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DEVEEOPMENT OF THE SCHEME OF THE RIEGING
AND ASSEMBLY INSTALLATION

Abstrakt

In the conditions of reconstruction or technical re-equipment of grain storage and processing enterprises, there are cases
of absence or impossibility of using the necessary universal lifting and transport means, in particular, construction tower or self-
propelled jib cranes at the installation sites. In such situations, they resort to the construction of specialized rigging and installation
installations, which are based on the use of rigging and installation mechanisms, rigging devices and rigging equipment. The given
sequence of actions, definitions and calculations at the same time practically excludes the adoption of unfounded and erroneous
decisions. Most often, such installations are located near the facade walls of buildings, equipped with installation slots and loading
and receiving platforms, hoists and cargo winches. Choose the design, location and means of fastening the mounting beam or boom.
The load capacity of the winch, from among those in the distribution, is specified and accepted. Determine the required multiplicity
of the hoist, its efficiency, the amount of tensile and breaking forces in the load rope. Choose the type and diameter of the rope, as
well as its length. Determine the rope capacity of the cargo winch drum and specify its technical characteristics. Choose the location
and method of securing the winch. If necessary, calculate the mass of the ballast counterweight. Choose the location and method of
attachment of the diverter block, determine the amount of force exerted by this block on the building structure or anchor. Choose the
type of anchor and, if necessary, calculate its stability. If it is necessary to pull the load from the front wall of the building or struc-
ture, calculate the pulling force and choose the necessary winch or hoist for this. The effort to pull the cargo from the receiving plat-
form into the premises and the technical means required for this are determined.

Keywords: installation; rigging; arrow; polyspast; load rope; winch.

Introduction structural elements of buildings and structures, and the

In the conditions of reconstruction or technical length is taken into account during the development of
re-equipment of enterprises of the industry, there are cas- load slinging schemes and the selection of the necessary
es of absence at the installation sites of universal lifting load-holding devices (slings, grabs or traverses ).
vehicles, in particular, construction tower cranes with a 3. Depending on this, as well as taking into ac-
load capacity of 1.5 ... 50 t and a hook lifting height of up count the features of the location and design of the
to 45 m. neighboring buildings and structures closest to the instal-

The limited size of the installation site at such lation object, choose the design, location and means of
facilities sometimes also makes it impossible to use self- fixing the mounting beam or mounting boom (Fig. 2).
propelled jib cranes - automobile, crawler or pneumatic If necessary, perform a calculated check of the
wheel cranes [1]. strength of the selected elements under the expected op-

In similar situations, they resort to the construc- erating conditions.
tion of specialized rigging and installation installations, The strength condition of a two-support beam

which are based on the use of rigging and installation (Fig. 2, a) or a fixed cantilever beam (Fig. 2, b) is written
mechanisms, rigging devices and rigging equipment as follows
[2.3] oy <[os], )
Research results and their discussion
A generalized diagram of such an installation is
shown in Fig. 1. The sequence of scheme development
should be as follows.

where o3 and [ o3 ] are valid and permissible bending
stress in the beam or beam material, Pa.
In turn, the actual bending stress is equal to

1. Determine the maximum height Hwmax, M to 3 = M, Pa @)
which, according to the project or technical task, lifting ’
of equipment and metal structures is provided. where M; is the bending moment acting on the
2. Specify the cargo and dimensional character-  heam or beam, N m; W is the moment of resistance of
istics of the equipment and metal structures that will be the cross section of the beam or beam, md.
lifted by the installation under development: determine The bending moment acting on the two-support
the load of maximum mass - Mwmax, kg and weight - beam is equal to
Qumax (it is obvious that Quax = g Mwmax , H), as well as 1 1
maximum dimensions - length, width and height; taking Mss = " (Qmax Ls) + §(q1 Ls*),N-m ©))

into account the maximum width and height of the goods
that must be delivered to each floor, determine the di-
mensions of the mounting slots necessary for this in the

46

where Lp is the distance between supports
(length of the beam), m;
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Fig. 1 — Scheme of the rigging installation: 1 — cargo winch; 2 — fuel-type anchor; 3 — outlet block;

4 — ground (ballast) type anchor; 5 — cargo receiving platform in a raised (non-working) state; 6 — descending branch of

cargo rope; 7 — freight hoist; 8 — fixed block; 9 — cantilever boom; 10 — loading platform in lowered (working) condi-

tion; 11 — mounting slot; 12 — wattage at the cargo receiving platform; 13 — skating rinks; 14 — steel sheet; 15 — manual
winch; 16 - brace.

For example, formulas (1), (2) and (4) are given beams and beams, below are empirical formulas for cal- |:|

for cantilever beams, which, after transformations, pro- culating the approximate values of moments of resistance
vide the determination of the required cross-section of these sections
height 1 1

I-beams hg Wy = a (h + 0,02)3 m?3 and W, = a (h + 0,05)3 " m3

ha = | 510,..L. -0,02, m (5) where h is the height of the corresponding sec-
[o,] tion, m.

or hr channels: as sinale h It is obvious that the design determination of h
u : S SINGIE Nuugoo) dimensions is also possible if the permissible stress - [o3]

N> 81Quaxle - 0.05, m (6) - in the material of the beams or beams is taken as
[o,] known.

and double hy ) A >, 810,,.L.-0.05, m (7)
d1 is the force of the weight of one meter of the e Al e,

beam, N/m (it is obvious that )
q: = 9.81 my, where my is the e 1
mass of one meter of the ' Lg
beam, kg). S I I
The bending moment acting at |
the end of the cantilever boom
is equal to  Em—
M3c = Qmax Le, N-m 4) /
where Lc is the depar- | 17 ey 2
ture of the arrow, m / ‘
The moment of re- l
sistance - W - depends on the
shape and dimensions of the |
cross-section of the beam or
beam and is subject to calcula- |
tion by conventional methods. ) .
Since I-beams and channels == -?—W =R

: = <
(single or double) are often Fig. 2 — Layout of the mounting beam (a) and cantilever fixed boom (b):
used for the manufacture of 1 — two-support beam; 2 — cantilever fixed boom.
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4. Specify the load capacity of winches — Pw,
which are available (in the conditions of real construc-
tion) or provided for in the technical task, and accept Pw,
N.

5. If Quax > Pw, then the required polyspast
multiplicity is roughly determined by the expression

n= M ,
PTH

where Py is the pre-accepted effort in the de-
scending branch of the cargo rope, H (take Prz < Pw).
The found value of n should be rounded to the nearest
whole number, which should not go beyond the interval
2...10.

After that, the efficiency coefficient of polyspast
is determined, which is equal to

n= 1 k£ —11

nk" k-1
where K is the resistance coefficient of the roller
bearing support (for a block with rolling bearings k =
1.03, and with sliding bearings k=1.04).
The specified value of the traction force - Pr - is
determined after the appropriate transformations of the
expression (8)

P
TR
where 7 and n} are the efficiency coefficients
of the cargo hoist and diverter unit (at k = 1.03 4 or 55§ =
0.97, and at k=1.04 5 or % = 0.96);

m is the number of lead-off blocks (under the
conditions provided in Fig.1, m = 1).

6. According to the values of the found traction
force - Pr - and the safety factor - € = 5 ... 6, determine
the breaking force of the cargo rope

Px > Pre, N. (11)

7. After that, the type and diameter - d - of the
steel wire rope with the calculated breaking force is se-
lected from the standard

(®)

©)

Qmax

(10)

Pxp > Px . (12)
8. Determine the diameter of the rollers of
polyspast blocks - D, focusing on the ratio
A > e, (13)
d

where J is the block roller diameter, measured
along the bottom of the groove, mm;

d — rope diameter, mm;

e is a coefficient, the value of which depends on
the type of lifting machine and its mode of operation (for
cargo winches with machine drive and mode of
operation: light - e = 20, medium - e = 25 and heavy - e =
30).

Note: The easy mode is characterized by the op-
eration of the rope at low speeds, without jerks, with the
number of bends on the rollers no more than four; heavy
- by the work of the rope at high speeds with jerks and
the number of bends on the rollers is more than four [4].

9. Determine the length of the cargo rope - L -
for equipping the rigging installation (together with the
hoist)

L=n(H+05z)+ L +msnfls, m  (14)
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where H is the distance from the axis of the up-
per, stationary block of the hoist to the axis of the lower,
mobile one, when it is in the lowest position, that is, it
touches the ground, m;

? - the length of the descending branch of the
cargo rope from the upper block of the hoist to the cargo
winch, m, which is taken on the basis of the dimensions
indicated on the diagram of the installation being devel-
oped;

mg - the minimum allowable humber of turns of
the rope, which remains on the rope receiving drum with
a diameter of J5 when the movable block of the hoist
touches the ground (ms > 1.5).

Itis clear that H = Hyux + Hp,

where Hp is the length of the polyspast in the
tightened state, which depends on its carrying capacity
(for example, with a carrying capacity of 10 t H; = 2.6
m, with a carrying capacity of 25 t H; = 3.7 m). The car-

rying capacity of the polyspast is 10'3.%, tons.

10. Determine the rope capacity of the drum of
the cargo winch - Lg, which is equal to the length of the
rope that must be wound on the drum during the lifting of
the moving block to a height of Hyyx, i.e.

Lk = n HMA)(, m. (15)

Taking into account the found value of Lg, spec-
ify the technical characteristics of the selected winch, in
particular, the length of the drum - B, m (Fig. 1).

11. Determine the effort on the part of the di-
verter block - SBB - on the building structure or anchor
by the expression

SBE=2PT (0] W N

1

(16)

where v is the angle between the directions of
the sections of the descending branch of the cargo rope
before and after it wraps around the lead-off block,
degrees.

The location of the lead-off block is shown in
fig. 1. The distance of the axis of the block from the front
wall of the building is taken as close10 m.

12. Taking into account the value of Sgs, solve
the issue of the means of fixing the lead-off block,
choose the type of anchor and, if necessary, calculate its
parameters according to the known method. At the same
time, they are guided by the data in Table 1.

13. Choose the location of the cargo winch. The
distance between the axes of the take-off block and the

Table 1 — Stability of anchors buried in the
round[ 1]

Constructive implementation Resistance, or the
of the anchor maximum force
perceived by the
anchor, kN
In the form of one wooden pile || to 20
In the form of two successively || up to 50
located wooden piles, connected
to each other
- - three -~ -*- up to 100
Inventory anchor rod type up to 120
Pit anchors Horizontal || up to 150
type Fuel-shield | up to 220
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concrete f = 0.45; dry wood on
concrete f = 0.50; steel on wood f
= 0.60).

15. If it is necessary to
pull the load from the front wall
of the building or structure, the
pulling force is determined as
follows.

If the brace is directed
horizontally, apply the formula

Sg = QMAX tg a, N (21)

[ where Sz is the pulling
& force, N;
\ / Qumax — weight force of
. the load, N;
; a is the angle by which
___‘-;’_., the longitudinal axis of the hoist
deviates from the vertical due to

Fig. 3 — Schemes of securing the winch: 1 — emphasis; 2 — winch;

3 — ballast; 4 — column; 5 - strut.

rope receiving drum of the cargo winch - 4 - is
determined by the expression

A>20B, m. (17)

The longitudinal axis of the drum should be
perpendicular to the direction of the rope, which crosses
the drum in the middle of its length (see Fig. 1).

14. Choose the method of fastening the winch
and perform the necessary calculations. If the fastening
corresponds to fig. 3, and, then the shift of the winch 2 is
prevented by the stop 1, and the overturning is prevented
by the ballast 3. The mass of the ballast - M5 - is found
by the expression

Ms =xc P =G, l, Ke,

9l 5

where Pr is the traction force calculated
according to (10);

hx - the distance between the supporting surface
of the winch frame and the axis of the load rope, m;

G,z - winch weight force, H;

¢y - shoulder on which the weight of the winch
acts, m;

{5 - the shoulder on which the weight of the
ballast acts, m;

g - acceleration of gravity, m/s2;

k¢ - coefficient of stability (take x¢ = 2).

In the case when it is impossible to drive the
abutment into the ground, the winch is tied to the nearest
building according to the scheme of fig. 3, b. The effort
acting on this structure from the side of the winch - Sy is
calculated as follows:

Sj] = KcC (PT— F), N (19)
where F is the force of friction between the winch
frame and the surface of the mounting platform, N.

The force of friction is equal to

F=f(Gxs + Gp) N, (20)

where f is the coefficient of friction of the winch
frame sliding on the support surface, the value of which
depends on the frictional properties of the contacting
surfaces (steel on steel f = 0.15; steel on dry soil or

(18)
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the pulling of the load, degrees.
- If the brace is directed

upwards from the horizontal

plane, then

Sp=Quax sina , N (22)
sin(a + )

where # is the angle between the vertical and the
direction of the tension, degrees.

If the guy is deflected from the horizontal plane
down and creates an angle S relative to the vertical, there
is a danger of overloading the hoist.

The effort on the pulley P in a similar situation
is equal

P=Quax _sing

sin(a + f)

16. Determine the effort of pulling the cargo
from the cargo receiving platform into the premises - Sir
- under the condition

Ser=F, (24)

where F is the force of friction (sliding - Fxos,

or rolling - Fxoy, depending on the conditions of
retraction).

If retraction takes place by pulling on a wooden
pallet or on a supporting steel sheet in the direction
against the inclination of the supporting surface (at an
angle az , degrees to the horizon), then the retraction
condition has the form

N (23)

Ssr > Frop + Quax sin a; (25)
and the retraction force is equal to
Spr > Qwmax (f cosag +sinag), N (26)

where f is the coefficient of friction of the load
sliding on the support surface (see the explanation of
expression (20)).

If uB < ap < 15°, it is accepted

Spr > Qmax (f + sin as), N. 27

The pull-in effort can be significantly reduced
by using backing rollers.

If ag < 159, then the retraction force is equal to

! ”

f, +f
Spr > Quax (sinog + X K
K

cos ag), N (28)

!

/i
where f, and f, are the coefficient of
rolling friction between the support surface and the

’
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rollers, as well as between the rollers and the retracted
load;
d, - roller diameter, m.

If az < 159, then cos ag =~ 1. Then the retraction
force is

Ser > Quax (sinas + f. + f. ), N (29)
d

K

In the case of retraction along the horizontal
plane, that is, when ag =0,

Ser > Quax fx +fc + N (30)
d

K
It should be noted that the coefficient of rolling
friction has the dimension of length and, in particular, is
equal to

the premises, their locations and fastening methods are
determined.

Conclusions

The need for the construction of rigging and as-
sembly installations, which accommodate rigging and
assembly mechanisms, rigging devices and equipment,
often arises at the objects of reconstruction or technical
rearmament of enterprises of the industry. For the most
part, this work is based on the practical experience of
foremen of assembly organizations or rigging foremen.
The desire to avoid cases of destruction of structural el-
ements under load leads to the establishment of excessive
safety margins, which causes unreasonable consumption
of materials in their manufacture and creates unnecessary
difficulties in application.

The technology of construction of rigging and
assembly installations proposed in the article involves the
preliminary development of their schemes, during which,
in an appropriate sequence, their normatively justified
components are calculated or selected, which excludes
the adoption of voluntary decisions when creating such
responsible structures.

steel by steel - 0.05-102 m;
steel on wood - (0.04 ... 0.07)-102 m;
steel on concrete - 0.06-10m;
wood by wood - (0.05 ... 0.08)-10?m;
steel on soil - 0.22-10m.
Finally, according to the project, the
nomenclature of technical means for pulling cargo into
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PO3POBKA CXEMU TAKEJIAY)KHO-MOHTAKHOI YCTAHOBKHU

Anomauin

B ymoeax pexoncmpykyii abo mexniunozo nepeo3opocuus nionpuemcmes no 3oepicannio i nepepobyi 3epna 6yeaiome euna-
OKU 8I0CymMHOCMI AO0 HEMONCIUBOCII 3ACMOCYBAHHA HA 00 EKMAX MOHMANCY HEOOXIOHUX YHIBEPCATbHUX NIOUOMHO-MPAHCHOPIMHUX
3aco06is, 30kpema, 6y0i6ebHUX DAUMOBUX AOO CAMOXIOHUX CMPINOBUX KpaHis. Y nodiOnux cumyayiax 80aromucsa 00 CHOPYO#CEHHs
cneyianizoganux MaxenadCHO-MOHMANICHUX YCMAHOBOK, AKI 6aA3YI0MbCsA HA 3ACMOCYBAHHI MAKENANCHO-MOHMAICHUX MeXAHI3MIE,
MAKeNaNCHUx npucmpois i maxenaxcnoi ocnacmru. Hageoena nocnioosnicms Oitl, 6U3HAYEHb | POPAXYHKIE NPU YbOMY NPAKMUUHO
BUKTIIOUAE NPUUHAMMSA HeOOTPYHMOBANUX | NOMUNKOSUX piuiensb. Hativacmiwe maxi ycmanoeku posmawiogyioms 6inisi (acaonux
cmin 6yodisenb, 0OIAUMOBAHUX MOHMAICHUMY NPOPIZAMU | BAHMANACHO-NPULOMHUMU NIOWAOKAMU, NOAICNACMAMU | 6AHMAMACHUMU
aebiokamu. Obuparoms KOHCMPYKYilO, Micye po3mAauly8ants i 3acodu KpinieHHs MOHMAaxcHol 6anku abo cmpinu. Ymounwioms i
NpUILMaroms 6aHMANCONIOUOMHICIb 1e0IOKU, 3 YUCIA MUX, WO € ) PO3NpA0diCceHHl. Busnauarome nompiony kpamuicms noaicnacma,
020 Koeiyienm KopucHoi 0ii, 6enuyUHy MA208020 I POPUBHO20 3YCULb Y aHmaxcHomy kanami. Obupaioms mun i diamemp Kaua-
ma, a maxogc 1020 008xHCuHy. Busnauarome kanamoemuicms bapabana 6anmasicHol 1e6ioKu i YMOUHIOMY i MexHiyHi Xapakmepu-
cmuxu. Obuparoms micye posmawygants i Memoo 3akpinaenus nedioku. Y pasi neobxionocmi, po3paxogyoms eenuyuty macu oana-
cmno2o konmpeanmadxicy. Obuparoms micye po3mMawy8ants i cnocié Kpinienus 8i08i0H020 OJ0KA, 6USHAUAIOMb 8ENUUURY 3YCUILIA 3
60Ky yvo2o broxa na 6yodisenvry Koncmpykyito abo axip. Obupaioms mun SKOps i y pazi nompeodu po3paxosyioms 1020 cMmitikicma.
V pasi neobxionocmi eiomszysanns eanmasicy 6i0 pacaonoi cminu 6y0ieni uu cnopyou, po3paxoeyioms 6eAUdUNY 3YCULIS 8IOMCY-
sanms i 0bupaioms nompiony 0ns ybo2o 1e6ioKy abo manv. Buznauaioms 3ycunisa 6mazy8aHts 6AHmMaAdiCy 3 NPUILMAIbHOI NIOWAOKU Y
npuminjerus i ROmpioHi Ol1A Yb0o20 MeXHIUHI 3acoou.

KniwouoBi ci1oBa: MOHTaXK; TaKesIaxK; CTPijia; moJicnacT; BAHTAKHUIA KaHAT; Jebiaka.
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