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PREFACE

This report documents the Free-Body Module of the three-dimensional

(3-D) stability analysis/design (3DSAD) program. The module was developed

and this report was written at the US Army Engineer Waterways ExperimenL

Station (WES), Vicksburg, MS, in the Information Technology Laboratory (ITL)

by Mr. Fred T. Tracy, Interdisciplinary Research Group, Computer-Aided

Engineering Division (CAED), ITL, and Ms. Mary Ann Leggett, Ph.D, Inter-

governmental Personnel Act from Belhaven College, Jackson, MS. The work was

sponsored through funds provided WES by the Engineering and Construction

Directorate, Headquarters, US Army Corps of Engineers (HQUSACE), under the

Computer-Aided Structural Engineering (CASE) Project. Specifications for

the program were provided by the members of the CASE Task Group on 3-D

Stability. The members of the task group during the initial period of devel-

opment were as follows:

Mr. Charles Kling, US Army Engineer District, Mobile (Chairman)

Mr. Robert Haavisto, Sacramento District

Mr. John Hoffmeister, Nashville District
Mr. Gerrett Johnson, Seattle District

Mr. Thomas Mudd, St. Louis District
Mr. William Holtham, New England Division

Members of the task group during the latest development were:

Mr. Kling (Chairman)
Mr. Bob Boschert. Sacramento District

Mr. Holtham

Mr. Johnson
Mr. Tom Leicht, St. Louis District

Mr. Lavane Dempsey, St. Paul District

Mr. Donald R. Dressler and Mr. Tony Liu, Structures Branch, Engineering

and Construction Directorate, were the HQUSACE )oints of contact. The work

was accomplished at WES under the supervision of Dr. N. Radhakrishnan, Chief,

ITL, Mr. Paul Senter, Assistant Chief, ITL, and Dr. Ed Middleton, Chief, CAED.

The work was coordinated by Mr. Senter, former CASE Program Manager, and

Mr. H. Wayne Jones, CASE Program Manager and Chief, Scientific and Engineering

Applications Center, CAED. The report was edited for publication by

-1.- hI r, information Products Division, ilL, WES.

Wherever references to the following operating systems are made through-

out the text of this report, it should be noted that MS-DOS is a registered



trademark of Microsoft, Inc., UNIX is a trademark of AT&T, and Intergraph

Engineering Workstation is a product of Intergraph Corporation.

Commander and Director of WES during publication of this report was

COL Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin.
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USER'S GUIDE: A THREE-DIMENTIONAL STABILITY

ANALYSIS/DESIGN PROGRAM (3DSAD)

FREE-BODY MODULE

PART I: OVERVIEW OF THE THREE-DIMENSIONAL

STABILITY PROGRAM

Objective

1. The objective of the Computer-Aided Structural Engineering (CASE)

Task Group on Three-Dimensional (3-D) Stability Analysis is to develop com-

puter programs to aid design engineers in performing stability computations

for general 3-D structures (Tracy 1980; Tracy and Kling 1982; Tracy, Kling,

and Holtham 1983; Tracy 1986; Tracy 1987a; Tracy 1987b; and Tracy and

Leggett in preparation). To enable this, a computer program called 3DSAD

(3-D stability analysis/design) has been developed in a modular fashion.

Currently, 3DSAD has four "general" modules:

a. General Geometry Module.

(i) Defines geometry based on two-dimensional (2-D) cross
sections extended into the third dimension, eight-node

brick elements, or clusters of planar polygons or bicubic

patches.

(2) Performs centroid, volume, and weight computations on

described geometry.

(3) Employs interactive graphics extensively.

b. General Loads Module.

(1) Computes forces and moments for the defined loads on a

general 3-D structure.

(2) Uses all the capabilities of the General Geometry Module
to define and display loads as "pressure volumes."

(3) Defines loads as point loads.

(4) Begins with a description of soil and water levels and
applies "simplified loads commands" (PC and Intergraph
Engineering Workstations only) to define the loads.

(5) Allows the definitions of different load cases.

c. General Analysis Module. This module performs overturning,
bearing, and sliding computations for any planar or near

planar base.

d. Free-Body Module. This module "clips" the structure and loads
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by an arbitrary plane to produce a "free body" so that compu-

tations can be performed on the new part.

The engineer performing an analysis of any 3-u structure can interact directly

with these modules.

2. In addition to the general capabilities that are useful for any 3-D

structure, 3DSAD also provides for simplified geometry and load input along

with criteria check modules for certain structure types. This latter capabil-

ity will permit interactive design of these structures. Examples of specific

structure types for which modules have been or are being developed are dams,

gravity locks, U-frame locks, and intake structure towers.

3. A specific structure input module requires less data than that for

a general structure. Modules of this type interact with the General Geometry

Module and the General Loads Module to define the geometry and loads inter-

nally in the program. After analysis, a specific structure criteria check

module verifies pertinent values, changes the dimensions (if necessary), and

cycles through th... computations. A schematic of this part of the 3DSAD pro-

gram is shown in Figure 1.

SPECIFIC STRUCTURE
INPUT MODULES

GEO FuTRY LGn ADS AN
MODULE MODULE A SMODUL

BODY
MODULE

ITERATION

SPECIFIC STRUCTURE
CRITERIA CHECK MODULES

SPECIFIC STRUCTURE
OUTPUT MODULES

Figure 1. General schematic of 3DSAD



4. The 3DSAD program has been developed in phases. Durin the first

phase, the first three general modules were developed. This approach enabled

the stability analysis of any 3-D structure although the input for these gen-

eral types is more complicated than that for specific structures. In the

subsequent phases, the special input and criteria check modules were developed

for specific structures. New general modules, such as the Free-Body Module,

and enhancements to existing modules bve been completed.

The Free-Body Module

5. The practicing engineer not only needs to perform an analysis at

the base of the structure but also at other elevations and cross sections.

Therefore, the ability to "clip" the structure with a single plane or multiple

planes is needed to produce a free body containing a new definition of geometry

and loads. The Free-Body Module is a utility written to facilitate this

process. Output consists of (a) a file containing the clipped geometry and

loads data for use with the General Geometry or General Loads Modules and (b)

a base file uspd with the forces and moments computed from the first data file

to perform an analysis with the General Analysis Module. The General Analysis

Module is used to produce a base pressure computation which is an approximation

of the internal stresses in the structure at the clipping plane. (Note: a

more accurate computation of these stresses can be obtained from a finite

element method (FEM) solution to the problem.)

6



PART I: RUNNING THE PROGRAM

Getting Started

6. The user first initiates 3DSAD on his system (details in System

Information insert). After initialization, a set of questions are asked and

will now be discussed.

STRUCTURE TYPE OR GENERAL MODULE?

7. If the user types a "?", the following message will appear:

A THREE-DIM-NSIONAL STABILITY ANALYSIS/DESIGN PROGRAM

(3DSAD)

A PRODUCT OF

Computer-Aided Design (CAD) OF STRUCTURAL STABILITY

() ) C) 0 ) ) )

ENTER ?, HELD, OR WHAT TO GET VALID RESPONSES.

ENTER STOP, END, QUIT, OR DONE TO TERMINATE PROGRAM.

STRUCTURE TYPE OR GENERAL MODULE*?

The user then issues

FREE

for the Free-Body Module.

Question-and-Answer Sequence

8. Before running the Free-Body Module, the user must save his general

geometry and general loads in one or more files. The first question the Free-

Body Module asks is

INPUT DATA FILE NAME?

Here the user gives the name of the first of the total number of files to be

clipped. The next question is

NUMBER OF CLIPS?
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At least o,.2 clip must be performed. After this question, any of the same

clip commands available in the General Geometry and General Loads Modules are

given in response to the question

CLIP COMMAND?

The format of the clip command follows in paragraph 11.

9. So that more than one data file can be clipped, the next question is

NEXT DATA FILE NAME (OR TYPE NONE)?

If the user has no more data files, he should issue NONE at this point. For

loads computations, the forces and moments will be computed about a global

origin unless another point is specified. The following question allows the

user to choose this point.

POINT WHERE FORCES AND MOMENTS ARE TO BE COMPUTED (X, Y, Z)?

The default coordinates are (0, 0, 0).

10. New geometry and loads data resulting from the various clips can be

put into a data file for further use. Therefore, the next question to be ans-

wered is

FILE NAME FOR CLIPPED GEOMETRY AND LOADS DATA?

If a carraige return or enter is typed, the data file is not saved With a

near horizontal clip, it is also appropriate to save a new base for an analysis

using the General Analysis Moaule. The last question is thert

FILE NAME FOR NEW BASE DATA?

As before, if a carriage return or enter is typed, the file is not saved. If

file names are assigned, these two files are saved when the Free-Body Module is

exited.

"CLIp" Command

ii. The "CLIp" command allows the user to cut or clip the geometry ani

loads by an arbitrary plane to produce a new set of data for performing a

frue-body analysis. This clipped geometry and loads data are placed into a

data file specified by the user. Blocks, bricks, or faces not touched by the

clipping plane will be placed untouched in this file. The parts left over from
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a clip are converted to faces where the curved parts are modeled by bicubic

patches. The possible options of this command are:

"CLIp" "X" XVAL NAME
"CLIp" "+X" XVAL NAME
"CLIp" "-X" XVAL NAME
"CLIp" "Y" YVAL NAME
"CLIp" "+Y" YVAL NAME
"CLIp" "-Y" YVAL NAME
"CLIp" "Z" ZVAL NAME
"CLIp" "+Z" ZVAL NAME
"CLIp" "-Z" ZVAL NAME
"CLIp" LABI LAB2 LAB3 NAME

(Note: Data in quotes are what the user must type, where lower case represents

optional characters, and variable names are given in capital letters.)

12. The user can clip parallel to the major axes as shown in the fol-

lowing tabulation.

Clipping Plane

Clip command Direction Parallel to Location

"CLIp" "X" XVAL Vertical y-z Plane x = XVAL
"CLIp" "Y" YVAL Vertical x-z Plane y = YVAL
"CLIp" "Z" ZVAL Horizontal x-y Plane z = XVAL

Positive "X", "Y", or "Z" indicates that everything in the positive direction

past the specified plane should be kept and the remaining pieces are thrown

away; whereas "-X", "-Y", or "-Z" indicates keeping in the negative direction.

13. Clipping can also be accomplished by using three previously defined

points in space to define a clipping plane. LAB1, LAB2, and LAB3 are the

labels of these three previously defined points in space. If a right-hand

screw is advanced in the direction of the specified points, then the screw

points in the direction of the data which is retained.

14. NAME results in a specific piece of geometry or loads being clipped,

and the unclipped piecL.', ire also placed into the clipped data file. If NAME

is not specified, the entire geometry and loads are clipped.

15. The intersection of the clipping plane and geometry data can be

saved into a new base data file for use with the General Analysis Module. This

file consists of (x, y, z) data points and connectivity data used to define

this new base.

9



Example Problems

16. Two examp1ps illustrating the Free-Body Module are given in the

following paragraphs.

Horizontal clip

17. Consider first the simple example of the nonoverflow monolith shown

in Figures 2 and 3 and accompanying data files FREEG and FREEL given in Tables

I and 2, respectively. The problem consists of headwater at 186.5 ft (56.8 m)

and tailwater at 122.9 ft (37.46 m). Figure 2 shows a front view of the

geometry and pressure volume loads used to model the problem, and Figure 3

shows an isometric view. Table 1 contains the geometric data, and Table 2

the loads data. A clip at z = 150 ft (45.7 m) will be accomplished with

forces and moments to be computed at the point (3, 0, 150). The computer run

to complete this is as follows:

* CORPS PROGRAM # X8100 *
* VERSION # 88/05/16 *
**** ** ** **** *** ** *** * ***** *** *

3DSAD - CASE

STRUCTURE TYPE OR GENERAL MODULE?
FREE

ENTERING FREE-BODY MODULE.

INPUT DATA FILE NAME?
FREEG

NUMBER OF CLIPS?
1
CLIP COMMAND?

CLIP Z 150

ENTERING CLIPPING MODULE.

CLIPPING NONi

EXITING CLIPPING MODULE.

NEXT DATA FILE NAME (OR TYPE NONE)?
FREEL

NUMBER OF CLIPS?
2

CLIP COMMAND?
CLIP Z 150

ENTERING CLIPPING MODULE.

10



NON I

UHI8 21

Figure 2. Front view

Table 1

Nonoverflow Monolith Geometry

Data File FREEG

20000 POINTS 12
20010 1 0. 0. 95.500

20020 2 0. 0. 109.000

20030 3 3.000 0. 109.000

20070 4 3.000 0. 193.500
20080 5 13.000 0. 193.500
20110 6 13.000 0. 178.500
20120 7 72.280 0. 100.500
20140 8 72.280 0. 95.500
20150 9 5.000 0. 180.000
20160 10 5.000 0. 187.000
20170 11 9.000 0. 187.000
20180 12 9.000 0. 180.000
20190 BLOCK NON1 0.15000 10.000 1
20200 1.000 1.000
20210 8 1 2 3 4 5 6 7 8
20220 1.000 1.000
20230 4 12 11 10 9

iii
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CLIPPING V210

CLIPPING V250

CLIPPING WH10

CLIPPING WH50

EXITING CLIPPING MODULE.

CLIP COMMAND?
CLIP X 3 V210

ENTERING CLIPPING MODULE.

CLIPPING V210
CLIPPING WH10

EXITING CLIPPING MODULE.

NEXT DATA FILE NAME (OR TYPE NONE)?
NONE

POINT WHERE FORCES AND MOMENTS ARE TO BE COMPUTED (X, Y, Z)?

3 0 150

FILE NAME FOR CLIPPED GEOMETRY AND LOADS DATA?

FREEC

FILE NAME FOR NEW BASE DATA?
FREEB

EXITING FREE-BODY MODULE.

18. Two clips are needed on the loads file, FREEL, because the heel

supporting the vertical load on the upstream side was removed by the first

clip, leaving a piece of vertical water load that was discarded by the second

clip. The clipped data file FREEC is given in Table 3. FREEC can be read into

the General Loads Module, plotted, and the forces and moments computed. The

plots given in Figures 4 and 5 and the forces and moments given in Table 4 are

generated by the following command sequence:

STRUCTURE TYPE OR GENERAL MODULE?

LOADS

ENTERING GENERAL LOADS MODULE.

RESTART FILE NAME OR CARRIAGE RETURN?
<CR>

OUTPUT FILE NAME OR CARRIAGE RETURN?
<CR>



Table 3

Output Data File FREEC

20000 POINTS 18
20000 1 3.00 .00 150.00
20000 2 3.00 .00 193.50
20000 3 3.00 10.00 193.50
20000 4 3.00 10.00 150.00
20000 5 13.00 .00 193.50
20000 6 13.00 10.00 193.50
20000 7 13.00 .00 178.50
20000 8 13.00 10.00 178.50
20000 9 34.66 .00 150.00
20000 10 34.66 10.00 150.00
20000 11 5.00 .00 180.00
20000 12 9.00 .00 180.00
20000 13 9.00 10.00 180.00
20000 14 5.00 10.00 180.00
20000 15 9.00 .00 187.00
20000 16 9.00 10.00 187.00
20000 17 5.00 .00 187.00
20000 18 5.00 10.00 187.00
20000 FACE NON1 .1500 13
20000 4 1 2 3 4
20000 4 2 5 6 3
20000 4 5 7 8 6
20000 4 7 9 10 8
20000 5 9 7 5 2 1
20000 5 4 3 6 8 10
20000 4 11 12 13 14
20000 4 12 15 16 13
20000 4 15 17 18 16
20000 4 17 11 14 18
20000 4 17 15 12 11
20000 4 13 16 18 14
20000 4 4 10 9 1
20000 POINTS 6
20000 19 -10.00 .00 186.50
20000 20 -10.00 10.00 186.50
20000 21 -17.30 10.00 150.00
20000 22 -17.30 .00 150.00
20000 23 -10.00 .00 150.00
20000 24 -10.00 10.00 150.00
20000 COLOR CYAN WH10
20000 FACE +X WH10 .3125 5
20000 4 19 20 21 22
20000 4 23 24 20 19
20000 3 19 22 23
20000 3 20 24 21
20000 4 24 23 22 21
20000 TRAN
20000 -3.000000 0.OOOOOOE+00 -150.000000

14



COMMAND?

INPUT FREEC
COMMAND?
LABEL LOADS
COMMAND?
PLOT
COMMAND?
ISOMETRIC
COMMAND?
PLOT
COMMAND?
FORCE ALL

M1ONi\ UH 1

Figure 4. Front view Figure 5. Isometric view

Table 4

Force and Moment Results

NAME FX FY FZ
MX MY MZ

NON1 .00 .00 -1073.48
-5367.41 11067.06 .00

WH10 416.33 .00 .00
.00 5065.35 -2081.64

TOTAL 416.33 .00 -1073.48
-5367.41 16132.41 -2081.64
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Table 5

Modified Base File FREEB

20000 POINTS 4
20000 1 3.00 .00 150.00
20000 9 34.66 .00 150.00
20000 10 34.66 10.00 150.00
20000 4 3.00 10.00 150.00
20000 BASE
20000 4 1 9 10 4
20000 UPLIFT 4
20000 1 2.28
20000 9 0
20000 10 0
20000 4 2.28
20000 PHI 38
20000 SHRSTR 72
20000 CASE FREE 2
20000 416.33 .00 -1073.48 -5367.41 81802.03 -2081.64

-- - Rectangle - base
- ,. Diamond - kern

- - Circled + - centroid
+ - resultant

Figure 6. Kern plot

Table 6

Summary of Input Data

LOAD CASE FREE CATEGORY - 2

INPUT FORCES AND MOMENTS EXCLUDING UPLIFT

FX - 416.330 FY - .000 FZ - -1073.480
MX = -5367.4 MY - 81802.0 MZ = -2081.6

INPUT COORDINATES AND UPLIFT VALUES

NAME X y Z UPLIFT

1 3.000 .000 150.000 2.280
2 34.660 .000 150.000 .000
3 34.660 10.000 150.000 .000
4 3.000 10.000 150.000 2.280

PHI 38.00 SHRSTR - 72.00 SANGLE - DEFAULT

DENSITY - .0625

16



Table 7

General Analysis Module Output

LOAD CASE FREE CATEGORY = 2

FINAL BASE AREA PROPERTIES

AREA = 316.600 IXP = 2638.3 IYP = 26445.5
XBAR = 18.830 YBAR = 5.000 ZBAR = 150.000

XYANG = .000 ZNANG = .000 PXANG = .000

SUMMARY OF FINAL FORCES AND MOMENTS

--INPUT--

FX = 416.330 FY = .000 FZ = -1073.480
MX = -5367.4 MY = 81802.0 MZ = -2081.6

--COMPUTED UPLIFT--

FX = .000 FY = .000 FZ = 360.924
MX = 1804.6 MY = -4891.7 MZ = .0

--TOTAL--

FX = 416.330 FY = .000 FZ - -712.556
MX = -3562.8 MY = 76910.3 MZ = -2081.6

FINAL IN PLANE COORDINATES AND BASE PRESSURES

NAME X Y Z PRESSURE

1 3.000 .000 150.000 1.626
2 34.660 .000 150.000 2.875
3 34.660 10:000 150.000 2.875
4 3.000 10.000 150.000 1.626

FINAL SHEAR FRICTION FACTOR OF SAFETY

PHI = 38.00 SHRSTR = 72.00 SANGLE = .00

FACTOR OF SAFETY = 56.09

EFFECTIVE BASE - 100.0%

17



Table 8

Geometry and Loads Data File FREEGL

20000 POINTS 16
20010 1 0. 0. 268.000
20020 2 1.500 0. 283.000
20030 3 20.700 0. 283.000
20050 4 20.700 0. 288.940
20060 5 24.230 0. 291.000
20070 6 40.020 0. 282.560
20080 7 54.230 0. 275.000
20890 8 54.230 0. 268.000
20100 9 26.000 0. 275.000
20110 10 26.000 0. 279.000
20120 11 28.000 0. 279.000
20130 12 28.000 0. 275.000
20140 13 34.000 0. 280.000
20150 14 34.000 0. 284.000
20160 15 36.000 0. 284.000
20170 16 36.000 0. 280.000
20180 QUAD 4 5 22.465 0. 290.485
20190 QUAD 5 6 32.125 0. 288.658
20200 CIRC 7 6 28.000 LEFT
20210 CIRC 11 10 1.000 RIGH
20220 BLOCK OVE1 0.15000 32.000 2
20230 1.000 1.000
20240 8 1 2 3 4 5 6 7 8
20250 1.000 1.000
20260 4 12 11 10 9
20270 1.000 1.000
20280 4 16 15 14 13
20290 POINTS 14
20300 17 20.700 13.000 288.940
20310 18 24.230 13.000 291.000
20320 19 40.020 13.000 282.560
20330 20 47.025 13.000 277.500
20340 21 45.010 13.000 297.500
20350 22 40.590 13.000 297.500
20360 23 40.590 13.000 315.670
20370 24 19.920 13.000 315.670
20380 25 19.920 13.000 311.220
20390 26 4.500 13.000 311.220
20400 27 4.500 13.000 291.000
20410 28 1.500 13.000 291.000
20420 29 1.500 13.000 283.000
20430 30 20.700 13.000 283.000
20440 CIRC 20 19 28.000
20450 QUAD 18 19 32.125 13.000 288.658
20460 QUAD 18 17 22.465 13.000 290.485
20470 BLOCK PIE1 0.15000 6.000
20480 1.000 1.000
20490 14 30 29 28 27 26 25 24 23 22 21 20
20500 19 18 17
20510 POINTS 3
20520 31 24.230 0. 291.000
20540 32 26.369 0. 300.000
20550 33 24.230 0. 291.000
20560 CIRC 32 31 20.000 RIGH
20570 CIRC 32 33 20.000 RIGH
20580 BLOCK GAT1 0.06250 13.000

(Continued)
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Table 8 (Concluded)

20590 1.000 1.000
20600 3 33 32 31
20610 POINTS 3
20620 34 24.230 19. 291.000
20630 35 26.369 19. 300.000
20640 36 24.230 19. 291.000
20650 CIRC 35 34 20.000 RIGH
20660 CIRC 35 36 20.000 RIGH
20670 BLOCK GAT2 0.06250 13.000
20680 1.000 1.000
20690 3 34 35 36
20700 color red gati
20710 color red gat2
20720 color green piel
20730 POINTS 7
20740 37 .000 .000 268.000
20750 38 1.500 .000 283.000
20760 39 20.700 .000 283.000
20770 40 20.700 .000 288.940
20780 41 24.230 .000 291.000
20790 42 24.634 .000 295.000
20800 43 .000 .000 295.000
20810 QUAD 40 41 22.465 .000 290.485
20820 CIRC 42 41 20.000 RIGH
20830 BLOCK -Z V210 .06250 13.000
20840 1.000 1.000
20850 7 43 42 41 40 39 38 37
20860 POINTS 7
20870 44 .000 19.000 268.000
20880 45 1.500 19.000 283.000
20890 46 20.700 19.000 283.000
20900 47 20.700 19.000 288.940
20910 48 24.230 19.000 291.000
20920 49 24.634 19.000 295.000
20930 50 .000 19.000 295.000
20940 QUAD 47 48 22.465 19.000 290.485
20950 CIRC 49 48 20.000 RIGH
20960 BLOCK -Z V212 .06250 13.000
20970 1.000 1.000
20980 7 50 49 48 47 46 45 44
20990 POINTS 6
21000 51 .000 13.000 268.000
21010 52 1.500 13.000 283.000
21020 53 1.500 13.000 291.000
21030 54 4.500 13.000 291.000
21040 55 4.500 13.000 295.000
21050 56 .000 13.000 295.000
21060 BLOCK -Z V211 .06250 6.000
21070 1.000 1.000
21080 6 56 55 54 53 52 51
21090 POINTS 3
21100 57 -10.000 .000 295.000
21110 58 -10.000 .000 268.000
21120 59 -15.400 .000 268.000
21130 BLOCK +X WH10 .31250 32.000
21140 1.000 1.000
21150 3 57 58 59
21160 color cyan v210
21170 color cyan v211
21180 color cyan v212
21190 color mage whlo
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19. If forces and moments are computed about the global origin (0, 0, 0),

the results are as in the following tabulation.

NAME FX FY FZ
MX MY MZ

TOTAL 416.33 .00 -1073.48
-5367.41 81802.03 -2081.64

These forces and moments can be used along with base data from file FREEB,

uplift data, shear strength, and friction angle to perform a General Analysis

Module computation. Table 5 shows the modified base file FREEB containing the

necessary data. The computer run to produce the output is as follows:

* CORPS PROGRAM # X8100 *
* VERSION # 89/03/01 *
* **** **** ** * *** ***** * ***** *****

STRUCTURE TYPE OR GENERAL MODULE?

ANAL

ENTERING GENERAL ANALYSIS MODULE.

RESTART FILE NAME OR CR?
<CR>

COMMAND?
INPUT FREEB

DO YOU WISH TO SEE A SUMMARY OF THE ANALYSIS INPUT DATA?
Y

DO YOU WISH TO SEE THE FINAL KERN PLOT?
Y

Figure 6 shows the kern plot, Table 6 contains the summary of input data, and

Table 7 shows the resulting computations. Since the resultant is inside the

kern, the computed pressures are all positive.

Vertical clip

'0. The user may desire to perform an analysis on a 1-ft (0.3048 m)

cross section of his geometry and loads. Data used to accomplish this task

can be generated by using the vertical clip option of the Free-Body Module.

To illustrate, consider the data file (called FREEGL) in Table 8 containing

a nonoverflow cross section, two gates, a pier, a horizontal water pressure

volume, and a vertical water pressure volume. A front and isometric view of

this data are shown in Figures 7 and 8. Suppose we wish to compute the forces

and moments on a 1-ft (0.3048 m) strip in the very center of the structure

(y = 16 ft (4.9 m)). The following execution of the Free-Body Module consisting
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Figure 7. Front view

Figure 8. Isometric view

of clips at 15.5 ft (4.7 m) and 16.5 ft (5.0 m) will accomplish this task:

*CORPS PROGRAM # X8100
* VERSION # 88/05/16

STRUCTURE TYPE OR GENERAL MODULE ?

ME

ENTERING FREE-BODY MODULE.

INPUT DATA FILE NAME?
FREEGL

NUMBER OF CLIPS?
2
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CLIP COMMAND?
CLIP Y 15.5

ENTERING CLIPPING MODULE.

CLIPPING OVEI

CLIPPING PIE1

CLIPPING GATI

CLIPPING GAT2

CLIPPING V210

CLIPPING V212

CLIPPING V211

CLIPPING WH10

EXITING CLIPPING MODULE.

CLIP COMMAND?
CLIP -Y 16.5

ENTERING CLIPPING MODULE.

CLIPPING OVEI

CLIPPING PIE1

CLIPPING GAT2

CLIPPING V212

CLIPPING V211

CLIPPING WH10

EXITING CLIPPING MODULE.

NEXT DATA FILE NAME (OR TYPE NONE) ?
NONE

POINT WHERE FORCES AND MOMENTS ARE TO BE COMPUTED (X, Y, Z)?
0 16 0

FILE NAME FOR CLIPPED GEOMETRY AND LOADS DATA?
FREEC

FILE NAME FCR NEW BASE DATA?
<CR>

EXITING FREE-BODY MODULE.
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ih' uu irllt iie riom t is run is given in Tabl v 9. As solwn in Lhe'

lii i o ii l clip exaimleIn, th is tile can he reid Into the (;( neral inads Module,

1,1 it t,,d , .id t lrln ltnd iment-s ctilllptLt d . Frount :nd isomet-ric views are given

il Fic lllt,:i ') ilid I , id th tortes and momunts about the point (0, 16, 0) are

,imvt. in LW in 1(.

'leble 9

C lip la.t a -i 1 e IFRIEiEK,

20000 POINTS 76
20000 1 24.23 16.50 291.00
20000 2 23.05 16.50 290.77
20000 3 21.88 16.50 290.0k
20000 4 20.70 16.50 288.94
20000 5 24.23 16.17 291.00
20000 6 23.05 16.17 290.77
20000 7 21.88 16.17 290.08
20000 8 20.70 16.17 288.94
20000 9 24.23 15.83 291.00
20000 10 23.05 15.83 290.77
20000 11 21.88 15.83 290.08
20000 12 20.70 15.83 288.94
20000 13 24.23 15.50 291.00
20000 14 23.05 15.50 290.77
20000 15 21.88 15.50 290.08
20000 16 20.70 15.50 288.94
20000 17 40.02 16.50 282.56
20000 18 34.76 16.50 287.04
20000 19 29.49 16.50 289.86
20000 20 40.02 16.17 282.56
20000 21 34.76 16.17 287.04
20000 22 29.49 16.17 289.86
20000 23 40.02 15.83 282.56
20000 24 34.76 15.83 287.04
20000 25 29.49 15.83 289.86
20000 26 40.02 15.50 282.56
20000 27 34.76 15.50 287.04
20000 28 29.49 15.50 289.86
20000 29 54.23 16.50 275.00
20000 30 49.03 16.50 276.58
20000 31 44.23 16.50 279.13
20000 32 54.23 16.17 275.00
20000 33 49.03 16.17 276.58
20000 34 44.23 16.17 279.13
20000 35 54.23 15.83 275.00
20000 36 49.03 15.83 276.58
20000 37 44.23 15.83 279.13
20000 38 54.23 15.50 275.00
20000 39 49.03 15.50 276.58
20000 40 44.23 15.50 279.13
20000 41 26.00 16.50 279.00
20000 42 26.50 16.50 279.87
20000 43 27.50 16.50 279.87
20000 44 28.00 16.50 279.00
20000 45 26.00 16.17 279.00
20000 46 26.50 16.17 279.87

(Cont inued)
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Table 9 (Continued)

20000 47 27.50 16.17 279.87
20000 48 28.00 16.17 279.00
20000 49 26.00 15.83 279.00
20000 50 26.50 15.83 279.87
20000 51 27.50 15.83 279.87
20000 52 28.00 15.83 279.00
20000 53 26.00 15.50 279.00
20000 54 26.50 15.50 279.87
20000 55 27.50 15.50 279.87
20000 56 28.00 15.50 279.00
20000 57 .00 15.50 268.00
20000 58 .00 16.50 268.00
20000 59 54.23 16.50 268.00
20000 60 54.23 15.50 268.00
20000 61 1.50 15.50 283.00
20000 62 1.50 16.50 283.00
20000 63 20.70 15.50 283.00
20000 64 20.70 16.50 283.00
20000 65 28.00 15.50 275.00
20000 66 28.00 16.50 275.00
20000 67 26.00 16.50 275.00
20000 68 26.00 15.50 275.00
20000 69 36.00 15.50 280.00
20000 70 36.00 16.50 280.00
20000 71 34.00 16.50 280.00
20000 72 34.00 15.50 280.00
20000 73 36.00 15.50 284.00
20000 74 36.00 16.50 284.00
20000 75 34.00 15.50 284.00
20000 76 34.00 16.50 284.00
20000 FACE OVEI .1500 22
20000 C 1 2 3 4 5 6 7 8 9 10
20000 11 12 13 14 15 16
20000 C 17 18 19 1 20 21 22 5 23 24
20000 25 9 26 27 28 13
20000 C 29 30 31 17 32 33 34 20 35 36
20000 37 23 38 39 40 26
20000 C 41 42 43 44 45 46 47 48 49 50
20000 51 52 53 54 55 56
20000 4 57 58 59 60
20000 4 61 62 58 57
20000 4 63 64 62 61
20000 4 16 4 64 63
20000 4 60 59 29 38
20000 4 65 66 67 68
20000 4 56 44 66 65
20000 4 68 67 41 53
20000 4 69 70 71 72
20000 4 73 74 70 69
20000 4 75 76 74 73
20000 4 72 71 76 75
20000 8 38 26 13 16 63 61 57
20000 60
20000 4 53 56 65 68
20000 4 75 73 69 72
20000 8 1 17 29 59 58 62 64
20000 4
20000 4 41 67 66 44
20000 4 70 74 76 71
20000 POINTS 60

(Continued)
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Table 9 (Continued)

20000 77 40.02 16.50 282.56
20000 78 42.18 16.50 280.63
20000 79 44.52 16.50 278.94
20000 80 47.03 16.50 277.50
20000 81 40.02 16.17 282.56
20000 82 42.18 16.17 280.63
20000 83 44.52 16.17 278.94
20000 84 47.03 16.17 277.50
20000 85 40.02 15.84 282.56
20000 86 42.18 15.84 280.63
20000 87 44.52 15.84 278.94
20000 88 47.03 15.84 277.50
20000 89 40.02 15.50 282.56
20000 90 42.18 15.50 280.63
20000 91 44.52 15.50 278.94
20000 92 47.03 15.50 277.50
20000 93 24.23 16.50 291.00
20000 94 29.49 16.50 289.86
20000 95 34.76 16.50 287.04
20000 96 24.23 16.17 291.00
20000 97 29.49 16.17 289.86
20000 98 34.76 16.17 287.04
20000 99 24.23 15.84 291.00
20000 100 29.49 15.84 289.86
20000 101 34.76 15.84 287.04
2OO00 102 24.23 15.50 291.00
20000 103 29.49 15.50 289.86
20000 104 34.76 15.50 287.04
20000 105 20.70 16.50 288.94
20000 106 21.88 16.50 290.08
20000 107 23.05 16.50 290.77
20000 108 20.70 16.17 288.94
20000 109 21.88 16.17 290.08
20000 110 23.05 16.17 290.77
20000 111 20.70 15.84 288.94
20000 112 21.88 15.84 290.08
20000 113 23.05 15.84 290.77
20000 114 20.70 15.50 288.94
20000 115 21.88 15.50 290.08
20000 116 23.05 15.50 290.77
20000 117 20.70 15.50 283.00
20000 118 20.70 16.50 283.00
20000 119 1.50 15.50 283.00
20000 120 1.50 16.50 283.00
20000 121 1.50 15.50 291.00
20000 122 1.50 16.50 291.00
20000 123 4.50 15.50 291.00
20000 124 4.50 16.50 291.00
20000 125 4.50 15.50 311.22
20000 126 4.50 16.50 311.22
20000 127 19.92 15.50 311.22
20000 128 19.92 16.50 311.22
20000 129 19.92 15.50 315.67
20000 130 19.92 16.50 315.67
20000 131 40.59 15.50 315.67
20000 132 40.59 16.50 315.67
20000 133 40.59 15.50 297.50
20000 134 40.59 16.50 297.50
20000 135 45.01 15.50 297.50
20000 136 45.01 16.50 297.50
20000 COLOR GREE PIE1

(Continued)
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Table 9 (Concluded)

20000 FACE PIE1 .1500 16
20000 C 77 78 79 80 81 82 83 84 85 86
20000 87 88 89 90 91 92
20000 C 93 94 95 77 96 97 98 81 99 100
20000 101 85 102 103 104 89
20000 C 105 106 107 93 108 109 110 96 111 112
20000 113 99 114 115 116 102
20000 4 117 118 105 114
20000 4 119 120 118 117
20000 4 121 122 120 119
20000 4 123 124 122 121
20000 4 125 126 124 123
20000 4 127 128 126 125
20000 4 129 130 128 127
20000 4 131 132 130 129
20000 4 133 134 132 1j!
20000 4 135 136 134 133
20000 4 92 80 136 135
20000 14 102 89 92 135 133 131 129
20000 127 125 123 121 119 117 114
20000 14 77 93 105 118 120 122 124
20000 126 128 130 132 134 136 80
20000 POINTS 12
20000 257 .00 15.50 295.00
20000 258 .00 16.50 295.00
20000 259 .00 16.50 268.00
20000 260 .00 15.50 268.00
20000 261 4.50 15.50 2"5.00
20000 262 4.50 16.50 295.00
20000 263 4.50 15.50 2sl.00
20000 264 4.50 16.50 291.00
20000 265 1.50 15.50 291.00
20000 266 1.50 16.50 291.00
20000 267 1.50 15.50 283.00
20000 268 1.50 16.50 283.00
20000 COLOR CYAN V211
20000 FACE -Z V211 .0625 8
20000 4 257 258 259 260
20000 4 261 262 258 257
20000 4 263 264 262 261
20000 4 265 266 264 263
20000 4 267 268 266 265
2000Q 4 260 259 268 267
20006 6 Z67 265 263 261 257 260
20000 6 258 262 264 266 268 259
20000 POINTS 6
20000 269 -10.00 15.50 295.00
20000 270 -10.00 16.50 295.00
20000 271 -15.40 16.50 268.00
20000 272 -15.40 15.50 268.00
20000 273 -10.00 15.50 268.00
20000 274 -10.00 16.50 268.00
20000 COLOR MAGE WH1O
20000 FACE +X WH10 .3125 5
20000 4 269 270 271 272
20000 4 273 274 270 269
20000 4 272 271 274 273
20000 3 273 269 272
20000 3 270 274 271
20000 TRAN
20000 .000 -16.000 .000

(Sheet 4 of 4)
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Aj

Figure 9. Front view Figure 10. Isometric view

Table 10

Force and Moment Results

NAME FX FYFZ
Mx MY MZ

OVE1 .00 .00 -122.58
.00 3138.20 .00

PIE1 .00 .00 -168.77
.00 4053.59 .00

V211 .00 .00 -2.58
.00 3.45 .00

WH10 22.78 .00 .00
.00 6310.41 .00

TOTAL 22.78 .00 -293.93
.00 13505.64 .00
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SPECIFIC SYSTEM INFORMATION

Introduction

This insert givez specific information for running the Three-Dimensional
Stability Analysis/Design (3DSAD) Program on different computer systems.

Description of Program

3DSAD, called X8100 in the Conversationally Oriented Real-Time Program-

Generating System (CORPS) Library, is a program for a three-dimensional
stability analysis/design of hydraulic structures. The Free-Body Module doc-
umented in the enclosed report provides general clipping capability for per-

forming a free-body analysis of a structure and accompanying loads.

Coding and Data Format

3DSAD is written in FORTRAN and is operational on the following systems:
a. US Army Engineer Waterways Experiment Station (WES), Vicksburg,

MS, and Division office Honeywell DPS/8.

b. Cybernet Computer Service's CDC Cyber 175.

c. District office Harris 500.

d. DEC VAX systems.

e. Apollo engineering workstation.

f. Intergraph engineering workstation.

g. PC.

Data must be prepared in a data file with line numbers or given interactively

'without line numbers. Interactive output comes directly back to the terminal
or computer monitor, and auxiliary plots are available on a drum plotter or
printer, depending on the system. The graphics terminal used with Honeywell,

CDC, Harris, and VAX must be a Tektronix 4014 or equivalent.

How to Use 3DSAD

Directions for accessing the program for each of the seven computers is

given. It is assumed that the user can sign on or initialize the appropriate
s' stem before executing 3DSAD. In the instructions, information given by the
computer is in all capitals, and user responses are in boldface type. When
actually running the program, each user response is also followed by pressing

the "Carriage Return" or "Enter" key.
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Honeywell System

After signing on to the system, the user issues the command

FORT

to bring the user to the proper level to execute the program. Next, the user
issues the run command

RUN WESLIB/CORPS/XS100,R

to initiate execution of the program. The program is then run as indicated
in this user's guide. A data file is typically prepared prior to issuing the

ru , command. An example initiation of execution is as follows:

USER ID -- ROMONEY
PASSWORD - SECRET
* FORT
*RUN WESLIB/CORPS/XS100, R

Cybernet System

The log-on procedure is followed by a call to the CORPS procedure file

to access the CORPS Library as follows:

OLD, CORPS/UN=CECELB

The command

BEGIN,,CORPS,X8100

is then given to initiate execution of 3DSAD. An example is:

FAMILY: KOE
USER NAME: CEMONEY
PASSWORD -
SECRET
RECOVER/CHARGE: CHARGE, CEROEGC, CEMONEY
/OLD, CORPS/UN=CECELB
/BEGIN,,CORPS,X8100

Harris 500 System

The log-on is followed by a call to the program executable file with

the user typing the asterick and file description as follows:

*CORPS,X8100
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to initiate execution of the program. An example is:

ENTER SIGN-ON
1234ABC,STRUCT
*CORPS,X8100

DEC VAX System

The log-on procedure is followed by executing the program. If 3DSAD is
installed under the subdirectory CORPS with the executable file name X8100,

type

RUN [CORPSJX8100

to initiate execution of the program. For example,

USERNAME:VOMONEY
PASSWORD:SECRET
$ RUN [CORPS]X8100

Apollo and Intergraph Engineering Workstation

Assuming that 3DSAD is installed under the subdirectory CORPS with the
executable file name X8100, then type

/CORPS/X8100

to initiate the program.

PC

3DSAD runs on a PC with the following characteristics:

a. DOS operating system (required).

b. 640K of memory (required).

c. CGA, EGA, or VGA graphics card and monitor (required).

d. Hard disk (required).

e. Math coprocessor (recommended).

Because of its size, 3DSAD is broken into separate versions that are
installed as separate executable files. They are:

a. X8100 - Contains CDAMS, basic General Geometry Module, basic
General Loads Module, and General Analysis Module.

b. X8100E - Contains enhanced General Geometry and Loads Modules,
including full hidden line and continuous tone shaded
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plot capability and simplified loads commands.

c. X81OOF - Contains Free-Body Module and basic General Geometry and

Loads Modules with increased dimensions.

d. X81OOL - Contains CLOCKS, basic General Geometry Module, basic

General Loads Module, and General Analysis Module.

To initiate execution of 3DSAD, go to the subdirectory where the desired

executable is stored and type the executable name. For example, to run the
Free-Body Module, type

X8100F

How to Use CORPS

The CORPS system contains many other useful programs that may be cata-

logued from CORPS by use of the LIST command. The command sequence for this

on the Honeywell is:

RUN WESLIB/CORPS/X8100 ,R
ENTER COMMAND (HELP, LIST, BRIEF, MESSAGE, EXECUTE, OR STOP)
*?LIST

On the Cybernet system the commands are:

OLD, CORPS/UN=CECELB
BEGIN,,CORPS
ENTER COMMAND (HELP, LIST, BRIEF, MESSAGE, EXECUTE, OR STOP)
*?LIST

On the Harris system the commands are:

*CORPS
ARE YOU USING A PRINTER TERMINAL OR CRT?
ENTER P OR C
P
CORPS SYSTEM COMMANDS:
BRIEF - LIST EXPLANATION OF A PROGRAM.
EXECUTE - RUN A CORPS PROGRAM.
LIST - LIST THE AVAILABLE CORPS PROGRAMS.
STOP - EXIT FROM CORPS SYSTEM MACRO.
HELP - HELP AND EXPLANATION OF CORPS SYSTEM
AND THE RUNNING OF THE MACRO.

NOTE: COMMANDS MAY BE ABBREVIATED TO THE FIRST
LETTER OF THE COMMAND.

ENTER COMMAND (BRIEF, EXECUTE, LIST, HELP, STOP):
LIST

This capability is not yet implemented on the VAX, Apollo, Intergraph,

or PC.
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