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Studies of the stress distribution in the deck of the 1850 ton type 
destroyer have been carried to partilll. complotion by means of photo-elastic 
observation on celluloid models of the deck under uniform tension. These 
studies indicate that the framing has little effect on the distribution of 
stresses in the deck and that tho 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 Jeck plate. 

A nen 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 tho stress over an extended region in tae deck, thus preventing 
concentrations of stress in the deck plate. 

Color photographs and black and white drauin~s are presented to illus­
trate the various observations which have been mnd&. 



I. INTRODUCTION 

AUTHORIZATION 

1. Th.i.s study vras authorized by Engineering letter NPl.4{5-6- WS) of 
12 July 1935 . 

SCOPE OF THE PRO~! 

2. The object of the investigation was to determine the distribution 
of stresses in existing types of deck structure when the ship is in hogging 
condition. In particular, the eff'ect 6f the framing and doublers on the 
stress distribution near deck openings uas required. Subsequently, remedial 
modifications of the deck structure were sought. 

II. GENERAL CONCLUSIONS 

J. The dnta obtained have pointed to several important facts which 
are discussed below. 

EFFECT OF FM~ING ON THE STR.t:SS DISTRIBUTION 

4. The framing has little effect on the general distribution of 
stresses in the deck, hence studies carried out on a model without framing 

apply to a model with framing attached. 

EFFECT OF PRESENT TYPE OF OOUBLI::R ON THE STRESS DISTRIBUTION 

5. High concentrations of stress occur in tho 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 str~ss produced by the doubler. 

NE'l! TYPE OF DECK FITTING 

6. A parabolic arch type of fitting has 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 than · 
6%. 

III. DETAILS OF EXPI.:ftli'i!ENTAL 11!ETHOD& AND RESULTS 

TYPES OF ~ODELS STUDIED 

7 . 
were made. 

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

(a) Model A. 
(b) Model B. 

Deck without framing or doublers, Plate 10. 
Deck with framing attached, Plate 11. 
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(c) Jfodsl C. Deck with fNJii.ing and doublera, Plate 6. 
(d) idodfll :;:>. Deol.: without frMin&, but \11th doubler attached, Plate 12. 
(e) ..odd t. Dock with parabolic arch type of fitti~, Plates 7, 

13 and 4. 

STRESS DIS'i'RIBUTlott lN MQOOL lilffi;lUT FflAMINQ OR OOTJM~S (MODEL A) 

8. A nmerical determination of the stres5 distribution by the photo-
elastic method proceeds in four ste~: 

(l) The determination of the isoclinic lines or lines 
of equal slope for the princip1:1l stl·esses, P and Q. 

(2) The determination of the isochroma.tic lines 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 und Q ~lon6 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 o.nd the middle line of the deck the other. Careful 
preliminary investigations showed that no asyiwnetry in loading occurs ~hen 
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 str.ess 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 l~bor justified the procedure. 

10. Plate l shows the isoclinic lines observed in such a model without 
framing or doublers attached, the applied lo&d being a uniform tension at the 
ends. Of particular interest on this figure are the several neutral or null 
points 11N11 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 Pat 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. 

11. Plate 1 shows cl early 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 principal 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 b0tv1een openings 3 and 4 except 
those which represent directions of principal stress along or perpendicular to 
the longitudinal axis of the d;:;ck. Consequently, no concentration of stress 
occurs between 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 Pl ate 3. Over 
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::.<r,y .;i ven i sochror.ll1tic line P - r. remains constant in value, and all iso­
~l-:rocatic lines bearing the _so.me iJentification number i n Plate J represent 
the same v:ilue of P - Q. The rel ative values of the stress difference for 
the various isochromatics waredetermined by means of a Babinet~leil quartz 
~,edge compensator, indivi dual compensator reudines being reproduci ble to 
rd thin 2%. 

13. It is seen from Plate J that the i ~ochrom~tic n-wnbered 6 repre-
sents the diffcrenc~ in principctl. ~treGses n~ar the ends of t he model and 
al ong the sides. In these regions of the modal the Q stress i s zero, and iso­
chromat ic number 6 represents t he applieu tensile stress. The valu~s of 
P - Q over the other isochro~atics have beon tak~n relative to the value repre­
sented by number 6. They .ert. tabulated bolo,, :md on Plate J . 

I so~hromat i c 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

TABLE I 

P - Q (Relative) 

1.40 
1.35 
1.23 
1.14 
1.07 
1.00 
0 .79 
0.75 
o.67 
0.59 

It is onl y necessary t o multi pl y each of those numbors by the value or the ap­
plied stress in or der to determine the actual values of P - Qin the steel 
deck. 

LINES OF PRINCIPAL STRESS 

l.4. Plat e 2 shows the lines of principal stress ilhich were con_structed 
graphically from the i soclini c lines. These lines represent the directions of 
the principal stresses P and Q over the model. They must not be considered as 
representative of the value of these t wo 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 lin~s near openinga r epresentsconcen­
tration of P s tresses end indicates the development of Q stresses. 

INTEGRATION OF STRESSES 

15. Knowledge of the value s of P - Q and the curvatures of the lines 
of principal stress permits evaluation of P and Q separately along any chosen 
s tress lines. The results of such a calcul6.tion are shown in Plate 4. The 
summations of Pin tho several cases aro along the linus AA', BB', cc• , the 
unit of dist ance along these linos in each caso being the width of the opening,. 
Values of P - Q, P, and Qare plotted as ordinatos. 
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16. The deter mination of P va.lues is as follows . Fir at, val ues of 
P - Q obtained from Table I and the isochromatic curNes are pl otted against 
distance from the edge of the opening. Then, beginning at the edge of the 
opening, say at the poi nt J\ v1her.., P = o, the swnmati on proceeds away from the 
opening by means of the equation 

dP = 
p - Q 
r2 

ds1 i s measured along ti1c stress l ine over which the integration is being made, 
in this case AA 1 • () 2 takes the values of the radii of curvature of the Q 
stress lines at their points of intersection ftith the path of integration. 
P - Q i s obtained at each point from t he previously plotted curve. 

Values of Qare readily found from t he values of P - Q and P. 

StJMil.lARY OF STRESSES IN MODEL A 

l?. It is Suen from Platu 4 t hat Q reaches its greatest negative 
value, r ~prcsenting compression, at .the points A, B, and C where i ts value is 
1 . 25 x t he applied stress in tension . 

18. The negat i ve value of Q decreases in each case as the distance 
f r om t he opuning is increasud, becoming zero at a distance of about half tho 
width of the opening f or openings number 2 and 3, and at a distance of about 
0 .?5 for opening nwnber 4. Q then bocomcs a tc;nsion, the maximum value oc­
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 openi ng 2, but only about 1/8 the applied 
tension f or openings 3 and 4. 

19. The maxi mum value of Pat the point L2 (Plate 4) is 2.1, and the 
maximum value of P - Q at the corner M where maximum concentrat ion occurs is .., ,., 
,._ . , . 

20. Differences in P occur bet1,een t he two sides of openings 3 and 4. 
These are shorm in the following Tablo : 

TABLE II 

Point p 

p l.87 
q 1.75 

r 2.10 
s 1.75 

Jver t he region markerl t the value of Q i s -0.37. 
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STRESSES IN OTHER MODELS 

21. The foregoing method of investigating the distribution of stresses 
is the s i mplest and moat expedient of any, no extensometer measurements being 
required. Honever, such an integration can only be carried out in a model 
bearing no f raming, since it i s not possi~le t~ integrate over the boundaries 
introduced by framing members. 

22. That the r esults of the stuczy are directly applicable to deck 
plate wit h f raming attached is clearly shown by Plate 5 v1hich represents the 
i socl ini c lines in such a mod~l (Modol B). Comparison of Plate 5 with Plate 
1 shons no important differences in t hu patterns of isoclinics. Furthermore, 
Plat e s 10 and 11, which represent th~ color patterns produced in th~ two 
models , arc not csscntiul.ly di ff~rent. 

23. Plate 6, showing the isoclinics i n a model with both framing and 
doubler s (Model C) is also quit e si.litilar to Pla te 1. 

24. Pl ate 12 sho\1S the effect of the o.oublers on the distribution of 
stresses in a model without framing (Model D}. It io seen that high concentra­
tions of stress occur in the deck plate at the ends of the doubler. The 
doubler is effective in r elieving the deck of the load in the region over whici1• 
it extends, but it creates high concentration of stross at the points uhcro it 
takes the load from the deck because of tho narrow ends. 

25. It should also be pointed out t hat concentrations of stress occur 
on the unprotected sido of opening 2 and near the.: openings 5 and 6 . 

26. While in general the distribution of str13sscs in the uiodcl vrith 
framing is idontical vri th the distribution in the mod~l without framing, dif­
fer ences in the maximum val uos of P and Q aro quito radicolly changed, because 
the areas involved are smal l as compar~'<i with the dimensions of tho girders. 
In Table III, valuus of Q at t hv point A {plat~ 4) and v~luos of P &t tho point 
L arc shown for the various moti~ls. 

27. The data for ~odcl A ~ithout frw.ung or doublLrs arc rcpuntod in 
this Ta.blu: 

Model A 
Model B 
Model C 
Model E 

Q (at A) 

1 .25 
1.00 
1.00 

TABLE IiI 

P (at L) 

2 . 10 
l . JO 
l.70 

P - Q (at corners) 

2 • .3 
Maximum value of P - Q = 1.06 

I t i s seen from this Table that .in Model B t he transverse frames near the ends 
of opening 2 reduce the maximum valuo of Q and t he longitudinal members of the 
framing structure r educe the value of Pat the boundary of the opening. 

28. The cff ectsof the transverse n1ember of the framing on Q and of 
the longitudint..l. mcmoor on Pare r oal i.14provcments in the strength of tho 
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~truotur,, hi.it tMJ do not indicate a change in the gl!tners.l stres:, pattern 
since i n each case the r•i ion or aaximum stresn is directly attachad to the 
.frame membetr . 

IV. PARABOLIC ARCH TYPE OF DECK FI TTING 

DESCRlPTI'ON 

29. The ideal type of doubler ~ould cauGe the deck to behave like a 
uniform plate with no openings. The best approximation to the ideiu forin is 
found in the suspension bridge type of structurc i llustrated in Plates 8 and 
14. The parabolic arches at the ends of the doubler receive tho load from the 
deck unifor mly and transfer it around the opening through the longitudinal 
members AB and CD. Re-delivery of the stress to the dock is also uniform. The 
action of the arches is exnctly that of tho cables of n suspensi on bridgo, tho 
road bod of which is of constant weight per unit lengt h • . The uniform tens ion 
in the dock plate at t he ends of tho doubler corresponds t o the road bed of th~ 
suspension bridge. 

JO. Tho cables in such a bridge hang in parabolic f orm reprosentud by 
tho oquation 

x2 = ay, where 11a 11 = 2 T-xJw, 

Tx being the horizontal component of the tension in the cable and w being 
the wei ght per unit length of the road bed. The angl e 8 t1hich the tangent to 
the curve a t t he point P make3 with t he -x axis is determined by Tx/Ty, where · 
Tx is the horizontal component and Ty is the vertical component of t he tension 
at the point P in Plate 8. In adapting this type of structure to_ the deck 
fitting ill ustrated in Plato~ the determination of the correct eccentricity 
of the parabola is int~ucnced by the ratio of tensile to compressive strength 
and by the fact that the deck itself is capable of carrying part of the load. 
~f the arch were required to carry the complete l oad, "tanient 8 would be equal 
to the ratio of tensil e strength of t he tension member to compressive strength 
of the compression member AC. nhen tangent e is determined the course of the 
curve i s completely specified, t he constant "a" being determined from the re­
lationship 

tan 8 = d3/dx = 2x/a = ~ 
X 

The fitting shovm in Plate 8 was designed with tan 8 = 2.5 which result s 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 
t he cross members AC and BD, which have been provided in the model because of 
the high compressive str ess developed along the fore and nft edges of t he 
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openings, (3ee Plate 4) . It is possible that the deck plate can take this 
3trens ~ithout damage, thus dispensing with the cr oss members or permitting a 
decrease in their weight. This is a question t he ans;,er to which depends 
ur,on knowledge of the relative i 1nportance of t he tensile and compressive 
strengths in the nhip structure. 

31. It should be noted that in the fittings around the oval openings 
5 and 6 no compression member has been provided. This omissi on 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 plnt ing which lies 
outside the boundary of th~ fitting. Here, the effect on the d~ck plating 
will be that produced by a transverse tension. However, it must always be 
reme~oored that compressive stresses arc present and must bo carr ied by a 
compression member unlt~ss the d1Jck 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. 

J2. Since the form of the arch should be as conservuti ve of weight 
as possible, the following calculation ho.s been made showing the lenst depth 
of arch 11d11 required to support o. uniform load across a fixed span. The 
length of a parabolic arch from the vertex to the point P{x,y){Plate 8) is 
given by the expression 

The tension along the cable at any point is given by 

R = wx (l + x2/ JJ2.) l/2 

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

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

For a minimum, 

dfl/dy = l6y4 + 2y~ - 3 = 0 

y = o.61 is the only one of the four zsolutiona ol thi.B equation which hU 
physical significance. 

-7-



This result means thut the ratio 

depth of arch = 0. 3 
vtidth of opening 

satis.t'le~ the condition of least weight. 

Twice t his rati o \WS used in the model to reduce compressional s t r esses . 

EFFECT ON STRESS DISTRIBUTION 

33. The effect nhich t his fit ting hu{, on the distribution of stress 
in the deck i s illust r ated in Plate 7 which shovrs the isoclinic lines in a 
model of the deck ,,ithout framing, -':ind in Plute 13 which is a color photo­
graph of the stress pat tern. 

34. Plate lJ, in msirkcd contrast t o Plhtcs 10, 11, and 12 shows no 
points of high concentration. It was found tho.t nith this type of fitting 
the maximUlll conccntrntion of stross is only 6~ hlghor in vuluc than the nvoragc 
applied stress P Q . This re pre sen ts a remark.able improvement over the 
ot her models which 1 s easily seen by comparing the maximum values of P and Q 
and P - Q for the various models . These dtita ~re recorded in Table II. 

35. It is possible that the design of the doubler could be altered 
to the f orm shown in Pl ate 9 without changing its characteristics to a great 
degree . Here, the parabolic arches ar c replac0d by straight m~mbor s which 11l£lY 
make nny desired unglc with the longitudinal 1.1.xis of the deck, nnd the ver t ex 
of p.!raboln is replaced b-,r one of the tr.'.lllsvcrsc members of the frruni ng. Such 
nn nrrc.ngement has not been subj ected to photoelastic investigation. It is 
mentioned as a possibl e modification of greater structural simplicity. 

J6 . It is not expected t hat a simpl e "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 ueight it would not be possible to design 
a plate doubler as effi cient as the bclllll design ·or Model E. 
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