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3.4 Results and Discussion 

3.4.1 Relative cell growth rate 
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Figure 1. Means and standard deviations Figure 2. Means and standard deviations 
of cell growth of relative cell growth rates 

Figures 1 and 2 show means and standard deviations of cell growth rates and those 
of relative cell growth rates in every research institute. It would be natural that cell 
growth rates might vary with research institutes, because the research institutes use 
their own foetal bovine serum from different rots, which the culture medium contains 
at the rate of 10% v/v. Therefore, it would be appropriate to discuss the ratio of cell 
growth rate on test materials to that on the standard material (polystyrene dish), 
namely relative cell adhesion rate. 

As shown in Figure 2, the relative cell growth rates did not scatter among the 
institutes and materials. According to the F-tests, there was no significant difference 
at 95% of probability among cell growth rates of four tested materials in any single 
research institute, except hydroxyapatite vs other materials in Tsukuba. There was at 
95% of probability also no significant difference of relative cell growth rates of each 
material among the institutes, except Paris vs Tsukuba about hydroxyapatite, Paris 
vs other institutes about zirconia and Ti-6Al-4V. Generally speaking, the round robin 
tests proved that the procedures could yield reproducible results for relative cell 
growth rate. 
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Figure 3. Cell growth curves (Bologna, Italy) Figure 4. Cell growth curves (Florida, USA) 
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Figure 7. Cell growth curves (Tsukuba, Japan) 

Figures 3 - 7 show cell growth curves in each research institute. The cell growth 
curves show that control, hydroxyapatite and Ti-6Al-4V have no cytotoxicity, and also 
show the exponential phase of growth from first day to the fourth day of the 
incubation. 

(ii) Relative Cell Adhesion Rate 

Figures 8 and 9 show means and standard deviations of cell growth rates and those 
of relative cell growth rates in every research institute. As shown in Figure 8, there 
were, in every institute, significant differences of cell adhesion rates between control 
and other materials. According to the F-tests, the differences were significant at 95% 
of probability, except for control vs zirconia in Indiana, and control vs zirconia and 
Ti-6Al-4V in Paris. On the other hand, there was not found any significant difference 
of cell adhesion rates at 95% of probability among hydroxyapatite, zirconia and 
Ti-6Al-4 V in every institute also according to the F-tests. 
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Figure 8. Means and standard deviations 
of cell adhesion rates 
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Figure 9. Means and standard deviations 
of relative cell adhesion rates 

The standard deviations of the cell adhesion rates were, however, relatively large 
compared to those of cell growth rates. It is possible that some factors which were 
not described in the procedures influenced the results. One of the factors might 
concern the pipetting process. When washing materials' surfaces with PBS(-2), 
whether cells are peeled off by pipetting or not would depend on the strength of the 
pipetting if the cells do not tightly adhere on materials after 6 hours from seeding. As 
the strength of the pipetting is difficult to prescribe in the procedures, it should be 
adequate to make the incubation time longer. 

Concerning methods for counting the number of cells, several kinds of methods were 
taken among the institutes such as a method using a hemocytometer which is the 
method described in the procedures, a method using a Coulter counter, and a 
photocytometric method. It is also possible that this difference caused the deviations 
of the data among the institutes. 

4. Conclusions 
The round robin test proved that the procedures yielded reproducible results 
concerning the cell growth test. 

2 It is necessary to develop a procedure which can strictly cancel personal 
deviations of cell manipulations concerning the cell adhesion test. 

5. Future Plan 
The procedures verified in the round robin tests are to be discussed through liaison 
with ISO/TC194. 

TWA 7 plans as the next step international round robin tests concerning 
'biodegradation' of bioengineering materials, which includes degradation in vivo and 
resorption in vivo. The details will be discussed at the meeting of the TWA 7 which 
is to be held at Chester, UK in September 1991. 
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Technical Working Area 8 

HOT SALT CORROSION RESISTANCE 

Dr T B Gibbons, Division of Materials Metrology 
NPL, Teddington, Middlesex, UK, TW11 OLW 

Tel: +44 81 943 6026 
Fax: +44 81 943 2989 

Objectives 
• To develop unified procedures for assessing the hot salt corrosion 

resistance of superalloys in burner-rig tests 

The majority of participants in Europe and the USA are now conducting hot salt 
corrosion tests using the specified materials and test conditions. Results have 
already been received from the Japanese participants and from one European 
laboratory. The aim is to complete the test programme by the end of 1991 and the 
work of evaluation will follow. 

The draft Guideline Document already produced will be modified in the light of the 
experimental results. 
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Technical Working Area 10 

MATERIALS DATABANKS 

Dr J H Westbrook, SC I-Tech Knowledge Systems, 133 Saratoga Road 
NY 12302, USA 

Mr H Krockel, CEC JRC, Petten, ZG-1755, The Netherlands 
Tel: +31 2 246 5208 
Fax: +31 2 246 1002 

Objectives 
• To assess the role of standards in the flow of computerised materials 

information 

• To identify needs, problem areas and options for standardisation 
activity and coordinate pre-standardisation research 

Following a rapid evolution of worldwide activities and discussions during the last 
half year addressing the field of materials databases, the ongoing and forthcoming 
activities of this TWA required some reorientation which is being defined in a 
progressive fashion. The following summary presents the project status and 
medium-term planning from this point of view. 

1. Materials Data Interchange 
The forerunner activities for this complex problem area which had essentially been 
organised by ASTM committee E49 in 1990 had already shown that major efforts 
were needed by each participating data system to develop translators from their own 
system language to the agreed standard interchange language and vice-versa. 
These first experiments were soon abandoned because it had turned out that the 
required programming efforts were excessive. Simultaneously the STEP (Standards 
for the Exchange of Product Data) organisation has made significant progress in the 
development of a materials model which has the potential to provide a basis for 
implementing a data exchange method using the Express language. All related 
activities worldwide including ASTM-E49 are now focused on the STEP approach 
which has the advantage of integrating materials data interchange with the 
CAD/CAM/CIM area where a more advanced status has already been reached. This 
integration should ultimately lead to a universal standard for any exchange in 
computer-aided engineering systems which would then include materials information. 

Activities in TWA 10 can not at present contribute to this new development. It is 
therefore proposed to suspend work in this area for some time until progress in the 
STEP materials development will allow pre-normative validation testing to start, 
which should be organised under the VAMAS aegis. 

39 



2. Inventory of Methods/Models for Materials Data Analysis and 
Evaluation 
The initial activity on this wide subject area is led by the National Research Institute 
for Metals (NRIM) at Tokyo with the New Material Center (NMC) at Osaka as the 
secretariat. An inquiry and call for participation has been issued, and positive 
responses were received from 20 institutions in VAMAS countries and China, 
Czechoslovakia, Poland and USSR, supplemented by many additional proposals for 
candidate participation. Based on these proposals the evaluation work should not 
only address metals and alloys but also polymers and ceramics. 

The organisation of the activity groups is being prepared. In view of the increasing 
interest in the integration of materials information and databases into industrial CIM 
concepts, pre-standardisation efforts on materials data analysis and evaluation have 
come into enhanced demand. TWA 10 can therefore acquire a leading function in 
this field. 

3. Inventory of Materials Designation Systems 
A final report under the contract with NPL has been submitted by K W Reynard and is 
being reviewed. As more data are still coming in (and welcomed) the dBase IV files are 
being maintained. The form and method of distribution of the report and the database 
have yet to be determined. 
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Technical Working Area 11 

CREEP CRACK GROWTH 

Dr T B Gibbons, Division of Materials Metrology 
NPL, Teddington, Middlesex, UK, TW11 OLW 

Tel: +44 81 943 6026 
Fax: +44 81 943 2989 

Objectives 
• To develop a unified approach to the measurement and interpretation of 

creep crack growth data 

The draft standard on creep crack growth in the steady-state creep regime has now 
been agreed by the members of the VAMAS group and is proceeding through the 
ASTM approval system. A formal standard should be available by the end of 1992. 

At a recent meeting in Tokyo the present status of the current work was reviewed 
with particular emphasis on activities in Japan. The work on large-scale specimens 
is mainly complete and results for the relatively low ductility superalloy material were 
evaluated. Some further analysis is required to provide a consistent basis for 
comparison of data. 

A final meeting of the Group is planned for 22 November 1991 at NPL, Teddington. 
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Technical Working Area 12 

EFFICIENT TEST PROCEDURES FOR POLYMER PROPERTIES 

R P Brown, Rapra Technology Ltd., Shawbury, SY4 4NR, UK. 
Tel: +44 939 250383 
Fax: +44 939 251118 

Objectives 
• To provide support for standardisation activities in the characterisation of 

long term properties of viscoelastic polymer materials 

• To produce a guide for accelerated durability tests 

• To consider the role of standard reference materials in accelerated 
durability testing 

The broad objectives of the TWA are to provide support to standardisation activities 
in the characterisation of the long term properties of viscoelastic polymer materials. 
Relevant properties include creep, stress relaxation, fatigue and durability in 
aggressive environments. In order to avoid prohibitive amounts of testing over long 
time scales it is common practice to make use of extrapolation, interpolation, 
interconversion of property data or accelerated tests. Many of the procedures are at 
best approximate and they often lack standardisation. 

A specific area currently being addressed by TWA 12 is that of the durability of 
polymers in aggressive environments such as heat, light, and liquid chemicals with 
particular reference to accelerated tests. 

Current work is addressing two topics: 

Provision of a general guide to the use of accelerated durability tests (ADT) is 
being co-ordinated by R P Brown, Rapra Technology Ltd., Shawbury, 
SY4 4NR, UK, and could, in due course, provide the basis for a standard. 

2 Consideration of the role of standard reference materials (SRM) in ADT is 
being led by G Zerlaut, DSET Laboratories, Box 1850, Black Canyon State, 
Phoenix, Arizona, USA. It will provide one or more guides to the use of SRM 
in ADT. 

A broad survey amongst VAMAS participants evaluated their priorities with respect 
to the different aspects of the general TWA context (ie creep stress relation, 
durability, etc) and was responsible for the choice of durability as the current specific 
area. 
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A detailed survey examined the availability, status and use in VAMAS countries of 
standard tests for ADT and this led to the selection of the two current work topics 
identified above. A paper giving broadly the results of the survey has been accepted 
for publication in Polymer Testing. 

The Guide to Accelerated Durability Tests has been largely drafted but a few 
sections are still outstanding. A study of the use of SRMs in ADT has been 
produced by G Zerlaut and the Guide is being developed. TWA members are 
participating in an interlaboratory comparison to evaluate SRMs organised by ASTM 
G3 06 and the practical work is expected to commence shortly. The next meeting to 
consider and progress these topics is being arranged for October 1991 in 
conjunction with the ISO TC61 meeting in Madrid, Spain. 

It is intended that the Guides being produced will form the basis of guidance 
standards published by ISO. 
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Technical Working Area 13 

LOW CYCLE FATIGUE 

Dr D Gould, CEC, rue de la Loi 200, B-1049 Bruxelles 
Tel: + 32 2 235 9313 
Fax: + 32 2 235 8072 

Objectives 
• To identify those aspects of testing procedure that significantly affect the 

reproducibility of the results of low cycle fatigue tests at high temperatures 

This intercomparison programme of high temperature, low cycle fatigue tests was 
aimed at examining the effects of testing variables and material characteristics on 
the agreement of results obtained by different laboratories. The programme involved 
the testing of four materials classified according to their cyclic strain characteristics 
as strain hardening (AISI 316L), strain softening (9Cr1 Mo steel and IN718) and 
strain stable (Nimonic 101 alloy). 

The experimental programme, involving 16 European and 10 Japanese laboratories, 
was concluded in 1990 but considerable difficulty was encountered in analysing the 
data. Overall it was shown that for all materials, the within-laboratory variation in 
lifetimes was significantly less than that between the results of different laboratories, 
the divergence increasing as the total strain to which the specimens were subjected 
decreased. Similarly the variation in stress range at half-life at a given strain range 
was generally 3-4 times greater when considering results from all laboratories as 
opposed to those from any single laboratory. It was noted that the spread in 9Cr1 Mo 
steel data was slightly less than for AISI 316L, whilst that for IN718 and Nimonic 101 
alloy was greater. The use of alternative failure criteria to specimen separation had 
little effect on the scatter of the data. 

Consideration of sub-sets of the data showed that limiting the analysis to data from 
smooth specimens tested with axial strain control reduced the scatter marginally 
because of the generally shorter lifetimes of ridged specimens. 

Overall it was concluded that the primary causes of differences were measurement 
uncertainties in the control and traceability of the strain range and rate, temperature 
and the alignment of the test assembly. Experiments to explain some of the 
conflicting data by determining acceptable limits for some of these parameters are in 
hand in advance of a further restricted intercomparison. In the meantime a report 
upon the project is being published jointly by the European Commission and 
VAMAS. 
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Technical Working Area 14 

THE TECHNICAL BASIS FOR A UNIFIED CLASSIFICATION 
SYSTEM FOR ADVANCED CERAMICS 

SJ Schneider, NIST, Gaithersburg, MD 20899, USA 
Tel: + 1 301 975 5657 
Fax: + 1 301 926 8349 

Objectives 
• To identify and assess issues inherent in the development of an internal 

classification system for advanced ceramics, particularly terminology and 
nomenclature. 

• To establish a suitable classification structure and mechanisms for system 
implementation. 

Accomplishments 
• An international survey was conducted to assess industrial classification 

needs and practices. About 300 survey questionnaires were circulated to 
advanced ceramics producers and users in 14 countries. Approximately 140 
responses were received; analysis of results has been completed and 
published in May (Report No. 5, ISSN 1016-2186). 

• A classification workshop was held 21-22 June 1990 at the CEC's JRC­
lspra (Italy) to assess classification models developed thus far and to 
provide recommendations for the best system logic and final structure. A 
report on the workshop is in preparation. 

• Existing classification systems on conventional materials have been 
reviewed; this review, in combination with the results of the international 
survey and the classification workshop, gave guidance on a skeletal 
classification system based on a model scheme, consisting of the following 
matrix elements: 

1 . Applications 4. Processing 
2. Chemistry 5. Property criteria 
3. Form 

The matrix elements will be defined with greater specificity by a consultant, with 
support provided by the CEC, JFCC and ASTM/ISR. It is envisioned that the 
consultant's task will involve the following steps: 
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Acquire information on materials and applications from worldwide literature 
sources both by direct requests to manufacturers, by review of recent 
applications literature, and from any other relevant source. 

2 Analyse the information and identify the essential groupings under the five 
headings given above. At this stage it is not proposed that a complete set of 
interlinks between the five headings for all products/applications be formulated, 
but the retention of some specific examples would be valuable to demonstrate 
how they fit into the series of headings. 

3 Prepare a draft list of headings in a form suitable for submission to TWA 14 
Committee, complete with several examples of how products fit. 

4 Take part in industry consultations through TWA 14. 

5 Modify or extend listings as suggested by the consultations, and prepare a final 
report to TWA 14. 

6 Complete initial work by mid 1992. 

Plans 
Upon completion of the matrix scheme, the results will be disseminated to standards 
organisations in a pro-active way. Specific dissemination mechanisms will be 
formulated at the next TWA 14 Working Group meeting, September 16-17, 1991. 
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• V AMAS Calendar • 

4th Topical Conference on Quantitative Surface Analysis 
University of Washington, Eatonville, Washington, USA. 8-9 November 1991 

(prior to the 38th National Symposium at Seattle, Washington) 

International Symposium on Pre-Standards Research for 
Advanced Materials (ISP RAM '91) 

Tokyo, Japan 16-18 December 1991 

VAMAS Steering Committee Meeting 
Tokyo, Japan 19-20 December 1991 

8th Annual TWA-4 Meeting 
New Delhi, India, 28 March 1992 

(immediately after the Polymer Processing Society 
annual technical conference on 24-27 March 1992). 

QSA-7 
University of Surrey, Guildford, UK 7-11 September 1992 
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• VAMAS Organisation • 

UNITED KINGDOM 

CHAIRMAN 
Dr Kamal Hossain 
Head 
Division of Materials Metrology 
National Physical Laboratory 
Teddington 
Middlesex TW11 0LW 
Tel: +44 81 943 6024 

SECRETARY 
Dr Bryan Roebuck 
Division of Materials Metrology 
National Physical Laboratory 
Teddington 
Middlesex TW11 0LW 
Tel: +44 81 943 6298 

Mrs Meg Langton 
Technical Director 
BSI 
2 Park Street 
London, W1A 2BS 
Tel: +44 71 629 9000 

Dr Tom Gibbons 
Division of Materials Metrology 
National Physical Laboratory 
Teddington 
Middlesex TW11 0LW 
Tel: +44 81 943 6026 

CANADA 
Dr Jacques Martel 
Director 
Industrial Materials Research 
Institute 
75, boulevard de Mortagne 
Boucherville, Quebec J4B 6Y4 
Tel : +1 514 641 2280 

FRANCE 
Prof Claude Bathias 
Conservatoire Nationale des 
Arts et Metiers 

Department of Materials 
Engineering 

292 rue St -Martin 
75141 Paris CEDEX 03 
Tel: +33 1 40272322 

GERMANY 
Prof Dr Horst Czichos 
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Via Diotisalvi 2 
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Tel : +81 3 3508 4097 
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