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1. Introduction

The current tendencies, connected with cranes de-
sign and the wide range of European Standardization, con-
cerning steel construction of load — carrying structure lead
to the construction of cranes (on the basis of new and more
accurate calculation methods), which are lighter [1, 2] but
which have lower safety margin of strength [3-5]. We can
observe the development of international technical stan-
dardization, assume that the development in the domain of
calculations and manufacture eliminate some dangers gen-
erated in the past. Such a philosophy was presented by the
authors of new European Standards of cranes design.

In this study the FEM analysis of stability [6-8]
and strength of load — carrying cranes structures, designed
according to Polish Standards (PN) was carried out. The
analysis was compared to the results of the same analysis
according to European Standards EN 13001.

The analysis and carrying out of parametric geo-
metrical models as a basis for FEM, were preceded by pa-
rameterization of real cranes geometrical and material con-
structional features according to its documentation (Fig. 1).

Geometrical models
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Fig. 1 General view of analysis process
2. Standardization in cranes design

At the time when design standards from eighties
were obligatory [9, 10] the safety margins (reserve of sta-
bility and strength) were bigger. That caused that the de-
signed and produced cranes according to this standards
were heavier. Detailed standards provisions with ready
formulas facilitated calculations of loads in the typical
cases, but in other cases did not indicate the clear calcula-
tions models [11-16]. There were paradoxes in design
process like very high loads assuming in some construc-

tional details (much higher than it really was), only for not
to cause stability loss of some low strength and less impor-
tant elements.

The collection of new European standards of
cranes design [17-19] listed different kinds of loads and
proof conditions in comparison with the old standards. The
loads acting on a crane are divided into the categories of
regular, occasional and exceptional which shall be consid-
ered in proof against failure by uncontrolled movement,
yielding, elastic instability and, where applicable, against
fatigue.

Estimation of influences of new European cranes
design standards on the reduction of cranes load-carrying
structures mass, will be possible only after the collection of
numerous number of experiences. That is the reason why
from the parameter base of overhead travelling cranes with
box girder [20] those with 5, 8, 12.5, 20, 35, 40 and 50t
load capacity were chosen for strength and stability calcu-
lations.

3. Analysis methodology and models preparation

The constructional features parameterisation was
made on series of overhead travelling cranes, which are the
dominant class of cranes used in mechanical handling. Af-
ter analyzing of about 1000 cranes, more than 150 of them
(designed and carried out in 1970-2005) were chosen as
the representative ones. Table 1 shows basic parameters of
analysed 20t hosting capacity cranes. The parameters
which characterize box girder overhead travelling crane
were divided into 12 groups described in detail in [20]. The
analysed cranes characterise 6 forms of box girders, that
depend on quantity of membranes and stiffeners (Fig. 2).

To simplify usage of parameter base and faster
preparation of geometrical models a software called USPN
was created (Fig. 3). It was a combination of MS Excel
(Visual Basic) and Solid Edge software, which allowed the
prepared for FEM calculations CAD models in only few
seconds receive. For such a big base of parameters and
research objects USPN was very helpful. All procedures
that allow automatic generation of geometrical models
were collected in this software. The application generates a
3D shell geometrical model of load-carrying crane struc-
ture parameterized in data base (MS Excel). Such a model
was directly imported to FEM pre-processor (Altair Hy-
permesh) were finite elements model with proper boundary
conditions was build. For creation of FEM model CTRIA3,
CQUAD4, CHEXA, RBE2, CBAR elements and
MSC,NASTRAN as the solver were used [21].
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Fig. 2 Girders

forms:
c) 1pp + 0k; d) 1pp + 1k; e) 2pp + 1k; f) 2pp + Ok

a) Opp + 0k;

f
b) Opp + 1k;

Table 1
Basic parameters of analysed 20t hosting capacity cranes

H01st1p g | Cranes Girders | Wheel | Winch | Cranes | Girders Girders Web Girders .

No | capacity | - span span span mass mass width flange thickness | height Material
(0] L P p thickness &
kg mm mm mm kg kg mm mm mm mm
75 | 20000 | 7500 2500 4100 3985 14279 400 8 5 900 S235
76 | 20000 | 11000 | 3200 5100 9726 26090 500 12 6 700 S235
77 | 20000 | 13534 | 3300 5100 8818 35745 500 14 8 800 S235
78 | 20000 | 14000 | 3500 5300 6352 21764 500 12 7 700 S235
79 | 20000 | 14000 | 2500 4100 4183 20032 500 12 6 700 S235
80 | 20000 | 15260 | 5100 7700 11402 | 37032 560 10 7 1200 S235
81 | 20000 | 15600 | 2500 5000 5007 22350 400 8 6 1100 S235
82 | 20000 | 16000 | 4000 6500 5122 25700 550 8 7 1200 S235
83 | 20000 | 19050 | 3300 5850 9032 40141 550 12 7 1200 S235
84 | 20000 | 19500 | 3300 5850 8933 39202 550 12 8 1200 S235
85 | 20000 | 21200 | 2500 5000 5371 31315 650 8 6 1450 S235
86 | 20000 | 21600 | 6700 9800 14170 | 61795 650 12 7 1700 S235
87 | 20000 | 21800 | 2500 5000 4019 29448 650 8 7 1450 S235
88 | 20000 | 25000 | 3300 5850 9606 55597 650 12 8 1550 S235
89 | 20000 | 25850 | 3300 6100 8933 49930 650 10 7 1700 S235
90 | 20000 | 27500 | 3000 5600 5151 38646 650 10 7 1450 S235
91 | 20000 | 28000 | 4200 6750 9058 45003 650 10 7 1450 S235
92 | 20000 | 28400 | 5000 7800 23998 | 88748 650 18 7 1700 S235
93 | 20000 | 28400 | 5000 7800 23998 | 88727 650 18 7 1700 S235
94 | 20000 | 28500 | 5000 7800 23399 | 88940 650 18 7 1700 S235
95 | 20000 | 30000 | 7300 10100 | 29613 | 117330 700 22 7 1950 S235
96 | 20000 | 31500 | 5000 7800 23399 | 92656 650 18 7 1700 S235
97 | 20000 | 33500 | 5000 7800 30875 | 108732 700 22 7 1950 S235
98 | 20000 | 33500 | 2500 5100 5627 49164 650 12 7 1700 S235
99 | 20000 | 33600 | 3300 6400 7284 68825 700 12 8 1950 S235
Parametric
geometrical model
l i
Model CAD Model CAD
l i
Model FEM Model FEM
Stress. buckling, Stress, buckling,
frequency frequency
!
Comparison

Fig. 3 Numerical research block diagram

Forces coming out from proper loads combina-

tions were simulated as concentrated (acting on node) or as
pressure. The models were supported in wheels axes. An
example of crane load-carrying structure FEM model is
shown in Fig. 4.



Fig. 4 FEM model of load-carrying crane structure with
O=5tand L=30m (girder 2pp + 1k with hidden
web)

4. Analysis results

Strength analysis of load-carrying crane structures
was carried out by calculating von Misses stress in the
middle of cranes span — middle of girder was the position
of hoisting winch and load (Figs. 5 and 6). Girder is the
heaviest element in cranes structure, therefore decreasing
its mass is more favourable than mass decreasing of other
constructional details.

Fig. 5 Von Misses stress values for load-carrying crane
structure with 0 =20 t and L =21.8 m at Al load
combinations

Fig. 6 Von Misses stress values for load-carrying crane
structure with 0 =12.5 t and L =93 m at A4 load
combinations (girder Opp+0k with hidden web)

In analysis there was stress from load combina-
tions according to up today used polish standards [2, 3] and
new European standards calculated [4-6]. On the basis of
received von Misses stresses a special W factor was calcu-
lated (separately for polish standards — Wpy (1) and Euro-
pean standards Wgy (2)) that could be understood as the
proof of static strength degree of load-carrying crane struc-

ture. It was calculated according to

o
W, =—EN (1)
N S

o
W, =—2L 2)
" fu

where fz, is limit design stress, MPa and o is von Misses
stress, MPa value for load combinations according to pol-
ish opy or European standards opy.

The factor W can assume values between 0 an 1.
The values closer to 0 mean little proof of static strength
degree of load-carrying crane structure — big overdimen-
sioning of crane mass, however the values closer to 1 mean
high proof of static strength degree of load-carrying crane
structure — small overdimensioning of the crane mass. In
both cases extreme values are undesirable. Comparison of
W factors calculated from load combinations according to
polish Wpy and European Wgy standards are shown in
Figs. 7-10 (for selected hoisting capacities) and Table 2
(for cranes with 20 t hoisting capacity).
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Fig. 7 Factor W values for cranes with =5t and Q=81
load capacities
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Fig. 8 Factor W values for cranes with Q=10t and Q =
=16 t load capacities
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Fig. 9 Factor W values for cranes with O =20 t load capa-
city
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Table 2
Analysis results for 20t hosting capacity cranes
HOISU.H €| Cranes | Girders | Natural |Deflection| Factor Von Misses Von Misses
No | capacity span . form | frequenc ‘ ) sFress accord- st.ress accord- Wey Wen
0] p q y a ing PN opy ing EN ogy
kg mm - Hz mm - MPa MPa - -
75 | 20000 | 7500 | Opp+lk 19.16 2.28 2.93 86.50 78.70 0.404 | 0.368
76 | 20000 | 11000 | 1pp+0k 7.253 7.86 3.54 107.50 85.20 0.502 | 0.398
77 | 20000 | 13534 | Opp+0k 6.943 10.63 6.11 99.50 78.80 0.465 0.368
78 | 20000 | 14000 | Opp+0k 6.879 14.79 3.85 122.20 97.60 0.571 0.456
79 | 20000 | 14000 | Opp+0k 6.806 15.68 3.97 106.00 110.30 0.495 0.515
80 | 20000 | 15260 | 1pp+lk 6.697 7.72 3.45 84.50 77.00 0.395 | 0.360
81 | 20000 | 15600 | Opp+lk 6.462 14.38 2.41 136.70 130.70 0.639 | 0.611
82 | 20000 | 16000 | 2pp+lk 5.780 9.23 2.83 86.80 86.20 0.406 | 0.403
83 | 20000 | 19050 | 1pp+lk 5.160 12.72 3.35 89.50 77.00 0.418 | 0.360
84 | 20000 | 19500 | 1pp+lk 5.427 13.31 4.05 93.60 87.80 0.437 | 0410
85 | 20000 | 21200 | 2pp+1k 6.901 13.22 1.56 88.60 85.80 0414 | 0.401
86 | 20000 | 21600 | 2pp+lk 5.816 9.57 2.33 80.80 80.20 0.378 | 0.375
87 | 20000 | 21800 | 2pp+lk 6.121 13.09 1.98 88.70 86.70 0.414 | 0.405
88 | 20000 | 25000 | 1pp+lk 4.983 14.53 2.89 98.10 84.60 0.458 | 0.395
89 | 20000 | 25850 | 2pp+lk 4.652 15.12 1.84 93.90 86.00 0.439 | 0.402
90 | 20000 | 27500 | 2pp+lk 4.132 23.25 2.11 104.90 99.80 0.490 | 0.466
91 | 20000 | 28000 | 2pp+lk 4.003 21.45 1.78 115.10 114.80 0.538 | 0.536
92 | 20000 | 28400 | 1pp+lk 3.447 19.63 1.43 110.90 112.60 0.541 0.549
93 | 20000 | 28400 | 1pp+lk 3.451 19.63 1.43 111.70 111.90 0.545 0.546
94 | 20000 | 28500 | 1pp+lk 3.427 19.57 1.45 115.00 111.50 0.561 0.544
95 | 20000 | 30000 | 1pp+lk 3.516 15.57 1.42 99.20 93.40 0.484 | 0.456
96 | 20000 | 31500 | 1pp+lk 2.909 26.6 1.61 130.60 106.70 0.637 | 0.520
97 | 20000 | 33500 | 1pp+lk 3.080 22.33 1.22 114.10 109.80 0.557 | 0.536
98 | 20000 | 33500 | 2pp+lk 3.514 26.11 5.28 106.70 88.80 0.499 | 0415
99 | 20000 | 33600 | 2pp+lk 3.762 18.55 2.15 102.50 86.40 0.479 | 0.404

132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 145 149 150 151
Crane number

O Factor Wpy m Factor Wey

Fig. 10 Factor W values for cranes with Q=35t, =40t
and QO = 50 t load capacities

Proof of elastic stability of crane elements was
also made with use of FEM in case as buckling of plate
fields subjected to compressive and shear stresses. The
analysis was made for girders webs loaded in the middle of
cranes span with maximal force coming out of hoisting
capacity. The results are shown in the form of dimen-
sionless factor A, which is a multiplier of characteristic
loads f; — calculated from loads combinations to get critical
buckling load Ny

Ne=f 4 (3)
Factor 4 shows de facto “reserve” of elastic stabil-

ity of load-carrying crane structure, in relation to the re-
quired value, coming out of position and loads value. An

example of displacement for local stability loss — buckling
of girders web is shown in Fig. 11 and factor A values fre-
quency for all cranes being under consideration is shown in
Fig. 12.

{

Fig. 11 Displacement for local stability loss — buckling of
girders web (0 =50t; L =28 m)

Additionally, as a completion of strength and sta-
bility analysis, the calculations for 10 first natural frequen-
cies and deflection of crane structures were made. The
third natural frequency was recognized as the most impor-
tant one (an example is shown in Fig. 13 and values for
20 t hoisting capacity cranes in Table 2).
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Fig. 13 Form of the third natural frequency /= 3.518 Hz of
crane load-carrying structure (Q = 12.5t; L = 38.5)

5. Conclusions

Analyzing the values of calculated von Misses
stresses and W factors, we can observe that for majority of
cranes Wgy factor value does not exceed 0.5. For the cranes
with O =5-10t hoisting capacity its average value is
Wgy=0.37 and increases constantly together with hoisting
capacity of the crane to Wgy=0.40 for the cranes with
0<20t, Wgy=0.50 for 0<40t and Wgy=0.55 for the
other, Wgy values are less from Wpy in most cases. Aver-
age difference of both factors is not large and amount
about 3%.

Especially for cranes with small hoisting capacity
not big value of W factor could hint about overdimension-
ing of the structure. Of course other kind of designs proofs
(especially proof of fatigue strength and proof for welded
connections) are very important and it cannot be omitted,
but only little girders mass decreasing could “slim” the
whole load-carrying structure. Moreover, no girder form
neither cranes span has an influence on factor W value.

The proof of elastic stability is made to prove that
ideally straight structural members or components will not
lose their stability due to lateral deformations caused solely
by compressive forces or compressive stresses. This proof
is retained for all structures being under consideration. The
biggest values of 1 factor were observed for girders types
Opp + Ok and 1pp + 0k, so those without longitudinal stift-
eners. An influence of small cranes span for this girders
types is significant this time. For the most common occur-
ring girders types 1pp + 1k and 2pp + 1k, average value of
A factor becomes 2.03 and 2.66.

In comparison to proof of static strength degree
(factor W), the values of factor 4 becomes much higher, It
shows that elastic stability reserve of load-carrying cranes
structures is big. That makes potentially decreasing of the
structure mass possible, through lower number of elements
that do not have a special influence on strength (longitudi-

nal or transverse stiffenings) or the application of other
girders type.
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D. Gaska. C. Pypno

KRANU STIPRUMAS IR TAMPRUSIS STABILUMAS
PAGAL NAUIJA IR SENA PROJEKTAVIMO
STANDARTUS

Réziumée

Siame darbe, naudojant lenkiskus standartus atlie-
kama kravius kelian¢iy krany konstrukcijos tampiojo stabi-
lumo ir stiprumo projektavimo analizé. Sios analizés rezul-
tatai palyginti su tokios pat analizés, atliktos pagal Europos
standartus EN 13001, rezultatais. Analizuojamus kranus
apibiidina Sesiy 6 fermy konstrukcijos, priklausomai nuo
membrany ir standumo briauny skaiciaus. Geometrinis
modelis sukurtas optimalios geometrinés formos paieskai
naudojant UNSP programa, BEM sprgsti panaudota
MSC,NASTRAN, o BEM modeliui sukurti — CTRIA3,
CQUAD4, CHEXA, RBE2, CBAR elementai. Stabilumo ir
stiprumo analiz¢ atlikta keliant kravy, kai gervé yra vidury-
je tarpatramio. Rezultatai pateikti bedimensine faktoriy W
ir i forma.

D. Gaska, C. Pypno

STRENGTH AND ELASTIC STABILITY OF CRANES
IN ASPECT OF NEW AND OLD DESIGN
STANDARDS

Summary

In this study the analysis of elastic stability and
strength of load — carrying cranes structures, designed ac-
cording to Polish Standards were carried out. The analysis

was compared to the results of the same analysis according
to European Standards EN 13001. The analyzed cranes
characterize 6 forms of girders, depending on quantity of
membranes and stiffeners. Geometrical models were cre-
ated with UNSP — software carried out for better use of
geometrical features base. As the FEM solver the
MSC,NASTRAN was used. The elements for creation of
FEM model were CTRIA3, CQUAD4, CHEXA, RBE2,
CBAR. The stability and strength analysis was carried out
for the case of load with hoisting capacity and hoisting
winch position in the middle of a span. The results were
presented in the form of dimensionless factors # and A.

J. I'acka, L. ITuntao

IMPOYHOCTSD U VIIPYT'AA CTABUJIBHOCTD
KPAHOB I10 HOBBIM U CTAPBIM CTAHIAPTAM
ITPOEKTMPOBAHNA

Pes3omMme

B 3T0#i paboTe OCyIIeCTBISAETCS aHAIN3 yIPYron
CTaOMJIBHOCTH M IIPOYHOCTH KOHCTPYKLMH IOJBEMHBIX
KpaHOB HMCIHOJIb3YS IMOJBbCKUE CTaHAAPThI. Pe3yanaTL1 Ha-
CTOSIILIETO aHAIM3a COIOCTABIICHBI C PE3yJIbTaTaMH TaKoTo
)K€ aHaM3a MPOBEJICHHOTO I10 €BPOIEHCKUM CTaHIapTam
EN 13001. PaccmarpuBaeMbIX KpaHOB XapaKTE€pPHU3YIOT
KOHCTPYKIUHU 6 (epM, B 3aBUCHMOCTH OT YHCIIa MeMOpaH
u pebep JkecTKocTH. | eomeTprnieckast MOJENIb CO3JaHa T10
UNSP mporpamme, HCIIONB30BaHHON il TIOMCKAa OITH-
MajgbHOU reomerpuueckoir (opmbel. s pemennss FEM
ucnonb3oBano MSC,NASTRAN, a a1 co3ganus 3JIeMEH-
toB FEM — CTRIA3, CQUAD4, CHEXA, RBE2, CBAR,
AHanu3 CcTaOWIBHOCTH M IPOYHOCTH OCYILECTBJIEH IS
cilyyas ToibeMa rpy3a ¢ JieOekoil B CepelHe MpoJieTa.
PesynbraTel npencrasieHsl B 6e3nuMeHcHON (opme dak-
TopoB Wu h.
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