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(ABSTRACT)

A large percentage of the total annual lumber production in the U.S.A is
consumed by the pallet industry. However, standardized design procedures
for these products have only recently been developed. A four-year
cooperative pallet research, development and application program was
undertaken by the National Wooden Pallet and Container Association,
Virginia Polytechnic Institute and State University, and the U.S Forest
Service. This research is directed towards developing standardized
design procedures for both stringer and block-type pallets. Phase I
dealt exclusively with stringer-type pallets while Phase II expands the
scope to include block-type pallets. The objective of this work was to
develop methods to analyze the effects of loads, supports and geometry

on the response of block-style pallets.

The developed analysis procedures are based on matrix structural
analysis methods. A quarter symmetric 3-dimensional model is used to
simulate pallets racked across the stringerboards (RAS) and a half
.symmetric 2-dimensional model is used for the racked across deckboards

(RAD) and sling support modes. Both models are used in the stack



condition. Deckboard/stringerboard joints are modeled as a single spring
in the RAS model and the deck-block joint in both the RAS and RAD models
are modeled as a framework of rigidly connected members and five springs
(2 rotational and three axial). The procedure has the capability to
handle both uniformly distributed and line loads in rack, stack, or

sling support modes, and a wide variety of commonly used geometries.

The developed analysis methodology is presented in computerized form and
will provide the user a means of communication with pallet manufacturers

for defining expected performance.
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1.0 INTRODUCTION
1.1 Overview
At present, the pallet industry is the second largest consumer of
lumber in the U.S.A accounting for approximately 12-18% of all lumber
cut in the United States (Mc Leod,1985). Development of engineering and
design procedures for these components can result in more effective and
efficient use of wood. This can directly benefit consumers and provide

them with a more reliable and cost-effective product.

Until recently, there were no standardised pallet design procedures
which rationally accounted for the influence of design variables on
pallet performance. However, a four - year cooperative pallet research,
development and application program, undertaken by the National Wooden
Pallet and Container Association, Virginia Polytechnic Institute and
State University, and the U.S Forest service, resulted in reliability -
based design procedures for wooden stringer —type pallets. These
procedures, known as the Pallet Design System (P.D.S), (NWPCA copyright)
provide the consumer a better means of communication with the
manufacturer by enabling him to specify performance of the finished

product.

Stringer - type pallets, account for the bulk of the pallet industry
production in the U.S. However, about 207 of all pallets produced are
the block - type which are used extensively in the beer, canning and
chemical industries. However, this is not the case in Europe where the

block design is preferred and is more extensively used.



The major objective of Phase II of the cooperative program is the
development of design procedures for block - type pallets similar to
those for stringer - type pallets. This thesis details the development

of the strength and stiffness design components for block-type pallets.

1.2 Study objectives
The principal objective of the study was to develop and verify
analysis models of the actions of block - type wood pallets subject to
typical unit loads and support conditions.

Necessary sub - objectives are :-

(1) To develop and verify appropriate three-dimensional
SPACEPAL models of block pallet behaviour which
adequately predict the effects of loading and

support conditions on pallet performance.

(2) From the results of objective (1), a) conduct sensitivity
investigations to determine important model parameters and
level of required input accuracy, and b) develop and verify

simplified models for use in a personal computer format.

1.3 Why block pallets ?

Wooden pallets play an important role in the fabrication,

storage, and transportation of goods in the form of unit loads. Most of



the pallets produced in the U.S. are of the stringer-type design.
However, block designs are also used, especially for single use,
non-returnable pallets. In other parts of the world block pallets are
very common. "This difference can be explained by the fact that American
pallets are fabricated mostly of dense hardwoods and relatively demnse
softwoods, which are assembled with slender and often hardened-steel
pallet nails, These nails reduce splitting during and after
driving"(Stern,1986). For block pallets larger nails and softer woods
with less splitting tendency are frequently used. The wider blocks also
contribute to reduced splitting. For any pallet performance can be

greatly increased with more effective fastening of the pallet members.

There are other advantages and disadvantages to the block pallet design

over the stringer-type pallets

Advantages

(1) Block pallets are true 4-way entry platforms (i.e they are fully
accessible on all four sides).

(2) They do not require strength reducing notches for four-way entry.

(3) Slightly less lumber is used in block pallets compared to
stringer-type pallets for same load capacity.

(4) Higher strength values for same pallet dimensions,

Disadvantages
(1) More cutting, handling and fasteners are needed in block pallets.

All contribute to a higher labor cost.



(2) Block pallets are currently fabricated in a two-step operation
rather than the one step used for stringer-type assembly.
(3) They are marginally more expensive than the stringer-type

pallets.

These arguments for block pallets together with the need to remain
competitive in the pallet market, justify the need to develop a

standardized design procedure to include block-type pallets.



2,0 BLOCK PALLET DESIGN

The block pallet may be viewed as a semi -~ rigidly connected
framework of components consisting of stringerboards, deckboards and
blocks. These components may be assembled in any number of ways to
produce pallets of varying geometries., A block pallet may be thought of
as three seperate elements, a top deck, a bottom deck, and connecting
blocks. The decks may include stringerboards and/or deckboards. Some

designs may only include a top deck.

Given a desired pallet geometry the design process must recognize the
various sources of variability in a) the resistance of the pallet to the
effects of applied load and b) variation in applied load. The ultimate
objective of design is to rationally account for these variations in

such a manner as to result in a safe, economical product.

2.1 Pallet geometry
2.1.1 Definitions
The three sections which make up a block pallet are shown in
Figure 2.1. The top deck contains both stringerboards and deckboards of
any cross - sectional area. The length of these members is taken as
their end to end distance. Pallet length is defined as the length of the
top stringerboards. Conversely, the pallet width is defined as the

length of the top deckboards.



a typical block pallet design

Top Stringerboards

Outer blocks

stringerboards

Outer

Bottom parallel boards

b) Assembled block pallet design

Figure 2.1, Block pallet components



The blocks which make up the center section of the pallet may be

rectangular, square or cylindrical in shape. The length of the block is

defined as the larger dimension which may be oriented with either the

pallet length or width axes. Block pallets typically contain between &4

and 9 blocks which are usually located at the intersections of

stringerboards and deckboards.

The bottom deck, if present, may be made up of stringerboards and/or

deckboards of varying cross sectional area. The member lengths are

defined as for the top deck. Definitions of some bottom deck designs are

outlined below:-

a)

b)

c)

Unidirectional-type deck: This case consists of all bottom boards
aligned in only one direction, either parallel to top
stringerboards or parallel to the top deckboards, are present.
These boards are defined as bottom deckboards.

Perimeter-type deck: Bottom boards parallel to the top
stringerboards as well as bottom boards parallel to top deckboards,
all in the same plane. The two boards which run the full length or
width of the pallet are defined as outer boards. The two or three
boards which are perpendicular to and butt into the outer boards
are defined as butted boards.

Overlap—-type deck: Bottomboards parallel to top stringerboards as
well as bottom boards parallel to top deckboards, not all in the
same plane. The layer of bottom boards in direct contact with
bloéks are defined as bottom stringerboards and may be either

parallel or perpendicular to the top stringerboards. The lower most



layer of bottom boards are defined as bottom deckboards and may be

either parallel or perpendicular to the top deckboards.

2.1.2 Geometry variation

Possible geometry alternatives with stringer-type pallets
involve number, size and placement of stringers and deckboards.
However, with block pallets there are more possible options. The number
of blocks per stringerboard may vary within a pallet. The number of
deckboards in a deck (top or bottom) may be greater than the number of
stringerboards or vice versa. The bottom deck may or may not include
both stringerboards and deckboards. Fastenings, nail types and nail

patterns may also vary within a pallet.

2.1.3 Study limitations - geometry.

Because of the high number of geometric options some
limitations were imposed for this study. These were chosen to maintain
user flexibility but bypass potentially difficult analysis schemes. The
limitations listed below were selected through discussion with industry

advisors. The scope of this research was limited to :-

a. Common block pallet geometries. Pallets with 2 or 3
stringerboards of any rectangular geometry on top and/or bottom
decks, and containing 4,6,8 or 9 blocks of any rectangular
geometry. A maximum of 3 blocks per stringerboard were

considered.



b. Deckboards of any rectangular geometry with a maximum of 13
boards per deck. In the case of cantilevered top stringerboards

the maximum for the top deck is 15 deckboards.

c. Deckboard ends may be flush with the edge of the block, single

winged or double winged.
d. Stringerboard ends may be flush with the edge of the block,
single cantilevered or double cantilevered (see Figure 7.1

Design 5).

e. Most commonly used fasteners and joint types resulting from

typical assembly practices.

2.2 Pallet use conditions

2.2.1 Support modes.

The types of support models considered within the scope of
this study were similar to those used for stringer-type pallets
(Loferski, 1985). These are racked across stringers (RAS), racked across
deckboards (RAD), sling supported and stack (see Figure 2.2). The RAD
mode causes the top deckboards and bottom parallel boards to be stressed
as a composite beam. Similarly, the RAS mode causes the top
stringerboards and bottom parallel boards to be stressed as-a composite
beam. The stack mode causes the top deck of the bottom pallet and the
bottom deck of the second pallet in a stack to function independently as

continuous beams. The sling support mode causes actions in the top and
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Figure 2.2. Block pallet support modes.
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bottom decks similar to the RAD mode except that load is transferred

through the top deck wing to the support.

2.2.2 Load models.

There are five different load types that were considered for
use with the analysis procedures: a uniformly distributed load covering
the entire top deck, a partial uniform load, and 1, 2, or 3 rigid line
loads. Line loads may act parallel to either the top stringerboards or
deckboards. These are shown in Figure 2.3, The uniformly distributed
load is applied directly to the deckboards and is represented as point
loads at the deckboard-stringerboard nodes as shown in Figure 2.4. The
line loads are represented as point loads acting on the stringerboards
as shown in Figure 2.5. For load cases involving 1 or 3 line loads the
applied load at the centerline is modeled as half the applied value

because of symmetry.

2.3 Design methodology

2.3.1 Design steps.

This section outlines, in a general sense, the steps that a
pallet designer would use to devise a pallet which properly balances
functionality and safety. These steps fall into three categories:
structure definition, analysis of load effects, and

safety/serviceability criteria.

a. Geometry: The global geometry of the pallet is defined in terms

of the number, location and size of each element. Typically, a

11



a)

b)

c)

d)

e)

—

Full uniform
load

¥ X

14 ti4bd4

AN

7

Partial uniform
Load
1
Single line
Load
4 X ——t
L
Two line
loads
$— x

Three line
loads

where : x = input distance

Figure 2.3. Load types analyzed in block

pallet design

12



a) Full uniform load
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b) Partial uniform load

Figure 2.4, Load analog models for full and
partial uniform loads
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a) Real pallet

5y ¢ 5
—_— X —x
K L/2 | stringerboard or’
deckboard

b) 2 - D load analog

where : x = input distance

Figure 2.5. Load analog models for line loads
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trial geometry is first chosen and then refined by successive

iteration of the design process.

Material properties: These are defined for each member and
represent the expected properties of the components in the

pallet.

Support condition: For each support condition the location of the

supports and, hence, the spans are established.

Loading conditions: For each specified load type the applied load
is apportioned to the individual elements to simulate the actions

of the actual loading condition.

Element stresses: The load effects are calculated using
principles of engineering science and structural analysis
techniques. The location and magnitude of the most critical load

effect is reported back to the user.

Compare with material resistance: The maximum element stress is
compared to the estimated material resistance with consideration
for safety using the reliability-based methodology (Loferski,
1985). Additionally, serviceability in the form of deformation
requirements are considered using material stiffness and a user

defined serviceability limit.

15



2.3.2 Reliability-based safety format (RBD)

In all cases of design the component resistance must be
greater than the load effects by an amount sufficient to maintain an
acceptable probability of failure. When comparing the resistance with
the load effects using the techniques employed by PDS, an acceptable
balance of safety and economy must result. For block-type pallets a
mean-value reliability procedure (based on exact formulation for
comparing log-normally distributed variables) was used to maintain this
balance similar to that employed by Loferski (1987), Loferski & McLain
(1987).

The RBD procedure can be used for either a "DESIGN" or "ANALYSIS"
option. The DESIGN option allows the user to optimize the structure in
terms of minimum member dimensions. Conversely, the ANALYSIS option is
used to compare pallet designs on a load capacity basis. Equation 2.3
formally describes this linkage between load effects and resistance. It
may be rearranged to solve for either the mean resistance or mean load

effects:

1n(R/S) (1+v82) / (1+vr2)

)5 = [2.3]

2 2
1n[(1+vs )(1+Vr )]

16



where: ﬂ safety index

R = mean resistance

S = mean load effects

Vs = coefficient of variance for S
Vr = coefficient of variance for R

A safety index,ﬁ , 18 used to explicitly describe the level of inherent
safety to be built into the structure. This index is set based on
"calibration" with current practice. The interested reader is referred
to Loferski and McLain (1987) or Loferski (1985) for details. In
block-type pallets only an ANALYSIS procedure is provided at this time;

that is, only load capacity is output.

17



3.0 BLOCK PALLET ANALYSIS

3.1 Matrix structural analysis

To analyze the actions of a block pallet, the stiffness or
displacement method of Matrix Structural Analysis was used. The actual
structure is represented as an assembly of discrete elements
interconnected at joints (nodes). A discrete model is formulated to have

a finite number of degrees of freedom.

In the development of simplified block pallet design procedures, two
analysis models were used. The first, a space frame, or

three-dimensional model, was used to emulate the pallet under applied
load in the RAS support mode. The second model used a plane frame, or

two-dimensional model to estimate the pallet actions in the RAD mode.

A space frame model is an assembly of interconnected elements in a three
dimensional framework. Each joint is initially considered to have six
degrees of freedom with three translations in the global 1, 2, and 3
directions and three rotations about the three global axes. For typical
loads the actions of each frame element is characterized by axial
deformation, flexural deformations about the two principal axes (i.e

global 2 and 3 axes), and torsional deformation.

A plane frame model is an assembly of rigidly interconnected elements
which lie only in the global 1-2 coordinate plane. Each joint has three
possible actions, two translations in the global 1 and 2 directions, and

a rotation about the global 3 axis. The axial and flexural deformation

18



element models are sufficient to model plane frame structures.

In the matrix displacement method the joint displacements are selected
as the unknowns. Each element is represented by its individual stiffness
matrix which relates the element - end displacements to the element -
end forces for that element.

{g} = k1 {4} [3.1]

where: {f}= local element forces

[k]= local element stiffness matrix

{d}= local displacements of element.
The discrete model uses conditions of compatibility, equilibrium, and
constitutive laws, Constitutive laws, representing material behaviour
are included in the element models. The compatibility conditions consist
of continuity relationships between element and joint displacements,
including joint constraints. By balancing the applied joint forces with
element - end forces, equilibrium is satisfied. The system model relates
the joint displacements to the joint forces through the system stiffness
matrix which includes the element stiffness relations assembled in a
rational order.

{e} = &I {q} [3.2]

where; {Q}= equivalent joint force vector

[K]= system stiffness matrix

{q}= local displacement vector.
"Once the system model is solved for the joint displacements,any measure

of response can be determined" (Holzer,1982).
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3.2 Joint behavior

Joint behavior is a very important variable in modeling block
pallets. Loferski(1985) states that "joints should be flexible to allow
stressing without failure but stiff enough to resist bending stresses up
to the crushing strength of the wood." Previous research on nailed wood
joints has been directed towards two areas, load-slip behavior (shear
resistance to lateral load) and load-separation behavior (withdrawal
resistance to axial load and rotation). Most studies have evaluated a
load-slip curve. However, Mack (1975) found that the slip at the
deckboard-stringer joint was a key variable in stringer pallet design.
Because of the obvious difference in physical geometry between blocks
and stringers in pallet construction, block pallet joints were modeled
differently than stringer pallet joints. The main difference lies in
the finite width of the block at the joint. The deckboard-block joint
models utilize a separation modulus, a rotation modulus and the lateral

stiffness in the global 1 direction.

The rotation modulus and the separation modulus (withdrawal stiffness)
are "constants describing the degree of fixity of a nailed joint under
moment and axial force respectively. The separation modulus is defined
as the ratio of the applied withdrawal force to the corresponding
separation; the rotation modulus is the ratio of the applied moment to
the angular rotation" (Kyokong,1979). Samarasinghe (1987) developed a
model to compute rotation modulus based on head pull through, withdrawal
stiffness and edge crushing of the block using matrix structural

analysis. See Figure 3.1.
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The lateral stiffness (slip modulus) is a measure of joint stiffness in
lateral loading. It is a ratio of the applied lateral load to the

translation in the direction of the load.

3.3 Definitions
The symbols, conventions and techniques used in this paper to
represent both plane and space frame structures in matrix form are

summarized below:

(1) The structures are assumed to lie in the global 1-2 and

global 1-2-3 coordinate planes respectively.

(2) The joints are numbered in sequence from 1 to NJ, where

NJ 1is the number of joints.

(3) The joint displacements and the joint loads, denoted Qe
and Qk’ respectively, are numbered in the sequence of
the global coordinate axes from the lowest to the
highest numbered joint, k = 1,2,3....n, where n is the

number of joint displacements.

(4) The elements are numbered in sequence from 1 to NE,

where NE is the number of elements.

(5) The local reference frame for each element is defined as

follows : The local l-axis is directed from the lower (a-end)
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(6)

(7)

(8)

to the higher (b-~end) numbered joint to which the element is
incident; the local 3-axis is oriented normal to the local 1-2
frame; and the local 2-axis is chosen to make the local frame

of reference follow the right hand convention.

The local element displacements and forces, denoted by
lowercase letters dj and fj’ are numbered in the sequence

of the local coordinate axes from the a-end to the

b-end of the element. The subscript j refers to the element
number. The global element displacements and forces are
denoted by the uppercase letters Dj and Fj’ and are numbered
in the sequence of the global coordinate axes from the a-end

to the b-end of the element.

The sign of a displacement or force at a point is
determined by the direction of the corresponding
coordinate axes. The right-hand rule determines the
positive sense of the rotation or moment about the 1,

2, or 3 axes. See Figure 3.2,

The conditions of compatibility and equilibrium are expressed
in compact form by the member code and joint code matrices.

The member code matrix is defined as :-

MCODE(L,I) = K if D = 9

0 otherwise
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where K is the degree of freedom number associated with
element I and D is the Lth global displacement of element I. k
has the same value as K. The values of L for space frame
elements range from 1 to 12 and from 1 to 6 for plane frame

elements.
The JCODE matrix is defined as follows :-

JCODE(L,J) = K if Ulj = q
0 otherwise

where Ulj is the displacement in the Lth direction of

joint j and 9 is the Kth joint displacement. The values of L

for space frame elements range from 1 to 6 and from 1 to 3 for

plane frame elements.

3.4 Solution
Below is a summary of the steps used to obtain stresses from the
applied loads using the matrix approach. Specific details for each

support condition are found in chapters 4-6.

1., First, a model is constructed to simulate the actions of a pallet
under a unit load. All members in the model are given material
properties and geometries to simulate those of the elements in

the real pallet.

2. All possible joint displacements are then identified in the model
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6.

and assembled into the displacement vector, {D}. When all
constraints and supports are applied to the model the sum of the
degrees of freedom is the total number of degrees of freedom for

the structure.

A system stiffness matrix, [K] is computed. This matrix defines
the relationship between the applied joint load vector {F} and
the displacement vector {D}. It is assembled by adding together
all appropriate element stiffness matrices and transferring them

to the relevent cells of the [K] matrix.

The applied joint force vector, {Q} is defined. The assembly
Process is similar to that for the displacement vector and

contains all applied joint forces in a numbered sequence.

At this point the matrix components are assembled into the
governing relationship :

{a} = &1 {n} [3.4]

where; {Q}= equivalent joint load vector

[K]= system stiffness matrix

{D}= global displacement vector.
The Cholesky method using computer techniques is used to solve
for the joint displacements which define the displaced

configuration of the structure.

From the displacements obtained in the solution routine, the
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element end forces and stresses may be calculated.

3.5 Sensitivity analysis and Model selection

The main tool used to develop simplified analysis models was
"SPACEPAL". This general purpose structural analysis program is written
in Fortran IV and was originally developed for stringer-type pallets
(Mulheren,1984). It is based on a three dimensional matrix displacement
(stiffness) method and has non linear joint analysis capability.
SPACEPAL, as a general purpose program is too cumbersome for direct
application to pallet design. However, it has been exhaustively tested
and could be used with confidence to develop simplified, efficient

models for block pallet design.

To identify simple models which can best simulate the actions of
block-type pallets under service loads, many different alternative
models were input to SPACEPAL and iteratively modified. The model
predictions were compared to experimental results (described in chapter
7). A model was accepted when predicted and experimental results
consistently agreed. If possible, symmetry was used to reduce problem

size and shear releases were positioned along the lines of symmetry.

In the RAS support mode the full model was reduced to a quarter
symmetric 3-dimensional model. This model allows full consideration of
load sharing between stringerboards and the influence of deckboard
location on pallet strength and stiffness. The RAD model is a half

symmetric 2-dimensional model chosen to take advantage of the reduced
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complexity of member interaction in this mode. Additionally,

experimental results of RAD pallets showed that bending about only one
axis dominated pallet action. For the stack condition both models are
used to calculate the load effects in the critical top and bottom deck

members. Details of these models are found in the next three chapters.

Sensitivity studies were carried out on SPACEPAL models of RAS and RAD
pallets to determine the important joint parameters and the level of
required input accuracy. These were assessed successively by modifying
the stiffness in the six local directions for the spring elements
employed in the models. In the RAS model springs were used to model both
deck-block joints and stringerboard/deckboard joints. For the RAD model

only deck-block joints are modeled.

An iterative process was used to examine the sensitivity of pallet
actions to spring element stiffness in each of the six local directions.
Varying degrees of stiffness were assigned to each direction for all
spring elements, one by one, with any corresponding change in center
point deflection noted. Based on this sensitivity analysis the following
conclusions can be drawn;

RAS model:

- With stringerboard/deckboard joints large changes in the
translational stiffness in the three global directiéns and in
rotation about the global 2-axis did not appreciably affect pallet
response. For a 100% change in translational or rotational joint

stiffness there was a 0 - 2% change in center point deflection.
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These stiffnesses were fixed and given high values in the working
model. |

- Rotational stiffness about the global l-axis for the modeled
stringerboard/deckboard joint showed similar insensitivity and was
given a fixed finite value. Rotational stiffness about the global
3-axis was assigned zero stiffness to preclude geometric anomalies.

- The observed experimental joint behavior was best modeled when the
axial springs connecting deckboards to blocks were given zero
stiffness in all directions except the global 2-direction
(withdrawal). The center spring on the top deck of the deck-block
joint was given a finite stiffness (separation modulus) based on
results of Samarasinghe, 1987. The two other axial springs are
initially given zero stiffness in the global 2-direction and then
are made very stiff if required by conditions of physical
compatibility.

— The rotational stiffness about the global 3-axis of the deck-block
joint was found to be a sensitive input parameter (i.e a 100% change
in stiffness produced a 10% change in center point deflection). This
stiffness (rotation modulus) is assigned a realistic finite value
based on the results of Samarasinghe, 1987, Stiffness in all other
directions are given high values.

RAD model:

- Similar sensitivity results were found for the RAD model as for the
RAS model. As a result, the axial springs in the deck-block joint
are given the same stiffness values as in the RAS model. To

simulate the experimentally observed joint behavior the stiffness of
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the top deck rotational spring in the deck-block joint was given
zero stiffness in the global 1 and 2 directions. The corresponding
bottom deck rotational spring was given a high stiffness in both the

global 1 and 2 directions.

Values for rotation modulus and separation modulus are based on results

from Samarasinghe, 1987. Stiffness values assigned to spring elements in

both models are presented in Figures 4.4 and 5.11.
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4.0 ANALYSIS OF RACKED ACROSS STRINGERBOARDS SUPPORT CONDITION (RAS)

The objective of this chapter is to outline in detail the
methodology used to analyze block pallets for the racked across
stringerboards support condition (RAS). The key to the design process is
the use of a matrix structural analysis model to identify the most
critical member in the structure and greatest deformation and to report
this back to the user for subsequent comparison with the component
resistance or serviceability criterion under the particular loading

condition.

4.1 Assumptions and limitations

Because of the wide variety of geometries and designs that
accompany block pallet analysis, the scope of the pallet design system
must be limited to the most practical situations. Assumptions are made
for different load and support conditions to best model the real pallet.
Limitations are also placed on load and support conditions, and block
pallet geometries to make the problem manageable. These assumptions and
limitations for the RAS mode are detailed below:

a. Five loading conditions may be analyzed : uniformly distributed
load, partial uniform load, and 1, 2, or 3 symmetrically placed

line loads.

b. The line loads are considered to act directly on the stringerboard.
Line loads can not be applied to cantilevered top stringerboard

members.
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c. Partial uniform loads may not extend over the cantilevered top

stringerboard members.

d. The supports may be placed only under the bottom deck. The support
joint inside the outer blocks must lie between the inside edge of
the outer block and the center of the nearest bottom deckboard to

the left.

e. With cantilevered bottom stringerboards, the support may not be

placed under the cantilever members.

f. Only one deckboard is allowed to be placed over the outer blocks,

and in the event of cantilevered top stringerboards, only one

deckboard is permitted over this portion.

4.2 RAS analog model

The matrix structural analysis analog model used for the RAS
support condition is a quarter-symmetric space frame model shown in
Figure 4.1. The Fortran code used with this analysis is shown in
Appendix A. Each joint has six degrees of freedom - three translations
along each of the three global axes and three rotations about the axes.
To ensure symmetry, shear releases are placed at member ends along the 1
and 3 centerline axes. These shear releases allow vertical deflection
(i.e in the 2 - direction) but are restrained in other directions as

follows:~-
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a. Shear releases along the 3 - axis (i.e joints 1, and 3): These
are restrained from translation along the 1 - axis, rotation

about the 2 - axis, and rotation about the 3 - axis.

b. Shear releases along the 1 - axis: These prohibit translation
along the 3 - axis, rotation about the 2 - axis, and rotation

about the 3 - axis.

c. Shear releases at the center point of the pallet are restrained

in all directions except translation along the 2 and 3 - axes.

The model can analyze pallets with either 4, 6, 8, or 9 blocks and up to
13 deckboards. However, if the top stringerboards are cantilevered it
will actually model up to 15 top deckboards. The program will
automatically add two deckboards if the top stringerboards are
cantilevered. Therefore the number of top and bottom deckboards is
always input as the number between the outer edge of the outside blocks

in the RAS span.

The model is set up to have a maximum of 92 members with 291 degrees of
freedom for the structure with 15 top deckboards. For geometries having
fewer top deckboards, the model is dynamically restructured with the
number of elements employed dependent on the number of top deckboards in
the pallet. This considerably reduces the number of degrees of freedom

for the smaller geometries thereby reducing computation time.
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The rationale for the model of the deck-block joint is based on
observations of physical tests and is discussed in chapter 5. Members
representing stringerboards in the model are oriented with their length
in the global 1 - direction. Deckboard members are oriented in the
global 3 direction, and block members are in both the global 2 and
global 1 directions. A maximum of three stringerboards per deck and a

maximum of nine blocks can be accomodated.

4.3 Analysis methodology

This section outlines, step by step, the procedure followed to

analyze block pallets in the RAS support mode.

4,3,1 Structure definition:

From the user input a model is assembled, representative of
the real pallet, based on Figure 4.1. All material properties and
geometries for each member must be defined in addition to the locations
of all constraints and support joints. Joints are numbered as shown in
Figure 4.1. Members representing the outer blocks and supports are
mobile and can be located according to the pallet geometry. Those
elements to the right of the outer block elements are unnecessary and
are removed from the model. This minimizes the half band width thereby
reducing the size of the system stiffness matrix. The computation time
required to solve equation [3.2] depends on the number of top deckboards
in the pallet. The following steps required to define the structure are

executed by the program:
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a. From the input number of top deckboards in the pallet, the number

of elements needed in the model can be determined. A dynamically
dimensioned array, MN (maximum dimension 13) corresponds to the
number of elements up to and including the last top deckboard.
This number is then added to 36 (the number of elements in two
blocks). A "flag" variable is introduced into the end of the
equation to add six more elements if the top stringerboards are
cantilevered. A similar procedure with array JN 1is used to

compute the number of joints in the model.

NE = MN(NTD) + 36 + (6 * ICANT) [4.3]
NJ = JN(NTD) + I + (5 * ICANT)
where:
NE = number of elements in the model,
NJ = number of joints in the model,

NTD = number of top deckboards,
ICANT = cantilever flag: 0 = no, 1 = yes,
I = number dependent on the number of top deckboards,

I

29, if NTD = 1

or I 27, if NTD > 1

The joint coordinates are established in subroutine 'COORDS'., The
models' origin is located at the center of the bottom outer
stringerboard. The location of the support joint is half the span
and is stored for later use in determining the location of joint

constraints. All 2 - coordinates are one of two values, zero or
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block height. The 3 - coordinates also are either zero or half the
width of the pallet. The 1 - coordinates are based on centerline
locations of deckboards and leading edge locations of block

elements.

Member incidences (i.e the joint numbers at the a and b-ends of
the member) up to and including the last top deckboard are
initially defined in the main program. When the geometry and size
of the pallet are established, modifications to the member
incidences are made to account for the location of the outside
block elements and cantilever stringerboard elements. Further
modifications are made in subroutine '"MINCS" to account for the
position of the support joint and the top deckboard directly over

the outer blocks.

The next step is to define joint constraints and to determine the
number of degrees of freedom for the structure. Egch joint in the
model initially has six degrees of freedom. Constraints are added
to some joints along the centerline axes to account for shear
releases. The degrees of freedom for support joints are modified
to include constraints in the proper directions. An array, {JCODE}
is set up to identify all constraints. The{JCODE}array has six
rows which correspond to the degrees of freedom in the global 1,
2, and 3 directions. The number of columns in {JCODE} is equal to
the number of joints in the model. Initially all cells in the

{JCODE} array are set equal to "1" to represent freedom in all

37



directions. The array is then modified to account for the
constraints and support joints by entering "0" in any cell

corresponding to a constraint.

All joints along the axes of symmetry are structured to act as
shear releases except for the block member joints on the global 1
- axis. The shear releases along the 1 - axis permit translation
in the global 1 and 2 directions and rotation about the global 3
axis. Those located on the global 3 axis allow translation in the
global 2 and 3 directions and rotation about the global 1 - axis.
The shear releases at the center point of the pallet are free to
translate vertically and along the 3 - axis. All support joints

are free only to rotate about the 3 - axis.

The {JCODE} is further modified by assigning numbers in sequence
to each non zero element in the array. The procedure followed goes
from the first column to the last column for each element, ending

with the degrees of freedom for the structure.

A member code array, {MCODE} is then set up with twelve rows and
one column for each member in the model. From the member
incidences the joints at the "a" and "b" ends of each member are
identified. The column in {JCODE} corresponding to the joint at
the "a" end of the member is transferred into the first six cells
of {MCODE}. Similarly, the second six cells are filled with the

{JCODE} for the joint at the "b" end of the member.
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e. From the defined member incidences the lengths of all elements are
computed in subroutine "LENGTS". All members are assigned
properties and geometries in "PROPS". Subsequently, members that
are inherent to the model but not present in the real pallet are
assigned zero properties in "DUMMY" . For example, if the real
pallet had no bottom deckboards then those elements in the model
that normally represent bottom deckboards would be given zero
properties. For all real elements in the model the following
parameters are calculated or assigned:

. Modulus of elasticity, XMOE

. Modulus of rigidity, XMG = XMOE / 16

. Moments of inertia (EI) about the three principal axes,

EI(1,I) = W(I)T(I)3[0.33—0.209(T(I)/W(I))TANH(I.5705(W(I)/T(I)))]

("SPACEPAL", 1984)

EI(2,1) = T(I) W(I)3/12

EI(3,1) = W(I) T(1)3/12

. section moduli for the three principal axes,

s$(1,1) = EI(1,I) 2.0/T(I)
$(2,1) = EI(2,1) 2.0/W(I)
S(3,I) = EI(3,I) 2.0/T(I1)

. cross sectional area,

A(I) = W(1I) * T(I)

where, I = element no.
W = width
T = thickness
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These values are stored in arrays (I, W, and T) where the row

number corresponds to the member number. See subroutine 'PROPS'.,

4,3.2 Equivalent joint loads:

The equivalent joint loads are computed from the applied
member loads in subroutines "RASUDL" and "RALINE". Uniform loads are
applied directly to the deckboards. Each member load is transferred into
equivalent joint forces (i.e Joint forces that cause the same member
actions as the applied load). The equations in Figure 4.2 are used to
calculate the fixed end forces for the loaded deckboard. The magnitude
of the load on individual deckboard elements is determined by dividing
the total load on the pallet by the total loaded area and then

multiplying by the width of the deckboard.

Line loads are considered to act as point loads on the stringerboards.
The equations to calculate the fixed end forces for members subject to

line loads are shown in Figure 4.3.

With this information, an equivalent joint force vector, {q}, is
assembled using {MCODE} to identify the degree of freedom associated

with each equivalent joint load.

4,3.3 Solution and stress computation:
The system stiffness matrix is next assembled in subroutine

"RAASSM"., The element stiffness matrix is first defined for each member
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where: f(N,I) = Nth fixed-end force for member I

Figure 4.2. Equations to compute the fixed
end forces for deckboards subject
to uniform loads.
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and then transferred into the proper locations of the system stiffness
matrix. The array {INDEX} is defined (Figure 4.4) and is used to "cross
reference the position and number of each cell in the element stiffness
matrix with the computed numerical value of the cell, The system
stiffness matrix is assembled by referencing {MCODE} to determine the
cell coordinate in the system matrix, and the index array, to determine
the value to be placed into previously identified cells”" (Loferski
1985). The element stiffness matrices for all model elements are defined

in Figure 4.5.

The Cholesky method (Holzer, 1983) is used to solve for the unknown

displacements in the system equation (subroutine "SOLVE").

{e} = &1 {p} [3.2]

Given the displacements of each member in the structure, the next step
is to determine the corresponding stresses. This is done in subroutine
"RASMST". In the RAS mode stresses are calculated for the stringerboard
and deckboard elements. The stresses in the stringerboard elements are
calculated using the equations in Figure 4.6. For line loads the load is
considered to act directly on the stringerboard and the maximum stress
may be located anywhere along the length of the member. The equations to
compute stresses in stringerboard elements subject to line loads are
shown in Figure 4.7. The equations to calculate the stresses in the

deckboard elements are shown in Figure 4.8.
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where;
G = Global element stiffness coefficient
Stringerboard,block and
Rotational springs Axial springs deckboard elements
deckboard block Block
Top Bottom
Top |Bottom Middle [Right
6=| 1x10” | 1x107| 1x107 6 = | 0 0 0
G,= | 1x10” | 1x10| 1x107| G, | Gamé | Gamb| Gams
Gg=| 1x10” | 1x107| 1x107 | G = | 1x10” | 0 0
G, 9x10% | 0 1x10’ 6= | o 0 0 See
7 7 7 7 Figure 4.5
GlO- 1x10 1x10 ix10 GlO- 1x10 0 0
612. 0 Gam3 Gam3 Gl2- 0 0 0
622- -G7 0 —G7 622- 0 0 0
€257 €10 |C10 | 10 | G257 €10 | O 0
627- 0 -Gam3| -Gam3 6273 0 0 0

All other G values are equal to zero

Gam3 = Rotation modulus
Gam4 = Separation modulus
Gam5 and Gam6é are initially equal to zero

Figure 4.4. Element stiffness matrix INDEX coefficients

for rotational and axial springs
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where

g, = 7, + 12213, + 12813,

92 = yhyla + 12aly, 1y, + 1201341y,
9y = vy + 122y, 1y + 1201y, 15,
ga = YB3, + 12a8}; + 12813,

gs = yhalys + 12aly; 1,5 + 12815, 15,
ge = I3y + 12203, + 12813,

gr = 01}, + 4L%al35, + 4L’BI3,

gs = Ol lyy + 4L%aly, 1y, + AL,
go =0l lyy + 4L%ly lyy + 4L Bl3 L,
dio = 013, + 4L%al}; + 4L7B13,

g1y = 6ly2lyy + 4L%aly,lyy + ALl 1y,
gi2 = 013y + 4L%l}y + 4L?pI3,

gy = 6Lalyly, — 6LpIy 15,

gia = 6Laly 1y, — 6Lfiy 15,

gis = 6Laly,ly; — 6Ly, 1y

gie = 6Lalyy 15, — 6LpIy, 15,

gy1 = 6Laly, 1y, — 6Lfly, 15,

grg = 6Laly; 155 — 6LPI5, 1y

gra = 6Lalyyly, — 6LAIL 1,

gz0 = 6Lalyyl5; — 6Lflys 12,

g1, = 6Lalyylyy — O6LfIs 15

gy = — 0B, + 213l + 2L7f13,

gay = =0l y + 2L2aly 1y + L3Rl 15,
dae = =0l lyy + 2L3aly 1y + 2L2 0,1,
gis = —=oli, + 2L%3, + 2LB1,

gre = =0l 1y + 2%alyylyy + 2L7 Bl 1y
g1r = =0, + 2Lk, + 2L I3,

El El E
1-_—.—, ﬂ:—z. =
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L o T 8T T

Taken from Holzer, 1985

Figure 4.5. Element stiffness matrix INDEX
coefficients for stringerboard,
deckboard, and block elements.

45



4, ¢ @ 1 B 4,

dxfrdz }/’ d9ft dg
71 * 5 d17f f 4,

1 L ] a

£, = ¥, - dy)

£, = 12xd, + 6Ladg - 124dg + 6Lad),

£, = 12pd, - 6Lpdg - 12pdg - 6Lpd,;

£, = -6Lpd, + 4L d, + 6Lpdy + 27pd,

f6 = 6L«d2 + 6L%xd6 - 6L«d8 + ZL%xdlz

f1p = LEy - £

flg = Ly - £

V;--f—1+’f—5+i§ A f1+f_11»2.7"
NS Al] 8| |,

where; A = cross sectional area
32 = gection modulus with reference to local 2-axis
53 = gection modulus with reference to local 3-axis
cli = element degree of freedom i

¥ = EA/L

A = 1313/1.3 H I3 is the moment of inertia about the local 3-axis

iB = E12/1-3 H 12 is the moment of inertia about the local 2-axis

Figure 4.6. Equations to compute stress from
displacements - RAS
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wvhere; A = cross sectional area
82 = gection modulus with reference to local 2-axis
83 = gection modulus with reference to local 3-axis
di = element degree of freedom i

r= EA/L

X = EIJ/L3 H 13 is the moment of inertia about the local 3-axis

p = EIZIL3 ; 12 is the moment of inertia about the local 2-axis

lfN = f(N,I) + fn

Figure 4.7, Equations to calculate stress in
stringerboards subject to line loads.
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Figure 4.8, Equations to compute stresses
deckboard elements
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5.0 ANALYSIS OF RACKED ACROSS DECKBOARDS SUPPORT MODE (RAD):

The previous chapter outlines the methodology used to analyze
pallet response in the racked across stringers (RAS) support mode. This
chapter details similar methodology for designing with the racked across

deckboards support condition (RAD).

The applied load is translated into load effects (i.e stress and
deflection ) in the pallet which are compared to the resistance of the
components and any serviceability criteria. The overall strength of the
pallet is governed by the maximum load effect. In the RAD mode this is

assumed to be in either the top or bottom deckboard elements.

5.1 Assumptions and limitations

The two dimensional model used in the RAD mode is shown in Figure
5.1. The top deck is modeled as a single deckboard with its width equal
to the summation of all the top deckboard widths. Similarly, the bottom
deck is the summation of all bottom deckboards. Winged top deck members
are included in the model and are given zero properties if absent from
the pallet. For the sling support condition joint 15 is taken as the
location of the support joint. The two possible RAD support joints are 3
and 14, For stability reasons, joint 3 is located near the inside edge
of the block. The outside block is modeled és a combination of rigidly
interconnected members; the center block is modeled as a single vertical

element.
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Figure 5.1. Analog model of RAD pallet
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With stringer - type pallets, the inner stringers of three-and
four-stringer pallets were assumed to cause the top and bottom decks to
deflect equally. For block-type pallets, racked across the deckboards,
the centerpoint of the middle stringerboard deflects more than do the
ends, suggesting two-dimensional bending of the structure. However, from
test observation and SPACEPAL results, the difference in deflection is
negligible and hence, only bending about the global-3 axis is
considered. For pallet geometries with no centerline blocks the maximum

deflection will be in the top deck.

5.2 RAD Analog model

5.2.1 General model

The RAD analysis procedure utilizes a model which simulates
the behavior of a full pallet subject to a unit load in the RAD mode.
This model was developed after observing the actions of pallets tested
in the RAD support condition. The most important feature of the model is
the deck-to-block joint and how it mimics the action of the deckboard
relative to the block. From observations, the top deck was seen to pivot
around the inside edge of the block. However, the bottom deck pivots
around some point on or near the block depending on the support location
(Fig.5.2). For example, if the support is located under the block to the
right of its centerline, the joint tends to open when the pallet bends.
If the support is to the left of the centerline a greater degree of
fixity is seen. When the support is located at joint 3 (not under the

block) the bottom joint becomes stiffer with increased load.
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Figure 5.2. Pivot point for RAD support mode.
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To accurately predict the response of a pallet to applied loads, the
model must account for all these joint actions. The selected model
considers the block as a rigidly interconnected framework of elements
connected to the top and bottom decks by zero length springs (Figure
5.3). These springs are assigned stiffness values corresponding to
lateral, withdrawal, and rotational stiffnesses obtained from test
sections, The actions of a block pallet in the RAD mode are simulated
with a two dimensional model. This neglects bending about the global-2
axis but results in a model that has fewer degrees of freedom than the
three dimensional space frame model that was used with the RAS mode.

Hence, the required computer memory and computation time is reduced.

The model is set up as the right half of a symmetric pallet as shown in
Figure 5.1. The actions of 4, 6, 8, and 9 block pallets are simulated by
assigning the appropriate member properties to the elements of the

model. For example, four and six block pallets require that member 1 be

assigned zero stiffness.

The model is initially solved with axial spring elements 7, 8, and 14
given zero stiffness values in all directions. The model is then checked
for compatibility and their axial stiffness value may be adjusted
depending on the support location. For example, if the support is at
joint 3 then spring element 14 will have a high axial stiffness to
ensure that joint 7 does not pass joint 6. For the case of a winged
pallet similar conditions are anticipated for spring elements 7 and 8.

These compatibility conditions are insured in the program code.
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Rotational springs - 1 and 4

Axial springs - 2 , 3 and 5

Figure 5.3. Top and bottom deck connections to block.
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To fully utilize symmetry, the model includes shear releases at the
centerline (i.e at joints 1 and 2). These restrain translation in the 1

- direction and rotation about the 3 - axis.

5.2.2 Deckboard - block joint characterization
To simulate the semi - rigid action of the deckboard -

block joint five springs are used to represent the top and bottom deck
connections to the block (Figure 5.3). In a 3 - dimensional system each
joint has six possible degrees of freedom: three translational
stiffnesses along the three global axes (i.e parallel and perpendicular
to the grain of the deckboard and withdrawal stiffness), in-plane and
out-of- plane rotational stiffness, and twisting about the global 1 -

axis. These are shown in Figure 5.4.

With the two dimensional RAD model the only relevant stiffnesses are
translation parallel to the deckboard length, withdrawal stiffness, and
out of plane rotational stiffness. From sensitivity studies carried out
on full pallets and pallet sections using SPACEPAL, the most important
joint parameter was found to be the rotational stiffness. Rotational and
withdrawal stiffnesses (rotation and separation moduli) are assigned
values representative of test results. Two springs (6 and 16) are
assumed free and rigid respectively in the global 1 and 2 directionms,
and springs 8 and 14 are initially given zero stiffness in withdrawal.

Depending on the loading condition, geometry of the pallet, and support
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1) Lateral - parallel to 4) In - plane rotation

deckboard

P
2) Withdrawal 5) Twisting
P
3) Lateral - parallel to 6) Out of plane rotation
the stringerboard (Rotation modulus)

Figure 5.4. Six possible stiffness components of
deck - block joints.
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condition, the axial stiffness of springs 8 and 14 can change to insure

geometric compatibility (see Figure 5.11).

Values for rotational stiffness for nailed joints were determined by
Samarasinghe (1987) for different species and nail combinations. The
rotation modulus is dependent on edge crushing of the block, head pull
through and withdrawal stiffness. For both the lateral stiffness and
rotation modulus the values derived for a single nailed joint are
multiplied by the number of nails on one side of the pallet to determine

their effective value.

5.2.3 Wing pallet modifications
For winged pallets, members 19 and 20 are used to simulate
a wing and are given properties and dimensions similar to the rest of
the top deck elements. However for flush pallets these elements are
assigned zero stiffness. For the sling support condition the point of
support is located at joint 15. It is free to move in the 1 - direction
and to rotate about the 3 - axis. All members are assigned real

properties corresponding to those of the elements of the pallet.

5.3 Analysis methodology

The RAS model in the previous chapter contained a variable number
of elements depending on the number of top deckboards in the pallet. The
analysis procedure uses an automatic assembly technique to compute the
system stiffness matrix. This technique is also used in the RAD model.

However, the RAD model has a fixed number of elements representing any
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pallet geometry. Modifications to the stiffness matrix due to support
placement are automatically carried out in the assembly technique. The
algorithm of the assembly and solution techniques are outlined in

section 3.4.

5.3.1 Definition of the structure:

a.) The model is set up as a half symmetric version of the
full pallet (either winged or flush). Member incidences are fixed for

all geometries in "MAIN" with the numbering scheme shown in Figure 5.1.

b). The {JCODE} and {MCODE} arrays are defined and the unknown joint
displacements are identified. The {JCODE} is initially defined in MAIN
and later modified to account for constraints in subroutine "CODES"
corresponding to the degrees of freedom associated with each joint in
the model. The numbering sequence of the degrees of freedom may change
depending on the support location as shown in Figures 5.5 - 5.7. From
this, {MCODE} is defined for each element in subroutine 'CODES",

matching the unknown end displacements with the 'a' and 'b' ends of the

members. The degree of freedom numbers of the joint at the 'a' end of
the member are transferred into the first three cells of {MCODE} and

those for the 'b' end into the second three cells.
c). The material properties for each element are defined in subroutine

"PROPS". These are set to represent the members in the actual pallet.

The following are calculated or defined for each member in the model:-
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Figure 5.5 Possible joint motions used to

develop JCODE for RAD support
at joint 3
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Figure 5.6. Possible joint motions used to
develop JCODE for RAD support

at joint 14
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Figure 5.7. Possible joint motions used to

develop JCODE for RAD support at

joint 15
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. Modulus of elasticity, XMOE

. Area, A(I) = W(I) * T(I)

. Moment of inertia about the 3-axis
EI(I) = w(I) T(1)3/12

. Section modulus
s(1) = EI(I) 2.0/T(I)

. Modulus of rigidity
XMG(I) = XMOE(I) / 16

. Length, EL(I)
The direction cosines, which transform the elements from their local
reference planes to the global reference plane, are also defined for

each element in "PROPS".

5.3.2 Equivalent joint loads:

For each load type the member loads are transformed into
equivalent joint loads and assembled into an array, Q .. Two conditioms

are allowed: Uniform load (full or partial) and line load.

a. Uniform loads - may fully or partially cover the entire top
deck. The equations to calculate the equivalent joint loads are
defined in subroutine "UDL" and are shown in Figures 5.8, and

5.9.

b. Line loads - 1, 2, or 3 symmetrically placed line loads are

simulated by point loads on the top deck members in the model.
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Figure 5.8. Load models for full uniform load for all support

conditions.
a) Full uniform load over the entire top deck

b) Equivalent joint loads for support at joint 14
c) Equivalent joint loads for support at joint 3
d) Equivalent joint loads for support at joint 15
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Figure 5.9. Load models for partial uniform load over the top deck
a) fixed end forces corresponding to degree of freedom
of structure.
b) Partial uniform load over member 2
c) Partial uniform load over member 4
d) Partial uniform load over member S
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Member:

Equivalent fixed end forces:

>
N

wadtzdw - x2) - 2l - x2%) + @b-x2®)

£ -
?22 - W(L - X2) - fsz
2
?52 - wna2ana? - x2?) - 308 - x2%)
?62 - w1202 (eL21? - x22) - sLa? - x23) + 3014 - x2%)
?5" - w2tz - xa) - 2u? - xed) ¢ wh-xe)
?2“ - WL - X4) - fs“
4
?3“ - wizL2fane? - xe?) - 308 - xh)
?6“ - w1202 t6L2 (2 - xa2) - sL(Ld - xad) + 314 - x4
?55 - H/2L3[2L3(L - X5) - 21.(1.3 - x53) + (LA-XS“)]
?25 - WL - X5) - f55
5
£, = wnalpa? - xs? -3t - xsh)
?65 = w1202 6L2(1? - x5?2) - sL(d - x5%) + 3004 - x5%))

L = length of member

Figure 5.9a. Equations to compute the fixed end
forces for a partial uniform load
over the top deck




In all three cases the loads are allowed to act only on member
2., Because of symmetry, the load applied at the centerline
(joint 1) is one half the applied load for 1 and 3 line loads.
The equations to calculate the equivalent joint load vector used

in subroutine "LINE" are shown in Figure 5.10.

5.3.3 Stiffness matrix:

The local element stiffness matrices are next defined and
then assembled into the system matrix. There are three element types
employed in the RAD model requiring three different element stiffness

matrices. These types define a:

a. zero length rotational spring,
b. zero length axial spring,

c. stringerboard, deckboard, or block element.

These matrices are shown in Figure 5.11 and are coded in subroutine

"MELEMS".
The {MCODE} is used to fill the cells of the system stiffness matrix
[K]. It identifies the members which influence each cell and assembles

it, element by element into the stiffness matrix in subroutine "ASSEMS".

5.3.4 Solution and stress computation:

The displacement vector D in the basic matrix equation

[F} = 1x] {D} [5.4]

66



£(2,2)
£(3,2)
£(5,2)

£(6,2)

P/L 3 [(L

2
9 - X) (L2 + 2X)]

2

_ 2

_ 2 3
=P X (3L2 - 2x)/L2

2
-P (L2 - X) (X/Lz)

Figure 5.10. Computation of fixed end forces

for member 2 subject to line loads
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INDEX =

-

Symmetric

G = Global element stiffness coefficient

Gam3 = Rotational modulus

Gam4 = Separation modulus

Gam5, Gam6 are initially zero

Figure 5.11. Element stiffness matrices for rotational and axial springs,

and stringerboards, deckboards and block elements

wvhere;
Stringerboard, block
deckboard elements Rotational springs Axial springs
6 16 7 8 14
¢ = | x(gc,2e12¢,?) G, 0 1x107 | 6=l 0 0 0
1 1 2 1 1
G,= | %C,C, (A=~ 12) G,= 0 0 G,=| 0 0 0
2 2 . 6
Gy= | X(BC,"+12C,7) Gy= 0 1x10 Gy=|Gamé | Gam6 | Gam5
G“- -0(6LC2 G,= 0 0 Ga- 0 0 0
GS- o(6LCl GS- 0 0 GS- 0 0 0
.
G6 X4L 66- Gam3 Gam3 66- 0 0 0
G,= « 212 G, |-Gam3 | ~Gem3 G,=| 0 0 0
3, - arl
o = EL/L AR A S
Cl, 02 = Direction cosines
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where {F}= global element force vector.
is solved by the Cholesky method in subroutine '"SOLVE". From the

resulting element end displacements the element stresses are calculated

in subroutine "MSTRES". These are computed for the 'a' and 'b' ends of
each deckboard member using the formulae in Figure 5.12. The element end
stresses are determined for all top and bottom deckboard elements.
Bending stresses are calculated in the loaded top deckboard members as

follows:-

a. Members 2, 4, and 5 - stresses are computed using the equations
shown in Figure 5.13. Bending stresses are determined in all
three members for a uniform load and only in member 2 for point

loads (Figure 5.14).

b. Members 3 and 15 - stresses are computed using equations shown

in Figure 5.15 if the support location is at joint 3.

The element with the maximum critical stress, and its location are
determined and reported to the user. The vertical deflection is checked
for all joints in the model and the maximum value is identified and

reported.

5.3.5 Winged pallet and sling support condition :

No modifications to the basic model or the procedure used
to set up the system stiffness matrix are necessary for a winged pallet.

The only loading condition which members 19 and 20 can experience is a
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£, = EA/L (d; - d,)
3 2
f2 = 12EI/L (d2 - ds) + 6EI/L (d3 + 46)
2
f3 = 6EI/L (d2 - dS) + 2E1/L (2d3 + d6)
fo = £,L - £,
£ £ £ f
1 3 1 6
V. == + |- v == + ’-l
& A s ' ® A s

where ; A = cross sectional area
S = gection modulus

di = element degree of freedom i

Figure 5.12. General equations to compute stress
from displacements - RAD
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£, = EA/L (d) - d,)

£, = 12E1/L> (d, - d.) + 6E1/L? (4, + d))

£, = 6EI/L? (4, - 4,) + 2E1/L (24, + 4)

£ = £l - £,

Tq_fl’ f3 - fl(,lfsl
A s A s

vhere ; A = cross sectional area
8 = gection modulus
di = element degree of freedom i

I=2,4,5

Figure 5.13. Equations to compute stress in members
2, 4, and 5 from displacements - RAD
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k_vda \_/’dﬁ
v
u—-2X =
SR S S N N T
0]
i=2,4,5

Xmax = X + 1£(5,i)/w
Mmax = -1£(6,1i) + 1£(5,i)[(Xmax + X)/2]
v =161, i)/AG)] + [Mmax/s(i)]

a) Uniform loads

i=2
Mmax = - 1£(3,i) + [1£(2,i)*A]
7 =11, ) /AG)| + | Mmax/s(i)|

b) Line loads

n
. ‘) - 1
where: 1f(n,i) fn + fn

¥ = Maximum bending stress

Figure 5.14 Equations to compute stress in top deck members.
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a) member 3:

f, = EA/L3 (dl)

1
3 2

£, = 12E1/L.° (4) + 6EL/L % (45 + dp)
2

£, = 6EL/L,% (d,) + 2E1/L, (24, + d()

fg = falg - £3

b) member 15:

fl - EA/L15 (-da)

3 2
fz = IZBI/L15 (-ds) + 6EIIL15 (d3 * dé)

2
£, = SEI/L " (~dg) + 2EI/L,g (2dy + d()
fo = flys - £y
£ £ £ £
1 3 1 6
V" + = ’ ==+ |-
a A s b ola s

where ; A = cross sectional area of bottom deck

S = gection modulus of bottom deck

Figure 5.15. Computation of stress in RAD members 3
and 15, with support at joint 3.
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full uniform load over their lengths. The fixed end forces are

calculated for these members as shown in Figure 5.16.

Element stresses are calculated for members 19 and 20 with no acting
loads using the equations shown in Figures 5.17 & 5.18. When a uniform
load is applied to members 19 and 20 the stresses are calculated using

the equation in Figure 5.19.
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Figure 5.16. Load models for full uniform load on members

conditions.

19 and 20 for all support
a) Full uniform load over
b) Equivalent joint loads
¢) Equivalent joint loads
d) Equivalent joint loads

the entire top deck

for support at joint 14
for support at joint 3
for support at joint 15



£, = EA/L (4, - d,)
3 2
£, = 12EI/L° (4, - dg) + 6EI/L® (dy + d()
2
f3 = 6EI/L (d2 - ds) + 2EI/L (2d3 + d6)
£, = £l - £,
£ £ £ £
1 3 1 6
( - - 4+ - H T = - + -
@ fa 8 ¥ ol s

wvhere ; A = cross sectional area
S = gection modulus
di = element degree of freedom i

1 =19, 20

Figure 5.17. Computation of stress in RAD members,
19, and 20 for support joints 3 and 14,
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a) member 19:

fl = EA/L19 (dl - da)
3 2
fz = 121-:1/1.19 (dz) + 6EI/L19 (d3 + d6)
2
f3 - GEI/L19 (dz) + ZEI/L19 (2d3 + d6)
fo = fl1g = f3
b) member 20:
fl = BA/L20 (dl - da)
3 2
fz - IZBI/LZO (-ds) + 6EI/L20 (d3 + ds)
2
f3 - 6EI/L20 (-ds) + ZEI/L20 (2d3 + d6)
£6 = falyg = f3
f f f f
Y; It N 23 , %; |21, |26
A S A S

where ; A = cross sectional

S = gection modulus

Figure 5.18. Computation
and 20, for
(support at

area of top deck

of top deck

of stress in RAD members 19
sling support condition,
joint 15).
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i =19, 20
Xmax = X + 1£(5,i)/w
Mmax = -1£(6,1i) + 1£(5,i)[(Xmax + X)/2]

v o=, /A o |Mnax/sei)

where: 1f(n,i) = £l
n n

Figure 5.19 Equation to calculate the stresses in
members 19 and 20 for a uniform load.
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6.0 EXTENSION TO THE STACK CONDITION

The previous two chapters have outlined the analysis methodology

used for block pallets in the RAD and RAS support modes. However,
pallets are often stacked on one another or supported on a rigid base.
The objective of this chapter is to extend the analysis methods to

include the stacked condition.

6.1 Basic assumptions

As with the RAS and RAD support modes, the load effects are
determined in terms of stress and deflection. For the stack condition
the critical members are the top deck members of the bottom pallet and
the bottom deck members of the second pallet in a stack. The method of
load transfer is assumed to be different than the racked support modes.
The blocks act as support columns and transmit some of the load directly
to the floor surface. The remainder is distributed over the
stringerboards and deckboards, as shown in Figure 6.1. The critical
elements are then deck members stressed in bending. Depending on the
distance between blocks and the number of boards, either stringerboards

or deckboards may be critical.

The two models presented in chapters 4 and 5 are employed in the stacked
analysis pfocedure. The RAS model is used to determine the load effects
in the critical top stringerboard members and the parallel bottom deck
members. The RAD model calculates the maximum load effects for the top

deckboard members and the parallel bottom deck members. In both models
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Figure 6.,1. Schematic diagram showing the

assumed load transfer in stacked mode
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the top and bottom decks are considered to act independently of one
another (i.e not as a composite structure). All assumptions and
limitations inherent in the development of the RAS and RAD models also

apply to the stack analysis.

6.2 Stack analog models

Modifications to both models redefine the analog structure to
model the above actions. The boundary conditions which define the joint
constraints were modified to establish a more efficient model to compute
critical stresses and deflections. The solution routine used to

calculate the load effects remains the same for all cases.

6.2.1 Modifications to the RAS analog model:

The model remains a quarter symmetric 3-dimensional
structure with no modifications to either the number of elements or the
number of joints. Shear releases along the two axes of symmetry allow
vertical displacement of the joints located on the center lines.
Modifications to the joint constraints for the stack condition are made
in subroutine "STACKJ" as follows (see Figure 6.2):

a) Joints 1, 2, 3 and 4 are constrained in all 6 directions if

elements 2 and 3 have non zero properties.
b) All joints which connect members in the 2 outer blocks are

constrained in all 6 directions if the connecting members have

non zero properties.
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c¢) For members that have zero properties the incident joints are
free to translate vertically (e.g if there is no center block
then joints 2 and 4 are free to translate in the global 2
direction for the first or second pallet in a stack and only

joint 2 is free to translate vertically for the bottom pallet).

One analysis is carried out for the STACK-RAS model with loads applied
to both the top and bottom decks. The equivalent joint loads on the top
deck are calculated as shown in chapter 4. The equivalent joint loads
for the bottom deck are calculated in subroutine "STACKL" using the same
procedure. The critical deflection is determined in subroutine "STACKD"
for the top stringerboard elements and the bottom parallel boards. For
pallets containing only 4 blocks the maximum deflection is calculated at
joints 1 and 3 or 2 and 4. If there are three blocks per stringerboard
the deflection is determined by Lagrangian interpolation between the
calculated deflection at points in the span between the center block and
the inside edge of the outer block. Only maximum deflection in the span
is reported (see Figure 6.3). The method of calculating stress remains

unchanged.

6.2.2 Modifications to the RAD analog model:

To mimic bending in the stack support condition an
additional element and joint were added to the 2-dimensional RAD model
as shown in Figure 6.4. Elements 2,3,21 and 15 are of equal length.
Joints 3,4,and 17 are left free to rotate and translate. Maximum

deflection is calculated at joint 17 when member 1 has non zero
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stiffness properties. For a 4-block pallet and a 6-block pallet(with
three blocks per stringerboard), joints 1 and 2 are allowed to translate
vertically and the maximum deflection is calculated at joint 1. A
separate analysis is conducted for the top and bottom decks. Properties
are assigned to the top members of the model representative of the top
deck in the pallet and the load effects are determined. The bottom deck
properties of the pallet are then assigned to the top deck members in
the model and the analysis procedure is repeated. The method for

computing maximum stress is unchanged.
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7.0 EXPERIMENTAL VERIFICATION

7.1 Introduction

The analysis models presented in chapters 4 and 5 required the use
of some limitations and assumptions to realistically estimate the
results of very complicated actions in a pallet. Some simplifications
were made as to the mechanism of load transfer, analog idealizations of
load and support conditions and the actions of individual members and
joints. The net effect of these simplifications may result in errors in
the prediction of load effects. To verify the models and develop
confidence in their prediction an experimental program was conducted.
The objective of this chapter is to document those tests and make

comparisons between test results and predictionms.

7.2 Experimental design

To verify the RAD and RAS analysis models the test deflections and
average stiffnesses of the pallets were compared with the results
obtained from the models. The deflection used for the verification
procedure was the central deflection. Pallet stiffness was computed as
the slope of the linear portion of the total load-center deflection

curve for each pallet or section.

The pallet types selected for testing included five designs which are
shown in Figure 7.1 and detailed in Appendix D, The study variables
included number of top deck elements, number of bottom deck elements,

and dimensions of all members.
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These designs were selected to be representative of the most common
expected variations found in practice. The blocks in all designs were
oriented horizontally (i.e length of block parallel to pallet length) so
that the fastener penetrated the side grain. Each deck-block joint was
connected with three fasteners, sized according to the thickness of the
deckboards. The type, size and length of fasteners used in the
experimental pallets are detailed in Table D.3. All pallets were
constructed of yellow poplar or red oak material in the green condition

(i.e M.C. > 28% ).

In the RAS mode eight pallets of two designs were tested under uniformly
distributed loads at each of three different spans - 41, 43, and 45 in.
A winged pallet (design 3) was tested RAS at a 33 inch span. Twelve
pallets of three designs were tested in the RAD mode also under uniform
loading, nine at spans of 39 and 45 in., and three at spans of 41, 43,
and 45 in. The spans were varied so that the supports would cause
different deckboard-block joint behavior. Six pallets were loaded to
failure in RAS after testing at all study spans. All materials were
kept green in a refrigerator to retard mold and blue stain. Each pallet

was assembled per Figure 7.1 by hand using hammers to insert fastenmers.

7.3 Methods and materials

All stringerboards and deckboards were tested in center point loading to
determine the MOE (modulus of elasticity) prior to assembly into a

pallet. Three measurements of width and thickness were taken along the
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length of each piece and the average values recorded. These results are

also tabulated in Appendix D.

The test machine used to evaluate pallet response to a uniform loading
condition is shown schematically in Figure 7.2 . This machine uses an
inflatable dunnage bag to apply a uniform load over the top deck of the
pallet. Load is measured by load cells located under the four corners of
the pallet. Deflection is measured at three points along the center line
of the pallet. Details of the apparatus are in Fagan(1984). During
testing the bag was inflated at a metered rate and a HP9000
microcomputer automatically recorded the load and deflection measured by
each transducer. The results were later analyzed on a mainframe
computer. After testing at the various spans some pallets were loaded to

failure and ultimate strength and failure mechanism was recorded.

7.4 Results and discussion

The predicted and measured deflections of all pallets tested are
presented in Appendix E. The average percentage deviations between
predicted and experimental stiffness for all designs are shown in Table
7.1. These results show that, on average, the models overestimated
experimental stiffness in both the RAS and RAD modes for uniform loading
conditions by 4.67% and 8.2%, respectively. These differences between
predicted and actual results may be attributed to a number of reasons;
errors in determining actual material properties for the elements,
prediction of rotation modulus for stiffness verification, errors during

apparatus set up and errors associated with assumptions made in the
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Table 7.1. Summary of the comparison between model
predictions of the stiffness of uniformly loaded
test pallets and experimental results.

Percent deviation between
Predicted and experimental stiffness
Support mode Pallet Average Range
Design
RAS 1 5.9 29-10.9
2 6.7 32-116
3 1.1 -
RAD 1 7.7 1.7-164
4 7.8 1.4 -23.0
5 9.1 1.9-13.0
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analysis procedure.

Three different support locations were used in the test procedure; a)
the support placed at the center of the outer block, b) the support
placed to the left of the center line of the outer block, and c¢) the
support placed to the right of the center of the outer block. Each
support location had a considerable effect on joint behaviour. Putting
the support to the right of the centerline of the block resulted in the
largest test span and hence, the largest deflections compared to the two
other spans. Here the joint opened in the manner forecast by the models.
As the span was shortened the level of fixity of the joint increased and
there was less separation of top and bottom deck members from the block.
With RAS, the model was slightly more conservative for the longest span.
There were no significant differences between the results at the two
shorter spans. With RAD no consistent difference in the predictive

ability of the model was noted with span.

The thickness of the deckboards and stringerboards used in pallets
tested RAD (Table D.2) were varied to confirm the models capability at
different levels of stiffness. Both the centerline deflection and the
degree of fixity of the deck-block joint increased as the thickness of
the boards decreased. The greater deflection may be attributed to the
lower flexural rigidity of the deck elements. For the lower thicknesses
the top deckboards tended to bend, not around the pivot point, but out
from the inside edge of the outer block. The thicker boards, on the

other hand, had a higher flexural stiffness and tended to separate more
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from the block. No difference in the predictive ability of the model was

noted with stiffness variation.

Tests of six pallets RAS were successfully carried out to failure. These
results are shown in Table 7.2. There is no clear way to assess the
ability of the RAS model to predict ultimate strength since component
modulus of rupture was not known apriori. However, assuming linear
elasticity to failure the predicted bending stresses are well within the
range shown for deckboards by McLain et al (1986). The failures were

noted to occur at or near the predicted points of maximum stress.

Considering the high variability of the material and its properties, the

models adequately predict the response to applied load conditions.
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Predicted failure

Pallet Span Ultimate Bending stress Observed

ID No. (in.) | Load (1bs) | Deflection (in.) (Linear),psi failure
4 45 6038 2.12 8625 Outer stringer
5 43 7024 2.50 1547 Outer stringer
6 41 6002 2.04 6026 Center stringer|
7 45 7023 3.68 7557 Center stringer|
8 41 8032 2.72 8158 Outer stringer
9 33 9203 1.83 6009 Center stringer

Table 7.2. Ultimate test results for uniformly
loaded pallets - RAS
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8.0 SUMMARY AND CONCLUSIONS

Wooden pallet production uses as much as 20% of the total annual U.S.
lumber production. However, standardized design procedures for these
products have only recently been developed. These procedures are needed
to efficiently balance safety and economy in pallet design and to
provide a rational means of comparing design alternatives. Research to
develop these procedures has been undertaken by the U.S. Forest Service,
the National Wood Pallet and Container Association, and Virginia
Polytechnic Institute and State University. Phase I of the research was
directed towards the stringer—-type pallet while the block-type pallet
was considered in Phase II. The objective of this thesis is to
establish standard methods to analyze block-type pallets for strength

and stiffness in response to defined load and support conditions.

The analysis procedures for block pallets were developed in computerized
form. The Fortran programs presented in Appendices A, B, and C are used
in a version of the Pallet Design System (PDS) geared to block pallet
design. Matrix structural analysis models and solution routines were
developed to analyze racked across stringers (RAS), racked across
deckboards (RAD), and stack support modes. The loading conditions
considered include 1) Full uniform load, 2) Partial uniform load, and

3) 1, 2, or 3 line loads. A 3-Dimensional model is employed for the RAS
and Stack modes, and a 2-Dimensional model is used for the RAD support

condition.
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Sensitivity studies were conducted to determine the influence of the
magnitude of various joint properties on pallet response. Specifically
for pallets RAS and RAD, the deck-block joint was examined for the
influence of rotational and withdrawal stiffness on pallet response.
Pallet deflection was shown to be insensitive to translational stiffmess
in the deck-block joint. Pallet response was also not sensitive to the
level of translational or rotational stiffness of the
deckboard/stringerboard joint in the RAS model. A 100% change in the
deckboard/stringerboard joint translational stiffness in the global 1
and 3 directions resulted in a 0 to 2% change in center point
deflection. Rotational stiffness about the global 3-axis (i.e
deck-block rotation) was found to be the most important joint parameter
with a 107 change in pallet center point deflection resulting from a

100% change in rotation modulus.

RAS ANALOG MODEL: The 3-Dimensional model employed in the RAS support
mode uses matrix structural analysis methods to calculate stress and
deflection in critical members subject to common loading conditions. The
model is presented as a quarter symmetric structure of a pallet
utilizing shear releases along the lines of symmetry. The number of
elements used in the model dynamically changes depending on the number
of top deckboards in the pallet. The joints are modeled as zero length
spring elements to emulate their semi-rigid nature; all deckboard and
stringerboard elements are given material properties representative of

those in the full pallet.
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RAD ANALOG MODEL: Experimental observations and theoretical studies
showed that two-way bending of pallets in the RAD mode was negligible.
Hence, a 2-Dimensional model was used to mimic the actions of a
block-type pallet in the RAD support mode. The number of elements and
joints were fixed at 20 and 16, respectively. The model was reduced to
half symmetry employing two shear releases at center line. The top deck
elements are assigned material properties equal to the sum of those for
the top deck of the full pallet. A similar process is used for the
bottom deck elements. Properties of members not used for a specific
geometry are given zero stiffness. A unique model of joint behavior was
developed to imitate the actions of the very important deck-block

joints.

STACK MODELS: The RAS and RAD models are used with some modifications
for the stack condition. The critical stringerboard elements are
identified using the RAS model; the RAD model is used to determine the
critical load effects in the deckboard elements. Only a full uniform
load is considered in the stack condition with a minimum of four top
deckboards. Modifications are made to the joints by applying constraints

in all directions to those joints connecting block elements.

To verify the RAD and RAS models a series of tests were carried out on a
total of twenty pallets of five designs. The pallets were loaded by an
airbag and deflection noted. For verification the test deflections and

average stiffnesses of the pallets were compared with those predicted.
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The average percent deviation in stiffness between predicted and
experimental for the RAS support mode was 4.6% over a range from 1.1 -
11.6% deviation. For the RAD mode the average percent deviation was 8.2%
over a range from 1.7 - 23.0% deviation. Tests of six pallets RAS were
successfully carried out to failure. The average predicted failure
stress in bending was 7320 psi which is in the range found by McLain et

al (1986).

In conclusion, the three models used with the matrix structural analysis
techniques adequately predict the response of block pallets subject to
the study load and support conditions. These analysis procedures, used
in conjunction with Reliability-Based safety checking, ensure that
block-type pallets will meet the desired performance requirements with

an assured level of safety and economy.
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Appendix A:

Program listing - (RAS)
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I

MAIN

Support location, Style,
Support condition
# joints & # elements

Codgﬁgj——-ldentifies joint support

p————— Member incidences

$——— Initialize JCODE

_ Initialize joint load vector &
fixed end force vector to zero
LTYPE

I =1,NE

Initialize system stiffness
matrix to zero

| Initialize member-end
force vector to zero

|RAELMF Maximum displacement

I lRASMST Maximum stress
(R
STACKD
“END
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* RAS ANALYSIS. .

$00000000000000000000000000000000000000000000000000000000000000000000000

C

C THIS VERSION OF RAS CODING ALLOWS FOR ONLY ONE VALUE FOR MOE TO BE
C ASSIGNED TO BOTH DECKBOARDS AND STRINGERBOARDS ON TOP AND BOTTOM
C DECKS.

C

IMPLICIT DOUBLE PRECISION (A-H,0-2)

DOUBLE PRECISION BLKLOC(2,3),TDLOC(15), TDW(15),BLKW(2),XLC(100),
YLC(100),ZLC(100), EL(100), TSBW(2),BSBW(2),

BDW(15),XMOE(100),W(100),1(100),X MG/ 100),EI(3,100),

(3.100), X MJ(100).Q(500), F(12,100),5$(600,600),((27),

A(100),P(6,100),D(12),DL(12),FL(12,100), FLO(12),

TSBE,BSBE, BLKL(2),BDLOC(15),DISPL{6.100),

TDBE,BDBE,ST(100),5TA(100),DSTB(100),

STB(100).5SMA X, XPOS,WL(100),DST(100), DSMAX,DSTA(100),

RASPAN,XPLENG,XPWIDT,BLKT, TDT.BD1.TSBT,BSBT,CL,SL.XTD,

XTSB,SUPLOC,CANTL,BAREA,BMOE,XLOAD,P1,P2.DEFL(100),

GAM3.GAMS,GAMS,GAM6,YMAX

MAANAAAAAWN

INTEGER JCODE(6,150), MINC(2,92), MCODE(12,100),IN(13),MN(13),
b IFLAG(100),ISL{100)

PARAMETER (MX = 94, MXNEQ = 6 * (MX - 1), BMOE = 10.0D +06,

S BAREA = 500.0D +0)

DATA NTD.NBD.NTSB.NBSB,NBLK/5,0,3,3,9/

DATA RASPANXPLENG,XPWIDT/33.0D + 0,48.0D + 0,40.0D + 0/

DATA BLKT,NBLKPS,BLKW,BLKL/3.625D0,3,2°3.125D +0,2°5.0D + 0/

DATA BLKLOC(1.1),BLKILOC(1,3);5.0D +0,38.0D + 0/

DATA TDT.BDT,TSBT.BSBT:4°0.20D + 0/

DATA TDBE,BDBLE/1.20D06,1.20D06/

DATA TSBE,BSBE/1.00D06,0.91D06/

DATA TSBW,BSBW 13.1361)00,3.149D00,3.151D00.3.155D00;

DATA LTYPE.XLOAD,CL,SL,XTD,XTSB/1,9.2030D03,00.D + 0,000.0D +0,0.0D + 0

b ,00.0D + 0/

DATA (TDLOC()),J =1,7),0.0D +0,1.0D00,2.000,21.76D00,29.01 3D00,

S 39.00D00,43.47D00/
C  DATA (BDLOC()J = 1,3),0.0D00.21.5D9,43.0D0,

DATA ISTYLE 2/

DATA ISTACK. 0/

DATA (TDW(J).J = 1,7).4.539D00,4.529D00,4.533D00,4.522D00,4.506 D00,

S 4.510D00.4.526,
C DATA (BDW(J).J = 1,3),3°5.0D + 0/

DATA GAM3.48.0D + 04/

DATA GAM4,GAMS,GAMS6,10.000D + 06,10.000D ~ 06,10.000D + 06/

DATA JN/2,7,7,13,13,19,19,25,25,31,31,37,37;
DATA MN;1,10,10,18,18,26,26,34,34,42,42, 50,50/
IF (ISTACK.EQ.1) THEN
SUPLOC = BLKLOC(1,NBLKPS) - 0.5*(XPLENG) + 1.0D00
WRITE(6,*) 'SUPLOC =",SUPLOC
FLSE
SUPLOC = RASPAN/2.0D0
WRITE(6,*) 'SUPLOC =".SUPLOC

END IF
IF (ISTYLE.EQ.2.0R.ISTYLE.EQ.3) THEN
ICANT = |
CANTL = BLKLOC(1,1)
ELSE
ICANT = 0
CANTL = 0.0D00
END IF

WRITE(6,*) ICANT =",ICANT,” CANTL =',CANTL
C
C DETERMINING THE SUPPORT CONDITION:
C
IF (RASPAN/2.LT.(BLKLOC(I.NBLKPS) - 0.5°(XPLENG))) THEN

ISUPC = 4

ELSE IF (RASPAN/2.GT(BLKLOC(1,NBLKPS)-.5*XPLENG +.5*BLKL(1)))THEN
ISUPC = 3

ELSE IF (RASPAN/2.EQ.(BLKLOC(1,NBLKPS)-.5*XPLENG +.5°BLKI(1))) THEN
ISUPC = 2

ELSE
ISUPC = |

END IF

WRITE(6,*) 'ISUPC =",ISUPC
C
(CZ DETERMINING THE NO. OF ELEMENTS AND JOINTS:

IF JN(NTD).EQ.2) THEN
NJ = JN(NTD) + 29 + (5*ICANT)
ELSE

LS
NJ = IN(NTD) + 27 + (5*ICANT)

END IF
IF (MN(NTD).EQ.1) THEN
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NE = MN(NTD) + 7 + 36 + (6°ICANT)
ELSE
NE = MN(NTD) + 36 + (6°ICANT)
END IF
WRITE(6,") ‘'NE=",NE, " NJ=",NJ
CALL COORDS(NTD,TDLOC,XPLENG,TDW,BI. KLOC,BLKL.ICANT,CANTL,JN,
$ NBLKPS,ISUPC,NJ,SUPLOC,BLKT,BLKW XPWIDT,XLC,MTTD,INTSUP,YLC,ZLC)
WRITE(6,%) 'INTSUP ="JNTSUP
WRITE(6,*) 'MTTD =",MTTD
READ IN THE MEMBER INCIDENCES:

THESF ARE THE MEMBER INCIDENCES OF ALL. MEMBERS TO THE LEFT OF THE
OUTER TWO BLOCKS, INCLUDING THE TOP D.B OVER THE BLOCK ELEMENTS.

anaann

DATA MINC/1,2,1,3,2,4,3,4,1,6,2,7,3.8,4,10,5,6.5,7,8,9,9,10,
6,12,7,13,8,14,10,16,11,12,11,13,14,15,15,16,12,18,13,
19,14,20,16,22,17,18,17,19,20.21,21,22,18,24,19.25,
20,26,22,28,23,24,23,25,26,27,27,28.24,30.25,31,26,32,
28,34,29,30,29,31,32.33,33, 34,30.49,31,38.32,61,34,62,
35,36,35,37,37,38.36.49,36,53,37,42,42,45,53,57,49, 50,
$3,54,57,58,50,54,54,58,50,51,58,59,51,57,51,52,52.63,
63.55,55,60,59,60,55,56,56,44,38,39,42,43,45.46,39,43,
43,46,39,40,46,47,40,47,40,41,41,64,44,64,44,48,47,48,
41,62,52,61,45,61,57,66,65,66,63,67,67,68,66,69/

AAAANARANN

CALL MINCS(ICANT,JN.MN,NJ,NE,MINCNTD,ISUPC,XLC)
INITIALISE JCODE:

ann o

DO 20J = 1,UN(NTD) + 27)
DO 0L = 1,6
JCODK(L,)) = 1
10 CONTINUE
20 CONTINUE
C

JCODE(1.1)
JCODE(S,1)
JCODE(6,1)
JCODE(1,2)
JCODE(4,2
JCODE(S.2)
JCODES.,2) =
JCODE(1,3) =
JCODE(S.3) =
JCODE(6,3) =
JCODE(1,4) =
JCODE(4.4) =
JCODE(5.8) =
JCODE(6,4) =
DO 30§ = 71,IN(NTD),3
JCODE(3.J) = 0
JCODE(4J) = 0
JCODE(S.)) = 0
30 CONTINUE
JCODEG(IN(NTD)+ 7)) = 0
JCODE(S,(IN(NTD) + 7)) = 0
JCODE(S,(JN(NTD)+ 7)) = 0
IF (ICANT.EQ.1) THEN
DO 50J = NJNJ-4,-1
DO4L = 1,6
JCODE(L,J) = |
40 CONTINUE
50 CONTINUE
END IF

wowonnouon
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IF (ICANT.EQ.1) THEN
JCODE(3,NJ-2) = 0
JCODE(4,NJ-2) = 0
JCODF(5,NJ-2) = 0

END IF

C

IF (NTSB.EQ.2) THEN
JCODE(IINTSUP-1) = 0
JCODEQ2JINTSUP-1) = 0
JCODE(3JNTSUP-1) = 0
JCODE(4,JNTSUP-1) = 0
JCODE(S,JNTSUP-1) = 0

ELSE
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JCODE(I,INTSUP) =
JCODE(2JNTSUP) =
JCODE(3,JNTSUP) =
JCODE(4,INTSUP) =
JCODE(SJNTSUP) =
JCODE(LINTSUP-)
JCODE(2,JNTSUP-1)
JCODFE(3JNTSUP-1)
JCODE(4INTSUP-1)
JCODE(S,INTSUP-1)
END IF

C
C IF ISTACK IS “1" (LLE STACK SUPPORT MODE) THEN STACKJ IS CALLED
C

DO 551 = 1,NE
IS =0
§5 CONTINUE
IF (ISTACK.EQ.1) THEN
(.'/\l.Ii:S'I'ACKJ(JN,N‘I'D.JCODE.NBLK.NBLKPS)
END 1

CALL CODES(JCODE,MINC,NE,NJ,MCODE,NEQ)

MBD = MBANDMCODE,NE)

CALL LENGIS(MINC,ZLCYLC.XLCNTD,ICANT.NEIFLAG,.EL.MN)

CALL PROPS(NTD,TSBE, TSBW, TSBT,BSBE,BSBW,BSBT, TDBE TDW,MN, TDT,BDBE,
S BOW.BDT.BMOLEXMOE,W, T, XMG,ELS. A XMLFLICANT,MITD,BAREA,

$ NE.BLKT,IFLAG.BLKL.BLKW,BDLOCXLCMINC,NBD NTSB,NBSB,XPLENG,ISL)
CALL DUMMY(NBLK,NTSBNTDJICANT,NE,XMOE,NBSB,MN,NBD,BDLOC,EL

S MINCXPLENG.XLC)
C
C CALCULATION OF MODULUS OF RIGIDITY FOR ALL REAL ELEMENTS:

DO 601! = I.NE
IF (IFLAG().NE.5) THEN
XMG(1) = XMOE(1)/16.0D0
END IF
60 CONTINUE
WRITE(6,600) MEMBER', LENGTH', MOE', AREA"
600 FORMAT(. -2X,A6,3X,A6,6X,A 3,10X,A4/)
DO 61 | = I,NE
WRITE(6,610) LEL(L.XMOE(1).A(T)
610 FORMAT(4X,12,4X,F7.3,2X,F12.2,2X,F8.3)
61 CONTINUE

C
C COMPUTE THE JOINT LOAD VECTOR:
C

DO 70K = I,NEQ
Q(K) = 0.0D~+0
70 CONTINUE
DO 901 = INE
DO SOL = 1,12
F(L.J) = 0.0D +0
80 CONTINUE
90 CONTINUE
DO 1001 = I,NE
IF (IFLAG(D.EQ.2) THEN
WL(I) = 0.0D00
END IF
100 CONTINUE

IF (LTYPE.EQ.I.OR.LTYPE.EQ.2) THEN
CALL RASUDL(EL.NJ,NTD, XTSBICANT,CANTL.XPLENG,F,Q,NE,NEQ,NTSB,

$  MNTDLOCXLOAD,XTD XPWIDTMITD,W, TDW,BLKW,BLKLOC,BLKL,WL,
$  ISTACK,NBLK,NBLKPS)
ELSE
CALL RALINE(LTYPE,CL,SLXPLENG, XTSB,NTD,MTTD,TDLOC,TDW,EL,P1
S P2,Q,F)
END IF

C
C FOR STACK SUPPORT CONDITION - CALL SUBROUTINE "STACKL"®

IF (ISTACK.EQ.!) THEN
CALL STACKL(ISL,W,EL, XLOAD,WL,MN,F,Q,XTD,XPWIDT,BLKW,NE,

s NBLK,NBLKPS,NTD)
END IF
WRITE(6,*) ‘QHAT VECTOR...
DO 1051 = 1,NEQ
WRITE(®S.*) LQ(I)
105 CONTINUE
C
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g INITIALISE THE SYSTEM STIFFNESS MATRIX TO ZERO:

DO 120) = |,NEQ
DO 1101 = ,MBD +1
SS(1,J) = 0.0D +0
110 CONTINUE
120 CONTINUE
DO 130N = I.NE
CALL RAELMS(N,NTD,GAM4,GAM6.G.IFLAG,ISUPC, XMOE,EL,
S AXMG,XMJELMNXLCIN.GAM3.GAMS,ICANT,NE)
CALL RAASSM(N,MBD,G,S5,MCODE.MXNEQ)
130 CONTINUE
CALL SOLVE(SS,Q.NEQ,MBD,MXNEQ)

C
C INITIALISE THE MEMBER-END FORCE VECTOR TO ZERO:
C

DO 1501 = I,NE
DO 140L = 1,12
FI4L.}) = 0.0D +00
140 CONTINUE
150 CONTINUE
C
YMAX = 0.0D0
SSMAX = 0.0D0
DSMAX = 0.0D0
WRITE(6,250) STRESSES:
250 FORMAT(:, 15X.A9))
WRITE(6,260) " MEMBER #','STRESS A-END’,'STRESS B-END’
260 FORMAT(,:9X,A6,5X,A12,12X,A12))
DO 160§ = ILNE
IF (EI(D.NE.O) THEN
CALL RAFLMFE(MCODE.Q,IFLAG.ISUPC,XMOE,LLELEL.A,.XMG,XMJ,D,DL
S JFLOE FLMNNTD YMAX MINCNE,DEFL,DISPLJT)
CALL RASMSTUIFLAG,AS.LTYPE XPLENG . XTSBMTID,NTD, TDLOC, TDW,
b MN.FLST.STASTB,P2,EL,FLO,L,SSMAX,DSMAX,NE,XTD,WL,
b DST,DSTA,DSTB)
END IF
160 CONTINUE
C

WRITE(6,300) ‘JOINT DISPLACEMENTS:’

300 FORMAT(//15X,A21))
WRITE(6,310) JT #,'1-DIR",'2-DIR",’3-DIR",'4-DIR’,’5-DIR’,
s ; ;

6-DIR
310 FORMAT(A4,4X,A 5, 57X, AS))
DO 200J = I,NJ
WRITE(6.320) J,DISPL(1,J),DISPL(2.J),DISPL(3,]),DISPL(4.]),
s DISPL(5.J),DISPL46,J)
320 FORMAT(IX,12,2X,F10.8,52X.F10.8))
200 CONTINUE
C
WRITE®.*)
c WRITE(6,*) ‘MAX.VERTICAL DEFL. =", YMAX, AT JT.4JT
IF (ISTACK.EQ.1) THEN
CALL STACKD(JN,NTD,XLC,DEFL.XMOE)
END IF

O

sTOP
END

anna

escoce oo esoe oo

¢ COORDS *
POO00000000000000000000000000000000000000000000000000000000RSRIRRIIRIOGIGS
SUBROUTINE COORDS(NTD, TDLOC,XPLENG,TOW,BLKLOC,BLKL.ICANT,CANTL,JN,
$ NBLKPS,ISUPC,NJ,SUPLOC,BLKT.BLKW,XPWIDT,XLC,MTID,JNTSUP,YLC,ZLC)
DOUBLE PRECISION TDW(*),XLC(*),YLC(*).ZLC(*),TDLOC(!5),BLKL(2),
b BLKLOC(2,3),BLKW(2),XPLENG,CANTL,SUPLOC,BLKT,XPWIDT
INTEGER JN(13)

C
C X - COORDINATES OF ALL POINTS:
C

DO IOl = 1,4
XLC(I) = 00D +0
10 CONTINUE
IF (MOD(NTD,2).EQ.0) THEN
MTTD = NTD/2 + |
ELSE
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C
C NOTE:- 4 SUPPORT CONDITIONS(ISUPC): 1 -SUPPORT UNDER BLOCK TO LEFT OF

aanon

MTTD = INT((NTD/2) + L.5)

END IF

M=4d

DO 30J = (MTID-1),NTD
DO 201 = 1,6

IF (MOD(NTD.2).FQ.0) THEN
IF (ICANT.EQ.1) THEN
K=1J+2

XLC(M +1) = TDLOC(K) - (XPLENG/2) + (.5*TDW(K))
IF (M 4 1).GE.JN(NTD)) THEN

GO TO 35
END IF

20 CONTINUE

M =M+6

30 CONTINUE
35 M = IN(NTD)

40

DO6n X = 1,2
DO s0J = 0,2

DO 41 = 1.4
XLCM + 1) = BLKLOC(1,NBLKPS) + (J*.5*BLKIL(1)) - (0.5*XPLENG)
1F (J.EQ.1.,AND.LEQ.3.AND.X.EQ.1) THEN
M= M+3
GO TO 50
END IF
CONTINUE
M=M=+ 4

50 CONTINUE

M = JN(NTD) + 1l

60 CONTINUE

D.B SPRING. 2 - DIRECTLY UNDER D.B SPRING. 3 - TO RIGHT OF

D.B SPRING. 4 - INSIDE THE OUTER BLOCK(IE. UNDER ST.BOARD)

IF (ICANT.EQ.1) THEN
XLC(NJ) = BLKLOC(1,NBLKPS) + BLKI(l) + CANTL - (.5*XPLENG)

XLC(NJ-1) = XLC(NJ)
XLC(NJ-2) = TDLOCINTD +2) - XPLENG/2 + .5*TDW(NTD +2)
XLC(NJ-3) = X1C(NJ-2)

XLC(NJ-4) = XLC(NJ-2)

XLCUN(NTD) + 39) = BLKLOC(I,NBLKPS) - 0.5D0°*XPLENG - 1.0D0
XLCUIN(NTD) + 35) = BLKLOC(1,NBLKPS) - 0.5D0*XPLENG - 1.0D0
IF (ISUPC.EQ.4) THEN

XLC(NJ-7) = SUPLOC

XLC(NJ-8) = SUPLOC

INTSUP = (NJ-7)

XLC(NJ-5) = BLKLOC(I,NBLKPS) + 1.0D0 - (.SDO°XPLENG)

XLC(NJ-6) = BLKLOC(1,NBLKPS) + 1.0DO0 - (.SDO°XPLENG)
ELSE

XLC(NJ-5) = SUPLOC
XLC(NJ-6) = SUPLOC

INTSUP = (NJ-5)

XLC(NJ-7) = BLKLOC(1.NBLKPS) - 1.0D0 - (.SD0*XPL ENG)
XLC(NJ-8) = BLKLOC(I,NBLKPS) - 1.0D0 - (.SD0°XPLENG)

END IF
ELSE IF (ISUPC.EQ.4) THEN
XLC(NJ) = BLKLOC(I,NBLKPS) + 1.0DO - (.SDO*XPLENG)

XLC(NJ-1) = BLKLOC(1,NBLKPS) +1.0D0 - (.SD0*XPLENG)
XLC(NJ-2) = SUPLOC

XLC(NJ-3) = SUPLOC

INTSUP = (NJ-2)

ELSE

XLC(NJ) = SUPLOC

XLC(NJ-1) = SUPLOC

INTSUP = NJ

XLC(NJ-2) = BLKLOC(1,NBLKPS) - 1.0DO0 - (.SDO*XPLENG)

XLC(NJ-3) = BLKLOC(1,NBLKPS) - 1.0D0 - (.SDO*XPLENG)
END IF



C Y - COORDINATES OF ALL POINTS:
C

DOT0I = 1,4
IF (1.GT.2) THEN
YLC(1) = 0.0D +0
ELSE
YLC(I) = BLKT
END IF
70 CONTINUE
M=4
7SDO 80T = 1,6
IF (.LE.3) THEN
YLC(M +1) = BLKT
IF (M +1).GEJN(NTD)) THEN
GO TO 85
END IF
ELSE
YLCM+1) = 0.0D+0
END IF
80 CONTINUE
M=M=+6
GOTO 15
85 CONTINUE
M = IN(NTD)
DO 1ION = 1,2
DO 100J = 1,3
DO I = 1.4
IF (LLE.2) THEN
YLC(M =+ 1) = BLKT
ELSE IF (1.EQ.3.AND.J.EQ.2.AND.N.EQ.1) THEN
YLC(M + 1) = 0.0D +0
M=M+3
GO TO 100

ELSE
YLC(M+1) = 0.0D+0
END IF
90 CONTINUE
M=M+4
100 CONTINUE
M = JN(NTD) + 11
110 CONTINUE
IF (ICANT.EQ.1) THEN
YLC(NJ) = BLKT

YLC(NJ-1) = BIKT
YLC(NJ-2) = BLKT
YLC(NJ-3) = BLKT

YLC(NJ-4) = BLKT
YLC(NJ-5) = 0.0D+0

YLC(NJ-6) = 0.0D +0
YLC(NJ-7) = 0.0D+0
YLC(NJ-8) = 0.0D+0
ELSE
YLC(NJ) = 0.0D +0
YLC(NJ-1) = 0.0D+0
YLC(NJ-2) = 0.0D+0
YLC(NJ-3) = 0.0D+0
END IF

C
C Z - COORDINATES OF ALL POINTS:
C

ZLC(1) = 0.0D +0
ZLC(2) = .SDO°XPWIDT - .SDO*BLKW(1)
ZLC(3) = 0.0D +0
ZL.C(4) = .SDO*XPWIDT - .SD0O*BLKW(1)
M =4
DO 1301 = 1,2°(MTTD-1)
DO120J = 1.3
IF (J.EQ.3) THEN
ZLC(M +J) = .SDO°XPWIDT - .SD0*BLKW(1)
IF (M +J).EQIN(NTD)) THEN
GO TO 135
END IF
ELSE
ZLC(M +J) = 0.0D+0
END IF
120 CONTINUE
M=M=+3
130 CONTINUE
135 M = JN(NTD)
DO 150J = 1,2



DO 1401 = 1,12
IF (J.LEQ.1) THEN

ZLC(M+1) = .SDO*XPWIDT - .5DO*BLKW(1)

IF (LEQ.11) THEN
O 145

ZLCM 41) = 0.0D +0
END IF

140 CONTINUE

185 M =M + 11

150 CONTINUE

C IF THERE ARE ICANTILEVERED STRINGERBOARDS:

IF (ICANT.EQ.1) THEN
ZLC(N]) = 00D +0
ZLC(NJ-1) = .SDO*XPWIDT - .SDO*BLKW(1)

ZLC(NJ-2) = SDO°XPWIDT - .5DO*BLKW(1)
ZLG(NI-3) = 0.0D +0
ZLC(NJ-4) = 0.0D +0
ZLC(NJ-5) = .SDO*XPWIDT - .SD0*BLKW(1)
znc(\u)) = 0.0D+0
ZLC(NJ-7) = .SDO*XPWIDT - .SDO*BLKW(1)
[7|u~u 8) = 0.0D +0
1S

Z1.C(NJ) = .SDO*XPWIDT - .5SD0*BLKW(1)
ZLC(NJ-1) = 0.0D +0
ZLC(NJ-2) = SI)O'XPWIDT - .SDO*BLKW(1)
ZLC(NJ-3) = 0.0D +0

END IF

RETURN

END

seoce seocse eoe sseoe

MINCS

se0sss0cvs0000000000

$00000000000000000000000000000000000000000000000000000000000000000000000

SUBROUTINE MINCS(ICANTIN,MN,NJ,NE,MINC,NTD,ISUPC,XLC)

anaann

INTEGER MINC(2,°),JN(13), MN(13)
DOUBLE PRECISION XLC(*)

THIS SUBROUTINE ASSIGNS THE MEMBER INCIDENCES TO THE OUTER BLOCK
ELEMENTS. THE OUTER BLOCK ELEMENTS ARE NUMBERED STARTING FROM THE
VALUE MN(NTD), WHERE NTD = # OF TOP D.B'S. THE JOINTS FOR THESE
ELEMENTS ARE NUMBERED STARTING FROM THE VALUE JN(NTD).

M = MN(NTD)
J = IN(NTD)

MINGC(2M-D) = J
MINC(2,M-3) = ]
MINC(2ZM-3) = J
MINC(2M-5) = ) + 12
MINC(I.M +1) = J
MINCQM+1) = J g 1
MINC(ILM +2) = J -
MINC2M+2) = J + 12
MINC(LM +3) = J -
MINC(2M +3) = ]
MINC(ILM +4) = J
MINC(2M +4) = ]
MINC(IL.M +5) = ]
MING(2ZM +5) = ]
MINC(I,M +6) = J
MINC(2M + 6)
MINC(1.M +7)
MINC(2M +7)
MING(1.M + 8)
MINC(2.M + 8)
MINC(IL.M +9) =
MINC(ZM +9) = J
MINC(LM +10) = J
MINC(2M +10) = J
MINC(IL,M +11) = J
=1
=]
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2
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J
J
J
J
J
J
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MINC(2M + 11)

MINC(1.M + 12)

MINC(2M +12) = J
MINC(I.M+13) = J
MINC(2M +13) = }
MINC(1L,M +14) = J
MINC(LM + 14) = J
MINC(I,M +15) = J

A AR+
-
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annn

acaon

ann

MINC(2M + 15)
MINC(1.M + 16)
MINC(2M + 16)
MING(ILM +17)
MING(2M +17)
MINC(1,M + 18)
MING(2.M + 18)
MINC(1.M + 19)
MINCG(2M +19)
MINC(I,M + 20)
MING(2.M + 20)
MINC(1,M +21)
MING(2.M +21)
MINCG(1,M +22) =
MINC(2M +22)
MINC(1,M + 23)
MINC(2M + 23)
MINC(1,M + 24)
MINC(2,M +29)
MINCG(LM +25)
MINC(2,M +25)
MINC(1,M + 26)
MINC(2.M + 26)
MINC(1.M + 27)
MING(LM + 27)
MINC(1.M + 28)
MINC(2,M +28)
MINC(1.M +29)
MINC(LM +29)
MINC(1.M + 30)
MING(2.M + 20)
MINC(1LM +31)
MINC(2M +31)
MING(1.M +32)
MING(2M +32)
MINC(1M + 33)
MINC(2M +33)
MINC(1,M + 34)
MINCG(2.M + 34)
MING(1,M + 35)
MINC(2.M +35)
MINC(1.M + 36) =
MINC(2,M =« 36) =

nou
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IF THE CENTERLINE OF THE TOP DECKBOARD OVER THE OUTER BLOCK IS TO

THE RIGHT OF THE CENTERLINE OF THE BLOCK:

1F (XLCUIN(NTD)).GT.XLC(IN(NTD) + 5)) THEN
MING(ILM+1) = J

1

MINC2M 1) = )
MING(ILM+2) = J
MINC(2M +2) = J
MINC(I,M +3) = J
MINC(2M +3) = ]
MINC(IM +4) = J
MINC(2M + 4) = )
MINC(IL,M+5) = J
MINC(2M +5) = ]
MINC(1,M+6) = ]
MINC(2M +6) = J

[T T T}

END IF

+
+
.
+

bl
12
16

+ 16

+5

+ 8
-1

+ 2

IF THE SUPPORT CONDITION IS #3:

IF (ISUPC.EQ.3) THEN

MINC(IL,M +16) = J
MINC(2M +16) = ]
MINC(IL.M +18) = ]
MINC(AM + 18) = ]
MINC(1,M +31) = ]
MINC(2M +31) = J
MINC(1,M +33) = J
MINC(2M +33) = J

END IF

P

FOR THE CASE OF CANTILEVERED TOP STRINGER BOARDS:
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IF (ICANYT EQ.1) THEN
.l = NJ
MINC(LN) =
MINC(2N) =
MING(IN-1)
MINC(2.N-1)
MINC(1,N-2)
MINC(2,N-2)

MINC(I.N-3)

)
)
)
)
)

LU | e,

.

MINC(2,N-3
MINC(1,N-4
MINC(2,N-4
Ml\(‘(l N-§

-5

~

Nzu—-u&uh-—n
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LT T I T )

RETURN
END

seesccocce (23 LT LT T YY ®e0ccocccssccsscce

* STACKJ °

0000000000000 00000000000000000000000000000000000000000000000000000000000

C THIS SUBROUTINE MODIFIES THE JCODE FOR THE STRUCTURE TO ACCOUNT FOR

C A STACKED CONDITION

SUBROUTINE STACKJUN,NTD.JCODE,NBLK,NBLKPS)
INTEGER JCODE(6.*).JN(*)

DO 20J = (JN(NTD)* 13),JN(NTD) + 23)
DOIOL =
JCODE(L, J) -0
10 CONTINUE
20 CONTINUE
DOIL =~ 1,6
JCODE(LIN(NTD) + 26) =
30 CONTINUE
IF (NBLK.EQ.8.0R.NBLK.EQ.9) THEN
DO 0] = (JN(NTD) + 2),(JN(NTD) + 11)
DOML = 1,6
JCODE(L,1) =
JCODK(L.3) =
IF (NBLK EQ. 9) THEN
JCODE(L.2) = 0
JCODE(L.4) = 0
END IF
JCODE(LIN(NTD)+27) = 0
JCODE(L.J) = 0
CONTINUE
so CONTINUE
ELSFE IF (NBLK.EQ.6) THEN
IF (NBLKPS.EQ.2) THEN
DO 80 J = (JN(NTD)+ 2),(JN(NTD) + 11)
DOT0L = 1,6
JCODE(LJN(NTD) +27) = 0
JCODE(LJ) = 0
70 CONTINUE
80 CONTINUE
END IF
END IF
RETURN
END
. CODES,.eveeee
SUBROUTINE CODES(JCODE,MINC.NE,NJ,MCODE,NEQ)
INTEGER JCODE(6,%), MINC(2,*), MCODE(12,%)

NEQ = 0
DO 20J = |,NJ
DOOL =1,

IF (JCODE(L.J).NE.0O) THEN
NEQ = NEQ + 1
JCODE(L.J) = NEQ

END IF

10 CONTINUE
20 CONTINUE
DO40I = I,NE
J = MINC(l,1)
K = MINC(2,))
DO 3L = 1,6
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MCODE(L.I) = JCODF(L,J)
MCODE(L +6,) = JCODE(L,K)
30 CONTINUE
40 CONTINUE
RETURN
END
AL L A A A R R L A A L L L Y Y Y Y Y Y )
. MBAND .
LA A R L A R R R L R T Y R L I Y Y YT YT YT Y )
FUNCTION MBAND(MCODE,NE)
INTEGER MCODE(12,*)

C
MBAND =
DO 10T = INE
L=
S IF (MCODE(L,1).EQ.0.AND.L.LT.12) THEN
L=1L+1
GOTO'S
END IF
IS = MCODE(L.)
L=12
7 ll- (MCOD(L.I).EQ.O.AND L.GT.1) THEN
L-1
GO TO 7
T\D IF
= MCODE(L,I)
mlr = IL-IS

IF (IDIF.GT.MBAND) THEN
MBAND = IDIF
END IF
10 CONTINUE
RETURN
END
AL I T LR R L L L L L L D L L R R Y Y Y Y Y )
¢ LENGTS ¢
GGG OL00P00 0000000000000 000000000POPERINRROINNREP0PLICOIOIOOIOIRIIOOIOIOIGIIOIOIONIY
SUBROUTINE LENGTS(MINC,ZLC,YLC,XLCNTD,ICANT,NE,IFLAG,EL.MN)
DOUBLE PRECISION ZLC(*),YLC(*).XLC(*).EL(*)
INTEGER MINC(2,*),MN(13),IFLAG(®)

C
C MEMBER LENGTHS:
C

C FIRSTLY, ALL MEMBERS UP TO THE EDGE OF OUTSIDE BLOCKS (INCLUDES THE
C LAST TOP D.B AND SPRING.
C

C A FLAG IS ASSIGNED TO EACH ELEMENT IN THE MODEL: | - ST.BOARD; 2 -
C DECKBOARD; 3 - VERTICAL BLOCK ELEMENT; 4 - HORIZ. BLOCK ELEMENT,;
C §5-SPRING.

C
EL(1) = ZLC(MINC(2,1)) - ZLC(MINC(1,1))
IFLAG(1) = 2
El(4) = EL(1)

IFLAG(4) = 2

EL(2) = YLC(MINC(2,2)) - YLC(MINC(1,2))

IFLAG(2) = 3

EL(3) = EL(2)

IFLAG(3) = 3

DO 199 K = S(MN(NTD)-5),8

DO 1701 = 0,3
EL(1 + K) = XLC(MINC(2,(1 + K))) - XLC(MINC(1,(1 + K)))
IFLAG(i +K) = |
170 CONTINUE

=K + 2
DO I1SOL = 24.2
EL(M+L) = YLC| (MIP\C(Z(MH))) YLC(MINC(1.(M + L))
IFLAG(M +L) =

ELM+L+1) = 7L(_(MINC(2.(M +L+1))) - ZLC(MINC(1,(M + L + 1))
IFLAGM +L + 1) = 2
IF (M +L +1).EQ.MN(NTD)) THEN
GO TO 195
END IF
180 CONTINUE
190 CONTINUE
195K = MN(NTD)
DO 2001 = 1,6
EL(K +1) = XLC(MINC(2,(K +1))) - XLC(MINC(1,(K + )))
IFLAG(K +1) = |
200 CONTINUE
K = MN(NTD) + 6
DO 220J = 1,2
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DO 2101 = 1,13
¥ (. EowklrosoallosomenurN
ELAK +1) = XLCMING(2.(K + 1)) - XLOMINC(L.(K + 1))
IFLAG(K + 1) =
1F(1.EQ.10.0R.1.EQ.11.OR.LEQ.12)THEN
IFLAG(K + 1) = |
END IF
IFLAG(K *13) = §
EL(K +13) = 0.0D +0
ELSE
EL(K + 1) = YLC(MINC(2(K * 1)) - YLC(MINC(1.(K + )
IFLAG(K +1) = §
1F(1.EQ.6.0R.LEQ.'THEN
IFLAG(K +1) = 3
END IF
EXD IF
210 CONTINUE
IF (J.EQ.1) THEN
M=K+ 13
ELUM 1) = LCNINC(Z(M S 1)) - YLC(MING(1(M + 1))
IFLAG(M 4+ 1) =
EI(M+2) = 7L((\1l\C(2(‘v1 +2))) - ZLC(MINC(1.(M + 2)))
IFLAG(M +2) = 2
K=M¢+2

Y

END IF
220 CONTINUE
DO 2301 = 1,2
EL(K + ) = XLCMINC(2,(K + 1)) - XLC(MINC(1 (K + 1))
IFLAG(K + 1) =
230 CONTINUE
C

IF (ICANT. ro l) THEN
DO 240 1 - NE-SNE
{5 (IlO\.}()RII-Q NE-2) THEN
EL(NE-3) = 001)0
IFLAG(NE-Y) =
EL(NE-2) = ZLC(M!\C(Z.N[ 2)) - ZLC(MINC(1,NE-2))
IFLAG(NE-2) =
ELSE
EL(D) = XLC(MINC(2,1)) - XLC(MINC(L1)
IFLAG(H = 1
END IF
240 CONTINUE
END IF
DO 2501 = INE
EL(D = ABS(ELL(]Y)
IF (IFLAG(1).NE.S.AND.EL(1).LT.0.1D0) THEN
EL(N) = 0.1DO
END IF
250 CONTINUE
RETURN
END
. PROPS i
006000000000000000000000000000000000000000000000000000000000000000000000
SUBROUTINE PROPS(NTD, TSBE, TSBW,TSBT.BSBE,BSBW,BSBT, TDBE,TDW,MN,
S I'DT,BDBE,BDW,BDT,BMOE,XMOE,W,T,XMG,ELS, A XMJ,ELICANT MTTD,
$  BAREANE,BLKT,IFLAG,BLKL.BLKW,BDLOC,XLC,MINC,NBD,NTSB,
$  NBSB,XPLENG.ISL)
DOUBLE PRECISION TSBE, TSBW(2).BSBE,BSBW(2), TDW(*),BDW(*),
S WL TCYEI3)S(3.9).A(%). ELC), BLK L), BLKW(2),
S TDBE.BDBE.XMOE(®),XMG(*),XMIJ(*), ISBT,BSBT,TDT,BDT,
S BMOE,BAREA,BLKT,BDLOC(" ). XLC(*),XPLENG
INTEGER MN(13)IFLAG(*),MINC(2,%),IS1{*)

XMOE, WIDTH, THICKNESS AND MOMENT OF INERTIA FOR ALL ELEMENTS:
FIRSTLY, ALL STRINGER BOARD ELEMENTS:

[2Xskelsle!

IF (NTSB.EQ.2) THEN
TSBW(2) = 1.0D0
END IF

IF (NBSB.EQ.2) THEN
BSBW(2) = 1.0D0
END IF

IF (NBSB.EQ.0) THEN
BSBW(1) = 1.0D0
BSBW(2) = 1.0D0
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BSBT = 0.1D0
ENDIF

DO 0K = 5.(MN(NTD) 5).8
DO 101 = 0,3
I¥ (L.EQ.0) THEN
XMOE(K +1) = TSBE
W(K + 1) = TSBW(1)
T(K +1y = TSBT
ELSE IF (1.EQ.1) THEN
XMOE(K +1) = TSBE
WK + |) = TSBW(2)/2.0D00
T(K+1) = TSBT
ELSE |r (1.EQ.2) THEN
XMOE(K +1) = BSBE
W(K +1) = BSBW(1)
T(K +1) = BSBT
ELSE

XMOE(K +1) = BSBE
W(K +1) = BSBW(2)/2.0D00
T(K - 1) = BSBT

END IF
10 CONTINUE
20 CONTINUE
K = MN(NTD)
DO W1 = 1,6
IF (LEQ.). ()RlEQdORILQ 5) THEN
XMOE(K + 1) = TSBE
WK ~1) = 1snw(2)/2 0D00
T(K+1) = TSBT
ELSE
XMOEK +1) = TSBE
W(K + 1} = TSBW(1)
T(K +1) = TSBT
END IF
30 CONTINUE
K = MN(NTD) + IS
DO4OI = 1,3
XMOE(K + 1) = BSBE
W(K +1) = BSBW(1)
T(K +1) = BSBT
40 CONTINUE
K = MN(NTD) + 30
DOSOI = 1,6
IF (1.LEQ.4) THEN
GO TO 50
ELSE IF (1.EQ.6) THEN
XMOE(K + 1) = BSBE
W(K 1) = BSBW(1)
I(K+1) = BSBT

ELSE
XMOE(K +1) = BSBE
W(K +1) = BSBW(2)/2.0D00
T(K +1) = BSBT

END IF

50 CONTINUE
IF (ICANT.EQ.1) THEN

DO 601 = NE,NE-S,-1

IF (1.LEQ.(NE-3)) THEN
GO TO 60

END IF
IF (LLEQ.NE. on L EQ (NE-4)) THEN
XMOE(l) =
w(l) = TSBW(I)
ELSE
XMOE(l) = TSBE
w(l) = TSBW(2)/2.0D00
END IF

T(l) = TSBT
60 CONTINUE
END IF

ALL DECKBOARD ELEMENTS:

A FLAG IS ASSIGNED TO ALL REAL BOTTOM

DECKBOARDS SO AS TO IDENTIFY THEM LATER IN SUBROUTINE "STACKL® AND
APPLY MEMBER LOADS TO THESE DECKBOARDS.

IF (NBD.EQ.0) THEN
BDBE = 1.0D0
BDT = .1D0
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XMOE(4) = 1.0D00

W(4) = 1.0D00

T(4) = 0.1D00

END IF

IF (MOD(NTD,2).EQ.0) THEN
Ww(l) = 1.0D00

XMOE(1) = 1.0D00

T(1) = 0.1D00

1=0

ELSE

W(l) = TDOW(MTTD)/2.0D00
XMOE(l) = TDBE
T(l) = TDT
=1
END IF
DO 1001 = 10.MN(NTD),3
IF (LLT.MN(NTD)) THEN
XMOE(I) = TDBE
W(l) = TDW(MTTD +J)
T() = TDT
XMOE(I + 2) = BDBE
IF (NBD.EQ.0) THEN
W(I+2) = 1.0D0
T(1+2) = 0.1D0
END IF
ELSE IF (1. ro MN(NTD)) THEN
XMOE(I) = TDBE
W(l) = TDW(NTD)
T() = TDT
END IF
I=3+1
100 CONTINUE
IF (NBD.NE.O) THEN
K = MN(NTD) + 21
ISLK) = 1
XMOE(K) = BDBE
W(K) = BDW(NBD)
T(K) = BDT

IF (woo(Nm) 2).EQ.0) THEN
XMOE(4) = 1.0D0

W(4) = IODO

T(4) = 0.1D0

L = (NBD/2) + |
ELSE

= INT(NBD/2) + 2.5)
1S144) = |
XMOE(4) = BDBE
W(3) = BDW(L-1)/2.0D00
T(4) = BDT
END IF
IF (1..EQ.NBD) THEN
DO 110 K = 4MN(NTD)-6,8
IF (K.NE.4) THEN
XMOE(K) = 1.0D0
W(K) = 1.0D0
T(K) = 0.1D0
END IF
110 CONTINUE
ELSE
N =10
DO 1301 = L,NBD-1
=" (BDLOC(I) - 0.5*XPLENG)
DO 120 = N,MN(NTD),8
IF (X.GT.XLC(MINC(1.J)) + 0.S*EL{J + 3)) THEN
XMOE(J~2) = 1.0D0
W(J+2) = 1.0D0
T(J+2) = 0.1DO
ELSE

ISLJ+2) = 1
XMOE(J +2) = BDBE
W(J+2) = BDW(I)
TJ+2) = BDT
N=J+38
IF (1.LEQ.NBD-1) THEN )
DO 115M = N,MN(NTD)-8,8
XMOEM +2) = 1.0DO
W(M +2) = 1.0D0
T(M+2) = 0.1D0
115 CONTINUE
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END IF
GO TO 130
END IF
120 CONTINUE
130 CONTINUE
END IF
ELSE
K = MN(NTD) + 21
XMOE(K) = 1.0D0

W(K) = 1.0D0
T(K) = 0.1D0
END IF

IF (ICANT.EQ.1) THEN
I = NE-2

XMOE() = TDBE
W(l) = TDW(NTD +1)
T() = TDT

END IF

C
C ALL BLOCK ELEMENTS:
C

XMOE(2) = BMOE
W(2) = BLKW(1)
T(2) = BLKL(2)
A(2) = BAREA
XMOE(3) = BMOE
W(3) = BLKW(2)
T(}) = BLKL(2)
A(3) = BAREA
K = MN(NID) + 10
PO 250J = 1,2
DO 201 = 0,4
XMOE(K + 1) = BMOE
IFJ.EQ.1) THEN
WK +1) = BLKW(1)
T(K +1) = BLKL(1)
ELSE
WK+ 1) = BLKW(2)
T(K - 1) = BLKIL(1)
END IF
A(K +1) = BAREA
240 CONTINUE
K=K+15
250 CONTINUE
C

C FOR ALL REAL ELEMENTS, THE MOMENTS OF INERTIA ABOUT THE 3 AXES, AND
C THE AREA FOR ALL STRINGER BOARDS AND DECKBOARDS:
C
DO 2601 = I,NE
IF (IFLAG(1).EQ.3.0R.IFLAG(.EQ.4) THEN
C EI(LD) = W(I)*T(1)**3°(0.3333D0-0.20914*(T(1), W(1))
C s *DTANH(1.5705DO*W(1). T(1)))
EI(LI) = (22.36D0)*(22.36D0)** 3°(0.3333D0-0.20914*(1.0D0)
*DTANH(1.5705D0° 1.0D0))
c EI(20) = BLKT*BLKI42)**3/12.0D0
EI(2I) = 22.36D0%(22.36D0)**3,12.0D0
EI(3.0) = BLKW(1)*BLKT**3;12.0D0
EI3.0) = 22.36D0%(22.36D0)**3/12.0D0
S(LIy = EI(1,]) * 2.0D0,BLKT
s(2.0) = EI(2,1) * 2.0D0.BLKL(2)
S(3.1) = EI(3,1) * 2.0D0'BLKT
XMJ(I) = (BLKW(1)*BLKT/12.0D00)*(BLKW(1)**2 + BLKT**2)
ELSE IF (IFLAG(1).EQ.1.OR.IFLAG(1).EQ.2) THEN
A() = W(I) * T()
EI(LI) = W(I)*T(1)**3°(0.3333D0-0.20014*(T(1)/W(1))
s *DTANH(1.5703D0° W(1) ‘T(I)))
EN2.D) = T()*W(1)**3,12.0D0
El3.0) = W(I)*T(1)**3/12.0D0
S(2.1) = EI(2.1)*2.0D0;W(I)
S(3.0) = EI(3,1)*2.0D0/T(l)
S(1LI) = EI(1,1)*2.0D0/T(1)
ENDIF
260 CONTINUE
RETURN
END

. DUMMY . sossoee
SUBROUTINE DUMMY(NBLK,NTSB,NTD,ICANT,NE, XMOE,NBSB,MN,NBD,BDLOC,EL
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3 MINC,XPLENG,XLC)
INTEGER MN(13),MINC(2,*)
DOUBLE PRECISION XMOE(*),BDLOC(*),XPLENG,XLC(*).EL(*)

THIS SUBROUTINE ASSIGNS ZERO MATERIAL PROPERTIES TO ALL ELEMENTS
IN THE MODEL NOT IN THE REAL PALLET, (LE ALL BOTTOM DECKBOARDS,
BOTTOM SRINGERBOARDS, AND BLOCKS NOT REQUIRED:

IF (NBLK.EQ.4.OR.NBLK.EQ.6) THEN
IF (NBLK.EQ.4) THEN
XMOE(2) = 1.0D0
END IF
IF (NTSB.EQ.2) THEN
XMOE(3) = 1.0D0
K = MN(NTD) + 25
DO IO = 0,4
XMOF(K +1) = 1.0D0
10 CONTINUE
DO 201 = 6 MN(NTD)-2
XMOE(I) = 1.0D0
XMOF(1+2) = 1.0D0
20 CONTINUE
K = MN(NTD)

XMOE(K +4) = |
XMOE(K+5) = 1
K = MN(NTD) +
XMOF(K) = 1.0D0
XMOEK +1) =1
XMOEK +2) = |
XMOEK +4) = |
IF (ICANT.EQ.1) THEN
XMOE(NE-1) = 1.0DO
XMOTF(NE-S5) = 1.0D0
END IF
ELSE
XMOE(2) = 1.0DO
XMOE(3) = 1.0D0
END IF
END IF
IF (NBSB.EQ.2) THEN
DO 5L = $,MN(NTD)-2,8
XMOE(L) = 1.0D0
25 CONTINUE
K = MN(NTD) + 3§
XMOE(K) = 1.0D0
END IF
IF (NBLK.EQ.8) THEN
XMOE(3) = 1.0D0
END IF
IF (MOD(NTD,2).FQ.0) THEN
XMOE(l) = 1.0D0
END IF
IF (NBD.EQ.0) THEN
DO 30 L = 4, MN(NTD)-6,8
XMOEL) = 1.0DO
30 CONTINUE

LSE

IF (MOD(NBD,2).EQ.0) THEN
XMOE(4) = 1.0D0

L = (NBD/2) + 1

ELSE

L = INT(NBD/2) + 1.5)
END IF
N =10
DO 351 = L,NBD-1
X = (BDLOC(]) - 0.5 XPLENG)
DO 33J = NMN(NTD)8
IF (X.GT.XLC(MINC(1,J)) + 0.5°EL(J +3)) THEN
XMOE(J +2) = 1.0D0
ELSE
N=1+38
GO TO 35
END IF
33 CONTINUE
35 CONTINUE
END IF
IF (NBSB.EQ.0) THEN
DO 4L = 7,MN(NTD)-3,8
XMOE(L) = 1.0D0
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XMOF(L+1) = 1.0D0
40 CONTINUE
L = MN(NTD) + 35
XMOE(L) = 1.0D0
XMOE(L+1) = 1.0D0
END IF
RETURN

LY Y Y Y Py Y P YT Y XY T Y oo

. RASUDL .
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SUBROUTINE RASUDIL(EL.NJ,NTD XTSB,ICANT,CANTL,XPLENG,F.Q,NENEQ,

$ NTSBMN,TDLOC.XLOAD,XTD,XPWIDT,MTTD,W,TDW.BLKW,BLKLOC,BLKL.WL,

$ ISTACK,NBLK,NBLKPS)

DOUBLE PRECISION F(12,%),0(*),EL(*),TDLOC(*). TDW(15),W(*),BLKW(2),

$ CANTL.XPLENG,XPWIDT,XTSB.XLOAD,XI'D,XUDL,BLKL(2),BLKLOC(2,3),WL(*)

S TOTALA

INTEGER MN(13)

C THIS SUBROUTINE CALCULATES THE EQUIVALENT JOINT LOAD VECTOR FOR THE
C CASE OF UNIFORMLY DISTRIBUTED LOADING AND PARTIAL UNIFORM LOADS
C (LTYPE = 1,2)
C NOTE ALL LOADS OF THIS TYPE ARE CONSIDERED TO BE APPLIED DIRECTLY TO
C THE DECKBOARDS.
C
X1LOAD = XLOAD/4.0D00
XLUDL = XPLENG - (2.0D0*XTSB)
WRITE(6,*) ‘XL.UDL =", XLUDL
IF (MOD(NTD,2).EQ.0) THEN
L = MTTD
TOTALA = 0.0D+0
FLSE
L = MTID + |
TOTALA = W(1)*EL(])
END IF
DO 51 = I0LMN(NTD),8
IF (XLUDL,2.0D0O).GT(TDLOC(L)-.SDO*XPLENG)) THEN
TOTALA = TOTALA + (W(I)*El(l))
L=L+1
END IF
S CONTINUE
IF (XLUDL/2.0D0).GT.{(XPLENG2.000)-CANTL)) THEN
TOTALA = TOTALA + (W(NE-2)*EL(NE-2))
END IF
DA = XTD
DB = (0.5D0*XPWIDT) - DA - (0.5D0*BLKW(1))
WRITE(6,°) DA =".DA, DB=",DB
WRITE(6,°) TOTAL AREA =" TOTALA
Y! = DB-DA
Y2 = DB**2- DA**2
Y3 = DB**3- DA’}
Yd = DB**4 - DA**4
IF (MOD(NTD,2).NE.O) THEN
WL(1) = (XLOAD*W(1), TOTALA
WRITE(6,*) 'LOAD =" WL(1)
s F(Z.l)= ( + WL(l),/(Z.ODO‘EL(I)"]))‘(Z.UDO'EuI)"J’YLZODO’ELAI)
Y3+

4)
F(6,1) = (+ WLU)(II ODO*EL(1)°*2))*(6.0DO°EL(1)**2°Y2
S -8.0DO*EL(1)°Y3 + 3.0D0°Yd)
F(8.1) =( ~WL(1)/(2.0DO*EL(1)**3))*(2.0D0°EL(1)°Y3 - Y4)
F(12,1) = (-WL(1{12.0D0EL(1)**2))*(4.0DO°EL(1)*Y3 - 3.0D0°Y4)
IF (ISTACK.EQ.}) THEN
IF (NBLK.EQ.8.OR.NBLK.EQ.9) THEN
IF (NBLK.EQ.8) THEN
Q1) = -F(8,1)
END IF
ELSE IF (NBLK.EQ.6.AND.NBLKPS.EQ.3) THEN
Q(l) = -F(8,1)
ELSE

Q) = -F2,1)
Q(3) = -F(6.1)
Q(4) = -F(8,1)
END IF
ELSE
Q(ly = -F(2.1)
Q(3) = -F(6,1)
Q(4) = -F(8.1)
END IF
END IF
XLUDL = XPLENG - (2.0D0*XTSB)
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IF (ISTACK.EQ. l) THEN
IF (NBLK.FQ.8.0R. NBLK EQ.9) THEN
IF (NBLK.EQ.9) THE
K=0
ELSE
K =4
END IF
ELSE IF (NBLK.EQ.6.AND.NBLKPS.EQ.3) THEN
K =4

ELSE
K =10
END IF
ELSE
K =10
END IF
1 (MOD(NTD,2).EQ.0) THEN
I. = MITD
FLSE
L = MTTD + 1
END IF
DO 101 = 10,MN(NTD).8
IF (XLUDL;2.000).GT(TDLOCI1.)-. SDO*XPLENG)) THEN
WL(I) = (XLOAD*W(I)) TOTALA
WRITE(6,%) LOAD =",WL(D
FQ2) = (= WL(I).(20D0°EL(1)**3))*(2.0D0°EL(1)**3°Y 1-2.0D0
s CELIN*Y3 + Y4)
F(60) = ( + WL, (120D0°EL(1)**2))*(6.0D0°EL(T)**2°Y 2
s -8.0DOEL(I)°Y3 + 3.0D0°Y43)
FB.I) = (+ WL(2.0D0°EL(1)** 3)*(2.0D0°EL(1) Y 3-Y4)
F(121) = (-WL(1),(12.0D0° EL(1)** 2))°(4.0D0° EL{1)* Y 3-3.UD0° Y 4)
Q(K +2) = -FQI)
QK +4) = -F(&.])
QK + 14) = -F(81)
K=K + 30

ELSE
GO TO 20
END IF
L=1L+1
10 CONTINUE
20 IF (ICANT.EQ.1) THEN
IF (XLUDL/2.0D0).GT.((XPLENG.2.0D0)-CANTL)) THEN
WL(NE-2) = (XLOAD*W(NE- 2))’T()1 ALA
WRITE(6.*) 'CANTILEVER WL =" WL(NE-2)
IF (XLUDL,2.0D0).GT ((XPL. F\(;/2 0D0)-CANTL)) THEN
F(2,NE-2) =(+ WUNE-2)(2.0D0°EL(NE-2)**3))*(2.0D0*EL(NE-2)
**3°Y1 - 20DO°EL(NE-D°Y3 + Y4
F(6,NE-2) = (+ WL(NE-2) (12.0D0°FL(NE-2)**2))*(6.0D0*EL(NE-2)
°*2°Y2 - RODO*EL(NE-2)"Y3 + 3.0D0°Y4)
F(R.NE-Z) = (*Wl,(NE‘Z)/(Z.UDU'EL(NE-Z)"3))'(2.0DO'EHNE-2)

F(12,NE- *) = (WL{NE -2)(12.0D0° FL(NE-2)**2))*(4.0D0
L(NE-2)*Y3 - 3.0D0°Y4)
Q(NEQ- 25) -F(2,NE-2)
Q(NEQ-23) = -F(6,NE-2)
Q(NEQ-13) = -F(8,NE-2)
END IF
END IF
END IF
RETURN
END

L I R
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SUBROUTINE RALINE(LTYPE,CL,SLXPLENG,XTSB.NTD,MTID,TDLOC,TDW,EL,

S P1,P2,Q,F)
DOUBl E PRECISION TDLOC(15),TDW(15),EL(*),Q(*),F(12.*),CL.SL.XPLENG
,P1,P2,XTSB

THIS SUBROUTINE CALCULATES THE EQUIVALENT JOINTFORCE VECTOR FOR
1, 2, AND 3 LINE LOADS (ILE LTYPE = 3,4, 5). LOADS ARE CONSIDERED

TO BE APPLIED DIRECTLY TO THE STRINGERBOARDS AS POINT LOADS:

FOR THE CASE OF 2, AND 3 LINE LOADS (LE LTYPE = 4, AND 5) THE SPAN

LOAD MAY NOT BE APPLIED TO THE RIGHT OF THE TOP DECKBOARD OVER THE

OUTER BLOCK.
IF (LTYPE.EQ.3) THEN
Pl =0
P2 = CL/2.0D0

ELSE IF (LTYPE.EQ.4) THEN
=SL/3
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P2=0

ELSE IF (LTYPE.EQ.5) THEN
Pl = SL/3
P2 = CL/2.0D0

END IF

IF (LTYPE.EQ.4.0R.LTYPE.EQ.5) THEN
X = (0.SDO°XPLENG) - XTSB
K=13
L =12
IF (MOD(NTD,2).EQ.0) THEN
J = MTTD

ELSE
J = MTTD + 1
END IF
DO 201 = JNTD-I
Y = (TDLOC(1) + (0.5DO*TDW(I))) - (0.5D0*XPLENG)
Z = (TDLOC(1 +1) + (0.5DO*TDW(I + 1))) - (0.5SDO*XPLENG)
IF(X.GE.Y.AND.X.LE.Z) THEN
A=X-Y
B = EL(K)-A
DOIOM = 0,1
I¥ (M.FQ.1) THEN
Pl = P12
END IF
FQ2.K +M) = (PI°B**2.EI(K + M)**3)°(3.0D0°A + B)
F(6.K+M) = PI*A®B**2 EL(K + M)**2
FB.K+M) = (PIA®2LEL(K + M)**3)*(A + 3.0D0°B)
FOI2,K+M) = -PI*A®*2°B EL(K + M)**2
1F(M.EQ.0) THEN
QL) = -F(2.K)
Q(l.+4) = -F(6.K)
Q(L +30) = -F(8,K)
Q(L +38) = -F(12,K)
ELSE
Q(L+12) = -FQQK+1)
QL +13) = -F(6.K+1)
Q(L +42) = -F(8,K+1)
Q(L+43) = -F(12K+1)
END IF
10 CONTINUE
GO TO 30
END IF
K=K+38
L=L+13
20 CONTINUE
END IF
30 IF (LTYPF.EQ.3.0R.LTYPE.EQ.5) THEN
Q1) = -P23

THIS SUBROUINE CALCULATES THE FIXED END FORCES FOR THE BOTTOM
DECKBOARDS (WHERE PRESENT) IN THE STACK CONDITION. THESE DECKBOARDS
ARE IDENTIFIED BY THE FLAG - 'ISL".

SUBROUTINE STACKL(ISL.W,EL,XLOAD,WL,MN,F,Q,XTD,XPWIDT,BLKW,NE,

NBLK,NBLKPS,NTD)

DOUBLE PRECISION EL(*),XLOAD,WL(*).F(12,°),Q(*).XTD.XPWIDT,DA,DB

S BLKW(2),W(*)

INTEGER ISL(*),MN(*)

DA = XTD

DB = (0.5D0°*XPWIDT) - DA - (0.5D0*BLKW(1))

Yl = DB-DA

Y2 = DB**2-DA**2

Y3 = DB**3 - DA**3

Y4 = DB**4- DAY

AREAB = 0.0D00

DO 0t = I,NE

IF (ISL(1).EQ.1) THEN
AREAB = AREAB + (W(I)*EL(I))
END IF

10 CONTINUE

eccccses
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IF (ISL(4).EQ.1) THEN
WL(4) = (X1LOAD*W(4))’AREAB
WRITE(6,") LOAD =",WL(4)
F(2,4)= (+W1(4)(2.0D0°*E1.(4)**3))*(2.0D0* EL(4)**3°Y 1-2.0D0° EL(4)
3 °Y3 + Y9)
F(6,4) = (+ WL(4){(12.0D0%E](4)**2))*(6.0DO*EL(4)**2°Y2
S -8.0DO*EL($)°Y3 + 3.0D0°YY)
F(R.4) =(+ WL 4),(2.0DOEL(3)**3)*(2.0D0*FL(4)*Y3 - Y4)
F(12,4) = (-W144)(12.0D0°EL(4)**2))*(4.UD0*EL(4)° Y3 - 3.0D0°Y4)
IF (NBLK.EQ.8.OR.NBLK.EQ.9) THEN
IF (NBLK.EQ.8) THEN
Q(3) = -F(3,4)
END IF
ELSE IF (NBLK.EQ.6.AND.NBLKPS.EQ.3) THEN
Q(3) = -F(8,9)

ELSE
Q(6) = -F(2.4)
Q(8) = -F(6:4)
Q) = -F(8,4)
END IF
END IF

IF (NBLK.EQ.8.OR.NBLK.EQ.9) THEN
I¥ (\m K.EQ.9) THEN
15
n,ss
K - 19
END I
HsL u (M!LK EQ.6.AND.NBLKPS.EQ.3) THEN

ILSE
K =25
END IF
DO 201 = 4\11\(‘1”))68
IF (LNE.4) THEN
IF (ISU(1).EQ.1) THEN
WL = (XLOAD*W(I)).AREAB
WRITE(6,%) 'LOAD =" WL(])
F(2.0) = (* WL(1)/(2.0D0°EL(1)**3))*(2.0DO°EL(1)**3°Y1-2.0D0

b *EL()°Y3 + Y9)
F(6,1) = ( + WL(D/(12.0D0°EL(1)**20)°(6.0DO*EL(1)**2°Y 2
S -8.0DO*EL(D)°Y3 + 3.0D0°Yd

F(8.1) = (+ WL(I)(2.0DO*EL(1)**3))*(2.0DO°EL(1)*Y3-Y4)
F(12.1) = (-WL(1)(12.0D0°EL(1)**2))*(4.0D0° ELLI)
S *Y3-3.0D0°Y4)
QK +8) = -F(2.D
Q(K +10) = -F(6,1)
Q(K = 14) = -F(8,1)
END IF
K=K+130
END IF
20 CONTINUE
= MN(NTD) + 21
IF (ISL(1).EQ.1) THEN
WL = (XLOAD*W(1))’AREAB
WRITE(6,°) 'LOAD =" WL(1)
F21) = (*wul),(z.ODU'F,l.(l)"3))‘(2.ODO'EL(I)"3‘Y1-24000
S EL(D°Y3 + Y4)
F(6.1) = ( + WL(1H(12.0DO°EL(D)**2))* (6 ODO*EL(I)**2°Y2
} -8.0DO*EL()*Y3 + 3.0D0°Y
F(8.1) = (+ WL(1)/(2.0D0°EI(1)**3))*(2. ODO‘FI (1)*Y3-Y4)
F(12,}) = (-WL(1),(12.0D0*EL{1)** 2))*(4.0DO* EL(])
S *Y3.3.0D0°Y4)
IF (NBLK.EQ.4) THEN
Q213 = -F(8.))
END IF
IF (NBLK.EQ.6.AND.NBLKPS.EQ.3) THEN
Q(2! 3) -F(8.1)
END
END IF
RETURN
END
e 000000000000 000000 soss00e

i RAELMS *

seeee oo .

SUBROUTINE RAELMS(N,NTD,GAM4,GAMS6,G,IFLAG,ISUPC,XMOE,
$ EL.A,XMG,XMJ,ELMN,XLCJN,GAM3,GAMS,ICANT,NE)
DOUBLE PRECISION G(27),E1(3,*),EL(*),A(*),XLC(*),XMOE (*),XMG(*)
S XMJ(*),GAM3,GAM4,GAMS,GAM6,X1(3,3)
INTEGER IFLAG(*),MN(13).JN(13)

C
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C THIS SUBROUTINE CALCULATES THE ELEMENT STIFFNESS COEFFICIENTS FOR
g ALL ELEMENTS, AND THEN THE DIRECTION COSINES FOR THE REAL ELEMENTS:

10

DO 201 =13

DO10J = 1,3
XL(L)y = 0.0D0
CONTINUE

20 CONTINUE

30

$

IF (E1(N).EQ.0) THEN
DO 30 2

= 1,27
G(J) = 0.0D +00
CONTINUE

IF (N.LT.MN(NTD).OR.N.EQ.MN(NTD) + 19.0R.N.EQ.MN(NTD) + 20.0R.N.

EQ.MN(NTD) + 34) THEN
IF (N.EQ.MN(NTD) + 3¢.0R.N.EQ.MN(NTD) + 19) THEN
G(1) = 10.0D + 06
G(d) = 10.0D + 06
G(6) = 10.0D + 06
G(7) = 10.0D + 06
G(10) = 10.0D + 06
G(12) = GAM3
(22) -10.0D + 06
G(25) = -10.0D + 06
G(27) = -GAM3
ELSE IF(N.LT.MN(NTD)) THEN
G(1) = 10.0D +06
G{4) = 10.0D +06
G(6) = 10.0D + 06
G(7) = 90.0D +03
Ge10) = 10.0D + 06
(3(22) = -90.0D + 03
G(25) = -10.0D> + 06
ELSE
G(6) = 10.0D + 06
G(10) = 10.0D ~ 06
G(25) = -10.0D + 06
END IF
ELSE IF (N.EQ.(MN(NTD) + 7).0R.N.EQ(MN(NTD) + 22)) THEN
G(1) = 10.0D +06
G(4) = 10.0D +06
G(6) = 10.0D + 06
G(10) = 10.00 - 06
G(12) = GAM3
G(25) = -10.0D + 06
G(27) = -GAM3
ELSE IF (N.EQ.(MN(NTD) + 8).0R.N.EQ.(MN(NTD) + 23)) THEN
G(4) = GAM4
G(6) = 10.0D + 06
G(10) = 10.0D + 06
G(25) = -10.0D + 06
ELSE IF (N.EQ.(MN(NTD) + 9).0R.N.EQ.(MN(NTD) + 28)) THEN
G(4) = GAMS6
ELSE IF (N.EQ.(MN(NTD) + 15).0R.N.EQ.(MN(NTD) + 30)) THEN
G(4) = GAMS
END IF
1 (ICANT.EQ.1) THEN
IF (N.EQ.(NE-3)) THEN
G(1) = 10.0D +06
G(4) = 10.0D +06
G(6) = 10.0D - 06
((7) = 90.0D -~ 03
G(10) = 10.0D + 06
G(22) = -90.0D +03
G(25) = -10.0D + 06
END IF
END IF

nonowon

ELSE

IF (IFLAG(N).EQ.1.OR.IFLAG(N).EQ.4) THEN
XL = 1
XL22) = !
X143.3) = |
ELSE IF (IFLAG(N).EQ.2) THEN
XL(L3) = -1
XL2.2) = |
XL(3,0) = |
ELSE IF (IFLAG(N).EQ.3) THEN
XL(1,2) = -
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IF (N.EQ. (MN(N‘I D)+ 35).0R.N.EQ.(MN(NTD) + 36)) THEN
X1(1,1) =
X1(2.2) = -1
XL(3,3) =
END IF
TF(N.EQ.(MN(NTD) + 17.0R.N.EQ.(MN(NTD) + 32)) THEN
IF (ISUPC [Q .OR.ISUPC.EQ.2) THEN
XL(1.1)
X1.(2.2)
XL(3.3)
END IF
END IF
IF (N.EQ.(MN(NTD) + 18).0R.N.EQ (MN(NTD) + 33)) THEN
IF (ISUPC. ro 3) THEN

XI{1,1) =
X1(2.2) = -l
XU33) = 1
END IF
c END IF
C FOR THE CASE WHERE THE TOP D.B OVER BLOCK IS TO THE RIGHT OF TOP
g D.B SPRING - THE DIRECTION COSINES CHANGE FOR THE FOLLOWING ELEMENTS.
IF (N.EQ(MN(NTD) + 1).0R.N.EQ(MN(NTD) + 2).OR.N.EQ.(MN(NTD) + 3).
$  ORN.EQ(MN(NTD)-4)) THEN
IF (XLCON(NTD)).GT.XLCON(NTD) + 5)) THEN
IF (N.EQ(MN(NTD) + 3).0R.N.EQ.(MN(NTD) + 4)) THEN
XL(1,1) = -
X142.2) = -1
XL(3.3) = |
END IF
ELSE
IF (N.EQ.(MN(NTD) + 1).OR.N.CQ.(MN(NTD) + 2)) THEN
XU(L1) = -
XL(2.2) = -1
XL(3.3) = |
END IF
END IF
c END IF
AL = (XMOE(N) * EI(3,N) EL(N)**3
B = (XMOF(N) * EI(2,N))-EL(N)**3
GA = (XMOE(N) * A(N)) EL(N)
DE = (XMG(N) * EI(1,N)),EL(N)
c

G(1)= GA*XL(1,1)**2 + 12°AL*XL(2.1)**2 + 12°B*XL(3,1)**2
G(2)= GA*XL(1,1)*XL(1,2) + 12.0D0° AL*X1(2,1)* X1.(2,2)
s +12.0D0°B*XL(3,1)*X1(3,2)
G(3)= GA*XL(1.1)*XL(1.3) - 12.0D0°AL*XL(2,1)*XL(2,3)
s +12.0D0°B*XL(3,1)°XL(3,3)
G(4)= GA*XL(1,2)°*2 + 120D0°AL"X1(2,2)**2 + 12.0D0° B*X L(3,2)**2
G(5)= GA°XL(1.2)°X1(1.3) + 12.0D0°AL°XL(2.2)° X L(2,3)
3 +12.0D0°B*X1L(3.2)°X1(3,3)
G(6)= GA®XL(1.3)°*2 + 12.0D0°AL*X1(2.3)**2 + 12.0D0° B°XL(3,3)°*2
G(7)= DE*XL(1,1)**2 + 4.0DO*EL(N)**2*AL*XL(3,1)**2+ 4.0D0
3 SEL(N)**2°B°XL(2.1)**2
G(8)= DE*XL(1,1)°XL(1,2) ~ 4.0D0°EL(N)**2°AL*XL(3.1)*XL(3.2)
s +4.0D0° EL(N)** 2°B*XL(2,1)* XL(2.2)
G(9)= DE*XL(1,1)°X1(1.3) + 4.0DO°EL(N)**2°AL*XL(3,1)*XL(3.3)
s + 4.0DO°EL(N)**2°B* X L(2.1)* XL(2,3)
G(10)= DE*XL(1,2)°*2+ 4.0D0°EL(N)**2*AL°XL(3,2)°*2
s + 4.0D0°EL(N)**2°B*X1(2.2)°*2
G(11)= DE*XL(1.2)’XL(1.3) + 4.0D0*EL(N)**2°AL*XL(3,2)* XL(3.3) +
s 4.0DOEL(N)**2°B*X142.2)* X142.3)
G(12)= DE*Xi{1,3)**2- 4.0D0°ELIN)**2°AL*X1(3,3)**2
s + 4.0D0°EL(N)**2*B*XL(2.3)**2
G(13)= GODU'FI(\)'AL"(L(Z 1)*X1(3,1)-6.0D0°EL(N)*B
s SXL(3.1)°X142.1)
G(19) = 6. ODO'LL(\I)'AL“(L(Z.I)"(L(B 2)-6.0D0°EL(N)*B
s *XL(3,1)*XL(2.2)
G(15)= 6.0D0*EL(N)*AL*XL(2.,1)°XL(3,3)-6.0D0°EL(N)*B
s *XL(3.1)°XL(2.3)
G(16)= 6.0D0*EL(N)*AL*XL(2.2)*XL(3,1)-6.0D0°EL(N)*B
s *XL(3,2°X1(2.1)
G(17)= 6.0DU*EL{N)*AL*XL(2,2)*XL(3,2)-6.0D0°EL(N)*B
s *XL(3.2)*XL(2.2)
G(18)= 6.0D0* EL(N)*AL*XL(2,2)*XL(3,3)-6.0D0°EL(N)°*B
s *XL(3.2)°X142,3)
G(19)= 6.0D0°EL(N)*AL"XL(2,3)*XL(3,1)-6.0D0*EL(N)*B
s *XL(3,3)*XL(2,1)
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. G(20) —‘(f.( 03030°£u~:) AL*XL(2,3)*XL(3,2)-6.0D0°EL(N)*B
* )* X1 )
. G(zx)-xfnoo'euN) AL*X1(2.3)*XL(3,3)-6.0D0°EL(N)*B
XL X
G(22)= -DE*XI(1,1)**2 + 2.0D0°EL(N)**2°AL*XL(3,1)**2
s + 2.0D0°EL(N)**2*B*XL(2,1)**2
G(23) = -DE°XL(1,1)*XL(1.2) + 20D0° l'l(N)“Z'AL'Xl(B 1)°X1(3,2) +
s 20D0°EL(N)**2°B*X12,1)*XL(2,2)
G(24)= -DE*XL(1,1)*X1(1.3) + ’ODO‘EL(\)"Z‘AL'XL(S 1)*XL(3,3)+
s 2.0D0°EL(N)**2°B*X1(2,1)' XL(2.3)
G(25) = -DE*XL(1,2)°*2 + 20D0°EL(N)* *2° AL*XL(3,2)**2
s ~ 20D0°EL(N)**2°B*XL(2.2)"*
G(26)= -DE*XI1(1,2)°X141,3) + 2.0D0°EL(N)**2°AL°X1(3,2)°XL(3,3) +
s 20D0°EL(N)**2°B*X1(2,2)° X L(2.3)
G(27)= -DE°X1(1,3)°°2+ 2.0D0°EL(N)**2°AL°XL(3,3)°*2
c s + 20D00°ELN)**2°B*X1(2,3)**2
END IF
RETURN
END
0000000000000 00000000OPPOPOC000000000P0C00000000COC0CPRPRCORIGIOIOIOIOIOIEOSOIOITYS
. RAASSM .
SUBROUTINE RAASSM(N,MBD,G.S5,.MCODE,MXNEQ)
DOUBLE PRECISION G(27),55(600.600)
INTEGER INDEX(12,12),MCODE(12.*)

HE SYSTEM STIFFNESS MATRIX:

annan

DATA INDEX/1,2,3,13,14,15,-1,-2,-3,13,14,15,2,4,5,16,17,
b 18,-2,-4,-5,16,17,18,3,5.6,19,20,21,-3,-5.-6,19,20,
] 21.13,16,19,7,8,9,-13,-16,-19,22,23.24,14,17,20,8,
b 10,11,-14,-17,-20,23.25,26,15,18.21,9,11,12.-15,
S -18,-21,24,26,27,-1,-2,-3,-13,-14,-15,1,2,3,-13,
b -14,-15,-2,-4,-5,-16,-17,-18,2,4,5,-16,-17,-18,-3,
b -5,-6,-19,-20,-21,3,5.6,-19,-20,-21,13,16,19,22,
S 23,24,-13,-16,-19,7,8,2,14,11,20,23,25,26,-14,-17,
$ -20,8,10,11,15,18,21,24,26,27,-15,-18,-21,9,11,12/
C
DO 20 JE = 1,12
J = MCODE(E,N)
IF (J.NE.O) THEN
DO 10IE = JE
1 = MCODE(IE,N)
IF (ILNE.O) THEN
K=101-J+MBD +1
L = INDEX(IE,JE)
1F (L.GT.0) THEN
EiS(K J) = SS(KJ) + G(L)
SS(K.J) = S§(K.J) - G(-L)
END IF

END IF
10 CONTINUE
END IF
20 CONTINUE
RETURN
END
0000000000000 050000000000

© SOLVE N

90000000000000000000000000000000000000

SUBROUTINE SOLVE(SS,Q.NEQ,MBD,MXNEQ)
THIS SUBROUTINE CALLS SPBEA AND SPBSL FOR THE FIRST X1 OAD
THAN 1, IT CALLS SPBSL.

DOUBLE PRECISION $5(600,600),Q(*)
INTEGER SS(MXNEQ.MXNEQ),Q(*)
IF (LC.EQ.)THEN
CALL SPBFA(SS.MXNEQ,NEQ,MBD,INFO)
IF (INFO.NE.O)THEN

PRINT *,'SINGULARITY..."
STOP
END IF

C ENDIF

CALL SPBSL(SS,MXNEQ,NEQ,MBD,Q)

RETURN

an oaann

THIS SUBROUTINE ASSEMBLES THE ELEMENT STIFFNESS COEFFICIENTS INTO
T

CONDITION, LC = 1. FOR SUBSEQUENT XLOAD CONDITIONS, LC GREATER
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END
THIS IS THE LINPACK SOLUTION ALGORITHM WITH COMMENTS.

aacoanaoanaAnnanONaaNAOOAOONOOONAaOOaOAAL OO NOCANONONNNNA
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SUBROUTINE SPBFA(ABD,LDA,N,M,INFO)
INTEGER LDA.N,M,INFO

DOUBLE PRECISION ABD(600,°%)

REAL ABD(LDA,*)

SPBFA FACTORS A REAL SYMMETRIC POSITIVE DEFINITE
MATRIX STORED IN BAND FORM.

SPBFA IS USUALLY CALLED BY SPBCO, BUT IT CAN BE CALLED
DIRECTLY WITH A SAVING IN TIME IF RCOND IS NOT NEEDED.

ON ENTRY
ABD REAL(LDA, N)

THE MATRIX TO BE FACTORED. THE COLUMNS OF THE UPPER

TRIANGLE ARE STORED IN THE COLUMNS OF ABD AND THE
DIAGONALS OF THE UPPER TRIANGLE ARE STORED IN THE
ROWS OF ABD . SEE THE COMMENTS BELOW FOR DETAILS.

LDA  INTEGER
THE LEADING INTEGER OF THE ARRAY ABD.
LDA MUST BE .GE. M + 1.

N INTEGER
THE ORDER OF THE MATRIX A .

M INTEGER
THE NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.
0.LEEM.LT.N.
ON RETURN

ABD AN UPPER TRIANGULAR MATRIX R, STORED IN BAND
FORM, SO THAT A = TRANS(R)'R.

INFO INTEGER
=0 FOR NORMAL RETURN.
= K IF THE LEADING MINOR OF ORDER K IS NOT
POSITIVE DEFINITE.
BAND STORAGE

IF A IS A SYMMETRIC POSITIVE DEFINITE BAND MATRIX,

THE FOLLOWING PROGRAM SEGMENT WILL SET UP THE INPUT.

M = (BAND WIDTH ABOVE DIAGONAL)
DO20J = I, N
Il = MAXO(1, J-M)
DO 101 = 11, )
K =1J+M=1
ABD(K.)) = A(LJ)
10 CONTINUE
20 CONTINUE

LINPACK. THIS VERSION DATED 08/14/78 .

CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

SUBROUTINES AND FUNCTIONS

BLAS SDOT
FORTRAN MAXO,SQRT

INTERNAL VARIABLES

DOUBLE PRECISION SDOT,T
DOUBLE PRECISION §

INTEGER IK.J,JK,K.MU

BEGIN BLOCK WITH ...EXITS TO 40

DO30J=1,N
INFO =
S = 0.0D0
IK=M+1
JK = MAXO0(J-M,1)
MU = MAXO(M +2-J,1)
IF (M .LT. MU) GO TO 20
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DO 10K = MU, M
T = ABD(K,J) - SDOT(K-MU,ABD(IK,JK),I,ABD(MU,J),1)
T = T/ABD(M + 1,JK)
ABD(K,J) = T
S

=S+ TT
1K = 1K -1
JK = JK + 1

10 CONTINUE
0 CONTINUE
S - ABD(M+1J)-S
e EXIT
IE (S LE. 0.0D0) GO TO 40
ABD(M + 1,J) = SQRT(S)
30 CONTINUE
INFO = 0
40 CONTINUE
RETURN
END

annaanaanacAaaOOOnanNOOcAOaOONaOOOOOOOOaNOONCOHOOOOONON
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SUBROUTINE SPRSL(ABD,LDA,N,M,B)
INTEGER LDA.N,M

DOUBLE PRECISION ABD(600,%).B(*)
REAL ABD(LDA,*),B(*)

SPBSL SOLVES THE REAL SYMMETRIC POSITIVE DEFINITE
BAND SYSTEM A°*X = B
USING THE FACTORS COMPUTED BY SPBCO OR SPBFA.

ON ENTRY

ABD  REAL(LDA, N)
THE OUTPUT FROM SPBCO OR SPBFA.

LDA  INTEGER
THE LEADING INTEGER OF THE ARRAY ABD .

N INTEGER
THE ORDER OF THE MATRIX A .

M INTEGER
THE NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.

B REAL(N)
THE RIGHT HAND SIDE VECTOR.

ON RETURN
B THE SOLUTION VECTOR X .
ERROR CONDITION

A DIVISION BY ZERO WILL OCCUR IF THE INPUT FACTOR CONTAINS

A ZERO ON THE DIAGONAL. TECHNICALLY THIS INDICATES
SINGULARITY BUT IT IS USUALLY CAUSED BY IMPROPER SUBROUTINE
ARGUMENTS. IT WILL NOT OCCUR I THE SUBROUTINES ARE CALLED
CORRECILY AND INFO .EQ.O0.

TO COMPUTE INVERSE(A) * C WHERE C IS A MATRIX
WITH P COLUMNS
CALL SPBCO(ABD.LDA,N,RCOND.Z,INFO)
IF (RCOND IS TOO SMALL .OR. INFO .NE. 0) GO TO ...
DO10J = 1,P
CALL SPBSL(ABD,LDA,N,((1.))
10 CONTINUE

LINPACK. THIS VERSION DATED 0R/14/78 .

CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

SUBROUTINES AND FUNCTIONS

BLAS SAXPY,SDOT
FORTRAN MINO

INTERNAL YARIABLES

DOUBLE PRECISION SDOT.T
INTEGER K,KB,LA,LB,LM

SOLVE TRANS(R)’Y = B
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C
C
C

DO 10K = I, N
LM = MIN)K-1,M)
LA=M+1-LM
LB = K-LM

T = SDOT(LM.ABD(LA.K),1.(LB),1)

BK) = (B(K) - T/ABD(M + 1,K)

10 CONTINUE

SOLVER®*X = Y
DO 20 KB=1LN
B

3
BK) = BK)ABD(M * 1K)

-B(K)
CALL SAXPY(LM,T,ABD(LA,K),1,B(LB),1)

20 CONTINUE

RETURN
END

(g} annnoa 0

annn

annanan

SUBROUTINE SAXPY(N,SA,SX,INCX.SY,INCY)

CONSTANT TIMES A VECTOR PLUS A VECTOR.
USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.
JACK DONGARRA, LINPACK, 3/11/78.

DOUBLE PRECISION §X(*),SY(*),SA
INTEGER LINCX,INCY,IX,1Y M,MPI,N

IF(N.LE.O)RETURN
IF (SA .EQ. 0.0D + 0) RETURN
IF(INCX.EQ.1.AND.INCY .EQ.1)GO TO 20

CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
NOT EQUAL TO |

IX =1
Iy =
IF(INCX.LT.OMX = (-N+1)*INCX + |
IF(INCY.LT.ONY = (-N+1)*INCY + |
DO 10T = IN

SY(IY) = SY(IY) + SA*SX(IX)

IX = IX +

Iy = 1Y + INCY

10 CONTINUE
RETURN

CODE FOR BOTH INCREMENTS EQUAL TO |

CLEAN-UP LOOP

20M = MOD(N.9)
IF(M .EQ.0) GO TO 40
DO 01 = I,M
SY(I) = SY(I) + SA*SX(I)
30 CONTINUE
IF(N .LT. 4) RETURN
OMPl =M + |
DO 501 = MPI,N4
SY(I) = SY(I) + SA*SX(])
SY(L + 1) = SY(I + 1) + SA®SX(l ¢+ 1)
SY(1 + 2) = SY(l + 2) + SA°SX(I +2)
SY(1 + 3) = SY(I + 3) + SA°SX(]l + 3)

50 CONTINUE

RETURN

END
C

DOUBLE PRECISION FUNCTION SDOT(N,SX,INCX,SY,INCY)
C
C  FORMS THE DOT PRODUCT OF TWO VECTORS.
C  USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.
C JACK DONGARRA, LINPACK, 3/11/78.
C

a

DOUBLE PRECISION SX(°),SY(*),STEMP
INTEGER LINCX,INCY IX,l1Y,M,MPI,N

SDOT = 0.0D+0
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STEMP = 0.0D+0
IF(N.LE.O)ORETURN
IF(INCX.EQ.1.AND.INCY .EQ.1)GO TO 20

CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
NOT EQUAL TO 1

X =1
Iy = |
IF(INCX.LT.OX = (-N+1)°INCX + 1
IFINCY.LT.OY = (-N+1)*INCY + 1
DOI0T = I,N

STEMP = STEMP + SX(IX)*SY(1Y)
IX = IX + INCX
IY = IY + INCY
10 CONTINUE

SDOT = STEMP

RETURN

CODE FOR BOTH INCREMENTS EQUAL TO |

CLEAN-UP LOOP

20M = MOD(N,S)
IF(M EQ.0) GO TO 40
DO30I1 = LM
STEMP = STEMP + SX(I)°*SY(l)
30 CONTINUE
IF( N .LT. 5) GO TO 60
WMPL =M+ |
DO S0 1 = MPIN,S
STEMP = STEMP + SX(I)°SY(l) + SX(1 + 1)°*SY(l + 1) +
*OSX(E 4 DeSY(L 4 2) + SX( 4+ 3)PSY(L ¢ 3) + SX(I 4+ 4)°SY(l + 4)
S0 CONTINUE
60 SDOT = STEMP
RETURN

seccsvee XYY Y}

RAELMF *

seccssscscssccee XTI Y YY) oo LYY YYY T
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SUBROUTINE RAELMF(MCODE,Q.IFLAG.ISUPC,XMOE,I,LELLEL,A, XMG,XMJ,D.DL
S

JFLO,F.FL.MN,NTD.Y MAX,MINC.NE,DEFL,DISPL,JT)
DOUBLE PRECISION Q(*),EI(3.°).EL(*).D(*}.DL(*}.A(*).DEFL(*).
FL(12,°),FLO(12),F(12,*), X MOE(*), XMG(*), X MJ(*),Y,Y MAX
s DISPL(6,°)
INTEGER IFLAG(*),MCODE(12,%),MN(*}, MINC(2,*)

THIS SUBROUTINE TRANSFORMS THE GLOBAL DISPLACEMENTS INTO LOCAL
ELEMENT-END DISPLACEMNTS, AND THEN CALCULATES THE LOCAL ELEMENT
F

ORCES FOR EACH MEMBER:

DO10OL = 1,12
K = MCODE(L.D
IF (K.NE.O) THEN
D(L) = Q(K)
ELSE

D(L) = 0.0D+0

END IF

IF (L.EQ.2) THEN
DEFL(MINC(1,1)) = ABS(D(2))

ELSE IF (L.EQ.8) THEN
DEFL(MINC(2,])) = ABS(D(8))

END IF

10 CONTINUE

Y = ABS(D(2)
IF (Y.GT.YMAX) THEN
YMAX = Y

MEM = 1

JT = MINC(L)

END IF

DISPL{1,MINC(1,1)) = D(1)
DISPL(2Z.MINC(L.1)) = D(2)
DISPL(3,MINC(LI)) = D(3)
DISPL(4,MINC(1,1)) = D(4)
DISPL(5,MINC(1.1)) = D($)
DISPLY6,MINC(L,])) = D(6)
DISPL(ILMINC(2,])) = D(7)
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DISPL(2MINC(2.I)) = D(8)
DISPL(3.MINC(2.1)) = D(9)
DISPL(&.MINC(2,1)) = D(10)
DISPL(5,MINC(2.1)) = D(11)
DISPL(6,MINC(2,])) = D(12)

C
C  WRITE(6,200) I(D(L),L = 1,12)
C 200 FORMAT (12,6(1X,F11.8)/3X.6(1X,F11.8))
IF (IFLAG(D.EQ.1.OR.IFLAG(1).EQ.4) THEN
IF (1LEQ.MN(NTD) + 35.0R.LEQ.MN(NTD) + 36) THEN
DO 30J =093

DL +2) = -DUJ+2)
DDLU+ = DUJ+3)
30 CONTINUE
ELSE IK(LEQ.MN(NTD) + 17.0R.LEQ.MN(NTD) + 32.AND.ISUPC.EQ.1)THEN
DO 40J - 0,93
DLUJ+1) = -DU+1))
DLU+2) = -DUJ+2
DI(J+3) = DUJ+3)
40 CONTINUE
ELSE IF(LEQ.MN(NTD) + 17.0R.L.LEQ. MN(NTD) + 32.AND.ISUPC.EQ.2)THEN
DO 45) = 0,93
DLU+1) = -DUJ+1)
DLUJ+2) = -DUJ+2)
DL +Y) = DJ+3)
45  CONTINUE
ELSE IF (LEQ.MN(NTD) + 18.0R.LEQ.MN(NTD) + 33.AND.ISUPC.EQ.3)THEN
DO 50J = 0,93
DILUJ+1) = -DUJ+1)
DLJ+2) = -DUJ+2)
Di(J+3) = DUJ+3)
50 CONTINUE
EISE
DO 60J = 1,12
DL(JY = D)
60 CONTINUE
END IF
ELSE IF (IFLAG(1).EQ.2) THEN
DO 70J = 0,9,3
DI +1) = -DJ+3)
DL +2) = DUJ+2)
DLJ+3) = DU+1)
70 CONTINUE
ELSE IF (IFLAG(1).EQ.3) THEN
DO R0 J = 09,3
DLJ+1) = -D(J +2)
DL(J+2) = DUJ+1)
DL(J+3) = DUJ+3)
80 CONTINUE
END IF
(o}

AL = (XMOE(I) * EI(3,)(EL(D)**3)
B = (XMOE(l) * EI(2,1)).(EL(1)**3)
GA = XMOE(I) * A(DEL(])

DE = XMG(I) * XMJ(I).EL(1)

DE = XMG(l) * EI(1,I)EL(1)

LOCAL FORCES AT A-END OF MEMBER FROM THE LOCAL ELEMENT MODEL (F =KD):

FLO(I) = GA*DL(l) - GA*DI(T)
FLO(2) = 12.0D0°AL*DL(2)+ 6.0D0°EL{1)" AL*DL(6)-12.0D0°AL*DL(8) +
S 6.0D0°EL()*AL°DL(12)

FLO(3) = 12.0D0°B*DL(3) - 6.0D0° EL(1)* B*DL(5) -12.0D0°B* DL(9) -

s 6.0D0EL(1)*B*DL(11)

F1.0(4) = DE*DL(4) - DE*DI(10)

FLO(5) = -6.0D0°EL(N*B*DL(3) + 4.0DO°EL(1)**2*B°DL(S)

3 + 6.0DO°EL(1)*B*DI(9) + 2.0D0°EL()**2°B*DL(11)

FLO(6) = 6.0DOEL(1)*AL°DI{2) + 4.0DO*EL()**2°AL*DL(6)

$ - 6.0D0EL(I)*AL°DL(8) + 2.0DO°EL(I)**2°AL°DL(12)

X2 s BKe]

C
C LOCAL FORCES AT B-END OF MEMBER FROM EQUILIBRIUM:
C

FLO(7) = -FLO(1)
FLO(8) = -FLO(2)
FLO(9) = -FLO(3)
FLO(10) = -FLO(4)
FLO(11) = -EL(I)*FLO(3) - FLO(S)
FLO(12) = EL(I)*FLO(2) - FLO(6)
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DO90J = 1,6
FL(LI) = F(,I) + FLO()
90 CONTINUE
FL(7.1) = F(LI) - FLO(1)

= F
FI(8.D) = F(8.1) - FLO(2)
FLO.D) = FO.l) - FLO(3)
FL(10,1) = F(10.1) - FLO(4)
FI(ILY) = F(ILI) - (FLOB)*EI(D) + FLO(S)

FLOI2D) = F121) - (FLO(2)"EL(I)) + FLO(6)
C

RETURN

END
Sesseetee 000000 .. . LIRS
. RASMST .

000 0e0rerererererteterererrcrecterrrertecctcetcesteettrcetrtrttttrerens
SUBROUTINE RASMSTUFLAG,AS,.LTYPEXPLENG XTSBMTTD,NTD, TDLOC,TDW,
MN,FL,ST.STA STR.P2EL.FLO,LSSMAX,DSMAX,
b NEXTD,WL,DST,DSTA,DSTB)
DOUBLE PRECISION FL(12,%).8T(*).STA(*).STB(*),EL(*).XTSB,
$ SSMAXLXXLOC, XPOS, TDLOC(15), TDW(15),A(*),5(3,*),FLO(12),XPLENG,P2
$ ,DSMAX,BLOCAT,XTD,WL(*),DST(*),XMAX,DSTA(*),DSTB(*),XBMAX
INTEGER IFLAG(*),MN(*)

C

C THIS SUBROUTINE CALCULATES THE STRESSES IN EACH STRINGERBOARD ELEMENT
C AND IDENTIFIES THE MAXIMUM VALUE AND WHICH MEMBER IT OCCURS IN:

C

IF (IFLAG(1).EQ.1) THEN
STA() = (ABS(FLO(1)/A(D)) + (ABS(FLO(S),S(2.1))) + (ABS(FLO(6)
S3.0))
STB(I) = (ABS(FLO(1)/A(I)) + (ABS(FLO(11),S(2.1))) +
3 (ABS(FLO(12):5(3.1)))
WRITE(6.%) LSTA(1).STII)
IF (LLT.MN(NTD)-2.0R.LGT.MN(NTD) + 38) THEN
IF (LEQ.MN(NTD)-3.0R.1.EQ.MN(NTD)-5) GOTO 50
IF (STA(I).GT.STII)) THEN
X = STA()
XLOC = 0.0D0
ELSE
X = STB(I)
XLOC = EL(I)
END IF
IF (X.GT.SSMAX) THEN
SSMAX = X
MEM = 1
XPOS = XLOC
END IF
END IF
IF (LTYPE.EQ.3.0R.LTYPF.EQ.4.OR 1.TY PE.EQ.5) THEN
IF (LTYPE.EQ.4.OR LTYPE.EQ.5) THEN
X = (0.SDO*XPLENG) - XTSB
K=13
DO 20J = MTTD,NTD
Y = (TDLOC(J) + (0.5D0*TDW(J))) - (0.5D0°XPLENG)
Z = (TDLOC( + 1) + (0.5DO*TDW(J + 1)) - (0.5D0*XPLENG)
IF(X.GE.Y.AND.X.LE.Z) THEN
DO 10M = 0.1
YY = X-Y
XBMAX = -FL(6.K + M) + FL(ZK + M)*YY
ST(K + M) =(ABS(FL(1,K + M)/A(K + M))) + (ABS(XBMAX/S(3,K + M)))
IF (ST(K + M).GT.SSMAX) THEN
SSMAX = ST(K+M)
MEM = K + M
XPOS = YY
END IF
10 CONTINUE
ELSE
GO TO 30
END IF
K=K+8
20 CONTINUE
END IF
30 IF(LTYPE.EQ.3.0R.LTYPE.EQ.5) THEN
IF (MOD(NTD,2).EQ.0) THEN
XBMAX = 10.0D0
ST(6) = (ABS(FL(1,6)/A(6))) + (ABS(XBMAX/S(3,6)))
ELSE

-

XBMAX = -FL(6,6)
iTlgﬁ) = (ABS(FL(1,6)/A(6))) + (ABS(XBMAX/5(3.6)))

END IF
IF (ST(6).GT.SSMAX) THEN
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SSMAX = ST(6)
MEM = 6
XPOS = 0.0D00

END IF
END IF

END IF
E

ELSE
IF (JFLAG(D.EQ.2) THEN

DSTA() = l(A BS(FLO(1)/A(l))) + (ABS(FLO(S),S(2.1))) + (ABS(FLO(6)
S(3.1)
DSTB(I) = (ABS(FLO(1):A(I))) + (ABS(FLO(11)S(2.1))) +
(ABS(FLO(12).8(3.h))
IF (DSTA(I).GT.DSTB(1)) THEN
DST(I) = DSTA(I)
XMAX = 0.0D00

ELSE

DSI(1) = DSTB(I)
XMAX = EL(I)
END IF

IF (W1 (1).NE.0.0D00) THEN

XMAX = XTD + (ABS(FL(2.1). WL(I}))

XBMAX = -FL(6&1) + FL (XMAX + XTD);2.0D00) + FL(5,1)

DST(I) = ABS(FL(LI).A(D)) + ABS(XBMAX S(L1)) +

ABS(XBMAX;S(3.1)

END IF

IF (DST(1).GT.DSMAX) THEN

DSMAX = DST(I)

MEMB = |

BLOCAT =
END IF
END IF

XMAX

END IF
IF (LEQ.NE) THEN

WRITE(6.%)

WRITE(6.%) "MAXIMUM BENDING STRESS IN STRINGERBOARDS =',SSMAX
WRITE(6,°) "IN MEMBER "MEM

WRITE(6,®) ‘AT (IN), XPOS

WRITE(6.*)

WRITE(6,°) MAXIMUM BENDING STRESS IN DECKBOARDS =",DSMAX
WRITE(6,°) 'IN MEMBER \MEMB

WRITE(6,*) "AT (IN) ,BLOCAT

END IF

S0 RETURN

END

sesee

STACKD N

$00000000000000000000000000000000000000000000000000000000000000000000000

C THIS SUBROUTINE CALCULATES THE MAXIMUM DEFLECTION IN THE TOP
C STRINGERBOARDS FOR THE STACKED MODE
C

SUBROUTINE STACKD(JN,NTD.XLC,DEFL.XMOE)

DOUBLE PRECISION XLC(*),DEFL(®).X(20),Y(20),Y IMAX,XTARG,XLENG,
$

X1(20),Y1(20),SUM.XMOE(®)

INTEGER IN(*)
IF (NTD.GT.3) THEN

IF (XMOE(3).GT.1.0D00) THEN
PO 30 = 1,2
IF (ILEQ.1) THEN
L=
M=6

ELSE

L =10

M =3
END IF
NMAX =2
X(1) = 0.0D00
Y(i) = 0.0D00
1=
DO10I =
1=+
NMAX = NMAX + 1

X(J) = XLC(I)

Y(J) = DEFL(I)

CONTINUE
Y(NMAX) = 0.0D00
IF (ILEQ.1) THEN

X(NMAX) = XLC(IN(NTD)+1)
XLENG = XLC(JN(NTD)+1)

LJN(NTD)'Mvé
1
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[2121elg!

ELSE
X(NMAX) = XLC(JN(NTD)+ 4)
XLENG = XLC(IJN(NTD)+4)

END IF
YIMAX = 0.0D00
DO 20K = 1,10

XTARG = (K*XLENG)/10.0D00
XI(K) = XTARG
SUM = 0.0D00
CALL LAGRAN(NMAX,X.SUM,Y XTARG)
Y1I(K) = SUM
IF (YI(K).GT.Y IMAX) THEN
YIMAX = YI(K)
END IF
20 CONTINUE
IF (ILEQ.1) THEN
WRITE(6,") "MAX.DEFLECTION IN TOP STRINGERBOARD IS =",
s YIMAX

ELSE
WRITE(6,*) 'MAX.DEFLECTION IN BOTTOM STRINGERBOARD IS =
LY IMAX
END IF

30  CONTINUE
ELSE
WRITE(6,*) 'MAX.DEFLECTION IN TOP STRINGERBOARD IS =,
b DEFL(2

(2)
WRITE(6,%) 'MAX.DEFLECTION IN BOTTOM STRINGERBOARD IS ="
\DEFL(4)
END IF
ELSE

WRITE(6,*) "TOO FEW DECKBOARDS FOR STACK ANALYSIS - MINIMUM
$ NUMBER ALLOWED IS 3.

b
06ec0sc0000000000c00000000000000

SUBROUTINE LAGRAN(NMAX,X.SUM.Y.XTARG)
DOUBLE PRECISION X(20),Y(20).SUM,XTARG,XHAT
DO 201 = LNMAX

XHAT = 1.0D00
DO 10J = I,NMAX
IF (1.EQ.J) GO TO 10
XHAT = XHAT*(XTARG - X()).(X(1) - X(J))
10 CONTINUE
SUM = SUM + (Y(I)*XHAT)

20 CONTINUE
RETURN
END
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Appendix B:

Program listing - (RAD)
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MAIN

Stack:Modify Member incidences, initialize
for constraints JCODE, modify for constraints,
supprot, joint support,

modify JCODE for joint support

Initialize joint load vector &
——— .
fixed end force vector to zero

UDL

Initialize system stiffness
' matrix to zero

————
I
' MELEMS
I =1,NE
]
: ASSEMS
e — — —
‘SOLVE]
Initialize member-end
] force vector to zero
——— — %
I
4 [EE?EMF Maximum displacement
I
I=1,NE :
I
1

IMSTRESS Maximum stress
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eooee .o oo sescsee

RAD ANALYSIS..;.:., ¢

annn

C
C
C

ann

anann

. ssscooce . .

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

DOUBLE PRECISION TDW(10,2),BDW(10,2),BLKW(2),BLKLOC(2,3).Q(60),

EL(30),W(30),T(30).EI(30),A(30),5(30),
F(6.30),.G(7),55(100,100).F1.{6,30),P(3,20),FFLO(12),C2(30)
.D16).ALPHA(30), BETA(30),5T(30),STA(30),.STB(30),C1(30).

,BDBT.BLKT,RADSPA, TDO,CL.SL,XTD.GAM3,GAM4,GAMS,

VA ANAN

DIMENSION MCODE(6,30).MINC(2,21),JCODE(3,30)
PARAMETER (MX =25MXNEQ = 3 °* (MX-1),BMOE =10.0D + 06)

DATA NTD,NBD.NTSB,NTDW,NBDW/I,1,3,1,1/
DATA NBLK.,NBLKPS/9,3/
DATA PLENGT,PWIDTH/S.60D +0,32.0D + 0/
DATA (TDW(L,I),L = 1,9),9°1.0D0/
DATA (TDW(L,2).L = 1,9),9°3.5025/
DATA (BDW(L,1).L = 1,3)/3°1.0D0/
DATA (BDW(L,2),L = 1,3):3°3.531/
DATA TDW(1,1),TDW(1,2)/1.0D00,5.604D00/
DATA BDW(1,1).BDW(1,2),1.0000,4.763D00/
DATA TDBT,BDBT/.6250D + 0,.62500D + 0/
DATA TDBE,BDBE/1.674540D + 06,1.672577D + 06/
DATA BLKT,BLKW(1),BLKL0OC(2,3)/3.125D +0,3.125D +0,28.875D + 0/
DATA RADSPAISTYLE, TD0O,28.875D ~+ 0,1,0.0D + 0/
DATA LTYPE.XLOAD,CL,SL,3,0.0000D + 00,50.0D + 01,0.0D + 00/
DATA XTD,0.0D + 00/
DATA GAM3:60.0D + 03/
DATA GAM4,GAMS,GAM6/3.77266D + 05,0.00000D + 00,1.0D + 0/
DATA ISTACN/

o

CALCULATE THE WING LENGTH IF TOP D.B IS WINGED :-

IF (ISTYLE.EQ.2.0R.ISTYLE.EQ.3) THEN
IWING =1
WINGL = TDO
IF (ISTAC.EQ.1) THEN
RADSPA =PWIDTH - TDO - (0.5*BLKW(1))
END IF
ELSE
IWING =0
IF (ISTAC.EQ.1) THEN
RADSPA =PWIDTH - TDO - (0.5°BLKW(1))
END IF
ENDIF

READING IN MEMBER INCIDENCES

DATA MINC/1,2,1,4,2,3,4,8,8,10,4,5,8,9,10,11,5,9,9,11,5,
$ 6,11,12,6,12,6,7,3,7,12,13,7,14,13,14,10,15,15,16,17,4/

INITIALISE JCODE TO ZERO - THEN ADD IN CONSTRAINTS :-

3DOF : 1-TRANS IN 1 DIR, 2- TRANS IN 2 DIR, 3 - ROTATION ABOUT 3

NOTE: 1 = FREE, AND 0 = CONSTRAINT

DO2J = 1,16
DOIL =13
JCODE(LJ) = 1

1 CONTINUE

2 CONTINUE

IF (ISTAC.EQ.1) THEN
NI =17
NE = 21
MINC(2.2) = 17
MINC(1.21) = 17
MING(2,21) = 4
INTSUP = 14
ISUPC = 2
DO 4l = 1,17
JCODE(LD) = 0
JCODE(2N) = 0
JCODE(M]) = 0

4 CONTINUE

JCODE(I,17)
JCODE(2,17)
JCODE(3,17)
JCODE(1,3)

=1
=1
=i

=1
JCODE(2,3) = |
JCODE(3,3) = 1|
JCODE(1.4) = |
JCODE(2,4) = |
JCODE(3,4) = 1

DISPL(3.20),.XMOF(20),XMG(30), XMMAX.X1.0AD,BMOE,PLENGT,PWIDTH,TDBT
GAM6,X2.TDMOE,BDMOE, TDBE,BDBE,P1,P2, WINGL,TDBW,YMAX,YS,STMAX
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IF (NBLK.EQ.4) THEN
JCODE(1,1) = |
JCODEQI) = 1
JCODE(L2) = |
JCODE2.) = 1

END IF

IF (NBLK.EQ.6) THEN
IF (NBLKPS.EQ.3) THEN

JCODE(1,1) = 1
JCODE(2,)) = 1
JCODK(1,2) = |
JCODE(2,2) = |
END IF

END IF

ELSE

NJ = 16

NE = 20

JCODE(L1) =

JCODE(3,1) =

JCODE(1,2)

JCODE(3.2)

a

a o

0
0
0
0

ISUPC = | (INSIDE THE QUTSIDE BLOCK) ; ISUPC = 2 (UNDER OUTSIDE
BLOCK); ISUPC = 3 (UNDER WINGED MEMBER).

IF (.5*RADSPA.LT(BLKLOC(2,NTSB)-.5*PWIDTH)) THEN
ISLPC = |
INTSUP = 3
ELSE IF(.5*RADSPA.GT.(BLKLOC(2,NTSB){.5* PWIDTH)). AND (.5 RADSPA
$  ).LT(BLKLOC(2NTSB)+ BLKW(1){.5*PWIDTH))) THEN
ISUPC = 2
INTSUP = 14
ELSE
ISUPC = 3
INTSUP =
END IF
WRITE(6,200) IWING.ISUPC,INTSUP
200 FORMAT(IX, IWING = ,12.2X, ISUPC = ",12,2X,'JNTSUP = ",12)
WRITE(6,*) WING =" WINGL

annnan

15

C
C MODIFYING THE JCODE FOR THE SUPPORT JOINT :
C

IF (ISUPC.EQ.3) THEN
JCODE(2,JNTSUP) = 0
ELSE
JCODE(LINTSUP) = 0
JCODE(2LINTSUP) = 0
END IF
END IF
CALL CODES(JCODE,MINC,NE,NJ,MCODE,NEQ)
MBD = MBAND(MCODE.NF)
CALL PROPS(NTD,TDBE,NBD,BDBE, TDW.BLKT,PLENGT,BMOE,BLKLOC,
$ TDBT.ISUPC,RADSPA.BDW,BDBI.BLKW,IWING,WINGL.NBLK,NBLKPS,EL,
$ W.T.ELAS.XMOF,XMG,C1,C2,PWIDTHNTSB,NTDW,NBDW,TDBW,NE,ISTAC)
WRITE(6,400) ‘"MEMBER', MOE', LENGTH', AREA’
400 FORMAT(:3X,A6,9X,A3,10X,A6,7X,A4/)
DOSI = INE
WRITE(6,410) 1, X MOE(T),EL(1),A(l)
s CONTINUE
410 FORMAT(5X,12,2X,F17.2,2X,F8.2,2X,3X,F8.2)
C

C INITIALISE THE JOINT LOAD VECTOR AND THE FIXED END
C FORCE VECTOR TO ZERO:
C

DO 10K = 1I,NEQ
Q(K) = 0.0D+0
10 CONTINUE
DO 301 = I,NE
DO2L = 1.6
F(L.I) = 0.0D+0
20 CONTINUE
30 CONTINUE
IF (LTYPE.EQ.I.OR.LTYPE.EQ.2) THEN
CALL UDL(XTD,XLOAD,ISUPC,IWING,EL,LTYPE,F,X2,Q,TDBW,ISTAC,NEQ,
S NBLK,NBLKPS)
ELSE
CALL LINE(CL,SL,.LTYPE,EL,XTD,PWIDTH,F,Q,ISUPC,P1,P2)
END IF

WRITE(6,450) 'JOINT LOAD VECTOR:’

DETERMINE THE SUPPORT CONDITION AND CORRESPONDING SUPPORT JOINT:-
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DO 371 = | NEQ
WRITE(6,460) 1,Q(I)
37 CONTINUE
450 FORMAT(/8X,A18))
460 FORMAT(8X,12,5X,F10.4)

INITIALISE SYSTEM STIFFNESS MATRIX AND ELEMENT LOCAL FORCE
VECTOR TO ZERO :

DO 50J = 1,MXNEQ
DO 401 = |LMXNEQ
SS(1,J) = 0.0D +0
40 CONTINUE
50 CONTINUE
DO 561 = 1,30
DO SSL = 1.6
FI(L.) = 0.0D+0
55 CONTINUE
56 CONTINUE
DO 60N = I,NE
CALL MELEMS(GAM3,GAM4,GAMS,GAM6,XMOE,ELA,EL,C1,C2,N,G
S W, T,NBLK,NBLKPS)
CALIL ASSEMS(MCODE,N,MBD,SS,G,MXNEQ)
60 CONTINUE
CALL SOLVE(SS,Q,NEQ,MBD,MXNEQ)

[2XaKels!

FOR ALL NON SPRING ELEMENTS CALCULATE THE FORCES AND STRESSES IN
EACH OF THE MEMBERS :

anann

YMAX = 0.0D00
STMAX = 0.0D00
WRITI(6,490) ‘MEMBER #,'STRESS A-END’,'STRESS B-END’
490 FORMAT(,/9X,A6,5X,A12,12X,A12)
DO 901 = I NE
IF (1.EQ.6.0R.1.LEQ.7.0R.1.EQ.8.0R.1.EQ.14.0R 1L.EQ.I6)THEN
GO TO 90
ELSE
CALL MELEMF(MCODE,Q.C1.C2.XMOE,I.EL.A,F,FL,DL,ELALPHA,BETA,
FLO,YMAX,NE,MINC.DISPL,MEM,JT)
CALL MSTRES(X2,,LTYPE.XLOAD,FL,A.S,ISCPC.DL.ALPHA .BETA ST,
$  STA.STB,FLO,EL.XMOE.EL.CL,SL.P1,P2,PWIDTH,XTD,YS.STMAX,NE)
END IF
90 CONTINUE
WRITE(6,520) ‘JOINT DISPLACEMENTS:’
WRITE(6.510) ‘JOINT #, TRANSLATION 1-DIR’, TRANSLATION 2-DIR’,
'ROTATION ABOUT 3-AXIS’
DO 110N = I,NJ
WRITE(6,500) N,DISPL(1,N),DISPL(2,N),DISPL(3,N)
500 FORMAT(1X,12,7X,F12.9,11X,F12.9,9X,F12.9)
110 CONTINUE
510 FORMAT(/AS,3X,A18,3X,A18,3X,A 22/)
520 FORMAT(/17X,A21)
WRITE(6,°)
WRITE(6,%) ‘"MAX. VERTICAL DEFL. =",YMAX, AT JT.4 JT
STOP
END

anon

.

CODES .

LYY XY $000000000000000000000000000000000000

.
.

ASSIGN INTEGERS IN SEQUENCE TO ALL NON ZERO ELEMENTS OF JCODE:

ann

SUBROUTINE CODES(JCODE,MINC,NE,NJ.MCODE,NEQ)
DIMENSION JCODE(3,*),MINC(2,*),MCODE(6,*)

NEQ = 0
DO 20J = LNJ
DOIOL = 1,3

IF (JCODE(L,J).NE.0) THEN
NEQ = NEQ + |
JCODE(LJ) = NEQ

END IF

10 CONTINUE
20 CONTINUE
DO 401 = I,NE
J = MINC(1,)
K = MINCQ,])
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DO30L =13
MCODE(L.I) = JCODE(L.))
MCODE(L +3,]) = JCODE(L,K)
30 CONTINUE
40 CONTINUE
RETURN

00 CPEree000000000000000000000000000000000000000000000000000000000000000

MBAND °

0000000000000 0ECrI000000000C000000000000000000000000000000000000000000

C
C
C

COMPUTE THE HALF BAND WIDTH:

FUNCTION MBAND(MCODE,NE)
DIMENSION MCODE(6,*)
MBAND =0
DO 301 = ILNE
L=
10 IF (MCODE(L,I).EQ.0.AND.L.LT.6) THEN
L-L+1

GO 7010
END IF
IS = MCODE(L,D)
l =

.= 6
20 1F (MCODE(L,).EQ.0.AND.L.GT.1) THEN
L-L-1

GO TO 20
END IF
1L = MCODE(L,])
IDIF = IL - IS
1F (IDIF.GT.MBAND) THEN
MBAND = IDIF
END IF
30 CONTINUE
RETURN
END

000000000 000000000000000000000000000000000000000000000000000000800000000

PROPS M

ancan

C
C
C

. .o XTI 90000000000 000000000000000000000000000

THIS ROUTINE CALCULATES ALL MEMBER PROPERTIES FOR EACH OF THE
ELEMENTS - MOE, LENGTH, WIDTH, THICKNESS, AREA, SECTION MODULLS,
AND MOD. OF RIGIDITY :

SUBROUTINE PROPS(NTD, TDBE,NBD,BDBE, TDW,BLKT,PLENGT.BMOF,BLKLOC
JDBTISUPC,RADSPA . BDW.BDBT. BLKW IWING WINGL NBLK NBLKPS
JELW,TELAS, XMOE XMG,CIL,C2,PWIDTH NTSB,NTDW . NBDW, TDBW,NE
JASTAC)

DOUBLE PRECISION EL(*),T(*).EI(*).A(*),S(*),BLKW(2),XMOE(*).XMG(*)
JW(*),BDW(10,2), TDW(10,2).BLK1.OC(2,NTSB),C1(*),C2(*), TDBW
,BUBL.BLKT.PLENGT,.BMOE, IDBI,RADSPA.BDBT,WINGL,TDBE,PWIDTH

L X

o

LENGTH, WIDTH, DEPTH, MOMENT OF INERTIA, XMOE, & G OF MEMBERS

10 TDMOE = (NTD) * (TDBE)

BDMOE = (NBD) * (BDBE)

TDBW = 0.0D -0

DO 201 = I.NTDW

TDBW = TDBW + TDW(L,1)*TDW(1,2)
20 CONTINUE

BDBW = 0.0D +0

DO 301 = I|,NBDW

BDBW = BDBW + BDW(I,1)*BDW(1.2)
30 CONTINUE

EL(l) = BLKT
W) = PLENGT
T(l) = BLKT

XMOE(1) = BMOE

EL(2) = BLKLOC(2,NTSB) - .5*(PWIDTH)
W(2) = TDBW

T(2) = TDBT

XMOE(2) = TDMOE

C 3SUPPORT CONDITIONS: 1- INSIDE BLOCK, 2 - UNDER BLOCK, 3 - UNDER
C IWINGED MEMBER.

IF (ISUPC.EQ.1) THEN
EL(3) = .5°(RADSPA)
EL(15) = BLKLOC(2,NTSB) - EL(3) -.5*(PWIDTH)

ELSE
EL(3) = BLKLOC(2,NTSB) - 1.0 - .5*(PWIDTH)
EL(15) = 1.0
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END IF
W(3) = BDBW

T(3) = BDBT
XMOE(3) = BDMOE
W(15) = W(3)

T(15) = T(3)
XMOE(15) = BDMOE
1 =

XMOI(L +1) = BMOE
ELSE IF (L.LEQ.2.0R.1.EQ.3.0R.1.EQ.4) THEN
EI(L+1) = 0
ELSE
EL(L+1) = .S*(BLKW(1))
IF (1LEQ.0.0R.1.EQ.1) THEN
WL+ D) = W(2)
T(L+1) = T(2)
XMOE(L+1) = XMOE(2)
ELSE
WL+ 1) = W(1)
TL+1) = T()
XMOE(L +1) = BMOE
END IF
END IF
40 CONTINUE
EL(13) = BLKW(1)
W(13) = W(l)
103 = T(1)
XMOE(13) = 10.0D + 06
EL(14) = 0.0D +0
El(16) = 0.0D +0
IF (ISUPC.EQ.2) THEN
EL(IT) = (.3DO°RADSPA) - (BLKLOC(2,NTSB) - (.SD0*PWIDTH))
EL(18) = BLKW(1) - EL(IT)
ELSE
EL(18) = .S*(BLKW(1))
EL(17) = .S*(BLKW(1))
END IF
IF (EL(17).LT.1) THEN
EL(17) = 1.0D +0
END IF
IF (E1(18).LT.1) THEN
EL(1%) = 1.0D+0

—~

END IF
W7 = W)
T = TQ)

XMOE(17) = XMOE(3)
W(18) = W(3)
T(I8) = T(3)
XMOE(18) = XMOE(3)
IF (IWING.EQ.1) THEN
IF (ISUPC.EQ.3) THEN
EL(20) = (0.5*PWIDTH) - (.5*RADSPA)
EL(19) = WINGL - EL(20)
ELSE
EI(19) = .S*(WINGL)
EL(20) = EL(19)

END IF
IF (EL(19).L.T.1) THEN
EL(19) = 1.0

END IF

IF (EL(20).LT.1) THEN
EL(20) = 1.0

END IF

XMOE(19) = TDMOE

XMOE(20) = TDMOE
ELSE

EL(19) = 1.0

EL(20) = 1.0

XMOE(19) =

XMOE(20) =
END IF
w(19) = W(2)
T(19) = T(2)
W(20) = W(2)

1.0D0
1.0D0
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T(20) = T(2)

IF (NBLK.EQ.4) THEN
XMOE(1) = 1.0D00
END IF

IF (NBLK.EQ.6) THEN
1F (NBLKPS.EQ.3) THEN
XMOE(l) = 1.0D00
END IF
END IF

anann

IF (ISTAC.FQ.1) THEN
El{2) = 0.5°EI(2)
EL(3) = EI(2)

EL(15) = EL(2)
EL(I1) = EL(?)
XMOE(21) = TDMOE
W(21) = ThBW

T(21) = TDBT
END IF

DO S01 = INE
1FF (EL(1).NE.0.0DN0) THEN
Al = W(I) * T(l)
El) = (W(I)*T(1)**3)'12.0000
Sy = (EKI) * 2.0D00) T(h
XMG(l) = XMOE(I)16.0D00
END IF
50 CONTINUE

C
C COMPUTING THE DIRECTION COSINES FOR THE ELEMENTS
C

CI(l) = 0.0D +0
Cl) = -1.0D +0
DO 601 = 2,5
Cil = 10D +0
CXl) = 0.0D+0
60 CONTINUE
CI(6) = 0.0D +0
C2(6) = 0.0D+0
CI(7) = 0.0D +0
C27) = 0.0D +0
CI(8) = 0.0D +0
C2(8) = 0.0D +0
Cl(9) = 1.0D+0
C2(9) = 0.0D =0
CI(10) = 1.0D+0
C2(10) = 0.0D +0
Cl(l1) = 0.0D+0
C(I1) = -1.0D+0
CI(12) = 0.0D +0
C2(12) = -1.0D +0
CI(13) = 1.0D +0
C2(13) = 0.0D+0
C1(14) = 0.0D+0
C2(14) = 0.0D+0
DO 701 = 1520
IF (LEQ.16) THEN
Cl(l) = 0.0D +0
C(1) = 0.0D+0
ELSE IF (1.EQ.18) THEN
CI(l) = -1.0D+0
Cl) = 0.0D +0
ELSE
Cl(l) = 1.0D+0
C(l) = 0.0D+0
END IF
70 CONTINUE
C1(21) = -1.0D00
C2(21) = 0.0D00
RETURN
END

[ L I O 1}

¢ SUBROUTINE UDL *

sseessssce sscccsoconse

FOR STACK SUPPORT CONDITION - AN EXTRA ELEMENT IS ADDED TO THE TOP
DECK (#21), AND ELEMENTS 2, 3, 15, AND 21 ARE ALL GIVEN SAME LENGTH.
DEFLECTIONS ARE CHECKED AT JOINTS 3 AND 17 FOR THIS SUPPORT MODE.
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THIS ROUTINE CALCULATES THE FIXED END FORCES FOR EACH OF THE
LOADED MEMBERS FOR THE UNIFORMLY DISTRIBUTED LOAD CASE (BOTH
FULL AND PARTIAL UDL),AND THEN CALCULATES THE EQUIVALENT JOINT
FORCE VECTOR :

anannn

SUBROUTINE UDL(XTD,XLOAD,ISUPC,IWING,EL,LTYPE,F,X2,Q,TDBW,ISTAC,
b NEQ.NBLK,NBLKPS)
DOUBLE PRECISION F(6,*),E1(*),Q(*),XLOAD,XTD, X2, TDBW

C FIRSTLY, FOR THE FULL UDL:
C

XLOAD = XLOAD / TDBW
IF (LTYPE.EQ.1) THEN

X2 = 0.0D -0

F(2.2) = XLOAD*EL(2)/2.0D0
1(5.2) = F(2,2

F(3.2) = XLOAD*(E1{2)**2)/12.0D0
16.2) = -F(3,2)

F(2.4) = XLOAD*EL(4)/2.0D0
F(5.4) = F(2,8)

1(3.4) = XLOAD*(EL(4)**2)/12.0D0
F(6,4) = -F(3,4)

F(2.5) = XLOAD*EL(5)/2.0D0
F(5.5) = F(2.5)

F(3.5) = XLOAD*(EL(5)**2),12.000

F(6.3) = -F(3,5)
WRITE(S,*) "2 ,F(2.2),F(3,
WRITE(6,°) ‘4".F(2.4).F(3.
WRITES,%) "5, F(2.5),F(3,
IF (ISUPC.EQ.1) THEN
Q) = -F(2.2)
Q(3) = -F(5.2) - F(2.4)
Q(6) = -F(6,2) - ¥(3.4)
Q1N = -F(5.4) - F(2.5)
Q(18) = -F(6,4) - F(3,5)
Q(23) = -F(5.5)
Q(29) = -F(6,5)
ELSE
Q) = -F(2.2)
Q(7) = -F(5.2) - F(2.9)
Q(8) = -F(6,2) - F(3,4)
Q(19) = -F(5.4) - F(.5)
Q(20) = -F(6.4) - F(3,5)
Q(2%) = -F(5.5)
026 = -F(6,5)
END IF
IF (IWING.EQ.1) THEN
IF (ISUPC.EQ.3) THEN
F(5.19) = XLOAD®EL(19),2.0D0
F(3.19) = XLOAD®(EL(19)**2)'12.0D0
F(2.19) = F(5,19)
F(6,19) = -F(3.19)
F(2.20) XL():\[)‘EL()O),LOI)O
F(3.20) = F(2,
F(3,20) XLOAI) (EL(20)°*2),12.0D0
F(6,20) = -F(3.20)
WRITE(6.*) ‘19 l(2 19),F(3.19),F(5.19),F(6.19)
WRITE(6,®) 20", F(2,20),F(3,20), F(5,20),F(6,20)
Q(25) = -F(5,5) - F(2,19)
Q(26) = -F(6,5) - F(3,19)
Qe0) = F(h 19) - F(3,20)
Q(32) = -F(5.20)
QY = F(6 20)
ELSE
F(2,19) = XLOAD®EL(19).2.0D0
F(5.19) = F(2,19)
F(3,19) = XLOAD*(EL(19)**2);12.0D0
F(6.19) = -F(3,19)
F(2.20) = XLOAD*EL(20)/2.0D0
F(5.20) = F(2.20)
F(3.20) = XLOAD*(EL(20)**2)/12.0D0
F(6.20) = -F(3,20)
WRITE(6,*) "19°,F(2,19).F(3.19),F(5.19),F(6,19)
WRITE(S,*) "20°,F(2,20),F(3,20),F(5,20),F(6,20)
IF (ISUPC.EQ.1) THEN
Q(23) = -F(5,5) - F(2,19)
Q(24) = -F(6.5) - F(3,19)
Q(38) = -F(5,19) - F(2,20)
Q(39) = -F(6.19) - F(3,20)
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Q(41) = -F(5,20)
0(42) = -F(6,20)

0(25) = -F(5,5) - F(2,19)

Q(26) = -F(6,3) - F(3.19)
Q(38) = -F(5,19) - F(2,20)
Q(39) = -F(6.19) - F(3,20)

Q(41) = -F(5.20)
0(42) = -F(6,20)
END IF
END IF
END IF
ELSE

C
C SECONDLY THE PARTIAL UDL:
C
IF (X TD LT.EI(S)) THEN
X5 = XTD

X2 = 0.0D +0
X4 = 0.0D +0
ELSE IF (XTD.LT(EI{4) + EL(5))) THEN
X4 = XTD - EL(5)
X2 = 0.0D+0
X5 = EL(5)
ELSE
X2 = XTD - EL(4) - EL(S5)
X4 = El(4)
XS = EL(5)
END IF

F(5,2) = (* XLOAD{(2.0D0*EL(2)**))*(2.0D0°E1(2)**3°(EL(2)-X 2)
$ -20DO*ELID*(EL(2)*°3-X2°°3) ¢+ (EL(2)**4 - X2°°4))
F(22) = +XLOAD*(EL(2) - X2) - F(5.2)
F(3.2) =(+XLOAD/12.0D0°EL(2)°°2))*(4.0D0*EL(2)*(EL(2)**3-X2°*3)
$ -3°(E1(2)°°4-X2°°4))
F(6,2) = (-XLOAD/(12.0D0*EL(2)**2*(6.0D0*EL(2)**2°(F1.(2)**2
$ -X2°°2)-8.0DO°EL(2)*(EL(2)°°3 -X2°*3) + 3.0DO*(EL(2)**4 - X2°°4))
F(5.4) = (+ XLOAD:(2.0D0*EL(4)**3)°(2.0DO*EL(3)**3*(EL(4)-X4)
$ -2.0DO°EL(4)*(EL(4)°*3-X4°*3) + (EL(4)*"4 - X4°*9))
FF(2.4) = + XLOAD®(EL($) - X4) - F(5.4)
F(3,4) = (XLOAD (12.0D0°EL(4)**2))*(4.0DO*EL(4)*(EL(4)**3-X4°*3)
3 -3.0D0%(E1(4)°°4-X4°°4))
F(6.4) =(-XLOAD/(12.0D0°E1{4)**2))*(6.0D0°EL($)°*2°(FL(4)°*2
$ -X4°°2) - 8.0DO°EL(4)°(EL(4)°*3-X4°°3) + 3.0D0°(E1.(4)°*4-X4°*4))
F(S 5) = (+XLOAD/(2.0D0°EL(5)"*3))°(2.0D0* EL(5)**3*(E1.(5)-X5)
-2.0D0°EL(5)*(EL(5)**3- x:”z) + (E1(5)*°4 - X5°%4))
F(2 S) = XLOAD®(EL(S) - X3) - F(5.%)
F(3.9) = (Xl.OAD,-(|1.0DO'EL(5)"2))'(4.000'EL(S)'(EuS)“}-XS"l)
s -3.0DO%(EL(5)*°4 - X5°°4))
F(6.5) = (-XLOAD .(12.0D0°EL(5)**2))*(6.0D0°EL(5)**2*(EI1(5)**2
3 -X5°°2)-8.0D0°EL(5)*(EI(5)°*3-X5°*3) + 3.0DO°(EL(5)**4-X5°*4))

IF (XTD.LT.EL(5)) THEN
IF (ISUPC.EQ.1) THEN
Q1) = -F(2.2)
Q(3) = -F(5.2) - F(2.4)
Q(6) = -F(6,2) - [(3,9)

Q(17) = -F(5,9) - F(2.3)
Q(18) = -F(6,4) - F(3,9)
Q(23) = -I(S,

Q(24) = -F(6,5)

ELSE

Q1) = -F(2.2

Q(7) = -F(52) - F(2.9)
Q(8) = -F(6.2) - F(3.9)

Q(19) = -F(5.4) - F(2,9)
Q(20) = -F(6.4) - F(3,5)
Q(25) = -F(5.9)
Q(26) = -F(6,5)

END IF

ELSE IF (XTD.LT(EL(4) * EL(5))) THEN

IF (ISUPC.EQ.1) THEN
Q(1) = -F(2.2
Q(5) = -F(5,2) - F(2.9)
Q(6) = -F(6.2) - F(3,4)
Q(I7N = -F(5,4)
Q(18) = -F(6,4)

ELSE
Q) = -F(2.2)
Q(7) = -F(5,2) - F(2,4)
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Q(8) = -F(6.2) - F(3,4)
Q(19) = -F(5,9)

Q(20) = -F(6.4)
END IF
ELSE
IF (ISUPC.EQ.1) THEN
Q1) = -F(2.2)
Q(3) = -F(5.2)
Q(6) = -F(6,2)
ELSE
Q) = -F(2.9)
Q(7) = -F(5.2)
Q(8) = -F(6,2)
END IF
END IF
END IF

C
C FOR STACK SUPPORT CONDITION:

{F (ISTAC.EQ.1) THEN
F(2.21) = XL.OAD*EL(21)/2.0D0
E(5.21)= F(2.21)

F(3.21) = XLOAD*(EI{21)**2)/12.0D0
F(6.21) = -F(3.21)
DO 0K = I.NEQ
Q(K) = 0.0D00
20 CONTINUE
IF (NBLK.EQ.$) THEN
Q1) = -K2.2)
Q(10) = -F(52) - F(2,21)
Q) = -F(6,2) - F(3,21)
GO0 30
END IF
IF (NBLK.EQ.6) THEN
IF (NBLKPS.EQ.3) THEN
QY = -K(2.2)
Q(I0) = -E(5.2) - F(2.21)
Q1) = -F(6,2) - F(3,21)
END IF
GOTO 30
END IF
Q) = -F(5,2) - F(2.21)
Q(9) = -F(6.2) - F(3.21)
30 CONTINUE
END IF

WRITE(6,*) '2",F(2.2),F(3,2).F(5,2).F(6,2)

WRITE(6,*) "4, F(2.4).F(3,9).F(5.4).F(6.4)

WRITE(6,%) 5,F(2,5),F(3,3).F(5,5),F(6.,5)

WRITE(6,%) "21",F(2,21),F(3,21),F(5.21),F(6,21)
RETURN .
END
eesectrrccseresscsssssessscstssssesesess soses .
. SUBROUTINE LINE .
$000000000000000000000000000000000000000000000000000000000000000tsssttce
SUBROUTINE LINE(CL,SL.LTYPE,EL.XTD,PWIDTH,F,Q,ISUPC.P1,P2)
DOUBLE PRECISION F(6,*),EL(*).Q(*).CL,SL,XTD,PWIDTH,P1,P2

aannnn

C

C THIS ROUTINE CALCULATES THE FIXED END FORCES FOR THE LINE LOAD CASE.

C MAX. # OF LINE XLOADS 1S 3 - IN ALL CASES THEY ARE CONSIDERED TO BE

C SYMMETRICALLY PLACED ABOUT THE CENTER LINE. THE SECOND LOAD CAN ONLY
C BE PLACED ALONG THE SPAN OF MEMBER # 2.

C THE EQUIVALENT JOINT FORCE VECTOR IS ALSO CALCULATED.

C

X = (5D +0°PWIDTH) - XTD
IF (LTYPE.EQ.3) THEN

Pl =0.0D+0
P2 = CL2
Q) = -P2
ELSE IF (LTYPE.EQ.4) THEN
Pl = SL
P2 = 0.0D+0
ELSE
Pl = SL
P2 = CL2
END IF

F(2.2) = (PI/EL(2)°*3)*(EL(2)-X)**2°(EL(2) +(2.0D +0°X))
F(3,2) = PI*X*((EL(2)-X)/EL(2))**2
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F(5,2) = P1°(X**2)*(3.0D + 0°E1(2)-2.0D + 0°X)/(EL(2)**3)
F(6,2) = -PI*(EL(2)-X)*(X/EL(2))**2

IF (LTYPE.EQ.4.OR.LTYPE.EQ.5) THEN
IF (ISUPC.LQ.1) THEN

Q) = -F(2.2)
Q) = K(5.)
Q(6) = -F(6,2)

ELSE
Q) = -F(2.2)
Q) = -F(5.2)
Q(8) = -F(6,2)

END IF

IF (LTYPE.EQ.5) THEN
IF (ISUPC.EQ.1) THEN
Q(l) = -F(2,2) - P2
ELSE
Q) = -F(2,2) - P2
END IF

END IF

END IF
C WRITE(6,%) "2".F(2,2).F(3.2),.F(5.2).F(6.2)
C WRITE(6,%) "4',F(2,4).F(3.4).F(5,4).F(6.4)
C WRITE(6,%) 5", F(2,5),F(3,5).F(5,5).F(6.5)
RETURN
END
i MELEMS *

$0000000000000000000000000000000000000000000000000000000000000000000000¢

SUBROUTINE MELEMS(GAM3,GAM4.GAMS,GAM6,XMOE,ELA,EL.CI,
s C2,N,G.W,T,.NBLK,NBLKP$)

DOUBLE PRECISION G(T).EL(").EI(*),A(*).CI(*)CA*)W(*),T(*)

s XMOE(*),GAM3,GAM4,GAMS,.GAM6

C
C FOR ELEMENT N, COMPUTE THE GLOBAL COEFFICIENTS G(1) - G(7):
C

DOI0J = 1,7
G(J) = 0.0D +0
10 CONTINUE

IF (N.EQ.16) THEN
G(1) = 10.0D +06
G(3) = 10.0D +06
G(6) = GAM3
G(7) = -GAM3
ELSE IF (N.EQ.6.0R.N.EQ.7) THEN
IF (N.EQ.6) THEN
G(l) = 0.00D00
G(3) = 0.00D00
G(6) = GAM3
G(7) = -GAM3
ELSE
G(3) = GAM4
END IF
ELSE IF (N.EQ.8.0R.N.EQ.14) THEN
1F(N.EQ.18) THEN
G(1) = 10.0D 06

ELSE
ALPHA = (XMOE(N) * EI(N)EL(N)**3
B = (A(N) * EL(N)**2):FI(N)

G(1) = ALPHA*((B*CI(N)**2) + (12.0D0°CAN)**2))
G(2) = ALPHA*CI(N)*C2N)*(B-12.0D0)

G(3) = ALPHA*(B*C2(N)**2) + (12.0D0°CI(N)**2))
G(3) = -ALPHA®6.0D0EL(N)*CXN)

G(5) = ALPHA*6.0D0°EL(N)*CI(N)

G(6) = ALPHA®4.0DO°EL(N)**2
G(7) = ALPHA®2.0D0°EL(N)**2

END IF
C
C
RETURN
END
o
¢ ASSEMS *

SUBROUTINE ASSEMS(MCODE,N,MBD,SS,G,MXNEQ)
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C

INTEGER MCODE(6.*),INDEX(6.,6)
DIMENSION SS(MXNEQ,MXNEQ).G(7)
DOUBLE PRECISION $5(100,100),G(7)

C
C INITIALISE INDEX: ASSIGN STIFFNESS COEFFICIENTS,G(L), OF ELEMENT N
C INTO THE SYSTEM STIFFNESS BAND MATRIX, SS, BY INDEX AND MCODE.
C

DATA INDEX/1,2,4,-1,-2,4.2,3,5,-2,-3,5,4,5,6,-4,-5,7,-1,-2
b

41,2,-4,-2,-3,-5,2,3,-5,8,5,7,-4,-5,6/
DO 20 JE = 1,6
J = MCODE(JE,N)
IF (J.NE.O) THEN
DO I101E = I,JE
I = MCODE(IE,N)
IF (LNE.O) THEN
K =1-J+ MBD + 1
L = INDEX(IEJE)
IF (1.GT.0) THEN
SS(KJ) = SS(K.J) + G(L)
LSE
SS(K.J) = SS(K,J) - G(-L)

END IF
END IF

10 CONTINUE

END IF

20 CONTINUE

RETURN
IND

h
$0000000000000000000000000000000000000000000000 . .

SOLVE *

$00000000000000000000000000000000000000000000000000000000000000000000000
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SUBROUTINE SOLVE(SS.Q,NEQ,MBD,MXNEQ)

THIS SUBROUTINE CALLS SPBFA AND SPBSL FOR THE FIRST X1 OAD
CONDITION, L.C = . FOR SUBSEQUENT XLOAD CONDITIONS, LC GREATER
THAN 1, IT CALLS SPBSL.

DOLBLE PRECISION $5(100,100),Q(°)
DIMENSION SS(MXNEQ,MXNEQ).Q(*)
IF (LC.EQ.)THEN
CALL SPBEA(SS,.MXNEQ,NEQ,MBD,INFO)
IF (INFO.NE.O)THEN

PRINT *, SINGULARITY...'
STOP
END IF
END IF
CALL SPBSL(SS,MXNEQ,NEQ,MBD.Q)
RETURN

END
THIS IS THE LINPACK SOLUTION ALGORITHM WITH COMMENTS.

SUBROUTINE SPBFA(ABD,LDA,N,M,INFO)
INTEGER LDANM,INFO

DOUBLE PRECISION ABD(100,*)

REAL ABD(LDA,*)

SPBFA FACTORS A REAL SYMMETRIC POSITIVE DEFINITE
MATRIX STORED IN BAND FORM.

SPBFA IS USUALLY CALLED BY SPBCO, BUT IT CAN BE CALLED
DIRECTLY WITH A SAVING IN TIME IF RCOND IS NOT NEEDED.

ON ENTRY

ABD  REAL(LDA.N)
THE MATRIX TO BE FACTORED. THE COLUMNS OF THE UPPER
TRIANGLE ARE STORED IN THE COLUMNS OF ABD AND THE
DIAGONALS OF THE UPPER TRIANGLE ARE STORED IN THE
ROWS OF ABD . SEE THE COMMENTS BELOW FOR DETAILS.

LDA INTEGER
THE LEADING DIMENSION OF THE ARRAY ABD .
LDA MUSTBE .GE. M + |.

N INTEGER
THE ORDER OF THE MATRIX A.

M INTEGER
THE NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.
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0.LEEM.LT.N.
ON RETURN

ABD AN UPPER TRIANGULAR MATRIX R, STORED IN BAND
FORM, SO THAT A = TRANS(R)R .

INFO INTEGER
=0 FOR NORMAL RETURN.
= K IF THE LEADING MINOR OF ORDER K IS NOT
POSITIVE DEFINITE.

BAND STORAGE
IF A IS A SYMMETRIC POSITIVE DEFINITE BAND MATRIX,

M = (BAND WIDTH ABOVE DIAGONAL)
DO20J =1,N
11 = MAXO(L, J-M)
DOI0T = 11,4
K= 11+M=~1
ABD(K.J) = A(LJ)
10 CONTINUE
20 CONTINUE

LINPACK. THIS VERSION DATED 08/14/78 .

SUBROUTINES AND FUNCTIONS

BLAS SDOT
FORTRAN MAXO0,SQRT

INTERNAL VARIABLES

anoannacanaannanaacOOOOaOOOaNOOOOOONO

DOUBLE PRECISION SDOT,T
DOUBLE PRECISION §

INTEGER IK,JJK.K.MU

BEGIN BLOCK WITH ...EXITS TO 40

ano

DO30J =1, N
INFO =)
S =00D-+0
IK =M+ |
JK = MAXO0(J-M,1)
MU = MAXO(M +2.J,1)
IF(M LT. MU)GOTO 20
DO 10K = MU, M
T = ABD(K.)) - SDOT(K-MU,ABD(IK.JK),|,ABD(MUJ),1)
T = T/ABDM +1,JK)
ABD(KJ) = T
S$=S+TT
IK = IK -1
JK = JK + |
10 CONTINUE
20 CONTINUE
S = ABDM+1,J)-S
XIT

E)
IF (S .LE. 0.0D +0) GO TO 40
ABD(M + 1.J) = SQRT(S)
30 CONTINUE
INFO =0

40 CONTINUE

RETURN

END

SUBROUTINE SPBSI(ABD,LDA,N,M,B)
INTEGER LDANM

DOUBLE PRECISION ABD(100,°),B(*)
REAL ABD(LDA,*),B(*)

SPBSL SOLVES THE REAL SYMMETRIC POSITIVE DEFINITE
BAND SYSTEM A°X = B
USING THE FACTORS COMPUTED BY SPBCO OR SPBFA.

ON ENTRY

annonanannn

ABD REAL(LDA, N)

THE FOLLOIWING PROGRAM SEGMENT WILL SET UP THE INPUT.

CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.
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anoaanacoacannaaannnaaanaNcAc OO NNNOAO

THE OUTPUT FROM SPBCO OR SPBFA.

LDA INIEGER
THE LEADING DIMENSION OF THE ARRAY ABD .

r4

INTEGER
THE ORDER OF THE MATRIX A .

M INTEGER
THE NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.

B REALNN)
THE RIGHT HAND SIDE VECTOR.
ON RETURN

B THE SOLUTION VECTOR X .
ERROR CONDITION

A DIVISION BY ZERO WILL OCCUR IF THE INPUT FACTOR CONTAINS

A ZERO ON THE DIAGONAL. TECHNICALLY THIS INDICATES
SINGULARITY BUT [T IS USUALLY CAUSED BY IMPROPER SUBROUTINE
ARGUMENTS. IT WILL NOT OCCUR 1IF THE SUBROUTINES ARE CALLED
CORRECTLY AND INFO .EQ. 0.

TO COMPUTE INVERSE(A) * C WHERE C IS A MATRIX
WITH P COLUMNS
CALL SPBCO(ABD,LDAN,RCOND.Z,INFFO)
1F (RCOND IS TOO SMALL .OR. INFO .NE. 0) GO 10 ...
DoO1wJ=1,°pP
CALL SPBSI{ABD,LDA,N,C(1.J))
10 CONTINUE

LINPACK. THIS VERSION DATED 08/14/78 |

CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

SUBROUTINES AND FUNCTIONS

BI.AS SAXPY.SDOT
FORTRAN MINO

INTERNAL VARIABLES

DOUBLE PRECISION SDOT,T
INTEGER K,KB,LA,LB,LM

SOLVE TRANS(R)*Y = B

DO 0K = I, N
LM = MINXK-1,M)
LA = M + 1-LM
LB = K - LM
T = SDOT(LM.ABD(LA,K),I,B(LB).1)
BK) = (KK) - TABD(M + 1.K)

10 CONTINUE
C

C
C

SOLVER*X =Y

DO 20KB = I, N
K=N-1-KB
LM = MINOK-1,M)
LA =M +1-LM
LB = K -LM
B(K) = B(K)iABD(M + 1,K)
T~ -KK)
CALL SAXPY(LM, T, ABD(LA,K),1,B(LB),1)
20 CONTINUE
RETURN
END

anana O

a

SUBROUTINE SAXPY(N,SA.SX,INCX,SY,INCY)

CONSTANT TIMES A VECTOR PLUS A VECTOR.
USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.
JACK DONGARRA, LINPACK, 3/11/78.

DOUBLE PRECISION S$X(*),SY(*),SA
INTEGER LINCX,INCY,IX,1Y,M,MPI,N

150



IF(N.LE.O)RETURN
IF (SA .FQ. 0.0D +0) RETURN
IF(INCX.EQ.1.LAND.INCY.EQ.1)GO TO 20

C
C  CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
C NOT EQUAL TO 1
C
X =1
=1
IFINCX.LT.ONX = (-N+1)*INCX + |
IFINCY.LT.OY = (-N+1)° INCY + |
POl = I,N
SY(IY) = SY(IY) + SA*SX(IX)
IX = IX + INCX
IY = 1Y + INCY
10 CONTINUE
RETURN
C
C CODE FOR BOTH INCREMENTS EQUAL TO |
C
C
C CLEAN-UP LOOP
C
20M = MOD(N.4)
IF( M .EQ. 0) GO TO 40
DO 01 = 1M
SY(I) = SY(I) + SA*SX(l)
30 CONTINUE
IF( N .LT. 4) RETURN
OMPL = M + |
DO 501 = MPI,N.4
SY(I) = SY(I) + SA*SX(l)
SY(I + 1) = SY(L + 1) + SA*SX(I + 1)
SY(1 + 2) = SY(I + 2) + SA*SX(l + 2)
SY(1 4 3) = SY(I + 3) + SA*SX(I + 3)
50 CONTINUE
RETURN
END
o
DOUBLE PRECISION FUNCTION SDOT(N,SX,INCX,SY,INCY)
C
C  FORMS THE DOT PRODUCT OF TWO VECTORS.
C  USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.
C  JACK DONGARRA, LINPACK, 3:11.78.
C
DOUBLE PRECISION SX(*).SY(*).STEMP
INTEGER LINCX.INCY IX.IY,M,MPI,N
C
SDOT = 00D +0
STEMP = 0.0D +0
IF(N.LE.O)RETURN
IF(INCX.EQ.1.AND.INCY .EQ.1)GO TO 20
c
C CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
c NOT EQUAL TO |
C
X =1
Iy = |
IF(INCX.LT.O)IX = (-N+1)*INCX + 1|
IF(INCY.LT.OY = (-N+ 1)°*INCY + |
DO 101 = I,N
STEMP = STEMP + SX(IX)*SY(1Y)
IX = IX + INCX
IY = 1Y + INCY
10 CONTINUE
SDOT = STEMP
REIURN
c
C  CODE FOR BOTH INCREMENTS EQUAL TO |
I
C
C CLEAN-UP LOOP
C

20M = MOD(N.5)
IF(M .EQ.0) GO TO 40
DO 301 = I.M
STEMP = STEMP + SX(1)*SY(I)
30 CONTINUE
IF( N .LT. 5) GO TO 60
4OMPlI =M+ 1
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DO 501 = MPI,N,S
STEMP = STEMP + SX(I)*SY(I) + SX(1 + 1)°SY(1 + 1) +
*OSX(1 4 PSY(I + 2) + SX(I + 3)°SY(I + 3) + SX(I + 4)°SY(I + 4)
S0 CONTINUE
60 SDOT = STEMP
RETURN
END

$00000000000000000000000000000000000 LYY eocee XYY

.

eesessssesescrscsecartre 000000000000000000000000000000000000000000000

SUBROUTINE MELEMF(MCODE.Q.C1,C2.XMOFE,LEL,A,F,FL,DL,.ELALPHA,BETA,
) FLO.YMAX,NEMING,DISPL,MEM,JT)

INTEGER MCODI(6,%), MING(2,*)

DOUBLE PRECISION Q(*)EI(*)EL(*).DL(E).CI*NCA*LXMOE().D(S),

S DISPL(3,").A(*)FL(6,%).F(6,*) ALPHA(*),BETA(*).FLO(6),Y,.YMAX

C

C COMPUTES THE LOCAL FORCES OF ELEMENT 1, LF(6,);DETERMINES THE GLOBAL
C ELEMENT DISPLACEMENTS, IX6), FROM THE JOINT DISPLACEMENT VECTOR , Q,
C VIA THE MCODE; COMPUTES THE LOCAL FORCES AT THE A-END OF ELEMENT |
C AND THEN THE B-END BY EQUILIBRIUM.

C
PO IOL = 1,6
K = MCODE(L.I)
IF (K.NE.O) THEN
D(L) = Q(K)
ELSE
D(L) = 0.0D +0
END IE
10 CONTINUE
DISPLOLMINC(LI) = D(1)
DISPL{MINC(LD) = D(2)
DISPL(LMINC(L.T) = D(3)
DISPL{IL.MINCG(2.]) = D(4)
DISPL2MINC(2.) = D(5)
DISPL(3.MINC(21) = D(6)
C
Y = ABS(D(2)
IF (Y.GT.YMAX) THEN
YMAX = Y
MEM =
JT = MINC(Ll)
END IF
c
C  WRITE®.*) I'A-END".D(1).D(2..D(3)
C  WRITE(6,%) I, B-END’,D(4).D(5),D(6)
C
DI(1) = Ci(h*D() + CAH*D(2)
DI(2) = -CAH*D(1) + CI(1)*D(2)
DL(3) = D(3)
DI4) = CI(*D(3) + CAN*D(5)
DI(5) = -C2(1)*D(4) + CI(1)*D(5)
c DL(6) = D(6)
ALPHA(D = (XMOF(I) * El(ly) EL()**3
BETA(I) = (A(1) * EL(I)**2).EI(1)
c
FLO(1) = ALPHA(I)*BETA(*(DI(1) - DU(4))
FLO(2) = ALPHA(1)*(12.0D0°(DL(2)-DIAS)) +6.0D0°EL(1)*(DL(3) + DL(6)))
FLO(3)= ALPHA(1)*(6.0D0° EL(1)*(DL(2)-DL(5)) + 2.0D0° EL{1)** 2*
s (2.0D0°DL(3) + DL(6)))
FLO(4) = -FLO(1)
FLOG) = -FLO(2)
FLO(6) = (FLO(2)*EILD)) - FLO(3)
c
FL(LD = F(LD + FLO()
FLZLD = F21) + FLOQ2)
FL3,0) = G + FLOGY)
FL(&D) = F(&.1) - FLO(1)
FL(3.1) = K(.J) - FLO(2)
FL(6.I) = F(6.1) + (FLO(2)*EL(1))-FLO(3)
C  WRITE(®,*) FL(1.])
C  WRITE(6,") FL(.I)
C  WRITE(6,*) FL(3.1)
C  WRITE(,") FL(4,1)
C  WRITE(6,*) FL(5.1)
C  WRITE(6,") FL(6,1)
C
RETURN
END
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* MSTRES N

®0000000000000000000000000000 .

C
C
C AND BLOCK MEMBERS. ALSO, CHECKS BENDING STRESS IN MEMBER 2.
C

CALCULATES THE MEMBER STRESSES FOR ALL ELEMENTS OTHER THAN SPRING

SUBROUTINE MSTRES(X2,1,LTYPE.XLOAD,FL,A,S.ISUPC.DL.ALPHA,BETA,ST,
STA.STB.FLO,EL,XMOE.EI,CL.SL,P1,P2,PWIDTH,XTD,

S YS.STMAX,NE)

DOUBLE PRECISION F1(6,").FLO(6).A(*).5(*).DL(* ), ALPHA(*).BETA(*)

s STC).STACLSTB(*).ELL*)EI*).XMOE(*).XLOAD.X2.CL,SL

$ P1,P2,PWIDTH,XTD,XLOC,STMAX,XMEMB,YS, X MAX. XBMAX

MEMBER 2:- BENDING STRESS :

aan

IF (1LEQ.2) THEN
IF (LTYPE.EQ.1.OR.LTYPE.EQ.2) THEN
XMAX = X2 + (FL(5.2XLOAD)
XBMAX = -FL(6.2) * FL(52)"(XMAX + X2)/2.0D0)
ST(2) = (ABS(FL(1,2/A()) + (ABS(XBMAX/5(2)))
ELSE IF (LTYPE.EQ.3) THEN
XMAX = 0.0D00
XBMAX = P2°EL(2),2.0D0
ST(2) = (ABS(FL(1,2/A(2))) + (ABS(XBMAX/S(2)))
FLSE

XMAX = (0.5°PWIDTH) - XTD
XBMAX = -FL(3.2) + (FL(2,2)°XMAX)
ST(2) = (ABS(FL(1,2)/A(2))) + (ABS(XBMAX./S(2)))
END IF
WRITE(6,%) BENDING STRESS IN 2 ="ST(2)
IF (ST(2).GT.STMAX) THEN
STMAX = ST(2)
XLOC = XMAX
XMEMB = 2
END IF
END IF

IF (1.LEQ.2.0R.1.LEQ.3.0R.[.EQ.4. OR.L.EQ.5.0R.L.LEQ.15.0R.1.EQ.17
$ .OR.LEQ.18.0R.1.LEQ.19.0R.1.EQ.20) THEN

MEMBER 3:- WHEN SUPPORT IS UNDER THE BOTTOM D.B
(L.E INSIDE BLOCK)

[g]

Nann

IF (LLEQ.3.AND.ISUPC.EQ.1) THEN
FLO(I) = ALPHA(3)*BETA(3)*(-DL(4))
FLO(2) = (12.0D0°ALPHA(3)’ DL(2)) + (6.0D0° ALPHA(3)* EL(3)* D1(6))
FLO(3) = (6.0D0°ALPHA(3)*EL(3)* DL(2)) + (X MOE(3)*4.0D0°EI(3))
s ‘EL(3))* DIL6)
FLO®6) = -FLO(3)
END IF

STA() = (ABS(ELO(1)/A(I))) + (ABS(FLO(3), (1))
STB( = (ABS(FLO(1),A(1))) + (ABS(FLO{6),S(1)))
WRITE(6,") LSTA(N.STB(1)

IF (STA(I.GT.STMAX) THEN

STMAX = STA(l)

XMAX = 0.0D00

XMEMB = |
END IF
IF (STB(1).GT.STMAX) THEN
STMAX = STB()
XMAX = EUI)
XMEMB =1
END IF
END IF
IF (1LEQ NE) THEN

W RITE(®6,")
WRITE(6,*) 'MAX. BENDING STRESS = " STMAX
WRITE(6,”) 'IN MEMBER # ,XMEMB
WRITE(6,*) ‘AT (IN),XLOC
END IF
RETURN
END
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Appendix C:

Subroutines for Stack condition
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:..'........".......SIQOCOECJ . ’ . sss0c0000e
C THIS SUBROUTINE MODIFIES THE JCODE FOR THE STRUCTURE TO ACCOUNT FOR
C A'STACKED CONDITION

SUBROUTINE STACKJ(JN,NTD,JCODE,NBLK,NBLKPS)
INTEGER JCODE(S,*),IJN(*)

C
DO 20J = (IN(NTD) + 13),(JN(NTD) + 23)
DOIOL = 1,6
JCODE(LJ) = 0
10 CONTINGE
20 CONTINUE
DOL = 1,6
JCODE(LIN(NTD)+26) = 0
30 CONTINUE
IF (NBLK.EQ.8.0R . NBLK.EQ.9) THEN
DO 50J = (JN(NTD)+2).JN(NTD) + 11)
DOL = 1.6
JCODE(L,1)
JCODE(L,3) = 0
IF (NBLK £Q.9)
JCODE(L,2) =
JCODE(L.4) =
END IF
JCODE(LIN(NTD) +27) = 0
JCODE(L.)) = 0
40  CONTINUE
S0 CONTINUE
ELSE IF (NBLK.EQ.6) THEN
IF (NBLKPS.EQ.2) THEN
DO $0J = (JN(NTD)+ 2,(JN(NTD) + 11)
DOT0L = L6
JCODE(LJN(NTD) +27) = 0
JCODE(LJ) = 0
70 CONTINUE
80 CONTINUE
END IF
END IF
RETURN
> .ENOD .

* STACKL *

$00000000000000000000000000000000000000000000000000000000000000000000000

THEN
0
0

C

C THIS SUBROUINE CALCULATES THE FIXED END FORCES FOR THE BOTTOM

C DECKBOARDS (WHERE PRESENT) IN THE STACK CONDITION. THESE DECKBOARDS
C ARE IDENTIFIED BY THE FLAG - 'ISL".

SUBROUTINE STACKI(ISL,W,EL.XLOAD,WL,MN.F,Q,XTD,XPWIDT,BLKW.NE,
s NBLK,NBLKPS,NTD)

DOUBLE PRECISION EL(*).XLOAD,WL(*),F(12,*),Q(*),XTD,XPWIDT,DA,DB

s JBLKW(2),W(*)

INTEGER ISL(*),MN(*)

DA = XTD

DB = (0.5D0*XPWIDT) - DA - (0.5D0°BLKW (1))
WRITE(6.°) ‘DA =",DA, DB=",DB

Yl = DB- DA

Y2 = DB**2- DA*"2

Y3 = DB**3-DA*3

Y4 = DB**4 - DA**4

AREAB = 0.0D00

DO 101 = |,NE
IF (ISL(1).EQ.1) THEN
AREAB = AREAB + (W(I)*EL(I))
END IF
10 CONTINUE
IF (IS144).EQ.1) THEN
WL(8) = (XLOAD*W(4))'AREAB
WRITE(6,") 'LOAD =".\WL(4)
; F(2,4) = ¢ ; Wl¢4):(2.000°ﬁu4)"3))‘(2.0DO'EU4)"3’Y1‘2.0DO‘EL(4)
L] - 4)
F(6.4) = (+ WL(4)i(12.0D0°EL(4)**2))*(6.0DO°EL(4)**2°Y2
S -8.0DO*EL(4)°Y3 + 3.0D0°Y4)
F(8.4) =(+WL(4)/(2.0D0*EL(4)**3))*(2.0D0O°EL(4)*Y3 - Y &)
F(12,4) = (-WL(4).(12.0D0* EL(4)°*2))*(4.0D0* EL(4)° Y3 - 3.0D0°Y4)
WRITE(6,%) ‘4" (F(N,4),N = 1,12)
IF (NBLK.EQ.8.0R . NBLK.EQ.9) THEN
IF (NBLK.EQ.8) THEN
Q(3) = -F(8,4)
END IF

ELSE IF (NBLK.EQ.6.AND.NBLKPS.EQ.3) THEN
Q(3) = -F(8,4)
ELSE
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Q(6) = -F(2,4)

Q8) = -F(6.9)
A9 = -F(8,4)
END IF
END IF

1F (NBLK.I )XOR NBLK.EQ.9) THEN

IFF (NBLK.EQ.9) THEN
K =15

ELSE
K =19

END IF

ELSE IF (NBLK.EQ.6. AND.NBLKPS.EQ.3) THEN
K =19

END IF
DO 201 = 4 MN(NTD)-6,8
IF (I.NE.4) THEN
IF (ISL(1).EQ.1) THEN
WL(l) = (XLOAD*W(I))/AREAB
WRITE(6,*) 1.OAD =", WIL})
F(21) = (+ WL(D(2.0D0° EL{1)**3))*(2.0D0* EL(1)**3* Y 1-2.0D0

s CEL(D)°Y3 + Y4)
F(6.1) = (+ WL(D/(12.0D0*EL(1)**2))*(6.0DO*EL(1)**2°Y2
3 -8.0DO*ELIN®Y3 + 3.0D0°YY)

FRD) = ( + WLI/(2.0D0°EL(1)**3))*(2.0D0°EI(1)* Y 3-Y 4)
F(I2.1) = (-WIL(D{12.0D0°EL(1)** 2))*(4.0D0° EL(1)

s *Y3-3.0D0°Y4)
WRITE(6,%) L(F(N,ILN = 1,12)
QK +8) = -F(2.1)

Q(K +10) = -F(
QK + 14) = -F(8.1)
END IF
K=K +130
END IF

20 CONTINUE
1 = MN(NTD)+ 21
IF (ISL(D.EQ.1) THEN
WL = (XLOAD® W(l)),AR[AB
WRITE(6,*) ‘LOAD =" WLl
F(21) = (+ WL(I).(2.0D0° El(l)"l)) (2.0D0°EL(1)**3°Y1-2.0D0
SEL()*Y3 + Ya)
F(6.) = (+ WL(I) (12.0D0°EL(1)**2))* (6 ODO*EL(1)**2°Y2
-8.0D0°FL(N*YY + 3.0D0°Y
EB.) = (+ WL{I).(2.0D0*EL(I)** }))* (2 ODO*EL(1)*Y3.Y4)
F(12.0) = (-WL(D) (12.0D0°EL(1)**2))*(4.0D0° EL(])
s “Y3.3.0D0°Y4)
WRITE(6,%) L(F(N,D),N = 1,12)
IF (NBLK.EQ.4) THEN
QQ213) = -FR.)
END IF
IF (NBLK.EQ.6. AND.NBLKPS.EQ.3) THEN
Q21 = -F(8.1)

END IF
END IF
RETURN
END
. . .. s sossteee sossee
. STACKD y

$000000000000000000000000000000000000000000000000000000000000000000000008

C THIS SUBROUTINE CALCULATES THE MAXIMUM DEFLECTION IN THE TOP
C STRINGERBOARDS FOR THE STACKED MODE
c
SUBROUTINE STACKD(JN.NTD.XLC,DEFL,XMOE)
DOUBLE PRECISION XLC(*).DEF1(*),X(20),Y(20),Y IMAX.XTARG.XLENG,
s X1(20),Y 1(20),SUM,XMOE(*)
INTEGER IN(*)

IF (NTD.GT.3) THEN
IF (XMOF(3).GT.1.0D00) THEN
DO 301l = 1.2
IF (1LEQ.1) THEN
L=7

M=6
ELSE

L=10

M=3
END IF
NMAX =2
X(1) = 0.0D00
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acco

Y(1) = 0.0D00
=1

J =
DO 101 = LJN(NTD)-M,6
J=174+1
NMAX = NMAX + 1
X(J)y = XLC(I)
Y(J) = DEFL(I)
10 CONTINUE
Y(NMAX) = 0.0D00
1IF (ILEQ.1) THEN
X(NMAX) = XLOUN(NTD) 1)
XLENG = XLCUN(NTD)+1)
ELSE
X(NMAX) = XLCUN(NTD) + 4)
XLENG = XLCON(NTD) +4)
END IF
YIMAX = 0.0D00
DO 20K = 1,10
XTARG = (K*XLENG)/10.0D00
X1(K) = XTARG
SUM = 0.0D00
CALL LAGRAN(NMAX,X.SUM,Y,XTARG)
YI(K) = SUM
IF (YI(K).GT.YIMAX) THEN
YIMAX = YI(K)
END IF
20 CONTINUE
IF (ILEQ.1) THEN
WRITE(6,*) '"MAX.DEFLECTION IN TOP STRINGERBOARD IS ="
$ YIMAX
ELSE
WRITE(6,*) 'MAX.DEFLECTION IN BOTTOM STRINGERBOARD IS =*
LYIMAX
END IF

30 CONTINUE
ELSE
WRITE(6,*) "MAX.DEFLECTION IN TOP STRINGERBOARD IS =",
DEFL(2)
WRITE(6,*) ‘MAX.DEFLECTION IN BOTTOM STRINGERBOARD IS =’
,DEFL(4)

ELSE
WRITE(6,%) “TOO FEW DECKBOARDS FOR STACK ANALYSIS - MINIMUM
$ NUMBER ALLOWED IS 3. .
END IF
RETURN
END
CEEEIEEEPEEIEEEIEEIEIEIEGIOIEIGIIGIOIS

LAGRAN

SE0EEIEEEEOLNIIICLIEGIINIGIEIGIFIGIGIGOES

SUBROUTINE LAGRAN(NMAX,X,SUM,Y,XTARG)
DOUBLE PRECISION X(20),Y(20),SUM,XTARG,XHAT
DO 201 = ILNMAX

XHAT = 1.0D00
DO 101 = 1,NMAX
1F (LEQ.J) GO TO 10
XHAT = XHAT*(XTARG - X(I)AX(1) - X(J))
10 CONTINUE
SUM = SUM + (Y(I)*XHAT)

20 CONTINUE
RETURN
END
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Appendix D:

Test pallet geometries

and component properties
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Table D.1. Characteristics of test pallets constructed

for uniform loading, RAS. For geometry see

Figure 7.1.
Pallet No.of Deckboards No.of Stringerboards Stringerboards Deckboards Blocks
Design |1.D No. | Species Top Bottom Top Bottom Width [Thicknes§ Width [Thicknesy Width | Height | Length

(in) (in) (in) (in) (in) (in) (in)
1 1 Y.P 8 3 3 3 3.625 0.75 45 0.75 3.625 | 3.625 5.0
2 Y.P 8 3 3 3 3.625 0.75 4.5 0.75 3.625 3.625 5.0
3 Y.P 8 3 3 3 3.625 0.75 45 0.75 3.625 | 3.625 5.0
2 4 Red Oak 7 - 3 3 3.625 0.75 45 0.75 3.625 3.01 5.0
5 Red Oak 7 - 3 3 3.625 0.75 4.5 0.75 3.625 3.01 5.0
6 Red Oak 7 - 3 3 3.625 0.75 4.5 0.75 3.625 3.01 5.0
7 Red Oak 7 - 3 3 3.625 0.75 4.5 0.75 3.625 3.0l 5.0
8 Red Oak 7 - 3 3 3.625 0.75 45 0.75 3.625 3.01 5.0
3 9 Red Oak 7 - 3 3 3.625 0.75 4.5 0.75 3.625 3.01 5.0

All designs have nine blocks.

All lumber in green condition.

Y.P = Yellow Poplar
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Table D.2. Characteristics of test pallets constructed

for uniform loading, RAD. IF'or gcometry sce

Figure 7.1.
Pallet No.of Deckboards No.of Stringerboards Stringerboards Dcckboards Blocks
Design | 1.D No. | Species Top Bottom Top Bottom Width [Thicknesy Width {lhicknesy Width | Height | Length

(in) (in) (in) (in) (in) (in) (in)
1 1 Y.P 8 3 3 k) 3.625 0.75 45 0.75 3.625 3.625 5.0
2 Y.p 8 3 3 3.625 0.75 45 0.75 3.625 3.625 5.0
3 Y.p 8 3 3 3 3.625 0.7 45 0.75 3.625 3.625 5.0
4 la Y.P 9 3 3 - 5.5 0.75 3.5 0.75 5.5 35 35
1b Y.P 9 3 3 - 5.5 0.4 35 0.4 5.5 3.5 3.5
2a Y.P 9 3 3 - 5.5 0.75 3.5 0.75 5.5 35 3.5
3a Y.p 9 3 3 - 5.5 0.75 3.5 0.75 5.5 3.5 3.5
3b Y.P 9 3 3 - 5.5 0.44 35 0.44 5.5 35 3.5
4a Y.P 9 3 3 - 5.5 0.75 3.5 0.75 5.5 3.5 3.5
4b Y.P 9 3 3 - 5.5 0.44 35 0.44 5.5 3.5 3.5
) Ic Y.P 9 3 3 2 5.5 0.4 3.5 0.4 5.5 3.5 35
3 Y.P 9 3 3 2 5.5 0.44 35 0.44 5.5 35 3.5
4c Y.P 9 3 3 2 5.5 0.44 35 0.44 5.5 35 35

All designs have nine blocks.

All lumber in green condition.

Y.P = Yellow Poplur




Table D.3. Charactenstics of Fastencrs used
in Lxperimental pallets

Deck-Block Joint Deckboard/
Stringerboard Joint
Deckboard Thickness(in) All
0.375 043751 0.625 0.75 Thicknesscs
vPi
Fastener No. 24968 2625 2626
type Helical elical Helical
Length (in) 2.09 3.03 1.97
Thread
Diameter (in) 0.137 0.145
Thread
Iength (in) 1.38 2.07 1.31
Mibant Angle
(Degrees) 23 16 16
Wire
Diameter (in) 0.112 0.12 0.121
Head
Diameter (in) 0.282 0.284 0.284

lel
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Table E.1. Comparison between predicted and experimental deformations and stiffness of uniformly

loaded pallets, RAS. Dceckboard and stnngerboard thicknesses are equal and 0.75 inches.

Pallet Center dcflection (in) Stifness (psi)
Design [ID No.|] Span (in) Load (Ibs) Experiment Model % Diffcrence | Experiment Modecl % Difference

1 1 41 1151 0.197 0.203 -3.0 5840 5669 29
43 1015 0.180 0.175 2.5 5650 5783 -23

45 1062 0.215 0.242 -12.5 4930 4388 10.9

2 41 956 0.156 0.155 0.66 6435 6167 42

43 1046 0.181 0.174 4.0 5689 6021 -5.8

45 1031 0.196 0.214 9.2 5132 4817 6.1

3 41 1459 0.231 0.222 39 6311 6572 -4.1

43 1062 0.188 0.175 6.9 5641 6065 -1.5

45 1400 0.290 0.271 6.7 4735 5173 -9.2

2 4 41 1469 0.261 0.27 -34 5830 5440 6.6
43 1013 0.223 0.211 54 4534 4800 -59

45 1322 0.331 0.375 -13.3 3989 3525 11.6

5 41 1038 0.181 0.188 -39 5730 5521 36

43 1044 0.210 0.202 38 4917 5168 -5.1

45 1026 0.199, 0.212 -6.5 5157 4839 6.1

6 41 856 0.178 0.172 34 4819 4976 -3.2

43 1020 0.210 0.218 -38 4957 4678 5.6

45 1003 0.213 0.228 -6.81 4809 4408 83

7 41 1063 0.201 0.198 1.3 4988 5357 213

43 1026 0.220 0.204 7.3 4660 5029 -1.9

45 1030 0.207 0.216 -44 4957 4768 38

8 41 1002 0.177 0.185 -44 5861 5422 7.4

43 753 0.139 0.148 -6.5 5517 5087 78
45 1192 0.240 0.247 -5.03 5396 4825 10.6

k! 9 33 1049 0.077 0.081 -5.2 12803 12950 -1.1
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Table E.2. Comparison between predicted and experimental deformations and stiffness of uniformly

loadcd pallets - RAD

Pallct Center deflection (in) Stiffncss (psi)
Design |ID No.|] Span (in) Load (lbs) Expcriment Modcl %o Diffcrence | Experiment Modecl %% Diffcrence
] | M5 1733 0.174 0.197 -12.7 9920 R796 13
36.25 1130 0.115 0.124 -8.1 9690 9112 59
38.0 1085 0.134 0.151 -12.2 8069 7185 109
2 M5 1143 0.112 0.119 -6.0 10102 9605 49
36.28 990 0.102 0.098 40 9782 10102 -33
38.0 1348 0.169 0.156 R2 7873 8641 9.7
3 M5 1521 0.163 0.172 -5.2 9318 8843 5.1
36.25 1039 011 0.133 -19.8 9349 7812 16.4
38.0 1038 0.136 0.138 -1.7 7394 7521 -1.7
4 la 39 2128 0.246 0.232 5.7 R640 9172 -6.2
45 3157 0.422 0.428 -0.5 7163 7374 -29
2a 39 1983 0.233 0.222 49 8496 8940 -5.2
45 2405 0.352 0.368 -44 6821 6544 41
Ja 39 2331 0.275 0.258 6.2 8467 9034 -6.7
45 2852 0.388 0.430 -109 7351 6632 9.7
1b 39 2037 0.816 0.861 -5.8 2468 2168 4.2
45 2001 0.934 1.01 -1 2024 2263 -11.8
3b 39 2097 " 0.964 0.928 18 2517 2260 10.2
45 2098 1.226 1.128 19 171 1859 -8.5
4b 39 1583 0.8%4 0.69 19.0 1865 2294 -23.0
45 2008 1.32 1.347 -20 1512 1490 14
5 lc 39 2113 10 0.92 8.0 2031 2296 -13.0
45 1928 1.383 1.28 1.5 1349 1506 -11.6
3 39 1933 0.95 0.86 94 2019 2247 -11.3
45 1826 1.433 1.41 1.6 1270 129§ -19
4 39 2224 1.034 10 33 2145 2224 -3.7
45 1795 1.436 1.33 73 1195 1349 -12.9
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