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CALCULATION ELEMENTS FOR FLAT, WELDED LUGS, FOR
LIFTING OR ANCHORING OVERSIZED INDUSTRIAL
EQUIPMENT

Radu I. IATAN!, Mihai STATESCU ?, lon DURBACA 3, Georgiana Luminita
ENACHESCU *

The general technical safety of the mechanical structures with large and
oversized masses must be carefully analyzed, both during the lifting and handling phase
for installation on foundations, but also during the transport from the supplier to the
client. This article shows how to evaluate the stress states developed in the flat,
symmetrical lugs, welded to the cylindrical shells, with or without reinforcing plates. It
is considered a static load, in the elastic field, the construction materials being
considered to be isotropic, continuous and homogeneous.

Keywords: Oversized industrial equipment, flat lugs for lifting or anchoring, stress
state, static load.

1. Introduction

The correct operation of industrial technological equipment, after its
commissioning, depends, among other things, on how they are loaded, fixed and
unloaded from the transportation platforms. Therefore, it is necessary to establish
correctly the methods and techniques that lead to minimum mechanical stresses,
without having to change the geometry of the construction in question, in the
preparatory stages of transportation, during transportation or during the unloading of
the equipment from platforms. Particular attention should be paid to vessel-type
structures, whose rigidity is not always high enough, without additional stiffening
measures. Some of these stiffeners can be used during the lifting operations of the
structure on foundations, being subsequently removed.

Also in the sense of the above, it is necessary to adequately support the
transportation platforms [1, 2] and ensure the stability of the longitudinal [3-9] and
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transverse movement of the loaded platforms [10 - 15], taking into account the
weather conditions, road conditions, outside or inside the construction sites, the effect
of the dynamic loads produced and the wind effects. In this order of ideas, the
corresponding values of the towing forces of the means used on the whole route or on
certain parts of the road must also be ensured [16 - 19]. To ensure a safe transport
from the manufacturer to the client, a precise analysis of the maximum loads
developed in the constructive elements for lifting or anchoring, such as trunnions [1,
19] or flat, welded, symmetrical or asymmetrical lugs - construction and calculation -
[20 - 29, 35 - 40], respectively other types (welded or screwed rings, single or double
lugs, cast, welded or screwed [41- 43]) etc.. The intensity of the stress states created
both in the lifting or anchoring elements is assessed both analytically and by
numerical and experimental methods, respectively on models or on the spot.

This paper presents the way to estimate the state of tensions at the base of a
symmetrical flat lug, under spatial action, in the case of anchoring cylindrical
equipment on transport platforms. The method of analysis allows the assessment of
the bearing capacity of the lug if the geometry of the anchorage is not as prescribed.
An appropriate calculation program can allow the acceptance of the construction or
the taking of other constructive measures specific to the field.

2. Flat lugs used for anchoring transported equipment
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Fig. 1. A way of anchoring technological equipment on transportation platforms (sketch)
1- vessel; 2 — support; 3 — belt; 4 — fixing the belt to the platform; 5 — lug; 6 — platform (wagon or
trailer); 7 — platform fixing point (eyelet); 8 — anchoring cable
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In such an activity the anchors have one end connected to the eyelets mounted
on the side of the transport means (platform or wagon), while the second end is
connected to the lugs welded on the outer surface of the technological equipment.

The lugs are fixed in the horizontal longitudinal plan (Fig. 2) - when the
diameter of the equipment is smaller than the width of the platform — or below the
angle » (Fig. 4) - when the diameter of the equipment is larger than the platform
width.

For sizing or checking the lugs, we first determine the forces acting along
the chosen reference system (Fig. 2 and 4): axis A x, parallel to the horizontal axis of
the equipment; axis Ay, along the radius of the equipment, located in the horizontal
plan; axis A z, in the vertical direction.

Fig. 2. Anchoring equipment with an outer diameter smaller than the width of
the transport platform (sketch) [1].

2. 1. Forces developed in the lug structure
2. 1. 1. Sizing or checking the geometry of a lug

The following hypotheses are considered: a) the effects produces by the
curvature of the external surface of the lifted or anchored equipment in the lug area
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are neglected; b) the structure is considered as a non-deformable massif; c) the lug
material is homogeneous and isotropic; d) the stress on the lug is in the elastic range;
e) the forces are considered concentrated in their points of application; f) the lifting
and handling is done slowly, without shocks.

2. 1. 1. 1. The diameter of the equipment is smaller than the width of the
transportation platform (Fig. 2)

Accepting, in a first phase that the lugs are normal to the longitudinal axis of
the transported equipment, the force F , resulting from the tensioning of the anchors,
decomposes along the three axes of the reference system (where this time the axis

Ay is along the radius O A), as follows:

F.=F,-cos y,-cos y,;F =F,-cos y,-sin y,;F, =F,-siny, (1)
where:
h, I,

Jhi+(051,-a )2; amos\/l2 0.5 )2’(2)
1 ' p 8

respectively: h, -the height of the lug from the lateral eyelet of the platform;
I - width of platform; a 4 - the distance from the center of the lug to the vertical

y,=arcsin

plan passing through the longitudinal axis of the equipment; |, -the distance

measured horizontally from the anchor fixing eye to the wagon platform, to the
vertical plan containing the anchoring lugs.

Table 1.
The effects of forces F ,, F , F, (Fig. 2) [30-32]
Force Stress state eqLIJ\la(ilion
F, Shear:rxz[FX/(S-IU)]-(LS—6-X2/52)xe[O;s/2]; (3)
Bending:
axzi[lz-Mx/(s3-|u)]-x=i[12-Fx-c/(s3-|u)]-x (4)
F, |Tensile: o, = y/ (s-1,), (5)
Shear: 7 —[ ](1.5—6-22/|5);2e[0;Iu/2]; (6)
F. Bending:
= +[12:M, [ (s13) ]2 =% | 12.F ¢/ (s:13) ]-2; (7)
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The stress state developed by the components F , , F |, F , the base of the

y )
lug is ilustrated in Table 1.

Note : The plus and minus signs in relations (4) and (7) are easy to choose,
taking into account Figure 3.

y
2*cos45°
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Fig. 3. Determining the signs of bending stresses of the lug (sketch)

a — the positioning of the total force components that act on the lug; b — decomposition of component
F y into the longitudinal weld seams at the base of the lug [1].
The equivalent stress is calculated with the relation:
2 2 2
O'ech:\/(ax+0'y+0'2) +3(rx+rz), (8)

in which it was taken into account that all stresses o, o,,0, act along the Ay

axis.
Using the appropriate stress expressions, formula (8) becomes:

G on=[1/(s1,)]{f(x2), )

4 .2 . F a2 2\
c _ 3. 1yc”(2¢cxF, 1F 1{2c¢” 1y > 0. (10)
9 3 4
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Solution z, is interesting, which belongs to the domain [0; I, / 2] , Where:

2, =Y-a,/r+Jaia+p 2+ -a,/r-Ja [ arpi/ 27, (D)
where:
p,=2¢*/3-1}/4; q,=I}c[2cx/s*+F,/F, +F /(6F,)]/3.
(12)
When z ; satisfies the required condition, it is then calculated further:
Uechﬁ:\/f(o-53§21)/(S'|u)- (13)

The maximum equivalent stress, developed in the simple lug, is determine by the
relation:

Gech,M = maxiaech,Z ;Gech,S ;Gech,7 ;Gech,s ;Gech,zl }' (14)
when z,e[0; 1,/ 2], or

O echMm = maX{O-ech,Z 70 ech5+0 ech, 779 echs }’ (15)

when z, ¢ [0; 1,/ 2].

For the calculation of the stresses & o 2,0 ech51T ech710 echg the
following functions are used:
f(0.5-s;05,), f(05s;0), f(0;051,), f(0,0).

In the case of checking the lug geometry , o, ., y <o ,,, Where &, is
the allowable stress of the Ilug material, determined by the relation
min{ac/c o, /c r}, where o ., o , -Yyield strength and tensile strength of the
lug material; ¢, =1,5 and ¢ [ =24 - safety factors for yield and tensile strength of

the material [33, 34]. When dimensioning the lug, taking into account, as a rule, its
thickness, equal to that of the shell or of the stiffening plate, the length |, is

determined from the equality o, = o,,. Once the sizing of the lug base is

finished, the configuration of the upper area of the lug will begin, taking into account
the size of the anchor that passes through the lug hole for holding the cable for
anchoring [1, 42].
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2. 1. 1. 2. The diameter of the equipment is larger than the width of the
transportation platform (Fig. 4)

Fig. 4. Anchoring equipment with an outer diameter larger than the width of the transport platform
(sketch) [1].

In order to be able to use the relations (3 ... 7), the initial reference system will
rotate around the Ax axis with the angle ¥ (Fig. 4), so that the Ay axis is along the

radius of the equipment at contact with the lug, and the Az axis is parallel to the

tangent at the circumference of the equipment, in the same place. The forces
necessary to calculate the stress state, according to the methodology presented above,
will have the expressions (the lug is normal to the symmetry axis of the structure):

F,=F.C0sy cosy,; F ,=F,(siny,siny + cosy siny ,cosy);

F,=F,(siny,cosy —cosy,-siny,-siny). (16)
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Note : When the lug is inclined at an angle y , to the axis of the equipment,
the components of force F , along the reference system axes have the expressions:

. ) sin y ,-cos y—
F,=F, cosy,-cos y,-sin y ,— CcOS y .- ] ) :
—CO0S y,-Sin y,-siny

F,=F[sin y,-siny + cos y,-sin y ,-cos y |;

. . sin y,-c0S y—
FZ=FA~{COS 7 ,-COS ¥ ,-COS ¥ .+ sin ya-( = 4 H (17)
—Ccos y,-sin y,-sin y

3. Conclusions and perspectives

In the above presentation was discussed the case of transporting oversized
cylindrical equipment and large masses, with a diameter smaller or larger than the
width of the transport platform, in difficult conditions, conditioned by the route
configuration, weather conditions and directions of action. In this context, the
problem of secure anchoring was approached, using symmetrical, welded flat lugs,
positioned perpendicular to the geometric axis or inclined (the geometry of the cast,
welded or glued lugs was not taken into account, along the base or on the side). In
this analysis the forces are considered static. They can be corrected with dynamism
coefficients, with values accepted for the approached case. The results can also be
applied in the stability analysis of equipment fixed on foundations, such as columns,
chimneys, support pillars, etc., taking into account the effects of wind or seismic
loads and, why not, plastic deformations of the foundations.

The developed analysis considers the correct dimensioning of the base of the
lugs, for an accepted geometry, including its optimization. It is a restrictive approach,
as the overall optimization is strictly necessary to establish the minimum value of the
stress state in the ensemble : transported equipment - anchoring lugs (respectively
their geometry: rectangular shape with non-chamfered, chamfered or rounded top,
semicircular, semi-elliptical, triangular, symmetrical or not, etc.) - unstiffened
anchoring position or not - presence or not of a consolidation plate between the lug
and the cylindrical body - geometry of the welding seams.

The final conclusion must be established after comparing the results of the
analytical analysis, the numerical and / or experimental analysis, for a given case, as
suggested in the structure of the accepted bibliography for this article.
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