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The extensive uce cf steel in the various lines of industry

has made the studv cf its rroperties of ereat impcrtance, and
much has been done in the makinz cf rmachines of varicus types
fcr the rurrcse cf testinc it. There are on the market today
several kinds of testino machines for determining the tensile
strencth, the kardrness, the comrocsiticn, and etc. of various
kinds of this useful material and mcst up-tc-date manufacturers
have instullzd in their testins labcratcries some of these.

Cne we2l kncwn rachine for this kind ¢f work is the pcwer-
driven tension machine which is used in deternininc the tensile
strength cf steel or other materials. The specimen, which is
usually a bar abocut eichteen inches long, is held verticzlly by
clunps fustened rigidlv in the machine and tensicn or "pull" is
applied by the lcwsrine ¢f the bottcm clamp thrcueh gears and a
screw by & nctcr or cther source ¢f power, The amcunt of tension
in pounds is given at anvy time hy the balancins of a large scale
beam on the nachine. This make is kncwn as the Riele Testing
Yachine.

Cther exanrl=s are thcse rakes known as The Clsen Pydralic
Vachine, The Tcreicn Machine, The Amsler Fydraulic Yachire and
ete.

Tre American Scciety fcr Testinc latsrials aprcinted a
corrittee to investicate the feautures of th2se nmachines and the
followinz repcrt was made on the speed of testing:

"Cn analyvzing and conparing the details of 437 tests, we
©ind sore difference in results of tte same nmaterial tested at
the sare or nearly the sare speed. This is due, apparently to
the difference in testing machines, to the manner of measuring,

or to the personal equaticn c¢f the orerator wrich plays such a
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large rart in all testingz, and finally to the differnce cof the
raterial itself, all cf which are factcrs entering 1nto
conrzercial testirg at cne tire or ancther, sinsly or collectively,
ard cannct be avcided urder rre=s=nt conditions, The results of
tensile strength and elongation shcw tolerable uniformity in
twelve laboratcries----Unless one is an exrert in----using
ricroret=srg----ther= is a liubility cf errcrs, larce and srall,
and the result is nothine bt cuess werk----- There is & surrris-
ir~ unifeormitv in the resu’ts cf eloncaticn at all speeds and

in all laboratories---Takine all these facts intc consideraticn,
your committe&----recommends---a maxirum speed cf three inches

per mirute fcr eteel of the fcrgine crade, when a twe inch section
is used, and a raxirum speed cf six in~res for steel of the boiler
grade wherc.an eicht inch secticn is used."

The two-incr and eic»t-inch section means the length cf the
sreciren between cace rmarxs. It is a well known fact that the
rechanical and heat-treatrments cf steel and rrcbably other metals
affect their rhvsical properties. It is alsc well kncwn that
large members, suck &8 larce colurns and I bars are not as strong
as snmall srecirers cof the sarme kind of material. Therefore it has
been advicated, and is now beines carried out, that full sized
merters shculd be tested to study their behavicr under streass.
Machines of encormous capacity have been built, and are not at all
uncommen, as large as 6,770,000 pounds. A 3,C70,000 ncund tensicn
nachine has been in existunce for some tine at the Phoenix Bridcee
Co. The United States gcvernnment has recently installed a2
10,000,000 pcund machine.

The accuracy of the weighing scheme is impcrtant. Large
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machines are less sensitive than small ones, as regard the number
of pounds required tc nake thew act, but the proporticn is about
the sane.

If inaccuracy is suspected, how can its amcunt be determined,
cr in other words, what is the best way to calibrate a machine?

It is not usually possible to lcad & machine with pig iron. In
making a syster in lcading levers the same inaccuracy is liable
to eccur as occured in the machine.

The American Sccietv for Testine Katerials' €Gcumittee on
"Standard Methods of Testino", recommend the fcllowing in the
rrcceedines of 1€0¢:

"Calibraticn for Testing Machines:

(1) Test for accuracy by lcading the weighing table with standard
weichts, and conrare tre actual weight at each additicn with tre
readine on th2 bean., If the table is uniforxly lcocadel in this
manner with the full amcunt cf weizhts that it will eccomodate,
the prowncrticnality of the levers and the weighing bear. can be
successfully established. This relaticn, in a rrcrerly designed
machine, willl reuain constart fcr all lcads, but at a further
test for sensitivenezs under egreatzr lcals than can be accommc-
dated in this manner, the follcwines rrccegdure is reccrende!l:
(2) Place in the nachine a tensicn bar of such a cross-secticn
that the raxlimun capacity will not stress it drast the elastic
limit. Stress this bar to varicus extenta thrcuech the full range
cf the raachine, and at each lcad balance the be=am and place
upron the weighince table standard weights cf 100 pourds. A
weight 1/250 of the tctal lcad on the machine shculd produce a
readable mcverment cf the bean.

(3) Where evidence cf the accuracv cver tre whcle rance cf tre
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machine is desired, & kncwn lcad may be arpliei by means of

an extensczeter anl calibrated bar, whcse mcdulus of elasticity
has been determined with exactness,

(4) It is reccrmended that a deviee be adcpted confceriing te
tte follcwing rejuirerents, in which the extensoretsr and bar
are reruinently attached tc each otrer,

a. This bar shall be annealed cr otrher-wise treated sc as to
deterr.ine the unequal or internal stress in the material, and to
insure its elastic modulus being uniform for succeszive tests.

b. This bar shall be of hiech elastic lirit raterial and of
such cross secticn that the limit shall be well above the total
capacitv ¢f the ma~hine on which it 18 to be used.

c. Tre extenscreter shall be pref=rably cf tre indicatine cr
direct reiins tvre, and srall indicate to 1/10,000 of an inch
Cr less.

d. The extenscreter stall be rermi~ently attached tc the bar,
ardi shall me2uzure tre eloncaticn on two cpprosite sides.

e. Tre metrcd cf securine the bar to thre drav-hezd of the rach-
ine srall be pcsitive and withcut slip, and shall insure axial
lccaticn.

f. The lencth c¢f the bar meusured by the extensoneter shall
be sufficient, but tre sirallest extensoreter divisicn will
correzpcnd to a difference in losadine of 100 pounds cr less.

. The extenscreter shzll be prctected frem injury by a
perrinently attached case with the ccver movable for rewdino the
sciale,

h. The apraratus shall be prlainlv markel with the maxinum
lcad that can be safely anrlied wdthout injury.

i. The arraratus shall itself be calibrated eitler by thre
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U.S, Bureau of Standards or in a manner that will insure
egually trustworthv results.”

All of the tests herzin refered to are for the determina-
ticn of the effect of simple stresses, trat is,sirprle tensicn,
compresaicn , torsicn or bendirne,

What harpens when two or mcre cof thres. are acting in a
piece at the sare time? Do their relative str=ngths rerain the
same? Are the various stresaes added?

These are questicns s8ti1ll unarnswered and as the uses of
steel incrzase trelr imrcrtarce increasss.

Lcrd Yelvin in tre preraraticn of his article on Elasticity
for tre Fncyclcredia Britanica, rad & series of tezts nade uron
rianc wire. Ths wirs having sufficient weicht to keep it straicht
wrile susvended ~us subjiectz2i tc a tcrque at tre bottem; when
additicnel weioht wos addel it was fcund trat the elastic limit
cf tre wire in tcrsicn wea lcwered.

Vr. J.J.Cvest, in Fneland, carried out a series of tests
tc obtain the effect of conbirned stresses on ductile materials,
the naterials vused in the tests beire wrcueht ircn, nild steel,
correr and brusa. The results cf thase tests alac lead tc the sane
conclusicn, trat tre elastic prcrerties are lcwered when the
rateriale are subjectel to cerbined stresses,

The glicht kncwledee cf this subject and the entire absence
ef ¢ny infcrreticn available for engineers insrired Mr., Edward
I.. Fanccck to carrv cut a series of investigaticns tc give
inferraticn innediately availcble for practical werl.

Tis tests included tre fcllewing:

(a) Test cf steel and ircn solid rcvnds and hollow tubes in
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torsicn while under tensicn.

(b) Test cf steel and ircn sclidi rcunds and hollow tubes in
tensicn while under torsicn.

(c) Test cf steel ard ircn sclil rocun?ls and hollcw tubes with
increacsinc tersicn and torsicn.

(4) Tect of steel and ircr sclid rcunds and hollcw tubes in
correasicn wrile urder tcrsicn.

Tre apraratus usel was un Clsen Yactrine with varicusz cen-
trivances of his o'n desion for civine torsicn. The cost was
undcubtedly a ereat amcunt anl tre wcrk reaouired much tine.
Fis conclusicne «fter four vears werk ray be fcund in velure
VIII ef the proceediings of The American Society for Testing
Materials,

It was with the fcoregcing in mind that the Ctatic Bending
Yackine was started and with these thoughte trat the writers
rave labored for nearly a year with egarness to complete the
machine and tc test ite value.

After several misfortunes,one being the lcses of the shors
bv fire, the machine has been c¢crrleted tc such an extent that
it ean be used for combined eompreesicn and bending and it is
the aim of the writers to determine the effect of these as much

as pcssible in the few dave remzining for tre work.

This Static Bending lachine shown c¢n a following rage is
easlly understcod from the ricture. It is simply a machine for
holding a rod as a cantilever loaded at the end with prcvisicns

made for setting the rod at horlzontal,at 30 degrees with the

horizental, at 45 degrees with tre hcrizental or at 6C degreee
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with the horizcntal, thereby adding compression as well as shear

tc tre bending.
The rod is held in place by a split sleeve drawn up by a nut

ard tre weigrt holder by another sleeve as shown. There are at
rresent three sleeves; Zinch, 1 incr, and 1¢ inch diameters.
It is intended tc make a torsion arm fcr the machine so thrat

ccrbined stresses of &ll kinds can be prut in the srecimen tc be

tested,
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To Deternine the Effect of Flexure and Compression:

When a specimen ie strescsed in flexure, the fibers on the
ccnvex side are in tensicn and those on the concave side are in
cocmpreesicn., Flexure therefcre ruts bcth teresion and compressicon
in equal amounts in the stressed member and when the break cccurs
the ultimatec strength in tensicn or ecmpressicn, whichever is
lower, has been exceeded. In steel thre comrressive and tensile
strengthe are usually about equal. If, therefore, a specimen of
steel be broken in a tensiocn machine and another be breken by
bending, the unit-etress should be the same in both cases,

The same shculd hold &lso for stresses less than the breaking
streses., The unit-etress at tre elastic limit in tension shculd
te equal tc the unit-stress at the esame pcint in bending, if the
teneile and ccnrressime strengthe are equal. If there ies a dif-
ference in this value, the strength in compressicn at tre elastic
limit must be leses than the tensile strength by the amount equal
to the difference between the unit-etress values obtained in the
two cases. Now since trhe elastic 1limit is that point at which
deforraticn geases tc be prororticnal to the load , it may be
determined from a strece-strain diagram, or by noeting the point
at which the load drops &s in the case of the machine used( the
Static Bending Machine).

I. Therefore, test three bars ( more if necessary ) in the
tensicn machine, reccrding the diameter of the bar in three or
more places. The test should be carried on in the fcllcowing
manner:

Apparatus:

I log board
rair of 8 inch dividers
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micrcrneter calirer

3 eicrteen Inclr srecirers
Vark cn the speciren ar eie*t inch s».ce equidistart frcw tle ends
o tre bar, ar! take tre ilareter rec'irez wit) tre pricroreter
tetweer the nparkd. Insart *tre =reciren toc he tested in the jaws
¢f the pzctire ard vrrly the lcad 2t its lcvest sreed. ¥eep tle
bean balsrced by rcvine tre rcice an! note carefully the behavior
cf tre sc-1le be.:. Thke elestic linit will be trat pcint at which
tre sc:le bear drcrs. fLa2a~crd tve recdir~ on *v= heir. This srculd
te dorewitr all three srecirers ani tre avarea~e valuve cf P/A
tolYen o the unit stress at the elestic lirit, P beiro tre
re:1ireo cn tre bsur and A the averace crcss-=eocticrial area cf the
srecirers. If tre valves ¢f P/A 3. rct ccre rractically tre sare,
rcre tran thre= te-tas shculd be run.,

IT. Fecw ravire deternined the tercile gtrernecth rer squarse
ir-t at tre elzstic linit, test trres ¢r ror2 bars in the Btatic
Berdine tactire in tre fcollcwine pranner; Set the hclder in the
torizontal rcsiticn and insert a bar (lernestd to be deterrired
fcr about a 4004 lcal.) Place tre weiert holder on the end of
the srexiren and add weir¥ts carefrlly ur*til tlere ie a sudden
dror. Reccrd tre lernotl required alsc the weicht used.

Calculate tre unit =tress at tre elzstic limit by use cf the
fernula § = ¥I/c which fer o circular secticn is 3L /nd° where

¥ = berdine mcrent in irch rcunds and 4 = dizreter cf the erzc-
ren. Do this with three srecirers if tre values ¢f S are nearly
equal. If nct use rcre., Take tlre averuc- value as tre unit strecss
in flexure and deterrine wretlcr tensicr cr ccryressicr by

corraring results of test number cre.



Page 10.

III. Test trree cr mcre bars with the nuchine set at 20
decrees ard dc <8 abcve.

IV, Dc tlre sare withk the nackine set at 45 degrees.

V. With tre naclire set at 6C derrees.

Tcrrare tle results cLtained by the varicus tests with the
fcrnulae derived thecretically in Verripan's, Americen Cival

nrireers Fand Fock arnd Church' leclanics of Eneineerirg.
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LIST OF RESULTS

3/4 INCH STOCK USED FOR THESE TESTS

Length ¢f red
Lever arm

Welght required

Length of red
Lever arm

Veight required

Length of rod
Lever arm

Velght required

Lengtr c¢f rcd
Lever arm

Weighkt required

Horizental.
No. 1. No. 3.
14" 17
" 2"
1574 1404

30 degrees with horizcntal.

No. 1. No.2.
16.375" ain
14.18" 18.19"
148% 1114

45 degrees with horizcntal.

No. 1. Ne. 2.
30,375" 34.5"
2l.,5" 17.32"
7¢H 1154

66 degrees with hcrizental.

Yo. 1. No. 2.
39,75" | 42.5"
18.875" 21.35"
o5# 79.5%

No. 3.
131"
13l
168#

No. 3.
34.25"
a1n
98+

Ne.3.
33,75"
33.15"
78.5%

No.3.
31.5"
15.75"
11¢#
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LIST Cw promgme
2 inclh stcck used for the-s tests.

Ycrizental

#1 43 43
Lergth cf rcd on 13" 112"
lever arn 13" 13" 112"
Veisht required 44c# 452" 4404

30 decrees with tre horizecntzl

#1 #2 £3
Lenstt of rcd 17.5" 14.75" 16.15"
lLever arn 15.15" 12.77" 13.¢8"
Teirht required  283.# 45,1 440.#

45 degrees witr tle hcrizental

#1 #2 3
Lenztr cf rcd aon a1 24"
lTever arn 14.14" 14.85" 16.97"
Teicht requirel 3444 321+ 271%

60 deorees with tle horizcntal

47 #2 43
Lergth ¢© rcd 47.75" 35.5"
Lever arnm 2%,875¢" 17.75" (1c stcck)

Veicht resuired 1647 248"



Lerzth ¢f rci
Lever arn

Veieht required

lerctr ¢f rca
Lever arm

Weicht resuirel

Lercth of rcd
Lever zrn

Wajer+ recrvired

The sleeve

LITT C% ETSUTS

Tage 13,

inch stcck ussd for trese tests.

FEcrizertal
47
33.5"
23,57
275
30 decrees with

=N
-2 O =
. =2 [
(8N ]
jab]

2

n
-0
O

4z

T\

:'{ "

0

27.57"

z1n#

6=

decrees wittr

lecrees with

rerizentel

the rcrizentel

wcull net held 2clid encrer for this

4.5
£4.5

4064
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n irn rcunis yer sjuars in-' for the rcd at 30
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