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ing aetioll only , determined by the fixed mirror method. In 
thi s case it was not possible to ascer t ain t he tot al ex
treme fibre strains, for at the time no m ethod presented 
itself of det ermining the direct strains which existed within 
the plate at that part. 'I.'h e r esults are plotted in :B'ig. 2()C, and 
although t he curve is not a complet e representation of the 
st rains occurring, yet it is sufficient to show the presence of 
excessive stresses. 

THIRD SERIES OF TESTS. 

34. Modified Method of M easurement Adopted.-The 
method of determining the extreme fibre st rain in those por
t ions of the boiler under observation durmg the second series 
of t ests was not altogether absolute , for the strain result ing 
from bending act ion alone was m easured, andto t his t hecalcu
lated direct strain had to be added in order that t he 
total strain in the ext reme fibre might be ascertained 
and thus t he stress deduced. rrhis was dnly possible in the 
case of the extreme fibre strain along the test line AH (see 
Figs. 24 and 26), and as has been stated previously, the 
fixed mirror m ethod could give no final rei:lults with regard 
to the stresses in the dished end of the boiler along the test 
line OP. Further consideration was therefore giYt'n to 
the possibility of directly measuring the extreme fibre 
strains by some modified form of Martens' mirror extenso
meter, and, as a result, it was found possible to satisfac
torily employ the arrallgt'ment shown diagrammatically in 
Fig. 28. In this arrangement of the Martens' mirror exten
someter, the mirror attached to the prism was well remoyed 
from the surface of the boiler plate by m eans of a link A (it 
was the fouling of the adjusting gear at the back of the 
mirror with the surface of the hoiler plate which was re
sponsible for the t'xtt'nsompter methon. not being previously 
empioyed in the tests upon actual boilers). 

The fixed mirror was rigidly at t ached to the back of the 
extensometer bar, thereby enabling greater accurac,V to be
obtained than was possible with the arrangement used in 
thp first series of tests. * 

* The theory of this arrangement of thp two mirrors, will b& 
found to lead to as accurate determinations as in the ('ase of that 
usually employed. 
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35. Confirmatory Tests upon a Lap Joint with 
Straight Plates. - W ith this improved form of ext enso
m et er, confirmatory t ests were carried out upon a lap joint 
which was very similar in design to the first one mentioned 
in the first series of t ests; in this case, however , the rivets 
were replaced by fit ted bol ts (for detail of the joint, see Fig. 
160.) Simultaneously a check was made upon the accuracy 
of the fi xed mirror m ethod of m easurement , and the results 

Scale Distance 
--flJ·S-cms-:---

MODIFIED FORM OF 
MARTENS EXTENSOMETER 

FI G. 28 (Diagra mmatic). 

in th e form of cun-es 0 1 st ress which were obtained from the 
observations made t hroughout the total lellgth of both 
plates forming t he joint are indicated in F ig. 29. On refer
ence to t hi s fi gure, it m ay be seen that t he stress curve ob
ta ined for each pl ate was similar in form , but in the case 
o f t Il e narrow plate t he int ensity of stress was considerably 
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abo\·e that in the wider plate. This is what one would ex 
pect, as t he cross sect ional areas of t he plat es are dissimilar. 
In addition, it should be noticed that th e observations oh
tain ed from both methods of measurement were practically 
identical, and this fact gives proof as to the correctness of 
the "fixed mirror m ethod" which was suggested during 
the first series of tests. 

The maximum extreme fibre stress in this case was 
about 3.2 times the stress that would have been caused by a. 
dir ect load of the same magnitude . 

36. Additional Te~;ts upon Boiler Drum. - Attention 
was then paid to t he direct m easurem ent of the strain in the 
extreme fibres along the same t est line AB, of the B. and 
\V. boiler previously tested during the second series of tests 
(see :Fig. 24A). 

The interpretation of r esults showed the presence of a 
maximum local ex trem e fibre stress of 12,000 lbs . per square 
inch in the vic inity of tne longitudinal joiut. A compar isoll 
between the curves of extrem e fibre stresses during both the 
second and the t hird series of t ests is given in Fig. 30 . It 
may be seen that the type of curve is the same in each 
case, but that in the latter series of exper iments the mUu-xi
mum fibre stress was somewhere about twenty per cent. 
greater than the value of the mUu'(imum which had been de
t ermined during the second series of experiments. 

R eference i::; made in ~37, to these deduced " stresses." 
It must be r em embered that in all cases it is "strains" that 
are measured, and the stresses are deduced on the bas is of 
certain assumptions , \I·hie-h, while true for the tests on th e 
flat plate join ts, are ]wO\nl to be ollly approximately so when 
applied to the shell of a boiler. 

37. Additional Tests upon the Dished End of the 
B. andW. Boiler.- Confirmatory r esults were next :;ougllt 
as r egards the magnitude of the extrem e fibre strains 

in the plate aIong the test line OP (Fig . 24A). In this case ob
serya.tions ,vere made by m eans of both the fixed mirror and 
t he modified form of the mirror extensometer described 
above . The curyes of st ress produced by bending action 
only, and obtained by the fixed mirror method of measure
m ent during the second and third seri es of tests are shown in 
:Figs. 30 and 31, and are yery close in their agreement. 
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:In the same diagram the curve of total stress on the out· 
:side fibre as deduced from direct measureI1Jent of the sur
face strains bv the modified mitTor extensometer is also 
-shown for a cold water pressure of 100 Ibs. per square inch. 
This curve of total strE;ss indicates the presence of a large 
·compressive stress upon the external surface of the plate, 
which rapidly changes to a tension. 

Having thus obtained gravhiral records of both the 
total extreme fibre stress and that produced by bending 
.action only at all points on the surface of the end plate along 
the test line OP, Fig. 24, for a cold water pressure of 100 
Ibs. per square inch, it is possible to obtain the curve of 
total stress in the inside fibre under the same conditions of 
loading. The stress curve for the inner surface of the plate 
'has been obtained as previously described, and is also 
'shown in Fig. 31. It may be seen that the maximum 
tensile stress of the inner side of the plate has a value of 
about 11 ,000 Ibs. per square inch. As this boiler has been 
subjected, since its manufactme, to an hydraulic test, in 
which the pressure was at least 250 Ibs. per square inch, it 
follows that the extreme fibres of the plate at the position 
wh ere the maximum tensile stress occurs on the inner sur
face of the plate, as indicated in Fig. 31, must have been 
about 27,500 Ibs. per sqU:H"f'l in ch, a yalue \,"hich is near the 
·elastic limit of the material. 

Subsequent to these tests it has been observed that 
pitting has taken place circumferentially along a line which 

·corresponds to the point of maximum intensity of stress on 
the extreme fibres of the inner plate. The pitting has taken 
place in a portion of the boiler where the extreme fibre 
stress, when under pressure, is considerably above that 
generally present in <t he material of the boiler. This fact 
indicates that the pitting of boiler plates may with every 
justification be expected where stress conditions are lilrely to 
be abnormal. and is confirmatory of the action that takes 
place in a lap joint when used in a longit udinal seam in a 
boiler. The significance of this pitting, taken in conjunction 
with t he failure of t he Greenwich boil er (sec §33), is obvious. 

38. "Sections of Stress. "- Referring to Fig. 24A, it 
will be noticed that observations "'ere taken on several test 
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lines sit uated at different positions along the aXIS of t he 
boiler drum. 

rrhe strains m easured at each fix ed mirror position on 
these test lines enable one to plot a diagram of the strains. 
at any sect ion of the boiler corresponding to a test lin e . By 
plotting the results of several of the t est lines, "sections of 
strain " can be obta.in ed for sections of th e boiler intermediate 
to the actual t est lines, just as the plotting of the whole of 
these st ra ins from a suitable datum would enable one to· 
obtain what m ight be called a "surface of strain" for the
plates under consideration. It must be rem embered in 
connection with t his that t he strains thu::; plotted are
m easUl'ed in one direct ion only. By referring to F ig . 24, it. 
can be seen that such a "surface of strain" could be ob
tained by plotting the strains m easUl'ed on the t est lines 
A.B., C.D .. . .... to ~l.N. , and that this surface would re-· 
present t he strain in the circumfe rential direct ion . 

On the t est line O.P., m eas urements were taken in a. 
direction parallel to the ax is of the drum, and th e qua.ntities 
so m easUl'ed are , of course, th e longitudinal stra ins . It is 
interesting to note that these are approximately one-half of 
those measured circumferen t ially. If a series of lines, suc h 
as O.P., were taken , a simil ar surface could be o!:Jtained for 
the longit udinal strain s . 

In F ig . 32A (Plate IV .) sections of t he boiler are shown 
ill which the stresses are plotted as for the inside and the out
side sUl'faces of the plate. 'l'hese secGions we have termed 
"sections of stress;" they show in a graphic form the ob
served stresses obtained by t he t ests and such assumed 
stresses in parts of the boiler not yet t ested , as seemed 
reasonably justified. I II F ig . 32B is a corresponding "Sec
tion" for a lap joint as tested in the testing machine. These 
two coloured diagrams may be regarded as a kind of sum
mary of the results so far obtained. 

It must be borne in mind that the measurements ob
tained in all cases were measurement of · strain, and the 
assumption has been made t hat the stress is proport ional 
to t he stra in , and t hat t he modulus of elasticity is 29,OOO,OO(} 
Ibs. per square inch . This assumption is probably quite
near enough for practical pUl'poses , but considerat ion wilL 
tillOW that as the mat erial is strained in two directions at-
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right angles to each other, and as the strains are not uni
form over the surface of the plate , the modulus may be a 
variable quantity. The "sections of stress," as shown, are
on the assumption that th e modulus of elasticity through
out the shell of this boiler is constant. It will be seen that 
if a sufficient number of t est lines were taken in two direc
tions at right angles to each other, a surface of strain for· 
each direct ion could be obtained, and the study of two such
surfaces of strain would assist the inyestigation of the con
ditions obtaining at any part of the shell. 

It ca n be seen that these two surfaces would lie at dif-· 
ferent elevation s above tho dat llm lin e , and it is possibl e 
that they might intersect one another at certain places. To
enable " the surface of stra.in " to be complet ed so t hat 
such a sur face ,,·oIJld g i'·e th e actual condition of strain nt 
any part of the shell, it would be necessary to obtain a. 
m easurem ent of the strain in the direct ion of the thickness· 
of th e plat.e. It ,,"ould seem that if this could be obta ined, 
it would be possible to determine the modulus of elasticity at 
any point ill the shell , and so to correctly determin e the 
stress condition at that point. 

It must be clearly understood that the stresses that 
~lave heen deduced from the two sets of strains actually 
m easured are only approximations ; it should be rem ernbered 
that t he cun·es of stress given in t hose parts of the paper 
referring to the investigations on boil ers are m erely strains 
multiplied by a constant, and that they are throughout a 
true reprep.entat ion of st rain to a suitable scale , but are 
on ly an empirical representat ion of stress. 

In Fig. 32 those portions of the boiler plate in which the
extrem e fibre stress is abnormally high or low can be very 
easily noticed, and it is a ye ry signifi cant fact that in all 
places where experiment has indicated a high value for the 
extrem e fibre stress, pitting, grooving, and corrosion usually 
occm to a greater or less extent. 

39. Conclusions. - The results of the experimental 
work carried out lead to the following conclusions :-

1. That in an ordinary s traight plate lap joint the 
maximum fibre stress may amount to about four times th e
,tress for which the joint ic; actually designed. 
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2. In the case of lap joints in boilf'rs, owing probably 
to the stiffening effect of contiguous parts of the boiler, the 
~xtreme fibre stress may amount to aLont twice the stress 
for which the joint is designed. 

3. That "typical lap joint failures" are the result of 
the extreme stress conditions present in this type of joint, 
and are due to the want of symmetry in the design. 

4. That in the inspection of boilers particular attention 
should be paid to t hose parts where it is known that Lending 
actions can occur, and that these parts should be most 
(;arefully examined for incipient pitting and surface cracks. 

5. That where pitting has been noticed, its progress 
should be very carefully watched, and should it persist as 
a line of pit marks for any considerable distance, the ex
amination should be most particular, as the cracks run from 
one pit hole to another, a.nd the condition of the shell may be 
such as to be dangerous. 
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APPENDIX I. 

THORNTON 

Test 
Piece 

OrigiDal Dimensions. 
Inch. 

Tens,' le Stress ,'n Stres~ Apparent Contracted I Elonl'ations 
Con- meae:ured after 

Pounds . in Limit of Dimensions. trac · fracture. Total 
tons Elafsrotimcity tion. r.ocal Genera l Elonga-

Num- ThlCk. 
ber. Breadth ness . Area 
--- --1- - -

I I 
of Area Elan· Elonga - tion por 

P er SQ. persq . Auto-' Thick- per ~ation tiOJ, per cent. all 
Tota l. ~ IlIcl~. diagrams. Breadth ne... Area. cent . On Sin . On 4ill. ~ ~ ~ .. _ 

1 1.5 .556 .834 
2 1.5 .553 .83 
3 1.5.54 , .81 
4 1.5 1.552 I .828 

NOTE.- No.4 wa Ii loade d up to 
9 1.5 ' .526 .789 

13 1.5 .55 . ~25 
10 5(16 rlinn, .076 

43000 
41500 
38750 
42000 

7000 
37500 
42000 

3750 

51600 
50000 
4-7800 
50600 

8433 
476!J0 
51000 
49000 

23 
22.3 
2l.4 
22.6 

13,4 
10 .. ) 

and lhp n releaSE"d 
2l.2 11.4 
22.8 10.5 
21.8 15.8 

1.34 ,457 .613 26.6 1.36 
UI4 ,481 .645 22.3 1.16 
1 36 ,437 .595 26.6 UI9 
1.29 ,457 .592 27.5 1.a9 

to zero. ' It wa 8 I.hen loaded a gain to 
1.35 .46 .621 21.2 1.06 
1.29 .445 .574 30.2 1.42 

0.25 .049 35.6 ,47 
diam 011 

NOTE. - No. 10 WB~ a s{lecial small test piece Cll t close to the frae ture-. 3in 

BURWOOD 
2 1.7 5 0.39 0.6825 42250 
3 1. 71 0.36 0.6156 38750 

NOTE.- No.2 ('8 urwoo d)wasa flat bar 
N ° 3 tB urwoo d)was planed to 

61905 27M 1~ 2 1.35 0.28,0.3780 44.62 
62947 28.10 \ 11 6 l.28 10.2320.2969 51.76 

8 R takE'n from bo Her. I 
uniform thickn E's s bpfore te stin g. I 

l.91 
1.96 

.85 

.7 

.99 

.77 

.34 12.8 

.24 11.5 
,41 12.25 
.14 15.5 

breflki ng poi nt. 
.7J .4 8.25 
.92 .42 12.5 
.36 .25 7.35 
on 
l ~ in 

17 
14.5 
17,4 
17.4 

13.2 
17.75 
15.7 

on 
3 in. 

1.35 0.79 
1.25 0.54 

14.00 23.875 
17.75 24.50 



APPENDIX II. 

"EXTRACT FROM AMENDED REGULATIONS FOR TESTING 
AND EXA~nNING BOILERS IN THE NEW SOUTH WALES 

GOVERNMENT RAILWAYS. 
LOCOMOTIVE. 

l. Each Locomotive Boiler must be tested, when n ew, to the 
following pressures per square inch, with hydraulic pressure. This 
-test to be considered sufficient for the first set of tubes, provided 
they do not last longer than five years. 
-Hydraulic Test Pressure. _ ''iTOJ'king Pressure . 

. 180 lb. for 120 lb. 
190 " 130 " 
200 " " 140 " 
210 " 150 " 
220 " 160, " 
235 " " 180' " 

2. At or before the end of the first five years of service, 
:if the mileage executed by a passenger boiler reaches 155,000 
miles or 105,000 by a goods boiler, all tubes must be removed. 
-the boiler scaled, and thoroughly examined both internally and 
externally; and in three and a half years thereafter a second 
similar examination must be made if the additional mileage exe
,cuted during that period has l'eached 90,000 miles by a passenger 
boiler, and 70,000 by a goods boiler; and for the remainder of 
its life it must be internally examined every three years, provided 
-the mileage executed during such interval has not been less than 
iO,OOO for a passenger and 56,000 for a goods boiler. 

vVhen any boiler approximates 15 years of agel or when the 
-total mileage executed by a passenger boiler approximates 375,000, 
and that of a goods 110iler 300,000 miles, its original working 
pressure must be reduced if it is continued in senvice. Every 

-case to be submitted for the Chief Mechanical Engi6eer's decision 
as to the future pressure at which it may work. ' 

3. Personal examination must he made, by. the 'Vorks 
Manager and Foreman Boilermaker at EveleiQ;h, or by the Fore
man in Charge of Districts, and the Boiler Inspector sent from 
Sydney. of the internal condition of the hoiler whenever the tubes 
-are taken out; and both internal and external examination is 
to be made when necessary. 

4. In each instance after heavy repairs to a firebox, firebox 
shell, or boiler barrel, the boiler must be tested with hydraulic 
'pressure to-

200 Ih . per square inch for working pressures of 180 lb. 
180 Ih. ,10 . do . do. 160 lb. 
175 lb. do. do. : do. 140 Ib_ 
1.50 Ih. per square inch for any working pressure under 140 lb . 

5. A regist er of t estings and examinations must be kept by 
the foreman Boilermaker or Locomotive Foreman of the boilers 
-under his charge. 

6. In no case is any boilf'l' to be ,yorked at a higher pressure 
than that adiusted and r eQ;istered at Eveleigh. 

7. Boilers that are in regular traffic mu st he thoroughly 
wa,shed out at least once every ,yeek , and the ,,-ater changed in 

-the boiler oftener if possible. 




