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PART I: INTRODUCTION

130-3-a. References

(a) DDS 130-2, Structural Design of Aircraft Handling Decks.

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

(c) MIL-STD-1399, Interface Standard for Shipboard Systems, Section
301, Ship Motion and Attitude.

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

(e) "Development of Plating Response Methods for Wheel and Track
Loads", DTNSRDC Report SD-86-173-18, October 1985.

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

(g) MIL-HDBK-264 (SH), Properties of Steel Shapes, and Plate-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 Handl-
ing.

(3) ﬁggélopment of Technical Approach to DDS 130-3. DTNSRDC Report
M83, Sept. 1983

(k) Application of Plastic Analysis to U.S. Coast Guard Icebreaker
Shell Plating Trans., SNAME 1981.

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

(m) Structural Design and Analysis of Wheeled and Tracked Vehicle
Deck. Review and Development of Methodology and Criteria,
NAVSEA 55Y February 1986.

o

130-3-b. Purpose and Scope

This Design Data Sheet provides uniform standards and simplified
methods for the analysis of vehicle handling decks structures. The method in-
corporated 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.

This Design Data Sheet deals with only those Tloads resulting from
wheeled and tracked vehicle. Other local loadings and the requirements for
hull girder bending, as applicable, should be addressed separately in accor-
dance with References (f) and (h).

The method presented herein is based primarily on Reference (j) and,
in addition, References (e), (1) and (m). This version takes advantage of the
later and more refined techniques of structural analysis, employing accepted
principles of structural mechanics with empirical constants determined from
static and dynamic tests. Other documents used in the development of this
Design Data sheet are listed in Appendix I.

130-3-c. Symbols, Abbreviations and Definitions

/qxs = storm sea ship motion factor, longitudinal to ship
fqys = storm sea ship motion factor, transverse to ship
Mzs = storm sea ship motion factor, vertical to ship
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longitudinal distance from specified center of motion (ft)
transverse distance from specified center of motion (ft)
vertical distance above specified center of motion (tens ft)
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 weight of vehicle
maximum weight of vehicle
light weight of vehicle
wind load
sail area of vehicle
tire friction force (kips)
ship motion force, vertical to vehicle (kips)
ship motion force, longitudinal to vehicle (kips)
ship motion force, trasverse to vehicle (kips)
Tongitudinal distance from main gear to CG of aircraft
height of aircraft CG above deck
center of pressure of sail area
center of gravity of vehicle
height of CP above deck
height of tiedown above deck
transverse distance from centerline of vehicle tiedown
tiedown force
overturning moment (in-k)
tiedown angle to deck (deg)
nominal load to left or right side of vehicle
nominal distributed tread load for tracked vehicle
front distributed load for tracked vehicle in storm sea
conditions
rear distributed load for tracked vehicle in storm sea
conditions
front wheel load for wheeled vehicle in storm sea
conditions
rear wheel load for wheeled vehicle in storm sea conditions
nominal front wheel load
nominal rear wheel load
R1 or R
load to left side of vehicle
load to right side of vehicle
frame spacing (ft)
wheel spacing lateral (ft)
bottoming load of tire (kips)
stiffener span length (in)
beam span length
effective breadth of plating
plating thickness
depth of stiffener
breadth of flange
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web thickness

tf = flange thickness
W = dual pitch equivalent load factor, plating
A = patch length of load
B = patch width of lcad on
a = plate panel length
b = plate panel width
H,J,K1,K2,K3 = terms used in vehicle load balance calculations
E = modulus of elasticity (ksi)
Fy = yield strength of material (ksi)
Fr = allowable working strength of material (ksi)
C1 = non-dimensionalized bending moment coefficient of plating
Co = deck function coefficient
P = patch loads (kips)
Ob = plate allowable bending stress (ksi)
1 = patch width load distribution factor, stiffener
¢ = plating load distribution factor, stiffener
¥ = beam loading coefficient ;
Ig = moment of inertia of plate-stiffener combinations (in%) ’
Iy = moment of intertia of plate-beam combination (in%) 3
fps = relative rigidity coefficient of plate-stiffener
{spb = relative rigidity coefficient of stiffener-beam
Mc = stiffener bending moment correction for elastic
supports (in-k)
Mo = stiffener bending moment over rigid supports due to
load (in-k)
Md = (stif;ener bending moment due to dead load of structure
in-k
wd = dead load of plating and stiffener (k/in)
We = dead load of stiffener (1b/ft)
Wp = dead load of plating (1b/ft2)
M = total bending moement in stiffener (in-k)
fsp = calculated bending stress in stiffener (ksi)
SMmin = (mig;mum section modules of stiffener-plate combination
in
Vo = stiffener shear due to load (kips)
O = stiffener allowable bending stress (ksi)
O\primary = hull girder design primary stress (ksi)
Vg = stiffener shear due to dead load (kips)
Vs = total shear in stiffener (kips)
fsy = calculated stiffener shear stress (ksi)
Po = operational tire pressure (psi)
Ag = shear area of stiffener (d x ty) (in2)
eq = effective span length factor, stiffener
fo = calculated bending stress in plating (ksi)
ep = effective span length factor, beam
Ro = unit gear load, beam (k/in)
Bo = unit gear load width, beam (in)
Fu = wind load acting on vehicle (kips)
Lreqd = required plating thickness (in)
S reqd = required minimum_section modulus of stiffener-plate
combination (in3)
ASreqd = required shear area of stiffener (inz)
ﬁ = influence line ordnate
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130-3-d. General

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

Part IV provides a detailed description of the assumptions, ration-
ale, and methods for analyzing the structural response.

Part V 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 vehicles.

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

Appendix F provides standard work sheets for documenting the analy-
sis.

Appendix G provides a complete example.

Appendix H provides selected measurement units and conversion fac-
tors.

Appendix I provides a list of other documents that are applicable to
the design and analysis of wheeled and tracked vehicle handling decks.

PART II: LOADING

130-3-e. General

Vehicle handling decks are exposed to two types of loads in addition
to but separate from the standard design loads for all decks. These two types
of loads are the parking loads imposed by the vehicle and the inertial loads
produced by ship's motion accelerations. The ship specifications specify two
conditions, storm seas and moderate seas, and provide equations to determine
the ship motion factors for that ship for any point on the ship. Although
ship motion factors and their corresponding sea states and chance of exceed-
ance 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 7, which for the average service of a ship, correlates to 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 ex-
ceedance,
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130-3-f. Vehicle Loads
The nominal vehicle weight, wy, represents the gross vehicle weight
and includes full payload and personnel weight. This conservative weight

estimate is necessary to account of initial tie-down forces which will secure
the vehicle in a fully loaded state regardless of actual initial vehicle
Toads. '

Large tie-down forces will be exerted on the deck both from initial
tie-down of vehicles and from ship motion forces acting on the vehicle. With-
in this study it is assumed that tie-down cleats will always be located at
frames and other structural hard spots on the deck where tie-down induced
stresses will be minimized. For frame analysis, tie-down forces oppose normal
vehicle loads and are neglected as a conservatism.

Ship motion forces must be calculated for each vehicle and are a
function of nominal vehicle weight, type of ship, position of vehicle on ship
and sea state. The nominal vehicle weight and ship motion forces are additive
for vehicle deck studies. The cyclic nature of ship motion forces requires
consideration of a full range of possible load combinations to determine the
most critical combination. Each of the three ship motion forces will have
three states requiring consideration. These include forces in two opposite
directions and a neutral or zero state.

A summary of possible load combinations is included in the following

table:
Vehicle Alignments with Respect to Ship
Longitudinal Transverse
Vertical |Lengthwise| Lateral Vertical [Lengthwise| Lateral
Load Load Load Load Load Load
Fd F Fe* Fd F1 Fe*
Fa -Fy Fd -F1
Fa=Wm x 7 2| F1=Wm x T x| Ft=Wn x7(y Fa=Wm x Mz|F1=Wm x 7 y|Fe=hm x7x
*-Fy load is unnecessary becauge of lateral symmetry
For Fgq and Fy see equation (1).
0DS 130-3




This load matrix results in many different load combinations. The
following four combinations are most likely to provide the critical load com-
bination:

Vehicle Alignment with | Vertical Lengthwise| Lateral

Respect to Ship Load Load Load
Longitudinal Fd F1 Ft
Longitudinal Fq -F1 Ft
Transverse Fd F Ft
Transverse Fd -Fq Ft

These vehicle loads are assumed to act through the vehicle center of
gravity and are resisted by a combination of wheel normal reaction forces,
wheel-friction forces and vehicle tie-down forces. For deck design/analysis,
the magnitudes of the wheel normal reaction loads are required. These re-
action forces are dependent on the distribution of resisting forces from ve-
hicle tie-downs and wheel friction. Because the distribution between tie-
downs and wheel friction is statically indeterminate, a simplifying assumption
is made to solve the load distribution.

The tie-downs are assumed to act such that the wheel reaction forces
at time of initial tie-down are zero. If ship motions act to reduce a wheel
load below this miminum level, the tie-down force will act to hold the wheel
at the initially position. Consequently, each wheel can only exist in one of
two possible states. The first state has a constant reaction force with a
variable tie-down force. The second state has a reaction force varying above
zero. Both states for wheel friction and are statically determinate.

Tie-Down Considerations

The following two general tie-down arrangements are possible:

|

Y +*,
A N

A prrect-riz 4

A cross-tiz 4

Both are typical tie-down arrangements; however, for purposes of
analysis the direct-tie leads to a simpler solution because it requires only
one unknown tie-down force to maintain the assumed static balance, whereas the
cross-tie reguires two differing unknow tie-down forces. In order to simplify

the analysis procedure, the direct-tie is used for both lengthwise and lateral
force balances.

00S 130-3



Determination of Vehicle Wheel/Track Loads

Two general vehicle load conditions are significant for vehicle deck
design. The first is the nominal vehicle weight which accounts for a motion-
less or moderate sea condition, fully loaded vehicle and the second is the
ship motion loading which accounts for the nominally weighted vehicle tied to
the deck in a storm-sea condition subjected to vertical, Tlongitudinal and
transverse ship motions forces. These ship motion forces are a function of
vehicle type, ship geometry, location of vehicle on ship, and sea state.

Deck design normally will be based on the critical ship motion load-
ing for general vehicle types for the deck. This is based on the assumption
that nominal vehicle weight will be constant while the vehicle is on the
deck. However, for fork 1ift vehicles, nominal weight at calm sea (no ship
motion forces) and nominal weight at storm sea conditions will vary by the
rated capacity of the vehicle based on the assumption that a fork 1ift will
never be operated during storm seas. Hence, both loadings must be considered
for design purpose for fork 1ift vehicles.

The general procedure for obtaining wheel and track loadings is out-
lined in following discussion and illustrations.

(1) Tne nominal wheel loading is first calculated based on a simple
static balance of the vehicle at rest with known positioning of wheel center
and vehicle center of gravity. These wheel loads are established as the mini-
mum nominal wheel loads. If in certain conditions, the load of one wheel is
lower than this nominal load, the load of other wheel will be greater,

(2) Ship motion forces are then calculated for the vehicle using
storm sea motion factors 7x, 7y, 7;.

(3) Wheel or track loadings are calculated by the method of static
force balance accounting for loads, normal wheel reaction forces, friction
forces and tie-down forces. Generally, all wheeled vehicle will be described
with four wheel loads which equal the reaction forces. Dual or tandem rear
wheels are assumed to uniformly distribute the total wheel load amongst all
tires on that side of the axle.

(4) Tracked vehicle loads are described by two trapezoidal patch
Toads. For nominal tracked vehicle loading, a uniform patch load is used.

(5) The static balance procedure is accomplished by balancing
lateral and lengthwise loadings separately.

(6) The lateral static balance determies the distribution of loads
to the right and left sides of the vehicle due to vertical and laterial
forces.

The distribution of lateral loads betweem tie-downs and wheel friction is nor-
mally indeterminate; however, by assuming that tie-downs are ineffective un-
less the side load reduces below zero, the static balance may be calculated by
neglecting tie-downs. If the static balance results in a side load less than
zero, then tie-down forces are necessary and the static balance is calculated
by assuming the zero load at one side and solving for load of the other side
load.
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A lengthwise balance is performed for each of the side loads to
determine the wheel load distribution due to the side load and half of the
lengthwise ship motion force. As with the lateral load balance, the tie-downs
are assumed ineffective unless the wheel load is less than zero wheel load.
This results in two sets of statically determinate balances which will provide
wheel or track loadings.

This wheel load determination procedure is outlined in the following
pages which include equations for solution of the wheel loads due to the
various load conditions. In addition, an example wheel load determination is
included in Appendix D.

130-3-f.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 vessel to
the center of gravity of the vehicle are substituted into these equations to
obtain the motion factors in each of the directions.

My = Fore and aft factor
7 y = Athwartships factor
7z = Vertical factor

[f these equations are not available, Reference (C) can be used to
obtain the motion factors.

130-3-f.2 Ship Motion Loads

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

Fj = Ship motion force in i direction

Mi = Ship motion factor in i direction
Wj = MWeight of vehicle in j condition

Fi= My Wy

130-3-f.3 Wind Loads

The wind load on the vehicle acts at the center of pressure of the
sail area and is defined as follows:
Storm Seas
FW = 0.03033
Moderate Seas
Fw = 0.015ag

Where ag is the sail area in square feet of the vehicle.

130-3-f.4 Ship Motion Forces

Vehicle 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 vehicle for each loading condition.

DDS 130-3



F1 = Ship motion force longitudinal to vehicle
Fr = Ship motion force transverse to vehicle
Fg = Downward ship motion force

Vehicle oriented athwartships
Fr. = F
Fr = Fi’
Fa = Fz

130-3-f.5 Wheel/Track Load Analysis; Procedure

1. Define vehicle particulars:

Vehicle C.G.

Position of Tie-downs
Vehicle Reference Point
Maximum Vehicle Weight, Wy
Vehicle Ship-Motion Forces, Fgq, F1, Ft

[ =W o T o 4 -V}
e o s & e

2. Determine resultant loads to left and right side of vehicle due
to Wpm, Fg, and Fg

3. Determine wheel or track loads due to resultant side load Ry or
R2 and lengthwise ship motion force, Fj

I ' o
Ry ' R
F, /2 _<m_il. £, /2 _‘?_Qku

Tracked - !
IS YIRS JPS
vehicle & ) !éfl?1§A+A§ltr k%l${l%'Lfé‘,
T, Fr
B, £ } &
F, /2 — F, /2 :

Uheeled i
vehicle R, . R, B, R,

left righe
side sida
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PART III: LOAD DISTRIBUTION

130-3-g. Solution Procedure; Wheeled or Tracked Vehicles

1. Determine maximum vehicle weight, Wp (use of maximum vehicle
weight accounts for initial tie down force).

2. Define ship motion factors Mxs ?ya‘7z as a function of ship, sea
state and vehicle position on ship.

3. Define ship motion forces for vehicle;

a. If vehicle aligned longitudinally,

Fa =72 x Wms F1 =74 x Wp; Fy =Ty x Wp

b. If vehicle aligned transversely,

Fd =7z x Wms F1 =7y x Wms Ft =7y x Wy
4, Define:

a. Location of tie downs on vehicle.

b. Reference point for wheeled (normally center of left-front
tire patch load) or tracked vehicle (normally frort-center
of left-hand tread patch load).

c. Location of vehicle CG. (Xg, Yg, Zg)

d. Centers of 4 wheel loads for wgee1ed or center of tread load
for tracked vehicle.

e. Tie-down angle (one angle assumed for all tie-downs).

5. Determine loading to each side of vehicle by performing static
balance of vertical and lateral loads;

a. Perform lateral balance assuming only friction force and no
tie-down force.

refo Fd :
4 5/2 L Rz = Fg/2 + Fy x Zg4/S
4 Ri = F4q-Ry
lefr —— &= E [right
side “3 side
T— -‘-—--Ff
s S i
B Ey

If Ry > 0 then R} and Rg valid; however, if Ry < 0 then tie-down
forces must be accounted for the balance and Ry must be determined
with following procedure:

00S 130-3
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b. Ry < p in previous analysis; since there no connection
between the wheel and the deck Ry} = 0

ref.
R1 =0
T = (Ft x Zg - Fq4 x S/2) /KK
K =H+ S sinq.,
H = Z¢ x cosQu+ Yt x sin(L
R = Fg + T sinQy
FF = Fy - T cosqL

6. Proportion one-half of lengthwise motion force to each half of
vehicle.

7. Perform lengthwise static balance for each side of vehicle.
Procedure is similar to lateral balance; however, 2 cases exist
for each vehicle. These 2 cases account for lengthwise force
acting toward front of vehicle and toward rear of vehicle.

a. Perform lengthwise balance assuming only friction force and
non tie-down force

Case 1; lengthwise motion force toward rear of vehicle

i) Wheeled Vehicle

* x ! v M
-] 4. ,
’ R = Rl (lefr side)

; £ /2 V = B, (right side)
&5 t ¢ = 4
2 ( @ -1 § Rr- (R, x Xg + F, /2 x 2,)/,
- L._.Lf ! Zs Re = R, = R,

+ A L)

R; ¥ X'L Rr

If Rf > 0 then Rf and Ry valid; otherwise
tie-down forces must be accounted for with
procedure in 7b.

00S 130-3
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i1} Tracked Vehicle

ref. R
H X
=
| » F /2 B = R (lef )
w2, R = eft side
(- 45 :
A g F—&—— Voa R;' (righe side)
) s o ¥ 4 Dy
r (171 ] T Ty = 6/X x [R, x (X, = %,/3) +F /2 x 2]
& z - _-
Lt 3 e = 2 x RJX T,

If r¢ 2 0 then rf and ry valid, otherwise tie-down forces must be accounted
for with procedure in 7b.

Case 2; Lengthwise motion force toward front of vehicle

i) Wheeled Vehicle

ref.
! Rv = Rl (lefr side)

o ; Y . - RZ (right side)
=4 @ H 13 -
S| @ __ |1 3 Re= (R x X -F/2x2)/%
g : } 2z .

N\ / F, — ./ : - Rg = R~ R,

R t ' : A f

{. X(‘.-——)._‘Rr

If Re > 0 then Rf and Ry valid, otherwise, tie-down forces must be
accounted for with procedure in 7bh.

0DS 130-3

12



i) Trgcked Vehicle

ref. B
. -(-—xy—-)- v :
¥ Rv = R, (left side)
o —F, [/2— . = R, (right side)
.‘__e.._.._- o 2 N
2 P Fy -72—{2?5 S B =S/X oz [Rox (XX /3) -F/2x 2,
. £, = 2 xR /X -r
- - , T, f + v/ (4 Y
+ i :
-4-.__1‘ —_’J

If ro > 0 then rf and ry valid; otherwise tie-down forces must be
accounted for with procedure in 7b.

b. Rf <0, Rp <0, or rp < 0 in 7a; therefore, perform follow-
ing lengthwise balance where friction and tie-down forces
are accounted for with following assumption:

Case Vehicle Type Assumption
Wheeled RfF = 0

' Tracked re =0
Wheeled Rep =0

: Tracked re =0

DDS 130-3
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Case 1; lengthwise motion force toward rear of vehicle

i) Wheeled Vehicle:

ref.
-«hxg, i By
-~ I
- % Y | —@&—>-F, /24 @
S Z, L—\/ ) z, &
(%) i
, )\
0 L—xc——-—a— R,
Ry = Ry (left side)
= R (right side)
RfF =0
Where K =H + X] x sinQL
H = Z¢1 x cosQ+ X¢] x sinSL
T = (F1 x Zg/2 - Ry x (X7 - Xg)) /K
Rp =Ry + T s1n§L
Ff = F1/2 - T cosaL
ii) Tracked Vehic]g
ref.
X
.
z.tl xt,-—-—- }—1
| E /2
o 4 g b
©® . ]
= . o
= L3 T S }-
! ¢ %
Ry = R1 (Teft side)
= Rp (right side)
re =0
rr = 2 (RV + T)/X
T = (Fy Zq/2 - RV (2X7/3 - Xg))/K
K =H+ 2%1 x sin{L /3
M =

Lyl x cosSL + x¢] x sinf)

bDS 130-3
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Case 2; lengthwise motion force toward front of vehicle

i) Wheeled Vehicle:

Ry = R1 (Teft side)
= R2 (right side)
Rr =0
T = (F] Lq/2 - Rv(X] - Xg))/H
Rf = RV + sinQ
Fg = F1/2 - T cossv

where, H = Zt2 x cosQu+ X¢2 x sinSy

raf.
Y
F /2 !
s .i_—- &1 -‘—__Gb__. +
‘ s | i th
-

—] N
N
%
£
ﬁ [
n
<

15
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i1) Tracked Vehicle:

front
-*-L\_ON
[ ]
_JL.
=
H
o
(5]
’17‘
NJ
o+
()
rear

Ry = Ry (left side)
= Ry (right side)
re =0
T = (Fy Zg/2 - Ry - X1/3))
rg =2 (RV + T s1n1l 9X
FfF = F1/2 = T cosq
where, H = Zyp x cosfL + Xt2 x sinf
K =H- Xy sinfL /3

DDS 130-3
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130-3-g.1 Vehicle Load

Analysis - Procedural Flowchart

Vehicle Description;
CG, Tie-Downs

Calculate Ship Motion Forces

Determine Vehicle Alignment;
Longitudinal or Transverse

Select Combination of Ship
Motion Forces Applicable

Perform Nominal Load Balance
To Determine Minimum Wheel/
Track Loads Due to Initial
Tie-Down (Rp, R'f, R'p, r")

Perform Lateral Load Balance
To Determine Loads to Left and
Right sides of Vehicle due to
vertical and lateral forces.
(Tie-Down Forces Neglected)

What is

K1?

R1 <0

17
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Perform Lateral Load Balance
With Tie-Down Force Accounted
For (Assume Ry = 0)

Distribute Lengthwise Ship Motion Force
Uniformly to each Side of Vehicle

Perform Following Analysis for
Left and Right sides of Vehicle

Perform lengthwise force balance
Accounting for Portion of Lengthwise
Ship Motion Force Assume No Tie-Down

Forces
Vehicle Type?
Tracked Wheeled
What are rg, rp? What are Rg, Rp?
re 2 0 re <0 rr <0 Rf <0 Ry <0 Reg 2 0
re >0 Ry > 0

Balance with Tie-Down Force
Required. Assume,..

DDS 130-3
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Y‘r=O sz

Rp = 0

Perform Lengthwise Balance Accounting

For Tie-Down Force

re and rp are
distributed Tread
Loadings

Rf and Ry are Wheel
Loads. These are Uni-
formly Distributed as
Tire Patch Loads to
all Tires Comprising A
Wheel Set

19
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PART TV: ANALYSIS METHOD

130-3-h. Structural Parameters

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

130-3-h.1 Geometry

The vehicle parking deck consists of a flat plate and mutually per-
pendicular stiffeners supported by beams and/or girders and/or bulkheads.
This is a statically 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 is shown in Figure 1. The
structural model of this arrangement for finite element purposes is shown in
Figure 2,

130-3-h.2 Effective Spans

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

]

Where: eg effective span length factor of stiffener

i

ep effective span length factor of beam

See Table III for values of factors.

TABLE III - EFFECTIVE SPAN LENGTH FACTOR

Number of Spans eg Or ep
1 1.0
2 0.842
3 0.700
4 0.692
5 or more 0.684

130-3-h.3 Members 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.

DDS 130-3
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The combined properties of the member and associated plating can be
found in Reference (g) or by direct calculation. Figure 3 provides graphical
definitions of those dimensions which define a member's size. Figure 4 shows
the common structural members used in vehicle parking decks.

b
[ —
c b
= te “'tw——]§TL.t ’

£ .
FIGURE 3 - MEMBER DIMENSIONAL VARIABLES

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

H v B s Plag Bax
Ii A . Angle

ii £- L , Channel cut to Angle

” T s Tee
“ X-T.l}mmczofcc

FIGURE 4 - COMMON STRUCTURAL MEMBERS
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130-3-i. Load Patch Pattern Due to Vehicle Orientation

The orientation of the vehicle with respect to the stiffeners and
the number of wheels per gear are resolved into patch(es) with associated load
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', wideth perpendicular to stiffeners B', and dual
patch spacing b", with a load that is modified as applicable.

When the vehicle is aligned with the stiffeners

B A
For single wheeled gear ‘ F&——%1
At = A t \\:: l direction
8" : 8 Al \ A of
= - :>\7 ! \,st;ﬁféne;s
B B*
For dual wheeled gear G
Al = A r"B*) H
B! = 8 direction
b* = b';P=1/2R  } s -
or Al of
g' N g' + B , N N stiffeners
if b' is very small B

AN ’

When the vehicle is aligned perpendicular to the stiffeners

For single wheeled gear

A -' direction
g At B \\\\Yi B of
8 stiffeners
_&_?;r_a,l
For dual wheeled gear

g' o A E:F—Ai—\j t

direction
A; SE:::::S o sti::;ners
P RN

-e-?.-—,.{

BO
Al
P

8!
Al

oo
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130-3-j. Response of Plating

Elastic response methods rather than plasticity or membrane methods
are utilized for analysis of plating loads by these type of vehicles. The
following approach is based on the study of Reference (k) and simplified
approximation to the complex behavior for design purpose.

General studies have been performed to obtain a series of design
curves for plate edge and midspan response which are included in the following
graphs. It 1is presumed that critical stresses will be provided by one of
these solutions although it can be shown that maximum respone will occur else-
where for some assymetric loadings. However, it is assumed that these assyme-
tric responses will never govern design.

Within this study two arrangements of patch loadings are considered
and outlined as follows:

Transverse

-

L

B s T p—

of
support

A) Load patch within B) Load patch extending over
plate panel onto adjoining panels

Edge moment at the middle of the short edge is not determined as it
can be shown that it will never govern design. In additicn, longitudinal or
lengthwise bending moment at the plate panel midspan is not provided as it
will not govern design of the immediate panel although it may be significant
for studies involving combining localized stresses resulting from discrete
loads with primary ship hull stresses.

NDS 130-3
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Within this study, a series of coefficients were obtained from which
midspan transverse plate bending moments, and transverse edge moments can be
rapidly and easily determined. This solution is presented in graphical for-
mat as shown in Figure 5.1 through Figure 5.6 for and Figure 6.1 through
Figure 6.6 for § . It is important to note that the solution presented within
this report was specifically performed for metallic plating with Poisson's
ratio equal to 0.30 and will thus not apply to certain non-metallic materials
such as reinforced concrete and composite structures. These coefficients and
equations for their use are summarized as follows:

Midspan bending moment
M=BxP
where, M

P

transverse midspan bending moment
moment coefficient from graph
(Figures 5.1 to 5.6)

Hou

Edge bending moment
M=1¥xP
where, M = transverse edge bending moment
{ = moment coefficient from graph
(Figures 6.1 to 6.6)

Response for discrete patch load on continuous ptating is used for
design purpose. The graphs have been extrapolated for concentrated loads and
very small-sized load patches.

The graphical solutions are included for discrete panel aspect
ratios, a/b, from 1 to 6. For aspect ratios different from those in the
graphs, it is necessary to interpolate values. For panels with a/b greater
than 6 it is generally adequate to use the a/b=6 solution.

For single patch loads extending across the central panel or either
panel adjoining it along the long edges, moment coefficients can be taken
directly from the graphs. The affects of loading on all other panels, includ-
ing the panels adjoining the central panel along the short edges, are assumed
to be negligible and are not covered by this solution procedure. Hence, for
excessively large or long patch loads, such as track loads, any component of
the load patch that extends onto a panel other than the central or two trans-
versely adjoining panels is simply ignored as it is in a region that has mini-
mal effect on the central panel.

For any arrangement of multiple patch loads, whether symmetric or
assymetric, extending across the central plate panel or the two adjoining
panels along the long edge, it assumes that the loads located at the central
panel and ignores the extended region.

Midspan response to linearly varying loads may be directly determin-
ed using the coefficient graphs. In this case, bending moement will be iden-

tical to that resulting from a uniform load of the same total magnitude as
shown in the Figure 7.
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These two load cases produce identical midspan responses
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FIGURE 7 - EOUIVALENT MIDSPAN RESPONSES

For any asymmetric multiple patch loads within one panel, the
midspan response due to the multiple patch Toads will be the sum of each
single patch load response within the panel. The general midspan response
equation for asymmetric patch load can be obtained from the following
illustrated procedures (Worksheets are presented in Appendix F)

component |

component 2

component 3

compounent 4

*"’lgr-
i where for patch component n,

A? -

7 | Antn
. A Pﬂ .

v 4AB

T F QF i and dimensions A and By are

i defined as follows:

i component Apy Bn

5 1 2y + A | 2x + 8
2 2y - A 2x + B
3 2y + A 2x - B
4 2y - A 2x - B
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General midspan response equation for assymmetric patch P,

Response for P = Response for Py - Response for Py - Response for
P3 + Response for Py

The maximum bending moment at midspan of the plate panel.

Mmax = 2_(BP)1

L=\

The maximum plate stress is then calculated to be
6 6

2 (BP)i or 2. (1p);

fp:
COtZ i=1 COtZ i=1

where Co 1s thickness reduction factor which can be taken from Table IV.

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

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

where the allowable plating stress, O-p is as defined in Section
130-3-m.

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

A deck function coefficient, Co 1s used to provide a relationship
between allowable permanent set, load probability, and deck function. Where
deck function 1is determined by the deck's contribute to the hull girder
strength and by the vehicle operations performed on the deck. For a parti-
cular sea condition and deck function, Cqy is given by Table IV,

Co (Steel or Aluminum)

MODERATE SEA STORM SEA
BECK FURCTION PARKING AND OPERATION PARKING
Strenath Deck 3.4 2.8
P Srreqate Deck 4.7 3.5
|
|
CELL TV Derr Fonction Coefficient, Co

obsS 130-3
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130-3-k. Responses of Stiffeners

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

The Tloading condition which produces the maximum bending moment is
assumed when the critical patch load is placed at midspan directly and super-
imposed with other patches at the other locations over the stiffener within
the same span. This maximum moment is the summation of (1) the moment due to
the 1ive load, My, from patch load influence lines assuming the stiffener as a
continuous beam on rigid supports; (2) the added moment due to the flexibility

of the beam supports, Mq; and (3) the moment due to the dead weight of the
plating and stiffener, Mg.

130-3-k.1 Regular Structural Scantlings

The following analysis is based on strip theory and the use of in-
fluence lines. The strength values determined by this approach are based pri-
marily on References (e) and (j) with support from those documents listed in
the bibliography.

The analysis procedure is applicable to longitudinal or transverse
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.

Bending Moment Influence Lines due to Single Patch

Influence line equations provide a rapid means of estimating bending
moments in both stiffened panels and plates due to vehicle loads. By utiliz-
ing the principal of superposition for multiple loads, these equations can be
used to produce influence lines for general or specific vehicles. These lines
graphically describe the deck response to a variably positioned vehicle on the
deck. This is useful for determining critical loadings and positioning for
critical loadings.

The following diagrams illustrate the basic influence lines for a
point load of variable position on a continuous deck with uniformly spaced
inelastic supports:

DDS 130-3
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Figure 8(a) provides bending moment at support S for a load P
located at point yj. At point yj an ordinate of @ may be measured and bending
moment at support is given by the following equations:

Mg = P X s xP

Similarly, the moment at the midspan may be obtained from Figure (b)
and reaction force at support O may be obtained from curve (c) using the
formulas

Mc = P X s xP
Roszp

These curves are used to compute moments and reaction forces for a
load set consisting of several -different loads at various positions along the
beam by superimposing the moments and reactions caused by the separate loads.
Generally this process can be described as follows:

~—
1. For moments: My = / (Bi x s x Py)

¢ =t
2. For reactions: Ry = %ﬂm (ﬁi x Pj)
ez |
These equations for these unit influence lines are presented graph-
ically for a range of load patch width to span ratios. Influence lines for
moment at support, influence lines for moment at midspan and influence lines
for reaction at support are presented in Figures 9, 10 and 11, respectively.
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These curves are included with a relative ordinate scale rather than an
absolute scale for purposes of clarity. The use of these curves is described
and illustrated in the following graphs. (Figure 9 thry Figure 11).

o ez -

—2 1 o P4 o 1 2
m-2.2\ me= ] o =0 2 l ?nro Qm--t]. 4 m=2
L“ 3 —’J T e

Wheel Load Reduction Factor, @y

Each wheel load is transversely carried by several adjoining stiff-
eners. For design purposes, the maximum load portion to each stiffener must
be determiend as shown in the following illustration:

‘4—_3 s —

=
el TS S

.

This critical load distribution to a single stiffener is obtained
from the Wheel Load Reduction Curve (Figure 12), by calculating the patch
width to stiffener spacing ratio 8/b, and reading the load factor, @1 (i = 0).

The required load is then calculated by multiplying the wheel load by the
factor.

Plating Distribution Load Factor

To account for the distribution effects of the plating, the plating
load distribution factor, ffp, is used. To determine the plating load distri-
bution factor, ¢2, calculate the relative rigidity between the plating and
stiffener and use in Figure 13. The relative rigidy between the plating and
stiffener is calculated by the following equation.

( 4¢3
Vps = (esls)
3.49 b3 w4 I

Maximum Bending Moment and Stress

The moment due to the live load over rigid supports, My is then cal-
culated by applying the appropriate load factors using the following equa-
tion,

M
N
\

Mo = fﬁf“") Pls 1 ¢2
Pl
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FIGURE 9

SINGLE PATCH LOAD INFLUENCE ILINES FOR MOMENT AT SUPPORT
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For multiple patch loads

Mo = Ls 01 2 2?: (BP)4

where 8 = (M/PLg)

The moment due to flexibility of the beam supports, M, is determin-
ed 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,
Mc = 0.

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

Vop = —(eblp)® I
.684 b (esls)3 14 1y

The moment correction coefficient due to flexure of the beams,
Mc/RLs is obtained from Figure 14 using the relative rigidity, {sp.

To account for multiple patch 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 com-
ponent representation of the load. This representation consists of a charac-
teristic.loading (characteristic load, Ry, and characteristic load width, Bg)
and a shape function (beam loading coefficient, ¢4).

The beam cnaracteristic load, Ro is calculated based on the total
patch load as follows:

R. = fr/B" » single patch
O T )R/(b" + B') , dual patch

The beam characteristic load width, By is calculated based on the
total gear distribution as follows:

8. = {B‘/Z , single patch
0 1/2 (b* + B') , dual patch

The notations of width and length are defined in Paragraph 130-3-J.

. The beam Toad coefficient, B4, is calculated by one of the following
gquations, depending on the vehicles orientation to the stiffeners.

For the vehicle aligned with the stiffeners and where:

00S 130-3
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And for the vehicle aligned perpendicular to the stiffeners, or, for
the vehicle alinged with the stiffeners where:

Lp < 1.5 s

the beam loading coefficient is:

fa = 4 sin(@a)
T Lp

The moment due to flexibility of the beam supports, Mc, is then cal-
culated by applying the appropriate load factors using the following equation.

Mc = (_@L Robls @4
R

The moment M. due to multiple patch loads may be neglected.

The moment due to the dead weight of the plating and stiffener, Mds
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 equa-
tion.

wg = 1 (ws + (b \ wp)
12,000 (12) P

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

Mg = Towgls?
2

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

Mg = Mg + Mc + Mg

The bending stress is then calculated using one of the following
equations depending on type of vehicle operations and deck function.

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

fsb = _ Mg
SMmin

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

Fsb = __Ms  +Uprimary
SMmin

The value of the design primary stress (OBrjmary) 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 V.

0DS 130-3
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TABLE V - DESIGN PRIMARY STRESS VERSUS SEA CONDITIONS

% of Design Primary

Storm Sea Parking 100

Moderate Sea Parking 50

In addition, it may be necessary to determine (Ms/SMpax *'6\brimar )
where high hull girder deck compressive stresses occur. Check the pla%e
stiffener combination, for buckling as a column in accordance with Reference

(b).

An estimate of the required section modulus, SMreqds can be deter-
mined as follows:

SMreqd = Ms / (s - Obrimary)
where the allowable bending stress, <p, is as defined in Section 130-3-0.

Maximum Shear Force and Stress

The Toading 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, Vy, (assuming the stiffener as a continuous beam on rigid sup-
ports) and (2) the shear due to the dead weight of the plating and stiffener,

Vg.

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 this Section.

To account for the distribution effects of the patch width, B', the
patch width load factor, P71, calculate 3'/b and use Figure 12.

The shear due to the live load over rigid supports, Vg, 1s determin-
ed by using 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 are presented-in Figures 11.1 and 11.2.

The shear due to the live load over rigid supports, Vg, is then cal-
culated by applying the appropriate load factors using the following equation.

Vo :(“;——)P ¢1

For multiple patch loads

Vo = 01 2 (IP)j where § = (R/P)

i=1

To account for the combined effects of patches, the linear super-
position method described in 130-3-k.1 will be used.

DDS 130-3
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The shear due to the dead weight of the plating and stiffener, Vds
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
beam under the distributed load. The shear due to the dead weight of the
plating and stiffener, Vg4, is calculated using the following equation.

) q?szLs
2

Vd

The maximum shear force in the stiffener, Vg, is the sum of these
components and is calculated using the following equation.
Vs = Vg + Vg4

The shear stress is then calculated using the following equation.

An estimate of the required shear area, Ag s Can be determined as
follows: REQD

Vs
Ag =
REQD Oy

Where the allowable shear stress, (%, is as defined in Section
130-3-0.

Appendix E is an abridged description of the stiffener analysis
methods and criteria for both bending and shear for easier reference. Appen-
dix F contains standard calculation sheets.

130~-3-k.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 de-
sign considerations,, a grid analysis of the deck may be performed using an
accepted Finite Element Program. Figure 2 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
e design. If this is not the case, and analysis is necessary, the
sis must allow for the membrane as well as the bending behavior
che plating.

(he effective plate should
raliy, five spans are suf-
continuous heams.

Beam elements are adeguate,
he beam properti

z

LOReve ong svTects ov
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Beams and Girders - Beam elements are adequate. The effective plate
should be 1included in the beam properties. Generally three spans
are sufficient to achieve the continuity effects for these beams.

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 re-
sults obtained, then only one wheel load need be applied. If the
beams and girders will be designed or analyzed based on the results
obtained, then the other wheels should be 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 determine 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, multiple patches, and beam flex-
ibility are accurately modeled, the wheel 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, as described in Section
130-3-k.1. The loads applied to each stiffener should be distribut-
ed along the length of the stiffeners for a distance equal to the
patch length, A'. Figure 15 shows the proposed distribution of the
wheel Toad, where Ly is the load on the stiffener in question, L1
is the load on the stiffener directly to the left, and Lj, is the
load directly to the right.

Lu Lo Lir

FIGURE 15

The magnitude of these loads should be shown in Table VI.

LOADING FOR BENDING MOMENT SHEAR FORCE
Lo P 102 P
L17 1/2p P71 (1-¢7) 1/2pP @1
Lip 1/2P @1 (1-§) 1/2P §

TABLE VI - F.E.M. MODEL LOADINGS
DDS 130-3
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Note that the patch width Toad fator, @7, is different for Ly than
for L1 or L1p. For Lo the @1, curve marked i = 0 should be used
and for Ly} and L1, the @7, curve marked i = 1 should be used.

(2) Dead Load.

The dead load of the plating and stiffeners can be modeled as dis-
tributed loads of magnitude, wq, 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.

130-3-1. Beams, Girders and Stanchions

Beams, girders, and stanchions supporting vehicle handling decks
must be designed to withstand the maximum bending, shear, or compressive
stress induced by the vehicle loads or any other loading requirements of the
deck. It is essential that the most critical loading condition for each of
these members be determined, since the vehicle 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.

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 engineers 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 com-
bination.

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.

Parametric Vehicle Load Influence Lines

A series of influence lines for specific representative vehicles
have been developed for a range of possible span lengths from 2 to 21 feet.
These lines, presented in Appendix C, where developed through the process of
superimposing the individual patch loads that make up the nominal vehicle
icading. . These vehicle influence lines are given in terms of a single vehicle
reference point which is normally taken as the center of the front-left tire
patch.,  The curves are presented with a relative ordinate axis for clarity.
The principal use of these curves is for determining critical moments and load
poeitions of nominal vehicle loading.

bDS 130-3



These influence lines are presented in Appendix B for the following
four representative vehicles which may be used for design purposes as generic
vehicle types.

VEHICLE

M54 5 Ton Cargo Trunk
M715 1 1/4 Ton Truck
M88 Tracked Vehicle
6000-1b Fork Lift

Influence lines for bending moment at support and midspan are pre-
sented for each vehicle (nominal loading) for both longitudinal and transverse
alingment of the vehicle. . The maximum bending moment is calculated at the
vehicle position which causes the maximum influence ordinate.

Influence lines for a given vehicle are based on the ratio of load
between the vehicle patches under the nominal loading condition (see figure

below).
0.635p P P
Wheeled 7@—

s S
Tracked / AQ‘MW

Example vehicle load patches

The influence lines presented here are based on the nominal Toad
ratio (the load ratio when the truck and ship are motionless). The load ratio
varies as the ship moves. For a vehicle loading with a load patch ratio
differing from that of the nominal vehicle load, superposition is used to de-
scribe the loading in terms of the nominal load ratio and a single patch load.

The Toad patch for a tracked vehicle is modeled as a rectangular
patch with a superimposed triangular patch load. The triangle loading is
approximated by several single patch loads (see figure below).

By

bte of the vehicle influence lines for determining critical stiffen-
er mement os Silustrsted in Appendix G.

Fer multiple vehicles, the vehicle influence ordinates are calculat-
ed from the cuperposition of ¢ingle patcn influence lines ordinates.

DDS 130-3
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PART VI: DESIGN CRITERIA

130-3-m. General

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

130-3-n. Plating
The allowable stress levels for the plating are a function of the
probability of the occurence of the loading. In 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,

Op = Fy
For moderate sea parking, (the most common and frequent load magn i~

tudes), the allowable stress is the allowable working strength of the material
or

&p=Fb

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

fp <0p
130-3-0. Stiffeners

The allowable bending stress level for the stiffeners is the allow-
able working strength of the material or

Osp = Fp

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

fsb <Csh

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

Oy = 0.6 Fp

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

fsy < O3y

130-3-p. Beams, Girders and Stanchions

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

DDS 130-3
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APPENDIX A
DATA SHEETS FOR EXISTING VEHICLES & TIRE LOAD PATCHES



54 5-TON CARGO TRUCK
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Nominal vehicle weight = 41100 1bs

A-1
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= 179"

= 135.9"

= 37"

1. 261m

Z?' = 40,.5"
Z, = A
Z{_I- 38"

..D-z- 45°

= 72|l
= 40"
Yﬁ 8—20“
£L = 45°



M715 1-% TON TRUCK

X, = 129" z, = 31"

X, = 78" = 30"
3 %t

X, = 29.5" z,'a 30v
* 2

X, "= 180" SL "= 45°

12
S= 67"
— Z_ﬁ.. 30"
L J\ Yt=‘-12"
2, P , j L= 45°
" JSLy ¢ & < . L .J
T 7 Nominal vehicle weight =
8950 1bs
e § 3
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}88 TRACKED VEHICLE

A; e
Ztl 'Egzézsijff (fi> (ﬁifrl,zg
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X, = 181.5"
X = 91"

7
X, = 23"
X

le )
= 202"
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: S = 107"
f z, = 37"
Y, =-23"
SL o= 45°

Kominal vehicle weight

A-3

= 112000 1bs



6000 1b FORK LIFT

X, = 48" Z3 = 20" (assumed)
X? = 5" (fully loaded) Ztl- 21"
X? = 18" (unloaded) th- 41"
}L{— = =12% L= 45°
- Ty Xﬁ:- 74"
S = 35%
F Zp= 21"
_ % T,= 4"
- Z¢ o= 45°
. : ¥
Nominal vehicle weight = 17500 1lbs (fully loaded)
e S = 11500 1lbs (unloaded)




REPRESENTATIVE VEHICLE TIRE LOAD PATCHES

M54 5-tonm Truck
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APPENDIX B
NOMINAL VEHICLE INFLUENCE LINES FOR REPRESENTATIVE VEHICLES



M54 5-TON TRUCK (LONGITUDINAL)
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VEHICLE LOAD INFLUENCE LINES FOR MOMENT AT
FOR M54 5-TON TRUCK (LONG°L) CENTRAL SUPPORT

CEMTRAL SUPPORT
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Relative Influence Ordinate M/(8%2.635P)

VEHICLE LOAD INFLUENCE LINES FOR MOMENT AT CENTR
A
FOR MS4 5-TON TRUCK (LONG'L) - TIDSPAN

CEMTRAL RIDSPAN
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M54 5-TON TRUCK (TRANSVERSE-FRONT)
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VEHICLE LOAD INFLUENCE LINES FOR MOMENT AT CENTRAL SUPPORT

FOR M54 S5-TON TRUCK

(FRONT WHEEL)

CENTRAL SUPPORT
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APPENDIX C

SUMMARY OF LOAD AND LOAD DISTRIBUTION METHODS




Summary of Load and Load Distribution Methods
TABLE I Vehicle Weight Conditions

Ship Motion Factors: ”i Ship Motion Factor in the i direction

Tx = fore and aft factor
7y = athwartships factor
Mz = vertical factor
Ship Motion Loads: Fj = Ship Motion Load in the i direction
Fi = 7iWm

Ship Motion Forces: F1 = Ship Motion Force Longitudinal to Vehicle
Ship Motion Force Transverse to Vehicle

Motion Force Downward to Vehicle

-
ot
0 o i

Vehicle Oriented Longitudinally:

F]=Fx
Ftr = F
Fq = FZ

F1 = F
Ft = F{
Fqg = Fz
Wind Loads: Fw = 0.030 As for storm seas
Fw = 0.015 Ag for moderate seas
Ag = Vehicle Sail Area
a. Laterial Balance
S/ e Rp = Fy4/2 + Fp x Zg/S
4 1 , Ri = F4-R2
lefz o S—>=F [Tight
side “3 = side
t L
T §
IfRp <O B )

=0

= (F¢ x I3 - Fg x S/2)/K
= Fy + T sinfL

= Ft - T cosSL

= It x cosSu+ Yi x singy
= H + S x sing.
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similar method can be used if Ry < 0.
Lengthwise Balance - No tie down force

Case 1: Lengthwise motion force toward rear of vehicle

i} Wheeled Vehicle

ref. h: 4
:‘4—'x3 . v
: o
: ¢ 'r F‘ IZ""" i "
pr—— —.*_.—_—.... -
2 { Qi 2. ® Ry =R] (left side)
P A— T 7 = Ry (right side)
{, ' T A + Ry = (Ry x Xg + F1/2 x Zg)/X3
B | X, — ] RF = Ry - Rp
ii) Tracked Vehicle
ref.
*_xs Rv
' 1 - Ry = Ry (left side)
3 5 /27— = Ry (right side) |
"»& FF"“"@'—"“}?’ re = 6/X°1 x [Ry x (Xg - X7/3)
- P — + F1/2 x Z4]
5 !f[ f l ¥; re = 2 x Ry/Xy - rp
LT, q

Case 2; Lengthwise motion force toward front of vehicle

i) Wheeled Vehicle

ref.

Ry = Ry (left side)
f“XS'“'”R’ = Ro (right side)
: J Rp = (Ry x Xg - F1/2 x Zg)/X3
g ' N ‘ _i . Rf; = RV - Rr
flve—e——H i
N p— N g
* 4
B % Rr

If Ry > 0 then Rf and Ry valid, otherwise, tie-down is required.
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ii) Tracked Vehicle

ref. B
. -(-xy —sd ¥
¥ Ry = R1 (left side)
” E, /2— . = Rp éright side)
g —-——- A2 re = 6/X51 x [Ry x (Xg:- X1/3)
= I~ - - F1/2 x Ig]
i} . z, f ‘{'f=2XRv/X] = Iy
2 4
-4_.__.._.1‘.__.._.3_1

c. Lengthwise Balance - Tie down required

Rf <0, Rp <0, re < O, or rr <0 in 7 a); therefore, perform following
Yengthw1se,ba¥ance where friction and tie-down forces are accounted for with
following assumptiom:

Case | Vehicle Type Assumption
Wheeled Re = 0
: Tracked re = 0
Wheeled Rep = 0
‘ Tracked re = 0

Case 1; lengthwise motion force toward rear of vehicle

i) Wheeled Vehicle

t‘£°r B
X ¥ v
—-t-i t.\ o ¢
&8 - !
ittt —9—ualt .
$e3 h @
“ AN TS \ 7 ™

Ry = Ry (left side
= Ry (right side)
Rf = O
T = (F1 Zg/2 - Ry (X7 - Xg))/K
Ry = RV + % sin SL
Fe = F1/2 = T cosSL
where, H = Ztl x cosCL + X¢1 x sin(L
K= H+ X1 x sinQu
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ii) Tracked Vehicle

ref. z
= ST }..1
" F./2
‘é‘ - N| r—e—s— 2 ¥
| bridlg
= % ‘! ' lff’ H T, fzb
X,
Ry = Ry (left side)
= Ry (right side)
re =0
T = (Fy Zg/2 - Ry (2 X}B - Xg)) /K
K =H+ 2% x sin(L /3
H = Z¢1 x cosQ+ Xp1 x sinCL
Fp = 2 (R + T)/X]

Case 2; Lengthwise motion force toward front of vehicle

i) Wheeled vehicle;

rear

Ry = R1 (left side)
= R2 (right side)
Rr = 0
T = (F] Zg/2 - Ry (X] - Xg))/H
FF = F1/2 = T cos-
Rf = Ry + T sinSL
H = Z¢2 x cosQut X2 x sinCL
ref.
Y
LY ma S Y
s 2 | i £2
5 3 = f
i f ¢ 4 T !
R"EF L, =1 B_=0
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ii) Tracked vehicle;

I.tz
b d i
*}——Rv
5, /2 Y L
¥
: h o s
< 1 THH AT T
rF v’ 1 L,vg zti
Zz- N
Ry = Ry (left side)
= Ro {right side)
rr=0
T = (F1 Zg/2 - Ry (Xg - X1/3))/K
rf = 2/ %Rv + T sinjl.)
Fe = F1/2 - T cos(L
H = Zgp x cosSL+ Xgo2 x sin{L
K =H- X sinCL/3

C-5
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APPENDIX D

SUMMARY OF PLATING ANALYSIS METHOD AND CRITERIA




SUMMARY OF PLATING ANALYSIS METHOD AND CRITERIA

Analysis Method -

Midspan moment coefficient (p) and Edge moment coefficient ()
Use B/b and A/b on Figures 5 and 6 to obtain ﬁ or
Maximum plate bending stress, fp:

68 P 6P

fp = or e
Co t2 Co t2

for multiple patches

6
fyp = (BP)5
P Cot? i=1 b

where Cy is deck function coefficient (Table IV).

Design Criteria -

Storm Sea Parkig Allowable Stress:

Stress Criteria:

<0p

fp

D-1



APPENDIX E

SUMMARY OF STIFFENER ANALYSIS METHOD AND CRITERIA




Summary of Stiffener Analysis Method and Criteria

Analysis Method

Maximum Midspan Bending Moment and Stress:

Mo: Patch width load distribution factor, f7:
Use B/b on Figure 12 to obtain 1.
Plating load distribution factor, fs:

Calculate the relative rigidity coefficient of p]ate - stiffener,

Ips
(es L)% t3
3.49 b3 174 I

Use ¥ps on Figure 14 to obtain @.
Moment due to the live load over rigid supports, Mg:
Evaluate the influence line coefficient, (My/Plg):

Use Figures 9 through 10 to get influence 11ne coefficient for each
patch load P at critical locations.

Calculate My:

Mo = 2(M/PLs)i (PLs 1 P2)i = Ls P2 2 (1 BP)i  where (M/PLs) = B
- 1

Moment due to flexibility of the beam suports, M:
Mc: Calculate the relative rigidity coefficient of stiffener - beam, K;b:

4
(eplp) Is
Ksb =

0.684b (esls)3 41y
Moment correction coefficient, (Mc/RLg):
Use §sp on Figure 14 to obtain (Mc/RLs).
Calculate the beam characteristics load, Rg:
R/Bé , single patch \
Rg = | ———
(b" + B") , dual patch

Calculate the beam characteristic load width, By:

B - B'/2 , single patch
0= 1/2 (b' + B") , dua atch
p
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Calculate the beam loading coefficient, 0g4:
Vehicle aligned with stiffeners and
Ly > 1.5s
Pa

Vehicle perpendicular to stiffeners or vehicle aligned with stiffeners

4/m cos (ws/2Lp) sin (T By/Lp) (1 + cos (T1s/2Lp))

and
Lp < 1.5 s

fa

Calculate Mq:

4/t sin (WBy/Lp)

Mc = (Mc/RLg) Ry b Ls 04

Moment due to dead weight of plating and stiffener,

Mg: Calculate the dead load of plating and stiffener, wq:
wg = 1/12000 x (wg + b/12 Wp)

Calculate My:

1]

Mg = [owals?/12
Maximum bending moment in stiffener, Mq:
Mg = Mg + Me + My
Parking on a non-strength deck
fsb = Ms/SMpin
Parking on a strength deck
fsb = Ms/SMmin +0primary
Maximum Shear Force and Stress:
Patch width load distribution factor, ¢1:
Use B/b on Figure 12 to obtain fy.
Shear due to live load, V,:

Calculate the influence line coefficient, (R/P):

Use Figure 11 to get influence line coefficient for each patch Pj at the
critical locations:
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Calculate Vg:

Vo = ) (R/P)i (PO1)i = 2 ((B1P)i where (R/P)
) . 1

L

Shear due to dead weight of plating and stiffener, V4:

Va =7 swdls/2
Maximum shear force in stiffener, Vg:

Vg = Vo + Vg

Maximum shear stress in stiffener, fqy:

foy = Vg/Ag

Design Criteria -

Allowable Bending Stress:
Osp = Fp

Bending Stress Criteria:
fsb < Osp

Allowable Shear Stress:
Osy = 0.6 Fp

Shear Stress Criteria:

fsv <Oy

E-3
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1-4

WORKSHEET 1; General calculations for midspan response
Title:
a = ’ b = . A = » B = » P = » ¥ = R y =
term,| A B p = PAR, A /b "B /b sum Poc £ |P @ f
n n TAB n n factor, o n Bn nn n'n
(+ or -~) (always +) | (always +) £ (always +) | (always +)
2y + A = 2x + B =
+1.0
2y -~ A= | 2x + B =
~-1.0
2y + A = 2x - B =
-1.0
2y ~ 4 = | 2x - B =
+1.0
] A — .
[ P = Total patch load
Va %
l ’ Range of A: 0<A<a
%
a l L P Range of B: 0<B<3b
Tl
Al \§Q§> Range of x: 0€x<1.5b
MM d % % ’
4
' Range of y: 0=y £0.5a
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WORKSHEET 2Z;

General calculations for midspan response when y = 0.0 (longitudinally symmetric)

Title:

a = , b= , A= , B s, P o= , X = 0.0
! _ PB sum
Legm, Bn Pn— __2% A/b Bn/b factor, K @n Pnanf

(+ or -) (always +) £ (always +) | {(always +)
2x + B =
1 +1.0
2x - B =
2 ~1.0
s
-~
P = Total patch load
V4
éf" “*1 X Range of A: 0<A £a
N
a - ¢h\‘\\\\ A Range of B: 0<B £3b
Cl Q\;Q§§
o ? Range of x: 0 £x £1.5b
1 y = 0.0
i b e
e T



WORKSHEET 3; General calculations for midspan response when x = 0.0 (transversely symmetric)

£-4

Title:
a = s b= y A= » B = s P o= s Y= » x = 0.0
. PA sum ' oc f P
term, An Pn —52 An/b B/b factor, e 811 Pn n n
n
(+ or ~)i(always +) £ (always +) | (always +)
e e e —————— e o
2y + A=
1 +1.0
2y -~ A =
2 ~1.0 )
o=
P = Total patch load
/Z/ Range of A: 0 <A <a
//
74 } ’
S Range of B: 0<B £3b
a i c
l P
. Y : 0&£v <0,
A \EA\’K\:XE Range of y: 0<£y<0.5a
AN ] = 0.0




b4

WORKSHEET 4

General calculations for edge bending moment

Title:
a = s b = s A= s B = sy P = y X = sy Yy =
_ PA B ' sum
term, An Bn Pn— nn An/b Bn/b factor Yn Pn Ynf
n 2AB p
(+ or -) (always +) | (always +) (always —)
e oo S i s Wi ——
2y + A= | x + B/2 =
1 ~ +1.0
2y ~ A= | x +.B/2 =
2 ~-1.0
2y + A= | x - B/2 =
3 _ -1.0
2y -~ A= | x+ B/2 =
4 +1.0

! /ég,'* B {
gLy
SINNIE

A N
NWHE

P = Total patch load
Range of A: 0<A<€a
Range of B: 0<B<b
Range of x: 0£x<b

Range of y: 0 €y <a/2

Patch load must be entirely

within panel
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WORKSHEET 5;

General calculations for edge bending moment when y = 0.0 (longitudinally symmetric)

Title:
a = » b= » A= , B = s P = s X =
o PB ' sum
te:rlm, Bn Pn -—-—-—Bn Alb Bn/b factor Yn Pn Ynf
(+ or -) (always +) £ (always =)
= e
x + Bf2 =
1 +1.0
X - B/2 =
2 -1.0

P = Total patch load

: 0<A <

., %¢Z,+~ Range of A: 0<A <a
N Range of B: 0<B<b

kg P A

<]

;N Range of x: 0£x<b

A4 | T !

1 y = 0.0

b B o

Patch load must be entirely
with panel

y = 0.0
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WORKSHEET 63

General calculations for edge bending moment when x = B/2 (patch load aligned on panel edgg)

Title:
a = b > A= B P = , ¥y = , X = B/2
PA sum T
tegm, An Pn —-——-22 An/P B/b factor xn Pn)’nf
(+ or -) (always +) £ (always =)

2y + A =
1 +1.0

2y - A =
2 -1.0

| oo

e D s

Range of A:

P = Total patch load

0 A a

Range of B: 0 B b

~
Ve
wm

o

Range of y:

x = B/f2

0

y a/2

Patch load must be entirely
within panel



WORKSHEET 7: Structural Properties

STRUCTURAL PROPERTIES

SHIP OR PROJECT

Deck
Structure

t

material

PLATE

“p

size

material

STIFFENER
b
v

Is

SMmin

51ze

material

wb

GEOMETRY
[
7

Ips

X;b

¥p

PARMETERS

Cq

Cb

PRIMARY

REMARKS
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WORKSHEET 8: Ship Motion Factors

SHIP MOTION FACTORS AND LOADS SHIP OR PROJECT

SPOT i Z 3 4 5 6 ; / I 8 I 9 ' 10

X

Y

LOCAT 0K

z

XS

¥s

STORM SEA COMDITION
-
=
»n

HMODERATE SEA CONDITION

REMARKS

SHIP MOTION EQUATIONS:

17><s = 7?xm =
Tys = MTym =
725 = Mem =
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WORK

SHEET 9: Force Balance Worksheet for

SPOT
Rm =
Fq =
S =

SEACONDITION

Xg

Zg

X1

z
T

t

Y

Zt2

CASE 1

CASE 2

CASE 3

CASE 4

Vehicle
Alignment

Longitudinal

Longitudinal

Transverse

Transverse

Lengthwise
Force

Toward Rear

Toward Front

Toward Rear

Toward Front

LATERAL BALANCE

HD TIE DOWN FORCE
x
N

Comment

TIE DOWN FORCE REQUIRED
Py
N~

LENGTHWI SE BALANCE

Vehicle
Side

Ceft | Rignht

L

eft | Rignt

Ry

R1

Ry or rp

Rf or r¢

Comment

H

Rf or rg

Ry or rp

T

TIE DOWY FORCE REQUIRED INO TIE DOWN FORCE

Fr
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WORKSHEET 10: Plate and Stiffener Analysis

PLATE AND STIFFENER STRESS ANALYSIS

SHIP OR PROJECT:

DECK STRUCTURE:

SEA CONDITIONS:

SPOT: ORIENTATION:
Analysis Parameters: Remarks
R = P = A = B =
Ly = ep = a = H =
LS= eS: A/b: B/b:
Plate Analysis: Remarks
t = Fy: Fb_
P: fp: %-
treqd ©
Stiffener Analysis: Remarks
Iy = Ag = SMmin ifp =
Iy = Crprimary = Wg T
Py = b2 =
Mo Mo Mo
e e R
SP support \ SP/mid-span SP
Og = Isp =
( Mc Me =
fsp = Usp = SMreqd
/RO
)
Ro
Vo = | )P@l Vg = Ve =
A
Tsy ~© sy = ASreqd =
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EXAMPLES

Examples 1 through 7 are plating analysis problems (from Reference e) to
illustrate solution of plating response using plots and worksheets. Deck
function coefficients are not included in these examples. Example 8 is a

design

Example Description

RNy PBwWw o

problem to illustrate the procedures.

e
Q)
@

Single patch load aligned at midspan
Single patch load aligned on edge

Uniform tank-tread-type load

Single, asymmetrically-aligned patch load
Dual, balanced patch load

Dual, imbalanced patch load

Non-Uniform tank-treat-type load

Design example

1]

]
bt et = OO0 N WO DD

~ O

OOMOMOOMODD
]
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Example 1; Find A) midspan transverse bending moment and B) edge transverse
bending moment for the following tire patch load arrangement:

Load, P = 2500 1bs.

a,7 96", b = 24"
9.6"— Y/ a/b =4
”“T r‘—.__}.fé? A =12", B = 9.6"
96" A/b = 0.5

T |12t B/b=10.4
GZ? P ""—"_f Plate thickness = 0.375"

'1‘-‘-24”-0-
A) Midspan bending moment and stress; Using Figuré 5.5,
* gP = 0.15124 x 2500 =_378.1 in-1b

0" = bending stress = 6M/t2
O-=6 x 378.1/(0.3752) = 16520 psi.

0.15124

B) Edge bending moment and stress; Using Figure 6.5,

% x = 12", y = 0"
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WORKSHEET 5.

Example 2;

B)

General calculations for
(longitudinally symmetric)

edge bending moment when y = 0.0

Title: EXAMPLE 18
1- 96" . v - 24" A. 2" 4. 96"

» P‘-’2500? X = ZZII'

y = 0.0
term, L3 L E;!l A/b B, /b f::‘:or Yn PLY £
(+ or -) (always +) f (alvays -)
x4+ B/l = P
1 1/6.8 14375 (0.5 07 +1.0 |-0 09015 | -394 &4
X ~ B/2 =
2 122 |1g875% los| 0.3 -1.0 |-0.08460(+/58. 6
27-235.8

From worksheet, M = -235.8 in-1b, which is exceeded by the midspan
berding moment.

Find edge bending moment for load for Example 1)

aligned along
long edge.

Consider two possible configurations

2

f% | // 2/ a=096, b= 24"
S— 7 A= 12" P = 2500 1bs
A 24 7| iate th. = 0 375

-

A) patch load aligned
on stiffener

|

B) patch load with
edge at stiffener

*—.“9.6 “9.6—4
v

For patch load aligned on stiffener solve for half of load and
multiply result by two.

B' =9.6/2=4.8", A/b = 0.5, B'/b = 0.2, P' = 1250 1bs
0 -
{'P' x 2 = -0.06886 x 1250 x 2 = -172.2 in-1b

Using Figure 6.5, w0.068$6
M =
Note that this solution is also obtained with M = Y'P

Patch Load with edge at stiffener; B = 9.6", B/b = 0.4, { = -0.09255

M = 6’P = -0.09255 x 2500 = -231.4 in-1b
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Example 3; Find maximum deflection and midspan bendng moment and approximate
maximum edge moment for tank-tread load extending across several
panels (uniform load).

200" n
’ P = uniform pressure load

Y
T | Y0, of 22000 1bs
18 3 RS a = 96", b = 24"

96 * NNNNANNNNS [ PO flexural rigidgty,
f D =1.449 x 10

Lo 1% | A
~ ] ]

o an b

Midspan Responses; consider three possible configu%ations:

A V)
r°~/ l P _ 4 l P {/7///
L ANNSSNTRANNNY._ s B oG SN, O M N N NN M
"z RYZ 4
P
Ay P =72/200 x 22000 B) P = 48/200 x 22000 C) P = 96/200 x 22000
= 7920 1bs = 5280 1bs = 10560 1bs
B =72", B/b = 3.0 B = 48", B/b = 2.0 B = 12", B/b = 0.5
A =12", A/b = 0.5 A = 12", A/b = 0.5 A = 96", A/b = 4.0
a= 96", b = 24" a = 96", b = 24" a = 96", b = 24¢
Notes: For transversely-aligned loads A) and B), only that portion of

load in immediate and adjoining panels may be considered.
Remaining portion is assumed to have minimal effect at point of
required response.

For longitudinally-aligned load C), only that portion of load in
immediate panel may be considered. Remaining portion is assumed
to have minimal effect at point of required response.

Config. A); From Figure 5.5, P = 0.0177

M = midspan bending moment = ?P = 0.0177 x 7920
= 140.2 in-1b
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Config. B); Apply Worksheet 2

General calculations for midspan response when y = 0.0 (longitudinally symmectric)

Tiele: _ EXAMPLE 3B o
a= 96", v 24", . 12", 5. é&”. P - 52807 . 2" y = 0.0

term,| B B - By | am B, /b faceor =, 8 Pt f P Bt
a 78 ¢ » n B 0 foon
(+ or -) (always +) (alvays +) | (always +)
X + B =
. 1 | 72 |3%60 0.5] 3,0 | +1.0 |0.00087 [0.0177 |3.445 | 70,
. 2x ~ B =
2 |-24 |-/320 1051 Lo 10 10.00646 10.08/8 |8.527 | 108.0

X=|1.972 | 178

M = Midspan bending moment = Pp 178.1 in-1b (off worksheet)

Config. C); From Figure/5.5 ﬁ = 0.02886

0.02886 x 10560

M = midspan bending moment = PP
304.8 in-1b

Hou

Configuration C) governs for midspan response and results in a
bending stress, (-= 6M/t2

6 x 304.8/(0.3752)

13000 psi

[T 1]

Edge Bending Moment Response; consider three possible configurations:

A
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o R

A

VZ A4

| S SR - [FRPURPUR

V4

L4
A

Z

N

BB

L A
N
&
I

e RN .

Y% 1

Configuration A) Configuration B) Configuration C)

Config. A); Based on Example 2A), the symmetric configuration will result in
twice the magnitude of bending moment than the assymetric
configuration. Therefore, solve using the asymmetric arrangement
and multiply the result by two.

a=96", b =24%, A =12", B = 24", P = 24/200 x 22000
A/b = 0.5, B/b=1.0 = 2640 1bs
From Figure 6.5, = -0.07091
M = edge bending moment = 2¢P = -0.07091 x 2640 x 2
= -374.4 in-1b
Config. B); a = 96", b = 24", A = 96", B = 12", P = 96/200 x 22000

0o

A/b = 4.0, B/b = 0.5, 10560 1bs

From Figure 6.5, ¥= -0.01593

-0.01593 x 10560
-168.2 in-1b

M = edge bending moment = {p,

i

Config. C); Apply Figure 6.5 and Worksheet 5.

VORKSHEET 5; GCeneral calculations for edge bending moment when v = 0.0 (longitudinally svmmetric)

Title: EXAMPLE 3C ' .
se Q6" - 24" a- 96", w. 12", » 105607 «- 12" . < .00

sum
term, Bn Pu n Alb Bn/b faczor Yn PnYnf‘

n B £
(+ or ~) {2lwavs +) (alwavs =)

17 78° issao 160| 075 | w0 oo |-248.8

. " e" 5280 40l0.25 | -0 loouzz|+5e.s
17|-/89.3
Based on worksheet solution, M = -189.3 in=1b

Configuration A) governs for edge moment and exceeds maximum midspan
bending moment and results in a plate bending stress

= 6M/t° =6 x (-374.4)/(0.375°) = 15970 psi
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Example 4; Fully asymmetric patch load; find midspan response and edge
bending moment.

24" —
A
- P = 2500 Tbs
96" -——-—i-e- a = 96", b = 24"
A =

" ‘-*i 12n’ B =9.6"
A I A/b = 0.5, 8/b = 0.4
] P ~-v—~f- plate thickness - 0.3125"
Jl
e 9.6"

Midspan respone; Use Fiqure 5.5 and Worksheet 1.
Ticle: 6/(4/‘" PLE

a = 96”. b-24” s A= /2” , B = 9.4”. P-ZSOO#F X = 6” s ¥y = /5”

S
N

PA 8
term, A B P=Tan A /e 8. /b factor, W 8a P ¢ Pn(*nf
o 4AB £

(+ or =) (always +) | (alvays +) (always +) | (always +)

sum

2y + A = dx + B =

L 420 (216" 149219 | 1.75 0.9 +1.0 10.003829|0,04445]/9,1461219. 8

2y ~ A = 2x + B =

2 | J&" 1216"|2109.41 0.75 | 0.9 1.0 10.006340.07774+13,374|- 164.0

2y + A = 2x - B =
[

s |42% | 24" 154691175 | 0.1 | 10 |0.0060000.08%0]-3281|-49.2

2y = A = 2x ~ B =

o | 18" | 2.4" 123441075 | 0.1 +1.0 10,0099110.1677312.323| 39.3

midspan bending moment =%P = 45.9 in-1b (from worksheet;::‘L8L4 45.9

=
i

i

midspan bending stress = 6M/t2 = 6 x 45.9/(0.31252) = 2822 psi

Edge Bending Response; right edge and left edge; use Fiqure 6.5 and
Worksheet 4.
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Right edge;

VORXSHEET &4; General calculations for edge bending moment

Ttele: EXAMPLE 4; RIGHT SIDE
- 96"_ b_24ﬂ DA - ,211 .B-Q.léu. P-ZSOO#: - 6" . /511

term, A B P = PAan A /b B /b sum Y, P Y f
" A 8 n ) n n n factor n nn
6 /'4. . + 012'“-3) (alvays +) | (alwvays +) £ (alvays =)
. 2y + A= | x + B/2 = k-
14 1| 42" | jo,8" (49219 1,75 | 045 | +1.0 -0.0098|-48,53
. m 2y ~A= | x + B2 =
// L - 2 | /8" | Jo.g" |2109.4 | 075 |0.45 |-1.0 Foou7q|+3L20
2y p A= [x-38/2=
| 3 |42 129 15469] )75 005 |-1.0 10,0083/ +5.92
2y ~A= | x4 B/2 =
o | gt | gzt 123441 075 1 0.05 | «.0 F00631|-3.82

L=|/s5.23

From worksheet, M =P = -15.23 in-1b

HORKSHEET 4; General calculations for edge bending moment

ticle:  LEFT  SIDE
s 96" . v. 24" a- 2" L s-qp". r-25007 .- )8 . .. 5"

Left edge;

cera, A 5, P - P:::n A /b B_/b f::;o: Y, Py £
18 (+ or =) (always +) | (alvays +) (alvavs ~)
2y + A = x + B/2 =
7/ 1 | 42 2.8 11039/ 1.75 0,95 | +1.0 |-0,03)54{-327.
__._&_:i§/ fo ez 9 3)54/-327.7
//,,// 15§ 2 | 18 ZZ.M? 4453 | 0,75 10,95 | -10 -0.05098]4271. 5
1 Yoot = | X — = \
N s 1747 71737 "[eoie | 175|055 | 1o |003mil4225.0
. 2y ~ A= | x +B/2 =
T N7 3% T es78 | 075 10,55 | a0 l-0.075701193.6

Le(-24.%

From worksheet, M ={§P = -24.8 in-1b

EXAMPLE 5; for the following balanced dual wheel load, find the maximum
midspan bending moment:

i

N 9.6 P = 2000 1bs per tire

30°
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It is necessary to solve by trial and error for several possible
alignments of the wheel set. The following three alignments are
considered for plating thickness = 0.25":

—pnd 241 r_‘_

% t |/
1 ! 96" / if/'
55 %
A
| # 4 Z 4
Config. A) Config. B) Config. C)

Config. A) a = 96", b =24", A =9.6", B =7.2", A/b = 0.4 B/b = 0.3

a) for the central patch load, using Figure 5.5
M1 = ?P = (0.18205 x 2000 = 364.1 in-1b

b) for the outer patch load, use Figure 5.5 and Worksheet 2;

WORKSHEET 2; General calculations for midspan response when y = 0.0 (longitudinally symmetric)

nve: £X, 5'; CONEIG, A OUTER _PATCH
a=_96". v- 24" . 4-96" . s- 72", r-2000% «- 30", ,-0.0

term,| B P = Ba | an B /b factor o<, ) P oo f P B
a 38 ; . n n“n n'n
(+ or =) (always +){, (always +) | {(aluays +)
2x + B =
1 1672 19333.3/0.41 2.8 +1.0 - 0.0205| - 191.3
2x - B =
: 1528 17333.210.41 2.2 B 0029 | - |-2i3.4
Ll - |-224

Based on the worksheet, Mp = -22.1 in-1b

Total bending moment, M = M} + Mp = 364.1 - 22.1 = 342.0 in-1b

Config. B); Apply symmetry, solve for one patch and multiply solution by
factor of two. Use Figure 5.5 and Worksheet 3.
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'''' SHEET 3; Gezeral calculations for midspan response when x = 0.0 (transversely syz—erric)

Ticle: £XAhPLE 5. conElG B
__clbi _.&i_ A'Z.Z.._- B-_,_é_i- P"Z_O_Q_Q?'.\'.' /SN. x = 0.0

tera.| A Pn-ffg_ AT B/b | S o 8 P o ¢ P B £
a A ctor, n . b n 2 i n
(+ or -)| (always +) £ (alwavs +) | (alvavs +)
2y + A =
' 1372 156671155 10.4] +1.0 | = 0.07749] -  |+400,4
2y = A =
2 122.8 3166,710.96 04| -10 | -~ 010998 | ~ 13483

L=l - sz

Based on worksheet, M =52.1 x 2 = 104.2 in-1b
Config. C) a = 96", b =24", A =7.2", B =9.6", A/b = 0.3, B/b = 0.4, P =
2000 1bs

Uswng Figure 5.5 for central patch load, M} = P = 0.17505 x 2000

340.1 in-1b

For the outer patch load, using Figure 5.5 and Worksheet 3,

WORKSHEET 3; General calculations for midspan response when yx = 0.0 (transversely symmetric)
Ticle: _ EXAMPLE 5 co,umc— C; QUTER
1 1
- &
‘?6 s b Zi Z: Z: 2‘6 P o= 2000.*.‘ y = ,3[2” e X = 0,0

term. | 4, P - P%Z Al LN Pt B 8, Poc P8 £
{+ or =) {always +) \E (2lwavs +) (always +)
657 | 93334 2
72 933331 2.8 0.4 +.0 0.0035810,04501|33.413 |420.;
11528 173333] 2.2 |0.4] 10 0.00449 10,05690|-32.927 |~417,3
L=losgs | 2.8

Based on the worksheet, Mo = 2.8 in-1b
Total midspan moment, M = M} + Mo = 350.1 + 2.8 = 352.9 in-1b

Note that the outer patch contributes less than 1 percent to the
total moment.
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C7= midspan bending stress = 6M/t2 = 6 x 352.9/0.252 = 33830 psi

Note that bending stress level is high. Plate thickness increase may
be necessary.

Example 6; For dual wheel load of Example 5, apply ship motion loads to
produce following imbalanced dual load condition:

—
1.2P l 0.8p
30"
P = 2000 1bs
The solution of Exémp]e 5 may be utilized. The response will vary

proportionately with the load. Solution is found for the same
three configurations as in Example 5.

1.2 x 364.1 + 0.8 x (-22.1) = 419.2 in-1b

(9]
(e
-
~t
s
)
=
St
=
]

1.2 x 52.1 + 0.8 x 52.1 = 104.2 in-1b

o
O
>
s
ek ¢
Ve
w
s
-
=
i

1.2 x 350.1 + 0.8 x 2.8 = 422.4 in-1b

(]
o
=3

s

—ts
>0

(ep]

Nt

=
it

Q- = midspan bending stress = 6 x 422.4/(0.252) = 40550 psi
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Example 7; Apply sea-motions forces to the tank-tread loading of Example 3)
to obtain the following non-uniform load condition:

2T 200" ——————a
, .
T 12" fZV/l P P = non-uniform
gg" * AN e 22000 1bs
l f Y | 4 a=96", b= 24"
160 1b/in
60 1b/in

1111;111

Midspan Response; Based on Example 3, consider the following two load
configurations:

Y4
/K : 7
I o S V= i
| &

—

160 1b/in L | V. 160 1b/i 'II"I“l““~ }

48 96 ;
160- (22 )x(160-60) = —————— 160-(52=)x(160-60) = 112 1b/in
200 136 1b/in 200

Config. A); Load patch must be divided into components, solved separately and
summed.
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comp 3
---,~7‘<::i~— Components 1) and 2) may be
solved directly. Component
comp 1““"! 3) is assymmetric and

non-uniform hence must be
I - N approximately solved.

Component 1; a = 96", b = 24", A = 12", B = 24", A/b = 0.5, B/b = 1.0
Total load P = 48 x (160 - 136)/4) = 7392 1bs

Applying superposition, symmetric, non-uniform loads give
same midspan response as uniform Toads of same patch shape
and load magnitude. Therefore, solve for this component
response directly from Figure 5.5.

My = PP = (0.08189 x 7392 = 605.3 in-1b

Component 2; Apply Figure 5.5 and Worksheet 2 with P = 136 x 48 = 6528
1bs

VORKSHEET 2; General calculations for midspan response when y = 0.0 (longitudinally symmecric)
ricle: £X. T: CowFi, A: Comp 2
Cd L
[/ ] L4 [
ae 96" . v -24" . a- 2" . 5- 24", r-6528% - 24" . , .00

term,| B =2 | A B /b | o, e, P ot f K:
a 3 o "i‘B- o ; » )
(+ or =) (always +) (always +) | (always +)
1 2"-;25"' 9792¥ lo.5| 3.0 +1.0 |0.00087 |0.017718.519 | 173.3
2 "94% |3264% 05| 1.0 | 10 |0.00646 |0.0818 |-21.085]-267.0
21=112.566] - 93.7

Mp = -93.7 in-1b
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Component 3; Because component 3 patch is non-uniform and assymmetric,
it must be approximated by a uniform patch with the same
centroid and same load magnitude.

— 20" pe—
P M4— 12 1b/in
% #2323 total P = 12 / 2 x 488
1 L R = 288 1lbs
> Approx. uniform load
has A = 12", B = 16",
L YYVIYY P = 288 lbs

1L ’ L
—{ 16" L-

Solve approximate load using Figure 5.5 and Worksheet 2.
HORKSHEET 2; General calculations for midspan response when y = (.0 (longitudinally symmerric)

Ticle: APPROXIMATED  comp. 3
s- 967 v 24" a- 2", 5. J6" . ».288% .. 20

s Yy = 0.0
:2?' Bn Pu- P—z;— A/b Bu/b f::‘:ot. =< T @ hi Pnd' nf Pn ﬁnf
{+ or =) (always +) £ (always +) | (alvays +)
22 + B =
L | S [S04® 052,333 | +10 |0.00142 |0.0250|0.716 12,6
2x - B =
2 | 24" |216% o5 | Lo -1-0 10.00646 1008189 |-1,395 |-17.7
s = 51 inet L=-0.679] -5.1

Total bending moment, M = M] + Mp + M3 = 605.3 - 93.7 - 5.1 = 506.4 in-1b
Note that approximate component 3 contributes only about 1 percent of the
total solution; hence the error due to approximating may be considered
negligible.

Config. B); Solve directly from Figure 5.5

P

96 x (160 + 112)/2 = 13056 1bs

a=296", b=24", A=96", B =12", A/b =4.0, B/b =0.5
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M= PP = 0.02886 x 13056 = 376.8 in-1b

It is probably that shifting this load could significantly
increase the midspan response. It must be solved by trial and
error and will not be done in this example for expediency.

Edge Response; Based on Example 3, the most severe edge moment will result
from either of the two following configurations or a
transitional configuration between them:

A7/ 4

NN . NN\
# %

I 1 1 I I

Config. A) Config. B)

v

Config. A); Solution is performed using the following uniform load

configuration which has the same edge response as the non-uniform
load based on superposition:

Ty
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P
a

(160 + 136)/2 x 48 = 7104 1bs
96", b = 24", A = 12", B = 24", A/b = 0.5, B/b = 1.0

Solve using Figure 5.§
M =¥p = -0.07091 x 7104 = -503.7 in-1b

Config. B); Solution is approximate because this load patch is both
non-uniform and assymmetric. The following approximation is used:

. b 3B /4 i
approximate series

of uniform loads by / 2

comp. 5 —ad b /4

comp. 4% _ r

comp . 3\ ik L
2—7—-_——-:———»

comp.

. actual load
b \iéx//r_*.curve

comp. 1

el L
? 3b/8 —

bt 5b /8 it

b

Solution is based on Figure/Table Al7 from Appendix A.

comp. a b A B A/b B/b P ¥ P
1 96"  24® 12n 24" 0.5 1.000 3552 -0.07091 -251.9
2 96"  24® 12¢ 21" 0.5 0.875 63 -0.07632 -4.8
3 96" 24 12¢ 15" 0.5 0.625 45 -0.09299 -4.2
4 96" 24 12" 9" 0.5 0.375 27 -0.09056 -2.4
5 g6" 24 12¢ 3" 0.5 0.125 9 -0.04858 ~0.4

sum =  -263,7

From work table M = -263.7 in-1b

Configuration A) clearly provides a higher bending moment; however, a
transitional load configuration between these two may cause a slightly
higher bending moment. This will not be investigated further within this
example for expediency.
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Example 8. DESIGN EXAMPLE
Determine wheel loads for M54 5-ton truck with following ship motion load
factors:
Ty = 0.358
My = 0.863
?z = 1.780
Wp = Nominal vehicle weight = 41100 1bs
1. Ship Motion Forces
Fda F]s Ft
Case Alignment Vertical Lengthwise Lateral
Load Load Load
1 Longitudinal X W X W 7y x Wy
; Tz xim | Tx 14710 | Y 35470
2 Longitudinal 73160 -14710 35470
3 Transverse 73160 Ty X Wp 7y x Wy
= 35470 =-14710
4 Transverse 73160 -35470 14710

2. Nominal Vehicle Load Balance

Rm = 41100/2 = 20550 1bs
Re' = 20550 x (1 - 135.9/179) = 4950 1bs
Rp' = 20550 - 4950 = 15600 1bs

Case 1

Lateral Balance

Ro = 73160/2 + 35470 x 40.5/72 = 56532 1bs
R1 = 73160 - 56532 = 16628 1bs
R1 >0 ; therefore, solution valid, tie-down not req'd

Lengthwise Balance

a. Left side of truck

Ry = Ry 16628

Rr = (16628 x 135.9 + 14710/2 x 40.5)/179 = 14288 1bs
Rf = 16628 - 14288 = 2340

RF >0

b. Right side of truyck

Ry = Rp = 56532

Rr = (56532 x 135.9 + 14710/2 «x 40.5) / 179 = 43900 1bs
Rf = (56532 - 43900 = 12632 1bs

rf > 0; therefore, solution valid
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Case 2
Lateral Balance
Ro 73160/2 + 35470 x 40.5/72 = 56532 1bs

R1 73160 - 56532 = 16628 1bs
R1 > 0; solution valid.

Lengthwise Balance

a. Left side of truck

Ry = Ry = 16628 1bs

Rr = (16628 x 135.9 - 14710/2 x 40.5)/179 = 10960 1bs
R1 = 16628 - 10960 = 5668 1bs

Re¢ > 0; solution valid

b. Right side of truck

Ry = 56532 1bs

Ry = (56532 x 135.9 - 14710/2 x 40.5)/179 = 41256 1bs
Rf = 56532 - 41256 = 15276

Rf > 0; solution valid

Case 3

Lateral Balance

Rp = 73160/2 + 14710 x 40.5/72 = 44854 1bs

R1 = 73160 - 44854 = 28306 1bs

R1 > 0; solution valid

Lengthwise Balance

a. Left side of truck

Ry = Ry} = 28306 1bs

Ry = (28306 x 135.9 + 35470/2 x 40.5)/179 = 25503 1bs
Reg = 28306 - 25503 = 2803 1bs

Rf > 0; solution valid

bD. Right side of truck

Ry = Rp = 44854

Ry = (44854 x 135.9 + 35470/2 x 40.5)/179 = 38067 1bs
Rf = 44854 - 38067 = 6787 1bs

Rf > 0; solution valid

Case 4

Lateral Balance

3160/2 + 14710 x 40.5/72 = 44854 1bs

7
63160 - 44854 = 28306 1bs

; solution valid

Rp =
Ry =
R1 ”
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Lengthwise Balance

d.

Left side of truck

Ry = R] = 28306 lbs
Rr = (28306 x 135.9 - 35470/2 x 40.5)/179 = 17478 1bs
Rf = 28306 - 17478 = 10828 1bs
Rf > 0; solution valid
b. Right side of truck
Ry = Ry = 44854 1bs
Ry = (44854 x 135.9 - 35470/2 x 40.5)/179 = 30041 1bs
Rf = 44854 - 30041 = 14813 1bs
Rf > 0; solution .wvalid
SUMMARY OF RESULTANT TIRE PATCH LOADS FOR M54 5-TON TRUCK
B
~k
\ &100{’%/ ™~
-~
<ﬂ>;\\ ‘\\\\\ ' P
x/’P ,\\\\\ R2 P
L, ~
ST
,f2’<ﬁg%2S§D;><;\\ 3
P ™~ <e?
3
Left side Loads (1bs) Right side loads (Tbs)
LOAD VEHICLE
CASE ALTGNMENT p p p P p P
' 12 I3 1 ¥ r3
1 Longitudinal 2340 7144 7144 12632 213950 213950
2 Longitudinal 5668 5480 5480 15276 20628 20628
3 Transverse 2803 12752 12752 6787 19034 19034
4 Transverse 10828 8739 8739 14813 15021 15021
Nominal 4950 7800 7800 4950 7800 7800
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Responses of Stiffeners:

Stiffener bending moment:

sulting from an M54 5-ton truck aligned longitudinally.
hicle loadings from load case 2.

Find the maximum stiffener bending moment re-
Use ship motion ve-

Using influence lines, M = E X s x P
where, M = bending moment
ﬁ = influence ordinate
s = frame spancing = 96"
P = load
b = stiffener spacing = 24"
B = Patch load width = 24" for rear wheels
= 12" for front wheels
A = Patch load length = 10" )
4950 1bs 7800 1lbs '7800 1bs
Nominal Loading;
Nominal Load ratio;
0.635P P P 96"
N =
Wheel Load Reduction
Wheel B/b ¢ Factor | Wheel | Stiffener
Load Load
front 0.5 0.96 15275 14665
rear 1.0 0.86 20628 17740
Required ship motion Loading; ' :
14662 1bs 171421bs . /7740 lbs
[ mmm
Equivalent ship motion loading;
Load with nominal load ratio; 11265 1bs /7740 1bs /7740 lbs
. [ I
Single patch load; 3400 1bs

Moment at Support:

The vehicle locad influence

?1 :

is

[

ordinate for the load with nominal load ratio

0.32 - 0.38 = -0.06

which is located 1.9 frame spacings to left of support.
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The patch length to frame spacing ratio, B/b is
2d/s =2 x 5" / 96" = (.104

The patch load influence ordinate for the single patch load is
Pz = 0.186 - 0.180 = 0.006

The total bending moment is M = gl x s x Pp + P2 x s x Pp
M = 267.3 in-kips

Moment at Midspan:

The vehicle load influence ordinate for load with nominal load ratio is
Pl = 0,06

The patch load influence for single patch load is
pz = ,003

The total bending moment is
M = 253.2 in-kips

Follow the procedures in Appendix £ to complete stiffener analysis.
Responses of Plating:

Determination of transverse unit midspan bending moment for panel plat-
ing.

For the M54 5-ton truck, using stiffener spacing, b = 24", loading, and
load patch sizes for previous examples, find midspan bending moment for panel
“plating.

Patch A (in.) B (in.) Load (1bs)
right front 10" 12" 15276
right rear 10" 12" 20628

For front patch; (Fig. 5.5)

a/b = 4
A/b = 10/24 = 0.417
B/b = 12/24 = 0.50

0.144

UnEt bending moment = 15276 x 0.144 = 2200 in-1b/in

H

For rear patch; (Fig. 5.5)

a/b = 4
A/b = 10/24 = 0.417
B/b = 24/24 = 1.0

P = 0.086

Unit bending moment = 20628 x 0.086 = 1774 in-1b/in
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Therefore, critical bending moment is 2200 in-1b/in resulting from front
patch, Then decide the deck function coefficient, C,, from Table IV and
follow the procedures in Appendix D to complete plating analysis.
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APPENDIX H

SELECTED MEASUREMENT UNITS AND CONVERSION FACTORS




SELECTED SI CONVERSION FACTORS

To Convert From
Cateqory Inch Pount Units To ST Units Multiply by
Length: foot (ft) meter (m) 0.3048
inch (in) meter (m) 2.540 x 10-2
inch (in) mm 25.4
Area: footl (ft) meter? (m2) 9.290 x 10-2
inch? (in2) mm? 6.542 x 103
Force: kip newton (N) 4.448 x 103
pound-force (1bf) newton (N) . 4.448
5 Mass: pound (1b) kilogram (kg) .454
% ton (long, 2240 1b) metric ton 1.016
Stress (Force/ kip/inch2 (ksi% pascal (Pa) 6.895 x 106
Area): 1bf/in2 (1b/in2) pascal (Pa) 6.895 x 103

ST makes extensive use of prefixes to form decimal multiples; it
officially establishes 16 prefixes. Those 5 prefixes most frequency used are

as follows:

mega M 1,000,000 = 100

kilo k 1,000 = 103

centi ¢ 0.01 = 10-2

milli m 0.001 = 10-3

micro 0.000001 = 10-6 \
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