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BIM TECHNOLOGY PERSPECTIVES

FOR THE COMPUTER-AIDED DEVELOPMENT
OF SPECIFICATION DOCUMENTS

FOR REINFORCED-CONCRETE STRUCTURES

NEPCNEKTUBA UCMOAb30BAHUSA BIM-TEXHONOTUU
ANl MALLMHHON PASPABOTKU PABOYEN
AOKYMEHTALUU XXENESOBETOHHbIX KOHCTPYKLUH

ABSTRACT

The article considers the issue of automation of development of spec-
ification documents for reinforced-concrete structures in the furtherance
of the BIM technology. The list of procedures implemented at the stage
of calculations that complicate the creation of a universal algorithm for
the computer-aided generation of drawings of reinforced-concrete struc-
tures is presented. The Finite Element Method provides the possibility of
creating a set of variants of computational models for the same construc-
tive model; accordingly, there are many available variants of analysis
results. Thus, the solution of the issue of calculating a construction proj-
ect is always not the only one available. In the course of development of
computational models, the idealization of the geometric shape is used,
which leads to the representation of structural elements with infinitesi-
mally small sections. In this case, the current design standards consider
the reinforced-concrete structure as a set of sections with corresponding
dimensions. In most cases (especially for statically indeterminate struc-
tures), the choice of techniques and design sections can be subjective,
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which complicates the possibility of developing computer-aided design al-
gorithms. The need for this kind of simplifications and idealizations was
dictated by the limited available computing resources. The urgency of this
problem is currently decreasing, which makes it possible to abandon the
idealization of the geometric form and, consequently, to use three-dimen-
sional finite elements when preparing computational models. Therefrom,
an approach to design models of reinforced-concrete structures in the fur-
therance of the BIM Technology is proposed; this approach allows over-
coming the limitations of currently used analysis methods, which impede
the creation and the implementation of computer development of speci-
fication documents for reinforced-concrete objects. In this case, it is nec-
essary to take into account other requirements for the normalization of
mechanical indicators of concrete.

AHHOTALMUA

B cmamve paccmampugaemcs npobaiema asmomamu3ayuu paspa-
6omxku paboueil dokymeHmauuu 0s ycese300emMoHHbIX KOHCMPYKUULL
8 pamkax BIM-mextonoeuu. Ilpusodumcs nepeueHsb npouedyp, peanu-
3yemblx Ha cmaduu 8bINOJIHEHUS pACHemos, KOmopble YCJA0HCHSAIOM Co-
30aHuUe yHUBEPCANbHO20 A120PUMMA MAULUHHOLU 2eHepayuu uepmedicell
rcene306emoHHbIX KOHCMPYKYULL. MemoO KOHeUHbLX 3J1eMeHmo8 npedo-
cmassisiem 803MONCHOCMb CO30AHUSL MHONCECMBA 8APUAHMOB pacuem-
HblLx Modeniell 01 00HOTL U MOTl Hce KOHCMPYKMUBHOU MOOesU, cOOm-
8emcmaeeHHO, Cyulecmayem U MHONeCmso 8apuUAHMO8 pe3yabmamos
pacuema. Takum o6pas3om, peleHue 3a0auu O pacueme CmMpoumesns-
H020 06Bexkma 8cezda s8ssemcs He eOUHCMBeHHbM. [Ipu paspabom-
Ke pacuemHblx Mooesiell NPUMEeHSIom udedu3ayuuio 2eomMempuueckoil
¢opmbl, umo npugodum Kk npedcmasieHu0 KOHCMPYKMUBHbBLX dJleMeH-
moe8 ¢ ceueHusIMU beckoHeuHo manoezo pasmepd. Ilpu smom deticmayto-
wue HOpMbL NPOEKMUPOBAHUS PACCMAMPUBAOM Jices1e300eMOHHYH0
KOHCMPYKUUI0 KAK HAabop ceweHUll, uMeWux coomeemcmeyoujue
pasmepul. B bonvwiuncmae cyuaes, 8 ocobeHHocmu 011 cmamuuecku
HeonpeoenuMblX KOHCMPYKUUll, 8b100p Memoouk U pacuemHblx ceue-
HUTL MOXcem HOCUMb CyOBeKMUBHbLIL Xapakmep, Wmo YCJ0%CHem 803-
MONCHOCMb pa3pabomku a1e0pummos MAUUHHO020 NPOeKMUPOBAHUSL.
Heobxooumocms nod0obHo20 poda ynpouweHull u udeanudauutl bvLia
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NpoOUKMOBAHA 02PAHUUEHHOCMbIO 0OCTIYNHBIX B8bIUUCUMENbHBLX pe-
cypcos. K Hacmosiwemy epemeHU aKmMyanbHOCMb OAHHOU Npobiembl
CHUJKCAemcsl, Mo No360Jslem OmKa3aAmuvCsi Om udeanu3ayull 2eome-
mpuueckoil popmbl U npu nodzomoske pacuemHwvlx modesell npume-
HAAIMb 00BEMHble KOHeUHble INieMeHmbl. Ha ocHo8aHUU 3mozo npeono-
MceH N00X00 K PACUEMHBbLM MOOeJM Hcesie300eMOHHbIX KOHCMPYKUUTL
8 pamkax BIM-mexHosoeuu, nosgosstowjuil npeodosiems 0zpaHuue-
HUSL UCNOJIb3YeMblX 8 HACMOoslWee 8peMst MemoouK pacuema, npensim-
CMBYUWUX CO30aHUK U 8HeOPeHU MAWUHHOU paspabomku pabouetl
JdoxymeHmayuu 01 06sekmos u3 xcenezobemona. I[Ipu asmom Heobxo-
OUMO yUUMbIBAMb UHble MPebOBAHUSA K HOPMUPOBAHUK MEXAHUUECKUX
nokasamenetl 6emoHa.
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Finite Element Method, specification documents
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INTRODUCTION

Currently available computing capacities and Internet technologies
provide new opportunities for implementing application software for
the purposes of construction design. In the previous decade, developers
of software made great strides in developing solutions that increase
a designer’s productivity for the needs of construction. Nevertheless,
design automation remains incomplete, and its status does not allow
for a fundamental reduction of the time and the cost of development
of construction projects.

The development of computer-aided design (CAD) systems is
currently implemented within the so-called BIM Technology, which
connects the three-dimensional model of an object with a database
in which additional attributes can be assigned to each element of
the model. In this case, the object model in the furtherance of this
technology can include all sections of the project and all the stages of
its implementation (except for analysis, since they require separate
simulation, which does not stay within the architectural model of
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the object). Thus, the problem of full automation of the computer-
aided development of specification documents in the furtherance
of the BIM Technology cannot be solved uniformly. For reinforced-
concrete structures, it is necessary to consistently perform separate
analyses with an assessment of their results at each stage and to
adopt decisions on the implementation of subsequent analyses. This
circumstance significantly complicates the creation of software that
can independently generate specification documents for construction
products and structures with all the necessary specifications on the
basis of an architectural model. This article proposes an approach
to the creation of algorithms for the computer development of
specification documents of reinforced-concrete structures using the
capabilities of the Finite Element Method and available computing
capacities.

1. FEATURES OF BIM TECHNOLOGIES USED FOR THE DESIGN
OF REINFORCED-CONCRETE STRUCTURES

BIM is an object-oriented technology; therefore, the basic (library)
elements representing certain building elements play a key role in
creating a model. These library elements contain certain information
about relevant building elements, which may be needed either now or
for further or complete analysis of the project (the building model) [1].
It provides for the collection of all information on technical, legal,
property, operational, energy, environmental, commercial, and other
characteristics of the object in a single database. Such an elementwise
detailing allows using the same information to perform analyses for
relevant sections of the project. Despite the fact that the technology in
question is one of the most innovative design technologies, it is based
on the traditional sequence of procedures.

For individual construction sectors (in particular, for industrial
projects that are primarily performed in a steel frame), the introduction
of BIM Technologies had obvious economic success. In case of objects
made of reinforced concrete (especially, in cast-in-situ reinforced
concrete), the effectiveness of BIM Technologies is not so obvious. For
example, they have no tangible economic advantages when compared
with traditionally applied organizational design technologies, do
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not lead to a significant reduction in design time and the number of
personnel involved in design development. First of all, the problem is in
the traditional principles of relations between performers of different
sections of the project, which, in fact, implies a standard sequence
of design work; therefore, there can be no question of systematically
reducing the complexity of design and reducing the number of the
necessary personnel.

In the furtherance of existing BIM Technologies, automation of a
significant number of procedures is possible (with the only exception
of development of design models of load-bearing structures with
subsequent computer-aided execution of specification documents
based on analysis results). If we consider the traditional process of
designing a construction object as a solution to a certain mathematical
function, the interval in which various analyses are performed can be
viewed as a function discontinuity point. Results of the implementation
of the project sections are combined in the general model; at the
same time, no potentially algorithmic relationship exists between the
modules which implement these sections. Given this circumstance, it
can be argued that BIM Technology in its current form does not provide
for the development of algorithms for the full automation of the design
process nor for the solution of individual tasks thereon based (for
example, the optimization of design solutions by a certain criterion).

Creation of algorithms for the computer-aided development of
specification documents requires improving the design technology
in terms of automating the preparation of the design diagram and
performance of analyses with subsequent use of their results for the
generation of structural drawings. The most important requirements
for the technology is the absence of the need for direct developers of
the structural section of the project: the participation of personnel
must be limited to verifying and adopting the finished documentation.

2. NORMS FOR DESIGNING REINFORCED-CONCRETE
STRUCTURES AND RELEVANT ANALYSIS METHODS

For the possibility of manual analysis of reinforced-concrete
structures, construction standards for the design of reinforced-concrete
structures have adopted a number of assumptions and simplifications.
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Since methods that involve manual analysis do not allow analysing
structures and elements as three-dimensional elements, the separation
of structural analysis from the analysis of sections is customary in
design standards. Thus, the existing practice assumes the analysis of the
required reinforcement in a reinforced-concrete structure: the design
of a structure with conventionally concrete sections is performed first
and is followed by a number of separate analyses in different sections
of structures on the basis of obtained stress values.

This technique assumes the idealization of:

1) the geometric form: conditional division into three-dimen-
sional elements, flat elements (for example, floor structures
and walls) and linear elements (for example, columns and
crossbars).

2) structures: accounting for absolutely all the nuances in an ele-
ment is impossible; thus, the element is simplified;

3) kinematic constraints and external force effects: element joints
and boundary conditions (embedding) are difficult to describe
numerically in most cases.

Real elements of the civil structure have a shape and a size; at the
same time, finite elements (FEs) with an infinitesimally small size are
generally used in order to simplify the modelling and to reduce the
consumption of computing resources. Together with the characteristics
of concrete, dimensions of the reinforced-concrete structure are
considered as section rigidity indicators, which allows avoiding
the use of three-dimensional elements. For example, any column is
modelled by a finite element in the form of a line with a section of an
infinitely small point while the floor structure is modelled in the form
of a plate with an infinitesimally small thickness. This approach makes
a significant simplification of mathematical models possible while
keeping their dimensions at a minimum level. The disadvantage of this
approach is the need to use FEs that describe the physical essence of the
structure work under the influence of the load as closely as possible,
which can lead to the difficulty in assessing the impact thereon by the
element dimension ratio. Idealization quite simplifies the execution
of analyses but leads to a decrease in their accuracy. For example,
a burst of effort values appears due to the idealization of structural
elements by assigning infinitesimally small cross-sectional dimensions
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in the analysis model to them. In real constructions, such phenomena
are not observed. Various types of smoothing out such effects require
considerable effort and are subjective in nature. As a result, several
«transitions» are made between the three-dimensional and the flat
(or linear) representation of an object and its elements during the
design process from the moment of development of the process
constructive model to the receipt of final specification documents.

Methods of structural mechanics are not regulated by design rules
(with the exception of instructions that the methods used to calculate
forces and deformations must be physically adequate). In this case,
the Finite Element Method has actually become the only method of
construction mechanics used to analyse buildings and structures, which
is implemented using relevant software. This method provides for an
almost infinite number of solution variations to the same problem. In
addition to building physically and geometrically adequate models,
the performer must analyse obtained results, which further reduces
the overall reliability of analysis results. Thus, the quality of the use of
existing methods of analysing structures and their sections critically
depends on the qualification of the performer.

3. PROPOSAL ON THE ORGANIZATION
OF COMPUTER-AIDED DESIGN

All known attempts to automate the development of specification
documents for reinforced-concrete structures are reduced to the auto-
mated generation of formwork drawings of structures and reinforce-
ment items as well as specifications and samples for ready terms of
reference for their development. At the same time, the creation of a
construction diagram and the issuance of analysis results in the form
of layout of reinforcing bars and their diameters in fact is a «manual»
work. Computer-aided design, on the other hand, implies the partic-
ipation of a person only for the preparation of the task and the ver-
ification of results; all the analytical work must be performed in an
autonomous mode. It is necessary to understand that the application
of various simplifications, assumptions, and idealizations leads to the
impossibility of developing a universal algorithm that is guaranteed
to convert architectural models into constructive ones into design
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ones in a physically and geometrically adequate manner in all cases.
An algorithm for converting stresses (their calculated combinations)
into erection drawings for reinforcement items is also extremely com-
plex and even impossible in some cases. For example, the so-called
bursts of stresses in the joint areas of elements idealized in the de-
sign diagram will prevent decisions to reinforce structures that are
adequate to their physical essence. Thus, the basic solution for the
development of computer-aided design algorithms is the rejection of
idealization and simplification in terms of the geometric form of ob-
jects design diagrams made of reinforced concrete. Accordingly, the
calculation of any reinforced-concrete structures within scope of the
BIM Technology requires the exclusive use of three-dimensional finite
elements.

The increase in computing power available to designers creates
the possibility of refusing to idealize the geometric shape [2]. In this
case, the problem of creating a design scheme based on the construc-
tive model of the object is quite simplified, and this procedure allows
for its full algorithmization. When using such an approach in the ap-
plication software, the role of the project developer will be reduced
only to verification and, if necessary, adjustment of models, as well
as to the subsequent evaluation of analysis results. It should be taken
into account that application of characteristics of concrete obtained
under uniaxial compression/stretching is incorrect when modelling
reinforced-concrete structures with the use of three-dimensional fi-
nite elements. There is a relationship between stresses and deforma-
tions, as well as their increments (incrementally) for reinforced-con-
crete elements under three-dimensional stresses (in case of triaxial
compression and various combinations of compression and stretch-
ing) [3, 4].

There is currently no standardization of concrete characteristics
under triaxial compression; however, there are recommendations
that can be used in the analysis of concrete and reinforced-concrete
structures using the Finite Element Method [5]. The mechanistic use
of three-dimensional FEs for analysis without accounting for concrete
characteristics under triaxial compression (for example, for skeleton
buildings) is difficult due to the normalization of relevant indicators.
Concrete has an increase in volume under triaxial compression due to
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a violation of its structure (the so-called expansion effect), which con-
tradicts the classical hypothesis of elastic volume variation [6].

CONCLUSION

The system of automated design of reinforced-concrete structures
that significantly reduces the need for the staff of a design organiza-
tion as well as the labour intensity of the development of specification
documents for an object as a whole can be based on the following
principles.

1. For the purposes of creating software for computer-aided
design of reinforced-concrete structures, the use of the BIM
Technology is possible subject to inclusion of estimated models
in the general digital model of the object.

2. Transition between architectural, structural, and design mod-
els of bearing structures of a construction object must com-
pletely exclude the performer’s subjective approach and be in-
dependent of the level of the performer’s engineering training.

3. Idealization of a geometric form is a task that has no unique
solution. Idealization greatly complicates the uniform automa-
tion of the estimated model or renders such automation impos-
sible; therefore, the computer-aided design algorithms must
exclude this procedure.

4. Instead of idealizing the geometric shape and the methods of
calculating reinforced-concrete sections, it is necessary to ap-
ply models using three-dimensional finite elements and triax-
ial characteristics of the material. For this, it is necessary to
normalize strength and deformation characteristics of concrete
under triaxial compression; these characteristics must be us-
able when performing analyses of concrete and reinforced-con-
crete structures (including FEM-based analyses).

Current requirements for design standards for reinforced-concrete
structures no longer correspond to the current level of information
technology and computing capabilities. This delays the reduction of
the labour intensity of analyses and, as a result, the design of construc-
tion projects.
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