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The purpose of this study was to conduct a model
study of a folded plate roof in order to determine the
feasability of using model studies as a method of design.
Dimensional analysis was used to derive prediction equa-
tions for determining the stresses in two prototype
structures, when the stresses in the model were known,

One model and two prototype f£fclded plate roofs were
constructed of plexiglas. SR-4 strain gages were attached
to the stuctures and strain readings talen as a uniform
vertical load was applied in incremenis. From the strains
the sitresses at various points in the folded plates were
coimputed,

The analytical, predicted, and experimental stresses
were compared for the two prototypes. It was found that
the predicted and expeirimental stress values agreed
within 13% at the center of the roof, bul near the bound-
aries of the structure the deviation was nwuch more vari-

able,
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I. INTRCOUCTION

The rapid increase in the use of folded plate roofs
by architects in recent years has presented the structural
engineer with a definite problem in design and analysis.
liany analytical approaches have been made, resulting in
varied degrees of sucess. The method investigated in
this study is the use of a model to design the prototype
structure,

The analytical methods formulated to date usually
have a number of disadvantages which fall into one or
more of the following categpries: inaccurate, complesx,
or nonversatile,

Some of the methods are in error in general, while
others may insure an accurate analysis at one location
in the structure but not at another. The approach con-
sidering the folded plate as a simple beam is not dif-
ficult, but its use seldom results iIn giving the true
picture of the stresses in the plate, mainly because
it disregards too many factors., On the other hand, the

method presented by Born (1) appears to be within engi-
neering accuracy in the central rezion of the roof, but
iz in considerable error near the boundaries of the
structure,

Most methods employed require considerable time in

their solution, either because they are complex in nature



or because they involve an iterative process. Several
approaches, such as the one based on the nininum energy
principle (2), necessitate knowledge above that with
which an averare graduate civil encineer would be familiar.,
lien the computations, which are sometimes quite rigorous,
have been conpleted, the designeir may not be much better
off than if he had used the simple beam approach,

The author feels the greatest disadvantage of most
analytical methods is their lack of generality or vers-
atility. Some solutions either break. down near the sup-
ports or must be altered if the plate is anything other
than simply supported. Others become difficult or im-
possible to use if the load is not uniform and symmetri-
cal, One may find a method which works well for a parti-
cular folded plate, but does not necessarily wozrl: for a
plate of a different shape,

The disadvantages of the analytical methods out-
lined in the previous paracraphs are the main reasons
it is felt a model study would be of great asaistance
in designing folded plates. In reviewing literature
1t was found that very little work has been done using
rnodels, other than a study by lonald 3. Shaeffer (3),
and that was for a hyperbolic paraboloid. A large num-
of model studies wevye made only to ciheck an analytical

approach, and not to predict a prototype structure.



A nodel study appears to be the most accurate
approach presently available, In addition, savings in

materials and design time are possible,



II. DIMENSIONAL ANALYSIS AND SIMILITUDE

A, Introduction

Through the use of dimensional analysis and simil-
itude (4) the author will develop a model of a folded
plate roof structure and predict the stress behavior of
two prototypes. The shape of the folded plate chosen
for this research is shown in Figure 1, and is selected
because of its popularity as a roof and for its simplic-
ity of construction., Tests on any other folded plate

could be made in a2 similar manner.

B, Pi tems

Listed below are the variables which are factors
in determining the stress at any point in a simply

supported folded plate as shown in Figure 1.

Variable Symbol Basic dimension
height of edge plate a L (length)
height of folded plate h L
width of two plates d L
length of plate s L
thickness of plate t L
longitudinal dist. to "N' x L
transverse dist. to "N y L
any distance A L
uniform load q FL? (F=force)
distance from neutral axis c L



Variable Symbol Basic dimension
. -2
stress at any point "N" o FL

Using these variable two sets of pi terms (dimen-
sionless quantities) were developed. This was neces-
sary to arrive at separate prediction factors for stresses
at the transverse center line and emds of the folded
plate. It was assumed that all stresses at center span
were due to moment only and those at the end were the
result of shear only.

For the stresses at mid span it can be said

0"—';( q, s, ¢, I, A)

or 1 = Co% q% 5% c® Mg A% vwhere C, is a constant
and ¢, through cg are exponents of the variables. Put-

ting the variables in terms of their dimensions,
0 = C.(FL2)%, (FT2)%, 1% 1°4 s 1Ce,

Equating exponents of '"L' on both sides of the
equations,
O = =2¢C, = 2C, + C, % Co+ 4Cc+ Cy,
and for "F'", 0 = c,+ Cy.
Let ¢,= 1, c,= cg®» c,= O,
Therefore c,= -1, ¢,= O.

This results in 7, = '—i-.

-
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Next, let ¢, through ¢4 = 0 and ¢, = 1,
Then =2¢, -~ 2¢, =0, and ¢, + ¢, = 0,

Solving simultaneously, c, = -1, and 7= .%_ -

Using a similar procedure, the pi terms were devel-

oped for the effect of shear by letting o= f( q, 2, t, 8 ).

Thereforeﬂ;=-§-, 7fz=-—-§—:, 7{,;:-%— .

C. Prediction equations

From elementary mechanics of materials it is known

I
and for the model ©O,= —&%DEQ where the subscript "m'"

m
refers to the parameters of the model. Dividing the

&
that o= MT"_ « Therefore f(—g—, —%4-, -E-) = Asc ’
2

general equation of the prototype by the general equation

of the model,

o A s*c
q I
= 4
2
-7 ~Aafn Co
dm I,
2
and reducj_ng, ..E:- = _ﬁ‘_c_laﬂm .
Om mCml 4
3
I£ q = qm, o = -Zsclllp,
ASmCmI

which is the prediction equation for stresses at center
span. This equation is also used to predict the stresses
at the quarter points since moment is the predominant
factor there.

It follows that for the prediction equation consid-



ering shear only, —%; =_f(-§—, ‘;7)’ From mechanics of

materials it is known that o= —X—. Therefore

o _ A8 _ 8

T "Xt~ "t the general equation.

Using a procedure similar to that involving moment,
the prediction equation for stresses caused by shear

becomes

o ]
o—.-:.._%im.m,lfq:qm,
m

By imagking use of the above equations and détermining
the stress at various points in the model, it is a simple
matter to predict the stress at corresponding points in

the prototype.

De. Model selection

While it is best to retain a geometric similarity
between model and prototype, it is sometimes necessary
to distort one um: more of the dimensions. In a model
such as the one in this study the most likely wvariable
that would be necessary to distort is the thickness,
since in many cases the model thickness is too small
for practical purposes if the model thickness is to
scale. At other times, materials are not available that
satisfy the scale ratio. The author's reason for dis-
torting the length in one of the prototypes was con=-

vendence, It allowed a second prototype to be constucted

in which to predict stress.



III. EXPERIMENTATION

A, Materials

The material used for the model and prototypes was
an acrylic plastic called plexiglas @. This material
was specified to be satisfactory for a model study if
the stress did not exceed 1000 p.s.i. (5). The main
factor in choosing plexiglas was its good workability
qualities during fabrication.

In order to determine the stresses in the plastic
from the strains produced, Poisson's Ratio and Young's
Modulus were required. Tests to determine these were

made as outlimed in Appendices 1 and 2.

B. Fabrication

The construction involved cutting the plexiglas
to the correct dimensions, fastening the pieces together
to form a folded plate, attaching the strain gages, and
building the loading tree.

Each folded plate was formed by adhering five pieces
of plexiglas using chloroform as an adhesive. Two ad-
jacent strips of plastic were clamped into the desired
position and the chloroform injected between the sur-

faces in contact. The chloroform temporarily dissolved

the plexiglas. Upon rehardening, the result was a bond

nearly as strong as the material itself, Dimensions of
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each structure appear in Table 1.

The ends of each folded plate were recessed 1/8
inch into a diaphragm made of 3/8 inch plexiglas and
firmly glued. This was done to prevent any transverse
spreading of the plates at the ends. At the same time,
this left the plates free to rotate about a transverse
axis at both ends.

The loading system was constructed to enable a
uniform load to be closely approximated. It consisted
of triangular shaped devices made of 1/4 inch plywood
and 1/8 inch diameter bolts (Figure 2). Each triangle
transmitted three point loads of the same magnitude to
the folded plate as shown in Figure 3. Three-sixteenth
inch square rubber pads were glued to the plate's sur-
face under each bolt to help distribute the load and and
stabilize the triangles. To transmit the load to the
triangles, a monolithic plastic line was attached at the
center of gravity of each triangle and passed vertically
through a hole in the roof to a loading tree.

The loading tree consisted of several simple beams
that reduced each 10 or 20 loads to one. This enabled
the folded plate to be loaded with 150 (model and proto-
type II) or 300 (prototype 1) point loads by hanging
three or five weights at the base of the loading tree.
This loading system is pictured in Figures & and 3. The
second prototype (I1) was loaded in a slightly different



Dimensions (inches)

Variable
Model Prototype I| Prototype II1
a 2 2
h 4 4 6
s 30 60 45
8 8 12
t 1/8 1/8 1/8

Table I, Basic dimensions of folded plates

|

. AR

Figure 2.
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Loading triangle
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Figure 4.

Model under load
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Figure 5.

Prototype I under full load
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manner than the other two plates., Instead of the tri-
angles being placed on top of the folded plate, they
were hung below it,Aachieving the same effect (Figure 8).
The strain gages used were SR-4 A-7's and A-l
rosettes. They were glued to the roof structure in the
locations shown in Figure 7. The instrumented portiomn
of the,structure, which amounted to 1/4 of the folded
plate, is shown in Figure 1. 8Since the roof was symmet-
rical, the strains in any other quarter were the same.
It was felt that the small holes in the-plates did not

appreciably effect the strain readings since none of

them were closer than 1 .in¢h  from a gage.
C. Testing

The testing procedure consisted of applying loads
to the roof in increasing increments and recording the
strain readings of each gage at each load. All the gages
were zeroed at the same reading so that balancing could
be accomplished without changing the dial settings on
the Wheatstone bridge for each gage. Because of fhe num-
ber of gages, two bridges and two terminal boxes were
used as shown in Figure 5, One system was used for the
rosette gages and the other for the single gages.

Strain readings were taken approximately ten minutes

after each increment of load was applied (Appendix 1).

THe: Loading increments for the model were 17 grams’/inch2



Figure 6.

Prototype II being tested

16
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to a total load of 110 grams/inch2. Prototype I was
loaded in increments of 9 grams/inch2 to a total load
of 70 grams/inchz. For prototype 1II a maximum of 40
grams/inch? was reached.

In addition to loading the model and prototypes in
increments, they were loaded with a small stabilizing
load and then a large load, and the difference in strain
recorded, This was done to see if the rate of loading
or the size of loading increments had an effect upon the
stress values. It was found that the size of loading
increments had a small effect upon the slope of the

load-strain curves, such as those shown in Figure 8,

18

This was not enough to cause an appreciable error, even if

one folded plate was not loaded with the same increments

as anothere.

During the loading of the structure it was observed

that the plexiglas would creep considerably for several

minutes after a load was applied. This had been expected.
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IvVv. RESULTS

A. Computations

The computations involved consisted of predicting
the stresses in the prototypes through the use of the
equations derived from dimensional analysis, converting
the SR-4 strain readings to the true strains, and using
these strains to determine the actual stresses in the

model and prototypese.

Using the principle of part 1II, the stresses in
the prototypes were predicted. For the locations at

i i i s’c_Ia0;
midspan and quarter polnts the equation, o = -X-Sre-g -m
m>m™>m

. 2z
was used., For prototype I this became 0= £1)€2) S.].-)Sl-éﬁ*g)o—.
P P M AFarazs7) "

The ratio of 1540 to 1287 was used for the ratio of I,
to I because of the variance in the thickness of the plex-

iglas. Therefore U= 4,780,. Working with prototype 11,

o = (1:25)€1.5)_£1.52€127 )5,
@ a)@a.s) is) ?

&= 1.67 'o—m .
For Bbresses near the diaphragm, where shear was

the principle factor, ¥ = “i':';:m'%" was used. For
m

prototype 1 it became &= %ig-&g% = 29m. In the second

protoi:ype the result was @ = ‘ltfg{%gmr- 1.50n.



20

To compare with the predicted stresses, the SR-4
strain gage readings were used to determine the actual
stresses in the model and prototypes. A plot of load
versus strain reading was made for each gage as shown
in Figure 8, Each plot was a straight line and was cor-
rected to zero strain at zero load so that for any load
the corresponding strain could be taken fromithe curve.
This was the apparent strain and will be referred to as
"R,

For the single gage (A-7) it was necessary to
assume that the apparent strain was the actual strain
in the structure at the location of the gage and in the
direction of the gage. In most cases the A-~7 gages were
placed where it was felt there would be little if any
strain perpendicular to the gage's axis.

Knowing that E = v/e , it was a simple matter to
solve for the stress at any A-7 strain location by say-
ing the actual strain, €, = R, With the rosette gages,
to determine the actual strains and stresses was some-
what more involved. The rosette gages were used at
locations where it was not readily apparent in which
direction the principal stresses would be acting. Their
use not only enabled the principal stresses to be cal-
culated, as well as their directions, but allowed the
effect of lateral strain to be considered,

Corrections had to be applied to '"R' to obtain the
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Figure ‘8, Sample load-strain curve for SR-4 gages



actual strain when using the rosette gages. The form-
ulas used were
Ry

€= Ry - R,

where the directions x, 45, and y are shown in the ro-

sette gage sketched below,

The symbol "b'" is a acwnstant for each lot of gages. It
is determined by the gage manufacturer during the calibra-
tion of the gages.

Once the actual strains were known, the strains in
the directions of the principal stresses were calculated

as follows:

where €, , = the principal strains and Jes= 2€45-€E, - €y .

22
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The angle of rotation of the axes of the principal

strains from the x-axis was given by

where a positive value represented counterclockwise

rotation,

With the strding known, the stresses were computed

using
U = --;-?--i(ex"‘)ue)') )
- E
Uy -;--;;z(ﬁ, flex) 4
g = --E__(€e, +ue) , and
) Tt HE)
T, = - ---(ez“‘#el) ]

B. Comparisons

The best way to compare the analytical, predictéd,
and experimental results is through the use of tables
and graphs. The analytical stresses are those obtained
using the method shown in Appendix 3., The experimental
stresses are the actual stresses in the structure as
computed from the strain readings. The predicted stresses
come from the dimensional analysis equations previously |

derived, using the experimental stress in the model as

O

mo
In Pable 11 appear the analytical and experimental



stresses for various locations on the model with a load
of 100 grams/inch?, Table III'compares the analytical,
éredicted, and experimental stresses for prototype I,
while the same is shown for prototype II in Table 1IV.
Figures 9 and 10 give an' indication of how closely
the analytical and predicted stresses agree with the
experimental results. The principal stresses at all the
rosette gage locations were computed for all three

approaches and are shown for prototype II in Figure 11,

24



Gage Direction |Analytical |Experimental
Stress Stress
(p.s.i.) (Pes.i.)

1 45° small +51

3 g o +19

4 pid ~274 -208
9 x +164 +140
10 X -370 -180
11 X +295 +167
2 0 o

2 X 0 0

5 v o +129
5 X +218 +130
6 y 0 =23
6 x +18 -5

7 v 0 +77
7 X -170 -95
12 X -225 -195
12 0 -52
14 0 -50
14 X +216 +130

Table II. Comparison

of Btresses for nmodel

25
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Gage Direction Analytical | Predicted |[Experimental
Stress Stress Stress
(Pes.i. (Peseie) (Pes.is)
1 459 small +102 +138
3 pie 0 +38 +25
4 x ~1096 ~-988 475
9 x +656 +665 +530
10 X ~-14380 -855 -624
11 pLd +1180 +795 +790
12 x -900 -312 -950
12 v 0 -267 -379
14 y 0 small small
14 x +864 +646 +764

Table III., Comparison of 8tresses for prototype 1
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Gage Direction Anaiyt ical| Predicted Expern'mentﬁl:
Stress Stress Stress
(p.s.i.] (pes.i.) (p.sai.)
1 45° snall +77 +80
3 3 0 +29 +59
4 ¥ -411 =343 ~-35380
9 x +246 +234 +226
10 x ~555 “301 ~395
11 X +44.2 +27¢ +550
5 v 0 +217 +384
5 pld +327 +217 +436
12 3 -337 =286 -347
12 v 0 -87 -171
14 v o -84 -192
14 x +324 +228 +231
i

Table IV. Comparison of stresses for prototype II1
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v

1201

90+

Predicted —__ —=— Experimental

=z Analytical

gage location

—

load ( grams/ inch? )
o~
o
i
t

301

-
L ot
R o
-

-
-

4 re
T 4 7

0 110 - 200 300 400 500 600 700

-

Stress ( p.s.i. )

Figure 9, Comparison of amalytical, predicted, and @&xperimental #tresses for prototype I

8¢



1204

O
Qo
i
|

B
L]

¥

Load ( grams/inch? )
N

W

o
v
¥

+

Predicted —=—

-

Gage 12 in Longitudinal Direction

Analytical

a

~=-Experimental

gage location

Il 3 1
v L et A4

0

-4,00

600 -800 -1000

Stress ( p.s.i, )

Figure 9. (Continued)

6C



Losd ( grams/inch? )

120

90 T

60 ¢

e

D

el —
//
/—t——Analyt ical

Gage 11

—=— Prodicted /

Experimental ~—_

B e
L

300 4,00 500 600 700

-
-

Stress ( p.s.i., )

Figure 9, (Continued)



Gage 10 '%
120 T
T
90 T
: 1 Experimental —=
Ko
.'é
) i
é 60
~Z—Predicted —
~ + gage location
§
30T
“2—Analytical
0 -100 -200 ~-300 -400 =500
Stress ( p.s.i. )
Figure 9. (Continued)

1€



Load ( grams/inch® )

Gage 9
120 T
Analytical

90 T
60 1

4 gage location
30 1

} + } } —+ } + —+- + } + +
0 100 200 . 300 400 500 600 700

Stress ( p.s.i., )

Figure 9, (Continued)

49



Gage 14 in Longitudinal Direction
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Predicted
29/,
=286 +228
-171 =192
Experimental
+,68
_________ =347 231

Figure 11, Comparison of Principal Stresses for prototype II
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IV. CONCLUSION

The predicted stresses along the transverse center-
line of the structure were in relatively good agreement
with those found in testing the folded plates, thus in-
dicating bending to be the major contributor to stress
at that location. Near the end diaphragms where shear
predominates, the predicted stresses were small and in
fair azreement with the actual stresses.

At the longitudinal edge of the folded plate, espec-
ially at the quarter point, the greatest disagreement
occurred., The analyticai method gave values 67% greater
than the actual longitudinal stress in the model at the
location of gage 5. The transverse stress was of the
same magnitﬁde where the theoretical method showed it
to be zero. At the same location in prototype II the
transverse-and longitudinal stresses were of similar mag-
nitude, but 33% higher than the analytical and 100% higher
than the prédicted stress in the longitudinal direction.
This indicates that there must be considerable transverse
bending near the :edge which is not accounted for analy-
tically. There is also the possibllity that some twist-
ing of the edge plate takes place.

For the particular folded plates studied, the author
would favor slightly the analytical approach over the

model study as a method for designing. The predicted
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stresses were more accurate in places, but were usually
lowercthan the actual stresses. As stated previously,
neither method wasiin good agreement near the edge.
Sbme of this discrepancy could be due to the material
used for the folded plates.

It is suggested that plexiglas not be used as a
material for model study. Even though it is easy to work
with, it has several disadvantages. Young's Modulus was
measured on several occasions and was found to vary up
to 12% depending upon the humidity. A second problem
is that the material creeps considerably. As it creeps
the "E'" also changes, making it difficult to obtain all
strain readings at the same '"E'", To add to this, the
thickness of the plexiglas sheets varies *12% from the
nominal thickness. A model using welded aluminum plates
is a possibilitye.

Ih this particular model study it has been Shownd
that the analytical approach can be used just as well
and possibly more easily than models. It is the author‘'s
opinion though, that with a folded plate which is not
symmetrical in cross-section, or which is other than
simply supported, the model study is better. Besided:
this, a model study can be a valuable aid in developing
new analytical approaches. By studying a model, the
stress distributiondm a particular plate is apparent,

and from this there is an indication of what action is

taking place.
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APPENDIX 1

The value of E, Young's Modulus, was determined
by testing a cantilever beam of plexiglas taken from
the same sheet as the material for the folded plates.
The beam was approximately 1/2 inch by 1/8 inch, and
had lengths of 6, 8, and 9 inches.

The beam was loaded at the end, as shown in Figure
12, and the deflections at the end recorded as increas-
ing load was applied. A typical load-deflection curve
is presented in Figure 13,

Plexiglas has the characteristic of creeping for
several minutes after it is subjected to a load. lNorris
and Wilbur (6) have found that as the plexiglas creeps,
Young's Modulus also changes until creep stops. Further-
more, they state that E will be the same for any load
once the creep ceases. It is for this reason that there
was a ten minute lapse after each load was applied be-
fore the deflection was read,

Using the load-deflection curve (Figure 13) and the
following procedure, the value of Young's lodulus was

calculated as 421,000 p. s. i.

§ e L
%
N N
C _— ~
8 T /
- T
(4 Rt
- -
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PL>
= esFe- and
N~ 381 °
solving for "E": E = __BLZ__ .
38yEL

where -f- can be obtained from Figure 13,
N

P load applied

length of cantilever beam

5}= deflection at point "N"

I = moment of inertia

44
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Figure 12.

-
.
= L *‘1
: | —
EL \ N7/ \\\77
—EY Plexiglas
7' Applied load

Cross-section

i
7777 ) e

.,.{ Width | {

Laboratory set up for determining "E"

sy



46

80 +

70 4+

60 +

20t

+

t
.1 «2 .3 A

Deflection ( inches )

Figure 13,

Load-deflection curve for plexiglas beam



APPENDIX 2

The value of &, Poisson's Ratio, was determined
by testing a rectangular column of plexiglas in tension.
The column was approximately 1/2 inch by 1/8 inch, and
20 inches in length.

The columm was loaded as shown in Figure 1l4. With
increasing increments of load, the lateral and longi-
tudinal strains were recorded. Figure 15 shows a typ-
ical lateral-longitudinal strain curve.

Knowing that Poisson's Ratio is the laterall strain
| divided by the longitudinal strain (€ja¢/ /elong.)v it
is apparent that the slope of the curve &f Figure 15
is p. |

The average value 5634 for this specimen of plex-

iglas was 0.877.
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Figure 14,

Testing for Poisson's Ratio
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Figure 15, Latsral-longitudinal strain curve
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APPENDIX 3

The analytical method employed to compute the stress-
es in the folded plates was the one developed by Born (1).
It is a refinement of the bending theory approach and
silves the same results as similar methods developed by
Vliassow (7), Yitzhaki and Reiss (3), Simpson (9), and
others., The calculations for the model with a load of
100 grams/inch? follows.

Folded Plate

side view end view

“\ 11 ~ 7 N 1/
~ v «
X

Rigid end diaphragm’/[
(free to rotate about x-x)

WA
(A

Transverse Cross-section

_ ‘ 5
100 grams/inch
O O O O T s T T D T T S T o e

- D 11 411 e S S— 4Lt
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Elastic Properties of Plates Acting as Deep Beams

(Longitudinal Action)

Ridge | Plate | d t A=4d-t S = td/6 1= Sd/2
in, N, in 2 in.? in 4
0
1 2.83| 1/8 354 .167 «236
1
2 5.66 | 1/8 707 <667 1.890
2
3 5.66| 1/8 «707 .667 1.890
3

First Step: Slab Action (transverse) --- one inch strip

Take a one ibch transverse strip of folded plate
and assume supported as shown below. Use moment dis-
tribution to determine moments at the assumed supports.

100 gramg[inchz

EAREARERENEYEFIAENENERSENEREE!

| SR KNS SUENWE RN Tl LIS

0o 1 3/7 4/7 | o
+200 =133 +l33 -133 +133 F.E.M. (in-gm)
=67
+200 -200

+15_+ % +10
4 +143 Mom. at ridges



Reactions at assumed supports:

200 } 200 200 ;' | 200 200 }|  vue to
load
21.6  2l.c 7.2 7. Du
P— L —_— G{P _ Mo;egg
200 |} 222 178 J}§ 193 2071 Total
grams

.Now assume the reactions are the loads at the
ridges, but in the opposite direction. Break them up
into their components parallel to the plates as siiown.

Artifical Joint DRestraints
5 C AT )

422 gm 4 ff:-li G

HAIR applied as «
load: . X
262 gm V4

SN

P AN ) ‘ -, N\
208 gin A\ 298 gn 203 gn £ A\293 g

52
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Second Step: Plate Action (Longitudinal)

Sum up the precdeding ridge loads for each plate
and assume it is the uniform load acting on the plate.
The uniform~ loads become 298 gm/in. for plate 1,

560 gm./in. for plate 2, and 555 gm./in. for plate 3.
These cause bending stresses as shown below. They
are computed for the center of the folded plate.

Where two adjacent plates join, the stress must
be the same, but, considering bending only,we do not
get this. Therefore, shearing forces YT are assumed
as shnown and solved for later to make tine adgjacent
stresses equal.

B Mo, = -(8940) (30)
S
= 33 g P
Plate 1 33,500 in-gm.
0o = 33,500
/ o {57
"} +443 DeSele ) .
> 7»7-‘) — = 201,000 gm/lnz,
4 ! I é = 443 p.s.io
o.85# 9.85:%
s 2t
18.50# 18.30: Similarly, the
‘Z‘. ~\Z;* stresges at all
Plate 2 = +208 p.s.l. Eginzldges are
t.
2 ’ é§r208 DeS.i
T 7
Y ARSI AT RN SN SAS A AT S RS SR S MATH O O]
560 x 30 = 16,800 gmn.
555 x 30 = 195659 %?;

| MO NN IR RS ACRWN T ERIEA IEWRNNENEED

27 [Flate 5 _%7'-206 DPeS.1}.

=1 +206 p.s.i,

L o

18, 3 18.3+#

S S

N
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Solvinz for T, and 'I‘,_. : Since the shearing force
is the only longitudinal force acting on the plates, the
internal reactions must consist of an axial force and
a moment as shown below.

long 1g_ud1na1<L | Internal ,L.-
external L ] Lﬁ"f

load :{ ireslstance T
— 1 o= Td/2

-

Therefore the stresses at the edges of the plates
can be put in terms of the bending stresses, T,,and T, .

g, = -443 - I T, (2.85/2) = _443 + 5.68 T
« 354 « 167 !
Similarly, ©, = +443 -11.,32 T,
0z, = +208 +5.,60 T, + 2.835 T,
Gap = =208 =2.83 T, - 5.66 T,
Tp, = =206 + 5,66 T,
O, = +206 - 2.83 T,

From the boundary condition that G, =06;, , and 0, =]
solving the equations simultaneously:

T, = 13.1#

rlacing these back into the above equations,

U, = =369 pes.i.
03, » Opp = +295 p.s.i.
%G, =05, = =225 p.s.i.

7, = 216 p.s.i.

Thlrd Taking into account the deflection of
E plat

Assuming a triangular distribution of shear ( maximum
at the end and ~zéra: at center line ) alons the edges
pf the plates, the deflection at the denterline of a
plate is found by the following equation,

e =(0_:..§-§)§L‘3
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Assumed deflections of plates:

&L ~{=e369-.295) (30)z

Tlate 1 £(2.83) (9.6)
= ,%g_ihches
S8 =1 22/1 g
In a similar manner
the deflecitions for
plates 2 and 3 are
found.
&=148.6/%
Plate 2
Plate 3 N

33%7.3/13

Using a graphical solution similar to a Villiot
diagram, the relative deflections of the ridges dre ob-
Lalned Since all the ridges do not settle Lne same
amount, they. cause an additional transverse monent at
each rldde that was not qccounted for previously. This
moment is equal to 6_.IA/L , where A= the differential
settlement of one ridge in respect to another. Using
these moments, a moment distribution was carried out,
but it was found in this case that 1t changedthe orig-
inal moments very little, so it was neglecLed In most
cases itheseé  ccannot e neglected.

On the following paze are the diagrams of plates
1 through 3 with the calculated stress for the end, quarter
point and center line shown, 7These stresses were obtalned
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assuwiing a parabolic moment distribution from zero at the
ends to a maximum at the center, and a triangular shear
distribution with the maximum at the end and zero at the
center,

Calculated stresses in plates: X pPes.i. )

0 i
J- jo () ] i =274 < e = 5G9
Plate 1
= (— _
- -)4{_ -28 —— r‘-—"‘ﬁs
1——;— 38 —rﬁ:) L—_‘;
— ——— i
11 4‘_&,_. 218 —| e 295
1 === 14 =7
1 —— Sl (e
=== | 4 — 7
Plate 2
e e ' —
1 —_tbs — >
== 338 == 19 1
J ” -,“ +‘_—-170 i %—"225
2 ~— e —
> J.‘_“ ' 11 174 ’__} g =225
—'.._-,..—' [{. —_— 2 ot
. Plate 3 |
4 ‘L .*4‘ -5 Ty —— =5
== 38 =L _"
l | __‘__} | > 164 e L 3 216
3

End Quarter point Centerline
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