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INTRODUCTION

Methodological guidelines for performing course project “Beam cell
and columns of the work platform” are intended for all educational forms
Bachelor’s Degree students on specialty 192 — Building Industry and Civil
Engineering, of educational program “Industrial and Civil Engineering”.
The manual main goal is to ensure that the student has mastered his skills of
composing, calculating and constructing of the beam cell elements, as well
as centrally-compressed columns of the work platforms. The course project
consists of an explanatory note and a graphic part on a sheet of Al format.

1 GENERAL TERMS ABOUT BEAM CELLS

The system of load-bearing beams that form the construction of
overlap or work platform is called a beam cell. Depending on the design
load and dimensions in the plan, beam cells can be of three types: simpli-
fied, normal and complicated (Fig. 1). In the practice of design, the last two
types are widespread. The system of load-bearing beams that form the con-
struction of floors or work platforms is called a beam cell. Depending on the
design load and dimensions in the plan, beam cells can be of three types:
simplified, normal and complicated (Fig. 1). In the design practice, the last
two types are widespread.

The bay of the floor beams depends on the bearing capacity of the
flooring and shifts within 0,6-1,6 m for steel flooring and 1,5-3,0 m for
reinforced concrete flooring. If necessary, the steel flooring might be rein-
forced with the stiffeners.

The bay of the auxiliary beams must be a multiple of the length of
the main beam, and it can be taken within 2,0-5,0 m.

The connection of beams with each other can be superficial, level
and low (Fig. 2). The distance from the lower chord of the main beam to the
top of the floor is called the building height of the beam cell.

2 CALCULATION OF BEARING FLOORING

Flat steel sheets are widely used for the bearing flooring of beam
cells. The distance between the edges of the shelves of adjacent beams is
taken as the flooring span (Fig. 2, c¢). It is accepted that:

ln/tg < 50 —rigid flooring;
In/tp> 300 — flexible flooring;
50 <1/ tg <300 — normal flooring.
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a — superficial; b — level; ¢ — low




For beam floorings it is necessary to use steel sheets with thickness:

— ¢t = 6-8 mm with loads g < 10 kN/m?;

— ¢t = 8-10 mm with loads g = 20 kN/m?;

— ¢t =10-12 mm with loads g = 21-30 kN/m?;

— t=12-14 mm with loads g > 30 kN/m?.

The flooring is joined with beams by solid or intermittent welds.

With a load of ¢ < 50 kN/m? and limit relative span I;/ ¢ < 1/150 the
strength of the steel flooring hinge joint will always be ensured. Therefore,
under such conditions, it should be calculated only for rigidity (deflection).
In practice, from the stiffness calculation then evaluate the ratio of the span
Ix to its thickness #; by the formula (1):

L _4n, (1+ 72E, ]_4-150(“72-2,26-104]_
., 15 ny -q, 15 150*-g,

t
=40- l+ﬂ A
506,254

where n, = {l — the specified ratio of the flooring span to its allowable
A

(1)

deflection (evaluate from regulatory J _ [1} for floorings);

/ 150
g» —normative load on the flooring, kN/cm?;
.10*
Jop—— > = M =2,26-10* kKN/cm? )
1-v 1-0,3

where v = 0,3 — Poisson's ratio for steel;
E; — modulus of elasticity when transverse deformations cannot be
occurred.

3 CALCULATION OF FLOORING BEAMS

The most rational cross-section for flooring beams is rolling beams
of an wide flange section or T-section. The rolling split beam is calculated
in the following order:

1. Determine the bay of beams.

2. Calculate normative and estimated loads.

3. Establish the design scheme of the beam and find the maximum
bending moment from the estimated loads.



4. Calculate the required moment of the cross section resistance of
the beam W,, taking into account the plastic work of the beam material:

VK = Cn X VV])I' (3)

For wide flange beams and channel beams in the first approximation
(oriented) C, = 1,12 when bending is occurred in the beam wall plane, and
when bending in a plane parallel to the beam chord (from the beam plane) —
C,=12.

5. Using the rolling beams assortment, select profile with the mo-
ment of resistance, closest to the required moment.

6. Check the strength of the selected beam profile, taking into ac-
count the progress of plastic deformation during the bending in one of the
main planes (at tangent stress 7 < 0,9R,, except the supporting cross-
sections) by the formula (4):

M

c=—0"
CW Ry,

where M —maximum bending moment in the designed cross-section;

Wnin — the minimum moment of resistance net;

R, — the design resistance of steel bending beyond the yield strength;

y. — coefficient of working material condition, for steel y. = 1,1;

R, — design resistance of steel shear, Ry = 0,58R,;

C; — coefficient, taking into account the progress of plastic defor-
mations.

7. Check the strength of the selected profile per shear, depending on
the type of connection:

— surface bearing of the beam or without shear of the beam chords;

<1 )

T= L <1; (5)
IRy,
— one-level connection with a chords shear and partially the web
shear:

O

t= = (6)
h-t,R,y,

8. Check the rigidity of the beam. For this purpose, according to the
Structure Mechanics formulas, its relative bending from the regulatory loads
compare with the allowable loads equal to 1/200 of the beam length.



4 CALCULATION OF COMPOSITE ELECTRIC WELDED
MAIN BEAM

4.1 Selection of the cross-section of a composite beam

The cross-section of the composite electric welded beam must satisfy
the requirements of strength, rigidity, general and local stability and at the
same time be, if it’s possible, more economical at the metal expense. One of
the most important tasks, during the selection of composite beam cross-
section, is evaluation of its rational height: # = (1/8-1/12)L.
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Figure 3 — Cross-section of electric welded composite beam

The composite beam calculation is carried out in the following order:

1. After accepting the beam design scheme, its loading and after de-
termining the efforts of Qu. and M.y, as well as the required moment of
resistance W, the beam cross-section layout begins with the determination
of its height, which is found under two conditions: the stiffness /i, and the
economy /p:.

3 5-RL'Y q"-C, 5 CR L >q"

" 24'E[f]qu 24 24~ELL qu’ %
400
1
=——1IVL> 8
[1=255 (8)



W

h,, =(15-12) o )
M
W, — max X (10)
C,Ry.

2. The beam web thickness is pre-determined by the empirical for-
mula (11):
tw="T+ 3hy. (11)
According to the shear conditions, it’s necessary to determine the
minimum allowable beam web thickness:

_150

t o=
wmin hR‘ ( 1 2)

The final thickness of the beam web is taken according to the size of
the assortment sheet steel (for design reasons it is rounding up to 6 mm).

With an unlimited construction height of the beam cell, the beam
height should be slightly less than /,,;, but not lower than /.

When determining the beam height, it should be considered that the
web height /,, must be consistent with the width of the assortment sheets, or
the overall beam height must be a multiple of module 100.

3. After establishing the beam height and the web thickness, proceed
to the layout of the chords. By the known value of the resistance required
moment W, of the entire cross-section and the beam height %, evaluate ap-
proximately the area A, of each of the symmetric cross-section beam chords
by the formulas (13—-14):

when }; > h“m ‘4 w.
! h

when h<h0pt Y4 :K_lw'ho )
, > 0
E ho

- (13)

(14)

where A — estimated beam height.

The width of the chord’s sheet is determined within by = (1/5-1/3)A,
provided the overall stability of the beam. According to the technological
reasons (for convenience of automatic welding) — by > 180 mm. After de-
termining the chord’s area and its width, it is necessary to evaluate the re-
quired thickness:

t, ==L, (15)

4. The local stability of the compressed sheet chord is considered to
be respected if the ratio of the calculated width of its overhang b; to the



thickness # does not exceed the following values according to the require-
ments:
a) in the elastic stage of metal work:

b ’
i=0,5~ i ; (16)
ty R,

b) in the elastoplastic stage of metal work (or taking into account the
progress of plastic deformations):

b h
- 0,112 , but not more than 0,5 - £ , (17)
iy t, R,

where /) — estimated beam height;
b.sr—beam flange overhang.

b, —t,
by =L : (18)
5. Next step is the determining of the geometric characteristics of the
adopted beam cross-section and checking its bearing capacity (by normal
and tangential stresses), as well as deformability (rigidity).
— the moment of inertia about the X axis:

t -h’ h
I =1 +2-1, =2—242.0t,-b, )| 2|5 19
— the moment of resistance about the X axis:
I 21 .
T2 n (20)

- normal stresses, taking into account the progress of plastic defor-
mations, at maximum moment M, yqy:

o, =< 1)
ClWnyyc

— tangential stresses in the reference cross-section by maximum
transverse force:

1,50, ..
LY 1; (22)
th Ry,

10



— the rigidity:

S Ml 1

I k-10E-I_~ 400 (23)
where k=~ 1,15 is the ratio coefficient of the calculated load to normal g./g,
which translate the previously evaluated moment from the calculated loads

into the moment from the normative loads.
4.2 Changing the cross-section of the composite beam in length

The cross-section of the composite beam, selected by M,.4, can be
reduced in places of moments decreasing, which are fall as the distance
from the middle to its supports. Each cross-section change makes steel
economy, but at the same time increases the complexity of the beam manu-
facturing. Therefore, it is economical only for beams with a length of 10 m
or more.

The place of the cross-section chords change of the one-span electric
welded beam is at a distance x:(é*éjL from the support. The current
moment at this place can be evaluated graphically by the moments curve
(fig. 4) or by the formulas (24)-(25):

— at evenly distributed load:

M*:L‘l_q‘xzzq'x'(l_x); (24)

2 2 2

— when concentrated forces are loaded:
M*=V-x=> P -1l. (25)

11
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Figure 4 — Changes in the cross-section of the main beam chords

Chords sheet joints of various widths are made using a direct butt
weld, which is hand welded and without physical quality control methods is
unequal to the parent metal. Therefore, the resistance of the butt weld
is Ryy = 0,85R,.

In addition, it should be noted that in beams with variable length
cross-section, the progress of plastic deformations should be considered in
only one cross-section, with the most unfavorable connection (combination)
of M and Q. In other cross-sections, the progress of plastic deformations is
not allowed.

The calculations are performed in the following order.

Evaluate in the cross-section “X” the values of M* and O* and de-
termine the required moment of resistance at the point where the beam
cross-section changes:

*
W, -
" R,y

The required area of each of the modified cross-section chords is
roughly evaluated by the formula:

(26)

*

W. t -h
A o Tw T (27)
frer 6

12



Than we evaluate the chord’s sheets new width, leaving the
thickness ¢ constant:

= A >180 (28)
f t/» - :

In addition, the chord’s new width shall not be less than 1/10 of the
beam height (0,1/4) and half of the chord width before changing the cross-
section (0,5b,), and shall also be consistent with the width of the assortment
sheets.

In places where the cross-section changes at the level of the chord
sheet welds, check the given stresses by the formulas:

a) at the adjoining beams (or minor beams) in the same level o7, = 0:

O 1od ,/0 +3Tnl SLISRy.; (29)

b) in the presence of local load on the beam upper chord 7, # 0 and
absence of stiffeners (surface bearing of connection) of minor beams:

b

Ged =\/G;,21 - \71 Glac+alac+37\f§l Sl 15R 7/ (30)
In formulas (29)—(30):

o M*h, M y
x,1 21: VV:I ? ( )

* Ql)k * S;
T, === > 32
e (32)
O = (33)

loc — ’
tyly

where 1,,W, 1 and S” — respectively, the moment of inertia, the moment

of resistance and the static moment of the modified cross-section beam
chord relative to the neutral axis .X;

F — support reaction of the flooring beams (minor beams);

los— conditional length of local pressure distribution (fig. 5).

13
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4.3 Calculation of chord welds of a beam

To calculate the chord welds, evaluate a shear force on 1 cm beam

length:
0,.5;
T=="r 34
I (34)

where O — the maximal transverse force in the reference cross-section.

We evaluate the thickness of the chord welds, which are performed
by automatic welding, provided with a shear in two cross-sections.

a) on the metal weld:

<R_,v.7.,
2ﬁfkf wf wa Y. (35)
T
k2 ———; (36)
a: BiR,V.7.
b) on metal at the boundary of the heat:
T
S SRV (37)

2Bk

S

14



where &y — the cathetus of the angular weld, the value of 4/ is accepted ac-
cording to [1];

pr and f. — the penetration coefficients for the calculation of the an-
gular weld, respectively, on the metal weld and on the metal at the boundary
of the heat. The value of these coefficients is taken according to [1], for
steels with a yield strength of up to 58 kN/cm? with automatic welding they
are taken fy=1,1 and . = 1.15;

7w, Pu= and y. — coefficients of working conditions, respectively, of
the weld and construction, which are taken equal to 1,0 [1];

R, — design resistance of the angular welds to conditional shear on
the metal weld according to Table 56 [1];

R.: = 0,45R, — design resistance of angular welds to the conditional
shear on metal at the boundary of the heat;

R, — tensile, butt, bending strength design resistance of the steel and
temporary resistance according to Table 51 [1].

4.4 Calculation of the web local stability of the composite beam

This calculation must be carried out in accordance with the require-
ments of the relevant document [1].

The stability of the beam webs doesn’t need to be checked if the
condition for the given stresses of the formula (30) is fulfilled, as well as the
conditional flexibility of the web does not exceed such values: 3,5 — in the
absence of local stresses in beams with bilateral chord welds; 3,2 — in the
absence of local stresses in beams with one-sided chord welds; 2,5 — in the
presence of local stress in the beams with bilateral chord welds.

— h, |R
A =< - 38
v t.,/E (38)

where /.,— is the estimated height of the web.

The beam web should be reinforced by the transverse stiffeners if the
value of the conditional flexibility of the beam web is 4, > 3,2 in the ab-
sence of moving loads. The distance between the major transverse stiffeners
should not exceed o < 2A.rat 4, > 3,2 and o < 2,5k at A, < 3,2.

The width of the beam edge is taken at least, mm:

b, > iy +40 (39)
T30
The thickness of the beam edge:

[R
t >2b, E . (40)

15




The calculation of the stability of the beam web of symmetrical
cross-section, reinforced only by the transverse main stiffeners, in the ab-
sence of local stresses (g1, = 0) and conditional flexibility A,, < 3,2 should
be performed by the formula:

2

\/(G/GJZ +(%j <7. @

where y. — coefficient of working conditions, taken from the Table 6 [1];
C.R,

/12
0,76 ) R,
w)x

In formula (39), coefficient C.- should be taken from [1], depending
on the value of the coefficient:

b, [t 3
O=Bx-"Lx|-L], (44)
h, \t
where byand ¢ are respectively the width and thickness of the compressed
beam chord;

S = 0,8 — the coefficient, which is taken from [1];

In the formula (43) R, = 0,58R, - is the design shear resistance;

— d |R
2 =25 45
ef tw E ( )

where d — smaller of the plate sides (% or a);

1 — the ratio of the larger side of the plate to the smaller.

The calculation of the stability of the beam web of symmetrical
cross-section, reinforced only by the transverse main stiffeners, in the pres-
ence of local stress (o1 # 0) should be performed by the formula:

\/(% . G%,jz - ( %jz <Y (46)

Paired transverse edges should be installed in places adjacent or
abutting flooring beams. In this case it should be considered (o1, = 0) and
the formula (41) should be verified.

(e}

cr

) (42)

7, =10,3- [l + (43)

w
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4.5 The calculation of the supporting edge of the beam

When the hinge bearing of the main beam to the top of the column,
the transference of the reaction occurs through the support edge, which is
welded to the end of the beam along the perimeter of the fit (fig. 6).
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to adze =
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Figure 6 — Calculation scheme

The determination of the support edge size is based on the change of
its end:

Al =T
- @

where R, — is the calculated resistance of the end surface [1].

Structurally, the widths of the edges is taken b, = b; and only after
that evaluate its thickness:

t ="t 48
27 (48)

o
In addition, it is necessary to check the beam supporting segment for
stability from the plane of the beam as a conditional support rod containing
in the area of the cross-section A, support edge and part of the beam web:

E
A, =A,+A,=b,xt,+1,x0,65 }F' (49)

This segment of the beam is calculated for compression as a rod with

a calculated length equal to the height of the beam web:
vV
o= m.b. S L ( 5 O)
Aq/.goRy 7.

where ¢ — the longitudinal bending coefficient, which is taken from [1] de-
pending on the value of flexibility 4.

17



The calculation of the welds that attach the supporting edge to the
beam web [, = &, - 2:
a) on the metal weld:

y

m.b.

k. > ; 1
! 2ﬂf xlwawf XY,y XY, G

b) on metal at the boundary of the heat:

, > Vm.h. ) ( 52)
2B . xI xR _xy _xy.

The values of B f-, R Ruz Pws Pw- and y. are the same as in formu-
las (35) and (36). It should be noted that in manual welding, according to
[17-Br=0,7and .= 1;

After determining kj, it is necessary to compare its value with the
values of the corresponding minimum cathetuses according to [1] and ac-
cept the largest of the evaluated ones.

4.6 Calculation of the flooring beams joint with the main beams

The flooring beams joints with the main beams in the beam cells
of the normal type are performed either on the surface or in the same level
(fig. 7).

Of all the joints, surface support is the easiest, but, because of the
possibility of main beam chord bending, it can only convey small reactions.
This support can be strengthened by placing a stiffener under the flooring
beam, thereby preventing the local bending of the upper chord of the main
beam.

In case of minor beams surface support, the connection joint is de-
signed constructively (fig. 7).

18
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Figure 7 — Constructive scheme of beams surface support

When connection is made in same level, flooring beams are fixed to
the special transverse stiffeners of the main beam (fig. 8).
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The purpose of beam connections calculation is to determine the size
of onlays, edges, welds or the number of shear bolts that attach the beams to
each other.

The design force — is the supporting reaction of the flooring beam,
which is increased by 20 %. In this case, as a rule, the thickness of the edges
and onlays is taken not less than the web thickness of the minor beam.

The calculations are performed in the following sequence:

1. Evaluation of the strength of structurally accepted onlays is per-
formed according to the formula (53):

0. =vo'+3t" <LI5R y,, (53)

where y. — coefficient of working conditions, taken from the Table 6
from [1];

max

o = _Tomay < 1’ 54
WnnlayRy 7/0 ( )
1,2V

R LA}
2 AR 7 )
M =12V, x (b +e), (56)

tma* Xhozna*
W:)nlay = Z : 1y6 o > (57)
Z A()nlay = h()nlay x Z t()nlay' (5 8)

If the condition of the formula (53) is not fulfilled, then it is neces-
sary to change the onlays thickness.

2. The calculation of the welds that attach the onlays to the web of
the flooring beam. Such welds are usually performed by manual welding
and the weld cathetus 4 is assigned within the range from the minimum
allowable [1] to the maximum possible kr= 1,2¢i» (Where £y 1s the smallest
of the welding sheets thickness).

Welds stresses from calculated force Vj:

a) on the metal weld:

L2v,,
=5 B, % kf <l ; (59)
b) on metal at the boundary of the heat:
. L2v,, ' (60)
2B xk, %I,

21



The support reaction to the weld center of gravity creates a bending
moment:

M =12V, x(b+c) (61)

Welds stresses from bending moment action:
a) on the metal weld:

M oM

O, =" —=""""" 5 62
! W, 2B, xk xI 62)
b) on metal at the boundary of the heat:
M oM
.= T on vt < (63)

W, 2B xk xI’
Evaluating the welds strength is performed by the formulas:
a) on the metal weld:

[ 2 2 .
Gf,level = Gf + T/ S Rw/'}/w/'}/c’ (64)

b) on metal at the boundary of the heat:

O-z,level = V 0-22 + 7’—zz S szywzyc' (65)

3. The calculation of the bolts that attach the onlays to the edges of
the main beam. Before the calculation we need to take the class and the di-
ameter of the bolts.

Estimated effort Np, which can be sensed by one bolt in the connec-
tion:

a) on shear condition:

N,=R, xy,xA4Axn, (66)

where Ry — design shear resistance of bolts [1];

y» = 0,9 — coefficient of joint working conditions;

A — the estimated area of the bolt cross-section;

ns = 2 is the number of shear areas;

b) on crushing condition:

N, =R, xy,xdx}t,,, (67)
where Ry, — design crushing resistance of the elements connected by bolts,
is taken according to [1];

d — bolt rod diameter;
> tmin — 1s the smallest total thickness of the elements compressed in
one direction.

22



The number of bolts in the connection is evaluated by the formula:

V/ .
nz—r (68)
Nyin X7,
It should be noted that the bolts must be installed in accordance with
the requirements of [1].

5 EXAMPLE OF THE BEAM CELL ELEMENTS COMPOSING
AND CALCULATION

To master the skills of composing, calculating and constructing beam
cell elements, let us consider the following example. So, it is necessary to
arrange and perform calculations of beam cell elements of a normal type
(fig. 9).

23
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Figure 9 — Constructive scheme of beam cell elements

Basic data: L = 17 400 mm; / = 6 700 mm; a = 2 900 mm;
Gehar = 4,8 KN/m?; a = 2 900 mm geonse = 0,994 kKN/m?;

Only a static load is applied to the beam cell, so its structural ele-
ments can be made of C235 and C245 steel, whose design resistance is
R, =23 kN/cm? and R, = 24 kN/cm?, respectively.
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5.1 Calculation of flooring beams

gchar.
||||/g
[

A B

6700

Figure 10 — Calculation scheme of beam B2

1. First, we need to evaluate the longitudinal design load on the beam
with an approximate consideration of its own weight:
ql.d. = (qmnxt x }/fn() + qrhar x }/fm + qﬂnnring x }/fn )X k x al =
kN -

>

=(0,994x1,1+4,8x1,2+0,785x1,05)x 1,02x 2,9 = 22,566
m

2. Evaluating of the moment in span:
Mo - 22,566 % 6,7°

max

=126,623kN xm =12662,3kN x cm;

3. Determining of the required moment of resistance, taking into ac-
count the progress of plastic deformations of the beam material:

M 12662,3

max

Wy = =
" C Ry 112x24x095

apprlty

According to the assortment of SSTU 8768:2018 [2] for beam B2 we
accept the wide-flange section 130 with the following geometric characteris-
tics:

=446,86cm’.

W, =472 cm®; I, = 7080 cm®; S = 268 cm’;
g =36,5kg/m = 0,365 kN/m; 4;= 46,5 cm?;
4. Determining of the design load on the beam, taking into account
its own weight:
q;.d. = (qc{m.\'t X ]/f'n + qchar X ]/f'm + qﬂooring X ]/f'n)x al + q X ]/f'n =
=(0,994>< Ll+4,8><1,2+0,785><1,05)><Z9+0,365><1,05=22,507 kN/m;
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5. Determining of the real maximum moment and the supporting re-
action of the beam:

Ml

max

2
= % =126,292 kN-m = 12629,2 kN-cm;

1 1 1 6,7/ _ _ .
Vi=Vg=gq, ~%= 22,507 - A— 75,398 kN =75,4 kN;
6. Verification of the strength of the selected beam profile:
0-S  754-268
I.-t,-y. 70807-0,65-1,1
o Mo 126292
C,-W,-y, 112-472.0.95
Overtension of 130 is:

25,1-24
2

=3,992 kN/em?< 0,58-23 = 13,34 kN/cm?,

=251 kN/ecm? >24 kN/cm?,

5= 100% = 5% >[5%];

7. Verification of the rigidity of the beam:

f o MP 126292670

I k-10E-1, 115-10-2,06-10*-7080

8462 1 - 1
1677,25 1982 200
The condition is not fulfilled, so for the beam, according to the as-
sortment of SSTU 8768:2018 [2], we accept larger wide-flange section 130a
with the following geometric characteristics:

W, =518 cm®; I, = 7780 cm*; S = 292 cm’;
q = 39,5 kg/m =0,395 kN/m;
o M. _ 126292
C,-W,-y, 112-518-0,95
Overtension of 130a is:

=229 kN/ecm? <24 xN/cm?,

5:%100%:4,53%45%],
S 12629,2-670 _L{L}
[ 115-10-2,06-10*-7780 217 [200 ]
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5.2 Calculation of the composite main beam MB1

Construction material:

— at sheet thickness up to 20 mm — steel of class C245 with design
resistance R, = 24 kN/cm?;

— for sheet thicknesses larger than 20-30 mm — steel of class C255
with design resistance R, = 23 kN/cm? [1].

Bending of the main beam 1/400L.

The MB1 beam is loaded with concentrated forces — the reactions of
minor beams.

F2 F1 F1 F1 F1 F1 F2

STTIVT7 STTV77

A B
29 29 29 2,9 2,9 2,9

Figure 11 — Calculation scheme of beam MBI

Fi1=2Vug: = 2X75,4 = 150,8 kN,
F2 = VM31 = 75,4 kN.

5.3 Selection of the beam MBI1 cross-section

1. Determining of the reactions, maximum transverse force and
moment in span, taking into account the estimated weight of the beam:

VA :VB ZZE_‘Z_ZFZ k=

_2:1508+2-75.4 |, 05 _ 475,02 kN,
where £ = 1,03-1,05 — coefficient of the approximate beam self-weight
considering.

O =V, —F, k=47502-754-105=39635 kN;

M =

max

[?—EJ~8,7—E(5,8+2,9)}1¢ =
=[396,35-8,7-150,8-8,7]-1,05 = 2276,4 kKN-m= 227640 kN-cm.
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2. Determination of the necessary moment of resistance, taking into
account the progress of plastic deformations of the beam material:

Wo- M, 227640 o150
*C,Ry. T1,12.24-095

3. Determination of the optimal beam height by the formula (9), ap-
proximately taking its height:

h= [i——jl~— 17,4 ~1,582 m.
12 8 11

According to the empirical formula (10), we evaluate the web thick-

ness:
t,=7+3h, =7+3-1,58=11,74mm.

Accepting web thickness £, = 11 mm.

w, 891
h{)m = (1,15 - 1,2) tm] = 1’2 % = 108’03mm’

4. On condition of rigidity at the formula (8) we find the minimum
height of the beam:

5 C RLI ZF"

appr” "y

BT T

70,5 M2 20464 6,
2,06-10

C RL
=725~
E

where Z ~087.
SF

Accepting £, =1250 mm;

5. On the assumption of the web working conditions for tangent
stresses on the support, we determine the admissible web thickness by the
formula (11):

o L50™  15-39635 _ 0342 em.
’ h-R, 125-0,58-24
6. Determination of the minimum permissible beam web thickness,
based on the condition, that no longitudinal stiffeners are used to ensure the

local stability:
R 125\/24
We 10°
o E _ 2,06-10 _ 5,46112 ~0,776 cm;

e 55 55 55
Comparing the calculated web thickness with the accepted
tw= 11 mm, we conclude that it can be reduced and accepted #, = 10 mm,
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which satisfies the strength requirements on the tangent stresses and does
not need its support by longitudinal stiffeners to provide local stability.
7. Composing of the beam cross-section (fig. 12).

/ o
- +
o X X =
= =
M +—
=
Y

bf

Figure 12 — Transverse cross-section of the beam

According to the assortment of sheet steel SSTU 8540:2015 [3], the
beam web is accepted from a sheet of 125010 mm. Approximately, we
define the thickness of the chords sheets 7= 20 mm:

(¢, <t, <2-3),).
Then, the height of the beam will be # = 1250 + 2 x 20 = 1290 mm.
Because the accepted height of the beam # = 1290 mm > A,y =

= 900 mm, the approximate area of each chord of the beam is evaluated by
the formula (12):

4 :g. w., :g. 8915
T4 ok, 4 129-2
Beam chord width is determined within the recommended ratio:

b/. — (1 +1) = l 129 ~ 32,25mm.
; 3 4

=52,64cm’.

5
According to the assortment of wuniversal sheet steel
SSTU 8541:2015 [4], we accept beam chord width of 340 mm, then
tr= As lby==152,64 / 34,0 = 1,55 cm, so the thickness of the beam chord
tr=20 mm. The beam chord is taken from the steel strip 340 x 20.
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8. Verification of the local stability of the compressed beam chord in
the elastoplastic stage of work by the formula (15):

b - .
Lf:()’ll.h_oz()’ll.lzg 2 :13’97<O’5\/R£: 0,5\/%

=14,65.
t t, 1,0 i

Determination of the beam chord overhang by the formula (16):
by-t, _34-10
2
And evaluation the actual ratio:
bi _ 16,5
Z
9. Evaluation of the geometric characteristics of the beam cross-

section:
. 3 2 b 't3
LT YN ) R
12 S22 12

3 3
=M+2-(34-2)-63,52 +2-341'22 =
=162760+ 548386 =711146 cm?*,
I, 711146

YT hi2 635
A =24, +A4,=2-(34-2)+125-1,0 =261 cm?;
10. Verification of the selected beam cross-section strength:
M 227640
T, Wy, 1113-11199.0.95
where C; = C — the value of C is evaluated according to [1] depending on
. Ay 2.34
the value of the ratio — = =0,544; C=1,113.
A 1,0-125
Evaluation of the safety margin:
24-19,22

bef = =16,5 cm.

=8,25<14,65;

=11199>8915 cm’,

=19,22 < 24 kN/em?,

w

5= -100% =19.9% > [5%],

150, _ 15:396,35
t,-h, -y, 10-125-095
11. Verification of the beam elasticity by the formula (20):
S Mol 227640-1740 1 1

o}

=5,01<0,58-24=13,92kN/cm’;

= = = <
[ k-10E-I, 115-10-2,06-10"-711146 425
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Figure 13 — Transverse cross-section of the beam
5.4 Changing the beam MB1 cross-section

1. Beam chords cross-section changing position is accepted at fol-
lowing distance from its support:

X :[l+le :L~l7,4 =3 m;
56) 58
2. Determination in the cross-section “X” the value of M* and O*:
M, = (VA —1?1)-3—102 0,1 =
=(475,02-75,4)-3-150,8-0,1 =1183,8 kN-m,
Qi3 =V —F,—F = 47502-754-150,8 = 24882 kN;

3. Evaluation of the required moment of resistance at the changing
position of the beam cross-section:
M * 118380

W, = =
“"R_ -y, 085-24-0.95

wy

=6108cm’,

where R,, = 0,85R, — the calculated resistance of the butt weld by manual
welding, without the use of physical methods of quality control;
4. Evaluation of the required area of each of the chords of the

changed cross-section:
L o~ W. t,-h, 6108 10-125
B T p 6 129 6

=47,35-20,83=26,52cm’;
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5. Leaving the thickness of the chord’s sheets as constant, we evalu-
ate their new width:
. Ap 2652
by =L 220921356 em.
S 2,0
According to the design requirements and in accordance with the
assortment (according to SSTU 8541:2015) we accept a new chord width
of 180 mm (from a sheet of 180 x 20 mm).
The new chord width corresponds with the requirements:

b= 180>0,1h=0,1-1250 = 125 mm,
b/ = 180> 0,5h,= 0,5-340 = 170 mm,
bymin"= 180> 180 mm;
6. Determination of the geometric characteristics of the changed
cross-section of the beam:

* . 3 * 2 b 't3'

P Y N P S
12 2 12

18.2°

3
=1,0-125 +2'(

18-2)-63,5% +2-
12

=162670+29322 =452992cm",

o Lo 2002452992

*h
A h 129
7. Verification of the strength of the selected beam cross-section
(at a distance of 3 m from its support):

=7023 cm’;

. M,
o, =—F2 = 118380 _ 17,74 kN/cm? =
W, -y, 7023-095
=R,, =085R, =0,85-24 =20,4 kN/cm’.
8. Verification of the given stresses at the level of chord welds in the
cross-section changing position:

ory =y o2 4307 =416332 +3.126” ~
~22,58 kN/em?® <1,15-24-0,95 = 30,36 kN/cm®;
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where 7;" and ¢;" — are normal and tangential stresses at position 1 of the
beam cross-section (at the level of the chord welds):

o, = M:':3 =ij3 h, = 18380 o5 16,33 kN/em?;
I 2r, 2-452992
hy
2
. Os-S; 248822286 _ 126 ke
oI, 45299210 ’

where S; — statical moment of the chord, relative to the neutral axis “X”* of

the beam cross-section:
« * hy 127
Sy=b, 1y [7] =18-2 T =2286 cm’.

The conditions are fulfilled, so the beam strength at the chords cross-
section changing position is provided.
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Figure 14 — Changed cross-section of the beam
5.5 Verification of the beam MBI general stability

First, we need to determine the necessity of the beam MBI calcula-
tion on the general stability.

1. According to the requirements of [1], the general stability of the
beam doesn’t need to be checked in a case of transferring load through a
solid flooring, which continuously resists on the compressed chord of the
beam and is securely connected with it. In our case, this condition is
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fulfilled, because the compressed chord of the beam is securely fastened
with minor beams (whose bay is 2,9 m) and steel flooring, welded to the
upper chords of the beams.

2. For example, consider the option when the steel flooring, for rea-
sons beyond our control, will not be welded to the compressed chord of the
beam MBI, or secondary beams will be superficially supported by the beam
MBI. Then, according to the requirements of [1], the general stability of the
beam also does not need to be verificated if the condition of formula (40)
in [1] is fulfilled, namely if:

I b b, b
p 0.4140,00322L +] 073 -0,0162L | 2L | |[-E
by ty ty ) h|\R

¥
where [, — is the distance between the joints of the compressed chord of the
beam from the plane of the beam, the distance between the secondary

b

beams; if the relationship <L < 15, then in the formula it is necessary to
t
A

b
accept this size of the relation equal to <L =15
t
S

129

2,06-10*
XW/% =[0,41+0,048+0,49-0,17] =

=0,5416-29,3=15,87,

{O,41+0,032~15+(O,73—0<016~15) 18 }x

)

bi = 290/18 = 15,82 < 15,87, that is, requirement [1] is fulfilled and the
S

general stability of the beam does not need to be verificated.

5.6 Calculation of chord welds of the beam MB1

By means of such welds chords are attached to a beam wall:
1. Evaluating of the shear force per 1 cm of beam length:

 Oumw Sy 39635-286
I 452992

T 4,74 kN;

2. Determination of the thickness of the belt welds, which are per-
formed by automatic welding.
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The calculation of welds is carried out on the metal of the fusion
boundary, because:

By Ry =11-18=19.8 kN/em® > B, -R,, =
= . -045R, =115-0,45-36=18,63 kN/cn?,

. T ~ 4,74 ~
2B Ry e 7. 2-115-0,45-36-1,0-1,0

=0,127 cm = 1,3 mm,

where B, =11; B, =115— melting coefficients, which are accepted ac-
cording to [1];

Yw =15 7y =1 y.=1- coefficients of working conditions, re-
spectively, of the weld and of the structure, are accepted according to [1];

R,y = 18 kN/cm? — the calculated resistance of the corner welds on
the weld metal;

R,. = 0,45R, — the calculated resistance of the corner welds on the
metal of the fusion boundary;

R, = 36 kN/cm? — calculated resistance of steel to tensile, compres-
sion and bending by temporary resistance [1].

However, at a thickness ¢ = 20 mm (thicker of the welded elements)

the cathetuses of the welds should be taken at least 6 mm, so constructively
we accept k=6 mm > 1,3 mm.

5.7 Calculation of supporting edge of the beam MB1

e

L
.
A

L |
B [ to adze

Figure 15 — Calculated scheme

1. Determination of the dimensions of the supporting rib.
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Evaluation of the required cross-sectional area:
g =V AT02_ gy g o,
e R, 33,6 ’
Structurally, we accept the width of the support rib:

by —t, -
AT Uy P
2 2 R,
—0,5,2%%0 _ 1465
24

So, the condition is fulfilled.

Evaluating the required rib thickness:
h
t > = 1414 _ 0,79cm.
Cb, 18

Structurally, we accept ¢, =14 mm.

2. Verification of the stress in the rib from the condition of its
crushing:

o= Vs _ 475,02 =26,39N /cm® <33,6kN / cm®
4y (18-1,4)10

3. Verification of the stability of the support rib from the plane of the

beam.

The support rib is considered as a conditional hinged-supported
compressed rod of complex cross-section, the height of which is equal to
the height of the beam wall.

The total area of the rod consists of the area of the support rib and

the area of the wall part of the beam with length 0,65, \/R? .
8

Ay = Ay + A, =by 1, +0,65 /i 4, =
4
=18-1,4 +o,651/% 1,0=39,2+20,95= 60,15 cm?.

Next, we evaluate the necessary geometric characteristics of the rod:

. 3 . 3
[t b _LAIE sl o

¥ 12 12
i, = Ly = 2561 =6,52 cm,
Ay 60,15
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Then:
A :_W:612—52=20,54—>go=0,949,

X >
o= Vie 475,02
o-A,-y. 0949-60,15-0,95
4. Determination of the cathetuses of the welds ks, which attach the
support rib to the wall of the beam:

=16,67kN/cm® <24kN/cm’.

Lv=hy,—2=125-2=123 cm.
Since, the welds will be made by hand welding, then B, =0,7
and S, =1.
The weld cathetus is determined from the condition of the shear on
the weld metal, because of:
Br-R, =07-18=12,6 kN/cm*> > f_-R,_ =
=p,-0,45R, =1-0,45-37=16,6 kN/cm?,
P> Ve _ 475,02
=
2B, R, v, 7.l 2-0,7-18-1-1-123
According to the requirements of [1] in these conditions, the weld
cathetus must be at least 6 mm. Structurally, we accept it as ky= 8 mm.

=0,31cm.

5.8 Verification of the wall local stability of the composite beam MB1

1. Verification of the necessity to check the local stability of the
beam wall A4 .

According to [1], the stability of the beam walls does not need to be
verificated if the condition is fulfilled for the given stresses, and the condi-

tional flexibility of the wall l_w does not exceed (in the absence of local

stresses in beams with bilateral welds) 3,5, i.e. l_w <3,5.

ory =y o2 4307 =416332 +3:126” ~
~22,58 kN/em?® <115-24-0,95 = 30,36 kN/em?,

*

7., —accordingly, the stresses at the level of the chord

* *
where G >0, Ty
welds at the place of change of the chords cross-section, the normative and

tangential stresses at point 1 at the level of the chord welds.
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In our case, the first condition is fulfilled, so we need to verificate
the second requirement.
Evaluation of the conditional ﬂexibility of the beam wall:

— R
=t By 125 —426>35,
0, VE 2,06-10*

that is, in our case, one of the regulatory conditions [1] is not fulfilled, so
the stability of the beam wall must be verificated.

We install the main stiffeners in the places of attachment (support) of
secondary beams through one step.

Other secondary beams will be attached to short ribs
(cross-section 2-2).

2. Verification of the local stability of the wall in the first compart-
ment length a; = 2900 mm at a distance x = a; — hy, / 2 =2900 — 1250/ 2 =
= 2275 mm.

We evaluate the moment and the transverse force at a distance X;
from the support of the beam, i.e. in the calculated cross-section:

M_, = (VMB -F ) X, =(475,02-75,4)-2,275 =909,14kN x cm;
0. =V,—F =399,62kN.
Verification of the local stability of the wall is performed according

to the formula:
2 2
\/(G/Gw") + (%L‘)‘) S }/Ll’

M
o =22 by _ 90914 125 12,55 kN/cm? — stresses at the level of

*

1 2 452992 2

X

where ¥y, = 1,1.

chord welds at a distance x = 2,275 m from the beam support.
Oi-2275 _ 399,62
h,-t, 125-1,0
x = 2,275 m from the support of the beam.
Critical normal and tangential stresses:

o, = C”LR}’ = M =40,07 kN/cm?,
iiw 4,26

— R,
od R _nas [ 24 0
t, VE 101206104

where d = h,,= 125 cm;

Tiono75 = =3,2 —average tangential stresses at a distance

w
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C.r — coefficient for composite beams, according to Table 21 [1], depending
on the value of the coefficient:

by (1)) 18 (20Y
5:ﬂ_ — :O’8~—~ = 20392.
h t 125 { 1,0

According to [1] for beam cells beams coefficient 5= 0,8;
According to [1]at § =0,92 — C,..=30,3.

0,58-24
2103 1+ 270 | B _yo3f 14 270 1, 20220 84 kNjem2,
PR Y 1.82 4,26

W

Ci

Q

. . . a
U= %75’5 =182 — the ratio of the larger side to the smaller, i.e. y=—.

w

After determination of all components, we perform a verification:

2 2
(_12,55] + (Ej =4/0,594 =0,77< 1,1,
40,07 8,4

The condition is fulfilled.

If the condition is not fulfilled, it is necessary to reduce the bay of
the main ribs of the stiffeners or increase the wall thickness of the beam.

3. Determination of the width and thickness of the main stiffeners.

According to the relevant requirements [1], the width of the rib:

b, > h, +40mm = 1250 +40=_81,66mm.
30 30
We accept b, = 85 mm.
Rib thickness from C235 steel is R, = 23 kN/cm?.

R, 23
tg 22by4[—=2-085- [——=0,668 cm.
E 2,06-10

We accept £,= 8 mm
The ribs will be welded to the wall of the beam by manual welding,
according to [1] with bilateral welds 4> 6 mm.

5.9 Calculation of secondary beams connection with the
main beam MB1

In our example, the beams are connected in one level.

Consider one of the possible options for connecting the beams and
perform the calculation of its elements. Preliminarily, for structure reasons,
we set the overall dimensions of the onlays.
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For connection of secondary beams 130a with the main beam MBI
we accept onlays with the sizes 250 x 250 x 8 mm from steel of the C235
class. Onlays are attached during installation to the edges of the main beam
with coarse precision bolts of class 4.6 with a diameter of d = 20 mm.

The calculated force is the reference reaction of the secondary beam,
which is increased by 20 %:

P=12-V,, =12-754=9048kN.

1. Verification of the strength of structurally accepted onlays.

To make this, we pre-evaluate:

a) the value of the calculated moment:

M, =90,48-20,0 =1809,60kN x cm;

slope

BeS 9 A0
b
3= 1 TTTT I T~
w0 L 3 E
o T g il L g
o ] | E
—
o) |51 165
il 200
-1
Wi all of main beam MEL
[T}
o le—=— i lD\l
l_'v

— g
% W all T30

Figure 16 — Estimated connection of the beams
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b) the moment of onlays resistance:
20825
6

slope —

=166,66¢cm’;

c) the total cross-sectional area of the onlays:
> A, =25-08-2=40,0cm;
d) normal and tangential stresses in the onlays:

M
O e = e — 1809,60 =10,86kN / cm®,
’ Wope 166,66
P _2048_ 2,26kN /cm’,

T [ —
N4 40,0
0,y =00, +372,, =~10.86" +3.2,26" =

slope
=11,54 kN/cm? < Ry ¥, =L15-23-11=29,1 kN/cm?.

The condition is fulfilled, i.e. the bearing capacity of the onlays is
provided.

2. Calculation of the welds attaching onlays to the wall of a second-
ary beam.

These welds are performed by manual welding, the weld cathetus
must be taken:

— the minimum allowable: kmi» = 5 mm;

— the maximum allowable: kfmax = 1,26, = 1,26,= 1,2:6,5 = 7,8 mm.

So, we accept ky= 8 mm.

3. Determination of the tangential stresses in the welds from the cal-
culated force P:

a) on the metal weld:

7, = il = 90,48 =3,37 kN/cm?;
T 2By ckpel, 2-0,7-08-(25-1)
b) on the metal at the fusion boundary:
P 00,48 =236 kN/cm?.

OBk, 2:1:08-(25-1)

4. Evaluation of the bending moment, which is created by the sup-
port reaction of the beam relative to the center of gravity of the weld:

M =90,48-20,0 =1809,60 kN-cm.
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5. Determination of the normal stresses in the welds from the action
of the bending moment:
a) on the metal weld:

M 6M__ 618096 ycen inem

W, T2, kB 2-07-08-(25-1)
2Bkl -0,7-0,8-(25-1)
b) on the metal at the fusion boundary:

MM 618096 e vem

G = 2 2
W, 2B.-k;- " 2:1:08-(25-1)

6. Verification of the welds strength:

a) equivalent stresses on the metal weld:

oy =0l +73 =y16837 +337% =17,164 kN/em? <
<R, 7.=18-1=18,0 kN/cm?;

7. Calculation of the bolts attaching onlays to an edge of the main
beam.

For connection we accept M20 class 4.6 bolts.

Determination of the design forces that can be perceived by one bolt
in the connection:

a) from the conditions of the shear:

N, =R, -y, A4, -n =15-09-(314-1°)-2 = 87,78kN

where Rp;= 15 kN/cm? — the calculated resistance of the bolt shear [1];
7, = 0,9 — coefficient of working conditions of the connection [1];

Ap —the cross-sectional area of the bolt; n, =2 — the number of shear areas.
b) from the conditions of the crushing:
N,=R,, y,-d ot =36,5-0,9-2-0,8 ~52,6kN
where Ry, = 36,5 — the design crushing resistance of the bolted elements
(steel C235) [1]; d =2 cm — the diameter of the bolt; 2#,, = 0,8 the smallest
total thickness of the elements compressed in one direction.
8. Determination of the required number of bolts in the connection:
P 90,48
nz =
[Nmin]'yc 52,6-1
We accept two bolts, which location is shown in Figure 16. The bolts
must be arranged in accordance with the requirements of [1].

=1,72.
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GLOSSARY

Beam cell — 6anouna kiiTka

Overlap — nepexpurTs

Flooring — HacTun

Flooring beam — Ganka HacTHITy
Stiffener — pedpo »xopcTkocTi

Wide flange section — qBOTaBpOBHIA IEpEPi3
T-section — TaBpoBuii nepepi3

Beam web — crinka 0anku

Beam flange — monka Ganku

Overhang — 3BuC monku

Curve — emtopa, KpuBa

Beam chord — nosic 6anku

Butt weld — cruxoBwmii 3BapHuii 0B
Cross-section, cross section — nepepi3
Edge — pebpo

Shear — 3pi3

Surface support — moBepxoBe oOnMpaHHs
Same level support — oHOpiBHEBE OOMTMpPaHHS
Onlay — HakaaKa

Span — nposit

Bay — xpox
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