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DEVELOPMENT AND IMPLEMENTATION OF A MECHANICAL PROPERTIES
DATA STORAGE AND RETRIEVAL SYSTEM

M. K. Booker and B.L.P. Booker

ABSTRACT

The design of modern elevated-temperature operating
systems requires a thorough knowledge of the mechanical
properties of the construction materials involved. Such
knowledge can require the generation and analysis of
massive amounts of mechanical properties data. To aid
in the management of these data, a computerized Mechanical
Properties Data Storage and Retrieval System has been
established. This system includes capabilities for a
computerized processing of raw test data into a usable
form. Processed data are placed in on-line disk storage
for easy remote Teletype access. The ORLOOK computer
program allows generalized searches of the data base
and efficient retrieval of relevant data. Retrieved
data may be received in a variety of forms, including
tabular, graphical, etc. Numerical and statistical
analysis of stored data may be done directly through the
ASEND and APEND computer programs.

I. INTRODUCTION

Successful design of elevated-temperature operating systems requires
an extensive knowledge of the mechanical properties of the materials of
which the systems are to be constructed. Also, of course, selection
of a proper construction material requires understanding of the proper-
ties of various materials. Such requirements mean that successful
design depends on large quantities of data from mechanical properties
tests. When the properties of several forms of several different
materials are of interest, the amount of data required can be massive.

In the case of nuclear reactor systems, the amount of data required
can be particularly large. To meet these requirements, extensive test
programs are being conducted around the world in an effort to charac-
terize the behavior of the materials of interest in nuclear systems
design. The amount of these data, combined with the fact that they come
from many sources, makes efficient management difficult. Great amounts
of data can be lost, forgotten, or simply ignored. In order to assure
the best possible design use, the data must be centrally collected, sorted,
systematized, and disseminated to those who need them. Furthermore, all
of these tasks must be performed quickly and efficiently. The problem
of handling such large amounts of data immediately suggests use of the
modern digital computer.
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Modern computers are particularly well-suited to the processing of
large amounts of data. They are fast, efficient, and can perform any
number of operations upon the data, outputting them in whatever form
might be most useful.

With all of this in mind, the Mechanical Properties Data Storage
and Retrieval System (DSRS) was established at ORNL. This report will
describe the general features of the system, including purposes,
operation, and possible future directions.

II. GENERAL FEATURES OF DSRS

DSRS is a computerized system for the storage, manipulation, and
retrieval of mechanical properties data. As such, it consists of
several different phases. The first phase consists of the collection,
screening, and input of data to the system. Next comes the stage of
searching and sorting the actual computer file of stored data and,
finally, the output of the data in useful forms.

Input of data to DSRS consists of (1) locating useful data; (2)
transferring the data with all available relevant test information to
punched cards; (3) processing of these cards through programs which
check for errors and then write the data on a magnetic tape; (4) final
transfer of the data in a format meaningful to the ORLOOK* computer
program to a permanent on-line disk file for direct user access. The
details of this input procedure are discussed in Sect. III. Input
data include results from tensile, creep, fatigue, impact, slow-bend,
and relaxation tests, although other types of tests can easily be added.

Searching the file to locate and isolate particular data is
accomplished through the ORLOOK computer program. The procedures
involved are described in ref. 1 and in Sect. IV. Basically, the user
simply describes the data that he is interested in (following instruc-
tions given in Sect. IV), and ORLOOK locates these data and creates a
separate subset containing them. The user then proceeds from there,
performing whatever operations on this subset that he wishes.

Output of DSRS data may be received in several forms. Output of
desired data may be received at the Teletype or at the line printer in
a format similar to the structure of the on-line file, at the line
printer in tabular format through the ADTABLE? program, or in graphical
form through the ADPLOT® program. Output procedures are described in
Sect. IV. Procedures for automatic data analysis are described in
Sect. V.

III. DATA INPUT PROCEDURES

A first step in the successful operation of a data storage and
retrieval system is the establishment of a useful, well-characterized
data base. Criteria considered in the input of data to DSTS include
the following: (1) Are the data from a relevant test on a material of
interest in design applications? (2) Are the data well-documented;



that is, are the procedures and definitions used in generating the
data clear, and were they acceptable? (3) Is storage on DSRS likely
to increase the usefulness of the particular data? (4) Do the data
fit generally accepted trends?

Of these criteria, number (2) is the hardest to meet, while number
(4) is sometimes not known or even necessarily mandatory. Still, no
data are input unless they meet at least criteria (1) and (3), while
priority is given to data which also meet criteria (2) and (4). Thus,
the following priorities for data input have been established:

1. ORNL-generated data,

2. data generated on subcontract for ORNL, ‘

3. data privately supplied to ORNL by parties which generated the data,

4. data from the literature which are needed for some particular
application.

By necessity, input procedures for data from different types of
sources are initially somewhat different. Initial procedures for pro-
cessing each of the four above types of data are discussed in the next
section.

Data from tensile, creep, fatigue (including creep-fatigue), impact,
relaxation, and slow-bend tests are presently stored on the system,
although additional types of tests could be added easily. Tables 1 and
2 give a current summary of data stored on the system, although it must
be realized that the system is constantly growing and the numbers in
the tables are constantly changing.

Table 1. Mechanical Properties ORNL Data
Base — Data Summary April 1, 1976

Number of Individual Tests

Material Slow

Tensile Creep Fatigue Impact Bend Relaxation Total
304 SS 838 437 11 1286
316 ss 215 53 268
2 1/4 Cr-1 Mo 430 74 59 73 18 654
Incoloy 800 102 102
308 sS 61 13 74
Hastelloy X 34 34
9 Cr-1 Mo 18 18
INOR~-8 691 691
Other 360 3 83 38 392

Total 2058 1271 59 156 56 11 3611




Table 2. Mechanical Properties Supplemental Data
Base — Data Summary April 1, 1976

Number of Individual Tests

Material
Tensile Creep Fatigue Total
2 1/4 Cr-1 Mo 221 577 384 1182
316 SS 9 171 236 416
304 SS 11 45 469 525
Inconel 718 156 187 207 550
Inconel 800% 306 345 209 860
Incoloy 800H 173 137 67 377
A 533-B 77 77
1 Cr-1 Mo 1/4 V 1 4 5
Total 954 1462 1576 3992

aIncluding former grades 1 and 2.

A. Initial Processing

Once data have been earmarked for input to DSRS, the next step in
the input procedure is to transfer the data, with all necessary accom
panying information, to punched computer cards. This step may be
carried out in several ways. The most common way is for someone to
transcribe the information onto the applicable DSRS Data Input Form.
The information on these forms is keypunched, and the step is complete.
Figures 1-5 show the currently used Data Input Forms, while part B
of this section describes their use in more detail.

Data from private sources and from the literature are generally
processed using Data Input Forms. However, there are exceptions.

For instance, data in tabular formats are often keypunched directly,
especially if a great number of data are involved. Simple conversion
programs then transfer the data from these cards to DSRS formatted
cards, thus saving the labor of manually transcribing the data from
the original tables to DSRS input forms.

More options are available, of course, in the processing of sub-
contracted data and especially of ORNL data. In these cases, actual
raw test output such as strip charts and X-Y recordings are available.
Clearly, all salient test characteristics can be manually read and/or




Test Number

Institution/Program/Date’
Engineer/ Technician

Temperature
Environment

Material

Heat Number

Alloy Base

Heat Treatment
Specimen Description

Comments

Nominat Properties
Engineering Properties

.2% Otfset Yield
Ultimate Stress
Fracture Stress
Uniform Elongation
Total Elongation
Reduction of Area
Upper / Lower Yield

Extensometer Results

Modulus
Proportional Limit
.02% Offset Yield
.2% Offset Yield
Extensometer Class

UCN-10000
(¢ 1-74)

<IP >
<TE ~
<EN >
< MA
< HN >
< AB >
<HT >
<SsD >

<CM 7>

“ NP >

<EY >
<us >
<Fs 2
< yE >
<ET >
< RA >
< yL >

<YM >
< pL >
<YOD >
<vy2>
< EC ”

MECHANICAL PROPERTIES DATA STORAGE FORM

ORNL-DWG 76-8244

TENSILE
Specimen Number <N@ > | | | | | | | | | |} Trpeof Test <Tv > | | S I B
A P G O 5 e N |
I O 0 O 0 P O o leradiation Data
I Y A A Experiment No. <ex>| ]| f ] 1
Irradiation Temp. <I1T 2> I (°c
Fluence SFL> (1 | [ | |+ (Nsem®)
Reactor and Position <RP>L_LI R
N T 0 A WO Y I
A N T Y I O O
T 1 T U 1 T (s O )
S S T T s s e e (Y O B
T S 0 (e O O A A O
1V Y O 0 N S0 U T T S A (U O I
Proportional Limit .02% Offset Yieid Apparent Modulus
N O O T T T T T (2 2 S I O A O SRR S
T T 1 O -1 Elongation in 4D <eD> | | 1111 1l_d ¢
I O O O O O O I Y 1) Nomina! Strain Rate CSR> || |t 1.1 4 4 C%/mn)
Ll b bttt aa: cesn True Properties
0 T Y O A O
L T ERES Ulumate Stress <tu> || |1 . (ps1)
P (%) Fracture Stress <TE> | , (pst)
[t Lt . (psi) Uniform Eiongation <TL> L %)
Total Elongation LG b Y T Y S O PO .
Ll L L L Lt L L] tesy Stress < SE > Total Strain < SN >
Ll 1t b1 111 tesi) Ll Lol 1L ds tes T U Y OO A O
N YU Y 1 O A -1 T T S N T
I O T Y O A -1 I W Y G A ) B
L Lt it AT O T Le 1l
v (I I O W I B
S T W T I I T T W
Fig. 1. DSRS Tensile Data Input Form.



MECHANICAL PROPERTIES DATA STORAGE FORM ORNL -DWG 76-8245

FATIGUE

Test Number < > SpecimenNumber <Ng> | | | | [ L1 1| ]} TypeofTew  <Tv> | § | | [ |1 41 |1}
Institution/Program/Date/Enginesr/Tachnieisn <tp> || | | LU E L b L L0t b bbbt it bd bt edr]
Tempersture <>l Ll Ittt tlygea Irradiation Data:
Environment <en> L0 1Ll LLrLree Experiment No T<ex> L1111
Materil <>l Ll LIyl radiation Temp. S T e
Heat Number <en>L Lttt Resctor and Position <RP>LL 111111
Alioy Base <as> L LI L LIy
Heat Trestmaent <wr>P LR Ll et re v g er et el
Specimen Description <so> LA L0 bbb b ettt e et err ittty
Comments <> L)LV LL LRttt eyttt re et erreaty
Mode of Control <cwm> L LIty Strem Renge at: (cycles) <§§>
Steain Renge <eo>L Ll IIA LIl 1L]): w =1 [llllll]llllllllllILJJ_];ln--i
Mean Strain cer>LL LI LELIL) m () LEd Ly b ettt ittty wn
Wave Form <we>L L L LI LT LTE]) 100 llllll|llJl|ll|l||||||;(m-)
Hold Mode . <m>L L L) LT L EET] ] =000 L} L3P LU EL L] tem
Hold Time <n> L LI LI AT 11 e 0000 L] | 10 8] L E L LT TibTTLELLE toa
Ramp Strein Rate S I I I T O O I O 7 ey L L L)L LA L Lt tem
Frequency <> L L1 L1 AL ELL1]: mn cyeoFsiue <ce> L LI bt iliig-
Etastic Modulus <wm>LL LI L T L LB L] tesit timetoFaiture <AT> L L L LT L L) wew
0.02% Offset Yield Stress <vo>L Ll LI 0 111 ] LL: tesit  Maximum Tensite Strem at Nt2 <rs> Ll LLLL b E L L) o
0.2% Offset Yield Stress <ve> LA A L Ll i i 111 tesit MeximumCompremiveSwematntiz <mc> | | | | 1 L L L L LY L] tes
{nitis! Stress Amplitude <as> L LI L LI L LT L b st EtosticStrmin Range st Ntz <ee> LLL LI UL E LY LLY):
Initiat Strain Amplitude <ns>LLLLLLLLELLL): oo Plastic Strain Range at Nf/2 <ee> LLLLLLLLLLELLL: oo
Ssturstion Stress Range <st>LL LI I L L LI L LT et cvlemtoFistDecramminstempongs <co> | L L L L L L L 1L /L]

bev Cycles st Satureti <es>L L LI EL LTI ]] Cycles to 5% Reduction inSremRange <c5> | L L L L L L L L L[|
Ssturation Maximum Stress Amplitude <ws>L LTI ITL ITW; tpsi)
Seturstion Stress Amplitude st 01 Hod Time <si> L [ I [ J 1 1 L1111} o
s Minimum Stret Amplituds <> L LLL LT ILT L) o

TX-4886 (B 74)

Fig. 2, DSRS Fatigue Data Input Form.



Test Number

Institution/Program/Date/
Engineer/ Technician

Temperature
Environment

Material

Heat Number

Alloy Base

Heat Treatment
Specimen Description

Comments

Stress

Minimum Creep Rate

Rupture Time

Time Discontinued

Time to Third Stage Creep

Primary Creep Strain

Total Elongation

Quality of Test

Extensometer Class

UCN-109008
3 1-74)

MECHANICAL PROPERTIES DATA STORAGE FORM ORNL-DWG 76-8246
CREEP
SpecimenNumber < N@ > | | [ | | | | | | ]] Typeof Test < Ty > | | |t | L ¢t ] | § |}
SIP > o T e e I B
< TE » [ O O O O O I O O O P A ) Irradiation Data
cenc Ll Ll bl lertly Experiment No. cex L1
{rradiation Temp. <IT > L) Q)
ST N U T Y Y I Fluence <CFL > L J: (N/em®)
Reactor and Position <RP > Ll
DT IS (N O T T O Y O W
Y- T T O I O A
7R S-S (N T T T e T e e o o
oS N I T T T T T O I
2=~ T U 1 O T T O O Y I
Lottt bttt ettt et tr vt e bt ety
<ST > | ll I I l i l Jlj,(ps-) Loading Data:
<CR > I l l l I | I l 1 1 LJ,(%/hr) Elastic Strain
. on load <EL ~ . (%)
S S I O O R Y
Piastic Strain
cvo> L EL LI LIl L) o on load <EP - LY
I T I O I O O O O O A R T Loading Method ST I O I I
< PS> I l I I I [ l Ill ]_];('l.) Reduction of Area < RA > ' %)
<ere LUt
<r> LA Ll LE L b1
<ec> L) Ll bL Lt
Fig. 3. DSRS Creep Data Input Form.



Test Number <

institution/ Program/ Oata/
Engineer/ Technician

Temperature
Environment

Macerial

Heat Number

Alloy Base

Heat Treatment
Specimen Description

Comments

Specimen Orientation Code

Specimen Location :

Depth of Precrack

Load at

Deflection to

Energy to

U CN-10890C
3 1-74)

<IP >
<TE >
<EN >
<MA >
<HN >
<AB >
<HT >
<sp >

<CM >

<s@ >

< DG >
< X >
<y >
<z >
<T1>
<pc >

<Lp >

< pD>

<EG >

Fig. 4.

MECHANICAL PROPERTIES DATA STORAGE FORM

IMPACT-SLOW BEND

bee <No0>| | |} |} ]}l

ORNL-DWG 76-8247

Typsof Test <Tv > | | |} ] 1 Vb @}

| I 1 P I T T 1 O T e T I I A
I T T T O O I P . 3 Irradiation Data:
LLir sttt bty Experiment No. <cex>L L L]
Irradiation Temp. <IT> Q)
Lt e bl rf)g Fluence <FL > ; (N/em?)
Reactor and Position <SRP> L 1 1 L L1t 1Ly
Ll ettt
[ N )
vt e e e ettt ettt e e e v ey vt ety
Ll et v et prrrv eyt e e et e ety r b ey
cevr et et ey v e r bt e ettt ety
I T 1 2 T T T T ' I A O I
el bttt Spesd <sp> | || | J: twsec,insmn)
Total Fracture Energy < FE > . (fr-lbs)
Lttt ity (deg.) Lateral Expansion <LE > | L(iny)
I T O N O O 0 I £ 7. Fracture Appearance SFA> L L L L1 i (%Fibrous)
I N Y Y O O 17 Fracture Toughness Param. < FP > | . (kpsi-in. %)
N Y Y WO O Y B (9]
| T O S O O I O O P 9 Slope Elastic Portion <sL > | : (Ibs/in)
| S T S S U I I S PN 1. R} Load-Time Trace <TA > }. (yes or no)

Start of Fast Fracture

Ll it

e L L L LIl T T i L L E sl L LI

Fracture Arrest

Maximum

General Yield

s (tbs)

Fast Fracture

i | y (iny)

Fast Fracture

I I l; (fr-1bs) I v (fr-1bs)

Max, Load
I 3 (in)

Max. Load

DSRS Impact—Slow-Bend Data Input Form.



Test Number <

Institution/ Program/Date/
Engineer/Technician

Temperature
Environment

Material

Heat Number

Alloy Base

Hleax Treatment
Specimen Description

Comments

tnitial Nominal Strain
Initial Actuat Stress

Loading Strain Rate

Test Time

Modulus

.02% Yield

.2% Yietd

Retest .02% Yield

Retest .2% Yield

UCN-100904
3 1-74)

MECHANICAL PROPERTIES DATA STORAGE FORM

Specimen Number < NQ > d

<IP >
<TE >
< EN >
< MA >
< HN >
< AB >
<HT >
<sp >

<CM>

< NS >

< AS

<SR >

<T1>

<YM >

<Y0D >

<yvy2 >

<YA >

<vyg>

1N T Y O

ORNL -DWG 76-8248

RELAXATION

Typeof Test <Tv> || | |t Jt ] 111}

T A U U 0 T T T T T e A I o
N N G T T T O R o o3 Irradiation Data:
llllllllll | L 1L Experiment No. (Iﬁxillllllloé|]
Irradiation Temp. <1IT . )
HEREENENEE RN Fraamce G (e
Reactor and Position SRP >y |t
AN A T O O O O
N S O I
lllllllllllllllllllllllllJIlIllllllllllllllllll
S N U T O O Y A T O O T T
S 1 1 1 T O O S i A |1 L
IlllllllllllllllllllllllllllIllllllllllllllllll
LLL_J._UI]J_LIIJ,Illlll(’-) Final Stress and Svain SFILlllllllJ
|llllJl|lllLJIllll[](psn) Stress at Time
<88 > | . {psi) CT™ . (hrs)
. (% /min) | R
0 1 I 0 A O A 2 ) : :
I T
. (psi)
l i (psi)
. {psi)
S 1 I Y Y (Y1)
‘1111J|11|11J o (psi)
Fig. 5. DSRS Relaxation Data Input Form.
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calculated from this raw output and then transcribed onto DSRS Data
Input Forms. Indeed, this procedure at present is followed for
relaxation, impact, slow-bend, and (to some extent) creep tests. How-
ever, here again computerization can decrease needed labor.

A relatively new aspect of DSRS is the development of auxiliary
data processing programs which aid in the interpretation and translation
of raw test output into useful data, and concurrently prepare the data
for input to DSRS. At present, there are two programs, TENSIS and
ORFAN, for the analysis, respectively, of tensile and fatigue (including
creep-fatigue) data. Use of these programs is described in detail in
separate reports,l"5 but will be described briefly in parts C and D of
this section.

B. DSRS Data Input Forms

Use of DSRS Data Input Forms is mainly self-explanatory, although
a few comments are in order. As seen in Figs. 1-5, the forms include
the one to three letter identifiers, with brief explanations. More
detailed information on these identifiers can be found in refs. 6 and 7.
Basically, an identifier is a label which serves to "tag'" data stored
on the computer as being for a particular quantity. For example, a
number stored as 36000 is meaningless unless it is labeled, for example,
by <Y¥Y2> to denote that it is a 0.27% offset yield strength in psi.

The blanks on the forms in which data are entered are separated
into individual spaces for purposes of convenience in keypunching.
References 6 and 7 contain guidance for the determination of actual
entries. Note that for certain identifiers containing textual infor-
mation, only particular entries are acceptable. The entries in these
fields are scanned by an ADSEP® "dictionary," as described in the next
section, to check their contents. These fields include <AB> (alloy
base); <EN> (test environment); <IP> (source reference); <MA> (material)
<TA> (availability of load-time trace in impact—slow-bend tests); and
<TY> (type of test). If it is necessary to make an entry in one of
these fields other than those currently allowable, the dictionary can
easily be changed accordingly. Semicolons are used as delimiters to
separate the different segments of "structured" fields (fields with
more than one segment). Thus, a semicolon (;) should never be entered
as data in these fields. Structured fields included <AS>, <DG>, <EG>,
<IP>, <LD>, <NS>, <SE>, <SN>, <SS>, <TI>, <TM>, <UL>, <YA>, <YB>.®

In addition, the characters < and > are used to enclose identifiers
and should never be entered as data in any field.

C. Use of TENSIS

.
b

Chart recordings of load vs crosshead displacement, or X-Y recordings,
of load vs specimen extension, constitute the initial output of conventional
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tensile tests. To be useful, these recordings must be converted to
actual stress and strain, and salient test characteristics, such as
yield strength, etc., must be read from them, Automatic testing systems
to facilitate this conversion have been described,® but such systems are
not generally available. 1In addition, before and after test measure-
ments of the specimen are used to determine quantities such as reduction
in area and total (inelastic) elongation. General procedures for the
determination of the values of the various identifiers to be input to
DSRS are described in ref. 7.

To aid in the processing of raw tensile data, the TENSIS® computer
program has been developed. TENSIS accepts load-extension points from
the load-displacement and X-Y charts of a test, then calculates the
corresponding engineering stress-strain values. The program then cal-
culates the relevant DSRS identifiers (Fig. 1). Output consists of a
printed table of data and punched cards for input to DSRS. True stress—
true strain values can also be calculated, and plots of engineering
stress-strain and true stress-strain curves can be plotted. Output of
log-log plots of true stress vs true plastic strain is also available.
Sample TENSIS plots are shown in Figs. 6—8.

ORNL-DWG 76-8249
50000 ENG. STRESS VS STRAIN

seooof  TEST NO. 16826
TEMPERATURE (DEG C)  25.
STRAIN RATE (//MIN]  0.4Uu9

TvrT

56000
s4000 b
52000

\Aa Rl

50000 f

T

usnoof
46000 F
wioao
2 42000 - o

@ 40000 |

S
[}

'38000%
3s000F ©
3u000§
32000

30000

\Ad A

28000

A2 BA

A

26000

24000

M

22000

3TY

0.0 TSR TS TN e 6.0 70 e 0TTe0 e

5.0
E.STRAIN
Fig. 6. Example Plot of Engineering Stress-Strain Data from TENSIS.
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ORNL-DWG 76-8250
TRUE STRESS VvS. TRUE STRRIN

60000

csoonf  TEST NO. 16826
TENPERATURE (DEG C) 25
S6000F  STRAIN RATE . (Z/MIN)  0.4449

54000 F °
52000 F
S0000 f-
48000
46000
44000
42000 F

40000

TAUE STRESS

30000F ,
36000
000 F
32000 F
30000 F
28000 F
26000 fo
3
24000 fe

22000 -
o

bl TEOVTVUUUN SYUTUUUN TUVOVTUN DUOwet Loaasdasiidossetoscalosaat
0.0 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100
TRUE TOTRL STRAIN

Fig. 7. Example Plot of True Stress-Strain Data from TENSIS.

ORNL-DWG 76-8251
- LOG TSTRESS VS.LOBG T.PL.STRAIN
s.25F  TEST No. 16826

TEMPERATURE (DEG C) 2s.
S.20F  STRAIN RATE (Z/MIN)  0.4449

S.00F

4.9SF

4.85F
.80

Y.ISE

LOG TRUE STRESS
=

4.T0f
4.6SF
4.60F
4.SSF °
4.SOF
(W11

N.40F °

-4.0 -3.5 -3.0 -2‘.5 —2‘.0 -1‘.5 -1.0 -0.5
LOG TRUE PL.STRAIN

Fig. 8. Example Log-Log Plot of True Stress vs True Plastic Strain
Data from TENSIS.




13

D. Use of ORFAN (Oak Ridge Fatigue Analysis Program)

Analogous to the TENSIS computer program for tensile test data is
the ORFAN program for the processing of fatigue and creep~fatigue data.
ORFAN takes input readings from strip charts and hysteresis loops, con-
verts the readings to stress, strain, etc., and outputs tables of data,
punched cards for input to DSRS, punched cards for use in analytical
programs, and plots of data. Figures 9—13 show typical ORFAN plots for
a test with a hold period at peak tensile strain. In addition, ORFAN
has the ability to perform direct analysis of hold-time fatigue data
by the methods of linear damage summation®® and strain range partitioning.11
A full explanation of the many options available in the ORFAN program can
be found in ref. 4.

ORNL-DWG 76-8252

PLASTIC STRAIN RANGE

3.8 SPEC.NO. MIL-36
TEST.NO. 3797
3.6 STRAIN RANGE () 0.500
STRAIN RATE (4/SEC)  0.400
3.4 TEMPERATURE (C) 482.
3.2 TEN.HOLD TIME (HR)  .1000

PL.STRAIN RANGE

0.0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
CYCLE FRRCTION

Fig. 9. Example Plot of Plastic Strain Range (%) vs ﬁﬁ from
ORFAN. !



14
ORNL-DWG 76-8253
MEAN STRESS

18000 SPEC.NO. MIL-36
TEST.NO. 3797
16000 |- STRAIN RANGE () 0.500
STRAIN PATE (7/SEC)  0.400
14000 TEMPERATURE (C) 482,
12000F TEN.HOLD TIME (MR} .1000

58888

MERN STRESS

-4o00

. . . .00
CYCLE FRARCTION

Fig. 10. Example Plot of Mean Stress (psi, positive-tensile) vs
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Fig. 11. Example Plot of Relaxed Stress Amplitude (Stress At End
i i ORFAN.
of Hold Time) vs-N? from




15
ORNL-DWG 76-8255

HOLD MOODE [ SPEC.NO. MIL-36
NONHOLD MODE a TEST.NO. 3797
STRAIN RANGE (7} D.500
STRAIN RATE (%/SEC)  0.400
TEMPERATURE () uge.
TEN.HOLD TIME (HR) 1000

STRESS AMPLITUDES

60000
55000
50000
W Y5000
S
— NOOOO |
& 35000 F
C’E . a - a
30000 . .
w 3 ; ; ; [} 8 [ o [ ©
) 25000 F °
a
o 20000 F
15000 -
10000 |- o
" 1 n 1 " 1 " L n l
0.0 0.10 0.20 0.30 0.70 0.80 ©0.90 1.00

R R
CYCLE FRACTION

. N
Fig. 12. Example Plot of Stress Amplitude (psi) vs-ﬁ} from ORFAN.
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Fig. 13. Example Plot of Stress Range (psi) vs ﬁ} from ORFAN.
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E. Computer Storage

Once data for input to DSRS are punched onto computer cards
(whether by keypunching from DSRS Data Input Forms, punching through
TENSIS or ORFAN, or conversion from cards punched from tabular data,
etc.) these data must next be transferred to the DSRS on-line disk
file.

The initial step in this process consists in writing the data onto
a magnetic tape in a format accessible and understandable by ORLOOK,
ADTABLE, ADPLOT, and other programs. This step is accomplished by
means of the ADSEP® computer program, which is a generalized data-set
building and editing program used with ORCHIS!? data bases. After data
cards are read into the computer, the test fields under "dictionary"
control are checked by an ADSEP dictionary routine which resides in
permanent disk storage. If any violations are found, the data are
rejected. Thus inconsistent or confusing terminology is avoided.

Once accepted by the dictionary, the data are read by ADSEP and
transformed into an orderly, consistent file structure. A file contains
an initial Header Record, Individual Data Records, and a Terminal Record.
Further information on file structure may be found in refs. 1 and 8, but
here it is sufficient to say that ORLOOK and other programs can access
the data.

The data are next written onto magnetic tape in the converted
format. This procedure can be used to add new tests to the DSRS data
base, add new data to tests already stored on DSRS, or alter or amend
data already stored. Likewise, information which is deemed obsolete or
useless can be erased from the file in another variation of this same
procedure.

These steps are accomplished by using a system of three cycled
tapes. New information read into the system through ADSEP is merged
with the contents of the latest data tape and written onto the next
tape in the cycle. The data on the old tape are saved. Thus, in
addition to the updated tape, there exists at all times a backup tape
which is complete except for the latest update, and a tape complete
except for the two latest updates.

Finally, the latest update tape is copied onto the permanent on-
line disk file by scratching the old disk file and rewriting the
contents of the updated tape onto the disk. The entire cycle is
illustrated in Fig. 14.

F. Verification Procedures

Other than the dictionary check of certain text fields, at present
there are no automatic procedures for the checking or verification of
input data. However, some check of input data is, of course, desirable.
The current procedures used to do so are commonsense checks.

First, the data input forms are visually scanned for inconsistencies,
and questionable data are checked before input. Types of errors which
might be uncovered in this step include unreasonable numerical data
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NEW
DATA
2

Fig. 14. Flow Diagram Illustrating DSRS Tape Cycling.

(unreasonable magnitudes or inconsistencies such as a 0.2% offset yield
strength greater than an ultimate tensile strength, etc.) and unusual-
looking text entries in the <HN> (heat number), <HT> (heat treatment),
and other fields.

Periodic checks are conducted by computer, as well. Accessing the
disk file by Teletype, ORLOOK is asked to locate all tests containing
various unreasonable data, such as <RA> (reduction in area) greater
than 100%. Any such data found are then corrected as previously
described.

Inconsistencies in retrieved data can be identified by examination
of output from ADTABLE or ADPLOT. A check of the <CM> (comments) or
other fields often yields a valid reason for such deviations.

G. Material Characteristics Information

A check of Figs. 1-5 gives a quick idea of the types of mechanical
properties data stored in DSRS. One might note, however, that the only
material characteristic information includes items such as <MA> (material),
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<AB> (alloy base), <HN> (heat number), or <HT> (heat treatment). In
many cases, such information is inadequate. To fulfill the need for
further information on material characteristics, a separate file is
maintained to contain such information.

Figure 15 displays the form used to input data to this material
characteristics file. Note that this file is maintained separately from
the mechanical properties files. The three entries allowable for the
chemical composition information correspond to ladle analysis, vendor
check analysis, and laboratory check analysis. As is the usual case
with structured DSRS fields, missing data are indicated by an entry of
a negative sign followed by three or more nines, although five nines
are recommended. Thus, if the ladle and laboratory carbon analyses were
available for a given heat, but the vendor check analysis was not avail-
able, the <C> entry might be

<C> 0.05; —99999; 0.048;

Data taken from the literature and other such sources can often
cause problems in availability of material characteristic information.
For instance, often only one chemical analysis is given, and its source
might be unclear. In this case, only one entry would be made in the
field for each element. Then (and in the case of any unusual occurrences),
explanation should be made in the <CM> (comments) field. If the heat
number is unknown, an <AA> (series label) can be assigned in its place
to identify a particular lot of material. Problems can occur when data
on the same lot of material come from different sources, when the fact
that all the different sets of data are for the same lot of material is
often unclear. Still, when the heat number is unknown, an attempt at
identification is helpful. In any case, <AA> numbers are assigned by
DSRS personnel only, to help avoid duplicate numbers for different heats
or different numbers for the same heat.

It should be noted that the DSRS material information file is
relatively new and does not contain information on all of the material
on which data exists in the mechanical property data files.

H. Weld Metal Data

For the processing of data involving weld material, an additional
file is maintained to store the relevant background information con-
cerning each weld tested. Thus, each mechanical properties test involving
weld material will be stored with the weld number of the weld. Knowing
this number, one can then search the weld characterization file for
information such as welding procedure, welding conditions, joint geometry,
etc.
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IV. RETRIEVAL AND OUTPUT OF DATA

The real usefulness of a computerized data management system is
seen in the results which the system produces. In the case of DSRS,
these results include output of data in various forms so as to facilitate
use of the data in procedures such as material comparison, correlation,
design calculations, etc. Such output consists first in locating the
data of interest, then choosing a method of data output. Search of the
DSRS data file to locate particular subsets of data is accomplished
through ORLOOK, while output may be received through ORLOOK, ADSEP,
ADTABLE, or ADPLOT.

A. Data Search and Retrieval

The DSRS on-line disk files are accessed and searched through direct
Teletype communication with the ORLOOK computer program in the time-
sharing teleprocessing environment of the IBM 360 model 75 computer
located in the Computing Center at the Oak Ridge National Laboratory.
Some of the DSRS-related applications of ORLOOK will be discussed here,
while more general information can be found in ref. 1.

1. General features of ORLOOK

The ORLOOK user interacts with the program through remote terminal
telephone-line hookup and a series of user-initiated verblike commands
and ORLOOK-initiated queries, acknowledgments, and error messages. A
terminal-to-ORLOOK interface program using the telecommunications access
method (TCAM) facilitates terminal input and output. ORLOOK operates on
"time-sharing," which means that several programs may be executing con-
currently in the same core memory region by swapping back and forth from
disk storage into the same memory region. This swapping is controlled
by the IBM 360 model 75 time-sharing option (TSO).

2. LOGON

The first step in using ORLOOK is to establish contact with the
IBM 360 model 75 computer. This step is accomplished merely by dialing
the appropriate computer telephone number and establishing terminal-to-
computer telephone line connection through an acoustic-coupler device.
The user then logs onto the system using standard TSO LOGON procedures.1

The ORNL version of TSO accepts the command ORLOOK as a valid
command. A TSO user may enter ORLOOK at any time merely by giving the
"ORLOOK" command.
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3. File selection

After the user has established contact with the ORLOOK program,
ORLOOK queries

DATA BASE PUBLIC/PRIVATE/OTHER/STOP?

to which the user should answer PUBLIC if he wishes to search one of
the DSRS data bases. No PRIVATE data bases are now used with DSRS. A
reply of "STOP" will end ORLOOK execution and return the user to TSO.
Use of "OTHER" data bases will be described below.

If the user requests a PUBLIC data base, he can receive a listing
of all public files, including a reference number and corresponding
line of descriptive text. This listing may be aborted if so desired.
ORLOOK will next ask the user which file he wishes to access. After
receiving an answer the program will then locate the appropriate file
and reply ORLOOK READY. The user may then initiate data search and
retrieval.

4. The LOOK command

The principal ORLOOK command used for file searching is the LOOK
command, which tells ORLOOK to "look" for all tests fitting the descrip-
tion given. The description is given by specifying the identifier to
be searched within brackets and then giving the value of the identifier
to be searched for. Values of text fields may be specified using '"="
followed by the value desired in single quotes. Numerical fields may
be searched by specifying FORTRAN-like relational operators such as, .EQ.
(equal to); .GE. (greater than or equal to); .LE. (less than or equal to),
.GT. (greater than); or .LT. (less than). Examples follow; note that
entry of the work "LOOK" is optional in the examples of this section.
Underlined characters are ORLOOK-supplied prompts and are not typed by
the user:

(1).LOOK <TY> = 'CREEP'
.END
(2).<HT> = 'ANN'
.END
(3).LOOK <Y2> .GE.'30000.'
.END
(4).<Us> .LT. '100000.'
. END
(An entry of "END" denotes end of the LOOK specification; see below.)
Searches of text fields initiate a search for any test containing
the given string of textual characters anywhere in the given field.
For example, item 2 above would return tests containing heat treatments
such as 'ANN' (annealed), 'ISO ANN' (isothermally annealed), 'SOLUTION ANN'
(solution annealed), etc. For this reason, one must use extra caution,
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since he may cause ORLOOK to return more tests than those he actually
seeks. Also, one must be precise in his specifications. For instance,
a request for <MA> = '304 SS' will not locate tests on type 304 stain-
less steel, since these tests are stored as ''304SS."

Numbers specified for search in numerical fields should be entered
in the correct format; that is, integers should be entered simply as
integers, but real numbers should be entered either with a decimal
point in the proper place or in "E" format. If one wishes to search
for an approximate value of a real number, say <TE> about equal to
540°C, he may specify a tolerance. For instance,

.ERR = 10.0
.<TE> .EQ. '540.'
.END

specified a search for all tests containing a temperature within 10° of
540°cC.

In fact, it is generally a good idea to specify a tolerance when-
ever searching fields containing floating-point (real) numbers, since
these nunbers cannot always be represented exactly in computer storage.
Once set, a tolerance remains during a given session unless reset. This
tolerance applies only to real numbers, not to integers.

One may specify a search for tests meeting all or any of several
criteria using "AND logic'" or "OR logic.'"! Entering two or more search
specifications on one line specifies a search for tests meeting all of
the specified criteria. Up to four specifications may be entered on
a line. Entering LOOK commands on consecutive lines specifies a search
for tests meeting the criteria given on any one of the individual lines.
Up to ten consecutive lines of LOOK commands may be entered. Entry of
"NOT" before a LOOK command specifies search for all tests not meeting
the given requirements. All LOOK commands containing NOT are processed
separately from those without NOT. Then, tests which meet both of
these groups of specifications are given in the result. The search
specifications using NOT are grouped for processing according to their
implied AND-OR logic. One may specify up to ten lines of LOOK commands
using NOT in addition to the ten allowed without NOT. One NOT negates
the entire line, and NOT may be used only at the beginning of a line of
search specifications. Thus

.NOT <MA> = '304SS' <TY> = 'TENSILE'

returns all tests which are not tensile tests on type 304 stainless
steel. For LOOK commands specifying NOT, the same rules of AND-OR
logic apply as in normal LOOK commands. However, since NOT has been
specified, the results are negated, and any test that would normally
have been selected is now rejected. Thus the specification

'TENSILE'
'CREEP'

.LOOK <TY>
.LOOK <TY>
. END
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locates all tensile or creep tests. On the other hand,

.LOOK NOT <TY> 'TENSILE'

i

.LOOK NOT <TY> "CREEP'

locates all tests which are neither tensile nor creep tests.

L<MA> = '304SS' <TE> .LE. '600.'
.<MA> = '316SS' <TE> .LE. '800.'
.NOT <TY> = '"CREEP'

.NOT <HT> = 'ANN'

.END

specifies a search for all noncreep tests on nonannealed material
which are either for type 304 stainless steel below 600°C or for type
316 stainless steel below 800°C.
Finally, an individual specification can be negated by placing an
"N:" before the specified value. Thus

.<MA> = '21/4CRIMO' <TY> = 'N:TENSILE'

.END
searches for all nontensile data for 2 1/4 Cr-1 Mo steel.
Again, all LOOK commands or combinations of LOOK commands are
completed by entering "END" on the line after the last LOOK command.
Use of AND and OR logic enables great flexibility in data search.
For instance, "bracketing commands' are quite often useful. Thus,

~ERR = 100.
.<TY> = 'CREEP' <MA> = '304SS' <ST> .GT. '10000.' <ST> .LT.'20000

specifies a search for creep tests on type 304 stainless steel with a
nominal creep stress between 10,000 and 20,000 psi. Setting of error
bands, as shown, is generally good practice when using bracketing
commands, because of the formats in which numbers are stored on the
computer. (Also, if one is interested in a 20,000-psi test, he is
also likely to be interested in a 20,100-psi test.)
Variations in AND and OR logic have been the subject of whole
texts in logic and set theory. Generally, however, proper search
strategy requires only practice and adequate utilization of common sense.
Entry of the "CANCEL" command erases the last line of LOOK commands
entered. Entry of successive CANCEL commands cancels all current LOOK
commands one by one from last to first entered in the current search
scheme (the current series of LOOK commands since the last END command) .
Entry of CANCEL ALL erases all current LOOK commands.
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Successful completion of a search will be acknowledged by ORLOOK's
returning the subset number of the located subset and the number of
tests in the subset.

5. Subsets

When one begins search of an ORLOOK file, the entire file is denoted
by ORLOOK as SUBSET 0. Subsequent searches for tests meeting specified
requirements will generate new subsets numbered consecutively. Thus,
the first search locates a set of tests which it denotes as SUBSET 1,
the next search creates SUBSET 2, etc. The user may return to any
subset previously located in a given session by entry of the SUBSET
command. For instance, a user who has just located SUBSET 8 may
return to SUBSET 2 simply by entering

.SUB 2

The SUBSET command is useful in its own right, but also can be
useful in search strategy. For instance, if one wishes to separately
isolate creep and fatigue tests on Inconel alloy 718, one might first
locate tests on Inconel alloy 718 by

.<MA> = 'INC718'
.END

as, say, SUBSET 1. Then the creep tests might be found by

L<TY> = 'CREEP'

. END
This command, however, transfers the current ORLOOK pointer to the
creep tests in SUBSET 2. Thus, the fatigue tests might be located by

.SUB 1
L<TY> = '"FATIGUE'
.END
Note that the current ORLOOK pointer is always on the last subset
located unless otherwise specified by the SUBSET command. Subsequent
commands such as output commands will be performed on the subset at
which the pointer currently resides, unless otherwise specified by the
user.
Two subsets may be combined into a third subset, using the COMBINE
command, which has the form
AND
COMBINE — first subset number OR second subset number
NOT

COMBINE AND forms a third subset from all tests contained in both of
the two original subsets; COMBINE OR forms a subset containing all tests
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in either of the two original subsets; and COMBINE NOT forms a subset
containing all tests in the first subset which are not also in the
second subset.

Once a given ORLOOK session is ended, all subsets except the
original SUBSET O will be destroyed; thus, in a subsequent ORLOOK
session one must begin again with SUBSET O and proceed to isolate other
subsets as before. If one wishes to save a given subset for future use
with ORLOOK, or for access by ADPLOT or ADTABLE, the COPY command is
used. COPY stores a given subset separately from the master file for
future use. The form of this command is

COPY (subset number)

Copied subsets are classified as "OTHER" data bases in the original
ORLOOK LOGON. Thus, to access a COPIED data set with ORLOOK, the user
answers

DATA BASE PUBLIC/PRIVATE/OTHER/STOP?

by OTHER. ORLOOK will then request the data set name, at which the user
must supply the entire data set name as cataloged, that is, user-ID.ORLOOK.
SUBSET. (name given by user). Finally, the user must supply the unit num-
ber and volume name on which the data set resides. Having completed all
of these steps successfully, ORLOOK will acknowledge its readiness, and

the user may begin searching the COPIED subset (which is now SUBSET 0).

6. ORLOOK output

Data searched and selected by ORLOOK may be output at the terminal
by giving the LIST command, or at the line printer in the Computing
Center at ORNL, by giving the PRINT command. Other commands also obtain
various output information and will be described here. The form of the
LIST and PRINT commands is

LIST . . . e
{PRINT} (test number) (list of identifiers)

Omission of the test number parameter causes output of the tests
in the subset at which the pointer currently resides, while omission
of the list of identifiers whose information is desired for output
causes output of all information on the specified test(s). Figures 16
and 17 illustrate output of the LIST and PRINT commands.

The entire ORLOOK session (commands, queries, lists, etc.) can be
printed at the line printer by specifying "HARDCOPY ON." Otherwise,
only output specified by the PRINT command will be printed on the line
printer.

HARDCOPY ON may be turned off either by entry of the HARDCOPY OFF
command or the RELEASE command. The printer data set is automatically
allocated when either the HARDCOPY ON or PRINT command is given.
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#4# 3521 444
<DISCTEST>

<IP >TIMKEN; DS652;03/00/71,G.V.SMITH; UNK
<TE > 5.3800E ¢2
<EN >AlR

<MA >21/4CRIMO

<HN >2.125IN.X. 428IN
<AB >FE

<HT > ANN /899

<CM >%2C=.08

<RA > 8.0000E 01
<TY >CREEP

<NQ >M-34

<AA >T-25

<ET > 6.40C0E 0
<CREEP >

<ST > 2.4C0CE 04

*=% END LIST

Fig. 16. Example ORLOOK OUTPUT From List Command.

ORNL-DWG 76-8260
$48 3142 48

<DISCTBST>

<IP >MARTEST;ORNL CONTRACT;07/12/75;JBCONRAY;COS;

<TE > 4.82C0% 02

<EN >AIR

<MA >21/4CR1NO

<HN >3P5601

<AB >FF

<HT >A0/1.0/927/PC28CPERHRTOT704/2.0/FPCSCPERBINTORT (ISO ANNY

<sD >HOURGLASS MIN. D=.2SIN

<SR > 4,0000F~01

<TY >PATIGUE

<N0 DMIL-30

<ET > 0.000CF 00

<ED > 1.0000E 00

<SE > 1.0000E 00 4.0000B 00 1.0000E 02 3.8400E 02 5.67008 02
7.1700E 02 9.0000F 02 1.0510p 03 1.3780E 03 1.5320E 03

<sT > 6.6611FE 04

<RT > 8.1890EF 02

<EL > 2.1000E-01

<EP > 7.9000E-01

<LM >STRAIN

<NsS > 4.000CE 00

<AS > T7.4442F 04

<TI > 5.00C0E-01

<SS > 6.7425€8 04 T.4442E 04 7.1391E 04 7.0171E 04 6.9560E 04

6.9255E 04 6.8543E 04 6.8238E 04 6.6611E 04 6.3459E 04
<PATIGUE >

<WFP >BRANP

<HA >TENSION

<FQ > 5.5400E-04
<ns > 3.0000E 04
<HN > 1.9322E 04
<SH > 2.1763E Ou
<CFP > 1.6330E 03
<TS > 3.0000E Ou
<AC > 3.6611E O

Fig. 17. Example ORLOOK OUTPUT From Print Command.
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The RELEASE command then releases this data set from ORLOOK, while subse-
quent PRINT or HARDCOPY ON commands will allocate a new printer data set.
Thus, portions of a session which need to be printed at the line printer,
but which are logically separate, may be printed separately by entering
successive RELEASE and HARDCOPY ON commands between them. Also, since
ORLOOK allows only limited space for the allocation of printer data sets,
it is often good practice to separate successive PRINT commands by entry
of the RELEASE command.

7. Miscellaneous ORLOOK commands

ORLOOK also allows certain other miscellaneous commands which might
be useful from time to time. For a full description of these commands,
the reader is referred to ref. 1. Some of the commands and their
descriptions are given here.

(a) Entry of the BASES command results in a list of the referenced
public or private data-base files being output at the terminal. This
list contains the file reference numbers and their corresponding
descriptions:

(""Mechanical Properties,'" etc.)

(b) The NEWBASE command allows the user to switch from one data base
to another. After entry of the NEWBASE command, ORLOOK asks

DATA BASE PUBLIC/PRIVATE/OTHER/STOP?

and the user then proceeds as in Sect. IV-A-3.

(c¢) The REQUEST command results in output of a summary listing of
logical operations on the current file, including the numbers of
the subsets searched, the numbers of the result sets, commands given in
searching and/or combining subsets, etc.

(d) The STOP command signals that the user is ready to terminate an
ORLOOK session. Entry of the STOP command automatically scratches all
subsets used in the session (except SUBSET O and COPIED data sets).
Contact with ORLOOK is terminated and control is returned to the TSO
monitor level. TSO signals its readiness by typing READY at the user's
terminals, after which the user may enter any acceptable TSO command.
To complete the session, the user enters LOGOFF, after which the user
has only to turn off his terminal and hang up his phone. Appendix I
shows the commands and responses of a typical ORLOOK session.

8. Terminal interface commands

While in ORLOOK, the user also has the option of direct communica-
tion with the terminal to ORLOOK interface program. Various terminal-
interface commands are described in ref. 1. Only the SHOW command will
be mentioned here, since this command is the most valuable to DSRS.
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Use of the SHOW command is described in detail in ref. 1. Basically,
it allows the user to list (at the Teletype) various facts about stored
(COPIED) data sets, or to SCRATCH (erase) stored data sets.

B. Auxiliary Output Programs

In addition to regular ORLOOK output, DSRS data can be accessed
and output by a variety of auxiliary output programs, allowing a choice
of several different forms of data display. These programs include
ADSORT,'® ADPLOT,?® ADTABLE,? APEND,'!" ASEND,!" and ADSEP.? Use of these
auxiliary programs is generally confined to auxiliary COPIED subsets in
order to output only data meeting certain restrictions, although the
master files can also be accessed. The programs themselves are stored
on disks on the ORNL IBM 360 computers. They are invoked through card
decks containing job control statements and specific program commands.

ADSORT is not an output program as such, but is often used in con-
junction with output programs (especially ADTABLE). ADSORT accesses a
given data base, sorts it according to the values contained under
specified identifiers, and temporarily stores the sorted file separately.
Subsequent access of this sorted file by ADTABLE, for instance, results
in output of a sorted table. Sorts may be specified for several identi-
fiers at once, such as a primary sort by heat number <HN>; a sort within
<HN> by temperature <TE>; a sort within <TE> by strain rate <SR>; etc.

ADTABLE allows output of data in tabular format and therefore is
particularly well-suited for use with ADSORT. ADTABLE allows the user
to specify which identifiers will be tabulated and the order in which
the columns of the table fall. Input consists of a text description
of the table to be printed on a cover page, the table title, column
headings, and the identifiers to be tabulated in each column. If the
data in one identifier are missing, the user can specify an alternate
entry in the table (such as a text message, the data from another iden-
tifier, etc.). Figure 18 shows a sample table produced by the ADTABLE
program. A full description of ADTABLE commands and options is given
in ref. 2.

Numerical test data such as that contained in DSRS lend themselves
well to graphical display. Plots of data give, at a glance, considerable
information about the data. Therefore, the ADPLOT program was developed
to allow graphical output of data from DSRS. The contents of any
numerical field, including linear, log-log, and semilog plots, may be
plotted. Different data sets can be plotted on the same graph in
different symbols. Corresponding pairs of points from structured fields
such as <SE> and <SS> for fatigue tests or <SE> and <SN> for tensile
tests can be plotted to form stress-strain curves, etc. Figure 19
displays a graph produced by ADPLOT. (Note that graphs may also be
produced on gridded paper to facilitate analysis.) Reference 3 describes
the use of ADPLOT in more detail.

The ADSEP program itself also has capabilities which allow output
similar to that obtained with the ORLOOK PRINT command. As with PRINT,
the contents of specified identifiers will be output in the order speci-
fied by the user, although in this case there is no default option to
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Fig. 19. Example Plot from ADPLOT.

output all of the data stored for a given test. However, ADSEP also
contains an option for printing out the data for a certain range of

test numbers, for instance, test number 14000 through test number 14500.
The main advantage of using ADSEP for output occurs in the processing

of large data sets. The limited space available for printer data sets

in ORLOOK makes the PRINT command ill-suited for the output of very

large data sets. [In fact, an attempt to PRINT the data from an extremely
large data set may result in insufficient space for the printer data set,
giving an ORLOOK ABEND (abnormal termination). In this case, the user
will receive a minidump of the computer storage area in which the

ABEND occurred and an error message. ORLOOK ABEND results in return

of control to the TSO monitor level.] ADSEP, on the other hand, is not
bound by such restrictions.

V. DATA ANALYSIS

Direct analysis of on-line data is accomplished through APEND and
ASEND. These are general analytical programs which go beyond simple
graphical output. Not only can these programs produce various forms of
graphical output from DSRS copied data sets, but they also perform
linear least-squares regressions and give statistical analyses of the
data. Data-set concatenation, curve fitting, statistical analysis,
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alteration of the X and Y axes lengths, and upper and lower values for

X and Y scales are optional in both programs. APEND is designed to
handle simple analytical and/or plotting tasks, using only two fields
from each test in the copied data set (one X field, one Y field). ASEND
is more versatile, allowing greater flexibility in analysis and plotting.
Analysis is provided for up to five fields with optional user-supplied
subroutines to calculate the X and Y array, for the plotting, and to
specify regression models. The user may specify (1) a plot of data
points only; (2) a plot of the function (determined by a least-squares
fit to the data) only; (3) a plot of the points and function; (4) a

plot of the points, function, and statistical limits; and (5) a legend
for a plot. Both programs have the capability to plot several data

sets on one graph in different symbols with a legend for clarity. In
ASEND, the user may also specify what type of plot (log-log, semilog,
linear, etc.) and what type of graph paper should be used.

Applications of these programs are endless. While APEND is ideal
for a quick simple analysis [example: temperature-ultimate tensile
strength curve fits and plots for a given material (Fig. 20)], ASEND
is better suited to more complicated tasks, such as parametric analysis
of stress-rupture data (Fig. 21). Thus, DSRS serves not merely as a
passive depository for data, but as a dynamic active system for data
handling and analysis.
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Fig. 21. Example Larson-Miller Master Curve for 2 1/4 Cr-1 Mo Steel
from ASEND.

VI. SUMMARY

The ORNL Mechanical Properties Data Storage and Retrieval System
is a computerized system for the storage, search, manipulation, retrieval,
and analysis of data from mechanical properties tests on structural
materials. The system contains data from several types of tests for a
variety of materials. This report describes procedures for processing
and input of the data, searching the data files, and outputting the
desired data. Data to be input to the system are punched onto cards,
either by keypunching from standard input forms or through computer
programs designed to convert raw test output into salient test charac-
teristics. These cards are read, checked, and their contents stored
first on magnetic tape and finally in a permanent on-line disk file.
This file is accessed directly by Teletype through the ORLOOK computer
program, which allows the user to locate and isolate data meeting any
description that might be entered. Data may be output in a variety of
printed and graphical forms, including numerical and statistical analysis
of data. Thus, the system provides a computerized mechanism for
handling the massive amounts of mechanical properties data needed for
the design of modern high-temperature nuclear reactor systems.
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A TYPICAL ORLOOK SESSION
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LOGON

IKJE67004 ENTED USEFIL -

wIL

WIL LOGON IN PROGRESS AT 11:06:20 ON APRIL 8, 1976
NO BROADCAST MISSAGES

READY

OPLGOK

DATE = 04-08-76 TIME NOW = 11.08.02

4+ 3-3-76 ++++ NEW VERSION ORLOOK NOW FFFECTIVE.

MY PRINTED MATERIAL WILL BF AUTOMATICALLY HANDLED BY A BACKGROUND
JOB SUBMITTED BY ORLOCK-FREEPRNT UNDEF HASF CONTROL. OPLOOK WILL
£SK FOR YOUB PRINT DELIVERY ALDRESS (F.G., 4500 SINGLFTARY), AND
THE DFSIRED FRIMNTER STATION (LOCAL/RFMOTE), REFER TO NEW PROGRAMMERS
NOTFEOOK FOR RFMOTE STATION DESCRIPTIONS. ALL OTHER ORLOOK FEATURES
ARF THF SAME. THE PRINT DELIVERY ADDRESS CAN BE CHANGED BY ISSUING
THE ORLOOK COMMAND, ADDRESS.

++1F PROBLFMS ARISE, CALL V. A. SINGLETARY (615) 483-8611, 3-6097

[0 YOU INTEND TO USF HARDCOPY OR PRINT COMMAND? YES/NO: NO

DEFAULT AND SPFCIFIED HASP CONTROLS:
SYSOUD FORM(1001)

DATABASF PUBLIC/PRIVATE/OTHEER/STOP ? OTHER
DATASET NAME? WIL.ORLCOK.SUBSET.VKS31€A
CEVICE UNIT ? 2314

VOLUME NANE ? ORLDBI

ORLOOK READY
«<NO>= *297-1

«END
SEARCHING SUESET # O

4 TQCUMENTS IN FILE
AISWERS IN SUBSET ¢ 1
] DOCUMENTS IN RFSULT

.COPY

SUBSET N#ME ? VKSS

TEVICE UNIT ? 2314

VOLUME NANF ? OBLDBI

DATASET N#MF 1S: WIL.ORLOOK.SUESET.VKSS
COPIED )



SUR 0

+<NC>=°297-3°

+FNT

SEAFCHING SUESET # O
ANSVEFS IN SUESFT # 2
1 TCCYVENTS IN FESULT

JLIST

swuw CUBSET 4 2 ##ew

#rs 1SL52 s
<CISCTEST>

2332 >CPNL;LMFRF;07/07/755VKS;
<TE > 9.3300F 01

<EN >pLPR

v p >31e8¢

<KN >£092297

<£B >FE

<HT >ANN/0.5/10€65

<ST >2.258¥0.250

<NF > 2.20S4F 04 2.4913E 04
<Fp > 7.6900F 01

<gp > 4.40840E-01
<EXTPELTS>

<YM > 2.5849F C7

<PL > ‘1.7153E G4

<Y 0 > £.3361F 04

<Y?2 > 2.58S3F 024

<EC >p-2

<TY >TENSILE

<NC >297-3

<TENSILF >

<ENG FFCF>

<FY > 2.6139F 04

<'S > 7.4€38E 04

<FS > 4.9010F 04

<UE > 4.0570F 01

<ET > 4.9220E 01

<t'L > 0.0000E 0C 0.00CCF 0OC
<LS > 0.0000F 0O
<TPUEPRCF>

<TU > 1.0492F 0%

<TF > 2.1221F 05

<TL > 3.4050F 01

<TT > l.468SE 02

<El > 4.9410F 01

<SE > 2.2463F 04 2.€730F 04

2.7364F 04 2.85E9F 04 2.0223EF D4
<SN > 1.0000E-01 2.000CE-01
7.0000F-01 1.0000F GO 1.4000F CO

### FENT LIST

3.3122F 0¢

2.581ZF 04
2.2592F 04
2.00CCE-01
2.0000E OC

2.6139F 04
J.5€EE5E D4
4.00CCF-01
3.000CE CO
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NEWBASE

DATABASE PUBLIC/PRIVATE/OTHER/SYOP ? PUBLIC

FILE # DATABASE
1 FCPEST FNTCNMCLCGY
2 !
SFLYCT FILE #: 3¢
36 MECHANICAL PROPERTIES - SUPPLEMENTAL DATABACE

ORLOCK READY
«<MA>= *21/4CRIMO* <TY>= *FATIGVE * <LM>=°LOAD”
<END

SEARCHING SUBSET # 0

4017 DOCUMENTS IN FILE
ANSWERS IN SUBSET # |
95 LOCUMETS IN RESULT
+ERP=10.

.SUB 1

<TE>.FQ. *593. *

+END

SEARCHINC SUBSET # |
ANSWFRS IN SUBSET ¢ 2
7 DOCUMENTS IN RESULT
.SUB |

NOT<HN>= 20017
«NOT<HN>= °3P5601

<END

SEARCHING SUBSET # 1
MSWERS IN SUBSET # 3
S0 DOCUMENTS IN RESULT

«PRINT
FRINTED

«STOP
IND ORLCOK SESSION

CPU(SEC) USED = 102.231 LAPSED (HR.MIN.SEC) = 00.20.23
TIME NOW 12.45.10

READY
LOGOFF
WIL LOGGED OFF TSO AT 12:46:37 ON APRIL &,1976+
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