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SYNOPSIS

Agriculture machinery interacts with soils in a number of ways, and so the processes of
tillage, traction and compaction are of vital interest to engineers involved in agriculture.
This course considers these processes by way of developing a detailed understanding of
the response of soils to imposed stresses and their resulting deformations and modes of
failure. It uses both classical soil mechanics and recent developments in the application of
Critical State soil mechanics to unsaturated soils to establish a theoretical framework that
explains and describes the action of tillage tools, the development of tractive forces, and
the process of compaction. The course provides a basic understanding of the process of soil
disturbance by tillage tools and outlines methods for calculating tillage forces. It investigates
the interface between tracks and tyres and a soil and shows how this knowledge may be
used to predict tractive forces. This knowledge is also important in developing an
understanding of soil compaction and its consequences for plant growth. Methods for
measuring and describing soil structure are also discussed.

OBJECTIVES

On successful completion of this course students will be able to:

• Appreciate and describe the differences in the behaviour of saturated and unsaturated
soils.

• Describe and calculate the mechanical behaviour of soil elements.
• Understand the basic concepts of critical state soil mechanics, and be able to

interpret and predict soil behaviour using these concepts.
• Describe the tillage process and calculate tillage forces.
• Measure soil forces and design simple tillage tools.
• Calculate tractive forces for both wheels and tracks.
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• Describe and interpret the process of compaction of soils, calculate its effect on
soil properties, and discuss its effects on plant growth.

• Describe soil structure, understand its importance for plant growth, and discuss
the methods which are being used to sample and quantify it

• Demonstrate the skills and knowledge required to complete practical work safely
with the appropriate equipment.

TOPICS

Description Weighting (%)

1. Saturated and unsaturated soils. Soil machine interactions. 5.00

2. Stress theory. Soil failure and mechanical behaviour of soil elements.
Derivation of octahedral stresses.

7.00

3. Soil friction, adhesion, cohesion, scouring and the effects of water content. 5.00

4. Critical state soil mechanics. Interpretation of soil behaviour and failure
modes. Stress paths and planes.

30.00

5. Soil structure. Implications, description and measurement. 8.00

6. The tillage process and soil failure modes. Calculation of tillage forces.
Initial and final soil conditions. Analysis and design of tillage tools and
implements.

15.00

7. Development of traction by wheels and tracks. Calculation of forces and
contact pressures.

15.00

8. Compaction. Description and analysis of the process. Calculation of soil
response, implications for root and plant growth. Current research findings.
Controlled traffic.

15.00

REFERENCE MATERIALS

Reference materials are materials that, if accessed by students, may improve their knowledge
and understanding of the material in the course and enrich their learning experience.

Atkinson J H and Bransby P L The Mechanics of Soils, An Introduction to Critical State
Soil Mechanics, McGraw Hill (UK), 1978.

Koolen A J and Kuipers H Agricultural Soil Mechanics, Springer Verlag, 1983.

McKyes E Soil Cutting and Tillage, Elsevier, 1985.
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STUDENT WORKLOAD REQUIREMENTS

ACTIVITY HOURS

Assessment 30

Examinations 3

Lectures 26

Private Study 70

Tutorial 26

ASSESSMENT DETAILS

Description Marks Out of Wtg(%) Required Due Date

ASSIGNMENT 999.00 20.00 Y 04 Mar 2002
(see note 1)

PRACTICAL REPORT 999.00 15.00 Y 04 Mar 2002
(see note 2)

3 HOUR OPEN EXAMINATION 999.00 65.00 Y END S1
(see note 3)

NOTES:

1. Further details about the due dates are detailed in the assessment section of the
Course Specifications.

2. Further details about the due dates are detailed in the assessment section of the
Course Specifications.

3. Further details about the due dates are detailed in the assessment section of the
Course Specifications.

OTHER REQUIREMENTS

1 It is the students' responsibility to actively participate in all classes scheduled for
them, and to study all material provided to them or required to be accessed by them
to maximise their chance of meeting the objectives of the course and to be informed
of course-related activities and administration.

2 In order to obtain an HD grade for this course, students must achieve at least 75%
of the maximum possible marks for each assessment, and at least 80% of the total
marks for all assessments.

3 In order to obtain an A grade for this course, students must achieve at least 70%
of the maximum possible marks for each assessment, and at least 75% of total
marks for all assessments.

4 In order to obtain a B grade for this course, students must achieve at least 65% of
the maximum possible marks for each assessment, and at least 68% of total marks
for all assessments.

5 In order to pass this course with a C grade, a student must achieve at least a
minimum of 50% for all assessments.
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6 Ten percent of the possible marks for assessments 1 and 2 is attributed to the explicit
assessment of communication skills.

7 The due date for an assignment is the date by which a student must submit the
assignment to the USQ. The onus is on the student to provide proof of the submit
date, if requested by the Examiner.

8 In accordance with University's Assignment Extension Policy (Regulation 5.6.1),
the examiner of a course may grant an extension of the due date of an assignment
in extenuating circumstances.

9 In the event that a due date for an assignment falls on a local public holiday in their
area, such as a Show holiday, the due date for the assignment will be the next day.
Students are to note on the assignment cover the date of the public holiday for the
Examiner's convenience.

10 The Faculty of Engineering and Surveying will NOT accept submission of hand
written or typed assignments by facsimile, e- mail or computer diskette. Students
in remote locations who do not have regular access to postal services may be given
special consideration.

11 Students are to retain a verbatim copy of all assignment work submitted, for
submission in the event that the original is lost or damaged.

12 If students submit assignments after the due date without prior approval then a
penalty of up to 20% of the assignment total marks will apply for each working
day late.

13 An open examination indicates that the candidate may have access to any material
during the examination except the following : electronic communication devices,
bulky materials, devices requiring mains power and material likely to disturb other
students.

14 The Faculty of Engineering and Surveying does not offer supplementary
examinations.

15 Students who have undertaken all of the required assessments in a course but who
have failed to meet some of the specified objectives of a course within the normally
prescribed time may be awarded the temporary grade: IM (Incomplete - Make up).
An IM grade will only be awarded when, in the opinion of the examiner, a student
will be able to achieve the remaining objectives of the course after a period of non
directed personal study.

16 Students who, for medical, family/personal, or employment-related reasons, are
unable to complete an assignment or to sit for an examination at the scheduled time
may apply to defer an assessment in a course. Such a request must be accompanied
by appropriate supporting documentation. One of the following temporary grades
may be awarded IDS (Incomplete - Deferred Examination; IDM (Incomplete
Deferred Make-up; IDSM (Incomplete Deferred Examination and Make-up).

17 A minimum standard of communication skills must be demonstrated in order for
a passing grade to be achieved.
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