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AIRCRAFT LIMITED

BOX 4004
TERMINAL A’

TORONTO, ONT.

Engineering
1467 /01/3

25th April, 1955

Mre FJRe Thurston,

Director, Structures Laboratory,
Division of Mechanical Engineering,
National Aeronautical Establishment ,
National Research Council,

Montreal Road,

OTTAWA, Ont.

Dear Mr. Thurston,

Please receive herewith two copies of Avro Aircraft
Projects Office Report P/Models/46, dealing with structural investigation
of a 3% ratio Multi Spar Plastic Model Fin. These are for retention
in your Structures Laboratory files,

The report deals with the first stage of a series of
plastic model investigations, the progress of which we shall keep you
informed from time to time,

The fair agreement shown in this report between deflections
and strain distributions obtained by analysis of an idealised structure, and
the deflections and strain distributions of the closely represent ative plastic
model of the idealised structure, thoroughly justifies the use of model in-
vestigations

Normally, a model will represent a close approximation to
an actual structure, not an idealised one; and the analytical investigation
will be performed on a close idealisation of the actual structure.

I feel that one of the valuable features of plastic model
investigation, is the possibility of indicating how the structure shall be
idealised for analytical investigation,

Our next model tests will be on a representative structure
of the C-105.

If you should require further data on the above reports,
please do not hesitate to make the request.

With best regards,
Yours truly,
For Avr ikcraft Limited

e d
Za i W | I pean
E.W.H. Thompson
Chief Structures Engineer
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SUMIUARY

A multi-web fin structure on a foundation consisting of a
portion of wing treiling edge and rerresenting et a reduced scale
a structure previously analyzed analytically was.tested under
several conditions of losd to determine the strain distribution
and deflected shape. Modifications were made to the structure
during the test period in order to study their effects. The test
is discussed herein and the conclusions reached that as well as
verification of theoretical methcds much additional information
of very great interest can be gained in this manner. The data
recorded under test have been analyzed and are shown to be in
the main in close agreement with calculated values, however,
several points possibly not dealt with particularly in a theore-
tical analysis are brought forth through observation of the
experimentel results.

INTRODUCT ICH

The theoreticel analysis of stresses and deformations in
compliceted seroplane structures rerresents a great deal of time
consuming procedure. In order tc reduce the time involved, simpli-
fications ere of necessity made to the actual structure with of
course a corresponding reduction in the accurascy of the results.
It is desirable therefore to check in some manner the degree of
validity of these results and since full scsle tests of structural
parts end alternstive designs are very costly and sometimes only
comrleted after the rrototype is ready, the building of reduced
scele plastic models is one =ay of reducing tfe difficulties, The
relisbility of the underlying theories for stressing can be checked
and useful informaticn extracted, such &s the performance of
different tyres of structures and locel stress concentrations,
whith are not always illustrated by the celculations.

The first of such tests hed as itspurpose the determinztion
of the deflected shape of fin structure, the strains at selected
points and the rotation at the root of the foundation beams muking
up the wing base structure, under simulated sercdynumic loading
at subsonic speed, The influence of point loads applied at & free
edge and at an internal point were also investigated. Testing
being completed for the present on this structure, the full col-
lection of experimental results are available in ancther volume
of this report. Contained herein ere the final results and inter-
pretation of the same for the more interesting and relevant points,

Refercnce: (a) R.T. No. 08-226
(b) Memo datum 13th May 1954.
(¢) Memo 3805/31/J - dated 16th July 1954.
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APPARATUS

The structure was investigated evrerimentally by the Structursl
Test Department in set-ups shown pictorjally in Figure 1 and in
prhotograrhs of figures 2 and 3. An attempt was made to carry on
the experiments in an enclosed area wherein temperature snd humi-
dity were, if not controlled, ¥ert relatively constant through any
one test run,

The Model

The model crnsisted of a six cell swept hox with six ribs
aprroximetely perrendiculer to the spers and top a&nd bottom skins
of tapered thickness, There was a narrow doubler on the skins in
the root region. The main structural details are shown in Figure 4.

An eight cell trailing edge portion of wing of a constant
taper in the chordwise direction cnly was used &s &« foundation
beam, Structural details are shown in Figure 5.

Both the wing and base were manufuactured of "Xylenite" materiel
(cellulose nitrate), all cementing being dcne with a mixture of
acetone and ketone. The fin to base connection was mecde by cement-
ing along the entire chord length with the addition of bolts as
shown in Figure 5 at the spar to wing beam joint positions.

The model was tested in three conditions, these being -
(a) es originally conceivrd and designed.

(b) with the addition of shesr diaphragms in the fin-root
wing intersection, See Fipure 8.

(c) with V-struts installed on the lower wing surfsce, the
extremities of which were fixed. Sece Figure 9 for tyvpi-
cel installation.

Instrumentation

A1) deflections were meesured with Ames or Federal dial geuges,
with plunger srrings remcved, deflections being taeken at main rib
spar intersection roints. Cne-half inck and one-ouarter inch
Nat<onal Research Council strain gauges -ere used at selected
positicns and reed through a Baldwin-Southark SR~/ unit. Gsuge
arrangement on the fin and foundation beam is given in Figures
6 and 7. .
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Instrumentation (Continued)

Root rotation was measured by meesns of a dial gauge which
recorded the deflection of an arm mounted on the lower wing sur-
face at the centre line. These ere shown in Figure 3. 1In final
tests the number of points at which root rotation was measured
was incressed by sdding erms at intermediate snirs.

Load was aprlied through a heam balance device gcting on a
wiffle tree errangement for the distributed loads and at & single
point for thre other cases.

\

Accurecy

It —as found during the tests that with proper care deflections
could be reed to accuracies of .0005 inches end strsins were reliesble
to about 10 micro-inches under constant ambient cenditions, however,
the realization of constant, temrerature and humidity wes impossible
under arrangements existing and in several instances values had to
be interrreted with this in mind. The reliability of strein gesug-
ing scemed to decrease with usage and since this model was subjected
to a very strenuous test progrumme sever:l gauges were very obviously
subject to slippage during the later runs.,

The basis of comparison of results with the calculated values
has been & nominal vslue for Young's Modulus (E) of .35 x 106 for
Xylonite material. An actual range of .317 x 1P to .375 x 100 is
indicated for various relative humidities in work done at the
National Research Council.

At present, values of shear modulus (G) are being determined
by the Hational Research Council.
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DESCRIPTICN COF TESTS

Fixod Deflection Method

The principle of the loading methcd used is to apply a fixed
deflection to the model instead of & ccnstant load, thereby elimi-
nating the effect of creep of the plastic cn the measured struins
and deflections. The deflected position or elastic curve of the
plastic model will not change with timo when & fixed deflection is
applied to the model. Due to creep, however, the effective modulus
of elasticity of the plastic does chunge with time and therefore
the internal stresses and externsl forces consequently change. The
rate of change, varies with time and for a given deflection the
curve of stress versus time becomes asymptotic to a line of slope
zero. The time required-:for the rate of change to become effect~
ively zero, however, is too great to allow this to occur at each
load increment. If a fixed time is allowed to elapse after apply-
ing the fixed deflection to the model before the aprlied loads
are read, a consistent set of load end strain results are ohtained
for the entire series of tests, In this cese it was found that
a lapse of three minutes was sufficient to minimize the creep rate
to a reasonable value.

When finally analyzing the stresses 3t 1s also necessary to
use a modulus of elesticity that hes been determined for the ssme
time lapse between apprlving each load increment end measuring the
Joad.

Original Fin

The fin, in its eriginal concertion was tested first under
the distributed loading of Case 1* Several runs were mede with
wing foundation beams at the full width and half width surport
rositions, (see fig. 1). Half width wing beam support positions
were necessary for comparison with calculated values, which were
done for a modified foundation boam stiffness determined by using
an effective length equal to one-half the actual length., Tests
were slso carried out, for comperison purposes, on an arrangement
giving effectively a stiff base. As shown in Figure 10, tho fin
was fiounted directly to a lserge channel which was restrained st
its ends.

Results from these runs (see diséﬁssion) prompted the addi-
tion of strain gauges on the lower wing skin in the trailing edge,
centre line region - gauges 49 to,53 Figure 6.

* s s
Loading Case I - Distributed loading simulating Aerodynamic loading
at subsonic speed. See Appendix A, Jheet 37.

February/55
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Shear Diaphragms Added

The strain distribution shown by the additional gauges indi-
cated that the sddition of shear diaphragms in the root box should
be investigated. Diaphragms were added as in Figure 8 end repeat
tests carried out on the modified structure under loading case I,
Loading cases II and III were also investigated in *his modified
condition,

Loeding Case II1 single losd at load point 11
Loading Case III single load at lozad point 12.
For location of load points, see figure 6.

To determine their effects, four V-struts were mounted on
the lower surface of the wing as in Figure 9. Severzl test runs
were carried out with the four struts fixed at their lower ends*
and then the influence of each strut was investigated. Lcading
case I was used for all the tests involving struts. 1In all tests
outlined so fur dial gauges numbers (1) to (22) and strain gauges
(1) to (53) were reccrded.

With additicnsl strain gauges and root rotztion positions
and, under lozding case I, the strain distribution over the fin
at rib number four and over the wing beeam upper skin near the
fin root was determined. This was done with V-struts &ll fixed
and with individual V-struts fixed.

*
It is noted that experimental struts were fully fixed at their
extremities whereas in the actual structure, they are supported
on an elastic base. This condition will be investigated on
further models, wherein the true elastic base will be simulated.
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7

RETTITE AND DTSCUSSION

Celculated Values

Reference is made to Inter-Depsrtmental Memorandum No. 3805/31/J
"Test on C=105 Plastic Model for Strength Investigation" in which
the theoretical deflecticns and strains for tests on the C-105 model
fin structure are given, Excerpts from the above are given in
Aprpendix A of this report in the form of cherts of caleulated values
for deflections, strains and root rotations. Full reference &s to
derivation of the calculeted values is given,

For compsrison purposes calculated values of deflection and
spanwise axisl strains are presented on each graph of experimental
results. Loading and deflection conditions for each set of calcu=
‘lated results are noted on the perticular graph, for example, under
loading cese I, values for a "fixed deflection" at the reference point
of 0.,7152 inches and for & total applied loed of 6l.44 lbs, are shown,
These two velues sre consistent with a velue for modulus of elssticity
of .35 x 106 p.s.i. for the plastic material and 10 x 16 for alumi-
num alloy of the full scale fin, Z

Experimental Values

Figures 12 and 13 show the deflected shape and sperwise axial’
strain distribution over the fin for the first test runs on the fin
in original form. Tip deflection and meecsured load were as indicated.
Immediate observations sre that the exrerimentel fin has far greater
rotation at the root than celculated and that the distribution of
this rotation is different than ewpected with a greater proportion
oceurring over the mid-chord regicn., With more root rotation than
expected Jt follows that less of the aprlied deflection will occur
under actusl fin bending and this shows in the elastic curves of
the spars, the curvature of the exrperimentsl line being less than
celculeted. Although strain measurements are of the seme order es
those expected in the root region, the fact that the amount of actual
fin bending is less and that the aprlied load is only 66% of that
predicted mekes this seem illogical, Suspicions aroused by this
situstion are verified by & condition illustrated by curve "a" of
Figure 14. This shows that the wing skin panels were carrying bend-
ing end locd to a value of only 55% of that assumed in the fully
effective condition assumed in the calculations. Assuming a similar
situation existing in the fin skins near the root it can be concluded
that strain gsuge readings taken at spar positicns were recording
peek strains while the mean strein velue over a panel (spar-skin-
sper) would be but 55% of this velue.
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Effect of Shear Diaphragms (Continued)

expected type of distribution rather then pesking at spar positions.
Deflected shape and strain distribution of the fin are given in
Figures 15 and 16 and for reasonably good strain and deflection
agreement it is seen that 80% of the celculated load is required.
Root rotations being once more excessive could account for the lower
load required to obtain "reference deflection". The distribution

of root rotstion, however, has definitely been corrected by the addi-
tion of diaphragms which indicates that the root box is now acting

as a stiff torsion box and distributing the root restraint effects

as theoretically determined.

A comparison of strains in the root region is shown in Figure 283,
these being plotted on an equal load basis which minimizes the effect
of the excessive root rotation exrerienced on test. The curves show
reccrded strains within six percent of those celculated which could
indicate a small amount of shear lag still existing in the fin skins.
This is substantisted by curves of figure 31 which shors the sparwise
strain distribution over the whole ribwise length at rib number 4.

Twist of Fin

It is very noticeable in results that the experimental fin shows
appreciably less twist than culculuted deflections would indicete.
As well, more chordwise bending occurs in the outboard ribs under
loading case I on the experimental fin. The chordwise distortion
is in the sense that the tension face goes concave and of course is
due to the Poisson's ratio effect which has not been included in the
theoretical anulysis.

Reasons for the difference in fin twist are less immediately
evident., An obvious factor, the difference in modulus of rigidity
relationship to modulus of elasticity for model and full sceale can
heve an effect in the opposite sense to that observed but only a
very minor effect. Although it has been assumed that the ratio of
G for the full scale sircraft to G for the model is the seme as the
ratio of E, the error implied even in the extreme case of pure shear

is but
AT T
(/ ¥ . ! x 100 = 7 percent
1+ up

\-\

for py = .39 and Hp = .30, An aprrecisble portion of the observed
trist of a highly swept structure comes from bending along the
flexural exis resulting in the trailing edge at any cherd line
deflecting further than the lezding edge of the same chord. A
greater stiffness in bending of the experimental fin could there-
fore account for scme of the difference in twist. The greatest
contributor, however, would be simply a greater torsional stiffness
in the experimental fin than calculated.
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Twist of Pin (Continued)

A great deal of this effect could be due to the additional
sparwise shear webs which were added to the model to make the
skins between the main spars fully effective as assumed in the
theoretical work. The calculations were done with spars 1, 3,
5 and 7 while spars 2, 4, and 6 are additional. See Figure 4.

In pure torsion on a typical outboard cross=-section it can
be shown that the torsional stiffness of a 8ix cell box of these
dimensions would be about 5 percent greater than that of a three
cell box. )

~

The deflection pictures show that the experimental fin has
-appreciably less curvature (greater stiffness) over the inboard
region than the theoretical fin. While sufficient .experimental
or theoretical points are not available to show the’exact dif-
ference, it is logical that for less root rotation yet greater .
deflections outboard, the theoretical analysis must imply greater
bending curvature in the first few spanwise bays. Figure 17 shows
the effect much exaggerated. This effect is more pronounced aft
than forward.

CALCULATED

COWE ) tyeeaL
Fie. 17 EXP. CURVE

The additional spar webs as expected have but a slight effect
on the flexural stiffness of the outboard fin. 4s the root region
is approached and the flexural axis bends in to become more normal
to the root chord, it is very probable that the additional spars
have quite a part in integrating the "cross-bending" effect of the
ribs into the overall bending stiffness of the section. Through
virtue of their greater depth in this region, they will elso contri-
bute an increased amount to the sparwise stiffness.
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V-Struts

The addition of V-struts has very little, if any, effect on
the deflected shape and strain pattern in the fin, the effects
being confined locally to the strut positions themselves. Figure
22 shows the strain distribution and root rotation for all struts
fixed and it is seen from the root rotation that a considerable
local twist occurs between each strut position., This effect is
shown graphically in Figure 30 wherein the influence of each indi-
vidual strut is compsred with the no strut rotation. It is seen
that for equal tip deflecctions each strut has the effect of reduc-
ing s8lightly the whole rotation and loecally reducing it by 30-40
per cent at the strut position, The rotation as a whole, however,
is still aprreciably more than that calculated for a no strut con-
dition and therefore to compare root strains once more they are
plotted on an equal load basis in Figures 2% and 29. Figure 28
showing a comparison of all~struts with no-struts which represents
about a 2]1% increase in strain above the calculated vslues for
no-struts and about 15% over the recorded no=-strut values, The
effect at each strut position of fixing one strut only is shown
in Figure 29,

. The sparwise strain distribution just outbosrd of rib No. 4

is shown in Figure 31, Under various struts fixed conditions there
was no indication in the forward portion of the rib of any real
differences in strzin, the variations in each case having no order
about them and being the normal experimental scatter. A typical
distribution is plotted for comparison with calculated velues.

Near the trailinz edge an attempt 1s made to differentiate between
the various cases but the only definite point made 1s that for

g1l strutd" and "strut H only" s higher value of strain is recorded,
than for other conditions. Rather than & gradual increase in
strain from spar 5 to spar 7 as indicated In the calculations

the strains remain fairly constant until beyond rib 6 and peak
suddenly at the rear spar. Vslues of strain at the leading edye
are higher, the overall indication being a behaviour in accordance
with normal bending theory except for the high concentration over
a small region at the trailing edge. A slight shear lag effect

i8 noticeable over the skin panels.

Figure 32 shows the sparwise strain distribution over the
wing upper surface plotted along a chordwise line adjacent to
the fin root., The "no struts connected” curve shows the expected
distribution with a peak near the reatr spar decreasing regularly
to almost zero or a small negative value at the forward end. Due
to magnitude of strains in the region forward of spar B, the
accuracy in this region is werv doubtful, and a very erratic
behaviour was recorded. Definite reversals of stress were recorded,
however, in the no struts connected cese,at the forward end.
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V-Struts (Continued)

Due to the positioning of strain gauges an interesting pheno-
menon was observed when each of the Ve-struts was made effective
which illustrates the very local effect of the struts. It can
be seen in Figures 32 and 33 that at each fixed strut locationm,
a complete reversal of strain of fairly high value was recorded.
The strain gauge concerned being very close to the intersection
point of strut and wing, the reversal could only be due to the
applicstion of a normal load to the very thin stiffened plate
(which the wing actually is) and which is already in a state of
tension over the upper skin in this region. Local islands of
compression stress form at each strut attachment point as that
strut is made effective by fixing its lower end. These concen-
trations indicate a reversal of stress of a value at least as
high a3 the normal tension stress existing in the skin!

Point losds

Figures 34 to 36 show the effects of loads applied at a
free edge and at an internal point and the comperison with cal-
culated values. Calculated deflecticns and root rotations are
given for the same 'fixed deflection' as was applied experiment-
ally whereas strains are plotted for the load which was applied
experimentally, enabling the strains to be compared on an equal
basis without the distorting effect of the excessive root rota-
tion. Strain pattern for both cases is in good agreement although
numerically, case II is much better, with both cases indicating
a higher pesk struain at the root rib trailing edge than predicted.
The deflection shows as in previous cases the evidence of greater
stiffness in the experimental fin.
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PLASTIC MODELS FIN (t/c = 3.0%)

CONCLUSIONS

A multiweb fin structure mounted on a base simulating & por-
tion of wing, has been tested under several conditions and with
progressive modifications incorporated as the test proceeded.
Conclusions reached as a result of observations of these tests
ere as follows:=

l. The method involved is a satisfactory means of simulating

a set of losding conditions on a structure snd experiment-
ally determining the defle~ted shape and strain pattern., The
accuracy is completely dependent on the care taken throughout the
design, manufacture and testing of the model and if dimensjional
relationships, joint rigidities and the test set-up are good,
extremely accurate results are available., The "fixed deflection”
method guaranteeas good deflectien relationships while strain-load-
deflection agreement 1s very sensitive to atmoshperic conditions
and to treetment of strain gauges., It 1s felt that greater con-
sistency of values can be obtained rhen greater control over ambient
conditions is possible., The usefulness of quentitative results
will also be much enlarged when more comprehensive data on varia-
tion of Xylonite mechanicel properties with temperature and humidity
are obtained.

2 Shear diaphragms in the root box of the model were very
important to develop the proper load distributicon over the

root region. Without diaphragms concentrations result at spar

positions &nd considerable shear lag develops in both the fin and

wing skin panels. The diaphrugms integrate the root box into a

complete chordwise structure transferring load elong its entire

length rather than allowing the spars to act virtually independently.

3. With diaphragms, the experimental results verify quite well
the calculeted values of strain pattern when the effect of
excessive root rotation is eliminated by comparison on an equal
load basis. Strains in the rib 4 region indicate a small amount
of shear lag existing in the fin skins and possibly a sharper
peak at the resr spar due to root restraint effect than expected.

b The V-struts have a verv pronounced local effect causing

some 20% increase in sparwise axial strain at the spar posi-
tions where struts ere fixed, The root box is seen to twist
locally in between each strut positicn as is shown by the root
rotation recorded (Figure 40). The balance of the fin away from
the strut locality behaves in the same manner as the no-strut
condition indicating further the extremely local effects of the
struts., A very concentrated reversal of strain occurs at each
strut connection point where the axial load from the strut is
aprlied as a normal losd to the thin wing structure. The indi-
caticn is that this reversal could be & sericus condition as the
value cf the recorded reverssl of strain was greater than the
normal strain existing in that region and the strain recorded was
not necessarily the peesk value.
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Conclusicns (Continued)

5. The point load cases show egreement of strain pattern in the
instance of a load spplied on the rear spar, however, a higher

peak strain occurs at the root rib trailing edie than celculsted.

The case of an internal load while showing fair ayreement along

the spar to which the load was applied indicated higher strains

at other spur positions, as well &s a slightly higher root rib

trailing edge strain, ! »

6N The deflected shape of the fin generally showed less twist
than theoretically implied. It is shown that this is due

to a greater torsional stiffness of the model and possibly a

greater hending stiffness in the root region as is indicated by

less curvature of the model fin elestic curve in tris area., Rib-

wise distortion due to Poisson's retioc effect is evident in the

model deflection,

7. Roct rotation in all cases was excessive fer the model fin,
This is rrobebly due to the ineffectiveness of wing base
skins in contributing to the stiffness of the foundation beams -

in bending, particularly towards the aft end where due to the
thin gection, the aspect retio of & cross-secticnal cell becomes
evtremely high, It is felt that additicnal spenwise shear wehs,
say, continuations of the diaphragrs installed in the root box
would be necessary to reduce the roct rotation to those vealues
expected.
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PLASTIC MODELS FIN (t/c = 3.0%)

APPENDIX A
Calculated Loadings and Deflection

Tables of loads and deflection taken from Inter-Departmental
Memorandum No. 3805/31/J "Test on =105 Plastic Model for Strength
Investigation" are presented below. Deflections are determined by
using the Zgp (deflection) metrix provided by the Stress Office and
using the relevant structural perameters for the reduction to the
model.

LOADING CASE
11 TIT

| DEFIN, | DEFLN, L0AD DEFLA,

LOAD

it

(@]

35.5 in.1b.

108.0 in.lb.

88,0 in.1b,

19.0 in.1b.
1.25 in.1b.,
1.75 1b. = .6388
9.65 1b. 6639 !
7.90 1b. | .6842 |
5210 b REE2N
3,05 in.1b.
1,07 1b. .3785 |

<93 1b. | 4253
<99 1b. | 4587

4,02 1b.  © .4933
2,45
1228 dhe #2151
1.23 1b, | ,2229
1.34 1b. | 2668 |
4.7 1b. | .3040
1.52 1b. | L0777
1.68 i .1250
5.31 L .1599
1,91 1b. | L0397
5,63 1b. |

5.42 1b,

oo o ol

.1582
1595
+1536
£1552

ik
2
3
4
5
6
7
8

O

Qe 0O e 000 6 O

—
O
]
o3
=
o

1043
L1134 |
.1123
.1153

$a
b

—

[0

« 0454
0636
0692
L0746
L0231 |
0334 |
.0393
.0108
L0145
0029

—
D00 OO0 0 00 00000 O0Co Do o

8 D OO O O o OO O 60 6 O

61.44 1b. 18.10 1b. ‘ 18,10 1b.
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Strains

The calculated strains for cases considered are given below.
The matrix used in the calculation of these streins is given in
Stress Office Report 7/0510/1. The numbering code refers to strain
gpauge position. Streins ure for total load indicated.

L0ASD IE NG CHA\SE

| STRAIN 4 STRAIN L O ASDELEN GAVERASRS E

| GAUGE | I IIT | CGAUGE 1 11 111

38 70 23 ) | 1230 252 | 258
24 ) ‘
25
26
27
28

<7

30

3]
32
33
34
35
36
37
38
39
40
41
42
43

1
z;z.i

TOTAL X N
44 Ib| 18,10 Ib} 19,10 Ib
B0 | ]

Strains - Micro-Inches per Inch
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C-105 A.P. Sentance
PLASTIC MODELS CFIN (t/e = 3.02)

Rotations at Poct

The rotations at the root (foundation beams), are less clearly
defined and can he approximeted theoreticslly by at least three
different approaches. Two of these aprrceches invelve first the
calculation of the foundaticn beem strecsses, and then the reduction
of these stresses to moments. The rotaticn is then ohtained by
either using the notion of a concentrated moment acting on a beam,
or two egqual and opposite forces seperated by the aprropriate fin
thickness at the root. A third method is to note that the ribs
seem to be subject to very liutle defcrmation, hence, the rotaticn
of those ribs connected to the foundation beums will give approxi-~
mately the rotation of the respective beams. A comperiscn of the
results using all of these methods is given below.
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In general, it is not considered that the above vslues for root
rotation are necessarily accurate, in that they were derived as
noted from foundation beam stresses presented in Stress Report
7/0510/1 from which the following remsrks are taken.
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=105 _ i A.P. Sentance
PLASTIC M(DELS FIN (t/c = 3.0¢)

Rotations at Root (Continued)

"The result of the analvais of the present paper points out
c¢~nclusively that the representation of the conditions at the root
by means of uncomnected foundation bheams 1s not accurate and can
be mislezding in some cases. The correct met)od of treating the
supporting structure is in providing torsion member:; between beams.!
This would imply new redundant quantities in the analysis and it
is explained that, "no exact boundary condition should be considered
unless a more rigorous analysis is extended over = part of the
supporting structure."

Therefore, the upproximate boundary conditions used rroduce
values of foundation beam stresses "the indiscriminzte use of which
is not recommended".







