GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

Advanced Certificate in Landscape Engineering and Design

Soil Mechanics and Substrate Engineering

Soil mechanics and substrate engineering form the technical backbone of modern landscape design,
providing the science that underpins safe, functional, and aesthetically pleasing outdoor spaces. Mastery of
the terminology is essential for designers, engineers, and horticultural specialists who must translate site
conditions into practical solutions. The following detailed glossary presents the most important terms,
definitions, examples, and typical challenges encountered in the field. Each entry is written to be clear and
concise, yet rich enough to serve as a ready reference for students and professionals alike.

Effective stress — The stress carried by the soil skeleton, obtained by subtracting pore-water pressure from
the total stress. In a saturated clay layer, the total vertical stress at a depth of 2m may be 50kPa, while the
pore-water pressure is 30 kPa; the effective stress is therefore 20 kPa. Effective stress governs shear strength,
settlement, and consolidation behavior.

Shear strength — The capacity of a soil to resist shearing deformation, expressed as a combination of
cohesion (c) and friction angle (¢). For a sandy fill, c is essentially zero and ¢ may be 30°, whereas a stiff clay
might exhibit c = 25kPa and ¢ = 10°. Shear strength is evaluated through laboratory tests such as direct
shear, triaxial compression, or vane shear.

Mohr-Coulomb failure criterion — A linear relationship that describes the envelope of shear stress versus
normal stress at failure: T=c+ o'tan . This model is widely used in slope stability analysis and foundation
design, providing a simple yet powerful tool for estimating factor of safety.

Principal stresses — The maximum (o1) and minimum (o3) normal stresses acting on mutually orthogonal
planes where shear stress is zero. In a deep excavation, o1 may be the vertical stress from overburden, while
03 is the horizontal stress induced by lateral earth pressure. Understanding the orientation of principal
stresses helps in designing retaining structures and assessing potential failure planes.

Stress path — The trajectory that a soil element follows in stress-strain space during loading, unloading, or
drainage. Stress paths are plotted on a p-q diagram (mean stress versus deviatoric stress) and are essential
for interpreting the behavior of clays during consolidation or for evaluating the impact of cyclic loading on
sands.

Consolidation — The time-dependent reduction in volume of a saturated soil due to expulsion of pore water
under an applied load. Primary consolidation is governed by the coefficient of consolidation (Cv) and can be
predicted using Terzaghi's one-dimensional theory. For a clay layer with Cv=0.001M?/s, a 10 m settlement
may take several months to a few years to complete, influencing construction sequencing and temporary
support requirements.
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Coefficient of consolidation (Cv) — A parameter that quantifies the rate at which excess pore-water pressure
dissipates. Cv depends on soil permeability, compressibility, and drainage conditions. Laboratory
consolidation tests provide Cv values that are used to estimate settlement time curves for field projects.

Secondary consolidation — Also called creep, this is the long-term settlement occurring after primary
consolidation has finished. It is typically expressed as a logarithmic function of time and is significant for
soft clays that may settle several centimeters over decades. Designers must account for secondary
consolidation when specifying settlement tolerances for sensitive structures such as historic monuments or
precision equipment.

Permeability (k) — The ability of a soil to transmit water, measured in meters per second (m/s). Coarse sands
have high k values (107 to 10™*m/s), while clays are extremely low (107° to 107" m/s). Permeability
influences drainage design, seepage calculations for earth dams, and the rate of consolidation. Field
permeability is often measured with a piezometer or a slug test.

Hydraulic conductivity — Synonymous with permeability, but typically used in the context of groundwater
flow. In Darcy's law, q =kiA, where q is the discharge, i is the hydraulic gradient, and A is the cross-sectional
area. Accurate k values are critical for modeling groundwater seepage beneath retaining walls or beneath
landscaped terraces.

Soil classification — A systematic categorization based on grain-size distribution, plasticity, and other
engineering properties. The Unified Soil Classification System (USCS) divides soils into coarse-grained
(gravel, sand) and fine-grained (silt, clay) groups, with modifiers for plasticity (e.G., “CL" for low-plasticity
clay). The AASHTO system is used for highway construction and includes categories such as “"A-1" for
well-graded sand and gravel. Proper classification guides the selection of design parameters such as
bearing capacity and compaction specifications.

Grain-size distribution — The proportion of particles of different diameters, typically determined by sieve
analysis for particles larger than 0.075 Mm and by hydrometer or sedimentation methods for finer fractions.
The distribution curve informs the selection of appropriate compaction methods and helps predict
permeability. A well-graded sand will have a continuous distribution from coarse to fine particles, resulting
in higher density and lower void ratio when compacted.

Atterberg limits — Standard laboratory tests that define the plastic behavior of fine-grained soils: Liquid limit
(LL), plastic limit (PL), and shrinkage limit (SL). The plasticity index (Pl) is the difference between LL and PL
and indicates the range of moisture content over which the soil exhibits plastic deformation. For example, a
clay with LL=60% and PL =30% has Pl =30%, signifying high plasticity and potential for swelling.

Compaction — The process of increasing soil density by reducing air voids through mechanical work.
Compaction improves bearing capacity, reduces settlement, and controls permeability. The most common
field method is the use of a roller (smooth-wheel, pad, or pneumatic), while the laboratory standard is the
Proctor test, which determines the optimum moisture content (OMC) and maximum dry density (MDD).
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Standard Proctor test — A laboratory compaction test that applies a specific number of blows (56) from a
2.5Kg hammer dropped from a height of 305 mm onto a mold containing the soil. The resulting dry density
versus moisture content curve identifies the OMC and MDD. The Modified Proctor test uses a heavier
hammer (4.5Kg) and more blows (25), producing higher densities for engineering applications requiring
greater strength.

Moisture-density relationship — The curve that plots dry density against moisture content, derived from
Proctor testing. Designers use this relationship to verify that field compaction meets the specified OMC and
MDD, ensuring that the soil will perform as intended under load.

Void ratio (e) — The ratio of the volume of voids to the volume of solids in a soil mass. It is related to
porosity (n) by the equation e =n/(1 - n). A low void ratio (e = 0.4) Indicates a dense sand, while a high void
ratio (e = 1.0) Is typical of loose fill. Void ratio is a fundamental parameter in calculations of compressibility,
permeability, and shear strength.

Bulk density (pb) — The mass of dry soil per unit total volume, including solids and voids. It is measured in
kg/m? and is directly related to dry density. Bulk density is essential for estimating the weight of earthworks,
calculating earth-moving quantities, and evaluating the suitability of a substrate for plant growth.

Unit weight (y) — The weight per unit volume of a soil, expressed in kN/m?. For saturated soils, the unit
weight includes the weight of water in the voids, while for dry soils it equals pb x g (where g is the
acceleration due to gravity). Typical values range from 16 kN/m? for loose sand to 22 kN/m? for dense clay.

Shear modulus (G) — The ratio of shear stress to shear strain in the elastic range of a soil. It is a measure of
stiffness and is used in dynamic analysis, foundation design, and pavement engineering. For a clean sand, G
may be 30 MPa, whereas for a soft clay it may be only 5MPa.

Young's modulus (E) — The ratio of normal stress to normal strain in the elastic range. For isotropic soils, E is
related to G by the equation E=2G (1 +v), where v is Poisson’s ratio. Engineers often use E values derived
from field tests such as pressuremeter or plate load to estimate settlement of shallow foundations.

Poisson'’s ratio (v) — The ratio of lateral strain to axial strain under uniaxial loading. In soils, v typically ranges
from 0.2 To 0.5. A higher v indicates that the material deforms more laterally when compressed, affecting
the distribution of stresses beneath footings.

Settlement — The vertical displacement of a soil mass in response to applied loads. Settlement can be
immediate (elastic) or time-dependent (consolidation). For a concrete slab on a sand base, immediate
settlement may be a few millimeters, while a clay foundation may experience several centimeters of
consolidation settlement over a year.

Immediate settlement — The elastic deformation that occurs instantly when a load is applied, before any
drainage takes place. It is calculated using the elastic modulus and the geometry of the loaded area.
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Immediate settlement is especially important for stiff soils where consolidation is negligible.

Bearing capacity — The maximum pressure that a soil can safely support without failure. It is expressed as a
pressure (kPa) or as a load per unit area (kN/m?). The classic Terzaghi bearing capacity equation includes
terms for cohesion, friction, and shape factors. For a shallow strip footing on a dense sand, the allowable
bearing capacity may be 200 kPa, while on a soft clay it may be only 50 kPa.

Factor of safety (FS) — The ratio of the soil’s resisting capacity to the applied demand. In bearing capacity
analysis, FS=qu/q, where qu is the ultimate bearing capacity and q is the applied pressure. Typical design
values range from 2.5 To 3.0 For foundations, ensuring that unexpected variations in soil properties or
loading do not lead to failure.

Earth pressure — The lateral stresses exerted by soil on retaining structures. Active earth pressure (Ka) occurs
when the soil mass is allowed to expand laterally, while passive earth pressure (Kp) develops when the soil is
compressed. The Rankine and Coulomb theories provide equations for calculating Ka and Kp based on soil
friction angle, cohesion, and wall geometry.

Rankine theory — A simplified method for estimating active and passive earth pressures on smooth vertical
walls. It assumes a planar failure surface and neglects wall friction. The active pressure coefficient
Ka = tan®(45° - @/2) is widely used for preliminary design.

Coulomb theory — A more general approach that accounts for wall friction and non-vertical wall inclination.
The active pressure coefficient Ka depends on wall friction angle (8) and wall slope (B) as well as soil friction
angle (). Coulomb theory is preferred when wall-soil interaction is significant, such as for reinforced
concrete retaining walls.

Stability number (Ns) — A dimensionless parameter that relates the geometry of a slope to the shear
strength of the soil. It is used in limit equilibrium methods to assess the factor of safety for natural or
engineered slopes. A higher Ns indicates a steeper slope or weaker soil.

Limit equilibrium analysis — A family of methods that evaluate slope stability by assuming a potential failure
surface and balancing driving and resisting forces. Common techniques include the ordinary method of
slices (Fellenius), Bishop's simplified method, and the Janbu method. Software such as SLOPE/W or
GeoStudio implements these algorithms to generate safety factor contours.

Geotechnical investigation — The systematic process of gathering subsurface data through field and
laboratory testing. Typical steps include site reconnaissance, drilling boreholes, standard penetration tests
(SPT), cone penetration tests (CPT), and sampling for laboratory analysis. The resulting geotechnical report
provides the basis for design parameters such as unit weight, shear strength, and compressibility.

Standard Penetration Test (SPT) — An in-situ test that measures the resistance of soil to a 63.5 Mm hammer
dropped from a height of 760 mm. The number of blows required to drive the sampler 30 cm (the “N-value”)
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is recorded. Higher N-values indicate denser or harder soils. SPT results are correlated to properties such as
relative density, bearing capacity, and liquefaction potential.

Cone Penetration Test (CPT) — A continuous penetration test that records tip resistance (qc), sleeve friction
(fs), and pore pressure (u) as a cone is driven into the ground at a constant rate. CPT provides a detailed
profile of soil stratigraphy and can be used to estimate shear strength, consolidation parameters, and soil
type without disturbing the sample.

Liquefaction — The loss of shear strength in saturated, loose granular soils caused by cyclic loading, typically
from earthquakes. When liquefaction occurs, the effective stress drops to near zero, and the soil behaves
like a fluid, potentially causing settlement, lateral spreading, or bearing failure. Design against liquefaction
involves densifying the sand, using drainage paths, or selecting deeper foundations.

Drainage — The removal of excess water from the soil mass to improve stability, increase strength, and
control settlement. Drainage is achieved through vertical drains (wick drains), horizontal drains (stone
columns), or surface drainage features such as swales and French drains. Proper drainage design is critical
for retaining walls, embankments, and landscaped slopes.

Vertical drain (wick drain) — A prefabricated synthetic strip placed in soft clay to accelerate consolidation by
shortening the drainage path. Wick drains are installed in a grid pattern and often combined with surcharge
loading to expedite settlement. They are widely used in land reclamation and airport runway construction.

Stone column — A cylindrical column of compacted gravel or crushed stone installed in soft soil to improve
strength, reduce settlement, and increase drainage. Stone columns increase the soil’s shear resistance by
providing a stiff, high-strength core that transfers loads to the surrounding ground. They are particularly
effective for supporting heavy structures on soft clays.

Soil stabilization — The process of enhancing soil properties through mechanical, chemical, or biological
means. Common techniques include lime or cement treatment for clay, fly ash or slag addition for sand, and
the use of geosynthetics to reinforce soils. Stabilized soils exhibit increased shear strength, reduced
compressibility, and improved durability.

Lime stabilization — The addition of quicklime (CaO) or hydrated lime (Ca(OH),) to expansive clay soils. Lime
reacts with the clay minerals, reducing plasticity, increasing pH, and promoting flocculation, which results in
higher strength and lower shrink-swell potential. Lime stabilization is widely used for road bases and
embankments in regions with high-plasticity clays.

Cement stabilization — The mixing of Portland cement with soil to create a cemented matrix that gains
strength through hydration. Cement-treated soils are common in sub-grade layers of highways, industrial
pads, and landfill caps. The optimum cement content typically ranges from 5% to 15 % by dry weight,
depending on the initial soil properties.
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Geosynthetic reinforcement — The use of synthetic materials such as geotextiles, geogrids, or geocells to
improve the mechanical behavior of soils. Geotextiles provide separation and filtration, while geogrids and
geocells offer tensile reinforcement that distributes loads over a larger area. Reinforced soil retains higher
load-carrying capacity and exhibits reduced settlement.

Geotextile — A permeable fabric placed within a soil mass to provide separation, filtration, reinforcement, or
drainage. In a landscape design, geotextiles may be installed beneath a paved walkway to prevent mixing of
the underlying subgrade with the surface aggregate, thereby preserving the integrity of both layers.

Geogrid — A grid-like polymeric material that provides tensile reinforcement in the plane of the soil.
Geogrids are often used in retaining wall backfills, road sub-bases, and slope stabilization to increase the
apparent shear strength of the soil mass.

Geocell — A three-dimensional honeycomb cellular confinement system made of high-density polyethylene
strips. Geocells are filled with aggregate or soil and locked together to form a stable, load-bearing platform.
They are useful for creating low-embankments, temporary roadways, and erosion control mats.

Erosion control — Measures taken to prevent soil loss caused by water or wind. In landscape engineering,
erosion control may involve the use of riprap, vegetative mats, erosion control blankets, or engineered
drainage channels. Proper design ensures that surface runoff is safely conveyed without undermining slopes
or saturating plant roots.

Riprap — A layer of large, angular stones placed on slopes or channel beds to dissipate energy and protect
the underlying soil from erosion. The size of riprap is selected based on the design flow velocity, with larger
stones used for higher velocities. Riprap is frequently employed on the toe of retaining walls and along
stream banks.

Vegetative mat — A biodegradable fabric seeded with fast-growing grasses or legumes. When installed on a
slope, the mat stabilizes the soil surface while the vegetation establishes a root network that further
reinforces the soil. These mats are especially valuable on newly graded slopes where immediate plant
establishment is required.

Compaction control — The procedures used to verify that field compaction meets design specifications.
Compaction control involves performing field density tests (e.G., Nuclear density gauge, sand cone, or
rubber balloon) at regular intervals, comparing measured dry densities to the target MDD, and adjusting
moisture content or equipment as needed.

Nuclear density gauge — A portable instrument that measures both moisture content and dry density using
gamma radiation. The gauge provides rapid, non-destructive results, allowing for real-time compaction
monitoring during earthworks.

Sand cone test — A field method for determining the in-situ density of compacted soil. A known volume of
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sand is poured from a calibrated cone into a hole excavated in the soil; the mass of sand required to fill the
hole is used to calculate the soil's bulk density.

Rubber balloon test — A field density test in which a rubber balloon is inflated to a known volume inside a
small hole. The weight of the displaced soil is measured, and the bulk density is calculated from the volume
of the balloon and the weight of the excavated soil.

Relative density (Dr) — A measure of the compactness of a granular soil, expressed as a percentage of the
difference between its maximum and minimum void ratios. Dr = [(emax — e)/(emax — emin)] x 100 %. A dense
sand may have Dr=80% to 95 %, while a loose sand may be 0% to 30 %. Relative density influences shear
strength, compressibility, and liquefaction susceptibility.

Maximum void ratio (emax) — The void ratio of a soil when it is in its loosest possible state, often
determined by gently pouring the soil into a container without compaction.

Minimum void ratio (emin) — The void ratio of a soil when it is in its densest possible state, typically
achieved by heavy compaction or vibration.

Substrate engineering — The design and construction of the soil-like medium that supports plant growth,
provides drainage, and integrates with structural elements. In landscape architecture, substrate systems may
consist of multiple layers, each serving a distinct function such as load bearing, water retention, aeration,
and nutrient provision.

Root zone — The portion of the substrate where plant roots develop and absorb water and nutrients. The
thickness of the root zone varies with plant type: Shallow-rooted ornamentals may require 15cm to 30cm,
while trees may need 60 cm or more. Proper root-zone design ensures adequate anchorage and hydraulic
conductivity for healthy plant growth.

Load-bearing layer — The lowest layer of a substrate system, often composed of compacted granular
material (e.G., Coarse sand or crushed stone) that distributes structural loads to the underlying native soil or
subgrade. This layer may be designed to meet specific bearing capacity criteria for footpaths, patios, or
retaining walls.

Drainage layer — A permeable stratum placed beneath the root zone to facilitate the rapid removal of excess
water. Materials such as washed river sand, gravels, or engineered drainage composites are commonly used.
The drainage layer prevents waterlogging, which can lead to root rot and reduced plant vigor.

Filter fabric — A geotextile placed between the drainage layer and the root zone to prevent fine substrate
particles from clogging the drainage pores while allowing water to pass. The fabric's opening size is
selected based on the grain size of the surrounding material to meet filtration criteria.

Organic amendment — Materials added to a substrate to improve its physical and chemical properties, such
as compost, peat moss, or biochar. Organic amendments increase water-holding capacity, nutrient content,
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and biological activity, but must be balanced to avoid excessive shrink-swell or decomposition that could
alter substrate volume over time.

Compost — Decomposed organic matter rich in humus, nutrients, and beneficial microorganisms. In a
substrate mix, compost typically constitutes 10% to 30 % by volume, depending on the desired fertility and
water retention characteristics.

Peat moss — A highly porous, acidic organic material harvested from peat bogs. Peat moss is valued for its
ability to retain moisture and provide aeration, but its high acidity may require pH adjustment when used
for neutral-pH plants.

Perlite — A lightweight, expanded volcanic glass that provides aeration and improves drainage in substrate
mixes. Perlite is often used at a rate of 10% to 20 % by volume for container planting to prevent
compaction.

Vermiculite — An expanded mica mineral that offers high water-holding capacity and some cation-exchange
capability. Vermiculite is commonly blended with perlite and compost to create a balanced substrate for
seedlings and cuttings.

Substrate depth — The vertical thickness of the engineered soil medium. Depth is dictated by plant
requirements, load considerations, and site constraints. For example, a raised garden bed intended for
vegetable production may be 30cm deep, while a decorative shrub border may be only 15cm.

Compaction of substrate — Unlike structural fill, substrate should retain a relatively low bulk density to allow
root penetration and water movement. Over-compaction can lead to reduced porosity, increased bulk
density, and poor plant performance. Field compaction of substrate is typically limited to light rolling or
tamping to achieve a bulk density of 1.0To 1.2 G/cm?.

Water-holding capacity (WHC) — The volume of water retained by a substrate after drainage, expressed as a
percentage of the substrate’s total volume or as gravimetric moisture content (mass of water per mass of
dry soil). A well-designed substrate may have a WHC of 30 % to 45 %, providing sufficient moisture for plant
uptake while still allowing excess water to drain.

Field capacity — The moisture content remaining in the substrate after free drainage under gravity for a
specified period (usually 24 hours). Field capacity is a key design parameter for irrigation scheduling, as it
represents the maximum water that can be stored without causing saturation.

Permanent wilting point (PWP) — The moisture content at which plants can no longer extract water and wilt
irreversibly. PWP is typically around 15% to 20 % for many horticultural soils. The difference between field
capacity and PWP defines the plant-available water range.

Infiltration rate — The speed at which water enters the substrate, measured in mm/h. Infiltration is influenced
by substrate texture, bulk density, and organic matter content. A high infiltration rate is desirable for rain
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gardens and permeable pavements, whereas a slower rate may be appropriate for water-retaining features.

Permeable paving — Surface construction that allows water to pass through voids in the pavement into an
underlying substrate. Materials such as permeable concrete, porous asphalt, or interlocking pavers with
open joints are commonly used. Permeable paving reduces surface runoff, recharges groundwater, and
mitigates flood risk in urban landscapes.

Rain garden — A shallow, vegetated depression designed to capture, filter, and infiltrate stormwater runoff.
The substrate of a rain garden typically contains a mix of sand, compost, and native soil to promote rapid
drainage while providing nutrients for wet-tolerant plants.

Green roof — A vegetated roof system that incorporates a lightweight substrate, waterproof membrane, and
drainage layer. Substrate depth on a green roof ranges from 10 cm for extensive systems (low-maintenance)
to 30cm for intensive systems (supports shrubs and small trees). The substrate must be engineered to
balance water retention, load capacity, and thermal performance.

Bioretention cell — An engineered landscape feature that combines a drainage layer, filter fabric, and a
nutrient-rich substrate to treat stormwater. Bioretention cells are often integrated into streetscapes, parking
lots, and campus grounds to provide both aesthetic appeal and water quality improvement.

Soil-plant-water relationships — The interaction among soil physical properties, plant root characteristics,

and water availability. Understanding these relationships is crucial for selecting substrate mixes that meet
both structural and horticultural requirements. For instance, a substrate with high sand content provides

excellent drainage but may require more frequent irrigation, whereas a loam-rich mix offers better water

retention but may need careful compaction control to avoid root-zone compaction.

Soil pH — A measure of the acidity or alkalinity of the substrate, influencing nutrient availability and
microbial activity. Most ornamental plants thrive in a pH range of 6.0 To 7.0. Adjustments can be made
using lime (to raise pH) or elemental sulfur (to lower pH).

Electrical conductivity (EC) — An indicator of the soluble salt concentration in the substrate. High EC values
can lead to osmotic stress for plants. Substrate mixes often aim for EC values below 2 dS/m for most
horticultural applications.

Bulked-earth mound — An earthen embankment constructed by compacting in-place soil, often used as a
retaining wall or a landscape berm. The design of a bulked-earth mound requires analysis of slope stability,
bearing capacity, and settlement, as well as consideration of drainage and vegetation cover.

Vegetated retaining wall — A retaining structure that incorporates a planting medium and vegetation to
stabilize slopes and improve aesthetics. The planting medium must be engineered to provide sufficient
strength while supporting plant growth. Geotextiles are typically used to separate the backfill from the
planting layer, preventing soil mixing and maintaining drainage.
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Slope stabilization — The suite of techniques employed to prevent slope failure, including grading, terracing,
reinforcement, drainage, and vegetation. Selecting the appropriate combination depends on soil type, slope
angle, climate, and intended land use. For a 30° slope composed of silty sand, a common solution combines
shallow drainage layers, a geogrid reinforcement, and a vegetative mat to achieve long-term stability.

Surface runoff — Water that flows over the land surface after precipitation, driven by gravity. In landscape
design, controlling runoff is vital to prevent erosion, protect water quality, and reduce flood risk. Strategies
include grading to direct flow, installing swales, and creating infiltration basins.

Swale — A shallow, vegetated channel designed to convey and infiltrate runoff. Swales are often lined with a
filter fabric and filled with a coarse substrate to promote rapid infiltration while preventing clogging.

Infiltration basin — A depression that temporarily stores stormwater, allowing it to infiltrate into the
underlying soil. The basin’s substrate is engineered to maintain high permeability, often using a mixture of
sand, gravel, and organic matter to balance storage capacity with hydraulic conductivity.

Thermal mass — The ability of a material to store and release heat. In landscape engineering, dense
substrate layers (e.G., Compacted sand) can act as thermal mass, moderating temperature fluctuations for
adjacent structures or plant roots.

Wind erosion — The removal of fine particles from the soil surface by wind action. Landscape designs in arid
regions may incorporate windbreaks, low-lying vegetation, and surface roughness treatments to mitigate
this phenomenon.

Compaction-induced settlement — Settlement that occurs as a result of increased density from construction
equipment or foot traffic. In a park setting, repeated loading from footfall can densify the topsoil, reducing
its porosity and affecting plant health. Managing traffic patterns and installing protective surfacing can
reduce this effect.

Subgrade — The native soil layer upon which engineered layers are constructed. Subgrade properties such as
moisture content, density, and shear strength directly influence the performance of overlying pavement or
substrate systems. Proper subgrade preparation often includes grading, moisture conditioning, and
sometimes stabilization.

Subgrade improvement — Techniques used to enhance the bearing capacity and reduce settlement of the
native soil. Common methods include compaction, lime or cement stabilization, and the installation of
geosynthetic reinforcement. For a site with soft clay subgrade, a combination of lime stabilization and
geogrid reinforcement may be employed to achieve the required bearing capacity for a paved plaza.

Geotechnical risk assessment — The systematic evaluation of uncertainties associated with soil conditions
and their potential impact on design. This process involves identifying hazards (e.G., Liquefaction, slope
failure), estimating probability, and quantifying consequences. Mitigation strategies are then selected based
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on risk tolerance and cost-benefit considerations.

Site-specific design — The practice of tailoring engineering solutions to the unique characteristics of a
particular location, rather than relying on generic standards. Site-specific design integrates geotechnical
data, topography, climate, and intended land use to produce optimized substrate and drainage systems.

Construction sequencing — The order in which earthworks, drainage, reinforcement, and planting are
performed. Proper sequencing ensures that each step builds upon a stable foundation. For example,
installing drainage layers before placing the planting medium prevents trapping moisture beneath the root
zone.

Quiality assurance (QA) — Procedures that verify compliance with design specifications throughout
construction. In substrate engineering, QA may involve regular testing of bulk density, moisture content,
and pH, as well as visual inspections of compaction equipment and geosynthetic placement.

Quality control (QC) — The day-to-day activities that maintain the quality of construction work, such as
calibrating compaction equipment, monitoring weather conditions, and ensuring that material deliveries
meet specifications. QC is essential to avoid deviations that could compromise the performance of the
landscape system.

Environmental sustainability — The integration of ecological considerations into design and construction.
Sustainable substrate engineering may use locally sourced aggregates, recycled materials (e.G., Crushed
concrete), and low-impact construction techniques to minimize carbon footprint. Incorporating native plant
species and designing for water reuse further enhance sustainability.

Contamination remediation — The process of treating or removing polluted soils to make them suitable for
landscaping. Common remediation methods include excavation and disposal, in-situ stabilization (e.G.,
Solidification with cement), and bioremediation using microbes to degrade organic contaminants.
Remediation plans must comply with local environmental regulations and consider the future use of the
site.

Soil-structure interaction — The mutual influence between a structural element (e.G., A wall, footing, or
pavement) and the surrounding soil. This interaction affects load distribution, settlement, and stress
redistribution. Finite element modeling is often employed to predict complex soil-structure behavior,
especially for irregularly shaped foundations or heavily loaded retaining walls.

Finite element analysis (FEA) — A numerical method that discretizes a continuous domain into smaller
elements, allowing for detailed stress-strain calculations. In landscape engineering, FEA can be used to
model the response of a sloped substrate with geogrid reinforcement under rainfall loading, providing
insight into potential failure mechanisms.

Dynamic loading — Loads that vary with time, such as traffic vibrations, seismic events, or wind-induced
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forces. Dynamic analysis of soils involves evaluating shear modulus and damping characteristics, often using
resonant column or cyclic triaxial tests. For a pedestrian bridge over a landscaped plaza, dynamic loading
considerations ensure that vibrations do not cause substrate loosening or plant disturbance.

Seismic design — The set of engineering practices aimed at ensuring that structures and soils can withstand
earthquake forces. In substrate engineering, seismic design may require the use of liquefaction-resistant
soils, installation of vertical drains, or the selection of flexible paving systems that can accommodate ground
movement without cracking.

Ground improvement — Techniques applied to modify the physical properties of soil to meet design criteria.
Methods include vibro-compaction, dynamic compaction, stone columns, and ground freezing. Ground
improvement is often necessary for constructing large-scale landscape features such as amphitheaters or
elevated platforms on soft ground.

Vibro-compaction — A process that uses high-frequency vibration probes to densify granular soils,
increasing relative density and shear strength. Vibro-compaction is efficient for deep, loose sand deposits
and can achieve Dr values above 80 % in a single pass.

Dynamic compaction — A technique that drops a heavy weight from a height onto the ground surface to
densify soils. This method is effective for both granular and cohesive soils, reducing settlement and
increasing bearing capacity. Dynamic compaction is commonly used for preparing large areas for sports
fields or parking lots.

Ground freezing — The temporary conversion of water-saturated soils into a solid mass by circulating a
refrigerant through a network of pipes. Ground freezing provides a stable, low-permeability barrier during
excavation or construction of deep foundations, and can also be used to control groundwater during the
installation of underground utilities.

Retaining wall backfill — The material placed behind a retaining wall to provide support and drainage.
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