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Undergraduate Certificate in Civil Engineering Quantity Surveying  (United Kingdom)

Civil Engineering Materials

Concrete is the most widely used construction material in the United Kingdom, and its properties dominate
many quantity surveying calculations. The basic constituents are cement, water, fine aggregate (sand) and
coarse aggregate (gravel). The ratio of these components, expressed as the water‑cement ratio, determines
the ultimate compressive strength and durability. A typical mix for a residential slab might be 1 part cement,
2 parts sand and 4 parts gravel, with a water‑cement ratio of 0.45, Yielding a 28‑day compressive strength
of approximately 30 MPa. Quantity surveyors must understand how variations in mix design affect the unit
cost per cubic metre and the associated risk of shrinkage cracking, which can lead to costly remedial works.

Reinforced concrete incorporates steel bars (rebars) to resist tensile forces that plain concrete cannot carry.
The grade of steel is denoted by the British Standard designation, for example B500B, indicating a
characteristic yield strength of 500 MPa. The spacing and diameter of rebars are specified in the structural
drawings, and the quantity surveyor calculates the total steel weight by multiplying the length of each bar
by its cross‑sectional area and density (7850 kg m‑3). Practical challenges arise when the procurement of
high‑grade steel is delayed, leading to price escalations that must be reflected in the tender documents.

Mortar is a paste used to bind bricks, blocks and stone. It typically consists of cement, lime, sand and water.
The presence of lime improves workability and reduces shrinkage, but it also lowers the early strength.
Mortar grades are expressed by the proportion of cement to lime, for example a 1:0.5:6 Mix (1 part cement,
0.5 Parts lime, 6 parts sand). In quantity surveying, the volume of mortar required is calculated by
subtracting the volume of the masonry units from the overall wall volume and then applying a wastage
factor of 5–10 %. Accurate estimation of mortar is essential because over‑estimation can inflate the bill of
quantities, while under‑estimation may result in insufficient material on site.

Brick terminology includes “standard” and “engineering” bricks. Standard bricks are typically 215 mm ×
102.5 Mm × 65 mm and have a compressive strength of at least 7.5 MPa. Engineering bricks are denser, have
lower water absorption, and achieve compressive strengths of 30 MPa or more. The choice between the two
influences both the structural performance and the cost. Quantity surveyors must also account for the bond
pattern (e.G., Stretcher bond, English bond) because different patterns affect the number of bricks per
square metre and the required mortar joint thickness.

Stone is used for cladding, paving and structural elements such as lintels. Common types in the UK include
Portland stone, limestone, sandstone and granite. Each type has distinct physical properties: Density ranges
from 2.3 To 2.7 T m‑3, and compressive strength can vary from 30 MPa for softer limestones to over 200 MPa
for granite. When specifying stone, the surveyor must include the finish (e.G., Honed, polished, split‑face)
because finishing processes add to the unit price. A typical challenge is the variability in stone colour and
texture, which can affect the aesthetic acceptance of a project and may lead to change orders if the
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supplied stone does not meet the design intent.

Aggregates are divided into fine (sand) and coarse (gravel or crushed stone). The gradation of aggregates is
described by a sieve analysis, which plots the percentage passing each sieve size. Well‑graded aggregates
provide better particle packing, leading to higher concrete strength and lower cement consumption. In
quantity surveying, the cost of aggregates is often quoted per tonne, and the required quantity is derived
from the mix design and the total concrete volume. Seasonal variations in supply can cause price
fluctuations, especially for crushed stone, which is produced locally and subject to transport costs.

Portland cement is the most common binder, classified under British Standards as CEM I 42.5 N or CEM I
52.5 R, where the numbers indicate the characteristic compressive strength after 28 days (42.5 MPa or
52.5 MPa) and the letter denotes the rate of strength gain (Normal or Rapid). The cement content in a
concrete mix typically ranges from 300 to 350 kg m‑3. The cost of cement is a major component of the
concrete price, and any change in cement grade directly influences the overall cost of the work. Surveyors
must be aware of the environmental impact of cement production, as embodied carbon is increasingly
factored into procurement specifications.

Admixtures are chemical additives that modify concrete properties. Common categories include water
reducers (plasticizers), superplasticizers, set retarders, accelerators, air‑entraining agents and corrosion
inhibitors. For example, a superplasticizer can reduce the water‑cement ratio by up to 30 % while
maintaining workability, leading to higher strength and lower permeability. The inclusion of admixtures
must be reflected in the bill of quantities as a separate line item, with quantities calculated based on the
dosage (litres per cubic metre) recommended by the manufacturer. Incorrect dosing can cause delayed
setting or excessive bleeding, both of which are costly to remediate.

Aggregates grading is often described by the term “well‑graded” versus “gap‑graded”. Well‑graded
aggregates contain a range of particle sizes that interlock efficiently, reducing voids and the need for excess
cement paste. Gap‑graded aggregates lack intermediate sizes, leading to higher void content and a greater
cement requirement. Quantity surveyors must verify the gradation when the client specifies a particular
concrete performance, as a sub‑optimal gradation can increase the material cost and affect the project
schedule.

Durability in civil engineering materials refers to the ability of a material to resist deterioration over time
under environmental exposure. For concrete, durability is assessed by parameters such as water absorption,
chloride penetration, freeze‑thaw resistance and sulphate attack resistance. The British Standard BS EN 206
specifies durability classes (e.G., D1 to D5) that correspond to exposure conditions ranging from dry indoor
environments to severe marine exposure. Selecting the appropriate durability class influences the mix
design, the type of cement, and the need for protective admixtures. Failure to match durability requirements
can lead to premature cracking, corrosion of reinforcement and costly repairs.

Timber is used for formwork, scaffolding, flooring and structural elements such as joists and beams. The
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primary species in UK construction are softwoods like Spruce, Pine and Douglas fir, and hardwoods such as
Oak. Timber is graded by strength class (e.G., C16, C24) according to the European standard EN 338. The
moisture content of timber at the time of installation is critical; seasoned timber typically contains 12 %
moisture, while green timber can exceed 30 %. Quantity surveyors must account for the shrinkage that
occurs as timber dries, which can affect dimensions and joint tolerances. The unit price is quoted per cubic
metre, and wastage factors of 5–10 % are applied to cover off‑cuts and defects.

Steel used in structural applications includes structural steel sections (I‑beams, channels, angles) and plates.
The material is supplied in grades such as S275, S355, and S460, where the number denotes the minimum
yield strength in MPa. The cost of steel is highly volatile, influenced by global market conditions, tariffs and
currency fluctuations. Quantity surveyors calculate steel quantities by multiplying the cross‑sectional area of
each member by its length and density. In addition to the raw material cost, they must consider coating
(e.G., Hot‑dip galvanising) and fire‑proofing treatments, which add to the overall expense.

Aluminium is increasingly used for façade panels, roofing and lightweight structural elements. Its
advantages include high strength‑to‑weight ratio and excellent corrosion resistance. The common alloy
designation for construction is AA 6063, which can be extruded into complex shapes. Aluminium is priced
per kilogram, and the cost is affected by the thickness of the material and any surface finish (e.G., Anodising,
powder coating). Quantity surveyors must also consider thermal expansion, as aluminium expands more
than concrete, potentially leading to movement joints that need to be incorporated into the design.

Glass is a critical material for curtain walls, windows and glazing systems. The performance characteristics
include thermal transmittance (U‑value), solar heat gain coefficient (SHGC), and acoustic insulation.
Double‑glazed units consist of two glass panes separated by an argon‑filled spacer, reducing heat loss. The
thickness of each pane (commonly 4 mm or 6 mm) and the type of low‑emissivity coating affect both the
energy performance and the cost. Quantity surveyors must calculate the total glass area, include the
framing system, and apply a contingency for breakage and installation labour.

Plastics such as PVC, HDPE and polypropylene are used for pipework, membranes and insulation. PVC pipe
is commonly used for drainage and waste systems, while HDPE is preferred for water supply due to its high
pressure rating. The nominal size of a pipe is expressed in millimetres (e.G., DN 110). When estimating
quantities, the surveyor calculates the total length of pipe required, adds a fitting factor (typically 5 % for
bends, tees and couplings), and multiplies by the unit price per metre. The durability of plastics can be
affected by UV exposure and chemical attack, which may necessitate protective coverings or selection of
specialised grades.

Composite materials combine two or more distinct materials to achieve superior performance. In civil
engineering, fibre‑reinforced polymer (FRP) laminates are used for strengthening existing concrete
structures. The FRP consists of carbon or glass fibres embedded in an epoxy matrix, providing high tensile
strength and corrosion resistance. The application involves bonding the laminate to the substrate using a
resin adhesive. The cost of FRP systems is calculated per square metre of coverage, including the labour for
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surface preparation, installation and quality control. Challenges include ensuring proper adhesion and
accommodating thermal expansion differences between the FRP and the concrete.

Geotechnical materials encompass soils, gravels, sand and manufactured fill. The classification of soils
follows the British Standard BS 5930, which uses terms such as “clay”, “silt”, “sand” and “gravel”. Key
parameters include the angle of internal friction (φ), cohesion (c) and unit weight (γ). For example, a
well‑graded sand may have a φ of 35°, while a stiff clay may exhibit a c of 20 kPa. Quantity surveyors must
estimate the volume of excavated material, the required fill, and any stabilisation measures such as lime or
cement treatment. The cost of earthworks is heavily influenced by the depth of excavation, the need for
shoring, and the disposal fees for unsuitable material.

Bitumen is the binding agent for asphalt concrete used in road pavements and roofing membranes. The
grading of bitumen (e.G., 70/100, 110/130) Indicates the range of penetration values at a standard
temperature, which correlates with hardness. Asphalt mix design is expressed as a percentage of bitumen
by weight of the total mix, typically 4–6 % for road surfacing. The performance of the pavement depends on
the aggregate gradation, bitumen quality, and compaction. Quantity surveyors calculate the required
tonnage of asphalt by multiplying the surface area by the design thickness and the density of the mix
(approximately 2.3 T m‑3). Temperature control during placement is critical; improper handling can lead to
segregation and reduced lifespan, incurring additional maintenance costs.

Reinforcement corrosion is a major durability concern for concrete structures. The ingress of chlorides, often
from de‑icing salts or marine exposure, can lower the pH of concrete and initiate corrosion of steel rebars.
The corrosion rate is measured in micrometres per year, and protective measures include increasing
concrete cover, using corrosion‑inhibiting admixtures, or specifying stainless‑steel reinforcement. Quantity
surveyors must factor in the additional cost of higher‑grade steel or protective systems when preparing
tender documents for structures exposed to aggressive environments.

Concrete curing refers to the process of maintaining moisture and temperature conditions to allow the
hydration reaction to progress, thereby achieving the desired strength. Methods include water spraying, wet
burlap covering, and the use of curing compounds. The curing period is typically 7 days for normal strength
concrete, but high‑early‑strength mixes may require only 3 days. Inaccurate curing can result in reduced
strength, increased shrinkage cracking, and consequently higher repair costs. The surveyor should allocate
time for curing activities in the programme and include the cost of curing compounds in the material
budget.

Concrete slump is a measure of workability obtained from the slump test. A slump of 75 mm is considered
moderate, suitable for most structural elements, whereas a slump of 150 mm indicates a very fluid mix, often
required for heavily reinforced sections or thin sections. The slump influences the amount of water needed,
which in turn affects the water‑cement ratio and compressive strength. Quantity surveyors must verify that
the specified slump aligns with the structural requirements, as excessive water may lead to higher cement
consumption and increased long‑term maintenance.
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Aggregate crushing value is a test that indicates the resistance of aggregate to crushing under a gradually
applied compressive load. Values below 30 % are considered good for concrete, while higher values suggest
weaker aggregates that may require a higher cement content to achieve the same strength. The test result
influences the selection of aggregate sources and can affect the unit cost due to the need for additional
processing or replacement with higher‑quality material.

Air‑entrained concrete contains microscopic air bubbles introduced by an air‑entraining admixture. The
purpose is to improve freeze‑thaw resistance by providing space for expanding water. The target air content
is usually 4–6 % for exposure to severe frost. The presence of air reduces the compressive strength by
approximately 5 % per percent of air, so the mix design must compensate for this loss. Surveyors need to
account for the cost of the air‑entraining admixture and any additional testing required to verify compliance
with the specified air content.

Thermal expansion coefficients differ among construction materials. Concrete expands at about
10 × 10⁻⁶ / °C, steel at 12 × 10⁻⁶ / °C, and aluminium at 23 × 10⁻⁶ / °C. When designing composite structures,
the differential expansion can cause stresses at interfaces, necessitating the inclusion of expansion joints or
flexible connections. Quantity surveyors must ensure that the specification includes appropriate joint details
and that the cost of these joints is reflected in the quantity take‑off.

Fire resistance ratings for structural elements are expressed in hours (e.G., REI 60, meaning 60 minutes of
load‑bearing capacity, integrity and insulation). Fire‑protective measures include encasement in concrete,
application of intumescent coatings, or the use of fire‑resistant boards. The selection of fire‑protection
method impacts both the material cost and the installation labour. For example, an intumescent coating
may cost £30 m⁻², while concrete encasement could be £120 m⁻² due to additional formwork and concrete
volume. Accurate cost estimation requires the surveyor to consider the required fire rating and the most
economical method to achieve it.

Moisture movement in building envelopes is quantified by the vapour diffusion resistance factor (µ).
Materials such as brick have µ values around 10, while polyethylene sheeting can have µ exceeding 1000,
effectively acting as a vapour barrier. Incorrect selection of µ can lead to condensation within wall
assemblies, promoting mould growth and material degradation. Quantity surveyors must ensure that the
specification includes appropriate vapour control layers and that the cost of these layers is included in the
overall envelope budget.

Structural timber grading involves both visual grading (based on knots, grain deviation) and machine
grading (based on bending tests). Visual grades are denoted by letters (e.G., C, D, E) and affect the allowable
stress values used in design calculations. Machine‑graded timber is identified by a numeric grade (e.G., 22,
24) And provides higher confidence in performance. The choice between visual and machine grading
influences the unit price, with machine‑graded timber often being more expensive due to the additional
testing required.
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Timber moisture content affects dimensional stability. When timber dries from a green state to the
equilibrium moisture content (EMC) of the surrounding environment, it shrinks longitudinally and radially.
The shrinkage percentages are approximately 0.2 % Longitudinally and 5 % radially for softwoods. In
quantity surveying, allowances must be made for the potential change in dimensions, especially when
timber is used for prefabricated elements that must fit precisely on site. Failure to accommodate shrinkage
can lead to costly adjustments during erection.

Concrete admixture dosage is typically expressed in millilitres per cubic metre. For example, a
superplasticizer may be dosed at 150 ml m⁻³. The total volume of admixture required for a project is
calculated by multiplying the dosage by the total concrete volume. Surveyors must verify that the
manufacturer's recommended dosage aligns with the required performance, as overdosing can cause
excessive slump and segregation, while under‑dosing may not achieve the desired workability.

Concrete slump flow test is used for highly fluid mixes, especially those with self‑compacting concrete
(SCC). The slump flow diameter is measured in millimetres; values between 650 mm and 800 mm indicate
good flowability. SCC reduces the need for vibration, saving labour time on site, but it typically requires
higher cement content and specialised admixtures, which increase material costs. Quantity surveyors must
weigh the labour savings against the higher material expense when deciding whether to specify SCC.

Recycled aggregates are derived from crushed concrete or masonry waste. They reduce the demand for
virgin aggregates and can lower the environmental impact of a project. However, recycled aggregates often
have higher water absorption and lower strength, which may necessitate adjustments to the mix design,
such as increased cement content or the use of supplementary cementitious materials (SCMs). The cost
advantage of recycled aggregates must be balanced against potential performance penalties and the need
for additional quality control testing.

Supplementary cementitious materials include fly ash, ground granulated blast‑furnace slag (GGBS) and
silica fume. Fly ash (Class F) can replace up to 30 % of cement by weight, improving workability and reducing
heat of hydration. GGBS (Grade 100) offers enhanced durability and sulphate resistance, while silica fume (5–
10 % replacement) greatly increases compressive strength and reduces permeability. The use of SCMs can
lower the embodied carbon of concrete, a factor increasingly required in sustainable procurement
specifications. Quantity surveyors need to account for the lower cost of SCMs compared with cement, but
also for any additional testing and the potential impact on construction schedules.

Concrete density is typically 2400 kg m⁻³ for normal weight concrete, but can be reduced to 1800 kg m⁻³ for
lightweight mixes using expanded shale or pumice aggregates. Lightweight concrete is advantageous for
reducing dead loads on foundations and for high‑rise construction, yet it may have lower compressive
strength and higher cost per cubic metre due to the specialised aggregates. Surveyors must calculate the
total weight of concrete to assess foundation requirements and transport logistics, as well as the material
cost.
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Concrete cover is the distance from the outer surface of concrete to the centre of the reinforcement bar.
Minimum cover values are prescribed by the British Standard BS EN 1992‑1‑1 (Eurocode 2), typically 25 mm
for cast‑in‑place concrete in moderate exposure conditions. Insufficient cover can accelerate corrosion,
while excessive cover may lead to larger member dimensions and higher material costs. Quantity surveyors
must verify that the specified cover aligns with the design intent and that any additional concrete volume
needed for cover is included in the quantity take‑off.

Concrete permeability is measured by the water absorption coefficient (k) or the chloride diffusion
coefficient (D). Low permeability is essential for structures exposed to aggressive environments, such as
marine structures or bridge decks. Reducing permeability can be achieved by lowering the water‑cement
ratio, using SCMs, and incorporating air‑entraining admixtures. The cost implications of achieving low
permeability must be captured in the tender documents, as higher quality concrete often commands a
premium price.

Concrete carbonation is a process where carbon dioxide from the atmosphere reacts with calcium hydroxide
in concrete, lowering the pH and potentially exposing reinforcement to corrosion. The depth of carbonation
is influenced by concrete porosity, relative humidity and the presence of cracks. Protective measures include
using higher‑grade cement, applying surface sealants, and ensuring adequate concrete cover. Surveyors
must consider the long‑term maintenance costs associated with carbonation when evaluating life‑cycle
costs for a project.

Concrete cracking can be categorized as plastic shrinkage, drying shrinkage, thermal cracking or structural
cracking. Plastic shrinkage occurs within the first few hours after placement, while drying shrinkage
develops over weeks as moisture evaporates. Thermal cracking results from temperature gradients,
especially in mass concrete pours. Structural cracking is caused by overload or inadequate reinforcement.
Each type of cracking has distinct mitigation strategies, such as controlling the rate of drying, using proper
curing, and providing reinforcement. The cost of remedial measures, such as crack injection or epoxy
repairs, should be included in contingency allowances.

Concrete formwork systems are classified as traditional timber, steel, aluminium or modular plastic panels.
The choice of formwork impacts the speed of construction, the quality of the concrete surface, and the
overall cost. Timber formwork is inexpensive but may require more labour for assembly and disassembly.
Steel and aluminium panels provide rapid reuse and smoother finishes but have higher initial costs.
Quantity surveyors must evaluate the number of cycles the formwork will undergo, the rental or purchase
price, and the labour required for erection and dismantling.

Concrete reinforcement detailing includes the arrangement of bars, stirrups, and ties to satisfy code
requirements for ductility and load transfer. The spacing of stirrups, for instance, is often limited to a
maximum of 150 mm or 0.75 Times the effective depth, whichever is smaller. Accurate calculation of the
total length of each reinforcement type is essential for preparing the bill of quantities. Errors in detailing can
lead to over‑reinforcement, increasing material cost, or under‑reinforcement, compromising structural
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safety.

Concrete mix proportioning can be performed by the weight method, volume method, or by using a
computer‑based mix design software. The weight method is preferred for accuracy, as it directly accounts
for the densities of cement, aggregates and water. The volume method can introduce errors due to
variations in aggregate bulk density. Modern software tools allow the user to input target strength, slump,
and exposure class, generating a proportioning that meets the specifications. Surveyors should ensure that
the mix design is documented and approved before procurement, as changes after ordering can cause price
variations.

Concrete testing includes compressive strength testing on cube or cylinder specimens at 7, 28 and 56 days.
The results are expressed in MPa, and the average of three specimens must meet or exceed the specified
characteristic strength. Additional tests such as flexural strength, split tensile strength and modulus of
elasticity (E) may be required for certain structural elements. The cost of testing, including laboratory fees
and transportation of specimens, should be incorporated into the project budget.

Concrete modulus of elasticity is typically estimated as 30 GPa for normal weight concrete with a
compressive strength of 30 MPa. The modulus influences deflection calculations for beams and slabs.
Accurate estimation of E is necessary for serviceability checks, and any deviation from the assumed value
can affect the design of connections and the selection of reinforcement. Quantity surveyors need to be
aware of the impact of using high‑strength concrete, which can have a higher modulus and therefore
reduce member sizes, potentially offsetting the higher material cost.

Concrete slump loss is the reduction in slump that occurs over time due to the hydration process and
temperature changes. A typical slump loss is 5–10 mm per hour for ordinary concrete. To mitigate slump
loss, admixtures such as retarders may be added, or the concrete may be placed within a limited time
window. The cost of additional admixtures and the scheduling implications of rapid placement should be
reflected in the tender documentation.

Concrete workability can also be expressed by the Vebe time, which measures the time required for a
standard sample to flow a specified distance under vibration. Lower Vebe times indicate higher flowability.
The Vebe test is especially useful for concrete with low slump, where the slump test may not provide
sufficient information. Surveyors should verify that the specified Vebe time aligns with the construction
method and that any required adjustments to mix design are accounted for.

Concrete aggregate moisture must be accounted for in the mix design. Wet aggregates contain water that
contributes to the total water content, potentially altering the water‑cement ratio. The moisture content is
measured as a percentage of the dry weight, and the mix design must be corrected accordingly. Failure to
adjust for aggregate moisture can result in either a too‑wet mix, reducing strength, or a too‑dry mix,
causing poor workability. Quantity surveyors should ensure that the contractor includes a moisture
correction factor in the material calculations.
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Concrete air content is measured using a pressure‑meter method (e.G., ASTM C231) and expressed as a
percentage of the total volume. The target air content for air‑entrained concrete is typically 4–6 %.
Monitoring air content during production is essential to guarantee freeze‑thaw durability. The cost of
air‑entraining admixtures must be incorporated into the material price, and any deviation from the target
may trigger quality‑control penalties.

Concrete temperature control is vital for large pours, where the heat of hydration can cause thermal
cracking. Techniques such as pre‑cooling aggregates, using chilled water, or embedding cooling pipes can
be employed to manage temperature rise. The additional equipment and energy required for temperature
control have cost implications that must be captured in the project budget. Quantity surveyors should
evaluate the feasibility of these measures against the risk of thermal cracking and the associated repair
costs.

Concrete density variation between normal weight and lightweight concrete influences the dead load
calculations for structures. For example, a floor slab of 200 mm thickness will have a dead load of 4.8 KN m⁻²
when using normal weight concrete, but only 3.6 KN m⁻² with lightweight concrete. This reduction in load
can lead to smaller column sizes and foundation dimensions, potentially offsetting the higher material cost
of lightweight aggregates. Accurate load calculations are essential for preparing the structural bill of
quantities.

Concrete exposure classes defined in BS EN 206 are denoted by letters such as XC1, XC2, XD1, XS1, XF1, and
so forth. Each class corresponds to a specific environmental condition, ranging from dry indoor
environments (XC1) to severe marine exposure (XS3). The exposure class determines the required concrete
durability, cement type, and admixture usage. Choosing an inappropriate exposure class can result in
premature deterioration, leading to costly repairs. Surveyors must verify that the exposure class is correctly
specified and that the associated material requirements are reflected in the cost estimate.

Concrete mix water adjustment is often performed using a “water‑adjusted” mix design, where the water
content is altered to achieve the desired slump while maintaining the target strength. The adjustment is
based on empirical relationships, such as the Abram’s law, which relates water‑cement ratio to compressive
strength. However, these relationships are approximate, and the actual performance must be validated
through trial mixes. The cost of trial mix testing, as well as any adjustments to cement or admixture
quantities, should be included in the project budget.

Concrete reinforcement corrosion protection methods include cathodic protection, epoxy coating of rebars,
and the use of stainless‑steel reinforcement. Cathodic protection involves installing anodes and a power
source to counteract corrosion currents. While effective, it requires ongoing monitoring and maintenance,
adding to life‑cycle costs. Epoxy‑coated rebars are less expensive initially but may be susceptible to coating
damage during handling. Stainless‑steel reinforcement offers the highest corrosion resistance but at a
significantly higher material cost. Quantity surveyors must evaluate the trade‑off between upfront material
expense and long‑term maintenance savings.
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Concrete sustainability metrics such as embodied carbon and recycled content are increasingly required in
procurement specifications. The embodied carbon of concrete is primarily driven by the cement content,
with approximately 0.9 T CO₂ per tonne of cement. By reducing cement through the use of fly ash or slag,
the carbon footprint can be lowered. Some contracts impose a maximum carbon intensity (e.G.,
120 Kg CO₂ m⁻³ of concrete). Surveyors need to calculate the carbon contribution of each material and
ensure that the chosen mix complies with the sustainability targets, potentially influencing the selection of
suppliers and the negotiation of prices.

Concrete shrinkage is quantified by the shrinkage strain, typically expressed in microstrains (µε). Drying
shrinkage values for normal weight concrete range from 300 to 500 µε. Excessive shrinkage can lead to
cracking, especially in restrained members. Mitigation measures include using low‑shrinkage cement,
controlling curing conditions, and providing adequate reinforcement. The extra cost of low‑shrinkage
cement and additional curing time must be accounted for in the cost plan.

Concrete carbonation depth is measured using phenolphthalein indicator on freshly split concrete surfaces.
The depth of carbonation increases over time, and the rate is influenced by the concrete’s permeability and
the ambient CO₂ concentration. Design provisions may require a protective coating or increased cover to
limit carbonation depth to a value that does not compromise reinforcement. The cost of protective
coatings, such as silane or epoxy sealers, should be included in the material budget.

Concrete durability testing may involve rapid chloride permeability tests (RCPT) or sulfate resistance tests.
The RCPT measures the charge passed through a concrete specimen under a voltage, expressed in
coulombs, with lower values indicating better resistance to chloride ingress. Sulfate resistance is assessed by
exposing concrete cylinders to a sulfate solution and measuring strength loss. These tests provide assurance
that the concrete will perform in aggressive environments, but they add to the laboratory testing costs,
which must be budgeted.

Concrete reinforcement anchorage refers to the method of securing rebars at the ends of a member to
develop the required bond strength. Common anchorage methods include development length, mechanical
couplers, and welded splices. Development length depends on the concrete strength, bar diameter and
detailing, and can be a significant portion of the bar length. Mechanical couplers provide a more compact
solution but are more expensive. Surveyors need to quantify the additional length of reinforcement
required for anchorage and include the cost of couplers where specified.

Concrete formwork release agents are applied to prevent the adhesion of concrete to the formwork surface,
facilitating easier stripping. Release agents can be oil‑based, water‑based or silicone‑based. The choice
affects the surface finish of the concrete and may have implications for subsequent coating or bonding of
finishes. The cost of release agents is typically low per square metre, but the quantity must be estimated
based on the total formwork area, and any waste factor should be added.

Concrete admixture compatibility is an important consideration when multiple admixtures are used
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simultaneously. Incompatible chemicals can cause false set, excessive air entrainment, or loss of workability.
Manufacturers provide compatibility charts, and trial mixes are recommended to verify performance. The
additional testing and potential need for alternative admixtures increase the material procurement cost, and
these factors should be reflected in the tender.

Concrete placement methods include pump delivery, chute placement, and manual placement. Pumped
concrete allows for faster placement over longer distances, reducing labour costs, but requires a higher
concrete pressure and may necessitate the use of pump‑able mixes with specific slump and viscosity
characteristics. Chute placement is suitable for short distances and offers greater control over placement.
Surveyors must consider the cost differences between these methods, the equipment hire rates, and the
impact on the construction schedule.

Concrete curing compounds are applied to the surface of freshly placed concrete to reduce moisture loss.
The compounds form a membrane that retains water, allowing the concrete to hydrate properly. Application
rates are typically 0.2 L m⁻², and the cost per litre varies with the type of compound (e.G., Water‑based
versus solvent‑based). The total cost is calculated by multiplying the required area by the application rate
and the unit price, adding a wastage factor of 10 % to account for overspray.

Concrete quality control procedures include regular sampling, on‑site testing, and documentation of mix
parameters. A quality control plan outlines the frequency of tests, acceptance criteria, and corrective actions.
The cost of implementing a robust quality control program includes laboratory fees, personnel time, and
the potential for rework if non‑conformities are identified. Surveyors should allocate a proportion of the
total project cost to quality assurance activities to ensure compliance with specifications.

Concrete moisture transport is governed by diffusion and capillary suction. The diffusion coefficient for
water vapor in concrete is on the order of 10⁻⁸ m² s⁻¹, while capillary rise can be several centimetres per day
in porous concrete. Understanding moisture transport is essential for designing damp‑proof courses and
ventilation strategies. If inadequate moisture control is specified, the likelihood of rising damp and
associated remedial works increases, impacting the long‑term maintenance budget.

Concrete aggregate shape influences the workability and strength of the mix. Angular aggregates provide
better interlock and higher compressive strength, but they reduce workability, requiring more water or
admixtures. Rounded aggregates, such as river gravel, improve workability but may lead to lower strength.
Surveyors must consider the trade‑off between aggregate shape, required cement content, and the cost of
admixtures when estimating material quantities.

Concrete slump flow test for self‑compacting concrete is performed using a slump cone, and the flow
diameter is measured after 30 seconds. The flow range of 650–800 mm indicates adequate fluidity, while a
flow greater than 800 mm may suggest excessive water content. The test is simple and provides a quick
assessment of workability, but it does not replace more detailed rheological measurements for
high‑performance mixes. The cost of additional rheometer testing, if required, should be factored into the

Read online: https://certificates.gsbf.co.uk/guides/5153801/civil-
engineering-materials

Greenwich School of Business and Finance · 01 Jul 2026



G U I D E

project budget.

Concrete carbonation monitoring can be performed using embedded sensors that measure pH changes
over time. These sensors provide early warning of potential corrosion risk, allowing proactive maintenance.
The installation cost of sensors, data acquisition systems and analysis software adds to the overall project
cost, but the benefits of extended service life and reduced emergency repairs can justify the investment.
Surveyors should evaluate the cost‑benefit ratio of such monitoring systems for high‑value structures.

Concrete thermal conductivity is approximately 1.7 W m⁻¹ K⁻¹ for normal weight concrete. This property
influences the thermal performance of floor slabs and walls, affecting heating and cooling loads. In
energy‑efficient building designs, the thermal mass of concrete is exploited to moderate indoor
temperature fluctuations. The selection of concrete thickness and density must be balanced against
structural requirements and material cost, and the impact on the building’s energy performance should be
quantified.

Concrete fire performance can be enhanced by using lightweight aggregates, which improve insulation, or
by adding fire‑resistant additives such as calcium carbonate. The fire rating of a concrete element is tested
according to BS EN 1365‑1, which measures the time required for the temperature on the unexposed
surface to reach a specified limit. Higher fire ratings typically require increased concrete thickness, raising
material quantities and cost. Surveyors must incorporate the additional concrete volume needed to achieve
the required fire rating.
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