
             International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 08 | Aug 2025                www.irjet.net                                                                       p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 506 
 

Experimental Study on Retrofitting of RCC Columns Using Hot-Rolled 

Steel 

Bishwadeep Paudel¹, Binita Acharya², Aishwarya Kumari Shahi³, Binay Kumar Yadav´, Asmita 

Karkiµ, Dipika Dhimal¶, Umesh Raut· 

1-6B.E. scholars, Department of Civil Engineering, Acme Engineering College, Kathmandu, Nepal  
7Senior Lecturer, Department of Civil Engineering, Acme Engineering College, Kathmandu, Nepal  

---------------------------------------------------------------------***-------------------------------------------------------------------

ABSTRACT - Retrofitting techniques are commonly used 
to enhance the performance of reinforced concrete (RCC) 
structures in earthquake-prone areas like Nepal. This study 
investigates the improvement in axial load capacity and 
compressive strength of RCC columns using hot-rolled steel 
angles fixed at the four corners along the full height of each 
column. Three columns (200 mm × 200 mm × 1400 mm) 
were cast with M25 grade concrete and reinforced with 4 
bars of 12 mm diameter and 8 mm stirrups, following IS 
456:2000 and SP-16 guidelines. While the theoretical axial 
load capacity was 553.75 kN, initial destructive testing using 
a Universal Testing Machine recorded peak loads of 500 kN, 
430 kN, and 290 kN, giving a maximum compressive strength 
of 12.5 MPa, lower than the theoretical 13.83 MPa due to 
eccentricity, flexure, and other practical imperfections. The 
columns were retrofitted using hot-rolled steel angles with 
three confinement methods: horizontal strips, horizontal 
strips with diagonal-alternate bracing, and vertical–
horizontal strips. After retrofitting, axial load capacities 
increased to 590 kN, 565 kN, and 507 kN, corresponding to 
strength gains of 18%, 31.4%, and 74.8%, respectively. On 
average, retrofitting boosted axial load capacity by 41.4%, 
raising compressive strength to 17.68 MPa. While the 
vertical–horizontal striping achieved the highest gain under 
axial loading, real-world performance may vary under 
combined or eccentric loads. Overall, steel-based retrofitting 
proved effective in strengthening RCC columns, improving 
ductility, and reducing failures related to flexure and 
eccentricity, making it a practical approach to enhance 
seismic safety in existing structures. 

Key Words: Retrofitting, RCC Columns, Hot-Rolled Steel, 
Destructive Testing(DT), Eccentricity, Flexure, Bracing, 
Striping, Universal Testing Machine, SP-16. 

1. INTRODUCTION  

    In Nepal, many existing buildings, particularly older or 
low-income housing, were constructed without following 
modern seismic design codes, leaving them vulnerable to 
earthquake damage. Poorly detailed or non-code-
compliant reinforced concrete (RCC) columns, which serve 
as critical load-bearing members, can fail under axial or 
seismic loads, potentially causing diaphragm collapse and 
progressive structural failure. Strengthening these 

columns is therefore essential for enhancing building 
safety. Retrofitting columns with steel jackets has proven 
effective in boosting both strength and ductility, allowing 
them to better resist vertical and lateral seismic loads [1].   
The jackets enhanced energy absorption, enabling 
columns to endure repeated seismic cycles and improving 
overall flexibility [2]. Column with steel jacketing 
effectively mitigates shear-related failures in seismic 
conditions by increasing 35% shear strength [3]. Steel 
jacketing in columns not only restored but often exceeded 
the original load-carrying capacity, ensuring improved 
post-earthquake performance [4]. The steel jacketing is a 
cost-effective and reliable solution and boost vertical load 
by 50% [5]. Combined axial and shear testing showed 
improvements of about 40% in axial capacity and 50% in 
shear resistance which confirmed that steel jacketing 
significantly improves seismic resilience and energy 
dissipation under earthquake-like loads [6]. 

This study focuses on hot-rolled steel jacketing as a 
practical and affordable retrofit method for RCC columns. 
Hot-rolled steel provides an effective means to improve 
load capacity, axial strength, and ductility, particularly 
suitable for low-income households where conventional 
retrofitting materials may be cost-prohibitive. 

For the experimental study, three RCC columns were 
designed and cast according to IS 456:2000 and IS SP 16, 
each with four longitudinal bars of 12 mm diameter and 
nine stirrups of 8 mm diameter. The study employed two-
phase destructive testing. In the first phase, the original 
columns were tested under a Universal Testing Machine 
(UTM) to evaluate the difference between theoretical and 
actual peak loads. In the second phase, after repair and 
retrofitting of each column, the post-retrofit testing 
assessed the improvements in load capacity, axial strength, 
and ductility. The three retrofitting techniques applied in 
each of the column were: 

1. Angles with horizontal strips 

2. Angles with horizontal strips and diagonal- 
alternate bracings 

3. Angles with horizontal and vertical strips 
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The results showed a considerable improvement in column 
performance. If applied in the field, these retrofitting 
strategies could enhance the capacity of RCC columns and 
help prevent diaphragm failures, offering a scalable 
solution for earthquake-prone regions like Nepal. 

2. MATERIALS USED 

2.1 Ordinary Portland Cement (OPC) 

      Ordinary Portland Cement (Grade 43) was used as the 
primary binder for casting RCC columns. The concrete mix 
was prepared in the ratio of 1: 2.2: 3.22: 0.45 for 
cement: fine aggregate: coarse aggregate: water to achieve 
the desired workability and M25 grade strength. 

 

 

 

 

 
Fig -1: Cement 

2.2 Fine Aggregate 

     Clean, well-graded river sand passing through a 4.75 
mm sieve was used as fine aggregate. 

 

 

 

 

 
                           Fig -2: Fine Aggregate (Sand) 

2.3 Coarse Aggregate 

     Angular crushed gravel of 20 mm nominal size was used 
as coarse aggregate.  

 

 

 

 

 
Fig -3: Coarse Aggregate 

2.4 Water 

     Potable water was used for mixing and curing to initiate 
hydration and water-cement ratio of 0.45 was maintained 
to achieve proper workability and strength development 
in M25 concrete. 

2.5 Reinforcement (TMT Bars) 

     Fe500 grade, Thermo-Mechanically Treated (TMT) bars 
were employed for both longitudinal and lateral 
reinforcement. Each column was reinforced with four 
numbers of 12 mm diameter longitudinal bars and nine 
numbers of 8 mm diameter stirrups, providing adequate 
confinement and axial strength for the destructive testing. 

 

Fig -4: Reinforcement 

2.6 Hot-Rolled Steel 

     Hot-rolled steel angles and plates were used to retrofit 
the three previously tested RCC columns, with four angles 
placed along the height at each corner. The first column 
was strengthened with horizontal strips, the second with 
horizontal strips and diagonal alternate bracings, and the 
third with horizontal and vertical strips. These 
configurations improved axial load capacity, ductility, and 
overall strength. Hot-rolled steel offers a cost-effective 
solution for low-income households, and post-retrofit 
testing showed a notable increase in load capacity, 
indicating its potential to enhance column performance 
and prevent diaphragm failures in practice. 

 

Fig -5: Hot-Rolled Steel Angle 
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3. METHODOLOGY  

   The study followed a structured methodology, beginning 
with the selection of topic, literature review and selection 
of materials, mix design, and casting of three RCC columns 
with M25 concrete. Pre-retrofit destructive testing was 
conducted, followed by retrofitting with hot-rolled steel 
angles in three configurations. Finally, post-retrofit testing 
and analysis were performed to evaluate load capacity and 
failure behavior. 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Chart -1: Methodology Flowchart 

4. ENGINEERING DESIGN  

4.1 Mix Design 

     The concrete mix was designed for M25 grade to cast 
three RCC columns. 

a.  Concrete Volume 

 Vol. of a single column = 1.4 × 0.2 × 0.2 = 0.048 m³ 

 Total volume for 3 columns = 0.048 × 3 = 0.144 m³ 

 Dry volume (including 54% increase for voids and 
wastage) = 0.144 × 1.54 = 0.222 m³ 

b. Mix Proportion 

     The mix ratio adopted was 1: 2.2: 3.22 (Cement: Fine 
Aggregate: Coarse Aggregate) with a water-cement ratio of 
0.45. 

 

Table -1: Mix Design Specification 

Materials Pro-
portion 

Volume 

(m3) 

Density 

(kg/m3) 

Weight 

(kg) 

Cement 1 0.0346 1440 49.74 

Sand 2.2 0.076 1610 122.36 

Aggregate 3.22 0.1112 1630 181.256 

W/C 0.45 - 1000 22.38 

 

 

Fig -6: Preparation of Concrete Mix 

4.2 Column Design 

     The RCC columns were designed as per IS 456:2000 and 
SP 16 guidelines to ensure adequate load-carrying capacity 
under axial compression. 

Table -2:  Column Details 

Shape Size(mm) Height(m) Fck 

(MPa) 
Fy 

(MPa) 
Cover 

Square 200 x 
200 

1.4 25 500 25 

Longitudinal Reinforcement: 4 bars of 12mm Ø 

Transverse Reinforcement: 9 bars of 8mm dia @ 150mm c/c 

 
These columns were cast using the designed concrete mix 
and left to cure for 28 days before conducting the 1st 
phase destructive testing (DT). 

 

Fig -7: Cross-section of all the columns 
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Column Design 

Casting and 
Curing of 
Columns 

1st Phase 
Destructive Test 

Repair and 
Retrofit 

2nd Phase 
Destructive Test 

Results and 
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Fig -8: Casting of Columns 

 

Fig -9: Non-retrofitted Columns after 28 days of Curing 
(Before 1st phase DT) 

4.3 Retrofit Design 

 Three columns were strengthened with hot rolled 
steel in following ways: 

1. Angles and horizontal strips  

2. Angles and diagonal-alternate bracings 

3. Angles and vertical-horizontal strips 

 Purpose: To increase load-carrying capacity and 
enhance strength. 

 Steel Properties: 

o Hot-rolled steel (IS 800:2007 compliant) 

o With particular Yield strength 

 

 

Fig -10: Retrofitted Columns (After 1st phase DT) 

5. EXPERIMENTAL SETUP 

5.1 Slump Test 

     The slump test, performed using a 30 cm high standard 
slump cone as per IS 1199, measured the workability of 
fresh concrete by observing its vertical subsidence after 
removing the cone.  

Table -3: Slump test 

Parameter Value 

Mould Height 30cm 

Slump Measured 22cm 

Workability Medium 

 

 

Fig -11: Slump Test 

5.2 Cube Compressive Strength Test 

     Cubes of 150 mm × 150 mm × 150 mm were cast from 
the column concrete mix and cured for 28 days. 
Compressive strength was tested using a Compression 
Testing Machine (CTM) and calculated as fc = Pₚₑₐₖ / A, 
where A=22,500 mm² is area of cross section, Pₚₑₐₖ is Peak 
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Load and fc is Compressive Strength. These tests confirmed 
the mix strength before column casting.  

Average Compressive Strength = 30.45 MPa  

From IS-456,   

fck = Mean strength - 1.64* S. D 

S. D=Standard deviation  

       = 4 for M25 

so, Actual fck = 30.45- 1.64*4 = 23.90 MPa which meets 5 
% confidence limit. 

Table -4: Cube Test 

Cube Weight(kg) Peak Load (kN) Stress (MPa) 

1 9.15 620.8 27.60 

2 9.08 806.7 35.85 

3 9.11 626.7 27.87 

 

 

Fig-12: Cube Test 

5.3 First Phase, Pre-Retrofit Destructive Testing 

     After 28 days of curing, the RCC columns were subjected 
to axial compression on a Universal Testing Machine 
(UTM). This destructive test determined the actual load-
bearing capacity, observed failure modes, and compared 
results with theoretical IS design values, establishing a 
benchmark for retrofit evaluation. 

 

 

Fig-13: 1st Phase DT in UTM 

 

Fig-14: Distorted Columns after 1st Phase DT 

5.4 Second Phase, Post-Retrofit Destructive 
Testing 

     Once repaired and retrofitted, the columns were 
subjected again to axial compression tests using the UTM 
to evaluate the increase in load capacity, changes in failure 
patterns, and overall structural performance. 

 

Fig-15: Repaired and Retrofitted Columns before 2nd 
Phase DT 
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           Fig-16: 2nd Phase DT in UTM after Retrofitting 

6. RESULTS AND DISCUSSION 

    The experimental results from both phases of 
Destructive Testing (UTM) on RCC columns, pre and post 
retrofit, are presented, along with slump and cube test 
outcomes verifying mix workability and compressive 
strength. 

6.1 Phase I: Pre-Retrofit Destructive Testing  

     Destructive testing was conducted to evaluate the axial 
load capacity and compressive strength of the RCC 
columns, highlighting the gap between theoretical 
predictions from SP-16 and actual experimental results 
obtained from the UTM, and emphasizing the need for 
such testing to accurately assess structural performance. 

6.1.1 Load Capacity  

Table -5: Peak Loads (Theoretical and Experimental) 

Columns Theoretical Value 

(SP-16) (kN) 

Experimental Value 
(UTM) (kN) 

1st  553.7 500 

2nd  430 

3rd  290 

 
6.1.2 Compressive Strength 

Table -6: Compressive Strength (Theoretical and 
Experimental) 

 

 

 

 

 

 

 

 

 

Chart-2: Compressive Strength Comparison (Pre-Retrofit) 

6.2 Phase II: Post-Retrofit Destructive Testing  

 To address the deviation in peak load and gap in 
compressive strength observed in Phase I, the 
columns were retrofitted using hot-rolled steel.  

 Subsequent testing showed a notable increase in 
both axial load capacity and compressive strength, 
with an average improvement of 41.41 %. 

 
Table -7: Increase in Peak Load after Retrofit 

Where, 

1st = Angles + Horizontal Strips only 

2nd = Angles+ Horizontal Strips + Diagonal-Alternate 
bracings 

3rd = Angles+ Horizontal + Vertical Strips 

6.2.1 Load Capacity  

     The columns were tested under axial loading using a 
UTM, and the retrofitted column with horizontal and 
vertical strips which aligned to the main reinforcement 
achieved the highest peak load by increasing the axial load 
capacity by 74.8%. 

 

Theoretical 
Compressive 

Strength 

Experimental 
Compressive 

Strength 

Difference in 
Percentage 

13.83 MPa 12.5 MPa 10.13 % 

Columns Pre-Retrofit 
Peak Load (kN) 

Post-Retrofit 
Peak Load (kN) 

% 
Increase 

1st  500 590 18 

2nd  430 565 31.40 

3rd  290 507 74.80 

11.5

12

12.5

13

13.5

14

Experimental (UTM) Theoretical (SP-16)

Compressive Strength 
Comparison (MPa) 
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12.5 
13.83 

17.68 

Actual Strength,
MPa ( Pre- Retrofit)

Theoretical
Strength, MPa (SP-

16)

Actual Strength,
MPa (Post-

Retrofit)

Compressive Strength 
Comparison (MPa) 

Series1

6.2.2 Compressive Strength 

     After retrofitting, the post-retrofit experimental 
compressive strength increased by 27.8% compared to the 
pre-retrofit theoretical strength also the actual 
experimental strength increases from 12.5 MPa to 
17.68 MPa, showing a 41% gain. These results demonstrate 
that hot-rolled steel retrofitting significantly enhanced both 
the axial load capacity and compressive strength of the 
columns under UTM testing. 

Table -8: Increase in Compressive Strength after Retrofit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart-3: Compressive Strength Comparison (Post-
Retrofit) 

 

 

 

 

 

 

 

6.3 Stress and Strain Curves 

 
Chart-4: Stress-Strain Relationship of RCC Columns (Pre- 

Retrofit) 

 

Chart-5: Stress-Strain Relationship of RCC Columns (Pre 
and Post-Retrofit) 
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6.4 Load-Displacement Behaviour 

     After retrofitting, all columns showed improved load 
capacity and stiffness, with higher loads causing only 
slight displacement increases-around 3.4 mm for 590 kN, 
2.6 mm for 565 kN, and 1.8 mm for 507 kN-demonstrating 
enhanced resistance and ductility. 

Table -9: Load v/s Displacement (Pre and Post-Retrofit) 

Columns Load 
(kN), 
Pre-
Retrofit 

Displacement 

(mm) 

Load(kN), 
Post-
Retrofit 

Displacement 
(mm) 

1 500 3 590 3.4 

2 430 2.1 565 2.6 

3 290 0.9 507 1.8 

 

 

 

 

 

 

 

 

 

 

 

 

Chart-6: Load v/s Displacement Graph (Pre and Post 
Retrofit) 

  7. CONCLUSION 

 The experimental investigation revealed that 
retrofitting RCC columns with hot-rolled steel 
substantially improved both axial load capacity and 
compressive strength.  

 In both testing phases, failures occurred in the shear 
zones, suggesting shear failure likely caused by 
insufficient lateral reinforcement (stirrups).  

 One column, which reached only 290 kN in the first-
phase DT, likely experienced unequal eccentric 
loading, inducing flexure and early failure.  

 After retrofitting with vertical strips aligned to the 
main reinforcement, this column exhibited the 
greatest improvement, achieving up to 75% gain in  
strength and axial load, while the overall average 
increase across all columns was 41.4% for both load 
capacity and compressive strength.  

 Horizontal and diagonal bracing also enhanced 
performance, but to a lesser extent than vertical 
alignment.  

 These results demonstrate that hot-rolled steel 
retrofitting is an effective, practical, and cost-efficient 
strategy, particularly suitable for low-income 
households, providing a reliable approach to 
strengthen columns and enhance seismic resilience in 
earthquake-prone areas such as Nepal. 
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