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Residual-stress Measurement by the Sectioning Method 

A procedure for residual-stress measurements by the 
sectioning method is described. TWO different hole-dri l l ing methods 
were performed and the results are compared 

by N. Tebedge, G. Alpsten and L. Tall 

ABSTRACT-The meosurement of residual stresses b y  the 
sectioning method has been used for  decades to  measure 
residual stresses i n  s t r u c t ~ ~ r a l  members. This method has 
proven itself adequate, occurote a n d  economical i f  proper 
care is token  i n  the preparat ion o f  the specimen or id  the 
procedure o f  mcosuremerit .  However, a standard procedure 
t o  carry  o u t  such meosurement does no t  exist i n  the publ ished 
l i terature.  I n  this paper, o detai led descript ion is presented 
o n  the procedure o f  tcst ing, p r e ~ a r o t i o n  of  specimen, the 
requi red tools o n d  m e a s ~ r i n g  dev~ces a n d  work ing conditions. 

For a specific cornporison of  results, mcosurements of  
residual stresses were per formed on a s ~ c c i m e n  having a 
u n i f o r m  rei idual-stress d is t r ibut icn a long i ! i  l e i i l t h .  O n  the 
some specimei, two d i f fe ren t  ho ic-dr i l l ing methods were also 
per formed t o  investigate c p p l i c a t ~ o n  a n d  cornporison o f  d i f -  
ferent  methods. Other  methods of residual-stress measure- 
m e n t  which m o y  be o f  general interest are discussed in  br;i.f. 

Introduction 
One of the  major problems associated with the use 
of metals a t  present is that  ci'eated by the presence of 
residual stresses. Many schemes and methods have 
been devised in the past and several papers dealing 
with the various techniques of residual measurement 
have appeared during the  last few years. 

I n  general,  residual stresses tend to reduce the  
s t rength in  stability, fatigue and fracture; in some 
situations, however, their presence may i~nprove  the 
strength. The various phases of the  manufacturing 
processes causing residual stresses a re  too involved 
generally to permit more than a n  approximate pre- 
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diction of the magnitude and distribution of them 
based on theoretical considerations. I t  is natural,  
the1,efol-e, to resort also to espe~. inlental  means for  
their  determiliation. 

Residual stresses in small lciborntory specimens 
may not ~.eproduce the actual state of residual 
stresses in full-size structures. Hence, practical meth-  
ods ~ v i t h  suificicnt accuracy and applicable to  the  
n ~ e a s i i r e n ~ e n t  of ~,esidual  stresses in  full-scale mem- 
bers a r e  of gi.eat interest. I!lsofar as structural-engi- 
neering applications are conceined, the clestructive 
"mcthnd of ~ect ioning" has sho\r.n itself to lse the 
best method. 

For  the  purpose of comparison, :.esidual-stress 
measurements using the method of sectioning and two 
different hole-drilling methods were carried out on a 
zingle specimen liaving a uniform residual-stress dis- 
tribution along its length. The selected work piece 
was  a H 1 4 ~ 2 0 2  shape, ASTM A36 steel, built  u p  
f rom flame-cut plates with fillet welds. The pro- 
cedure of testing used, as well as the test results, a re  
discussed in the following sections. 

The Method of  Sectioning 
I n  t h e  year 1888, Ralakoutskyl reported on a 

method of determining longitudinal ?tresses in  bars  
by  slitt ing longituclinal strips from the  bar  and 
measuring their change in length. This method, 
known as  the  "sectioning method", is based on t h e  
principle that internal stresses a re  1,elieved by cutting 
tlie specimen into many strips of smaller cross sec- 
tion. The  method is best applied to members  when  
the longitudinal s t ~ x s s e s  alone a re  important.  

The  stress distribution over a cross section can bc 
determined with rexonal3le accuracy by measuring 
the chnnge in length of each s t 1 . i ~  2nd  hy applying 
Iiookc's Law. The analysis is fi1ltI1c.r siniplificd i?y 
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assuming that the transverse stresses a r e  negligible, 
and the  cutting process alone procluces no appreciable 
strains. I n  practice, however, t r a n s ~ e r s e  stresses may 
exist, but  the lower the  transverse stresses the  n101.e 
accurate the  results will be. Residual stresses formed 
due  to sawing alone depend, among many other fac- 
tors, on the spacing of the  saw cuts, the  plate thick- 
ness and the  speed of sawing. For  one particular set 
of parameters, the local stress at  t h e  saw-cut edge 
w a s  observed to be of the order  of 0.5 to 1.5 ksi in 
compression." 

The residual-stress distribution through the  thick- 
ness of a plate can b e  determined from cliangcs of 
s t rain readings after "slicing" of t h e  sawed pieces. 
T h e  steps in the sectioning and slicing process are  
illustrated schematically in Fig. 1. 

The  sectioning method has been used for  decades to 
measure residual stresses i n  structural-steel mem- 
bers. It has  proven itself adequate, accurate and 
economical if proper care is taken in t h e  preparation 
of the specimen and the procednre of measurement .  

The location of the test piece along t h e  l e n ~ t h  of 
the  material is the first step to be performed. To  re- 
duce end efi'ects, the test section must  b e  f a r  enough 
f rom the ends. A distance of 1.5 to 2.0 times the la t-  
eral  dimension is recomn~endecl, though theot,etically 
a ratio of 1.0 is s i~f icient .  

P ~ c p r i m t i o ~ ~  of Gngc Iioles 

I t  is important to prepare the gage holes with care 
since the accuracy in the readings depends mainly on 
t h e  type of gage Iioles. TI-ie gage holes may  be cen- 
t ral ly  located using a s tandard 10-in. punch in order 
to  reduce !.arialions in  gage lengtl-is. The hole and 
gage-point details for the steel specimen used in this 
s tudy a re  s l ~ o a m  in Fig. 2 ( a ) .  The drill  bit used was  
capable of making the hole in a single operation. For  
different metals, s ~ ~ c h  as aluminum, different forms of 
gage points may have lo be p r e p a l ~ d .  Gage holes a t  
edges or corners, though not difficult to prepare, may 
give unreliable readings since the holes may  have 
different alignments, and the extensometer cannot 
usually be made stable ~ v h i l e  taking measurements. 

S c c t i o i ~ i ~ ~ g  L O C ~ ~ ~ O I I S  

The number of longitudinal strips to be cut  depends 
on the variation oi' the residual stresses. Steep gradi- 
ents in residual s t ~ c x e s ,  for  example, would require 
closer spacings for  longitudinal cuttings. To deter-  
mine ~ e s i d u a l  stresses with a lesser number  of longi- 
tudinal cuts, the method of "pai,tial sectioning" may 
he utilized. 'I'his method ~ , e q u i ~ . e s  a prior lino~r,ledge 
of the pattern o l  1.esidua1-st~,ess distl,ihution. In 
order to makc p~.r)] ,e~,  cutting locations, a fair esti- 
mate of' the pattern ~ ~ i i t h e r  thali tile magnitude of tlrc 
stresses would be 01' ~rnpo~%mcc.  The location of' a cu t  

COMPL. 

Fig. 1-Steps in the sectioning method 

for partial sectioning is so determined t h a t  it  lies near 
o r  a t  t h e  transitir~ns of residual-stress gradients. The 
sequence of cuttings has no influence on the final re- 
sults, since unioading of the fibers n.ill always ho 
linearly elastic. 

Measuring Technique 
Mechanical estensometcrs  l-iave been found to hc 

particularly suitable for t h e  sectioning rnethod since 
t h e  device is not attacl-iccl to the :;pecin?en and will 
not be  d a n ~ a g c d  t1~11,ing t h e  sectioning, a n d  can be 
used to measilre ~ y ~ c s t e d l y .  In this study, strain 
measurements were lalien o \ w  a 10-iii, g ~ i g e  length 
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Fig. 2(a)-Detail of gage point and 
gage hole 

strunlent consisting essentially of two coaxin1 t i ~ b c s  
connected nlitli a pair of elastic hinges and a n  ,?ccu- 
l a t e  dial gage. Since the gage is intended for 1.e- 
pealed n ~ e a e u ~ ~ e m e n t  at  a series of stations I.:I!!ICI. 

t han  for fixed mounting a t  one station, consider:~tion 
niust be gi\,en to conti~olling accide!itnl loi?gitudinal 
forces which might 1 x  applied by the  operator. 

For  strain measurements, the  contact points a re  
inscrted into the drilled holes n.Iiich a r e  10 i! 0.02 
in. apsr t .  Motion Isetween the two f rame members is 
rneast~i,cd directly with a dial indic;rtor. A handle, 
serving doubly as  a shield against temperature 
change and as a n  aid to unifolm seating of the 
points, is attached to tile gage b y  means of t\vo elastic 
hinges. These hinges prel'ent application of e s c e ~ s i v e  
longituclinal forces. A force of alxmt 5 Ib is recom- 
mended for p ~ ~ ~ g e r l y  seating the points in tlie drilled 
holes. 

Seating the gagc is one of the chief sources of error. 
I t  is s~~ggestecl  that  a positioning angle be used to 
maintain the IY1-iittcmore gage in a perpendici~lar po- 
:i:iorl. to the s:i!'fnce of t ! ? ~  s p x i n ? e n  !wing l??('aciil'cd. 

Deto~ l  o f  
F lange Tip 

Wlien pel.foiming the experimental \vork, it is 
l~ecommencled that  a carefully designed testing 111'0- 

cedu1.e b e  establisl~ecl and follon~ccl. I n  this study, the 
p~meclu l , e  clcscrilml in Ref. 3 is lollo\\'ed. 

First of all, attelltion sliould be gi\.en to the im- 
ptii~t~ince of obtaining a good set of initial readings. 
since tiiese cannot l)e di1plic.aIec1 after the specimen 
has been c i ~ t .  Some 1.e1cvant itews to lw talten into 
consic1ei.aticin are:  

--clcani~lg t!?c gagc holes  sing clcaiiing soliition 
iiiid :t i ! ,  ?,last 11elo1.e t:iki:lg ar:). 1-iicx~::.c.11~ent : 

-ti,kiiig tl?i.ee ~ e t s  of mcas~i:.cmc.nts for c~ic.11 gage 
length unless great ~'ai,i ; i l iun pel%t.<, in ~ v l ~ i c l ~  
case malting s lien. set of holes ~voulcl lse acivjsed; 

-taking inte~mecliate  1.eac1ings on a temperature 
reference lmr if the niirnl~er of gage-hole read- 
ings exceeds, say, 10; 

-protecting tile gage holes f i a m  damage (such as 
17y co\.ering urith tape)  ~xrliich may oecilr c l ~ ~ r i n g  
n ~ o \ ~ i n g ,  l~anclling~ sawing, etc. 

Accu racy  o f  Measu remen ts  
The  main sources of et.rol. result i rom t e m p e r a t l i l ~  

ci~anges.  Tempo-ature changes during readings may 
be pr:rctically eliminated by iising a l,efereiice 11ar of 
the  same mate~,inl as the test memlxi..  To stabilize 
t h e  1.eference-bar tempel,ature to the envi~.onment of 
lhe  test n ~ e m b e r ,  the  ~ .e lc rence  bar  is put r ~ n  the test 
m e m l m  I'or a t  least one ltour ahead of time. Mea- 

accu~.ac);. 'I'ltis is 1)ec;ii:sc tlie respon?cs of' the mcm- 
11cl.s anrl 1 1 1 ~  ~,ef'e~.encc, liar may  not l)e iclcnlical Sol. 
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tion and \\,it11 considet~able time lag. 
Strips sliced at  regions o l  high stress gradients, 

observed close to flame-tilt and welded edges of 
plates, will  be cuzved considerabl y. Thus, the  change 
in length ineasured by the extensometer is the  change 
in the chord lengtli ra ther  than the  ch3nge in arc 
lengtll which represents the  actual strain. Whenever 
large offset is olxen7ed,  coriwtion must  be inade to 
the  strain computation. On a curved strip, the inea- 
s ~ i r e m e n t  tliat can he taken with ease is the offset of 
the arc  over the gage length. Using the offset and the 
change in chord length as  the measured q ~ ~ a n l i t i e s ,  
the  t rue  strain may be approximated as: 

h /L  = ratio of offset 10 gage length 

It 1s noted that the co l lec t~on  component does not 
h a \ e  significant influence on the ~ t i a l n  calculation 
~ t n t i l  cS/L e\ceeds 0 001 Fot c~lrnoqt ail j ~ ~ a c t i c n l  
cases, the co i iec t~on  telin 1s sln~illel than  the e l p e i l -  
mental ~ n a c c u ~  acj  of the method of measul ement. 

Fu i  tiler expel ~ ~ n e n t a l  el I oi s may 11e attributed to 
Inacculacles in  the ~ n e c h a n ~ z r n  of t h e  extensometel.  
the  dial system, cifects of lost mot1011 n hen  t h e  1110- 
tion is 111 the opposlte dliection. ;ind \$henever  the 
a le .  of the cli illed hole and the conical gage point do 
not colnclde Tlieie e l lo i s  may he n-ilnimlzed if mole  
I ~ac i ings  a1 c inacie foi each gage length. I n  gene1 al. 
t h ~ e e  cjclic ~ e a d t n g s  a l e  s i i f i c~ent  for each gage 
l e n ~ ( t h  Foi tl11 ee me:~su~ ements, a n  accuiacy oi 
about 0 2 k s ~  ith a coi-ificiente le\ el of 99 pel cent 
could he cI~t,iined 

Evaluation o f  Data 
T h e  computation of relaxed stresses from measured 

strains is based on the assumption tliat the  dinlen- 
sional changes caused by the relaxation are  purely 
linear elastic. 

Since sti,ains are  read at  top and bot tom surfaces. 
e\*aluatior of resiclual stresses a t  the  respective sur-  
faces are  computed using espcrintental data .  

Let  T h e  the a\.erage \,slue o l  the readings taken 
on one gage le~tgtll .  For each gage length, 

Similarly, lor each intetwal of rele~~et- ice re~iditlgs, 
the :+\rerage values arc  c.\~aluatetl. The  s t r a i ~ i s  due to 
t ~ l l i p c r a t i l ~ ~ e  arid lire sectioriirig process ai.e tlrcn 
e \ ~ ~ l l l l a  t~!d, 

I.(.t l,, ! ) e  tlie itlitial i-i~e:tsu~.ccl gage Ict1gtl3 t i t i c \  I,! 
l i i c x  f i  t j ; i l  ~iic,;isii t.c.11 g~igc. Ic'ngl!~. Tllcn t llc Iota1 t i.aitt 
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1 i ---Partial Sectioning 
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Fig. 3-Comparison of results from partial- and 
complete-sectioning methods 

clue to  relaxation a n d  temperature change is: 

- - 
Li - I,, 

(4) 
Rr.1 liar 

Thus, the net strain due to relaxation of  I-csidual 

\&.here t is cvaluatecl from eq ( 1  ) .  

Using IIoolte's Law, the ~,esidir;il st 1,c.s~ :it the  
n i c a s ~ r t d  sur,l'ace is: 

o,. = - Ee,. , ( 7 )  



where  E is Young's modulus. 
The method of sectioning requires a very large 

number  of nieast~remenis. Use of the digital corn- 
puter  will greatly reduce the  amount  of numerical 
work i n v o l ~ e d .  Computer programs for such evalua- 
tions have been prepared and have been found to be 
versatile." The  programs are  capable of computing 
and plotting the resulting residual stresses. In case of 
two-dimensional residual-stress distribution, plotting 
of the  isostress diagram is also possible. 

The possibility of automatic recording of the gage 
readings into a tape or cards by means of linear 
transducers has been considered. When completed, 
recording, computation and plotting using manual 
means will 110 longer be required. 

Experimental Results 
The  climensioning for  gage hole and cutting loca- 

tions used on the :iT!4>;202 test piece lire s!-io\i.~? ill 
Fig. 2 ( b ) .  The  total number of cuts for partial sec- 
tioning is only 12 compared lo 109 required for the 
complete sectioning. Figure 3 shows the corngarison 
of the corresponding residual-stress distributions. I t  
is observed that  the results obtained from partial- 
sectioning ~ ~ a d i n g s  a r e  practically identical to those 
obtained after complcte sectioning. 

The residual-stress c l i s t r i l ~ ~ ~ t i o ~ ~  for  the complete 
section is shonan in Fig. 4, Con~parison of residual- 
stress m e a s ~ ~ i . e ~ n e n t  at  the t\vo ends is sho\vn in Fig. 
5. Using the measured residual stresses, the cquilib- 
r ium condition for the  n.hole section is checked. 
Theoretic;il!y, si:ice no external fo:.ces cxist, cyiiilib- 
r ium requires that t!>e integi,ation of the stresses over 
the wholc seclion must b e  zero. For  this particular 
case, a cliirerence of 0.7 ksi in compression is com- 
puted. This small diflerence m a y  1,e attributed to the 
effect of saw cutting and accumulated experimental 
errors. 

App l i ca t ions  t o  Heavy S h a p e s  
Pre~. ious experimental research on residual stresses 

was related to small and medium-size shapes. As 
heavy shapes a re  currently being used rather  exten- 
sively, it  becomes necessary to determine the magni- 
tude and distribution of rcsidual stresses, not only 
along the  cross section, but  also through the thick- 
ness. 

The variation of  residual stresses through t h e  
thickness may be measured by  employing the "slic- 
ing" tecl-iniyue. After the  first set of saw cuts a r e  
performed (complete sectioning), additional gage 
points must he laid along the sides of the  elements. 
New readings arc  then taken, followed by  sawing t h e  
elements into s t~. ips  across t h e  thickness ("slicing"). 
In  Fig. 6, this process is illustrated scl-ien~alically. For  
a 1 ~ 1 a t e d  researc1-i pl.ograrn" residual slr~csscs were  
measured on a hcavy welded shape 1-123x683 using 
the sectioning method. Tlie ~ ,esu l t s  w e  shcrwri in Fig. 

7 where  the I esidual-stress distrlbulion is ieprescnted 
i n  t h e  form of an isostress diagram, that  is, conlour 
lines for constant stress. 

Measurements by the Hole-drilling Method 
The  hole-drilling method is based on the fact tha t  

drilling a hole i n  a stress field disturbs the equilib- 
r i u m  of the  stresses, thus resulting i n  measurable de- 
formations on the  surface of t h e  part,  adjacellt to the  
hole. This method has  the  advantage of r ~ m o \ ~ i l - i g  a 
minimum amount of mater ial  which makes it  the  
least destructive of the mechanical methods. Unlike 
other  mechanical methods, residual stwsses can be  
measurcd a t  what  is essentially a point, a special ap- 
plication of which is t h e  measurement of transverse 
1.esjdua1 sii,esses. Tlie method, however, has a limita- 
tion of depth and is used to measure stresses very 
near  to  the  surface. 

The hole-drilling method, probably first proposed 
and  applied by  h/Iat!~ar,"neasures displacen~ents  be- 
1:i'i-efl !uVo points arrni-s !he d15lIed liiile ]using me- 
chanjcal and optical extensometers. Replacing the 
mechanical estensometer with electrical-resistance 
wi re  s t rain gages, Soete and Vancrombruggeo elimi- 
nated the dificulties of measurements and improved 
the  precision. Fur ther  work  on measuring non- 
uniform residual stresses by t h e  hole-drilling method 
\$,as perfom1ed by Kclsey.7 T h e  method is empirical 
and  depends on experimental calibration. Rendler 
and Vignesss reported on measuring residual stresses 

Sca le .  ~ n c h  

0 4 8  
II__GJ 

--- - Far  S u r f a c e  

-Near S u r f a c e  

Fig. &Residual-stress distribution in  H14X202 
section at  location A 
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Fig. 5-Comparison of residual-stress 
measurement at two ends, A and B 
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Fig 6-Pr~nciple of the sectroning method for 
residual-stress measurements 
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using dimensions as  small as 1/1G-in. hole diameter 
and  1/16-in. s t rain gages. Recently, Bert  e t  (~1 .9  re- 
ported on the applicability of the  hole-cl~illing 
mctliod to measure 1.esidual stresses i n  orthotropic 
materials. 

I n  this study, two different hole-drilling lilcthods 
were  performed, namely, Malhar'ss and Soete'sG lmle- 
drilling methods, to measure the  residual stresses on 
t h e  same specimen as  used for  the sectionillg  neth hod. 
I n  Ref. 3, a detailed description is available on the 
measuring procedure of these methods. 

Figure 8 shows the layout of t h e  holes on one 
flange of the shape H 1 4 ~ 2 0 2  where three holes were 
drilled to measure residual stresses by  Soete's 
method. On the  same flange, 14 holes were  also 
drilled to measure residual stresses by Mathar's 
method. 

T h e  holes used for  Matllar's method ulele l/2-ln 
d m n e t e r  dillled to  a depth equal to the diameter. A 
I l u g g e n b u ~ g e r  extensometer with 20-nlln gage length 
a n d  nomlnal s t ia ln sensltlvlty of 0.001 r ~ l m  (0 000030 
1x1) was i m d  for the  ctrrin measu~emcnt .  T!?c rrs1.l- 
udl stresses were  de te l~n lncd  by ulllizlng a callbra- 
tion curve whlch n7as ex l~e l imei~ ta l ly  determined alld 
verified the01 etlcallv - - 

F o r  Soete's method, 1/8-in.-c?ian1 holes were  drilled 
where  the strains \ rere  measured using foil-strain- 
gage rosette, type EA-09-125E haviiig a gage l e n g t l ~  
of 0.125 in. 

The  results ohtained for  these two hole-drilling 

Fig. 7-Two-dimensional variation of residual stress in 
a welded shape H23X681. Flame-cut plates, A36 steel, 
%-in. fillet welds 
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Top Flange S u r f a c e  

c r  

- 10 

0 Method of Sectioning D m ]  
o Hole - D r i ! i i ~ g  (Mothor 's)  

Hole - Di i l i~ng (Soete's) 

Fig. 8-Residual-stress measurement using the 
hole-drilling method (Soete's method) and comparison 
w i t h  the sectioning method 

nletliocls a1.e cc~rnpareci with those o1~t:iinecl 11y the  
:t'ctioning metliod as sho\vn in Fig. 8. I t  is noted 
that  the test ~ .esu l t s  f1x1n1 Matliar's method do not 
tompare \veil \vith those obtained for tile sectioning 
method. This rnzy be clue lo the gage points and the 
~neasi i r ing device used Soi tl-i'e test. To have rnean- 
ingful 1csults, it is necessary to pi,epal,c gage points 
which can stand severe test conditions. The results 
from Soete's method, I-io\~ever, show a close agree- 
ment  to those o1)tained from the method of sectioning. 

Other Methods-A Br ie f  Survey 

THE X - R A Y  METHOD-The I'undainental theory of 
s t~.ess  measutwnent lly means of X rays is based on 
the fact that  the interplanar spacing of the  atomic 
planes within :I speci~non is cha11ged when subjected 
to stress. 

7'11c i~as ic  expt.cssion wlien using tile X-~.;iy method 
can lw d < ~ ~ ~ i \ ~ ( x l  usi11g pri ~ ~ c i p ! e s  of t l~cory  ol' elas- 
ticity.'" 

men surface 
$ = aiigle bct\veen cliSS~.uctic?n p!:inc:s and 

surface 
E _- Youi~g's  r n o d u l ~ ~ s  
p =Poisson's ratio 

do = jnterplanar spacing in unstressed coil- 
dition 

d,!,,,,, = interplanar spacing in direction deter- 
mined b y  @ and  #. 

X-ray s train nieasuren~cnts  i ~ a \ ~ e  f ~ ~ q i ~ e ~ ~ t l y  been 
shown to be useful in  ve1.y clifl'erellt fields of applied 
and  basic research. U p  till nonz, however, tlie equip- 
ment  necessary for  accurate measurements has  lirn- 
ited its use to small specinlens. F~utl ier inore,  in  some 
materials, such as ~ v i t h  plastically deformed stcel, 
interpretation of the results may be clif-fic~~lt. 

ur:rnxox.rcs n ~ w ~ i o n - O f  the several ultrasonics 
techniques studied, the one based on  doul,le refrac- 
tion of shear  ivavcs has recei\.ed !he most attention 
for ineasui.ing residual stresses. ''he pl~e;ioriierioi~ of 
clouble refraction of shear 1val.e is associated \vith 
the  sepai.ation of tlie sheat  \'iave into l a y o  components 
\viiich a re  transn~ittecl t l i i~oi~gh the ~neciium on planes 
a t  right angles to each other. This hii~cfringence ol 
the  \?-ave \vill occur only if \ h e  n-iecliun? is anisotrc~pic 
and i f  the direction of the particle  notion does not 
coincide \\sit11 tile pi~incipal axis. The rnethud, there- 
fore, may Ije u!ilized to ~ n e : i s ~ i ~ ' c  residual stresses 
since a n  izotl.opic ljocly n.l-ien slresecl i~crornes aniso- 
tropic \viien sul~jectecl to s l lca~.  \\.aye. 

To date, tlie techniclue has lwen iisecl o~ i l> .  in thc 
In1~01':itoi~~ on  speciniens \:,hose ~ ~ ~ i c ~ . c i s t ~ . t i c t i i ~ ~ c s  tci'e 
well c!ocirn-ienlecl.~~ Fui,ti-iei.nioie. tho ti,clliiique is 
capable (11 p~~c~vicling i n f e ~ ~ ~ ~ ~ i a t i o n  only 011 tl-,e c1iKe1.- 
ence l~et \veen the p~,incijjal ~~es ic l~ ia l  sliesses, iintl not 
the alxolutc rnagnit~lclc oP these stresses. 

n?!?c.unrc nirl'rior~-This method makes us? of the  
fact that  the  magnetic p~.o>erl ies  of steel depend on 
the state of stress. Magnetic stress measurements, de- 
termined f ~ , o m  inductance nieasurernenls a t  ciiiTe~.eni 
f l .eyuc~~cies ,  have l x e n  ~.eportecl." The methocl is 
limited to fc1.1 oniagnctic materials, nickel ancl stcel. 

T I ~ E  BIIIT~.I,I:-LAC(-)uI.:I: ME~~ion-The metliod employs 
the use of Stl,esscout as  a n  indicator of residual 
st~,esses. The  briltlc-locqiler coating l ' o ~ ~ n s  cl-iarac- 
tei.istic ~ I ' L I C ~ ~  patterns a t  right angles to tile principal 
tension s train wlien tile t'st pu ' t  is loaded. The 
lacquer Ivill crack first at 1,egions  liere re the residual 
a i ~ d  appliecl s t~,esses  ;1cic1 ilp lo the yield strength ol' 
the test material.  

INI)ENTA'I ' ION M ~ : ~ ' I I O L ) S - - - P ~ ~ \ ~ ~ I ~ ~  means of usin;! 

pi'inciplc tha t  the iiardness of mctal g u 1 . 1 ~  depentls 
oii stl.esses acting o n  thosr i~;i~,l.s. 11t\.esl jga: ions con- 
tluc~tc~tl 011 stfcl inclic,:itetl t1i;it tlie i ~ l a t i c ~ n s l i i ] ~  I J ~ -  
t\veen sti.css a l ~ d  cI~;iri,y(~ 01' I:;~i~clness is ~~~~: ic t i c i r l ly  



change of l~ardness  is greater  for  tensile than com- 
pressive stresses. 

Recent \vurkl:; using the  srinle priliciplc utilizes the 
Knoop indentor to measure biasial  ~mic lua l  stresses. 
T h e  change in hardness AH is defined as 

where  H, = hardness of unstressed state 

H, = liaidness of stressecl state. 

T h e  biasial residual sti,csses a r e  determined Ii~orn the 
rqu a 1' 1011s 

where A and I3 are  enip 
and the subscripts 1 and  
stress directions. 

The  hai.dness-test method is nondestructive and 
has a special application in the  range of nonlinear 
material l ~ e l ~ a \ ~ i o r .  It  is, I~owe\.er,  limited to materials 
for  wI?icli the initial 11a1,dncss is known and its nc- 
curacy is dependent on nuniel,ous factors. 

relieving s t l a s e s .  The i d a s a t i o n  of residual stresses 
~ i l ~ o u t  tile hole brings ouf a craclr pat tern characteris- 
tic of the type of stresses esisting on  the  surface, T h e  
m a i n  leatures  of this method a re  its simplicity and its 
l rcedom of n m t e l k l  lii-nitations. ' !Xu  rnetllod, how- 
ever, should be considered qualitative ra ther  than  
quant i t  a t '  ~ v e .  

~TAELE:IN'S ni l~~rio~-StSblein 's  method"; is based on 
the  fact  that  removal of material on one side of a 
s t r ip  with residual stresses results in bending of t h e  
sti,ip. B y  measuring the c~ i rva ture  of deflections a t  
different stages the residual-stress distribution can  be 
d el ermined. 

Considerable amount of \vo~.k has been performed 
in the past using the same prilnciple. For  plate-like 
specimen, 1 esidual st1 esses a1 e Ineasui ed  by measur- 
lng the culvatule  \+ hile tliili layeis a l e  I ernovcd f iom 
the  s ~ u  fL3ce ,iftei g~ 111d111g ot n1iliing.1~ The  most I e- 
cent i o n i l l i i ~ ~ t i o n  nl'ide to this method 15 to  detelop 
~t Into a slmplel ,!nd c o r n p ~ i t e l i ~ e d  techmque.18 T h e  
method has a p a ~ t l c u l a l  ~ p p l ~ a t ~ o n  ioi the detelrni- 
n,rtion of lcslclual-sti c,s distiibutiuns val ying 
thiougli the tliichness. 

s ir11s' M L ~ I ~ O U - - F ~ I  ( ~ l ~ j e ~ t s  having I ot,it~onal 
i y m m e t i ~  both In geomcti y and in  s t l e s ~  d l s t i~but lon ,  
i u c h  as In n clciccl t u i x s  oi plates, the Sachs' method 
I S  <ilited to rne,cbuic the iesidual stiesses. I n  t h ~ s  



A P P L I C A T I O N S  

A = bored area 

For  spccinieiis where machining is applied from 
t h e  outside su~face ,  the illelhod can be applied by  
making appropriate ~nodificntions of the  formulas. 

Conclusions 
The fol1o;ving rccomrnendations and conclusions 

m a y  be made  for  the measuren~erl t  of res~cI \~a l  
stresses: 

1. The  method of sectioning is adecluale, accurate and 
economical for  residual-stress ~neasurement  in 
structural m c ~ n l ~ e r s  when the  longitudil?al stresses 
alone are important.  It  is felt  tha t  this method is 
as accurate and nloi,e foolproof than  any  of the 
otiiei nicasuring lecliniques. 

2. The method of "partial sectioning" can be utilized 
to reduce substantially t l ~ e  total nuni1,er of re- 
quired longitudinal sectionings. Its use, ho\i.evel., 
requires a prior Iriio\v!edge of tlie a l~pros imale  
variation in residual-stress dist1.ibuti011. 

3. The best locations for partial sectioning ;li'e a t  
transitions of 1.esic1ual-stress gradients. When ~ i s i ~ i g  
properly selected cutting locations, t h e  results I i ~ n ?  
pwt ia l  sectioning usually are  iiot significantly dif- 
fei.ent from those obtained after complete section- 
ing. 

4. To obtain satisfactory results xvith the sectioni~ig 
method, it is impol.tant to perloi'm a careful prep-  
aration of the test picce s:lc}i a s  proper l o c a t ~ o l ~  ;)f 
t he  test section, gage-hole locations arid cutting 
positions and layout. Preparat ion of gage holes 
n u s t  he performed with care since umeliable  
readings can result if the holes a re  not p repwed in 
a proper manner. 

5. Temperature changes appear to b e  tlie major cause 
of errors introduced .during residual-stress mea-  
surement. Measurement should be avoided ;vlien- 
ever a frequent f l u e t u a t i o ~ ~  in temperature is likely 
to occur. 

6. The test results when using Mathar's method were  
found to be inaccurate due  to llie gage points and 
the measuring device used for tlie test. To liave 
meaningful results, i t  is necessary to prepa1,e gage 
points which can stand severe test conditions. Also, 
a dependable niessuring device hax~ing a small 
gage length sho~ilcl he used. 

7. The test r,esults when using Soete's method were  in 
very close cor~e la t ion  with tliose of the sectioning 
method. In addition, transverse residual stresses 
were measured. 

8 .  The ho le - t l~~i l l i~ ig  melhocl has  some aclvunt;~geous 
Seatui.es over the sectioning rnetliod. I t  is semide- 
s t ~ . u c t ~ v e ,  can li:i\,c wider application, and thc pt.jn- 
c . i 1 ~ ; 1 1  5;tr.esses call he nie;isui~ed a t  what is esscnti- 
ally a point. To use the nicttlocl ciTcutively, n1ol.e 

work  sliould be  done on the drilling techniques, on 
establishing calibratiorl cuwes,  and on the inter- 
pretation of test results. 

T h e  study for this paper was performed as part of 
ihe research pl,oject "Iiesidual Stresses in  Thick 
Welded Plates" being conducled a t  Fritz Engineering 
Laboratory, Bethleliem, P c ~ u i s y l v a ~ ~ i a .  This projcct 
was sponsored b y  t h e  Natiolial Science Foundation, 
Gran t  GK 28048x1, and the Column Research C o u ~ x i l ,  
aiid w a s  under the  technical guidance of the  Column 
IXesearch Council Task Group 1, of which J o h n  4 .  
Gilligan is chairman. 

Thanks are  due to Kennelii R. Harpel, Laboratory 
Superintendent, and his stafY lor Ihe preparation 
oi: the  test specimen; to 8li.s. Sli:i~,on Ealogli Tor the 
preparation of the drawings, and to Mrs. Joanne 
Sarnes for her care in typing tile manitscript. 
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