


















































2 Background 
In response to the request by the VAMAS Steering Committee, a Technical Working 
Area (TWA) on superconducting and cryogenic structural materials was established 
early in 1986 as TWA 6. The cryogenic structural materials subgroup in TWA 6 has 
conducted a series of interlaboratory comparisons of mechanical properties, including 
tensile properties and fracture toughness, in order to develop an understanding of 
mechanical-property measurements at liquid-helium temperature (4.2 K) and establish 
a unified method. Two round robin tests (RAT) have been carried out to date. The first 
ART focussed on identifying problems and errors that might occur in testing and used 
high strength stainless steel (YUS 170 and SUS 316LN). Some interesting results were 
obtained, including: the necessity of a basic approach to microstrain measurement at 
liquid helium temperature; load-cell calibration for tensile tests; and the effect of the 
testing variables on the fracture toughness test. Based on the results of the first ART 
program, the second ART program specified the testing conditions in accordance with 
the latest draft of the testing protocols and used SUS 316LN stainless steel and a 
titanium (Ti) alloy. The main purpose of the second ART was to refine the protocols for 
tensile tests and fracture toughness tests and revise the draft document (1988) through 
clarification of the remaining problems under the improved testing conditions. In the 
second RAT, the tensile results showed good agreement among the participating 
laboratories. These results prove that there are few problems in cryogenic tensile testing 
for this class of materials. The standard deviation of fracture toughness for SUS 316LN 
was also improved under specified testing conditions. Further study is required on the 
effect of serration and the testing variables of side-grooving, strain rate, and control 
mode. 

At the 7th TWA meeting at Huntsville, Alabama, future work projects were identified as 
follows: 1) Al alloys; 2) Composite materials; 3) Fatigue testsing; and 4) Charpy impact 
testing. 

An advanced Al alloy was chosen as a test material for tensile and fracture toughness 
testing to refine the procedures because the alloy has lower strength and toughness 
compared to SUS 316LN or the Ti alloy. The testing of composites was proposed at the 
5th TWA meeting and a special session was held in July 1989 at ICMC to define the 
state of the art in this area. A composite material was originally proposed by the 
Rutherford Appleton Laboratory (RAL) and the National Institute of Standards and 
Technology (NIST), but the task was delayed due to a lack of a lead laboratory with 
composites expertise, an insufficient number of qualified laboratories to participate, and 
the higher priority of establishing metals standards. 

3 Objectives 
The primary goal of this TWA is the evaluation of mechanical properties of advanced 
cryogenic structural materials at temperatures down to liquid helium temperature. The 
TWA objectives are: 

(1) Exchange of information on mechanical testing methods of composite materials at 
cryogenic temperatures 
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(2) lntercomparison of compression and shear properties of GFRP at cryogenic 
temperatures 

(3) Establishment of reliable testing methods for GFRP 
(4) lntercomparison of tensile and fracture toughness properties of an aluminum alloy 

at cryogenic temperatures 
(5) Establishment of reliable testing methods for cryogenic structural alloys, and 
(6) Establishment of recommendable testing methods at cryogenic temperatures. 

4 Deliverables 
Results will be disseminated whenever possible including international conferences, 
such as International Cryogenic Materials Conferences and International Engineering 
Conferences as well as through relevant international journals. TWA reports will be 
published as summaries of activities. The final product, a report or a paper, will provide 
greater confidence for the practical application of advanced cryogenic structural 
materials. 

5 Generic Implementation Plan and Activities 
(1) Set up an international TWA consisting of experts from participant organizations 
(2) Hold TWA meetings and exchange information on mechanical testing methods for 

composite materials at cryogenic temperatures 
(3) Distribute materials to each participant for ART 
(4) Evaluate the scatter in mechanical properties of GFRP and the aluminum alloy at 

cryogenic temperatures 
(5) Distribute specimens to each participant for the second ART, and 
(6) Establish a reliable testing method at cryogenic temperatures after the RAT. 

This implementation plan was adopted at the 8th TWA meeting held on July 12, 1993 
in Albuquerque, New Mexico, USA. In attendance were representatives from Germany, 
Austria, Italy, USA, and Japan. It was agreed to immediately initiate the round robin test 
program on the composite material. The round robin tests include compression testing 
in the through-thickness direction, and shear testing in the interlaminar direction. NRIM 
distributed test materials in the first RAT. The aluminum alloy specimens are ready for 
testing and have been distributed. Approximately 10 institutes from Japan, UK, USA, 
Germany, France, Austria, and Switzerland, are participating in these projects on the 
aluminum alloy and composite material. For more information on TWA17, Cryogenic 
Structural Materials, and its developing program, interested parties should contact Dr. 
Toshia Ogata. 
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• Recent VAMAS Outputs • 

EXTENDED ABSTRACT 

VAMAS Technical Report No. 17 
"Fracture Toughness of Advanced Ceramics by the 

Surface Crack in Flexure (SCF) Method: A VAMAS Round Robin" 
by G. Quinn, NIST, Gaithersburg, Maryland, USA 

J. Kubler, EMPA, Dubendorf, Switzerland 
and R. Gettings, NIST, Gaithersburg, Maryland, USA 

There is considerable worldwide interest in standardization and improving test 
procedures for the determination of fracture toughness of advanced ceramics. This 
study is the third fracture toughness round robin organized by TWA 3. One earlier 
project was coordinated by the Japan Fine Ceramic Center (JFCC) and featured the 
Single-Edge Precracked Beam (SEPB), Indentation Fracture (IF), and Indentation 
Strength (IS) methods. The second project was also coordinated by JFCC and featured 
high-temperature testing with Chevron Notch (CNB), Single-Edge V-Notched (SENVB), 
and SEPB methods. 

The present round robin uses a different technique, the surface crack in flexure method 
(SCF), also known as the controlled surface flaw method. This round robin, jointly 
organized by the National Institute of Standards and Technology (NIST) and the Swiss 
Federal Laboratories for Materials Testing and Research (EMPA), commenced in 
November 1992 and concluded in September 1993. Twenty-four laboratories agreed to 
participate and twenty completed the tests . 

The surface crack method follows conventional practice to measure fracture toughness: 
a specimen is precracked, the specimen is fractured, the precrack size is measured, 
and the toughness is computed from a stress intensity formula for a well-defined crack 
geometry. A hardness machine with a Knoop indenter is used to create a flaw in a 
common flexure specimen. In brittle materials, the indenter not only forms the 
impression, but also forms a semicircular or semielliptical crack under the surface. The 
novel aspect of the method compared to metal testing is that the precrack is very small, 
of the order of the size of the real flaws in a ceramic, and fractographic techniques are 
needed to observe and measure the precrack. Flexure stress can be measured quite 
accurately and precisely, but some care and skill is involved in obtaining and measuring 
the precrack. The precrack can be modelled by a semicircle or semiellipse for which 
there is extensive literature and a convergence of solutions for the stress intensity 
factors. 

Fracture toughness was measured on three monolithic advanced ceramics: hot-pressed 
silicon nitride, hot-isostatic pressed silicon nitride, and yttria-stabilized tetragonal zirconia 
polycrystal (Y-TZP). These materials exhibit different degrees of difficulty in the 
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application of this test method. Most laboratories had little problem with the hot-pressed 
silicon nitride and obtained very consistent results. The fracture toughness for 107 
specimens was 4.6 ± 0.4 MPa{ m (mean standard deviation). Reasonably consistent 
results were obtained for the hipped silicon nitride. The fracture toughness for 105 
specimens was 5.0 ± 0.6 MPa{ m. There was fair agreement for the Y-TZP. For those 
laboratories with valid results, the fracture toughness results were 4.4 ± 0.4 MPa{ m. 

The calculated toughness depends upon the stress at fracture and the precrack size 
and shape. Since toughness depends upon the square root of crack size, the 
uncertainty in the size measurement is diminished in the calculated results. The round 
robin showed that the method was surprisingly robust with respect to the crack size 
measurements. However, some fractographic experience or skill is a prerequisite for 
assurance of correct results. New techniques for enhancing precrack detection were 
fdentified. These include tilting the specimen during indentation, illuminating from low 
angles with optical microscopy, using combinations of low and high magnification 
photographs, sputter coating at a grazing angle, tilting the specimen in the scanning 
electron microscope (SEM), using the backscattering mode in the SEM, and using 
stereo SEM photography. A new procedure for precracking materials that are resistant 
to Knoop precracking has been devised. A Vickers indenter can be tilted and canted to 
create an oversized Palmqvist crack. 
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• Recent VAMAS Outputs • 

EXTENDED ABSTRACT 

"Structure and Fracture of Multiphase Polymers" 
by C. Durand, I. K. Partridge, and M. W. Darlington 

Cranfield University 
Cranfield, United Kingdom 

Interim Report 

Multiphase polymers cannot be used in high technology fields unless their fracture 
behavior and properties are well known . It has now become clear that a study of 
fracture properties of multiphase polymers must be done with a detailed examination 
of the structure. This study [MSc Thesis, C. Durand] contributes to the three major 
elements of the work program of VAMAS TWA 4, Multiphase Polymers: 

• The development of an international standard for molding a plate test specimen. 
This work included a study of the structure of a glass fibre reinforced polypropylene 
plate injection molded by the National Physical Laboratory in the UK. 

• Concerning the morphology quantification, the study develops a reflection upon 
image analysis procedures of blend structure and presents the results of a digital 
image analysis (DIA) achieved on a polyamide/poly(phenylene-ether) [PA/PPE] 
blend. 

• European Structural Integrity Society (ESIS) fracture methods have been applied to 
two fibre reinforced moldings and two blends of immiscible polymers. A critical 
evaluation of the applicability of these methods has been carried out and related to 
the morphology of the test samples. 

In particular, Linear Elastic Fracture Mechanics (LEFM), both slow rate and high rate, 
were applied to glass fibre reinforced polypropylene (GFPP) and to glass fibre 
reinforced polyarylamide (GFPA) molded planes. Similarly, J-integral tests were carried 
out on PA/PP (polyamide/polypropylene) and PA/PPE injection molded plates. The 
application of slow rate LEFM resulted in non-linearity (GFPP) and "pop-in" (GFPA) in 
the load-displacement curves. Structure analysis of GFPP plaques revealed a slight 
change in the fibre orientation pattern within the molding. 

For the blends, it was found that PA/PPE specimens fully satisfied the J-integral test 
validity requirements. However, the PA/PP specimens failed the validity criteria due to 
a non-uniform crack length. Further, it was shown that scanning electron microscopy 
in conjunction with digital image analysis enabled a morphology analysis of the 
immiscible polymer blends. 
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Technical Working Area 3 

CERAMICS 

G.D. Quinn 
Ceramics Division 

National Institute of Standards and Technology 
Gaithersburg, MD 20899, USA 

Tel: +1 301 975 5657 
Fax: + 1 301 990 8729 

Objectives 
• To undertake pre-standardization research on the reliability and reproducibility 

of test procedures for advanced technical ceramics 

The 8th World Ceramic Congress, CIMTEC, was held in June 1994 in Florence, Italy. 
In the session on Standards and Markets for Advanced Materials on June 30, four 
papers representing different activities in TWA 3 were presented: 

1] Fractography and Characterization of Fracture Origins in Advanced Ceramics, 
J. Swab, M. Slavin and G. Quinn 

2] Fracture Toughness of Advanced Ceramics: A New VAMAS Round Robin, G. 
Quinn, J. Kubler and R. Gettings 

3] VAMAS Round Robin on Fracture Toughness of Silicon Nitride at High 
Temperatures, M. Mizuno and H. Okuda 

4] Round Robin on Grain Size Measurements for Advanced Technical Ceramics, 
L. Dortmans, R. Morrell and G. De With 
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Technical Working Area 4 

POLYMER BLENDS 

I. K. Partridge 
School of Industrial and Manufacturing Science 

Cranfield University 
Cranfield, Bedford, UK, MK43 0AL 

Tel: +44 234 750111, ext. 2513 
Fax: +44 234 750875 

Objectives 
To provide the technical basis for drafting standards test procedures for new, 
high performance polymer alloys and blends in five complementary technical 
areas: melt flows; dyna'mic testing; thermal properties; morphology; and 
mechanical properties 

1 Introduction 
In the context of activities in TWA 4, multiphase polymers are taken as those polymeric 
materials that produce heterogeneous structures when molded, the size scale of the 
heterogeneity being above 1 µm. This category thus represents a very large proportion 
of industrially important engineering polymers such as short fibre filled thermoplastics, 
mineral filled thermoplastics, rubber toughened polymers and partially compatibilised 
polymer-polymer blends. 

The engineering community has a requirement for design data on multiphase polymers. 
The emphasis in presentation of such data is shifting from the traditional 'single point' 
to 'multi-point' data in order that the testing provides information relevant to and usable 
in the modern computer-aided design packages. Standards for data presentation are 
being developed by ISO TC61, Working Group 4. There is a current ISO work plan to 
provide standard 60 mm x 60 mm plate specimens for testing. However, a need for a 
larger plate molding has also been identified, from which the minimal sufficient 
complement of standard test pieces required for design data could be obtained. 

The validity of any data on samples from morphologically complex polymeric materials 
will have to be underpinned by agreed methods of morphology and mechanical property 
characterizations. At the present moment, no standards exist on morphology 
characterization in multiphase polymers. Mechanical property measurement methods 
commonly applied to polymers exhibit varying degrees of reliability when used for 
multiphase polymers. The greatest sensitivity to the heterogeneous sample structure is 
observed in fracture tests. 
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2 Current Projects 
2.1 Plate Molding Development 
The usual problem in evaluating the structure and properties of multiphase polymeric 
materials is that apparently small changes in molding conditions can result in very 
substantial changes in the material. Whilst a full solution to this problem is unlikely to 
exist, the difficulties of valid property intercomparisons may be reduced by a judicious 
selection of samples originating from a single, sufficiently large, plate molding. For this 
reason a project on development of a 'standard' mold for large plate moldings (150 mm 
x 150 mm, variable thickness in the range 1 mm to 5 mm) has been initiated by the 
National Physical Laboratory in the UK. 

In the first step of the mold optimization, coathanger edge gated 150 mm x 150 mm 
plaques with nominal cavity thicknesses of 2.65 mm and 4.00 mm have been molded 
from unfilled and glass fibre filled PP and PBT, at fibre contents of 30 and 20 wt% 
respectively. The moldings are currently undergoing analysis for structure and levels of 
mechanical an isotropy. 

2.2 Fracture Testing 
Activities of the European Structural Integrity Society (ESIS) Technical Committee No.4 
over the last few years have led to considerable development of fracture mechanical 
test methods suitable for relatively homogeneous polymeric materials. These methods 
include an LEFM test (K1c/G1c) now accepted by ISO. A J-integral test and an Essential 
Work of Fracture method are being prepared for submission to ISO. Work on extending 
the application of these protocols to the range of impact speed testing and to 
multiphase polymers is also proceeding. This last topic is an area of active collaboration 
between the ESIS Technical Committee and VAMAS TWA 4. 

2.3 Morphology Quantification 
The ability to describe the morphology of material/specimen in some succinct and 
reproducible manner is seen as a key pre-requisite to attainment of valid conclusions 
on the mechanical testing of multiphase polymer moldings and hence on the suitability 
of individual test specimens and, ultimately, the suitability of test plaque mold design. 

In short fibre filled polymers the methods of structure evaluation are reasonably well 
established. However, the techniques themselves are often very labor-intensive. The 
rapid developments in Digital Image Analysis (DIA) and in automated image capture 
afford an opportunity for the future user community to influence the design of 
commercial software packages at the developmental stages. 

A subgroup of VAMAS TWA 4, coordinated from Tokyo University in Japan, employs 
the techniques of DIA to define methods for quantifying morphology in complex 
polymer-polymer blends. It remains to be seen to Whcjit extent the methodology, 
developed over many years for the case of the short fibre filled pqlymers, can be 
exploited for the even more complicated structures found in moldings made from 
partially compatibilised blends of engineering polymers. 
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The figure below is a summary of the plan of action by VAMAS TWA 4 for the near 
future. It also illustrates the connections between the separate projects outlined above. 
Enquiries and comment_s should be addressed to Dr. Ivana Partridge, Chair, TWA 4. 

1994 
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Mould Design Stages 
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• VAMAS Calendar • 

TWA 3 Meeting in conjunction with the 3rd Conference on 
Fractography of Glases and Ceramics, 
Alfred University, Alfred, NY, USA 

TWA 3 Meeting in conjunction with the 6th Symposium 
on Fracture Mechanics of Ceramics, Nuclear 
Research Center, Karlsruhe, Germany 

6th European Conference on Applications of Surface 
and Interface Analysis · 
Montreux Congress Centre, Montreux, Switzerland 
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July 9, 1995 

July 18-20, 1995 

October 9-13, 1995 



• VAMAS Technical Working Areas • 
Technical Working Area 1 
Wear Test Methods 
Dr. Eric Santner 
BAM 
Unter den Eichen 
D-1000 Bertin 45, Germany 
Telephone:+49 30 8104 0020 
Fax: +49 30 811 2029 

Technical Working Area 2 
Surface Chemical Analysis 
Dr. Martin P. Seah 
Division of Materials Metrology 
National Physical Laboratory 
Teddington, Middlesex 
United Kingdom TW11 0LW 
Telephone: +44 181 943 6634 
Fax: +44 181 943 2155 

Technical Working Area 3 
Ceramics 
Mr. George D. Quinn 
Room A329/Bldg. 223 
NIST 
Gaithersburg, MD USA 20899 
Telephone: +1 301 975 5765 
Fax: +1 301 990 8729 

Technical Working Area 4 
Polymer Blends 
Dr. Ivana K. Partridge 
School of Industrial Science 
Cranfield Institute of Technology 
Cranfield, MK43 OAL 
United Kingdom 
Telephone: +44 123 475 0111 
Fax: +44 123 475 0875 

Technical Working Area 5 
Polymer Composites 
Dr. Graham D. Sims 
Division of Materials Metrology 
National Physical Laboratory 
Teddington, Middlesex 
United Kingdom TW11 0LW 
Telephone: +44 181 943 6564 
Fax: +44 181 943 2989 

Technical Working Area 7 
Bioengineering Materials 
Dr. Tetsuya Tateishi 
Mechanical Eng. Laboratory 
1-2 Namiki, Tsukuba-si 
lbaraki 305, Japan 
Telephone: +81 298 58 7013 
Fax: +81 298 58 7291 

Technical Working Area 8 
Hot Salt Corrosion Resistance 
Dr. Stuart R. J. Saunders 
Division of Materials Metrology 
National Physical Laboratory 
Teddington, Middlesex 
United Kingdom TW11 0LW 
Telephone: +44 81 943 6522 
Fax: +44 81 943 2989 

Technical Working Area 10 
Material Databanks 
Dr. Yoshio Monma 
NRIM 
2-3-12, Nakameguro 
Meguro-Ku 
Tokyo 153, Japan 
Telephone: +31 22 46 5208 
Fax: +31 22 46 1917 

Technical Working Area 12 
Efficient Test Procedures for 
Polymers 
Mr. Roger P. Brown 
RAPRA Technology Ltd. 
Shawbury, Shrewsbury 
Shropshire SY4 4NR 
United Kingdom 
Telephone: +44 1939 250383 
Fax: +44 1939 251118 

Technical Working Area 13 
Low Cycle Fatigue 
Dr. David Gould 
EU 
Directorate General XII 
rue de la Loi 200 
8-1049, Bruxelles, Belgium 
Telephone: +32 2 295 9313 
Fax: +32 2 295 8072 

Technical Working Area 14 
Unified Classification System 
for Advanced Ceramics 
Mr. Samuel Schneider 
NIST 
Room 8309, Bldg. 223 
Gaithersburg, MD USA 20899 
Telephone: + 1 301 975 5657 
Fax: + 1 301 926 8349 
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Technical Working Area 15 
Metal Matrix Composites 
Dr. W. Steven Johnson 
School of Matis. Science & Engr. 
Georgia Institute of Technology 
Atlanta, GA USA 30332-0245 
Telephone: + 1 404 894 3013 
Fax: +1 404 853 9140 

Technical Working Area 16 
Superconducting Materials 
Dr. Hitoshi Wada 
NRIM, Tsukuba Laboratories 
1-2-1, Sengen, Tsukuba-shi 
lbaraki 305, Japan 
Telephone: +81 298 53 1196 
Fax: +81 298 53 1005 

Technical Working Area 17 
Cryogenic Structural Materials 
Dr. Toshio Ogata 
NRIM, Tsukuba Laboratories 
1-2-1, Sengen, Tsukuba-shi 
lbaraki 305, Japan 
Telephone: +81 298 51 6311 
Fax: +81 298 51 4556 

Technical Working Area 18 
Statistical Techniques for 
lntertaboratory Studies and 
Related Projects 
Prof. Dr. Klaus Doerffel 
Martin-Luther Universitat 
Department of Chemistry 
06217 Merseburg, Germany 
Telephone: +49 03461 462042 

Technical Working Area 19 
High Temperature Fracture of 
Brittle Materials 
Prof. Kart-Heinz Schwalbe 
GKSS-Forschungszentum 
Postfach 1160 
D-21494 Geesthacht, Germany 
Telephone: +49 4152 87 2500 
Fax: +49 41 52 87 2534 
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