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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, i was the radius of gyration of sectional area,
and X\ 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 og being greater than 1.20,,
the safest w was obtained by the greatest o., and in the area of o5 being less than 1.2c0, it was by
the least o, under the condition of the maximum op . The new buckling curves of those steels were
calculated.
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Fig. 1  Assumed stress-strain curve.
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Fig. 2  Assumed column deflection and load eccentricity.
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Fig. 3 A stress-strain condition of a column section.
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Fig. 7 A flow chart to calculate F' from ¢;.
p1 B F AFHET S 70—
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START

X0 < @
YO < F(X0)

X1 < X0+aX
Y1 < F(X)
|

Y0
X2 < X0- W:W)AX
Y2 < F(X2)

onverged 7

X0 <« X2
YO < Y2

I

E—
o <« X2

END

Fig. 8 A flow chart of Newton-Raphson method to solve
F(p1) =0.
F(p1) = 0 %##< Newton-Raphson EMDEHE
00—

@ 0% 41) BB (48) IRA L TR fe1)
DEREHET 5,

IEDFIET o1 5 F BEFETEZ0DT, #k
F OfEi®E L ¥+% p, % Newton-Raphson ¥kiZ & D
Kb, ZOHE 70— % Fig. 7 KU Fig. 8 &R,

BBIZ o1 5 o 2R, KR LD EBRFEEE
HET 5,

W= 0oe/MIN{04/2.5, 0ck/1.5, Oca} (57)
4. MRS L ERICH

41 BFFOIL—RUBHAI L - BERRICE
T2 MFNREZ & EH

Riz, BITOBERKD? RUERIORS NI EER
HEMO w Eho, FhEHETLZEECAVLRTL
REik s L PRI D DERHEE T 2 HEC DWW TR
93,

29, FBREMICT 0ca WOWTIE, —RIZ X 28
KRE&EL 25 L HEGEICAYD, FEEEIGT BT
BIGH 00 WESTHREBZELD, ABKEWVED
2TO w BOEIZDOWT,

Oca = WO /2.5 = T2 Ew/2.5\2 (58)
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Table 1 Values having been used for the calculation of
the buckling coefficients.

EREFEROHEICAVWLhTWEH

To calculate o=« |For general purpose®’
Steel grade Vield

Allowable compressive stress

point oe Cca

oe 2400 2300 1400 <1412
2400 < ge £3400 3070 - 1900 1412 ~ 2000
3400 < g £ 3800 3400 2100 2000 ~ 2235
3800< g £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?

PEHEITNIE X v,

RIZERA 0. IZDWTIX, —IC X 2N &EL 3
LEEMEERICA Y, FFRERICT BRI ook
WEkoTHREBZ LS, ADNNEVEIABTLLD
RKEww DERED,

Ock = 1.50¢q/w (59)

28T 5, Kz (36) & moc/(0e — o) WHET
3RFBREEBZCINREE, ZORE Y ¥
% &,

e =(m+Y)oe/w (60)

2D oo BROBENS,
PEDABC LV REHERD, ZOEEAVWT w
DEPBEHEL 25, MNE2HEOND DEZD
HHENT w BOMBE—HE LTz, Lo, ZhiZ
X 2 HEEMHEIZERE w RIEERBCHVWONIETD
2rEZONS, ThoDHEEINEREILEDEE
Table LD XSy, Th%ER2 &, EBRELE2EE
TEBICAV L NBERE R EOfER, 5L sRKS
DBEBROMBIERE—BL TR WI ER™FN 5,

42 MM OEZDIREE

IhE T, BERY V- UESERRY Tk, @M
HAIESE, SRV EREE b, BRA 0. D1/17 &
xh, ¥£72, 7V —UEERRKD T, FASERIE
J31% oo D 1/15, FETMICHEZD 1/1.15 £ &h
T&Te, INBIRBVWTIX 70 FafA LOERTH
DHFAEGITEERNCHRD ST w3, JISP T3]
ROVBE op D 1/18 2HBICMZ 2 I LIk - TFF
BISHBERD >N T3S,

BIE, BERKRICBWTY JISOAFRRZ S0, &



— 18 —

Table 2 A proposed classification of steels, and the
values used for the calculation of the buckling
coefficients.

W RLMPNOEDDRE & X DERBFREOHE
ICAVLLNEEH

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

ceS245 | 245 400 | SS400,SM400,STK400,STKM13A
245< 0, <325 | 325 490 | SM490,STKM138, STKM18A
3256< 0. <365 | 365 520 | SM520
365< 0w =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

S dEdHEHH ™

Unit: MPa

KHFBIETT 00 %, BRI 0. D 1/15 LB[RDIES
op D118 D 3bD/NMNIVEDHEL L, FEEREE
H1 0o BEREFBRGIO 1/115 LT 2EPEEIN
Tnwd, Tbb,

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

Uca = Ua/l«ls (62)

Thb,

ZOHFRBLIOEER, HTREBEHZFOLDLE
BOBEFRIEI VY, XA 2RNVEHS 2 L S, B
BRBOBECREEL2E 2279, HFEGHEEEL
1 BERERERBCEEFTEL 2 TR RS,

Fiz, BIEICARN L 5 C, BEGEROHE A
SN TV EHFICTIDMED, ZOHHOHEIGTTH» 6
THbDERES>TBY, IhEH—T 2 EBNE
EBb3, IMORSZIZOVWTY, IFHAIIS
REARITHCEDLE LR ETE I ENEE LUy,

INSDBHICIY, FHRFMORSPERIN
Twb, ZORGE, ZRFThoFfitticonT, ERE
BREBOHELBONZERA, SRV BRI OME, &
UE XS DOREN L HIFE% Table 2 121817 %,

Fig. 9 ZFERAI N2 M OBER S EFIED BE DB
HRERLIZBDT, ERG 2[5 VIITRY, 22
T op =780 MPa 282 5%, H3\F 0. =685
MPa %82 2§ 138E D w ROFH L1377 %\,
72, op=0. DLV ETOEEIZBERAL D BE
DEBEIWNEWILEEBKRTZ2DT, FENEEL
BhrVWHERETH 3,

E—X 3N O IZ oW T FE—0BEREAE E v
378, FEIAVIERRSNTERICHLELR
Sf R 2EEHEBT 5, 1272L, RS VI TIEE 2
SNEHMIT 1IBETHLOTEDER L %,

BEELZLWFEIHEEHRE NIIS-RR-94 (1995)

780 [ |
|l ©:Point to (I:alculzllte 'w
& ®: « (original plan )
g { |
" X:The safest point
@ l
500 ‘i/xz
= 2
N o V1S
: i
w
o 1 idin v | v vijw
)
=

620
685

2
Lo
L { l
0 : 500
Yield point oc. (MPa)

— 325
— 365

wa
F_

[
L— 245

Fig. 9 Steel grades and their representative points to
calculate the buckling coefficients.
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rEZ5N3,
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(7) op/1.8=0./1.5 D (LITHRICEREE
WEZEicds) OTHIOHEIH - TiE, FEEHE
IEHEIRVBIR L > THREEI NS D, FHDE
BEREBRHFEERION 2525, 1z, ZOHHENA
TIREEIC TR AR —EDTFEEMIG £ R %,

(1) FHBICHEFRO LEIOEHE I H->TiZ, FE
FEMEISIPBER I L > THRESN B 20D, HHDE
BEREBHBERCNEE2 5, 2, ZOEHAN
TR AT R H A —E O HFREMIGST &£ 72 5,

(V) HEkREZoN-E &, BESEFICBIT 2
BRI 00 13, BRAW BEFRV BRI HHELS
yRAQ

() WELEREZz N &, BHEFICBIT 3
BB o &, BREDOKEVHEBKE W, Lp
L, 5IBRD MBS ZERICHOFEDBRECHER I LS
Wwick, HEO L TREBREIGTICEEL W,

UED4ER2EETZE, ROl VITRE, B
REDBRKT, »OFELIEFRLD LHOMER
RLLZLUOERFEEE2 2%, ZOHA5IEDEE
DREIFIFELEZV,

X4 VII TIX, BRESEKE &2 ABIZHFREH
BERRE D THIC R %, - TZIDORED BZDED
FRISTIRFHRR EDT503, YRR T QEER G/ 2%/
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Fig. 10 Buckling curves of each steel grade.
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BN CTRELEADEEAWCEREREEET 2ET
bolze LL, ZDEPFEILIEFBOTHENS
D, ROLEEADERLEZBEH TRV, Ko% 2
DRHEILI:HDTH S,

43 FRIEHS o ER g

I & TR TREDOXS OFMIcOVWT, R
EERTE % Fig. 1012 F ¥ O TRT, BH, ARRIZ—%
EREEOHE A WS T EMHEOHSERAE %,
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A=20 D& ZATHEPTETIZK> TW5,
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ZOR» S, HMEE & BEMEER OBERSHEM I X
D A=555110 BEDEKHHFEL TS Z L5
"5, i, EHERETR, 4 7HEOHFEERIG
FI—REFTE D Z 1L th_T 10~30 MPa 1Z ¥ k&
W EDGPDE, Fz, HEEEHO RIS IZ# O
BECLSITH—TH D,
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