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ABSTRACT 

The knowledge of physical properties of agricultural produce is necessary in handling, drying, heating, 

extraction and other relevant processing operations. The angle of   repose characterizes the flowing 

capacity of the material. The apparatus measuring angle of repose was developed. The data obtained 

using the developed apparatus includes the height of the cone, Hc, the height of the platform, Hp, and the 

diameter of circular platform Dp. The size and moisture contents of the granular materials whose angles of 

repose were determined were calculated. Different materials possess different height of cone Hc with 

paddy rice having the highest value while maize has the lowest value of Hc. The angle of repose is 

therefore proportional to the height of cone formed at constant values of the platform diameter. The 

average angle of repose of maize was minimum (26.11
0
) where as that of rice was maximum (34.36

0
). 
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INTRODUCTION 

The knowledge of physical properties of agricultural produce is necessary in handling, drying, heating, 

extraction and other relevant processing operations. The physical properties include size, surface area, 

bulk density, angle of repose, coefficient of friction and terminal velocity, etc. The angle of repose 

characterizes the flowing capacity of the material. This property of the material is essential in 

determination of the relative size of the length (diameter) and height of an appropriate packaging or 

storage structure for the agricultural material. Angle of repose has influence on the storage containers and 

hopper design. The angle of repose characterizes the flowing capacity of the material. 

The angle of repose is the angle between the base and slope of the cone formed on free vertical fall of the 

granular material to a horizontal plane. The applications of angle of repose are, 

1) The angle of repose is sometimes used in the design of equipment for the processing of particulate 

solids. For example, it may be used to design an appropriate hopper or silo to store the material, or to size 

a conveyor belt for transporting the material. 

2) It can also be used in determining whether or not a slope of a stockpile, or uncompacted gravel bank, 

for example it will likely collapse; the talus slope is derived from angle of repose and represents the 

steepest slope a pile of granular material will take. This angle of repose is also crucial in correctly 

calculating stability in vessels. 

3) It is also commonly used by mountaineers as a factor in analysing avalanche danger in Mountains 

areas. 

Kurkuri et al., (2011) found the new optical method of measuring the static angles of repose of hard 

wheat grain. Conventional methods of measuring angle of repose are based on manual measurements, 

angle by protector or calculation from measured diameter and height of the pile using the trigonometric 

equation. These methods are based on the assumption that the stacked grain forms isosceles triangle, and 

that left and right contact angles are equal, which is not correct as the grain pile is not ideally cone shaped 

with perfectly straight slope. To overcome the limitation of these standard methods the new method was 

introduced based on real shape of grain pile taken by digital camera followed by calculation of angle of 

http://en.wikipedia.org/wiki/Chute_%28gravity%29
http://en.wikipedia.org/wiki/Silo
http://en.wikipedia.org/wiki/Conveyor_belt
http://en.wikipedia.org/wiki/Scree
http://en.wikipedia.org/wiki/Slope_stability
http://en.wikipedia.org/wiki/Mountaineering
http://en.wikipedia.org/wiki/Avalanche
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repose using the software. To prove this concept, a low cost web camera and commercially available 

software Image J connected to the notebook computer were used. Comparative measurements of angle of 

repose on of several wheat grain samples by conventional and new method were performed. We results 

indicate slight disagreement between these methods showing 10° to 15° higher values for optical method 

which is more accurate. 

Ogbonnaya and Akande (2007) presented the development of an apparatus for measuring the angle of 

repose of granular materials. The basic types of angle of repose, the methods of measuring angle of 

repose of solid, were discussed. The effect of the physical properties of the granular materials on the 

measured angle of repose to design and construction of bins, hoppers and other storage facilities such as 

silos were also discussed. The angles of repose of twenty different agricultural materials were determined 

using the developed apparatus. 

 

MATERIALS AND METHODS 

The apparatus measuring angle of repose was developed as shown in figure 1 and plate 1. A plywood of 

thickness ½ inch (12.74 mm) with dimensions 3ft x 3ft (90 cm x 90 cm) was cut into four pieces (300 mm 

x 300 mm) using a hacksaw, try square, and measuring tape from which a box was constructed. A piece 

of 3mm glass (dimension 20 cm × 30 cm) was installed at one side of the box to serve as a window. A 

hole of diameter 40 mm was drilled at the centre of the base of the box through which a metal funnel with 

2 cm diameter was installed. A wooden legs of 13.5 cm height supporting the platform of diameter 15.5 

cm was made of wooden material of 15 mm diameter which houses a rod of 13 mm diameter, the length 

of the legs was 13.5 cm and at 2/3 of the length from the base a hole of 8mm diameter was drilled and nut 

was joined to that points for easy running of the bolt. Two of such legs were made and were joined to the 

base of the box. Two 13.5cm-long rods (13mm dia.) were joined to the point of the constructed equilateral 

triangular flat bars of length 15 cm. Holes were drilled on flat bars through which the platform was 

screwed. Two holes of 20 mm were drilled on the 15 cm diameter funnel at 11 cm apart through which 

the three adjustable legs (rods) pass to hold the platform of main height of 13.5 cm. From the base of the 

box, the height of the funnel was calculated to be 8.5 cm. 

 

 
Figure 1: Schematic diagram of Apparatus for measuring angle of repose of agricultural materials 
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Plate 1: Apparatus for measuring Angle of repose 

 

The angle of repose θr can be obtained from the geometry of cone from the equation given below:  

 θr = tan−1   2 
(𝐻𝑐−𝐻𝑝)

𝐷𝑝
           (1) 

Where, 

Hc = height of cone from datum. 

Hp = height of platform. 

Hc - Hp = height of cone of solids. 

Dp = diameter of circular platform.  

 θr= angle of repose  

 

RESULTS AND DISCUSSION 

The data obtained using the developed apparatus includes the height of the cone, Hc, the height of the 

platform, Hp, and the diameter of circular platform Dp. Using Eq. 1, the angle of repose of each selected 

agricultural material was calculated and the summary of the results is presented in Table 1. 

 

Table 1: Angle of repose of selected agricultural materials 

Selected agricultural 

materials 

Dp 

(cm) 

Hp 

(cm) 

Hc 

(cm) 

Hc - Hp 

(cm) 

θr 

(degree) 

Wheat 15.5 13.5 17.83 4.33 30.14
0 

Maize 15.5 13.5 17.33 3.83 26.11
0 

Rice 15.5 13.5 18.76 5.26  34.36
0 

Sorgham 15.5 13.5  17.63  4.13  28.44
0 

Soyabean 15.5 13.5 18 4.5 30.14
0 

 

The size and moisture contents of the granular materials whose angles of repose were determined were 

calculated using Vernier caliper to measure the major, minor and the intermediate diameters and 

gravimetric method respectively. The results are presented in Table 2. 
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Table 2: Some physical properties of selected agricultural materials 

 

Selected agricultural 

 materials 

Physical properties 

Size Moisture  

 

Content 

 

(%) (wb) 

Average 

major 

diameter 

(mm) 

Average 

minor 

diameter 

(mm) 

Average 

intermediate 

diameter 

(mm) 

Wheat 5.5 2.5 3.0 14 

Maize 10.5 5.1 8.1 12.4 

Rice 9.1 2.2 2.9 12.1 

Sorghum 5.1 2.8 4.8 10.6 

Soyabean 8.2 4.9 6.2 12.2 

 

Different materials possess different height of cone Hc with paddy rice having the highest value while 

maize has the lowest value of Hc. The angle of repose is therefore proportional to the height of cone 

formed at constant values of the platform diameter. The platform was adjusted at a constant value of 13.5 

cm.  

The smooth nature of maize does not allow it to adhere together; hence, the nut does not have high value 

of Hc and thus has a smaller angle of repose. Conversely, the rough nature of paddy rice surface coat 

made it adhere together and a higher value of HC was obtained.  

The average angle of repose of maize was minimum (26.11
0
) where as that of rice was maximum 

(34.36
0
). 

Conclusion 

The developed apparatus can be used to determine the angle of repose of selected grains, which have 

application in the design of bins, hoppers and other storage structures. 
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