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[bookmark: _Toc165383089]Introduction

This assignment delves into various methodologies and techniques aimed at enhancing ground and soil conditions. Given the diverse array of soil types and ground conditions worldwide, it is imperative to find suitable methods tailored to specific circumstances. This essay seeks to evaluate the most appropriate methods for different soil types while delving into their respective advantages and disadvantages.
The primary objective of improving soil and ground conditions is to enhance control over earthwork, thereby enhancing performance for construction projects. This entails minimising compressibility to prevent settlement, bolstering strength to enhance stability and bearing capacity, and mitigating the risk of liquefaction. These enhancements can be implemented at various stages of the construction process, with the most desirable scenario being their completion before commencing construction activities. Pre-construction improvements are considered the most cost-effective approach, ensuring the site landscape is primed for seamless infrastructure development. Additionally, improvements can be integrated concurrently with construction activities, becoming integral components of the project. While post-construction improvements are workable, they are often deemed costly, yet may be necessary if issues arise during project progression, preferably addressed once construction activities conclude (Nicholson, 2015).
Over the years, soil strengthening techniques have evolved along with technology improvement as the availability of new specialised equipment have supplied much better results in a much shorter time. Among the different methods of strengthening subsoils, there are two basic groups of techniques that are still used, traditional methods and modern methods. In the essay, it will start with providing details on the traditional methods such as soil compaction and then look at modern methods such like soil mixing. (J. Obolewicz, 2019)









[bookmark: _Toc165383090]Different methods of Ground Improvement
There are numerous different methods that are used to improve ground condition, see below.
[bookmark: _Toc165383091]Grouting
Grouting serves as a widely used approach to improve soil quality by introducing grout into soil layers, aiming to fill underground voids, reduce permeability, and enhance soil bearing capacity. This method includes two main techniques: injection grouting and deep grouting and mixing, both suitable for various coarse soils. However, they differ in their implementation. (PCA Ground Engineering, 2014)
Injection grouting, also known as cement injection, involves injecting grout into soil pores or voids as a fluid medium. This process, carried out under pressure through single or multiple ports, needs careful consideration of grout particle sizes to effectively penetrate voids. Consequently, it enhances soil strength and stiffness once the grout solidifies. (PCA Ground Engineering, 2014)
Conversely, jet grouting involves mixing soil in situ to create a soilcrete, or grout soil. This technique blends specific materials with the existing soil to alter its geotechnical properties, thereby enhancing its overall characteristics. (PCA Ground Engineering, 2014)
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Figure 1: Example of cement and Jet grouting (PCA Ground Engineering, 2014)
Grouting can be used effectively to cohesive soils with voids or weaknesses such as underpinning existing structures, stabilising slopes, or tunnelling. For example, jet grouting is a method that is now commonly used for reducing leaking from reservoir dams and for design of temporary and permanent dewatering combined stabilisation and support for construction projects. (PCA Ground Engineering, 2014) Below are some of the advantages and disadvantages that come with grouting:
Advantages
· Suitable for stabilising or poorly compacted soil
· Strengthens soil and reduces permeability.
· Improves load bearing capacity.
· Use of wider range of soil types and conditions as cut through coarse soils.
Limitations
· Precise control over placement of grout can be challenging.
· Initial cost can be substantial.
· Long term effects depend on environment and site conditions. 
An example of when jet grouting was used previously is in Turkey after the 1999 Kocaeli Earthquake. This earthquake struck the northwestern area of the country at magnitude 7.4 and caused significant damage along Iszmit Bay. It was shown that the subsoil was improved using jet grout columns under machinery buildings and water tanks prior to the earthquake that showed a difference in visual inspections of minor structural damage to these building, in comparison to buildings that had no structural improvements performed. (Turan Durgunoglu, 2004)
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Figure 2: Drawing of Jet grout lay out from structural building in Izmit, Turkey. (Turan Durgunoglu, 2004)
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Compaction techniques involve enhancing soil density through pressure application, thereby reducing pore spaces, and enhancing load-bearing capacity. The compaction process encompasses three distinct methods: deep dynamic compaction, vibrocompaction (also referred to as vibroflotation), and precompression. (www.nge-tft.com, n.d)
Deep dynamic compaction (also known as impulse compaction) entails dropping substantial weights from a height using a crane, initiating soil compaction upon impact. The weight of the rams used can reach the value of 40tons and a height of 40m. The effectiveness of the dynamic compaction is determined by the value of impact energy and the factor limiting its use are significant shocks affecting nearby buildings. Vibrocompaction involves inserting a vibrating probe into the ground, using pressurised water to loosen native materials. This method typically employs a vibratory pile hammer. (www.nge-tft.com, n.d) This method is used to compact loose soil below the groundwater table. The energy of vibration reduces the friction forces between the grains of the soil and when the device is lifted it compacts. Vibro-compaction can reach a maximum depth level of 50m and due to modern technology, the vibro-compacts can be equipped to have control constantly of the strengthening process and allows the operator to correct any deviations. (J. Obolewicz, 2019)
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Figure 2: Example of Dynamic soil compaction (Civildigital, 2016)
Precompression is primarily executed on fine-grained soils by pre-compressing them before site development. This is achieved by placing a surcharge fill, which stays in place while the underlying soil consolidates. (www.nge-tft.com, n.d)
All three methods have demonstrated effectiveness in deep ground improvement but are best suited depending on the soil type being treated but particularly suitable for loose of granular soils where increased density is required to support structures such as roads, embankments, or foundations. (www.nge-tft.com, n.d)
Advantages
· Helps prevent settling and deformation under loads.
· Widely applicable for various type of soils.
· Can reduce construction schedule due to minimising settlement time.
Limitations
· Requires specialist equipment that can be expensive.
· Limited effectiveness in improvement of soil beyond certain depths.
· Ground vibrations can affect local structures or sensitive environment.
In a case study carried out in Taiwan, they investigated the effect of dynamic compaction on liquefaction potential that in the increase in soil strength as well as the reduction in the variation of soil strength in the area. This case study was brought in as soil liquefaction in an earthquake can cause significant damage and economic loses, as East Japan found out in 2011 after an earthquake caused 27,000 houses damaged due to soil liquefaction in this area. This case study significantly looked at the effect of the reduction in soil strength variation on liquefaction potential as that is not recognised. From this research, Mengfen Shen concluded to find out that the results found were positive as the effects of dynamic compaction had reduced the amount of liquefaction potential as it increased the soil strength and reduced the variation of strength. (Shen, M. 2018) Results of this investigation are below.
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Figure 3: Showing results from case study. (Shen, M. 2018)
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Vibro-replacement, also known as vibro-stone columns (VSC), is a ground improvement technique that is used to transfer structural loads to suitable levels in poor ground conditions. The vibration strengthens the ground and stabilises granular soils that would normally be unsuitable for construction. Vibro-replacement can be a cost-effective alternative to grouting for certain structures such as embankments, dams, and tanks but due to the size of the machinery required, the construction site will need to be big enough. (Designing Buildings, 2020)
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Figure 4: Example of vibro-replacement. (www.liebherr.com, n.d.)
This technique works using a crane downhole vibrator that constructs stone columns through weak soils and improves the load bearing and settlement capacities. There are two separate process that can be used, the wet and dry process. (Designing Buildings, 2020)
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Weak soil is penetrated to the desired depth and stone used to fill the cavity through a feed pipe that is attached to the vibrator. The vibrator is then used to compact the stone that provides interlocking tightly with the surrendering area. Additional stone is added and compacted to form a column in the ground that is then built up to the ground level. (Designing Buildings, 2020)
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Weak soil is penetrated to the design depth by vibration as well as water jets from the vibrators tip. The stone backfill is added as the vibrator is removed and used simultaneously to compact the stone. A water supply of 10,000 litre per rig hour is usually required for this technique. (Designing Buildings, 2020)
Advantages
· Provide effective reinforcement to the weak soils.
· Offers improved performance in cohesive soils compared to vibro-compaction.
Limitations
· Requires prompt planning to ensure proper installation and performance.
· More cost-effective solutions available, due to machinery requirements.
· Limited effectiveness in exceptionally soft ground conditions. 
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Soil mixing consists of using specially designed augers to mechanically mix the soil with an in-situ binder. The process breaks up the soil without removing it and inject a binder at low pressure, thoroughly mixes the binder with the soil to form a reinforced block of soil after treatment. Soil mixing is known to be a very flexible technique as multiple methods of treatment have been developed such as block-type, isolated columns, and wall-type. The mixing machine is fitted with a rotary head to directly inject binder into mixing ones and the stability agent is combined with the soil and it robustly mixed the rotary blades. (Menard, 2022)
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Figure 5: Highlighting the technique used for soil mixing. (Menard, 2022)
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Figure 6: Soil mixing example (Nicholson, P.G, 2015).
Advantages
· Soil mixing can be applied to a wide variety of soil types and can be tailored to meeting specific project requirements.
· Depending on the additives used, soil mixture can be an environmentally friendly option. For example, the use of lime or other natural stabilisers can minimise the impacts on the environment compared to chemical additives. 
Limitations
· Soil mixing required skilled personnel to perform mixing process effectively. The availability of experienced operators is limited, increasing costs of project.
· There is a potential for ground disturbance as it can affect nearby utilities, especially in sensitive environment such as organic soils.
[bookmark: _Toc165383097]Soil Nailing
Soil Nailing is a ground stabilisation technique that can be used on either natural or excavated slopes and involves drilling holes for reinforcement bars that are inserted into a slope which are then grout in place. Mesh is then installed to attached to the bar ends to hold the slope face in place. The use of this method is predominantly used for tunnel portals, temporary excavation shoring or reconstruction of existing retaining structures. The main factors in place when deciding with soil nailing is suitable include ground conditions, geosynthetic materials and ground anchors. Soil nailing is a very versatile method, but it particularly well suited to clays, sand and gravel but can be used on weathered rock if it is even and does not have any weakness planes throughout the rock. (A. Basha, 2017)
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Figure 6: Representation of soil nailing
Advantages
· Soil nailing works great for restricted areas and confined space.
· Less environmental impact
· Quick and easy to install.
· Very flexible to be used on multiple new construction and height not restricted for use.
Limitations
· Not suitable for area with a high-water table.
· Soil density will be required if the soil has low strength.
· Not suitable for permanent use in expansive soils.
A case study was carried out to find out the effects of using vertical reinforcement nails in soil nailing techniques to find out if that would improve the soil stability even more in this method. This was performed through a series of laboratory test through unconfined compression and direct shear test. The results highlighted an improvement on the controlling of deformation of clay soil and improved the shear strength as it reduced the tensile strains associated with compressive loads. It was mentioned that the vertical reinforcement nails were adopted to work as floating piles that shared the load and acted as a settlement reducer. The amount of settlement whilst using vertical reinforced nail sailing reduced by 73%. (A. Basha, 2017)
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Geotextiles are flat, permeable sheet that are constructed of polypropylene resin that is knitted, woven, or thermally bonded with a thermal agent. It is a synthetic material that is used in civil engineering projects to stabilise soil and offers a variety of benefits to enhanced performance of ground improvements. Geotextiles are primarily used on pavements for road and airports and have shown to be successful at enhancing soil strength and stability. Geotextile help ensure that the overall strength of pavement systems is not compromised and prevents contamination occurring from base layers below. (Vimal, 2023). 
Benefits
· Geotextiles help reduce soil erosion by protecting the soil surface from the impact of conditions such as rainfall and potential hazardous substances.
· Geotextiles can provide benefits to vegetation support due to the separation of soil.
· It is a cost-effective route in comparison to traditional methods such as excavation.
Limitations
· If installed improperly, this can lead ineffectiveness of geotextiles or potential failure. 
· It is not a suitable method or all types of soil stabilisation.
· Due to geotextile being a material, the longevity of use would need to be considered when planning to use on a construction project and may be other more suitable options. 
[bookmark: _Toc165383099]Emerging Trends
Several environmentally friendly measures have been incorporated into soil and ground enhancement practices in recent times. Concerns about environmental and potential health hazards have prompted a shift away from using additives identified as potentially harmful or toxic to humans, animals, groundwater, and farming. This shift has led to efforts aimed at monitoring, collecting, and filtering runoff from construction sites resulting from ground enhancement activities. Furthermore, strategies focusing on waste reduction through reuse and recycling have resulted in more efficient resource utilisation and a decrease in the volume of materials in the already strained waste stream. As a result, considerable advantages have appeared. (Nicholson, P.G, 2015).
Recent innovations in equipment design and advancements in operations, monitoring, and quality control have collectively enhanced various soil and ground treatment methodologies, including deep mixing for bearing support, excavation support, hydraulic cutoffs, and in-place wall/foundations. These developments have introduced fresh capabilities and elevated reliability levels. Progress includes the capacity to mix at greater depths, in more challenging locations, and with materials that were previously considered beyond limitations. (Nicholson, P.G, 2015).
Additionally, another technology that has surfaced and is garnering considerable attention involves the utilisation of bioremediation. This encompasses various methods for stabilising soils, such as employing organisms capable of precipitating calcium to form bonds, thereby enhancing strength through a cementing process. (Nicholson, P.G, 2015).
[bookmark: _Toc165383100]Conclusion
As evident from this examination of various soil strengthening techniques, there exists a multitude of methods available, each influenced by several factors pertinent to the construction project, notably location and cost. Location emerges as the primary determinant for selecting the most appropriate ground improvement technique, as it hinges on soil type. Typically, projects situated on gravel or sand soil types find compaction to be the most suitable approach. Compaction, a conventional method that has evolved into various forms, is employed through dynamic compaction, enhancing construction efficiency. However, its feasibility may be limited by equipment costs, rendering it unsuitable for certain projects. Research indicates that many of these techniques exhibit remarkable versatility across diverse soil types. Vibro replacement, soil mixing, and jet grouting stand out as three pivotal methods offering versatility in ground improvement. Particularly beneficial for smaller construction projects, these methods streamline the construction process by minimising the need for extensive soil analysis, given their applicability to a wide range of soil types. From this research analysis of the different type of methods, a surprisingly successful method to use for ground improvement is jet grouting. Before conducting this investigation, it was assumed that compaction would be the most adaptable method. However, as illustrated in Figure 8, jet grouting emerges as the most versatile ground improvement method examined in this essay. Figure 8 highlights the diverse range of methods available for soil stabilisation, emphasising the importance of thorough research to determine the most appropriate method for a construction project. As noted in the emerging trends for ground improvements, it is essential to select methods that align with environmental conditions and to conduct due diligence regarding potential long-term effects of soil stabilisation methods. Additionally, recognising the significance of new equipment in enhancing infrastructure stability on soils is crucial.
[image: ]
Figure 8: Soil improvement methods applicable to different soils.
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