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1HE SANDIA CCJ.IPUTERlZED SHOCK CCJ.IPRESSION BIBLIOGRAPHICAL DATABASE 

INSERJ' NO. 2 

A searchable and updateable bibliographical database is being devel­
oped which will be designed, controlled, and evaluated by working technical 
experts in the field of shock- compression science. It will emphasize 
shock-compression properties in the stress region of a few tens of GPa and 
provide a broad and complete base of bibliographical information on the 
shock-compression behavior of materials. Through t he operation of t echni­
cal advisors, the database provides authoritative bibliographical and key­
word data for use by both the inexperienced and ex~rt user. In its cur­
r~~t form, it consists of: (1) a library of journal articles, reports , 
books, and symposia papers in the areas of shock physics and shock mechan­
ics, anc {2 ) a computerized database s ystem containing complete bibliograph­
ical information, exhaustive keyword descriptions, and aut hor abstracts for 
each of the documents in t he database library. 

INSERT NO. 3 

It is important to note that the SSC Database is being designed, con­

trolled, and evaluated by working technical experts in the field of shock­

compression science. It will provide a broad and complete base of biblio­

graphical information on the high strain rate properties of materials and 

will emphasize shoCk-compression properties of solids in the stress region 

of a few tens of GPa. A group of technical advisors will assure that the 

database provides authoritative bibliographical and keyword data for use by 

both the inexperienced and expert user. 

. ' 
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II. ORGANIZATION OF THE DATABASE 

In its current form, the database consists of: (1) a library of journal 

articles , reports, books, and symposia papers in the areas of shock phys­

ics and shock mechanics, and (2) a co~puterized database system containing 

complete bibliographical information, exhaustive keyword descriptions, and 

author abstracts for each of the documents in the database library. The 

computerized database is being developed using INGRES database management 

software for use on a VAX computer. 

INSERT NO. 5 

Original publication For those documents which have two sources , the 

source for the hard copy in the library is given in the source field and 

the second source is given in the original (or alternate) publication 

field. For example, for Russian articles, the English translat ion is 

given in the source f ield and the original Russian source is given in t he 

original publication field. Prcprints of papers given at symposia and 

symposium papers later published in journals are handled similarly . 

I NSE,qf NO. 6 

Abstract An abstract field contains an abstract of the paper content. 

Where possible, the original abstract of the paper is used. If no ab­

stract was included by the original authors, a suitable summary is ab ­

stracted from the article by the technical reviewer assigning keywords. 

Additional information This f iel d is used by the technical reviewer to 

comment on the content of the paper with ~~y information which might be 

rel~vant and informative t o someone searching the database. 

Data su.mmary The data summary field can be used f or additional information, 

such as table headi ngs and figure captions. 
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I\' . CCNPUTERlZED SEARCH OF 'lliE DATABASE 

In pri nciple, all fields in the database are searchable. General~y, 

though, searchable fields would be authors and acknowledgements, affilia­

tions, and the technical keywords. Searches combining several fields 

would tend t o focus the search and limi t unwanted finds. For example, 

searches of a specific author ' s name and a period of time could be made by 

combining a search of the author field and the submission date field (or 

the Paper ID field) . Likewise, a combi~ation of keyword fields could be­

come very specific. The user will eventually have the opportunity to 

search the database via a "user friendly ," menu-driven CRT display inquiry 

system, with an option to print the information on relevant reports re­

trieved by the database. An example of the information in a retrieved doc­

ument was shoh~ earlier in Fig. 1. 

It:sn:r:: 1:0 . B 
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A searchable and updateable database is being developed which 
desig , controlled, and evaluated by working technical experts · 
field of ck-compression science. The database is expected 
an authoritat source for bbth shock technology and sho -compression 
studies. Initial it will empllasize shock-compress· properties in the 
stress region of a fe ens of GPa. The databas~s as its long range 
objective a readil y avail e source of evalu~ed and unevaluated techni­
cal data for incorporation in computer ~s. In the short range, it 
will provide a broad and complete s~ bibliographical information on 
the shock-compression behavior of t ·als. Through the operation of 
technical advisors at the San · National boratories, this database will 
be able to provide author· tive, selected da for use by the casual user 

nd bibliographic material r the expert user. In 
its current form, e database consists of: (1} a li ry of journal 
articles, re s, books, and symposia papers in tile area f shock phys-

k mechanics, and (2) a computerized database syst conta~n~ng 

compl biographical information, exhaustive keyword description 
or abstracts for each of the documents in tile database library. 



1ep1.ace 
lith 
l nsel"t 
io. 3 

I. INI'ROOUCTION 

In the rapidly evolving area of shock-compression science, informat ion is 

being published in such voluminous amounts that workers in the field are 

being inundated with reports and articles. It is apparent that in the 

shock compression community today, there exists a need for a procedure to 

organize, catalogue, and store this information. Procedures are also need­

ed for rapid location and retrieval of information applicable to an indi­

vidual's current experimental, analytical, computational , or modeling 

efforts . A database is being devel oped to accomplish these tasks. 

To be most useful, this database must serve the needs of two differ­

ent types of individuals. First, an individual who is a newcomer to a 

given field will encounter problems in the collection and procurement of 

data. Such an individual requires a systematic procedure for scanning re­

ports, many or most of which he may not be aware exist , for tbe data he 

requires. Second, there is the experienced veteran who has previewed, 

scannedJ and read countless documents of interest, but then can no l onger 

remembei where he actually saw the data. This individual also requires a 

systema~ ic procedure for retri eving the authors, title, etc. , of the 

source material. Both of these types of individuals will use a database 

if the descriptors, i dentifiers , or keywords are pertinent and useful. 

The database under development, to be known as the Sandia Shock Compres­

sion (SSC) Database, will meet these needs. 

It is impor~ant to note that the SSC Database is being designed, 

and evaluated by working technical experts in the field of 

The sse Database will have as a long range~jective 
./.' 

a readily ,ble source of evaluated and unevaluated t~ical data for 

incorporation mputer ~des such as WONDY, CHARTD;'CSQ. and TODDY. 
/ 

These codes are used to ·aluate problems invol~~i rapid impulsive load-

ing for conditions in which n linear mater · 1 properties are significant. 

1n the slu.ut r ange, it wi 11 provi base of biblio-

graphical information on the of materials . 

Initially, it will 

s tress region of a GPa. 

Key to the s of the database development 

and Technical Operating Committee and a 

the 

the direction 

technical 

the Sandia National Laboratories. These individuals, espon­

the credibility and usefulness of the database, will assure 
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- -
t'he database provides -~· · ·•~~tive sel ec~ A • ••• t or use by the casual 
user and more detailed A . 

uu• ... 
auu oibliograpu.l.\.0 . o ..... al for the _expert 

"""'---------===-~ 

consists of : 

articles, report , books, and symposia papers in the ar -· ics and shock mechanics , tabase system containing 

complete bibliographical descriptions, and 

author abstracts for each of the d ~ts in the database library. The 

sse library, containing a h copy of e~~ment in the database, will 

be filed i n the echanical and Physical Di~~~ at the Sandia 

National The computerized database is b~veloped using 

software and is t o be housed on the VAX comput';;'~ 
............ 

The sse Database has provisions for stor ing an extensive amount of 

information extracted f rom papers, r eports , symposia proceedings, and 

books dealing with the discipline of shock-compression science . The i n­

formation is presented in a logical format f or the database user. It is 

organized into f our categories: (1) paper iden~ ification , {2) biblio­

graphic citat i on, (3) technical keywords, and (4) supplemental informa­

t i on . Each of these will be discussed briefly. A complete listing of all 
' information currently compiled in the database for a typical article is 

given in Fig . 1. 

A. IDENTIFICATION 

There are two fields a ssociatll.d with identification of a document . The 

f irst field i s t he Chr onological Paper Number, which is a four digit num­

ber assigned in ascending order to each art i cl e as it is entered into the 

database. This number is the lueuttifier for r etrieval operations inside 

the database and corresponds to the stor age location of a paper copy of 

the articl e in t he database library. The second identifier fie ld , t he 

Paper ID, identifies articles in terms of the year of publ i cation and the 

primary author ' s last name in a fashion similar to reference citations of 

some j ournal s. The Paper 10 has six character s : the first two charact ers 

are the l ast two digits of the year in which the document was published; 

the third character is the first letter of the pri mary author 's l ast name; 
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and the last thre~ characters represent a sequential assignment (as chron­

ologically processed) of papers that year with a similar lette! (e.g., 

7lG003 r~pre.sents the third document processed into the database from the 

yea.r 1973 with a primary author whose last name begins with a "G"). 

B. BIBLIOGRAPHIC CITATION 

There are seven fields of information associated with the bibliographic 

citation including: (1) authors, (2) title, (3) source, (4) original pub­

lication, (S) submission date, (6) affiliation, and (7) acknowledgements . 

All information normally contained in report bibliographic and reference 

lists is contained in one of the fiTSt three fields, 

Authors All authors of the article are listed in the author field in the 

same order as in the article. 

Title The title of the article is input exactly as found in the article. 

Source Source field contains the publication information, that is, the 

information required to locate and obtain a hard copy of the document. 

For example: f or journal articles, the source field includes the journal 

name, volume and issue numbers, year of publication, and page numbers; for 

reports, it includes publishing organization name and report number, date, 

and number of pages; and for symposium proceedings, it includes name of 

the symposium, date and location of the meeting, and the page numbers. 

the second 

field . 

given in 

For those documents which have 

in the library is given 

·n the original 

~~.nu. the original 

Preprints of papers given at 

later published in journals are handled similarly. 

Subaussion date Since there is often a considerable delay in time be­

tween submission of a paper or report and its publication, the submission 

date field helps t o identify the time when the work was initially com­

pleted . 

Affiliation Because people often identify work with the organization in­

stead of the individual researcher, the organizational affiliation of 

each of the authors is given in the affiliation field. 



Acknowledgement Finally , an acknowledgement field is used to record the 

names of all persons acknowledged by the authors. 

C. TECHNICAL KEYWORDS 

A number of computerized databases are currently available which contain 

documents of i nterest t o the shock-compression community. However, it is 

very difficwlt to locate relevant documents in these general databases be­

cause of the lack of good keyword descriptors. A user of one of these 

general dat abases, then, is faced with several problems in searching the 

database. General descriptors become almost usel ess in searching for rel ­

evant documents because of the extremely large number of entries that are 

returned. Guessing appropriate keywords is often an art within itself, as 

is the proper select\on of appropriate keyword combinations. The list of 

reports r etrieved may be unacceptably long; this list requires further 

discrimination, typically done by using a logical "AND" with two or more 

keywords (all keywords must appear or else the report is rej~cted). 

Thus, a major obj ,ective in organizing the sse Database is the as sign­

ment of identifiers or keywords which are specific descriptors to identify 

the technical content of the paper. To allow for consistency in keyword­

ing, all keywording will be done by a limited number of technically 

trained database staff , and all keyword entries will be reviewed by ex­

perts working in the r elevant technical area at Sandia. 

To fully define the content and focus of each document, technical 

keywords have been divided into ten distinct topical areas, as sho~~ in 

Fig. 1 . These are: 

• Special Emphasis • Experimental Method 
• Material Respons-«: 
• Phenomena 

• Experimental Results 
• Theory/~lodcl 

• Properties • Computational ~lethod 
• Materials • Applications 

The first five technical keyword categories, in general, describe the 

t echnical t hrust of t he paper, while the second set of five t echnical 

words describes the methodology or manner in which the phenomena were 

studied. (Note: In Fig. 1, it can be seen that there are both major de­

scriptors and minor descriptors utilized in many of these ten fields.) 

Special emphasis This field is used to describe the primary emphasis of 

each articl e. Six possible entries in this field are: 



• Review • Theoretical 
• Experimcnt:~l Technique • Analytical 
• Experimental Analysis • Numerical 

This field is also used to denote if experimental data are presented in 

t.be paper and if t.bese data are original or referenced from other sources. 

X.terial Response This field distinguishes the primary type of material 

response under consideration. Possible descriptor entries include: 

• Mechanical • Magnetic 
• Thermodynamic • Optical 
• Electrical • Chemical 

Phenomena Possibly the most important keyword field of all, this field 

denotes the physical phenomena addressed i n the article. The phenomena 

specifically addressed in the SSC Database will include: 

• Strength • Porous Sample 
• Phase Transformation • Residual Property 
• Spallation • Radiation 
• Stress-Volume • Impact 
• Equation of State • Stability 

Once the major phenomena addressed in a paper are identified, more specif­

ic keywords (minor descriptors) are used to define the phenomena being 

addressed. The following lists of keywords are typical examples of this: 

• Strength: 

Elastic-Plastic Waves 
Work Hardening 
Bauschinger Effect 
Release/Rarefaction 
Strain-Rate Effect 
Wave Attenuation 

• Spallation: 

Crack Coalescence 
Incipient Spall 
Multiple Spall 
Ductile Fracture 
Damage Morphology 
Fragment Distribution 

• Transformation: 

Polymorphic 
Reconstructive 
Nucleation 
~tixed Phase 
Metastable 
Recompression 

• Stress-Volume: 

Stress Profile 
Viscoelastic 
Hugoniot 
Hydrodynnmics 
Twin Formation 
Dislocation Dynamics 

Properties Associated with the phenomena being studied are specific 

aaterial properties. The major keyword headings for properties are simi­

lar to those for phenomena : 



• Strength • Residual 
• Phase Transformation • Thermodynamic 
• Spallation • Porous 
• Stress-Volume • Elastic 
• Equation of State • Rheologic 

However, the minor descriptors used in conjunction with these major de­

scriptors are different. Again, examples of these more specific keywor ds 

are as follows: 

• Strength: 

Hugoniot Elastic Limit 
Flow Stress 
Static Yield Stress 
Shear Strength 

• Spallation: 

Spall Stress 
Fracture Energy 
Crack Size 
Flow Morphol ogy 

• Phase Transformation: 

Latent Heat 
Phase Boundary 
Critical Volume 
P-V-T Surface 

• Stress-Volume: 

Stress Versus Particle Velocity 
Bulk Modulus 
Compliance 
Release Wave 
Profile 

Hateri•ls Al so of great interest to the researcher are the materials 

studied in the r eported effort. Currently, the major descriptors are as 

follow: 

• Metals • Organics 
• Geophysical • Composites 
• Polymers • Mixtures 
• Ceramics 
• Inorganics 

• Liquids 
• Explosives ·. 

Specific material designations are given as minor descriptors when known. 

These include the f ollowing examples: 

• Metals: 

Aluminum (6061-T6) 
Copper (OFHC) 

·. 

Gold (10 Percent Porous) 

• Geophysical: 

Dunite (Twin Sisters) 
Tuff (Mt. Helen , Porous) 
Dolomite (Por ous, Water Saturated) 

Experimental methods Keywords are included in this f ield to describe the 

methods and techni ques, as well as geometri! constraints. The major key­

word descriptors used, along wi th examples of minor descriptors, are as 

follows: 

• Loading: 

Explosive Flyer Plate 
Rail Gun 
Underground Explosion 
Exploding Wire 

• Geometry: 

Uniaxial Str ess 
Biaxial Strain 
Spherical 
Expanding Ring 



• Instrumentation: 

Carbon Gage 
Displacement Interferometer 
Man,ganin Gage 
Emission Spectr oscopy 

Experimental results The reported experimental results are also deline­

ated with ujor and minor descriptors as follows: 

• Active: 

-- "free Surface Velocity 
Wave Profile 
Release Adiabat 
X-Radiograph 

• Passive: 

Microstructure 
Dislocations 
Residual Strain 
Chemical Analysis 

Theory/model Some papers develop, describe, and/or use specific theories 

or models. Indications as to whether a paper is theoretical in nature 

(that is, a theory i s developed) or analytical in nature (a previously de­

veloped theory is used to analyze a specific problem) are given in the 

special emphasis field discussed previously. In the theory/modeling 

f i eld, the f ollowing major descriptors can be used: 

• Elastic-Plastic 
• Spallation 
• Phase Transitions 
• Porous 
• .t.lix ture s 
• Composites 
• Mechanics 

Typical minor de~criptors include: 

• Elastic-Plastic: 

Rigid-Plastic 
Thermoelastic 
J2 Flow 
Tresca Yield · 

• Micr omechanical 
• Thermodynamic 
• Statistical Mechanics 
• Solid State 
• Radiation Transport 
• Stability 
• Explosive 

• Spallation: 

P-Ninimum 
TUler-Butcher 
NAG-FRAG 
Statistical Fracture 

Computational methods If computational/numerical techniques are used in 

the paper, then they are delineated in this f ield. Major descriptors and 

examples of minor descriptors are as follows: 

• Code: 
CSQ (2-D) 
PISCES 
MAGEE 
MARBLE 

• Type: 

Lagrangian 
Eulerian 
Free Lagrangian 
Hydrocode 
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• Method: 

Finite-Difference 
Boundary Element 
Characteristics 
Monte Carlo 

• Techniques: 

Implicit 
Lax-Wendroff 
Rezoning 
Keystone Viscosity 

Applications Particular applications for the reported research, if given 

in the paper, are included in this descriptor field. Typical applications 

descriptors include: 

• Ballistic Impact • Underground Testing 
• ICF • Explosive Initiation 
• Metal Working • Geophysics 

D. SUPPLEMENTAL INFORMATION 

It has been found from experience that no matter how judicious the selec­

tion of keywords or identifiers, only limited information can be conveyed 

by this method. While a judicious selection of keywords, and a combina­

tion of keyword~, can limit the articles to a manageable number, three 

supplemental information fields have been added to the database to supply 

further information on the technical content of a paper. 

an abstract of the paper content. 

' --· Where sible, the original abstract of the paper is used. If no -ab-
~~P~h .~ stract was -:·--~Y the original authors, a suitab:e~~bstiact is then 

written by the techn~~reviewer who is assigning .the technical keywords. . ....._ ~ 

Additional inforniation This "£1-u~s ~od.-,)y- the technical reviewer to 

comment on the content of the pa~~h~ information which might be - .. relevant and informa~-'Someone searching .. the database. 

Data sUJlll!lary ~ata summary field provides space for' ta~ headings and 

figur~ns. At a later date, this field could be expande~ include 

erimental data. 

III. DATABASE DICTIONARIES 

Several dictionaries are being developed to aid in searching the SSC 

Database. A dictionary of keywords has been prepared and lists the ac­

ceptable set of keywords. This dictionary, including all major and minor 

descriptors, is the result of several iterations with a test phase of 

approximately fifty reports covering a wide range of technical issues in 

the area of shock-compression, including journal articles, articles from 

ll 
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foreign journals, government reports, symposium presentations, and review 

papers. By limiting t .he number of keywords and making a list .of these 

available to the indiv idual searching the database, it is hoped that 

searches will be both straightforward and fruitful . 

An author dictionary is also being prepared which lists alphabetical­

ly all authors in the database. This dictionary serves a number of pur­

poses. In the process of adding new papers to the database, it is used in 

checking the spelling of the author • s names, and it is used to check for 

duplicate papers already in the database. For the individual searching 

the database, it supplies a complete list of authors in the database and 

the exact spelling used. 

COMPUTERIZED SEARCH OF THE DATABASE 

· ciple , all fields in the database are searchable. Generally •/ 

authors and acknowledgements, .~ffilia­

technical keywords. Searches combining several~ields 
would tend limit unwanted finds. ,.,F{x. example, 

searches of a speci ·c author's name and a period of ti~ could be made by 

combining a search of~ author field and the submf; sion date field (or 
' / the Paper 10 field). LikeWi e, a combination)Pf keyword fields could be-

/ come very specific. 
; 

Currently, the b~ ·tearched using a terminal con-
/ 

nected directly :to the VAY.. comput/ in he Thermomechanical and Physical 

Division of the Sandia National~aboratorl The user will eventually 
/ 

have the opportunity to search the database v a "user friendly," menu-

driven CRT display inqu~ystem, with an option o print the information 

on relevant reports~ieve~ by the database. An ex ple of the informa­

tion in a retrie ~document was shown earli er in Fig. 1. Although 

sea.rches 

v. 

rrently limited to terminals directly tied to he Sandia 

being formulated for making the the 

with in the next several years. Anyone wanting info 

this access should contact Dr. J. R. Asay or Dr. R. A. 
Sandia National Laboratories . 

TO DATE 

There are currently 2, 500 docum database after approximately 

thirteen e fort , which has included severa the 
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ictionary, establishing the required INGRES 

databas ckage being used), a the data . Work 

the technical key~ords. By 

cess of 3,000 documents with 

abstracts, of w~proximately 1,900 of 
-............. 

complete with technical keywordsirftd~itional 

in the area of strength, phase transformatio~.~ 
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Figure 1. uuple of Database Infol"'liltion 

Chrono Paper No.: 0017 

Paper ID: 758001 

Authors: Bertholf. L. D •• Buxton. L. D •• Thorne • . B. J •• Byers. R. K .• 
Stevens. A. L.. and Thompson. S. L. 

Title: 

Source: 

Original Publ.: 

~fssfon Date: 

Mfflfatfon: 

Acltnow 1 edgaents: 

Special ~hasfs: 

Mater. Response: 

Phencama: 

Properties: 

Materials: 

Exper. Method: 

Exper. Result: 

Theory /MOde 1 : 

Collput. Method: 

Applications 

Additional Info.: 

Damage in Steel Plates from Hyperve locity Impact. II. 
Numerical Results and Spal l Measurement 

J. Appl . Phys. 46 (9). 3776-3783 (1975) 

• 
Feb. 24. 1975 

Sandia laborator ies. Albuquerque. NM 

Bond. J. w .• Shockey. D. A •• Curran. D. R. and Herrmann. W. 

[numerical) 

I mechanica 11 

[phase transformation) mixed phase. polymorphic 
[impact) cratering. spal l 

(spal lation) spa l l strength 

[metals) steel 
(polymers) ny lon 

(l oad ing ) f lyer plate 
. (instrumentat ion) vi sar 
.(geometry ) plane strain 

(active) free surface velocity 
(residual) cross-sectional photograph 

(elastic-plastic) elastic-perfectly plastic 

(code) toody; csq. toorez 
(type ) lagrang ian. eu lerian 
( techniques ) rezone 

penetration. cratering 

limited spall strength measurement. Only one isolated 
hypervelocity impact experiment. Numerical prediction of 
spal l depended upon mesh size 
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Figure 1. Exa.ple of Database lnfonaation (continued) 

Chrono Paper Mo.: 0017 

Abstract: Compari sons of calculated so lut ions with experimental 
solutions wi th experimental resu l ts for the impact of a 
9.53-mm-d iam nylon sphere on a 12.7-mn-thick steel plat e 
at 5.18Z km/ sec are presented. Numerical solut ions are 
difficult to obtain wlth exi st ing Eu lerian codes because 
of the need for accurate treatment of material strength 
and the def ini tion of both the materi al interface and the 
free surfaces. The large distortion of t he nylon sphere 
and the stee l near the impact crater lip also make this a 
difficu l t problem for Lagrangian codes unless frequent 
rezoni ng is used. Newly developed Eulerian and Lagrang ian 
rezoning codes are used. They give essentfally the same 
solution. The computatfon results show that in order to 
obtain agreement wi t~ t he experiment , it is necessary to 
account for t he alpha (bcc)=-=eps11on (hcp) polymorphic 
phase change for i ron. Calculations also indicate t he 
need to obtain experimentally the correct spall strength 
for the stee l and a description of th is measurement is 
inc luded. Treatment of elast ic-pl astic response, a good 
numerical model for fract ure, and a high degree of 
numerical resolution are also shown to be necessary in 
order to pred ict accurately t he back-surface spal lation 
observed in the experiment. 

Data Suamary: Fig. 1 - Hugoniot states for i ron (pressure vs . density). 
Fig. 2 - Comparison of code calculations (Eu ler ian & 
Lagrangi an) with experiment . 
Fig . 3 - Effect of polymorphic phase change of iron. 
Fig . 4 - Free surface veloci ty history of planar impact of 
two stee l plates. 
Figs. 5-6 - Compar ison of code calculations with exper iment • 

• Table 1 - Material propert ies used fo r calcul ations. 
~able 2 - Calcul ated spall strengths in steel for various 
calculational methods. 




