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Introduction 
 

Reinforced concrete (RC) structures without proper seismic 

design codes and reinforcements reported serious damages 

during the Mae Lao Earthquake in Thailand (Mw 6.3). Fiber 

reinforced polymers (FRPs) are one of the most effective 

methods to increase confinement effects of the structure due 

to their design flexibility, light weight and corrosion 

resistance (Jawaid et al. 2011, Mohammed et al. 2015, Yan et 

al. 2016).  Conventional FRP such as Carbon FRP (CFRP), 

Glass FRP (GFRP) and Aramid FRP (AFRP) could be applied 

as retrofitting method to improve strength and ductility of the 
structures. However, their high material cost (CFRP cost: 21 

US dollars/kg) makes these FRPs less appropriate for low-

cost building. NFRP is one of the most applicable solutions 

for less industrialized areas since they have lower material 

cost and use locally available products. Jute is one of the most 

well-known natural fiber products in Thailand (Horsangchai 

et al. 2016, Jirawattanasomkul 2015). Jute has relatively low 

material cost (0.5 US dollars/kg) with low environmental 

impact. However, NFRP such as jute have not been applied in 

practical structural applications due to insufficient 

information on structural performance. 
 

Jute cellulose fiber are hydrophilic and hygroscopic 

(Mokhothu and John, 2015) and could absorb water from the 

surrounding environment. The higher amount of water would 

result in lower performance of fiber on reinforcement due to 

lower adhesion among hydrophilic fiber and hydrophobic 

polymers. The heat treatment of Jute NFRP (Takemura 2010, 

Thitithanasarn et al. 2011, Sen and Jagannatha 2013) has been 

studied. This research focuses on the effects of heating 

pretreatment at various temperature and duration on 

mechanical properties of Jute FRP (JFRP) and concrete 

cylinder wrapped with JFRP. The result of this study will 
provide useful information for future JFRP applications. 

 

EXPERIMENTAL PROGRAM 

 

▪ Tensile coupon test 

 

In order to investigate tensile properties of heat pretreatment 

on JFRP, a total 93 specimens of JFRP with WEFT direction 

were tested based on JSCE-E541 standard (2000), as shown 

in Figure 1. Temperatures were set at 40 ºC, 60 ºC, 70 ºC, 80 

ºC, 90 ºC and 100 ºC with the durations of heating; 1 hour, 8 
hours, 24 hours, 36 hours, 48 hours, 60 hours and 72 hours on 

jute before composite molding process. To prevent slippage 

of composite specimens during tensile test, grips holder was 

applied to the specimen. Tensile test was conducted to 

measure the tensile strength and strain of each coupon using 

universal tensile testing machine. 

 

                         
Figure 1. Strength coupon test of JFRP 

 

▪ Concrete cylinder compression test 

 

Compression test of concrete wrapped with heat treated JFRP. 

Jute samples were subjected to heating temperatures at 40 ºC, 

60 ºC, 70 ºC, 80 ºC, 90 ºC and 100 ºC with the durations of 

heating; 1 hour, 8 hours 24 hours, 36 hours, 48 hours, 60 hours 

and 72 hours on jute before cylinder wrapping process with 

ninety-nine specimens. 6 Control concrete specimens without 

JFRP confinement (denoted as CT) were prepared with 

diameter 10 cm and height 20 cm. The compressive strength 

was designed as 21 MPa at 28 days. Normal strength cement 

with the maximum coarse aggregate size of 20 mm was used 

for casting process. Concrete were casted, pour and 
compacted in the mold with standard air curing procedure for 

28 days. After 14 days, concrete’s surface was smoothened 

using disk grinding to attach the JFRP sheets with overlapping 

zone of quarter of diameter, as illustrated in Figure 2.  Jute 

cloth from different heat pretreatment was wrapped around 

this cylinder with WEFT direction. Polymer and jute formed 

the JFRP. An overlapping zone of a quarter circumference of 

the concrete cylinder was applied for avoiding slippage 

(Figure 2). Strain gauges were installed on horizontal and 

vertical directions of JFRP surface at the middle height of 

specimens. All cylinder specimens were tested 

undermonotonic concentric compression using Universal 
Testing Machine.  



 

 
 

Figure 2. Compression test of concrete cylinder 

 

EXPERIMENTAL RESULTS AND DISCUSSION 

 

▪ Coupon test results 

 

From the first set of the tensile testing experiment with 40ºC-

100 ºC preheating treatment, optimum heating condition has 

been observed with 80 ºC and heating duration of 24 hours, 

which gives the highest value of tensile strength (244 MPa) as 
well as the highest value of initial elastic modulus (17,425 

MPa). 

 

From the second set of tensile testing experiment with 60ºC-

90 ºC preheating treatment, optimum heating condition which 

provides the highest tensile strength (231 MPa) was observed 

in 80 ºC with the longest heating duration of 72 hours. In case 

of 60 ºC and 70 ºC heating, the highest tensile strength was 

observed in 48 hours heating duration (221 MPa). In contrary, 

90 ºC specimens expressed lower ultimate tensile properties 

with longer heat exposure duration after 24 hours.  
 

In 90 ºC heating condition, it could be observed that 

specimens expressed lower ultimate tensile properties with 

longer heat exposure duration after 24 hours. This could be 

the effect of fiber being damaged from excessive heat 

treatment. According to Shimazu F. and Sterling C. (1966), 

the heating in the absence of water caused a much greater 

amount of hydrolysis and dehydration, which was particularly 

marked at the higher temperature to cellulose with water at 

temperature 100 and 150 °C. Thus, the absent of aqueous 

condition may damage cellulose more than the aqueous one. 

 
 

▪ Effect of heat treatment on JFRP wrapped with concrete 

cylinder 

 

From compressive testing experiment of 60 ºC-90 ºC 

specimens, optimum condition was observed in 80 ºC with the 

longest heating duration of 24 hours providing 47.5  

compressive strength (39.8 MPa). In 90 ºC heating condition, 

it could be observed that specimens expressed lower ultimate 

compressive properties with longer heat exposure duration 

after 24 hours. This could be the effect of fiber being damaged 

from excessive heat treatment. According to Shimazu F. and 

Sterling C. (1966), the heating in the absence of water caused 

a much greater amount of hydrolysis and dehydration, which 
was particularly marked at the higher temperature to cellulose 

with water at temperature 100 and 150 °C. Thus, the absent of 

aqueous condition may damage cellulose more than the 

aqueous one. 

 

 
 

Figure 3: Ultimate tensile strength of jute coupon with heat 
treatment 

 

 

 
 

Figure 4: Ultimate tensile strength of jute coupon with heat 

treatment 
 

MPa. From compressive testing experiment of 60 ºC-90 ºC 

specimens, optimum heating condition which provide highest 

compressive strength were observed in 80 ºC with the heating 

duration of 60 hours providing 22.8% of compressive strength 

increase in comparison with JFRP concrete cylinder without 

heat treatment. The average value of compressive strength of 

control concrete from experiment is 29.9 MPa. For 60 ºC and 

70 ºC heating, the highest compressive strength was observed 

in 48 hours and 60 hours heating duration. For 80 ºC heating, 

the optimum properties were found in 60 hours specimens. On 

the contrary, 90 ºC specimens expressed lower compressive 

properties with longer heat exposure duration. This could be 

the effect of fiber being damaged from excessive heat 

treatment. 

Different sets of experiment were conducted at different 

times. This could be the reason of difference in different 

experimental result. However, data of each experiment and 

trend could be observed in order to compare the results. 

 

Heating condition of 40-70 ºC demonstrates trend of optimum 

heating condition as one a point of heating duration. For 

example, 60 ºC and 70 ºC heating, the highest compressive 

strength was observed in 48 and 60 hours heating duration 

(35.8 MPa and 36.3 MPa). Continuing heating from 48 hours 



provide slightly lower ultimate tensile strength trend. For 

heating condition 80 ºC, the result demonstrates that 80 ºC 

with 60 hours provide the highest strength. 

 

 
Figure 5: Ultimate compressive strength of JFRP concrete 

cylinders with heat treatment 

 

 
 

Figure 6: Ultimate compressive strength of JFRP concrete 
cylinders with heat treatment 

 

 
Figure 7. Tensile strength relationship with moisture content 

decrease of JFRP coupon 

 

Figure 7 demonstrates moisture content decrease with 

ultimate tensile strength obtained from tensile test of JFRP 

coupon. 

Using information obtained from Figure 7, tensile strength 

prediction model was modified as shown below: 

 

                              
𝑓′∗

𝑡
= 𝑓′∗

𝑡𝑜
+ 4.56𝑀𝑐          (1) 

 

where 𝑓′∗
𝑡
= ultimate tensile strength of JFRP coupon;  𝑓′∗

𝑡𝑜
 

= ultimate tensile strength of JFRP coupon without heat 

treatment and 𝑀𝑐  = moisture content decrease of JFRP  

 

 
Figure 8. Comparison graph between tensile strength from 

graph and model prediction 

 

▪ Analytical study of concrete confined by jute 
natural fiber reinforced polymer with heat treatment 
 

As stated by Dai et al. (2011), a compressive strength 

prediction model for concrete cylinder wrapped with FRP 
jacket was proposed based on Lan and Teng model (2003). 

Dai et al. (2011) proposed the model based on conventional 

FRPs (e.g., GFRP and CFRP) and large rupture strain FRP 

(LRS-FRP) such as PET-FRP and PEN-FRP, as shown below: 

 

                           𝑓′∗
𝑐𝑐

= 𝑓′∗
𝑐𝑜

+ 3.5𝜎𝑙                        (2) 

 

where 𝑓′∗
𝑐𝑐

= compressive strength of confined concrete;  

𝑓′∗
𝑐𝑜

 = compressive strength of unconfined concrete and 𝜎𝑙 

= confining pressure (or lateral stress) of FRP jacket,  

 

                           𝜎𝑙 =  
𝜎ℎ,𝑟𝑢𝑝𝑡𝐹𝑅𝑃

𝑅
                                (3) 

 

where 𝜎ℎ,𝑟𝑢𝑝= hoop stress of FRP jacket; 𝑡𝐹𝑅𝑃=nominal 

thickness of FRP jacket; and 𝑅 = radius of concrete core,  

 

                                𝜎ℎ,𝑟𝑢𝑝 =  𝐸𝐹𝑅𝑃𝜀𝑙                           (4) 

 

where 𝐸𝐹𝑅𝑃 = secant modulus of NFRP obtained from 

coupon test; and 𝜀𝑙  = hoop or lateral strain of NFRP at peak 

strength obtained from compression test of cylinder 

specimens. 

 

 
Figure 9. Comparison graph between compressive strength 

from experiment and model prediction 

 



Figure 9 shows comparison value of compressive strength 

between experimental data and prediction data from equation 

2. 

 

▪ Modified model for jute Natural Fiber Reinforced 

Polymer 

 

The strength relationship among JFRP coupons and JFRP 

confined concrete cylinders was demonstrated in Figure 10. 

Those relationships imply that the coupon test results would 

be able to predict the compressive strength of the concrete 

cylinders. At temperature 40-100 ºC, the relationship of 

tensile strength of coupon and the JFRP confined concrete 

cylinder was linear regression as shown in Figure 10 with R2 
value of 0.3602. 

 

 
Figure 10. Relationships of JFRP coupons’ tensile strength 

and jute FRP confined concrete cylinders’ compressive 

strength at temperature 40-100 ºC 

 
Using information obtained from Figure 10, compressive 

strength prediction model Equation (2) was modified as 

shown below: 

                       𝑓′∗
𝑐𝑐

= 𝑓′∗
𝑐𝑜

+ 2.42 
𝜎ℎ,𝑟𝑢𝑝𝑡𝐹𝑅𝑃

𝑅
              (5) 

 

where 𝜎ℎ,𝑟𝑢𝑝  = ultimate tensile strength of JFRP obtained 

from coupon test under the assumption that the tensile stress 

of FRP jacket at peak compressive load is the tensile strength 

of coupon. Equation (5) indicates lower confinement effect 

than Equation (2) and poor correlation with the experimental 

points. 

 

 
Figure 11. Relationships maximum tensile stress and 

confined concrete cylinders’ compressive strength at 

temperature 40-100 ºC 

Maximum tensile stress in Figure 11 were obtained by using 

maximum strain obtained from compression test and compare 

the value with ultimate strain obtained from coupon tensile 

test in order to produce maximum tensile stress.   

Using information obtained from Figure 11, compressive 

strength prediction model Equation (2) was modified as 

shown below: 

                   
𝑓′∗

𝑐𝑐
= 𝑓′∗

𝑐𝑜
+ 3.05 

𝜎ℎ,𝑟𝑢𝑝𝑡𝐹𝑅𝑃

𝑅
                   (6) 

 

Equation (6) indicates lower confinement effect than Equation 

(2). Figure 12 demonstrates comparison data as Equation (6) 

predicted higher accuracy of average test/model ratio and 

coefficient of variation. 
 

 
Figure 12. Comparison graph using Equations (5) (left) and 

(6) (right) 

 

Conclusions  

1) Stress-strain relationship of JFRP with heat treatment 
exhibits trends of stress-strain relationship with heat treatment 

condition. For 60ºC and 70ºC, heat treatment form 24 hours 

to 48 hours improves compressive strength and strain capacity 

of JFRP. However, heat treatment from 48 to 72 decrease 

strain capacity of JFRP specimens. In 80 ºC case, compressive 

strength demonstrates improvement from 1 hour until 60 

hours. However, increasing heating duration from 36 hours to 

72 hours resulted in degradation of compressive strength and 

strain capacity. 

 

2) From tensile testing experiment with 40 ºC-100 ºC heat 
treatment, optimum heating condition, which provide highest 

tensile strength, was observed in 80 ºC with the longest 

heating duration of 72 hours giving 17.8% of tensile strength 

increase compared to JFRP coupon without heat treatment 

 

3) Heat treatment could improve mechanical properties of 

concrete confined with JFRP, for heat treatment condition of 

40 ºC-100 ºC. The highest mechanical property is observed in 

80 ºC with 60 hours heating duration as 22.8 % compressive 

strength improvement comparing to specimens without heat 

treatment. 

 

4) Ultimate tensile strength prediction model based on 

moisture content decrease demonstrates high accuracy as -

6.40 to 5.80 error percentage. However, the limitation of this 

model was observed as excessive heat treatment condition as 

higher than 90 ºC for 36 hours provides JFRP degradation. 

Dai’s model provides a moderate prediction accuracy as 

designed based on conventional FRPs such as PET-FRP. The 

results also demonstrate that the prediction model using 

maximum strain data obtained from compression test of JFRP 

concrete cylinders demonstrates higher accuracy from -25.0 

to 12.9 error percentage in comparison with the model with 

ultimate tensile strength of coupon test. 


