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PROBABILISTIC NUMERICAL CHARACTERISTICS OF OVERHEAD
CRANES LOADS ON INDUSTRIAL BUILDINGS FRAMEWORKS

The article is dedicated to the development of analytical model of loads four-wheels
travelling cranes loads. The design values of mathematical expectation, variance and
standard for vertical and horizontal component of crane load were received. Numerical
example has shown that the values of analytical numerical characteristics are very close to
the experimental values of loads, and can be applied in the reliability estimation. Analytical
numerical characteristics are used in the of steel framework one-storey industrial building
columns calculation reliability. The time factor and the stochastic nature of the loads and the
strength of steel were considered. The effect of different parameters (cranes capacity and the
mode of travelling cranes, columns step, type of connection the column and girder, the type of
roofing and the values of wind and snow loads) on the reliability of steel frameworks was
considered.
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Tlonmascvkuii HayionanbHuti mexHiynuil yHigepcumem meni FOpis Konopamioxa

IMOBIPHICHI YN CJIOBI XAPAKTEPUCTUKHN HABAHTAKEHb
MOCTOBUX KPAHIB HA KAPKACH BUPOBHNYUX BYAIBEJIb

Ilobyoosano ananimuyny mooens HABAHMANCEHb YOMUPUKONICHUX MOCMOBUX KPAHIB.
Ompumano po3paxyHKo8i 3HAYeHHs MameMamudHo20 cnooieants, oucnepcii ma cmauwoapmy
0151 8ePMUKANLHOL U 20PUBOHMANBHOI CKIA0080I KpaHo6020 Hasanmadxcenus. Yucnosum
NPUKIAOOM NOKA3AHO, WO 3HAYEHHs YUCLOBUX XAPAKMEPUCMUK, OMPUMAHUX AHATIMUYHO,
oocums  OIU3bKI 00  eKCNEPUMEHMANbHUX 3HAYEHb HABAHMANCEHb, BOHU  MOJICYMb
3aACmMoco8y8amucs npu  OYiHIO8AHHI HAOIUHOCMI. AHANIMUYHI YUCTO8] XAPAKMEPUCTMUKU
BUKOPUCTNAHO NPU PO3PAXYHKY HAOTUHOCMI KOIOH cmanegoz2o kapkaca OBbB (oononosepxosoi
8UpoOHUYOI OVOieni) 3 Ypaxy8awHAM pakmopa uacy ma CMOXACMUYHO20 Xapakmepy
HasaumaogiceHv U Miynocmi cmani. JlocnioxceHo 6nAU8 HA  HAOIUHICMb  KApKACie
BAHMANHCONIOUOMHOCMI MA pedxcumMy pooomu MOCMOBUX KPAHi8, KPOKY KOJIOH, MUny 6y3id
3’€OHanHA pueens 3 KOJNOHOI0, MUNy HNOKPUMMS Ma 3HAYEHb GIMPO8020 U CHI208020
HABAHMAHCEHD.

Knrouosi cnosa: iimosipHicna mooenb, KpaHo8i HABAHMANCEHHS, YOMUPUKOLICHI KDAHU,
YUCTOBT XAPAKMEPUCTUKU, HAOIUHICMb KOJIOH 8UPOOHUYUX OYOiseb.
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Introduction. Assessment of reliability of industrial buildings with overhead traveling
cranes requires the use of probabilistic characteristics of crane loads. The process of obtaining
these characteristics experimentally is lengthy, time consuming and technically difficult.
Therefore, the crane loads mathematical model problem is relevant and justified.

Analysis of last research sources and publications. The results of extensive
experimental investigations of crane loads nature are presented in the work [1]. Experimental
data were processed in the technique of random variables and random processes and the
probabilistic nature of crane loads were confirmed. Standardization and development of crane
loads analytical models problems are considered in works [2]. Comparative analysis of the
crane loads values defined according to national and international codes [3 — 5] is presented in
[6]. The refined values of crane loads allow to get more accurate reliability of industrial
buildings assessment [7 — 9]. The question of structures reliability is considered in [10 — 14].
The approaches to the reliability assessment were developed using probabilistic methods
describing the structures conduct under external loads. Reliability assessment of one-storey
industrial buildings with overhead cranes steel frames is described in [15 — 17], where the
spatial nature of the frames was refined. Furthermore, the detailed analysis of loads and
review of Codes [18, 19] which classify parameters of overhead traveling cranes were done.

Unsolved aspects of the problem. Notwithstanding, crane loads probabilistic model
problem describing actual nature of the crane loads on industrial building structures is not
solved.

Statement of the problem. Creating the probabilistic models of vertical and horizontal
loads from influences of overhead travelling cranes on industrial buildings structures were
done. Crane loads numerical characteristics values of crane loads were calculated.

Basic material and results. Numerical characteristics of the vertical crane loads.
Vertical load (Fig. 1) on the structures of different rows (columns, crane girders) was defined
as:

~ 6, ~ L-dly ~ [G, ily
F =-2+(0+G, )J~—|—, F, . =|-2+(0+G 1
max |: 2 (Q crab ) L :| ]’ZO min |: 2 (Q crab ) L i| ( )

where G,, G
Q — hoisting load;
L, — crane span;

— weight of the bridge and the crab of crane;

crab

a — approach of the crane hook;

y — sum of influence line ordinates;

n, — the number of wheels on one side of crane.

To the non-linear function (1) with three random arguments the procedure of statistical
linearization was applied. In this case the mathematical expectations F, and F, were
determined by substitution instead of random arguments the mathematical expectations
of O, @, y. So accurate result was got because each second derivatives that define the

mathematical expectation are zeros.
To calculate the dispersion of maximum crane load, the next coefficients were
determined:
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Using the obtained coefficients, the dispersion of vertical crane load was difined as

follows:
L-ay)r (Gu+t07) .. 1[G L,-a|
ﬁ;nax: U’—_al Q2+ L—FQl &2 +_2 _B+(Gcmb+é)cr—_a .)’}2' (3)
Lcr n() Lcr n() nO 2 Lcr
For the estimation the precision of dispersion the mixed derivatives are calculated:
szInax — y . dFmax — Lc’r —a L . szmaX — Gc’mb + Q (4)
dQda L,n,  dQdy L, n, dady L.,

The dispersion precision of maximum crane load was determined using the linearization
procedure:
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Figure 1 — Schemes of crane loads:
a — application of vertical load to the transverse frames;
b — application of horizontal loads to the crane wheels

The precision of minimum crane loads dispersion can be defined similarly.
For the numerical evaluation the crane with lifting capacity Q =50/10 ¢ was taken.
The weight distribution was taken as normal with variation coefficient Vp=1/3 ¥, =1/3,

distribution y — uniform. The obtained precision of dispersion was very low (2,2% ﬁmax ).

The obtained numerical characteristics were used to construct a graph of load normal
distribution on the column. This graph well corresponds to experimental polygons of loads.
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Obtained formulas allow to use simple random arguments@ , @ 1 Yy instead of
complicated experimental study of vertical crane loads. Furthermore, the available
experimental data and priori reasons followed by analytical determination of the crane loads
characteristics can be used.

Numerical characteristics of horizontal crane loads. To calculate the dispersion of
minimum crane load coefficients are determined:

= dFmin — a i . A = dEnin - _ Gcrab + éi .
1,min dQ Lcr I’lO > 2,min da Lcr }’lo >
dF . 1G a
A = min _ _~ B + + 6
3,min dy }’lo |: 2 ( crab Q) L j| ( )

Then the dispersion of minimum crane load can be defined as:
2
- a +0 ¥ 1| G,
Foin = + | — +—|—2+(G,,+0)— | 3. (7
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The mathematical expectation of lateral forces on the wheels of four-wheel crane
(Fig. 2) can be found using formula (8). These forces are limiting skewing of the bridge:
ﬁ: — O’IF;nax + a(Fmax _BFmin )Lcr ) (8)
To determine the dispersion of lateral forces also linearization process can be applied
and the necessary coefficients can be defined. Then the dispersion of maximum lateral forces

will be:
L * lal 2
(01+“ ijaX (“ o fr j 9)
B B

On the other crane side lateral forces with the following numerical characteristics
appear:

CV

H"=0,F,_ a6o H" =0,1F_. orH”—OlF . (10)

The obtained formulas allow to use the numerical characteristics of horizontal crane
loads in calculations and to use these characteristics for estimation reliability of industrial
buildings structures.

Calculation of crane loads numerical characteristics. For the crane loads numeric
characteristics definition the industrial building (with a span of 24 m and a columns step 6 m)
with four-wheels traveling cranes was chosen. The cranes with operating mode 6K and the

separate drive base were considered. Crane span L, =23,0m and a crane base is B=4,4 m.
The mathematical expectations of maximum and minimum loads on crane wheels
F, =12463 kN, F, =6787 kN were calculated by substituting in (1) the numerical

characteristics of all parameters. The mathematical expectations of lateral forces on the

wheels of the crane were calculated using formulas (8) and (10): H, . =15,43 kN;
H" =12,46 kN.

The mathematical expectations of horizontal load on a column from lateral forces are:
H=H -y +H"y, =2332 kN. Expectation and standard of lateral forces with 0,1F"" are
expressed:

-1 =1843, X = H___ 25 =0,232,
015" 01F"" 01-126,583

where F"" is load on the crane column without weight.
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The obtained numerical characteristics of horizontal crane load correspond to the
experimental values. For the further calculations of the industrial buildings columns reliability
the numerical characteristics of vertical and horizontal crane loads were worked out.

The numerical reliability evaluation of industrial buildings columns. The analytical
model of crane loads was used in the calculation of columns reliability on the example of
multispan industrial building to design the three-span industrial building with columns of
constant cross section. The spans of building are 24 m, the top elevation mark of the
column is +14,000.

The building columns were designed on the resistance of structures in the plane
and out of the plane of dead and variable compatible effect loads action defined by
DBN V.1.2-2: 2006 [7]. The structures were uploaded by random vertical loads: dead and
snow loads were applied with eccentricity, the vertical crane loads and horizontal loads were
distributed with wind loads. The results of probabilistic reliability calculation are shown in
Fig. 2 — 4 as the probability of structures no-failure during 50 years. It was expressed in
bells P, =—Ig[l - P(1)].

The main objective of the reliability estimation was to identify the various parameters
which effect on no-failure probability of structures. In particular, two types of coverings
for buildings: «heavy» — prefabricated concrete panels and «light» — profiled steel (Fig. 2)
were considered.
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Figure 2 — The probability of columns no-failure dependence on the coverage type
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Figure 3 — The probability of columns no-failure of duty overhead cranes dependence
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For each variant of covering the various ranges of building columns (Fig. 3) and types
of column and girder connection (Fig. 4) were considered. In addition, the varied climatic
loads were calculated (by considering the building, located in the II, III, V, and VI snow area
and II, IIT and V wind area). Since the extreme wind load effect on the outer columns, the
parameters of middle and outer columns were analyzed separately (for such columns different
loading surfaces were considered). In total 56 variants of columns were worked out.

25
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0

Connection of girder with column:
1 - pin-connection; 2 - rigid connection

Figure 4 - The probability of columns no-failure dependence
on the type of girder and column connection

Conclusions. The probabilistic model of vertical and horizontal crane loads was
constructed. This model can be used for obtaining analytical stochastic loads characteristics of
overhead traveling cranes and the following use of this characteristics in assessing the
reliability of industrial buildings structures with overhead cranes. The obtained numerical
characteristics of vertical and horizontal crane loads correspond to the experimental values,
therefore characteristics can be used for reliability estimation of industrial buildings structures
with crane equipment.

The numerical industrial buildings columns reliability evaluation was done considering
the time factor and the stochastic loads nature and steel strength. For the investigation of the
different factors as for frameworks reliability influence, the next parameters were considered:
capacity and mode of overhead cranes, columns spacing, the type of column and girder
connection, the coverage type and the wind and snow loads values. The tendency to increase
the no-failure probability of structures with overhead cranes capacity increasing was detected.
Such character of probability change can be explained by reliability stress ratio decrease of
one and two overhead cranes and the growth of weight characteristic (ratio of hoist load and
own crane weight). The growing of columns no-failure probability with permanent cross
section of the industrial building was detected after increasing the coverage weight (due to the
part of permanent load growing and reducing the part of high-frequency component of
strength reserve). The redistribution of internal forces and components of columns reserve
was detected by changing pin-connection to the rigid connection of column with girder.
Herewith the increasing of permanent and snow loads parts and the reduction of wind and
crane loads parts provide the reliability columns enhancement.
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