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I. INTRODUCTION

Stress analysis by means of Ehotoelaspic
models presents two problems to the investiga-

tor. The first problem involves the applic-
ation of the model sralysis to design; the se-
cond involves technique, such as the selection
of model materials, preparation of the model,
methods of loading, and examination and record-
ing of results. The objective of this paper is
to present only a model technique for investi-
geting stress distritution in foundations be-
neath wall structures and esrth embankments.
The photoelastic medium used is gelatin,which
has the advantage of allowing loadings of the
same scale as the dimensional scale of the mo-
del. Since the use of gelatin for two-dimen-
sional photoelastic model studies requires
special treatment in model construction and
calibration, the greater portion of this paper
will deal with that phase. Only a minimum of
theoretical tackground will appear, supplemen-
ted by references to the extensive published
works on theoretical treatment of photoelasti-
city and elasticity. To illustrate the techni-
ques, the solution to the specific problem

of evaluating the boundaery stresses for a
flood wall with a sloping base and vertical
key is presented.

II. SCOPE

The preparation and examination of photo-
elastic models of foundations has been deve-
loped by the Corps of Engineers 4), 5), over
a period of about 10 years. The present me-
thod of examining foundation stress distribu-
tion has proved to be an excellent tool of in-
vestigation, particularly where boundary con-
ditions and loadings are complicated. This is
true even though the assumption of elasticity
is necessary and far the particular case illus-
trated, uplift forces due to seepage beneath
the wall are not simulated by the model.

The illustrative example used in this pa-
per is a part of a study to compare quantitat-
ively the effect of varying base to height
ratios and key depths of six different flood
wall designs, on the distribution and magnit-
ude of foundation stresses.

Flood walls are used by the Corps of En-
gineers for local flood protection works in-
stead of levees or dikes in areas congested
by buildings and utilities to the extent that
the acquisition of the additional right of way
necessary for an earth levee is uneconomical
and impractical.

1II. PREPARATION OF MODEL

The first consideration in the preparation
of the model is the selection of a model scale.
This is controlled by the size of the tank.The
tank shown on Fig. la is about the largest

(A MODEL TANK READY FOR CASTING GELATIN
FOUNDATION. NOTE METHOD OF SUPPORTING WALL
AND MEYAL FORMS USED FOR OBTAINING EVEN
BOUNDARTY SURFACES.

(R) MOOEL WITH GELATIN FOUNDAT'ON (N PLACE.
WALL STILL SUPPORTED METAL FORMS REMOVED.

FIG. 1

practical size in consideration of the amount
of gelatin required and the observation of the
finished assemtly in the polariscope. The in-
side dimensions of this tenk are 41 x 18 x 4-
inches. The other controlling features are the
depth of overburden to a rigid boundary and
the maximum wall heights. In the present case
the maximum wall height was 32 feet above the
ground surface and the depth of overburden to
a rigid boundary about 40 feet. For these con-
ditions a model scale of 1 to 60 was best suit-
ed.

The model of the flood wall was construct-
ed to the 1 to 60 scale using a form of 24-
gauge galvanized metal, and filling it with
cement mortar. The model wall section was
3-7/8-inches wide. The combination of the me-
tal form and mortar gave about the same unit
weight per unit length of wall as that of the
prototype, and therefore, only the dimensional
scale reduction controlled.,

Next, the model wall was set in the tank
in its proper position with reference to the
foundation, allowing as much free length land-
ward from the wall as possible to avoid and
effects, and to provide space for calibration
of the gelatin foundation. This arrangement is
illustrated by Fig. la which also shows hori-
zontel metal forms in place to provide an even
boundary surface, The vottoms of the forms are



greased lightly with vaseline.

The next step is to prepare the gelatin
for casting the foundation. For these tests a
mixture of 15% gelatin and 85% distilled water
by weight was used. Any reasonably well refined
brand of commercial gelatin will yield a suffi-
ciently clear modél, providing this procedure
is followed. (1) Soek the gelatin in water for
three to four hours or until it is well satura-
ted. (2) Heat the gelatin in a double boiler
arrengement until 1t is melted completely;this
can be done without getting the gelatin solu-
tion above 50° C, (3? After melting, impurities
such as hair and dirt are removed from the ge-
latin by straining it through a clean cloth or
a 250 mesh sieve, It 1s also important that
all containers used be thoroughly cleaned and
that a cover be kept over the pans while soak-
ing and heating. (4) The gelatin solution is
allowed to cool to about 359 C, before it is
poured in the 4-inch-wide glass sided tank,
prepared as shown on Fig. la, for casting the
foundation with the wall in place. (5) The ge-
latin is poured to sbout 1l/4—inch above the
horizontal metal forms. The gelatin will solid-
ify and cool to room temperature in about 10
hours. Room temperature should be constant and
controlled at about 21° C.,, particularly dur-
ing photoelastic exemination of the model. (6)
After the gelatin is solidified, the horizon-
tal spacers or forms and the exceses gelatin
are removed, thus establishing an even, free
boundary surface. This is necessary for the
reason that as the gelatin cools its surface
dries and shrinks. Such shrinking forms a me-
niscus which adheres to the sides of the tank
and produces a slightly concave surface,

Just before the model is loaded and exa-
mined for its stress optical properties in the
polariscope, Fig. 1b, the gelatin is freed
from the glass sides of the tank by means of a
long bladed knife; the space behind the knife
being filled with water at room temperature.
The knife should be kept warm and greased with
vaseline to avoid tearing the gelatin. When
the gelatin is freed from the glass sides these
boundaries are practically frictionless; simu-
lating a condition of two-dimensional strain
for the foundation when load is applied.

In the case of the flood wall model the
following two loadings are applied to the foun-
dation: - Load 1, that due to the weight of the
wall less the effect of submergence; Load 2,the
water load. This latter loading is applied by
filling a dental rubber sack contained by the
wall and the sides of the tank as shown by
Fig. 4b. The effect of submergence applies to
both the foundation and wall. In the case of
the foundation, the weight of the gelatin is
62.5 lbs. per cubic foot, about the weight of
submerged earth in most cases. For the wall
section, the submerged portion is buoyed up by
a force equal to the weight of the displaced
gelatin., This force is present in the gelatin
foundation as an isotropic stress condition
end does not appear in the stress pattern pro-
duced by the weight of the wall, and the water
load. Therefore, the stresses from the photo-
elastic pattern bear a direct relationdship to
the prototype of 1 to 60, the linear model
scale, since the unit weights of the model com-
ponents are approximately those of the proto-

€.

IV, CALIBRATION OF THE FOUNDATION

After being freed from the glass sides of
the tank, the gelatin is calibrated to obtain
the stress fringe relationship for the founda=-
tion. This is accomplished by applying & uni-
formly distributed load to the surface of the
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(A) DETAILED VIEW OF CONTAINER USED FOR
APPLYING UNIFORM CALIHRATION LOAD TO
GELATIN. NOTE RUBBER DIAPHRAGM AND
ADJUSTABLE SUPPORTS

FIG.2

= 1 IN FRINGE PATTERN, MAXIMUM SHEAR 575
[3 P LOAD” P GAR LES S50 1

FIG.3

gelatin. Uniform pressures are obtained by a
water columm acting on the gelatin through a
rubber membrane as shown on Figs. 2a and 2b.In
Fig. >a the uniform pressure "p" acting on the
gelatin is 0.148 psi. It can be shown 3) that
the maximum shear stress " T max" in such a case
is given by the expression

Tmax =2 - Q148 - 0,047 pe1

Since the thickmess "t" of the model is 4 in-
ches and the maximum fringe order n is 2.5 the
material fringe vealue "f", 1) page 16l is,
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{A) VIEW OF POLARISCOPE SHOWING 8 BY IO-INCH

VIEW CAMERA, ANALYZER, POLARIZER AND

COLLIMATING LENS.

(B) MODEL WALL AND FOUNDATION LOADED WITH
WATER CONTAINED IN DENTAL RUBBER SACK.

FiG. 4

Isochromatic pattern for model 4.0

F= 0.0188 Lbs. per sq. in.
FIG. 5
p o TmEXt °é°“7 X 4.0 = 0.0752 psi.
n 0 shear stress

and the fringe value of the model "F" is,

F = Tmax _  0.047
3 n - 2.5

= 0,0188 psi. shear
stress

Fig. 3b. shows the complete results of
zge calibration tests for the gelatin founda-
on.

V. IOADING THE MODEL

The next step 1s to load the model and ob-
tain the isochromatic fringe pattern and the
isoclinic pattern of the foundation as shown
by Figs. 5 and 6 respectively. Loading is ac-
complished by releasing the wall and filling a
dental rubber sack with water as shown by Fig.
4b. The resultant horizontal and vertical for-
ces applied are shown in prototype dimensions
(sixty times the model loading)ygy Fig. 7.

VL. POLARISCOPE

After applying the load to the foundation,
the stress opgically sengitive gelatin is ex-
emined in a polariscope by means of both white
light and monochromatic light. The polariscope
used, Fig. 4a, consists of a suitable lens sys-
tem, with 12-in.diemeter poleroid discs and
quarter wave plates for the polarizer and ana-
lyzer. The model is viewed directly through

the analyzer, or when pictures are required,

an 8 by l-in. view camera is used. Two over-
lapping photographs were necessary to obtain
the monochromatic fringe pattern of Fig. 5.

The monochromatic light source was a 100 watt
lemp of the type A ~ H - 4 (Westinghouse) with
a suitable ballast transformer. The white light
source was a 400-watt Mazda spot light.

VII. RECORDING THE ISOCHROMATIC FRINGE PATTERN
AND THE ISOCLINIC PATTERN

The isochromatic fringe patterns shown on
Figs. 3a and 5 were obtained using monochroma-
tic light. The black and white fringes shown
thereon are loci of equal maximum shear stress
for which the value is fixed by the calibration
of the model and the order "n" of the fringe.
The order for the key fringes are shown by the
arablic numbers on the patterns. To determine
the order of the black fringes, it is necessa-
ry to examine the model visually with white
light which ylelds & colored fringe pattern of
yellow, red, and green bands. The progression
from yellow to red to ireen repeated indicates
that the stress is building up while the re-
verse indicate reduction in stress. For both
the foregolng operations the quuarter wave pla-
tes are used in what is termed a standard or
crossed circuler polariscope, Frocht 1) p. 126.
The next step is to determine the isoclinics
or the loci of equal angularity of the primcip-
al stresses. In this case the polariscope ar-
rangement is the seme as above, except that the
quarter wave plates are removed. The isoclinics
show up as dark bands and for this reason a
white light source is used, as the dark bands
will show up better over the colored stress
pattern than over a monochromatic or black and
white pattern. The isoclinics shown on Fig. &
were sketched using the 1-in. grid system ink-
ed on the glass sides of the tank, see Fig.la.
Each isoclinic represents a separate setting
of the analyzer and polarizer which were re-
Ig%ved synchronously through 90°. Frocht 1) p.

VIII, REDUCTION OF BOUNDARY STRESSES
It is now possible to evaluate the maximum
shear stress (2—5—9% where p end q are the ma-

Jor and minor grincipal stresses) at any point
in the foundation by means of the isochromatic
pattern of Fig. 5. Also the shearing stress on
the X and Y planes is obtaining at any point
in the foundation by the relationship:

P~ ain20
2

Where "T " the angularity of the principal
stresses 1is obtained from Fig, 6. Furthermore
the values of the normal stresses are deter-
mined at the free boundaries, For example, on
the landside free surface:

Tx y =
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ISOCLINIC PATTERN FOR MODEL NO 4.0
32 FOOT WALL WiTH WATER LOAD
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FIG. 7
Thus having values of Txy throughout the foun-

dation, and a point where p or q are known,nor-
mal stresses can be obtained along straight
lines by graphical integration using the "shear
difference method", Frocht 1) p. 262, The nor-
nal stresses Ty and g, were evaluated at one

foot intervals alon; selected axes of integra-
tion. Referring to Fig. 6 these intervaels are
shown on the graduated lines 4B, BC, CD, etc.
The first determination was made along the axes
4B, BC and CD and the balance of forces obtain-
ed as shown on Fig. 7. In this case the great-

FIG. 8

est error was 9.3% . The next step wus to ob-
tain the normal and shear stresses on X and Y
planes along the surface of the base and key
of the wall. These determinations were made by
integrating from goints on the initial axes of
integration AB, BC and CD, where the normal
stresses had been determined, along the axes
GF and EF, etc., These final determinations of
normal and shearing stresses are given in Fig,

IX. CONCLUSIONS

The use of gelatin for constructing photo-
elastic models of foundations has the follow-
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ing advantages and limitations.

a) It has greater optical sensitivity than any
other known material from the point of view

of double refraction, thereby permitting true

scale loading.

b) It can be cast to any required shape, and
is sensitive enough to allow the evaluation

of stresses due to bedy forces. 2

¢) Normal and shear stress determinations are
within the requirements of engineering ac-

curacy .

d) The assumption of elasticlty for the founda-
tion 1s made necessary by the method of test.

e) For the case illustrated, uplift forces on
the wall section due to seepage are not si-

mulated, although they can be determined sepa-

rately and superimposed on the results.

f) Due to the rigid confinement of the glass
sides of the tank, the gelatin foundation

simulates a condition of true two dimensional

strain.
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