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Abstract 
 

Repairing and reinforcing reinforced concrete (RC) columns helps restore structures, especially in earthquake-

prone locations or older buildings. Reinforced Concrete Jacketing (RCJ), Concrete Wire Mesh Jacketing (CWJ), 

and Steel Jacketing (SJ) are tested for damaged reinforced concrete (RC) columns.  Axial compression testing 

was performed on eight square reinforced concrete columns. Two examples were subjected to complete failure, 

and the other six were preloaded to 80% and 90% of their projected ultimate capacities. The impaired specimens 

were subsequently refitted employing the three reinforcement approaches and re-evaluated to assess their 

performance. The tests shows that all three techniques increased the load bearing capacity of the damaged 

columns. The RCJ technique provided the highest enhanced results, with 665 kN and 690 kN for 90% and 80% 

preloaded columns respectively which are 3.0 and 3.27 times of the control capacity. SJ strength rose by 575 

and 521 kN, while CWJ increased by 341 and 339 kN. RCJ displayed larger deformation tied to its cross-

section. CWJ offered strong confinement with limited gains, and SJ bent less because of steel buckling. RCJ 

gave the best strength and ductility, though SJ was quicker to apply.     
 

Keywords: Reinforced Concrete Columns (RC Columns); Strengthening Techniques; Concrete Jacketing; Axial 

Load Capacity; Partial Damage Repair. 

 
 

1 Introduction 
 

RC columns carry the main weight of buildings and are built to take compression. In reality, they often weaken 

early because of extra loads, poor workmanship, corrosion, or harsh weather. Sometimes earthquakes or fire also 

play a role. When the concrete starts to fail, the structure loses stiffness and strength, so repair or strengthening 

becomes necessary to keep it safe. (Vritesh & Asish, 2021). To deal with these problems, a number of 

strengthening methods have been created and used. (Rai, n.d.) examines a variety of strengthening techniques, 

such as RCJ, CWJ, and SJ;This is because they are useful and have been shown to work well in many studies.  

Adding more concrete and steel reinforcement to the existing column's cross-sectional area is what reinforced 

concrete jacketing does.  This process makes things stiffer and more flexible, but it takes a lot of work and time 

because you have to make forms and cure the material ((Frangou et al., 1995); (Raza et al., 2019)). 

Concrete wire mesh jacketing, which wraps a steel mesh around the existing column and then adds a layer of 

cement, makes the column more confined and flexible.  This method is easy and cheap, but it doesn't do much to 

improve axial load ((Hafiza et al., n.d.)).  Steel jacketing, on the other hand, employs steel angles and straps to 

make a cage around the column. This makes it stronger against loads and easier to apply without needing to 

cure.  However, problems like steel angles buckling too soon and being prone to rust need to be fixed ((Liu et 

al., 2018); (Frangou et al., 1995)). 

There is a lot of information about these methods, but there aren't many experiments that compare how well they 

work on RC columns that have been damaged to different degrees, especially when the structure has already 

reached 80%, 90%, or even 100% of its ultimate load-carrying capacity (Triantafyllou et al., 2015). Prior 
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research indicates that the efficacy of strengthening reduces as damage escalates, necessitating an understanding 

of the thresholds beyond which retrofitting becomes impractical (Vritesh & Asish, 2021). 

The objective of this study is to assess and compare the efficacy of the RCJ, CWJ, and SJ methods applied to 

RC columns subjected to varying failure criteria (80%, 90%, and 100%).  Eight square columns were cast and 

tested for axial loading.  After the first damage, retrofitting was done, and the specimens were examined again 

to see if their load-bearing capacity, stiffness, and deformation behaviour had improved.  The results are meant 

to help us understand how the amount of damage that was already there can affect the effectiveness of typical 

strengthening methods. This can help with future research that compare different methods and with design 

advice. 
 

 

2 Methodology 
 

This study used a laboratory-based experimental inquiry to assess the effectiveness of several strengthening 

procedures for partly damaged reinforced concrete (RC) columns.  The technique followed a progressive 

structure, as depicted in the flowchart (Figure 1), which included material selection, sample preparation, damage 

induction, strengthening, and load testing.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Collection of Raw Materials 

Determination of the Physical properties  

Demoulding and Curing 

Testing and Analysis 

Batching and Machine mixing 

Pouring of concrete 

Mix design of Concrete 

Moulding and Steel casing 

Loading on each specimen at certain percentage 

 

 
 

 

2.1 Materials and Mix Design 

All of the supplies came from nearby.  Fine gravel (Sylhet sand) and coarse material (up to 12.5 mm) were taken 

from Customs Ghat in Khulna.  It was made with King brand Portland Composite Cement (PCC) and BSRM 

steel bars with a thickness of 8 mm.  Based on ASTM standards ((C29, n.d.), (Astm-c-127, n.d.)), Table 1 shows 

the physical qualities of these materials, such as their specific gravity, unit weight, and ability to absorb water. 

British Standard sieves were used for sieve analysis and grading of debris.  Figures 2 through 3 show the sieve 

analysis and gradation graphs that go with them for both large and fine pieces of gravel.  It was found that the 

fineness factor (FM) for coarse aggregate was 3.10 and FM for fine aggregate was 2.41. 

 

 

 

 

 

Figure 1: Flowchart Illustrating the Stages of Experimental Procedures 
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Table 1: Characteristics of materials 

 

Property Coarse Aggregate Fine Aggregate 

Fineness Modulus 3.10 2.41 

Specific Gravity 2.56 2.60 

Unit Weight (Kg/m3) 1489.42  1688.87 

Water Absorption (%)  2.81 % 2.72 % 

 

The concrete mix followed ACI 211.1 guidelines, targeting 4500 psi at 28 days with a water–cement ratio of 

0.525 and balanced aggregate proportions. 
 

  
 

 

  

 

2.2 Column Fabrication 

Eight square short columns measuring 100 mm × 100 mm × 635 mm (4″ × 4″ × 25″) were cast.  Each column 

was fortified with four longitudinal bars of 8 mm diameter and lateral ties of 8 mm, spaced at 145 mm (5.75″) 

center-to-center (Figure 4).  The steel cage was secured and positioned inside steel or wooden moulds (Figure 

5), and concrete was poured in layers use a concrete mixer. Demoulding was conducted 24 hours after setting, 

followed by a 28-day water curing period. 

 

    

 

2.3 Column Specimens and Strengthening Techniques 
Four 8 mm longitudinal bars and 8 mm ties placed 145 mm apart were used to make eight short RC columns (100 mm × 100 

mm × 635 mm).  The concrete was weighed, mixed by machine, and its workability was checked by slump testing.  After 28 

days of curing, six columns were preloaded to 80% and 90% of their ultimate load capacity. They were then strengthened 

using three different methods.  Adding a 50 mm concrete layer with more longitudinal and transverse reinforcement to make 

it stronger and more confined was part of Reinforced Concrete Jacketing (RCJ).  Concrete Wire Mesh Jacketing (CWJ) 

employed high-tensile wire mesh wrapped around the column, followed by a layer of mortar to make it more flexible and 

Figures 2: Sieving of Coarse and Fine Aggregate 

Figures 3: Gradation curve for coarse and fine aggregate 

Figure 4: Molding and steel casing Figure 5: Pouring of Concrete 



Md. Mohaimanul Islam Shovon, Md. Saifur Rahman Ruman, Mostafa Mahmud, Akib Mohammad Sunny, Md. Zahed Hossain 

ICCEI 2025 

 

163 

control failure.  Steel Jacketing (SJ) used steel angle pieces that were joined by welded strips to make a cage that kept 

everything in place. Grout was put between the jacket and column to make it stronger against axial forces.  One column at 

each damage level was used to test each strengthening method to see how well they worked. 

 

(a) (b) (c) 

 

 

2.4 Testing of Strengthened Sample Columns 

All strengthened columns have undergone testing.  The load is incrementally applied until ultimate failure 

occurs, utilizing a hydraulic jack.  The initial and final cracks are documented in relation to the applied load.  

Deformation was measured using a dial gauge.  

 

  

 

3 Results and Discussion 
 

3.1 Compressive Strength of Concrete 

The concrete mix was intended to achieve a target compressive strength of 4500 psi; however, the actual 

strength was 3200 psi.  Despite being lower than anticipated, this compressive strength is a realistic foundation 

for assessing the effectiveness of fortification, particularly in developing regions, and accurately represents 

typical field conditions. 

 

3.2 Preloading Behavior of Specimens 

Two samples were put through axial loading tests that ended in total failure. The average ultimate load was 211 

kN, which was higher than the predicted capacity of 165 kN.  Figure 8 shows the load–deformation behaviour 

that goes with this.  Because of this, six more specimens were loaded up—three to 80% (168 kN) and three to 

90% (190 kN) of the maximum load.  Table 2 shows an overview of the applied preloads. 

 

Figure 6: Strengthening of RC Columns: (a) RCJ, (b) CWJ, (c) SJ 

Figure 7: Steel-Jacketed Column Before and After Failure 
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Figure 8: Load-Deformation curve for 100% failure 

 

Table 2: Summary of pre-load of each column 

 

Sample 100% failed 80% failed 

(Applied load) 

90% failed 

(Applied load) 

RC1 197KN   

RC2 225KN   

RC3  168KN  

RC4  168KN  

RC5  168KN  

RC6   190KN 

RC7   190KN 

RC8   190KN 

 

3.3 Performance of Strengthened Columns 

Following preloading, columns were reinforced utilising three methods: RC Jacketing (RCJ), Wire Mesh 

Jacketing (WMJ), and Steel Jacketing (SJ).  The load-deformation curves for each reinforced specimen are 

illustrated in Figures 9 to 11, while the comparative strength enhancement across procedures is depicted in 

Figure 12. 

 

  

 

 

 

• Reinforced Concrete Jacketing (RCJ): RCJ demonstrated the most significant enhancement in strength, 

attaining ultimate capacities of 690 kN (80%) and 665 kN (90%), which correspond to 3.27 and 3.00 

times the control value, respectively.  These improvements are ascribed to superior confinement, 

augmented cross-sectional area, and diminished slenderness ratio.  RCJ specimens exhibited significant 

deformation (~13 mm), suggesting ductile behaviour. 

• Concrete Wire Mesh Jacketing (CWJ) demonstrated a moderate enhancement in strength, achieving 

341 kN (80%) and 339 kN (90%), which is 1.60 and 1.53 times more than the control, respectively.  

The heightened deformation is attributable to the effective confinement offered by the mesh; 

nevertheless, its constrained compressive resistance diminished strength enhancement. 

Figure 9: Load vs Deformation Graph for RC 

Jacketing 
Figure 10: Load vs Deformation Graph for Wire 

mesh Jacketing 
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• Steel Jacketing (SJ): SJ specimens reached 575 kN (80%) and 521 kN (90%), 2.72 and 1.47 times the 

control capacity.   This solution took the least time to execute, however steel angle buckling and 

inadequate confinement reduced performance at 90% damage. 

Figure 12 shows that as damage went from 80% to 90%, strength gains went down.  RCJ had the most stable 

capacity, changing by only 25 kN. On the other hand, SJ's capacity dropped by 54 kN, which means it was less 

efficient when the preload was higher.  CWJ had the least change (2 kN), but it also gained the least strength.  

Overall, RC Jacketing did the best job at both levels of damage.  It took less time to apply SJ, but CWJ was still 

the most flexible and simple to set up.  The results show that the amount of damage and the choice of repair 

method have a big effect on how the structure works and whether it can be done. 

 

4 Conclusions 

 

This study evaluates the efficiency of RC jacketing, wire mesh jacketing, and steel jacketing for RC columns at 

pre-damage levels of 80%, 90%, and 100%. Where steel jacketing offers a rapid and advanced application and 

wire mesh jacketing provides a modest increase in strength with high ductility. The highest ductility and 

strength were achieved by RC jacketing, which was up to 3.27× control. In general, RC jacketing is the most 

effective option for achieving maximum load recovery, while steel and wire mesh jacketing are more suitable 

for retrofits that are cost-effective or expedited. The results summarise the fact that the severity of pre-existing 

damage substantially determines the efficiency of retrofitting methods. Future research should investigate hybrid 

reinforcing systems that integrate steel and concrete casings to achieve a balance between strength, speed, and 

ductility. 
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