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A study  has been made of the  variation of seaplane hull weight 
with length-beam r a t i o  i n  a systematic  series of  hulls designed f o r  
constant gross weight and similar spray c&ma.cteristics. It is 
found that  increases  in  the length-beam ratio  bring  abaut smell 
reductione i n  the hull weight if it i a  assumed that seaplanes hadng 
the E- wefght 'and  bottom shape will be  designed f o r  the flame load 
factor.  A short discussion is  also given t o  show the  reduction in  
load factor  that may oocur with high length-beam r a t i o s .  

A rough estimate has been made of the change i n  s t m c t u r a l  
weight of the h u l l  of a f lying boat when the length-beam r a t i o  
varies from 6 t o  15. The seaplane has been  considered t o  have 
a gross weight of 65,000 pormda. The estimate h s  been pmprad 
by considering loading conditions in  landing, p r i m ~ r i l g .  In 
preparing the w e i g h t  estf2llate it h a  been assumed that the ~ e m a  
mxbm load factor  would be used i n  the deelgn of the seaplane 
f o r  all length-beam ratfoB. A study is also  included t o  ahou the  
reduction i n  maximum landing acceleration that OCCU~B -with increased 
length-beam ratio. The desi- ia c m i d e r e d  an the basis of the 

' mcEt recent Navy Department specifications. 

Ah 

B 

cw 
, 

B: 

horizontal area of foreboQ ' 

beam 

beam loading coefficient (5) 
height of h u l l  



2 

p ' x r  mA.ale which were designed By the ~ d r o a s n a m f c s  Divialon of 
the Na.tiana1 Advfaary Committee f o r  Aeronautics have 'been considered, 
The valws  fn ihe follovlng h b l e  are In inch and pound u n i t s  Per a --scale '1 

10 
m-;del, 'The mllels have bean deafgrmd tc have the 8ame q m y  characteristics3 
The height af hull lvls ljeen held comtanc. The ratir3 ;f f z r e ' t ~ d y  length 
to af'terbody length is canstant a The length from the B trtp tt., the tall 

T+ i G, is held conatmz, The bottom shape of the models 1e similar 
8s t h l t  ;he s&me dead-rise %le OCCUTE at the  lamh he re la t ive   hu l l  
s t a t i m  on each udel. 
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It bas been assumed that the model having 6 correeponde t o  
present-day practice in  seaplane design. Relative values of  the Weight6 
of various components , b v e  been detarm~ned f o r  the higher  values of L/CB 
wing the mdel #ith L = 6 aB a basic standard. Ten components of the 
hull h v e  been aansidemd'to ahow the major portion of the  variation of 
h u U  weight with Length-beam ratio. These ccmrganents and t he i r  manner 
of varlation with hull dimenaiom TJiU be discussed individuelly. 

E 

In  order t o  dstermFne the peraentage variation in structmal 
wefght f o r  each model ,  it i~ neceamry to assume specific values for  
t he  percentage of hull weight i n  each comgonent for the model a i t h  

= 6 4  Specifia values hexe been choaen for m a  baaic model t o  be B 
in  agreement Kith the campanent wefghta of the XPBS-1 aimlese. 

1. Bottom plating: Gince the dead-rirre angle is the at 
pm-portionaI a h t i o m  on the  model^, the required bottom-plating 
t h i c b s s  will be the am8 at  the &ame relative stat ions.  Consequently, 
the weight of the bottom plating xi11 vary as the bottom area. This 
has been comidsred, for convenience, to vary as the area of' the' 
projection of the %reboQ of the h d l  on a horizontal  planer 

2, Side pfrttiag: The dde plating on the forebody and efterbody 
will vary as the length bf W e  fo.febo,aS einos the height of the hull 
remaina constant, With 3ncrease in afterbody length there dl1 be a 
mall decreaae in side plat ing on the tail extension.  This  decrease 
has been disregarded and the side plating aesumed t o  vary as $. 

3. Deck plating: It is aaaumsd that the thickness of tbe deck 
plating Kill 'be the ~ a m e  at a l l  proportional hull ah t ione .  Thus, 
the weight of this plating will vary with  the e d t h  of the hull ana 
with the t o t a l  length of the hull .  Canaequently, the deck plat ing 
i a  assumed t o  vary as the product BL' . 

4. Bottam stringera: The xtreas in the bottom s t w m  is aue 
t o  both &a1 forms and beding rrmmntsi, The axial force in a 
etringer is lLue t o  bending of the  hull .  It is found i n  the as~llys€a 
of flying-boat  hulk? that these asla1 forces  are very mall, while 
the bending mamsnts  due to transverse loading are  large. Consequently, 
it m y  be assumed for  wei&t-estimting purpoms that the desi- of 
the stringer is determined aolely 3y the 'bending loads. In the present 
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paper it; is assumad tnat all fmmes are placed at the ~ ~ u n e  spacing in  
a l l  mdels, The transverse loading at a praportional hu l l  s t s t i o r ~  
will 'be the same C I ~  a l l  mctdelso Cansequently, the s i z e  of the 
stringerg will be the same at a proportional station gn a l l  mxlels. 
The stringerfl are asmmed t o  have the same spacing on a l l  models. 
Thus, tne s t r inger  weight w i l l  vaqy with  the nuniber of stringers 
Lihich, in t u rn ,  will vary with the hull width. The weight of  the 
stringers w i l l  also va ry  with  the fcre3od-y length. Consequently, the 
weight; of the stringers has been assumed t o  vary  with the horizontal 
are& of the forebody of the hull. 

3. Side stringers: The weight of &de str ingers has been aersumed 
ti; vary inversely as the width of the hull i n  order to preserve 
equal lateral bending st;rength of the hull. The weight of these 
atringere will also vary d i r e c t b  with their length. Yence, the 
variation faotor f o r  these stringere is given by the   ra t io  I ' h a  

6 .  Lmgerone and deck etringers: The stress i n  the longerons 
and deck stringers is prinnsrily due t o  positive bendlng of the hull. 
The bending m-menta at  varioua hul l  stations should vary approxf- 
nt%tely aB the forebody length. Thus, the cross-sectional are3 of 
the longerons and stringers should also vary as t he  foretcdy length. 
The w e i s a t  of these menibera w i l l  aleo vary as the total length of the 
h u l l .  Thm, the variatfon faator f o r  these members is glven by the 
przduct L'Lf e 

7 Keel and chine: It is asEtw.mil that the keel  and chine w i l l  
be the same on a l l  models. Consequently, the weight will vary as the 
sum a,f the  length of the forebody and the length of the afterbow. 
The length of the forebody mag thus be used a8 a variation fRctGr. 

8. Frames: It i s  assumed that 40 percent of the weight of a 
frame i~ contained in its vertical menibere. The r e m a 9 ~ I n g  60 percent 
is contained In the top ana bottom horlzantal  menibers. It fa  assumed 
that the Pertical memlers 05 a frame on all models will be identical .  
It i s  also a s s w d  that they are placed a t  the a- epacing on all 
models. Thua, the weight of the vertical members  wlll vary es the 
total length of the hull .  It is assumed that the  horizontal members 
are designed par t ia l ly  by shear and par t fa l ly  by bending moments. In  
order to  allow'for  the  possible use of deeper members on longer spane, 
it is assumed that the weight  will vary as t h e  aquare of the span. 
The w 0 i g h . t  of' horizontal members will a leo  vary &B the -t;Eital length 
o.f the hull, A variation factor  f o r  the frames my therz te written 
In the following form: 

0,4L' + 0,6~' (e- 
where "5 is the width of  model having 1; = 6 .  B 



. 
9 a 'Bulkheads: It is aslnrmed that there will be the same number 

of 'bulkhesds in each model. The weight of the bulkhaads should vapg 
appro:ximztely as Lh0 width of the hull .  

10. Ploorlng: It is assum@ that the flooring will be designed 
f o r  bending m-nt due t o  tmnsverse loading. The span' of the  flooring 
Wfll be the same a t  proportfunal statione i n  a l l  modela. Cmsequently, 
the weight of the flooring should vary approximately as the product L'B. 

" 

_. 

SU"I OF COMPOl!EKF WEIGHTS 

Bottom pla t ing  
Side  plating 
Deck plat ing 
Bottom str ingers  
Side  stringers 
Longerons asd deck atringers 
Keel and chine 
Framss 
Bulkheads 
Flooring ' 

I 
2 
3 
4 
5 
6 .  
7 
8 
9 

10 

0 a794 
1 .e60 

0 695 
0794 

1-758 
1.396 
I ,260 

0 -735 
1.356 

.620 
-735 

1 *553 
1.356 
,660 
=543 
.620 

2 .ll 
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The percentage of hull weight represented by each camponent hEts 'been 
s a s m d  tu be approldmtely equal t 3  the =lues of these quantities of 
the p6S-1 madel airplane. These percentages of weight are assumed t o  . 
Ee applica'tile .to iha model having L = 6. These values are shown in the B 
second oolumn af the following table: 
I 

6 1  9 
(percent) (percent) 

I I 

To tal  1 62.3 I 56.54 '54.60 
By meas of the re lat ive weight factore, the percentage of kll weight i n  
the various coqomnts has been oomputed to be a8 shown in t h e  remfning 
colunms of .the foregoing table. The ~ u m  of the second column of the 
foreg;lng table indicates that the 10 components being comidered represent 
62,5 percent of the   total   s t ructural  weight of the hul l .  The differences 
'between the t o t a l  values erhonh represent percentage hull-wei@t changee. 

It is also of interest to determine the percentaw  reduction in 
a i r p d e  skntctural. w-eight and the  percentage r eduo t im i n  gross weight 
brought about by using high length"beam ratios. The r a t i o  of hKLl weight 
t o  gross weight f o r  f ive flying boats f a  shown i n  the f o l l o d n g  table: 

Hull weight Structural wel ght 
Grose weight Grass Weight 

I 

m -5 

e 318 130 XPBS-1 
.318 .lo7 m2Y 

0 e 2 9 2  0 -095 

Lendck 

.320 I 122 Average 

e 3 4 9  153 Sunderland 
0325 .226 



There is ala0 shown the m t i o  of  d r u c t u r a l  weight t o  gross miat. The 
average values of these ratios are a l so  &own, From theee values it is 
seen tkt the hull weight represents an average of 38 percent of the 
structlrM-1 weight. Fram theee average values the reductim i n  hull weight 
m y  be converted t o  reduction 3n s t ruc tura l  w e i g h t  of the  airplane o r  
reduction in  gross weight. The reductions in w e i g h t  are s m r i z e d  i n  %he 
following table : 

H u l l  weight 
(percent) (percent) (percent) 

Gross w e i g h t  Structural  weight 

6 

1-03 3 *2 0.4 15 
.96 3 -0 7.9 E 
73 2 *3 6 -0 9 

0 0 0 

* A grqh showing the  variation wtth Lp of the  percentage reduction i n  
h u l l  weight IS shown i n  figure 1. 

LOAD -FACTOR m U C T I O N  

The weight reduction that has been P ~ W ~ O U S ~ ~  computed has assumed 
that a l l  models  would be designed f o r  the same load factor.  The moBt  
recent Navy Bpecificatione do not take  account of the f a c t  that them will 
be some reducticm in mdmm impact acceleration wtth high lellgth-beam 
ratios.. However, thls matter is of considem'ble importance. Some values 
of load-factor reduction will be i l l u s t r a t ed  t o  show the ef fec t  of high 
bean loading (high length-beam rat ios)  . In  the current aSBf@ps of ileaplane 
hulls the m a x ~ m u m  acceleration of the lngact wil l  generally be reache& before 
the  chines of the hull submerge, If' narrow hulls are used, the  chinee wT11 
sukmerge before the m a x h m  acceleration has been reached.  Theoretical 
solutfons of thia  problem have been recently developed by IT. L. Mqm of the 
-act basin of the EIACA. There i a ,  however, no exgefimntal evidence t o  
verify the theory. 

AI-I emmp3-e has been colqeutea f o r  a Q i n g  boat w e i g h i n g  65,000 pounh 
and having a s t a l l i n g  speed of 75 &1es per  hour. T h i s  speed is approxi- 
mately the ~ a m e  as that of the EM-3. The lasdfng bas been essumed Go 
occur a t  a trim a,ngb of 6O. The sinking speed ha6 'been assumed t o  'be 
17 fee t  per second in  order t o  &Be a maxim acceleration of 4g. This 
give6 a load fac tor  of  56. The percentage redrrctfon in mimum accelera- 
t i o n  f o r  narrow hulls is indicated by cur-ve A in  figure 2. There i s  a 
c r i t i c a l  Length-beam r a t io  below which 110 reduction i n  acceleration  nould 
occurn The percant  reductfane  Inaimtea in t h i s  figme are vex7 large. 



8 

In order t o  indicate the trend for future seaplanes with higher 
landing apeedEI, a seccnd example ha8 been colqputed. In  th f s  cam the 
s e a p h e  agafn mi@ 65,000 pounds and l a  aasumed t o  k m d  at a t r i m  
angle of' G O o  Tie sinking speed is asinmd to be 16.2 feet per second 
in order t o  give a value of 5g f o r  the m x i m u m  acceleration. The 
result ing reduction in acoeleration is &own by curve €3 of figure 2. 

Several models have alao been coneridered i n  which the  afterbody 
extends completely to  the tail surface. The t a i l  extension  part of 
the h u l l  is completely eliminated. These models are  numbers 203, 22U, 
22U3, and 221E. Each of these mdele has dlmens5ons tha t   a r e  very  eimilar 
t o  those of the model pre.vl0usly ,investigated which h2er - L = 9. It ie 
probable that a good estimate of the might reduction i n  these planing- 
ta51 hulls  c a n  be made by as~uming it t o  be the ~ a m e  as for   the  model 

B 

having 4 = 9 A peculiari ty of them hulls l ies  in the fact that 
they have pointed  steps. There ia a t  pmaent no theoretical   solution 
f o r  &he maximum acceleration that would occur with a pointed step in a 
hading impaot. (Both theoretical and eqperilaental research is needed 

3 

' on this problem,) 

From the atudieer that have been =de it anears reasamble  to  
believe that there wl11 be & notfoeable reductian in  the s t ructural  
weight of 9 h u l l  when high length-beam r a t io s  are mad. The largeat 
part of t h f s  benefit m y  be rmlized 'by increasing  the value of L/b 
from 6 to 9. There should be a further gain in  the over-all serv3.m- 
ab i l i t y  of a hull  with high length-beam ra t io ,  due to the fact tha t  
lesser acceleratfons will be experienoed in the landing. These benefits  
become mme noticeable a t  mry high values of L/%. 

I 
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