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Abstract - With the continuous developments of civil engineering practices in general and structural engineering in particular, engineers
have been investigating the rehabilitation/strengthening techniques of existing structures to save them and/or increase their load capacity
by raising the efficiency of the structural elements of existing buildings such as beams and columns. This technique used for different
purposes such as in increasing the lifetime of these structures, adapting with the change of functionality of the building, and to overcome
the error design. The objective of this study is to investigate the effect of changing some properties of reinforced concrete jacket u-shaped
which used for strengthening reinforced concrete (RC) beams. This study focused on increasing the load capacity of beams in existing
buildings. The effect of changing yield strength, concrete strength, rebar size, and thickness of RC jackets on the load capacity of beams
have been investigated aiming at identifying the best practices in this regard using Finite Element Method (FEM)-based numerical
analysis utilizing ANSYS software. Moreover, reinforcement stress is discussed. The results of the numerical analysis have verified
experimentally utilizing previous research. It is noticed that some of the proposed changes for RC jackets contribute in improving of
performance for U-concrete jacketing technique to be a more effective technique to strengthen the existing beams which shall help
engineers in practical use in the field.
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1. Introduction
Firstly, the rehabilitation and strengthening of existing structures have common use in construction field to increase
load capacity of structures by raising efficiency of structural elements of buildings such as beams and columns. This
technique contributes in cost saving and increasing longevity of structures.
Rehabilitation and strengthening is an effective alternative to rebuilding or reconstruction of existing structures. In
addition, there are many researches that studied different ways of rehabilitating to increase the strength and load capacity of
concrete beams considering them as basic structural elements [1].
Strengthening of existing structures considers among the most important challenges in civil engineering in recent years.
Furthermore, improving resistance or stiffness to resist additional loads and increasing the load-carrying capacity for higher
allowable loads are possible reasons for using strengthening techniques [2].
The strengthening of the structural elements of existing buildings is considered the most significant topic in the field of
rehabilitation of structures [3].
Most of the studies focused on FRP technique because of its ability to increase strength without significantly increasing
in dead load of structures (D.L); this urges a need to study other methods of confinement [4].
The research depends on the use of concrete jacketing for strengthening constructed RC beams and study their structural
behavior. It has been chosen since engineers are familiar with it and it does not require skilled labor compared to the other
methods [5].
Rehabilitation of existing structures using concrete jacketing is required in some situations such as [6]:
1. Buildings that are not designed to resist seismic forces or designed with old seismic codes.
2. The low quality of the constructions.
3. Changing the use or functionality of structures.
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4. Weak members of soft story buildings.
5. Weak members of monumental buildings.
Strengthening technique may be required due to safety demands or changes in the usage of the structure. In addition,
they indicate this technique is more economical for structures compared with demolishing and rebuilding [7].
Concrete jacketing of beams involves increasing cross-sectional area of reinforced concrete whether one or more face
[8]. Generally, there are two purposes of using concrete jacketing; first, is to increase shear capacity, second, is to improve
flexural strength for structural elements [6].
This study will focus on structural behavior of RC beams with partial concrete jacketing, especially the load capacity
through determine the applied load for each strengthened beam by numerical analysis utilizing ANSYS® software [9].
Importance of the concrete jacketing in this numerical study is to strengthen RC beams in term of load capacity through
increasing value of applied loads. Regardless of the cause of the strength shortage whether it is a design error or change the
function of the building or so on.
It is significant to introduce details of the experimental tests that carried out by Chalioris et al. [10], since these were
used for verification of the numerical modelling [11].
This previous research discussed the behavior of RC beams that were strengthened using concrete jacketing. Selfcompacting concrete (SCC) has been used in this experimental test because it does not require compaction by vibration [12].
The jackets consisted of thin layers of fine-aggregate concrete and not exceeding 25 mm in thickness. The research illustrated
that performance efficiency with thin RC jackets is higher than conventional RC jackets.
Chalioris et al. [10] conducted on RC beams that were constructed and subjected to monotonic loading. The beams were
strengthened using U-shaped SCC jacket. The concrete jackets included small diameter steel bars and U-formed stirrups.
Moreover, experimental results confirmed that the load capacity and overall performance of RC beams with SCC
jacketing was greatly improved compared with the initial situation by 50%. In addition, analytical results are in a good
agreement with the experimental ones.
The present study focused on the effect of changing of some parameters, in other words, proposed changes in properties
of RC jackets that may become a choice for engineers in practical uses in order to improve the efficiency of strengthened
RC beams. The purpose of the study is to investigate the influence of specific parameters on the load capacity of the
strengthened RC beams.

2. Numerical Modeling
The numerical modeling achieved using ANSYS [9] and the model details in the present study are taken the same as
the previous researches Chalioris et al. [10] and Al-Harbi et al. [11] which includes experimental test (U-jacket) (Figure 1),
especially model of the beam B2J-U which chosen as a control beam and to verify the finite element models through it.
Results of the nonlinear finite element models in the present study have checked by comparing with the corresponding results
of that experimental test that available in the references [10] and [11].
2.1. Geometry and Definition of Numerical Models
Fig. 1 and Table 1 represent the cross-section and assumed reinforcement details for the numerical models of the
RC beams B2 & B2J.
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Fig. 1: Cross-sectional and reinforcement details of the beam models B2 & B2J (all dimension in mm).

Table 1: Geometrical, mechanical and steel reinforcement characteristics of the beam models.
Initial
beam
name

bo/ho
(mm)

do
(mm)

B2

125/200

175

Characteristics of the initial beams
Longitudinal bars
ɑ/do
Top
Bottom
4ϕ8
2ϕ8
3.43
(0.92%)
(0.46%)

ƒc,o/ƒct,o
(MPa)

Stirrups
ϕ 5/300
(0.10%)

28.2/2.15

Characteristics of the jackets and the jacketed beams

Jacketed
beam
name

bJ/hJ
(mm)

dJ
(mm)

ɑ/dJ

B2J-U

175/225

205

2.93

Longitudinal bars
Top

Middle

Bottom

2ϕ5
(0.11%)

2ϕ5
(0.11%)

4ϕ5
(0.22%)

Uformed
Stirrups
Φ5/150
(0.15%)

ƒc,J/ƒct,J
(MPa)

42.8/3.72

Total
reinforcement
ρl (%)

ρt (%)

0.50

0.22

This study depends on changing material properties of the numerical model (U-jacket model) and it seeks to discover
the influence of the parameters under study on the numerical model in term of reinforcement and concrete properties.
Furthermore, it aims to adopt the model with Saudi Building Code (SBC) [13] as well as to help engineers recognize of
influence the concrete strength used in RC jackets. In addition, it includes change of rebar type used in the RC jackets from 5
mm in the U-jacket model to 8 mm, and 10 mm. Also, it includes change of jacket thickness from 2.5 cm to 5 cm, and 10 cm.
There are nine models have been discussed in this study as well as the original beam model (B2) and the U-jacket
model (B2J-U):
1. Case. a: U-jacket beam model with fy equals 420 MPa.
2. Case. b: U-jacket beam model with rebar 8 mm in the RC jacket.
3. Case. c: U-jacket beam model with rebar 10 mm in the RC jacket.
4. Case. d: U-jacket beam model with f'c for original beam equals 20 MPa and 40 MPa for jacket.
5. Case. e: U-jacket beam model with f'c for original beam equals 20 MPa and 50 MPa for jacket.
6. Case. f: U-jacket beam model with f'c for original beam equals 20 MPa and 60 MPa for jacket.
7. Case. g: U-jacket beam model with jacket thickness equals 2.5 cm.
8. Case. h: U-jacket beam model with jacket thickness equals 5 cm.
9. Case. i: U-jacket beam model with jacket thickness equals 10 cm.
2.2. Materials Properties of the models
All models details depend on the numerical model B2J-U (U-jacket model) with remodeling the properties of the concrete
jacket according to the cases under study.
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Moreover, the original beam model and the U-jacket model have fy equals 255 MPa for ϕ5 and 570 MPa for ϕ8, and f'c
equals 42.8 MPa for the concrete jackets while it equals 28.2 MPa for the original concrete beam.
2.2.1. Materials Properties of Case. a
The values of the yield strength fy in the U-jacket model has been changed to 420 MPa rather than what there is in
the U-jacket model 255 MPa and 570 MPa for ϕ 5 and ϕ 8 respectively, with the same thickness 2.5 cm and the same f'c
for the jacket which equals 42.8 MPa, and for the original beam which equals 28.2 MPa.
2.2.2. Materials Properties of Case. b
There is a change for type of rebars used for RC jackets from 5 mm to 8 mm with the same characteristics in Case.
a.
2.2.3. Materials Properties of Case. c
There is a change for type of rebars used for RC jackets from 5 mm to 10 mm with the same characteristics in Case
.a.
2.2.4. Materials Properties of Case. d
The value of concrete strength f'c of the RC jacket has been changed to 40 MPa with the same thickness 2.5 cm. In
addition, f'c of the original beam has been changed to 20 MPa with the same characteristics in Case .a
2.2.5. Materials Properties of Case. e
The value of concrete strength f'c of the RC jacket has been changed to 50 MPa with the same thickness 2.5 cm. In
addition, f'c of the original beam has been changed to 20 MPa with the same characteristics in Case .a.
2.2.6. Materials Properties of Case. f
The value of concrete strength f'c of the RC jacket has been changed to 60 MPa with the same thickness 2.5 cm.
In addition, f'c of the original beam has been changed to 20 MPa with the same characteristics in Case .a.
2.2.7. Materials Properties of Case. g
The thickness of the RC jacket equals 2.5 cm with rebar 10 mm (ϕ10) and concrete strength f'c equals 60 MPa, yield
strength fy equals 420 MPa.
2.2.8. Materials Properties of Case. h
The thickness of the RC jacket has been changed to 5 cm rather than 2.5 cm with the same characteristics in Case.g.
2.2.9. Materials Properties of Case. i
The thickness of the RC jacket has been changed to 10 cm rather than 2.5 cm with the same characteristic in Case.g.
2.3. Boundary Condition and Applied Load
Characteristics of the boundary condition and applied load can be summarized in the following points and in (Fig. 2):
1. The beam self-weight was taken into consideration in this numerical modeling.
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2. The simple beam rested on two supports (hinged and roller) as well as it subjected to two-point load.
3. Length of the rectangular beam is 1600 mm and its cross section for B2J-U (U-jacket model) are 175 x 225 mm.
4. Distance between the supports is 1400 mm, the distance between the two-point load is 200 mm and shear span equals
600mm.

Fig. 2: Geometry, loading, and beam dimension - simply supported beam.

2.4. Model Mesh, Type of Analysis, Types of Element
Characteristics of the model mesh and type of analysis can be summarized in the following points:
1. The model was constructed numerically by fine and coarse meshes as shown in (Fig. 3).

Fig. 3: Finite element mesh, strengthened beam (U-jacket model).

2. Three types of finite element (Fig. 4) were used in the model:
a. Type no.1: LINK 180 element which represents rebar and reinforcement generally.
b. Type no.2: SOLID 65 element which represents concrete.
c. Type no.3: SOLID 45 element which represents supports and loads.

Fig. 4: Geometry of elements: Link180, Solid65, and Solid45 [9].

3. Nonlinear static analysis was performed in the modeling.
4. Displacement control has relied which depended on increasing the displacement and recording data of the applied load
sequentially as a method in constructing load-deflection curve.
5. Table 2 shows details of the model mesh such as number of finite element and nodes.
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Table 2: Number of elements and nodes generated in model mesh for reinforced model.

No, of Element

No. of Nodes

Original beam concrete

2400

3234

U- jacket concrete

4320

5880

Original beam reinforcement

276

282

U- jacket reinforcement

368

376

Element Type
LINK SOLID
180
65

Description

3. Validation of Numerical Model
Depending on test results, load capacity of the beam before jacketing is 36.4 kN, it reaches 55.2 kN after jacketing. The
numerical modeling presents similar results of the experimental test indicated.
As a result of validation process, the load capacity (Pu) for the U-jacketed beam (B2J-U) equals 55.2 kN in the
experimental test, and it equals 51 kN by numerical analysis.
As an additional process of validation, the load capacity (Pu) for the original beam (B2) equals 36.4 kN in the
experimental test, and it equals 34 kN by numerical analysis.
This result indicates to a good agreement between the experimental and numerical results. That means the numerical
model has verified as shown in (Table 3), (Fig. 5) and (Fig. 6).
Table 3: Experimental test results.

Beam name

Pflex (kN)

Pdiag (kN)

Pu (kN)

△Pu (mm)

B2

13.7

25.8

36.4

16.06

B2J-U

22.3

32.3

55.2

38.85

60000

40000

50000

35000

Applied load, N

Applied load, N

There is increasing in the load capacity by dint of increasing cross section of RC beam (U-jackets). Fig. 5 and Fig. 6
refer to about 50% increase in the applied load of the jacketed beam (B2J-U) compared with the original beam (B2). In
addition, they show a comparison between the results of the numerical analysis and the experimental tests. This matching
confirms that the numerical modeling is validated.

40000
30000
20000

B2J-U (Numerical)

10000

B2J-U (Experimental)

30000
25000
20000
15000

B2 (Numerical)

10000
5000

B2 (Experimental)

0

0
0

20
40
Deflection, mm

0

60

Fig. 5: Verification of B2J-U (U-jacket model).

5

10
15
Deflection, mm

20

Fig. 6: Verification of B2 (Original beam model).

4. Numerical Results
All nine numerical models that mentioned in section 2.1 have constructed using ANSYS software which is finite element
modeling. The load capacity of all cases has been compared to the U-jacket model as shown in (Table 4). and (Fig. 7). Fig.
8-11 show structural behavior for all models.
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Table 4: The load capacity of the beam models.

Model name

Original
Model

U-Jacket
Model

Case.a

Case.b

Case.c

Case.d

Load
capacity(kN)

34

51

54

93

128

53

Model name

Case.e

Case.f

Case.g

Case.h

Case.i

Load
capacity(kN)

53

53

128

142

157

128

128

142

157

Case.g

Case.h

Case.i

93
51

34

54

Original U-Jacket Case.a
Model Model

Case.b

Case.c

53

53

53

Case.d

Case.e

Case.f

60000

60000

50000

50000

40000
30000
20000

fy = 420 MPa (Case.a)

10000

fy = 255, 570 MPa (UJacket Model)

0
0

5
Displacement, mm

Applied Load, N

Applied Load, N

Fig. 7: Results of the load capacity in kN for the models.

40000
30000

f'c = 40 MPa (Case.d)

20000

f'c = 50 MPa (Case.e)

10000

f'c = 60 MPa (Case.f)

10

Fig. 8: Effect of changing yield strength (fy).

0
0

5
Displacement, mm

Fig. 9: Effect of changing concrete strength (f'c).
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10

140000

100000
80000
60000
40000

Rebar 5 mm (Case.a)
Rebar 8 mm (Case.b)
Rebar 10 mm (Case.c)

20000
0
0

5
Displacement, mm

Applied Load, N

Applied Load, N

120000

180000
160000
140000
120000
100000
80000
60000
40000
20000
0

10

Fig. 10: Effect of changing rebar size (mm).

Thickness 2.5 cm (Case.g)
Thickness 5 cm (Case.h)
Thickness 10 cm (Case.i)
0

5
10
Displacement, mm

15

Fig. 11: Effect of changing jacket thickness (cm).

4. Conclusion
This study concluded a number of items that can be summarized in the following:
1. Increasing the concrete strength of the RC jackets has no observed effect on the load capacity.
2. Changing the yield strength of the models has a small increase of 6 %.
3. There is an increase in the load capacity due to change of the rebar size for the RC jacket where it reaches to
137% with using rebar 10 mm rather than 5 mm as well as it reaches to 276% compared to the original beam
model.
4. It indicated an increase that has been observed due to increase of the RC jacket thickness where it reaches to
21% with using 10 mm rather than 2.5 mm as well as it reaches to 362% compared to the original beam
model.
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