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AUTHORIZATION

1, The following report was written at the request of
Commander W. P. Roop of the David Taylor Model Basin,

PLAN

2o Dre Le Co Maugh from the University of Michi
: e« Ce 2 Michigan was on a
ten day assignment at the David Taylor Model Basin with the purpose

of demonstrating the Begg's method o : i : :
structures, eg . f analyzing indeterminate elastic

3e Je Ss Brock and He B. Maris from the Naval Research
Laboratory'were_detailed to assist Dr. Maugh in the preparation of
models and obtaining materials and ipstruments for the tests.
F

dia The aircraft carrierlzé;t was selected as a demonst i
was stration
problem, Plans were made for the testing of three different knee

designs made of two different materials, a total of six different
models as shown in Plate 1,

ose

: D The purpose of the plan was to demonstrate the efficiency
and convenience of plastic models for use in elastic studies. The
work of making and assembling the models was therefore a part of the
demonstration.

6 DuPontQiﬂPlastacele, a cellulose acetate, and a Rohm &
Haas Iucite, a methyl-methacrylate, were selected for the model “~
materials. Plastacele was selected because it is tough and easy to
work. Plexiglas, which is much more brittle and therefore much more“
difficult to fabricate, was selected because it is very free from
warping and generally has better elastic properties after the models
are built.

Te G. Y. HcDaniels, the machinist assigned to the work,
remarked when he got the assignment that he should never have heen
assigned to a rush job. He was shop steward, in charge of the cafeteria,
and had several other general duties. He began work the morning of
the third day and spent between four and five dayst time cutting out
the six models. Since this was his first experience with machining
either plastacele or plexiglas it is obvious that better time could be
made with experience, About one day's time was lost by mistakes made
due to inexperience and efforts to speed the work.

8. The cut materials were cemented into the models showvm in
Plate 1 by the laboratory personnel. Experience at the Research
Laboratory has shown that this work can be done better by the shop force

e




h but the ten days! limit to Dr. Maugh's assignment did not permit time
: for training shop personnel in this work.

9 These details of shop work are offered to emphasize the
convenience and economy of plastic models for elastic study.

METHODS OF ANALYSIS (By Dr. Maugh)

i (a) Use of the Reciprocal Theorem

10, The application of the Maxwell-Mchr Reciprocal Theorem
will frequently provide the most convenient method for the determina~
tion of redundant forces, either external or internal in a statically
indeterminate structure. This theorem will be explained in terms of
the problems and models that form the basis of this report. For
instance, the two hinged bent that is shown in Figure A of Plate 2 is
statically indeterminate to the first degree as the horizontal reaction
Hy is a redundant quantity, This quantity can, of course, be calculated
by mathematical methods if assumptions are made in regard to the
deformation of the material. These assumptions are usually not accurate
in regard to the deformation in the material at the corners. To avoid
the necessity of making such assunptions the value of Hy can be
determined experimentally in the following menner:

11, Apply a force H' (Figure B of Plate 2) to the structure,
or rather a small scale model of the structure, so as to cause the
displacements showm by the broken line. Then, by the Reciprocal Theorem,
the work done by the forces in Figure A of Plate 2, acting through
the displacements caused hy the forces in Figure B of Plate 2, is equal
to the work done by the forces in Figure B of Plate 2 acting through
the displacements in Figure A of Plate 2, or

—Ha,[_\w‘f“;?'yi‘a_h'fa*ay3+ e il
or ; i
E?f: __?r_u;__ ’?__gﬂ._, s s
Mow 4 P IR R T @)

. Equation (1) shows that the reaction H. due to any desired
foroelgystem.gén.be oét;ined by measuring the dispiacements“ y.lgnd
4, due to an auxiliary force system H'. The va}uf of the auxi ;iiies
force H' is not involved but it is important that uh? auxiliary g
have no corresponding displacements caused by the actual fi;cezéstn b
is, the right hand side of the equation must ?e zero. On ve o u/\
that have been included in this report, the displacements ¥ . n{ég
were measured with microscopes. The scale of the model.does-nor er
into these results as the ratio £ is independent of dimensions.,
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13. The same procedure can be used for fixed end bents such
as Figure C of Plate 2 provided the proper auxiliary forces are used.
For instance, if the horizontal reaction H_ is to be determined, the
auxiliary forces shown in Figure D of Plate 2 must be used. These
forces mist give a horizontal movement A, and prevent any vertical
motion or rotation. This action is, of co&rse, more difficult to
obtain than in the first case, when the ends were free to rotate.
However, the equations are identical, that is

h ?:..?ja. :’33’; =
g DAL o i @)

1 Now if the model is given a vertical motion at a without
horizontal movement or rotation as in Figure E of Plate 2, the
reciprocal theorem gives

I‘/,;VA‘/ +/?'ff, )’2"71. —/‘:jys;; (?

or

Y 5 ¥ B Ys
w:-ﬁaﬁ+@'ﬁhw#“,“__ 3)

This type of loading was not applied in the tests as will be explained
later,

15 If the model is given a rotation @&, at a without vertical
or horizontal movement, as in Figure F of Plate i, then

M, B, ~ MY L SR P
or
Ao W, & = ==

o= 2e + R - B 3 ()

Equation (4) involves the ratio of a linear displacement and an angle
in radians and, therefore, the scale of the model affects the value.

That is, the moments in the prototype will be n times the moments in the
model where n is the scale ratio of dimensions, This procedure was used

in determining the effects of different types of corners upon the

forces acting on the frame. These tests and results will be described
later,

(b) Use of Known Force Systems on Loaded lModels

16, The determination of external forces by use of the
reciprocal theorem is usually a comparatively simple procedure and, for
the bents described in this report, gives all the information necessary

Ll b d
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for calculating the shears and moments at any section. However,
many structures are more redundant with respect to internal forces
than external and in such cases, although the reciprocal theorem
applies, it is not always easy to use. The stiffness of the
structure cannot be determined except through the measurement of
both forces and displacements. For this reason, the direct applica-
tion of a load P (Figure G of Plate 2) and measurements of the
displacement and rotations at various points may be desirable or
necessary., Often in the analysis of continuous frame structures the
theoretical calculations can be made with greater accuracy if the
constants that relate the internal forces with the displacements are
determined experimentally rather than computed. The measurement of
displacements for any desired loading condition can also be used to
show the relative stiffness of various types of structural details,.

17. All models were tested by applying a concentrated load
P at the center of the span., The value of the displacement A and
the rotations éab and g, Were measured by means of microscopes.
These measurements serve to show the effect of the type of corner
upon the stiffness of the structure. At the same time, the co-
efficients or constants for the members ab and cd can be obtained,
As the value of H is known from the first test, by the reciprocal
theorem, the relation between the end moment 1§, acting on the member
ba and the rotation 4, can be obtained.

/761- = de, fgb = /A/,, a1 Cég’ == :;-/i (5)
: 4

The coefficients for members bc camnot be determined by this type of
loading as the moment Mbc mist be expressed in the form

’/7!)(1 = Cf 9(, ¥ C;-E. é)Q # /Zf'éa (6)

However, if the type of loading showm in Figure H of Plate 2 is used,
then the coefficients for member bc can be determined.

24
oo = C, 84 + €, b= Ao b = e

(7)
s

1

CoB, +Colly= M i = (Pt ) 1

18. The values of {- and C. can be obtained as the quantities
H, and Hd were obtained in %he firgt test.

19. In the models that were tested, direct loads (poth
vertical and horizontal) were used to test the relative stiffness of
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3 various types of corners rather Toan Yoe deternination of co-

lf efficients. Tn geoeral Toe value of coelficients Lor strocioural
P\ memhers can be obtained betker Wy Lests on seperate nodels of e

various members. The type of loading shovm in Figure ® of Plate 2
was not used in the tests.

204 The interpretation or use of displacement measurements
that are obtained from the application of loads to small scale models
in predicting the relative stiffness of large scale structures should

be made with considerable judgment and care. That part of the displace-

ment that is produced by general elastic deformation in the various
members when adjusted by the scale ratio can, of course, be used

without question. However, any local deformation in a zone that under-

coes stress beyond the elastic range may not cause displacement for
different scale ratios in the same degree as the elastic action. Some
difference could be caused, of course, by the difference in local
effect as at a sharp corner in small scale models. However, for the
models tested, certain results that will be given later are definite
while some must be used with caution. A corcllary of the above
statements would be that the avoidance of local concentrations by more
gradual transition of cross-section produces more consistent and
predictable elastic displacements.

MODELS STUDIED

21, Photographs of the six models studied are shown in Plate
1. For the plastacele models on the left ,073 inch. sheet was used
for the web and .104 thickness strip for the flanges. TFor the lucite
models on the right ,060 inch sheet was used for the web and ,080
thickness strips for the flanges. The flanges were 0.8 inch wide, the
legs were 2.25 inches on the outside and the main beam 3.19 inches on
the outside. The overall length was 42,25 inches. The depth from the
top of the bent to_the point of support was 13.25 inches. Youngs
modulus _is 2.191105 pounds per square inch for plastacele and
3.863105 for lucite, The plastacele was cemented with acetone and the

ldcite with methyl-ethyl-ketone, The acetone was used for the plastacele

because it is quick setting and easy to work with. Acetic acid will
make a stronger joint but it is slower in hardening. The stiffeners
shown in all models were made from the web material.

22, Plate & shows the general layout of model 1-3 on the work
table ready for the tests. The two legs were held by pivots at the
centers of each leg and 13.25 inches on the axis of the leg from the
top line of the bent. The model is. held free from friction with the
table by ball bearings placed in small retaining cups.

23, The shacﬂég1for carrying the central load is seen near
the center of the span and in line with it is the ball bearing pulley
for directing the loading line. Plate 10 shows the model with the

&b ou




center load applied and the reading microscope in position for reading
the central deflection. It is to be noted that in Plate 10 the

center span load is applied while the pivoted end supports are clamped
to prevent rotation.

e The pivot on the left in Plate & was designed as fixed
while the pivot on the right was adjustable for the different types of
displacement measurements. Plate 9 shows the detailed arrangement of
the adjustable pivot. A brass collar a was forced into the celluloid

"base of the leg for a pressure fit to minimize play, This brass collar

fit over the steel pivot b for a very neat fit, less than .00l inches
play. The pivot was soldered to a flat bar ¢ which was held in guides
d on either side to prevent rotation or axial displacement while allow-
ing normal displacement. The bar ¢ carried two spacing blocks g, see
also Plate 8, Vedges f between d and g held pivot b rigidly in place.
Opposite wedges f spacing blocks g held the pivot accurately in any
desired predetermined position. Changes in the spacing blocks gave the
pivot any desired shift.

25, This use of spacing blocks between fixed shoulders, one
fixed to the table d, and the other fixed to the pivot g, proved very
satisfactory. It was found possible to return the pivot to any desired
position with an accuracy of + .00L inch,

26, Rotations of the bent leg about pivot b were either
measured or prevented by bar h which was securely bolted to the base
of the leg as shown. The distance from the center of pivot b to a
dot on target i measured the radius of rotation while normal displace-
ment of the dot with changes of the spacers g gave the amount of
rotation, A similar bar on the left leg of the bent (see Plate 8)
was free to move for hinged joint measurements but was rigidly attached
to the table for the fixed end experiments.

27. Plate 10 shows model 13 arranged for the measurement of
normal displacement with a known load on the center of the span. In
this figure the ends of the bent are fixed,

28, Plate 11 shows the same model loaded with a tangential
load in line with the top of the bent to simulate the load in a bent
resulting from rolling of the ship. In this figure as in Plate 10 the
joints are fixed. .

29 Plate 12 shows model I3 arranged for measurement of kyee
rotation with a known load on the center of the span., Pointer k is
mounted on block m which is rigidly attached to the web on the center
line of the knee. Tangential movement of two targets on either end
of pointer k are read by the two microscopes. The difference of the two
readings measures the rotation.




HMEASURTIENTS 1ADE

30. Tables 1-9 show in reduced form the data which were taken.
The following tests were made on the various models.

31. (A) One leg of the models was given a fixed displacement
as shom in Plate 11 and the following measurements were made: The
displacements of the stations as shown in Plate 8 were noted for both
hinged (Table 1) and fixed (Table 5) end conditions, Also the corner
rotation (Table 6) was measured (Plate 12) for fixed ends, Both
displacements and rotations were measured by traveling microscopes
as described previcusly. Readings were taken to 0.0001 inch. Repeat
Settings were made until the values of displacements checked to less
than 0,001 inch. The displacement of the leg was obtained by moving it
first to one side of the neutral position and then to the other., In
‘this manner comparatively large displacements were obtained with
comparatively low values of stress. This reduced errors due %o creep
to a minimum, The tables show the displacements and rotations due to
a unit displacement of the leg, that is, all displacements were
divided by the distance through which the zero station moved,

32. (B) Vertical loads of 5, 15 and 35 pounds were applied at
the midspan of the various models and the corresponding midspan
deflections was measured for both hinged (Table 2) and fixed (Table 7)
ends, Also the corner rotations were noted for hinged ends (Table 3)

for the same type of load. These displacements and rotations are given
in inches and radians respectively.

33. (C) Lateral loads of 5 and 10 pounds were applied and the
side sway of the bent models was measured (Table 4). Due to the
Stiffness of the plexiglas models, loads of 20 pounds were applied in
the case of fixed ends in order to obtain large deflections,

34, (D) One leg of the models was given a fixed rotation and
the displacements of the various stations were measured for both hinged
(Table 8) and fixed (Teble 9) ends. The figures shown in these tables
are the displacements of the various stations due to a rotation of the
leg of one radian or the measured displacement divided by the measured
rotation. These numbers are therefore the (y/8) ratio of Equation 4 and
may be used to calculate end moments. As an illustration suppose one
wants to know, the moment required to prevent the rotation of the hinged
end bent leg due to a single load W acting at Station 6. From Table 8
(y/8) is 1.05, 1447, 1.13, respectively, for models C-1, C-2, and C-3
and the required moments would be 1.05 Wy 147 w, and 1.13 w.

DISCUSSION OF DATA AND CURVES

35, The top of Plate 3 shows the influence lines or elastic
curves for all models having hinged ends with one end subject to a fixed
displacement. It will be clear that the displacements shown are greatly
exaggerated. These curves are derived from the date of Table 1. The

=¥ o
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o for models L-1, 1-2 and 1-3 are 0.275 w,

displacements shown are the ratio of the motion of the point on the

. center line of the bent model to that of the leg They may be used

directly to calculate the horizontal reaction at the base of the bent
due to a load placed anywhere on the bent by equation (1) Thus the

5 horizontal reaction at the base of the model due to a load w placed at
& the midspan would be 0.296 w, 0,319 w and 04334 w for models C-1, C-2

) ¥

and C-3, respectively, as shown by Table 1. The corresponding values
0.300 w, 04340 w, respectively.

36, The curves at the left of Plate 4 show the midspan
deflection as a function of the load at that point for hinged ends,
For the models tested the magnitude of the deflection is a linear
function of the applied load. The deflections for a 35 pound load was
0,1706", 0,1571" and 0,1388" (Table 2) for models C~l, C-2 and C-3,
respectively. Corresponding values for models L-1, L-2 and L-3 was
0.1130m, 0.0999" and 0.0847", respectively. The midspan deflection for
the plastacele model with a square knee was 23% greater than the
corresponding deflection for the plastacele model with a round knee,
The plexiglas models show the same general difference in stiffness.

The difference between the square and round knees in the latter case
was 33 %- »

37. Plate 5 shows the corner rotation of the various models
with hinged ends as a function of the load applied at the center of the
Span. The average value of the corner rotation for model C-1 was
0.00764 radians (Table 3) due to a load of 35 pounds. This is 16% more
than the corresponding value (0.00604 radians) for model C-3 with
round corners. Model L-1 shows a corner rotation of 0,00492 radians
while model 1-3 shows a value of 0,00359 radians. The difference in
this case is 37¢. Thus the midspan deflection and corner rotation show
appreciable differences between the square and round corner knees, In

each case the diagonal knee has shown intermmediate values which are given
and shown in the data and curves respectively,

38, Plate 6 shows the side sway of the bent models due to lateral
loads for both hinged and fixed ends. The side sway for model -1
(0.0694") was twice as much as.for model C-3 (0.,0347") for a load of
10 pounds with hinged ends as shown in Table 4. Hodel L-1 showed 57%
(0.0496") more side sway than model 1-3 (0.0315") for the same conditions
of loading. A lateral load of 10 pounds is equivalent to the lateral
thrust which would be given by a 35 pound load if the bent was sub ject
to a roll of 17°. The side sway for model C-1 (0.0171") was 13% more
than that for model C-3 (0.0151") for a load of 10 pounds with fixed

ends while model L-1 showed 11% (0.0287%") more side sway than model L-3
(0,0258") for a load of 20 pounds,

39. The bottom of Plate 3 shows the influence lines for all
models having fixed ends with one end subject to a fixed displacement.

These curves derived from Table 5 are magnified forms of the elastic
curves of the bent models,




40, The right side of Plate 4 shows the midspan deflection
of the various models as a function of the load applied to the bent
models with fixed ends. The magnitude of these deflections is about
the same as those for the models with hinged ends. Span strength is
therefore affected very little by the anchorage of the legs. This
is not true of the strength of the bent as a whole. The nidspan
deflection of model C-1 (0,1535") was 19% more than that for model c-3

(0s1281%) and the deflection of model L-1 (0.1096") was 31% more than
that for model L-3 (0.,0835%),

41, The maximum fiber stress was calculated at midspan from
the deflection measurements due to a 35 pound load for both hinged
and fixed end conditions and the results of this calculation is shown
- in Table 10, Column 3. For the hinged end condition lodel G-1 showed
a maximum midspan fiber stress of 621 pounds per square inch which was
107 more than for model G-3 (566 #/in®), Model L~1 showed a maximam
fiber stress of 754 #/in? which was 13% more than model L-3 (667 #/in?).
For the fixed end gondition model (-1 showed a maximim midspan fiber
stress of 595 #/in° as compared to 545 £/in? for model C-3. Model
I~1 showed a maximum fiser stress of 744 #/in* which was 12% more than
for model -3 (664 #/in<), Column 4 gives the midspan load that would
be required to produce a maximum fiber stress of 2000 #/in? which is the
assumed allowable working stress for these plastics. These data indicate
that the span strength is increased at least 10%¢ in the change from the
Square 1o round corner. This is not a measure of the strength of the
bent as a whole for ‘the bent would probably fail due to stress concentra-

tion in the web near the kmee, and this would be much greater for the
square knee than for the round one,

42, The top of Plate 7 shows the influence lines for all
models with hinged ends due to a fixed rotation of one of the legs,
The influence lines are the elastic curves derived from Table 8 of the
various models in exagerated form,

43 The bottom of Plate 7 shows the influence lines, derived
from Tsble 9, for all models with fixed ends due to a fixed rotation
of one leg. No data was taken for model C-1. The vertical motion without
horizontal movement or rotation as shown in Figére E of Plate 2 was not
applied in this investigation due to the faet that this is a demonstration
problem. In a problem of this nature all possibilities should be
mentioned but not necessarily exhausted,

IDEALIZED BENTS OR EQUIVALENT TRUSSES

FAAR Plate 13 shows in diagram A and B two trusses designed to
répresent two solutions of the problem of the model aircraft carrier Bent
discussed in the preceding paragraphs. In both diagrams the dimensions
are held within those of the original model. The weight in each case is
equal to that of the original model without the stiffeners. The diagrams
show designs so planned that all members will be subjected to equal stress
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by a normal load applied at the center of the span. The inner angle of
each truss is 3.75 inches down and 3.125 inches in from the corner. This
point is shown by the dotted lines of disgram B to be just inside the
inner angle outline of both models 2 and 3.

45, Diagram A shows one half of an idealized hinged joint
span. The base pivot is the same as with the models tested. A
center span pivot is placed in line with the top of the bent.

46, Diagram B shows one half of a fixed end span, The spread
at the points of support is the same as the spread of the flanges for
the models tested,

47, The purpose of these two truss diagrams is to present a
measure of the efficiency of the bent models tested. Theoretically the
longest member under compression, 2 in each case, would be stable without
lateral support. The cross section of each member is so designed that
all members will be equally stressed by a normal load at the center of the

span and that the total weight of all members will be equal to the total
weight of model 1.

L8, The number above the line in each case gives the load on
the member for one pound normal load at the central span. The number
below the line gives the length of the member. In the legend the second
column gives the ratio of the section area to the section area of 1 and
Column 3 gives the section area in square inches.

49, Plate 13 was added to the report for the purpose of
helping to summarize work previously done on aircraft carrier bents.
Naval Research Laboratory Report H-1644 shows that for the bents tested
mich of the web and part of the flanges carried very little load.
Failure of the bents tested resulted from warping of the inner flange
(Ppe 11). Buream of Standards Report R.P. 1161 confirmed this finding,
The Bureau of Standards circular flange was built up of two angles
rivited together to form the flange., Such a structure has little
Strength to resist warping forces and failure came, as should have
been expected, at a relatively light load. If a knee web is to take
the thrust load of the inner flanges a circular flange is a better
design than any combination of angles because it gives the most uniform
distribution of load from the flange to the web, If a circular flange
is used the ratio of width to thickness should be kept low enough so
that the thrust of the web will not warp the flange.

CONCLUSIONS FOR MOTFLS TESTED

50, Model 3 for both ¢ and L proved superior under test to
either 1 or 2. Table 2 shows that for stiffness under vertical load
3 is superior to 1 and 2 by 28 and 15.5 per cent respgctively. Table
4 shows that for a tangential load these advantages for the hinged
end bent are 79 and 43 per cent respectively. These figures represent

< 15 =




the overall stiffness of the different models., They do not directly
take into account the local high concentration of web stresses which
would be the cause of failure if either 1 or 2 models vere overloaded.

These local stress concentrations would add another factor in favor
of model 3,

9 Diagram A and B of Plate 13 present in simple form the
Teason why the straight flange model of Bureau of Standards Report
ReP. 1224 was superior to the other knees, A straight member is always
the best means of carrying load between o points., The Lukerweld
model gave the best concentration of metal along the different lines
of action of the load. Tt is interesting to note that in both ideal
bents, member 3 carries the greatest load.

52 Diagram A shows that the ideal hinged span support is

roughly 57 per cent stronger than model 3 while diagram B shows that
the ideal fixed end span would be about 144 per cent stronger.

i -




TABLE I
STATION DISPLACEMENTS DUE TO A FIXED LEG DISPLAGEMENT
OF BENT MODELS WITH HINGED ENDS

Model Displace~ Bud 042 £u3 | Ll B2 1.3 |
Station ment

dH 1.000 1.000 1.000 1.000 1.000 1.000
1 P12 fll.  SFE0 3 E95 I
L 491 SI8 Sl 571 Jigs 519
dv 164 1712 B L1858 66 e
L 256 276 306 2h6 269 289
296 319 330 B 300 o
" .261 $28h 311 J268 267 L3207
i L7l sil2 206 G168 169 185
dh 51k 75 Wh90 L.507 LGS0 8L
i .280 75 w283 P76 J6 219

O o OvWiEWwW o O

# dh represents horizontal displacements
dv represents vertical displacements
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e

MIDSPAN DEFLECTION TUE TO VERTICAL LOADS ON
ENT MODILS "ITH HINGED ENDS

Model Model |
Station Load 1 | g -3 L=l L=2 1~3
5 5 0245  .0209 .0192 L0169 .0132 .0111
5 15 0729 0653 «0589 .0496 <0413 +0352
5 35 JA706  L15TT .1388 1130 L0999 L0847 :
L
TABLE 3 ]
]
CORNER ROTATION DUE TO VERTICAL LOADS ON
BENT MODELS WITH HINGED ENDS
Model Model |
Station Load c-1 02 c-3 ; 2 y P L-3
8 5 »00107 .00089 ,00081 ,00046 00049 _
2 »00115 ,00091 ,00081% .00071 ,00033 ,00048 :
8 15 .00322 00269 ,00211 .00157 OOl151 |
2 «00339 .00269 00249 .00207 .00138 00145
8 35 .00760 «00620 L00495 00371 .00368
2 00768 ,00648 00588 ,00489 ,00369 .00349
TABLE 4
SIDE SWAY DUE TO LATERAL LOADS ON BENT
MODELS WITH HINGED ENDS AND FIXED ENDS
Model Model . Displace-
Station Load Gl (3% C~3 L-d L=2 L-3 ment
5 5 <0345 0293 L0105 L0228 ,0152 ,0138 dh
5 10 » 0694 0611 L0347 ,0496 L0349 L0315 dh 1
Fixed Ends - Lateral Load
5 5 .0085 0084 L0074 0067 0054 L0064 dh
5 10 +01T73 0170 0151 0137 0132 L0125 dh
20 — e — c0287 00221 n0258 dh




s TABIE 5

STATION DISPLACEMENTS DUE TO A FIXED LEG
DISPLACEMENT OF BENT MODELS VITH FIXED ENDS

Model Displace-
Station c-1 C=R c-3 L-1 12 L-3 ment

0 1,000 1,000 1,000 1.000 1,000 1.000 dH

 ? «811 818 +820 «788 «820 . 766 dH

2 « 517 o561 «550 «522 «525 «498 dH

3 o246 «259 276 o244, » 222 252 av

4 o374 +416 o 4d5 »380 « 346 « 377 "

5 406 o463 2494 «429 «390 o421 "

6 «361 «420 «428 »382 « 307 «384 "

7 o245 +256 « 274 «255 «210 «233 . |

8 481 o467 o464 o434 483 ol dH

9 «189 « 194 «193 «184 .88 «205 dH

TABLE 6

CORINER ROTATION DUE TO A FIXED LEG DISPLACEMENT
OF BENT MODELS WITH FIXED ENDS

Model

Station C-1 -2 -3 -1 L2 -3

8 no 0471 0428 .0398 0424 .0400

2 data s 0462 ' 0456 . 0420 . ® 04-70 - 0420

TABLE 7 |

MIDSPAN DEFLECTION DUE TO VERTICAL LOADS ON BENT i
MODELS TTITH FIXED ENDS '

Model Model

Station Load c-1 c-2 C=3 L-1 IL—2 I~3

5 5 «0217 L0200 .O171 0153 L0135 .0119
5 15 0659 0627 .0524 .0467 .039% »0355




TABLE 8 | B

RATIO OF STATION DISPLACEMENTS TO A FIXED LEG ROTATION
OF BENT MODELS WITH HINGED ENDS

Model

Statd o C-1 C-2 C-3 L~1 L-2 L-3
0 0 0 0 0 o} 0
1 3,99 5.43 3.87 411 3.92 2.55
2 549 7.06 4.85 5.76 5.10 3430
3 - 0.26 - 0441 - 0.33 - 0.35 - 0.15 - 0.22
& + 0.05 - 0.06 + 0.06 - 0.05 + 0.25 - 0.04
5 + 0445 0.66 0.66 0.41 0.78 0.37
6 1.05 147 1.13 1423 T+13 0.73
7 0.91 1.36 1.03 0.73 0.98 0.74
8 5.21 6.71 L.65 5.52 4 .85 3.46
9 3.26 438 2.98 3.26 3.05 2.56

TABLE 9

RATIO OF STATION DISPLACEMENTS TO A FIXED LEG ROTATION
OF BENT MODELS WITH FIXED ENDS

Model
Station C-1 -2 c-3 L-1 s, E-3 i
0 0 0 0 0 0 |
1 431 3.11 3.19 3.15 2.03
2 4412 3.22 3.61 345 1.90
3 - 043 - 0.34 - 0.30 - 0.41 - 0.02
4 1.19 0.93 0.82 0.94 0.27
5 1.65 1.31 1.16 1.36 0.56
6 2.16 1.55 1.34 1.61 . 0.86
7 1.58 1414 0.99 1423 0.67
8 3.96 2.73 3.84 2.98 1.76
9 1.80 T2 1.39 134 0.88




TABLE 10
MAXTMUM MIDSPAN FIBER STRESS
DUE TO A 35# LOAD ON BENT MODELS
Midspan Vaximm Load to
Deflection Fiber Give a Stres
35# Load Stress of 2000 #/in
HINGED ENDS
«1706m 621 #/in2 113#
«1571 598 117
.1388 566 124
«1130 754 93
.0999 714 98
0847 667 105
+1535 595 118
1522 589 119
#1281 545 128
« 1096 TiL, 94
0890 620 103
Q'R ol 105
TDEAL HINGED 130
IDEAL FIYED 201
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