
r

'■f

TWO-BEAM DECKHOUSE THEORY 

WITH SHEAR EFFECTS

by

H. A. Schade

ClEARINGHOUSE 
FOR FEIiFRAI. S( lEVriPTC AND 

_ AL IXrOPvMATION
1 wiororiclie

u'it lb

pp a)

^ t rc V /

Department of the Navy 
Bureau of Ships
Project Serial No. SF 013 03 01 
Task 1977

1

1'
Report No. NA-65-3 
Contract NObs-90187 
October 1965

INSTITUTE OF ENGINEERING RESEARCH

UNIVERSITY '^F CALIFORNIA 

Berkeley, California
<



TWO-BEAM DECKHOUSE THEORY 

WITH SHEAR EFFECTS 

by 

H. A. Schade 

Department of the Navy 
Bureau of Ships 
Contract NObs-90187 
Project Serial No. SF013-03-01 
Task 1977 

Office of Research Services 
University of California 

Berkeley 

October 1965 



i 

ABSTRACT 

The p.-iper deals with the structural response in 

vertical bending and shear, of the upright ship hull 

with a deckhouse. The basis lor the analysis is that 

of considering each component as a thin-walled Navier 

beam and accounting for 

a) vertical loading of the deckhouse by a 

foundation modulus "k" in the usual mannerj 

b) vertical shear deflection of each component 

in addition to bending deflection; 

c) non-equality of longitudinal strain at deck- 

edge and deckhouse connection by applying 

shear lag theory to the deck. 

The superstructure is handled as a special case, 

with only b) above being applicable. 

Design chart* ''“e presented, based on the solution 

to the differential equation, for computing (1) longi¬ 

tudinal stresses at midlength, (2) shear flow at bond, and 

(3) differential deflection of the two components. 

It is indicated that the three items (a), (b) and 

(c) may be of the same order of importance. 

A few preliminary experimental results are included. 

» 
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Basic Nomenclature 

u eXjffna^ l°ading is applied to the primary member (the 
huil) identiiled by the subscript 1; the "following" member 
(deckhouse or superstructure) is identified by the subscript f. 

and (Tf 

(Ti and (Tf 

and pf 

and 

$l and Sf 

and 

and 

and 

longitudinal stress in sides (x-direction) 

longitudinal stress in sides at deck 
, . (x-direction) 

average longitudinal stress (x-direction) 

stress moment 

section modulus referred to deck 

material modulus - normal 

material modulus - shear 

effective section area including webs and 

and 

and 

qx and qf 

^ and wf 

and Qf 

and e^ 

and 

2b 

y 

k 

® 
M 

flanges (A * A^ Af) 

section area (webs only) 

section moment of inertia 

vertical load/unit length (q * q^ + q^) 

vertical deflection (+ down) 

vertical shear force (¢^-(^+ Qf) 

distance from bond to individual N.A. 

(e - *1 + ef) 

vertical co-ordinate distance from 

individual N.A. (+ down) 

beam of hull 

transverse coordinate distance from 

spring constant of hull at bond 

longitudinal shear flow in deckhouse at bond 

shear deflection factor 

bending moment generated by external forces 
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m 

CL 

X 

2 A 

f 

constant component of bending moment 

amplitude of sinusoidal component of bending 

moment 

longitudinal external force on hull 

length of deckhouse 

effectiveness ratio 

Note: The asterisk indicates modification to symbols to 

account for difference in material moduli, thus: 

* 

A1 + Af 

e S + e <; * + AlAf J 
elSl * efSf + """TE e 

a a * 2 ★ A-jAp e 

Il + 1f +^T— 



Parameters Used for Computations 
vi 
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c 

s 

_6ÆSL_ 

( A, + rA‘f) S, S/ y /, fif (£/ s, t e, rSj ) 

mIi _A.ire^et)_ 

E' (A, + rtf)(1,■>tf) +A, tfe(rt,itf) 

~ ' + ~w(2t/+ tÍf (tt)* 

» 

( Eq- ^) 

( Eq. 15) 

(Eq. 17) 

e / i- _L_ 
re,+^ 

cù 

? 

B 
C ’ 

TE,ri;e, C 
(re, + ef) ß j 

(Eq. 15) 

(Eq. 15) 

Parameters for numerical solution for 

(See Figures 7 and 8) 

(¿Áf'j, (tir) 

W). my) 

Parameters for numerical solution for N 
(‘ee Figures 9 to 16) 

Parameters for numerical solution for 

(See Figures 17 to 24) 
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I. Introduction 

The treatment of the influence of deckhouses and super¬ 

structures upon the bending strength and stiffness of the hull 

girder for design purposes is far from standardized. Classifi¬ 

cation Society Rules are not uniform and in part are obscure on 

this point. Nevertheless, the fact that non-linear distribution 

of longitudinal primary bending stresses may exist across the 

total section when a deckhouse-superstructure is present is now 

well known, when the deckhouse-superstructure is aluminum on a 

steel hull an additional complication is introduced. The ques¬ 

tions of expansion joints and "wobble plates" remain troublesome; 

both have as objective the suppression of cracking of plates 

towards the ends of the structure, but these measures are not 

universally successful. 

The problem dealt with here is limited to the primary 

response of the structure, which is symmetrical about the 

vertical centerline plane. 

For the purpose of avoiding repetitive descriptions, the 

following (not universally accepted) terminology is used: 

a) A deckhouse, with side plating not coplanar with the 

ship sides so that the vertical deflections of the 

two are not necessarily the same; 

b) a superstructure, where the side plating and main hull 

sides are coplanar so that identical displacement is 

forced on both parts at the bond between them. 
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The word deckhouse is usually used here to describe both where 

the difference is immaterial. The superstructure may, in fact, 

be regarded as a special case of the deckhouse. 

The two components of the combination of hull and deckhouse 

or superstructure are treated as if each were a Navier beam. 

This is thus an extension of the scheme used by Bleich (Ref. 15) 

and others, but differs from it in the following ways: 

a) The boundary conditions at the deckhouse ends differ 

from those used by Bleich, and seem closer to reality. 

b) Shear displacement is accounted for in the sides of 

both hull and deckhouse. In a superstructure, this is 

the only influence which distinguishes the composite 

section behavior from single-beam behavior, since the 

curvatures of the two components are the same. 

c) The treatment of a deckhouse of material different 

from that of the hull is included in the nomenclature 

system. 

d) The effect of shear lag in the decks between deck-edge 

and deckhouse side is included. 

The focus of interest is on the magnitude *nd distribution 

of longitudinal stress in each component, the corresponding 

longitudinal shear flow at the bond between the two components, 

and their relative vertical deflection. In particular the 

question of the effect of the presence of the deckhouse on the 

longitudinal strength of the hull is important, i.e., the rate 

of diffusion of longitudinal stress into the deckhouse away from 

its ends, with consequent modification of the hull longitudinal 
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stresses. This question seems to be most directly studied by 

making the average longitudinal stress in the deckhouse the 

primary dependent variable; once this is obtained, the other 

stresses and deflections can be obtained from it. This has 

also the advantage of being consistent with shear lag theory, 

and in fact the same basic nomenclature system is used. 



4 

II• Fundamental Assumptions 

Assume that the longitudinal connection or bond between 

deckhouse side and deck is rigid (welded or equivalent), without 

slip, and assume that longitudinal stresses are related to 

longitudinal strains there by (T=£g. This latter is equivalent 

to the assumption that Poisson's ratiois zero there, or 

that longitudinal stresses are unaffected by girth stresses. 

The longitudinal stress in the deck at this bond and the 

longitudinal stress in the deck-edge may differ. Simple beam 

theory implies they are the same (if camber is neglected); 

shear lag in the deck plating may modify this. 

These assumptions are equivalent to 

where r is the ratio of longitudinal deck stress at the bond 

to the stress at deck-edge. 

Precise determination of r would require two-dimensional 

elastic analysis of the response of all plate elements of the 

section. For the present purpose assume that r has the same 

value it would have without the deckhouse, determined by a 

box-girder analysis of the hull alone, such as that in Ref. 35. 

According to this analysis, for a sinusoidal bending moment 

of length 2X , 



5 

For a bending moment which is constant over the length of the 

deckhouse r should of course be taken as unity. 

For convenience, each of the component longitudinal stresses 

is decomposed into an average stress and a bending stress: 

¿i rt'TrlfT 

(2a) 

so that in terms of the component section moduli, the stresses 

at the deck are 

(2b) 

Assume also that the vertical unit load transmitted to 

the deckhouse through the bond may be represented by 

^ = k ( ) (3) 

where k is not a function of x. It has the dimensions of a 

stress. Determination of its value is discussed in Appendix III. 



Ill* Equilibrium Relations 

Longitudinal force equilibrium across the total section 

requires 

A,t, + AfTf = Fx W 

Moment equilibrium across a total section requires (if 

the resultant of Fx is at the centroid of the hull section) 

In the further development assume that F * 0, for the 

sake of simplicity. The stresses generated by the external 

longitudinal load Fx are normally very small in comparison 

with the bending stresses generated by the external bending 

moment M. 

The formula (6b) can also be written in another way: 
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where 

ß 
(A,+ rÿ)s, Sf * A^Ce^'+C' rs*) 

and 
---£/_ 

rz,!, +A,Af(i,e;.ift) 
& 

for r = / 

Consider now the limiting (and structurally unrealistic) 

case with k - 0; moment equilibrium acrosss a deckhouse section 

would require 

Accordingly, from (7) 

Tf - - e> M 

This result is identical with Bleich (Ref. 15, equation 3) 

if an<* r* / » since neither of the other two differences 

listed in the introduction have been introduced up to this point. 

This limiting case has no practical importance, but the para¬ 

meter B is useful in the further development. 

Returning to the general case, the deck stress can also 

be obtained from (1), (2b), (4) and (5) by eliminating M, f 

and P 

(8) 

Moment and vertical force equilibrium in the two parts 

separately and in the total configuration require (see Fig. 1): 
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(9a) 

(9b) 

(9c) 

4,+ 4f s M' (9d) 

Longitudinal force equilibrium of an element of the deck¬ 

house determines the shear flow at the bond with the deck: 

/✓ 
(10) 

From (7) and (9a) eliminate Mf to get vertical shear in 

the deckhouse 

and this combined with (3) and (9b) yields 

(11) 

k (12) 

This equation (12) furnishes the deflection difference as a 

function of ^ for the case of a deckhouse « where o¿ k < Co 

To get the solution for ^ an additional relation is 

necessary. 
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IV. Navier Bending 

Assume that both parts behave as Navier beams with shear 

deflection included. The standard equations for this are 

(13a) M, ■ 

(13b) 

The factor (Q to account for non-uniform vertical shear is 

included in U, and CLj , except where otherwise indicated, 

in order to simplify the symbols. See Appendix IV for a dis¬ 

cussion of its magnitude. 

Eliminate » My » d?/ » ^ and £ from these and from 

(6), (9) and (11) to get 

/-¿_+ -J-} < Vb Arfe (re+e,) 
U'*< añ} e V rt 

= - (à. + $)»'+(Srïrx»;-»;). 

(14) 

For a superstructure this furnishes the differential equation 

in ^ directly, since the last term is identally zero. The 

particular integral is a function not only of M but also of 

its second derivative. See Appendix II for solutions. 



10 

V. Differential Equation for Deckhouse 

For the general case k < ) 0f a deckhouse, 

however, a fourth-order differential equation results from 

eliminating the deflection difference ( w, - ) from (12) 

and (14): 

/ '—'I. p" 
rt ' V ■*cu4 % s + ) ——4— M* 

h- M (15) 

where 

C 2 ±hz±± £<) 

E< <*• + rAf)(l+lf)+A,A¡e(r¿,+ ef) 

aj4= -L. LLÍul£à A. 
4 r]* ^ 

J—)l= ±/_L+J_> Itf.rVe, c' 0,6^0,* 2^,p, 8 t 

— =. ( -L- I —I—) -£, r !*£, C_ 
ij)i \ d,*, <L^ J (r€' + ß 

If shear lag in the deck is non-existent, or is ignored, 

so that r ~ I , 

It Ae 
(15a) 
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The section modulus of the composite section treated as a single 

beam, referred to the neutral axis of the house, is the reci¬ 

procal of this, so that C is easily calculated by normal naval 

architecture methods for this case. 

Usable solutions can be obtained for many cases by assuming 

that over the length of the deckhouse the bending moment can be 

represented by a component constant in x plus a sinusoidal 

component, i.e., let 

M = m + as"’ , (16) 

If this does not reasonably represent the real bending moment, 

a finite or an infinite series may be used for the second term. 

With this two-term assumed form of bending moment, the 

differential equation is 

(17) 

where 

Its particular integral is 

where 
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VI. Boundary Conditions at Ends of Deckhouse 

The deck material between the deckhouse sides is part of 

the hull, and is included in the hull section, section area A^. 

Under these circumstances the end? of the structure which is 

counted as part of the deckhouse section area are physically 

free of normal and shear stresses; this requires that 

(Tx I ,. = 0 (18a) 
* i o, ¿A 

(13b) 

but this is incompatible with the fundamental assumptions at 

the bond where, because of strain equality in deck and house, 

(J^ cannot be zero unless M is zero or unless the shear lag 

distribution produces this result. (See Reference 35.) 

As an approximation consider the following, which repre¬ 

sent necessary but not sufficient conditions to meet the 

physical requirement of stress-free end surfaces: 

t = O 
/ I o, ¿A (19a) 

0. 2À 
O (19b) 

(19c) 

A solution of the fourth-order differential equation (14) 

may satisfy only four of these six boundary conditions. 
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According to (6b), the boundary condition (19a) is equivalent to 

(20) 

which contradicts (19c). An arbitrary choice must be made, and 

we choose the solution which satisfies (19a) and (19b). 

Unless M itself is zero at the e^ds, such a solution is 

really the solution for a configuration externally loaded not 

only by M and Q but also by applied externally to 

the deckhouse ends. Since such moments do not physically exist 

in the problem under study, they must be cancelled by an internal 

moment generated by vertical forces operating through the bond 

near the ends, and this additional internal moment will perturb 

this solution, but only for a short distance from the ends, ac¬ 

cording to St. Venant*s Principle. (See Figure 2.) 

Additional perturbations of the theory in the vicinity of 

the ends must also occur because of the differences between (18) 

and (19), but these effects are of still less importance than 

those discussed in the foregoing; they also attenuate rapidly 

away from the ends. 

The boundary condition of zero vertical shear force across 

the deckhouse ends, represented by (19b), is equivalent to 

(21) 
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according to (11). For the assumed bending moment form repre¬ 

sented by (16) these become 

(22) 

and these, together with (19a) 

0 

are the boundary conditions used to determine the solution. 
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VII. Differential Equation Solution 

The complete solution for (17) with these boundary condi¬ 

tions, and for a moment described by (16) is: 

f - - C'Y»! + [(bS-C6)Cf-Bsinlft'jcL (23) 

where 

'y' - ) ; 

y = . 

The dimensionless functions ^ and ^ have three different 

forms, depending on whether (a) ^ ¿ / , (b) ^ = / , or (c) ^ / 

They are given in Appendix I and their values at mid-length, 

where = /^ , are plotted on Figures 7 and 8. 

The parameters ß , £ » S' » and & are those defined 

by (^), (15) and (17). The first two, ß and £ , are para¬ 

meters of the section geometry; the second two, <T and 6 , 

involve not only the section geometry, but the foundation 

modulus and deckhouse length also. 

The stress distribution across each component is in 

accordance with Navier distribution: 

‘T’ ( x %)T,-^r, . 
(24) 
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The shear flow at the bond, from (10) is 

and therefore 

(25) 

The dimensionless functions ( 2^^') and ( 2Á(f' ) 

are given in Appendix I and are plotted on Figures 9 to 16. 

Shear flow in the bond at the deckhouse ends is indepen¬ 

dent of k and of the length 2À , because of boundary conditions 

represented by (21): 

- A a qI 
r lo ’ 

Thus it is a function of section geometry and is proportional 

to the vertical shear force Q. If Q is zero at the ends, Ñ 

is zero there also. 

The difference between the deflections of the two com¬ 

ponents, from (12), is 

K - 
S - rS* i y (27) 

and is therefore according to the foregoing 

J^Tb *(BS-cê/4jy)aj 

The dimensionless functions (4/1^4") and (4>|?^* ) are 

given in Appendix I, and are plotted on Figures 17 to 24. 
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i 

VIII. Summary and Discussion 

Computation of stress diffusion into the deckhouse 

mid-length, represented by the average deckhouse stress 

is simple and straightforward,using the formula 

■pj = - cf™ + [(8f-Ce)Y -b]o- 

with ^ and ^ displayed in Figures 7 and 8 as functions of 

^ and (2\cú^. The other symbols are defined in the nomen¬ 

clature list. The formula is applicable with a bending moment 

represented by W = rn + 0. sin 

For a constant bending moment the stress formula reduces to 

- - CÏM 

and, as noted in connection with (15a) this is simply the stress 

at the neutral axis of the deckhouse alone computed as if the 

configuration were a single beam, and modified by the factor 

y picked out from Figure 7. For most conventional (non¬ 

constant) bending moment forms this may be an adequate approxi¬ 

mation also. This needs further investigation. 

Appendix III gives a sample calculation to illustrate the 

procedure, using the complete bending moment formula. The 

structure is the model referred to in Reference 35, with a 

deckhouse added. Here k is computed on the basis of treating 

the transverse deck beams as clamped at the deck-edges. 

Figure 3 shows results of similar computations for a 

constant bending moment, using a unity value of f and several 
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different values of k , including that for a superstructure. 

For comparison purposes some preliminary experimental results 

from a model test run are shown also; the experimental points 

seem to correspond to a value of k lying between 1.3 x 103 

and 3 x 10 psi, but the experimental points are too prelimi¬ 

nary to justify any conclusions about the method of calculating 

lc . They are from the extensive experimental program on 

deckhouse structural effects now being carried out which will 

be reported on in detail elsewhere. There were no transverse 

bulkheads in this model. 

The question of the approximate value of k (or equivalent) 

is of course central in this as in all other theories which 

recognize differential deflection between hull and deckhouse. 

However, Figure 3 suggests that its determination may not be 

difficult, at least with simple structures, and that high 

precision in its value may not be necessary. The matter may 

become more difficult when the theory is applied to structures 

with transverse bulkheads, which will be the subject of a 

later investigation. 

The parameter q , which represents the effect of shear 

deflection, may he equally or more Important, particularly 

with short deckhouses and stl*f deck support (large k ). 

In fact. In the superstructure, which represents the limit 

of stiffness ( k -* ®o), shear deflection is the sole factor 

which distinguishes the response of the structure from that 

which would be given by treating both components as a single 

beam. The point is illustrated by results of computations for 



19 

the same model displayed on Figure 4, with all computations made 

for ¿ - 3 X 106 psi. It is shown on Figure 3 that this value 

of /r gives stress results for the model an^. loading which are 

indistinguishable from those for a superstructure. Figure 4 

shows that for the full-length house shear deflection has no 

notable effect, but it exhibits the striking magnification of 

this effect when the house length is successively shortened, as 

might be done by using expansion joints. These are calculated 

results only; experiments of this kind are planned for the model 

in the future. 

Appendix IV shows that uniform vertical shear stress dis¬ 

tribution in each component is a safe assumption so that the 

inclusion of vertical shear deflection in the solution of the 

deckhouse problem presents no difficulties. There seems to be 

no reason to ignore this potentially important factor in research 

or design procedures for short and moderate deckhouses. 

In most situations shear deflection of the ship girder is 

of secondary importance; but in the problem under discussion 

the loading to which each of the two components responds is 

coupled with the deflection of that component, so that the 

importance of deflection becomes enhanced and it is no longer 

admissible to ignore its shear component when beam theory is 

used. 

A computation according to Bleich (Reference 15) was made 

for each case identified by ^ - 0 on Figure 4, with results 

which are indistinguishable in each case; the differences 

between boundary conditions used in the two theories apparently 
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cause significant stress differences only toward the ends. 

This difference at ~ j/n is shown by the comparison made 

on Figure 5. 

The direct deck shear lag effect represented by T has 

importance only when the applied bending moment is not constant. 

Figure 6 shows results of using three different values of r 

with the same model, loaded with a sinusoidal bending moment 

and compared with a set of preliminary experimental points. 

Here a variation in r affects the deckedge stresses con¬ 

siderably more than the deckhouse top stresses. The formula 

(la) yields f * 0.81, which is considerably greater than that 

implied by the experimental points, which indicate r ~ 0.5. 

Application of (la) is a very crude means of estimating /- 

but a much more elaborate analysis is required to improve it. 

This matter is under continuing investigation. 

For the computation of midlength average longitudinal 

stress ^ only the two design curves displayed on Figures 

7 and 8 are needed. The design curves for and (2Àf) 

are displayed for the purpose of computing the shear flow Ñ 

in accordance with (25) and those tor (4À2)and (4Á2)ior 

the purpose of computing the differential deflection (w;-wf) 

in accordance with (27). The shear flow is a function of the 

first derivative of ^ , and the differential deflection a 

function of the second derivative of ^ , so that when the 

assumed form of bending moment M * ni i aïnfj- is used as 

an approximation to a real bending moment to obtain a reasonable 

approximation of stresses, the corresponding calculated values 
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of shear flow and deflection mav not be satisfactory approxi¬ 

mations. This matter requires further investigation. However, 

for design purposes the longitudinal stresses are the design 

criteria, and for this the moment approximation should be 

adequate. 

The experimental points shown on Figures 3 and 6 and 

mentioned in the discussion are preliminary in nature, and are 

used only to help illuminate the calculated results. The large 

experimental program on deckhouse structural effects currently 

under way will be reported on in other papers; and it may be 

expected that it will lead to modifications or extensions of 

the theory and calculation procedures suggested here. 
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Appendix I 

Solution of (17) to meet the prescribed boundary condi¬ 

tions follows standard procedure and is not repeated here. 

The dimensionless functions of ^ , ^ , (2Ap'), 

(4J y*) and have three different forms, depending on 

whether a) ^ ^ / , b) ^ z / , or c) ^ > / . 

a) 7 ¿ / 

/- 
/ 

¿Ao( •+ g/, 

-f. cash o((p/j-/j s/*i^3/ + -yj 

y ccsh o(x (✓ jJ f 

^ - -Jr fS'n _ / ^ I S'*iß('2Á-X) y- S'nA/(zA -yj 

£ 2 2 2^/ ^/3) 

P 

(2\Y) = - 

- ¿'»A«/ cos -f ot (co*A*i>(si»ß(2A-y) 

— S/>»|3X £C¿>s^ a//'- Cos^ 



* 

where 

b) 

27 

(4Á2T) * a¿ - èL * -- / 5'',/,*{2Á-X)C0i>/S¿ 
S")¿> 2^0( •* — S-n ^ í 

•/7/^ ory c*s^(2A-/) - — CCih 

— -p-cj^o/x S'* p ('2Jl-y)J 

■+ S/fi 

(j^f" ) = ■?■ /" 77--— fz^ñcesi*/ ceißt'*)-«) 
1 * i/&(*»* < r 1 y 

■f ¿oc'p Cc¿ Ccíh °((2)1 - *) - (Of'2- i^r)ß(2\-)f^ 

- fcA2-^2 ^ S'» SÍnA xfiÁ-xij - IT \ 

0<¿ 5 CÛ* ( 1+ ^ ) ) fi2 S có*( I- ^ ) 

? = ' 

^ = /_ s^ixl + zir t(^h rx 

- ïx fl- cash 2Àï)oc*t> f*-(l- ITk 

— 5¡oJ)^TXj f 

(ü - J_ í t (2Á-X )s¡»t>rx + xs/nt>M2\ -X) 

' S ^ 2>\ 21 s,nh 2\}r+ 2ÀÎT 

(2W)=- ^t(2X-*}] 
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{?\f) = - f II rfzA-x)- ^hà-x 

-+ (2>\-y)f ccshfa - (rxCe^+ÍZÁ-xjJ-Cos^ 

•+ 5/>»^ — i^y cosh d~(2À ~xjJ f 

W) = J {sJÁizxrC2 “*Ux +2 ^ r^-y) 

-(2À-*)ï fx - S//>^ ”yjJ” rT 

where = 2 cúZ 

c) ^>/ 

^ = '- 7m7ZT+ JZiïTTp (^u^-x)^/,^ 

•+ -jg- colt U (2Á~y) S''»A ^Jf + S/AÁ OJ+ cersA^^X^yJ 

+ JÎ-cosA o<ys¿»Al3{2j-xjJ f 

(J) -. -L f cj'j. X/ if z/nAßx *'«Xo((2t-)t) + s//»h°<>< S'*6ß{2j[-x) 1 
IS! n-5T I, 

WJ - - vJíl?. 

- ¿'»Axy s,»Afí2/l-x)J > 
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( 2\f) = -4- 
(S/*A ZÀot. p 

--- (ñ(c*^ ß* 

- S,»A «S cost* ßf2A-X)) + «(<&*> ** ^Y^Á'X) 

- S">hßycc& - Cci Jx I 
I r 

TJ StUlÀx+p^^Api ( y r 

+ ¿¿i'/XCstpM-Jt)-* CC^(ZÁ-A)^^ 

(4^Y") - 4 \ 7,-^4-f ZetncesA zX* ¿“dpClA-*) 
I' à ( jS(s,*4iAo<¿p-s.J.l^) 1 r r ^ 

t ZotpeesttpxunhXÍzA-/)-^*1*?1)*’'*' **3*ip6*-*J 

— ( st*-* ß2 ) *~>A ßj! ¿"jltfílA-* - Tf^"' ’jf’ J 

where a c42(?+,) ; p* = oózri-i) 

These six solutions parameters are plotted on Figures 10 to 

27. Only the mid-length ( X =/^ ) values of ^ and ^ are 

plotted, because the longitudinal stress values reach their 

maximum values there for the forms of bending moment used. Values 

of the first and second derivatives, however, are shown over the 

deckhouse length, because the shear flow and deflection difference 

may be of interest anywhere along the length. 



Appendix II 

For a superstructure the last term in (14) vanishes since 

the curvatures of the two parts are the same (w*® *//'). 

For a deckhouse there is an alternative phantom, which 

was referred to in Reference 17. The vertical forces exerted 

through the bond because of the foundation modulus k of the 

structure on which the deckhouse rests, if operating alone, 

would give the deckhouse a curvature which has the same sign 

as the curvature of the hull. On the other hand the shear 

forces transmitted to the deckhouse through the bond, if 

operating alone, would give the deckhouse a curvature opposite 

in sign to the curvature of the hull. One plausible hypothesis 

therefore assumes that these two curvatures cancel, and that 

the deckhouse does not bend at all. A corresponding differen¬ 

tial equation in pf can be easily obtained. 

From (6b),(9b), (11), and (13b) (with ~ ^ ) eliminate 

» end 

S/A.trAfl-Hr/t; e. = 

A' hi £t f r ax 

c‘f V/ 
This and the superstructure equation (14) (with w/s wj' 

have the same form; with the same assumed form of bending 

) 

moment 



Jl 

the differential equation covering both situations can be written 

- = - C In* _ 

where for a superstructure 

It(a¡6. * af6f ) ei r If 

£ = I±_di (re, t tí ï_ 
B, (A, ■* rAf )(2t + if )t A,Afe (re, ’ 

6 = /+ + 
re,+ef ' a,s, a^fnTX) 

and for a zero-curvature deckhouse 

\cl = 

d = 

6 = 

( (4, +rA*+ ¿ /i*re] E> 

Ef(ã^f)rJf^ 

£ 
LA± 

, ((*, + rAf )\+ A¿*re} 

I + V v2 

at6/ 
£,( zn) 

> 

» 
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The particular integral is 

-c[ r» 4 Ba 
S'” n TTJ 

¿A 

With the boundary condition from (19a) 

= O 

O, ZÀ 

the solutions are 

I 
J + J- 
7 K* Cñ) 

_ . w/ 
Z 

Only two (not four) boundary conditions can be met for 

the superstructure, and for the "no-bending" approximation, 

since these cases are represented by second-order differential 

equations. Thus their solutions are really solutions for a 

configuration loaded not only by M and Q , but also by M, I 

and ^ as well. Both these external loadings must be 

cancelled by internal vertical forces operating through the 

bond. The resulting perturbations to the solution must be 

stronger than for the deckhouse solution, owing to the non-zero 

values of 
0, 2A here. 
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Appendix III 

In the following a sample calculation of the average 

longitudinal stress pf is given for the 42-foot model referred 

to in Reference 35, with a deckhouse added. Suppose the bending 

moment curve over the length of the deckhouse of length 2)\ is 

represented by 

M - rn ^ o. s/n 

wlth m - 2.51 X 106 lb.-in. 

0. - 0.925 X 106 lb.-in. 

The deckhouse length is 

2/1 - 264 in. 

The material properties are 

£, * - 30 X 106 psi, 

« 11.5 X 106 psi. 

The value of k , without the presence of transverse bulk¬ 

heads, may be estimated by means of the simple beam theory. 

Consider the deck beam together with the effective deck plating 

as clamped at the hull sides and loaded with two identical line 

loads p lb./in. at the deckhouse sides, which produce a unit 

deflection at the deckhouse sides. Then k • 2\>y definition. 
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f % f %

2/5" L_____^____ J1 2IS**
' 8 '

74"

0.23*’y2.5*f,a.

Thickness of deck plating (longitudinals diffused) 
t - 0.156 in.

Effectiveness ratio ■ 0.58
4

Moment of inertia 1-1.14 in.

According to the energy method, ^ is determined by

r i 2
2 X ^ X rz4^)x I » i / Jz

This yields

- 650 lb./in.

and /r - 2 ^ - 1.3 X 10^ psi.

The effective geometric properties and the computation 

parameters are as follows for constant moment and for sinusoidal 

moment respectively. The actual deck, bottom, and housetop 

section areas are modified by application of the shear-lag 

"effectiveness” ratio ^ to obtain the "effective" geometrical 

properties. The appropriate values of ^ are obtained from 

Reference 17. For evaluating ^ is assumed to have the

same form as that of the imposed moment (either constant or 

sinusoidal), is assumed to have a sinusoidal form. 

Consequently, ^£ - 0.93 in both the cases.
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Effective Geometrie 

r 

ñ 
Ap in.^ 

£L| ) in • 

ep in. 

lv in.4 

Sp in.3 

Af(Af*), in.2 

CLç y . 

ef> in. 

ïfUf*), in.4 

Sf(Sf*), in.3 
•k 9 

A, in. 

e , in. 

Calculation parameters: 

B » in. 3 

C , in.“3 

rAuj 

7 

S 

ô 

For 
Constant Moment 

Properties : 

1.0 

1.0 

50.35 

1/.56 

29.49 

28,450 

965.4 

15.41 

4.31 

9.6 

139.3 

14.5 

65.76 

39.09 

0.866 X 10‘4 

0.641 X 10'3 

2.86 

0.0695 

For 
Sinusoidal Moment 

0.81 

0.75 

42.12 

17.56 

29.19 

23,156 

792.0 

15.41 

4.31 

9.6 

139.3 

14.5 

57.53 

38.79 

0.854 X 10'4 (Eq. 7) 

0.662 X 10“3 (Eq.15) 

2.87 (Eq.15) 

0.0688 ( Eq.15) 

1.442 (Eq.17) 

1.196 (eq.17) 
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Therefore the stresses at the midlength of the deckhouse are 

a) for constant moment alone 

^ ■ 0.435 (from Figure 7) 

^ - -700 psi. 

^ - 214 psi 

(T/ * -1965 psi 

» -1965 psi 

b) for sinusoidal moment alone 

^ * 0.380 (from Figure 8) 

Tf m [(&&~ Cd)^ ~ B'J & m -314 psi 

- 116 psi 

Ö; * -822 psi 

^ * -666 psi 

Superimposing b) and a) we obtain the total stresses for the 

combination bending moment 

^ ■ -1014 psi 

* 330 psi 

(f, * -2787 psi 

^ ■ -2631 psi 
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Appendix IV 

The Shear Deflection Constant fk) 

An approximation for this constant applicable to thin- 

walled rectangular girders can be obtained by integrating the 

square of the shear flow in vertical plating and dividing by 

the square of the average: 

Applying this to the deckhouse, the shear flow is related to 

the longitudinal stress in the sides of thickness t by the 

equilibrium equation 

= - OH i 
'èè >x • 

Using (2a) for ^ , this becomes 

Ñf = - " rf > 

and for a single-tiered house with sides of constant thickness 

and depth 2h 

"/■ 

( *t-a, Ui 
i-W-tf * lf )) t 2 ^ ~4 T{ 

(Here N£ at the bond is ½N, since N is the sum of the shears 

contributed by both deckhouse sides.) 
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This can be put in terms of and m' by using (6b) for 

Then (k) can be obtained as a function of and A/'by 

carrying out the integrations of formula (a). For the case 

of a constant bending moment M '= 0, and cancels, so 

that (k) is a function of the geometry only. 

Mr. Robert S. Johnson investigated (k) for a range of 

possible geometries of hull and deckhouse, and in an unpublished 

paper showed that 

i.o (k) < i.oi 

Assuming that this result for constant A7 would govern also 

for a more general form of A? , it seems clear that for design 

purposes at least 

(k) 1.0 

and the actual value of Q.^ can be used in the formulas, without 

modification for (k). Since the length-depth ratio of the hull 

is usually greater than that of the deckhouse, the same conclusion 

holds for CL, . 
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FIO. 3 LONGITUDINAL STRESS AT MIDLENGTH ( > ) 

AS A FUNCTION OF k FOR STRUCTURAL 
MODEL WITH LONG DECKHOUSE ( 2A«264") 
- CONSTANT M 
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FIO. 4 LONGITUDUINAL STRESS AT MIDLENGTH ( > ) 

AS A FUNCTION OF DECKHOUSE LENGTH (2>) 

FOR STRUCTURAL MODEL WITH STIFF FOUN¬ 
DATION MODULUS ( k ■ 3»IO* PSI ) - 
CONSTANT M 
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