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DDS1106-1-a. General

1. Purpose and Brief Discussioa

This Design NDuta Sheet is issued for guidance
in structural design and rating of flight decks,
hangar decks, and platforms which are constructed
of steel plating, aluminum planking or wood plank-
ing, stiffened with steel longitudinals. These
longitudinaly, in turn, are supported by transverse
bents or stuctural bulkheads. The transverse
bents, which are not discussed in this design data
shect, ure the primary supporting structures for the
fiight deck. In some cases additicnal stiffnens is
added by using intermediate ransverses. The de-
sign problem is complicated by the varying and
dynami- nature of loads and the complex interac-
tion of the deck structural componeats. The pro-
cedure described herein uses accepted principles
of structural mechanics with empirical coastants
determined from static and dynamic tests conducted
on sircraft carriers and other structures.

2. Procedure applien to elastic range

No permanent met in the flight deck can be
tolerated; hence, this design method is based on the
assumption that stresses will not exceed the elas-
tic range. Therefore the deformatioas of the struc-
ture contemplated do not approach those whic¢h
might be developed at failure of the structure. It is
recognized that ia terms of loading, there is a con-
sideruble margin of safety, beyond the point at
which first yielding occurs in the metallic structure,
and to a smaller degree in wood planking.

3. Nomographs aad formulas

The procedure is reduced to a series of nomo-
graphs (Appendix F). The empirical formulas on
which the nomagraphs are based have beea included
n \ppendix 1) for use when data exceeds the range
of the nomographs.

4. Nomenclature

Symbols and definitions used in this Design
Data Sheet are given in Appendix A.

DDS1106-1-b. Loading.

1. landiag reaction

The magnitude of loading on various parts of
the decks and platforms depends on aircraft opera-
tions. The landing area of the flight deck (consalt
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spplicable detail specifications) is designed for
the landing gear reaction, which is furnished by
the Bureau of Aecronautics. This reaction takes
iato consideration the mission aad type of aircraft,
since an aircraft might be landed with certain
bombe aad fuel aboard. »

2. Catapulting reaction

The catapult area (consult detail specifications)
is designed for the catapulting reactioa, (also fur-
nished by Bureau of Aeronawtics) which is based
on the catapult characteristics and the aircraft
cousidered.

3. Parking reactioa

The parking area of the flight deck in the mod-
erate ses condition is comsidered as the eatire
flight deck, iacluding deck edge elevators. In the
storm condition, the deck odge elevators, the angled
deck sponson, the starboard spomson (if any) and
the foremost 50 feet of the flight deck are not wsed

. for parking. The parking area is designed for the

maximum parking wheel reactioa.

(a) The maximum parking wheel reaction occurs
during storms. When the aircraft carrier is heaving,
pitching, and rolling, the resulting inertia forces
increase the wheel reactions above those due to
the weight of aircraft alone. Ship motions vary with
the characteristics of each ship and the roughness
of the sea. Unless otherwise directed, the ampli-
tudes and periods of roll and pitch listed for vari-
ous classes in Appendix B may be used for design.
This parking reaction is ferther increased by the
wind forces acting ou the aircraft parked on the
flight deck (this is mot included for aircraft parked
ou the hangar deck) and the heave factor. A maxi-
mum design wind force of 15 p.s.f. is used on the
projected area of the aircraft with the wings folded.
For heave factors coasult applicable detail speci-
fications.

4. Wheel Loads

The wheel loads are applied to the deck struc-
ture through high-pressure pneumatic tires (for tire
characteristics, see Appendix C) in two ways: by
air pressure acting on the inside of the tire casing,
end by compression due to the rigidity of the wheal
rims. The air pressure acting ou the inside of the
casing is assumed uniformly distributed over the
entire contact area. The size of this contact area
varies with the applied wheel load, (see example
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No. 3. If the tire pressure is insufficieat or if the
applied wheel load is excessive, the tire will bot-
tom so that the rims of the wheels will bear against
the deck through solid rubber. When this condition
occurs, the deck members must resist both the
wheel and rim loads. For the illustration of rim
load, see FIGS. 1-1 and 1-2.

tw) [f the total load carried by the tire is desig-
sated as P, the portion of load carried by the tire
alone is referred to as PT and the portion of the
load transmitted to the deck directly through the
tims is known as rim load or PR then

PuPre+ PR
(b) Whea the wheel load is less than the bot-
toming load Py, the eatire load is carried by the
tire, i.e.

P<Py; Pr=P; PR =0

(c) When the wheel load is greater than the
bottoming load, the tire carries a load equal to the
bottomiag load and the excess over the bottoming
load will be carried by the rime,

P>Py; Pp=Py; PR =P-Py

)

L[:

FIGURE 1-1
Below bottoming loed

(d) The tire load Py is coasidered to be uni-
formly distributed over a rectangular area of coatact
length A aad comtact width B, (see FIG. 1-1). The
values of A and B vary with the magnitude of tire
load Pp. For loads greater than the bottoming
load, the values of A and B will remain coastant
since the load carried by the tire does not change
after the wheel bottoms. ’

(e) The rim load Pp is comsidered to be dis-
tributed uniformly over two rectangular strips of
length Ap and width of 1) inches each and spac-
ing, center to center of rectangles, of BR. The
coatact leagth of rim Ap is taken as X of the rim
diameter (See Appendix C for rim diameter). As
shown os FIG. 1-2, the rim load will add bending
and shearing stresses on the plankiag or steel
platiag to those caused by the tire load.

S. Example No. 1

Determine the maximum parking wheel reaction
of a 40,000 pound sircraft to be parked on a gives
carrier flight deck when the aircraft and ship char-
acteristics are as follows: :

Tp = period of pitch = 8 seconds full period

0p = angle of pitch = 4 degrees

Z «loagitudinal distance from aircraft ceater

of gravity to ship ceater of flotation = 440
foet

)

A Ae
< B g s

FIGURE 1.2
Above bottoming load



., - longitudinal distance from main wheel
axis to aircraft center of gravity = 73.0
inches

S, - distance from nose wheel to main wheel

4

avis = 320.5 inches
o - heave factoe = 0
T period of roll = 15 neconds full period
O - angle of roll = 30 degrees

Y vertical distance from aircraft center of
gravity to ship center of flotation = 59.46
feet

€, = vertical distance from deck to aircraft
center of gravity = 92.9 inches

S =distance between main wheels = 127.5
mches

4 maximum sail area of aircraft wings folded =
680 square feet

(.'; vertical distance from deck line to center
of pressure of sail area = 134.5 inches
(ansumed wings folded)

From FIG. Al-1, C./S; = 0.228
! = 0.588
pl/w bd 0.69

Py =069 x 40.0 = 27.6 kips if heave factor =
0.20g.

Py =(27.6) (1 + 0.588)/(1.20 + 0.588) = 24.5
kips for O heave

From FIG. A1-2, Cy/Sy = 0.722, P,/W = 0.70
P, 0.70 x 40.0 = 28.0 kipw
From FIG. AL, I°5 « 10.8 kipe

Then maximum purking wheelreaction = Py+Py+Py
=63.3 kips

6. Example No. 2

If the main wheels of aircraft in example No. 1
are operated on tire size of 44 x 13, 26-ply with
operational pressure of 190.0 p.s.i., find the con-
tact width .and contact length under maximum park-
ing wheel reaction,

F1G. A2, po 190.0 p.s.i.
Pu  200.0p.s.i.] from MIL-C-5041A
PPy~ 35.0 kipa | table VI
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Bottoming load, P), = 94.6 kips. Therefore there
will be no rim load when parked.

From FIG. A3, P = 63.3 kips; pg = 190 p.s.i.;
PT/Pb = 63.3/94.6 = 0.669
Contact width B = 13.83 inches
Contact length A = 22.88 inches

DDS1106-1-c. Allowable Stresses

1. Allowable Stresses for Existing Carriers

The strengthening of the flight decks to handle
sircraft larger than originally specified is costly
and time consuming. To mimimize these costly
alterations, the following allowable stresses may
be specified:

(a) In the parking area, when severs ship mo-
tions are assumed, it is permissible to increase
the allowable bending and shearing stresses of the
longitudinals, intermediate transverse girders and
steel plate or aluminum plank decking to the tensile
yield and shear yield of the material respectively.
The shear yield for steel and aluminum alloy may
be assumed to be 0.6 of the tensile yield strength.
For Douglas fir planking in the parking ares, the
allowable bending and shearing stresses shall not
exceed 7,500 p.s.i. and 750 p.s.i. respectively when
the planking is supported on 4.2 lb. or heavier
plating. If there is no plating under the wood plank-
ing then the allowable bending and shearing stresses
sball not exceed 4,500 p.s.i. and 270 p.s.i. re-
spectively.

(b) In the landing and catapulting areas, the
allowable stresses (excluding wood) are the tensile
yield and shear yield of the material. For wood
planking in the landing area, the allowable bending
and shearing stresses may be assumed to be 12,000
p.s.i. and 1,200 p.a.i. respectively.

2. Allowable Stregses for New Designs

(2) In recent carrier designs, the flight deck
has boen designed as a ballistic deck to provide
maximum shipboard protection. The presence of
bellistic material at the flight deck level makes it
possible to consider the flight deck as a strength
deck. By utilizing the flight deck as strength deck,
s groater depth is added to the ship’s hull girder.
This added depth increases the moment of inertia,
hence the rigidity of the hull girder to resist bead-
ing. By comsidering the flight deck as the strength
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fAeck uf the hull; the lonpitudinal members support-
ing the deck e wdhjetied ta both peimary and sec-
ondaey stressés, The ptimary stresa~s, determined
from  longitudinad streigth calculations, are the
steesnes duc to hending of the ship's hull girder by
The secondary stresses are the
stresses resulting from aircraft operations on the
flight deck. For these new designs, the allowable
strewses for this type of structural arrangement are
defined in the appeopriate specifications.

(1) ‘The longitudinals in the parking ares
of the flight and hangar decks (defined in appliceble
detail wpecifitationg) ate designed for storm condi-
Under this load condition, use a working
streas equal td the allowable stresses specified in
the detail apacificstions.

(2) Since lundings and catapulting are made
in moderate wen condition, the primary stresses are
deglected, hecnane they ate usually small. There-
free, une a1 working stress equal to the allowable
steess wpecified in the detail specifications.

(%) &fer the longitudinal members have
beew denigned for the above atresses, the ratio of
their npan length (1) to the radius of gyration (lon-
ritudinal plus plating) should be investigated. This
ratio generally should not exceed 60, but as this
sleddetne«s tutin may change for any specified
ship, corualt the applicable detail specifications.

wave actions,

tion,

DDS1106-1d. Desiga of Plate Decks Without
Traneverse Girders

1. Type of Sthucture Considered

(4) The design procedure for plate decks, with-
out franuverde girders within the bent spacing, is
based on the wanumption that the solid metal plate
iw supported by u wetica of identical longitudinal
girders uniformly spaced, und continuous over non-
deflecting wupporta.  These supports (bents or
bulkhe.dn) ure nlso wnilormly spaced, and are as-
sumed 10 provide no restraint against the rotation
of the longitadinitls. Although the design procedure
applies strictly to uniform and symmetrical condi-
tivne, for pedctical purposes it can be applied to
conditionn which deviate somewhat from these
assumptionsx,

(b) The plute deck, which is integrally con-
nected to the longitadinal girders by welding, serves
a three-fold purpose: It acts as o watershed; it
actx an a deck to support the wheel reactions and
distribute the loads tn the longitudinal girders; and

in recent designs it acts as the top flange for the
hull girder.

2. Effective Section of Loagitadinal Girders

The effective section of the longitudinal girder
for the moment of inertia calculation consists of
the actual longitudinal girder plus that portion of

" the deck plating which acts with it. The effective

flange width of the plating is takea equal to the
spacing of the longitudinals, or 60t (t is the thick-
ness of plate) plus the width of the upper flange of
the longitudinal, whichever is leas (see FIG. D1).

3. Design of Loagitudinal Girders
The longitudinal girders are designed to resist
a single landing gear reaction. The other landing
gear reaction in most cases occurs far enough away
from the point in question as to have a negligible
effect in the determination of the strength of the
longitudinal under consideration. Generally a land-
ing gear has single tires. For the case where a-
landing gear has dual tires, which are spaced quite
close, then the following procedure must be used
to arrive at the deck reaction: Place one of the
tires directly over the midspan of the longitudinal.
Kaowing the ratio b"/b (b’ = distance from c-c of
dual tires), the equivalent tire reaction (summation
of the two tire loads) can be obtained directly from
FIG. 2.7 (Appeadix E). This reaction is to act
over the contact area of the original tire load. The
use of dual tires is a favorable factor since the
design load is not as severe as that caused by the
same aircraft with single tires. The percentage of
applied load transferred to other longitudinals de-
pends on the stiffness of. the given longitudinal
and the transverse flexural rigidity of the members
(wteel plating, aluminum or wood planking, trans-
verse girders) between the longitudinals. FIGS. 2.2
or 2.3 (Appendix E) gives dis'ribution factors. .
Equation 2.5 (Appendix D) illus i='es the use of
this figure.
(8) Determination of Structural Parameters
The first step in the design of longi-
tudinal girders and plating is to determine parame-
ters from FIG. Bl. These parameters are required
to determine the bending stresses of the longi-
tudinals and stee! plating (see example 3).
(b) Maximum Moment and Bending Stress in
Longitudinals
(1) The maximum moment occurs when
the wheel reaction is directly over the loagitudinal




kirder, at the center of the upan between bents or
structural bulkheads. This positive moment is con-
siderably greater than the negative moment in the
longitudinal.

(2) In calculating the maximum moment
for the longitudinals, the wheel reaction times r,
(see i'10S. 2.2 or 2.3 Appendix F) is assumed uni-
formly distributed along & line of no width and of
contact length A in the direction of the longitudinals.
For loads greater than the bottoming load use the
contact length corresponding to the bottoming load.
This simplified load distribution makes the com-
putation of the maximum bending moment in the
longitudinals independent of the actual contact
width B of the tire and makes it unnecessary to
determine the effect of the rim load separately from
that of the wheel load. As long as the contact
width B is less than % of spacing of longitudinals,
this assumed load distribution gives results very
¢lone to the true ones. If the contact width B ia
Kreater than § the spacing of the longitudinals, c-c,
this assumption might be over-conservative and u
more cconomical design may be achieved by apply-
ing & correction due to the contact width B.

(3) Correction due to contact width is
determined from FIG. 2.6. Using the ratio of con-
tact width to spacing of longitudinals, the correc-
tion factor $, is obtained directly from the graph.

(4) The maximum moment and bendinp
stress in the longitudinals caused by the live and
dead loads are calculated by using FIG. B2. Multi-
ply the moment from B2 by é3 from FIG. 2.6 to got
the corrected values.

(¢) Maximum Shear and Shearing Stress

(1) Maximum nshoar in a longitudinal
0t curs at a point udjacent to the support, when the
wheel ia directly over the longitudinal and one end
of the rectangular area (contact width or contact
length) is at the suppont.

(2) Use FIG. D2 for calculating shear

and sheuring stress.

4. Design of Plating

(a) The maximum design moment for the plating
is the transverse moment under a load applied at
the center of a panel of the plate. The wheel is
oriented so that the contact length of the tire ex-
tenda in the direction of the longitudinal. If the
tire load is greater than the bottoming load, the
effect of the rim load must be calculated separately

DDS1106-1d.

from the tire load, considering the appropriate con-
tact area for each component loading.

(b) When the distance from c-c of the dual tirew
ia greater than 0.586b, & single tire positioned in
the center between the longitudinals will cause
the maximum bending stress. If the dual tires are
spaced closer than 0.586b, the two tires must be
considered and so placed as to cause the maximum
bending stress. Kaowing the ratios b’/b and B/b,
the equivalent tire reaction can be obtained directly
from FIG. 2.8 (Appendix E). This equivalent reac-
tion is to be placed in the center between the lon-
gitudinals and is considered to act over a coatact
area equal to that of the original tire load.

(¢) The maximum bending moment and bending
stress are determined by using FIGS. B3-1, B3-2
and B3-3.

(d) The design of plating is not governed by
shear.

5. Example No. 3

If the flight deck of the carrier in example No. 1
consiats of 25 [ba. STS plate with 12 x 6'% x 31 lbe.
I-T HTS longitudinal spaced 22.5 inches c— and
transverse bents 12 feet apart, determine if it is
feasible to park the 40.0 kip aircraft oa the flight
deck of the carrier.

Maximum bending stress in longitudinal
FIG. Bl, span = 12.0 ft.; I = 447.3 inches®;

b = 0.6127 inches; b/L = 22.5/144
= 0.1562; H = 147.5; A = 1.01

FIG. B2, A = 1.01; A/L = 22.88/144 = 0.1589
M/PL - 0.1391

FIG. 2.6, B/b = 13.83/22.5 = 0.615; ¢, = 0.94
Corrected M = 0.1391 x 63.3 x 144 x 0.94 = 119]
inch-kips
Dead load moment:
25x 22.5/12 = 46.9 Ib. per ft.

beam = 21.5 Ib. per ft.
total = 68.4 lb. per ft.
Note: This is a static dead load moment. The

effect of ship motioas is mot considered. This
applies to parking area oaly.
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M, = wi.2/21 - (68.4 x 12 x 144)/24 = 4.9 inch-kips
Total moment = 1196 inch-kipe
‘b ~ 1196/46.6 = 25.7 ksi., allowable 48.0 ksi.

Musimam shearing stress in longitudinal

FIG. D2, A/1. = 22.88/144 = 0.1589;
B/b = 13.83/22.5 = 0.615
V/P = 0.885
V  0.885 x 63.3 = 56.0 kipa

Shear due to N. 1.. = q1./2 = 68.4 x 12/2 = 0.4 kips
vy = 56.4/(11.16 x 0.265) = 19
ksi. allowable 28.8 kei.

Maximum bending suress in plating

F1G. B3-1, B/b = 13.83/22.5 = 0.615;
- A/b« 22.88/22.5 = 1.017
m,/P = 0.084
m, « 0.084 x 63.3 = 5.31 inch-kipe
pet inch

FIG. 3.3, b/1. « 22.5/144 = 0.1562,
A =101,

mc/P = 0.001

m, = 0.001 x 63.3 = 0.06 inch-kips
per inch

f, = 6 (m, +m_)/(0.6127)2 = 85.8
ksi. allowable 100 ksi.

Therefore, this 40.0 kip aircraft can park oa the
flight deck of this carrier. It should be noted that
the calculations are based on the most unfavocable
sea coadition.

DDS1106-1-e. Design of Alominum Plaak Decks
Without Transverse Girders

l. Type of Structure Coasidered

(a) The assdmptions and structural arrangement
of the flight decks with alominum planking are
basically the same as the structure coasidered for
the plate decking (section 1-a), page 6.

(b) Aluminum planks require no membrane plat-
ing because watertightness of the deck is obtained
by welding the seams between planks (see FIG. 1-3).
They are connected to the top flanges of longitudinal
by steel clips or stud bolts.

2. Effective Sectios of Loagitedinal Girders
The effective section of the longitudinal coo-
sists of the actual longitudinal girder oaly. The
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FIGURE 1-3
Typical Aluminum Planking Section

aluminum planking is not considered to act integrally
with the top flange of the longitudinal girder be-
cause it is not continuously coanected to it.

3. Design of Loagitudinal Girders

In the design of longitudinal girders, it is as-
sumed that the aluminum planks do not give lateral
support to the compression flanges of the loagi-
tudiaal girders. If

Ld/bt > 600
lateral support must be provided.

L = span length in inches

d = depth of beam

b = compression flange width
t = thickness of web

The loogitudinal girders are designed to resist &
single wheel reaction only. The other whee! reac-
tions are considered far enough away so that they
can be neglected with the exception of dual tires
as indicated in section d-3, page 6.
(a) Determination of Structural Parameters

The first step in the design of the longi-
tudinal girders is to determine 3 from FIG. Cl. This
perameter 3 is required to calculate the bending
moment in the longitudinals and planking. It should
be ooted that FIG. Cl, is besed oa 12 inch wide
alumioum planks only. If other widths are used,

corrections must be made, (see FIG. Cl and exam-
ple No. 4 for 18 inch aluminum plank correction).

(b) Maximum moment and bending stress ia
longitudinals

1. See section d-3 paragraph b, page 6.

2. Maximum moment and beading stress ia
the longitudinale due to the live load and deed load
are calculated by using FIG. C2 aad FIC. 2.6.

(c) Maximum Shear end Shearing Stress in
Longitudinals

1. Seo section d-3, paragraph c, page 7.

2. Use FIG. D2 for calculating shear and
shearing stress.

4. Desiga of Aluminum Plaaking

In the design of sluminum plenking, it is impor-
tant that the top wearing swrface should bave suffi-
cient thickness to carry tire and rim loads.

(a) Masximum Moment and Bending Stress

The maximum momeat in the alumicam plask

occurs when the wheel reaction is placed midway
betwees two longitudinals on that plask which is
midway between the supporting bents or structural
bulkheads. The wheel is assumed to be orieated
80 that the contact leagth A extends in the loagi-
tudinal direction of the ship. In some cases such
as the deck edge elevator platform, the wheel may
be ariented parallel to the planking. This coadition
should be investigated for plaaking stress.

(b) The maximum ing moment and stress
are determined by ssing FIGS. C3-1, C3-2 and C3-3.
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(c) Maximim Shear and Shearing Stress ia
Afaminum Planks

(1) Maximum shear in the aluminum planks
occurs when the wheel redction is close to the
support of the longitudinal. When the wheel reac-
tion is applied to thébe planks, the relative deflec-
tion of the longitirditals is rather small so that they
can be considered us noudeflecting supports. The
planks ure therefors analysed as continwous beams
over rigid Supports.

(2) The tukimum shearing stress is calcu-
lated by dsing FIGS. C5-1 and C5-2. It is assumed
that the sheuring force dud to the tire load is re-
sidted by the edtire width of the plank, but that due
to the timi load is resisted by the effective section
of the weakest web only.

S. Example No. 4
So fur ohly paikiig coaditions have been illus-

10

(cross section is shown on FIG. 1-3) with 12 x 6%
x 36 lbe. I HTS loagitudinals spaced at 22.5 inches
c-c and the transverse bents 20 feet apart, deter~
mine if it is feasible to land the aircraft mentioned
in example No. 1 with a landing reaction of 115.0
kips per main landing wheel.

landing whee!l load = 115.0 kipe
bottoming load « 94.6 kipe (example 2)
rim load Pn - 20.4 kip.

FIG. A3, P = 94.6 kips: p = 190 pei; P1/Py « 1
B = 15.14 inches

A = 29.23 inches
BR =12.0 inches

For section see paragraph 1 (b), page 8.

trated. This bxample is for @ landing condition. | Note: 1/16 inch should be added to the depth for
If the luadibg aten of the MNight deck of the car wearing surface. Calculations for I, do not
rier in exinmiple No. | coasists of aluminum planks include fillets.
Item A, y Aoy Ay? I,
 Top fisape, 18 2 8/4 13.50 2.75 87.12 102.1 6
Wabe, 4 - 1.9375 2 1/18 3.39 1.406 4.77 6.7 4.4
_ Bottof flangé 4 - 2 & 7/16 3.50 .219 .76 0.0 0.0
_ Total 20.39 42.65 113.8
‘ - 89.1
minchu‘

¥ = 42.565/20.39 & 2.09 ihches distance from top of section to neutral axis = 1.035 inches

Skction moduled = 24.7/2.09 = 11.82 inches’

Sectioh modulus of weakest rib = 11.82/2 = 5.91 inches’

Statical moment of top section above neutral axis:

QP =13.50 x0.66 =8.91
0.499 2 0.142 = 0.07
8.98 inches?

I, =247 inchea®
th= 4 27/16 = 1.75 inches
Statical moment of weakest wed above neutral axis:

Q= 4.49 inchos’

l; = 12.35 inches?
t; = 0.88 inches

Maximum Bending Moment and Bending Stress in
Longitudinal

FIG. C1, L = 20.0 feet; | = 280.8 inches®: Ty (for

12 inch width) = 24.7 x (12/18) = 16.47 inches?;
b/L = 22.5/240 = 0.0938;

H = 2.56; 8 = 0.358
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PG €2, 18 - 0,350, A/L ~ 29.23/240 = 0.122;
M 1. - L0597

FIG. 2.6, °h - 15.14/22.5 = 0.673; é3= 0.92
M - 0.0597 x 115.0 x 240 x 0.92 = 1516

inchkips
Dead load for 18 inch aluminum
planking = 17.0 pef. x 22.5/12 = 31.85 Ib. per ft.
beam - M
q - 67.85 psf.

Dead load moment - q1.2/24 -
67.85 x 20 x 240/24 =
13.6 inch-kips

f;, - (1516 + 14)/45.9 = 33.3 kai. < 48.0 ksi., (if
the compression flanges are laterally sup-
ported, see section e-3), page 9.

Mazimum Shear and Shearing Stress in Longitudinal

FIG. N2, A/LL = 29.23/240 = 0.122;
B/b = 15.14/22.5 = 0.673; V/p = 0.891
V = 0.891 x 115.0 = 102.5 kipa

Shear due to dead load = ql./2 = 67.85 x 20/2 =
0.68 kipe

vy = (1025 + 0.7)/(11.16 x 0.305; = 30.3 kni.
(averuge) allowable 28.8 kei. slightly over
stressed, but acceptable with discretion
for an existing ship.

Maximum Moment and Rending Stress in Aluminum
Planking

FIG. C3-1, B/be = 15.14/19.25 = 0.786;
wo/A = 18/29.23 = 0.616; Mo/PTbe -
0.055
¥, = 0.055 x 94.0 x 19.25 = 99.5
inch-kips

FIG. €32, wi/Ap - (23.75/4)/23.75/4) = 1;
BRr/b, = 12.0/19.25 = 0.623;
Mo/PRbe = 0.046
Mg =0.046 x 21.0 x 19.25 = 18.6

inch-kipe

DDS1106-1-f.

FIG. C3-3, w/l. = 18/240 = 0.075; 8 = 0.358
(FIG. C1);

M./Pp = 0.054
M, = 0.054 x 115.0 x 22.5 = 139.7
inch-kips

Moment taken by oae rib = (99.5/2) + 18.6 +
(139.7/2) = 138.2
inch-kips

‘b = 138.2/5.91 = 23.38 ksi. allowable 35.0 kai.

Maximum Shear and Shearing Stress in Aluminum
P'lanking
FIG. Cs-1, B/b, = 15.14/19.25 = 0.786;
wo/A = 18.0/29.23 = 0.616;
Bgp/b, = 12.0/19.25 = 0.623;

VT due to P = 0.381 x 94.0 = 35.8 kips

VR due to PR = 0.678 x 21.0 = 14.2¢ kipe

vr = V1Q ot = (35.8 x 8.98)/(24.7 x 1.75) =
Ve e

YR = VRQ, /L't = (14.24 x 4.49)/(12.35 x
P/IP‘P 0.88) = 5.89 ksi.

total = 13.33 ksi. allowable 21.0 kei.

‘Therefore with the maximum landing wheel reaction
of 115.0 kips which is a severs landing reaction,
the asircraft can land o the flight deck of this
carrier. :

DD1106-1-f. Design of Wood Plank Decks
Without Traneverse Girders

1. Type of Stracture Coasidered

(a) The assumptions and strectural arrangement
of the flight deck with wood plank decking are
basically the same as for the stracture comsidered
for plate decking (refer to d-la.), page 6.

(b) The wood planks which are nominally 6
inches in width and 3 inchee in thickness rua
transversely to the longitudinals and are connected
to their top flanges by means of sted bolts. A thia
steel plate is used between the wood placks aad
longitedinels. This plating acts as o waterproofing
shield and as an additional top flange to the loagi-
tedinals. (See FIG. 14.)
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FIGURE 14
Typical Wood Plank Decking

2. Effective Sestion of Longitudinal Girders

Refer to section e-2, page 8 for the effective
saction of loagitudinal girder. The wood planking
is neglected in comsidering strength of longitudinals
because shrinkage in the planking may take place
to cause cracks aand the modulus of wood across
the grain is low.

8. Design of Longitedinal Girders
Refer to ¢-3 paragraphs o, b and ¢, page 9.

4. Design of Wood Plaaking
(a) Masimum Moment and Bending Stress
Refer to section ¢4, paragraph a, page 9.
(b) Mamimum Shear and Shearing Stress in Wood
Planks

(1) The maximum shearing atress is deter-
mined by the two-beam theory, which is an ultimate
strength theory for woodea beams failing in shear.
The aseumption is made that the wood planks are
simply supported between longitudinals.

(2) In the two-beam theory, the maximum
ead reaction is computed by the ordinary shear
formela. However, in figuring the maximum end
reaction the wheel reaction is placed at some dis-
taace, dy, away from the support, this distance is
the fuaction of the width over which the load is
spread aad the thickness and length of the plank.
For the determination of d, see equatica (6.7).

(3) The rim load is considered to be sup-
ported by a single plank if the coatact length of
rime is less than the width of the plank. If the
cootact leagth of rims is greater than the width of
plank, the load is considered to be supported by a
width of plank equal to the coatact length of rims.

(4) The whee! load is aseumed to be posi-
tioned so that omly the shear due to the tire load is
maximum. This arraagement does not produce the

maximum shear in the plank but it gives satisfac-
tory results for all practicable purposes.

(5) The maximum shear and shearing strees
are calculated by usiag FIGS. C4-1, C4-2 and C4-3.
S. Example No. §

Work example No. 4 with wood plasks sad a S.1

lb. eteel plate betweea the wood planks and the
loagitudinals.

Maximum Moment and Bending Stress in Longitudinal

FIG. C1, L = 20.0 ft.; I = 338.1 inches®;
b= 3inches; E_ = 1.6 x 105;
b/L = 22.5/240 = 0.0938; H = 11.7;
B =045

FIG. C2, 8 = 0.459; A/L = 29.23/240 = 0.122;
M/PL = 0.079

FIG. 2.6, B/b = 15.14/22.5 = 0.673, ¢y = 0.93
Corrected M = 0.0790 x 115.0 x 240 x 0.93
= 2028 inch-kipe
q = 36.0 1b./ft. + 5.1 1b./sq. ft. x 22.5/12'+
10 1b./sq. ft. x 22.5/12 = 64.34 1b. /fr.
Mg = qL2/24 = 64.34 x 20 x 20 x 12/24 = 12.9
inch-kips
Total moment = 2028 + 1} = 2041
fy, = 2041/48.3 = 42.3 kei. allowable 48.0 ksi.

Maximum Shear and Shearing Stress in Longitudinal

FIG. D2, A/L « 29.23/240 = 0.122;
B/p = 15.14/22.5 = 0.673; V/P = 0.891
. V = 0.891 x 115.0 = 102.5 kipe
D.LS. = qL./2 = 64.34 x 20/2 = 0.6 kips, total =
* 103.1 kipe
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ve = 103.1/(11.16 x 0.305) = 30.3 ksi., (avera

28.8 acceptable but with discretion for

existing ships.

Mazimum Moment and Bending Stress in Wood

Planking

FIG. C3-1, B/b, = 15.14/19.25 = 0.786;
w,/A = 6.00/29.23 = 0.2053;
M,/Prb, = 0.018
M, = 0.018 x 94.0 x 19.25 = 32.6 inch-kips

A

FIG. (3-2, w /A = (23.75/4)/(23.75/4) = 1;
BR/b, = .2.0/19.25 = 0.623
Mo' /PRbc = 0.046
M = 0.046 x 21.0 x 19.25 = 18.6 inch-kips

FIG. C3-3, w/L = 6.00/240 = 0.025; B = 0.459;
M_/Pb = 0.009
M, = 0.009 x 115.0 x 22.5 = 23.3 inch-kipe
Mg+ M)+ M_=74.5 inch-kips

ge)>

Sectioa modulus = bd2/6 = $.75(3)2/6 - 8.63
inchesd
fy, = 74.5/8.62 = 8.64 ksi. allowable 12.0 ksi.

Masimum Shear and Shearing Strees in Wood Plank-
ing

FIG. C4-1, b/h = 22.5/3 = 7.5;

B/b = 15.14/22.5 = 0.673;
hA =3 x 290.23 « 87.7 8q. inches;
VT/PT =69
v = 6.9 x 94.0 = 649 p.g.i.

FIG. C4-2, B/b = 15.14/22.5 = 0.673;

b/h = 22.5/3 = 1.5;
Bp/h=12/3=4
x; = 1.3; Xq = 5.3; whore Ay =3x5TS orh
(AR - %*) whichever is larger.
(vR); = 16.2 x 21.0 = 340 p-8.i.; ('R)l -ll8x
21.0= 48 p.s.i.
Total v, = 649 + 340 + 248 « 1,237 > 1,200 p-s.i.
overstressed, aot acceptable.
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DUSLIO®-1-g. Design of Plate Decks With
Traasverns Girders

1. Type of Mructure Convidered

(#) I chusacterinticn of the flight decks with
transverse girders are the same as those without
trannverses, therefore refer to sections d-1 and d-2,
page 0.

(L) The vaswverse girders may be rigidly con-
nccted ar wclied waderneath the longitudinals or
placed  iatercostally between the longitudinals.
The rigihiy of the counections between the trans-
verses and loagitydinals is very important for un-
less the « onncctions are faicly rigidea great portioa
of the effeitiveness of the transverses may be lost.

2. Design of .ongitedinal Girders

() The wansverse girders will increase the
trunnverse stiffness of the flight deck structure to
distribute the wheel reaction to various longitudi-
nuls, thus (uusing s moment reduction in the loaded
longitudinale. The effectiveness of the tranaverses
in reducing the design momeat depends on the rela-
tive stiffnens between the transverses and the deck
structure. [ the deck structure is very stiff, the
addition of uvsasverses will have little further
effsct.

(b) # . pericnce and tests have demonstrated
thut a suitable design moment for the loaded longi-
tudinul vith transverses may be obtained by aver-
aging the upper wnd lower limite, ice., My = (M +
M,)/2 il the ransverses are not stiffer than the
loagituslin.ds.

(1} When 4 whecel reaction is applied on
the longtudinul, with wussverses underncath, mid-
way betweea the two supports or beats, the loagi-
tudinals wad the transverses will deflect equally.
In this cundition, consider the transverses as being
Thea the maximum moment M, forms the
This moment M is determined from

rensrve ll

wpper lama.
FlIG. 2.
(2) W maximum effectivencas of the

traus. . ene: nccuts when the wheel reaction is ap-
plied 4t ® point over a transverse girder. The
rransverne pirder will distribute the wheel reaction
to other lungitudinals, causing a moment reduction
in the loaded loagitudinal. The effectiveness of
the twnsvern: will diminish as the load moves
away from the ransverse. Thersfore, the maximum
moment for the loaded loagitudimal occurs only

14

when the applied load is not directly over a trans-
verse. The lower limit then must be the moment,

, when the load is directly over a tranaverne.

(3) Thus fur only the tranavermes which
are not too stiff have been considered. If the
transverses are infinitely otiff, each transverse
will act to distribute the wheel reaction to a large
number of longitudinals, thereby reduciag the de-
flection of all longitudinal at their intersections
with the transverses to zero. The maximum moment
M., in this case occurs whea the wheel reaction
is applied at midpoint of the spamn between the
support or bent and the new transverse.

(4) The design procedure is to determine
the moments due to the two conditions mentioned
above, namely M, = (M + M_)/2 and M, from FIGS.
B2, F1, E2, and E3 and use the larger moment as
the design moment for the longitudinal.

{c) Maximum shear and shearing siress in the
longitudinals are calculated by using F1G. D2.
With the presence of the tranaverses the effective
span length is used instead of the true span length.
The effective span is as follows:

One transverse at center of span, use 3/4

span length

Two transverses equally spaced, use 5/8

span leagth

Three ransverses equally spaced, use 1/2

span leagth

3. Design of Transverse Girders

(a) The maximum stresses in the transverse
girders are obtained in that ransverse girder near-
est the midspan of the longitudinals, for a load
over the intersection of a longitudinal and the
transverae.

(b) The maximum moment and bending stress
are computed by using FIG. E4,

(¢) The maximum shear and shearing stress

are computed by using F1G. ES.

4. Design of Platiag

(a) The effect of transverse girders oa the
maximum bending stresses in the plating ie very
small and is presently neglected. Therelore, the
maximum stresses for plate are computed as de-
scribed in section d-4, page 7.

S. Example No. 6 ‘
Analyze example No. 3 with a 12 x 4 x 16.5 Ib.
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PIFIN trunnverne girder underneath the longitudinaln
st the center of the span between the two bents.

Muximum Bending Stress in Longitudinal

FIG. E1,A = 1.01; (from example No. 3); r, = 0.925;
A/L. = 22.88/144 = 0.1589; M;_/PL = 0.073

FIG. 2.6, B/b = 13.83/22.5 = 0.615, $; = 0.94
Corrected Min =0.073 x 63.3 x 144 x 0.94
= 625 inch-kips
H = 147.5 (from example 3)

FIG. E2, H(n + 1) (E,,/ED) =
147.5(2) (105.3/447.3) = 69.4
ro = 0.925; r, - 0.53;
A/l. = 22.88/144 = 0.1589; M,/PL = 0.073
Corrected M, =0.073 x 63.3 x 144 x 0.94
= 625 inch-kipe

FI1G. B2, A = 1.01; A/L = 22.88/144 = 0.1589;
M/PlL. = 0.1391

Corrected M = 0.1391 x 63.3 x 144 x 0.94
= 1192 inch-kips

.\1. - (625 + 1192)/2 = 908.5 inch-kips

Total moment = M, + 4.9 (dead load moment)=
913.4 inch-kipe

fi, - 913.4/46.6 = 19.6 ksi. allowable 48.0 ksi.

Maximum Shearing Stress in Longitudinal

FIG. D2, effective span = (3/4) (144) 108.0 inches
A/l. = 22.88/108 = 0.212;
B/b « 13.83/22.5 = 0.615; V/P = 0.87
V - 0.87 x 63.3 = 55.1 kips
dead load = 0.6 kips (example 3)
total = 55.7 kips
v = 55.7/(11.16 x 0.265) = 18.8 ksi. allowable
28.8 kni.

Muvimum Rending Strexs in Transverse
FIG. ¥4, b/1. - 22.5/144 = 0.1562;
Elll/El = 105.3/447.3 = 0.235;
l’n/ro = 0.53/0.925 = 0.573; M‘/Pb = 0,31

M, = 0.31 x 63.3 x 22.5 = 441.5 inch-kipe
fp = 441.5/17.5 = 25.2 ksi. allowable 48.0 ksi.

DDS1106-1-4 .

Maximum Shearing Stress in Transverse

FIG. Es5, r, = 0.53; r./l'° = 0.53/0.925 = 0.573;
V‘/P = 0.226
Vt = 0.226 x 63.3 = 14.3 kipe

v, - Vt/ (dw xt))
ve = 14.3/(11.46 x 0.23) = 5.4 ksi. allowable
28.8 ksi.

Maximum Bending Stress in Plating
FIG. B3-1

same as ex.ﬁaple No. 3
FIG. B3-3

'b = 85.82 ksi. allowable 100 kei.

Comparing results with those of example 3, it is
seen that the transverse girder bas only a limited
effect in the plating stress.

DDS1106-1-b. Design of Alumisum Plank Decks
with Transverse Girders b

1. Type of Structure Considered

Refer to g-1, 2 and 8, page 14 for the design of
loagitudiaals and transverses; except, uss FIG. C2
to replace B2 to determine the moment M for the
loagitudinals.

2. Design of Aluminum Plaskiag ‘

(a) The maximwm moment is determined in three
parts: (1) Momeat M, due to tire load, assuming
that the longitudinals are noadeflecting. (2) Moment
M, due to rim load, assuming that the loagitudisals
are nondeflecting. (3) Correction moment M. due
to the deflections of the loagitudinals. In this
case however, oaly the correction moment is af-
fected by the introductioa of transverses.

(b) The moments M, aad M’ are calculated by
wsing F1GS. C3-1 and C3-2 and M_'by wsing FIG. Es.

(c) The maximum shearing stross is not affocte:
by the presence of transverses because the maxi
mum shear occurs in the planks near the bulkhead
where longitudinals act practically as nondeflect
ing supports. Maximum shear and sheariag stresse
are determined by using FIGS. C5-1 aad C5-2.

3. Example No. 7
Analyze example No. 4 with a 12 x 6% x 27.
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ih. wide flange IITS transverse girder underneath
the loagitudinule ut the ceater of the span between
the two hents.

Wurimum Hending Straxs in Longitudinal

FI1G. K1, # - 0.358 (examiple No. 5); ry = 0.425;
'A/l. + 29.23/240 = 0.122

F1G. 2.6, B/b - 15.14/22.5 = 0.673; ¢4 = 0.93;
M, /Pl = 0.05]
Corredted \li' = 0.051 x 115.0 x 240 x 0.93
= 1309 inch-kips
= 2.56 (exumple No. 4)
(s + D) (E]L/ED - 2.56(2) (204.1/280.8) = 3.72

FIG. F2,¢, 0.425;¢, 0.33;
A/l. = 29.23/240 - 0.122; M_/P1. = 0.043
Corrected M, - 0.043 x 115.0 x 0.93 x 240
= 1104 inch-kips

FIG. C2, B = 0.371; A/L. = 29.23/240 = 0.122;
M 'L~ 0.0597
Corrected M - 0.0597 x 115.0 x 240 x 0.93
~ 1516 inch-kipa
M, (1104 + 1516)/2 = 1310 inch-kipe
Total mazimum mowment M = 1310 + 14 (see ex-
ample No. 4) = 1324 inch-kipe
fp - 1324/45.9 = 28.8 kei. allowable 48.0 ksi.

Yasimum Shearng Siress in the Longitudinal

h16. D2, Fffecrive span length = (3/4) (240) =
180 inches
\/1. = 29.21,180 = 0.162;
B'h - 15.14/22.5 = 0.673; V/P = 0.875
V - 0.875 x 115.0 = 100.6 kips
dead load = 0.7 kips (example No. 4)
total = 101.3 kipe
v - 100.37(11.16 x 0.305) = 29.8ksi. allowable
28.8 ksi. acceptable but with discretion
fue cainting ships.

Magimum Bending Stress in Trunsverse

FiG. E3, b/L. - 22.5/240 = 0.0937;
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E,I,/El = 204.1/280.8 = 0.728;
fa/tq = 0.330/0.425 = 0.776; M, /Pb = 0.49
M, = 0.49 x 115.0 x 22.5 = 1268 inch-kipe
fy, = 1268/34.1 = 37.2 kei. allowable 48.0 kasi.

Maximum Shearing Stress in Transverse

FIG. ES, r, = 0.330; r /¢, = 0.33/0.425 = 0.776;
V,/P = 0.262
V, = 0.262 x 115.0 = 30.1 kipe

vg = 30.1/(11.16 x 0.240) = 11.24 ksi. allowable
28.8 ksi.

Maximum Bending Stress in Aluminum Planking

F1G. C3-1

} same as example No. 4
FIG. C3-2

FIG. Es, M /PL = 1310/(115.0 x 240) = 0.475;
A/L 29.23/240 = 0.122

R, = 0.304; R /r_ = 0.304/0.425 = 0.715;
w/L = 18/240 = 0.075

M./PL = 0.014

M. = 0.014 x 115.0 x 22.5 = 36.2

M, = W.S} example No. 4
M = 18.6 »

'9—2?‘§'+ 18.6 +

36.2
2

Total moment =
inch-kipe
fb = B86.5/5.91 = 14.64 ksi. allowable 35.0 kai.

= 86.5

Maximum Shearing Str:33 in Aluminum Planking
FIG. C5-1 same as example No. 4

vg = 13.33 ksi. allowable 21:0 ksi.

Therefore it is permissible to lend the aircraft even
in a severe landiag condition.

DDS1106-1-i. Design of Wood Plaak Decks With
Tressverve Girder

1. Desiga Procedure
The design procedure for wood plank decks with
transverses is similar to that of aluminum plank



with transverses with the exception of using FIGS.
C4-1, C4-2 and C4-3 to determine the shear and
shearing stress in wood planking. The effective
section of the longitudinal (section {-2, page 12) is
used for the calculation of the moment of inertia
of the longitudinal.

2. Example No. 8 '

Solve example No. 5 with a 12 x 6% x 27.0 Ib. |
IITS transverse girder underneath the longitudinal
at the center of the span between the two bents.

Muzimum Rending Stress in Longitudinal

FIG. E1, 8 = 0.459 (example No. 5);
ro = 0.542; A/L 29.23/240 = 0.122
r, = 0.345

FIG. 2.6, B/b = 15.14/22.5 = 0.673; 3 = 0.93;
M,./PL = 0.0588
Corrected M., = 0.0588 x 115.0 x 240 x 0.93
= 1509 inchkips
H, = 11.7 (example No. 5)

FIG. E2, HIN + 1) (E,1L)/EI = 11.7(2) (204.1/338.1) =
14.12; M_/PL = 0.0452
Corrected M, = 0.0452 x 115.0 x 240 x 0.93
= 1160 inch-kips

FIG. C2, 3 = 0.459; A/1. = 29.23/240 = 0.122;
M/PL = 0.079
Corrected M = 0.079 x 115.0 x 240 x 0.93
= 2028 inch-kips
M, =M, + M)/2 = 1594
Dead load moment = 13 (example No. 5)

———

Total = 1607
‘h - 1607/48.3 = 33.3 kai. allowable 48.0 kai.

Maximum Shearing Stress in Longitudinal

FIG. D2, effective span length = (3/4) (240) =
180 inches
A/1. = 29.23/180 = 0.162;
B/b = 15.14/22.5 = 0.673; V/P = 0.875
V =0.875 x 115.0 = 100.6 kips
dead load = 0.6 kips (example No. 5)
ve = 1012/(11.16 x 0.305) = 29.7 kips > 28.8,

17

DDS1106-1-i.

but acceptable with discretion for existing
ships.

Maximum Bending Stress in Transverse

FIG. E4, b/L = 22.5/240 = 0.0938;
E/El = 204.1/338.1 = 0.604
fa/To = 0.345/0.542 = 0.636; M,/Pb = 0.562
M, = 0.562 x 115.0 x 22.5 = 1454 {ach-kips
fp, = 1454/34.1 = 42.6 kai. allowable 48.0 kai.

Maximum Shearing Stress in Transverse

FIG. E5, ty = 0.345; r, /r, = 0.345/0.542 = 0.637
V,/P = 0.305
Vt = 0.305 x 115.0 = 35.1 kips
vg = (35.1)/(11.16 x 0.24) = 13.1] ksi.al-
lowable = 28.8 ksi.

Maximum Bending Stress in Wood Planking
FIG. C3-1

same as oxample No. §
FIG. C3-2

FIG. E6,M_,/PL = 1594/(115.0 x 240) = 0.0578

A/L = 29.23/240 = 0.122

R, = 0.369; R /r = 0.369/0.542 = 0.681; w/L =
6.00/240 = 0.025

M_.7/Pb = 0.00238

M. = 0.00238 x 115.0 x 22.5 = 6.2 inch-kipe

M, = 32.6 inch-kips; M= 18.6 inch-kipe (example
No. 5) page 12,

Total moment = 32.6 + 18.6 + 6.2 = 57.4 inch-kipe

f, = 57.4/8.62 = 6.66 ksi. allowable 12.0 kai.

Maximum Shearing Stress in Wood Plamking
FIG. C4-1
FIG. C4-2 > Same as example No. §

FIG. C43

Ve = 1237 p.s.i. allowable 1200 p.s.i., not ac-
ceptable.
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APPENDIX A

NOMENCLATURE

A - contact length of tire

A, - contuct area of tire

A, = effective area of plank, defined as the actual
wea of the plank ot the product h(Ag - %*)
whichever is largee

A, - arca of each component of a composite girder

‘R = contuct length of wheel rims

A, - mizimum sail area of aircraft with wiags
folded

A, = actual area of plank or the product hA, which-

: ever is lurgee

a < equivalent simple span of longitudinale be-

tween points of contraflexure. For a series

of equal apans a = 0.6831.

contact width of tire

distence from centar to center of rime

spacing of longitudinals

distance from center to center of dual tires

effective npan length of planking, taken as

the average of the clear span and the span

center (8 center of longitudinals

(., = vertical distance from deck line to center of
gravity of uircraft

€, = longitudinal distance from main wheel axis
o centet ol gravity of aircraft ’

C; = vertical distance from deck line to ceater of
sail uren with wings folded

¢+ distance frum reference axis to extreme fiber

' of a girder, as shown in FIG. D1.

d = distunce frem mupport to point of application
of & cuacentrated load on a wood plank

d, » depth of the web of a girder

d, = distance frum support to center of gravity of
tire when the wheel is positioned so that the
valec of v in & wood plunk is maximam

dy d,- Bp/2 distance from support to the rim
nearent 1o the support, when the wheel is
positioued wo that the valve of v in a wood
plank in maximum ’

dg - d  » 142 . distance from support to the rim
farthcnt away from the support, when the
wheel is positioned so that the value of vp in
a womd plank is maximem

F. - modulux of elasticity for longitudinals or steel
plating

==
=

G"Q'

[

L2
“

Ej = modulus of elasticity for aluminmm plaaking
or plating »

E, = modulus of slasticity for traseverse girders

E,, = modulus of elasticity for wood plaak

F, = tranaverse force (athwartship) acting at cea-
ter of gravity of aircraft

fi, = maximum bending stress

f,(B/b), {,(B/b) = functions defined by equations
(2.7) and (2.8), respectively

{3(B) = function defined by equation (4.7)

{4(b/h) = function defined by equation (6.2)

fg(B/b) = function defined by the curves in FIG. (2.5)

{,1Bg/b), £,IBR/b) = functions defined by equations
(2.13) and (2.14)

g = acceleration due to gravity = 32.2 fi./aec.?

H « EI/LN, a dimensionleas parameter

Hp = heave factor

Hy =H [1 + Hla + 1) E1,/E1] =}, a dimensioniess
parameter -

R = El/aN, a dimensionless parameter

h = thickness of deck plate or wood plank

I = moment of inertia of effective saction of lon-
gitudinals

1y = moment of inertia of a 12 iach wide aluminum
plank

1, = moment of inertia of each compomeat of a
girder about its own centroid

'p = moment of inertia of one plank

l; = moment of inertia of a transverse girder

lp' = moment of inertia of the effective section of
the weakest web of an aluminum plaak

K = E,LL3/EIb? = relative stiffness of ranaverse
to loagitudinal girders

Kl' K, = dimensioniess factors defined in F1G. 2.1

L. = span length of continuous longitudinals, equal
to distance between bulkheads or sepporting
beats

M = maximum momeat in a longitudina! due to
wheel load for a deck without traneverse
girders

M, = correction moment per plaak due to deflection
of loagitudinals for a deck without transverse
girders

M4 = positive maximum momest in a loagitedinal
due to dead load



- maximum momeat in a longitudinal due to
wheel load for a deck with rigid transverses
moment in a longitudinal under a wheel load
for a deck with n transverses of equal stiff-
ness and the wheel placed directly over the
transverse at or nearest to midspan
mavimum moment per plank due to tire load
{or planking continuous overrigid longitudinals
total maximum moment per plank. It is equal
to M+ M+ M_ for a structure without trans-
verses or Mo+ M+ M for a structure with
trunsverses
My total maximum moment it longitudinals, equal
to Ml + M; for deck without transverses or
M, + M for deck with transverses
“l
\1‘

mLiximum moment in a transverse girder
maximwn moment in a longitudinal due to
wheel load for a deck with transverses. It is
cqual to M, or (M + M )/2, whichever is
larper

correction moment per plank due to deflection
of longitudinals for a deck with transverses

M
<

Ml - maximum moment per plank due to rim load

for planks continuous over rigid longitudinals

“m, tmJ+ m = total maximum moment per unit
width of plating

- correction moment per unit width of plating
duc to deflection of longitudinals

- maximum moment per unit of width of plating
due to tire load for plating continuous over
rigid longitudinaly
maximym moment per unit of width of plating
due 1o rim load for plating continuous over
rigrd longitudinals

n - oumber of e:&ually spaced transverse girdern
' l'ldla"/IZ(l - u%), where Ed is modulus of elas-

ticity of deck material

I' = wheel load

'1, - bottoming load of tire

PR run load, defined as the portion of wheel load
carried by the rims

P, manufacturer’s rated load of tire correspond-
ing to pressure p

1%} - tire load, defined as the portion of wheel load
carricd by the tire

P, maximuam wind pressure

Py componcnt of purking wheel load due to verti-

1 ul 'Hl‘('!‘.\l
companent of purl\ing wheel load due to trans-
verse forces (athwartship)
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P, = component of parking wheel load due to wind
forces

P = nfed load of tire corresponding to pressure
Pe

P = tire pressure corresponding to tire load P

Py = manufacturer's rated inflation pressure of tire

P = initial operational presaure of tire
QP = statical moment of the cross section of an
aluminum plank about its centrodial axis
Ql; = statical moment for the effective sectioa of
the weakest web of an aluminum plank about
the section centrodial axis
= weight per unit of length of the effective sec-
tion of a longitudinal girder
q = function defined by equation (1.8)
R = reaction of equivaleat tire load when dual
tires are used
R
R

q

p = dimensionless factor defined by equation (5.2)

R = the rim reaction that should be used in com-"

puting the shearing stress vy ia wood planking

R = the tire reaction that should be used in com-
puting the shearing stress vy in wood planking

= dimensionless factor equal to the quantity in
brackets in equations (5.1a) sad (5.1b)

r = proportion of the total moment across midspan
carried by the loaded longitudinal for a con-
centrated load st midspan. (See FIG. 2.2)
This symbol is used oaly for decks without
transverses

= proportion of the total moment across midepan
carried by the loaded longitudinal for a dis-
tributed load at midepan

fa = proportion of the total moment carried by the

loaded longitudinal acroes a transverse sec-
tion directly under a concentrated load. This
symbol is for & deck with transverse girders
and & concentrated load applied over the
transverse at or nearest to midspan

r, = dimensionless factor for a deck with trans-

verses, equal to the value of r for the deck
with the transverses removed

fg = proportion of maximum moment carried by the

waded longitudinal for a deck with infinitely
rigid transverse girders

r, =dimensionless factor equivalent to r

plicable to a distributed load

S = section modulus of a longitudinal girder

Sp = section modulus of a plank

S; - = section modulus of a transverse girder

Sy = distance between main wheels of an aircraft

a but ap-
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S, = dintance from nose or tail wheel to main wheel
axis of an uircraft

s - 1./(n + 1) = apun leagth between transverse sup-
pets, either uwunsverse girders or bulkheads

T, perod of pitch of sitcralt carrier (See Appen-
dix 1)

TR = period of roll of aircraft carrier (See Appendix
B)

t. - total thickaess of the cross section of an

P sluminum plask across its centrodial axis -
l" thicknesn of the web of o girder
t, = thickness of the effective section of the weak-

cut wel of am aluminum plank acroes the sec-
lion cenwrodial axis
V  « maximum sheer in loaded longitudinal due to

wheel load

V4 = maximum shear in a longitudinal due to dead
load .

VR = maximum shear in an aluminum plaak due to
tim load

Vo =V + Vg = total maximum shear in loaded longi-
tudind

Vip = muxipum shear ia an aluminum plank due to
tire load

V, = maximum vhear in a transverse girder

v = muzimum shearing stress due to total wheel
lond

¥R * mazimum shearing stress due to rim load

(vR); sheuring stress in wood planking due 10 a
rim loud PRp/2 applied st & distance d, from
the support

(vR)z - whearing strcws in wood planking due to «
rim loud ’R/2 upplied at a distance dy fram
the support

= maximum shearing stress due to tire load
¥ = weight of aircraft
w = spaciag of planks

w, = spacing of planks or contact length of tire A,
whichever is leas

w, = spaciag of planks or caatact length of rime
AR' whichever is less

x = d/h = dimeasionless parameter

xy =d,/h = dimensionless parameter

Xy = dy/b = dimensiqnless parameter

Y = vertical distance from center of gravity of air-
craft to center of flotation of ship

y = distance from a reference axis to the centroid

of each component of a girder
= distance from a reference axis to the ceatroid
of a girder

Z = longitudinal distaace from ceater of gravity
of aircraft to ceater of flotation of ship

B=HYSp1)1/2. dimeasionless parameter used
forlphnk decks

B, =H, /(b2 o o dimensionless parameter
used for decks with transverse girders

Bag= stfective value of B (corresponding to ¢ = R,)
for & deck with trangverse girders

By =(n+ l)z/sﬁ = a dimensionless parameter

6 = angle of pitch of aircraft carrier, degroes (See

Appeadix B)

OR = angls of roll of aireraft carrier, degrees (See
A{:gcudix B)

A=HY 150, )12, dimensioaless parameter veed
for plate decks

# = Poissoa's ratio

#1(A/b), $5(A/b) = functicas defined by equations
(2.9b) and (2.11), respectively

(ﬁl(AR/b).d’z(A /b) = faactions similar to é,(A/b)
and $,(A/b) with the quaatity AR taking the
place of A

$a(A/L), $3(B/b) = functions defined by the curves
in FIG. 2.6

{1 = parameter defined by equatioa (1.2)

|
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APPENDIX B
SHIP MOTION DESIGN PARAMETERS (storm coadition)
Assumed for various classes of Aircraft Carriers
Maximum Loagitudinal Vertical
Roll Pitch Distance from C.F. of | 1ol ce from | Horizontal
Ship to C.G. of “C F to” Distaace
Ghi Aircraft o of C.F.
Ship
Class Afe of
P Period P Period | On Flight | Ou Hanger Flight | Hangar | Midships
R TR P Tp Deck Deck | Deck | Deck
Degrees | Seconds | Degrees | Seconds feet feet feat feet feet
CVE 6 30 15 4 8 230 158 45.0 19.0 4.2
CVE 26 30 15 4 8 236 167 40.2 19.0 17.9
CVE 55 30 15 4 10 218 172 42.2 16.0 32.0
CVE 105 25 16 4 8 240 168 40.2 18.8 17.6
CVl1, 22 30 15 4 8 254 162 42.3 21.8 42.0
CVl. 48 30 12 4 8 284 198 46.3 23.1 48.5
CvAa o 30 15 4 8 418 350 51.8 | 24.7 41.7
CvA 41 30 17 4 8 444 380 493 | 223 50.3
CVA 59 25 16 4 9 531 431 62.3 | 25.8 50.0
NOTES: (1) Angle of roll is the transverse angle of inclination measured from the vertical.

(2) Angle of pitch is the longitudinal angle of inclination measured from the vertical.

3)
up.

Periods of roll or pitch are complete periods from port to starboard to port or up to down to
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APPENIIX C
AIRCRAFT TINF, CHARACTERISTICS
(Type VII Tires)
TIRF. SIZE RATED
SUR— o INFLATION | DISTANCE RIM
ap. | CSING | RATING PRESSURE | 2 & DIAVETER

D neprit Pe Pe
Iaches Pounds p.s.i. Inches Inches

18 x 5.5 12 5,050 170
20x 4.4 10 3,750 150 4.50 13.625
22x 8.5 8 4,400 120 4.91 13.750
24x 5.5 12 7,000 205 4.91 15.750
241 8.5 14 8,000 235 4.91 15.750

24217 10 5,100 8s
%166 12 8,000 160 5.69 16.000
2 % 6.6 14 10,000 225 5.69 16.000
30 x 7.7 12 10,000 165 6.85 18.000

10x 8.8 18 15,500 180
1% i 8.4 12 11,000 135 7.81 18.250
4x9.09 14 14,000 140 8.81 18.500
W x 11 14 14,000 110 9.94 18.750
M1l 14 12,000 95 9.94 20.750
A0 % 12 14 14,500 98§ 10.94 21.000
42 ¢ 12 14 16,000 100 11.00 23.000
44 x 11 26 35,000 200 12.00 23.750
A x 14 20 20,000 95 13.06 23.500
52416 2 32,000 110 14.19 27.250
% i 16 24 45,000 178 14.00 $2.500
5 x 16 32 60,000 240 14.00 32.500
64 x 19 24 43,000 115 16.88 34.750

NOTES: (1) The tire sizes rated load and rated inflation pressure are tabulated from MIL-C-S041A.

(2) The distance c-c of rims and rim diameter are tabulated from 1950-1951 Year Book of the
*Tire and Nim Associated Inc.”
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APPENDIX D

THEORY AND PRINCIPLES

1. l.oading Charta
(a) Parking Cheel Reaction
The parking wheel load reaction caused by
the vertical component due to pitching, heaving and
rolling (normal to the deck) is given by

PV/W-(1s "F +0) CouoR (0.5+C,/25,)

See FIG. A]-] (.1)
where
2= 0.0214 0p7/Th (1.2)

The vertical reaction per main wheel due to
horzontal farcen parallel to the deck when the
shipas pitching equals to W [(0.02!4 Y Op/('rp)z) ¢
sin Op] (CO/25,). Since this reaction is so small,
it can be neglected. '

The parking wheel load reaction caused by
the horizontal component due to pitching, heaving
and rolling is given by

Py/W = (F,/W) (C//S,) See FIG.Al-2  (1.3)
where
F/W(0.0214Y 6p)/T20 4 (14 Qs 04

Hy) sin 6y

by replacing Oy by sin O end unsuming that sin
- 0.960 Oy (radians), - 0.01676 Oy (degrees)
then equation {1.4) reduces to

Fy W14 Q4 Hp + 1.277 Y/TY) oin 6
(1.5)
The component of parking wheel due to wind is

Py - I’WASC;/S‘ See FIG. A13 (1.6)
(b) The bottoming load of tire is
Py =28 P, () See FIG. A2 (.7
where
q (0.7 p../p.) + 0.3 (1.8)

(¢) The contact width of tire

Ac = Pr/p (1.9)
where

P =K, p, (1.10)
where K, values can be road from FIG. 2.)

B = Ky(A)!/2, See FIG. A3 (1.11)
where K, values can be read from F1G.2.1

A =A_/B, See FIG. A3 (1.12)
2. Plate Decks Without Trassverses

(a) Plate Deck Design Charts

A = (H)3/16 (5/1)1/2  See FIG. B 2.1)

H = 10.92 I/(Lh3), See FIG. Bl (2.2)

(b) Aluminum Plate Deck

H = 10.92 1/(Lh3/3) 2.9

= 10.92 1/ [(L) (0.6930)%]

(c) Maximum Rending Moment in Longitudinals
(no transverses)

M/PL = r (0.1708 - 0.1250 A/L +

4)
0.0264A2/L?), See FIG. B2

The value of r. is determined from the expression

Q=¢)/(1=r) =

(2.5

(1-0.89A%/L%) /(1 - 0.73A/L)
where r is shown in FIG. (2.2). After the bending
moment M is calculated, then apply a correction
factar 3 from FIG. (2.6) due to the contact width.
This will give the corrected moment.

(d) Maximum Shear in Longitudinals
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(V/P) (8,) (b3). for values of @, and By

Ses FIG. 2.6 (2.6)

(e) Voximum Bending Moment Per Unit Width of
Plating
my/Pr = [£,(B/b) /¢y (A/B]) -
(£2(B/b) /$4(A/b)], See FIG. B3-1

2n

where

f,(B/b)= (1/8) (2 - B/b) (2.8)

f,(R/b) = (1/38) [3- (B/b)?] (2.9)
and

S(A/b) - 0.45(A/b) + 0.94 (2.100)

for A/bS0.5

'5,(.-\/b) = A/b+ 0.>6/(A/b + 0.4) (2.10b) |

and’
1 2
$,(A/b) = 1.78 + 0.15(A/b) @11

for A/b S 3.0

The plate bending moment m ) from rim load is given
appeoximulely by the equation

mo/I'p = [I;(BR/B)/é, (Ag/b)] -

(15 (BR/b) /8y (Ag/bY] @12
See FIG. B3-2
where
f/(BR/b) = (1/4) (1 - Bg/b) (2.13)
f;(Bp/b) = (3/38) 1 - (Br/b)?] (2.14)

The functions ¢1 and ¢, in equation (2.12) are
similar to those given in equation (2.10) and (2.11)

The correction moment i, from wheel load due to
the deflection of the Bem in

m. = P/ [9 + 32M(b/a)3/2) (2.15)

24

where

A = H/0.683 (2.16)

m, = P/{9+83.00 [Ab/L)7/32) ¢}
(2.17)

The nomognph shown in FIG. B3-3 was constructed

by using & quantity (b/L)"!/4, in place of (b/L)~7/32,
see FIG. 2.4 for a plot of m_/P in terms of (b/L)-U‘
Siace the vclnu c.lcnlntod by eq'nua (2 17) or
by using (b/LY"1/4 ia place of (b/7.)"7/32, 4o et
exactly agree with the valued given in F’IG BS-8,
it is recommended that values from FIG. B3-3 be
used and for values of m_/P less than 0.001 be
omitted.

(f) Maximum Rending Moiment Per Unit Wideh of
Plating in the Long Direction

The longitudinal simple splin momehes "'L
the center of the panels under tha loed ase glvea
by the followinig empirical relatiss:

For B/A S 1.0
mp, = [f,(B/bY¢ (A/b)] -

2.18
[P/o1 + B/A)] (2.18)
and for B/A 2 1.0
L]
m, = [f;(B/bVéy(A/D)] - 2.19)

{0.09P/(0.62 + B/A))

The coerection moment in the plate due to cok-
tinuity, in the longitudinal difection wader the toad
is given by the approximate relation:

" = [1,(B/bV,(A/D)] +

20)
(0.04P/(2 + B/D)] @

This cofrection moment from dgeati®h (2.%0) Te w
subtractive moment.

The correction moments in the lomg directitn
under a concentrated load, due only to deflectida of
beams, is given by the approximate relatidn:

d

* « P/ [8 + 14.2H(b/1)1/2) (2.21)

This correction momeat from equatice (2:21) Is n
additive moment.



Fquations (2.7) to (2.21) inclusive for moments
in a transverse or longitudina! strip are limited in
upplicubility by the range of values of the variables
considercd in their derivation. They are applicable,
generally for values of B/b ranging from 0 to 1.0,
and for values of A/b from 0 to 2.0. Because they
are for un infinitely long strip, they should be
limited to cases defined by the following relation-
ship between the length of the loaded area, A, and
the aspect ratio, b/a: A/a 2 | - 2b/a (where a =
0.6831.)

3. Plate Deck With Transverses
(a) Muximum Bending Moment in Longitudinals
A‘u_'/P' = (n + 1) Minlpla -
ra(0.1708 - 0.1250A /s +
0.0264A2/s%) See FIG. E1

@3.1)

Where r, is given in FIG. 2.3 (but never exceeds
unity). For the value of 8 in FIG. 2.3, use

(3.2)
(b) Maximum Bending Moment in Longitudinals

for l.oad over Transverse

=+ DY3FEIINNVE (b1))/2

Mp/Pl. = £'(0.1708 - 0.1250A/L +

3.
0.0264A2/1%), See FIG. F2 ¥
where
U=r)/0=r)m
n » 3
(1-0.89A2/1.2) /(1 - 0.73A/L) 0.4
and
-nasnt/s w2,
“n B2y (3.5)

Hia + DE I /EL]1/6

(c) Maxzimum Rending Moment in Transverse
Cirders

M/Pb = 0.115K /4 (1 - (8/e8) , (3.6)
See FIG. E4
where
K= K 1L1L3/ED3
1 »
¢ 3.7

and the value of r, in FIG. 2.2
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(d) Maximum Shear in Transverse Girders

Vi/P=(1/2 (1-2) A =SS, (.8

See FIG. ES

4. Aluminum Plask Decks Without Transverses
(a) Moment per Plank Due to Tire Load for Deck

with Nondeflecting Longitudinals

M,/Pb, = (w,/A)(0.1708 - 0.1250B/b, +

_ 41
0.0264B2/b3), See FIG. C3-1 “n

Equation (4.1) applies to tire oriented normal to the
plaak. If tire is parallel to the plank

M,/Prb, = (w /B) [0.1708 -
S

0.215A/b, + 0.0264A%/b2] “2

(b) Moment per Plank Due to Rim Load for Deck

with Nondeflecting Longitadinals
Mo/PRb, = (wg/AR) [0.1708 - 0.250BR/b, +
0.0792B}/b2], See FIC. C3-2
(4.3)
Fquation (4.3) applies to tire orieated normal to
plank.

(c) Correction Momens ®hich Takes Into Ac-
count the Effect of Deflection of the Longitadinals

Mc/Pb = (w/L)3(8), See FIG. C3-3 (4.9)
where, for

B 50.5, [4(8) = (0.24/8%3) - 0.407 .9
foe

B 20.5, fy( = 0.017/8* (4.6)
and where

3 = H/6(p/L)1/2 (4.7a)

and for alaminam

H = 12EI/LF,y1,) = 361/, @.7)
for wood

H = 12EIN.E A} (4.7¢)
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(4) Yaximum Shearing Siress in Aluminum Plank
The maximum shearing force Vo in the
plank due to the tire load is givea by equation

Vp/Ppe (1 - B/2b, 4 0.1830(1 -

(4.8)
B3 /53) (B/,)] w /A

In this espreesion ‘o denotes the distaace from
center to centar of planks or the cootact leagth of
tire A, whichcver i lesa. b, is defined in the
nancaclatues,

The maximem shear VR due the rim load is given
by the equution

VR Py » (V- Bp/2b,) + (0.1830Bg/b,) (1 )
2By /8,) (1 - By/b,)
Foe calculating wmin .ﬁwiag omu-nfur VT aad

VR ore soived rom equations (4.8) aad (4.9), see
FIG. 8.2,

§S. \Alemisem Plask Dechs With Transverses
{8} Corvection NMomeni Nc' Due s0 the Presence
o/ Transverqe Girders

’ 3/
M/Ph - (w/h) [0.240/8, V2 -

s
0.407) (RS/Y) Ses FIC. E6 1%
foe g 308
W/Pb = (w/L) [0.007/8% ) (RS (s.1b)
M
whare
A - M/ . -
o = M /(PL) (0.1708 5.2

0.1250A/L + 0.0384A2/L3)

Using FI1G. 3.9, fiad the value of B « By which
currecponds te ¥ « R,

Foe M, /PL value, ves F1G. E3

6. Weod Plank Decks Witheat Trannvzines
/8) Mamimem Shearing Scress in Wood Plank
The jeaction Ry that should be comsidered
is computing the meximum shearing stress due to

26

the tire icad Py
by the equation

can be expressed approximately

Rp/Pr = £(b/h) £ (B/b) (6.1)

where

f4(b/h) = 0.50 + (h/b)?log, [0.50(b/h)? + x](- ”
6.
VZ(h/b) tan~! [0.707 (b/M)]

und f, (E/b) is yivea by the curve shown ia F1G. 2.5

The remultiag nianimum shesring stress is deter
mined from the equation

v = (3/2) (R1/A") See FIG. C4-1 (6.3)
T T/ N

where A= hA is the area resisting the reactica Ry

For a conceatrated rim load Pp/2 applied at a dis-
taoce d from the support, the reaction Rp which
must be used to campute, by meana of the twe-beam
theary, the resulting shearing stress, is given by
the equatios

Rp/Pq = (0.5 ()2 [1 -

6.4 -
x) /W] + [2+ (3]

where x = d/h

The parameters 1, and x, define the locatieas
of the rims when the wh.oli«d is positioned so
that the sh=ar arising from the tire is & maximum.

Let 4 be .he distance from the support to the cea-
ter of gravity of the tire. Similarly, lot d, and d,
be the correspoading distances to rim nearsst to
and farthest away from the support. Then

xy=dy/h - dy/h - Br/™ (6.5)
and

xyedy/h~d ke Bp/2 (6.6)
where BR is the distance csater to ceater of rice

and

dOA = 0.50 b/h -b/h f. (WA 2 1=~ =



The functions f4(b/h) dnd {4(B/b) are given by the
curvea shown in FIG. 2.9 and 2.10 respectively.
Fquation (6.7) is solved graphically ia FIG. C4-2,

The sheuring stress vR is computed from the
relation :

vR = 1500 = RRAe)' See FIG. C4-.3 (6.8)

DDS11 06-1

where A_ is the area of the plank or the product of
the thickness of the plank asd cootact leagth of
rim, (Ag - 1/2%), whichever is larger. In equation
(6.8), vy is expressed in psi., Ry in kips and A,
in square inches. The total shearing strems is

equal to the sum of wp asd vp.
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