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Grosse Ereignisse werfen ihre Schatten voraus. Es zeighe sich
bald, dass das Jubilium untsr Favres Rekiorat nicht bloss zu Uber-
denken war; zahlreiche Vorarbeiten mussten bereits an die Hand
gencmmen werden. So stellie denn dieses Amt, das seinen Inhaber
schon in normalen Zeiten neben dar Vorlesungstitigheit aufs fussersie
bearsprucht, in dieser Zeit besondere Anforderungen. Wer Henry
Favre kannte, weiss, dass er sich, vor die Wahl zwischen seiner Pllicht
und sich selbst gestellt, stets fiir die PRicht entschieden hat. So kam
es denn, dass 1953 ein Rektor zuriicktrat, der seim Amt in schwieriger
Zeit mit dem letzten Einsatz versehen, aber seine Gesundheit schwer
geschidigt hatte und - wie sich bald zeigen sollte - den Keim einer
unheilbaren Krankheit in sich trug.

Die letzten 12 Jahrz waren fiir Henry Favre denn auch reich an
Enttiiuschungen. Eine aktive Natur wie die seine konnie sich nur
schwer mit der Talsache abfinden, dass das, was anfanglich als Er-
mildungserscheinung  betrachier wurde, in Wirklichkeit Syriptom
einer schweren Herzerkrankung war, die im Laufe der Jahre zah reiche
sekundire Schiden nach sich zieken sollte. Den Ingenieur musste es
besonders schwer Tallen, die Irreparabilitit dieser Situation anzuer-
kenren; gerade dem Ingenieur ist es aber in der Folge gelungen, mit
den noch verfiigharen Kriilten aus Susserste hauszuhalien,

Wenn Henry Favre friiher seine Arbeitskraft riicksichislos Giberall
da eingesetzt hatte, wo ihm dies notwendig erschici. so gab ér nun
ebenso konseguent ihm hiebgewordene Plichten auf, um seine ver-
bleibende Energie dem Grossen Mechanik-Kurs fiir die ersten Se-
mester und - soweit dies miglich war - der wissanschaftlichen Arbeit
zu widmen. An diesem Teil seiner Tatigheit hat er mit wenigen Cnter-
briichen bis rum Zeitpunkt seinsr Pensionierung festgehalten, und
wir konnen nur ahnen, was dies fiir ihn an Entbehrangen, filr seine
Gattin und fiir seine ganze Familie an Opfern gekostet hat.

Seine Studenten haben Favres Einsatz unter diesen schwierigen
Umstinden dankbar ansrkannt. Es ist trastlich, zu wissen, dass ihm
auch sonst die Anerkennung fir sein Wirken nicht versagt geblichen
isl. Schon 1946 ist er zum Mitglied des Keomitess fii- die Internatio-
nalen Kongresze in Angewandter Mechanik ernannt worden. Die
Liniversititen von Poitiers, Lausanne und Liége haben ihm die Wiirde
eines Ehrendoktors verlichen, und verschiedene Akademien haben
ihn als Mitglied aufpenommen.

Das Bild des Verstorbenen wiire unvollstindig, wiirden wir nicht
auch seiner humanistischen MNeigungen gedenken. Henry Favre hat
nicht nur fiir seine Studierenden ein dreiblindiges Lehrbuch geschrie-
ben, sondern auch die Geschichie der Ingenieurwissenschafien bear-
beitet, 5o hat er bei der Herausgabe des wissenschaftlichen und tech-
nischen Werks von Gereral Dufour mitgewirkt und mit Fritz 5tissi
zusammen einen Band der gesammelten Werke von Leonhard Euler
heraasgegeben. Auch seine Rektoratsreden waren biographischer
Matur: «Un grand ingénicur suisse: le Général Guilleume-Henri
Dofours und «L'muvre d'un physicien et ingénieur pencvois, Jean-

Daniel Celladons. In seinen Mussestunden hat sich Henry Favre gern
mil franzisischer Literasur und insbesondere mil (ranrSsischer Ge-
schichte befasst. Aufl dem letzten Gebiel ist er cin Kenner gewesen,
und er ha. sich aufrichtig pefreut. als wir thm vor zwel Monater. zum
Abschied von der Hochechule cin Werk aus der Feder von Generg
Wevgand liberreichen durften.

Moch ein paar Worte zu sziner Personlichkeit sowie zum Bild, dass
wir von ithm bewahren, Henry Favre hat in selterem Mass die Eigen-
schaften der Licbenswilrdigkeit, der Korrektheil und der Festigheil
in sich vereinigt. Er war im besten Sinne «uaviter in modo, lortiter
in res. Es ist mir vergonnt gewesen, wihrend einzs guten Viertejahr-
hunderts aufs engste mil ihm rusammenzuarbeilen. Wihrend dieser
ganzen £Leit habe sch thn niemals anders denn als licbenswiirdigen
Kollegen erlebt, der sich aber nichts vergeben und sich stets durch
gine gewisse Reserve geschlitzt hat. Oft hat er mich an seinen engeren
Landsmann, den verehrten fritheren Schulratsprasidenten Arthur
Rohn, erinnert. Er war korrekt bis zum Husszersten, vor allem dann,
wenn Meinungsverschiedenheiten auftraten, Was er fiir nchig hielt,
das hat e- aber niemals preisgegeben, sondern mit Festigkeit sepen
alle Angriffe verteidigt. Wenn das die Verstiindigung gelegentlich er-
schwert hat, so wusste man doch stefs penau, um was és ging. Ricken-
angriffe gab e nicht, auch nicht in versweilelten Situationzn, wie sie
in den letzten Tahren bei der Verteidigung unseres Faches gelegentlich
vorgekommen sind

Diese Eigenschaften haben auch das Wirken des Lehrers Favre
geprigt. Er hat seing Schiller mit #usserster Korrekthest und auch mit
Milde becrteilt; e hat aber viel von thnen verlangt. Gegen Semester-
ende war sein Zimmer jeweils tagelang von Dutzenden von Studenten
belagert; das war die Zeit, zu der er si¢ — cinen nach dem andern —in
persomlicker Besprechung empfing und aul ihre Leistungen in den
vorangegangenen bungen priifte. Dieses ungewohnliche Verfuhren
hat nicht nur viel Zeil, sondem vor allent auch Myt und Geduld
erfordert, den Studiersnden aber pezeigt, dass sich ihr Professor fiic
jeden einzelnen von ihnen interessierte. Auch sonst hat sich Henrw
Favre fir dic Belange seiner welschen Studenten, der Tessiner,
Franzosen und Luxemburger eingasetzr. Besondere Vardienste hat er
gich um das Hochschulsanatorium Leysin erworken. Einige Patienten
dieser Anstalt, die ¢r als Stiftungsrat und Direktionsmitglied regel-
midssig besucht hat, sind spater seine Milarkeiter geworden.

Mit dem Ende des vergangeren Semesters ist Henry Favrez von
seiner Professur zuriickgetretzn — ein Semester vor dem reglementa-
rischen Zeitpunkt, um seinem Nachlolger Gelégenheit zu geben, den
neuen Kurs von Anfang an zu fikernehmen. Fiir ginge Abschiedsvor-
lesung hat er sich zu schwach gefihlt. In einer Woche hiltte er sein
65, Altersjghr vollendet, und wir hatten gehoflt, ihn an einer Feier
im kleinen Kreise 20 ehren, Das Schicksal hat es anders gewolll, und
g0 bleibt uns hewtz nur die Erinnerung an einen grossen Lehrer,
Kollegen und Ingenicur, dessen Yorbild uns aul immer verpflichtetl.

Hians Ziegler

Am 0, Juni 1966 haben wir Heft 23 diesey Jahreanges Henry Favee gewidmet, Anur dent dorr auf Seire 429 ange-
fiifirten Grunde kannten dn jenem Heft nicht alle sefme Freunde zu Worie korvwnen. Hewre endlick erscheinen die
iibrigen, ihm zugecigneten Beitriige seimer Fachkolleger aus aller Weli. Den sechs Autoren danken wir bestens fir

die Geduld, die sie in dieser Sache bewiesen haben.

Approximate Solutions for Diametrically Compressed Thick Elastic Plates
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By M. Hetényi, Prafessor of Engineering Mechanics and Structural Engineering, Stanford Uriversity. California, USA

The siress distributions in diametrically compressed elastc
plates, in two and three dimensions, have been explored by a number
of investizators in the past [1-4]. In each of these cases, howevar, the
expressions fo- the stress corponents were oblained in form of Fou-
tier ar Fourier-Bessel integrals, the evaluation of which often presen-
ted appreciable difficultics and, consequently, numerical values were
obtained only for a few salient paints.

The purpose of the present paper is to show that approsimate
solutions, sufficiently: accurate for most lechmical purposes, can
be derived for the same problems by simple superposition of the
two-dimensional, Flamant, or the three-dimensional, Boussinessq,
solution for a single conesntrated foree on semi-infinite solids. The

B36

resulting formulas are simple seriés, in each term of which the coor-
dinates appear explicitly, Henee they can be easily integrated or
differentiated with respect to any of these coordimates, anc the resule
used in the soiution of a vamety of other technizally important pro-
blems, such as stress distributions under varicus combinations of
surface loads, or contact problems involving elastic layers of finite

depths.

Twao-Dimensional Solutions for the Elastic Strip

In analyzing this case, we will make vse of Flamant’s solution
for the semi-infinite plane which, in terms of the coordinate system
indicated in Figure 1, gives the following stress components:

Schwalz, Bauge fung » 84, Jahcgang Hoft 48+ 1. Dezambar 1965



F o Xty

gy = — - SEt
2 (x2S
2P 3
1 — R -
(1) Ly 7 (3 PP
i b e
S — ]
Ty x G

The thickness of the plate is assumed here to be unity, so that
the cimersion of the P force in the above Tormulas is 1bs, per inch,

In deriving approximate solutions for the diametrically com-
pressed elastic strip. the above elementary solutions will be combined
in two different schemes of superposition, which will be referred to in
the following as Approximation 4 and Approximation B, respectively,

The superposition scheme used in Approximation 4 is shown
in Figure 2. It is obtained by overlapping an opposing row of pairs of
semi-infinite paates, with boundaries at ¥ = + e, 3¢, 5¢, ..., each
loaded by a P force directed toward the origin 0. The resulting stresa
compaonents within the ¥ = -+ ¢ boundaries of the sirip can be cal-
culatzd by simple summation of the réspective clementary components
from Equ. {1}

For point A (x, ), Tor mstance, we get for the vertical normal
slress

2p
Ty = m— :
T
2)
_ 'S_“' o+ pley 2P\ —yiy
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Here the first summation represents the effect of the P forces above
the 0-0 center line of the strip, and the second one the effect of the P
Forces below,

On account of symmetry, the y = - ¢ boundaries of the strip
will be free now of shearing stresses. However, these boundarics will
be subjected to compressive stresses of the magnitude:

ra "
(3) [Cru]”_ po— =2 T Z [xfel + nilt

B L

Hence the required boundary conditions can be fulfilled by
cancelling the above compressive siresses through a superposition of
boundary tensibe stresses of the same magnitude as defined by Equ. (3)

Up 13 now the analysis was ,exact™ within the customary
inlerpretation of the theory of elasticity. At this point, however, we
will intrecuce an approximation. Mamely, we will assums that the
wbove defined tensile stresses on the boundaries will be transmitted
throueh the thizkness of the strip, without any change in their distri-
bution. This approximation is known to give goad results when the
variation in the distributed boundary Toads is not too rapid [Ref. 5).
Thus -adding the formua in Egu. (3), with reserved sign, to the
expression in Equ. (2), we find that the boundary condition of o, — (
at ¥ = =+ o is completely fulfilled. At the same time, for the pressure
distribution along the center line of the sirip we get:

H
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Fig: 1. The -stress compo-
nznts in Flamant's solation for + v
the elastic: kalf-plane
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Table 1. Compressive Stress Values [7yei Ply -, along the Center
Line of a Diametrically Compressed Elastic Strip

ple 0 0,2 94 0.6 0,8 10 1.2

Approx. A |-0.8825 |-0,7963 -0,5931 -0.3757 | —0,2077 —0,1003 ¢ 0198
Approx, § -1,0000 -0,9071 -3,6851 -0.4418 -0,2452 -0,1114 —0,0295

¥le 1.4 1.6 1.8 2.0 2.5 30 4,0
Approx. 4 00094 00042 00083 0.0095 00062 00033 00009
Approx. £ 00160 00387 0,0475 00488 0,0387 00251 00023
»e ] M2 | af6 | a4 | oafy | a2 | 23| a
Filon | | I

~0,9195 -0,7723* 04719 -ﬁ,ZIE!‘l—ﬂ,ﬂ?lﬁgﬂ.mE-I 0076000023
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Fig. 2. Superposition scheme used in approximation A
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Fig. 3. Superposition scheme used in approximation 5
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This pressure distribution s shown graphically in Figure 4,
and its orvdinates are tabulated ir Table 1. For x = 0 the maximum
stress is obtained in the explicit form of o, = — (4 Pinc) Inge 2.
It i5 seen in Figure 4 that the curve obtained by the above Approxi-
mation 4 runs very ciose to the exact points first evaluated by Filon
by means of Fourier integrals,

It is to be noted that the indicated differences betwesn exact and
approximate values afong the center Lne represent the upper bounds
introduced by this approximation because, as we pet ¢loser to the
edges of the strip, where the boundary conditions are completely
fuffilled, the differences will become smaller.

In & similar manner one may also proceed with the caleulation of
the #- and rzy stress components in the strip, by means of the corres-
ponding summation formulas

@ ) mkyle . N ke
L glixjer + tn £ plePP /[0efeP 4+ (n 3 pic)F
WALy A1, 35.0.

It is seen that these two series will be more rapidly convergent
than the one used Cor evaluating oy in Equ. (4).

A counterpart of the above used system of superposition s
represented in Figure 3, which will be raferred to as Aoproximation 8.
It is seen that in this case the ¥ = = ¢ boundaries of the strip are free
ol normal stresses, on account of the skew-symmetry of the P forces
with regerd to these axes. There will be, however, shearing siresses
acting on these boundaries af the magnitude

=1 4 P s m+l :]."ll{' {2 ”:'1
(6) [Tr#]p-..- s (-1 [txfed® + 2 mip
mel N L.

It would be a relatively simple matier 1o express these boundary
shearing stresses by means of Fourier integrals and thus effect their
cancellation, [n the shsence of singularities such a procedure wow'd
give greiter convergence than the previous exact solutions, where
Fourier integrals had to be used to represent concentrated forces.
Mevertheless, this approach will not be pursued here, because our
primary purpose s to find out the degree of approximation that can
be obtained by simplest means. For this reason, the above shearing

AR

Yo ez we %E @8 1@ @ 4 @

Fig. 4. Pressure distribution along the center line of a dia-
metrically compressad elastic strip

gag

stresses will be left uncancelled, though they are by no means of
neghgible magnitude, and we will procesd ¢n this batis with the cal-
culation of the pressure distribution slong the center line of strip,
which will be defined now by

& _.i_pv S Za=—1y
D [ra],e=— ﬂff_f_” /et L@ n—1FF

The result of this Approximation B is shown graphicaly in
Figure 4, and its ordinazes are tabulated in Table 1. As it was to be
expected, this approximation is farther from the exact values than
Approximation 4. Howaver, we find that the mean value of the two
curves crosses the y-axis verv near to the xjc = 1,35 point where, as
predicted by Filon, the stress changes [rom compression into tension.

It is zasily seen that the presence of the above shearing siresses
along the two edges of the strip is cquivalent to the prevention of any
horizental displacement along these lines, except the one caused by a
single concentrated force at the edge of a semi-infinite plite. Hence,
for an elastic strip whose boundaries ace subjected to such restrainis,
the above Approximation & does provide an exact solution.

Three-Dimensional, Axisymmetric Solutions for the Elastic Plate

In deriving approximate solutions for the diametrically com-
pressed elastic plate, we will use essentially the same procedu-cs as
before, for the elastic strip. In this case, however, the clementary
components to be superimposad will be those in Boussinesg's solution
for the semi-infinite solid, which are indicated in Figure 5, and whoss
values are as follows:

el 3P £
iz 2 - {f" _+_ 22}'"}"
0 o rr P2 2 ]
T Ay (e in P e
(8
} Pl —2 1 : 5 ;2
My — _.z. = __,.:' + ?-i-l'_ri-:l_ :l]llnl I. ““ = :I}JI_I’J:
et E
TS -——2" l:r]!—z‘x}}fll

Though in three-d mensional problems the stress componenis
are, in general, dependent on ¢, the Poisson's ratio for the material, it
i5 a forienate circumstance that in the present case the a: and 7.
stress components, the ones which will be involved in the boundary
conditions of the plate, are independent of u. The method employed
here will be, therefore, of genersl validity, and once the boundary
conditions are satisfactorily fulfilled, one can proceed with the
calculation of the ather stress compenents in the interior of the plate,
for eny value of Poissor's ratio.

Fig. 5. The stress components in Houssinesq's solution for
the semi-infinite ¢lastic solid
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It is to be noted that for an incompressible selid, when w = 1/2.
we hive oy = 0, and the remaining o, o; and . components assume
ferms closely resembling the o, o and re, expressions for the plane
problem.

In the first, Approximation 4, Lhe scheme will be the same a3 the
one depicted in Figure 2, with the only difference that the axes x and »
should be denoted now by rand z.

The vertical normal stress o; at any A (¢, =) point within the plate
can be obtained now as

i, 3l Y”‘ (n+ 2/e)* -
¥ 2act / [(rfer + (0 + zfeP]'? 242
t.g‘} =l 3 Lo
3_1_5_::—-'{:}‘ _
5 yHrfeP 4+l — zfee
|
Ba1i3:8, 0

This 5 accompanicd by compressive stresses along the two
bounding surfaces of the plate, of the following distribution:

3.F K
In']:-;c =1 T Z [tr/c + niFf®

n=X 46, ,,

(10)

By superimposing 2 reversed, tensile, stress system on the boun-
daries of the above distribution, and assuming that it is transmatied
through the thickness of the plate without any change, the pressure
distribution. in the middle planz of the plate iz obtained as:

(1)  [os,.a=— 2.k — pynet it

e L...‘( lirfeP + w2 "

=133 ..

The distribation of oz in the middle surface of the plate as obtained
from the above formula i3 shown graphically in Figure 6, and the
corresponding numerical values are tabulated in Table I1. For r = 0
the maximum stréss is obtained in the explicit Ffrom of
O = — (i) Ple?,

Al this stage one could easily introduce further refinement in
Approximation 4. Mamely, in Egu. (11) we already obtained an
approximate solution for the distribution of the stresses under one
pair of P boundary forces. We could re-iasert it now into the solution
and, instead of assuming that boundary lcadings are transm:tted
without any change through the thickness of the plate, the distribution
law implied in Equ. (11} could be utilized, This process could be
repeated any number of times, urtil the required accuracy in the
numerical values of the stress components is attaired.

This process will not be pursued here but, in its stead, the present
investization will be completed by applving the previously outlined

Yo Bl
" stk ,

-3

& Bz ae 45, @F W0 12 8 I8 %

Fig. 6. Pressure distribution in the middle plane of a dia-
mztrically cempressed elastic plite
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Table[l. Compressive Stress Values [m:¢Y Pli -, i1 the Middle Plane
of a Diamelrically Compressed Elastic Plate

e | o B2 |04 | 06 OB o 1 1.2
Approx. A [—0,7854 —D,7012 -0,5081 03119 -0,1689 0,082 -0,0365
Approx. 8 :—ﬂ.H'Mh -, 7866 ~0.5825 0,373 '-0,2119 -0,1102!-0,0513

Mean of

4. g OBI0 07433 05453 03416 -0,1904 -0,0965 —0,0439
Snedden  -0,8226 [-0,7389 | -0,5366-0,3317* [-0,0954 —

e 14 16 | nB 20 | 28 50 | 40

Approx. A 000138 [-0,0033 | 00008 00021 00017 00008 00002
Approx. B -0,0192 |-0,0024 0,0054 00087 00085 00057 00019
T"‘:“ﬂ"r 00165 |-0,0029| 0,0031 0,005 00052 06,0031 00010
* This ardinate i= assigned in Speddon's book (Ref, &) ta rfe = 0,5, but

its proper place is obviously at rfe = 0,6.

Approximation # to the plate problem. The scheme for this will be
the one shown in Figure 3, if the coordinates x and » are replaced by
rand =.

The upper and lower surfaces of (ke plate will be free now of
norma stresses, though there will be shearing stresses of appreciable
magnitudes, which, nevertheless, we will disregard, On this basis
Approximation 8 will give for the pressure distribution in the middle
plane of the diametrically compressed plete:

T, ]PE ek L e &
[‘E]" Lo e =2 lirfe 22 a—12PR

n=d 38 ..

(12)

The distribution curve represented by the above eguation is
shown graphically ir Figure 5, and the corresponding numerical
values are tabulated in Table 11, We find that the above Approxima-
tions 4 and B bracket all the numerical values obtained by Sneddon
by means of Fourier-Bessel intagrals. As a matter of fact, the mean
values obtain from the above Equations (11) and (12) differ only
by the order of magnitude of one per cent from the ,exact™ values,
as shown in Tabie 1.
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It i5 interesting to note that the development of the herz quoted solu-
tions for the diametrically compressed elastic strips and plates took a period
of nearly 50 vears, from Fiton {1503) to Sneddon (1951).

In inveszigating the problem of the clastic strip, Melan used exactly
the same procedure as the one employed by Filon 16 years before him,
being apparently unaware of this precedence. He [irnished rumerical
values for two points (at x/c = #'12 and =/4) which were not included in
Filon's caloulation. However, Melan did not carry out his caleulation far
enough from the applied loads to discover, as Filon alreacy established,
that there s a reversal in the sign of the contact stresses gt around xfc
= 1,35,

The three-dimensional, axisvmmetric, plate nroblem was first solved
by Marguerre, who also investigated the effects of friction and of the
flexibility of the foundation [t ix unfortunate, however, that Marguerme
presented his data only graphically, and even ther, in a rather smell figure,
from which no accurate numerical values could be established. For this
reason, in the present paper we used for comparizon the data of Sneddon,
who evaluoted the corresponding integrals at five points, each to four
decimal places.
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