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Abstract: Current research paper presents a comparative and feasibility analysis of insulation 

building panels made using local waste materials and Agro ash powder. The study involves the 

development of customized panels incorporating Glass Fiber Reinforced Gypsum (GFRG) sheets 

with an inner insulation layer composed of Agro ash powder mixed with glass wool. The 

experimental study explores various combinations of the inner layer, ranging from 0% to 30% Agro 

ash content. The panels were subjected to comprehensive mechanical and morphological testing to 

evaluate their structural integrity and material characteristics. Special emphasis was placed on 

thermal insulation testing to determine the panels' effectiveness in providing thermal resistance and 

energy efficiency. The results demonstrated significant variations in mechanical properties, such as 

tensile strength and compressive strength, as a function of Agro ash content. Morphological analysis 

provided insights into the material distribution and bonding within the panels. Thermal insulation 

performance showed promising improvements with increasing Agro ash content, highlighting the 

potential of Agro ash as a viable insulating material. This study underscores the dual benefits of 

utilizing local waste materials in construction: enhancing building sustainability and reducing 

environmental impact.  

 

Keywords: Building Insulation Pannel; waste materials; Agro waste powder; Morphological 

analysis 

1.  Introduction  

Gypsum originated as a construction material since it 

has many benefits in the past. Its use is cost-effectiveness 

since it is widely accessible and inexpensive. In addition 

to being strong, it is a lightweight material, making it 

easier to work with and putting less strain on the structure. 

Its insulation and acoustic properties are commendable as 

well, which improves efficiency and soundproofing1). Fire 

resisting capability makes gypsum a relatively safe 

material to be used in construction of structures. 

Additionally, it is part of a more sustainable construction 

industry since gypsum board consumption is energy-

efficient2). However, there are some barriers in gypsum 

practical application since it is relatively weak and has a 

tendency of being destructed by water which identifies the 

areas that are structural and not to use them. Even with 

these limitations, gypsum is undeniably a versatile and 

useful material for construction3). 

While gypsum board proves to be advantageous in 

numerous respects, it still has its drawbacks during its use 

for construction. It has greater chances of suffering impact 

damages as compared to other construction materials. 

Everyday activities such as elbow bumping, kicking and 

hitting while shifting furniture are major contributors to 

the wear and tear on gypsum boards. Although speeds of 

impact are often low, they are known to have quite some 

influence on the thermal transmission and structural 

properties of the boards. This susceptibility to damage is 

a serious disadvantage and a limiting factor in the use of 

gypsum boards for certain cases where resilience and 

impact toughness are extremely crucial. Quite in spite of 

those issues, however, gypsum remains a material of 

choice for construction owing to its advantages4-7). 

With an aim to overcome the disadvantage of 

susceptibility to damage attributed to gypsum, it is 

reinforced with fibers such as glass, polyamide and natural 

fibers as is customary. This technique of reinforcement is 

useful for other binders as well such as lime and cement 

mortars to form fiber-reinforced composites. Such 
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composites appreciably improve the mechanical qualities 

of the otherwise brittle matrices. Adding fibers, increases 

the strength, durability and impact resistance of gypsum 

and other allied materials making them useful for a wider 

variety of construction activities requiring better working 

performance. This new development broadens the scope 

of application of gypsum in the field of construction8-12). 

In research done on gypsum-based composites, the 

enhancement of mechanical and physical properties 

through fiber reinforcement has been the main focus of 

attention. The benefit of incorporating different types of 

fibers into the gypsum composites has been shown in 

several studies to enhance the performance of the 

composites. It was also demonstrated that wall panels 

made of gypsum and glass fibers are stiffer and absorb 

more energy under shear cyclic loads. The effects of 

incorporating cork granules into gypsum were also 

investigated and it was found that not only the sound 

absorption property but also the thermal and mechanical 

ones improved. The mechanical behavior of gypsum 

fibers reinforced plaster with polyamide fibers was 

assessed with respect to the concentration and aspect ratio 

of the fibers which was found to be quite effective in 

determining the performance of the material13-15). 

Additional investigations emphasized the influence of 

polyvinyl alcohol (PVA) and polypropylene (PP) fibres, 

which improve the workability, the hydration kinetics, the 

flexural strength, and the toughness of gypsum 

composites. Moreover, bonding of cotton stalk fibers 

impregnated with styrene acrylic emulsion has been 

evidenced to enhance the interfacial bonding in cotton 

stalk fiber/gypsum composites, which has resulted in 

higher bending strength and modulus. The application of 

weeded-hemp fibres is also reported to improve the 

thermal resistance of gypsum composites. These 

advancements in fiber reinforcement strategies lead to the 

design and development of gypsum-based materials that 

possess high mechanical and thermal properties, which 

increases their use in construction16-20). 

Fiberglass is expensive, which creates difficulties when 

combined with materials such as gypsum that are less 

costly. In light of these problems and also rising social and 

efficient material considerations, natural fibers are seen as 

a promising solution. Replacing them with synthetic fibers 

is a considerable research area21-25). They are however, a 

more eco-friendly solution especially for the building and 

transport sectors. Their bond with binder matrices 

however is poor. Several treatments have been developed 

to increase the bond between fiber and matrix, as well as 

minimize moisture uptake. Silane, alkalization, 

mercerization, and acetylation as chemical treatments 

have also been shown to enhance fibers bond with the 

gypsum matrix. Other biological and physical treatments 

have been carried out for the same objectives. These 

methods have been shown to enhance the performance of 

composites with natural fibers and thereby make them 

suitable for construction purposes. These treatments are 

found to enhance the properties of the natural fibers by 

improving the bond between them and the binders, and 

thus achieve the natural fiber's ecological and economical 

advantages, which makes natural fibers a promising 

reinforcement in developing eco-friendly construction 

materials26-30). 

Natural fiber or agricultural waste is increasingly fused 

with polymer matrices to create natural fiber reinforced 

plastics31-34) in several sectors including naval, 

aeronautical and automotive. Studies examining 

reinforced boards produced using agro waste and natural 

fiber have spanned various aspects including mechanical 

response, impact and creep resistance, thermal and 

flammability properties as well as fiber treatments. More 

recently, there has been increased focus on hemp fibers as 

reinforcement materials for building components 

especially gypsum based ones. Considerable acoustic, 

hydrothermal and drying performance characteristics are 

exhibited by hemp/gypsum composites35-38). Life Cycle 

Assessment (LCA) studies generally show composites of 

such type to have environmental advantages. Studies have 

shown that hemp increases the thermal and hygric 

performance of plaster walls significantly39-43). The 

thermal conductivity and energy storage capacity of 

hemp-plaster composites is significantly lower than that 

of conventional gypsum so their performance is less 

affected by temperature range. This leads to improved 

energy efficiency and enhanced the insulation 

performance of buildings. The superior thermal and 

moisture regulating capacity of hemp reinforced gypsum 

means that it has great potential as a building material to 

meet the needs of sustainable construction while 

improving performance of buildings. These findings attest 

to the role of hemp fibers in changing the dynamics of the 

construction sector, which is so critical through offering 

cost-effective, high-performance building materials that 

are eco-friendly44-50). 

The purpose of this study was to comprehensively 

examine insulation building panels made out of 

agricultural waste and gypsum boards. The scope of the 

study extends to sieving strength, durability, and 

flexibility of the panels in order to determine their 

usefulness for construction purposes and processes. The 

panels’ mechanical composites and nano-structure are 

expected to be revealed through surface morphology 

studies. This research aims at understanding the use of 

agricultural waste, which has been tested to be a 

sustainable option in construction materials, through 

experimental procedures of making and testing materials. 

The focus is to create new materials which will lessen the 

negative effects on the environment, enhance the 

functional components of these materials and their 

insulating values, and contribute to affordable and green 

solutions to the construction industry. 

 

2.  Materials  

Current study made use of different materials in the 
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construction of the proposed phenolic insulation panels. 

Such panels are divided into two parts which are: an 

exterior layer which acts as a board and an internal layer 

which is insulating in nature. Figure 1 illustrated the Cross 

section of the proposed insulation board.  

 

2.1 Outer Board Materials 

The outer board is constructed using a mixture of white 

cement and gypsum to obtain maximum binding. In order 

to improve the exterior lumen supporting columns and 

outer board bending strength, glass fiber is added in the 

mix. In order to achieve consistency and proper bonding 

properties, Glass Fiber Reinforced Board (GFRB) having 

0.70 gypsum to water ratio was used for all boards. 

 

 
Fig. 1: proposed Insulation board cross section fabricate in 

present study. 

 

2.2 Inner Insulation Layer Materials 

The inner insulation layer of the board makes use of 

agricultural waste materials from the agro industry, 

primarily agro ash powder and dry cow dung powder. 

These materials are used due to their low cost, ready 

availability and good insulating property. 

 

2.3 Mix Compositions 

A total of twelve mix compositions were prepared 

which were distinguished on the basis of two components, 

that is, 2.5 MPa and 3.5 MPa. Each category consists of 

six different mix IDs (2.5BIP0 to 2.5BIP5 and 3.5BIP0 to 

3.5BIP5) that differ in percentages of the agro dust or 

glass wool or dry cow dung powder as shown in the Table 

1.  

 

Table 1. Mix compositions used in present study for proposed 

insulation board. 

Mix Id 
% of Agro 

Dust 

% of Glass 

Wool 

% Dry Cow 

Dung Powder 

2.5BIP0 0 0 0 

2.5BIP1 80 5 15 

2.5BIP2 70 10 20 

2.5BIP3 60 15 25 

2.5BIP4 50 20 30 

2.5BIP5 40 25 35 

3.5BIP0 0 0 0 

3.5BIP1 80 5 15 

3.5BIP2 70 10 20 

3.5BIP3 60 15 25 

3.5BIP4 50 20 30 

3.5BIP5 40 25 35 

 

As specified in the industrial standards and literature1-

5), the mix proportions of the inner thermal insulation 

board in combination with the proportion of the outer 

layer made of gypsum board was available in table one. 

Figure 2 shows the images of mixes of powder utilized 

inner layer of the thermal insulation panel. The inner layer 

of the insulation panel incorporated the shredded powder 

of suitable mix which was illustrated in Fig. 2.  

 

 
Fig. 2: SEM of the mix compositions of powder used in 

inner layer of insulation board (20µm scale). 

 

The ultimate purpose of exhaustive evaluation of these 

mix compositions is to obtain the best composition that 

will improve the mechanical and insulating effectiveness 

of the laminated panels, as well as to economically and 

effectively utilize agricultural wastes. 

 

3.  Fabrication Method  

For this particular investigation, insulation building 

panels were fabricated in an orderly manner to control the 

accurate shaping and binding of the inner and the outer 

walls of the structure. The fabrication process used in 
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present study was shown in Fig. 3. 

 

3.1 Outer Layer Formation 

Outer layer which comprised of gypsum, white cement, 

and glass fiber was synthesized by kneading the specified 

material proportionally. An outer mold was employed in 

setting the outer layer to a precise thickness of 30mm. In 

order to provide an interface for the inner insulation layer, 

a thermocol sheet was put in the cavity. This sheet served 

as the retaining wall during the drying phase. The mix was 

poured into the cavity of the outer mold and dried to set 

and harden forming the outer solid shell of the panel. 

 

3.2 Inner Layer Formation 

After the outer layer had dried, the cavity left by the 

thermocol sheet that was used for the making of inner 

insulation layer was exposed after removing the sheet. The 

material composition for inner layer was prepared 

implementing Agro dust, glass wool and dry cow dung 

powder in a pressure generated mixing machine meant for 

making cow dung sticks. This mix was then gently poured 

into the cavity of the outer shell because the shell was 

encapsulated where the inner cavity was located. 

 

3.3 Final Assembly and Curing 

The core layer of the panel was constructed while the 

outer layer was put into dry curing to ensure the contact of 

the two layers was effective. The end product had an 

excellent feature of being a 30 mm thick insulation board 

where there was strong outer insulation as well as a 

thermally efficient core. This technique facilitates the 

production of strong and effective insulation panels that 

can be utilized in various structures- and it achieves this 

by utilizing agricultural waste- which is a goal of 

sustainability. 

 

  
Fig. 3: fabrication process for the test specimen 

All the components were weighed digitally and mixed 

according to the control of the table mixing id in a Digital 

Scale. 

 

 
Fig. 4: Compressive strength machine used for testing 

proposed board. 

 

4.  Composite Characterizations   

4.1 Physical properties   

The performance of insulation composite panels was 

assessed including percentage of water absorption, 

volume of air voids and dry bulk density of composites for 

different mix compositions. Physical properties of the 

proposed insulation board. was shown in Table 2 

Compressive strength machine used for testing proposed 

board was shown in Fig. 4. 

The amount of panel construction used greatly affects 

water absorption. The amount of water absorbed by the 

2.5BIP and 3.5BIP panel series increased when agro dust, 

glass wool, and cow dung powder were added. The lowest 

of the base mixes 2.5BIP0 and 3.5BIP0 has water 

absorption which was only at 3.68%; indicating this 

particular mix absorbed little moisture. When this 2.5BIP5 

and 3.5BIP5 which increased the levels of other 

components, including agro dust, the water absorption of 

these mixes then peaked at 26.43 % and 30.88%. This 

phenomenon is indicative that high concentration of agro-

waste materials leads to higher amounts of voids and 

water absorption within the panel. 

The results for water absorption are connected with the 

percentage of air voids. The less porous and denser 

2.5BIP0 and 3.5BIP0 base mix have the lowest air voids, 

2.68%. As the proportion of agrowaste in form of agro 

dust, glass wool, and cow dung powder increases, the air 

voids also increases with a maximum of 27.26% for 

2.5BIP5 and 23.26% for 3.5BIP5. The greater porosity 

depicted by the increase in air voids space results to 

greater water absorption. 
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Table 2. physical properties of the proposed insulation board. 

Mix Id 
Water 

Absorption 

Air 

Voids 

Dry Bulk 

Density 

0BIP2.5 3.68 2.68 1.155 

1BIP2.5 19.29 18.04 1.241 

2BIP2.5 21.58 20.84 1.402 

3BIP2.5 22.22 22.55 1.472 

4BIP2.5 23.92 25.56 1.485 

5BIP2.5 26.43 27.26 1.577 

0BIP3.5 3.68 2.68 1.155 

1BIP3.5 23.44 15.91 1.467 

2BIP3.5 25.29 18.93 1.525 

3BIP3.5 27.28 21.46 1.559 

4BIP3.5 28.36 22.06 1.620 

5BIP3.5 30.88 23.26 1.761 

 

As the agricultural dust, glass wool and cow dung 

powder were incorporated in the polyvinyl chloride panels, 

the dry bulk density has been on the increase. 1.155 g/cm³ 

is the least density of both the 2.5BIP0 and the 3.5BIP0 

base mixes. While on the other hand, 2.5BIP5 and 

3.5BIP5 at 1.577 and 1.761 g/cm³ respectively depict a 

higher density due to increased agricultural wastes. The 

waste incorporated lead to the increase in density since the 

integrated material are on a compact form and combined 

with the gypsum matrix. 

The investigations on physical properties confirm that 

the admixture of agro wastes into gypsum boards has 

strong bearing on their moisture absorption porosity and 

density values. The influence is such that while increased 

bulk density is witnessed with greater agro dust and other 

waste contents, there was also an increase in water 

absorbed and air voids; thus, there exists a compromise 

between the strength of the structure and moisture 

exposure. Such results are important as they help in 

deciding the mix ratios that achieve the requisite level of 

mechanical strength, thermal resistivity and durability for 

real building practice. Further optimization would perhaps 

consider adjusting the ratios for attaining certain 

characteristics and reducing some disadvantages such as 

excessive water absorption. 

Dry shrinkage as a result of water loss was taken for a 

period of dry 100 days for different mixes of the 

composition of the panels. The data, expressed in units of 

microstrain, were documented in the data sheet provided. 

 

4.1.1 Initial Shrinkage (7 to 28 Days) 

It was observed in all mixes that shrinkage increased 

over a period of 28 days, where the base mixes showed the 

least shrinkage, starting with 2.5BIP0 and 3.5BIP0. As 

observed at 28 days, both the 2.5BIP0 and 3.5BIP0 had a 

value for these indices equal to 5.56 microstrain. However, 

when agro dust, glass wool and cow dung powder added, 

the shrinkage increased and it was recorded at 2.5BIP5 

10.74 microstrain and at 3.5BIP5 9.74 microstrain. This 

initial rise shows that the presence of these materials alters 

the early phase drying regime. Thus, it leads to larger 

changes in the dimensions of the finished product. Dry 

shrinkage analysis for (a) 2.5 MPa compression made 

board (b) 3.5 MPa compression made board was shown in 

Fig. 5 

 

 
(a)  

 
(b)  

Fig. 5: Dry shrinkage analysis for (a) 2.5 MPa compression 

made board (b) 3.5 MPa compression made board. 

 

4.1.2 Intermediate Shrinkage (28 to 56 Days) 

Between the days 28 and 56, the shrinkage continues to 

grow in all mixes with the underlying mixes again 

registering lesser values (7.34 microstrain) as compared to 

the modified mixes with the latter being higher. For 

instance, in 2.5BIP5 and 3.5BIP5, the shrinkage 

redeemers stood at specifically 11.80 and 10.19 
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microstrain respectively. It suggests that the materials 

which were used for modification earned further 

shrinkage since they were still losing moisture and settling 

down. 

 

4.1.3 Long-term Shrinkage (56 to 100 Days) 

Between day 56 and day 100, there is a notice in 

shrinkage rates however there was still an increasing 

pattern. After 100 days, the base mixes (2.5BIP0 and 

3.5BIP0) settle at a shrinkage value of 9.76 microstrain. 

The modified mixes however do not show such a pattern 

and shrinkage remains high. In 2.5BIP5 and 3.5BIP5 the 

measures were at 13.57 and 10.82 microstrain respectively. 

The stabilization phase marks the final stage of moisture 

content loss and settling down of the material. 

According to the findings on the results of dry 

shrinkage, incorporating agro dust, glass wool and cow 

dung powder increases the dimensional stability of the 

panels. Consistent patterns of shrinkage were also 

observed in the base mixes (2.5BIP0 and 3.5BIP0) which 

demonstrates their stability as they maintain a low level of 

shrinkage across all time periods. As for the modified 

mixes, those with a higher addition of materials such as 

2.5BIP5 and 3.5BIP5 show considerably more shrinkage 

This indicates that the organic and fibrous additives in the 

composites promote moisture retention which is retained 

and released later on. This increased shrinkage in 

modified mixes could affect the long-term performance 

and durability of the insulation panels thus more 

optimization of the mix ratios is needed which unsettles 

the mechanical strength and dimensional stability. 

 

4.2 Chemical Properties 

4.2.1 Effect of direct fire 

The ability and the ease of which the insulation panels 

catch fire and burn was carried out at temperatures of 200 

C, 400 C, 600 C and 800 C. Direct fire weight loss analysis 

for (a) 2.5 MPa compression made board (b) 3.5 MPa 

compression made board was shown in Fig. 6. 

 

4.2.2 Initial Fire Exposure (200°C to 400°C) 

At 200°C, the base mixes (2.5BIP0 and 3.5BIP0) show 

minimal changes with values of 2.71, while modified 

mixes like 2.5BIP5 and 3.5BIP5 exhibit significantly 

higher values of 7.46 and 9.95. At 400 C, the trend goes 

on, with the base mixes at 3.83 and modified mixes like 

2.5BIP5 and 3.5BIP5 reaching up to 13.39 and 16.79 

respectively. 

 
(a)  

 
(b)  

Fig. 6: Direct fire weight loss analysis for (a) 2.5 MPa 

compression made board (b) 3.5 MPa compression made board. 

 

4.2.3 Higher Temperatures (600°C to 800°C) 

For temperatures between 600 degrees and 800 degrees, 

the peak temperature for base mixes instantly was 600 

degrees with values of 4.94 for base mixes while the 

modified mixes 2.5BIP5 and 3.5BIP5 were 19.66 and 

22.90 for 800 degrees respectively. Likewise, values four 

and five were also marked at 800 degrees, with the former 

being the base mixes and the latter modified at 6.75, 

3.5BIP5 and 3.5BIWP, which accentuated it to 26.49 and 

29.79. 

The performance results are indicative of the fact 

indicating that the expansive agro panels have a higher 

tendency of deformation with temperature increases than 

the baseline mixes. The explanation for this behavior is 

probably caused by the contributions agro dust, glass wool 

and cow dung powder made to the organic content of the 

panels which altered the thermal stability of the panels. 
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4.2.4 Acid Attack 

The degree of resistance of painted panels to acid attack 

has been studied within a time frame of ninety (90) days. 

 

 
(a)  

 
(b)  

Fig. 7: Acid attack weight loss analysis for (a) 2.5 MPa 

compression made board (b) 3.5 MPa compression made board. 

 

4.2.5 Early Exposure (7 to 28 Days) 

Base mixes (2.5BIP0 and 3.5BIP0) at 7 days have 

slightly been able to lose weight by 4.24, on the other hand 

modified mixes 2.5BIP5 and 3.5BIP5 performed better 

with a weight loss of about 7.49 and 7.93 respectively 28 

days later. the same trend can be seen 28 days later as the 

base mixes have only increased by approx. 0.3% to settle 

at 4.57 while the modified mixes have increased to 10.36 

and 11.81 with 2.5BIP5 and 3.5BIP5 respectively. 

 

4.2.6 Long-Term Exposure (56 to 90 Days): 

56 days into the study the base mixes have increased 

slightly to 4.46, but the modified mixes 2.5BIP5 and 

3.5BIP5 have increased grade weight loss of 14.96 and 

16.15 respectively. 90 days of total duration has lead the 

base mix composed structures to settle around 5.48 while 

their modified counterparts 2.5BIP5 and 3.5BIP5 reached 

an astounding 19.01 and 21.81 respectively. 

It can be concluded from these results, that while the 

base mixes remain stable, the modified panels lose a lot 

more weight due to the acid attack. This can be viewed as 

the Agro dust, glass wool and cow dung powder mix 

added exposes the surfaces of the takes to a greater risk. 

The organic and fibrous modified mixes seem to be more 

prone to acid attack, and therefore may lower the 

longevity of the panels in acidic conditions. Acid attack 

weight loss analysis for (a) 2.5 MPa compression made 

board (b) 3.5 MPa compression made board was shown in 

Fig. 7. 

 

4.2.7 Sulphate Attack 

The performance of the insulation panels with respect 

to the attack due to sulphate was carried out over a period 

of 90 days. Sulphate attack weight loss analysis for (a) 2.5 

MPa compression made board (b) 3.5 MPa compression 

made board was shown in Fig. 8. 

 

4.2.8 Early Exposure (7 to 28 Days): 

At 7 days, the base mixes (2.5BIP0 and 3.5BIP0) 

experience minimal weight loss of 3.56, while modified 

mixes like 2.5BIP5 and 3.5BIP5 show a higher value of 

8.71 and 9.08, respectively. After 28 days, the base mixes 

indicate values of 4.49 whereas modified mixes like 

2.5BIP5 and 3.5BIP5 go as high as 13.74 and 15.10 

respectively. 

 

4.2.9 Long-Term Exposure (56 to 90 Days): 

At 56 days, base mixes have a value of 6.87, while 

modified mixes like 2.5BIP5 and 3.5BIP5 increased 

values to 16.92 and 20.62 respectively. At 90 days, the 

base mixes reached 6.39, also modified mixes 2.5BIP5 

and 3.5BIP5 reached to 21.45 and 24.64 respectively. 

 

 
(a)  
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(b)  

Fig. 8: Sulphate attack weight loss analysis for (a) 2.5 MPa 

compression made board (b) 3.5 MPa compression made board. 

 

The results suggest that the addition of Agro dust, glass 

wool and cow dung powder to the mixes decreases the 

panels’ resistance towards sulfate environments since the 

modified panels exhibit higher weight loss to sulfate 

attack compared to the base mixes. The residual amounts 

of fibers and some organic materials in the polymer 

modified mixes can promote the weakened structure due 

to sulfuric acid, which may impede the compounds’ long-

term stability in conditions rich with sulfate ions. 

 

4.3 Durability Properties 

The degree of sorptivity enhances the water absorption 

capacity, and the extended duration exposure is the given 

time frame in order to establish differences in the modified 

and base insulation panels. Sorptivity test analysis for (a) 

2.5 MPa compression made board (b) 3.5 MPa 

compression made board. was shown in Fig. 9. 

 

4.3.1 Initial Absorption (0.25 to 1 Hour): 

After 0.25 hours of low two base mixes (2.5BIP0 and 

3.5BIP0), 6.87 absorption was recorded. For other mixes 

such as 2.5BIP5 and 3.5BIP5 however, 16.21 and 13.11 

were the absorption figures during the same duration. The 

modified and base absorption mixes were at 1.0 hour 

measured at 13.87 and then at 30.65 and 27.68 for 2.5BIP5 

and 3.5BIP5 respectively. 

 

4.3.2 Long-Term Absorption (4 to 24 Hours): 

Base mixes at 4 hours of mixing absorbed 25.09 to 

compare with modified mixes like 2.5BIP5 and 3.5BIP5 

which had very high figures of 61.50 and 59.17 

respectively. In the final mixes, the base mixes absorbed 

50.01 and for modified, 87.12 for 2.5BIP5 and 84.39 for 

3.5BIP5 after 24 hours DTPA. 

 
(a)  

 
(b)  

Fig. 9: Sorptivity test analysis for (a) 2.5 MPa compression 

made board (b) 3.5 MPa compression made board. 

 

4.4 Mechanical Properties  

Impact of compressive strength on Concrete's durability 

and bearing capacity needs no emphasis. From the data 

provided, it can be said that there is a mark variation in the 

overall compressive strength with the change in the mix 

BIP0 to BIP5 for example, 5.65 MPa up to 10.25 MPa 

progressively increases. Also, in the 3.5BIP series, the 

maximum strength varies from 5.58 MPa to 12.56 MPa 

depending on the mix ID combination. This mix 

composition variability is important as it relates to the 

developed strength of concrete which is important for 

structural safety in constructions. These details do not 

escape the engineers the aim of assuring optimal mix 

designs for expected performance. Compressive strength 

analysis for (a) 2.5 MPa compression made board (b) 3.5 

MPa compression made board. was shown in Fig. 10. 
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(a)  

 
(b)  

Fig. 10: Compressive strength analysis for (a) 2.5 MPa 

compression made board (b) 3.5 MPa compression made board. 

 

5.  Surface Morphological Analysis   

The surface morphological analysis of the composite 

panels was conducted using laser techniques for 1mm 

digital images. Morphological analysis of crack surface of 

composite using laser technique for 1mm digital image. 

was shown in Table 3. 

 

Table 3. Morphological analysis of crack surface of composite 

using laser technique for 1mm digital image. 

2.5BIP0/3.5BIP0 

  

2.5BIP1 

  

3.5BIP5 

  

 

The image analysis of 2.5BIP0/3.5BIP0 reveals a 

relatively smooth and uniform surface with minimal 

porosity, as indicated by the grayscale image on the left. 

The corresponding-colored laser image on the right shows 

few significant irregularities, suggesting low air void 

content and compact structure. In contrast, the 2.5BIP1 

mix demonstrates increased porosity with larger and more 

frequent voids. The grayscale image shows visible 

depressions on the surface, which are confirmed by the 

laser image's vibrant color variations. This indicates 

higher air void content, possibly due to the higher 

percentage of agro dust and cow dung powder. 

The volumetric percentage of bypassing 3.5 BIP 5 mix 

appears to be higher compared to that of a few voids. The 

laser picture further reveals such features by showing 

contrasting colors, which indicates a high air void content. 

This increased volumetric percentage may have an 

adverse impact on the mechanical strength and physical 

durability of the composite panel. 

From the results of the morphological analysis and agro 

dust and cow dung powder porosity and surface wetting 

properties are probably greater when the additives 

contents are raised. Such alterations in the morphology of 

the surface are associated with changes in various 

mechanical characteristics and resistance against 

challenging conditions of a material, thus stressing the 

necessity for the optimizing of the mix ratios in terms of 

the performed task. 

 

6.  Conclusion    

The present study addressed the mechanical and surface 

morphological aspects of building insulation panels 

developed using agricultural residue and gypsum board. 
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The results showed that the addition of agro dust biomass 

and dried cow dung powder greatly influences the 

properties of the panels physically, mechanically and 

chemically. In particular, with higher percentage of 

agricultural waste, water absorption air void content and 

dry bulk density increased which suggested that there 

were changes in porosity and material density. The 

sorptivity test also confirmed these observations that with 

increasing amount of agro dust and cow dung powder 

mixes, moisture absorption rate also increased. The 

analysis of dry shrinkage suggested that panels with 

higher amounts of agricultural waste continue to shrink 

for longer times indicating that these panels can have a 

detrimental effect on long term dimensional stability. The 

direct fire tests showed that although all the panels 

suffered degradation in performance due to increase in 

temperature, there was a greater change in the panels with 

greater content of agricultural waste. Likewise, the panels’ 

resistance to acid and sulfate attack was reduced with the 

increase in agricultural waste. 

The results of surface morphological analysis confirm 

these findings, revealing a considerably higher level of 

porosity and surface distortion in the panels with higher 

agricultural waste content. In terms of structures of 

insulation panels, this emphasizes the need to find the 

optimal proportions of agricultural waste and structural 

elements that provide adequate strength and durability. 

Future research should target different treatments aimed at 

improving the properties of these environmental 

composites and their compatibility. 
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