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Abstract: Shearing stress of wheat stalk was measured for four moisture content levels (15, 25, 35 and 45%,
w.b.), three cutting heights (100, 200 and 300 mm), two types of cutting knives, smooth and serrated edge and
three blades oblique angle (0, 15 and 30 deg.). The results of data analysis showed that the shearing stress of
wheat stems decreased as the moisture content decreased. The shearing force of stems, decreased as the
cutting height of stalk increased, because of a reduction in stalk diameter. Shearing stress was lower by using
smooth edge knife, because of less friction than serrated one. The blade oblique angle of 30 degree showed the
least shearing stress. The average of shearing stress varied between 3.25 and 3.86 MPa. Bending stress and
modulus of elasticity increased as the moisture content decreased and decreased as the cutting height of stem
increased. The average of bending stress varied between 17.74-26.77 MPa and modulus of elasticity varied
between 3.13-3.75 Gpa.
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INTRODUCTION Kushwaha et al. [9] reported mean values of shearing

Increasing interest in harvesting and commercial use dependence on moisture content. Other workers have
of wheat straw has prompted the need for engineering measured the energy require to shear materials. Mcrandal
data on straw properties. Most studies on the mechanical and McNulty [10] evaluated the shearing strength of
properties of plants have been done during their grasses stem with quasi-static shear test. They studied
development using failure criteria (force, stress and the effect of shearing velocity, at 15, 28 and 41 mm min ,
energy) and the Young’s modulus [1, 2]. The physical bevel angle, at 10, 30 and 45 degree and diameter of stems.
properties of the cellular material are important for cutting, They found that shearing velocity and bevel angle did not
compression, tension, bending, density and friction [3, 4]. have significant effects on shearing strength but their
Persson [5] reviewed several studies on  the  cutting interaction had significant effect at 5% probability level.
speed and concluded that cutting power is only slightly Prasad and Gupta [11] determined the shearing force and
affected by cutting speed between 1.72-5.2 m s . energy for cutting maize stem. They resulted that1

Majumdar and Dutta [6] studied the required shearing maximum shearing strength and shearing energy in the
energy for two varieties of rice and a variety of wheat in direct shear test were observed to decrease with the
cutting  speeds  of  2.53 and 4.5 m s  and edge angle of shearing velocity. Sakharov et al. [12] reported that the1

20 and 40 degrees, by using a Pendulum type impact required force to cut the stretched stalks was 50% less
shearing device. Analysis of the data showed that the than that of unbent stalks. Chen et al. [13] found that the
effects of crop type and edge angles on shearing energy average values of the maximum force and the total cutting
were significant. Ince et al. [7] stated that it was energy for hemp were 243 N and 2.1 J, respectively.
necessary to determining the stem physic-mechanical Chattopadhyay and Pandey [14] determined the  bending
properties such as bending and shearing stress and stress  for  sorghum  stalk  as  40.53  and 45.65 MPa  at the
energy requirements for suitable knife design and seed stage and forage stage, respectively. Ince et  al.  [7]
operational parameters. Measurement of the shearing determined the bending stress and Young’s modulus for
strength of six varieties of wheat straw by O’Dogherty et sunflower stalk as 37.7 to 62.09 MPa and 1251.28 to
al. [8] showed mean values in the range of 5.4-8.5 MPa. 2210.89 MPa, respectively. There are a few studies on

strength of wheat straw from 8.6 to 13 MPa with some
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bending stress of wheat stem and lack of information
about Young’s modulus. The present  study  was
conducted  in  order  to determine the 
shearing stress or maximum shear strength of Alvand
wheat stem as a function of cutting height, moisture
content, knife type and oblique angle of cutting knife.
Also bending  stress  and  modulus of elasticity of stem
as a  function  of  moisture content and height of stem
was determined.

MATERIALS AND METHODS

To  determine  the   average   moisture   content  of
the wheat stems on the date of the test, the specimens
gathered  from  the  field  were  weighed and dried at
103°C for 24 h in the oven and then reweighed [15]. A
complete randomized block design was used in a factorial
experiment with three replications using the statistical
packages SAS10 and MINITAB15. Means were compared
using Duncan’s multiple range tests (p<0.05). The values
of independent variables discussed in the study are
detailed in Table 1.

Shearing Test: In order to determine the shearing force of
wheat stems, an experimental shearing apparatus with a
commercial single sickle knife section and a countershear
were used as the double shear test. This simulated a
single edge cutting process of a reciprocating knife of the
cutterbar under a constant speed of 200 mm min , with a1

Hounsfield  universal  testing  machine under a load cell
5 kN. Shearing stress of the stem was determined by
dividing the shearing force into two section areas of the
stem sides as Eq. (1) [16]. 

(1)

Bending Stress and Young’s Modulus: The stiffness of
stalks encountered during harvesting depends on the
rigidity  of  materials  (E).  The  deflection  and  rigidity in

Table 1: Dependent and independent variables studied in the research
Dependent variables Independent variables Values
Shearing stress Moisture content, % w.b. 15, 25, 35, 45

Cutting height, mm 100, 200, 300
knife type Smooth and serrated
Oblique angle of edge knife
cutting knife, deg 0, 15, 30

Bending stress Moisture content, % w.b. 15, 25, 35, 45
Stalk height, mm 100, 200, 300

Modulus of elasticity Moisture content, % w.b. 15, 25, 35, 45
Stalk height, mm 100, 200, 300

Fig. 1: Measuring method of stem bending force

bending under load can be determined by the cantilever
test [7]. Selected stems in the field were tied at a height of
100, 200 and 300 mm using an inelastic rope connected
horizontally to a digital force gauge. The stems were then
bent by pulling the rope (Fig. 1). On reaching a 50 mm
deflection at the tying point, the bending force (F ) wasb

recorded from the gauge indicator and the bending stress
( ) was calculated from theoretical Equation [7]. Young’sb

modulus was assessed using deflection equation in
bending test similar to those described [7, 17].

RESULTS AND DISCUSSION

The analysis of variance showed that cutting height,
moisture content, knife type and oblique angle of knives
and the interactive effects of knife type and oblique angle
had significant effect on stem shearing stress at 1%
probability level. Treatments effectiveness on shearing
stress or coefficient of determination of main factors, sum
of squares in analysis of variance table divided by total
sum of squares were 55%. The data also revealed that the
effect of moisture content and cutting height had
significant effects on bending stress and modulus of
elasticity at 1% probability level. Moisture content and
stem height had the coefficient of determination of 70%
and 38% that means treatment effectiveness on bending
stress and modulus of elasticity, respectively. 

Effect of knife type and oblique angle on stem
shearing stress: Greater engagement of the serrated edge
knife with the stem than smooth one and the increase of
friction were the main causes to increase shearing stress
by 7% (Fig. 2). These results did not in agreement with
Chen et al. [13] for hemp stems but match the results
obtained by Persson [5] and Khazaei et al. [18], who
reported significant differences in the total cutting energy
values between smooth and a serrated blade. Comparing
the three blades oblique angles (0, 15 and 30 degrees), the
30-degree one had the lowest while the 0-degree oblique
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H300 3.61 0.002MC 0.003MC (R =0.96)τ = + −
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Table 2: Effect of oblique angle on stem shearing stress Table 3: Effect of moisture content on stem properties

Oblique angle (deg.) Shearing stress (MPa)

0 3.92a

15 3.58b

30 3.36c

*Different letters shows significant difference, Duncan 5%

Fig. 2: Effect of knife type and oblique angle on stem
shearing stress

angle had the maximum force requirements (Table 2). The
effects of oblique angle can be explained by the change of
contact area between the knife and the stem while cutting
has accrued and by the physical properties of stem
tissues. The relation between shearing stress in MPa and
oblique angle by using smooth and serrated edge knives
could be found as Eq. (2) and Eq. (3), respectively.

(2)

(3)

Where, A= Oblique angle (deg.)

Effect of Moisture Content on Stem Shearing Stress:
The value of shearing stress at low moisture content was
approximately 19% lower than at high moisture contents.
This result was also reported for wheat straw, sunflower
stalk and alfalfa stem [8, 7, 16]. The average shearing
stresses were found 3.25, 3.57, 3.69 and 3.86 MPa for
moisture contents 15%, 25%, 35% and 45% w.b.,
respectively. The moisture content had a significant effect
on the shearing stress at 1% probability level (Table 3).
An exponentially relationships, between shearing stress
and moisture content, reported by previous researchers
[10]. Eq. (4), (5) and (6) shows relation between shearing
stress, (ô) and moisture content, %w.b., (MC) at the stem the relation between bending stress and moisture content
cutting height of 100, 200 and 300 mm, respectively.

Moisture Shearing Bending Modulus of
content (%w.b.) stress (MPa) stress (MPa) elasticity (GPa)

15 3.25c 26.77a 3.75a
25 3.57b 20.57b 3.57b
35 3.69b 19.20bc 3.46b
45 3.86a 17.74c 3.13c

*Different letters in each column, shows significant difference, Duncan 5%

Table 4: Effect of cutting height on stem properties

Cutting Shearing Bending Modulus of
height (mm) stress (MPa) stress (MPa) elasticity (GPa)

100 3.80a 21.14a 3.81a
200 3.62b 20.21b 3.50b
300 3.35c 17.85c 3.12c

*Differentletters in each column, shows significant difference, Duncan 5%

(4)

(5)

(6)

Effect of Cutting Height of Stem on Shearing Stress: The
shearing stress was decreased with increasing of cutting
height (Table 4). This result was also reported by others
[7, 16]. In terms of plant height, most of the wheat
varieties were statistically significantly different from each
other [19]. With increasing the cutting height from 100 to
300 mm, shearing stress will be reduced by 13%. With
increasing the stem height, stem diameter will be
decreased in the range of 5.1 to 7.5 mm. 

Effect of Moisture Content and Cutting Height of Stem on
Bending Stress: Moisture content had a significant effect
on bending stress at 0.05 probability confidence. Bending
stress decreased with increasing moisture content (Fig. 3).
This result was also reported for wheat straw and
sunflower stalk [1, 7]. The moisture content and height
had significant effects on bending stress at 0.05
probability confidence. The value of bending stress at low
moisture content was approximately 1.5 times higher than
at high moisture content (Table 3). The average values for
the bending stress were found to be 17.74, 19.2, 20.57 and
26.77 MPa for moisture contents of 45%, 35%, 25% and
15% w.b., respectively (Table 3). Eq. (7), (8) and (9) shows

in the stalk height of 100, 200 and 300 mm, respectively.
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( ) 2
b H100 74.01 56.12cos 0.02MC 2.27 (R =0.96)−σ = + +

( ) 2
b H 200 70.50 53.40cos 0.02MC 2.27 (R =0.98)−σ = + +

( ) 2
b H300 62.25 42.10cos 0.02MC 2.27 (R =0.98)−σ = + +

( ) 2
H100E 2.50 2.10cos 0.01MC 0.42 (R =0.96)= + +

( ) 2
H 200E 2.01 1.80cos 0.02MC 0.11 (R =0.98)= + +

( ) 2
H300E 1.95 1.86cos 0.01MC 0.40 (R =0.98)= + +
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Fig. 3: Effect of moisture content and cutting height on Fig. 4: Effect of moisture content and cutting height on
stem bending stress stem Young’s modulus

(7) CONCLUSIONS

(8) As the cutting height of the wheat stalk increased,

(9) stalk diameter. The average of shearing stress varied

Where, = Bending stress (MPa) lower stem diameters and shearing energy will beb

Effect of Moisture Content and Cutting Height on edge, because of less friction than serrated one. The
Young’s Modulus: Moisture content had a significant oblique angle of 30 degree showed the least shearing
effect on modulus of elasticity at 0.05 probability stress. Selection of knife type plays a significant role in
confidence. The modulus of elasticity decreased with economizing on cutting force requirements. So selection
increasing moisture content and stems diameter (Fig. 4). of suitable oblique angle of the knife decreases the
With increasing the stem height, stem diameter be shearing force of wheat stems. The shearing stress, the
decreased. This result was also reported by other workers bending stress and Young’s modulus are evaluated as
[7, 16]. The difference between the values for the modulus functions of moisture content. As the moisture content of
of elasticity at the lowest and highest moisture contents the stem increased, shearing stress increased, but
was about 18% w.b. The average values for the modulus bending stress and Young’s modulus decreased. The
of elasticity were found to be 3.13, 3.46, 3.57 and 3.75 GPa average of bending stress varied between 17.74-26.77
for moisture contents of 45%, 35%, 25% and 15% w.b., MPa and modulus of elasticity varied between 3.13-3.75
respectively. The effect of moisture content and height of GPa. It proves that the harvesting time and change in
stem  on  the  modulus  of  elasticity was significant at physical properties of stem is very important for the
0.05 probability confidence. O’Dogherty et al. [8] had response of wheat stem in agricultural activities.
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