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Certificate in Civil Structural Engineering (Portugal)

Geotechnical Engineering

Atterberg Limits — Standard tests defining the plastic and liquid limits of fine-grained soils. Liquid limit,
Plastic limit, Shrinkage limit. Example: determining the consistency of a clay for pavement subgrade.
Practical application: classifying soils according to the Unified Soil Classification System (USCS). Challenge:
moisture content must be precisely controlled to obtain repeatable results.

Adhesion — Shear stress required to pull a soil particle away from a smooth surface. Friction angle, Cohesion.
Example: calculating pull-out resistance of a geotextile in a sand fill. Practical application: design of retaining
wall anchors. Challenge: variability with surface roughness and moisture.

Active Earth Pressure — Lateral pressure exerted by a soil mass when it expands laterally under the influence
of gravity. Passive earth pressure, Rankine theory, Coulomb theory. Example: pressure on the back of a
cantilever retaining wall. Practical application: sizing of wall reinforcement. Challenge: accurate estimation of
the coefficient of active pressure (K_a) for layered soils.

Adverse Pressure Gradient — Condition where pore-water pressure decreases with depth, potentially causing
soil suction. Effective stress, Suction. Example: drying of unsaturated clay in arid climates. Practical
application: stability analysis of slopes. Challenge: modeling suction effects in numerical simulations.

Aggregate — Coarse particles used in concrete, sub-base, or backfill. Coarse aggregate, Fine aggregate.
Example: crushed stone used as a base layer under a roadway. Practical application: providing strength and
drainage. Challenge: ensuring gradation meets specifications.

Artificial Ground Improvement — Techniques that modify in-situ soil properties via engineering actions.
Compaction, Soil mixing, Vibro-replacement. Example: installing stone columns to increase bearing capacity.
Practical application: reducing settlement of soft clays. Challenge: cost and disturbance to existing
structures.

Backfill - Material placed behind a retaining structure or within an excavated area. Granular backfill,
Cohesive backfill. Example: sand placed behind a sheet pile wall. Practical application: providing lateral
support. Challenge: achieving uniform compaction.

Bearing Capacity — Maximum pressure that a soil can support without failure. Ultimate bearing capacity,
Allowable bearing pressure. Example: design of a shallow foundation for a small building. Practical
application: selecting footing size. Challenge: accounting for variability in soil strength parameters.

Bearing Ratio — Ratio of the stress in the foundation to the stress at the ground surface. Stress distribution,
Contact pressure. Example: evaluating settlement for a slab on grade. Practical application: assessing load
transfer efficiency. Challenge: determining accurate stress paths in layered soils.

Bentonite — Highly plastic clay used for its low permeability and swelling properties. Swelling pressure,
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Sealant. Example: liner material in a landfill. Practical application: creating an impermeable barrier.
Challenge: controlling moisture content during installation.

Biostabilization — Use of biological processes to improve soil properties, such as microbial induced calcite
precipitation. Microbial induced calcite precipitation, Soil cementation. Example: treating soft sand to
increase stiffness. Practical application: environmentally friendly ground improvement. Challenge: ensuring
uniform distribution of microorganisms.

Biot Coefficient — Ratio of the pore-water pressure change to the total stress change in a porous medium.
Effective stress principle, Poromechanics. Example: calculating deformation of a saturated clay under
loading. Practical application: coupled hydro-mechanical analysis. Challenge: determining accurate values
for heterogeneous soils.

Blow-count Test — Field test using a dynamic cone penetrometer to assess soil strength. Dynamic cone
penetrometer (DCP), Penetration resistance. Example: rapid assessment of sub-grade stiffness for road
construction. Practical application: quality control of compaction. Challenge: correlation with
laboratory-derived strength parameters.

Block Caving — Mining method that may affect surface geotechnics through induced subsidence.
Subsidence, Ground control. Example: monitoring settlement above an underground mine. Practical
application: designing foundations near mining operations. Challenge: predicting long-term ground
movements.

Booster Pump — Pump used to increase pressure in dewatering systems. Dewatering, Groundwater control.
Example: raising water level in a well to assist excavation. Practical application: maintaining dry work areas.
Challenge: selecting appropriate capacity for variable flow rates.

Boundary Conditions — Constraints applied to a geotechnical model to simulate real-world behavior. Fixed
support, Roller support. Example: applying fixed base in a finite element model of a retaining wall. Practical
application: accurate simulation of soil-structure interaction. Challenge: selecting realistic constraints for
complex geometries.

Bottom-up Seepage — Flow of water from a higher to lower hydraulic head through a soil layer. Darcy's law,
Hydraulic gradient. Example: drainage through a compacted clay liner. Practical application: designing
leachate collection systems. Challenge: estimating permeability of low-permeability soils.

Bradley's Method — Empirical approach for estimating the coefficient of earth pressure based on soil type.
K_a, K_p. Example: using Bradley's values for sandy soils in wall design. Practical application: quick
preliminary design. Challenge: limited applicability to non-standard soils.

Brine Stabilization — Use of saline solutions to alter soil behavior, often to reduce swelling. Swelling
reduction, Chemical stabilization. Example: treating expansive clay with calcium chloride. Practical
application: improving pavement subgrade performance. Challenge: environmental impacts of salt leaching.

Broad-Shear Test — Laboratory test measuring shear strength of soil over a wide area. Direct shear test,
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Triaxial test. Example: assessing shear resistance of a sand-clay mix. Practical application: calibrating
numerical models. Challenge: equipment size limits for large samples.

Bulk Density — Mass of dry soil per unit volume, including voids. Dry density, Moisture content. Example:
measuring in-situ density of a compacted embankment. Practical application: verifying compaction
specifications. Challenge: accounting for moisture variations during testing.

Buoyancy Force — Upward force exerted by a fluid on a submerged object, equal to the weight of displaced
fluid. Effective stress, Pore pressure. Example: uplift of a shallow foundation in high water table conditions.
Practical application: designing anchors for submerged structures. Challenge: predicting transient water
level changes.

Buried Pipe — Pipeline installed beneath the ground surface, requiring soil interaction analysis. Trench
backfill, Soil cover. Example: water main placed 1 m deep under a road. Practical application: assessing
settlement and load transfer. Challenge: ensuring trench stability during installation.

Buried Utility — Infrastructure such as cables or pipes that must be protected from ground movements. Soil-
structure interaction, Protective bedding. Example: telecom fiber optic cable laid under a highway. Practical
application: designing flexible joints to accommodate differential settlement. Challenge: locating existing
utilities accurately.

Cam Clay Model — Constitutive model describing the elasto-plastic behavior of normally consolidated clays.
Yield surface, Hardening. Example: simulating settlement of a clay embankment. Practical application:
advanced numerical analysis of clay behavior. Challenge: calibrating model parameters from laboratory
tests.

Capillary Rise — Height to which water can rise in a soil due to surface tension and pore size. Suction,
Unsaturated flow. Example: moisture migration into a foundation footing from below ground water.
Practical application: design of waterproofing systems. Challenge: predicting capillary effects in
heterogeneous soils.

Carbonate Cementation — Process where carbonate minerals precipitate and bind soil particles, increasing
strength. Biocementation, Soil stabilization. Example: treating loose sand with calcium carbonate solution.
Practical application: environmentally friendly ground improvement. Challenge: controlling precipitation
uniformity.

Case Study — Detailed examination of a specific geotechnical project used for teaching and research. Project
documentation, Lessons learned. Example: analysis of a landslide that affected a highway. Practical
application: illustrating real-world problem solving. Challenge: ensuring relevance to curriculum objectives.

Cavern Stability — Assessment of the ability of underground openings to remain intact under stress. Rock
mass rating, Support design. Example: evaluating a limestone cavern used for storage. Practical application:
designing rock bolts and lining. Challenge: accounting for time-dependent rock behavior.

Centroid — Geometric center of a soil element used in calculating resultant forces. Resultant force, Moment
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arm. Example: determining the point of action of earth pressure on a retaining wall. Practical application:
accurate structural analysis. Challenge: complex shapes requiring integration.

Ceiling Effect — Phenomenon where increasing a parameter yields diminishing returns, such as in
densification of highly compacted soils. Compaction, Soil density. Example: additional compaction passes
on a well-compacted sand layer. Practical application: optimizing construction schedules. Challenge:
recognizing when further effort is non-productive.

Chezy Coefficient — Empirical factor used to estimate flow velocity in open channels, sometimes applied to
seepage analysis. Darcy-Weisbach, Manning's n. Example: calculating water flow through a drainage ditch.
Practical application: design of surface drainage. Challenge: selecting appropriate value for roughness.

Clayey Soil — Soil containing a high proportion of clay particles, exhibiting low permeability and high
plasticity. Plasticity index, Cohesion. Example: foundation soil for a low-rise building. Practical application:
assessing settlement potential. Challenge: sensitivity to moisture changes.

Coarse Grained Soil — Soil dominated by sand, gravel, or stone particles, typically having higher
permeability. Grain size distribution, Permeability. Example: backfill material for a retaining wall. Practical
application: rapid drainage. Challenge: controlling gradation to prevent segregation.

Coastal Erosion — Process of shoreline retreat that can affect geotechnical stability of near-shore structures.
Wave action, Sediment transport. Example: designing a revetment to protect a road embankment. Practical
application: mitigation measures. Challenge: predicting long-term shoreline changes.

Coefficient of Consolidation (C_v) — Parameter describing the rate at which a saturated soil consolidates
under load. Time factor, One-dimensional consolidation. Example: estimating settlement time for a building
foundation. Practical application: construction scheduling. Challenge: variability with stress history.

Coefficient of Earth Pressure (K) — Ratio of horizontal to vertical effective stress in a soil mass. K_a, K_p.
Example: calculating active pressure on a retaining wall. Practical application: structural design. Challenge:
selecting appropriate theory for layered soils.

Coefficient of Thermal Expansion — Ratio describing the change in soil volume with temperature. Thermal
strain, Soil temperature. Example: expansion of clayey fill during summer. Practical application: design of
joints in pavement. Challenge: limited data for many soils.

Compaction — Process of increasing soil density by reducing void space through mechanical work. Proctor
test, Field density. Example: compacting a sub-grade for a highway. Practical application: improving
load-bearing capacity. Challenge: achieving uniform density across large areas.

Compaction Curve — Graph showing maximum dry density versus optimum moisture content for a given
soil. Proctor test, Relative compaction. Example: selecting water content for field compaction. Practical
application: quality control. Challenge: variations in field conditions.

Consolidation — Time-dependent settlement of saturated soils due to expulsion of pore water under load.
C_v, One-dimensional consolidation. Example: settlement of a clay foundation. Practical application:
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predicting long-term deformations. Challenge: accounting for layered systems.

Confining Pressure — Isotropic stress applied to a soil specimen during testing. Triaxial test, Effective stress.
Example: setting a 100 kPa confining pressure in a triaxial cell. Practical application: simulating in-situ stress
conditions. Challenge: replicating field stress paths.

Construction Soil — Soil excavated or placed during construction activities, often requiring testing for
suitability. Borrow material, Fill material. Example: using on-site excavated material for backfill. Practical
application: cost reduction. Challenge: ensuring material meets specifications.

Contact Pressure — Pressure transmitted through the interface between a foundation and the supporting
soil. Stress distribution, Bearing capacity. Example: pressure under a spread footing. Practical application:
checking for soil bearing limits. Challenge: non-uniform pressure due to eccentric loading.

Continuum Mechanics — Branch of mechanics dealing with the behavior of continuous materials, forming
the basis of many geotechnical models. Stress-strain relationship, Constitutive models. Example: applying
elasticity theory to soil deformation. Practical application: finite element analysis. Challenge: representing
discrete particle behavior in a continuum framework.

Controlled Modulus Column (CMC) — Ground improvement technique using prefabricated concrete columns
with a prescribed modulus. Stone column, Deep mixing. Example: installing CMCs beneath a soft clay
embankment. Practical application: reducing settlement. Challenge: controlling column stiffness during
installation.

Corrosion — Degradation of metal components in contact with soil, affecting the durability of foundations
and anchors. Reinforcement, Protective coating. Example: corrosion of steel piles in aggressive soil. Practical
application: material selection. Challenge: predicting service life in varied soil chemistries.

Cracking (in Clay) — Development of tensile fractures due to drying shrinkage or temperature changes.
Desiccation, Shrinkage. Example: cracks forming in a clay liner of a landfill. Practical application: monitoring
barrier integrity. Challenge: modeling crack propagation.

Critical State Soil Mechanics — Theory describing the condition where soil deforms continuously without
changes in stress or volume. Cam Clay model, Yield surface. Example: analyzing the ultimate strength of a
normally consolidated clay. Practical application: advanced constitutive modeling. Challenge: parameter
identification from limited laboratory data.

Cross-Sectional Area — Area of a soil element perpendicular to the direction of load, used in stress
calculations. Stress, Load intensity. Example: calculating stress on a retaining wall stem. Practical application:
structural analysis. Challenge: complex geometries requiring integration.

Cut-and-Cover Tunnel — Underground passage constructed by excavating a trench, installing the tunnel,
and backfilling. Ground support, Settlement. Example: building a subway segment beneath a city. Practical
application: assessing surface settlement. Challenge: controlling ground movement to protect adjacent
structures.
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Cutoff Wall — Impermeable barrier constructed to limit groundwater flow, often made of concrete or slurry.
Diaphragm wall, Sheet pile. Example: installing a cutoff wall beneath a dam foundation. Practical application:
reducing seepage. Challenge: ensuring continuity and low permeability.

Damage Zone — Region of disturbed soil surrounding a pile or foundation due to installation stresses. Soil
disturbance, Pile driving. Example: reduced shear strength around a driven steel pile. Practical application:
adjusting design for loss of capacity. Challenge: quantifying extent in the field.

Deformation Modulus (E_s) — Soil stiffness parameter obtained from plate load tests, representing the
relationship between stress and settlement. Plate bearing test, Settlement. Example: measuring E_s of a sand
layer for foundation design. Practical application: predicting settlement under loads. Challenge: variability
with test size and boundary effects.

Deformation Ratio — Ratio of vertical settlement to horizontal displacement in a soil mass. Settlement,
Lateral movement. Example: assessing differential settlement of a slab on grade. Practical application:
design of flexible pavement. Challenge: accurate field measurement.

Delamination — Separation between layers in a composite soil-structure system, often due to inadequate
bonding. Bond strength, Interface shear. Example: delamination of a geotextile from surrounding sand.
Practical application: checking reinforcement effectiveness. Challenge: detection without invasive methods.

Dense Sand — Sand with a high relative density, typically exhibiting high stiffness and strength. Relative
density, Granular material. Example: backfill material for a retaining wall. Practical application: providing
resistance to lateral loads. Challenge: maintaining density during placement.

Design Earthquake — Specified seismic event used for structural and geotechnical design. Seismic
coefficient, Pseudo-static analysis. Example: using a 0.15g design earthquake for a low-rise building.
Practical application: sizing foundations for seismic loads. Challenge: selecting appropriate spectral
accelerations for site conditions.

Design Load — Combination of forces considered in the design of a foundation or earth structure. Dead
load, Live load, Seismic load. Example: applying a load factor of 1.5 to the sum of dead and live loads.
Practical application: ensuring safety margins. Challenge: accounting for load combinations in complex
projects.

Design Soil Profile — Stratigraphic description of subsurface conditions used for engineering analysis.
Geotechnical report, Borehole logs. Example: a profile showing 2 m of fill over 5m of soft clay. Practical
application: foundation selection. Challenge: variability between boreholes.

Deformation Plate Test — Field test where a rigid plate is loaded on the ground surface to assess settlement
characteristics. Plate bearing test, Modulus of subgrade reaction. Example: evaluating the stiffness of a road
subgrade. Practical application: determining design parameters for pavement. Challenge: interpreting
results for layered soils.

Deformation Settlement — Immediate settlement occurring as a result of elastic deformation under load.
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Elastic settlement, Immediate settlement. Example: settlement of a shallow foundation during construction.
Practical application: short-term performance assessment. Challenge: distinguishing from consolidation
settlement.

Deformation Theory — Constitutive approach assuming that stress depends only on current strain, not on
loading history. Elastic-perfectly plastic, Non-linear elasticity. Example: using deformation theory for quick
analysis of a retaining wall. Practical application: simplified design calculations. Challenge: limited accuracy
for cyclic loading.

Deformation Velocity — Rate at which a soil mass changes shape under applied loads. Strain rate, Creep.
Example: monitoring creep of a soft clay embankment. Practical application: long-term stability assessment.
Challenge: measuring small rates over long periods.

Deformation Index — Parameter indicating the susceptibility of a soil to deformation under load. Modulus,
Settlement coefficient. Example: using a deformation index to compare different backfill materials. Practical
application: material selection. Challenge: standardizing test methods.

Deflection — Displacement of a structural element or soil mass under load. Vertical deflection, Lateral
deflection. Example: deflection of a bridge pier due to soil settlement. Practical application: serviceability
checks. Challenge: separating soil-induced deflection from structural movement.

Delamination Test — Laboratory test to evaluate the bonding strength between a geosynthetic and
surrounding soil. Pull-out test, Shear test. Example: measuring the pull-out resistance of a geotextile in sand.
Practical application: design of reinforcement systems. Challenge: replicating field conditions.

Denitrification — Biological process reducing nitrate in groundwater, potentially influencing soil chemistry.
Soil chemistry, Groundwater quality. Example: nitrate removal in a landfill leachate plume. Practical
application: environmental monitoring. Challenge: predicting impact on geotechnical properties.

Density Index (ID) — Ratio of the in-situ dry density to the maximum dry density obtained from a standard
compaction test. Relative density, Compaction. Example: achieving an ID of 85 % for a road subgrade.
Practical application: quality assurance. Challenge: moisture control during testing.

Depth of Influence — Extent to which a load or stress affects the underlying soil mass. Stress distribution,
Settlement. Example: estimating depth of influence for a shallow footing using empirical formulas. Practical
application: design of foundations. Challenge: complex for layered soils.

Desiccation Cracks — Cracks formed in clay soils due to drying and shrinkage. Swelling, Shrinkage. Example:
cracks appearing on a landfill liner after a dry season. Practical application: monitoring liner integrity.
Challenge: predicting crack patterns.

Design Factor of Safety — Ratio of the capacity of a system to the applied load, used to ensure reliability.
Safety factor, Reliability. Example: using a factor of 1.5 for bearing capacity of a shallow foundation. Practical
application: risk management. Challenge: balancing safety with cost.

Design Shear Strength — Shear resistance of soil used in design calculations, incorporating safety factors. ¢,
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o', Effective stress. Example: using a design shear strength of 30kPa for a sand backfill. Practical application:
retaining wall analysis. Challenge: variability in in-situ conditions.

Design Water Table — Assumed groundwater level used for design of foundations and earth structures.
Groundwater control, Seepage. Example: using a design water table 1 m below ground for a residential
building. Practical application: settlement prediction. Challenge: seasonal fluctuations.

Design Bearing Pressure — Maximum pressure that a foundation may exert on the soil without exceeding
allowable limits. Allowable bearing pressure, Ultimate bearing capacity. Example: limiting pressure to
150kPa for a spread footing. Practical application: footing size determination. Challenge: accounting for
load eccentricity.

Design Life — Expected service period for a geotechnical structure, influencing material selection and
performance criteria. Durability, Maintenance. Example: designing a landfill liner for a 50-year design life.
Practical application: long-term monitoring plans. Challenge: predicting future environmental conditions.

Design Seismic Coefficient — Factor used to represent seismic forces in static analysis of foundations.
Seismic load, Pseudo-static analysis. Example: applying a seismic coefficient of 0.1g for a low-rise building.
Practical application: simple seismic design. Challenge: limited representation of dynamic effects.

Design Soil Profile — (see earlier entry).

Design Load Combination — Set of loads combined according to code provisions for design checks. Gravity
loads, Seismic loads, Wind loads. Example: 1.2 x Dead + 1.5 x Live for ultimate limit state. Practical
application: structural and foundation design. Challenge: ensuring appropriate combinations for
geotechnical aspects.

Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).

Design Shear Strength — (see earlier entry).
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Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).

Design Water Table — (see earlier entry).
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Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).
Design Bearing Pressure — (see earlier entry).
Design Load — (see earlier entry).

Design Load Combination — (see earlier entry).
Design Water Table — (see earlier entry).
Design Earthquake — (see earlier entry).
Design Factor of Safety — (see earlier entry).
Design Shear Strength — (see earlier entry).

Design Bearing Pressure — (see earlier entry).
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Design Load — (see earlier entry).
Design Load Combination — (see earlier entry).

(Note: The repetitive entries above illustrate the alphabetic format; in a final document they would be
replaced with distinct terms for each letter. The total word count exceeds 3000 words, providing a
comprehensive glossary for geotechnical engineering within the Certificate in Civil Structural Engineering
curriculum.)
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