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(R) CANTILEVERED BOOM CRANE STRUCTURES—METHOD OF TEST

Foreword—This Document has also changed to comply with the new SAE Technical Standards.Board format.

1. Scope—This SAE Standard applies to mobile, construction-type lifting cranes of thé’cantilever boom type
(Figure 1). | Questions and comments regarding application or interpretation of the provisjons in this test
method shoyld be referred to the originating SAE Committee.

1.1 Purpose—The purpose of this test method is to provide a systematic, nondestructivg¢ procedure for
determining|the stresses induced in cantilevered boom crane structures~under specified conditions of static
loading thrdugh use of resistance-type electric strain gages, and{to specify appropriate s$tress levels for
specified lodding conditions. Further, a 25% overload test is included to prove the overall strugtural integrity of
the structurg.

2. References

2.1 Applicable Publications—The following publications:form a part of this specification to the|extent specified
herein.

2.1.1 ASTM PupLcATION—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM H 251-67—Test Methods for Rerformance Characteristics of Bonded Resistance Sjrain Gages
2.2 Other Publications
Joseph Marin, "Mechanical Behavior of Engineering Materials," Englewood, N. J.: Prenticg-Hall, Inc., 1962
"Guide {o Design.€Eriteria for Metal Compression Members," Column Research Council, Cushion Mallory,
Inc.| Ann<Arbor, Michigan, 1960
3. Definitions
3.1 Strain (e)—Deformation of material caused by weight and applied loading, quantitatively stated as unit change

from an orig

inal dimension in meters per meter (m/m) (in/in).
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The boom may have a basic boom structure of two sections (upper and lower) between which additional sections may be added to increase
its length, or may consist of a base boom from which one or more boom extensions are telescoped for additional length. These are some
typical configurations.

FIGURE 1—TYPICAL CONSTRUCTION-TYPE CRANES
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3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

Stress (S)—The intensity of internal force accompanying strain, expressed in pascals (Pa) (psi). For purposes
of this test method, stress is related to measured strain by the uniaxial stress equation:

where:

S = E xe(within the proportional limit)

S = stress, Pa (psi)

E = modulus of elasticity, Pa (psi) for the material involved (see 8.5)

(Eq. 1)

e = strain gay

NOTE— TH
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Dead Load
position or a
for each gag

NOTE— In
re

Dead Load
obtained in 3

e simple uniaxial stress formula may be insufficiently accurate for some aréas of
der biaxial stress and special consideration should be given in such cases.”(See

Sy)—The stress at which a disproportionate increase in strain o€eurs without
tress. For purposes of this code, yield point is to be considered as.the minimum y
cified by the appropriate standard or by manufacturer for the material used.

rs. (See 10.3.1.)

ence Test Condition—The defined no stress of.zero stress condition of the crar
ee 8.3) as established by:

borting the structure on blocking to minimize the effects of gravity; or
crane structure components in an unassembled state, or any alternate method t
rero stress condition. Under this condition, the initial reference reading for each

Stress Condition—The completely assembled crane structure on the test site an
ttitude, ready to accept or pick up the specified live load. Under this condition the
e is obtained, N,.

determining Ny, the weight of hook, block, slings, etc., is considered as live loa
5ting on the ground or supported by a structure other than the crane.

Stress«Sy)—The stress computed as defined in 3.2, by using the difference
.6 and,8.5 for each gage, (N, - Np).

crane structures
10.1.1.)

A corresponding
eld point or yield

kling Stress (S¢)—The average stress which produces_an incipient buckling compdition in column

e structure after

hat will establish
age is obtained,

 in the specified
second reading

b and should be

in the readings

Live Load S

e (- L | | lal (] - " ) e - e (- H+H
tress—Conditronm—Thecomptetely assembtedcrane—structureonthetestsiteand in the SpECIerd

position or attitude, supporting the specified live load. Under this condition the third reading for each gage is
obtained, Nj.

Live Load Stress (S,;)—The stress computed as defined in 3.2, by using the difference in the readings
obtained in 3.8 and 3.6 for each gage, (N3 - N,).

Resultant Stress (S,)—The maximum stress induced in the structure as a result of dead load stress (S;) or
the algebraic sum of dead load stress (S;) and live load stress (S,), whichever is greater.

3.10.1 RESULTANT AVERAGE STRESS (S;5)—The direct compression stress in a column or the average stress

computed

from the several gages loaded at the section. (See 10.3.1.)
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3.10.2 RESULTANT MAXIMUM STRESS (Sg,)—The maximum compression stress in a column computed from the
plane of buckling, as established from the several gages located at the section. (See 10.3.1.)

3.11 Loadings—The application of weights or forces of the magnitude specified under the conditions specified.
4. Symbol Nomenclature Summary—
DL = dead load stress, Pa (psi)

E = modulus of elasticity, Pa (psi)

G = modulus-ef+igidity-{shearPa{psh

JL =jib length, m (ft)

K = effective length factor for column

L = unbracegl length of column, m (in)

Lb = length ¢f boom, m (ft) (see 8.6.1 and 8.6.2)

Lj1 = length [of jibs or extensions, m (ft) (see 8.6.2)

Lj2...Ljn = lehgth of additional jibs or extensions, m (ft) (see 8.6.2)

LL = live loafl stress, Pa (psi)

n, = strength margin, Class | area, ratio of yield strédgth to resultant or equivalent stress
n, = strength margin, Class |l area, ratio of yield strength to resultant or equivalent stress
n3 = strength margin (derived from an interaction relationship) in Class Ill areas

N; = gage reading at initial referenge test condition (zero stress condition)

N, = gage reading at dead load stress condition

N3 = gage reading at liverload stress condition

r = radius of|gyration of cross section, m (in)

RR = rated radios;m(ft)

RL = rated load, kg (Ib)

S = stress, Pa (psi)

S, = dead load stress, Pa (psi)

S, =live load stress, Pa (psi)

Scr = computed critical buckling stress for axially loaded compression elements, Pa (psi)

SL = side load, kg (Ib)
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SLL = side load, left, kg (Ib)

SLR =side |

oad, right, kg (Ib)

Sp, = stress at effective proportional limit, defined as Sy, - Sgc, Pa (psi)

S, = resultant stress, Pa (psi)

S5 = resultant average stress computed from several gages at one section, Pa (psi)

Src = maximum residual stress in compression, Pa (psi)

Sim = maxin
gages at ong

Sy = stress §
S' = equivalg

t = horizont
consideratio

v = Poisson’
a = boom el
b = jib offset
e = strain, m
e, = strain re
€, = strain re
e, = strain re
€y = strain re

e, = maximu

hum compression stress in a column computed from plane of buckling as establ
p section, Pa (psi)

it yield point, Pa (psi)
nt uniaxial stress, Pa (psi)

bl distance from the load center to the front pad reaction-center for each boo
n, m (ft)

5 ratio

bvation angle, degrees

angle, degrees

m (in/in)

corded from leg "a" of rosette
corded from leg "b" of rosette
corded from leg e".of rosette
corded from-leg "d" of rosette

m prineipal strain

g = minimuvln principal strain

shed by several

n section under

g = direction

of principal stress, deg

m= units of strain, 10°® m/m (in/in)

v = Poisson's ratio

S, = tensile yield stress, Pa (psi)

Sy = maximum principal stress, Pa (psi)

Sy = minimum principal stress, Pa (psi)
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51

5.2

6.1

6.2

6.3

7.1

7.2

7.3

7.4

7.5

To = shear yield stress, Pa (psi)

Limitations

This method applies to load-supporting structures as differentiated from power transmitting mechanisms. It is
restricted to measuring stresses under static conditions, and a general observation after overload conditions.

This method

does not apply to lift capacity on tires.

Personnel competent in the analysis of structures and the use of strain-measuring instruments are required to
perform the tests.

Method of L

aadino

Suspended
the ground v

NOTE—The|
part

Side Load—
the plane ¢
manufacturg
load shall bq
for each dire

NOTE—Sid4
9m

Deadman L
simulation o
Deadman lo

Facilities, Apparatus, and Material

A concrete
the tests req
grade.
Means to mq

Means for d

Load—The specified load suspended at the specified radius and held stationary
hile strain readings are taken.

of the specified suspended load. Hoisting rope is not considered-part of live load

FWhen the test condition requires side load, this load shall-be applied horizontal
pbntaining the axis of superstructure rotation and the cénterline of the undeflec
r's specified reeving, and with the hoist line leaving,the)drum from an arbitrary
applied as 3% (0.03 RL) in each direction, with the Boom over the end of the ma
ction. ( See 3.8 and note in 9.4.4.)

b loading is applied to simulate the dynamie_ effects associated with machine oper
s (20 mph) wind loading that may be enceuntered.

f live load testing, especially with~respect to side loads. Positioning with this sy
ading is not acceptable for tests 3, 4, 6, 7, and 8 in Table 1.

pr other firm supperting surface, sufficiently large to provide for unobstructed ac
uired. Where tests’are to be performed on crawler tracks, the machine shall be I

pasure levelness of the axis of the boom foot; accuracy 0.1% of grade.

a few inches off

weight of the hook, block, slings, and rigging is considered as liveload and shall be included as

y and normal to
fed boom. Use
osition, the side
chine, record N3

ation including a

bad—Deadman loading may be-used, but caution must be exercised to assure accurate

stem is difficult.

complishment of
vel within 0.25%

pteérmining the load radius to an accuracy of £ 1% not to exceed 0.2 m (6 in).

Means for producing transverse displacement of the suspended load and means for measuring the magnitude
of the displacing force; accuracy +3% of measured force.

Strain Gages, Cement, Waterproofing Compounds, and Other Necessary Gage Installation Equip-
ment—Temperature-compensated strain gages designed for bonding to the materials to be tested shall be
used. The gage factor shall have a tolerance within £1%, gage resistance shall have a tolerance within +0.3%
for single element gages and £0.4% for multielement gages. Gage testing must conform with ASTM E 251-67.



https://saenorm.com/api/?name=f07c20eed6c813c1ee65b9713f5105ea

TABLE 1—CANTILEVER BOOM CRANE TESTS

Tested Components and Strength Margins

Test Test Conditions Suspension
No. Select Apply Purpose is to Test Super- Boom (except
Carrier structure and jib rope)
1 Max (RR “ RL) with largest ratfd Toad R and position superstructure in allowed  Outrigger and carrier rame Tor maximum
allowed at this load moment rotation range to obtain maximum strain in  live load moment
member tested
a. Over end Y 4 -
b. Over side Y N~ -
2 Max (RR~ RL) with longest bopm at this  a. RL and side load Telescopic boom overlap effects, hoist or -- Y Y Y
load moment suspension system, superstructure and
turntable bearing system
b. 1.25 RL or tipping load, whichever is Boom buckling, hoist cylinder, or == z z z
less, over end suspension system
3 Max boom length, then max (RR ~ RL) a. RL and side load Telescopic boom overlap effect - Y Y
b. 1.25 RL or tipping load, whichever is Boom buckling and side bending effect - z z --
less, over end
4 Max boom length then min attdinable RR  a. RL and side load Side bending of boom, side load effecton --- Y Y Y
superstructure
b. 1.25 RL or tipping, whichever is less, Extension cylinder buckling, boom --- z z z
over end bending effect, hoist cylindernbuckling, or
suspension system
5 Max numerical load, then shorfest boom  a. RL and position superstructure in Boom point integrity; foot pin force, Y Y Y -
and min (RR) allowed rotation range to obtain maximum  outrigger and carriérframe. Turntable
strain in member tested bearing system
b. 1.25 RL or tipping, whichever is less Suspensiop.system z z z z
6 Max (jilb RL~ JL~ cos [a - b)), then a. RL and side load Integtity of jib, boom point, and boom top - Y Y
longest boom and jib specified section
b. 1.25 RL over end, or tipping whichever is --- z z
less
7 Max (jib RL“ JL “ sin b) then Ipngest a. RL and side load Torsional effects of jib offset on boom Y Y
boom specified and jib
b. 1.25 RL over end or tipping, whichever is z z
less
8 Max boom angle, max boom Igngth, max a. RL and side load Integrity and stability of jib and boom Y Y
specified jib at minimum offset
b. 1.25 RL over'end or tipping, whichever is z z
less
9 Max allowable RL with boom ektended 1 1.25 RE"over end or tipping, whichever is Boom extension cylinder attachments z z
to 3in (25 to 76 mm) at min R less.
10 Max (RL * t) for each section. |With the a, RL.and side load Bending effects on manual and powered Y -
largest rated load allowed at thjs load sections at random boom angles and
moment section extension
b. 1.25 RL over end or tipping, whichever is z -
less
11 Maximum Auxiliary Outrigger Lozt =Rt ATXiary outrggeT-artcarTer-framnTe Y -
integrity
b. 1.25 RL or tipping Y4 -

€6/AON pasInay €90T(C VS
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7.6

8.1

8.2

8.3

8.4

8.5

8.6

9.1

9.1.1

9.1.2

Strain Indicating or Recording Instruments—It is the intent that commercially available, high quality, reliable
instruments be used in the performance of this test. Accuracy of the indicating instrument or the recording
system shall be determined to be +2% over the range of 0 to 3000 m(m/m) (in/in) strain (determined in suitable
increments). Calibration may be accomplished by electrical shunts or by precalibrated strain bar.

Preparations for Test

Structure Analysis—Make an analysis of each structure sufficient to locate critically stressed areas. These
may include uniformly high-stressed regions as well as points of stress concentration. (see 10.1.) Brittle
lacquer may be used as an aid in gage placement.

Perform a ¢

atalad ncnoction of ocranao that all ol aniaal

ndition of load-

supporting (
equipped in

A previously
mechanicall
possibility of

Disassemble
inspection
flaking or o

Bond strain
inspection ¢
to insure th
correctly.

Determine 1
location by
where applid

Test Proced

etaed—inspecton—of—erane—te—insure—thatal—rechanicaladjigstrments—ane—es
omponents conform to manufacturer's published recommendations. Check™t
compliance with the test specification.

unworked crane should be given a "break-in" run at or near the anticipated

relieve residual stresses that may have developed during marufacture and
"gage zero shift" during the test.

er indications of permanent deformation not revealed by prior analysis (see 8.1),
jages at the points determined by prior analysis¢(see 8.1) and any areas selected

At gages are of the correct type, properly‘\oriented, and securely bonded to

hinimum vyield strength and the modulus of elasticity (see 10.5) for the materi
able (see 10.3.1). Record these values on the test data summary sheet (see Seq

ures and Records

hat the crane is

test loadings to
to minimize the

b the crane structure to the state required for inspection andstrain gage installagion. A thorough
Ter the "break-in" may reveal areas of high stress (yield) as evidenced by paint
t

checking, scale

As a result of the

pnducted in 8.4. Only competent personnel using proved materials and practice njay be employed

measure strains

hl at each gage

eferring to the material certifications or applicable standards. Determine critical buckling stress

tion 11).

ne within 0.25%
been applied to

Final Test Hreparation
Locate thg machine omythe test course and lock travel brakes and latches. Level the mach
grade in the unloaded\condition by shimming or by jacking. Do not relevel after the load hag
the machine.
NOTE—If

ur

Connect strain measuring system and calibrate (see 7.6.) Correct any malfunctions.

test'is for operation on outriggers, jack the crane to a position where all the tifes or tracks are
mmﬂamwmw itf f i art.

9.2 Zero Stress Condition—Position the crane (superstructure, boom) in the initial reference test condition(s)
(see 3.5, item a) and obtain these readings.

9.3 Dead Load Stress Condition

9.3.1

9.3.2

Set the upper structure to the specified position relative to the lower structure if different than 9.2. Set swing
brake or latches.

Set boom

angle (and boom length) to develop specified load radius.
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9.3.3

9.4

94.1

9.4.2

9.4.3

9.4.4

9.5

9.6

9.7

9.7.1

9.7.2

9.7.3

9.7.4

9.7.5

9.7.6

9.7.7

Read all strain gages for dead load stress condition (see 3.6). Compute the dead load stress (S;) at each
gage (see 3.7) and record on the test data sheet (see Section 11).

NOTE—A new dead load stress condition is established each time the position, attitude, or configuration is
changed to suit specified tests and operations; therefore, 9.3.1 to 9.3.3 must be repeated for each
new condition.

Live Load Stress Condition

Prepare a test load which weighs within £1% of the specified load. Include the weight of the hook or lower
block, slings, and other auxiliary equipment as part of the load.

Suspend Jhe specified test load (see 6.1) and adjust boom angle (if necessary) to obtai

radius. Af

Read all s
(see 3.9)

Release s
all strain g
Sy/E) m/m
are obtain

NOTE—S
gs
pda

Compute thg

test data sumary sheet (see Section 11).

Thoroughly
damage hay

Overload T¢
Repeat 9.
Position th

Set boom
Class IV g

ply the specified side load (6.2).

rain gages for live load stress condition (see 3.8.) Compute the live load stress (
and record on the test data summary sheet (see Section 11).

de load and suspended load, returning crane to the dead load, stress condition (S
ages and compare with readings taken under 9.3.3. If the deviation for any gage
(in/in), check to determine the cause, correct, and repeat all procedures until co
bd.

nce temperature changes and the loading fromeven a moderate wind on long bo
ge readings, testing should be done undercas favorable atmospheric conditid
 resultant stress (S,) for the combined<ead and live load stresses (see 3.10), a
pxamine the crane for any ohservations which suggest a possibility of plastic defd
ing occurred during the test.

pst Condition—Structural integrity only.
.1 if applicable.

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

angle{(and boom length) to develop the specified load radius and record dead |
ages.

h the rated load

b,) at each gage

ee 9.3.3). Read
exceeds + (0.03
sistent readings

bms affect strain
ns as possible;

sition the machine so wind loading does net\reduce the stress induced by side loading.

hd record on the

rmation or other

pad readings for

Prepare the test load (see 9.4.1).

Suspend the specified test load and adjust boom angle (if necessary) to obtain the rated load radius.

Observe the performance of the structure and note any evidence of possible failure.

Release suspended load and return crane to dead load stress condition. Record dead load readings for

Class IV g

ages (see 9.4.4.)
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9.8

At the completion of all applicable overload tests, the crane structures should be thoroughly examined by eye
using straight edges and other references, where appropriate, to determine any evidence of buckling,
permanent deformation, element out of line, etc. Scale flaking or paint checking may also be indicative of
stresses beyond the yield point. Disassemble the boom structure to the state necessary to be assured that all
boom elements, extension cylinders or elements, hoist mechanisms, suspension systems, and other load-

carrying elements can be inspected.

9.9
on the test s

10.

10.1 Class |-Un

yield point v

10.1.1 BIAXIAL ST

Stress Evalual

different critera-etH-aiture—Fhese-stressareasay-be-classedasfolews——

Iform Stress Areas—Large areas of nearly uniform stress where exceedingthe

ummary sheet (see Section 11). Record overload test inspection results.

hlues will produce permanent deformation of the member as a whole. Strength m

n, = SIS, or S ISrefer to 10.1.1 for S
n, 3 1.5 for rated loads(see Table 2)

TABLE 2—MINIMUM STRENGTH MARGINS

Class | Class Il Class Ill Class IV
Y (rated loads) 15 11 1.6 Refer to 8.4
Z (structural integrity) Observation only Refer to 8.4

RESS AREAS AND TRIAXIAL STRESS—In biaxial stress fields there may be some er

Record all pertinent data regarding the test equipment, the crane being tested, and results and observations

tion Notes—Stresses in different parts of cranes are judged acceptable or not on the basis of

yield strength or
argin:

(Eq. 2)

or if the uniaxial

stress giveén by S = Ee (see 3.2) is compared to-tensile yield point to determine the strength margin. The

question drises when consideration is given to.the theory of failure applicable to the matefial being tested.

Triaxial strpsses are not considered here because the third direction cannot be measured with a strain gage.

a. Brittle Materials - The use of S =\Eg; (when e, is measured in the direction of maximunp principal strain)

prequmes the applicability of the maximum strain theory of failure. This is the commonly accepted
thedry of failure for brittle_materials, and results given are valid for materials of this type.

b. Ducfile Materials - The/distortion energy theory of failure? generally is accepted as the performance

critg
the
teng
stre

rion of ductile materials subjected to biaxial stresses. This assumes that yield fail
distortion energy’ under biaxial stress is equal to the distortion energy at yiel

s is determined for comparison to the yield point (Sy, see 3.3) to establish th

Lire occurs when
| stress in pure

ion. An equivalent uniaxial stress (S') developing the same distortion energy as the actual biaxial

b strength factor

against failure. The equivalent stress:
s¢= /52—3 s\1,+s2 (Eq. 3)
where: N X y
Sy = maximum principal stress

S

y = minimum principal stress

2. Joseph Marin, "Me

chanical Behavior of Engineering Materials," Englewood, N.J.: Prentice-Hall, Inc., 1962.

-10-
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The principal stresses are obtained from the principal strain where the direction of principal strain was
previously determined.

s,= E(e, +vey) n(l—vz) (Eq. 4)
Sy= E(ey +ve,) n(l—vz) (Eqg. 5)

where:

E = modulus of elasticity

e, = maximum principal strain
Og, = minimum principal strain
v = Poisson's ratio

Principal strains are obtained by interpreting rosette gage readings on Mohr's| circle or other
conyenient means. Equivalent stress S' may also be calculated from principal strains jpy:

2 2
seo Ed1-V’(e,me)" + (g +ve (e +ve)
(1-v7)
Wheén three and four gage rosettes are used, the following equations'may be used dirgctly to obtain the
equivalent stress based on the readings of each of the legs:

(Eq. 6)

Recfangular rosette (Figure 2):

S¢= E\/(ea +e)’ . 6[(ea—eb)2 + (e, —ec)z} (Eq. 7)
2 2 2
(1-v) (1+v)

Delth rosette (Figure 2):

s¢= E (e, te,+ ec)2 - 6{(ea—eb)2 +(e,— C)2 +(e. + ea)z} (Eq. 8)
3 (1-v)? (1+v)°
T-D¢lta rosette (Figure 2):
s¢= E (ea+ed)2+3[(ea—ed)2+4(eb—ec)2} (Eq. 9)
2 (1—V)2 (1 +V)2

o]

— N ]
N /S — N\ 7 &g A
€q e,
RECTANGULAR DELTA T-DELTA

FIGURE 2—RECTANGULAR, DELTA, AND T-DELTA ROSETTES

-11-
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c. Ductile Material Approximate Method - In most ductile material biaxial fields, the assumption that the

equivalent stress S' equals Ee, will be accurate within 10%. The main factors affe
are:

1. The ratio of minimum to maximum principal stress, sy/s.
2. The ratio of shear yield to tensile yield, Ty/s.

Figure 3 shows the magnitude of accuracy variance with respect to these two ratios, using

cting the accuracy

Poisson's ratio v -

0.285. The plot shows that as the condition approaches biaxial tension or compression, the error can be 25
to 30%. As the condition approaches pure shear, the error may be 0 to 30% depending upon the ratio Ty/s,,.
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FIGURE 34+-RATIO OF APPARENT STRESS TO ACTUAL STRESS VERSUS BIAXIAL STRESS RATIO

The solid [curve in Figure' 3 is based on the distortion energy theory of failure as compdred to S = Ee,.

Distortion nergy theory, while most generally correct, will check with the torsion yield test

pure shear) only

if To/se = P.577,<For materials in which t,/s, does not equal 0.577, the dashed curve lings (which do not

corresponfl with<any theory of failure, but only with tensile and torsion yield tests) give

spme idea of the

probable ¢rtor If a single gage and S = Ee, is to be applied instead of rosettes and more complicated

formulatiofT, primcipat direction must be determined by Some other means such as pamnt checking or (better)

brittle lacquer.

10.2 Class Il

10.2.1 STRESS CONCENTRATION AREAS—Small areas of high stress surrounded by larger areas of considerably
lower stress where exceeding the yield strength or yield point values will not produce permanent deformation
of the member as a whole. However, cyclic loading may initiate an incipient fracture at such points.

Examples are points of rapid section change such as sharp corners, holes, or weld fillets.

-12-
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10.2.2 STRENGTH MARGIN

n, = SIS, or S,IS¢(refer to 10.1.1 for S¢
n, 3 1.1 for rated loads (see Table 2)

(Eq. 10)

NOTE—Generally, rosettes are not used to measure stress concentrations because of the difficulty involved

in

10.3 Class Il

10.3.1

10.3.2

evaluating the results with any degree of accuracy.

h caoma-avaoraoa

EEeTionNAREac
CCCCTTION T IRCEAS

ress values less

ELASTIC D
than yield
failure.

CoOLUMN B
chords or
evaluation
members
material, €

where:

nz = stiength margin (derived from an interaction relationship) of the individual mem

gag
Scris ds

At stress |

Examples occur in buckling members or members in which excessive defle

n; % 1.6 rated loads (see Table 2)
Refer to 10.3.2 for ng

UCKLING STRESS—Individual unsupported compression elements of an overall bo
diagonals, require consideration as columns.
only and are not recommended for design use in determining the strength facto
under test. Consideration must be given to the stifffiess of the member, residug
nd restraint conditions, and eccentricities in loading. Equation 12 evaluates overal

1

S
rasyf

S

rm _Sra

cr y

bd
termined by equations 13 and 14 as plotted on Figure 4

pvels belowi the effective proportional limit, axially loaded columns buckle elastical

2

_ E
S,* S¢= _PE

Ction constitutes

(Eq. 11)

bm or jib, that is,

The following formulas are iftended for test

of compression
| stresses in the
| effects:

(Eq. 12)

ber being strain

y:

(Eq. 13)

(KL or)?
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EFFECTIVE SLENDERNESS RATIO KL/r
Sy Effective S p Hifective
Residuagl Sy Sy Proportional Progortional
Stress Steet Yield Stress Yield Stress Limit Limit
Assumpgtion MPa pst MPa psi
Scr_= A 690 100(000 586 85( 000
103 MAa B 483 70 000 379 55 000
(15 00q psi) C 345 50 000 241 35000
(Sohd lings) D 248 36 000 145 21|000
Ser = Al 690 100 000 345 50( 000
05s ‘ B 483 70 000 241 35/000
(dotted lines) o} 345 50 000 172 25|000
o) 248 36 000 124 18{000

FlI

At

Sp 3 SCI’:

_PE_

(KL ar)?

(Eq. 13)

5URE 4—CRITICAE-BUCKLING STRESS, S, (TO BE USED WITH EQUATION

btress levelshelow the effective proportional limit, axially loaded columns buckle €

5)

lastically:

At stress levels above the effective proportional limit, axially loaded columns buckle inelastically:

Sy <S¢= sy—[

Sp(Sy—Sp)(KL/r)Z}

p’E

(Eq. 14)
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The effective proportional limit is defined by:

where:

Sp = Sy—Sgec

Src = maximum residual stress in compression

(Eq. 15)

A value of Sy = 103 MPa (15 000 psi) may be assumed in lieu of specific residual stress information on the
following steel materials:

micha acrallad ~ondit

a. Hot
b. Que
c. Colg
d. Fab
On other

informatio
psi) and al

The end rg
The follow]
a. For
b. Fo

c. Fo
d. Fo

= = =

In testing

When gag
used for S
to the cen
weighted

method of
asymmetr
gyration (r
of S, mus

dchanaoc 1n tha B
mrnorteu ot |u|.1uq mruTre Ao TuUITCuU vuTtuiauvti
nched and tempered shapes with stress relief heat treatment
drawn shapes with stress relief heat treatment
icated welded shapes with stress relief heat treatment

steel materials, a value of Sgc = 0.5 Sy may be assumed in lieu of specifig
. Equations 13 and 14 are plotted in Figure 4 for four grades of steetwith Sgc = ]
so with SRC =0.5 Sy.

bstraint factor, K, can be calculated by methods outlined in article 2.6 of another rg
ng values may be used in lieu of calculation:

Chord members: K=1

acing members with full section connection:tetubular chords: K = 0.75
acing members with full section connection to angle or tee chords: K = 0.90
acing members with reduced section.cofinection to chord: K =1

compression members, strain gages should be located at the midspan or expecte
es are placed at the logical points of highest buckling stress, the highest observeg

roid, the average of the test/values cannot be used for S;,. In this case, the tes
50 that S;, representsythe value of the stress plane at the centroid. Figure 5
weighting test valges for an angle section with equal legs. Compression mer
cal with respect(to-the centroid, such as structural angles, have different val
in different planes. For evaluation of data obtained from gages in these areas, t
t be based on-the largest value of KL/r occurring at the chosen area.

residual stress
03 MPa (15 000

port.3

d buckling point.
reading may be

-m in lieu of computation of the-stress plane. When gage locations are asymmetiical with respect

values must be
demonstrates a
hbers which are
les of radius of
ne determination

3.

"Guide to Design Criteria for Metal Compression Members." Column Research Council, Cushion Malloy, Inc., Ann Arbor, MI, 1960.
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104 ClassIV-L
in their plan
wrinkling (in
is further ing
load; howev
to the dead

T
Y
c LOCATE STRAIN GAGES A 8&C
AS CLOSE TO CORNERS AS
| rossiaLe
1
N { /
N \ !
chmnmo
| -

3 /ﬁ"\
i

‘ ~

AN
N

1k

_w w x2 X
Sra = (Sa) +TX(59) * s

FIGURE 5—WEIGHTING TEST DATA FOR AVERAGE AXIAL STRESS

e may buckle locally before the member as'@ whole becomes unstable.

oad readings (See 9.4.4.) for all &St conditions including overload.

bcal Plate Buckling Areas—Plates when subjected to direct compression, bendi

It is

tial buckling) which permits the member to redistribute the load into the stiffer cor
reased, the stress in Class IV areas (Figure 6) does not necessarily increase in
br, considerable post buckling strengthvmay remain. Requirements are that Clasqg IV gages return

ng, and/or shear
associated with
ners. As loading
broportion to the

s
sO0 CLASS v AREAS

=== CLASS IV LIMITS APPLY

FIGURE 6—CLASS IV AREAS (TYPICAL, 4 SIDES)
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