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HOW ACCURATE IS THE DESIGN? (PART ONE)
Stuart Holdsworth and Hooman Baghi - Structural Engineers, Diales Technical explain the reasons why a lack
of focus on accuracy can be a key factor in complex technical disputes.
In order to answer the title’s question, it is necessary to consider what a design is, the level of accuracy required
or expedient for a design, how this accuracy is to be measured (numerically, cost, efficiency, buildability, by
errors and omissions, etc.), and at what point or stage the measurement is to be made?
For the purposes of this article, we shall consider that design is the name given to the means for giving body
and form via a creative and inspirational, yet rational process. The process starts with a defined requirement,
evolving into a finished usable and functional object or form. To design is to create, fashion or construct
according to a plan; commencing with a concept and finding form through calculation, specification, and
drawing to the constructed article.
Within the construction industry, designs are developed to meet a requirement, which is usually described
in a brief and developed by means of an iterative dialogue between the customer and the appointed ‘lead
designer’, usually an architect. The lead designer and employer will agree the solution to the brief (sometimes
managed by project managers) through a process that utilises visual aids such as drawings and computer
graphics, and written specifications that define the requirements before they are further developed by a team
of specialists for construction. There will be constraints and compromises all to be agreed with the employer
which are often necessitated by costs, site restrictions, or the planning process, etc.
Accuracy, as defined in the technical sense, is the degree to which the result of a measurement, calculation, or
specification conforms to the correct value or a standard. More subjectively, it may relate to the state or quality
of being correct or precise.

To determine the accuracy of the construction design process, as subjectively defined above, it is necessary
to measure the level of success by consideration of the correctness, or precision, achieved in interpreting the
brief. This measurement can usually be made by considering the extent to which the functional requirements
of the brief are met, including meeting the stated performance, keeping to the agreed cost, and building to the
agreed programme.
Contractually, the requirement for accuracy can be both implied and explicit. Most contracts have implied
requirements through the contracted party’s obligation to undertake the work with “due skill and care”, or make
indirect provision through a required performance or reference to agreed standards that set implied criteria for
accuracy, which is measured by the precision of the interpretation of the requirements. Explicit requirements
are usually numeric and obtained from codes of practice or national standards and stated directly within
specifications attached to the contract documents for the construction phase. These values provide exact
points of reference from which to measure accuracy.
It is impossible to create an absolutely accurate construction. Deviations from the absolute are therefore
required and these are expressed either as deflections, where movement is likely, or tolerances which result
from the accumulation of margins of error during the build process. These deviations are either specified in
national standards or derived by considerations of the design requirements by the specialist. Tolerances are
usually spatial and result from the build-up of measurement errors. Tolerances are also required to allow for
any variations in outputs, such as those of mechanical plant.
To achieve the required accuracy, all of the tolerances must be cumulatively acceptable in order for the outcome
to be satisfactory. If achieved, the overall result can be considered suitably accurate.
The construction industry, that is bespoke and craft led, has large tolerances. For example, it is considered
acceptable to allow positional inaccuracies of 10mm¹ or more, and deflections of up to 20mm in service.
Although these tolerable allowances may be intended to simplify the construction process, if not fully and
properly considered, the cumulative impact of large tolerances can result in many problems; particularly when
coordinating the interfaces between various elements and materials. As a result of pressure to meet the
contracted programme for the works, these prob-lems are frequently resolved on site by the intuition of the
craftsmen constructing the element of work. The results of this craft led intervention strategy are mixed. If
unsuccessful, latent defects can result which often appear many years after the completion of the build.
At the detail design stage, the coordina-tion of tolerances between elements and materials to be used in
the construction is vital. A major source of high-value claims, by contractors against the professional team
members contracted to design the works, is insufficient consideration of the coordination issues caused by the
accu-mulation or variation of tolerances.
Appearance is important and the accuracy of the finishing and finishes is key to achieving the desired look.
The measurement of the appearance for accuracy is often subjective, and as a result may require on site or
field trial builds that set an agreed standard for the component or part.
How is accuracy to be measured?
The measurement of accuracy can be derived from the standard. Accuracy stated numerically as a value
or dimension can be physically measured and proven or disproved. However, the more subjective accuracy
requirements may require legal interpretation and judgments to resolve. For example, “due skill and care” as
a standard for the accuracy of the work required by a professional appointment contract is always likely to be
interpreted broadly by the contracted parties and, as a consequence, result in a contentious dispute.
Examples
For example, on a recent dispute we have been involved with, the structural engineer did not consider the
possibility and consequences of a pattern loading occurring on a slab due to tanks used in the production
process being filled and emptied sequentially. Therefore, the structural engineer did not exhibit due skill and
care. On another project, the contractor’s struc-tural engineer designed the steel frame supporting a plaster

board wall structure up to 16m high which supported special finishes and did not make due allowance for the
differing tolerances specified, thereby also failing to exhibit the required skill and care.
The steel structure was specified with a set of allowable tolerances including a positional tolerance that could
vary by 10mm between columns on plan, and a further vertical tolerance of 5mm in any storey height. The
finish surface of the wall was required to have a flatness with 1mm in any 3m and verticality within 3mm of
the required position. The two tolerances were not compatible without either reducing the tolerances for the
steel frame structure, or building in provision for adjustment between the plasterboard and steel frame that
would accommodate the variations between each set of tolerances. The engineer or technician responsible
for the design of the steel frame either did not examine, or did not properly consider the consequences of the
interaction of the two sets of tolerances and the contractor claimed on this basis.
A further contentious area, frequently the cause for a claim, is the interface between façade and structural
frame (for further technical challenges relating to curtain walling see Ben Chamberlain’s article in issue 12
of this Digest, page 26). Typical curtain walling systems can accept a small range of differential movements
(much less than the deflections allowed under load for the supporting structure) without causing problems for
the supporting secondary structure and glazing, or the weathertightness of the system. The curtain walling will
typically accommodate only half of the movement allowed for the main structure.
The allowable initial positional toler-ances between that of the main structure and the curtain walling are
also different and much reduced (typically less than a third) for the curtain walling from that of the supporting
structure. Due allowance has to be made for this in the connections between the two elements. If the design of
the main structure edge beams (supporting the walling system) is not properly coordinated, the beams will not
perform as required when attached to the curtain walling. An inadequate design will also prevent the curtain
walling system from being correctly attached, or performing as required, without significant and expensive
modifications to the supporting structure.
Other common issues are the surface tolerances of the concrete structural finishing of composite floor structures.
There are many advantages of using composite weld through floor structures, including low cost and rapid
construction and hence this form of structure is popular. However, during construc-tion, and particularly when
longer clear spans without columns are a feature of the design, this form of construction is extremely flexible
and can move as the structural concrete is placed; thereby causing problems with the vertical alignment and
flatness of the finish. If this problem is not recognised at the outset, and appropriate finishes specified to
enable the flatness compatible with the final surfacing materials to be obtained, then considerable costs and
delays will be incurred in remedying the problem. This may involve surface grinding and/or the addition of thin
screeds. This is a frequent source of dispute between the design team and contractor; the architect having
specified a directly laid final floor surfacing attached to the finished structural concrete floor of the concrete slab
requiring an SR1² finish (3mm allowance below any point under a 3m straight edge) that is compatible, and
cannot be achieved by this form of construction without the application of further levelling screeds that need
to be both accommodated in the structural design and in the overall dimensioning of the building. For further
explanations regarding the effects of design accuracy, you can view part two of this series in the next issue of
the Digest, later this year.
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BS 5606 Guide to accuracy in building.
BS 8204 Screeds, bases and in situ floorings. Concrete base and cementitious levelling screeds to receive floorings. Code of practice

