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Abstract - This study investigates the confinement behaviour of ferrogeopolymer brick masonry columns using experimental 

testing and theoretical analysis. The objective is to assess failure modes and stress-strain behaviour and compare experimental 

findings with theoretical predictions. The experiments involve subjecting brick masonry columns to axial loads and confining 

them using different surface coatings and additional reinforcement layers. The results show significant disparities in the 

accuracy of confinement ratio prediction between the Indian Standard 1905-1987 and Cascardi et al.2017 models. The Cascardi 

model demonstrates superior accuracy and is better suited for predicting the confinement behaviour of masonry specimens under 

axial compression. This research advances computational procedures, enhances our understanding of the behaviour of 

ferrogeopolymer brick masonry columns, and ensures their safety and stability in various structural applications. 
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1. Introduction  
Brick masonry is a construction technique used for 

various structures, such as walls, columns, arches, and facades 

[1]. Bricks, made from clay or concrete, are chosen for their 

durability, strength, and aesthetics. However, traditional brick 

masonry has limitations in terms of seismic resistance and 

structural performance. During earthquakes or lateral loading 

events, masonry columns can deform and fail [2]. To address 

this vulnerability, engineers have developed techniques to 

confine masonry columns, including the use of ferrocement 

with steel mesh. Ferrocement is a composite material of 

cement mortar reinforced with layers of steel mesh or fibres 

[3]–[5]. It prevents outward deformation, enhances load-

carrying capacity, improves ductility, and enhances overall 

structural performance. This increases resistance to 

earthquakes and wind. Additionally, ferrocement adheres 

strongly to the masonry surface, ensuring a durable bond. 

Over the past few years, there has been interest in alternative 

construction materials that offer sustainability and high 

performance, such as geopolymer and ferrogeopolymer. 

Geopolymer is an inorganic polymer composite created from 

natural substances like fly ash, slag, or metakaolin combined 

with alkaline activators [6]–[8]. These materials undergo a 

chemical reaction to form a durable structure. In geopolymer 

production, the raw materials are mixed with alkaline 

activators like sodium hydroxide or potassium hydroxide to 

create a paste. This paste is poured into moulds and allowed 

to cure and harden at ambient temperature. Geopolymer has 

advantages over traditional Portland cement, including 

environmental sustainability, high strength, corrosion and fire 

resistance, and reduced shrinkage and creep [9]. 

Ferrogeopolymer is a variation of geopolymer that 

incorporates steel fibres or mesh reinforcement within the 

geopolymer matrix. This results in a composite material with 

enhanced mechanical properties, including improved tensile 

strength, ductility, and durability. Ferrogeopolymer offers 

sustainable and high-performance alternatives to conventional 

construction materials [10], [11]. The manufacturing process 

for ferrogeopolymer is similar to that of geopolymer, with the 

addition of steel reinforcement. Steel fibres or mesh are added 

to the geopolymer paste before casting, creating a composite 

material with superior structural performance. 

Ferrogeopolymer combines the advantages of geopolymer 

with the benefits of steel reinforcement, such as increased 

load-carrying capacity and improved structural performance. 

Various researchers have conducted studies on brick masonry 

confinement and ferrogeopolymer construction methods. 

Sneha et al. (2020) [12] examined the mechanical properties 

and corrosion resistance of different ferrocement systems, 

highlighting the superior flexural strength of welded mesh 

specimens. Corrosion prevention methods, such as corrosion 

inhibitors and CPC coatings, were found to improve durability 

and load capacity effectively. Joseph Davidovits (1994) [13] 

emphasized the cost-effectiveness and environmental 
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advantages of geopolymer cement compared to traditional 

Portland cement, emphasizing their potential for sustainable 

infrastructure development. Rajendran and Soundarapandian 

(2013, 2014, 2015) [14]–[16] investigated the influence of 

increased molarity on the flexural load performance and 

compressive strength of geopolymer ferrocement slabs, 

observing positive effects. Hasan (2022) [17] examined the 

fortification of brick masonry columns with ferrocement and 

reinforced concrete jacketing, noting significant 

enhancements in strength and ductility. Sen et al. (2023) [18] 

studied the lateral strength of reinforced concrete frames with 

ferrocement-strengthened masonry infills, proposing 

theoretical computation procedures for various failure 

mechanisms.  

Reinhorn et al. (1985) [19] conducted experiments with 

thin ferrocement overlays as seismic retrofit materials for 

masonry walls, demonstrating strength, ductility, and stiffness 

improvements. Faella et al. (2011) [20] aimed to develop 

accurate design formulas for Fibre-Reinforced Polymer 

(FRP)-confined masonry columns, presenting three design 

formulas of varying levels of accuracy and complexity that 

can be used in practical applications. Comprehensive 

guidelines for designing masonry structures to ensure their 

safety, durability, and serviceability are provided by Eurocode 

6 - EN1996-1-1 [21] and IS 1905-1987 [22]. Cascardi et al. 

(2017) [23] investigated the compressive strength of columns 

confined by Fiber Reinforced Mortar (FRM) and proposed 

new design models that considered both fibre and matrix 

properties.  

These models demonstrated high predictive capability 

and accuracy for implementation. Theoretical analysis plays a 

crucial role in optimising confinement techniques for brick 

masonry columns. Engineers utilise mathematical modelling 

and simulation to understand column behaviour under 

different loading conditions, facilitating improved 

performance and safety. Theoretical analysis of confinement 

techniques using ferrocement with steel mesh, geopolymer, or 

ferrogeopolymer involves evaluating material properties, 

column dimensions, loading conditions, and optimisation. 

The literature review has identified a novel research gap 

in the confinement of masonry columns, ferrocement, and 

geopolymer ferrocement, as well as the need for validated 

computation procedures for assessing the load-carrying 

capacity of brick masonry columns. While lateral strength 

studies exist, validated theoretical models for ferrocement-

strengthened masonry columns are lacking. Developing and 

validating procedures to predict load-carrying capacity under 

axial loads is necessary, ensuring accuracy by comparing 

theoretical predictions with experimental data. This research 

will enhance understanding and ensure the safety and stability 

of ferrocement-strengthened masonry columns in various 

applications. This study introduces a novel approach by 

evaluating failure modes stress-strain behavior and comparing 

experimental and theoretical results in brick masonry columns 

with different surface coatings (cement mortar and 

geopolymer mortar) and reinforcement layers (single-layer 

and double-layer welded steel mesh). The unique combination 

of coatings and reinforcement layers, particularly the use of 

geopolymer mortar and the comparison of single versus 

double layers, offers new insights and could lead to improved 

construction techniques and safety measures for masonry 

structures. 

2. Materials and Methods  
Table 1 presents the details of the specimens utilized for 

analysing the influence of confinement on masonry columns 

under concentric axial load. These specimens are categorized 

into three series: unconfined, conventionally confined, and 

geopolymer confined. Each sample is assigned a designation 

of A-B, where A denotes the type of mortar and B indicates 

the number of steel mesh layers used for confinement. 

 The geometric characteristics of the masonry columns 

are shown in Figure 1. Previously, an experimental 

investigation was carried out on steel meshed Cement Mortar 

(CM) and Geopolymer Mortar (GPM) confined masonry 

columns. A comprehensive description of this investigation 

can be found in a separate paper. The comparative analysis of 

the test results, which will be discussed in the subsequent 

sections, encompasses all of the confined specimens that were 

subjected to testing. 

Table 1 Details of tested specimens 

Series 
Sample 

ID 

NO. of 

Layers 
Sample description 

Conventional UC - 

A specimen without 

additional 

confinement material 

Conventional 

Confined 

CC-0 - 
Cement mortar 

surface coating 

CC-1 1 

Cement mortar with 

welded mesh single-

layer 

CC-2 2 

Cement mortar with 

welded mesh Double-

layer 

Geopolymer 

Confined 

GP-0 - 
Geopolymer mortar 

surface coating 

GP-1 1 

Geopolymer mortar 

with welded mesh 

single-layer 

GP-2 2 

Geopolymer mortar 

with welded mesh 

Double-layer 
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Fig. 1 Geometry of the masonry column (a) Elevation (b) Cross section 

2.1.  Clay Burnt Bricks and Binding Mortar 

According to the Indian standard (IS 1077-1992) [24], 

non-modular clay-burnt bricks measuring 230mm x 110mm x 

70mm were used for constructing brick masonry columns. 

These bricks had a density of 1569 kg/m3 and a water 

absorption rate of 16.12%. In this study, two types of mortars 

were used: CM and GPM. The mortar mix ratio for CM was 

1:2 (binder to fine aggregate), and for GPM, it was 1:2.5. The 

geopolymer mortar consisted of fly ash, sodium silicates 

(Na2SiO3), sodium hydroxide (NaOH), and naphthalene 

sulfonate-based Superplasticizer (SP), and distilled water, for 

the preparation of GPM, a sodium hydroxide concentration of 

8 molarity was chosen. Mortar cubes measuring 70.6 mm × 

70.6 mm × 70.6 mm were cast, following the guidelines of IS 

4031 (Part-6) - 1988 [25], to test the characteristic strength of 

the mortar mix. Table 2 displays the compressive strength of 

both mortar cubes and bricks. The values presented in the table 

represent the average compressive strength of ten specimens 

for both bricks and mortar. 

Table 2. Compressive strength of brick and mortar. 

Description Brick CM  GPM  

Compressive Strength (MPa) 5.31 14.93 21.6 

2.2. Welded Steel Mesh 

The machine-welded mesh used in this study has square 

openings measuring 20mm × 20mm and a thickness of 

0.75mm. To evaluate its mechanical properties, three 

specimens were subjected to tensile tests according to the 

ASTM A 185 standard [26]. Figure 2 displays the stress-strain 

graph, and Table 3 provides the mechanical properties 

obtained from the tests. 

 
Fig. 2 Stress-Strain for welded steel mesh 
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Table 3. Mechanical Properties welded steel mesh. 

Sample 

Yield 

Tensile 

Stress 

(MPa) 

Ultimate 

Tensile 

Stress 

(MPa) 

Elastic 

Modulus 

(MPa) 

Ultimate 

Strain 

(mm/mm) 

1 421 456 136320 0.012 

2 418 452 134522 0.0125 

3 424 460 138148 0.013 

Mean 421 456 136330 0.0125 

2.3. Specimen Preparation 

A total of fourteen specimens were prepared for this 

experiment. Each combination consisted of two specimens, 

resulting in seven combinations in total. The preparation 

process involved mixing mortar according to the prescribed 

mix ratio, constructing masonry columns using clay-burnt 

bricks, and applying surface coatings as necessary. To 

enhance confinement, welded wire mesh reinforcement was 

installed in all specimens except for the unconfined ones. The 

conventional specimens underwent water curing, while the 

geopolymer specimens were left to cure under ambient 

conditions. Once cured, the specimens were whitewashed, 

marked for dimensional accuracy, and transported to the test 

floor for axial compression testing. Figure 3 provides a visual 

representation of how the specimens were prepared for the 

experiment 

Fig. 3 Preparation of Specimens (a) Unconfined, (b) Single Layer, (c) Double Layer, (d) Applying Surface Coating and (e) Surface finished 

2.4. Test Setup 

The experimental configuration and schematic setup 

shown in Figure 4 utilize a hydraulic testing machine with a 

maximum capacity of 500 kN to perform tests on column 

specimens.  

This setup ensures that there is enough capacity to apply 

axial compression loads to the masonry column specimens. 

Each specimen is equipped with a 20mm thick steel plate cap 

on both the top and bottom, which serves to evenly distribute 

the load from the hydraulic testing machine across the top 

surface of the specimen. The load is applied incrementally at 

intervals of approximately 2.5 kN until failure occurs. 

To measure displacement, four Linear Variable 

Differential Transformers (LVDTs) are positioned 

horizontally on each side of the specimen, while one LVDT is 

placed vertically to monitor vertical displacement.  
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Fig. 4 Test setup (a) Schematic (b) Experimental 

3. Results and Discussion 
3.1. Failure Modes 

Figure 5 presents a depiction of the various failure 

configurations observed in the tested specimens. These 

failures predominantly involve masonry crushing, detachment 

of the external mortar layer, and separation of the steel wire 

mesh from both the masonry and mortar. For instance, 

Unconfined Specimens (UC) fail primarily due to masonry 

crushing, typically accompanied by the development of a wide 

vertical crack in the centre of the specimens. This 

phenomenon is particularly prominent in specimens lacking 

steel mesh reinforcement (CC-0 and GP-0). Confined 

specimens, on the other hand, exhibit different failure modes 

depending on the level of confinement. Specimens with single 

and double layers of confinement (CC-1, CC-2, GP-1, and GP-

2) demonstrate "knife effects," characterized by the generation 

of corner cracks originating from the corners of the column. 

These cracks indicate localized failure and detachment of the 

surface-coated mortar. Consequently, the wire mesh 

reinforcement and surface-coated mortar become detached, 

signifying significant structural distress and loss of integrity.  

3.2. Ultimate Load and Stress-Strain Behaviour  

Table 4 presents the ultimate load values for all tested 

specimens. The results indicate that the confinement ratio (ξ) 

- which compares the ultimate load of confined columns to the 

ultimate load of unconfined specimens - is affected by the 

number of confining layers. For conventional specimens, ξ 

ranges from 1.54 to 3.85, with an increase as the number of 

confining layers increases. The same trend can be observed for 

geopolymer columns, with ξ values of 1.77 and 5.69, 

respectively. Comparing the ultimate load values of CC-0 and 

GP-0 specimens - both coated with cement mortar and 

geopolymer mortar - highlights the impact of mortar 

configuration on the ultimate load. The ultimate load of the 

GP-0 specimen is 15% higher than that of the CC-0 specimen. 

Further analysis of the results reveals that both CC-1 and GP-

1 columns are confined with a single layer of welded steel 

mesh, emphasizing the influence of the steel mesh in 

combination with geopolymer mortar. GP-1 exhibits a 74% 

higher ultimate load than CC-1. Similarly, CC-2 and GP-2, 

with double layers, demonstrate an increased load-carrying 

capacity, with GP-2 being 48% higher than CC-2.

Fig. 5 Failure of specimens (a) UC, (b) CC-0, (c) CC-1, (d) CC-2, (e) GP-0, (f) GP-1 & (g) GP-2 
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Table 4. Experimental test results at the ultimate condition 

Specimen 

ID 

Axial Load 

(kN) 

Confinement 

ratio, ξ 

Axial Stress 

(MPa) 

Axial Strain (εa) 

(mm/mm) 

Lateral Strain (εl) 

(mm/mm) 

UC 65 - 1.23 0.0021 0.0044 

CC-0 100 1.54 1.60 0.0015 0.0038 

CC-1 115 1.77 1.58 0.0041 0.0035 

CC-2 250 3.85 3.19 0.0058 0.0073 

GP-0 115 1.77 1.84 0.0016 0.0037 

GP-1 200 3.08 2.74 0.0086 0.0129 

GP-2 370 5.69 4.72 0.0134 0.0096 

 

The stress and strain behaviours of masonry columns 

were determined through tests involving concentric axial 

loads, as shown in Figure 6 for all tested specimens. Strain 

values were derived from displacement measurements taken 

during the tests using a strain indicator. The average strain 

values recorded at the mid-height of the columns are 

presented. The stress-strain curves indicate that masonry 

columns exhibit elastic behaviour during the initial stage and 

nonlinear behaviour leading to failure.  

Specimen UC exhibited limited stress-strain behaviour, 

indicating sudden and brittle failure due to lack of 

confinement. In contrast, confined specimens displayed 

superior stress-strain behaviour compared to the unconfined 

column. This can be attributed to the presence of a steel mesh 

layer, which resists lateral displacement and enables the 

column to withstand higher stress levels. The axial stress 

ranged from 1.23 to 4.72 MPa, axial strain ranged from 0.0015 

to 0.0134, and lateral strain ranged from 0.0035 to 0.0129.  

The experimental results indicate that the specimens 

subjected to axial compression exhibited a wide range of 

behaviours. Both Cement mortar (CC) and Geopolymer 

mortar (GP) specimens demonstrated an increase in axial 

stress with increasing confinement and strain. For instance, 

when comparing CC-0 to CC-2, there is a significant increase 

in axial stress and strain, highlighting the effect of the number 

of confinement layers.  

A similar trend is observed in geopolymer mortar 

specimens, with GP-0 showing lower axial stress and strain 

compared to GP-1 and GP-2. Furthermore, lateral strain 

increased with increasing axial stress, indicating the dilation 

of the specimens under compression. This behaviour is more 

pronounced in geopolymer mortar specimens, particularly in 

GP-1 and GP-2. These findings demonstrate the complex 

behaviour of masonry specimens under axial compression and 

underscore the importance of considering factors such as 

material type, confinement, and strain response in structural 

design and analysis. 
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Fig. 6 Stress-strain curves 

4. Experimental-Theoretical Comparison 
The design of brick masonry columns follows the 

guidelines provided by the relevant Indian Standard IS 1905-

1987 code provisions [22]. These guidelines propose a model 

for predicting the strength of confined masonry columns. The 

strength increase due to confinement can be calculated using 

Equation 1. 

𝑓𝑚𝑐 = 𝑓𝑚 + 𝐶𝑒𝑘1𝜎𝐿 (1) 

Where, 𝑓𝑚 – Compressive strength of brick masonry 

prism, 𝑘1 – The strength increase factor is generally taken as 

4.0, 𝐶𝑒 – Confinement effectiveness coefficient varies with 

(𝜎𝐿/𝜎𝑜) ratio and can be obtained from the graph (Figure 7), 

𝜎𝐿 – Stress of Lateral confinement, 𝜎𝑜 – Stress of unconfined 

column. The effective confinement coefficient (𝐶𝑒) is a 

measure of the efficiency of the confinement system in 
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enhancing the compressive strength of masonry columns. It is 

crucial to understand the behaviour of confined masonry under 

axial loads. The 𝐶𝑒 can also be calculated using the following 

formula (Equation 2) 

 

𝐶𝑒 =  
𝑓′𝑚𝑐 − 𝑓𝑚𝑐

𝑓𝑚𝑐

 
(2) 

Where: 

𝑓′𝑚𝑐 − is the confined compressive strength, 𝑓𝑚𝑐 − is 

the unconfined compressive strength. 

 
Fig. 7 Confinement effectiveness coefficient  

The compressive strength of a brick masonry prism can 

be predicted using the formula (Equation 3). 

𝑓𝑚 =  √𝑓𝑏 + √𝑓𝑗
3

 
(3) 

Where, 𝑓𝑏 – Basic Compressive stress 0.25 times of 𝑓𝑚 or 

compressive strength of brick, 𝑓𝑗 – Compressive strength of 

mortar. The additional stress the reinforcement system applies 

to a masonry column is the confinement stress(𝜎𝑐𝑜𝑛) to 

enhance its load-carrying capacity, which can be calculated 

using Equation 4. 

𝜎𝑐𝑜𝑛 = 𝐶𝑒 × 𝑓𝑚𝑐 
(4) 

The lateral confinement pressure using the formula 

(Equation 5). 

𝜎𝐿 =
2𝑁𝑚𝑙𝑊𝑦𝑙

(𝑆𝑝 − 𝑑𝑚)
 

(5) 

Where, 𝑁𝑚𝑙  – number mesh layer, 𝑊𝑦𝑙 – yield load of 

steel mesh, 𝑆𝑝 – spacing of mesh, 𝑑𝑚 – the mean distance 

between the outer mesh layer and the inlner mesh layer. 

Furthermore, Cascardi et al. 2017 [23] have recently 

proposed a model that employs a multiple linear regression 

approach. This model specifically considers two crucial 

parameters: the mortar strength and the elastic modulus of the 

fibres. To enhance practicality, Cascardi et al. 2017 [23] also 

put forth a simplified version of the model, which can be 

mathematically expressed as follows (Equation 6): 

 

𝑓𝑚𝑐

𝑓𝑚𝑜

= 1 + 𝑘 (
𝑓𝑙,𝑒𝑓𝑓

𝑓𝑚𝑜

)

0.5

 

 

(6) 

 

When considering 𝑓𝑚𝑐 and 𝑓𝑚𝑜the compression strength 

of confined and unconfined columns, respectively, can be 

represented by 𝑓𝑙,𝑒𝑓𝑓 , which is the effective confining pressure 

(Equation 7) expressed as a function of the maximum 

confinement pressure, 𝑓𝑙. 

𝑓𝑙,𝑒𝑓𝑓 = 𝑘𝐻𝑓𝑙 
(7) 

  

𝑓𝑙 =
2𝑛𝑓𝑡𝑓𝐸𝑓𝜀𝑓

𝐷
 

(8) 

  

𝑘𝐻 = 1 −
(𝑏 − 2𝑟)2 + (ℎ − 2𝑟)2

3𝑏ℎ
 

(9) 

 

Equations (8) and (9) define 𝑛𝑓 as the number of steel 

mesh layers 𝑡𝑓 as the thickness of the steel mesh, b and h as 

the length and width of the column's cross-section, D as the 

diagonal length of the cross-section, and r as the radius of the 

rounding corner of the column's cross-section. The tensile 

strain of the steel mesh 𝜀𝑓. Equation (10) expresses the 

coefficient 𝑘 as follows: 

𝑘𝑚𝑎𝑡 = 6.0 𝜌𝑚𝑎𝑡

𝑓𝑚𝑎𝑡

𝑓𝑚𝑜

 
(10) 

𝑓𝑚𝑎𝑡 represents the compressive strength of the mortar and 

𝜌𝑚𝑎𝑡  indicates the geometric percentage of mortar in the 

ferrocement (Equation 11). 

𝜌𝑚𝑎𝑡 = 4
𝑡𝑚𝑎𝑡

𝐷
 

(11) 

Where 𝑡𝑚𝑎𝑡 is the thickness of the ferrocement layer. 

Table 5 presents the confinement ratios obtained from 

Experimental testing (Exp), as well as the predictions made by 

the IS 1905-1987 model and the Cascardi et al. (2017) model 

for the tested specimens (CC-1, CC-2, GP-1, and GP-2). CC-

0 and GP-0 have been excluded from the analysis due to their 

lack of confinement. 

The experimental results demonstrate significant 

variations in the obtained confinement ratios for the tested 

specimens. Both the IS 1905-1987 and Cascardi et al. (2017) 

models were used to predict the confinement ratios, and the 

ratio of predicted to experimental (Pre/Exp) values was 

calculated to assess the accuracy of each model. It is important 

to note the average confinement ratio, as well as the 

corresponding standard deviation and Coefficient of Variation 

(CoV), for each model. The IS 1905-1987 model shows an 

average confinement ratio of 2.519, with a standard deviation 

of 0.810 and a CoV of 0.321. On the other hand, the Cascardi 
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et al. (2017) model exhibits an average confinement ratio of 

1.355, with a standard deviation of 0.198 and a CoV of 0.146. 

The experimental results indicate that the actual confinement 

ratios vary significantly across different specimens, ranging 

from 1.769 to 5.692. However, both models provide 

predictions that deviate from the experimental values to 

varying degrees. For the IS 1905-1987 model, the average 

Pre/Exp ratio is approximately 0.924, with a standard 

deviation of 0.662 and a CoV of 0.715. Similarly, for Cascardi 

et al. (2017), the average Pre/Exp ratio is approximately 0.435, 

with a standard deviation of 0.154 and a CoV of 0.354. In 

addition to comparing the experimental confinement ratios 

with predictions from the IS 1905-1987 and Cascardi et al. 

(2017) models, a scatter plot was generated to analyze the 

relationship between experimentally obtained axial stress 

values and those predicted by the two models. The scatter plot 

(Figure 8) analysis reveals a strong correlation between the 

experimental axial stress values and the predictions from both 

the IS 1905-1987 and Cascardi et al. (2017) models. The 

coefficient of determination (R²) was found to be 0.74 for the 

IS 1905-1987 model and 0.99 for the Cascardi et al. (2017). A 

higher R² value indicates a better fit of the model to the 

experimental data. The R² value of 0.99 for the Cascardi et al. 

(2017) model suggests that 99% of the variability in the 

experimental axial stress values can be explained by the 

predictions of the Cascardi et al. (2017) model, indicating its 

superior accuracy compared to the IS 1905-1987 model. 

 

Table 5. Comparison of Predicted Model / Experimental 

Sample ID 
Confinement ratio 

(Exp) 

IS 1905-

1987 model 
Pre/Exp 

Cascardi et al 

2017 Model 
Pre/Exp 

CC-1 1.769 3.476 1.965 1.220 0.689 

CC-2 3.846 2.071 0.539 1.361 0.354 

GP-1 3.077 2.668 0.867 1.318 0.428 

GP-2 5.692 1.859 0.327 1.522 0.267 

Mean 2.397 2.519 0.924 1.355 0.435 

Standard deviation 3.021 0.810 0.662 0.198 0.154 

Coefficient of 

Variation 
0.840 0.321 0.715 0.146 0.354 

 
Fig. 8 Correlation between theoretical and experimental 

Upon comparing the two models, it is evident that the 

Cascardi et al. (2017) model provides a more accurate forecast 

of the confinement ratio for the tested specimens. This 

assertion is supported by its lower average Pre/Exp ratio, 

standard deviation, coefficient of variation, and higher R2 

value. Consequently, we can deduce that the Cascardi et al. 

(2017) model is more suitable for predicting the confinement 

behaviour of masonry specimens under axial compression, 

thereby offering superior accuracy compared to the IS 1905-

1987 model. To ensure the reliability and applicability of the 

Cascardi et al. (2017) model across a wider range of masonry 

materials and configurations, it is recommended to conduct 

further analysis and verification. Several key factors 

contributed to these improved results compared to state-of-

the-art techniques. Firstly, the material properties of 

ferrogeopolymer, with its excellent compressive strength, 

make it an ideal candidate for structural applications, and its 

ability to form strong bonds with the wire mesh further 

enhances the confinement effect. Secondly, the welded wire 

mesh provides uniform and continuous confinement, 

preventing localized failures and ensuring a more 

homogeneous stress distribution. Additionally, the use of 

double-layer reinforcement in some specimens further 

improved the structural behaviour, demonstrating the 

effectiveness of this configuration in enhancing load 

resistance. The practical implications of adopting our 

technique in construction practices include the potential for 

more durable and cost-effective masonry structures. 

Ferrogeopolymer not only enhances structural performance 

but also offers environmental benefits due to its lower carbon 

footprint compared to traditional cement-based materials. 

Overall, our study provides a comprehensive analysis of the 

confinement behaviour of ferrogeopolymer brick masonry 

columns, offering significant advancements over state-of-the-

art techniques and contributing to the development of more 

efficient and sustainable construction methods. 

5. Conclusion  
• Unconfined masonry specimens exhibit sudden and 

brittle failure due to crushing, while confined specimens 

with a steel mesh layer demonstrate superior behaviour. 

Confined specimens display "knife effects" with corner 



R. Jose Antony Syril & D. Rajkumar / IJCE, 11(6), 60-70, 2024  

 

69 

cracks, indicating localized failure and detachment of 

surface-coated mortar and wire mesh reinforcement, 

signifying significant structural distress. 

• The number of confining layers significantly influences 

the ultimate load of both conventional and geopolymer 

specimens. Comparing mortar configurations, GP-0 

shows a 15% higher load than CC-0. The addition of 

welded steel mesh enhances load-carrying capacity, with 

GP-1 and GP-2 specimens showing 74% and 48% higher 

ultimate loads, respectively, compared to conventional 

counterparts. 

• Experimental results reveal the complex stress and strain 

behaviours of masonry columns under axial compression. 

Both CM and GPM specimens exhibit increased axial 

stress and strain with increasing confinement. Lateral 

strain also increases with axial stress, particularly in 

geopolymer mortar specimens. These findings underscore 

the importance of considering material type, confinement, 

and strain response in structural design and analysis. 

• Comparing the IS 1905-1987 and Cascardi et al. (2017) 

models for predicting confinement ratios, significant 

variation is observed. The Cascardi model demonstrates 

superior accuracy, with a lower average Pre/Exp ratio, 

standard deviation, coefficient of variation, and higher R² 

value. Therefore, the Cascardi et al. (2017) model is more 

suitable for predicting masonry specimen confinement 

behaviour under axial compression compared to the IS 

1905-1987 model. Further analysis and verification are 

recommended to ensure the reliability and applicability of 

the Cascardi et al. (2017) model across a wider range of 

masonry materials and configurations. 
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