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METHODS FOR REASURING HLASTIC AWD PLASTIC
DEFORMATIONS AND DISTENTIONS O STEREL VEIDS.

Communication of L. CAPUS

In bulletin n°® 3 of R.I.L.E.:: dated 3 June 1251, a commu-
nicetion bv r. R. GUNNERT, heving the same title as above dis-
cussed a method for measuring residual tensions to which he at-
tributes my name. I have sent a letter dested 26 lLiay 19250, on
this subject to bMr. R. GUNNERT which he seems to have disreger-
ded. For this reason I deem it advisable to have this communi-
cation follow his. It lays no claim to priority ; on the contra-
ry, it attempts to show the in-expediency of attaching names
of individuvuals to methods which I am proposine to qualify, ins-
tead, by their nature. But it mains purpose is to deepen the
discussion of testing methods and of circumstances under which
they may be applied. In order not to take up too many pages of
the bulletin, I am refering to the following publications in
which I have trested this subject.

1) Research, studies and considerations on Welded structures.
Bdition sciences and letters - Lisge - 1946.

2) Fundamentel questions concernine Welded structures - Bulle-
tin CERES - Vol, 11 - Liege - 1947,

3) Mechanical instruments for the measurement of deformations.
Publicati on Ce Be Re Na. S I/I of the Relgian Center for
Naval Research - Brussels - 1949,

These publications will be henceforth designated as &
Research, Questions, Instruments.

For the very numerous measurements of deformations and re-
sidual tensions of plates welded in the laboratory, various ins-
truments have been employed successively since 1937 : precision
sliding calibers : Zeiss measuring microscope ; " deformeter "
with conical plunger accurate to 1/1000 mm and using a gauge 1li-
ne fo 20 mm (Research PP. II-I3).



TTsine this last instrument as the point of depsrture, e
direct-reading " deformeter " hsess been developed. It 1s accura-
te to 1/107) mm and has adjusteble gsuss linss of 12, 20, 40,

20 and 199 mm. (fie. I) (Instrume nts P?. 9-10). 1t enahles msa-
surements to be made in all nositions. In this instrument, as

in the precedine, from which it is derived, a2 sicnificent im-
woevement ovaer similer commercial instruments hes heen effected
in 1¢42. The conical measuring »oints heve bsen revlaced bv ce-
librated steel balls. Gxperience shaws thats conicel points en-
gander a certain inaccuracy of ueasursment, even when no anoailar
deviation of the conical rcfersence points takes pnlace. However,
anenlsr dsviation does occur in the neichborhood of the welds in
welded plates. Because of this, the conical points of the mef&i~
rine apparstus can no lonrer be fittzd to the conical referen-
ce holes. RBesides, the drilline of conical rsference holes is

a delicate sffair.

Since 1942, the conical points of the instruments mede in
my lahorstories have been replaced hy set, calibrated balls.
The refersnce marks are mede bv drilline a small, shallow, cy-
lindrical hole of a diameter smaller than that of the hall, A
calibrated ball of the same dismeter &s the hole is then pres-
sed into it, producineg a hemisphericel indentation. Thus, the
bell of the measuring instrument is always superposable, even
in the case of snrsuler deviation. The results have been sxcel-
lent. The reiference marks are sasier to meke and mors exact 3
the readinrs are facilitated and are more eccurate. Until now,
the balls used have been 2 mm in dismster. An instrumsent accor-
ding to the same principle is going to be constructed out of
light metals. It will have a gause line as short as 10 mm or
less and, eventually, will use balls 1 mm in diameter. The ins-
trument is very rugesd and easy to handle. Its accuracy is as
satisfactory as its. oen31t1venuss, which has the additional
adventage of hot belnn superior to the accuracy.

It is not possible to describe here the messurements of
shrinkece and deformations performed in considerable nuamber
both in the lehoratory and in the field ( Ressarch PP. 7-70 ;
Questions PP. I82-222 ). I shall limit myself to the methods
of measurine residual tensions.
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In order to examine the state »f tension of the test pla-
tes in the labhoratory, I used the method of cutting up the pla-
tes into frsgments. Squeres 25 mn long on sach side were traced
on the plates ; four 20 nm, gauce lines, inclined at 45 desg. to
cgach other were marked. givine, in all, eight reference points:
The initial measurcments were made ; fhen +he square frapments
were cut up, and the final reesdines te mnttealve the tsn-
sions are annulled by .the cutcins up nroce9sa Tus the orinci-
pal tensions on the two feces arse determined both in direction
and in magnitudes. HWote that these operztions are guite fastil-
dious, gnd thet it 1s worthwhile to facilitate them »y means cf
easilv established dlagrams.

It is to thls method, which I prefer callins the cutting up
method, thet Mr. R. OUNNIRT attaches my nsme. I do not beitbve
myself to have been the first to use it. I believe that Profe
sor ROS, in particular, has used it before me. This method has
given satisfacztory results in the laboratory. lkr. GUSNERT finds
fault in the use of an insufficiently accurate instrument and in
the too large size of {ragments, This is a metter of opinion;
and I do-nct shars that cof hir. GUNJERT 'The eccuracy of the ex-
tengometer used 1s guite sufficient. Ths dimensions adopted for
gauge lines (20mmn) have detsrmined those of the fragments (25mm,.
The measurerients were performed in a systematic manner in accor-
dance with the checkersd nstworks of reference marks, correspon-
ding to the 20 mm gauge lines. Considering the rather large di-
mensions of the test specimens, these gauge lines were approprie-
te but required truly fas tidious measuring work, fatiguing the
operators rather quickly.

That Js wny it was nscessary to devise a truly simnle, rug-
ged and practically fool-proof ln;trument but havine the same
accuracy and sensitivensss as a fine instrument like the Huggen-
berger “Atuﬁ ometer. In my opinion, both the instrument and the
methmd are higshly suited for svstematic routine tests performed
in retheér large numbers. In such a cese, it is very simple and

uf" ciently accurate. These conditions sre essenti=2l to the
value of measurements done bv professional operators.

If it is the question of making a small number of isolated
mesasurements,; a grester accuracy would be sought. This 1s the
reason why a morc perfected instrument is projected at the la-
Yoratory, while trying as much as possible to conserve the great
ease of manlyulatw. and the razgedness.
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This is in order not to render the accuracy of the instrument
illusory by making it too delicate. In the meantime, it may well
be asked whether such great accuracy has any real significence
in the measurement of residual tensions, which are a2ll specific
cases, and even whether it is not illusory in principle. In ef-
fect, the laws of distributior of tensions gbout a point are
used as the basis for working on average tensions, actually mea-
sured along a base of definite length.

There exists thus, a systematic discrepancy, which the pos-
sible differences in the length of geuge lines do not seem to
influence much, when the order of + 10 mm is attained.

The cutting up method is entirely destructive. It 1s prac-
ticable in the laboratory, but not on en actual structvrs in
the field. The problem of tryinge to messure sctnal tensions in
existing structures has been posed in Belgium in 1938 by one of
my scientific collaboretors, lr H. LOUIS.

At his susgestion a change has been made in the laboratory
in the Schmuckler apparatus used for controlled millins of welds.
A special hollow drill-press hes been adapted, by means of a
flexible shaft, to permit the extrection from structures of cy-
lindrical disks 27 mm in diameter and up to 30 mm thick., The
measurements are tsken on the two feces of these disks alonz 20
mm, gauge lines, just like in the cutting up method. Originally
they were taken with a measuring microscope ; at the present time
with an instrument of the shspe deformation tvps. This instru-
ment posesses the advantage of being able to operate in all di-
rections, dependine on the position of the element of the struc-
ture. In addition, the 12 mn geuge line permits 1t to work on
disks of smaller dlametbr, e.g. 18mm. However, an 18 mm, drill-
press has not yet been used.

This ‘is the chiselling method. It is identical in principle
to the one attributed bv Lir. GUNNERT to MERIAM-GARNO-JONASSEN,
but superior to it in chiselling technique. This method has
been used on structures on several separate occasions with sa-
tisfactory results.

But, in the meantime, the chiselling proved, to be somewhat
complicated when applied to an actuazl structurs.
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Finally, this semi-destructive method is mors convenlent to
use in the laboratory then in the field. Put in the laboratory
it does not rezlly offer any adventage of principle over that
of cutting up method, when 1t is & question of svstematic re-
search. 1t is, above 2l1ll, aporopriaste for Isolatel measure-
ments, e.g. without total detechment of thse disk, as in indi-
cated by lir. GUNNERT. In this case, grest accurscy is not al-
way s required.

These tests and ths eXduri snce acquire? from thewr led me
to adopt the principle of KATHAR instrumsnt for oitdoor use.
Before 1938 this instrument was submittsd in my laboratories
to & control and celibration test which esteblished its imper-
fections (Research P.7I - Questions, ?. 224).

A1l calibration wes found to be impossible. The instru-
ment has two major defects. One is strictural, in that the
extensometsr is effectel Lv drilling vibretions ;3 the other
is of Drincinle, in thst measurement is ncrformed by a single
extensometer in one direction onlw. Howecver. these imperfec-
tions do not affect the principls of modification of the elas-
tic field by the drilling of a hole, oermitting theoretically
the measurement of the initial field.

This method seemsd more convenient for the measuremsnt of
actuel structures, since the hole drilling may be done by an

°

ordinary portebls drill-press without undue dirficulties.

This drilling method (Research, PP. I03-1.09 - Questions,
P. 226) has been first used during the war. A hole 10 mm in
diameter wes drilled and stradded by four dilemetrical gauge
lines 20 mm lone, whose mid-noints coincided with the csnter
of the hole. This arrangement of gsuge lines astride the hole
promotes an increase in the me thod® s sensitiveness, which is
inferior to thet of the two precedins mothods. The shape ! de-
formeter " gives sufficient accuracy under these conditions.

After the war, ir. SCOETE rpturnod to the same principle.
He utilized the ohmic strain-gauges introducaed in Europe re-
cently. These compensate the reduced sensitiveness implicit
in the method's principle by the greater sensitiveness of ex-
tensometers per drilline (threc on each of the two faces) are
needed, it is rather costly. The mechanical instrument, placed
astride the hole, g2llows cight meesurements vper voint, i.e. two
measurements of control, without Larpe cxpoense.
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At the present time, 2 12 mm geupgse line straddling a 6
mm hole is employed in connection with the shapes " deformeter
This method has been used successfully during the winter of
49-50 to effect a very lerge number of measurements on two
large welded boats ( an oil tanker a2nd a cergo boat ) at the
works of JOHN COCKERILL Inc. (HOROK®H, Relzium).

The main difficulties were causzd bv very bad weather
(rain, snow and frost), the feverish activity of the yards,
the difficulty of access to hull bhottoms, the inconvenient po-
sitions and the long duretion of the tests, particularly the
long intervals between msasurements.

The resalts obtained by the indicatel method have been
clearly superior to those of the strain-gsuge msthod, whose
functioning has been often impeded or mads precsrious by the
conditions described above.,

The drilline method, es defined above, thus posesses ad-
vantages of efficiency and convsenience in cases where the mea-
surement of actual structures is dif7icult but desirable. Its
accuracy is variable end, in principle, rather moderate. Theo-
retically, if the tensions to bs measured are high, the dril-
ling of the hole canaos permanent deformations which should
affect the measurement. I do not consider it to be of great
imnortance. Nevertheless, high tensions do seem to be af-
focted'™ by a systematic error, while sms&ll tensions are sus-
ceptible to accidental errors. The methrod discloses an order
of megnitude.

It is understood that if the deformations undergone by the

structure are below the elastic limit, the measurements taken
before and after welding, without cutting up chiselling or
drilling, psrmit the determination of tensions dirsctly from
the deformations.

In conclusion, the drillinpg method appears to be suitable
for gctual structures, above &ll in conncection with mschanical
measuring devices which sre rugged, fool-proof, convenient and
as accuratc and sensitive as those necessities psrmit. The
accuracy 1s moderate.

"
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The cutting up method and the chiselling mcthod are, on
the whole, identical in principle. The use of the one or the
other depends on the specific case.

Here, too, the scarch for greet accuracy should be limi-
ted by consideretions of convenience and safety, as well as by
the theoretical imperfection of the methods. However, it is de-
sirable to obtain as greet accuracy end sensitiveness as possi-
ble. This is alweys interesting in itself, from the metrologi-
cal point of view, even if doubtful for certein epplications.
This is the rseson inducing me to try, but lichter, more com-
pact and having a shorter minimum geuze line, as well as a
measuring instrumsnt more sensitive than the dial micrometer to
one thousandth of a millimetar. This last might be a microca-
tor or any device serving ths same purposes.




