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On the Buckling Coefficients Used for the Calculation of
Crane Structure

by Yutaka MAEDA*

Abstract : In this report, the theory and the calculation procedure of the buckling coefficients used for
the buckling strength calculation of crane structure were clarified and summarized at first. Buckling
stress in the elastic range was calculated by Euler’s formula, and that in the plastic range was by

* Jager’s formula. The buckling stress in the plastic range was obtained under the following assumptions;
(a) steel had the complete elasto-plastic characteristics, (b) the compressive force acted to the column
with the initial eccentricity a, where a/i = 1/20+ /500, 7 was the radius of gyration of sectional area,
and )\ was the effective buckling length of the column, (c) the center line of the column deformed
along a sine curve.

'Buckling stresses in both ranges were divided by the safety factors, 2.5 or 1.5 respectively. The
allowable buckling stress was defined as the minimum of these values or the allowable compressive
stress. The buckling coefficient w was obtained as the quotient of allowable compressive stress divided
by the allowable buckling stress. Allowable buckling stress of a general column was derived from a
column of T-type section, and that of a pipe column was from the pipe section, whose shell thickness
was 1/6 of the diameter. As both of the derived equations were irrational, the Newton-Raphson
method was used to solve them numerically. A

Secondary, values of allowable compressive stress and yield point, which had been used to calculate
the buckling coefficients in the present construction code for crane and mobile crane, were obtained
by the reverse calculation, and it became clear that they had some differences from the provided
allowable compressive stress of the steel concerned.

Concerning with the changes of allowable stress of steel to be the smaller value of the yield point
divided by 1.5 and tensile strength divided by 1.8, and the range of steel grade, it was discussed the
safest condition of the values of yield point and tensile strength for the decision of the buckling
coefficients in each new range of steel. It became clear that in the area of o being greater than 1.20,,
the safest w was obtained by the greatest o, and in the area of op being less than 1.2¢., it was by
the least o, under the condition of the maximum ¢g . The new buckling curves of those steels were
calculated.
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Fig. 8 A flow chart of Newton-Raphson method to solve
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W = 0ce/MIN{0¢;/2.5, 0ck/1.5, Oca} (57)
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Oca = W0 /2.5 = T2Ew/2.5\2 (58)
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Table 1 Values having been used for the calculation of
the buckling coefficients.

EREFEHROHEICAVWLhTWEEH

To calculate oex |For general purpose™
Steel grade Vield

Allowable compressive stress

point oe Cca

00 £2400 2300 1400 <1412
2400 < ge £3400 3070 - 1900 1412 ~ 2000
3400 < g £ 3800 3400 2100 2000 ~ 2235
3800 < 0o £4600 4500 2700 2235 ~ 2706
70 kgf/mm? steel 6300 3200 3000 ~ 3200
80 kgf/mm? steel 6900 3500 3600
*) In case of mobile cranes Unit: kgf/cm?
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Ock = 1.50¢q/w (59)
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ge=(m+Y)ou/w (60)
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Table 2 A proposed classification of steels, and the
values used for the calculation of the buckling
coefficients.

- LB OEDORE L ¢ DERFEOHE
CAVWLhIEH

Yield [Tensile
Steel grade |point |strength| Typical kinds of steel
Ce o]

0. S245 245 400 $5400,5M400,STK400,STKM13A
245< 0o £325 | 325 490 SM490, STKM13B, STKM18A
3256< 0. <365 | 365 520 | SM520
365< 0. <460 | 460 570 | SM570
460< 0o £575 | 575 690 70 kg high tensile steel
575< 0. 620 | 620 745 | 70 kg high tensile steel
620< 0. <685 | 685 780 | 80 kg high tensile steel

E<EdHE-H

Unit: MPa

KHBIEH 00 %, BRE oo D 1/15 LE[FRVES
op D118 DI EDMEVHEDEE L, FREREL
I 0ca BERFRIGHD 1/115 £+ 2L BE3n
TWw3, ¥2bb,

0q = MIN{0./1.5, 05/1.8} (61)

Oea = 0q/1.15 (62)

Thb,

COFFEICIOERX, HFEBEISHZOD LHE
BOBRIT 2V, R () 2RAUTHS» R LS 12,
BRBOBECIIFEL2S52 570, HREHEPEEL
TG ERERRBEETEL R TR 520,

¥z, AIEICARNI & S i, BREEROSFEIZH
SN TV BEHEICTIDMED, % OFMHMOHFEIGTH 5
ThizbDERoTBY, IEHE—T 22 LBNE
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KRR LM CEDRIRDET 22 EHEE L,

INSDBEHIZIY, FFHORSBERESR
Twb, ZORGE, ZNZFhofitficont, ERE
REDOFEICH VSN BKRE, FEEVRSOME, &
V&R ORERW2HE% Table 2 123817 2,

Fig. S RSN 2 M DR A LEIED RS D
HRERLIEBDT, ERH2 106 VIITRT, 22
T op =780 MPa 282 2%, »3%WiX 0. = 685
MPa %882 281138 D w ROMHR L1372 5720,
&7z, op =0 DR L VETO&EBEIZBEK S L VEE
DESINI LI ERBRT 20T, EENCHEEL
BRrWEETH 3,

E—X53AOFM I DT IXFA—DEREGS S v
579, FHHEICAVIEERANTERICHLEDE
Rk 2EEHAT 2, 2721, KOS VI TlEEz
SNEFM I LIBETHLOTEDER & 2,

EERZSWEFsERke NIIS-RR-94 (1995)
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Fig. 9  Steel grades and their representative points to
calculate the buckling coefficients.
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Fig. 10 Buckling curves of each steel grade.
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