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Abstract — This research investigates the behaviour of
ferrocement panels incorporating waste glass powder as a
partial replacement for conventional cement. The study aims
to evaluate the mechanical properties, durability, and
environmental impact of these innovative composite panels.
The experimental program involves the fabrication of
ferrocement panels with varying proportions of waste glass
powder as a cement replacement material. The utilization of
waste glass powder not only addresses environmental
concerns associated with glass disposal but also offers an
innovative solution for enhancing the performance of
ferrocement structures. This study bridges the gap between
waste management and sustainable construction practices,
presenting a promising avenue for the development of eco-
friendly building materials.
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l. INTRODUCTION

Glass is an amorphous material with high silica content
making it potential pozzolanic material. Waste glass has the
potential to be used as a Supplementary Cementitious
Material (SCM) due to its chemical composition and phase
similarities with traditional SCMs. Waste glass is abundant,
low in economic value, and often landfilled. Milling waste
glass to micro-meter scale particles can enhance its reactions
with cement hydrates, leading to energy, environmental, and
economic benefits when used as a partial replacement for
cement in concrete production.

Ferrocement is a composite construction material
composed of cement mortar reinforced with a mesh or metal
framework. The matrix, typically consisting of a mix of
cement, sand, and water, surrounds a closely spaced, evenly
distributed layer of metal mesh or metal reinforcement. This
combination of cementitious material and metal
reinforcement imparts unique structural characteristics to
ferrocement, providing it with high tensile strength, excellent
crack resistance, and adaptability to various shapes and
configurations. Its applications span a wide range, including
shell roofs, water tanks, boat hulls, pipes, and various
architectural elements.

The utilization of waste glass powder as a substitute
for cement in ferrocement presents various benefits,
including environmental sustainability through waste
recycling, enhanced mechanical properties such as increased
strength and durability, and reduced carbon footprint by
lowering cement consumption. Additionally, it offers
improved workability, thermal insulation, potential cost
savings, and opportunities for innovative material
development, reflecting a comprehensive approach towards
sustainable and responsible construction practices.

Il. OBJECTIVE

The research aims to assess how waste glass powder affects
the mechanical properties of ferrocement panels, examining
factors like compressive strength, flexural strength, and
resistance to acid attacks and chloride penetration. It also
seeks to compare the performance of these panels to
traditional ones made with standard cement and offer
practical recommendations for utilizing ferrocement panels
with waste glass powder in construction projects.

I1l. MATERIALS PROPERTIES

In this research, the specimens are casted and tested with
controlled specimen. Replacement of waste glass powder
(WGP) with cement is carried out as 10%, 20% and 25%
respectively. The water cement ratio has been kept as 0.45.

A. Waste Glass Powder (WGP)

Waste glass powder was collected from Dariyapur area of
Ahmedabad district located in Gujarat. It's obtained from
crushing and processing waste glass into fine particles.
Particle size may vary but typically around 50-150microns.Its
physiochemical properties are as given in below table.

Test parameter Result
SiO; Content 72.08%
Fe,O3; Content 0.22%
Al,O3 Content 2.19%
CaO Content 10.45%
MgO Content 0.72%
SO3 Content -
K>0 content 0.16%
Na.O content 13.71%
LOI 0.82%
Specific gravity 2.38
Colour white
Particle size | 200 mesh (75 micron)

Table 1: Characteristics of WGP

B. Chicken Wire Mesh

The weld meshes have a square opening of 15mm and
diameter of 1mm, chicken wire mesh (hexagonal) and
skeletal steel of 6 mm is to be use in experiment.

C. Ferrocement Panels

Ferrocement panels are the primary focus of this study. They
are composed of cement mortar and layers of mesh. Standard
size for testing panels is typically around 600 mm (length) x
100 mm (width) x 25 mm (thickness) and another panel of
size around 600 mm (length) x 100 mm (width) x 50 mm
(thickness).
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IV. EXPERIMENTAL PROGRAMME

A. Strength activity index test (1S: 1727:1987)

The Strength Activity Index (SAI) test is a crucial measure of
pozzolanic reactivity, which refers to the ability of a
supplementary cementitious material (SCM) to react with
lime in the presence of water and contribute to the strength
and durability of concrete. Casting of cement mortar (1:3)
cube with dimension 70*70*70 mm3 has been carried out.
Total 12 cubes are casted. Determine compressive strength of
specimen at 7 and 28th days. Compare compressive strength
of specimen of 20% WGP with control specimen of 100%
OPC.

Strength Activity Index is defined as the ratio of
Compressive Strength of the Sample Made of Pozzolonas to
Compressive Strength of the Standard Cement Mortar. If
Average Compressive strength of cubes with 20%
replacement of pozzolanic material greater than 75% of
standard control specimen with 100% OPC. Then according
to IS 1727 we can conclude that replacement material have
pozzolanic reactivity and can be used as partial replacement

141.86
139.87
134.93
101.41
116.51
124.12
Table 4: 7 day Compressive Strength result

M3 20% 138.88 27.86

M4 25% 114.01 22.87
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to original material.

. . Compressive strength in | SAI
Mix proportion MPa (%)
1:3 standard 28.47 100%
0.8(C):0.2(WGP): 3 30.22 106%
Table 2: 7th day Compressive Strength result
Mi - Compressive strength SAl
iX proportion in MPa %)
1:3 standard 44.33 100%
0.8(C):0.2(WGP): 3 45.59 102.84%

0%

% replacement of cement with GP

Fig. 1. 7day compressive strength
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Table 3: 28th day Compressive Strength result
Here the value of SAI for 28days is greater than
75%.Hence we can say that WGP can be used as replacement
to cement according to IS 1727-1967.

B. Optimum Waste Glass Powder Content

Total 12 cubes of 70.6*70.6*70.6 mm3 and 12 panels of size
600*100*25 mma3 is prepared and tested after 7 days curing
for finding optimum % of replacement of cement. The waste
was used as a supplementary cementitious material in varying
percentages of 0%, 10%, 20%, and 25% as a replacement of
the cement. Hence total 4 design mixes are prepared. Cement:
sand ratio of 1:2 with a water/cement ratio of 0.45 is used for
experimental mixes. Here test result of compressive strength
and flexure strength are as follows,

As the percentage of cement replaced with glass powder
increased, there was a trend of increasing ultimate load and
average load up to a certain point (M3 with 20%
replacement). However, further increase to 25% replacement
(M4) resulted in decreased load capacity and compressive
strength compared to M3.

Mix % Ultimate Average Comp.
Replacement load load strength
117.67
M1 0% 131.12 125.88 25.25
128.87
132.76
M2 10% 134.45 134.21 26.92
135.43

1641
1458
1541
1531
1789
1994
1947
1558
1505
1453
Table 5: 7 day flexural Strength result of 25mm thick panel

Based on the data provided, the optimum percentage
of glass powder replacement for both compressive and
flexural strengths appears to be around 20%.

This suggests that replacing 20% of cement with
glass powder in the mortar mix yields the highest overall
strength properties, balancing both compressive and flexural
strengths effectively.

M2 | 10% 1510 9.664

M3 | 20% 1910 12.224

M4 | 25% 1505 9.632
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Fig. 2: 7 day flexural Strength result of 25mm thick panel

C. Flexural strength Test of 50mm thick Panel (IS: 516-
1959)

From above test results of compressive and flexural strength
of various mixes, mortar cube and Ferrocement panels with
20% glass powder replacement demonstrated superior
mechanical properties and durability. Hence getting optimum
of 20%replacement of cement with glass powder.

Various other specimens are prepared for 20%
replacement and control specimen (0% replacement) to check
the effect of number of mesh layers. Hence different
specimen with 2 layer, 4 layer & 6 layer of chicken wire mesh
around reinforcement of 6 mm steel bar is prepared.
Dimension of ‘panel is 600mm*100mm*50mm. Total 36
panels of this size is casted and tested after curing period of 7
days and 28 days.

% No. of wire 4
rep‘la?](iem mesh layer 2 Layer Layer 6 Layer
otimae o 2022
N) 1065 | 2294 | 2887
0 2180.
0% Avg load(N) 2064 67 2734
Mean flexure
strength 3.3024 | 3.48 4.37
(N/mm?2)
Ultimate load ;gg? ;8?2 gggg
N) 2235 2278 2765
20% | Avg load(N) 21%1'3 243335' 2956.67
Mean flexure
strength 3.36 3.8 4.72
(N/mm2)

Table 6: 7 day flexural Strength result of 50 mm thick panel

Fig. 5: Panel under testing
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Fig. 6: 7 Days Flexure strength of 50 mm thick panel

% .
replacem No. of wire 2 Layer | 4 Layer | 6 Layer
ent mesh layer
Ultimat 3041 2786 3619
oad (aN§’ 3197 | 3465 | 4369
2907 3312 4215
3187.6
0% Avg load(N) | 3096 7 4067.67
Mean
flexure
strength 4.9 5.09 6.5
(N/mm2)
Ultimate 2953 3039 4776
load (N) 3106 4236 4253
3348 3407 4473
3135.6 | 3560.6
20% Avg load(N) 7 7 4500.67
Mean
flexure
strength 5.01 5.6 7.2
(N/mm?2)
Table 6: 28 day flexural Strength result of 50 mm thick
panel

Generally, there is an increase in flexural strength
with an increase in the percentage of WGP replacement for
panels with the same number of wire mesh layers. This
indicates that incorporating WGP in the cement matrix may
improve the flexural strength of the panels. Increasing the
number of wire mesh layers generally leads to higher ultimate
loads and mean flexural strengths, regardless of the
percentage of WGP replacement. This suggests that the
presence of additional wire mesh layers enhances the load-
carrying capacity and flexural strength of the panels.
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Fig. 7: 28 Days Flexure strength of 50 mm thick panel
In summary, the results indicate that replacing
cement with WGP can enhance the flexural strength of the
panels, with higher flexural strengths observed with increased
percentages of WGP replacement. Additionally, the use of
more wire mesh layers further improves the flexural strength
of the panels, regardless of the WGP replacement percentage.

D. Durability Test

For the durability test, following types of tests carried out
— Acid attack test in H2SO4
—  Sorptivity test
1) Resistance against Acid Attack (H2SOa)
Following parameters were observed and studied upon:
1) Weight of cube
2) Appearance of specimen
3) Appearance of median
4) Compressive strength after being exposed to acid for
28 Days
In this test the concrete cubes had been cured
normally for 28 days and after that these cubes were
submerged in acid for 28 days. The acidic solution used for
this study is 5% concentrated H2S04. After 28 days, the
cubes are removed from solution and weighted to measure the
weight change. Also, the change in its look was also
observed. After that the compressive strength of the specimen
is tested. Also, the change in compressive strength is
calculated.

Acid Resistance Test Results
i Weight
SnF: : : '\\/lv(;rgn:tl Density ) aftgr Density 0{;?;‘;33?
(kg/m®) | acid attack | (kg/m®)
(gm) o) on)
840.5 | 239.46 751 213.9 10.64
0% 852 242.74 750.5 213.8 10.91
846.5 | 241.17 757 215.6 10.57
842 239.89 | 786.00 223.9 6.65
20% 838 238.75 781.5 222.6 6.74
820.5 | 233.76 767 218.5 6.51

Table 7: Acid attack test observed data for weight change
The specimens with 20% replacement of cement with WGP
showed lower density reduction (6.63%) compared to the
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specimens with 0% replacement (10.71%) after the acid
resistance test.This suggests that incorporating WGP in the
cement matrix improves the acid resistance properties of the
specimens.

Spgﬁlm Acid Resistance Test Results
normal resultant %change %Ar\:gqc
strength | strength | (reduction) tion
3451 20.54 40.48
0% 33.7 19.79 41.27 42.45
35.56 19.34 45,61
39.52 21.58 45.39
20% 42.35 26.39 37.68 40.21
40.73 25.42 37.58

Table 8: acid attack test observed data for compressive
strength reduction

The acid resistance test results demonstrate that
specimens with 20% cement replaced by waste glass powder
exhibit improved resistance to acid attack compared to
specimens with 0% replacement. On average, the percent
reduction in strength for the 20% replacement specimens is
lower (approximately 40.21%) compared to the specimens
without glass powder replacement (average percent reduction
of approximately 42.45%). This indicates that incorporating
waste glass powder in the cement matrix enhances the acid
resistance properties of the specimens. Therefore, the
findings suggest that waste glass powder can effectively
mitigate the detrimental effects of acid exposure on
ferrocement specimens, highlighting its potential as a
sustainable and durable cement replacement material in

Fig. 8: cube after removing from acid

2) Sorptivity test:-

When only one surface of a specimen is exposed to water, the
Sorptivity test method is used to measure the rate of water
absorption by cement concrete by measuring the increase in
mass of a specimen as a function of time as a result of water
absorption. It is primarily determined by the quantities of the
concrete mixes, the type of admixtures used, the materials
used for supplemental cementation, the physical properties of
the aggregate, as well as the technique of placement. The
Sorptivity test specimen is a 100+ 6 mm of diameter Disc
with a length of 50 £3 mm.

The measures must be taken Within 10 minutes, 20
minutes, 30 minutes, and 60 minutes. From the first contact
of the specimen with water, take measurements every hour
for 5 minutes, up to 6 hours, and record the time within 1
minute. After the initial 6 hours, take measurements once a
day for the next three days, then three measurements at least
24 hours apart for days four to seven , take a final
measurement at least 24 hours after the measurement at day
seven. Using a wet paper towel or cloth, wipe away surface
water. Invert the specimen after blotting to remove excess
water so that the wet surface does not come into contact with
the balance pan. Measure the mass to the nearest 0.01 gram
within 15 seconds of removing it from the pan.

Fig. 9: sorptivity test of mortar

Sr.No. | Time | Stand. Time | Tolerance | Mass (gm) | (mt) Mass (gm) | Water absorption(l) (in mm)
1 0 0 0s 865.35 0.00 0.0000
2 62 60s 2s 867.55 2.20 0.2856
3 308 5 min 10s 868.60 3.35 0.4718
4 605 10 min 2 min 870.88 5.23 0.7263
5 1214 20 min 2 min 873.57 8.02 1.1091
6 1803 30 min 2 min 876.68 11.43 1.5471
7 3602 60 min 2 min 881.28 15.63 2.1729
8 7255 120 min 5 min 884.81 19.76 2.6839
9 10983 180 min 5 min 889.78 24.73 3.3348
10 14496 240 min 5 min 894.47 29.52 3.9758
11 18123 300 min 5 min 898.63 33.38 4.5678
12 21688 360 min 5 min 901.50 36.75 4.9751
13 97622 1537 min 2 hrs 902.11 37.56 5.1382
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14 199210 | 3220 min 2hrs 903.66 38.31 5.2152
15 274200 | 4475 min 2hrs 904.83 39.58 5.4168
16 435620 | 7200 min 2hrs 905.84 40.69 5.5264
17 534130 | 8793 min 2hrs 906.60 41.75 5.6281
18 629140 | 10370 min 2hrs 906.80 41.85 5.6281
19 691820 | 11520 min 2hrs 906.80 41.65 5.6281
Table 9: Sorptivity test observed data for controlled specimen
Sr.no | Time (sec) | Standard Time | Tolerance | Mass(gm) | (Mt) Mass | Water Absorption (I in mm)
1 0 0 0s 858.43 0.00 0.0000
2 61 60s 2s 859.99 1.56 0.2139
3 305 5 min 10s 861.55 3.12 0.4268
4 609 10 min 2 min 865.67 7.24 0.9870
5 1210 20 min 2 min 870.41 11.98 1.6358
6 1809 30 min 2 min 873.20 14.77 2.0166
7 3600 60 min 2 min 877.76 19.33 2.6388
8 7256 120 min 5 min 881.32 22.89 3.1246
9 10980 180 min 5 min 884.84 26.41 3.6050
10 14498 240 min 5 min 887.66 29.23 3.9898
11 18120 300 min 5 min 890.32 31.89 4.3228
12 21688 360 min 5 min 892.07 33.64 4.5916
13 97620 1537 min 2hrs 893.64 35.21 4.8039
14 199200 3220 min 2hrs 894.55 36.12 4.9280
15 274200 4475 min 2hrs 895.67 37.24 5.0809
16 435600 7200 min 2hrs 896.57 38.14 5.2037
17 534180 8793 min 2hrs 897.67 39.24 5.3538
18 629100 10370 min 2hrs 898.28 39.85 5.4370
19 691800 11520 min 2hrs 898.28 39.85 5.4370

Table 10: sorptivity test observed data for 20% WGP specimen
For controlled specimen, the mass of the specimen

gradually increases over time as water is absorbed, indicating
the capillary action of water into the specimen. Initially, the
water absorption rate is relatively low, but it accelerates over
time, suggesting an increase in the porosity of the specimen.

While for 20% WGP Specimen: Similar trends in
water absorption and mass increase are observed compared to
the controlled specimen, indicating capillary action and water
absorption in the presence of 20% WGP. The water
absorption rate and sorptivity are generally lower compared
to the controlled specimen, suggesting a potential reduction
in porosity or capillary action due to the presence of WGP.It
indicates that the controlled specimen exhibits a higher water
absorption rate and sorptivity compared to the specimen with
20% WGP. The presence of WGP in the specimen appears to
influence the water absorption behaviour, potentially leading
to a reduction in water absorption rate and sorptivity.

V. COST ANALYSIS

Cement price per 50 kg Minimum 400 rs
Waste glass powder price per ton | 5000-5500 rs

By optimizing the replacement of cement with waste
glass powder of 20% in the ferrocement mortar with a 1:2
Cement: sand ratio, significant cost savings are realized. With
the minimum price of cement at Rs. 350 per 50 kg bag and
waste glass powder priced between Rs. 5000-5500 per ton,
analysis indicates approximately 10%-15% savings in the
overall material cost. This demonstrates the economic
feasibility and sustainability benefits of incorporating waste
glass powder as a partial substitute for cement in ferrocement
production.

VI. CONCLUSION

Based on the comprehensive analysis of various test
results, including compressive strength, flexural
strength, and acid resistance, it is concluded that the
optimum percentage of glass powder replacement in
ferrocement panels is approximately 20%.

The incorporation of waste glass powder (WGP) as a
partial replacement for cement in ferrocement mortar has
demonstrated positive effects on both compressive and
flexural strengths, up to the optimal replacement
percentage of 20%.With increasing percentages of WGP
replacement beyond 20%, there is a diminishing return
observed in both load-bearing capacity and strength
properties of the mortar mix. Obtaining 11% higher
compressive strength then controlled specimen.

The test results indicate that replacing cement with WGP
can enhance the flexural strength of the panels, with
higher flexural strengths observed with increased
percentages of WGP replacement upto 20% WGP.
Obtaining 19% more flexural strength then controlled
specimen.

The use of more wire mesh layers further improves the
flexural strength of the panels, regardless of the WGP
replacement percentage.

The specimens with 20% replacement of cement with
WGP showed lower density reduction compared to the
specimens with 0% replacement after the acid resistance
test, suggesting improved acid resistance properties due
to the presence of WGP in the cement matrix.
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— Analysis of water absorption behavior indicates that the
presence of WGP in the specimen influences the water
absorption rate and sorptivity, potentially leading to a
reduction in porosity or capillary action compared to
controlled specimens.

— The cost analysis reveals significant cost savings
(approximately 10%-15%) in the overall material cost by
optimizing the replacement of cement with 20% waste
glass powder in the ferrocement mortar, demonstrating
economic feasibility and sustainability benefits.

— The findings of this study have important implications
for the construction industry, highlighting the potential
of waste glass powder as a viable alternative to cement
in ferrocement production, contributing to both
economic efficiency and environmental sustainability.

In conclusion, the study underscores the promising
prospects of utilizing waste glass powder as a cement

replacement material in ferrocement production, offering a

sustainable solution with enhanced mechanical properties and

cost-effectiveness.
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