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= ROUGH DRAFT -
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LEHIGH UHIVERSITY
PRETZ ENGINEERING LABORATORY
DEPARTMENT OF CIVIL RNGINEWRING AND MECHANICS
- BRTHLEHEM, PENNA.

Lyan S. Beedle, Lehigh University
and :
- Bruce G. Johnston, Univeraity of Michigan

I,

In 1946 Committes D of Column Research Council recom-
mended as follows:

"Rolled sections, sections duilt up by welding,

- and gectiong fabricated by bolting or riveting
generally have material residusl gtresses both
comnression and tension, in the member., In ad-
dition, the member may have regidual moments and
shears incident to relitive deformations in the
fabrication of the structure of which the member
is a vart. The offect of these residual siresses
on the strength of compression members is subject
to question., Some experimental results indicate
little or no sffect; however, for certain condi-
tions the effects moy not be negligible. This
investigation is primarily exverimental,"

Some of the work done since that time has been summarized in
a previous reportapropoaa.l(l). -Some véry recept test results
carriei out at Lehigh during 1950 and 1951 show that:
(1) Te strength of a concentrically loaded steel
column cannot be péedicted on the busis of avplying

. the tangent modulus concept to the results of small

(1) .Fritz: Fnginesring Laboratory Report No. aod.s., Octoder 22, 1951;
- "The Influence of Resldual Stress on Column Strength - A Proposed
Pilot Program®, by Lynn S. Bsedla.
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coupon tests;
(2) The percent reductions below "coupon test" values

are shown in the following tadbles

0 7

The general resulte of the Lehigh test on a full-croge-

gection have been presented in ‘an unjublished report(2),

)

In view of the above discrepancies betwsen thsory and ex-

petment, the following main questions must be answered:®®

¢ A portion of this reduction is due to inelastic instability,

vhich is a function of cross-gectional shape.

** Phrasing suggested by Mr. Jonathan Jones in a letter dated
October 22, 1951,

(2) "Summary Report", Fritz Laboratory report No. 205.13, pp 16=20,
September 17, 1951, (This material is also included in Ref. 1).
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A. DO FRESENT FORMULAS R DESIGY RULES FOR STEE COLUMNS REQUIR

MODIFICATT ON? -

The Columm vResearch Council has gone on vecord to
adopt the tangent modulus formula; applied to coupon test re-
sults this formula will not properly predict the etrength of
as-delivered steel coluu_ms(l)o It 1s thus necessary to ex-
plore further a meane of accounting for residual stress in the
tangont modulus cohcept oo OF glse to modify the statement.
For rations) design modification is necessary.

 The redustioas in colwm strength mentioned in Sec
tion I have beon attridbuted in the past to éther caunges (ec=
centricity, curvature, eté)o As a result (amd this should |
.alwaye be kept in mind) buildings have been and are being btuilt
that are entirely safe. In gome cases the factor of safety may
have been selected on the basis of reductions actually dus to

residual stress tut agsumed to be due to other causes(3),

B, BY HOW MUCH HAS THE STRENGTH OF COLUMN

ASSUMING 33000 PSI YIELD POIRT BASED ON MILL TESTS?

For some elendernsss ratios the over-estimation has
bean very little or none at all., For others, the svidencs in-

dicates a considersble error,

(3) Yang, Beedle, and Johnsten, “Residual Stress and the Yield
Strength of Steel Beams" Fritz Laboratory Report No. 205B.8,
Section 'VII, September 10, 1981,
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The problem of properties of the material camnot be
separated from the generxal obJectiveue Commi $te3 A has outlined
the pro’blem(_é)o

Co

It is hoped that the results of the ressarch proposed

below wnl provide an answer to this questiono

An outlime of the variables in the resifuvel stress

problem is included in Appendix I of Ref. 1, p. 20,

D,

Committee A hag prepared a statement(4) outlining

the need for collecting compressive (aad corresponding temsile)

strese-astrain data foi' vlates and shapes,

" To an extent "thi; is boyond the scops of the .titlao
fn the other hand, if the material properties a.re going to be
‘determined on the basis of coupon tests, it would behizhly sn=
vantageous to explors fo_r a large number of rolled shapes the

relation betwosn coupon tests and bending streagth,

(4) Research Committee A, "Recommendation for Research® (for the
purpose of determining the Tangent Modulus), Jamuary 6, 1951,
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I71I. PROPOS AL

In order to provide a basis for answering the above ques-
tions, an experimental and analytical project is proposedc The-
immediate question is the followings

Three conditionsd rosidual stress are involved:

(a) Residual stress due to cooling - sygmetrical pattern
(b) Residual stress due to cooling - non-symmetricsl pattern
(c) Residunl strees dus to cold-stralghtening - usually
non eymetrica,l.‘
Each of these thres conditiong may have a differait influence and
each will require gtudy, It‘ will be attempted as early in tho' ProO=
gram as possidle to ascertain the most crié_ical condition for the
targest number of columng and concmtréte atténtion on this phase,
A number of apﬁroa.ches to correlate colum strength with
residual stress are possidles |
(a) Apply the Tangent-iodulus concept to the test of a
gpecimen mntg;,nﬁgg resifual stiress .
(b) From a measured residual stress pattern develop an
analytical expression for bucklimg strength
(c) Cariy out a large program of colum tests
(a) Develop "new" methods for establishing the desired

correlation,
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Both (2) and (b) above would »req'uire tests of some colums of vari-
ous slenderness ratios but not in the same magnitude as involved
in (). Approach (d) will be necessary for a solution of the in-
fluence of non-symmetrical patterns.

Attention will firet be given to WF shapes, followed by
angles, channels, and vossidle I-sghapes.

The work on plates would consist &f a colléction' of such
data as requested by Committee A(4’)o

With regard to Question E on benéiﬁg properties, a tenta~
tive schome for testing short lengths under bending moment would |

'be' developed. A few pilot tests would then be appropriate.

IVe. LIMITATIONS
The following limitations are sugzested for this particular
proposal (for the purpose both of tike and from a consideration of -
the Tudget)s o |
(1) Primary attention will be given to steel for bridges
snd buildings (ASTM A-7) for the colum tests
(2) The main emvhasis will be on colums (VF and ingles) o
(3) Seconéary attention will be given to e
8., plates of alloy or low alloy
b. shapes of alloy or low ‘a.lloy; channel and I-gsections
(a=7)
¢. bending tests
(4) - Only concentrically loaded columns are considered.
The problem of the influence of résidual stress on

colums in frames and columns under combined axial
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(5)

lc;ad and bending is an 1m§ortant one but is not in-
cluded under the proposed budget. Work is undexway
separately at Lehi@( 5)0

The testing machine at the Fritz-Fné.mring La.‘boxfap
tory has a capacity of 800,000 pounds. For an average
yleld-point stress of 40J000 psi twenty squars inches
of croes;sectional aTea coneitutes the top limit,

The following table gives the maximum size that can

be tested within sach of the main categories:

Wide-Flenge I-Section Angles Tees

8WFE7 20 I 65.4 (a11) -

10%WF66 8_x8x1=1/8 12T 65
12WF72 1237 72,6
14%F88 Channels 15 T 62
LEWF?1 16T 65
18WF70 18L 58

217Pe8 (all)

Committee A or Lehigh University could call for pro-
vosals (beyond the ecope of the budget below) for

the larger tests that will be desirable (5,000,000=1b

machine is at% Philadelphia Navy Yard and pogsidly

arangenments can be made with ONR to carry out tests

there which would involve both the cross—sections

and one columm for some cross-gsections)., Residmal

stresses could still be measured at Lehigh.

REPCRTS,

(8) CRC Project 0.$.D at Lehgh University; See CRC Quarterly PROGRESS
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V. PROCEDURE (Genoral)

1., Crogs=Ssction Study

The procedure for crosS=eectioxi teats is as follows:

1)
(2)

(3)

(4)

(5)

(6)

Select a member in the as-delivered condition
Cut a full ecross—ssction lengih such that only a

small percentage ofthe residual stress is relleved

by the cutting,

Test in the flat-end condition, measuring the avorage
ahorténing for sach load increnent,

Plot ths resulting average stress-awerage straln curve

and determine the tangent modulus at various stress

values, ‘

Plot the colum curve with the data of (4) above
by solving the equation, L/r=T 7_3';7@’:
Conduct column tests using same shape at seversl

L/rs

The vilot prokram has been set up on this bagis, only

one shave of cross-gection being involved, It is tied inwith tests

comnleted in 1950-1951, If the corrslation is confimed by the

additional tests outlined, then the next step appears to be a similar

" progfam for a limited number of eritical shapes, followed by a

- broader study of a large number of cqrss-section tests.

‘The pilot investigation calls for a determination of resi-

dual stress level and the determination of stress-strain diagrame

from individual couron tests, Thia is necessary in order to answer

questions "A" and "B", and the main question of this vrovosal (p. 5).
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No real answer to the question canls given without imowing the
vmateria.l properties of the section and the residual streasll‘evel
present in the colums teétedq |

It may be unnecessary 0 measure the residu#l gstrags in
these later tests. It may be possible to determine the distribution
from the cross=section test by assummg a shape snd solving for
the necessary congtants. Another meagure of the residual stress
level may also be obtained by observing the load at which the first

vield line is fomned,

20 yuleodl

For symmetrical vatterns, as mentioned emilier, work has

already been donel{3). Correlation remains to be establishel with

colum tests. See the figure contained in Encl, II of Ref. (1).

3. Golumn Iests
Whatever column tests are cbnducted the following are the
slenderness ratios thut could well te used: |
| L/i = 60, 80, 50
The reductions ovér the values predicted by tangsnt modulus appiied
to coupons are most severe in thliefange. |

Attention must be given to the amount of cold-straightening

thut has been dons on the column.
4, Cold-Bending Study / Wf
One approach would be to coldaband & column a known amount, Wm’
anneal i%, then cold=str_aighten it again, The cooling patterne
would be elimt’né.ted., but there would be present a (kmown) coldastraightana

. ing paftern.'
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5. Separstion of Variables
It would be of wvalue %0 over-all knowledge of colum de-
-hg,wior to give attontion %o 'the eepa,rafe effecty of eccentricity

6f load and initial curvature. This will be done as time permits.

6, Svecific Test Procedures

This has been covered in Ref, 1,

Vi-. DI SCUSSION

From work that has bagn done uv to the present time test
of coose-soctions has sesmed the most like ly approach for a symmetrical
vattern of céoling regidual strees, Gad cormlatio!.x. has bYoen es=
tablished between a 1imited mumber of colum tests and the columm
curve obtained from the average stress-strain diasram for the oross=
gection test.ed(l"z). This approach has further apveal since 1t
1s consisteat with the tangent modulus concept. |

From a cost noint of view the cross-section tests are in
a favorableﬁosition ag well, Colums are exvemshve to test. Baged
onthe coat of 2 cross—secton test, a set of tension svecimens and
a set of comdression specimens are each about 50% more expensive.
Residual stress measuremsnts cost about the same as & cross-section
test for small shapes, The cost of a column test is greater by a
factor of about 4 or 5. |

. e shott cross-section test takes into account two ad-

ditional variabless |

(a) local bduckling of the flange elemsnts

(b) the ylelding process,

Concerning (a), local bucklng (inelastic) commences at some time
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. | b
following vielding due %0 residual sivress. Regarding (8), the

vielding process is nob fhe game as agsumed in the theory; howsver,
the shert crosacséctj.on t'est would inmherently include the &foe%_
of any variation, | ’

The variation in yield point between wob and flange materi-
2l (commonly observed) will cause a curvature in the a#eraéé .'si’ﬁx’.@ésa
average strain diagram over an above the curvature dus to the efa

fect of rgsidusl strezsc

Vii, CONCLUDIEG REMAREKS

| The reduction in.column strength due to residual stress,
.already beea domonstrated by test, means that lesé emphasis need
-be placed on the curved voriion of the stress-strain diagram fer
.smalll counoné., Attention must be glven to the 1argef varistions
in ‘a,Vez'ag.e behavior oﬂtﬁe materials
o . This proposal is written for the purpose of continuing
. studies almed at 'developin\g a mothed for oredicting th_ué beh&ibr -
of cqlum_ns containing residual stress (symmetricel gna”nq;xesmatricél‘
- and due to cooling and cold-straightening). Ultimtely it is ho"p"ed‘ |
‘that a recommendation can be made as to specific changes in de= |
8ign vrocedures to take into a,ccéxmt rosidual stress.

- Since the problem is go clossly related the busic material

bropertias are a,lso to be detemineﬁ in this proyam fnr certain

aha,pes and Dla.tas of structural grade eteela

VIII., BUDGET AWD PERSONGEL
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