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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

When design calculations are made for mobile cranes, they are based on an ideal model in which all
members and components are perfectly straight and fabrication has been exact. For tension members
and members subjected to bending, the difference between the real crane and the ideal model is usually
not significant. But, for compression members subject to column buckling, an allowance for deviation in
straightness and fabrication is necessary.

When mobile cranes are tested non-destructively by means of strain gauges, the stresses determined

intr

insically include these effects of deviations in straightness and accuracy of fabrication.
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5 test method is intended to describe the approximate maximum loading conditions, t0
ponent of the entire load-supporting structure of a crane is subjected (See Annex [
s, a more severe loading condition(s) can be indicated by analysis. In these cases,'the 1
dition(s) can be added to or substituted for the specified test loading condition(s). This t
classifies stress areas as Types I (Uniform Stress Areas), I (Stress Concentrdtion Areas),

kling Areas), and IV (Local Plate Buckling Areas; see Clause 10), and defines limits for
ults can be used to correlate boom system calculation results for Class 1l stress areas

m system calculations. Test results for Class I stress areas throughout the structure can|
Ck any available calculations. This test method evaluates Class Il stress areas for which c

eviewed for better insight by calculation methods.

roduction boom system that has been rated by the metheds of this part of ISO 11662 c
inother machine without re-testing by the methodstspecified herein, provided the same
Cedure shows its stress levels will be less than or equal to the stress levels in the original ¢
provided that the supporting structure is asrigid.as the original mounting. Rigidity of the
Icture is determined by the change in the slopg'of the jib foot axis as test loads are applie
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Mobile cranes — Experimental determination of crane
performance —

Part 2:
Structural competence under static loading

Thi

)

Scope
5 part of ISO 11662 applies to mobile construction-type lifting cranes utilizing

rope supported, lattice boom attachment or lattice boom, and fly jib attachment (se
Figure E.3),

rope supported, mast attachment and mast mounted boom, andlyjib attachment (se
Figures E.1 and E.2), or

telescoping boom attachment or telescopic boom and fly jib;attachment (see Figure E.4)

Mobile crane manufacturers can use this part of ISO 11662 to verify their design for the m

typ
Thi
ind
typ
con|

s illustrated in Figures E.1 through E.4.

5 test method is to provide a systematic, non-déstructive procedure for determining t
iced in crane structures under specified conditions of static loading through the use of
b electric strain gauges, and to specify..appropriate acceptance criteria for specifi
ditions.

b Annex E,

e Annex E,

bbile crane

he stresses
resistance-
ed loading

2 |Normative references

The following documents, in whelé or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.
[SO[9373:1989, Cranes‘and related equipment — Accuracy requirements for measuring paramgters during
testing

3 |Termsand definitions

For|thepurposes of this document, the following terms and definitions apply.

3.1

strain

relative elongation or compression of material at any given point with respect to a specific plane passing
through that point, expressed as change in length per unit length (m/m)

3.2

stress

S

internal force per unit area resulting from strain, expressed in pascals (Pa) or newtons/square meter

Note 1 to entry: For this document, megapascals (Mpa) will be used for brevity.

© IS0 2014 - All rights reserved
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3.3

yield point

Sy

stress at which a disproportionate increase in strain occurs without a corresponding increase in stress

Note 1 to entry: For purposes of this code, yield point is to be considered as the minimum 0,2 % offset tensile yield
point or yield strength specified by the appropriate standard for the material used.

3.4

critical buckling stress

Scr

average sty

3.5
initial refg
defined no

a)
b)

suppol

the crg
the ze
obtain

3.6

dead load
completely
specified li

Note 1 to enftry: Under this condition, the second reading for each-gauge is obtained, N;.

Note 2 to en
by the cran
from the cr
ground (se¢

3.7
dead load
S1

stress COl’;lE

foreach g

3.8

working lpad stress condition

completely
specified r

brence test condition
stress or zero-stress condition of the crane structure after the “break-in” as established

ting the structure on blocking to minimize the effects of gravity, or

Fo-stress condition. Under this condition, the initial reference teading for each gaug
ed, N;

stress condition
assembled crane structure on the test site and in the position or attitude, ready to applyj
ve load at the specified radius

try: The hook, hook block, slings, etc. are considered part of the suspended load but may be suppo
b when this reading is taken. For dead load-purposes, the hook in the “home” position - susper
hne without lifting the test load. This position has to be repeated after placing the load back on
9.4.4).

stress

uted as defined in Clausé 10 by using the difference in the readings obtained in 3.6 and
ge (N2-Np)

assembled>crane structure on the test site and in the specified position, supporting
hted load

Noteltoe

Try: Under this condition, the third reading for each gauge is obtained, N3.

ess which produces an incipient buckling condition in column-type members (See Anney C

by

ne structure components in an unassembled state or any alternate method that will establish

B

the

Fted
ded
the

3.5

the

39

working load stress

S2

stress computed as defined in Clause 10 by using the difference in the readings obtained in 3.8 and 3.5

for each ga

3.10

uge (N3 - Np)

resultant stress

5

stress induced in the structure as a result of dead load stress (S;) or the working load stress (S2),

whichever

is greater in absolute magnitude
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column average stress

Sra

direct compression stress in a column or the average stress computed from several gauges located at the
section (see Annex B)

3.12

column maximum stress

Srm

maximum compression stress in a column computed from the plane of buckling as established from

several gauges located at the section (see Annex B)

3.18

loadings

application of weights and/or forces of the magnitude specified under the condition specifiefl
3.14

loadl radius

horjzontal distance between the axis of rotation of the turntable of the crane'and the vertical axis of the
hoigt line or load block when the crane is erected on a level site

4 (Symbols and abbreviated terms

E modulus of elasticity

K effective length factor for a column

L un-braced length of column

Lp length of boom

L length of fly jib

Ly small arbitrary projectedléngth of fly jib along x-axis

Ly projected length offly¥jib strut along y-axis

n strength margin

ny strength margin, Class [ area, ratio of yield strength to resultant or equivalent strjess
nz strength’margin, Class Il area, ratio of yield strength to resultant or equivalent stfess
n3 strength margin, Class 1l area, derived from an interaction relationship

Ny strain reading at initial reference test condition

Nz strain reading at dead load stress condition

N3 strain reading at working load stress condition

r radius of gyration

RL rated load as specified by manufacturer

“R” plane (Figure 1) perpendicular to boom foot pin centreline (CL)

RR rated radius as specified by manufacturer

S stress

© IS0 2014 - All rights reserved
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%SL
SLL
SLR

Srm

Sr

Ske

Sl

0]

Oy
Z’

Zp

A

Z2

Ea
)
&
&d
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dead load stress

working load stress

column average stress computed from several gauges at a cross section

critical buckling stress for axially loaded columns

side load, i.e. 0,02 x RL;

ercentage of side load expressed as a percentage of rated load or %RL = Percentage of

rated load

side load left

side load right

maximum compression stress in a column
Stress at the proportional limit

Fesultant stress

maximum residual stress in compression
Ktress at the yield point

pquivalent uniaxial stress

Lensile yield stress

maximum principal stress

minimum principle stress

attice boom tip slope (ouf of plane)

attice boom tip defléction from plane “R”

fly jib tip deflection from plane “R”

boom deflegtion at a point 1 back from the boom tip
fly jib strut deflection at its tip

mperfection factor

horiz. distance from the load centre to the front pad reaction centre for each box jib section

fly jib offset angle from centreline (CL) jib
strain

strain recorded from leg “a” of rosette
strain recorded from leg “b” of rosette
strain recorded from leg “c” of rosette
strain recorded from leg “d” of rosette

maximum principal strain

© ISO 2014 - All rights reserved
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&y minimum principal strain

u units of strain, 106

0 fly jib tip rotation about x-axis (radians)

i Pi=3,1416

To shear yield stress

Y Poisson’s ratio

X relative buckling stress (= Scr/Sy)

/{0 initial relative slenderness

1 relative slenderness (= A/A¢)

A slenderness ratio (= KL/1)

Ae reference slenderness ratio (: T }% ]
y

Sk allowable buckling stress

Sci Euler’s buckling stress

Sck Jager’s buckling stress

5 |Limitations

5.1| This method applies to lead-supporting structures as differentiated from power tfansmitting
meg¢hanisms. It is restricted to-measuring stresses under static conditions and a general obseryation after
ovefload conditions.

5.2| Personnel competént in the analysis of structures and the use of strain-measuring instrliments are
reqfiired to perform the tests.

6 |Method of loading

6.1| -Suspended load

The specified load suspended at the specified radius and held stationary a short distance above the
ground. The weight of the hook, block, slings, etc., shall be included as part of the specified suspended
load.

6.2 Sideload (SL)

When the test specification requires side loading, the force displacing the suspended load should
be horizontal and perpendicular to the plane containing the axis of upper structure rotation and
the centreline of the undeflected boom. The side load shall be applied in each direction. Side loading
is applied to simulate the various effects associated with machine operation including a 9 m/s wind
loading that might be encountered.

© IS0 2014 - All rights reserved 5
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6.2.1 Lattice boom attachment

For lattice boom attachments, the side load that is to be applied for the conditions listed in Table C2 is as

follows. The side load shall be applied as 2 % (0,02 RL) of the rated load in each direction.

6.2.2 Mast attachments

For mast attachments, the side load percentage that is to be applied in each direction at the load
attachment point for the conditions listed in Table C1 is to be a minimum of 2 % (0,02 RL) of the rated

load in each direction.

6.2.3 Telescoping boom attachment

For telescoping boom attachments, the side load that is to be applied for the conditions listed-invTabl¢

is as follows. The side load shall be applied as 3 % (0,03 RL) of the rated load in each direction with
boom over|the end of the machine.

6.3 Deflection criteria

The usabil|ty of a latticed column [i.e. lattice boom and fly jib(s) combinatien] or a telescoping b:ﬁom

attachment is sometimes affected by the elastic stability of the overall column as well as of the indivi
members. [ncipient out of plane elastic instability is indicated by exeessive boom and/or fly jib
deflection |(sideways) as the attachment is side loaded when suspending a rated load. The follow
lateral deflection limits are therefore imposed.

6.3.1 Latftice boom attachments

The lateral deflection criteria for the rated load and side load of Table C2 are as follows. First,
deflection pfthe total boom and jib combination shall be'less than or equal to 2 % of the total combina

length. Furfthermore, the deflection of each individual boom or fly jib member shall be less than or ettual

to 2 % of the length of that member. To satisfy thése criteria, it should be noted that the deflectio
an individglal member does not include the déflection, rotation, or slope of the member to which
mounted.

For a singl¢ fly jib mounted on a boomSithe following relationship is given (Figure 1):

Z;<0,02L;+Z,+2'(L;cosp)+8(L;sinp)

The follow|ng values are mé&asured.

Zj flyljib tip deflection
Zp latfice boom tip deflection
71 latfiCeypoom deflection at a distance L1 down from the boom tip

()
[O8]

=2
=
(¢]

ual
tip
ring

the
Fion

of
it is

)

Z2 fly jib strut deflection at the tip

The following values are calculated.

6 © ISO 2014 - All rights reserved
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Slope:
7'=(Zy~241)/ 14 (2)
Rotation:
0=(Z,-23)L, 3)

If slope (Z") and rotation (8) are not measured, the last two terms of Formula (1) may be deleted.

© ISO 2014 - All rights reserved 7
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Figure 1 — Deflection measurement related terms —
Lattice boom with fly jib

6.3.2 Telescoping boom attachments

For telescoping boom attachment crane structures, no tip deflection limitations have been established.
Deflection of the mast attachment, the mast mounted boom, and fly jib shall be measured and recorded
when the system is stable.

8 © ISO 2014 - All rights reserved
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6.3.3 Mast attachments
For mastattachment crane structures, no tip deflection limitations have been established. The deflection

of the telescopic boom attachment and fly jib shall be measured and recorded when the system is stable.

7 Facilities, apparatus, and material

7.1 A concrete or other firm supporting surface, sufficiently large to provide for unobstructed

accomplishment of the tests required. Where tests are to be performed on crawler tracks, the machine
shallbe level within 0 25 % gradn

7.2] Means to measure levelness of the axis of the jib foot; accuracy 0,1 % of grade (se&ISO $373).
7.3| Means for determining the load radius to an accuracy of +1 %, not to exceed 150 mm.

7.4| Means for producing traverse displacement of the suspended load ahd means for measuring the
magnitude of the displacing force; accuracy +3 % of measured force.

7.5| Temperature compensated strain gauges, cement, waterproofing compounds, and othef necessary
gaupe installation equipment.

7.6| Strainrecordingsystem.Itistheintentthatcommercially available, high quality, reliable instruments
be ysed in the performance of this test. Accuracy of the récording system shall be determined|to be +2 %
of the reading over the range of 500 p m/m to 3 000 44n/m strain (determined in suitable irjcrements).
Calibration can be accomplished by electrical shunts‘er by pre-calibrated strain bar.

7.7| Test weights and lifting apparatus of known weights accurate to within *1 %.

7.8| Means for measuring side deflection of the boom and fly jib within 50 mm.

8 |Preparation for test

8.1| An analysis of each-structure sufficient to locate highly stressed areas shall be made.| The strain
gauge location and direction shall be determined from this analysis as well as from the upe of other
experimental techniGues where necessary.

8.2| Perform'detailed inspection of the crane to ensure that all mechanical adjustments anfl condition
of 1pad supperting components conform to manufacturers’ published recommendations. Chgck that the
crafe is equipped in compliance with the test specifications.

8.3 L previensiywi—worked-eraresheontd-besivena—breakin’ronator peareachantidipated test
loading to mechanically relieve residual stresses that might have developed during manufacture and to
minimize the possibility of “gauge zero shift” during the test.

8.4 Perform a thorough inspection after the “break-in” to reveal areas of high stress as evidenced by
paint checking, scale flaking, or other indications of deformation.

8.5 Bond strain gauges at the points determined by prior analysis (see 8.1) and any areas selected as a
result of the inspection conducted in 8.4. Only competent personnel using proven materials and practices
can be employed to ensure that all gauges are of the correct type, properly oriented, and securely bonded
to measure strains correctly.

© ISO 2014 - All rights reserved 9


https://standardsiso.com/api/?name=a99cc9ce94a761ce230bb3c75067f51d

ISO 11662-2:2014(E)

8.6 Determine the minimum yield strength and the modulus of elasticity for the material at each
gauge location by referring to the material certifications, if available, applicable standards, or Annex B.
Determine the critical buckling stress when applicable (see Annex B).

9 Test procedure and records
9.1 Final test preparation

9.1.1 Locate the machine on the test course and lock travel brakes and latches. Level the machine to
within 0,2% % grade in the unloaded condition by shimming or by jacking. Do not re-level after the Joad
has been applied to the machine.

NOTE If the test is for operation on outriggers, jack the crane to a position where all the tires'or'trackq are
unloaded, uhless the manufacturer’s rating chart requires some other conditions.

9.1.2 Conrlect strain measuring system and calibrate gauges and instruments. Correctany malfunctipns.

9.2 Zero stress condition

If the assemnbled crane is to be used as the initial reference test condition,-0obtain these readings. If{the
unassembled components are to be used as the initial reference test condition, obtain these reading

v

Reassemble the crane and make all mechanical adjustments.
9.3 Deadl load stress condition

9.3.1 Set the revolving upper structure to the specified.position relative to the lower structure. Lock the
swing brakie or latch.

9.3.2 Set the attachment angles and lengths to.develop the specified load radius.

9.3.3 Read|all strain gauges for dead loadstress condition (see 3.6). Compute the dead load stress (S}) at
each gauge| (see 3.7) and record on thetest data sheet (see Annex D).

NOTE A new dead load stress ¢ondition is established each time the position, attitude, or configuration

is changed [o suit the specified“tésts and operations: therefore, 9.3.1 to 9.3.3 shall be repeated for each hew
condition.

9.4 Working load'Stress

9.4.1 Preppreaa‘test load which together with the hook, block, slings, etc., weighs within 1 % offthe
specified lqad:

9.4.2 Suspend the test load (see 6.1) and apply side load (see 6.2) as required by specifications.

9.4.3 Read required strain gauges for working load stress condition. Compute the working load stresses
(S2) for each required gauge and record the test data. Measure and record tip side deflection due to
suspended load and side load.

9.4.4 Release side load and lower suspended load, returning crane to dead load condition. Read required
strain gauges and compare with reading taken under 9.3. If the deviation for any gauge exceeds 0,03 Sy/E,
determine cause, correct, and repeat all procedures until consistent readings are obtained.

10 © ISO 2014 - All rights reserved
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Since temperature changes and the loading from even a moderate wind on long booms

and fly jibs

affects strain gauge readings, testing should be done under as favourable atmospheric conditions as possible.
Position the machine so wind loading does not reduce the stress induced by side loading.

Compute resultant stress (S,) per 3.10, for combined dead load and working load stresses and record.

Thoroughly examine the crane for any evidence which suggests a possibility of plastic deformation or
other damage having occurred during the test.

9.5

Overload test condition

9.5
9.5

9.5
rea

9.5

9.5
rad

9.5

9.5
loa

At Y
by

buc
ind
toH
Sys

Rec
Sug

10

For
(sed

1 Repeat 9.1.1, if applicable.

2 Position the crane (upper structure, boom) in the specified test position.

3 Set attachment angles and lengths to develop the specified load radins-and record
lings for Class IV gauges.

4 Prepare the test load (see 9.4.1).

5 Suspend the specified test load and adjust the boom angle{s; if necessary) to obtain th¢
us.

6 Observe the performance of the structure and notetany evidence of possible failure.

7 Release the suspended load and return the crane to the dead load stress condition. Reco
| readings for Class IV gauges. (See 9.4.4)

he completion of all applicable overload\tests, the crane structures should be thoroughly
bye using straight edges and other references, where appropriate, to determine any ¢
kling, permanent deformation, elemient out of line, etc. Scale flaking or paint checking
cative of stresses beyond the yield point. Disassemble the boom structure to the stateg
e ensured that all boom elements, extension cylinders, or elements, hoist mechanisms,
ems, and other load-carrying elements can be inspected.

ord all pertinent data vegarding the test equipment, crane being tested, results, and ob
vested forms are presented in Annex D.
Stress evaluation

purposes’of this test method, stress is related to measured strain by the uniaxial stres
Formtila 4):

dead load

rated load

'd the dead

r examined
vidence of
tan also be
necessary
suspension

Servations.

s equation

NOTE

C I [ S 43 11l i)
J — L G \VVlLlllll Pl UlJUl LIVUIIdr il LD}

under biaxial stress, and special consideration should be given in such cases (see Annex A).

(4)

The simple uniaxial stress formula might notbe sufficiently accurate for some areas of crane structures

Stresses in different parts of crane structures are evaluated for acceptability on the basis of criteria
appropriate to the area in question. These stress areas can be classed as follows (see Table 1 or 10.1
through 10.4 for minimum strength margins).

© IS0 2014 - All rights reserved
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Table 1 — Minimum strength margins

Class I (uni- | Class II (stress Class III (column buckling area)a (l(():(l:?js {Zte
form stress | concentration curves curves Alt i buck})ing
ernative
area) area) A,B,C,D a,b,c area)
Gauges must
X (erection nz=1,3band |return to
loads) n;=1,3 nz=1,0 nz=14 nz=1,2 2.2¢ +0,03 S,/E at
dead load.
GerrEes it
n3=1,52and |returnto
Y (rated logdds) n;=1,5 n=1,1 ny=1,6 nz=1,3 2.5b +0,03$,/E ht
dedd load.
Gatges mujpt
Z (over loafls) Observation Observation Observation | Observation | Observatiofi~|feturn to
only only only only only, +0,03 S)/E pt
dead load.
a  Refer toJAnnex B.
b Critical puckling stress S¢r is calculated by Jager’s equation.
¢ Critical puckling stress S¢ris calculated by Euler’s equation.
10.1 Class I — Uniform stress areas
Large areds of nearly uniform stress where exceeding the yield strength or yield point values will

produce pgrmanent deformation of the member as a whole Strength margin:

— np=SySrorSy/S’ (refer to Annex A for S');

— nz = 1,p0 for rated loads;

— nz 2 1,B0 for erection loadings.

10.2 Claspk II — Stress concentration areas

Small areaf of high stress surrounded by larger areas of considerably lower stress where exceec

the yield sfrength or yield poirtyalues will not produce permanent deformation of the member

whole. Examples are points ofrapid section change such as sharp corners, holes, or weld fillets. Stren

margins:

— nz2=Sy/S,or S,/S"(refer to Annex A for S’);

— nz = 1,]10 for rated loads;

— nz = 1,p0for erection loadings.

ling
N
gth

10.3 Class III — Column buckling stress areas

Areas in which failure can be considered to occur at some average stress value less than yield strength
or yield point. Examples are individual unsupported compression elements such as, but not limited to,
masts, struts, jib chords, or lattice, which require consideration as columns.

Strength margin (refer to Annex B).

If curves A, B, C, or D are chosen from Table 1:

— n3=1,60 for rated loads;

— n3 21,40 for erection loading.

12
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For lattice structures, this criteria is intended to apply to lacing elements or chord elements between
lacing points.

It is not intended for evaluation of the overall latticed compression member.

10.4 Class IV — Local plate buckling areas

Plates, when subjected to direct compression, bending, and/or shear in their plane, can buckle locally
before the member as a whole becomes unstable. Local bucking is associated with wrinkling (initial
buckling), which permits the member to redistribute the loading to stiffer edges.

As loading is further increased, the stress in Class IV areas (see Figure 2) does not necessatily increase
in groportion to the load; however, considerable post buckling strength might remain. Requirements
arefthat Class IV gauges return to the dead load readings for all test conditions, including overload.

Class IV Areas (Typical 4 Sides)

Telescoping jib

Outrigger
box &8

and beam

Figure 2 — Local plate buckling areas
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A.2 Brittle materials
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applicabili

for brittle In

A.3 Duc
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materials

energy und
uniaxial st
for compat

uniaxial st

Annex A
(normative)

Strength of materials

19l ctroce fields

T Ot ITTITCICID

tress fields, there might be some error if the uniaxial stress given by S = E - ¢ (see Glause

on is given to the theory of failure applicable to the material being tested.

S = E &x (when &y is measured in the direction of maximum prineipal strain) presumes
y of the maximum strain theory of failure. This is the commonly accepted theory of fai
aterials, and results given are valid for materials of this type.

1

tile materials

Lion energy theory of failure generally is accepted,as the performance criterion of dud
bubjected to biaxial stresses. This assumes that yield failure occurs when the distor
er biaxial stress is equal to the distortion energy at yield stress in pure tension. An equiv

ison to the yield point (S)) to establishthe strength margin against failure. The equiva
Fess is shown in Formula A.1:

' 2
S'= \/0 X ~0x0,+0), (
Principal sfresses are obtained fromistrain gauge readings by Formulae (A.2) and (A.3):
— 2
o,=E 8X+vsy)/(1—v ) (4
2
oy, =E 8X+vgy)/(1—v ) (4
Principal sfrains.are obtained by interpreting rosette gauge readings on Mohr’s circle or other conven

means. Eq\rivalent stress S’ can also be calculated from principal strains shown in Formula (A.4):

o E\/[l—v)z(gx —gy)z +(e, +ve

+62

alent
ress (S') developing the same distortion exergy as the actual biaxial stress is determi%led

110)

bd to tensile yield point to determine the strength margin. The question arises when

the
ure

tile
Fion

ent

\.1)

\.2)

\.3)

lent

yley, +vey)

(1-v?)

(A4)

When three and four gauge rosettes are used (Figure A.1), the following equations can be used directly
to obtain the equivalent stress based on the readings of each of the legs.

Rectangular Rosette (Figure A.1):

14
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€c
€b
€b €c €b €c
P 1 [ |
a / \ / [ | \
£ [N
=+,
Rectangular Delta T-Delta
Figure A.1 — Rectangular, delta, and T-delta rosettes
A.4 Ductile material approximate method
In most ductile material biaxial fields, the assumption that the €quivalent uniaxial stress S'|equals E &y

will be accurate within 10 %. The main factors affecting the aecuracy are
a) [The ratio of minimum to maximum principal stress, oy/o, and

b) [The ratio of shear yield to tensile yield, to/00.

— 0o = Tensile yield stress

— 0y = Maximum principal stress

— 0Oy = Minimum principal stress

Figlire A.2 shows the magnitude of accuracy variance with respect to these two ratios, using Poisson’s

v = 0,285. The plot shows.that as the condition approaches biaxial tension or compre

(pufe shear) only if’t,/0, = 0,577. For materials in which t,/0, does not equal 0,577, the da
lings (which dgnot correspond to any theory of failure, but only the tensile and torsion yield
sonje idea of'the probable error. If a single gauge and S = E &y is to be applied instead of rosette
conjplicated formulation, principal direction must be determined by some other means, su
chefkifig or (better) brittle lacquer.

5sion error
ling on the

mpared to
h yield test
shed curve
tests) give
s and more
ch as paint
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1,1
&y
|
S 1,0 ol I ox— |0y
, = |
[S4] L
" TO/O-O ,/ /// o
- l
Q| 0,9 0,700 - / \l\
M| v -
=)=
5l & 0,635
ez 08 g
=HE
[S21 3]
< 0577
= 07
[= ™}
< 0,520
FAILURE IN SHEAR FAILURE IN TENSION OR COMPRESSION ~ —*
0.6 PURE SHEAR —1| PURE FENSION —| T
-1,0 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1,0
PRINCIPAL STRESS RATIO O-y/o-x
| | | | | | | | | | J
-1,0 -0,8 -0,6 -0,4 -0,2 0 02 04 06 08,0
PRINCIPAL STRAIN RATIO Sy/Sx

Fipure A.2 — Ratio of apparent stress to actual stress versus biaxial stress ratio
Recommer]ded values to be used in calculating stress from meastred strain are listed in Table A.1.

Table A.1 — Elastic properties of materials

16

Modulus-ofe- Modulus of | Poisson’s ratio
lasticity rigidity
CE) (G; Shear)a
(Young's; (103 Mpa)
103 Mpa)
Steel
Carbon and alloy structutal 206,7 79,2 0,285
Cast 206,7 77,2 0,265
Stainless 137,8/192,9 0,305
Aluminium;'structural 72,3 27,6 0,333
Magnesitim, structural 44,8
Titdnium, structural 89,6/110,2
2/ The modulus of elasticity generally is quoted as a range; the figures listed are towards
the high and of the range for conservatism. The modulus of elasticity of some materials
varies widely with chemistry, heat treatment, or stress level. In such cases a range is listed,
and the proper value must be selected for the particular conditions in each case.
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Annex B
(normative)

Column buckling stress

B.1

In deriving buckling curves or numerical tables for use in practical design, one has to he.awdre of some
ineyitable imperfections of the member being considered, such as non-homogeneity,of the material,
devjiation from the assumed geometric form (initial crookedness), unintentional eccentricitfies of axial
load due to the unavoidable imperfection of shop and erection work. Each of theseimperfectfions varies
ovef a wide range and combines with the others in each individual case in a pafticular manngr. In order
to compensate all uncertainties encountered in practice, proper factors of safety or load facfors should
be ytilized.

Each compression member in a structure represents an individual case'that must be designed according
to ifs particular loading and end restraint conditions.

B.Z Critical buckling curves related to residual stress

Varjous column buckling curves are shown in Figure B:2. Curves A, B, C, and D are the curves that are
reldted to residual stress and are used with the alléwable stress method of calculation. A s3fety factor
must be applied to the critical buckling strength*obtained from Figure B.2. Table B.1 listjs the Yield
Str¢ngth, Sy, the Proportional Limit, Sp, and the-Residual Stress, Sg¢ for each of the four material types
(A, B, C,and D).

Thegshape ofthese curves canbe definedby three parameters: the modulus of elasticity E, the pfoportional
lim]t S, and the material yield strength'S). Axially loaded members can buckle elastically or irjelastically,
depending on the stress levels. At stress levels below the proportional limit Sp, axially loadefl members
buckle elastically. Inelastic bugkling of the axially loaded members occurs at stress levelq above the
proportional limit Sp. For inelastic buckling, relative buckling stress (ratio of buckling str¢ss to yield
strgngth) is a function of-theTatio of residual stress to yield strength as shown in Formula (B.5).

The residual stressisiincluded directly in the buckling formulae. No factor of the uncertafinties such
as qut-of-straightuess. is incorporated in the formulae. The buckling curves are indeed for “specially
strdightened material”. Nevertheless, a strength margin of 1,6 (see Table 1) must be applied to the
critical buckling curves. This strength margin overcomes such uncertainties that would affect the
buckling strerigth of the members.

Applieable formulae for the elastic buckling of columns (S < Sp):

2
S, = ”—EZ (B.1)
(KL/r)

or

X== (B.2)

A
Applicable formulae for the inelastic buckling of columns (S¢r > Sp):
S,(5,-S5,) p
scrzsy—%(m/r) (B.3)

© ISO 2014 - All rights reserved 17
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Sp=S,-Sgc (B.4)
or
)(:1—(1—SLC)SLC/T2 (B.5)
Sy Sy

As shown in Table C.1, a value of Sgc = 103 Mpa can be assumed in lieu of specific residual stress
information on the following steel materials:

a) hot finfshed shapes in the as-rolled condition;

b) quencl[ed and tempered shapes with stress relief heat treatment;
c) cold-drawn shapes with stress relief heat treatment;

d) fabricdted welded shapes with stress relief heat treatment.

On other mlaterials, a value of Sgc = 0,5 x S, can be assumed in lieu of specific residual stress informatfion.

Table B.1 — Residual stress assumption

Residual stress assump- C Yield stress Proportional
. urvea s
tion (Mpa) ILimit
(Mpa)
Src =103 Mpa A 690 586
(lowresidualstress) B 483 379
C 345 241
D 248 145
Src=0,55y D 690 345
(highresidualstress) D 483 241
D 345 172
D 248 124
a  Refer to Figure B2, Critical buckling curves. Steels other than those listed can be used,
provided it can be shown they are suitable for the application intended.

The follow|ng values can®é used for the end restraint factor K.
a) For ch¢rd members, K = 1,00.

b) For lading members with full section connection to tubular chords, K = 0,75.

c) Forlaqingmembers with full section connection to angle or tee chords, K = 0,90.

d) Forlacing members with reduced section connection to chord, K = 1,00.

In testing compression members, strain gauges should be located at the midspan or expected buckling
point. When gauges are placed at the logical points of highest buckling stress, the highest observed
reading can be used for Sy, in lieu of computation of the stress plane. When gauge locations are
asymmetrical with respect to the centroid, the average of the test values cannot be used for Spq. In
this case, the test values must be weighted so that Sy, represents the value of the stress plane at the
centroid. Figure B.1 demonstrates a method of weighting test values for an angle section with equal legs.
Compression members which are asymmetrical with respect to the centroid, such as structural angles,
have different values of radius of gyration (r) in different planes. For evaluation of data obtained from
gauges in these areas, the determination of S¢- must be based on the largest value of KL/r occurring at

18 © ISO 2014 - All rights reserved
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the chosen area. For lattice chord members the largest value of KL/r must be utilized, whether lacings
are staggered or concentric.

L)

C LOCATE STRAIN GAGES A,B& C
AS CLOSE TO CORNERS AS
POSSIBLE

CENTROID

X _
Sra = —— (Sg)* 22X (Sp)+—(Sc)
14 W 74

Figure B.1 — Weighting test data for average stress

B.3 Critical buckling curves related to imperfection factor

The critical buckling stress can be obtained by the buckling curves a, b, and c as shown in Figure B.2.
These three buckling curves are the results of a test program involving tests of columns of various cross

sections.
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The appropriate buckling curves should be chosen from Table B.2 for members with different cross
sections. For the cross sections not shown in Table B.2, curve c can be used.

Formulae (B.6) and (B.7) can be used in lieu of curves a, b, and c with a satisfactory accuracy.

1

X= — (B.6)
B+(B%—12)05
where
B=0,5(1+a(l-Ag)+A* ) (B.7)
The factor prin Formula (B.7) is the imperfection factor introduced to account for the imperfections quch

as initial oy

ht-of-straightness, load eccentricity and residual stresses.

] as

vith

/TO represents the relative slenderness, below which no instability will occur due to.§train hardening
effects.

The imperfection factor a and /To corresponding to the appropriate buckling eurve shall be obtaine
follows:

— Curvep:a=0,21; 2y =0,2

— Curvep:a=0,34; 15 =0,2

— Curver:a=0,49; IO =0,2

Other valus for the imperfection factor a and /To canbe used in Formula (B.7) in accordance V
[SO 10721.

B.4 Allgwable buckling stress associated with two factors of safety

In the practical applications of the critical buckling stress, allowable buckling stress can be establis

by differen
factors of 4

t methods. One of the methads to establish the allowable buckling stress is to utilize
afety: 2,5 for Euler’s critical buckling stress S¢; (elastic buckling) and 1,5 for Jager’s crit

hed
fwo
ical

buckling stfresses Sck. The allowable buckling stress Sk for each individual member can then be obtained

as follows:

SKZM

Curves b and c in Figlire B.2 represent Jager’s critical buckling stress Sck. Curve b is for pipe sec

members and curve c is for general sections. Euler’s critical buckling stress S¢; is determined
Formula (B.1),or¢Formula (B.2) and is shown by the dotted line in Figure B.2.

20

in{S,; /25,8 4/1)5}

3.8)

fion
by
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Table B.2 — Relation between cross section and appropriate buckling curve

Buckling per-
Cross section Condition requirement pendicular to |Buckling curve
the axis
Hollow sections Hot formed, or cold formed and Y-Y
X or a
Z Z stress relieved
7-7
m |
Y 1 — 1 — Y Falit DA IS 1 e 1 el 1 Y'Y
\/ L GUIU IUI u-xcu Ll_y UdSTU UIT StUD CUT or b
——/ umn testing) 7.7
yA yA
Welded box sections Stress relieved Y-Y or Z-Z
7 As welded (except as below) Y-Y ox/Z-Z
S ~_. b
2 - [ Thick welds — <30 Yy
Y TS Y b t
[ _‘ 1 l t C
I | (a> )E h
b — <30 Z-7
I 1 t
Rolled I-sections h Y-Y a
— <1,2
P b 77 b
' Y-Y b
Y -Y h
h
—<1,2
L 7 J b Z-7 c
b
Welded Z ¢ lieved Y-Y
- i tress relieve
I-sqctions .:':. 7.7
|
Y -—Y Y-Y
Flame cut flanges or b
—4P— YA/
Z Y-Y b
Rolled flanges
Z-7
Re- yA Y-Y b
enfprced ——
[-sgction
v  — Rolled I-sections with welded flange
plates 7-7 a
yA

© IS0 2014 - All rights reserved
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Table B.2 (continued)

Cross section

Condition requirement

Buckling per-
pendicular to |Buckling curve
the axis

L-sections: Generally c
\% ,u
7 u-u
Hot-dip galvanized or b
u v V-v
U-, T, 7 7 7
and solid
sections (_I Y-Y
Y - - - - or c
L -7
—
Z Z Z

22
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1,2000
Pt
y
1,0000
§ % SAEC
) \\ § - [saED]
o
5 0,800 0 <%
. SN
=
(]
Z
=
| 06000
=i
o
& ENV b \
[eT9]
s Jager's pipe \
4 L
Q
=
21 04000 \
S
b ENV c
= Jager's gen. \%\
0,2000 \>\
\Q\\
0,000 0

020 040 060 080 100 120 140 160 180 2,00
Relative Slenderness
(A/Ao)
Curves A, B, C, and.D-are for residual stress = 103 Mpa
Curve A:Yield Strength = 690 MPa
Curve B:Yield-Strength = 483 Mpa
Curve CYield Strength = 345 MPa
CurveD:Yield Strength = 248 MPa

ENV a: Imperfection Factor a =0,21
ENV b: Imperfection Factor a = 0,34
ENV c: Imperfection Factor a = 0,49
The imperfection Factor accounts for:

Buekling stress is dependant upon the ratio of residual stress to yield stresg.

220 240 26 0 [280 3,00

1. out of straightness
2. load eccentricity
3. residual stress

Figure B.2 — Critical buckling curves
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Annex C
(normative)

Test conditions and strength margins

The following test condltlons (Tables C. 1 C.2, and C.3) are 1ntended for testing cranes as defmed in
scope of thy ~ e e - -
strength arglns suggested here should be rev1ewed and perhaps mod1f1ed to suit the applicationx

the
and

The standgrd test loading conditions for the principle structural components of cranes are listefl in

Tables C.1,[C.2, and C.3.

Suggested minimum allowable strength margins for these loadings are shown in Table“1. These ta
cover liftinlg crane hook work for which the number of stress cycles during the expected life of the cy
does not r¢quire consideration of fatigue endurance limits. This is as opposedto cyclic type serv|
such as bugket, magnet, or grapple work. With the exception of overloads, the-¢onditions listed clo
approximate the typical maximum loading imposed on cranes when operating within the rang
manufactufrer’s published ratings.

bles
ane
ices
Gely
b of
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