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ABSTRACT

The structural elemenis of ships are subjected to several wmanufactural proce-
sses during the stagus of production.As a result of bhese processes,residual
stresses are created in the structural elements to a large extent,

Many technigues hove been proposed and used for measuring residual stresses

in metals. These techiques are classified into the Following groups: (a) stre-
ss-relaxakbion techniques, (L) X-vay diffraction techniques ,(c) technigques
using stress-uensilive propecties,and (d) crocking techniques.

The main aim of this research is the meagurement of residual stresgses in str-
uctural elemenlts of ships using sectional wethed.Digital electronic aubtomal-
ion machine is used for macking the gage length and then meusuring it before
the procesaing amd after the sectioning .

Comparison between the resuita of secticnal wmethod und the blind-hale drilla-
ng method has bLeen wmade from aceuracy ond economical points of view.

It is canciuded that,the sectional methed is adequate ,accucate and aconomi-
cal for residoal stresses weasurements in structural elements of ships.

1. 14TROVULCT LON

. flesidual gtresses 1n s structural material component are those stresses whi-
ch exist in the object without the opplication of any service or other exter-
nal loads,

tManufeclturing processes ave the most coiMnon. cousey uf residual stresses. In
shipbuilding these skresses due to the tu;;;askEPFMing,we101ng,subassemuly,
assembly and heat Lreatment operations. =

In many cases,residual siresses are the predominant facter contributing to
structural failures and folique,mostly when an alternating sevice stress adds
to the already present residual.atress,
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Many techniques have been pruposed and used far measuring residuul stresses in

we=tals,
In this research, the sectional method is used in arder Lo weasure residual st-
resses in structural elements of ship.

Experimental work has been dore in the Laboratory of Strength of Material ,Faculty
of Mechanical Engineering and Naval Architecture ,Zagreb,Yugoslavia.

2,SECTIONS AND MANUFACTURING PROCESSES USED IN SHIPBUILDING

There are several shapes and types of sections which uszed in shipbuilding. Fig
1. illustrates some of these sections used in present duy construction.The se-
ctions range from simple flat bar,edge-welded to the supported plating,to a fl-
anged plate girder with additional face bar reinforcement.Cirdersare also built
up by welding a flange to a lighter web,larger angle sizes may be obtained by
cutting one flange from a channel section.

BUWILT uR SECTION
FLAT DARH —y
INVERTED ANGLE

HULB PLATE

TEE Oft PART | —

HOEAM #ITH FLANGES REMOVED ——

ACGDITIONAL FACE PLATE IF NEEDED ——pT

FLANGED
BLATE

Fig.1l.Skructural shupes

Sections are stored in separate stock yards and fed into their individual shot-
blasting and priming machines.The sections are cleaned by abrasive shot and then
coated with a suitable prefabrication priming paint to a limited thickness for
ease of welding . The areas of steel are there-fore protected from corrosion
during the various manufacturing processes which follow.The sections follow th-
eir individual palhs Lo the marking or direct cutting machinery which produces
the suitable dimensioned item.Edge preparation for welding may also be done,
Various shaping operatiocnsnow take ploce using cold frame benders.

fhe sections transfer Lefore,during and.after.the .various processes in_shipbuilding
uvtilises many handling appliances,

The various steel parls in plate and section form are now joined together by
welding to produce subussemblies,assemblies and units.



3.MEASUREMENT OF RCSIDUAL STRESSES BY SLCTIONING METHOD

The sectioning method is based on the principle thal internal stresses are reli-
eved by cutting the specimen into many strips of umall cross seclion.The stresses
distribution over a cross section can be determined with rvasonable accuracy by
medsuring change in length of each strip and by applying llovks law,

The steps in the sectioning and slicing process are illustrated schematically in
Fig.2.

PARTIAL
SECTIONING

_Fig.2. Steps in the sectioning method

3.1.PREPARATION OF TEST SPECIMEN

3.1.1.LOCATION OF SPLCIMEN =

The location of the test piece along the length of the material is thE'f!rst step
to be perfarmed.lo reduce end effects,the test section must be far enough from
the ends.

A distance 1.5 to 2.0 times lateral dimension is recommended /)/, though theore-
tically a ratio of 1.0 is sufficient.

3.1.2.PREPARATION UF CACE HOLES

‘t is important tc prepare Lhe gage holes with care since the accuracy in the rea-




dings depends mainly on the type of gage holes.lhe hole und gage point details
for the specimen used in this work are shown in Fig. 3.

Fig.3., Detail of gage point and gage hole
3.1.3, SCCTIONING LOCATIONS

The number of longitudinal strips to be cut depends on the variation of the res-
idual stresses.Steep gradients in residual stresses ,for example, would require
closer spacings for longitudinal culttings.To determine residual stresses with g
lesser number of longitudinal cuts,the method of partial sectioning may be util-
ized(see Fig.l.). This method requires a prior knowledge of the pattern of resi-
dual stress distribution.ln order to make proper culting locations,a fair estim-
ate ol the pattern ralher than the magnitude of residual stresses would be of
importance.The location of a cut for partial sectioning is so delermined that it
lies near or at the transitions of residual stresses gradients,

3.2.MEASURING TECHNIQUE
3.2,1.DIGITAL CLECTRONIC MEASURING MACHINE

The digital electronic automation machine is used as an instruwent for marking

Fig.4. Digital electronic auto-
mation machine,3D




ISHAK SHEHATA, B.Sc, M.5¢, Ph.D, MAWS M. 112

the gage length and measuring it before the processing and after the sectioning .
The machine ,as shown in Fig.4. is three axis measuring and a2 new approuch to rhe
problem of measuring.By using a coordipate measuring machire, the part is staticn—
ary and the machine moves around it in three axes .The resull is more accuracy

and‘spged comparing with other measuring instruments./2/.

3.2.2.PROCEDURE OF MEASURCMCNT

In order to avoid the curvekture due to processing or septioning,the gage lendth

is taken 100 mm. When the curveture is large,correction must be made to this st-
rain computation.On a curved strip,the measurement that can be taken with case in
the offset of Lhe arc over the gage length .Using Lhe offset and the change in
chord length as themeasurement quantities,lthe true strain may be approximated as
/1/.

- 2
- (b/L) (L
e Y /LT

where
aL/L =strain measured by extensometer

b /L =ratio of offset to gage length

for strain measurements,Lhe following steps are followed.
1-The contact point {probe tip) is inserted into drilled hole.
2-Each measuring unit is controlled into zero set.
J-Motion between the two points of the gage length is measured directly by di-

gital read-puts of measuring head position in each axis.

First of all,attention should be given to the importance of obtaining a good set
of initial readings,since thesea cannot be duplicated after the specimen has been
cut.Some relevant itemsto be taken into consideration are:

-cleaning the gage hole using cleaning solution and air blast before taking any
measurement .,

—taqugthree sets of measurements for each gage length unless great variation pec-
gists,in which cose making a new set of holes would Le sdvised,

-protecting the goge holes from damage {such as by covering with tape ) which mnay

occur during moving ,handling ,sawing,etc.

3.3.EVALUTION OF DATA

The computation of residual stresses From measured strains is based on the assump-

tlon that the dimensional changes caused by Lhe relaxation are purely linear ela-
stie,
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Since strainsare read at top and bottom surfaces ,evaluation of residual stresses
at the respective surface are computed using experimental duta,

Let "L" be the average value of the readings Laken on one goge length, For each
gage length.

C=1 3251 LJ (2)

where
nznumber of readings for aone goge length.
Lj=measured vulue for each cycle,

Let'Li'be the initial measured gage length and'Lj'the final measured gage length.,
Then the total strain due to relaxation:

er=[ Li—Lj] (3)
r

Using Hooks law the residual stress ab the measured surface is

ovp=-EE, (4)

By virtue of the lineur strain distribution postulated in the beam theory, the
average axial stress o in terms of top and bottom measuced strains Et and Eb ia

o~ =-f EL«ey (5)
>

i

"EY is Youngs modulus,

3.3 1.EXPERIMENTAL WORK

Flat bars and [- cross-sections with the dimensions shown in Fig.5. were selec-
ted For experimental investigutions.Also, the dimensioning for gage hole and cut-
ting location used on the fluat bar and [ - cross section test piece are shawn in
fig.5a. The totul oumber of cuts for secticning are 10,15 for flat bar and M -
cross-section respectively,

All the'inuestigatgd specimens were stress-relieved by anealing to omit the inf-
luence of residual stresses due to the production processes of steel.

To insure that the specimens ore (ree Mrom the doternal Forees und recidual stres-
se8 which may exisled during the productien processvs of cleel,before welding, all
the specimens are heated to 620 °c  and then sluwly couled Lo the room tewperatu-
re. A sketch of heating and cooling diagram of the specimen is shown in Fig.&.

flesidual stresses formed due Lo sawing alone depend,among many other factors,on
the spacing of the saw cuts,the plate thickness and the speed of sawing.For one
particular set of parameters,the local stress ot bthe saw-cut edge was obhsemed Lo
be the order of 5 to 15 HPa in compression, (meusured by Blind-Holl Drilling
method ). Accordingly,the effect of sawing is wery small und can be neglected.

A sketch of sawing machine is shown in Fig.7.
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Fig.9.Dimensions of the elements used in the experimental work,
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Fig.7.5awing machine.

Far comparing the results of residual stresses measured by secticning method ,the
8lind-Hole Ocilling wethod is used.

With the blind hole drilling method ,after instualling strain sensors (rosetie
1.5/120 RY 61} on the part sucrface, a small, shallow hole is drilled in the sur-
face.In Ref.4.a detail description is available on the measuring procedure of Lhis
method.After drilling,the change in strain in the immediate vicinity of the hole
is measured,and the relaxed residual stresses are compuled from these data.

Ta determine the values of the principal residual stresses in a particular part,
the strain relaxation values &, &, and fc are substiluted in the following formu-

ia,/3/.

Pl 2
o1z :% (akqr ot )t ‘ILB)/(&&\?&&:-ZAEM+(¢-£:-—A€q) (8}
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where
E =Elastic fodulus
4, B=Constant
The censtant "A","B" can be dektermined as follows

a2(1+v)

Az 2rarj

{7)
g-282 1_32(1+V)(FgTrﬂri*€L}1
Tafj 4 rﬁgl

Fig.9. showing the oub-side,1n-side and bore radius
on the rossette 1,5/120 Ry 61,

where
v* =Poissons ratio.
ra=0uter raduis of strain gage {rossette).
ri=lnner raduis of strain gage {rossette) .
a =Raduis af the (boreldrilling hale.

4, EXPERIMENTAL RESULTS AND DLSCUSSION

Conparison between the residual stesses distrabubtion for two different sectians
(flat bar and r-section)conjunction with plating by weiding,as mensured by the
sectional and blind-hole drilling methods, is shown in Fig3.

Generally,the shape of residual stresses distribution messured by sectional and
blind-hole drilling wethods is the same.There is a little difference between the
results obtained by sszctional and blind-hele drilling melhods.

The differences in Lhe stresses distributien of the investigations were probably
caused by the Fullowing.
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Sectional method:
~Cutting operation.Temperature changes appear to Le the wajor cause af errors int-
roduced during residual stresses measyrcement.,

-Errors in measured strain which caused with curvature Jue Lo precessing or secti-
oning are reflected in the residual stresses measurcment.

8kind-hole drilling methaod:

~The hole acts aus a stress raiser and,provided the skress mognitude is sufficient,
localized plasticity will occur round the hole which leadsto additional erraor in
the predicted stresses,This error risesta 10%, /5/.

-Large errer in the predicted principal stresses can result from small ercror
in measured strain.

-Mechanical cutting methods currently used for hole forming introducs
cutting stresses which are reflected in the struln measurcmentsg.

To obtain satisfactory results with the sectioning wethod it is important to per-
form a careful preperation of the test piece such as proper location of the test
section,gage hole location and cutbting position.Preparation of guge holes must be
performaed with care since unregliable readings can resulb i the holes are not pre-
pared in a proper manher.

5.CONCLUSTONS

The following conclusions may be made for the residual stresses measurement,

1.The methou of sectioning is adequate ,accurate and econumical for the residual
stresses measurement 1n structural elements of ships.By increasing nuiber of se~
ctions,accuracy of vesults can be increased,

2.Digital electronic eutomation wmachine can be used as an instrument for macking
and measuring gage length from which strain and stress can be determined.
By using this wachine the sectional method is more simple and economical than
other methods of meosuring residual stresses.

3.As the disadvantages of the sectioning method ,it is considered destructive method,
gives average stresses over the area af the piece removed from the specimen,not
suitable for measuring lecally concentrated stresses .for a whale pact "Panel’ or
other scalled wadels the method is expensive and time consuming.
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