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NOTE ON THE DETERIVIINATION OF THE 
THRUST LINES OF A SKEW ARCH. 

By E. F. J. LOVE, M.A., F.R.A.S., 

Demonstrator and Assistant Lecturer in Natural Philosophy in 

the University of Melbourne. 

READ 7TH AUGUST, 1901. 

The theory on which the present practice of skew bridge con-
struction is based may be, as I understand, summed up in 
Rankine's words* :- 

" The forces which act in a vertical layer or rib of a skew arch 
with its abutments are the same with those which act in an equally 
thick vertical layer of a symmetrical arch with its abutments, of 
the same dimensions and figure, and similarly and equally loaded." 

Not being a civil engineer, I may be excused for not having read 
this passage till it was (recently) brought under my notice. 	But 
having read it, I have no hesitation in asserting that it cannot be 
correct as a general statement 	I say, as a general statement"; 
for there are plenty of special cases in which it is very near the 
truth. If the arch be built of a number of more or less indepen-
dent ribs parallel to its face—if, for example, it consists of brick-
work, with most of the bricks laid parallel to the face, and few or 
none as headers--Rankine's statement is near enough to the 
truth for all practical purposes, though even then it is not the 
whole truth ; but the further the construction departs from this type 
the more closely its mass approximates in character to an isotropic 
solid, the more inaccurate does the statement become. 

The reason7is that the statement, if applied to an isotropic solid 
mass, involves a violation of Newton's Third Law of Motion 
which demands that the mutual pressure of arch and abutment 
shall be everywhere normal to their common surface. This is one 
of the conditions we must make use of in order to obtain an idea 
of the true form of the lines of thrust in a long arch ; the other is 
that the thrust across a vertical plane, drawn through the middle 
point of the arch perpendicular to its faces, is everywhere normal 
to that plane, and the same at all points of a horizontal line drawn 
in it. From these two conditions we see that the lines of thrust 
in any horizontal plane are parallel to the faces at all points near 
the middle of the arch, but curve towards the acute angle of the 
abutment in Rankine's diagram, as that abutment is approached; 

*Civil Engineering, p 429 (loth edition). 
tI do not mean to suggest that such arches either are, or ought to be, 

constructed. 
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the result of this is to make the normal pressure near the acute 
angle decidedly greater than that near the obtuse ; consequently 
the one pressure is greater and the other less than what it would 
he in a symmetrical structure correspondingly loaded, instead of 
being equal to it, as Rankine's theory asserts. 

To obtain a rough idea of the distribution of thrust—which, 
rough though it he, is nearer the truth than that furnished by the 
accepted theory--consider Fig. i. Here A' F M B' represents the 
abutment of a long bridge,* C Fand D M its sides. In this, the 
symmetrical—case there is no doubt that the thrusts are represented, 
both in magnitude and direction, by the equi-distant straight lines 
H H, K K, L L, parallel to the sides. Now suppose the abutment 
thrown back till it occupies the position A F G B, C F and D G 
now denoting the sides ; then, if we drop the perpendiculars H H', 
K K', L L' to the abutment, the positions of the points H', K' L', 
give us an idea of the general character of the distribution of 
thrust ; this approximation being certainly better than that obtained 
by simply prolonging H H, &c., in their own line, inasmuch as it 
takes into account both the essential conditions prescribed above, 
instead of one only. t 

In order to obtain an approximation close enough to be of prac- 
tical value, it occurred to me to make use of a known analogy. 
Whenever we are dealing with the flux of a directed quantity from 
one level to another, the mathematics of the problem are the same 
for all kinds of fluxes under the same geometrical conditions, 
whether they be of an incompressible fluid, of electrostatic 
induction, of electric current in a conductor, or, as in our case, of 
thrust along a solid. I therefore proceed to discuss the thrusts in 
a long, broad, but shallow plate, by regarding them as similar to 
the lines of electric current in a thin plate of the same shape, the 
abutment being represented by an equi-potential line in the 
electrical case. The advantage of this analogy lies in the follow- 
ing facts :- 

(a) The evaluation of the pressures by direct experiment would 
be very difficult ; but the determination of the lines of current and 
equi-potential surfaces for the electrical case is extremely easy. 

(b) In two extreme cases the solution of the electrical problem 
is given in Maxwell's." Electricity and Magnetism ";$ in the first 
volume of that work, Plate X. gives the graphical solution for the 
part of the abutment near the acute external angle, when the equi-
potential lines are nearly straight, while plate XI. contains the 
complete solution (three times repeated) for the case in which the 

*As we shall see shortly, a " Long Bridge " means one whose length is 
three or more times its breadth. 

fWe may parallel this with the fact that an empirical formula containing 
two disposable constants will generally represent a set of experimental results 
much better than a formula containing one such constant. 

:Vol. i. pp. 273-277 ; also Plates X and XI, at the end of the volume, 
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angle of skew is infinitely near to zero. By distorting the lines of 
Plate XI. we can, without any calculation at all, and by the aid of 
a little judgment, deduce the diagram for any case in which the 
equi-potential lines are nearly straight, a consideration of Plate X. 
preventing us from making any serious error as to the curvature of 
their ends. 

It will be noticed that the equi-potential lines of Maxwell's 
Plate XI. are curves of contrary flexure, and that the points at 
which the curvature changes sign all lie on the same line of flow, 
viz., that one which, at any considerable distance from the terminal 
equI potential surface, lies parallel to, and equi-distant from, the 
sides. If, then, we draw tangents to these equi-potential lines at 
the points above-mentioned, the set of straight lines thus obtained 
will coincide, throughout a large part of their course, with the 
equi-potential lines of any practical problem ; at their ends, how-
ever, they must be bent round so as to meet the edges of the plate 
at right angles, Maxwell's two diagrams again suggesting the 
approximate amount of curvature at the two ends. 

In rig. 2 the dotted lines C' D', C" D", &c., denote the system 
of equi-potential lines, of which F G is the terminal one, the full 
lines H H', K K', LI,', the lines of flow ; C I) bisects the plate, of 
which K is the centre of figure. Though the diagram does not 
profess to be more than an approximation, it is a quite close enough 
one for practical purposes. 	As will be seen, the curved portions 
of the current lines differ but little from a system of concentric 
ellipses, whose common centre is C', and all of which cut F G at 



CC: : 
~N 

:  
:  5 ::

~.:Bß:~  ~ 
 : ■■ =.■■ .~ EC

■ 	=~i~ 
MME■ 	 .

: MM■■EMM■ ■MEMO■■ Si . ■ ~■■.E 
■M■■■
~
M■■■r Ud= 7ME. 

■M■MME Pa .r■.WüIM■ 

~
m■ A■M■ N■N■ 

I MW S ■EM ~...■ a =■._■■'■■■ 
.■
'~~ 

■
~~

C■M ■ ~I■ ■ ■N ■ ■

.  

N 

\ 1 
Lsim■rw■■.UNU 

~\.. P■ E "M
A■■■■NM■■■■ ■■

N 

 

■■oNi ■R' !■■a~v■ NET■.uE 

■■■1~m■OM~T;■aif• ~M■■■■■■N■■ N 
M■■■p►7E11M7Kr\■■O71■■MN■ ■■u■■uN 
■■■NJ\■EIOG: M■CUd■\1U■rlGi-■■M■MMM 
■ .p.■ ►  iYy■MA■ 	■■■ _■■■ ■■ 
■~■M■■R~ÌOM :i■11l:i■~ ■■ ■■ ■■■M 
íl■■■=■ ■r~■:Y►~E7i-i3O■■■í~■■i■E ■■■■.~ii 
MM ■U A ~fi~Ea■\I■Mf~C id■EMM 	■U 
ME■■E■E~~iMU~i,i~■Ni*~EIMOEU.■■ ■■I: 
■■M■■■■M.■■11■■■mMM■i1■m■■ ■■N■.■■ 
MME.■■.M O..iI■■■Itule51'3;i. MM..■■■UM 
M.■EM■■■■ 7iai r■.11■MI1■■MO ■EEEEUEUM 
u.M..■.M ■■Mi ■■■IIMUiI■EI■■ ■■■■■■■■M 
■HEI■■■■■■ MW PA _°_ ~~.7C" IGaî. E■M■M■
■■■■N■■■■.N ~.U■a■■■ i ■■■.C■■■■■■■■ 

■M E■.EyEM~■i■1MUOU■..r7■■EM■M 
~U■UU■ti:i.iGNi■i■i■■MUNE.U.■E• ■MM■■■■■

■~EiNN_■~■■~ ~~Nf'.MM.1Mm■MMM■Mp M■■■
■

M
■■

■

■■■■

i#
■

w
pp■~ pp 
	 1̀O 	.. 

~■M~■M■iiC■.■:.M* MM.:ÌIiwii■.
■~MEM~i~■NE~1 

■■■MUM■■■■Mi ■■M.■imIM■Mm 
■■■■■■~

■
~
■
~
M

■ 
N■O H■O M■■ ■■IRI ■■u■N■M 

MBMO~NN MOni M%■N■Q~:iin■■ï■N 
EM■M==M EM■ E~■■ ■O MM'■■■E ■■MM■■■■ 
■■■ 	MMMm

■.M1/~Nir~OM p..■■M ■Oi~ï■
NE■Mi■■■n;a■■■■■■~■ ■M■■ 

Ui■MHiU~MiUECiBE■■U■MCUEE■. 
■■U~■~H~ ■ .■■■■~,~c~t■i■M■I■.iiuM..MOI. 
H■HriN~~~ i:1~mM■i ~ä~~NNH■ 
EM■Eii■l''JEORA■!" fCi■M■E M.■1■.ME■■M■ 
■MMMzl 1OnmM■Nr7M■.i■■■ eh•1■■■■■■M 

■ME■.N~ME~ iE■IHJOU■MM1■UN■MUH 
M■.EMIWA■M ■■INUMA■■1■■M■■■ME 
■M■■L_ihl.7M■U1'rn?'IT7MU■■r MHE■■MM 
EE■EU.■EM m■■■■i 1.W93i~■■■■~■~ ■■M■■EM■ 
N■Mot~■M■ N.~.N. ~~■gÂ~■~■■.N ~■B~~■Nm 
M
pp.
M

■
NM

■■
M
~ ~
q
~
ü
p

~~~
■.

u
~■

M
~~

■~■NO ~~H~~NN 

M■ N=~~.~NqNE.~~~~■■WiiiiiiiNiii :: 

p■~~ ~U■■■■MH■
m~q~~

m~~m~~~~~~■~~m 
■.~.!■M. M■■■■ ■■M■■■■■O N■■■■■■■ 
MM■■...M■■.■■MM■■■1 U■■■.M■■ 

isliMMEMEMEMOmmoMmOMMEMMilmmilmilliMA 
■■M■■M■■■■M■■.■.■MM■.■1■Myy■.■M■ ■ 
H■■M UUH M■U.E ■■■u■■■EO Mu■■■M■■ 
E.■■H..M ■

■■

M
~

■
~
M

■ ■■

MU■éNi iii■iiiii= ■.MEM■=
~Miii■~■ : i ■■■■M■■ 	.■ M■ ■Mi.■NM■U■ 

H■■N■U■M 	
■E ■E EM.1■E■■HE■■■ 

N~~~~■N~ N■~■■ 
U

■~H■~■:O M~~~MNü 
■MU■.■■M■■■■■...U■■■E.M ■►.►■.M■■M■ 
M■U.■.0 ■ppE■. ■EEMU.■Etp~ `E.■E■N 
■■.■EUME~■ME~~■■EE■■.P%O■■■►̀EM■E■■ 
■EMME■■■MEE■ ■■■■■UI■■■■■MMI■■■■ 
■MM.■■■ ■■.M■■•■■■M.~/~■ M■E►\M■M 
■■■■■■■CME■■M.■EU■■►,/■■~CM■■M\M■■
■■■■■E.E~EHE■UEE.EI,AE■■E ME■OOi\ME■ 

■■■■■ MM■■■EM■

ILMM

■UEM■O■E■■■M\■M 
M■■M■CM.~■uuU'* ■■■~N:~ ■►,. 
.■M■MME■g■■■O%S ■M■ ENMU~\ 
U■■U■=■■U

■■
~■

MUI:•N~~ 
.■M■OM■■O Mni■■ 

iiiii■ii■■E i■=i■ M■M.ii= ■
M
■in~ii~■

■■■U■■U■HE~~■ ■ ~%: ■E■..U■■.■ ..iN=■~ - 

I 



62 	 THRUST LINES OF A SKEW ARCH, 

right angles.* The flow through C H is of course equal to that 
through F H', and measurement on the diagram shows that F H' 
is, for the case considered, about one thirteenth of F G, con-
sequently we have one fourth of the flow across F G concentrated 
on an area only •about one thirdbf what it would cover if the flow 
were everywhere parallel to the edges of the plate. 	Similarly, at 
the other end of the abutment, the length G L' traversed by one 
fourth of the flow is rather more than doubled. 

Since the tangent line—drawn as above specified—to any one 
of the equi-potential lines can be made the starting point of the 
series, we can determine with fair accuracy the intensification of 
flow for any less degree of skew by inspection ; we note that for 
small degrees of skew, say 85° skew angle, it is insensible, while at 
7o° it is only, at most, in the ratio of 4 : 3 ; but for greater degrees 
of skew it increases very rapidly as the skew angle diminishes. 

All these conclusions hold good in the electrical case, as Maxwell 
(l.c.) has shown, whether we are dealing with a thin plate or a 
horizontal section—taken not too near top or bottom—of a deep 
rectangular beam ; in the latter case C D, F G, &c., are the traces 
of planes perpendicular to the plane of the diagram. 

If now we regard A B (Fig. 2) as the face of one abutment of a 
bridge of rectangular section and considerable depth, the curved 
lines H H', &c., give us the distribution of thrust with fair 
accuracy for all horizontal sections, except those very near the top 
and bottom. In these the intensification is slightly—though only 
slightly—greater than in other sections ; a correction might be 
computed for it;-1-  but the result would he hardly worth the labour, 
as it would be wholly insignificant from an engineering point of 
view ; it could not be represented on the diagram. 

To pass from the case of the skew beam to that of the skew arch 
is not very difficult. 	Consider any vertical line in the surface of 
contact of the arch and its abutment ; whatever the relative values 
of the pressure at-different points of this line may be, they will be 
unaltered by the change from symmetrical to skew—at least to a 
first approximation—since the form of a vertical section parallel 
to the faces of the arch is the same in both cases. 	Hence the 
distortion of the thrust lines is wholly horizontal, and the result 
is the same for an arch as for a beam. 

*The diagram (Fig. 2) is so drawn as to represent a uniform thin plate 
loft. x 16ft., and the line C E makes with C D an angle of 4o°, i.e., the 
angle of skew is 5o°. The curved part of the lines of flow would take the 
same form in any lamina with the same skew angle, provided the distance 
corresponding to C F is more than z rz  times the breadth. 	The curves, for 
obvious reasons, need only be drawn for half the plate. 

j Vide Maxwell, l.c., p, 272. 
Rankine (l.c.) gives this as his reason for believing that there is no 

horizontal distortion of the thrust-lines ; but his argument is a simple non 
sequitur. 
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From the above considerations, we can get an idea of a possible 
safe form of abutment for the case treated. If A B P' Q' (Fig. 2) 
he a safe abutment for the symmetrical arch, AB PQ will be safe 
for the corresponding skew ar:h, assuming that end thrust is chiefly 
resisted by friction ; while A B S R would give a safe form if the 
source of resistance to end thrust were the strength of the material 
to resist fracture.* 

So far we have only considered " long " bridges, i.e., those for 
which the distance corresponding to C F is more than r% times 
the breadth. But a diagram of the same kind will solve the 
problem for a "short" bridge, i.e., one whose breadth is more than 
three times the length ; for, by a known property of orthogonal 
curves, if we interchange (in Fig. 2) the sides and abutments, C D, 
C' D', &c., become the thrust lines, and H H,' K K', &c., the 
level surfaces, of a'" short " bridge, or rather a tunnel, with a skew 
angle of 4o°. As will be seen, we still get an intensification of 
stress at the corresponding corners, but its magnitude is far less 
serious than with a long bridge ; a decent factor of safety would 
more than cover it. • 

Discussion, zzth September, zgoz. 

Mr. W. STONE said he was not sure whether the President, the 
members of this Institute, or the readers of these papers are most 
to be congratulated on the results of the investigations in the 
distribution of stress in skew arches. Our Institute is honored in 
being the first to have such an important discovery brought before 
it, and he felt sure that we shall in years to come look back with 
pride to our August Meeting of 1901. It is on occasions such as 
that, which are all too few and far between, that our Institute 
attains to one of the highest purposes for which it was founded, 
viz., the extension of our knowledge of the application of the 
principles of engineering in the service of man. The pretty and 
ingenious experimental methods of illustrating the distribution of 
stress in the skew arch, and which permit of a more or less 
accurate determination of its magnitude, justly excited our interest 
and admiration. We must not, however, forget that neither 
Professor Kernot nor Mr. Love regard the methods which they 
have so far suggested as giving more than an approximate indica-
tion of the direction and magnitude of the stress. The sheet of 
rubber method used by Professor Kernot is difficult to apply to a 
case such as the Bendigo bridge, for the arch is thickened from 
the centre of the span where it is 17" to 22" when it joins the 

*Of course I do not imply that these are the only safe forms ; they are 
given rather by way of illustration 
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abutment. And, if we consider that the concrete on top of the 
junction of arch and abutment is one with the arch, the thickening 
near the abutment becomes both considerable and rapid. He had 
no doubt, but that a sheet of rubber could be cut with the desired 
gradation of thickness, but even then the change in the direction 
and magnitude of the stress, due to deformation of the abutment, 
would not be indicated. The electrical method suggested by Mr. 
Love is simpler from an experimental stand-point, and might be 
developed, provided that the analogy can be shown to hold 
between the lines of electric flow and lines of stress in an elastic 
solid of the desired forms. The case described by Mr. Love in 
which the lines of electric flow are normal to the face between the 
abutment and arch could, he thought, only hold on the assumption 
that these faces are perfectly smooth and not united. If we admit 
that there is friction between these faces then the force need no 
longer be normal to them. In the bridge under consideration 
there is no surface of separation between the arch and its abut-
ments which really constitute a fair approximation to an isotropic 
solid, consequently unless a plane drawn through the junction of 
the arch and abutment can be shown to be an equipotential 
surface there is no justification for the assumption that either the 
lines of electric flow or stress are normal to that face. Without 
stopping to consider the truth or otherwise of th-2 assumption that 
the lines of electric flow and lines of stress in an elastic solid are 
analogous (under proper conditions), it occurred to him that the 
lines of flow could be more directly and simply obtained by 
Professor Hele Shaw's beautiful method of stream lines in water 
or other liquids flowing between parallel glass plates. He therefore 
made a very rough experimental apparatus on the lines described 
by Professor Hele Shaw, and the experiment was so interesting 
that he thought the members would like to see it, and therefore 
exhibited it. The case shown was the same as that worked out by 
Mr. Love, and assumes the face between the arch and abutment to 
be an epuipotential surface. Photo. No. I. gives are presentation of 

• what he thought was nearer the truth. But it must not be 
forgotten that the problem is one in three dimensions, and that 
experiments on the flow of electricity in thin sheets of metal, or 
of liquids in thin sheets can only give the true form of the stream 
lines for a few simple cases of the three dimensional problems. 
Photo. No II. gives the stream lines along a channel having the 
form of the elevation of the bridge and abutment along a skew 
face. The channel through which the water flowed when photo. 
No. I. was taken was of the form which the sheet represented by 
the lowest line in the Photo. No II. would assume if straightened 
out. The other photos exhibited are simply to show how well 
this beautiful method of Professor Hele Shaw's is capable of 
illustrating lines of flow in channels of complicated outline. His 
main object in showing the rough experimental apparatus in work 
was to call the attention of others to a method of obtaining the 

• 
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form of stream lines, which is equally true for the electrical or 
fluid problems ; always assuming that the velocity of the liquid is 
so low that the path of any particle is not appreciably affected by 
its inertia or momentum ; or, if an alternating current is employed 
that the Ohmic resistance shall be great compared to the inductance 
of the path of the current sheet. The method is extremely 
simple and requires no elaborate or costly apparatus, and should, 
he thought, be of great value to lecturers on hydro-dynamics and 
electricity in technical schools arid Universities. Again it might, 
possibly, in the hands of competent investigators, be employed to 
elucidate some of the difficult problems in the behaviour of 
turbines or centrifugal pumps. The stream lines between rotating 
plates could be rendered visible by synchronous intermittent 
illumination. If Mr. Love can show that the lines of stress are 
even approximately represented by the stream lines in a channel 
of form similar to that of the elastic solid, this method might be 
developed so as to assist in determining the distribution of stress 
in cases such as that under discussion. 

PROF. KERNOT said the application of Prof. Hele Shaw's 
method to this problem, as demonstrated by Mr. Stone, was very 
interesting. The apparatus was very simple and striking ; but, he 
thought the difficulty was in showing a complete analogy between 
the flow of a liquid or of electricity and stresses in timber or in any 
materials subjected to a bending moment, one side being in 
tension and the other side in compression. The electric or hydro-
dynamic methods could not take any account of that or of 
shearing stresses. For instance, if the arch were conceived to be 
continued round under itself and hooked on to abutment the 
electric or hydro-dynamic methods would still show the whole of 
it in compression, which would be absurd. (Prof. Kernot here illust-
rated his remarks by sketches on the black-board.) He was inclined 
to pin his faith largely to the india-rubber test, although he would 
allow that india-rubber was a substance very different in its elastic 
properties to that actually in use at Bendigo. He would however 
like to see a test made of a monier arch of 4  the size of the one 
which gave away, and put a load on it to break it; then a trial 
made with the weak part of the arch strengthened, and see what 
additional load would be required to bring it down ; of course, 
to carry out these experiments would mean a large expenditure of 
time and money. All the experiments so far made led to the 
conclusion, that the pressure at the obtuse end of the abutment 
was extremely light, so that the dimensions at that end of the 
abutment might be reduced considerably, the corresponding 
portion of the arch thinned down, the material from these portions 
used where the pressures were concentrated, and the same 
amount of material used as before, with the avoidance of the weak 
places. 

MR. J. T. N. ANDERSON (the President), said his name had 
been mentioned by Prof. Kernot as having expressed doubt as to 
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the correctness of the accepted theory on skew arches, and would 
like to explain, that the doubt he had expressed was, whether under 
the test the conditions that were accepted by the profession 
actually took place or not. He was still of opinion that the con-
ditions, which had been investigated by Messrs. Stone and Love, 
and experimented on by Prof. Kernot, did not apply to purely 
statical conditions; i.e., he was inclined to think it was in the trans-
mission of the sudden pressures that the stresses were intensified 
in the way the Professor had described. In any structure the rate 
at which the pressure was transmitted from one portion of the 
structure to another had a great deal to do with the way the 
pressure was distributed. They were not now dealing with 
mathematical or suppositious cases, where they had an absolutely 
rigid material transmitting pressure, but with very imperfect 
material subjected to deformation under stresses, and the question 
of how much it was deflected depended on how long it took to 
receive the stresses. At the new monier bridge in High Street, 
Bendigo, the road is 55 ft. span on a skew of 62°; width of road 
88 ft., of which 3o ft. was open for traffic. Standing on one end, 4o ft. 
away, when rapid traffic passed, a considerable vibration was felt, 
but, with heavy traffic passing steadily over, there was no excessive 
vibration at all. He would see if the Monier representatives in 
Sydney would agree to the construction of an arch for test pur-
poses, as suggested by Prof. Kernot, but personally, he thought, 
if the tests with the india-rubber were continued by Prof. Kernot, 
very satisfactory and reliable results could be obtained. 

Prof. KERNOT undertook to complete the above tests, and 
submit the result at the next meeting of the Institute. 

MR. W. STONE would like to thank Prof. Kernot for his 
illustrations of the failure of the fluid or electrical methods. He 
made the fluid experiment, but he could see no analogy between 
stresses and the flow of a liquid. • 

MR. E. F. J. LOVE said, that admitting the full force of the 
criticisms urged against the paper he contributed at the last meet-
ing, he did not think they had yet invalidated the argument as he 
had put it forward. It would be remembered that he had pointed 
out himself that it would be of no use where errors entered into 
the question, and, that the only cases to which the method could 
be applied were those dealing with a flux of a simple character. 
Obviously the analogy would not apply where they were dealing with 
a flux of one sort and a flux of another sort existed—one of tension 
and one of compression. What he wanted to get at was some 
confirmation for the kind of results obtained by Prof. Kernot in a 
shallow rectangular beam. The result may have been 3o%  or 
4o% out ; but, it was far better to be 40% wrong than r00% 
wrong ; that was the reason he had brought forward the analogy, 
and also that in other cases it might hold good. In all this, kind 
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of experiment it was quite certain that they could only get a rough 
approximation, and to get accurate results they would have to 
build an arch and experiment with it, and his first object was to 
see if they could not get evidence from another source, which 
would warrant them to receive Rankine's theory or not. Undoubt-
edly the President was right in stating there was a great deal in 
stresses built slowly and those applied quickly, and the difficulty 
was in detecting the tension. 	They could not bring it within 
reason at present, and even men like Sir George Stokes had not 
been able to help them. They were only at the beginning of a 
great question. He still thought in the case under review the 
analogy he had suggested was useful enough, but, he would not 
think of attempting to treat it as a general representation of 
elastic problems. 

MR. W. STONE considered they were much indebted to Mr. 
Love for the trouble he had taken in this matter. They were 
especially in his debt as he was not a member of the Institute, 
and he had much pleasure in proposing a vote of thanks to him. 

PROF. KERNOT in seconding the motion said—Mr. Love had 
taken a great deal of interest in this subject, his contribution had 
been of great value. At the same time, he (the Professor), had 
been compelled to show that both Mr. Stone and Mr. Love's 
methods would have to be applied with a certain amount of 
caution to such a problem as that under review. 

The motion was carried by acclamation, and the thanks of the 
Institute conveyed to Mr. Love by the President and suitably 
acknowledged. 

Discussion 2.10.01. 
PROF. KERNOT, in accordance with his promise at the previous 

meeting, exhibited the cardboard model with which he had ex-
perimented. Other tests had been made which confirmed the 
conclusions arrived at in his paper. The electric flux theory, as 
demonstrated by Mr. Love, and the liquid experiment shown by 
Mr. Stone, all led to the sane conclusion. Although the 
analogy might not be perfect, yet they were of considerable im-
portance as confirmatory evidence showing that the whole question 
needed to be re-considered. As previously stated, a proper series 
of experiments with actual arches should be made. It would be 
possible to make an experiment like the one exhibited of metal, 
which was fairly uniform in its elastic properties, and apply delicate 
extensometers to it. He had sent copies of his paper to Prof. 
Warren, Sydney University,. and Prof. Scott, in New Zealand, 
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also to the Board of Trade, and would distribute a number of 
other copies. 

The PRESIDENT stated that it had been arranged with Messrs. 
Carter and Gummow, of Sydney, to have some of the more 
elaborate experiments, as mentioned by Prof. Kernot, carried out, 
although he considered those carried out by him were very clear. 

MR. STONE asked how little bags of fluid would answer in place 
of the pieces of cardboard shown, with hydraulic pipes. 

PROF. KERNOT stated that it would be an interesting way of 
investigating the matter, and was the method adopted in the 
Emery testing machines, which were used in many places in the 
United States. At the large testing machine near Boston, the 
hydraulic system was used. The pull of the machine was pro-
duced by an hydraulic press, which acted on an hydraulic cushion, 
consisting of two sheets of copper on plates of cast iron, from 
which a pipe went to another similar cushion which acted on a 
system of levers. 
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