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ANSWER FOUR QUESTIONS

1. 
a. Explain the main methods used for monitoring a slope like this to detect potential landslides. Your answer should include 4 different techniques. Discuss the data each technique provides and the advantages and limitations of each method. [12 Marks]
LiDAR (Light Detection and Ranging): Provides high-resolution topographical data. [1 Mark]
· Advantages: Accurate, covers large areas quickly.
· Limitations: Expensive, requires specialized equipment. [2 Marks]
InSAR (Interferometric Synthetic Aperture Radar): Measures ground deformation over time. [1 Mark]
· Advantages: Can detect minute ground movements, useful for early warning.
· Limitations: Affected by vegetation, requires multiple satellite passes. [2 Marks]
Photogrammetry: Uses aerial photographs to create 3D models of the terrain. [1 Mark]
· Advantages: Cost-effective, provides detailed surface models.
· Limitations: Weather-dependent, lower accuracy compared to LiDAR. [2 Marks]
Piezometers: Measure pore-water pressures within the slope. [1 Mark]
· Advantages: Direct measurement of groundwater conditions, critical for stability analysis.
· Limitations: Invasive, limited to specific points. [2 Marks]
Inclinometers: Measure subsurface displacements and deformations. [1 Mark]
· Advantages: Provides detailed deformation profiles.
· Limitations: Requires boreholes, can be expensive. [2 Marks]
Extensometers: Measure horizontal displacements across fissures or cracks. [1 Mark]
· Advantages: Simple, effective for detecting surface movements.
· Limitations: Limited to surface measurements, can be affected by environmental conditions. [2 Marks]
Total Stations: Measures precise distances and angles between fixed points on a slope to detect movement. [1 Mark]
· Advantages: Very accurate for detecting small surface deformations; repeatable surveys over time.
· Limitations: Requires clear line-of-sight; labour-intensive and weather-dependent. [2 Marks]
GNSS: Records precise movement of GNSS stations placed on the slope in real time or at intervals.  [1 Mark]
· Advantages: Provides continuous, real-time data; highly accurate positioning. 
· Limitations : Requires installation of equipment on the slope; can be costly; signal can be obstructed by terrain or vegetation. [2 Marks]


b. A house sits at the top of a long natural slope in a fissured overconsolidated clay inclined at 18° to the horizontal. The water table is at the surface and seepage is roughly parallel to the slope. A slip has developed on a plane parallel to the surface at a depth (z) of 7m. The saturated unit weight (γsat) of clay the clay is 20kN/m3. The peak strength parameters are c’=8kN/m2 and Ø’r=30°. Determine the Factor of Safety (FoS) along the slip plain. [12 Marks]
With the water table at the surface (m=1) at any point along the slip 
 
 [ 3 Marks]
 
 [2 Marks]
 
 [3 Marks]

 
 [2 Marks]

 [2 Marks]

c. Is the house safe? [1 Mark] 
FoS is close to 1 so house should be evacuated. 

2. 
a. Discuss two different types of retaining wall and their typical applications. Include the primary mechanism by which each type of wall resists lateral earth pressure. Use diagrams where appropriate. [12 Marks]
Gravity Retaining Walls: [1 Mark]
· Rely on massive weight to resist lateral present of soil. 
· Typically made from concrete, stone or masonry. 
· The primary mechanism is the mass of the wall counteracting lateral earth pressure.
· Suitable for low to medium height application (Garden Walls, Small Retaining structures) [3 Marks]
[image: A diagram of a wall and a cantilever wall

Description automatically generated] [ 2 Marks]
Cantilever Retaining Walls: [1 Mark]
· Cantilever walls are constructed of reinforced concrete and consist of a thin stem and a base slab. The base slab has two parts: the heel and the toe
· The wall leverages its base slab. The weight of the soil on the heel helps to counteract the overturning moment created by the lateral earth pressure.
· Commonly used for medium to high retaining walls (Highway bridges, large landscaping projects. [3 Marks]
[image: ][2 Marks]
Sheet Piling Retaining Wall: [1 Mark]
· Sheet piling walls are made from steel, vinyl, or wood planks that are driven into the ground. They are used in soft soils and tight spaces.
· The primary resistance comes from the passive earth pressure generated as the sheets are driven into the soil. The depth of penetration and the interlocking of sheets provide stability.
· Often used in waterfront structures, such as docks and piers, and in temporary construction to retain soil. [3 Marks]
[image: A diagram of a wall and a cantilever wall

Description automatically generated] [ 2 Marks]
Anchored Retaining Walls: [1 Mark]
· Anchored walls can be of any of the other types but with additional support from cables or other anchors driven deep into the soil behind the wall.
· The anchors provide additional horizontal force to resist the lateral earth pressure, allowing for the construction of taller walls.
· Suitable for high walls where space constraints do not allow for the wall to be thickened, such as in urban excavation projects. [3 Marks]
[image: A diagram of a wall and a cantilever wall

Description automatically generated] [2 Marks]

b. A retaining wall is designed to hold back a soil embankment. The wall is 5m high and retains soils with a unit weight (γ) of 18kN/m3. The soil behind the wall is level and the friction angle of the soil (Ø) is 30°. Calculate the active earth pressure Ka using Rankine’s theory. [2 Marks]
[image: ]
 [2 Marks]

c. Calculate the total active earth pressure (pa) acting on the wall. [2 Marks]
 [2 Marks] 

d. The water table rises to a level of 2m below the surface of the soil. The saturated unit weight (γw) is 20kN/m3. Calculate the total thrust acting on the wall. [9 Marks]
[image: ]
[image: A blue lines on a black background

Description automatically generated] 
[2 Marks]
 [2 Marks]
3.  [2 Marks]
 [2 Marks]
 [1 Mark]


3. 
a. Explain the term Aquifer [2 Marks]
A geological formation, group of formations or part of a formation that contains sufficient saturated permeable material to yield significant quantities of water to wells and springs. [2 Marks]

b. Define Porosity [2 Marks]
The volume of the voids divided by the total volume of porous medium [2 Marks]
c. A chemical spill has occurred at a factory, and pollutants have entered the groundwater. A borehole used to supply drinking water is located 1km downstream of the factory. 

[image: ]
Given the following information:
Hydraulic Conductivity of Soil (k) = 5m/day
Kinematic Porosity of Soil (n) = 15%
Use Darcy’s Law to determine the time it will take for the pollutants to reach the borehole. [7 Marks]
 [2 Marks]
 [2 Marks]
 [2 Marks]
	[1 Mark]

d. State all the assumptions that have been made in the above calculation. [8 Marks]
· Steady Flow (Hydraulic Gradient and Conductivity Constant over time) [1 Mark]
· Homogenous Medium (Uniform Properties) [1 Mark]
· Non-Reactive [1 Mark]
· Saturated Flow (Pore spaces filled with water) [1 Mark]
· No Dispersion or diffusion (Move at same velocity as groundwater without spreading out) [1 Mark]
· Instantaneous Release [1 Mark]
· Negligible Retardation [1 Mark]
· Constant Distance (Straight Line) [1 Mark]

e. Label the following diagram of a borehole [6 Marks]
[image: Diagram of a diagram of water level

Description automatically generated]
1. Outer Locking Cap [0.5 Marks]
2. Inner Cap [0.5 Marks]
3. Weep Hole [0.5 Marks]
4. Surface Seal [0.5 Marks]
5. Annular Seal [0.5 Marks]
6. Filter Pack Seal [0.5 Marks]
7. Second Filter Pack [0.5 Marks]
8. Well Casing [0.5 Marks]
9. Wall Screen [0.5 Marks]
10. Primary Filter [0.5 Marks]
11. Bottom Cap[1 Mark]


4. 
a. Briefly explain what Embodied Carbon is. [3 Marks]
· All the CO2 emitted in producing materials. [1 Mark]
· Estimated from the energy used to extract and transport raw materials as well as manufacturing emissions. [2 Marks]

b. Explain how can Embodied Carbon calculations be used to help choose sustainable construction materials. [3 Marks]
· Used to compare environmental impacts of different building materials, designs and construction processes. [2 Marks]
· Helps identify carbon intensive elements and promote alternatives. [1 Mark] 

c. Detail some strategies to help reduce Embodied Carbon. [8 Marks]
· Use recycled or reclaimed materials to minimise raw material extraction [2 Marks]
· Optimise design to use less material while maintaining strength and function [2 Marks]
· Source materials locally to reduce transportation emissions [2 Marks]
· Use low carbon alternatives, such as fly ash in place of cement or timber. [2 Marks]

d. Calculate the embodied carbon for a simple rectangular concrete slab which is to be used for the foundations of a small building. The slab is 10m Long by 5m Wide with a thickness of 0.2m. The concrete mix used for the slab has the following embodied carbon factors; Cement 0.85kg CO2 per kg, Aggregates 0.004kg CO2 per kg and Water 0.0003kg CO2 per kg. The mix proportions per cubic metre of concrete are; Cement 300kg, Aggregates 2000kg and Water 180kg. [8 Marks]
Calculate the volume of the concrete slab
[1 Mark]
Calculate the total material quantities
Cement  [1 Mark]
Aggregates  [1 Mark]
Water  [1 Mark]
Embodied Carbon per material
Cement  [1 Mark]
Aggregates  [1 Mark]
Water  [1 Mark]
Total Embodied Carbon
 [1 Mark]

e. Explain any assumptions you have made in the above calculation. [3 Marks]
· The density of the concrete mix is consistent [1 Mark]
· The mix proportions are accurate [1 Mark]
· There is no waste. [1 Mark]


5.  
a. Briefly explain one of the two primary purposes of coastal structures. [4 Marks]
Coast protection and/or 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; [4 Marks]
Protection of harbours, marinas and related facilities:
· 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. [4 Marks]
b. Label the following diagram of a Rubble Mound Breakwater [4 Marks]
[image: ]
1. Foundation [0.5 Marks]
2. Scour Protection Apron [0.5 Marks]
3. Core [0.5 Marks]
4. Toe Mound [0.5 Marks]
5. Underlayer [0.5 Marks]
6. Rear Armour [0.5 Marks]
7. Main Armour [0.5 Marks] 
8. Concrete Crest Structure. [0.5 Marks]

c. Seawalls are often used to protect against flooding by waves or surges. Name the three general hazard categories that wave overtopping may effect. [3 Marks]
· Direct Hazard of injury or death to people living, working or travelling in defended area [1 Mark]
· Damage to property, operation and/or infrastructure in area defended including loss of economic resource, disruption, delay [1 Mark]
· Damage to defence itself [1 Mark]

d. For a 1:2 smooth (r=1.0) sloping seawall with a toe at 0mCD, still water level at 2.4mCD and a crest level of 4.4mCD. Estimate the overtopping when Hs=4m and Tm=7.54s using Owen’s Method. [12 Marks]
 [4 Marks]
 [4 Marks]
 1480l/s/m [4 Marks]

e. Suggest two measures for decreasing the level of overtopping at this seawall. [2 Marks]
Increase crest height [1 Mark]
Increase permeability. [1 Mark]
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