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ESTIMATED DETERMINATION OF PARAMETERS OF
MOUNTING MASTS

Abstrakt

When carrying out installation work at the enterprises of the branch, the use of universal lifting equipment is sometimes
impossible or impractical. In such cases, resort to the use of mounting masts - relatively simple in design and quite efficient lifting
equipment [1], the construction of which is largely based on the practical experience of foremen of assembly organizations or fore-
men-riggers. Existing methods of calculation of mounting masts, developed many decades ago on the basis of sufficiently primitive
considerations, without taking into account additional loads, give approximate results and should be revised and improved. An at-
tempt at such work is reflected in this article. Since the main structural elements of the mounting mast are its riser and cables, the
definition of the parameters of the mast is to calculate the strength of the riser and cables of the accepted dimensions under the loads
provided by the initial data of a specific technical task. Evaluation of the strength of the riser should be performed both in the plane
of torque and from the plane of torque. To find the value of the maximum stress in the mast riser and the maximum stress in the i-th
cable, it is necessary to calculate the stress-strain state of the riser and cables using a mixed method, according to which some un-
knowns are displacement and part - effort. The mathematical model of the problem is described by four algebraic equations. The
equation of continuity of riser deformations is based on the use of Tymoshenko's functions, which take into account the influence of
longitudinal forces on the deflection of the mast riser in the plane of action of wind load and weight of cargo. Loads from the weight
and tension of the cables are taken into account their possible ice and the force of pre-tension. The wind load of the riser and cables
is determined using data on the standard speed pressure, N / m2, which for Ukraine is 0.38 kPa. Calculations of riser and cable pa-
rameters also take into account the temperature difference, which in the climatic conditions of Ukraine does not exceed the interval
+40 °C. Mast structures are recommended to rely on the combination of both permanent and temporary loads according to the data
given in the article. All this together gives reason to hope that the considered method of calculation of parameters of assembly masts
will be useful to experts of the assembly organizations and students studying questions of technics and technology of rigging works.
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Introduction

During installation work, the use of cranes is
sometimes impossible or impractical. In such cases, re-
sort to the use of mounting masts - relatively simple in
design and quite effective lifting equipment [1].

Since the main structural elements of the mount-
ing mast are its riser and cables, the determination of the
parameters of the mast is to calculate the strength of the
riser and cables of the accepted dimensions under the
loads provided by the initial data of a specific technical
task.

The design and material of the riser of the
mounting mast depend on its load-height characteristics.
For example, wooden risers are used for masts with a
capacity of up to 6 tons and a height of 12 meters (mate-
rial - semi-dry pine 2nd grade, or spruce 1st or 2nd
grade). The risers are made of one wood, two or three,
connected by through bolts and external clamps.

The risers from 10 to 30 meters’ high are made,
for the most part, of solid steel pipes with an outer di-
ameter of 159 to 529 mm without reinforcement or with
reinforcement with angular equilateral steel. Tubular
risers are assembled from separate unified sections,
which have connecting flanges for bolted connection.

Mast risers 30 ... 50 meters high, with a capacity
of up to 100 tons, have a lattice welded structure.
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The riser 1 (Fig. 1) is installed on the base 2,
which is made of steel sheet 16...20 mm thick with the
edges bent upwards. This facilitates, if necessary, the
movement of the mast within the assembly site without
its dismantling. If the mast is to be used with a vertical
position of the riser, it is attached to the base rigidly, for
example, by welding. But sometimes it is possible to
deviate the riser from the vertical by 10 ... 15° In these
cases, use a hinged connection of the riser with the base
(one plane or even a universal hinge). The base is secure-
ly fastened to the anchors 10 to avoid unacceptable
movement of the riser during operation.

Braces, or cables 3, are designed to maintain the
mast riser in the working position. The number of cables
depends on the operating conditions of the mast, but can-
not be less than three. In most cases, the humber of ca-
bles is four. The cables are pre-tensioned 1 ... 3 KN using
hand winches or lanyards 12. The angle of the cables
relative to the horizon is taken from 30 to 45 degrees.
The design of the mounting unit 4 cables to the riser de-
pends on the design of the riser, in particular, the material
from which it is made, as well as the intended features of
further use of the mast (in particular, with the possibility
of rotating the riser relative to the longitudinal axis).

http://grain-feed.ontu.edu.ua
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Fig. 1. Scheme of installation and application
of the mounting mast: 1-riser; 2 - base; 3- brace (cable);
4 - point of attachment of cables to the riser; 5 - point of
attachment to the riser of the upper fixed block of the
cargo hoist; 6 - upper fixed block; 7 - cargo hoist;
8 - movable unit with a hook; 9 - cargo rope; 10 - anchor;
11 - outlet unit; 12 - lanyard; 13 - cargo winch; 14 - de-
lay; 15 - lever winch.

Of course, the cables are made of steel wire rope
- a cable-single spiral coil, or a cable 6x19 in accordance
with GOST 3070-88. The lower end of each brace is
fixed to the anchor of the corresponding structure.

Slightly below the node 4 (at a distance of about
300 mm) is the point 5 of attachment to the mast riser of
the upper (fixed) unit 6 of the cargo hoist 7. To do this,
use special brackets that prevent direct contact between
the unit and the riser. The design of the mounting point 5
depends on the design and material of the riser. The car-
go hoist 7, which, in addition to the unit 6, includes a
movable unit 8 with a hook and a cargo rope 9, reduces
the traction force on the cargo winch inversely propor-
tional to the multiplicity of the hoist, which is usually
taken in the range 1...10.

The outlet unit 11 changes the direction of the
descending branch 10 of the cargo rope, which enters the
rope receiving drum of the cargo winch 13 at an angle of
inclination to the horizon not exceeding 5°.

The cargo winch is located outside the rigging
area and is appropriately secured against shifting or over-
turning by the forces arising during lifting.

The extension 14, connected to a hand winch or
hoist, deflects the load from the riser to avoid damage to
the load and deformation of the mast.

Determination of riser parameters
This work can be design or verification. The
method of checking the strength of the riser of the ac-
cepted dimensions under the load conditions provided by
the initial data of the corresponding technical task is con-
sidered below.
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Fig. 2. Estimated scheme of the mounting
mast: a - front view; b - top view with the number of
cables ng = 3; in - top view with the number of cables
?‘13 = 4‘

Evaluation of the strength of the mast riser is
performed both in the XOU plane of the moment of ac-
tion and from the plane of action of the moment (Fig. 2).

1. In the plane of action of the moment
the strength condition is as follows
Omax = Ry - Y¢ (1.1)

where o, - the highest stress in the dangerous
cross section of the riser, Pa; R,, - calculated resistance of
the riser material, Pa (Table 1); y.is the coefficient of
working conditions, which is taken for steel masts 0.95,
and for wooden-1.

Table 1 - Mechanical properties of materials
used for the manufacture of structural elements of
mounting masts

Mechanical properties of Structural elements of
materials the mast

design resistance, MPa Risers Guys
steel grades 215
Bst3;, Bst3ps
- steel 20 225
- wood (pine, spruce) 10
Modulus  of  elasticity 2,06:10° 1,27-10°
(Young's modulus), MPa
Density, kg / m3
- steel 20 770 770
- wood (pine, spruce) 600
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The greatest stress in the dangerous section of the

mast riser

[“i'i'!ﬁx
= —max y
max

N,
I +?ﬂ JMa (12)

Gmax
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where M, ... - largest bending moment in the
riser (Fig. 3), Nm; I, - moment of inertia of the cross
section of the riser relative to the axis Z, m4 (when using
risers of equal cross section I, = I,,; otherwise take into
account Imin); Umax - the distance from the Z axis to the
farthest cross-sectional point of the riser, m; N, - force
acting along the axis of the riser, H; F. - cross-sectional
area of the riser, m?.

The largest bending moment in the mast riser

Mma.:: = max(lMU|r|Mgkc|r

Mg

) )

where M, - bending moment at the point of at-
tachment of the riser is determined by the expression
(1.31) below; M, - bending moment from the weight of
the load and the hoist; M., - extreme bending moment
(see Fig.3).
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Fig. 3. Calculation scheme for determining the bend-
ing moment in the mast riser

Obviously, |My | = P, - e, Hy, (1.4)

where P, - weight of the cargo and the hoist, H; e
— is the eccentricity of the mounting of the cargo hoist,
ie, the distance from the axis of the mast riser to the point
of attachment of the upper block of the hoist, m.

The force of gravity of the cargo and the hoist is
equal to

P, = 9.81(m, +mpyy ). H

where m, - load capacity of the mast, kg; mg,; -
mass of pulley, kg.

The extreme bending moment of the expression
(1.3.) Is defined as follows

X
Mexe =My, —Hg-X—q.77 ,Hu  (L9)

Table 2 - Formulas for determining the coefficient of longitudinal bending ¢,

where X = |H—9|, m. It should be taken into ac-
qn

count that M, is found by the already known expression
(1.4), and q. - by expression (1.19) and H, - by expres-
sion (1.21), given below.

2. The condition of the strength of the
mast riser from the plane of action of the moment is
also expressed by relation (1.1). With

(1.6)

where ¢,, - coefficient of longitudinal bending
of the riser, which for steel and wooden structures is de-
termined by the formulas given in [4; 5], some of which
are shown in table. 2.

R, — — 2
p=§:ﬁ=Mpﬁ=J%h

where E - Young's modulus of the riser material,
Pa; I, - moment of inertia of the cross section of the riser

relative to the axis Y, m*; h length of the riser, m.

3. The condition of the strength of the guys

max o; < Rg-y2, (1.7)
where max &; - maximum stress in the i -th ca-
ble, Pa; Rb -calculated resistance of the guy, Pa; y.2- co-
efficient of working conditions, which is taken equal to
0.95.
The calculated resistance of a cable made of
steel wire rope is determined by the formula

J.F'Ir
R,=—L,Pa
nk,

(1.8)
where N, - calculated breaking force of the rope
of the accepted diameter, H;
n dimensionless coefficient of the safety margin
of the rope (for cables it is recommended to take n = 3...

3,5); F, - cross-sectional area of the rope, m2 (cross-
sectional area of all wires that create the rope).

4. To determine the magnitude of the maxi-
mum stress in the mast riser

- Omax IN terms of (1,2; 1,6) and the maximum
voltage in the i-th guy

- max o;- according to expression (1.7) it is nec-
essary to calculate the
stress-strain state of the

mast and cable with the

Rise_r Formula Condition i
material use of a mixed method,
— = - according to which it is
1— (0073 —553p)A- V2 _ A< 25 assumed that part of the
Steel 1,47 — 13p — (0,371- 27,3p) - A+ (0,0275-553p) A2 | 25 < A< 45| unknown is the move-
552/ 751 — ) P> a5 | [emkmaven-te foce
Wood 1—0.8(4/100) A= 70 placement of the mast
3000 / A° A= 70 riser at the point of at-

Note: In table. 2 the following designations are accepted
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tachment of the cables, m; 63 and o1 - stresses in wind-
ward and leeward cables, Pa; Mo - bending moment at
the place of mounting the riser (Fig. 2 and 3), Nm.
The mathematical model of the problem is repre-
sented by the following four algebraic equations [2; 3]:
4.1. Equation of continuity of riser deformations

hE; (u)
1El;

hF5(u)
GE.I,

A g h®F (u)
M, -+ =
h 24E,. I,

M, + =0 (L9)

where F, (u),F; (1) and F;(u) - are Tymoshen-
ko's functions that take into account the influence of lon-
gitudinal forces on the deflection of the mast riser in the
X0¥plane of action of wind load and weight of cargo; qc
is the calculated load per unit length of the mast riser
from the action of wind (wind load), N/ m.

Tymoshenko's functions are as follows
1

3 1
F (H) T u (jz’nZu_ﬂ)’ (1.10)
30 —uj
Fy(u) = X552 (1.11)
3 1 1
F3 [’H) - ; [; o tan?u )’ (1'12)
no[ N,
u=- L ,rad (1.13)
Ny = Pg—i-QC—l- Ng.H (1.19)

Q. - the force of gravity of the mast riser, N
Obviously that
Q.=981hm_,H (1.15)
where m¢ - mass of one meter of pipe or other
profile from which the mast riser is made, kg / m; Ng -
load from its own weight and tension of the cables, N.
In turn, the load from the force of gravity and
tension of the cables is
Ng =n; (ggh/ cosa+ Fy,cosa,H (1.16)
where 1, - number of cables; gz - weight of one
meter of a guy with an ice crust, N/ m;

Gy - Stress of the cables from their previous ten-
sion, N / m2 (it is recommended to take o, ~ 0.5Rz ; Ry
- the calculated resistance of the cable material, N / m?,
calculated by (1.8); a - the angle of the cables relative to
the vertical, deg.

Obviously, the weight of one meter of a guy with
an ice crust is equal to

gs =9,81mg + gy, o (1.17)

where mg - mass of one meter of the cable, kg /
m; g,,- 0ad from the force of gravity of the ice crust per

unit length of the cable, N/ m
It's easy to see that

H
Gep = K " Vip " AT (dﬂ + &HP),; (1.18)

where K, - coefficient of reliability on the load
(Ky = 1.3); ¥y, - density of ice crust, N / m® (take

Yip = 9%); d, - diameter of the guy, m; A, - the thick-
ness of the ice crust, m (taken depending on the height of

the mast h according to table. 4.
Table 3 - Mechanical properties of materials

Mechanical properties of Structural elements of

materials the mast
design resistance, MPa Risers Guys
steel grades 215
Bst3; Bst3ps
- steel 20 225
- wood (pine, spruce) 10

Table 4 - The thickness of the ice crust depend-
ing on the height of the mast

Height of a mounting mast, Ice crust thickness,
h, m Akr, mm
up to 10 10
from 10 to 20 12
from 20 to 50 20
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The wind load on the mast riser is calculated by

[3;4]
H
Qc:Kﬁ'ﬁ'Cx'd'qw; (1.19)
where K, - coefficient of reliability on the load
(take K, = 1.4);

B - coefficient of increase of normative speed
pressure (B = 1,35);

C, - aerodynamic coefficient, which is taken equal
to 0.7 - for the mast riser and 1.2 - for the cables; d is the
diameter of the element (riser or cable), m; g,- normative
speed pressure, N / m? (for Ukraine g, = 0,38 kPa).

4.2. Equilibrium equation of the upper node of the
mast at the place of attachment of the cables

looks as follows
1 1 Ny q: h
;MU —;Mﬂ +—=A+ . +

h

qB ngh I:i-l-cmgrr:'

+H, +

drn=ser

+ F , sina (nyoy cos @4 + g3 cos@q) = 0(1.20)

where g, - calculated load per unit length of the
cables from the action of wind, N/m; H, horizontal force
at the point of attachment of the upper block of the cargo
hoist from the force of gravity of the cargo and hoist, N;
@; - the angle between the horizontal projection of the i-
th guy and the axis Y, deg; n: - dimensionless parameter,
which is taken from table. 5.

Table 5 - The value of the dimensionless pa-
rameter n: as a function of the number of cables nb
and the value of the angle @i

Number of guys, na 3 4

Angle size, degrees 01 60 0
Q3 180 180

Dimensionless parameter ny 2 1

Horizontal force at the point of attachment of the
upper block of the cargo hoist
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__ cosgsing

R— (1. 21)

g g
where ¢ - angle of inclination of the load relative
to the horizon, deg; v angle of deviation of the cargo
rope from the vertical, deg (Fig. 2).
4.3. The equation of equilibrium of the guy 1 has
the form

By iar) ABy(a)

A=a
1 g2

my 1

B. (122

4.4. The equation of equilibrium of the guy 2 is as
follows

A Bole)
p

By(a)A=0;— —B (1.23)

It should be noted that equations (1.22) and (1.23)
are nonlinear, which is due to the geometric nonlinearity
of the deformation of the cables.

The parameters included in equations (1.9),
(1.20), (1.22) and (1.23), not described above, have the
following values

& By ()

0 ﬂ'uz

B

—a, Eg At (1.24)

where a, coefficient of linear expansion, °C-1 (for

steel @, = 1,05 - 1072 °C™%); At - temperature differ-

ence, °C (in climatic conditions of Ukraine practically

does not go beyond the interval + 40 °C); Ev - Young's

modulus of the cable material, Pa (Table 1);

By(a)=tan’a (1.25)

B (@)= (K —tana)? (atng=4) (1.26)
B,(a)=K*(1+0,75tan’a) — Ktan a +tan’a

(at ng=4) (1.27)

Where K =?; gs - the estimated wind load per

unit length of the cat;le, N / m, calculated by expression
(1.19); ge - according to (1.17).;

In addition
B,(a) = Esm:a (1+ tana)? (1.28)
By(a) = (K + tana)?, (1.29)
— v .p2.EB
A=ys h* 7, (1.30)

where yg - density of the cable material, N / m3
(Table 1).

5. Algorithm for solving the system of equa-
tions (1.9), (1.20), (1.22) and (1.23).

Write a system of equations in the form of table 6.

Non-zero coefficients of the system of equations

are equal to

h 1
= F (H)EECIZ: Agp = A1 = 3

45

Table 6 - System of equations

! RBZ‘& +a33(}1 I = .P3
NU .
G2 =73 G23= Fgnysinacosgy;

@

f,4 = Fgsinacos ¢4 a3, =58, =
1

Ay = —By(a); Gz =ay =1

The elements of the right part (cargo members)

have the form
3

h h
P = FZ(U)MQEECIZ_FB(U)QCEECIZ:

h
= . — — 2 __8__q.
P, dc3 ggngh(l + cos a)él-cosn' A Hg;
o
P,=B+A-B, (2) ;
Fiiq
o
P,=B+A-B, (2),
Fziq

where oy ;_4 and g5 ;_4 - the value of the stress
in the leeward and windward cables in the previous ap-
proximation. In the first approximation (i = 1) should
be taken g, 0 = %; 05,0 = gym,where m = 1,5

The solution of the system of equations can be
written in the form

Mo = (@5 P, — a1:P) [ (1.31)
A= (—ayP +ayB)/A; (132
01 = P —azl; (1.33)
o3 = Py —ayA, (1.34)

where

A =2a5135 — 31585 357 = 3y — 2333, — 354 44;
P =Py — Pjazy — Pyagy

The values of 61 and ¢33 are compared with those
obtained in the previous approximation. If the difference
is more than 5%, accept

61,>+1=0,5(01,%-1+01,7),0s°+1=0,5 (o3,
3-1+63,3)

and the calculation is repeated. If the discrepancy is less
than 5%, the iterations are stopped.

Mast structures are recommended to rely on a
combination of loads [3], listed in the following table.7.

http://grain-feed.ontu.edu.ua
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Table 7 - The combination of loads when calculating the mast

Load Loading
combinations permanent temporary
own weight | pre-tensioning of | cargo weight wind ice crust temperature
cables difference
1 1 1 1 0,5 - -
2 1 1 - 1 - -
3 1 1 1 0,25 1 1
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PO3PAXYHKOBE BUBHAYEHHS ITAPAMETPIB MOHTAXHUX IOI'JI

Anomauin
110 uac nposedenns MOHMANCHUX POOIM HA NIONPUEMCIBAX 2ANY3l, 3ACIMOCYBAHHS YHIBEPCANbHOI 8AHMANCONIOUO-
MHOT MexHiKu THKOU € HEMONCIUBUM AO0 HedoYinbHUM. B makux eunaokax 60aiomvcs 00 GUKOPUCAHN MOHMAICHUX WORT
- GIOHOCHO NPOCMUX 34 KOHCMPYKYIEI I 00CUMb eheKmMUBHUX BAHMANCONIOUOMHUX 3AC00I8, CHOPYOIICEHHA AKUX, 30€0i1bulo-
20, 6a3YeMbCsL HA NPAKMUYHOMY 00CBIOL BUKOHPOOI8 MOHMANCHUX OP2aHi3ayitl abo 6pueaoupie-makeiadcHuxis. Icnyoui me-
MOOUKU PO3PAXYHKIE MOHMANCHUX W02l pO3PODOIeHT bazamo decamupiy momy Ha niocmasi 00CMAamHb0 NPUMIMUGHUX Mip-
Ky8amb, Oe3 ypaxysanHs 000amKo8UX HABAHMANCEHb, OAIOMb OPIEHMOBHI pe3yIbmamu i Maroms 6ymu nepeisuymi i noain-
weni. Cnpoba maxoi pobomu eioobpadxcena y yiti cmammi. OCKiIbKU OCHOBHI KOHCIMPYKIMUBHI eJleMeHMU MOHMANCHOL Wo2nu
- ye il cmosAK i anmu, mo 8UHAYEHHs NAPaAMempis Wo2u NOJNALAE Y PO3PAXYHKY MIYHOCMI CIMOAKA | 6AHM NPULHAMUX PO3-
MIpi8 6 YMOBAX HABAHMAICEHD, NePeddAYEHUX NOYAMKOBGUMY OAHUMU KOHKPEMHO20 MeXHiuH020 3a80ants. OYinKy MiyHocmi
cmosiKa ci0 6UKOHysamu K y HAOWUHI OIi MOMEHMY NPUKIA0eHUX Cuil, max i 3 niowunu Oii momenmy. /s HaxoOcenns
8eUYUHU HAUDITLUL020 HANPYIHCEHHS Y CIMOAKY WORTU | MAKCUMATLHO20 HANPYIICEHHS 6 -1l 6aHMI, HeOOXIOHO 8UKOHAMU PO3-
PAXYHOK HANPYHCeHO0-0ePOPMOBAHO20 CINAHY CIOAKA | GAHM 3 3ACMOCYSAHHAM 3MIUAHO20 MEMOOY, 32I0HO 3 AKUM 68AINCA-
10Mb, WO YACMUHA HeGIOOMUX — Ye NepeMiyanis, a uacmuna — 3ycunisa. Mamemamuuny mooens 3a0aui Onucyoms 1omupma
aneedpaiynumu pignanuamu. Pienanna nepospusnocmi degpopmayiiic cmosika 6azycmovcs Ha gukopucmanti @yuryiv Tumowe-
HKO, W0 8pAX0BYIOMb GNIUE NO3006ICHIX CUNL HA NPOSUH CIMOAKA WORTU 8 NIOWUHI Oii 8iMp0o6020 HABAHMAICEHHS | 6a2U 6aH-
magcy. Hasanmasicenns 6i0 eacu i nHamsey 6anm 3HAXOO0SAMb 3 YPAXYBAHHAM MOJCIUGOT iX 0dicenedi i cuiu nonepeoHbo2o
Hamsey. Bimpoee nasanmagicenHs cmosKa i 6aHmM GU3HAUAIOMb 3 GUKOPUCIIAHHAM OAHUX NPO HOPMATMUSHUL WEUOKICHUIL
Hanip, wo oas Yrpainu cknadae 0,38 klla. Po3paxynxu napamempie cmoska i 6anm 6paxo8yioms markodic memnepamypuul
nepenao, aKuii 6 KIIMAMU4HUX yMo8ax Yxpainu He euxooums 3a mexci inmepsany £40 °C. [lJo2nosi cnopyou pexomeHnoyioms
po3paxogyeamu Ha CHOJYYEHHs AK NOCMIUHUX, MAK i MUMYACOBUX HAGAHMAIICEHb 32I0HO 3 OaHUMU, HABCOCHUM Y CIAMMI.
Yce ye pazom dae niocmasu cnodisamucs, wo pozenaHyma mMemoouxa po3paxyHKy napamempie MOHMANCHUX Wo2]l CIane y
npueodi Gaxieysim MOHMANCHUX OPeaHi3ayitl i cmyOenmam, sAKi BUEYAMb NUMAHH MEXHIKU | MEXHON02I] MAaKeNaANCHUX Po-
oim.
Kiio4oBi cjioBa: MOHTa)KHA WIOIJIA; CTOSIK IIOIJIM; PO3TSKKa (BaHTa); OLIHIOBAHHSI MIIIHOCTI CTOsIKa;
PO3pPaxyHOK Hanpy:keHo-1e(opMOBAHOI0 CTAHY CTOSIKA IOIJIM; PpyHKUil THMOIIEHKO; HANPYKEeHHSI BaHT.
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