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Part I,
Iatrodnstion.

The pwrely mechanical methods by which experimental solutions
ef stress problems ave attasked are both difficult and often
qultlmbio in their results, One has to assume at the start that
the stress is proport.iom to the magnitude of the strain, This
principle can hold only within the elastie limits of the material
and beyond the elastic limit these methods fall eatirely. Furthere
more stresses within the dody camnot be measured by mechanical
devices. Uhatever the arrsngenent may de, it is not possibdle to
measure the stress at a points is the »ody is sudbjected to stress
varying from point to point.

In a majority of the problems which arise in actual praoctice
the stresses change rapidly from point to point and our information
has been Obtained either from using mechanical equipment or from
mathematical investigations. By mathematical researoch it may bde
possidble to obtain exact solutions of a variety of ocomplicated
prodblems; but evean the simplest of problems offer great diffioulty
in solutsion, FOr example, the determination of the stresses in
hooks, chain links, riveted plates, the effect of notohes and heles
of various forms in tension and oompression members, beams, pillars
and shafrts, the distridution of stress in built up structures such
as plate girders, riveted frames, masonry dams, etc., etc.

The optiocal method of determining stress distribution and
intensity has proved to be very acceptable. During the last few

years this subject has beea attaciked with a very satisfastory
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degree of success by a number of investigators, among which are
Professors Filton and Coker and Major Low of England and M.
Mesnager of Prance.

Porhaps the most notabdble application of Optiod stress
analysis has been made by Mesnager who, from a glass model, mede
a determination of the stress di:tribﬁtmn in a bdridge of rein~
forced soncrete to be plased ofer the river Ehone at Balme, France.

The General Electric Company has done considerable research
work along this line, in determining the stress distridbutions in
various types of steam turdine dusket dovetains and tenons with
differeat types of load,

The Bureau of Aeronautios of the Navy Department has receatly
made 8 study of & celluloid model of the airship "Shenandoah” by
means of photo-elastic methods. The work was done in the labora=
tories of the Massachusetts Institute of Technology. The Navy
Department will give no definite statement of the results of the
tests, but they have expresses themselves as being well pleased with
the data odtained, They state that the experimeats will de of
wdistinot value and of material aid in the desiga of airships to
preveat a repetition of the 'ZR - 2' and 'Roma' disasters®,

Prof Heynans who conducted the tests statess "Ry this photo=
olastic method we can look into the vast and intricate net work of
the dirigidle and see exactly what is going on when it is laboringe
We Gcan se® how she is carrying and distriduting the load, W% have
made an analysis of the 'Shenandoah’,showing exastly how $the stresses
are taken up by the memders of the frame and the wires., vwhen we
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hear of new foroes which the ship mmst meet in its ventures over-
head we oan try them out on the model here at Teohnology."

The model consists of several thousand pieces of celluloid
machined exactly to scale and fitSed together in a miniature
duplicate of the air ship.
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Part 11,
The Theory of Folarised Light.

In order t0 understand the photo=elastic method some knowledge
must be had of light waves and of plane polarized light. It is of
interest to note that the phenomenom of polarization has afforded
oonolusive proof that light waves are transverse waves, « that is
the ether particles which tranmmit light vidbrate at right angin
to the direction in which the disturbance is being propagated.

Light is refracted in a definste way vhen it passes from air
into glass or other transparént substances. There are éertain
erystals, however, which behave ia a different way toward light,
Bartholinus in 1669 first noticed this as a doudling of an odbjest
seen thfough a parallel sided orystal of ieeland spar or saleite.
He found that when & deam of light strikes the surfase of suwoh a
caloite plate perpendieularly, one portion of the light goes
straight through in the same manner it would iz a plate of glass,
while snether portion is beat slightly en eatering the first
surfsce, goes through ths plate in this obligqwe direetion and
then dends back into 8 direction parallel with the original ene
as it leaves the second surfase. This orystal whieh divided the
1light falling upon it into two parts, essh part deling refrscted
ascording $0 a different law is called a Moudly refrasting orystale.
The first of the two parts desoribed is called the ordinary ray,
because it follows the ordinary laws of rofraotion. and the second

part is called the extmordinary reye
A natural orystal of oealcite is in the form of a rhombohedron
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two opposite s0lid angles of which are bounded dy three obtuse
angles, The optical axis ef this orystal is parellel t0 s line
drawn through ene of n.;. s0lid angles equally inelined te all
three fases.
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Fig. 2

In Pigure 1, a b represents the optical axis; O the
ordinary rayi and R the extraordinary ray.

whea a plate is cut out of a caloite orystal so that its
faoces are perpendicular to $he optical axis, thea & ray of light
striking ome fase perpendicularly is not doudly refrasted, and it
passes through the plate in a direction parallel to the optical
axis, which is the exis sdout which the erystal is aymetrical.

A erystal called tourmaline acts in a similar manner to calcite
but in addition it has the property of adsording the ordinary rzy
eompletely withim a very short distance, while it is fairly transe
parent t0 the extraordinary ravye. If two plates of tourmaline are
placed upon each other, only the extraordinary ray will get through
the first plates This will go oa through the secomd plate if the
optical ames of the twe piatas Are parallel, If the second plate is
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turned so that the axes are not parallel whea the extraordinary
ray enters the second plate it is divided into two parts, of which
the ordinary part is absorbed and the extraordinary gets through.
This part that gets through becomes gradually fainter as the turning
eontinues, and disappears entirely when the plate has beea turned
through 90° from the first position.. On passing the 90° position
the light reappears, and regains full brightness at 180°%,

A mechanical analogy will explain the phenomen shown by the
orossed tourmaline orystals. Imagine a long flexible rudber tubde
ADy, Figure 2, with one end fastensd t0 the wall and the other end
held in the hand. By moving the end of the tube held in the hand,

Ay to and fro it is possible to cause transverse waves to travel
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down the length of the tube., 1f & blook of wood with a slot cut

in 1t 1s placed over the tube, it 1s evident that the motion of the
tube will not bde interfered with so long as the slot is parallel to
the dimtldn of motion. If the tudbe is vibrated at right angles
to the slot the vibrating motion will not be able to pass the block
of wood, Imagine that the end of the tube which is held in the
hand is cansed to vibrate in a nfmber of differens directions. If
the slot is in a vertical position, of all of these vidbratory
motions imparted to the tube only those which are in a vertical
direction will be transmitted or passed through the bloeke. If a
second slotted dlook is placed over the tube, those vibratioms
which pass the first slot will pess the second providing the second
slot is parallel to the first. If the second slot is placed at
right angles to the first, no vidration will pass.

This leads us to assune that ordinary light eonsists of a
transverse wave motion, the vibrations taxing plase in many directions,
When such 2 beam passes throwgh a tourmaline orystal, oaly vibrations
in a oertain direction are allowed to pass, s0 that the transmitted

toam differs from ordinary light in that the vidratory motions of
the ether particles are all in the same plane. This deing the case,
1t is evident that this deam of 1light can pass & second tourmaline
erystal only when it is parallel to the first.

The beam which passes the first tourmaline plate is said te be
"plane polarised” and the plate is called a "polariser®, The sesond
Plate acts as a detector of the polarized condition and is called

an "analyserv.
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In order to use ealoite as a polariser or amalyser it is
Regessary $0 devise seme means of getting rid of one of the beams
withia the orystal, which tourmaline doces naturslly. The Niool
prism was devised for this purpose and makes use of the principal
of total reflection, MNayghens showed that the doudble refrection is
acgsounted for by the fact that the ordimsry and extraordinary rays
travel in the orystal with differeat speeds, That is, calcite has
two different indices of refrection fer the two deams, A rhomd of
caloite may de cut as shown ia Pigure 3, and the two halves are
cemented together agaia with Canada balsm, aster the two 0dligue
surfaces have been polished. The refrastive index of the balsam
is iatermediate between that 0f caloite for the ordinary and exirae

ez L

/,

Fig. 3.
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ordinary rayse The former meets tﬁo balsem film at an amgle greater
than the oritical angle and is totally reflected to one side amd may
be adsorbed by some dark surfase. W, therefore, have a plane
polarised baam of polarised light emerging from the prism, whose
direotion of vidration may be changed ¥y rotatiang the prism.

rigure 4 gives an. idea of the sotion of the Ricol prism. It
shows & ray of light with its rendom vibrations defore entering the
Primm and emerging on the farther lj.d. as & ray of plane polarised
light.

B e

Frg. <4

If a plans polarised beam of light is passed through a plate
of quarts or mioa of the proper thickness it may bde changed to a
oiroular polarised beam. Tat is, the ether particles move in a
cireular orbdit.

A thin plate of mica or quarts is out with its optical axis
parallal to the plate. As & deam of polarised light passes through
this plate, ordinary and extraordinary rays are again produoed,
exscuting vibrations im direotions 90°® to each other. Jiigure 5
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shows & beam Of polarised light whick strikes the phete perpendi-
oular to the surface of the plate and to the optical axis, A. Be
In this sase no dending of either ray oceours, but one is retarded
more than the other, the difference in retardation depending on
the thiokness of the plate. e have, therefore, an emergent ray
of light made up of two components, the extraordinary ray vibsate
ing in the horizontal plane and the ordinary in the vertical plane.
If the plate 13 ont to such a thickness that one of these rays is
retarded a quarter of a wave length with respeet to the other, any
other partiecle, say at P, is made to vidrate up-m down and side
woys at tho same time, If one train 1s s quarter of a period
behind the other, the resultant vibratioa is a cizcular one and
eireulsrly polarized light is said to be produoced.

In order to produce a sepsration into two perpeandioularly
polarised rays, as descridbed above, the direction of vidbratioa ef
the i{nocident light must make such an angle with the optic axis A B
that neither of the oomponents (¢ or D vanish, These component
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vibrations must be equal to prodmse dircularly polarised light.
Therefore the diresction of vidration must make an angle of 45°
with the optieal axis in order to make the eomponent vibdbrations
equal, 7The plate may thea be placed four different positions
90° apart to produce ciroularly polarised light. If the axis A B
shown in Figure 8 was changed %0 the vertical, the incident ray
would still make sm angle of 48° with this axis, but the relative
retardation #f the horizoatal and vertieal component emergent rays
would be reversed ia sign, The result is that the direetion of
vibration of the circularly polarised deam takes place in the
opposite sense., ‘Therefore in order $0 reverse the direotion of
ciroular vibration in s cireularly polarised beam 1% is merely
nesessary to rotate the quarter wave plate through 90° in its
Plane. If polarised light is passed through two guarter wave
plates with axes at 90° with each other the effect of one plate is
neutraliszed by the other, and the ray remains wmaaltered.

Mica and quarts are ccmmonly used $0 maks quarter wave plates,
mica deing usually used ia large plates.
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Fars 111,
The Action of Folarised Light oa
& Stressed Transpareat NModel.

Befere aonsidering the action Of a stressed member 0a a Fay Of
eironlarly polarised light it is necessary to mmow something of
etress in gemeral in a homogemeous medium,

A atate Of stress osa always e represented Ly two stresses at
right angles, and 1if thelir directions and magnitudes are xnown Over
the whole specimen the state of stress is oampletsly determined,
These principal stresses, unu the p and q aystems always
intercect at right angles and are normal and tangeat at boundaries
where there are n0 applied stresses, riguwe § shows the prinocipal

4

.
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p Lines

Fig. &
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stress lines for an elliptical hole 1n & member under tension, At
all free boundaries there can be n0 mormal stress so that elther p
or q must vanish,

These principal stresses alwuys eoinoida with the direotion of
S0r9 shear, 30 that the shear af any point has a maximim value in
planes at 45° to the prinoipal stress direotions, This shear
intensity varies ascording to the sine law from & maximum of
1/2 (p = q) 8% 48° to sero in the principal strees directions.

These faots hold true for any system Of Plane stress and are
of great aid in estimating stress distridbation.

Por three dimensionsl stress the same laws hold true, with am
extension to three dimensions, mumelys-

(1) ™e prineipel stress direotions are representesd
by three systems of lines at 90° $0 euch othex,

(2) At any bounding surface, where no applied forces
oxist one of these direetions {s normal end the other two
ocoinsident with that surfase.

(3) Any plane eoinciding with two of these stress
directions 1s a plane of sero shear,

(4) A1l planes at 48° to these plunes are planes of

" maximum shear.

{8) T™he shear variea from & meximum in these 45°
planss to sero in the principsl stress planes ascording
to the sine law.

Then & plane ctressed spesimen of gellunloid is placed in a
besm of cireularly polarised light, am aoction occcurs similar to
that ocouring in the guarter wave plate, Thas is, the wave of
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1light may be thought of as being separated in two polarized ocom=
Ponents with vibrations at right angles, and in this ocase with
their directions of vibrations coinciding with the principal
stresses mentioned adbove, If the principal stresses are unequal
one of the vidrations is retarded with respect to the other and
this retardation is proportional to the principal stress differ-
ences t the point considered. This in the law which conneots
the light effeot with stress. lathematically it may be expressed
as followss-

Relative retardation = e (p ~-q) ¢ (1)

where p * one prinsipal stress

v v av ov S av o ey S St
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q = the other prinsipal stress
t = the thickness of the specimen
¢ = the optical constant for the material used.
Pigure 7 shows & beam of oiroularly polarized light passing
through a stressed specimen. ihen the light emerges the polarised
ocomponents at right angles are retarded different amounts with
respest to cne another ascording t0 the law stated sbove, and
therefore the emergent vidration is plane circularly or ellipti-
cally polarised depending on the amount of the relative retarda-
tions of the somponents,
Mgure 8 showes the various changes this vibration goes
through for every eighth wave length relative retardation. por

A
A

A T
4
N

whole wave length retardations the light vibrates Jjust as the
inocident; for 0dd half wave lengths, 1/2 , 3/2 , /2 eto. the
vibration is cirocular but in the opposite direotion to the inscident,
for odd quarter wave lengths the vibrations are plane polarised,
and for odd eighth wave lengths elliptically polarized. The reason
for using oircularly polarised light on the stressed sample is that

no matter what the principal stress directions are, the plane polar
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ized compoments parallel to these directions, into whioch it 1is
separated, must always be 0f equal amplitude, This is true because
linear components 0f a oircular motion at right angles to each
other are always of equal amplitude., Therefore it makes no differ-
en¢e at what angle the specimen be turned in a plane psrvendicular
to the light direetion, or what direction the principal streases
P and q thke, the vibrations of the light emerging from the
specimen are always of the same cnaracter and therefore like the
forms shown in Pigure 8, The angle of the emerging plane and
elliptically polarised light, howsver, does depend on the stress
directions, and changes as the sauple is rotated in its plane.
On referring to Figure 7 the two ellipses shown #ill turn as
the sample is turned.

After transmission through the sample as explained adbove the
light is of the charscter showa in Figure 7. The direction of the
ecomponent vidrations dependiag en the principal stress direotions,
but the relative retardations depending only omn the difference in
magnitude of the principel stresses for a specimen 0f givea thiok-
ness, acoording to the law stated in Equation (1), If this light
is transmitted through another quarter wave plate and another Eieol
prism polariser, the result is that for sll poiats of the specimen
where relative retardations of integral wave lengths (see PFigure
8) are prodused the light is all ocut off; for odd half wave lengths
it $s all transmitted, and the amplitude of vibration varies
sseording to the sine law for intermediate points. This law 1s

expressed mathematically as follows:=-
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4= iy 8ln 7 A
where A = smplitude

Ay = meximom amplitude

p-
]

relative retardatlion of vibration
eomponsats in wave lengths.

The intensity of light varies as tho aquare o7 the azplitude
and ws have:-

I1=1, sin® 7 2
where 1 = inteasity of illumination
I. = maximum intensity.
All the light transmitted through this second Xiool prism is of
course polarized in ons plane.

The adove discussion is true only for a single wave length,
or monochromatle lizht only. If red light were used, the light
projected on a 3creon would eonsist of a sgstem 0f black and red
bands, Seeond and higher ordors of red would spypear when the
differense dotwvesn the principal stresses p and q was great
enoughe vhere p and q were equal Or where the stress was gzero
the red wonld all be out out and black would result, Blask would
2130 rasult whore p 2nd q diffared hy an smount whioh prodused
an even wave length relative retardation, for 0dd half wave
length relative retardations the maximum red would appear.

Similar results ars prodused dy amy single wave length or
eolor, but difforent colors are retarded different amounts by &
glven stress. the result 1z tiast the system of bands of one

solor 4o not exastly overlap those of another color. they are
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shifted with respeot to each other smd for several colors the
shifting results in repeated series of colors in platce of what was
8 single dright and dark band in the case of a single color., Mis
1s 1llustrated in Pigure 9, which shows a series of colors odtained
from actual observation, at the General Elestric Laboratories, on
& sample of celluloid 0.18 inches thiok and 3/8 inches wide. The

o

| ¥ §

’ .
Stress in /bs per sa ir.

/c_;'g . 9,

stress was carried up to 5000 pounds per square inch., Ppour
different celers are showmn with their charasteristic variatioas of
intensities swperimposed, which gives a series approximating the
sotual. They indicate the way the color series is produced. As P
and q A4differ more and more this series of 00l0r may pass through
more than one order, As (p - q) wboresses (Bguation 1) the colow
passes through drfinite series. Jor celluloid this sequence is
about as follows: bLeginning a¥ (p = q) black, straw, orange, red,
blus green, and again straw, orange, red, dlue green, ete.

The colar effect gives a measure of (p -~ q) only, and not the values

ofp or gq.
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In order to have a complete determination of the stress it is

necesstay to have (p + q) also, This 18 made by means 0f &n exten~
someter measurement. oOnly color observations are necessary, how-
ever, vhere p Or q vanishe 7The priacipsl stresses p and g
are always nomlk and taengent to free edces and 21s0 there can be
no normal stress at a free edge, Therefore, p Or q must vanish
and the remaining stress is tangent to the edge. At all free
doundaries, therefore, in a plane stresses specimen the order of
e0lor is a direct measurement of the stress magnitude, Since edges
are usually regions of maximum stress this 1s a fact of importance.
Por a simple reotanjular tension membber or for parts of a beam of
uniform oross section, there exists only one set of principal atresses
and here also the color gives the stress directly. The neutrsl
axis of the beam may show &8s & dark band. FOr many cases, however
dark areas will represent areas where p aend q have finite values
but are equal, The stress magnitudes corresponding to partiscular
eolors snc de resd directly from the oclor, A sample of the same
material as the specimsen under investigation is taken and the varie
ous 60l0ors are calibrated in terms of stress. Another msthod is

0 dalance ont the color until a dark field 1s produced, using a
plece ef the same material, on which the intensity is measured by

s epring balance.



-20 =
Fyrt 1V,
Dessoription of Apparatus used in the

Coker PhotoeBlastic iethod.

Figure 9 1is a disgramatic representstion of the optical appare
atus used and shows the path of the light rays. The apparatus des~
orived 1is in use at the General Rlectrioc OCompany's Research
Laboratories.

Light from a source A passes through a ocondensing leas B
and a water soreen O t0 reduce the heat ruys. It 18 then pessed
through & polarizer De This unit oonsists of two 4 1/2 inch
condensing lenses and two small concave lenses arranged as shown
in Figure 10, in oombination with a Niocol polarising prisa of
caloite. The later is less than one inch in dismeter, bdut with

the oombination of lenses gives & 4 1/2 beam of polarised light.
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Nichol FFism

Fig. /0

The plane polarized light is then passed through a quarter wave
plate of mica J, which changed it to oircularly polarised light,
This is passed through the transparent specimen under investigation.
This specimen is in the plane marked P, The light then passes
through lenses E, F and (G and through the quarter wave plate K
which is similar to J except that its axis is at 90° to that of
J and therefore counterasts the effect of J. !h§ resulting light
is analysed by the polariser H with its plane of polarisatiom 90°
to that of the polariser D. The light is finally projected upon
the screen 1 80 that points in either the plane P or Q ia
which ever the specimen is placed, are brought to a foous on this
soreen. The oolors produced depend directly on the stress distri-
bution in the specimen.

The models are usually made of celluloid on account of its
great flexibility and toughness and the ease with which it .cam be
drilled, turned or machined. This material has a value of

B = 355,000, There is no very pronounced elastic limit and the
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stress deformation curve is very nearly straight up to a losd of
1900 pounds per square inch, which may be taken as the elastioc
limit of the material,

Part Vv gives the results of one of a number of experiments

oonducted by Prof. Coker by this method,
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Part Ve
Tests on the Stress Distribution in

Cement Briguettes dy Fhoto-Elastlc

Methods,

The stress dlstribution in cement driquettes is of a very come
plex nature. The loads are applied very obliguely to the contour
at four points and the shape 0f the briguette invites much complexitye
This is at onoe evident from the lines of prinoipal stress in the
British standard form in which the ocontact loads applied by the grips
produce a complicated stress system which would de prastically impose
sidble t.:o unravel except by experiment,

In experiments conducted in 1913 Prof, Coker found it impossidle
to measure the stress distridution completely, but an attempt was
made to £ind the stress difference (p - q) aoross the minimum and
principal section and therebvy fix the relstion between the maximum
stress there and the mean applied load, since at the contour q
must be zero at every place untouched by the grips. Some earlier
measurements on the British standard briquette indicate that this
maximum stress 1s about 1,75 times the value of the mean average
stress soross the section, and in the standard American form of
that date the corresponding value was found to be 1.70, while in
the oontinental form it appearsd to rise to avout 1.95 times the
mean stress,

These measurements have deen repeated and amplified recently,

80 that it is now possible to give a better idea of the actual

stress systems at the central sections of each form, and Figure 11
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shows the distridution odtained at the minimum sestions of each
briquette.

A0 will de odeerved the dAistinotive feature of the distrie
bution in ecach Case is an extremely variadble tension D aesross

the minimus cross-sectiom accompanied ¥y a variable eross-stress

q at right angles of oomsideradle magnitude. Ia the British
form, fOr example, with a load giving a mean average stress of
800 pounds per square inch, the highest value 6f p at the outer
contour is Y0 pounds per square inoh, or 1.74 times the value
of the mean stress, which sinks %0 408 pounds per square inch at
the center, or slightly more than 80 perceat 0of the mean average
value. In addition to this stress there is a oross-stress which
rises repidly from a sm value at the contour to a value Of about
238 pounds per square inch for the central siz-teaths of the orose-
sestion, 0 that the memner of loading and the form of the sestioa
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¢alls into play a oross=stress of 47 per cent of the mean average
strees dwe to pull,

fMherefore, a member of this form is certainly not in pure
teasion, and the aolor baads whieh are observed om the model will
indieate this quite clearly,

It is important to show that the stress distribution in a
oement briquette is similar to that in a transparent model and
recent experiments show that the sum of the principal stresses
(P ¢+ q) at the waist are almost exactly the same as those found
in & transperent model . whea the driguette has deen made for some
time: This is what may be expected, for it is very prodadble that
the stress in a cement briquette of consideradble age is of exactly
the ssme kind as experiments on transparent models show sinse old
emmeut has very perfect elastic properties. The fast that sound
vidrations are tranmmitted very readily through cement partition
walls and floors shows this, and in another direction it has been
proved that such cement possesses very perfect thermo=elastic
properties. This latter property is not, however, possessed, or
only imperfeotly so, by cement which has besn recently moulded,

80 that s0 far as this evidence can be taxen into aceount it points
to the oconclusion that brigquettes tested in seven days and ia
twenty olght days, ss ig provided for in stsndard specifications,
will not be under exactly the same type of stress as transparent
models show, They are in fast most prodably in a semi-elastie
ocondition in which the stress distridution is less variable than
in a purely elastioc state, 30 that any provisions found nesessary
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from experimeats éa elastic bodies will more than cover the require-
ments sought. The older the drigustte the more nearly the stress
distridution approximates that of the elastic ocondition of the trans-
parent model., The chief dar to miformity appears t0 de in the
varying shapes of the driquettes themselves, dut it does not appear
imposaidle t0 devise & simple means wherely this diffioculty can de
overoGme without the necessity of a wholesale sorapping of emiste
ing testing msshinery., Briefly, Prof. Coker's proposal is to
examine how far uniformity of testing can de obtained My maimtaine
ing ia every case the existiag forms of the emds and lengthening
the sentral part by additioa of a parallel part of the least
possidle length which will satisfy the condition that stress in
that part is & uniform temsion. Thus if wo take the British
standard driquette, rigure 12 aad introduwoe into it a defin te
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parallel length, the part in purs tension is at onse defined by the
sero isoclinics as shown in Pigure

Having established this length ® by experiment, and this has
already been done, it is a simple matter to make the length in pure
tension any quantity considered desiradle, and this need only be &
small frastion of an inoh, Further experiment will be nesessary o
£ind in the ocement briquette the stress distridbution at the waist
at various ages. It has beem estadlished by recent measurements
that there is uniformity of latersl contrastion usder 1loed in each
type of briquette lengthened in this way, theredy indiaating the
prodability that uniform teasion exists at thése central oross-
sections,

Should therd bde nv further difficulties it world caly be neces~
sary $0 alter the meulds now ia wse $0 obtain 2ot Galy uniformity
in the comparison 57 results, dbut also & real temsion test of cement
whieh there 1s scme reason t¢ delieve has never yet been attained
under existing oonditions, owing t0 the variadle teasion at the
waiss, and the want of correspondense Of this varisbility ia

brigquettes of different patteras.
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Part VI,
Studies Conduoted in the Physics

Laboratory at M. A. C.

Owing to difficulties encountered in odbtaining apparatus for
use in the Coker rhoto-Elastioc method, my father, Prof, Morrison,
has devised another method. Instead of evaluating the stress in
terms 0f color, which is hard to estimate, this method will make
use of the varying wave lengths of light in determining stress
intensity.

The apperatus, Pigure 135, comsists of an adapted Norrenburg
Polarisocope. Light from a 100 watt lamp A pasaes through a

standard roy filter 3 which will give a deam of light of
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wave length. This beam is polarized by means of a glass plate C
and is reflected vertically and passes through the quarter wave
plate B, where it is circularly polarised, After passing
through the model E being studied, the beam is focused into the
Nicol analysing prism E Yy means of the lens JF of 106 centie
meters fooal length. A quarter wave plase is placed between the
lens and analyser. A pioture 0of the effects produced is taken by
means of & camers I.

the method of procedure will be as f£0llows., A standardising
beam of glass Or celluloid will de plased in a Olamp as shown in
Figure 1l4. By placing weights on the lever arm & knowa load may
be conoentrated at the center of the beam. The loaded beam will
then be placed in the appasratus at point E and a picture will de

taken of the stress distridution, usinga 1light of ««, wave length.

Test lece

|l

Le

o

/"73. /4.



- 30 -
The l0ad on tho besam will then be changed and another picture taken.
The stendard ray filter will then be cuunzed to one giving light of
8 wave length «+, and two plotures taken using the same leads as
before., Therefore, by measuring the width of the stress lines
produced and mowing the wave lengths 0of the light used and the
losds need it will be possible to compute the arount cf the stress
at any point in terms of wave lengths of light.

By placing a model masde of the same material as the the stand-
ard beam in the apparatus, and loading the model to produce an
unknown stress distribution, and by tacing plctures . using the
standard ray filters it will be possidle to evaluate the stresses.

The two pictures show the etress 1n & smmall plece 0of unan-
nealed glass.

The apparatus has Jjust been set up and further study will de

made.
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Part VII.

Cogolusions.

The photoe~elastic method hé,s been used to show stress distrie
bution and to measure the stresses themselves by the Americal Navy.

A prowinent engin‘eer in France has snalﬁed the stresses in a
reinforced oconcrete bridge which has been actually constructed
oYer the Rhone by this method.

A great industrial concern liks the General Elestric Company
has used this method in designing steam turbine buckets,

Experiments conduoted in the Physics Laboratory at M. A. Ce.
have shown the possidbllity of using this metnod.

From the above statements it is to be seen that the photo-

olastic method of stress determination is being used more exten-

sively and is deserving of further study.
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