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Rolling Resistance and Angle of Internal Friction

Rolling resistance and the angle of internal friction are important
concepts in mechanics, particularly when studying the movement of
objects over surfaces. Both play significant roles in applications like
transportation, agriculture, and engineering. Let's break them down in
detail:

1. Rolling Resistance

1.1 Definition

Rolling resistance, also known as rolling friction or rolling drag, is the
resistive force that opposes the motion of a rolling object on a surface. It
occurs when a circular object (like a wheel or ball) rolls over a surface, as
opposed to sliding. This type of resistance is typically much smaller than
sliding friction because the object is not sliding but rolling.



Key Characteristics:



o

Rolling resistance depends on factors such as thematerial of
the rolling object, the surface roughness, and the
deformation of both the rolling object and the surface.

o

o
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Unlike sliding friction, which involves the interaction of two
surfaces in contact, rolling resistance involves the deformation
of the rolling object and the surface as it moves.

o

o

Rolling resistance is usually less than the sliding friction for
the same surfaces, but it still consumes energy, which is why
vehicles need energy to overcome this resistance.

o

1.2 Formula for Rolling Resistance

The rolling resistance force FrF_r is given by the equation:

Fr=Cr⋅NF_r = C_r \cdot N

Where:

FrF_r is the rolling resistance force.

CrC_r is the coefficient of rolling resistance (a dimensionless
constant that depends on the materials in contact and the
deformation characteristics).

NN is the normal force (the weight of the object, or the force
perpendicular to the surface).

The coefficient of rolling resistance CrC_r depends on factors like:
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The type of tire or wheel and its material (e.g., rubber, steel, or
plastic).

The type of surface (smooth, rough, soft, or hard).

The speed of rolling (in general, rolling resistance decreases as
speed increases, but the effect is not always linear).

1.3 Factors Affecting Rolling Resistance

Surface Characteristics: A rough surface generally increases
rolling resistance compared to a smooth one. For instance, a gravel
road generates more rolling resistance than a smooth asphalt road.

Tire Pressure: Lower tire pressure increases the rolling resistance
because the tire deforms more under load. Higher pressure usually
reduces rolling resistance as the tire deforms less.

Object Material: Softer materials tend to deform more under
pressure, increasing the rolling resistance. Harder materials will
generally cause less deformation and result in lower resistance.





Speed: At very low speeds, rolling resistance is mostly independent
of speed, but at higher speeds, factors such as hysteresis (the
energy lost due to deformation of the object) become more
significant, and rolling resistance can decrease.

1.4 Applications of Rolling Resistance
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Transportation: Vehicles experience rolling resistance due to the
deformation of their tires on the road. Lower rolling resistance
leads to better fuel efficiency, which is a key focus in the design of
tires for cars, trucks, and bicycles.

Agriculture: In farming, machinery like tractors and harvesters
experience rolling resistance when moving over fields. Minimizing
rolling resistance can improve fuel efficiency and reduce wear on
tires.

Sports Equipment: In sports like bowling, the rolling resistance of
bowling balls on the lane affects ball speed and performance.

1.5 Examples of Rolling Resistance

Vehicles: A car traveling on a smooth road experiences rolling
resistance, which is much lower than sliding friction.

Bicycles: The tires of a bicycle rolling on a paved surface
experience rolling resistance. The type of tire and inflation pressure
will influence the rolling resistance and, consequently, the effort
required to pedal.



2. Angle of Internal Friction

2.1 Definition
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The angle of internal friction, also known as the angle of repose, is the
steepest angle at which a material (typically granular materials like soil,
sand, or gravel) can be piled without the material sliding off. It is a
measure of the shear strength of the material and indicates how resistant
the material is to shearing forces.

Key Characteristics:

The angle of internal friction is determined by the inter-
particle frictionwithin a bulk material. It depends on how
the particles interact with each other (e.g., rough or smooth
surfaces) and their shape.

This angle is crucial in understanding how materials behave
under load and is commonly used in geotechnical engineering
and soil mechanics.

o

2.2 Formula for the Angle of Internal Friction

The angle of internal friction ϕ\phi is related to the shear strength of a
material and can be represented by the equation:

tan(ϕ)=τN\tan(\phi) = \frac{\tau}{N}

Where:
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τ\tau is the shear stress (force per unit area acting parallel to the
surface).

NN is the normal force (perpendicular to the surface).

ϕ\phi is the angle of internal friction, measured in degrees.

The higher the angle of internal friction, the stronger the material's
resistance to sliding under a given normal force.

2.3 Factors Affecting the Angle of Internal Friction

Particle Size: Coarse materials (larger particles) tend to have
higher internal friction angles than fine materials (smaller
particles).





Shape of Particles: Rough, angular particles have a higher angle of
internal friction than smooth, rounded particles.





Moisture Content: The presence of moisture can decrease the
internal friction angle. Water can lubricate the surfaces between
particles, reducing resistance to sliding.
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Density of Material: Denser materials tend to have a higher
internal friction angle due to the increased inter-particle forces.



2.4 Applications of the Angle of Internal Friction



Soil Mechanics: The angle of internal friction is crucial in
determining the stability of slopes and embankments. For example,
in civil engineering, it's used to design foundations and earth-
retaining structures like dams.





Granular Materials: In industries dealing with bulk materials
(such as mining, agriculture, or construction), the angle of internal
friction is used to predict the flow of materials in hoppers, silos, and
conveyors.





Slope Stability: In the study of landslides, the angle of internal
friction helps assess the stability of slopes made of soil, sand, or
rock.
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Piling and Excavation: The angle of internal friction helps
engineers predict how soil will behave under loads, affecting the
design of foundations and excavation operations.



2.5 Examples of the Angle of Internal Friction



Sand on a Slope: When sand is piled in a cone shape, the angle at
which it starts to slide off the pile is the angle of repose, which is
typically around 30-35 degrees for dry sand.





Soil in Agriculture: When plowing or tilling soil, the angle of
internal friction can affect the ease of soil movement and tillage
depth. Wet or loose soil may have a lower internal friction angle
than dry, compact soil.



3. Comparison Between Rolling Resistance and Angle of Internal Friction

Property Rolling Resistance Angle of Internal Friction
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Property Rolling Resistance Angle of Internal Friction

Definition
The resistive force
opposing the motion of a
rolling object.

The steepest angle at which a
material can rest without
sliding.

Nature of
Resistance Opposes rolling motion. Opposes sliding motion of

particles in a bulk material.
Key
Influencing
Factors

Material, surface
roughness, speed, tire
pressure.

Particle size, shape, moisture
content, density.

Applications Transportation, sports,
agriculture, machinery.

Geotechnical engineering,
bulk material handling, slope
stability.

Force Type Primarily a resistive force
against rolling.

Resists sliding or shear forces
in granular materials.

Typical Values Low compared to sliding
friction.

Varies widely based on
material properties (typically
30-40 degrees for dry sand).

4. Summary



Rolling Resistance is a resistive force that opposes the rolling of
objects, significantly impacting transportation efficiency, tire design,
and vehicle fuel consumption. It depends on the type of object,
surface, and speed.
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Angle of Internal Friction is a measure of the shear strength of a
material and indicates the maximum slope at which granular
materials can remain stable without sliding. It is influenced by
particle properties, moisture, and material density.



Understanding these concepts is crucial in various fields, from
engineering to agriculture, to optimize the movement and stability of
materials and objects.
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