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[bookmark: _Toc181524483]Introduction
Glass Reinforced Plastic (GRP) is a versatile material that combines the protective properties of a polymer with the strength of glass fibres. GRP is robust, lightweight, and resilient to environmental stresses produced in different environments, which makes it a great option for the marine industry, especially for boat hulls. Compared to other materials like steel and wood, GRP's durability and resistance to corrosion helps boats to handle these difficulties. GRP's lightweight and design flexibility further increase its appeal for marine applications. The advantages and characteristics of GRP in maritime environments are examined in this research, along with an assessment of substitute materials and a reason for using GRP for boat hulls. It also evaluates other manufacturing techniques, The paper concludes by going over important testing techniques that validate GRP's performance in operational circumstances.
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[bookmark: _Toc181524485]Application Description
Glass Reinforced Plastic (GRP) is a composite material that consists of glass fibres that are placed within a polymer matrix. The matrix usually consists of polyester, vinyl ester, or epoxy resins, this then bonds the fibres together to create a solid structure. This can be backed by Naveen as he explains “Composite materials produce a combination properties of two or more materials that cannot be achieved by either fibre or matrix when they are acting alone” (Naveen et al., 2014). The combination of these components makes the material strong, lightweight, and resistant to environmental factors, making it an ideal choice for marine applications. Increased tensile strength and stiffness are the main functions of the fibres in glass reinforced polymer (GRP), and the resin matrix protects the fibres from the elements and loads applied to them. Naveen says that “Glass fibres are having excellent properties like high strength, flexibility, stiffness and resistance to chemical harm” (Naveen et al., 2014).














[bookmark: _Toc181524486]Task 2
[bookmark: _Toc181524487]Importance of the Application
Boats are subjected to a variety of harsh environments all the time, such as UV radiation, impact forces, seawater corrosion, and water pressure. Due to its material qualities, GRP is the perfect material for it because it can withstand these challenging conditions with little maintenance needed. “The resins used in GRP offer corrosion resistance over a wide pH range” (Gripclad, 2019). Unlike more conventional materials like steel and wood, this corrosion resistance allows boats to retain their structural integrity over time, lowering the need for regular repairs and replacements. 
Performance is greatly enhanced by GRP's lightweight nature. For boats used for both commercial and recreational purposes, a lighter hull improves speed and fuel efficiency. As states, “The main reason why GRP boats are popular is because they’re so lightweight.” (Philip Nieman, 2023) These qualities are especially useful for performance-driven boats such as yachts and speedboats, where agility and quickness are essential.
GRP also provides a great deal of design versatility; this allows boat manufacturers to produce complex hull shapes that maximise performance. This is because of its moulding capability’s. As stated, “GRP can be moulded into virtually any shape or form, allowing for the creation of complex geometries and intricate designs”. (Green Credentials, 2024)
Another benefit is GRP's financial advantages. GRP needs less maintenance than other materials since it rusts, rots, and breaks down slower in a marine environment. As stated by Du Plessis “It virtually lasts forever. On the face of it, an ideal material for marine use” (Du Plessis, H, 2013). This allows companies, manufacturers and end users to save money long term due to not needing to pay for repairs or replacements of broken materials. Although it will save money long-term it can be costly to manufacture, so this needs to be weighed up before use.






[bookmark: _Toc181524488]Material Options 
Glass Reinforced Plastic as discussed throughout this essay, is frequently used in small to medium-sized boats.
Aluminium, this is another good material to use because it has a good resistance to corrosion “Aluminium is light weight. It has high corrosion resistance in marine environments” (AZoM.com, 2008). Although this is true it still can corrode. 
Large ships and commercial vessels are usually made of steel, which is incredibly robust and resilient “Steel has been in use for over 150 years in the shipbuilding industry, thanks to its excellent mechanical properties and low cost” (Sargun Sethi, 2019). Although these are great properties, due to its weight and rustiness, corrosion must be avoided by routine maintenance.  
Wood was used to build boats because of its aesthetic appeal and buoyancy, but it is more prone to decay, requires more maintenance, and is not as durable. “It is a relatively weak material and is subject to rapid deterioration.” (Gibbs et al., 2019). This used to be the material used but as better ones were discovered, wood became a material that wasn’t desired.

[bookmark: _Toc181524489]Justification for Material Choice
There is a lot of interest about GRP for other applications and plenty of information on it, this makes it a great material to discuss in this assignment. GRP is one of the best materials for boat hulls because it balances performance, durability, and affordability. Other materials can deteriorate quickly in marine situations due to exposure to seawater, its resistance to corrosion is especially significant. 
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[bookmark: _Toc181524491]Available Manufacturing Processes
GRP components are made using a variety of production processes, each with unique advantages and disadvantages:
Hand Lay-Up: This is where you layer glass fibres into a mould and manually apply resin. Due to manual handling, it can result in unpredictable quality even if it is straightforward and economical for small production runs.
Spray-Up: This technique involves simultaneously spraying resin and chopped glass fibres onto a mould. Although it is quicker than hand lay-up, it gives you less control over where the fibres are placed, which can change the final part's consistency and strength. 
Resin Transfer Moulding (RTM): RTM produces products of superior quality with uniform mechanical qualities by injecting resin into a closed mould.  
Vacuum-Assisted Resin Transfer Moulding (VARTM): This is RTM but better as it minimises voids and improves the structural integrity of the finished product by drawing resin into the mould using vacuum pressure. According to Hsiao “VARTM process is a closed-mold process that is capable of manufacturing high performance and large-scale FRP”. (Hsiao and Heider, 2012)

[bookmark: _Toc181524492]Selected Process (VARTM)
Due to its ability to produce parts with superior mechanical qualities and few flaws, VARTM is the recommended process for producing GRP boat hulls. The vacuum procedure makes sure that the resin completely fills in the gaps in the glass fibres, increasing the hull's overall strength and longevity.  
In addition to producing high-quality parts, VARTM is also a cost-effective process for large-scale manufacturing. The process is highly automated, reducing labour costs and material waste, which contributes to the overall affordability of producing the hulls. According to Dhimole, Serrao and Cho “VARTM is highly productive and cheap” (Dhimole, Serrao and Cho, 2021). Overall VARTM is an ideal choice for the marine industry, where both performance and cost are critical factors.
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[bookmark: _Toc181524494]Structures of GRP
GRP is not like the typical materials with grains due to it being a composite material with a matrix consisting of layers. it does not create a grain structure in the way that crystalline structures do in metals. To have the best production of GRP’S mechanical qualities requires a strong contact between the fibres and the matrix. 
GRP does have a lower melting temperature than other materials used, this is because GRP is mostly made from a polymer, like polyester or epoxy resin but the introduction of the glass fibres does increase the melting point, this is still not as high as metals. Polymers have lower melting points because they are primarily made of long-chain polymers and have weak covalent bonding “Substances melt or boil, it is these weak intermolecular forces that are overcome” (BBC Bitesize, 2019). This needs to be considered before producing the hulls. To keep the vessel strong and functional in a marine environment, the hull must be able to withstand temperature changes. This is important in environments where exposure to the sun and sea leads to significant temperature changes for example hot countries.
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[bookmark: _Toc181524496]Properties of GRP 
GRPs properties are assessed using several procedures to make sure the material is suitable for its intended use. These methods offer crucial information about the dependability, performance, and quality of the GRP material used:
Fibre distribution, bonding quality, and void content inside the composite are examined using microscopy techniques. Also scanning electron microscopy (SEM) enables a more thorough examination of the microstructure, revealing any flaws that might compromise the properties.
TGA (Thermogravimetric Analysis) evaluates how the material reacts with temperature. This method provides information on the thermal breakdown of a material by measuring variations in its weight while it is heated. Shokry states that "Thermogravimetric analysis (TGA) is used to measure sample mass losses and decomposition temperatures under heating or isothermal conditions” (Shokry, 2014). Manufacturers can enhance the hull's performance in extremely hot or cold climates by using this to understand the properties of that material.
Ultrasound Testing can be used, this non-destructive testing technique finds internal defects in the GRP structure, including cracks, voids, and delamination’s. Defects are found by transmitting high-frequency sound waves through the material and analysing the reflected signals. This can be done without damaging the GRP as stated in the following “Ultrasound can measure for; impact damage, delamination, voids, fibre and resin volume, mechanical strength and condition of the fibre/matrix interface. Ultrasonic testing is non-destructive, it is a most useful test and will reveal the internal structure” (Butterfield, 2021). This is a big help when trying to find out any defects to the material.
X-ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) determines the chemical makeup of the polymer matrix and analyses the crystalline structure of the glass fibres. "X-ray diffraction (XRD) and Fourier-transform infrared (FTIR) spectroscopy are both analytical techniques that can be used to identify and characterize the chemical composition of materials” (Mineral, 2023). These methods help in confirming that the material's characteristics meet those needed for the required environments.

To determine GRP's strength, stiffness, and impact resistance, mechanical testing is done. Flexural tests evaluate the material's resistance to bending. Tensile and compression testing gauges its capacity to tolerate pulling and pushing pressures. Impact tests show real-world scenarios in which collisions could exert forces on the hull. According to Bhat "Evaluating the mechanical property of materials is of the utmost importance in any application. Various researchers have dedicated their time in investigating the mechanical property of fibre reinforced polymer matrix composites in aged as well as unaged conditions concerning the marine applications” (Bhat et al., 2019)
Below are tests, test results and graphs produced for Glass reinforced plastic testing. These were all taken from R-Tech materials who are a company that test materials to meet a required standard. All the examples below are tested for a company who use GRP to produce the hull of a boat. When it comes to testing composites the temperature and humidity needs to be controlled as this influences the results of the test. The standard states that “The preferred atmosphere is (23 ± 2) °C and (50 ± 10) % RH, except when the properties of the material are known to be insensitive to moisture, in which case humidity control is unnecessary.” (EN ISO 527-1. 2019) This is because of plastics melting and freezing points. If the temperature is too high for composites it would elongate more, making it more ductile, whereas if it was too cold it would make the sample more brittle. This wouldn’t give a true test result as the properties of the material would change. If it was a steel test this wouldn’t be considered because it wouldn’t affect the results as steels melting and freezing points are much higher. It is stated that “The results of the investigations show that the tensile strength, compressive strength and hardness for GPR composite decrease proportionally to temperature increase.” (Khaled M. Shokry 2014)
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From doing a tensile test several properties can be determined, these being: Tensile strength, yield strength, elongation, modulus, ductility, poisons ratio and toughness. 
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(R-Tech, 2024)






This is a Barcol hardness test to find the hardness of a material, an indenter would be used to put a dent in the material. The tool would give the figures shown in the table above and the average would be taken.
All the tests above can be used to understand a materials behaviour under different circumstances. By employing these characterization techniques, manufacturers can ensure that GRP hulls meet the required standards for safety, performance, and longevity. Rigorous testing and analysis help identify potential weaknesses in the material, allowing for adjustments in the manufacturing process to improve quality and reliability.











Conclusion
The use of Glass Reinforced Plastic in boat hull construction offers many advantages, including increased strength, corrosion resistance, and design flexibility. The material’s unique properties are because of its composite structure, which combines the high tensile strength of glass fibres with the protective qualities of a polymer matrix. Careful selection of manufacturing processes ensures that GRP hulls are produced with minimal defects and mechanical properties required.
The structure-property relationships in GRP are critical to its performance, with fibre orientation, bonding quality, and thermal stability playing key roles in the material’s effectiveness in marine applications. Testing techniques such as microscopy, mechanical testing, etc are essential for verifying that GRP hulls meet required quality and safety standards.
As technology advances, further innovations in GRP and manufacturing processes will continue to enhance the performance and sustainability of marine vessels. The continued development of GRP materials will deliver even more efficient, durable, and environmentally friendly solutions for the maritime industry.
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Table 21 Laminate tensile statistics

Voxforce | Maxstess | St@nat | Emodulus | Emodulus
P (Wpay | maxstress 025 %strain 0.50%strain
(%) (GPa) (GPa)

Mean 128 118 173 7.80 7.35
Standard 0348 5.08 0.0800 0392 0393
deviation

Max 134 126 182 822 788

Min 125 114 162 7.40 6.95
Mean +25D 135 128 189 858 814
Mean -2SD 121 108 157 7.02 6.56
Coefficient
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GP Resin Topaz-1110 TP — Compressive Modulus
BS EN ISO 604/A/1:2003

Teter: wa Machine:  2wick 710 10k Tempersture: | 23.1°C
Test speed: 1 mm/min Strain Epsilon Extensometer 25 Humidity: 46.1% RH
messurement:  mm 6L
Testdate:  07/03/24 Micrometer:  Flat end digital (M55) Vernier: Digital
Round end analogue (M25) (M72)
Table 25 Compressive modulus sample dimensions and results
E modulus
sample ID Width Thickness Height So 0.25 % to
i (mm) (mm) (mm) (mm?) 050%
(GPa)
TTPXCR-1 10.15 3.92 50.08 39.79 730
TTPXCR-2 1013 4.05 50.08 41.03 712
TTPXCR-3 10.06 4.04 50.08 40.64 7.27
TTPXCR-4 10.13 412 50.19 41.74 6.56
TTPXCR-5 10.11 413 50.17 41.75 6.54

Table 26 Compressive modulus statistics

Min

Mean +25D
Mean -25D

Coefficient of
Variation (%)

E modulus
0.25%to
0.50%
(GPa)

6.96
0377

7.30
654
771
6.20

5.42




image5.png
Load in kN

15

10

05

00

00

01

02 03 04
Deformation in %

Figure 6 Compressive modulus series graph

05

@ TIPXCR1
@ 1PxcR2
@ 1Pxcr3
@ TTPXCR4
@ TIPXCR S




image6.png
GP Resin Topaz-1110 TP — Compressive Strength
BS EN ISO 604/8/1:2003

Tester A Machine: Alpha WOW 100 kN Temperature:  22.9°C
Testspeed:  1mm/min  Strain measurement:  N/A Humidity: 49.2%RH
Testdate:  06/03/24  Micrometer: Flat end digital (MS5)

Round end analogue(M25)

Table 27 Compressive strength sample dimensions

Sample 1D Width Thickness Height So
(mm) (mm) (mm) (mm2)
TTPXCR-1 10.07 3.80 10.03 38.27
TIPXCR-2 10.08 3.98 10.02 40.12
TTPXCR-3 10.04 4.06 10.02 40.76
TTPXCR-4 9.99 3.83 10.10 38.26
TTPXCR-5 10.09 378 10.10 38.14

Table 28 Compressive strength results

Compressive | Compressive | Strain at max
Sample ID strength stress strength
(k) (MPa) (%)
TTPXCR-1 8.15 213 5.48
TTPXCR-2 8.44 210 5.33
TTPXCR-3 852 209 550
TTPXCR-4 7.87 206 547

TTPXCR-5 7.60 199 4.96
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Table 29 Compressive strength statistics
Compressive | Compressive | Strain at max

strength stress strength
(kN) (MPa) (%)
Mean 812 207 535
Standard 0386 529 0227
deviation
Max 8.52 213 5.50
Min 7.60 199 4.96
Mean +25D 889 218 5.80
Mean -25D 7.34 197 4.89
Coefficient of
Variation (%) 478 299 o2
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Figure 7 Compressive strength series graph
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Figure 7 Compressive strength series graph

Figure 8 Photograph of compressive strength samples TTPXCR after testing
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GP Resin Topaz-1110 TP — Laminate Flexural Properties Dry
BS EN ISO 14125:1998+A1:2011

cure: 24hoursat  Machine:
ambient
Post cure: 16hoursat  Strain
a0°C measurement:
Tester: mA Vernier:
Temperature:  228° Micrometer
Humidity: 4B8%RH  Testspeed
Test date: 04/03/24  sample grips:

Zwick 210 10kN
Epsilon deflectometer
oigital (W72)

Flat end digital (M55)

Round end analogue (M25)

2 mm/min
3-point bend rig

Table 30 Laminate flexural sample dimensions

Surface in Tool side
tension:

Directionof ~ N/A

test:

Material class:  Class Il

Sample 1D Wwidth Thickness So Flex Support
P (mm) (mm) (mm?) (mm)
TTPXFR-1 1517 426 64.62 67.51
TTPXFR-2 15.13 4.09 61.88 64.60
TTPXFR-3 1517 418 63.41 67.51
TTPXFR-4 15.13 4.00 60.52 64.60
TTPXFR-5 15.12 4.02 60.78 64.60
Table 31 Laminate flexural results
Max flexural Flexural
Max force =
Sample ID ™ stress modulus Failure type
(MPa) (GPa)
TTPXFRL 638 235 855 Tensile fracture at
outermost layer
TTPXFR2 615 235 895 Tensile fracture at
outermost layer
TTPXFRS 666 254 843 Tensile fracture at
outermost layer
TTPXFR-4 an 189 767 Tensile fracture at
outermost layer
TTPXFRS s15 204 272 Tensile fracture at

outermost layer
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Table 32 Laminate flexural statistics

Max flexural Flexural
WMax force

™ stress modulus
(MPa) (GPa)
Mean 581 224 8.27
Standard 835 264 0553

deviation

Max 666 254 895
Min an 189 767
Mean +25D 728 276 9.37
Mean -25D 414 171 7.16
Coefficient of 1aa s 60

Variation (%)
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Figure 10 Photograph of laminate flexural samples TTPXFR after testing
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GP Resin Topaz-1110 TP - Glass content

BS EN 50 1172:2023

Method: Method A Tester
Test date: 22/03/24

Table 36 Glass content results

com

Crucible +initial | Final crucible +

Crucible mass

samplemass  samplemass | Glass content
Sample ID ‘empty [M1]
P P ™e] m3] )
(g) (g)
TTPOGR-1 47.1044 56.8847 49.8487 28.06
TTP9GR-2 41.3650 51.2778 44.1449 28.04
Mean 28.05

GP Resin Topaz-1110 TP - Laminate Water Absorption

BS EN IS0 62:2008

Method: Method1  Tester:  CF  Testdate: 07/03/24
Immersion period: 168 hours
Table 37 Laminate water absorption results
Weight before Weightafter 168h ption
Sample ID immersion immersion (mg)
(g (&)
TTPXWW-1 15.8755 15.9463 70.8
TTPXWW-2 16.3055 16.3708 65.3
TTPXWW-3 16.1648 16.2306 65.8
Mean 67.3
Standard deviation 3.04
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GP Resin Topaz-1110 TP — Cast Water Absorption
BS EN ISO 62:2008

Method: Method 1 Tester CF/KR Test date:
Immersion 168 hours
period:

Table 16 Cast water absorption results

08/03/24

Weight before Weight after 168h

A N ! N Water absorption
Sample ID immersion immersion (mg)
(®) (&) ®
TTPCWW-1 7.0928 7.1302 37.4
TTPCWW-2 7.1228 7.1613 385
TTPCWW-3 7.1120 7.1506 38.6
Mean 38.2
Standard deviation 0.666
GP Resin Topaz-1110 TP — Barcol Hardness
BS 2782: Part 10: Method 1001 (Withdrawn)
Calibration disc 43- 45 Tester: CF
Calibration disc 87-89: 80 Test date: 08/03/24
Table 17 Barcol hardness cost sample results
Hardness
Sample ID
1 2 3
TTPCHR 32 28 28 35 32 33 30 30 31
31

Mean
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Figure 3 Photograph of laminate tensile samples TTPXTR after testing
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GP Resin Topaz-1110 TP — Laminate Tensile Properties Dry
BS EN 1SO 527-4:2023

Tester: cF Machine: Zwick 2250 250kN Temperature:  22.6°C

Testspeed:  2mm/min  Strain Zwick biaxial 25 mm GL Humidity: 47.8%RH
measurement:

Vernier: Digital (M32) ~ Micrometer:  Round end analogue (M57)  Test date: 05/03/24

Table 19 Laminate tensile sample dimensions

sample ID Width Thickness So Lo
(mm) (mm) (mm?) (mm)
TTPXTR-1 25.01 421 105.29 25.00
TTPXTR-2 25.09 4.23 106.13 25.00
TTPXTR-3 25.07 4.41 110.56 25.00
TTPXTR-5 25.10 4.39 110.19 25.00
TTPXTR-6* 25.08 443 111.10 25.00

* Note: Variation of thickness along the length for sample TTPXTR-4 outside of standard
requirements. Sample replaced by TTPXTR-6.

Table 20 Laminate tensile results

Maxforce | Maxstress | SUAnat | Emodulus | Emodulus
sample ID ) (MPa) maxstress  0.25%strain | 0.50 % strain
(%) (GPa) (GPa)
TTPXTR-1 12.6 120 179 7.46 7.04
TTPXTR-2 134 126 170 8.22 7.84
TTPXTR-3 12.9 117 1.62 8.19 7.68
TTPXTR-5 125 114 182 7.40 6.95

TTPXTR-6 127 114 171 7.73 7.24





