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INTRODUCTION

The subject of this qualification work is «Steel frame mill building for ceramic
blocks production in Zhytomyr». The construction of this industrial building has a
number of advantages, one of which is the durability and energy efficiency of
ceramic blocks. Paying attention to sustainable development [1], it becomes
expedient to use this building material due to its environmental friendliness and
energy-saving properties.

However, one of the main reasons for the relevance of this topic is the current
situation in our country. Due to the war, a huge number of residential, industrial and
public buildings were destroyed, so the construction of an industrial building for the
production of ceramic blocks in the city of Zhytomyr will have a huge potential in the
post-war reconstruction effort, as well as in the recovery and strengthening of the
economy of the region and Ukraine in general.

As mentioned before, ceramic blocks are widely used in construction due to
their thermal insulation and durability. With the establishment of local production,
the availability of ceramic blocks will increase, which will facilitate the
reconstruction of housing and contribute to the creation of safer and energy-efficient
buildings.

The war undoubtedly affected the economy of Zhytomyr and the surrounding
areas. The creation of an industrial building for the production of ceramic blocks can
contribute to economic revitalization by creating jobs, generating income for local
businesses and attracting investment. The construction process itself will require
labor and materials, which will give a boost to the local economy.

Apart from the local market, demand for ceramic blocks extends to regional
and international markets. The creation of a production enterprise in Zhytomyr can
position the city as a regional center for the production of ceramic blocks and
potentially exploit export opportunities. This can bring in foreign currency and

accelerate the overall economic growth of the region.
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ANALYTICAL REVIEW



1.1. Analytical review

Production buildings are designed to accommodate a certain technological
production process, which should be taken into account while executing design
works.

Industrial buildings are characterized by a variety of structural schemes,
storeys, used materials, crane equipment, and fire resistance. About 90% of the total
number of industrial buildings are frame buildings, almost half of which are made
using steel structures [2-3]. The floor space of buildings is determined by the
direction of the technological process, and single-story buildings have become the
most common in construction practice. Technological equipment is placed at the zero
mark and the load from it is not transferred to the load-bearing structures, simplifying
the structural form and lightening the load-bearing structures.

In one-story buildings, conditions are created for uniform lighting of the
interior spaces, installation is simplified, and the possibility of changing production
technology is ensured. However, single-story construction also causes a number of
inconveniences associated with a large building area and a long length of engineering
communications. The frame of the industrial building is a single spatial system of
structures that perceives the influences acting on it and transfers the resulting forces
to the foundations. When planning, the main supporting structures (flat transverse
frames formed by columns and crossbars) and enclosing structures (roofs, walls) are
distinguished.
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Fig. 1.1. Structural scheme of the frame of a two-span industrial building: 1 -
columns; 2 - roof farms; 3 - crane beams; 4 - monitors; 5 - braces along the columns.



1.1.  Significance of the spatial work of the metal frame

The building shell's structure is usually broken down into longitudinal and flat
frames. The method of calculating the building shell's transverse frames is based on
the vertical loads that are applied to the girder [4-5]. This method can be performed
accurately if the wind forces and the horizontal loads are the same. Another method
of calculating the same frames is by taking into account the load that the crane is
carrying for a few frames [6].

The displacement of the building shell's frame from the crane's load 4, is less
than that of the flat frame 4. The relationship between the two 44, /4 is referred to as
the spatial work ag,.

When calculating a building in spatial form, it is necessary to consider:

- steel frame, considered as a continuous beam system;

- Spatial calculations for rigid roofs with steel frames (precast concrete slabs,
steel profile decks, corrugated iron sheets, etc.) as longitudinal members;

- The construction scheme of the transverse frame, assumed to be a planar
frame, absorbs the horizontal resistance in the longitudinal plane of the disc due to
the space trusses, in addition to the external loads directly imposed on it.

The inclusion of spatial frames in calculations for individual planar frames is
limited to determining the elastic resistance of the longitudinal struts, which is
considered as an external load on the strut horizontal frame.

With the help of the Lira SAPR computer program, the frame with the crane
can be calculated precisely. The designed scheme is conceived as a spatial beam
system.

The calculation compares single-frame and triple-frame buildings with the
same applied loads. The results show that the higher the frequency of frame static
undefined, the better the distribution between load-bearing elements.

Therefore, in some cases, it is possible to increase the crane load on the frame

without strengthening the frame due to space constraints. By including a spatial
9



framework, the use of steel and other materials can often be reduced. The feasibility
of such calculations is determined on a case-by-case basis - size of building, design
concept, nature of external loads, etc. - among other factors.

Incorporation of spatial framework

It is recommended to consider the spatial frame determined in each case
according to the following considerations: Dimensional structure, design scheme,
type, magnitude and loads application method, e.g.. The longitudinal structure
complies with additional requirements (stiffness, etc.) affecting the operation of
transverse loads. When building a crane it makes sense to include a spatial
framework.

The functions of the vertical loads, which provide the framework, can perform
the bracing steel trusses, the playing field, as well as the building sheath, made of
other materials.

These discs include, for example, prefabricated roofs and floors or monolithic
concrete slabs, profiled steel sheets, corrugated sheets, etc. These discs shall be
considered as internal parts in the case of non-rigid roofs, e.g. roofs made of
corrugated asbestos panels, taking into account only the longitudinal interface
coating.

Commonly used in industrial buildings, it has a number of vertically
adjustable discs to suit their commercial requirements.

In each case, it is necessary to establish which loads should be taken into
account when calculating the scheme. In single-story industrial buildings with
coatings arranged on one level, there is usually only one vertical load located at the
level of the roof. In single-story buildings with coatings, located at different levels, it
is possible to count the loads located at each level of the coating.

The calculation scheme in the spatial frame is implemented differently
depending on the stiffness of the vertical loads, the quantity included in the
calculation of the vertical loads and the position of the columns along (same or

different steps on different rows and columns).
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The following points should be considered when calculating the spatial
position of a one-story industrial building using longitudinal load:

1) steel frame as a system of continuous beams, longitudinal elastic discs on
the landing columns, the role of continuous beams is played by longitudinal
structures, elastic landing supports - transverse frames;

2) for the calculation of the rigid roof with the spatial metal framework
(precast concrete slabs, steel profiled decks, corrugated steel, etc.) taken into account
as a vertical member. In some cases it is advisable to consider the presence of other
longitudinal elements such as brake structures, especially if it's affect the horizontal
plane;

3) the calculation scheme of the transverse frame is considered as a flat frame,
in addition to the fact that external loads directly act on it, resistance forces and
transverse forces in the longitudinal plane of the disk arise due to the spatial frame.

The spatial structure of all industrial roofs is divided into rigid and non-rigid.
In the first case, the longitudinal load is controlled by the transverse connection of the
lower bars of the truss, and in the second - the upper sections. The result of the use of
space is found in the solidity of the roof and the exterior frame.

The redistribution of crane loads is added to the brake production process. This
calculation method preserves the external stiffness, the connection of the frame and
the lower column of the truss, and the design of the long disc of the second brake.
When determining the height of the frame, it is possible to determine the longitudinal
forces acting on the column, which in some cases are not distributed from the frame
and transmitted to the floor [9-10]. If necessary, moments and shifts in the column
can be determined. Allows frames to be treated as independent block elements if they

are identical and have the same load. But only for certain points of block length.
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By placing the sample at the same level as the previous chord frame, the load
on the frame and adjacent frames can be reduced. The columnar variation of the
adjacent framing area will be a common feature of the concrete slab roof ridge.
Wherein, the plates have a solid and sturdy structure that connects to the corners.

Such a structure is called a spatial elements frame.

Fig.1.2. Circuits of the second end of the roof girder, comprising a working

unit (a) and a single unit (b)

The most effective approach for spatial inclusion is the use of single span
frames. In the case of multi-span frames, the influence of loads on the disk
displacement is significantly less.

To improve the performance of the multi-span frames, it is possible to obtain
the load of the crane operating only on some frames. As an option, other frames can
be used, including vertical structures such as roof panels, supports for the lower rafter

bars, brake structures, etc.
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The maximum top displacement 4,, of the loaded column is less than one of

the single frames. By taking into account the work and the spatial effort determining

the crane's load in the formula mentioned below, 4; has replaced 4,,; where 4,, =

ay-4; is linearly related, preventing displacement.

P M, .« M, M{I T

D max D]J'J.II] -

F e e e

a) b)

Fig.1.3. Rating scheme of the vertical crane load on frame (a) and horizontal
crane load on frame (b)

The structure of the longitudinal frame (roofing, longitudinal connection to the
lower chord, brake design, etc.) distributes the load across all frames, thereby
reducing lateral displacement of columns and bending moments in the most loaded
frame . The spatial factor «,, = 4,,/4, is taken into account in relation with the
work of the spatial frame when it is necessary to calculating the impact on the flat
frame crane,

We can calculate the value of «,, using the following formula:

apr =1 —a — a'(ny /2y — 1) (1.1)

In which a , o' are coefficients that are depending on the parameter , Table
1.1; n, — the number of wheels on one thread tap crane girders; X y — is the ordinary

amount of influence lines considered in frame.

13



Table 1.1.

B 0 0,01 |002 |003 |004 [005 |01 0,15 |0,2 0,5

o o8 0,77 |0,/3 |071 069 |06/ 062 |058 |05 |0,46

o -014 [-02 |-0,22 |-0,24 |-0,25 |-0,25 |-0,26 |-0,26 |-0,26 | -0,26

p= () a2 (12)

Hp Iy

From this formula, parameter B is characterizes the ratio between the frame’s
transverse stiffness and the and cover:

B - transverse frames step; H, — girder height; d - speed reduction coefficient
column to column of constant cross section, equivalent to a shift , d = k, /12
(coefficient k, from the Table 1.2); ) I,- sum of the column’s bottom moments of
inertia; I, = I, + 1., Where I, is a moments of inertia of the longitudinal
connections on the bottom chord and horizontal elements of the roof; I, is the

equivalent moment of inertia of the roof [11].

Table 1.2.

H./H Value of k, depending on I,/1, ratio

0,1 0,15 0,2 1,0
0,2 5,203 5,82 6,315 12
0,25 5,195 5,8 6,315
0,3 5,182 5,77 6,283
0,35 5,11 5,73 6,263
0,4 4,956 5,67 6,248

The ratio ), I, /I, can be taken in the following ranges for the coatings: large-
size reinforced concrete slabs 1/40...1/100; small size reinforced concrete slabs on
purlins 1/10...1/25; flat steel plate on purlins (steel panel)1/5...1/10; with profiled
sheet on purlins (corrugated panels)1/2...1/6. Smaller values ), I, /I, should be taken
into buildings without lights spans up to 36 m with light-duty cranes.

The design scheme is accepted in the form of a three-dimensional bar system
consisting of 5-7 planar transverse frames connected to the level of girder and crane

structures of longitudinal elements of finite stiffness.
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When calculating the effect of the bioactivity of the plane transverse frame on
other transverse frames associated with the considered frame longitudinal members,
consideration of the calculation scheme aids the inclusion of elastically compliant
Figure B. their resistance value at the points adjacent to the column is almost
negligible and does not affect the magnitude and distribution of force in the column,
so it cannot be ignored.

In this case, the spatial framework can be calculated by defining a reaction Xg at
the level of the roof girder ( the calculation method of forces) or the top of the frame

shift in the system of spatial units 4, (calculated by displacement).

g
¥

L et

Q=30750

50
7900

Fig. 1.4. Scheme to the frame spatial integration
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CHAPTER 2
ARCHITECTURAL PART
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2.1. Object passport

According to the task, a one-story industrial building for the production of
ceramic blocks was designed.

Site of construction - Zhytomyr region, Zhytomyr city;

According to JICTY-H b B.1.1-27:2010 [12], Zhytomyr region. belongs to the
climate zone - I;

According to the normative wind load, the territory belongs to 3d district with
high-speed wind pressure - 460 Pa (46 kg/m?);

According to JIBH B.1.2-2:2006 [6], the territory belongs to the 5th district
with a normative load in terms of snow cover - 1460 Pa (146 kg/m?);

The average air temperature for the year - plus 7.2 °C;

The absolute minimum temperature - minus 29 °C;

Absolute maximum temperature - plus 27 °C;

The temperature of the coldest five-day day - minus 24 °C;

The base of the foundations of the building is a hard sandy loam. The soil
under the bottom side of the foundations has the following design characteristics:

- average density p = 1,57 t/ m3;

- deformation modulus E = 12.0 mPa;

- specific adhesion with = 19 kPa;

- angle of internal friction ¢ = 26°;

- stiffness coefficiente =0, 5;

- humidity W = 0,04;

Groundwater was found at a depth of 7.0 m from the soil surface; seasonal
fluctuations of the groundwater level are in the range of 0.5... 1.0 m. Depth of soil
freezing [12] - 1.0 m.

2.2.  Volume-planning decision

During the execution on the qualification work, a one-story industrial building
with one perpendicular span and two parallel spans and two-storeyed administrative-
common building was designed. The perpendicular span is 36 meters long in the axes
“A-K”, “1-7”, height — 23.55 m, column spacing b = 6.0m and is equipped by
overhead traveling crane Q = 50/10t; Two parallel spans is 24 m long in the axis
“A-E”, “8-19” and “E-K”, “8-19”, have height 19.4 m, column spacing of outer row

17



columns b = 6.0m, inner row — b = 12.0m and are equipped by overhead traveling
cranes Q = 30/5t.

Due to the difference in the height of the spans between axes "7-8", a
settlement joint with insert 600mm was designed.

Crane landing for access to the crane cabin of the overhead traveling crane was
designed on the second column along axis “E”.

Technical-economical parameters:

1. Area of the building: 4632.9 m?

2. Volume of the building: 99144.1 m3

A two-storeyed administrative-common building is placed in the axis "9 - 18",
"L - N", and adjoins the main industrial building of the enterprise at axis L. The
building is of the frame system with the transverse location of the girders. Columns
are installed according to the coordination size of the grid 6.0 x 6.0 m, in places
where the staircases are located, a grid of columns 6.0 x 3.0 m was used. The
dimensions of the building in plan are 48.84 x 12.6 m. Two constructive steps of 6.0
m wide were taken along the width of the building, and 8 constructive steps of 6.0 m
wide were taken along its entire length; in the places of staircases location additional
columns with a step of 3.0 m have been installed. The height of the floors is 3.3 m.
The total height of the building down from the soil surface and up to the top of the
parapet is 6.5 m.

In the administrative-common building there are next rooms:

- Sanitary-common rooms - wardrobes, showers, washrooms, toilets;

Group of industrial process — 1b; 100/50 (men - 60%)

The rating number of workers per 1 shower box — 15

Rating number of workers per 1 washbasin — 10

The number of shower boxes and washbasins depends on more numerical duty
and the group of the industrial process. (The opened shower boxes have dimension in
plan 0,9x0,9 m and the area of cloakroom is equal to 0,7m? per 1 shower box) Thus,

the number of showers and washbasins equal:
18



Showers: 40/15 = 3 (for women); 60/15 = 4 (for men);

Cloakroom area for women: 3-(0.81+0.7) = 4,53 m?

Washbasins: 40/10 = 4 (for women); 60/10 = 6 (for men)

Cloakroom area for men: 4-(0.81+0.7) = 6,04 m’

The number of wardrobe boxes is determined according General number of
workers.

150-60% = 60 (for women)

150-40% = 90 (for men)

The number of toilets depends on more numerical duties and Group of
industrial processes. In industrial buildings 1 toilet per 18 men or 12 women. (1
washbasin per 4 toilets + hand dryer)

60/18 = 3.33 =4 (for men)

40/12 = 3.33 = 4 (for women)

The room of women hygiene has dimensions in plan: 2.2x1.8 m.

The resting room area is 0,9 m? per 1 person of more numerical duty, but not
less than 4,0 m?: 60*0.9 = 54 m? (for men); 40*0.9 = 36 m? (for women).

- Laboratories;

Laboratory area: = 26,07m?

- Dining room;

The lunchroom is designed on the first floor and depends on more numerical
duties: from 13 to 200 workers. ( 1 seat per 4 workers, 1 washbasin per 15 seats)

100/4 =25 (seats) — 25/15 = 1.67 = 2 (washbasins)

Lunchroom consists of hall-room, storeroom and room for washing dishes.

Number of seats: 25 —

Hall-room are: =~ 44 m?:

Storeroom area: ~ 11 m?;

Room for washing dishes area: = 6 m?;

Total: =~ 61 m?

- Medical room;
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[14].

The medical room is designed with an area 12 m?
-50...150 and 18 m?

- 151...300 persons

(according General number of workers.)
Medical room area: = 12m? (= 16,21 m?)

- Meeting room;

Meeting hall area: 24 m?

- 50...100 persons; 36 m?

- 101...200 persons in terms of more numerical duty.
Meeting hall area: = 28,63 m?

- Auxiliary technical;

Charwoman room area: = 4 m?

- Warehouses and pantries.

Archive room area: = 20,70 m?

Inventory room area: = 16,21 m’

- Office administrative;

Public union room area: = 20,25m?

Chief accounting officer room area: = 35,91 m?
Chief technologist room area: = 35,91 m?
Construction department area: = 53,90 m?
Chief engineer’s room area: = 35,91 m’
Technical department room area: =35,91 m?
Reception room area: 28,60 m’

Dispatcher’s room area: = 20,25 m’

In general, the spatial planning decision of the building meets the requirements
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CHAPTER 3
STRUCTURAL PART
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3.1. Characteristics of the industrial building

The industrial building of the frame structural system with spans of load-
bearing structures of the - 24,0 m and 36,0 m; the height to the bottom flange of the
roof trusses — 12,0 m and 17.4 m. Axial dimensions of the building in plan are
96.6x48,0 m.

The frame of the building is made of prefabricated reinforced concrete and
metal structures - columns, load-bearing elements and connections; connection of
columns with girders - hinged, made with bolts and electric welding with clamping of
columns in the foundations.

The spatial planning decision of the building is hall-like.

1. Foundations

Monolithic reinforced concrete isolated foundation with socket-type pedestal
with prefabricated reinforced trapezoidal foundation beams - 300 mm wide, which
are located at position -0,480, the foundation is made of concrete class C16/20, with a
dimensions of the sole 2.7x2.2 m, the depth of laying is 2.25 m; 1.5x1.5 m, the depth
of laying is 1.65 m; 3.3x2.4 m, the depth of laying is 2.25 m.

In axis “1” and “7”” — Monolithic reinforced concrete isolated foundation with
solid-type pedestal with prefabricated reinforced trapezoidal foundation beams - 300
mm wide, which are located at position -0,480, the foundation is made of concrete
class C16/20, with a dimensions of the sole 3.0x2.7 m, the depth of laying is 2.25 m

2. Columns

Reinforced concrete with a cross-section 1000x500 and 1400x500 mm that are
designed for production buildings with crane, made of concrete class C20/25;
columns are rigidly clamped in the socket-type pedestal of the isolated foundations;
the step of the load-bearing columns along the axes "1", "7", "A", "K" - 6 m. , along
the axis "E" - 12 m. Framework columns - reinforced concrete with a cross section of
300 x 300 mm.

Metal columns:

Above-crane part of the column — I-beam with a complicated cross-section,

flanges — 240x10 mm, web — 460x8 mm.
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The under-crane part of the column consists of two pieces that are combined
with a lattice. For columns pieces use section steel I-beam type 60B2 in accord with
JCTY 8768:2018 [15]. Lattice is designed from one equal leg angle L 100x10 in
accord with JICTY 2251:2018 [16].

3. Load-bearing elements of the roof

Prefabricated reinforced concrete rafter trusses with a span of 24,0 m are
assembled on the axes "8 - 19" , they are made of concrete class C20/25; on the axis
"E" they are lean on the secondary roof trusses (span - 12 m); each truss consists of
two prefabricated parts which are connected on a construction site and the connection
joints of these two parts are reinforced in-situ.

Metal roof trusses with a span of 36,0 m are assembled on the axes "A - K" (
the last one in perpendicular span). Height is 3.15 m with grade of steel C255.

4. Roof slabs

Some amount of covering structures are consist of prefabricated reinforced
concrete ribbed slabs with dimensions in plan - 3.0x6.0 m (C20/25). On the roof of
the industrial building lite-saturating trapezoidal monitors are arranged; Thermal
insulation layer of the coating - mineral felt with a density p = 150 kg / m3.

5. External walls

The external wall structures are made of single-layer hinged panels made of
expanded clay concrete (C8/10), 240 mm thick. All panel joints are flat and they are
sealed with cement-sand mortar M25.

6. Roofing

On top of the ribbed roof slabs a layer of steem and thermal insulation is
located. The cement-sand screed is overlapped with 3 layers of bituminous felt with
bituminous mastic that is laid under a high temperature. Drainage of precipitation
from the roof is carried out through a system of internal pipes through water intake

funnels.
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7. FEloor structure

Floor structure is consist of two concrete screed layers: the first one is 100
mm thick (C10/15), the second one is — 50 mm (C8/10). A 5 mm polymer covering is
placed on the top of this layers.

8. Windows

All windows located below the +9.000 level are made of steel with double
and/or single glazing; in premises on the level + 9,000 and above windows
characterisricks are changed (aluminum double-glazed windows).

9. Doors

Aluminum or steel with glazing.

10.Gates

Steel, swing-like, of frame type.

3.2. Determination the cross-section parameters of one-storeyed industrial

building

First of all, for the further calculations of a traverse frame of one-storeyed

industrial building we need to change the structural scheme to the rating scheme.

The general dimensions of a plant namely its span L, height to the elevation of
the crane rails top Hi as well as the total height of the plant H (to the bottom chord of
the roof truss) are depending on the size of the equipment to be accommodated and

the nature of the production process to be followed in the plant.

In accordance with the general rules for standardization in buildings will
traveling cranes the height should be multiple 0.6m up to the 8.4m and 1.2 if the
height is more than 8.4m.

The magnitude of the clearance for the crane above the top of the rails H_, is
taken according to standard for overhead traveling crane [18]. This standard put up 8

groups of working crane’s condition:
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1K-3K — light working condition;
4K-6K — medium working condition;

7K-8K — heavy working condition.

3.2.1. Determination vertical dimensions of one-storeyed industrial building

Initial data:

L =36m,; H.. = 3150 mm,;
H;, = 13.2m; B, = 300 mm,;
Loy = 34.5m; h,p = 130 mm;
Q =50/10t; herp = 1000 mm;

B = 6m;

The total height of the plant is determined according to the next formula:
H=H,+H,/06m (3.1)

H,=H., +C+ 100mm = 3150+ 400+ 100 = 3650,
C — take into account deflection of the roof trusses and braces along their

bottom chord (C=400 mm because L=36 m).

Assume H, = 3700

H = 13700+ 3700 = 17400 mm;

The total length of the column is determined as follows:

l. = H+ Hy, = 17400 + 600 = 18000 mm;

The length of top part of the column:

L=H,+hyp+ heprp = 3700+ 130 + 1000 = 4830 mm;

The length of undercrane part of the column:

[, =1, —1, = 18000 — 4830 = 13170 mm;

We assume the metal roof truss with parallel chords and %, = 37150 mm

hmon = hep(200) + hy + hy, (600...800) (3.2)

hmon = 3.0 m, because L = 36 m;
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3.2.2. Determination the horizontal dimensions of building frame

The span of the column — its dimension that equals distance from the exterior

edge of the column to the coordination axis.
“0”if Q < 30t,H < 144m,B < 6m
“250” — in other cases
“500” if Q > 75t (7K /8K),H = 20m

JCTY EN 13001-1:2018: 1K-3K - light condition of working; 4K-6K -
medium; 7K-8K — heavy [18].

Assume a = 250 mm.
a; = (h,—a)+ B, +4 (3.3)

where B, = 300 mm, 4 = 75 mm - the gap in between column and overhead

traveling crane.
Determination of above crane parts of cross-section:
hy =500mm,if B=6m,Q<125t; B=12m,Q < 100t;
hy, = 1000 mm, if Q > 125t(7K/8K);
Assume &, = 500 mm,
From the formula 3.3 we determined:
a; = (500—250) + 300+ 75 = 625 mm, a;/250 mm
Assume a; = 750 mm;
Conclusion: The condition is fulfillment.

Determination of undercrane parts of cross-section:
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h, = 250+ 750 = 1000 mm; h,>2

500 > % = 402.5 mm;

You have to calculate dimension A:

L L= Loy _ 36000~ 34500
-T2 2

2=750mm ,if Q < 50 t(without passage);
2=1000mm , if Q = 50 t(with passage);
2= 1250 mm , for special cranes.

h; —hy = By + A(+450 mm); (3.4)
1000 — 500 = 300 + 75;

500 mm > 375 mm.

Conclusion: The condition is fulfillment.
eo=(h1-h2)x0,5  (3.5)

e0,=(500)x0,5=250

=750

_ R
[
&
i
5 20550
3
3
a
E #1400
o b=
g 7 Q=50/10t g nezs
= B !
V=500 Y o
- +13.700
o g ar=750 a =250
g i
2 K =
Y < e =
o Le=34500 G
1l i
M
L II ;\JJ 1 % I LI i J
1=36000
® (©)
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[2=4830
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€0=250 Ll Lea=450

13170

L

Z TN
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Fig.3.1. Structural scheme of one-storeyed industrial building (a), rating scheme of
the frame (b).

3.3. Determination of load acting on the frame

3.3.1. Constant or dead load: Calculation of service and limit rating loads

applied to the truss

Service and limit rating loads Table 3.1
Service rating load Load factor | Limit rating load
Name of the layers
go, kN /m? Ys Gm> kKN /m?
1) Protective coat (a layer of
gravel treated with
. _ _tm) - pkg/m?) _
bituminous plastic) 9o = 100 =
1.3 0.39
t = 15mm, _ 0.015 - 2000 ~ 03
100
p =2000 kg/m3
2) Water proofing (three
layers of bitumen felt
bonded with bit _00% 490 _ 46
onded with bitumen 9o="700 —© 13 0.21
mastic)
t = 40mm,
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p =400 kg/m3

3) Thermal insulation (Foam

plastic slabs)

0.03 - 70

t = 30mm, 9o="To00 0.021 1.2 0.025
p=70kg/m3
4) Steam insulation (one
layer of bituminous felt) 0.05 13 0.07
5) Corrugated steel sheets
0.11 1.05 0.12

H60-845-07

Total

z gO,t = 064‘

Purlins

[ —6m; gopur = 1.1 kN/m?; 1.05; gppur = 1.I6KN/m? ;

Truss

| —36m;gyer = K -1 =036 kN/m?;1.05;g,, o = 0.38 kN /m?

(K= 0.006...0.01)

Bracings

Jopra = 0.06 kN /m?;1.05,g,, pra = 0.063 kN /m?;

(QO,bra=0-04- . .MkN/mZ)

Dead weight of the monitor

Panel of the monitor

End panel of the monitor

Impm = 0.3 - 1.05 = 0.315 kN /m?

Imepm = 0.2 - 1.05 = 0.21 kN /m’
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Frame of the monitor Impm = 0.08 - 1.05 = 0.084 kN /m’

(gp = 0.08...0.12)

3.3.2. Calculate linear evenly distributed load applied to the roof

Qm,r = (gm,t + gm,pur + gm,tr + gm,bra + 0-5gm,p.m + gm,e.p.m + gm,f.m) :
- 0.5(B; + B)yy; (3.6)
Qmr = (0.82+ 1.16 + 0.38 + 0.063 + 0.5 - 0.315 + 0.21 + 0.084) - 0.5 -

(5.5+6)-0.95 = 15.7kN/m.

Fop =202 = D230 = 2826 kN

Characteristic value of load for column is equal:
go = 03 kN/m’

Dead weight of the column:
G.=03-6-18-1.05-0.95=3232kN
Top part of the column (20%(G..)):

G, =02-3232= 0646 kN

Bottom part of the column (80%(G,)):
Gy = 083232 =2586kN

Weight of the wall panel and glazed sash:
wp = 2 kN/m?

Jws = 0.35 kN/m?

Fw.pl = [gw,p ) (ll — 0.6 - hg.s]) “Yr + 9gs - hg.s ) yf] h 0-5(81 + B) "Yn
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[2-(1257=6)-12+035-6-1.1] - 0.5(5.5+ 6) - 0.95 = 98.75 kN

Fw.pz = [gw,p ) (l2 + 3.15+ 0.65 — hg.s2) “Yr + 9gs - hg.s ) Yf] )

05(B;+B) -y, =[2 - (4.83+38—24)- 124035 -24 - 1.1]-0.5(5.5+6) - 0.95
= 86.72 kN

If bearing reaction of truss isn’t coincide with center of the gravity top part of

the column in top cross-section of the column induced additional bending moment:

M., =F, -e, =282.6-02=5652kN-m

er=200

Fy =282.6 kN | F,=282.6 kN
tr
My =56.52 kN-m My =56.52 kN-m
(= - =
3 G;=6.46 kN G,;=6.46 kN
2 | R
HF, 79875 kN Frupz=98.75 kN
l4
l ch1=17.24 kN G.=17.24 kNl l
(@] - =
& Flp[6-44 kN Fup= 76144 kN
o
1
T V.7
a I=36000
® ©
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storeyed industrial building (b).

Fig.3.2.

hE3 S0 Lhm=3000
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Rating scheme for constant

load (@), Structural scheme of one-

3.4. Determination of cross-section of roof braces
Roof braces specification Table 3.2
Mark | Sketcher Desi| 1, L, L, Necessary _ Radius of inertia,
gnati radiuses of | Cross-section cm
on inertia, cm
iy iyo iy iy
VB1| — — - | 200 | 682| 1364| 341 - 2L 160-10 | 4.96 -
““““““““ 6.82 6.84
VB2 [*o - | 200]| 411 411 - | 206 20.56-5 - 2.06
Xo
VB3 ! 1 | 200 275 550 | 138 | - 2L63-5 | 194 -
5 2.75 2.89
1 2 2 | 200| 190 380 | 0.95 - 2L.50-5 153 -
1.9 2.38
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3 200 | 285 285 1.43 - 2L.50-5 1_53 -
1.43 2.38

VB4 ! 1 200 | 275 550 @ - 21_63-5 ﬂ -
/s 2.75 2.89

2 2 | 200 184| 368| 092 | - 2050.5 | 153 ]
1.84 2.38

3 200 | 240 240 2 - 2L.50-5 1_53 -
2 2.38

LB2 | - | 200| 600| 00| 30| - | 2070.5 | 216 | -
S H . 3.0 3.16

LB3| — 11— - 400 ( 600| 600 1.5 - 20.50-5 1.53 -
"""""""" 15 2.38

LB4| - | 200| 324| 648| 162 | . | 2075.5 | 231 :
‘ il ‘ 3.24 3.35

LB5| — 11— - 200 | 820 820 ﬂ - 21140 -9 ﬂ -
"""""""" T 6.02

3.5. Determination of the Snow load

Limit rating value of snow load per 1m? of horizontal projection of the roof is
calculated by the formula[6]:

Sm =Yfm* Sp+ C,kN/m? (3.7)

Where Yim® coefficient of reliability on limit value of snow load that depends on
assumed average period of repetition T and for prefabricated construction period of
repetition T = T, and T, available from (B) its term of working conditions and for
industrial buildings assume 60 years.

Y fm available from table 8.1 and Vim = 1.04.

Sy- characteristic value of snow load for the region of building in accord with
fig.8.1 or appendix E.

Sy = 1.46 kN/m’(kPa).
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C - coefficient that is calculated by the formula: C = u - C, - Cy; ,
Where 1 - coefficient of conversion from weight of snow cover on the ground to
the snow load on the roofing that depends on contour of covering, coefficient u

available from appendix X and assume Ne3 for industrial buildings with longitudinal

monitors.
u; = 0.8;
w,=1+05a/b=1+05-12/12= 1.1,

00

zone A |
Variant 1 zone B
zoneA s | T[T ITITITY
Zone © aINRRARERAREE
Variant 2 — : /_w
zonea  [TTTTIITII]] ARINRRRNRN
My /_IJ_1
ZoneC  [TTTIII] [T

u;=1+05a/b;=1+05-12/3=3;
Fig.3.3. Industrial buildings with longitudinal monitors (scheme 3 from appendix 7K)
C, - coefficient that takes into account influence of working conditions on
accumulation of snow (cleaning, melting) on the roof — paragraph 8.9 JIBH (for
heated buildings assume C, = 1.0).
C,i: - coefficient that depends on height (H, km) of arrangement of building
above sea level: if H < 0.5km, Cy;; = 1.0.

Site of building — Zhytomyr
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S, = 1.46 kN /m?
ho =123

Y = 1.04
C,=1.0
Coe = 1.0

3845|—— = — | Tt = et e o s E—
3 {,M& ‘\ \ \\‘ L \
3'5 36 1 \ X : T \\\ \\
3.345|-— —— - — ~-—\——--\¢-—~\————\——--———~
30 X N ’_\_5
3 \ \ \ l\-‘—"’/ \\
24 \\ \\ ¥
\
2635} ———- L _S__ LR 3 £ _\\. ———r\-\—-
25 R T I
05 11 S amat? 125 1,3 135 Ha
a
hﬂ,M
.3,845-——(;-;1——— bk —-/-/r—:,r-—— :,,-—..._
i L | Al
Fror BEET 57 4 A ) N N,
24 .
‘/ I 1’
3 7 g ,’ /, //v
A 7\1'\\/,
2,635— /A I /S SR 2 B e by
2'5 A-.‘.L_:.. a2 4 4 e au g ..--'-.;L.
50 145 A L - AR 4 4 125 Ha
7

Fig.3.4. Graphics for determination coefficient Ho' a) - when service rating roof

constant load less than 1.5 kPa, b) - when service rating roof constant load more than
1.5 kPa; solid line - column spacing 12.0 m; dashed line - column spacing 6.0 m.
Linear evenly distributed load applied to the roof truss is calculated by the

formula:
dms = yfm ’ So : Ce : Calt "Uo - 0-5(31 + B) Vo (3-8)
Qms = 1.04-1.46-1-1-1.23-0.5(5.5+06)-0.95=10.83kN/m

Concentrated load applied to the column is calculated by the formula:

_ qmsL _ 1083-36
Ftr,s -, =

Bending moment applied to the column is calculated by the formula:

= 194.94 kN
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My = Fppg - epp = 194.94-0.2 = 3899 kN - m

eer=200 =10.83 kN/m
Fir=194.94 kN /}\H,J,H,H,H,J,LH,J,J,H,J,J,J'LH,H,LH,J,J,H.LH,H,JJJ,H,J,H,LH,H Fype=194.94 1N

AM,.=38.99 kKN-m M, .=38.99 kN-m=

1=4830

13170

ik

Zl%% Z%%&
[=36000

® ©

Fig.3.5. Rating scheme for snow load

3.6. Determination of the Wind load applied to the transverse frame of

one-storeyed industrial building

Characteristic value of wind load in accord with Building Standards [6] is

calculated by the formula:

Wi = Yfm - Wy - C,kN/m? (3.9)

where Ym " coefficient of reliability on limit value of wind load that depends
on condition of working available from table 9.1. of Building code [6]

Working period for industrial buildings equals 60 years.

Yim " from table 9.1 and Vim = 1.035;

W, - its characteristic value of wind load from appendix E. [6].

W, = 0.46 kN /m? (kPa) - Zhytomyr

C — coefficient that is calculated by the formula:

C=Caer + G - Cair * Cq + Car * Crer (3.10)

Calculation of aerodynamic coefficient for backwind pressure in accord with

table scheme Ne2 [6]:
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b 84
-=—=2.3;
l 36

hy 214

; VS =0.59 > Ce3 = —0.6;

Coefficient is calculated in accord with table b.2 [6] in terms of distance z; or z,.
For designation coefficient Cy,, we use coefficients for building code for Il1 type
of building side:
[llon10m-K; = 1.2,
on20m-K, = 1.55;
on 60 m—-K; = 2.25;
H.=H,;+ hyon +500mm = 3150+ 2500 + 500 = 6150mm,
Hy up to 20 m;
E, =05 (K- z;+K,- H- + K>3 21) Vim - Wy Caer Ca* B Va;
(3.11)

z; = 74m,;
Zy= 6m,;
Z, = 8m;
1192+ =222 (7.4 — 6) = 1.2284;

Qw = Vfm * Wy Coer - Ch(e) +Cq- B - vyq; (312)

m = 1.035, Wy =046 kN /m?; Cger = 0.8, Chiey = 1.2284,
Cq; = 0.9, B = 6m, v, = 0.95;
From formula 3.12, we have:

Gy = 1.035 - 0.46 - 0.8 - 1.2284 - 0.9 - 6 - 0.95 = 2.4 kN/m;

—0.6

q"/vzqw,caer=24 8——1.8kN/m;

Caer
Concentrated load applied to the bottom chord of roof truss:
Fy =05 - (Kz—z' z3+ Ky, He+ Ky 3+ 20) Ve Wy Caer* Cq+ B+ Vn;

-K 1.55-1.2
I'ZI—]2+

K,_,=K, + . 1.2284 = 1.243;

4 Kemko 2.25-1.55

K23—K2 20 Z4—155+

- 3.55 =161,
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F,=05- (1243 - 2.6+ 1.55 - 615+ 1.61 - 3.55) - 1.035 -
. 046 - 0.8 - 0.9 - 6 - 0.95 = 18.05 kN;

Fy=F, - 5 =1805 - = = —13.54 kN/m;

CI-J.FET
Ky =2.25
= K23=1.6X K —
K, = 155 .‘(‘h \EZO_DDD_ N 5 ’/_' —
Ko =1 243 & Fw= = % Fw =
‘ 18.05 kNJ_{ T 1354 kN [
g — o —
) | 3 7 i —
z > | .
) e
— 5 [
£ J <
‘ 2 5 o =
<~ , g "2
¥ 4 & [
: | Y S -
. — < —
\ — —
5 » 5
— —
Trsor—
Fig.3.6. Scheme of wind load applied to the transfers frame of
one-storeyed industrial building
= p2l=200 W=
:g.os kN _3 :3.54 KN ]
= 3
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Fig.3.7. Rating scheme for wind load
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3.7. Determination of the Crane load

Maximum limit rating vertical load is calculated by the formula, if both cranes
have the same capacity:
Enax = (yfm ) 1!’ - Fy - Zyi +yfm,cr.b ) Gcr.b) " Yoo (3-13)

Where Yim " coefficient of reliability on limit rating crane load that depends on

average period of repetition.
Period of repetition of overhead traveling cranes equals 20 years in accord with

table 7.1 [18], y,,, calculated with the help of interpolation.

1.1-1.07 _
107 + === = (20— 10) = 1.078;

y - coefficient of combination for crane load that equals for two cranes;

v =0.85(IK — 6K), v=0.9507K — 8K).

F, - support pressure of cranes wheels;

Y. y; - sum of ordinates of forces line for crane beam if combination of wheels
arrangement is the most unfavorable;

Y rmerp - COEfficient of reliability for metal crane beam in accord with table 5.1

JIBH “Load and influences” [6];

G.rp - Mass of crane beam that is calculated by the formula:

Gerp = qerp * B,

Where q.,;, — linear mass of crane beam;

B — column spacing.

B = 6.0m; Qerp = 2.5..3.5 kN /m,

B = 12.0m; Qerp = 4.0...5.0 kN /m;

When the left column of the transfer frame is loaded by maximum force the
right column is loaded by minimum force.

F,,;,, is calculated by the same formula that F,,,, but with replacement of F, by

Fy=%%_F, (3.14)
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Q - capacity of crane transfer into kN;

G, - weight of the crane with crap;

n, - number of wheels from one side of the crane.

Forces and are applied to the undercrane part of the column with eccentricity
and induced bending moments:

Minax = Bnax * €crs (3.15)

Mmin = Fnin - €cr; (3.16)

e 1S the distance from the center of the gravity undercrane part of the column

to the axis of the crane beam.

=455 kN F =455 kN F, =455 kN
4
N
>~‘ b
1} 2]
b >\
>
/
400 5600 1260 4740
6000 6000

Fig.3.8. Scheme of setting two 4-wheels canes on a crane beam when the

column spacing equals 6.0 m.

Q = 50/10¢; G, = 716kN:
F, = 455 kN; Gepp =35 6=21KkN:

K = 5600 mm;, y; = 1;

B, = 6860 mm: Yy =% =" = 0.067

Vem = 1.078; y; =2 x3="2 =079,

» = 0.85;

Fnax = [me Y- Fy - Xy + Yrmerp Gerp ]+ Vo (3.17)

Fpae = [1.078 - 0.85 - 455 - (1 +0.067 + 0.79) + 1.05 - 21] -

- 0.95=756.45 kN,
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Fy=%%_p 2000000 455 = 148 kN;

ny 2

Fmin = [yfm ) llj ) F(; ) ZYL' +me,cr.b ) Gcr.b] * Yn (318)
Foin = [1.078 - 0.85 - 148 - (I + 0.067 + 0.79) + 1.05 - 21] -+ 0.95 =
260.19 kN,

Eccentricity of crane assume:
eer = (0.45...047)hy;

€. = 450 mm;

. ey = 75645 - 0.45 = 3404 kN - m;
Mopin = Foin - €cr = 260.19 - 0.45=117.1 kN - m;

Horizontal crane load that is directed across crane rails for wheel cranes is

Mpax = Enax

determined from one crane that has the most unfavorable value of load. There are 4
variants of application horizontal forces for cranes wheels in accord with fig.7.1 JIbH

[6].

The maximum characteristic value for one wheel is calculated by the formula:

n
!——H( ——

|

. —F). I

Hy = 0.1F, + ==k (319) | .
\~—H, H —|

~b

Where « — coefficient that equals 0.03 if crane has central driving gear, a« =
0.01, if crane has separate gear;

L., — span of the crane;

K — base of the crane;

For other wheels assume H, = 0.1F,, H, = 0.1F,;
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0.03 - (455 — 148) - 34.5
5.6

H, =0.1 -455+ = 102.2 kN,
H.=0.1Fy=0.1 - 455 =45.5 kN;
Hpax = 2Vfm - W - (=Hx - 1 —H¢ - ¥3) * Vn ;s (3.20)
e = 1078 - 085 - (=102.2 - 1 — 455 - 0.067) - 0.95 = +91.62 kN
H, = 0.1F)= 0.1 - 148 = 148 kN
Hpin = 2Vfm - Y - (He - I —Hy - y2) * Vs (3.21)
Hop = +1.078 - 085 - (148 - 1 —102.2 - 0.067) - 0.95 == +6.92 kN;

(=)
(S
2
u Fu=756.45 kN Fy;s=260.19 kN
e
| <=340.4 kN'm M, =117.1 KN'm

o
~
P2
i

W/ W//
a L=36000

0y G

T Hoe=91 62 kN Hiin=6.92 kKN

12=4830

1i=13170

%ﬁ/, V7
b @ 7=36000

(©)
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Fig.3.9. Rating scheme for vertical crane load (a), rating scheme for horizontal

crane load.

3.8. Statical calculation of two-hinged frame of one-storeyed industrial

building

3.8.1. Determination of forces in the frame and columns cross-section for

every type of load
=10.83 kN/m
F“=19494KNJ,¢J,LJ,J,LJ—J,J,J,J,-LJ.J,J,J,J,J,J,J,J,J,LJ,J,J.J,J,J,J,J,J,J.J,J,J,J,J,J,L-LJ,L-LJ,J.J,J,J,J,Lﬂ.s:w{gl‘m
=200y
Fu =14.52 kN 2826 kN w8 99K Iy M SIBIKNME | sk
¢ < M, =56.52 kN-m M, =56.52 kN-m™ | Fu=1089 kN
A Gp=6.46 kN .
: e l l‘ _‘i,H-m:m.ez M Hon=8.02 m‘*l l
oq % Fouus=756.45 K4 F, 226019 kN
% u}/\ " :/D
E % M=121.64 fN*m’ |L W ree=340.4 KN*m M =117.1 Kh'm’ M.= 4874 kN'm
Z 8i=250 | leo=450
s 3 s
o [ glch1=1724kN i <
T o 2 9
= g <
& L E uE ||g
% o
—
)
—
B
L1 7 7
L=36000

® ©

Fig.3.10. Rating scheme of transverse one-storeyed industrial frame

Single span frame with hinged truss-to-columns connections is one time
statically indeterminate system. It's necessary to set the ratios of the column’s cross-
section moments of inertia. Differences between real moments of inertia and given up
to 30% have low influence on results of calculations (efforts in elements of the

frame). Approximate value the ratio of moment of inertia is calculated by the

formulas:
I h 0.05 - (Fepr + Firg) - L + 4Mogx+2qy, - 12
n — _1 — 2 . _1 . ( tr.r tT‘.S) max w C2 ; (322)
I, hy  0.05: (Fepy + Frrs) - L+ 2Mpqx+0.5qy, - 12
1 0.05-(282.6 + 194.94)-36+4-340.4+2 -1.93-182
n= . 205 ) = 7.94

0.5 0.05-282.6 + 194.94)-36+2:340.4+0.5 -1.93-182
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n= (’;—2)2 CK: K=18.20, mn=5..12

n= (é)z . 1.9=7.6:

M., — Maximum bending moment from vertical crane load,

My ox = 3404 kN - m; q,, = 1.93kN/m.

Important cross-sections of the frame are cross-section 0-0.

0-0 — the head of the column;

1-1 — the bottom part above crane part of the column;

2-2 — the upper part undercrane part of the column;

3-3 — the base of the column.

When we coincide F,,, and F, ¢ with the axis of the column there are induced
bending moments.

e = 0.2m

ep = 0.3

ep =05 - (h;—hy)) =05 - (1000 — 500) = 250mm;

eg=h;—0.5 - h,=1000— 0.5 - 500 = 300 mm;

Bending moments in cross-section 2-2 equals:

e for dead load:

My = (For+Ge) - €+ Fups - (9 +2);  (3.29)

e for snow load:

Mg = Fyrs - ey, (3.24)

During calculation it's necessary to take into account signs of effort.

Signs of bending moments:

° Bending moment that induces tension stresses in internal fibers of the

frame has the sign “+”, but the compression stresses has sign “-”.

° Shear force has the sign “+” if the element's axis moves to the tangent of

bending moment diagram by clockwise, in other case shear force has sign “-”.
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° Longitudinal force has “+” if it tensions the element and “-” if
compressed.

Unknown force x, from dead load is calculated by the formula:

3
C2[m-D -8B+ 13

X, 7 My, Oln—0 - 13 + 2] +Mm.(Z + B)); (3.25)

Unknown force x, from snow load is calculated by the formula:

3
T 2[m=1) - 13 + 1]

X AM Ol -1 - B + Z]+M,(2 + 12)}; (3.26)

Bending moment 2-2 (dead load) from formula 3.24:

M; = 194.94 - 0.25 = 48.74 kN - m,;

3
X, = - {=56.52[(7.6—1) - 483 + 18%]+
" 2-[(76—1)- 483 + 18] ¢ | ]

+121.64 - (18 + 4.83° )} = 3.92kN;

3
X. = c{—38.99[(7.6 —1) - 4.83° + 182%] +
S 2-[6-1) - 483 + 18] { I ) ]

+48.74 - (18 + 4.83° )} = —1.63 kN;

3.8.2. Dead load

e: =200

Fy=282.6 kN Fy=282.6 kN
0 - ltr Xr Xr
£ | “M,,=56.52kN-m My, =56.52 kN-m
wr
= Go=6.46 KN
N o (v
HTS 1!
T T W Me1at 6 kem _ /)l
2 S 2 1,=121 64 kN
=250
z |k
3 G ~17.24 kN
) o 1
el |l I
o | Ilr
S
P
i
3 3
iz 72 T
I=36000
® (©)

Fig.3.11. Rating scheme for constant load
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My = —M,., = —56.52 kN - m;

M) = —Myp — Xy - Ly + Fypys - ”72 = —56.52—3.92-4.83 +

1+98.75 - % = —50.77 kN:

M, =My, —x. -l + M, =—5652—392-483+ 121.64 =
= 46.19 kN - m;

M; = =My — Xp - Lo+ My + Fypyy () — €p) = —56.52 —3.92 -
184+ 121.64+76.44- (1 —0.45) =36.6 kN -m

Ny = —Fp, = —282.6kN;
N; = —Fpy — Gey — Fypy = —282.6 — 6.46 — 98.75 = —387.81 kN
N, =N, = —387.81 kN;
N;=N; — Go — Fypy = —387.81 — 17.24 — 7644 = —481.49 kN
Q=0Q; =0, =03 ==1x, =392kN;

3.8.3. Snow load

Fy,=194.94 kN =
ir: X X Fy.=194.94 kN

~AM,,=38.99 kN-m My,=38.99 kN-m'*

[=4830

1

/’\ M.= 4874 kh'm —d
\

- 2 M.= 48.74 khN*m

l

D=13170

3 3

QTZZ% iz 7 2
[=3R000
® o

Fig.3.12. Rating scheme for snow load

My = —My, s = —38.99 kN - m;

My = —M s+ xg - I, = —38.99 + 1.63 - 4.83 = —31.12 kN - m;
My = —My s + x5 - I, + Mg = —38.99 + 1.63 - 4.83 + 48.74 =
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= 17.62 kN - m,
My = —Myy g+ xg - lo + My = —38.99 + 1.63 - 18 + 48.74 =
= 39.1 kN - m;
Ny=N, =N, = Ny = —F,,, = —194.94 kN:
Qo =0Q; = 0Q = Q3 = xx;, = —1.63 kN,

3.8.4. Determination efforts from vertical crane load when on the left and

right column:
wEx=200
0 0 X X
@
o0
a0 F4.=756.45 kN F,s=260.19 kN
P My =340.4 KN'm M, =117 kN"mG
g
=
1
3 3
z vz
L=36000
® ©

Fig.3.13. Rating scheme for vertical crane load

_n2 - -
x= et ML (g fgy, (327) =t =00 o g7
3

I, 4q le 18000
n—-1)nt+1 Myight 1171
o = &+t (3.28) g, = oright - 171 _ (344
n Mieft 340.4

(7.6—-1)0.27%2+1
az =
7.6

= 0.195

(7.6—-1)0.273+1
a3 -
7.6

= 0.149

X = 340.4 3(0.195-0.272)

- (14 0.344) = 15.62 kN
18 4-0.149

a7



M, = 0 kN - m;

M, =x -l,=15062-483=7544kN -m;

Mt = M, — M, = 75.44 — 340.4 = —228.96 kN - m;
M, = M, — M,;,, = 75.44 — 117.1 = 41.66 kN - m;

M =x 1. — M, =15.62 18 —340.4 = —59.24 kN - m;
M9 = x 1. — M, =15.62-18 —117.1 = 164.06 kN - m;
Ny = N; = 0 kN;

N = —F,.. = —756.45 kN;

N 59" = _F,., = —260.19 kN;

NYTE = NYT = —756.45 kN;

N9 = N9 = —260.19 kN;

Qo =0, =0, =03 =xx = x15.62kN;

3.8.5. Determination efforts from horizontal crane load when on the left

and right column:

Teuz2%9 X X

o

4830

T Hpu=0162kN Huin=6.92 kN

=

A
2

b |

13170

Ir

1=36000

Fig.3.14 Rating scheme for horizontal crane load
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Hiefe—Hright

x = bl ] - 3, | (3.29)
a, = 0.195, a; = 0.149,

c=1l,—h,,=483—10=383m i, = li ==2=10.21,

91.62 — 6.92 0.21
- -2
2 2 - 0.149
MO =0 kN -m,

M, =+x -l,=42621-4.83=+126.59 kN - m;

(3-0.195—0.21% [ = +26.21 kN

M, =M, =+12659kN -m;

=+x -l +H,p -l =+2621-18+91.62-13.17 =
= +1678.42 kN - m;

Mgright =4x ‘l.*Hpymy 3 =1+2621-18+6.92-13.17 =
= +562.92 kN - m;
No = N; = N = N3 = 0 kN;

Qo = Q; = +x = +26.21 kN;
left __ left

5 =05 =4x + Hpee = 126.21+91.62 = £117.83 kN;
DOt — QM = +x 4+ Hpyp = +26.21+ 6.92 = +33.13 kN;

3.8.6. Determination of wind load:

Fu = o 2:=200

_ 0 X X Fu=
14.52 kN 10.89 kN

P Bgse P

g =1.93 KN/m
qw =1.45 kN/m

LLLILLLLLLLILLLLY

i=13170

|m
o

L=36000

® ©

Fig.3.15. Rating scheme for wind load



Fy F,  10.89
XF=—?(1—83), (330) &3 =a=m=0.75
xF=—ﬂ(1—075)_—182

w145
xq—— qw Lot (1= g), (331) 52=Z—W — =075
xg =—-193-18- @ (1-0.75) = 1.51
Left wind:
M0=0kN°m,
My, =x -1l qW-——151 483 —1.93- ﬁ=—15.22k1v-m;

MZe = Mle = —15.22 kN - m,

2
M3, =x -l.—q,- lc—1.51-18—1.93-%=—285.48 kN - m;

Myz =(x—F,) L= (1.82 —14.52) - 4.83 = —61.34 kN - m;
MZF = MlF =—61.34 kN - m,
My =(x—F,) L = (1.82—14.52)-18 = —228.6 kN - m;

N0=N1=N2=N3=0kN;

Q=05 =% —q, l,=151—193-483 = —7.81kN:
Qs=x —q, L. =151—19318 = —33.23 kN

Qop = x — E, = 1.82 —14.52 = —12.7 kN;
Qsrp=x—F,=182—-1452 =—-12.7 kN kN;
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Right wind:

. 13 4.832
M, =x -lz+qw-;= 1.51-4.83 +1.45- .

= 2421 kN -m;
M,, =M, =2421kN -m;

2 2
Mz, =x -lo+gq, -$=151-18+145- =262.1 kN-m;

My = (x+Fy)-lp = (1.82+10.89) - 4.83 = 61.39 kN - m;
MZF = MlF =61.39 kNm,
Msp = (x+Fy) .= (182 +10.89) 18 = 2288 kN - m;

N0=N1=N2=N3=OkN;

Q=05 =% —q,l,=151+145- 483 =851kN;
Qso=x —q, -l =151+145-18 = 27.61 kN

Qor = x + F, = 1.82 + 10.89 = 12.71 kN;
Q. =0, =x+F, =182+10.89 = 12.71 kN;
Qs =x+E, =182+ 10.89 = 12.71 kN kN;

3.8.7. Rating combinations of load

The main combinations of load that were used in this work in accord with
normative documents [6].
1. Dead load+1*temporary load;

2. Dead load+0.9*(some temporary loads).
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Rating combinations of load

Table 3.2

Cross-section 1-1

Cross-section 2-2

Cross-section 3-3

Loads,
No - Y
combinations M N M N M N Q
1 Dead -50.77 -387.81 +46.19 -387.81 +36.6 -481.49 -3.92
2 Snow 3112 -194.94 +17.62 -194.94 +39.1 -194.94 -1.63
3 Frax left +75.44 0 -228.96 -756.45 -59.24 -756.45 -15.62
4 Fonin right +75.44 0 +41.66 -260.19 +164.06 -260.19 -15.62
5 | THpgx left +126.59 0 +126.59 0 +1678.42 0 +117.83
6 | THpin right +126.59 0 +126.59 0 +562.92 0 +33.13
7 Left wind -76.56 0 -76.56 0 -514.08 0 -45.93
8 Right wind +85.6 0 +85.6 0 +490.9 0 +40.32
No 1+8 1+8 1+8
+Mpax 1 +34.83 -387.81 +131.79 -387.81 +527.5 -481.49
Neor % 1+0.9(3+5+8) 1+0.9(2+4+6+8) 1+0.9(2+4+5+8)
0.9 +208.1 -387.81 +290.51 -797.43 +2171.83 -891.11
No 1+7 1+3+5 147
—Mpax 1 -127.33 -387.81 -309.36 -1144.26 -477.48 -481.49
Neor [N 1+0.9(2+7) 1+0.9(3+5+7) 1+0.9(3+5+7)
The
0.9 -147.68 -563.26 -342.71 -1068.62 -1989.97 -1162.3
main
No 1+8 1+8 1+8
com
bina N. 1 +34.83 -387.81 +131.79 -387.81 +527.5 -481.49
max
tions + Mcor Ne 1+0.9(2+3+5+8) 1+0.9(2+3+5+8) 1+0.9(2+3+5+8)
0.9 +180.1 -563.26 +49.96 -1244.1 +1970.86 -1337.74
Ne 1+2 1+3+5 1+3+5
Nyax 1 -81.89 -582.75 -309.36 -1144.26 -1701.1 -1237.94
_Mcor Ne 1+0.9(2+7) 1+0.9(3+5+7) 1+0.9(3+5+7)
0.9 -158.45 -563.27 -342.71 -1068.62 -1989.97 -1162.3
Nmin Ne Forces M and N of dead load are taken into account with 0.82(1+2)
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+M,,, 1 coefficient 0.9/1.1=0.82 +62.1 -554.67
Npin | % 0.82(1+7)
—M_or 1 -349.2 -394.82
Ne 140.9(2+3+5+7)
Qmax
0.9 -166.83
-Ha.52 -2820 -2820 A kX
== ° *
-80.77 4819 -387 27 3781
i ET -431 49 L - 43149 2R w2
-1.83 -1.82
-389 -194.54 - 194 894 -1.83 183
-31.12E 17.62
% M N Q
o g 4 19404 e - 13494 163 e =L 163
] aE 1582 1562 562
-222968 A 75,44 -228.98 - 22896
| E | i |
5004 22395 = i 22890 15682 of il 1562
o B2 -2B2 221

12859

12659

6292

57408 L.

858

23
2821
1783
N
s = 11783

031 0m

11
2051
N
€]
e - 4593 L.

Fig.3.16. Diagrams of forces M, N, Q in the frame from loads: a - dead; b -

snow; ¢ - vertical crane; d - horizontal crane; e - wind

3.9. Calculation of above crane part of the column

3.9.1. Calculation and design the open-web left column of the one-storeyed
industrial buildings frame

Calculation of the column is provided in the plane of bending moment acting

and out of the plane.
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/ N,=563.26 kN
Free

1>=4830

/N=1337.74 kN

11=13170

7 7

INgN,

Rating length of the column in plane of the frame: I.¢, ., lf2 . COefficient ndepends

on fastening the end of the column. Assume:
- free end (if column connecting with frame is hinged);
- fastened from turn (if columns connecting with frame is rigid).

Out of the plane: assume hinged fastening.

If ratio geometrical length:
l .
ﬁ < 0.6, (3.32)
p=5-23; (3.33)

N, = —1337.74kN; N, = —563.26 kN.
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may be found from table 3.3:

Table 3.3
Coefficient
Condition of fastening oeticient |
for top end of the Bottom end i, in -
; ; Top end
column 03>=>01| 01>=>005
n n
Free 2.5 3.0 3.0
Fastening from turn 2.0 2.0 3.0

Rating length:

In plane:
1337.74
b= 563.26 =2.37<3;
=L =013
n 7.6
U = 2.5, Uy = 3.0,

lefz’x = Uy lz =3.0:-4.83 =14.49 m,
lopix =ty -l = 25-13.17 = 3951 m;

Out of the plane:

- for above crane part of the column:

lef2y, =l = herp = 483 — 1.0 = 3.83 m;
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- for undercrane part:
lefl,y1 == ll == 13,17 m.

1. According to Building Code calculation on strength for eccentrically-
compressed elements doesn’t require, when m,r =20, where m,r - reduced
relative eccentricity.

2. Calculation on stability is fulfilled in the plane of bending moment acting
(plane form loss of stability) and out of the plane (bending-turned loss of
stability).

IN PLANE OF BENDING MOMENT

N-yn

——=—— < | - (formula 10.6) for solid piece of column, where ¢ _- [table
Pe ARy Ve

2K.3], buckling factor for eccentricity compressed elements depends on conditional
flexibility 2; 2=A1- % ;A =ﬁ—i and m,r =n - m (formula 10.7); n- coefficient of

influence the shape of cross-section [table XK.2] depends on relative eccentricity [6]
e-A M

m, = —, e = —, Where W, — section moment for most compressed fiber.
x Wy N
-1 M-I
p="% (3.36) m, = 97 =, (337)
if 0<A<S5

=05 n=(175-0.1-m,) —0.02- (5—my) - A (table K2, type of cr.

section 5 [6]).

OUT OF THE PLANE OF BENDING MOMENT

N -yn

<1 - (formula 10.8); ¢, assume as for central-compressed

column [table J.1] in accord axis y-y perpendicular for the bending plane; c- coef.

that takes into account influence of bending moment on space loss of stability,
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depends on relative eccentricity m,, = % M,.- rating bending moment in boundary

Cc

1/3 of length of the column’s top part, but not less than 2 from max bending moment

(formula 10.9-10.11, table 10.2) [6].

CHECK UP LOCAL STABILITY OF FLANGES AND WEB

For flanges: for providing local stability of flange it’s necessary the ratio

width of overhang b, to t; shouldn’t more the particular values:

for non-fixed flange of I-beam - b,; = bf . (3.34)

For web: for providing local stablllty web of column is calculated on stability
if overflow gate out of the plane — limit value |s determined in terms of coefficient

0—0y N

A

+ M (3.35)

, Where ¢ = o

a —_—
he . he .
az1, L<38 \/Rfy @< 0.5, 3= duw [ Ay~ (table 103 [6]

Assume for the above crane part of the column I-beam cross-section height
equals 500mm. Rating efforts for cross-section 1-1 are determined in accord with
rating combination of efforts assume:

Nypax = 563.26 kN,

+M,,, = 180.1 kM - m.

Radius of inertia of this cross-section:

I, =042h=042-50=21.0cm

py === 035h=035-50=175cm

Conditional flexibility:

—/1 / ef2x ’ y 1449 ,
— 206 10°

C245 R, = 240 MPa

Relative eccentricity m,, :

p =" (3.36)
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el M-I 18010 - 1
m, = = = = 1.83,
x p N-p 56326 -17.5 !

if 0<1<5

L=05 (337) n=(75-01-m)—0.02-(5—my)-Ae; (3.38)
n=(1.75—0.1-183)—0.02- (5— 1.83)- 2.36 = 1.42;

Mep =1 My = 142 1.83 = 2.6 < 20;

0, = 0.347

where ¢, — coefficient available from table X.3 buckling factor for eccentricity
compressed elements; n — coefficient of influence the shape of cross-section,

available from table XX.2; m, — relative eccentricity, that is calculated by the

-A M . .
formula: m,, = ev e=—, where A — area of cross-section; W, — section moment

X

for the most compressed fiber (table 7.2 the 5 type of cross-section) [6].

Necessary area of cross-section:

N _563.26
®e Ry ve  0347-24-1

= 67.63 cm?

Apec =

Ry, = 240 MPa = 24 kN /cm’
Assume the thickness of the flanges equals 10mm.
For providing local stability of web:

if m, =1.83>1 and 1, =2.36> 2.0 (table 10.3)
A, =120+035-2, =120+ 035-236=2.03

where 2 = — conditional ultimate flexibility of the web.
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- _tw Ry _ 46 / 240 _
mint, = Auw NE 203 ~\206-10° 0.77 cm
Assume t,, = 8 mm
A, =h, t,=46-08 =368 cm’ — = 0.5,

Ap = 0.5(A pec — Ay) = 0.5(67.63 — 36.8) = 15.42 cm?

For providing local stability of flange the ratio:

bf—tw E _ )
o < 036+ 0.0 2)- \/;y (339) Ay =2b-t; (3.40)

2.06-10°
240

A 1542
ty = \/ L= \/ = 0.66 cm
2-17.46 2-17.46

For web — 460x8 mm

= 17.46

(0.36 + 0.1 - 2.36) -

For flange — 240x10 mm

ho=460
X
2 L
W
Sy !
. .
]
E
X =10
h=480

Fig.3.17.Cross--section of above-crane part of the column
A=A, +24,=08-46+2-24-1=84.8cm’

3
tw - My hw+tf

2
Ix_x = B +2- bf : tf . ( 5 ) ; (341)




Ix_x 08146 +2.24.7. (462+1

2
) = 32997.07 cm*

_ o, tebp o 124 4
Iy_y—Z - =2 - = 2304 cm

_2-Ix 2 3299707—137488cm

\/E f3299707 — 10.73 cm
84.8

= \/E = |B%_ 521 cm
A \/ 84.8

_ 1449 240 _
A_x 1973 206-10° =251

— 18010 - 84.8
X T 563.26 - 1374.88

= 1.97
n=0.90—-0.1-197)—0.02-(6—1.97)-2.51 = 1.5;
Mer =N -my = 1.5-1.97 = 2.95 < 20;

9, = 0.287

A =120+035-251=2.079

-“uw

Checks up:
1. Stability in plane:

<R
A0, y Ye

563.26
84.8-0.260

= 23.14kN/cm? = 231.4 MPa < 240 - 1 = 240 MPa

Conclusion: the stability in the plane is provided.

2. Stability out of the plane:

383
Ay =" 74.28

A =,1y-\F—Y= 7428 |2 = 254
-y E 2.06-10
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¢, = 0.733

M, = 44.03 kNm

My A 4403-84.8

= = = 0.48
N-W,  563.26-1374.88

mx
if m, <1 a=0.7

E
Ay=74.28</1C=3.14-\E—y=92z>ﬂ=1

1
c=—2F _ = 2.98
I+a-my 1+0.7-048

N
P <R, vy. (342

563.26
298 - 0.733 - 84.8
Conclusion: the stability out of the plane is provided.

= 3.041 kN /cm? = 30.41 MPa < R,, y, = 240 MPa

3. Local stability of web:

e Ry _so [0 _
A = \/; =05 Nzos e = 190 < duw = 2079

Conclusion: the local stability of the web is provided.
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3.9.2. Calculation and design the undercrane part of column

+20.550 a b
+17.400 £
= b
_T ] ‘
+16.850 1 1 o r .
J; = & 2 §
+% Q=50/10t 8 pi ;_“MZ E
+12.570 ] o 3 3
AR — = ]
l S % <Z gravity axis
J = zZ1 '_%22
2 | ‘ 2 g I
| B
‘ <77
1
,% N,
0.000
N
| +M, (T
o ChNG 3 o INM Qs
J_'/\_[ /{ e
A A

Fig.3.18.Design (a) and rating (b) schemes of the column

The undercrane part of the column consists of two pieces that are combined
with a lattice.

The column can lose their carrying capacity as loss of stability separate as
central compressed piece and loss of stability eccentrically compressed undercrane
shaft.

The section steel 1-beam type B were used for columns pieces in accord with
State standards [14].

lattice bar

undercrane piece

b1

exterior piece of

undercrane
column's part

ho=

—
900

h1=1000
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Fig.3.19. Undercrane shaft of the column (cross-section 2-2)

Rating combination of efforts in piece is calculated by the formula:

N, =2+ % (3.43)
hy = 2e., (3.44)
Checks up the stability by the formula:

Np
(‘4 'Ap

<R, V., (3.45)

where ¢ — is the buckling factor in accord with maximum deflection of a piece
in plane or out of the plane (axis y-y or 1-1).

Necessary area of one piece cross-section may be calculated by the formula:

__ M ~
Ap = p~08  (3.46)
Choose the cross-section and check the stability out of the plane. For this

purpose we calculated flexibility:

_bi Ry
i, = L NE = ¢ (OK.1) (3.47)

2)  Calculation shaft of the column in accord with axis x-x if m., < 20 we
calculate on stability by the formula:

o= 0 N_A S Ry )/C (348)

e

m=222  (349) e==  (350)

X

where A — total area of column cross-section; I,, — moment of inertia in accord

with axis x-X; y — is the distance from the axis to the center of the gravity piece.

R
ve =A, =1 2 (350)

hop = |22 + LA (352) 1, =i— (3.53)

A-d;

A - d; —its area of cross-section of lattice bar.
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1257

1112

_10-d°
a=-
W 051,

a — length of lattice bar.
Lattice bar is calculated in accord with rating shear force that is assumed in

accord with calculations or Qg .
= . 10°° _E\N
Qfic = 7.15-107°(2330 Ry) p (3.54)

where ¢ —buckling factor in plane of lattice in term of 2. .

Choose from table rating combination of efforts maximum values of bending
moment with sign “+” and “-”.

Assume:

M* = 1970.86 kM - m, N =—1337.74 kN

M~ =—1989.97 kM - m, N =—1162.3 kN

Np_ext — ]3327.74 4 ]9710.86 — 2639.73 kN

Assume hy = 1.0m

Npoxe = ”i” n ’9819'97 = 257112 kN

Assume for further calculation maximum value:
N, = 2639.73 kN

C245 R, = 240 MPa (24 kN /cm?)
(tr = 2.20 cm)
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ve = 1.0
Necessary area of piece:

if o~08

y _2639.73
pnec — pg.24. ]

= 13749 cm?
Assume from catalog: 6052

A=1473 cm? > Appec = 13749 cm?
iy =24.39cm

l;_;=4.92cm

I]_] B 3561 Cm4

lefy, = 13.17m
2y =2 BI7 _ 5399
Y iy 24.39 '
L =5399 |2 =184 ¢ =0849
-y 2.06- 10

hy=h; —2L = 1000 -2 = 900 mm
0 2 2

Lets specify:
1337.74  1970.86
Ny ===+ = 2858.71 kN
Ny 2858.71

o —

o A 0849 473 " 2280kN[em? <Ry 'y, =24kN/cm?

Conclusion: stability is provided.
From the condition of stable equilibrium in plane and out of the plane lets
determine the distance from the joint of the lattice.

2 =L =1, =53.99<80

lj—g

l] = /131 . i]_] = 5399 492 = 2656cm

Assume [; = 251.4cm

A== =511<53.99
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2514

1257
=

{12

ha=900
‘J\

3.9.3. Calculation the lattice of undercrane column part

[15].

Qmax = 166.83 kN;;
Conditional shear force:

2.06 - 105) 1337.74
240 0.6

Qfic =715 - 10_6(2330 — = 2346 kN < Qnax;
o = 0.6;

Because of this choice the cross-section of lattice is determined by Q,,, 4 :

a=+0900°+ 1257 = 1.546 m:

sing =20 =22 _ 5821 = 36°
a 1.546

Effort in lattice:

N, = Zmax — 19085 _ ;43 3kN;
2-sina 205821

Lattice is designed from one equal leg angle in accord with ICTY 2251:2018

Assume:
o= 90=> 1= ¢ = 0.612(y, = 0.75 —for single angle that is fastened by leg)

Necessary area of lattice bar:

1433
A =—" = ]3cm?;
lnec =™ 612.24.0.75 :
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Assume: L 100x10
A=1510cm? > A} oc = 13 cm?;

lmin = Uy, = 1.96 cm;

lefy, 1546

by === 0 = 789,
1 =789 [—2 . =269= ¢ =0.704;
Zy 2.06- 10

N 143.3 .
o= = s 5w = 1348 kNfem?,

o=1348kN/cm? <R, y,=24-0.75 =18 kN/cm?,
Conclusion: stability is provided.

3.9.4. Checks up the shaft of the column and the first geometrical

characteristics:

A=2-A,=2 1473 = 294.6 cm’

2
Loy =2 [1,_1 + 4, (%) ] = 2[3561 + 147.3 - (45)?] = 603687 cm”

lerx; 3951

Ax = iy 196 78.9

. I 603687

Ly /A / 076 45.27 cm
10- a3 3

a= h(2)'0-5'll T 0.900-1.257

294.6

Aef = \//1§C+a2AAd = \/78.92 +32.66 - = 80.89
vy v

1 =8089 |—2 =276

—ef 2.06 - 10

/1]] = 5399 < )lef = 8089

Note. Relative eccentricity is determined when the interior piece is loaded.
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A-y _ 197086 294.6-45
I,  1337.74 603687

Aer = 2.76 = 0.691

=3.24 <20

m=e-

Qe - S Ry VC
1337.74 , ~ ,
oot zo1g = 007 kN/cm® < R, y. =24 kN/cm

Conclusion: stability is provided.

3.10. Design and calculation the top and bottom column’s part

Assume structural decision of connection that is similar to type decision (see
fig.3.9 a — structural decision of connection , b — cross-section of traverse, ¢ — rating
scheme of traverse).

For transmitting efforts those are induced in the top part of the column and
crane beam design traverses with height 0.5-0.8 from the width of the undercrane
column’s part. In open web column traverse it works as a beam-wall of 1-beam cross-
section.

Universal decision of such connection uses the composed welded traverse and
its vertical sheet have milled surface. Top horizontal diaphragm (cross-section 1-1) is
lower on 200mm for convenience of assembly.

In butt cover plate that is welded to the bottom column’s part and to I-beams
flange the upper column’s part foresee openings for bolts (d=23mm). The thickness
of a butt cover plate is assumed to equal the thickness of the flange upper column’s
part. The thickness of plate is assumed in term of maximum vertical crane load
E,qx that is induced in a crane beam.

Table 3.4

Fnax kKN | Upto 1500 1500-2500 >2500

Eot mm 20 25 30
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The thickness of the transverse stiffener is 1.5-2 times bigger than the flange
upper column’s part.

Horizontal elements of traverse are necessary to take with thickness 10mm.

The thickness of traverse web t,, is determined on condition of pressure under
E,. .. that is transmitted from bearing stiffener of crane beam through support plate

(tp1) on a milled surface of the web.

Necessary thickness of traverse web is calculated by the formula:

1.2 Fax
tw,nec -

(3.55)

Ry-z
where 1.2 — coefficient that takes into account non-uniform pressure on
traverse because of possible bending of bearing stiffeners;

R, — design resistance of steel by pressure;

R, =R, (I.2)

Z =byy, + 2ty; b, — bearing stiffener of crane beam.

The rating combination of efforts are F; and F, (cross-section 1-1).

Maximum value F; is taken place when:

MO NO

But maximum value F, is taken place when:

MO

For most reliability of fastening traverse you should have made a cut in the

web of the column.
Formulas for calculation elements of traverse are available in table 3.5 and for

calculation welds of traverse in table 3.6.
M) = 147.68 kM - m
N = 563.26 kN
M = 180.1 kM -m
N = 563.26 kN

Fpue = 756.45 kN
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_ N, M| _ 56326 | 147.68 _
Fi= 50 ==+ = 59584 kN

Ny | IMy| _ 56326 | 1800 _
>+ P +,, = 06482 kN

F2=

Necessary thickness of traverse web:

_ 1.2-Fpax _ 1.2-75645

twnec = R, % = 1.15¢cm

tpy =20mm

bop = 180 mm
z=180+2-20=220mm
R, = 360 MPa

Assume t,, ;, = 12 mm

Efforts in traverse are calculated by the following formulas:

Ql — F;-l; — 595.84-52.5 — 347.57kN
lL;+1) 90
F, -1, 59584 - 52.5
Qr =———+ 0.6Fp,, = +0.6-756.45 = 801.44 kN
L, + 1, 90

My = (Q — 0.6F 05 ) > = (801.44 — 0.6 - 756.45) - 52.5 = 182.47 kNm
Geometrical characteristics cross-section of traverse:
Assume height of web 600 mm.

tw - hay 1.2 60°
=

w' = = 720 cm?:
A=t,  h, =12 60=72cm’:

Stresses in traverse under bending:

' Mgy 1000 _
o == =Ry

, 182.47-1000

o
720

= 25343 MPa > Ry, = 240 MPa;

Conclusion: the normal stresses are not provided because of this enlargement.
Assume 4., = 720 mm

W' =1036.8cm’;

v 182.47-1000

0ies = 175.99 MPa < Ry, = 240 MPa,



_15-Q.-10 _ _ :
_”__Z,__glgyc, RS—-058Ry
= 12044 10 = 139.IMPa < Ryy, = 140 MPa;

A = 86.4cm?:

Conclusion: the tangential stresses are provided.

Checks up the web undercrane piece of column on shear by lines 1-1.

_ (Qr+0.6Fmax) 10 _ (80144 +0.675645) - 10
2 hwtr - tw 2.72-1.15

= 75.8 MPa,

Tumd.p —

Tumdp = /9.8 MPa < Ry, = 140 MPa;

Checks up compressed stresses in the web undercrane piece of column.
_ (Qr+0.6Fmax) - 10
Aef
Agp=7-t, +30-t2,=22-12+30- 115 = 66.08cm?;

(80144 +0.6:756.45) - 10 _
Oumdp = Py = 189.97 MPa < Ry, = 240 MPa,

<Ry

Oumdp = yle

Conclusion: the compressed stresses are provided.
N, M; 56326 147.68

N,; = 5" E o —595.84 kN (compression)
_ N, Mol _M 1801 _
Ny =—+ o +-,, =101 56 kN (tension)
N,, .
oy = ﬁ < R,Y. (compression)
oW = 519584 = 24.8kN /cm? > Ryy. =24 kN /cm?

Conclusion: condition is not provided

Enlarge thickness of flange up to 12 mm

595.84
ow =T, = 20.7kN/cm? < Ry, = 24 kN /cm?
o, =l < 0.85R,y.(tension)
ty by
101.56
W T3, 3.53kN/cm? = 35.3 MPa < 0.85R,y, = 204 MPa

N, = F, = 664.82 kN

Assume for manual welding:
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Ry s =180 MPa

Be=0.7; B, = 1.0

max kg = 1.2 tyip = 1.2- 10 = 12mm
Ny

664.82

kfwzzﬁf R [+bf—3cm)-RWf=0-7' (2

Assume ka2 =7mm

Qr+0.6Fmaxy _ 801.44 +0.6:756.45

kfw3=4-ﬁf-htr-RWf 4-07-72-18 =035
tyr = 20mm
tw; = 11.5mm
Assume kf . = 7mm
N,,,=Q,=347.57 kN

_ Ny 34757
Ky = 2-Bf her-Ryy  2-07-72-18 0.9
Assume ks =7 mm
N,s=F, = 59584 kN

_ Nyys 59584
kpys = 4-Bf-hiy-Rys  4-07-72-18 0.16

tyr = 20mm
ters = 11.5mm

Assume ka5 =7mm

- 60+24—3cm)- 18

= 0.37
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butt cover plate
he=240 [—L 480
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i e
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j = =20 ar
- al I ths=20
17 @
F= 50584 kN Fmax0.571.2= 452,87 kN
& -
® - N
1=375 12=525
diagr. M, KN*m

M, = 182.47 kKN*m

©
Fig.3.20. Scheme of the calculation of the joint of the top and bottom column's

part: a - structural concept of joint; b - cross-section of the traverse; ¢ - rating scheme
of the traverse.

3.11. Design and calculation the base of the column

When the width of the under-crane part of the open web column equals or more
than 1m use as rule separate base.
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axis of anchor bolts 1-&4_&
@ |99
k Y ~ To]
b e 5“
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] O
traverse | |
N Q0|
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ci=50' C1=50
10 10
k=55 b=240 k=55
B=350
C=290 h=507 =290

htr=360
=32
L hr=360

| A

da+25mm L=1000 da+25mm

Fig.3.21. Structural scheme of the column base
Rating combination of efforts assume like for undercrane part of column, that
transmit maximum pressure of foundation concrete. It's necessary to determine:
1. dimensions bearing base plate in plane (L and B);
2. thickness of the plate (t,; );
3. height of the traverse (/).
Then to assume cross-section dimensions of traverse, check up strength and

calculate anchor plates with bolts.
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Rating compressed longitudinal force assume:
N, = 2858.71 kN
From the condition of providing strength of foundation concrete on pressure
under column. Lets determine necessary area of the base plate:
Np

Apl,nec = f_ ' (3-56)

ck,loc

where fck,loc = fek " Vb fex = 7.5 MPa
where f,, — design resistance of concrete available from table 3.1 JIGH [21].

fekioc = 7.5+ 1.2 =9.0 MPa = 0.9 kN /cm?

2858.71
Apl,nec = T = 3176.34 sz

Assume: t;,. = 10 mm
(tr = t¢ , undercrane piece of column because of this thickness may be

enlarged up to 17 mm)

The width of overhang:
C; = 50 (not less than 40mm).
B=by+2t, +2C;, =230+2-10+2-50=350mm=35cm

Assume B = 35cm

Ay 3176.34
L =21 = = 90.7 cm
B 35

Assume L = 100 cm

Average value of stresses under foundation plate:
Np _ 2858.71

of = —= = = 0.82kN/cm’ = 8.2 MPa
B-L 35-100

The bearing plate is under bending and for determining its thickness calculate
bending moments on parts 1, 2, and 3.
Part Nel (cantilever overhang)
The formulas for calculating parts and bearing plates available from appendix
M table M.2:
M, =o0;-C7/2=082-5 /2=1025kN - cm
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Part No2

M, =a- o b?%

Where « - available from table M.2 and depend on ratio C, /b,, where C, =
Ly — h)/2 = (100 — 59.7)/2 = 20.15cm

a=Cy /by=22=088; a=0.105

M, =0.105-0.82-23 =4555kNcm

Part Ne3 (supported by 4 sides)

by - tw\’
M3=a-af-(02 )
a=b/a=59.7/1095=545>2, a«a=0.133
60Bb2 t,, = 11 mm (in accord with catalog [14])

23-1.1

2
M; = 0133082+ (252) = 13.08 kN - cm’

For determination necessary thickness of plate we choose maximum bending

moment from part No2:

6M 6:45.55
tpr = == = =3.15cm
RyYe 23-1.2

v, in this case equals 1.2 — its coefficient of working condition for bearing

plates; R, = 230 MPa — it's for a grade of C255 (20...40mm).

Assume t,,; = 32 mm from sheet steel 36mm-4mm for milling.

3.11.1. Calculation of the traverse

It's necessary to determine: efforts in traverse, height of traverse and check up
normal and tangential stresses:

Ly =C; + 05t =50+ 0.5-10=55mm=55cm

b; =by+t, =230+ 10=240mm = 24 cm
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a=0C,+05t =201.5+05-10=206.5mm = 20.65 cm

Linear evenly distributed load acting on traverse is calculated by the formula:
Qer = (i + 0.25b)) = 0.82 - (5.5 + 0.25 - 24) = 845 kN /cm

Concentrated load acting on traverse is calculated by the formula:

N, = qp - L =845-100= 845 kN

Minimum leg of filet weld is calculated by the formula (there are two filet

welds for fastening one traverse to the column):

1 Nep
BI85 Rwf Ywr " Yc

A%

1 845

=— |—————=10J58
09\ 2-85 181 -1

ky
Assume ky = 8 mm and this leg met the requirements.

min kg = Smm(16.1) < ky = §mm < max ky = 1.2ty = 12mm

Ney- 10
2Bf kf - Rwf - Yc

htr = lw,nec 4+ 7/.0cm = +1.0cm < 85ﬁfkf

85k~ maximum length of filet weld.

845- 10

Ho =
tr ™ 2.0.9.08 -180 -1

+ /.0cm = 33.6cm

Assume 4. = 34 cm

The leg of filet welds for connecting traverse to the bearing plate assume
(without calculations) from the table 16.1.

Rating efforts of separation for calculating anchor bolts we use with maximum

bending moment (+) in cross-section 3-3.

__ 197086  1337.74

Ny =— = 1520.97 kN

N

Assume ...bolts N, = 7“ = 380.24 kN

Ry, = 185 Mpa
_ Np _ 38024 _ P
Apn = Rpe — 185 20.55 cm

Assume anchor bolts @64mm.
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N,= 380.24 kN N,= 380.24 kN

2005) 597 2905

Mmax= 380.24 x 29.05 = 11045.9 KN*cm

Qqin= 380.24 kN

Fig.3.22. Rating scheme of traverse
Cross-sectional characteristics of traverse:
AtT = htr . tt?" =34-1=34 Cm2,

34

W, = 192.67cm’;

—_M .
O-_WSRyyC,

o =202 102 = 2013 kN/cm? <R, y,= 24 kN/cm?;

192.67
Conclusion: the condition is provided.

1.5- 1.5-380.24 .
c=2 8 =R = 1678 kNjem?

oreqa = V02 +3-12 < LISR, ¥, ;

oreq =V 20.13° + 3 16.78° = 35.35 kN Jcm? ;
oreq = 35.35 kN/cm? > 1.I5R, y. = 27.6 kN/em? ;

Conclusion: the condition is not provided.
Enlarge traverse up to 360x12.
Atr == htT . ttT == 36 . ]2 == 432 sz,

36° 1.2

W, = = 259.2 cm’;

_M .
U_WSRYVC’

o =202 102 = 1496 KkN/cm? <R, y,= 24 kN/cm?;

259.2

Qmax= 380.24 kKN
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Conclusion: the condition is provided.

_15-Q _ 15-380.24
T =74, T 432

oreqa = V0?2 +3-12 < ISR, V. ;

oreq =\ 14.96° + 3+ 13.20° = 27.3 kN/cm? ;
oreq = 27.3kN/cm? < I.I5R, y, = 27.6 kN /cm? ;

= 13.20kN/cm? ;

Conclusion: the strength of traverse is provided.
3.11.2. Calculation of anchor plates

Anchor plates are calculated on the carrying capacity of bolts.

Rating scheme of anchor plates:

Ny, Ny,=Ap,"Ry,= 20.55%18.5= 380.18 kN

0,64, 100 64,50
228

Mmax= 380.18%0.05=8.93 KN*m

Fig.3.23. Rating scheme of anchor plates:

Assume width of anchor plate 228mm.

M 8.93
Woee = =—=0.37cm’?
Ry Yc 24 -1

€255(10...20mm) R, = 240 MPa

6M 6037
tap = = =031 cm
' bap 22.8

Assume t,,, = 10 mm (sheet steel 12-2 mm for milling)
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CHAPTER 4
BASES AND FOUNDATIONS
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4.1. Calculation and construction of a centrally loaded foundation for an

Reinforced concrete foundations for metal

average prefabricated column. Output data

columns are used for the

perpendicular span of the industrial building. Concrete class C 16/20 is accepted.

Physical properties of the soil:

- the basis is a hard sandy loam with a porosity coefficient e = 0,5;

- liquidity index Il <O;

- specific adhesion of the bearing layer of the soil ¢;; = 31 kPa;

- internal friction angle ¢ = 195

Determination of the depth of laying

The depth of the foundations is determined as a result of a joint consideration

of the engineering-geological and hydrogeological conditions of the construction site,

seasonal freezing and flexibility (looseness) of the soil, structural and operational

features of buildings, the magnitude and nature of the load on the foundation.

Depth of foundations: d; = 2,1 m;

Data of engineering and geological investigations Table 4.1
Ne [ Name | Natural | Moisture at| Moisture at | Soil Density | Internal | Specific | Deforma | Calculated
of soil | humidity| theyield [ the Ilimit [ density| of soil | friction | adhesion| tion resistance,
point plasticity | g/cm? | particles | angle | kPa modulus | kPa
g/cm3 MPa
w 4 Wp p Ps o Ci E R
1 Bulk soil 1,74
depth
1.89m
2 | Hard 0,066 0,25 0,2 19,2 15 19 31 23 330
sandy
loam,
2.35m
3 | Flowing| 0,162 0,19 0,14 18,2 1,82 18 21 20 220
sandy
loam,
146 m
4 | Soft 0,178 0,23 0,14 17,5 2,05 20 37 26 280
loamy
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sand,
2.2m

Normative depth of soil freezing of the base (clause 7.5.3. DBN V.2.1-10-2018
Bases and foundations of buildings [12]).

dfn = 610\/7ii_;

Where d, = 0.28 m is the value taken according to clause 7.5.3. DBN V.2.1-
10-2018 for sandy, fine and dusty sands [12];

M, =284+ 5.1+4.0=11.9 a dimensionless coefficient numerically equal to
the sum of the absolute values of average monthly negative temperatures during the
winter in Zhytomyr [11].

den = 0.28 -11.9 = 0.97;

The estimated depth of seasonal soil freezing df, m, is determined by the
formula:

df = kj, - dgy , Where

k, = 1.1 - the coefficient that takes into account the influence of the building's
thermal regime, which is accepted: for external and internal foundations of unheated
buildings, as well as when erecting a building in the winter period with negative
temperatures [12] - according to Appendix G DBN V.2.1-10-2018.

de = 1.1 - 097 = 1.067,

We accept the minimum foundation depth:

d=1.067+0.5= 1567,

We accept the laying depth of the foundation, based on the structural
characteristics of the building frame d, = 2.1.

4.2. Determining the dimensions of the foundation

We take a monolithic step-shaped foundation.

Full design load, taking into account the coefficient y, = 1.
N, = 267548 kN; M, = +3741.72 kN - m;

82



N = 26725'48 + 37;’;72 = 571719 kN:

Taking into account the average reliability factor, in relation to the load Vim =

1.15, operational load on the foundation is:

N _ 571719
N = — =
¢ Ym 115

= 497147 kN,

The calculated soil resistance is: R = 0.33 MPa.
The material of the foundation:
e heavy concrete C16/20, f.; = 11.5 MPa, f.;q = 0.87 MPa, f. = 15MPa,
foex = 1.4 MPa;
e class of armature - A400c, f,; =365 MPa, f,, =390MPa, f,yq=
365 MPa, E; =20 - 107%
For the heavy concrete class C16/20, calculated characteristics of concrete at
the coefficient of working conditions y,., = 0.9
- calculated strength: f.; = 0.9 - 11.5 = 10.35 MPa,
- tensile strength: f.;q = 0.9 - 0.87 = 0.78 MPa;
We take the height of the foundation equal to: H; = .65 m, the depth of laying
H =21m;
Required foundation area:

_ Ne _ 497147 - 10°
f T Ry—vm-H;  033-10°-20-2.0-10°

= 1726 m?;

where, y,, - mediated specific weight of wall blocks, foundation and soil, on
the edges of the foundation is accepted conditionally, y,, = 20 kN /m’;

The necessary dimensions of the side of the square in the plan foundation:

a = [A; =17.26 = 4.15 m; we accept a = 4.2 m (multiple of 300mm).

Then the base area will be: Ay r5. = 4.2 X 4.2 = 17.64 m?;

The pressure on the sole of the foundation is:

_ N _ 5717

— — 2 = 2.
Dsf = A e 324.1 kN/m” = 0.03241 kN /cm~

psf = 324.1 kPa <R = 330 kPa;
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From the structural requirements, taking into account the need to reliably
anchor the rods of the longitudinal reinforcement when the column is firmly pinched
in the foundation, we accept the height of the foundation Hy = 165 cm, the number
of steps is two. The height of the step is determined on the basis of the concrete
providing sufficient transverse force strength, without transverse reinforcement in the
inclined section. Estimated sections: 3-3 along the face of the column, 2-2 along the
face of the step, 1-1 along the lower border of the pressing pyramid. Constructively,
we accept the height of the first step of the foundation 4, = 35 cm.

When calculating the reinforcement for the foundation, we take the bending
moments on the cross-sections corresponding to the placement of the foundation
ledges, as for a cantilever with a pinched end, as calculated:

M;_; =0125 - pss - (a—a;)? - b;

My, =0.125 - pss - (a—ay)’ - b;

M,;_;, =0.125 - 324.1 - (4.2—3.5)% - 4.2 =83.37kN - m;
M,_,=0125 - 324.1 - (4.2—2.8)% - 4.2 =333.5kN - m;

4.3. Calculation of the required amount of reinforcement in different

sections of the foundation in one direction:

M;_ 83.37-10°
Ay = =L = = 10.67 cm?;
0.9 feq-hyy  0.9-280(0.1) 31

M,_ 333.5-10°
A,=—22 = = 20.1 cm?;
0.9 feq-hyy  0.9-280(0.1) 66
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Fig.4.1. Centrally loaded foundation F-42 under the column of the outer row.

1. Of the 2 found Ay, it is accepted Ag oy = Ay = 20.1 cm?;

2. We set the rod pitch s in the range of 200...300 mm (a multiple of 50 mm);

3. We set the distance from the edge of the sole to the first rod ag in the range of
50...100 mm (a multiple of 25 mm);

4. We determine the number of rods n, according to the formula:

_b-2-a;

n; —1 - the result must be rounded to a larger whole number;

5. According to the assortment [25], we determine the diameter of the armature.

We accept s = 200mm, a, = 50mm,;

42 -2-0.05
n,—1 =222 )
0.2

We accept the grid from the reinforcement 21914 A400C, with a step of

200mm and area Ay s, = 24.62 cm? .

Percentage of reinforcement: p . = ;S'f;C - 100% = pgmin = 0.1%;
1°103

24.62
pp = 100% = 0.1 = ppin = 0.1%.

We accept the the lateral armature area without calculations, depending on the

minimum armature coefficientp. ., = 0.1%.
As = ppin = Ac = 0.001 - (1 - byc) = 0.001 - (280 - 280) = 78.4 cm?
Accept grid from the reinforcement 836 A400C, A, = 81.44 cm? ; A, >

Ag max = 20.1 cm?.

B@36 A400C

4200
3500

2800

2800

212 A240C

=]
Irs
g

g
&
{
8 , 791 ) a2 N

Fig.4.2. Scheme of reinforcement of slab (a) and column (b) parts of the

foundation.
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CHAPTER 5
ORGANIZATION OF CONSTRUCTION
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5.1. General map

General map was developed for the construction of the above-ground part of

the industrial building.

Temporary roads are assumed to be 6.0m wide. Curve radius 12m.

Temporary buildings and structures are of container type. On-site warehouses

are designed to accommodate prefabricated elements and materials. storage areas

were leveled by creating a slope for surface water runoff.

material, hydroizol

Table 5.1
Ne Name Quantity
1 | Formwork warehouse 2
2 | Fittings warehouse 2
3 | Warehouse for cement, lime 2
4 | Warehouse of prefabricated concrete 1
5 | Warehouse of prefabricated metal el. 1
6 | Warehouse of chemicals, paints, 1
work clothes
7 | Warehouse of thermal insulation 1
materials, nails
8 | Warehouse of the roofing 1

Operation of electrical equipment without grounding is prohibited.

Fire safety at the construction site is ensured in accordance with the

requirements of fire safety rules in the course of construction and installation works;

electrical safety at the construction site is ensured in accordance with the

requirements [26].

5.2. Calendar schedule

According to DBN A. 3.1-5:2016, the project for the construction of a building,
structure or part of it includes a calendar schedule of work (or a complex network
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schedule), which sets the sequence and timing of work with the maximum possible

combination [27].

The construction is carried out in two stages. The calendar schedule has been
developed for the first stage of construction (two spans in axes “8-197).

Analytical part of the calendar schedule Table 5.2
Scope of work Labor | Duration | Number [ Compositi | Number
No | Name of work costs, | of work of on of of
Measurel  Numbet people- | in days wor_kmg teams employ
days shifts ees per
ments .
shift
1 2 3 4 5 6 7 8 9
Layout of the 1000 m?| 22,5 0.65 1 1 driver of 1
construction the 5th
site category
Digging of 1000 m’|  1.05 1.88 1 2 driver 5c 1
ditches,
trenches
with an
excavator
Cleaning the 1000 m3| 0.326 5.26 2 1 diggers 4
soil manually 2¢c-2
Preparation for 100 m? 3.26 0.75 1 1 concreters 2
the foundation 4¢-1,
2c-1
The device of a 100 m? 1.73 1050 88 2 carpenters 6
monolithic 4c-1,
foundation 2c-1,
drivers
4c-1,
2c-1,
concreters
4c-1,
2¢c-1
Installation of pcs 28 23.84 3 2 installers 5
columns 5¢-1, 4c¢-1,
3c-1,
2¢-1
Installation of pcs 32 15 3 2 installers 3
foundation 4c¢-1, 3c-1,
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beams 2c-1
8 Backfill of the 100 m? 4.36 83.93 6 diggers 8
soil 2¢-2
9 Installation of pcs 15 24.38 4 installers 4
the crane beams 4c¢-1, 3c-1,
2c-1
10 Installation of pcs 5 4.9 1 electric 4
the substructure welder 5c-
beams 1,
installers
5,4,3,2¢c-1
11 Installation of pcs 22 45.65 5 electric 5
farms welder Sc-
1,
installers
5,4,3,2¢c-1
12 Installation of pcs 160 91.8 12 electric 4
coating plates welder 5c-
1;
installers
4c, 2c-1,
3c-2
13 Installation of pcs 380 335.4 34 electric 5
wall panels welder 5c-1
- installers
14 Installation of t 108 85.54 9 5.4.32¢c-1 5
window blocks
15 Installation of t 4 20.7 3 5
gates
16 Installation of pcs 12 10.22 2 5
half-timbered
columns
17 Vapor barrier 100 m? 28.8 68.04 8 isolators 9
3c-1,
18 Insulation 100m2| 288 | 17352 11 2c-1 17
19 | Cement screed 100 m? 28.8 51.48 5 isolators 11
4c-1,
3c-1
20 Rolled roof 100 m? 28.8 200.88 11 roof builder 19
3p-2
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21 Temporary m’ 518.4 72.52 37 glaziers 2
glazing of 4c-2
window blocks
22 | Waterproofing 100 m? 28.8 249.84 25 concreters 10
under the floor 4c-1,
2¢c-1
23 Flooring 100 m’ 28.8 128.2 13 concreters 10
preparation 4¢-1,
under the floor 2¢c-1
24 Electrical - 186 186 19 electrics 10
installation 5c-1,
works 3c-1
25 | Plumbing works - 325 325 28 plumbers 12
4c-1,
3c¢-1
26 Plastering 100 m’ 31.07 287.4 8 plasterer 40
works 4c-1,
3c¢-1,
2¢c-1
27 Installation of 100 m? 28.8 129.96 5 concreters 14
mosaic floor, or 4¢-1,
another one 2¢-1
28 Wall tiling 100 m? 31.07 776.8 25 tiler 32
4c-1,
3¢-1
29 Installation of - 325 325 37 installers 9
equipment 5,3¢-1,
2pc-2
30 Equipment - 102 102 12 9
adjustment
31 Blind spots, 100m?| 274 1.51 1 4
ramps, etc.
32 | Facade plaster 100 m? 3.25 24.8 3 plasterer 10
4c¢-2,
3c-2,
2¢c-1
33 | Facade cladding 100 m? 3.25 109.7 7 tiler 16
4c-1,
3c-1
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34 | Preparation for - 36 36 8 1 handymen 5
the delivery of
the object
Organizational and technological scheme of the
accepted execution of works
Table 5.3
Code of Accepted connection of works min. gap in| Duration | Justification
No Name of work | previous days, Tp of work
work in days,
No. of the calculation scheme T;
1 2a 3a 26 36
Consecuti | TI-IT 3-3 | II-II 3-3
ve
3-11
1 2 3 4 5 6 7 8 9 10 11
1 | Layout of the - - - - - - - 1 First work
construction site
2 | Digging of ditche 1 3-11 0 1 Safety
trenches measures
with an excavator
3 | Cleaning the soil 2 I1-11 2 2 Safety
manually measures
4 | Preparation for 3 3-3 1 1 Organizational
the foundation break
5 | The device of a 4 3-11 4 88 Concrete
monolithic drying
foundation
6 | Installation of 5 3-11 2 3 Safety
columns measures
7 | Installation of 5 3-11 2 9 Organizational
foundation 6 3-3 4 break
beams with
backfill of the
soil
8 | Installation of the 7 3-11 2 4 Organizational
crane beams break
9 Installation of 6 II-11 4 18 Technological
secondary roof 7 I1-11 0 break
trusses, farms and 8 I1-11 0
coating plates
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10 Installation of 9 I1-11 3 46 Safety
Wall panels, measures
window blocks
and gates
11 | Vapor barrier and 9 3-I1 0 19 Safety
Insulation of the 10 I-11 3 measures
roof
12 Cement screed 11 3-3 1 5 Organizationa
break
13 Rolled roof 12 II-11 5 11 Drying of the
screed
14 Temporary 10 3-11 0 37 Technological
glazing of window break
blocks
15 | Waterproofing 13 3-3 2 25 Organizationa
under the floor 14 3-I1 0 break
16 Flooring 15 3-3 2 13 Organizationa
preparation under break
the floor
17 | Plumbing works 14 I1-11 3 28 Technologica
break
18 Electrical 17 3-3 1 19 Safety
installation works measures
19 | Plastering works 17 3-3 0 8 Safety
18 3-3 1 measures
20 Installation of 16 3-3 2 5 Organizationa|
mosaic floor, or 19 I1-11 0 break
another one
21 Installation of 20 3-11 4 49 Drying of the
equipment and floor
equipment
adjustment
22 [Blind spots, ramps] 10 3-11 0 1 Technologica
etc. break
23 Facade plaster 22 I1-11 1 3 Safety
measures
24 | Facade cladding 23 3-I1 2 7 Technologica
break
25 |Preparation for the 21 3-11 0 8 Organizationa
delivery of the 22 3-I1 0 break
object 24 3-I1 0

The calendar schedule was developed in the Excel software module.
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CHAPTER 6
TECHNOLOGY OF CONSTRUCTION
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6.1. Technological map

The technological map was developed for the process of erecting a reinforced
concrete roof slab during the construction of the steel frame mill building for ceramic
blocks production in Zhytomyr city.

The process is carried out by the truck crane LIEBHERR 420 EC-H 16.

The work is performed by a complex team in two shifts.

The installation of the roof slabs is carried out in parallel with the installation
of the beams. Laying of slabs is carried out in the places of their stacking in the
course of the works [32]. The slabs are laid out inside the span being mounted.
Installation of roof slabs is carried out by a group of installers of 4 people (4 c-1, 3 c-
2,,2c-1).

Installation is carried out in the following order:

1. Slabs are strung with the help of a traverse (installers of the 3rd and 2nd
category).

2. The plate is lifted to the place of installation, while it is oriented in space with
the help of a tie (installers of the 3rd and 2nd category).

3. Installers of the 4th and 3rd category, located at the top, take the plate and
install it on the rafter beam in such a way that the supporting ribs rest on the
supporting parts of the rafter beam;

4. Installers of the 4th and 3rd category use crowbars to move the slab in plan,
achieving its exact design position;

5. Welding of collateral parts is carried out. At the same time, the first plate is
welded at four points, and the others at no less than three, since one of the
corners of the plate is not available for welding. In the case when the gap
between the securing parts of plates and rafter structures exceeds 4 mm, steel
pads are installed, which are welded to the securing parts of the rafter beams

and covering plates. After the plate is unfastened.
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6.2. Selection of crane equipment

The choice of a set of machines for carrying out work on the installation of
structures depends on the dimensions and weight of individual structures and the
conditions for performing installation work. The main parameters of mounting cranes
are boom reach, hook lifting height, load capacity.

In this project the choice of a crane was made according to the characteristics of
the heaviest installed element - 14.8 t.

1. The required lifting capacity of the crane
Q=q+qy=1425+0513= 14763t ~ 14.8t

2. The minimum lifting height of the cargo hook for the jib crane
Hyp=hy+h,+hy+h,=126+05+33+54=218m
Homp =ho+hy+ he + he+hy =126+ 05+33+54+15=233m

3. The required length of the boom
mp __ mp 2 mp 2
Ly, = (lkp - c) + (Hcmp — hy,)

The departure of the crane hook (boom)

P _ (e+d"+a)-(Hemp =) 4o 0IH05+020-Q33- 1

) 3
cmp — T + g 154 54 +1.5=555m

Ly =+ (3.5—15)+ (233 — 1) = 22.7m

95



CHAPTER 7
LABOR PROTECTION
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7.1. Labor protection measures

1)  Wearing protective helmets is mandatory for all persons present at the
construction site.

2)  When moving and supplying formwork and fittings to the workplace by
cranes, pallets, containers and load-catching devices are used, which exclude the fall
of the load during lifting.

3) Dangerous zones must be marked with safety signs and inscriptions of
the prescribed form.

4)  Safety fences are installed on the borders of the zones of permanently
active dangerous production factors, and signal fences or safety signs are placed on
the zones of potentially active dangerous production factors.

5) Placement on the formwork of equipment and materials not provided for
in the work production project, as well as the presence of people who are not directly
involved in the production of work on the formwork deck, is not allowed.

6)  Safety fences must be installed on the borders of the zones of
permanently active dangerous production factors, and signal fences or safety signs

must be installed on the zones of potentially active dangerous production factors.

7.2. Increasing the fire resistance of metal structures of industrial

buildings

Fire protection works consist of several main stages:
- Surface preparation and quality control;
- Application of anti-corrosion paint and varnish material with the
execution of an act of hidden works;
- Application of flame retardant material;
- Quality control of the performed work.
The contractor is required to notify the local state fire supervision authority in

written form about the beginning of work at the facility. All fire protection work must
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be carried out in climatic conditions that meet the regulations for work on fire
protection with this material. During the work on fire protection of building
structures, the customer, representatives of the state fire supervision authorities, the
developer of the Fire Protection Work Project, the manufacturer or supplier of the fire
protection material used have the right to carry out intermediate quality control of the
work. In case of deviations from the Project or violations of the requirements of the
Regulations, an act of violation is drawn up in at least three copies and signed by all
participants in the audit.

The act requires that one copy of the act remains with the customer of the work,
the contractor, and the third must be sent to the territorial licensing authority for the
provision of services and the performance of fire-fighting work. If architectural and
construction changes are made at the beginning of the fire protection work at the
facility that are contrary to the Project of fire protection work, the manufacturer of
this type of work is obliged to stop (or not start) the work and inform the customer,
the developer of the Project, and the local state authority about this. Fire supervision
IS necessary to continue the work. After completion of works on fire protection of
steel structures, partial mechanical processing is allowed and damaged surfaces must
be restored with materials used in accordance with the Fire Protection Design.

Metal surfaces prepared for corrosion protection treatments shall be free of any
irregularities or contamination. Before the protective coating is applied, the surface of
the steel structure shall be blasted and cleaned using a shot blasting machine or
mechanical brush. Surface cleaning methods are described in the technical
documentation of the coating material that have been used. The surfaces of steel
structures intended for treatment should be cleaned only from peeling rust or scale
films.

Before using fire-retardant materials to increase the fire resistance of load-
bearing steel structures, it is necessary to carry out anti-corrosion treatment of metal
structures. Primer anticorrosion coatings are selected depending on the operating

conditions of the metal structures and the entire fire protection system in general. In
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Ukraine, there are strict requirements for the conformity of the primer coating and the
fire retardant material. If the metal structures were previously treated with an anti-
corrosion coating, the organization performing the fire protection work is required to
obtain a document (Act of hidden works for anti-corrosion treatment, quality
certificate for the used paint and varnish material) confirming the use of anti-
corrosion materials that comply with the requirements of the Regulations for works
on fire protection. Before applying fire protection materials, the manufacturer is
obliged to conduct an audit of the state of the anti-corrosion coating, determine the
damaged parts.

The Certificate of Conformity of the UKrEPRO system for fire retardant material
must contain all elements of the fire retardant system indicating the trade names,
thickness and regulatory documents of the primer layer, especially the fire retardant
coating and, if necessary, lacquer or enamel. Replacing one of the components, for
example, a primer, requires mandatory fire tests in accordance with current standards
and possibly certification. The procedure for certification (fire tests) of fire protection
systems includes, in each case, the repetition of the same tests, and is very tedious,
labor-intensive and expensive. In some cases, the manufacturer assumes
responsibility for applying the fire protection material to the existing anti-corrosion
coating, and an examination is carried out for the compatibility of the system of anti-
corrosion coating - fire-retardant material and stability under conditions of thermal
loads.

Before starting work, it is necessary to carry out an incoming control of the fire-
retardant material, paying attention to the integrity of the packaging, the presence of
markings, the availability of accompanying documents, and the compliance of the
quality passport with the batch number indicated on the marking label.
Accompanying documents include copies of the current Certificate of Conformity of
the UKoSEPRO system and the Regulations for work on fire extinguishing, as well as

a quality certificate indicating the technical and physical and chemical characteristics
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of the supplied batch of fire retardant material obtained during production acceptance

tests.
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