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TO THE ASSESSMENT OF VERTICAL CRANE LOAD

Sergii F. Pichugin, Yulia E. Patenko
Poltava National Technical Yuri Kondratyuk University, Poltava, UKRAINE

Abstract: The problems of analytical and statistical modeling of the travelling cranes loads are carried out in the
paper. The analytical model was expanded by the consideration of influence of the approach of cranes trolley,
consideration of zero realization areas and crane impact zones which allowed to precise the statistical
characteristics of the vertical crane loads. The numerical modeling which takes into account the accidental
position of the crane bridge and position of the trolley on the crane bridge was used for the calculation the
vertical crane loads from the four-wheel cranes. Comparison of the results showed that the design value of the
vertical load per wheel is rarely realized. This fact should be used to clarify the crane load combination factors.
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K OLIEHKE BEPTUKAJIbHOI KPAHOBOM HAT'PY3KH

C.®. ITuuyeun, 10.3. Ilamenko

[TonTaBcKwif HAITMOHATBHBIHN TeXHUYecKni yHuBepcuteT nMenu Opus KonapaTtroka, r. [TonraBa, YKPANHA

AnHoTanmsi: B cratbe paccMOTpeHbl NPOOJEMbl AHATMTUYECKOrO M CTATUCTUYECKOTO MOJEIUPOBAHUS
Harpy30K MOCTOBBIX KpaHOB. AHaJMTH4YECKas MOJENb Oblla pacIIMpeHa 3a CUET yueTa BIMSHHS CONMKEHHS
TEJeXKeK KPaHOB, ydeTa o0siacTel HyJeBOH pealu3allii U 30H BO3JAEHCTBHSA KPaHOB, YTO TMO3BOJHIO YTOUHUTD
CTAaTUCTHYECKUE XapaKTePUCTHKH BEPTHKAIBHBIX KPAHOBBIX HArpy3ok. UHCIeHHOE MOAEIMpPOBaHUE, KOTOPOE
YUUTBIBACT CJIyyailHOE TIOJOXKEHHE MOCTOBOTO KpaHa W IIOJIOKEHME TEeJIEeXKKH Ha MOCTOBOM KpaHe,
UCIIONIB30BAJIOCH JUIsl paciyeTa BEPTUKAIBHBIX HArPy30K OT BO3JCHCTBUS YETHIPEXKOJIECHBIX KpaHOB. CpaBHEHHUE
PE3yJIBTaTOB II0Ka3aJ0, YTO pacyeTHOE 3HAUYCHNE BEPTHKAIBHON HArpy3KH Ha KOJECO PeaM3yeTcsl PeaKo. DTOT
(akT cieyeT HCIOJIb30BaTh ISl YTOUHEHHMS KOA(UIIMEeHTa COYeTaHusI KPaHOBBIX HATPY30K.

KunroueBble cjioBa: KpaHOBBIE HAPY3KH, AHAIMTHYECKAS MOJIENb; YHCIICHHOE MOJIEIIMPOBAHHUE,
K03 pUIIHEHT coUeTaHuUs

INTRODUCTION the dynamic nature, the probabilistic nature, etc.
The paper considers some specific features of
The overhead travelling cranes which operate in  the realization of crane loads.
real workshops transmit on the structures the

complex loads. The determination of this loads

by the full scale investigations in a real
industrial building is very complicated due to
the great complexity of tests. In this regard,
statistical modeling of crane loads is justified
for the clarification the reliability estimations of
structures. Vertical loads from the influence of
bridge cranes on the constructions under real-
life conditions have a number of features, such
as the close connection with the technological
process of industrial buildings (IB), the
specificity of the transmission on the structure,

1. ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The problems of overhead travelling cranes
actions which operate in the IB were examined
in the monograph [1] and in work [2]. The
detailed description of crane loads through the
different probabilistic techniques were done in
[3-5], where also the quantitative estimation of
reliability of steel structures under crane loads
were performed. Comparative analysis of
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different travelling crane producers was done in
the paper [6].

Further development the probabilistic models
and the calculation of numerical characteristics
values from vertical and horizontal crane loads
is done in [7]. The values of mathematical
expectation, variance and standard for vertical
and horizontal components of crane load were
received analytically. The time factor, stochastic
nature of loads and the strength of steel were
taken into account to reveal an effect of
different parameters (cranes capacity and mode
of cranes, columns step, type of connection the
column and girder, type of roofing, wind and
snow loads) on the reliability of steel
frameworks of IB [8, 9]. A moderate number of
random variables were taken into account in the
work [10]. Notwithstanding, some random
factors weren’t taken into account. The random
factors such as position of the crane bridge and
position of the trolley on the crane bridge were
considered in statistical modelling [11] where
were suggested to include load combination
factors into the calculation formulas using the
temporary load with combinational value which
should be reduced by the particular load
combination factor for each new temporary
load.

2. INFLUENCE OF THE APPROACH
OF CRANES TROLLEY

In case of the permanent equipment placement
in the workshop is unchanged, the vertical load
can be determined taking into account the actual
location of the crane maintenance zones and the
actual approach of the trolley to the columns.
Vertical pressure of the crane wheel, could be
calculated by:

~[Ger , ~ ail
F[%(QGcrab)L_cr] Tl_'

0

(1

where G. — weight of crane; Q — accidental
value of lifting capacity of crane; Ge..» — Weight
of crab; a— accidental value of maximum
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closure of the crane hook to the column; L. —
crane span; ng — number of crane wheels.

The random pressure of the wheel F is a
function of two accidental arguments Q and 4,
which are multiplied in (1). As a result, the
distribution f (F) may vary depending on the
distribution of the arguments f (Q ) and f (@),
and their correlation.

We will consider the distribution of the
expression

Z=XY

of random variables, one of which X is
distributed by the normal distribution law,
another Y — by the uniform law:

f@X) _X\/_e p[_T].
-0 < X < 00,X =0;
[ =5 xsY<p. ()
The distribution function F (z) is defined as:
F(z) = P((X,Y)CD) =

= j( N ] f (X, Y)dXady.

The domain of integration is in this case a band
of width f—a, which extends from —oo to the
intersection with a hyperbola Z = XY, at the
same time the projection of the section of the

intersection on the X axis has a length % — g

B X
F(Z): jde— - exp| ——— |dv+
—0 P x\2n 2 X

For 1 (Z) = F (Z), after the reduction we obtain
the expression:
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To the Assessment of Vertical Crane Load

Using this expression for the vertical load (1),
we obtain for the density of distribution:

1
F2) =~
XV2n (B — a) F(F) =LCT—nOAX
fZ/oc 1 ( X2 ) 3) V2r(B — a)F @
X —exp| ——=3|dX G
z X 2X2 >< —exp [ —(Q ¢ Tl dq.
a) b)
4 ,
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Figure 1. Distribution of vertical crane loads:
a) vertical pressure on a wheel of cranes of different load-carrying capacity,
b) ordinates of crane load processes.
Legend: 1 and 1 '- empirical and normal distributions for the process;
2 and 2' — the same for a process without zeros.
Boundaries of integration: A -a)? _
: =0t e
Gy \ Lo 12Le, " no?
a=<F—%> 20 Gy L Bra? B+ ©)
G\ Lono “ 2L, ng? | AL,%ng?
e
2ny/ f

An example of load distribution on a crane
wheel, constructed according to the derived
expression (4), is shown in Fig. 1, a.

On the basis of the theorem on the numerical
characteristics of the product of random
variables were determined:

— wheel pressure mathematical expectation:

(x +5)

Lcr nO

F=|2+06,) %)

— wheel pressure standard:
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The reducing coefficient for the taking into
account the limitation of the trolley crane
approach is proposed for the calculation the
vertical load:

F" (p)

L=~

(7)

where F¥ (p) and F? are the standard pressures
with the same probability [P], respectively, with
the passport approaching to the considered
range of columns yo and with the limitation of
approaching ymin = yo + pLecr.
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In case of impossibility of approaching to a
range of columns at a distance ymin actual and
nominal load on the column and crane beam the
considered row:

fact __
Fmax -

— %4— (Q + Gcrab>Lcr _yO]ZY;
2 0,5n Ler

Fmax
— & + (Q + Gcrab) Lcr - Ymin] Z Y,
2 0,5n L.

where G, and G, — respectively the weight
of the crane and crab; n — number of wheels of
the crane; y,— passport minimum trolley
approximation to the row of columns
considered; )Y — the sum of the ordinates of
the influence lines.

We designated the ratio

_Q+Gr
=~

k

and took into account the expression
Ymin = Yo + PLer
we obtained:

pkLc,

l=1- .
2Lcr + k(Lcr _YO)

(8)

It is considered that the statistical picture of the
change of vertical loads with limited approach
of cranes and in usual cases with the absence of
approaches — remains unchanged. This
assumption goes to the safety margin, which
leads to an increase of the factor / in comparison
with the actual values. Expression (8) defines a
minimum limit for reducing the vertical load
and provides a significant reduction of loads in
a number of cases (on average, the load is
reduced by 10 ... 12%). The values of the
coefficients /= 0,76 ... 0,94 were recommended
for practical calculations when p = 0,1 ... 0,4.
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3. CONSIDERATION OF ZERO
REALIZATION AREAS

Realization of crane influences on a structure
usually takes into account breaks in loading —
zero areas. Such character of loads influences
on the numerical characteristics of crane loads.
Below is shown the analytical approach to
taking into  account zero areas of
implementation of vertical loads of bridge
cranes.

In the case of statistical processing of
continuous realization of crane loads, the
stationary random process X; (t) is divided into
time intervals At, which gives, after framing, the
bimodal distribution of the process ordinates,
the estimation of the statistical mean X; and the
dispersion  X,. The
constructed according to these characteristics
does not correspond to the experimental
distribution, therefore, it is interesting to pass to
the random process X, (t) without zero sections
with numerical characteristics X, and X,, for
which the ordinates of distribution are close to
the normal law.

Thus, the detailed characteristics of the random
process X;(t) for the vertical loads of bridge
cranes with a flexible suspension were detailed:

normal distribution

X, = (1 —n4)(0,66 — 0,243n);

X1 =1 —np) X
x [0,017 + +ny(, 66 — 0,243n)?];
Xi=

= /(1 —1n()[0,017 + ny(, 66 — 0,243n)2].

4. CONSIDERATION OF THE CRANE
IMPACT ZONES

The value of ny, may be considered as a
possibility of the absence of a bridge crane in
the considered zone of influence and defined as
ny = 1 — p,, where p; — is the probability of a
crane stay in the zone of influence under the
condition of its operation.
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To the Assessment of Vertical Crane Load
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Figure 2. To determination of the probability of crane stay in the zone of influence:

a) 1-st scheme of intensity of work; b) 2-th scheme of intensity of work;
¢) 3-rd scheme of intensity of work.

Value p; depends on the peculiarities of the
technological process in the span of the IB. The
three schemes of intensity of work of bridge
cranes practically completely cover possible
technological situations in spans, shown in Fig. 2.
The first scheme — is described by a uniform
distribution (Fig. 2, a). In this case, the
probability of staying the crane in the zone of
influence is defined as p; = /L, where / — the
length of the zone of influence; L — total length
of the crane zone.

Then the frequency of zero load values is
defined as:

1 l
=TT

The second scheme is described by a triangular
distribution (Fig. 2, b). The probability of a
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crane stay in the zone of influence is
determined as follows:
Then the expression for the desired frequency

will look like:

b(a + 0,502 + a(b + 0,51)?
no = aL .

If a =b = 0,5] the values p; and n, will be
follows:

-0
-&o

Ny

The third scheme is described by a uniform
distribution, and the intensity of the
technological process in the zone of influence is
k times higher than outside (Fig. 2, c).
Ordinaries of density on areas are:
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e (k+1D(L-1D"
k

k,

T+ k)
Thereby the probability of a crane in the zone of
influence is:

=k, = K
Pr=fet =1

Then the frequency is:

1
Tl0=k1(L—l)=1+—k.

5. NUMERICAL MODELLING
OF CRANE LOADS

Recent numerical studies [11] have shown that

these combination factors of loads are too high.

Due to the low probability of implementing the

most disadvantageous position of all bridge

cranes with maximum loads, it is possible to

reduce the combination factors of efforts.

Modern programs allow to take into account

many variables. Such an approach is realized by

prof. A.V. Perelmuter in the development of a

load calculation program [11]. This program

was used for the calculations the loads of bridge

cranes with a payload of 32/16,5t. Accidental

values for each of the bridge cranes were:

e the position of the cranes on the crane
girders;

e the load weight;

e the position of the trolleys on the bridge of
the crane.

The distributions obtained by the modelling

were close to the distributions constructed by

the analytical method (Fig. 1, a). Load values

were calculated at different positions of the

crane with different weight of the load (Fig. 3,

items 1-6):

e | —a crab without a load near the right range
of columns;

e 2 —acrab with a load, near the right range;

e 3 —a crab without a load, near the left range;
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e 4 — a crab with a load, located in the middle
of the span;

e 5 —acrab with a load, near the left range, the
weight is equal to the average load-carrying
capacity Qav;

e 6 —a crab with a load near the left range, the
weight is Qav + 2.5Qst (Qst - the standard
load-carrying capacity);

e 7 — a crab with a weight, near the left range,
the weight is Qav + 3.5Qst.

The polygons of vertical loads on the crane

wheel, normalized by the value Q + Gor + Geran,

showed that most of the values of the polygon
are concentrated between the estimated values
of positions 2 and 4 (Fig. 3). The characteristic
value of the wvertical load, calculated in
accordance with the requirements of the norms

DBN [12] (position 5), is in the zero zone, that

shows, the characteristic value 1is rarely

realized.

In addition, the vertical loads on the column of

the IB with span 22,5 m were numerically

modeled. The length of the building is 120

meters, the span of crane girder is 6 meters.

Crane base is 5,1 meters, the overall dimension

of crane is 6,3 meters, minimum approach to

the column is 1,5 meters. The polygons of
vertical loads on the crane wheel and the
column of the IB which were received by the
numerical modelling (Fig. 2) are similar to the
above-described distributions of the ordinates of

crane load processes with zero zones (Fig. 1, b):

e Cr 1 Fnom — vertical load on the crane
wheel,;

e Cr 1 N — vertical load on the column from
the influence of one crane;

e Cr 2 N — vertical load on the column from
the influence of two cranes;

e Cr 2 N2 — vertical load on the column from
the influence of four cranes.

The comparative loads were put on the abscissa

axis. The comparative loads are the modelling

loads (q) which were divided by the design load
values (qq). The ordinate axis was trimmed for
the better visualization.
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Figure 3. Polygon of the vertical loads on the wheel.

The resulting vertical load on the crane wheel 0 to 0,4 of the calculated load on column. The
(Fig. 4) are within the range of 0,4 ... 0,6 of the greater part of the vertical load on the column
calculated load, while the loads on the column (up to 87 % of the tests) have zero values.

from one, two and four cranes have values from
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Figure 4. Vertical loads polygons on the wheel and on the IB column.

6. CONCLUSIONS consider analytically such special features of

these loads as a trolley approximation, zero
Due to the great difficulty of experimental crane operation zones and crane impact zones.
investigations of the crane loads, which have the Nowadays statistical computer modelling can
complicated statistical nature, it is possible to take into account a greater number of variable
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parameters (position of the cranes in the span,
position of the crab on the bridge crane, crane
position relative to each other). Comparison of
polygons of vertical load on the crane wheel
with the analytical results showed that design
value of load, calculated according codes DBN
realizes very rarely. The further numerical
modeling of loads arises an interest for
obtaining a more precise definition of the load
combination factors and efforts in the structures
of industrial buildings.
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