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PREFACE

In December 1974, the Automatic Data Processing (ADP) Center ,

U. S. Army Engineer Waterways Experiment Station (WES), subm itted a

proposal to conduct a Corps—wide Conference on Computer—Aided Design in

Structural Engineering (CADSE) to the Office , Chief of Eng ineers (OCE) .

OCE approved the proposal and efforts were started in February  1975 to

conduct this Conference. The Conference was conducted in New Orleans ,

Lou isiana , 22—26 September 1975 and was attended by 175 engineers from

4S Corps f i e ld  o f f i c e s , OCE , Const ruct ion  Engineering Research Labora-

tory (CERL), and WES.

This volume contains papers from Specialty Session H, Learning
and Demonstrations : Interactive Graphics , SEARCH and CORPS Systems .

Mr. Robert L. Hall , Civil Engineer , Computer Analysis Branch , W ESKA,
was session chairman and presented a paper . Other papers were presented

by Mr. Bruce Dam s and Mr. Dale Bryant (Mrs. Janet H. Spoonamore was a

co—author), Research Architects , Architecture Branch , CERL—FHA, USA
Construction Engineering Research Laboratory ; and Mr. H. Wayne Jones ,

Civil Eng ineer , Computer Analysis Branch , WESKA .

The Conference was successful due to the efforts of a multitude of

peop le. The roles they played were different but they were all directed

toward making a concep t on “instant dissemination” work. The Organ izing

Committee for the Conference consisted of:

COL C. H. h ilt , WES
Mr. F. R. Brown , WES

Mr. D. L. Neumann , WES
Mr. J. B. Cheek, Jr., WES
Dr. N. Radhakrishnan, WES——Conference Coordinator

Mr. W . A. Price, WES

Mr. C. S. Hyde , WES

Mr. D. R. Dressler , LMVD

Mr. W. B. Dodd , L~~DE
Ms. E. Smith, U~’IDE

Mr. L. H. Manson, LMNDE
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An OCE Coordinating Committee also worked enthusiastically to

ensure the success of the Conference. This Committee consisted of:

Mr. C. I”. Corns

Mr. R. L. Delyea

Mr. R. F. Maim , OCE Coordinator

Mr. L. C. Guthrie

Mr. D. B. Baldwin

Mr. R. A. McMurrer

The New Orleans Distric t did a remarkable job in play ing host

to the Conference .

There were 13 division speakers , 25 moderators , two invited

speakers , four technical speakers, and ten session chairmen , who

shared the technical load of the Conference . Also , eight compu ter

vendors showed their ware to the participants.

The ed itor would like to thank all the individuals who served on
the c ommittees and the speaker s and the modera tors for sharing their
time and thoughts. Without them the Conference would not have been the

success it was. Mr. Donald Dressler , LMVD , and Mr. William Price , WES ,

are especially thanked for their technical guidance and assistance .

This report was edited by Dr. N. Radhakrishnan , Research Civil

Engineer , Computer Analysis Branch (CAB) and Special Technical Assistant ,
ADP Center , under the direct supervision of Mr. J. B. Cheek, Jr.,
Chief , CAB , ADP Center , and the general supervision of Mr. D. L.

Neumann, Chi ef , ADP Center.

The Direc tor of WES dur ing the Confere nce and the prepara t ion
of this report was COL G. H. Hilt , CE. Mr. F. R. Brown was Techni-

cal Director.
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CONVERSATIONALLY ORIENTED REAL-TIME

PROGRAM—GENERATING_SYSTEM
(CORPS)

by

H. Wayne Jones*

Introduc tion

The purpose of CORPS is to provide computational support for engi-

neer ing  p lanner s, designer s, and managers who require a responsive com-
puter resource , but do not choose to be computer programmers. The user

and the computer will conversationally interact to obtain the desired

results.

The system was originally co—developed by Mr. Bob Renner , Office ,

Chief of Engineers (OCE) , and Mr. Bob Brown, Waterways Experiment Sta-

tion (WES), for programs in the field of hydraulics. OCE has given the

Computer Analysis Branch (CAB) of WES the responsibility of locating out-

stand ing engineering—computer programs in other engineering disc iplines

and incorporating them into CORPS. CAB is now in the process of locating

these programs which are or can be of Corps—wide use. The authors of

selec ted programs are asked to adapt them to CORPS with necessary funds
being provided .

OCE has also given CAB the task of modifying the CORPS executive

system to model the Federal Agencies Computer Time—Sharing System

(FACTS). FACTS is available to the Corps on the Government Service Ad-

ministration (GSA) Atlanta Data Processing Center G—400 time—sharing

compu ter. This modified CORPS was available in late September 1975.

Both the “old” and “new” CORPS will be maintained for a “transi tion”

time period until users become familiar w i t h  the new version . Except for

the log—on procedure and the execution (RUN) command the FACTS and the

new CORPS will be identical.

During FY 76 another task of CAB is to establish the guidelines

* Civil Engineer , Computer Analysis Branch , ADPC, WES.
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(standards) for the programs to be incorporated into CORPS. These guide-

lines . tr e  in c l u d e d  in A ppendix  A.

The run sequence fo r  u s in g  CORPS is given in A p p e n d i x  B . Also

included are a l is t of the soils and structures programs available , sev-

eral br ie f s, and examp les of the use of each command .

Appendix C shows the use of one FACTS pro gram , X0003 , on an examp le

problem . The run sequence to  construct the program , the brief , the inter-

act lye i n p u t , and the  output are given .

Appendix D contains a list of the programs presently in the CORPS

at WES.

Appendix E presents a list of the programs which are presently

being added to the CORPS Library.

Appendix F contains excerpts from an article written by Robert L.

Renner that outlines an early conception of CORPS.

6
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Appendix A: Guidelines for CORPS Programs
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Th~ CORPS ph i losophy is t o  make the computer responsive to  the

user. The user should not be at the mercy of thc computer , but should

be in complete control at all times. The command language should allow

the user to dictate the direction the program will take , If the response

to any request is not apparent , the user should be able to issue a HELP

command and ht given enough information to make the correct response.

For any computer program library, such as CORPS , to function effec-

tivel y, a set ~f minimum standards must be established for the programs

contained in the library. These standards must be such that the library

can distribute enough information to a user to allow satisfactory use of

the program und..~r normal conditions. These standards should make it ap-

parent when duplicate programs exist. When similar programs are avail-

able , the advantage of each should be properly identified . Based on

these ideas , the following guidelines for CORPS were defined .

Program Features

Programs should be able to run from a previously prepared data file

or in a completel y conversational mode with cues for the required input

and add itional help available , if needed .

Programs  should have real—tine data editing capabilities. This

will include an option for disp lay of part or all of the input data

during execution of the program , but before the program uses the data.

COrrection of any part of the data will be possible at this t ime.

The units for input and output variables should be shown . If

programs are based on a consistent set of units , the program should re-

quest the information needed to label output values.

The program should be capable of giving output on—line to the

terminal or store it in a file to be listed later by the user.

The user should have the option of terminating the printing of

voluminous information and control being returned to the previous level.

The procedure for doing this is not available in standard C—bOO FORTRAN .

The CAB Is presently Investigating methods of doing this.

8
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Hard Copy Documentation

A document should be supp li cd which will give the user a complete

understanding of the program . This document will be kept on hand at the

computer site. It wi h i be mailed to the user on request. This should

be the most comprehensive do’-ument available on the program . The docu-

ment should strive to meet the OCE category A standards. The following

information should be included , as a minimum .

a. General introduc tica and an abstract
Computer used
Basic procedures used in program
Limita t ions

b. Theory
Enough background to acquaint user with method used

c. Program listing

d. Flow chart — conceptual

e. Input guide
Definition of variable
Sample input sequence

f. Examples should demonstrate versatilit y of program and verif y
results when possible hand calculations should be given.
The following sections are desired :

(1) Physical problem definition
Description and figures
Shou ld be preferably a Corps—typ e problem

(2) Inpu t parameters
(3) Output listing
(4) Output interpretations

On-Line Documentation

A 50 character or less title of program to be included in the list

of programs available through CORPS.

Through CORPS a BRIEF should be obtainable for all available pro-

grams. This BRIEF should inc lude:

a. Short hut informa t ive descri ption of the program

b. The limitations of the program

~~~. A descri ption of the input values required

9
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d. A description of the output which is produced
A sample BRIEF that (‘an be used as a guide is given on the following

page .

10
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Sample Brief for CORPS Program

I. T)VSCRIPTIOM
xøc’o~ W ILL kNA L~ ZE ~~‘A’ S OF V kRI~~BL~’ CRO~ S SEC~TION SUBJECTED TO
k R P R I T A ~~ L O k D I N ’ ~. THE BEAM IS DIVIDE!) INTO SrGMFNTS ~O~ NFcTED
AT N O D A L  P O I N T S . TR~’ R E L A T I O N S B I P  BETWEEN APPLFP LOADS k’J D
MOMENTS W I T H  ~ I S P L A C ~~M FN T S A N D  R O T A T I O N S  IS D E T E R M I N E D  USI ’l~
MOM ’NT~ ABEA PRINCIPLES .

II. L iM ITA TION S
X7003 W I L L  HANDLE A BFATM THAT HAS B~’E’~ ~ IV ~~DEI) IN TO AS MAN ! AS
51 SEGMENTS. DATA ~‘OR EACH BEAM IS TERED EITHER F R OM A DATA
E I L~ OR IN RESPONS~ TO CTJEIM’~ ~~T RU~J TIME .

III. DATA

~
‘kCH BEAM IS D T V I ~~ED I N T O  SFGM ~’MT S . TH~ N O D A L  P O I N T S  OF T HE
SEGMENTS AR~ NUMBERED FRO M LEFT TO RI~~HT OF TH’~ S I R U C T U R E
WITH THE FIRST NODAL POINT BEING NUMBER 1. BEAM SE~ MVNTS
ARE ALSO NUM BERED IN LIKE M A N N ~~R WITH ‘IRE TIRST SEGMENT BE1’1’~
‘4UM B VR 1. INPUT DATA FOR EACH STRUCTURE CONSISTS OF THE
FO lLOWING :

A.JOB IDE’4TIFIC kTIO”l (3 LINES MAX 6~ CHAR/LINE)

~.f4TTMRER OF ~t’A M S~ GMENTS.
C.DATA FOR EACH NODAL POINT.

1.NODAL POINT NUMBER .
2.RESTRAINT TYPE.

TYPE X—DISP. !—DISP.
1 FR9~ TREE
7 VRE~ S P E C I F I E D
3 SPECIFIED TREE
4 SPECIFIED SPECII’IED
‘IXX R~’PEAT TY °F N FL~’M~ NT XX TIMES

3.X—COORTIINkTE OF POINT (INCHES ’
~.4 . D I S P T , A C E M F N T  OR L O A D ( I N C H E S  OR PO UN D S ) .

5.RO’IkTION OR MOMENT (RA DIAMS OR INCH—POUNDS ).
D.BEAM S~”1MENT DATA.

1.RVA M S”~ ’FNT NTTM~ ER.
2.MOMENT (ii’ INTERIA END I (INCaES**,~).

~~ MOM~~J I’ OF INT ERIA T NT) J (INC ~~’S**4).
4.!OUNG ’S MOPTILUS ( P O I I N D S / I N . **2 ) .
5.NUMP~’R 0! TIMES ~EAM SEG M E .T IS REPEATED.

EXA MPL~ P4°tJT FOR A ~!AM 24 INCHES tON ”., FIXED AT T~ v END~ AND
S U B J E C T E D  Tt) 

~ i~~e~ ?O’!MD LOAD AT THE ~ENT~ R. 1=12 INCHES~~ 4 c
YOT NG ’S MOP’JLUS=’~~ ,Z00,070 POUNDS/IN.**2. THE’ BEAM IS DIViDED
I N T O  2 SEGMENTS .

27 THIS IS ~ T E ST S~ T ~)F DATA
2~ TRT JOB I ’~E’ITI~~ICATION CAN CONTA IN
37 ANT CHARACTER .
43 2
~7 1 ,4,3,0,?
6~ 2,1,12 ,12’20,~
70 3,4 ,24, 2 ,0
QQ’ 1,300 ,307 ,300e0000 ,?

11
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Appendix B

Thi s is a run sequence i l l u st ra ting the pr oced ure for  using CORPS

on the WES G—635 t ime—sharing computer. Each of the commands (HELP,

ME5 sA( ;E , 1.1ST , DIRECTORY , DELETE , BRIEF , CONSTRUCT , and STOP) are

Illus trated .

12



*** WES—TSS NOTIFIED

HIS SERIE6 ~3? ON ~~ /17/?5 AT 11.5B3 CHANNEL 7~ 60

user Id —R2~~A~~ l4Opass w or d ——
nan,, ”” ’

SYST!M ?1ORTRAN
OLD OR NEW—MEW
READ!
•RUN RO~ &0Tl49/CORP,R
INTER COMMAND (H!LP ,LI ST ,BRIEF ,CONSTRUC T,DIRECTORY ,DE LE T E ,MESSAG! OR STOP

9 HELP
TYPE OF EXPLANATION ?

ENT ER : TO GET :
SHORT SUORT EXPL . OF SYSTEM
DETAIL DETAILED !XPL. OF SYSTEM
DSYS TXPL. OF DIRECTORY SYSTEM
NAME 0! COMMAND EXPL. OF COMMAND
END RETURN TO COMMAND LEVEL
9’?? 7 DETAIL

THE CORPS SYSTEM IS DESIGNED TO ALLOW YOU TO USE THE ENGINEERING
AND SCIENTIFIC PROGRAMS OF THE !NGIN!E~tIP4G LIBRARY WITHOUT ANY
ENOWLEDGE OF PROGRAMMING. THE SYSTEM COMMUNICATES WITH YOU IN ENGLISH
AND PRE~ ARES THE PROGRAM TO RUN. FOR EACH PROGRAM YOU WANT TO RUN ,
THE SYSTEM CREATES A SMALL COMMANDS PROGRAM TO HANDLE THE DETAILS OP
CALLING UP YOUR ~ROGRAM AND SUPPLYING IT WITH DATA. TEE NAME OF
THE SMALL , SYSTEM GENERATED , COMMANDS PROGRAM IS STORED FOR YOU IN A
DIRECTORY TILE UN IQUE TO YOU. IN ORDER TO USE TOUR ENGINERING
PROGRAM YOU SIMPLY RUN THE COMMANDS PROGRAM AND IT TALES CARE OF ALL
DETAILS , ASflNG YOU QUESTIONS IN ENGLISH ON THE TERMINAL IF IT NEEDS
INFORMATION OR INSTRUCTIONS. TO RUN THE COMMANDS PROGRAM , TYP E R U N
COMMANDS PROGRAM NAME AS: RUN HWJO1 • THIS CAN BE DONE ANYTIME
THE CORPS RUNS.

13
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YOUR DIRECTORY IS A FILE CREATED DURING YOUR FIRST CORPS RUN
WHICH HOLDS THE NAMES OF COMMANDS PROGRAMS YOU HAV T CREATED , TH E N A MES
THE ENGIN ’ERING PROGRAMS THEY RUN , THEIR RUN OPTIONS , AND THE DATES
ON WHICH THEY WERE CREATED BY CORPS . A COMMANDS PROGRAM CREATED WITH
CORPS IS AUTO TMAT ICALLY PLACED IN YOUR DIRECTORY FILE . THUS , W H EN
YOU USE CORPS , YOU MUST GIVE IT THE CORRECT FILE NAME 4HEN ASKED.
CORPS WILL ALSO ALLOW YOU TO LIST YOUR DIREC TORY AND REMOVE
PROGRA MS L’ROM IT.

IN ORDER TO AID YOU IN SELECTING PROGRAMS AND DIRECTING CORPS ,
THE FOLLOW ING COMMANDS ARE PROVIDED. THEY ARE ENTERED UPON
REQUEST 0’ THE PROGRAM , S I G N I F I E D  BY A ***? CUE.

1. HELP
TH IS C O M M A N D  SHIFTS TO A SURSTST ’M WHICH PIUNTS EXPLANATION
OF VARI OUS PARTS OF THE CORPS SYSTEM . TO GET A SHORT
DESCRIPTION OF THE SYSTEM , TYPE SHORT , FOR A DETAILED EXPLANATION ,
TYPE DETA’?T . TO GET AN EXPLANATION OF A COMMAND , TYPE ViE N&MF OF
THE CO MMAND. FOR AN EXPLANATION OF THE DIRECTORY SYSTEM TYPE fl5ys•
TO RETURN TO THE MAIN SYSTEM , TYP? END.

2. LIST
THIS CO MMAND PROVIDES A LIST OF THE ENGINEERING PROGRAMS
CURRENTLY AVAILABLE THROUGH CORPS. THIS LIST , WHICH IS CONSTANTLY
EXPANDING , IS DIVIDED INTO SUB—AREAS , WHICH ARE IDENTIFIED BY A
SINGLE ALPHAB E T LETTER , OR A LETTER AND A NUMBER . YOU CAN GET A
LIST O~ THE SUB—AREA CODES BY TYPING AN * WHEN TH” PROGRAM ASKS FOR
AN AREA CODE.

3. BRIEF
THIS COMMAND WILL PROVIDE A SHORT DESCRIPTION OF THE
CAPABILITIES AND DATA REQUIREMENTS OF A PL~OGRAM IN THE CORPS
SYSTEM . SOME PROGRAMS ARE “RUN ONLY AND HAVE THE EXPLANATION
BU ILT IN WHEN THEY RUN . THESE MAY NOT ALLOW DESCRIPTION VIA BRIEF .

4. CONSTR UCT
THIS COMMAND WILL TA KE ENGIN’ERING PROGRAMS AND CREATE
COMMANDS PROGRAMS TO HANDLE TB! DETAILS 07 RUNNING THEM . THE COMMANDS
PROGRAM NAMES WILL THEN BE PLACED IN YOUR DIRECTORY FILE.

14
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5. DELETE
THIS COMMAND SHI’TS TO A SUBSYSTEM WHICH ALLOWS YOU TO LIST ALL THE
COMMANDS PROGRAMS AND THE ENGINEERING PROGRAMS THEY RUN WHICH ARE IN
YOUR DIRECTORY. YOU CAN THEN DELETE EITHER THE ENTIRE DIRECTORY OR
SELECTED PROGRAMS WITHIN IT. IF YOU DELETE THE ENTIRT DIRECTORY ,
THY DIREC TOR’ NAME WILL BE WIO!D OUT AND YOU WILL NEED A ‘4EV ONE AT
YOUR NEXT CORPS R’JN . I! YOU HAVE MORE THAN ONE DIRECTORY , YOU CAN
SWITCH B~TWE!M THEM .

~~ . DIRECTORY
THIS COMMAND ALLOWS YOU TO LIST ALL THE PROGRAMS IN YOUR
DIRECTORY AS FOLLOWS:

COMMANDS DROGRAM NAME ENG. PROGRAM NAME DATE CREATED
7. MESSA E

THIS COMMAN D ALLOWS IOU TO LEAVE A MESSAGE CONCERNING SYSTEM
OPERATION S OR PROGRA M DETAILS. IT ALSO GITES YOU A CURRENT LIST 0! THE
NAMES OF ~~RSONN EL TO CONTACT FOR ASSISTAN CE .

TO END LISTS OR EXIT SUBSYSTEMS ENTER END AT INPUT REQUE~ T,
UNLESS OTHERWISE INSTRUCTED DURING RUN TIME. IF YOUR TERMINAL
PERMITS UPPER AND LOWER CASE , ALWAYS ENTER ALPHA LETTERS IN UPPER
CASE.
?~~ ? END

? MESFAGE
YOU MAY LEAVE A MV cSAGE CONCERNING SYSTEM PROBLEMS OR PROGRAMM ING
COMMENTS ~! TYPING TEE WORD ‘CONTIN U E ’ IN RESPONSE ¶0 THE NEXT ‘? C’IE .
THIS MESSAGE ~VtLL B! ANSWERED WITHIN THE NEX T FEW DAYS. FOR IMMEDIATE
ASSI STANCE , 7y pE THE WORD ‘END ’ IN RESPONSE TO THE NEXT 9 CUE AND THE
WORD ‘BYE ’ IN RESPONSE TO THE NEXT ‘~EADY CUE. THEN CALL MR .WA !MF JONES
AT FT5 ~OI 636—3111 EXT—3?58? C O N T I N U E
ENTER YOUR NAM E AND PHONE NUMBER ON ONE LIME
? WAYN E JONES ETS 601 6.3~—3111 EXT—375HENTER YOUR MESSAGE A LINE AT A TIME IN RESPONSE TO A 9 CUE.
TERIMNAT ! YOUR MESSAGE WITH THE WORD ‘END ’ AT THE BEGIMNIN~ OF THE LAST
LIN’.
9 I WOULD LIKE TO SEE MOR E STRUCTURES PROGRAMS IN CORPS
9 END

15
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•** 9 LIST
OIIENTER AREA COD!. ENTER AN * FOR LIST 07 CODES. 7 *
Al—COASTAL
Cl—CONCRETE
DO—DREDGING
WI—EARTH WORE
El—ELECTR ICAL
JO—ECONOMICS
U0 !ODESORY c SURVEYING
GO—GEOLOG Y
P0—GEOPHYSICS
ff 0— HYDROLOGIC
P0—HYDROELECTRIC
TO—HYDROLOG Y
HO—HYDRAULICS
Hi— SPTLLVAYS
ff2— CONDUITS
ff3— OUTLET WORES
ff5— LOCKS
ff 6— OPEN CHANNELS
H?— SPECIAL PROBL’MS
MO—MATHEMATICS
L0—f1!CHAN ICAL
NO—NUCLEAR
00—OCEANOGRAPHY
ZO—OTHER S
RI—RESERVOIR REGULATION
Ta—SAN ITARY
10—SOILS
10—STRUCTURAL

NUMBER OF PROGRAMS IN EACH AR EA
AREA NUMBER
HO 2
Ri q
ff2
ff3
ff5 I
R6 23
H? 7
ff8 1
10 7
10 4
19 1
19 1
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WOULD YOU LIKE ANOTHER LISTING? IF NOT , PLEASE TYPE END
~~ # 7 10
10001 —IIA MI——PLA NE BEAM ANALYSIS BY DIRECT STIFFNESS
10002 —TRUSS——PLANE TRUSS ANALYSIS BY DIREC T STIFFNESS
10003 —T~ AME—— PLANE FRA ME ANALYSIS BY DIREC T STIFEN ESS
10004 —GRID——— GRID ANALYSIS BY DIRECT STIFFNESS
10005 —STRUSS—SPAC ! TRUSS ANALYSTS BY DIRECT STIFFNESS
10006 —G !RAME——A ’4ALYSIS OF PLANAR RIGID FRAMES
10007 —PTRUSS——PLANE TRUSS ANALYSI S BY STIFFNESS MATRIX
WOUL D YOU L I K E  ~NOTFER LISTING? IF NOT , PLEAS! TYPE END
#0* ? 10
10001 —C0M62——LATERALLY LOADED PILE ANALYSIS
10002 ~BENTl~~~GROUP PILE ANALYSIS
10003 — PX4C3——AKIAL LY LOADED PILE ANALYSIS
10004 —MA KE——GENERATE P—Y CURVES
WOULD YOU LIKE ANOTHER LISTING? IF NOT , PLEASE TYPE END
#00 7 END

*** ? DIRECTORY
ENTER YOUR DIRECTOR’ FILE NAME.

I H W 3 I O O
C URRENT DIRECTORY ff WJ 1’~Ø
PROGRAM NAMES FILE NAME DATE

RWJO2 10001 ~9/16/?5
HW30 4 10004 09/16/75
? D’L’T!

CURRENT DIRECTORY RWJ100
WOULD YOU LIX! TO
LOOT — LI~ T THE PROGRAMS IN YOUR DIRECTORY
ERAS! — DELETE SOME PROGRAM
ANOTHER — GO TO ANOTHER DIRECTORY
END — GO TO MAIN PROGRAM

LOOK , ERA SE , ANOTHER , OR END
7 LOOK

PROGRAM NAMES FILE NAME DATE
RWJO2 10001 09/16/75
HWJO4 10004

LOOK , ERASE , ANOTHER , OR END
9 ERASE

DELETE ALL? (! O~ N )

ENTER PROGRAM NAMES TO BE DELETED . TYPE END TO
TERMINATE ENTRY.

9 RWJO 4
9 END

LOOK , ERASE , ANOT H ER , OR END
9 LOOT

PROGRAM NAME S FILE NAME DATE
HWJO 7 10001 09/16/75

LOOK , ERASE , ANOTHER , OR END
? END

17



**•~ 7 BR I’!
$$~ EN TER PROGRA M. TYPE ‘END ’ AS LAST NAME . 7 10001
THIS PROGRAM ANALYZES BEAMS BY DIRECT STIFFNESS METHOD.
EQUATIONS DERIVED FROM ~!AM S T I F F N E S S  M A T R I C E S  AR !
MODIFIED FOR KNOWN POUNDRY CONDITIONS 6. SOLVED FOR UNKNOWN
DISPL&CFM’NTS & ROTATIONS——THUS , SHEARS 6. MOMENTS ARE
DETERMINED . INPUT REQUIREMENTS AR! BEAM SEGMENTS , NODAL
POINT NO. , CO”! FOR RESTRAINT TYPE, I COORDINATE ,
DISPLACEMENT OR LOAD , ROTATION OR MOMENT , ELEMENT NO.
NODAL POINT NO. ASSIGNET) TO END I , NODAL POINT NO.
ASSIGNED TO OPPOSITE END , MOMENT OF INERIIA , TOUNGS MODULUS.
OUTPUT PRODUCES A LIST OF DISPLACEMENTS 6. ROTATIONS
FOR EACH NODAL POINT AND THE SHEARS 6. MOMENTS AT THE
ENDS OF EACH BEAM ELEMENT.
FINISH
$$$ 7 10006
THIS PROGRAM SOLVES ~OR JOINT TRANSLATION S 6. ROTATIONS
AND MEMBER END MOMENT ? , SHE A R S , & AXIAL LOADS FOR PLANAR
RIGID ERAMES HAVING A MAXIMUM OF 60 MEMBERS 6. 4B JOINTS .
EACH MEMBER MAY BE LOADED WITH UP TO 4 POINT WADS
AND A LIN EARLY VARYING DISTRIBUTION LOAD . ALL LOADS
MAY BE SKEWED . THE PROGRAM UTILIZES THE STIFFNESS
MATRIX METHOD FOR SOLUTION FOR JOINT DISPLAC EMENTS .
THE STIFFNESS MATRIX !OR THE STRUCTURE IS CREATED 5,
USED FOR ANALYSIS OF DIFFERENT LOADING CONDITIONS.
INPUT CONSISTS O~ THE GEOMETRY 6. ELASTIC PROPERTIES07 TB! S T R T TC T U RE & THE LOADING OF THE STRUCTURE. OUTPUT
CONSISTS OF JOINT DISPLACEMENTS & ROTATION S & MEMBER
END SHEARS , MOMENTS , 6. AXIAL LOADS .
F I N I S H
$$$ 7 10004
PROGRAM GENERATES SOIL PRESSURE VS. PILE MOVEMEN T RELATION-
SHIPS FOR CLAYS & SANDS BASED ON NONLINEAR TRIAX IAL
TEST DATA. INPUT CONSISTS ESSENTIALLY 0’ SOIL TYPE
ANT ITS GEOMETRY . DATA MUST B! IN FREE—FIELD FORMAT
AND ENTERED A ND SAVED IN A DATA FILE PRIOR TO RUNNING.
TRY DATA MUST RAVE LINE MOS . A FILE FOR PROGRAM OUTPUT
MUST PP CREATED 6. SAVED PRIOR TO RUNNING PROGRAM . OUTPUT
CON5IST! O~ A SERIE S OF CURVES , VARYING ~ IT R DEPTH ,
OF SOIL RESISTANCE VS. ~EFLECTION (P—K CURVES) FOR
EACH MATERIAL.
F I N I S H

~~$ 9 END

18



•*~ 7 CON STR UCT

TIRECTOPY FILE NAM E ? IF TCU DC NOT HAVE ONE , TYPE A CARRIAGE RETURN
7 FW J 100

F~ TER PRCGRAM NAM E ON 7 CUE . TYPE ‘END ’
AS LAST NAME TO TI~ MINAT E ENTRY .
I 10001

7 ~0Q’0?

? ENr

YOUR DIR!CTCBY (09/16/75)

PROGRAM NAME FILE NAME DAT! CREATED
RWJPO 10001 09/16/?~
HWJO1 10002 09/16/?~

+. THE ABOVE SAV ED PROGRAMS ARE ADDED TO YOUR DIREC TCRY FILE HWJ1 00.

•** ? STOP

FOR ASSISTA N CE AT ANY TIM !, RECALL CORPS AND ASK FOR MESSAGE

* fl
used $ 3.01, used to date $ 5524.98~ 46%

**t j ie shertnr off at 11.898 on 09/17/75

19
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Append ix C: Example Program Construction and Usage on Facts
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G SA 44~ TIM~’— SRARIN G SYSTEM I ON AT — 0°:’4 PN :11 TTY :54

~c~/17/75. PRIVACY ACT AND THE RAMUS SYST~’M PLEASE LIST P~EORM***

USER j f l— — ~ 1G~
PAR S WORD
•ISIP?
TYPE OlD OR NF 4 : D~ EAC T~ ***

REAP!
R UN N H

‘NTT~ C O M M A N P ( R ~~LP , L I ~ T , R R I E F , C O N ? T R U C T ,U 1 R E c T O R T .D E L E T r ,~ ,T~~S k G F  OR
*** 7 CON?TR~~CT

DIRECTORY ETLE NAME? IV YOU DON ’T H A V~ ONE ,TYPE A CARRIAG E RETURN .
I

ENTER PRO GRAM ~JAM ! OW I CUE . TYPE 
‘END ’

AS LAST N A M E  TO T E R M I N A T E  E N T R Y .
7 X2~ 03

I END

ENTER NEW DIRECTOR’ PREFIX (~ CRAR ~~. EX. YOUR INITIALS

I HWJ

YOUR ‘~I R E C T O R ’ ( W E D  09/17/75 )

PROGRAM SAM ! FILE NA ME RUN OPTION
X~ 0~~ R U N N H

+~ TRE ABOVE SAV E P PROGRAMS ARE ADDED TO YOUR DIRECTORY EILF HWJ100.
$$$ 7
*** I B R I E F

~$$ENT!R PROGRAM NAME . TYPE ‘END’ AS LAST NAME . 7 X0003

22



I. DESCRIPTION
X~ 003 W ILL A NA LT Z~ B E A MS O~ VARIABLE CR OSS SECT TOW S U P 1F ~ TFr TO
A R B R I T A R Y  I n A D I N G .  THE ~EA’~ i~ DIVIDED INTO SEGM~ NTS CONNECTED
AT N O D A L  POINTS. T~.E RELATIONSHIP P ET WE EN APPLIED LOADS AND
M O M E N T ~ W I T H  1~I ? P L A C ~’MEN TS AND ROTATION S IS DETERMINED USING
M OM ! N T— A R S ’ A PRINC IPL~ S.

II. LIM ITATIO NS
X~~ 0~ 41LL HANDl E A BEAM “~AT HAS BEEN DIVIDED INTO AS MANY AS

~1 SEGMENT?. DATA FOR EACH BEAM I? ~NTVR!D EITHER ERO M A DATA
FILE OR IN RESPONSE TO CUV ING AT RUN TIME.

III. DATA
~A C~ BEA M IS DIVIDED INTO S~ GMENTS . THE NODAL POINTS OF THE
SVGME NT~ ARE NUMBERED FROM LV F T TO RIGHr OF THE STRUCTURE
WITH THE FIRST NODAL POINT BEI NG NUMBER 1. BEAM SEGMENTS
ARE A lSO NTIMHER!T) IN LIKE MANNER WITH THE FIRST S~’GMENT BEING
NUMBER 1. INPUT DATA FOR EACH STRUCTURE CONSISTS OF THE
F O L L O W I N G :

A .JO~ IDFNTIV ICA TION (~ LINES MAX 6’A C HAR/L INE)
B . N U M ~ ER OF ~PAM SEGMENTS.
C. DATA FOR EACH NODAL POINT.

I .NODAL POINT NUMBER .
2.RESTRATNT TYPE.

TYPE K— DISH . !—DTSP.
1 FRET FREE

FREE SPECIFIED
‘ SPECIFIED FREE
4 SPECIFIED SPECIFIED
NXX REPEAT TYP~ N ELEMENT XX TIMES

~.X—COOR DINATE OF POINT (INCkIFS) .
4.PISPLACEMEN T OR LOAD( INCHES OR POUN DS).

~.ROTATION OR MOMENT(RA DIANS OR INCH—POUND? ).
D.~~EAM SEGMENT DATA.

I.~~~AM C E G M E N T  NUMBER .
~.~~OM~ NT 0! INTERIA END I (INCHES**4).
3.MOMTNT OF INTER IA END 3 (INcHES**4).
4.~ O’DJG ’S MOT~ULUS (POUNDS/IN.**2).
5.NUMBFR 0’ TIMES BEAM SEGMENT IS R~’PEAT~ D.

EXAMPLE INPUT FOR A BEAM ‘4 INCHES LONG , FIXED A T THY F~ PS AND
SUBJECTED TO A 1~~00 POUND LOAD AT THE ~P4TER. I=1~ INCHE~~~~t 6.YOUNG ’S MODITLU 3’~,~~00,~~00 POUNDS/IN .**2. THE ~!AM I? DIVIDED
INTO 2 ?EGMYNT~~.

20 TUIS I? A TEST SET 0’ DATA
2~ T~ E JOB I D E N T I F I C A T I O N  C A N  C O N T A T N
30 A NY C9ARACT’R .
40 2
50 l , 4 ,~’, P , 2
~0 2,1,12 ,1000,~’
70 ~~~~~~~~~~~~~~~~~~~~~~~~~~

~0 I,~~00,300,~ 0000000 ,’$$$ I END
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*** 9 S’.OP

FOR ASSISTANCE AT ANY TIM?, RECALL FACTS AND ASK FOR MESSAGE
STOP

RUNNING TIME: 12.7 SECS I/O TIME : 11.0 SECS

OLD :RVJO0

READY
RUN NB

ENTER DATA PILE NAME . IF NONE TYPE CARR IAGE RETURN .
7

WANT SHORT CUVS(YES OR NO).
9 NO

ENTER DATA FOR ONE STRUCTURE AT A TIME IN RESPONSE TO CUES

ENTER JOB IDENTIFICATION (3 LINES WITH 60 CHAR. PER LINE.
ENTER CAR R IAGE RETURN ONLY TO BLANK OUT A LINE.
* 1 7 EXAMPLE PROBLEM NO .1

* 2 7 SOLUTION O~ FIXED END BEAM USING DIRECT STIFFNESS METHOD

* 3 7 NEGLECT WEIGHT OF BEAM

ENTER NUMB~ R OF BEAM SEGMENTS(MAX 51).0 4 ? • ~

ENTER NODAL POINT DATA (SEPARATE ~Y COMMAS ).NUMBER LEFT TO BIGHT BEGINNING WITH NUMBER 1.
1.N ODAL POINT NUMBER .
2.R’STRAINT TYP’.
TYPE X—DISP. Y—T)ISP.

1 !~!E VREE .
FR!! SPECIFIED .

3 SPECIEIED FREE.
4 S D Vc ~~~~7~~~~~~~ ) SPECIFIED.
NIX R!P’AT TYPE N ELEMEN T XX TIMES .

3.1—COORDINATE OF POINT (INCHES).
4.DISPLAC VMFN T OR LOAD (INCHES OR POUNDS).
5.ROTATTON OR MOMEN T (RADIANS OR INCH—POUNDS).

S 7 1,4,0,0,0

0 6 7 ~‘,2,l2~~,0,0

0 7 1

H I 4,4,~~60,0,0

24
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ENTER BEAM SEGMENT DATA (SEPARATE BY COMMAS) .
NUMBER LEFT TO RIGHT BEGINNING WITH NUMBER 1.

1.PEA M SEGMENT NUMBER.
2.MOM!NT 0! INERTIA END I (INCHES**4).
3.MOMENT 0! INTERIA END S (INCH!S**4).
4.YOTTNG ’S MODYTLUS (POUN1DS/IN**2).
5.NUMBER 0? TIMES BEAM SEGMENT IS REPEATED .

$ 9 7 l ,~ 00,600,30000000 ,1

10 9 ‘,600,600 ,30000000,1

ii ? :5,600,60~~,30000000 ,1

WA IT TO CORRECT ANY DATA BEFORE SOLVING PROBLEM (YES OR NO).
I 7 NO

EXA MPLE PROBLEM NO .1
SOLUTION OF FIXED END ~!AM USING DIRECT STIFFNESS METHOD
NEGLECT WEIGHT OF BEA M

NUMBER OF NODES= 4 NUMBER OF BEAM S!GM!NTS= 3

NODE RESTRAINT I U V
1 4 0.00 0.00 0.00
2 120.00 0.00 0.00
3 1 216.00 40000.00 0.00
4 4 360.00 0.00 0.00

S~ GMENT I 3 MOMENT OF INT”RIA YOUNG ’S MODULUS
1 1 ‘ 600.00 30000000.00
2 ‘ 3 600.00 30000000.00
3 3 4 600.00 30000000.00

25
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VERTICAL DISPL OF(INCR’S) 1 0.00300
ROTATION OP (RAD) 1 = 0.00000
VERTICAL DISPL OE (INCHES ) ‘ = 0.00000
ROTATION 0’ (HAD) 2 = 0.00154
VERTICAL DISPL OF (INCHES) 3 = 0.19464
ROTATION 0’ (HAD) 3 = 0.00055
VERTICAL DISPL OF (INCR!S ) 4 = 0.00000
ROTATION OF (HAD) 4 0.30000

SEGMENT V AT I M AT I V AT S M AT 3
(POUNDS ) (INCH—POUNDS ) (POUNDS ) (INCH—POUNDS )

1 115’O. 460R00. —11520. 921600.
2 —23040. —921600. 23040. —1290240.
3 16060. 1290240 . —16960. 1152000.

MODIFY INPUT (YES OR NO).
7 NO

RERUN , STOP , NEXT , DELETE OR OTHER
7 STOP

RUNNING TIME : 11.6 SECS I/O TIME : 13.5 SECS

READY
BYE

OFF AT 1I:3H
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Appendix D: List of Programs Currently on WES G—635 CORPS

27

— -. --

-
~~~~~~~~~

-----



Hydraulic Programs Prescntl y on CORP S

ff0011 R0~ Pl 752—KINEMATIC VISCOSITY 07 WATER—EFFECTS OF TEMPERATURE
ff 0114 R0~ P i FS~ — PRIDGE PIER LOSS’S—RECT OR TRAP SECT—ANY FLOW CLASS
ff1102 W ’?L IB E4j*STANDARD HIGH SPILLUAT CREST COORDINATES
ff1103 WECLIR F52*?TAG!_DISCH RELATION FOR STANDARD SPILLWAY(UMGATED)
ff1106 WESLIR F52*STAG!_DISCH RELATION—S PILLWAT CREST—UNCONTROLL FLOW
ff1111 WESLIB !52*STANDARD SPILL’IAY CRF?T WATER SURFACE ‘LEV—HICH DAM
ffiilc WE~ LIB ?49*STANDARD SHAPE SPILLWAY CREST PRESSURE—HIGH DAM
H11?e WESLI R F51*H IGH SPILLWAY CREST COORDINATES— 3—1 UPSTREA I FACE
ff1160 W’?L!B PS1*FIGR SPILLWAY CR EST COORDINATES— 3—2 UPSTREAM FACE
ff1190 WESLI~ V51*HIGH SPILLWAY CREST COORDINATES— 3—3 UPSTREAM FAC E
ff2030 WE?LI° ?47*DISCH_PRESSURE CONDUITS— DARCY—WEISBACH FORMULA
R203~ WE~ LIB F40~ DISCH—PR !SSURE CONDUITS—MANNING FORMULA
ff2040 WESLI~ F42*G!OM!TRIC ELEMENTS OF A HORSESHOE CON DUIT
ff2041 W’SLTB F44*GEOMETRIC ELEMENTS OF A RECTANGULAR CONDUIT
ff2042 WESLIU F43*GEOMETRIC ELEMENTS OF AN OBLONG CONDUIT
ff2043 WE?LI~ !45~ DISCHARGE IN HORSESHOE COND(MAN OR DAR FORM )
f f2044 V!~~LIR P40*DISC}IARG! FOR RECT . CONDUIT (DAR OR MAN)
ff204 5 W!~ LIB F52*DISCH IN AN OBLONG OR CIRC CONDU IT—MANN OR DAR FORM
ff3106 WESLIB 752*ST&NDARD DISCH REL&TIOM—TAPITER GATE ON CURVE CREST
ff3201 W!~ LIB 75OtDISCH FOR PARTLY OPEN VERTICAL LIFT CON DUIT GATES
ff5320 RORPI E41—LOCI FILL AND EMPTY——SYMMETRICAL SYSTEMS
ff6001 WESLIB F44*GEOMETRICAL !LEMENTS—TRAP ,R!CT ,TRIA—C RANN !L
ff6002 WESLIB F39*GEOM!TRIC ELEMEN TS OP CIRCULAR CONDUIT
ff6005 R~ HPi 751—GEOMETRIC ELEMENTS OF A GENERAL CHANNEL CROSS—SECT
ff6110 WESLIB 749*NORMAL DEPTH—TRAP ,RE CT ,TR IA SECT—MANNING FORMULA
ff6111 WESLI! F52*NORMAL DEPTH AND TELOCITY—CIRC CONDU IT—MANN FORMULA
ff6112 WESLIB !35*NORMAL DISCHARGE— MANNING FORMULA
ff6113 WFSLIB F47*NORMAL DEPTH—TRAP ,R!CT,TRIA SECT—CHEZI FORMULA
ff6114 WESLIB F32*NORMAL DISCHARGE— CHEZY FORMULA
ff6115 WESLIB F45*NORMAL DEPTH AND IELUCITY—CIRC CO’4DUIT—CBEZY
ff6116 WESLIB F41*NORMAL DISCHARGE—COLEBROOK WHITE FORMULA
ff6117 WE5LIB F49*NORMAL DEPTH—TRAP ,RE CT ,TRIA SECT—COLEBROOK WHITE
ff6116 WESL1B 750*NORMAL DEPTH AND VEL—CIRC CONDUIT—C OLEBROOK WHITE
ff6122 ROHPI 733—CONJUGATE DEPTH—CIRCULAR SECTION
ff6123 R2’Pl F39—CONJUGATE DEPTH—TRAP ,RECT ,TR TA—S!CTTON
ff6124 ROPP1 P49—SPECIFIC FORCE AND !N !RGY—TRAP ,RECT ,TRIA—SFCTION
ff6125 RORP1 P43—SPECIFIC FORCE AND EN ERGY—CIRCULAR SECTION
ff6140 WESLIB 746*CRITICAL DEPTH AND VFLOCITY—TRAP ,R E CT ,TRIA SECT
ff6141 WFSLIB F49*CRITICAL DEPTH AND VELOCITY !OR CIRCULAR CONDUIT
ff6201 WESLIB F47*FRICTION SLOPE—ANY FLOW SECT—MANNING ,CHE ZY , OR
& 623 COLEBROOK WHITE FORMULA
ff6206 WESLIB E44~ FLOW PROTILE—CIRC CO’IDUIT—MANN ING,Cff!ZY , OR
& 6.3 COLEBROOK WHITE FORMULA
116209 WESLIB P49*FLOW PRO!ILE—PRISMATIC CRANNEL—MANN ING ,CHEZY , OR
& 623 COLEBROOK WHIT! FORMULA
116210 R 0~ P1 P25—LDR---I BACKWATER PROFILES
116602 RORP1 P52—SPIRAL BANKED CURVE—SUP !RCRITICAL PLOW—R!CT.X SECT
ff7133 RORP1 !47—~ELECTIV ! WITHDR AWAL—SINGLE OR MULTIPLE OUTLET
& 740 OPERATIONS WITH ORIFICE AND/OR WIER FLOW
ff7220 VESLIB 751*TROSION AT CULVERT OUTLETS AND RIPRAP REQUIR )MENTS
ff9000 R0RPI P30 DEVELOPMENT PROGRAM FOR RRONPI



Structures Programs Presently on CORPS

10001 WISLIB 150—BEAMI——PLANE BEA M ANALYSIS BY DIRECT STIFFNESS
10002 WESLTB P51—TRUSS——PLANE TRUSS ANALYSI S BY DIRECT STIFFNESS
10003 WESLIB 750—FRAME——PLANE FRAME ANALYSIS BY DIRECT STIFFNESS
10004 W’SLTB P44—GRID——GRID ANALYSIS BY DIRECT STIVFNEeS
10005 W!!LIB !52—STRUSS—SPAC ! TRUSS ANALY SIS BY DIRECT STI?F’~ESS
10006 WESLIB £43—GYRAME——ANALYS IS OP PLANAR RIGID FRAME!
10007 VESLIB F52—PTRUSS——PLANE TRUSS ANALYSIS BY STIFFNESS MATRIX

Soils Programs Presently on CORPS

10001 W!SLIB F41—C0M62——LAT!RALLY LOADED PILE ANALYSIS
10002 VESLIB T30—B!NT1—GROUP PILE ANALYSIS
10003 WESLIB 739—PX4C3——PiXI&LLY LOADED PILE ANALYSIS
10004 WESLIB P29—MAKE— —GENERATE P—V CURVES
19999 R01A01149 P31—DEVELOPMENT PROGRAM FOR CAB
1999 9 ROKAOKI49 731—DEVELOPMENT PROGRAM FOR CAB

29
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a l  l o w i n g  p r o gr irn s • w r i  t t € n  b y W i l l  ian As l i t on , Rock I s l a n d

I) i s t  r j et , h av e  been mod i t  ied f o r  in c  I us ion  in  CORPS. As soon as docu—

men ta t  ion is r e c e i v e d  i n  W!~S th e y w i l l  be made a v a i l a b l e  throug h CORPS .

a. Moments , S h e a r s  and React ions for >lov i ig Loads on Siinp l e Spans

h .  S i m p le Span Highway B r i d g e  A n a ly s i s .

c .  I n f l u e n c e  Ord i na t  i s  and Areas  and  Design Moments  on Cant  in ou s
Beams.

d. A n a l y s i s  of N o n — C o m p o s i t e  Steel Girder.

t . A n a l y s i s  of C o m p o s i t e  S te e l  G i r d e r .

I h e  New O r l e a n s  D i s t r i c t  has been g i v e n  f u n d s  to m o d i f y the  fol—

lowi n g programs to be i n c l u d e d  in CORPS d u r i n g  FY 76 .

i .  C a n t i le v e r  R e t a i n  W a l l  S t a b i l i t y .

b. Vertical Stress Induction.

c. Centerline Anal ysis.

d. Slope Stability Analysis by the Method of Wedges.

e. St :ibi l itv Analysis Considering Up lif t by the Wed ge Method .

- P~ ams (Shear , Moment , Deflection).

The Albuquerque Dis t r ic t  ha~ been given funds  fo r  adapt ing the

toI1owi n~ l r u ~; ram , “Concrete Box Culvert Frame Analys is and Des ign ,”

CORPS in FY 76.

The S o i l s  L a b o r a t o r y  a t  WES has been funded  to adap t  two soi l s

programs  to  C( Rl’ S d u r i n g  FY 76.

rh c  C o m p u t e r  Anal y s i s  Branch at WES has proposed the f o l l o w i n g  pro—

g r am s  t a r  a d d i t i o n  to CORPS d u r i n g  FY 76.

a. Concrete General Flexural Analysis (CGFA).

b. Pre—processor for CCFA.

c. Skin P l a t e  Ana lysis and Design .

d. A pre— and post—processor for GFRANE (GFRAME is alread y in
CORPS).

Selected programs written by Dr. H. B. Wilson , Exper t , WES ADP

Center :

c. Beam analysis — analysi s of a con t inuous beam w it h var iab le
restraints; point loads , trapez oidal loads of var iable  leng th

31



and position , support movements and springs .

Cross—section geometry — calculates rca and location of the
center of gravity of an area defined by straight lines and
arcs.

besides the fundings mentioned above , CAB has funds remaining to

f ind and modify other programs which are or can be of Corps—wide use.

A ma jo r  source fo r  these programs is the Corps—wide Conference en

Computer-Aided Design in Structural Engineering , 22—26 September l97~~,

held in New Orleans, Louisiana.
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Appendix F: An Early Conception of the CORPS
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F XC FRP T S FROM A C O N V E R S A I J O N A I LY O R I E N T E D

F N C I N F E R I N C  COMPUTER SYSTEM

b y

Robert L. Renner*

I nt roduc t ion

The Corps of Eng ine e r s  i n s t a l l e d  i t s  f i r s t  e l e c t r o n i c  d ig it a l  com-

puter in the late 1950’s. Today it owns or leases many electronic compu-

ters. The computer is used in some manner in a grea t number of Corps

func t ions, It is considered to be an essential engineering tool by many

Corps engineers.

In adapting the computer to engineering problem solving, the Corps

has made mistakes ; it has had false starts and followed paths that have

led to f r u s t r a t i o n ;  bu t  i t  has learned . Fi rs t , i t  has l ea rned  tha t

.il thioug h the computer is a powerful tool , it is not the answer to every

problem . Second it has learned when to apply  the compu ter  and when to

s ek more ef fi ient manua l or semiautomatic methods. Third , it has

l~~~rncd that it is better to make the computer speak the language of the

user rather than to make the user speak the language of the computer.

A Growing Corps Comiuter Potential

The Corps has been moderatel y successful in app lying the computer

to engineering problem solving. However , it now appears tha t the Cctps

is standing on the threshold of great promise for making the computer

the indispensable engineering tool it is capable of becoming. This

optimism is attributed to four significant factors:

a. A new generation of computer—oriented engineers are now as-
suming positions of responsibility within the Corps of Engi-
neers. Many of them have been associated with the Corps ’ early
experience in adapting the c ~iputer to engineering applications
and they appreciate its power design aid ; others are

* Re t ir ed Chief , Computation and Analysis Branch , Civil Works Director-
ate , OCE.

34

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



c-gc trained in computer science and bring with them a depth
of m d  er stand i ng i n  comp ti  t er technolo gy.

b . N e w  -md sophist icited computer equi pment is bec oming available;
e q u i p m en t  w h i c h  is  f a s t e r , e as i e r t o  use , dnd less expensive to
ccpe r ;it e t han  ever before. A p a r t i c u l a r l y s i g n i f i c a n t  equ i pment
dev e l o p m e n t  has been t h e  t i m e — s h a r i n g  c o m p u t e r  system .

A l i b r ar y  at meaning ful engineering computer programs is being
developed w i t h i n  th e  Corps of Eng inee r s .  Programs in t h i s
l i b r a ry  w i l l  have been documen ted , t ho roug h l y  Lested , and ap-
proved by competent authority for use in planning , design , or
c~ cis tru cti on .

d. A conversationally oriented engineering computer system has
beet- developed which will allow any engineer to use all of the
proc~rams in the Corps library with an absolute minimum of
eff ort. This system provides linking and cha!ning of computer
proCr ims and it communicates with the user in his own
d i s c i p l i n e — o r i e n t e d  l a n g u a g e .

Th~ d e v e l o p m e n t  of a meaningful computer potential within the Corps

of E n g i n e e r s  began in 1965. i t  s t a r t e d  w i t h  an i n—depth study of our

eng in e e r i n g  p rocesses  and the  i d e n t i f i c a t i o n  of problems assoc iated  w i t h

computerizing these processes. The engineer  n o r m a l l y  rece ives  assign-

men t s  in t i e  f or m  of m i s s i o n  r e q u i r e m e n t s .  These are  used b y the eng i-

nee r  to deve lop  pro jec t  c o n c e p t s .  P r o j e c t  concep Ls  fo rm the basis f o r

des ign  cr i t e r i a ;  d e s i g n  c r i t e r i a  are  used in making design decisions and

in deve lop ing  a spec i f i c  desi gn.  This des ign  is evaluated  to d e t e r m i n e

how w e l l  it satisfies mission requirements. If  inadequac ies  exis t , the

pr oj ect concepts  a re  altered and the design pr ocess is repeated u n t i l  a

satistactory design is  ach ieved .

Most aspects of this process can be computerized provided ti~e

engineer can effectivel y communicate with the computer. This communica-

t ions problem has been difficult because of these factors.

a. The eng ineer understand s the language and processes of his
profession. His principa l concern is solving engineering prob-
lems . If we give him a computer as a design aid , but force
him to become a computer programmer in order to use it, we
have more than likel y comp licated the design process.

b. Since engineering is an iterative process——the computer must
be accessible and capable of responding to the engineers ’
requirements in a relatively short period of time . Otherwise,
i t  can become a l i a b i l i t y  ra ther  than an asset for  the next
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i t c 1 i  t ton in t h e  d c c i  gi p r o c ess is a I w ays  dependent upon the
c c c l  1 t s i i  t i c  prey L OU S  on e .

c . t iC  neer ing i s  n o t  o i l y in  i t er ;t t  lye  p rocess , but one which
requ j r-s i iczred ient s of exp er  ience and c r e a t i v e  ab .~ i i  ty  i n
order ta r th0 dcs ign to sat  isf y the m i s s i o n  need . The- compu-
t e r  c i i  e a s i ly  p rov ide  c o m p u t a t i o n a l  speed , a n a l y s es , and corn—
[10 1 Sc)11 5 in pr ( h 1cm s o l v i n g  (some experience- can be programmed
j u t - i  t h e  computer h u t  tlia t i s  o f t e n  l i m i t e d  bc -cause of t he
great number  of v i r i t h i c s  i nvo lved ) and man can p r o v i d e  the
espcrlence m d  cre ;i t ive  a b i l i ty .  A proj)er man/machine b a l a n c e
is  o f t e n  d i f f i c u l t  to a c h i e v e , b u t  once i t  has been done , i t
provides an unbeat able problem solving combination.

T her t  are no universally acceptable standards for developing
e n g in e e r i n g  c o m p u t e r  programs. The data input requirements ,
data c- It -mt-nt sizes , variable name assignments , solution tech-
ni ques , and data output formats are usually unique to each pro-
gram. This nonuniformity between programs makes it difficult
for the normal user to acquire and use programs developed by
others. Althoug h ~iijs problem is no t  r e s t r i c t e d  to e n g i n e e r i n g ,
it is e s p e c i a l l y  critical in problem solving where the solution
t e c h n i q u e  is the predominant factor. The eng ineer user must
he satisfied tha t the computer solution is valid for his set
of conditions ; this re-quires tha t he know wha t parameters and
assumptions were used in the program ’s development.

Exp 1 o i t i~~~~~~he Co~~~~z te r  as an Eng4neer  i i~~~ Too1

Once we had evaluated our processes and i d e n t i f i e d  those c o m p u t e r

p rob lems  w h i c h  wer e- i n h i b i t i n g  us from fu lly exp loiting the c o m p u t er  as

an e-n~ ineeriuug tool , we could exp lore techniques for solving them. In

r ev i e w i n g  the  problems i t  was found tha t  they could  be grouped i n t o  t i c r c e

princ ipal areas: (a) providing better and more easily accessible hard--

ware- , (b) develop ing a library of computer programs that would be per-

tinent to our work and which  could  be relied upon to produce satisfactory

solutions , and (C)  making it easier for the engineer to communicate with

and isi - the computer . Corps goals have been established and are- being

Imp l emented to address these problem areas.

Computer h ardware

The first major goal established has been to make the computer more
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c-asily -mcc es sih ie - IC ) the eng ine -er professional. A program to upgrade

~~~ of En g incc-rs comput e r ta d l i L i e s  was developed it t  1965.  I t s  i m p l e —

mt-nt at ion began in 1969 and now e v e r y  Co rps  I f ic e has an i n s t  a l i e d  com—

p u t  c r  o r . i c c c s S  to  l i e .  I n  a d d i t i o n , a l a r ge sc ieui t i f i c  c o m p u t e r  was

i n s t i l  led i~i t i m e -  Corps ’ W; m t . c r w . i v s  E xp e r i m e n t  S t at  ion in Vickshurg,

Mi ssi ssipp i , in 1 97 1 . This m achine- I ;  available , via time—sharing, t o

i l l  ti m er C o rp s  t l c ~~~ i ~~t ies . flm ~- a cquisition of sat isfactorv terminal

d~ v ices , at des  i go I eve I , w h i c h  w i l l .  communI  c at e  w i t h  i n s ta  l i e d  or i ca s e d

c -c l  c i i  pmeu i  t , w i I I provide- c - v e r y  engineer the power of the- c omp u t e r  f o r

p rob i  c -rn so lv L o g .

(~ niq )cl ter Library

The ~ ec ond major goa 1 has be t -u  t i me dc -ye - ] o pm en t of a C o r p s — w i  de en—

g i r m e c - r i n g  com p u t e r  p rog rams  l i b r a r y . rn  d e v e l o p i n g  the system to a c h i e v e

this goa l , rn ;mx imu n l  use of p r e v i o u s  in—house  work , as we-I I as that of

o t H - r s , is b e i n g  made in the  a p p l i c a t i o n s  a r e a . The p rogram now b e i n g

imp l e m e n t e d  c o n s i s t s  of t h r e e  e f f o r t s :

a. An Engineering Computer Programs Library has been es tab l i shed
at t h e  TE S .  i t  serves as a r e p o s i t o r y  and d i s t r i b u t i o n  c e n t e r
f o r  all agency—approved  computer  programs.

b.  A pp rov a l p r o c e d u r e s  have been es tab l i shed  by w h i c h  a l l  engi-
ne e r i n g  c o m p u t e r  p r o g r a m s  m u s t  pass in  o r d e r  f o r  them to become
a p a r t  of t he  l i b r a r y .  Those p rograms  which  a t t a i n  a p p r o v e d
s t a t u s  may be used i n  des ign w i t h o u t  the  c ie s ign e - r be ing  re-
quired to do cumen t  his s o l u t i o n  t e c h n i q u e  in a design memoran—
dun ; he need only cc-I er to  the p rog ram by number  and pr  ‘

t he  i n p u t  used f o r  the  problem solution.

c- . 1 - ll ~ i n e e r i n g  c o m p u t e r  p rog ram d o c u m e n t i n g  s t a n d a r d s  have been
e s t a b l i s h e d  and published .

Communicatin~~~~ith the Com~pu t er

The l a s t  m a j o r  goal has been to make- i t  easier for t h e- engineer to

communicate with and use the computer. The- design and imp lementation of

a program to achieve t h i s  goal has been particularly difficult. Our first

efforts have been two—fold:
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- i  . An I t ig I n c-e r  Compu te- r T r a i n  f ng r og r am  has been dove loped . I t
etc I inc-s .m mi  i i i  mum 1 eve- I of c o m p u ter  campe t ime e fa r  e ver y  eng i —

net-r. The t v pe  of tra m i  ng and lev e l  of  d i f f i c u l t y  is commen-
s u r a t e -  w i t h  the engineers ’ duties and responsibilitie s . ‘lime -
imp l e m e n t a t i o n  of t i m  is  p rogram w i l l  a s sure  the  Corps  of a hi g il
dig ret- Ot C () f l ip i i  [o r c o mp e t e n c e  among i t s engineer i ng s t a f f

h .  A c o n v e -r s at i o n a l l  v ori ent ed engineering c o mp u t er  s y s t e m  has
been developed wit icit will ~m I low an engi  n e - e r to  u se -  a n y  p rog ram
or group  at programs in the I i h r a r v  w i t h  an a b s o l u t e  m i n i m u m
of effort. This system communicates w i t h  t h e- u ser  in his own
language- and produces resul ts tha t he can und t- rst . nd. The
developm ent of the )  sy s t em r e p r e s e n t s  a b r e a k t h r o u g h  in our
s ear c h  to make t he  c o m p u t e r  a tool f o r  eve -ry  e n g i n e e r .  Tin-
sy s t e m  o p e - r a t  c-s  in rca 1—ti ne and has  been t i t l e d  as ‘‘CORPS’’ (an
a c ro n y m  f o r  Conve r sa t  j on a l  lv O r i e n t e d  Rca 1—Time Program—
(;c-ne’rat ing System)

~~~~~~~~ C o n c ep t s

The development of the “CORPS ” is perhaps our most promising e f f o r t

f o r  c r c - s t i n g  a p roper ly  b a l a n c e d  e n g i n e e r/ c o m p u t e r  des ign  team . The

statement tha t the  system was developed is m i s l e a d i n g  since the  o r i g i n a l

systems work was directed along o t h e r  line-s. It is perhaps more explana—

t o r y  to say that the system was discovered .

I t  a l l  began when i t  was d e c i d e d  t h a t  a survey wou ld  be made of t h e

Corps of Engineers to determine - what c o m p u t e r  program,; were in use for

h y d r a u l i c  d e s i g n .  This  program e n v i s i o n e d  t h a t  a l l  the h y d r a u l i c  d e s i g n

programs would be collected , an engineering evaluation made of them to

determine which of them cou ld  be used Corps—wide , and those- considered

as appropriat e- would be documented and placed in the WES Library far

distribution.

In order for the hydraulic design engineer to use the programs in

time library, either as individual programs or in some group order , it

was usua lly necessary for him to write a small computer program. The

writing of these small programs was not too difficult , provided the user

was a computer programmer , since all the basic programs were wr itt en i n

a common language , FORTRAN , and they were well documented . However , as

every programmer knows it is easy to make mistakes in coding no matter

how simple the task , so every new program required some debugg ing and
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testing prior to its being used in production.

The development of these hydraulic desi gn subroutines , to be used

as -m system , was el i-an y a step in the right direction , for each program

t u r n i s h e d  was well defined , tested , and could be relied upon to provide

a sa tist ae -to rv answer if used within the limits imposed . Howev er , the

requirement tha t the h y d r a u l i c  designer be a computer programmer in order

to mis c the system was e-xact ly opposite to wha t we had been preaching ; we

were- , i n  t a c t , compounding the design effort. Realizing this , an Execu-

tive System was developed to provide the communications link between the

set of system subroutines and the engineer user. The Executive System

required tha t every subroutine in the system contain a preamble in FORTRAN

language. This preamble contained a list of parameters required to run

t h e  program , any input , output , or computation options available , variable

definitions , a brief summary of the program and any other data pertinent

to making the system operate. The Executive System was capable of reading

the preamble , converting it into English , and presenting system require-

ments to the user in hydraulic terms . The engineers ’ responses were used

by the Executive- System to write a new program containing all the basic

subroutines requested , as over l ays, in the new program. The Executive

System was performing the same programming function that ti-me engineer

user had previousl y performed but it could do it flawlessly. It would

automatically generate a program , incl ud ing al l  app l icable  subpr ogra ms,

in response to engineering language input. We had succeeded in relieving

the hydraulic engineer e)f the programming task when using subroutines in

our system .

The mechanics for using the system were quite elementary. The

engineer would access the computer via a time—sharing computer terminal.

lie would converse with the computer in English; telling it which programs

he wanted to rein and in wha t order , supp lying the input s demanded by the

computer and reviewing results as necessary. The entire process could be

easi ly l earned by any hydraulic engineer in just a few minutes. The

basic subrouti nes in the system were all developed by other hydraulics

engineerS so they were written in the language of the user . New hydrau -

li c design progr ams were added to the system as t ime permitted . The only
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re- q u i r e m i m-e t t a r  add ing  new programs was tha t each of them contain a pre—

a ;nb le c o n f o r m i n g  to system specifications. As time passed , prograns other

t h a n  hydraulic design were demanded by the users. Thus, the system we

now c - all ‘‘CORPS’’ was born.

System Details

The present “CURt’S” was developed for the General Electric 600

ser i e s  compu te r .  A s i m i l a r  system , FACTS (Federal Agencies Computer

Time—Sharing System) is available on the GE—400 series computer . It is

operationa l on t i m e - s h a r i n g  o n l y .  La te r  a d a p t a t i o n s  w i l l  be made to

apply the system to other computers.

A system schematic of “CORPS” is shown in Figure 1.

Operational details of the system are as follows (circled number

refers to activities shown in Figure 1):

a. §~~~uence I .  If the user wishes to develop a new FORTRAN com-
puter program which utilizes any subroutine or group of sub-
routines in the program library, he starts with Sequence I.
Th us, CD he addresses the computer via a remote terminal de-
vice and tells it to run the Executive Program. The computer
asks the user if he would like system details or subroutine
content. If he does , the compu ter accesses the disc library

to retrieve the data and disp lays it at the terminal ~~ -

The computer then asks the user to enter the subroutines de-
sired and in the order he wishes to run them . He can specify
the same subroutine more than once if he so desires. Using
these inpu t data , the computer accesses the disc FORTRAN Li-
brary ® to retrieve the programs in run order. It interprets
the preamble for each program and asks the user to supply any
data required to assemble the new program. The Executive Sys-
tem utilizes user supplied data and the preamble content to
develop cm new FORTRAN IV program. This is stored on disc stor-
age . The program developed by the Executive System is a
val id FORTRAN IV computer program and can be used on any system
whi ch will accept GE FORTRAN. As previously men tioned , the
coaversation between the user and the computer is in Engl ish
language and specifically oriented to the discipline involved .

b. Se~ uence II. If the user wishes to compile an object program
from the source program he has just created , or from a source
program he had previously created , he would follow Sequence II.
Thus, ~~ the user asks the computer to run his program .
The computer inputs a copy of the program from disc storage , it
inputs a copy of the basic subroutines from the disc library
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Figure 1. System schematic
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it compiles the program and stores th e object pro ram
back on di sc storage ® and in computer memory . 10 The
computer runs the object program either with or without input
from the user. The computer accesses the disc storage to run
subroutines in overlay mode Tl~ . It accesses tim e disc stor-
age to retrieve or store data required for program execution

~~~ Pr~~ ram output can be pr inted hard copy CIJ~, disc
storage Q2~. or both. If the user wishes to rerun the pro-
gram using d if f e r e n t inpu t da ta , he begins Sequence Ii at
Step ~~~ In this instance the computer accesses the disc
storage for the object program and begins processing .

Advan t~,~~~ of the “CORP S” Con cep t

The “CORP S” concept provides the following advantages over normal

compute r  l i b r a r y  concep t s :

a. Any user can communicate with the computer in an effective man-
ner without becoming a computer programmer.

b. The system communicates with the user in his own discip line—
oriented language.

c. The system provides instant access to a grea t variety of mean-
ingful computer programs .

d. Dynamic d imensioning of computer memory is all owed . Thus, the
user can subdivide large programs into logical units and run
them eff icien tly on the computer.

e. The system can be easily converted to any computer since it
operates in FORTRAN .

f. The system has been made available for Corps—wide use.

,~~~ . The system reduces computer programming and debugging Lim t .

h. The system was developed by engineers for engineers.

i. The system “CORPS” is presently operational on GE—600 series
tim e—sharing . FACTS , a sim i lar  system , is available on the
GE—400 series computer .

Conclusions

The fut ure of the compu ter in the Corps ’ engineering design business

can be assured if it becomes a truly useful device for every problem

solver. In an effort to make the computer an indispensable engineering

tool , the Corps is acquiring responsive computer equipment , building a
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library of meaningful and useful computer programs, training engineers
in computer technology, and providing them with a machine which speaks
his own language .
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In troduction

SEARCH is an interactive design and evaluation tool which is cur--

rently f inding usef ul app lication in the Corps of Engineers. SEARCH

incorporates a degree of realism and sophistication which assures early

benef its from its use. In this application of computer—aided architec-

tural design , the computer performs a rigorous , unbiased evaluation of

bui lding layouts based on objective design criteria . The architect is
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supp l emented , not supplanted . Both man and machine perform in their

optimum roles.

Back~~pund

li m e U. S. Army Corps of Engineers oversees one of the largest sus-

tained building programs in the world , providing all permanent facilities

fo r the Army as well as many buildings for the Air Force. For 8O7~ of

this work the Corps acts as a client , contracting for design services with

Architect/Engineer firms ; the remaining 20% is designed in—house. Each

year new barracks , mess h a l l s , recreation centers , and other military

facilities are dc-signed and then the next year they are designed again

for other installations.

While- the architectural program for e~ c-h building type remains

relatively stable , it is desirable to vary individual building to account

for differences between specific site sitio~t~~-~ c , climates , and technolog-

ical solutions . A series of documents c-ailed Desi gn Guides DC 1110—345—

lxx , specif ying detailed functional criteria for each of several building

tYpe- s is currently under development at OCE. Standard design criteri a

from DOD 4270 and Design Guides, together with project—specific criteria

from program development brochures are given to the architect in the

form of engineering instructions.

The resulting plans must undergo a variety of approvals. In the

interest of consisLency, efficiency, and thoroughness , the Corps is in-

vestigating the use of a computer system to store the building design

criteria (checking them for consistency) and then to evaluate design

submittals , both in—house and out—of—house , for conformance with the

published standard .

Criteria input to SEARCH from the several criteria documents men-

tioned above descr ibes a l i st of spaces required for a par ticu lar build ing

type (e.g., entry, office , parking lot, etc.) and specifies relationships

between these spaces (e.g., adjacency, distance, visual access, enclosure,

etc.). As each space or relationship is added , it is matched with all

previously entered criteria , any potential conflict or duplication is
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oc ted , and an o p p o r t u n i t y  is afforded for immediate resolution.

E v a l u a t i o n  of des igns  beg ins  b y d e s c r i b i n g  d r a w i n g s  to SEARCH u s i n g

a digital po inter. Once a proposed configuration of spaces is known , the

sizes and r e l a t i o n s h ips of the  spaces are checked and r epor t ed . Actua l

irea is  ca l cu l a t ed  and compared wi th  maximum and minimum requ i rement s .

A comp le t e  l is t  of the  spaces is then p r i n t e d , s t a r t i n g  w i t h  the  space

exhibiting the greatest error. Space—to—space relationships , such as

maximum and minimum distance , adjacency, and visual access, are checked

against the criteria and resulting errors are displayed .

The present imp lementation of the system makes use of low cost

pe r iphe ra l  eq ui pment , which includes two storage display units (Tektron—

ics 40 12/613) and a key board (F igure  1), a d ig i t a l  pointer (GRAFPEN)

-~~

~~~~~~~~~~~ ‘
- - - I !

Figure 1. Storage disp lay screens
and keyboard

(Figure 2), and a hard copy u n i t  (Tek t ron ic s  4610)(Fi gure 3). The soft-

ware is written in the PL/l language . SEARCH cperates on the MULT1CS

computer at Massachusettes Institute of Technology (MIT). MIJLTICS, a

Honeywell 6180 , can be accessed interac t ively nationwide through the

Advanced Research Projects Agency (ARPA) network (Figure 4).

Since October 1974, SEARCH has been field tested at the Office of

the Chief of Engineers in Washington , D. C. OCE personnel are using the

system to test the validity of several Design Guides currently under

development , as well as a tool in evaluating actual building designs .
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Figure 2. Digital pointer
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Figure 3. Hard copy (screen cop ier)
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Fi gure 4. The ARPA network

~~~~~~ e : A  Cr~~~in a l In v e st i~~~~~ons
iv is ion B u i l d  in ~

This example describes a translation of design criteria into -‘
generalized computer model , and using that model is a base , an evaluation

of an architect ’s proposed concept design. (r i t & - r i a , spI~ e requirements,

and space—to—space relationships are taken from an earl y dra tt of a

Design Guide for a CID (Crimina l Invest i~ - . it ion Division) . ~pa (moom)

names and their area are usuall y found in th e t r t ~i t a li s t - f r

example:
Func tional  Square

Descript ions Feet

Lobby entrance 10(3.00
Reception counter 120.0(1
Open waiting 80.00

The commands to enter each of these spaces into the model are:

COI~’tAND: space

SPACE: lobb y_ent rance  100 
~~~~~~~

SPACE: reception counter 120 pg . 36
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SI ’AC [ :  ~pen w a i t i n g  8(1

N o t e :  All caps indicate the information that you enter f rom the key-

board .  U n d e r l i n e d  t yp e-  m d  ica tes the  response f r o m  SEARCH.

Anytime after space names and area requirements have been entered ,

a space l i s t  can  be printed o u t ,  I t  i n c l u d e s  the space names , t he i r

ihh r e -v  iat ions (ass i gnc-d b y the computer fur future use) , areas, and the

r e f e r e n c e  page numbers  ( i n d i c a t i n g  w h e r e  in the  c r i t e r ia  document  tha t

t im e l o t  orrimat ion was taken). The command is

COMMANI ) : l i s t  spLmces
(~)MMANI) : l i s t  spa - e-s

******~_ -
-* * * * * * * * * * * *

**** SPACE l I S T  ****

~~~~ SPACE ****************** AREA ~‘~*** CONNECTED **** PAGE

Lb [t :  lobb y_ en t r ance  100.00/ 90.00 yes 36
RcCv : reception counter 12 0 .00/108 .00 yes 36
OpWt : open w a i t i n g  80.00/ 72 .00  yes 36

Space to space relationships in the Design Guide are found in text ,

drawings , or matrices.

Adjacency Matrix:
h~~~y en t r an c  e
r e-cept ion coun te r  

-

j n W a 1 t i ~~~~~
pLivate w a i t i n g  - 

-

visitor toilets
- m m and gro~~p - - -~~

S S

nveS t . 5Up 2i~~J5.
i n ve st ij~at i un s~~~r .

Relationships are entered into the model by linking one space to

another by (via) a constraint such as in this case “adjacency.”

CO!~ThtAND : Unk

LINK: lb et r cu via adj pg . 9

LINK : 1he t op ~~~ via adj_ pg . 9

LINK : rccu op~~t v ia~~~J~~~~. 9

_______________________ 

__________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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By vp i og t i m e- s e - t h r e e - “ l i nks , ” the first three r e l a t i o n s h i p s  of

t i m e’ m a t r i x  are- en t e red  i n t o  t h e  SEARCH model :  “ t h e- lobb y e n t r a n c e  should

be ad j o ’ i - i i  t o  t i e  re- ept inn coun te r ,” “t he  lobb y e n t r a n c e  s h ou l d  be ad—

jace t to the Open w~i it i rmg area ,” and “the recept ion c o u n t e r  should be

adjacent to th~ open w a iting area .” (All three requirements are found on

page 9 of t ime - r i t e - n a document.)

C e r t . i i n  t ype s  of building code requirements can also be specified

and c h ~- c k e - d  by SEA RCH . For example , we can spec i f y that all spaces be

w ithin a c-er t - i in number of’ fe-c t f rum a ny  fire exit.

LI Nk : *F~~~ via  ne-ar 150 pg . 10

With t h i s  s i n ~~1e e n t r y ,  all spaces (*) are required to be within

150 t c-Ct I rum at le ist one - fire exit (FrEx)

A g a i n , as with spaces , at any t ime a full or partial list of rela-

tionships can be printed out.

COMMAND : l ist_re1ationsl~~~~

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
~~~~ LIST OF RELATIONSHIPS ****
*******************************

SPACE ***** RELATIONSHIP ************k****** RELATED SPACE ~** PACE
Lobby En trance

adjacent to 4.00 feet of Reception Counter 9
adjacent to 4.00 feet of Open Wai ti ng 9
nearer than 150.00 feet to I of Fire Exit 10

Reception Counter
adjacent to 4.00 feet of Open Waiting 9
nearer than 150.00 feet to 1 of Fire Exit 10

N o t e : SEARCH deals with the following relationships between pairs of
spaces : adjacency

nearer than
farther than
visual access (must see)
enclose

Evaluation uf a proposed concept design , based on the above crite—

ri;i , begins by describing the drawing to SEARCH using a digita l pointer.

By typ ing a command and pointing to two scaled horizontal points and a

point tha t you want centered on your display screen , the drawing is set
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up to be drafted (Figure 5 ) .  SEARCH then expec ts the name of a space

(or i t s  abbrevia t ion) to be typed in and two points (opposite corners

of the rectangular space) to be entered by the digital p o i n t e r .

COMNANI):

COMMAND : d r a f t

DRAFT : l obb,~L~ 
trance

DRAFT : r e c ep t io n  counter

DRAFT: ~pwt (abbreviation for open w a i t i n g )

Fo l lowing  t h i s  quick entering process , SEARCH compares space names ,

areas , and relationships against the criteria and lists out a comp lete

evaluation (Figure 6) in response to the command “list evaluation.”

The evaluation contains three sections:

a. AREA , a listing of actual , req ui red , arid errors in floor area.

Spaces are listed in order of their error , from worst to best.

b. RANK , a ranking of spaces based on aggregate total error calculated

according to the formula: Error (points) = k
1
(lineal feet) + k

2(percent

visual access) + k3(square feet). Where k1, k2, and k3 are alterable

program constants.

c. LINK , a list of all, space relationship errors by individual space.

Spaces are listed in order of their error , fron worst to best.

COMMAND : list evaluate

*** AREA OF SPACES ***
************ **********

SPACE AREA --- REQUIRED AREA — -— ERROR — — —  PACE
SQ. FT. MAX MIN SQ.FT.

Open Waitin g 135 80 12 55 36

Reception Counter 90 120 108 18 36

Lobby i:nt r ice 108 100 90 8 36

TOTAL AREA (MAX) 7492 7245 959
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Figure 5. Doing a SETUP

15~~

:ts~~~~ ~~ ~
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Figure 6. Computer display
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* * * * * * * * * * * * * *** * * * * * * **** * *** * * *** * * * * * * * * * * * * * *-.******************* ***
~~~ RANKIN G OF WORST SPACES ~~~

*** * * * * * * * ** ** * * * * * * * * * * * * * * * * *
SPACE — ERROR POINTS

Secret irv Waiting 116
Commanders Office 18
R e c e p t  ion Coun te r  11

TOTAL POINTS — — — —  178

~~~ RELAT I O N S H I P  ERRORS ***

Secretary Waiting connected ERROR POINTS 116

RELATIONSHIP  CROUP:SPACE ERROR —— PACE ——

views 1007 of Lobby Entrance 80 11
nearer than 20’ to 1 of C]erical Space 26 9
nearer  than 20’ to 1 of Opera tions Off ice 10 9

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Commanders O f f i c e  connected ERROR POINTS 18

RELATIONSHIP GROUP:SPACE ERROR -— PAGE ——

nearer than 20’ to I of Reception Counter 10 9
nearer than 20’ to 1 of Lobb y Entrance 4 9
nearer than 20’ to 1 of Private Waiting 4 9

Reception Counter connected ERROR POINTS Ii

RELATIONSHIP  GROUP:SPACE ERROR —— PACE

adjacen cy by 4’ to 1 of Open W a i t i n g  I l  9

Future

It Is planned tha t SEARCH will eventually be absorbed Into a com-

prehensive computer—aided architectura l design system . However , in the

immediate future (next 12 months), a new expanded vers ion of SEARCH will

include the following capabilities: (a) the ability to evaluate
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buildings of more than one story; (b) the ability to consider the effec t

of the location of doors and windows in the evaluation; (c) the ability to

consider non—re-i - t ili r ie - i r spaces; (d) the ability to differentiate between

“wa lk ing distane-e ” and “mechanical distance” ; (e) the ability to evaluate

the use of acoustic arid visua l barriers ; (f) the ability to evaluate

“centrality ” and ‘ perip herality ” of a space; and (g) the ability to

measure the potential traffic through a space.
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INTERACTIVE_COMPUTER GRAPHICS_COMES OF ACE

by

Robert L. Hall*

I n t e r a c t i v e  computer  grap hics  can reduce  the t ime and cost of any

design process by a t  least o n e — t h ir d .  In order  to r e a l i z e  t h i s  g rea t

reduc t ion , interactive computer graphics  programs w i l l  have to be devel-

op ed at every level of design. This development was not even feasible

10 yr ago; since at that time a single computer graphics device would

have cost $200,000. But today, low—cost ($5,000 to $15 ,000) graphic

terminals are available , making interactive computer graphics practical

for the Corps of Engineers.

Slow Development

Such low—cost terminals  have been available for more than 5 yr;

yet they are not being widely used in every distric t office. Why?

Because only a few interactive graphics programs are available to the

design engineer. Development has been slow because of the time spent:

a. Learning how to use interactive computer graphics capabilities
effectively.

b. Developing subprograms that will support many app lication pro-
grams, such as subprograms to window and center characters and
interpret commands.

c. Developing and testing new techniques to reduce the t ime and
cost of adding graphics to each new application.

For the past 2 yr , the Corps has been attacking those problems

with the objective of making interactive computer graphics work for de-

sign engineers.

A number of advances have been made in the Computer Analys is

Branch (CAB) of the ADP Center at WES and elsewhere. The projects being

pursued by CAB have resulted in:

a. A state—of—the—art study of interactive computer graphics.

* Civil Engineer , ADPC , WES.
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b. Location and evaluation of Graphics Support Software (CSS)
that enables FORTRAN language programs to use the graphics
features of the terminal in making plots , axes , curves , etc.

c. Evaluation , selection , and enhancemen t of the Graphics Com-
patibility System (GCS) developed at West Point. This system
provides dev ice independent graphics capability and is easy
to learn and use.

d. Development of computer—aided grid generators to help prepar e
data for analysis by Finite Element Method (FEM) programs .
If successful , this effort will greatly increase the usefull—
ness of the FEM in design (see Appendix A).

e. Development of postprocessor programs to graphically d isp lay
(contours , vectors , plots, etc.) the huge amount of data pro-
duced by a FE analysis (see Append ix A).

f. Training of engineer—programmers in interac tive graph ics
techniques.

~~~ . Development of engineer—oriented , interactive graphics capa-
bility and application of it to:

(1) A plane frame analysis program (see Appendix B).
(2) A slope stability analysis program .
(3) A lock culvert analysis program (see Append ix B).

h. Implementation and improvement of programs (FORTRAN subrou—
t ines) tha t display three—dimensional data (see Appendix C).

i. Assistance to Corps ’ off ices in getting approval for graphics
equipment.

Results Thus Far

The results are quite encouraging. Early tests of the grid gen-

erating system show a three to one cost reduction and a seven to one-

time reduction. Since that time, program improvements and new features

indicate cost savings will approach ten to one and time savings can be

even greater.

Another test done on the plane frame program STRUPUT involved the

analysis of a single loading case on a frame having twelve redundancies.

Conservative estimates indicate 40 man—hours would be needed to do a

moment distribu tion analysis by manual methods. That time was compared

to the savings produced by a compu ter—assisted solution and an inter-

active graphics computer—assisted solution. They indicate:
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a. A six to one saving (time ) for the computer—assisted solution .

b. A 120 to 1 saving (time) for the graphics computer—assisted
so Lut ion .

Using interactive graphics produces tangible benefits such as

savings in t ime and money and great er ease in analyzing an engineer ’s

problems. It also produces many intang ible benefi ts, such as the job

si t ist ’actjofl of a designer working with a highl y user—oriented , inter-

activ e pruc . r m m  on a responsive- computer system . We are just beginning

to e x p l o r e  t h e -  i m p o r t a n c e  of the  b e n e f i t s  gained from a close , engineer—

oriented link betwe en the problem , the designer , and the computer.

The Future and Its Problems

A l t h o u g h  t he  c o S t  of developing good in te rac t ive graphics  programs

has be en g r e - a l l y  reduced , development costs a re  still high. Thus the

available f u n d i n g  m u s t  It- used to produce the greatest benefits for the

Corps of En~ i l e e ’  rs .

In o r d e r  to accomp l i sh  these b e n e f i t s  the fol lowing items are

essential:

a. We must be sure we add grap hics to the Corps ’ best programs .

b. We must avoid dup lica t ing e f f o r ts, espec ia l ly  in developing
basic graphics support programs.

c. We must maintain a Corps capability in graphics. Just as we
do not want all the Corps design and analysis work farmed out
to archi tectural engineers , so must we avoid becoming totally
depend ent on time high cost system of the private computer
service vendors.

d. We must identify future needs and begin working on them imme-
dia tely. Otherwise , these future needs will become “Today ’s
Projec t” without the best solution , thus resulting in using
an old—fash ioned , expensive solution to a forseeable problem .

Recommendations

If t here is a key element in the success of interactive graphi cs,

it is close cooperation between our engineering—engineers and our

eng ineering—computer people . Through the identification of common needs

and working closely to meet local and Corps—wide needs, we will develop

the computer—aided design capabili ty that the future demands.
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Append ix A: Pre— and Postprocessors for FEM Analysis
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Some of the most innovative graphics work at WES has been done in

support of the Finite Element Method of Analysis. This powerful method

of a n a l y s i s  could rio t be used as a design tool (mm lii good pre— and post—

p r o c e s s o r s  were developed  to p repa re  da ta  and present  o u t p u t  in grap hi—

c m l  form . The capabilities of the pre— and postprocessor are shown in

Figures 1—6 and outlined below :

I. Preprocessor:

a. I)ivides structure into subregions which may be aid s in pre-
paring grid networks.

(1) Four—sided subregions for generating quadrilateral
ele ments.

(2) M a n y — s i d e d  subregions for generating either all tri-
angular elements or quadrilateral elements with some
triangles.

b. Subregion data will provide:

(1) Sides of subregions; curved or straight.
(2 )  Nodes along boundaries of subregions; equally or un—

equally distributed .
(3)  Subr eg ion da ta wi l l  be placed in a data file to be

interactively edited .

c .  The four modules divisions of the program are:

(I) Read , disp lay ,  edit , and change the subregion data .
When the def inition is complete , the modules gener-
ate the grid .

(2 )  App ly boundary condition information to the grid ,
such as which nodes are fixed and what are the applied
forces.

(3) App ly grid improvement features such as:
(a) Automatically replace adjacent triangles with

quadrilaterals wherever possible.
(b) Smooth the grid .
(c) Renumber the nodes so as to minimize the grid ’s

band width.
(4) Display and edit the resulting grid. This includes

interactively adding elements , dele ti ng elemen ts,
moving nodes, etc.

II. Postprocessor :

a. Use the data generated from an analysis (FEM) program as
inpu t.

b. Plo t any out variable calculated for nodes or elements by:
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(1) Plotting the value at its location (element centroid
on node).

(2) Drawing a vector proportional to the value at its
location.

(3) Contours of a variable at stated intervals.
(4) Plotting the displaced grid (structures problems).
(5) Isometric plot of the grid.
(6) Perspective plot of the grid .

c. Draws outline of grid for each plot.

NOTCH

[H0LEJ

Figure 1. Geome try of problem to be gridded
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Figure 2. FEM grid of problem
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YL = 0 2477 E 02
XR • 0 1065E 03
VU = 0 7 1 3 5 E 02

A = 0 7667E 02

7
/

B 0 7796 E 02
C 0.7926E 02
D 0.8056E 02
E 08185E 02

H F=08315E 02
G = 0 8444E 02
H = 0.8574E 02
I 0.8704E 02
J 0 8833E 02

Figure 5. Window of contours
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VU 0.7135E 02

a
I —

t
/ ..

‘C-
’ / -. — —

C-.. .,‘ C-,. 
.— — —

Figure 6. Vector plot of flows from FEM analysis
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Append ix B: Rigid Frame Analysis
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The other graphical programs developed at WES have been in support

of existing analysis programs. The first such grap hical program is

STRUPUT which supports the plane frame analysis program GFRANE (written

by Bob Brit tain of the Memphis District). STRUPUT allows the user to

interact ively enter (via the display tube) the joints and members or

prepare a data file that defines them. If mistakes have been made in

the frame data , several commands are available to edit the data before

the analysis. The loads are entered by way of interactive commands

shown in Figure 1. Each load is displayed as soon as it is entered .

STRUPUT will handle frames with 60 members and 40 joints with as many

as 20 loading cases. Each joint may be loaded with a point force as

well as a joint moment. Each member may be loaded with a distributed

load as well as four point loads. After the frame and the loads are

def ined , the analyses program analyzes each load case (by the momen t

stiffness method) and displays the moment shear and disp lacement dia-

grams (see Figures 2—4). The programs also allow the user to rede-

f ine the member properties and add new load cases after each analysis.

This allows the engineer to quickly determine the critical loading

condition and make adjustments to the frame so that the critical load-

ing case will be satisfactorily supported .

Lock Culvert Analysis

Figure 5 shows the d isplay of the input for a lock culvert anal’.’—

sis. This program provides detailed instruc tions on how to enter the

data but only when improper commands are given. This frees the fre-

quent user from unnecessary prompting , while allowing the infrequent

user to run the program without reviewing written documentation . The

lock culvert data are analyzed by using the moment distribution method .

The output of moment and shears may be displayed as a diagram and/or

listed in tables.
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SP JOINT LOAD HO 3 VE 3
SP JO LO HO 2 V.. 0

1 /~1’~~ i
SP UN DI LO IMEM 4 4
SP UN DI LO 1 MEM 5 

—
C------

3 
_

~~~
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~~~~~ 

~SP LJN DI LO 2 MEM1I

2~~2 I III ! ! ~ 1 1 1 1  i i ~ 13~~~~~~~~~~~~~~~~~~~ 1

I I

H
Figure 1. Loading of a planar rigid frame

SHEAR DIAGRAM

¶ “C- l~~
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SCALE FACTOR = (1 IN 29.29 KIPS)

Figure 2. Shear diagram
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MOMENT DIAGRAM

SCALE FACTOR = (1 IN. = 205 KIPS-FT)

Figure 3. Moment diagram

DEFORM ED SHAP E

— —

I
SCALE FACTOR = (1 IN. = 205 FT DISPLACED)

Figure 4. Displacement diagram
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Ul 1 Ii 1111111 1111
2560.0 2450.0
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1500.0 1430.0 1375.0

Figure 5. Input for lock culvert analysis
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Appendix C: Display of Three—Dimensional Data
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Sei~’eral Corps applications need the disp lay of three—d imensional

data. A prerequisite to display such data is the development of a num-

ber of subprograms that can remove hidden lines, rotate a geometry in

space , and be able to window specific portions of the data. These capa-

bilities are demonstrated in Figures 1 and 2. The subroutines to

display these figures come from the Lawrence Livermore Laboratories.

Based on these capabilities, programs that require the display of

th ree—dimensional  data , such as in FEM, will be developed in the future.

Figure 1. Display of Torus
with hidden lines removed
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Figure 2 Window of Torus
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Mr. Wayne Jones has a B.S. degree in Aeronautical Engineering and

his M.S. degree in Engineering Mechanics from the University of Alabama .

He has been working with the Computer Analysis Branch , Automatic Data

Processing Center , WES , since 1972. Mr.  .Jones has varied experience in

the  use of the f i n i t e  element method in soils , s t r uc tu re s, s o i l — s t r u c t u r e

interaction , and 3—D problems . He has participated in short computer

courses taught at WES.

Mr. Dale A. Bryant earned a B.A. in Architecture from the Univer-

sity of Washington in 1968, an M.A. in the same field in 1969, and is a

Doctor of Architecture Candidate. He has Professional Registration in

Wisconsin as an a rch i t e c t , has worked as a designer/draf tsman, an in-

structor and research assistant at the University of Michigan, a con-

sultant for the Building Research Advisory Board , an instructor and ADP

analyst far the Engineer School at Ft. Belvoir , and as a research archi-

tect and Acting Chief , Master Planning & Systems Build ing Branch for

CERL. He is presently serving as Asst. Manager , Automated Architectural

and Arch itectural Design System Project at CERL. His recent publications

are “GRAPHIC : The Student Experience,” Proceedin&s of the Kentucky Work-

shop on Con puter App lication to Environmental Design; “SEARCH: Systema-

tic Evaluation and Review of Criteria for Habitability,” CERL Report

D—43; “The Structure of SEARCH II, CERL Letter Report D—55.

Mr. Robert Bruce Dam s earned a B.A. in Music Education from the

University of Tulsa in 1966 and an M.A. in the same field in 1967. After

a year teaching public school music and a supervisory position in

Tulsa company he returned to school , earning a B.S. in Environmental

Design from the University of Oklahoma in 1971 and a Masters in

Arch itecture in 1973. He has Professional Registration as an Architect

in Wisconsin, and is presently employed by CERL as an Assoc iate Inves-

tigator , Computer—Aided Architect Design Wotk Unit. He coauthored two

SEARCH reports mentioned in Mr. Bryant ’s biography, as well as coauthor—

1mg with Mr. Bryant the Users Manua l for SEARCH. He has also written

An Evaluation of Computer—Aided Architectural Systems, CERL, ARC*ARC,

An Architectural Design Simulation - ERDA IV, Development of the Housing

Model — NSA , and Computer Application in Design Lanj~iage of Environmental

Space for Perspective Plotting.
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Mrs. Janet  H. Spoonamore , a coauthor on the SEARCH publications ,
graduated trom the University of Illinois in 1967 with a B.S. in Mathe-

matics Education and earned her M.S . in Mathematics there in 1968. She

has worked as a systems analyst , a research programmer , and an opera-

t ions research analyst , her present job with CERL . In addition to the

SEARCH publications, she wrote , while working as a research programmer

at the  Center  fo r  Advanced Computa t ion , Un ive r s i ty  of I l l inois, The CAC

Economic and Manpower Model: Documentation and Users Guide, An Illiac

IV Code for Solving Systems of Linear Equations, and Econometric Simula-

t ions for Using a Stochastic Model.

Mr. Robert L. Hall has a B.S. degree in Civil Engineering from

Auburn University and has completed his course work for an M.S. degree

in Civil Engineering from the Mississippi State University. He has

been working with the Computer Analysis Branch , Automatic Data Process—

ing Center , WES, since 1972. Mr. Hall has varied experience in the use

of Interactive Graphics, structures analysis, and slope stability. lie

has participated in short computer courses taught at WES.
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In acc rdance with ER 70—2— 3 . paragraph 6c(l)(h),
da t ed 15 Febr uar y 197 3 , a facsimil e catalog card
in Lib rary uf Congr&-ss format i-; reproduced below .

corps—Wide Conference on Computer—Aided Design in Structural
Engineering, N ew Orleans , La . ,  1975.

- ~~~~~~~ - -  — 
- 

Proce ed i n ~~s . . .  held in New Orleans , Lou i si a n a ,
22—26 September 1975 Vickshurg, Miss ., Automatic Data
Processing Cen ter , U. S. Arm y E n g i n e e r  Wa t erway s Exper imen t
St ; I t  ion , 1976—

12 v . illus . 27 cm .
t~ ,ntents. —v.l . Management report .—v.2. Lis t of computer

programs for CADSL—v.3. Invited speeches and technical
presentations. —v. 4. 1)ivlslon presentattons .—v.5. State—

~f thc Corps Art (SOCA) reports on gravity monoliths , U—
frame locks , and channel s.— v h . SOCA reports on gates.
stop logs , and trashracks. —v .7. SOCA reports on single—
and multip le—cell cond uit s and tunnels. —v .8. SOCA reports
on p ile foundations and sheet pile cells .—v .9. SOCA
reports on sheet pile walls and T—walls .—v .lO. SOCA
reports on st lffni - ss methods , f rames , and mil itary con—
struction. -v.tl . SOCA reports on earthquake and dynamic
analyses.—v.12. In teractive graphics , SEARCH and CORPS
systems -

(Continued on next card)

corps—Wide Conference- on Computer—Aided Design in Structural
Engine ering , New ( ) r lean , . I~a .  • 1975.
~Prc’ceedings ..  1916-
(Card  2 )

1. Computer—aided design — -  Congresses . 2. Design — —

Congr~-sses. 3. Structural engineering — — Congresses.
1. 1 . S . Army . Cor ps of Engineers. II. U.  S. Wa terways

Experiment Station . Vick sburg, M i s s .
TA641 .t;67 1975
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