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PART TI: INTRODUCTION

130~2~a. References

(a) DDS 130-1, Structural Design of Aircraft Handling Decks.

(b) DDS 100-4, Strength of Structural Members.

(e¢) MIL-STD-1399, Interface Standard for Shipboard Systems,
Section 301, Ship Motrion and Attitude.

(d) Design of Deck Structures Under Wheel Loads, Jackson and
Frieze, RINA, 1980,

(e) Design Manual for Orthotropic Steel Plate Deck Bridges,
A.I.S.C., 1963,

(f) Individual Ships Specifications, General Specifications
for Ships of the U.S. Navy or General Overhaul Specifi-
cations for Surface Ships, as appropriate.

(g) MIL-HDBK-264 (SH), Properties of Steel Shapes, and Plare-
Beam Combinations Used in Shipbuilding.

(h) Structural Design Manual for Surface Ships of the U.S.
Navy.

(1) NAVAIR Technical Manual 17-1-537, Aircraft Securing and

Handling.
130-2-b. Purpose and Scope

This Design Data Sheet provides uniform standards and simplified
methods for the analysis of aircraft handling deck structures. The method
incorporated in this Design Data Sheet is to be used to analyze plate deck
structures with thin plate, (less than one inch thick), and flexible stiffener
supports for longitudinally or transversely framed decks. For deck structures
with thick plate or rigid bents, see Reference (a).

This Design Data Sheet deals with only those loads resulting from
aircraft operations. Other local loadings and the requirements for hull girder

bending, as applicable, should be addressed separately in accordance with
References (f) and (h).

The method presented herein is based primarily on the previous edi-
tion, Reference (a) and, in addition, References (d) and (e). This version
takes advantage of the later and more refined techniques of structural analvysis,
employing accepted principles of structural mechanics with empirical constants
determined from static and dynamic tests. Other documents used in the develop-
ment of this Design Data Sheet are listed in Appendix J.

130~2-c. Symbols, Abbreviations and Definitions

Txg = storm sea ship motion factor, longitudinal to ship

"ys = storm sea ship motion factor, transverse to ship

Mss = storm sea ship motion factor, vertical to ship

X = longitudinal distance from specified center of motion (frt)
Y = transverse distance from specified center of motion (fo)
YA = vertical distance above specified center of motion (ft)
ep = pitch angle (rad)
fr = roll angle (rad)
Tp = pltch period (sec)
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roll period
surge acceleration
heave acceleration

(sec)
(g's)
(g's)

moderate sea ship motion factor, longitudinal to ship
moderate sea ship motion factor, transverse to ship
moderate sea ship motion factor, vertical to ship

ship motion load, longitudinal to ship

ship motion load, transverse to ship

ship motion load, vertical to ship

parked welght of aircraft

maximum weight of afrcraft

light weight of aircraft -

wind load

sail area of aircraft

auxiliary gear reaction, tail or nose gear
total main gear reaction

tire friction force

ship motion force, vertical to aircraft
ship motion force, longitudinal to aircraft
gship motion force, transverse to aircraft
longitudinal distance from main gear to CG of
aircraft

height of aircraft CG above deck

center of pressure of sail area

center of gravity of alrcraft

height of CP above deck

height of tiedown above deck

transverse distance from centerline of aircraft
tiedown

tiedown force

equivalent tiedown lever arm

alrcraft overturning moment

tiedown angle to deck

critical gear reaction

main gear reaction nearest tiedown

main gear reaction farthest from tiedown
distance between main gear

distance between main and auxiliary gear
bottoming load of tire

contact length of tire

contact width of tire

stiffener span length

beam span length

stiffener spacing

effective breadth of plating

plating thickness

depth of stiffener

breadth of flange

web thickness

flange thickness

dual pitch equivalent load factor, plating
patch length of load on deck (along stiffener)
patch width of load on deck (perpendicular to
stif fener

4 nns

(kips)
(kips)
(kips)
(kips)
(kips)
(kips)
(kigs)
(££°)

(kips)
(kips)
(kips)
(kips)
(kips)
(kips)

(in)

(in)
(in)

(in)
(kips)
(in)
(in-k)
(deg)
(kips)
(kins)
(kips)
(in)
(in)
(kips)
(in)
(in)
(in)
(in)
(in)
(in)
(in)
(in)
(in)
(in)
(in)

(in)
(in)
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dual tire spacing, center to center (in)

modulus of elasticity (ksi)
yield strength of material (ksi)
allowable working strength of material (ksi)

dual patch spacing, center to center
non-dimensionalized bending moment coefficient of plating
deck function coefficient

patch load (kips)
tire load (kips)
plate allowable bending stress (ksi)
patch width load distribution factor, stiffener

plating load distribution factor, stiffener
dual patch equivalent load factor, stiffener

beam loading coefficient

moment of inertia of plate~stiffener combination (inA)

moment of inertia of plate—-beam combination (ina)

relative rigidity coefficient of plate-stiffener

relative rigidity coefficient of stiffener-beam

stiffener bending moment correction for elastic

supports (in~-k)

stiffener bending moment over rigid supports

due to load (in-k)

stiffener bending moment due to dead load

of structure (in~k)

dead load of plating and stiffener (k/in)

dead load of stiffener (lb/fg)

dead load of plating (1b/ft*)
= total bending moment in stiffener (in-%k)

calculated bending stress in stiffener (ksi)

minimum section modulus of stiffener-plate

combination (in3)

stiffener shear due to load (kips)

stiffener allowable bending stress (ksi)

hull girder design primary stress (ksi)

stiffener shear due to dead load (kips)

total shear 1in stiffener (kips)

calculated stiffener shear stress (ksi)

operational tire pressure (ps%)

shear area of stiffener (d x tw) (in*)

effective span length factor, stiffener

calculated bending stress in plating (ksi)

effective span length factor, beam

unit gear load, beam (k/in)

unit gear load width, beam (in)

RAST system holddown force per gear (kips)

proportion of ship morion force, transverse

to alrcraftr, acring on main gear, skids (kips)

proportion of ship motion force, transverse

to alrcraft; acting on auxiliary gear, skids (kips)

proportion of wind load acting on main gear,

skids (kips)

proportion of wind load acting on auxiliary

gear, skids (kips)

required plating thickness (in)
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SMREOD = required minimum section modulus of stiffener-
plate combination (ing)
ASpEoD = required shear area of stiffener (in%)
130-2-~d. General

Parts II and III provide a detailed description of the assumptions,
rationale, and methods for determining the loading and load distributrion.

Part IV provides general guidance and considerations for the design
of aircraft handling decks.

Part V provides a detailed description of the assumptions, rationale,
and methods for analyzing the structural response.

Part VI provides the design criteria to be used for determining the
adequacy of the structure.

Appendices A and B provide the necessary data on existing and notional
helicopters.

Appendices C, D, and E provide summaries of the analysis methods for
easy reference. ’

Appendix F provides nomographs of two of the functions in Parts III
and V which can be used in lieu of the equations.

Appendix G provides standard work sheets for documenting the analysis.
Appendix H provides a complete example,
Appendix I provides selected measurement units and conversion factors.

Appendix J provides a list of other documents that are applicable to
the design and analysis of aircraft handling decks.

PART II: LOADING

139-2-e. General

Aircraft handling decks are exposed to two types of loads in addicion
to but separate from the standard design loads for all decks. These rwo types
of loads are the landing and parking loads imposed by the aircraft which operate
on the deck.

Once the aircrafc is on the deck it is subject to the inertial loads
produced by the ship's motion accelerations. The ship specifications
specify two conditions, storm seas and moderate seas, and provide equations o
determine the ship motion facrors for that ship for any point on the shin.
Although ship motion factors and their corresponding sea states and chance of
exceedance are dependent on ship size and the particular seaway, the following
approximations that apply to most Navy ships and operational seaways, are
offered as background information. The storm sea factors relate to a sea state
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7, which for the average service of a ship, correlates fo a 0.05 percent chance
of exceedance. The moderate sea factors relate to a sea state 5, which for the
average service of a ship, correlates to a 30 percent chance of exceedance.

The aircraft loading conditions which must be considered, 1f appli-
cable, are:

(a) landing, fore and aft orientation

(b) 1landing, athwartships orientation

(c¢) parking, storm sea condition, fore and aft orientation
(d) parking, storm sea condition, athwartships orientation
(e) parking, moderate sea condition, fore and aft orientation
(f) parking, moderage sea condition, athwartships orientation

Special consideration must be given to assure that those loading conditions
investigated are realistic. This is especially critical on small decks.

Alrcraft elevators are only used during moderate sea conditions;
therefore, storm sea parking should not be considered for aircraft elevators.

Generally, all aircraft are parked in the hangar during storm seas,
if possible. Those ships with large flight decks or without hangars should be
capable of storm sea parking on the flight deck.

Most aircraft handling decks, especially small ships, are marked for
angled landings. It is assumed that either fore and aft or athwartships orien-
tations produce the worst loading condition; therefore, for those decks desig-
nated for angled landings both orientations must be considered.

Although tiedowns are normally applied immediately upon touchdown, it
is assumed that the tiedowns are not being used in the moderate sea condicion.

Some small decks are equipped with Recovery Assist, Securing, and
Traversing (RAST) systems which are used to enable the LAMPS MK IIT (SH-60R)
helicopter to operate in heavy seas. This system is used not only to aid in
the landing of the aircraft but also in moving the aircraft into the hangar.

The shipboard recovery assist system consists of a cable which is
attached to the helicopter and a winch which aprlies constant tension to the
cable. This system provides centering guidance and a 4 kip hauldown load to
the helicopter to reduce landing dispersions.

The securing system consists of a main probe on the bottom of the
aircraft which is captured immediately after touchdown by the Rapid Securing
Device in the deck. This system prevents the helicopter from sliding or
overturning once on the deck, and is released after tiedowns have been applied.
A secondary probe at the helicopter tail wheel engages the RAST track on the
deck to provide directional control while the helicopter is being traversed.

It is assumed that the landing reactions are not increased by the

RAST system. The parking reactions are decreased due to the vertical restraint
to the helicopter by the system.

7 DDS 130-2



Appendix C is a summary of the methods for determining the load and
load distribution for easier reference. Appendix G contains standard work
sheets for documenting the calculations.

130-2~-f. Landing Loads

Landing loads are imposed on the landing area of the flight deck.
They are probabilistic, and depend in any given instance upon such factors as
the rate and attitude of descent, the aircraft gear configuration, the tire
characteristics, and the aircraft landing welight. Nominal landing loads are
provided by the aircraft manufacturers and are included on the Helicopter Data
Sheets of Appendix A for existing helicopters and Appendix B for notional
helicopters. These landing loads represent the landing gear reactions measured
during landings at various sink rates, with specified tire pressures, and at
maximum weight. They predict nominal landing loads rather than maximum or gear
collapse loads.

Ry, = Nominal Landing Load per Gear

For aircraft not included in Appendix A, a load factor of 2,67 can be
applied to the static gear loads.

‘130-2—g. Parking Loads

The loads experienced by a deck due to a parked aircraft include
inertia loads resulting from the motion of the ship, aircraft tiedown forces,
and wind forces 1if exposed to the weather.

Ship motion inertia loads depend on the location of the aircraft's
center of gravity relative to the assumed center of motion of the ship and
response characteristics of the ship. This information is available in the
ship specifications, corresponding to Sect. 070 (Sect. 9020-01 for older ships)
of Reference (f).

For those ships whose specifications do not provide the ship
motion factors, but do give the ship motion parameters, Reference (c) can be
used to develop the vertical, transverse and fore-aft factors.

The equivalent location of all tiedown fittings on the helicopter and
maximum allowable angle to the deck of the tiedown are included on the Heli-
copter Data Sheets of Appendix A.

The wind force exerted on the aircraft is assumed to be 15 pounds per
square foot in the storm sea condition applied to the folded sail area as a
concentrated load at the center of pressure. For the moderate sea condirtion,
7.5 pounds per square foot ig applied to the unfolded sail area. Both loads
are applied in a horizontal transverse direction with respect to the aircraft.
The wind force does not apply for parking in a hangar.

It is intuitively considered that the storm sea parking loads pre-~
dicted by this method are the maximum load that a parked aircraft would be
subjected to. The moderare sea parking loads are considered to be the loads
which would be experienced most frequently.
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Specifically, the weight conditions to be investigated when an air-
craft is parked are as shown in Table I.

SEA CONDITION FLIGHT DECK HANGAR DECK ELEVATOR PLATFORM
Storm Wp Wp N/A
Moderate wM WP WP

Table I Aircraft Weight Conditions

Aircraft orientation and location, with respect to the ship, will
also affect the loading imposed on the deck. On small decks, such as those on
frigates, destroyers, and auxiliaries, the aircraft is only allowed to be parked
longitudinally with respect to the ship and variations of the location are
limited. However, on large decks such as those on amphibious assault ships,
the aircraft can be parked either longitudinally or transversely with respect
to the ship, and location can vary over a considerable portion of the ship's
length and breadth. This not only affects the magnitude of the load, but also
the loading of the individual structural members. All cases should be examined
in the analyses. ’

To determine gear reactions, two dimensional free body diagrams can
be used. A longitudinal free body diagram, (with respect to the aircraft), see
Figure 1, will balance the loads between the main and auxiliary gears, and a
transverse free body diagram, see Figure 2, will balance the loads between each
main gear and the tiedowns.

Moderate sea tiedowns act to restrain the aircraft from sliding.
Storm sea tiedowns act to restrain the aircraft from sliding and overturning.

There are four configurations for tiedowns, as described in Reference
(i): 1initial, intermediate, permanent and heavy weather. Initial tiedowns
(4 chains for helicopters) are required just prior to aircraft movement, imme-
diately after parking, after recovery, or after respot. Intermediate tiedowns
(6 chains for helicopters) are required during flight quarters when the aircraft
may be expected to be moved. Permanent tiedowns (12 chains for helicopters)
are required when not at flight quarters. Heavy weather tiedowns (18 chains for
helicopters) are applied at the direction of the Alrcraft Handling Officer.

For the moderate sea parking condition, it is assumed that no tiedowns
have been applied.

For the storm sea parking condition, it is assumed that the heavy

weather tiedowns have been applied. An equivalent heavy weather tiedown attach-
ment location is provided in Appendix A for existing Navy helicopters.

9 DDS 130-2




130-2-g.1 Ship Motion Factors

The Ship Specifications provide storm and moderate sea ship motion
equations in a form such that the dimensions from the motion axes of the vessel
to the center of gravity of the aircraft are substituted into these equations
to obtain the motion factors in each of the directions.

Ny = fore and aft factor
ﬂy = athwartships factor
n, = vertical factor

If these equations are not available, Reference (c) can be used to
obtain the motion factors.

If not otherwise specified, the ship motion factors for the moderate
sea condition can be related to the storm sea factors by the following:

Nym = 1/2 0 G.1-1
Mom = 1/270, G.1-2
1 + N,g
n - G-1-3
m 2

130~2-g.2 Ship Motion Loads

The loads produced on the aircraft acting at the center of gravity
are the product of the ship motion factor and the appropriate weight of the
airerafe.

F{ = Ship motion force in i direction

Ny = Ship Motion factor in i direction

Wj = Weight of aircraft in j condition

Fi ’ni Wj G.2-1
130-2-g.3 Wind Loads

The wind load on the aircraft acts at the center of pressure of the
sall area and is defined as follows:

Storm Seas

Fy = 0.015ag G.3-1
Moderate Seas

Fg = 0.0075a4 G.3-2
Where ag 1s the sail area in squaré feet of the aircraft. 1In the

storm sea condition the area of the folded aircraft should be used. In the
moderate sea condition the area of the unfolded aircraft should be used.
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If the aircraft is in a hangar the wind force is zero, i.e., F,; = 0.

130-2-g.4 Ship Motion Forces

Aircraft orientation with respect to the ship will also affect the
loading imposed on the deck. Therefore, each ship motion load must be oriented
to the aircraft for each loading condition.

Fy, = Ship motion force longitudinal to aircraft
Fr = Ship motion force transverse to aircrafe
Fp = Downward ship motion force.

Aircraft Oriented Longitudinally

FL = Fy G.4~1
Fp = Fy G.b=~2
Fp = F, G.4=3

Aircraft Oriented Athwartships

F, = Fy G.b=4
FT = Fx . G.4-5
Fp = F; G.b=b

130~2-g.5 Gear Reactions

Maximum total main gear reaction, Ry:

Ry = Fp (-Xc)+ FL(ZG) G.5=1
r r

Maximum auxiliary gear reaction, Ry: xG
= X yA k———————)
R, = Fp ( L’G)+ 133 ( G) FL G.5-2
r l$
—) -

A

T T,

I

Figure 1 Aircraft Longitudinal Free Body Diagram

NOTE: Figure 1 shows the direction of ship motion forces that pro-
duce the maximum main gear reaction, Ry. The direction of
the longitudinal ship motion force is reversed to produce the
maximum auxiliary gear reaction, Ry

11 DDS 130-2



These loads represent maximum values used to determine the most
critical gear reaction to be used in the plating analysis, Section 130=2-7p.,
and in the stiffener analysis for regular structural scantlings, Section
130-2-q.1. If the structural scantlings are irregular, as discussed in Section
130~2~q.2., then a grillage analysis will be required. 1In order to have consis-
tent gear loads to apply to the model, the following equations can be used
depending on which gear is critical.

Main Gear Critical:
Ry = Fp - Ry G.5-3
Auxiliary Gear Critical:

Ry = Fp - Ry G.5-4

Equivalent tiedown lever arm, Zg:

Zo = Zp + Y - s\ tanQ2 G.5~5

1350 e

1
Afrcraft overturning moment, M:
0.Ss

A Y
M = FuZp + FpZg-Ry(s G.5-6
— S i

Figure 2 Aircraft Transverse Free Body Diagram

If M < 0 (Tiedown not resisting overturning of aircraft (i.e., T = 0))
DY WA,

In moderate seas tiedowns are assumed not to be applied. In storm
seas the tiedowns are slack due to both main gear being depressed.

Main gear reaction #2, R:

Ry = 1/2 Ry + Fw( Zp )+ FT( Zc) G.5=7
8 S

Main gear reaction #1, Ry:

RI = Ry =~ Ry G.5-8

12 nns 130-2



If M> 0 (Storm Sea Condition Only)

If this condition exists in the moderate sea condition, aircraft
operations will be hazardous, due to possible overturning of the aircraft.

The tiedown is assumed to act so as to prevent R} from reducing below
the minimum load at the time the tiedowns are applied.

Since the tiedown has a horizontal component, it is necessary to
include an estimate of the tire friction force, otherwise, the tiedown force
would be over predicted and the maximum main gear reaction would be under-pre-
dicted. This produces a force system which has more unknowns than equations;
therefore, an estimate is made for the value of the main gear reaction adjacent
to the acting tiedown. It is assumed that this gear reaction (main gear reac-
tion #1) is equal to the static gear load (no ship motion loads) at the parking
weight,

Main gear reaction #1, R;y:

X
R, = 1/2 wp(l - % > G.5-9

r
Friction force, Fg:

1/2 RM - R1 + Fw tan Q - (ZP—ZO) + FT (tan52~(zc-zoj)
F_ = 2 8

F 2 tanQ+ Z,
s G.5~10

Main gear reaction #2, Ro:

Ry = 1/2 Ry + Fy (Zp—zo) + Fr (ZG-—ZO> + FF(ZO> G.5-11

-] ) s

Tiedown force, T:

T = (Fy + Fr = Fp)/cosQ G.5-12

130-2-g.6 Critical Gear Load

The critical gear load is that gear reaction which when applied
over that gear load distribution, creates the worst load for that load condi-
tion. The maximum gear reaction will often be the main gear reaction, Rj:
however, it is possible that the auxiliary gear reaction, Rp, could be the most
critical. The gear load distribution effects can vary between gears due to
aumber of wheels, tire size, or operational pressure. Both load magnitude and
distribution affect the strength analysis. Typically, load magnitude will have
the larger effect. It may be necessary to perform the strength analysis on
both gear reactions, Ry and Ry, 1f the critical load is not obvious.

13 DDS 130-2




130-2-h. Variation in Loading due to RAST System

The RAST System is comprised of airborme and shipboard equipment
which together perform the functions of helicopter recovery assist, securing,
deck maneuvering, aircraft traversing into and out of the hangar, and helicopter
launch assist. The RAST system 1is designed to support helicopter operations in
upper sea state five conditions (significant wave height of 13 feet and surface
winds of 26 knots), :

130-2-h.1 Landing Loads

The RAST system tends to increase landing loads; however, landing
loads do not exceed the nominal landing load, Ry« The nominal landing load
for the SH-60B is provided in Appendix A.

130-2-h.2 Parking Loads

During parking (securing and traversing), the two probes which hold
the aircraft to the deck resist the longitudinal ship motion force, Fr, the
transverse ship motion force, Fr, and the wind force, Fy+. The probes act as
vertical tiedowns applied at the centerline of the aircraft. The gear reactions
produced are determined as follows (see Figure 3).

Maximum total main gear reaction, Ry:

% = FD 1 h H.Z“l
r

Maximum auxiliary gear reaction, R,:

R, = Fp[ %o H.2-2

r

Aircraft overturning moment, M:

M = FuZp + FpZg - Ry % H.2-3

If M <O

Probe force, Fp = 0

Main gear reaction #2, R,:

YA

Z
Ry = 1/2 Ry + Fu[_ B\ + Fp[ZG H.2-4
S S
Main gear reaction #1, R;:
Ry =Ry - Ry H.2-5
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IfM> 0

Main gear reaction #1, Ry:

_x -
Ry = 1/2 Wp ( ?g_) H.2-6

Probe force, Fp:

z z
Fp = 2R, + 2F; (§§> + 2F, (gg) - Ry H.2-7

Main gear reaction #2, Ro:

z A _
Ry = 1/2 Ry + 1/2 Fy + Fy <§§> v Fy <§3> H.2-8

Figure 3 Aircraft Transverse Free Body Diagram for RAST

130-2-1. Variation in Loading due to Skids

Since both the main and auxiliary gears (forward and aft crossbars
respectively) are capable of resisting aircraft overturning moments produced by
the ship motion and wind forces acting transversely to the aircrafc, ic is
necessary that these forces be proportioned between the main and auxiliary gears.
It is assumed that this proportion is based on the longitudinal CG of the
aircrafe, X;.

X
FT (1 - _C_;_) I-1
M r
X
FT = F (_g) I-2
A r
= X -
Fw = Fw C_— _é) I-3
M r
= X -
Fw = Fw (_g) 1I-4
M r

15 DDS 130-2
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These forces are then used in each of two aircraft transverse force
balances, as in Section 130-2-g.5, to determine the four skid loads as shown in
Section 130-2-1.

PART IIT: LOAD DISTRIBUTION

130-2-j. General

Aircraft gear load distribution depends on the number of wheels per
gear, tire size and construction, and tire pressure. It ig assumed that the
tire load, Py, is the critical gear load, R, divided by the number of wheels on
the gear,

For single wheeled gear:

For dual wheeled gear:

Pr = 1/2 R J=2
Appendix C is a summary of the methods for determining the load and
load distribution for easier reference. Appendix G countains standard work
sheets for documenting the calculations.

130-2-k. Tire Footprint

The tire footprint is assumed to be a rectangular area of uniform
pressure, see Figure 4. The length, A, and width, B, can be determined for the
footprint by linear interpolation from load tables found in Appendix A for each
alrccraft and gear.

For the following footprint load table:

P T A B

Pr AI B 1
1

Pr A2 B2
2

Calculate the footprint dimensions,

= Ay,-A - -
A Al + 2 71 PT PT K-1
Pt -Pr 1
2 1
- B,_B -
B = B1 + 2~"1 ( PT PTI )
2 I
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When a calculated value of Py is greater than the tire bottoming
load, Py, A and B are equal to the A and B dimensions at Pyp. That is, the tire
contact dimensions do not increase for any tire load greater than Py.

Direction Longitudinal
to Aircraft

220

v

Figure 4 Tire Footprint

The following example demonstrates the method graphically.
Sample data from Appendix A:

P, = 11.0 kips

Py A B
5 6 4.5
9 8 5
Graphically: 10
: i
"
8 |
Alz’ér’ !
L~ T
Contract 6 <1/,if’ > 4
Dimensions 4 1>"7
(in) :
2 1
|
0 ,

246810l121416

Tire Load, P b
(kips)
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As an alternative approach, if the load table for a particular aircraf*
is not known, but the bottoming load, Py and the operational tire pressure, P,,
are given, then the contract width and length of a tire can be determined from
the nomograph in Appendix F.

130-2-1. Skid Footprint

The skid footprint is assumed not to vary with respect to the load.
The contact dimensions are assumed to be: coatact length, A, equal to 8 inches,
and contact width, B, equal to 1.5 inches. A contact area is at each intersec-
tion of the skids and crossbars, see Figure 5. The distance between skids and
the distance between crossbars is provided in Appendix A for existing Navy
helicopters.,

1.5

Skid

””’,,___..Crossbar

Figure 5 Skid Footprints

130-2-m. Variation in Load and Load Pattern Due to Aircrafr Orientation

The orientation of the aircraft with respect to the stiffeners and
the number of wheels per gear are resolved into patch(es) with associacred loads
with respect to the stiffeners. The tire contact dimensions, length, A, width,
B, and dual wheel spacing, b', are resolved into patch dimensions, length in
direction of stiffeners, A', width perpendicular to stiffeners, B', and dual
patch spacing, b", with a load that is modified as applicable.

When the aircraft is alined with the stiffeners:

A' = A M|
B' = B M-2

For single wheeled gear, see Figure 6-A:

P =R M-3

b" 1s not applicable M-4

18 DDS 1130-2
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For dual wheeled gear, see Figure 6-B:
P=1/2R M-5
b = b’ M-6
When the aircraft is alined perpendicular to the stiffeners:
B' = A M=7
P =R M-8
b" is not applicable
For single wheeled gear, see Figure 6-C:
A' =B M-9
For dual wheeled gear, see Figure 6-D:
A' =b'" + B M=-10

PART IV: NEW DESIGN CONSIDERATIONS

130~2-n. General

For the design of aircraft handling decks it is suggested that a
notional aircraft be specified in lieu of specific aircraft. This will allow
for the typical weight increases in existing aircraft as well as for new aircraft
in the future. Appendix B contains four (4) notional helicopters for design
purposes. Each notional helicopter represents a class of helicopter operational
scenarios. Those existing helicopters which fall into each class are listed
in Appendix B for guidance in selecting a notional helicopter.

For determining the plating thickness, it is important that all
aircraft which will operate on the deck be analyzed. Due to smaller patches,
the lighter aircraft could control the design.

For determining the stiffener size, the aircraft with the largest
gear reaction (generally the heaviest) will often control the design, due to
the lesser dependence on patch effects.

PART V: ANALYSIS METHOD

130-2=0. Structural Parameters

The typical structure of modern Navy alrcraft handling decks is a
plate deck grillage of continuously welded construction. Stiffeners are con-
tinuous members of uniform size. This causes the individual structural
elements to fanteract; therefore, the structural parameters of each member are
altered to account for these effects.

20 DDS 130-2



130~2~0.1 Geometry

The aircraft handling deck consists of a flat plate and mutually
perpendicular stiffeners supported by beams and/or girders and/or bulkheads.
This is a starically indeterminate structural system. For design purposes, it
may be treated as a grid, where the deck plate acts as a common top flange for
the stiffeners, beams, and girders.

A typical deck scantling arrangement 1is shown in Figure 7. The
structural model of this arrangment for finite element purposes 1is shown in
Figure 8.

130-2-0.2 Effective Span

The effective span length factor, eg or eg, is a function of the
number of spans of the member.

Where: eg = effective span length factor of stiffener
eg = effective span length factor of beam

See Table II for values of factors.

S or more 0.684

I [
| Number of Spans eg or ey |
| |
I |
| 1 | 1.0 [
l | l
| 2 | 0.842 |
l I l
| 3 | 0.700 |
l I l
| 4 | 0.692 |
! l l
| | I
L | |

Table II Effective Span Length Factor

130~2~0.3 Member Properties

The properties of the stiffeners, beams and girders are those of the
actual member itself plus that portion of deck plating which acts as the upper
flange. The effective breadth of the deck plating which may be assumed for this
upper flange is a function of the plate thickness and material, span length,
or spacing, whichever is less.

21
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Figure 8 Typical Finite Element Model

Figure 7  Typical Deck Scantlings
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F

y
be = 1/3 Lg , minimum of 0.3-1

b

The combined properties of the member and associated plating can be
found in Reference (g) or by direct calculation. Figure 9 provides graphical
definitions of those dimensions which define a member's size. ¥Wigure 10 shows
the common structural members used in aircraft handling decks.

b
[ e ’
. Ny —
— tf .‘.tw Eqi_t l

f

Figure 9 Member Dimensional Variables

It 1s assumed that the section modulus at the flange will be the
minimum and the section modulus at the plate will be the maximum.

130-2-p. Plating

The following analysis procedure utilizes the elastic-plastic
behavior of the plating so as to take advantage of the reserve energy absorp-
tion capability of a plate deck structure over that determined by first order
flexural theory. The approach is a simplified approximation to the complex
theory of elastic-plastic behavior, which is beyond the scope of a design data
sheet. The strength values determined by this approach are based primarily on
Reference (d) with support from those documents listed in the bibliographv.

The load applied to the plating panel is a single or dual patch 1load
of length, A', (along the stiffener), width, B', (perpendicular to the stiffener),
magnitude, P, and dual patch spacing, b”, as described in Section 130-2-m.

First, determine the non-dimensionalized bending moment of the
plating, C;, by

23
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3 Bi
C; = 0.25 - 0.125 \b_ _ 0.079 = 0.026 \b , when A' < .5
0.94 + 0.45 (A" 1.75 + 0.15 [A"\* b
b b
or
& ()
C; = 0.25 - 0.125 \b - 0.079 =~ 0.026 \b | , when A' > .5

+
»>lo

o

A\ + 0.6 . 1.75 + 0.15 "\ 2 b
b A'\ + 0.4
b
The nomograph in Appendix F may also be used to determine Cj.

B' b"
After determining the ratios of b and b , the equivalent tire
reaction factor, ¥ , can be obtained from Figure 11. Note that for single
patches ¢ = 1.0.

A deck function coefficient, C,, is used to provide a relationship
between allowable permanent set, load probability, and deck function. Where
deck function is determined by the deck's contribution to the hull girder

strength and by the type of aircraft operations performed on the deck. For a

particular sea condition and deck function, C, is given by Table III.

Co (Steel or Aluminum)

! ! l

| Deck Function | Landing and Moderate | Storm Sea
| | Sea Parking | Parking

Uppermost Strength Deck |
High Speed Rolling of Aircraft 2.0 | 1.7

| Uppermost Strength Deck

|
| Low Speed Handling of Aircraft 3.4 | 2.8
|
|
| Non-Uppermost Strength Deck | l
High Speed Rolling of Aircraft I 3.4 | 2.8
3
l
Non-Uppermost Strength Deck f
Low Speed Handling of Aircraft 4.2 | 3.5
L L !
Table ITI Deck Function Coefficient, C,
DNS 130-2
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The maximum plate bending stress is then calculated to be

£, = 6 C P¥ P-3

Co 2

For transversely framed decks subject to parking loads, the plating
should be checked with the combined primary and secondary stresses for buckling
in accordance with Reference (b).

The required plating thickness, tREQD can be determined as follows:

6 C, PV
tREQD ™ Co%p P-4

where the allowable plating stress, ¢ p is as defined in Section 130-2-t.

Appendix D is an abridged description of the plating analysis method
and criteria for easier reference. Appendix G contains standard calculation
sheets.

130-2-q. Stiffeners

The following analysis procedures incorporate the grillage effects
into the stiffener analysis. Acting as continuous members, the stiffeners
react on beams which carry the load to the supports. The beams deflect pro-
portionately to the loads they carry and thus provide elastic supports for
the stiffeners.

130-2-q.1 Regular Structural Scantlings

The following analysis is based on strip theory and the use of
influence lines. The strength values determined by this approach are based

primarily on Reference (e) with support from those documents listed in the
bibliography.

The analysis procedure is applicable to longitudinal or tramsverse
framing where the longitudinal or transverse stiffeners are continuous beams
over equally spaced supports. For simplicity, the term stiffener will refer
to either longitudinal or transverse stiffeners, and the term beam will refer
to the members which support the longitudinal or transverse stiffeners.

The analysis procedure determines the maximum bending moment and
shear force in a stiffener for a single or dual patch loading.
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Maximum Bending Moment and Stress

The loading condition which produces the maximum bending moment is when
the patch load is placed at midspan directly over the stiffener. This maximum
moment is the summation of (1) the moment due to the live load, M,, assuming
the stiffener as a continuous beam on rigid supports; (2) the added moment
due to the flexibility of the beam supports, M.; and (3) the moment due to the
dead weight of the plating and stiffener, Mp.

The load applied to the stiffener is a single or dual patch load of length,
A', (along the stiffener) width, B', (perpendicular to the stiffener), magnitude,
P, and dual patch spacing, b", as described in Section 130-2~m.

To account for the distribution effects of the patch width, B', the patch
width load factor, ¢ 1» 18 used. To determine the patch width load factor, ¢,
Bl
calculate b and use Figure 12. Note that the curve marked { = 0 must be used
because the stiffener in question is that one directly under the load.

To account for the distribution effects of the plating, the plating load
distribution factor, <b2, is used. To determine the patch width load factor,
¢ 2, calculate the relative rigidity between the plating and stiffener and
use Figure 13. The relative rigidity between the plating and stiffener is
calculated by the following equation.

, (eglg)® t3
PS = . Q.1-1
3.49 b7 4 Ig

To account for the combined effects of dual patches, the dual patch
equivalent load factor, ¢3, 1s used. To determine the dual patch equivalent
b
load factor, ¢’3, calculate b and use Figure l4. Note that for single
patches ¢35 = 1.0,

The moment due to the live load over rigid supports, Mo, is determined by
using the influence line coefficient then applying the appropriate load factors.
The influence line coefficient for the moment at midspan of a continuous beam
over equally spaced rigid supports for a patch load at midspan is calculated
by the following equation.

M, A" ar)?
o = 0.1708 - 0.125 Lg + 0.0264 LS Q.1-2

PLg
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The moment due to the live load over rigid supports, M, 1s then calculated
by applying the appropriate load factors using the following equation.

MO
PLg

The moment due to flexibility of the beam supports, M., is determined by
calculating the relative rigidity between the stiffener and the beam to obtain
the moment correction coefficient due to flexure of the beams then applying the
appropriate load factors. If bulkheads are supporting stiffeners in lieu of
beams, then the stiffener supports are considered rigid; therefore, M. = 0.

The relative rigidity between the stiffener and beam is calculated by
the following equation.

4

684 b (eglg)” ' I

M
c
The moment correction coefficent due to flexure of the beams, ._
RLg
is obtained from Figure 15 using the relative rigidity, 753.

To account for multiple gear loads, and plating and stiffener load
distributions, the load on the transverse beam for determining the moment
in the stiffeners due to beam flexture is assumed to be the Fourier Series
component representation of the load. This representation consists of a
characteristic loading (characteristic load, R , and characteristic load
width, Bo) and a shape functton (beam loading 8oefficient, ¢4).

The beam characteristic load, R, is calculated based on the total gear
load as follows:

R » single patch Q.1-5
Bl

R, =
R » dual patch Q.1-6

(b" + B'")

The beam characteristic load width, B, is calculated based on the total
gear distribution as follows:
B' » single patch Q.1-7

2

1l (b" +B") » dual patch Q.1-8
2

DDS 130-2
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The beam load coefficient, ‘b4, is calculated by one of the following
equations, depending on the aircraft's orientation to the stiffeners.

For the aircraft alined with the stiffeners and where:
Lg > 1.5 s Q.1-9

the beam loading coefficient is:

4 cos[_ms sin [_™ By 1 + cos|_TS
¢4 = ™ LB LB 2 LB Q.l-—lO

And for the aircraft alined perpendicular to the stiffeners, or, for the
aircraft alined with the stiffeners where:

Lg < 1.5 s Q.1-11

the beam loading coefficient is:
é 4 gin [7B,
4 = 0w Ly Q.1-12

The moment due to flexibility of the beam supports, M., is then calculated
by applying the appropriate load factors using the following equation.

MC
M, =l — |R bLg #, Q.1-13
RLg

The moment due to the dead weight of the plating and stiffener, Mp, is
determined by calculating the midspan moment of a single span beam with fixed
supports under that distributed load. The distributed load due to the weight
of the plating and stiffener is calculated using the following equation.

1 wg + (b wp Q.1-14
wp = 12,000 12

The moment due to the dead weight of the plating and stiffener, Mp, is
then calculated using the following equation.

2
N .vplg
My = — 2 Q.1-15
12

The maximum bending moment in the stiffener, Mg, is the sum of these
components, and is calculated using the following equation.

MS = MO + MC + Mp Q.1-16
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The bending stress is then calculated using one of the following
equations depending on type of aircraft operations and deck function.

For the landing condition or the parking condition on a non-strength
deck, the bending stress is calculated using the following equation.

Ms
SMMIN
For the parking condition on a strength deck, the bending stress is
calculated using the following equation.
Ms
fsp = — *  primary Q.1-18
SMMIN

The value of the design primary stress ( ’primary) for the storm sea
condition and its variation along the length of the vessel may be taken from
the detail specifications for that vessel. The primary stress values to be
used in the various loading conditions are as shown in Table IV.

Percent of Design Primary

Storm Sea Parking 100
Moderate Sea Parking 50
Landing 0

Table IV Design Primary Stress versus Sea Condition

For those decks utilizing a RAST system for operations in heavier seas,
it may be appropriate to include the primary stress for the landing condition.
Depending upon the sea state specified in the vessel's detailed specifications
for flight operations, and estimate can be made of the primary stress.

M
In addition, it may be necessary to determine ( _i
high hull girder deck compressive stresses occur. Check the plate stiffener
combination, for buckling as a column in accordance with Reference (b).

M aprimary) where

An estimate of the required section modulus, SMREQD’ can be determined
as follows:

DDS 130-2
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Mg
(9gp - 7 primary’

where the allowable bending stress, %gp, is as defined in Section 130-2-u.

Maximum Shear Force and Stress

The loading condition which produces the maximum shear force is when
the patch load is placed adjacent to the stiffener support directly over the
stiffener. This maximum shear force is the summation of (1) the shear due
to the live load, Voo (assuming the stiffener as a continuous beam on rigid
supports) and (2) the shear due to the dead weight of the plating and stif-
fener, Vp.

The load applied to the stiffener is a single or dual patch load of
length, A', (along the stiffener), width, B', (perpendicular to the stiffener),
magnitude, P, and dual patch spacing, b", as described in Section 130-2-m.

To account for the distribution effects of the patch width, B', the
Bl
patch width load factor, ¢1, calculate b and use Figure 12. Note that the
curve marked i = 0 must be used because the stiffener in question is that one
directly under the load.

To account for the combined effects of dual patches, the dual patch
equivalent load factor, ¢ 3, 1s used. To determine the dual patch equivalent
b*

load factor, %3, calculate b and use Figure 14. Note that for single patches
] = 1.0.
3

The shear due to the live load over rigid supports, V,, is determined by
using the influence line coefficient and applying the appropriate load factors.
The influence line coefficient for the shear at the support of a continuous beam
over equally spaced rigid supports for a patch load adjacent to the support
1s calculated by the following equation.

v, i\ 2 ar) 3
— = 1 - 0.7321 |Ig + 0.2990 |Lg Q.1-20
P

The shear due to the live load over rigid supports, Vos 1s then calculated
by applying the appropriate load factors using the following equation.

VO

The shear due to the dead weight of the plating and stiffener, Vp, is
determined by using the distributed load due to the weight of the plating and
stiffener, and then calculating the shear at the support of a single span beanm
under the distributed load. The shear due to the dead weight of the plating
and stiffener, Vp, is calculated using the following equation.
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nzwplg
2

The maximum shear force in the stiffener, Vg, is the sum of these
components and is calculated using the following equation.

VS = VO + VD Qo1-23

The shear stress is then calculated using the following equation.

Vs
fSV bl ch"ZA
Ag
An estimate of the required shear area, Ag » can be determined as
REQD
follows:
Vg
As - Q.1-25
REQD aSV

Where the allowable shear stress, %5y, 1s as defined in Section 130-2-u.
Appendix E is an abridged description of the stiffener analysis methods
and criteria for both bending and shear for easier reference. Appendix G

contalns standard calculation sheets.

130-2-q.2 Irregular Structural Scantlings

Where the structural arrangement of the deck scantlings cannot be
characterized as equally spaced or sized stiffeners or beams due to unique
design considerations, a grid analysis of the deck may be performed using an
accepted Finite Element Program. Figure 8 shows a typical grid model.

The modeling of the deck is left to the discretion of the engineer,
but some suggestions follow:

Plating - Generally it is not necessary to model the plate. Panels
are usually regular in size or a given set of panels will control
the design. 1If this is not the case, and analysis is necessary,
the analysis must allow for the membrane as well as the bending
behavior of the plating, and must allow for plastic as well as
elastic deformations. The design criteria must account for perma—
nent set as well as stress limit criteria.

Stiffeners - Beam elements are adequate. The effective plate should
be included in the beam properties. Generally, five spans are
sufficient to achieve the effects of continuous beams.

Beams and Girders - Beam elements are adequate. The effective plate
should be included in the bean properties. Generally three spans are
sufficient to achieve the continuity effects for these beams.

DDS 130-2
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Stanchions and Bulkheads - Generally it is not necessary to model
the supports other than rigid. If sway of the deck is critical,
then modeling may be necessary.

Loading - (1) Live Load.
If only the stiffeners will be designed or analyzed

based on the results obtained, then only one gear load need be
applied. If the beams and girders will be designed or analyzed
based on the results obtained, then the other gears should he
included and the critical loading conditions for these members
should be used. Only those loading conditions pertaining to the
stiffener design or analysis will be discussed,

Two loading conditions will be needed, (1) to deter-
mine the maximum bending moment and stress and (2) to determine the
maximum shear force and stress. As described before, the maximum
shear force occurs when the load is adjacent to the support.

To properly distribute the loads so that the effects
of patch width distribution, plating distribution, dual patches,
and beam flexibility are accurately modeled, the gear load should
be distributed between the three stiffeners nearest midspan of the
beams. The loads are distributed using the patch width load factor,

® 1, the plating distribution load factor, ¢ 2, and the dual patch
equivalent load factor, @ 3, as described in Section 130-2-q.1l.
The loads applied to each stiffener should be distributed along the
length of the stiffeners for a distance equal to the patch length,
A'. TFigure 16 shows the proposed distribution of the gear load,
where Ly is the load on the stiffener in question, L is the load
on the stiffener directly to the left, and Ligr is the load direccly
to the right.

1L

Figure 16

The magnitude of these loads should be as shown in Table V.
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Loading Condition for Bending Moment Shear Force

Lo Pd P, Pe,
Single patch LiL 1/2P ¢ (1-¢5) 1/2Pe®

Lir 1/2P & (1-&5) 1/2Pp®

Ly PP )dyd, P® %,
Dual patch LiL 1/2P¢1(1-—<b2) 1/2p®

Lir 1/2P ) (1= b5 )+P(2~ $3) 1/2Pp®+P(2-®3)

Table V F.E.M. Model Loadings

Note that the patch width load factor, ¢ 1> is different for L
than for Ljj of Ljg. For Lo the @, curve marked i = 0 should
be used and for LlL and Lig the «#1, curve marked i = 1 should
be used.

(2) Dead Load.
The dead load of the plating and stiffeners can be
modeled as distributed loads of magnitude, wp, applied to each of the
stiffeners over the entire length.

(3) Primary Stress.
The effects due to the hull girder bending (primary
stress) can be either added as an additional stress or as an axial
load in the longitudinal direction.

130-2-r. Beams, Girders and Stanchions

Beams, girders, and stanchions supporting aircraft handling decks
must be designed to withstand the maximum bending, shear, or compressive
stress induced by the aircraft gear loads or any other loading requirements
of the deck. Special consideration is required where more than one aircraft
may be parked on the deck at a time. Due to the relatively large span of the
beams and girders, the gear load may be considered as a concentrated load,
regardless of single or dual wheeled gear. It is essential that the most
critical loading condition for each of these members be determined, since the
aircraft could be at almost any location on the deck.

Longitudinal beams or girders must also be designed or analyzed with
primary stress considered, if applicable.
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For both beams and girders, any acceptable linear analysis method
such as moment distribution may be utilized. The method chosen should be
based on the structural geometry and the engineer's discretion.

Stanchions provide intermediate support for beams or girders where
their spans would otherwise be excessive. Likewise, where deck stiffeners,
beams, or girders are supported by bulkheads, the vertical stiffener under the
beams may be considered as a column using the appropriate plate-stiffener
combination.

The maximum reaction into a stanchion or bulkhead support must be
obtained. Reference (b) should be used to determine the adequacy or required
size of the stanchion or bulkhead support.

PART VI: DESIGN CRITERIA

130-2-s. General

The yield stress, F,,, and allowable working stress, Fy, for each
material are as provided in the ship specifications, corresponding to Section
100 (Section 9110-0 for older ships) of Reference (f).

130-2-t. Plating

The allowable stress levels for the plating are a function of the
probability of the occurence of the loading. 1In deck parking areas, when
severe ship motions (storm sea) are assumed, the plating allowable stress is
taken as the welded yield strength of the material, that is,

g = F

P T-1

y

For landing and moderate sea parking, (the most common and frequent
load magnitudes), the allowable stress is the allowable working strength of
the material or '

ap"Fb T - 2
For those decks utilizing a RAST system for operation in heavy seas
(see state 5), greater than the moderate sea condition, the allowable stress
1s the allowable working strength of the material or

anb . T-3

The calculated stress in the plating, fp, must be less than or equal
to the allowable stress or

f. < © T - 4
130=~2=u. Stiffeners

The allowable bending stress level for the stiffeners is the allowable
working strength of the material or
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g
SB’Fb » U-1

The calculated bending stress in the stiffener, fgp, must be less
than or equal to the allowable bending stress or

fsg < %gp U-2

The allowable shear stress level for the stiffeners is sixty percent
(60%) of the allowable working strength of the material or

asv’O.ﬁpb Uug-3

The calculated shear stress in the stiffener, fgy, must be less than
or equal to the allowable shear stress or

fsy < %y U -4

130-2-v. Beams, Girders and Stanchions

The allowable stress levels for beams, girders and stanchions are as
per the design criteria in the ship specifications, corresponding to Section
100 (Section 9110-0 for older ships) of Reference (f) or Reference (b).
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APPENDIX A

DATA SHEETS FOR EXISTING NAVY HELICOPTERS




R4

NEIGHT

CENTER OF GRAVITY

TIEDONNS

CONFIGURATION

SKIDS

HELICOPTER H-1

Maximm Landing N“ 10.5 X SKID CONPIGURATION
Parking "P _lL"LL_.
Light "L 6.7 K
Vertical ZG 92"
Longitudinal Aft of Xg 67"
Fwd Crossbax { ]
STORM MODERATE
Vertical . 24" 24" R
" "
Transverse’ YT 42o 420 . — _F%%_>
Angle to Deck a 45 45 b3
OPERATIONAL BLADES REMOVED
Safl Ares . 196 f¢? 199 £t
Vertical Center of z 64" 69" | ]
Pressure 4
Overall Length s7e-a a4t
Overall Width 48'-0" " 1004 o
Overall Height 14'-4" 130210
orward Extent from 20! 8" 1114
wd Crossbar
PLAN
Nominal Landing Load Fwd/Skid 1.5 K .
Nominal Landing Load Aft/Skid hd 7.0 K
€6 cG
G — ——— e
Iy
] o
— @
§
A ] +  Trepows
1
Z’.G Zy l Z.,r
1 1 - 'P, FIT
X \
L_.G__;. FWD I £z
—_— 84» .
70" [
J\
ELEVATION SECTION




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

TAIL GEAR

I>
no

HELICOPTER UH-2

Max imum Lmdinz
Parking

Light

Vertical

longitudinal Aft
of MG

Vertical
Transverse .
Angle to Deck

Sail Area

Vertical Center of
Pressure

Overall Length
Qverall Width
Overall Height

Forward Extent from
MG

Distance between MG
and

Distance between MG

Nominal Landing
Load/Gear ~

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

~Noox =
l-'v‘x

(1}

»
©

v

11,7K
11.
7.6K
103"
32"
STORM MODERATE
84" g
3¢ 68"
45° 15°
UNFOLDED FOLDED
2004 2054
70" 72"
521 -7 40 -6"
440 -qn 1.7
15'-6% 13'-7"
181-0" =
221"
126"
18,7
17,5 x 6,25 8 ply
117K
18. 0K
5,0x 5.0 10 ply
9.3K

GEAR CONFIGURATION

9.0] 9.7 5.7

3
S ]
——— ] —— §
[ T A
}
Z
({)m
T : z
- T
k 4 s
BLEVATION SECTION
TIRE FOOTPRINT DATA
Tail Gear Main Gear
A T r T
1.2] 6.7 4.7 3.2 5.3

10.5 8.5




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

TAIL GEAR

ey

HELICOPTER HH-2 and SH-2

Maximm Landing
Parking

Light

Vertical

Longitudinal Aft
of MG

Vertical
Transverse -
Angle to Deck

Sail Area

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height
Forward Extent from
MG

Distance between MG

and TG
Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size & Ply
Tire Bottoming Load

=
x

k1
-

> N X
[t I ]

P

»
)

bl

GEAR CONFIGURATION

i

B

14.0 K
14,0 X
8.9 K
103"
32"
STORM MODERATE
960! ’ 9‘0
30" 68"
45° 15°
UNFOLDED FOLDED
v z
200 ft 205 ft
70" 72"
521-7" 40¢-6"
440" 12¢-5"
15¢-8" 13077
18¢-8" gr.4qn
201"
—d2
—t0,3
21.0 K
17,5 x 6,25 8 ply
18.0 X
18.0 K
5.0 x 5.0 10 ply
9.3 K

2

ELEVATION

TIRE FOOTPRINT DATA

Tail Gear

il a s

SECTION ]

1.2 6.7} 4.7

Main Gear
Fr [ A
3.2 5.3

9.0.4 9.7 5.7

10.5

8.5




HELICOPTER H-3 !
WEIGHT Maximm Landing ", —n0xK GEAR CONFIGURATION N
-
Pfrking 'P 21.0 X R MG
Light N 1.9 s —
CENTER OF GRAVITY Vertical ZG 80" .
Longitudinal Aft XG 3
of MG .
TIEDOWNS STORM MODERATE
Vertical z log" _ue
Transverse. Y 42t 8g" '
T 5 5
Angle to Deck n 45 15
CONFIGURATION UNFOLDED ' FOLDED
i 2 2
Sail Area l, 465 fr 475 fr
Vertical Center of b4 95 100"
Pressure P
Overall Length 72'-8" 47 -3¢
Overall Width 62'-0v 16'-4"
Overall Height 16'-10% 18-
Forward Extent from 26*-8" 11r-2
MG
Distance between MG r 282.5"
and
Distance hetween MG s 156"
H
Dual Wheel Spacing b! 13
MAIN GEAR
Nominal Landing TG
Load/Gear - R 20.0 K + $ 4 +
Tire Size § Ply 6.50 x 10 10 ply ’ X s/2 Lo
Tire Bottoming Load P 13.3 K
b r Ced
TAIL GEAR L3 $
Nominal Landing .
Load/Gear R 10.0 X ELEVATION SECTION
3; Tire Size § Ply 6.00x 6 8 ply TIRE FOOTPRINT DATA -
sl FUUTPRINT DATA
Tire Bottoming Load Pb ) 8.1 K .
Tail Gear Main Gear
"t A s P T x |
1.7 7.6 4.9 4.7 9.6 5.2
5.0113.0 7.8 10.6 15.0 7.4




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

NOSE GEAR

I
(&4

HELICOPTER H-46

Maximum leﬂn;
Parking

Light

Vertical

Longitudinal mD
of MG

Vertical
Transverse ¢
Angle to Deck

Sail Area

Vertical Center of
Pressu.e

Overall Length
Overall Width
Overall Height

Forward Extent from
MG

Distance between MG
and NG

Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire 5ize § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

> N
(2] r‘x vtz‘

[~}

)

23.0x
20,0 X
13.1
85"
86"
STORM MODERATE
‘Sll : 9"
85" 85"
4s° 15°
UNFOLDED FOLDED
444 ftz 440 ft2
93" g2
84 -4 45" -8
51'-0" 140 -9v
18'-10" 16'-9"
Sl!_bll 31'_0"
298"
154.5"
10"
30.0 X
18 x 5.5 8 ply
10.8 K
20,0 X

J8 x §.5 8 ply

10.8 X

GEAR CONFIGURATION

1
o

Mo
e TR
bl
NG
K
T
ELEVATION SECTION
TIRE_FOOTPRINT DATA
Nose Gear Main Gear
P
T] A |8 Ll
3.9 | 7.2 4.2 391 7.2
1001 10,51 5.3 102 | 10.5




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

NOSE GEAR

9Y

HELICOPTER CH - 534

Maximum Lahdlng
Parking

Light

Vertical

Longitudinal Fwp
of MG

Vertical
Transverse
Angle to Deck

Sail Ares

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height

Forward Extent from
MG

Distance between MG
and NG

Distance between MG
Dual wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

N X w =
Ll I 4

©

>
[

-

bt

42,0 X

29.0 X

23.1 K

118"
84v

STORM MODERATE

51" VL

g3+ 8

45° 15°

UNFOLDED ' FOLDED

644 Ft2 687 £l

1220 127+

88% -2 S6'-6"

72t -3 15'-8"

241110 17'-2v

37 260"

324

156"

17

33.0

8.50 x 10 12 ply

21,7 K

25.5 K

8.50 x 10 12 ply

21,7 K7

GEAR CONFIGURATION

bl
lc: =
MY S—
—b'
P E— NG
b S—
CG
r—ﬁ-
4
r
.3
ELEVATION SECTION
TIRE FOOTPRINT DATA
— PRI DALA
Nose Gear Mair Gear
T a Ts T B
5.75{ 10.0] 5.4 7.63] 10.2] 5.8
12,751 15.3} 7.7 16.5 15.4 1.7




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

NOSE GEAR

LY

HELICOPTER RH - 53D

Maximum Landing
Parking

Light

Vertical

Longitudinal M
of MG

Vertical
Transverse’
Angle to Deck

Sail Ares

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height

Forward Extent from
MG

Distance between MG

and NG
Distance between MG
Dual Wheel Spacing

Nominal Lnnding
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

X
x

©

M oNX
L )

1 1 S
—0 K
25.7 K
116"
84"
STORM MODERATE
sl" 12"
93" 7o
45° 15°
UNFOLDED  _ FOLDED
644 ft° 687 ft°
122 127"
881-2" 5610
72137 23011
24 11" 17t-2
37t 26" -Q"
24
156"
17"

50.5 X

8.50 x 10 12 ply

25.5 K

33.6 X

8.50 x10 12 ply

23,2 K

GEAR CONFIGURATION

b'
NG
13
(hm
L3 r s
ELEVATION SECTION
TIRE FOOTPRINT DATA
Nose Gear Main Gear
Tl a s ol a T
7.14 10.8} 5.9 9.73 ¢ 12.7]1 6.5
16.8 { 16.31 8.1 15.25] 19.8] 9.3




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

NOSE GEAR

p=J
o]

HELICOPTER CH - S3E
Maximum Landing Hu
Parking "P
Light “L
Vertical ZG
Longitudinal pwp XG
of MG

Vertical ZT
Transverse , YT
Angle to Deck 2
Sail Area a

Vertical Center of
Pressure

Overall Length

Overall Width
Overall Height
Forward Extent from
MG

Distance between MG
and NG '

Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Py

70.0-K
60.0 X
33.3 K
90
a3
STORM MODERATE
S1n 12
a3 a7
45° 15°
UNFOLDED - FOLDED
674 £t° 702
1227 127
997 0" 600 -3
791 g 281 .5
287-51 181-7%
477-110 297 gv
327
156"
17"
51,2 K
8.50 x 10 12 ply
2.2 K
33,9 K
:8.50 x 10 12 ply
23.2 K

GEAR CONFIGURATION

"
R A NG
N T
%
_M"
) r
ELEVATION SECTION
TIRE FOOTPRINT DATA '
L% DAY RINT DATA
Nose Gear Main Gear
PT A B pT A B

9.95 11,51 6.2

13.31 12,9} 7.0

16.95 15.8] 8.1

25.6] 16.2} 8.1




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

SKIDS

6V

HELICOPTER

™ - STA

Maximm Landing
Parking

Light

Vertical

Longitudinal Aft of
Pwd Crossbar

Transverse
Angle to Deck

Sail Area

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height

Forward Extent from
Fwd Crossbar

Nominal Landing Load Pwd/Skid
Nominal Landing load Aft/Skid

e

29K
2.9 K
1.55 K
46"
STORN MODERATE
24" 24"
22" 22"
4s° 45°
OPERATIONAL  BLADES REMOVED
‘106 f;z a3 nz
60" 58"
39¢.1" 31t-2
33'.4" £t o4
1_qn [
T300-6" 700"
1.0 K
hd 2.0 K

SKID CONFIGURATION

51

I ]
: — CL 3
“ FWD
I3
XY 1
PLAN
[t 4
. by S )
Y.
6 @ —p Pr——- \
! . z, z(': ] X TIEDOWN
ZG |
| 11 el = uf -
] . / !
e |
| FWD
‘ l 75.5"
¥

<

ELEVATION

SECTION



WEIGHT
CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

TAIL GEAR

I
—
o

HELICOPTER

SH-608

Maximm Landing
Parking

Light

Vertical

Longitudinal Aft
of MG

Vertical
Transverss
Angle to Deck

Sail Area

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height

MG

Distance between MG
and TG ’

Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Botroming Load

Nominal Landing
Load/Gear

Tire Size 4 Ply
Tire Bottoming Load

Forward Extent from

]
M —t 9K
¥, 21.9 K
¥ 21.9 K
ZG 66"
X 50"
STORM MODERATE
z 59, 5" 12"
Y 29.6" 58"
a 4s° 15°
UNFOLDED FOLDED
. 268 fe° 271 fif
3
P 76" 76"
P
64°-10m 40'-11"
531.89 10t -g"
17¢-0" 131.30
50" -0 ll'-l"
¥ D £ LA
s 106.6"
b 12,5
3 18.2 K
26 x 10-11 10 ply
Py 25.0 K
R 19.0 K
6.00 x 6 8 ply
P 10.8 K

GEAR CONFIGURATION

b'
r— 6
N
e -
L ; b
PLAN
4
I
+ A N DECK
M T t
L% )
ELEVATION
TIRE FOOTPRINT DATA
Tail Gear .
PI A B
3.2 9.0 5.6
9.5 {14.0 6.2

SECTION
Main Gear
| A B
6.5 11.2 1.7
18.2 i7.6] 10.9




APPENDIX B

DATA SHEETS FOR NOTIONAL HELICOPTERS




HELICOPTER DESIGN CHARACTERISTICS

In the early stages of structural design, the exact helicopter type may

not be specified but it will be required to develop scantlings. Given the

nominal characteristics for an anticipated helicopter type, the following may

be used for the gtructural analysis and design:

Example of the use of these characteristics from each category are given

below and the other additional needed data are itemized in the succeeding pages:

A.

Similar to H~1 (max W = 10,500 1b.,, skid landing gear) or H=2
(max W = 14,000 1h., single or dual tire main landing gear).

Weight = 17,000 pounds (maximum weight)
Wp = 17,000 pounds (maximum parking weight)
Ry, = 23,000 pounds (landing gear reaction)

Similar to H-3 (max W = 21,000 1b., dual main landing gear) or H—46
(max W = 23,000 1b., dual main landing gear)

Weight = 29 ;000 pounds
Wp = 29,000 pounds
Ry, = 37,500 pounds
Similar to CH-53A (max W = 42,000 1b., dual landing gear)
Weight = 56,000 pounds
Wp = 44,000 pounds
Ry, = 51,000 pounds
Use CH-53A landing gear configuration
Similar to CH~53E (max W = 70,000 1b., dual landing gear)
Weight = 80,000 pounds

Wp 65,000 pounds
Ry, 60,000 pounds

Use CH-53E landing gear configuration

Bl



WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

TAIL GEAR

jon]
~o

HELICOPTER

Maximm Landing
Parking

Light

Vertical

Longitudinal Aft
of MG

Vertical
Transverse
Angle to Deck

Sail Area

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height

Forward Extent from
MG

Distance between MG

and TG
Distance between MG
Dual Wheel Spacing

Nominal Landing
load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

N X = X
[t I 4

©

kad
[2}

Py

bl

17.0x

GEAR CONFIGURATION

17.0 X
9.0k
103
32n
STORM MODERATE
96" 9
30" 68"
45° 15°
UNFOLDED ‘FOLDED
200 ftT 205 ft
70t 72
52t-7 407 -6"
44 -0 12¢-5n
15¢-8" 13-
187-8" 9t-4n
201"
——l20°
—10.5"
23,0 K
17.5 x 6.25 8 ply
18.0 X
18.0 K
$.0x5.0 10 ply
9.3 K

TG
o
_——EE}
<
by,
4
(gc
L r
L3
ELEVATION SECTION
TIRE FOOTPRINT DATA
Tail Gear Main Gear
1T a T r Ta T
1.2 6.7 4.7 3.2 5.314.3
9.0 9.7 5.7 10.5 8.5}5.3




HELICOPTER B

NEIGHT Maximum Landing v, 29.0X GEAR CONFIGURATION .
Parking w 29.0 X
F 4.0 MG
Light S . | i
CENTER OF GRAVITY Vertical ZG 85" b
Longitudinal ™D XG 86"
of MG
TIEDOWNS STORM MODERATE
Vertical Z.r 45" 9"
Transverse * Y.l. 85" 85" t
C) [
Angle to Deck Q 45 15
CONFIGURATION UNFOLDED 'FOLDED
Ssil Ares . 444 £00 440 £e°
Vertical Center of z 93" 92+
Pressuw.e P
Overall Length 84'-4" 45°-8"
Overall Width 51'-0" 1459
Overall Height 18'-10" 16'-9"
Forward Extent from s51'-6t 31r-0
MG
Distance between MG r 298"
and NG
Distance between MG s 154.5"
Dual Wheel Spacing bt 10¢
MAIN GEAR NG
Nominal Landing
Load/Gear R 37.3 X +
Tire Size § Ply 18 x §.5 8 ply
Tire Bottoming Load Pb 10.8 K
NOSE GEAR .3
Nominal Landing 250 K
load/Gear R . ELEVATION SECTION
@ Tire Size § Ply 18 x 5.5 8 ply TIRE FOOTPRINT DATA :
Tire Bottoming Load 14 ’ 10.8 X
b Nose Gear Main Gear
|4
Tl A 8 pT A B
3.9 7.2] 4.2 3.9 7.2 4.2

woli.ss.3 100 110.5]5.3




WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONFIGURATION

MAIN GEAR

NOSE GEAR

HELICOPTER

Maximum Landing
Parking

Light

Vertical

Longitudinal Fwp
of MG

Vertical
Transverse

Angle to Deck

Sall Area

Vertical Center of
Pressure

Overall Length
Overall Width
Overall Height
Forward Extent from
MG

Distance bstween MG
and NG

Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

wM 56,0 x
"P 44.0 K
"L 25.0 x
ZG 116"
XG 84
STORM MODERATE
ZT 51 ' 12t
YT 93 &]n
2 45° 15°
UNFOLDED ' FOLDED
ls 644 ftz 687 ft2
Zp 122" 127"
881 .7 561 -6
7203 15'-8"
24'-11 17+-20
3701 26'-0"
324"
r
—ee
s 156%
——————
b 170
51.0
8.50 x 10 12 ply
5 25,5
25,5 K
+8.50 x 10 12 ply
. 23,2 X~

GEAR CONFIGURATION
—D TR OTAATION

b
A

i=
A—
|3
r
.3
ELEVATION
TIRE FOOTPRINT DATA
— DU PRINT DATA
Nose Gear
*Ta T
5.750 10.0] 5.4
12,751 15.3 7.7

SECTION
Mair Gear
p‘1“ A ]
7.63] 10.2 5.S
16.5 15.4 7.7




HELICOPTER D

NEIGHT Maximum Landing LY 80.0.K GEAR CONFIGURATION o
Parking NP 65.0 X r
Nt MG
Light " 35.0 X Y=
CENTER OF GRAVITY Vertical ZG 90" b
Longitudinal Fwp XG 83" -
of MG P
TIEDOWNS STORM MODERATE e
Vertical ) ZT 51" 12"
Transverse, YT 93" 87
Angle to Deck [} as® 15°
CONFIGURATION UNFOLDED - FOLDED
Sail Area 674 £r° 702 ke
Vertical Center of 4 122" 127
Pressure P
Overall Length 99*-0" 601-3"
Overall Width 79'-0" 28'-5"
Overall Height 28-sm 181-7
Forward Extent from A7t -1 29'-9"
MG
. Distance between MG r 327"
and NG ’
Distance between MG s 156"
Dual Wheel Spacing b! 1R
MAIN GEAR NG
Nominal Landing
toad/Gear R 00,0 x +
Tire Size § Ply 8.50 x 10 12 ply
Tire Bottoming Load Py 12 2 K
HOSE GEAR ) X
Nominal Landing .
Load/Gear R 35,0 ELEVATION SECTION '
. Tire Size § Ply 8.50 x 1012 ply TIRE FOOTPRINT DATA T :
W Tire Bottoming Load P 23.2 K
b Nose Gear Main Gear
P
T | A B L= A N
9.95 11.51 6.2 13.3 12.91 7.0
16.951 15.8] 8.1 5.61 16.21 8.1




APPENDIX C

SUMMARY OF LOAD AND LOAD DISTRIBUTION METHODS




Summary of Load and Load Distribution Methods

Landing Loads

Gear Reaction: Ry, = Nominal Landing Load per Gear

Parking Loads

Aircraft Weight Conditions: Wj = Aircraft Weight in the j condition
SEA CONDITION FLIGHT DECK HANGAR DECK ELEVATOR PLATFORM
Storm Wp Wp N/A
Moderate Wy Wp Wp

Table I Aircraft Weight Conditions

Ship Motion Factors: 7; = Ship Motion Factor in the i direction
H, = fore and aft factor
n, = athwartships factor

3, = vertical factor

Ship Motion Loads: F{ = Ship Motion Load in the i direction
Fy = niwj G.2-1
Wind Motion Loads: F, = Wind Load
ag = Aircraft Sail Area
Storm Seas: F, = 0.015a4 G.3-1
Moderate Seas : Fy = 0.0075a4 G.3-2

In Hangar : F, =0

Cl



Ship Motion Forces: F

= Ship Motion Force Longitudinal to Aircraft

FT = Ship Motion Force Transverse to Aircraft
FD = Motion Force Downward to Aircraft
Aircraft Oriented Longitudinally: FL = Fx G.4-1
FraFy G.4-2
FD = Fz G.4-3
Aircraft Oriented Athwartships: F, = F
L y G.4-4
FT = Fx G.4-5
FD = F2 G.4-6
Gear Reactions:
X
G |
l Maximum total main gear reaction, RM :

F

ZGL ’to >FL

Ry = F 1-% ). r (% G.5-1
D S | -S
T

Maximm auxiliary gear reaction, R

[ 1 y
X Z
F
. Ba = Fp I-'G' .+ F S G.5-2
LA JPM T
T
P
Figure 1 Aircraft Longitudinal l
Free Body Diagram
YT
e ~ CP Equivalent tiedown lever arm, Zy:
p CGﬁ_ﬁﬁFW z ZT
0 = + (Y, - =S -
:zt : . < T > Tan Q G.5-5
Aircraft overturning moment, M:
R ¥ RM z YA
G P .
r K- z M=F 2, +FZ -R, (%) G.5-6
2 T |%
‘TT‘* }
RZ

]

Figure 2 Aircraft Transverse
Free Body Diagram

Cc2



IftM<O

If M

Main gear reaction #2, R,:

Ry = 1/2 Ry + F, (Eg) + Fy (Eg) G.5-7
] S

Main gear reaction #1, R;:
Ry = Ry - Ry ' G.5-8

> 0 (Storm Sea Condition Only)

Main gear reaction #1, R;:

= - X -
Ry = 1/2 W, (1 _g) G.5-9
r

Friction force, Fg:

FF = 1/2 RM__ R] + Fm tanQ - S + FT tan Q - S
2 tan} +

%o
S G.5-10

Main gear reaction #2, Ry:

Zp - 2 Zg - Z, z,
Ry = 1/2 Ry + Fy, S + Fp S + Fp \S G.5-11

Tiedown force, T:
T = (Fy + Fr - Fp)/cosQ G.5-12
Critical Gear Load:
R = Ry or Ry, whichever produces the worst loading.
Tire Load, Pp:
Single Wheeled Gear: Pp = R J-1
Dual Wheeled Gear: Pr = 1/2 R J=-2

Tire Footprint: Py = Tire Bottoming Load

PT A B

Py Ay By
1

Pp Ay BZ
2

C3



- A, _ A -
A= A1 + 2 1 (PT PT )
PT - Pr 1
2
- B, _ B -
B =By +[ 2 1 Y(Pp - Pp )
PT - PT 1
2 1

Note Py must be less than or equal to Py

Variation in Load and Load Pattern due to Aircraft Orientation

If the aircraft is alined with the stiffeners:
A' = A

B' =B

For single wheeled gear, see Figure 6-A:
P =R

b' is not applicable

For dual wheeled gear, see Figure 6-B:
P =1/2R
b™ = b'
If the aircraft is alined perpendicular to the stiffeners:
B' = A
P =R
b" is not applicable
For single wheeled gear, see Figure 6-C:
A' =B
For dual wheeled gear, see Figure 6-D:

A' =b' +B

C4



APPENDIX D

SUMMARY OF PLATING ANALYSIS METHOD AND CRITERIA




Summary of Plating Analysis Method and Criteria

Analysis Method -

Non~dimensional bending moment per unit width of plating, Cy:

b

b
AT AT 2
0.94 + 0.45 (E) 1.75 + 0.15 <T>

0.25 - 0.125 (_g_'_) 0.079 - 0.026 <B'>2
For - P-1

< .5, Cy =

A'
.B_.

0.25 - 0.125 (B') 0.079 - 0.026 (B'
b/ -

For A' > .5, C, = b >
b A6 AT
(b )‘<<£)+ o.4> 1.75 + 0.15 |b
b

Equivalent tire reaction factor, ¥:

Use B' and b” on Figure 11 to obtain V.
b b

Note ¥ =1 for single patch loadings.

Deck function coefficient, Co:

C, (Steel or Aluminum)

DECK FUNCTION Landing and Moderate Storm Sea
Sea Parking Parking

UPPERMOST STRENGTH DECK
HIGH SPEED ROLLING OF AIRCRAFT 2.0 1.7

UPPERMOST STRENGTH DECK
LOW SPEED HANDLING OF AIRCRAFT 3.4 2.8

NON UPPERMOST STRENTH DECK
HIGH SPEED ROLLING OF AIRCRAFT 3.4 2.8

NON UPPERMOST STRENGTH DECK
LOW SPEED HANDLING OF AIRCRAFT 4,2 3.5

Table ITI Deck Function Coefficient, Co

D1




Maximum plate bending stress, f

pt
fP = c 2 pP-3
o t
Design criteria
Storm Sea Parking Allowable Stress:
Crp = FY T-1
Landing and Moderate Sea Parking Allowable Stress
G'p = Fb T-2
Stress Criteria:
fp S-Gb T4

D2



APPENDIX E

SUMMARY OF STIFFENER ANALYSIS METHOD AND CRITERIA




Summary of Stiffener Analysis Method and Criteria

Analysis Method

Maximum Bending Mcment and Stress:

Patch width load distribution factor, $y:

\
Use %~ on Figure 12 curve i = 0 to obtain ¢1.

Plating load distribution factor, ¢,:

Calculate the relative rigidity coefficient
of plate -~ stiffener, Yps

L4
v . (es LS) t3
PS 3 49 b3 44

Q.1-1
IS

Use v on Figure 13 to obtain ¢,.
PS

Dual patch equivalent load factor, ¢;:
bl' . .
Use p on Figure 14 to obtain ¢3.
Note ¢3 = 1 for single patch loadings.
Moment due to the live load over rigid supports, Mo:

Calculate the influence line coefficient, M .
PL.°
S

' -
Mo - 0.1708 - 0.125 % + 0.0264 (A Q.1-2
S

Calculate MO:

(Mo
M '(?ig)PLS¢1 b2 ¢3 Q.1-3

El




Moment due to flexibility of the beam supports, M.:

Calculate the relative rigidity coefficient of stiffener - beam, YSB:

(°slB)%1g Q. 1-4

3 4
0.684b (esLS) T I,

Moment correction coefficient, EE .
RLg

Use Yop on Figure 15 to obtain Me

RLg

Calculate the beam characteristic load, R,:

R

B » single patch Q.1-5
Ro=f R

(b' + B'), dual patch Q.1-6

Calculate the beam characteristic load width, By:

B'

2 , 8ingle patch Q.1-7
B, =

1/2 (b” + B'), dual patch Q.1-8

Calculate the beam loading coefficient, 8,
Aircraft alined with stiffeners and

Lg > 1.5s Q-1-9

s T8
cos 2Lg) sin Ly l + cos{ ns Q.1-10
2Lg

Aircraft perpendicular to stiffeners or aircraft alined with

8,

S|

stiffeners and

Ly < 1.5s Q.1-11
8, = 4 sin (B
™ Lg Q.1-12
Calculate Me:
M
M, = c ®
C .
(RLS)RO bLg T4 Q-1.13

E2



Moment due to dead weight of plating and stiffener, Mp:

Calculate the dead load of plating and stiffener, wp

12000 12

Calculate Myp:
2
My = Fz¥ls
12
Maximum bending moment in stiffener, Mg:
Mg = My + M. + Mp

Landing or parking on a non-strength deck

fep = 8
SMMIN
Parking on a strength deck

- M
fsp = _S + Oprimary
SMMIN

Maximum Shear Force and Stress:

Patch width load distribution factor, $):

Use B' on Figure 12 curve i = 0 to obtain 6.
b

Dual patch equivalent load factor, 63:

Use b" on Figure 14 to obtain $q.
b

Note ¢3 = 1 for single patch loadings.

E3

Q.1-14

Q.1-15

Q.1-16

Q.1-17
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Shear due to live load, V,:

A
Calculate the influence line coefficient, E‘ :

\') 2 3

=2 =1-0.7321 A + 0.2990 AL Q.1-20

P L L

S S
Calculate Vo :
Vo

Shear due to dead weight of plating and stiffener, Vp:

WL
z DS -

Vp = - Q.1-22
Maximum shear force in stiffener, VS:

Vg = Vo + V) Q.1-23
Maximum shear stress in stiffener, fSV:

£ Js

sy AS Q.1-24

E4



Design Criteria -

Allowable Bending Stress:

°%p = Fp

Bending Stress Criteria:

fsp < %sp

Allowable Shear Stress:

Ogy = 0.6 F

b
Shear Stress Criteria:

fsv < sy

E5
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STRUCTIMRAL PPOpiRTIER

SHIP AR PROITOT:

DETK
STRUCTURE

t

material

PLATE

W,

p

size

material

STIFFENER
[+]

SMMIN

size

material

B

BEAM
ui

GEOMETRY
n

PARAMETERS

IpR Ry

REMARKS

Gl




SHIP MOTION FACTORS AND LOADS

SHIP OR PROJECT:

seor I 1 ] 2 ] 3

|

)

|

6

| 7

X | |

Y

LOCATION

STORM SEA CONDITION
>
"

MODERATE SEA CONDITION
™

REMARKS

SUIP MOTION LQUATIONS :

H

G2

s e



o e e e e

SHIP OR PROJECT:

GEAR REACTIONS AND DISTRIBUTIONS

SPOT t

ORIENT !

LONGITUDINAL

TRANSVERSE

LONGITUDINAL

TPANSVERSE

SEA ! I
COND .

STORY MOD

STORM

MOD

STORM

MO0

STORM

__Mon

L

bH

Al

B'

Remarks

G3




PLATE AND STIFFENER STRESS ANALYSIS

SHIP _OR PROJECT:

DECK STRUCTURE:

SEA CONDITION:

G4

SPOT: ORIENTATION:
ANALYSIS PARAMETERS: REMARKS
R = P = A = B' =
-B-' -A-' :A—' P_Y'
b = b = LS = b =
PLATE ANALYQLE: REMARKS
t = F = Fb =
w n= C -
o

fp = o =
P
reqd =

STIFFENER ANALYSIS: REMARKS
SM = = =
MﬁIN As fb
¢l = ¢2 = ¢3 =
_Pf_?_ i} Mo =
PL

S
RO = BO = ¢q =
ie i M, =
RLS
A = =
My M
fSB N I3g -
A 7] =
Yo Shreqd
P
VD = Vo— \S -
. [0 N
sy - SV
A
S5
— reqd




APPENDIX H

EXAMPLE




The following is a numerical example to demonstrate the analysis
methods presented in this Design Data Sheet. The storm sea parking
condition for the longitudinal orientation is given in detail. The en-

tire analysis is summarized on the Standard Work Sheets of Appendix G.

Ship: Fleet Oiler

Scantlings: Main Deck, Flight and Hangar Deck Areas

Plating 30.6# 0S

Longitudinal Stiffeners 12" x 6%" x 30# I-T 0S
Transverse Beams 16" x 7" x 36" 1-T 08
Stiffener Spacing 30"

Stiffener Span 10'- 0"

Beam Span 20'- 0"

Number of Stiffener Spans >15

Number of Beam Spans 5

Ship Motion Factors:

Storm Seas

Fore and Aft: nxs = 0.20 + 0.0002X + 0.002 2
Transverse: N = 0.50 + 0.001X + 0.002Y + 0.004 Z
Downward: nzs = 1.30 + 0.002X + 0.004Y

Moderate Seas

Fore and Aft: n = 0.50 n
xm XS
Transverse: = 0.50
rse "ym "ys
 Downward: Nom = 0.50 (1 + nzs)

H1




Spotting:

1) Landing Circle ' X =350" Y=g0'
2) Extreme Aft Athwartships X = 375" Y = 30
3) Hangar X =275 Y = 20'

Primary Stress: Storm
Spot
1) Y%primary = 1.3 tsi = 2.9 ksi
2) primary = 0.7 tgi = 1.6 ksi

3) 9primary = 3.3 tgi = 7.4 ksi

H2

28"

28"
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WEIGHT

CENTER OF GRAVITY

TIEDOWNS

CONF IGURATION

MAIN GEAR

NOSE GEAR

Vasi

HELICOPTER

CH-46

Maximum Landing
Parking

Light

Vertical

Longitudinal WD
of MG

Vertical
Transverse -
Angle to Deck

Sail Area

Vertical Center of
Presswe

Overall Length
Overall Width
Overall Height

Forward Extent from
MG

Distance between MG
and NG

Distance between MG
Dual Wheel Spacing

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Load

Nominal Landing
Load/Gear

Tire Size § Ply
Tire Bottoming Lload

GEAR_CONFIGURATION

—b*
N
A

——— W

» 23.0 X
M
HP 20.0 X
W 13.1 K
L
ZG 85"
.
XG 86"
STORM MODERATE
Lr 45)0 ) ghl
8sm 8s"
YT o o
Q 45 15
UNFOLDED ‘FOLDED
a 444 ftz 440 ftz
s
z 930 g2
P
B4 -4 451 -8"
5110 141 -9
18'-10" 167 -9
S1t-6" 3pr-on
r 298"
3 154.5"
bl 10"
R 30.0 X
18 x 5.8 8 ply
P 10.8 X
b
R 20.0 K
18 x 5.5 8 ply
10.8 K
Pl';

. ! TIEDOWN -
$CG 6
" ;
4 é
-ip 2z ;
b gLl
¢ S ONE S N
L~
X; . 3/2 T l
ELEVATION SECTION
TIRE FOOTPRINT DATA
Nose Gear Main Gear
?
T A py A B
3.9 7.2 .2 3.9 7.2 4.2
10.01 10.5% .3 10.0 10.5 5.3




Detailed Analysis:

Sea Condition: Storm
Spot: 1

Ship Motion Factors:

85
N = 0.20 + 0.0002 (350) + 0.002 (28 + == ) = 0.34
n,g = 0.50 + 0.001 (350) + 0.002 (0) + 0.004 (28 + %go = 0.99
= 1.30 + 0.002 (350) + 0.004 (0) =
A

Aircraft Weight Condition:
W = 20.0 kips
P P

Ship Motion Loads:

F_ = 0.34 (20.00) = 6.8 kips G.2-1

Fy = 0.99 (20.0) = 19.8 kips G.2-1

F = 2.0 (20.0) = 40.0 kips G.2-1
Wind Load:

F, = 0.015 (440) = 6.6 kips - G.3-1

Aircraft Oriented Longitudinally

Ship Motion Forces

FL = 6.8 kips G.4-1
FT = 19.8 kips 4 G.4-2
FD = 40.0 kips G.4-3

Gear Reactions:

40.0 (1 - 38

RM = 298 ) + 6.8 (298 = 30.4 kips G.5-1
_ 86 ) G.5-2

R, = 40.0 (559) + 6.8 (555) = 13.5 kips

z = 45 + (85 - 1242 -2) tan (45°) = 52.8 inches G.5-5

M = 6.6 (92) + 19.8 (85) - 30.4 (32 ) = -58.2 in-kips 6376
- 92 : )

R, =1%(30.4) + 6.6 (y55—) * 19.8 (154 <) = 30.0 kips G.5-7

R, = 30.4 - 30.0 = 0.4 kips G.5-8

H5




Critical Gear Load:
R = 30.0 kips
Tire Load:
Pp = %(30.0) = 15.0 kips

Tire Footprint: PT > Pb = 10.8 kips

A=7.2+ 227D (108 - 3.9) = 10.9 inches

B =4.2 4 (%5-}-%'—;-) (10.8 - 3.9) = 5.4 inches

Variation in Load and Load Pattern Due to Aircraft Orientation:

Aircraft alined with stiffeners
A' = A = 10.9 inches

B' = B = 5,4 inches

Dual Wheeled Gear
P = %(30.0) = 15.0 kips

b" = b' = 12.5 inches

Structural Parameters:
Effective Span:
Stiffener; > 15 spans, e = 0.684
Beam; S spans, eg = 0.684
Effective Breadth :

Stiffener, be = b = 30 inches

n

Beam, b

e 60(0.75) = 45 inches

Member Properties :
See standard work sheet

Taken From Reference (g)

H6

4-1

Table 2

Table 2

0.3-1

0.3-1



Plating Analysis:

Non-dimensional Bending Moment:

A' 10.9
£ = 235 =0.36 < 0.5
B' _ 5.4 _
= 3t =o0.18
2
c . _0.25-0.125(0.18)  _ 0.079 - o.oze(o.ls)2 b1
1 0.94 + 0.45(0.36) 1.75 + 0.15(0.36)
¢, = 0.16

Equivalent Tire Reaction Factor:

L}
L = . 0.1
"t
2 - 323 <042
v o= 1.22

Deck Function Coefficient:
Uppermost Strength Deck
Low Speed Handling of Aircraft
Co = 2.8

Maximum Plate Bending Stress:

- 6(0.16) 15.0 (1.22) _ .
fb = 2.8 (0.75)2 = 11.2 ksi

Allowable Stress:

cp = FY = 34 ksi

Stress Criteria:
£ =112 <o = 34
P P

Plating is Adequate

H7
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Stiffener Analysis:

Bending:
Patch Width Load Distribution Factor:

5.4

B'
P °30

= 0.18
¢; = 0.99

Plating Load Distribution Factor:

((0.684) 120)* (0.75)°
3.49(30) % * (496.9)

Yps = 0,0042

¢2 = 0.94

Dual Patch Equivalent Load Factor:

b" 12.5 _
5 *3 ° 0.42
¢3 = 1.59

Live Load Moment:

A' _10.9 = 0.091

Ls 120

Mo - 2

L = 0.1708 - 0.125 (0.091) + 0.0264 (0.091)
S

M,

- = (0.160

PLS

Mo = 0.160 (15.0) 120 (0.99) 0.94 (1.59)

Mo = 426.1 in-kips

H8

Figure 12

Q.1-1

Figure 13

Figure 14

Q-1-2

Q.1-3



Moment Correction:

(0.684)240)* (496.9)

Ysp = 34 =0.33
0.684 (30) ((0.684)120) x*(986.0)
MC
£ _0.12
RLg
R =300 = 1.68 kips/in

o (12,5 + 5.4)

B =3%(12.5 + 5.4) = 8,95 inches

L, = 240 > %(240 + 1.5(154.5)) = 235.9

_4 . m(154.5), . n(8.95) n (154,
b = 7 cos(Gezagy ) Sinlggp (1 + cos g

8, = 0.121

M_ = 0.12 (1.68)30(120)0.121 = 87.8 in-kips

Dead Load Moment:

wo= — 2027 + 3930.6) = 0.0081 kips/ in
12000 12 :

2
My - 2.0(0.0081) (120)° _ 19.4 in-kips
12 )

Maximum Bending Moment:

MS = 426.1 + 87.8 + 19.4 = 533.3 in-kips

H9

Q.1-4

Figure 15
Q.1-6
Q.1-8
Q.1-9

)y Q.1-10

Q.1-13

Q.1-14

Q.1-15

Q.1-16



Maximum Stiffener Bending Stress:

- _9533.3 - .2 _
fSB 6% * 2.9 = 14.4 kips/in Q. 1-17

Allowable Bending Stress

- = 2 -
GSB Fb 28 kips/in u-5

Stress Criteria:

fSB = 14.8 < Ogp = 28 U-6

Stiffener is Adequate in Bending

Shear:

Patch Width Load Distribution Factor:

]
=32 - 0.8
¢1 = 0.99 Figure 12

Dual Patch Equivalent Load Factor:

H10



¢3 = 1,59 Figure 14

Live Load Shear:

Al 10.9
5
Vo 2 3
5> =1 - 0.7321(0.091)° + 0.299(0.091) Q.1-19
v
9
P = 0.99
V, = 0.99(15.0)0.99(1.59) = 23.4 kips Q.1-20

Dead Load Shear:

2.0(0.0081)120

VD = 5 = 0.97 kips Q.1-21
Maximum Shear Force:
VS = 23.4 + 0.97 = 24.4 kips Q.1-22

Maximum Stiffener Shear Stress:

f = =—=— = 7,6 kips/in2 Q.1-23

H1}




Allowable Shear Stress

= 0.6F, = 0.6(28) = 16.8 kips/in2

Stress Criteria:

Stiffener is Adequate in Shear

H12
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SHIP MOTION FACTORS AND wws‘

SHIP OR PROJECT: FLEET OILER

SPOT 1 2 3 ‘ 3 6 7 s 10
z X 350 375 215
gl v 0 30 20 \ /
g : 35 35 35

n

3 10,34 0.35 | 0.33 \

n,

Y$ Ho.99 1.08 10.96

Nes 2.00 2.17 | 1,93

L] 20.0 20,0 R20.0

Fes [l 6.80 7.00 | 6.60

Fys |hs.s 216 192

STORM SEA CONDITION

xm 0.17 0.18 10.17

Foe [bo.o 43.4 1386 X
| F, 6.60 ©.60 | .. / -\\
n

CrOTYIPAL DROPFRTIES _ﬂ{mzmm—mﬂﬂ——-————_.___
=SS ——
DeCX
STRUCTURE|  MAIN DECK
t 0.75" ’
e
5 material 0s /
Race:
“p 30.6 4 /£t /
$120 e e x 30" Lt /
saterial 0s /
¥s 20.27"/¢¢ //
A 5.96 in’ /
o s 3.2 inf /
T 7
4 1, 496.9 in”
“Hain 46.5 in° /
_ N 1
size 16" x T x 36' I-T /
material os \ /
W ]
B #25.69"/Ft \ /
A 7.56 in? \/
A 2
z S 4.68 in
Y a5 / \
Iy 986.0 in® / \
Myrn 69.5 in3 \
b 307
=
g s 120" \
gl L 240" \
“pg 0.0042 R
“sp 0.33 \
g \
b 0.0081 */in '
I 0.684
E N
- 8 0.684 v \
PPRIMRY | 2.6 16 7.4 \
RENARAS | \
P 2 3

z 0.50 | 0.54 |0.48
Ei "o [l 1.50 | 1.59 |1.47
B
§§*' 23.0 J23.0 oo /
QLF,_ 3.91 | 4.14 |3.40 /
b4 Yy
g: Fa 115 124 oo /1 \
g; F 34.5 136.6 “po.g / \
H im -
l F 3.33 | 3.33 | .. / '
L4 o —
REMARKS

SHIP MOTION EQUATIONS:

"xs = 0.20 + 0.0002 + 0.0022

"ys = 0.50 + 0.001X + 0.002Y + 0.0047

Mzs = 1.30 + 0.002X + 0.004Y

€1 |

e, 0.5n,

Yy = O'S"ys

e 0.5 (1 * )




GEAR REACTIONS AND DISTRIBUTIONS SHIP OR PROJECT: FLEET OILER

‘ 1 1
sPOT

:
0p1ENT || LONGITUDINAL TRANSVERSE LONGITUDINAL TRANSVERSE
SEA i
rivn { } STIORM MOn STORM MOD STORM MoD STORM HOD
F ] 6.80 3.91 19.8 11.5
Fr [ / 19.8 11.5 6.80 3.91
F } L/ 40.0 34.5 40.0 34.5
g / 30.4 25.7 34.1 27.8
LN / 13.5 11.1 17.2 13.2
M ‘ ™ -58.2 -698 -1449 1506
!y ] N 0.40 4.10 9.40 9.7
fp |l
Ry i \ 30.0 21.6 24.7 18.1
T /
R ‘ 30.0 30.9 30.0 216 24.1 18 1
P 10.8 10,8 | 10.8 10.8 10.8° 9.1
A 10.9 10.9 10.9 10.9 10.9 10.0
B 5.40 5.40 5.40 5.40 5.40° 5.1
P 15.0 390 15.0 10.8 24.7 18.1
b 12, T 12.5 12.5
Al 10.9 17.9 10.9 10.9 17.9 17.6
B 5.40 10.9 5.40 5.40 10.9 10.0
Remarks

N/A Landing N/A Landing Parking | Parking | Parking Parking

v
1

VAS;

.

GEAR REACTIONS AND DISTRIBUTIONS SHIP OR PROJECT: FLEET OILER

SPOT 2 3 ‘
| ORIENT LONGITUDINAL TRANSVERSE LONGITUDINAL TRANSVERSE
ErE\:m STORM | MOD stosM .| mop . L STORM | MOD 1 STORM MOD,
F 7.0- 4.14 21.6 12.4 6.6 3.4
Fr 21.6 12.4 7.0 4.14 19.2 9.6
i 43.4 36.6 43.4 36.6 38,6 29.4
*u 32.9 27.2 37.0 29.6 29.3 21.9
! 14.5 11.7 8.7 14.1 13.0 9.5
N -98 -738 -1656 -1625 -631 -876
Ry 0.6 4.8 10.7 10.5 4.1 5.7
Fe — - — - — —
Ry 32.3 22.4 26.3 19.1 25.2 16.2
T — —_ —_ — _ —_
R 32.3 22.4 26.3 19.1 25.2 16.2
Py 10.8 10.8 10.8 9.6 10.8 8.1
A 10.9 10.9 10.9 10.3 10.9 9.5
B 5.4 5.4 5.4 5.2 5.4 5.0
4 11.2 26.3 19.1 12.6 8.1
b 12.5 12.5 S — | 12,5 12.5
Al 10.9 10.9 17.9 17.7 10.9 9.5
B 5.4 5.4 10.9 10.3 5.4 < o
Remarks
Parking Parking | Parking | Parking | Parking |Parking | N/A N/A




STH

X . OILER
PLATE AND STIFFENER |__sHIP OR PROyECT; FLEET
DECX STRUCTURE: MAIN DECX SEA CONDITION: MODERATE
seor: i ORIENTATION: LONGITUDINAL _
ANALYSIS PARAMETERS: IREMA.RXS
R = 30.0 kips P= 15.0 kips A' e 10:91in B' * 5.4 in {Landing
A A b
g'_ 0.18 T 0:36 T - 0.091 b - 0.42
PLATE ANALYSIS: REMARKS
t« 0.75in F = 34 ksi Fb = 28 ksi |Landing
y
cx - 0.16
ce 1.22
v-e €, = 34 ox
¢ o 92 kst < . ot
- . a_ = s
P p ?
treqd ° 0:4%0 in .
STIFFENER ANALYSIS: 2 [REMARKS |
SM oy = 46.5 in A= 3.214n Py = 28 ksi
o " 099 42 0.94 4= 1.59 Landing
M M_= 426.1 in-kips
o -]
T = 0-160
s
R, - 1.68 kips/in B, = 895 in séy = 0.121
N = 87.8 in-kips
;f = 0.12 ¢ P
s
. N = $28.5 in-kips
ND = 14.6 in-kips . 3
lS! = 11.4 ksi < 9 - 28 ksi oX
3
: . 18.9 1
Yo . 0.99 s“reqd n
I . Vo » 23.4 kips
4.1 ki
Vp = 0.73 kips % .2 ps
i o 16,8 ksi oK
£ . " 7.5 ksi < sV =
v
A . 21,44 in?
reqd

PIATE AND STIFFENER STRESS ANALYSIS l SHIP OR PROJECT: FLFET QILER

DECK STRUCTURE: ~ MAIN DECK SEA CONDITION: MODERATE

SPOT: ! ORIENTATION; TRANSVERSE

ANALYSTS PARAMETERS: REMARKS

R = 30,0 kips P = 30,0 kips A" = 17.9 in B = 10.9 in [Landing
B! Al A b
Fa 0.3 T. 0.60 Tge 0149 b o« N/A

PLATE ANALYSIS: REMARKS
t= 0.75 in P, = 34 ksi Fyo» 28 ksl 4 ding
G - 0129

voe 10 C = 3.4
L]
12.1
" 21 kst o = 28 ksi oK
< P
0.494 §
‘reqd ” "

STIFFENER ANALYSIS: 2 REMARES
N 46,5 1n® A= 321 in P« 28 ksi Landing
N * 0.98 ¢ = 0.94 43 = 1.0
:% . 0.153 M, = S07.4 in-kips

s
R, = 2.75 kips/in B, = 5:451n 4, = 0.091
M 0.12 M = 108.1 in-kips
E - <
s
L 14.6 in-kips K- 630.1 in-kips
13.6 ksi <
fsp Ogp » 28 kst ox
. 3
v, 0.99 Mopea 22.5 in
-
r - Vo = 29.1 kips
v, - 0.73 kips % . 29,8 kips
[+] N
fSV - 9.3 ksi < SV = 16.8 ksi ox
A . 2
’reqd 1.77 in




PLATE AND STIFFENER STRESS ANALYSIS SHIP QR PRQJECT; FLEET OILER
OECX STRUCTURE: MAIN DECX SEA CONDITION:  STORM
SPOT: i ORIENTATION: LONGITUDINAL _
ANALYSTS PARAMETERS: REMARKS
R = . Pe 150 kips At » 10.9 in B =« 5.4 in
30-0 kips Parking
a! A' A' b"
E. 0.8 Fa 036 I« o0.001 F . 042
PLATE ANALYSIS: REMARXS
ts 0.75 in Poe 34 ksi Fy * 28 ksi
Cl " 0-te Parking
v-= 1,22 Co - 2.8
£ e 10.2 ksi < o o ks ox
P ) b .
0.430 in
‘nqd *
A
: ’ R
STIFFENER Aw\mrsxs.3 521 102 ' REMARXS |
My " "46.5 in A = ' K * 28'ksi
4
0" - 0.99 0. 0.94 4y e 159 Parking
" M w 426.1 in-kips
g [-}
T " 0.160
s
R« 168 kips/in 3, = 8.951p ¢, = 0121
° ° .
H N = 87.8 in-kips
,uc e« 0.12 [
S
ND e 19.4 in-kips . W . 533.3 in-kips
¢
fsl a 4.4 kst sy 28 ksi ok
3
V‘° 0.99 M 4 e 21.3 in
-
- vo = 23.4 kips
v. w 0.97 kips % _24.4 kips
D
€ w 7.6 ksi < ooy = 16.8 ksi oK
SV .
Sreqd 1.45 in?

91H

PLATE AND STIFFENER STRESS ANALYSIS ’ SHIP OK PROJPCT:  FLEET OILER |
DECK_STRUCTURE: MAIN DECK SEA CONDITION:  MODERATE
SPOT: 1 ORIENTATION; LONGITUDINAL
ANALYSIS PARAMETERS: Ina«nxs
R= 21.6 kips Pe 0.8 kips A' « 10.9 in B* s 5.4 in
Parking
3 At At b
§a. 0.18 be 0.3 Ly 0.091 F . 042
PLATE ANALYSIS: REMARKS
- 0.75 in 34 ksi
t 'Y * ks ’b * 28 ks Parking
G =016
- 1.22
voe co' 3.4
f =6.6 ksi <
] s a = 28 ksi 0K
¢ | 4
tm‘ ® 0.365"
STIFFENER ANALYSTS: 2 REMARKS
an ® 46.5 1o 3.214 T
S"“IN A‘ " " Ph 28 kst Parking
[} * 0.99 " v 0.94 43 % 1.59
¥ M= .
FE‘ 0. 160 o ™ 306.8 in-kips
s
R, = 121 gpagin 3, =8.95 tn b = 0.121
Moo oo M= 63.2 in-kips
E -
s
My = 146 in-kips W » 384.6 in-kips
‘ <
fop " 9.7 kst 9Sp = 28 kst oK
- 3
A . 0.99 Migqd = 1.5 in
P . Vo = 16.9 kips
vy « 073 kips % . 176 kips
g, s 16.8 oK
fsy ® 5.5 ksi < sv * 16.8 ksi
A L2
N ’reqd = 1.10 in




PLATE _AND STIFFENER STRESS ANALYSIS ’

)
. SHIP OR PROJECT: _ FLEET OlifR

DECX STRUCTURE:

MAIN DECK

PLATE AND_STIFFENER STRESS ANALYSIS SHIP QR PROJECT; FLEET OILER
DECK STRUCTURE:  MAIN DECK SEA CONDITION:  STORM
SPOT; ! ORTENTATION: TRANSVERSE__
ANALYSIS PARMMETERS: REMARKS
Ra 4.7 kips P« 24.7 kips At w 17,9 in 8" «10.9 in
Parking
Bt A! Al b"
o 0.3 B . 0.60 Lg- 0149 T . NA
PLATE ANALYSIS: REMARKS
t «0.75 in Py = 34 ksi Pb = 28 ksi Parking
g =0.129
v-=1.0 ’ c, = 2.8
£ = 12.1 kst < o » 34 kst oK
P p :
treqd = 0448 in
!
STIFFENER ANALYSIS: : 2 REMARKS
My = 0 A = 320 Ry ™ 28 ksi Parking
4 = 0.98 42 0 094 43w 1.0
M M = 417.8 in-kips
o, 0.153 o
ns
R = 2.27 kips/in B = 5.45 in 4 » 0.091
° ° .
y M e 89.2 in-kips
g -0 ¢
s
6.4 in-kips
HD « 19.4 in-kips s ¥ - 52 p
fo, = 14.2 ksi < g 28 ksi oK
1] SE =
. 3
Vo . e Sand' 21.0 in
5 99 ) Vo = 24.0 kips
v, = 0.97 kips %« 25.0 kips
, oKX
. 9y = 16.8 ksi
= sv .
fSV 7.8 ksi < \
Sreqd = 1.49 in?

LTH

SEA CONDITION: MODERATE
SPOT: 1 ORIENTATION: TRANSVERSE
ANALYSIS PARAMETERS: REMARKS
R« 18.1 kips P = 18,1 kips A' = 17,6 in 3" e 10.0 in Parking
!' Al o sg Al b"
Fe 0.33 Fa rs.o.xu F = N/
PLATE ANALYSIS: REMARKS
ts 0.75 in Py o 34 ksi ,b = 28 ksi Parking
(" » 0.132
v 10 C° = 3.4
lp » 7.5 ksi , < o = 28 ksi ox
- P
g”qd = 0.388 in
STIFFENER ANALYSIS: REMARKS
Tt 46,5 in® : F w28 ksi
IN . n A‘ s 3.21 in [t Parking
" = 0.98 42 = 0.94 4 - 1.0
;% . 0.153 M, ® 306.1 in-kips
S
lo * 1.81 kips/in v .° « 5.0 in ¢y =0.083
Mo o M_ = 65.1 in-kips
E -
s
HD o 14.6 in-kips }g = 385.8 in-kips
fsp = 9.8 ksi < g = 28 ksi ox
v M e 14,5 ind
F& - 0.99 reqd
. Vo = 17.6 kips
Vp = 0.73 kips % . 18.3 kips
, . .
£, = 5.7 kst < SV = 16.8 ksi oK
A 2
'reqd = 1.09 in




" | SHIP OR PROJECT; FLEET OILER

PLATE AND STIFFENER STRESS ANALYSIS I SHIP OR PRO. JECT; _ FLEET OILER

DECK STRUCTURE: ' MAIN DECK

SEA CONDITION: MONERATE

$PQT: 2

R ATION: LONGITUDINAL

ANALYSIS PARAMETERS:
R« 22.4 kips P 11.2 kips

L N
. 08

A' »10.9 in

A 0. A
1 L=

3’ « 5.4 in

0.091 b
<09 B =0.42

REMARKS

Parking

pus

8

PLATE ANALYSIS:

te 0.75 in P oW ks

-
q =0.16
v-= 1.22

f »6.9 ksi
‘P. 3 <

28 kst
LY

Co - 3.4
28 ksi
L

0.371 in
tzvqel "

REMARXS

Parking

oK

P R

DECY. STRUCTURE: MAIN DECK SEA CONDITION:  STORM

POt . ORIENTATION: LONGITUDINAL

ANALYSTS PARAMETERS: REMARKS
R» 32.3 \ips P s 6.2 kips A' = 10.9 in B' = 5.4 1n Parking
5 A A b
. 0.18 e 0.3 L = 0.091 b =0.42

PLATE ANALYSIS: REMARKS
t = 0.75in N p, = 34 ksi Fb » 28 ksi Parking
Q=016
¢ e 1.22 c - 2.8
fp =)2.1ksi . < aP ® 34 ksi oK

treqd 0.446 in
!
.

STIFFENER ANALYSIS: 2 REMARKS
Sy ~ 46,5 in A = 3.2114n By = 28 ksl Parking
4oy = 0% 42 = 0.94 4y = 159
M M = 460.2 in-kips
Bt = 0.160 e

s
8.95 in 4e =0.121
R, = 1.81 kips/in LA oY
Nc R NC=- 94.6 in-kips
Hs
Mo «21.1 in-kips ¥ - $75.9 in-kips
fop =14.0 ksi < Isp o 28 ksi ox
- . i 3
Yo . 0.9 SMreqa = 1.8 in
P A Vo = 25.3 kips
v = 1.05 kips %,
D oK
8.2 Kksi ogy = 16.8 ksi -
fSV - . e < R
2
3reqd * 157 in

STIFFENER ANALYSIS:
Mon * 46.5 in° A,

" s 0.99

» 3.21°in?

¢ = 0.94

o . 0.160

1.25 kips/in l° s B8.95 in

0.12

15.4 in-kjps

£ 9.4 kst . <

0.77 kips

5.7 kst <

Fy = 28 ksi

4y .
318.2 in-kips

1.59
No -

o = 0121

M w 65.3 in-kips
3

W . 398.9 in-kips
Ip = 28 ksi

Migqd * 14.7 in

Vo = 17.5 kips
% . 18.3 kips

asv-
A
*reqd » 1.09 in?

16.8 ksi

REMARKS

Parking

oK

[¢1 4




PLATE AND STIFFENER STRESS ANALYSIS

|| _sHip on proscr:

FLEET OILER

.

|_PLATE A0 STIFFENER sTRESS mowysis |

SHIP OR PROJECT; FLEET OILER j

DECX STRUCTURE: !AIN DECK SEA_CONDITION: STORM
SPOT: 2 ORIENTATION: TRANSVERSE
ANALYSIS PARAMETERS: lmwucs
ke 26.3hkips P = 26.3 kips A' = 17.9 in B* = 10.9 in [ Parking
Bi AO Al bIQ
g. 0% . 0.60 T - 0.149 T o NA
PLATE ANALYSIS: REMARKS
t = 0.75 in ’y . kst Py » 28 kst Parking
q *0.129
v-* 1.0 C° - 2.8
£ = 12.9 ksi < g = 34 kst oK
P . p -
0.462 1
tr«u! - n
STIFFENER ANALYSIS: 2 E . REMARKS
% = 45.5 in3 A. e 3.21 in b‘ - 28 ksi Parking
" « 0.98 0y » 0-94 1 10
444.8 in-kips
M, . 0.3 M, - 4
s ! 0.091
R e 2.41 kips/in B, = 5.45 in F U
[}
M M = 94.7 in-kips
S « 0.12 <
Fl-‘s
HD « 21.1 in-kips L 558.9 in-kips
£gy = 136 kst < gy o 28 ksi oK
3
v M s 21.2 in
2 - 0.99 reqd
14 Vo = 25.5 kips
v, = 1.05 kips % . 26.5 kips
. - oK
. Ocy = 16.8 kst
va » B.3 ksi < sV
A
: Sreqd = 1.58 in?

6111

DECK STRUCTURE:  MAIN DECK SEA CONDITION: _ MODERATE
SPOT: 2 ORIENTATION: TRANSVERSE
ANALYSIS PARAMETERS: REMARKS
R 19.1 kips Ps 19,1 kips A' « 17.7 ip Bt « 10.3in Parking
| 0.34 Al At b*
e Fa 059 L, - 0.147 E « NA
PLATE ANALYSIS: REMARKS
te 0,75 in py w34 ksi LA 28 ksi Parking
G- 013
VoL C° -« 3.4
St 79kt < o, = 28 kst oK
treqd ® -39 In
STIFFENER ANALYSIS: 2 REMARKS
SMuN " 46.5 in A - 3.21 4n P'b =28 kst Parking
# = 0.98 4y = 0.94 43 1.0
M " 323.0 in-kips
»t = 0153 ' P
s .
B, - 1.85 kips/in ), - 5.15 in ¢, = 0.086
u 0.12 N_w  68.7 in-kips
u - €
s
HD - 15.4 ln-l_nip: - 407.1 in-kips
g o 96 kst < .
SB SB = 28 ksi oK
Yo . 0.9 Stog ™ 15.0 4n°
¥ . Vo = 185 kips
Vp = 0.77 kips % o 19.3 kips
foy = 6.0 ksi < Iy = 16.8 ksi oK
Al
reqd = 1.15 jn?
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__SHIP OR PROJECT; FLEET OILeR

PLATE AND STIFFENER STRESS ANALYSIS l SHIP QR PROJECT: FLEET OILER ]
DECK STRUCTURE: a1y DECK SEA CONDITION: STORM
SpoT: 3 ORIENTATION; LONGITUDINAL
ANALYSIS PARAMETERS: REMARXS
R»  25.2 kips P e 12.6 kips A' s 10.9 in B' «5.4 in Parking
1 Al AI b“
g_ 0.18 g. 0-3 rs‘ 0.091 £ .0-42
PLATE ANALYSIS: REMARKS
g e 0.75 in Fy » 34 ksi Fb = 28 ksi Parking
Cl = 0.160
v-s 1.22 C,* 2.8
£ = 9.4 ksi < g = 34 ksi oK
P . P .
0.394 in
teqd * \
STIFFENER ANALYSIS:} ) [REMARKS |
2TIFFENER ANALYSIS,
SHMIN ® 46.5 in k. * 321 in Fb' 28 kst Parking
ey = 099 42 0.94 ¢y = 1.59
357.9 in-kips
M 0.160 oM
e
5 8.95 in 0.121
R = 1.41 kips/in | TR ot '
° []
" M w 73.7 in-kips
T o.12 €
s
. W= 450.3 in-kips
My = 18.7 in-kips .
f5g * 17,1 ksi’ < 95p « 28 ksi oK
.3
= 21.9 in
Yg . 0.99 Mroqd
P . Vo = 19.7 kips
v. = 0.94 kips % . 20.6 kips
D
. 9oy 16.8 ksi’ oK
s 6.4 ksi sV
fov < . ,
Sreqd = 1.23 in

OZH

DECK STRUCTURg: MAIN DECK SEA CONDITION: _ MODERATE
SPOT: 3 ORIENTATION; LONGITUDINAL
ANALYSIS PARAMETERS: REMARKS
Re 16.2 “‘;, Pe B.1kips At = 9.5 in 8' = 5.0 in Parking
B' .17 A A oy
v, B 0% - 0.079 B o 042
PLATE ANALYSIS: REMARKS
te 0.75 in Pos Misi Fy ® 28 ksi |Parking
c1 «0.17
-=1.22
v €= 3.4
SCALER R < : o * 28 kst oK
treqd * 0.325 in
STIFFENER ANALYSIS: REMARKS
TR e i6s 1S 2 F. =28 ksi :
S"KIN .5 in A. ® 3.21-in b * Parking
0.9
L3} ° 9 42 = 0.94 #3+ 1.59
H, 0. 161 M, ® 2316 in-kips
Ft -
s 0.118
0.93 kips/in B «8.75 in L
lo - (")
+w 47.4 in-kips
;f . on M=
s
M, * 14.3 in-kips % ® 2933 in-kips
fsy ¢ 10.0 ksi < 95y = 28 ksi oK
v SM * 12,1 1a3
¢ ., 0.99 roqd .
[ . Vo = 12.6 kips
A 0.71 kips % . 13.3 kips
£ = 4.2 ksi ISV - 16.8 ksi oK
SV <
A
3reqd = 0.79 in?




APPENDIX I

SELECTED MEASUREMENT UNITS AND CONVERSION FACTORS




SELECTED SI CONVERSION FACTORS

CATEGORY

Length:

Area:

Force:

Mass:

Stress (Force/

Area):

TO CONVERT FROM
INCH POUND UNITS

foot (ft)
inch (in)
inch (in)
foot2 (ft 2)
inch?2 (inz)

kip

pound-force (1bf)

pound (1b)

ton (long, 2240 1b)
kip/inch2 (ksi)

1bf/inZ (1b/in2)

meter {(m)
meter (m)
mm

meter? (m2)
mm2

newton (N)

newton (N)

kilogram (kg)

metric ton
pascal (Pa)

pascal (Pa)

TO SI UNITS

MULTIPLY BY

2

0.3048
2.540 x 10~ 2
5.4
9.290 x 102
6.542 x 103
4.448 x 103
4,448

454
1.016
6.895 x 106

6.895 x 103

SY makes extensive use of prefixes to form decimal multiples;

establishes 16 prefixes.

mega M
kilo k
centi c
milli m

micro I

1,000,000
1,000
0.01
0.001

0.000001

]

1

i

106

it officially

Those 5 prefixes most frequency used are as follows:
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