
Exam Type Questions
Slope Stability



Question 1

Describe the key factors that influence slope stability. Discuss at 
least four factors and explain how each contributes to either 
stabilising or destabilising a slope.

hannah.williams
Sticky Note
Slope Angle (Gradient)

Destabilising Effect: Steeper slopes experience greater gravitational force pulling material downslope, increasing the likelihood of failure.

Stabilising Effect: Gentle slopes distribute gravitational stress more evenly, reducing the risk of collapse.

Water Content

Destabilising Effect: Excess water from rainfall, snowmelt, or groundwater increases pore water pressure, reducing friction between particles and leading to slope failure.

Stabilising Effect: A small amount of moisture can help particles stick together through surface tension, enhancing slope stability.

Vegetation Cover

Stabilising Effect: Roots bind soil and rock particles together, improve soil cohesion, and absorb water, reducing runoff and erosion.

Destabilising Effect: Loss of vegetation (e.g., due to deforestation or wildfires) removes these stabilising effects, increasing vulnerability to landslides.

Geology and Rock Structure

Destabilising Effect: Weak, weathered, or fractured rocks, and the presence of bedding planes or faults dipping towards the slope, facilitate movement and failure.

Stabilising Effect: Strong, massive, unfractured rocks with bedding planes dipping into the slope resist deformation and sliding.



Question 2

Describe the primary techniques used to monitor slopes for 
potential landslides. Your response should cover four different 
methods, explaining the type of data each provides, along with 
their advantages and limitations.
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Inclinometers

Data Provided: Measures subsurface ground movement along a borehole, indicating the depth and rate of slope deformation.

Advantages: Highly accurate for detecting early signs of deep-seated movements; pinpoint movement zones.

Limitations: Requires drilling and installation; high initial cost and maintenance needs.

Remote Sensing (e.g., Satellite Radar Interferometry - InSAR)

Data Provided: Detects ground surface displacement over wide areas using satellite imagery, capturing millimetre-scale movements.

Advantages: Large area coverage; frequent data collection; useful for inaccessible regions.

Limitations: Affected by vegetation, atmospheric conditions, and cannot always detect rapid, small-scale failures.

Ground-Based LiDAR (Light Detection and Ranging)

Data Provided: Produces detailed 3D models of slope surfaces to detect changes over time.

Advantages: High spatial resolution; useful for mapping surface deformations and monitoring erosion or rockfalls.

Limitations: Expensive equipment; data collection can be hindered by weather (rain, fog) and dense vegetation.

Piezometers

Data Provided: Measures pore water pressure within the slope, indicating changes in groundwater conditions that can trigger landslides.

Advantages: Provides critical data on slope hydrology; early warning for water-driven slope failures.

Limitations: Only provides point-specific data; installation and maintenance can be challenging, especially in remote or unstable areas.

Extensometers

Data Provided: Measures horizontal displacement across cracks or faults in the slope.

Advantages: Simple, reliable, and relatively inexpensive; good for detecting surface fractures widening over time.

Limitations: Limited to specific points; may miss broader slope movements.

Unmanned Aerial Vehicles (UAVs or Drones)

Data Provided: Capture high-resolution aerial images and 3D models to monitor changes over time.

Advantages: Quick and flexible; good for hard-to-reach areas; excellent visual records.

Limitations: Weather-dependent; requires skilled operation and data processing.



Question 3

Describe the key methods used for soil stabilisation. Your 
response should include four different techniques, explaining 
how each method works, the types of soil it is most effective for, 
and its advantages and limitations.
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Compaction
•Purpose: Compaction reduces the voids between soil particles, which increases the soil's density and stability.
•Process: Heavy machinery like rollers, compactors, or vibratory plates is used to compress soil layers to a desired density.
•Application: Often used in road construction, embankments, and foundations to create a stable and firm base layer.


Soil Mixing
•Purpose: Mixing different soil types can help balance properties like particle size, cohesion, and permeability. 
•Process: Engineers may combine coarse-grained soils (like sand and gravel) with fine-grained soils (like clay or silt) to optimize stability.
•Application: Useful in situations where the native soil alone lacks the right properties for construction, such as areas with loose sandy soils or high-clay content soils.


Dynamic Compaction
•Purpose: This technique involves using large weights dropped repeatedly on the soil to compact it, increasing density at deeper soil levels
•Process: Weights (often as heavy as several tons) are dropped from a height to transfer energy into deeper soil layers, compacting them.
•Application: Primarily used for stabilizing loose, granular soils where standard surface compaction might not reach the necessary depth.


Vibro-Compaction
•Purpose: Vibro-compaction uses vibration to rearrange soil particles, particularly effective in granular soils.
•Process: Specialized equipment like vibro-compactors or vibro-floats penetrate the soil and emit vibrations that reduce air gaps, increasing stability.
•Application: Commonly used in sandy soils or loose, granular materials where traditional compaction might be insufficient.



Lime Stabilisation
•Purpose: Lime is widely used to stabilise soils with high clay content by reducing plasticity and swelling potential.•Process: Lime is spread over the soil surface and then mixed in thoroughly, often using a rotary mixer. The calcium in lime reacts with clay particles, binding them together.
•Application: Frequently used in road construction and foundations where expansive soils are present.



Cement Stabilisation
•Purpose: Cement improves the compressive strength of soil by acting as a binder, which solidifies the soil matrix.•Process: Cement is mixed into the soil, creating a hardened layer as it hydrates. The mixture forms cementitious bonds that enhance stability.
•Application: Used in constructing bases for roads, runways, and embankments, particularly effective in granular and fine-grained soils.



Fly Ash Stabilisation
Purpose: Fly ash, a byproduct of coal combustion, is used to reduce plasticity and improve load-bearing capacity.
•Process: Class C fly ash (which contains more calcium) is commonly used. When mixed with soil and water, it reacts with soil particles to form a solid matrix.
•Application: Used in soft or expansive soils, often in combination with other binders like lime or cement for enhanced effects.



Bitumen Stabilisation
Purpose: Bitumen is an asphalt-based additive that improves soil waterproofing, reducing water permeability.
•Process: Bitumen is applied to soil particles, either as an emulsion or mixed in hot liquid form, creating a coating that binds particles together.
•Application: Commonly used in road construction for creating water-resistant layers, especially in areas prone to moisture.



Chemical Polymers and Synthetic Additives
Purpose: Synthetic polymers and resins act as binding agents to improve soil strength, flexibility, and water resistance.
•Process: Polymers are typically applied as a liquid solution, mixed into the soil, and allowed to cure, forming a bonded soil matrix.
•Application: Used in infrastructure projects needing specific durability characteristics, such as roads, embankments, and sports fields.



Geotextiles
Soil stabilisation using geotextiles is a technique where synthetic fabrics, called geotextiles, are integrated into the soil to improve its mechanical properties, like strength, stability, and erosion resistance. 
•These geotextiles are made from permeable materials, such as polypropylene or polyester, which provide separation, reinforcement, filtration, and drainage functions, improving soil performance under loads. 
•This method is particularly useful in construction projects with weak or variable soil conditions, like soft clays or sandy soils.



Vegetation 
Purpose: Plant roots naturally stabilise soil by creating a dense network that binds soil particles

 and reduces erosion.
•Process: When plants grow, their roots extend into the soil, interlocking with particles and improving soil structure and cohesion. Above-ground vegetation, like grasses and shrubs, shields the soil from rain impact and wind erosion.
•Application: Often used for stabilising slopes, riverbanks, coastal areas, and areas prone to desertification. Grasses, trees, and shrubs are frequently planted for erosion control in these settings.
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Exam Type Questions
Retaining Walls 



Question 1

Describe the key functions of a retaining wall
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Soil Retention: The primary purpose of a retaining wall is to retain soil at different elevations, preventing it from sliding or eroding.Erosion Control: By holding back soil, retaining walls help control erosion caused by water runoff, especially on steep slopes.
Levelling Land: They create flat areas in hilly or uneven terrain, making it suitable for construction, landscaping, or agricultural use.
Drainage Management: Many retaining walls incorporate drainage systems to manage water flow and prevent hydrostatic pressure buildup behind the wall. 
Aesthetic Appeal: Retaining walls can enhance the visual appeal of a landscape by creating terraced areas and allowing for creative design options.



Question 2

Describe three types of retaining walls and their common 
applications. Explain the primary mechanism each wall uses to 
resist lateral earth pressure, and include diagrams where 
applicable.
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Gravity Retaining Wall

Primary Mechanism: Resists lateral earth pressure through its own weight and mass.

Common Applications: Used for short to medium-height walls in residential landscaping, garden terraces, and small infrastructure projects.

Materials: Stone, concrete blocks, or mass concrete.

Notes: Requires a large footprint at the base for stability; simple construction but uses a lot of material.

Cantilever Retaining Wall

Primary Mechanism: Utilises a reinforced concrete slab and base that act as a lever arm, converting horizontal pressure into vertical forces resisted by the base.

Common Applications: Suitable for medium to tall walls (up to about 6–7 metres) in highways, bridge abutments, and urban construction.

Materials: Reinforced concrete (sometimes precast).

Notes: More material-efficient than gravity walls but needs careful design to avoid overturning and sliding.

Anchored Retaining Wall

Primary Mechanism: Uses anchors (or tiebacks) drilled deep into the ground behind the wall to resist lateral forces, providing additional support.

Common Applications: Ideal for very high walls, or where space for a wide base is limited, such as in deep excavations, basement construction, and waterfront structures.

Materials: Can be combined with sheet piles, concrete, or other types of retaining structures.

Notes: Complex and expensive to install; requires specialised equipment and detailed soil investigations.

Sheet Pile Wall

Primary Mechanism: Thin interlocking steel, vinyl, or timber sheets are driven into the ground to resist lateral pressure mainly through shear and friction.

Common Applications: Temporary and permanent structures in soft soils, waterfronts, basements, and excavation support.

Notes: Best for soft, loose soils and areas with limited space; limited effectiveness in very hard or rocky soils.

Gabion Wall

Primary Mechanism: Uses the mass of stone-filled wire cages (gabions) to resist lateral earth pressure through weight and some flexibility.

Common Applications: Erosion control along rivers and coastlines, landscaping projects, low-height retaining walls.

Notes: Flexible (adapts to ground movement); environmentally friendly if filled with local stones; not suitable for very high loads.



Question 3

What factors affect the magnitude and distribution of earth 
pressure against a retaining wall?



Exam Type Questions
Groundwater



Question 1

What is groundwater and how is it formed?
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Groundwater is water that exists underground in the cracks and spaces in soil, sand, and rock, formed through the percolation of rainwater and other surface water through the ground, eventually collecting in porous and permeable aquifers.



Question 2

Explain the two types of aquifer.
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Unconfined Aquifers
These aquifers have a permeable layer above them and are recharged directly by rainwater or other surface water. 
They are typically closer to the surface, making them more accessible but also more susceptible to contamination.


Confined Aquifers
These are found beneath an impermeable layer of rock or clay, which protects them from direct surface contamination. 
Confined aquifers are usually under pressure, so when they are tapped, the water may rise on its own in an artesian well.



Question 3

Explain the difference between porosity and permeability. 
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Porosity is the measure of the amount of open space in a rock or sediment that can hold water. 


Permeability is the measure of well the pores are interconnected and therefore how easily water can move through a rock or sediment.



Question 4

How does hydraulic head determine the direction and potential 
for fluid flow
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Hydraulic head is a measure of the total energy per unit weight of water at a particular point within a fluid system, and it determines the direction and potential for fluid flow



Question 5

What assumptions are made when analysing flow to a well?
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STEADY FLOW

HOMOGENEOUS AQUIFER 

CONSERVATIVE POLLUTION TRANSPORT

SATURATED FLOW

NEGLIGIBLE DIFFUSION AND DISPERSION

INSTANTANEOUS RELEASE

NEGLIGIBLE RETARDATION
CONSTANT DISTANCE

CONSTANT PUMPING

NEGLIGIBLE BOUNDARIES

NEGLIGIBLE RECHARGE / DISCHARGE



Question 6

If pollution poses a threat to the borehole, explain the 
significance of it reaching quicker or slower?
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Depends on the nature of pollutant 
May degrade or decompose into harmless by-products
Few microorganisms will survive in aquifer for over 1 year
Long travel time may mean that pollutant is in the aquifer undetected for many years, polluting the borehole long after premises have ceased to operate.



Question 7

What are Source Protection Zones (SPZs), and why are they 
important for protecting groundwater quality?
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Source Protection Zones (SPZs) are designated areas around groundwater sources such as wells, boreholes, springs, or surface water intakes, where specific measures are put in place to protect the water quality from contamination



Question 8

Label the following diagram of 
a borehole
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1.Outer Locking Cap 
2.Inner Cap 
3.Weep Hole 
4.Surface Seal 
5.Annular Seal 
6.Filter Pack Seal 
7.Second Filter Pack 
8.Well Casing
9.Wall Screen 
10.Primary Filter 
11.Bottom Cap



Exam Type Questions
Hydrology



Question 1

Label the following 
diagram of the 
hydrological cycle 
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i. Precipitation
ii. Infiltration
iii. Transpiration
iv. Evaporation
v. Surface Runoff



Question 2

Explain 2 impacts that increased urbanisation has on water 
infiltration



Question 3

What are the 3 main reasons that make hydrology important to 
engineers?
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Flood Risk Management
Water Resources / Supply 
Hydraulic Structures (Dams, Bridges etc)



Question 4

Define a catchment and a watershed
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A catchment is an area where precipitation collects and drains into a specific river, lake, reservoir, or other water body.



A watershed is a larger drainage area that collects water and directs it toward a major river, basin, or ocean.It is usually defined by topographic boundaries (hills, ridges, or mountains) that separate it from adjacent watersheds.



Question 5

What does a 20 year return period mean?
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an event with a 1-in-20 year return period will occur on average once every 20 years, and therefore has a 1-in-20, or 5%, chance of occurring each year.



Question 6

Describe 2 methods for measuring discharge
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Velocity – Area Method
points across a river cross-section and then multiplying by the cross-sectional area.


Divide the river cross-section into segments.
Measure the flow velocity at different points in each segment.
Multiply the velocity by the cross-sectional area of each segment.
Sum the values to estimate the total discharge.

Wiers



To calculate the discharge from a wier you need to use a formula that relates the height of the water above the weir (known as the head) to the flow rate. 
crest, and the characteristics of the water flow.



Acoustic Doppler Device 
Uses the doppler effect to measure water velocity by bouncing sound waves off moving particles in the water.



Exam Type Questions
Coastal Structures



Question 1

What are the 3 factors that influence wave formation?
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Fetch (Distance over which wind blows)
Duration (How long the wind blows for)
Speed (How fast the wind is)



Question 2

Briefly explain the process of wave overtopping
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Wave overtopping occurs when waves run up and flow over the top of coastal defenses (like seawalls, breakwaters, or dikes) during storms or high tides.

It happens when the wave height and energy exceed the height of the structure, causing water to spill onto the protected land behind it.



Question 3

Briefly explain the two primary purposes of coastal structures
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Coastal Protection & Sea Defence

Limit wave action reaching (sections of) the shoreline;
Restrict movement (particularly loss) of beach materials;
Protect areas of "soft" shoreline, natural or imported, against erosion;
Restrict extent and frequency of flooding of reclaimed or low-lying areas by wave overtopping, or by defence breaching;

Harbour, Marina & Related Facility Protection

Limit wave disturbance within harbour or marina areas;
Restrict wave overtopping into working areas in or near harbours;
Limit wave motions in water intakes for power or desalination plants



Question 4

What are the 3 main types of coastal structure?
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simple vertical walls or breakwaters;
impermeable and usually smooth revetment slopes; 
rubble mound breakwaters or slopes



Question 5

Label the following drawing of a rubble mound breakwater



Question 6

What are the 3 overtopping hazard categories?
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Direct hazard of injury or death to people living, working or travelling in the area defended;

Damage to property, operation and / or infrastructure in the area defended;

Damage to defence structure(s).



Question 7

Suggest two measures for decreasing the level of overtopping 
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Increase wall height
Increase permeability of wall



Exam Type Questions
Embodied Carbon



Question 1

What is embodied carbon, and why is it important in the 
context of construction and building materials?



Question 2

Explain how Embodied Carbon calculations can be used to 
help choose sustainable construction materials



Question 3

Describe the lifecycle stages of a building that contribute to 
embodied carbon emissions



Question 4

How does embodied carbon differ from operational carbon in 
buildings?



Question 5

How can the embodied carbon of a building be reduced?



Exam Type Questions
Carbon Capture



Question 1

What is meant by 'net zero’?



Question 2

What are the three main methods for capturing CO₂ from fossil 
fuel combustion?



Question 3

Describe the process of geological sequestration and its 
different storage methods.



Exam Type Questions
Climate Change



Question 1

How does climate change impact infrastructure in the UK?



Question 2

Describe the changes in temperature and rainfall patterns 
expected in the UK in the future.



Question 3

How could climate change affect the transport system in the 
UK? 



Exam Type Questions
Renewable Energy



Question 1

How does the difference in air pressure across the blade create 
lift and drag? Use diagrams where necessary. 



Question 2

What factors influence the choice of foundation for an offshore 
wind turbine structure?



Question 3

What are the movements of a floating offshore wind platform? 
Use diagrams where necessary. 



Question 4

Explain the 3 different types of hydroelectric power facilities. 
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