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Abstract.

Our country is located in a seismically active zone of
the Earth. Accordingly, it is very important for us to
consider the seismic load in the design of the building.
The vertical component of the seismic acceleration of the
base is often the cause of destruction of buildings during
strong earthquakes. Consideration of the mentioned effect
for certain types of structural elements of buildings is a
standard requirement. Large-span steel truss belongs to
these types of structures. The dynamic characteristics of
the structure are the main parameters that form the
seismic load. This paper considers a method for deter-
mining the dynamic characteristics of a large-span steel
trussed beam, considering the influence of their bearing

structures.
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Introduction

The vertical component of the seismic acceleration of
the base, especially, for the strong earthquake epicenter
zone, is one of the main factors causing damage and/or
destruction of the building or its structures. Vertical
seismic acceleration is especially dangerous for specific
building structures. The list of these structures, with the
requirement to take into account vertical seismic
acceleration during their calculation for aseismic
strength, is given in almost all applicable standards of
earthquake engineering [1,2,3,4]. Large-span trussed
beams of roofs belong to these types of structures.
According to the noted standards, the same algorithm
has been proposed for determining the vertical seismic
load as for the horizontal seismic load, but taking into
account different values of parameters that characterize
the acceleration of the base and the dynamic response of
the building. One of the main parameters determining
the value and behavior of both horizontal and vertical
seismic loads are the dynamic characteristics of the

structural system.
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Main Part
In this paper, our goal is to determine dynamic cha-
racteristics for the steel large-span beam truss (they are
significative for the standard seismic load values) for
determination of the standard seismic load on it, taking
into account the factor of influence of the bearing
structures of the truss. In this case, in the form of
supports are considered: columns of the same stiffness
(Fig.1, a) and the column - secondary truss (Fig.1, b), on
which a large-span truss freely bearing. In this case, give
consideration to [5,6]:
— strains from static loads in bearing structures of
truss influencing on dynamic characteristics of

the large-span trussed beams;

[1160X160X5

— asymmetric oscillations of the examine structure
towards to the horizontal axis caused by effect
specified in paragraph above.

To determine the dynamic characteristics of the
examined beam truss, with consideration of the above
listed features of its behavior, we consider the design
model in the form of an equivocal beam [7]. By this
model the first period of natural oscillations or the
period of the fundamental mode is determined. As a rule,
it has the most important applied meaning. Besides of
that for the purpose of our task (see above), the
definition of the first period is sufficient and at the same

time aligned with the standard requirements [8,9].

O140X60X5

[J160X50XS

1500, 3000 e 3000 "

12000 12000

6500

24000

1 P

b i i B

24000

Fig. 1 Steel large-span beam truss — a) supports - columns of the same stiffness;
b) supports - column - secondary truss (1)

By the calculation model shown in Fig.2 it conside-
rate the rigidity of adjoining bearing structures (k1);
static loading of bearing structures (k2); m-half of the
total mass devolving to the truss. The standard form of
the equation for determining deflections of a single-span
beam on elastic bearings loaded with the concentrated
mass will be [10]

6Ely =R, -a®+ (C, + Aa + A, 1)
where R, = —(1— (x/D); C, = (—1/D(3x? — 2xI? —
x*); Bg= (6E1/D)(8aRy + 8,(x/D);

Ap= —6EIS,R,; 6§ 4, 6, — deformability of the elastic
bearings; a- coordinate of the concentrated mass; x-

coordinate of the desired unit displacement (Fig 3).
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Fig. 2 Calculation model
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Taking into consideration that:
a) for the load-bearing columns with the same
stiffness §, = &, = §; a = x for the value of the

coefficients of equation (1) we have R, =
-1/2; C, = (3/8)I% A,= 0; A,= 3EIS.

b) for the load-bearing structures (column -
secondary truss) with the various stiffness §, #
6,; a = x for the value of the coefficients of
equation (1) we have R,=-1/2;C, =
(3/8)1%; Ay= (BEI/1)(8, — 8,); A,= 3EIS.

ke
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Fig. 3 Calculation model with equivalent spring constant

Accordingly, for the unit displacement of the mass
concentration point, we have:
for the case of bearing structures with the same
stiffness — a):
812 = I3/48EI + 65/2 2)
for the case of bearing structures with the various
stiffness — b):
812 = I3/48EI + (8, + 6,,)/4 (3)
For the value of the circular frequency of natural
oscillations, we have:

1

w = 4)

&1/2m

Consider a specific numerical example. Define the

dynamic characteristics of the steel trussed beam with a

Minimum force -30.8298; Maximum force 4.71733

span 24 m (Fig.1), which is the part of the transverse
frame. Its pin connection with columns of the equal
rigidity (Fig.1, a), as well as with a column and a
secondary truss (Fig.1. b). According to the geometrical
dimensions of steel elements (Fig.1) we have P = 34kN;
m = 13,6t. The second moment of area of the equivocal
beam is determined from condition that the deflection
of the middle points of the truss and the equivocal beam
from the design load are equal. Considering that: the
deflection in the middle of the truss is 30.1 mm (Fig.4),
columns spacing is 6m, the load on lineal meter is q =
11,31+ 103kN /m, for the value of the second moment of
area of the equivocal beam:
1 = (5ql*)/(384E - 0,031) = 0,775 - 1072m?

Fig 4 Deflection in the middle of the truss
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Determining the equivalent spring constant [11]:
ke = kika/(ky + k3) 5)

First case. Both supports have the same stiffness k; =
24,04-10’N/m considering the strain from the static
load k, = 1,75k,. From (5) k, = 0,64k, = 1530
10’N/m; 6 = 0,065-10"’m/N. From (2) and (4) we
81, = 180,26 -107°m/N; w = 20,29rad/sec;
T = 0,310sec.

Second case. The truss is supported by the column
and by the secondary truss (Fig.1 b) - k, = 0,64k, =
15,30 - 10’N/m; 8, = 0,065 - 10~7m/N . Deformability
of the secondary truss 8, = 0,79 -107"m/H. From (3)
and (4) we have &, =20426-10"°m/N; w=
18,98rad/sec; T = 0,331sec.

The period corresponding to the fundamental mode

have

of the considered truss, accordingly to the standard is
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the importance of considering the influence of structural
solutions of the bearing structures of the large-span steel

beam trusses at determining the vertical seismic load.

Eurocode 8. (2004). Design of structures for earthquake resistance — Part 1. Brussels: European committee for

SEI/ASCE 7. (2013). Minimum design loads for buildings and other structure.;

3. Iranian Code. (2007). Standard N2800 3 edition. BHRC Publication N5-465, Ministry of Housing and Urban

Development.

4. Gosstroy of Russia. (2013). SNiP I - 7 81 Construction in seismic areas.

Elnashai, A.S., Papazoglou, A.]. (1997). Procedure and spectra for analysis of RC structures subjected to strong

vertical earthquake loads. Journal of Earthquake Engineering, 1(1), pp.121-155;

Span Roof Truss. /IT Roorkee, 57.

Shaha, P. C., Kamatchi, P., Nayak, C. B. (2018). Effect of Vertical Ground Motions on the Response of Long

Bezukhov, I.I., Luzhin, O.V., Kolkunov, N.V. (1987). Stability and dynamic of structures. (In Russian);

8. Khazov, P.A., Moldushina, N.I., Lampsi, B.B., Schyolokova, Y.D., Anushenko, A.M. (2019). Comparison of

dynamic computational models in determining frequencies and forms of natural vibration of the large-span

steel truss of the velodrome building roofing. Privolzhsky Scientific Journal, 1, 9-15.

Central Research Institute of Industrial Buildings. (1977). Guidelines for the design of single-storey and multi-

storey industrial buildings with a steel frame in seismic areas.
10. Abashidze, A.I., Berenshtein, S.A., Sapozhnikov, F.V. (1963). Foundations of steam turbines.
11.Tse, F.S., Morse, L.E., Hinkle, R.T. (1966). Mechanical vibrations.

ISSN 1512-0996
www.shromebi.gtu.ge

65

b3y-ols IGmAgdo — Work of GTU
Ne4 (526), 2022



bsobgob®m bsgdyg — Engineering

UDC 624.042
SCOPUS CODE 2201
https://doi.org/10.36073/1512-0996-2022-4-62-66

©0©35¢05b0 3MmFm3560 BgMagdol 3gME03owEmo LgoldmMo Gbgzs

LyGe gbsdg Lodmgdowsgm o bsdMgfizgerm dd9690mdol ©g3sMo@dgbdo, LagsMmggamls
3996031600 Mbogzgmliodg@o, Lads®mggarm, 0160, Mdowobo, 8. 3MbEHogol 68°
E-mail: s_esadze@gtu.ge

6obm Lodmgosgm s Lsddghgganm d89670@Mmdol ©g3sM5GTIbE0, LodoMmzggamls

35310533040 39950319600 MBoggOLOGEIAG0, badsOmgzggwm, 0160, Mdowolo, 3. 3MBESZL 68°
E-mail: ninopavliashvilil996@yahoo.com

69:396%9bG900:
. 3560560, bE-ob Lsddgbgdam Bs3MWEHIGHOL 3OMMBILMGO
E-mail: .kakhiani@gtu.ge
6. 39HOY@0s, bEA)-ob Lsddgbgdam B3 EHIGHOL 3GMRILMGO

E-mail: n.murgulia @gtu.ge

3bM@530s. B3960 9399565 BgdIMIMBL 3eabgEol byolbdmsd@ow® Mgaombdo. Jglodsdolaw, Jgbm-
00m0 3MMYIEJOOLOL SJB¥IPEMOs LYgoLIMNMO OGHZOM™MZJOOL AsMZooliffobgds. ggwdol LgoldMo sBds-
900l 390@0350vHo abgwro derog®o dofiolidgzmolsl bdoms 6ol dgbmdgdol bamgzol b sbosby-
00l dobgbo. s0bodbmmo Bgdmddgadol asmzsolfjobgds Tgbmdoms 3mbLEGMWIzomo gwgdgbdgdo-
Lomgzol BmMds@omwo dmmbmgbss. 0EIo0sbo Gmeool ggmds 3093mm369ds 53 EGHo3olL 3mbLEMvwd-
3OME 99dgbBHadl. 3mbLEGHMWI300L ©0bs303MMo Toboboomgdgro LgobdnMo sEZ0MM30L JHM-9OH™MO
doMOMOO  FoxBMOHI0MYOJo  356509GHM0s. IMEgdMw LEGsG05d0 gobobowgds oEIswosbo 3mImzsbo
3960l ©0b653039M0 Tobolosmgdgdol Asblsbeamol bgMbo, domo dBoo 3mbLEHMMJ30g00l gogergbols
235035¢0lfobgdom.

15533960 LoEY3900: 0653037 BobabOSMYPVIY0; 3MFM3560 BgHIYBO; LgoLdw@Mo Gbgzs.

The date of review 16.07.2022
The date of submission 21.07.2022
Signed for publishing 16.12.2022

3v-ob 3Gmdgdo — Work of GTU ISSN 1512-0996
Ne4 (526), 2022 66 www.shromebi.gtu.ge



