HE R®N

HERON contains contributions based mainly on research
work performed in I.B.B.C. and STEVIN and related to
strength of materials and structures and materials

science.

Volume 17 (1970) no. 3 CONTENTS:

P. Stroeven (Stevin-laboratory)
Poissons' ratio in uniaxial ten-
sion and anticlastic bending of

micro concrete and perspex.

Jointly edited by:

STEVIN - Laboratory of the Department of Civil
Engineering of the Technological University,
Delft, The Netherlands
and

I.B.B.C. Institute TNO for Building Materials and
Building Structures, Rijswijk (zH),
The Wetherlands.

Editorial
staff: F.K. Ligtenberg, editor in chief;
M. Dragosavié, H.W. Loof, P.C. van der Maas,

J. Strating, J.G. Wiebenga

Secretariat: L. van Zetten, P.O. Box L9,

Delft, The Netherlands



SUMMERY

In studying the effect of uniaxial tensile stressing on Poissons'
ratio of concrete, difficulties arise in measuring the very small lateral
strains. To obtain high sensitivity, as required for accurate determina-
tions, an optical measuring device has been conceived and build, which
is provided with two plane mirrors enclosing a small angle.

By this means, a number of reflections of about 16 is attainable.

In climatized surroundings, reliable registrations of differences in
strain as small as 0,025 pstr. are within reach.

Although influenced by fluctuations in the atmosphere, tests have
demonstrated that it is possible, without even controlling temperature,
to find fairly good results.

The purpose was to show that it is possible to detect a discontinu-
ity point in the development of Poissons' ratio for concrete in tension.
The derivative of the volume contraction, with respect to the strain, which
is directly related to Poissons' ratio, is the most suitable parameter
for this purpose.

To investigate the effect of a lateral compression in a uniform
stressfield upon Poissons' ratio in tension, a simple biaxial bending ex-
periment can be performed.

When rhombiec plates are supported in opposite corners and loaded in
the free corners they will produce an anticlastic homogeneous bending situ-
ation. By varying the diagonal length ratio a number of different stress=
fields will result. Again, Poissons' ratio can be used to formulate a
limitstate.

To investigate the handiness of moiré techniques, a (Ligtenberg)
reflection method and a shadow moiré method are applied on perspex.

By controlled strain testing of a brittle material (i.e. concrete)
very high strains are obtainable resulting in dense but inhomogeneous
crackpatterns. Full field methods like moiré techniques give an integral
view of the deformations, offering the possibility to relate Poissons'
ratio to the disrupture process, f.e. the starting of this process can be
associated with the discontinuity point in Poissons' ratio.

Especially the shadow moiré technique offers this possibility with

rather simple and cheap apparatus.



SAMENVATTING

Twee optische methoden die in het Stevin-laboratorium zijn toegepast
om de dwarscontractie-co&fficiént te bepalen van perspex en micro=
beton die onderworpen worden aan een génassige trekspenning en een

anticlastische buigspanningstoestand.

Bij het bestuderen van het verloop van de dwarscontractie-co&ffi-
cignt bij een é8nassige beproeving op trek doet zich het probleem voor
de zeer kleine vervormingen in dwarsrichting te moeten registreren.

Daarom is een optische meetapparatuur ontwikkeld met een grote ge=
voeligheid. Deze gevoeligheid wordt bereikt door twee spiegels met een
geringe openingshoek toe te passen. Binnen dit spiegelsysteem kan een
lichtbundel ongeveer 16 maal reflecteren.

Op deze wijze kunnen in een geconditioneerde ruimte waarden voor
de rek tot 0,025 urek vastgesteld worden. Ook in niet-geconditioneerde
ruimten zijn redelijk goede beproevingsresultaten bereikt.

De opzet was een discontinufteit aan te tonen in het verloop van
de dwarscontractie-co8fficiént bij een beproeving op génassige trek. De
meest geschikte pareameter daarbij is de afgeleide maar de rek van de
volumerek, die op zich rechtstreeks te relateren is aan de dwarscontrac-—
tie-co&fficiént.

Het is mogelijk een eenvoudige buigproef uit te voeren, waarbi]
onderzocht kan worden wat het effect is van een zijdelingse drukspanning
op de dwarscontractie-coéfficiént van beton dat onderworpen is aan een
gelijkmatig verdeelde éénassige trekspanning.

, In een ruitvormige plaat die in twee tegenovergestelde hoeken
ondersteund en in de vrije hoeken belast wordt zal een anticlastische
homogene buigspanningstoestand ontstaan.

Door het vari&ren van de verhouding van de diagonaallengten is het
mogelijk vele spanningscombinaties te realiseren. Ook dan zou de dwars—
contractie-codfficiént gebruikt kunnen worden bij het formuleren van een
grenstoestand.

Door de toepassing van de Ligtenberg reflectiemoiré methode en een
schaduwmoiré techniek op perspex zijn de mogelijkheden van deze moiré=

technieken onderzocht.



Door de vervormingen tijdens een beproeving van beton te sturen
kunnen grote waarden voor de rek bewerkstelligd worden, hetgeen re-
sulteert in een dicht maar inhomogeen scheurpatroon. Daarom zijn
moiré methoden die een integraal beeld van dit patroon kunnen geven
zeer geschikt. Het vast te leggen verloop van de dwarscontractie-
coéfficiént kan gerelateerd worden aasn het scheurvormingsproces.

Met neme de schaduwmoiré techniek biedt perspectieven bij gebruik

van eenvoudige en goedkope sapparatuur.



1. Introduction

Concrete is a composite and therefor inhomogeneous material which
demonstrates only under relative small forces an elastic behaviour. As a
result of the random composition of the components the random distribution
of pores and micro cracks present in the unloaded condition, plain concrete
demonstrates a quasi isotropic behaviour.

In case of a loading less than 20 = 30% of the prism strength, there
y 153515,

is no markable effect on the structure of pores and micro cracks
6,10,11 . Beyond this point this will extend gradually by the spreading
of the individual cracks and the development of new ones. Registrating the
deformations of the concrete prism under uniaxial compression forces over
this first loading stage, one is primarily dealing with elastic (reversible)
deformations. In fact the stiffness of the concrete prism will increase
gradually because part of the pores and cracks will be closed under com—
pressive forces, resulting in non linear elasticity.

Increasing the stress beyond this lower critical point will result in
a relative increase in longitudinal and lateral deformations, which is
caused mainly by nucleation of bond cracks between the coarse aggregate and
the matrix)3’5. The increase in the orthogonal deformation components is
almost proportional. Therefor Poissons' ratio will nearly maintain a constant
value. A similar phenomenon can be observed in case of uniaxial tension

testing.



If the stress is increased to a sufficient high level, called the
initiation stress, a new crack mechanism will develop. Cracks running
through the matrix and connecting bond cracks at the interface of the
aggregate gradually will produce & continuous crack pattern)B’h’5’8.
Because the risk of development of tensile stresses is largest perpen=
dicular to the loading direction the spreading cracks will show a pre=
ference for this direction.

As a result beyond the initiation stress Poissons' ratio will in-
crease in compression or decrease in tension when the stresses are

h’7’12. In literature this stage is also called the discontinu-

8,13, 1L

raised)
ity point in the strain) . Since continuous cracks are a neces-
sary condition for rupture this discontinuity point constitutes a
theoretical lower bound for the strength. This is the reason why the
term lower critical stress is often used.

This lower limit of structural loosening can be localised at
about 60 - 80% of the prism strength determined with a short time
test)1’h.

Poissons' ratio can be defined in the usual way as its secant's

value v, or its tangent value v, (fig. 1). Here by v, is related to the

total d;formations and Vo to the amount of increase ;n these deforma-
tions,

With increasing strain the volumetric strain and the secant's
value of Poissons' ratio constitute affine curves)h’Y. At first the
total volume of the prism decreases proportional to the strain, but
beyond the discontinuity point the increasing crack density will gra-
dually constitute a compensation which will finally give rise to an
increasing total volume. The stress associated with the minimum value
of the total volume is called the critical stress. It follows from
experimental investigations that the strength of plain concrete under
permanent loading can be defined by this critical stress value.
However it is possible to produce lower strength values for plain
concrete subjected to dynamic loading.

Because in a prism a considerable amount of continuous cracks
will develope, under an uniaxial critical stressfield, the literature
indicates this point as the upper limit of structural loosening or the
point of extensive internal cracking)1. It can be localised at about
TO = 90% of the prism strength determined with a short time test. The

derivative of the volumetric strain with respect to the increasing



Fig. 1. Deformation parameters
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strain can be related directly to the tangent value of Poissons' ratio)h’7’8.
Beyond the lower critical stress (discontinuity point) a considerable deflec-—
tion can be observed in these curves)11

As it follows from the above Poissons' ratio can be an important para-
meter to define the strength of plain concrete. In the "elastic range" a
physical meaning can be attributed to this and other related quantities.
Beyond the lower critical stress this physical meaning becomes obscured, but
it can be transformed into a new one characterising the crack system. In this
way the before mentioned derivative of the volumetric strain can be associa-

4,15,16

ted with the crack density) . In the uniaxial and biaxial state of
stress the deformations are comparatively large, the explorations numerous.
In the corresponding tensile state of stress the deformations are more than

one order in magnitude smaller)® 710

. Therefore, one must exact a high stan-
dard of reliability which includes a high sensitivity, but also a large
measuring range.For high strains can be achieved by controlling the defor-
mations during testing )9’ 10 . In addition, there is the difficulty of the
discreteness of the crack development process, which will give preference to
a full field measuring method.

The two measuring methods, which will be discussed here, are applied at
the Stevin laboratory during an experimental program on folded plate con=-
structions)17.

Six reinforced folded plate constructions were tested during 23 Years.
After 10, 28 and 42 days prismatic disc shaped testspecimen were subjected
to a variety of loading systems. The testspecimen were fabricated by use

of the shotcrete technique like the shell itself.

Fig. 2. Uniaxial tension test
specimen after rupture

Fig. 3. Rhombic plate experiment
Specimen of microconcrete
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A1l the specimen were sawed from plates having the same thickness (1") ™
as the model of the shell. The dimensions of the uniaxial tension
specimen were 1" x 3" x 6". They were glued with epoxy to steel heads.
The tensile load could be introduced by rods which were screwed in the
heads (fig. 2). This arrangement is analogous to a method worked out
by Kadle¥ek and gpetla in response to an inquiry of RILEM)1 ! .

The rhombic plate dimensions are: thickness 1", diagonal length 9"
and 18". The loading was applied by dead load in a simple bending

apparatus (fig. 3).

Fig. 4.

Optical measuring device
l=leverarm
1.specimen

2.knife
3.correction screw

=l

)
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I
e




-6-

2. Uniaxial tension test = Optical measuring device)20

To allow for the tangential deformations to be registrated an optical
measuring device has been conceived and constructed (fig. U4).
By mechanical means the dilatation in the middle section of the testspecimen
is transformed into rotation of two mirrors with small angular spacing. The
mirror system provides a large increase of this rotation by plural reflection
of a lightbeam within this system.

On one side, this offers the possibility of detecting tenth of micro-
strains (i.e. 10—7), on the other hand, a measuring range up to 500 pstr. is

)21’23 it comprises of two

within reach. Like other, similar optical devices
small mirrors, but the system is compact and the angular spacing (2¢) is
small (v10°).
The apparatus is composed of the following parts:
a. two clamping plates and two rods, together forming the frame
which embraces the testspecimen. The rods are fixed at one end
of a leversystem. The leverarm (1) is small (3,2 mm).
b. two mirrors which are connected with the hinge of the lever—
system.
The dilatation (Ab) of the testspecimen is transformed into a rotation (A¢)
of both mirrors. In this way, a light beam entering the system undergoes
a considerable change in direction (en\ after a number of reflections (n) (fig.5)
The image, formed by the light beam on a screen a distance (L) behind this
system, has changed its position (s) by a shift (As) perpendicular to the
light beam.
The following simple relationship gives a full description of this

transformation procedure:

Fig. 5. l As = 2nL Ab = 2nblL Et -l
Relation between ' N fv/fﬂ” 1 1
8, and ¥ i .
i i L e (t = tangential)
' ® =~ The original phenomenon ( b) is

0 = M(I‘)&if— )

B 1 ru= o/ multiplied by a factor V given by:
i ¢ L
t V =2n = -2=
jj § 1
bl % If L = 5000 mm and n = 16 a shift
;‘ ,% As can be observed, which surpasses
§ s s s Ab by a factor V = 50000
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For a minimum shift of 0,1 mm and a width of the specimen of 7,5 cm
(1) gives a measurable strain of 0,025 ustr. (%.10-7), indicating the
sensitivity of the method under these circumstances. The increase of the
loading of the testspecimen, corresponding to this strain increment, is

about 1 kg.

3, Testarrangement

The testarrangement can be realised in different ways:
1. by using a laser or conventional lightsource
an image of wires 1is formed on a screen. In

the latter case a system of lenses is necessary.

2. by using an illuminated ruler, which can be ob-=

] st served by a telescope standing in front of the
QK
VC mirror system. This method is employed in the
B

Stevin laboratory (fig. 6).

Fig. 6. Testarrangement |

A lighted ruler vl

B optical measuring device

C telescope e d
K wires e 024
L distance screen—optical system k— 904y
! 90°—6.
|
l N
P 908y
' Y
A
| \
FT:g. 7. SN 90~10p = ¢
Multiple reflection of lightbeam \Z* \%
within mirror system

The angle of adjustment of the telescope (o) together with the angular
spacing of the mirror system (2¢) determines the maximum number of reflec=
tions which is obtainable under these circumstances. The quantities men=-
tioned are related by (fig. T):

a=9°-n¢ -3-



4. Experimental results
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Fig. 8.€,-Ercurves for concrete in tension(in u—str)
&x Is determined with the optical apparatus

Figures 8 and 9 give some experimental results extracted from
the folded plate program mentioned earlier. It was impossible to per=—
form the experiments in climatised surroundings. Yet reliable results
are obtained. Because of the dead weight loading high strain could not

be achieved.

5. Rhombic plate = basic formulae)22

According to the classic test of Nadai the determination of the

flexural rigidity K is possible by anticlastic bending of a square

plate.
y Performing an analogous test on a rhombic
plate (or parallelogram ) (fig. 10), not
f i only the K-factor can be obtained but al-
. ; g = so Poissons' ratio. In the former case
//////L//i:;“”ﬁ the diagonal length ratio (h) equals 1.
l, o t In the other extreme, were g tends to in-
} —t

finity, the rhombic plate degenerates to
Fig. 10. Rhombic plate experiment a long strip (or beam). Nevertheless
determination of K and v is possible but to introduce a homogeneous stress
field is difficult.
In mathematical elasticity theory for thin plates with small deflec-

tions the curvature tensor components in the direction of the diagonals



of the rhombic plate are given by:

= a, b 202y = - (2 2 “lg-
X; = Xy = 7 B+ vy) /2K(1 = VT) Clg + vg) b
b a 2 b a
= = - — - = — 4+ Vv - -
Xo Xyy + P(a + vb) J2K(1 = vT) = + c(a vb) Lo
= =0
Xay = Xyx

Thus the (x,y) coordinate system is orientated in the direction of the
axes of principal curvature. For an orthogonal coordinate system (u,v)
with the u-axis parallel to one of the sides of the rhombic plate, the

following relations are obtained:

= a_b - ) —C e
Xy = P(b a) /2K(1 = vT) C(b a) 5a;
= a_b -3y = a_b e
Xy = +vP(b a) 2K(1 = v7) = + vC(b a) 5b
L P /2K(1 = v) == C(1 + v) -5¢=
The elastic plane is obtained after double integration of (L) or (5).
In the (x,y) system:
a b 2 b a 2
wix,y) = =3¢ [({ +v)) x" - (T + )]y -6
After substitution of:
- v+ tg2¢
tg ¢ = — ==
1+ vtg ¢
with:
b
tg ¢= E 9
the following simple relation results from (6):
2 2 2
wix,y) = C, (x° = tg7¢ ¥°), -8-

1

in which:

c,==3C(1+ vtg2¢) cotg ¢ -9-
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Fig. 11. Deflection contours
And analogous for the (u,v) system:

,

wiu,v) = C, [?2 + (1 +v) tg2¢ uv = vva:[ y =10=

with:

02 = = C cotg 2¢
For constant values of w (8) of (10) represents two systems of hyperbolic
lines. The asymptotic lines enclose angles ¢ with the y-axis (fig. 11).
The edges of the rhombic plate are curved in the shape of hyperbolic lines
(viz. (10) with v = b sin @). Furthermore if (8) is transformed to a
coordinate system (s,t) with axes oriented in the direction of the asymp-

totic lines, the elastic plane can be described by (fig. 12):

w(s,t) =L c, sin 2w s.t, -11=

Y which is the formula of an oblique hyperbolic
, paraboloid. The straight lines are ruled parallel

to the s= and t-axes.

Fig. 12. (s,t)coordinate system
The elastic plane can be defined by an other system of lines, i.e. lines of
constant rotation (grad. w). In a simple way, one can deduce)22’23:

>2 Y

(grad. w)° = hC? (X2 + tg v yg),

or in its basic form:

xi// [grad. W Tz + y%// [Agrad. W J? =1, -12=
2
ac, ] 2c, te™y
which is a system of ellipses for constant values of grad. w. The diagonal

length ratio (E;) of the principal axes of an arbitrary ellipse, will yield:

-

b 2
-, = -‘] —
a tg v 3
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. 23,24 ,2
6. Application to a long strip (or beam) and square plate) 3524525

1, Strip or beam (@ -+ 0)

| \“\ +;/{ . ¥ ;ollows from (7):
A sy =
" Together with (8) and (13) a very simple way of
Defle;tion contours determining v is achieved (fig. 13).
Princi?il(gi;p: contours 2. Bquare plate (Nadai))23’25(¢ = n/k)
éﬁ ) v gollows from (7):
a - tg Y =1
{ f " The hyperbolic lines constitute an orthogonal
\ i ' system and offer no information concerning v .
" iﬂi In this case (12) is reduced to a system of
Fig. 13. Pure bending of strip equidistant circles (fig. 1)

Deflection contours

Fig. 14. Anticlastic bending of square plate

Principal slope contours

7. Application to the rhombic plate

In case & moiré picture of deflection contours is available Poissons'

ratio can be deduced along different ways:
(a1) by measuring the angle Yy formed by

— the asymptotic lines of the deflection
—_— contours and the y-axis (fig. 11)
(a2) semigraphical. (7) can be written
in the form:
v=tg (v+@#). tg (v=-9), 1l
which leads to (fig. 15):

BD . BC
N
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(a3) by deducing tg ¢ from the coordinates of two or more points on
the same deflection contour.

For two points S and T it follows from (8) that:
2 2
x° - X

tg2 Y= _§§__-§ =15-
¥y s y "
(ah) with an arbitrary number of points on any deflection contour the

same procedure can be applied. Using three points P, Q and R it follows

from (8) that:

(m + n) x2 -mx2 -1 x2
2 " Qq ) r 6
tg“"( )2 > 5 > T6
m+n)y" -m -n
3 a y P N r
th

in which P and R are situated on the n = and

mth deflection contour respectively at diffe-

rent sides of the one passing through
Location of P, @ and R, .
on deflection contours. (fig. 16).

In case of a conveniently situated pattern of points ag and 2) give an

accurate mean of v over the surface.
(as) by optical differentiation of the former moiré picture (Moislim
process) a second order pattern of partial slope contours, comprising
equidistant straight lines,will originate, offering an easy method to
determine Poissons' ratio.
In case a moiré pattern of rotation (partial or principal) contours is
available, Poissons' ratio can be deduced along different ways:

(b]) the quotient of the principal curvature components leads to:

L

X4

X5 and xq can be related in the generally known manner to certain inter—
vals of the partial slope contours.

(b2) in a similar way for the (u,v) coordinate system:

A check on accuracy of the patterns is possible via Xor = Xy
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(b3) from (10) can.be deduced that:

3 wlu,v) = ec, (u+ tg y1v) -1Ta=
3u

— w(u,v) = 02 (1 + v) th 2 ¢ (u+ tg ng), -1Tb-
3

in which:

tgy, =2 (1+v) tg2d
tg Y2=--2\) /(1 +v) tg2 @ =18b~
The product of (18a) and (18b) directly produces Poissons' ratio:

tg Y1. tg Y2 ==y -19=-

il

Fig. 17.

A. Partial rotation contours
in the (u,v) coordinate
system

B Superposition of these
patterns with corresponding
reference grid

C Detail of B

D Mohrs circle for corvature

components
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Determination of v is possible by measuring Y, (via 18a), Yo (via 18b)
or both (via 19) in separate patterns of the partial slope components
(fig.17)
(bh) a pattern of principal slope contours can be interpreted as indi=-
cated by (13) )27.
(b5) a nice,elegant, yet simple method with a good check on accuracy
is the next one:
Superpose the two partial slope contour patterns as described by (17a)
and (17b) in such a way, that the reference grids will coincide.
Because the original patterns consist of straight equidistant lines
the resulting pattern presents a system of identical parallelograms
Such a parallelogram Kﬁﬁﬁ has outstanding features :
1. the diagonal ﬁﬁ and the reference grid lines have corresponding

directions.
2. the bisectrices of the angles between the two diagonals coincide

in their direction with the angles of principal curvature.
3. the diagonal length ratio is related to Poissons' :r‘atio).“t

X1t X 1= tgew T=v

%

DB

m= —% = = 5 = cos 2¢ -20-
CA X4 - Xo 1+ tg Y 14+ v

and in explicite form:

cos 20 = m
cos 20 + m

8. Experimental techniques to determine Poissons' ratio

a. via deflection contours

)28

cﬁ? 8, shadow moiré intensity interferometry
A plane reference grid placed in front
of the model will project its shadow pattern

on the diffuse surface of the model. A

camera will registrate this shadow pattern

and the reference grid (fig. 18). A moiré
Fig. 18. ?rinciple of picture originates giving deflection contours
shadow moire technique .

described by:

w=(2n+1)p/21tg a,(n=0,1,2.......) =-22-

viz appendix.
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where:

P

pitch of reference grid

angle of inclination of the light beam with respect to the camera.
The same phenomenon arises by projecting via a diaprojector a grid on the

surface. The deflection contours are described by:
w=1(on+1)p/ 2sin aln = 051320 nnennnns) -23-

a,: as far as a reflecting surface is concerned, a moiré picture can
be obtained by photographing a reference grid in front of the surface
in an oblique direction as well as the reflected image of it. The

deflection contours are described by:

w=(en+ 1)p/ U4 tg a, =2l-
but the photograph shows a perspective error.
8yt diffraction moiré)29’30.

If a diffraction grid is placed in front of the reflective surface of

s loaded model and if a coherent bundle of parallel light is used then
the photographic plate shows an interference pattern which demonstrates
a high degree of similarity with the moiré pattern of the preceeding
methods, although the physical phenomena are different. The sensitivity
of this method can be very high.

b. via rotation contours

b1: Salet Ikeda technique)23.

A reference grid is projected by means of a system of lenses on the re-
flective surface of the model. The reflected light rays have to pass a
diaphragm before they reach the photographic plate. Partial and princi-
pal slope contours can be obtained.

b,: Ligtenbergs' reflection moiré method)31.

A camera observes through an opening in a line screen the image of this
screen in the reflective surface of a model. Superposition of the photo-
graphs under unloaded and loaded condition produce moiré fringes with
the same amount of information as bl' The method however 1is less sen-
sitive (v 5x).

The rotation component 6 will be described by:

6 =(on+ 1) p/ lLa, -25-

where a = distance screen-model.
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9. Experimental results)22

In the Stevin laboratory the experiments on microconcrete were preceeded
by some experiments on black perspex to evaluate the shadow moiré method in
relation to the Ligtenberg reflection moiré method which is for perspex a very
handy method . In this scope the interpretation of the Ligtenberg moiré pic-
(5 7) is

tures on (u,v) coordinates and superimposed as described under b

5

illustrative (fig. 19, 20, 21).

Fig. 19. Partial slope contours in (u,v) direction

Results from fig. 19: v = = g ~ 0,38
v=-tgy, tey, = tg 43° tg 22°30" 0,39

20. Superposition of %-:'and gﬁ‘,’ pattern of fig. 19 Fig. 21. Superposition of partial slope comtours
with corresponding reference qrids. in conformity with fig. 20. P=400g,d=6m.m.
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Results from fig. 20 : m = 0,277
0,6 = 0,277
y= — 1 0,37
0,6 + 0,277
fig. 21: m = 0,265
0,6 = 0,265
v = 20939
0,6 + 0,265
v == £ v 0,38
a X

v=+ tg 43° tg 22°% 0,38

According to the application on microconcrete the shadow moiré results are
certainly as important as the former ones.

Fig. 22 and 23 give deflection contours for thin rhombic plates.

Fig. 22. Deflection contours P=500g,d=6m.m.-

Fig. 23. Deflection contours after app Lying
Schlieren process. (d=3m.m.).

5 s t
Results from fig. 22: tgy = — = 0,564 > vv 0,38
¥ s t
v 37° > vy 0,38
Results from fig. 23: U 39° ~ Vv 0,47 (testarrangement
incorrect)
via P, Q and R > vy 0,47

The photographs shown have been effected by very simple apparatus. A dia-
projector served as light source. As a result of this the moiré picture will

show some parallax moiré.



=18=

But using the method for microconcrete this phenomenon will not occur
because of the very small deformations. Furthermore, the basic information
needed was the change in Poissons' ratio and not its absolute value.
Introducing a small initial angle between model surface and grid, will
result in a translation of the axes of symmetry of the deflection pattern.

In this way an area with higher density in the moiré fringes can be recor—
ded (fig. 2L).

s In this situation a transformation on new
;?7fT77Tr ‘ coordinate axes (x1, y1) which are situ-
ﬁﬁi/(f7 AT ' ated symmetricall with respect to the moiré
picture will produce an expression iden=-
::;:E WG LG A By 0 tical to (6), therefor misalignement will
z_

not influence the information.
Fig. 24. Deflection contours (with misalignement)
The moiré pictures can be interpreted in the sense as described in (aT) to

(as) (§.7). With respect to the methods (a3), (ah) and (as), it is necessary
to meke two comments.

Comment 1

By the transformation rule:

p= S -26a-

qQ = y2a -261=
the hyperbolic lines in the deflection pattern will be transformed in a

system of equidistant straight lines (fig. 25):

w=C, (p-tg v.q) ~27-

parabolic line

aetwork
line

Fig. 26. Deflection contours and network

d
pattern in the (pg) coordinate system.

Fig. 25. Transformation op (pg) coordinate system
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A system of equidistant straight lines perpendicular to the lines
given by (27) can be drawn in the (p,a) coordinate system (fig. 26).
Transformed in the (x,y) system they constitute a system of ellipses
(fig. 25).

The "conveniently situated points'", as mentioned under &) can now
De interpreted as the intersection of the hyperbolic lines and the el-
lipses. It is possible to construct this system of ellipses by accep-
ting an arbitrary but expected value of Poissons' ratio.

A further possiblity is offered by the transformation of the
w(x,y) pattern in the (p,q) coordinate system. The mean direction tan-
gent (tg r) of the linepattern is directly related to v.

5 v o+ tg2¢

tgt=tgy=——"75

1+ tgd
Comment 2

It ig possible to subject the deflection pattern to the moislim
process)eb, producing partial rotation contours (fig. 27).

In addition to providing a check on accuracy, this method offers

every possibility to evaluate Poissons' ratio as mentioned under b.

Results from fig. 27:

v= 2tgy,cotg 26 = 1 v 0,48

1

D W

Partial slope contours (5%
seemd order moire picture
obtained from fig. 23 after
applying the moislim process
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APPENDIX (viz.

(1)

(11)
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B 2
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