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Abstract
The reviews of quality characteristics of materials of design, models for design of pipes and pressure vessels
and models for selection of materials based on desirability factor show that the mechanical and physical
properties of material of construction such as density, yield strength, modulus of elasticity and Poisson’s
ratio are relevant in oil and gas facilities design and production. This work focuses on the development of
plantain fibre reinforced High Density Polyethylene (HDPE) to produce oil and gas facilities of moderate
pressures. Matured plantain stems were gathered, retted, extracted, dried, treated, and modified. The
tensile properties of untreated and treated fibres as well as their densities were determined. The fibres
developed in this work exhibited very good mechanical properties in terms of tensile strength and density.
The average maximum strength for mercerized fibre was obtained as 1024.986MPa and that of acetylated
fibre as 2780MPa. These treatments improved the hydrophobic property of the developed material, giving
fiber density as 0.132g/cm3. The tensile properties of Plantain fibre-HPPE composites were derived from
tensile test results of fibres and the use of classical equations. The composite modulus was obtained as
27.82GPa at 50% volume fraction while 278.17MPa and 55.63MPa were obtained as composite ultimate
and yield strengths respectively. The creep limit for designs in elevated temperatures for Plantain fibresHDPE composites was evaluated as 92.72MPa. The physical and tensile properties of Plantain fibre-HDPE
composites were optimized employing Taguchi robust design (TRD) and response surface method (RSM)
to design experiments for production of test samples and products of oil and gas component such as pipes,
pipe joints and tanks among others.

Key Words: Plantain fibre, High Density Polythylene, Hydrophobic, Semicrystalline
Polysaccharide
1

INTRODUCTION

The use of composite materials dates from centuries ago, and it all started with natural fibres. In
ancient Egypt some 3000 years ago, clay was reinforced by straw to build walls. Later on, the
natural fibre lost much of its interest. Other more durable construction materials like metals were
introduced1. In the sixties of the 20th century, the rise of composite materials began when glass
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fibres in combination with tough rigid resins could be produced in large scale. There has been
interest in the use of natural fibre as a substitute for glass fibre, motivated by potential advantages
of weight saving, lower raw material price, and ‘thermal recycling’ or the ecological advantages
of using resources which are renewable. The need for renewable fibre reinforced composites has
never been as prevalent as it currently is. A major goal of natural fibre composites is to alleviate
the need to use expensive glass fibre ($3.25/kg) which has a relative high density of 2.5g/cm 3 and
is dependent on nonrenewable sources 2,3. Therefore, emphatically, natural fibres have become
attractive to researchers, engineers and scientists as an alternative reinforcement for fibre
reinforced polymer (FRP) composites. They are exploited as a replacement for the conventional
inorganic fibres, such as glass, aramid and carbon 4. Natural fibres primarily consist of Cellulose,
Hemicelluloses, Pectin and Lignin, with a small quantity of extractives 5, 6, 7. The individual
percentage of these components varies with the different types of fibres. This variation can also be
affected by growing and harvesting conditions. Cellulose is a semicrystalline polysaccharide and
is responsible for the hydrophilic nature of natural fibres 6.
Hemicellulose is a fully amorphous polysaccharide with a lower molecular weight compared to
cellulose. The amorphous nature of hemicelluloses results in it being partially soluble in water and
alkaline solutions8. Pectin, whose function is to hold the fibre together, is a polysaccharide like
cellulose and hemicelluloses. Lignin is an amorphous polymer but unlike hemicelluloses, lignin is
comprised mainly of aromatics, and has little effect on water absorption 9,10. The factors that limit the
large scale production and utilization of natural fibres and treatment techniques are among the topics studied
by various researchers 11,12,13,14,15,16,17. Studies have also been conducted on the performance
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characteristics of fibre reinforced polymer matrices as related to processing variables and fibre
modification techniques 18,19,20,21,22,23,24,25.
2. LITERATURE REVIEW
2.1 Classification of Fibre Composites
The constituents of a composite are generally arranged so that one or more discontinuous phases
are embedded in a continuous phase as depicted in Figure 1.

Figure 1: Composite phases 26
The discontinuous phase is termed the ‘reinforcement’ and the continuous phase is the ‘matrix’.
Fibre composites can be classified as shown in figure 2.
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Figure 2: Classification of composites according to reinforcements 27
2.2 Quality Characteristics of product systems
The quality characteristics or responses of oil and gas pipelines and pressure vessels can be
established by related classical equations as expressed in equations (1) to (7). Oil and gas systems
should not absorb the fluid they contain, hence permeability of the pipeline material is necessary.
Crawford expressed permeability in terms of permeation constant as28
Qd
K=
(1)
Atp
Q = volume of fluid passing through the plastic, d = thickness of plastic, A = exposed area, t =
time, P = pressure difference across surfaces of plastic. When multi – layers of plastic are used,
the permeation constant is expressed as
i=N

1 1
di
= ∑
K d
Ki

(2)

i=N

The low density of plastics is an advantage in many situations by the relatively loose packing of
the molecules means that gases and liquids can permeate through the plastics. Another quality
characteristic that is necessary in the design of pipeline materials is the yield strength of material.
This is expressed in the Barlow equation of pipeline by Hopkins29as
σh =

pDcode
≤ ∅code σy
2t code

(3)

27
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Where
𝜎ℎ = hoop stress, 𝜎𝑦 = specified minimum yield stress (SMYS), 𝐷𝑐𝑜𝑑𝑒 = diameter of pipe, ∅𝑐𝑜𝑑𝑒
= design factor, 𝑝 = internal pressure. Also equations for pipeline stress analysis are given in the
design code. The first step is the determination of wall thickness by B31.1 with
Tm =

pDo
+A
2(SE + py)

(4)

where
𝑇𝑚 = wall thickness in mm, 𝑝 =design pressure in KPa, 𝐷𝑜 = pipe outside diameter in mm, 𝑆𝐸 =
allowable stress in KPa, 𝑦 = 0.4, 𝐴 = 3mm (corrosion and erosion allowance). Pipeline standards
have wall thickness requirements for pressure containment and in most pipeline - design standards
or recommendations the basic wall thickness design requirement is based on limiting the pipe hoop
stress due to internal pressure to an allowable stress which equals the SMYS (𝜎𝑦 ) x ∅𝑐𝑜𝑑𝑒 .The
maximum design factors for various codes are given in Hopkins 30. The maximum allowable design
factor varies from 0.72 to 0.80 in international codes. Another quality characteristic is the puncture
resistance which is expressed as
PR = [1.17 − 0.0029(D⁄t)] × (L + W)(t × σu )

(5)

t = pipe wall thickness, D = pipe outside diameter, L, W = length, width of digger tooth, 𝜎𝑢 =
ultimate tensile test.
Also the pipeline impact strength or toughness is necessary in the selection of pipeline material.
There are a number of recognized approaches to specify a Charpy toughness to arrest occurring
fractures. A classical equation for toughness of pipeline material is expressed as
Cv = 2.836 × 105 × σ2h (D)1/3 (t)1/3

(6)

where
Cv = Charpy V-notch energy, J, σh = hoop stress, N/mm2, D = pipe diameter, mm, t = pipe wall
thickness, mm
From equation (3) it can be seen that pipe diameter, wall thickness and design factor are key
variables in pipeline design. The design factor can be expressed as
Design factor =

30

hoop stress
yield stress

(7)
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Above all, other classical equations are available for design of pipes and pressure vessels. These
equations contain limiting stresses for materials and wall thickness of pipes and pressure vessel as
expressed in the following equations. Furthermore, the equations for thin walls, thick walls design
as related to pipe and pressure vessels design are available in classical text books.
Design of Composite Pressure Vessels
The yield strength, Poisson’s ratio and elastic limit of materials of composite materials are needed
to select and design pressure vessels to contain external and internal pressurization effects.
Classical researches have presented models for the determination of the thickness of containers
(vessels) to contain the internal pressures. Pressure vessels are designed as thin or thick walled
cylinder where circumferential (hoop) stresses and longitudinal stresses are developed due to
internal pressurization. A vessel or cylinder is said to be thin walled if:
𝑡
≤ 0.1
(8)
𝑑
2.3

Whereas a vessel is said to be thick walled if:
𝑡
≥ 0.1
𝑑

(9)

2.3.1 Thin wall cylinders design
Circumferential tensile (hoop) stress is expressed as
𝑆1 =

𝑝𝑑
2𝑡

(10)

The longitudinal tensile stress is expressed as
𝑆2 =

𝑝𝑑
4𝑡

(11)

Where
S1 = Circumferential stress, S2 = longitudinal stress, P = internal pressure, d = internal
diameter, t = wall thickness

2.3.2 Thick walled cylinders and Pressure Vessel Design
For a thick walled Cylinder with closed ends subjected to internal pressure Pi, stresses are induced
as shown in figure 3.
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𝜎𝑎

𝜎𝑟
𝜎𝑡

Figure 3: Principal stresses of pressurized cylindrical and pipe vessel
For thick wall cylinder subjected to internal pressure Pi, axial, radial and tangential stresses
𝜎𝑎 , 𝜎𝑟 , and 𝜎𝑡 are induced.These stresses are principal stresses.
2.3.3 Lame’s Equation
Lame’s solution of the principal stresses for internally and externally pressurized cylinders are
classically expressed as
𝑃𝑖 𝑟𝑖2 − 𝑃𝑜 𝑟𝑜2 (𝑃𝑖 − 𝑃𝑜 )𝑟𝑜2 𝑟𝑖2 1
𝜎𝑟 =
−
𝑟2
𝑟𝑜2 −𝑟𝑖2
𝑟𝑜2 −𝑟𝑖2
𝜎𝑡 =

𝑃𝑖 𝑟𝑖2 − 𝑃𝑜 𝑟𝑜2 (𝑃𝑖 − 𝑃𝑜 ) 𝑟𝑜2 𝑟𝑖2
+ 2 2
𝑟2
𝑟𝑜2 −𝑟𝑖2
𝑟𝑜 −𝑟𝑖

(12)

(13)

where
𝑟 = radial distance of any point on cylinder, 𝑟𝑜 =outside radius of cylinder, 𝑟𝑖 = inside radius of
cylinder.
Stress analysis shows that both induced radial and tangential stresses are higher in the inside
surfaces of the cylinder. By assuming no external pressurization (12) and (13) reduce to
𝑃𝑖 𝑟𝑖2
𝑟𝑜2
𝑆𝑡 = 2 2 (1 + 2 )
𝑟
𝑟𝑜 −𝑟𝑖

(14)
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𝑆𝑟 =

𝑃𝑖 𝑟𝑖2
𝑟𝑜2
(1
−
)
𝑟2
𝑟𝑜2 −𝑟𝑖2

(15)

Axial stress for thick-walled cylinder with closed ends subjected to an internal pressure is
expressed
𝑃𝑖 𝑟𝑖2
𝑆𝑎 = 2 2
𝑟𝑜 −𝑟𝑖

(16)

Maximum tangential stress at the inside surface of the cylinder (due to internal pressure) becomes
𝑆𝑡 (𝑚𝑎𝑥) =

𝑃𝑖 (𝑟𝑜2 + 𝑟𝑖2 )
𝑟𝑜2 −𝑟𝑖2

(17)

Maximum radial stress is expressed as
𝑆𝑡 (𝑚𝑎𝑥) = −𝑃𝑖

2.3.4

(18)

Material Design and Principal Stresses: Brittle Material

Since the tangential stress is a principal stress and is a maximum for the biaxial system, in
designing a cylinder of brittle material in accordance with the maximum-stress theory (MST) of
failure, this should not exceed, or
𝑆𝑡 = 𝑆𝑡 (𝑚𝑎𝑥) =

𝑃𝑖 (𝑟𝑜2 + 𝑟𝑖2 )
𝑟𝑜2 −𝑟𝑖2

(19)

But 𝑡 = 𝑟0 − 𝑟𝑖 the thickness of a cylinder made of brittle material
𝑡𝑖 = 𝑟𝑖 (√

𝑆𝑡′ + 𝑃𝑖
− 1)
𝑆𝑡′ + 𝑃𝑖

(20)

This equation is for both open and closed cylinders.
2.3.5 Ductile Material
For ductile materials, failure is assumed to occur at the beginning of yielding maximum shear
stress theory (MSST) the maximum shear stress at any point in a stressed body is equal to one-half
the algebraic difference of the maximum and minimum principal stresses at that point. For a thick
walled cylinder subjected to an internal pressure, the maximum shear stress occurs at a point on
the inner surface (r-ri). The thickness is
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𝑆′
𝑡 = 𝑟𝑖 (√ ′
− 1)
𝑆𝑠 + 𝑃𝑖
𝑆𝑠′ =

(20)

𝑆𝑡′
2

(21)

2.3.5.1 Maximum–strain theory (MST)
By using the fact that the maximum strain occurs at the inner surface of a thick-walled cylinder,
the thickness is

𝑡 = 𝑟𝑖 (√

𝑆𝑡′ + (1 − 𝑣)𝑃𝑖
− 1)
𝑆𝑡′ − (1 + 𝑣)𝑃𝑖

(22)

This is Birnie’s equation for open end cylinders
Alternatively we have
𝑆𝑡′ + (1 − 2𝑣)𝑃𝑖
𝑡 = 𝑟𝑖 (√ ′
− 1)
𝑆𝑡 − (1 + 𝑣)𝑃𝑖

(23)

This is known as Clavarino’s equation for closed-end cylinders
In all, these equations for ductile material
𝑆𝑡′

= allowable tensile, stress
= elastic limit divided by the factor of safety or the yield strength divided by the factor of
safety

Openings for manholes, hard-holes, nozzle attachments, and other connections markedly affect the
stresses in pressure vessels and should be carefully considered especially in high pressure and
high-temperature installations.
3

METHODOLOGY

3.1 Water Retting and Fibre Extraction
Retting is a rotting process of plantain stem in water. Plantain stems were immersed in water for
several days until the fibres are distinct from pectin, hemicelluloses and other impurities. Stems
were retted progressively in batches for 7, 14, 21, 28 and 32 days. The retted fibres were dried at
varying oven temperatures for constant weight and subsequently, relevant physical and mechanical
(density and tensile strength) properties were determined before and after various modification
treatments.
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Figure 4: Akigwe plantain plantation in Awka

Figure 5: Fibre Decoring Process
Alkali treatment:
Mercerization/Alkalization involves treatment of dry retted fibres with sodium hydroxide solution
and washing with acetic acid and water. Optimum treatment conditions were established for
sodium hydroxide solutions (soaking time and concentration). Plantain fibres were found to have
better strength when sodium hydroxide solution was applied at 2% concentration for optimum
soaking time of 150mins. The acetic acid used to neutralize the sodium hydroxide solution was
applied at 1% concentration. The fibre was thoroughly washed until a pH of 7 is obtained. The
fibres were finally dried to constant weight in an oven temperature of 80 0C.
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Acetylation
The mercerized and dried fibre was treated with acetic anhydride solution at 5%, 10%, and 15%
with optimally derived soaking time of 150mins (2hours 30mins) as in alkalization treatment. The
fibres were thoroughly washed to neutrality and subsequently dried at oven temperature of 80 0C.
The mercerized fibres were treated with acetic anhydride at two acetylation temperatures of 300C
and 500C for 5%, 10%, and 15% concentrations of acetic anhydride solutions.
3.4 Coupling treatment
Coupling agents are usually employed in order to increase compatibility between fiber and matrix
and to decrease hydrophilicity of fibers 31; from this point of view, silane coupling agents and
maleic anhydride are usually used as suitable candidates to alter incompatibility between fiber and
matrix. Silane coupling agents are silicon-based chemicals that contain two types of reactivity
(inorganic and organic) in the same molecule. According to Kalia32the silane coupling agent will
act as an interface between inorganic substrate (plantain fibers) and organic material to couple the
two dissimilar materials.
3.5

Characterization of materials

This involves the determination of density for treated and untreated fibres, Tensile strength for
treated and untreated, Modulus for treated and untreated, Yield strength for treated and untreated
and ultimate strength for treated and untreated.
3.6

Oven Drying

In order to obtain an approximate 0% moisture content for any fibre or fibre bundles an application
of standard oven drying process is necessary. In performing this drying temperature experiment,
standard ovens and an electronic weighing balance were used. These ovens are made by LABTECH India, S/No 01036 with heating capacity of 3000C, Memmert oven made by MEMMERT
Co., West Germany with heating capacity of 2000C, and AISET Oven made by G-Bosch Germany
model YLD-2000 with heating capacity of 4000C. These are made available at Industrial and
Production Engineering Laboratory, Nnamdi Azikiwe University, Awka. The electronic weighing
balance is a Labtech brand, model BL7501 made by LAB-TECH India with maximum capacity of
750g and sensitivity of 0.1g.
3.7 Density test
The densities of fibers were determined for untreated and modified fibres. These were evaluated
applying both Archimedes principle and density bottle measurement. The densities obtained are
0.132g/cm3, 0.138g/cm3, and 1.358g/cm3 for acetylated, mercerized, and unmodified plantain
fibres respectively.
3.8

Mercerization and Soaking Time

Mercerization/alkaline treatment of the fibre was carried out at different concentrations of NaOH
solutions, which are 0.4%, 2%, and 3.2% concentrations. It has become imperative to study the
31
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influence of time of soaking the fibres under development in NaOH during mercerization
treatments as the literature reported different soaking times for different natural fibres at different
environmental conditions. In conducting this experiment, all the fibres were soaked in the optimum
mercerization treatment of 2% NaOH concentration and set at four different soaking times of
60mins, 105mins, 150mins, and 195mins. After the soaking, they were dried and tested for the
soaking time with optimum tensile strength.
3.9

Water Absorption

The water absorption test was conducted in accordance with ASTM D570 standard. The water
absorption test was carried out in different water media, considering the area of application of the
material under development which include; sea water, river water, creek water, and bore well water
and finally distilled water (for control). Untreated plantain fibres were also subjected to this test in
these water media. The measurement of water absorbed by the fibres was carried out using an
electronic analytical balance. The electronic analytical weighing balance used for measuring
masses in this experiment is a JA-series model JA203H, made in China with 0.001g measuring
accuracy. The initial masses of the treated and untreated fibre materials were measured in the range
of 0.094g to 0.098g for treated and 0.060g to 0.069g for untreated fibres. The quantity of water
absorbed is evaluated using equation (24)
𝑊𝐴 =

𝑚𝑎 − 𝑚𝑑
𝑚𝑎

(24)

where 𝑚𝑎 − 𝑚𝑑 is the change in mass after exposure in water (mc), ma is the mass after exposing
in water, md is the mass of dried sample.
3.10 Computation of composite tensile properties
The rule of mixtures equation for density of composites is expressed as
𝜌𝑐 = 𝜌𝑓 𝑉𝑓𝑟 + 𝜌𝑟 𝑉𝑓𝑟𝑟

= 𝜌𝑓 𝑉𝑓𝑟 + 𝜌𝑟 (1 − 𝑉𝑓𝑟 )

(25)

So that by using strength of resin (𝑆𝑟 = 37MPa) and strength of fiber as (𝑆𝑓 = 2783.660MPa) to
evaluate the tensile strength and elastic modulus respectively as
𝑆𝑐 = 𝑆𝑓 𝑉𝑓𝑟 + 𝑆𝑟 𝑉𝑓𝑟𝑟

= 𝑆𝑓 𝑉𝑓𝑟 + 𝑆𝑟 (1 − 𝑉𝑓𝑟 )

(26)

Also we can use Elastic modulus of resin (𝐸𝑟 = 800MPa) and Elastic modulus of fiber as (𝐸𝑓 =
34355.93 MPa) to evaluate the tensile strength and elastic modulus respectively
𝐸𝑐 (𝑅. 𝑚𝑥𝑡) = 𝐸𝑓 𝑉𝑓𝑟 + 𝐸𝑟 𝑉𝑓𝑟𝑟

= 𝐸𝑓 𝑉𝑓𝑟 + 𝐸𝑟 (1 − 𝑉𝑓𝑟 )

(27 )

However, it has been recommended that in the absence of any specific information for a particular
plastic, design strains should normally be limited to 1%. Other inaccuracies also arise due to mismatch of the poisons ratios for the fibers and matrix; the issues led to the use of some empirical
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equations to estimate composite modulus. One of these is the Halphin-Tsai equation which is
expressed by Crawford33 as
𝐸𝑐 (𝐻. 𝑡𝑠𝑎𝑖) = 𝐸𝑚 (

1 + 2𝛽𝑉𝑓𝑟
)
1 − 𝛽𝑉𝑓𝑟

( 28)

where
𝛽=

(𝐸𝑓 ⁄𝐸𝑚 ) − 1
(𝐸𝑓 ⁄𝐸𝑚 ) + 2

(29)

Em = 800MPa, Ef = 34355.93 MPa
An alternative equation for the modulus of composite is the Brintrup equation which is expressed
as
𝐸𝑐 (𝐵𝑟𝑖𝑛𝑡𝑟𝑢𝑝) =

𝐸 ′ 𝑚 𝐸𝑓
𝐸𝑓 (1 − 𝑉𝑓𝑟 ) + 𝑉𝑓𝑟 𝐸 ′𝑚

(30 )

Where
𝐸 ′ 𝑚 = 𝐸𝑚 ⁄(1 − 𝜈 2 𝑚 ) and 𝜈𝑚 is the Poisson’s ratio of matrix material.
The random modulus of composite for random orientation is estimated as
𝐸𝑟𝑚 = 𝐸1 + 𝐸2

(31)

Where
𝐸1 = Longitudinal modulus of composite , 𝐸2 = Transverse modulus of composite
Similarly the poisons ratio of composite can be calculated using the following equation
𝜇𝑐 = 𝜇𝑓 𝑉𝑓𝑟 + 𝜇𝑟 𝑉𝑓𝑟𝑟

= 𝜇𝑓 𝑉𝑓𝑟 + 𝜇𝑟 (1 − 𝑉𝑓𝑟 )

(32)

4. RESULTS AND DISCUSSIONS ON FIBRE DEVELOPMENT
4.1
Oven Drying: From the results recorded in the experiment of oven drying temperature
suitable for the material under development, it was shown that fibres dried in oven temperature of
800C gave maximum strength of 201.340MPa. This implies that the temperature for drying these
fibres subsequently through the research will be at 800C, hence this oven temperature is adopted.
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4.2 Mercerization and Soaking Time: The results obtained from tensile tests conducted on these
modified fibres are presented in Table 1. The results and analysis of the tensile tests are shown in
Figure 6.
Table 1: Tensile strengths at different NaOH concentrations at 80 0C oven temperature

Tensile
Strengths(MPa)
@0.4% NaOH

Tensile
Strengths(MPa) @2%
NaOH

Tensile
Strengths(MPa)
@3.2% NaOH

70.438

333.668

1024.986

150.441

132.432

493.778

640.973

160.964

122.273

25.973

662.170

418.491

Tensile strength (MPa)

Tensile
Strengths(MPa)
@0%NaOH

1600
1400
1200
1000
800
600
400
200
0
60mins

105mins

150mins

195mins

Soaking time (Mins)

Figure 6: Mercerization time at optimum NaOH concentration

Petroleum Technology Development Journal (ISSN 1595-9104): An International Journal; January 2017 - Vol. 7 No. 1

45

Soaking time analysis clearly shows that the optimum strength of 1495.642MPa was recorded at
the soaking period of 150mins (2hours 30mins). Besides this period of soaking, 195mins soaking
time also showed reasonable strength hence the time of 150mins is the research benchmark.
4.3 Acetylation
Fiber strengths were evaluated and results analyzed with bar charts of Figures 7, and 8.

Tensile strength(MPa)

6000
5000
4000
3000

2000
1000
0
5%AA

10%AA

15%AA

Acetic Anhydride concentration

Figure 7: Strengths at varying Acetic Anhydride concentration at acetylation temperature of 50 0C

Tensile strength(MPa)

1200
1000
800

600
400
200
0
5%AA

10%AA

15%AA

Acetic Anhydride concentration

Figure 8: Strengths at varying Acetic Anhydride concentrations at acetylation temperature of 30 0C
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The test for strength conducted on the acetylated fibres indicates an average optimum tensile strength of
2783.660MPa for those fibres acetylated at 50 0C and at 15% acetic anhydride concentration. The treatment
combination of 2% NaOH, 15% acetic anhydride at 50 0C and oven drying temperature of 80 0C is chosen
as the benchmark for the modification of the material development. However, all specimens of the fibre for
the tensile tests are single strands of varying diameters.

4.4

Water Absorption: The water absorption experiment was set-up as shown in Figure 9. The results

of the water absorption experiment are recorded in figure 10. Results of the water absorption experiment

rightly show the improvement in the hydrophobic nature of modified fibres at optimum
concentrations and treatments.

Figure 9: Experiment set-up for water absorption test
100

Water Absorption (%)

90
80

70
60

WASea

50

WARiver

40

WACreek

30

WABorewell

20

WADis.water

10
0
-50

0

50

100

150

Soaking time

Figure 10a: The plot of water absorption Vs soaking time
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Figure 10b: The plot of water absorption versus square root of soaking time
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Figure 11: Water absorption for unmodified fibre in different water media

Water Absorption (%)

100
80
60
40
20
0
WASea

WARiver

WACreek

WABorewell WADis.water

Water Medium

Figure 12: Water absorption for modified fibre in different water media
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4.5

Evaluation of Mechanical Properties of composites: Tensile, flexural, impact and hardness
Table 2: Summary of Properties Fibre on 500C Acetylation
5%
10%

15%

Tensile STRAIN Modulus(MPa) Tensile Strain Modulus(MPa) Tensile Strain Modulus(MPa)
Replication Strength
Strength
Strength
(MPa)
(MPa)
(MPa)
R1

951.628

R2

1299.548

R3
R4

789.891
1539.889

Mean

1145.239

47581.4

1868.211

0.08

23352.64

267.320

0.04

32488.7

1383.184

0.06

23053.07

456.110

0.05

9122.2

0.03
0.03

26329.7
51329.63
39432.36

5099.586
-

0.09
-

56662.07

431.571
988.571

0.03
0.01

34355.93

535.893

14385.7
98857.1
32262

0.02

2783.660

6683

0.04

4.5.1 Computation of composite tensile properties: The tensile properties of composites were
derived from tensile test results of fibres and classical equations of (25)-(30) as recorded in table
3. Table 3 shows the composite modulus as 27.82GPa at 50% volume fraction and 278.17MPa and
55.63MPa as composite ultimate and yield strengths respectively. The creep limit for designs in
elevated temperatures can be evaluated as 1/3(UTS) =1/3(278.1679) = 92.72MPa, using table 3
results.

Table 3: Estimated strengths and modulus of composites
Volume
Fr (Vfr)

Sc
(MPa)

Ec(R.mxt)

Ec(H.tsai)

0.1

311.666

4155.593

0.3

860.998

10866.78

1733.22

10866.78

12600

21733.56

17166.78

0.5

1410.3

17577.97

2899.655

17577.97

20477.63

35155.94

27816.79

1047.035

Ec(Brintrup)

4155.593

Ec(R.mxt)+
Ec(H.tsai)

Ec(R.mxt)+
Ec(Brintrup)

5202.628 8311.186

Er(MPa)
UTS= 0.01
Er(MPa)

6756.907

YS
=0.002Er(MPa)

67.56907

13.51381

171.6678

34.33356

278.1679

55.63358
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Table 4: Compared properties of fibres with E-glass fibre
Density(g/cm3)

Fibre

Tensile
strength(MPa)

Specific tensile
strength(MPa)

Elastic
modulus(GPa)

800-1373
571.431071.42
337.83-608.11
273.97-547.96
333.33
176
451.13-526.32
653.33
285.71-264.90
641.38
30.19-148.01

70-73
60-80

Specific elastic
modulus(GPa)
28-28.62
42.86

70
10-30
44
6
38
12
12
53

47.30
6.85-20.55
29.33
4.8
28.57
8
8.51-7.95
36.55

10477.2738628

27816.79

210.73

E-glass
Flax

2.5-2.55
1.4

2000-3500
800-1500

Hemp
Jute
Ramie
Coir
Sisal
Abaca
Cotton
Kenaf
Unmodified
Plantain stem
Modified
Plantain stem

1.48
1.46
1.5
1.25
1.33
1.5
1.4-1.51
1.45
1.358

500-900
400-800
500
220
600-700
980
400
930
41-201

0.132

1383-5099

CONCLUSION
The reviews of quality characteristics of materials of design (equations (1)-(7)), models for design
of pipes and pressure vessels (equations (8)-(23)) and models for selection of materials based on
desirability factor show that the mechanical and physical properties of material of construction
such as density, yield strength, modulus of elasticity and Poisson’s ratio are very important in
material selection for component design. It is intended that the established properties should be
optimized employing Taguchi robust design and response surface method to design experiments
for production of test samples and products for oil and gas component such as pipes and pipe joints,
tanks etc.
5

This research therefore has established,






density of plantain fibre and plantain fibre reinforced HDPE composite
yield and ultimate strength of plantain fibre and plantain fibre reinforced HDPE composite
elastic modulus of plantain fibre and plantain fibre reinforced HDPE composite and
Poisson’s ratio of plantain fibre and plantain fibre reinforced HDPE composite for
analysis of oil and gas facilities using available established properties.
Performance characteristics of materials for the design of pressure vessels, tanks and
pipes used in the oil and gas industries etc.
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