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PREFACE

This Guide describes procedures to be used by all US Army
Corps of Engineers personnel using the structural analysis
software RandMicas. Following the procedures in this guide
should simplify the process of model generation, load appli-
cation, and structural analysis.

The Guide establishes procedures for using the software by
giving detailed steps for four typical structural models.
Suggestions and recommendations are given that should reduce
repetition of work and eliminate avoidable errors.

The following references were of great assistance in
preparation of the Guide:

Intergraph-RandMicas (IRM) Analysis Grahics Interface
(Structural), November 1, 1988. Intergraph Corporation,
Huntsville, AL

Intergraph-RandMicas (IRM) Analysis User’s Guide with
Alphanumeric Interface, November 1, 1988, Intergraph
Corporation, Huntsville, AL

Permission to use the copyrighted material was received from
Intergraph Corporation.

The Computer-Aided Design and Drafting Center (CADD-C)
convened a group of structural engineers to create the examples
in this guide. Members of the group included Mr. Dean Spenser,
Savannah District, Mr. Paul Blackburn, Tulsa District, Mr. Elias
Arredondo, Sacramento District, and Mr. Robert Grause, Intergraph
Corporation. The Guide was compviled by Mr. Steven Hatton,
structural engineer, CADD Center, Information Technology
Laboratory. The time consuming efforts of all participants in
the preparation of this Guide are gratefully acknowledged. The
work was performed under the direction of Dr. N. Rahdakrishan,
Chief, Information Technology Laboratory (ITL), Dr. Edward
Middlteton and Mr. Carl S. Stephens, Chiefs of the Computer-
Aided Engineering Division and the CADD-C respectively. The
Commander and Director and Technical Director of WES during the
preparation of this Guide were COL Larry B. Fulton and Mr. Robert
W. Whalin, respectively.
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1. Introduction
1.1 Purpose and Scope

The purpose of this report is to present step by step
procedures for the solution of some common structural models
using Intergraph’s RandMicas. It is an attempt to familiarize
new users with the operation of IRM by providing hands on
experience with checkable results. No attempt is made to
reproduce the User’s Guide for RandMicas. It is assumed that the
user is familiar with the fundamentals of IGDS, and has some
exposure to SMS, and IRM. Reference is made to the Intergraph
manuals for these products for specific instructions.

1.2 Origin of Guide

Groundwork for this report began in a meeting at the
Sacremento District in April 1989. At this meeting, the "SWAT"
team, Messrs. Dean Spenser, Savannah District; Paul Blackburn,
Tulsa District; Robert Grause, Intergraph Corporation; and Elias
Arredondo, Sacremento District; created example problems 1-4
respectively. They each prepared an outline of the procedure
required to generate and analyze their specific problem. The
CADD Center assimilated these outlines into a common format and
produced this guide.

1.3 Creation of the Model

a. When modeling a complex geometric structure with IRM
Version 8.8.2, it is recommended that the user begin the process
in the Structural Modeling System (SMS), formerly CSM. SMS
facilitates the modeling of structures by allowing the user to
select members directly from the AISC or user defined tables.
The user will not be required to input mechanical and physical
properties for the members since they are automatically stored.
Version 8.8.3 of IRM provides a similar modeling approach and
reduces the need for this interim step. However, the drawing
extraction feature of SMS may still make it a desirable place to
begin modeling.

b. If a structure has been created through SMS, it can be
written to the Common Structural Database (CSD) and accessed by
IRM through the use of a .BLU, or "“blue" file. Loads and node
constraints are then placed in IRM and the structure is ready for
analysis. :

c. Appendix A contains guidance for accessing IRM and
creating a typical project. The example given is for a 3D model
using the Intergraph default database as a seed file. Other
model types or customized seed files may be used in a similar
way.




1.4 Coordinate System, Sign Convention, and Units

IRM uses a global coordinate system which is based upon a
right-handed Cartesian coordinate system. All angles, rotations,
and moments are based upon the right-hand rule. Output is given
in the global system except for line elements and shell elements
which are output in their local systems. Translations and forces
are positive when acting in the positive direction of their
axes. Units of output are consistent with those selected in the
model database and those input into the load vector.

1.5 Generation of Output

a. The format for output for an IRM run must be setup prior
to analyzing the model. The Analysis Setup Menu provides a great
deal of flexibility to the user for determining what the output
will contain and how the analysis should be performed. The
analysis setup may be done in the alphanumeric environment or
from the screen menu in the Graphics Interface.

b Repetitive entering of the Analysis Setup may be avoided
by utilizing a customized seed file when creating a project file.
Commonly used options for the Analysis Setup include:

1. Turn on the Automatic Node Stabilization from
"Processing Options-General Processing Options".

2. Select static analysis from "Processing - Solution
Modes".

3. From "Results Options - Static and Response
Spectrum”, turn on Load Case Results, Load
Combination Results, Node Displacements, and Line
Element End Actions.

4. From "Report Selection-Model Definition', turn on
Analysis Options and Model Summary, Units, Load
Case/Load Combination Data, Line Element Data, and
Line Element Loads.

5. From "Report Selection-Results", turn on Solution
Statistics and Unstable Node Report, as well as
desired reactions, displacements, and end actions.

c. Output generated upon completion of an IRM analysis will
generate three print files of the format (Your Project
Name)00i.PTR. File 001 will contain project units, load case and
cocmbination data, material propertles, node coordinates, and
element properties. File 002 will be the node stabilization
report. File 003 contains the specified output including the
process warning report, dlsplacements, reactions, and member
forces. The 00i number of the files will increase each time the
model is analyzed unless previous files have been deleted. These
files may be output to a printer or viewed on screen with a text
editor.




2. Specific Example Problem Instructions
2.1 cCantilevered Beam

a. Description: This is a simple demonstration problem
consisting of one 10 foot long cantilevered steel beam, fixed at
the left end, with a concentrated load of 1 kip located at the
right end and directed downwards. The self-weight of the beam
will also be included in this analysis. See Appendix B for
typical results output and a model sketch.

b. Solution Approach: No special seed file is used for this
problem, therefore, all parameters not adequately set by the
product default seed file will be set in this example.

c. Input Problem Data:
(1) Begin model by setting display characteristics:

-Select ACTIVE PARAMS.

-Select MODELING PARAMETERS - LABELS.

-Toggle to LABEL FOR Nodes.

-Set levels, colors, etc. as desired. Recommend
size be 30 dits for 1/8" scale plotting.

-SAVE and repeat for Elements, then SAVE and RETURN.

-Select LOADING PARAMETERS - NODAL LOADS.

-S2lect NODAL LOAD VECTORS.

-Set display attributes of loads. Recommend:

L1=2, L2=4, Fl=1, and F2=5,
-SAVE and Exit all tutorials.

(2) Set material types and element properties:

-Select MATERIAL.

-Select ISOTROPIC and set material values. For
this example use an A36 steel bean.

~-Set Density Flag to Weight.

-Return OK and BYE

-Select ELEMENT PROPS - BEAM ELEMENT STANDARD
SECTION PROPERTIES.

~-Keyin W8X24 for Section Name.

-Return OK and BYE.

-Select PLACEMENT DATA PARAMS.

-Toggle Design Type to BEAM.

-Select Material as A36 and keyin W8X24 for element
property.

-Set the Cardinal Pcint at 8 (Top of steel).

-Set no member end releases.

-Toggle all prompt boxes to no.

-Exit tutorial.




element:

(3) Place member directly without first placing IGDS

-Keyin VI=Front and select a view.

-Select PLACE - MEMBER - BEAM and give a dp for the
left end of the beam in the front view.

-Keyin DX=10,0,0.

-Reset twice.

-Select LABEL and COMPONENT NODE.

~-Place dp in the front view for UID.

~-Select GROUP ALL, Reset to backup, and place dp for
permanent labels.

-Select COMPONENT MEMBER,

~-Repeat labeling procedure for members.

-Reset to Exit.

(4) Generate loads and place onto the beam:

-Select GENERAL LOADS - CASE/COMB.

-Select LOAD CASE and keyin: LC1l, static analysis
Dead load, Active, etc.

~SAVE

-Kevin: LC2, static analysis, Dead load, Active, etc.

-Save and select LOAD COMB.

-Set Load Combination Name to: COMB1.

-Set Load Combination to: LC1+0.75*LC2

-Set the Global Multiplier to: 1.0

-Save and Exit tutorials.

-Select PLACE - LOAD - NODE CONCENTRATED.

-Keyin: LC2, 0 (for Force), RESET (to reorient vector),
(0,0,-1), 1 (magnitude).

-Snap to Node 2 and dp to accept.

-Reset 3 times and Exit tutorial.

(5) Set Boundary Conditions (-Supports):

-Select BC’s command .and CONSTRAINTS.

~-Toggle fixity to: T1 T2 T3 / R1 R2 R3

~dp to accept.

-Select node 1 for single component and accept.
-Reset twice and Exit tutorial.

(6) Setup Analysis:

~-Select ANALYSIS SETUP.

-Select PROCESSING - SOLUTION MODES.

~Select STATIC ANALYSIS.

-Select RESULTS OPTIONS - STATIC & RESPONSE SPECTRUM.
-Toggle on items: 4, 5, 6, 9, & 10.

-Select REPORT SELECTION - MODEL DEFIN..

~Toggle on items: 2, 3, 6, 12, 16, & 18.

-Select REPORT SELECTION - RESULTS.
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-Toggle on items: 7, 8, & 16.
-Exit tutorial.

~-File Design.

-Stop IRM and exit design file.

d. Execute Analysis:

(1) Self-weight loads must be applied in the
alphanumeric environment. To set self weight loads, after exiting
the design file:

~Select option #6 to Terminate.
-Select option #2, Alphanumeric Interface.
-Select option #1, Analysis.
~Select option #7, Load Entry.
-Select option #3, Line Element Load Entry.
-Keyin LC1 for Load Case Number.
-Keyin 1 for Line Element.
-On one line at the LOAD prompt keyin:

BODY Z -.49
-Keyin END at the Line Element prompt.
-Exit to the ANALYZE JOB Option #9 and select.
~-Choose between Interactive or Batch.
-Exit IRM.

2.2 2D Rigid Frame

a. Description: This example is a three member moment
resisting frame, comprised of two twenty-foot columns pinned at
the base, and a twenty-foot beam connecting them at the top. The
beam is loaded full length with a 1 kip/ft uniform dead load.

One column is loaded at the top with a 2 kip concentrated lateral
live load. See Appendix C for typical results output and a model
sketch.

b. Solution Approach: IRM was used to create the model for
this example. A customized seed file was used to create the
project. The seed file presets all parameters required for this
analysis which are not specifically set in this example.

c. Input Problem Data:

(1) The structure was drawn graphically using IGDS
commands. The sequence of commands is as follows:

-Type LV=1 to place structure on level one.

-Type VI=FRONT and select a view by placing a data
point(dp) in that view.

-Select the PLACE LINE command.

-Place a dp for the bottom of the left column.
-Type DX=0,20,0

-Type DX=20,0,0




~-Type DX=0,-20,0
~Reset

(2) Set material properties and element type through

the following commands:

-Select the MATERTAL command.

~-Select ISOTROPIC from the tutorial.

-Verify that the material listed is A36 steel.
-Change or "RETURN OK" and BYE.

~-Select the ELEMENT PROPS command.

-Select BEAM ELEMENT STANDARD SECTION PROPERTIES.
~Verify that the AISC table is listed as current.
-Keyin W18X35 for Section Name.

-Return OK and Bye.

(3) Define the load parameters to set levels, colors,

and relative magnitudes of load cases with the following:

following

-Select the ACTIVE PARAMS command.
-Select LOADING PARAMETERS - ELEMENT LOADS.
~Select LINE ELEMENT LOAD PARAMS - L.E. DISTRIBUTED.
-Set the appropriate boxes to:
L1=1.75 L2=3.75 Fl=1 F2=5
~SAVE and Return
-Select LINE ELEMENT LOAD PARAMS - L.E. CONCENTRATED
-3et the appropriate boxes to:
Li=2 L2=4 Fl=1 F2=5
-Save and Exit the tutorial completely.

(4) To set the member placement parameters the
steps should be used: )

-Select PLACEMENT DATA PARAMS
-Toggle design type field to BEAM

Material Property = A36

Element Property = W18X35

Neo member end releases

Cardinal Point(CP) = 15 (shear center)

angle = 0
-Toggle element type field to COLUMN
-Repeat the beam parameters but place a dp in the
element property prompt box. This will cause you to
be prompted for the section when placing the columns.
~-Exit

(5) Set up the load cases and load case combinations in

the following manner:

-Select the GENERAL LOADS - CASE/COMB command.
~Choose LOAD CAZE from the tutorial

G




commands:

Load Case Name: LC1 LC2

Analysis Type : Static

Load Type ¢ Dead Live

Active : Yes Yes

Convert Nodes : No No

Level : 20 21

Color : 2 4
SAVE SAVE

-Choose LOAD COMB
Load Case Combination Name: COMB1
Load Combination LC1+LC2
Multiplier 1

~SAVE and Exit Tutorial

(6) Place the beam and columns through the following

-Select PLACE MEMBER with active design type COLUMN.

~Place a dp at the bottom of the left column and then
another at the top.

-Type in W10X22 for the element property.

-Reset to the "start of member" prompt.

-Place a dp at the top of the right column and then
another at the bottom.

~-Keyin W12x53.

-Reset to start of member prompt.

-Select active design type BEAM.

-Place a dp at the start and end of the beam.

-Reset out of the command.

(7) Establish Boundary Conditions with the following:

-Select the BC’s command and CONSTRAINT (The first box
of the tutorial that appears.)

-Hit dp or resets to modify the constraints until they
appear as: T1 T2 T3 / Rl R3

-Select Group Fence and place a fence around both
column bases.

-Accept group of two column bases.

-Reset twice and exit the tutorial.

(8) Apply the loads to the structure as follows:

-Select PLACE and the component LOAD.

-Select tiie uniformly distributed load symbol.

-Answer the prompts: LCl, Global Direct, Z, -1
~Select SINGLE as the group and place a dp on the
beam.

-dp to accept then reset three times to Exit.

-Select the NODE LOAD - CONCENTRATED

-Answer the prompts: LC2, Force, Reset (to reorient the
load vector), (1,0,0), 2

U



~Place a dp at the upper node on the left ¢olumn and
another to accept the node. ‘

-Reset three times and exit the tutorial.

-File Design.

d. Execute Analysis: If the Analysis Setup was not set in
the seed file it will have to be set at this point. 1In this
example, the output format was specified in the seed file. The
structure may now be analyzed by selecting the ANALYZE command at
the top of the AEC Menu.

2.3 2D Hanger Truss

a. Description: The problem involves a 2D model of ah
aircraft hanger truss. The truss is comprised of wide flanges
and WT sections. Concentrated loads are applied at various top
and bottom chord panel points in five separate load cases. 8See
Appendix D for typical results output and a model sketch.

b. Solution Approach: This problem was analyzed by ihputting
members directly into the IRM model without using SMS or IGDS
graphics. The main objective of this example is to show how a 2D
model can be analyzed in a 3D Thin Sheil model. This will be
desirable in many cases primarily because the vertical axis may
be set to Z, allowing direct translations to and from SMS. By
using the "Active/Inactive" capability of IRM, this method can
also be used to analyze and design 2D portions of a full 3D
model. Almost all Active, Element, Material, and Analysis Setup
parameters can be se* in the seed file and are done so in this
example. Proceduras for presetting these parameters is as
described in the preceding examples.

¢. Input Problem Data:
(1) Set physical member parameters:

~Select PLACEMENT DATA PARAMS.
-Set design type to COLUMN.
-Set element property to W12X50.
-Set Orientation to VECTOR (1, 0, 0).
-Set Cardinal Point prompt box to On:
-Set design type tc BEAM.
-8et element property to WIT7X49.5.
-Set Orientation to VECT®R (0, O, 1).
-Set member end releases to:
Start: RY RZ End: RY RZ
-Turn on prompt boxes for Rotate Section
Properties and Cardinal Point.
-Set design type to BRACE.
-Keyin WT4X9 as section name, Card. Point = 15.
-Set Orientation to VECTOR (0, 0, 1).
-Turn on preompt for Rotate Section Properties

8




and Orientation.
-Exit the tutorial.

(2) Set AEC locks:

-Select LOCKS command.

~-Verify AEC locks set to: At Connection, On
Split New !ember, Unloaded Interior, Yes, Yes
-Exit tbe tutorial.

{3) Place physical members:

-Select PLACE MEMBER COLUMN.

-Keyin XY=0,0,0 for start of member.

-Keyin DL=0,0,39.5 for end of member.

-For Cardinal Point keyin 2 and dp to accept.

-Reset to backup and tentative snap to the base of
first member.

-Keyin DL=6:11.5,0,0 for start and DL=0,0,39.5 for end.
-Set Cardinal Point to 8, dp to accept, resets to exit.
~Select PLACE MEMBER BEAM, snap to top of the first
column and place a dp.

~Keyin DL=46.5,0,0 for the end of the member.

-Select 15 for Cardinal Point and dp to accept.

~-Reset twice to exit command.

(4) Relocate top chord to correct position.

~Select the MOVE END ASSOCIATIVE command.

-Snap to right end of the top chord and accept.
~-Keyin DL=0,0,7.5.

-dp to accept and reset to exit.

(5) Continue placing web members:

-Select PLACE MEMBER BRACE.

-Snap and dp at bottom of second column.

-Snap to bottom of first column and keyin DL=0,0,4.
-Accept default Orientation and Vector.

~At Orientation ? prompt give dp to accept.

-At End of Member prompt, snap to bottom of second
column and keyin DL=0,0,8.

~-Repeat procedure %) place all web members. (Spacing
varies see Appena.X D)

~Reset twice to exit.

(6) Relocate end of second column.
~Set AEC associative move lock to Proportionality.

~Select MOVE END ASSOCIATIVE command.
-Snap to base of second column and accept.

9




Frame.

-Keyin XY=2,0,0.
-dp to accept and reset to exit.

(7) Mirror copy placed members and nodes.

~Zoom out in the ISO view.

~Select MIRROR COPY command.

-Verify Comporient is set to Member and set Group to
View.

-Accept highlighted group and keyin C for copy.

-Snap to the centerline of the truss in the Front View.
-Keyin DL=0,0,1 and dp to accept mirrored copy.

~Reset to exit.

(8) Modify Cardinal Points of copied columns.
-Select the Edit Cardinal point command.

-Follow prompts to modify the left column to
CP=2 and the right column to CP=8.

(9) Place the bottom chord of the truss.

-Select PLACE MEMEBER BEAM and snap to desired nodes
on column one and two.

-Keyin a CP of 10 and dp to accept.

-Reset until section icon is criented correctly,
then place a dp.

-Reset to Exit.

(10) Place truss web members.

-Select PLACE MEMBER BRACE and place similar to column
web members. Member sizes are shown in Appendix D.

(11) Set Boundary Conditions as done for the Rigid

(12) Set up Load Entry by selecting the CASE/COMB

command and setting up as follows:

NAME LEVEL COLOR
Body 9 2
Dead 21 2
Live 22 4
Cranerail 23 1
wWind¥ 24 7

(13) Set the load combinations similarly by selecting
the CASE/COMB command and setting up as follows:



NAME COrBINATION

COMB1 BODY+DEAD+LIVE

COMB2 BODY+DEAD+LIVE+CRANERAIL
COMB3 BODY+DEAD+LIVE+WINDX
COMB4 BODY+DEAD+LIVE+CRANERAIL+WINDX

-Set the Global Multiplier to 1.0 for combinations
1 and 2, and to .75 for combinations 3 and 4.

(14) Place loads on structure.

-Select PLACE LOADS CONCENTRATED NODAL.
~Follow the prompts to place the following loads:

LOAD CASE ORIENTATION MAGNITUDE GROUP
DEAD 0,6,1 -2.5 TOP CHORD
LIVE 0,0,1 -1.5 TOP CHORD
CRANERAIL 0,0,1 -5.0 3,9 BOTT CHORD
WINDX 1,0,0 l.8 TOP CHORD

(15) Exit place loads tutorial and Stop and Exit IRM.

d. Execute Analysis:
(1) Add dead weight of structure in alpha environment.

~From the Analysis Main Menu keyin LLD.
~-Follow prompts to place a BODY load of -0.49 in the 2
direction for members 1:200.

(2) If the Analysis Setup is not complete at this point
it should be entered now.

-From the alpha main menu keyin SCAN (model info scan).
~-From the alpha main menu keyin MREP (model def. rpt).
~-From the alpha main meriu keyin RREP (results report).
~-Configure reports and analysis as in other examples.

(3) Execute analysis by selecting appropriate options
from the alphanumeric environment menus.

2.4 3D Aircraft Hanger

a. Description: The problem involves a 3D model of an
aircraft hanger 23’/ x 195/, Vertical and lateral support is
provided by four braced steel frames, while longitudinal support
is provided by spandrel trusses and a braced frame at the end of
the hanger. Concentrated loads are applied at various top and
bottom chord panel points. See Appendix E for typical results
output and a model sketch.
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b. Soluticn Approach:

(1) To begin modeling the problem, first enter SMS to

create a database:

-Select option #1, "Create Structural Model™".

-Input a name for the model.

-Choose a model size.

-Choose model units.

-Select option #3, "Run SMS Graphics".

-Keyin project name and answer prompts to attach menus.

(2) Setup project parameters as follows:

-Select the ACTIVE PARAMS and PROJECT commands.
-Set UNITS to English

-Select STEEL for material.

-Select AISC for section table.

-Select A36 for grade.

~Reset to Retain and Exit "Active Parameters".
-Select FILE command.

(3) Use IGDS commands to lay out complex geometry prior

to placing members. Place structural members into the database
using SMS commands. A brief summary of member placement is as

follows:

(4) To place‘columns:

-Select PLACE ELEMENT - X-SECTION "COLUMN".

-Keyin column section name.

-Snap to start of column IGDS graphic element and dp.
-Snap and dp at end of column.

(5) Place all beams and braces for cne bent in a

similar way. Copy all members of the created bent by:

~Fit Front View. _

-Select COPY MEMBER - GROUP FENCE.

-Place fence around entire bent.

~dp to accept group or modify.

-Select the base of one column as start point.

-Snap to base of same column and keyin "DX=0,0,-2" to
copy the bent "z" feet.

~Repeat procedure to copy all bents required.

(6) Place beams and braces for the spandrel trusses

just as for the bent frames. Use the COPY GROUP command as well
to fill in between all bents.

(7) When the structure is complete; use the CSD command

to WRITE the mcdel to a .BLU (blue) file. The .BLU file will be

12



used by IRM for analysis.

-Select the CSD command from Utilitics.
~Select WRITE from the tutorial.
-3elect Active Group command ALL.

-dp to accept group.

-Keyin or accept default for .BLU file.
-Reset for default origin.

-Exit tutorial at completion.

-Stop SMS an< Exit.

c. Input Problem Data:

commands.

(1) To begin the IRM analysis of the model enter IRM:

-Select option #3, "Structural Products Interface'.
-Enter a new jobname.

-Use default database.

-Toggle to desired model size with ENTER key. 7
-Use same length units used when creating the CSD.

(2) Import Common Structural Database:

-Select option #1,"Common Structural Database to IRM
Conversion". '
-Enter the name of the .BLU file used in SMS.

-Enter ‘0,0,0’ for Node Tolerance.

-Enter ‘0’ for Complete Model.

-Select option #1, Unrestrained Supports.

-Pin all connections when prompted.

-The IRM Main Menu will then return.

(3) Enter the Graphics Interface.
(4) Set Boundary Conditions:
~Select BC’s command and CONSTRAINTS.
-dp and Reset until constraints appear as:
Ti1 T2 T3 /
-Select GROUP FENCE command and place fence around all
column bases.

(5) Place loads: Refer to IRM manual for Load Placement

d. Execute Analysis: If the Analysis Setup is not complete
at this point it should be entered now. The member placement
parameters and element types were placed into the database in SMS
and imported to IRM previously. The structure may now be
analyzed by selecting the ANALYZE command at the top of the AEC
Menu or by entering the Alphanumeric Interface and executing the
commands there.

13




3. Recommendations
3.1 Modeling Reccmmendations

a. Use of the Structural Modeling System (SMS) may simplify
the creaticn of many models, particularly if using Version 8.8.2
of IRM. 1IGDS should be used to create the geometry of a complex
structure and actual elements placed on the sketch once it is
complete. This will make it easier to keep track of member
orientations and help to kec» the database clean.

b. It is recommended that a thin shell model be used in
order to promote economy in the structures analyzed in 3D and to
eliminate problems associated with converting from 2D to 3D.

c. When modeling a large structure the design file quickly
becomes congested with elements and loads. The best way to
alleviate this problem is to put members and separate load cases
on different levels. In very large structures each group of
members should be placed on a different level. When the model
becomes too complex, some of the levels can be turned off. This
becomes especially important when labeling member end releases,
marked groups, member orientation, nodes, or members, since the
display depth does not stop members in other planes from being
labeled along with those in the current display. The user should
plan his modeling sequence such that levels, cclors, etc., are
set prior to getting into any design file.

d. The use of seed files to preset méterial properties,
output format, output requirements, and other common file
attributes will greatly simplify the use of IRM.

3.2 Miscgllaneous Recommendations

a. Make nodes large enough to be visible when using the
FLASH command and the UID group. Select the FLASH, NODE, and UID
commands to locate unstable nodes identified in the Unstable Node
Report.

b. Never renumber nodes with the renumber UID command unless
you are sending the model for third party processing and want to
reduce the bandwidth. Renumbering will not relabel your model in
a logical series or format. IRM will automatically renumber
nodes internally to reduce the bandwidth but this will not affect
your numbering scheme.

c. Utilize available warning reports and review them until
you are confident in the accuracy of the model. Look for
unstable nodes and watch for unusually large, or small, nodal
translations or rotations, which may indicate a modeling problem.
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d. Beware of the ROTATE PROPERTIES command as it rotates the
section properties but not the cross-section. In IRM, the local
member axis and the start and end of a member determine the top
and bottom of that member, such as may be required for lateral
bracing. Therefore, if the outside face of a building is to be
the top side of some columns, such that the girt spacings will
determine the lateral bracing spacing for strong axis bending,
the columns on one side of the building will have to be placed
from the bottom up, with the opposite side columns being placed
from the top down.

e. Recognize the power of the active/inactive element
cencept. The edit command can be used to make parts of the
structure active or inactive for analysis, which can be used to
quickly isolate a part of the structure to view its behavior in a
2D model.

f. Beware the database rebuild command. It rebuilds the IRM
database but not IRMD. Anything done in steel or concrete design
will be lost.
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APPENDIX A

GETTING STARTED

Step #1 - Load all example files onto the system.
#2 - Login to the system.
#3 - Copy the seed file COESEED.* into files named:

YOUR_PROJECT_NAME. *

or accept the product default seed file when
prompted in IRM.

#4 - -At the $ prompt, keyin IRM.
-Select Option #1, "Graphical Interface".
-Select Option #2, "Structural Model Generation".
-Keyin a Jobname (Design file w/o .DGN extension).
-If COESEED was used go to CONTINUE, else......
-Accept default cr keyin seed file database.
-Toggle to correct model size.
~Move cursor to "(CONTINUE)" then hit Enter key.
-Keyin a job type description.
-Toggle model type to Thin Shell.
-Set desired type of Units.
-=CONTINUE
-You will now be put into the design file.

#5 - dp or Reset for pull-down menus.

#6 - Attach table menu by reset or screen menu by

placing a data point in any view but the Tutorial View.

#7 - Type AM=MENU,CM to attach IGDS menu.

The example problems are in the following files:
CANTILEVERED BEAM - SPENCER.*
2D RIGID FRAME - BENT.#*
2D HANGER TRUSS - COETRUSS.*

3D ATRCRAFT HANGER -~ HANGER.*
CSMHANG. *

The seed file used for examples 2 and 4 was STEEL.* and for
examples 1 and 3, COESEED.*. Output data for all example
problems is in files of the form, PROJECT_NAMEOOi.PTR.
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EXAMPLE NO. 1 - CANTILEVERED BEAM
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CARTILEVERED BEAM
HAt i A A R S Rt R R A R A
IRM REV  8.8.] 0CT 10,1989 15:17
ARALYSIS 80.9 TRIN SHILL PAGE 1
ttt (nits Definitim #3¢
Tnit Group Tnit
| - Lengths n
2 - Blement Properties  INCHES
3 - Jorces KPS
§ - Angles DEGREES
5 - Displaceents IHCHES
6 - Masses HASS
7 - Toe SECOXDS
& - Stress Forces 1P
Vertical Axis s 7
Gravitational Constant (g) =32.2 FT [SEC [SEC

shkiktrktithititittittidhtitbrithbiniritdriitihittttitittitttitntosstahtnssst

spencer

CARTILEVIRED BEAM
HH A A R A R
IRM REV  8.8.3 0T 10,1989 15:17
ARALTSIS 10,9 THIN SHELL PAGE 2

it Yaterls} Property Tables #t¢

Fame/Ho. Table Data
a3 daterial Type = TSUTROFIC
l ¥odulus of Elasticity (E) = 29000.0 ksi.
Poirson’s Ratio (v) = (.3
Shear Yodulus (G) = ]1153.8457 ksi,
Alpha = 0.0
Reight Deneity = 0,49 k/ft*3.
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spencer

CARTILEVERED BEAY
HERS R R A AR

IRM REV  8.8.3 0CT 10,1989 1517
ARALYSIS 10.9 SHELY, PACE 3
#t [o2d Cages tit
Hage/No. Table Data
£l Analysis type = Statie
3 Load case type = Dead load
Status = Active
Level =9
Color =]
Convert nodal loads to messes = No
102 Analysis type = Static
2 Load case type = Dead load
Status = Active
Level =9
Color =1

Convert nodal loads to masses = Mo

22ttt o d ettt ittt il ot rr it etitotisilotsittdtttssaitifsils

gpencer

CANTILEVERED BEAM
S R AR R R R R R kb
IRY REV  8.8.3 0CT 10,1989 15:17
ARALYSIS %0.9 THIN SHELL PAGE 4

#+ Load Conbinations #4*

Peint  Global Load Case
Kaze/Ho, Type  Results Multiplier Load Case Nae Multiplier
o1 Linear  TYes 1.0 101 1.0
2 102 0.75
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ktkriiihiirttitihtithtitdttatititithittithstatititatiidttiiitdtititttidbitts

spencer

CANTILEVERED BEAM
L L R R R T e

IRMREV  8.8.3

0CT 10,1989 15:17

ANALYSIS 0.9 THIN SHELL PAGE 5

#t Fodal Loads

Fode Loc Load Load
1d/Label Typa Glob Case Load Yector or Dof Type
6 VEC GLOB 102 1.000 (0,0,-1) MR

tridtibtrtdRdReARARAAREARERIRARARGRERARIARRAASRERERR IR ARARARRRELRIRERARIA S HRRR

gpencer
CANTILEVERED BEAY
Lzetztattr ot ittessedasrsyasttddita it iisiliotesszarer s disiv iy esssissizsy
IRM REV  8.8.3 0CT 10,1989 15:17
ANALYSIS K0.9 THIN SHELL PAGE 6
#4 Line Ilement 44
Elevent  Element A/l  Material Element Design Shr/Fict Rot
1d/Label  Type Properties  Properties  Type Stiff Prop
I B A A% WBL24 B W0 0
Angle of Roll = 0,000
Hodes: Start =5 End = 6
1-J Length = 10,000  Humber of VMD Segments = i6
bon-Rigid Length = 10,000 Cardinal Point s ]5
Physical Hepber Id = | Reflection Axis = None
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spencer
CANTILEVERED BEAY

H T R R R 4
IRM REV  8.8.3 0CT 10,1989 15:17
ANALYSTS RO.9 THIN SHELL PAGE 7
tht Line Flepeut Loads #4¢
Ilevent Load Load  Abs/ Location
i2bel/Id  Case Type  Frame Dir (Velocity) Rel (Shape Factor)

! 1851 B00Y  GLOBAL 2 0,490
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spencer

CANTILEVERED BEAY
thikiiksttithbtitiithbbtidttirtidititttttibitdthrttitititittinbtintbiittetitis
TRE Rev 8.8.3 0CT 6,1989 15355323
Analysis Ko, 7 Thin Shell Page 1

t4t Digplacezents Hit

Node Casftab T 11 1A K K ¥
IN

I v DIG DIG DEG
3 L3
0.0000  0.0000  0,0000  0.0000  0.0000  0.0000
w22
0.0000  0.0000  0.0000  0.0000  0.0000  0,0000
copt 2
6 0.0000  0,0000  0.0000  0.0000  0.0000  0.0000
013
' 0.0000  0.0000 -0.0217 1.439e-08  0.0138  0.0000
1L
0.0000  0.0000 -0.2399 1.792e-07  0.1718 0,000
CoxBl 2

0.0000  0.0000 -0.2016 1.488e-07  0.1&26  0.0000
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thidiiadeRtrethhthhkitbitdastiktittttttitettibttbitddttiibsbiriditbbbitsiis

gpencer

CANTILEVERED BEAY
2t ettt sttty e Rt iyt peraazatrazseasttesdistatiittiiisatisrid
IRY Rev 8.8.3 0CT 6,1989  15:55:24
Analysis Yo, 7 Thin Shell Page 2

tt Digplacepents #4#

Quantity Limit  Value Unit Fode  Ldemb/Cs

144 Hax 0.0000 IN 5 el 3
Hin 0.0000 1IN 5 013
n Hax 0.0000 1IN 5 IeL3
Hin 0.0000 1IN 5 o3
n Yax 0.0000 1IN 3 1013
Yin 0,399 IN b 102 2
RX Hax  1.792e-07 DEG b 1022
Hin 0,0000 DEG 5 o3
RY Yax 0.1718 DEG b 1022
Hin 0.6000 DEG 5 et 3
RZ Hax 0,0000 DEG 5 I£1 3
Hin 0.0000 DEG 5 013
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spencer

CANTILEVERED BEAH
R AR R AR R R A CRRARER AR KR ER RS

IR Rev 8.8.3 0CT 6,1989  15:55:24
Analysis Ko, 7 Thin Shell Page 3

% Support Reactions

Node CasfCzd TX n )1/ )4 H .18
KPS [42) KES FI-KPS FI-RPS FI-KPS

5 1613
152 2
Cousl 2

0.0000  0.0000  0.2409 -1.256e-06  -1.2066  0.0000
0.0000  0,0000  1.0000 -1.043e-05 -10.0000  0.0000
0.0000  0.0000  0.9909 -9.080e-06  -8.7046  0.0000

ktkbhbbrtbirdhepdpRibbbatiditbithntdittitsiitttititthtttbtimbitdbbtssdittists

spencer
CANTILEVERED BEAM

1232 10rttd0nat i et e iat i it e e i ottlttesvttseeris st it Nt etitisziss
IRY Rev 8.8.3 0CT 6,1989  15:55:24
Analysis Ho. 7 Thin Shell Page &
% Support Reactions ¢
Quantity Limit  Value Unit Hode  Ldemb/Cs
n Yax 0.0000 IS 5 1013

Hin 0.0000 KPS 5 013
n ax 0.0000 KPS 5 1e13

Kin 0.0000 RPS 5 o3
n Hax 1,0000 &PS 5 1022

Hin 0.2409 KPS 5 1613
K Hax  -].256e-06 FT-RPS 5 13

Hin -1.043e-05 FT-RPS § 162 2
H Hax -L.2046  FT-RPS 5 113

Hin  -10.0000 ¥T-RPS 5 1022
/] Yax 0.0000 ¥T-K?S S L3

Hin 0.0000 FPI-RPS 5 1013
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spencer
CARTILEVERED BEAM
T e
IR Rev 8.8.3 0CT 6,1989  15:55:24
Analysis No. 7 Thin Shell Page 5
¢ Line Elevent Ind Actions ##t
Hea CasfCd X 131 )11 X )¢ .1
Fode KPS KPS KPS FI-KPS  FI-KBS  FI-KPS
l
o3
5 0.0000  0.,2409  0.0000  0,0000  0.0000  1.2046
6 0.0000  0,0000  0,0000  0,0000  0.0000  0,0000
1022
5 0.0000  1.0000  0,0000 9.095e-13  0.0000  10.0000
b 0.0000 -1.0000  0,0000  0.0000  0.0000  0.0000
COMBl 2 '

3 0.0000  0.99%9  0,0000 6.82le-13  0.0000  8.7046
§ 0.0000  -0.7500  0.0000  0.0000  0.0000  0.0000

P33t el a ettt itndd ettt otitotittietieittdtitetidtdintineidttiiiised]

spencer

CARTILEVERED BEAY
FEERREERERRERERRAR A SRR ERIRRERDTRET AR R AR AR AR R R ARRRERRRRESRES AR EHRS
IR¥ Rev 8.8.3 0CT 6,1989  15:55:25
Analysis Ho. 7 Thin Shell Page 6

tht Line Eleent End Actions *#*
Quantity Linit  Value Unit Elem  Node  Ldemb/Cs

)24 Hax 0.0000 P51 ) 1013
Hin 0.0000 KPS 1 5 icl3
f Hax 1.0000 RPS | 3 1022
Hin -1,0000 R¥ 1 b 102 2
r Hax 0.0000 K 1 5 013
Hin 0.0000 RS 1 5 el 3
4 Kax  9,095e-13  FT-KPS | 5 102 2
Hin 0.0000 FT-RPS | 5 1013
.14 Hax 0.0000 FT-RPS | 5 Ic13
Hin 0,0000 FT-RPS 1 5 1013
.74 Hax 10,0000  FT-RPS 1 5 1022
Hin 0.0000 FT-RPS b ez 2
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APPENDIX C

EXAMPLE NO.

2 - 2D RIGID FRAME
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BENT

RIGID FRAME
TR AARAR AR AR AR AR AR AR KA SRR AR AR RERERE
IRM REV  8.8.3 00T 6,1989 09:2¢
ANALYSIS X0.11 THIN SHELL PAGE |
% Units Definition
Unit Group Unit
1 - Lengths FEET
2 - Blement Properties  IKCHES
3 - Yorces KIP§
§ - Angles * DEGREES
5 - Displacements INCHES
6 - Hasses HASS
] - Tine SECONDS
8 - Stress Forces KIp8
Vertical Axis = 7
Gravitational Constant (g) =32.2 T [SEC [SEC

iiiti*it***iitt**tf*t*i*t*t********t***t*****t*tiiii*i***i*******#it**tk;iiit**

BENT
RIGID FRAME
HEREAR AR AR AR A AR R R R R R H Rk AR AR AR
IRH REY  8.8.3 0cT 6,1989 09:20
ARALYSIS K0.11 THIN SHELL PAGE 2
4 Haterial Property Tables #%+
Fame/Fo, Table Datz
A3 Haterial Type = IS0TROPIC
1 Yodulus of Elasticity (E) = 290000 ksi.
Poisson’s Ratio (v) = 0,3
Shear Modulus (G) = 11153.8457 ksi.
Alpha = 0.0
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BENT
RIGID FRAME

eyttt ittt ettt el eyttt riiistiteittreitidisiseiisitiitet]

IRM REV  8.8.3
ARALYSIS K0.11

THIN SHELL

e Load Cases *%+

0T 6,1989 09:20
PAGE 3

Name/No. Table Data

10l Analysis type = Static

l Load case type = Dead Joad
Status = Active
Level =9
Color =]
Convert nodal loads to masses = No

82 Analysis type = Static .

2 Load case type = Live load
Status = Active
Level =9
Color 3}
Coavert nodal loads to masses = No

2333202333482 iiot il et etitigtisteidettdisdsittilitetitittisetisettttstisyy

BENT
RIGID FRAME

Rl il it it it ettt eitediitleitiastitedtaedetssisitetististseis

IRM REV  8.8.3 0cT 6,1989 09:20
ANALYSIS H0.11 THIN SHELL PAGE 4
4+ [oad Combinations #i+

Print  Global Load Case
Rame/Ko, Type Results Multiplier Load Case Name Iultiplier
COMBL Linear  Yes 1.0 ICl 1.0
l 162 1.0
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BENT
RIGID FRAME
TR AR AR ARk
IRH REV  §.8.3 0cT 6,1989 09:20
ANALYSIS KO.11 THIN SHELL PAGE 5
#t Noda] Loads #+
Fode Loc Load Load
1d/Label Type Glob Case Load Vector or Dof Type
2 VEC CLOB 12 2,000 {1,0,0) TR

kikkekiipitkiRhtRhRARRARRRARRRERRARARRRRRRRRRRRRRERARARRRERRRRRRRRRAR AR AR R AR

BENT
RIGID FRAME
HREGHH AR AR AR AR AR AR AR AR RS A AR
IRY REV  8.8.3 ocT 6,1989 09:20
ANALYSIS §0.11 THIN SHELL PAGE 6

tt% Line Flepent *tt

Ilement Elenent A/l  Material Element Design Shr/Fict Rot

Td/Label  Type Properties  DProperties  Type Stiff Prop
1 BEM A A3 Wi0x22 COLIN N 0
Angle of Roll = 0.000
Hodes: Start = | Ind = 2
1-J Length = 20,000  Number of VD Segments = 2
Noo-Rigid Length = 20,000  Cardinal Polat =15
Physical Hember 1d = | Reflection Axis = None
2 MM A /36 W12X53 COLUMN  NO 0
Mngle of Roll = 0.000
Nodes: Start =3 End = 4
1-J Length = 20,000  Humber of VKD Segments = 2
Fon-Rigid Length =20.000  Cardinal Point = |5
Physical Member 1d = 2 Reflection Axis = None
3 BEMM A A3 W18x35 BEAH X0 0
Angle of Roll = 0,000
Hodes: Start = 2 End =3
1-J Length = 20,000  Humber of VMD Segments = 16
Non-Rigid Length =20.000  Cardinal Point =15
Physical Hember 1d = 3 Reflection Axis = None
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BENT
RIGID FRAME
HEHR AR AR R R AR AR R AR R AR AR RS
IR{ REV  3.8.3 0CT 15,1989 09:20
ARALYSIS X0.11 THIN SRELL PAGE 7
4+ Lige Elepent Loads *++
Element Load Load  Abs/ Location
Label/1d Case Type  Frame Dir (Velocity) Rel (Shape Factor)
I Wl DIST  GLOBAL 2 -1,000
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BENT
RIGID FRAME
PR A R AR AR AR AR AR AR ARk
IRH Rev 8.8.3 0CT 6,1989  09:21:09
Analysis Mo, 12 Thin Shell Page 1
#tt Displacements *i*
Fode Cas/Czd TX 3¢ T R RY R
In ¥ IR 16 DEG DEG
l el 1
0.0000  0.,0000  0.0000  0.,0000 -0.2967  0.0000
102 2
0.0000  0.0000 0,007  0,0060 1,239  0.0000
COMB! 1
0.0000  0.0000  0.0000  0.0000  0.9427  0.0000
2 101 1
-0.5860  0.0000 -0.0128  0.0000  0.1737 0,000
e
3.3984  0,0000 2.550e-03  9,0000  -0.0448  0,000C
Co¥B1 |
2.8125  0.0000 -0,0102  0.0000  0.1288  0.0000
3 !
-0.5860  0.0000 -5,305e-03  0,0000 -0.1772 0,000
1022
3.3970  0.0000 -1.06le-03  0.0000  0.1209  0.0000
CoBI 1
2.8110  0.0000 -6.366e-03  0.0000  -0,0563  0.0000
§ 1!
0.6000  0.0000  0.0000  0.0000 -0,1212  0.0000
1622

0.0000  0.0000  0.0000  0.0600  1.1560  0.0000
COMBi |

0.0000  0.0000  0.0000  0.0000  1.0348  0.0000
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BENT
RICID FRAME
EHE R R AR AR R AR AR SR Ak kA hh A
IRY Rev 8.8.3 0cT 6,1989  09:21:10
hnalysis Ko, 12 Thin Shell Page 2

f#¢ Digplacerents *i*

Quantity Limit  Value Onit Fode  Ldcnb/Cs

n Hax 3,398 1N / 102 2
Hin -0,5860 1IN 3 01}
N Hax 0.0000 1IN l 0l 1
Hin 0.0000 1IN 1 0L}
n dax  2,550e-03 1IN 2 102 2
Kin -0.0128 1IN A 101 1
[} 4 Hax 0.0000 DEG l I01 1
Hin 0.0000 DEG l 01!
RY Hax 1.239&  DEG l 162 2
Hin -0.,2967  DEG l oL 1
Y/ Hax 0.0000 DEG l 011
Hin 0.0000 Drb l 1011
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BENT

RIGID FRAYE
HHAREREERERARERERRAS AR RIRRRERER AR R R AR RARA AR LA RARRERARARRERERER AR

42

IRY Rev 8.8.3 0cT 6,189  09:21:10
Analysis No. 12 Thin Shell Page 3
#% Support Reactions #4#
Jode Cos/Cd FL N )74 KX 0 1A
kPS RS KPS FI-RPS  FI-RPS  FT-KPS
10l 1
0,094z  0.0000 10,0000  0.0000  0.0000  0.0000
1022
-0.2573  0.0000  -2,0000  0.0000  0.0000  0.0000
COouB1 1
-0.1631  0.0000  8.0000  0.0000  0.0000  0,0000
101 1
0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
1022
0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Coxl |
0.0000  ©0.0000  0.0000  0.0000  0.0000  0,0000
ol 1
0.0000  0.0000  0.0000  0.0000  0.0000  0,0000
1622
0.0000  0.,0000  0.0000  0.0000  0.0000 0,000
CoEB1 1
0,000  0.0000  0.0000  0.0000  0.0000  0.0000
101 1
-0.0942  0,0000  10.0000  0.0000  0.0000  0.0000
1022
-1.7421  0.0000  2.0000  0.0000  0,0000  9.0000
CoBl 1
-1.8369  0.0000 12,0600  0.0000  0.0000  0.0000
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BENT
RIGID FRAME
B TR AR R R RS R 2 bk R sk A AR kAR
IRY Rev 8.8.3 0cT 6,1989  09:21:11
Analysis No. 12 Thin Shell Page &

% Support Reactions #t4

Quantity Lisdt  Value  Unit Node  Locab/Cs

N Hax 0.0942 XPS 1 011
Hin -1.8369 KBS 4 CoxBl 1

n Hax 0.0000 KPS l 1011
Hin 0.0000 KPS l 1011

K Hax 12,0000 KPS 4 CoMB1 1
Hin -2,0000 KPS l 142 2

HX Hax 0.0000 ¥FT-ES | K11
Hin 0.0000 FT-RPS I ol

H Hax 0,0000 FI-RPS 1 il 1
Hin 0.0000 ¥T-KPS 1 Ic11

./ Hax 0.0000 FI-RPS 1 K11
Hin 0.0000 Fi-RPS 1 icl 1
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BEHT
RIGID FRAME
SRERERERESREAERAARERRRESRARERARERARFRARERRIARESHERAARARARARKARAAARRLARRRRR IR
IRH Rev 8.8.3 0T 6,1989  09:21:11
hnalysis No. 12 Thin Shell Page 5
4+ [ine Element fnd Actions ###

Bea Cas/Czb X n 114 X i 1A

Hode KPS XPS KPS KPS FI-KPS  FT-RPS
el 1

l 10.0000  0.0000  0.0942  0.0000  0.0000  0.0000

/ -10.0000  0.0000 -0.0942  0.0000 -1.8846  0.0000
102 2

l -2.0000  0.0060 -0.2573  0.0000 8.327e-17  0.0000

2 2.0000  0,0000  0.2573  0.0000  5.1457  0.0000
CoXBl 1

l 8.0000  0.0000 -0.1631  0.0000 8.327e-17  0.0000

2 -8.0000  0.0000  0.1631  0.0000  3.2612  0.0000
ol 1

3 10,0000  0,0000  0.0942  0.0000 -1.8846  0.0000

4 -10.0000  0.0000  -0.0942  0.0000  0.0000  0.0000
02 2

3 2,0000  0.0000  1.7427  0.0000 -34,8543  0.0000

§ -2,0000  0.0000 L7427  0.0000 1.776e-15  0.0000
CoiBl 1

3 12,0000  0.0000  1.8369  0.0000 -36.7388  0.,0000

4 -12,0000  0,0000  -1.8369  0.0000 1.776e-15 0,000
101 1

2 0.0942 10,0000  0.0000  0.0000  0.0000  1.8846

3 -0,0942 10,0000  0.0000  0.0000  0.0000  -1.8846
22

2 L7&r  -2.0000  0.0000  0.0000  0.0000 -5.1457

3 L7427 2.0000  0.0000  0.0000  0.0000 -34.8543
coxsl 1

/A 1.8369  8.0000  0,0000  0,0000 0.0000 -3.2612

3 -1.8369  12.0000 0,000  0.0000  0.J000 -36.7388
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BENT
RIGID FRAME
HHE R R R AR bRk
R4 Rev 8.8.3 0cT 6,1989  09:21:12
Analysis Ko. 12 Thin Shell Page 6

t¢ [ine Element Ind Actions *k#
Quantity Limit  Value Unit Zlem  Node  Ldemb/Cs

124 Hax 12,0000
Hin  -12.0000

l 3 CoMBl 1
2 § COMBI 1
Hin -2,0000 3 / 162 2

17/ Hax 1.8369 A 3 CoxBl 1
Hin -1.8369 RS 2 § COMBL 1

M Wx 00000 1 Kl
Wn 0,000 1 101 1

46
KPS
1 Max 12,0000 XS 3 3 CoMBl 1
KPS
KP§

FI-KPS |
FI-KPS |
Wt Hax 5.14637  FI-RPS | A 1022
Min  -36.7388 FT-RPS 2 3 CoMBl 1
1A Hax 1.8846  FT-RPS 3
Ma  -35,7388 FT-KPS 3

2 101 ]
3 ComBl 1
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APPENDIX D

EXAMPLE NO. 3. - 2D HANGER TRUSS
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COETRUSS

2-D Alreraft Banger Example
FREHEHAR R R AR R AR PR AR R b
IRY REV  8.8.3 0T 11,1989 13:38
ARALYSIS 10,8 THIE SHELL PAGE 1
tt¢ Units Definition #*
Uait Group Unit
1 - Lengths FIZT
2 - Blement Properties  INCHES
3 - Torces KIPS
§ - Angles DEGREES
5 - Displacements INCHES
6 - Hasses HASS
7+ Tee SECONDS
8 - Stress Forces KIPS

Vertical Axis = 2

Geavitational Constant (g) =32.2 T [SEC [SEC

betiedat it ttatetedr it ettt ttiiatitetitetinsitiiietesiiisiitilisireiitesis]

COETRUSS
2-D Adrcraft Hanger Example
AR
IRM REV  8,8.3 0cT 11,1989 13:38
ARALYSIS §0.8 THIN SHELL PAGE 2

t4t Materia] Property Tables *##

Hame/No. Table Data
A36 Yaterial Type = J§0TROPIC
1 Yodulus of Elasticity (E) = 290000 ksi.
Foisson’s Ratio (v) =0,3
Shear Modulus (G) = 11153.8457 ksi.
Alpna = 0.0
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COETRUSS

2-D Mreraft Hanger Example
H R R AR b bR

IRH REV  6.8.3 00T 11,1989 13:38
ANALYSIS X0.8 THIX SEELL PAGE 3
#4t [oad Cases #t+
Haze/Yo. Table Data
B0DY Analysis type = Static
l Load case type = Dead load
Status = Active
Level =9
Color =2
Convert nodal loads to masses = No
DIAD Analysis type = Statie
/ Load case type = Dead load
Status = Active
Level =l
Color =]
Convert nodal loads to masses = No
LIVE Analysis type = §tatic
3 Load case type .2 Dead load
Status = potive —
Level 270
Color a4
Convert nodal loads to masses = No
CRANERAIL Analysis type = §tatle
4 Load case type .= Dead load
Status = Astive —
Level =23
Color 2|
Convert nodal loads to masses = Mo
VIIDX Analysis type = §tatie
5 Load case type 2 Dead load
Status = fctive
Lavel = 04
Color 2]
Coavert nodal loads to mosses = Mo

VA AVOVUY WV UMDY
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COETRUSS
2-D Mreraft Hanger Example
F R AR R AR R R R AR AR
IRY REV  8.8.3 0T 11,1989 13:38
AMALYSIS 0.8 THIN SHELL PAGE 4

#4 Load Combinations ##*

Print  Global Load Case

Faze/Fo. Type  Resu .- Multiplier Load Case Name Multiplier
oML Linear TYes 1.0 B30DY 1.0
l DEAD 1.0
LIVE 1.0

C0vB2 Linear  Yes 1.0 BODY 1.0
2 DEAD 1.0
LIVE 1.0

CRANERAIL 1.0

COMB3 Linear TYes 0,75  BODY 1.0
3 DEAD 1.0
LIVE 1.0

WINDX 1.0

C0¥34 Linear  Yes 0.75  BODY 1.0
§ DEAD 1.0
LIVE 1.0

CRANERAIL 1.0

WINDX 1.0
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COETRUSS
2D Mreraft Hanger Example

HhER R R R A A AR kR
IRY REV  8.8.3 0T 11,1989 13:38

ARALYSIS #0.8 THIN SHELL PAGE 5

tt fodal Loads 4+

Fode Loe Load Load
1d/Label Type Glob Case Load Vector or Dof Type
2 VIC GLOB DED 2,500 (0,0,1) TR
VEC GLOB UV -1.500 (0,0,1) FOR
VEC GLOB WIIDX 1,800 (1,0,0) FOR
4 VEC CLOB DEAD  -2.500 (0,0,1) TR
VIC GLOB LI -1.500 (0,0,1) R
VIC CLOB WIIDX 1,800 (1,0,0) R
5 Vi GLOB DEAD 2,500 (0,0,1) TR
VEC GLOB LIVE 1500 (0,0,1) TR
VEC GLOB WILIDX 1,800 (1,9,0) FOR
15 VEC GLOB DEAD  -2.500 (0,0,1) R
VEC GLOB LIVE  -1.500 (0,0,1) FOR
VIC GLOB WINDX 1,800 (1,0,0) FOR
17 EC CGLOB DEAD 2,500 (0,0,1) R
VEC GLOB LIVE -1.500 (0,0,1) FOR
VEC GLOB WIDX 1,800 (1,0,0) FOR
34 VEC GLOB CRANERAIL  -5.000 {0,0,1) FOR
36 VEC GLOB DEAD  -2.500 (0,0,1) HR
VEC GLOB LI -1.500 (0,0,1) TR
VEC CLOB WINDX 1,800 (1,0,0) TR
37 Vi€ GLOB DEAD 2,500 (0,0,1) FOR
VEC GLOB LIVE  -1.500 (0,0,1) FOR
VIC GLOB HINDX 1,800 (1,0,0) TOR
38 Vi€ CGLO3 DEAD  -2.500 (0,0,1) PR
VEC CGLOB LIVE -1.500 (0,0,1) FOR
VEC GLOB WINDX 1.800 (1,0,0) R
39 VEC CLOB DEAD 2,500 (0,0,1) FOR
VEC GLOB LIVE  -1.500 {0,0,1) FOR
VEC GLOB WLIDX 1,800 (1,0,0) TR
46 VEC GLOB CRANERAIL  -5.000 (0,0,1) FOR
48 VEC GLOB DEAD  -2.507 (0,0,1) MR
VEC GLOB LIVE  -L5ud (0,0,1) R
VEC GLOB WINDX 1,800 (1,0,0) TR
49 VEC GLOB DEAD 2,500 (0,0,1) FOR
VEC GLOB LIVE  -1.500 (0,0,1) MR
Vil OLOB WLHDX 1,800 {1,9,0) 13
50 VEC GLOB DEAD  -2.500 (0,0,1) TOR
VIC GLOB LIVE -1.500 {0,0,1) FOR
VIC GLOB WINDX 1,800 (1,0,0) FOR
51 VEC GLOB DEAD  -2.500 (0,0,1) FOR
VEC GLOB LI  -1.500 (0,0,1) R
VEC GLOB WIKDX 1,800 (1,0,0) MR
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COETRUSS

2-D Adrcraft Banger Example
HHEAHE R AR AR R R R

IR Rev 8.8.3 0CT 12,1989 07:57:25
Analysis No. 10 Thin Shell Page |
4% Support Reactions **
Nede Cas/Czb FX 3 A 1S i¢ W
KPS KPS KPS FI-RPS  FI-RPS FI-RBS
l B0DY |
0.7325  0.0000  5.7545  0.0000  0.0000  0,0000
DIAD 2
1.2678  0.0000 10,8800  0.,0000  0,0000  0.0000
LIVE 3
0,7607  0.0000  6.5280  0,0000  0,0000  0.0000
CRANERAIL 4
0.3968  0.0000  3.7462  0,0000  0.0000  0.0000
WINDX 5
-3.7230  0.,0000 -87.2170  0.0000  0.0000  0.0000
CoB1 1
27610 0,000 23.1625  0.0000  0.0000 0,000
COKB2 2
3.1577 0.0000 26,9087  0.,0000  0.0000  0.0000
C0MB3 3
-0.7215  0.0000 -48.0408  0.0000  0.0000  0.0000
COMBS 4

-0.4239  0.0000 -45.2312  0.0000  0.0000  0,0000
3 BODY 1

0.2962  0.0000  3.9778  0.0000  0,0000  0.0000

DEAD 2

1,072 0.0000  5.3700  0.0000  0,0000  0.0000
LIVE 3

0.6283  0.0000  3.2220  0,0000  0,0000  0,0000
CRANERAIL 4

0,525  0.0000  1.2538  0.0000  0.0000  0.0000
WINDX 5

-1.9770  0.0000  79.8219  0.0000  0,0000  0.0000
CoxBl 1

19718 0.0000 12,5697  0.0000 0,000  0.0000
COMB2 2

2,493 0.0000 13.8235  0,0000  0.0000  0.0000
COMB3 3

-4,3939  0,0000 69,2938  0.0000  0,0000 0,000
C0KB4 4

-4,1121  0,0000  70.2341  0.0000  0,0000  0.0000
14 BODY I

0,735 0.0000  5.7545  0,0000  0.0000  9.0000
DEAD 2

-1.2678  0.0000 10,8800  0,0000  0.0000  0.0000
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COETRUSS
2-D Mreraft Hanger Example
L
IRH Rev 8.8.3 0CT 12,1989  07:57:28
Analysis No. 10 Thin Shell Page 2

4t Gypport Reactions *#*

Fode Cas/Czd X 3 1/ WX Ht A
KPS KPS 42 FI-RPS  FT-KPS FT-XPS

14 LIVE 3

-0,7607  0,0000  6.5280  0.0000  0.0000  0.0000
CRANERALL 4

-0.3968  0.0000  3.7462  0.0000  0,0000  0.0000

WIIDX 5 :
-3.7229 0,000 87.2167  0.0000  0.0000  0.0000
COMB1 1
-2.7609  0.0000 23.1625  0.0000  0.0000  0.0000
C0XB2 2
-3.1577  0.0000 26,9087  0,0000  0.0000  0.0000
(B3 3
-4,8629  0.0000 82.7846  0.0000  0.0000  0.0000
COXBé4 &
-5.1605  0.0000  85.5941  0.0000  0.0000  0.0000
16 BODY 1
-0.2962  0.0000  3,9778  0.0000  5.0000  0.0000
DEAD 2
-1.0472  0.0000  5.3700  0.0000  0.5000  0.0000
LIVE 3

-0.6283  0.0000  3,2220  0.0000  0.0000  0.0000
CRANERALL 4 '

-0,5225  0.0000  1.2538  0.0000  0.0000  0.0000

YLD 5

-1.97711  0.0000 -79.8217  0.0000  0.0000  0.0000
oL 1

-1.9718  0.0000 12,5697  0.0000  0.0000  0.0000
o2 2

-2,4943 10,0000 13.8235  0.0000  0.0000  0.0000
C0x83 3

-7.4617  0,0000 -50.4390  0.0000 0,000  0.0000
COMBé &

-7.8536  0.0000 -49.4986  0.0000  0.0000  0.0000
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COETRUSS
2-D Mrcraft Hanger Example

1ttt ettt ittt ittt ettt it e sy i ittt iistizetisilstted]
IR Rev §.8.3 OCT 12,1989 07:57:33
Analysis Fo. 10 Thin Shell Page 3
#t Support Reactions Hh#
Quantity Limit  Value Unit ode  Ldeab/Cs
n Hax 31577 KPS l COMB2 2

Wo 797711 RS 16 VIEX 5
n Hax 0,0000 KPS l BODY |

Hin ¢.0000 KPS l 307 !
n Kax 87,2167 KPS ¢ 14 WIS 5

Hin  -87,2170 KPS 1 VIIDX 5
X Hax 0.0000 FT-RPS 1 30DY 1

Hin 0.0000 FT-RPS | 3007 |
0 Hax 0.0000 FT-RPS | 3007 1

Hin 0.0000 FT-RPS 1 300T 1
/A Hax 0.0000 FT-RPS 1 BODY 1

Hin 0.0000 FT-RPS 1 BODY 1
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APPENDIX E

EXAMPLE NO. 4 - 3D AIRCRAFT HANGER
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EANGER
3D ANALYSTS OF AN ATRCRAFT HANGER
PRt titatiisrasirdsditertteeseteseiori ottt it esttet syl teRetestresstsstsss
IREKET  8.8.3 0cT 6,198  09:32
ARALTSIS 0.9 THIN SHELL RAGE |

#t (its Definition 4

Uit Group Tnit
i - Lengths et
2 - lepent Properties  INCHES
3 - Forces KIPS
& - Angles DEGREES
5 - Displacements. INCHES
§ - Masges ¥ASS
7 - Tre SECONDS
§ - Stzess Yorces Kip§

Vertical Axis = Y

Gravitational Constant (g) =32.2 T [SEC [SEC

trhstititattiitdtitbdttnthhiohhdnbhdtiithhdnohihttsestasthttbetsttsttthttsts

HANGER
3D ANALYSIS OF AN AIRCRAFT EANCER
HERR AR R AR AR AR AR AR AR Rk R A 1414
IRA REV  8.8.3 0CT 6,1989 09:32
ARALYSIS 50,9 THIN SHELL PESE 2

t Material Property Tables i#¢

Kaze /o, Table Data
SIELL iterlal Type = I50TROFIC
\ Hodulug of Elasticity (E) = 30000,002 ksi.
Poisson's Ratio (v) =03
Shear Yodulus (G) = 11538.4619 ksi,
Alpha 20,0
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HANGYR
3D AHALISIS OF AN AIRCRAFT HANGIR
AR R AR R R AR RAAR AR AR RRARRARR DR R IR IR RARRAED LA R AR SRS
IR REY  8.8.3 oT 6,1989 09:32
AMALTSIS §0.9 THIN SHELL PAGE 3
tht [oad Cages it
Hane/Ko. Table Data
101 Analysis type = Static
l Load case type = ead load
Status = Active
Level =9
Color s
Convert nodal loads to magses = Ho
10 Analysis type = Static
2 Load case type = Dead load
Status * Aotive
Lavel =9
Color =)
Convert ncdal loads to masses = No
1C4 Analysis type = Static
3 Load case type = Dead load
Status = Active
Level =9
Color =1
Convert nodal loads to masses = Ho
163 Analysis type = §tatic
§ Load case type = Dead load
Status = Active
Level =0
Color 2]
Convert nodal loads to masses = Ko
1G5 Analysis type = Static
5 Load case type = Dead load
Status a jetive
Level =9
Color 31
Convert nedal loads to msses = Ho
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HANGER
3D ARALTSIS OF AN ATRCRAFT HANGER
SRR AR A A Rk
IR REV  8.8.3 ocT 6,1989 09:32
ARALYSIS K0.9 THIN SHELL PAGE &

4t Load Combinations #4#

Hone
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HANGER
3D ANALYSIS OF AR AIRCRAFT HANGER
P238233033222 38323834238 l30setttinetettl et tltiittistssiticosestsedsiiisdessy
IR REV  8.8.3 0CT 6,1989 09:32
ARALYSIS 0.9 THIN SHELL PAGE 5
#t fodal Loads Ht*
Hode Loc Load Load
1d/Label Type Glob Case Load Vector or Dof Type
2 VIC GLOB 03 1,200 (0,-1,0) TOR
3 VEC GLOB LG3 1.200 {0,-1,0) 113
§ VIC GLOB 103 1,200 (0,-1,0) FOR
5 VIC GLOB 1c6  -6,000 (-1,0,0) MR
6 VEIC GLOB I8y 1,200 (0,-1,0) TR
VIC GLOB 163 6.000 (0,-1,0) R
71 VIC GLOB 103 1.740 (0,-1,0) TR
9 VEC GLOB LC3 1,200 (0,-1,0) MR
10 VEC GLOB 1C3 1.200 (0,-1,0) TR
11 VEC GLOB Le3 1,200 {0,-1,0) TOR
12 VEC GLOB IC4  -6.,000 (-1,0,0) TR
13 VEC GLOB 1C3 1.200 (0,-1,0) TOR
VEC GLOB 1C3 6,000 (0,-1,0) TOR
14 VEC GLOB 103 1.740 (0,-1,0) TOR
21 VEC CLOB 161 -18,050 (0,0,1) R
VEC GLOB €3 1,740 (0,-1,0) FOR
28 VEC GLOB 1€l -18.050 (0,0,1) U3
VEC GLOB 1e3 1,783 (0,-1,0) TOR
34 VEC GLOB 103 1,740 (0,-1,0) FOR
40 VEC GLOB 163 1,740 (04-1,0) FOR
41 VEC GLOB 1C3 1740 (0,-1,0) TR
42 VEC GLOB el -36.100 (0,0,1) TOR
VEC GLOB 1C3 1,740 (0,-1,0) TR
43 VEC GLOB LC3 1,740 (0,-1,0) OR
44 VEC GLOB 1C3 1,740 (0,-1,0) TR
§5 VEC GLOB Icl -36.100 (0,0,1) TR
VEC CLOB 1C3 1,740 (0,-1,0) TOR
46 VEC GLOB 163 1,740 (0,-1,0) TR
47 VEC GLOB 163 1,740 {0,-1,0) TOR
48 VEC GLOB IC1 36,100 (0,0,1) MR
VIC GLOB 103 1.740 (0,-1,0) FOR
49 VEC GLOB LC3 1,740 (0,-1,0) TR
51 VEC GLOB 162 18,500 (040,-1) MR
64 VEC GLOB 1C3 1,740 (0,-1,0) TR
70 YEC CLSS 53 L749 {0y-1,9) 108
71 VEC GLOB 103 1.740 (0,-1,0 NR
12 VEC GLOB el -36.100 (0,0,1) MR
VEC GLOB LC3 1.740 (0,-1,0) 13
13 VEC GLOB LC3 1,740 (9,-1,0) U3
74 VEC CLOB Le3 1,740 (0,-1,0) TR
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HANGIR
3D ANALTSIS OF AN AIRCRAFT HANGER

237221328323ttt ite ettt tiis it iteitestitesdsiiistiietivssttstissotiiissssd
IRHREV  8.8.3 ocT 6,1989 09:32

ARALYSIS §0.9 THIN SHELL PAGE 6

#t Nodal Loads **

Hode les Load Load
1d/Label Type Glob Case Load Vector or Dof Type
15 VEC CLOD L1 -36.100 (0,0,1) MR
VEC GLOD L3 1,740 (0,-1,9) TR
76 VIC GLOB 103 1,740 (0,-1,0) TR
11 VEC GLOB L3 1,740 (0,-1,0) TR
18 VEC GLOB Ik -36,100 (0,0,1) TR
VEC GLOB 103 1,740 {0,-1,0) TR
19 VEC GLOB 103 1,740 (0,-1,0) TR
80 VEC GLOB (1 9,000 (0,0,-1) TR
81 VIC GLOB 182 9,250 (0,0,-1) TR
87 VEC GLOB 1C2 9,250 (0,0,-1) MR
88 VEC GLOB 101 9,000 (0,0,-1) TR
90 VEC GLO3 103 1.200 (0,-1,0) TR
91 VEC GLOB 103 1,200 (0,-1,0) TR
92 VIC GLOB 103 1.200 (0,-1,0) TR
93 VEC GLOB o4 -6,000 {~1,0,0) TR
94 VEC GLOB a3 1,200 (0,-1,0) MR
VEC GLOB 13 6.000 (0,-1,0) FOR
95 VEC GLOB 13 1,740 (0,-1,0) TR
102 VEC GLOB Il -18.050 (0,0,1) TR
VEC GLOB 163 1,740 (0,-1,0) TR
108 VEC GLOB Le3 1,740 (0,-1,0) TR
114 VEC GLOB 13 1,740 (0,-1,0) TR
115 VEC CGLOB Le3 1740 (0,-1,0) TR
116 VEC GLOB el -36.100 (0,0,1) TR
VEC GLOB 13 1,740 (0,-1,0) FOR
117 VeC  GLOB €3 1,740 (0,-1,0) TR
118 VEC GLOB 1£3 1,740 (0,-1,0) MR
119 VEC GLOB 1ol -36.100 (0.0,1) TR
VEC GLOB 103 1,740 (0,-1,0) TR
120 V2C GLOB 103 1.740 (0,-1,0) FOR
121 VEC GLOB 103 1,740 (6,-1,0) TR
122 VEC GLOB 11 -36.100 (0,0,1) MR
VEC GLOB 13 1,740 (0,-1,0) TR
123 VEC GLOB 1£3 110 (0.-1,0) 0
124 VEC GLOB icl 9.000 (0,0,-1) TR
131 VEC GLOB 162 18.500 (0,0,-1) JOR
132 VEC GLOB Lol 9.000 {0,0,-1) TR
133 VEC  GLOB el -2.300 (0,0,1) FR
134 VEC GLOB oL -2.300 (0,0,1) R
135 VEC GLOB I -2.300 (0,0,1) MR
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ARALYSIS 0.9 THIR SHELL PAGE 7

#t Hodal Loads #*

Node Loc Load Load
1d/Label Type Glob Cage Load Vector or Dof Type
136 VIC GLOB 1 -2.,300 (0,0,1) TR
137 VIC GLOB 1 -2,300 (9,0,1) FOR
138 IC GLOB 1o -2.300 (0,0,1) R
139 VEC GLOB el -2.300 {0,0,1) TR
144 VEC CLOB Iel:  -2.300 (0,0,1) TR
145 VIC GLCB KL -2.300 (0,0,1) R
146 VIC GLOB el 2,300 (0,0,1) TR
147 VIC GLOB o1 -2.300 (0,6,1) TR
148 VEC GLOB L -2.300 (0,0,1) TR
149 VEIC GLOB K -2.300 (0,0,1) TR
150 VEC GLOB K -2.300 (0,0,1) TR
155 VEC GLOB 6l -2.300 (6,0,1) TR
156 VEC GLOB 161 -2.300 (0,0,1) TR
157 VIC GLOB el -2.300 (0,0,1) TR
158 VEC GLOB el -2.300 (0,0,1) MR
159 VEC CLOB el -2.300 (0,0,1; FR
160 VEC GLOB L -2.300 (0,0,1) TR
161 VEC GLOB 6L -2.300 (0,0,1) FOR
166 VEC GLOB 1C3 1,740 (0,-1,0) TR
167 VEC GLOB 14 -6.000 (-1,0,0) FOR
169 VEC GLOB 1e3 1,200 (0,-1,0) TR
170 VEC GLOB 163 1,200 (0,-1,0) IR
171 VEC GLOB Le3 1.200 (0,-1,0) U
172 VIC GLOB 163 1,200 (0,-1,0) FOR
VEC GLOB 1C3 6,000 (0,-1,0) T0R
179 VEC GLOB L6l -18.050 (0,0,1) R
Vi€ CLOB 163 1,740 (0,-1,0) FOR
185 VEC GLOB 103 1740 (0,-1,0) R
191 VEC GLOB 103 1.740 (0,-1,0) TR
192 VEC GLOB 163 1.740 (0,-1,0) R
193 VEC GLOB el -36.100 (9,0,1) TR
VEC GLOB 103 1,740 (0,-1,0) TR
194 VEC GLOB 163 1,740 {0,-1,0) TR
195 V20 GLOB LG3 1.740 (0,-1,0) TR
196 VEC GLOB L6l -36.100 (0,0,1) TR
Vi€ GLOB LC3 1.740 (0,-1,0) TR
197 VEC GLOB Le3 1,740 (0,-1,0) TR
198 VEC GLOD Le3 1.740 (0,-1,0) U3
199 VEC GLOB Icr - -36,100 (0,0,1) U
VEC CLOB 1€3 1740 (0,-1,0) IR
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IRN REV  8.8.3 06T 6,989  09:32

ARALYSTS 10.9 THIN SHELL PAGE 8

tit Fodsl Loads

Node Loc Load Load
1d/Label Type Clob Case Load Vector or Dof Type
200 VIC GLOB 103 1.740 (0,-1,0) 1)

202 YEC GLOB LC2 9,250 (0,0,-1) TR

208 VIC GLOB 102 9.250 (0,0,-1) TR

212 VEC GLOB KL, 2,300 (0,0,1) TR

213 VIC GLOB Ky -2.300 {0,0,1) TR
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ANALYSIS ¥0.9 THIN SEELL PAGE 9
3¢ Line Elezent Loads #t+
Blezent Load load  Abs/ Location
label/ld  Case Type  Frame Dir (Velocity) Rel (Shape Factor)
26108 DIST  GLOBAL X 0.120
78] DIST  GLOBAL Y -0.120
245 1C4 DIST  GLOBAL X 0,120
165 DIST  GLOBAL Y -0.120
246 LC4 DIST  GLOBAL X 0.120
105 DIST  CLOBAL Y -0.120
247 LC4 DIST  GLOBAL X 0.120
1G5 DIST  GLOBAL Y -0.120
248 104 DIST  GLOBAL X 0.120
165 DIST  CLOBAL Y -0.120
249 1C4 DIST  CLOBAL X 0.120
15 DIST  GLOBAL Y -0.120
250 1C4 DIST  GLOBAL X 0.120
LG5 DIST  GLOBAL Y -0.120
251 104 DIST  GLOBAL X 0.120
15 DIST  GLOBAL Y -0.120
252 105 DIST  GLOBAL Y -0.120
253 15 DIST  CLOBAL Y -0.120
254 165 DIST  GLOBAL Y -0.120
255 05 DIST  CLOBAL Y -0.120
256 165 DIST  GLOBAL Y -0.120
269 LG4 DIST  GLOBAL X 0.120
105 DIST  GLOBAL Y -0,120
270 LC4 DIST  GLOBAL X 0.120
105 DIST  CLOBAL Y -0.120
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IRH REV  8.8.3 0cT 6,1989 09:32
ARALYSIS %0.9 THIN SHELL PAGE 10
t4+ Lige [lement Loads #3*
Ilepent Load load  Abs/ Location
Label/ld  Case Type  Frame Dir (Velocity) Rel (Shape Factor)
21 104 DIST  GLOBAL X 0.120
105 DIST  GLOBAL Y -0,120
m 104 DIST  GLOBAL X 0,120
L5 DIST  CLOBAL Y 0,120
n 104 DIST  GLOBAL X 0.120
|74 DIST  GLOBAL Y -0.120
214 104 DIST  GLOBAL X 0,120
LC3 PIST  CLOBAL Y 0,120
25 L4 DIST  GLOBAL X 0.120
15 DIST GLOBAL Y -0.120
216 LG4 DIST  GLOBAL X 0.120
105 DIST  GLOBAL Y -0.120
m 105 DIST  GLOBAL Y -0,120
218 105 DIST  GLOBAL Y -0,120
VAL, 105 DIST  GLOBAL Y -0,120
280 105 DIST  GLOBAL Y -0.120
281 105 DIST  CGLOBAL Y -0,120
294 1C4 DIST  CGLOBAL X 0.120
LC5 DIST  GLOBAL Y -0.120
295 10é DIST  CLOBAL X 0.120
105 DIST  GLOBAL Y -0.120
296 LC4 DIST  GLOBAL X 0.120
105 DIST  CLOBAL Y -0,120
97 LC4 DIST  GLOBAL X 0.120
105 DIST  CLOBAL Y -0.120
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ARALYSIS ¥0.9 THIN SHELL PAGE 11
tt¢ Line Flement Loads #Ht
Ilezent Load load  Abs/ Location
Label/ld  Case Tree  Fraze Dir (Velocity) Rel (Shape Factor)
298 LC4 DIST  CLOBAL X 0.120
o5 DIST  GLOBAL Y -0.120
299 LC4 DIST  GLOBAL X 0.120
105 DIST  GLOBAL Y -0.120
300 1G4 DIST  GLOMAL X 0.120
105 DIST  GLOBAL Y -0.120
301 LC5 DIST  CLOML Y -0.120
302 LC5 DIST  GLOBAL Y -0.120
303 105 DIST  CLOBAL Y 0,120
304 05 DIST  CLOBAL Y -0.120
316 L0l CONCEN  GLOBAL 1 -2,300 48S 3,000
LC4 DIST  GLOBAL X 0.120
105 DIST  GLOBAL Y -0.120
318 L5 DIST  GLOBAL Y -0.120
402 LC1 CONCEN  GLOBAL 1Z -2,300 &3S 8,000
LC4 DIST  GLOBAL X 0.120
403 101 CONCEN  CLOBAL Z -2,300 ABS 8,009
104 DIST  GLOBAL X 0,120
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IRH Rev 8.8.3 0CT 6,1989  09:35:16
Analysis Bo, 10 Thin Shell Page |

% Support Reactions #4*

Hode Cag/Czd TX N 1/ 114 i .1
44 kKPS KPS FI.RS  FT-RPS  FT-RPS

l Il !
-3.766e-03  0.1414 51,5898  0.0000  0.0000  0.u000
wr JA76e-05  0.0632  1.7657  0.0000  0.0000  0,0000
e -0.1726 -1.464e-04  -0.0654 0,000  0.0000 0,000
zz: : 2,669e-03  -0.3515  144.2092  0.0000  0.6000  0,0000

L2M3e-06  -0.3722 76,3472 0.0000  0.0000  0.0000
8 1ol 1

3.37-03  0.1618 57,4144 ©.0000 0,000  0,0000

162 2
8.334e-06  0.0222  7.3836  6.0000  0.0000  0,0000

104 5
-0,1475 -1.083e-03  -0,5122  0.0000  0.0000  v.,0000

103 §
3.006e-03  -0,3494 144,0016  0,0000  0.0000  0.0000

165 5
5.00le-04  -0,3566 73,1910  0,0000  0.0000  0,0000

15 1011
-9.354e-07  -0,1412  S1.4570  0.0000  0.0000  0.0000

15l
6.193e-06  0.0200 13,2128 0,0000  0.0000  0.0000

1043
2.75%e-05 2.413e-05 9.%09e-03  0.0000  0.0000  0.0000

103 4
<9.7194e-07  -0.3922 -138.0613 10,0000  0.0000  0.0000

1655
-1.161e-03  -0.2009 -69.8883  0.0000  0.0000  0.0000

U 1011
§.583e-06  0.0000  0.0000  0,0000  0.0000  0.0000

102 2
-3.758e-05  0,0000  0.0000  0,0000  0.5000  0.0000

104 2
-2.100e-06  0.0000  0.0000  0,0000  0.0000  0,0000

1£3 4
6.553e-06  0.0000  0.0000  0,0000  0.0000  0.0000

165 5

7.034e-03 0,000  0.0000  0.0000  0.0000  0.0000
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IRH Rev 8.8.3 0cT 6,1989  03:35:18
Analysis No. 10 Thin Shell Page 2

% Sypport Reacticns t#t

Hode Cas/Czd 1% i YA 4 w A
4% KPS KPS FT-RPS FT-KPS FI-RPS

2 If11
-9.635-07  -0.1630 58,1963 0.0000 0.0000 0.0000

162 2
§,711e-06  -0.0215 7.5825 0.0000 0.0000 0.0000

104 3
2,155e-05 1,9522-04 0.0795 0,0000 0.0000 0.0000

I£3 4
-9,2290-07  -0,3905 -137.7014 0.0000 0,0000 0,0000

IC5 5

9,187e-04  -0.1922 -66.9686  0.0000  0.0000  0.0000
28 161 1
6.576e-06  0.0000  0.0000  0.0000  0.0000  0.0000

1022

-2,856e-05  0,0000  0.0000  0.0000  0.0000  0.0000
164 3

-1.587e-06  0.0000  0.0000  0.0000  0.0000  0.0000
163 &

6.225¢-06  0.0000  0.0000  0.0000  0.0000  0.0000
LC5 5

-5.556e-03  0,0000  0.0000  0.0000  0.,0000  0.0000
I3 K11
-5.190e-07  -11,2074 20,7408  0.0000  0.0000  0.0000

1622

-8.131e-08  -2,0223  -9.1136  0.0000  0.0000  0.0000
104 3

3.620e-05 -1.149e-03 -8.,243e-03  0.0000  0.0000  0.0000
LC3 &

-5.173e-07 15,5225 130.2¢48  6.0000  0.0000  0.0000
165 5

3.716e-05  7.8543 66,6324  0.0000  0.0000  0.0000
35 1!
5.190e-07 11,2074 20,8444  0,0000  0.0000  0.0000

1022
8.131e-08  1.9604 12,6537  0.0000  0.0000  0.0000

166 3
-3.620e-05 1,267¢-03  -0,0852  0.0600  0.,0000  0.0000

1C3 4
5.73e-07 18,6406 -136.4078  0.0000  0,0000  0.0000

165 5

-3.716e-05 10,1058 -73,1206  0.0000  0.0000  0.0060
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Analysis No. 10 Thin Shell Page 3

e Support Resctions

Yode CafCad XX n n )¢ .1 ./
K8 g 4] xS MK FI-KPS

59 !
<5.995¢-07 -13.0001  23.0209  0.0000  0.¢200  0.0000
@ 2-7.6150-00 20135  1.6720  0.0000  0.0000  0.0000
3 2.608¢-05 -9.261e-03  -0,0667  0.0000  0.0000  0.0000
22-4.4190-07 15,5204 129.8627  0.0000 - 0.0000  0.0000

<3.409¢-05  7.5448  63.8318  0.0000  0.0000  0.0000
65 w1l

5.995¢-07 13,0009  22.2235  0.0000  0.0000  0.0000

22

Lok 3
-2.608e-05 9.895¢-03  -0,6552  0.0000  0.0000  0,0000

Le3 &
§.419e-07 18,6360 -135.7733  0,0000  0.0000 0,000

05 5
J.489e-05  9.7073 -70.0318  0.0000  0.0000 0,000

8 w1
- -0.0255  0.0572 56,0116  0.0000  0.0000  0.0000

c

104 3

. 15,3971 -3.681-03 . -46,7342  0.0000  0.0000  0.0000
e

o -6.322e-03  -0,3507 143.3361  0,0000  0.0000  0.0000

5 5
. 3914003  -0,1325  27.1509  0.0000 0,000 0,000

9% L1
" z-b.mc-ﬂﬁ -0,1630 58,2946  0.0000  0,0000  0.0000
" 3-2.79&-05 0.0206 13,3637  0.0000  0,0000 0,000
0 .‘ 2,038e-05 1.953¢-03  0.6998  0.0000  0.,0000  0.0000
s 5-2.6690-06 -0.3902 -137.6105  0.0000  0,0000 0,000

<3.078e-03  -0.0714 -24.8876  0.0000  0.0000 0,000
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Analysis ¥o, 10 Thin Shell Page &

#t Support Reactions 4+

Mode CasfCad N n /4 ) § )| ./
XS 44 44 30 - T 4 O ¢+ D § &4

102 W]l
2,107-05  0.0000  0.0000  0.0000  0.0000 0,000
o212
. 1.696e-06 0,000  0.0000 0,000 0.0000  0.0000
106
-1.337e-06  0.0000  0.0000 0,000  0.0000 0,000
3 4
lo3060-05 0.0000 0.0009 0.0000 0.0000 °oowo
165 5 ‘
0.018  0.0000  0.0000 0.0000 0.0000 0,000
03 Wl
<1.909e-07 -13.0090 22,9713  0,0000  0.0000  0,0000
1022
3.339-07  -2.0411  -9.2657  0,0000  0.0000 0,000
104 3
1,848e-05  -0.0781  -0.6473 0,000  0.0000 0,000
103 &
-1.490e-07 15,5096 1297886  0.0000  0.0000 0,000
65 5

1.023-06  2.8032  23.7223  0.0000  0.0000  0,0000
109 011
7.909e-07 13,0149 19,9003  0,0000  0.0000 0,000

1e2 2
-3.339e-07 L9642 127933  0.0000  0.0000 0,000
1C4 3
-1.84Be-05  0.0797  -3.0838  0.0000  0.0000 0,000
103 4
1,490e-07 18,6511 -136.6190  0.0000  0.0000  0,0000
05 5
-1.023e-06  3.6052 26,0774  0.0000  0.0000 0,000
I8 Wil
0,037  0.1321 47,1577 0.0000  0.0000  0.0000
ez 2
-2.876e-06 0,028 7.4493 0,000 0,000 0,000
104 3
«0.1876 -3.277e-05  -0.0172  0.0000  0.0000  0.0000
103 &

1.350e-03  -0,3515 1442225  0.0000  0.0000  0,0000
105 5

4.386e-03  -0.1389  28.5896  0.0000 0,000 0,000
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S A
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Analysis Fo. 10 Thin Shell Page 5

tt4 Sypport Reactions 44

Bode Cas/Cid N n 1/ ) )| ./
 {¢] 42 ks ks MRS FT-KPS

m Wil
1.780e-05  -0.1395 52,1495  0.0000  0.0000  0.0000
2

-2.686e-05  -0.0216  7.5115  0.0000  0,0000  0.0000

1cé 3

2.695e-05 5.627e-06° 2.171¢-03  0.0000  0.0000  0.0000
K34

-4,2850-08  -0.3922 -138.0671  0.0000 . 0.0000  0.0000
55

3.494e-03  -0.0752 -26.1706  0.0000  0,0000 0,000
M Wil

-7.882¢-05  0.0000  0.0000  0,0000  0.,0000  0.0000

wr 1,629e-06  0.0000  0.0000  0.0000  0,0000  0.0000
IS‘ 3-2.1280-01; 0.0000  0.0000  0.0000  0.,0000  0,0000
i 1.070e-06  0.0000  0.0000  0.0000  0.0000  0.0000
w3 -0,0212  0.0000  0.0000  0.0000  0.0000  0.0000
10 Kl

1.090e-07 -11.2873  20.1570  0.0000  0,0000  0.0000
W Jo188e-07  -19937 L7399 0.0000  0.0000 0,000
s 3.879¢05 -2.437¢-04 -1,880e-03  0.0000  0,0000  0.0000
z: :~5.425¢-07 15,5232 130.2504  0.0000  0.0000  0.0000

-1.096e-06  2.9413 26,9505  0.0000  0.0000  0.0000
% il

-1.090e-07 11,2948 15,2025  0.0000  0,0000  0.0000

22

08000 LOM6  LI9BE 0.0000 0000 0,000
4 3
oy S S0k 00T 0000 00000 00

m 5,425-07 18,6407 -136.4043 0,000 G.0000  0.000
55

1.096e-06  3.7782 -27.3452  0.0000  0.0000  0.0000
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Analysis No. 10 Thin Shell Page 6

Ht Support Resctions ¢

Mode CasfCad X n ) 1/ ) § ) § K.
4] 44 [{¢] s IKS FISRPS

e wll
<0.0106 -3.469¢-18  3.8682  0,0000  0.0000  0.0000

w22

“6.800!-05 0.0000 -7,106e-03  0.0000  0.0000  0,0000
F

‘-25.3348 2.168¢-19 51,1078  0.0000  0.0000  0,0000
103

5.851e-G4  0.0000 07287  0.0000  0.0000  0.0000
055

'20 “69-04 '30469.'18 0.0753 0.0000 0-0000 0.0000

75




itkriaantrtirtRdhtdttndrtratsaitdibihttthtrshthththtttdhtintittotthtttnttins

EARGER
3D AMALYSTS OF AN AIRCRAFT HANGTR
HAH
IR Rev 8.8.3 0CT 6,1989  09:35:26
Analysis o, 10 Thin Shell Page 7

#t Support Reactions tht

Quantity Limit  Value TUnit Node  Ldewd/Cs

n Yax 0.0367 KPS 8 Wil
Mo 53971 KNS ) 104 3
n Yax 18,6511 KNS 9 134
Ma  -13.0090 KPS 103 W1l
n Yax 1462225 KBS 68 1034
Ma  -138.0670 KPS 1 134
x Yax 0.0000 FT-KPS 1 Kl
Mia 0.0000 FI-KPS 1 et 1
n Yax 0.0000 F-[p8 | il
Min 0.0000 FI-KPS | il
/A Yax 0.0000 FI-EPS | ot
Ma 0.0000 FI-KP8 | Wt
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