
cc 

r^. 

MAB-205-M 

EVALUATION TEST METHODS 

FOR 

BERYLLIUM 

CLEARINGHOUSE 
FOR FEDPJIIAI. sru.y^Tvif AND 

TECH MC" AT. i '•-• n^M ATION 
'HKräcopy : Misrofiehe 

d: 

/I 

Releasa^lc to Cleoringhoute 
For Federol  Scientific and 

Tochnical  Information   (CSFTII 

National  Academy  of  Sciences- 

National  Research  Couficil 

Washington, D. C. 



BLANK PAGES 
IN THIS 
DOCUMENT 
WERE NOT 
FILMED 



MATERIALS ADVISORY BOARD 

DIVISION OF ENGINEERING 

NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH COUNCIL 

CfMirman 

Dr. Wiilter R. Hibbard. Jr. (1966) 
Director, Bureau of Mines 
Department of Interior 
Washington. D. C. 

m*mb*n 

Professor John C. Bailar. Jr. (1966) 
Department tf Chemistry A Engineering 
The William A'bert Noyes Laboratory 
The Un'rve - -:ity of Illinois 
Urbana. Mimois 

Dr. J. H. Ci wford a969) 
Assistant Dii wtor 
Oak Ridge National LtMoratory 
Solid State Division 
Oak Ridge. Tenntosee 

Mr. George C. DeuUch, Chief (1966) 
Materials Research Program 
National Aeronautics A Space Admin. 
Washington, D. C. 20540 

Dr. Morris E. Fine (1967) 
Associate Chairman 
Office of the Chairman 
Materials Research Center 
Nonhwestern University 
Evamton, Illinois 

Dr. WaUer L. Finlay (1967) 
Assistant Vice Pres.—Research 
Copper Rai.sre Co. 
630 Fifth A\»nue 
New York, N. Y. 10020 

Dr. Wayne E. Ha'l (1966) 
Assistant Chief Otologist 
Experimental Geology 
U.S. Geological Survey 
Washington 25, D. C. 

Dr. N. Bruce Hannay (1969) 
Chemical Director 
Bell Telephone Laboratories, Inc. 
Murray Hill, New Jersey 07971 

Mr. J. Harry Jackson (1968) 
General Director 
Metallurgical Research Division 
Reynolds Metals Company 
Fourth and Canal Streets 
Richmond 19, Virginia 

Mr. Humboldt W. Leverenr (1968) 
Associate Director 
RCA Laboratories 
David Samoff Research Center 
Princeton, New Jersey 

Mr. Alan Levy (1967) 
Manager, Materials & Fabrication 

Research and Development Department 
Solid Rocket Operations 
Aerojet-General Corporation 
Sacramento, California 

Dr. D. J. McPherson (1967) 
Vice President 
IIT Research Institute 
10 West 36th S+reet 
Chicago, Illinois 60616 

Dr. M. Eugene Merchmt (1968) 
Director of Physical Research 
Cincinnati Milling Macbne Company 
Cincinnati 9, Ohio 

Dr. E. F. Osborn (1969) 
Vic-» President for Research 
The Pennsylvania State University 
University Park, Pennsylvania 

Dr. Joseph A. Pask (1968) 
Department of Mineral Technology 
university of California 
Berkeley 4, California 

Dr. Malcolm M. Renfrew, Head (1967) 
Department of Physical Sciences 
University of Idaho 
Moscow, Idaho 

Dr. Preston Robinson (1966) 
Director-Consultant 
Sprague Electric Company 
North Adams, Massachusetts 

Mr. Adolph 0. Schaefer (1969) 
Consulting Engineer 
R. D.4 
Norristown, Pennsylvania 

Dr. Irl C. Schoonover (1966) 
Deputy Director 
National Bureau of Standards 
Washington 25, D. C. 

Dean Robert D. Stout (1968) 
Graduate School 
Lehigh University 
Bethlehem, Pennsylvania 

Dr. Morris Tanenbaum (1969) 
Director of Research and Development 
Western Electric Company 
P. O. Box 900 
Princeton, New Jersey 08640 

Mr. Alfred C. Webber (1968) 
Resea-ch Associate 
Plastics Department 
Experimental Station 
Building 323, Room 210 
E. I. duPont de Nemours & Co., Inc. 
Wilmington, Delaware 19898 

Mr. F. Travers Wood, Jr. (1968) 
Director 
Engineering Laboratories & Services 
Missile & Space Systems Division 
Douglas Aircraft Company, Inc. 
Santa Monica, California 

) 

;>-66 



.* 

Report of '.h« 

ISST METHODS SUBOOMMITTEE 

COMCLTTSE ON BERYLLIUM METALLURGY 

I EVALUATION TEST METHODS 

FOR 

BERYLLIUM 

t 

Prepared By The 

MATERIALS ADVISORY BOARD 

Division of Engineering 

as a service of 

The National Academy of Sciences 

t to the 

Office of Defense Research and Engineering 
Department of Defense 

If 

Releasable to Clearinghouse For 
Federal Scientific and Technical 
Information (CFSTI) 

Publication MAB-205-M 

|3 
M 

0 National Academy of Sciences-National Research Council 
I* Washington, D. C. 
1 March 1966 



ii 

The Academy and its Research Council perform 
study, evaluation, or advisory functions through 
groups composed of Individuals selected from aca- 
demic. Governmental, and industrial sources for 
their competence or interest in the subject under 
consideration. The members serve as Individuals 
contributing their personal knowledge and judgments 
and not as representatives of their parent organiza- 
tions. 

No portion of this report may be published 
without prior approval of the contracting agency. 

Prepared under ARPA Contract SD-118, between 
the Department of Defense and the National Academy 
of Sciences, 



J*.^. 

ill 

MATERIALS ADVISORY BOARD 

COMMITTEE ON BERYLLIUM METALLURGY 

Chairman: Dr. T. L. Johnston 
Senior Scientist 
Ford Scientific Lab. 
Dearborn, Michigan 

Members 

Mr. Wilfred H. Dukes 
Chief Engineer 
Vehicle Structure, D-32 
Bell Aerosyscems Company 
Buffalo 5, New York 

Dr. Stanley Gelles, Scientist 
Ledgemont Laboratory 
KennecoLt Copper Corporation 
128 Spring Street 
Lexington 73, M^ssachu8etts 

Mr. A. G. Gross, Jr. 
Mechanical Metallurgy & Joining Sec, 
Materials & Processes Laboratory 
Research & Development Department 
Department 522-92, Building 68 
Autonetics Division 
North American Aviation, Inc. 
Anaheim, California 92803 

Dr. Marvin Herman, Section Chief 
Materials Sciences 
Materials Laboratories 
Allison Division 
General Motors Corporation 
Indianapolis, Indiana 46206 

Dr. Martin I. Jacobson 
Research Scientist 
Department 52-30, Building 201 
Materials Science Laboratory 
Research & Development Division 
Lockheed Missiles & Space Company 
3251 Hanover Street 
Palo Alto, California 

Mr, Lee W. Roberts, Jr. 
Process & Materials Development Dlv. 
Chemistry Department 
Lawrence Radiation Laboratory 
P. 0. Box 808 
Livermore, California 94551 

Mr, Jack A, Yoblin, Manager 
Research & Development Department 
Nuclear Metals?, Inc. 
West Concord, Massachusetts 01781 



Iv 

Liaison Representatives 

DOD    Mr. John C. Barrett, Office of the Director of Defense» Research 
and Engineering, The Pentagon, Washington, D. C. 20301 

AF/RTD Mr. T. D. Cooper, Technical Manager, High Temperature Metals 
Physical Metallurgy Branch, Materials & Ceramics Division 
Code MAMP, Materials Laboratory, Wright-Patterson APB, Ohio 

Mr. K. L. Kojola, Physical Metallurgy Branch, Materials & Ceramics 
Division, Materials Laboratory, Code MAMP, Wright-Patterson AFB, Ohio 

Army   Mr. L. Croan, Materials Engineer, Army Material Command, Room 2504 
Gravelly Point, Virginia 20315 

Mr, Jacob Greenspan, Army Materials Research Agency, Watertown 
Arsenal, Watertown, Massachusetts 

BuWeps Mr, Richard Schmidt, 2W96 W Building, Bureau of Naval Weapons 
Department of the Navy, Washington, D. C. 20360 

AEC    Mr. Frank Kerze, Reactor Development &  Technology Division 
Atomic Energy Commission, Washington, 0, C. 20545 

NASA   Mr, Richard Raring, Materials Research Program, National Aeronautics 
and Space Administration, Washington, D. C, 20546 

BuMines Hr. J. Bilbrey, Staff Metallurgist, Room 4624, Bureau of Mines 
Washington, D. C. 20242 

Staff Metallurgist; Dr. Joseph R. Lane 
Materials Advisory Board 
National Academy of Sciences- 

National Research Council 
2101 Constitution Avenue, N. W. 
Washington, D. C. 20418 



MATERIALS ADVISORY BOARD 

COMKITTKE ON BERYLLIUM METALLURGY 

SUBCOMMITTgE ON TEST METHODS 

Ghairman: Mr. Wilfred H. Dukes 
Chief Engineer 
Vehicle Structure, D~32 
Bell Aerosya?ems Company 
Buffalo 5, New York 

Hembers 

Mr. E. G. Bodine 
Research Associate 
Battelle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43201 

Mr, Dean Hanink, Manager 
Materials Laboratories 
Allison Division 
General Motors Corporation 
Indianapolis, Indiana 

Mr. Charles J. Havel, Manager 
Process Engineering & Quality Control 
The Beryllium Corporation 
Hazleton, Pennsylvania 

Dr. Martin I. Jacobson 
Research Scientist 
Department 52-30, Bldg. 201 
Materials Science Laboratory 
Research & Development Division 
Lockheed Missiles & Space Co. 
3251 Hanover Street 
Palo Alto, California 

Mr. R, G. O'Rourke, Manager 
Metallurgical Engineering Dept. 
Brush Beryllium Company 
17876 Sc- Clair Avenue 
Cleveland, Ohio 44110 

Liaison Representatives 

AF/RTD Mr. 1. D. Cooper, Technical Manager for High Temperature Metals 
Physical Metallurgy Branch, Materials £< Ceramics Division 
Code MAMP, Materials Laboratory, Wright-Patterson AFB, Ohio 

Navy   Mr. Richard Schmidt, RRMA-22, Bureau of Naval Weapons, Department 
of the Navy, Washington, D. C. 20360 

Staff Metallurgist: Dr. J. R. Lane 
Materials Advisory Board 
National Academy of Sciences- 
National Research Council 

2101 Constitution Avenue, N. W, 
Washington, D. C. 20418 



vii 

(INTENTS 

SECTION 1 

Introduction     ....... 1 

1.1 General    ..........     1 

1.2 Application of Beryllium   1 

i..3 Beryllium Characterletlcs  2 

1.4 Status and Application of Mechanical Property Tests . 3 

1.5 MAB Action  4 

SECTION 2 

Specimen preparation   ....   7 

2.1 General  7 

2.2 Preparation of Sheet-Type Specimens   7 

2.3 Preparation of Round-Bar Specimens   9 

SECTION 3 

General Test Techniques  11 

3.1 Specimen Size  11 

3.2 Strain Rate  11 

3.3 Methods of Strain Measurement  . «  . 11 

3.4 Alignment Procedure > . . . 14 

3.5 Gripping of Specimens in Tension .«..,....«... 15 

3.6 Test Reports  16 

SECTION 4 

Standard Tests      ......     17 

4.1 General  17 

4.2 Tensile Test  18 

4.3 Three-Point Bend Test  20 

4.4 Four-Point Bend Test  21 

4.5 Precision Elastic Limit   23 

TEST REPORT FOR-l 27 



r 

vlli 

C0NTEKT8 (continued) 

Pag« 

PIGUiüS 1 - Tension teat Sheet Specimen 
1-Inch Gag« Length .....    28 

FXGUI» 2 - Tension Test Bar Specimen 
I*Xnch Gage Length   29 

FIGUtS 3 - Tsnsloa Test Bar Specimen 
1/2-Inch Gage Length    30 

FIGURE 4 - Typical B«t£oQ-Headed and 
Tapered-Snd Specimens ...    31 

FIGÜ1® 5 - Bend Test Specimen (Three-Point Bending)  32 

FIGURE fe - Bend Test Fixture (Three-Point Bending) ..... 33 

FIGÜ1B 7 - Bend Test Specisuen (Four-Point Bending) . . , . , 34 

FIGURE 8 * Bend Test Fixture (Four-Point Losdlng)   35 

APFKHD1X A - Safety Precautions for Handling Beryllium ... 37 

APPENDIX B ■* Industrial Hygiene Guide, Beryllium and 
Its Compounds ......*.......«..  41 



SECTIOM 1 

Introduction 

1.1 General 

This report was prepared by the Test Methods Subconmittce of the 

Coomittee on Beryllium Metallurgy to establish standardised methods snd 

procedures for conducting mechanical property tests on beryllium. Such 

methods are required in view of the characteristics of beryllium, which 

make conventional test procedures difficult to apply. The data presented 

are restricted to information which is well established and accepted, 

but the report also identifies areas of testing controversy and high- 

lights current technical needs in the testing area. 

The report attempts to document reconmended methods, based on a re- 

view of the procedures used in a number of organizations. For various 

reasons, many will want to deviate from these methods. To permit reliable 

inter-comparisons between laboratories, standardized methods are needed; 

and it is hoped that for this reason these methods will be adopted. 

l«2 Application of Bery) Hum 

As is now well known, beryllium has a number of very attractive 

properties for structural applications. These include a high stiffness 

to density ratio, in combination with low density, a good strength to 

density ratio, useful mechanical properties to moderately high tempera- 

tures, and high heat capacity. The material thus offers considerable 

weight benefits, when compared with more conventional materials, for 

structural applications where stiffness is important, for structures 

which are lightly loaded and carrying primarily compresslve loads, for 

structures operating up to 1200 F, and for structures exposed to rapidly 

changing he'ting conditions. 

Despite these many advantages, beryllium has not seen extensive 

structural use for two principal reasons: high cost, and extreme plastic 

anisotropy. The latter results in the lack of three dimensional ductility 
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In sheet, extrusions» and forglngs when these products have highly pre- 

ferred textures. Neither of these problems has been completely solved, 

nor is there promise of any iamediate solution. Nevertheless, interest 

in beryllium for structural applications is increasing rapidly. This 

results partly from the large number of potential space applications, 

where the cost can be completely justified by the weight saved, and as 

the result of continuing improvements in the material manufacturing proc- 

esses with more compatible designs. The latter has resulted In higher 

strength levels, but more Importaudy, in a more uniform and reliable 

product. Mechanical properties are more consistent and reproducible, 

and there is no danger that forae sheets or some areas in a sheet will 

exhibit zero tensile ductility. 

1.3 Beryllium Characteristics 

The low ductility of beryllium can lead to premature and catastrophic 

failures if it Is not recognized and acconraodated In the design. The in- 

ability of beryllium to accommodate large amounts of plastic strain is 

due in part to its crystal structure, in part to the preferred orienta- 

tion that is developed in the fabrication of rolled sheet, extrusions 

and forglngs, and in part to the presence of impurities. Another very 

Important factor contributing to premature failure is surface condition -- 

surface defects and irregularities which may have little effect on more 

ductile materials are known to exert a pronounced Influence on beryllium. 

The brittle behavior of polycrystalllne beryllium can be directly 

attributed to the small number of deformation mechanise that It exhibits 

at low temperatures. For general deformation of a randomly oriented poly- 

crystalllne aggregate, It is generally agreed that each grain must exhibit 

at least five independent modes of deformation to permit accoraiüdation of 

strain from grain to grain. Slip on the basal planes can occur in three 

directions, but only two of these are independent. The same holds true 

for the (iölO) prism planes -- there are only two independent deformation 

modes. Twinning would provide a fifth mode, but the amount of deformation 
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attalnable by twinning is small, and moreover, twinning leads to the 

formation of cracks. Extensive slip on the basal planes eventually leads 

co the formation of cleavage cracks, but basal slip in conjunction with 

prisic slip la necessary if three dimensional ductility is ♦'o be achieved. 

The roal need is for an additional slip mode, such as pyramidal slip. 

Although pyramidal slip has recently been observed at room temperature 

in bi.-igle crystals, ics role in the ductility of polycrystalline material 

renu^ns to be assessed. 

When preferreo orientations are present, significant amounts of 

deformation can be achieved on a particular set of planes, usually the 

(1010) prism planes. However, in such cases, strain is accoraraodated in 

only one or two directions. With commercial sheet material in particular, 

a preferred orientation with the basal planes parallel to the plane of 

the siieet is readily formed and zero or near zero ductility in the thick- 

ness direction results.  Such a material will show good elongation in 

a standard tensile test but in a  more complex stress state where thickness 

direction flow is needed to satisfy constancy of volume, the material ex- 

hibits relatively brittle bf/navior. Furthermore, the thickness direction 

strength is relauively low, so that limiting stress values in this direc- 

tion are generally reached before the full axial strength can be developed. 

Such is ehe case, for example, with wide sheets in tension or bending. 

Contrary to the behavior of most structural materials, therefore, the 

response of beryllium is dependent not only on the applied stresses, but 

on the stress state and on the previous deformation history.  Consequently, 

local stress raisers, such as poor surface finish, notches or cracks at 

corners and edges, rivet and bolt holes, etc., became very important and 

may control the strength of the component. 

1 *^ Status and Application of Mechanical Property Tests 

In view of these characteristics of beryllium, the designer and 

fabricator find the standard mechanical property test data insufficient, 

since these do not completely describe matertal behavior. Furthermore, 
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the test results vary depending on how the tests «re conducted, how the 

speclnen« are finished, etc. Since a completely satisfactory mechanical 

property test is not available for beryllium, recourse is made to either 

the standard tensile test such as is used for other metallic materials, 

or to other simple tests which attempt to produce more complex stress 

states. Typical of the latter is the bend test by a three- or four-point 

loading system, in which a known bending moment is Imposed on a strip cut 

from beryllium sheet. Data *rom both types of tests Bust be used with 

caution, however, when designing structural components in beryllium. 

In general, mechanical property tests other than the standard ten- 

sile test produce only cottparativc data, unless the application happens 

to be identical with the fest. The resulting data are, therefore, of 

most value for checking the effects of changes In purity, alloying, 

process variables, etc., during material development. Although the data 

may be useful in establishing material acceptance specifications, they 

cannot be used for structural design. For Instance, the bend test is 

sometimes used to determine stress-strain relationships for the material 

and also to deduce elongation In the thickness direction. It must be 

understood, however, that data obtained in such a test are peculiar to 

the particular stress system of the test, and cannot necessarily be 

extrapolated to other conditions. 

The standard tensile test, on the other hand, will produce quanti- 

tative data that can be used for design under certain circumstances. 

Yield strength and tensile strength values and the stress-strain data 

a-e directly applicable, using standard design practices, to any structure 

where the material Is In simple uniaxial tension, provided only th^t the 

surface finish tn the application is at least as good as that of the 

test coupons. 

1.5 MAB Action 

It was considered appropriate by the MAB that some attempt be made 

to establish testing standards for beryllium which would recognize the 
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peculiarltles of the material, and which would be generally acceptable. 

Such action would provide useful guidance to those entering the field of 

beryllium design, fabrication and use. It would also make test data from 

many sources directly comparable, and would provide the basis for stand- 

ardising improved methods as they become available. 

To accomplish this end, a subcommittee of the Comnittee on Beryllium 

Metallurgy was formed. A list of subcommittee members is included in the 

front of the report. The necessary information was obtained either di- 

rectly from subcommittee members, from presentations by invited guests, 

or by correspondence with active groups. 

It was determined during the first meeting of the subcoranitcee that 

virtually no experience exists in the performance of many mechanical prop- 

erty tests with beryllium. In most cases it is not known whether the 

standard types of tests are suitable for beryllium, nor in most cases, 

have alternative tests specifically for beryllium been devised. The ten- 

sile test is an exception since considerable experience exists, although 

opinions on the usefulness of conventional tensile test procedures, and 

views on the manner in which such tests should be conducted, vary widely. 

One of the consequences of the recognition of the limitations of the ten- 

sile test has been interest in the bend test; but again, opinions on how 

this test should be conducted, and on its value, vary widely. 

Despite this situation there is, at this time, considerable agree- 

ment on nrany general aspects of beryllium testing technique, such as the 

measures that must be taken with respect to specimen preparation, certain 

aspects of specimen geometry, requirements with respect to eccentricity 

of loading, etc. It was, therefore, decided by the subcommittee that it 

could most usefully attempt:  a) to agree upon common aspects of beryl- 

lium testing technique, b) to "standardize" only the most basic tests 

where some measure of acceptance and agreement has been reached, and c) 

to present information explaining, for the designer, fabricator, and 

quality inspector, the unusual characteristics of beryllium and the use- 

fulness and limitations of the various tests. 
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TMs report Is organized in accordance with this approach and a 

brief discussion of the characteristics of beryllium has been presented 

in this introduction. Section 2 presents recomaended methods of prepar- 

ing flat sheet and bar-type «»-»ecimens. The information is presented In 

specification form, permitti g direct reference, since this was believed 

to be of most value to potenfi  users. Some aspects of th^ tests were 

defined arbitrarily. No att-e_4c is made to justify the methods or to 

present and compare alternatives, although the selections were made and 

reviewed by individuals who have had considerable experience with beryl- 

lium and with testing procedures in general. 

Section 3 gives some general testing techniques and practices which 

have been found nee ^sary with beryllium while Section 4 gives details 

of specific tests. The latter are again in specification form, for the 

reasons given above. Section 4 also discusses the use and limitations 

of each test. 



SECTION 2 

Specimen Preparation 

2.1 General 

When beryllium is machined, particuJarly wrought products, surface 

damage is introduced in the form oi twins, cracks and residual stresses, 

Experiencp shows that this damage iias a detrimental effect on mechanical 

propc/cics and can result in considerable variability of properties, 

however, c.raful machining, combined with removal of damaged surface layers 

by etcr.in;',, can result in test specimens which give consistent, results. 

Accoratn^iv, if test data from varioas sources are to be compared or used 

interchangeably, consistency in specimen preparatj'cn Is essential.  This 

section, tnerefore, describes general procedures reconr;°nded for use In 

the preparation of any type of specimen from tlat sheet or round bar. 

Details of machining practice, such as tool shapes and speeds, and 

details of the procedures to be followed with respect to toxicity of the 

material, will not be given here since they do not affect the specimen 

performance. An exception is the statement of the need to use sharp, 

carbide tipped tools. Other details can be obtained from the beryllium 

suppliers.  Appendix A, however, does summarize some safety precautions 

that should be followed in handling beryllium. 

2.2 Preparation of Sheet-Type Specimens 

2.2.1 Cut blanks from sheet with band saw, abrasive cut-off wheel, 

electrospark machining, or chemical milling.  Deburr and round off 

rough edges by sanding with 240 to 400 grit emery paper. Electro- 

spark machining shall be used only for rough cutting, since it has 

been found to cause machining damage. 

2.2.2 Where necessary, parallel the edges of the specimens using a 

milling machine, Tensile-Kut machine, or surface grinder. Specimens 

may be stacked to a thickness not to exceed 1/4 in, for these 

operations. Final cuts for paralleling should be in the sequence 

0.010", 0.005", 0.003", 0.002". 
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If pin-loaded or pin-located specimens are Co be used, holes 

shall be drilled and reamed at this time. Specimens need not be 

fixtured individually for drilling, but precautions should be taken 

to prevent breakout at the exit side of the hole. 

2.2.3 Cut the reduced section on a milling machine, Tensile-Kut machine, 

or router. Specimens should be stacked to a deptl of 1/^* in, or less. 

The finishing sequence after 0,015" cuts should be 0,010", 0.005", 

0,002", 0.002", 0,001".  Deeper cuts are not recommended, but if made, 

shorld be followed by the sequence given above. 

2.2.4 Edges of the gage section shall be deburred and sanded with 240- 

400 grit paper. The direction of sanding should be parallel to the 

loading axis. 

2.2.5 Etch the specimens in one of the following solutions: 

2.2.5.1 201 nitric acid by volume 

1% sulfuric or hydrofluoric seid by volume 

Balance - deionized water 

Temperature - 80 to 90 F 

2.2.5.2 50 g, chromic oxide 

25 ml H.SO. 
2  ^ 

450 ml orthophosphoric acid 

Temperature - 100 to 212°? 

At least 0.002", but no n.oro than 0.004", should be removed from 

each machined surface of the specimen. Ends should be masked before 

etching.  The etchant should he circulated.  After removal from the 

etching bath, the specimen should bo rinsed in warm deionlxed water 

and iramediately dried with acetone or alcohol. 

; chromic i idc and orthophosphoric acid at 250 F.  For safety, cool to 
2000F before adding H.S0,.  For use, the solution may be maintained at 
2l't*F  by a double boiler arrangement. 
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2.2.6   Penetrant inspection and visual examination for cracks or other 

defects are to be made with a binocular microscope with a ndnlmum 

magnification of 15X. Depending on the severity of the defect» at- 

tempts at repair can be made, but If necessary metal removal lowers 

specification dimensions below permitted tolerances, the specimen 

should be scrapped. 

2.3 Preparation of Round Bar Specimens 

2.3.1 Saw-cut or abrasive-cut specimen blanks. 

2.3.2 Place blanks In lathe chuck and remove excess material from 

half the length. Turn to a diameter approximately 0.010" greater 

than the largest diameter of the finished specimen. Depth of cut 

shall not exceed 0.100" and the final roughing cut shall not exceed 

0.030". Remove blank from chuck, insert turned portion in collet, 

and remove excess stock from other half. Face to length asd center 

drill both cade (drill 1/8" deep max.). 

1.3.3 Mount between centers and rough in shoulders and gage section. 

Final roughing cut on shoulders can be as high as 0.030". On gage 

section, final roughing cut should not exceed 0.010". 

2.3.4 Finish machine all dlamefers using the following sequence: 

0.005", 0.002", 0.002", 0.001". 

2.3.5 Etch in previously described solution to remove 0.004" co 0.008" 

from specimen diameter and examine for defects in accordance with 

2.2.6. 

tX.  • 
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SECTIOW 3 

General Test Techniques 

3.1 Specimen Size 

In order to conserve material, test specimens of beryllium are 

conmonly made in relatively small sizes in comparison to those used in 

other materials. Since there does appear to be an effect of size of 

specimen on the measured properties of beryllium, specimens having the 

dimensions recommended in this report should be used for acceptance test- 

ing and for gathering basic engineering data. 

3.2 Strain Rate 

3.2.1 At room temperature the testing rate should be adjusted to 

produce an Initial strain rate of 0.005 + 0.002 in/in/mln. If the 

ductility of the sample exceeds 5 per cent for the type of test 

being performed, the strain rate on subsequent tests of similar 

material may be gradually increased to 0.05 in/in/min +.01 after 

either 0.6 per cent offset or 1.0 per cent total strain is reached. 

Data obtained from tests in which failure occurs during the change 

in strain rate should not be averaged. 

3.2.2 For elevated temperature testing the initial strain rate should 

be 0.005 + 0.002 in/in/min until a total strain of 0.01 in/in (17.) 

is reached and should then be changed to 0.05 + 0.01 in/in/mln. 

Data obtained from tests in which failure occurs during -he change 

in straia rate should not be averaged. 

3.3 Methods of Strain Measurement 

3.3.1    When materials properties involving the strain in the specimen 

are required, the preferred strain measurement technique involves 

one of the following: 

■_mw •mc 
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3.3.1.1  Sftaittoncc-typ« «train gages Which have been hooded tc the 

•peclo&i, using the gage nanufacturert' racoamnded procedures, 

except that surface preparation should not Include roughing or 

scratching the speclaen (see Section 2 for correct surface 

preparation). 

3.3.1.1.1 Prior to testing, verification of a good bond 

between strain gsge and speclaen should be made in 

the following manner: with the specimen in position 

for testing, slowly apply a load until the strain 

gage (or gages) in the maximum strsin direction reads 

approximately 100 (25 in Che case of precision elastic 

limit specimens) micro-inches per inch of strain. 

Note the applied load. Reduce the load until the gage 

reads 10 to 20 micro-inches per inch and again note 

the load. Cycle the loading between these points Just 

determined three times. The strsin gsges cen be con- 

sidered properly bonded if the following three condi- 

tions are met: a) the strain interval measured by 

the gage under test is reproducible to within +2-1/2 

|A in/in for at least three additional load cycles, 

b) the strain readings are reproducible at the upper 

and lower load points to within +2 n in/in, and c) the 

strain readings remain constant to within + 2 u in/In 

at both the upper and lower load points when the load 

Is held constant at least 60 seconds. 

3.3.1.2  Extensometers attached to the gage length of the specimen, 

provided data obtained from tests in which failure occurs at the 

point of attachment are ruled invalid. 

3.3.1.2.1 For modulus determination, ASTM Type A extenso- 

meter should be used. For routine testing, ASTM Type B-l or 

B-2 will suffice. 
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3.3.1.2.2 Extsntoneters which attach to the shouldart oi 

the speciBen or aeasure only teat machine head travel 

or In other «ays average strains outside the speciaen 

gage length should not he used. 

3.3.1.3 Optical or capacitance strain aeasuring devices which attach 

to the speciaen gage length, provided data obtained from tests 

in which failure occurs at the point of attachment are ruled in- 

valid. 

3.3.2 Deflection aeasureaents for the purpose of calculating average 

strains in the 4-point bend test should be made on only the portion 

of the sample being subjected to a uniform bending moment and in 

areas sufficiently removed from points of load application to prevent 

localised effects from influencing the data. 

3.3.2.1 For thin bend specimens (less than 0.050 inches) deflection 

readings should be taken if. areas a minimum of 4 times specimen 

thickness away from loading points, or by using the recomended 

deflectometer (Figure 6). 

3.3.2.2 Verification of strains calculated from deflection readings 

should be made periodically using a bend specimen instrumented 

with strain gages on both the tensile end compressive surfaces. 

3.3.3 Recommended procedure for making gage marks or scribe lines on 

flat sheet material involves first applying a marking ink to the 

specimen and then removing the ink at appropriate locations using a 

0.001-ln. radius scribe and the lightest pressure which will make a 

clear mark. The gage mark should cover no more than the central one- 

half of the sheet width. Scribe lines on round samples shall be made 

so that their axes correspond to the axis of the specimen. Measure- 

ments, in this case, are from end of scribe line to end of scribe 

line. Data obtained from test in which failure occurs at a scribe 

line should be ruled Invalid. 



-14- 

3.4 Altgn^mt Procedure 

In testing beryi.liiao it Is necessary to be especially careful to 

provide a unifom and well-defined strain distribution. Because of beryl- 

lium's high modulus of elasticity, even a relatively small misalignment 

can result in the development of large stresses. In addition, stress 

redistribution at the expense of plastic flow may exhaust an appreciable 

fraction of the available ductility. Universal joints or other self- 

aligning devices are useful but are not adequate substitutes for carefully 

machined grips and specimens. 

While it is recognized that a measure of the misalignment of each 

and every specimen—through the use of strain gages or other strain measur- 

ing devices—would be most desirable (especially in tension testing), the 

practical result of such a recommendation would be that the cost of routine 

testing would become prohibitively high. Instead, it Is recommended that 

the alignment of the specimen and the associated load transmitting devices 

(j^rips, pull rods, etc.) be periodically checked by one of the techniques 

which will be described. The number of such periodic inspections will de- 

pend on the ultimate use of the data and the control of specimen and fix- 

ture dimensions, but will certainly include an alignment check when changes 

in machining practice or new grips or fixtures are Introduced, 

3.4.1    The preferred method of checking machine aligninent shall Involve 

the use of an instrumented spcclnien using strain gages or optical 

strain r..ci.Eurinp, devices capable of mcasurlng the small strain dif- 

ferences uue to misalignment. The maximum permissible deviation of 

a single gage reading should be less than h  per cent of the average 

strain at a nominal stress leve3 of at least 4,000 psi. 

3.4.1.1  Round specimens shall be aligned using at least three 

jurain gages located at equal distances around the gage section 

periphery. Gages may b- rjtag'.'.cred ir the axial direction if 

necessary. 
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3.4.1.2 Flat sheet specimens shall be aligned front to back by 

measurements on both faces and side to side by measurements on 

both edges. Side to side strain measurements may be omitted 

provided accurately positioned guide pins are used in the grip- 

ping system. In this case, tolerances on guide pin location 

shall be at least as good as + 1 per cent of specimen gage 

section width. 

3.4.1.3 In lieu of alignment measurements, bend specimens shall 

conform to the following specifications for flatness and twist. 

Maximum allowable bowing of the specimen in a uniform arc shall 

be less than the specimen thickness in 3-inches length. Msxi- 

mum allovjible twist from edge to edge is one half the specimen 

thickness in 3 inches of length. Provision shall be made in 

the test fixture, or with an auxiliary jig, to position the lon- 

gitudinal axis of the specimen to within + 0.025 inches of the 

longitudinal axis of the test fixture. 

3.4.2    Alignment procedure shall consist of obtaining strain measure- 

ments from samples instrumented as described above from some small 

Initial load up to a stress level not less than 4000 psi using either 

incremental loading or at a load rate compatible with good strain 

measurements. Alignment shall be considered satisfactory if the 

maximum deviation of the individual strains from the average strain 

throughout the selected stress interval is less than + 5 per cent. 

A specimen which has been loaded as described above will not be suit- 

able for subsequent measurement of precision elastic limit. If both 

an alignment check and P.E.L. determination on the same specimen is 

desired, ehe preliminary loading should be limited to 10 per cent of 

the expected load at the precision elastic limit (if known), or to 

500 psi. 

3.5 GrippinR of Specimens in Tension 

Although the method of gripping the specimen is optional, it may be 

helpful to describe several techniques which have been used. On round 
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•ycimm»,  threaded ende» button-heed ends, end tepered ends have been 

used with the tepered «peciaen being the most popular. While e thread- 

ended speciaen nay be used, it does require a large-diameter thread with 

carefully rounded roots end a small-gage diameter to minimize grip fail- 

ures. By aligning on the shoulders of the specimen, the button-head speci- 

mens give excellent concentricity of load. Careful machining of the die- 

meters to maintain parallelism and axiality will assure alignment in the 

grips. The tapered head specimen can be made on a tracer lathe at minimum 

cost. Again, accurate machining of the ends is required to maintain 

alignment with the fixtures, but this is done readily, and satisfactory 

concentricity can be echieved. 

On flat specimens, the serrated faces of the Templin-type or the 

Instron designed flat grips will satisfactorily hold the specimen. Even 

with high strength material, the nunber of grip failures will be small 

provided a fairly wide tab (2-1/2 times the gage width) is used at the 

grip ends. Accurately machined pin holes in the grips should be used to 

assure good alignment of the specimen. 

Drawings of recommended tensile specimens are shown in Figures 1 to 

3,and a drawing of types of specimen grips Is shown in Figure 4. 

3.6 Test Reports 

The test report form on page 27 is recommended. This form requires 

information on materials history and test method essential to a realistic 

evaluation of the test data. The presentation of complete material and 

test information should help to prevent erroneous conclusions or avoid 

Invalid comparisons of data. Deviations from recommended procedures should 

be stated. 
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SECnOH 4 

Standard Tests 

Tensile (Including modalus). Bend (3- & 4-point) & 
Precision Elastic Limit 

4.1 General 

This section presents recommended test specimen details and test 

procedures for those beryllium mechanical property tests where some 

agreement on both the test procedure and the usefulness of the test data 

has been found. In order that they will be of immediate and practical 

use, the procedures ate given in specification form« and alternatives or 

possible variations have been deliberately avoided except in the case 

of test facilities where considerable capital expense would be involved 

unnecessarily if only one type of equipment were mentioned. 

The tensile test is essentially standard except for the special 

precautions which are necessary with respect to specimen finish and 

tolerances and specimen alignment in the test machine. 

The bend test recognizes that the tension test has limitations when 

complex stress states exist and the bend test is an attempt to Include 

complex stress conditions in a test which is simple and relatively cheap 

to conduct. This test, however, represents one particular stress dis- 

tribution and it is consequently only a qualitative evaluation of the 

performance of the material in a typical application. The bend test data 

are, therefore, not of direct use for design purposes, but «re useful 

qualitatively in connection with the development of alloys and materials 

manufacturing procedures. The four-point bend test is recommended when 

accuracy is desired and the cost of the larger specimen is justifiable. 

In some instances it may be desirable to perform a simpler bend test 

than the four-point. If for example^ only a crude estimate of strength 

is needed, the modulus of rupture in simple three-point bending can be 

used. Tne three-point bend test is applicable in a number of sheot 
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fonalng operationsfand provides Infcrmaclon which may be useful for the 

design of forming tools and for the establishment of forming procedures. 

Three-point bending may also be useful to identify limiting bond angles 

or minimum bend radius. It should be pointed out, however, that three- 

point loading causes a non-uniform bending moment and strain distribution 

which makes quantitative measurements difficult. The three-jjoint bend 

test, as outlined, can be made with a smaller specimen and simplar equip- 

ment than the four point. 

The elastic modulus test provides the value of modulus v-'Hch may be 

used for engineering design purposes. The information will be satis- 

factory for the prediction of structural deformation and for the analysis 

of vibration problems and compression instability problens. 

The Precision Elastic Limit Test provides information which is use- 

ful for the guidance Instrument industry and for scientific work on ma- 

terials. For most engineering design purposes, however, the (XI per cent 

or0,2 per cent yield stress determined from data taken during tensile 

test is adequate. 

4.2 Tensile Test (Including Engineering Modul.us of Elasticicy) 

4.2.1 Purpose and Scope 

This späcification defines procedures for conducting room and 

elevated temperature tests on beryllium and berylliuw alloys in 

either sheet or bar form. 

4.2.2 General Procedures 

ASTM Standard E8 for tension testing of metallic materials (and 

E-lll for modulus determinations), are general references for pro- 

cedure. Other general procedures which recognize the peculiarities 

of beryllium are defined in Sections 2 and 3, and chesa also apply. 

4.2.3 Test Specimens 

Figures 1 through 3 give dimensions and dimensional tolerances 

for sheet and bar tensile specimens in two sizes. Elastic moduius 

■wMggMg—g??^; sg^sg ,i*jsr,r^mm 
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determinations shall be made on the larger size specimens only 

(Figures 1 and 2). Procedures for fabricating these specimens and 

the associated surface finishing requirement are given in Section 2 

of this report. For greater accuracy and convenience, the larger 

of the two specimens shown (1.0" gage length) should be used If 

possible. In view of the high cost of beryllium, however, the 

smallest possible specimen will often be desired particularly for 

routine quality control and receiving inspection type testing in- 

volving large quantities of specimens. The smaller specimen shown 

(0.5" gage length) will also serve in certain special cases, e.g., 

extrusions and forgings where the material volume is limited. 

Details of the specimen ends are not shown since the gripping 

method is optional. Typical specimen ends are shown in Figure 4. 

4.2.4 Test Fixtures 

The tensile test machine shall comply with the requirements of 

ASTM E4. Methods used for elevated temperature testing shall con- 

form In general with ASTM Standard E21. The method of gripping the 

specimen is optional. Alignment should be in accordance with 3.5. 

4.2.5 Instrumentation 

An autographic strain measurement system shall be used to 

determine strain from zero to a minimum of 0.2 per cent offset. 

Calibration, attachment and accuracy shall comply with the require- 

ments of ASTM E83 and E21. 

If modulus of elasticity values are desired, a class A (or 

class B-l calibrated to class A accuracy) extensometer shall be 

used (see ASTM E83). Special aspects of extensometer attachment 

peculiar to beryllium and the class of extensometer required are 

defined in Section 3.3. 

•OT'^wsiiP mwhiifi. 



-20- 

4.2.6   Teat Procedure 

4.2.6.1 Periodically check alignment with selected specimen grip- 

ping method by strain gaging a specimen in accordance with 

Section 3.5. 

4.2.6.2 Inspect specimens to assure that surface is smooth, free 

from nicks, scratches, tool marks or other imperfections. 

Accurately measure the dimensions of the gage section to the 

nearest ,0001 inch. Four to eight readings along the length 

of the specimen are usually required. 

4.2.6.3 Install cxtensometer and load in accordance with Sec. 3.2. 

4.2.6.4 Record 0.2 per cent offset yield strength, tensile strength, 

and plastic elongation at fracture. If modulus of elasticity 

measurements are being made, also measure the strain correspond- 

ing to convenient increments of stress. 

4.3 Three-Point Bending 

4.3.1 Purpose and Scope 

This specification defines procedures for conducting room 

temperature bend tests in simple bending on beryllium and beryllium 

alloys. 

4.3.2 Test Specimen 

Figure 5 gives test specimen dimensions and tolerances. 

Fabrication procedures are given In Section 2 of this report. The. 

geometry shown is Intended to cover thicknesses up to 0,10 Inches. 

4.3.3 Test Fixture 

A suggested basic test fixture is shown In Figure 6, Dinen- 

slons and tolerances are specified. Positioning of the specimen 

within the fixture is not critical and may be done by eye, A test 

machine, or, if modulus of rupture is not required, an arbor press 

may be used to apply the load. 
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4.3.4   Teat Procedure 

4.3.4.1 Measure test sample thickness to within + 0.0005 inches 

and width to + 0.001 inches. 

4.3.4.2 Place specimen in fixture and load at a rate in accordance 

with Section 3.2.* 

4.3.4.3 Continue to load until failure occurs and calculate modulus 

of rupture from:** 

2.25P 
Modulus of Rupture " -^—r 

bt 

where P is the load, 
b is the widths 

and t Is the thickness of the specimen. 

Since the three-point bend test is used primarily as an 

index of forraability, no directions are given for plotting a 

moment-strain diagrar-, 

4.3.4.4 If minimum bend angle is required, use 0.187 inch radius 

loading pins and interrupt loading of test to measure unloaded 

bend angle. A standard protractor reading to 1 may be used for 

bend angle measurements, and measurements are made at points 0.75 

inches from the center of the specimen. Continue incremental 

loading until failure is reached. 

4.4  Four-Point Bend Test 

4.4,1    Purpose and Scope 

This specification defines a procedure for conducting bend tests 

in pure bending at room temperature on beryllium and beryllium alloy 

sheet specimens. 

*0rait if arbor press is used. 

**This formula valid only for the recommended span of 1.5", as shown in Fig. 6, 

More generally, modulus of rupture ■ 3 PI , where 1 is the span. 
2 bt2 

_5L 
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4.4.2 Test Specimen 

Figure 7 gives test «peclmen dimensions and dimensional 

tolerances. Procedures for fabricating these specimens are given 

in Section 2 of this report. The geometry shown is intended to 

cover thicknesses up to 0.10 inches. Thickness is not shown since 

this will depend on the material to be tested. For four-point 

bending, specimens shall have a width/thickness ratio of 20:1 for 

thicknesses nl ,05 to .10, Specimens thinner than .05 shall be a 

minimum of 1" wide. 

4.4.3 Teat Fixture 

The test fixture must provide for positive location of the 

loading anvils and alignment of upper and lower paiis of anvils. 

General arrangement of the loading fixture is shown in Figure 8 and 

the dimensions and tolerances which must be controlled are specified. 

In addition, a separate jig or fixture or locating pins within the 

bend fixture Itself will aid in positioning the specimen axis paral- 

lel to the fixture axis, 

4.4.4 Instrumentation 

Instrumentation for the four-point bend test should consist of 

a deflection measuring device to measure radius of curvature in the 

gage section. Dimensions for such a device are given in Figure 8 

and the corresponding relationship for the determination oü strain 

is given below. Strain gages may be used in the four-point bend 

test in place of radius of curvature neasurement;?, 

4.4.5 Test Procedure 

4.4.5.1 Measure test section cross-section dimensions to within 

+ .0005 Inches. 

4.4.5.2 Assemble loading apparatus and adjust so that tolerances 

defined in Figure 8 are achieved. 

-afc 
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4.4.5.3 Continuously load the specimen at a load rate or strain 

rate In accordance with Section 3.2 and read load and deflection 

at convenient intervals until failure occurs. 

4.4.5.4 Plot stress-strain diagram using the formulas:** 

2 
Stress • 2.25F/wt 

Strain « 4 At, (for 1" gage length) 

or, Strain -  E 7—- (to correct for strain gage 
thickness) 

where P is the applied load, 

A Is the deflection reading, 

t is the specimen thickness, 

w is the specimen width, 

E is the strain gage reading, 

and m is the strain gage thickness. 

4.5 Precision Elastic Limit (Microscopic Yield Point) 

4.5.1 Purpose and Scope 

This specification defines procedures for conducting room 

temperature measurements of the precision elastic limit of beryllium 

and beryllium alloys. 

4.5.2 General Procedures 

ASTM Standard E8 for tension testing of metallic materials Is 

a general reference for procedure. Other general procedures which 

recognize the peculiarities of beryllium are defined in Sections 2& 

3, and these also apply. All other procedures are defined below. 

4.5.3 Test Specimens 

Figures 1 and 2 give dimensions and dimensional tolerances 4
.:OT 

the precision elastic limit specimens. For greater accuracy, the 
I 

If it is necessary to use test machine head rate as an indication of i 
strain rate, the head rate should be adjusted to be (0^0075)Inches/min., 
where t is specimen thickness. (  t ) 

**Valid only if span of upper anvil is 1,5"(See note, page 21) 

ieiri .„:,=.- —,—.  jfi i™       '.mm-mw 
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gage length may be Increased by 2 inches. Diameter or width should 

be constant al<nig the gage length. Procedures for fabricating thes« 

specimens and the associated surface finishing requirements are given 

in Section 2 of this report. Details of the specimen ends are not 

shown since the gripping method is optional. Typical ends for round 

specimens are shown in Figure 4. 

I 4.5.4   Test Fixtures 
i  ■ —■ 

j The tensile test machine shall comply with the requirements of 
s 

j ASTM E4. The method of gripping the specimen and of obtaining the 
i 

| necessary alignment is optional providing that the alignment require- 

1 ments of Section 3.4.1 are met. If difficulty Is encountered in 

consistently obtaining maximum deviations of individual strains from 

the average strain of under 5 per cent, the checking of alignment at 

each specimen would be a preferred procedure. 

4.5.5 Instrumentation 

Calibration and accuracy shall comply with the requirements of 

ASTM E83, Class A. Strain gages or optical strain measuring devices 

shall be used for strain measurements when determining the precision 

elastic limit. Three or more resistance strain gages are attached 

at equal intervals around the circumference of round bar test specimens, 

or one strain gage on either side of flat sheet specimens. 

4.5.6 Test Procedure 

4.5.6.1 Accurately measure the dlmansions of the gage section to 

tue nearest 0.0001 inch, 

4.5.6.2 Install strain and temperature measuring devices. Refer 

to Section 3.3.1.1.1 for details on verification of strain gage 

bond, 

4.5.6.3 Install specimen in testing machine. Check and adjust 

alignment in accordance with Section 3.4 in accordance with 

Section 3.5, A waiting period may be needed for the equalizing 
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of temperature ac as to be able tö maintain a temperature 

range of no more than 1/4 C during the test. 

4.5.6.4  Apply the load in Increments which aay be as low as 100- 

200 psi for soft alloys but which will more usually be about 

500 psi. Unload to zero and repeat cycle to detect the onset 

of the microscopic yield point of one alcroinch residual strain. 

The application of additional increments of load trill permit 

an extrapolation of the load-deflection curve back to confirm 

the load corresponding to one micro-inch strain. 
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TBST REPORT FORM 

MATBRIiO. HEAT OR «LT WO. 

PRODUCER mgoggg 

CHEHICAL AHALY8IS (Include C, 0, N) 

Pre test (Material sample) 

* 
Post test (Specimen) 

METALLOGRAPHIC ANALYSIS (Include hardness data and notes on surface effects) 

Pre test - 

Post test - 

SPECIMEN PREPARATIOM (Methods, Finish, Dimensions, Tolerance, etc.) 

TEST PESCRIPTION 

Specimen 

Test Temp. 

Soak Time 

Test Machine 

Orientation (with respect to fabrica- 
tion method) 

Heating Method 

Temp. Control 

Test Environment 

u 

TEST PROCEDURE (Details on actual strain rates, strain measurement techni- 
ques, temperatures, control, etc., as applicable, pertinent 
information on calibration of instruments, limits of ac- 
curacy, test environment, and all other information which 
may contribute to a more useful evaluation of the data. 
Any deviations from standard procedures should be indicated.) 

TEST RESULTS 

Optional 

Ultimate Tensile Strength 
0.17. or 0.2% Offset Yield Strength 
Elongation, X  in gage length 
Reduction in Area 
Young's modulus 
Precision Elastic LlnJ-t 
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NOTES: 

1. Line through centerllne of holes and longitudinal centerline 
through gage section shall coincide within .001 inches. 

2. Specimen surface finish shall be in accordance with Section 2. 

3. Dimensions shown are prior to etching.  Etching shall be in 
accordance with Section 2.2.5. 

FIGURE 1  TENSION TEST-SHEET SPECIMEN 
1-INCH GAGE LENGTH 
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NOTES: 

1. The gripping ends of the specimen shall be In accordance 
with Section 3.5. 

2. The ends of the specimens shall be symmetrical with the 
centerllne of the reduced specimen within .001 Inches. 

3. Specimen surface finish shall be in accordance with Section 2. 

4. Dimensions shown are prior to etching. Etching shall be 
In accordance with Section 2.2.5. 

FIGURE 2  TENSION TEST-BAR SPECIMEN 
1-INCH QAGE LENGTH 

■npi 
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NOTES: 

1. The grirping e;v].i  of tlie spec in ei.  Jhail  be  In accordance 
with. Section '-. 5. 

2.       The  end;;  of the  Gpecimen  snail  be  ".y.nmet^lcal  with  the 
centerline of the  rehrced  section witldn   .0001:   inches. 

v.       Specimen surface  finish  "haJ^   be  in accordance with Section 2, 

h.       Dimensions  siiov/n aiT  prior to  etching.     Etching shall   be  in 
ace oraancc  v,;ith Section 2.2. 5. 

FIGURE ■>       TENSION TEST-BAR SPECIMEN 
1/2  INCH GAGE LENGTH 

^SS^m^l 
-—rar 2 !«»*• 
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020x45o±'00STyp. 

125 Max. depth 

- > 

Blend-Do Not U1 Cut 

.255Rt0Cf 

490Dioti,02Typ. 

a. Button Head End Tensile Specimen 

.250Rt0,0Typ 
Do Not U' Cut 

0.250 

♦o» 

30° Typ. 

100ta?0 Max. Depth 

b. Tapered End Tensile Specimen 

FIGURE 4. TYPICAL BUTTON-HEADED AND TAPERED-END SPECIMENS 

W, -"MW —— 

<g^p8jt«-- 
*tmmr 
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NOTES: 

1. Test specimens shall have a wldth-to-thlcknesa ratio of 
10 for specimens 0.05 in. to 0.10 in. thick, but shall be 
0.5 Inches wide for material thickness less than 0.05 in. 

2. Maximum specimen thickness iz  0.10 Inches. 

3. Specimen finish shall be In accordance with Section 2.0. 

FIGURE 5  BEND TEST SPECIMEN 
(THREE-POINT BENDING) 

gg^gg 
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{ 

79 TBST MACHMSt 

,/B7*'002* 

OJ23X 

3 

NOTES; 

1.  Fixture Is self aligned by bringing tapered surfaces Into 
contact. Specimen alignment Is by eye. 

PIOURE 6  BEND-TEST FIXTURE 
(THREE-POINT BENDING) 

■--. '"^9'" 
.agiMffiK1 
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NOTES: 

1.      The test specimen shall have a wldth-to-thlckness ratio «• fpselflad 
in Sactlo» 4.4.2. 

a. 

3- 

Maximum specimen thickness  lü 0.10 Indien. 

Specimen aurface finish sliall he  In accordance with Section 2.0. 

FIGURE 7      BEND TEST SPECIMEN 
(POUR-POINT BENDING) 
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AFPENDIX A 

Safety Precautions for Handling Beryllium 

Ber Ilium and it& compounds can produce toxic effects when ingested 

into the lungs in sufficient quantities. Since this report describes 

specimen preparation procedures, which will invariably produce fine beryl- 

lium particles, it was felt necessary to Include a brief description of the 

hazards of berylliua and some of the techniques that can be used to overcoms 

any danger. The following standard is similar to one used by a large In- 

dustrial company and is choaght to be typical of the precautions that should 

be taker. 

1 
3       1. SCOPE: 

This standard identifies the hazards involved and outlines the general 
precautions necessary in the handling of beryllium metal and its com- 
pcunds. Actual specific safety and industrial hygiene requirements 
shoc3d be specified for individual operations only after thorough re- 
view by qualified individuals. 

2. APPLICAPLE REFERENCES: 

2*1 U. S. Air Force, Aeronautical Systems Division, Wright-Patterscn 
Air Force Base, Ohio, Report Number A«D-TIMl-62-7-665, TCKICTTY Of 
BERYLLIUM (March 1962). 

2.2 Anerican Industrial Hygiene Association: 14125 Prevost, Detroit, 
f"                                   Michigan: Hygienic Guide -- Beryllium and Compounds (Sept. 1956). 

2.3 Kehoe, R. A., ed. Workshop on Beryllium, Cincinnati, Ohio, The 
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3. BASIC HAZARDS; 

The hazards that are encountered in working with beryllium and its 
compounds can be broken down into three general groups: 
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3.1 A reaplratory problea reeultlng fron Che inhalation of above 
tolerance concentrations of berylllun dust or fuses In the air. 

3.2 Any cuts or open wounds Implanted with beryllium or its compounds 
tend not co  heal until the foreign matter is removed. 

3.3 A temporary dermatitis condition can be caused by some of the 
soluble compounds of beryllium, but not by the pure metal or 
oxide. 

4. OOMTiaL LIMITS; 

In order to keep respiratory exposures within safe limits the follow» 
ing hygienic standards shall be met: 

4.1 The average daily concentration of respirable beryllium in air in 
beryllium facilities shall be maintained at less than 2 micrograms 
per cubic meter; with no short exposure (i.e. about 20 minutes) 
concentration greater than 25 micrograms per cubic meter. 

4.2 Baission of beryllium particulate matter into the outside air 
shall be limited so that the beryllium in air concentration at 
the property line does not exceed 0,01 mlcrograms per cubic 
meter when averaged over a one-month period. 

5. KWGINEERING OONTROLS 

5.1 Operations Involving beryllium which are capable of producing 
airborne concentration of dust, mists, or fumes in excess of the 
above limits must be provided with special engineering controls. 
All or part of the following raethods of contamination control may 
be required. Upon review of a proposed operation, a safety and 
industrial hygiene organization should prescribe which methods 
are required. 

5.1.1 Identification of equipment which contains or has been 
contar.rlnated with beryllium by application of labels. 

5.1.2 Laboracory bench hood v?i!:h an average face velocity of 
150 fpm. 

5.1.3 Enclosure with local exhaust which provides a velocity of 
150 fpra through all openings. 

5.1»4 Close-capture exhaust hoses with air flow sufficient to 
provide necessary control velocity at the operation, 

5.1.5 Totally enclosed room, maintained at a negative pressure 
to the surrounding area, 

5.1.6 Air cleaning equipment capable of removing beryllium con- 
tamination from exhaust air to acceptable levels. 

5.1.7 Special work clothing, adjacent change room, showers, and 
clothes washing machine and dryer. 



5. ADDITIONAL PRECAUTIONARY MBASURES: 

6.1 Wb·n air exhaust is not available or is inoperative, individual 
re·. pirato·cy protection shall be worn where hazardous air con• 
cer tratic·n is p-ossible. Individual respiratory protection shall 
be HSA Cc·mfo or Dustfoe r~apiratorl equipped with type H Ultra
fL.ter C; rtridges or air-nupplied respirators. 

6.2 Only per;onnel approved bya physician, after special physical 
examinat· on, sLall be assigned .to jobs involving possible beryl• 
lium dus "~, mist, or fume exposure. All personnel shall be 
orienteG. as to hazards and necessary· safeguards involved in 
beryllicm handling. 

6.3 1.11 cuts, abrasions or ~·Jnctures of the sk:i.n received while work• 
ing with beryllium or i' a compounds shall be treated inmediately. 

6. 4 T· 1ffic through areas in which beryllium is being worked shall be 
h .. ld to a minimum in order to • .'!duce the possible spread of con
tamination. 

6.5 A1.1 was' beryL .~um and contam1.nated scrap shall be placed in 
E3aled ccntaine :s. 

6. 6 Suitable "lir sarapling program. shall ·b€'. conducted to assure that 
the beryl ).ium h1. air concentration lin:· ts are not exceeded and 
':o deterrr:..,ne effectiveness of control Aeasures. 

6.7 Good housekeeping is important in all beryllium operations. Clean 
up hall be done by wet wip1.ng or moppi~ or by vacuuming w1 th a 
va Jum cleaner whose exhaust is filtered. 

7. SUMMARY, 

The in 1alation c .. ; beryllium dust can cause serious illness and even 
death however, ~th the Application of proper controls the material 
can b ~ handled sr: fely in mos r: anY operation. This iffoemon.strated by 
the fact that sit1ce the tox~. city of beryllium va. firlt ,recognized in 
the late 1940's and effective dust control methods were put into uae 
there has not been a single case of chronic beryllium disease traceable 
to exposures where dust contt .a were used. 

: .3T AVAILABLE COPY 
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AgglPP^B 

IMPPSTRIAL HTCIKHB GUIM 

MEYLLIUK AND IIS OOMPOURDS4 

(UvltAd 1964) 

Significant Fhvlcal Froprtlt 

Beryllium it a ailvary-white, brittle aatallic aleoMsit eladlar in ap- 
pearance to nagneaitn. 

BeO 

25.01 

3.03 

2550OC 

3960OC (estimated) 

Xnaoluble in water, aclda 
(except hydrofluoric) and 
alkali (except fuaed). At- 
tacked by water vapor at 
temperatures above 1300 C 

Chemical syobol: Be 

Atomic number: 4 

Atomic (or molec- 
ular) weight 9.01 

Density: 1.85 at 250C 

Melting point: 12850C 

Boiling point: 2970oC 

Solubility: Soluble in d 
and alkalis 

Vapor pressure 
(obtained  . 
graphically;: 

mm Hg 
0C 

7.6x10 
890 

-6 
7.6x10 
1080 

-4 
7.6x10 
1330 

-2 
7.6 
1810 

Beryllium is an amphoteric element and its salts readily hydrolyse 
forming the berylli'im cation, basic beryllium compounds or beryllates as 
the pH of the solution is increased. 

The Committee wishes to acknowledge the assistance of Harry F. 
Schulte in the writing of this Guide and of the Industrial Hygiene and 
Clinical Toxicology Committee of I.M.A. in the preparation of the medical 
information section of this Guide. 

Industrial Hygiene Journal, pages 614-617, Noveraber-DecenAm 1964, 
copied by permission. 
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i.   OTSIMIC vmmms 

A. RECOMCNDED MAXIMAL ATMOSPHERIC CORCKNTRATIONS (8 hours): 

0.00^ a« per cubic Mter.2'3'4 

B. SHORT BXfOSURB TOLERAMCB (less than 30 minute«): 0.025 ng per 

cubic meter. * ' 

C. BON-OCCUPATIONAL: A monthly average concentration of 0.00001 OR 

per cubic meter ha« been used a« a guide for the maximal atmos- 

pheric concentration outside the plant. This 1« based on 

epldendologlcal studies.3*4,6,7 

II. TOXIC PROPERTIES 

A.  INHALATION: Inhalation of beryllium and Its compounds may pro* 

duce two types of disease—acute and chronic. 

1» Acute; Acute disease may result from relatively brief 

exposure to high concentrations of beryllium or Its com- 

pounds. The result may be a pneumonltls where exposure Is 

to the metal, oxide or other compounds. Nasopharyngltls or 

tracheobronchltls Is more likely from highly soluble com- 

pounds.  The pneumonltls may be fulminating following mas- 

sive exposure or less severe with gradual onset from lesser 
9,10 exposure. * 

2» Chroclc; Chrorlc disease may result from varying lengths 

of exposure to a wide range of concentrations including 

quite low concentrations. In some cases there le a prompt 

onset of symptoms while In others there may be a delay of 

many months or years between the last exposure and onset of 

symptona, 

Fulraonary manifestations usually Include dyspnea and a 

chronic cough. Significant weight loss within a short 

period of time is a symptom in many cases as are anorexia, 
4 fatigue, weakness and malaise.  Although respiratory 
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aymptowB  are aoct prominent and usually occur first, the 

chronic disease Is considered by many to be a systemic dls- 
a 

ease which may Involve other organs.  Chest x-rays are 

useful In diagnosis and treatment but only In conjunction 

with other clinical findings. 

B. SKIN CONTACT: Skin contact with soluble salts, particularly 

acidic salts, may produce dermatitis of primary Irritant or 
4 10 

sensitization type. '   Accidental implantation of beryllium 

or its compounds beneath the skin may cause necrosis of adjacent 

tissue with the formation of an ulcer.  Implantation of com- 

paratively insoluble compounds may produce a granuloma. Heal- 

ing does not occur unless the beryllium-containing material is 

completely removed. 

C. EYE CONTACT: Conjunctival inflammation may accompany contact 

dermatitis resulting from soluble beryllium compounds. 

D. INGESTION: No harmful clinical effects have been reported from 

Ingestion of beryllium-containing materials. 

Wide variations in the effects produced by beryllium compounds 

of differing physical properties have been reported. Acute 

disease, skin and eye effects have been Associated largely with 

soluble compounds, although the metal and the oxide also have 

been implic&ted. Chronic disease has been associated, although 

not exclusively, with the more slowly soluble compounds such 

as the oxide, beryllium metal, and the phosphors which were once 

used to coat fluorescent lamps (prior to 1949). Only the silicate 

mineral, beryl, has definitely not been found associated with 

beryllium disease. The degree of toxicity is associated in 

some manner with solubility and particle size as well as other 

factors but information is not adequate to exempt any beryllium- 

containing material except beryl from :he rigid control 

requirements. 

if> 
■n 
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III. IWDOSTRIAL HTCHW PlACnCl 

A. XÜDÜSTEIAL USBS: B«c«uae of it« low density conblned «1th high 

rigidity, beryllluB mit«l 1» used in the eerospece end aircreft 

industries es s structural aaterial. Use of the metal ponder as 

a rocket fuel cooponent is under investigation. In the atoedc 

energy industry, beryllium has a wide variety of applications, 

particularly as a reactor cooponent because of its specific 

nuclear properties. Alloyed with copper, it produces a hard 

metal of high conductivity and tensile strength which is resis- 

tant to fatigue. As such, it is used for making nonsparking 

tools and current-carrying springs and molds. The oxide has 

found considerable use as a ceramic material and in neon sign 

manufacturing. 

B. KVALUATION OF EXPOSURES: 

1. Air Sampling and Analysis: 

(a) Air sampling usually is done by means of filter paper 
3 4 11 

cr occasionally by electrostatic preclpitator. ' * 

Various forms of beryllium monitors have been devised 

for recording the air concentration of beryllium con- 
12 

tinuously after a few minutes delay. 

(b) Air samples collected on filter paper or by the elec- 

trostatic preclpitator may be analyzed colcrimetrl- 

illy bj 

17,18 
cally,  fluorimetrlcally by the morin method '  ' 

or spectrographlcally.' 

2. Sampling and Analysis of Biological Materials; Urine anal- 

yses of beryllium have shown little quantitative correlation 

with either exposure to beryllium or with clinical findings 

and hence are seldom done. Positive Identlflcetion of beryl- 

Hum In urine does indicate exposure to beryllium in some 

T-V, ••■«WWBIOR*! 
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forn and is of value only in eatabllshing this fact. 

Tissues may be analyzed spectrographically  or fluori- 

metrically. 

3. Swipe Samples: Swipe or smear samples sometimes are taken 

to determine the degree of cleanness of surfaces. A measured 

area is rubbed with a filter paper and the sample is analy- 

zed in the same manner as an air sample. Repeated analyses 

of this sort can form a basis for judging whether a given 

surface area is in need of more frequent cleaning. A sur- 

face cleanness of less than 0.025 mg of beryllium per square 

foot usually can be obtained by ordinary cleaning methods 

and has been used as an index of cleanliness by some. 

It has no other health significance. 

C.  HAZARDS AND THEIR RECOMMENDED CONTROL: 

1. Inhalation; Control of inhalation hazards may be accomp- 

lished by enclosure or local exhaust ventilation or a com- 
4 19 

bination of these. Small, high-velocity exhaust pickups * 

or semienclosure with moderate velocity exhaust *  may be 
21 

used on machining operations.   A wide variety of combina- 

tions of enclosure and ventilation has been used on other 
3 20 operations. ' 

Where respiratory protective devices are required, the user 

should refer to the "Respiratory Protective Devices 
22 

Manual".   Gloves and clothing worn while working with 

beryllium should not be worn home. All clothing and other 

personal items contaminated with beryllium rttnild be laun- 

dered separately, using facilities designed U> prevent con- 

tamination of the air with beryllium. Beryllium metal should 

be stored in such a way that it will not come into contact 

with moisture which causes the formation of a loosely ad- 

herent powder that may become airborne and produce an ex- 

posure by inhalation. 

■ggSr 

M 
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2. Skin Contact; Contact with soluble compound«, especially 

fluorides, should be prevented. Scrupulous adherence to 

good housekeeping, practices, plant and personal cleanliness 

are an obvious necessity. Lacerations and abrasions with 

beryllium-containing materials, especially where beryllium 

compounds are Implanted in the tissue, are difficult to heal 

(see Section II. B.). Special handling may be necessary 

to minimize the possibility of such Injuries. There is no 

danger in ordinary skin contact with beryllium metal, alloys 

or fused ceramic material. 

3'    Bye Contact; Eye protective device« should be worn when 

working with soluble beryllium compounds under conditions 

where splashing or mist production can occur. 

4. Ingestion; No special precautions other than those used in 

handling most chemicals are required. 

5. Fire and Explosion; Bulk, pieces of beryllium metal are 

extremely difficult to ignite and show little oxidation up 

to 900 C. Like most metal powders, finely divided beryl- 

lium Ignites under proper conditions and can explode if 

suspended in air in the presence or a strong ignition source. 

Its low density makes it somewhat easier to create an explos- 

ive concentration in air than is the case with other metals. 

Powdered beryllium metal (as in a dust collector) burns 

quietly if ignited. 

'V. MEDICAL INFORMATION 

A.  EMERGENCY TREATMENT: Any person having a <nown exposure to a 

high concentration of airborne beryllium or Its compounds should 

be given prompt medical attention and observed closely for 

exidence of pneumonitis. Medical management as well as signs 

and symptoms of overexposure simulate those of phosgene and 
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oxides of nltrogffia. (Refer to Hygienic Guide on Nitric Acid 

for deteilt.) A 14- by 17-inch chest x-rey picture should be 

taken ionedietely for comparison with possible subsequent x-rays 

and the exposed worker put at conplete rest. Follow-up observa- 

tion and examination are essential for all individuals who have 

been exposed to hazardous levels of beryllium or its compounds. 

Cuts or puncture wounds, where beryllium or its compounds may 

be esobedded under the skin, should be thoroughly cleansed im- 

mediately by a physician. Any implanted beryllium must be 

excised. 

B.  SPECIAL PROCEDURES: X-ray pictures (14- by 17-inch) of the 

chest should be nade on all personnel prior to Job assignment. 

A careful history of respiratory disease should be taken. 

Periodic chest x-reys should be made et least annually with 

proapt removal from exposure at the first evidence of abnormal 

findings. Any dramatic unexplained weight loss should be con- 
4 

sidered as a possible first Indication of beryllium disease. 

Steroid therapy should be considered in the case of either acute 

or chronic beryllium disease. 
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THE NATIONAL ACADEMY OF SCIENCES is a private, honorary organization of 
more than 100 scientists and engineers elected on the basis of outstanding contributions 
to knowledge. Established by a Congressional Act of Incorporation signed by Abraham 
Lincoln on March 3, 1863, and supported by pfvate and public funds, the Academy 
works to further science and its use for the general welfare by bringing together the 
most qualified individuals to deal with scientific and technological problems of broad 
significance. 

Under the terms of its Congressional charter, the Academy is also called upon to 
act as official—yet, independent—adviser to the Federal Government in any matter of 
science and technology. This provision accounts for the close ties that have always 
existed between the Academy and the Government, alhough the Academy is not a 
governmental agency and its activities are not limited to those on behalf of the 
Government. 

THE NATIONAL ACADEMY OF ENGINEERING was established on December 5, 
1964. On that date the Council of the National Academy of Sciences, under the authority 
of its A'.-t of Incorporation, adopted Articles of Organization bringing the National 
Academy of Engineering into being, independent and autonomous in its organization 
and the election of its members, and closely coordinated with the National Academy of 
Sciences in its advisory activities. The two Academies join in the furtherance of science 
and engineerng and share the responsbility of advising the Federal Government, upon 
request, on any subject of science or technology. 

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the National 
Academy of Sciences in 1916, at the request of President Wilson, to enable the broad 
community of U. S. scientists and egnineers to associate their efforts with the limited 
membership of the Academy in service to science and the nation. Its members, who 
receive their appointments from the President of the National Academy of Sciences, 
are drawn from academic, industrial and government organizations throughout the 
country. The National Research Council serves both Academies in the discharge of 
their responsibilities. 

Supported by private and public contributions, grants, and contracts, and voluntary 
contributions of time and effort by several thousand of the nation's leading scientists 
and engineers, the Academies and their Research Council thus work to serve the national 
interest, to foster the sound development of science and engineering, and to promote 
their effective application for the benefit of society. 

THE DIVISION OF ENGINEERING is one of the eight major Divisions into which 
the National Research Council is organized for the conduct of its work. Its membership 
includes representatives of the nation's leading technical societies as well as a number 
of members-at-large. Its Chairman is appointed by the Council of the Academy of 
Sciences upon nomination by the Council of the Academy-of Engineering. 

THE MATERIALS ADVISORY BOARD is a unit of the Division of Engineering of 
the National Academy of Sciences-National Research Council. It was organized in 1951 
under the name of the Metallurgical Advisory Board to provide to the Academy 
advisory services and studies in the broad field of metallurgical science and technology. 
Since the organization dste, the sco-pe has been expanded to include organic and 
inorganic nonmetallic materials, and the name has been changed to the Materials 
Advisory Board. 

Under a contract between the Office of the Secretary of Defense and the National 
Academy of Sciences, the Board's present assignment is 

"...to conduct studies, surveys, make critical analyses, and prepare and 
furnish to the Director of Defense Research and Engineering advisory and 
technical reports, with respect to the entire field of materials research, including 
the planning phases thereof." 
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