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Abstract 

This work is a vital step in enhancing the potential use of a newly developed organic Basalt Fiber Reinforced Polymer (BFRP) 

rebar for prestressed applications in infrastructure projects including bridges, buildings etc. The work investigates the feasibility 

of BFRP rebars as prestressing strand in lieu of conventional steel prestressing strand and an associated test procedure to determine 

its transfer length and end slip. An experimental test setup has been designed using nonlinear finite element method to stress and 

release BFRP strands to transfer prestress in concrete members eliminating use of any special stressing devices and procedures. 

Prior to the fabrication of the test setup, the details of the configuration of the setup has been designed by conducting a parametric 

study on the simulated test setup in nonlinear finite element tool ABAQUS. Several parameters like the size of members to be 

used, orientation of the sections and size and location of stiffener plates have been thoroughly investigated and a robust test setup 

has been established. The setup later will be utilized to perform pilot tests on BFRP strands at the Indian Institute of Technology, 

Bombay.  
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1. Introduction 

PC members degrade rapidly when the steel strands are subjected to corrosion thereby decreasing the lifespan of the PC 

structures. Two major bridge girder collapses in the past has been related to corrosion of prestressing steel; namely the failure of 

the viaduct “S. Stefano” in Italy in the year 1999 [Colajanni et al. (2016)] and Lowe’s Motor Speedway footbridge in USA in 2000 

[Poston and West (2005)].  

The maintenance of steel (to prevent it from corrosion) and replacement of the assets (which are affected by corrosion) in a short 

span of time has become a major problem for an economy. Therefore, it is imperative that corrosion is dealt with utmost priority 

so that the full effect of the growth may be felt in the economy. Another problem with the use of steel strands is the loss of 

prestressing force which can go up to 24% for conventionally prestressed members [Gamble et al. (1976)]. Due to this there has 

been considerable research in last one decade to replace steel strands in prestress members with Fiber Reinforced Polymer (FRP) 

strands. Aramid and carbon are the most widely accepted FRP strands for construction practices. However both these materials 

have their own demerits. The major problem with AFRP is that they are sensitive to sunlight and high UV environment. Although 

CFRP is safe to UV exposure, it exhibits high electrical conductivity.  
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Basalt Fiber Reinforced Polymer (BFRP) is a newly developed organic polymer with high resistance to UV exposure, low 

thermal and electrical conductivity, and high resistance to chemical attack and have a great potential application as a composite 

material. Overall, the manufacturing process of basalt fibers is similar to glass fibers, but with less energy consumption. Using a 

natural volcanic basalt rock as raw material, basalt fibers are produced by putting raw materials into a furnace where it is melted 

at 1450 oC to 1500 oC. After this, the molten material is forced through a platinum/rhodium crucible bushings to create fibers. This 

technology, named continuous spinning, can offer the reinforcement material in the form of chopped or continuous fibers that can 

be used in various industries like, infrastructure, textile, automobile, etc. In addition to the ability to be easily processed using 

conventional processes and equipment, the basalt fibers do not contain any other additives in the entire producing process, which 

makes it economical compared to other FRP [Thorhallsson and Snaebjornsson (2013)]. The comparative material properties of few 

FRP rebars with steel has been reported by Belarbi et al. (2017) and are shown in Table 1.  

Table 1. Mechanical Properties of FRP rebars with Steel [Belarbi et al. 2017]. 

Property Steel BFRP 

RockBarTM 

AFRP 

ArapreeTM 

CFRP 

CFCCTM 

Longitudinal Tensile Strength (GPa) 1.86 1.3 1.2-1.5 1.8-2.1 

Longitudinal Modulus (GPa) 196 64 62-64 137 

Transverse Modulus (GPa) 196 --- 5.5 10.3 

Elongation (%) 1.5-3 1.6-3.0 0.5-1.9 1.9-4.4 

Major Poisson’s Ratio 0.30 0.26 0.38 0.27 

Minor Poisson’s Ratio 0.30 --- 0.02 0.02 

 “---” Indicates that the information is not available with the manufacturer 

2. Literature Review 

Even though the general information related to FRP reinforcement as internal prestressing strands in concrete is available in 

ACI 440R-96 (1996), the design procedures for pre-stressed concrete elements using BFRP rebars have not been specified in any 

design code. Wu et al. (2009) tested BFRP rebars and reported high rupture strength )( puf  from 950 MPa to 2000 MPa, and a 

relatively low elastic modulus )( pE , ranging from 45 GPa to 65 GPa and concluded that since the strength of BFRP rebars are 

comparable to steel prestressing strand, while having an elastic modulus four times smaller and weight three times lighter, it can 

be an alternative to steel prestressing strand for prestressed concrete applications. Another governing factor for BFRP to be utilized 

as prestressing strand is the lower relaxation loss in these strends. Systematic research on relaxation behaviour of BFRP by Shi et 

al. (2015), CFRP and AFRP by Saadatmanesh and Tannous (1999a and b) has showed that the relaxation losses for BFRP, CFRP 

and AFRP were 4.2%, 5.87% and 10.9% , respectively, after a period of 50 years under stress value of 0.4 puf . This indicates that 

the pre-stressing loss due to relaxation occurring in pre-stressed concrete elements is comparatively lower in BFRP prestressed 

members as compared to CFRP and AFRP.  

The very low ratio of lateral to axial tensile strength of BFRP rebar makes it impractical to use the conventional steel wedges 

and barrels for prestressing operation. This is because the low efficiency of the clamping mechanism creates strong concentration 

of transverse stresses in the rebar and causes it to fail even before reaching its maximum tensile capacity. Several methods for 

prestressing BFRP strands have been attempted by many researchers to assure the performance of the tensile strength of BFRP 

strands and are explained below.  

 Jacking against External Reaction Frames.  

In this method, FRP reinforcement is anchored to an external reaction frame using a binding material. After the binding material 

has hardened FRP rebar is released from external reaction frame and prestress force is transferred to the RC element. Thorhallsson 

and Gudmundsson (2013) adopted a similar methodology and utilized chemical anchors, designed for stressing BFRP strands, 

developed at Reykjavik University. The BFRP strands were glued in to a steel tube with concrete glue and then the assembly was 

inserted into threaded steel rods. The strands were locked at each end using external end blocks and the prestress was released by 

cutting the strands.  
 

 Using Internal Thread Type Couplers. 

In this method, the FRP rebar is connected to the steel prestressing strand using couplers and the conventional steel wedge and 

barrel system is utilized for stretching the steel strands. Atutis et al. (2018) tested twelve beams prestressed by BFRP reinforcement, 

commercially known as RockBarTM composite. The beams were 3.2 meter long and rectangular in cross section with 150 mm 
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width and 300 mm height. The BFRP rebars were tensioned using special couplers with internal threads, where ends of the BFRP 

rebar was anchored to steel prestressing strand. 
 

 Using Mechanical Anchors. 

In this method, FRP rebar is directly prestressed by pulling anchor at one end while the other end is fixed and this system is 

analogous to conventional steel prestressing system. Younes et al. (2017) stressed the BFRP bars using a prestressing system 

having a mechanical anchor. In order to distribute the stresses on the surface of the bar and prevent the wedges from notching the 

bar, copper sleeves were placed on the bar and then three steel wedges were pushed firmly into the barrel of the grip after they 

were assembled around the sleeve. Younes et al. (2017) reported that, the load deflection response for BFRP prestressed beams 

were significantly different from those calculated using provisions in ACI 440R -96 (1996).  

 

Based on the above literature, it can be understood that in order to utilize the full potential of BFRP rebars as prestressing 

strands it is essential that the strands are stretched without causing any significant stress concentration between the grip and BFRP 

strands. Therefore, this study aims to develop a test setup using nonlinear finite element method in order to stretch and release 

BFRP strands by jacking it on external frames and thereby eliminating use of any special stressing devices and procedures.  

3. Experimental Setup 

The experimental setup has been designed based on the availability of resources at the Indian Institute of Technology, Bombay. 

A schematic view of the experimental setup is shown in Fig. 1a. A back supporting beam of length 1.1 m and a mid-supporting 

beam of length 3 m would be fabricated would be fabricated using ISMB-450 rolled section and connected to each other in T-

shape (Fig. 1a). A spandrel beam consisting of a built up section would be fabricated using two ISMB-150 section and 8mm 

rectangular plates (Fig. 1b). Two steel formworks would be fabricated to cast concrete beams of dimensions 100 mm X 200 mm 

X 3000 mm. Prior to the casting of concrete, 8 mm diameter BFRP strands would be placed inside the steel formworks. The strands 

would be passed through 15 mm diameter holes drilled on the back supporting beam and the spandrel beam and locked on to these 

beams using bond type anchors at the two ends, as shown in Fig. 1b and Fig. 1c.  

 

(a) Three Dimensional View of the Experimental Setup 

    

(b) Front Assembly                                      (c) Back Assembly 

Fig. 1. Pictorial Representation of the Experimental test Setup 

The BFRP strands would be pretensioned using a 500 kN hydraulic jack by pushing the spandrel beam with a force of 65 kN, 

in order to create an initial prestress 0.50
puf  in each strand. The bottom of the spandrel beam would be rested on 8 mm diameter 

mild steel bars to reduce the contact friction and allow the free movement of spandrel beam during the pre-tensioning operation 

(Fig. 1b). Thereafter, both the concrete beams would be cast and prestress would be transferred to the beams by releasing the 
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hydraulic jack after concrete reaches 70% of its mean characteristic compressive strength )( ckf . The load and strain in the BFRP 

strands would be measured immediately before and after the transfer of prestress. 

4. Finite Element Analysis.  

A three dimensional finite element model of the test setup has been developed using FE tool ABAQUS (2013) in order to 

perform the prestressing operations in accordance with the design principle explained above. Configuration details of the test setup 

has been designed by conducting a number of parametric studies on the developed model. Several parameters like the size and 

location of stiffener plates to be used and orientation of the sections have been thoroughly investigated. 

4.1. Setting up the Analysis 

The analysis procedure in ABAQUS (2013) consisted of five different steps. The first step represents the application of gravity 

loads in which the self-weight of all components of the test setup has been defined. The second step represents the jacking of the 

prestressing strands in which the BFRP strands have been tensioned by giving a displacement to the spandrel beam. The magnitude 

of the displacement has been defined based on the strand force generated during tensioning. In this step, the distribution of stresses 

along the length of strand remains constant and equal to the initial prestress )( sif . The third step represents the casting of concrete 

and the release of prestressing strand. Hence the bond stress between the strands and the surrounding concrete has been defined in 

this step. The release of the BFRP strands would be implemented by releasing the displacement given to the spandrel beam in the 

previous step. Since, the stresses in BFRP strands are within the elastic limit and the strands are locked at both the ends, the 

movement of the spandrel beam back to its original position would be restricted by the bond between strand and concrete. Thus 

the prestress force would be transferred to concrete. The fourth and fifth step represents the concrete shrinkage and creep causing 

a change in the stress profile in the pre-tensioned concrete member and prestressing strand. The various parts of the test setup and 

its nomenclature for the finite element analysis are shown in Table 2. 

 Table 2. Parts of the Base Line Setup  

Members of the Test Setup FE Model Nomenclature  Dimension/Length 

ISMB 450-1 Back-Supporting Beam 1100 mm 

ISMB-450-2 Mid-Supporting Beam 3000 mm 

Built-up beam consisting of two 

ISMB-150 and 8mm thick Plates 

Spandrel Beam 1100 mm 

Back Supporting Beam Stiffeners Stiffener Plate-1 400X70X12 mm 

 Stiffener Plate-2 200X200X12 mm 

Spandrel Beam Stiffeners Stiffener Plate-3 180X150X20 mm 

Anchors BFRP Anchor Length=50 mm 

  Ext. Dia.=20mm, Int. Dia.=8mm 

Concrete Beam Concrete 200X100X3000 mm 

BFRP Strand Strand Length=5000 mm, Dia.=8 mm  

 

The FE model of the test setup has been meshed with eight nodded brick elements using structured mesh controls with the 

exception of the BFRP strands. The FE mesh of the BFRP strands has been refined using a sweep method with 16 divisions along 

the face with six nodded tetrahedral elements. This has resulted in a more uniform and refined mesh throughout the test setup as 

shown in Fig. 2. 
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Fig. 2. Finite Element Assembly and Meshing  

4.2. Input Parameters 

The various parameters defining the constitutive relationship for materials, contact behavior, constraints, and appropriate 

boundary conditions such as displacement and/or force boundary conditions used to develop the FE model of the test setup are 

briefly explained in this section.  

Constitutive Laws 

BFRP Strands 

The prestressing strand chosen for the present study is 8 mm diameter BFRP rebar commercially known as RockBarTM (Table 

1). The strands are manufactured in circular cross-sections by Galen L.L.C., Russia.  Each individual rod is made up of basalt fiber 

in an epoxy resin matrix and is sand blasted to increase its bond strength with concrete. In the present study a User Material 

(UMAT) code has been written to define the transversely isotropic linearly elastic material properties of the BFRP strands 

Structural Steel 

A quad-linear material model proposed by Yun and Gardner (2017) for FE-410 steel as shown in Fig. 3 has been utilized to 

accurately represent the elastic, yield plateau and strain hardening properties typically associated with hot-rolled steel sections.  

 

Fig. 3. Quad-Linear Stress-Strain model for Structural Steel Yun and Gardner (2017) 

Concrete 

The generalized compressive stress-strain relationship of concrete relating the uniaxial compressive stress )( c  to uniaxial 

compressive strain )( c  proposed by Tsai (1988). Eq. 1 has been utilized in the present study to model behaviour of concrete 

under compression. In Eq. 1, n and r are the parameters to control the slope of the curve and has been obtained for unconfined 

concrete from the model proposed by Mander et al. (1988).   
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4.2.1. Bond Stress Slip Relationship 

The cohesive interaction between two surfaces has been simulated in ABAQUS (2013) by using cohesive surface based 

approach. ABAQUS Theory Manual (V. 2013) assumes linear traction-separation behaviour which relates normal and shear 

stresses to the normal and shear separations across the interface before the initiation of damage. The nominal traction stress vector,

t  consists of three components ttstnt  and , , and the corresponding separation is denoted by tsn   and  , , where n , s and t

represent normal, shear and tangential direction, respectively. The traction separation matrix shown in Eq. 2 provides coupled 

behaviour between all components of the separation vector and traction vector. 
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By default, the normal and tangential stiffness components will not be coupled, as pure normal separation by itself does not 

give rise to cohesive forces in the shear directions, and pure shear slip with zero normal separation does not give rise to any cohesive 

forces in the normal direction. Thus, it was decided to use uncoupled traction separation law which requires defining only the 

diagonal terms of the traction separation matrix shown in Eq. 2. According to Gan (2000), the contact stiffness’s nnk  and ttk  are 

obtained by approximation of the bond-slip relationship. The stiffness of the normal traction is taken as 100 times the stiffness of 

the shear traction as shown in Eq. 3.  
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BFRP Strand and Concrete 

For the present study, results from bond tests performed on RockBarTM by Gallen L.L.C. at the National Research Laboratory, 

Moscow State University (shown in Fig. 4) has been utilized to define the contact algorithm between BFRP strands and concrete. 

A peak bond stress of 18 MPa corresponding to slip of 0.2 mm has been reported for 8 mm BFRP strand and concrete on the basis 

of pull-out bond test on strands embedded in concrete. Using Eq. 3, bond stress coefficient values of 87 N/mm3 for ttkssk  and  

and 8700 N/mm3 for  nnk has been used to define the traction separation law between the strands and the concrete in ABAQUS. 

 
Fig. 4. Bond Stress Slip Relationship for RockRebarTM  

(Tested June 2017, Received on February, 2018 and Re-used with Permission from Mr. Egor Livinov, CMO, Galen L.L.C.) 

BFRP Strand and Anchor 

This study aims to develop a bond type anchor using steel tube and epoxy resin for holding the BFRP strands in the experimental 

setup. Since, the fixture is still under development, number of trial have been made in the FEA by increasing the contact stiffness’s 
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between fixture and the strand. It has been observed that, if the contact stiffness is too low, the strand pulls out from the fixture and 

the analysis stops due to non-convergence error, whereas considering very high contact stiffness may be unrealistic to the actual 

experiment. Thus an optimum value of 60 N/mm3 has been chosen as ttkssk  and  to ensure convergence of the FE program for an 

initial prestress of 0.5 puf . 

4.2.2. Concrete Creep and Shrinkage 

It has been planned to perform time dependent studies by periodically measuring the increase in axial concrete strains with time 

due to creep and shrinkage over a period of 28 days after prestress release. The increase in axial concrete strains due to concrete 

creep and shrinkage will be periodically measured over a period of 28 days after prestress release. This increase in concrete strains 

have been incorporated in the FE model for the time dependent analysis as per guidelines obtained from IS 1343 (1984) and are 

shown in Table 3. In order to consider the aging of concrete with time, the modulus of elasticity of concrete has been defined as a 

Field Variable (FV) in the ABAQUS CAE environment. The variation of modulus of elasticity with time ( )(tEcm ) has been 

estimated from the mean compressive strength at various time points )(tfcm , using Eurocode BS EN 1992-1-1 (2004) guidelines 

as shown in Table 3. )(tEcm has been set to vary with the FV in the ABAQUS CAE environment to model the estimated variation 

in the property with time. An initial condition has been defined, to specify the initial value of FV for the set of concrete nodes. 

Then, a pre-defined field variable has been added in the first analysis step, representing prestress transfer in order to specify the 

value of FV as 1.0 for the same concrete node set. In further steps, the field variable has been changed from 2 to 4 indicating aging 

of concrete and increase in concrete elastic modulus.  This has been done by editing the input file and then running the input file 

through ABAQUS (2013) command window. The Young's Modulus of concrete in the FE model will thus vary smoothly over the 

course of the steps as the FV value is ramped from 1.0 to 4.0 at all nodes in the concrete node set. The increase in concrete strains 

have been incorporated in the FE model by defining an equivalent differential temperature change )( T  in concrete using Eq. 4 

at different step levels during the analysis. The calibration results for the FE model for time dependent analysis are shown in Table 

3. 

c

tT



                (4)  

Where,  

t is the time dependent strain in concrete and c is the coefficient of thermal expansion of concrete.  

     Table 3. Calibration of FE Model for Time Dependent Analysis 

Analysis Step Filed 

Variable 

Time 

(Days) 

Concrete Properties [BS EN 1992-1-1 (2004)] Increase in 

Concrete Strain 

Temperature Input 

(oC) 
)(tcc  

ckf  (MPa) 
cE (MPa) 

Gravity 1    N.A.   

Initial Prestress 1    N.A   

Prestress Transfer 2 3 0.6629 26.52 28954.64 N.A. 0 

Concrete Shrinkage 3 7 0.8187 32.75 29781.41 0.0003* -20.69 

Concrete Creep 4 28 1 40.00 31622.70 0.00018 -12.41 

* A concrete shrinkage strain of 0.0003 has been considered before creep strain starts 

4.2.3. Boundary Condition 

Rotational and translational constraints along the Z direction has been applied throughout the length and width of the FE model 

of the test setup in order to simulate the resting condition of the setup on the ground and its symmetry about XY plane (refer to 

Fig. 2 for orientation of the X, Y and Z axes). Furthermore, a partial translational constraint along the Y direction has been applied 

in the FE model to restrain the movement of the test setup only in the downward direction. 

5. Result and Discussion 

5.1. Initial Prestress Results and Optimization of Members 

FEA results have been used to ensure there is no damage to the setup during initial prestressing. Thus, the first two steps of the 

FEA were performed to ensure that the jacking of the BFRP strands up to a stress of 0.50
puf  does not cause yielding of any 

component of the test-setup and does not generate additional torsional stresses or twisting in setup. The results obtained at the end 
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of the second step of the FEA have been utilized to check the functionality of the test setup as well as for material yielding. Hence 

each component of the test setup were checked to ensure there are no plastic strains when the stresses in the BFRP strands reached 

643 MPa (0.50
puf ). Based on the strain obtained in the various components of the test setup, the back supporting beam and the 

spandrel beam were found to exceed the yield condition defined in the FE model, as shown in Fig. 5. Hence the back supporting 

beam and the spandrel beam have been strengthened to avoid yielding of these components due to the initial stretching of the BFRP 

strands. The modifications made to strengthen these components are discussed in Sections 5.1.1 and 5.1.2. 

  

(a) Plastic Strains in Back Supporting Beam  (b) Plastic Strains in Spandrel Beam. 

Fig. 5. Results from Base Line Analysis of Experimental Test Setup 

5.1.1. Stiffening of Back Supporting Beam 

Two additional vertical stiffener plates of dimensions 415 mm X 70 mm X 12 mm were added and extending from the top 

flange to the bottom flange of the I-section in order to avoid the yielding of the back supporting beam. Additionally, 2 horizontal 

stiffener plates of dimension 200 mm X 200 mm X 12 mm have been added at the hole location of the back supporting beam, as 

shown in Fig. 6a. The FEA of the model with the stiffened back supporting beam has been performed with the same initial stress 

in the BFRP strands and to ensure plastic strains don’t develop in the strengthened back supporting beam. The increase of Von 

Mises stress at the previously yielded location of the back supporting beam has been plotted with the increasing axial stress in the 

strand as shown in Fig. 6b. It can be observed, for the same axial stress in strand, the Von Mises in the back supporting beam does 

not reach the yield condition due to the addition of stiffener plates. 

  

(a) Location and Dimensions of Stiffener Plates (b) FE Result after adding Stiffener Plates 

Fig. 6. Optimization of Back Supporting I Beam 

5.1.2. Stiffening of Back Spandrel Beam 

In order to eliminate the plastic strains observed in the spandrel beam, two stiffener plates of dimension 180 mm X 150 mm X 

20 mm have been attached to the spandrel beam at the hole locations (Fig. 7a).  The increase of Von Mises stress at the previously 
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yielded location of the spandrel beam has been plotted with the increase of stress in the strand as shown in Fig. 7b. Once again it 

can be observed from Fig. 7b that the addition of the stiffener plates delayed the yielding of the spandrel beam significantly.     

  

(a) Location and Dimensions of Stiffener Plates  (b) FE Result after adding Stiffener Plates 

Fig. 7 Optimization of Spandrel Beam Prestress Transfer. 

5.2. Prestress Transfer 

The release of the prestressing jack creates radial stress and activates a frictional resistance between the concrete and the strand 

which enhances the transfer of prestress force in to the concrete until the stress in strand just outside the concrete beam becomes 

zero (Fig. 8a). The stress in strand changes from initial prestress )( sif   of 643 MPa to effective prestress )( sef  of 639 MPa at the 

central length of the concrete beam indicating a prestress loss of 4 MPa due to elastic shortening of concrete member, as shown in 

Fig. 8b.  

   

         (a) Variation of Stress in Strand during Prestress Transfer   (b) Variation of Effective Prestress in Strand 

Fig. 8. Strand Stress Variation during Prestress Transfer   

5.3. Concrete Cracking along the Transmission Length 

FEA results showed significant amount of plastic strains in concrete around or near the prestressing strands (Fig. 9) which 

indicates concrete cracking in these regions during prestressing operations. These cracks are caused primarily by the concentration 

of prestressing forces at the time of prestress release.  

In order to control the stress concentration at the end of pretensioned members and avoid cracking, several researchers 

deliberately debonded selected strands with concrete at and near anchorage zones. However, for better prediction of the state of 

stress and the nature of damage in the critical regions of concrete beams pretensioned with BFRP strands, this study focuses on 

determining the state of stress in the end-zone of prestressed concrete beams without debonding the strands at the end region so 

that more effective steps can be taken in the design to control such cracking. 
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                                                 (a) Plastic Strains along the Length of Beam                              (b) Plastic Strains along the Cross-Section 

Fig. 9 Plastic Strain in Concrete Beam during Prestress Transfer 

5.4. Transmission Length 

In the present study, the transfer length of the strands has been predicted by plotting the stress profile along the strand and along 

the concrete surface (Fig. 10a and 10b) and measuring the transfer length at 95% of the Absolute Maximum Stress (95% AMS) as 

recommended by Russell and Burns (1993). In case of actual experiments, these reading are generally recorded using Electrical 

Resistance Strain Gauge (ERSG) pasted along the strand and concrete surface. However, the ERSGs utilized for measuring transfer 

length through strand has been proved to be unreliable for several reasons.  First of all, relative displacements between strand and 

concrete can destroy the strain gauge mounted on the strand. Secondly, the presence of ERSGs on the strand interferes with bond 

locally. The adverse effect of too many ERSGs mounted on a strand would affect the test result. Lastly, the gauges are difficult to 

protect during casting and are susceptible to damage from vibrators or damage by moisture during casting of concrete. All of these 

factors compound to render ERSGs ineffective in measuring transfer length of pretensioned strand. 

  

  (a) Stress Profile along the Strand    (b) Stress Profile along Concrete Surface  

Fig. 10 Variation of Stress Profile to Measure Transfer Length 

Measurement of the strains on the outside surface of the concrete has proved to be the most reliable technique to measure the 

transfer length [Russell and Burns (1993)]. Using this FE study it has been found that the transfer lengths obtained by directly 

measuring strains on the strand during transfer and by measuring strain on concrete surface at the strand location, are both equal 

to 167 mm i.e. 20 bd for BFRP strands.   

5.5. End Slip 

The difference between the steel and concrete strains creates a relative movement of the strand with respect to the surrounding 

concrete and commonly results in end slips of the strands. The end slip has been obtained directly from the FE model as the relative 

movement between strand and concrete at the end of prestressing step, as shown in Fig. 11. The initial elongation of the strand has 
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been subtracted from the strand retraction after prestress release to obtain the net displacement of the strand. The concrete 

shortening has been further subtracted from the net displacement of the strand to get a net end slip of 0.36 mm. 

       
                            (a) Initial Elongation of Strand    (b) Return of Strand after Prestress Transfer 

Fig. 11 Pictorial Representation of Strand Movement before and after Prestress Transfer 

5.6. Time Dependent Result 

It can be observed from Fig. 12 that the increase in concrete strains due to shrinkage and creep results in reduction of effective 

prestress. A total stress loss of 31 MPa has been observed after 28 days due to the combined effect of concrete shrinkage and creep. 

Note that the relaxation loss of BFRP strand has been neglected in the present simulation due to insufficient data available on the 

creep behaviour of BFRP strands. Therefore the actual loss in the experiment may be slightly higher than the FE prediction. 

The transfer length, determined from changed strain profiles in the strand indicate that there is no significantly change in the 

transfer length of BFRP strands since the time of release.  This observations could be due to smaller dimension of concrete member 

and a shorter duration (28 days) over which the analysis has been performed. This observation needs to be re-evaluated and 

corroborated through further experimental research by observing the strains over a longer duration. 

 

 

Fig. 12. Time Dependent Strain Variation in Strand 

6. Summary and Conclusion 

Nonlinear FEA has been performed prior to fabrication to validate the design and optimisation of the test setup dimensions. Based 

on the extensive FEA following conclusion has been drawn: 

 The modelling process meticulously reflects all the experimental conditions beginning with strand tensioning operation, stress 

transfer and time dependent behaviour. 

 From the finite element study, a robust experimental test setup capable of stressing and releasing BFRP strands has been 

established.  

 Based on the FE results, a transfer length of 167 mm (20 bd ) and an end slip of 0.36 mm has been predicted for BFRP strands. 

 Results for time dependent FE analysis did not show significant increase in transfer length over a period of 28 days 
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