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PART II. 
AN EXPEIUMENTAL INVESTIGATION OF THE STRAINS IN 

UNSYMMETHICAL mVETEO JOINTs. 

By S. H. R.~RRAC L()ur;H, A. J. GIBSO N, H. W. MAY a1ll1 K P. NORMAN. 

17. IlItrodu ctOT!I.- In this second part of the Paper an 
account is given of the experimental investigations which 
were carried out with the obj ect of confirming, or otherwise, 
the view t aken of the causes of the two boiler failures dis­
cussed in the foregoing pages, and of obtaining additional 
data as to the behaviour of unsymmetrical connections in 
boilers. 

The work was divided into the followin g series of ex­
periments :-

(a) Experiments to determine the magnitude of the ex­
treme fibre stresses in the plates of typical lap joints, so 
designed as to be readily placed in a testing machine. 

(b) Application of similar methods of measurement to 
the determination of the extrem e fibre stresses in the plates 
of actual boilers fi tted with lap joints . This enquiry was ex­
te'nded to include the determination of extreme fibre 
stresses in the vicinity of t he flan ged parts of a boiler. 

During the course of these two series d experiments 
the apparatus and m ethorls of measurement were naturally 
considerably improved and a final series was thel efore car­
ried out. 

(c) Confirmatory tests on lap joints , on boiler drums, 
and on the dished ends of boilers. 

'1'he tests will be found set out in the following pages 
in these three series. 

18. Details of E xperimental Joints. - For the purpoRe 
of experimentally determining the m agnitude of the extreme 
fibre stresses in the plates of typical lap joints, special joints 
were constructed as shewn in Fig. 16. 

It will be noticed in each case that the width of one 
plate forming the joint was great er than that of the other 
plate to which it was fast ened- thIS was necessary in order 
that t he surface of one of the plates at least , might be avail­
able for experimental observation throughout its entire 
length. Of course there still r emains a portion ·which is not 
get- at-abl e , but preliminary experiments showed that it wa~ 



STRESSES IN LAP JOINTS . 301 

L---. 

FIG. 16A. LRP JOINT WITH 5TRI11GHT PUlTES, 

FlO. 16 B. 

LFlP JOINT WITH JOC;qU:O PYlTES 

, 

I ' . r '--- _..z..=..9. -

. ~ I 
f.-._. - .. ~-. "-"--1 

-j_.--j i 

. " 



302 STRESSES IN LAP JOINTS. 

sufficient to determine the extreme fibre stress at a single 
point along a line at right angles to the direction of the 
:applied load, as the stress is sensibly uniform in value at all 
'points along that line . The extreme fibre stress, so deter­
mined, along any surface line such as A.A., would then 
represent the stress which would exist along any other paral­
lel lin e upon the same surface of that plate. 

In the case of th e joints with straight plates, packing 
strips were attachea at the ends of the plates, where they 

FIG 16D.- Photograph of Experimental Joints. 

were gripped by the clamps of the testing machine, in order 
that the pulJ upon the Joint might be more direct: later ex­
periments, however, showed that such strips were not ne­
cessary . 

For convenience the diameter and pitch of the riyets 
were . made to correspond with the dimensions of the lap 
joint which failed upon the N.S.W.G. Locomotive No. 163 
near Thornton, N. S. vVales, and similar dimensions were 
employed in the case of the lap joint with jogglerl plates, so 
that a direct comparison might be made between these two 
-types of joint. 
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19. Fir::;t Method of Measurement- Martens' Mirror 
Exte1180meter. 0;' -The magnitude of the extreme fibre 
:stresses at any point upon the surface of the plates forming 
the joint, could not be obtained by any direct method, but 
.as strains are proportional to their corresponding stresses 
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{within t he elastic limit of the material), the determination 
.of relative strains was sufficient. 

The ordinary form of Martens' mirror extensometer was 
employed for the direct measurement of the extreme fibre 

* A detailed description of the construction of this form of 
measuring instrument may be seen by referrmg to the Proceedings 
-of the Royal Society of N.S.W., Volume XXXI (1896), where its 
theory and applicatinl'\ are treated in detail. 
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strains. The various parts of this extensometer are shown 
in Fig. 17 which also indicates how th e reflected scale read­
ings are observed with the aid of a telescope. 

The extensom eter bar is pressed with one end 'against 
the surface of the test piece, and the other against a prism 
which is also bearing on the t est piece. A rubber band is 
frequently employed to press the ext ensometer bar against 
the surface of the material under t est , but for these experi­
ments a special form of clampin g arrangem ent was devised 
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F IG. I S.- Met hods of Pressing the Extensometer Agains t the 
Test Piece. 

' A '- Wi th Rubber Ba nd (discarded in this case ) 
, B '- Method Actually Employed. 

(see Fig . 18), as it was found that the use of a rubber band 
tended to produce unreliable results . 

Mart ens' mirror extensometers are usually employed 
for the m easurement of ex treme fibre strains in t est pieces 
which are subj ect only to direct loading; in th is case, how-
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e ver, an addit ional complicnt ion is presented, for not only 
are t he plates of t he Joint subj ect to direct loading , but 
also to the effects of a bendin g moment ·which causes the 
value of t he ext rem e fibre stra in s t o increase to a maximum 
in t he vicinity of the joint . 

When t he extensometer is employed upon a t est piece 
subjec t only to direct loading, the elongat ioll of that portion 
of the surface between its points of contact with the exten­
someter bar and the prism, causes the prism, and also its 
at tached m irror, to rotate . When the m irror is so arranged 
as to refl ect the scale reading into the t elescope , then the 
rotation of the mirror is observed as a difference in the 
"mirrored" scale r ead ing- but , since a t est piece may m ove 
bodily when s ubjected to [\ varying load , it is necessary to 
eliminate any translat ional motion from th e "mirrored " scale 
diff erences obtailled from th e extensometer m irror , in order 
that its simple rotation, ·and hence th e s tt·ain in the extrem e 
fibre may be m eas ured . '] 'bis is eff ected by the attachment 
of <an addit ional m irror , hereinafter termed the "fixed 
mirror , " to a s uitable spot upon t he t est piece, so t hat t he 
variation in the m irrored scale readi ng caused by the motion 
of the t est piece as a whole may be direct ly m pasured. The 
difference between t he cha uge of m irrored scale readin gs 
given by the extensometer m irror and by the fixed mirror is 
then a direct meas ure of the rotation of the extensom eter 
m irror caused by t he surfacc strn ill III t hat por t iol! 
of the plate undcr consideration . 'rhif; difference is therefore 
a meas ure of the stra ill . 

The elim inat ioll of the effect of all moyements of t hose 
por t ions of t he plate surface carryin g extensometel's pro ved 
d ifficult , in thi s case, as the surface of t he plate when under 
load suffers not only a tra.nslat ional movem ent, but also a 
localrotat ioll, du e to t he bendin g of the plates of t he joint. A 
suffic ient degree of accuracy was att ained in the first series 
of t ests by pl acing a fix ed mirror so as to g ive a reading, 
showing approximately the rotational movem ent of t h at por­
tion of the plate upon which the prism of the extensometer 
was resting. Greater accuracy was obtained in the modifi­
c ation of the appa rat us ll sed lat er in the third series of test s. 
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FIRS1' bERIES OF TESTS. 

20. Test Lines.- E xperimental work was first carried 
out upon the joint with straight plates, and from what has 
been said previously, it was sufficient that the determination 
of the strain should be m ade along one line only , such as the 
line A.A . Fig. 16k However, since sufficient mirrors were 
available, observations were taken along the two lines A.A. 
and B.B. in order that one set of r eadings might be used as 
a cheqk against the other . The two lines A.A . and B.B. 
constitute what are h ereinafter lmown as "test lines;" th at 
is, they are lin es on the surface of the specimen along which 
a sufficient number of observat ions was taken for the de­
t ermination of the strain at all points along that line. 

21. R elative Positions of Extensometer and Fixed 
Mirrors. - For the purpose of determining a suitable 
position for one or more fixed mirrors, so 2.S to eliminate 
the effect of any general movement of t he surface of the 
t est piece upon which the extensom eters were placed, a 
series of prelimina,ry experiments was canied out, fr@m 
which it was ascertained that the mirrored scale differences 
obtained from fix ed mirrors situated upon any line at right 
angles to the line of action of the applied load , were simi­
lar under similar conditions of loading. This fact simpli­
fi ed m atters very much , as a single fix ed mirror was tiuffi­
cient to eliminate the effect of the general movement of the 
surface under consideration from the "mirrored" ;;ealf' 
differences obtained from two extensometers which were so 
arranged that a line passing through their points of con­
tact with the surface of the specimen contained the point 
to which the fixed mirror was attached, and was at right 
angles to the direction of the applied load . (See .Fig ]9. ) 

22. Method of Recording Observations. - Seven 
series of observations were made from mirrors situated at 
various positions along t he surface of the plat es of the 
joint, the relative posit ions of both the extensometer and 
fixed mirrors being shown for each of the seven series of 

observations in Fig. 19. The prisms of the two extenso­
meters and the point of attachment of the corresponding 
fix ed mirror (which were together employed for a single set 
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-of observations) were in the same straight lin >, which was 
at right angles to the direction of the applied load. The 
loads upon the joint varied for eacE set of observatiom, 
from an initial load of 0.2 tons to a maximum gross load of 
3 tons, and readings of tne three mirrors were taken for 
·every increase and decrease of load by 0.2 tons, the maxi­
TI1um road of 3 tons being twice applied. The initial load of 
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FIG. 19. 

().2 tons was necessary to retain the grip on the t est piece 
i n the clamps 01 the testing machine . 

The "mirrored" scale differences obtained from each 
mirror were then plotted against the loads which caused 
them, and a fair curve drawn througn the points so ob­
tain ed. The typical treatment of the results from a single 
mirror is shown in Fig. 20. From the "fair" curves of 
-observed resul ts obtained in thi s way, the "mirrored" scale 
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difference corresponding to allY particular load was more­
accurate when thus derived than the experimental observa­
t ions themselves, as by the use of s llch a curve small 
enOl'S of observation are eliminated. 

23 , Cnrves of Extreme .Fibre Stl'llins. - Usillg the 
results of the seven seri es of ohservation s obtain ed from 
th e mirrors arranged upon t he surface of the plates as. 
shown in Fig. 19, and taking the mirrored scale difference-
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that would be obtain ed from the fair curves of obser ved' 
results for a load of three t on s, t h e curves of strain shown 
in F ig. 21 han been dl'a,,'n for t he surface of the plate under 
test . Th ese curves of strain have been obtained in the fol­
lowing manner :--A base line O. A . was taken, along \\"hich 
the relat ive positions of the surface points along the test 
line A .A. might be represented. Upon t his line were-
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<lra\Yll rectangles \\"ith their bases corresponding to the 
length and relative position of the extensometer bar em­
ployed, and with their heights proportional to the average 
strain per .centimetre over a length equal to that of the 
extensometer bar (tlie strain being measured in t erms of 
"mirrored" scale differences). The strain was reduced to 
represent the strain per unit of length, for by referring to 
F ig. 19 it m ay be seen that the lengths of the extensomet3r 
bars were not the same for each series of observations . A 
continuous curye , dra\\"11 so that the areas bounded by the 

~HEWN 'THU,, ///I//I IS I~ CO"'PRES~ION 

N .B. TOIl: II'ELATI'iE' PO~\"TloN 01" TIiE JOlr..T 

• A.R 

aR'!:ot REPli't~E"'T T .. " OIFrt'ltl'lo:..t 3[1' .... 1:[ .. Til ! "<.tIl .. 1 

1t["O",r({ " 0 • .,.., .. 1:0 '""til"' - .. t E. .. ~[ ... "OO'"\" .. ~.~ " .... c 
f'~!:o - :i •• IIIOQ,:) ,,,,, "1"1:' • • (. ... t'"". Po. TO"" 

T~[ '0'£';"1(11.1.. 0 ... 0' ..... '1(" 0" "''''C C-.I.'O'[ I"IQI! PIPOJ: It 
'Tet --: P.C"I'V'III\. 'STPQI" 'N "'>I[ t~"'qC"'l ".1'1. 

FIG. 21.-Strain Curves for Lap Joints. 

curve, th e sides , and the base of the rectangles, were re­
spectively equal to the areas of the rectangles themselves, 
is the locus of the extremities of vertical ordinates which 
M e proportional t o the strain per centimetre in the ex­
t reme fibres of the plate, at every point along the t est line 
A .A. produced by a gross load of 3 tons. Reference to this 
-c urve shows very clearl y that t11e strain increases to a maxi­
mum near the edge of th e landing of the joint, indicating 
a n increase in the bending moment at that place. 

24. Sign~fic((lIce oj the Results. - Experiment showed 
that th e "JJodulllR of Ehtsticity of the material forming 
the joint was 29 ,100,0001bs. per square inch . It is 



310 STBESSES IN LAP JOINTS. 

thus possible to calculate "he const&nt val ue of the­
"mirrored" scale differences which would have been ob­
tained from the same extensometers placed along the line· 
A.A. if the plates nad been silb.iB~t8d. to a, direct load only 
of the sam e magnitude as that for which the strain curve 
has been drawn. The strain curve which would have been 
produced by a direct load of 3 tons is shown in Fig. 21, and' 
is a line parall el to the base O.A. The ratio between the· 
ordinates of these two curves, at any point, represents the· 
number of times the extreme fibre stresses which are 
actually present when there is a load of 3 tons upon the 
joint, are increased beyond the magnitude which they 
would possess if the eccentric effect of the joint WE' r e absent. 

The maximum value of this ratio is 3.9, and this agrees­
with the theoretical deduction, that the maximum extreme· 
fibre stress in the plates of a straight plate lap joint lS 

nearly four times what it would have been under the same· 
load if no bending moment had existed . (See §5.l. 

The ex perimental r esults thus obtained indicate that 
this ratio is a maximum in a position which corresponds to· 
that in which typical lap joint fractures OCClir. 

25. Computation of Strain Curve for Other Surface 
of Plate.-Having thus obta ined a m eaSlll'e of t he strain 
in t he ex trem e fibres of one surface of th e plate , the com­
putat ion of the strain at corresponding points upon the 
opposite side is readily performed, for it is known that in 
the case of a beam subject to a bending moment only, the 
algebraic sum of the extrem e fibre stresses (and hence the 
strains) on the .upper and the lower slll'faces is zero; also if, 
in addition to being acted upon by a bending ffiOJt~('Dt, a 
beam is subjected to a direct pull then the algebraic sum of 
the extreme fibre strains in the upper and lower surfaces of 
the beam is equal to twice the fibre strain produced by the 
direct load only. H ence if, through any point "Jf" on. 
the horizontal axis 0.11, a line EBon be drawn at right 
angles to OJ! such that BD - BE=2 130 , ~he point "E " . 
will be a point upon the strain curve for the surface B.B. 
of the plate. Proceeding in this manner, the Rtrain ('urve 
for the surface B.B. is drawn as indicated in Fig. 21. 

The curve for the surface B.B. shows the existence o£ 
-compressive stresses in the extreme fibres for a consider-
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able distance along the surface of the plate ; it also shows 
that the maximum value of the extreme fibre stress on the 
surface B.B. is about twice what the extreme fibre stress 
would have been for a direct load of the same magnitude, 

' I 

FIG. 21A.-Lap Joint made of Rubber Strips bolted togethf'r. 
Pointers attached to demonstrate the tension and compression. 

but it is of opposite sign. A rubber model of a lap joint 
(see Fig. 21A) affords an interesting illustration of this 
action. 

26. Experiments on Lap Joint with Joggled 
Plates.- Experiments were carried out upon a lap joint, 




