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INTRODUCTION

In the educational process, the discipline “Inspection, Reconstruction and
Strengthening of Buildings™ is one of basics during preparation of Master’s Degree
students on specialty 192 — Building Industry and Civil Engineering of the
educational program “Industrial and Civil Engineering”.

This discipline is intended for students of all educational forms and the
methodological guidelines are compiled on the basis of and in accordance with the
approved Work Program of O. M. Beketov NUUE in Khrakiv on the academic
discipline “Inspection, reconstruction and strengthening of buildings”.

The most important requirement for the preparation of highly qualified
specialists at the present stage is the development of the ability and skills of
applicants to independently acquire knowledge and skills necessary for engineering
solutions to the problems of calculation and design strengthened metal and reinforced
concrete structures after graduating from an University. Therefore, the Work Program
of the course provides not only for the transfer of certain scientific information by the
lecturer, but also for the organization of independent cognitive activity of applicants
by working with literature and regulatory documentation.

The main aim of the student’s independent work is to deeply study the
theoretical part of the course, acquire skills in calculation and design of strengthened
elements and joints of steel and reinforced concrete structures in accordance with
current design standards, as well as skills in using regulatory and reference literature.

The independent work of applicants comes down to three tasks:

— studying the theoretical part of the course;

— acquiring skills in calculation of strengthened steel and reinforced
concrete structures of common types;

— acquiring skills in design of strengthened steel and reinforced concrete

structures of common types.



Applicants should organize their work in the indicated areas in accordance with
the recommendations below, using methodological guidelines, educational,
regulatory and reference sources indicated in the list.

Regulatory documents, textbooks, study guides, reference literature and
methodological guidelines necessary for independent study of the theoretical part of
the course and acquisition of the necessary practical skills are contained on the
distance education website of the O. M. Beketov NUUE in Kharkiv at the URL:
https://dl.kname.edu.ua.

1 STUDYING THE THEORETICAL PART OF THE COURSE

It is recommended to study the theoretical part of the course using normative
and educational literature [1—12]. The list of program questions below contains a
brief summary of each question and detailed references to literary sources available
to students in paper or electronic form.

When studying program questions from the specified sources, it is advisable to
make a brief summary according to the given question annotation. This will help to
systematize knowledge on each question and speed up preparation for the differential
test. During preparation of the test, the answers to the questions should be
accompanied by sketches of reinforced structures, calculation diagrams, formulas and
explanations, which should be found in the recommended textbooks [1; 5—12] and in
current design standards [2—4].

In addition to theoretical questions, simple problems on the calculation of
reinforcement of elements and connections of steel, reinforced concrete and timber
structures are taken into account for the test, which are considered during practical
classes. For each separate type of problem, recommendations for their solution are

provided with mandatory references to design standards [2—4].



2 LIST OF PROGRAM QUESTIONS AND RECOMMENDATIONS FOR

THEIR STUDY

Table 2.1 — Program questions

Content of program questions

References

1

2

1 General provisions on the reconstruction of buildings and structures.
Basic concepts of reconstruction

Terminology on reconstruction issues and the main tasks of its
implementation. Service life of buildings and structures and their individual
structural elements. Classification of buildings by service life. The concept
of repair and reconstruction of public buildings. Reasons for repair and
reconstruction. Physical and moral tear of buildings. Volumetric-planning
and design solutions for buildings, which are being reconstructed. Operating
conditions of reconstruction site and adjacent areas

[1;2;3;7; 11]

2 Inspection of buildings and structures. Quality control of building
materials and structures

Purpose and objectives of the inspection. Methods of inspecting the
condition of buildings and structures. The essence of the general inspection.
Detailed and comprehensive inspection. Safety precautions during inspection
of buildings. Assessment of the technical condition of buildings in operation.
Basic provisions on operation. Technical passport of the facility. Structural
solutions of structures subject to reconstruction. Main types of defects in
building structures. Purpose and objectives of instrumental examination.
Characteristics of defects in building structures. Main types of defects.
Devices and tools for conducting inspections of the technical condition of
buildings and structures. Registration of inspection results. Examination
algorithm

[5; 7; 9; 11]

3 Assessment of the quality of buildings and their degree of deterioration
Calculation of tear. Verification and assessment of loads on buildings
subject to reconstruction. Design strength characteristics of materials at the
stage of inspection after long-term operation. Statistical processing of
inspection data. Assessment of the bearing capacity of buildings and
structures

[6; 11]

4 Examination, protection and restoration of bearing capacity of concrete
and reinforced concrete structures

Inspection of concrete and reinforced concrete structures.
Classification features of categories of technical condition of reinforced
concrete structures. Damage to reinforced concrete structures and their
causes. Surface preparation for repair. Cracks in concrete and reinforced
concrete structures. Repair and protection of surfaces of concrete and
reinforced concrete structures

[3; 8; 10; 11]

5 Strengthening of reinforced concrete structures
Main methods of strengthening structures. Strengthening structures
by installing metal, concrete and reinforced concrete frames. Strengthening
structures by injection and impregnation with solutions. Strengthening
structures by external reinforcement

[5; 7; 11]




Continuation of Table 2.1

1

2

6 Inspection, repair and strengthening of stone and reinforced stone
structures
General provisions. Classification features of technical condition
categories of stone and reinforced stone structures

[5; 9; 11]

7. Repair and strengthening of stone structures
Strengthening of structures using injection mixtures. Reinforcement
of stone structures using reinforced cement, concrete and steel frames.
Reinforcement of stone structures by spatial compression

[2; 3; 4; 10]

8 Features of the technical condition of steel structures, which are in
operation
Causes of accidents. Engineering errors. Types of local defects and

damage and their elimination

[9; 11]

9 Classification of methods for steel structures strengthening
General requirements for the design of strengthening of steel
structures. Existing methods of reinforcement of steel structures

[4; 8; 10; 11]

10 Principles of calculation and design of steel structures strengthening
The procedure for calculating a bending element. The procedure for
calculating a centrally compressed element. Features of reinforcing steel
crane structures. Calculation and design of options for reinforcing steel
trusses. Calculation and design of options for reinforcing an eccentrically
compressed element

[2; 3; 4; 8; 10]

3 QUESTIONS FOR SELF-CONTROL

3.1 Questions for self-control on CM 1

1. What normative requirements are given for buildings and structures?

2. What does the durability of buildings depend on?

3.What are the structural features of historic residential buildings?

4. What circumstances should be taken into account during inspection of

historic buildings?

5. How many groups of capitality of residential buildings exist and what do

they represent?

6. How many groups of capitality of public buildings exist and what are their

characteristics

7. Depending on what conditions are the service life of buildings determined?

8. How is the physical tear of buildings determined?

9. How is the moral tear of buildings determined?
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10. What factors characterize the durability and degree of tear of industrial
buildings?

11. By what criteria are possible defects classified?

12. What can be said about the categories of defects?

13. How to characterize the main groups of requirements for the reliability and
durability of structures?

14. What measures should be taken to extend the service life of structures?

15. What should be the main focus when assessing the technical condition of
buildings, structures and their structural elements?

16. What is the basis for conducting building inspections?

17. What types of work are performed during the inspection process?

18. What does a comprehensive and selective examination involve?

19. What technical means and devices are used in the process of inspecting
building structures?

20. What are local and general deformations of buildings?

21. What is the purpose of structural flaw detection?

22. What are the main defects of metal and timber structures?

23. What are the main defects of reinforced concrete structures?

24. What is the essence of the pulsed ultrasonic testing method?

25. What does the system of planned and preventive repairs of buildings and
structures provide?

26. What is the current and major repairs of buildings?

27. How is the frequency of repairs of residential and industrial buildings
determined?

28. What documentation is maintained by operational services?

29. Types of inspections of residential and industrial buildings and their
timing?

30. The purpose of the reconstruction and modernization (renovation) of

buildings?



31. What are the features of building maintenance? Typical damages that affect

the failure of residential buildings.

3.2 Questions for self-control for CM 2

1. In what cases it is necessary to make strengthening of foundations?

2. How are foundations strengthened using banquettes?

3. How to strengthen the soles of foundations without compressing the foundations
bases?

4. How is the sole of foundations reinforced with compacted base soils?

5. How is foundation strengthening made using flat jacks?

6. What are the ways to increase the depth of foundations?

7. What methods are used to increase the strength of the bases and foundations of
buildings?

8. How is foundation strengthening designed by adding an additional foundation
slab?

9. How foundations are strengthened using driven piles?

10. In what cases is flow technology used to strengthen foundations?

11. What are the main categories of condition of reinforced concrete structures
do you know? Explain the content of each condition category.

12. What characteristics of defects, damage and possible consequences are
revealed in the first state?

13. What characteristics of defects, damage and possible consequences are
revealed in the second state?

14. What characteristics of defects, damage, and possible consequences are
revealed in the third state?

15. What characteristics of defects, damage, and possible consequences are
revealed in the fourth state?

16. In which condition categories is structural strengthening required and by

what measures is this achieved?



17. What are the main methods used to strengthen reinforced concrete
foundation structures? Explain the basic concepts.

18. How is the synergy of old and new reinforced concrete ensured?

19. What is the sequence of calculation of strengthening of a centrally
compressed column with a reinforced concrete holder?

20. What is the sequence of calculation of strengthening of a centrally
compressed column with prestressed struts?

21. Give the examples of design of strengthening of compressed reinforced
concrete elements.

22. Give examples of design of strengthening for flexural reinforced concrete
elements.

23. What is the sequence of calculating the strengthening of bending elements
with sprengel tightening?

24. What is the sequence of calculating the strengthening of bending elements
with horizontal ties?

25. What is the sequence of calculating the strengthening of bending elements
by increasing the tensioned cross-sectional area?

26. What is the sequence of calculating the strengthening of bending elements
by increasing the compressed cross-sectional area?

27. What is the sequence of calculating the strengthening of floor slabs by
increasing the compressed cross-sectional area?

28. What is the sequence of calculating the strengthening of a brick column
with a reinforced concrete and plaster holder?

29. Give the examples of the design of floor slab strengthening?

30. Give the list the principles of strengthening of stone buildings for overall
stability and strength.

31. In what cases is stone structures reinforced?

32. What is the sequence of calculating the strengthening of stone partitions of

buildings with a metal angle bracket?
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3.3 Questions for self-control for CM 3

1. What are the features of the technical condition of steel structures in
operation?

2. Define the types of defects and damage to steel structures. Methods for their
detection and elimination?

3. What is the classification of methods for strengthening steel structures?

4. What are the general requirements for the design of reinforcement of steel
structures?

5. What are the options for strengthening steel truss elements and the
methodology for their calculation?

6. What are the options for strengthening steel beams and their calculation
methods?

7. What are the options for strengthening steel crane beams and the method for
calculating them?

8. What are the options for strengthening steel solid and through-centrally
compressed columns and the methodology for their calculation?

9. How is the calculation of strengthening a centrally-compressed column by
increasing the cross-sectional area performed?

10. How is the calculation of the reinforcement of a centrally compressed
column with prestressed struts carried out?

11. Give the examples of design strengthening of compressed metal elements
by increasing the cross-sectional area.

12. Give hexamples of design strengthening of bending metal elements by
increasing the cross-sectional area.

13. How is the calculation of strengthening of bending metal elements by
increasing the cross-sectional area carried out?

14. What are the features of assessing the technical condition of timber
structures in operation?

15. Define the types of defects and damage to timber structures. Options for

their detection and elimination?
11



16. Give the classification of methods for strengthening timber structures?

17. What are the general requirements for design of strengthening for timber
structures?

18. What are the options for strengthening of timberr truss elements and the
methodology for their calculation?

19. What are the options for strengthening of timber beams and their
calculation methods?

20. What are the options for strengthening of timber verticals and the method

of their calculation?

4 RECOMMENDATIONS FOR CONDUCTING PRACTICAL CLASSES

During preparation of practical classes, it is necessary to read the lecture notes,
edit the text, write out definitions, formulas, and study the material. Active work at
lectures and a good summary will facilitate understanding and assimilation of the
material. During the process of work, applicants must check their knowledge, find out
whether they correctly understand the material they are studying.

It is advisable to prepare for practical classes in the following order:

1. Familiarize yourself with the topic, lesson plan, recommended literature,
read the lecture notes and understand the material on this topic.

2. Study the educational material, select additional literature.

3. Make a plan for solving a practical task, which is very important for
systematizing and assimilating knowledge, and for a clear and consistent
understanding of the material.

4. Systematically carry out self-control of the completeness of the assimilation
of the material, answering the questions that are included in the textbooks at the end
of each section, in the methodological guidelines and recommendations, as well as
performing practical exercises and skills recommended for mastering when studying

certain topics. Self-control is also carried out in conversations on certain issues with

12



other applicants. If gaps in knowledge and skills are found, you should once again
refer to the educational literature, clarify unclear questions with the lecturer.

Answers in the lesson should be detailed, convincing, evidence-based and
reasoned, should reveal the essence of the question, its significance, be accompanied
by conclusions, generalizations. During the lesson, it is necessary to take notes.
Practical classes (Table 4.1) cover almost all theoretical questions of the course and

involve the participation of each applicant in their preparation and conduct.

Table 4.1 — Program Practical Exercises

Topics of practical classes References
1 2
1 Preparation of the technical passport of the facility [2; 3; 7]

Mechanism for conducting a technical inventory of real estate objects.
Technical inventory of buildings and structures. Components of a technical
passport

2 Identification of defects and damage to structures. Compilation of defect [6; 7]
information

Inspection and fixation of defects. Measuring the dimensions of buildings
and structures. Drawing up a map of damages and defects by applying them to
facade diagrams and plans. Drawing up a defect list in the form of a table
indicating methods for eliminating the detected damages. Photo fixation of
damages. Drawing up a conclusion

3 Calculation of tear. Identification of reserves of bearing capacity of building [9; 11]
structures

Expert method for calculating physical tear. Assessment of physical tear of
elements and systems, as well as determination of their specific weight at the
restored value. Determination of the amount of corrective physical tear. Actual
design loads and schemes of operation of structures

4 Calculation and design of strengthening of reinforced concrete columns of [8; 10; 11]
industrial and civil buildings by increasing the cross-sectional area

Methodology for calculating the strengthening of a reinforced concrete
column with a reinforced concrete holder. Preparation of surfaces of reinforced
concrete structures for strengthening. Design of strengthening of reinforced
concrete columns of industrial and civil buildings by increasing the cross-sectional
area

5 Calculation and design of strengthening of reinforced concrete columns of [7; 6; 8]
industrial and civil buildings with prestressed struts

Methodology for calculating the strengthening of a reinforced concrete
column with prestressed struts. Preparation of surfaces of reinforced concrete
structures for strengthening. Design of strengthening of reinforced concrete
columns of industrial and civil buildings with prestressed struts

13



Continuation of Table 4.1

1

6 Calculation and design of strengthening of reinforced concrete floor beams
(crossbars) of industrial and civil buildings by horizontal and truss ties
Methodology for calculating horizontal ties. Methodology for calculating
sprengel. Design of reinforcement units for reinforced concrete floor beams
(crossbars) of industrial and civil buildings with horizontal and sprengel ties

[7;9; 11]

7 Calculation and design of strengthening of inclined cross-section of
reinforced concrete floor beams (crossbars) of industrial and civil buildings
under the action of transverse force

Schemes of possible destruction of the inclined section of reinforced
concrete floor beams. Identification of reserves of bearing capacity of the
inclined section. Calculation and design of strengthening of the inclined section
of reinforced concrete floor beams

[7;8; 10]

8 Calculation and design of strengthening of reinforced concrete crane beams
Schematic diagrams of strengthening of reinforced concrete crane beams.

Establishing the possibility and feasibility of strengthening of crane beams.

Calculation and design of strengthening of reinforced concrete crane beams

[7; 10; 11]

9 Restoration of load-bearing capacity of reinforced concrete ribbed slabs for
covering and floors
Methodology for restoring bearing capacity of reinforced concrete ribbed
slabs for covering and floors. Schematic diagrams of strengthening of reinforced
concrete ribbed slabs for covering and floors. Design of strengthening of
reinforced concrete ribbed slabs for covering and floors

[7;8; 9]

10 Calculation and design of strengthening of steel beams of industrial and
civil buildings by increasing the cross-section
Identification of bearing capacity reserves of steel beams of industrial and
civil buildings. Methodology for calculating the reinforcement of steel beams of
industrial and civil buildings by increasing the cross-sectional area.
Determination of the length of the reinforcing element of a steel bent element

[8; 9]

11 Calculation and design of strengthening of steel columns of industrial and
civil buildings by increasing the cross-sectional area

Strengthening of steel columns with a significant change in flexibility and
without affecting the flexibility of the element. Identification of bearing capacity
reserves. Methodology for calculating the strengthening of steel columns of
industrial and civil buildings by increasing the cross-sectional area. Design of
strengthening of steel columns of industrial and civil buildings by increasing the
cross-sectional area

[9; 10]

12 Calculation and design of strengthening of steel structures by changing the
design scheme of the structure
Methodology for calculating the strengthening of steel structures of
industrial and civil buildings by changing the design scheme of the structure.
Determining the possibility of strengthening of steel structures by changing the
design scheme

[6; 8]

14




5 RECOMMENDATIONS FOR PERFORMING COURSE PROJECT

Independent work on the discipline “Inspection, reconstruction and
strengthening of buildings” involves completing a Course Project. Designing on this
topic provides an opportunity to more deeply master the theoretical provisions of this
discipline and the previously studied general courses “Metal structures”, “Reinforced
concrete and stone structures”, “Design of reinforced concrete structures” and
“Design of metal structures”, learn to develop solutions for rational strengthening of
structures and perform calculations for these solutions.

In Part 1 “Strengthening of metal structures™ of the Course Project, applicants
design strengthening of the beams of the industrial workshop floor due to the
increased load on the site (due to the modernization of the technological process in
the workshop), using the method of increasing the cross-sections of elements.

In Part 1, it is also necessary to prepare strengthening of the cross-section of
the main beam and column (according to the task). The scope of Part 1 of the Course
Project: an explanatory note of 8—10 pages and 2 sheets of A3 format drawings. The
drawings must provide: an assembly plan of the floor beams; a structural drawing of
the strengthening of the main beam and column; a specification of the strengthening
elements.

In Part 2 “Strengthening of reinforced concrete structures” of the Course
Project, it is necessary to design the strengthening of the supporting reinforced
concrete structure of the frame (beam, column) under the condition of additional load
on the floors. The scope of Part 2 of the Course Project: an explanatory note of 8—10
pages and 2 sheets of A3 format drawings. The drawing must provide: a fragment of
the plan and section of the building; a structural drawing of the strengthening of the
proposed reinforced concrete elements; a specification of the strengthening elements.

Applicants take the initial data for design from Section 6 of the methodological

guidelines according to the last two numebrs of students grade book.
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6 TASKS FOR PERFORMING COURSE PROJECT

Part Nel Strengthening of metal structures
Table 6.1 — Variants of tasks

Ne L I a Hpq Normative Type of Scheme of

m m m m load connection strengthening

V, KN/m?
before after column beam

1 2 3 4 5 6 7 8 9 10
1 120 | 60 | 15| 7,2 45 9,0 FL A A
2 112 | 6,2 | 16 | 6,9 5,0 9,5 OL B B
3 119 | 6,1 | 1,7 | 8,1 5,3 11,0 FL C C
4 108 | 59 |18 | 7,7 5,5 12,0 OL D D
5 120 | 57 | 15| 6,6 4,0 9,0 FL E E
6 112 | 6,0 | 16 | 6,7 3,5 8,5 OL A A
7 119 | 6,2 | 1,7 | 7,0 4,0 9,1 FL B B
8 108 | 6118 | 7,1 3,0 8,3 OL C C
9 120 (59|15 ]| 80 3,5 6,5 FL D D
10 | 120 | 57 | 15| 7,2 6,0 9,0 OL E E
11 | 112 | 60| 16 | 6,9 6,5 10,0 FL A A
12 1 119 16,2 | 1,7 | 8,1 7,0 10,5 OL B B
13 | 108 | 6,1 | 18 | 7,7 8,0 13,0 FL C C
14 | 120 | 59 | 15 | 6,6 4,0 7,0 OL D D
15 | 112 | 57 | 16 | 6,7 4,5 8,0 FL E E
16 | 119 | 60 | 1,7 | 7,0 7,0 11,0 OL A A
17 | 108 | 62 |18 | 7,1 7,5 11,2 FL B B
18 | 120 | 61 | 15 | 8,0 6,2 10,0 FL C C
19 | 112 |59 |16 | 7,2 6,0 9,5 OL D D
20 | 119 | 57| 17 | 6,9 55 8,0 FL E E
21 |1 108 | 6,0 | 1,8 | 8,1 6,0 8,5 FL A A
22 | 120 16,2 | 15| 7,7 6,3 10,0 OL B B
23 (112 (61|16 | 6,6 6,5 9,0 FL C C
24 | 119 [ 59 | 1,7 | 6,7 7,0 10,0 OL D D
25 1108 | 57118 | 7,0 6,0 9,5 FL E E
26 | 120 | 60 | 15| 71 8,0 11,0 OL A A
27 | 11,2 | 57 |16 | 6,7 4,5 8,0 FL B B
28 (119 (6,017 7,0 7,0 11,0 OL C C
29 1108 (62| 18| 71 7,5 11,2 FL D D
30 | 120 (6,1 | 15| 8,0 6,2 10,0 FL E E
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Table 6.2 — Variants of tasks

Ne L I a Hyqg Normative Type of Scheme of

m m m m load connection strengthening

V, kN/m?
before after column beam

1 2 3 4 5 6 7 8 9 10
1 135160 15| 7,2 4,5 9,0 FL A A
2 128 |62 |16 | 69 5,0 9,5 OL B B
3 136 [ 61 | 1,7 | 81 53 11,0 FL C C
4 126 | 59 |18 | 7,7 5,5 12,0 OL D D
5 13557 15| 6,6 4,0 9,0 FL E E
6 128 | 6,0 | 16 | 6,7 3,5 8,5 OL A A
7 136 | 6,2 | 1,7 | 7,0 4,0 9,1 FL B B
8 126 | 6,1 18| 7,1 3,0 8,3 OL C C
9 1355915 | 80 3,5 6,5 FL D D
10 | 135 | 57 | 15| 7,2 6,0 9,0 OL E E
11 | 128 | 60 | 1,6 | 6,9 6,5 10,0 FL A A
12 | 136 | 6,2 | 1,7 | 8,1 7,0 10,5 OL B B
13 | 126 | 6,1 | 1,8 | 7,7 8,0 13,0 OL C C
14 | 135 |59 | 15| 6,6 4,0 7,0 OL D D
15 | 128 | 5,7 | 1,6 | 6,7 4,5 8,0 FL E E
16 | 136 | 6,0 | 1,7 | 7,0 7,0 11,0 OL A A
17 | 126 | 6,2 | 18 | 7,1 7,5 11,2 FL B B
18 | 135|161 |15 | 80 6,2 10,0 FL C C
19 | 128 | 59 | 16 | 7,2 6,0 9,5 OL D D
20 | 136 | 57 | 1,7 | 69 5,5 8,0 FL E E
21 | 126 | 6,0 | 1,8 | 8,1 6,0 8,5 FL A A
22 | 135162 |15 | 7,7 6,3 10,0 OL B B
23 | 128 |61 | 16 | 6,6 6,5 9,0 FL C C
24 | 136 | 59 | 1,7 | 6,7 7,0 10,0 OL D D
25 | 126 | 57118 | 7,0 6,0 9,5 FL E E
26 | 135160 15| 7,1 8,0 11,0 OL A A
27 | 128 | 57 | 16 | 6,7 4,5 8,0 FL B B
28 | 136 | 6,0 | 1,7 | 7,0 7,0 11,0 OL C C
29 126 | 6,2 |18 | 7,1 7,5 11,2 FL D D
30 | 135 (6,1 | 15| 80 6,2 10,0 FL E E
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Table 6.3 — Tasks variants

Ne L I a Hyqg Normative Type of Scheme of

m m m m load connection strengthening

V, kN/m?
before after column beam

1 2 3 4 5 6 7 8 9 10
1 120 | 60 | 15| 7,2 3,5 9,0 FL A A
2 112 | 6,2 | 16 | 69 4,0 9,5 OL B B
3 119 {61 | 1,7 | 81 4,3 11,0 FL C C
4 108 | 59 | 18 | 7,7 4,5 12,0 OL D D
5 120 | 57 | 15| 6,6 3,0 9,0 FL E E
6 112 | 6,0 | 16 | 6,7 3,5 10,5 OL A A
7 119 | 6,2 | 1,7 | 7,0 4,0 11,1 FL B B
8 108 | 6,1 18| 7,1 3,0 10,3 OL C C
9 120 | 59 15| 8,0 3,5 9,5 FL D D
10 | 120 | 57 | 15| 7,2 4,0 9,0 OL E E
11 | 112 | 60| 16 | 6,9 4,5 10,0 FL A A
12 1 119 16,2 | 1,7 | 8,1 50 10,5 OL B B
13 | 108 | 6,1 | 1,8 | 7,7 6,0 13,0 FL C C
14 | 120 | 59 | 15| 6,6 4,0 8,8 OL D D
15 | 11,2 | 57 | 1,6 | 6,7 45 9,7 FL E E
16 | 119 | 6,0 | 1,7 | 7,0 5,0 11,0 OL A A
17 | 108 | 6,2 | 18 | 7,1 55 11,2 FL B B
18 | 120 | 6,1 | 15| 8,0 6,2 10,0 FL C C
19 | 112 | 59 | 16 | 7,2 6,0 9,5 OL D D
20 | 119 | 57 | 1,7 | 69 5,5 8,0 FL E E
21 |1 108 | 6,0 | 1,8 | 8,1 4,0 8,5 FL A A
22 | 120 (62 | 15| 7,7 4,3 10,0 OL B B
23 1112 161 |16 | 6,6 4,5 9,0 FL C C
24 | 119 | 59 | 1,7 | 6,7 5,0 10,0 OL D D
25 1108 | 57118 | 7,0 4,0 9,5 FL E E
26 | 120 |60 | 15| 7,1 6,0 11,0 OL A A
27 1119 160 | 1,7 7,0 5,0 11,0 OL B B
28 |1 108 (62| 18 | 7,1 5,5 11,2 FL C C
29 | 120 16,1 | 15| 80 4,2 10,0 FL D D
30 | 112 | 59| 16 | 7,2 4,0 9,5 OL E E
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Table 6.4 — Tasks variants

Ne L I a Hyqg Normative Type of Scheme of

m m m m load connection strengthening

V, kN/m?
before after column beam

1 2 3 4 5 6 7 8 9 10
1 120 | 60 | 15| 7,2 4,5 9,0 FL A A
2 112 | 6,2 | 16 | 69 5,0 9,5 OL B B
3 119 {61 | 1,7 | 81 53 11,0 FL C C
4 108 | 59 | 18 | 7,7 5,5 12,0 OL D D
5 120 | 57 | 15| 6,6 4,0 9,0 FL E E
6 112 | 6,0 | 16 | 6,7 3,5 8,5 OL A A
7 119 | 6,2 | 1,7 | 7,0 4,0 9,1 FL B B
8 108 | 6,1 18| 7,1 3,0 9,3 OL C C
9 120 | 59 15| 8,0 3,5 7,5 FL D D
10 | 120 | 57 | 15| 7,2 6,0 9,8 OL E E
11 | 112 1 64 | 16 | 6,9 6,5 10,9 FL A A
12 1119 168 | 1,7 | 8,1 7,0 12,5 OL B B
13 | 108 | 6,6 | 1,8 | 7,7 8,0 13,6 FL C C
14 | 120 | 59 | 15| 6,6 4,0 8,9 OL D D
15 | 11,2 | 57 | 1,6 | 6,7 45 10,0 FL E E
16 | 119 | 70 | 1,7 | 7,0 7,0 13,6 OL A A
17 | 108 | 72 |18 | 7,1 7,5 12,9 FL B B
18 | 120 | 71 | 15| 8,0 6,2 12,0 FL C C
19 | 112 | 69 | 16 | 7,2 6,0 11,5 OL D D
20 | 119 |59 |17 69 5,5 9,8 FL E E
21 | 108 | 6,7 | 1,8 | 8,1 6,0 11,5 FL A A
22 | 120 {64 | 15| 7,7 6,3 12,0 OL B B
23 | 11,2 |1 6,7 |16 | 6,6 6,5 11,0 FL C C
24 1119 1 69 | 1,7 | 6,7 7,0 13,0 OL D D
25 1108 | 6,718 | 7,0 6,0 11,8 FL E E
26 | 120 |60 | 15| 7,1 8,0 11,0 OL A A
27 | 119 | 57 17| 69 9,9 8,0 FL B B
28 | 108 | 6,0 | 1,8 | 8,1 6,0 8,5 FL C C
29 | 120 (6,2 | 15| 7,7 6,3 10,0 OL D D
30 | 112 | 6,1 | 16 | 6,6 6,5 9,0 FL E E
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CONDITIONAL DESIGNATIONS FOR TABLES 6.1-6.4

L — column bay in longitudinal direction, m.

| — column bay in transverse direction, m.

a — bay of beam decks, m.

Hyq — height of top chord of the deck beam, m.

Type of beam connection: OL — in one level; FL — floored.

A B C

A B C
O L
NOR —r -
D E
— —

Figure 6.2 — Beams strengthening schemes
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Table 6.5 — Variants of tasks

Part Ne2 Strengthening of reinforced concrete structures

Ne L1 L2 Ny Hx Normative Type of | Element and
m m m load building method of
V, KN/m? strengthening
before after
1 2 3 4 5 6 7 8 9
1 59 7,0 8 3,2 4,0 9,0 C C-S
2 7,0 6,0 6 3,1 4,5 8,5 C C-S
3 7,5 6,2 5 3,4 7,0 13,0 I C-S
4 6,2 7,5 6 3,6 6,5 11,5 I C-S
5 6,5 6,5 7 4,0 8,0 17,0 I C-S
6 7,1 6,7 5 3,5 7,5 15,0 I C-S
7 6,5 55 6 3,7 6,0 13,0 I C-H
8 5,1 6,2 5 3,4 5,7 12,0 I C-H
9 6,4 6,4 6 3,7 6,0 15,0 I C-H
10 58 6,0 4 3,2 4,0 9,0 C C-H
11 7,0 5,8 5 3,6 4,5 10,0 C C-H
12 6,3 6,3 7 3,4 51 9,0 C C-H
13 6,3 6,3 4 3,2 49 7,5 C C-HT
14 7,2 6,2 7 3,3 6,4 9,2 I C-HT
15 5,5 7,0 6 41 5,5 9,1 I C-HT
16 59 6,3 6 4,0 4,5 8,3 C C-HT
17 58 58 7 3,5 4,0 7,0 C C-HT
18 6,5 6,2 5 3,4 51 8,5 C C-HT
19 6,1 6,5 6 3,4 3,5 8,0 C C-ST
20 6,0 6,3 4 3,8 4,0 7,0 C C-ST
21 6,4 59 7 3,0 3,0 5,6 C C-ST
22 6,3 6,8 8 3,1 3,0 6,0 C C-ST
23 7,0 6,1 5 3,6 3,5 6,1 C C-ST
24 6,5 6,5 7 4,0 7,5 11,0 I C-ST
25 6,0 6,7 6 3,2 6,0 8,0 I C-HT
26 7,6 6,1 6 3,4 6,5 9,0 I C-HT
27 7,2 6,2 7 3,3 6,4 9,2 I C-S
28 9,5 7,0 6 41 9,5 91 I C-S
29 5,9 6,3 6 4,0 4,5 8,3 C C-H
30 58 58 7 3,5 4,0 7,0 C C-H
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Table 6.6 — Variants of tasks

Ne L1 L. N Hq Normative Type of | Element and
m m m load building method of
V, kN/m? strengthening
before after
1 2 3 4 5 6 7 8 9
1 5,9 7,0 8 3,2 4,0 9,0 C C-S
2 7,0 6,0 6 3,1 4,5 8,5 C C-S
3 7,5 6,2 5 3,4 7,0 13,0 I C-S
4 6,2 7,5 6 3,6 6,5 11,5 I C-S
5 6,5 6,5 7 4,0 8,0 17,0 I C-S
6 7,1 6,7 5 3,5 7,5 15,0 I C-S
7 6,5 5,5 6 3,7 6,0 13,0 I C-H
8 5,1 6,2 5 3,4 5,7 12,0 I C-H
9 6,4 6,4 6 3,7 6,0 15,0 I C-H
10 58 6,0 4 3,2 4,0 9,0 C C-H
11 7,0 58 5 3,6 4,5 10,0 C C-H
12 6,3 6,3 7 3,4 5,1 9,0 C C-H
13 6,3 6,3 4 3,2 49 7,5 C C-HT
14 7,2 6,2 7 3,3 6,4 9,2 I C-HT
15 55 7,0 6 4,1 55 9,1 I C-HT
16 59 6,3 6 4,0 4,5 8,3 C C-HT
17 5,8 5,8 7 3,5 4,0 7,0 C C-HT
18 6,5 6,2 5 3,4 51 8,5 C C-HT
19 6,1 6,5 6 3,4 3,5 8,0 C C-ST
20 6,0 6,3 4 3,8 4,0 7,0 C C-ST
21 6,4 59 7 3,0 3,0 5,6 C C-ST
22 6,3 6,8 8 3,1 3,0 6,0 C C-ST
23 7,0 6,1 5 3,6 3,5 6,1 C C-ST
24 6,5 6,5 7 4,0 7,5 11,0 I C-ST
25 6,0 6,7 6 3,2 6,0 8,0 I C-S
26 7,6 6,1 6 3,4 6,5 9,0 I C-HT
27 6,3 6,3 7 3,4 5,1 9,0 C C-H
28 6,3 6,3 4 3,2 49 7,5 C C-HT
29 7,2 6,2 7 3,3 6,4 9,2 I C-HT
30 9,5 7,0 6 41 9,5 9,1 I C-HT
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Table 6.7 — VVariants of tasks

Ne L1 L. N Hq Normative Type of | Element and
m m m load building method of
V, kN/m? strengthening
before after
1 2 3 4 5 6 7 8 9
1 5,9 7,0 8 3,2 4,0 9,0 C C-S
2 7,0 6,0 6 3,1 4,5 8,5 C C-S
3 7,5 6,2 5 3,4 7,0 13,0 I C-S
4 6,2 7,5 6 3,6 6,5 11,5 I C-S
5 6,5 6,5 7 4,0 8,0 17,0 I C-S
6 7,1 6,7 5 3,5 7,5 15,0 I C-S
7 6,5 5,5 6 3,7 6,0 13,0 I C-H
8 5,1 6,2 5 3,4 5,7 12,0 I C-H
9 6,4 6,4 6 3,7 6,0 15,0 I C-H
10 58 6,0 4 3,2 4,0 9,0 C C-H
11 7,0 58 5 3,6 4,5 10,0 C C-H
12 6,3 6,3 7 3,4 5,1 9,0 C C-H
13 6,3 6,3 4 3,2 49 7,5 C C-HT
14 7,2 6,2 7 3,3 6,4 9,2 I C-HT
15 55 7,0 6 4,1 55 9,1 I C-HT
16 59 6,3 6 4,0 4,5 8,3 C C-HT
17 5,8 5,8 7 3,5 4,0 7,0 C C-HT
18 6,5 6,2 5 3,4 51 8,5 C C-HT
19 6,1 6,5 6 3,4 3,5 8,0 C C-ST
20 6,0 6,3 4 3,8 4,0 7,0 C C-ST
21 6,4 59 7 3,0 3,0 5,6 C C-ST
22 6,3 6,8 8 3,1 3,0 6,0 C C-ST
23 7,0 6,1 5 3,6 3,5 6,1 C C-ST
24 6,5 6,5 7 4,0 7,5 11,0 I C-ST
25 6,0 6,7 6 3,2 6,0 8,0 I C-H
26 7,6 6,1 6 3,4 6,5 9,0 I C-S
27 58 58 7 3,5 4,0 7,0 C C-HT
28 6,5 6,2 5 3,4 5,1 8,5 C C-HT
29 6,1 6,5 6 3,4 3,5 8,0 C C-H
30 6,0 6,3 4 3,8 4,0 7,0 C C-S
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Table 6.8 — Variants of tasks

Ne L1 L. N Hq Normative Type of | Element and
m m m load building method of
V, kN/m? strengthening
before after
1 2 3 4 5 6 7 8 9
1 5,9 7,0 8 3,2 4,0 9,0 C C-S
2 7,0 6,0 6 3,1 4,5 8,5 C C-S
3 7,5 6,2 5 3,4 7,0 13,0 I C-S
4 6,2 7,5 6 3,6 6,5 11,5 I C-S
5 6,5 6,5 7 4,0 8,0 17,0 I C-S
6 7,1 6,7 5 3,5 7,5 15,0 I C-S
7 6,5 5,5 6 3,7 6,0 13,0 I C-H
8 5,1 6,2 5 3,4 5,7 12,0 I C-H
9 6,4 6,4 6 3,7 6,0 15,0 I C-H
10 58 6,0 4 3,2 4,0 9,0 C C-H
11 7,0 58 5 3,6 4,5 10,0 C C-H
12 6,3 6,3 7 3,4 5,1 9,0 C C-H
13 6,3 6,3 4 3,2 49 7,5 C C-HT
14 7,2 6,2 7 3,3 6,4 9,2 I C-HT
15 55 7,0 6 4,1 55 9,1 I C-HT
16 59 6,3 6 4,0 4,5 8,3 C C-HT
17 5,8 5,8 7 3,5 4,0 7,0 C C-HT
18 6,5 6,2 5 3,4 51 8,5 C C-HT
19 6,1 6,5 6 3,4 3,5 8,0 C C-ST
20 6,0 6,3 4 3,8 4,0 7,0 C C-ST
21 6,4 59 7 3,0 3,0 5,6 C C-ST
22 6,3 6,8 8 3,1 3,0 6,0 C C-ST
23 7,0 6,1 5 3,6 3,5 6,1 C C-ST
24 6,5 6,5 7 4,0 7,5 11,0 I C-ST
25 6,0 6,7 6 3,2 6,0 8,0 I C-HT
26 7,6 6,1 6 3,4 6,5 9,0 I C-HT
27 7,2 6,2 7 3,3 6,4 9,2 I C-H
28 9,5 7,0 6 41 9,5 91 I C-S
29 59 6,3 6 4,0 4,5 8,3 C C-H
30 58 58 7 3,5 4,0 7,0 C C-S
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CONDITIONAL DESIGNATIONS FOR TABLES 6.5-6.8

L, — longitudinal span of building, m.

L, —transverse span of building, m.

ny — number of floors of the building.

Hpy — height of the floor, m.

I, C — type of building by purpose ( industrial or civil).

Element, requiring reinforcement, and method of strengthening: (C-S) —
column with prestressed struts; (C-H) — column strengthened with reinforced
concrete hoop; (C-HT) — crossbar strengthened with horizontal tie; (C-ST) — crossbar

strengthened with a sprengel tie; (FS) — floor slab with increased cross-section.
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