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Abstract: Natural fiber composites have recently gained popularity in 

construction due to their numerous benefits. Their applications include 

incorporation into the concrete mixture, potential replacement of steel 

reinforcement in reinforced concrete components, and strengthening of 

structural elements. Notably, despite their relatively low stiffness, these 

materials exhibit a good load-bearing capacity in tension, indicating that post-

tensioning may represent the most effective technique for employing these 

materials in conjunction with concrete. Surprisingly, this technology has yet 

to be considered in structural concrete research. The current study presents a 

thorough analytical, experimental, and numerical approach to assess the 

efficacy of post-tensioning concrete members using natural jute fiber (NJF) 

ropes. Preliminary analytical investigations reveal that the proposed post-

tensioning can improve a beam's flexural strength by 5.9% when a single rope 

is used. The experimental validation supports the reliability of the analytical 

findings, with numerical analysis indicating a potential improvement of 16.3% 

when the number of ropes used on the same beam is increased to four. Overall, 

the enhanced flexural performance of concrete structural elements through 

post-tensioning with NJF ropes appears promising. This novel technique not 

only improves the flexural performance of concrete members but also has the 

potential to address critical issues related to conventional post-tensioning, 

such as the corrosion of steel cables. Additionally, it offers increased 

flexibility by facilitating the replacement of ropes when required, making it a 

practical and versatile solution for several concrete applications in the 

construction industry. 

Keywords: natural jute fiber, NJF, post-tensioning rope, concrete beam, 

flexural capacity, serviceability 

1 Introduction 

Fibers have been employed to strengthen bricks and pottery since the dawn of civilization. These 

fibers can be categorized as either synthetic or natural fibers. While synthetic fibers are manufactured 

from chemical compounds, natural fibers are made from natural materials from plants, animals, or 

minerals. Plant-based natural fibers include those sourced from cotton, linen, hemp, jute, etc. In contrast, 

animal-sourced natural fibers comprise silk, wool, and hair. Additionally, there exists a third category 

of natural fibers, including mineral, non-metallic, and inorganic fibers, such as asbestos and basalt fibers. 
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Natural fibers are renewable raw materials that are readily available worldwide. Their production 

requires minimal industrialization, which typically results in lower manufacturing costs. They possess 

good thermal, acoustic, and electrical insulation properties. The waste generated from these fibers can 

be thermally valorized, allowing for energy generation subsequent to the product's lifespan [1]. Latest 

developments in the field of composite science, along with the emergence of natural fibers, offer 

substantial opportunities to introduce renewable materials that can positively impact global 

sustainability [2–4]. From an environmental standpoint, the sustainability index for the natural kenaf 

and jute fibers is the highest, thanks to their carbon use efficiency [5]. However, despite their advantages, 

natural fibers also have disadvantages, including low stiffness, variable tensile strength, significant 

moisture absorption, limited durability, and susceptibility to fire. Additionally, proposing these fibers 

into the construction industry presents challenges due to insufficient knowledge and notable 

irregularities in their physical and mechanical characteristics, which arise from various factors, 

including soil, weather, and environmental conditions. Consequently, it is essential to consider these 

aspects while establishing design standards for structures reinforced with natural fibers [6,7]. 

The durability of natural fibers has been a persistent concern [8]. From a structural perspective, 

Ramakrishna et al. [9] observed a significant degradation in salient chemical components (cellulose and 

lignin) after 30 cycles of wetting and drying for 60 days. In terms of strength, certain fibers, such as 

coir and sisal, retained over half of the original tensile strength subsequent to submerging in water, 

whereas others, including jute and Hibiscus cannabinus, completely lost their tensile strength [9]. 

Furthermore, humidity was found to significantly accelerate creep strain in sandwich panels reinforced 

with natural fibers [10]. The creep strains in vegetable fiber concrete were noted 25% higher than those 

in plain concrete for jute and coir, and about 12% higher for bamboo fiber concrete at 60 days [11]. 

Amongst efforts to enhance the durability of natural fibers, hydrothermal and alkali treatments could 

significantly contribute to the durability and dimensional stability of the natural fiber ropes used as 

internal reinforcements in concrete structures [12]. It was reported that concrete slabs reinforced with 

coir ropes, when coated with epoxy resin, remained unaffected by acidic or sulfate environments over 

a two-year period, indicating good durability for the coir rope reinforced bio-composite concrete 

panels [8]. 

Natural fibers have been used in construction since the late 1970s. Short fibers from jute, coconut, 

bamboo, and coir were tested for cementitious and polymer concrete use. It was noted that incorporating 

these natural fibers improved ductility and durability while reducing shrinkage compared to plain 

concrete without any serious adverse effects [13–16]. The potential of rice husk for partially replacing 

cement in concrete mixtures was investigated. It was observed that this integration reduced the cost of 

concrete by 15% and decreased CO2 emissions by 20%, in addition to mitigating the environmental 

pollution caused by burning rice residues [17,18]. Concerning mechanical properties, the inclusion of 

the short fibers of jute, sisal, rice straw, and palm leaf sheath in concrete did improve the tensile and 

compressive strengths of the cementitious composites [19–21]. In contrast, the incorporation of hemp 

fiber was associated with increased flexural strength while simultaneously decreasing the compressive 

strength and elevating the concrete's permeability [22]. Recently, it was reported that incorporating sisal 

fibers into the concrete mix not only enhanced its mechanical properties but also prolonged the setting 

time by utilizing the retained water, contributing to the hydration process [23]. Alternatively, natural 

fiber ropes were explored for use as internal reinforcement for structural concrete members [24]. The 

observation indicated that the deformation capacity could be improved by substituting as much as 50% 

of the steel reinforcement while maintaining 75% of the control beam's load capacity and serviceability 

factors. 

The application of natural fibers extends to the external strengthening of structural elements. 

Experimental findings indicated that the external confinement of concrete cylinders with hybrid textile-

reinforced mortar wraps, incorporating basalt and jute fibers, enhanced the load-bearing capacity by 

51.9% [25]. Investigations on structural elements revealed that concrete beams strengthened with 

composite plates made from jute ropes demonstrated a 58% increase in flexural strength compared to 

control beams [26]. In another study, Huang et al. [27] noted that composite plates made from natural 

flax fabric-reinforced polymer could effectively strengthen and retrofit damaged or poorly designed RC 

beams, especially those affected by earthquakes. The cost-efficacy of FRP-confined concrete was also 

assessed, with jute fiber-reinforced polymer being the most economically efficient [28]. The utilization 
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of natural fibers has also been expanded to include columns, where studies demonstrated that these 

materials could significantly enhance the structural performance of shear-critical reinforced concrete 

columns, achieving levels comparable to those established by CFRP sheets [29]. Additionally, natural 

fiber composites have been proposed for strengthening masonry walls, which has considerably 

improved the out-of-plane flexural and deformation capacities [30,31]. Alternatively, another approach 

has involved mortars reinforced with natural textile/fabric as external layers for strengthening masonry 

structures [32,33]. 

Numerous prior studies have primarily focused on incorporating short natural fibers in concrete. 

Only a few investigations have explored using natural fiber ropes as reinforcing and/or strengthening 

agents. Notably, research on using natural fiber ropes for post-tensioning applications on structural 

concrete beams is lacking. One main limitation of employing natural fiber ropes for reinforcing concrete 

structures is their low modulus of elasticity compared to traditional reinforcing materials. It is crucial 

to use reinforcing materials with a considerably higher stiffness than the cementitious matrix in 

reinforced concrete. This is necessary to effectively transfer tensile stresses from the concrete to the 

reinforcement and control cracking and deflection under serviceability limit states. In light of this, it 

was demonstrated that natural fiber ropes could effectively be utilized to enhance the flexural properties 

of non-primary structural elements made from foamed concrete, which has limited mechanical 

properties [34]. 

Despite their low tensile strength, natural fiber ropes can bear significant loads when an adequate 

quantity of fiber is used. However, the inherent flexibility of braided products often results in 

considerable deformation compared to conventional reinforcing materials. It is crucial to understand 

that the fundamental principle of concrete post-tensioning is based more on the compressive force 

exerted on the concrete than on the stiffness of the reinforcing material. Thus, the primary objective of 

the current study is to demonstrate the efficiency of using natural fiber ropes for post-tensioning in 

reinforced concrete. The concept was first introduced and assessed through a numerical investigation 

supported by experimental testing [35]. A comprehensive study is currently being carried out to further 

demonstrate the efficiency of the present technique through an in-depth analytical investigation and 

finite element analysis, aided appropriately with experimental validation. Given that conventional post-

tensioned beams with steel cables are susceptible to corrosion, the current research proposes using NJF 

ropes as a substitute for post-tensioned steel cables while ensuring the protection of the concrete's steel 

tension reinforcement. Additionally, the finite element analysis explores the possibility of replacing the 

reinforcing steel with non-corroding fiber-reinforced polymer rebars, facilitating a steel-free concrete 

member. This design aims to enhance corrosion resistance. Overall, using natural fibers offers a 

sustainable, eco-friendly alternative to steel, potentially contributing to construction sustainability. 

2 Natural Jute Fiber (NJF) Ropes 

Jute is a low-price bast fiber that ranks second to cotton in production and usage [36]. Its fibers are 

derived from several plant components, including lignin, cellulose, pectin, and hemicellulose. Notably, 

jute fiber is entirely biodegradable, making it an environmentally sustainable option. It possesses 

considerable tensile strength while maintaining minimal extensibility, which is why it is predominantly 

employed in packaging agricultural products. Furthermore, jute is among the most versatile natural 

fibers, finding applications as raw materials in both the construction and farming industries. 

A preliminary tensile test was necessary to assess the jute rope's mechanical properties. Multiple 

methods were followed to execute the test. The rope was initially gripped in the testing machine system, 

which led to premature failure of the gripped portion as a result of stress localization from the gripping 

effect. Subsequently, the rope was secured using tying ropes wrapped around the universal testing 

machine's upper and lower sections. However, this method caused the knots and tying ropes to loosen, 

resulting in significant sample deformation. Consequently, the actual deflection exceeded the maximum 

limit of travel of the machine without breaking the rope. After all, the rope was secured using steel tube 

anchors placed around the gripped zone, tied off with a knot. The machine's jaws have gripped the 

anchors while the jute rope was passed through them. This method proved successful, leading to the 

proper failure of the rope. Examples of natural fiber products available in the market and the tensile test 

on jute rope samples, 600 mm-long, are illustrated in Fig. 1. The experimentally obtained stress-strain 
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response of the jute ropes, presented previously [35], is described here in Fig. 2 for the sake of 

completeness of data for further investigation. The jute rope has exhibited an average tensile strength 

of 55.4 MPa, with an elastic modulus of 754.3 MPa. The notably low elastic modulus can be attributed 

to the braided structure of the rope, which causes the fiber yarns to straighten out. This results in 

considerable relaxation during the actual deformation of the yarns. 

 
Fig. 1. a) Examples of natural fiber products; b) Tensile tests conducted on the jute ropes used in this study. 

 
Fig. 2. Axial stress-strain response of the jute ropes, obtained experimentally. 

3 NJF Post-tensioned RC Members 

The NJF rope, previously characterized, was employed for post-tensioning structural members. An 

analytical investigation was carried out to estimate the structural behavior of such post-tensioned beams 

and investigate the proposed technique's efficiency. This was followed by an experimental campaign to 

validate the analytical findings. Subsequently, the finite element analysis assessed the proposed 

technique's efficacy with varying structural materials. 

3.1 Analytical Prediction 

Analytical investigations have been conducted to predict the behavior of the considered beams 

tested here, estimating the ultimate flexural capacity and comparing it with the experimental findings. 

Because of the relatively modest tensile strength of the rope and to maintain the benefit of such post-

tensioning, it is required to check for the limit state of the NJF to ensure that the jute rope does not 

rupture before the tension steel does. The premature failure of the jute rope results in the loss of the 

benefit of post-tensioning; hence, it must not rupture before the steel reinforcement does, which is the 

reason for checking the balanced conditions corresponding to both materials separately. The cross-
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section of the beam with balanced conditions corresponding to the reinforcement materials is presented 

in Fig. 3. The balanced ratio corresponding to the steel reinforcements ( )bs is given as [37]: 
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where cf  is the concrete's compressive strength (MPa); syf  is the steel's yield strength (MPa); cu  

is the maximum compressive strain in concrete (0.003), and sy  is the strain in the steel reinforcement 

at yielding. The factor 1  is the stress-block factor of concrete given by [38] 
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The balanced condition for a fragile reinforcing material, like jute, has a different meaning from that of 

steel. While this balanced condition signifies a simultaneous failure of both the concrete and the 

reinforcing material, it regards the yielding of steel as a failure indicator, a property absent in the brittle 

jute. Therefore, the balanced reinforcement ratio corresponding to the NJF post-tensioning rope ( )bj  

can be expressed using Eq. (1), substituting the steel's yield characteristics with the ultimate properties 

of the NJF rope. This indicates that the balanced condition is reached when the concrete fails in 

compression at a strain cu  and the NJF rope ruptures at a strain ju  concurrently, conforming to the 

strain compatibility within the cross-section. These strains, in conjunction with the ratio of the concrete's 

compressive strength to the tensile strength of the NJF, establish the balanced ratio as 
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where juf  and ju  are the tensile strength (MPa) and strain at failure of the NJF, respectively. 

The reinforcement ratio is determined from the total area of the steel reinforcements. The 

contribution of the NJF rope area in the steel's limit state condition is determined based on the ratio of 

the actual tensile stress in the NJF at balance to the maximum tensile stress of steel. Similarly, the 

contribution of the steel reinforcement area in the jute's limit state condition is determined based on the 

ratio of actual tensile stresses in the steel at balance to the maximum tensile stress in the NJF. The actual 

reinforcement ratio is given as [39] 
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where fiA  is the cross-section area of a reinforcement layer; i  is the ratio of tensile stress of 

reinforcements in layer i at balance to the maximum tensile stress of steel; b is the beam width; md  is 
the effective depth of the bottommost layer; and p is the total number of reinforcing layers. 

The neutral axis depth is determined based on the equilibrium of compressive force in the concrete 
and tensile force in the reinforcement. In over-reinforced sections, the concrete reaches its ultimate 
compressive strain of 0.003 before steel yielding; hence, the strain in the reinforcements at failure will 
be less than sy . The strain in the steel reinforcement ( )s  and NJF post-tensioning rope ( )j  at 

compressive failure is calculated as 
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0.003( )j

j ji u

d c

c
 


    (5b) 

where sd  is the effective depth of the steel reinforcement; jd  is the NJF rope's effective depth; ji  
is the initial post-tensioning stress in the NJF rope; c  is the depth of neutral axis; and u  is the 
ultimate bond reduction coefficient expressed as 5.4 / ( / )u jL d  for two-point loading [39]. Here uL  
is the distance between the ends of the post-tensioning rope. 

In under-reinforced sections, the tensile stress in the reinforcements reaches the yielding point 

before concrete crushing; thereby, the resultant tensile forces are determined from the steel's yielding 

strain, i.e., the tensile strain in the unbonded NJF rope is calculated as 
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Solving the horizontal equilibrium equation determines the depth of the neutral axis, and then the 

moment of resistance is obtained by solving the rotation equilibrium equation. 

The geometrical and design details of the beam analyzed in this study are shown in Fig. 3. The 

beam has the following dimensions: 150 mm in width, 200 mm in depth, and 2000 mm in length. The 

clear span employed in flexural testing is 1800 mm. The concrete has a 35.5 MPa compressive strength. 

All beams have two 12 mm-diameter steel rebars as bottom reinforcement. Additionally, the post-

tensioned beams are equipped with supplementary jute rope that has a diameter of 14 mm. The steel 

rebars are made from Grade 60 material, featuring a 411.4 MPa yield strength and a tensile strength of 

622.7 MPa, while the jute's mechanical properties are stated earlier. Shear reinforcements consist of 

6 mm-diameter steel rebars spaced at 120 mm. The beam is post-tensioned by 80% of the jute's tensile 

strength. A flexural analysis was conducted for both cases to evaluate the change in flexural capacity 

with post-tensioning: the beam with post-tensioning and the beam without it. The flexural capacities 

were obtained as 50.5 kN for the control beam and 53.4 kN for the jute-post-tensioned beam, indicating 

a 5.9% increase as a result of the NJF post-tensioning. The improved flexural capacity can be justified 

by the fact that post-tensioning induces initial tensile stresses in the upper concrete fibers while 

generating compressive stresses in the lower cross-section, surrounding the tension reinforcements. The 

pre-existing compressive stresses, which are transferred to the reinforcements, contribute to a 

supplementary strength balance by nullifying a portion of the tensile stresses induced by the applied 

loads. Consequently, this allows the reinforcement to withstand additional loads prior to yielding, 

leading to a higher load-carrying capacity. The analytical data, procedures, and findings leading to the 

above results are summarized and presented in Tables 1a–1d. The current analysis was further 

expanded by employing four NJF ropes instead of one, resulting in a flexural capacity of 62.1 kN, 

corresponding to a 23.0% improvement over the control beam. 

3.2 Experimental Validation 

 
Fig. 3. Longitudinal and cross-sections of the considered beam with balanced conditions corresponding to the 

reinforcement materials. 

The experimental campaign concerned the flexural performance of steel-reinforced concrete beams 

post-tensioned with a single jute rope, 14 mm in diameter. During casting, the beams were designed 

with internal ducts to house the NJF ropes. After hardening, a jute rope was passed through each beam, 

secured with anchors at the dead end, and tensioned at the opposite (live) end using a hydraulic actuator, 

without any grouting, thus keeping the rope unbonded. To improve the grip and prevent slippage at the 
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anchor zone, the compressible rope was wrapped in cotton fabric. The post-tensioning setup included 

anchors, a hydraulic actuator, a load cell to measure the post-tensioning load, and a hollow steel casing 

that surrounded the rope and rested against the beam's end. A post-tensioning force of 6.8 kN was 

applied, corresponding to 80% of the jute rope's tensile strength. The laboratory post-tensioning setup 

is illustrated in Fig. 4. 

Table 1a. Geometries and material properties of the analyzed beam 

b  

(mm) 

D 

(mm) 

L 

(mm) 

fc
′ 

(MPa) 
εcu 

fsy  

(MPa) 

fsu  

(MPa) 

ds 

(mm) 

Es 

(MPa) 
εsy εsu As (mm2) 

150 200 1800 35.5 0.003 411.4 622.7 173 210000 0.00196 0.078 226.2 

b, D, and L represent the width, overall depth, and span, respectively; fc
′ and εcu are the characteristic compressive strength and maximum 

compressive strain in concrete, respectively; and fsy, fsu, ds, Es, εsy, εsu, and As are the yield strength, ultimate tensile strength, effective depth, elastic 

modulus, yield strain, ultimate tensile strain, and reinforcement area of the steel rebars, respectively. 

Table 1b. Analytical findings of the reinforced (control) beam 

β1 ρbs ρ Design category c (mm) Ts (N) Cc (N) Mu (Nmm) Pu (kN) 

0.79 0.035 0.0087 Under-reinforced 25.95 93057 93057 15142184.7 50.47 
β1, ρbs, and ρ are the stress-block factor for concrete, balanced reinforcement ratio, and actual reinforcement ratio, respectively; c, Ts, and 
Cc are the neutral axis depth, tensile force in steel rebars, and compressive force in the concrete, respectively; Mu and Pu are the moment 

of resistance and flexural capacity, respectively. 

Table 1c. Additional material properties and geometries of the jute-post-tensioned beam 

fju (MPa) dj (mm) Ej (MPa) εju Aj (mm2) Lu (mm) 

55.4 150 754.3 0.074 153.9 2000 

fju, dj, Ej, εju, and Aj are the tensile strength, effective depth, elastic modulus, ultimate tensile strain, and area of the jute rope, respectively; 

and Lu is the distance between the ends of the post-tensioning rope. 

Table 1d. Analytical findings of the beam post-tensioned with jute ropes 

Ωu c (mm) εsy εji εj Ts (N) Tj (N) Cc (N) Mu (Nmm) Pu (kN) 

0.405 27.88 0.00196 0.0588 0.0594 93057 6900 99957 16030074 53.43 

Ωu is the ultimate bond reduction coefficient; εji, εj, and Tj are the initial strain, actual strain, and tensile force in the jute rope, respectively; 

Mu and Pu are the moment of resistance and flexural capacity, respectively; and remaining terms are defined previously. 

 

Fig. 4. Laboratory setup for post-tensioning on beams using jute ropes. 

Following the post-tensioning application, the bending test was carried out until the beam failed. 

The bending test was performed on three identical samples for both the post-tensioned and control 

beams. Fig. 5 illustrates the bending test with an elevational view of a tested beam. The beams have 

exhibited a tension-controlled failure, yielding the steel reinforcement, as evidenced by the significant 

deflection experienced by the beams. Thanks to strain compatibility, the jute rope's notably low stiffness 

(high stretchability) was crucial in preventing its rupture. Fig. 6 compares the averaged load–deflection 

behaviors of both the control and post-tensioned beams loaded in incremental cycles. This loading 

method aims to facilitate a more comprehensive assessment of ductility, a topic not addressed in the 

current study. 

It is evident from Fig. 6 that the post-tensioned beam yielded 4.3% higher flexural capacity than 

the control beam. The difference between the flexural capacity measured here and that obtained from 
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the analytical approach is justifiable. In the flexural analysis of the under-reinforced section, the 

moment of resistance is calculated considering the yield strength of the steel (411.4 MPa) conforming 

to the standard elastic-ideally plastic constitutive law. The yield strength here is significantly lower than 

the ultimate tensile strength of 622.7 MPa. This contributes to flexural strength, following an 

elastoplastic constitutive law in which strain hardening increases flexural capacity. Additionally, the 

concrete's compressive force is calculated analytically using a rectangular stress block approximation. 

Overall, the experimental validation demonstrated the proposed methodology and provided an 

informative indication of the improved flexural strength, which aligns with the analytical findings, and 

will be further evaluated through numerical simulation. It is to be noted that while this increase in 

flexural capacity is modest, it does exist and was accomplished using just a single jute rope due to 

limitations in laboratory equipment. This suggests that the structural strength could be further enhanced 

by increasing the number of post-tensioning ropes, which will be explored subsequently. 

 
Fig. 5. Bending test on the jute-post-tensioned beam. 

 
Fig. 6. Load–deflection curves of the control and post-tensioned beams tested in bending. 
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3.3 Numerical Analysis 

For enhanced reliability, the beams' finite element analyses (FEA) were performed in ABAQUS®. 

An 8-node C3D8R elements were employed for modeling concrete [40,41], while 2-node three-

dimensional elements (T3D2) were employed for modeling the steel [41]. A six-node linear triangular 

prism element (C3D6) was used to represent the whole geometry of the jute rope, which featured six 

degrees of freedom. The mechanical characteristics of the jute and steel are mentioned earlier. The 

concrete-reinforcement interaction was applied through the embedded region constraint [40,41], while 

the unbonded jute rope was anchored at the ends. An 80% existing tensile stress was applied in the 

predefined field to represent the post-tensioning force. The displacement-control loading was applied 

up to failure. 

The concrete's non-linearity was applied through the concrete damaged plasticity (CDP) model. 

The stress-strain relationship in compression was modeled according to Aslani and 

Jowkarmeimandi [42], considering a concrete's compressive strength of 35.5 MPa. The concrete 

behavior in tension was modeled according to Wahalathantri et al. [43]. The constitutive model of CDP 

for compressive and tensile behavior is shown in Fig. 7, and the compressive and tensile concrete 

parameters are presented in Table 2a and Table 2b, respectively. The finite element (FE) model 

developed in ABAQUS® is illustrated in Fig. 8. 

 
Fig. 7. (a) Compressive behavior and (b) tensile behavior of concrete in the CDP model. 

The FE model was validated against experimental findings of a beam set of 35.5 MPa concrete 

compressive strength and two 12 mm-diameter steel rebars without post-tensioning. The validation, 

illustrated in Fig. 9a, shows that the FEA curve compares well with the experimental results obtained 

from the average response of three tested beams considering the flexural capacity, with a maximum 

difference of 1.3%. The deviation between the two approaches is more observed in the initial stage, 

then decreases in the post-yielding stage, where the results of both approaches are comparable. The 

deviation in the early behavior can be attributed to the fact that experimental samples of beams are more 

likely to have defects and minor cracks due to handling while moving and lifting, which can reduce the 

initial stiffness of the beam. The finite element analysis does not highlight this reduction. However, the 

flexural capacity is the focus of the current study, which aims to assess the post-tensioning influence of 

using jute ropes on the flexural capacity of the beam. Hence, the finite element model is deemed valid 

for further investigation. 

4 Results and Discussions 

The FE model, validated previously, has been used to evaluate the effectiveness of post-tensioning 

using jute ropes on flexural capacity. The flexural strength of the non-post-tensioned (control) beam 

was obtained as 65.5 kN, whereas the post-tensioned beam exhibited 67.8 kN, with a 3.5% 

improvement. The numerical analysis was extended to include the post-tensioning using four jute ropes. 
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Table 2a. Compressive parameters for the 

concrete damaged plasticity (CDP) model 

 Table 2b. Tensile parameters for the 

concrete damaged plasticity (CDP) model 

Yield stress Inelastic strain dc  Yield stress Cracking strain dt 

12.93801 0.00000 0.00000  1.96620 0 0 

20.74527 0.00031 0.00000  1.09082 7.00×10-5 0.44522 

27.28885 0.00062 0.00000  0.77281 0.00015 0.60695 

32.01134 0.00094 0.00000  0.60517 0.00022 0.69221 

34.69261 0.00125 0.00000  0.50061 0.00029 0.74539 

35.50000 0.00156 0.00000  0.42875 0.00037 0.78194 

34.39614 0.00187 0.03109  0.37609 0.00044 0.80872 

31.57920 0.00218 0.11045  0.33574 0.00052 0.82924 

27.88330 0.00249 0.21455  0.30375 0.00059 0.84551 

24.00634 0.00281 0.32377  0.27773 0.00066 0.85875 

20.37688 0.00312 0.42600  0.25612 0.00074 0.86974 

17.18785 0.00343 0.51584  0.23786 0.00081 0.87902 

14.48320 0.00374 0.59202  0.22222 0.00088 0.88698 

12.23193 0.00405 0.65544  0.20865 0.00096 0.89388 

10.37413 0.00436 0.70777  0.19677 0.00103 0.89993 

8.84482 0.00468 0.75085  0.18626 0.00111 0.90527 

7.58433 0.00499 0.78636  0.17691 0.00118 0.91003 

6.54180 0.00530 0.81572  0.16852 0.00125 0.91429 

5.67545 0.00561 0.84013  0.16095 0.00133 0.91814 

4.95162 0.00592 0.86052  0.15408 0.00140 0.92163 

4.34340 0.00623 0.87765     

3.82937 0.00655 0.89213     

3.39246 0.00686 0.90444     

3.01904 0.00717 0.91496     

2.69818 0.00748 0.92399   

2.42108 0.00779 0.93180   

Yield stress is in MPa and dc is the damage 

parameter of concrete in compression 

 Yield stress is in MPa and dt is the damage 

parameter of concrete in tension 

 
Fig. 8. Finite element (FE) model in ABAQUS®. 
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Fig. 9b compares the post-tensioned beams at 80% to the control beam. It can be seen that the jute-

post-tensioned beam has yielded a 76.2 kN flexural strength compared to 65.5 kN of the control beam 

(mentioned previously), with a 16.3% premium. Fig. 9b also shows two different trends before and 

after the steel's yielding. Both the control and the post-tensioned beams behave identically in the pre-

yielding stage, whereas they start behaving differently in the post-yielding stage. The reason for this 

phenomenon is the significantly low elastic modulus of the jute ropes, according to strain compatibility, 

which activated rope contribution upon yielding steel when the deformation rapidly increased. 

 

Fig. 9. (a) Validation of the finite element model and (b) Comparison of load–deflection responses of the 

control and post-tensioned beams. 

The effectiveness of beam post-tensioning using jute ropes was compared to steel-post-tensioned 

beams. The steel strand featured a yield stress of 1466 MPa, a tensile strength of 1723 MPa, and an 

elastic modulus of 195 GPa [44]. This strand had a 12.7 mm diameter, yielding a cross-sectional area 

of 92.9 mm² [45] and allowing it to fit within the duct. It was post-tensioned to 30% of its yield strength. 

This reduced 30% post-tensioning ratio, compared to 80% for jute ropes, is attributed to the normal 

concrete strength and the small-scale cross-section investigated in this research. This approach aims to 

reduce the jacking stress, given that high-strength steel strands are generally employed alongside high-

strength concrete and larger-scale elements. 

To further capitalize on the benefits of NJF ropes, steel reinforcements were substituted with basalt 

FRP (BFRP) rebars, thereby completely removing steel and introducing a corrosion-resistant element. 

The beam analyzed here was reinforced with 8 mm-diameter BFRP rebars with a tensile strength of 

966.7 MPa and a 48.7 GPa elastic modulus. Typically, beams reinforced with BFRP rebars should be 

designed as over-reinforced sections for enhanced ductility, as FRPs are brittle materials, and designing 

the members for FRP rupture results in a catastrophic failure [46]. However, designing the beam as an 

over-reinforced section results in a higher flexural capacity than the other beams. Therefore, for 

comparison, the under-reinforced design was considered with 8 mm diameter BFRP rebars. 

Fig. 10 presents a comparison of the flexural behavior across different scenarios: a non-post-

tensioned (control) beam reinforced with steel, a beam reinforced with steel and post-tensioned with 

jute rope, a beam reinforced with steel and post-tensioned with steel, a non-post-tensioned beam 

reinforced with BFRP rebars, and a beam reinforced with BFRP rebars and post-tensioned with jute 

ropes. Fig. 10 shows that the steel strand-post-tensioned beam demonstrated superior flexural 

performance compared to the others. This case's significant increase in flexural capacity can be 

attributed to the high-strength steel strands having significantly higher tensile strength than the jute 

ropes. Nevertheless, the corrosion-resistant properties of jute ropes may offset their comparatively 

lower strength, thereby promoting their preference over steel strands. Additionally, the beam post-

tensioned with jute ropes and reinforced with BFRP rebars achieved a comparable high flexural capacity 

of 71.6 kN. However, it exhibited significant deflection, similar to all other FRP composites. 

Considering the service load as the load capacity of the control beam divided by an average load factor 

of 1.5, resulting in 43.7 kN, it is evident from Fig. 10 that the post-tensioned beam with jute ropes and 
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reinforced with BFRP rebars has exhibited 26 mm deflection at service load as compared to 

approximately 5 mm for the other three cases. For a beam span of 1.8 m, the 26 mm deflection exceeds 

the permissible limit of L/240 (7.5 mm). Compared to steel, the lower stiffness of BFRP results in 

significant beam deflection upon cracking. This characteristic shifts the design focus from strength to 

serviceability. Nevertheless, an investigation was carried out to examine the change in structural 

behavior when post-tensioning the BFRP-reinforced beam with jute ropes as compared to the BFRP-

reinforced beam without jute ropes. Fig. 10 shows that post-tensioning a BFRP-reinforced beam with 

jute ropes has improved the flexural strength by 18.7% relative to the BFRP-reinforced beam without 

post-tensioning, which is comparable with the 16.3% improvement observed previously for the steel-

reinforced beam post-tensioned with jute ropes. Additionally, the post-tensioning here has reduced the 

deflection at the service load by 20%, but it still exceeds the permissible limits of 7.5 mm. A matter of 

interest is that the post-tensioning technique applied to BFRP-reinforced beams has considerably 

reduced the deflection under service loads, a benefit not observed in steel-reinforced beams. This 

phenomenon can be justified as the service load for BFRP-reinforced beams exceeds the cracking 

threshold, leading to a considerable divergence between the load-deflection responses of the control 

and post-tensioned beams due to significant deformation after cracking. This large deformation 

activates the jute rope more effectively, enhancing its role in deformation control. Conversely, in steel-

reinforced beams, the curves only begin to diverge significantly after yielding; however, the design 

does not allow service loads to reach this yielding point, which indicates structural failure. As a result, 

service loads in steel-reinforced beams remain below the yielding threshold, leading to closely aligned 

curves and clarifying the lack of influence from jute post-tensioning on deflection at service loads in 

these beams. As previously mentioned, the most superior structural behavior, represented by the highest 

flexural capacity with the lowest deflection, was observed in the beam reinforced with steel rebars and 

post-tensioned with steel strands. However, due to the corrosion susceptibility of this beam type, the 

post-tensioned beam with natural jute fiber ropes and reinforced with steel emerges as the most 

promising combination. 

 
Fig. 10. Comparison of different combinations of post-tensioning and reinforcing materials: Control beam is 

reinforced with steel; Combination-1 is a beam reinforced with steel and post-tensioned with jute ropes; 

Combination-2 is a beam post-tensioned and reinforced with steel; Alternative beam is reinforced with BFRP 

rebars; and Combination-3 is a beam reinforced with BFRP and post-tensioned with jute ropes. 

5 Conclusions 

The current study explored the potential and effectiveness of natural jute fiber (NJF) ropes for post-

tensioning application on structural concrete members. The main conclusions drawn from this research 

are: 

1. Preliminary flexural analysis of beams indicates an increase of 5.9% in flexural strength when 

post-tensioning with a single NJF rope. Such enhancement appears to increase by up to 23% 

when the number of NJF ropes is increased to four. 
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2. The experimental findings on beams post-tensioned using a single NJF rope reveal a 4.3% 

increase in flexural capacity when compared to beams that are not post-tensioned. This 

empirical data substantiates the viability of employing natural fiber ropes for post-tensioning 

applications, indicating improved flexural performance, particularly in increased flexural 

capacity. 

3. Extended investigations using numerical methods reveal improvements of 16.3% in flexural 

capacity for post-tensioned beams with four ropes from NJF. 

4. The beams post-tensioned with steel strands yield the highest flexural capacity, but they pose 

corrosion risks, which have long been a concern in post-tensioned systems. 

5. Replacing steel reinforcement with BFRP bars in the jute-post-tensioned system exhibits a 

similar trend from a strength perspective, yielding an 18.7% increase in flexural capacity. 

However, this combination does not meet serviceability criteria, though it reduces the 

deflection at service load by 20% compared to a non-post-tensioned BFRP-reinforced beam, 

but it is still above the permissible limit. This limitation is due to the low elastic moduli of both 

materials. 

6 Future Scope 

The proposed technique has demonstrated efficacy in improving structural behavior while 

concurrently facilitating the flexible replacement of the unbonded ropes as needed. However, it should 

be noted that the ropes' exposure to weather and chemical agents accelerates their degradation, 

alongside the need for continuous monitoring and maintenance of anchorage. This presents 

opportunities for future research into the application of bonded natural fiber ropes in post-tensioning 

and/or pretensioning systems. Additionally, while this study primarily addresses post-tensioning in 

beams, the methodology may also be applied to secondary structural elements within buildings. 
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