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ABSTRACT

The article describes the device, the principle of operation and scope of load -griping
devices designed to overload building goods and installation of structures in
construction. The recommendations for the operation, device and selection of the main
parameters of rental devices, static and dynamic, loads affecting the loading devices are
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Introduction Research methods

With the continuous acceleration of scientific
and technological progress, innovative
technologies and the use of modern complex
high-performance equipment and materials,
greater accuracy in the installation of building
structures, process equipment, loading and
unloading operations and high qualification of
installers, the introduction of effective methods
for performing installation work using more
advanced lifting equipment, contributing to a
significant reduction in terms and cost of work
[1-3].

Each type of lifting device corresponds to a
very specific nature of the application and
distribution of the load. During the entire cycle
of operation of the load gripping device, the
conditions for reliable retention of the load
must be observed. Safe operation of the GZP for
each type requires taking into account the
appropriate safety factors for the forces of
holding the load (strength). The values of these
coefficients are wusually taken taking into
account the operating conditions and the
possibility of accurate calculation of the load
gripping device [4-8].

The calculation of HZP links is reduced to
determining the normal stresses arising in
them from stretching and bending. In links, the
tensile strength is determined from the
conditionn,,

o,
= >5n

n = b
O-P

p

where, O -temporary tear resistance;

Op,- tensile stress.

For bending load safety factor n,,,gg, determined
from the condition

M o
n =—%=—2>125
use M
uze O-use

Where, M, - ultimate bending moment; M,
- bending moment in the section;
O ,, - bending yield strength of one of the

extreme fibers of the section;

O ,;.is the bending stress of one of the
extreme fibers of the section.
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Slings from steel ropes must be made with a
safety factor of at least 6 (six times safety
factor). In case of angle deviation« from the
calculated in the direction of its increase, the
safety factor K will decrease sharply [9-10].
An additional load on the elements of the sling
load gripper may arise from the uneven
distribution of the acting forces due to skew
when hanging the load. The redistribution of
the load can be caused by the shape of the load
made with deviations from the correct
geometric dimensions, for example, a building
element made of reinforced concrete with
incorrectly sealed mounting loops [11].

In conditions when the load gripper holding
the load is stationary or moves at a constant
speed along a straight path, only a static load
acts on it. In the process of moving the load
gripper with a variable speed and rotation, in
addition to the static load, it also has a dynamic
load. Dynamic loads occur during periods of
starting and braking of crane mechanisms due
to the action of acceleration or deceleration, as
well as the result of shocks and shocks. The
crane is an elastic system, so the forces of
inertia cause the vibration of its elements,
which continue for some time after the end of
the transient processes [12].

Since the working operations of the crane are
often combined (lifting, moving, lowering,
turning), it is possible to superimpose
oscillations resulting from the action of inertia
forces of various assembly units, which can
lead to their increase. This is also possible due
to a change in the length of the load
suspension. Impact forces can occur when the
position of the center of the load changes
during the lifting process. Although it is
possible to calculate the impact force, it causes
a number of difficulties due to the variability of
the factors that cause this force to arise [13].
Dynamic loads arising during the operation of
the lifting mechanism are considered in the
literature [14, 15,].

Sources of large dynamic loads are shocks and
impacts, which reach great force with large
gaps in the gears of mechanisms, faulty railroad
junctions, and wear of slewing bearings.

The main dynamic load on the load grip occurs
in the process of lifting the load [14], and two

options for its occurrence are possible: the first
option involves lifting the load “from the
weight”, the second - lifting the load “with
pickup”. In the second case, the load is located
on some base, the ropes sag and, therefore, at
this moment the load on the grip is zero.

In the first variant, the load on the load P, will

be the sum of the static load Q_ and dynamic
P

Oun

which is a function of the excess driving

force P

usze

depending on the nature of its

development over time (t) and elasticity of

the supporting structure ( r), ie.P, =f(tr).

Oun
Consequently,P,, =Q,+P,,

In the second variant of loading, the dynamic
load occurs during the period when the

hoisting rope moving at nominal speed (V ), the
load from the weight of the load will be
instantly applied. Lifting load P, , will also be

the sum of the static load Q, dynamic, P, in
this case, which is a function of the rope speed
and the elasticity of the support structure(l’),

that isP,, (V,l’).For both options, the

dynamic coefficient will be equal to

K,, = P =1+h

oun QC QC

In general, a crane with a load on the hook is a
three-mass system with two elastic links, one
of which is the elasticity of the crane itself, and
the second is the elasticity of the ropes on
which the load gripper is suspended [14-18].

When lifting the load “from the weight”, the
dynamic deformation of the crane structure
differs little from the static one (Fig. 5). This
system can be reduced to a two-mass system

by replacing the stiffness of the ropes rn and

rigidity of the crane I reduced stiffness I :
r}’l rk'
r+r.

A simplified system can be represented as
consisting of two masses: m  are the masses of

R =

the motor rotor and the masses of the lifting
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mechanism reduced to it, andm, - the mass of
the load, interconnected by an elastic element
with reduced stiffness I .

-+

r

Fig.5. Scheme of dynamic loading of the load

grip when lifting the load “from weight”, a -
on ajib crane; b - on an overhead crane; c -
calculation scheme.

| }{h ; . : X

Fig.6. Scheme of dynamic loading of the load
grip when lifting the load "with pickup”, a -
on ajib crane; b - on an overhead crane.

From the solution of the equations of motion
for the considered case of lifting the load, the
dynamic load is determined by the formula:

2

m m
F?iuﬂ = :2€Z7(:?C - = :2€Z7£J -
m2+mp 3 »

Where, ¢ = —"~. The dynamism coefficient is
C
m,
equal to: K,,, =1+ 2¢p—"—,
m,+m,

When determining the dynamic loading of the
mass M, and M, should be attributed to the

periphery of the drum, and the massM,

proportional to the square of the ratio of the
number of branches of the cargo chain hoist

wound onto the drum to the total number of
branches on which the load hangs Q..

When braking a descending load P

Oun

dynamic

coefficient K, can be determined by the same

Oun

under Tu35 the difference

between the braking force applied to the load
and the weight of the load must be understood.
The calculation of the dynamic loading of the
load gripper suspended on four branches of the
rope, when lifting a load of 10 tons “from
weight” at a speed of 30 m/min with an
average crane operation mode, showed that the
maximum dynamic coefficient will be equal to:

K =1+2p—"  _142.18.0,093=1,33

m2+mp

formulas, but

oun

When analyzing the dynamics of the oscillatory
process that occurs when lifting a load, taking
into account the compliance of the crane metal
structures, one should generally consider a

system consisting of a load massM,, crane

mass M_and rotor mass M » » electric motor and

elements of the lifting mechanism,
interconnected by elastic links with the

stiffness of the lifting ropesl,and steel

structures of the crane rK (Fig. 6).

The process of lifting the load under the
accepted assumption proceeds as follows.

At the first stage, the slack of the rope is
selected: at the second stage, the process of
elastic deformation of all structural elements

occurs, which continues until the force P on
the load grip, increasing from zero, will not

become equal toQ, =M Q. Only after that, at

the third stage, the lifting of the load begins.
From the solution of the equations of motion
for the considered case of lifting the load [13],
the dynamic load on the load grip is
determined from the formula:

P = —%upsin ot,
9

oun

Where, § - acceleration of gravity;
U - the steady speed of lifting the load;
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t - current time;

r
P:‘/m—'(is the frequency of circular

oscillations;
ro=—;
ycm

Y cm - deflection of the structure from static

load.
The maximum value of the dynamic load at
sin pt = —1 will be

makc v \ rK
P()MH :Qc_p:Qc_ y
g gym

K2

Where, rK - rigidity of the crane structure.

The full load on the load grip is determined by
the formula:

\" r
P23 :Qc + Pc)jz‘:zkc :Qc l+_ . '
' gym,

And the dynamism coefficient will be

B Qc + PJI/ldKC

oun :1+

K

oun
C

The last formula is convenient for practical use
and reliable to an acceptable extent, although it
takes into account the influence of the second
stiffness element present in the system under
consideration [13].

For a load that is not associated with a specific
crane, it is necessary to determine the extreme

value of the possible dynamic coefficient K

oun*

Conclusion

The calculations performed show that under
normal operating conditions, the vertical
dynamic effect on the load grip should be taken
into account only when the load lifting
mechanism is operating. During the operation
of the mechanism of movement of the crane
and the rotation of its rotary part in normal
operating conditions, the dynamic overload
does not exceed 5-6% of the static one.

With vertical transportation (lifting) of cargo
with its upper grip and existing speeds in the

lifting mechanisms of construction cranes up to
20-40 m/min, the drag forces are insignificant
compared to the weight of the cargo and other
loads on it.

When transporting cargo with a gripper in a
vertical position or close to it, especially large-
sized flat structures, it is necessary to take into
account the wind loads acting on the cargo.

References

1. GOST 25573-82 Interstate standard. "Cargo
rope slings for construction". Specifications.
Moscow: IPK Standards Publishing House,
2004.

2. CyneumanoBa, JI. A, PaxmanHoB, b. K,
Kouepxkenko, B. B, & Cosioz08, H. B. (2018).
[lepcnekTHBHBIEe HampaBJIeHUSI Pa3BUTHUSA
TEXHOJIOTUM  TaKeJaXHbIX  paboT ¢
WCIIOJIb30BaHUEM CTPONIOB Ha TEKCTUJILHOU
OCHOBe. BecmHuk benzopodckozo
2ocydapcmeeHH020 MexH0./102u4ecKo20
yHusepcumema um. BI" lllyxosa, (7), 24-33.

3. T'OCT 25032-81 CpexncrBa rpy3o3axBaTHbIE.
Knaccudukanus u oblujpe TexXHUUYECKHE
TpeboBaHus. M. U3a-Bo crangapTos, 1992.
4 c.

4. Knycanues, 3. M. A6aynnaes, WU. H,
Axwmepos, K. [I., & Paxmanos, b. K. (2020).
MHHOBAIIMU B CTPOUTEJbHOU TEXHOJIOTHUMU:
NpPOU3BOZCTBO U npUMeHeHUue B
y30eKUCTaHe CTPON U3 TEKCTUJIbHbIX JIEHT
¥ KOMOVMHHPOBAHHBIX KaHaTOB. In Juepeo-
pecypcocbepezarwwue mexHo102uu u
06opydosaHue 8 dopooicHoll u
cmpoumeavHol ompacasnx (pp. 421-431).

5. PaxmaHos, b. K., & A6aynnaes, U. H. (2018).
[Ipo6JsieMbl MPOM3BO/CTBA U NPUMEHEHUS
rpy303axBaTHbIX  MPUCHOCOOJIEHUH U3
CUHTETUYECKUX JIEHT M KaHaTOB B
Y36ekucrane. [lodsemHo-mpaHcnopmHoe
deso, (6), 5-7.

6. Ao6nysniaes, U. H., & Paxmanos, b. K. (2019).
PacnpesiesieHMe MOHTaXHbIX 3JIEMEHTOB
3laHMi 1Mo  Macce i mojb6opa
rpy303axBaTHbIX CUHTETHUYECKUX CTPOMN B
crpouteabcTBe. In Hayka u uHHOBayuu 8
cmpoumeascmee (pp. 188-192).

7. Aopynnaes, U. H., Axmenos, XK. /., &
PaxmanoB, B. K. (2020). HccnemoBaHue
npo6JjieM TMpPUMEHEHUs CUHTETUYeCKUX

Journal of Architectural Design

www.geniusjournals.org

Page |17



Volume 8] July 2022

ISSN: 2795-7608

TKaHbIX JIEHT B Y36ekucrtaHe. In Hayka u
uHHosayuu 8 cmpoumeasvcmse (pp. 202-
207).

8. Paszakos, C. XK., A6aymnaeB, H. H,
PaxmaHoB, b. K., & Xypa6aesa, P. T. (2020).
U3y4eHue TKaLlKOM1 KOHCTPYKLIMH
CUHTETUYECKUX JIEHT JJIl TPy303aXBaTHbIX
npucnocob6senuid. C.221-225.

9. Razzakov, S. ], Rakhmanov, B. K, &
Akhmedov, ]J. D. (2021). Study Of The
Influence Of Light Weather On The
Mechanical Properties Of Para-Aramid
Filaments. The = American  Journal  of
Engineering and Technology, 3(04), 35-41.

10. PaxmaHos, b. K., & Anumaros, b. A. (2018).
CnenuasibHble CTPONOBOYHbIE YCTPOUMCTBA.
In Hayka u UHHOBAYUU 8
cmpoumenscmese (pp. 264-267).

11.CyneiimaHoBa, JI. A. PaxmanoB, b. K,
KoueprkeHnko, B. B., & Cosiozos, H. B. (2018).
[lepcneKTUBHbIE HaNpaBJIEHUsS Pa3BUTHUS
TEXHOJIOTUM  TaKeJaXHbIX  paboT ¢
HCIOJIb30BAaHUEM CTPOIIOB Ha TEKCTUJILHOU
OoCHOBe. BecmHuk benzopodckozo
20cy0apcmeeHH020 MexXHO/102Uu4ecKk020
yHugepcumema um. BI" lllyxosea, (7), 24-33.

12.Onycanues, 3. M. A6aynnaeB, HU. H,
PaxmaHoB, b. K., & AnaxaHos, 3. M. (2020).

CocTaBHBbIE KOMITOHEHTBI
AebopMUpoOBaHUS U paspylieHus
CMHTETUYECKUX  TKaHbIX  JIEHT  JJs
rpy303axBaTHbIX  HPUCHOCOOJIEHUI B
CTPOUTEJIbCTBE. In FHepzo-
pecypcocbepezaroujue mexHo/102uu u
obopydosaHue 8 dopodcHol u

cmpoumenvHoli ompacasix (pp. 431-438).
13.BaitHcoH, A. A, & AHppees, A. ®. (1972).

Cnenann3vpoBaHHbIe KpaHOBbIe
rpy3osaxBaThl [Ji WITY4YHBIX TIpPy30B. M,
MawuHocmpoeHue.

14. AunpeeB, A. ®. (1979). 'py3o3axseamHble
ycmpoiicmea ¢ agmomamuyveckum U
OUCMAHYUOHHBIM ynpasJ/ieHueM.
Crponusgar.. 170 c.

15.CmexoB, A. A, & Epodees, H. U. (1975).
OnTuManbHOe ynpaBJjieHMe MO beMHO-
TPaHCIIOPTHBIMHU MallKHaMu. M.:
MmawuHocmpoeHue. 239 c.

16.Razzakov, S., & Raxmannov, B. (2021).
Technologistsi  rigging  works using

synthetic slings. 36ipHuk Haykosux npayb
A0rox.

17.b.K. PaxmanoB, C.JK. PaszakoB, HW.H.
Abnynnaes. HUccnepoBaHue
fepopMUpOBaHUA %4 paspylueHus
CUHTETUYeCKUX TKaHbIX JieHT. «KayecTBo.
TexHosoruu. HWHHOBanmuwu». 2021. C.177-
184.

18.Razzakov, S. ], Abdullayev, 1. N, &
Raxmanov, B. K. (2021). Components of
deformation and failure of synthetic woven
tapes. Scientific-technical journal, 4(2), 23-
28.

Journal of Architectural Design

www.geniusjournals.org

Page |18



