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Objectives

The Federal Institute (Bundesanstalt

für Materialforschung und -prüfung,

BAM) has its responsibility in the

interacting fields of Materials  –

Chemistry – Environment – Safety,

in particular:

Statutory functions for technical

safety in the public domain,

especially relating to dangerous

goods and substances

Collaboration in developing legal

regulations like on safety

standards and threshold values

Consulting on safety aspects of

materials technology and

chemistry for the Federal

Government and industry

Development and supply of

reference materials and reference

methods, especially for chemical

analysis and materials testing

Assistance in developing

standards and technical rules for

the evaluation of substances

materials, structures and

processes with reference to

damage prevention, life time

prediction, protection of the

environment and conservation of

economical values.

Activities

BAM is engaged in the interdepen-

dent and complementary activities:

Research and development

Testing, analysis, approvals

Consultation and information.

National and

international cooperation

The tasks of BAM for technology,

science, economy and society

require interdisciplinary cooperation.

BAM collaborates closely with

technological institutions in Germany

and abroad, especially with national

institutes. lt gives advice to Federal

Ministries, economy associations,

industrial enterprises and consumer

organizations. lt provides expertise to

administrative authorities and law-

courts. In the area of measurement,

standardization, testing and quality

assurance BAM is the competent

national authority for testing

techniques. BAM is cooperating with

numerous technical, legislative and

standardization bodies in order to

develop technical rules and safety

regulations and represents the

Federal Republic of Germany both

on the national and international

level.

Status

BAM is a senior technical and

scientific Federal Institute with

responsibility to the Federal Ministry

of Economics and Labour. It is the

successor of the Public Materials

Testing Office (Staatliches Material-

prüfungsamt) founded in 1871 and of

the Chemical-Technical State

Institute (Chemisch-Technische

Reichsanstalt) set up in 1920. BAM

has a staff of about 1600, including

over 700 scientists and engineers

working at the main grounds of

Berlin-Lichterfelde and at the

extension Berlin-Adlershof.

 Materials Research and

Testing operates under

 the guiding-line:

Safety and

reliability

in chemical

and materials

technologies



Annual Report

2002/2003



Published by

Federal Institute for Materials

Research and Testing

Unter den Eichen 87

12205 Berlin

Mailing address: 12200 Berlin

Telephone: +49 30 8104-0

Fax: +49 30 8112029

Copyright © 2003 by

Bundesanstalt für Materialforschung und -prüfung

Cover Design

Lutz Mittenzwei

Printed by

Druckerei Hermann Schlesener KG

12109 Berlin

ISSN 0934-9456



Contents

Foreword 5

The Federal Institute for Materials Research

and Testing in 2002/2003 6

Analytical Chemistry 10

Technical and Public Safety 16

Environmental Compatibility 28

Materials Technologies 32

Technical and Scientific Service Functions 40

The main areas of competence 44

Budget, Personnel, Statistics in 2002 45

Organisation 46





Annual Report ‘02/‘03 5

Foreword

I am very pleased to welcome you for the first

time to BAM’s annual report.

Prof. Dr.-Ing. Dr. h. c. Horst Czichos, the long-

term president of the Federal Institute for

Materials Research and Testing (BAM) retired

on the 26 August  2002 and I am delighted to

follow him in this responsible task. I will do my

best to continue the excellence of BAM´s

work with the support of all our employees.

This has been a year characterised by in-

creasing technical and public safety demands,

raising the importance of BAM as one of the

supreme technical and scientific authorities

not just in Germany, but also in Europe and

internationally.

A large step in the expansion of our technical

and public safety activities has been marked

by the enlargement of our test site in Horst-

walde which started with the ceremony of

laying of the foundation stone. Considerable

progress has been made in completion of

these large scale facilities which will provide

internationally outstanding scientific and

technological test capabilities – aside from

infrastructural benefits for the region.

In the context of technical and public safety

we continuously contribute to the progress of

our national laws and standards into Europe-

an and International ones, for example the

Pressure Equipment Directive which is closely

connected to one of our major activities, the

transportation of dangerous goods. Within

our statutory functions and in order to sup-

port the German industry, many of our ex-

perts are well-recognised and active in

national and international standardisation,

heading many of the respective committees.

Over the last year our achievements following

our mission “Safety and Reliability in Chemical

and Materials Technologies” cover a wide

range in leading research, beginning in the

field of nanotechnology with atomic force

microscopy, for instance, and ending at large

scale structures like long-term monitoring of

prestressed railway bridges with fibre optical

sensors at Berlin´s new main railway station.

On the following pages, I invite you to a tour

through the different highlights of our work .

Prof. Dr. rer. nat. M. Hennecke
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1 Headquarters Lichterfelde

2 Branch Adlershof

3 Branch Fabeckstraße

4 Open-air test facility Horstwalde
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The Federal Institute for

Materials Research and Testing

BAM’s scientists are working in about 200

projects under the guideline “Safety and

reliability in chemical and materials technolo-

gies”, which is grouped into the following main

topics:

1. Analytical chemistry

2. Technical and public safety

3. Environmental compatibility

4. Materials technologies

5. Technical and scientific service functions.

Percentages of these main project areas

within BAM’s specialist activity and the frac-

tions of research and development, testing,

analysis and approval as well as advice and

information are shown in Figures 5 and 6.

BAM’s objectives within analytical chemis-

try are necessitated by an increasing need for

reliable and comparable chemical analysis

results within the civil service as well as in

nearly all branches of industry. Many decisions

in politics, industry, science, environmental

protection, health, consumer and resource

protection and especially jurisdiction rely on

chemical analyses. BAM offers reference

materials for quality assurance, develops

reference procedures and accomplishes

interlaboratory co-operative tests. In co-

operation with the national metrology institute

(Physikalisch-Technische Bundesanstalt –

PTB), various projects on metrology in

chemistry are carried out. The globalisation

process requires an international co-ordina-

tion regarding comparability and acknowledg-

ment of analytical results. Therefore the

activity of international committees is just as

necessary as is the participation in interna-

tional projects in the field of analytical chemis-

try.

Technical and public safety remains a core

responsibility of the state, which legally

identifies protection objectives and regulation

targets. The enhancement of these regula-

tions by safety-related rules is increasingly

performed through standards. Specialist

authorities ensure that the development and

the implementation of this entire field of

legislation continues to conform to the law. As

a technical and safety authority, BAM itself

develops its fields of expertise and responsi-

bility in order to be able to fulfil this core

responsibility in the future. Testing and con-

formity assessment objectives may shift in

the course of competition among the Europe-

an testing institutes, however BAM’s exper-

tise in testing will be maintained to the neces-

sary extent. Determination of quality-assured

parameters to establish interpretation con-

cepts for safety-related components and

systems, development of reliable models for

the assessment of service life and damage

analysis and prevention are important fields of

BAM’s activity with regard to materials

technology aspects of safety engineering.

To guarantee environmental compatibility

of products and their components BAM is

primarily concerned with preparing for the

implementation of the biocide guideline of the

EEC and the  statutory regulations; modelling

and simulating practical processes of migra-

tion, fixation and degradability of harmful

substances in water and soil and the exten-

sion of knowledge on degradability, risk

assessment and containment of contaminat-

ed land. BAM’s experiment-supported contri-

bution to legislation and standardisation on

national and European levels, the advance-

ment of test methods and the evaluation of

developments in the field of renewable raw

5

6
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The Federal Institute for

Materials Research and Testing

materials, recycling and waste separation will

remain important fields of activity.

In accordance with the comprehensive Study

on the Global Development of Science and

Technology (Delphi ’98) outstanding impor-

tance is attributed in the economic develop-

ment of the field of new chemical products

and materials. Relying on this assessment of

the development of new materials as a key

factor for the German economy, materials

technologies within BAM is primarily charac-

terised by investigations into the safety of

building components under extreme loads,

failure behaviour of composite materials and

building components as well as measurement

and testing methods for the characterisation

of the properties of functional surfaces. This

work is often carried out under the aegis of

standardisation and with regard to safety and

reliability. Special solutions are being devel-

oped for material, surface and function issues

in the new fields of micro systems engineering

and lightweight constructions.

The field of technical and scientific service

functions also keeps developing both on

national and international levels. Special

economic importance is attributed to quality

assurance in testing, the establishment of

conformity assessment systems, the devel-

opment of new standard concepts and, as a

basis of the technical services, the advance-

ment of measurement and testing methods

and their elements. For BAM the following

core activities result from this:

Conceptional work to measurement uncer-

tainty, validation, organisation and docu-

mentation of interlaboratory co-operative

tests

Co-operation in the simplification of the

German accreditation system

Increasing the influence on the European

committee work in conformity assessment

Support of Central and Eastern European

(CEEC) and developing countries in estab-

lishing their relevant systems.

BAM’s certification office accompanied by an

external advisory panel plays an important

role within the technical-scientific services.

President renewal in BAM

On 26 August 2002, Dr. Axel Gerlach, secre-

tary of state in the Federal Ministry for Eco-

nomics and Labour, bade farewell to the

president of BAM, Prof. Dr. Dr. h. c. Horst

Czichos, on his retirement  and at the same

time the former vice-president, Prof. Dr.

Manfred Hennecke, was appointed BAM’s

new president with the effect of 1 September

2002.

Dr. Eike Röhling (BMWA), chairman of BAM’s

Advisory Board, welcomed the guests in a

celebration.

Secretary of state Dr. Gerlach pointed out

that BAM, headed by Prof. Czichos, adapted

to changing times in an outstanding way. As

one of the first Federal institutions it has

introduced modern control instruments and

gained an outstanding position on the interna-

tional level. Gerlach emphasised the inclusion

of BAM in Germany’s economic and techno-

logical policy and its role in representing the

German position in international committees.

It must be tried, despite scarce budgetary

appropriations, to increase work efficiency by

division of labour and co-operation with other

institutions. Gerlach made assurances to

further improve BAM’s action clearance in the

technical and administrative fields, an area

where results have been achieved in the past

7 Farewell ceremony

for the former president

of BAM, Prof. Dr. Horst

Czichos. Secretary

of state in the Federal

Ministry for Economics

and Labour, Dr. A.

Gerlach, hands over

the dismissal docu-

ment. (Second from

left: Prof. Dr. Manfred

Hennecke).

7
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years. The evaluation planned for 2004

provides a chance for an optimum use of

resources and the possibility for BAM to

maintain and strengthen its leading role.

Regarding this evaluation the new president

particularly addressed international coopera-

tion, competitiveness and objective-orienta-

tion. The technical infrastructure and the level

of technical and public safety greatly benefits

Germany, to which BAM makes an important

contribution. This level of technical safety is a

condition for the acceptance of innovations

by the German society.

BAM’s new vice-president

In December 2002 Dir. and Prof. Dr.-Ing.

Thomas Böllinghaus was assigned BAM’s

vice-president. Böllinghaus led Division V.5

Safety in Joining Technology. He graduated

as a mechanical engineer and earned his

doctorate and professorship (habilitation) at

the University of the German Armed Forces in

Hamburg.

Test site in Horstwalde

On 3 July 2002 BAM’s president laid the

foundation stone for the first section of the

test site in Horstwalde. On this test site,

some 60 km south of Berlin, a modern,

versatile experimental facility will be con-

structed in two sections by 2004, predomi-

nantly for tasks in the field of technical and

public safety. The first section will include

numerous test equipment and the infrastruc-

ture on the explosion test site, including

observation and storage bunkers. In the

second section, test facilities such as a drop

tower and a fire test stand, are to be built for

investigations on large containers (such as the

CASTOR containers for radioactive substan-

ces).

Substantial investments

BAM’s largest current equipment investments

include the comprehensive scaling up of the

micro and nano-testing techniques as well as

the procurement of a 600 MHz nuclear mag-

netic resonance

spectrometer. The

procurement of a

focused ion beam

machine ensures

the preparation of

micro-structured

samples for elec-

tron microscopy

and other investiga-

tion methods.

A new water jet

cutting machine

extends the finishing

techniques in the

central workshop.

8 Laying of the

foundation stone at the

research site for open

air experiments in

Horstwalde, near

Berlin. From left to

right: Mr. Süß, manag-

ing director of Dorsch

Consult Ingenieur-

gesellschaft mbh,

Dr. Lexow,

Prof. Dr. Czichos,

Prof. Dr. Hennecke.

9 During the Long

Night of Sciences 2002

in Berlin visitors of all

generations were

impressed by the wide

range of BAM’s activi-

ties.

8

9
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Analytical Chemistry

1

2

1 Analysis of Indian Mogul-Paintings (Museum

für Indische Kunst Berlin) with external beam

PIXE.

2 Synchrotron radiation induced X-ray fluores-

cence analysis for “fingerprint” elemental compo-

sition of silver point drawing by Albrecht Dürer

(“Paul Topler und Martin Pfinzig”, Kupferstich-

kabinett Berlin).

3 Large area tantalum target – the 14 x 14 cm2

high energy photon screen (HEPS).

4 Sample splitting for soil sample

homogenisation.

3

4
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Analytical Chemistry

5 Spectral emission

standards kit.

6 Comparison of

synchrotron radiation

induced X-ray fluores-

cence analysis results

with isotope dilution

mass spectrometry

results on sulphur in

gasoline reference

materials.

5

Analytical chemistry at the Federal Institute

for Materials Research and Testing (BAM) is

embedded in, and contributes to safety and

reliability in chemistry and materials technolo-

gies. Main emphasis is placed on reliable

reference methods and materials, quality

assessment, and metrology in chemistry. The

international agreement on mutual recognition

of national standards and calibration certifi-

cates signed by the member countries of the

Metre Convention rules out the responsibility

for, and the function of, BAM as a national

metrological institute in analytical chemistry.

A pilot study started recently in the field of

metrology in chemistry with the co-operation

of the National Metrology Institutes of Japan

(NMIJ), Japan, the National Institute of Stand-

ards and Technology (NIST), USA and select-

ed industrial laboratories, is focussing on the

investigation of four elements in low alloy

steel. The study will define conditions and

requirements for a corresponding Comité

Consultatif pour la Quantité de Matière

(CCQM) Key Comparison, which will in partic-

ular serve as a further proof of competence

for a whole series of entries claimed by BAM

within the Measurement Capability Claims

(CMC) section of the BIPM (International

Bureau of Weights and Measures) database.

Considerable contribution to the validation of

newly developed analytical methods through

intercomparison with national and internation-

al laboratories is proof of BAM’s acknowl-

edged method competence. In 2002 CCQM

commissioned BAM to organise and co-

ordinate an international intercomparison

CCQM-P34, Constituents in aluminium alloy.

BAM also participated in a series of other

CCQM key comparisons (e.g. CCQM-K27 –

Determination of ethanol in aqueous matrix) or

pilot studies (e.g. CCQM-P20a – Purity

determination of o-xylene and CCQM-P36 –

Purity of potassium hydrogenphthalate).

Reference materials

During 2002, within the competence field of

development, certification and supply of

reference materials, BAM has:

Issued five new EURONORM-CRM with up

to 19 certified element contents for use in

the analysis of steel and steel products

Certified six reference materials for the

determination of organochlorine com-

pounds (sum of halogens), polycyclic

aromatic hydrocarbons (PAH) and mineral-

oil hydrocarbons in soil

Released two new porous reference mate-

rials, one of them being a nanoporous

certified reference material (CRM) which

was certified jointly with the NIST Gaithers-

burg, USA. (Porous CRM were first intro-

duced into the market by BAM some years

ago)

Certified 36 new gas mixtures as national

standards of gas composition for calorific

value determination and surveillance of

vehicle exhaust emission, forming the basis

for traceable determination and certification

of numerous second-order calibration

gases supplied by customers.

The certified reference material NIST SRM

1917/CRM BAM-P127 is a nanoporous

material for mercury intrusion porosimetry.

Based on the Agreement of Cooperation in

the Field of Reference Materials between NIST

and BAM, which was signed in June 2000,

this material was the first to be certified jointly

6

Download BAM’s

catalogue of

reference materials:

www.bam.de/

english/service/

reference_materials/

reference_

materials.htm



Annual Report ‘02/‘0312

Analytical Chemistry

by NIST and BAM (with a participation of 17

US- and 15 EU-based laboratories). The

material sets standards for future strategies

on the production and provision of reliable,

world-wide accepted CRM.

Works are in progress for a total of four

alumina ceramics intended for use in the low-

pressure range of mercury intrusion porosim-

etry. Certification has been completed for one

of the candidate materials, including a certified

pressure-volume curve in the range between

0.2 and 2 MPa (co-operation with the

Weierstrass Institute Berlin). The certified

reference curve with simultaneous confidence

and prediction intervals enables the user to

verify equipment calibration in the low-pres-

sure ranges.

The primary calibration substances produced

by BAM are defined as National Standards for

Element Analysis in accordance with the

administrative agreement between the

Physikalisch-Technische Bundesanstalt (PTB)

and BAM. In 2002, most of the halogens and

noble gases have been included in the list of

elements determined for the primary calibra-

tion substances of copper and iron. This list

now comprises all 83 relevant trace elements.

Work on the primary substances of tin, lead,

tungsten, gallium and other elements is nearly

completed. The high metrological quality

represented by these national standards is

unrivalled on an international scale. Joint

efforts of PTB, BAM and an industrial partner

(a renowned producer of commercial calibra-

tion solutions) were focused on the dissemi-

nation of these metrological standards to

testing laboratories within a three-year

project funded by the Federal Ministry of

Economics and Labour (Bundesministerium

für Wirtschaft und Arbeit – BMWA).

Merck KGaA commissioned BAM’s high-

precision laboratory for mass spectrometric

isotope dilution (IDMS) analysis to certify

isotope-enriched spike solutions (CertiPUR®)

for ion coupled plasma mass spectrometer

(ICP-MS). Measurements and certification

were carried out in co-operation with the

Institute for Reference Materials and Measure-

ments (Belgium) – IRMM Geel.The complete

set of 12 elements is now commercially

available.

7 Determination of

trace elements in

environmental samples

by flame atomic

absorption spectro-

metry.

8 Determination of

copper in steel (EZRM

231-2).

7

9

8

row
cm-scale

line cm-scale

rel.
Int.

9 Experimental x-ray

dose distribution.

A chart of specific dose

distribution of 50

copper slices, each

10 mm2, thickness

0.3 mm. In the centre

36 of the samples are

arranged in a square.

The external 14 spikes

and edges represent

isolated measuring

points. The flat centre is

prerequisite for trueness

and  reproducibility of

high precision chemical

analysis.
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Fluorometric reference materials for user-

friendly, fast and traceable calibration of

fluorescence measurement equipment were

developed in co-operation with PTB and

Fluka Productions GmbH (international pro-

ducer of dyes and reference materials). This

work was aimed at improving quality assur-

ance in fluorometry.  After a series of intensive

fitness-for-purpose tests, an initial kit spectral

emission standards consisting of five dyes for

the spectral region between 350 nm and

700 nm has been released.

In nuclear power plants with pressurised

water reactors, thermal power is controlled

by the concentration of boric acid in the

primary cooler cycle. Thus, continuous moni-

toring of both the concentration of 10B and

the 10B/11B isotope ratio is necessary. A

series of isotope CRM has been conceived

and developed for monitoring purposes in

close co-operation with operators of nuclear

power plants. Three out of a set of four

materials that have 10B isotope concentra-

tions of 22%, 30% and 50% are fully certified,

the remainder is expected to be completed

shortly. BAM substantially contributes to

improving public equipment safety through

development of these specific CRM.

In its capacity as the national reference insti-

tute for analytical chemistry, BAM participates

in, and contributes to the establishment of a

world-wide system of standards of the

highest metrological quality within the Metre

Convention. BAM hosts and runs the interna-

tional secretariat of COMAR Council, the

publisher of the international database of

certified reference materials COMAR. During

2002, a completely new internet based

version of the database, COMAR2 was

developed and launched in March 2003.

Via COMAR2, users have access to informa-

tion on more than 10,700 certified reference

materials world-wide. The use of the data-

base is free of charge, but users must

register.

Proficiency tests

BAM proficiency tests in the fields of soil and

waste water analysis are an essential tool and

one of the bases for the assessment of

analytical laboratories. BAM organised, co-

ordinated and assessed the 8th Soil Contami-

nation Proficiency Test with 162 participating

laboratories on the basis of an administrative

agreement between BAM and the Oberfinanz-

direktion Hannover  on the continuation of

activities in the field of exploration of contami-

nated or contamination-suspected soils. The

inorganic section of this proficiency test

comprised three different batches of samples

for the determination of elements extractable

by aqua regia (eight elements) and ammonium

nitrate (five elements). In the organic section

of the test, samples for the determination of

extractable organic halogens (EOX) were

delivered to the participants. 94 laboratories

participated on a voluntary basis in a profi-

ciency test on the determination of pentachlo-

rophenol in wood. This part of the proficiency

test was intended to support the implementa-

tion of the German legislation on used wood

and wood products (AltholzV) by using a

standard method (CEN report) which has

been developed by the initiative of, and in

collaboration with BAM.

11

10

10 World novelty:

Two-dimensional

scanning of a 30 MeV

electron beam deliver-

ing a very homogene-

ous high-energy photon

field.

11 Netherlands

masterpiece (successor

of Jan van Eyck) from

the Kupferstichkabinett

Berlin, at BAMline:

determination of minor

contents in fine silver

lines characterising the

origin of silver stylus.

The international

database for

reference materials:

www.comar.bam.de
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BAM carried out its 24th state-wide proficien-

cy test for the supervision of the Waste Water

Act (IndiVO), ordered by the Berlin Adminis-

tration, in co-operation with DAP GmbH, a

German accreditation body. The inorganic

part of this proficiency test (determination

of eight parameters) gathered an overall of

96 participants, the organic part (determina-

tion of volatile halogenated hydrocarbons,

TOC, and mineral-oil hydrocarbons),

90 laboratories.

Analytical chemistry of materials

A great number of materials tests and analy-

ses have been carried out in 2002 within the

competence field of analytical problem solu-

tions and arbitration analyses (mainly by order

of federal authorities), e.g.

21 arbitration analyses of ferrous molybde-

num, vanadium and chromium, and 19

analyses of materials used in nuclear engi-

neering, in particular of the CASTOR

burned nuclear-fuel transport container

Identity tests of traces left at the scene of

crime (commissioned by a Criminal Investi-

gation Department)

Solving welding problems for specific steel

alloys

Determination of organic impurities in a

high-purity pharmaceutical water

Investigation of biological samples, bone

implants, ceramics and strongly attenuat-

ing materials (e.g. Ti matrix materials) using

computer tomography

Determination of the molecular and crystal

structure of 23 rhenium and technetium

Analytical Chemistry

complexes used in nuclear medicine for

diagnostic and therapeutic purposes, by

X-ray crystal structure analysis

Investigation of boiler residues (failure

analysis) using X-ray powder diffraction.

Based on its competence in analytical meas-

urement, BAM contributes to a whole series

of projects financially supported by national

or EU authorities, e.g. an EU-funded project

for the development of a reference material

for the determination of aromatic amines used

for manufacture of diazo colouring agents in

the leather industry, or a BMWA-funded

project aimed at the development of primary

surfactant reference materials for establishing

traceability of surface tension measurements

to national standards. Another EU-funded

project – HIIRM – was successfully complet-

ed. This project was designed to evaluate the

applicability of the multi-collector ICP-MS

14

15

13

12 Experimental set-

up for synchrotron

radiation induced X-ray

fluorescence analysis.

13 Preparation of

aqueous reference

materials used in

proficiency tests for

the supervision of the

Waste Water Act

(IndiVO).

14 Dimensional

control with 3D

computed tomogra-

phy. The picture shows

a cross section (left)

and an isosurface

representation (right)

of a ceramic nozzle

made of ZrO
2
 (diame-

ter 1.9 mm).

15 Trace analysis of

organic compounds by

gas chromatography/

mass spectrometry.

12
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16 Trace analysis of

volatile halogenated

hydrocarbons (VHOC)

and aromatic hydro-

carbons (BTX) by

headspace gas

chromatography.

17 MALDI-TOF mass

spectrum of polylactide

(cut-out).

MALDI-TOF-MS =

Matrix assisted laser

desorption ionisation

time of flight mass

spectrometry

IsoProbe to reference materials certification

by comparison with thermal ionisation mass

spectrometry.

A PIXE method with external ion beam was

used for the investigation of Indian miniature

paintings. The analysis of the characteristic

X-ray spectra provides information on the

colour pigments used, and produces reliable

data on the date of origin of the art objects.

The experience collected in this project will

now be used for identification of colour

pigments found in contact copies from colour

reliefs in an ancient Egyptian temple by PIXE.

BAM is active in numerous national and

international standardisation bodies, e.g. in

ISO/TC 158 Gas Analysis, CEN/TC 138 Non-

destructive Testing, AHG2 X-ray Diffraction,

DIN NMP 822 Durchstrahlungsprüfung und

Strahlenschutz (Radiographic Inspection;

Radiation protection), or in the working

groups Inorganic Analysis (co-ordination for

Europe), Organic Analysis and Bioanalysis of

CCQM.

Polymer analytics

Poly(l-lactides) – PLLA – are biodegradable

materials made of renewable resources. New

PLLA based materials were investigated by

liquid chromatographic techniques coupled

with MALDI-TOF mass spectrometry to

obtain information on the molecular and

chemical heterogeneity and the structure-

property relationships. For the first time, the

MALDI-TOF mass spectrum of a PLLA was

completely interpreted. The spectrum shows

the sodium and potassium adducts of cyclic

PLLA (without end groups; 1,2), linear PLLA

(hydroxyl and carboxylic end groups; 3,5),

and PLLA structures generated by pyrolytic

elimination and decarboxylation of carboxylic

groups (acrylic and ethyl lactate end groups;

4,6). By coupling liquid adsorption chroma-

tography at critical conditions (LACCC,

separation due to the number and nature of

functional groups) with MALDI-TOF-MS for

example, the composition of a PLLA blocked

with benzyl alcohol was explained. Such

investigations are new and important for the

complete characterisation of the PLLA

products.

16

17

Analytical Chemistry
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1 Cone calorimeter-investigation for the assess-

ment of fire risk and heat release.

2 High level radioactive waste transport and

storage cask (TN 81-1:3 model) after 1 m punc-

ture test.

3 High speed test system VHS 65/25.

4 Heavy load transport (total weight of 490 t)

crossing Putlitzbridge in Berlin.

5 Composite sandwich for lorry roof module.

6 Ignition of a burning fuse.

3

1

2

4

5

6
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BAM has developed a strategy document in

the context of technical and public safety

concerning “Tasks and role of the Federal

Institute for Materials Research and Testing

(BAM) in ensuring technical and public safety”

(http://www.bam.de/english/about_bam/

about_bam_media/safety.pdf).

In this paper the questions “What is technical

and public safety?“ and “What is their social

importance” are answered as follows:

The citizens’ right to life and to physical

integrity is established in Article 2 of the

Constitution of the Federal Republic of

Germany, amended by the commitment by

property in Article 14 (its use should also

serve the public benefit) and in Article 20a, by

the protection of the natural living conditions

for future generations.

This means that the state has a responsibility

for the safety of its citizens, described here as

technical and public safety, protecting them

from risks resulting from scientific and engi-

neering research and development and in

particular, from the resulting products and

technological methods (e.g. technical prod-

ucts, processes, plants and systems). This

comprises occupational safety, consumer

protection and certain aspects of environ-

mental protection, product safety (safety of

products which may be hazardous), plant

safety and transportation risks.

Providing technical and public safety in a

permanently changing technical and industrial

context should today be considered just as

important as the concern of the state for the

internal and external security.

In this context, safety is to be regarded as a

situation where the risk defined through the

probability of occurrence and the extent of

damage is not higher than the highest socially

acceptable risk. Concerning this highest

acceptable risk, the document emphasises

the following principles:

I. Absolute safety in the sense of a zero risk

(risk prohibition) cannot be and is not

demanded from legislators.

II. If possible, different technical products,

processes, plants and procedures should

not present any different risks for the

objects which are subject to legal protec-

tion (risk equivalence).

III.The measure for the highest acceptable

risk is not only determined by the need of

legal protection for the objects considered,

but also by the possibility of meeting social

requirements (chance), where in general a

careful consideration under social aspects

is needed (risk adequacy; risk and chance

control).

Finally the paper defines the mission and

goals of BAM in the realm of technical and

public safety which may be characterised as

follows:

Maintaining a high safety level and, if neces-

sary, its enhancement

Consideration of safety requirements, as

well as economical aspects

To provide technical expertise in social

decision making processes

Accepting direct government responsibility

according to social, organisational and

technical requirements

Support for the European and worldwide

harmonisation of product, quality and

safety standards.

Chemical safety engineering

In the field of chemical safety engineering

BAM is committed to the development of

Technical and Public Safety7

7 View of tested flat

gaskets for oxygen

service.

8 Miniautoclave used

to test the thermal

stability of reactive

chemical substances.

9 Preparation for

determining the auto-

genous ignition temper-

ature of a nonmetallic

material in high-

pressure oxygen.

9

8
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Technical and Public Safety

national, European, and international regula-

tions, both by advising the rule-making body

directly and by participating in more than 200

national and international committees.

An amendment of the SEVESO II Directive will

take the consequences from the severe

explosion accidents of May 2000 in Enschede

and September 2001 in Toulouse. Until now

only the approval of the European Parliament

has remained open. BAM has contributed

specifically to the amendment of definitions

and quantity thresholds, especially concerning

explosive substances and ammonium nitrate.

Advice was given not only to the responsible

Federal Ministries, particularly the Ministry for

the Environment, Nature Conservation and

Nuclear Safety (Bundesministerium für Um-

welt, Naturschutz und Reaktorsicherheit –

BMU), or national committees, but BAM also

took direct care of the interests of the Federal

Government at European level.

The reactivated European discussion referring

to the subject Land Use Planning is another

important consequence from the above

mentioned accidents. Special attention shall

be paid to the fact that European demands

continue to be compatible with national

procedures and structures. For example

issues such as safety distances from plants

which are within the scope of the Seveso II

Directive. The activities of a European Expert

Group on Land Use Planning are accompa-

nied by a joint working group of the Major

Accidents Commission (SFK) and the Techni-

cal Committee for Plant Safety (TAA – Head

of the Department II was re-elected as chair-

man of TAA), to which BAM contributes in the

field of dispersion modelling and safety

analysis.

The necessary adjustments to the European

Legislation were achieved by the second law

of 1 September 2002 on the amendment of

the Explosives Law and other provisions.

These adjustments reflect the consequences

drawn from the Enschede accident and from

accidents having occurred at firework dis-

plays. The result is that whoever transports

explosive substances or similar articles which

fall under the control of the Explosives Law

must present proof from the responsible

authority (BAM) on the correct storage and

compatibility group. On the other hand,

display fireworks – which are not subject to

approval – are subject to a particular quality

assurance procedure in order to reduce

malfunctions and misfire. BAM supported the

ministerial authorities responsible for the law

(Federal Ministry of the Interior, BMI, and the

Federal Ministry of Labour and Social Affairs,

BMA) both in drafting the amendment and in

the subsequent debates at a political level.

The Weapons Law has also been amended in

2002 (WaffRNeuRegG, BGBI. I, S. 3970,

16 October 2002). Testing and approval of

pyrotechnic ammunition, for which BAM is

responsible, is now

subject to the “Law

on the testing of fire

arms, mortars and

devices, for the

functioning of which

ammunition is used,

and on ammunition

and other weapons”

(§ 10 BeschG). As

far as BAM is con-

cerned, the BeschG

has been effectively

enforced since

1 April 2003. Chang-

es within the area of

responsibility of

BAM have not been

induced by this

modification.

10

13

10 Determination of

the minimum ignition

energy of dust-air

mixtures in a modified

Hartmann apparatus

(MIKE 3).

11/12 Glass in

building – security

testing and classifica-

tion of resistance

against explosion

pressure.

13 10 l autoclave

used for investigation

of bubble explosions.

11

12
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Technical and Public Safety

The discussion in the eight working groups

established by the European Commission on

the restructuring of the European legislation

on chemicals was brought to a close. One of

the recommendations related to Classification

and Labelling working group was to adopt

the GHS (Globally Harmonised System of

Classification and Labelling of Chemicals) as

far as possible into the European Legislation

on Chemicals.

Conformity assessment procedures of Euro-

pean Directives according to the new ap-

proach as well as the national legal provi-

sions, which implement these Directives, rely

increasingly on harmonised European stand-

ards. Contributing to the development of

such standards is an important mission

requiring considerable manpower resources,

also due to the fact that the economy partici-

pates less and less for financial reasons.

Standardisation in the fields of fire and explo-

sion prevention, of

explosives and

pyrotechnics and of

pressure equipment

has to be pointed

out.

Practice-related

experience is indis-

pensable for the

maintenance and

further improvement

of the competence

of BAM. This experi-

ence is continually

broadened by

testing, classifica-

tion and authorisa-

tion/certification

activities as well as

by the preparation

of safety expertise

for authorising proce-

dures and accident

investigations. These

tasks are mainly

carried out on a legal

basis and are partly

delegated to BAM as

the national compe-

tent authority.

In chemical safety

engeneering BAM

receives the most

part of the revenue

from the large

number of administrative acts concerning

legislation on explosives (increase of about

30% to about 2800) and from testing of

materials for oxygen service and gas equip-

ment. For the latter, BAM is a Notified Body

for the Directive on pressure equipment, 97/

23/EC.

As a further consequence of the above men-

tioned explosion accidents (Enschede, Tou-

louse) BAM had to assign display fireworks to

storage groups and to classify fertilisers

containing ammonium nitrate to an increasing

extent. Due to its professional competence,

independence and neutrality of an authority,

BAM has also been given a lot of other

contract work which is not under its legal

responsibility. An increasing amount of such

contract work – in particular concerning

questions of plant safety – has been ordered

from foreign European and Non-European

countries.

BAM has increased research and develop-

ment in the field of chemical safety engineer-

ing, especially in collaboration with universi-

ties. Dissertations and diploma thesis on the

following subjects were finalised:

Systematic safety investigation on synthe-

sis reactions of selected alkylperoxides

(Dissertation, TU Berlin)

Influence of the liquid phase on the explo-

sive behaviour of toluene/oxygen and 3-

pentanone/oxygen systems (Diploma

Thesis, TFH Wildau)

Experimental examination of self ignition

16

15

17

14 Direct heating of

the valve body during

fire safe testing of

equipment for gases.

15 Safety investiga-

tion of exothermic

chemical reactions

using a reaction

calorimeter.

16 BAM test for

investigating the

chemical resistance of

hydrocarbon chloride

against aluminium.

17 Tank-bottom valve

– type DY 150 – at the

beginning of fire safe

testing of equipment

for gases.

14
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and fire propagation in bulk goods and

dusts at a reduced oxygen content (Disser-

tation, TU Berlin)

Comparison of standardised procedures

on the determination of explosion limits of

gases and vapours (Dissertation, TU Berlin)

Heat and mass transfer processes in

safety data test procedures for dust fires

and dust explosions (Dissertation, TU

Dresden).

Attention should also be drawn to new Euro-

pean research and development projects

BAM collaborates in:

CHAF (Quantification and control of the

hazards associated with the transport and

bulk storage of fireworks); project partici-

pants are the Health and Safety Laboratory

HSL (co-ordinator, UK), the Netherlands

Organisation for Applied Scientific Re-

search TNO (NL) and BAM.

SAFEKINEX (Safe and efficient hydrocar-

bon oxidation processes by kinetics and

explosion expertise and development of

computational process engineering tools);

co-ordinator is the Delft University of

Technology (NL), besides BAM, ten more

main contract partners are involved (from

B, D, F, PL and UK)

S2S (Safety to Safety – A gateway for

plant and process safety; thematic net-

work with five main contract partners and

BAM being one of 38 network partners.

The consequent utilisation of modern informa-

tion technology involves increasing impor-

tance of co-operation and networks which

reach far beyond national and European

borders.

The International

Group of Experts

on the Explosion

Risks of Unstable

Substances (OECD-

IGUS) is such a

network. After

celebrating its 40th

anniversary, OECD-

IGUS opens up new

ways of communi-

cation with an improved website

(www.oecdigus.org). BAM is participating in

both working groups of IGUS (Energetic and

Oxidising Substances and Explosives, Pro-

pellants and Pyrotechnics) and has been

holding chairmanship of the entire group since

1999.

The DECHEMA division Safety Technology

presented a new website (www.dechema.de)

as well and, with it, emphasises the dialogue

between the members of the division from

economy, science and state (yellow pages,

forum etc.) and makes the membership for

the new generation more attractive. The close

interlocking between the subject division (the

head of the Department II is the elected

chairman for the time being) and DECHEMA’s

non public research committee Safety Tech-

nology in Chemical Plants is a main achieve-

ment.

Containment systems

for dangerous goods

BAM has a considerable role in ensuring that

suitable barriers and techniques are used

when transporting and storing dangerous

goods as a means of protecting lives, impor-

tant common property and the environment

from the effects of hazardous materials. They

contribute to safety engineering and risk

assessment as well as to regulatory develop-

ment.

To further develop technical regulations, BAM

is carefully analysing the effects on safety

engineering due to harmonisation within the

European Union and the globalised trade

relations. The framework for the creation,

Technical and Public Safety

18 19

20

18 Distribution of the

mass concentration of

oxygen during a

propagating smoulder-

ing fire in a coal

storage silo 180 hours

after ignition – finite

element computation

using FEMLAB.

19 Explosion cham-

ber atteched to a tank

to be tested by internal

explosion.

20 TN 81 cask:

mounting of sensors for

drop test.
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maintenance, advancement and testing of

safety is changing. The level of safety itself

has to remain stable or increase if possible.

Safety culture has developed in all countries

gradually and depends on the legal-cultural

background, the state of the art in technology

and the requirements of the economy, and

this leads to differences in the safety-relevant

and organisational structures in various

countries and regions. An increasing co-

operation in marketing areas, which transcend

country and regional borders, will precipitate

an adjustment and widening of predominantly

national regulations. The development of

regulatory new systems should be agreed

between groups in an area like the European

Union in order to prevent unnecessary con-

flicts. It must therefore be monitored and

analysed whether or not changes to the

organisational structures affect content and

action is necessary to make corrections. The

European Union has now arranged an inquiry

which examines the experience with the new

approach.

Germany will also undertake the same ap-

proach in this phase to pursue a systematic

transition to the European system. After a

purposeful discussion on the 52nd BAM

Advisory Board Meeting on 25 April 2002,

Technical and Public Safety

21 Installation of

explosion proof test

tank.

22 Three-dimensional

model of the closure

system of a CASTOR

container.

23 Two-dimensional

model of the lid area of

a CASTOR container.

24 Mounting of

sensors for drop test

with a fresh fuel

package prototype

(ANF-18).

21

23

22

24

and in particular with the

support of industry and

other Federal institutions,

the Federal Ministry for

Economics and Labour

(BMWA) took up this idea

and will introduce the

necessary steps for the

observation and analysis of the organisational

structures and their effect on technical and

public safety. In this instance BAM can sup-

port the safety-relevant part of the technical

evaluation.

BAM is in permanent close contact with the

Federal Ministry of Transport, Building and

Housing (Bundesministerium für Verkehr, Bau-

und Wohnungswesen – BMVBW) and pro-

vides advice on all aspects of the safe trans-

port of dangerous goods. The work BAM

undertook as lead to co-ordinate and stand-

ardise the regulatory field of dangerous

goods transport has been trend-setting and

clear. After a fundamental structural change

concerning the prime role in legislation and

greater standardisation of detailed require-

ments for containment of dangerous goods,

BAM will be increasingly entrusted with tasks

to organise exchanges of experience between

those responsible

for safety and mar-

ket surveillance in the

future.

BAM has participat-

ed in the work of the

Major Hazard Com-

mission (Störfall-

kommission), which

advises the Federal

Ministry for Environ-

ment, Nature Con-

servation and Nucle-

ar Safety (BMU) and

has contributed

considerably to the

manual “Steps

towards Assessing

the State of Safety

Engineering”. This

has been an impor-
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tant contribution to

an improved and

uniform interpreta-

tion of the dynami-

cally developing

state in safety

engineering for

chemical plants.

BAM has a variety of

relationships with manufacturers and users of

packagings for dangerous goods and tanks

as well as for transport and storage contain-

ers for radioactive materials. Either current

applications are running in traffic-legal proce-

dures, which BAM proves as a competent

authority, or orders in licensing procedures

are being implemented for the storage of

dangerous goods, in which BAM is obliged to

be involved due to its specialist and formal

expertise. Thus, in this sector, over 1000

companies are mutually associated with BAM

while BAM develops important scientific

methods in safety engineering for the testing,

assessment and approval activities.

A more efficient use of the existing knowledge

is required. Fast access to all relevant pieces

of information and sources of knowledge

must be continuously improved. Therefore

BAM develops Information Management for

25 Three-dimensional

model of the closure

system of a CASTOR

container.

26 Drop test of a

metal intermediate bulk

container (IBC) for the

transport of solid

dangerous goods.

27 Example of the

FEM computation of

the heat flow distribu-

tion in the lid area of a

CASTOR container

during a fire test.

Technical and Public Safety (Informationsman-

agement-Sicherheitstechnik – IMST) which will

become an active interface in a network yet to

be defined, of knowledge bearers within BAM,

authorities, the industry and in particular, in

small and medium sized enterprises. In 2002

the project IMST, in co-operation with the

German Federal Environmental Agency

(Umweltbundesamt – UBA), organised an

exchange of experience for authorities on the

topics of dangerous goods safety, major

hazard ordinance and explosion prevention. In

co-operation with the Association of the

Chemical Industry (Verband der chemischen

Industrie – VCI) an inquiry has been undertak-

en with 700 enterprises to look at the poten-

tial for optimising BAM’s advisory, information

and testing services. The results identified the

industry’s need for information on materials

data, technical guidelines and issues of plant

design, for which no standards are available,

as well as the desire for an information source

including an expert network and on-line

access to data bases in the internet.

Computer modelling is increasingly being

used to determine the impact on dangerous

goods containers, particularly in accident

situations such as a crash or fire, besides

experimental investigations. Since the analyti-

cal approach in mechanics and thermody-

namics usually uses largely idealised assump-

tions (e.g. constant wall thickness, rigid

clamping etc.), they are often not suitable for

precise calculation of complex container

geometry. Therefore numerical calculation and

finite element methods (FEM) must be used.

Due to the complexity of the problems the

careful examination and verification of the

calculation models becomes increasingly

important. Therefore finite element models are

Technical and Public Safety

25

27

26
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developed in BAM and qualified for the me-

chanical and thermal simulation of impacts on

containments for dangerous goods, both

under operating and incident conditions, and

used within the framework of computerised

testing  of numeric strength and safety analy-

ses. Thus, among other things, the effects of

extreme mechanical and thermal impacts on

radioactive material transport  and storage

casks, for example from the deliberate crash-

ing of large airliners on interim spent fuel

storage facilities have been analysed. Ther-

mally induced displacements and stresses

due to fluctuating temperature fields have

been determined and their effects on the

container sealing system assessed. Mechani-

cal effects were applied to the container in the

form of time related impact force, and their

effects on maintaining container integrity were

studied. Another emphasis of the work is on

the testing of calculation models, which are

presented to BAM within the licensing proce-

dures.  The calculations are accomplished,

depending on the problem, using the com-

mercial FEM systems ABAQUS or ANSYS.

Increasing importance is being attributed to

risk based methods. Not only can the safety

situation be comparatively assessed using

such an approach, but further development of

technical legislation is also being increasingly

performed on the basis of risk based analysis,

i.e. achieving recognised assessments by

using suitable methods and purposefully

differentiating real substantial development

steps from derived ones. To illustrate that, in

the Netherlands, plans have been developed

for the construction of gas carrier vessels for

inland waterways using structural FEM analy-

sis of the tank shell as the basis of risk as-

sessment. This resulted in considerably larger

Technical and Public Safety

28 Equipment for

open-air fire testing.

29 Rudder system of

the sailing yacht SY

“Baltic Miles”.

tanks. The neighbouring countries of the

Rhine were asked to express their views on

the concept. The Commission Tank/Safety

Technique (Ausschuss Tank/Technik – ATT) of

BMVBW obtained a solid framework expert

opinion using risk assessment methods and

BAM’s FEM in co-operation with others,

which led to more realistic input data for the

Netherlands organisation. Furthermore it was

found that such a substantially new design

should first only be considered as a pilot

project.

Failure analysis

The interdisciplinary procedure in problem

solving has been consolidated, for instance,

valuable results from different BAM Divisions

helped to explain several damage situations.

In addition to this the decentralised structure

has proved itself in processing individual jobs

where the exchange of experience in the

project group Safety of Technical Systems

and Failure Analysis allows efficient coordina-

tion of the various tasks.

The Maritime Board of Inquiry in Kiel placed

an order to investigate the failure of the

rudder system of the sailing yacht “Baltic

Miles”. Due to the complete failure of the

rudder system during a storm, the yacht had

to be given up. One of the crew members

died during the rescue operation. During

analysis of this sea-damage, the design,

29

28
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fabrication technology and materials engineer-

ing of a reversing gear of the damaged rudder

system has been assessed. These examina-

tions unequivocally established that the

damage  was caused firstly by a design fault

in the screw joining, which did not match user

specifications and was therefore not sufficient

to permit safe operation under extreme

conditions. Furthermore it was shown that the

mechanical properties of the gear case did

not fulfil the minimum requirements. This

deviation was determined by  comparing the

material values obtained at BAM for alumini-

um alloy with the values provided by the

manufacturer. The selected aluminium alloy

has to be processed in  a specific manner in

order to achieve the required values. Based

on these findings, recommendations for

higher safety standards have already been

presented for sports boats.

Fire safety of polymer materials

Changed priorities in consumer protection

(fire safety, chemical safety, ECO labels, waste

directives) result in new demands for modern

fire retarded polymeric materials. The two

main tasks are: reduction and replacement (of

former successful fire retardants).

Combustion behaviour, fire retardancy mech-

anisms, and the corresponding structure-

property relationships were investigated to

Technical and Public Safety

enhance the development of fire retardant

polymeric materials. Polymer-layered silicate

nanocomposites, red phosphorus, intumes-

cent coatings, biocomposites, and surface

modification for fire retardancy using plasma-

polymerisation were the main topics. The

studies were done in cooperation with indus-

trial partners and with research institutes or

other divisions of BAM, respectively. Pyroly-

sis was described using thermal analysis (TG,

TG-MS, TG-FTIR), combustion behaviour

was monitored using a cone calorimeter and

flammability was characterised performing

LOI (Limited Oxygen Index) and UL 94 tests

(Underwriters Laboratories Inc.). The cone

calorimeter provided information on

fire risks and fire hazards.

Safety of structures

BAM has investigated issues of building

safety in numerous research projects, in

particular, durability, protection and repair as

they lie within its expertise. In view of BAM’s

special authority and due to the events of

11 September 2001, this was revisited and

had numeric methods applied to the topic

“Impact on reinforced concrete structures”

which then became a major focus of interest

for research activities world-wide regarding

technical and public safety.

Apart from environmental effects, concrete as

a building material can be damaged by dy-

namic impacts. BAM’s pressure-threshold

load tests on large sized concrete samples

have shown for the first time that the reduc-

tion of stiffness, with an increasing number of

cycles, is a suitable parameter for  service life

estimation.

When concrete building components are

repaired with shotcrete, the influence of pre-

treatment to roughen and wet the surface is

of importance. BAM tested and developed a

new laser-based method for the measure-

ment of surface roughness which, unlike

standardised sand surface procedures, also

enables the measurement of vertical and

overhead surfaces.

30
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30 Berlin central

railway station –

Lehrter Bahnhof.

31 View onto a new

inserted structural part

to channel braking

forces from the track

with continuous rails

into the foundations of

the historical bridges at

the underground line

U 1 in Berlin Kreuz-

berg.



Annual Report ‘02/‘03 25

In prestressed concrete structures, external

prestressing technique without a bond was

introduced a short while ago. In this case

corrosion protection can be achieved by

protective materials such as fats exerting a

barrier effect which prevents humidity and

aggressive substances from getting into

contact with the steel surface. BAM has

started investigations into the durability and

other properties of such corrosion protective

materials as well as into evaluation criteria for

approvals.

Suitability and reliability of a transportable

equipment was tested to enable non-destruc-

tive determination of corrosion rate of rein-

forcing steel. Extensive interlaboratory co-

operative tests on laboratory samples and

buildings were used to determine parameters

for a reliable measurement-based calculation

of corrosion rate.

Cases of damage in older prestressed con-

crete structures with a certain type of pre-

stressing steel gave rise of the idea of per-

forming non-destructive tests on tears and

incipient cracks in the steel. Systematic

measurements using three different methods

were carried out on dismantled bridge ele-

ments whose results were compared with the

actual damage determined by visual and

metallographic methods.

Railway track structures and rail components

have been extensively investigated and

experimentally tested by BAM. The main

mechanisms of damage in the track ballast,

responsible for irregularities in the railway

tracks, e.g. hollows beneath sleepers, were

revealed. A new rail system using a flexible

foundation has been developed and is being

Technical and Public Safety

tested on an underground line. The mecha-

nism of transmitting the braking force into the

substructure from the rail which can shift on

its foundation, has been determined by an

experimental operational test. Approval

criteria for pre-fabricated tramway rail sys-

tems were investigated in static and dynamic

tests. These tests benefited greatly from

BAM’s unique large-scale testing facilities

which enabled the testing of real-size compo-

nents under pressure, tension and threshold

loads. A further benefit these facilities offered

was that it was possible to freely choose the

places where supports and forces were

applied to the test samples.

BAM has developed a new test method for

fire engineering which is a hybrid substructure

technique and was for the first time used

successfully to provide quantitative results.

The basic idea of this method is that a build-

ing is broken down into a substructure to be

tested by a fire test and into another to be

simulated online.

The simulation of fire scenarios is becoming

increasingly important in the evaluation of fire

safety of buildings. Incipient fires were mod-

elled and applied to the Single Burning Item

(SBI) test which will be obligatory in Europe in

future.

Buildings can be

supported by

springs in order to

avoid vibrations or

violent impact being

transmitted into

them. Newly devel-

oped very large

spring elements

with suitable high

load-carrying capaci-

ty were tested, as

commissioned by

the manufacturer,

under a multi-axial

and swinging load in

a large test machine

developed by BAM

and the required

parameters were

determined.

32 Full-scale stability

tests on spring

elements for seismic

isolations of buildings

using 25 MN-testing

machine.

33 Measured stresses

ε and flexures δ at a

main girder of the

bridge under heavy

load transport (total

weight of 490 t).

32

33
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Non-destructive testing

Non-destructive testing (NDT) is an essential

tool for the prevention of damage to persons,

objects and the environment, in order to

achieve safety in technological applications.

The development of NDT techniques for

complex problems is of high importance,

particularly for the early detection and valida-

tion of damage to technical components and

industrial plants in technological fields such as

building industry, transportation systems,

power economy, geotechnics, chemical

industry and industrial engineering. In this field

practical applications, procedures and regula-

tions are developed and improved by using

NDT methods.

Within the developing field of environmental

measurement methods, special emphasis has

been placed on the acoustic procedures of

ultrasound and impact echo, the electromag-

netic method of pulse-modulated radar and

the thermal procedure of impulse thermogra-

phy. The areas of application for these meth-

ods are: testing concrete building compo-

nents, investigation of historic brickwork,

detection of pipes and cables in the ground

on construction sites (pulse-modulated

radar), thickness measurement of repair

mortar layers (pulse-modulated radar) and

investigation of wooden building components

(ultrasound). Fundamental theoretical and

Technical and Public Safety

practical investigations have been accom-

plished for impulse thermography.

Another focal point relates to developments

in transportation technology, chiefly the rail/

wheel interaction. Successful new systems

have been developed for semi-automatic

tests for wheel-webs and shafts based on the

ultrasonic phased array technique. By use of

simulations and experiments the validity of the

technique to detect significant defects has

been proven. In this context the organisation

of all activities in this field within the BAM

project Modelling and Reconstruction in NDT

has a synergetic value and it has been possi-

ble to use this knowledge in other fields e.g.

to evaluate defects in turbines for aircraft

applications. The established eddy current

system for head checks, corrugation and

wheel burns has

been developed in

BAM and success-

fully installed by the

railway system in

Germany and the

Netherlands and is

capable of detecting

defects at a speed

of up to 100 km/h.

The development

and application of

ultrasonic tests in

34

35

34 Detection of

cracks on a driving

shaft.

35 Eddy current

sensor mount.

36 Testing railway

tracks for high speed

trains.

37 Computed tomo-

graphy by absorption

(left) and by refraction

(right) of a 20 mm PA

cylinder containing a

carbon fibre braid

(hybrid injection mould-

ing). The fabric is

imaged solely by

refraction.

37

36
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Technical and Public Safety

nuclear power plants with austenitic platings,

welding joints and pressure equipments is a

permanent task. In the field of radiology the

tendency towards automated testing can be

observed. One example is the combination of

an X-ray valve with a radiometric line camera

and a manipulator for testing pipe systems.

Using the recently developed X-ray refraction

topography it is now possible to perform

reliable life time assessments for carbon

reinforced polymer components for aircraft

applications. More sophisticated materials

characterisation will be possible by using the

BAM beamline at the BESSY II electron

storage ring in Berlin. The first results from

co-operation with industry was the develop-

ment of a new X-ray detection technique for

interfaces and crack initiation in metal-matrix-

compounds.

Other scopes of activity relating to actual

worldwide developments have been the

application, improvement and development of

NDT methods for the detection of compo-

nents used in terrorism and crime as well as

the removal of warfare residuals. This takes

into account the radiographic inspection

systems for monitoring travelling goods as

well as the detection of dangerous contain-

ments with respect to a possible contaminat-

ing content (unknown explosive and fire

devices). Furthermore abandonned ammuni-

tion and land mines remain a major problem.

A special program to determine the reliability

of current techniques for the detection of

landmines has been developed at the BAM.

This program was organised by the United

Nations in order to evaluate mine detection

systems in Afghanistan.

38 Mine effected

airport Kabul.

39 Probability of

passing the test

acceptance curves;

the blue lines indicate

the lines of probability

to pass the test, the

red points are the

experimental results.

40 Field tests.
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Environmental Compatibility

1 Monitoring the spread of termites, Reticuli-

termes flavipes, with attractive baits of spine sap

wood stakes previously infested with mold.

1
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Environmental compatibility

of materials

The term environmental compatibility of

materials describes the qualitative interface

between a manufactured product and the

environment.  Manufactured goods can

simultaneously pose a threat to the environ-

ment, for example due to emission of toxic

ingredients, and may themselves be at risk

from environmental impact such as surface

damage or embrittlement due to weathering,

radiation, chemical or biogenic impact.

Due to this universal definition of environmen-

tal compatibility, emissions are currently not

only measured on wooden materials but also

in respect of furniture and coating systems.

Materials protection is no longer limited to

wood or the protection of building and

structural elements from corrosion.  It now

has to apply to the entire product cycle, all

the way down to waste treatment and

recycling. New aspects of environmental

compatibility emerge due to new classes of

products manufactured from renewable raw

materials or from difficult-to-separate

composites. New environmental measure-

ment methods developed, optimised and

validated enable advanced measurement and

testing options. The spectrum reaches from

gas analysis of indoor air using multiple gas

sensors to geo-electrical probes for dam

structures. Test and reference objects with

well-defined properties are used in compari-

sons of procedures both in national and

international areas.

BAM is the responsible authority for evaluating

the effectiveness of biocide products in materi-

als protection as endorsed by the national law

for the implementation of the Guideline 98/8/

EG on the introduction of biocide products to

the market (biocide law). This involves the

application of Guideline 76/76/EG on technical

progress in cadmium restriction with regard to

soil and water protection in the field of chemi-

cal safety. The recycling process of PVC

stabilised with cadmium must correspond to

the principle of sustainable economic and

environmental policy. BAM also participates in

the European Union’s working group Classifi-

cation of Dangerous Substances with Respect

to Environmentally Hazardous Properties. On

the national level BAM represents the Federal

Ministry of Economics and Labour (BMWA) in

the Risk Commission of the Federal Ministry

for Health and Social Security (Bundes-

ministerium für Gesundheit und Soziale

Sicherung – BMG) and the Federal Ministry for

the Environment, Nature Conservation and

Nuclear Safety (BMU).

New drivers for targeted efforts in the field of

environmental compatibility of materials

emerge from research and development and

consumer protection: the Head of Department

IV has been appointed a member of the DIN

Consumers’ Council and the Advisory Board

of the Goods Test Foundation (Stiftung

Warentest). Research is basically guided by

the environmental situation and technical and

public safety, and is aimed at the development

and certification of manufactured products as

well as the preparation and implementation of

statutory and normative regulation.

2 Wooden palisade

with fungal decay.

3 Evaluation of

wooden stakes treated

with different wood

preservatives to prevent

biodeterioration by soil

organisms after simulat-

ed weathering.

3

2 Environmental Compatibility
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Environmental Compatibility

Current research and new

equipment

Material durability and material protection

against biological agents and their catabolic

activity are fundamental objectives of current

work. This includes the investigation of

physiological, behavioural and ecological

aspects of material deteriorating and degrad-

ing organisms, such as insects, fungi, algae

and bacteria. The development of ecologically

friendly protection techniques and their

applicability in the field as well as their

evaluation through specially designed

standard testing procedures on a laboratory

scale are propagated. Biocide emission from

materials, their accumulation, chemical and

biological degradation in the environment is

monitored. Biochemical and genetic tech-

niques to characterise and identify material

destroying organisms are established.

The environmental scanning electron micro-

scope (Philips XL 30 ESEM TMP) enables

work both in a high vacuum and at varying

low pressures up to 50 Torr.

Non-conducting, moist or oily samples can be

investigated without any special preparation.

Changes in the samples induced by the investi-

gation itself can be prevented by choosing

suitable pressure and moisture parameters.

Similarly, material transformations and chang-

es in morphology due to gas, moisture or

temperature effects can be observed. Special

detectors enable the observation of morphol-

ogy in a low vacuum and an integrated EDX

spectrometer provides information on the

chemistry of samples.

Electron and micro-analytic investigations

(ESEM/ESMA) as well as emission chamber

tests to simulate material impacts have been

performed on glass building products, micro-

electronic components, historical tin amalgam

mirrors and glass paintings.

Composition and corrosion phenomena of

original objects in the field of artifact protection

can be investigated using the ESEM without

endangering valuable materials. The test

results provide important information for the

restoration. Thus in the medieval windows of

the Erfurt cathedral the corrosion product

layers had to be partially removed without

damaging the underlying gel layers. For this

purpose electron microscope images were

necessary using polished sections of repre-

sentative stained glass samples.

Within the Environmental Compatibility of

Fibres and Fibre Products project, BAM

undertakes materials testing and characterisa-

tion on natural fibres and natural fibre products

and the development of specific knowledge in

materials engineering, design and structures of

renewable materials as well as their process-

ing. A biocide-free antifouling coating method

for ship bodies and other engineered surfaces

is being developed and long-term investiga-

tions are being carried out based on the

renewable raw material hemp .

4 Coating of metal

surface with natural

fiber material.

5 Environmental

scanning electron

microscope.

4

5
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Environmental Compatibility

6

7

6 PC motherboard

(left) and its thermal

image while in opera-

tion (right). Maximum

temperatures of certain

components amount to

approx. 60 °C (white

spots). Elevated temper-

atures may cause

increased emissions of

semivolatile organic

compounds.

7 BAM’s arc furnace

in operation.

Elevated temperatures may cause increased

emissions of semivolatile organic compounds

from materials. Thus brominated compounds

from an assembled printed circuit board kept

a temperature of 60 °C temperature to

simulate operational conditions have been

investigated. Polybrominated diphenyl ethers

(tri, tetra, penta and hexa bromine isomers)

have been found in concentrations ranging

from 2 ngm-3 to 500 ngm-3, the emissions

resulting from the assembled printed circuit

board.

Waste utilisation

The goal of the ProINNO Refractory Materials

from Waste project sponsored by AiF was to

manufacture from wastes containing heavy

metals, novel Cr
2
O

3
-Al

2
O

3
 refractory materials

comprising predominantly mixed crystals

(Eskolait corundum) in a quality which permits

their use as a raw material for the production

of chromium corundum refractory materials.

The melting process is not only supposed to

substantially reduce the specific surface, but

the consecutive cooling should produce

mixed crystals, which exhibit an increased

corrosion stability. To produce the refractory

material, alumina (Al
2
O

3
) and dried abrasive

slurry with 85% Cr
2
O

3
 content was melted in

BAM’s arc furnace under various process

conditions. Cooling of the melts mainly

produced a Cr
2
O

3
-Al

2
O

3
 mixed crystal phase.

In addition, a glass phase (max. 3% by

volume) with a phosphorus-rich phase (max.

2% by volume) and lenticles and droplets of

an intermetallic Cr-Fe phase (max. 1.5% by

volume) were formed. The metallic phase can

lead to problems in the production of the

refractory material. By varying the arc furnace

operating parameters (small reduction

potential) and adding fluxes (oxidising agents

such as Fe
2
O

3
) it was possible to restrict the

formation of the unwanted metallic phase.

BAM’s small-scale experiments were followed

by successful full-scale tests in the range of

10.000 kg by an industrial partner. As a result

of the experiments a high-quality raw material

for refractory materials has been obtained

from a Cr
2
O

3
-rich waste sludge, which

originally posed a considerable risk to the

environment.

Concrete recycling

BAM tested the suitability of wet-processed

crushed sand coming from concrete recycling

for concrete production. Preliminary studies

were concerned with utilisation options of

unused combustion residues such as rock

granulates for concrete or mortar production.
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Materials Technologies

1 Flexible sheets for waterproofing of concrete

bridge decks and other concrete surfaces traffi-

cable by vehicles.

Determination of the cold bending temperature.

2 Plasma welding.

3 Sonic emission sensor configuration for

monitoring cracks in steel containers.

4 The new PVD-CVD cluster coating system

CS 730 ECS.

2

1

3

4
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Materials Technologies

Materials engineering

Dynamic loading with high strain rates is

especially typical of accident and damage

situations. It also plays a key role during

fabrication and final function of components in

the field of mechanical engineering, plant

construction and traffic engineering. The

hazard potential for humans and the environ-

ment rises considerably if hazardous goods

are processed, stored or transported using

products designed with these types of sys-

tem in mind. For instance, the safety of acci-

dent-proof containers for radioactive sub-

stances and other hazardous goods, the

crash behaviour of vehicles in lands sea and

air incidents, or the safety and reliability of

rapidly moving machinery and systems such

as turbines and engines are mentioned in this

field.

Other fields highly relevant to public safety is

the reliability assessment of material and

component behaviour in chemical plants

exposed to detonation loading by highly

reactive media, and innovative and complex

high-speed fabrication processes where

knowledge of the material behaviour is re-

quired as a factor of vital importance for

assuring safety at work and maximum proc-

ess efficiency.

The application of advanced materials and

sophisticated fabrication technologies as well

as stringent demands on technical systems

(increased efficiency, prolonged operating

time, weight-saving) call for new and im-

proved design methods for system compo-

nents. The appropriate standards require

consistent or enhanced safety, stiffer environ-

mental requirements, shorter development

times and lower costs. Dynamic loading

affects the design of both new components

and safety assessment of existing compo-

nents, systems and processes and requires

examination of their function, safety, reliability

and efficiency.

Today, computer simulation methods and

processes are being used to a rapidly in-

creasing extent in such studies. However,

purposeful modelling of the material and

component behaviour under dynamic loading

can typically be realised only in close interac-

tion with experimental investigations. The

information vital for successful computer

assessment is the respective materials

experimentally determined mechanical proper-

ties as well as the availability of appropriate

characteristic material values and curves

under expected load types and the relevant

strain rates and component behaviours under

complex loading conditions. Certain high

deformation rates differ greatly from the

quasi-static behaviour and are not sufficiently

well understood for very many structural

materials. But reliable characteristics are

needed as input data for the development

and validation of appropriate material models.

They lay the groundwork for instrumental

component tests which form the basis for

validation of computer simulations.

5 Laser-arc-hybrid

welding process.

6 Light optical

microscope picture of a

laser weld microstruc-

ture, material 1.4571

(additionally alloyed

with nitrogen), etching

as defined by Lich-

tenegger and Blöch.

5

6
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Any standard solution or test standards for

characterisation of experimental materials

under dynamic loads have, as yet, not been

introduced on national or international level.

Therefore the development, introduction and

use of test and evaluation methods optimised

for specific materials and applications is an

essential task in which conventional materials

testing can only serve as a guide.

With the help of the work performed in nation-

al and international science and standardisa-

tion panels and of special contacts to industry

companies in Germany, the current situation in

the above mentioned fields is now being

appreciated and the need for research and

development work developed.

In the year under review, BAM has developed

methods for mechanical testing of metallic

materials under tensile and bending loads,

clarifying the deformation behaviour and

demonstrating damage mechanisms under

complex loading conditions.

Laser and laser-arc-hybrid welding processes

have increasingly grown in economical impor-

tance in recent years. The solidification condi-

tions during the welding processes may

strongly affect the weldability of important

structural materials. In stainless steels, for

instance, metastable phases may be formed

which specifically determine the hot cracking

resistance of the welds. It has been demon-

strated that due to the rapid solidification

process in laser welding, metastable ferritic

phase formation from the austenitic melt is

possible as a result of the enrichment of the

different microstructural components by

various elements. This result has been con-

firmed by microanalysis using an electron

microscope.

The application of local resolution for deter-

mining the crystallographic orientation (EBSD)

and of microanalyses using microprobe and

transmission electron microscope has espe-

cially contributed to the interpretation of the

solidification and transformation processes in

welds.

One of the main fields in the area of materials

technology includes the cooperation with the

Micro System Technology Centre (Zentrum

für Mikrosystemtechnik – ZEMI) in Berlin. This

initiative, funded by the Land of Berlin, by the

Federal Ministry of Education and Research

(Bundesministerium für Bildung und Forsc-

hung – BMBF) and by EU, has been joined by

five Berlin-based research institutions.  En-

gagement has been in the development of

new style products of micro system technol-

ogy as well as process and fabrication tech-

niques. ZEMI aims to offer support to small

and medium-size workshops in the fabrication

and testing of products of micro engineering,

precision engineering and micro system

technology.

The innovation potential of the micro system

technology for small and medium-size work-

shops cannot be exploited in many cases

because these companies do not have the

required flexibility to undertake the entire

fabrication chain. It is therefore difficult to

determine in a pilot phase whether or not the

change of production technology can lead to

the required end product quality.

Ageing of polymeric materials

New automotive coatings have to undergo

weathering tests prior to their introduction.

However, as it is highly desirable to shorten

the test period, a new combination of artificial

weathering and wavelength resolved thermo-

luminescence (TL) was applied in this investi-

gation. Using TL as sensor for ageing the

duration of the weathering test could be

7

7 Impedance meas-

urement system.
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8 Polycarbonate

panels after 14 weeks

of artificial weathering

(370 MJ/m² UV) at

50 °C and different

relative humidity

(sample thickness:

3.5 mm).

9 Pattern after a

scratch test of a hard

clear coating on

polycarbonate.

Load of the indenter

was gradually in-

creased from left to

right:

1) cracks perpendicular

to scratch direction

2) ‘fishbone’ cracks

3) indenter breaks

through the coating

4) complete crushing of

the coating.

10 BAM new hybrid

instrument: environ-

mental scanning

electron microscope

plus scanning probe

microscope, equipped

with electron beam

lithography and energy

dispersive X-ray

analysis.

remarkably reduced. Its extremely high

sensitivity for transformations on a molecular

scale allows the detection of smallest chang-

es in the materials much earlier than using

established detection techniques.

The tests for polyurethane-based car clear

coats clearly showed the influence of the

particular stabiliser and its concentration, of

acid treatment during the weathering cycle

and of the duration of the weathering on the

spectrum of the respective TL emission. The

results show that both the luminescence

centres formed by the stabilizer as well as the

polymer matrix contribute to the emission.

Therefore, TL investigations can reveal impor-

tant information on the ageing process,

complementing results from differential

scanning calorimetry (DSC) or haze and gloss

measurements for instance.

Poly(methyl methacrylate) (PMMA) and

polycarbonate (PC) are used extensively for

outdoor applications where high transparency

and lightweight are required. Like all other

polymers, PMMA and PC undergo photo-

chemical ageing leading to a gradual loss of

transparency and appearance.

For outdoor roof materials established artifi-

cial weathering test methods proved being

unable to distinguish materials in terms of

their service lifetime. In order to develop an

appropriate accelerated or time-compressed

test method, representative samples of

PMMA and PC were subjected to artificial

weathering tests in which relative humidity

and time of wetness were varied.

PMMA suffered the fastest ageing process

when exposed to liquid water and UV irradia-

tion simultaneously. For PC the fastest ageing

process was observed when UV irradiation

was applied at high relative humidity. These

findings have not yet been considered in

established standardised artificial weathering

tests, which now proved to be performed

under too dry climatic conditions.

Another important prospective application

intended for PC is its use as basic material for

car windows. Extensive research has been

performed worldwide to achieve the highly

scratch resistant surface necessary for this

application. Our experience in weathering of

PC proved to be helpful in designing an

appropriate performance test for such new

materials. It was found for instance that the

service life of PC covered by a siloxane

10

9

8
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hardcoat was also detrimentally reduced by

high humidity weathering conditions.

Another field of activity comprises the analy-

sis of electron-induced polymer surface

modifications.  The modification of chemical

composition and physical morphology as well

as structure-property relationships are inves-

tigated using a new hybrid instrument. The

basis of this research is an environmental

scanning electron microscope (ESEM) work-

ing without prior metallisation at vapour

pressures up to 20 mbar supplemented with

energy dispersive X-ray analysis and electron

beam lithography. The hybridisation with a

scanning force microscope (SFM) installed in

the ESEM chamber allows a new class of

experiments, e.g. the analysis of an electron

induced polymer surface modification by

typical scanning probe microscopy (SPM)

compared to electrical, mechanical and

optical ones.

Polymer-based

nanocomposites

The material class of polymer-based nano-

composites have unique physical properties,

which are obtained using relatively small

concentrations of nanoparticles as fillers.

Layered silicates (clay) can be exfoliated

(single silicate layer with a thickness of about

1 nm and lateral dimensions of several

100 nm) in the polymer matrix under appro-

priate preparation conditions. These silicate

layers are regarded as impermeable for small

molecules (gases and vapours) and signifi-

cantly extend the effective diffusion path of

gases in nanocomposites. Therefore, these

materials can have possible applications as

barrier materials. Incorporating only 5 wt.% of

clay in polypropylene grafted with maleic

anhydride results in a decrease of gas perme-

ation of about 50% for different gases at

35 °C.

Silicic acid polymer nanocomposites can

improve the mechanical properties and fire

resistance of wood, an important building

material. To support development of this

material, BAM determined the influences of

additives on the micro and macro pore

structure.

Heat island problem

Within the framework of a complex research

and development project dealing with new

asphalt road surfaces to solve the so-called

heat island problem, extensive thermodynam-

ic calculations were performed. These form

the basis of experimental tests to optimise

layer structure and materials. In particular self-

developed computer programs capable of

determining thermal material properties were

adjusted in such a way that they enable the

simulation of sun irradiation on carriageway

surfaces in narrow alleyways and the determi-

nation of the appropriate material behaviour.

11

12

13

11 Damage of a hard

solder joint caused by

knife line corrosion.

12 Non-destructive

Investigations of

prestressed steels on a

concrete girder of mold

bridge.

13 Typical point of

failure with rutting and

longitudinal crack of a

japanese bituminous

pavement.
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Corrosion

The development of high strength pre-

stressed steels with strength values above

approved limit values raises issues of corro-

sion behaviour and thus a possible failure risk

of such steels. Since these steels may be

used in other European countries, it is appro-

priate to re-consider the valid restrictions on

grounds of competition. Together with ap-

proval bodies and manufacturers, a research

project has been conceived, which is aimed at

developing a new test method focussing on

the characteristics of this class of steel.

Numerous expert opinions and damage

analyses have been concerned with corrosion

damage in drinking water pipes and installa-

tions made of both galvanized and rustproof

steel. A coincidence of unfavourable factors of

design, processing, operation and – in the

case of the rustproof steel – use of disinfect-

ants was often found to be the cause of this

damage and thus weaknesses in regulations

were identified.

Surface technology

The major fields of study concern functional

surfaces with respect to preparation, charac-

terisation, testing and analysing as well as

tribological systems used in almost every

industrial application.

Extensive measures of quality assessment in

production and operation control in industrial

plants are required in order to avoid and to

reduce the risk of harmful disturbances. The

development of advanced materials and their

application under more and more extreme

service conditions requires the accompanying

development of reliable tests and qualifying

techniques as well as the definition of relevant

reference materials and technical standards.

Surface technology is well known as an

extensive and key technology for a large

application range: the surface functionality of

any technical component is provided by the

coating and modification or structuring of its

relevant surface properties by use of varied

processes. This is valid for all components

independent of size whether dealing with

space craft vehicles right down to micro- and

nanotechnology, the latter being of increasing

importance for many new industrial applica-

tions. Furthermore, advanced materials and

production processes have to be correlated

with adequate testing techniques in order to

characterise and check the component

properties. BAM is actively engaged in devel-

oping reference materials and their validation

in national as well as international round robin

tests and taking part in the preparation of

technical standards.

In the field of thin film technology a new clean

room facility together with multipurpose16

14

15

14 SEM-picture after

FIB-preparation of the

sample.

SEM – scanning

electron microscope

FIB – focussed ion

beam

15 STXM-diagram of

a N-doped DLC-layer

above: photon energy

= 280 eV

below: photon energy

= 284,6 eV.

STXM – scanning

transmission micro-

scope

DLC – diamond-like

carbon

16 Kneeling angel

with candlestick: The

radiography shows the

metallic reinforcement.
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plasma-assisted machinery is now available.

The first duty is the production of reference

materials in the field of ultrathin layers and

multilayers which have been developed

together with the National Institute of Stand-

ards and Technology (NIST) from the US. At

the same time using a new nanoindentor,

hardness and Youngs modulus of layers in the

nanometer range can be evaluated. This is

again part of the round robin tests and ele-

ments of upcoming technical standards.

Concerning surface analysis the newly in-

stalled time of flight spectrometer (TOF-

SIMS) and the glow discharge emission

spectrometer (GD-OES) should be men-

tioned. Using the latter, hydrogen-profiles of

plated components of high strength steels for

aicraft and automobile industry for instance,

can be measured and evaluated with respect

to the problem of hydrogen embrittlement.

For the industrial application of the femtosec-

ond laser, suitable safety standards had to be

configured which take into consideration

reliable and safe parameters for cleaning

sensible substrates such as old parchments

and paintings while laser interaction takes

place. Further working groups have concen-

trated on the development of new sensors

using the sol-gel technique as well as the

validation of multigas sensors in a special test

equipment which has been a major task.

Tribology

Besides corrosion and fatigue, wear and

friction are very often responsible for the

failure of safety relevant components and

systems. Failure analysis as well as the devel-

opment of new test techniques for advanced

tribological systems are a permanent focus of

intensive work. Main topics are testing under

extreme impact as occurs in a liquid hydrogen

environment. This is now possible in a special-

ised laboratory, which is necessary with

respect to the upcoming hydrogen technolo-

gy. On the other hand more basic work using

the atomic force microscope (AFM) under

ultra high vacuum conditions together with

simulations lead to a better understanding of

wear phenomena and therefore to improved

testing techniques. It is worth mentioning

that the number of tribological investigations

in the field of life sciences e.g. medical

applications has increased. All past results

are commercially available in the database

TRIBOCOLLECT.

18

1717 Computed tomo-

graphy of a low cycle

fatigue specimen of

titanium matrix rein-

forced by SiC fibres;

left: X-ray absorption

right: X-ray refraction.

18 Oxygen permea-

bility of sol-gel-passive

layers;

a) uncoated,

b) coated at 1 bar,

c) coated at 10 bar.
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Materials Technologies

Field Emission Scanning

Electron Microscope with high resolution

The high resolving field emission scanning

electron microscope is additionally equipped with

an electron backscatter diffraction (EBSD) unit for

determining the crystallographic orientation, and

an energy dispersive X-ray (EDX) spectrometer

which provides information on the chemistry. The

microscope enables work at varying pressures.

Therefore, non-conducting or matrix embedded

samples can be investigated without any special

preparation.
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Technical and Scientific

Service Functions

1

2

1 Lehrter Bahnhof – the future Berlin central

railway station.

2 Laser measuring system for settlements and

inclinations.
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Technical and Scientific Service Functions

International co-operation

BAM participates in the new DIN mirror

committee for the ISO standard Sustainable

Building and provides the chairman for the

CEN Technical Committee Cathodic Protec-

tion and the DIN mirror committee to CEN-TC

Flexible Sheets for Waterproofing. Internation-

ally, BAM makes a considerable contribution

within European Organisation for Technical

Approvals (EOTA) to drafting the European

Technical Approval Guidelines (ETAG) for

roadway transition structures and to harmo-

nising the regulations in fire engineering

(EGOLF).

BAM's participation in the European Network

of Building Research of Institutes (ENBRI),

both within the Board of Directors and within

the Working Group Research and Technical

Development, was used among other things

for the preparation of further European co-

operation in research, information exchange

and benchmarking of comparable institutes.

Work commenced in the report year in three

European networks: European Construction

Research (E-CORE), Lifetime Engineering of

Buildings and Civil Infrastructure (LIFETIME)

and Structural Assessment, Monitoring and

Control (SAMCO).

BAM handles a number of interdisciplinary

scientific and technological issues that con-

cern all of its departments but cannot be

managed in a decentralised way. This activity

includes both commissioned work and re-

search projects, for which third-party financ-

ing has to be acquired, and is accomplished in

co-operation with internal or external organi-

sations such as universities, professional

associations or accreditation bodies.

Reliability of testing machines

As concerns testing  machines knowledge of

the material parameters is a pre-requisite for

the safe and adequate design of safety-

related construction elements and structures,

which can be obtained by mechanical-techno-

logical tests (e.g. tensile tests). The results of

such tests must therefore meet very high

demands in respect of reliability, i.e. correct-

ness and comparability. Apart from other

parameters, the dynamic characteristics of

the testing facilities can markedly affect the

reliability of the test results. Stiffness and

standard behaviour of the testing machines

have a crucial effect on sample behaviour

during loading and the results derived from

the test. However there are no elaborated

uniform and/or standardised procedures

available for the investigation, identification,

determination and evaluation of the special

characteristics of the testing machines. The

initial investigation into this problem used a

piezoelectric sample simulator developed by

BAM. The simulator was clamped in place of

the material sample in the testing machine to

be investigated and by producing a well-

defined mechanical disturbance signal, the

deviation in response of the machine was

determined. The initial test of a controlled,

spindle-driven testing machine showed widely

varying control responses in strength and

displacement. Using simplified simulations it

has been found that force response is deter-

mined by the spindle drive and displacement

response by the dynamic characteristics of

the extensometer. Potential standardised

parameters are the ratio of the maximum

overshoot to the change in disturbance rate

and the correction time and/or decay time,

which describe and/or specify the control

response of the machine. Based on these

very positive first results, it is intended to test

3

4

3 Optical NDT by

holography.

4 Advanced liquid

levelling system.
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and evaluate further testing  machines. The

goal of the investigations is to develop a test

method for the characterisation of the dynam-

ic behaviour for materials testing machines

and include them in the technical statutory

regulations.

Monitoring of structures

Long-term monitoring should increase safety,

reliability, service life and efficiency of engineer-

ing plants and structures. The Lehrter railway

station – the future Berlin central railway

station – is an innovative project, with a

cantilever glass roof of approximately

30,000 m2 surface area, which will belong to

the largest in the world. Due to difficult

ground conditions, differential amounts of

subsidence and heave are expected with the

large number of supports that this complex

building has during both construction and

after commissioning, which in turn can lead to

unacceptable deformations and impacts on

building components. This in particular con-

cerns the two external bridges which also

carry the large station hall. A continuous

monitoring system developed by BAM was

installed in order to prevent possible damage,

by the prudent intervention of raising or

lowering supports. The sensor systems used

here are a novel combination of a laser meas-

uring system, liquid levelling system and

inclination sensors for the measurement of

height and angle changes at the external

edges of the two bridges. Fibre-optic and

electrical strain sensors are used to measure

the load on pre-tensioned concrete and

compression and bending of forked steel

supports. In addition, temperature sensors

are necessary to evaluate the various effects

of temporal and local variations in tempera-

ture on the building and sensor system.

Building monitoring is accompanied by model

tests and computer simulations. The monitor-

ing system developed enables it to provide

reliable early information on the actual condi-

tion of the building during the entire construc-

tion period (approx. 4 years), to establish

connection with procedures in the environ-

ment and the future railway operation and to

6

5 Dynamic testing of

concrete drill cores.

6 Dynamic behaviour

of a controlled, spindle-

driven testing machine;

lower curves: control

deviation with increas-

ing disturbance of 6 µm

up to 29 µm;

upper curves: matching

force signal determind

by the disturbance

variable and control

signal.

5

Technical and Scientific Service Functions
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introduce, if necessary, adequate early warn-

ing measures to maintain operational reliability

of the building and the railway (e.g. deforma-

tion behaviour of the structures).

BAM Certification office

(BAM-Zertifizierungsstelle BZS)

BZS has accomplished over 40 certifications

within the framework of directives on pres-

sure devices and on transportable pressure

devices and within the framework of explo-

sion prevention and safety devices for weld-

ing and cutting in legally regulated and in the

legally unregulated areas. 14 manufacturers

have been certified according to the module D

(Quality Assurance Production) and/or addi-

tionally supervised within further contracts.

Accreditation of environmental

laboratories

BAM made a major contribution in 2002 in

the process of harmonising environmental

analysis by establishing the standards needed

to implement the 1996 Environmental Minis-

ters' Conference resolutions. Thus it is guar-

anteed that in the laboratories and measure-

ment institutes of all 16 states (Länder) of the

Federal Republic of Germany only one as-

sessment is necessary as a basis for national

permissions and accreditations in the fields of

water, soil/contaminated land, waste and

emission. An information system for all federal

states (Länder) including the DAR data base

has been created, thereby relieving the labo-

ratories and measuring institutes from consid-

erable costs.

7 Optical fibres

for sensor and data

communication

applications.

8 Signing the certifi-

cate for the new film

development device

Structurix  NDT S eco;

from left to right: Kris

Marstboom (Agfa

Gevaert Mortsel), Prof.

Uwe Ewert (BAM), Jos

Vancoppernolle (Agfa

Gevaert Mortsel),

Dr. Richard Schmidt

(BAM) and Dr. Uwe

Zscherpel (BAM).

International technology transfer

and conformity assessment

The main points of work have been: support

and advice to European Union accession

candidates within the framework of European

Union programmes (TWINNING projects), the

evaluation of projects on behalf of the Federal

Ministry for Economics and Labour (BMWA)

and the Federal Ministry for Economic Co-

operation and Development (Bundesministe-

rium für Wirtschaftliche Zusammenarbeit und

Entwicklung – BMZ) as well as promotion,

organisation and implementation of the

international exchange of scientists and

trainees. Within the year of this report,

6 projects out of 13 have been successfully

completed.

German Accreditation Council

(Deutscher Akkreditierungsrat

DAR)

DAR was host to the simultaneous Accredita-

tion in Global Trade conferences of the Inter-

national Laboratory Accreditation Coopera-

tion (ILAC) and the International Accreditation

Forum (IAF). The conference with more than

400 participants from 43 countries permitted

an extensive exchange of ideas for present

and future work of the two organisations. The

multilateral agreements of ILAC and IAF have

been signed by a number of new members.

DAR has worked extensively to bridge the

structural questions between the legally

regulated and unregulated areas.

7

Technical and Scientific Service Functions

8
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BAM is subdivided into departments and divisions. The work is organised into projects

under a system of costs and performance accounting and management, and targeting

customer needs.

Analytical Chemistry; Reference Materials

The provision and assessment of reliable methods and reference materials in analytical

chemistry

Chemical Safety Engineering

Guaranteeing and improving safety in the handling of explosive, flammable or otherwise

dangerously reactive substances, systems of substances or articles as well as pressurised 

gases in the field of legislation on dangerous substances and goods, explosives and weapons,

equipment safety and immission control.

Containment Systems for Dangerous Materials

Ensuring and improving the level of safety of containment systems for the transport and

storage of dangerous materials, including safe transport and storage practices. BAM in its

role as an element of the federal administration is the competent authority in this field.

Environmental Compatibility of Materials

Multidisciplinary research on long-term interactions between materials and the environment.

The investigations covers a range of technical, ecological and economic considerations and

the results are made available to the government, the media and to industry to help to

promote the environmental compatibility of manufactured goods.

Materials Engineering

Safety and reliability of components under mechanical and thermal loading – an inter-

disciplinary approach – comprising materials sciences, design and manufacturing technology.

Performance of Polymeric Materials

The interdisciplinary assessment of the functional safety of polymers, their component parts

and functional interfaces under mechanical, chemical, thermal and climatic stresses;

developing modified test procedures; the development and certification of reference materials.

Safety of Structures

Examination and evaluation of the safety, reliability and durability of building materials,

structures and technical equipment exposed to various climatic, corrosive and other

conditions and corrosions in equipment and technical plants.

Materials Protection; Non-destructive Testing

Ensuring the proper functioning of materials during use in order to prevent impairment; the

development, validation and provision of non-destructive test procedures for the early

detection of flaws and enabling the safe functioning of technical components and plants.

Interdisciplinary Scientific and Technological Operations

Finding solutions to interdisciplinary scientific and technological problems in testing and

information management, provision of support in these areas; management of BAM‘s quality

assurance system; guidance on accreditation in Germany and improvements in quality within

the testing sector.

IIIII
Department

IIIIIIIIII
Department

IIIIIIIIIIIIIII
Department

IVIVIVIVIV
Department

VVVVV
Department

VIVIVIVIVI
Department

VIIVIIVIIVIIVII
Department

VIIIVIIIVIIIVIIIVIII
Department

SSSSS
Department

The main areas of

competence
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Budget 2002 2001 2000

Federal budget 93,7 93,6 94,7

comprising:

Staff expenses 64,0 61,5 61,5

Investments 15,1 17,3 18,7

Other expenses 14,8 14,7 14,5

Fees for testing,

approvals, etc.* 6,6 6,9 6,4

Research funds

(external sources) 13,1 11,9 9,5

Budget numbers for the fiscal years are in Million EURO

* Transfered to the Federal Ministry of Finance

Personnel 2002 2001 2000

Permanent staff 1196 1207 1229

(approx. 60%

scientists and

engineers)

Temporary staff 182 231 204

(research projects)

Temporary staff 156 114 104

(other)

Apprentices, trainees 110 110 110

Visiting scientists, guests 30 78 28

Total 1674 1740 1675

Statistics in 2002

Research and development

Scientific and technical publications 548

Lectures, presentations, courses 1.213

Testing, analysis, approvals

Test reports, certificates, ca. 6.000

Consultation and information

National and international commitments 1.300

(boards, committees, organisations),

thereof:

Statutory and regulation committees 155

Standardisation committees (ISO, CEN, DIN) 575
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PresidentPresidentPresidentPresidentPresident

Prof. Dr. rer. nat. M. Hennecke

Vice-PresidentVice-PresidentVice-PresidentVice-PresidentVice-President

Dir. u. Prof. Dr.-Ing. Th. Böllinghaus

Member of the Presidential BoardMember of the Presidential BoardMember of the Presidential BoardMember of the Presidential BoardMember of the Presidential Board

Prof. Dr.-Ing. K.-H. Habig

Department IV

Environmental Compatibility of MaterialsEnvironmental Compatibility of MaterialsEnvironmental Compatibility of MaterialsEnvironmental Compatibility of MaterialsEnvironmental Compatibility of Materials

Dir. u. Prof. Dr.-Ing. H. Heidt

Division IV.1

Biology in Materials Protection and

Environmental Issues

Division IV.2

Environmental Material and

Product Properties

Division IV.3

Waste Treatment and Remedial Engineering

Division IV.4

Non-Destructive Damage Assessments and

Environmental Measurement Methods

Department III

Containment SystemsContainment SystemsContainment SystemsContainment SystemsContainment Systems

for Dangerous Goodsfor Dangerous Goodsfor Dangerous Goodsfor Dangerous Goodsfor Dangerous Goods

Dir. u. Prof. Dr.-Ing. B. Schulz-Forberg

Division III.1

Dangerous Goods Packagings

Division III.2

Tanks for Dangerous Goods and

Accidental Mechanics

Division III.3

Safety of Transport and Storage

Containers

Department II

Chemical Safety EngineeringChemical Safety EngineeringChemical Safety EngineeringChemical Safety EngineeringChemical Safety Engineering

Dir. u. Prof. Dr. rer. nat. N. Pfeil

Division II.1

Gases, Gas Plants

Division II.2

Reactive Substances and Systems

Division II.3

Explosives

Department I

Analytical Chemistry;

Reference Materials

p.p. Dirin. u. Profin. Dr. rer. nat. I. Nehls

Division I.1

Inorganic Chemical Analysis;

Reference Materials

Division I.2

Organic Chemical Analysis;

Reference Materials

Division I.3

Structural Analysis

Division I.4

Nuclear Analysis

Department V

Materials EngineeringMaterials EngineeringMaterials EngineeringMaterials EngineeringMaterials Engineering

Dir. u. Prof. Dr.-Ing. P. Dolabella Portella

Division V.1

Microstructure of Engineering Materials

Division V.2

Mechanical Behaviour of Materials

Division V.3

Service Loading Fatigue and Structural

Integrity

Division V.4

Materials Technology of Advanced

Ceramics and Composites

Division V.5

Safety in Joining Technology

Organisation
Status: 1 August 2003
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Department VIII

Materials Protection;Materials Protection;Materials Protection;Materials Protection;Materials Protection;

Non-Destructive TNon-Destructive TNon-Destructive TNon-Destructive TNon-Destructive Testingestingestingestingesting

Dir. u. Prof. Dr.-Ing. P. Paatsch

Division VIII.1

Tribology and Wear Protection

Division VIII.2

Surface Technology

Division VIII.3

Non-Destructive Testing and

Characterisation; Radiology

Division VIII.4

Non-Destructive Testing;

Acoustical and Electrical Methods

Department VII

Safety of StructuresSafety of StructuresSafety of StructuresSafety of StructuresSafety of Structures

Dir. u. Prof. Dr.-Ing. M. Maultzsch

Division VII.1

Building Materials

Division VII.2

Buildings and Structures

Division VII.3

Corrosion and Corrosion Protection

Department VI

Performance of Polymeric MaterialsPerformance of Polymeric MaterialsPerformance of Polymeric MaterialsPerformance of Polymeric MaterialsPerformance of Polymeric Materials

Dir. u. Prof. Dr.-Ing. A. Hampe

Division VI.1

Durability of Polymeric Materials

Division VI.2

Mechanics of Polymers and Composites

Division VI.3

Analysis and Structure of Polymers

Department S

Interdisciplinary Scientific andInterdisciplinary Scientific andInterdisciplinary Scientific andInterdisciplinary Scientific andInterdisciplinary Scientific and

TTTTTechnological Operationsechnological Operationsechnological Operationsechnological Operationsechnological Operations

Dir. u. Prof. Dr.-Ing. H.-U. Mittmann

Division S.1

Measurement and Testing Technology;

Sensors

Division S.2

Information Systems

Division S.3

Scientific Equipment Design

Division S.4

Quality in Testing

Department Z

Administration and Internal ServicesAdministration and Internal ServicesAdministration and Internal ServicesAdministration and Internal ServicesAdministration and Internal Services

Prof. Dr.-Ing. K.-H. Habig

Section Z.1

Organisation

Section Z.2

Budget

Section Z.3

Personnel

Section Z.4

Legal Office; Purchasing Office

Section Z.5

Professional Training

Section Z.6

Internal Facilities

Section Z.7

Buildings

Section Z.8

Internal Technical Services

Section Z.9

Information, Documentation





1870 The Prussian Ministry of Commerce, Trade and Public Works announces the establishment of a

Mechanical and Technical Research Institute. Its task is to perform experiments of general

scientific and public interest and to test the strength of components.

1904 The Royal Materials Testing Office is established in Berlin-Dahlem following the merger of the Royal

Mechanical Testing Institute with the Royal Testing Station for Building Materials (founded in 1875)

and the Royal Chemical Technical Testing Office (founded in 1877).

1919 Renamed the Public Materials Testing Office (MPA), the institute is responsible to the Prussian

Ministry of Science, Fine Arts and Public Education; from 1936 on the Public X-ray Investigation

Office is included.

1920 The State Chemical Technical Institute (CTR) is established under the State Ministry of the Interior

from the Military Testing Office, established in 1889 as the Central Research Office for Explosives.

1945 MPA and CTR are united and operate under the jurisdiction of Berlin City Council.

1954 The Federal Republic of Germany takes over responsibility for MPA/CTA as Federal Institute for

Mechanical and Chemical Testing (BAM), renamed the Federal Institute for Materials Testing in

1956. In addition BAM takes over responsibility for public materials testing for the state of Berlin.

1969 Under the Statute on Explosive Substances BAM is granted the status of senior federal authority;

an amendment to the law in 1986 adds the word “research“ to BAM’s title.

1975 Under the Statute on the Transport of Hazardous Goods BAM is given greater responsibility in the

field of public technical safety.

1990 German reunification and a recommendation from the German Scientific Council strengthen BAM’s

function as a federal chemical technical institute. Its personnel is increased by staff gained from the

defunct Office for Standardisation, Measurements and Product Testing (ASMW) and Academy of

Sciences in the former GDR. Responsibility for public testing for Berlin is gradually ended.

1995 Following an external evaluation and extensive reorganisation, BAM is given a new statute, revised

management structures and methods and a future-oriented profile as an essential element of the

technical and scientific infrastructure of the Federal Republic of Germany under a decree from the

Federal Ministry of Economics.

A Brief History of BAM
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