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The stress distributions in rectangular plates with symmetrical uniform loads over

central portions of two opposite edges are evaluated theoretically.

Results are shown to be

applicable to the stress analysis of a uniaxially loaded plate which is elastically constrained

by an unloaded plate perpendicular to it.
welded assemblies.

This structural configuration is often found in

A comparison of experimental results with theoretical results for a simple welded

structure shows reasonable agreement.

1. Introduction

Following the occurrence of serious structural
failures in welded ships during World War 11,
investigations were undertaken to determine the
cause and possible remedies for these failures. It
was apparent to early investigators that at least part
of the failures in large monolithic structures could be
attributed to the brittle behavior of material com-
monly considered ductile. Experimental studies
[1, 2]' were conducted to confirm this assumption.
The specimens used in these studies, as shown in
figure 1 which is taken from reference [1], represented
interrupted bulkhead intersections in welded tankers.
Information from these and other studies led to
modifications of existing ships and improved design
of new vessels, and resulted in a substantially lower
number of failures [3].

Strain  measurements in these specimens also
revealed the existence of a complex stress distribution
near the intersections of two plates in the test
specimens.  No theoretical analysis was found to
explain the distribution of stresses in the test
specimens. This may be due to the fact that a
rigorous investigation of even a simple monolithic
structure, such as shown in figure 2, in which the base
plate under uniaxial tension is elastically constrained
by two flanges, is a three-dimensional problem with
mixed boundary conditions and is difficult to solve.

However, it is shown herein that the problem of
determining the stress distribution in the structure of
figure 2, consisting of plates whose thickness is small
compared to other dimensions, can be reduced to the
stress problem of a plate loaded over portions of its
boundaries. The latter problem has been adequately
treated in standard texts but numerical results are
available only for the cases of narrow strips under
concentrated loads [4, 5]. This paper gives the nu-
merical results of stresses due to a uniform load over
central portions of two opposite edges of plates of
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various dimensions and indicates how the results may
be used to estimate the stress distribution near the
intersection of two perpendicular thin plates of
arbitrary lengths.

2. Analysis

The simplified welded structure shown in figure 2
:an be considered to be equivalent to the plate shown
in figure 3 since, in these figures, the shaded portions
which correspond to each other have the same re-
straining effect on the respective base plates. The
equivalence of these two problems can be verified as
follows. If the plate shown in figure 3 is thin, the
shaded portions at the ends can be bent through 90
degrees without changing the stress picture. Then
the plate can be cut at the middle along the y-axis.
The continuity effect is replaced by boundary forces
which are equal to p. The two halves of the plate
may then be joined at the bent ends with the shaded
portions in the up and down positions shown in figure
2. Note that the deformations along the bent edges
are compatible because of symmetry and that the
loads p cancel each other when the halves of the plate
are joined. The boundary forces produced by cutting
then become the end forces shown in figure 2; hence
these two figures are equivalent to each other.

The analysis of the plate in figure 3, therefore, will
form the basis of evaluating the stresses in the welded
structure of figure 2.

A direct solution of the problem shown in figure 3
is rather difficult. However, the problem becomes
almost trivial through the use of the superposition
principle. It will be shown in the next few para-
graphs that the problem shown in figure 3 is statically
equivalent to the combination of cases shown in
figure 4b and 4c.

First, it is assumed that the joints between the
shaded and unshaded portions of the plate shown in
figure 3 are cut. A uniform tensile load would pro-
duce rigid body displacements of the shaded portions
of the plate without producing stresses in them.
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Ficure 1.  Dimensions and details of interrupted longitudinal specimens.
Figure 1 of reference [1].
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For the central part of the plate of figure 3, which
is under the unit tensile load p, the stresses and
strains in the transverse direction of the plate
would be:

4
a,=0
and
€§=—v"

E

where

o, =stress in y-direction
e, =strain in y-direction
p=load per unit area
I£=Young’s modulus
v=Poisson’s ratio.

The deformed configuration of the plate is shown
in figure 4a.

To prevent the contraction corresponding to ¢, a
uniformly distributed load ¢ must act along the
edges of the central portion of the plate. See figure
4b. The magnitude of ¢ is then,

g=—Ee,=vp.

Due to the uniform load ¢, the deformations in
the shaded and unshaded portions of the plate are
compatible. The portions of the plate can now be
joined to restore continuity. However, to be con-
sistent with the condition of a free boundary, a
load —¢ must be applied to the edges of the central
portion of the plate to neutralize the edge load ¢
as shown in figure 4¢. It is clear that the effect of
loads p on the structure shown in figure 3 is equiva-
lent to the effect of a system of forces shown in
ficure 4b superimposed on another system of forces

shown in figure 4c.
a
N

Stmple welded structure.

N

Fi1GURE 2.

7

Ficure 3. Structure considered equivalent to welded structure.

3. Theory

In order to determine the stresses in a plate such
as shown in figure 3, use has been made of existing
theoretical work. The expressions for the stresses
in a plate, figure 5, with a symmetrical load distrib~
ution on two of the boundaries representable by a
Fourier cosine series have been developed in texts
on elasticity. See, for example, [6].

I

(a) Contraction of base plate under tensile forces
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(b) Uniform load added to prevent contraction of
part of plate under tensile forces

i
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(c) Uniform lood odded to obtain system of forces
statically equivalent fo original one
Ficure 4. Method of analyzing welded joint.
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Ficure 5.  Dimensions of plate under uniform load q.
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The equations for the stresses are:

mce n mm/ mmy mmwe
_4 / “sinh S sinh S sinh SR
°+Z 24, e ' cos — -
m=1 sinh 2 T—}—Q bl
mme 7n7rc—{—si11 ) mm/_mm/ sinh 7Y G, e
A, = l / 1 /A l l mmx
aU:—rrg—fd 24,, - — e cos —
mel sinh 2 —’*——{—2 i /
l l
A __mlvrc cosh _ﬁ_mzrc sinh %m;ry__mzry h ___'m;rg/ sinh _mzrc -
r—= g 2240 Qn ——— sin =7 )
me sinh 2 —‘”E—}-Q —7r—

where !
a=half length of loaded portion of plate; The coefficient

c=half width of plate; B
[=half length of plate; Aozlf qd. (3)
x, y=coordinates of points in plate, meas- 1) -
ured from the mid-length and
mid-width of the plate, respec- | For o,

tively; e fa 0
m=0,1,2, .. .: el L
Ay, Ay, ete.=Fourier coefficients.
If a normal load ¢ is uniformly distributed over the =0.
central portion 2a of the plate, the Fourier coefli- For
cients for m=1,2,3 . . . o are [7]: 0L oy, 1 [
1 AO:Z qdx
,,l—[— f qco% T e J-a
,1Lf" (7_”7E. mr =
Lomr ) 1 l !
:777(1[# sin ﬂ;rf] For 7., e
T /|
A=+ f 0 dx
2q . mma L)
:”“r Sin —T (2)
- o S =0).
Substituting the values of the coefficients and the equivalent expression 2 sinh 22¢ l € cosh l - er
the equations for the stresses become:
N . 3
© M7C cosh € sinh 2 ) mm/ Y sinh 27 ginh 7Y
2q . mma mwi 1 l l l l
T e S T 9T mc mmwe | mme
m=1 Sinh 2 coah Sore L T
l l l
e \
» [ <mm 0 ) ﬂ-;r_u___mm/ nh 2 T ¢ sinh Y
qa 2q . mmt m7rr l l
o/=—"5—2 — sin —— co
[ msimr mme | mmwc
1 smh c osh ——+——
l l [
o v N
. TC cosh 7 ginh Y _ Y Ginh 2 e € cosh 27
29 mra . mmwr l l [ l l
=2 mm Bl %M mmwe | mwc @
m=1 : th CO h “+——

k l
The above equations were used in computing the stresses in plates for various dimensions and loadings
unless modified as indicated in the following sections.
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4. Computations

The computations for the stresses in plates with
discontinuous loadings were carried out in an TB\I
704 electronic calculator. The dimensions of the
plates and the parts of the plates under uniform
load are given in table 1.

The values of the stresses usmo eq (4) converge
rather slowly; a large number of terms are usually
necessary to assure sufficient accuracy in the results.
Based on hand computation for the stresses at
particular points in the plate, the following procedure
was used to obtain stresses to five decimal places.
At first, the stresses were computed for values of m

m 7r(1
for which 0<~——<27; then the stresses were com-

7717r(l

puted for values of m for which 0<Z——<47 and so on.

. mma . .
Each time the angle = increased by 27, a compari-

son was made between the value of ¢, for this cyele and
the preceding one. If the value of ¢, changed by

was thought that this eriterion was adequate but
in several instances the computation was stopped
before the series had converged. Therefore except
on the boundary, 100 terms in the series were used

L;*Z/)_<1(-,,

o . m \
for all points, aslong as — The computa-

mm(c—1)

tion was stopped if the quantity D became

greater than 16 since the increment in the stresses

mme  mml
For angles —— or Y

l l

greater than 8, the hyperbolic sine was considered
to be equal to the hyperbolic cosine with no de-
tectable error within the limits of accuracy desired.
The terms under the summation sign in eq (4) were
accordingly modified as the summing proceeded to
avoid overflow in the computer when computing
the hyperbolic functions of very large angles.

Along the boundaries, y= ¢, the values of the
stresses showed no signs of convergence, even when
as many as 300 terms were almn, but became

would be essentially zero.

. R o 5 e
0.00001 or less, the computation was stopped. Tt oscillatory.  The equation for ¢, at y=e¢ is from
o o |l eq (4):
C mme n mmwe  mmwe
n > —— cosh? — —}-%1 nh 27 cosh TTC_TTE Gippe 1T |
qa 2q mma mmx l l / l l
oyl - =—5—>, sin —— cos —— —
o [ = Umn l l . . mme mme . mwe
sinh e cosh T—}——l—
\ J
TasrLE 1. Dimensions of plates investigaled and computed maximum and mintmum stresses
1 2 ‘ 3 4 5 6 7 8 ‘ 9 ‘ 16
|
:A | ‘ | S
| Loaded Nonloaded | Loaded length Loaded length | Nonloaded length \ Maximum and minimum
length length of Width of —|— — stresses
Case ‘ of plate, | plate, plate Total length Width Width | R
| 2a | 2(l-a) 2¢ a a l-a
\ | T ° [ ") azlq aulq T2yl
| 0.000 | 0.232
1 100 | 40 20 0.71 5.0 2.0 0. 500 —1.025 | —.040
‘ ' 0. 099 . 230
D 100 30 20 .77 5.0 1.5 . 500 —1.023 —. 049
. 457 0.176 . 260
3 100 20 20 .83 5.0 1.0 —.543 —1.023 —. 047
.265 0.126 . 180
4 100 10 20 .91 5.0 0.5 —.735 —1.038 —. 059
0.023 . 269
5 40 100 20 29 2.0 5.0 +. 500 —1.025 —. 038
0.022 . 269
6 30 110 20 21 1.5 5.5 =+ 500 —1.044 —.038
.492 0.022 . 272
7 20 120 20 14 L0 6.0 —.508 —1.024 —.038
| . 387 0.018 . 288
8 10 130 20 ‘ 07 0.5 6.5 —.613 —1.001 —. 030
This reduces to
o =—qfor0=z=a
y=c
\ g = 2q nmwa mmx
ol =—5— 2 iy T o T 6) | and
T T T e S I ) | a
. _ o =0forasz=!. )
However, from the loading shown on figure 5, y—c
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When the stresses in the y-direction are known, for
example, and those in the z-direction are expressed
by a slowly convergent series, the stresses o, at the
boundary can be computed by making use of the
following relationship [8].
]'i"az/
y=_C. v

:[Ul
[l/=C Y=

The equations for ¢, and o, eq (4), substituted into
q (8) give

(o7 =@,

(8)

-

<y e e
_qa 4g¢ l C
Oy | g
7 l t ,,121 l mre mwe . m 7rc+ Y
! sinh —— cosh ——+——
ly=¢ l l U y=c
9)

The last term is given by eq (7). The series part of
eq (9) is rapidly convergent and only 20 terms were
needed in the summation as long as the value of

mae
—— was less than 9.

l

became greater than 9, the computation was stopped

When the value of *l[“

<— cosh **+§lllh ~> cosh ™ *-7 smh — snlh —]

as any error in not taking more terms in the series
would be insignificant.

5. Correction of Boundary Values

An inspection of the computed values for cases
1 to 4 showed that eq (4) satisfied the boundary
condition that the shearing stresses at the boundary
r= -+ be zero but did not satisly the condition that
the stresses normal to the boundary be zero. The
stress residuals in the z-direction were small for case
1 but became progressively larger as the extent of
the loading approached the boundary of the plate.

For cases 1 and 2, table 1, the distribution of the
stress residuals followed app10\imatol\ a cosine
curve (see the solid curve on fie. 6a and 6b).
For case 3, the distribution of [ the stress residuals
dppl()\lmated a parabola, figure 6c, and for case 4,
a combination of a parabola and cosine curve,
figure 6d. For cases 5 to S where the loading is on
a relatively small area and distant from the plate
boundary, there were no stress residuals in the
z-direction.

To eliminate the stresses o, at z= 4/ for cases 1
and 2 and so satisly the boundary conditions, stresses
were computed by use of the following equations [9],
and added to those previously computed

o,=—2A — os ™
smh +" —
wl % wl
S (‘Osh fcf—smh ™2Y cosh 72— ginh T° smh —
=2A4 57 c € cos™
sinh L—I—Q — ¢
7%/ cosh ol sinh ™ ?—? Y sinh T o (Osh ~=
Tn=24 — ] sin ™, (10)
sinh i +L

where A=—0.017¢ and —0.055¢ for cases 1 and 2,
respectively.

The stress residuals for case 3 approximated a
parabola, figure 6¢.  To satisfy the boundary con-
dition that the stresses in the z-direction be zero
at the boundaries x= 4/, the approximate solution
for the stresses when the forces on the ends are
distributed according to a parabolic law [10] was
used. If, as it is pointed out, the stress function
is in the form of

¢=%Py“’ (1—~—>+(I2—a2) (y*—c»)?
(g tanr? fagy?)  (11)

and the plate is twice as long as it 1s wide, the stress
distribution across the plate at =0 is almost uni-
form. The equations derived for the stresses with

this stress function were used, therefore, to compute
the corrections to the stresses. The equations are:

0,/q=0.374 (1——)+4< 1> (3 ~—1> <0 02986

+0. 04675 —I—O 00683 =5 > —0.2455

0/ q=4 <l-1> (3 ——1>< >(o 02086 -+0.04675 7,

+0.00683 ?’—2)+0.0935 (%—1)
C C

EEN03)
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The last term in the equation for ,/q is a constant
term corresponding to a uniform load.

The equation for the distribution of stresses in
the z-direction at the boundary of the plate z=+!
for case 4, figure 4d, is

3wy
20

—0.53048,
(13)

o2/q

g
—=0.77 (1—F>—o.os cos
1

r==%
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which is a combination of a parabolic distribution
and a cosine distribution. The corresponding
stresses in other regions of the plate were obtained
by superposing the stresses due to the cosine dis-
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tribution on those corresponding to the parabolic
distribution as obtained from solutions similar to
those for cases 1 and 2 and case 3, respectively.
These stresses and those corresponding to a uniform
load, o,/g=—0.53048, were added to the computed
stresses to give essentially zero stress on the bound-
ary at x=-41.



Ratio of distance from = 6. Results
longitudinal ¢ to width, =
————————- 2 Values of the ratios of stress to applied load
. - :; per unit area, o./q, o,/q, and 7,,/g, were computed
—_————— 5 so that the results would be applicable for any
——o—— value of load ¢. In the remainder of the paper,
these ratios will be referred to as stresses.
- [t 0y Oy d Ty
2L Typical plots of the stresses it an o as
corrected are shown in figures 7, 8, and 9. The
maximum and minimum stresses are listed in
. table 1.
<o ) ' } (I The computed values of stresses are given in
tables 2 to 9. These tables are presented in terms
of nondimensional parameters for generality. Since
the stress distribution in the plate is affected only
in the region of load discontinuity, one of the
=-2= ’
-0.5 ) / } } ) . . ) o : :
ARG TR ERR e S R O e raT o ers waed s where (z—a) is the distance
Ratio of distance from boundary of loading to width, X—;a
measured from the point of discontinuity of the
Frcure 9c.  Distribution of 7./ in plate for case 8. oad P 1 flglll‘(‘ 4¢ or flg’lll‘e d.
TaBLE 2. Stresses in plate for case 1 TaBLE 2. Stresses in plate for case 1—Continued
,l nlo:lr.lfwllvgglrl_ly {—{1=2‘0: I>>e ‘ —— — —
Width c ‘ | Corrected
_— == e = —- No.of | zr—qa ‘ Y '\ orrectec
i 704 Results Cor ted lL‘TnlS, z - T T -
/| es S orrectec | |
tlgr",hgf z—a Y !, ] - "o | | ol ‘ aulq T2l a:lq oulq | Tall
| () (v | | [ e — — VIS | S| S —
™o . | Talg | o |
| e it | Talt | odly } ot | Tald 3B | 0 Lo 0 0 0 —0.500 | 0
e B *’**‘*W*‘““/— 44 | | 0.2 0 0.050 | 0 —.500 | 0.050
35 0 0.002 | —1.004 | 0 0.002 | —1.004 | 0 59 -4 0 1030 —. 500 -103
44 0.2 001 | —1.004 | —0.001 001 | —1.004 | —0.001 89 6|0 16210 —- 500 -162
59 .4 0 —1.003 [ —.002 | 0 —1.003 | —.002 100 -8 0 22320 —- 500 - 232
89 .6 | —0.001 | —1.002 | —.002 | —0.001 | —1.002 | —.002 19 | 1.0 {—04 500 0 {—0. 500 {—1.0 | o
100 .8 | —.001 | =1.000 | —.001 | —.001 | —1.000 | —.00L | |77 - 500 -500 110 |
19 1.0 0 —1.0 0 0 -=1.0 0
! 35 0 —.056 0 —.055 | —0.282 | 0
35 0 L008 | —1.012 0 L008 | —1.012 | 0 44 0.2 —. 056 0.035 | —.056 —.272 | 0.035
44 0.2 007 | —1.011 | —0.004 2007 | —1.011 | —0.004 59 -4 | —.055 -066 | —.055 | —.237 - 065
59 .4 L003 | —1.008 | —.007 003 | —1.008 | —.007 89 -6 —.043 (079 | —.044 | —. 168 -079
89 .6 | —.003| —1.005 | —.008 | —.003 | —1.005| —.008 100 -8 - 03 - 042 2035 | —.056 - 041
100 .8 | —.007 | =1.001 | —.005 | —.007 | —1.001 | —.005 19 1.0 0 8791 0 0
19 1.0 | —.008 | —1.0 0 — i || =i,
s 81 -L0 0 35 0.5 | 0 —0.083 0 —0.083 | —0.121 | ©
35 0 .028 | —1.022 0 L028 | —1.022 0 44 0.2 080 0.007 =079 =211 0.007
44 0.2 .023 | —1.021 | —0.011 023 | —1.021 | —0.011 59 -4 | —.064 -007 | —.064 | —.082 -007
59 .4 011 | —1.016 | —.019 011 | —1.016 | —.019 89 -6 —.020 —.007 | —.020 | —.040 | —.008
89 .6 | —.006 | —1.010 | —.021 | —.006 | —1.010 | —.021 100 -8 087 —.028 -087 1 —.005 | —.029
108 .8 | —.025 | —1.003 | —.015 | —.025| —1.003 | —.015 19 1.0 270 0 -269 |0 0
1 1.0 | —.036| —1. 0 —.036 | —1.0
E || =l | =l 35 0 —.081 | —0.029 | 0 —0.080 | —0.030 | 0
35 0 0.064 | —1.012 0 0.064 | —1.012 a 0.2 —.074 024 | —0.010 | —.073 | —.025 | —0.011
44 0.2 057 | —1.012 | —0.016 057 | —1.012 | —0.016 59 4 | —.050 | —.013 | —.023 | —.049 | —.013  —.024
59 .4 033 | —1.012 | —.030 .033 | —1.012 | —.030 89 -6 0 —.001 | —.037 | 0 —.001 | —.038
89 6 | —.008 | —1.010 | —.038 | —.008 | —1.010 | —.038 100 -8 0.082 -003 | —.037 | 0.080 003 | —.038
100 .8 | —.061 | —1.004 | —.031 | —.061 | —1.004 | —.03L 19 1.0 -180 0 -179 0
19 1.0 | —113 | —1. —.113 | —1.
E || =l g HB| U 35 0 —.064 | 0.012| 0 —.061 | 0.011 | 0 .
35 0 L082 | —0.971 0 082 | —0.971 0 44 0.2 —.0'5§3 .013 —0.0‘16 —. 054 .011 | —0.017
44 0.2 074 | —.975 | —0.010 074 | — 9—;-5 —0.010 59 .4 —. 033 .013 —. 030 —‘03_2' 012 —.032
59 4 050 | —.987 | —.023 050 | —.987 | —.023 89 .6 008 .010 | —.038 .007 .011 | —.040
89 6 0 — 900'| —.037 0 —.999 | —.037 100 .8 . 061 .004 | —.031 .058 .006 | —.033
100 .8 | —0.082 | —1.003 | —.037 | —0.082 | —1.003 | —.037 B 1.0 112 0 -109 0
12 b | ol =1 g ot St L 35 L5 | 0 —0.029 | 0.026| 0 —0.020 | 0.024 | 0 s
35 0 L084 | —0.880 0 L084 | —0.880 0 4 . 0.2 —.025 .024 | —0. 019 —.017 .023 | —0.01
44 0.2 080 —. 889 0.007 L080 —. 889 0.007 59 .4 —.011 .019 —. 017 —.009 . 018 —. 022
59 .4 064 | —.918 .007 064 | —.918 .007 89 -6 007 011 | —. 019 004 012 1 —.024
89 .6 020 —. 960 —.007 020 —. 960 —.007 100 L) ()?G . 004 —.014 01§ . 005 —.017
100 .8 | —.088| —.994 | —.028| —.088| —.994 | —.028 19 L0 036 | 0 027 0
e LUB R (Rt 2 it Sl b 35 0 eSO 023 0 0 0.040 | 0
35 0 0.056 | —0.718 0 0.056 0 44 0.2 —.014 . 021 0 0 . 035 0
44 0.2 056 | —.728 | 0.035 .056 0.035 59 -4 | —.005 0161 0 0 02110
50 4 085 | —.763 066 085 | —. 065 89 .6 L005 009 |0 0 L0040
89 ‘6 043 | —. 832 080 043 | — 839 " 079 100 .8 014 003 | 0 0 —.01L | 0
100 .8 | —.035 | —.944 042 | —.036 | —.944 . 041 19 1.0 015 0 0 0 =07 0
19 1.0 | —.380 ! —1.0 0 —.380 | —1.0 0
653930—62— 5 339




TaBLE 3. Stresses in plate for case 2 TABLE 4. Stresses in plate for case’
Unloaded 1ength l —a Unloaded 1ength l—a
Width =L5;1>> ¢ Width 5 B e
No.of| z—a J 704 Results Corrected No. of| z—a o 704 Results Corrected
terms R ° terms, T &
1 2lq ol | Tamle | o:ld ot | Tzla m ailq ale | Tale | odla aulqg | Tauld
33 0 0.002 | —1.004 0.002 | —1.004 | 0 30 | —2.5 | 0 0.002 | —1.004 | 0
11 0.2 001 | —1.004 | —0.001 |  .001 | —1.004 | —0.001 38 | ... 0.2 001 | —1.004 | —0.001
55 1 —1.003 | —.002 —1.003 | —.002 50 |- 1] 0 —1.003 | — .002
82 6 | —0.001 | —1.002 | —.002 | —0.001 | —1.002 | —.002 76 |- 6 | —0.001 | —1.002 | — .002
100 ‘8 | =001 | —1.000 | —.00L | —.001 | —1.000 | —.001 100 |- ‘7 | —oo1 | —1.001 | — .002
18 10 —1.0 0 —1.0 0 100 |- '8 | —.o01 | —1.000 | — .001
100 |- "9 | —o001 | —1.000 | — .001
33 0 0.008 | —1.012 0.008 | —1.012 17 | Lo | o =70 0
11 0.2 007 | —1.011 | —0.004 |  .007 | —L.011 | —0.004
55 1 003 | —1.008 | —.007 | .003 | —1.008 | —.007 30 | —2.0 | 0 0.009 | —1.012 | 0
82 6 | —003| —1.005| —.008| —.003 | —1.005| —.008 38 | 0.2 2007 | —1.011 | —0.004
100 ‘s | —007 | —1.001| —.005| —007 | —1.001 | —.005 50 |- 4 003 | —1.008 | —.007
18 L0 | —.008 | —1.0 —008 | —1.0 76 |- "6 | —.003| —1.005 | —.008
100 |- ‘7 | —.005 | —1.003 | —.007
33 0 028 | —1.022 028 | —1.022| 0 100 |- '8 | —.007 | —1.001 | —.005
41 0.2 023 | —1.021 | —0.011 |  .024 | —1.021 | —0.011 00 |- ‘9 | —008 | —1.000 | —.003
55 1 011 | —1.016 | —.019 | .01 | —1.016 | —.019 17 | L0 | —008 | —1.0 0
82 6 | — o006 | —1.010 | —.021 | — 006 | —1.010 | —.021
100 '8 | —.025| —1.003| —.015| —.025 | —1.003 | —.015 30 | —15 | 0 0.028 | —1.022 | 0
18 10 | —o036 | —10 0 —.036 | —1.0 0 38 . 0.2 1024 | —1.021 | —0.011
50 |- 4 01l | —1.016 | —.019
33 0 0.064 | —1.011 | 0 0.065 | —1.011| 0 76 |- 6 | —.006 | —1.010 | —.021
11 0.2 057 | —1.012 | —0.016 | .057 | —1.012 | —0.016 100 |- ‘7 | —016 | —1.006 | —.019
55 4 033 | —1.012 | —.030 | 033 | —L.012 | —.030 100 |- ‘8 | —.025 | —1.003 | —.015
82 6 | —008| —1010| —.038 | —008 —1.010 | —.038 100 |- ‘9 | —032 | —1.001 | —.009
100 '8 | —l061 | —1.004 | —.031 | —.061 | —1.004 | —.031 17 | 1.0 | —.036 | —10 0
18 10 | —114 | —1.0 0 —114 | —1.0 0
3 | —10 | 0 064 | —1.010 | 0 0.077 | —1.017 | 0
33 0 082 | —0.971| 0 082 | —0.971 | 0 38 | 0.2 057 | —1.011 | —0.016 067 | —1.017 | —0.016
41 0.2 075 | —.975 | —0.010 | 075 | —.976 | —0.011 50 1 033 | —1.011 | —.030 038 | —1.016 | —.030
55 4 050 | —.987 | —.023 | 050 | —.987 | —.024 76 ‘6 | —.007 | —1.010 | —.038 | —.009 | —1.013 | —.038
82 6 0 —1099 | —.037 —.999 | —.087 100 ‘7 | 033 | —1.007| —.037 | —.036 | —1.009 | —.087
100 ‘8 | —0.082 | —1.003 | —.037 | —0.083 | —1.002 | —.037 100 ‘8 | —061 | —1.004 | —.031 | —.064 | —1.005| —.031
18 10 | —.181 | —1.0 0 —.182 [ —1.0 0 100 9 | —0s9| —1.002| —.019 | —.089 | —1.002 | —.019
17 10 | —114| -1.0 0 —.107 | =10 0
33 0 084 | —0.879 | 0 085 | —0.8%0 | 0
41 0.2 080 | —.889 | 0.007 | .08L | —.890 | 0.007 30 | —0.75| 0 0.081 | —0.969 | 0 0.094 | —0.978 | 0
55 1 065 | —.918 | .007 | 065 | —.918 |  .007 38 | 0.2 074 | —.973 | —0.010 | .085 | —.982 | —0.011
82 6 020 | —.960 | —.007 | .02 | —.960 | —.008 50 |- 4 050 | —.986 | —.022 055 | —.992 | —.025
100 ‘S | —.0s8| —.994| —.028| —.088 | —.994 | —.029 76 |- 6 Zi908 | —.036 | —.001 | —1.002 | —.039
18 10 | —2r| —10 0 —272 | —1.0 0 100 |- 7 —0.037 | —1.002 | —.039 | —.040 | —1.004 | —.042
100 |- ‘8§ | —.082 | —1.002 | —.037 | —.085 | —1.004 | —.039
33 0 0.05 | —0.718 | 0 0.058 | —0.719 | 0 100 | ‘9 | Z132 | —1.001 | —.024| —.133 | —1.002 | —.026
11 0.2 2056 728 | 0.035 058 | —.729 | 0.034 17 10 | —182 | 1.0 0 —17 | -1.0 0
55 1 1056 7652 066 | .06 | —.763 065
82 6 043 | —.832| 080 | .043 | —.82 078 30 0 082 | —0.875 | 0 098 | —0.892| 0
100 8 | —036| —.944| 042 | —.037 | —.943 041 38 0.2 070 | —.886 | 0.009 092 | —.901 | 0.005
18 10 | —38% | —1.0 0 —.382 | —1.0 50 i 064 | —.915| 009 071 | —.928 | .003
\ 76 6 021 | —.959 | —.005| .020| —.966| —.013
33 0 0 —0.499 003 | —0.501 | 0 100 R 022 | —o79 | —017 018 | —. 084 | —.025
11 0.2 | 0 499 | 0.050 | .002 | —.501 | 0.049 100 'S | — 086 | —.994 | —.027 | —.093| —.996| —.033
55 4o 499 | 104 | L001 | —.500 | .101 100 ‘9 | —172| —1.000 | —.025| —.179 | —1.000 | —.029
82 60 1500 | .163 | —.001 | —.499 |  -160 17 10 | —o27 | 1.0 0 —274 | —10 0
100 80 1500 | 282 | —.002 | —.498 | 231
L 10 030010 | 0 | [ =t0 | o 30 0 0.052 | —0.711 | 0 0.075 | —0.737 | 0
° : 38 0.2 08 | 72| 0.088 | 073 —.TdG 0.030
33 0 —.056 | —0.280 | 0 —.051 | —0.283 50 -4 (054 | —.758 | 070 | 066 —. 777 .
11 0.2 | —.086| —270| 0.0 | —032| —22| 0.033 7 -6 (045 | —.830| 084 .044) —.841) .07
55 4| —.055 | —.236 2067 | —.054 | —.237 -062 100 -7 023 | —.883 -074 016 | —.890 oo
82 6 | —.043| —.167| .080 | —.045 | —.166 076 ey 8 | =032 —.043 | .04 —.045) —.0461 .°4a
100 8 1036 | —.036 | 042 031 | —.034 | 040 A .9 | —.160| —.989 )| .002| —.178| —.990 ) -
i o oo I o 17 10 | —.877 | —1.0 0 —g0 || =i 0
33 0 |—0o085| —16| 0 —0.075 | —0.121 | 0 30 | 0 0 —.008 | —0.488 | 0 028 | —0.521 | 0
11 | o2 | —ost| —107| 0.009| —073 | — 111 | 0.004 38 0.2 | —.007 | —.489 | 0.055| .025| —.519 | 0.041
| 55 a | —l065 | —.079 | .009 | —.062 | —o08L| .002 50 ‘4| —003| —492| .111| .016| —.515| .087
‘ 82 o6 | —o19| —.038| —.005| —.022| —037 | —.012 76 6 003 | —.495 | .170 001 | —.509 |  .142
| 100 o8 089 | —.005 | —.027 081 | —.001 | —. 032 100 7 005 | —.497 | .202 | —.008 | —.506 | .176
| 18 | 10 21| o 261 005 100 8 007 | —.499 | (237 | —.019 | —.503 | .215
1 100 .9 008 | —. 500 (974 | —.031| —.501 . 261
; 33 0 —.086 | —0.022 —.068 | —.029 7 Lo {— 492 [(—1.0 0 [—. 543 {—1.0 q
| 11 0.2 | —.078| —.018| —0.008 | —063 | —024 | —0.015 [ 17 |- . 508 [L 0 L .457 L 0
i 55 4 | —os1| —o08| —.019 | —.045 | —.010 | —.031
B2 olé Z002R IR 02 e LR ol ) = 30 | 0.25 | 0 | —0.072|—0.265 0 —0.014 | —0.292
100 8 085 | 003 034 071 | .009 | —. 042 B e e
is i 2 ¢ w2l T8 e L 1069 | —.256| 0.042| —.018| —.281| 0.023
‘ % 4| el s on ) 00 | —.243 044
| _ _ 6 | —.039| —16L| 093] —.o041 | —172| .
| 8 1010 | o) 088 Son| Tom| 0B |—foe | 1 7| —o1l | —1ir | losz| —l034 | —.118 | 045
5 SR R o | s 100 8 049 | —. 054 | .05 003 | —.058 | .020
| o ¢ : : = = 100 9 180 | —.011 | .005 10| —.o12| — o013
82 o 010 | 015 | —.030 | 001 | .07 | —.047 o e 1 L L 3
\ 100 | s 068 | L006 | —.026 | .04 | .01l | —.037 :
18 |l 10 200 0 092 | 007 | 0
30 | 0.5 | 0 —.11| —.098| 0 —.025 | —0.101
\ 33 0 | —0.05 | 0.044 0 —0.001 | 0.099 | 0 38 | .. 0.2 | —103| —090| 0.018| —027| —.093| —0.004
‘ 11 0.2 | —.047 | .041| 0 —002 | .08 | 0 50 4 | —076| —066| .026| —.030| —.068| —.014
55 4| —lo2 | los2| o0 —005 |  .049 | 0 76 6 | —oi4| —o030| .014| —o017| —031| —.082
82 6 013 L0190 —004 | .002| 0 100 7 039 | —.o014| 0 004 | —.014 | — 043
| 100 8 049 | 1006 | 0 2005 | —.038| 0 100 8 112 | — 003 | —0.013 040 | —.003 | —.049
i 18 1.0 02| 0 0 017 | —.055 | 0 100 9 205 001 | —.017 093 | .001 | —.038
17 1.0 307 010 ' 0 150 | 0 0
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TaBLE 4. Stresses in plate for case 3—Continued TaBLE 5. Stresses in plate for case j—Continued
No.of| z—a 7 704 Results Corrected No.of| z—g 7 704 Results Corrected
terms, = P - e terms,| —— = —
m e c i ¢ ¢ )
ax/q ay/q Tzulq a:/q olq | Talg o:/q ay/q Tzulq a:/q aulq Tzylq
|
30 0 —0.126 | —0.006 | 0 —0.012 | 0.047 | 0 28 0 0 —.064 | —0.489 | 0 L063 | —0.485 | 0
38 0.2 | —.113| —.003| 0.004 | —.012 046 | —0.015 35 0.2 | —.057 | —.488 | 0.066 L060 | —.488 | 0.034
50 .4 | —.070 .005 003 | —.009 043 | —.030 46 .4 | —.033| —.488 .133 045 | —. 495 . 068
76 .6 . 008 010 | —. 006 .003 032 | —. 044 70 .6 008 | —.490 200 | —.001 | —.502 . 110
100 - . 062 010 | —. 012 .013 024 | —.047 93 .7 .033 | —.493 .233 | —.039 | —.504 . 140
100 .8 .123 007 | —.014 .025 014 | —. 043 100 53 061 | —.496 263 [ —.091 | —.505 . 180
100 .9 .187 003 | —.011 .033 L005 | —.028 100 .9 089 | —.499 201 [ —.156 | —.504 . 231
17 1.0 247 | —.051| 0 L0310 0 —.387 (=10 —.735 [[—1.0
L O { 613 { 0 v { - 265 { 0 (0
30 0 —.129 L0220 0 0.176 | 0
38 0.2 | —113 L0230 0 165 | 0 28 0 —0.138 | —0.311 | 0 0.019 | —0.198
50 4| —.066 L0240 0.003 33| 0 35 0.2 | —.131 | —.296 | 0.045 L021 | —.193 | 0.030
76 6 .015 L0200 . 009 083 |0 16 .4 | —.105 | —.250 . 089 012 | —.174 . 049
100 - . 067 015 [ 0 012 055 | 0 7 6 | —.043 | —.169 .116 | —.028 | —.128 . 047
100 .8 122 L009 [0 L011 029 |0 93 .7 017 | —. 113 J110 | —.055 | —.089 . 033
100 .9 -1l L0030 . 003 L0090 100 .8 117 | —. 054 079 | —.065 | —.043 002
17 1.0 .227 L0650 —.019 [ 0 0 100 .9 295 | —.009 .025 | —.022| —.007 | —.036
15 1.0 561 | 0 0 09L | 0 —. 029
0 —.167 | —0.241 | 0 —.008 | —0.006 | 0
) . 0.2 | —160 | —.221| o0 002 023 | 0
TaBLE 5. Stresses in plate for case 4 4| =129 | — 164 | 0 012 L0850
.6 | —040| —080| 0 —. 002 L1260
Unloaded length 1—a .7 047 | —. 040 0 —.012 . 122 0
T Width 1 =0.513>¢ .8 175 | —.012 0 —.013 . 094 0
.9 346 | 0 0 —. 002 S48 |0
— 1.0 41| 0 0 o | 0 0
No. of 704 Results Corrected — ‘ o * o
terms,| *”@ ¥ . .
m ¢ TasrLe 6. Stresses in plate for case 5
a:/q aulq Trlq az/q aulq Tzl
] . Loaded length a 2.0; I>>
Width ¢ o0 o7C
28 0 0.002 | —1.004 | 0 S
35 0.2 001 | —1.004 | —0.001
= o4 0 Z1.0031 =, 002 No. of z—a v a:/q au/q Tzl
7 6| —0.001 | —1.002 | —.002 Sy e =
93 .7 | —.001 | —1.001 [ —.002 »
100 .8 —.80i —1.000 | —.001
100 .9 | —.001 [ —1.000 | —.001 : - o
35 0 0.017 —1.023 0
ks ) = =k 0 44 0.2 014 —1.021 0
; 59 4 005 —1.016 0
& A el Bl R 89 6 — 005 | —1.009 0
A ¥ g || SR | e 100 -8 —. 014 —1.003 0
=0 '8 003 | —1.00¢| —. ooy 100 .9 —. 016 —1.001 0
; Sl | [ o Tholdee || = 20 1.0 —.015 —1.0 0
93 ol —.005 | —1.003 | —.007
100 -8 | —.0071 —1.001 ) —.005 35 0 029 | —1.026 0
100 of) || el =LA || =@ 44 0.2 025 | —L024 —0.010
Lo SO || =l | = 0 59 .4 01| —1.019 —.017
3 —_ i -_— -_— [
28 0 0.0 | —1.018 | 0 0.027 | —1.031 N ¥ S oy
35 0.2 022 | —1.017 | —0.010 L018 | —1.029 | —0.010 100 ‘o 033 —1 001 — 008
46 .4 011 | —1.013 | —.017 | —.004 | —1.023 | —.017 2 10 — 036 10 0
70 6 | —.006 | —1.008 | —.019 | —.033 | —1.014 | —.019 ’ : :
93 .7 | —.015| —1.005 | —.017 | —.046 | —1.009 | —.017 35 06 —1.012 0
100 .8 | —.023 [ —1.003 | —.014 | —.054 | —1.005 | —.014 ii 8 2 D 8521, _; :,13 —0.016
100 .9 —.031 | —1.001 | —.008 | —.055 | —1.001 | —.008 59 4 033 =18013 —. 030
15 1.0 —.036 | —1.0 0 —.046 | —1.0 0 89 6 —. 008 —1.010 —. 038
. —. 061 —1.004 —. 031
28 0 056 | —0.999 L064 | —1.03¢ | 0 188 _S - Ugg _{_ 3:;1 —019
35 0.2 050 | —1.001 | —0.012 L0563 | —1.033 | —0.019 20 1.0 —.112 =11.0) 0
16 .4 030 | —1.004 | —.023 020 | —1.029 | —.036
70 26 —.005 | —1.005 | —.030 | —.032 | —1.021 —. 046 35 0 081 —0.971 0
93 ot —.028 | —1.005 | —.030 | —.062 | —1.015 | —.046 44 0.2 L074 —. 976 —0.010
100 .8 | —.054 | —1.003 | —.026| —.092 | —1.008 | —.039 59 4 1050 —. 987 —. 023
100 .9 | —.081 [ —1.001 | —.016 | —.119 | —1.002 | —.025 89 6 0 —999 —.037
15 1.0 —.106 | —1.0 0 —.137 | —1.0 0 100 .8 —0. 082 —1.003 —.037
. 100 .9 —. 131 —1.002 —.025
28 0 0.066 | —0.95¢ | 0 0.087 | —1.007 | 0 20 1.0 —.180 ) 0
35 0.2 061 | —.960 | —0.003 077 | —1.009 | —0.018
46 4 044 | —.975 | —.011 043 | —1.014 | —.038 35 0 0. 083 —0. 880 0
70 .6 004 | —.992 | —.023 | —.022 | —1.015 | —.056 44 0.2 - 080 —.889 0.007
93 ol —.028 | —.998 | —.028 | —.067 | —1.013 | —.060 59 4 . 064 —. 918 . 007
100 .8 | —.068 | —1.000 | —.028 | —.119 | —1.009 | —.055 89 6 ~020 —. 960 —. 007
100 .9 | —.115| —1.001 | —.020| —.176 | —1.003 | —.037 100 .8 —. 087 —. 994 —. 028
15 1.0 | —.163 [ —1.0 0 —.230 | —1.0 —.001 100 9 — il —1.001 —. 026
20 | 1.0 —.270 -1.0 0
28 0 056 | —0.857 | 0 103 | —0.921 | 0
35 0.2 057 | —.869 | 0.018 096 | —.928 | —0.006 35 0 056 —0.718 0
46 .4 053 | —.902 026 069 | —.950 | —.019 4 | 0.2 - 056 — Pk 0.035
70 .6 027 | —.950 014 003 | —.980 | —.042 59 4 055 —.763 . 066
93 .7 | —.007 | —.974| 0 —.056 | —.994 | —.054 89 6 043 —.832 .079
100 .8 | —.063 | —.991 | —0.013 | —.138 | —1.002 | —.059 100 .8 —. 035 —. 944 .042
100 L9 | —. 141 | —.999 | —.017 | —.244 | —1.003 | —.047 100 .9 —. 163 —. 990 —.001
15 1.0 | —.235 | —1.0 0 —.365 | —1.0 —.003 20 1.0 —.379 -1.0 0
28 0 0.012 | —0.695 | 0 0.096 | —0.746 | 0 35 0 0 —0.500 0
35 0.2 018 | —.707 | 0.050 093 | —.755 | 0.016 44 0.2 0 —. 500 0.050
46 .4 .035 | —.745 . 092 077 | —.787 .029 50 4 0 —. 500 . 103
70 .6 .052 [ —.821 .10 032 | —.850 031 89 .6 0 —. 500 162
93 .7 .045 | —.877 099 | —.016 | —.897 020 100 .8 0 —. 500 . 232
100 .8 005 | —.940 064 | —.106 | —.952 | —.003 100 .9 0 —. 500 . 269
100 L9 | —.108 | —.988 014 | —.274 | —.993 | —.031 2 1.0 {—0. 500 {—1. 0
15 10 ' —313! —1.0 0 —.539 | —1.0 —. 008 . 500 0.




TaBLe 6. Stresses in plate for case 5—Continued TaBLE 7.—Stresses in plale for case 6~—Continued

| |
No. of &= ¥ o/q aulq Trilq No. of z=a Y o:/q aulq Tzl
terms, m c @ terms, m (i ¢
35 0 —.056 —.282 0 35 0 —0.056 —0.282 0
44 0.2 —.056 —.272 0.035 44 0.2 —.056 | —.272 0.035
59 4 —.055 —.237 . 066 59 .4 —.056 —.238 .066
89 6 —.043 —. 168 . 080 89 6 —.043 —. 168 . 080
100 .8 .035 —.056 . 042 100 .8 026 —.056 042
100 9 .163 —.010 —.001 100 .9 164 —.010 —.001
20 1.0 . 380 0 0 20 1.0 380 0 0
35 0 —0.084 —0.121 0 35 0 —.084 —0.121 0
44 0.2 —.080 —. 111 0.007 44 0.2 —. 080 —. 111 0.007
59 4 —.064 —.082 .007 59 .4 —.065 —. 082 .007
89 6 —.020 —.040 —.007 89 6 —.020 —.040 | —.007
100 .8 L088 —.006 —.028 100 .8 088 —.006 | —.(28
100 .9 173 .001 —.026 100 .9 173 .C01 —.026
20 1.0 | 271 0 0 20 1.0 271 0 0
35 0 —.082 —0.029 0 35 0 —0.082 —0.029 0
44 0.2 —.074 —.025 | —0.010 44 0.2 —.075 —.025 —0.010
59 .4 —.050 —.013 —.023 59 .4 —.050 —.013 —.023
89 6 0 —.001 —.037 89 .6 0 —.001 —.037
100 .8 0.082 .003 —.037 100 .8 0.082 .003 —.037
100 9 131 .002 —.024 100 .9 132 .002 —.024
20 1.0 181 0 20 1.0 181 0 0
35 0 —0.064 0.011 0 35 0 —.064 G.011 0
44 0.2 —.057 012 | —0.016 44 0.2 —.057 012 —0.016
59 4 —.033 012 —.030 59 .4 —.033 L012 —.030
89 .6 003 ~010 —.038 89 6 L 008 2010 —.038
100 .8 061 L004 —.031 100 .8 ~061 004 —.031
100 .9 089 .001 —.019 100 .9 .089 .001 —.019
20 1.0 113 0 20 1.0 114 0 0
35 0 —.008 0.012 0 35 0 —0.028 0.022 0
44 L9 —.007 011 | —0.004 44 0.2 —.023 L0021 | —0.011
59 .4 —.003 L0038 —.007 59 .4 —.011 016 | —.019
89 6 003 -005 —.008 89 .6 . 006 016 | —.021
100 .8 007 -001 —.005 100 .8 .025 L003 —.015
100 .9 008 .001 —.003 100 .9 .032 ~001 —.009
20 1.0 008 0 20 1.0 .036 0 0
= ; 35 0 —.002 0.004 0
TaBLE 7.—Stresses in plate for case 6 4 0.2 o0 "004 —0.001
Loaded length, a . 59 .4 0 . 003 —.002
B o=LE I>>e 89 6 0.001 L002 —.002
100 .8 001 0 —.001
= i 100 .9 001 0 —.001
No.of | =@ ¥ o/q aulq Tzl 2 Y s g
terms, m c c
35 0 0.056 —1.044 0
44 | 0.2 047 —1.041 0
59 B} .4 .022 —1.032 0
89 - -6 —.013 —1.019 0
100 i .8 —.049 —1.006 0 . )
100 X .9 —.063 —1.002 0 TaBLE 8. Stresses in plate for case 7
20 | 1.0 —.072 —1.0 0
35 0 073 —1.023 0 Loaded length a_
44 0.2 1063 —1.022 —0.012 Wagth e L0
59 " 4 036 —1.020 —.023
89 5 6 —.010 —1.015 —.030
100 R .8 —.063 —1.006 —.026
100 . .9 —.097 —1.002 —.016 No. of 2= v ozl aylq T2yl
20 . 1.0 =12l =10 0 terms, m [ ¢
35 0 0.086 —0.978 0
44 | 0.2 078 —.982 —0.008 35 0 0.129 —1.022 0
59 - .4 051 —.992 —.019 44 | 0.2 113 —1.023 0
89 N .6 —.002 —1.002 —.032 59 |- .4 . 066 —1.024 0
100 _ .8 —.085 —1.003 —.034 89 |- .6 —.015 —1.020 0
100 i .9 —.135 —1.002 —.023 100 |- .8 —.122 —1.009 0
20 N . 1.0 —.183 -1.0 0 100 |- .9 —.178 —1.002 0
20 1.0 —.227 -1.0 0
35 0 085 —0.884 0
44 0.2 081 —.893 0.009 35 0 .126 —0.994 0
59 .4 065 —.921 . 009 44 | 0.2 112 —.997 0.004
89 .6 019 —.962 —.005 59 |- 4 .070 —1.005 .003
100 .8 —.039 —.995 —.027 89 |- 6 —.008 —1.010 —. 006
100 .9 —.173 —1.001 —.025 100 |- 8 —.123 —1.007 —.014
20 1.0 —.271 -1.0 100 |- 9 —.187 —1.002 —.011
20 | 1.0 —.247 -1.0 0
35 0 0.056 —0.720 !
44 0.2 .056 —.730 0.036 35 0 0.111 —0.902 0
59 .4 .055 —. 764 L 067 44 | 0.2 .103 —.910 0.018
89 6 043 —.833 .080 59 |- .4 .076 —.934 .026
100 .8 —.036 —.944 .042 89 | .6 014 —.970 .014
100 .9 —.163 —.990 —.001 100 |- .8 —.112 —. 997 —.013
20 1.0 —.379 -1.0 0 100 |- .9 —. 204 —1.001 —.017
20 | 1.0 —.307 -1.0 0
35 0 0 —0.501 0
44 0.2 0 —. 501 0.050 35 0 .072 —0.735 0
59 4 0 —. 501 .103 4 | 0.2 .069 —. 744 0.042
89 .6 0 —. 500 .163 59 |- .4 .061 —. 775 078
100 .8 0 —. 500 .232 89 |- .6 .039 —. 839 .093
100 .9 0.001 —. 500 .269 100 |- .8 —.049 —. 946 .051
2 10 {-.499 { —1.0 0 100 |- .9 —. 180 —. 991 004
2 emsemmaes : 501 0 20 1.0 —.397 -1.0 0
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TaBLE 8. Stresses in plate for case 7—Continued
= 3
No. of Ll ¥ a:/q au/q Tzlq
terms, m c c |
|
35 0 0 0.008 —0.512 0
44 0.2 .007 —.511 0.055
59 .4 .003 —. 508 111
89 .6 —.003 —. 505 170
100 8 —.007 —. 501 . 237
100 .9 —.008 —. 500 .272
: —. 508 —1.0
20 GO B 0
35 0 —.052 —0.289 0
44 0.2 —.053 —.278 0.038
59 .4 —.054 —.242 -070
89 .6 —.045 | —.170 L084
100 .8 032 | —.057 .044
100 .9 L160 | —.010 0
20 1.0 .377 | 0 0
35 0.5 0 —0.082 —0.125 0
44 | 0.2 —.079 —. 114 0. 009
59 4 —. 064 —. 085 .009
89 .6 —. 021 —.041 —.005
100 .8 L 086 —. 006 —. 027
100 .9 172 . 001 —. 025
20 | 1.0 .271 0 0
35 0.75 0 —. 081 —0.031 0
44 | 0.2 —. 074 —.027 —0.010
59 .4 —. 050 —.014 —. 022
89 6 0 —.002 —. 036
100 i 0. 082 . 002 —. 037
100 ) .9 . 132 .001 —. 024
20 1.0 L 182 0 0
|
35 1.0 0 —0. 064 0.010 0
44 | 0.2 —. 057 .01 —0.016
59 | .4 —.033 011 —. 030
89 6 L007 .010 —. 038
00 | .8 . 061 . 004 —. 031
00 .9 089 .001 —. 019
20 | 1.0 114 0 0
35 1.5 0 —. 028 0.022 0
44 0.2 —. 024 .021 —0.011
59 | .4 — (il .016 —.019
N ‘ .6 . 006 .010 —. 021
00 | | .8 .025 . 003 —.015
00 | | .9 .032 .001 —.009
20 | 1.0 036 0 0
35 2.0 | 0 —0.009 0.012 0
44 | 0.2 —. 007 L01i —0. 004
I 4| —.003 . 008 —. 007
I 6 .003 . 005 —. 008
0 | | .8 . 007 . 001 —. 005
100 I .9 . 008 0 —. 003
20 || 1.0 008 0

7. Discussion
7.1. Plate With Distributed Load

The results given herein are directly applicable to a
finite plate loaded by uniformly distributed equal
loads along portions of two longitudinal edges. The
ratio of the length of the loaded portion to the total
length of the plate is given in column 5 of table 1.
The ratios of the loaded length of plate to the width
and of the unloaded length of plate to the width are
given in columns 6 and 7 of table 1.

A comparison of figures 7 to 9 shows that, in ac-
cordance with St. Venant’s Principle, the discoa-
tinuity in the loading affects the stress distribution
in the plate for a distance to either side of the dis-
continuity equal to the width of the plate. The
stresses for case 1, table 2, have the same distribution
and are of about the same magnitude as those for
case 5, table 6. It is inferred, therefore, that il the
ratios of the loaded length of plate to the width of
the plate and of the unloaded length to the width

TaBLE 9. Stresses in plate for case 8

Loaded length a )
Width ¢ 0% >>¢
No. of =0 ¥ az/q ay/q TzylQ
terms, m (] c
35 0 0.167 —0.759 0
44 0.2 . 160 — 0
59 .4 129 —. 836 0
89 6 . 040 —.920 0
100 .8 —.176 —. 988 0
100 .9 —.345 —1.001 0
20 1.0 —. 541 —1.0 0
35 0 .138 —0.689 0
44 . 0.2 .131 —. 704 0.045
59 | .4 105 —. 750 . 089
1 R .6 . 043 = f5il 116
00 | .8 —. 117 —. 946 079
100 | 9 —. 294 —.991 . 023
0 I 1.0 —. 561 —1.0 0
35 0 0 0. 064 —0.511 0
4 | 0.2 057 —. 512 0. 066
59 | .4 .033 —.512 133
10 S 6 —. 008 —.510 .200
100 | 8 —. 061 —. 504 . 263
100 |oooo 9 —. 089 —. 501 L 288
M [f —.613 { —1.0
20 | Lo | =l : 0
35 0.25 0 —.012 —0. 0
44 | 52 —. 018 = 0. 050
59 | .4 —.035 - . 092
89 6 —. 052 = . 110
00 | .8 —. 005 = . 064
100 | .9 108 = . 012
20 | 1.0 .313 0 0
|
35 0.5 0 | —0.056 —0.143 0
44 | 0.2 —. 056 = 16l 0. 018
59 | .4 —.053 —. 098 . 026
1 S I .6 —.027 —. 050 . 014
00 | .8 . 063 —.009 | —.013
00 | 9 | 141 0 —. 017
2} S | — Lo | .235 0 0
35 0.75 0 —. 066 —0. 046 0
44 | 0.2 —. 061 —.040 | —0.003
59 | .4 —. 044 —.025 —. 011
1 R 6 —. 004 —.008 | —.023
00 | ER 068 —. 028
00 | .9 | 115 0.001 | —.019
20 || Lo | 163 0
35 1.0 0 | —0.0%6 —0.001 ’ 0
44 | ___ 0.2 —.050 | L001 | —0.012
59 | .4 —.030 | . 004 —.023
89 . . 6 005 | . 005 —. 030
00 | .8 054 | 003 | —.026
00 | .9 L 081 . 001 —. 016
20 | 1.0 106 0 0
35 15 0 —. 026 0.018 0
44 | ___ 0.2 =022 017 | —0.010
59 | 4 — (il 013 —. 017
89 | . 6 006 L008 | —.019
100 | o .8 023 003 | —.014
100 | 9 031 001 —. 008
20 | 1.0 i 036 0 0
35 2.5 0 | —0.002 0. 004 0
44 | 0.2 —. 001 004 | —0.001
59 | .4 L003 | —.002
89 | .6 0.001 . 001 —. 002
00 | .8 001 0 —. 001
100 | .9 .001 0 —. 001
20 l __________ 1.0 . 001 0 0

are greater than 2.0, the stress distributions will be
similar to and the stresseswill be of the some magnitude
as those shown in figure 8 and listed in tables 2 and 6.

For those points in the plate at a distance twice
the width of the plate from the boundary of the load,
the stresses in the direction of loading, ¢,/¢, will he
either 1.0 or 0, depending upon whether the points
are in the loaded or unloaded parts of the plate,
respectively. The stresses transverse to the direc-
tion of loading, ¢./¢, and the shear stresses, /g,
will be zero.
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The stresses in the direction of loading are, at
the most, only 4 percent higher than the applied
load. However when the loading is over only a small
portion of the plate length, case 8, the stresses de-
crease from values equal to the applied load at the
boundary to values equal to only about 76 percent
of the applied load at the center, figure 9a.

The stresses normal to the direction of loading,
a./q, are of the same order of magnitude and have the
same distribution but are of opposite sign on either
side of the discontinuity for cases 1 and 5 (see figure
8b). The distribution of the stresses changes some-
what as the ratio of loaded length of plate to width
of plate is decreased from 2.0 to 1.0, cases 5 to 7,
but the maximum stress does not. For case 8 where
the ratio of loaded portion of the plate to width of the
plate is 0.5, there is a buildup of stresses in the
loaded portion of the plate near the discontinuity
in the loading, figure 9b. This same increase in o,/q,
is found in the loaded portion of the plate as the ratio
of nonloaded length to width of the plate is decreased
from 2.0 to 0.5, being most significant when the ratio
is smallest, case 4, figure 7b. The distribution of
the axial stresses across the width of the plate for
case 8 is shown in figure 10.

The shearing stresses increase to almost 30 percent
of the applied load near the boundary of the plate
in the region of the discontinuity in the loading,

x-a __
= 0
o
-5
x-0 _ _
oy
o
-5
x-0 _
= 0
o//
-5 x-0 _
: =
o N
q o
o<
x-a _
\\ = =0
o
J
x-a _
& o
g
85
xX-0 _
= !
\
0
-1.0 =8 =6 -4 2 2 4 d5 8 1.0

RIENY

Distribution of axial stresses across-width of plate
for case 8.

Frcure 10.

figures 7¢ to 9c. These stresses should approach
a theoretical value of -+ 1/r as the edge of the plate is
approached and then go to zero on the boundary.
In other regions of the plate, the shearing stresses
are insignificant.

7.2. Comparison With Previously Published Results

Barton [8] investigated the problem of a long cir-
cular cylinder loaded with a band of uniform pressure
over a finite length. His figures 19 and 20 for a load-
ing length of one diameter and figures 22 and 23
for a loading length of one-half diameter are of partic-
ular interest. These load lengths are similar to
cases 7 and 8 of this paper, with a loading length
equal to the width of plate and one-half of the width,
respectively. Barton’s intermediate values of
stresses differ considerably from the values shown in
figures 8 and 9, but the general patterns and extreme
values are strikingly similar. Considering the dif-
ference in geometries between these problems, this
general similarity between the two sets of results is
remarkable.

30x10%
[
o o)
25 o o
[
I
20—
- Theoretical
2 o Experimental
g 5 I
L |
&
|
10—
I
Y= |
Loaded plate | Non-loaded
-§ flange
R o
0 1 1 1 ! | —t
-25 -20 /5 -/0 -5 o & 10
Distance from joint, x-a, in.
Ficure 11. Stresses in longitudinal direction along center line

of welded joint.
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Ficure 12.  Shearing stresses in welded joint.

(a) Along center line; (b) 5 in. from center line; (¢) 8 in. from center line.

8. Application of Results to a Welded
Structure

Having computed the stresses in a plate loaded
along portions of two opposite boundaries, an esti-
mate of the stresses in a simple welded structure can
be made. The unloaded flange is considered cut
and attached to the end of the loaded base plate,
figure 3. For a Poisson’s ratio of 0.29, the stresses
corresponding to figure 4b are

on—1D
a,=q=0.29p.

The stresses in a plate corresponding to figure 4¢
can be taken from tables 2 through 9 for appropriate
geometrical parameters, noting that (z—a) 1s the
distance measured from the point of discontinuity
of the load ¢q. The stresses corresponding to those

)
F

oint|
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! Loaded plate T Non-loaded
Experimental

4000 flange |

I
o]

2000—

-2000—

-4000 ! !

4000———————— .

2000

[e]

Stress, ps/

-2000

T

-4000 ! . | L .

4000 -

2000

0 [e]

-2000\—

-400g;

O -

I 1 1 1
20 /5] -0 =5 o
Oistance from jont, x-a, in

(c)

Stresses in transverse direction in welded joint.

/10

Frgure 13.

(a) Along center line; (b) 5in. from center line; (¢) 8 in. from center line.

in figure 4¢ are then added to the stresses correspond-
ing to those in figure 4b.

Using the tables as described above, the stress
distribution in a welded structure similar to figure 2
was calculated. These theoretical results are given
in figures 11 to 13 where they are compared with
the experimental results described in the appendix.
The results are found to be in reasonable agreement.

9. Summary

Values of the stresses in plates having uniform
symmetrical loading along portions of two opposite
longitudinal edges are presented in tables 2 to 9.
The discontinuity of loading affects the stress dis-
tribution in the plates for a distance to either side
of the discontinuity equal to the width of the plate.

By suitable transformations, these results can be
used to evaluate the stresses near the joint of two
perpendicular plates subjected to uniaxial tension.
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The computed results show that a partial loading
of the edges of the plate produces a biaxial stress
condition. In any welded structure subjected to
the loading considered, the state of stress would be
biaxial tension.

Theoretical results obtained by the use of tables
2 to 9 show reasonable agreement with experimental
results.

The authors are indebted to Ruth M. Woolley for
her competent work on the preliminary phases of
this problem so that it could be expeditiously pro-
egramed for the computer, and to L. K. Trwin, A. K.
Kirstein, and others in the Engineering Mechanics
Section for their valuable suggestions and help,
especially in the experimental phase of the problem.
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11. Appendix

In order to verify the theoretical results obtained,
a test of a simple welded structure was conducted
in a 1,150,000-1b capacity horizontal testing machine.

NGNS

(a) Dimensions of welded structure.

Joint

(b) Stations at which stresses were determined.

Ficure 14. Welded structure tested.

The specimen was made of 40.8-1b ship-plate, 1-in.
in thickness. The base plate was 8 ft. 4 in. long
and 20 in. wide. Two flanges, each 20 in. wide and
10 in. long, were welded to the base plate (see fig.
14a). The overall shape of the specimen was similar
to that shown in figure 2. Pulling heads having the
shape of eyebars were welded to the ends of the base
plate. The whole assembly was completely stress-
relieved to a stress-free state. The pulling heads
were then connected to the testing machine by pins.
Bonded wire-resistance strain gages and three-
component rosettes of bonded wire-resistance strain
gages were installed at strategic locations on the
specimen, ficure 14b.  With this setup it was possible
to determine the Young’s modulus and Poisson’s
ratio, as well as the magnitude of strains in different
directions in the specimen. Poisson’s ratio was
determined to be 0.29. The applied load was 500,000
Ib or p=25,000 lb/in. in the longitudinal direction.
The strains in the specimen were read directly to 10
pin./in, and were estimated to 2 win./in. Due to the
high Young’s modulus of steel, these values are
equivalent to approximately 300 psi and 60 psi,
respectively, in stresses. Therefore, the results can-
not be claimed to have a high degree of accuracy.
The test results were reduced and indicated on the
graphs of theoretical values (figs. 11 to 13), which
are computed as described in section 8. It can be
seen that the theoretical and experimental results

are in reasonable agreement.
(Paper 66C4-109)
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