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Introduction and background 

 

Due to the increasing environmental awareness and increasing crude oil price the use of natural fibres as 

reinforcement in composites becomes more and more important. Hemp is frequently used in some 

composite applications [1]-[5]. Good composite characteristics like high strength and modulus values are 

mainly based on a good adhesion between fibre and matrix. Besides the properties of the reinforcing fibre 

and the polymer matrix, the fibre/matrix interaction has a decisive influence on the characteristics of a 

composite [6]-[7]. The chemical composition of the fibre and the constitution of the fibre surface play an 

important role [8]-[12].  

Failure of a composite is dependent on different failure mechanisms. If the force exceeds the strength of 

the interface, debonding and fibre pull-out occur. Via frictional forces, tension may still be transferred to a 

fibre along the interface, whereby energy is absorbed [13]. This kind of fibre/matrix adhesion is called 

practical fibre/matrix adhesion or apparent interfacial shear strength, respectively. If the forces are higher 

than the local fibre strength, the fibre fails due to tension.  

In general a good adhesion between a stiff and strong fibre and the matrix results in a stiff composite with 

high tensile strength, whereby often brittle impact behaviour is caused, due to the prevention of energy 

absorbing fibre pull-outs. However, weaker but still good fibre/matrix interactions usually lead to good 

impact strength due to the good energy absorption by the pull-outs. Depending on the reinforcing fibre 

used, the strength of a composite can also be reduced by weak fibre/matrix adhesion. A weak fibre/matrix 

interaction, in which force transfer from the matrix to the fibre is not possible, lead to a reduction of the 

tensile properties, and may also result in a decrease of the impact strength due to the absence of friction 

during the fibre pull-outs. 

Hence, for the interpretation of the mechanical properties of a composite, the characterisation of 

fibre/matrix adhesion is of special importance. For the analysis of conventional composites, such as glass or 

carbon fibre reinforced composites, some tests are already available [9] [14] [15]. Examples are the pull-out 

test, the microbond test, the push-in test, the three-fibre test or the fragmentation test.  

In the present work, the single fibre fragmentation test [16] [17] is used for the characterisation of the 

fibre/matrix adhesion of hemp fibre bundles embedded in a maleic anhydride grafted polypropylene matrix 

(MAPP). For the fragmentation test, the fibre is completely embedded in the matrix and the sample is 

loaded axially to the fibre direction in a tensile test up to a certain strain. During this procedure, the 

samples are not to be allowed to break. Depending on the quality of the adhesion, more or fewer 

fragments are formed. Figure 1 shows a schematic representation of the progress of an optimum 

fragmentation of a single fibre embedded in a polymeric matrix. As a result the fibre is fragmented 

uniformly in small fragments with the minimum length of the critical fragment length (Lc). Due to the low 

uniformity of bast fibre bundles like hemp and different stress states caused eg. by changing shapes and 

cross-sectional areas along the fibre, this behaviour is usually not the case. A higher variability in measured 

fragment lengths is expected.  

From the lengths of the fragments, the critical fragment length, and - when the fibre tensile strength is 

known - the interfacial shear strength (IFSS) can be calculated.  

The fragmentation test is well-suited for brittle fibres in a matrix, which has at least a three times higher 

elongation than the fibre [7]. The three times higher elongation of the matrix in comparison to the fibre is 

necessary. Otherwise the matrix would fail due to tensile stress before the fragmentation of the fibre is 

started or completed. These requirements are usually met for hemp fibre bundles embedded in a MAPP 

matrix. The determination of the critical fragment length and interfacial shear strength is used to compare 

the adhesion between fibre and matrix of one type of hemp harvested at three different locations (France, 
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Italy, The Netherlands) at three different places within each field (blocks) resulting in nine samples. The 

influence of the different origins on the fibre/matrix adhesion is evaluated with the single fibre 

fragmentation test. 

 

 
 

Figure 1: Schematic representation of the fragmentation of a fibre during the fragmentation test (A - C) with 

corresponding stress graphs (A '- C'). A & A ') Specimen at the beginning of the tensile test - a uniform stress 

distribution can be seen. B & B ') Beginning fragmentation of the fibre. C & C ') Completed fragmentation of the fibre - 

the fibre fragmented into the smallest units (critical fragment length Lc) ([19] - changed).  

 

 

Materials & methods 

 

Materials 

 

Fibres 

 Hemp type Futura 75 (code name MH-FNPC-255) was used for the investigations. The same type 

was cultivated at three different locations – Italy (UCSC), France (FNPC) and The Netherlands (NL) – 

and the coarse separation was done at HSB. Samples were harvested at three different places 

within the field (blocks) resulting in nine samples:  

o France (FNPC) 1 

o France (FNPC) 2 

o France (FNPC) 3 

o Italy (UCSC) 1 

o Italy (UCSC) 2 

o Italy (UCSC) 3 

o The Netherlands (NL) 1 

o The Netherlands (NL) 2 

o The Netherlands (NL) 3 
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The tensile strength was measured for three samples harvested from block three as presented in 

the previous report (Task: 6.5 Report on the characterization of hemp cultivar strength and 

dislocations). Tensile strength values used for the calculation of the interfacial shear strength are as 

follows: 

o France (FNPC) 3:   587.2 MPa 

o Italy (UCSC) 3:    653.1 MPa 

o The Netherlands (NL) 3: 338.6 MPa 

Since the tensile strength values have been determined only for the samples that were harvested 

from block three, the interfacial shear strength can be evaluated only for those three samples. The 

critical fragment length is independent of the fibre bundle strength and can therefore be 

determined for all samples. 

 

Matrices 

 Polypropylene granules (SABIC PP 575P, Sabic Deutschland GmbH, Düsseldorf, Germany) grafted 

with 2% maleic anhydride (Licocene PP MA 6452 GR, acid number = 41 mg KOH/g, density = 0.905 

g/cm³, melt index = 10.5 g/10 min and a vicat temperature of 153 °C, Clariant SE, Sulzbach, 

Germany) as coupling agent (MAPP) were used as matrix. 

 

 

Single fibre fragmentation test (SFFT) 

 

For the investigation of the practical fibre/matrix adhesion of hemp fibre bundles (Futura 75, Cannabis 

sativa L.; code name MH-FNPC-255) embedded in a MAPP-matrix, a single fibre fragmentation test (SFFT) 

was chosen.  

As part of sample preparation, MAPP-sheets with a thickness between 150 and 250 µm were produced. 

Therefore, 1 g of the MAPP granules were distributed evenly on a Teflon foil (Figure 2a, foil type 0903 AS; 

Böhme Kunststofftechnik GmbH + Co. KG, Schwarzenbek, Germany). The polymer-films were manufactured 

with a press rheometer which was developed at the Faserinstitut Bremen e. V. (Figure 2b; FIBRE, Bremen, 

Germany) at 185 °C for 5 min under a pressure of approx. 3.3 MPa between two Teflon-foils. Foils were 

cooled at room temperature between two steel plates. Fibre bundles were oriented, placed on one sheet 

and fixed with adhesive tape on both ends (Figure 2c). The sheet was covered with a second MAPP sheet 

and pressed again to stack the films together (hot pressing with the press rheometer under a pressure of 

approx. 3.3 MPa at 185 °C for 5 min and cooling at room temperature between two steel plates). To 

determine the critical fragment length and IFSS, the sheets were cut into dump bell shaped specimens with 

a width of approx. 3 mm and a length of 36 mm (compare Figure 3). Testing was carried out with a 

Zwick/Roell universal testing machine (Zwick/Roell, Ulm, Germany) type Z 020 operating with a load cell of 

500 N and a testing speed of 0.2 mm/min. The gauge length was set to 15.5 mm. Before the specimen is 

broken the test was finished at a maximum force drop of 20%.  
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Figure 2: Granules prepared for foil manufacturing (a), press rheometer for the production of polymer foils and 

fragmentation test specimens (b) and preparation of fibre bundles for the SFFT (c). 

 

 
 

Figure 3: Left: dimensions of a fragmentation test sample in mm (thickness 150 µm - 250 µm), right: tested specimens, 

some fragments are clearly visible. 

 

Prior to testing the test specimens were conditioned for at least 18 h at 23 °C and 50% relative humidity. 

The fragment length of the individual samples was measured under an optical light microscope AP600 

(Bresser GmbH, Rhede, Germany) using an ocular micrometer calibrated with an object micrometer. For 

the analysis of the fragment length only samples were taken into account where the crack went completely 

through the fibre bundle (compare Figure 4). The amount of tested samples is shown in Table 1. 

 

 
 

Figure 4: Fragmentation of hemp fibre bundles observed with optical light microscopy. 

                       (a)                                    (b)                                                                    (c) 
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The measured results allow the calculation of the critical fragment length Lfc in mm according to Feih et al. 

[16] (equation 1) 
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with Lfc = critical fragment length in mm, Ī = average fragment length, n = number of measurements and li = 

single fragment length in mm and the IFSS τ in N/mm² according to Kelly and Tyson [18]. The practical IFSS 

was calculated according to equation 2 [18] 
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with σf = tensile strength of the fibre bundle in N/mm² and df = diameter of the fibre bundle in mm. 

 

 

Statistical evaluation 

 

The statistical evaluation of the results was carried out with the open source R software (http://www.r-

project.org/) with a Shapiro–Wilk test regarding to a normal distribution for n < 1000. To determine if there 

are significant differences between the data of variable samples, for normally distributed data with 

homogenous variances the Tukey-test and for data which are not distributed normally the Wilcoxon test 

was chosen. All tests were performed with a level of significance α = 0.05. Results are shown as Box–

Whisker plots. Significant differences are shown with different letters and an asterisk shows results which 

are not distributed normally. 

 

 

Results and discussion 

 

The results of the measurement of the fibre bundle width and the calculated critical fragment length of the 

individual specimens are summarised in Table 1. Data of individual samples derived from three different 

countries, which were harvested at three different blocks are listed as mean values with standard deviation 

(Std.) and median values. Since the critical fragment length is dependent on the fibre cross-sectional area, 

the fibre bundle width of the various samples must not vary significantly. A larger fibre cross-sectional area 

requires a higher critical fragment length in comparison to fibre bundles having a smaller cross-sectional 

area. Figure 5 shows the results of the fibre bundle witdth measurement as Box-Whisker plots. The 

individual test specimens were pooled within a series of experiments. The results of fibre bundles, which 

were harvested in France, Italy and the Netherlands at three different blocks, are shown. Significant 

differences of the fibre bundle width exist between samples which were taken at different blocks in France 

and Italy. In addition, it can be seen that not all samples are distributed normally. Therefore, the median 

values are taken into account for the following discussions. The detailed values are listed in Table 2.  
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Table 1: Fibre bundle width and critical fragment length of individual fibre bundles after fragmentation at three 

different locations, harvestet at three different blocks. The first number displays the block number – the second 

number is the number of the test specimen, n is the amount of measured fragments within each specimen. 

Sample 
Fibre bundle width in mm Critical fragment length in mm  

Mean Std. Median Mean Std. Median n 

France (FNPC) 1-1 0.13 0.03 0.12 3.24 0.96 3.04 3 
France (FNPC) 1-2 0.09 0.03 0.09 4.63 1.63 4.27 4 
France (FNPC) 1-3 0.10 0.02 0.09 3.87 1.36 3.63 4 
France (FNPC) 1-4 0.11 0.03 0.12 3.23 0.47 3.30 4 
France (FNPC) 1-5 0.16 0.04 0.14 3.47 0.78 3.60 5 
France (FNPC) 2-1 0.06 0.02 0.06 3.07 0.85 3.07 2 
France (FNPC) 2-2 0.06 0.01 0.06 1.30 0.30 1.20 5 
France (FNPC) 2-3 0.08 0.01 0.08 2.87 0.42 3.00 3 
France (FNPC) 2-4 0.07 0.02 0.07 3.43 1.56 3.30 4 
France (FNPC) 2-5 0.13 0.04 0.13 3.80 0.66 3.80 2 
France (FNPC) 2-6 0.15 0.02 0.15 3.97 0.33 3.97 2 
France (FNPC) 3-1 0.20 0.04 0.20 4.47 3.01 3.63 4 
France (FNPC) 3-2 0.07 0.02 0.06 1.95 0.97 2.10 6 
France (FNPC) 3-3 0.19 0.01 0.19 4.15 1.55 3.67 5 
France (FNPC) 3-4 0.15 NA 0.15 6.73 NA 6.73 1 
France (FNPC) 3-5 0.15 0.03 0.15 5.04 1.61 5.47 3 
France (FNPC) 3-6 0.23 0.04 0.23 4.27 0.57 4.27 2 
France (FNPC) 3-7 0.10 0.01 0.10 2.73 1.35 3.27 3 
France (FNPC) 3-8 0.11 0.04 0.12 4.76 2.83 3.47 3 
Italy (UCSC) 1-1 0.09 0.01 0.09 4.33 1.53 4.67 3 
Italy (UCSC) 1-2 0.11 0.01 0.11 5.15 0.73 5.15 2 
Italy (UCSC) 2-1 0.10 0.03 0.09 2.09 0.62 2.07 9 
Italy (UCSC) 2-2 0.15 0.03 0.15 4.32 0.74 4.17 4 
Italy (UCSC) 2-3 0.10 0.01 0.10 2.87 0.95 2.60 6 
Italy (UCSC) 2-4 0.05 NA 0.05 3.73 NA 3.73 1 
Italy (UCSC) 2-5 0.16 0.04 0.16 3.31 1.12 2.67 3 
Italy (UCSC) 2-6 0.19 0.02 0.19 4.73 2.17 4.73 2 
Italy (UCSC) 2-7 0.11 0.02 0.09 2.65 0.68 2.80 5 
Italy (UCSC) 2-8 0.14 0.01 0.14 2.93 0.38 2.93 2 
Italy (UCSC) 3-1 0.16 NA 0.16 4.40 NA 4.40 1 
Italy (UCSC) 3-2 0.07 0.04 0.05 1.10 0.53 0.90 9 
Italy (UCSC) 3-3 0.14 0.09 0.18 4.13 2.47 4.00 3 
The Netherlands (NL) 1-1 0.13 0.01 0.13 5.03 1.23 5.03 2 
The Netherlands (NL) 1-2 0.04 0.01 0.05 1.34 0.47 1.31 8 
The Netherlands (NL) 1-3 0.13 0.03 0.14 2.15 0.93 1.65 3 
The Netherlands (NL) 1-4 0.14 NA 0.14 7.47 NA 7.47 1 
The Netherlands (NL) 1-5 0.09 0.03 0.07 0.95 0.70 0.73 7 
The Netherlands (NL) 2-1 0.08 0.04 0.07 4.24 2.13 3.40 3 
The Netherlands (NL) 2-2 0.17 NA 0.17 3.64 NA 3.64 1 
The Netherlands (NL) 2-3 0.11 0.06 0.11 4.07 1.79 4.07 2 
The Netherlands (NL) 2-4 0.07 0.01 0.07 4.88 0.26 4.88 2 
The Netherlands (NL) 2-5 0.04 0.01 0.04 4.60 3.87 4.60 2 
The Netherlands (NL) 2-6 0.11 0.01 0.11 4.19 2.94 4.19 2 
The Netherlands (NL) 2-7 0.09 0.01 0.10 4.89 1.85 4.40 3 
The Netherlands (NL) 3-1 0.08 NA 0.08 6.57 NA 6.57 1 
The Netherlands (NL) 3-2 0.14 0.01 0.14 2.61 1.23 2.64 4 
The Netherlands (NL) 3-3 0.06 0.02 0.05 1.85 0.63 1.99 7 
The Netherlands (NL) 3-4 0.11 0.02 0.11 2.32 1.81 2.32 2 
The Netherlands (NL) 3-5 0.10 0.03 0.10 2.97 0.97 2.83 3 
The Netherlands (NL) 3-6 0.12 0.00 0.12 3.84 2.44 3.36 5 
The Netherlands (NL) 3-7 0.07 0.01 0.07 3.40 0.96 3.25 3 
The Netherlands (NL) 3-8 0.16 NA 0.16 4.08 NA 4.08 1 
The Netherlands (NL) 3-9 0.07 0.01 0.07 4.50 6.38 2.20 8 
The Netherlands (NL) 3-10 0.06 0.02 0.06 2.96 1.22 3.24 3 
The Netherlands (NL) 3-11 0.06 0.01 0.06 3.75 2.71 3.75 2 



8 
 

 

 
Figure 5: Fibre bundle width shown as Box-Whisker plots for fragmented fibre bundles harvested at three different 

locations at three different blocks (different letters show significant differences, an asterisk marked results which are 

not distributed normally). 

 

As mentioned before the critical fragment length (compare Table 2) is only comparable for samples with 

the same cross-sectional area. Since this is not the case, the critical aspect ratio (l/dcrit) was calculated. For 

this purpose a circular cross-section of the fibre bundles was assumed. That means the fibre width is equal 

to the fibre diameter (df). For the calculation of the critical aspect ratio, the critical fragment length (Lfc) is 

divided by the fibre diameter (= fibre width).  

 

f

fc

crit d

L

d
l     (3) 

 

The results of the evaluation of the critical aspect ratio are summarised in Figure 6 and Table 2. Figure 6 

shows that the location of sampling has no influence on the critical aspect ratio of French hemp fibre 

bundles. This suggests a negligible variation in their surface texture and a high homogeneity regardless of 

the harvested block.  

Although the fibre bundles from Italy show statistically no significant differences for the different sampling 

points, however, the trend shows that the fibre bundles from block 1 have a higher critical aspect ratio. This 

suggests a lower fibre/matrix adhesion. The fibre bundles need a higher length to achieve a reinforcement 
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effect in a composite as compared to fibre bundles harvested from block 2 and 3 with lower critical aspect 

ratios.  

Significant differences were detected between the critical aspect ratios of the fibre bundles from The 

Netherlands. A significantly higher critical aspect ratio is required for fibre bundles from block 2 as 

compared to fibre bundles from block 1. The wide dispersion of the values indicates a large inhomogeneity. 

This may indicate different growth conditions or nutrients at the three different blocks. 

With respect to the critical aspect ratio it can be stated that the samples from France exhibit the greatest 

homogeneity. Fibre bundles coming from the Netherlands require the highest critical aspect ratio and 

consequently possess the weakest fibre/matrix adhesion. 

 
Figure 6: Critical aspect ratio calculated from critical fragment length and fibre bundle width (assuming a circular 

cross-section) shown as Box-Whisker plots for fragmented fibre bundles harvested at three different locations at three 

different blocks (different letters show significant differences, an asterisk marked results which are not distributed 

normally). 

 

The interfacial shear strength (equation 2) could only be calculated for those samples for which the tensile 

strength is known. This was the case for the samples, which were harvested from block 3 in France, Italy 

and The Netherlands. The results are shown in Figure 7 and are listed in more detail in Table 3. From a 

statistical viewpoint, the three samples differ significantly from each other. The fibre bundles from Italy 

show the highest interfacial shear strength with a value of 23.7 MPa followed by the sample from France 

with 16.8 MPa and The Netherlands with 8.2 MPa. 
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Table 2: Fibre bundle width, critical fragment length and critical aspect ratio of fibre bundles after fragmentation, 

harvested at three different locations at three different blocks. 

 
        Fibre bundle width in mm 

Sample Median Mean Std. n 

France (FNPC) 1 0.12 0.12 0.04 20 

France (FNPC) 2 0.07 0.08 0.04 18 

France (FNPC) 3 0.15 0.14 0.06 27 

Italy (UCSC) 1 0.10 0.10 0.01 5 

Italy (UCSC) 2 0.12 0.12 0.04 32 

Italy (UCSC) 3 0.08 0.09 0.06 13 

The Netherlands (NL) 1 0.07 0.09 0.04 21 

The Netherlands (NL) 2 0.08 0.09 0.04 15 

The Netherlands (NL) 3 0.08 0.09 0.03 39 

 
Critical fragment length in mm 

 Sample Median Mean Std. n 

France (FNPC) 1 3.5 3.7 1.1 20 

France (FNPC) 2 2.8 2.8 1.3 18 

France (FNPC) 3 3.3 3.8 2.1 27 

Italy (UCSC) 1 4.7 4.7 1.2 5 

Italy (UCSC) 2 2.7 3.0 1.1 32 

Italy (UCSC) 3 1.5 2.1 1.8 13 

The Netherlands (NL) 1 1.4 2.0 1.8 21 

The Netherlands (NL) 2 4.4 4.4 1.8 15 

The Netherlands (NL) 3 2.5 3.3 3.1 39 

 
    Critical aspect ratio 

  Sample Median Mean Std. n 

France (FNPC) 1 26.4 35.9 23.0 20 

France (FNPC) 2 31.7 38.8 24.3 18 

France (FNPC) 3 23.3 30.3 17.7 27 

Italy (UCSC) 1 46.7 48.4 11.7 5 

Italy (UCSC) 2 24.9 26.5 12.0 32 

Italy (UCSC) 3 18.3 22.0 10.4 13 

The Netherlands (NL) 1 21.1 23.3 14.6 21 

The Netherlands (NL) 2 55.6 58.0 32.9 15 

The Netherlands (NL) 3 27.5 45.0 47.5 39 
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Figure 7: Interfacial shear strength shown as Box-Whisker plots for fragmented fibre bundles harvested at three 

different locations at block 3 (different letters show significant differences, an asterisk marked results which are not 

distributed normally). 

 

Table 3: Interfacial shear strength calculated according to equation 2 of hemp fibre bundles after fragmentation, 

harvested at three different locations at three different blocks. 

Sample Median Mean Std. n 

France (FNPC) 3 16.8 17.5 9.4 27 

Italy (UCSC) 3 23.7 24.8 13.2 13 

The Netherlands (NL) 3 8.2 8.6 5.7 39 

 

Fragmentation tests carried out by Huber and Müssig [20], Awal et al. [21] and Graupner et al. [11] exactly 

match the experimental parameters which were used in the present work. The results of the three different 

studies for flax fibre bundles embedded in a MAPP matrix were in a similar range, indicating a high 

reproducibility of the measurement method which is independent of the examiner under constant test 

conditions.  

Results reported by other authors with a single fibre fragmentation test for different material combinations 

are given in  

Table 4. It can be seen that the fibre bundles originating from Italy have a very high interfacial shear 

strength which is at the level of ramie [21]. Hemp fibre bundles from France display also a high interfacial 

shear strength comparable to flax and kenaf [11]. In contrast to this, the fibre bundles from The 

Netherlands show the lowest value in the group of bast fibre bundles.  
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Table 4: IFSS and critical fragment length of different untreated fibre/matrix combinations investigated with the single 

fibre fragmentation test (* single fibre, ** fibre bundle). 

 

Fibre Matrix IFSS in MPa  Critical fragment length in mm Reference 

Henequen** HDPE 5.4 

 

[22] 

Henequen** HDPE 4.2 

 

[23] 

Lyocell* LDPE 4.8 0.76 [24] 

Sisal** PE 2.2  [25] 

Flax** PP 4.5 4.86 [21] 

Flax* PP 13.0 0.98 [26] 

Flax** PP 8.0 3.80 [26] 

Flax** PP 9.8 3.99 [11] 

Kenaf** PP 7.4 5.05 [11] 

Sisal** PP 7.9  [27] 

Lyocell* PP 3.8 2.50 [11] 

Flax** MAPP 13.9 2.42 [21] 

Flax** MAPP 12.3 2.60 [21] 

Flax** MAPP 12.8 2.45 [21] 

Flax** MAPP 12.7 2.51 [21] 

Flax** MAPP 11.2 2.60 [21] 

Flax** MAPP 9.1 3.00 [21] 

Flax** MAPP 12.0 3.20 [20] 

Flax** MAPP 15.8 2.80 [11] 

Hemp** MAPP 14.3 3.16 [20] 

Hemp** MAPP 16.8 3.3 This study 

Hemp** MAPP 23.7 1.5 This study 

Hemp** MAPP 8.2 2.5 This study 

Kenaf** MAPP 17.2 1.12 [11] 

Ramie** MAPP 24.9 0.98 [21] 

Sisal** MAPP 14.4  [27] 

Cotton* MAPP 0.7 5.03 [20] 

Lyocell* MAPP 5.0 1.46 [11] 

 

The measured practical fibre/matrix adhesion is dependent on the chemical composition of the fibre and 

the constitution of the fibre surface play an important role [8] [9] [10]. It is assumed that the surface 

roughness has a major function. Hence, a distinction is drawn between the theoretical and the practical 

fiber/matrix adhesion. In contrast to the practical adhesion the theoretical adhesion depends only 

indirectly on the work of fracture (fibre pull-out). The theoretical adhesion is difficult to measure because it 

is influenced by factors such as thermal stress, stress gradients, plastic deformation, bridging molecule 

chains, etc., which have little to do with the theoretical adhesion [28].  

It is assumed that on the one hand the chemical composition of the fibre bundles from the various 

locations can be different and / or the surface texture of the fibres differs significantly. Due to different 

ripening conditions the fibre surface can be affected differently during fibre separation. Pectins are 

dissolved more or less by different retting levels. During the following fibre processing, pectins are better 
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removed from well retted fibre bundles than from fibre bundles which have been subjected to an 

insufficient retting process.  

It has been shown that the stems from Italy have a greener color than the stems from France and The 

Netherlands. It is assumed that the lower progress of retting process leads to a rougher surface of the fibre 

bundles. The practical adhesion can be positively influenced by the higher friction of the rougher surface of 

fibre bundles derived from Italy. 

The low strength of the the fibre bundles from The Netherlands suggests that the fibre bundles have not 

reached the full maturity. In combination with the high critical aspect ratio, the low practical fiber/matrix 

adhesion may be explained.  

It may be noted that the fibre/matrix adhesion is clearly dependent from the growing area. Although the 

same variety of hemp was cultivated, the interfacial shear strength varies significantly from location to 

location and sometimes from block to block.  These effects show that different growing conditions have a 

significant impact on the fibre topography and thus on the fibre/matrix interactions. These aspects are of 

special importance for further research activities.  

 

Conclusion and Outlook 

 

With regard to the reinforcing effect in a composite, fibre bundles from Italy show the the best potential. 

With the highest tensile strength, the lowest critical aspect ratio and the significantly highest interfacial 

shear strength it is supposed that the strength of a composite may be increased more clearly compared to 

the use of the other investigated fibre bundles.  

It is recommended to investigate the fibre surface and the chemical composition of the fibre bundles in 

future research. In addition, the maturity of the fibre bundles should be investigated by cross-sectional 

micrographs or fracture surface analysis to determine whether the fibre bundles from The Netherlands are 

in fact not fully developed whereby the low strength could be explained. In addition, the reasons of the 

substantial differences of the critical aspect ratios of the fibre bundles from France and The Netherlands 

which were harvested from different blocks, should be analysed. 

In the next series of experiments, the strength values and the fibre/matrix adhesion of the subsequent 

samples shall be analyzed: FNPC-252 (FNPC) IWNRZ-901 (POL), IWNRZ-903 (POL), VDS-303 (NL), AGM-705 

(HUN). The samples are derived from France, Italy and The Netherlands and were harvested at three 

different blocks. Upon completion of the test series, these data should be used to submit a draft of a 

publication. 
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