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Abstract: Foamed concrete can also be termed lightweight or cellular concrete. It consists of is a cementitious paste, fines, water and Foam. It creates more strength than plain foam concrete (PFC) by using admixtures like fly ash, silica and fibres in it. Under this research program, three different mixes were made: plain foamed concrete (PFC), glass fibre foamed concrete (GFFC) and vermiculite fibre reinforced foamed concrete (VFRFC). Specimens were tested for compressive strength, splitting tensile strength and flexural strength. 
Keywords: foam concrete - glass fibre - vermiculite

INTRODUCTION
   Foam concrete is a modern building material that is increasingly popular due to its unique features. It is lightweight, making it ideal for constructions that require weight reduction, such as building foundations, roof insulation, and road barriers. 
  One of the most remarkable characteristics of foam concrete is its insulation properties. It reduces heat transfer, which results in lower energy costs and less need for heating and cooling systems. It is widely used in construction projects for its ability to enhance energy efficiency and reduce carbon footprint. Foam concrete is also cost-effective and durable, making it a preferred material for many construction projects.
  Researchers have been experimenting with adding materials like Fibre and Vermiculite to foam concrete to enhance its properties. Fibre is a versatile material that can improve the strength and durability of various building materials. Vermiculite, on the other hand, is a naturally occurring mineral that offers exceptional thermal properties and is ideal for use in fire-resistant insulation.
   The study aims to determine the optimal composition of modified foam concrete to achieve enhanced performance while remaining cost-effective. The findings of this study could revolutionize the construction industry by offering a sustainable and cost-effective alternative to traditional concrete.
OBJECTIVE
To develop the mix design for the foam concrete by incorporating Fibre and Vermiculite.
To assess the mechanical and durability properties of foam concrete, Fibre foam concrete and Vermiculite fibre foam concrete with varying densities (800 kg/m3 and 1000kg/m3).

MATERIALS 
Cement - OPC 43
   OPC 43 grade cement is a strong and durable type of cement used in construction. Its compressive strength of 43 MPa after 28 days of curing makes it ideal for general construction and small to medium-sized projects due to its cost-effectiveness. It is more affordable than higher-grade cement like OPC 53, while still retaining excellent strength and durability.
Fine Aggregate
  M sand is a substitute for river sand in construction work, produced by crushing rocks or quarry stones into sand-sized particles using advanced technology. It is preferred by builders because it is free from impurities, dust, and pollutants, and has consistent particle size and shape. M sand is cost-effective and great for use in concrete, ensuring better workability and strength.
Foaming Agent
  SLES is a surfactant and foaming agent used in personal care and household products. It can also be used in the production of lightweight or aerated concrete as a foam stabilizer. This helps to control air bubble size and distribution and results in a more uniform, lightweight concrete with improved properties.
Glass Fibre
 Glass fiber is a strong and lightweight reinforcing material that finds its use in various industries. It is made by melting glass and extruding it through tiny holes to create fibers. Incorporating glass fibers into foam concrete results in a composite material with enhanced mechanical properties, improved durability, and greater resistance to various stresses. However, the dosage and dispersion of glass fibers within the foam concrete mix should be carefully optimized to ensure compatibility with the foam generation process and achieve the desired performance characteristics.
Vermiculite
   Vermiculite is a mineral that expands when heated and is known for its lightweight and porous structure. It's used as an additive in foam concrete to reduce density, improve heat retention, and enhance workability. Vermiculite also reduces shrinkage and cracking during curing, contributing to the overall durability and stability of the final product. Lastly, its inherent fire-resistant properties enhance the fire safety of foam concrete structures.
Water
   Water is crucial in foam concrete production as it assists in cement hydration and provides moisture for foam generation. The right amount of water is important for achieving the desired strength and density of the final product. Water is used for mixing cementitious materials, producing foam, and curing. Proper water management is key to achieving a high-quality end product.

 MIX DESIGN
  The process of determining the optimal mixture of materials needed to create a lightweight and durable foam concrete. This involves carefully selecting the right combination of cement, water, foam, and other additives to achieve the desired strength, consistency, and other properties of the finished product. The mix design of foam concrete is a critical factor in ensuring that the material meets the specific requirements such as load-bearing capacity, insulation, or fire resistance.Name
Density (kg/m3)
Cement (kg/m3)
M-Sand (kg/m3)
Water (litre/m3)
Fibre (% of density)
Vermiculite (% replacement of msand)
PFC800
800
600
300
300
0
0
PFC1000
1000
650
410
325
0
0
GFFC800
800
600
300
300
1.2
0
GFFC1000
1000
650
410
325
1.2
0
VFRFC800
800
600
240
300
1.2
20
VFRFC1000
1000
650
328
325
1.2
20
Table1 Mix Design



 MECHANICAL PROPERTIES
Foam concrete is a lightweight material with good mechanical properties. It has excellent compressive strength when properly designed and cured. It also exhibits good tensile and flexural strength, making it suitable for a wide range of construction applications.
COMPRESSIVE STRENGTH
   Compressive strength is a crucial property of concrete that determines its ability to withstand pressure. It is measured by exerting force on a standard cylindrical or cube specimen of concrete until it fails. The compressive strength of concrete is influenced by several factors such as the quality of its materials, water-to-cement ratio, curing conditions, and age. The cube test is used to determine the compressive strength of concrete, and the specimens are tested using a compression testing machine after 7, 14, or 28 days of curing.Mix
7th Day (MPa)
28th Day (MPa)
PFC800
0.687
5.765
PFC1000
1.460
7.864
GFFC800
1.463
6.374
GFFC1000
1.989
8.724
VFRFC800
2.967
9.324
VFRFC1000
4.176
11.740
Table 2 Compressive strength
Figure 1 Density vs 28th day Compressive strength 

SPLIT TENSILE STRENGTH
   Split tensile strength measures the ability of concrete to resist tensile stresses. To calculate it, a cylindrical concrete specimen is subjected to diametrical compression until failure occurs. Foam concrete usually has lower split tensile strength due to its lower density and higher porosity, but proper mix design and curing practices can help improve it. Vermiculite Fibre Foam concrete has a higher split tensile strength compared to other foam concretes at densities of 800kg/m3 and 1000kg/m3.
7th Day (MPa)
28th Day (MPa)
PFC800
0.304
0.663
PFC1000
0.412
0.765
GFFC800
0.314
0.697
GFFC1000
0.689
0.824
VFRFC800
0.432
0.746
VFRFC1000
0.731
0.896
Table 3 Split Tensile strength
Figure 2 Density vs 28th day split tensile strength 

FLEXURAL STRENGTH
   Flexural strength is an important property of concrete that measures its ability to resist bending or tensile stresses. The addition of reinforcements or modifications to the concrete mix can improve its flexural strength. A standardized test method such as ASTM C78/C78M or ASTM C293/C293M is used to determine flexural strength. Vermiculite Fibre Foam concrete has a higher flexural strength compared to other foam concretes.
 CONCLUSION
   This research study explores the possibility of using a mixture of foam concrete, glass fibres, and vermiculite. The study examines the compressive strength, flexural strength, and split tensile strength of foam concrete mixed with this combination. Based on the experimental results, the study draws the following conclusions:
Compressive strength, Split tensile Strength and Flexural strength are higher in vermiculite fibre reinforced foamed concrete (VFRFC) compared to plain foamed concrete (PFC), glass fibre foamed concrete (GFFC) for all the densities (800kg/m3 and 1000kg/m3). Because vermiculite is added as a filler material and vermiculite & fibre increase the strength.
7th Day (MPa)
28th Day (MPa)
PFC800
0.118
0.162
PFC1000
0.135
0.254
GFFC800
0.134
0.276
GFFC1000
0.186
0.376
VFRFC800
0.174
0.293
VFRFC1000
0.392
0.587
Table 4 Flexural strength
Figure 3 Density vs 28th day Flexural strength 

On the 28th day density of 800kg/m3, the compressive strength of vermiculite fibre-reinforced foamed concrete increased by 38.2% and 31.6% from plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
On the 28th day density of 1000kg/m3, the compressive strength of vermiculite fibre-reinforced foamed concrete increased by 33% and 25.7% from plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
On the 28th day density of 800kg/m3, the split tensile strength of vermiculite fibre-reinforced foamed concrete increased by 11.1% and 6.6% from plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
On the 28th day density of 1000kg/m3, the split tensile strength of vermiculite fibre-reinforced foamed concrete increased by 14.6% and 8.03% from plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
On the 28th day density of 800kg/m3, the flexural strength of v vermiculite fibre reinforced foamed concrete increased by 44.71% and 5.8% from f plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
On the 28th day density of 1000kg/m3, the flexural strength of v vermiculite fibre reinforced foamed concrete increased by 56.7% and 36% from f plain foamed concrete (PFC) and glass fibre foamed concrete (GFFC).
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800	1000	5.765000	7.864000	FFC	
800	1000	6.374000	8.724000	VFC	
800	1000	9.324000	11.740000	Density (kg/m3)

28th day Compressive strength (MPa)
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