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ABSTRACT

[ — O R =

Studies of the stress distribution in the deck of the 1850 ton type
destroyer have been carried to partial completion by means of photo-elastic
observation on celluloid models of the deck under uniform tension. These
studies indicate thet the framing has little effect on the distribution of
stresses in the deck and that the present type of doubler -produces high con-
centrations of stress in the deck plate at the points at which the load is
delivered by the doubler to the Jdeck plate.

A new type of deck fitting in the form of a parabolic arch for use
around openings is suggested, its principal feature being that it re-
distributes the stress over an extended region in the deck, thus preventing
concentrations of stress in the deck plate.

Color photographs and black and white drawings are presented to illus-
trate the various obscrvations which have been made.



I. INTRODUCTION

AUTHORIZATION

B This study was authorized by Engineering letter NP14(5-6-W8) of

SCOPE OF THE PROBLEM

2. The objsct of the investigation was to determine the distribution
of stresses in existing types of deck structure when the ship is in hogging
condition. In particuler, the effect of the framing and doublers on the
stress distribution near deck openings was required. Subsequently, remedial
modifications of the deck astructure were sought.

II. GENERAL CONCLUSIONS

3. The data obtained have pointed to several important facts which
are discussed below.

EFFECT OF FRAMING ON THE STRESS DISTRIBUTION

4o The framing has little effect on the general distribution of
stresses in the deck, hence studies carried out on & model without framing
apply to a model with framing attached.

EFFECT OF PRESENT TYPE OF DQUBLER ON THE STRESS DISTRIBUTION

5 High concentrations of stress occur in the deck plate near the ends
of the type of doubler presented for study and will be introduced by any
doubler which presents sharp angles in the change of stiffness of the deck.
Plate 12 illustrates the concentration of stress produced by the doubler.

NE! TYPE OF DECK FITTING
6. A parabolic arch type of fitting bas been devised which, in the

manner of the cables of a suspension bridge, receives the load from an extended
region of the deck without producing concentrations of stress greater then

6%.
1II. DETAILS OF EXPLRI&ENTAL #ETHODS AND RESULTS
TYPES OF WODELS STUDIED

T Observations of the stress distributions in five types of models
were made. These models are identified here for reference purposes.

(a) Model A. Deck without framing or doublers, FPlate 10.
(b) Model B. Deck with framing attached, Plate 1ll.
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(c) Model C. Deck with framing and doublers, Plate 6.
(d) #odel D. Deck without framing, but vith doubler attached, Plate 12.
(e) wusiodel E. Deok with parabolic arch type of fitting, Plates 7,

13 and 14.
3 DISTRIB 1y UT FRAM OR oRS (MODEL A
8. A numericel determination of the stress distribution by the photo-

elastic method proceeds in four steps:

(1) The determination of the isoclinic lines or lines
of equal slops for the principal stresses, P and Q.

(2) The determination of the isochromatic linss for
the different values of P - Q.

(3) The graphical construction of the lines of principal
stress from the isoclinic lines.

(4) The evaluation of P and ¢ <long chosen stress
lines.

9. All physical observations and measurements leading up to step (4)
were made on celluloid models of half the deck, the side of the ship being
one longitudinal boundary and the middle line of the deck the other. Careful
preliminary investigations showed that no asymmetry in loading occurs when
only half the deck is used in place of the full width deck. This was to be
expected, since the middle line of the deck is an axis of symmetry, and no .
distortion of the stress pattern was produced when the deck was cut along this
line, the applied load being maintained at a uniform tension across the deck.
The economy of material and shop labor justified the procedure.

10. Plate 1 shows the isoclinic lines observed in such & model without
framing or doublers attached, the applied load being a uniform tension at the
ends. Of particular interest on this figure are the several neutral or null
points "N" through which all isoclinics pass. The two principal stresses will
be designated by the symbols P and Q, P representing the principal stress along
- the longitudinal axis of the deck, and Q the stress orthogonal to P at every
point. At a neutral point, P - Q = 0. It is evident that the neutral points
represent the points along the contour of the opening at which the stress in
the deck changes from tension to compression.

p 11 Plate 1 shows clearly the effects of openings 3 and 4 upon the
isoclinic patterns due to openings 1 and 2, slightly more marked changes in
direction of the principasl stresses occurring between openings 1 and 3, 2 and
4, than would be found in the deck if openings 3 and 4 were not present. It
is also to be noted that no isoclinics appear between openings 3 and 4 except
those which represent directions of principal stress along or perpendicular to
the longitudinal axis of the deck. Consequently, no concentration of stress
occurs betwecen these openings.

ISOCHROMATIC LINES

12. Values of P - Q, the difference in principal stresses, are deter-
mined from the so-called isochromatic lines which are shown in Plate 3. Over
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zny ziven isochromatic line P - (; remains constant in value, and all iso-
chromatic lines bearing the semc identification number in Plate 3 represent
the same value of P - Q. The relative values of the stress difference for
the various isochromatics weredetermined by means of a Babinet-Soleil quartz
wedge compensator, individual compensator readings being reproducible to
within 2%.

13. It is seen from Plate 3 that the isochrometic numbered 6 repre-
sents the difference in principal stresses near the ends of the model and
along the sides. In these regions of the modcl the Q stress is zero, and iso-
chromatic number 6 represents the applied tensile stress. The values of
P - Q over the other isochromatics have been taken rclative to the value repre
sented by number 6. They =2r. tabulated below and on Plate 3.

TABLE 1

Isochromatic P - @ (Relative)

1.40
1.35

OwvR-~1IOoOWwmwpH
=
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o

=

It is only necessary to multiply cach of thesc numbers by the value of the ap-
plied stress in order to determine the actual values of P - Q in the steel
deck.

LINES OF PRINCIPAL STRESS

14, Plate 2 shows the lines of principal stress which were constructed
graphically from the isoclinic lines. These lines represent the directiéns of
the principal stresses P and Q over the model. They must not be considered as
representative of the value of these two stresses, but their changes in
direction show that changes in the values of P and Q are taking place. For
example, the curvature of the P stress lines near openings representsconcen-
tration of P stresses and indicates the development of Q siresses.

INTEGRATION OF STRESSES

15. Knowledge of the values of P - Q end the curvatures of the lines
of principal stress permits evaluation of P and Q separately along any chosen
stress lines. The results of such a calculation are shown in Plate 4. The
summations of P in tho several cases arc along the lines AA', BB!, CC', the
unit of distance along these lines in each casc being the width of the openinge
Values of P - Q, P, and Q are plotted as ordinates.
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16. The determination of P values is as follows. First, values of
P - Q obtained from Table I and the isochromatic curwves are plotted against
distance from the edge of the opening. Then, beginning at the edge of the
opening, say at the point & whers P = 0, the summation proceeds away from the
opening by means of the equation

- P-Q
g = = 2 dsl

dsy is measured along tie stress line over which the integration is being made,
in this case AA'. (7 2 takes the values of the radii of curvature of the Q
stress lines at their points of intersection with the path of integration.

P - Q is obtained at each point from the previously plotted curve.

Valucs of G are readily found from the values of P - Q and P.

SURMARY OF STRESSES IN MODEL A

17. It is secen from Platc 4 that Q reaches its greatest negative
value, rupresenting compression, at the points A, B, and C whcre its value is
1.25 x the applied stress in tension.

18. The negative value of Q decreases in each case as the distance
from the opening is increcased, becoming zcro at a distancc of about half the
width of thc opening for openings number 2 and 3, and at a distance of about
0.75 for opening number 4. Q thon becomes & tension, the maximum value oe-
curring at distances from the opening of about 0.8 for openings 2 and 3 and
about 1.25 for opening 4. The maximum value of the tensile stress is 1/4
the applied tensile stress for opening 2, but only about 1/8 the applied
tension for openings 3 and 4.

19. The maximum value of P at the point L, (Plate 4) is 2.1, and the
maximum value of P - Q at the corner ¥ where maximum concentration occurs is

~
o fo

20. Differences in P occur between the two sides of openings 3 and 4.
These are shown in the following Table:

TABLE 11
Point P
o) 1.87
q 1.75
r 2.10
s 0551

Over the region marked t the value of Q is -0.37.



STRESSES IN OTHER MODELS

21, The foregoing method of investigating the distribution of stresses
is the simplest and most expedient of any, no extensometer measurements being
required. However, such an integration can only be carried out in a model
bearing no framing, since it is not possible to integrate over the boundaries
introduced by framing members.

22. That the results of the study are Jdirectly applicable to deck
plate with framing attached is clearly shown by Plate 5 which rcpresents the
isoclinic lines in such a model (Model B). Comparison of Plate 5 with Plate
1 shows no important differences in the patterns of isoclinies. Furthermore,
Plates 10 and 11, which represent the color paticrns produced in the two
medels, arc not essentially diffuerent.

23. Plate 6, showing the isoclinics in a model with both framing and
doublers (Model C) is also quite similar to Plste 1.

2. Plate 12 shows the effect of the Goublers on the distribution of
stresses in a model without framing (liodel D). It is seen that high concentra-
tions of stress occur in the deck plate at the ends of the doubler. The
doubler is effective in relieving the deck of the load in the region over whicih
it extends, but it creates high concentration of stress at the points where it
takes the load from the deck because of the narrow cnds.

25. It should also be pointed out that concentrations of stress occur
on the unprotccted side of opening 2 and near the openings 5 and 6.

26. fhilc in general the distribution of stresses in the wodel with
framing is idcntical with the distribution in the model without framing, dif-
forences in the maximum valucs of P and Q arc quitc radically changed, becausc
the arcas involved are small as comparced with the dimensions of the girders.

In Table III, valucs of Q at tho point A (platc 4) and valucs of P at the point
L arc shown for thc various moduls,

7. The data for ifodcl A without framing or doublirs arc repeated in
this Tablo:
TABLE IiI
Q {at 4) P (at L) P - Q (at _corners)
ilodel A 1.25 2.10 2.7
Model B 1.00 1.30
Hodel C 1.00 1.70 2.3
Model E Maximum value of P - Q = 1.06

It is seen from this Table that in Model B the transverse frames near the ends
of opening 2 reduce the meximum valuec of Q and the longitudinal members of the
framing structure reduce the value of P at the boundary of the opening.

28, The cffectsof the transverse member of the framing on Q and of
the longitudinul member on P are rcal improvements in the strength of the
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structure, but they do not indicate a change in the general stress pattern
sinoce in each case the region of maximum stress is directly attached to the
frane menmbsr.

IV. PARABOLIC ARCH TYPE OF DECK FITTING

DESCRIPTION

29. The ideal type of doubler would cause the deck to behave like a
uniform plate with no openings. The best approximation to the idesl form is
found in the suspénsion bridge type of structure illustrated in Plates 8 and
14. The parabolic arches at the ends of the doubler receive the load from the
deck uniformly and transfer it around the opening through the longitudinal
members AB and CD. Re—-delivery of the stress to the deck is also uniform. The
action of the archos is exactly that of thc cables of a suspension bridge, the
road bed of which is of constant weight pcr unit length. .The uniform tension
in the deck plate at the cnds of the doubler corrcsponds to the road bed of the
suspension bridge.

30. The cables in such & bridgc hang in parabolic form represented by
the equation .

X2 = ay, where "a" = 2 Ty/w,

T, being the horizontal component of the tension in the cable and w being

the weight per unit length of the road bed. The angle 6 which the tangent to
the curve at the point P makes with the x axis is determined by Tx/Ty, where -
Tx is the horizontal component and Ty is the vertical component of the tension
at the point P in Plate 8. In adapting this type of structure to the deck
fitting illustrated in Platc & the determination of the correct eccentricity
of the parabola is influcnced by the ratio of tensile to compressive strength
and by the fact that the deck itself is capable of carrying part of the load.
If the arch were required to carry the complete load, tangent 6 would be equal
to the ratio of tensile strength of the tension member to compressive stirength
of the compression member AC. When tangent © is determined the course of the
curve is completely specified, the constant "a" being determined from the re-
lationship

tan 0 = dy/dx = 2/a = XL

The fitting shown in Plate 8 was designed with tan © = 2.5 which results in
the ratio {depth of arch)/(width of opening) = 0.6. It so happens that this
fitting almost completely removes the load from the regions of the deck
enclosed by the ends of the arches. This is in part due to the presence of
the cross members AC and BD, which have been provided in the model because of
the high compressive stress developed along the fore and aft edges of the
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openings, (3ee Plate 4). It is possible that the deck plate can teke this
stress without damage, thus dispensing with the cross members or permitting a
decrease in their weight. This is a question the answer to which depends
upon knowledge of the relative importance of the tensile and compressive
strengths in the ship structure.

3. It should be noted that in the fittings around the oval openings
5 and 6 no compression member has been provided. This omission was based
on the assumption that the compressive stress developed at the forward and
after edges of these openings could be taken by the deck plating which lies
outside the boundary of the fitting. Here, the effect on the deck plating
will be that produced by a transverse tension. However, it must always be
remebered that compressive stresses are present and must be carricd by a
compression member unless the deck and framing can carry the load. The cross
section of each fitting is equal to the product of one-half the width of the
opening and the thickness of the deck plate. The doublers are thus about
three times as heavy as the material removed from the opening, which is about
equal to the weight of the older type.

32. Since the form of the arch should be as conservative of weight
as possible, the following calculation has been made showing the least depth
of arch "d" required to support a uniform load across a fixed spen. The
length of a parabolic arch from the vertex to the point P(x,y)(Plate 8) is
given by the expression

s = x + 2y°/3x

The tcnsion along the cable at any point is given by
R = (4 2fiyt) W2

where w is the uniform load supported by the cable. Let x = 1 = half the
width of the opening in the deck., Then the total weight of the cable may be

represented by

W=Kw (1x 2y2/3) ( + 1/45°) 1/2

where K is a proportionality factor giving the relationshlp between the tension
in the cable and the weight of unit length of cable required to withstand this

tension.
For a minimum,
difdy = 16y* + 2 -3 = 0

y = 0.61 is the only one of the four solutions of this equation which haa
physical significence.
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This result means that the ratio

depth of arch - (.3  gatistles the condition of least weight.
width of opening

Twice this ratio was used in the model to reduce compressional stresses.

EFFECT ON STRESS DISTRIBUTION

33, The effect which this fitting has on the distribution of stress
in the deck is illustrated in Plate 7 which shows the isoclinie lines in a
model of the deck without framing, and in Plate 13 which is a color photo-
graph of the stress pattern.

34. Plate 13, in marked contrast to Plates 10, 11, and 12 shows no
points of high concentrution. It was found that with this type of fitting
the maximun concentration of stress is only 6% higher in valuc than the average
applied stress P_. This represents a remarkable improveument over the
other mocels which is easily seen by comparing the maximum values of P and Q
and P - Q for the various models. These data are recorded in Table II.

35. It is possible that the design of the doubler could be altered
to the form shown in Plate 9 without chunging its characteristics to a great
degree. Here, thc parabolic arches are replaced by straight members which may
make any desired angle with the longitudinal axis of the deck, and the vertex
of parabola is replaced by one of the transversc members of the framing. Such
an arrcngement has not been subjected to photoelastic investigation. It is
mentioned as a possible modification of greater structural simplicity.

36. It is not expected that a simple "V" shaped end for the doublers
would suffice. It seems probable that a concentrution of stress would occur
at the vertex.of the V. For given weight it would not be possible to design
a plate doubler as efficient as the becam design of Model E.
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LINES OF PRINCIPAL STRESS iN MODEL
WITHOUT FRAMING OR DOUBLERS
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ISOCLINIC LINES IN DECK MODEL
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