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Abstract 

In this study, among various method of 

rehabilitation of RCC girder bridge Internal 

post-tensioning technique is explored and its 

various advantages for controlling corrosion 

of pre-stressing steel, to control deflection of 

member, to increase its’ ductility and to 

strengthen bridges are addressed. Adopting 

the numerical analysis with suitable 

boundary condition F.E modelling is 

performed by applying an initial deflection 

of 193.20 mm and 211.50 mm without and 

with Class70R (wheeled) loading. To 

counteract this deflection, the post-tensioned 

concrete is added to both side of girder beam 

up to full depth throughout the entire length. 

The modeling process and behavior truly 

reflects all the loading conditions and strand 

force, stress, and deflection within codal 

provisions. Also, minimum thickness 

required for a prestressed concrete member 

and the amount of prestressing steel required 

to control the deflection was obtained. 

 

Keywords 
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I. Introduction 

Due to overloading, progressive aging, 

natural hazards and defect during 

construction deterioration of existing bridges 

is the major issue and rehabilitation of 

bridges is indispensable[1]. Also, due to the 

predicted demand of vehicle have already 

exceeded the capacity during design, so 

fatigue damage and need of strengthening is 

crucial[2]. Among various retrofit options 

available, prestressing technique can be 

considered as one of the effective method 

applicable in such cases. In reinforced 

concrete members, the pre-stress is 
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commonly introduced by tensioning of the 

steel reinforcement. Pre-tensioning implies 

to stretching the wire or strand called 

tendons, before placing the concrete, to 

predetermined amount. Initially the tendons 

are tensioned between the abutments and 

anchored followed by casting of concrete 

around the steel tendons, and finally curing 

is done. After the concrete obtain full 

strength, the tendon is removed by cutting 

them at abutments or at anchorages and 

henceforth tendons start regaining its 

original length. On the other hand, use of 

internal post-tensioning for the 

strengthening of existing bridges have been 

used in most of the countries since 1950’s 

providing an economical and efficient 

solution for wide range of different bridge 

types and conditions [3]. This technique and 

method is growing rapidly because of the 

wide speed and minimal disruption to traffic 

flow and construction. For a post-tensioned 

beam, the strand called tendons, are stressed 

at each end is anchored in the concrete 

section after the concrete is casted and 

proper strength is attained to withstand the 

applied prestressing force. In this method, 

tendons are layered or coated with grease or 

any bituminous material for the prevention 

of bonding with the concrete. After tendon is 

stressed, the void and duct is filled by 

grouting. Thus, these tendons become fully 

bonded with concrete and the corrosion of 

the steel is prevented. In spite of the wide 

spread use and advantages, there is a huge 

lack of general knowledge and information 

on how the method can be applied and there 

are no any particular guidelines available for 

this method of strengthening[4]. 

Researchers [5] presented a case study for 

the strengthening of two bridges in 

Indonesia which are taken as an examples 

on application of various external 

prestressing technique for the existing 

bridges. The paper is mainly based on 

research projects that is carried out at 

Institute of Road Engineering (IRE), 

Indonesia, and Transport Research 

Laboratory (TRL), UK. The experiment for 

post tensioning in Indonesia suggests that 

this technique is also suitable from 

economic point of view for the bridge 

strengthening process. Burdet and Badoux, 

2000 [6] performed an analytical 

comparison for two similar bridges, with the 

same amount of prestressing force, with one 

internal and the another with external 

prestressing. The comparison demonstrates 

that, the bridges with the use of external 

prestressing would become more 

economical while comparing for the girders 

with larger depths. Similarly, the parallel 

design of the typical box girder highway 

bridges by both internal and external 

tendons had publicized the differences in the 

middle of these two solutions are very 

smaller than anticipated or predicted. For the 

case of small span, or for shallow cross 

section, internal tendons will lead to a 

minute or small amount of reinforcement, 

for both conditions. And, for members with 

deeper cross sections, external tendon will 

require less reinforcement. Author’s [7]  

provided a detailed survey of strengthening 
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technique with more focus over the external 

prestressing of different civil engineering's 

structure by steel and FRP tendons, in 

addition to by plate bonding. This literature 

focuses that FRP materials would be a 

superior substitute to steel for the external 

tendons. Prestressed FRP on behalf of 

strengthening by Near surface mounted 

reinforcement or plate bonding has shown to 

be a best alternative for improvement or 

strengthening the structures. Nevertheless, 

there will be a problem about anchorage of 

that FRP since due to weak performance of 

material along the fibre direction, this can be 

a problem that need to get more focused for 

more accurate research. 

Ref.[8] investigated the behavior in 

flexure of the RC beams which were 

strengthened by CFRP sheets with post 

tensioning. After conducting the flexural test 

of the beam crack resistance and the 

yielding load was seen to be improved by 

post-tensioned CFRP sheets Ref[9] 

conducted experiment to obtain the behavior 

in flexure of the beams which were 

internally prestressed with CFRP tendons. 

Hence, residual strength was exhibited by 

analyzed beams after peak load and failure 

mode was obtained as flexure with concrete 

crushing. They finally concluded the 

improvement of ductility of the analyzed 

beam. 

The study of researchers[10] deals over 

the realistic finite element simulation for the 

behavior of a pretensioned prestressed 

beams. Accurate finite element model with 

suitable material model and a scheme for the 

pretensioned concrete beams with plasticity 

damage model and bond slip failure model 

was formulated. The true behavior of 

pretensioned beam was successfully 

predicted through the entire construction 

history and succeeding external loading. 

Simulation of two stages for experimental 

investigation's results were verified 

successfully, before and also after bonding 

for composite strengthening. The research 

concluded that further improvement for this 

model can be done by considering creep and 

shrinkage and special effects within the 

model for the prediction of the long-term 

performance. 

Singh, 2017 [11] clarifies the work done 

by different researchers and different 

parametric behavior which are affected by 

process of externally prestressing system. 

Researchers collected the various 

information over external prestressing from 

various research papers, journals (literature) 

and performed experimental verification, 

and finally carried out the discussions over 

different structural issues problems and 

techniques for constructions of external 

prestressing system. 

Ref [12] studied adoption of the external 

prestressing tendons for strengthening of 

flexural concrete members experimentally 

by applying cyclic fatigue loading until 

fatigue deformation. Author observed 

reduction of deflection and increase of 

strength in flexure by 75 and 146 percent 

respectively. Hence, external prestressing 

can be adopted as the effective method for 

crack control purpose and ductile failure of 
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the element was observed. Researcher’s [13]  

designed and detailed bridge with external 

prestressing. An outline of internal 

prestressed bridge and detail calculation for 

shear and flexure is provided with costing. 

They concluded that although the initial cost 

of such construction seemed more but 

considering the whole life costing 

considerable saving can be obtained.  

The main aim of this research is to control 

corrosion of prestressing steel, to control 

deflection of member, to increase its’ 

ductility and to strengthen bridges retrofitted 

by internal post-tensioning technique. For 

achieving the desired objective numerical 

modeling is done by applying an initial 

deflection. To counteract this deflection, the 

post-tensioned concrete is added to both side 

of girder beam up to full depth throughout 

the entire length. 

 

II. Data and Methods 

The studied RCC T-Beam Girder is a 

bridge which connects two cities namely 

Tukkuguda and Shamshabad with effective 

span of 23.96m as depicted in Fig1 and Fig 

2. 

 

 
 

Fig1: General arrangement of RCC T-Beam Girder. 

 

 
 

Fig 2: Sectional arrangement of RCC T-Beam Girder. 
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The span is simply supported over the 

supports. The beam girder has the 3 different 

section as support section, tapered section to 

connect the support and running section, and 

the running section. The characteristic 

dimension of the structure is shown in Fig3. 

 Initially the beam girder consists of 

different size and number of reinforcements, 

and the same features are modelled for the 

analysis purpose The description of bridge 

as per existing drawing with initial 

deflection, design consideration and method 

of analysis for the use of internal post-

tensioned system for controlling the 

deflection as to renovate or strengthen is 

reflected hereby. 

Strengthening of the concrete structure is 

performed to increase or enhance  the 

existing element's load carrying capacity. 

 

 
 

Running Section 

 
 

Support section 
 

 
 

FE model showing Running and Support section 

 

Fig3: Dimension and rebar detailing of running and support section of the girder. 
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Fig4: General Arrangement and reinforcement detailing of Prestressed Concrete 

  

RCC T-Beam Girder 

Prestressed concrete 
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To counteract this deflection the post-

tensioned concrete is added to both side of 

girder beam up to full depth throughout the 

entire length of the beam. The reinforcement 

arrangement of the prestressed section is 

shown in Fig4. 

2 layers of each 3-nos of Uncoated Stress 

Relieved Strand having nominal diameter 

15.2mm with Nominal cross-sectional area 

of strand 140 mm
2
 is inserted in the concrete 

member. The concrete member has 

eccentricity of e1 and e2 as 150mm and 

250mm respectively. Finally, prestressing 

force is applied in order to decrease the 

deflection of girder. 

The beam is simply supported with hinge 

and roller support at the ends. Predefined 

field stress of 1000 N/mm
2
 is assigned in the 

prestressing steel for the analysis. 

In the research process, the strengthening/ 

retrofitting of RCC T-Beam is done by 

Internal Post-Tensioning technique to 

control the deflection. The deflection for 

various model and design conditions for 

different phase are shown in Table 1 and 

Table 2. For different percentage of 

deterioration of the bridge different loads are 

measured, 

Table 1: Degree of Deterioration 

Model Centre 

(KN) 

Support 

(KN) 

Deflection 

(mm) 

0 4908.97 10.13 Permissible 

limit 

1 5399.87 11.14 112.90 

2 5890.77 12.15 124.50 

3 6381.67 13.16 163.60 

4 6872.56 14.18 178.20 

5 7363.46 15.19 193.20 

Live loads are taken as per IRC codal 

provision of class 70R (Wheeled Load) as 

shown in  

Fig5. For the analysis of maximum 

negative shear force, positive shear force 

and maximum bending moment affecting on 

the girder is manipulated based on that of 

influence line diagram. 

 
Fig5: Class 70R(wheeled) loading[14] 

 

During the Analysis process, factors like 

spring constant, grade of concrete and steel, 

nature of steel and type of loading, nature of 

the experiments to be performed and 

limitations over analysis were considered.  

 

Table 2: Retrofit Condition 

Phase Condition 

1.0 
Initial Deflection of RCC T-

Beam Girder. 

2.0 
Initial Deflection of RCC T-

Beam Girder with (Class 70R). 

3.0 

Negative Deflection in RCC T-

Beam Girder with Prestressing 

Force. 

4.0 
Final Deflection in Retrofitted 

RCC T-Beam Girder. 

5.0 

Final Deflection in Retrofitted 

RCC T-Beam Girder with (Class 

70R). 

 

III. Finite Element Model 

The analysis of the system is performed 

from commercially available software, 
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ABAQUS. The part module, loading 

condition, material properties and Boundary 

condition & predefined field stress are 

inserted in Abaqus module[15]. The bridge 

is modelled with an initial deflection of 

193.20 mm and 211.50 mm without and 

with Class70R (wheeled) loading at mid 

span section. By the method of ILD position 

of critical Shear force and Bending moment 

is obtained. The analysis is done for outer 

girder only and is checked for Class 70R 

(wheeled) loading. The modelling, position 

of IRC loading and meshing of the FE 

model is depicted in  

Fig6. 

 

  

(a) Reference point (RP) where the live load is assigned     (b) Meshing of Girder 

 

Fig6: Finite Element Models 
 

Mesh sensitivity study was performed in 

order to obtain the accuracy of modelling 

and result. The RCC T-Beam Girder is 

meshed to global size of 200 and Prestressed 

concrete is seeded to global size of 150 as 

shown in  

Fig6. 

 

IV. Results Analysis and Discussion 

The girder is modelled with already 

experienced deflection as depicted in  

Table 3 in the finite element tool. To 

counteract this deflection, internal post-

tensioning system has been applied. The 

detail arrangement, material properties and 

loading to be used in Abaqus for post-

tensioned concrete member is explained 

above. The girder is then applied with 70R 

loading providing the deflection as shown in 

Table 4. Finally, after addition of strand and 

due to prestressing of the member the girder 

regained its original configuration. 

 

Table 3 :Deflection value of model for 

phase 1 (normal condition) 

Model 
Loading 

(KN) 

Deflection 

(mm) 

Remar

ks 

  
Centre 

supp

ort  

0 4908.97 101.60 -2.70 
within 

Limit 

1 5399.87 112.90 -2.99 10% 

2 5890.77 124.50 -3.30 20% 

3 7657.99 163.60 -4.33 30% 
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4 8247.06 178.20 -4.71 40% 

5 8836.14 193.20 -5.10 50% 

 

 

Fig7 and  

Table 3 represents the initial deflection 

condition of the RCC T-Beam girder. The 

support flared and running section is created 

and assembled and then dead load of 

8836140 N intensity is applied to cause a 

deflection of 193.2 mm. IRC live load is not 

inserted in the structure 1.  

 
 

Fig7: Deformed shape of girder depicting 

initial condition 

 

Now, then Class 70R (wheeled) load is 

applied on the bridge girder which again 

increased the deflection which can be 

observed in Table 4 and  

Fig8. So, the Class 70R (wheeled) load 

causes extra deflection of 18.3mm 

Table 4: Deflection value of different 

model for phase 2 (normal with 70R) 

Mo

del 

Loading 

(KN) 
Deflection (mm) 

Re

ma

rks 

  
Centre Support 

 
0 4908.97 118.90 -3.17 

 

1 5399.87 130.40 -3.47 
 

2 5890.77 142.20 -3.78 
 

3 7657.99 181.50 -4.82 
 

4 8247.06 196.30 -5.21 
 

5 8836.14 211.50 -5.61 
 

 
 

Fig8: Deflection due to IRC Class 70R 

(wheeled) loading 
 

Table 5:Deflection value of different 

model for phase 3. (upward deflection) 

M

od

el 

Loadings 

(kN) 

Deflection 

(mm) 

Prestress

ing Force 

(KN) 

Re

ma

rks 

  

Centr

e 

suppo

rt  
  

0 4908.97 -16.23 0.67 268.67   

1 5399.87 -15.99 0.65 294.26   

2 5890.77 -15.76 0.63 319.69   

3 7657.99 -14.62 0.56 413.67   

4 8247.06 -14.32 0.54 443.49   

5 8836.14 -14.03 0.51 473.03   
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Fig9: Negative deflection of girder due to 

prestressing force. 

The negative deflection of -14.03 mm 

occurs in the girder. The value obtained is 

due to prestressing force applied when no 

any dead load and live load except self-

weight of the girder is acting on it. 

 

Table 6 : Deflection value of different 

model for phase 4 (strand and DL) 

M

o

d

e

l 

Loading

s (KN) 

Deflection 

(mm) 

Prestres

sing 

Force 

(KN) 

Rema

rks 

  

Centr

e 

Suppo

rt  

Defle

ction(

%) 

0 4908.97 42.10 -1.04 268.67 58.56 

1 5399.87 47.89 -1.18 294.26 57.58 

2 5890.77 53.75 -1.33 319.69 56.83 

3 7657.99 74.24 -1.85 413.67 54.62 

4 8247.06 81.47 -2.03 443.49 54.28 

5 8836.14 88.79 2.22 473.03 54.04 
 

Now, the considered Structure 4 ( 

Fig10), the prestressed concrete member 

of 200 mm thick up to full depth is attached 

to both side of the girder throughout the 

entire length of the girder in which the 

prestressing steel is embedded. The detail 

drawing of prestressed member is shown 

Fig4. The internal post-tensioning is done on 

both side of the girder throughout the entire 

length. 2 layers of 3 no’s each 15.2mm 

strand is inserted in the PSC member and 

then module has been checked. The details 

are shown in  

Fig10. 

 
 

Fig10: Deformed shape of girder depicting 

at mid span of the section. 
 

Table 7 :Deflection value of different 

model for phase 5 (retrofit with 70R) 

 

M

o

d

el 

Loadings 

(KN) 

Deflection 

(mm) 

Prestres

sing 

Force 

(KN) 

Rem

arks 

  

Centr

e 

Suppo

rt  

Defle

ction

(%) 

0 4908.97 51.14 -1.28 268.67 56.99 

1 5399.87 56.98 -1.42 294.26 56.30 

2 5890.77 65.87 -1.68 319.69 53.68 

3 7657.99 83.44 -2.10 413.67 54.03 

4 8247.06 90.73 -2.28 443.49 53.78 

5 8836.14 98.10 -2.46 473.03 53.62 
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Finally, the structure is loaded with class 

70R loading. Here all the Dead Load, pre-

stressing force and the IRC loading is 

applied, which results the deflection on 

centre and support section as seen in Table 7 

and  

Fig11. The obtained deflection is within 

the permissible limit as given by codal 

provisions IS 1343:2012.[16]. 

 
 

Fig11: Deflection due to IRC Class 70R 

(wheeled) loading in prestressed girder 
 

V. Conclusion 

This paper deals with the finite element 

analysis of internal post-tensioning system 

to rehabilitate/ strengthen the existing RCC 

T-Beam girder of bridge. The effect of 

newly proposed internal post-tensioning 

system on the deflection of rehabilitated 

bridge girder has been discussed. The 

modeling process and behavior truly reflects 

all the loading conditions and strand force, 

stress, and deflection within codal 

provisions. Embedding the prestressing steel 

in concrete by using new technique of 

internal post tensioning may result in 

preventing corrosion of prestressing steel. 

The proposed scheme when implemented 

with software like Abaqus can be applied 

both in research and practice. After the study 

the minimum thickness required for a 

prestressed concrete member and the 

amount of prestressing steel required to 

control the deflection was evaluated as 

200mm and 2 layers of each 3-nos of strand 

with nominal diameter 15.2mm with 

Nominal cross-sectional area of strand 140 

mm
2
. The proposed model yields solutions 

for the retrofitted bridge girder, embedded 

with Uncoated Stress Relieved Strand. 

The modeling and simulation results for 

the test problem showed good agreement 

with test results up to the codal provisions IS 

1343:2012.[16]. The simulation results gave 

a clear understanding of the true behavior of 

such girder. The proposed scheme when 

implemented with software like Abaqus can 

be applied both in research and practice. 

Internal prestressing improves the load 

carrying capacity of the structure and makes 

the structure stable. 

 

A. Dead Loading 

After prestressing, the deflection obtained 

is 88.79mm which is under limit. The stress 

in the prestressing steel obtained is 1274 

N/mm
2
 which is more than 0.8 of 0.2% 

proof load minimum (i.e. 0.8x 1535.26 

=1228.208 N/mm
2
). 

 

B. CLASS 70R (Wheeled) loading 

After prestressing, the deflection obtained 

is 98.10mm which is under limit. The stress 

in the prestressing steel obtained is 1299 
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N/mm
2
 which is more than 0.8 of 0.2% 

proof load minimum (i.e. 0.8x 1535.26 

=1228.208 N/mm
2
). 

Finally, the result obtained are all under 

limit and concluded as:  

1. The final deflection results of every 

phase of analysis for each model: 

model 0, model 1, model 2, model 3, 

model 4 and model 5 is labelled as 

42.10, 47.89, 53.75, 74.24, 81.47 and 

88.79 mm respectively. 

2. The final deflection results of every 

phase of analysis for each model 

with Class 70R(wheeled) loading: 

model 0, model 1, model 2, model 3, 

model 4 and model 5 is labelled as 

51.14, 56.98, 65.87, 83.44, 90.73 and 

98.10mm respectively. 

3. The proposed method of using the 

prestressing steel on a girder results 

the reduction of deflection, stress of 

concrete and stress of steel by 53.62, 

67.01, 46.38 per-cent and the load 

carrying capacity is increased by 

4098.46 KN. 

Considerable attention has been 

remunerated for the design of RCC T-Beam 

girder of bridge for IRC loadings. Efforts 

have been made to recognize the 

performance of the structure under loading. 

 

Appendix 

Minimum Breaking load applied over 

structure as 268.670KN and 0.2 percent 

proof load minimum is calculated as 

214.936KN. 

Prestressing force of 75% of Ultimate 

Tensile Strength is applied and assuming of 

loss of 25% in prestressing steel, the 

required prestressing force to be applied in 

the analysis is; Prestressing force = 75% of 

268.670KN = 201.503KN 

After Loss, Final Prestressing Force = 

(100-25) % of 201.503KN = 151.127KN. 

0.2 percent proof load minimum stress is 

1535.26N/mm
2
. 

 

Loadings 

The load premeditated due to self-weight 

of the girder is for various cross sections 

along the length of the structure. 

The cross-sectional area of the crash 

barrier works out to be 0.27 m
2
 and over this 

60mm NB pipe is provided. 

The total weight of crash barrier, tube and 

its fixtures is calculated as = 6.36 + 0.25 = 

6.61 KN/m, say 6.75 KN/m. 

Design weight= 1.5 x 6.75 = 10.125 KN/m 

For support length of 1mconcentrated load 

= 10.125 x 1 =10.125 KN= 10125 N 

Load due to wearing coat on Carriage way 

per m run = 0.1 x 22 x23.96 =52.712 KN/m. 

Say, 55 KN/m 

Design load = 1.0 x 55 = 55 KN/m 

The required concentrated load = 55 x 

23.96 =1317.8 KN = 1317800 N. 
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