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Abstract

This study experimentally assesses the effectiveness of ferrocement jacketing in enhancing the axial compressive
performance of reinforced concrete columns constructed with 0%, 25%, and 50% recycled coarse aggregate
replacement. Six short-column specimens were cast and tested under concentric axial loading, and key
performance indicators such as ultimate load capacity and axial deformation were evaluated. Results indicated
that moderate RCA replacement of 25% optimally improved compressive strength in non-jacketed columns.
Ferrocement jacketing significantly increased load-bearing capacity by approximately 20% across all tested RCA
levels. It also improves deformation control, indicating enhanced stiffness and delayed crack propagation.
Observed failure modes included concrete crushing, jacket delamination, and spalling. The findings demonstrate
that ferrocement jacketing effectively enhances structural integrity and energy absorption, particularly for
columns with RCA replacement ratio around 25%, offering a sustainable and efficient construction solution for
recycled aggregate concrete applications.

Keywords: Recycled aggregate concrete; Ferrocement jacketing; Axial compression; Column strengthening;
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1 Introduction

Recycled aggregate concrete (RAC) has increasingly become a sustainable alternative to conventional concrete
due to its role in waste reduction and resource conservation. RAC utilizes recycled coarse aggregate (RCA),
obtained from demolished concrete structures, replacing natural coarse aggregates (NCA). However, the broader
adoption of RAC in structural applications remains constrained due to its inherently inferior mechanical
properties compared to conventional concrete, primarily arising from adhered mortar, higher porosity, and a
weaker interfacial transition zone (ITZ) around recycled aggregates (Wang et al., 2021; Zheng et al., 2021;
Etxeberria et al., 2007; Limbachiya et al., 2012). Previous studies have shown that moderate RCA content which
around 25-50% can be optimized to maintain or slightly enhance the compressive strength through appropriate
mix designs and surface treatments (Xiao et al., 2012; Tabsh and Abdelfatah, 2009; Kou et al., 2011; Butler et
al., 2013). Moreover, RAC’s environmental benefits, such as reduced landfill usage and conservation of natural
aggregates have positioned it as a key material in circular construction systems (Silva et al., 2014). Nonetheless,
the structural integrity of RAC remains a challenge in load-bearing elements, particularly in columns.

To overcome structural limitations and enhance the application potential of RAC, external confinement
techniques such as ferrocement jacketing have gained attention. Ferrocement jacketing involves wrapping
concrete elements with thin layers of mortar reinforced by closely spaced fine wire mesh, known for its ease of
application, cost-effectiveness, and high tensile strength. Research by Kaish et al. (2013), Sirimontree et al.
(2015), and Xiong et al. (2011) on normal aggregate concrete columns has demonstrated substantial
improvements in axial load capacity, ductility, and crack resistance through ferrocement confinement. The
composite mortar-mesh structure effectively delays crack propagation and restricts lateral expansion,
significantly increasing both strength and energy absorption capacity (Nassif and Najm, 2004; Mourad and
Shannag, 2012). Such confinement is especially beneficial in retrofitting applications for aging infrastructure or
when using concrete with compromised internal properties like RAC.

Despite extensive individual research on RAC and ferrocement jacketing, comprehensive studies examining their
combined effect remain limited. This study aims to bridge this gap by experimentally evaluating the confinement
effects of ferrocement jacketing on RAC columns with RCA replacement ratios of 0%, 25%, and 50%. Six short
columns, three jacketed and three non-jacketed, were tested under concentric axial loading to determine
performance metrics such as ultimate load capacity and axial deformation. This research contributes towards
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understanding structural improvements achievable with combined RAC and ferrocement confinement, informing
sustainable construction practices.

2 Experimental Program

2.1 General

This study evaluates the influence of ferrocement jacketing on the axial compressive performance of recycled
aggregate concrete (RAC) columns. Six square reinforced concrete columns (150 mm x 150 mm x 600 mm)
were prepared with three recycled aggregate (RCA) replacement levels (0%, 25%, and 50%). For each
replacement level, one column was tested as a control specimen without confinement (non-jacketed), and one
was strengthened using ferrocement jacketing. This arrangement enabled a direct comparison of the jacketing
effect on structural performance. The configuration of concrete core and ferrocement jacket is shown in Figure 1
and Figure 2. The specimen details are in Table 1.
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2.2 Materials

Natural coarse aggregate (NCA) and recycled concrete aggregate (RCA) were used in varying proportions, with
a constant cement-to-fine aggregate-to-coarse aggregate ratio of 1:1.5:3. The water-cement ratio was maintained
at 0.46 across all mixes. Recycled aggregates were sourced from demolished concrete, processed through
crushing and sieving, and washed thoroughly before use. Portland Composite Cement (PCC) was used as the
binder, and Sylhet sand served as the fine aggregate. For ferrocement jacketing, a 1:1.5 mortar mix was used
with a 0.45 water-cement ratio. A single layer of 20 BWG galvanized wire mesh was used to reinforce the
jackets. The specimen 28" day compressive strengths are given in Table 1.

Table 1. Specimen Detail

. Replacement . . . . 28 Day_
Specimen No. Ratio (%) Specimen Dimension Coating Type Compressive
Strength (MPa)
1 0 150mm x 150mm x 600mm Plaster 17.04
2 0 150mm x 150mm x 600mm  Ferrocement jacket 17.04
3 25 150mm x 150mm x 600mm Plaster 25.54
4 25 150mm x 150mm x 600mm  Ferrocement jacket 25.54
5 50 150mm x 150mm x 600mm Plaster 26.12
6 50 150mm x 150mm x 600mm  Ferrocement jacket 26.12
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2.3 Column Fabrication and Confinement

Reinforced concrete columns were cast with four 10 mm diameter longitudinal steel bars and 8 mm diameter
lateral ties, spaced as per ACI guidelines. After 28 days of curing, selected columns were retrofitted with
ferrocement jackets. The columns edges were rounded to reduce stress concentration on the corner and for
evenly stress distribution over the column. Wire mesh was wrapped around the columns, secured using steel
wire, and covered with mortar to a uniform thickness of 12.5 mm. All jacketed columns were cured for 14 days
before testing.
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Figure 3. Column Core Figure 4. Mesh Jacketed Figure 5. Ferrocement Jacketed

2.4 Testing Procedure

All columns were tested under concentric axial compression using a 2000 KN Universal Testing Machine
(UTM). The load was applied at a constant displacement rate of 0.4 mm/min. Axial load and displacement were
recorded using digital data acquisition software. Dial gauges were positioned to monitor axial deformation. The
key parameters studied include peak load, axial strain. The loading setup and testing setup are shown in Figure 6

and Figure 7.
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Figure 6. Loading Setup Figure 7. Test Setup

3 Results and Discussion

3.1 General Observations

All tested columns exhibited failure under axial compression primarily through concrete crushing, followed by
vertical cracking. Non-jacketed columns generally showed brittle failure with early onset of spalling, whereas
ferrocement-jacketed columns demonstrated delayed cracking and improved post-peak behavior. The axial load
capacity varied with the percentage of recycled coarse aggregate (RCA) used and the presence of confinement.
The crushed specimen is shown in Figure 8 and Figure 9.
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Figure 8. Crushed Specimen Figure 9. Crushed Specimen

3.2 Effect of RCA Replacement on Compressive Strength

For the non-jacketed columns from Table 2, compressive strength initially increased as the RCA replacement
ratio rose from 0% to 25%, with peak stress improving from 26.17 MPa to 31.87 MPa. This unexpected increase,
contrary to typical expectations, can be attributed to enhanced aggregate interlocking and improved particle
packing achieved through moderate RCA substitution. At 25% RCA, the finer textures and residual mortar on
recycled aggregates likely improve bonding and densification, positively influencing concrete strength.

However, further increasing RCA content to 50% did not result in any additional strength improvement, with the
load capacity plateauing at 30.41 MPa. This observation confirms that beyond moderate replacement levels,
negative effects such as increased porosity, weaker aggregate surfaces, and reduced interface quality offset any
initial gains, ultimately limiting structural performance. From Figure-3-3 and it can be noticed that with NAC
replacement by RAC from 0 to 25% the stress strain curve shifted upward indication strength gain and from 25%
to 50% replacement the curve shifted downward indicating strength loss.
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Figure 10. Stress vs Strain for Non-jacketed Specimen

3.3 Strength Improvement Due to Ferrocement Jacketing

Ferrocement jacketing increased the compressive strength across all RCA replacement ratios studied. At 0%
RCA, from Table 2 it can be noticed that jacketing provided a modest strength gain 8.75%, increasing peak stress
from 26.16 MPa to 28.45 MPa and a shift of curve due to jacketing can be seen in Figure 11, meaning improved
stiffness. However, jacketing was especially effective at 25% RCA, achieving the highest strength enhancement
of 20.77%, from 31.87 MPa to 38.49 MPa and upward shifting of strss-strain cure in Figure 12, which means a
improved stiffness. This substantial improvement at moderate RCA content underscores the effective interaction
between a reasonably strong concrete core and external confinement. At 50% RCA, jacketing continued to offer
noticeable strength improvement 19.43%, from 30.41MPa to 36.32 MPa and in Figure 13, the curve shifting
upward indicating improved stiffness, though to a lesser extent compared to the 25% RCA scenario. This slightly
reduced effectiveness at higher RCA levels reflects inherent weaknesses in the concrete core higher porosity and
compromised aggregate bonding which limiting the capacity of the jacket-core composite action. In Figure 14, a
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histogram of improved strength with replacement ratio and ferrocement jacketing is shown which validates the
analysis.
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Figure 11. Stress vs Strain for 0% Replacement
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Figure 13. Stress vs Strain for 50% Replacement
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Figure 12. Stress vs Strain for 25% Replacement
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Figure 14. Peak Strength vs Replacement Ratio

Table 2. Strength Gain due to Jacketing

Non-Jacketed Peak

Jacketed Peak Strength

Replacement Ratio(%) Strength (MPa) (MPa) Strength Gain (%)
0 26.16 28.45 8.75
25 31.87 38.49 20.77
50 30.41 36.32 19.43

4 Conclusions

This experimental investigation evaluated the axial compressive performance of RAC columns with varying
RCA replacement levels and the effect of ferrocement jacketing as a confinement technique. A total of six square
columns were tested under concentric axial compression one non-jacketed and one jacketed from each
replacement ratio with performance indicators such as peak strength, axial strain, and failure modes carefully
recorded. Within the limitations of this investigation, the following conclusions can be drawn:

Utilizing recycled concrete aggregate in structural elements effectively reduces construction and
demolition waste, promotes sustainable resource use, and conserves natural aggregates.

Moderate RCA replacement at 25% vyielded the highest compressive strength among non-jacketed
specimens, showing a 16.2% increase over 0% RCA. Further increasing RCA content to 50% did not
enhance compressive strength, indicating an optimal RCA replacement around 25% for structural

1.

2.

efficiency.
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3. Ferrocement jacketing significantly improved compressive strength for all RCA levels. The maximum
strength gain due to jacketing was 20.77% at 25% RCA, confirming the highest confinement
effectiveness at moderate RCA replacement.

4. At 50% RCA, jacketing still improved performance with a 19.46% strength increase, though the
effectiveness slightly declined due to increased porosity and weaker internal concrete.

5. Based on the findings, ferrocement jacketing is recommended as a sustainable and cost-effective
confinement method, especially for RAC columns with moderate RCA content is 25%, where it
provides the best balance between strength enhancement and resource conservation.
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