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Earth & Space Science Curriculum Link:
Use models of energy flow between the geosphere, biosphere, hydrosphere and atmosphere to
explain patterns of global climate change.

Geomechanics Focus:

Understanding how groundwater movement (hydrosphere), influenced by rainfall and the water
cycle, affects soil stability and behaviour during excavation, and how engineers use cofferdams,
caissons and dewatering to manage unstable ground conditions and support safe infrastructure
development.

Background Information
Energy from the Sun drives the water cycle, causing evaporation, rainfall, and groundwater recharge.
This connects the atmosphere, hydrosphere, and geosphere.

As rainfall infiltrates the ground, water fills the spaces between soil particles. Small amounts of
water can increase cohesion between particles, helping soil hold its shape. However, when the
ground becomes saturated, groundwater increases pore water pressure and reduces friction
between particles, weakening the ground and increasing the likelihood of slumping, collapse, and
instability. This loss of strength is a common trigger for landslides, particularly following prolonged
or intense rainfall.

Climate change is increasing the frequency and intensity of heavy rainfall events, which can rapidly
increase the water content of soils and, during prolonged periods of increased rainfall, contribute to
rising groundwater levels. These changes can create additional challenges for construction and
infrastructure projects.

When engineers need to build in saturated or unstable ground, they often use cofferdams (Figure 1)
or caissons, engineering structures used to keep water and soil out of an area so construction (like
bridge piers or dam foundations) can occur safely. The core difference between the two is that
cofferdams are temporary barriers removed after the job, while caissons are permanent structures
that remain as part of the finished foundation.
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Figure 2: Example of a cofferdam, which is an engineering structure used to keep water
and soil out of an area so construction can occur safely. Image by Sean Goodall, AGS.

Figure 1: Sump and Pump dewatering method, which is a simple way to keep an excavation dry by letting
water collect in a small pit called a sump, then using a pump to remove it. Images from Ali Parsa, AGS.
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Engineers may also use dewatering (Figure 2; Figure 3) to remove groundwater from inside or
around the construction area. Lowering groundwater levels reduces seepage, improves soil stability,
and creates safer conditions for excavation and foundation construction.

Figure 3: Spear Points dewatering method, which uses small pipes, called spear points, placed in the ground to
collect groundwater, which is then pumped out to help keep the excavation dry. Image from Ali Parsa, AGS.

You can watch the demonstration video here.
A presentation for the following activity is provided in this teaching package.

Aim
To investigate how groundwater affects ground stability during excavation, and how engineers use
cofferdams, caissons and dewatering to manage unstable ground conditions.

Materials
Per small group
e Clear plastic container or tub (deep)
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e Bunnings Soft Washed Play Sand

e Water (in a watering can, cup or spray bottle)

e Spoon or small scoop (for excavating)

e PVC pipe section, or plastic cup with the bottom
removed (to model a caisson/cofferdam)

e Syringe, turkey baster, or small pump

e Coins, washers, or slotted masses (to act as loads)

e Ruler
e Marker
Safety Notes Figure 4: Materials

e Avoid spilling water on floors (slip hazard).

e Do not overfill containers.

e Clean up spills immediately.

e Wear closed in shoes (possible falling weights).

Method
Part 1: Excavation Stability Investigation
Dry Ground
1. Fill the container with dry sand or soil.
2. Mark the level of the sand on the outside of the
container
3. Use a spoon or scoop and try to excavate a small, deep
hole (Figure 5). 7
4. Observe the excavation walls for two minutes and Figure 5: Excavation in dry sand
record:

Excavation depth (cm)

Evidence of slumping or collapse
Stability rating (1-5)
Suggested Stability Scale:

1 = Very unstable/collapsed
3 =Some movement or tilting
5 = Stable with little movement
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Moist (unsaturated) ground
5. Add a small amount of water to the soil and mix until
all of the sand is damp, but not saturated.
6. Mark the level of the sand on the outside of the
container

7. Excavate another hole of similar size (this one will
collapse a lot less than the hole created in the dry e !
Figure 6: Excavation in damp sand
sand; Figure 6).
8. Observe for two minutes and record:
e Excavation depth (cm)
e Evidence of slumping or collapse

e Stability rating (1-5)

Wet (saturated) ground

9. Add more water until the soil becomes saturated.

10. Mark the level of the sand on the outside of the container

11. Excavate another hole of similar size (this one may collapse or slump, and water may
percolate into the hole; Figure 7).

12. Observe for two minutes and record:
e Excavation depth (cm)
e Evidence of seepage, slumping, or collapse
e Stability rating (1-5)

Figure 7: Excavation in saturated sand. (a) immediately after excavation; (b) 30
seconds after excavation (slumping and seepage)
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Part 2: Cofferdam & Dewatering

13. Insert the cofferdam (pipe, or cup) vertically into the
saturated ground.

14. Excavate sand or soil from inside the cofferdam using
a spoon or scoop.

15. Use a syringe or pump to remove water from inside 3
the cofferdam (Figure 8).

16. Remove the cofferdam and observe changes in

Figure 8: Water removed from inside the

cofferdam

seepage and ground stability for two minutes. This is
now a much safer workspace for construction.

Part 3: Load Testing of a Caisson

17. Start with saturated sand and gently place the caisson (pipe
or cap) on the surface.

18. Place a small load (e.g. slotted masses) on top of the caisson
(Figure 9).

19. Gradually increase the load

20. Measure and record:
e Settlement (how far the caisson sinks into the ground,

in mm or cm)

e Tilting or movement (Figure 10)
e Stability rating (1-5)

21. After dewatering the ground (using a syringe or pump to
remove water from inside the caisson and surrounding
ground (damp sand; Figure 11), repeat steps 18-20.

Figure 11: Caisson stable under weight in

Figure 9: Slotted masses placed
on top of caisson

i |
Figure 10: Caisson tilting under
weight in saturated sand

dewatered sand (additional weight added to
demonstrate stability)
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Results
Excavation Stability Investigation

Dry

Moist
(unsaturated)
Wet

(saturated)

Caisson and Dewatering Investigation

Saturated
ground
After

dewatering

Suggested Stability Scale:

1 = Very unstable/collapsed

3 = Some movement or tilting
5 = Stable with little movement

Discussion

1. How did water content affect excavation stability?
Dry sand/soil crumbled easily because there was little cohesion between particles. Damp soil
was more stable because small amounts of water helped the particles stick together.
Saturated soil became unstable because excess water reduced friction (the resistance
between soil particles that helps stop them sliding past each other) and increased pore water
pressure (the pressure of water within the spaces between soil particles).

2. How did the cofferdam improve excavation stability?
The cofferdam supported the excavation walls and helped prevent collapse by holding the
surrounding ground in place.
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3. How did dewatering affect the ground conditions?
Removing groundwater reduced seepage and improved sand/soil stability, making the
ground more suitable for construction.

4. Why are caissons and dewatering important in engineering projects?
They allow engineers to safely construct foundations and excavations in wet or unstable
ground conditions.

5. How does the water cycle influence groundwater levels?
Rainfall, driven by solar energy, infiltrates the ground and increases the water content of the
soil. Over longer periods, continued infiltration can recharge groundwater and contribute to
rising groundwater levels. Increased soil water content can also affect soil stability.

6. How might climate change increase challenges for foundation engineering?
More intense rainfall and flooding can increase groundwater levels, weaken the ground, and
increase the need for dewatering and other geotechnical solutions.

7. What risks could occur if dewatering is not managed properly?
Poor groundwater management can lead to foundation instability, ground settlement,
flooding, and damage to nearby infrastructure.

Extension
e Compare different cofferdam and caisson sizes or shapes and test which is most stable.
e Compare shallow vs deep caissons.
e Test different soil types (e.g. sand vs clay).
¢ Investigate real-world examples of caisson foundations used in bridges (e.g., Brooklyn
Bridge, New York), tunnels, or offshore structures.
e Explore how increased rainfall affects excavation stability and groundwater levels.
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What Geomechanics Is and Why It Matters

Geomechanics is the study of how soil, rock, and Earth materials behave, forming a critical
foundation for the design and performance of modern infrastructure. It enables engineers and
planners to develop safe, efficient, and sustainable structures, such as buildings, tunnels, roads,
and dams, by providing accurate ground models and an understanding of how the ground
responds to natural and human-induced changes. Geomechanics also contributes to public
safety by helping identify and manage geohazards such as landslides, sinkholes, and ground
instability, supporting climate resilience, sustainable development, and the global energy
transition. Through proactive ground assessment and risk evaluation, geomechanics helps
prevent infrastructure failures, reduce project delays, and lower financial and social costs.
Careers in geomechanics span a wide range of roles, including field investigations, laboratory
testing, data analysis, and engineering design, with entry pathways commonly through geology,
civil engineering, and environmental science. Alternative routes, such as experience in
construction, surveying, or environmental monitoring, also provide effective foundations for
moving into the field. Professionals develop skills in technical analysis, communication, critical
thinking, and multidisciplinary collaboration, supporting informed decision making across
infrastructure and environmental projects.
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Background

e Asrainfall infiltrates the ground, water fills the spaces between soil particles.

* Small amounts of water can help soil stick together, but saturated ground can become
unstable and collapse more easily.

* Climate change is increasing the frequency and intensity of heavy rainfall events, which
can raise groundwater levels and create additional challenges, such as landslides.
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Cofferdams and Caissons

* Both cofferdams (or coffers) and caissons are engineering structures used
to keep water and soil out of an area so construction (like bridge piers or
dam foundations) can occur safely.

Cofferdam. Image by Sean Goodall, AGS ausearthed.com.au
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Cofferdam

Temporary structure. Extracted
or dismantled once the project is
finished.

Used strictly to dewater and
create a dry, safe workspace.

Used in shallow-water
excavations (up to 12-18
meters), pipeline repairs, and
general dry maintenance.

Caisson

e  Permanent structure. Sinks into

place and stays to function as the
foundation, wall, or pier.

* Used to house the foundation,

support heavy loads, or allow
workers to dig down to solid
bedrock.

* Used for deep-water bridge piers,

offshore wind turbines, and deep
port/harbour structures.
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Dewatering

Sump and Pump dewatering method, which is a simple way to keep an excavation dry by letting water collect
in a small pit called a sump, then using a pump to remove it. Images from Ali Parsa, AGS.

Spear Points dewatering method, which uses small pipes, called spear points, placed in the ground to collect ausearthed.com.au
groundwater, which is then pumped out to help keep the excavation dry. Image from Ali Parsa, AGS.
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Aim

To investigate how groundwater affects ground stability during excavation, and
how engineers use cofferdams, caissons and dewatering to manage unstable
ground conditions.
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Materials

Per class or group:

Clear plastic container or tub (deep)
Bunnings Soft Washed Play Sand
Water

Spoon or small scoop (for excavating)

PVC pipe section, or plastic cup with the
bottom removed (to model a
caisson/cofferdam)

Syringe, turkey baster, or small pump

Coins, washers, or slotted masses (to act as
loads)

Ruler
Marker
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Dry Excavation

Fill the container with dry sand or soil.
Mark the level of the sand on the
outside of the container

Use a spoon or scoop and try to
excavate a small, deep hole.

Observe the excavation walls and
record:
o Excavation depth (cm)
o Evidence of slumping or collapse
o Stability rating (1-5)

Suggested Stability Scale:

1 = Very unstable/collapsed

3 =Some movement or tilting
5 = Stable with little movement
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Damp (unsaturated) Excavation

Add a small amount of water to the soil
and mix until all of the sand is damp, but
not saturated.
Mark the level of the sand on the
outside of the container
Excavate another hole of similar size
(this one will collapse a lot less than the
hole created in the dry sand).
Observe and record:
o Excavation depth (cm)
o Evidence of slumping or collapse
o Stability rating (1-5)
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Wet (saturated) Excavation

Add more water until the soil becomes saturated.
Mark the level of the sand on the outside of the container
Excavate another hole of similar size (this one may collapse or slump, and water may percolate into the hole).
Observe and record:

o Excavation depth (cm)

o Evidence of seepage, slumping, or collapse

5 Stability rating (1_5) ausearthed.com.au
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Cofferdam & Dewatering

Insert the cofferdam (pipe, or cup)
vertically into the saturated ground.
Excavate sand or soil from inside the
caisson using a spoon or scoop.

Use a syringe or pump to remove water
from inside the cofferdam.

Remove the cofferdam and observe
changes in seepage and ground stability.
This is now a much safer workspace for
construction.
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Caisson (saturated)

e  Start with saturated sand and gently place the caisson on the surface.

*  Place a small load (e.g. slotted masses) on top of the caisson.

*  Measure and record:
o Settlement (how far the caisson sinks into the ground, in mm or cm)
o  Tilting or movement
o  Stability rating (1-5)
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Caisson (dewatered)

*  Remove some of the water from the sand and do the same test.
*  Measure and record:
o  Settlement (how far the caisson sinks into the ground, in mm or cm)
o  Tilting or movement
5 Stability rating (1-5) ausearthed.com.au
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Discussion

e Students should understand how groundwater affects soil
stability and how geotechnical engineers manage these
risks.
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