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Abstract. This work is carried out in order to study the classical problem of determining the op-
timal height of a plate girder with given moment of resistance in relation to the features of the real op-
eration of a beam with a corrugated web. A bi-symmetric plate girder with a wavy web is considered.
The structural model parameters of the girder correspond to the Zenam technology, which determines
the structural limitations of the task. The physical model is the 1st class double-tee girder according to
the stress-strain state (in accordance with the current design standards of Ukraine SCS (State Construc-
tion Standards of Ukraine) B.2.6-198). The mathematical model is considered as a task of minimizing
the objective function (beam mass) taking into account design factors. The height is a project variable.
The objective function is formulated as one-parameter taking into account the bending strength of the
beam. The structural coefficients and their influence on the objective function are considered. Both the
shear strength constrain and overall wall shape stability constrain are taken into account. Deflections
are determined taking into account the shear deformations of the thin web. The minimum values of the
beam height are considered when the permissible deflection is not exceeded. It is shown that the intro-
duction of the conditions of shear strength and wall stability into the resolving equation indicates the
lower limit of the calculated variable value. The constraint is inactive in the area of feasible solutions.

Areas of rational decisions are shown. Numerical studies have been conducted for corrugated
beam structures. Design requirements in accordance with design standards are used as method con-
straints. The optimal values of the beam height are obtained according to the minimum mass criteri-
on in the range of applied spans and loads. The effective values of spans and loads for beams with
corrugated walls in the range of optimal parameters and technological limitations have been deter-
mined. Further research is needed to explore constructive solutions that would minimize the values
of constructive coefficients, taking into account specific effects such as local tensions and real-
world operating conditions.

Keywords: steel beam, corrugated web, optimum height, design constraints.

Introduction. It is known that the efficiency of cross sections, as a reduction in steel con-
sumption, increases with decreasing web thickness. As the web thickness decreases, the most im-
portant specific cross-sectional characteristics increase — the specific moment of resistance of the

section W =W /(A-/A) end the specific radius of inertia i =i-/A, where A, i, W — area, radius of
inertia and moment of resistance of the cross section, respectively. This contributes to the creation
of elements with high geometric characteristics W and i while reducing the area. Therefore, thin-
walled I-beams, cold-formed Z- i C- profiles are widely used. I-beams with a thin web, the flexibil-
ity of which 4, =h,, /t, reaches 400...600, are widely used in load-bearing structures. Thinning of
the web is constrained by such factors as the need to perceive the transverse force, to provide stabil-
ity and to counteract accidental influences, which are often crucial for thin-walled folded I-beams.
The search for ways to obtain a structural shape of thin-walled elements, in which the web
with high conditional flexibility (4w >6) performs its functions without loss of stability, and its
manufacture allows the use of highly efficient modern technologies, led to the idea of stiffening thin
webs by stamping and corrugation. One of the methods to increase the efficiency of such girders is
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to determine such dimensions that optimize or streamline their economic performance, especially
material consumption.

Analysis of recent research. The paper considers the problem of determining the optimal
height of the girder with a corrugated web, which minimizes the mass (or cross-sectional area) of
the beam, taking structural coefficients into account. This problem has several practical solutions
for many structural forms of beams [1, 2], is a classic [3, 4] and is to determine the optimal height
with a required moment of resistance.

Proximate methods for solving such problems using approximation dependences and empiri-
cal coefficients are given in many works [5-7]. Simultaneously with the optimal, the minimum
height is taken into account, which is determined under the condition of the maximum allowable
deflection of the girder. In this case, for practical use, it is recommended to take the height from the
interval between the minimum and optimal.

The tasks of ensuring the optimal cross-sectional dimensions, limiting the structural height by the
conditions of operation and installation, taking into account the location of technological equipment in
the floor space [8, 9], fire protection [10] is relevant. The task of estimating losses at deviation from
optimal values of design parameters is important too.

The purpose and objectives of the study. To obtain rational design solutions and the field of
effective use of girders with corrugated web in coatings and floors, we need: to investigate the depend-
ence of material consumption on geometric parameters of cross section; to set the optimal value of
height as a determining parameter that optimizes girder mass; to appreciate the influence of structural
coefficients of the webs and flanges, taking into account the specific features of the corrugated web and
the girder as a whole.

Materials and research methods. Constructive model. A symmetrical cross-section I-beam
with a wavy sinusoidal corrugated web t,=2,0; 2,5 and 3,0 mm thick (assortment profiles WTA-,
WTB-, WTC-girder) is considered (Fig. 1). It is possible to make a wall 1.5 mm thick, as well as in-
crease the thickness to 6 mm [11]. At the stage of factory production, a sinusoidal profile is formed
with a maximum height =40 mm (=43 mm for WTC) and other sinusoidal parameters m=155 mm,
s=90 mm. In this way, girder with a web height h,, =333, 500, 625, 750, 1000, 1250 and 1500 mm are
made. Standard beams are made bi-symmetrical with belts of symmetrical section, width
bf=200...450 mm and t;=6...30 mm thick. The parameters of the flanges are also determined by the
capabilities of the equipment [12, 13].
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Fig. 1. Constructive decision of a beam and designations:
a — the general view; 6 — the diagrams of normal and tangential stresses;
6 — the geometry of the corrugated web

The girder calculation scheme is a single-span beam with span | and vertical loading ¢, located in
the average plane of a web. Flanges of girder are accepted constant section on length, local stability of

flanges is achieved using standard values of dimensional ratio of the flanges A, =b;,/t;;
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At = At ~ A R, | E . The overall stability of the girder is considered to be ensured. Outside the

plane the beam is supported by secondary beams or flooring, a system of ties, etc.
Additional details are taken into account through structural coefficients [14]. The structural

coefficient y~ is defined as the ratio of the total mass of the main and additional elements and de-
tails of the structure mg =mg +Zmir to the theoretical mass of the main structural elements, mg.
In the same way the structural coefficients for the web v, and flanges y ¢ are determined :

Mgy + m; m,
we = 2.Mir =—C, e mpc =my+ Y mi, 1,2
Mo Mo
M0 + m;
Y po :“’—Z:'r‘"; (1, b)
M0
Mo+ Mg 2 Mt
(// = y a60 l// :1+ . 1| C
pf Mg pf Mig (1,¢)

The web structural coefficient y,, takes into account the structural design of the web; the
structural coefficient of the flanges W pf takes into account the design features of the beam in the

composition of the coating or floor.

Physical-mechanical model of the girder is a 1st class double-tee girder according to the stress-
strain state (in accordance with the current design standards of the Ukrainian SCS B.2.6-198). The
elastic operation of the beam in general allows the appearance of limited plastic deformations, which
go beyond proportionality with the loss of local stability of the flange and web [15]. Features of work
of beams with cross-corrugated webs are considered further based on the methodical receptions devel-
oped at the Kyiv National University of Civil Engineering and Architecture [16].

The web perceives normal stresses only in a narrow zone of height ch,, directly near the flanges
(Fig. 1, b). In girders with high conditional web flexibility 4, >6 the effect of this zone on the load-

bearing capacity is insignificant and is usually neglected. In this case, only the flanges perceive the
bending moment, and the diagram of shear stresses in the web is close to rectangular:

T A, 2.2)
Q
7, =—— <R K7,
Y hWtW swis?c (2, b)

where M — the bending moment from the calculated ultimate load; hy — the distance between the cen-
ters of gravity of the flanges; Ar — net cross-sectional area of the flange; y. — coefficient of operating
conditions of the element (SCS B.2.6-198); Rys — the calculated resistance of the steel flanges; Rqy —
the calculated shear resistance of the steel web; k. — coefficient depending on the flexibility of the thin

h, /R_VW and takes into account its geometrically nonlinear behavior:
E

corrugated web IW -
t

W

k, =1,085-0,084, <1,0. 3)

The mathematical model is considered as the task of minimizing the objective function — the

mass of the girder taking into account the structural coefficients. In general, it can be formed as a non-

linear programming problem with the inequality constraints on bending strength, shear strength, gen-

eral and local web stability, and deflections too [17]. When separating incompatible or contradictory

constraints into a separate group, following the peculiarities of the stress-strain state of the girder, and
replacing the remaining constraints with equality, the problem as a whole is greatly simplified.
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It is assumed that the flanges are thin compared to the height of the girder h, and are charac-
terized by one parameter A; — the cross-sectional area of the flange. The web is characterized by
two parameters — height h, = h, and thickness t, . Geometric characteristics of the cross section of
the I-girder are expressed by the formulas:

2
A, =2A; +t,h,, IO:%(é-ZAf+Ci~tW§WJ,WO=%£é-2Af+C—- } A, =th,, 4)
where A — cross-sectional area, | — the moment of inertia of the cross-section relative to the x—x
axis, W — the moment of resistance of the cross-section relative to the x—x axis, A,— the cross-
sectional area of the web.
Previous studies [1] when considering bending elements involve determining the proportion
of bending moment on the shelf and wall:

LA,
3

w w

Cs =Mf /Mo, CW=1—Cf.
For girders with cross-corrugated webs, the values of the distribution coefficient can be taken
cs =1.0[13, 16].

Presentation of the main material. 1. Formation of the objective function with bending
strength constrains for the girder. The challenge is to minimize the girder mass function with pro-
ject variable h,:

mbC = mf + mw = ,Ol (2!//pf Af + lr//pwtwho)' (5)
Normal stress strength condition in (2, a):
W, =W, +W, =k, M, ,
Ryf Ve

here k,— the factor for determining the force depending on the calculation scheme of the beam.
Take (4) and write for a corrugated web with W, =0:

A =cfvi=cf Ky - M, :
h, R,7.-h

0 ©)

The mass function of the beam takes on the form and changes with the substitution of a given
(required) moment of resistance M, /R y, =W,

cal :
I

M I
Mye =2py ¢ -C; -Kg .ﬁ'h__'_pl//pwtwhol ==2py s -C; kg -Wyy 'h_"‘/O‘//pwtwhoI - (7)

y/¢c o 0

We obtain the minimum of the function provided that the first derivative with respect to the
project variable h, is equal to zero m;. =0:

, |
Mye = _2l//pf +Cy kg Wy 'F+V/pwtw =0. (8)

0

From the solution of equation (8) we obtain the optimal value of the beam height that mini-

mizes steel consumption:
h = 2l//Pfo . kRWcaI (9' a)
"\ Vo o

2y .C
and also after replacement |~ #"" — Jo =ke:
¥ ow

kW

cal

hy =K - (9, b)

w
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Similarly, the optimal girder height was obtained using the value of wall flexibility

Aw =g /Ity
hO:%/E'%kRW‘fa'.ﬂW :klg kR\Ncal Aw (9’ C)
The structural coefficient of the flange y/+ >1.0 takes into account additional constructive

details of a girder for its operation as a part of a covering or a floor (details for fixing of beams,
floorings, etc.). The structural coefficient of the web takes into account the increase in steel during
corrugation compared with a plate web of the same thickness, and also the material on the end (sup-
port) and intermediate (mounting) ribs, etc. Its least value:

2s 2-90

525 _ 2N 1961
Vw0 =" 755

Analysis of structural coefficients influence on the calculated coefficients allows to actualize
the design features of beams with wavy corrugated webs (Table 1).

Table 1 — The calculated coefficients k; and k;

The values of structural coefficients kq K = \/E K, = \/E
¥ pw ¥ pf
1,161 1,0 1,723 1,313 1,199
1,25 1,05 1,680 1,296 1,189
1,30 1,05 1,615 1,271 1,173
1,40 1,05 1,500 1,225 1,145

2. Shear strength constraint. The obtained dependences do not give grounds to assert that the
wall has reached the limiting state. Given the type of objective function (5), it can be argued that reach-
ing the tensile strength at normal stresses (in the flanges) and tangential stresses (in the web) is not re-
quired simultaneously in the same cross section.

The web thickness along the length of the girder is considered constant. In the girder of the
optimal height, when the strength by shear stresses in the web is exhausted, we can obtain the lower
values of height. This can be written as an additional limitation-equation (2, b). Based on it, the re-
quired web thickness is:

ksRs7cho (10)
which can be taken into account in the objective function (7) and be included in the equation (8):
_kq KRWeal " Q -0.
h02 ksRs7cho
When the load-bearing capacity is completely exhausted, the ratio of the loading parameters is
Weal /Q =1/&Ry . . This modifies the formula for the optimal beam height. At Weg) =M /Ry ¢
after obvious transformations, the formula has the form:

ARy i Lo, (12)

(11)

hos =Kq
Here, a coefficient £=QI /M is introduced to simplify the analysis, it acquires known val-

ues. For example, for a single-span beam with span | and distributed load q the calculated effort is

equal M =q|2 /18, Q=ql/2, £=4; for concentrated loads placed in 1/3 of the span M =PI1/3,
Q=P, £=3etc.
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With the introduction of equality constraints in the resolving equation (11), we obtain the val-
ue of the lower limit of the design variable. The constraint is also not decisive due to the fact that it
is theoretically impossible to load the web to the ultimate shear strength simultaneously with taking
into account other factors of the stress-strain state [15, 18].

3. Web stability constraints. When designing a girder, it is necessary to be convinced that the
constraint "from above" connected with a condition of stability of a corrugated web is carried out.

For girders at g =h,,/0,5m>8,4 the decisive factor is the general loss of web stability associated
with the buckling of the web in the area of several corrugations. In this case, the tangential critical

stresses of the total loss of stability for the corrugated web according to the current design standards
DBN B.2.6-198 and research [13, 16] are:

4 3 3
\’ D

Tp,cr:32’4%’ Dl:i.ﬂ, Dzzﬂl (13)
h2t,, 12(1—1/2) 2s m

If the geometry of the wall is described by the equation y(x) = %sin(mﬂ—/xz) then the bend-

ing stiffness of an orthotropic plate in the main directions for the web D; and D, are determined
depending on the moments of inertia of a single wave relative to the longitudinal axis (Table 2).

Table 2 — Wavy web parameters

Profile type
Web parameters WTA WTB WTC
I, e’ 6,674 8,343 10,012
k,-1074 27,458 30,702 33,632

After all the transformations and substitutions:

4,3 3
Tpor :32’24.4 E |2 :k—T, here k. :32,4E-4|—2. (14)
' hg \24sm“, hj 24sm*t,,

The web stability condition allows us to write:

Ter hot h§ k, (15)
The numerical values for the corrugated parameter (coefficient k) are in the Table. 2.

Thus, if the depletion of the bearing capacity is obtained both in terms of strength and overall
stability of the corrugated wall, then the objective function (7) and the condition of ensuring the
minimum beam mass (8) takes the form:

—k kRWcaI +Q_hO=0. 16
Y k. (16)

The optimal height value for this case:

f W / I
hOr :%.3 kRkTFwI :kl .3§R—7/ker ' (17)
y/ ¢

The remarks concerning the introduction of the equality constrain in the solution equation
(16) are the same as concerning (11). The constrain is not active and provides the upper limit value of
the design variable.

4. The structural limitation is to take into account the technological capabilities of the equip-
ment in the manufacture of corrugated webs:

hp =~ h,, <1500 mm. (18)

Lzl, if Q —k—f, thentW:Q—ho

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 81, page 76-86

81



82

BUILDING STRUCTURES

5. The deflection constraint (check). Additionally, the deflection constraint can be introduced.
Due to the presence of a thin web, the influence of shear deformations is significant, the share of which
in the total deviation reaches (25...30) %. In the case of distributed load, the maximum deviation is:

2
oML QL 19)
48E| f GredA\N
where M, and Q. — calculated effort for the second limit state, 1, = A, hZ/2 — the cross section

moment of inertia for the beam, calculated without the web area; G, =sz— the calculated shear
S

modulus taking into account the increased deformability of the corrugated web.
If the limiting state in strength is reached simultaneously by both the wall and the shelf, then

M=WR ., Q =tWhWRy7/C, for this 1 /W =h/2, and we can write:
S Ry7c ' | 1

B = - |
min 24 E {[f) _ RS]/Cj| yfm,mean
I u  Gred

The value obtained by expression (20) is excessive, because it uses the condition of complete
exhaustion of the strength of both the wall and the shelves at the same time. Therefore, as a test
should use a formula that contains the actual value of the cutting force and does not imply the inevi-
table achievement of the wall shear strength:

5 Ryrl Q 1 1
Prmin = (_ Y=o AN - (22)
24 E Gredtw (j ¥ fm,mean
u

(20)

I
In (20) and (21) 7 fm mean — the mean coefficient for the transition from the design load of the
1st limit state to the loads of the 2nd limit state, ( f /I)u— relative limit deflection according to

Ukrainian standard DSTU MT.1.2-3 «Deflections and displacements».

6. The numerical research. The following example considers this calculation situation (Fig. 2
and Fig. 3): girder span L=18 m, own weight load 1.2 kN/m?, snow load 1,5 kN/m?, spacing of girders
B=6 m, design solution is corrugated girder WTA, steel grade C255.

fw, mm Al

120

03— SR S W —
@ /\z\ 10 30 mm
25 i S X ;:§ @g \g 100 00 \\s\ @/ =30
| i \\ % f=2,5mm
| | 90 .
20 A / { / [ m ’i B 20 \ \@/ E / -
JW PR
P : ‘ 22 g K/L/ _if=15mm
/7% / /—E’_\\‘SO o \7 |

| \a
1

m L ! 1 ! ! =
T el s mo o fy 500 1000 1500 2000 2500 3000 f, mm

s

Fig. 2. Numerical study of the objective function Fig. 3. Function A=2y A +y,t.hy (5)
(5) (according to the example). Objective func- with constraints (according to the example):
tion levels lines (isolines): a —the strength con- a — the structural limitation

straint of the web; b — the web stability constraint b — the web stability constraint
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Determined that W, = 2734 sm®and Q=146 kN, the height is optimal for (9, b), with tak-
ing into account the constraints (12) and (17) are: hyy =153 sm, hyg =107.9 sm, hg, =207 sm.

The minimum height is determined provided that the permissible deviation f, <(1/250)I is not ex-
ceeded: hy,j, =114 sm. The obtained values are limited by the value (18), the final height of the wall is

1500 mm.
This example can be illustrated graphically (Fig. 2) by levels lines (isolines) of the objective

function — the mass of the beam myc (5). Isolines are shown on a two-dimensional plane in coordi-
nates hy, (web height) — t,, (web thickness). The objective function for thin webs has a smooth min-

imum (Fig. 3), which indicates its low sensitivity in the field of optimal solutions.

Research results. The given illustration confirms the obtained numerical results and makes it
possible to trace the formation dependences of the rational cross-sections of beams with wavy
cross-corrugated webs. The imperfection of the solution is the fact that real design solutions have
discrete values of design parameters. However, the investigated function (5) has a gentle minimum
(Fig. 3), where the assortment discreteness and the deviation of height from the optimal values by
(10...15) % does not lead to large losses relative to the optimal values of mass.

The range of allowable solutions of optimal beams is significantly limited by the structural
limitation (18). The limit linear load values for the optimal beams with wavy webs depending on
the spans shows in the table. 3. Such linear loads for real buildings are achieved at spans up to 18 m
and crossbar step 6... 8 m, and up to 24 m at a step 3... 4 m. For real buildings, such linear loads are
considered for spans up to 18 m and spacing of girders 6... 8 m, and up to 24 m at a step 3... 4 m. The
optimal height of the girders for large spans exceeds 1500 mm. When designing such girders up to
1500 mm high, they are not optimal or require special design solutions, which are not considered
here.

Table 3 — Areas of admissible solutions for optimal girders
at h,,=1500 mm, R, =270 N/mm?

A. The optimal girders due to bending strength
ty M, Maximum linear load g (kN/m) for spans | (m)

(mm) | (KNm) 6 12 18 24 30 36 42
15 528.58 117.44 29.39 13.05 7.34 4.70 3.28 2.40
2.0 704.77 156.62 38.15 17.40 9.79 6.26 4.35 3.20
2.5 880.96 195.77 48.94 21.75 12.24 7.83 5.44 4.00
3.0 | 1057.15 | 234.90 58.73 26.10 14.68 9.40 6.53 4.79

B. Shear strength constraint
ty Qu Maximum linear load g (kN/m) for spans | (m)

(mm) | (KNm) 6 12 18 24 30 36 42
15 | 352.35 117.44 58.72 39.15 29.36 23.49 19.58 | 16.78
2.0 | 469.80 156.60 78.30 50.50 39.15 31.32 25.25 | 22.37
2.5 587.25 195.75 97.87 65.25 48.94 39.15 32.63 | 27.97
3.0 704.70 | 234.90 117.44 78.30 58.72 46.98 39.15 | 33.56

C. Web stability constraints
ty Qu Maximum linear load g (kN/m) for spans | (m)

(mm) | (KNm) 6 12 18 24 30 36 42
15 237.9 79.3 39.65 26.43 19.83 15.86 13.22 | 11.33
2.0 | 366.11 122.04 61.02 40.68 30.51 24.41 20.34 | 17.43
2.5 511.70 170.56 85.28 56.86 42.64 34.11 28.43 | 24.37
3.0 672.65 | 224.20 112.10 74.74 56.05 46.09 37.37 | 32.03
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Conclusions and prospects for further research:

1. It is shown that some geometrical parameters of the girder with a transverse corrugated web
can be determined as optimal taking into account the specific features of the girder. For a bisym-
metric cross section, the simplest criterion is the minimum mass under the condition of the normal
stresses strength, shear stress constraint, corrugated web stability and structural constraints. The
analysis of structural coefficients of a web and flanges is carried out.

2. The classic problem is discussed considering the work of the corrugated web in the girder.
The known solution is specified [16]. The problem is compounded by shear strength constraints and
web stability constraints. Deformation constraints are more fully taken into account. Constraints are
not active and are used to limit the scope of the considered parameters.

3. The dependences obtained in the work help to analyze the geometric parameters of the op-
timal girders, identify areas of effective solutions and establish rational design solutions for coatings
and floors using girders with corrugated webs [8].

4. Clarification of the influence of constructive coefficients is possible in parallel with the
analysis of such constructive decisions that lead to a decrease in these coefficients. Such solutions
include unloading the web in order to eliminate local transverse stresses and transfer loads from ad-
jacent structures without including the web in the work [8, 18].

5. Further research should be performed taking into account the specific effects of corrugated
girders, such as local stresses in the web when applying a load on a limited area of the flange, refin-
ing the coefficients of the method taking into account imperfections and real operating conditions,
etc. [19, 20].
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OIITUMAJIBHA BUCOTA CTAJIEBUX BAJIOK
3 IIONNEPEYHO 'O®POBAHUMU CTIHKAMMU

1JIaBpiHeHKo JI.L, K.T.H., IOIIEHT,

ludmila.lavrinenko@gmail.com, ORCID: 0000-0001-5601-0943
'Oniiinuk I.FO., marictp,

oleynikdaniel18@gmail.com, ORCID: 0000-0002-1767-2597
'Kuiscoruii HayioHanbHull yHieepcumem O0yO0i6HUYMSEA i apXimexmypu
up. [HoBiTpodnorcekuit, 31, m. Kuis, 03037, Vkpaina

AHoTanisg. B cTarTi po3rismaeTbes KiacHyHA 3ajada BU3HAYEHHS ONTHMAIIBHOI BHCOTH
CKJIaJIeHO1 OalKH 13 3aJaHUM MOMEHTOM OIOpPY 3 YpaxyBaHHSAM ocoOJMBOcCTel NilicHOi poboTH Oi-
CUMETPUYHOI OaJIKM 3 XBWIACTOIO CTiHKOIO. [lapameTpu KOHCTPYKTHBHOI MOJesl OalKu MpUUHATI
CTOCOBHO TEXHOJIOTil Zenam, 4TO HakJIaJa€ Ha 3aJauy KOHCTPYKTHUBHI oOMexeHHs. Di3udyHa Mo-
nerb — Oalika JBOTaBpOBOTO mepepidy 1 kiacy 3a HanpyxkeHo-aedopmoBaniM ctanoM (y BiAMOBiI-
HocTi 10 JIBH B.2.6-198). MarematiuHa Moienb moOy10BaHa K 3a1a4a MiHiMi3allii 1iib0Boi (y-
HKIIi (Macu Oanku 3 ypaXyBaHHSIM KOHCTPYKTHMBHUX KO€(QILI€HTIB) 32 BUCOTOIO SIK MapaMeTpoOM
npoekTyBaHHsA. DyHKUIA 1T chopMyTboBaHa SK OJHONMApaMETPUYHA 3 ypaxXyBaHHSAM OOMEXeH-
HS 32 MIIHICTIO OaJKy MpH 3TUHI. PO3TIsSHYTI KOHCTPYKTUBHI KOE(IIIEHTH Ta iX BIUIMB Ha (PYyHK-
1ito 1. BpaxoBaHi 0OMeXeHHs 3a MILHICTIO CTIHKM Ha 3pi3 Ta BTPATOO CTIHKOCTI CTIHKM 3a 3ara-
apHOIO (hopmoto. [lokazaHo, 1110 TpU BBEJEHHI B pO3B’A3yBajbHE PIBHSAHHS YMOB MIIIHOCTI Ha 3CYB
Ta CTIMKICTh CTIHKH, OTPUMAaHi pillleHHS BKa3YyIOTh HAa HUXKHIO MEXY 3HAU€Hb MapaMeTpy MpPOeKTY-
BaHHA. OOMeXeHHsI HeaKTUBHE B 00J1acTi AOMYCTUMUX pPillleHb. PO3IIIsIHYTO TakoX 3HAYEHHS MiHi-
MaJIbHOI BHCOTH 32 YMOBOIO HENEPEBHUIIEHHS JAOMYCTHUMOIO MPOTMHY 3 YpaxyBaHHAM jaedopMariii
3CYBY TOHKO1 CTIHKH.

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 81, page 76-86

85


https://doi.org/10.32347/2522-4182.4.2019
mailto:ludmila.lavrinenko@gmail.com
mailto:oleynikdaniel18@gmail.com

86

BUILDING STRUCTURES

[Tokazani 06macTi parioHanbHUX pilieHb. [IpoBeneHi YncenbHi TOCTIHKEHHS. sl OATKOBHX
KOHCTPYKITIH 3 XBIJISICTOIO CTIHKOIO, SIK OOMEKEHHSI BUKOPUCTOBYIOTHCSI HEPIBHOCTI/PIBHOCTI YMOB
3a0e3neueHHs Hecy4doi cripoMokHOCTI BiamoBigHo 10 JIBH B.2.6-198. OTpumani onTumanbHi 3Ha-
YEeHHSI BUCOTH OaJKH 32 KpUTEpPIEM MIHIMyMY Macd B Jiana3oHi BUKOPHCTOBYBAaHUX INPOJIBLOTIB Ta
HaBaHTaXeHb. HaBesieH1 3HAYEHHS MMPOJIHOTIB Ta HABAHTAKEHB IS OAJIOK 3 XBHIIICTUMH CTiHKaMHU
B 00J1aCT1 ONTUMAIBHUX MTAPAMETPIB T TEXHOJIOTTUHUX OOMEKEHb.

BinMivaeTbcst HEOOXITHICTh MPOBEACHHS MOAANBINNX JOCTIKEHb 3 METOIO MOIIYKY KOHC-
TPYKTUBHHUX DIllIeHb, IO 3HWKYIOTh 3HAUCHHS KOHCTPYKTUBHUX KOCQIIIEHTIB, a TAKOX 3 JETalb-
HUM YpaxyBaHHSM TakuX crenudiyHux edekTiB poOoTH roppoBaHUX OaloOK, SK JIOKAJIbHI HAIpPYy-
’KEHHS1, HEJOCKOHAJIOCTI Ta peajbHI YMOBHU eKCIUTyaTaril

Kurouosi ciioBa: cranesa 6anka, roppoBaHa CTiHKA, ONTHMaJIbHA BIHCOTa, OOMEXCHHS TIPOe-
KTYBaHHSL.

OHTHUMAJIBHASI BBICOTA CTAJIBHBIX BAJIOK
C ITIOINEPEYHO rO®PUPOBAHHOU CTEHKOH

1.JIaBaneHK0 JI.M., X.T.H., IOLICHT,

ludmila.lavrinenko@gmail.com, ORCID: 0000-0001-5601-0943
LOaniinbik J.FO., marucrp,

oleynikdaniel18@gmail.com, ORCID: 0000-0002-1767-2597

YKuesckuii nayuonansmolii ynusepcumen cmpoumenscmea u apxumexknmypo
Bosnyxodmorckuii ip. 31, r. Kues, 03037, Ykpauna

AHHoTanus. B ctatbe paccmaTpuBaeTcs KiaccHuecKas 3ajadya ONpEeNICHUs ONTUMalIbHON
BBICOTHI COCTaBHOU OAJIKM € 3aJaHHBIM MOMEHTOM COIPOTUBIIEHUS C Y4€TOM 0coOeHHOCTEN pabOThI
OMCUMMETPUYHOIN OanKku ¢ BOJHHUCTON cTeHKOU. [lapameTpsl KOHCTPYKTUBHOM MOJAENU Oallku Co-
OTBETCTBYIOT TEXHOJIOTMU Zenam, YTO OIpelesieT KOHCTPYKTUBHOE OrpaHUYeHUe 3a1auu. Puzu-
Yyeckas MoJielib — 0ajika ABYTaBpOBOIO ceueHus | kiacca 1o HanpsKeHHO-Ie(hOpMHUPOBAHHOMY CO-
crostHuto (B cootBercTBHM ¢ JIBH B.2.6-198). MaTtemarnueckast MoJieb MOCTPOCHA Kak 3aja4a MU-
HUMH3AIHUN 1eNIeBO (YyHKIUU (Macchl OalKH) C Y4€TOM KOHCTPYKTHUBHBIX KOA((UIIMEHTOB IO
BBICOTE KaK HapameTpy MpoeKTUpoBaHMsA. DYHKIUS 1eTu CPOpPMyIHpOBaHa KaK OJHOMApPAMETPH-
YyecKas C y4eTOM OIpaHUYEHUs 10 MPOYHOCTU Oanku mpu u3rude. PaccMoTpeHbl KOHCTPYKTHUBHbBIE
KO3 PHUIMEHTH! U UX BIUSHHUE HA (YHKIMIO LIeJIH. YUTEHbl OTpaHMUYCHMS 110 IPOYHOCTH CTEHKH Ha
CIABUT U TIO YCTOWYMBOCTU CTEHKU 1o oOmiel ¢opme. [lokazaHo, 4To BBEJEHHE B pa3peniaroiiee
YPaBHEHUE YCJIOBHM NMPOYHOCTU HA CABUT U YCTOMYMBOCTH CTEHKH YKa3bIBA€T HA HWKHHU Ipenesn
3HA4YeHHUsl napameTpa NpoeKTHpoBaHus. OrpaHUYeHNe HEAKTUBHO 3 00JIACTH JIONYCKAeMbIX pelle-
HUM. PaccMOTpeHbI Takke 3HaYEHUS] MUHMMAJIBLHOM BBICOTHI 1O YCJIOBHUIO HENPEBBIIIEHUS JOMY-
CTHUMOTIO ITPOruda ¢ yuetoM Aegopmariiii ciBUra TOHKOM CTEHKH.

IToxa3zaHbl 065acTH JOMyCKaeMbIX petieHuid. UncneHHble rccael0BaHus MpoBeIeHb! It Oa-
JIOYHBIX KOHCTPYKIIMM C BOJHUCTOW CTEHKOW, B Kaue€CTBE OIPAHUYECHHS HCIIOJIb3YIOTCS HEpaBEH-
CTBa/paBEHCTBA YCJIOBUI oOecredeHus Hecylel crocooHocTy B coorBercTBUU ¢ JIBH B.2.6-198.
[Tosmy4yeHs! onTUMaNbHbIE 3HAYEHUS! BBICOTHI OAJKU MO KPUTEPUM MUHUMyMa Macchl B JMana3oHe
UCMOJb3yEeMBbIX MPOJETOB M Harpy3ok. Iloka3aHbl 3HaUeHUS MPOJIETOB M HATPY30K Ui OaJIOK C
BOJIHUCTBIMHM CT€HKaMM B OOJIACTH ONTHMAJIbHBIX MapaMETPOB M TEXHOJOTMYECKUX OIpaHUYECHHUU.
OTMmedyeHa HEOOXOJUMOCTbh MPOBEIEHUS AATbHEHIINX U CIEIOBaHUN C IEJbI0 MOMCKA KOHCTPYK-
TUBHBIX PEIICHUH, CHIKAIOIIUX 3HAUYEHHUS] KOHCTPYKTHUBHBIX KOI((UIIMEHTOB, a TaKXKe C JeTallb-
HBIM y4eToM crenupuyeckux 3Pp¢pekToB paboThl, KaK JOKaJIbHbIE HANPSKEHUSI, HECOBEPILIEHCTBA U
peaNIbHBIX YCIOBHI 3KCILTyaTallUH.

KiroueBble cioBa: cranbHas Oanka, roppupoBaHHas CTEHKA, ONTHMalbHasl BHICOTA, OTPaHU-
YEeHUsI TIPOCKTUPOBAHMUSL.

Crarta Haaidnua o penakuii 4.09.2020

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 81, page 76-86


mailto:ludmila.lavrinenko@gmail.com
mailto:oleynikdaniel18@gmail.com



