially for two to three minutes and the mold set up is left to 

dry on its own for 45 to 60 minutes in a conditioned room with 

360C temperature and 55% humidity. C-clamps are tightened 

slightly to ensure the fibers are firmly in straight lines before 

pouring.  
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Unlike synthetic fibers, natural fibers do not remain straight and 

behave differently in varying atmospheric conditions and usually tend 

to curling and twisting as shown in figure 4.7. Keeping natural fibers is 

of utmost importance to prepare transversely isotropic specimens. 

Hence, working with natural fibers demands a controlled atmosphere 

during preparation of the mold. A temperature of 28-320C along with 

humidity levels of 55-60% are found to be ideal. A spirit level, a water 

mist sprayer and a hair dryer are three extra tools required over and 

above those used for glass fibers.  

 

 

Mold is prepared with two way glue tape as described in the previous 

section. For dimensional accuracy, for holding fibers in place, for leak 

proof mold and for ease of dismantling, two-way glue tape is found to 

be the best alternative for any other molding material. Leveling of the 

mold bench is done with a spirit level for achieving uniform thickness 

of the specimen. The width of the tile used as mold base is taken 

30mm more than the length of the test specimen to facilitate clamping 

of the fiber ends as well as to avoid fouling of the edges with C-clamps 

as shown in figure 4.8.  
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Fig. 4.7   Dry fibers tend to curl and twist  

and are to be in a  controlled atmosphere 

            

 

  
       Fig. 4.8   Width of mold base is just enough to  

                avoid fouling of clamps with mold base edges. 
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Fig.4.9   Firmly clamped natural fibers  kept in  

            straight alignment before pouring 

 

 

4.8    Sequence of recording the data 

 

The following data is recorded to match the actual volume fraction with 

the desired one. 

 

• The square mat is weighed as a whole and the number of 

strands is counted. 

• Linear density of fibers is averaged on at least five weighed 

samples and compared with the whole of the mat. 

• Number of fibers strands to be incorporated (for achieving the 

desired. volume fraction) is counted and weighed as a cross 

check. 
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• Help from an extra person is sought to count the placed 

(incorporated) fiber strands at every 10 mm of progress in 

width. 

• 20% extra volume of resin mix is prepared to take care of 

wastages. 

• Weight of resin before pouring and residual’s weight is recorded. 

• The prepared dry sample is weighed and compared with the 

weights of consumables. 

• Volume fraction is calculated as described in section 4.4. 

• The procedure is repeated if the error in volume fraction is more 

than 5%.    

 

 

4.8   Preparation of resin mix 

 

All possible precautions are taken while handling the resin (matrix) to 

see that no air bubbles are included. Mixing of accelerator and catalyst 

as well as pouring of resin in the mold cavity is done very slowly and 

turbulence while stirring or pouring is kept to minimum to avoid 

inclusion of air bubbles. All containers used are disposable, like paper 

cups and syringes. The steps for preparing resin mix (matrix) are as 

following. 

 

• Pencil marks are made on paper cups for 100, 150 and 200 ml 

using a graduated cup. This helps in taking required volume of 

resin and avoids unwarranted wastages. 

• The volume of the mold is calculated and 20% extra resin is 

prepared. 
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• The cup is tilted and held close to the container while collecting 

resin to avoid any turbulence. 

• Syringes are used for measuring accelerator and catalyst. 

• Mixing of accelerator is done slowly with a thin stirrer and the 

mix is allowed to settle for 10 minutes (before adding catalyst) 

to expel any air bubbles. 

• The mold and fiber alignment is checked once again before 

mixing catalyst in the resin. 

• Accelerator proportion is controlled with due care such that 

jelling of resin does not occur too early or too late. 

• Weighing of resin consumed into the mold is calculated by taking 

the weight of the resin before and after pouring.  

 

 

4.9   Pouring 

 

Pouring is done keeping the cup close to the mold by starting at the 

centre of the mold and working towards outer edges as well as also 

back and forth. The even spread of resin in all directions is maintained, 

which is an indication of horizontality of the mold that results in 

uniform thickness. Weighing of the resin before pouring and after 

pouring is important to ensure that a right amount of resin is 

consumed which matches with the theoretical volume. Measurement of 

resin consumed is a check for both the thickness of the specimen and 

volume fraction of fibers incorporated. Accidental air bubbles 

entrapped in the mold are punctured with an injection needle. Due to 

limited time available before gelling occurs, it is seen that no air 

bubbles remain in general and within the gauge length in particular. 
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4.10   Extraction of specimen and trimming to size 

 

Allowing four hours of setting time is found to give best results before 

the specimen is extracted out of the mold. Too early extraction results 

in warping and too late extraction leads to fine cracking and eventual 

breakage of specimen. As thickness and length of the specimen are 

fixed by the mold dimensions, specimens are cut to required width 

after curing. Cutting with saw resulted in cracking of the long edges as 

well as varying width and hence dispensed with. Laser cutting is found 

to be a better option. Intensity of laser beam is set at right value to 

avoid excess heating and generation of fire near the cutting zone. 

Width and angle of cut (say for 100 off-axis specimen) on laser cutter 

is computer controlled hence accurate. Finishing of specimen is done 

with fine emery (No.200, water proof) and all sharp corners are hand 

ground with emery paper.  

 

4.11   Curing of specimens 

 

Curing of the specimens is done in two parts. The specimens are left in 

the hot sun during the day for six hours for two consecutive days with 

temperatures ranging from 32-380C. The specimens are then 

numbered and weighed before sending them to dryer. The specimens 

are dried in hot air oven at a temperature of 380C for 8 hrs and are 

again weighed again and the loss in weight is recorded. The specimens 

are dried for the second time in cases where the difference in initial 

and final weights is more than 2% and are packed in air tight 

polythene pouches. Natural fibers are prone to absorbing moisture and 
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all care is taken to keep them in dry atmosphere at every stage of 

preparation. 

 

4.13   Conclusions  

 

While extensive literature is available on testing and analysis of FRP 

composites, very little information is available on the methods of 

fabricating a truly representative FRP test specimen particularly with 

natural fibers. This chapter elaborates on various techniques for 

preparing continuous synthetic and natural fiber reinforced FRP test 

specimen. Conditioning of natural fibers to the requirement, which 

otherwise pose many problems during molding, is presented in detail. 

Computing and achieving the required volume fraction is discussed in 

detail. Placing of fibers in parallel orientation for a transversely 

isotropic specimen, holding them in position till the resin is poured in 

the mold and other such techniques are tried, tested and presented.  
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