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. fi ThlS study'forms a part of a research prOJect (Frlts Laboratory
PrOJect 343) 1n1t1ated to explore the p0831b111ty of extendlng plastic
design concepts to Structures of ASTM A572 (Grade 65) Steel. 'The over-
all objective was to study the mecﬁaglcai propertles of this material

with partlcular empha31s on the properties in the inelastic range.
This report.lncludes discussion of the'testing procedure, the teSting
machine and;the’instruments.used. After a general discussion of the

mechanlcal propertles of steel, results of flfty two tension specimens

from plates and shapes of A572 (Grade-65) Steel are summsrized.

This report conStitutes thé"mOSt.complete study to‘date of the
properties of higher grade of steel. The strain-hardening range of the
material is studied.closely.anddmore refined techniques for the evalua-
tion of the strainéhardeuing modulus are.developed. Various steps of

the testiug¢procedure are studied in some .detail. In particular, the

Phenomenon of reversal of the motor when it is shut off was examined

Properties in the inelaStic'region that are similar to those of struc-,

e,

- tural carbon steel. The strain-hardenlng modulus is not so low as te
i@pgse“unduly Severe restrictions for the compactness of'shapes.- Further

study Wlth a view to extendlng plastlc de81gn concepts to structures

of this material is,.therefore, appropriate;
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1. INTRODUGCTION &

¢ . & . . [
- = - : . . .

Plastic design concepts and procedures'for.ASTMuABG steelihave? -

gained wide acceptance during the past decade and are now an important

part of the AISC Specifica-tions.1

Recent advances in metallurgical techniques have led to the

development of a number of low- alloy steels with yield strength hlgher

D A }

than .that of structural carbon steel covered by ASTM A36. 2 These high-
strength low alloy steels have found 1ncrea81ng use durlng the 1ast

few years and need was felt of extending plastic design pr1nc1p1es to
such steels A“prOJect‘was initiated at Fritz,Engineering”Laboratory“?'

in 1962 to study the plastic behavior of structural members and frames

2°

of steels covered by'ASTWIA242 A440 and'A441 with spec1f1ed y1e1d

strength of 42-50 k31.3_ This research has resulted in design recom-

. ] C 3,4
mendatlons for such steels,™? >

The_next_step_was:to investigate.thelow alloy steels with
higher strength such as thosefcovered byhASTM‘A572 " The grade with

a yield strength of 65 ksi has the highest strength in the range of

'steels covered by this standard. Henee, a new-prOject entitled "Plastic
:Design in A572 (Grade 65) Steel" was 8ponsored in. early 1967 by»the

American Institute of Steel Constructlon*w1th a view towards extendlng =

plastic de81gn technlques to 1nc1ude steels W1th a yleld strength of -

— — R _

65 ksi. A comprehen31ve programmwas proposed which included study of

~

mechanical propertles, stub columns, beams, etc., details of which are

. . ) )




he“{ﬁcluded"inTable 1. Slnce llttle informatlon relatlng to.A572 steels

-ls available <1t was dec1ded to test a number of ten51on 8pec1mens,

- to determlne the mechan1cal propertles of the Grade 65 materlal

A,study of the mechan1cal propertles,,espeoially,those in~the

| 1nelast1c reglon, namely, the strain- hardenlng strain and the straln-

i

hardening modulus is. particularly relevant with regard to the fOIIOW1ng

problems in plastlc de31gn

1) Hinge formation and mechanismtheqry,
2) Lateral-torsional buckllng,

3) Lateral~bracing spacing,

4) Local buckllng of web and flange,

5) Rotation capac1ty,
6) Deflection.

Of particular interest anthis Stndy is_ghe magnitude of the
strain-hardening modulus. -Beamsénd;oOIUmns of a plastically designed
frame as also the plate elements.constituting the chSS-sections of'
the beams and columns must be capable of undergoing lerge'defOrmations ﬁ
in the inelastic range so that the basic assumptlons_ofblestlc deS1gn

are satlsfled and no Premature, fallure due to local or lateral buckllng

occurs. The value-Qf.the stralnfhardenlng modulus Est and the strain-

hardening strain.sst Play an important part in the development of criteria

to prevent such failures. Two examples show the dependence of important

functions ‘upon e st and_E- : The maximum rotation capacity R ior a

—

wide- flange shape is g1ven approximately by5
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= ‘Strain at onset of strain4hardening'~f]ffﬂj%ff

g

N - I
(h:_A

{

€.“ = Strain at first yield = .
~ As a seéond,example, the critical length Lcr'of lateral bracing
' -"3E§Cing’is'given by

e
S 4

-
"

cr

K ¢ 1+ 056

g
=3

I ]

I
o
i

 Weak axisnradius~bf~gyration

=1
]

Young's modulus,

R )
n

Strain-hardéning,mpdulus, | -

~ K ‘= A coefficient whoSé*value depends on the stress field
| in L . )
 Ter
The object of this report is to provide data on the mecﬁanical
pFopertiés of~A5722(Grade 65) Steel with special emphésis.on'thoée
more pertinent to plastic design and as a contribution towards the
-feasibility of extending the concepts of plastic design up to 65 ksi

material.

ASTM A572 wés.issued as a standéfd,fbr~the_firét time in Sep-

I 2 ~ n L |
tember 1966. It covers "Spﬁndard Specification for High-Strength Low-

Alloy CQlﬁmbiueranadium Steels of Structural Quality." Important

Log

ASTM Specifications for the chemical_cpmposition and the mechanical

properties of A572 steel as also of A36, A242, A440 and A441‘steels

are contained in-Table 2.

JLE
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I%T {t#{ ’  The‘higherfStfengthf°f 10W a110Y strﬁcturgl steels is due to

' ‘small amounts of alloying elements. The higher strength of A572 steels -

is attributed to émali amounts Of_nitrogen and vanadium. The addition
1umbium;promote3'a“fine’grained structure with increased notch
toughness. Four type3'o£ alternative.combinations<p£;these elements -

faﬁg speqified'és‘détailed in Table 2.
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fﬁﬂfmzsr‘PkoqRAM'AND“TEST‘fROchUREs_ _u7*

g _ 2.»1 TEST PROGRAM

-

A fairly extensive programobf testing tenSiOn spécimens'waéfin- |
stituted using a 120 kip Tinius-Olsen universal testing machine of the
screw-power type. Detailed procedures followed are contained in the

~appendix found at the end of this feport.

;The.prOgram of tests is given in T;bles 3 and 4. fw§‘manufac-
.tufers supplied a total of forty-two tension épecimens. Ten mofg
SPeciﬁens were fabricate& atftﬁe Ffitz Engineering Laboratory. Four
of these came from the;undefOrmed_portion o% a 123192bgam1prev10u51§
tested under moment gradient and'si% ?rOmpa piece of 10#54 1left over

after fabrication of two stub columns,;?7

A pilot test was run to determine approximately the properties

of the material .to facilitate a proper formulation of the'testing pro-
cedure. The other specimens were tested by groups of students working

in parties of two each. The author collaborated.on'tﬁegty~three of

— these tests.

2.2 SELECTION OF MATERIAL

Material was received from two manufacturers and is desigrated

'\ i . .

b 4

as Material A and Material B. All the specimens of Material A came from
. i . t --ed ' ‘ .

;webé and flanges of l6W71_and16W88. MatériallB was from platés -
1/4% 3/8“ and 1/2" thick'and also from the webs and_flanges of IZBIQ,Ny

16B26, 14W30, 12w36, 1636, LOW39 and 10454. Complete details are given

,,,,,,,, \ . ] . -y ;,n
5 . . RS e

in Tables 3 and 4. . S -
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All Spec1mens were fabricated to conform to‘ASTM,A37O using an **f*f%ff“f;“‘

’;~«l{1 8 in. gage." They were tested in the as- recelved condition except that

e:rany'loose Scale.was removed; No ettempt.was made to remove tight‘mill'
L scale.‘ None of the original surfaces were milled only the edges were’ »
,jmachlned
| S T <
.2;3 TEST_PROCEDURES
' The ratidnalerof testing instructions are now bfiEfly'reviemed.
Also disenssed'ere the difficulties encountered with the machine and )
the strain-measuring inétruments. |
1) Testing Machineand'Tension Tésting
| The 120 kip Tinius-Olsen machine which was used in this series
of tests is n screw power type with a speed selector which provides a
crosshead'Speed'of,fromfo;dQS;ipm (inches per minute) up to 10 ipm.
'ACCGrding to_the.manufacturerfs data, thecrossheadMsPeedmindicatedon, '
tﬁe speed selector iS'mnintained onstant at all loads. ' However, the {
strain rate, which is the significant factor which inflnenees the stress i
ieve}, depgndS*dn a number of faetors such as‘crosshead speed, shape %
of the'specimen, elongation'within'the grips and also onjwhether the §
| o o | o ;
Specimen is in elastic or plastic or strain-hardening range. . Thus, %
with presently aveilable equ1pment there was ne way of testing under g
a unifprm strain rate with_thie machine. rInetead, the strain.rate~Waéf. 'f f
snbserved,'where possible, by a timer. g | | N T ;
| Since it.wasiconsidered de;irab1e to keep the.strein“rate as - ‘ | %t §§
‘low as pdssiﬁle'nith a .view to minimizing its influence on stress i

5

e g el S S

levels, a“erosshead speed of 0.025 ipm was specified. This is the

5}




"eA;mlnlmum speed 1nd1cated on the speed selector as also the minlmUm Speed
at'whlch the machlne works smoothly at all loads. It would have been
poss;ble.to run the.maehine'et a lower speed butesuéh lower speeds

were not attempted since the absence of definite markings on the

speed selector'wduld-have'introduced’an additional undesirable variable.

There ie'ohe spurcedof poseible»error which was not noted uhtil
after'most"ef the teSte~Were completed. The 1nstruct10ns for obtalnlng
the static yield load d1d not or1g1na11y empha81ze sta111ng of the
machine by gradually reducing the crosshead speed so as to avoid re-
versal of the motor. This reversal which.occurs when the 'Sibp' button.
ie pushed ot if theispeed selector is set to.zero could possibly result
in unloeding of the Specimen and thereby give lower values for the
static yield stress level. However, later observetions.on the‘machfhe
have shownithat the lower crbssheadjcontihues to move and thes.strain
'the specimen even aftef'the;mdtorjreVErses on being switched off. Thus,

there is no danger Oftany.unloading,due to this effect.

2 i S v tation
) In trumen ation : |
Two types of Strainﬁmeasuriug instruments were used as“noted'

in the Appendix. One was an extensometer with a mechanlcal dial gage

whlch was mounted on one side of ‘the specimen wh11e the autographlc

extensometer which was_cpnnegtedvto the recorder was mounted on the

other side. The smallest5magnification;of'400 was used for the re-

"corder to obtain the entire:sttain-hardening‘range in orie run of the

drum. S <

Although both the autographlc-recorder and the dial gage were

)

. S _ |
used to record strains, unfortunately no attempt_was made in the early

. Lo




e

. | :7;5fﬁee”t€StS'tOTcorréIaté“the-resUlts After about thlrty speclmens werefwf” i
tested lack ofagreementtwtween certaln of the two sets of data was i‘»*#ffeﬁf”"
B “°t1°ed It‘was not possible to verify any of the previousetests be-

-

 cause in most cases, complete dial*gage data were not available. Later,".

._3'.‘;;;ffcomp1ete records of d1a1 gage readlngs were malntalned and results

,compared with those obtained autographically. Excelient agreement"
Was'obsefved in some cases andtstartling disagreement in’sgme others.
iwaever,»thefe was no discernible pattere fremnwhichtto,dt;w any de-

| _.finite conciusien. Special tests fot.checking‘both iﬁstrumentsiagain.

~indicated good agreement. It was then decided to rely on the dial

gage readings for a number of reasons to beé discussed below.

Firstly, a mechanical_instrument maysbe COnSidered‘inherently
more reliable. éecondly,‘thevdial gage always gave more realistic
data in the elastic range; that is the ealue of E was around 30,000
ksi. As‘géeinst that,‘thegreph-sometimeS‘gave a'much lower veluevof
E and in ail such cases, the disagreement!between the diel gage and the
grapb was more pronounced in the plastic range. Thirdly,.while the

;engagemeht of the conical peints ef'the'dial gage:into_tﬁe'pudched e A

holes on the spec1men was generally considered satlsfactory, the

same could not be said of the knife- edge'of the extensometer There

‘was no positive dev1ce to malntaln the posltlon of the knife- edge, ' . T
4and a slip in the_grips was often accompanied by slip of the knife-

| edge. This by'itself, was probably not seriouS'becaﬁseit appeared- T

4

T —...on the graph and could be accounted'for. But 1f there was a creep of

the knlfe -edge durlng stralnlng, it was 1mp0851b1e to detect -This

-

possibility seemed particularly strong in the plastic region when the

*mill scale under the knife-edge became loose.
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: MMfkingnof55ribelinesonfhe'specimen?féréngaging;théknife?‘417;5f‘;1'

- ‘edge was tried on one specimen but not conside®ed a success. A number

of scribe lines were necessary for the various runs of the autographic

B - recorder and itgwas'difficuit to mark these accurately. This made3it_=

R o s o

. difficult to bring the drum. to zero position. Further, the scribe
lines, which were never deep too start with, tended to flatten out

in the plastic range and became ineffective.

All these factors coupled with the lack of semsitivity of the
 autographic recorder as noted earlier cast some dOubQ‘on;the realibility-
Qf»thé’graph.

. A | : , /
It is .interesting to mote that wherever there was pronounced -

4

disagreement between the graph and the dial gage, the strains as/fé-

corded by the graph were almost invariably higher. 1In other wgfd93 the

movement of the knife-edge was greater than the correSpondiyé/line on.

/s

edge may be expected to record lower stfains.

Values of strain at strain-hardening est.aqd/the strain-hardening

fmodulusEstz'baSed:onhdial gagereadingsarem%yé;d‘wiqhan asterisk * in

-/
Table 6. |

2.4 MECHANICAL PROPERTIES
The following mechanicalproperties were determined fo@ the

tension tests. ' Figures 1, 2 and 3 are typical and indicate the terms

| [inha'graphical way. The glbssary defines each term. ““
— 1. Proportional limit o,
ZQ,FUpper,Yield pOint‘Guy i

=
- Y
‘u.
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. I poLn qzy

- 4. Dynamic yield stress level oya [ P TIUE P S FRETE B A PR

- 6. Tensile strength-(ultimate‘stre_ngth)fou SR m ”¥_b '_ }?<J

ps cxn

e ‘ ‘f7:"'Ffacture stress Of | - o LTl ]

8. Strain at first yield ey

B e s o o P TR et

9. Young's Modulus E
10. Strain at anet of strainﬁhardening € ¢
‘f”:”‘* 11. Percent Elongation ( in 8 in.)

12. Percent reduction of area ' J
e ) ’
[

_13ﬂ’-Strain-hardening Modulus ESt

RSPV N OSSO O SN S JOTSE SP pa

-

Of these the Properties most important in plastic design are:
1. Static yield ¢ ‘ | | 1
- ys - ; | | |

2. Yield Strain.ey - o - . |

3. Strain at onset of.sttainehardéhing_cbt

5. Tensile strength (ultimate strength) %

A typical graph from the éutographic recorder‘isushowﬁ in Fig. - - —
4 and a typical complete stress-strain ¢urve obtained from one of the (7

~ tests is shown in Figure 5. "fj

1) Proportional Limit A o o - N j
The proportional-limit op is the maximum stress up to which a
- » e , ' i

. linear stress-strain relationship is exhibited. However, due to the

&

practical difficulty'df determining such a stress, it has been the : :

practice to define Gé.as the stress corresponding to a specified offset




| T - |
X 10 mlcro-ln,/ln. Due to the low magniflcatlon used in the present
- series of tests this value waS;too'low~for practical use. A higherfﬁhr

'f;;ﬁalueeof 100 micro*in./ih;'was' therefore; used See Flg 1 However

fh. § ‘h"there is no Ppractical 31gn1f1cance of the value of’op.' Although
_ ;structural carbon aS'well as low alloy steels are expected to exh1b1t B

linear elastieity almost up tou yielding meny tests give lower and
widely'varying values of cp.' This can be attributed to two factors: .
.f(1) ‘Inaccurate alignment of the specimen and the consequent hlgher

localized stresses due to eceeﬂtr1c~%oad—and—f11) Prior plastic defor- -

mation in the opposite d1rect10n due to cold- stralghtenlng, creatlng

the Bauschlnger effect.

g N 2) ‘UEper Yield Point

Yield point ls-defined as the first stress in thejuateriai,
o less than the maximum at which an increase»in’strain_occurS‘without
an increase in stress.10 When such increase‘in-strain-is accompaniedu
4 - -~ bya decreasein'gtgess, the materielnissaid to have exhibited an
upper yield point. Referring to Fig. 1, the upper&ield.pointou

corresponds to the highest load attained. before the plestic renge.

It.is.influenced by the strain rete, the grein size aud'the previous
strain-history of the materiaie' In’terms of.disloeation mechauics, the
presence of an upper yield point is attributed to interstital impurities.
in dislocations which'lead tO-e drop in flow stress after piastic flow
has beeh ihitiated at the upper yield point.9 This load isﬁrecordeo_

hy the maximuu poiuter oh the load’diel,.as well as by the autogrsphic

recorder. ‘However, in many instances in these tests, when the drop in

L L s 1 T S e e e e s e

. "7fromfthe initid1iStraightflihe. The CRC gulde spec1f1ed the offset as ?;rﬂwamwwtid;i:
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load after the~atteinmenttof.the*highestload*wassmall' thevautoéfff:{*ﬁjfffi?ff5’

’rthe rod recording the load andnalso between the rod and the recordlng

 reversals of load. However, ouy'is not an important property and

3) Lower Yield Point

graphlc recorder falled to reglster the load correSpondlng to Guy;"

This 1s because there is a certaln play between the gears operatlng |

pen so that the recording meehanism-isprendered insensitive to small

meny tension specimens fail to exhibit'any upper yield point possibly

because of misalignment or the Bauschinger effect.

‘reached a temporary dynamic equilibrium condition compensating for the.

because of its insensitivity to load reversals.

and the machlne after the flrst sllp Because~of thesefreaSbns,”

Lower yield POint=G£y-¢erespondS to ‘the laweStoioadﬁrecordéé

aﬁﬁgt_tbe_uPPer yield point has been pasS¢d'and after the 10ad'hes

-

sudden prior slip. This can be recorded from the Ioad dial, keeping.

a close watch when the load beglns to drop The difference between

the load correSpondlng to o, and the stabilized dynamic yield load

Ly

is often so small that the recording mechanism fails to record it

QZY is not a significant~duantitygend‘is dependent on the pre-

sence of an observed upper yleld p01nt “and the response of the specimen

B

values of ozy are not reported.

.4)4 Dynamic Yie:ld Stress Level

. actual yielding in the plastic range;ll'For structural steel, the

.The yield stress level is defined as the average stress during

stress level remains fairly constant from the‘yield point up to the
onset of strain-hardening, provided the strain rate is held constant.

W .




“':;TheY1e1d stress level correspondlng to the crosshead spced O 025 1Pm 1d ?;ij£?§”'W i

1s termed the dynamrc yreld stress level yd' The load cOrreSPOnding ' g
,“_.to the value‘of_cyd was recordedvu81ng the max1mum p01nter of the- load“rr‘r%%¥ff4§
1t;,d1a1 JUSt before stallang the'machlne at‘a strain of about 0’005 in. /1ﬁ.‘7’ é

which was equ1va1ent.to 2 1n; on the-strarn axis of the recorder sheet

filt washnot p0531b1e to stall the machlne exactly at a straln.of.O 005
‘in /1n because such’ accurate control cf machine speed was- not pos-
!81bie and there was-some delayed strain even after sta111ng of the

machine and as explalned in the next section.

The wvalue of~cyd at the crosshead speed of 0 5 1pm'wh1chl&s

the max1mum.perm1tted by ASTM for an 8 in. gage is reported as the

2

yield stress by the mills and is deslgnated Gym'

S) Static Yield Stress Level

The static yiéld stress level Uyg may be defined as ‘the value =~

of the yield stress level at zero Strain rate‘dys i1s an important pro-
perty of steel and has a significant IOIE’tOTplay in plastic design.

It is the value which must be used for yield stress in plastlc analysis

./""L

under statlc loads.
| «
| Obtaining apva1Ue for qu:is not merely a matter_of78talling
Aghewmgchine and observing the reduced load. The drop in load is due
~ not only tc the stallingnef~the machine. There is the loss due to
~re1axation.9 ‘Relaxation is defined.as the.icss-of stress under con- _
‘ gtant strain. Relaxationlloss is'time-dependent and the rate.cfdioss

‘drops sharply with time but the full relaxation loss may be realized . .-

only after a very long time.
= |
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| The S1tuat1on in the test is st111 more compllcated 'Many T

"f;elements of the machlne (the columns, screws, crossheads) are sub-n'

Jected to stresses and every drop in load reduces stra1ns in these a

et e e

't_ielenents and also in the length of the spec1men outside the gage
| points. Hence, the straln between the gage p01nts.cont1nues to lncrease
for a mlnute or two even after the crosshead has become statlonary

and the Process of relexatlon is delayed This is the reason why

the load correSpondrng_to cys'was recorded after an interval of fiVe
minutes after sta111ng the machine at a straln of about 0 005 in. /1n

This interval was conS1dered a practlcal m1n1mum for reachlng a reasonably
stable load. 12 Full relaxation losseS'were“thus not registered but i

obtaining even a significant part of it would have required waiting

for at. least a few hours.,

Since the Yieldhstress‘quOted‘byemanufacturers is based on
'millftests which are conducted at much higher crosshead speeds, the
study of the ratio oy /dys assumes 1mportance. Such studies have been

made for A36, A441 and A514 steels but the.A572 steels have not been |

12 . L .
examlned 50 far. The ratio oy /crys Ls;Studledifor the uniform cross-

head speed of 0.025 ia /mln. Four simulated mill tests were carrled

out and the1r results reported later together with the data provided

o

be the producers | . N -
“ASTMIA37O specifies a. max1mum crosshead" speed of 0. 5 ipm for
9 L | ) o
8 in. gage. The' speed adopted for this series of- tests was only one-
h'twentleth of the max imum stlpulated by ASTM and usually used for: mill
tests. Also the y1eld load as deflned by the ASTM.A37O 1is the load

correSpondlng to & 0. . 2% effect or O 5% strain,? ‘The latter criteriqnp

'~ was used for th1s serles of tests

»




'J”*lAQ);TenSile Strength,'

. ' ’ C v : L - : crem S pemieiw D
. . . BN . A Do . . P et e e D :
! i . el T UL PR : : .

The ten81le strength a, corresponds to the.max1mum,load on the

'Speclmen. Thls is recorded from the max1mum p01nter after the load

vbeglns to drop off.

7) Fracture Stress - T R SR ;_f}{-t,*

" The fraCtUrebstressoé corresponds to the loadtat the instant
of fracture. The;drop in load:was'rather sharp just before fracture
so that ‘it was dlfflCUIt to record the fracture load Hence, the

value of . ‘should be regarded~as approximate onlyf

- 8) Strain at First Xield.’
~The strain at first-yield,eyfwasirecorded7trom;theﬁdial gage
_at the 1nstant the 1oad pointer dropped on reachlng the upper y1eld

p01nt : However, in the absence of an upper yleld p01nt no observa-

tion could be taken. 1In such cases, even the autographlc recorder

failed to reglster a clear value of ey, BeCause if this, the observed

value of ey are not-included in'this1report‘ Instead ey is computed

as oy J/E-
;9) Young's Modulus - - p'*e L

‘.

Young s modulus E was computed from observatlons taken as per

the procedure detalled in the Appendix. However, the measurlng tech-

niques were fined enough to give accurate values of E and therefore

the observed values are not reported here. Its value is assumed at

29,600 kS1.13 S

-+ " 10) Strain at Onset of Strain-Hardening
Strain at ‘onset of strain-hardening ¢, Was measured from the

autographic recorder and later when certain discrepancies appeared.

e |

/ . ’ B
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: itself depends on the cross section.

succe831ve slip bands,

"mechanics

edge of the extensometer was 11fted off the spec1men usually after .a

‘range 4in one run.

strain on the second runm.

-as noted earlier, d1a1 gage readings were also taken. The values of ‘5“°'Lf7gfff ;

€.t based on d1a1 gage readings are marked with an: asterisk * in Table

The process of strainlng between first yield and the onset of
strain hardenlng is a discontinuous Process due to the formation of ‘,£ﬁ7ld _-f_.; ;
' In terms of the modern theory of d1s10cat10n.
the value of €

St depends on the distribution of dislocations T u )

" Previous strain history'would also modify the value of est‘

i
~ ’ ) ) {“5

A small reduction in thedgage-length occured as the knife-

strain of O 0125 which was done to obtain the entire strain-hardening
In computing eét? no correction was applied to the

In any case, such correction would be small.

11) Percent Elongation and Percent Reduction of Area
these quantities depend upon a variety of factors other than the

tension test,

Spec1fied along W1th pPercent elongation. -

section.

Both percent elongation and percent reduction of area at fracture .

have been used extensively as a measure of ductility althcugh both
| S L

material Properties.” ‘The "uniform strain" which is the strain cor-
responding to'the_pOint at which the,maXinun load is recorded in a

‘ . is the measure of ductility specified by some standards"
and is a mbre_consistent material property‘.'9 Percent elcngaticn re- -
presents the sum of uniform strain and a large localiaed necking strain

averaged over the gage length That is why the gage length is aIways

However the necking strain

Mechanics of necking in a cir-

cular cross section is far different from that in a rectangular cCross

Different width-thickness ratios in specimens of rectangular




~

,;cross section also exh1b1t dlfferent necklng characterlstlcs. This

-~ adds further uncertalnty to the value of percent elongatlon. The

same'applies:to,percentwreductlon ofwarea as a measure of ductllity

4121 Straln-HardenlAgMbdulus ) “f;-'

The straln-hardenlng modulus E tlhas receibea\conélderaﬁie‘
'attentlon in tesearch because of 1ts 1mportance in stebility analysis.
Ae already noted in the.1ntroductlon, Est flgures in the lateral buck-
ling crlterlon under uniform moment and the local buckling crlteria

of plate elements constituting the-crossASectlon.of_members. In short,
the value of Est'is Very important,in tnetstudy of inelastic buckling
behavior of any member, where-any_pettibn_ggﬂthe cross section ie

sub jected to-cempressive-yieid stress over é finite length. Many
approeches have been used in evaluating ESt and some of these are

brieflf reviewed below. Refer to Figure 2.

Estl is the»instantaneous?valuevasgmeasdred by a tangentﬁto
the curve at the point ‘where stram-hardenlng commences . In the pre-
sent series of tests, thiE—VEIﬁé_W§§"Ebf"*ﬁed—fronrthe—autogfaph1c

recorder graph. It would be somewhat more difficult to obtain from
) _ , - :
 dial gage readings because a large number of points would peed to be

L

taken at close intervals. E -

Estl-is only Of_académicainterest and has 1little practical sig-

nificance.i The inétantaneous.value_of Est falls off rapidly as strain-

— .

_hardening progresses and it_wouldebe rather unrealistic to use- the
value of E_., in any_stablllty computations. Besides, the tangent

is difficult to determine uniquely and the small drop in load which
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[

i often precedes the 1n1t1at10n of straln-hardening results in rather
-hlgh values of E St1” ‘Further' the value of the straln-hardening modulus
depends on the dlstrlbutlon of dlslocat1ons 9;;Allgthese factors con- . .

'etrlbute to a wide scatter of values

In order to approx1mate the 1n1t1a1 1nstantaneous value, Haaljer

~def1ned the stress stra1n relatlonshlp in the straln hardenlng reglon

‘u81ng three parameters 1ntroduced by Ramberg and Osgood 14,15

| o ' m —
=0 . c -0
— 3 3 g y

hSt': | ESt

m

'
"
i

where ¢ and ¢ are respectively the stress and strain, cy is the yieldvl
- stress and K and m are coefficients, The value of E used'in;the above
equatlonzlsde81gnatedEs1(-)t Values of K m, and Estl( ) are deter-

mined from eXperimental curves by a curve- =fitting techn1que.

‘nated E st1(b) by u81ng the statlc load at ¢ st and at“a'straid edual-td

4

e .+ 0. 002. See Flg 3. No attempt was made. to obtaln E

st Sll(b)

in this serles of testsQ because the method appears to 1ntroduce un~ *
certalnties that raise a quest1on as to the reproduc1b111ty of results

The value of € st must be determ1ued‘1n-advanceand since this.value

can vary between rather wlde limits, the methcd is sen51tive to the

‘variation between the correct value of ¢ st and the strain at which |

.
- . . =




=0
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g % Wfthe-machine isjstopped for observ1ng the static load.. Besides the'
%é . ‘Ilrt-.'ualue‘of E gt 18 not constant in thellncrement of 0. 002 beyond est'
? | A further uncertainty is 1ntroduced by . the p0551b111ty of dlfferent ffsiy;gflt;/
B ”,:relaxation losses at the two p01ntswt - ;.;.r ;'v»%.;”n' o liif -
B2 WhiChfwas'measureaiin these-present tests'an&iis later
ireported, is defined as the strain-hardening modulus measured as the
chord slope between the strains € +-0 003 and es +i6j610. lSee:
AFlg, 2. This particular range was chosen frOm the resultsof-the)wl
~ pilot test uitn a view to confining”measurements to a fairly linear.
and'stable range‘of the curve and eiiminating the:initial'erratic
portlon of the strain hardenlng range of the streés ~-strain curve.u
EstZ should provide a more conservative-value than the other methods:
because'measurements are made at a greater value of strain.
Est2 was computed from the autOgraphic recorder in most of thew_
tests. However, whenzthe‘earlier-mentioned discrepancies between the
diai gage readings and the recorder were discovered and the results of
the reeordergappeared to Be in some doubt, it was decided to take more
| eomplete dial gage obserVations on the iater tests. Wherever values of
; Estz are based on aia1 gage readings,tney are marked. by.an_astgrisk~*
in Table 6. A : o ) | - |
; - ﬁstB is obtaine; usingthe_CRC appreach.s_ It is the‘average
g ) value in an increment af angi in./in. strain after the onset'of o —
; __strain-hardening. See Fig.'Z. For this purpose the onsetof strain—
é - o ‘Hardening is defined as tne strain corresponding to the intérseetion
%I - ‘on the stress strain curve ef tne yield stress Ievel.in the plasticx
|




A

"“f“'range'W1th the tangent to the curve in the straln-hardening range..

o

‘result in Est3 being a less conservative value than E

‘The value measured from the autographic recorder was designated E

‘X.

This tangent is drawn as the average value in an 1ncrement of 0. 002

in./in. after the apparent onset of strain- hardenlng The definltiontf %445"L"‘i

of the onset of straln-hardenlng is so modlfied here that the effect

of the frequently encountered drop in load 1mmed1ate1y prior to the
apparent onset of straln-hardening is_eliminated.

Estj includes the effect of thelsteeper’inftial slope._-it should

st2° Ihe range

of‘strain-hardenin is also rat éé arbitrary and this is uite sig-
| g y q g

~
Vs

_n1f1cant because the 1nf1uence of strain range on-E st3 is much greater

— = —— yd
.4//
v

than on . &
. ° Est2

-~

In the present series of tests, Est3 was measured in two ways.

st3(a).

and that measured from dial gage readings designated Est3(b)’

- No single value of ESt can be Satisfactorily used in all situa-

tions. For incremental analysis, Ramberg and Osgood's equation with

Estl(a) would be appropriate. For the.Simpler.buckling analysis, two

cases arise; (1) In the first case, the material is assumed to be

strained up'to.est as in the local buckling analysis and analysis of
beams under uniform moment, (2) Here, the material is assumed to be

strained well into the straln-hardenlng range. A suggested value is

a stress of cy + 1/4 (G - 0 ).19 E_._..._3 can be 'used for the first case,

y.

but for the second _’case’EStz would be more appropriate. Further, when

cold-straightening strains the mater1a1'we11 1nto the strain-hardening

range, it may be.more,appropriate-to use E

st2’




It may be empha81zed agaln that E is not a stable materlal

;.property but depends on factors 11ke dlstrlbutlon of dlslocatlons and

- prev1ous strain hlstory

Under these 01rcumstances, values of both

‘fgstééndESt3 (everageofE 3(3) and Es 3(b)) are reported




- - made available in a subSequent,report,'

% IEST RESULTS AND AwALYsTs -

'Results of tests are presented in this seCtion,together~with&
' | ~

'}'ypertinent discussion. The data was analyzed using the CDC6400 com- f ?fi

puter at Lehigh Unlver81ty Detalls of the computer programkw111 be

17

~

Table 3 lists the program'of tests:andiTabie 4 gives the details

of the test specimens. Computed values of the mechanical properties

are listed—in'detail in Tables 5 and 6 and are summarized in Tables

/] and 8. Table 9 contains the average values of some important pro-

perties of groups of specimens selected according to (i) origin,

(ii) presence or absence of yield lines; (iii) thickness and'(iv) weight

of shape.. Dataforthefrat10foy/oyé are 1n Table 10 and the reJZIts

of the simulated mill tests and the m111 data are in Table 11.

A typical graph from the autographic recordérjiS-ShowniinﬁFﬁg.

4 and a typical complete stress- straln curve obtained from the tests

L}

is shown in Fig. 5 The dips in the curve‘indicate the points at

whlch the machlne was stopped in order to adjust the recording paper.

Flgure 6 shows an . 1deallzcd stress -strain curve for A572 (Grade 65)

‘'Steel up to and 1nc1ud1ng strain- hardenlng and 1nd1cat1ng the average

values of the 31gn1f1cant propertles The same_curve is reproduced -
in Fig. 7 alongside similar“curVes of A7 and A441 steels. Figure 8
shows typ1ca1 complete stress -strain curves for A36 A441 and A572 :

(Grade 65) Steels.

-
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| A;summéry of the average VAIuesof‘the'mEChahical'propefties7'
“” ?fIisted'iﬁ Chapter 2 is given below:

- 66.7

[T

:

;
'L,
o

I 3

;

ksi , ‘- SRR S
. - ' - ‘
- . . g, 3 . M . . .- . -

is not reported for reasons stated in Chapter 2.

64.6 ksi R -

| 3

R 14

5. ¢ . =62.1 ksi

(o)}
Q
!

85,7 ksi

67.9 ksi

~
a
"

8. ¢ 0.00211 in/in. =¢ /E
y . ys

9. E is assumed as 29,600 ksi

'10. ¢

st ='950186fin./inf

11. Percent Elongation (in 8 in.) = 21.5

Percent Reduction of Area = 51.0 |

12,

stl
E

E_, , = 2,979 ksi

13.

14.

S |

st2
Egt3(a) - 771 ksi
EstB(b) = 704*ksi

E .3 = Average of Eses (a)

oyd/st =

and E

ot

o =69.3 ksi
S ym : |

s

st3(b)

553 ksi 1  ﬂ ! | .

= 737 ksi

1.040 for a crosshead speed of 0.025 ipm.

" These ;eSUItS_are;conSistent~with the relevant ASTM A572 re-

_____

/'.

o

—

7

qpirements.~f§bme-of these will now be discussed.




_ ”Some'of.tHé'impoftantvréSuItsffrbm;Tab1$Sf5 ahd 7 éréArePrOdUPédji:“f'

~ below. All values are in ksi. -

. .

 Property  Minimum . Maximum  Average = Standard Deviation

XA - 30.8 7200 5100 9.9,

o 59.8 . 720 6.7 - 2.6
g . 984 . 69.9 - 6. 2.6

o 570 6.3 6.1 - 2.3

o, - 80.4 . 8.6 8.7 2.2

o, 61.1 79.3 679 3.4

‘1) Proportional Limit
As already discussed in Chapter 2, the proportional limit is
influenced by many factors. This is reflected in the test results

summarized above.

The observed average value of Gp corresponds to 85.4% of the

upper yield point, which is about what one would expect.

o~ >

2) Upper Yield Point

Only forty-two specimenshtegiéte:ed'upperjyield, Figure 9

shows the histogram for the values of Only three SPECimenS'exﬁ

uy”

hibited Qalues of Tuy lowér‘by'O,Zﬂksi.thén the dynamic Yield’StIESS
level. Otherwise, the Vaiues.of:buywere'ﬁighéftﬂénthbseof”‘yd5

the average differénce being 3.1 ksi or 4.65% of the average value of

| Guy' Thisfincréage'is*registered in spite of the fact that the strain

rate near upper yield point is smaller than in the plastic range.12

The higher value 6f ouy,can be attffbuted to the higher stress'required

to initiate plastic flow compared to the stress required for sustaining

it. L.
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7" 3) Lower Yield Point 5, ;ﬂi“f5*' fr5)*‘ ;;[ '»
Values of the lower yield poihtﬁarelndt_rep¢ffe§ §§f;fga$bns{_f
" already discussed in Chaptéfiz, v - |
.fﬁ) _D&énﬁic Yield Streéé'Levei _
Figure 9 shows tHe'histogram for‘the va1ues.of c&d; The scatter
:-is much less than for lower grades ofst’eel.18
- 3) Static Yield Stress Level B
The values for Gys also exhibit a smaller scatter than for
lower grades of steel as shown by the histogram in'Fié} 9{18
The effect of strain rate on the relationsipibffayd~andaay8
and the influence of factors like thickness of speéimen on thé“vaIue
of Gys are discussed later.
6) Tensile Strength
Among the values of stresses, the wvalues of'thedtensile!Strgngthf
show the minimum scatterﬁas“indicétediby the histogram 1n'Fig.:9‘
N .Like'thefva1Ues'offc and o A; the values of ¢ shdwﬁsmaller
yd ys® . u \
scatter than for lower grades of_s,t;ee-l.l8 However, the results of the
_three flgnge specimens of Material A with. tensile strength higher than

the stress corresponding to 120Lkips, the cgpacify of'the-machiné,

are not included. The values of ¢ for these specimens were larger

u

than 92 ksi énd'in§IUSion of these values would have resulted ima

slightly higher value of Oy° .) | 1=é L

-y o
\
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'
=
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7 " 1) Fracture Stress . ..

, :

" The difficulﬁieé Of observiﬁg the ffactufélload"haﬁé.ﬁéén;diéﬁ R

_ cussed in Chapter 2. Further uncertainty is introduced by the prabfice |

8) Strain at First'Yield'Qgﬁ

The value of the strain at first yieidI§S-teported here is

'7f'bf’evaluatingifraétpre stress using the original area of the specimen®
- and thé-differences in the mechanics of necking of different shapes of -

o .. 9 o o . S . .
. cross section. The test wvalues of O appear to reflect these problems.

0.00211 in./in. which is eqﬁal to the quotient of the average va1ne of

_7GYS and Young's modulus. This has been diScusSéd inChaptér'2,

9) Young's Modulus

As already discussed in Chapter 2, the values of E as computed

'frOm the tests are not reported since the techniques used were not

‘tests reported in Ref. 13.

,;fefined enough. Instead, the value is adopted from a series of caréful -

Some of the important-;esults'from;Téblés-6:and 7 are now re-

- produced below:

Property

€ , in./in.
y’

Elongation, %
Reduction of Area, %

mEstl’ ksi

B ksi

st2? . ~

EstS(a)’ kSi-_

E;t3(b5’ ksi

Minimum
1 0.0095

36.4

393
322
382

220.

Maximum

0.0328

62.3

9825

775

- 1160

1122

2979 2400

Average §Standard DéViation
0.0186 - .0.0052

21.5 | 2,7

..21.0 . _ 6.8

553 o 95
771 186

706 - 197




1| -
it~ i
-
B
I
U

i !
.
W
I
k.
iyt
.|‘4:h
v‘ !‘
=y
1
- M
T
i
L
"‘I“
b
'
1

i

i

b

Q,,Lgl’StrainatonsetofStrain-Hardening‘
| Flgure 9 shows the histogram for ‘the values of ey. The%test a
esults for the values. of ey are summarized nn%thenpreeeding'page.
. . 'The-éoefficient‘df variation is 27.9%. As noted in Chapter

2, the modern sc1ence of materlals asserts that the. stress -strain

relatlonshlp 1n the 1ne1ast1c range is determlned by the random

| 10
nature of the dlstrlbutlon of dlslocatlons and the prior strain hlstory.

Thls‘would suggest that st may not be a characterlstlc mechan1ca1

property and would explaln the wide scatter in the values of €

11) Percent Elongation and Percent Reductlon of Area

Thellmltatlons of the values of the percent elongatlon and
the percent reduction of area as a measure of ductility have been dlS-
'cussed in Chapter 2. The hlstograms for both values are in Fig. 9
and a brief summary of the teSt»valuesTis given earlier.

g

Except for one‘specimen ﬁith.awvaiue-of 36.1, the maiimum,value

“ of’fhe;peréent elqngatioﬁ was 24.9. The values for percent reduction
’of'areagexhibit a much bigger Scatter,. Also, a study of Figure 9
_indieates that there is no central tendency.for;percent elongatinn

of area in contrast with the-diStributipnyOf percent elongation.

12) Strain-Hardening Modulus . : ; '\>

Varidus approaches to the‘measurement‘Ongét;

the value of which
is of particular interest, have been_discussed_in_Chapter'z. Important
results have been summarized'at the end of section 9 earlier. Histo-

-

grams for ESth'ESt3(a) and Est3(b)_are shown in Fig. 11,

L4
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ﬂ_in keeplng W1th the known erratic nature of the stralnlng process in _[7-»tg
'the reg1on of the onset of straln-hardenlng and is also in keeplng W1th

t.inherent d1ff1cult1es in determlnlng th1s funct1on.’- '_.. o V"T“fme;l

exhibits a smaller scatter and a much smaller standard deviation than

The effect is more pronounced in the 1ne1ast1c range due to a higher

‘value of Poisson's ratio.

SR L

CoBger ] varies from 393 to 9825 | This wide scatter of values is ‘f;lfffﬁ§3::'

By eliminating the initial_erratlc'pottion_og,the strain-haraening‘

range of the -stress-strain curve and confining measurements to a

relatively linear portion of the curVe, the resulting-value of EStZ
Est3' Further,.since the slope of stress-strain curve reduces with

increasing strain, thezaverage>Value:ofﬁEstz'iS lower. .

R say

The average va lue of E_ , at 553 ksi for A572 (Grade 65)
steel compares favorablyaWith:the value'of-572{kSi for Alnsteel,.sincef'
the later value 11es somewhere between E st2. ‘and E 3..;See Fig. 7.
This would 1nd1cate that the 11m1ts on the width-thickness ratios of
shapes anu the bracing sPacingirequirementsfwouldhnot be tOo restric-
tive. This is fortunate, since the A572 (Graée 65) steel is limited

to shapes of Group 1 with high width-thickness ratios so that a low

value of Est2 would render most of them non-compact.

According to Ref. 9, the'effECtive.value.of‘Est in compression o
is somewhat larger than in tension for a material otherwise exhibiting

the same stress-strain relationship in compression and tension. "This

is because of the Poisson-effect, which causes a change in cross section .. B

as a result of the lateral straln which accompanies 1ong1tud1nal strain.




where between E and E . All values are in ksi
- st3 st2 o

P g (oAbt o4 o e e s % ey e e i e e nan i et o e e e s n s A oot e AL BIAEED G ST R TS e L e et

ThlS hlgher value of E t has been noted in previous tests

The folloW1ng table of values of E t ‘are reproduced from unpubllshed

Cow
-8

‘data on twenty one ten31on tests and twenty compression. tests on A7

steel conducted at the Fritz EngineeringiLaboretory; Values of'ESt

are read as chords in -the linear’portion'of the curve and lie some-

Minimum - Maximum = Average

21 Tension Tests 465 . _ 750 572

20 Compression Tests . 520 | 855 695

A series of ten compreSSiqn~tests:On_Specimens fabricated out

of the same material from which tension specimens were prepared, has

19

:been‘reCently completed. A preliminary anainis has given an- average

value;df.E. as 820 ksi.
st2

However, the Poisson effect cannot fully account for the sub-

’stantially h'ig'he‘r,;te'_St‘~va;1ue‘s?-o‘,’_f'E{__'_,t in compression. And this gives

rise to the question as to whether or notvESt should be determined from

tension tests or from compression tests when the resulting values are

to be used in calculations involving buckling problems.

13) Effect of Strain-Rate

é

Rao et al have pointed out that in the plastic range, the_elongafd

tion of the length of the_Specimen%undergoing plastic deformation accounts

- .. ) . 2r - ] N ) -
for all the movement of the cros_sh_ead.1 Assuming such length to be

- about 10",nagcrqsshead speed of 0.025 ipm would give a strain rate of

about 42 micro inl/in,/sec,
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. "A:On Seventeen tests the straln-rate € was observed u31ng a t1mer

”;The values of € varled from 21 to 83 micro in. /1n /SEC giving an average

J»g~value of 44 Such large varlatlon was probably caused by the extreme .

.'sen81t1V1ty of crosshead speed to the p051t10n of the speed selector

p01nter. Thus the values cannot be confldently spec1f1ed as the

Z:strain—rate for the corresponding value of oyd since the dynamic y1eld -
‘load was observed durrng the first run of the autographic recorder and
the strarn rate was observed dur1ng the second run and the speed'

selector was manipulated in the meanwhile. However, the expotential

relatlonshlp derived in Ref 12 would suggest that the effect of

“.such varlatlon in the value of e on the value of the ratlo 0 /o

should be small so that a valid comparlson with the results of Ref.

12 could still_be'madg,? -

. Test values ofﬂg?ﬂlgygmare_glven in Table 10. Projecting the

results derived in Ref. 12 for A36 and A441 steels, the following

-

- comparison is obtained. It 1nd1cates excellent agreement

€ = 44 micro in. ./in. /sec.

:oyd/

«
-

o
ys

. Projected

1.040

- 2.88

Observed values for A572(Grade 65)

1.040

T T T o

yd yS 2.50 - -

14) Simulated.Mill Tests

Simulated mill tests were conductedfon four specimens, two

rfrom materlal A and two from material B A crosshead speed of O 5 1pm

whlch is the max1mum permitted by ASTM for 8 in. gage was used
Table {B lists the results togethet W1th the mill test data furnished

by the producers.
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'VT;ggg;U“' Mill tests are invarlably performed on‘webs. Unfortunately,
w"""-'V'v?:only one web spec1men - from 12B19 of mater1a1 B was avallable forf'- ;fi,Qf;rJf“ |

‘”conductlng 31mu1ated mill tests No plate spec1mens were avallable T

. parison is afforded by the web of 12B19

| Beeause of‘this, comparlng the data is dlfflcult 'The.only directgcomaif

,d.,, ksi "god :k81 ‘Percent . -
e A Elongation | o

Slmulated Mill Test 7.8 89.2- - 186

M111 Data o h71;8' 9%4.8 17.0

Although it is in part a happenstance,,the.agreemEnt‘at~yie1d

is exact. Even for the entire lot of materialf-the~agreement'was | | :

within 2%, : ; : -

All the test resultsaofJTab1e=10¢méétnwith the tensilegrg.

i e

DR LR

quirements of ASTM, See Table 2.

[
PR R

e

T R S S

An 1nterest1ng comparlson with the fOIIOW1ng equatlon derlved

B

1n‘Ref 12 can be made

-, Twn e e

Assuming that in theﬁplastid_tange5.elongatiﬁnzbétween the

gage Points accounts for the full.prosshead speed “the fiaximum pos-

sable value of € works out to be 1 ,040 mlcro in, /1n /sec. for a_crossé

SR A Y S e Lt &
- 11

LSS

o = 4.2 ksi.
yd ys

head speed of 0.5 ipm. The corre3pond1ng value of o

Test results are llsted on the follow1ng page.
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B T ?'a;"f"'-‘fdys, | - o ; ~ Tym  ys

o -~ Material Specimen average, No, from simulated from mill ksi - -7~

TR - from  of specimens mill tests = . data o o
o “in brackets S ) e

ksi . 'cym, ksi "M"wOYm? ksi g =

U A Web-16f88 61.0(2)  eee 71 100

= p—r

" Flange-16f71 ° 62.9(2)  67.9 I

|

M Web-16771  61.8(2) - 3.0 122

B 1/2"plate 61.4(3) - 66.9 5.5

e - e e et s o S

‘!' ' 3/8"p13té 61.1 (4) ) | - 1 “ 65.0 - 3 9

" 1/4"plate . 63.9(4) === c 7.8 7.9

= e

" Flange-12B19  65.1(4) 69.6 —_—— 4.5

" Web-16B26 60.2(2) - 70.5 10.3
" Web-10#39 59.7(2) === 71,5 11.8

" . Web-10#54 57.8(2) = e 72@9 15.1

o Average of simulated mill tests70.7 ‘: | 5.8.

TR PRI I L, I e e s tae g IR Ta e mERien e e as v s ety ‘.,_;,‘ f:“.._;; \n.. et e L AL
b d : B

A T S A e oA e
==l =

A&%».‘ Average of mill data . 70.5 .. .. 9.3

All except one‘dfwthe'valuésicf;g -;qyszare largerfthan 4.2

| ym
ksi, the average being 9.3 ksi. The average for the simulated mill

tests is 5.8 ksi. The high value of ¢ “Gys for the mill data could B

ym | | |
be attributed tpo therfact that the mills often tend to.tepart the upper
| 11 | |

. yield point for the value of oyﬁ. o e

T e
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'lélf Effect of Material Source

Values of Gy; and Od—for material A were slightly higher than i

R B P

for material B although all the Material A specimens came from thicker

" material.

i ',il:ll‘




L. . < Material A

A T PNt it s L e b e nbin s it s ke e a1,

| ~Ma'ter:ial B -

ST

C e ksio  Coers G 85.5
' In fact both 1671 and 16W88 from which all of the material A
-spécimansfﬁefe fabricated,*are qﬁtside of group 1 shapes to which A572
‘(Grqde 65) steel is resStricted. ~Hence, it appears'thét the material

B supplied for testingfwas probably on the low side of mill distribution. =

16)‘ Effect of Origin and Location ;f Specimen
R Table_&ﬁlﬁsts some prdperties offpléte,‘web7and flange spe;imené
The following may be particularly noted |
| | Plate | Web _;1” iFiange
o, ,kei - 62.2 61.9 62.2

5., ksi 86.3 85.3 85.8

E_ ,, ksi 525 - 530 569
st2 -

Generafly, the effect“bf‘rolling to a smaller thickneés;and the

| conse'quen‘th faster -co’oljing. are ?thoﬁght to _p-roc’.i"u;c_é‘ a st.r“ong'ei" web alth-ough |
the distances are small. The reverse was obtained in these tests. The
sbmewhat higher strength of the flangerin the list aboye is partly due to
the high flange strength of material A. As shown in Table 7 web strength
was slightly higher thaﬁ flapge strength for material B but every flange

specimen of material A was stronger than its corresponding web specimen.

17) Effect of Yield Lines | —
Table 9 compares someipropétties of specimens with yield lines with
specimens of some material, heat; origin and shape but without yieid'lines;

No significant influence of yield lines can be noted. From the work of

R O vy — - B
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T ;“, Ref.p3ﬁ1t was.expeéted.rhat;ﬁ ,'would be substantlally lower. If any
thlng, 1t'was hlgher for the f1ve rotarlzed speclmen in the current test
- program. The conc1u31on.here is 1mportant because it means that rotarlzing

‘will not reduce the local buckllng strength in the 1ne1ast1c reglon, at

o

least ifgthese five specimens can be assumed to be a sufficiently large

'Sample.

a | :
18) Effect of Thickness

- Some properties of specimens divided into greups according to
thickness are given,in;Table 9. Graphicallpreseﬁtation of variation with

thickness is shown in Fig. 13 for 0 , and ¢ and in Fig. 14 for est and

yd ys
EetZ' Although the values of’cyd, cys and cﬁ.are_hlghgfor thlckness | 1

\ .
A S S TS et s e e g ewn s eap e s
SRR AT e T A s o
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0.801-0.900 in., it may be concluded that strength reduces with increased

thickness, because the stronger thick specimens belong to material A : . .

!
-
i

and none of these have been tested in Smaller—thickness. —The value of

An interesting side tn<the's£udyﬁef the influence of thickness
is the valﬁés-of the percent reduction of area.. As the table below shows
the thicker specimens ekhibit a higher value for the value of the gercenﬁ-
reduction of area. This is proﬂably due to the influénée_of’thefwidth-
thickness ratio of the cross sectlon of the specimen on the mechanlcs

of necking

1

0.201-0.300 | . 45.3 T !

0.401-0.500 * 50.3 | ot :
0.501-0.600 - 55.6 . ~ !
0.601-0.700 - 53.7
0.701-0.800 No data
0.801-0.900 . 56.0

o U . o oY . o . L ; o - * . | | ;‘ 1
est lncreases with increased thickness. - | !

i, S N SR T e e b i i3 L T
1 r - - - -

‘Thickness, in. Percent Reduction @f Area B

0.301-0.400 | | 51.8 o %
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o C A

o Téble 9 lists some'propertiesvbf specimens divi@ed-according.tbv.
“eight‘9f Shabe- ?igpre 15 $h9W$ dyd*aﬁd oy;and Fig. %7 éﬁoWSest;and;
E_ ., a8 functions of weight of shape. Here too, the uneven distribution

of~specihen§ persists. All the higher‘strength material A specimens

belong to heavier shapes. However, the same general conclusions can be

drawn as in the previous case. With increased thickness, ¢ 4> O

..... y ys’ o,

and e
| S

. reduce but EstZ increases
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- ﬂ/4 SUMMAR Y AND ¢ oz NCLUSIONS

The fOllOWlng observations are based on tests and studies of

A572 (Grade 65) Steel, representlng a total of flfty-two tests. on_tene

sion epec1mens cut from 1/4%, 3/8U and 1/2" plates and from elght shapes
varylng 1n'we1ght from 19 lbs/ft to, 88 lbs [ft.
1. A572 (Grade 65) steel exhibits mechanical properties in the
inelastlc region .that are similar to those of structural carbon
steel ,(FPig. 7)
2. The results of this test series~c0nﬁofmfto the relevant ASTM
A572 requirements.
3. The,USe of %etZ‘aS:the strain-hardening medulué represents
‘a new approach to obtain a.morezrealisticevalue of this property
for”uge in situetidnS»Where the materiai i1s assumed to be Strained
into the strain-hardening range. By eliminating the erratic-initial
-portion of the straiﬁehafdening-range-of the stteSS-strain~eurve
and restricting.the~measurement‘to the linear portioh, ESt2 provides

- values which are more conservative and are less subject to scatter.

>t

§ T T T e A

4. The average value Of.E;tZ is 553 ksi which combaresfavorably

with the value of ,572_ksi for A7 s-’tee_fl_' since ‘the latter value is

A

between the values of E and E See Fig. 7. This would

st2 st3°
indicate that the limits on the width-thickness ratios of shapes
and the brac1ng spac1ng requirements would not be too restrlctlve

. This is fortunate- since the A572 (Grade 65) steel is 11m1ted to

| shapes of Group 1 with hlgh width-thickness ratios so that a low
2,5

value of-ESt would render most of them non-compact.
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.'f5;5LAfre*eXaminatioﬁ‘bf ;he précticeﬂof.obtaining‘theistréin-hér&

dening modulus from tension tests is indicated. The value in com~ = . .. '

'~preésion‘téstsié'known to;belhigher thaniiﬁ tenSion’apé siﬁde tﬁis
vérbperﬁ& is assbciatédwithfailure in'compfessidn, a cOmﬁfession

test woﬁld appear to be Ehé appfoﬁriage Way,of obtéining its Qalue.
ﬁnfbrtﬁna;ely;:the'iatter test 'ié_more difficult'topefform.

6. A crosshead speed of»0.0ZS ipm gave an average value of 44 microin./
in./sec. for the strain rate ¢ . Atthis strain rate, the observed
value of the dynamic]yiéld'étress level was on an average 47 higher,
This indicates excellent agreement with projected fesults of a

previous study of the effect Offstraiﬁ :ate,l2

1. . The average value of gym from1mi11 data is 70.5 ksi and the
average percent elongation is 18.3.- The average value of the dif-

ference between the mill value of o and the corresponding value

ym

of oys in the current series of tests was 9.3 ksi compared to a

value of 4.2 ksi from projection of the results of Ref. 12. The /

 diffefence is probably due to the fact that the mills often report j
ym’

8. The average Values~for‘gys and"duiformateriai A were somewhat

higher than for material B in spite of the fact that the material

the upper‘yiéldfpbint for the value of ©

A specimens were thicker. The ihférence is fﬁat the mate;ial B.

was probably on the low side of mill distribution.

9. No significant relationship could be estabiished'between mechanical
properties and the presence or absence of yield lines. This suggests

.that the mill straightening practice (gagging or rotarizing) is

not a significant factor in evaluating these prbperties,

SRR T L e L b Wi b e
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and the Percent Reduction of Area increase with increasing thick-
ness. 'Aféimilaf‘tendency was noted with respect to‘inc:eaSing

- weight of Shape. o U .  ':4

-

property" stand point, it is appropriate to extend plaétic design

to include A572 (Grade 65) Steel.
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10. The values °f 0442 Oy and o, reduce and the values of E_ ,

11. The results of thiS'tést series'shdw*that'from_a'"mechénical'
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5., NOMENCL}_\TURE
~ Original area of the cfﬁsspsectiqn;offtﬁe SPEcimeﬁ
Redueed'area at fracture of the Speeimen
Young's modulus, ksi, taken as 29,600 ksi.
Strain—hardeningtmodulus,kSi )
Value of Est in ksi bbtainedafrom'the maximum initiaieslppe
of the autographic recorder curve at the apparent onset of
Sstrain hardening, judged by eye. "
Value of E st in ksi determined'by curve fitting and used
in Ramberg-0sgood stress -strain equatlon with three- parameters.
Value of ESt in k31 determined u31ng:statie stress levels
at.est:and.est: 0.002 | :
Value of‘E_t in k81 obtained as the chord slope of the
autographic recorder curve between straln increments 0 003
and 0.010 after the apparent onset of streinfhardening,
Value of E st in ksi obtained by the method of least squares
from the autographlc recorder curve by selectlng two strain
intervals of 0,065 each after the onset of Strain-hardening
. Value of E st in ksi determined in the same way as Est3(a)f
- from readlngs taken from the dial gage and the corresponding
readings of the load 1nd1cator
Original gage length
Final gage length after fracture = .o
'beimumertation capacity , R
Weak-axis radius of gyration '
Thickness of the specimen; with subscrlpts as in Flg 23
Width of the Spec1men' with subscripts as in Fig. 23
. | '
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Strain'at first yield,‘evaluéfed as °ys/5

ABBREVIATIONS

AISC

ASTM

CRC.

'Strain rate, micro in./in./sec. R T o

Strain at onset of strain-hardéning

Limit’of,proportipnality in ksi as detefmined by an offset

- of 0.0001 in./in.

Stress, ksi

Yield stress, ksi stress

Upper yield'Pbinty ksi

Dynamic yield stress level, ksi

Static yield stress level, ksi

" Yield stress level in a mill test, ksi

Tensile strength (ultimate strength), ksi

Fracture stress; ksi - q

American Institute of Steel Construction

American Societyer“Téstingjand.Materials

" Column Research Cbuncil- g _

inches per minute.

kips per square inch
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- GLossARY :
 GENERAL TERMS T e o

Mechanical Properties

- Those propertles of ', a mater1a1 that are

assoc1ated W1th elastlc and 1ne1ast1c reaction when force is applied or

. 10
that involve the relatlonshlp between stress and straln. 0

— .

Strain - The unit change, due to fOrce, in the size or shape of

a body referred to its original size or shape. Strain is a ron-dimensional

_ quantity but it is frequently expressed infinches-per*inch.lo ﬂ

Stress

- The intensity at a point in a body of the internal forces

or components of force that act on a given plane through the point. In

this report,

_strgSS’iSjaiways'expreSSed in kips per square inch of original
— g : -

area.

TERMS RELATING TO TENSION TESTING

Ductility - The ability of a material to deform plastlcally before

fracturing. Usually evaluated by elongation or reductlon of area.IO Some -

Y

Also related to e

. 9
times evaluated by unlformwgtraln.

- ———— . — e - -, SR rm————

o, - ) y . . lO
- Extensometer - A dev1geiier.measur1ng linear strain.

Elongation - The ‘increase in gage length after fracture of a ten-

length. 1In reporting.values affelongation; the gage length shall be-
10 ﬁ

 stated. q - Pj\..“f B N - B

Fracture Stress . Stress,

computed as the quotient>qffthe force

at the instant of fracture and the original area.




que Length - The origlnal 1ength of that portlon of the sPecimen

| 10 I
‘over whlch straln is determlned o

Necking - The 10¢a1i2ed reduction of the cross-sectional area of /

a specimen which may occur:duringistretching.

Proportional Limit - The greatest stressewhichfa=materialwis'capable
of sustaining Without any deviation from porportionality'Of:sarees to -

strain.lo. In this report, ‘measured with an offset of 0.0Q,fih«[in. on the |

N

stress-strain curve.

the -original cross-

CRT Reduction of Area - The difference between ih

sectional area of a tenSion_test:SPeéimEﬁ,andfrhe area of~itsismalle8t

/
/

crossaéeetion after fracture. The reductljﬁ/of area is usually expressed

. 10
as. a percentage of the original cross- seqtlonal area of the specimen.

i ' 4
KV : . .

. ' o . . e e ‘o . ;/f . . g - - . ‘.- 9
‘Relaxation - Decrease in Stress at a constant total elongation.”
- W ../ o

Strain-harderiing - Increase .in resistance to deformation after the }
material has undergone- finite strain at a practically constant stress

o N subsequent to yielding. o

e ’

Strain-hardening Modulus - Ratio of .increase in stress to increase
in strain, usually measured over a finite strain in the strain-hardening _

hed

range pfﬂthezstress-strain.eurVe;

¢

Tensile Strength or Ultimate Strength - The maximum tensile stress
'Whiéh’armatﬁfial is capable of sustaining Tensile strength is calculated = =~

from the- max1mum load durlng a ten31on test carried to rupture and the

e _, , o P , 10
ierg;Qél cross sectional area of the specimen.

/
/
/

. . o e . T ‘ o _ < e ) - 9
/// " Uniform Strain - Stralnqatrmax1mumiload in a tension test.
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‘Yield Point - The first stress in the material less than the maximum
~attainable stress, at which an increase in Strain occurs without an increase
in stress. = When such increase in strain is accompanied by a decrease

in stress, the specimen is said to have recorded an 'upper yield.point'.
'Lower yield point' is the lowest stress immediately after the upper yield

point is recorded and before the yield stress level stabilizes.

Yield Stress}ével - The average stress during actuél yielding in

11

the plastic range. For structural steel,.the»StresS remaidé fairly

-constant from the Yield-poiht up to the level of strain hardening provided

the strain rate is held constant. Dynamic yield stress level corresponds to

a crosshead speed of‘O;OZS»ipmﬂand‘the fstatic yié1d_stress ievel' is the

yield stress level for zero strain rate. In this report both were measured

oy

“at a strain of_0.00Siin;/in. as reqﬁired by‘ASTM'A370.;

I Ydungfngbdulusi-jRatiOVQf:tensile or compressive stress to cor-
| responding strain below the proportional limit.

 STATISTICAL TERMS

&
.

Average - Sum of n numbers divided by n.

Median - Thé m{ddlemoSt'valué/

Standard Deviation - The square root of the avéfage of the squares:
‘of the deviation of the numbers from their average. Theoretical estimated
percentage of total observations lying within the range of Average + 1.0 x

Standard Deviation is 68.3.

Coefficient of Variation - Ratio of 'Standard Deviation' to 'Average'

expressed as a percentage.
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APPENDIX

" TENSION TESTING PROCEDURE
Table of Contents

Equipment Required

Preparing the Specimen

3: Preparing the Machine .
- 4. Instrumentation
5. Running theMadhing:andﬁRecotdingﬂ .
6. Measurements on the FracturEdZSpecimen
7. Computations and Data Sheets
8. Condensed Sequence : -
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Eﬁqﬁlfﬁﬁﬁr REjSRﬁDf' _

'120'kip i.O.Machine'with'thé foliqwing accessorieé: k
';.: Flat-wedge grips | »

~b. Grip lines o : | S

c. Grip retainerS'wifﬁ coqnecting bolts and grip sPreadéfs Wiéh}scfEWS.‘

d. Grip cranks o | |

.é: 8" gage autogfaphic gxténéometer c0mp1ete.with the recorder.

8" Extensometeru‘with a mecﬁanicélgdial gage ..

A pair of calipers ’

Four pieces of shock-corxd, each-about41$" longA | .

Scriber and center punch
AutbgraphicrecordériSheetsof;appropriate:léadxéngé;
\Automatic timing dévice; | e | | - E "

12" scale wiﬁh 100 divisions to -an inch

Lead hammer | B

'iight wooden of cardboard b§x5

Rags for cleaning **

Wax _ | A | T

N ; B o S —
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2. PREPARING THE SPECIMEN

- standards set by ASTM A370.

2.2 PREPARING THE FACES

2.1 -FABRICATION
. _ {

1. Order the Spécimen‘tque cut to the shape shown in Fig.'18

and milled to a thickness of.Ilﬁ"‘or even less for high strength steels

'so that the 24 kip range can be used right up to the strain-hardening

B
range of interest.

The recommended 'shape of the specimen conforms to the minimum

10 , |
However, the length of the grip section

" is increased to 5" from the ASTM minimum‘ofTB"; This is done to provide

. “.

.adequate gripping even for the harder materials and to afford greater

clearance for the instruments. ‘Ihéminimumwfillét tadius of 1 in.
is inéreased to 2 in. to take advantage of the currently available
equipment at Fritszaboratory;'fMilling of’the specimen iS;éXPedted
tébrovide a good surface for gripping~an&:for the knife edge-ofetheg
.athgraphiciextenSQmmtér whi le athin'SPECiménnénébleztGS?iﬂgfon“a

lower range tbadbtain greater accuracy. -

2. If the faces of the specimen are milled; wipe them clean =

with rags and proceed to the next step. 1f not, clean them thoroughly

“Qith light mineral eil and remove all loose mill scale. LRemoﬁe-all

tight mill scale from the gripping ends by grinding. This miIl scale
which is usually very hard prevents the grips from-biéing deep into
the pérent'metal and at higher 1oéd$, separates and acts like a lub-

| - | | -
ricant causing the specimen to slip. Remove albp,gny;gndiburps bg'

by




o

™.

‘EV'f?ff;Tgrinding;]‘Thes¢ end¥bﬁrtSpffen‘intérfereWWithfgrippingf{ Rémove 5j 

| 'r'f:t ; ; tifo¢grinding“lightly the—mill'scaieAin~the-aréa‘whefe the knife,édgeA"f;peafi;f

| . . S >
| | 'of,the‘autographic extensometer is expected to rest. This is about
WﬁfOUr inches from the center of the specimen. ThevthinAfilm-of mill -
_sdéle; if-not-témoved, becomes-lgpsefaftetv?ieldihg-and may cauée'the;*
knife edge to slip.
2.3 SCRIBE LINES AND PUNCH MARKS -- o B /

3. On the front face on which the mechanical dial gage will
be mounted, mark the center o£;the'gagé length and the center line of
theglAi/Z" width of the specimen by means of a scriber: Using this
as shown in Fig. 19. Make sure that the.end scribe lines fall within |

the straight reducedijrtiongoﬁ the specimen.

. > : 3 T e A_ .
4. Starting from the top end, mark eight punch marks using

a centerﬂpuﬁth, Next, place the.mechanical dial gage on the front
face of the specimen'with the fixed concial point of the dial[gagé

} | center line, mark scribe lines at every inch up to 4" on each side

’ engaging the top punch mark. Push the movable bar so as to obtain the

! * - . . . - . . :. -,
.minimum distance between the concial points‘and draw an arc on the

;_ ' . specimen with the lower concial point. The ninth punch mark must lie

beyondthis arc. This precaution'iS"to ensure free movement of the

, s concial point and prevent any lost motion due to the gagealength being

- . smaller than the minimum distance between the concial points. Make

p— ’ = M ie e - e me Gme s ,.._.. e e -

is greater than the minimum reading. - ' J' {

|

| _ M | |

, ) e the ninth punch mark and verify that the corresponding dial gage reading -
|




> ey

"witdp.;ofmatch-ﬁhe7topspuncﬁfmark on the front face;  The concial point

‘”‘:SQJ*On'the”fear faéewof the specimen, make punCHQmérk-at«the ﬂ

-

- of the autographic extensometer will éngage-this_puﬁéh mark.

P

2.4 MEASUREMENT OF CROSS SECTIONAL DIMENSIONS

ness of the specimen at all the nine scribe marks. Also measure and"

6. Using micrometers, measure and record the width. and thick- -

-recdfd the gage iength of the front faCé.cqrrect to 0.0l in. "

2.5 INSPECTION FOR YIELD LINES . | S

7. Inspect both faces of the specimen for yield lines due to
straightening in the mill and record definitely the pfesence or absence

of such yield lines. Record the pattern of yield Iinesﬁgn the data

sheet making additional sketches if necessary to indicate the cor- ‘
responding edges. °
¢
o .
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3 BREPARING THE MAcmINE -

'13.1”ZCHECK1NG THE MACHINE -

/

l SW1tch on the machlne with the ma1n sw1tch at the bottom

of one side of the console. After a few minutes, the red 11ght at the

[ 4

’

lensCaye te,

‘Eontrol 11ghts up 1nd1cat1ng that the machlne is warmed up. and ready

- for operatlon.

p]
= e s edcecis e

2. Set theospeedéselector touéerol Turn and set the control

=y
T

|

wheel flrmly but not too tightly into the 'SLOW' position. Press

_i.'_i—l =

the 'LOWER' knob .and rotate the speed selector gradually to increase

- speed until the lower‘crosshead visibly moves. Lower'the lower cross-
‘head untll there -is a clear dlstance of at least 10" between the

crossheads Set the;speed Selector-toQZQTO¢ | ’

occurs when it is §hddeniy*mQVedhat a high speed.

o o ‘ 31 The loadlng speeds change with the aglng of the e1ectr1ca1
- components and when a large number ot tests are to be performed or
< ) where accurate Speed 1s essent1a1 -1t may be‘worthwh'dk checking the
| accoraoy of the Speed selector. To do this, run;the.nwchine at no
load and‘measure the rate ofﬂseparatidh_of crossheeds by aediaivgage.
« - fhe machine iSibpilt to maintain neariy“the.eame crosshead Speed under .f :

/

load. B R ,

'
g
1T | S 4d4H, [18 &« LI




3.2 ADJUSTMENT OF CROSSHEAD POSITIONS . . -~

L3
i -
. =51
¢ R
. N ' .
AN

4. Bring both the crbssheads into a-convenient working pbsitioh; .7

The positio@‘of the1oﬁer crosshead can be adjusted simply by'ménipulatinga

(39

~the controls but the position of the upper crosshead must correspond

~

to a set of péir of slots in the éolumns.' To adjust .the position of
the upper croéshead,'first tﬁrn'and‘set'theﬁcontrol wheel firmly but
‘not too tightly into the 'FAST' position. Lift the steel collars-and ‘

remove the split rings from all the four corners of the top of the

upper crosshead. Insert the,four'liftin%‘pihs in the holes on the top

.bf the lower crosshead. Push the 'STOP' and then the 'RAISE' button.

It is a.gbod practice to push the 'STOP' button before pushing

the 'LOWER'- or the 'RAISE' button. ’Thi§ wi11 eliminate the posgibility_

-

of sudden reversal .and damage of the machine. When it is desired to

move the lower crosshead in one diréction only, use thé-speed selector
for stopping, starting and running it.

Always set’ the tqntrol-whéeléfirmly'but.not too tightly in. the
extreﬁé_positions:of 'SLOW" and 'FAST'. Also, never raise the upper

crosshead without removing the upper split rings.

5. Set the ‘speed selector to 1 in. pef min. and raise the

lower crosshead until the lifting pins touch the upper crosshead and

lift it by about an inch. Remove the split. rings at the four corners

of the bottom of the upper crosshead.

6. Next raise or lower the crossheads until the upper cross-

head is about aninch  above the slots in the columns corresponding to

the desired position of the upper crosshead. Insert the split rihgs

in these slots at the bottom corners of the upper crosshead and lower




oot + L
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ff'the crossheads unt11 the upper crosshead sits f1rm1y on the 3p11t r1ngs.;f‘«‘

A.Insert the sp11t rings at the top four corners and cover them'W1th

| the steel collars. Remove the 11ft1ng plns.'#Lower the lower crOSSz,

T,

head until the clear distance between the crossheads'is'about_eleven"'

inches. - - o

‘3.3 INSTALLING GRIPS AND RELATED ACCESSORIES - o

7. Examine the grips and note how far the grippingﬁsurface

extends on the length of the grips. If the.gripping Surface d%es not
‘extend fully, note the dlstance by'whlch the surface is recessed from

the edge. For best results, the entire length of the gripping surface:

6’

should be ut111zed in gripping the Specimen.

Using rags, clean thoroughly the~flat wedge grips, the liners

and the crosshead holes in which grips are housed. Wax the liners

and'wa§»the grips on theirASmooth‘sidéS. Thisvwillureduce theiPQSa;

Sibility'of the specimen jamming,Between the;gripsu UsUaiiy, the

sPec1men comes out loose with the shock of fracture but in the absence

of fracture waxed surfaces of the 8rips and liners are a great help

in removing the specinmn from the grips.

L d

8. Mount a grip spreader with screws in each of the crosshead

holes. The grlp spreaders keep the grips apart and facilitate 1nsertlon

of the specimen. See Fig. 20. -

— e

h;boits. The lip of the grlp retalner should be at the top touching the

soff1t of the crosshead so that the grips cannot slide below the soffit

of the crosshead. This will prevent grips from slipping so far down

as to get disengaged from the pinion. See Fig. 20.

B T S e s s B ikt . N T L T

9. Mount\@ grip retainer underKGQCh crosShead~USing cOnnection




Vi e
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_ 10. Introduce the grips from the top of each crosshead and ad- .
o .ju\sttheml USin'g' the grip cranks until th‘ey move‘_stOthl.j’ and in Oné; RRRE R0

!

'f:fi; level. Mount a grip retainer at'the'tOp-Cf the upper érquﬁead'as iﬁ f
| ~ Fig. 20. The lip should agaih bé'étitﬁe‘ﬁéé“to”pérmit free vertical 1'
movement of the grips but prevent their popping out at fracture.

3.4 INSTALLING THE SPECIMEN

11. Introduce the specimen from the top of the-uppeg érosshegd
. after verifying,the correct positions of tﬁe top and bottom ends as
iwell as theAfronf and rear faCés. Lower the specimen until the 1§wer
" end passes snugly betweenAthe grips. in the lower crosshead. Introduée
lineps from-the_top“ofthe %ppef cfoSSheadf Provide ﬁhe%iiners in
pairs ahd in such numbers and thickness that the griperhen locked
recess at least 1/2'in.~from*thefsoffit of the-upﬁer-érbsshead; See

Fig. 21. This minimum distance ensures that the grips and the cross-

head do not get overstressed. If the grips are recessed more, the

" clearance for mounting the instruments or the grip length of the
". specimen will be reduced. Make sure that the arms of the liners sit

fifmly on the top of the uppef croéshegd:

-~

12. Adjust the specimen vertically so that the level of the

top of the specimen is flush with the level of tﬁe;gripping sur face.

See Fig. 21.

-

4

13. Center the specimen visually with respect to the grips
and lock the specimen at thei}op by lightly tapping the grip crank handle
with the lead hammer. Always use the lead hammer for this to reduce

shock on the pinidn and the grip crank.




14, Stand at some d1stance from the machlne and check the ver-r:”'

&

‘the grlpplng surface. See Fig. 21.

"ticallty of the specimen with distant vert1ca1 obJects like’ columns.,,fﬁ%féh
If the spec1men requ1res a 11tt1e adJustment tap the bottom end

7l11ght1y'W1th the hammer wh11e holding the top in a temporarlly locked

position.

15. Introduoe-from.the top, into the lower crosshead'-the

d same member and thlckness of 11ners as used in the upper crosshead
The gr1p8‘when locked must now recessabout 1/2" below the top of the

lower crosshead. AdJUSt the level of the lower crosshead so that

the bottom end of the specimen is flush with the bottom edge of

<N

16. Check whether ‘there is adequate clearance.fofrmOUnting the

autographic extensometer and the mechanical dial gage.

17. 1If the clearances are adequate, proceed to lock the specimen”*‘*

If not remove the liners from the top of the lower crosshead and 1ntro- |

~duce them from_the bottom. Leave a gap of about 1/4" between the arms

of the liners and the bottom of the ]ower crosshead Although it
is more favorable for gr1pp1ng 1f the arms of the liners bear f1rm1y

on the bottom of the lower crosshead, it is adV1sab1e to leave ‘this

clearance to prevent jamming of the specimen at high loads. This con-

stitutes serious problem when the specimen does not fracture. It

~later on, the specimen slips excessively, provide wooden packing in

the gap between the“armgwof the liners and the.soffit of the bottom

crosshead. The arms of the liners will thus seat more effectively on

the croSshead-and will be more effective in preventing.slipping. Im

case of jamming, the wooden packlng can be ea811y removed and the llners

pushed down'W1th the use of pProjecting arms: to release the spec1men.




;'h reduce the grlpplng length by the same amount at the top and at the

- mountlng of the instruments. Figure 22 shows a speeimen'with both the

'°'18 If the clearances for the instruments are st111 1nadequate

AR

bottom. Obtaln the max1mum.gr1pp1ng length con31stent'W1th a proper

instruments mounted.

Whenever. the lower crosshead has to’be moved for these adJust-
ments, take care to release the lower end of the spec1men. This will
eliminate the danger of stressing the sPecimen as also the danger of

damaging the machine when the lower crosshead is moved up.

19. Lock the specimen firmly by hitting the grip cranks a few

times with the lead hammer. Lock the top first;unless the liners in

}

-

‘the bottom crosshead are introduced from the bottom, 1n'wh1ch case,
lock the bottom end of the spec1men first. This is to-preVent the

11ners of the bottom crosshead from fa111ng down from the shock of

hitting the upper grlp crank.

3.5 CLEARING THE WEIGHING TABLE | .
20. Clear‘the‘weighing table oomﬁletely and place the light
mboden or cardboard box to receive the'fracturedospecimengandgprotect

the meighing table. Keep the weighing table clear at all times and

do not place any accessories there because the load indicator will

record this extra load.

3.6 ZEROING THE RANGES .  — . - —

21. Set the range,seieetorfknob;to the desired load range

‘and set the local_pointer to zero. If you expect to use more than one

range, zero the load pointer for all such ranges.,
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‘*~,22’ Turn and set the control wheel flrmly but not too tightly

to. the 'SLOW' p081t10n. Set the speed selector to zero and push the

_'STOP' and ‘then the 'LOWER' knob L .'__ .'h - ";‘.,"- -

----------

3.7 GRIPPING THE SPECIMEN S |

23, Apply gr1pping pressure by pulling on t he grip crank handles
by hand and set the speed selector to 0.5 in. per min. When the lbad
p01nter begins to register load keep loadlug to a value correspondlng
to about 5 k81. Be careful uot to overlOad.the specimen. Unload,
but leave a few pounds of load on. This will ensure th;t the specimen:

is still effectively gripped.

If the specimen slips, apply‘the grippingtlpad at a much higher

speed. ChancéSﬁsf'overloading-are now increased, so attempt this

only after some experience on tension testing. However,.gripping

'is more likely:to?be:a~problem.with,the harder and higher strength
specimens where,, iﬁ»the4spe¢imen&;aretthick enough, overloading will -

be less of a problem.
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4 INSTRUMENTATION - -

- 4.1 THE DIAL GAGE (1/10,000 in.)

1. Adjust the dial gage s§~that when the main pointer isat'zefo,
‘the pointer,measuring hundfeds is eXactly at 0, 1, é‘--- etc. This is
to avoid ambiguities in reading the dial in iﬁtermediéte poSiEions.
-‘Adjust the position of the plunger of the gage by rotating the screw

~bearing on the plunger so thatfé;very small reading is obtained on the

N

 dial. Lock the screw in this position. Make sure that there is no
initial'lost‘motion in the gage be pressing the plungep and observing

the movement of the main pointer on the dial.
2. Attach the dial gage to the.font face of the extensometer

: . A o
using two shock cords one at the'tqp-and;one at the bottom. - Pie the

knots so that they are on the sides and not oq the rear face of the

specimen. | B

Adjust the cord tension so that it is even on both sides. Make
Sure that the conical points engage the punch-marks effectively. Aline

~th&,§lane:bf the dial gage parallel to the face of the specimen.

4.2 THE AUTOGRAPHIC EXTENSOMETER

3. Set the knife edge end to the long;armzseiting¢

_ [Py

.z —_—

- §wit¢h“to roll back the recorder drum to zero position.

=

5. Set the magnification knob to A, B and C in succession. If

there is no significant change in the position of the drum in all these

-

4. Plug in the autographic extensometer and switch on the standby

oo

L S T e oyt

B ey

e

.
A
z Rl S



W

‘*”it*f{xthree'poSitions, it is an 1nd1cat10n that the extensometer and the I
o l : ) , R
'.recorder are properly set, If not a small adJustment in the p031t10nxﬂ'

e U T A e i it o

of the coil on the extensome ter- may be necessary Always keep the

.p1n on the drum clear of the stop pin u81ng the recorder reset This
will ensure that there is no initial lost motion of the knife-edge of

the estensometer. If it 1s found that the pin on the drum cannot be

kept clear of the stop pin even with the recorder reset, adJust the
- p081tion of the Atcotran dlfferentlal transformer on the extensometer

'just anough to obtain a small clearance.
| | | g
6. Shut off the standby switch under the recorder.
7. Attach the autographic extensometer to the rear face of
 the specimen by two shock cords, one at the top and one at the bottom.

These chock cords should not pass over the mechanical dial gage, because.

this will make proper positioning of both instruments difficult,

Adjust the cord tension so that it is even on both sides. Make
sure that the conical point engages the top punch mark firmly. Make
sure that the knife edge of the extensometer bears fully on the Spec1men

This can be done by adJustlng the cord tension on both sides of each

cord, - _
8. Switch on the power and standby switches under the; recorder.
D S 9. Carefully, lift the knife edge off the specimen and place ,

it back.

N ¥}

. | 10.;.ﬁotate the load recording rod,_disengage it from the gears

behind the load‘dial,.puSH it to the zerq position and turn it to the

fo

desired range - half range or full range.’ ‘Look behind the load dial and

make sure that the rod engages the gears satlsfactor11y and is free to

S

" move. S - - vy
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?'11;' Clean.the pen fill 1t W1th ink and check for proper flow

Mount the pen in the penholder but keep it clear of the drum. Set to

4

- 8" gage, one division of 0.1 in. on the recorder sheet is equlvalent to

a strain of 0. ooozs in./in.

magnificatlon.A ,Th;S‘g1veS'a magnification factor of 406'90 that with

H S

12. Wrap a recorder~shut of appropriate load range onfthe drum
and fix it by slipping the metal paper,clip over the edges%of the drum.
Set to zero using the resetting knob. Make Sure that the pin on the

drum is clear of the stop. pin,

&

13. Mount the timing device and set it to f1ve seconds but do
not switch on the power .. zCheck*the;pen-of the timing:device for proper

flow.

14; Record the initial reading of the mechanical dial gage.
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.+ 5. RUNNING THE MACHINE AND RECOR DING

°5.1 CROSSHEAD SPEED

. y ~ .1. Set the maximum pointer to touch the load pointer 0ﬁ the-

" load dial.
2. Push the 'STOP' knob and then the 'LOWER' knoB.‘?Sét‘ﬁhéISPeéd -g

‘selector to 0.025 in./min. Use this crosshead speed until the séecimen o fQ i

vy

‘is strained well into:étrain-hardening.

In order to study the'behavior:ofrthedmaterialjunder‘Staticzloads

specimens should be tested at zero strain rate. This is not practical
 mext best thi o test'at a uniforn low éfrain rate ¢, 12
and the next best thing would be to test at a uniform low train rate €.

Even this is not easy and most screw-power type machines includiﬁg the k

120 kip Tinius Olsen are built to maintain uniform crosshead speeds.

ASTM A370 specifies a maximum crosshead:speedrbf‘O,S.;n. per.

min. for eight inch_gage.lo However, to reduce the effect of strain

rate on the behavior of the material, it is desirable to reduce the S o

crosshead speed. The recommended speed of 0.025 in. per minute is the ) :

minimum indicated speed on .the speed selector and is also the lowest

speed at which the &écbine works smoothly at all loads. .. . o 1

5.2 OBSERVATIONS

~ 3. Record the followi;g:

(a) Dial gage readings after a fixed interval of load. Choose

-theéinterval so that 15 to 25 intervals give the yieid lo;d; o
N Always tap the dial gage gently a couple of times'before‘taking | o %
a reading. This will reduce mechanical lags in the gage. ?




- ?7JL(h) Al sl1ps together W1th the correSpondlng loads as 1nd1cated _ tf;ff’.

by the maximum pointer. Set the maximum p01nter back to touch

- the load pointer 1mmedlate1y after the load is recorded

‘;,p01nter when yielding commences and the load drops.v*

(c) Upper yield load being the load indicated by the max imum, -

(d) After the yield, record the load for every 0 005 ‘in. of

~R

elongation.

(e) Set the maximun pointer back'to"touch.thefloadEpointer and

just before the strain attains a value of 0.00S'Which;correSponds'

to 2 in. on the strain axis of the recorder sheet, reduce the speed
gradually until the machine stalls. Do not turn back the speed -
selector any.more than is just necessary to stall the machine.

Record the dynemic yield load as indicated by the maximum pointer.

This practice of stalling the motor is strongly recommended

in preference to pushing the 'STOP' button or settlng the speed

selector to zero for two reasons: (1) It eliminates the 'backlng
up' of the motok and (11) it averts the danger of pushlng a wrong

button.

Observe the load dial reading‘fivelminutes after stalling
the machine. Record this as the static yield load. Also record

the mechanical dial gage reading.

(f) Start the machine again setting the speed selector at 0.025
in./min. Read and record the dial gage and load everytime the
dial gege pointer is at 0 or 50 on the dial. Stall the machine
agaln at a strain of 0.0125 which correSponds to 5 in. on the
strain axis of the recorder sheet. Record the maximum polnter
load. = .

It is necessary to stop the first run in this*way'in-order

to obtain the important initial portlon of the strain-hardening
range of the curve in one run. If the first run is allowed to run
for its full length and if the strain-hardening strain is large,

the machine will have to'he stopped soon after the onset of strain-

hardening so that it will be impossible to get any reliable data in




;}Fin the straln-hardenlng range. However, if straln hardenlng 1s

found to commence at a straln of less than Q. 0125 the run must )
‘be continued untll the straln of 0. 025 or 10" on ‘the strain ax1s

L - '..is reached

—

(g) fLift,the‘pen'off the.specimen and push rhe'pen assembly
out towards the end knob of the load recording rod. This will"

- keep the trace of the second run distinct from the first. Lift

the knife edge of the autographic extensometer off the specimen—
and allow the drum to rotate back. Set the pen back on p-aper and
record the corresponding load. from the load pointer and the
dial gage reading. | - | |

Everytime that the pen is required to be lifted up or set
down, turn the end knob of the load recording rod in the'direc-
tion of the seiected range, so that the gear are firmly engaged

before rotating the penholder clamp. This W111 guard against

:
I
O P O T b A A O T A S N S O BN YRR

the gears dlsengaglng while the penholder is being rotated.

'(h) Set the speed selector at 0.025 ipm'and switch on the

power for the timing device.

SRS Mloat I, A AN a8 T St Yomg L o M

(i) Continue to record the dial gage and load readings at every

0.005 in. of elongation for the full run of the drum.

4. As soon as the end of the recorder sheet is about to be —
reached, stall the machine, switch off the timing device. Remove the
penholder from the clamp and the recorder sheet from the drum. Dismount

the mechanical dial gage and the autographic extensometer.

5. Record the ultimate load as the maximHm‘Ioeﬂjindicated‘bY’the

maximum pointer. ' | —

6. As the load arops, éatch the load neinrer carefully. -Stay
- away from the Specimen and warn passeery. Observe the load corresponding

to the thud of fracture. Record this as the fracture load.

:
' A
' .
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- 5.3 CHANGE OF RANGE
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7. If at any stage of loading, you want td change th¢ load range; U, 1i“fi =

-~ check. - | )

— simply turn the-range'selector kndb'to the desired range. Do not go

&y

the érosshead speed is zero and record the load in‘Bdth the ranges."Dd

not change the range when the autographic recorder output is being ob-

A

~beyond the capacity of any range. Pfeferably; change “the ;ange"ﬁhéﬁiJhA;WJ

tained. Do not change to a lower range before making sure that the load -

- falls within that range.

[

5.4 éHECKING THE INSTRUMENTS

| 8. 1f a general idea is available abo;t;thé‘mecbapical proper-
ties of the specimen under te;t, compute the elonggtionfo; the inter-
vallof'load for which the dial gage is read in the elastic range. Also
the load-strain.curve in the elastic range can be computed. Check these

values against the test values-as_the-testuproceedsm If no idea of the

properties of ‘the specimen is available, observe the fUQCtioning of the

mechanical dial gage and the;aﬁtographic extensometer and check that
their readings are in broad agreement. OnevinCh,on the strain axis of
the recorder is equal to an elongationfofﬁﬁ;OZ in. on the mechahical
diaiﬂgage. Correct any malfunctioning of the instruménts‘in‘the elaSFic
‘rangewonly. Compare'élso, the strains computed from the Aechanicalmdidl

; |
gage with the strains recorded by the autographic recorder. at least at

~

“two points (i) At static yield load and (ii) At the commencemeut of the

second run on the recorder.

5.5 RELIABILITY OF LOAD DIAL READINGS
9. While ééﬁing load readings, always read the load dial. This

will give more accurate values. 'Use the autographic curve only for a

k]

byt il ey
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.~ ° 5i6 SLIPPING OF THE SPECIMEN -~ B IA SR D ST SR

- N'  ;l;Lmbchanica1 dial gage. Release the specimen an4-109k:for the causes -

P, it

- c .o . MW ' ’
CL Lo L i ‘
~ a0 -

T

“A5] ”;;fi _ 10. If at any time dﬁriﬁg the elastic range, the specimén slips :

|

'-Vﬁ?xqéssiVEIy, unload and dismount the autographic extensometer and the Lf; '

- W ¢

. . of slip: Mill scale in grips or¥spétimen, inadeqUate,tightening,'etc. L
- and after setting right thé deflects, start all over again.
5.7 WINDING UP THE TEST ’ _
11. Switch off the machine unleSS‘énOther test is,immediatély
.*  planned,'-RemOVe the gripé, liners, grip spreaders and grip retainers
andvplace them in the storage. Leave the working areas clean. Complete
the log book.
- o B N 7 —




6. MEASUREMENTS ON THE FRACTURED SPECIMEN
T 6.1 POSITION OF FRACTURE

f%fw.-f - 1. Observe the position of the frécture*with respect to the
punch marks and record on the diagram on data sheet.

@ -~

6.2 FINAL GAGE LENGTH

| ‘2. Place the fractured pieces with the matching surfaces of
‘the fractdre close together and the front face up. Measure, up to 0.01
in;,.USing calipers the distande bétween the gage points and record
it as the final gage length.
6.3 CROSS SECTIONAL DIMENSIONS OF THE FRACTURE
3. Measure the width at fracture on both pieces and.the‘thick-
ness at three locations on each piece as-indicéted in Fig. 23. Measure
?1, tl’ t2’ t3_on_the,upper fractured surface and Vs tﬁ’ t5 and t6
on the lower fractured surface.
Record the width and thickneSS as the average of the corresponding
_ measurements. B _ w
6.4 STORAGE OF THE FRACTURED SPECIMEN
4. Identify and retain the fractureﬁ’ﬁieces-untilithe final
submission of the summary report on the project. Classify as scrap
later with the bermission'of the project directort
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7. DATA S HEE TS AND.

- A set of data sheets and a set of

cluded at the end of this chapter.

" COMPUTATIONS

typical test results are in-‘

A summary of the quantities to be recorded from the test are

given below. The terms are defined in the chapter on 'Nomepnclature'.

!

A few of the terms are illustrated graphically in Fig. 23.

From the specimen:

1. Thickness and width at nine 1ocations;

2. Original gagé length'go

3. Final gage length after fracture~gf'

fractured areas.

From-the load dial:

v

" 1.

4. Width at two locations and thickness at six locations on the

Upper yield load (maximum pointer)

2. Dynamic yield load (maximum pointer)

3. Static yield load

on the mechanical dial gage up to the end of the éecond,ruﬁ.

recorder

6. Ultimate load (max imum pointef)

“a )

7. Fracture load

4.ii?%éAzeadings-correSpon&ing to an elongation

5. Load reading at the commencement of the second run on the

L ¥
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- s . e =67
| From theﬁ§cﬁqnica1 diél gége w'-'ifl}‘; ;?m __ ;~}77; g :-']gt“:*Q;w,g
‘ i;"Readings cOrfe5pbﬁdiﬁgtd a fiied_inqréméﬁfrgfq105d'inithef : |
‘eila"s»ti;c | ran'-ge, A | | : - .. —},5.,_ B ;
 2.-uReédiﬁg cbfrespoddiﬁg.ﬁo sfétié &ield 1055
3. Reading cbrre3ponding tbvthe commEncement.of the-secbﬁdrun. -
‘on -‘t’h-'e" fé_co‘r‘d'e r. ) _

Compute.théAfbllowing;' ) - )

frommthé specimen: " _ _

1. Average thickness and width. Take their product as the average
original'area-Ao of the cross section. | .

2. Elohgation f_gf- go

Percent Elongation = 100 x Elqngation/go

3. Reduéed area’Af-='Average reduced thickness x average reduced

width. Reduction of area = Ao - Af and Perceht Reudction of area =

100 x Réduction of area/Ao

From the L&ad Dial: | _ * |

1.. Upper yield stresscd;f=Uppér Y161d;10ad/Ao ) i -
2. Dynamic yield stress gyd =‘DynamiC yield load/Ad

3. Static yield stress Gys = Static yield 1oad/AQs

4. Ultimate Strength_cﬁ‘= Ultimate load/Ao

5. Fracture StrESS'cf =‘Fractureﬁload[Aa

From the load dialrand.the4mechénicglgdial gage readings:

1. Construct a stress-strain curve in the strain-hardening

- range and using figure 2, coﬁput€'strain-hardening strain € ¢ and e

and E . q30p)°

strain-hardening modulus Est by tWO-aPPrOQChES: Est2

. .
i e T T Y e e ST e, T T g e A e o e oo s A

NP < [ 1< X
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-

.". 2;v.Strain corresponding'to.static-yiél& loadfand the COmméqc¢5,

'ment of the second run on the recorder

. From the recorder sheet -

o .

1. Propor;ional iimit Gp'= Load correspoﬁding to Ae = 0.000l/Ab.‘

"See Fig.'1.." -

-

st2’ Est3(a)' st3(a)’

to a value obtained by the intersection of the stress-strain

. For computing E

, €. EStl (see»Fig. 8); E
pod1fy €st

curve of the yield stress level in the plateau and the tangent to the

curve ‘in the strain-hardening range. This tangent is drawn as the

...... 2

average value in an increment of 0.002 in./in. after the apparent onset

of strain-hardening;? - -
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R " TENSION TEST
Date: SO - " Project ‘
- Temperature: — e Spec.~No,
- Machine used: — ..'%f ', | ;"‘-“7[*'
Gages used: L ) AR o |
Scales: _ o
- (Automatic N
~ Recorder) . 2 |
Crosshead Speed: _Logatlon of Spe?lmen
| | in cross section .
Measurements Loads‘l (Kips)
" Thickness Width - Upper Yield Load |
(in.) (in.) ‘Dynamic Yield Load __ )
L] (e = 0.005) |
- Static Yield Load
—4— (e = 0.005)
Ultimate Load
1 Fracture Load - —

-

+ .
L_\

(average) (avérage)
Any Yield Lineu?

Gage Length: ___in.

Final Gage Length: in.

(Average Area): . 89, in.

Indicate Fracture on Sketch.
Measurements on Fracture Surface |

w, = w, =

t) <. D P N
_;4"- | FS = _ 't6-=.___;_
Reduced Area: - ) in. x in.

sq.in.

(Attach load elongation curve

RESULTS:
| and supporting calculations)

Proportional Limit ksi
(Ae = 0.0001)
Upper Yield Stress ksi
Dynamic Yield Stress__ ksi
(e = 0.005) | |
Static Yield Stress ksi
(e = 0.005) - |
Ultimate Stress  ksi
Fracture Stress _ksi ’
Strain at Strain o
Hardening: -Auto: R b
Dial: . %
Percent Elongation __ %
Percent Reduction o %
of Area \ .
| Strain-HardeningﬂModulus:
Auto: Estl _ _— . ksi
AEStZ ksi
| Est3(a) ksi
'D1a}:‘ EstZ- ksi
,Est3(b) ks i
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. ‘e, ' | °® - )
S . Specimen No.

- SUPPORTING CALCULATIONS

. « .. - - . ~ \ .
- . - . . X
4 - Id

jOriginal.Area = 'fu‘sq; in. I i_’h, uQ"ﬂ .  T

. L . ‘ .-

| LOAD (kips) STRESS (ksi)
] ~ f . -

Proportional Limit (Ae = 0.0001)

Upper Yield

Dynamic Yield

e I N R e U S o

Static Yield

i o o

Ultimate -

Original Length (Gage Length)'=;1 " in.

. STRAINS ELONGATION (in.) ___ STRAIN | .

. Strain at'Strain_Hardening » N | .

Percentage?EISngation

w,

B T et e

FINAL AREA  ORIGINAL AREA RECUCTION BY —
(sq.ini.) (sq. in.) PERCENTAGE

Percehtége;Réductien of Area | : . o “— (100) = % g
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, ' -71
SR ~ TENSION TEST
" . Date: Sunday, Aug 25 1968 | 07 Projeet 343 I
B Temperature Room . ‘I Spec, No. 4 14. SW ‘ o
o ) 4 ' . "
~u“' 'Tested by: = S. Desai &.S Izengar - ~ Shape - 10¢54 ﬂodlfled b“8 3/8 o
.W“ejMachlne used: Tlnlus-Olsen 120 k { | | ; I
i‘Gages used: Mounted Dial Gage, Autographic Recorder= 1 -1‘}/2 I
- -Scales: 1 Small Div.= 200 1bs. (Load Ax1s) .' fcm
A f (Automatic 1 Small Div.= 0. 00025 in./in. (straln ax1s) | Iy
- Recorder) . o
Long Arm, Magnlflcatlon‘A n Location of Specimen
, Crosshead Speed: O. 025 1pm (and see notes) - in cross section
Nhasurements )Loads o (Kips)
Thickness " Width Upper Yield Load , ___No upper vield.
(in.) (in.) Dynamic Yield Load " 33.55
. 0.380 - 1.499 - (e = 0.005) 32.50
0.380 - | 1.499 Static Yield Load '
— | . (e = 0.005) 5 )
0.381 - 1,501 Ultimate Load | '_45,90 |
0.380 . 1.500 Fracture Load 35.80 X
-.0.380 . 1.503 ‘;.RESULTS: (Attach load elongation curve
0.380*'.  1.503 - and supporting calculations)
- 0.380 1.503 Proportional Limit - 53.50 ksi
0.381 | 1 502 . “a7z> (Ae = 0.0001) | SR
| 0.382 1.500 0" Upper Yield Stress --- ~ksi
§o—— w7 BT Dynamic Yield Stress 58.9 ksi
424 13.510
| 3.4 _ (e = 0.005) | ‘
. 0.380  1.501 Static Yield Stress _ 57.0 kai”
(e = 0.005)
(average) | (average) |
| 'Any Yield Lines? No Ultimate Stress 80.6 ksi
Gage Length: 8.00 ' 4n. Fracture Stress 62.9 ;kSl
. . Strain at Strain ’ - .
Final Gage Length 9"78 __in. Hardening: Auto: 1.345 o
‘(Average Area) . 0. 570 _Sq. in. Dial: ‘» 1.365 q
| Indlcate Fracture on Sketch Percent Elongation - .R_ggﬁzswummm_mmovwewe
. - ' . , A o
Measurements on Fracture'Surface | Percent Reduction - ﬁ§°2 A_
B | - of Area o —
’1{:w1 = 1.144 w,. = 1.140 | - "Stfain-Hardening Modulus:
b o= ' = =-0.9 \uto: 4,210 s
t; =0.282 ¢, = 0.253 ty =0.292 Auto: E_ . .4, _ksi
. = = ‘ .= 0 o 601 1
,t4 0.288 t5 0.262 't6 >0.3OO EstZi ksi
' : 1.142in. 0.279in. - 950 s
Reduced Aaea | in. x /91in Est3(a) - k51.
. o 0.319 in. T 589 .
p— 0.319 sq.in ; D1a1.; EstZ — — ksi
EstB(b) 1,122 ksi )




'Uppef Yield o - - L .- o -

 Ultimate - 4590 806

. Strain at Strain Hardening - 53.8 divs. 0.01345

Lt s T . Specimen No. 4.14:5W

‘‘‘‘‘‘‘‘‘

“ $mLBb&ILNchALcﬁLAT1ons1E~Q.¢ﬁ;%f;;¢4;

Orl.'gl'na'l Area = ~0.57 sq. in. e IR .r-,.,..'_:‘__-'_:'_:.,' -l ..an s

_LOAD (kips) _STRESS (ksi)

Proportional Limit (pe = 0.0001) = 30.5 . __ 535

Dynamic Yield - o  33.55 - o 58.9

Static Yield S S . 3250 57.0

~ Original Length (Gage Length) = 8:01  {n.

. STRAINS ~ ELONGATION (in.) STRAIN

"

Percenta'ge Elongatiot}' __9.78-8.01 o 22.25'

FINAL AREA  ORIGINAL AREA RECUCTION BY
' _(sq.in.) _ (sq. in.) PERCENTAGE

Percentage Reduction of Area 0.312 ©0.570 © 0.258(100) =45.2 %
o 0.570 R

L
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° ) - -
. . o Fst

e..: Dial: 0.01365

e =21

Load at e
| st
Load at e

E 2400

- Auto: 53.8 divas = 0. 01345 '
':.tli Reiatlve vatues“~f29~“18000) and (74 45000)

45 x 0. 00025

+ 0.003 =

D S o R
O 57 4 210 ks;.. N " . ;.-3 R

34,900 1bs.

.+ 0.010 = 37,300 1bs.

2400 _ 1 oi = 601 ksi

'p81

st O 57

0.007

7(0 57)

st3(1) Rel. value (41, 31500) and (78, 36500)

E =‘5_._0..
7 (0.00025) X 0.57

“st3(1)

st2: st
Loads

Bst2 T 0.07 x 57

Est3(2) Load at e,

_Eét3(2)

0.57 x 0.005

L

- NOTES :

at a load of 42.90 k (after the second run on paper).

<

. run on_paper speed was-increased to 0.050 1pm.

= 0.01365;

. + 0.005 =

35.70 - 32.50 _

The specimenwdidvnot exhibit upper yie1d~pointe

x +— = 950 ksi

st + 0 003 = 0.01665; ¢

50 _ el o s .
34.75 +0.25 75 = 34.95;  37.3 )

g +0.010 = 0.02365

= 589 ksi

35.70

0. 64(1000)
0.57 1122 k31

A small slip occurred

After the ultimate load, (when §

load began to drop), at a 1oad of 45.3 k, Speed was further increased to O,IQO“ipm,

- s.._.........5._4-..«_.‘_....._.‘._._...m..v.‘.‘,-,“mm:—-, Y R A AL TR Sac T ¥ i S5

At the end of tahe-méeeﬁnd_____--f_.‘._....;.‘j-
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A brief'Summary'of'the*Various steps involved is now given.

- Since the tension test is best conducted by a group of two-workers,

and B is also indicated

A

8.1 EQUIPMENT REQUIRED

. thefrecommende§ subdivision of the work between the two, designated A

1. Collect the required equipment and the accessories

_8.2 PREPARING THE SPECIMEN

2. Clean and grind the specimen. See Fig. 19 - -

3. Make scribe lines and punch marks. See Fig. 19

4.

J.

L

Measure thickness, width

and g, m

8.3 PREPARING THE MACHINE

6.

- Clean the crosshead holes,
grips and gripliners. Wax

the gripliners and the
grips. Install the grip
spreaders and the grip
retainers. See Fig. 20.

Install the specimen and
the gripliners. Adjust -
the total thickness of
gripliners, position of

- specimen and lower cross-

head to obtain conditions
shown in Fig. 21. Aline
the specimen. '

Record the measurements
taken by A.

Look for yield lines and
record. %

Check the working of the -

machine. Bring the cross- -

heads into a convenient
Working position.

Install the grips.

Manipulate the grip

crank to hold and release
the specimen while A
adjusts to the position
shown in Fig. 21. Check
the position and aline-
ment of the specimen.
Check the position of
grips. Check the clear-
ance for the instruments.
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CTéar Ehe'welghing table. -

‘ Place the 1lght box on 1t_

Keep pulling

8.4 MOUNTING THE MECHANICAL DIAL GAGE

10.

Tie the shock cords.

Equalize the cord
tension and aline the

- gage parallel to the

specimen

8.5 MOUNTING THE AUTOGRAPHIC EXTENSOMETER

;-Pull the grip crank

12,

13.

14.

15.

Check that the knife edge

has long arm setting.
Plug in the. extensometer.

Tie the shock cords. Ad-
just cord tension to secure
full bearing of the knife

edge on the specimen.

Lift the knife edge off

the specimen and place

it back.

‘ v'v“'l‘_""-'

handles and hit llghtly
with lead hammer to

lock the specimen. Zero -

the desired load range.

‘Run the machine to
grip the specimen.
 Un1oad

"Hold fhe mechanical:

dial gage in position
on the front face of
the specimen.

Check that the conical
pPoints engage the punch
marks satisfactorily.
Check the alinement of
the gage.

Switch on the power

and standby switches.
Check the zero error
and the working of the
recorder reset. Switch
off the standby switch.

Hold the extensometer
in position on the rear
face of the specimen.

Check that the top
conical poirnt engages
the punch mark satis-
factorily. Check that
the knife edge bears
fully on the specimen
Switch on the standby
switch.

Zero the load‘fécordihg}

rod and set .to the desired -

range. Set the magnlflca-
tion knob to A,
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8.6

| ' ' AW‘. : _‘ e e
® 3
M'ount the tlm:mg dev1ce. o
... Check the pen for prope;
flow. :

. Check the position of the
load recordlng rod behind
the load dial.

19,

20.

21,

23.

- 26.

_RUNNING THE MACHINE AND RECORDING'

Read and record the initial
reading of the dial gage.

List the values of loads
at which readings are to
be taken in the elastlc

range.

Read and record the dial
gage reading against the
corresponding load when

B calls 'Read'

Read every slip and the
minimum reading after
every slip. Record
loads read by B.

Fix and zero the re~*we;4w;g;;,w;MW.-

“'corder sheet.

Mount the pen assembly
and check the pen for |
proper flow.

Run the machine at a

crosshead speed of

0.025 ipm.

Call 'Read' as soon as
a value listed in step

21 is reached

At every slip, read the

load from the maximum

Pointer and the minimum

- load after slip.

Check approximately the agreement between the mechanical dial
‘gage and the autographic extensometer. | '

Record the upper yield load

Read the upper yield load .

from the maximum pointer. S

Set .back the maximum
pointer to touch the
load pointer.

Just before the s train is
about to reach 2 in. on
the strain axis of the
graph, stall the machine.




. j =81
Y A | 5
27.° . Record the dynamic yield . Read the dynamic yield =~ T
| ., "load and the static yield , load from the maximum -
St " load. Read and record - . pointer. Wait for five
- -~ the dial gage reading - minutes after stalling ‘
corresponding to the static - the machine and read
| __ .. yield load. Check that . the_ static yield load.
e " the elongation on the dial ’ . L
o gage is about 0.04 in.
T28., o S List values differing
| | - . by 50 divisions on the
. dial gage. |
29. - Call 'Read' everytime the Read and record the
dial gage reaches a value load against the cor-
listed in step 28. ‘responding listed value
| | when A calls 'Read.'
30. Read the dial gage at each - ~ Read and record the
slip and read the minimum load at each slip and
value after each slip. the minimum load after
' each slip.  Also record
. the dial gage readings
~of A. |
31. : . __ | Stall the machine at B

about 5 in. on the strain
axis. From the maximum
pointer, read and record
the corresponding load.
Lift the pen off the
recorder sheet.

32, Lift theknife edge off the = . Push the pen assembly
- specimen for a few seconds _ out on the load record-
to allow the drum to roll ing rod. Set the pen
back completely. back on paper.
33. Read the dial gage | - Read and record the load.
| . | ~ Record the dial gage
readings of A. Run
the machine again at
a crosshead speed of
. - 0.025 ipm. I
34. Call 'Read' everytime the - Read and record the 1load
- - dial gage reaches a value - against the corresponding
listed in Step 28. | listed value when A calls
N 'Read’ - '
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a Switchwoff the standby'
e. _  switch, Lift the pen

Tun, take off the dial gage
R o - off the recorder sheet.

' 36, _'Take off the aqtographic extensometer.

37. Réad'and record the ultimate 1038.

38. Read and record the fracture load.

8.7 MEASUREMENTS ON THE FRACTURED SPECIMEN

39. | o 4 : Observe and sketch the
' | | position of the frac-
ture on the data sheet.

40. " Match the fractured sur-

Record Bs -
faces closely.and measure |

Bg-

Record the values:

41. Measure'w1,~w t
measured by A

_ 2> b0ty
§3, t4, t5 and t6. See
Fig. 23.

)

“; - ',

8.8 COMPUTATIONS i S e - e c

42 Compute average thickness, average‘widtﬁ;anﬂ«A

N

0}

43. Cqmpute quy’ Uyd’ dys, % and~cf

e o g

e e e

44 . From mechanical dial gage readings, compute ¢ Est2 and Est3(b)'

st’

Ese1 Bseo

45. From autographic extensometer, compute Ops €

and Est3(a)

46. Compute Af %nd Percent Reduction of Area.

47.;“.' Compute Percent Elongation.

st’

L',




T B e e 17 vt v Yemira s e b = e e e b

"Taﬁié“i}f“Pfopbsed_Program'of Work Under Pfoject‘343 -

e 2 oy " e e e

5“”fff””:PLASTIC DESIGN

. e m ke ke c——— et 5 ot n (o emea et d
e o bt o AT

) AND THE |
PROPERTIES OF 65 ksi STEEL |
Phase R Pﬁfppse Tésts'

‘1. Mechanical Properties

(Fritz Lab)

N

2. Mechanical Properties
(Producers) o

3. Mill data

4. Stub Column TeéES_'

.5. Beam tests

6. Beam Column

7. Residual Stresses

Dete ‘ine' | ‘as
eterm Est' €spr @

well as o ,E, o, v, %
y u

elongation, for variety
of shapes and plates.

Collect such prelimi-
nary information as is
available is producers'
research labs on
properties listed in
Phase 1. ‘

~Find statistical var-

jation in Gy and such

other properties as are
reported in the mill
test sheet.

Check local buckling to
verify theory (observe
proportional limit)
observe average yield
stress. |

Check local buckling
provision, check lateral
bracing spacing pro-
vision, check shear rule

Check Column provisions
of theory

Needed for beam column
theory (check stub col-
‘umn test, local and =
lateral buckling in ASD)

“Coupon type tests

of Phase 4 tests)

Flange and web,
Shapes and Plates
thick and thin.
(Include a few
simulated mill
tests) V65 and
Exten 65.

. compression test$®®

.. None (Producers
~supply typical

complete o - ¢
curves)

None Producers
supply

Mill reports for
a "few thousand”
specimens

2 tests (ome
heavy, one light)

3 tests '"Beam"
shapes, moment
gradient and uni-
form moment.

1 test (Some
material as one

Several sets
same as Phase 4
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TABLE 2: SUMMARY OF RELEVANT ASTM STANDARDS™ . , L
-%me¥"4“9@*9ff'.f'; ““Chemical Rgduiteménts Gﬁll‘Figufes for Check Analysis)
| " Carbon Mﬁhganese‘ Phosphous"‘ Sulfur Silicon Copper
Max 7% o~ Max % " Max %  Max % Min.%
) A36 - 0.30 - | 6.05 0.063 k% - 0.18% !
A242 - 0.21 Max 1.30 --  0.063 - ==
A440 0.32 1.05-1.65 0.05 - 0.063 0.33 0.18
A44l - 0.26° @ Max 1.40 0.05 ’ 0.063 0.33 0.18
A572 ~ .
Grade 42 - 0.25 Max 1.40 0.05 | 0.06 - 0.35 0.18%
Grade 45 0.26 " n n " "
‘Grade 50 0.27 " " " " "
Grade 55 0.39 "o " " "o '
Grade 60 0.30 " | "o " " om
Grade 65 0.30 "o " | "o " “ "o
* Only'when‘spécified by customer - | | ”
** 0.13 to 0.33 for shapes over 426 1b/ft and plates over 1 1/2 in. thick.
These are broad requirementStonlg; A572 also detéils the alloying
‘combination as one of the following alternatives.
. (1) Columbium: 0.004 to 0.06%
- (2) Vanadium: 0.005 to 0.11%
(3) Columbium (0.05% max) + Vanadium'= 0.01 to 0.11%
(4) Nitrogen (with Vanadium) = 0.015% max. iMinimumﬁratiquf
- Vanadium to Nitrogen = 4:1
Tensile Requirements and Maximum Product Thickness
Minimum. Minimum Miﬁimum o Max. Thickness 0# Size
cy, ksi o> ksi Percent ' °  Plate & Bars Shapes
R Elongation - |
(8 in. gage)
A6 3 58 . 20 - e
A242,A440, 50 70 - 18 . up to 3/4" ~ Group 1 &2
- A441 46 67 19 “over 3/4" to 1/2" incl. Group 3
42 63 - 16 over 1 1/2"to 4" 1incl. Group 4 & 5
A572 42 60 20 b4 A1l shapes
45 60. 19 ‘11/2 up to 426 1b/ft.
55 70 17 11/2 |
60 15 16 I L e Group 1 & 2
65 80 15 e 12 - Group 1




B et

ERe Material

N
Total

* Shapes outside of Group 1, ASTM Aé

| Heat Number

69347%

1273271

144T393
1558625
1455623
154;527
'144:337

145V 56 9%

- 141T414

~

| TABIE 3: PROGRAM OF TESTS

ANumbef

" 2-from
2—from
2-from
2-from

3-from

4-from
4-from

2-from
2-from

2-from
l-from

2-from
2% from

2-from
2-from

'Z-erm
2-from

) 2§from
4-from
stub

2-from
2-from
2-from
2-from

52

2

. L
- R
" .
— i |
o
= :;»}-{;»% ——,
} |

of Speéimens‘

web of 16W71

.....

flange of 16W71

web of 16¥88

‘flange of 16W88

1/2" plate
3/8" plate
1/4" plate

web and

flange of 10W39

web and - |
flange of 12W36

web -and ”
flange of 16W36

web-and N
flange of 14¥30

web of 16B26

flange of 16B26

web and
flange of 10W54
columns ‘

web and |
flange of 12B19
web and

e

-

flange of end of
12B19 beam previously
tested under moment
gradient.
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. 0.527x1

0.550x1
0.509x1

- 0.521x1
| 0;819x1

0.820x1

0.817x1

0.524x1.
.504
0.521x1.

493
494
493
.503

.505
499
.501
-503

0.522x1

0.404x1
0.403x1

0.402x1

0.402x1

0.256x1
0.256x1
0.255x1

0.340x1

0.307x1
0.323x1
0.274x1

0.273x1
- 0.293x1.

.591

.592
.596
.59%

.593
591
0.809x1.
.59

595

503

501

501
0.339x1.
0.338x1.
0.338x1.

.502
.504
.500
.503

503- web-16B26

501
500
501

" Section inxin.

TABLE 4: TEST SPECIMENS

web-16¥88 -

web-16W71

flange-16W88
"

flangeflaﬁ7l
"

plate
1]

g i3

web-10W39

web-12W36.

1"
web-16W36
n

web-14W30

. .

Condition-

of‘Specimenf- :

Ciean
-n

Clean
1"

”n
"
"

Yield lines

Clean
"




' TABIE'S: OBSERVED STRESS -(ALL VALUES IN ksi) - -—

Test ~Proportional = Upper  Dynamic Static .
No.. — Limit | Yield Yield Yield Ultimate Fracture

- % “uy Oya- Oys u Of
1.1.10  47.7 64.4 62.1  .60.7 86.8 . 67.4
I.1.2w  57.1 -~ 63.9  61.3 87 .4 79.3

4.13.1W  30.8 66.0 64.8  62.6  88.0 67.2
4.13.204  48.2 . 64.6 64 .3 61.0 85.6 65.7
1.1.3F  61.4 70.5 67.3 65.0 % .-
1.1.4F  35.6 64 .6 64.8  63.1 % --
4.13.3F 46.4 -- 64 .2 62.2 89.6 68.6
4.13.4F 53.8 69.2 65.9 63.7 % --
1.7.1P  63.5 65.7 63.6 62.8 87.0 679
1.7.2P  63.1 63.9 62.5 60.5 86.2 " 66.2
1.7.3P  38.4 66.4 63.0  60.9 87.0 62.6
1.9.1P  64.1 65.6 62.7 60.7 86.7 67.6
1.9.2P  65.6 66.5 62.8  60.2 85.0 66.8
1.9.3P  67.3 67.3 64.1  61.6 87.2 68.2
1.9.4P  58.0 67.5 63.9  62.1 86.3 67.0
1.11.1P  67.5 69.3 66.9 63.9 86 .4 69.9
1.11.2P  66.6 71.3 66.6  62.7  --87.5 71.3
1.11.3P  68.8 71.6 68.5  65.6 87.7 70.8
1.11.4P  72.0 72.0 68.2  63.6 82.0 70.2
1.2.10  61.9 64.0 61.9  59.0 82.6 64.6
1.2.4W  53.0 63.7 62.1  60.4 83.6 66.7
1.3.14  68.3 68.4 65.3 63.4  86.5 71.5
1.3.20  67.9 67.9 65.7  63.6 86 .4 70.6
1.4.1W  66.4 68.1 65.5  63.6 86.5 68.1
1.4.30  62.4 65.0 65.2  62.5 8.7 T 71.2
1.5.14  69.3 70.6 67.9— 65.0 86 .4 71.5
1.5.20  55.2 66.4 65.7 60.3 83.3 68.4
1.6.1W  58.9 - 63.5 60.5 83.9 65.2
1.6:20 - 47.1 63.1 63.1  60.0 82.8 71.5
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.- 'TABLE 4: 'TEST SPECIMENS

_ Test.No.

1,19
1.2W
13.1
13.2

.1.3F
1.4F

.13.3F

.13 .4F

1.7.1P
1.7.2p
1.7.3P
1.9.1P
1.9.2P
1.9.3P
1.9.4P
1.11.1P
1.11.2P
1.11.3P
1.11.4P
2.1W

.2.4%

3.1W

3,20

A UIW

430
5.1W

e5.2W
6.1W

6.2

5.15.1W
5.15.2W
5.15.5W
5.15.6W

WWN
Fxj txj txj

P

n B P LN
e PAPLW PWLW PO

= =

S I

.~ 0.521x1.5%

0.527x1.591

0.550x1.592
0.509x1.596

0.819x1.593

. 0.820x1.591
"~ 0.809x1.595

0.817x1.594

0.524x1.503

0.522x1.504

0.521x1.501

0.404x1.493
0.403x1.494

- 0.402x1.493

0.402x1.503
0.256x1.505

0.256x1.499

0.255x1.501
0.254x1.503

0.340x1.501

0.339x1.501
0.338x1.500
0.338x1.501

0.307x1.502
0.323x1.504
0.274x1.500
0.273x1.503

~_Section inxin. -

0.293x1.503 -

0.284x1.498

0.380x1.501
0.380x1.501

0.257x1.510
0.259x1.501

0.262x1.504

0.265x1.505

0.516x1.500

0.513x1.503
10.527x1.511

0.427x1.502

0.424x1.552"
10.390x1.500

0.383x1.503

~..0.359x1.500

0.371x1.500

- 0.641x1.499

0.628x1.500
0.611x1.500

0.368x1.502
0.367x1.495

 0.371x1.506

N A77~1 K"N&K

0.637x1.503 . . " . ..
 flange-12B19
T IR

o e A s

| plate

) Shépé~x

web-16¥88 .
' " ‘ K oo

web-16W71

- flange-16W388
n :

fléngefl&f?l
"

web-10W39

~ web-12W36

web-16W36

web-14W30

web-16B26
.n

web-10¥54

web-12B19

"
b -

.

flange-10W39
11}

flange-12W36 '

flange-16W36
"

flange-14W30
"

flange-16B26
1"

flangé-10W54
n ' "

.

. ' )
-
0 .-

Condition:

_Ciean

te "
¥

Clean

"

"

"

"

"

n

"
on
.n

| ",

-
B .

Yield lines

Clean
"

P

n
"
"
n
"
"

"o
"

Yield

Clean.

Yield
‘Clean

Yield
Clean

Yield

Clean
n

"’
"

lines

lines
lines

ey :
lines -

‘ "
. o [P .

| ion =~ ..
- of Specimen

[P

o |
-86 ;
1




: . . (S . L . L R A . . . . .
) . . R ' W . e . : . . . B T N T ' s : "
. : S ' R Lo E. . . " - oy Lo . . e
- . . v B EE N L L - . .
P - . N . ' ' . ' - Ce e ' ‘ )

ow T .

~ TABIE 5: OBSERVED STRESS (ALL VALUES IN ksi) -

¢ e TN T PR

St oottt

. %Over 92 ksi. Load corresponding to qﬁéxcéededcapacity_

. \ v &

of the machine., "' .%

- . f'.TéSt_ Propbrtiohai Upper ~ Dynamic  Static | R Ll . :;
- Material  No. Limit = = Yield - Yield Yield  Ultimate Fnaccune“¢ M;jf‘;&
. ;' °p w0 %a % - 9y Rt S
A o LW 47.7 fﬁ;'64.4’, - 62.1';",60-7w.-f 86.8 - ‘67-4‘ | |
n 112w 57.1 e T 63.9 61.3 - 87.4 - 79.3. - -
"© 4,13.1w 30.8 . 66.0  64.8 62.6  88.0 67.2
fffffffff e 4.13.20  48.2 64.6.  64.3  61.0 85.6  65.7 -
. © 1.1.3F - 6l.4 70.5 67.3  65.0 % e T
S 1.1.4F  35.6 64.6 64.8  63.1 - ® - .-
" 4,13.3F . 46.4 -- 64.2  62.2  89.6 68.6
| o 4.13.4F 53.8 1 69.2 65.9  63.7 * -
; . B 1.7.1P  63.5 65.7 63.6  62.8 87.0  67.9
Y " 1.7.2P  63.1 63.9 62.5 ~ 60.5 - 86.2 66.2
% e 1.7.3P  38.4 66.4 63.0 60.9 - 87.0 62.6
" 1.9.1P  64.1 65.6  62.7 60.7 86.7 = 67.6
" 1.9.2P  65.6 66.5 62.8 60.2 85.0 66.8
" 1.9.37  67.3 67.3 64.1 61.6  87.2 68.2
" 1.9.4P  58.0 67.5 63.9 62.1 86.3 67.0
n 1.11.1P  67.5 69.3 66.9 63.9 86.4 69.9
" 1.11.2P  66.6 71.3 66.6 62.7  -.87.5 71.3
" 1.11.3P 68.8 71.6 68.5 65.6 87.7 70.8
" 1.11.4P 72.0 72.0  68.2 63.6 82.0 70.2
B 1.2.1W  61.9 64 .0 61.9  59.0 82.6 64.6
" 1.2.4W  53.0 63.7 62.1 60.4 83.6 66.7
" 1.3.1#  68.3 68.4 65.3 63.4 ' 86.5 71.5
" 1.3.2d  67.9 67.9 65.7 63.6 86 .4 70.6
" 1.4.10  66.4 68.1 65.5  63.6 86.5 68.1
" 1.4.30  62.4 65.0 65.2 62.5 84.7 71.2
" 1.5.10'  69.3 70.6 67.9  65.0 86 .4 71.5 -
" 1.5.20  55.2 66.4 65.7 60.3 83.3 - 68.4
" 1.6.1W  58.9 - 63.5 60.5 83.9 65.2
" 1.6.20  47.1 63.1 63.1 60.0 82.8  71.5
om 4.14.20  60.9 62.1 60.6 58.7 81.7 64.8
" 4.14.50  54.0 S 58.9 57..0 80.6 62.9
1 5.15.1W 67.0 69.4 68.5 65.2 87.8 70.4
" 5.15.2W  68.5 69.8 68.5 64.4 87.8 72.1
" 5.15.50 66.2 68.7 67.7 65.4 87.8 71.0
" 5.15.6W  62.7 68.2 66.7 64 .4 86. 7 70.7
B 1.2.2F  58.2 66.8 65.9 63.8 87 .4 65.9
- 1.2.3F  52.5 -- 65.9  64.2  89.3 71.5
" 1.3.3F  62.6 64.5 62.9 60.3  83.4 - 64.6
" 1.4.2F  42.9 - 61.4 58.3 83.2 64.6
" 1.4.4F  53.1 -- 60.4 58.8 80.4 61.1
W 1.5.3F  38.5 65.2 64 .2 62.2 8.2 67.2
s 1.5.4F 58.0 64.9 64.8 63.2 85.4 67.7
" 1.6.3F .~ 66.1 66.8 65.7  62.8 86.5 70.4
" 1.6.4F  52.1 -- 64.7 61.7 84.5 66.9
. 4.14.1F  62.5 66.0 62.8 61.1 86. 1 64.0
" 4.14.3F 55.8 59.8 60.0 58.1 8.5 63.1
o 4.14.4F 44,8 -- 58.4  57.6 83 . 8-mrrGls6
. 4.14.6F 60.1 64.5 61.2.  59.0 84.4 62.5
" 5.15.3F  37.9 - 67 .4 6% .2 85.9 67.6
" - 5.15.4F  50.1 - 68.3 69.9 66.3  89.6 71.0
"  5.15.7F 51.7 67.1 68.7 65.5 88.9 70.2 .
M. . '5,15.8F 51.7 67.0 67.4 64.5 .. 87.1 69.2
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~ Strain at =~ Elonga- Reduc-  Strain Hardening Modulus =~
o - strain ‘tion tion of " Est in ksi o
.. .~ .Test  hardening, (8 in.), Area, I |
~ Matr. ' No. est, percent percent percent ".":?-‘E»stl | Est2 ESt3(a') , 'EstB(b)‘
oA Llw 0.95% . . -19.8 57.2 700 590% 530 546
"™ law 2.5 18.0 0 0 59.4 406 . 600% 406 = 602
St 4130w 1.80% . 21,2 614 . 600 590% 574 - 730 ;
" 432w .- 211 - 58,7  -- -- .- o=
- 1.1.3F S 2.32% . e-t o ee 2,000 705% 852 . 895 ; |
" 1.1.4F CLOsF e e 4,200 726 680 770 |
' 4.3.3F 0 1.200 21,5 . 56.0 9,150 688 705 = 550 |
SN 4J134F 0 L19% .o --~ - 1,900 670% 854 7155 |
B+ L7.P - 1.75 . 20,6 - 54.5 540 576 = 513 507 |
e Mo 1.7.2P 1,23 19,2 514 4,020 645 737 639 |
" 1.7.3P 1.12% 19.2 - 45.8 2,560 ~ 634 80 850 o
" 19,1 3.25 22.0 47.0 930 350 82 20 |
, " 1.9.2p 2,29 20.0 - 36.4 - 830 775 59 . 500 = ﬁ
on 1.9.3P 1.45 21.3 50.7 1,500 441 685 590 B
" 1.9.4P 1.21% 19.5 59,3 480  530%----480 720 = %
" 1.11.1p 2.05 - 24.9 46.0 2,030 446 461 475 |
" S1.11.2p 2,02 0 21.2 40.6 6,960 557 841 493 . -
" 1.11.3P 2.05 21.7 - 47.2 6,274 485 993 . 7%
" 1.11.4P 2.09 . 23.4 48.7 1,375 340 960 -  '650.
B 1.2.1w 1.95 21.6 44.2 5,320 642 591 630
" 1.2.4W 1.67% 21.2 61.6 393 580%* 655 900
1. 1.3.1w '1.85 21,0 49.2 2,920 505 987 890
" 1.3.2W - 2.06 23.3 44, 3,300 559 920 822
" 1.4.10 2.18  22.6 62.3 868 496 = 819 859
" 1.4.3u 2.27 20.5 ~ 55.5 3,960 456 871 826
" 1.5.1wW 2.55 21.5 58.3 -- .- - --
" 1.5.2W 3.28 2.4 42,0 - 8,372 479 926 = @ - —
" l.6.0W 1,91 21, 53,2 as -— e a1
" 1.6.20 - 1.75 21, '39.5 1,750 497 895 769
" 4.14.2W 1.66% - 23. 44,0 3,510 521% 1031 965
" 41450 - 1.36%-—— 392 “45,2, 4,210 589% 950 1122
M- 5.15.1W 2.52 ~20.7 40.5 696 619 538 569
" 5.15.2W 1.97 20.2 43,2 2,500 644 382 _ 744
" 5.15.5W 2,12 '19.0 - 47.0 1,425 499 979 402
L 5.15.6W. '2.20 18.0 -37.0 - 1,394 523 836 717
B 1.2.2F 1.65% 21,2 58.2 2,500 565% 975 +830
Mt 1.2.3F - 1.58% 21,2 . 50.5 1,050 . 573% 990 1,020
" 1.3.3F . 1.77 36.1 58.6 1,883 550 = 664 .-
" 1.4,2F 1.90 24 .6 53.3 -~ 3,710 322 - 660 434
" 1.4.4F 2.62 23.1 . 55.0 . 6,840 = 380 1,160 = 402
" 1.5.3F 2.10 22.6 58.1 2,720 560 730 - 670
" 1.5.4F - 1.90. 22,5 44,0 5,030 542 355 472
" 1.6.3F 1,99 '18.8 55.1 9,825 542 . 805 941
" 1.6.4F 1.70 18.1 - 57,5 7,960 516 820 ' 452
" 4.14 . 1F 1.18% 22.7 - 55.5 2,240 630% - 833 807
" 4.14 .3F 1.05% 234 53,2 1,835  643% 932 870
"o 4,14 .4F 1.08% = 23.9 52.4 " 2,380  648% . 960 961
" 4,14 .6F 1.19% 23.6 53.8 2,400  618% 835 825
" 5.15.3F 2.00 "21.0 '52.6. 1,660 490 903 ' -
" 5.15.4F 2.00 - - 20.5 ©37.3 . 4,250 575 721 638
. '5.15.7F 2.13 18.0 ©53.0 1,245 484 736 955
" 5.15.8F 2.01 20.0 45.0 1,374 522 . 764 900




A | TABLE 7: SUMMARY OF STRESS (All Values in ksi) . -

-

'Value Proportional Upper Dynamic Static Ultimate Fracture
of Limit Yield Yield Yield Strength Stress
| - g " o} (o} (o] ' o

g Hﬁferia{. Origin

N

-

A&B

Web

Flange

All

Plate

"
‘Web

Flange

All

?late

Web

Flange

All

Averagé
Median
Average

Median

Average

Median

Averagé

Median

Average

Median
Average
Median
Average
Median
Average
Median

Average

Médian

Avefage
Median
Average

Median

Standard
Deviation -

- 45,
47,
49.
50.
47.
47 .
63.
65.
61.
62.
52.
52.
58.
61.
63.
' 65.
58.
61.
52,
52,
57.
58.
9,

Coefficiqu_}?.
of Variation7%

W U o LN A Yo N BU L OLOO N

O O = W v V-

© 65.0

64.6
68.1

69.2

66.5
65.3

67.9

67.3
66.8

68.0
65.5

- 66.0
66.8

66.8
67.9

66.4
66.1
66.4

. 66.7
66.5
. 2.6

63.8

64.1

65.5

65.3

64.7
64 . 55

64.8

63.9
64 .8

65.4

64 .2
64 .7
64 .6
64.7

64.8

63.9

64.6

65.0

64.5

64.8
64 .6

647
2.6

4.1

62.

62.

62.

62,

61.4

61.1
63.5
63.
62.
62.

I S S

62.

61.
62.
62,
62.
62.
62.
61.
61.

62.

62.
2.

W W = 0N VW W H N WO N W W H = N

87.
- 87.
89.
89.
87.
87.
86.
86.
8 .
85.
85.
85.
85.
86.
86.
86.
85.
- 86.
- 85.
85.
85.
86.
2,

MU N N =D

(o))

, f o | - p o uy yd ys u - Gfi_

69.9

67.3
68.6
68.6
69.6

67.4

68.0
67.9

68.8

70.5
66 .4
67.7
67.8
68.0
67.9
69.0

_69.4

66.5
67.0

67.9

67.7
3.4

5.0




., Mat'l Origin
A Web
" - "
| "' Flange
o " "
" - All
" "
B Plate
" T
" Web
" "
N " " Flange
" "y
" All
" "
- A&B élate
” 11
" Web
" "
" Flange
" n
" A].l
”" "
T T
" "

Coefficient 27.9

of Variation?

U S

12.5 .

((\'.

Value .Strain at ‘Percent'uPégéént‘
of Strain- Elonga- Reduc~
Hardening tion tion
| est(Z) of Area
Average 1,75 20.0 59.2
Median 1.80 20.4 59,0
Average 1.45 21.5 56,0
Median 1.20 21.5 ‘56;0
Average 1.58 20.3 58.5
Median 1.20 21.1 58.7
Average 1.86". 21,2 48.0
Median 2.02 21,2 47.2
Average 2,08 = 21.2 47.9
Median 2.02 21.3 44,7
Average  1.76 22.4 53,7
'Median 1.90 22,5 53.8
Average  1.90 " 21.7  50.2
Median  1.96 21.3 51.0
Average 1.86 21.2 48.0
Median 2.02 21.2 47.2 .
Average 2,03  20.9 50,2
Median  1.97  21.2  48.1
Average 1.70 22.4 53.8
Median ~ 1.77  22.0  54.4
Average.  1.86 21.5  -51.0
Median 1.91 21.2 52.6
Standard  0.52 2,7 6.8
Deviation |

13.4

B R R bt 2o o Kt

TABLE 8: ~SUMMARY OF STRATN AND OTHER MECHANICAL PROPE

RTIES = -

EstI  E
ksi  ksi kei
569 593 503
600 590 530
4312 697 773
3100 696 778
2708 653 657
1900 670 680
2500 525 721
1500 530 737
2901 543 813
2710 522° 883
3465 538 815
2600 550 820
13024 537 789
2390 542 826
2500 525 721
1500 530 737
2490 552 758
1750 559 836
3626 569 807
2400 565 820
2979 553 771
2240 559 819
2600 95 186
T 81 17 24

st2 Esté(a) E5t3(b),

ksi

626
602

742
762
692

730

585
590

759
795
745

825

706
732

585

590
735

o e o oot 4V :}!?i":'Im»- )

144

745

807

704 -

730
197

28 .
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 TABLE 9: AVERAGE VALUES OF GROUPS OF SPECIMENS = . B

T .". - 'No. of Gyd‘ °ys u st Est:.2 Est3*' | J}
(/' Group . = - Specimens ksi ksi ksi 7% ksi  ksi - .
Plate Specimens 1 64.8 62.2 86.3 1.8 525 - 656
Web Specimens 20 64.6 61.9 85.3 2.02 530 663 |
Flange Specimens 21 - 64.5 62.2 85.8 1.70 569 776 :
Specimens with | o | o - %
yield lines 5 63.8 61.2 84.8 1.92 526 726 '
Specimens without o | | | ) g
yield lines** 5 - 63.6 61.7 8.6 1.89 518 723 :
Specimens with _ |
thickness | | ' | - I = |
from 0.201 to 0.300 in. 12 66.8 63.4 85.8 2.21 509 692 |
from 0.301 to 0.400 in. 16 64.9 62.4 8.3 1.93 536 797
- from 0.401 to 0.500 in. 6 62.5 60.3 84.8 2.12 466 - 605
from 0.501 to 0.600 in. 10 63.9 61.8 86.8 1.60 591 704
from 0.601 to 0.700 in. & 60.6 58.9 8.7 1.12 635 878
from 0.701 to 0.800 in. -- -- -- = -- -- -- --
from 0.801 to 0.900 in. 4 65.5 63.5 89.6 1.45 697 758
.. Specimens from shapes |
of weight » ‘ ;
from 11 to 20 1bs. 8 68.1 65.0 87.7 2.12 544 718 }
_ from 21 to 30 1bs. 8 64.9 62.0 84.6 2.15 523 687 |
- from 31 to 40 1bs. 11 63.8 61.6 84.9 1.95 512 803
from 41 to 50 1bs. -- -~ - -- -- -- --
from 51 to 60 lbs. . 6 - 60.3 58.6 83.5 1.25 608 924 .
from 61 to 70 1bs. L e- -- -- -- - -- -- -
from 71 to 80 1bs. | 4 64.8 62.4 - 87.7 1.40 649 695 -
from 81 to 90 lbs. 4 164.5 - 62.5 87.1 1.71 655 660
All Specimens - 52 64 .6 62.1'_ 85.7 1.8 553 737 = _
. o o er ] - -
Tﬁé value Of,Est3 is the average of Est3(a) and Est3(b)' | |

-

%% These include.only the specimens from the same heat, shape and origin
‘as the corresponding specimens from the group with yield lines. -
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A

B
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TABIE 10: RATIO ¢ ./o
) .. yd ys

1.1.1w
1.1.2W
4.13.1w

Test No.

4.13.20

1.1.3F

" 1.1.4F

4.13.3F
4.13.4F
k.7.1P

1.7.2P
1.7.3P

1.9.1P
1.9.2Pp
1.9.3P

'1.9.4P

1.11.1P

1.11.2P

1.11.3P
1.11.4P
1.2.1W
1.2.4W
1.3.1w
1.3.2w
1.4.1w
1.4.3W
1.5.1w

oyd/oys

1.023

1.042
1.035
1,054
1.035
1.027
1.032
1.034
1.013

1.033 -

1.034
1.033
.040
.028
047
.062
.029
.072
. 049
028
.030
.033
.030
.043
1045 _

b et b e d e ped et b e -

Material _ Test No.

- . Strain rate & = 445microin./in;/sec.faverage of 17 obs
B (crosshead speed = 0.025 in./min.)

B

"
0
"
B

"

) S —

Average of all testé

S .92
ervatibns
0 ql0y6
1.5.20 1.090
1.6.1W 1.050 .
1.6.2W 1.051
4.14.20 1.032
4.14.50 1.032
5.15.1W '1.051
5.15.2W 1.064
5.15.5W 1.038
5.15.6W 1.036
1.2.2F 1.033
1.2.3F 1.026
1.3.3F 1.043
1.4.2F 1.053
1.4.4F 1.027
1.5.3F 1.032
1.5.4F 1.025
1.6.3F 1,046
" 1.6.4F 1.048
4.14.1F — 1,027
4.14.3F 1.033
4 .14 4F 1.031
&4 .14 .6F ©1.037
' 5.15.3F ©1.050
5.15.4F  1.054 -
5.15.7F 1.050
'5.15.8F 1.047
1.040




"93 ) -
N  TABIE 11: SIMULATED MILL TESTS AND MILL DATA-
| .~ 8 in. gage specimen used throughout - .
. SIMULATED MILL TESTS: ;
Material  Test No.  Origin  Shape o_, ksi o, ksi  Percent ‘X’
- - Tym u e :
| Elongation
A 4.13.5F Flange  16W71 66.1 91.0 20.6
" 4.13.6F " oo, 69.7 87.4 22.9
B 5.15.9F Flange  12B19  69.6 - 89.2 20.7
" 5.15.100 Web " 71.8 89.2 18.6
Average of the four tests 69.3 89.2 20.7
None of the specimens showed any yield lines.
MILL DATA:
Material Origin Shape O, ksi 6.5 ksi Percent
| ym v Elongation
A web 1688 1.1 914 19.0
" 16W71 73.0 95.6 17.0
Average for.materialA‘ (2 specimens) . 72.0 93;5 %18.0
B 1/2" plate 66.9 86.9 19.0
" 3/8" plate 65.0 90.00 -——— 21.0
" 1/4" plate- 71.8 92.2 19.0
", Web 12B19 71.8 9.8 17.0
" "  16B26 70.5 93.7 . 16.9 -
" " 10wW/39 71,5 90.3 o 19.8
" " 10W54 72.9 - 97.5 16.1
Avefage for mate£1;1 B gzwsp;cimenS); 70;1, 92.2 18.4 b
;TAVetage for All (9 specimens) 70.5 92.5 18.3_ -
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