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INTRODUCTION

This Bachelor’s thesis including all the materials, databases, metadata,
accompanying texts and files, prepared and developed during the
research and practical tasks are directed to the needs of AFRY Finland Oy.

Some of the textual data is presented in bilingual format, containing
Russian language words in the Cyrillic alphabet.

AFRY Finland Oy (globally - AFRY) is an international engineering and
consulting company, providing services in energy, industry and
infrastructure sectors, with offices in more than 40 countries across the
world and with more than 16,000 employees. Behind the brand AFRY
stand two international companies AF-Consult and Péyry which joined
forces in 2019 and formed a new company AFRY.

AFRY is one of the leading companies in structural design and innovative
building solutions in Nordic countries. Due to the wide area of expertise,
efficient, high-quality solutions and experience in implementation of
projects in Russia, AFRY considers to have big involvement in the Russian
engineering market in the near future, and, as a result, the launch of new
projects. Knowing this fact, the company is required to be capable to
develop and implement any project according to the Russian norms of
construction and standards of design documentation.

The following work covers general and structural design sections of
project activities. As the main tool in structural design, AFRY uses Tekla
Structures software to produce a BIM-based model, accompanying the
building during its life cycle.

In terms of software, the main problem of using Tekla Structures is that
the design documentation, produced using it, should comply with GOSTs
and its strict rules on project documentation formats. This problem leads
to the development of Tekla Structures Russian environment. The other
reason why implementing projects in Russia is difficult is that as an
international company, AFRY has a multinational team, and the project
organization should be made so that speaking different languages is not a
barrier for reaching high-quality engineering solutions.

Summing up these two problems, the decision was made to conduct a
research and then develop reference guidelines about how to implement
projects on the basis of engineering in Finland, project location in Russia;
how to organize the structural design documentation to comply with
GOSTs. Consider the problems regarding Tekla Structures Russian
Environment, edit and develop the necessary program attributes to be
able to execute the project in Russia using Tekla as the main tool.



2 STRUCTURAL DESIGN IN RUSSIA

2.1 General information

The implementation of a project in Russia differs to a great extent from
the projects executed in the European Union countries. However, the
basic design processes, e.g. making drawings, structural calculations and
other technical tasks naturally remain very similar, a variety of different
design norms and standards, invented in the USSR, adopted by ISO and
used in Russian Federation and the Commonwealth of Independent
States (CIS) countries, apply very strict rules on all the design stages of
the project. These norms and standards will be considered in the further
sections of the thesis.

According to the requirements of the Town Planning Code of the Russian
Federation, mandatory design documentation is required for the
implementation of new construction, reconstruction and some types of
major repairs of buildings and structures. This documentation consists of
textual and graphical materials that define the architectural,
technological, functional and engineering parameters of the future
building or construction object.

The design technology, depending on the type and purpose of the object,
may differ, but the staging and the order of work, in most cases, are
preserved. The design process consists of the following steps:

— Collection of initial permits

— Performing engineering surveys at the site of the construction

— Development of project documentation for obtaining approvals from
the State Construction Supervision and Expertise Department

— Technical expertise appraisal of project documentation

— Development of working documentation

— General Designer’s site supervision

The further sections of the thesis describe mostly the subjects related to
the project’s structural design objectives.

2.2 Structural design stages

GOST 2.103-2013 determines the main divisions (stages) of the structural
design procedures to which the Customer of the project, General
Designer, Main Contractor and all involved parties are referring during
the agreement signing, project execution, technical expertise and
reporting. These stages are shown in Table 1.



Table 1.  Structural design stages

Technical assignment TexHuyecKoe 3agaHue (T3)
Technical proposal TexHuyeckoe npeanoxerune (MNT)
Conceptual design 3cKu3HbIM npoekT (3N)

Basic (project) design (P) TexHunuecknit npoekT (TM)
Technical expertise TexHMuecKan akcnepTusa
Detailed (working) design (W) Pabounin npoekKT (PM)

Technical assignment. In this task, the customer establishes the basic
conceptual, technical and functional characteristics of the
construction object, general and specific technical and financial tasks,
terms of compliance with the requirements at various stages of the
project and the general scope of work. The task should be
accompanied by the documents that prove the rationale for the
investment to the project, duties of General Designer (GD) and basic
architectural plans. The agreement between the customer and GD is
usually signed at this stage.

Technical proposal. It is a set of documents that contain the
feasibility study and technical justification of the project. The
conclusion about the feasibility is given after analyzing the technical
assignment of the customer, project-related risks and consideration
of alternative solutions by comparing them with each other.

Conceptual design. At this stage, a package of documents which
contain general ideas about the principles of operation, structural
plans (low level of detailing), including structural types, overall
dimensions and other parameters, as well as the information about
the set of fundamental decisions chosen for this building. In case of
designing particularly complex structures, additional pre-design
studies (advance design) can be carried out, the results of which
become the rationale for the possibility of creating the conceived
building (or structure).

Basic design. The technical documentation contains final decisions of
the structure (medium level of detailing) and the initial data of
project disciplines e.g. HVAC design drawings, complete set of
architectural plans, design of sewage and water communications,
building-specific design drawings, etc. Basic design documentation
forms the main set of documents of the project. According to GOST
21.1101-2013, basic design documentation should be sectioned as
shown in Table 2.



Table 2. Design documentation sections

Section/

Pazpnen

1 Project summary MoAacHuTenbHana 3anucka (M3)

2 Construction site layout Cxema NAaHNUPOBOYHOM
opraHusaumm 3eMe/ibHOro
y4yacTtka (MN3Y)

3 Architectural design ApXxuTeKTYpHble peweHuns (AP)

4 Structural design and space | KOHCTpyKTUBHbIE U 06BEMHO-
planning (ST) NNIAHUPOBOYHDbIE  peELLUEeHUs

(KP)

5 Mechanical equipment, | CBeaeHuAa 06 WHKEHEPHOM
engineering networks, | obopyaoBaHuu, o] ceTax
engineering and technical | MHXXeHepHO-TEXHMYECKOTO
communications, process | obecneyeHus, nepeyeHb
design NHXXEHEPHO-TEXHUYECKUX

MEepPONPUATUIA,  coaepKaHue
TEXHO/IOTUYECKUX  PeLUeHun
(MoC)

6 Construction management | [poekT opraHusaumm
plan ctpoutenbcTaa (MOC)

7 Demolition or disassembling | MpoekT opraHusaumn paboT
of existing structures Mo CHOCY WAM [EeMOHTaXy

06BbeKTOB KanuTanbHoOro
cTpouTenbcTaa (MOAO)

8 Environment protection | MepeyeHb meponpuaTMA MO
actions OXpaHe OKpyKatolwen cpeapl

(00CQ)

9 Fire safety actions Meponpuatua no
obecneueHuto no’KapHou
6e3sonacHoctu (MB)

10 Actions on providing an | MeponpuaTtua no
access to physically | obecneyeHuto JocTyna
challenged persons nHsanuaos (04MN)

10.1 Safety requirements to the | TpeboBaHMAa K obecneyeHuto
object of the construction 6e3onacHom aKcnayaTaumm

06beKTa KanutanbHoOro
cTpouTenbcTea (TE2)

11 Cost estimation documents Cmeta Ha  CTPOUTENbCTBO
06BbeKTOB KanutanbHoOro
cTpouTenbcTea (CM)

11.1 Actions to ensure compliance | MeponpuaTtna no

with energy efficiency and | obecneyeHnto  cobnogeHus

consumption requirements.
Requirements for buildings
and  structures to be
equipped with energy

TpebOoBaHMN 3SHEPreTUYECKON
apdpeKTMBHOCTU M TpeboBaHWU
OCHaLLLeHHOCTH 34aHUR,
CTPOEHUIA U COOPYKEHWUM




metering devices npubéopamm yyeTa
NCNONb3yeMblX
3HepreTUYecKnx pecypcos
(33)
12 Other documentation in | UHas AOKYMeHTauus B
cases, covered in federal laws | cnyyaax, npeaycMOTPEHHbIX
denepasibHbIMM 3aKOHaMM

According to these sections, the design documentation is systemized by
an assignment or action determined in each section and then formed into
the document sets. The information about structural design
documentation (Section 4) can be found in Chapter 3 (Design
documentation).

- Technical expertise. Basic design documents set, as a rule, passes the
examination. In a vast majority of cases, the customer announces a
tender for the examination of large and complex structures. In the
process of examination, the examination company (or authority)
checks the compliance of the developed project with the issued
technical assignment, analyzes the technical level of progressiveness
and novelty of design solutions, checks the correctness of the
assessment of the financial efficiency of investments, compares the
decisions with the best domestic and foreign projects. Particular
attention is drawn to the solution of issues related to the safety of
structures.

After completion of the examination, expert opinion is transmitted to the
GD. If the design documentation gets the status “accepted”, GD and the
Customer, after checking comments, decide together on the finalization
of the project and making any changes to it. After that, the project is fully
approved, and the customer decides to announce the tender for the
construction (in some cases, this part may include one more set of
project documentation called “Tender documentation” which is defined
by the customer). When the main contractor is determined, they start to
prepare the construction management assignments: site set-up plans,
execution timetables, working cycles with labour timing, site safety and
logistics plans, etc.

Note: According to the “Regulations on the procedure for the
examination of design documentation 145/2007”, those parts of the
design documentation, in which changes that were made affect the
structural safety and reliability of the structure, should be subjected to
re-examination.

- Detailed design. At this stage, the detailed documentation (working
drawings) is developed based on the previous stage. The stage starts
when the main contractor is defined. The content of detailed design
documentation is listed in GOST 21.1101-2013. It is quite the same as




in basic design set. Working documents include local estimates,
volumes, areas and requirements for building materials, equipment
specifications, requirements for the production and structure
performance, etc.

Note: When drafting working drawings, it is prohibited to accept
deteriorating technical and economic solutions, previously agreed in
basic design, that adversely affect working conditions on the construction
site or reduce the amount or quality of safety facilities.

2.3 Engineering standards

2.3.1 Technical calculations and design according to SP

“SP” (CN —in Russian) is a set of rules officially used in Russian Federation
for design and construction as a regulatory document that provides
recommendations for technical solutions and engineering survey
procedures for construction, design, installation works and manufacture
processes of construction products, as well as for the implementation of
construction and defining ways of achieving the design compliance with
the mandatory requirements of building codes and standards.

SP norms are setting the main values, principles and formulas to be used
when making technical calculations of buildings, structures and objects of
the construction. Equivalently, as in the EU, the Eurocode must be used
as a basis for technical calculations and design of the structures. From the
technical side, the design of structures should always be made according
to SP rules. It is very important that they are clearly displayed in
calculation reports with references, as they later will be examined by the
state technical expertise.

Below is the list of active SP codes related to structural design (the list
contains only the major codes, not all of the available ones):

— (CI116.13330.2017 Steel structures. This set of rules establishes the
requirements for the design and technical calculations of steel
structures for buildings of different purpose, being executed under
the range of temperatures no more than 100°C and not less than -
60°C. (The content is equal to Eurocode 3, Design of steel structures)

— (I120.13330.2016 Loads and actions. This set of rules establishes
requirements for the assignment of loads, impacts and their
combinations, taken into account when calculating buildings and
structures for the limiting conditions of the first and second groups,
in accordance with the provisions of GOST 27751. (The content is
equal to Eurocode 1, Actions on structures)




Cl22.13330.2016 Soil bases of buildings and structures. This set of
rules applies to the design of soil bases of newly constructed and
renovated buildings and structures in trenches and open spaces.
CI124.13330.2011 Pile foundations. This set of rules establishes
requirements for the design of foundations with different types of
piles in different engineering and geological conditions and in all
types of structures.

Cl126.13330.2012 Foundations for machines with dynamic loads.
Cl128.13330.2017 Protection of structures against corrosion.
Cl41.13330.2012 Concrete and reinforced concrete hydraulic
structures.

Cl45.13330.2017 Earthworks, grounds and footings. This set of rules
contains instructions on the execution and conformity assessment of
earthworks, construction of bases and foundations for new and
renovated structures.

Cl150.13330.2012 Thermal performance of the buildings. This set of
rules applies to the design of thermal protection of residential,
public, industrial, agricultural and storage buildings under
construction with a total area of more than 50 m?, in which a certain
temperature and humidity conditions must be created.
Cl51.13330.2011 Sound protection. This set of rules establishes the
requirements for the design, construction and operation of buildings
for various purposes, urban and rural area planning, in order to
protect against noise and provide regulatory parameters of the
acoustic environment in industrial, residential and public buildings,
adjacent to the territories and recreational areas.

Cl154.13330.2016 Residential buildings. This set of rules applies to
the design and construction of new and renovated multi-apartment
residential buildings up to 75 m high, including apartment-type
dormitories, as well as residential premises constituting buildings of
other functional purposes.

Cl156.13330.2011 Production buildings.

Cl158.13330.2012 Hydraulic structures. Basic statements.
CI163.13330.2018 Concrete and reinforced concrete structures. This
set of rules applies to the design of concrete and reinforced concrete
structures of buildings for various purposes, operated in the climatic
conditions of Russia (with systematic exposure to temperatures not
higher than 50 °C and not less than -70 °C) in an environment with a
non-aggressive degree of impact. The set of rules establishes
requirements for the design of concrete and reinforced concrete
structures manufactured from heavy, fine-grained, lightweight,
cellular and pre-stressed concrete, and contains recommendations
for the design and calculation of structures with composite polymer
reinforcement. (The content is equal to Eurocode 2, Design of
reinforced concrete structures)

Cl164.13330.2017 Timber structures. This set of rules on the
methods of designing and calculating structures made of solid and
glue-laminated timber, used in public, residential, industrial and




other constructions, in new and operating buildings and structures
and objects of renovation. (The content is equal to Eurocode 5,
Design of timber structures)

— (I170.13330.2012 Load-bearing and separating structures. This set of
rules applies to the design of load-bearing and separating structures
of industrial, agricultural, residential and municipal buildings. The set
of rules applies during the construction of monolithic concrete and
reinforced concrete structures made of heavy concrete, heat-
resistant and alkali-resistant concrete, during the application of
shotcrete and underwater concreting; in the design and manufacture
of precast concrete and reinforced concrete structures on the
construction site; when installing precast reinforced concrete, steel,
timber structures and structures made of lightweight materials; when
welding assembly connections of steel and reinforced concrete
structures, reinforcement joints and embedded products of
reinforced concrete structures; in the construction of masonry and
reinforced masonry structures made of ceramic and silicate bricks,
ceramic, silicate, natural and concrete stones, brick and ceramic
panels and blocks, concrete blocks. The requirements of this code
should be considered when designing the structures of buildings and
individual structures.

— (€N 113.13330.2016 Parking places.

— (€N 118.13330.2012 Public buildings.

— (€N 128.13330.2016 Aluminium structures. (The content is equal to
Eurocode 9, Design of aluminium structures)

Below, as a reference, are the examples extracted from CIl
20.13330.2016 Loads and actions. Figures 1, 2 display the map of snow
load distribution across the Russian Federation municipal districts and
load values in kPa, accordingly. Figures 3, 4 display the wind pressure
map across the Russian Federation municipal districts and load values in
kPa, accordingly.

L AR
T 0o

KAPTA 1, PAROHHPOBAHUE TEPPHTOPHH
POCCHHCKON ®ETEPAIIHHA
M0 BECY CHEFOBOTO IIOKPOBA

Figure 1. Snow load distribution map



CHeroBble pailoHbl (MPUHUMAIOTCH I 1l IV W Wl Vil Wi
no KapTe 1 NpUNoXeHUA E)

05 |10 |15 |20 | 25|30 35|40
Sg.KMa

Figure 2. Snow load values, kPa

KAPTA 2. PAHOHHPOBAHWE TEPPHTOPHH
POCCHACKOH @EAEPAILIH O
JABIEHHIO BETPA

Figure 3. Wind pressure distribution map

BeTpoBbie paioHbl la Il 1 v v Vi Vil
(MpPUHUMAKTCA NO KapTe 2
NpunoxeHua E)

017 | 023|030 | 038 |048 (060|073 | 085
wp. kMa

Figure 4. Wind load values, kPa

Comparing SP and Eurocode standards, fundamentally, the design and
calculation processes are very similar. However, there are quite many
differences in design values and coefficients used due to the fact that
these standards were developed at different times, independently, by
various nations, to meet the specific criteria. In the Russian Federation,
SP norms are mandatory to use in structural design.

As an example of a comparison between SP and Eurocode, the table was
created (see Table 3) showing characteristic equally distributed imposed
loads on floors, in buildings of different purpose. The information was
extracted from Eurocode 1, Actions on structures (EN1991-1-1:2002,
6.3.1.2) and SP 20, Loads and actions (C1 20.13330.2016, 8.3). The load
values are given in a range to cover the difference specified in Eurocode
national annexes.
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Table 3. Eurocode to SP comparison, imposed loads on floors

Eurocode 1, Part 1-1 CI120.13330.2016
e gk gk
Category Specific use (kN/m?] Category [kN/m?]
A Domestic and
residential areas:
-floors 1,5-2,0 1 1,5
-stairs 2,0-4,0 10 3,0-4,0
-balconies 2,5-4,0 12 2,0-4,0
B Office areas 2,0-3,0 2 2,0
C Congregation areas:
-areas with tables 2,0-3,0 4(a) 2,0
-areas with fixed seats | 3,0-4,0 4(6) 3,0
-public access areas 3,0-5,0 9(a) 4,0
-areas with possible | 4,5-5,0 4(B) 4,0
physical activities
-areas susceptible to | 5,0-7,0 7(a) 4,0-5,0
large crowds
D Shopping areas 4,0-5,0 4(r) 4,0
E Storage areas 7,5 - >5,0

As seen in Table 3, SP norms give slightly lower values for imposed load
actions. As Russian norms are mandatory to use in structural design, in
some cases, when the project is implemented in Russia, but engineering
and design is done in one of the European Union countries, it is allowed
to take into account Eurocode values and use the middle (average)
number to be on the safe side, but only if the average value will be
greater than the basic given by SP norms.

Consequence/reliability classes for buildings and structures are given in
Figure 5 (GOST 27751-2014, 10.1). The difference between SP and
Eurocode (EN1990-1-1) is only in class 1 and is 0,8 and 0,9 accordingly.

Knacc YpOBEHb MWUHMMATbHBIE 3HAYEHWA Ko3thhUUMEHTA
COOPYHEHHIA OTBETCTEBEHHOCTH o _
: HAOEXHOCTH N0 OTBETCTEEHHOCTH Yy
KC-3 MOBLILUEHHBIA 1.1
KC-2 HopmanbHbIfA 1,0
KC-1 TTOHMKEHHEIA 0,8

MpUMeYaHue - [INA 30aHWi BbicoTol Gonee 250 M W GONMbLIENPONETHRIX COOPYKEHUA (Ge3
NPOMEXYTOMHBIX OMOp) ¢ nponeToMm Gomee 120 M KO3(MWUMEHT HAJEKHOCTH MO

OTBETCTEEHHOCTH CNEAYET NPMHUMAETE HE MeHee 1,2 (Y, =1.2).

Figure 5. Consequence/reliability classes, GOST 27751-2014
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2.3.2 Design documentation according to GOST

GOST is a set of technical standards maintained by the Euro-Asian Council
for Standardization, Metrology and Certification (EASC), a regional
standards organization operating under the auspices of the
Commonwealth of Independent States. GOST standards are used in the
Russian Federation and other 11 countries of the CIS union: Belarus,
Ukraine, Moldova, Kazakhstan, Azerbaijan, Armenia, Kyrgyzstan,
Uzbekistan, Tajikistan, Georgia, Turkmenistan.

At present, the collection of GOST standards includes over 20,000 titles.
Serving as the regulatory basis for government and private-sector
certification programs throughout the Commonwealth of Independent
States, the GOST standards cover energy, oil and gas, environmental
protection, construction, transportation, telecommunications, mining,
food processing, and other industries. Since the EASC, the organization
responsible for the development and maintenance of the GOST
standards, is recognized by ISO as a regional standards organization, the
GOST standards are classified as the regional standards. The national
standards of Russia are the GOST R standards.

In the structural design section of project documentation, two main
subdivisions of GOST standard are used: (SPDS) and (ESKD). These norms
establish uniform rules for the implementation of project documentation
for construction. In detail:

— unification of the content, rules of registration and circulation of
documentation, taking into account the designation of project
documents

— completeness of the documentation, taking into account the
contractor’s specialization, type and purpose of the object of the
construction

— the maximum necessary amount of documentation for the
construction and installation works

— general rules for the implementation of drawings and text
documents, regardless of the intended purpose of the object and
type of design solutions

— unification of project documents and graphic images with the
exception of information not required by the consumer

— unification of terms and concepts used

— the use of project documentation in computer-aided design and
construction management systems

— the possibility of implementation high-quality production of design
products and its reprography

The abbreviation SPDS (transliteration from Russian) or SPDC
(translation) stands for the System of Project Documentation for
Construction. It is a set of regulatory organizational and methodological
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documents that establish the general technical requirements necessary
for the development, accounting, storage and use of project
documentation for the construction of various facilities. SPDS standards
are used in the development of building’s and structure’s project
documentation and they regulate how the design documentation looks.

The abbreviation ESKD (transliteration from Russian) or USCD
(translation) stands for the Uniform System of Constructor
Documentation. It is a set of state standards that establish interrelated
rules, requirements and norms for the development, design and handling
of design documentation, developed and applied at all stages of the
product life cycle (in the design, development, manufacture, control,
acceptance, operation, repair, recycling).

To put it simply, all the structural design documentation, its content,
numbering, formats, sectioning and development procedures must
comply with SPDS standards. It is usually applied to the documentation of
the Basic Project stage. ESKD norms are focused on a detailed level
design attributes and give rules on how technical drawings, textual files,
images, stamps, templates are supposed to look like. ESKD give
requirements for certain attributes, such as fonts, scales, dimensions,
annotations, lines, tables, lists, images, stamps, etc.

GOST standards may be advisable or obligatory. Obligatory are the ones,
dealing with safety, environmental impacts, inter-changeability,
conformity and risks.

Detailed information about the application of these standards can be
found in Chapter 3, Design Documentation.

GOSTs related to structural design documentation are given below:
General

— [OCTP21.1101-2013 SPDS. Main requirements for the design and
working documents. The standard is obligatory to use.

— [OCT 21.501-2018 SPDS. Rules for execution of working
documentation of architectural and construction solutions. The
standard is obligatory to use.

— [OCT 21.201-2011 SPDS. Symbol graphics elements of buildings,
works and structures. The standard is obligatory to use.

— [OCT 21.110-2013 SPDS. Specification of equipment, products and
materials. The standard is obligatory to use.

— [OCT P 2.901-99 ESKD. Documentation to be sent abroad. General
requirements.

— [OCT 2.102-2013 ESKD. Types and sets of design documentation.

Steel Structures
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— [OCT 2.410-68 ESKD. Rules for making drawings of metal structures.
— [OCT 21.502-2016 SPDS. Execution rules of working documents for
metal structures. The standard is obligatory to use.

Concrete Structures

— [OCT 23009-2016. Prefabricated concrete and reinforced concrete
constructions and products. Symbols (marks).

Timber Structures

— [OCT 21.504-2016 SPDS. Rules for execution of working
documentation for wooden structures. The standard is obligatory to
use.

All GOST and SP standards are in public access and can be downloaded
from the official sources:

- http://docs.cntd.ru/ (Electronic Database of Law and Normative-
Technical documentation, Official) Contains a complete database of
GOST and SP standards with information on validity.

- https://www.gost.ru/portal/gost/ (Federal Agency for Technical
Regulation and Metrology, Official) Main state regulating agency.

- https://runorm.com/ (Russian Standards and Technical regulations)
GOST and SP standards in the English language can be purchased
from here.

3 DESIGN DOCUMENTATION

3.1 General information

Technical documentation for the project has to follow the rules of
sectioning as it was mentioned earlier in Chapter 2, Table 2. In the
following chapter, we will touch upon the Section 4 (Structural design
and space planning) of design documentation. This section forms the
main set of documents providing solutions and working drawings for the
construction of the building (or structure).

Basically, the design documentation (its major scope) is divided into two
parts: Basic Design Documentation or Project Documentation
(abbreviation: PD or P) and Working Documentation (abbreviation: WD
or W). It is also called stage “P” and stage “W” documentation. Both
Project Documentation and Working Documentation relate to the
following design stages (see Table 1) accordingly. GOST R 21.1101-2013
SPDS defines the main rules for the content, completeness, sectioning,
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development, formatting, as well as rules for revising of Project and
Working Documentation.

Depending on the project’s size, one-stage or two-stage design systems
could be implemented. The one-stage system implies that the
development of Working Documentation can go along with the Project
Documentation. In that case, if the main technical solutions of the object
are already agreed between the project participants, then, while
simultaneously developing two stages, the construction of the object can
begin immediately after receiving a positive expert opinion (meaning
technical expertise) and a construction permit. The essence of the two-
stage system is that the documentation is developed in stages: at the first
stage, the Project Documentation is developed, the main design decisions
are made, the documentation for construction is approved and only after
that the “W” stage begins.

3.2 Stage “P” documentation

The stage “P” documentation must pass the examination process. The set
of documents sent for the technical expertise does not include detailed
information about all the building’s structures, but it should show the
fundamental and principal solutions that were made. The content of
Project Documentation includes:

— Explanatory note or a description of the building (in Finnish -
rakenteiden suunnittelun perusteet) including general information
about the building, consequence class, lifetime, fire resistance class,
location of the building, geotechnical data, design loads, design
standards, etc.

— Technical calculation reports of the building’s overall stability,
stiffening diaphragm, foundation support reactions, etc.

— Document register ((list of applied documents) see Appendix 2)

—  Structural types

— Typical joints

— Typical connections

— Foundation loads plan

— Typical floor plan level: +0.000...

— Layout of load-bearing structures

— Drawings of typical elements:

o Column
o Beam
o Stairs

o Wall panel

o Hollow-core slab
— Reinforcement drawings of typical elements
— Other project-specific drawings
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Having passed the technical expertise, the set of documents prepared on
the “P” stage will change its status to “W” as soon as it is finalized and
completely detailed. Then, this set becomes construction working
documents.

According to GOST R 21.1101-2013 SPDS, Project documentation should
be divided into volumes (Tom — in Russian) following the sections of
project documentation (see Table 2). An example of the stage “P”
document set for the structural design can be found in Table 4.

Table 4. Example of stage “P” document set

No 0603Hau
- n n
Toma/ enue/ HaumeHosaHue/Name pumesan cnonHuTen/
Code ne/Note Performer
Volume
number
1 2 3 4 5

Pasgen 4. KOHCTPYKTUBHbIE U 06bEMHO-MIAaHMPOBOYHbIE PELIEHNA
Section 4. Structural Design and Space Planning

KOHCTpYKumn
20-02-N-
Tom 4.1 >7 ?“? 1 i enes3obeToHHble. - Company A
) Concrete structures
5720-02- KOHCTpYKumn .
Tom 4.2 M-KP.2 enesobetoHHble. Concrete - AFRY Finland Oy
) structures
KOHCTpYKumn
Tom 4.3 272002 MEeTa/IIMYECKHe. - AFRY Finland Oy
M-KP.3
Steel structures
5720-02- | TexHMYecKMe pacyeTbl.
Tom 4.4 M-KP.4 | Technical calculations i Company B

*Each volume of stage “P” documentation must start with the title page (see Appendix
3 for the example). Title pages are not numbered.

[5720-02]-[N]-[KP.1] — is the code number of structural design
documentation, where:

[5720-02] — is the number of the project, established by the customer or
General Designer

[N] —is the abbreviation of Project (lpoekm — in Russian) Documentation
[KP.1] —is the volume 1 of the set

Each volume of Project Documentation must be formed as follows:

Cover page (FOCT P 21.1101-2013, npunoxceHue H), (see app. 3)

Title Page (FTOCT P 21.1101-2013, npunoxeHue I1) , (see app. 3)

The content of the volume (FOCT P 21.1101-2013, npunoxeHue I
Document register (FTOCT P 21.1101-2013, npunoxceHue ) Document
register is allowed not to include to each volume separately but add it
as an independent document to the whole set.

5. Textual part

6. Graphical part (drawings and schemas)

Ll A
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The number of sheets included in each volume must not exceed 300
pages of A4 format or equivalently of other formats.

Each document of the volume must have a running number if the set
consists of separate documents or, if there is an assembly of documents,
each page should be numbered. Depending on the Customer’s
requirements, there is a possibility to number documents using Latin
letters and English abbreviations, e.g. if the Customer is an international
company building in Russia or a Finnish Contractor. In AFRY, the major
number of projects implemented in Russia were done for Finnish building
companies like SRV Development LLC and YIT Construction.

Document numeration:
Page system:

5720-02-N-KP.1 — would be the number of all documents in assembly,
following the code of the volume, where each page has a running
number. For example, the volume consists of 100 pages (cover and title
pages are not numbered), pages 1-5 are the volume’s content, pages 6-
15 are textual documents and pages 16-100 are drawings. Therefore, the
first drawing must have a start page number 16. In electronic format,
these documents can be created as separate files and then merged into
one file when finished.

Running number system:

[5720-02-N-KP]-[A-01-01-1001] — would be the number of an individual
document, where [5720-02-M-KP] is general part, the same for all
documents and [A-01-01-1001] is specific designer’s system, which can
include e.g. the block number (A), floor elevation (01), specific drawing
type code (01) and running number (1001). Page numbers are added post
factum.

If numbering is done in Latin letters and English abbreviations, then the
document number could be:

5720-02-P-ST-A-01-01-1001 - where “P” displays the Project
Documentation, “ST” — structural design section.

Page system is not possible because the documentation volumes which
go for the technical expertise must be named in Cyrillic letters, and
therefore the listed documents, too.

The system for assigning numbers for documents could be done as shown
in Table 5.
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Table 5. Document numbering system

Project | Design | Section | Block | Elevation | Type Running
number | stage code number

(5720021 (1 | st | (Al [ o1l [ o1l | [1001]

Building’s blocks: [A], [B], [C], [D], ...

Elevations:
[00] - +0.000
[03] - +3.500
[07] - +7.500
[11] - +11.500

Type codes:

[01] — Textual

[02] — General

[03] — Sections

[04] — Dimensional
[05] — Reinforcement
[06] — Element

[07] — Steel

[08] — Geo

Running numbers:

[0001] — Drawing list

[0100] - Specifications, list of bid items and quantities, cost estimation
[1000] — Cast-in-place structures

[3000] — Precast elements

[5000] — Steel structures

[7000] — Recess drawings

Stage “W” documentation

Working documentation, in practice, is a package of basic sets of working
drawings in which different types and directions of construction work are
presented. There are presented text documents, drawings and
specification lists, according to the SPDS standards. In the Decree on the
composition of the sections related to Working Documentation
(MuHcmpoli P®, I No. 87) in Paragraph 4 of the general provisions, it is
determined that the Working Documentation is developed for the
implementation of various architectural, technical and technological
solutions during the construction process. Working documents are made
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for each construction object in the form of working drawings, textual
documents, product specifications and/or equipment catalogues. There
are rules and standards for the development of each Main Set of Working
Documentation which will be described below.

The Main Sets of such documents are combined by code marks - letter
abbreviations, in which one or another type of construction and
installation activity is encrypted (for example, GP - General Plan, AR -
Architectural Solutions, etc.). A complete list of such marks is a list of
several dozen items, among which there are combined ones. For
example, when combining the general plan (GP) and transport facilities
(TR) under one brand into a consolidated section, it receives the “code”
GT. The choice of the appropriate mark at a particular construction site is
carried out by the design organization, but in most cases they represent
the following areas of work:

— Architectural design

— Structural design

— Power supply

— Water supply and drainage

— Heat and cold supply

— Ventilation

— Gas supply

— Protection systems

— Telecommunication systems, etc.

GOST R-21.1101-2013 SPDS says that the working documentation
transferred to the customer includes working drawings of the Main Set
and documents attached to them, which, in turn, include:

— Working documentation related to building products

— Dimensional and reinforcement drawings

— General plans

— General data for the whole building/separate
structure/concrete/steel, depending on the project (see Appendix 4
for General Data Sheet template example)

— General drawings of non-standard products

— Dimensional drawings developed on the basis of manufacturers' data

— Equipment specification

— Material specification

—  Product specification

— Local estimate and other documents in accordance with SPDS and
Customer’s technical assignment

The specification lists must be performed according to the requirements
of GOST-21.110, and the outline drawings - according to the
requirements of GOST-21.114
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Document numeration:

Typically, in Russia, each of the Main Sets of Working Documents is
marked according to the recommendations set in Appendix B, Table B.1
of GOST R-21.1101-2013 SPDS. The code marks are assigned by the
purpose of the structures or object of the construction, it could be e.g.
reinforced concrete structures (code mark “RC”), steel structures (code
mark “S”), etc. These code marks are presented in Table 6.

Table 6. Code marks of Main Sets of Working Documents

Name of the Main Set of | Code mark | Code mark Note
Working Documents (Rus) (Eng)
General Plan rm GP General Plan
meaning the layout
of building
surroundings,
external facilities,
transportation, etc.
Architectural and AC AS When architectural
Structural solutions and structural
solutions are
combined (except
steel structures)
Architectural solutions AP AR -
Reinforced Concrete K¥ RC -
structures
Steel structures KM S -
Steel structures detailed KM, SD -
Timber structures KO ST -

*The complete list of available code marks is given in GOST R-21.1101-
2013 SPDS, Appendix B, Table B.1.

**Code marks are translated to Latin letters according to their meaning
and ISO standards containing similar abbreviations. Transliteration is not
used.

Working drawings are numbered in accordance with the code mark of the
Main Set. This is the traditional system. For example, there are four main
Sets of Working Documents: K}K1, K2, K3 and KM 1.

Drawing numbers would be then:
[5720-02]-[KXK1]-[1] — where [5720-02] is the number of the project, set

by the Customer or GD, [K¥1] is the code mark of the Main Set and [1] —
running number of the drawing
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5720-02-[K*K1.U]-1 — [KHK1.U] is the code mark of the Main Set and
postfix M is showing that the drawing refers to “for fabrication”

5720-02-K¥1.C-1 — the same way postfix C refers to the “specifications”

The drawback of this system is that all the documents of each set become
pages of that set. For example, the set K}1 consists of 30 pages (lists), 5
of which are textual documents, and the rest are drawings. Once the
number of pages in the textual part is increased to 7, then the start
number of the first drawing in that set changes from 6 to 8, and the
whole set should be renumbered. So the system works in the same way
as in the Project Documentation.

Another way of numbering is assigning a number to each individual
document in a set. This system is usually used by AFRY when
implementing projects. It works the following way:

— There are no divisions on different sets of working documents, the
Main Set is single

— The Main Set is usually marked the same way as for the Project
Documentation — “KP” (rus) or “ST” (eng) — meaning structural
solutions

— The design stage then changes from “P” to “W”

— The numbering system is the same as presented in Table 5 (Table 5,
document numbering system)

In most cases, General Designer or the Customer establishes the rules for
the document numeration, specifically, for each individual project.

3.4 Revisions

Rules for revising technical documents are presented in GOST R-21.1101-
2013 SPDS, section 7. A revision of a document previously submitted to
the Customer means any correction, deletion or addition of any data to it
without changing the designation of this document. The designation of
the document is allowed to be changed only in case when different
documents are mistakenly assigned with the same designation, or an
error is made in the number or name of the document. Changes to the
calculation reports are not allowed.

Any modification made in the document, causing any changes in other
documents, should be simultaneously accompanied by the introduction
of appropriate changes in all related documents.

The revision registry table is required to be developed either as an
individual document, where all changes in technical documents are listed
or as a content embedded in the document register table. The revision
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table is shown in drawings above the main stamp. In Russia, revisions are
reported numerically, starting from number 1.

3.5 Bilingual System

As we are talking about internationally or transnationally executed
projects, with its location in Russia and Structural Design being developed
in Finland (and possibly in other EU countries), the bilingual system for
project’s documentation is required.

There are no mandatory requirements about how the documents are
formed and their outlook. Basically, when the creation of bilingual
documentation is required, all textual content of technical drawings,
layouts, schemes, title and cover pages, stamps and other are being
presented in two languages at the same time.

The primary language in our case will be the Russian language, and
English is the accompanying language.

Two languages must be presented in all technical documents and their
appendices, textual and graphical.

Regarding drawings, both languages are presented in the following parts:

— All the side texts

— Specification lists

— Main stamp

— View names

— Section names (except if the name of the section is numerical)
— Part marks (not the position number of the element)

— Annotations and explanations

— Detail register

— Other drawing-specific textual content

GOST R 21.1101-2013 SPDS sets the requirements on the outlook of
drawing’s stamps (GOST R 21.1101-2013, Appendix G). General principles
of the bilingual system are set in GOST R 2.901-99 ESKD. The example of
drawing’s main stamp is shown in Figure 6.
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Figure 6. Main stamp on drawings (GOST R 21.1101-2013, app. G)

3.6 Adaptation company

Big projects are always accompanied by a significant amount of data. If
the project implemented in Russia is one of the complex ones and a lot of
technical documentation is required to be shortly translated, the
adaptation companies can help with it. Usually, these kinds of issues are
solved by the GD or the Customer but sometimes engineering companies
utilize the services of adaptation companies directly.

Adaptation companies provide services on technical documentation
translations in a range of languages required for the project. They work
with both graphical and textual data. In AFRY’s experience, such services
were used multiple times for complex projects in Saint-Petersburg and
Moscow. An adaptation company acts as a sub-contractor between the
engineering company and the client. Depending on the language used
initially in documents, they translate documentation to Russian or English
and then send back to the Designer.

3.7 Document transfer

The transfer of technical documentation to the Customer depends
greatly on the Customer’s requirements. Typically, the stage “P”
documentation is transferred in a printed version with all accompanying
documents and appendices. Project documentation must be assembled
by volumes including cover and title pages of each volume, textual
content, registry tables and drawings. All documents of big formats must
be folded to A4 or A3 format. The rules of creating formalized
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documentation sets are described in GOST R-21.1101-2013 SPDS, section
8. The Project documentation is usually printed in three to four copies;
one copy is stored in the designer’s archive, other copies are transferred
to the Customer and technical expertise company.

Regarding the stage “W” documentation, as its volume is much bigger
than in stage “P”, documentation with status “for construction” is
transferred to the Customer in one of the following ways:

If printed documentation transfer is required, the way of transfer is
decided with the client.

For electronic transfer:

— The use of physical data carrier (e.g. a memory stick). Nowadays, this
way is very outdated but in Russia, it is still in use.

— OneDrive folder. The good way of electronic transfer and the most
common.

— Use of Digital Project Bank systems. This way of document transfer is
the most popular in Finland nowadays and the safest because all the
data is encrypted by the service provider security protocols. Project
Bank systems allow to store, modify, download and check the validity
of all project documentation from all disciplines in one place. Such
systems could be SokoPro.com and BuilderCom.fi

The systems BuilderCom.fi and SokoPro.com are localized in Russia.

4.1 General information

BIM (Building Information Modeling) is a digital approach to the
construction, equipping, maintenance and repair of a building (lifecycle
management of an object), which involves the collection and complex
processing of all architectural, technological, economic and other
information about the building with all its interconnections and
dependencies, when a building and everything related to it are
considered as a single object (see Figure 7). Building information
modeling in construction is a set of tools that allow designers and
workers to develop, maintain and manage the building during its
lifecycle.
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Figure 7. BIM segments. (www.reuters.com)

BIM is introduced in design and construction as a three-dimensional
model of a building or other construction object associated with an
information database, in which additional attributes can be assigned to
each element of the model. The peculiarity of this approach is that the
construction object is actually designed as a whole, and the change of
any of its parameters entails an automatic change of the other
parameters and objects connected with it, up to the drawings,
visualizations, specifications, schedule of work, etc.

The term “BIM” (in the sense in which it is used today) was first used in
works in the mid-1980s: in an article by Simon Raffle in 1985, published in
1986, and then in an article by Robert Aish - a developer of software
RUCAPS, which the author referred to in describing the use of software at
London Heathrow Airport. However, the system of design (including the
abbreviation “BIM”) has become widely used only since 2002, when
Autodesk released an information document called “Building Information
Modeling” and soon other software developers also began to announce
their involvement in this area. The first innovator in this field was the
company Graphisoft with its application ArchiCad. It was the first
application for personal computers allowing to create 2D and 3D
geometry.

Nowadays, BIM is being considered as the new generation in design
technologies. It is being developed by an enormous number of
independent companies and specialists during the past 20 years, and now
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it exists as an inherent tool in the creation of any project with a variety of
different application purposes. Experts say that with BIM, it is possible to
build anything from small family houses to the biggest nuclear power
plants and spaceships, and actually, they are right. The technology has
become so complicated and smart, with the introduction of Al (artificial
intelligence) technologies and two decades of development. At present,
the designers, architects, contractors, workers and scientists use it to
solve a vast amount of different problems.

Similarly, as drafting shifted from paper to the screen of computer 40
years ago, BIM shifted from its 3D nature to 4D (time), 5D (cost), 6D
(environment and sustainability) and even 7D (lifecycle management).

In AFRY, BIM technologies were first introduced in 1992 and have been
widely applied since 2005.

4.2 BIM technologies in Russia

In Russia, BIM technologies have faced a “slow launch” due to the fact
that on the time, when BIM was already in use in several countries, a
post-soviet economy, philosophy of work and outdated standards did not
let the technology to break through all these aspects at the beginning.
But nowadays, the government of the Russian Federation has officially
admitted that the Ministry of Construction must develop, organize and
apply BIM in the construction and design process of all new buildings.
They have started to create new norms and standards and update the old
ones so that BIM would be applied as one of the main parts in the
process. Nowadays, regulatory authorities are fully occupied with the
development of these standards and the creation of a normative
database covering all of the information modelling - related processes.

4.2.1 BIM standards

There are not many standards about working with the BIM model at
present. Working with BIM is mostly company dependent. Talking about
the design, the lack of standards affects only the internal market but not
the internationally implemented projects.

Below is the list of all standards regarding BIM, available at the moment:

— [OCTP10.0.03-2019/MCO 29481-1:2016 System of standards on
information modeling of buildings and structures. Building
information models. Information delivery manual. Part 1.
Methodology and format

— [OCT P 57311—2016 Building information modelling. Requirements
for the operational documentation of completed construction.
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— [OCTP57309—2016 (MCO 16354:2013) Guiding principles for the
libraries of knowledge and library facilities.

— [OCTP57563—2017/1SO/TS 12911:2012 Building information
modelling. The main provisions for the development of standards for
information modelling of buildings and structures.

— TOCT P UNCO 12006—2—2017 Construction. Model of the
organization of data for construction works. Part 2. Basics of
information classification.

— [OCT P UNCO 12006—3—2017 Construction. Model of the
organization of data for construction works. Part 3. Basics of the
exchange of object-oriented information.

— T[OCT P UNCO 22263—2017 Model of the organization of data on
construction works. Structure of project information management.

— TOCT P 57295—2016 Design - Management Systems. Guidance on
the design - management in construction.

— (CM301.1325800.2017 Building information modelling. Rules for the
organization of works of production and technical departments.

— (I1328.1325800.2017 Building information modelling. Rules for the
description of the components of the information model.

— (I1331.1325800.2017 Building information modelling. Modelling
guidelines and requirements of exchange data between building
information models and application package models.

— (l1333.1325800.2017 Building information modelling. Modelling
guidelines for various project life cycle stages.

4.2.2 Perspectives of development

To investigate at what stage the Russian BIM market is now and what the
perspectives are, the author of the thesis participated in the “First
International Conference. BIM in Construction & Architecture” organized
by the Saint Petersburg State University of Architecture and Civil
Engineering in May 2018. The conference included reports and lectures
conducted by the representatives of the Ministry of Construction of the
Russian Federation, representatives of the main educational institutions
of Russia, as well as employers and students.

The conference was held in two days and the number of participants was
over 300 people. The conference aimed to provide an ideal
interdisciplinary platform to share current developments in BIM
technologies in relation to the tasks of the construction profile, design
and operation of buildings, as well as education, regulatory framework
and economic aspects of the issue.

Moreover, participating in the conference included writing an article
about BIM technologies. To show our knowledge of BIM utilization in
Finland, the author and thesis supervisor Alexey Krishtalevich, presented
and published the work “BIM Technologies in Finland. Tekla Structures as
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a main tool in Structural Design”. The work was published in the book of
the conference (BIM-modenuposaHue 8 3ada4ax cmpoumesnscmea u
apxumexkmypesl: mamepuansl Bcepocculickoli Hay4HoO-npakmu4yecKkoli
KoHgpepeHyuu; CMBrACY. — Clb., 2018, p.107).

During the conference, many opinions were heard and reports about the
current and future development of BIM technologies in Russia were
obtained. This data (the issues of introduction of BIM) was statistically
analyzed from the actions, speeches and reports (51 reports in total of
234 pages) presented in the conference and is displayed in a chart below
in Figure 8.

Main issues of BIM introduction in Russia

The lack of
digital libraries
16 %

The lack of BIM-
oriented courses in
educational
institutions
12 %

BIM Conference, 2018.
The analysis is based on the data
collected during the conference,
accompanying and
published materials

Difficulties of
creating typical
solutions

4% ‘
The lack of
embedded element
catalogs

8% e
The lack of qualified
The outdated specialists

standards 17 %
10%

Figure 8. Chart of the main issues of BIM introduction in Russia

There are several resulting factors that are always mentioned talking
about the introduction of BIM: high expenses, lack of qualified specialists
and digital libraries. The speeches of the representatives of the
educational community and the Ministry of Construction of Russian
Federation give very precise and promising information that these
problems will be solved by the engineering society very soon and for
Russia, the introduction of BIM is the first priority issue. It can be
concluded that the development and introduction of BIM in Russia are
stepping forward, as we could see, the new standards as well as modern
educational programs are developed and launched.
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The representatives of engineering companies say that high expenses
regarding the introduction of BIM-based applications are worthy due to
the fact that the expenses of design and construction, both for the
Customer and engineering companies, are reduced by 30% using BIM.
Therefore, the utilization of BIM decreases the cost of the project from a
long-term perspective. Also, BIM’s main advantages are:

— Higher quality of design and construction

— Reduction of mistakes

— Reduction of time and labour

— Investments security (which is a very sharp issue in Russia)
— Higher accuracy

— Coordinated teamwork and clear project tasks

However, the rate of utilization of BIM in Russia at present is less than
50% (according to the Ministry of Construction of Russian Federation),
the government, as well as educational and commercial sectors, are
making big steps in the development and introduction of BIM. The
perspectives of its popularization seem very promising and most likely we
will be able to see the increase of its distribution even by the end of the
current year.

To conclude, the perspectives of the implementation of international
projects in Russia, from the technological side, are very comprehensive.
The contracting and engineering companies appreciate the use of BIM
and are ready to communicate and support the project, made using BIM.

5 TEKLA STRUCTURES

5.1 General information

Tekla Structures is a BIM family application that allows the creation of 3D
structural models of buildings, structures or single objects, as well as
detailing, material management and drafting, regardless of the
complexity. The output material consists of digital model in TS format,
working drawings, drafts, bills of material, digital libraries, reports,
calculation material; possibly model to use in augmented, virtual or
mixed reality software e.g. Trimble Connect with Hololens 2.

Tekla is an abbreviation from Finnish meaning technical computations
(Tek:la - teknillinen laskenta). The company was established in 1966 in
Espoo, Finland. Nowadays, it is a world-famous company, a part of
Trimble Group, that provides solutions for structural engineers and
designers. Tekla has a partner network in more than 80 counties.

In Finland, Tekla is used as the main tool in structural engineering.
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Tekla BIM software supports interoperability with other software through
the open programming platform Tekla Open API. It is based on Microsoft
.NET Framework technology. Examples of supported formats: IFC, 3D
DWG/DXF, FEM, SKP, DGN.

Tekla Structures Environments

Tekla Structures Environment is a set of region or company-specific
settings and information that are predefined by Tekla Structures or
defined by the user. In general, the environment consists of profile
catalogues, part property files, model and drawing settings, attributes,
region or company-specific templates and annotation objects. In total, TS
is localized in 30 environments.

For projects in Russia, therefore, TS Russian environment is used.

6 USE AND DEVELOPMENT OF TS RUSSIAN ENVIRONMENT

6.1

Introduction

Since AFRY uses Tekla Structures as the main tool in structural design, the
company has its own TS environments adapted for specific needs, for
example, the common environment for Finland is POY Finland, for
Sweden is POY Sweden and for Russia is Russia respectively (see Figure
9). Finnish environment is the most developed out of all and has several
subdivisions: bridge&road construction, structural, management. The
Russian environment is the least developed one and is usable only by
around 65% (an estimation only indicates AFRY’s Russian environment
readiness). The question of its development rose when the company
announced a won tender for an upcoming project in Saint-Petersburg —
an 8-floor Parking Building for an existing shopping mall. At that time, the
target issues for the development of the Russian environment were
assigned and the work started. Therefore, in further sections of the thesis
the processes of development, setups, work principles of TS Russian
environment will be described.

The environment was developed for TS2017. The test project is
commercial parking building in Saint-Petersburg (structure — mainly
precast elements, cast-in-place concrete and some steel frames), height
is 27 meters, length - 212 meters. The main principle was to develop the
environment according to the current needs and along with the project
timeline. It means that the work covered not all of the aspects, e.g. tables
and templates for parking building can differ from the ones used for
residential buildings or steel frame buildings.
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-3x* TEKLA

A TRIMBLE COMPANY

Choose your Tekla Structures setup:

Environment: BEET b

Role: POY Bridge
POY eng

Configuration: POY fin
POY swe

Ruszia

Cancel

Figure 9. Example of TS startup menu with different environments

Used software:

Operation system: Microsoft Windows 10

TS: Tekla Structures 2017 Service pack 12

Default language: English

Project output language: Russian, English

IFC Model viewer: Solibri Anywhere, Trimble Connect
DWG/DXF format viewer: Autodesk AutoCAD 2018
SKP format viewer: Autodesk 3DsMax

Coding: Notepad++

File and folder structure

The
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environment is stored under the following path:
C:\ProgramData\Tekla Structures\2017\Environments on user’s local
computer.

If the project in Tekla (TS model and work files) is implemented as a
multi-user model, it is usually stored on a local network drive or server
and, therefore, all the users use the same model. If the project in TS is
done using a model sharing service (cloud-based storage) then each user
of the model has their own copy of it on a local computer and every time
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a change in the model happens, the user writes out changes from the
local model to the model in the cloud where these changes are merged
with the cloud model and changes from other users and, respectively,
changes from the cloud come to the local computer of each user (see
Figure 10). Model sharing service is used more often now than multi-user
model because the data stored in the cloud is safer and the chances of
data loss are much smaller.

As a rule, each environment is updated once Tekla Structures is started. It
works so that general TS environment is stored somewhere on a local
network server and if there is a need to change it, for example, add a new
template, the administrator adds a template to the folder on server and
then, after the user starts Tekla, an update program (usually called
update.bat — is a windows-based installer) replaces changed or added
files from the server folder to the local folder so that they are identical.
The following method is used for two reasons: make environment
updates automatically available for all users and protect files from
accidental changes, as the updater rewrites all the local files each time.

F g OC 20 a s

Steel Concrete Edit View
X - ;
@ I
]
? .
u Column Beam Flate Bolt

Figure 10. TS2017 common menu. Model sharing read in and write
out buttons (cloud in/cloud out)

By default, the environment has the following folder structure (see Figure
11).

Name Date modified Type Size
components_sketches 3.10.201914.37 File folder
exceldesign 13.4.2017 14,06 File folder
extensions 20.6.201911.30 File folder
fonts 13.4.2017 14.06 File folder
inp 27.4.201813.13 File folder
macros 13.4.2017 14.07 File folder
profil 13.4.2017 14.07 File folder
symbols 13.4.2017 14,07 File folder
systermn 26.10.2018 11.22 File folder
template 13.4.2017 13.59 File folder
4| default_user.ini 1.3.2017 16.38 Configuration sett... 1 KB
4| env_global_default.ini 1.3.2017 16,38 Configuration sett... 50 KB

Figure 11. Default environment folder structure
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Main folders here are:

— extensions —includes applications and components for modelling
and drawing views

— fonts —includes windows font files .fon

— inp —includes property sets and user-defined attribute settings

— macros — includes macros

— symbols — includes .sym files for symbols used in annotation objects
and lines

— system — main folder. includes system-specific settings, standard files
and databases

— template — includes template and report files

— Additionally, the folder structure can include other company-specific
folders e.g. TS-PROJECT, TS-FIRM, TS-SYSTEM and other.

Trimble has published many supporting materials for Tekla users and
administrators to help with the maintenance and development of the
environment. It can be found from Trimble web pages or Tekla User
Assistance web page.

6.3 Before entering the model

Any user must do several steps before starting to use a TS Russian
environment. These steps are described below.

Tekla Structures is a non-Unicode program and therefore, Cyrillic letters
can’t be displayed until the location is switched to the appropriate. The
use of the Russian environment is only possible if Windows locale is
switched to Russia. The necessary steps are shown below:

Step 1: Go to Start menu> Control Panel> Clock and region

Go to the administrative tab. Change the locale as shown in Figure 12.
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‘* Region and Language | x|
| Formats I Location I Keyboards and Languages W
‘* Region and Language Settings =]

Select which language (system locale) to use when displaying text in programs
that do not support Unicode. This setting affects all user accounts on the
computer.

Wem locale:
(’Russian (Russia)' v]

[ ok || cancel |

T =g

Russian (Russia)

’ '&'Changesystemlocale... ]

What is system locale?

[ ok |[ cancel

Figure 12. Windows localization

Step 2: After this, press Ok button. The computer will ask to restart, press
Yes.

Step 3: Check if GOST fonts are installed in windows. Go to Start Menu>
type Fonts> Open the folder

Check that GOST type A and GOST type B fonts are installed. Otherwise,
in Tekla drawings and templates there will be no GOST fonts and they will
switch to standard.

ABO | A

GOST type A GOST type B
Standard Light  Standard Regular

Figure 13. GOST fonts in window

Fonts can be downloaded from the internet (from trusted sources only).
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First steps which were done in the environment include: checking of
profile and material catalogues, validity according to GOST standards (see
Figures 14 and 15). It is very important because property sets assigned
for each individual profile or material will be displayed in bills of material

and reports.

& \odify Material Catalog x
Selected grade: General Analysis Design User attributes
.. B25 ~
8 Design code: |N0ne V|
-- B30
- B33 Property Value Unit
845 FocT, 7Y rOCT 26633-91
B30 HazeaHne Beton BAD
-- B33
- BBO
- BB3
- B70
- BT5
.- B30
.. C12/15
. C12/15-2
- C16/20 v —
< » Definitions...
Filter: I:I Filter... Update
oK Export... Import... Cancel
Figure 14. Material catalogue. Example of concretes
& iodify Profile Catalog x
Profile name: | L32X25%2_19772 93 | General Analysis User attributes
Eilter: Filter Property Symbal Value Unit
&P L28x3_8509_93 ~ ;’_Df”e_ Sulhpg’c;ulp
_____ g L30X3_8509_03 istorical Profile
&P 13044 8509 93 Design group
Design erder 0
..... &P L30x5_8509 03
& L30x203 8510.26 List of factories Factorylist
&P 130x20x4_8510_86 Hassarme npoduns FULL_NAME Yronok 32x25:2
..... &P 132x3_8509_93 Gost name Gost rOCT 19772-93
g 132X4_8509 93 |z recommended size IsRecommended
..... &P L32X203_8510.26 Is stock size IsStockSize
..... &P 13252044 8510 85 Twin profile detection dista... 0.00 mm
&P 132:25%2.519772 93 Metric Equivalent Mame
..... L32X25%2_19772_03] Profile Factory Factory
&P 13543.8509 93 Rainaleveys Rainaleveys 0.00 mm
----- £ 1354 8500 03 Rainapaksuus Rainapaksuus 0.00 mm
""" P 13558509 93 SAP Description SAP
& Um—mlﬁ Profile with symbol Symbol TH. gostsym@3 32:25:2
""" g L40K2.5_19771_93 Hazsarue npoduns e 1360..  TPL_NAME 32x25x2
g 140G B509 93 MNonHoe Haseanue npodwmn... TPL_NAME_FULL TH.L32:25%2
L40X3_19771_93 pod
""" g L4Dx4_356§ o Coprament TPL_SORT 3
""" & 140%5.8509.93 Type of material WMaterial
..... &P L40x6_8509_03
&P 140%2552.5 19772 93 Definitions..
&P L40X25)3_8510.86
..... &P L40X2544_8510_25 v Update
oK Export.. | Import.. | Import Directory... Cancel
Figure 15. Profile catalogue. Example of L-profiles
Outdated materials and profiles after checking were modified, replaced

or added.
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The second step was to check the availability of applications and
components in TS Russian environment (see Figure 16). Applications and
components section consist of a big amount of embeds and useful tools
that noticeably shorten the time of modeling and drafting processes. All
the default applications were working properly, some Russia-specific
were downloaded from Tekla Warehouse:

— Drawing welding plugin

— Model welding plugin

— Bill of steel plugin (for reports)
— RUS Bolt standards (database)

— A500C Rebar grades (database)
— Foundation bolts (embeds)

AFRY uses more than a thousand different components and applications
in TS Finnish environment but they were not present in Russian. That was
a problem because many engineers are used to working with familiar
apps. The decision was the following: according to the Parking Building
project needs, some of the applications, embeds and components were
transferred to the Russian environment from the Finnish one. The task
was hard to implement due to the fact that after import, some apps
didn’t work because of wrong file locations. Finally, it was solved.

5+ Applications & components b4 >
Applications & components

E Show selected

Cranked beamn (41)  Create hole around
part (92)

ekl

-""-'—__—"_‘—'—-—-.
Cross (4] DeltaBeamConnectio
n

El;;fﬂ
DeltabeamContOnCo DeltabeamOnColum

lurmn n

Figure 16. TS Applications & components tab
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The third step was to check Tekla advanced options attributes. Advanced
options tab (see Figure 17) is responsible for setting project, model,
drawing and system-specific settings which have an effect on both Ul

(User Interface) and Input-Output communications.

& dvanced Options - Printing

Analysis & Design
CNC

Maedel View
Modeling Properties
Multi-user
MNumbering

Plate Work

Search

Search | []In all categories

X

Components Type
Cencrete Detailing MODEL
Dimensioning: General MODEL
Dimensioning: Bolts MODEL
Dimensioning: Parts MODEL(ROLE)
Dimensiening: Unfolding MODEL(ROLE)
Drawing Properties MODEL(ROLE)
Drawing View MODEL(ROLE)
Export MODEL(ROLE)
File Locations MODEL
Hatching MODEL
Imperial Units MODEL
Import MODEL
Marking: General MODEL
Marking: Bolts USER
Marking: Parts SYSTEM(ROLE)
USER

Printing

Profiles

Speed and Accuracy
Templates and Symbols
Welds

Single Part View in Assembly Drawing

Name

X5_BASE_LINE_WIDTH
X5_BASE_LINE_WIDTH_AFFECTS_SCREEN
X5_DRAWING_PLOT_FILE_DIRECTORY
X5_DRAWING_PLOT_FILE_ NAME A
X5_DRAWING_PLOT_FILE_NAME_C
X5_DRAWING_PLOT_FILE_NAME_G
X5_DRAWING_PLOT_FILE_NAME_M
X5_DRAWING_PLOT_FILE_ NAME W
X5_DXF_FONT_CONVERSION_FILE
X5_DXF_FONT_NAME
X5_DXF_TEXT_HEIGHT_FACTOR
X5_DXF_TEXT_WIDTH_FACTOR
X5_PLOT_VIEW_FRAMES
X5_USE_DRAWING_NAME_AS_PLOT_TITLE
X5_USE_LINECLIP

¥5_USE_OLD_PLOT DIALOG

Value

0.01
TRUE

citsplotfiles
%TPLTITLE2%

e TPLTITLEZ%
SeTPL:TITLE2%
2eUDA:DR_DSGMR_FI
%TPLTITLE2%

FALSE
TRUE
TRUE
FALSE

>

oK Apply

Wite to file

Cancel

Figure 17. Tekla Advanced options tab

Several attributes to pay attention to in advanced options are:

a) XS_DRAW_HORIZONTAL_VIEW_SHORTENING_SYMBOLS_TO_PART
S: TRUE
b) XS_DRAW_VERTICAL_VIEW_SHORTENING_SYMBOLS_TO_PARTS:

TRUE

c) XS_SHORTENING_SYMBOL_WITH_ZIGZAG: TRUE

d) XS_ENABLE_POUR_MANAGEMENT: FALSE

e) XS_USE_CROSS_FOR_OPENING_SYMBOL: FALSE

f) XS_USE_RECESS_SYMBOL_FOR_BORDER_AND_CORNER_RECESSES
: TRUE
g) XS_PLOT_VIEW_FRAMES: FALSE

Also, all attributes with a target to set FONT need to be GOST Type A. All
these attributes are set according to the requirements of GOST 21.1101-
2013. Attributes a, b and c are responsible for how automatic part cut
lines look in drawings. Attribute d disables the use of pour breaks in the
model and drawings. Attributes e and f are responsible for how recesses
and openings in the drawing are displayed (if show openings/recess
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symbol feature is turned on in the drawing view); see Figure 18. Attribute
g removes drawing frames from printouts.

ANEKTPONPOBOAA TFYEONPOBOALH

C
&

5
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3
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49_/\

NANN

SNNAN

Figure 18. Opening symbols. Extract from GOST 21.201-2011. Symbol
graphics elements of buildings, works and structures.

The advanced options include many attributes which must be set as well
as the ones listed above, but the others are mostly company-specific e.g.
file locations, print properties, print file names, etc.

6.5 Numbering

One of the main parts of using Tekla is setting the correct numbering
settings. Numbering settings affect how parts, assemblies and cast-units
are numbered and how numbers are assigned. In the Options tab,
numbering section, position number separator needs to be “-” for parts
and rebars as displayed in Figure 19. Also, in the advanced options tab, in
section numbering, attributes for start numbers shall be set to 1.

& Options *

Save| Load |standard ~ | | Save as |POYR‘F |

Clash check b

Components Positiocn number separator: | V|
Drawing dimensions
Drawing ckjects
General

Load modeling Part number type: |Part nurmber v|
Numbering
Orientaticon marks
Beinforcement
Units and decimals

Rebar position number separator: | . V|

Advanced... oK Apply Cancel

Figure 19. Tekla options tab. Numbering
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Standard settings for numbering were divided into three sets:

— Standard — for general modelling, no drawing production (see Figure
20)

— Drawing issue — for drawing production (no tick on re-use old
numbers)

— Revisions — for revisions (no tick on re-use old numbers, modified
objects are set to keep number if possible)

& jumbering Setup *

Save| Load |standard || Sawve as | | standard |

Mumbering  Family numbering

Options Compare
] Renumber all [~]Haoles
[+#] Re-use old numbers [+] Part name
[] Check for standard parts [] Beam orientation
New: | Compare to old Vl [J Column orientation
Modified: | Compare to old Vl Reinforcing bars

Embedded objects
O Synchronize with master model (save-numbering-save)

Automatic cloning

[J surface treatment

[Jwelds

Tolerance:

Steel [1.00

|
Concrete |E.DD |
|
|

Rebar 200
Other 100
Assembly position sort order
Sort by
w | (®) Ascending
() Descending
Then by
w | (®) Ascending
(O Descending
Then by
w | (®) Ascending
(0 Descending
oK Apply Cancel

Figure 20. TS numbering settings

Family numbering is not in use. Similar objects are compared by shape,
holes, name and prefix, reinforcing bars and embeds.
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For this setup, Tekla numbers objects the following way: it takes prefix of
the main part of the assembly or cast-unit, adds “-” and then start
number, which is 1. After that, it compares similar assemblies or cast-
units and numbers identical with the same position number and different
with numbers in an ascending order. Let's say we have 10 columns with
prefix K and start number 1. Eight columns are identical and 2 are
different. Tekla will give numbers like this: K-1 (8 pc.), K-2 (1 pc.), K-3 (1
pc.). If drawings for these columns are ready and revisions setting for
numbering is used and one column from series K-1 is changed, Tekla will
give the next number to it comparing it with the whole series. The
number will be K-4. Then if we change this column back as it was in series
K-1 and number again, Tekla will not change the number and leave K-4. In
this case, we would need to use standard setting to return the number
back to K-1. This method helps to avoid gaps in the numbering of any
objects.

The other method, which is used only during the modeling stage (if the
previous one did not work) is to use clear part and assembly numbers
from change number tab or, similarly, clear reinforcing bar numbers for
reinforcement. After that, standard numbering is done, and no gaps
appear in series.

Depending on the project, the numbering system can vary, as an
example, adding special characters to prefixes for depicting levels or
sections of the building to group elements. The position number of a
column then would be 4K4-1, as shown in Figure 21.

Cast unit

Dogition :
Total in model : L

Main part name : COLUMN
Main part profile = e00%*&00
Main part material :  Bds

Figure 21. Example of column position number. Tekla inquiry tool
Table 7 shows how this position number is built.

Table 7. Position number of column with additional characters

Tekl i
Building block Element prefix Level €kla running
number
4 K 4 1

The building has 5 blocks in total and 6 levels, columns can be grouped by
block only, then all columns in each block would have pre-prefix 1..5+K-1,
by levels only, then on each level we add level postfix K+1..6-1, or both as
shown in Figure 21.
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6.6 The model

6.6.1 Standard property sets

There is not much specific in the modelling process using TS Russian
environment in comparison with the Finnish one. It uses the same
principles in objects, catalogues, parts, assemblies or cast-units, but of
course, all the property sets are region-oriented and therefore, standard
property set needs to be assigned. The work was done so that all the
standard property set were checked and changed, if needed, to comply
with Russian norms. Figure 22 shows how the property set was changed
for a steel column, where the standard set includes:

— the part prefix was removed (acc. to norms for detailed steel
structures all single parts in the building (or sub-structure) need to be
numbered using a single numbering series)

— assembly prefix (see Appendix 1)

— start numbers equal to 1

— name in Russian (see Appendix 1)

— common profile from GOST catalogue

— GOST steel grade

— part class (see Appendix 1)
-

Save| | Load Save as

Attributes  Position Deforming

Murnbering series

Prefoc Start number:
Part | |4 [1 |
[] Assembly | K | | 1 |

Attnbutes
[+] Mame: |K|:|J1|:|HH3 |

Profile | I15K1A_20_93 | Select.
Material: | C345 || Select.
Finish: | |
Classs  [124 |

Uszer-defined attributes...

0K | Apply | Modify | Get W /I | Cancel

Figure 22. Steel column property set
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Standard property set files are saved either in the model or environment
folder. This operation was implemented for all the objects of modeling,
including:

— steel section

— concrete section

— rebar section

— display settings

— object group —view filter
— selection filter

— representation settings
— phase manager

— numbering settings

— drawing creation settings

The main objective of setting correct standard property sets is to
decrease the time of finding the correct attributes for new model objects
and reduce the number of typing mistakes.

6.6.2 Object names, classes and prefixes

A brief explanation of what are classes, prefixes and names in Tekla:

— class attribute is responsible for which colour an object has in the
model, it allows filtering by class in both model and drawing views
and setting special output properties for certain classes. For example,
class 100 is assigned to all embeds and displayed attributes in
drawings are: PRODUCT_CODE and PRODUCT_DESCRIPTION. The
number of classes is not limited but there are only 14 colours
available which repeat in sequential order.

— prefix, as it was already mentioned in section 6.5, affects the
numbering of objects and usually, in Russia, Prefix + running number
is called the factory Mark or the Element. Prefix allows to group and
sort objects.

— name appears in drawing’s title block as the name of the final
element, in reports, bills of material and templates. Name in Tekla
also allows filtering, sorting and grouping.

These three simple attributes form one of the fundamental principles of
BIM.

Each project is unique but they all have something in common. The
common property here is how objects are named. The way they are
named in Tekla usually comes from three sources: Client requirements,
regional standards and design company own rules. The difficulty in case
of the Russian environment and doing projects from Finland is that AFRY
uses its own system and most employees are used to it. On the one hand,
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the system could be just transferred to the Russian environment from the
Finnish one, but on the other hand, it must comply with GOST standards
and pure transfer sounds not possible.

The following solution was implemented: a set of instructions in pdf
format was created called “TS Eng-Rus name and prefix instructions” (see
Appendix 1). This set is based on the system used in former POyry in TS
Finnish environment (but oriented on the system used in Russia),
including its main features like embed class 100-104, view filter by class,
detailed object-level settings for drawings, etc. The document includes
the main set of attributes to assign to objects in different model
situations: name in Russian and English (language may differ depending
on the project), prefix in Russian and English, part class, alternative field.

The following document was successfully used in the Parking Building
project.

6.6.3 User-defined attributes and objects.inp

User-defined attributes are attributes set in Tekla dialogue boxes,
templates in Template Editor, drawing properties or embed dialogue
boxes which contain variables, information or product data about the
object. The example below (see Figure 23) shows a steel assembly dialog
box containing default (Assembly, IFC export) and custom (Grade
specification, Element specification) tabs. Element specification tab is
used to assign forces to the assembly. Each attribute contains a string
where the desired numbers are typed. Any string of user-defined
attributes has its own code e.g. string for linear force compression, kN has
a code usilie_N.

Assembly IFC export Grade Specification Element specification

Element specification filling acc, to GOST 21,502 form 1

Welded profile
Forces

Linear force compression, kN l:l
Linear force tension, kM l:l
Shear force, kN l:l
Bending moment, kN*m l:l

Figure 23. Steel assembly dialogue box

Each code word is used to link attributes assigned in the model to the
ones, displayed in drawing tables, bills of material or IFC-export models,
reports and model organizer.

The main file for formatting and coding attribute properties is objects.inp
file. The file is stored in the environment, model, project or firm folders.
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If there are multiple files, they are merged in the following order: firstly,
file from the model folder is read, then project folder, firm folder and
then environment folder. Note, that to see the changes in the model
after editing objects.inp Tekla model needs to be reopened.

For the Russian environment, it was decided not to use the original
objects.inp coming from Trimble but to use the one, developed in AFRY
for the Finnish environment, as it is complete and covers all fields, change
its language to English and supplement it with necessary attributes from
Russian objects.inp. During that work, a lot of coding was required. As the
environment is still under development, in the near future all attributes
will be fully integrated according to Russian standards.

Tabs for steel assembly properties dialogue box as were shown in Figure
23 as a source code in objects.inp look as shown below (see Figure 24).

Elooiectsng G |

or grade specification ggg. to GOST 21.502 form 2", label, "%s", nc, nome, "0.0%, "0.0™)
no, none,"0.0", "0.0")

", "Element specification”, 3)

lement specification filling agg. to GOST 21.502 form 1", label, "¥s", no, nome, "0.0", "0.0")
attribute noi_profil”, "Welded profile”, option,"$s", no, none,™0.0", "0.0")

value (", 0

attribute ("usilie N ovr", "Linear force tension, kN", float,"%s", no, none, "0.0%, *0.0")
{

value("", 0)
attribute ("reakciya A", "Shear force, KN", float, "%s", no, nome, "0.0%, "0.0")
wvalus ("7, 0]

1

attribute ("moment_M", "Bending moment, kN‘m", float, "%s", no, neme, "0.4", "0.0")

{
value
1

attribute

{

Figure 24. Objects.inp steel assembly dialogue box tabs example.

In the output, in the example of layout drawing of steel brace support
structure (see Figure 25), we can see how force attributes look in the
specification (see Figure 26).
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Figure 25. Extract from the layout drawing of steel brace support
structure (Retrieved by KZh). Main view
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Bedomocme 3neMexmob
Element list

Mapka c (CeyeHue Yeunue ﬁnFﬂ NpUKpennexus Mapka
JneMeHma ross-section orces MemAAND MpumesHue

Element 3CKU3 no3 cocmab Steel Notes

mark draft pos. | profile AKN | N KN | M Kknm| grode

3D-1 a 0 Nk200x10.0 383 /-176 (345
3D-2 a O nNk200x10.0 383 /-176 (345
30-3 o O NK200x10.0 383 /-176 (345
30-4 o O NK200x10.0 383 /-176 (345
30-5 a O NK200x100 383 /-176 (345
3D-6 a O nk200x10.0 383 /-176 (345
30-9 a 0O Nk200x100 383 /-176 (345
30-10 a O NK200x100 383 /-176 (345
30-1 a O NK200x100 383 /-176 (345

Figure 26. Specification of structural forces. Extract from the steel
brace support layout drawing

Another example of user-defined attributes which was originally created
from scratch is UDA dialogue box tab for filling in drawing title blocks. It is
called RUS-Drawing Name. The tab was created for each drawing type:

— GA Drawing

— Assembly drawing
— Single-part drawing
— CU drawing

The tab allows to fill in drawing title block, assign designer and other
specialists names, add date, scale, drawing number, etc. Tab outlook is
shown in Figure 27.

There are two options for the scale attribute. The scale is either
automatically detected from the main drawing’s view or it can be
switched to manual scale assignment in which the scale is taken from the
string MAIN SCALE in user-defined attributes dialogue box.

As a rule, the main drawing view has the biggest scale. The formula for
detecting the biggest scale used in drawing looks as follows:

“1:"+ max(int(mid(GetValue(“SCALE1"),2,3)),
int(mid(GetValue(“SCALE2"),2,3)),
int(mid(GetValue(“SCALE3"),2,3)), (1)
int(mid(GetValue(“SCALE4"),2,3)),
int(mid(GetValue(“SCALE5”),2,3)))
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& Tekla Structures GA drawing (1) x
Parameters Workflow RUS-Drawing Name

DOCUMENTSTATUS | Working Dacumentation v]
PROJECT MO, STAGE BRAMCH BLOCK FLOOR ZONE TYPE STRUCTURE NUMBER

M| | Bwo ~] Est ~] Mx ~| M~ Ho +| H[srenton~| [ssabs ~| E[:416 |

MNAME DATE

DESIGNER ¥, Zhdanov filiz20 |- SHEET NO.
CHIEF SPECIALIST | TOTAL SHEETS
CHIEF ENGINEER E
NORM. CONTROL ‘ -

MAIN SCALE

[ auto | [ SPECIFICATION TABLES Reinforcement - Embeds

oK Apply Modify Get Fir Cancel

Figure 27. Tab for filling in drawing’s title block

Below is shown how it looks in the drawing (see Figure 28):

CTATYC IOKYMEHTOB "Paboyas pokymeHTaums"
STATUS OF DOCUMENTS " . - "
Working documentation

viw. | Konyd Muct |Nenok | Moan | JIaTa | 1y panimiit IPOEKTUPOBLLMK
rvn
AN GENERAL DESIGNER LOGO
N TMPOEKTA CTAOWA PA3QEN BNOK ITAXK 30HA TN |KOHCTR HOMEP MNeP.
PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BTRUCT| NUMBER REV
sl7l2]ol-|wlo|-[sit|-[a]-]o |[-|a[-|7]2]-]s5/1]7]s8]
Drawing name Column 1K1M-1

Ne yepTeka 5720-WD-ST-A-00-A1-7-2-5178
Haspanwe yepTexa: Kononna 1K1M-1

r.CaHkr-TleTepbypr, yn. JleHuHa, 28

Wam. |Konyu | Jluct [Negok| [Moan. [Lara

Paspabotan  |K XpaHos QJ‘L;!“,\C,; 10102019 Cragua Jner Juctos
n.cne T K MHOfOﬂpyCHaﬂ aBTOCTOAHKa B COCTaBe
-Cneu. OpKEaMAKN TOProOBOIO KOMMNEKca P
rnn B. MeanoB
H. koHTpons | A. Eropos Konortia 1KTNL1 S POYRY
Column 1K1M-1 000 "Meypy pye"
MACLITAS 1%8 . CankT-TleTep6ypr

Figure 28. Drawing'’s title block

The title block was designed particularly for the project and includes the
Client’s title block on top of the general, done according to GOST
21.1101-2013 (in Russian — FOCT P 21.1101-20136 npunoxkeHue X). The
source code is long but the next is a part of it (see Figure 29):
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[=] objects.inp E3

ek kb kb kb ok ko ko ko ko ks ks ks ks ks ks ks ko ok ok ok ok ok ek ke ke

/* Drawing attributes - GA& */
Jf*»‘r*»‘r*&rh&rh&k&k&k*k*k*k*&*&rh&rh&k&k&k*&*&*k*k*&h&rh&k&k&k*&*&*k*k*&h&rh&k&k&k*&*!

gadrawing (0, "GA drawing™)
{
tab_page ("RUS_DRAWING_TITLE", "RUS-Drawing Names",S)
{
attribute ("label", "DOCUMENT STATUS", label,"%s", no, none, "0.0", "0.0",0,50,50)

attribute ("RUS_DOCUMENT STATUS", "", option,"%s", no, none, "0.0", "0.0",17S,50,300)
{

value

0)

.

value ("Tender Documentation"™, 0)
value ("Project Documentation™, 0)
value ("Working Documentation™, 0)

picture("line", 0, 0, 0, 90)
picture("line", 0, 0, 575, 90)

attribute ("RUS_PROJ_NO", "", string,"%s", no, nons, "0.0", "0.0",25,125,100)
{

value ("", 0)

}
attribute{"RUS_SThGE", "", option,"%s", no, none, "0.0", "0.0",175,125,75)
{

value("", 0)

value ("TD", 0)

value ("PD", 0)

value ("WD", 0)
}
attrihute{“RUSiﬂRANCH“, ne ::ptin:n, "%s", no, none, "0.0", "0.0",300,125,753)
{

valus (™", 0)

value ("sT", 0)
}
attribute ("RUS_BLOCES", "", option,"%s", no, none, “0.0", "0.0",425,125,75)
{

valus .

valus ("4a", 0)

valus ("B", 0)

valus ("C", 0)

value ("AB", 0)

value ("BC", 0)

value ("ABC", 0)

value ("0", 0)

Figure 29. RUS-Drawing Name tab source code (not full)

And the last is how the title block template looks in template editor (see
Figure 30).

CTATYC JOKYMEHTOB "Pabouas aokymeHTauus"
STATUS OF DOCUMENTS . ) N
Working documentation

Mam. |Konyu| Muer |Nemok | Momn. | A8TA | repepamiHbii MPOEKTMPOBLLMK
vn
AN GENERAL DESIGNER:

N TPOEKT CTAIVA PA3OEN ENOK ITAK 30HA TV KOHCTH HOMEP MEP.

PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BTRUCT NUMBER REV
5|7]2]o]-|wp|-[s][T]-]us|-[val [-]va [-]v ][V ][-]u[v]v]v]-]v
Drawing name: ValueField (Mone sHayeHWs)

Ne uepTexa 5720-WD-STTITLE2_none
L ueprexa: ValueField (Mone sHavenna)_14
r.Cankt-TeTepbypr
Ham. |[Kon.yu.| Mluct |Ne pgok | Mogn Nata
Paspafotan  [USERDEFINED, ValueField Cragua Nuet MucTo
r MHDfDﬂDyCHﬁﬂ ABTOCTOAHKa B
1 -cneLpanicT VWeefied | cocTaBe TOPTOBOFO KOMMNeKCa
P |nopa| nuc
n ValusField
H. koHTponb ) ValueFied ‘“‘J_U‘JHJH ssenus]_ g PéYRY
SCALE 000 Neypy pyc"
wacwras SCALE]_ %
AE VDL“EEI.' r. CankT-Netepbypr

Figure 30. Title block template in the template editor
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Some fields are covered with white boxes due to the Copyright reasons.
The development of user-defined attributes together with templates
took around 80% of the whole work. It is a complicated and time-
consuming but necessary task. Once created, these attributes will be
reusable and will save time and budget during the design, modeling and
drafting processes.

6.6.4 IFCexport

Exporting the .ifc format models require additional pre-sets and settings.
In case of the development project, according to client’s requirements,
objects in the IFC model should be sorted by floor & section and
structural type: assembly. For this task, Tekla model organizer was used
(see Figure 31).

& Organizer &4 ¢ — 0O X
Object Browser v Categ v
A oekeut - E2k X E8 =k E3fe3
Name 4  Contenttype = Material type Material Position number | Profile « W) Project (11107)
ASPHALT | ASSEMBLY | MISCELLANEOUS | Miscellaneous_Undefined | C5-2 sor17030 @ [ Uncategorized (120)
BEAM  ASSEMBLY | STEEL S2350R B-007) L20K6_1¢ « ] Model (10027
CIPSLAB | ASSEMBLY | STEEL €275 BOX-0(7) 1207930
CIPSLAB | CAST_UNIT | CONCRETE Concrete_Undefined 105-3 1007100 = [ Parking (10987)
CIPSLAB | CAST_UNIT | CONCRETE Concrete Undefined 1C5-5 1001000
CIP SLAE | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-5 10071000 Floor F9 +26.400 ()
CIPSLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-5 100*100( -
CIP SLAB | CAST UNIT | CONCRETE Concrete Undefined 1C5-5 1007100 |2/ Floor F8 +23.100 (22)
CIPSLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-5 10071000 [ Floor F7 +19.800 (161)
CIP SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-17 2467415 s (ST S
CIP SLAB | CAST UNIT | CONCRETE Concrete Undefined 1C5-16 24674153 -
CIPSLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-19 2995877- I/ Floor F5 +13.200 (156)
CIP SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-20 29958*71 (L Floor F4 +9.900 (154)
CIP SLAE | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-17 2467415( s T+ BT 55
CIPSLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-16 24674157 -
CIPSLAB | CAST UNIT | CONCRETE Concrete Undefined 1C5-12 230020 |2/ Floor F2 +3.300 (134)
CIP SLAE | CAST_UNIT | CONCRETE Concrete_Undefined C5-0(7) 350330 [ Floor GO +0.000 (150)
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-9 100*100( I ST
CIP_SLAB | CAST UNIT | CONCRETE Concrete Undefined 1C5-15 1007100 -
CIP_SLAB | CAST_UNIT | COMNCRETE Concrete_Undefined 1C5-13 1007100( ¥ [ A2 (2037)
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-1 100*1000 » [ B1(1347)
CIP_SLAB | CAST UNIT | CONCRETE Concrete Undefined 1C5-13 10071000 b B2 (1352
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-1 1007100
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-1 100*100( [ C4562)
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-12 10071000 @ Property Category ()
CIP_SLAB | CAST_UNIT | CONCRETE Concrete_Undefined 1C5-1 1007100 o
» ® Class 100 (19625)
Number of objects in the table: 1189 Result of:| Total ~ | Of these rows: Al - » ® AnchorBolts (3 s0)

;! No highlight ar selection inthe mod | W

Figure 31. Tekla model organizer

Firstly, the model was split by blocks and floors using sectioning tool in
the organizer (see Figure 32). After that, each element of the model has
got a special attribute of location by building’s block and floor. These
locations can be seen using the inquiry tool.
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Figure 32. Model sectioned by blocks (blue) and floors (magenta)
using Tekla organizer tool

Then the model is synchronized and saved. In IFC export settings,
property set rules and attributes were taken from TS Finnish environment
general property sets in English (property set is called All materials, see
Figure 33). Depending on the client’s requirements for IFC models, the
export can be done for all objects as in Figure 33 or for selected objects, if
for example, a client wants only concrete structures at a time. Then using
the selection filter, it is possible to select only objects that are needed
and make an export.

® Eoportto IFC — et

Save | | Load | |standard v | | Save As | |standard | Help

Farameters  Advanced

Output file AIFC\Parking_5TR |
File format IFC v
Export type Surface geometry -
Additional property sets A1l materials - Edit
Export All objects -
Location by Madel crigin v
Wiz Leng Rl
Export Cancel

status

Figure 33. Export to IFC main dialogue configuration. Parameters tab
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To get the locations from the organizer in the main configuration
window, in section advanced, the tick must be set in Locations from the

organizer (see Figure 34).

& Export to IFC — 4

Save | | Load | |standard | | Sgvels |standard Help

Parameters Advanced

Object types

Assemblies L] Grid

[ Bolts [l Reinforcing bars

[ welds [0 Surface treatments and surfaces
Property sets

Ease guantities

Property sets Diefault - iew

Other
Layers names as part names [] Exclude single part assemblies
[] Export flat and wide beams as plates [J Use current view colors

Locations from Organizer

Export Cancel

status

Figure 34. Export to IFC main dialogue configuration. Advanced tab

After all the steps mentioned above, the model is exported and then can
be transferred to the client.

6.7 Drawings

Structural drawing is an output product that goes to the Client of the
project, element manufacturers, other design companies and to the
construction site. Any building is constructed using drawings as a basis
which define orientations, locations, specifications, elements and
building’s properties.

Drawings in Tekla are created from the model using 3D to 2D technology.
Drawings are automatically updated when the model is changed. Both
the model and the drawing are digitally linked together.

There are several types of drawings in Tekla Structures:

— General arrangement drawings (G) — are used for plans and layouts
of a building or separate structures
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— Cast-unit drawings (C) — are used for concrete structures in cast-in-
place construction or prefabricated elements

— Assembly drawings (A) — are used for steel assemblies to be sent to
factory

— Single-part drawings (W) — are used for single parts of steel assembly
for manufacturing

—  Multi-drawings (M) — combines multiple drawing sheets on one
sheet of a big size

Each drawing type has its own features, but they all consist of the
following elements:

The model ->
- Master drawing catalogue ->

- Drawingtype (G, C, A, W, M) ->

- Drawing property set: (all the properties below are filed)
= titles

detailed object-level settings
layout (is filed)

e tables (templates)

® size
= views

=  dimensions

= marks
[ ]
=  objects
[ ]
= other
e drawing’s UDA
o filter

e neighbour part filter
e protection

The development of the Russian environment required to design the
properties from the hierarchy tree above. The property sets are stored in
the master drawing catalogue (see Figure 35) as pre-sets for the creation
of drawings for different structures e.g. prefabricated concrete column,
the layout of anchor bolts, assembly drawing and other. Each preset is
mastered to provide the best result in output as an automatically created
drawing containing almost all necessary views, marks and dimensions.
The start was to pass through all the existing pre-sets and investigate
what the situation is.
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& reate Drawings - Master Drawing Catalog — *
Create drawings v‘ * | = ==| e [;;| N & #

albl_All ~

W

standard (W) W_BAR (W) W_PLATE (W)

RUS-A (&)

A_FRAME (A) POY_A_Stair (A) POYRY_C_Hement (C) W

Figure 35. Master drawing catalogue

Working pre-sets were listed and examined. On their basis the following
work was done: necessary layouts, templates, user-defined attributes
and tables were created. In further sections of the thesis, the mentioned
objectives will be described.

6.7.1 Layouts

Layouts in Tekla include the set of templates like drawing frame,
specification tables, bill of material, title block, revision block and other.
Layouts are created using the drawing layout tool from menu->editors-
>drawing layout (see Figure 36). Each layout has several or one table
layout (sub-layout). All layouts are stored in the environment folder in
.lay format. Main layouts which were created for the environment are:

— RUS-A —for assembly drawings (see Appendix 5 for drawing

examples)
o tables: specification, specification A3
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— RUS-C - for cast-unit drawings and precast elements (see Appendix 5
for drawing examples)
o tables: specification
— RUS-G —for GA drawings (see Appendix 5 for drawing examples)
o tables: general (empty), concrete formwork, concrete
reinforcement, bill of material (steel grades), assemblies
— RUS-G-Bolt_Plan — for foundation bolts layout (see appendix 5 for
drawing examples)
o tables: specification
— RUS-G-Element — For precast element layouts with a bill of material
(see Appendix 5 for drawing examples)
o tables: specification
— RUS-HC - same as for cast-units but especially for hollow-core slabs
o tables: specification
— RUS-PCap — for pile cap drawings and foundations
o tables: specification
— RUS-W —for single part drawings (see Appendix 5 for drawing
examples)
o tables: specification first page, specification next pages

Other layouts are from the default environment.

Each layout is mastered to provide the complete set of information and
product data for the specific type of structure or drawing. However,
layouts are exchangeable and can be used in any drawing type and for
any structure. The easiest way to plan the number of layout types is by
type of the drawing e.g. G, C, A. For the Russian environment the same
system was used but some special layouts were added in addition. Then,
table layouts can be categorized by type of the structure (frame,
foundation, wall, etc.), drawing purpose (for construction, for
manufacturing) and building material (concrete, steel, timber).

It is preferred to build lesser layouts by combining different tasks and
adding switching attributes to tables and templates in UDA as it is easier
to work with for Tekla users.

Another great advantage is having the set of instructions in a form of a
word or pdf document, accompanying the project in Tekla. Instructions
can give an introduction to the company-specific settings in Tekla, the
use of templates and layouts, how to create drawings, how to do
numbering and other important topics regarding the use of Tekla
Structures. The user can find the support material easily and therefore,
the number of mistakes can be substantially decreased.
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& | yout >

Layouts:

a| Curmentlayout

RUS-RER | Table layout... |
RUS-AKRZ
RUS-C Fixed sizes...
RUS-G
RUS-G-Bolt_P | Calculated sizes... |
EU5-G-Elemen
RUS-HC
RUS-FCap
RUS-W

Add Delete

| OK [ | Apply | Cancel

& Table Layouts >

Table layouts: Current table layout

Margins

Specification
Specification A3 Width: |'|]'.'DC' |

Height: [0.00 |

Spaces

Harizontal: | 0.00 |
Vertical: | 0.00 |

Specification A3 Tables...

Add Update Delete

oK Apply Cancel

Figure 36. Drawing layout tool

Templates in layouts are placed using the layout editor tool (see Figure
37). They are linked to the corners of the drawing frame and then moved
to the correct position.
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] Layout editor x

|

Show hidden tables [/] Show table names

Available tables

Figure 37. Layout editor tool

6.7.2 Templates

As it is said in Template Editor User’s Guide: “Templates are descriptions
of forms and tables that can be included in your products. Templates are
either graphical or textual. The contents of the template fields are filled
in by the product at run time. Templates are used for a variety of
different purposes, for example, to print a list of parts used in a
construction assembly, to denote the legend on an electrical network
map, or to provide statistics on the contents of the map such as city area,
scale or date” (Template Editor User’s guide, Trimble Solutions
Corporation, 2017).

Templates in Tekla are divided into two types: textual templates (see
section 6.7.3, Reports) and graphical templates. Graphical templates are
the ones used in Tekla drawings as a set of embedded graphical contents
that display properties of the BIM model in paper space.

Templates are stored either in environment, model or project folder with
the file extension .tpl. Templates in TS is based on C-family programming
language with common logical operators and Tekla-based user-defined
parameters.

The goal here was to check default Russian environment templates in
compliance with GOST requirements, adjust them to company-specific
tasks and outlook, and develop new ones that were necessary to have.

After examination of default templates, they were edited and adjusted
according to the following criteria:

— Default template colours must be in harmony with printing settings
(see section 6.7.6, Printing), line thickness settings and colour scheme
that was developed (the blue colour is not in use in templates or
drawings, it is reserved for signature images)

— Fonts — GOST Type A, 4.0 for headings, 3.5 for body text
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— Line thicknesses acc. to GOST’s, typically 2mm for outer frame and
1mm for inner frames

— Template attributes must be linked to the ones used in the model
and UDA’s

— Content in rows must be either centred or left-sided

— Table outlook and column & row layout acc. to GOST’s

— All content and column headings in bilingual format (Russian first,
English second) according to GOST R 2.901-99

— Template’s file name must be in English

— Common properties values must be checked for if they depict real
values e.g weights, dimensions, areas calculation.

In total, after the following procedures and development of new
templates 30 templates are in use for general, concrete and steel (see
Figure 38), 12 templates for additional marks.

MName Status Type Size

| | RUS_Additional_frame_stamp.tpl @ TPL File 5KB
| | RUS_Concrete_Reinforcement_register.tpl @ TPL File 14 KB
| | RUS_Concrete_Specification_for_element_layouts.tpl @ TPL File TKB
| | RUS_Concrete_Specification_multiple_elements.tpl @ TPL File 167 KB
|| RUS_Concrete_Specification_Slab_layout.tpl @ TPL File 50KB
|| RUS_Concrete_Specification_Wall_layout.tpl @ TPL File SO KB
| | RUS_Concrete_Steel_expense_register.tpl [&] TPL File 50 KB
| | RUS_Designer_Signatures.tpl @ TPL File 33 KB
| | RUS_Detail_register_for_bolts.tpl @ TPL File 19 KB
| | RUS_Drawing_Frames.tpl @ TPL File 137 KB
| | RUS_Frame_Inside.tpl @ TPL File 20 KB
| | RUS_Loads_on_foundations.tpl @ TPL File 50 KB
| | RUS_Revision.tpl @ TPL File 14 KB
| | RUS_Steel_Assemblies_to_send.tpl &) TPL File 32 KB
|| RUS_Steel_Bolt_Specification.tpl @ TPL File &0 KB
| | RUS_Steel_Elelement_List.tpl @ TPL File 139 KB
| | RUS_Steel_Grade_Specification.tpl @ TPL File 112 KB
| | RUS_Steel_Grade_Specification_full tpl @ TPL File 248 KB
| | RUS_Steel_Parts_in_Assemblies.tpl @ TPL File S KB
| | RUS_Steel_Specification_Assembly.tpl @ TPL File 45KB
|| RUS_Steel_Specification_for_Parts.tpl &) TPL File 113 KB
| | RUS_Steel_Specification_grades_full.tpl &) TPL File 113 KB
| | RUS_Steel_Specification_Single_Part.tpl @ TPL File 32 KB
|| RUS_Steel_Specification_welds.tpl @ TPL File 28 KB
| | RUS_Title_Block_Main.tpl @ TPL File 582 KB
| | RUS_Title_First_Page.tpl @ TPL File 439 KB
| | RUS_Title_Second_Page.tpl @ TPL File 17 KB
|| Steel_expense_register_1.tpl @ TPL File 12 KB
| | Steel_expense_register_2.tpl @ TPL File 2KB
|| Steel_expense_register_3.tpl @ TPL File 4KB

Figure 38. Russian environment main templates

The most difficult part was to develop a template for reinforcement
weight specification table (see Figure 39) used to calculate the amount of
reinforcing bars of each diameter in cast-unit drawings.
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Bedomocme pacxodo cmanu, k2
Reinforcement weight specification, kg

Wadenus apMamypHee Cemku opMamypHsIe
Reinforcing parfs Reinforcing meshes
ApMamypa knacca Apmamypa knacca
Mapka Reinforcement of class Reinforcement of class
3nemMesma
Element AESD[ %E'EZIU A;Sj??[ %EEZLU
u ota otal
mark WIB-201 Y05E-20%
#8 |0 |pr | 2w | g |0 P | P |78 |8 |0 |0 | {0
5ncs-1 L7 | 488 | 6L8 30 462 | 1975 | 1975 | 06 05 86 83 491 | 1632 | 3104 | 3104

Figure 39. Reinforcement weight specification table

By default, the table’s orientation was vertical with vertical distribution,
but according to GOST 21.501-93, form 5 — it must be horizontal with
horizontal distribution and include reinforcing meshes, too.

In Tekla 2017 this is not possible to do but there is one solution: to divide
one template into two or three separate templates. The first one is the
main table for bars and meshes but in template editor, it is rotated by 90°
as shown in Figure 40. After placing the template in layout Tekla allows to
rotate it back by 90° but now table will distribute from right to left.
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Figure 40. Reinforcement weight specification table template in tplEd
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The second template includes headings on top and inside the table (see
Figure 41). The template is horizontal and snapped in the layout editor to
the top left corner of the main table.

Bedomocine pacxoda cmant, K2
Reinforcement weight specification kg

SIZE_rield

SIZE_feld 2
SiZt_rield 3
SIZE_field_4

Figure 41. Reinforcement weight specification template with
headings in tplEd

In case of code, the most complicated formula here is for calculating
weights of meshes separately for longitudinal bars and cross bars (as the
mesh can consist of two different diameters e.g. 10/12-150/150-A500C.

The formula looks as follows (see Figure 42):

3.1416

* (GetFieldFormula("DIAM LONG") * GetFieldFormula ("DIAM LONG"))

* GetFieldFormula ("LENGTH FIELD")

* round ( (GetFieldFormula ("WIDTH_FIELD")/GetFieldFormula("CC_LONG FIELD")), 1)
+ 7850

* GetFieldFormula ("NUMBER_FIELD")

* 0.000000001

- (GetValue ("WEIGHT GRO55") - GetValue ("WEIGHT NET™))|

Figure 42. Formula for calculating longitudinal rebar weights of each
diameter

Parameters:

DIAM_LONG refers to formula: GetValue("CC_DIAMETER_LONG")/2
LENGTH_FIELD refers to GetValue("LENGTH”)

WIDTH_FIELD refers to GetValue("WIDTH")

CC_LONG_FIELD refers to GetValue("CC_LONG”)

NUMBER_FIELD refers to GetValue(“NUMBER”)

The same formula is used for calculating cross rebars but with different
diameter and c¢/c parameters.

Working with templates is not effortless work and takes time to get used
to the program’s logic but correctly working templates, especially bill of
material tables is one of the most important parts to develop. Wrong
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formulas or missing constants can have n impact on the budget of the
whole structural design part of the project. It can cause mistakes in
ordering procurement packages and construction management on site.
Therefore, these templates must always be double-checked.
For template examples see example drawings in Appendix 5.

Moreover, according to GOST, it is required that documents from the
main set of working drawings are signed. To make it faster and easier, for
the development project, all the involved designers and supervisors had
to create their digital signatures in .dwg format. After that, a special
template was created in Tekla and all the signatures were embedded into
it. The formula reads the name of the designer from UDA and according
to it chooses which signature to display. All signatures must be in blue
colour.

6.7.3 Reports

The report is another type of template typically used to quickly create
bills of material or specifications. Reports, generally, are created to be
used by the construction management team or procurement specialists.

The report can be created for any type of structural element, assembly,
cast-unit or embedded element. The basic cast-unit report is presented in

Figure 43.
CAST UNIT PROJECT NUMEER: Page: 1
BILL OF MATERIAL FROJECT NAME: Parking Date:
Cast Unit Pcs Material Volums (mi) Weight (kg)
Pr-25 1 B35 .50 23752.7
Embeds Pcs Material Weight (kg) kg/tot
HEM30L 4 Steel U 1.1 4.8
Total 4.8
Reinforcements:
Iyp Pos Pcs Grade Size L 2 I c d e u v D kg/pcs kg/tot
il ELR 13 AsSooc & 5740 5740 4.1 183.0
B ERR & AS0oC g 1560 €00 1000 a0 30 2.5 19.7
C FAR 3 ALooC & 3130 1520 lez20 38 a0 4.9 39.46
D ELR 76 RAS00C 1& 4120 €00 3080 €00 20 6.6 TE4.3
E ELR 4 Rs00C 16 2370 €00 1200 €00 52 52 80 3.7 15.0
u ELR 11 As00c 12 2700 155 720 4590 730 4390 &0 2.4 28.2
155
Total 10258.8
Cast Unit Total: 24787.0 kg

Figure 43. Example of a report in Tekla
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Reports can be exported to Excel for further editing. Report templates
with file extension .rpt are stored under the environment, project or
model folder. Report templates are created the same way as graphical
templates (see section 6.7.2, Templates) via the Template editor.

For the Russian environment, it was decided not to use Tekla Reports tool
in order not to create additional template files and save time, but to use
the Organizer tool.

Tekla model organizer, as it was mentioned earlier in section 6.6.4 allows
organizing model objects by floor, section and building (if a building is
split into parts). Moreover, the Organizer tool is used to create reports,
but unlike the Reports tool, it doesn’'t need pre-defined templates.
Organizer combines the features of a digital interactive model catalogue
and the reporting tool (see Figure 44).

& Organizer g £ — O X
Object Browse ﬂmﬁ\ Export to excel v Cateqories v
% & [Defoutt Propertysets | Modify == B2 > X =3 = |+ 2
Name a Contenttype Material type | Material Position number | Profile » (] C(4562)
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 1601-3 RCLE50-700- ® Property Category (-)
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-12 BLET0*T10 e .
» @ Class 100 (19625) Sorting
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B45 16M-3 RCLBS0°700
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B43 16M-12 BLE70*710 » B AnchorBolts
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B43 16M-3 RCLE50*700- » B Anchor Bolt
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M1-12 BLET0*710 » % Brecast Conerete (363
POST-TENSIOMED BEAM | CAST_UNIT | CONCRETE | B45 160M-2 RCLBS07700- recast Concrete {5
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-12 BLET0*T10 » B Reinforcement (34
POST-TENSIOMNED BEAM | CAST UNIT  CONCRETE | B45 16M-3 RCLE50°700- « I Cast in place Concrete (1063/1060)
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B43 16M-3 RCLE50*700- 1 1cs @
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-12 BLE70*710 )
POST-TENSIOMED BEAM | CAST_UNIT | CONCRETE | B45 16M-12 BLETO"710 TIiem
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M1-10(7) RCDL1200*7 T
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-7 RCDL1200*7 3 1AM 0
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B43 16M-11 RCDL1200*7 AN
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B43 16M-2 RCDL1200*7 IT2Cs 4)
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M1-8(7) RCDL1200%7 1 anre (1)
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M1-7 RCDL1200%7 120 2
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-5 RCDL1200*7 M
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B45 16M-1 RCDL1200*7 T1 260 (59)
POST-TENSIOMED BEAM | CAST UNIT  CONCRETE | B43 16M1-8(7) RCDL1200*7 2 @)
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-7 RCDL1200*7 8 acs
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M1-5 RCDL1200%7 G
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-1 RCDL1200%7 Iianre
POST-TENSIOMED BEAM | CAST_UNIT  CONCRETE | B45 16M-8(7) RCDL1200*7 1 360 “g)
POST-TENSIOMNED BEAM | CAST UNIT  CONCRETE | B45 16M-6 RCDL1200*7 T3 405 30)
4CS (30
Number of objects in the table: 42 Result of:| Total ¥ | Of these rows:| Al v 1 aom )
i! Mo highlight or selection in the model l. i

Figure 44. Tekla Organizer tool

In the organizer, the creation of property sets is fast and simple and so it
doesn’t need preparation of all possible cases in advance, but made “as
issued”. Necessary property sets can be firstly discussed with the Client
and then easily adjusted using UDA attributes.

Editing of property sets in the Organizer (see Figure 45) is done through
the settings tab in the top right corner.

All property sets are saved under the model folder and can be reused in
other projects. BEC library settings were loaded from the Finnish
environment because they contain many useful custom-designed
attributes.



CAST_UNIT.AREA
CAST_UNIT AREA_FORM_BOTTOM
CAST_UNIT AREA_FORM_SIDE
CAST_UNITAREA_FORM_TOP
CAST_UNIT.AREA_NGX

CAST UNIT.AREA_NGY
CAST_UNIT.AREA NGZ
CAST_UNIT.AREA_NX

CAST_UNIT.AREA_NY

CAST_UNITAREA_NZ

CAST_UNIT AREA_PGX
CAST_UNIT.AREA_PGY
CAST_UNIT.AREA_PGZ
CAST_UNIT.AREA PLAN

CAST_UNIT.AREA PROJECTION_GXY_GROSS
CAST_UNIT.AREA_PROJECTION_GXY_MET
CAST_UNIT AREA_PROJECTION_GXZ_GROSS
CAST_UNIT AREA_PROJECTION_GXZ_MET
CAST_UNIT AREA_PROJECTION_GYZ_GROSS

Drag and drop properties from this list to the columns en the right.

In sum row show

Settings
Property templates Units Synchronization Colors Toolbar
Property template: Default ¥ X Modify Setasdefault < Template
=
Drag columns here to form groups.
Properties =+ Custom~ | Columns
I‘lcast | Group: |AII " —

L ]

x

Import  Export

_“[+

[NAME x| OR [ASSEMBLY_NAME X| OR |CAST_UNIT_NAME x|

OR [BOLT.NAME x| OR [NUT.NAME x| OR [MAINPART.NAME x|

In sum row show

Content type Ascending

[CONTENTTYPE x| OR |PART.CONTENTTYPE x|

OR [CAST UNIT.CONTENTTYPE x| OR |REBAR.CONTENTTYPE x

In sum row show

Material type Ascending

[E—

‘ | ———

| P ———————

Figure 45. Property sets editing in Organizer tool

In the output, the data is exported to excel (excel style templates can be
created) and then can be transferred to the Client. Organizer allows
automatic grouping, too.

®YHIAMEHTH / FOOTINGS

Project number:

1 Foundation beam
1 Foundation beam
2 Foundation beom
1 Foundation beam
1 Foundation beam
1 Foundation beam
7 Foundation beom
1 Foundation beom
1 Foundation beam
2 Foundation beam
f Foundation beom
3 Foundation beam
2 Foundation beam
1 Foundation beam
1 Foundation beam
2 Foundation beam

B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35
B35

List date

Prui-8

600*1400
6006430
600*1£00
600*1400
600*1400
600%6430
600*1400
600*1£00
600*5260
6005260
600%5260
600*5260
600*1400
600*1400
600*1400
600*5260

-220

20

-220
-220
-220

20

-220
-220
-700
-100
-700
-700
-220
-220
-220

20

Revision,_dote

2530
600
1080
1080
1080
600
1080
1080
600
600
600
600
1080
1080
1080
600
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STAGE: WD
Author: KZH
List number:
Nnuna/Length | lupuso/Wi |08sem/ Volu| Mocco/W | Cexuus/ H["I[_l
) ) Jmax/Floor | opmupobosus/Reinfor cement
J/ mm dth / mm | me / m3 |eight / t| Section ]
weight / kg
5930 1400 [ 15072 B1 Floor U1 -3.600 LTL
1620 6430 L1 10,432 B1 Floor U1 -3.600 £39
3910 1400 33 8218C Floor U1 -3.600 496
3910 1400 33 8218 A2 Floor U1 -3.600 248
3910 1400 33 8,218 B1 Floor U1 -3.600 248
1620 6430 L1 10,285 A1 Floor U1 -3.600 L27
L LAD 1400 37 9372 C Floor U1 -3.600 577
L 460 1400 37 9372 AZ Floor U1 -3.600 788
900 5 260 28 7101 A1 Floor U1 -3.600 240
900 5 260 28 7101 A2 Floor U1 -3.600 L79
900 5 260 28 TA01C Floor U1 -3.600 1438
900 5 260 28 7101 B1 Floor U1 -3.600 79
L LA0 1400 37 9373 C Floor U1 -3.600 577
L LE0 1400 37 9373 AZ Floor U1 -3.600 788
L LA0 1400 37 9373 B1 Floor U1 -3.600 288
1620 6 480 39 9987 C Floor U1 -3.600 87

Figure 46. Example of report exported from Organizer to Excel. Split
into two parts (read order: first-left side, second-right side)

6.7.4 Scales

Scales used in drawings are taken according to GOST 2.302-68 ESKD and
are presented in Table 8.

Table 8. General drawing scales. Extract from GOST 2.302-68
Scale down 1:2; 1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20; 1:25; 1:40; 1:50;
1:75; 1:100; 1:200; 1:400; 1:500; 1:800; 1:1000
Life-size 1:1
Scale up 2:1; 2,5:1; 4:1; 5:1; 10:1; 20:1; 40:1; 50:1; 100:1

The main scale for drawing’s title block must be the same as used for the
main drawing’s view; the same method when exporting to DWG.

6.7.5 Texts, marks and dimensions

According to GOST 2.304-81 ESKD, two font types are in use in working
drawings: GOST Type A (regular or italic) and GOST Type B (regular or

italic).

Font sizes are: 1,8; 2,5; 3,5; 5; 7; 10; 14; 20; 28; 40
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In templates, font size 5 used for headings was changed to 4,5, as
headings in two languages are required and font size 5 does not fit in one

line.

It is always better to use one font and font size in one drawing.

All specifications, side texts, marks and notes are doubled in the English
language. If there is no possibility or necessity in translation, text can be
left in Russian only.

The line thickness of main contour lines, according to 2.303-68 ESKD,
must be in a range from 0,5mm to 1,4mm. In the development project,
0,5mm is used. Neighbour lines, reference lines and dimensions can vary
from 0,15mm to 0,45 mm (see section 6.7.6, Printing).

Dimension mark properties (see Figure 47).

& Dimension Propertics

Save Load standard

v|| Saveas |[|

General Appearance  Marks  Tags

Dimension types

[ Dimension lines spacing:
[ Short dimensions:

Place...

oK Apply

[ straight: == v
[ Angle: |_" Degrees onside ¥]

[ Triangle base length: [100 ]
Curved: | Distance <]
[AShort extension line: [No <]

Dimension format
[AFormat: #E ~
[ Combine equal dimensions:
[AMinimum number to combine:
Dimension grouping
Update grouping when model changes: No

Placing

[0.00 |

[ === Outside -]

Modif Get F/T Cancel

& Dimension Properties

Save Load standard

i Saveas

General Appearance Marks  Tags

Text
M color [
[ Height: (350
A Font: | G0ST type A
HAFreme: (S
EAPlace: =
Line, Arrow
H Color: —
A Arrow shape: | —H—
—=  [o50
— = [

oK Apply

Modify

Vi

x

[

Select...

Cancel

Figure 47. Dimension mark properties

Section mark properties (see Figure 48). Sections are named using digits
1-1, 2-2, etc. Elevations are named using letters in capitals, details using

either digits or

letters.
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& Scction symbol properties * | @@ Section symbol properties X
Save| | Load Save as l:l Save| Load Save as l:l
[+] Section name [ Section name

Cutting line  Section mark  View label Cutting line  Section mark  View label

Line Text

“

a1

A |<< Mark » > |

| [12z00 ]

’ Az [<<Mark>> |
q, Mas | |
4 s | |

Mas: | |
Properties Svrmbol
[ Golor ymoo
&2 Color
Left symbol Right symbol
b Symbol Custom [ Symbol Custom
Dsize iz
[ |CI.OD | y: |0.0CI | [ |0.00 | y: |0.00 |
OK || Apply | Modify | Get | /T || Cancel OK || Apply | Modify | Get | /|| Cancel
Figure 48. Section mark properties
Level mark properties (see Figure 49).
& | evel mark properties *

|Save |Load | standard

General Appearance

Text
] Color: | V|
[ Height:  [3.50 |
] Font: GOST type A | Select... |

typ
[~] Angle: |0.0DDDO |
Frame Arrow
] Type: 123 v| [Type
[ Leadet line: —=
(4 Color —
oK Apply Modify Get || /|| Cancel

Figure 49. Level mark properties
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Weld marks are mostly the same as in the Finnish environment, the font
is GOST Type A. Welds as objects from the model are shown in the
drawing with a light outline. To show welds according to GOST (GOST
2.312-72) pattern lines Tee visible/hidden for factory welding and Seam
visible/hidden for site welding must be used. Pattern lines are drawn
manually (or using drawing welding plugin) all-around welded parts.

Revision marks are shown with a cloud and aligned revision mark as
shown in Figure 50. The number of changes in a single revision is marked
in the revision table.

TunoBue y3no u gemanu naxgycob /
Typical connection detaoils of ramps
HHA FADOLME NBbHEX KOHCMBYK UL
Cxema pacnofnoxeHus @yH—bix 6onmob,

Foundation bolt layout, blocks AB
PocmBepk PM—47/Pile cap PM—47
Pocmbepk PM—41/Pile cap PM—41

TOW — BEPX CTEHb: TOW — TOP
TOS —BEPX HECYLIEW MAWTHE TO0S — TOP

Figure 50. Revision marking

Gridlines: font size 5, circular frame, line thickness as for reference lines.
In the model, vertical gridlines (axis lines) are named with Cyrillic letters,
from down to up direction, and horizontal gridlines with digits from left
to right (acc. to GOSTR 21.1101-2013).

All necessary standard files for annotation objects were created and
saved in TS Russian environment.

6.7.6 Printing

Printing in the Russian environment is done in colour mode, due to the
requirements of coloured signatures and the Client’s logo. Print settings
and colour scheme are displayed in Figure 51.

All colours are black in output except blue, yellow and shades of grey.
The blue colour is used for signatures, yellow — for the Client’s logo and
shades of grey for solid hatches on sections.

The file name is taken from drawing’s title 2. Output print file names can
be edited through the advanced options.



6

)]

Options
(®) PDF file
': ) Printer

) Plat file

File location

Atsplotfiles

|:| Open folder when finished
Open file when finished
I:‘ Qutput te single file

File prefix

File suffix

() Scale

5790-1
,,,,,

WD-5T-C-00-C-7-1-6346.pdf

'JEI Fit to paper (1.00)

0.95

Center drawing on paper

Print on multiple sheets | Bottom to top, right to left |

Paper size (A1) | Auto - |
Orientation | Landscape - |
Calor | Color - |

Embed fonts

Select area

Options Line

Base line width =

Color on screen

properties

0,01 mm

Celor on output

Line thickness

NANNRRRNRNRRRRD

[ [ [ [ [ Fa w o = o o o Fa o - - — —_
iy iy iy iy iy iy =1 iy w =1 =1 iy i iy w o ca e

Reset colors

Figure 51. TS printing colours and settings

By default, the drawing frame is in the same blue colour as used for
signatures and it will be seen on the printout. This problem can be fixed
using the old plot dialogue option from the advanced options tab. In the
old print settings tab, in sub-tab frames either colours need to be
switched from blue to black, or ticks unchosen as shown in Figure 52.

-

Print currently open drawing.

Printer instances:

--- POYRY-PDF-EChang A
--- POYRY-FDF-XChang
——- POYRY-PDF-XChang
--- POYRY-PDF-EChang
--- POYRY-PDF-XChang
--- POYRY-FDF-XChang
—--- POYRY-PDF-XChang
—--- POYRY-PDF-EChang
--- POYRY-PDF-XChang
--- POYRY-FDF-XChang
—--- POYRY-PDF-XChang
--- POYRY-PDF-XChang
--- POYRY-PDF-XChang
——— POYRY-PDF-

Add / Edit...

Print

Printer setup...

[ Print to file

File location: | c\tsplotfiles Browse...

Include revision mark to file name

Scaling

® Auto

Osale
[A Print on multiple sheets

Print area: Entire drawing

Cancel

Frame 1
rame 2

@oldmaﬂcs

oK Apply

Margins
Left Right  Bottom Top  Color:

[0 J[500 |[s00 |[s00 |[==—— ]
[oo0 |[oo0 ][00 ][00 |
Horizontal Vettical

[oo0 ] [=— |

Cancel

Figure 52. Old print settings dialogue. Switching off drawing frames
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7 CONCLUSION

Project implementation in Russia requires a deep knowledge of the
Russian norms of construction and design systems in order to compete in
the Russian engineering market and provide high-quality solutions. A
total of two chapters in the thesis describe the main principles of Russian
normative system and design standards, cover the aspects of sectioning,
management and creation of design documentation following GOST
standards, and explain the strategy used when engineering is performed
internationally. Chapters 4-6 report the use of BIM technologies in Russia,
the perspectives of its development and provide a comparison to the BIM
management system used in Finland. Moreover, the information
presented in these chapters provide general knowledge about Tekla
Structures and its role in the design process, as well as give the
understanding of how Tekla Structures environments work.

Chapter 6 describes the procedures of Tekla Structures Russian
Environment development, gives recommendations and advice about its
use, directs and specifies the internal processes. The steps of
development were shown in a practical way to provide a better insight
into how the program works. In prospect, the described development
methods may be used for further improvements, localizing and learning
of TS Russian Environment.

In conclusion, the materials designed and developed within this thesis
allowed AFRY to successfully launch and make progress in the first project
in Russia executed using the Tekla Structures software as the main tool.
The assigned targets are achieved as this document can serve as a
reference guideline to engineers, project managers and Tekla users
planning or being involved in Russian projects.

At the present time, both Russian engineering companies and State
Construction authorities are in the process of developing new and
reorganizing old standards and norms to follow the high levels of
construction and design. Although now Russian and Finnish systems are
different, in the near future, we can possibly see more in common.
Trimble Russia also improves Tekla Russian Environment every year
which leads to a more convenient and reliable program environment.
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Appendix 1
TEKLA STRUCTURES CLASS AND PREFIX INSTRUCTIONS



O POYRY

TEKLA STRUCTURES - PEKOMEHOALIMU NO NPE®UKCAM U KNIACCAM

TEKLA STRUCTURES CLASS AND PREFIX INSTRUCTIONS

Poyry Finland Oy (ENG-RUS Edition)
Kirill Zhdanov 02.2019

Knacc/ | Alternati C6opka/Assembly
Umsa/Name
Class ve = -
Prefix Rus Prefix Eng
STEEL STRUCTURES CTA/IbHbIE KOHCTPYKLUN 2**
Vertical Members BepTuKanbHble 3/1eMEHTbI 21%
Column KonoHHa 212 K C
Vertical Brace CBA3b BEPTUKa/bHaA 213 CB BV
Frame Pama 214 P F
Skylight Frame Pama ¢poHapa 214 PO FSK
Bracing Strut Packoc 215 PK BST
Vertical Post (Stand) Croika 217 CcT VP
Additional element [onoNHUTENbHbIN 3N1eMeHT
Horizontal Members FOpU3OHTaNbHbIE 3/1EMEHTbI 22%-23*
Beam Banka 220 b B
Secondary Beam basnka BTopocTeneHHas 221 BB BS
Deck Beam Banka Hactuna 222 BH BD
Tying Beam (Or eave strut) Banka o6BsA304HanA 221 BO BT
Rafter (Secondary) Banka noactponuabHas 224 BN RS
Rafter (Main) Banka ctponunbHas 224 BC R
Crane Girder banka noaxkpaHoBsas 230 BK BC
Horizontal Brace CBA3b ropM3oHTaNbHaA 227 cr BH
Column Brace CBA3b N0 KONIOHHaM 235 CK BCL
Deck Hactun 238 H DK
Deck Joist MporoH HacTuna 237 MH DJ
Delta-Beam Delta 6anka 209 06 DB
Additional element [onoNHUTENbHBIN 91eMeHT
Trusses depmbl 24*
Truss Pepma 241 (0] T
Truss (Secondary) ®epma (MoacTponunbHan) 242 on TS
Truss (Main) ®epma (CtponunbHas) 241 ®C ™
Truss (Skilight) depma (PoHapHasn) 241 [010) TSK
Truss (Wind) ®depma (Betposas) 242 ®B T™W
Mounting Elements MoOHTaXKHble 3/1eMeHTbI 9*
Plate MnactuHa 99 n P
Mounting Plate MnacTmHa MOHTaXKHaA MM PM
Bent Plate MnactuHa rHyTasa nr PB
Mounting Element MOHTaHbI 3N1eMEeHT ME ME
Stairways JlecTHUUBI U NNOLWAAKN 25%
Stairway JlecTHuua 250 n S
Stair (Single) CTyneHb 253 nc ST
Fence OrpaxaeHune 255 or F
Railing OrpaxaeHne NecTHUUbI 255 orn RL
Fire Emergency Ladder MNoKapHaa nectHUUa 256 KN FEL
Stringer Kocoyp 257 KC STR
Vertical Post (Stand) CToMKa NecTHULbI 259 (ay]] SVP
Shell&Facade Structures dacapHble KOHCTPYKLUUK 26*
Corrugated Sheet JINCT rodpprpoBaHHbIN 263 nr CSH
Coffer Kaccerta 264 KA COF
Sandwich Panel CaHABWY NaHenb 265 CNA SP
Girt MporoH 269 ne GR
Sheet (General) Nuct 262 N SH
Profiled Sheet (Bearing) Mpodaunct Hecywmin 263 no PSH
Lantern doHapb cBeToOBOW d0C LT
Gate Frame Kapkac sopot 267 KB FR
Door Frame Kapkac gsepu 267 KB FR
Gate Boporta 268 B G
Door [Bepb 268 yil D
Arc Apka 268 APK ARC
PRECAST ELEMENTS CBOPHbBIE 9/IEMEHTbI U KOHCTPYKLUUU Jx*
Frame Members dneMeHTbI KapKaca (1uMHeliHble 06bEeKTbI) 32%
Column KonoHHa 320 K CcP
Prestressed Beam Bbanka npeaHanpaxéHHan 321 BP BPP
Beam Banka cbopHasn 322 5} BP
Prestressed Longitudinal Girder Purenb npegHanpaxXeHHbIN 321 P GPP
Longitudinal Girder Purenb 322 P GP
Socle Beam Banka uoKkonbHasA 327 BL, BSL
Window Lintel MNepemblyka 329 MNPy WL
Slabs MAnTbI (NNOCKOCTHBIE 3N1E€MEHTbI) 33%-34*
Reinforced Slab MNauta apmmpoBaHHas 341 NnA RSL
Solid Flat Slab Mawvta cnaowHas 344 ncn SFS
Hollow-Core Slab MauTta nycTtoTHas 340 nn HCS




TT-Slab Nauta TT 342 MNKT TTS
Strip Footing Element PyHOAMEHT IEHTOYHbIN 337 (0J]] FES
Pad Footing Element dyHaaMeHT ctonbuarblit 337 ® FEP
Walls CTeHbl (NN0CKOCTHbIE 31eMEHTbI) 35%-36*

Precast Sandwich Panel (Not Bearing) CaHABUY-NaHenb HeHecyLwas 361-104-354 CMH PSN
Precast Sandwich Panel (Bearing) CaHABMY-MaHeNb HecyLwas 367-104-354 cn PS
Socle Panel (Not Bearing) LlokonbHas naHenb HeHecyLasn 361-104-362 LnH SPN
Socle Panel (Bearing) LloKonbHan naHenb Hecylwas 367-104-357 un SP
Socle Panel (One layer) LlokonbHas naHensb (OauH cnoit 6eToHa) 351

Precast Insulated Panel (Not Bearing, External) MaHenb HapyKHaA HeHecyLwana 361-104 NMHH PIN
Precast Insulated Panel (Bearing, External) MaHenb Hapy:KHas HecyLan 367-104 MNH PI
Precast Panel MaHenb cTeHoBaA 351 nc PP
Intermediate Panel MaHenb BHYTpeHHAA 368 nBe PIM
Elevator Shaft Wall CreHa waxTbl AndTa 363 cwn SW
Retaining Wall CTeHa noanopHas 364 cTn RW
Balcony Elements 3nemeHTbl 6anKoHa 37*

Balcony Slab MNnuta 6anKoHHan 379 ne BSL
Balcony Column KonoHHa 6anKkoHHanA 378 KB BCN
Balcony Wall CreHa 6anKoHHan 376 Cb BWA
Balcony Fence Panel OrpaxaeHue 6ankoHHoe 376 0Ob BFP
Other [pyrve anemeHTbI 38*-39*

Reinforced Concrete Pile Cgan 385 CB RCP
Precast Stairway JleCTHUYHbI MapL 380 nm PST
Precast Stairway Case JlecTHMYHaA naowaaka 391 nn PSC
CIP Area (Between Precast Elements) MOHOAUTHBIN y4acToK 383 My cIP
Sandwich Panel Outer-Core Hapy»KHbI# cnoit (ceHaBMY naHenm) HCN Neld
Sandwich Panel Insulation M3019UMOHHDIN cnoWi (ceHaBuY naHenw) n3c INS
Sandwich Panel Inner-Core BHYTpeHHMi1 cnoit (ceHABWY NaHenn) BCM SIC
CAST-IN-PLACE STRUCTURES MOHO/IUTHbIE S/IEMEHTbI U KOHCTP. 4**

Foundations DyHAAMEHTDI 41*-42*

Foundation dyHaameHT 414 [olalY] CF
CIP Socket MPUAMOK MOHONUTHBIN 414 MPM CST
Pile Footing PyHAAMEHT CBalHbIN 414 »C FPL
Pad Footing dyHOaMeHT cTonbyaTbii 414 [olal\Y] CF
Strip Footing ®DyHAAMEHT NEHTOUHBI 414 (oY) CF
CIP Socle LLOKONb MOHO/IUTHbIM 423 UM CSL
Equipment Plinth dyHaameHT o6opyLoBaHMA 417 dOM FE
CIP Pile CBas MOHONUTHanA 421 CBM CPL
Capping Beam PocTBEpK MOHONUTHBIN 411 PM CPM
Frame Members dnemeHTbl KapKaca (1nHeliHble 06beKTbI) 43*-44*

CIP Column KonoHHa moHOoNUTHaA 434 KM cC
(Column) Corbel KOHCO/1b KONIOHHbI 434 KM cc
CIP Beam banka moHoAUTHaA 435 BEM CB
CIP Slab MNauTta nepekpbITUA 442 nnm [«
CIP Slab (Top) Mnuta nokpbITMA 442 nnm cs
CIP Stairway JlecTHML,@ MOHONUTHAA 432 NMT CST
CIP Stairway Case JlecTHMYHaA naowaaKa 432 anm cscC
Ground Slab MauTta no rpyHTy 443 nre CcG
CIP Wall CTeHa MOHONUTHaA 437 (&Y cwW
Wall Console KoHcosb cTeHbl 437 CcM cW
CIP Parapet Mapanet MOHONUTHbIN 437 nTm cw
CIP Retaining Wall CTeHa noanopHaa MOHONUTHaA 437 CT™M CWR
Waffel Slab KecoHHasa Nauta 439 Kcn WS
CIP Ramp MaHAyC MOHONUTHBIN 441 NHM CR
COMPOSITE STRUCTURES KOMMNO3UTHbIE KOHCTPYKLIUU 5**

Composite Column KomnosutHaa KonoHHa 506 KMK CcMC
Composite Beam KomnosutHas 6anka 506 KMB CMB
Composite Slab KomnosuTHasa nauta 506 KMmn cMS
MISCELLANEOUS STRUCTURES APYITUE KOHCTPYKLIUU 6**

Masonry Wall KnpnuyHasa cteHa 601 KC MW
Block Wall BnoyHas cTeHa 603 BN BW
Insulation YTenneHue 608/104 7] |

CIP Strip (e.g. belt in masonry walls) MOHOAUTHBIN NoAc 605 My CIP
Lean Concrete beToHHasA noaroTosBka 609 BNoa LCON
Surface Cast (e.g. 80mm on hollow-cores) CTAXKKa 602 CTXK SC
Backfill 3acbInKka 612 3C BF
EXISTING STRUCTURES CYLLECTBYHOLUWME KOHCTPYKLIMU 0-9

Existing Structure CyLLEeCTBYIOLLMI 3NeMeHT 1 cyuy, EX
Demountable Structure CHOCMMbIN 3neMeHT 2 OEM DEM
Reference Structure BHewHwuii (XREF) 3 BHLU REF
EMBEDS 3AKNAOHBIE AETANIN 10*

Not reported to drawing templates

He oTobpaskaertcs B yepTexax

Name + Material + UDA: Product Description

Nms + Matepuan + MNonb3osaTtenbckue atpubyTbl

0
100 (Pcs)




Name + Profile + Length + Material + UDA Umsa + Mpodunb + AnnHa + Matepuan + NA 101 (Pcs)
Name + Width + Height + Length + Material + UDA Ums + WupwuHa + BeicoTta + AanHa + Matepuan+lA 102 (Pcs)
Name + Profile + Material + UDA Nms + Mpodunb + Matepuan + MNA 103 (M)

Name + Material + Width + UDA NUma + MaTtepuan + WunpwuHa + NA 104 (Mm?)
REINFORCEMENT APMWPOBAHUE 110-199

Anchor AHKep 100/11* A

Main Rebar [naBHbIV cTepXKeHb (Ass. Prfx.)
Secondary Rebar BTOpPUWYHbIV CTEpPXKEHb (Ass. Prfx.)
Stirrup XomyT (Ass. Prfx.)
U-Bar/Edge Rebar Ckoba (Ass. Prfx.)
L-Bar/Hook r-06pasHbliit (Ass. Prfx.)
Mesh CeTKa 100/11* C
TIMBER STRUCTURES AEPEBAHHbLIE KOHCTPYKUUU 7**

1. Ha3BaHwuA yKasaHHble B CKOBKax (_) He Bn1cbIBaloTcA B UMA 3nemeHTa Tekla v HecyT cnpaBoyHbIi xapaktep

1. Part descriptions given in brackets (_) should not be pasted into Tekla object name

2. MpeduKc apmaTypbl 334aeTcA B COOTBETCTBUM C NpedUKCOM apmupyemoro obbekTa
2. Reinforcement prefix to be considered the same as the prefix of native object

3. COOpHBIE CTCHOBBIC NAHEIHU U3 JABYX WM TPEX CIIOEB 33Al0TCS 110 KJIaccaM HauMHas OT TJIaBHOTO sApa (AP0 BHYTP. - H3OJSLHSA - S/IPO BHEIIH.)
3. Classes for precast wall panels with two or three layers are given in direction from inside to outside (inner core - insulation - outer core)
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DRAWING REGISTER TEMPLATE EXAMPLE



BedoMocmb padoyux Yepmexeu komnaekma ST
Register of working drawings for set ST

/lucm Odo3Ha4eHue Macwm.| [ama M3m. | dama uam. HoumerobaHue [pumeyaHue
Sheet Designation Scale | Dafe Rev. | Rev. dafe Name Remark
Bed 5 i ST
11 |5720-WD-ST-00-0-00-1-0-0001 10.05.2019 Regioter of working chawings ST
Bedomocmb padoqux Yepmexel ST (npodonxexue)
12 5720-WD-5T-00-0-00-1-0-0001 10.05.2019 Register of working drawings ST (confinuation)
2 |5720-WD-5T-00-0-00-1-0-0002 e OoHe

Coznacobaro

B3am. uHb. N°

Modn. u dama

AHB. N° nodn.

BedoMocmb ocHobBHbIX KoMnaekmob padoyux Yepmexeu Mapku ST
List of main sets of working drawings of mark ST

Odo3Ha4eHue Houmenobaque [pumeyaHue
Designation Name Remark
ST 000* BedomMocmu, cneuudukayuu, pacyemsl

T Lists, bills of material, calculation reports
ST 100* KoHcmpukuuu xene3odemoHHble Hynebozo uukna
T Reinforced concrete structures, foundations
ST 200" KoHcmpykuuu xene3odemoHHsie (MoHonum)
T Reinforced concrete structures (cast-in-situ)
ST 300* KoHcmpykuuu xene3odemoHHsbe (CHopo4HbIe 3neMeHm)
T Reinforced concrete structures (precast elements)
. KoHCmpykuuu Memannuyeckue
ST-...-400 Steel structures
M KoHcmpukuuu Memanauyeckue demanupoboyHble
ST-..-500 Detailed steel structures
M KoHcmpukuuu GepebaHHbie
ST-...-600 Timber structures

5720-WD-ST-00-0-00-1-0-0001

Rev. |Quant | Sheet Doc Na Signafure| Date MHozospycHas abmocmostka b cocmabe mopzobozo KoMnnekca

Mam. [Konud Aucm | Nedox] Nodnucs | ama no adpecy 2. Cankm-llemepdypz, ynuua /leHuHa, 28

Paspadoman) yo 4 00515 (modust | Aucm | /lucmab
Designed |~ " ™" MHozospycHas aBmocmosaHKa | Stage | Sheef | Sheefs
H. KoHMpOb p 11 n
Inspector A. Ezopab i e A
Ymbepdun Bedomocmb paBoyux Yepmexed ST .oaog-’nOYRY

‘ ' ‘ "Meypy pyc"
Approved B. MBaHob Register of working drawings ST - Cancr- byt

dopmam/size A3




Bedomocms padoyux depmexed komnaekma ST (npodonxeHue)
Register of working drawings for set ST (continuation)

/lucm Odo3Ha4eHue Macwm.| [ama M3m. | dama uam. HoumerobaHue [pumeyaHue
Sheet Designation Scale | Dafe Rev. | Rev. dafe Name Remark
=
o
jum}
S
£
Qg /lucm
=
= Rev. |Quant | Sheet [Doc NolSignature| Dafe 5720-WD-ST-00-0-00-1-0-0001 Sheet
= Wam. [Konyd lucm | N°ok/] Nodnuce | [lama 12

dopmam/size A3
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COVER AND TITLE PAGE TEMPLATE EXAMPLE



Bzam. unB. No

ITonn. u nara

uB. Ne moam.

3 P(:')YRY 000 «IIEYPY PYC»

r. Cankr-IlerepOypr
CPO-I1-044-09112009

MHOTI'OAPYCHASA ABTOCTOSAHKA B COCTABE

TOPOI'OBOI'O KOMIIVIEKCA
Cankrt-IletepOypr, yi. Jlenuna, 28

MULTI-STOREY PARKING BUILDING AS A PART OF
SHOPPING MALL

Saint-Petersburg, Lenina st. 28

PABOYAA IOKYMEHTALIUA
WORKING DOCUMENTATION

KOHCTPYKTHBHBIE H 00bEMHO-IIJIAHUPOBOYHbIE PellleHNs
Structural design and space planning

KoHcTpykuuu kesie300eToHHbIE (COOpPOYHBIE 3JIEMEHTHI)
Reinforced concrete structures (precast elements)

5720-WD-ST-3000

PykoBoauTens MpOEKTHOW OpraHU3alluu N.0. ®amunus

I'maBHBIN MHKEHEDP TPOEKTA N.0. ®amunus

Cankr-IlerepOypr
2019 r.
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GENERAL DATA SHEET TEMPLATE EXAMPLE



B3am. uHB. Ne

5720-WD-ST-00-0-00-1-0-0002

@©

s

=1

=

g Rev. | auant. | Sheet | DocNo| Signature | pate | MHOZ0sipycHas abmocmosHka b cocmabe mopzobozo koMnnekca

?3[ Mam. | Kon. | /lucm | Nedok Modnuck [llama

C
PaspaSoman | K XdaHob Cmadus Nuem Nucmod
Designed 2. Cankm-MNemepdyp2, ynuua /leruna, 28 | Stage Sheet Sheets

5 H. koumpons | A. E2o0pob p 2 n

2 Inspector < péYRY

2 Umbend B Vboron Odwue daHHbie - I d

g i ' General data 000 "Meypy Pyc

< Approved 2. Cankm-Temepdypz




Appendix 5
DRAWING EXAMPLES:

— Foundation bolts plan (General arrangement drawing)
— The layout of hollow-core and pre-tensioned shell slabs (General
arrangement drawing)
— Layout drawing for pipe support hangers (General arrangement
drawing)
— Wall panel 5MC4-1 (Cast-unit drawing)
— Column 1K1M-1 (Cast-unit drawing)
— Steel brace 3D-5 (Assembly drawing, single assembly)
— Pedestrian bridge frame | gridlines A/14-15, Mark SC-B-13 (Assembly
drawing, full specification, no weld marks)
— Pipe support hanger OMN-2 (Assembly drawing, weld outline)
— Pedestrian bridge in gridlines A/14-15 (single-part drawing):
o Item 1008
o Item 1003
o Item 1001
o Item5



L140

Cneuudukauus 3nemeHmab

340,

17050

34100

3601 | (340

17050

1340

10

CoznacobaHo

BaaM. unb. N°

Modn. u dama

Wb, N° nadn.

[lnaH yrdaMermHsx Soamaob, Snoku AB Specification for elements
Foundation bolts plan, blocks AB ; N - o, | e |
03 03HaYeHue auMeHobaHue on. | ed, k2 |llpuMeyaHue
Item Designation Description Num. | Weight Note
| | | | | | | | | | | | | | | 101 | AnkepHbil Bonm/Anchor bolt Peikko PPM39L+AL39 2 |50
I I I I I I I I I I I I I I I - :
| | | | | | | | | | | | | j j 102 | AukepHbil Bonm/Anchor bolt Peikko PPM39P+AL39 19 | 253
i | | | | | | | | | | | | | | 103 | AHkepHbid donm/Anchor bolt Peikko HPM30P+AL30 10 | 105
| gl | 2 SN SN S g 2 2 SN SN SN S SN g - |
e~ ++ | E:tii' ________________________ E:tii' ________________________ :ltii ___________________ B 'I'_i;I' ________________________ ::ii;F ________________________ :F_'I'_ii' ________________________ - — 'I:i;I' ________________________ El‘tii‘ ________________________ o= +_i_+ ________________________ :ltii _______________________ 'I'_i;I' ________________________ :::I'_ii' _____ _ —— L :ltii_______________________:lfi_+ _________ 10 AHKEprIU ﬁD/II'ﬂ/AI'IEI'IOF bolt Pekko HPMIOP-ALID 6 105
— t. 7t ol it ol it or - ot o it o Tt o ot o Tt ol it or .t or - ot or - ot S o ot St t 201 | AHkepHsil Bonm/Anchor bolt Peikko HPM30P 54 | 11
2401 | [ 240 203 (wm 4) M| 230 | | 230 203 (wm. 4} M| 230] | [ 230 203 fwm ) A 260] | [240 203 (wm &) A | 260] | [240 203 (wm &) A | 240 | | 240 203 lwm &) | 260] | 240 203 (wm &) M| 230] | [230 203 (wm &) M| 230] | [230 203 (wm. &) = | 260 | 240 203 fwm &) A | 260 | | 240 203 (wm &) A 260] | [240 203 (wm. ) 203 [wm &)\ & | 240 | 240 20| | [ 240 203 fwm &) 2| 0| [/340 203 wm 4 .
L TL-0550 Bk TL-0550 Bk TL-0550 " TL-0550 " TL-0550 " TL -0550 " TL-0550 " TL -0550 Ak TL-0550 B TL-0550 Bk TL-0550 " TL -0550 TL-0550 " T 10580 M TL-0550 202 | Aukeprbid Bonm/Anchor bolt Peikko HPM30P 19 | 115
| | I I I | | | | | ! ! ! o | | 203 | AnkepHbid donm/Anchar bolf Peikko HPM30L 100 | &5
I I I I 3 I I I I I I I I I 2 I I - :
| | | | 2 | | s e s s | | j Tl g j j 20k | Ankephbil donm/Anchar bolf Peikko HPM39P 6 | 219
. | | | . 05, 1730 |, 100 [ 1730 | MO0 |, 1730 905/ 1730 100 | 1730 100 | 1730 85,7 1730, MO0 , 1730 100 | 1730 725, 4 730 | MO0 | 1730 00 | 1730 635, 4 7730 | 100 | 1730 | MO0 | 1730 |S5)555, 1730 | MO0 | 1730 | 100 | 1730 | y645p 1730, MO0 1730 | MO0 | 1730 | 1365 209 (wm 43) | | 205 | AwkepHuid Sonm/Anchor bolt Paikko HPM3AL L, |98
| | | | | s8] I I I I I | I I I I 1] I I I I 11 I I I I 71 I I I I 11 I I I I el 1] I I I I T 1-0510 ! ! :
| | | | | 5|5 5|8 | I | | | | | | | | 209 | AukepHbid Soam/Anchor bolt Peikka HPM24L 98 |23
| | | | | o ol T ol + + + + + |+ + + + + + |+ + + + + + |+ + + + + + |+ + + + + + |+ + + + + + |+ + + + + + | — | |
N[~ =
! ! ! ! ! } ! ! ! ! ! ! ! ! ! *(mM. 8emans (DET-13 (5720-WD-ST-00-0-00-1-0-0902)
I I I I T T —— + | I I I I I I I I I *Soy -
ee detal (DET-13 (5720-WD-ST-00-0-00-1-0-0902)
! ! ! ! S ++ N S T T T S e S S SR S I T T T S e T e o e e o S S S S S S S S T T T e S e S S S S — ' '
I I I I S I n I I I I I I I I I I
1 1 1 1 = — - I+ 1 1 1 1 1 1 1 1 1
20| | [260 203 um & :
| | | | 1I I I lum &) <l g 30| 970 || 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 | 770 || 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 |680 || 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 [590] | 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 500 | 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 410 | 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 | sqg| 1000 | 1000 | 830 | 1000 | 1000 | 830 | 1000 | 1000 | [230 202 lum 63| I I
' ' ' ' TL-0550 —— + (R 1 (R | | | (R | (R 1 (R | 1 | (R | (& 1 1 | 1 | (4 | (R 1 1 | (I | 1 | 1 | | | 1 | 1 | | B} ' '
TL-0220
| | | | | T g o 60 0 260, 330 420, 320 . ' | |
I I I I I gl [+ I I I I I I I I I
1 1 1 1 1 [¥g) o 1 1 1 1 1 1 1 1 1 1
I I I S . | N I T I + I I I I I I I I I
| | | —+— 1 | N T + | | | | | | | | | |
I I I I I i I I I I I I I I I I
1 1 1 o 1 o 1 1 1 1 1 1 1 1 1 1
| | | A (230 | [230 | 201(wm 4 | S o I+ | | | | | | | | |
1 1 1 ’l’l’l 1 ™M 1 1 1 1 1 1 1 1 1 1
| | | TL0550 | B it B R | | | | | | | | |
1 1 1 1 o o 1 1 1 1 1 1 1 1 1 1
I I I I 2| 3 I I I I I I I I I I
1 1 1 1 _ I+ 1 1 1 1 1 1 1 1 1
I I I I T m o I I I I I I I I I
1 1 1 1 (o] 1 1 1 1 1 1 1 1 1 1
| | | | S| - |+ | | 201 [wm 12) 865 | 835 | 5000 | 835 | 865 | 865 | 835 | 5000 | 835 | 865 | 965 | 905 | 4660 L 905 | 965 | | |
i | | | 3 | | | TL-0220 1 ] 1 1 I R | | |
I I I I T o + i+ I I 2535 I 830 I 835 I 835 I 830 I 2535 2535 I 830 I 835 I 835 I 830 I 2535 2780 I 905 I 1030 I 905 I 2780 202 wm 14) I I I
1 1 1 1 E e 1 1 1 830 | TL-0220 1 1 1
| | | | N | | | 1 | | | | |
I I ! I & I I I ! 210 | 201 {wm. 1) I I ! ! I
| o) A | ’| | |
1 1 1 1 ~N 1 1 1 1 TI— _0220 1 1 1 1 1
, - + . i
| | | | - | | | | | |
' ' ' | 050 | 21275-250 | 1200 | 2*1275-2550 | 1050 [ 1000 ; 00 | 0O | 1400 MO0 | , |1540 | 860 [ 1000 ; 00 | MO0 | 100 | 700 || %00 | 1000 | 209 fum 18] ! | o 205 lum & 205 lum 4 10y ) 20 Mo | 430 205 lum 4 205 lum 4 1o | (30 ! ! :
I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 0o I 111 TL-0520 TL-0520 (B (B TL-0520 TL-0520 111 I I I
| o | S | 2 = | —— + t 2 - I 2| o ' Q | = | tol+ + + o+ o+ 4+ o+ D H o+ +o|+ T+ O+ + 4+ Hol|+ | — S | S | 2 |
M lag) ~ M M M L M = M M LN M M o M N ~M Iaa)
— + i_+ - + i_+ - [+ i_+ —— |_+ + + + + + -+ *t i_+ + + + + + + + '+ 4 + + + + + + i_+ —— —— i_+ & + i_+ —— -~ + i_'I' % 2 i + - i + 2 —— # | + —— [+ i_+ - +' +
— 4+ 0+ o+ + S+ 2l St 1+ STt 8 860, 4+ ]+ 2 +|+ o B i STt e T + + Toof v+ T + + + + o+ ot + + oot o+ ST ST St Ht
=~ =~ — % ﬁ 1 I % I ﬁ —%— % < I % LN % I — b I ﬁ % I % m r\v+1
3401[ ! 1[340 205 (wm &) S 3201I ! 1[320 205 (wm &) S 3201I ! 1[320 204 (wm &) — | [320+204( + - + o+ o+ IL ]+ + L T T R | +A+ .+ o+ |+ 205I L)+ + +340I o 20| | [320 205 (wm. &) - | = * t— | | 320] |//[320 204 (wm 4) 320] | [320( 20k (wm &) 10 || | 340 205 (wm &)
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CoznacobaHo
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Modn. u dama
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CmeHobas nanens [1C. OnanydoyHbIl Hepmex

Bedomocmbs demaneu
Details register

Cneuugukauus xene3o0emOHHbIX KOHCMPUKLUU
Specification for element

Macca
Mo3. 0d03Ha4eHue HaumeHobaHue Kon. | ed, kz |([lpumeyaHue
ltem Designation Description Number | Unitweight | Note
(Bopo4HbIe EOUHUUI
Embedded parts
102 ;Ei[kunﬁrl:l‘sz/azrggl/ PVL Connecting Loop PEIKKO PVL100BR 8 '|[+ 112
105 EE:EE:D;U%E;%WHH shoe Peikko SUMO 30H 2 ,]68 358
106 I/;\;ﬁ[;r{:;;}ng%/i;;hmr bolt HPM30P+AL30 2 105 210
107 ;Eiit;ﬁziﬂn%n;nﬂ / PVL Connecting Loop PEIKKO PVL100 3 ,]h AZ
10 i 1|15 |18
,I,I,] Ankepel/Fixing anchors VEMO M16x100 2 03 05
3 e 2 |86 |212
eonpeHobasa ﬂE‘HI'nEl/
112 :EDprHEhTCIpE, 40*10, 60 share A, L5610 1 31 31
(DopoYHble eduHuUUbl
Mesh
1 rocT 23279-2012 Cemka 40 420010 500 2L | 2 | 05 10
17 rocT 23279-2012 Cemka 40 S220=D 65 2= | 16 | 10 163
10AS00C - 150 25
21 [0CT 232779-2012 Cemka 4C 10 A500C - 150 553x318 25 1 1311 1311
22 | TOCT 23279-2012 Cemka 40 Teo=pr s == | 1 | B11 | 1311
[lemanu
Details
1 r0CT 34028-2016 20 A500C L=600 2 |15 30
2 r0CT 34028-2016 25 A500C L=3000 L |16 L62
3 r0CT 34028-2016 712 A500C L=3420 2 |30 6.1
b [0CT 34028-2016 12 A500C L=1170 8 |10 83
5* r0CT 34028-2016 12 A500C L=1690 2 |15 30
6* r0CT 34028-2016 12 A500C L=1430 2 |13 25
7 roCT 34028-2016 @12 AS00C L=2070 2 |18 37
8 r0CT 34028-2016 712 A500C L=4630 2 | L1 82
9 r0CT 34028-2016 @12 AS00C L=3180 2 |28 56
10 r0CT 34028-2016 12 A500C L=3050 2 |27 54
7 ro0CT 34028-2016 @12 AS00C L=1370 2 |12 2k
12* r0CT 34028-2016 12 A500C L=2470 2 |22 bk
13 r0CT 34028-2016 12 AS00C L=1200 1 11 11
1k r0CT 34028-2016 12 A500C L=1600 L |1k 57
15 r0CT 34028-2016 12 AS00C L=1160 8 |10 83
18* r0CT 34028-2016 710 A500C L=1180 9 |07 6.6
19* ro0CT 34028-2016 10 A500C L=1400 37 |09 320
20 r0CT 34028-2016 710 A500C L=5530 3 3k 102
23* r0CT 34028-2016 &8 AS00C L=840 35 |03 16
24 r0CT 34028-2016 78 A500C L=860 66 |03 22k
25* r0CT 34028-2016 &8 AS00C =830 2 |03 0.7
Mamepuan
Material
roCT 7473-2010 bemoH kn. B4O 35 M
Mo3. 0Bo3Ha4eHHble * - cM. Bedomocmbs Cemaneu
Items marked by * - see the defails register
MPUMEYAHUA/NOTES
MATEPUA/IBI: MATERIALS:
BETOH: B45 F200 W8 CONCRETE: BL5 F200 W8
MAKC. PASMEP ®P. 3ATIO/IHUTENSA: 20mm FILLER MAX. FRACTION SIZE:  20mm
APMATYPA: ) A500C REINFORCEMENT: A500C
MWH. 3ALWTHBIA C/10M BETOHA:  50mM MIN CONCRETE COVER: 50MM
NEPELE/ OFHECTOMKOCTHIA: R150 FIRE RESISTANCE: R150

KNIACC OTAE/KW NOBEPXHOCTW:

KNACC MOPO30CTOMKOCTH:

PACKA 10x10 HA BCEX TPAHAX

Paccmacmpubame cobMecmHo © Yepmexamu:
(xeMa pacnonoxeHus konoHH, 0nok C, ocu 6-12
5720-WD-ST-(-00-(-7-0-3281

FOR CONST

RUCTION _.

A1 no TOCT 13015-2012 SURFACE TREATMENT CLASS:

F200 FROST RESISTANCE CLASS:

A1 by GOST 13015-2012
F200

CHAMFER 10x10 ON ALL CORNERS

See fogether with drawings:
Layout of columns, block C, lines 6-12

5720-WD-ST-(-00-(-7-0-3281

1715 IPOV3BOACTBA PABOT

Wall panel C. Formwork drawing
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CTATYC AJOKYMEHTOB "Paboyas gokymeHTaums"
STATUS OF DOCUMENTS . . i "
Working documentation
Viaw. |Konyu| fuct |Nemok | Moan. | AATA | 1epiepanp il NIPOEKTUPOBLLMK:
rnn
rAM GENERAL DESIGNER: LOGO
N TPOEKTA CTAOUA PA3OEN BNOK OTAX 30HA TN |KOHCTR HOMEP MNEP.
PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BTRUCT] NUMBER REV.

517120 |-|W|D S|T|-| C |- 00 |-|] C |[-] 7 |1 |-|5|4]|]0]|4]-
Drawing name: Wall panel 5MNC4-1

Ne yepTexa 5720-WD-ST-C-00-C-7-1-5404

HaasaHwe ueptexa: CteHoBas naHens 5MC4-1

r.CaHkr-lNeTepbypr, yn. JleHuHa, 28
Mam. |Kon.yy.| Niuct [Ne.gok| MMoan. Jata
Paspa6oTan |K.>KgaHos Mdanos [10102019 Cragust NMuet NucToB
. cne T K K4 MHOFOﬂpyCHaH aBTOCTOsAHKa B COCTaBe
ek - ROopKeamsikn TOProBOro KoMMekca P

rnn B. BaHOB
H. koHTponb  |A. Eropos CTeHoBas naHenb 5MC4-1 g PéYRY

Wall panel 5MC4-1 000 "Meypy pyc"

MACSUCJ;/:E 1%8 r. CaHkT-Metepbypr

dopmam: AT
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Cneuudukauus xene300emoHHbIX KOHCMPYKLUU

Specification for element

Mo3. Jcku3
lfem Oraft
51* X g
550 120
400
60* o
600
83* =
550
"7 2
120

Pasmepsl Brex xomymob ykasaHs no BHeWHUM 2paHam
Dimensions of all closed stirrups
are specified from the outer side

CTPOMOBKA 3/IEMEHTA

SLINGING
Do
Mpuamok
Te) Sump
o~
25 ‘ 25
210

VO

MOABEMHAA MET/A
LIFTING LOOP

A

o

150

CXEMA BbINO/IHEHUA MO/HAESALLUTDI
LIGHTING PROTECTION ROD SCHEME

P

AHkepHble donmel
Ancher balfs

=

(23-P 3
FOCT 14098-201k
(Bapka Ha Bee & dawmaka/

Welding for all & col
elding for all & column O%;"

shoes Al

bawMaku KonoHH.I
Column shoes

BedoMocmb pacxoda cmanu, K2
Reinforcement weight specification, kg

V3denus apMamypHele
Reinforcing parfs
ApMamypa knacca
Mapka Reinforcement of class
3NeMeHma
Element A?[E]][UTE ETSETEule
mark 3U02B-201
g8 | g0 | g | gos | Ymoo
1KM-1 2177 638 616 | 1923 | 3394 | 3394
Macca 3neMeHma
Element weight
Mapka
EIHEMDEHI'HG Macca Kon-bo
1KM-1 28 m 1

Macca
Mo3. 0d03Ha4eHue HaumeHobaHue Kon. | ed, kz |([lpumeyaHue
ltem Designation Description Number | Unitweight | Note
(BopoyHble eduHUUbI
Embedded parts
112 ModwemHas nemns/Lifting Loop d20 A300 N2.1 2 5 O 10 O
BawMak kanoHHsl/Column shae,
126 Peikko HPKM30 b 139 555
AnkepHbil Sonm/Anchor bolt
13[+ PEIkkDEI HPM30P-3860 [+' 252 1009
123 Mnacmukobast mpudka/Plastic tube D86X3 ,] U 0 0 U
[lemany
Details
1 [0CT 34028-2016 & 25 A500C L=3120 16 | 120 1923
51 r0CT 34028-2016 78 A500C L=1600 32 |06 202
60* [0CT 34028-2016 &8 A500C L=900 L Ok 14
66 r0CT 34028-2016 & 20 AS00C L=3120 8 1 616
83* [0CT 34028-2016 10 A500C L=1680 16 10 16.6
mnr r0CT 34028-2016 710 AS00C L=2310 3 |1k k72
Mamepuan
Maferial
FOCT 7473-2010 bemoH kn. B4S 11 ™
Mo3. 0Bo3Ha4eHHble * - cM. Bedomocms Cemaneu
Items marked by * - see the details register
NPYMEYAHWG/NOTES
MATEPWA /I
BETOH: B45 F200 W8
MAKC. PASMEP ®PAKLIAWA 3ANOAHUTENS: 20mMM
APMATYPA: ) A500C
MVH. 3ALLMTHBIM C/10M BETOHA: 40 MM
NEPEQE/ OTHECTOMKOCTH: R120
K/ZIACC OTOE/IKI NOBEPXHOCTMU: A1 no 0CT13015-2012
KNACC MOPO30CTOMKOCTH: F200
®ACKA 15x15 HA BCEX TPAHAX
MATERIALS:
CONCRETE: B45 F200 W8
FILLER MAX. FRACTION SIZE: 20mm
REINFORCEMENT: A500C
MIN CONCRETE COVER: 4O mm
FIRE RESISTANCE: R120
SURFACE TREATMENT CLASS: A7 acc. to M0CT13015-2012
FROST RESISTANCE CLASS: F200
CHAMFER 15x715 ON ALL CORNERS
Paccmampubams cobMecmHo C Yepmexamu:
See fogether with drawings:
(xeMa pacnonoxeHust KonoHH, 8nok A, 3oHa A1 5720-WD-ST-A-00-A1-7-0-3201
Layout of columns, block A, area A1
(xema pacnonoxeHus KonoHH, Bnok A, 3oHa A2 5720-WD-ST-A-00-A2-"71-0-3221
Layout of columns, block A, area A2
(xema pacnonoxeHus konoHH, dnok B, 3oHa B1 5720-WD-ST-B-00-B1-7-0-3250
Layout of columns, block B, area B1
(xema pacnonoxeHus konoHH, Bnok B, 3oHa B2 5720-WD-ST-B-00-B2-7-0-3261
Layouf of columns, block B, area B2
(xeMa pacnonoxeHust konowH, 8nok C, ocu 1-6 5720-WD-ST-(-00-C-7-0-3280
Layout of columns, block C, lines 1-6
(xema pacnonoxeHust konowH, 8nok C, ocu 6-12 5720-WD-ST-(-00-C-7-0-3281
Layout of columns, block C, lines 6-12
FOR CONSTRUCTION: __._
[1/9 NPOW3BOACTBA PABOT: .
CTATYC AOKYMEHTOB "Paboyas gokymeHTaums"
STATUS OF DOCUMENTS ) ]
"Working documentation”
Viam._|Konyd) Tiuct |Neaok | Moan. | AATA | ey iepanpHbIi MPOEKTVPOBLLMK:
rmn
CAT GENERAL DESIGNER: LOGO
N MPOEKTA CTAIVA PA3OEN BIOK 3TAK 30HA TN |KOHCTR HOMEP MEP.
PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BTRUCT] NUMBER REV.
57120 (-|{W|D|-|S|T|-| A|-| 00 |[-| A1 |-] 7| 2 |-]5]1 8 |-
Drawing name: Column 1K1M-1
Ne yepTexa 5720-WD-ST-A-00-A1-7-2-5178
Hassanue ueptexa: KonoHHa 1K1M-1
r.CaHkr-lNeTepbypr, yn. JleHuHa, 28
Mam. |Kon.yy.| Niuct [Ne.gok| MMoan. Jata
Paspa6oTtan |K. >XpaHoB %W 10102019 Craaus Jluer Jluctos
r T K 7 MHorosipycHasi aBTOCTOsIHKa B cOCTaBe
1. cneu. - ROpKeamaky TOProBOro KoMMmnekca P
rn B. ViBaHoB
H. koHTponb  |A. Eropos KonoHHa 1K1M-1 g PéYRY
Column 1K1M-1 000 "Meypy pyc"
MACWTAS 1%8 r. CankT-MeTepbypr

®opmam: AT
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Cneuudukauug

Specification
Mapka | lem.| Kon. [numa, Macca, k2 Mapka
3n-ma | N° | wm [podunb MM Weight, kg cmanu [puMeyaHue
Element| Item [ Num. Profile Length| wm. oo, MapKU Steel Notes
mark | No. | pc mm pC. tot. | of mark | grade
30-5 5 1 |MK200x10.0 7558 | 4459 4459 (345
L6
Bedomocmb omnpaboyHbx 3nemMeHmob Bridopka Memanna Ha bce coopku
List of assemblies Steel specification for all assemblies
Mapka Kon-bo, Macca, k2 Mapka | Macca,
3/1—pmu wm. Weight, kg [podunb roctT, 19 cmanu K2.
Element | Number, MOpKU BCex Profile GOST Steel | Weight,
mark pC. of mark total grade kg
30-5 10 LL6 LL60 0 200x10.0 [OCT P 54157-2010 | C345 L4590
el | 440 e el e oo el | 459
MpumevaHune/Note:
MpefenbHOe OTK/IOHEHME OT reOMeTPUYEeCcKMX pa3mepos B cooTBeTcTBum ¢ CI153-101-98
no ropmnsoHTann £ 8.8, no Beptnkanm = 0.20
Maximum deviation from geometrical dimensions according to SP53-101-98
horizontally + 8.8, vertically + 0.20
CTATYC JJOKYMEHTOB "Paboyvas gokymeHTaums"
STATUS OF DOCUMENTS
"Working documentation”
Wism. |Konyd) Tiuct |Nedok | Moan. | AATA | reyiepanp it MPOEKTVPOBLLMK:
mn
rAM GENERAL DESIGNER: LOGO
N TMPOEKTA CTAOVA PA3OEN BNOK OTAX 30HA TWUM |KOHCTR HOMEP MEP.
PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BSTRUCT] NUMBER REV.
517|120 |-|{W|D|-|S|T|-| A |-| F1 |-] AT |-] 5 3 |-|5|1]4]3|-
Drawing name: Steel brace 3D-5
Ne yepTesxa 5720-WD-ST-A-F1-A1-5-3-5143
HaaeaHue ueptexa: CBA3b cTanbHaa 3D-5
r.CaHkr-MNeTtepbypr, yn. llennHa, 28
Mam. [Kon.yy.| Jinct [Ne.gok| [Mogn. [ata
Pa3pab : Qydancs [10102019 C
ra3pa = K naros v MHOFOﬂpyCHaFI aBTOCTOAHKA B COCTaBe i Tver Tlveros
fl.cneu. T. Kopreamsiku TOProBOro KOMMreKkca P
r’mn B. MBaHoB
H. konTpont _ |A. Eropos Cas3b cTanbHas 3D-5 O POYRY
Steel brace 3D-5 _ 000 "eypy pyc”
MACSLgTAﬁE 110 r. CaHkT-MeTepbypr

dopmam: A3
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Baam. unb. N°
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NHB. N° nodn.
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Specification
Macca, k2

l;’lna_prﬁg ﬂﬁgn. FEuanf [podunb %UMHG' Weight, kg I\E/Ir% 713 [puMeyaHue
Element| Item [ Num. Profile Length]  wm. oo, MapKU Steel Notes
mark | No. | pc mm pC. tot. | of mark | grade
SC-B-13] 5 1 (1201 1018 | 312 312 (345

1022 1 |/lucm 20x190 | 150 | &5 L5 (345

Macca Hann. Memanna / Weld weight: 04 | 36

BedoMocmb omnpaboyHbix 3neMeHmab

List of assemblies

Beidopka Memanna Ha bce coopku
Steel specification for all assemblies

- Macca, k2
omka | Kefizoo. Weight. kg Mpoduns rocT, T4 Hapsd | Mocco
Element | Number, MOpKU Bcex Profile GOST Steel | Weight,
mark pC. of mark fotal grade | kg
SC-B-13 2 36 12 I 2011 (TO ACYM 20-93 | (345 62.L
Brezn | 4 - 20 rOCT 103-2006 | (345 | 90
Yt s e o T | 7
BedoMocmb Memu30b
Fasteners list
Kon. | Macca,
HaumeHobanue | FOCT, TY |[wm.| K2 [pumMeyaHue
Name GOST  |Num.| Weight, Notes
pC. kg
bonm M16x60 [FOCTPT22 |2 | 024
[alka M16 roCTIS0L032 | 2 | 007
Wadda 16 FOCTDIN7989| 2 | 0.06
Bcezo
Tofal | 037
5720-WD-ST-A-F2-00-8-3-1232
MHozospycHas abmocmosHka b cocmabe
W3m. [Kon.yy] lucm | N°dok. | Modnuce | flama IT]UDZE]E]DZU KOMNNExKLa
Paspadoman |K. Xdanob (%am 10102019 KapKac MeweXogHoro MOCTa B 0csx AM14-15 Cmadus | /lucm | /lucmob
['n. cneu. T. Kopkeamaku Pedestrian bridge f i aridlines A14-15 p
rUN B. Vibanob edestrian pridge frame In gridlines -
H. koHmpaonb [A. E2opob ' -
9 POYRY
MﬂpKﬂ SE—B—13 000 "Meypy pyc"
r. CaHkT-Metepbypr

®opmam: A3
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Specification
Macca, k2
E/Inu—prﬁ% ﬂﬁgn, PEuonlw]f [podunb ﬂ”M“M“E" Weight, kg I\c/lrltw1 }718 [pumMeyaHue
Element| Item [ Num. Profile Length]  wm. oo, MapKU Steel Notes
mark | No. | pc mm nC. tot. | of mark | grade
8 | 2 |lK80x50 780 |82 164 (345
on-2 | N MK80x5.0 1238 | 141 282 (345
12 | 2 |[K80x50 538 |58 16 (345
13| 2 |[[K80x50 1320 | 150 300 (345
18 | 2 |[K80x50 700 | 77 154 (345
33 | 2 |NK50x40 840 | L6 92 (345
3t | 5 |NK50x40 636 |37 185 (345
39 | & |/lucm 12x100 220 | 21 8.4 (345
L5 | 2 |/lucm 15x250 250 |53 106 (345
51 | 2 |/lucm 15x250 250 | 45 90 (345
Macca Hann. Memanna / Weld weight: 16 | 159
BedoMocmb omnpaboyHbix 3neMeHmab Beidopka Memanna Ha bce coopku
List of assemblies Steel specification for all assemblies
- Macca, k2
omka | Kefizoo. Weight. kq Mpodune rocT, Ty opwa | Moce
Element | Number, MOpKU Bcex Profile GOST Steel | Weight,
mark pC. of mark fotal grade | kg
0n-2 1 159 159 -2 [0CT 103-2006 (345 8.4
Brezn | 1o -1 rOCT 103-2006 | 345 | 196
0 50x4 0 [OCT P 54157-2010 | (345 2’17
0 80x50 [OCT P 54157-2010 | (345 1016
iy s e g o | 157
[PUMEYAHNS:
1. Kamemsl chbapHbix whob npuHuMams no HauMeHsweu monuiuHe chapubaeMbix 3nemMeHmob
2. B pasMepax Gemaneu He y4meHsl NPONYCKU Ha MexaHuyeckyw odpadomky u ycadky nocne cbapku
3. Konmpone wbob no (153-101-98
Lk Tlokpeimue KoHCMpYKUUU: 20pa4as ouuHKobka 120MkM
5. llpedensHble 0OMKNOHEHUS om 2eoMempuyeckux pa3mepod b coombemcmbuu c CM153-101-98:
pacuermpobka omHocumensHo BepmukansHoU 0CU +- 2.8MM
(xeMa pacnonoxeHust koHcmpukuuu c. 5720-WD-ST-C-F2-(-8-0-4006
Yepmexu demaneu cM. 5720-WD-ST-(-F2-(-8-0-4008
Yepmex odwux danHeix oM. 5720-WD-ST-00-0-00-1-0-0101
NOTES:
1 Cathets of welds to be equal to the thinner side of welded elements
2. The dimesions of parts do not include gaps/chamfers for machining and shrinkage after welding
3. Quality contral of joints acc. to SP53-101-98
L Covering: galvanizing (120 micrometers)
5. Geometrical imprefections acc. to SP53-101-98: alignment relative to the vertical axis +-2.8mm
Layout drawing: 5720-WD-ST-C-F2-(-8-0-4006
Single-part drawings: 5720-WD-ST-(-F2-(-8-0-4008
General data sheet: 5720-WD-ST-00-0-00-1-0-0101
CTATYC JOKYMEHTOB "Paboyas gokymeHTaums"
STATUS OF DOCUMENTS
"Working documentation”
Vism._|Konyd) Tuct [Nemok | Moan. | AATA | reyiepanpHbIi MPOEKTVPOBLLMK:
rmn
rAM GENERAL DESIGNER: I—OGO
N TMPOEKTA CTAOVA PA3OEN BNOK OTAX 30HA TN |KOHCTH HOMEP NeP.
PROJECT N STAGE BRANCH BLOCK FLOOR ZONE TYPE BTRUCT] NUMBER REV.
5/7(/2|0|-|W|D|-|S|T|-| C |-| F2 |-| C |-| 8 | 0 |-|4|0|0]|7]|-
Drawing name: Pipe Support Hangers
Ne yeprexa 5720-WD-ST-C-F2-C-8-0-4007
Hassanwe sepTesxa: Onopa Ans MOHTaxa Tpyo
Mam. |Kon.yy.| Nluct |Ne.gok| [Mogn. [aTta r-CankT-TleTepypr, yn. fletuka, 28
Paspaboran |k Xnaos %W 010200 MHorosipycHas aBTOCTOsIHKa B COCTaBe Cragus L Tlveros
'n.cneunanuct |T. Kopkeamsiku TOProBoro KoMAnekca P
rmn B. MBaHoB
H. koHTponb |A. Eropos g:;?epguapnpﬂuﬂungﬁgx; Smpgﬁ g PéYRY
000 "Meypy pyc"
MACSL(“:I\/EE Hg r. CaHkT-MeTepbypr

dopmam: A2




CoznacobaHo

em. NUHQ, Macca, k2 Kon. | Mapka
ﬂNﬂ [podunb ﬂMM ' Weight, kg wm. cm%nu [pumeyaHue
Item Profile Length, wm. ooul. Num. Steel Notes
No. mm pC. tot pC. grade
1008 | /lucm 10x110 562 L8 L8| 32 (345
Kon-Bo | B cdopkax
Number | In assemblies
16 SB-B-1
16 SB-B-2
Nlemans 1008
Item 1008
Aﬁ 25,
;[ N[
N N g
562
=]
[ I I ]
3 1| 5 |femen obuebrens K Zhdanov | 15102019
13M KOAYY | NOACHEHVE Moanmcs NATA
REV NRREV 1 EXPLANATION SIGNATURE DATE
E 5720-WD-ST-AB(-F2-B1-1-4-5234
c MHozospycHas abmocmosHka b cocmabe
- Wam. [Konyy|/lucm | N°dok. | Modnuce | lama mDDZDhDZU KOMNNEKCT
Paspadoman (K. Xdaxob %W 10102019 KADKGC TBLLEXOHOMO MOCTa B 06sX AF14-15 Cmadus | /lucm | /lucmob
= ['n. cned. T Kopkeamsku o A P 1 32
E N B Voo Pedestrian bridge frame in gridlines A/14-15
= H. koHmponb [A. Ezopob Va -
= 9 POYRY
= ﬂEIT]El/]b 1008 000 "Teypy pyc"
r. Cank-eTepbypr

dopmam: Ak




‘ Macca, k2 Kon. [ M
ﬂﬁgn [podunb IIIIIUIIIEI' Weight, kg LuUnII, cr%Iu]IIII [pumeyaHue
Item Profile Length, wm. ooul. Num. Steel Notes
No. mm pC. tot pC. grade
1003 | /lucm 15x150 180 32 32| 12 (345
Kon-Bo | B cdopkax
Number | In assemblies
b SB-A-5(?)
b SB-B-5
b SB-C-0(?)
flemans 1003
Item 1003
L omb. @18
\qb =
N /A
LA ¢ ¢
50 80
180
C ||
I 50 I 80 I 50 I
I I I
=
o)
o
5
2
i Nucm
= [lemans 1003
Wam. [Konyu.| Aucm |N°Bok | Modnucs | flama 2

dopmam: Ak




‘ Macca, k2 Kon. [ M
ﬂﬁgn [podunb IIIIIUIIIEI' Weight, kg LuUnII, cr%Iu]IIII [pumeyaHue
Item Profile Length, wm. ooul. Num. Steel Notes
No. mm pC. tot pC. grade
1001 | /lucm 15x200 573 135 135 8 (345
Kon-Bo | B cdopkax
Number | In assemblies
b SB-B-1
b SB-B-2
Nemanb 1001
ltem 1001
181 100 100 181
A 6 omb. @22
S B«
- B ¢
o N
573
| || || ||
187 I 100 I 100 I 187
I I I I
=
o)
o
5
2
i Nucm
= [lemans 1001
Wam. [Konyu.| Aucm |N°Bok | Modnucs | flama 3

dopmam: Ak




‘ Macca, k2 Kon. [ M
ﬂﬁgn [podunb ﬂ/wﬂ' Weight, kg Luon/11, cr%%}/ﬁﬂ [pumeyaHue
Item Profile Length, wm. ooul. Num. Steel Notes
No. mm pC. tot pC. grade
5 1201 1018 312 312 2 (345
Kon-Bo | B cdopkax
Number | In assemblies
2 SC-B-13
llemanb 5
Item 5
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