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size composition of the concrete, its surface is al-
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VDZ Activity Report 2007 – 2009 

	 Contents

	 4	 Verein	Deutscher	Zementwerke	e.V.	
	 	 Forschungsinstitut	der	Zementindustrie
 6 Structure
 7 Board of Directors
 8 German Cement Works Association
 8 Committees, working groups and commissions
 12 Cooperation with other organisations
 14 Dissemination of findings
 15 Research Institute of the Cement Industry
 17 Services

	 20	 I	Process	technology	of	cement	manufacture
 22 Plant operation
 26 Energy consumption

	 30	 II	Environmental	protection	in	cement	manufacture
 32 Legislation
 34 Climate protection
 40 Environmental data
 41 Reducing gas and dust emissions

 44	 III	Performance	of	cement
 46 Chemico-mineralogical composition
 47 Additives to improve early strength of blastfurnace cements
 49 Using clinker microscopy to solve operational issues 
 51 Clay as pozzolanic main constituent of cement 
 52 Possibilities and limits of Rietveld analysis of cements
 54 Round robin test for radiographic quantification of blastfurnace slag in cement 
 55 Sulphate resistance of cements containing blastfurnace slag
 57 Effect of fly ash on the pore solution of concrete

	 60	 IV	Quality	surveillance	and	quality	assurance	of	cement
 62 VDZ’s quality surveillance organisation
 65 Quality assurance
 68 Standardisation
 70 Chromate reduction in cement and cementitous mixtures 

	 74	 V	Concrete	constituents,	concrete	technology	and	concrete	engineering
 76 Cements with several main constituents
 81 Cements and admixtures
 85 Alkali-Silica Reaction
 92 Sulphate resistance
 94 Self compacting concrete
 95 Ultra high performance concrete
 96 Earth-dry concrete
 97 Screeds
 98 Traffic route engineering
 99 Modelling
 101 Standardisation
 104 Structural fire protection
 106 Consultancy and expert’s advisory services

	108	 VI	Environmental	compatibility	of	cement	and	concrete
 110 Environmental criteria for cement-based building materials
 112 REACH 
 113 European Construction Products Directive
 115 DIBT-Guideline “Assessment of the effects of construction products on soil  
  and groundwater”
 116 Cementitious materials in the drinking water area 
 117 Sustainable building with concrete
 119 Measuring and testing methods

	120	 VII	Responsibility	for	employees
 122 Safety at work
 125 VDZ training and development

 128	 VIII	Publications



VDZ Activity Report 2007 – 2009

�

In this Activity Report the German Cement Works Association describes the joint projects which it worked on between 2007 and 2009. 
It thus continues the long-established tradition of reporting about the relevant topics of cement manufacture and applications which 
were significant for the cement industry and determined the work of VDZ during the period under review. 

The global economy is currently facing challenges that would have seemed almost inconceivable in the past. At present, no one can 
say exactly how this situation will affect the construction materials industry in general or to what extent the cement industry will be 
affected. Consequently, joint projects that identify and efficiently deal with the topics that are important for cement manufacturers take 
on special significance against the background of tight budgets in the industry. 

Through its Research Institute, VDZ offers an attractive portfolio of services along the complete cement and concrete value chains. 
The Institute has the support of a professional team of experts who are also involved in current research topics and who can rely on 
cutting-edge methods and equipment to conduct their investigations. The results of the research work that is carried out provide ground-
breaking contributions in terms of further development in the areas of cement and concrete. In spite of the high cost pressure during 
the period under review, VDZ was still able to handle issues that are important for cement manufacturers. These include demands to 
reduce CO2 emissions, requirements for the manufacture of durable and efficient concrete types and the challenges of reducing emis-
sions in clinker manufacturer.

More than 130 years after it was founded, today VDZ is closely involved in the joint projects carried out in the cement industry at an 
international level. With its Research Institute it makes use of these contacts and, in return, acquires a wealth of experience for its own 
work. VDZ works together with the European Cement Research Academy on projects that have an overriding importance and which, 
because of this fact, cannot be pursued independently by single cement manufacturers. In particular, these include carbon capture and 
storage (CCS), examining the general status of this technology and predicting how it could develop in the coming decades. 

VDZ extends a cordial welcome to its guests who will be attending the International VDZ Congress in September 2009 and, at the 
same time, underlines its close contact with national and international cement manufacturers, research institutes and plant construc-
tors. Despite all the challenges, with its Research Institute VDZ will continue to support competitive and environmentally friendly ce-
ment manufacturing methods and high-quality concrete manufacturing processes in the coming years.

Dr. Martin Schneider
Chief Executive

Verein Deutscher Zementwerke e.V.
Düsseldorf, September 2009

Verein Deutscher Zementwerke e.V.
Forschungsinstitut der Zementindustrie
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The Research Institute of the Cement Industry in Düsseldorf
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Board of Directors

Chairman of the Board
Dipl.-Wirtsch.-Ing. G. Hirth, Ulm

Deputy Chairmen of the Board
Dipl.-Wirtsch.-Ing. W. Bauer, Wiesbaden
Dipl.-Kfm. A. Kern, Heidelberg

U. Aumüller, Oberursel (from 1 May 2009)
Dipl.-Ing. K. Bauer, Ulm (from 29 May 2008)
Dr.-Ing. K. Bock, Harburg (from 6 March 2007)
Dipl.-Ing. (MBA), G. Bourrain, Oberursel (up to 11 March 2009)
Dr.-Ing. H. A. Brodersen, Dortmund
Dr. M. Bücker, Solnhofen
Dipl.-Ing. M. Edelmann, Rohrdorf
Dipl.-Ing. F. Fleuret, Oberursel (up to 30 April 2009)
Lic. oec. K. Gernandt, Hamburg (up to 10 May 2007)
Dipl.-Ing. B. Goedecke, Wiesbaden
Dr.-Ing. G. Kirchner, Oberursel (from 11 March 2009)
Dipl.-Kfm. R. Körner, Wiesbaden
Dr.-Ing. G. Krogbeumker, Beckum
Dipl.-Bw. P. Laubenstein, Ulm
Dipl.-Kfm. P. Linten, Ennigerloh
Dipl.-Vw. W. Matthias, Erwitte
L. Mittelholzer, Hamburg (from 26 Sept. 2007)
Dipl.-Kfm. W. Müller, Großenlüder 
Dipl.-Ing. R. Nobis, Leimen
J. S. Pfitzner, Oberursel
Dipl.-Vw. J. Ramcke, Üxheim-Ahütte
Dipl.-Kfm. A. Rotermund, Rüdersdorf (from 11 March 2009)
Dipl.-Kfm. E. Schleicher, Ulm
Dipl.-Ing. V. Schneider, Leimen (from 29 May 2008)
Dipl.-Ing. H. Seibel, Erwitte
Dipl.-Kfm. G. Seitz, Heidelberg
Dr. D. Spenner, Erwitte
Dipl.-Ing. Dipl.-Wirtsch.-Ing. K. Tausendpfund, Pommelsbrunn
G. Trube, Hamburg (up to June 2007)
R. Willimann, Dotternhausen
Dipl.-Inform. E. Wittmann, Ratingen 
O. Zimmermann, Hamburg (from 26 Sept. 2007)

VDZ Chief Executive and  
Managing Director of the  
Research Institute

Dr. Martin Schneider

Research Institute of the  
Cement Industry GmbH

Chairman of the Advisory Board
Dr. Martin Schneider

Managing Director
Dr. Martin Oerter

Technical and Scientific Advisory Board

Chairman of the Board
Dipl.-Ing. R. Nobis, Leimen (from 29 May 2008)

As Chairmen of the VDZ Board:
Dipl.-Wirtsch.-Ing. W. Bauer, Wiesbaden
Dipl.-Wirtsch.-Ing. G. Hirth, Ulm
Dipl.-Kfm. A. Kern, Heidelberg

Chairmen of the Committees and Commissions
Dipl.-Ing. E. Bohlmann, Leimen (Concrete technology)
Dr. A. Glitz, Heidelberg (Legal affairs)
Dipl.-Wirtschafts-Ing. G. Hirth, Ulm (Emission trading)
Dr.-Ing. H.-M. Ludwig, Leimen (Cement chemistry)
Dipl.-Ing. P. Lyhs, Rüdersdorf (Alkali-silica reaction, ASR)
Dr. rer. nat. H. Möller, Ulm (Technical committee of the QSO)
Dr.-Ing. H. Rosemann, Erwitte (Environment and plant techno-
logy)
K. Schneider, Heidelberg (Ready-mixed concrete)

VDZ
Dr. rer. nat. M. Schneider

Budget Advisory Board and Accountants

Dipl.-Kfm. K. Brüggen, Oberursel
Dr.-Ing. S. Fink, Wiesbaden (Chairman, from 10 May 2007)
Dipl.-Bw. G. Geiß, Harburg
V. Janke, Ratingen 
Dipl.-Bw. R. Keller, Ulm (Accountant, from 29 May 2008)
Dr.-Ing. G. Krogbeumker, Beckum (up to 10 May 2007)
Dipl.-Bw. S. Laube, Wiesbaden (Accountant)
Dipl.-Kfm. A. Sponnagel, Ulm
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The German Cement Works 
Association 

The German Cement Works Association 
(VDZ), located in Düsseldorf, is the tech-
nical/ scientific association for the Ger-
man cement industry. It continues the tra-
dition of the Association of German Ce-
ment Manufacturers formed on 24 January 
1877. As a result of differences of opin-
ion between the Portland cement indus-
try and the slag cement industry regarding 
the question of using granulated blast fur-
nace slag, the technical/scientific interests 
of the German cement manufacturers were 
represented by the German Portland Ce-
ment Manufacturers Association founded 
in 1877, the German Portland-Slag Cement 
Works Association established in 1901 and 
the German Blast Furnace Cement Works 
Association formed in 1907, respectively. 
They amalgamated in 1948, initially under  
the name of Verein Deutscher Portland- 
und Hüttenzementwerke (German Port-
land and Slag Cement Works Associa-
tion). In 1952 the Association was given 
its present name of Verein Deutscher Ze-
mentwerke e.V. 

Object of the Association
VDZ has no political, profit-motivated or 
entrepreneurial aims. The object of the 
Association is to promote technology and 
science – including research and develop-
ment – in the production processes and ap-
plications of hydraulic binders. The statu-
tory functions of the Association include, 
in particular, the promotion of measures 
for quality assurance, environmental pro-
tection and workplace safety. The knowl-
edge gained from scientific work or every-
day practice in the industry is transferred 
in publications, colloquia, seminars, con-
ferences and congresses. Another pur-
pose of the Association is to promote the 
training and development of young man-
agers. In pursuit of this object, the Asso-
ciation has been administering the “Gerd 
Wischers Foundation”, a scientific founda-
tion of the German cement industry with-
out legal capacity, since 1995. The train-
ing and development programme for em-
ployees in the members’ works serves the 
same purpose. 

VDZ membership
Any natural or legal person who manu-
factures cements or cement-type binders 
in the Federal Republic of Germany that 
are standardised or approved by the build-
ing authorities can become a full member. 
Cement manufacturers outside Germany 
can be admitted to the VDZ as associate 
non-voting members. Currently, 24 Ger-

man cement manufacturers with 50 cement 
works are full members of VDZ, while 31 
foreign cement manufacturers are associ-
ate members.

VDZ organs
The organs of VDZ are the General As-
sembly, the Board of Directors, the Ex-
ecutive Management, the Management of 
the Research Institute of the Cement In-
dustry and VDZ’s quality surveillance or-
ganisation as a testing laboratory, inspec-
tion body and certification body. During 
the period under review, the Annual Gen-
eral Meetings provided for in the statutes 
took place on 10 May 2007, 29 May 2008 
and 14 May 2009; all in Baden-Baden. The 
current Board of Directors was elected on 
29 May 2008. In principle, the Board of 
Directors is responsible for all the func-
tions of VDZ. It also appoints the execu-
tive management of the Association and 
the management of the Research Institute 
of the Cement Industry. In recent decades 
the Board has consistently succeeded in 
unifying the personnel of VDZ’s man-
agement and the Research Institute’s di-
rectorate. The General Assembly appoints 
VDZ’s chief executive as a special repre-
sentative for the purposes of Section 30 of 
the German Civil Code (BGB).

Committees, working 
groups and commissions 

The Board of Directors is given support and 
advice by advisory boards: the Technical 
and Scientific Advisory Board, which co-
ordinates the tasks of the committees and 
plans, implements and evaluates research, 
and the Budget Advisory Board, which 
is in charge of financial matters concern-
ing VDZ and its Research Institute. The 
Board of Directors can form committees 
for specific specialist areas. Experts from 
the members’ works and from the Research 

Institute work together in these commit-
tees. At present there are five committees 
(see organisational chart on page 6). The 
Legal Affairs Committee serves as a joint 
committee of both VDZ and the German 
Federal Association of the Cement Indus-
try (BDZ). At the recommendation of the 
committees, the Board can set up work-
ing groups, which can also include spe-
cialists from non-members’ companies, 
to deal with specific issues. Moreover, the 
Board establishes commissions for impor-
tant interdisciplinary questions, which are 
made up of Board members and specialists 
in the various disciplines. Like the working 
groups, these commissions are dissolved 
after their tasks have been completed. 

Technical committee of VDZ’s 
quality surveillance organisation 
According to the association’s statutes the 
technical committee (previously known as 
the quality surveillance committee) is the 
organ responsible for the functions per-
formed as a testing laboratory, inspection 
body and certification body (PÜZ body) of 
the German Cement Works Association’s 
surveillance organisation, which is ap-
proved by the building supervisory author- 
ities. Its members are elected by the VDZ 
Board of Directors. The Technical Commit-
tee also includes the director and one oth-
er representative from the Research Insti-
tute of the Cement Industry as well as the 
manager of the PÜZ body. The commit-
tee’s main function is to assess and evalu-
ate the results of the certification carried 
out by VDZ’s quality surveillance organi-
sation. This entails inspecting, assessing 
and evaluating factory production control 
procedures and third-party inspections of 
cement samples. 

Numerous topics deriving from inspection 
work were dealt with, and corresponding 
instructions were compiled during the pe-

BDZ Chair-
man Andreas 
Kern (right), 
VDZ Chair-
man of the 
Board Gerhard 
Hirth (centre) 
and VDZ Chief 
Executive Mar-
tin Schneider 
at the general 
meeting 2009 
in Baden-Ba-
den
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riod under review. For example, members 
of the technical committee were regularly 
notified about the latest developments in 
the field of standardisation – especially as 
regards cement standards. This concerned, 
for instance, the European standard for ce-
ments with high sulphate resistance, the re-
vision of EN 197-1, details about the in-
spection standard EN 197-2 and the com-
pletion of various standards for special ce-
ments and binders (super-sulphate cement, 
hydraulic road binders, etc.). 

The EU Construction Products Law, intro- 
duced in 1988, is also significant for the 
surveillance organisation. The underlying 
European Construction Products Direc-
tive is currently being revised and trans-
ferred into a legally binding regulation. 
The existing draft regulation places par-
ticular demands on the independence of 
the notified bodies. VDZ’s surveillance 
organisation anticipated this development 
at an early stage by having itself privately 
accredited and establishing a certification 
advisory board.

FIZ-Zert Certification Advisory 
Board 
The Certification Advisory Board acts as 
a steering committee for the certification 
body for management systems, FIZ-Zert, 
which was established in 1998. In conjunc-
tion with the accreditation of VDZ’s sur-
veillance organisation under public law, it 
also acts as an advisory body for product 
certification (see Chapter IV). The adviso-
ry body consists of at least five members 
from the interested parties, all of whom 
have voting rights. It is convened at least 
once a year. 

Concrete Technology Committee
Working groups: transport engineer-
ing, cement and admixtures, ad-hoc 
working groups and task groups: 
 European standardisation, ASR 
 investigations, sulphate resistance 

The Concrete Technology Committee deals 
with current issues in the areas of concrete 
manufacture and applications. It supports 
the Institute’s corresponding research work 
with due consideration of the correct, qual-
ity-conscious and cost-effective use of ce-
ment and concrete in practice. 

Via the ad-hoc group “European standard-
isation”, the committee intensively fol-
lowed the standardisation work, especial-
ly the A2 change, the consolidated ver-
sion of DIN 1045-2 and the discussions 
about the planned revision of the Euro-
pean concrete standard EN 206. The com-

mittee was also very involved with test 
methods for determining the frost and de-
icing salt resistance of concrete in terms 
of its suitability and transfer to practical 
conditions.

With the “transport engineering” working 
group the technical committee supported 
construction work with CEM III/A cements 
on German roads and motorways and the 
manufacture of washed concrete surfaces. 
The Technical University of Munich was 
commissioned to “Prepare a lifecycle as-
sessment for the manufacture and use of a 
section of German motorway”. Work start-
ed in July 2008. The technical committee 
also had a list drawn up of the potential ap-
plications for a “thin wearing layer of as-
phalt (porous asphalt or stone matrix as-
phalt) on a concrete sub-base. 

The use of cements with several main con-
stituents in concrete and other cement-
based construction materials (such as 
screed) remains a focal point of the commit-
tee’s work. The “CEM II- und CEM III/A- 
Zemente im Betonbau” [CEM II and 
CEM II/A cements in concrete construc-
tions] brochure was compiled. The bro-
chure describes the technical application 
properties of CEM II and CEM III/A ce-
ments, the ecological benefits of using them 
and a wide variety of practical areas of ap-
plication. A joint statement on “Informa-
tion to manufacture cement-based screeds” 
was issued in collaboration with the Ger-
man Federal Association for Screeds and 
Coverings (BEB) and the Federal Spe-
cialist Group for Screeds and Coverings 
in the Central Association of the German 
Construction Industry (ZDB). The state-
ment also contains information about us-
ing CEM II cements in screeds.

Regarding the updating of the Alkali 
Guidelines, performance tests to assess 
the alkali sensitivity of concrete were ex-
amined. These include the 60°C concrete 
test with external alkali supply and alter-
nating climate storage. Investigations with 
which the alkali sensitivity of concrete for 
road surfaces using the washed concrete 
method can be assessed were also exam-
ined. The suitability of fly ash from bitumi-
nous coal to prevent damaging ASRs was 
discussed and the future definition of test 
cements was considered.

Within the scope of the Deutsche Bau-
chemie/VDZ coordination committee, 
the cement and admixture working group 
made preparations for a meeting be-
tween VDZ Board members and Deut-
sche Bauchemie (DBC), the central as-

sociation in Germany for manufacturers 
of chemical products used in the build-
ing industry. The focus was on identify-
ing measures to manufacture more stur-
dy concretes. Against this background, 
the stability of the admixtures and the ba-
sic rules of concrete engineering in terms 
of adequate paste content are very impor-
tant as regards manufacturing sturdy, high-
performance and durable concretes. In the 
“Interface issues” project group important 
cement-based parameters and constituents 
for construction chemical products whose 
interactions could affect the properties of 
the concrete were named.

The committee also examined the environ-
mental effects associated with the manu-
facture of cement and concrete. It present-
ed the latest environmentally relevant data  
for cement and concrete for Germany in 
the form of construction material profiles. 
The basis remains the average values for 
a metric tonne of cement or a cubic me-
tre of concrete. There has been a consid-
erable improvement compared to the data  
from the reference year 1996. This can 
be especially attributed to the general re-
duction in the amount of Portland cement 
clinker in cement. The development of a 
European environmental declaration for 
cement was also discussed. The committee 
continues to support attempts to evaluate 
construction materials in connection with 
their use. In this respect, consideration of 
the entire lifecycle is important. 

Cement Chemistry Committee 
Working groups: Analytical chemis-
try, performance of cement constitu-
ents 

During the period under review, apart from 
the Research Institute’s research activities, 
the committee’s work also focused on top-
ics such as sulphate resistance of concrete, 
blast furnace slag reactivity, chromate re-
duction in cementitious mixtures, crystal-
line silica, safety data sheets for cement 
clinker and cement, alkali reactivity of test 
sands, REACH and geopolymers.

Investigations into the effects of blast fur-
nace slag reactivity/quality on the sulphate 
resistance of concretes and mortars con-
taining blast furnace slag have shown that 
with CEM III/A and CEM II/B-S cements 
there is a relationship between the chemi-
cal composition of the blast furnace slags 
and the sulphate resistance of the mortars. 
According to these investigations, low alu-
minium, silicon rich blast furnace slags are 
advantageous for achieving high sulphate 
resistance. 
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During hydration of cements containing 
blast furnace slag with relatively low early 
strength, it is possible that hydrogels rich 
in silicates are released from the blast fur-
nace slag glass. These are plastic phases  
that reduce the standard compressive 
strength of the respective cements. Add-
ing reactive aluminates can reduce corro-
sion of the blast furnace slag during hy-
dration, which also reduces the extent of 
hydrogel formation. The reason for corro-
sion inhibition is believed to be the forma-
tion of aluminosilicates. Adding aluminate 
can certainly improve relatively low early 
strength – in some cases it can even dou-
ble it. Cements that already exhibit high 
early strength cannot be influenced posi-
tively in this respect as they do not tend to 
form hydrogels. 

Even if chromate-reducing cements are 
used, cementitious preparations may still 
exhibit higher chromate contents since 
other components in the mixture, such as 
finely ground calcium carbonate, can af-
fect the dissolving behaviour of the chro-
mate. It seems that the long-term stability 
of tin (II) sulphate as a chromate reducer 
is still not being achieved in some cases. 
The German Industry Association of Fac-
tory-Made Mortars (IWM), Deutsche Bau- 
chemie (DBC) and VDZ have informed 
their members about the facts and have 
recommended that in the case of cementi-
tious preparations which, in spite of chro-
mate-reducing cement, still exhibit high 
chromate content they should independ-
ently add more chromate reducer.

In June 2008 the first reporting phase for 
the European social dialogue agreement 
on crystalline silica was completed. With 
this agreement in which 15 different indus-
tries are participating, technical workplace 
safety measures are aimed at improving the 
health protection of employees against sili-
cosis and lung cancer caused by alveolar 
silica dust (crystalline silica dust). If this is 
a success, it may not be necessary to intro-
duce a European limit value for crystalline 
silica dust. All cement works participated 
in the study. Experience has shown that in 
cement manufacture no or only very small 
crystalline silica dust loads occur. 

To assess the alkali reactivity of aggre-
gates the corresponding regulations define 
test methods using an “inert” test sand in 
combination with the aggregate under as-
sessment. The initial results of a research 
project into the influence of quarzitic or not 
fully inert sand fractions on the assessment 
of the alkali reactivity of aggregates (chip-
pings) would suggest that no incorrect as-

sessment of the aggregates in use is caused 
by any of the test sands that have been in-
vestigated to date.

The REACH regulation – Registration, 
Evaluation, Authorisation and Restric-
tion of Chemicals – came into force on 
1 June 2007. Cement clinker has been in-
cluded in Annex V of the regulations and 
is likewise exempt from the obligation to 
be registered. Cements are formulations 
and are thus also not obliged to be regis-
tered. However, substances that do have 
to be registered include chromate reduc-
ers and grinding aids (assuming they are 
not a preparation).

The representative organisation of the ce-
ment industry in Europe, CEMBUREAU, 
has created new sample REACH-compli-
ant safety data sheets for cement clink-
er and cement. The Research Institute is 
working on the corresponding German 
versions. 

The Research Institute prepared a litera-
ture study on geopolymers. Geopolymers 
form during the alkaline stimulation of re-
active constituents, such as metakaolin, fly 
ash, blast furnace slag and natural pozzo-
lans. Polycondensation reactions cause the 
formation of amorphous to semi-crystal-
line inorganic, aluminosilicate polymers. 
In the past, geopolymers were only used 
for special applications. Research is need-
ed into the reaction mechanisms and prod-
ucts, controlling the reactivity of the start-
ing materials and the durability of geopoly- 
mers.

Over the last few years, the “Analytical 
chemistry” working group has carried 
out various comparative trials to deter-
mine metal/semi-metal trace constituents. 
As expected, analysis of already decom-
posed samples (bypass dust, cement con-
taining tin sulphate) showed a better cor-
relation than the previous comparative tri-
als where the participants decomposed the 
samples themselves.

The working group envisages providing a 
standard for chromate determination. For 
this purpose, in a long-term study a hydro- 
phobed cement is being investigated rough-
ly every six months to assess its water sol-
uble chromate content. Compared to the 
first tests, in the third test – after approx. 
one year of storage – 1 ppm higher values 
for water soluble chromate content were 
determined. The tests are being continued. 

The “Performance of cement constituents” 
working group is supporting investigations 

aimed at preventing a damaging ASR in 
concrete by using cements with several 
main constituents. The cement constituents 
blast furnace slag, fly ash and silica fume 
bond to alkalis early in the reaction. The 
extent to which these could be released 
again at a later time is still unclear.

Environment and Plant Technology 
Committee  
Working groups: safety at work, 
 refractory materials, environmentally 
compatible quarrying, NOx abate-
ment, training courses advisory 
board, rotary kiln burners and the 
ad-hoc working group BAT

The focus of the Environment and Process 
Engineering Committee’s work was again 
operational requirements for safe, energy-
efficient, cost-efficient and environmental-
ly friendly cement production. Much of the 
work was summarised at a meeting of the 
full committee in Düsseldorf on 31 Janu-
ary 2008. 

During the period under review, the safety 
at work working group again looked at the 
occupational safety situation in the mem-
bers’ works and the latest accident statis-
tics. This included an analysis of the acci-
dent statistics at German cement works, 
which were generally positive over the last 
years. There were some changes in the ac-
cident statistics compared to the 2008 re-
porting year; accordingly, a works is no 
longer deemed to be accident free if an 
employee is unable to work on the day af-
ter the accident. In future, the data will be 
recorded only electronically. Other focus-
es of the working group were hazard as-
sessments, the CE conformity statement, 
updating the code of practice for “Han-
dling hot meal”, the instruction matrix, the 
“Series of seminars for the statutory acci-
dent insurance fund for the quarry indus-
try for foremen and assistant foremen in 
the cement industry”, the “New version of 
the Machinery Directive” and “New tech-
nical rules for handling dangerous ma- 
terials (TRGS)”. Together with StBG a 
symposium on “Working safely in hot ar-
eas in cement works” was organised (Göt-
tingen, Germany 24 April 2008). A meeting 
of instructors was held to prepare the new 
series of seminars for foremen and assist-
ant foremen in the cement industry (Fulda, 
17 September 2008) in which the content 
of the new series was planned. 

The “refractory materials” working group 
has summarised its work in a guideline. 
For this purpose, a survey of the compa-
nies represented in the working group was 
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evaluated to record their operating expe-
rience and refractory consumption. The 
guideline deals with delivery methods, oc-
cupational safety while working with re-
fractories, drying and heating procedures 
and incoming goods checks for refrac- 
tory materials. Other focuses were the 
cause of damage to refractory materials, 
measuring and adjusting the rotary kiln and 
the effect that the conditions of use have 
on the consumption of refractory materials. 
Refractory consumption among the mem-
ber companies is to be surveyed regular-
ly in future. The committee will decide on 
this when the guideline is complete. The 
working group’s work should be complet-
ed by the middle of 2009.

The “Environmentally compatible quarry-
ing” working group summarised the results 
of its work in a guideline for the environ-
mentally compatible recovery of raw ma- 
terials and was then dissolved. 2,500 copies 
of the guideline were printed and provided 
to VDZ members in August 2008. 

The “NOx abatement” working group dis-
cussed various operational experiments 
in which the abatement potentials of the 
SNCR (selective non-catalytic reduction) 
method were examined. In addition, in Ger-
many and Austria SCR (selective catalytic 
reduction) projects have been started which 
are supported by the working group in close 
collaboration with the Austrian Cement As-
sociation. In this regard, contact with com-
panies that build SCR plants and that man-
ufacture catalysts has been extended. In a 
workshop entitled “Status of NOx abate-
ment in the cement industry”, experts from 
the cement industry and VDZ and also from 
plant construction companies, universities 
and the area of environmental management 
summarised current and future require-
ments for NOx abatement processes in the 
cement industry. 

Under the responsibility of the training 
courses advisory board, the training cer-
tificates are currently being revised with-
in the scope of a research project and pro-
vided on VDZ’s new e-learning platform. 
The first 15 training certificates are al-
ready available and are being tested by 5 
pilot works. After the test phase the other 
training certificates will be reviewed by the 
VDZ and the working group and will then 
also be implemented. The platform should 
be available to all VDZ member works by 
the start of 2010.

During the period under review, the 23rd in-
dustrial foreman training course was com-
pleted in March 2009 and the 14th produc-

tion controller training course was com-
pleted in September 2008.
 
The “rotary kiln burner” working group 
commenced its work successfully. In the 
1990s the rotary kiln systems were fitted 
with so-called low-NOx burners so that the 
kilns could operate with relatively low NOx 
emissions using low volumes of prima-
ry air and a low oxygen flame core. How- 
ever, the increased use of alternative fuels 
requires higher quantities of primary air 
and excess air for rapid ignition and good 
incineration of the alternative fuels. A new 
generation of burners with modified burn-
er design thus allows the use of alternative 
fuels even with high levels of substitution. 
However, at present there is no common 
agreement as regards optimum burner de-
sign or optimum operation for high vol-
umes of alternative fuels. Because of this, 
the working group will especially gather 
experiences from the works with the fol-
lowing focuses: operational experience 
with new and modified rotary kiln burners, 
effects on clinker quality, use of alterna-
tive fuels, wear and tear, burnout, CO and 
NOx formation and kiln operation. A cor-
responding research project from the Re-
search Institute is being supported.

During the period under review, the “BAT” 
ad-hoc group discussed drafts for the BREF 
document (Best Available Technique Ref-
erence Document) for cement and the main 
changes desired for the revision process. 
The work of the Technical Working Group 
in Seville has almost been completed. From 
the point of view of the cement industry, 
the revision of the BREF document has 
achieved the following considerable im-
provements: energy efficiency, specific en-
ergy consumption for new/modern kilns 
with cyclone pre-heaters or calciners, dust 
emissions and NOx emissions.

Legal Affairs Committee
The Legal Affairs Committee has been fol-
lowing initial experiences with the new EU 
Environmental Liability Directive which 
is to be implemented into national law. 
For the first time, the directive introduces 
a liability regime governed by public law 
for so-called biodiversity damage. For the 
cement industry the liability risks can be 
especially in the operation of the quarries, 
but also as regards emissions in connection 
with the manufacture of clinker and cement 
and in handling dangerous materials.

VDZ Alkali-Silica Reaction 
Commission
In 2000, the Concrete Technology Com-
mittee and the ASR Commission deployed 

the ad-hoc working group “ASR investiga-
tions” with the aim of aggregating the re-
sults of investigations in the various works 
and to coordinate other programmes of ex-
periments with one another in order to pro-
mote research in the area of ASR. The ac-
tivities focused on:

	 	organisation and evaluation of round 
robin tests,

	 	modification of the test method ac-
cording to Part 3 of the Alkali Guide-
lines and, if necessary, development of 
new methods (rapid test) for aggregate 
tests,

	 	developing regional solutions to pre-
vent damaging ASRs in order to intro-
duce these in the contact working group 
with the aggregate industry and in the 
DAfStb’s sub-committee “Alkali reac-
tion in concrete”.

Regarding the updating of the Alkali 
Guidelines, the commission has been moni- 
toring performance test methods to assess 
the alkali sensitivity of concrete via the ad-
hoc working group in coordination with the 
Concrete Technology Committee. This in-
cludes the 60°C concrete test with external 
alkali supply and alternating climate stor-
age. Investigations with which the alka-
li sensitivity of concrete for road surfac-
es using the washed concrete method can 
be assessed are also being examined. The 
suitability of fly ash from bituminous coal 
to prevent damaging ASRs was discussed 
and the future definition of test cements 
was considered.

VDZ/BDZ Emissions Trading 
Commission
The underlying conditions for CO2 emis-
sions trading for the period after 2012 were 
defined in the revision of the EU Emissions 
Trading Directive. At the start of 2008 the 
EU Commission presented a draft with 
the following goals: auctions as the gen-
eral method for allocating emission rights, 
gradual introduction of auctions as the al-
location method for the industry, reduc-
tion target of 30% by 2020 for the entire 
EU, reduction target of 21% for the emis-
sions trading sector by 2020 (basis 2005). 
In this regard, the Emissions Trading Com-
mission has developed various analyses 
which, in particular, will enable free allo-
cation of emission rights for energy inten-
sive industries based on benchmarks. One 
of the main elements of this was a study by 
McKinsey & Company, which highlight-
ed the extent to which the cement indus-
try would be affected by carbon leakage. In 
December 2008, the European Parliament 
and the EU Council finished their work on 
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the directive and considered how CO2-in-
tensive industries would be affected. Un-
der certain conditions the affected sectors 
will not be allocated emission rights by 
auction but instead on the basis of bench-
marks. Consequently, how these bench-
marks will be structured at an European 
level will now be very significant. The 
Research Institute is involved in the cor-
responding discussions through its work 
in CEMBUREAU.

Regarding the cement industry’s voluntary 
commitment to reduce CO2, monitoring of 
CO2 emissions was also continued during 
the period under review and the fuel and 
production data of the cement companies 
was surveyed and aggregated. 

VDZ Ready-Mixed Concrete 
Commission
During the period under review, the Ready-
Mixed Concrete Commission was in-
volved with the revision of the European 
concrete standard EN 206-1, the interac-
tions of cements and admixtures in ready-
mixed concrete and the amount of fly ash 
from bituminous coal that will be pro-
duced in future. 

In Task Groups TG 5 and TG 17 of CEN/
TC 104/SC1 the focus was on the use of 
concrete admixtures and how these are 
counted, as well as the concept of equiva-
lent durability. Different experiences and 
regulations have been reported from the 
countries that are involved in reviewing 
the European concrete standard. For ex-
ample, in some cases combinations of ce-
ments and admixtures can be used on the 
basis of individual certificates, while in oth-
er countries the descriptive k-value con-
cept has been established and proved reli-
able for many years. 

With modern concretes the interactions of 
cements and admixtures in ready-mixed 
concrete are dependent on a whole range of 
factors. Optimising cements for individual 
super plasticisers is not possible because it 
must be possible to combine cements with 
many different super plasticisers. To avoid 
difficulties when using superplasticisers 
other concrete engineering aspects have 
to be considered, especially that there is 
an adequate paste content. 

The volume of fly ash from bituminous coal 
is likely to rise considerably over the com-
ing years as new coal-fired power plants 
are built. The potential of employing fly 
ash from bituminous coal in cement and 
concrete will thus become very important. 
This applies especially to the quality of the 

fly ash, which is extremely important for 
the durability of concrete. 

The commission is also examining the re-
quirements for concrete used in bridge 
caps, aggregating environmentally-rele-
vant data for concrete (environmental data 
sheet) and aspects of third-party inspec-
tion of concrete. 

Cooperation with other 
organisations 

VDZ and its Research Institute cooperate 
closely in many different areas with pub-
lic authorities, universities, material test-
ing institutes and numerous profession-
al associations, standards committees and 
organisations of related industries at na-
tional, European and international levels. 
This cooperation usually involves institute 
staff or member companies being repre-
sented on the committees of these organ-
isations. This cooperation again achieved 
very good results on many issues in the 
period under review. 

Federal German Association of the 
Cement Industry 
The Federal German Association of the Ce-
ment Industry (BDZ) is the economic-po-
litical trade association of German cement 
manufacturers. It is the successor organi-
sation of the “Central Agency for the Pro-
motion of the German Portland-Cement In-
dustry”, which in turn originated from the 
“Association of German Cement Manufac-
turers” back in 1911. 

BDZ represents 21 cement-producing 
companies and groups with 49 cement 
works. It is one of the association’s key 
functions to represent its members’ eco-
nomic interests before politicians, the 
business community and the general pub-
lic in the Federal Republic of Germany. At 
an international level BDZ is a member of 
CEMBUREAU, the association of Euro-
pean cement manufacturers. At a national 
level it is involved in the German Building 
Material Association and the Federal As-
sociation of German Industry (BDI). 

In the period under review, BDZ’s Con-
crete Information Department performed 
the countrywide tasks of the former Ce-
ment Building Information Board. To pool 
their marketing activities, BDZ, the Feder-
al German Concrete and Precast Compo-
nents Industry Association and the Feder-
al German Ready-Mixed Concrete Indus-
try Association founded BetonMarketing 
Deutschland GmbH, a limited liability 

company designed to promote concrete 
marketing. 

Two BDZ subsidiaries, namely the Con-
crete Information Centre (IZB) and the 
Verlag Bau+Technik are in charge of cer-
tain aspects of joint work associated with 
boosting the image of concrete as a build-
ing material. 

Federation of Industrial 
Cooperative Research Associations 
(Arbeitsgemeinschaft industrieller 
Forschungsvereinigungen “Otto 
von Guericke” e.V. (AiF))
AiF, of which VDZ is a founding mem-
ber, promotes joint industrial research, 
 especially in medium-sized companies, 
with funds provided by the Federal Min-
istry of Economic Affairs. To be eligible 
for sponsoring, the research associations 
have to contribute funds that match the re-
spective grants. 

In the past years, VDZ received several AiF 
grants for various large research projects. 
The assistance of AiF and the Federal 
 Ministry for Economic Affairs is grateful-
ly acknowledged. 

VDZ is represented in the AiF scientif-
ic council by the chief executive and by 
several employees in various expert com-
mittees. 

Cement production and 
environmental protection 
In the fields of cement production and en-
vironmental protection, close professional 
contact was maintained with the Federation 
of German Industries and the German Min-
eral Building Materials Association. Giv-
en the wide range of technical fields it cov-
ers, VDZ also cooperates with a number 
of other organisations. These include the 
German Engineers’ Association (VDI), the 
German Combustion Research Association 
(DVV), the Technical Association of Pow-
er Station Operators (VGB PowerTech), 
the Association of German Metallurgists 
(VDEh), the Building Materials Research 
Institute FEhS, the German Water Man-
agement, Sewage and Waste Association 
(ATV-DVWK) and the German Gas and 
Water Engineering Association (DVGW), 
the German Sustainable Building Coun-
cil (DGNB) and the German Construction 
Technology Platform (GCTP). Coopera-
tion with the Federal German Association 
of the Lime Industry and its research as-
sociation chiefly relates to the joint train-
ing and development of industrial foremen 
in the field of lime and cement as well as 
a wide variety of activities in the areas of 
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environmental protection and occupation-
al health and safety. VDZ conducts an ac-
tive exchange of views on various topics 
with many state and federal ministries, in-
cluding the environmentally compatible 
use of alternative fuels, CO2 abatement and 
the trade in emissions certificates. Further-
more, institute staff members are involved 
in various bodies of the German Institute 
for Standardisation (DIN). In this context, 
especially the standards committees for 
“Construction” (NABau) should be men-
tioned. Both at national and international 
levels, VDZ cooperates very closely with 
the Federation of Industrial Cooperative 
Research Associations. 

Use of cement 
VDZ is represented on the board and the 
steering committees of the German Com-
mittee for Structural Concrete (DAfStb), 
on the advisory board and various work-
ing committees of the Standards Commit-
tee for Construction, in various bodies of 
the Standards Committee for Materials 
Testing, and in the Road and Transport 
 Research Association (FGSV). Moreover, 
Research Institute employees are members 
of various bodies and expert committees of 
the German Institute for Building Technol-
ogy. Cooperation in external bodies pri- 
marily covers the discussion, coordina-
tion and evaluation of research projects, 
the development of standards, guidelines 
and codes of practice, as well as consulting 
services regarding the granting of building 
inspectorate approvals. 

Traditionally, VDZ has had a close, mu-
tual trust relationship with technical and 
scientific cement consumer associations, 
particularly with the German Concrete 
and Construction Engineering Association 
(DBV), the Federal German Ready-Mixed 
Concrete Industry Association (BTB) and 
the Federal German Concrete and Precast 
Components Industry Association (BDB). 
Furthermore, close professional ties have 
been maintained with the manufacturers 
and producers of other basic materials for 
cement-based building materials, such as 
the Technical Association of Power Sta-
tion Operators (VGB PowerTech), the Ger-
man Industry Association for Construction 
Chemicals and the Federal German Gravel 
and Sand Industry Association. 

The professional contacts maintained with 
the German Gas and Water Engineering 
Association (DVGW), the DIN Stand-
ards Committee on Water (NAW) and the 
Wastewater Treatment Association (ATV) 
relate to the application of cement-based 
building materials in the areas of drink-

ing water supply and wastewater disposal. 
Close professional contact also exists with 
the Association of German Concrete Engi-
neers (VDB). For many years now, a con-
tact committee with the BTB has served 
to discuss issues regarding the application 
of cements in ready-mixed concrete and to 
find a common basis with regard to general 
issues. The Concrete Admixtures Coordi-
nation Committee was set up jointly with 
the German Industry Association for Con-
struction Chemicals back in 1990, and a 
contact group involving the gravel and sand 
industry was formed in 2000. 

The Joint Concrete Working Group 
– (GAK)
The Joint Concrete Working Group (GAK) 
regards the preparation of joint initiatives 
in the field of standardisation as one of its 
primary tasks – with the strategic goal of 
promoting concrete engineering. In the 
working group members of the Federal 
German Ready-Mixed Concrete Industry 
Association (BTB), the German Concrete 
and Construction Engineering Association 
(DBV) and the German Cement Works As-
sociation (VDZ) are represented. Chair-
manship of the GAK rotates annually; in 
the period under review, VDZ and BTB 
chaired the working group. 

In the period under review, the associa-
tions sponsored and supported jointly ini-
tiated research projects, such as on fair-
faced concrete and sulphate resistance – in 
some cases helped by government funding. 
In the area of standardisation, a number of 
enquiries on the interpretation of the new 
concrete standards had to be commented 
on. In the coming years the GAK will es-
pecially have to monitor standardisation 
activities at European level. 

VDZ/German Industry Association 
for Construction Chemicals 
Coordination Committee
The coordination committee, which is com-
posed of specialists from the cement and 
admixtures industries, is currently chaired 
by the German Industry Association for 
Construction Chemicals. Chairmanship ro-
tates every two years. 

The committee is intensively involved with 
issues relating to the interactions between 
cement and admixtures. During the period 
under review, the focuses of the commit-
tee’s work were cementitious mixtures, the 
way in which natural and synthetic air-en-
training admixtures work and interactions 
between air-entraining admixtures and su-
per plasticisers based on polycarboxylate 
ether (PCE). 

The “Interface Issues” working group dis-
cussed the interactions between cements 
and the constituents of construction chemi- 
cal products in detail. The goal is to estab-
lish key parameters for cements and ad-
mixtures that are suitable for the stable in-
teraction between cement and admixtures 
in construction products.

Universities 
Promoting university activity in the fields 
of construction research and structural en-
gineering has always been a priority for 
VDZ. Once again, VDZ provided funds for 
research at university institutes in the pe-
riod under review. Together with the Fed-
eral Association of the German Lime In-
dustry, VDZ contributed to an endowment 
professorship at the Technical University 
of Clausthal, thus supporting the chair of 
“Binders and Building Materials”. Further-
more, Research Institute employees give 
lectures at technical universities. 

International cooperation
CEMBUREAU is the European umbrel-
la organisation in which 26 national ce-
ment associations cooperate at an interna-
tional level. VDZ has contributed its tech-
nical and scientific expertise to this joint 
work for many years. In the period under 
review, issues relating to environmental 
protection and CO2 reduction were giv-
en top priority. The Europe-wide trade in 
emissions certificates that started in 2005 
created tremendous challenges for the ce-
ment industry. This applies especially to 
the continuation of emissions trading in 
the third trading period from 2012. Oth-
er focal points of the joint European work 
included the BAT reference document for 
cement production and the revision of the 
IPPC Directive (Integrated Pollution Pre-
vention and Control).

VDZ has been intensely involved in Euro- 
pean standardisation work for many years. 
The main emphasis in this context is placed 
on the work of CEN/TC 51 (cement stand-
ardisation) and CEN/TC 104 (concrete 
standardisation). The CEN/TC 350 stand-
ardisation committee is establishing re-
quirements for the sustainability of con-
struction work. Standardisation commit-
tee CEN/TC 351 examines harmonised test 
methods with which the release of constit-
uents from construction products can be in-
vestigated. The background to this is the 
discussion about substances that may be 
significant for the environment, particularly 
in terms of soil and groundwater. 

CEPMC, the European confederation of 
national “umbrella” organisations, con- 
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tinues to be an important platform for the 
cement industry, allowing European de-
velopments to be identified at an early 
stage. All producers of construction ma-
terials have shared interests as regards the 
environmental effects of their materials. 
The same applies to building energy re-
quirements. Supported by VDZ, the Ger-
man Building Materials Association is also 
working on the establishment of German 
positions for the discussion in Brussels. 

VDZ continues to be involved in scientific 
projects in which synergies arise from supra- 
national cooperation. VDZ has worked in 
the European research and training consor-
tium NANOCEM since it was formed. NA-
NOCEM consists of 30 partner organisa-
tions. These include universities, national 
research facilities and industrial partners. 
More than 120 scientists work together in 
NANOCEM. The aim they pursue is to 
enhance knowledge about the nanostruc-
tures and microstructures of hardened ce-
ment paste in order to gain a better under-
standing of the macroscopic properties of 
cement-based construction materials. 

In addition to the cooperation with the inter- 
national organisations mentioned above, 
VDZ and its Research Institute maintain 
contacts with other European and interna-
tional organisations. These include ami-
cable relationships with the associations 
of the cement industry and their techni-
cal and scientific organisations in neigh-
bouring European countries. Cooperation 
takes place in diverse ways, with the bod-
ies of the European Standardisation Com-
mittee CEN and the European cement as-
sociation CEMBUREAU forming the pri-
mary platform. VDZ also works continu-
ously with the Indian National Council for 

Cement and Building Materials (NCB), 
the China Building Materials Industry As-
sociation (CBMIA), the Korean Cement 
Association (KCIA), the Hungarian Re-
search Institute CEMKUT and Bandung 
Technical University in Indonesia. During 
the period under review, there was once 
again lively discussion with the US Port-
land Cement Association (PCA) on vari-
ous topics. The focus was on environmen-
tal issues, concrete durability and CO2 re-
duction. VDZ also maintains contact with 
the International Standardisation Organ-
isation (ISO), Fédération Internationale 
du Béton (fib) and the International Asso-
ciation of Testing and Research Labora- 
tories (RILEM), the International Institute 
of Flame Research (IFRF), the American 
Concrete Institute (ACI) and the American 
Society for Testing and Materials (ASTM). 
It is also in contact with numerous research 
institutions worldwide. 

European Cement Research 
Academy (ECRA) 
The European Cement Research Academy 
can once again look back on its success-
ful work during the period under review. 
The roughly 40 members include cement 
producers and cement associations that co-
operate at the ECRA level in specific ad-
vanced training measures and in research 
projects for selected topics. The focus was, 
again, issues in relation to cement produc-
tion and cement use; two large research 
projects were initiated for the first time. 
The issue of carbon capture and storage 
(CCS) is being handled in a combined re-
search project involving ECRA members 
and plant manufacturers. Determining the 
biogenic CO2 content in waste gases of ro-
tary kiln systems with the help of the 14C 
method is being developed in collaboration 

with research institutes and universities. In 
addition, ECRA was involved in work re-
lated to fire protection in buildings, envi-
ronmental data sheets and recarbonation of 
concrete. At the international ECRA Con-
ference in Prague various topics were pre-
sented that are of superordinate interest for 
the cement industry. These include sustain-
able concrete manufacture with the help 
of innovative cements and reducing CO2 
emissions through the appropriate use of 
alternative fuels. ECRA is supported by 
a Technical Advisory Board that includes 
representatives from leading cement pro-
ducers. These include the companies Buz-
zi, Cemex, CRH, HeidelbergCement, Hol-
cim, Italcementi, Schwenk, Titan Cement,  
Vicat and Aalborg.

Dissemination of findings 

The many results of the work of the com-
mittees, working groups and commissions 
and from the research activities of the insti-
tute are provided to the members and to a 
wider specialist audience in numerous pub-
lications, colloquia, seminars, lectures and 
conferences. Most of these publications 
are provided in electronic form on VDZ’s 
website. They can also be ordered from 
VDZ’s website or from the online Beton-
Shop that VDZ operates jointly with BDZ 
and BetonMarketing Deutschland GmbH 
at www.bdz-vdz.betonshop.de

Publications 
The latest edition of “Environmental data 
of the German cement industry” was pub-
lished in 2007, providing comprehensive, 
continuously updated documentation of en-
vironmentally-relevant data from the Ger-
man cement industry. The CO2 Monitoring 
Report was also updated. 

VDZ-Mitteilungen (VDZ Newsletters), 
published three times a year, continue to 
provide the latest news about the activ- 
ities of VDZ and its Research Institute. 
During the period under review, numer-
ous articles dealt with developments in the 
area of CO2 emissions trading, REACH, 
ASR and interpretations regarding the best 
available techniques (BAT) in cement pro-
duction. As usual, these were complement-
ed with news about current research work 
being carried out in the Research Institute 
and results of work carried out in other re-
search facilities. 

In addition to the VDZ Newsletters, many 
safety codes of practice and checklists deal-
ing with important workplace safety topics 
and discussing options for preventing risks 
were published. 

Klaus Dycker-
hoff commits 
a research 
funding to the 
VDZ for the 
support of 
young scienti-
fics at the re-
search institute 
at the general 
meeting 2007
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Again, during the period under review 
many different research topics were dealt 
with and published. A number of these were 
used as a basis for successful dissertations 
that were supervised in the Research Insti-
tute. For instance, Christian Schneider and 
Vera Tigges examined the properties and 
characterisation of blast furnace slags from 
different aspects. Stefan Seemann summa-
rised the results of his study of the effects of 
the grinding atmosphere on the properties 
of cements containing blast furnace slag. 
In a concrete engineering study Eberhard  
Eickschen produced comprehensive results 
on the mechanisms of action of air-entrain-
ing admixtures. Besides these papers, the 
Research Institute was also able to offer 
opportunities for a large number of degree 
theses and student research projects deal-
ing with a wide range of cement manufac-
turing and application topics. 

Training and advanced training 
Training, advanced training and knowl-
edge transfer are among the most impor-
tant tasks performed by VDZ. With its 
 advanced training system it offers training 
courses for the technical fundamentals of 
cement production, in-depth training of 
special technical subjects and long-term 
advanced training courses for manage-
ment staff. These include training courses  
for industrial foremen and production 
controllers as well as seminars on quality 
 assurance, environmental protection and 
cement applications. 

The industrial foreman training course 
“Lime/Cement” has been offered for al-
most fifty years in collaboration with the 
Federal Association of the German Lime 
Industry. The training courses, which are 
split into theoretical and practical seg-
ments, take 18 months and conclude with 
an examination before the Düsseldorf 
Chamber of Industry and Commerce. The 
first residential segment of the 23rd indus-
trial foreman training course started in Oc-
tober 2007. In the following 18 months the 
participants from the lime and cement in-
dustries were prepared for the final exam-
ination, which took place in Düsseldorf on 
11 March 2009. The course was held in the 
new training facility in Hilden for the first 
time. The very good underlying conditions 
offered by the new training facility certain-
ly helped make this course a success. 

Apart from the training and advanced train-
ing courses for foremen, control room opera- 
tors are also trained specifically in VDZ’s 
training facility. The advanced training in-
volves a seven-week theoretical segment 
at VDZ and a practical part in the respec-
tive works. During the course, participants 
are trained in the fundamentals of opera-
tion, burning, preparation, measuring and 
control technologies and environmental 
engineering. 

Science Foundations 
Founded on 2 June 1995, the “Gerd 
Wischers Foundation” fosters the training 
and development of junior scientific staff. 
The foundation has assets of E 1 533 875. 
The interest income accruing on this 

amount allows four or five scholarships to 
be awarded at a time. During the period un-
der review, two dissertations dealing with 
“Generation and Control of the Workabil- 
ity Characteristics of Self-Compacting 
Concrete” and “Alkalinity of the Pore So-
lution” were successfully completed. A cur-
rent research project in the field of concrete 
engineering deals with the mode of action 
of shrinkage reducing admixtures. In ad-
dition, various short-term scholarships for 
degree theses in the fields of concrete engi-
neering and research projects on emission 
recording were awarded. The Foundation 
promoted in the reference period for exam-
ple papers about characteristics of fly ash in 
cement as well as research projects about 
modelling in cement hydration.

Research Institute of the 
Cement Industry 

VDZ maintains the Research Institute of 
the Cement Industry to carry out its many 
functions. These functions are defined by 
its management in consultation with the 
Technical and Scientific Advisory Board 
and with the approval of the Board of Di-
rectors. With its Research Institute, VDZ 
boasts a renowned and internationally ac-
knowledged scientific institution that cov-
ers the entire range of cement manufacture 
and application. The institute possesses a 
pool of modern instruments and is opti-
mally equipped for carrying out demand-
ing fundamental investigations. The Re-
search Institute can also act on behalf of 
third parties, such as by performing tasks 
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under public law as an officially notified 
emissions monitoring body or as an offi-
cially accredited testing laboratory. More-
over, the Research Institute increasingly of-
fers expert advisory and consultancy ser-
vices on technical matters, in line with the 
purpose of the association. The Institute is 
comprised of five departments. 

The Cement Chemistry department of the 
Research Institute deals with the entire li-
fecycle of cement, from production through 
to the use and recycling of cement-based 
construction materials. Characterisation of 
raw materials and fuels and reactions oc-
curring during the burning of cement clink-
er as well as setting and hardening pro-
cesses are also focuses of the department’s 
work. The department also closely exam-
ines the interactions between various main 
constituents of cement with each other and 
with admixtures/additions and reactions 
that can damage concrete. Apart from tra-
ditional application-related research, over 
the last years the Institute has been increas-
ingly involved in the provision of services 
in this wide field of work. 

The manufacture of cement starts with 
mining the raw material in the quarry and 
the subsequent clinker burning and grind-
ing processes in the cement works. This is 
where the work and research focus of the 
Environment and Plant Technology depart-
ment lies. To take account of the complex-
ity and variety of the environmental and 
plant technology aspects that have to be 
considered in the environmentally friend-
ly, energy-efficient and, also, economical 
manufacture of cement, the Environment 
and Plant Technology department em-
ploys scientists from various disciplines, 
supported by technicians and laboratory 
technicians with many years of theoreti-
cal and practical experience. The depart-
ment has environmental and process engi-
neering laboratories and modern measur-
ing equipment for investigations and im-
provements in cement works, allowing it 
to carry out extensive experiments. The de-
partment also offers a wide range of ser- 
vices in the field of expert environmental 
assessments, environmental consulting and 
advanced training. 

The Environmental Measuring depart-
ment is notified as an independent meas-
uring body. Because of this it can also 
carry out work in the legally controlled 
area. The department is also authorised 
to carry out legally stipulated accept-
ance measurements. Against the back-
ground of increasing internationalisation 
in the cement industry, there has also re-

cently been growing demand for the ser- 
vices of the environmental measuring body 
from outside Germany. The environmental 
measuring body comprises an interdiscipli-
nary team of engineers, scientists, techni-
cians and laboratory technicians with many 
years of experience. On this basis, the de-
partment offers services in all environ-
mentally relevant areas. This especially in-
cludes all emission measurements demand-
ed in the respective regulations. 

The Quality Assurance department pro-
vides testing, inspection and certification 
services. It mainly works as an accred-
ited body in the legally regulated area.  
Quality monitoring and quality assurance 
of cement and cement-based binders by 
the quality surveillance organisation are 
among the traditional key competencies 
of the German Cement Works Associa-
tion. In this regard the department handles 
the tasks of the quality surveillance organ-
isation as a statutory accredited testing, in-
spection and certification body for con-
struction products. 

The Concrete Technology department deals 
with current issues in the areas of concrete 
constituents as well as concrete technology 
and applications. Based on extensive find-
ings from various research projects it in-
creasingly carries out special developments 
and improvements on concrete and mortar 
mixtures for the customers’ particular areas  
of application. A rather more traditional 
service in the field of concrete technology 
is building condition analyses and subse-
quent assessment. If this shows that repairs 
are necessary, the department can also of-
fer the required consulting services. Due 
to the Research Institute’s leading role in 
issues relating to alkali-silica reactions, it 
prepares many expert opinion reports and 
carries out numerous assessments of ag-
gregates. Assessments of chemical attacks 
on concrete are requested by the concrete 
and reinforced concrete industries while 
the department also prepares expert opin-
ion reports for sewage systems and sewage 
treatment plants.

The general services offered by the Re-
search Institute include administration, 
providing information and data process-
ing with its data centre, library, documenta-
tion and publishing work and the mechani-
cal and electronics workshops. The labora-
tories of the Research Institute are accred-
ited and the Institute also has a certified 
quality and environmental management 
system in place. The organisational chart 
on page 15 shows the structure of the In-
stitute with its individual departments and 

FIZ-Zert, the certification body for man-
agement systems. 

At the time of reporting, the Research Insti-
tute employs roughly 160 staff. At present, 
the institute offers 7 training positions in 
various areas. In the period under review, 
2 trainees successfully completed their 
chemical laboratory technician apprentice-
ships at the institute. 

Data processing/IT
Consolidation of the IT systems was large-
ly completed in 2007 and 2008. The con-
nections to the Berlin (BDZ) and Erkrath 
(BMD) locations were optimised with ad-
ditional DSL technology.

With regard to software on the client side, 
the operating system Microsoft Windows 
XP is used in combination with Office 
2003. On the server side, Windows Server 
2003 is used. The spectrum is rounded off 
with special software, which is used mainly 
to record measurement data and in the gen-
eral scientific area. Several individual sys-
tems are also used, for laboratory manage-
ment and laboratory controlling for exam-
ple. We have no plans to change the client 
operating system at present (to Windows 
Vista for instance).

A total of 16 servers and 170 workstations 
are supported at three locations. The main 
projects during the period under review 
were the introduction of a new storage 
system, replacing local workplace printers 
with central printing systems and extending 
backup capacities with LTO3 tape storage 
units and online hard disk storage systems. 

Installation of the in-house access points 
was extended, so that all meeting rooms 
and the entrance area now have wireless 
LAN access.

We plan to introduce a document manage-
ment system with workflow components. 
The system is currently being tested; a pi-
lot project is planned for the second quar-
ter of 2009. Use of thin clients is also being 
examined in another pilot project. 

Information centre – Library 
The information centre provides the em-
ployees of the Research Institute with a 
comprehensive collection of literature, 
which, upon approval, can also be used 
by people other than Institute employees. 
The library currently has a stock of about 
40 000 volumes (as at the end of March 
2009). These include about 14 000 mon-
ographs, 21 000 journals, 5 000 standards 
and numerous research reports, annual re-
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ports and special prints. The centre sub-
scribes to roughly 160 current periodicals 
to provide up-to-date information. The sci-
entific staff assess these periodicals and 
draw attention to relevant articles. Any ar-
ticles that are deemed to be important are 
transferred to the literature database. The 
literature database currently holds about 
63 000 data records. The data records con-
tain bibliographic information and refer-
ences to the content and are indexed by 
means of controlled vocabulary descrip-
tors (thesaurus). Over the next few years, 
the literature database will experience a 
significant increase in data as the subse-
quent recording of the card index, which 
contains literature references from before 
1985, continues. The ZKG system, which 
allows allocation of monographs to certain 
subjects, thus grouping them together for 
certain subject areas, continues to be used 
for classifying and structuring the infor-
mation centre’s stock. The library is also  
involved in producing, issuing and dis-
patching VDZ’s publications. In addition to 
handling sales via the Internet Beton-Shop 
(http://www.bdz-vdz.betonshop.de) that is 
operated jointly with BDZ and BetonMar-
keting Deutschland GmbH, it maintains a 
efficient and extensive exchange of liter-
ature with many research organisations at 
home and abroad. In this way the library 
also acquires literature that is not readily 
available for its collection on concrete tech-
nology, cement chemistry, process engi-
neering and environmental protection. 

The key function of the information cen-
tre is to provide extensive information to 
staff and VDZ members in a timely manner. 
In this respect the availability of informa-
tion and documents in electronic format is 
becoming increasingly important. For ex-
ample, since 2009 the literature database 
has been enhanced with scanned tables of 
contents of books and periodicals. This al-
lows direct access to additional information 
about specific sections in the literature and 
an additional means of research through a 
full text search in the tables of contents. 
Conventional and electronic document de-
livery services make an important contri-
bution to the provision of information in 
the centre by procuring literature that the 
library does not have on hand. 

Since 2006, FAUST has been used as a data 
base and retrieval system in the informa-
tion centre. Because of this system’s high 
degree of flexibility, in future it will enable 
a high level of integration of the individu-
al database applications and the develop-
ment of new database applications as ad-
ditional services. 

Accreditation/Certification
The focus of the Research Institute’s re-
sponsibilities has shifted further over the 
past years. For instance, in the period under 
review, in addition to research activities the 
extensive service portfolio covering the en-
tire range of cement and concrete produc-
tion was extended further. Special empha-
sis was placed on a high level of efficiency 
in the Institute and also as regards the vari- 
ous local activities that were carried out. 
The workflows are largely regulated by an 
integrated quality and environmental man-
agement system based on standards DIN 
EN ISO 9001 and DIN EN ISO 14001. In 
2008, both management systems were cer-
tified successfully for the second time by 
independent experts. The Research Insti-
tute of the Cement Industry is also accred-
ited on the basis of international standard 
DIN EN ISO/IEC 17025. This accredita-
tion of the laboratories covered about 300 
test features. Moreover, the requirements 
for independent measuring and test insti-
tutions for recording emissions and immis-
sions were satisfied in all respects. VDZ’s 
quality surveillance organisation also has 
the competency to certify products pursu-
ant to DIN EN 45011. This proof of compe-
tency has also been accredited. Thus, all re-
quirements demanded by national and inter- 
national customers for a qualified meas-
uring and testing institution are fulfilled. 
Against this background, the logical con-
sequence was that the various units and 
laboratories provided more services at an  
international level last year. This applied 
especially to activities in the statutory 
building and pollution control areas. For 
these areas accreditation is a valuable qual-
ification criterion which continues to find a 
high level of acceptance on the market.

Services 

The Research Institute can also pro-
vide services for third parties by render-
ing expert advisory or consultancy serv-
ices on specialist matters in line with the 
purpose of the association. This also in-
cludes assignments under public and pri-
vate law, such as via the surveillance or-
ganisation’s activities as a testing labora-
tory, inspection and certification body, as 
an environmental monitoring body, or as 
a certification body for management sys-
tems (environment and quality). The serv-
ices are rendered separately from the non- 
material activities of VDZ’s joint re-
search. The individual projects are invoiced  
separately and are subject to stringent con-
fidentiality requirements that apply both 
in-house and towards third parties. Con-
sultancy services are offered and billed on 

the basis of fixed daily rates. Fixed pric-
es are charged if the services rendered are 
standardised activities.

Mortar and concrete
Research work and services provided in the 
areas of mortar and concrete include cur-
rent and important issues in the fields of 
concrete constituents, concrete engineer-
ing and concrete applications. The ser- 
vices offered include optimisation and use 
of blast furnace and Portland-composite 
cements. Projects to improve resistance 
to acids, frost and de-icing salt were also 
carried out. Work was also carried out in 
the areas of damaging alkali-silica reac-
tions and sulphate resistance. The servic-
es offered include the following contract 
investigations:

	 	Development of optimised concrete and 
mortar mixes for the respective clients’ 
area of application 

	 	Testing unset and set concrete and unset 
and set mortar 

	 	Investigating durability:
 –  Frost and de-icing salt resistance ac-

cording to the CF, CIF, CDF, cube, 
slab and bar test methods

 –  Alkali-silica reaction in the 40°C fog 
chamber and with the 60°C test (per-
formance method)

 –  Chloride migration test
 –  Penetration behaviour of water-endan-

gering substances
 –  Abrasive wear
 –  Determination of the air pore param-

eters in hardened concrete
	 	Investigation of the pore structure using  

methods such as mercury intrusion 
measurement, permeability measure-
ment and water absorption measure-
ment (15 MPa)    

	 	Rheological investigations with the 
Viskomat

	 	Hydration heat determination (isother-
mal and semi-adiabatic)

	 	Extraction of pore solution from con-
crete to determine pH and conductiv-
ity  

	 	Determination of the zeta potential 
using the electro-acoustic measuring 
method

	 	Testing admixtures
	 	Initial testing according to DIN EN  

934-2
	 	Electro-chemical corrosion testing ac-

cording to DIN V 18998
	 	Investigation of aggregates
	 	Testing grouts
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An understanding of the chemical-miner-
alogical processes of cement manufacture 
and applications is an important require-
ment for optimising the clinker burning 
process and the product properties. Cement 
chemistry activities are aligned to current 
issues and include assessment and optimi-
sation of the main constituents of cement as 
well as development of testing and meas-
uring methods. For this purpose, the In-
stitute has a highly efficient analytical la- 
boratory with a wide range of equipment. 
The laboratory is accredited according to 
ISO/IEC 17025. Due to the many years of 
cooperation with cement producers and 
concrete users, the Research Institute has 
gained ample experience in the analysis, 
development of methods and provision of 
expert advice in the field of chemical-min-
eralogical testing of raw materials and the 
cements and products produced from them. 
The service portfolio includes the follow-
ing contract investigations:

	 	Characterisation of Portland cement 
clinkers

	 	Quantitative phase analysis with Rietveld  
refinement

	 	Reference investigations on cements 
and concrete constituents based on the 
applicable standards

	 	Determination of hydration heat
	 	Sulphate optimisation of cements
	 	Determination of thermal and calorific 

values
	 	Structural analysis of cementitious sys-

tems
	 	Environmental analyses, such as trace 

analysis of metals and semi-metals
	 	Determination of water-soluble chro-

mate according to TRGS 613 and 
EN 196-10

	 	Emission forecasts when different raw 
materials and fuels are used 

Environmental expertise
The high significance which the cement 
industry attaches to environmental protec-
tion is mirrored in the numerous activities 
of the Research Institute. Due to its exten-
sive experience in the area of plant evalua-
tion and permit management, useful syner-
gies arise especially for environmental im-
pact audits since even for complex projects 
all necessary services can be obtained from 
one source. Our staff are offered continu-
ous training. Their involvement in current 
research projects always enables them to 
draw on the latest findings in the prepa-
ration of their expert reports. The service 
portfolio includes the following contract 
investigations:

	 	Emission and environmental impact 
forecasts

	 	Discharge conditions for emissions/cal-
culation of stack height 

	 	Recommendations to improve the emis-
sion and environmental impact situa-
tion 

	 	Environmental compatibility studies
	 	Plant technology investigations
	 	State-of-the-art/best available tech-

nique
	 	Complex dispersion calculations
	 	Soil investigations
	 	Noise assessments 

Plant technology investigations 
The Institute’s clients benefit from its many 
years of experience in the field of thermal 
and mechanical process engineering, which 
the staff have gained both nationally and 
internationally while providing consultan-
cy services for plant optimisation. Togeth-
er with the clients, the Institute’s employ-
ees develop innovative processes that en-
able emission reduction in cement works 
at reasonable costs. To this end, the Insti-
tute has an expert team with cutting-edge 

measuring equipment at its disposal to han-
dle the complete planning and organisation 
of all process engineering investigations in 
cement works. The tests are developed and 
assessed by the one source. The Institute’s 
expertise covers thermal and mechanical 
process engineering, including complex 
environmental engineering issues. Its ser-
vice portfolio includes the following con-
tract investigations: 

	 	Technical consulting services
	 	Material balances, energy balances, 

measures to reduce energy consump-
tion

	 	Process measurements of kiln and grind-
ing systems and secondary measures to 
reduce emissions

	 	Optimising the operation of kiln and 
grinding systems

	 	Investigation and limitation of material 
recirculation systems  

	 	Process engineering modelling of the 
clinker burning process 

	 	Parameter studies and development of
	 	optimisation measures

Environmental measurement
The Research Institute of the Cement In-
dustry operates the Environmental moni-
toring body which is both accredited ac-
cording to the international ISO/IEC 17025 
standard and recognised as an independent 
monitoring institute by the German envi-
ronmental authorities. A multi-disciplinary 
team of engineers, scientists and laboratory 
technicians with many years of experience 
provides services covering all areas that are 
relevant to the environment. This particu-
larly includes any kind of emission meas-
urement ensuing from the related national 
and international regulations. Besides dust 
and gas emissions, the environmental meas-
uring body also assesses the environmen-
tal impact in the areas surrounding cement 
works. The profile of services is rounded off 
by measurements and forecasts of noise and 
vibration. The service portfolio includes the 
following contract investigations:

	 	Planning and professional implementa-
tion of emission measurements at indus-
trial plants

	 	Development of measuring schedules 
with consideration of the relevant guide-
lines

	 	Emission measurements and sampling 
of airborne pollutants (e.g. nitrogen ox-
ides, trace elements, dust, organic hydro- 
carbons, PCDD/F, etc.)

	 	Determination of noise emissions and 
noise levels 

	 	Development of noise-reduction con-
cepts and plant-specific noise charts

VDZ Manage-
ment (f. l.): 
Klaus Meyer, 
Stefan Schäfer, 
Silvan Baetz-
ner, Christoph 
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Schneider, 
Martin Oerter, 
Volker Hoenig, 
Jörg Rickert
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	 	Determination of emissions and envi-
ronmental impacts of blasting vibra-
tion 

	 	Checking that continuously operating 
measuring equipment has been installed 
and functions correctly and also calibra-
tion of the equipment

	 	Assessment of measuring points
	 	Environmental impact measurements 

Product certification 
Quality monitoring and quality assur-
ance of cement and cement-based bind-
ers by the quality surveillance organisa-
tion are among the traditional key compe-
tencies of the German Cement Works As-
sociation. 560 cements from 60 works are 
tested and inspected according to nation-
al and European statutory specifications. 
Based on agreements with foreign bodies, 
inspections can also be carried out accord-
ing to private law regulations. National and 
European recognition as a testing, inspec-

tion and certification body by the respon-
sible building supervisory authorities cov-
ers the following:

	 	Cement and cement-type binders
	 	Concrete additions
	 	Concrete admixtures
	 	Mortar and concrete
	 	Cement-based mixtures

VDZ’s quality surveillance organisation 
and the associated laboratories are also 
accredited under private law according to 
EN 45011 and ISO/IEC 17025.

Systems certification
The FIZ-Zert certification body certifies 
and inspects management systems (qual-
ity, environment). FIZ-Zert is accredited 
according to ISO 17021 for this area. The 
body especially certifies industrial miner-
als companies and companies in similar in-
dustries that are involved in the manufac-

ture and use of construction materials (es-
pecially cement, binders, concrete products 
and pre-fabricated concrete parts). Certifi-
cation is based on standards ISO 9001 and 
ISO 14001. Certification can also be car-
ried out in combination with legally regu-
lated and obligatory product certification 
(e.g. pursuant to EN 197).

Verification of CO2 emissions
Over the last years FIZ-Zert has verified 
recurring CO2 emissions in connection 
with the European emissions trading sys-
tem. Customers can benefit from the high 
technical competency and also from the 
extensive legal knowledge of our experts. 
These experts, who work exclusively for 
FIZ-Zert, are either certified experts or 
notified EMAS verifiers. This guarantees 
that the evaluation of monitoring concepts 
as well as the examination of emission re-
ports carried out by FIZ-Zert satisfy even 
the highest demands.
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Plant operation 

Influence of the primary air feed 
on rotary kiln flames
The use of alternative fuels in rotary kiln 
firing systems rules out low-NOx burn-
ers because of their extremely low pri-
mary air flows and requires burners that 
have been specially modified for the use 
of high quantities of alternative fuels. Ni-
trogen oxides emissions are then reduced 
as required, for example in a downstream 
selective non-catalytic reduction (SNCR) 
system. These days, with a variety of ring 
gap configurations, tubes and lances, mod-
ern rotary kiln burners are able to inciner-
ate many different alternative fuels with 
various combustion characteristics. Be-
cause of their different combustion char-
acteristics compared to regular fuels, alter-
native fuels change the heat release in the 
flame, which reduces the maximum flame 
temperature, makes the temperature pro-
file in the rotary kiln flatter and increases 
the kiln inlet temperature. When the pri-
mary air feed is adapted to suit the alter-
native fuel, this can counteract the nega-
tive effects that the fuel has on the flame 
and the clinker burning.

During the period under review, in a project 
funded by a consortium of industrial re-
search groups, the Research Institute of the 
Cement Industry investigated the possibili-
ty of shaping the flame and influencing the 
combustion process with the help of the pri-
mary air supply. The flame shaping was in-
vestigated in two kiln lines and the kiln in-
let gas was measured to record the develop-
ment of pollutants. In one burner the finely 
conditioned fuel was fed between the axi-
al air and the swirl air. Due to the concen-
tric arrangement of the tubes and the com- 
pact design of the burner it was possible  
to effectively mix the hot secondary air in-
to the fuel flow. With a moderate alterna-
tive fuel contribution to the rotary kiln‘s 
heat capacity of just 36 %, it was seen that 
the development of nitrogen oxide pollu-
tants was similar to other burner types but 
that there was much less flame swirling. As 
Fig. I-1 indicates nitrogen oxide formation 
decreases slightly with increasing substitu-
tion ratio beyond 40 %. In comparison to 
low momentum flows, with higher overall 
axial momentum flows both the level of 
nitrogen oxides is lower and the spread is 
narrower. In the experiments, the free lime 
content of the produced cement clinker was 
between 0.8 and 1.2 wt.-% and thus with-
in the normal range. In the clinker burn-
ing, no dependency on the burner setting 
or the level of substitution was identified. 
The clinker phase composition was subject 

to the usual fluctuations according to the 
composition of the kiln feed. 

During the period under review, another 
kiln test was carried out at the end of the 
year. This cement kiln was fitted with a 
new burner during winter maintenance. An 
 older low-pressure burner was replaced by 
a new high-pressure burner. After commis-
sioning a new kiln trial is planned so that 
a comparison can be made between two 
burners from the older and newer genera-
tions in one kiln line. 

The results were presented in speeches at 
the 2007 VDI specialist conference “Ger-
man Flame Day” in Berlin, Germany, and 
at the international scientific conference on 
“Energy and Environment in Construction, 
Ceramic, Glass and Refractory Technolo-
gies” in Karpacz, Poland, in 2008.

In 2008, the Environment and Process En-
gineering Committee assigned a rotary kiln 
burner working group to examine the indus-
trial use of new burner generations: 

	 	Exchange and discussion of operating 
experience with new or modified rota-
ry kiln burners

	 	Effects of the rotary kiln burner on the 
clinker quality, use of alternative fuel, 
protection against wear, burn-out/car-
bon monoxide formation, nitrogen ox-
ide emissions and kiln operation

	 	Discussion with burner suppliers about 
“optimum” burner design and opera-
tion 

	 	Development of general rules for the 
optimum use of alternative fuels in the 
kiln firing system 

	 	Support for the research project “Opti-
mising the main firing system with maxi-
mum use of alternative fuels” 

The working group is currently drawing up 
a picture of the current burner generation 
in German cement works and is looking at 
the present state of technological develop-
ment. To do this, the group is working to-
gether with burner suppliers. The working 
group has compiled specifications for rota-
ry kiln burners for a workshop with burner 
suppliers. Operating experiences are to be 
discussed with burner operators based on 
an exemplary design for rotary kiln burn-
ers from the burner suppliers. The results 
of the working group’s activities will be 
presented in a process engineering code of 
practice with recommendations for the op-
eration of rotary kiln burners with the use 
of alternative fuels.

Modelling the flow relationships in 
the calciner
The possibility of using largely reliable nu-
merical CFD (computational fluid dynam-
ics) to simulate the processes taking place in 
the calciner simplifies specific optimisation 
of the kiln operation and can also reduce 
the number of expensive, time-consum-
ing experiments that have to be conducted 
on operating kilns. Moreover, it becomes  
easier to make sound statements about  
the technical implementation of staged 
combustion in precalciner kilns to reduce 
pollutants. Other areas for numerical sim-
ulation in this connection are investigation 
of damage and concept studies for dimen-
sioning, for energy optimisation and for 
the flexible use of alternative fuels.

Fig. 1-1: Nitrogen oxide concentration in the kiln inlet gas versus the substitution ratio of  
alternative fuels in the kiln firing system, classified to different overall axial momentum 
flows Gax
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In collaboration with the Department of En-
ergy Plant Technology (LEAT) at Bochum  
University in Germany and the Chair of 
Environmental Process Engineering and 
Plant Design at the University of Essen/
Duisburg (Germany), the Research Insti-
tute of the Cement Industry performed a 
simulation project funded by the German 
Federation of Industrial Research Associa-
tions (AiF). The aim of this project was to 
use numerical simulation in order to opti-
mise the technical operation of precalciners 
in terms of the formation of pollutants and 
to discover ways of reducing NOx. 

The specific processes of fuel combustion, 
formation and reduction of NOx, decarbon-
ation and calcining, turbulence modulation 
and effects on radiation were modelled suc-
cessfully with sole consideration of coal 
as a fuel and were validated by measure-
ments performed by the Research Institute 
at real cement plants. Taking into account 
the complexity of the cement manufactur-
ing process and the difficulty of measuring 
and recording local variables in the calcin-
er, it was possible in many cases to achieve 
a very good correlation between the calcu-
lated values and the values obtained in the 
experiments (Fig. I-2 and Fig. I-3). On the 
whole, it was possible to simulate the pro-
cess behaviour accurately and also to illus-
trate the effects of the different boundary 
conditions on operation.  

On the basis of the results from this AiF pro-
ject, the substitution of coal with alternati-
ve fuels in different precalciner systems is 
being investigated with CFD methods in a 
follow-up project. The objective is to ex-
pand the possibilities of using alternative 
fuels in precalciners and thus make a sig-
nificant contribution towards maintaining 
the competitiveness of the German cement 
industry. In addition, operators of precal-
ciners should be able to use alternative 
fuels specifically to reduce NOx with, for 
example, staged combustion and thus re-
duce costs for secondary reduction meas-
ures. Fig. I-4 shows the NOx profile in the 
calciner and its system limits from the ref-
erence experiment V. 1 using only lignite  
as a fuel and from the two experiments 
V. 3.1 and V. 3.2 with high fluff substitu-
tion rates of about 80 % in relation to the 
thermal output in the calciner. The meas-
uring point in the kiln inlet is the system 
limit and also the boundary condition with 
the starting parameter for the simulation of 
the processes in the calciner. The NOx pro-
file from experiment V. 1 serves as a ref-
erence for the two experiments V. 3.1 and 
V. 3.2 with high substitution rates. In addi-
tion, this reference experiment can be used 
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in a first CFD simulation with coal as a fu-
el to provide an adequately reliable qual-
itative assessment in the validation of the 
model results. Overall, in these two exper-
iments higher NOx levels were measured 
from the measuring level middle calcin-
er to cyclone 6A/B. This effect can be at-
tributed to a shift in the burn-out zone due 

to the higher use of fluff and to its rough-
er particle distribution. This assumption is 
confirmed by higher temperatures in the 
calciner itself and at the measuring points 
on the outer wall of the calciner. The re-
sults as presented in Fig. 1.4 shall be used 
to validate the CFD simulations. 
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Refractory materials 
Over the past years the expertise available 
in cement works regarding the use of re-
fractory materials has gradually declined. 
Therefore, the “Refractory Materials” work-
ing group was established to summarise the 
current level of knowledge in this field in 
a code of practice. 

Since the start of the 1990s there has been 
a massive change in the conditions for us-
ing refractory materials in rotary kilns in 
the cement industry. The main reasons for 
this are the changes that have been made 
in kiln operation with rates of substitution 
increasing every year through the use of 
alternative fuels. These days, alternative 
fuels replace about 54 % of conventional 
fossil fuels in German rotary kilns. Under 
these operating conditions, with high rates 
of alternative fuels much longer sintering 
zones of up to 9 times the kiln diameter are 
observed. Apart from this, these zones of-
ten have frequently changing coatings. Ten 
years ago, the length of the sintering zone 
was about 5 to 6 times the diameter of the 
kiln. These days, this changed mode of op-
eration is replaced by the use of highly re-
fractory magnesite bricks over an extend-
ed area of the sintering zone.     

A number of alternative fuels contain mo-
re sulphur or chlorine than the substituted 
standard fuels. Sulphur and chlorine react 
with alkalis to form alkali sulphates or 
chlorides, which tend to form recircula-
tion systems at the kiln inlet and the cal-
ciner and thus cause an accumulation of 
vaporous alkali compounds in the kiln at-
mosphere. In this atmosphere the refrac-
tory materials are damaged mainly by in-
filtration of these alkali compounds.  Be-

cause of this, these zones are fitted with acid 
bricks that were developed from special 
high alumina grades and which are more 
resistant against alkali bursting. By using 
a chlorine bypass near the kiln inlet, it is 
possible to reduce this accumulation and 
thus indirectly prolong the service life of 
the lining. The chlorine bypass relieves 
the kiln system by removing some of the 
kiln exhaust gas that is enriched with al-
kali chlorides and sulphates from the in-
ner circulation system.  

By a questionnaire the working group 
gathered and assessed the experiences 
of operators regarding the use of refrac-
tory materials in rotary kilns with con-
sideration of different plant and oper- 
ating parameters. The evaluation of this 
survey showed that the average consump-
tion of refractories in German rotary kilns 
is about 650 g/t clinker, see Fig. I-5. This 
value refers to consumption of refrac- 
tory bricks and masses averaged over 3 to 
5 years. There was a relatively wide range 
of consumption depending on the type of 
kiln used. The lowest consumption of re- 
fractory materials is 200 g/t clinker, al-
though consumption in several works was 
exceeding 1000 g/t clinker. No depend- 
ency between consumption of refrac- 
tory materials and clinker throughput of the 
kiln plant was identified. 

As regards the kiln-related impacting var-
iables, the type of pre-heater used is deci-
sive (Fig. I-6). Refractory consumption in 
kilns with a precalciner tertiary air duct is 
relatively low – on average about 420 g/t 
clinker. Conventional plants with cyclone 
pre-heaters consume approx. 800 g/t clinker, 
which is almost twice the amount of precal-

ciner plants. The low refractory consump-
tion of precalciner plants can be attribut-
ed to the fact that combustion in the pre-
calciner at temperatures of 800 to 1 100 °C 
relieves the rotary kiln from a thermal as-
pect and thus results in reduced consump-
tion of refractory material. On the other 
hand, the smaller dimensions of the rota-
ry kilns, which are generally used in com-
bination with precalciners, appear to have 
a favourable effect on the consumption of 
refractory materials. More thermal relief is 
given inside the rotary kiln if the combus-
tion air for the calciner firing is fed through 
tertiary air ducts.  

Possibilities and limitations 
of using sewage sludge as an 
alternative fuel in the cement 
industry 
In times of rising fuel prices and increasing-
ly stringent demands regarding the preven-
tion of climate-damaging CO2 emissions, 
the use of biogenic fuels is becoming in-
creasingly attractive in the cement industry 
from both ecological and economic points 
of view. Sewage sludge is an especially in-
teresting alternative to normal fossil fuels 
because it is classified as a biogenic fuel 
(CO2-neutral). By using sludge as a fuel, 
the cement industry is also making a sig-
nificant contribution towards the safe dis-
posal of waste. In a research project fund-
ed by the AiF (German Federation of In-
dustrial Research Associations), the Re-
search Institute conducted operating and 
product investigations as well as a feasi-
bility study which confirmed that sewage 
sludge can be utilised economically and in 
a manner that is harmless to the environ-
ment and the product.

Fig. I-6: Refractory consumption by type of plant Fig. I-5: Average refractory consumption
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Operating and product investigations
Systematic tests were carried out on three 
kiln lines in order to obtain information 
about the effects of sewage sludge on kiln 
operation, mercury emissions and the qual-
ity of the product. Possibilities of optimis-
ing the burners were also considered. The 
use of mechanically dewatered sewage 
sludge (MDSS) and ground and pelletized 
dry sewage sludge (DSS) (Fig. I-7) com-
pared to operation without sewage sludge 
were investigated. The sewage sludge made 
up between 5 and 11 % of the heat output 
of the firing system. 

When DSS was used, the energy bal- 
ances showed a clinker-specific fuel energy  
use of approx. 3 600 kJ/kg clinker. In con-
trast, use of MDSS led to a higher ther-
mal energy consumption of approximate-
ly 250 kJ/kg clinker, which was especially 
attributed to the increased water content. 
The mercury balances compiled during the 
kiln tests showed slightly higher mercury 
input for the outer and inner balance area; 
however, the limit value for mercury emis-
sions of 0.03 mg/m3 (daily average) was 
not exceeded. The mercury cycles were ef-
fectively relieved by the manner in which 
the kilns were operated. No effects on the 
emission of nitrogen oxides or carbon mon-
oxide were identified either. 

On all balance days on which sewage 
sludge was used, the investigations of the 
produced cement clinker showed a slightly 
reduced concentration of alite and a slight-
ly higher belite concentration. The result-
ing cements show slightly reduced com-
pressive strengths after 28 days,  although 
these were largely balanced out again af-

ter 90 days. Only slightly higher phosphate 
inputs were found in the clinker. 

During the optimisation of the burner set-
tings, when co-firing pelletized sewage 
sludge, it was found that there was slight 
possibility of influencing the rotary kiln 
firing by means of the burner. The primary 
air quantity was tested at different settings, 
but did not allow the intensification of the 
firing. As regards slow-igniting fuels that 
prolong the heating and ignition segments, 
expectations that increasing the quantity 
of primary air would bring the flash point 
and thus also the flame closer to the burn-
er mouth again were not confirmed under 
the given conditions. In addition, with sew-
age sludge used in the range of 10 % of the 
thermal output of the firing system, there 
was no significant effect on the tempera-
ture profile in the sintering zone. 

To summarise, in all the kiln tests with 
DSS no significant effects on kiln opera-
tion, emissions or the products were de-
termined due to the use of sewage sludge. 
With different grades and possibilities, 
sewage sludge is highly suitable as an al-
ternative fuel and can be justifiably classi-
fied as an environmentally compatible uti-
lisation option. 

Cost effectiveness
The aim of considering the cost effective-
ness was to compare and assess the condi-
tions for using dry sewage sludge which is 
dried with waste heat in the cement works 
and also sludge that is dried locally in the 
sewage treatment plant. Three concepts were 
examined (Fig. I-8), in which the energy 
sources hard coal, lignite and animal meal 
were substituted with sewage sludge. 

The investigation shows that the use of 
sewage sludge in the cement industry dif-
fers mainly in terms of investments and in 
the method of transport required for deliv-
ery. Ultimately, the form of drying, the fuel  
that is to be substituted and the amount of 
sewage sludge that can be purchased and 
its price will be decisive for the economic 
effectiveness in the use of sewage sludge. 
Sensitivity analyses showed that the biggest 
risk factors are the available volume of sew-
age sludge, the capacity utilisation of the 
systems that would have to be constructed 
and the price of the sewage sludge. 

Modelling the motion of the 
grinding media in ball mills 
On average, the electrical energy required 
to produce cement in Germany is approx. 
100 kWh/t cement, 30 % of which is used 
alone to grind clinker and interground ad-
ditives. Generally, ball mills are used to 
grind cement. In spite of their relatively 
low levels of efficiency, they are very re-
liable to operate and are especially able 
to produce a broader particle size distri-
bution in the ground cement. For this rea-
son, in cement grinding we should not ex-
pect to see ball mills being completely re-
placed by other milling processes for at 
least some time to come. It is practicable 
to make full use of all the existing opti-
misation potential. However, it is difficult 
to estimate the interaction of the different 
operating parameters and their effects on 
the content of the mills, as the inside of 
the mills in particular are not accessible 
for technical measurements. Direct parti-
cle simulation is a promising tool for opti-
mising the energy consumption of cement 
grinding in ball mills.

Fig. I-8: Comparison of the conceptsFig. I-7: Dried sewage sludge pellets (TS 90)
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alising bulk materials have been available 
since the end of the 1990s. In addition, the 
current level of technological development 
now also allows particle-mechanical simu- 
lation of these materials – and not only of 
individual particles but also over relevant 
time intervals. These simulations are used 
extensively in conveying technology for 
bulk materials. Most of these methods are 
aggregated under the generic term “Dis-
crete Element Method” (DEM). Basical-
ly, the motion equations of all particles 
contained in a system are solved over the 
time that is being considered. If the par-
ticles collide, the resulting forces are ap-
proximated with suitable contact models 
and are considered in the motion equa-
tions. The structure and parameterisation 
of these models must be carefully adapt-
ed to the respective application case. In 
this way, it is possible to effectively simu- 
late complex fillings, such as the charge 
of a ball mill. 

To examine the processes inside ball mills 
in detail, the Research Institute of the 
Cement Industry uses a two-dimension-
al model developed in theoretical phys-
ics. It is described as “molecular dynam-
ics” and enables the simulation of particle 
systems in the manner described above. 
The grinding media and the surrounding 
grinding chamber are approximated by 
disks. The simulation allows data to be 
determined that cannot be recorded by 
technical measuring methods in reality. 
Of particular interest are speed and pres-
sure distributions, which allow subsequent 
conclusions to be drawn about the com-
minution process. 

While simulations theoretically allow ac-
cess to systems that cannot be recorded 
by technical measuring methods, they al-

ways represent a simplification of real-
ity. Therefore, the prediction quality de-
pends significantly on the exact validation 
of the models that are used. Consequent-
ly, the simulation calculations (numeri-
cal experiments) are always carried out in 
combination with extensive experiments 
in the Research Centre’s semi-technical 
closed-circuit grinding plant. Fig. 9 and  
Fig. 10 show snapshots of the simu- 
lated ball charge of the grinding system 
at different speeds. Recognisable in Fig. 9 
is the cascade movement typical for low 
speeds, while Fig. 10 shows the cataract 
movement that is typical for high speeds. 
Using complex algorithms for evaluation, 
it is also possible to create animations of 
the motion of the grinding media that can 
provide important findings beyond a pure-
ly mathematical level. The results of the 
simulation were validated by comparative 
performance measurements.

On the basis of these technical simulation 
requirements, in future it will be possible 
to more effectively optimise cement grind-
ing in ball mills. Of particular interest is 
the composition of the charge make-up, 
which is currently determined according 
to purely empirical rules. If this was opti-
mised, significant energy savings could be 
expected. The biggest problem is guaran-
teeing the operating reliability of the mills 
through suitable boundary conditions. Only  
by considering actual operating condi-
tions appropriately will it be possible to 
ensure that the results of mathematical op-
timisation can also be successfully trans-
ferred to existing cement mills. For this 
reason, more extensive efforts are being 
made to link molecular dynamics with ex-
isting process technology models to pro-
vide a holistic description of the commi-
nution process.

Energy consumption 

Kilns
In the period under review, the licensed kiln 
capacity of the German cement industry 
increased slightly from 110 720 t/d (2006) 
to 111 400 t/d in 2008. The operating per-
mits of three kiln plants expired. As a con-
sequence, the total number of kilns with 
operating permits decreased from 60 to 
57. The kiln systems operated in Germa-
ny today are almost exclusively plants that  
use the dry or semi-dry processes. In addi-
tion, there are permits for eight shaft kilns. 
The average kiln throughput rose from 
2 106 t/d in 2006 to 2 249 t/d in 2008.  Table 
I-1 gives an overview of the status of the 
available kilns. Plants with cyclone or grate 
preheaters account for 98.9 % of the total 
licensed capacity. In 2008, the percentage 
of cyclone preheaters rose again to 93.1 % 
(in relation to capacity). The number of pre-
calcining plants increased by one to twelve. 
Of these, nine plants are equipped with a 
tertiary air duct. Since their kiln through-
put is higher by comparison, precalcining 
systems represent more than a quarter of 
the installed, licensed clinker capacity of 
the German cement works. 

The capacity utilisation of the kiln plants 
rose from 70 % in 2006 to 77 % in 2008, 
which can mainly be attributed to increased 
cement exports and increased clinker stocks 
as a result of CO2 emissions trading. In 
2008, capacity utilisation fell to 71 %, al-
most reaching the previous year‘s level. The 
capacity utilisation data is based on an as-
sumed kiln plant availability of 320 days 
per annum. 

Fuel energy consumption
The main use for fuel energy in cement manu- 
facture is for burning the cement clinker. 
To a lesser extent, thermal energy is used 
to dry other main components of cement, 
such as blast furnace slag. To manufacture 
cement clinker with its characteristic prop-
erties, the raw materials, principally lime-
stone marl and clay, are burned at tempera-
tures of 1 400 to 1 450 °C. Because of the 
product specifications and the high tempera- 
ture process which they require, the cement 
industry is one of Germany’s energy-in-
tensive industries. For this reason, the ce-
ment industry has always tried to reduce its 
energy consumption and hence fuel ener-
gy costs. Fig. I-11 shows the trend of the 
specific thermal energy consumption of the 
cement industry from 1950 to 2005. From 
1987 onwards, the new federal states are 
included in the figures. As the diagram il-
lustrates, the burning process in the Ger-
man cement works is now optimised to such 

Fig. I-9: Snapshot of the simulated motion 
of the grinding media at 28 rpm. A typical 
cascade movement is identifiable.

Fig. I-10: Snapshot of the simulated mo- 
tion of the grinding media at 69 rpm. A typi- 
cal cataract movement is identifiable.
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an extent that no significant further reduc-
tions can be expected from process tech-
nology measures. 

First voluntary commitment towards 
climate protection fulfilled
In 1995, the German cement industry and 
other energy-intensive industrial sectors 
undertook to contribute to the reduction 
of CO2 emissions in Germany. The cement 
industry’s voluntary commitment involved 
lowering its specific energy consumption 
by 20 % in the period from 1987 to 2005. 
At 2 825 kJ/kg cement, the cement indus-
try reached its target in 2005. 

The Research Institute has surveyed the out-
put and energy consumption data of the Ger-
man cement industry since 1995. After be-
ing summarised and made anonymous, this 
 data will be submitted to the Rheinisch-West-
fälisches Institut für Wirtschaftsforschung 
(RWI) for plausibility checking. 

The German cement industry continually 
lowered its specific fuel energy consump-
tion over the past decades by modernising 
its kiln and grinding systems. In the wake 
of German reunification, this drive gained 
particular momentum as the plants of the 
East German cement industry underwent re-
vamps providing them with state-of-the-art 
technology within a few years. In the old 
federal states, a number of older plants were 
also replaced by new ones. The increased 
production of cements with several main 
constituents represents a further important 
measure towards reducing fuel energy con-
sumption per tonne of cement. 

Due to the significant drop in cement pro-
duction during the period under review, 
the absolute fuel energy consumption of 
the German cement industry declined by 
about a fifth from 1987 to 2008. This con-
siderable decrease was also attributable to 
the fact that the specific thermal energy  
consumption per tonne was reduced by 
roughly 20 % over the period reviewed  
(Fig. I-12). While the specific thermal ener-
gy consumption of rotary kilns still topped 
3500 kJ/kg cement in 1987, last year it was 
just 2 764 kJ/kg cement. This was mainly 
attributable to the reduction of the clinker/
cement factor. In 1987, this was 86 % but 
had been reduced to 73 % by 2008. The 
German cement industry thus honoured its 
first pledge on climate protection. 

Fuel mix
The composition of the fuels utilised in the 
German cement industry has changed con-
tinually over the past years. Between 1987 
and 2008, total fuel usage fell from 119.9 to 

Table I-1: Number and capacity of licensed kilns in Germany from 2006 to 2008 

Status: 01/01/2007 Status: 01/01/2008 Status: 01/01/2009

Num- 
ber

Capacity
Num- 

ber
Capacity

Num- 
ber

Capacity

t/d % t/d % t/d %

Kilns with cyclone 
preheater

41 100 550 90.8 41 101 000 92 41 103 700 93.1

Kilns with grate 
preheater

11 8 970 8.1 9 7 500 6,8 8 6 500 5.8

Shaft kilns 8 1 200 1.1 8 1 200 1.1 8 1 200 1.1

Total 60 110 720 100 58 109 700 100 57 111 400 100

Av-
erage 
kiln 
capac-
ity 
in t/d

rotary 
kilns

2 106 2 170 2 249

shaft  
kilns

150 150 150

Clinker production 1) 
(year)

(2006) (2007) (2008)

in million t/a 24.9 27.0 25.4

Utilisation 2) in % 70 77 71
1) After CO2 monitoring
2) Assumed availability 320 d/a

Fig. I-11: Spe-
cific fuel energy 
consumption of 
German cement 
works (old fed-
eral states until 
1987, entire 
federal republic 
from 1987 on-
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95.8 million GJ/a, which was attributable to 
the slump in production, among other fac-
tors. In absolute terms, this corresponds to 
a reduction of 20.1 %. As can be seen from 
Fig. I-13, the proportion of alternative fuels  
continued to rise in the period under re-
view, totalling 54.4 % in 2008 as opposed 
to 23.0 % in 1999. The increasing use of 
alternative fuels primarily entailed the sub-
stitution of lignite during the period under 
review. The consumption of light distillate 
and heavy fuel oil as well as natural gas re-
mained at a very low level. These fuels are 
chiefly utilised for kiln start-up. 

The break-down of alternative fuels for the 
years 2003 and 2008 demonstrates that tra-
ditional alternative fuels, such as used tyres 
and waste oil, continued losing in impor-
tance in comparison with other alterna-
tive fuels. Table I-2 shows that the input 
of used tyres was just under 270 000 t/a, 
whereas the quantity of waste oil utilised 
increased slightly from 69 000 t/a in 2006 
to 80 000 t/a in 2008. The use of fractions 
from industrial and commercial wastes 
increased substantially from 1 370 000 t/a  
in 2006 to 1 547 000 t/a in 2008. Utilisa-
tion of processed fractions from municipal 
waste remained at a similar level of more 
than 210 000 t/a. The use of meat and bone 
meal and animal fat began in 2000 in the 
wake of the BSE crisis and was initially 
increased to 452 000 t/a by the year 2003. 
However, since these materials have also 
been increasingly utilised in other co-incin-
eration plants such as power stations, their 
use in the cement industry has declined to 
231 000 t (2008).

Electrical power consumption
Electrical energy is primarily consumed 
in cement manufacture for raw material 
processing (about 35 %), for burning and 
cooling the clinker (approx. 22 %) and for 
cement grinding (approx. 38 %). Fig. I-14 
shows the trend of electrical power con-
sumption by German cement works in the 
period from 1950 to 2005. The long-term 
rise in electrical power consumption was 
stopped after German reunification. Over 
the following years, it stabilised at a range 
between 100 and 102 kWh/t cement and is 
now just below 100 kWh/t cement.

Cements with other main constituents in 
addition to clinker, such as blast furnace 
slag or limestone, consume more grind-
ing energy since they need to be ground 
more finely to achieve the same quality. 
On the other hand, the corresponding elec-
trical power required for the manufacture 
of substituted clinker (raw material prep-
aration, burning process) is saved. The 

Fig. I-13: Fuel 
consumption 
in the German 
cement industry 
since 1987

140

120

100

80

60

40

20

0
1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

Fu
el 

co
ns

um
pt

io
n 

in
 10

6  G
J/a

Lignite

Other fossil
fuels

Year

Petcoke Alternative fuels

Hard coal

Table I-2: Use of alternative fuels in the German cement industry 

Alternative fuel
2006

1 000 t/a
2008

1 000 t/a

Tyres 265 266

Waste oil 69 80

Fractions from industrial and commercial waste, 
thereof:

1 370 1 548

     Wood pulp, paper and cardboard 244 150
     Plastics 363 460
     Packaging materials 0 0
     Textile industry waste 9 2
     Other 754 936

Meat and bone meal, animal fat 317 231

Reprocessed fractions from municipal waste 212 220

Scrap wood 14 12

Solvents 93 102

Fuller‘s earth 4 0

Sewage sludge 238 267

Other such as: 32 175
     Oil sludge
     Organic distillation residues 

Fig. I-14: 
Specific elec-
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use of energy-efficient mill types, such as 
high-pressure twin-roll mills, has gained 
acceptance in the cement industry. How- 
ever, since the workability of the cement 
produced in these mills does not correspond 

ing processes of the different main constitu-
ents and subsequently mixing them in mix-
ing systems apparently does not allow for 
significant reductions under regular oper-
ating conditions.

to those of cement ground in convention-
al ball mills, subsequent grinding in a ball 
mill is usually still necessary. Therefore, it 
is still impossible to realise the full energy 
saving potential. Even separating the grind-
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Flue gas treatment devices of a cement kiln

Environmental protection in cement manufacture
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Legislation 

Revision of the BAT paper for the 
cement and lime industries
The European Integrated Pollution Pro-
tection and Control Directive (IPPC Di-
rective) is an important document in con-
nection with the operation of industri-
al installations in Europe. On the basis 
of this European directive the technolog-
ical status of certain industries must be 
defined and described throughout Europe  
at regular intervals. This takes place via 
BAT reference documents (BREF docu-
ments) whose compilation is coordinat-
ed centrally by a European Commission 
office in Seville, Spain. The BAT paper 
dating from 2001 that currently applies to 
the cement and lime industries is one of 
the first of these documents that was sub-
jected to a revision process. This process 
has taken almost three years and was fi-
nalised in April 2009 with a concluding 
meeting of the Information Exchange Fo-
rum (IEF) in Brussels, Belgium. The fi-
nal draft has succeeded in achieving mu-
tual agreement between the EU Commis-
sion, the participating countries and the 
industry on all points. The split views be-
tween the authorities and industry repre-
sentatives were completely avoided this 
time. Together with the technical aspects 
of the cement and lime industries, the re-
vised document now also includes suitable 
descriptions for the production of magne-
sium oxide. This was at the request of the 
industry concerned. 

From the cement industry’s point of view, 
the following points in the revised BREF 
document should be especially highlight-
ed: 

1.  Specific energy consumption for mod-
ern cyclone preheaters (with/without 
calciner): for the specific energy con-
sumption of these modern kilns a range 
of between 2 900 and 3 300 MJ/t clinker 
is specified. In addition, the BREF doc-
ument contains the information that this 
value may be higher by 160 to 320 MJ/t  
on an annual average due to normal 
fluctuations, such as start-ups and shut-
downs. This definition takes account of 
the potential fluctuations in kiln opera- 
tion.

2.  Use of waste: the use of suitable waste in 
the clinker and cement production proc-
esses is expressly acknowledged to be a 
best available technique (BAT). One of 
the main reasons why this result could 
be achieved was that over the last years 
the European cement industry has been 

able to provide evidence that waste uti-
lisation in their works is environmen-
tally safe and sound. 

3.  Dust emissions: for dust emissions a 
BAT level of < 10 to 20 mg/Nm³ is de-
fined. Electric and fabric filters are both 
counted equally as best available tech-
niques. If fabric filters or new or regen-
erated filters are used, the lower BAT 
emission level must be strived for. 

4.  Nitrogen oxide emissions: the defini-
tion of the current best available tech-
niques in connection with reducing ni-
trogen oxide emissions was discussed 
intensively during the revision pro- 
cess. For preheater kilns a BAT emis-
sion level of < 200 to 450 mg/Nm³ is 
specified. If the initial NOx level is 
above 1 000 mg/Nm³, the associated 
BAT emission level extends by up to 
500 mg/Nm³. Table II-1 shows the ex-
act agreements in connection with the 
definition of a BAT emission level for 
NOx. In this connection it should also 
be mentioned that selective catalytic re-
duction (SCR) can only be regarded as 
BAT when process development in the 
cement industry is more advanced and 
when suitable catalysts are available. 
As opposed to this, selective non-cat-
alytic reduction (SNCR) is defined as 
BAT. When the SNCR method is used, 
the additional ammonia slip may be up 
to 50 mg/Nm³. 

On the whole, the revised BREF docu-
ment sets demanding specifications for fur-
ther development of environmental protec-
tion in the cement industry. This is regard-
less of the fact that the BAT emission lev-
els defined in the document are expressly 
not emission limit values. Rather, they are 
concentration ranges that could be achieved 
with consideration of the specific border 
conditions in the individual plants if a cer-
tain technology was used. Naturally, emis-
sion limit values must be above this asso-
ciated BAT emission level.

The final draft of the revised BAT refer-
ence document can be viewed on the web- 
site of the European Commission office in  
Seville. It is expected that the finished docu- 
ment will be finally released in the sec- 
ond half of 2009.

Use of alternative fuels in the 
German cement industry
German cement manufacturers have many 
years of experience in the appropriate and 
safe use of suitable waste in the clinker 
burning process. Based on these experienc-
es, in 2008 the rate of substitution in terms 
of fuel energy consumption was increased 
to more than 54 % through the use of suit-
able alternative fuels (Fig. II-1). This is 
all the more remarkable when we consid-
er that this figure is an average value. In 
2008, some rotary cement kilns operating 
in Germany achieved actual substitution 
rates of more than 80 % in terms of fuel 
energy consumption. 

Most of this utilised waste continues to 
come from the areas of processed indus- 
trial and commercial waste (Fig. II-2). 
Most of the energetically recycled waste 
used in German cement works has come 
from these material groups for many years 
now. Since 2002, there has also been an in-
crease in the amount of municipal sewage 
sludge utilised in German cement works. 
Prior to this, many politicians had been 
against this ecologically sensible way of 
utilising sewage sludge. Because of this, 
in the past it was extremely difficult to ob-
tain the corresponding approvals. 

By using suitable alternative fuels, the Ger-
man cement industry has been able to save 
more than 1.7 million metric tonnes [t] 
of coal equivalents in primary energy. This 
represents a considerable contribution to-
wards conserving natural resources and 
also reduces fuel-related fossil CO2 emis-
sions in the clinker burning process consid-
erably. On top of this, the material group of 
processed industrial and commercial waste 
can contain a large proportion of biogenic 

Table II-1: BAT associated emission levels (BAT-AEL) for NOX from the flue gases of kiln firing 
and/or preheating/precalcining processes in the cement industry

Kiln Type Unit BAT-AEL
(daily average value)

Preheater kilns mg/Nm³ < 200–450 1)2)

Lepol and long rotary kilns mg/Nm³ 400–800 3)

1) BAT-AEL is 500 mg/Nm³, where after primary measures/techniques the initial NOx level is > 1 000 mg/Nm³
2)  Existing kiln system design, fuel mix properties including waste, raw material burnability can influence the ability 

to be in the range. Levels below 350 mg/Nm³ are achieved at kiln with favourable conditions. The lower value of 
200 mg/Nm³ has only been reported as monthly average for three plants (easy burning mix used)

3) Depending on initial levels and ammonia slip
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carbon. Recent investigations have shown 
that this biomass proportion can contribute 
between 20 % and 50 % of the carbon con-
tained in the fuel. Consequently, the use of 
alternative fuels in German cement works 
has a considerable potential to reduce fu-
el-related CO2 emissions in the clinker pro-
duction process. 

Start of PRTR reporting
The previous European EPER system for 
environmental reporting was replaced by 
the European Pollutant Release and Trans-
fer Register (E-PRTR). For the first time in 
2008 operators of the relevant plants re-
ported the release and transfer of pollutants 
to the responsible authorities for the new 
pollutant register. In summer or autumn  
2009, the data will be provided on the in-
ternet and thus made available to the gen-
eral public.

The basis for this pollutant register is the 
European PRTR regulation which was im-
plemented in Germany with the PRTR Act 
(SchadRegProtAG). Reportable activities 
are listed in the annex to the PRTR regu-
lation. Within the mineral industry instal-
lations for the production of cement clink-
er from a capacity of > 500 t/d are affect-
ed; all kiln systems operating in Germany 
exceed this capacity threshold. Howev-
er, a report only has to be submitted if the 
amount of pollutants emitted exceeds cer-
tain thresholds.

A new feature compared to the previous 
EPER system is that opencast mines and 
quarries also have to submit a report if the 
“active area” exceeds 25 hectares. Primarily, 
the relevant pollutant is fine dust (PM10) if 
the corresponding threshold of 50 000 kg/a  
is exceeded. Basically, there are problems 
in determining these generally widely dis-
tributed fine dust emissions, since many 
different operational and meteorological 
factors have an influence on the amount 
of emissions. By using simple emission 
factors at best it would be possible to 
roughly estimate the emitted loads. For 
the next report the environmental author- 
ities must provide more precise specifica-
tions as to how the fine dust emissions of 
opencast mines and quarries are to be de-
termined. 

These and other questions regarding ce-
ment works reporting were discussed in a 
VDZ working group. The available PRTR 
guidelines (e.g. from the European Com-
mission, UBA, VGB, BBS) were discussed 
and contact was established to the bodies 
commissioned by the German Federal En-
vironment Agency. 

For reporting in Germany a standard na-
tional input software product was devel-
oped (BUBE-Online) with which the PRTR 
data and also the data for the 11th Federal 
Immission Control Ordinance can be gath-
ered via the internet. After a plausibility 
check by the responsible state authorities 
or the Federal Environment Agency, the 
data will be entered in the national pollu-
tant register and will then be passed on to 
the European Commission where it will be 
transferred to the European register. 

As opposed to the EPER report which 
had to be submitted every three years, the 
PRTR system requires an annual report. In 
the course of the legislative changes result-
ing from the introduction of the PRTR, the 
rhythm for submitting an emission decla-
ration according to the 11th Federal Immis-
sion Control Ordinance (BImSchV) was 
extended to four years. 

Fig. II-1: Trends in the use of alternative fuels in the German cement industry 
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Climate protection 

Development of CO2 emissions
Fuel-related CO2 emissions
The greenhouse potential of emissions 
from the cement industry is almost ex-
clusively attributable to carbon dioxide. 
The quantity of other greenhouse gases, 
such as the ones cited in the Kyoto Pro-
tocol, occurring in cement manufacture 
is either extremely small or zero. During 
the clinker burning process, CO2 emis-
sions are produced by the conversion of 
fuel energy required to generate proc-
ess heat. Additionally, fuel energy is con-
sumed for the processes involved in dry-
ing other main cement constituents, such 
as blast furnace slag. In the period from 
2005 to 2008, specific fuel-related CO2 
emissions from the German cement in-
dustry ranged from 0.132 to 0.117 t CO2/t 
cement. In absolute figures this repre-
sents a reduction from 4.18 to 4.05 mil-
lion metric tonnes CO2 per annum. This 
does not include CO2 emissions from the 
use of alternative fuels – based on the vol-

untary commitment system – because they 
completely replace fossil fuels. Since the 
waste would otherwise release its carbon 
content to form CO2 or other greenhouse 
gases somewhere else, the utilisation of al-
ternative fuels leads to an overall reduc-
tion in CO2 emissions. 

This consideration of alternative fuels con-
stitutes a substantial difference in compari-
son to reporting under the terms of emis-
sions trading. Emissions trading includes 
all fossil fuels and the fossil proportions 
of waste-derived fuels. Only the biogen-
ic proportions of the fuels are assigned 
an emission factor of 0. The replacement 
of the traditional fossil fuels – lignite and 
hard coal – by other fuels with lower spe-
cific CO2 emissions, such as natural gas, is 
impossible because of the costs involved. 
As fuel costs have a decisive influence 
on the cost of cement production, the ce-
ment industry will continue its endeav-
ours to increasingly substitute fossil fuels 
with waste-derived fuels. In this context, 
the utilisation of biogenic waste-derived 

fuels and fuels containing biogenic por-
tions, respectively, will play a more im-
portant role in the future. 

The emission factors agreed upon and ap-
plied under the terms of the voluntary com-
mitment also differ from the values speci- 
fied for EU emissions trading. Although 
the values deviate only slightly in terms 
of quantity, the differentiation in emis-
sions trading is much more marked. Elec-
trical power consumption accounts for 
some 10 % of the total energy consumed 
by the cement works. If, however, electri-
cal power consumption is regarded as pri-
mary energy, its share – and thus that of 
the CO2 emissions resulting from its use 
– is higher. Between 2005 and 2008, CO2 
emissions from electricity consumption 
was between 0.066 and 0.068 t CO2/t ce-
ment. In absolute figures they remain vir-
tually constant at about 2.2 million metric 
tonnes. The scale on which the German ce-
ment industry generates its own electric-
ity is very low. 

Raw material-related CO2 emissions 
CO2 is released during the calcination of 
limestone (CaO3), which is the most im-
portant raw material. Raw material-relat-
ed CO2 emissions for each metric tonne of 
clinker produced depend on the raw ma- 
terial formulation, although they vary only 
to a low degree. In Germany, it is about  
0.53 t CO2/t clinker or in the 2005–2008 
period, between 0.383 and 0.419 t CO2/t ce-
ment. As a result of increased exports, total 
raw material-related CO2 emissions in the 
German cement industry increased from 
12.9 (2005) to 14.3 million metric tonnes 
CO2 per annum in 2007, only to fall again 
to 13.4 million metric tonnes CO2 per an-
num in 2008. Table II-2 shows the specif-
ic and absolute CO2 emissions for the pe-
riod under review. A reduction in raw ma-
terial-related CO2 emissions – in relation 
to a metric tonne of cement – is only pos-
sible to a limited extent through the in-
creased production of cements with sever-
al main constituents. In relation to a met-

Table II-2: CO2 emissions in the German cement industry from 2005 to 2008

Absolute CO2 emissions
in 106 t/a

Specific CO2 emissions
in t CO2/t cement

2005 2006 2007 2008 2005 2006 2007 2008

Fuel-related 1)

Electricity-related
Raw materials-related

4.18
2.17
12.92

4.25
2.29
13.21

4.38
2.28
14.31

4.05 
2.30 
13.44

0.132
0.068
0.406

0.123
0.067
0.383

0.128
0.067
0.419

0.117 
0.066 
0.388

Energy-related
Total

6.35
19.27

6.54
19.75

6.65
20.97

6.35 
19.79

0.200
0.606

0.189
0.573

0.195
0.614

0.183 
0.571

1) without alternative fuels

Table II-3: Specific CO2 emissions in the German cement industry (in t CO2 /t cement)

Year
From thermal energy 

consumption 1)
From electrical  

energy consumption
From limestone  
decarbonation

Total

1990 2)

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

0.280
0.252
0.254
0.245
0.231
0.218
0.199
0.195
0.179
0.168
0.156
0.155
0.132
0.123
0.128 
0.117

0.072
0.072
0.071
0.072
0.070
0.070
0.068
0.068
0.067
0.069
0.067
0.068
0.068
0.067
0.067 
0.066

0.450
0.450
0.451
0.451
0.453
0.444
0.427
0.431
0.415
0.413
0.401
0.428
0.406
0.383
0.419 
0.388

0.802
0.775
0.776
0.768
0.754
0.732
0.694
0.694
0.661
0.650
0.624
0.651
0.606
0.573
0.614 
0.571

1) Without alternative fuels
2) Basis year of voluntary commitment from 2000
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ric tonne of clinker a reduction is practi-
cally impossible. 

In conclusion, the CO2 emissions for 
the German cement industry in the peri-
od from 1990 to 2008 are summarised in  
Table II-3. The basis year for the cement 
industry’s voluntary commitment to specif-
ic energy-related CO2 emissions is 1990. 

Determining biogenic carbon in 
alternative fuels
As a result of CO2 emissions trading the 
determination of the biogenic carbon con-
tent of alternative fuels has taken on a new 
 significance. At present, different deter-
mination methods can be used depend-
ing on the origin and composition of the 
samples. 

Since there has been a lack of suitable al-
ternatives, over the last few years the se-
lective dissolution method has been wide-
ly used in Germany and Europe. This is 
based on the technical specification CEN/
TS 15440, which was developed under the 
overall control of a European standardisa-
tion group, CEN/TC 343. Annex E of this 
technical specification describes the meth-
od relevant for the cement industry to deter-
mine the biogenic carbon content of a fuel 
sample. It is important that the biogen-
ic carbon content is in relation to the total 
carbon (TC) content of the sample. In this 
wet-chemistry process the sample must first 
be treated with concentrated sulphuric acid. 
This acid can displace the water from the 
organic constituents with biogenic origins. 
In a second step, the remaining biogenic 
carbon is treated with a strong oxidising 
agent and is extracted from the sample in 
a gaseous form. Ideally, only the inert pro-
portion and the corresponding inorganic 
carbon remain, which can be determined 
by drying and subsequent weighing. Via an 
additional determination of the total carbon 
content in the untreated sample and in the 
non-biogenic part it is then possible to cal-

culate the biomass content. Fig. II-3 shows 
selective dissolution of a biogenic materi-
al using a sugar cube as an example. Ex-
traction of the water changes the colour of 
the sugar cube to black because of the re-
maining carbon. When the oxidising agent, 
hydrogen peroxide, is added, this causes a 
lot of gas formation due to the expulsion 
of the carbon. 

One advantage of selective dissolution is 
that qualified laboratories can carry out this 
method without the need for complicated 
equipment. A disadvantage is that many in-
dividual analyses are needed, all of which 
must be included in the corresponding cal-
culations. Precise determination of the to-
tal carbon content remains a critical aspect. 
With the commonly used analysers only a 
few milligrams of sample can be weighed. 
Because of inhomogeneities even this step 
can cause considerable errors. However, if 
the laboratory staff works carefully and if 
the analyses are repeated sufficiently of-
ten, it is possible to compensate for these 
errors. Thus, for many alternative fuels 
used in the cement industry selective dis-
solution can be used as a relatively inex-
pensive method for determining the bio-
genic proportion.

However, there are also materials that are 
not suitable for selective dissolution due to 
their substance properties. These include, 
for example, all fuel mixtures that are al-
ready impinged with fossil carbon (e.g. lig-
nite dust). In these cases selective dissolu-
tion delivers values that are too high for 
the biogenic proportion. Technical speci-
fication CEN/TS 15440 contains the cor-
responding exclusion criteria.

These materials can be analysed with the 
14C method. Currently, a draft technical 
specification (prCEN/TS 15747) also ex-
ists for the use of this method. This pro-
cess, which has been known for many years 
in archaeometry, makes use of the fact that 

a small part of the carbon that occurs natu-
rally in the atmosphere consists of the radi-
oactive isotope with the atomic weight 14. 
This carbon isotope has a half-life of ap-
proximately 5 500 years. Accordingly, fos-
sil fuels that are several hundred thousand 
years old have no 14C isotopes. In con-
trast, their content in biogenic fuels vir-
tually corresponds to the concentration in 
the natural atmosphere. On this basis and 
with the help of known analysis methods 
(liquid scintillation counter, beta counter 
tube or high-resolution mass spectrom- 
eter) it is possible to determine the biogen-
ic carbon content in a sample. One advan-
tage of this method is that it can be used 
for all samples. The disadvantage is the 
comparatively high costs resulting from 
the complicated measuring technology. 

Analysis based on the 14C method also al-
lows investigations to be carried out di-
rectly on flue gas samples. The Research 
Institute of the Cement Industry has been 
working together with ECRA in this field 
for many years continuously developing 
the corresponding process. In two large-
scale field trials it has been shown that 
the method can be used for rotary kilns 
in the cement industry. Current develop-
ment work is focusing on identifying suit-
able sampling equipment and a suitable 
medium that is able to store an adequate 
amount of CO2.

European climate policy 
On 17 December 2008, the European Par-
liament passed a package of measures de-
fining European climate policy for the pe-
riod after 2012. Apart from the modified 
emissions trading directive, the climate 
package also contains three more direc-
tives on effort sharing, geological storage 
of carbon dioxide and promotion of re-
newable energies. The parliamentary reso- 
lutions will have considerable effects on 
energy consumption and CO2 emissions 
in the EU member states and especially 

Fig. II-3: Use of selective dissolution on a sugar cube.  
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for energy-intensive industries. The main 
instrument for industry remains CO2 emis-
sions trading, but the other directives will 
also have direct or indirect consequences 
for industry. 

Emissions trading
After intensive negotiations between the 
European Council and Parliament, in ad-
dition to ecological aspects the changes to 
the Emissions Trading Directive (EU ETS 
Directive) accepted by the EU Parliament 

now also take economic needs more great-
ly into account. Accordingly, sectors at se-
rious risk of relocating production now in-
clude those in which the additional CO2 
costs of full auctions and certificate prices 
of 30 E/t CO2 exceed 30 % of gross value 
added. For the cement industry this value 
is well exceeded at more than 60 %. The 
sectors at risk are excluded from full auc-
tions and are to continue receiving a free 
allocation on the basis of product-specif-
ic benchmarks. 

Before the negotiations in Brussels, the 
effects that the originally planned auction 
system would have had on the cement in-
dustry were impressively underlined by a 
study completed by McKinsey last autumn  
which was commissioned by VDZ and 
BDZ. Boston Consulting Group (BCG) 
carried out a similar study at an European  
level for CEMBUREAU. Both came to the 
conclusion that the added costs of auction-
ing emissions certificates would pose a ma-
jor threat to the cement industry as a result 
of relocating production facilities. In the 
case of full auctioning, it could be expect-
ed that in 2020 more than 80 % of clink-
er production would be relocated outside  
Europe (Fig. II-4). As a result of the enor-
mous transport distances this would in-
crease global CO2 emissions by 7 to 38 
million metric tonnes each year. 

Production-specific benchmarks now have 
to be developed for free allocation to the 
threatened sectors. At the start of 2009, the 
EU Commission and the EU member states 
established the corresponding working 
groups. In the Emissions Trading System 
Directive the starting point for determining 
benchmarks is defined as the average spe-
cific emissions of the 10 % most efficient 
plants in the sector. In addition, in the EU 
ETS Directive free allocation is restricted 
on a pro rata basis. Because of this, the af-
fected sectors have the same reduction obli-
gation for 2020 of -21 % compared to 2005 
(Fig. II-5). Therefore, in the allocation it 
is likely that in addition to the production 
volume and the respective benchmark, a 
pro rata reduction will be applied to com-
ply with the overall reduction target. 

The EU ETS Directive also envisages ar-
rangements for financial compensation for 
the indirect cost burdens in sectors at risk 
by imposing higher electricity prices. The 
precise structure of this instrument is under 
the responsibility of the individual member 
states and is the subject of consultation be-
tween the German federal government and 
the EU Commission with the involvement 
of the industry associations. 

Fig. II-4: Risks 
for clinker 
production in 
Europe as a 
result of added 
costs of emis-
sions trading 
(Source: BCG 
Study, Assess-
ment of the 
impact of the 
2013-2020 ETS 
proposal on the 
European ce-
ment industry)
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Fig. II-5: Targets for the EU emissions trading sector and additional pro-rata reduction defi-
ned by the maximum free allocation share 
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Other directives in the climate 
package 
In the “Effort Sharing” Directive reduc-
tion targets are set for social areas in the 
EU member states that are not subject to 
CO2 emissions trading. Essentially, these 
include traffic, households and parts of 
trade and industry. The EU has set itself 
the target of reducing its greenhouse gas 
emissions by at least 20 % between 1990 
and 2020. If a new Kyoto agreement is 
made, which includes similar reduction 
obligations for the most important indus-
trial and developing countries, the EU 
would raise this target to 30 %. This re-
duction target was distributed among the 
EU member states in the December 2008 
resolutions. Germany has an obligation 
to reduce emissions by a further 14 % be-
tween 2005 and 2020. The reduction tar-
gets for Germany are of a similar magni-
tude to those for other larger EU member 
states, such as France (14 %), Italy (13 %) 
and the UK (16 %).

A cap is defined for each member state, 
which declines in a linear manner from 
2013 to 2020. To allow some flexibili-
ty, banking and borrowing emission cer-
tificates (borrowing emission certificates 
before they are due and banking them for 
future use) is allowed to a certain degree. 
Apart from this, countries that are better 
than their cap can transfer emission cer-
tificates to other member states. 

The EU has also set itself the target of in-
creasing the share of energy consump-
tion from renewable energies throughout  
Europe to 20 % by 2020. This obligation is 
also distributed among the member states 
with the directive to promote renewable 
energies. In 2005, in Germany the share 
of renewables in energy consumption was 
5.8 % – this has to increase to 18 % by 
2020. The comparative figures for other 
member countries are: France (23 %), It-
aly (17 %), UK (15 %). Countries that al-
ready use a high proportion of renewable 
energies in energy conversion have corre-
spondingly higher targets. In addition to 
this, the share of renewable energies in traf-
fic is to be increased to 10 % in all mem-
ber states by 2020. 

In future, bio-fuels may be counted only 
when they fulfil defined sustainability cri-
teria. It can be expected that demand for 
biomass and waste with biogenic fractions 
will increase considerably in other sectors, 
especially electricity generation. 

With the directive on geological storage 
of CO2 the EU Commission defined har-

monised requirements for the selection, 
approval, operation, monitoring and de-
commissioning of CO2 storage facilities. 
In large industrial plants carbon capture 
and storage (CCS) is regarded as a very 
important technology that will drastical-
ly reduce anthropogenic CO2 emissions in 
the atmosphere over a period of 30 to 50 
years. The directive also defines responsi-
bilities and competencies for CO2 storage 
facilities. It also regulates free and fair ac-
cess to transport networks and storage fa-
cilities for all interested parties. The direc-
tive defines guidelines on precautions for 
liability cases. 

The member states decide where the CO2 
storage facilities will be located. As cap-
tured CO2 is not deemed to be waste, it is 
not subject to waste laws and can be trans-
ported across national borders without any 
problem. While storage in water columns 
– in other words, in deep marine environ-
ments – is not allowed, storage in former 
gas and oil caverns below the North Sea 
is considered to be the most promising op-
tion. These storage facilities offer a com-
bination of CO2 storage and the technol-
ogy of increased gas and oil production 
in which the CO2 is used to press resid-
ual gas and oil out of the storage facil- 
ity that would otherwise be virtually im-
possible. 

CO2 storage facilities must be monitored 
with technical measuring equipment be-
fore they are commissioned, during opera-
tion and for at least 30 years after they are 
decommissioned so that any leaks can be 
detected. The operator is responsible for 
the storage facility. When the storage fa-
cility is decommissioned, the operator re-
mains responsible for at least 20 years be-
fore this responsibility passes over to the 
government. 

When the directive comes into force, no 
more fossil fuel-fired power plants may 
be approved unless they include plans for 
CO2 capture systems. Similar specifica-
tions for industrial plants are not planned 
at present.

CO2 Capture and Storage
The topic of climate protection has be-
come increasingly important over the 
last years and is now being discussed by 
a wider public. These days, politicians 
agree that a portfolio of measures is nec-
essary to limit the temperature rise in the 
atmosphere to a maximum of 2 °C in the 
coming years. One of these measures is 
to capture CO2 at power stations and oth-
er large firing systems and then to store 

this in underground storage facilities. 
This is referred to as carbon capture and 
storage, often abbreviated in literature to 
CCS. With our current level of knowl-
edge the technologies are extremely ex-
pensive and require a lot of energy. Also  
needed is a network of CO2 pipelines to 
transport the CO2 to the storage facilities. 
In addition, the long-term safety of stor-
age is extremely important. For these rea-
sons the use of CCS technologies still re-
mains controversial.

The Research Institute of the Cement In-
dustry is investigating the potential use of 
CCS in the clinker burning process in an 
ECRA project. This research project is split 
into several phases. In phase I, a literature 
study was carried out which investigated 
all the possible capture measures. It was 
shown that in particular the oxyfuel process 
and chemical absorption processes (amine 
scrubbing) could potentially be suitable for 
use in cement kiln systems. In phase II of 
the project, detailed analyses of rotary kiln 
systems in the cement industry were car-
ried out for this reduction method.

The use of the oxyfuel method, in oth-
er words combustion with pure oxygen, 
would require extensive process engineer-
ing changes in the clinker burning process. 
On the other hand, downstream chemical 
absorption processes could probably be in-
stalled with no major effects on the proc-
ess engineering of the cement kiln systems, 
as this emission reduction measure would 
be installed at the tail end of the waste gas 
system and would thus have little effect 
on the burning process. However, there is 
a particular need for investigation into sol-
vent degradation and the provision of ener-
gy for regenerating the exhausted absorp-
tion agent. The cost issue naturally also has 
to be assessed.

Oxyfuel technology
One of the methods being discussed for 
capturing CO2 from flue gases is the oxyfuel 
technology with flue gas recirculation. 
In oxyfuel technology, combustion is not 
carried out with air but with oxygen. This 
considerably increases the CO2 concentra-
tion in the flue gas because the flue gas 
volumetric flow is not diluted by atmos-
pheric nitrogen. However, since combus-
tion with pure oxygen would result in ex-
cessively high combustion temperatures 
in the sintering zone, some of the flue gas 
has to be recirculated to the combustion 
process to adjust the combustion tempera- 
ture (Fig. II-6). With this method CO2 is 
enriched in the flue gas and can then be 
liquefied directly or captured with another 
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technology before being transported to the 
storage facility. This technology thus has 
a considerable effect on the burning pro- 
cess and requires some changes in the plant 
engineering. 

For instance, additional units have to be 
installed on the works site, such as an air 
separation plant and a CO2 cleaning and 
compression facility. The provision of oxy- 
gen from an air separation unit (ASU) is 
also an extremely energy-intensive proc-
ess step. Apart from that, the oxygen con-
tent in the combustion gas – the optimum 
is probably above 21 % by volume – rep-
resents another degree of freedom. The 
energy consumption of the ASU depends 
 directly on the purity of the oxygen, which 
co-determines the composition of the flue 
gas and, consequently, the expenditure for 
cleaning before the CO2 is transported to 
the storage facility. Another major impact-
ing factor on the CO2 concentration of the 

flue gas is the proportion of false air. How-
ever, sealing the clinker burning process 
more than is currently the practice would 
be difficult because of the transitions be-
tween static and moving parts, such as the 
kiln hood or the kiln inlet. 

Moderate oxygen enrichment in the com-
bustion air has been used for many years 
in the power plant, steel, glass and cement 
industries. For example, in some cement 
works, especially in the USA, experience 
has been acquired with oxygen enrichment 
to improve production output and energy 
efficiency. While the power plant industry 
is already operating pilot plants to capture 
CO2 emissions using oxyfuel technology, 
there is no knowledge of the technology be-
ing used in the cement industry to date.

Oxyfuel technology has a considerable ef-
fect on the clinker burning process because 
of the changes in the gas phase composi-

tion (CO2/N2/O2). This includes effects in 
terms of plant operation and also effects on 
the chemical-mineralogical kiln feed reac-
tions. This means that the burning process 
would have to be modified extensively. 
Therefore, within the scope of a research 
project laboratory investigations and simu- 
lation calculations with a process engineer-
ing model developed at the Research Insti-
tute are being conducted. 

In the laboratory investigations it was seen 
that the CO2 partial pressure induces var-
ying shifts in equilibrium in the calcin-
ing reaction depending on the tested ma-
terials. This, in turn, increases fuel ener-
gy consumption (Fig. II-7). In addition to 
this, in various analyses of the kiln meals 
it was also determined that the varying 
temperature shifts in the respective cal-
cining processes are essentially influenced 
by the closure-level of the silicon and cal- 
cium oxide components, which has a strong 
effect on the exothermal diffusion-con-
trolled consecutive reaction to the clink-
er phases. 

For the simulation calculations a refer-
ence condition was first defined in or-
der to assess changes in system opera-
tion. This is a kiln system with a capac-
ity of 3 000 t/d and a five-stage preheat-
er, calciner and tertiary air duct. Based 
on this condition the nitrogen was re-
moved from the primary air. This alone 
caused a marked increase in the tempera- 
ture profiles in the kiln. In the simu- 
lated modification of the kiln atmosphere 
from air to oxyfuel operation it was seen 
that the temperature profiles of the sys-
tem fall as the CO2 concentration increas-
es because of the higher specific heat ca-
pacity of CO2 compared to N2 (Fig. II-8). 
This results in an overall shift in the tem-
perature profile. Formation of the clinker 
phase shifts throughout the length of the 
kiln because of changes in the heat trans-
fer behaviour; however, there are only a 
few deviations in the final product, the 
clinker (Fig. II-9).

Based on the results obtained so far, the 
project envisages more simulation studies 
with the model and laboratory investiga-
tion into the behaviour of clinker burning 
and cooling in a CO2 atmosphere.

Post-combustion Capture
The term post-combustion CO2 capture 
covers various technologies used to capture 
carbon dioxide from the flue gas after com-
bustion. This is done by absorption, adsorp-
tion or CO2-selective membranes. 

Fig. II-6: Ap-
plication of oxy-
fuel technology 
in the cement 
clinker burning 
process
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Absorption capture of CO2 from the flue 
gas is done in a gas scrubber. The flue gas 
is fed through a counter-flow column where 
the scrubbing fluid selectively captures the 
carbon dioxide from the flue gas. In this 
way up to 99 % of the carbon dioxide can 
be captured from the flue gas. As the rate 
of capture increases this also increases en-
ergy consumption, which would suggest 
that capture of between 85 % and 95 % 
is the most practical range worth consid-
ering at present.

If CO2 capture is to become relevant for 
the cement industry, absorption gas scrub-
bing would be the most promising meth-
od in the medium term. First of all it is 
already state of the art in other indus- 
trial processes and secondly it is especial-
ly suitable for medium and low CO2 partial 
pressures, as found in flue gases under nor-
mal pressure. Furthermore, existing rotary 
kilns could be retrofitted with this end-of-
pipe measure with no effects on the clink-
er burning process. 

Adsorption methods would be unsuitable 
for kiln systems, as they can only be used 
effectively with much higher CO2 partial 
pressure. Membrane processes could work 
more energy efficiently. However, they are 
still at a basic research stage and will not 
be available for large-scale technical use 
in the foreseeable future.

CO2 capture by absorption
Absorption gas scrubbing is an established 
method for capturing CO2; to date it has 
been used, among other things, to treat 
natural gas. Amines or carbonates that re-
act reversibly with CO2 are used as ab-
sorbing agents. The process consists of 
an absorption and a desorption column. 
In the latter, the CO2 is separated from 
the absorbing agent. This takes place by 
the amine solution being heated in a boil-
ing vessel. Because of the higher tempera- 
ture, the solubility of CO2 in the absorb-
ing agent shifts so that the CO2 is released 
from the liquid. 

Significant for absorption gas scrubbing 
are the very high energy consumption and 
a high purity of the captured CO2 – gener-
ally in excess of 99 %.

Requirements for the clean gas
The composition of the clean gas is im-
portant for efficient CO2 capture. Oxygen 
and acidic gases such as SO2 attack the ab-
sorbing agent and degrade it. Consequent-
ly, narrow concentration values have to 
be maintained so that losses of absorbing 
agents remain within a reasonable level. 

Annual averages for German cement works 
show that the NOx concentrations comply 
with the requirements; as regards the con-
centration of sulphur dioxide, this is the 
case in about half the plants. Dust con-
centrations in the flue gas largely meet the 
requirements. However, further research 
must be carried out especially in this area. 
This also applies to the concentration of 
CO, trace gases and heavy metals.

The proportion of false air and the result-
ing oxygen concentration is another prob-
lem. The influence of oxygen on the ab-
sorbing agent can be effectively prevented 
using inhibitory substances. However, the 
false air also increases the volume of flue 
gas that has to pass through the scrubber. 
Consequently, compressors and columns 
have to be dimensioned larger.

Energy consumption
Consumption of thermal and electrical en-
ergy is the biggest challenge for retrofitting 

a CO2 capture system that is economical-
ly feasible. According to current estimates, 
specific energy consumption per metric 
tonne of clinker would more than double 
in a system with carbon capture. With the 
current technology, about 2 500 MJ thermal 
energy per metric tonne of clinker would 
be needed alone for the boiling vessel to 
capture the released CO2 in an efficient ro-
tary kiln system.

As the rotary kiln process is already very 
efficient, it would only be possible to use 
small amounts of energy from the existing 
system. Even with systems with high fuel  
energy consumption, only about 10 - 20 % 
of the boiling vessel heat could be covered 
by using waste heat. Fig. II-10 shows the 
most important material and energy flows 
in CO2 capture; this example assumes that 
energy is supplied from a power plant. 
Pumps and compressors are supplied with 
electrical energy (Wel) from the power 
plant, the boiling vessel is heated by hot 

Fig. II-8: Tem-
perature pro-
files of the kiln 
gas in relation 
to the propor-
tion of CO2 in 
the combustion 
atmosphere

1000

1200

1400

1600

1800

2000

2200

2400

Length of kiln

Ga
s t

em
pe

ra
tu

re
 in

 °C
0 % by vol. CO2, 21 by vol. O2 79 by vol. CO2, 21 by vol. O2

Reference manual flue gas recirculation

Fig. II-9: Effect 
of the burning 
conditions on 
alite formation 
and the free 
lime content un-
der increasing 
CO2 concentra-
tions

64.4

64.6

64.8

65

65.2

65.4

0 10 20 30 40 50 60 70 80
CO2 concentration in kiln atmosphere

C 3S
 p

ro
po

rti
on

 in
 m

as
s %

0

0.2

0.4

0.6

0.8

1

Ca
O 

pr
op

or
tio

n 
in

 m
as

s %

C3S
CaO



VDZ Activity Report 2007 – 2009

40

steam (Wth) from the power plant and from 
the rotary kiln system.

Outlook
With the current technological status, retro- 
fitting an absorption CO2 capture system 
would require too much energy for it to be 
used in flue gas scrubbing in an economi-
cally feasible fashion. However, continu-

ing developments, especially in the area of 
absorbing agent regeneration and increas-
ing prices for CO2 emission rights within 
the scope of European emissions trading 
could change this situation in the medium 
term. Should CO2 capture become neces-
sary and economically viable, post-com-
bustion technology is very probably the 
first available solution. 

Environmental data 

Each year since 1998 VDZ has published 
the “Environmental Data of the German 
Cement Industry” which is based on a 
survey conducted among almost all Ger-
man cement manufacturers. The current is-
sue can be downloaded as a pdf file from 
the literature/environment and resources/
environmental data section at www.vdz-
online.de. Printed copies can also be ob-
tained from the Research Institute publi-
cations office. 

The brochure documents the use of raw 
materials and fuels in clinker and cement 
manufacture. The quantities of alternative 
fuels used are shown in detail. According-
ly, the proportion of total fuel energy con-
sumption that alternative fuels accounted 
for was more than 54 % in 2008. The con-
tent focuses on emissions from the kiln flue 
gases of cement plants that can be regard-
ed as being representative for the German 
cement industry.

In addition to dust, the flue gas components 
NOx (Fig. II-11) and SO2, as well as all rel-
evant trace elements and organic constitu-
ents of the flue gas are considered. Their 
concentrations in the clean gas and the as-
sociated substance loads, in other words 
the quantities emitted in kg/year, are illus-
trated in graphs for all clinker kilns oper-
ated in Germany. If a component could be 
determined by measurement, it is possible 
to provide clear data about the concentra-
tion and the annual load; the accuracies of 
these can be described by the measuring 
uncertainty. However, this is not possible 
for measured values or measurements be-
low the detection limit. In these cases no 
emission concentrations are shown in the 
figures; only a theoretical upper limit can 
be given for the emission. This is calculat-
ed under the assumption that the concen-
tration of the substance in the clean gas 
reached the detection limit. 

At present, these estimates with upper lim-
its are often unavoidable in the determina-
tion of trace element emissions from rota-
ry kiln systems in the cement industry. Be-
cause of the way they behave in the clinker 
burning process and the high retention ca-
pacity of the dedusting systems, the con-
centrations of trace elements are often be-
low the detection limit of the measuring 
method. Fig. II-12 presents emission con-
centrations in mg/m³ of the trace element 
chromium as an example. For example, in 
2007, 108 values for chromium concentra-
tions in clean gas were determined through 
measurements in 42 kiln systems. How- 

Fig. II-11: Development of NOx emissions from 1998 to 2007 with information about fuel 
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ever, only the three values shown (points) 
are greater than or equal to the detection 
limit, which is between 0.01 and 0.015 
mg/m³ depending on the measurement and 
analysis method (cross bar). 

Consequently, in Fig. II-13 it is only pos-
sible to show the chromium load via the 
concentration values and the clean gas vol-
umetric flow (m³/year) clearly for one plant 
(triangle). For 41 plants the emissions have 
to be estimated via an assumed concentra-
tion value of 0.01 mg/m³ (horizontal line). 
It is only in the most unfavourable case that 
the actual emitted loads correspond to the 
illustrated upper limit, which has to be es-
pecially considered in an environmental 
policy assessment of the data. 

Reducing gas and dust 
emissions 

Status of NOx reduction 
Reducing NOx emissions is a subject that 
has concerned the cement industry for more 
than 20 years. As emission limits have been 
lowered steadily over the years, higher de-
mands have been placed on processes to re-
duce NOx emissions.

To comply with the current emission lim-
it values in most cases SNCR (selective 
non-catalytic reduction) is the most suit-
able method. In the German cement in-
dustry 35 of these systems are currently 
installed, in Europe more than 100 SNCR 
units are also now often installed as a sec-
ondary reduction measure in pre-calciner 
systems. Because of the favourable bound-
ary conditions for effective NO decompo-
sition, namely a relatively low initial NOx 
level and a long retention time in a suitable 
temperature window, kiln systems with a 
calciner can achieve a low NOx level with 
low NH3 slip.

Based on the National Emission Ceilings 
Directive (NEC Directive) for various air 
pollutants there is increasing pressure on 
companies to initiate measures to reduce 
NH3 emissions. Although the cement in-
dustry makes only a very small contribu-
tion to NH3 emissions, this subject is in-
creasingly being raised by the approval 
authorities, many of whom are now de-
manding monitoring of NH3 emissions in 
addition to ensuring a low NOx limit value. 
In the latest revision of the BREF document 
an upper limit of 50 mg/m³ is proposed for 
additional NH3 slip when an SNCR system 
is used. As regards NH3 emissions, it must 
be remembered that total emissions con-
sists of a basic raw material-derived level 

and the NH3 slip (caused by injecting am-
monia to reduce NOx). Consequently, limits 
should relate only to the NH3 slip.

Development of the SCR process
While the SNCR method can be regarded 
as state of the art for NOx reduction in the 
clinker burning process, this applies only 
with restrictions to the SCR method (se-
lective catalytic reduction). To further de-
velop the SCR process in the European ce-
ment industry SCR trials are planned or al-
ready being carried out in pilot and demon-
stration plants. With these developments 
it should be possible to comply with low 
NOx limits with only little NH3 slip and in 
some cases also to reduce raw material-re-
lated NH3 emissions.

In Italy, two SCR systems have already 
been installed in cement works and a third 
is in the planning stage. In Austria, various 
pilot investigations have already been start-
ed. If these are successful, they will be fol-
lowed by the construction of demonstration 
plants. As a result of the contact between 
the German and Austrian cement industry 
associations, VDZ and VÖZ, it is ensured 
that the experiences from the Austrian SCR 
projects can also be used by the German 
cement industry.

Two SCR demonstration projects are also 
planned for Germany. The first system in 
the raw gas arrangement is scheduled to 
commence operation in early 2010. The 
second system in the clean gas arrange-

Fig. II-12: Measured values (2007) of the chromium concentration in the clean gas of  
42 rotary kiln systems
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ment (tail end with waste heat utilisation) 
is planned for 2011.

VDZ is supporting both works in both the 
planning and start-up phases and also in 
an extensive measuring programme over 
several years, during which the many un-
answered questions can be investigated. 
Among other things, in one works a com-
bination of SCR and SNCR technologies 
is to be tested. This may allow costs to be 
reduced as a result of a leaner catalyst de-
sign. Also planned are investigations in-
to the catalytic oxidation of organic pollu-
tants and into the behaviour of mercury on 
the SCR catalysts.

Continuous measurement of 
mercury emissions – regular 
internal maintenance by the 
operator
Mercury emissions from rotary kiln sys-
tems in the cement industry where waste 
is utilised energetically must be measured 
continuously due to statutory guidelines in 
Germany. There are some commercially 
available measuring devices on the market 
that are approved by the respective authori- 
ties. However, in spite of these suitabil-
ity tests there have been difficulties right 
from the outset as regards stable operation 
of the analysers in practice. At present in 
the German cement industry 34 continu-

ously operating mercury emission analys-
ers are installed in the stacks. Although in 
the past the industry, in collaboration with 
the Research Institute of the Cement In-
dustry, has put a lot of time and effort into 
research and development to ensure long-
term reliable functioning of the analysers, 
problems continue to occur in practice. 
These problems relate to the basic calibra-
tion capability of the devices under differ-
ent process conditions. It is also still prac-
tically impossible for the operators to con-
duct the regular internal quality controls 
demanded in the European standard (DIN 
EN 14181) themselves. 

The German Federal Environment Agency 
continues to attribute the continuing prob-
lems to inadequate maintenance of the de-
vices. Because of this, the Federal Environ-
ment Agency has asked all the manufactur-
ers of the devices to revise the maintenance 
manuals specifically for the individual de-
vices. Table II-4 shows the maintenance 
plans from the manuals for the mercury 
analysers currently installed in German 
cement works. 

On the basis of the standard DIN EN 14884 
(specific implementation of the general 
standard DIN EN 14181 for mercury ana-
lysers) device operators must carry out reg-
ular internal quality assurance measures 

(QAL 3). In the course of this, the opera-
tor must regularly record the zero and ref-
erence points and any drift. Since no sta-
ble test gases and/or reference standards are 
commercially available, as a general rule 
the respective measurements to prove inter-
nal quality assurance have to be carried out 
by a qualified measuring institute or even 
by the device manufacturer. In any case, 
operators of continuously operating mercu-
ry emission measuring devices are advised 
to obtain the revised maintenance manuals 
from the manufacturers and to initiate the 
required measures for the respective de-
vice type. Because of the continuing prob-
lems in practical operation of the mercury 
emission analysers in some cases – in par-
ticular regarding long-term stability – the 
continuous measurement of mercury emis-
sions is also not yet described as best avail- 
able techniques in the latest revised BAT ref- 
erence paper. Rather, agreement has been 
reached to continue monitoring how devel-
opment progresses in Germany and Austria 
and then in the next revision of the BAT ref-
erence document to decide whether contin-
uous measurement of mercury emissions 
can actually be regarded as best available 
techniques for the cement industry. How-
ever, this definition will change nothing in 
terms of the statutory regulations in Germa-
ny and, consequently, the cement industry’s 
obligation to continue debating this issue. 
 

Table II-4: Maintenance specifications for mercury analysers currently installed in German cement works

Measuring 
facility

Manufacturer Version Weekly Monthly Half-yearly Yearly

MERCEM SICK MAIHAK GmbH, 
Meersburg

Oct. 2008 Visual checks of 
measured values, 
system cabinet,  
liquid output,  
rinsing bottle

Checks of pres-
sures, flow, reactor

every 3 months: 
replace SnCl2  

solution, top up
Hg test gas

Replace reagents 
and consumables

Replace 
consumables, 
service rec-
ommended

HM 1400 TR (VEREWA) Durag GmbH, 
Hamburg

N/A Check zero point, 
measuring gas flow, 

system pressure

N/A Replace reactor 
material, Tygon 

hose

Replace  
consumables, 
top up Hg test 

gas

SM-3 Mercury Instruments GmbH, 
Karlsfeld

Oct. 2008 Check hose,  
measuring gas 

flow;
drain condensate

Check cooler,  
settings of hose 

pump every 
3 months, top up 

Hg test gas

Check hot filter, 
replace hoses, top 

up Hg test gas

Replace  
consumables, 
top up Hg test 

gas
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Table III-1: Chemical composition of Portland cements in different strength classes according to EN 197-1 

CEM  I

Strength 
class

32,5 R 42,5 N 42,5 R 52,5 N 52,5 R

min mean max min mean max min mean max min mean max min mean max

SiO2 18.92 20.61 22.65 18.67 21.14 23.39 18.67 20.73 23.29 19.25 20.64 22.50 19.38 20.78 22.96

Al2O3 3.52 5.21 6.10 3.47 4.52 5.83 3.17 4.82 5.97 3.03 4.68 5.57 3.05 4.75 5.78

TiO2 0.18 0.27 0.34 0.17 0.22 0.29 0.18 0.24 0.32 0.17 0.24 0.30 0.14 0.24 0.30

Fe2O3 1.12 2.66 4.50 1.10 2.71 6.67 1.17 2.87 6.49 0.03 2.63 5.29 0.06 2.25 5.30

Mn2O3 0.04 0.10 0.67 0.03 0.11 0.59 0.03 0.09 0.68 0.02 0.07 0.20 0.01 0.05 0.11

P2O5 0.01 0.23 0.53 0.04 0.17 0.46 0.02 0.22 0.54 0.04 0.22 0.33 0.01 0.22 0.55

CaO 61.31 62.69 66.53 61.47 64.12 66.62 60.52 63.33 66.38 61.40 63.99 66.76 61.51 64.14 66.64

MgO 0.82 1.90 3.33 0.68 1.22 2.41 0.67 1.60 3.49 0.61 1.48 3.55 0.63 1.40 2.82

SO3 2.41 2.97 3.57 2.38 2.85 3.21 2.16 3.14 3.84 2.25 3.12 4.03 2.19 3.51 4.05

K2O 0.61 1.00 1.44 0.37 0.71 1.00 0.38 0.89 1.53 0.34 0.72 1.35 0.33 0.82 1.39

Na2O 0.13 0.21 0.32 0.10 0.18 0.26 0.08 0.20 0.28 0.07 0.20 0.28 0.10 0.21 0.28

Na2Oeq 0.61 0.86 1.12 0.43 0.64 0.81 0.44 0.80 1.20 0.45 0.68 1.11 0.45 0.77 1.31

LOI 1.06 2.15 3.48 0.52 2.05 2.81 0.50 1.86 3.04 0.30 2.01 3.28 0.58 1.61 3.55

Table III-2: Chemical composition of Portland-composite cements according to EN 197-1

CEM II

Cement 
type

CEM II/A-S CEM II/B-S CEM II/A-LL CEM II/B-P CEM II/B-M (S-LL)

min mean max min mean max min mean max min mean max min mean max

SiO2 20.51 22.26 24.61 22.72 24.48 26.17 17.14 18.64 20.98 28.20 29.78 33.10 19.21 20.71 23.52

Al2O3 4.51 5.77 6.84 5.55 6.63 7.47 2.97 4.52 5.45 7.22 8.18 8.65 4.33 5.42 6.20

TiO2 0.25 0.47 4.03 0.31 0.43 0.65 0.13 0.22 0.29 0.39 0.42 0.46 0.18 0.30 0.45

Fe2O3 0.94 2.22 3.84 0.80 1.85 3.48 0.05 2.28 4.15 2.99 3.34 3.87 0.08 1.94 2.90

Mn2O3 0.05 0.13 0.65 0.06 0.15 0.63 0.01 0.08 0.65 0.07 0.12 0.23 0.04 0.10 0.32

P2O5 0.02 0.21 0.50 0.03 0.15 0.31 0.08 0.20 0.47 0.07 0.21 0.41 0.01 0.13 0.48

CaO 56.82 60.22 63.11 54.87 57.03 59.57 59.24 62.03 64.62 43.75 47.17 51.85 56.08 59.00 61.67

MgO 1.31 2.41 4.41 2.01 3.27 4.73 0.67 1.53 2.85 1.07 1.67 2.24 1.46 2.46 3.94

SO3 2.17 3.06 3.81 1.75 2.77 3.53 1.98 2.93 3.61 1.91 2.60 3.32 2.17 2.85 3.50

K2O 0.46 0.88 1.26 0.43 0.78 1.17 0.37 0.76 1.50 1.00 1.65 2.16 0.38 0.89 1.40

Na2O 0.11 0.23 0.34 0.14 0.28 0.45 0.10 0.18 0.30 0.53 0.83 0.94 0.17 0.23 0.35

Na2Oeq 0.58 0.83 1.11 0.60 0.79 1.22 0.35 0.69 1.11 1.24 1.92 2.29 0.51 0.86 1.73

S2- 0.06 0.19 0.38 0.15 0.33 0.57 – 0.05 0.09  –  –  – 0.12 0.19 0.36

LOI 0.73 2.03 3.36 0.63 2.02 3.61 4.32 6.60 8.56 3.52 4.06 4.80 3.09 5.82 9.13

Chemico-mineralogical 
composition 

The chemical composition of the cements 
manufactured by the VDZ’s member works 
is regularly analysed by X-ray fluorescence 
analysis. Table III-1 summarises the mean, 
maximum and minimum values of the Port-
land cements in the different strength classes 
according to EN 197. A presentation of 
CEM I 32,5 of ordinary early strength  
(N cements) can be dispensed with, as this 
cement type is now only produced with the 
special “LH/ SR” property (low heat of hy-

dration, high sulphate resistance) at a small 
number of sites.

Market shares have continued to shift in fa-
vour of Portland-composite cements, espe-
cially in strength class 32,5. So-called M 
cements (with several main constituents) 
are now being produced in particulary in-
creased volumes. In addition to CEM II/ 
B-M (S-LL) cements, which contain both 
blastfurnace slag and limestone as main 
cement constituents, there is also an in-
crease in the production of M cements con-
taining fly ash and limestone (V-LL). The 
chemical compositions of the most impor-

tant Portland-composite cements are list-
ed in Table III-2. At individual production 
sites, oil shale, fly ash or silica fume are al-
so used as main constituents for Portland-
composite cements.

Table III-3 summarises the chemi-
cal composition of the blastfurnace ce-
ments (CEM III/A and CEM III/B) cur-
rently produced. The cement types  
CEM III/C, CEM IV and CEM V, which 
are produced only occasionally, are of 
lesser importance in Germany. It remains 
to be seen whether fields of application 
that go beyond the current scope of ap-
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Table III-3: Chemical composition of blastfurnace cements in different strength classes 
according to EN 197-1 

CEM III

Cement 
type

CEM III/A CEM III/B

min mean max min mean max

SiO2 25.09 27.15 30.04 29.14 30.48 32.44

Al2O3 6.68 7.80 9.70 8.58 9.36 10.21

TiO2 0.35 0.60 1.16 0.45 0.81 1.13

Fe2O3 0.69 1.47 2.86 0.44 0.96 1.66

Mn2O3 0.07 0.21 0.79 0.12 0.21 0.49

P2O5 0.01 0.13 0.35 0.01 0.07 0.21

CaO 47.55 52.48 56.81 42.62 47.45 49.65

MgO 3.04 4.45 7.20 4.33 5.76 9.05

SO3 1.29 2.67 3.72 0.94 2.23 3.68

K2O 0.46 0.77 1.10 0.51 0.70 1.25

Na2O 0.18 0.29 0.54 0.21 0.30 0.38

Na2Oeq 0.52 0.80 1.13 0.55 0.77 1.11

S2- 0.29 0.57 0.97 0.53 0.83 1.06

LOI 0.50 1.70 3.39 0.42 1.19 3.14

Fig. III-1: REM 
image of the 
polished section 
of a hardened 
blastfurnace ce-
ment paste after 
7 days of hydra-
tion

Fig. III-2: 
Result of the 
EDX point analy-
sis at the posi-
tion in Figure 
III-1 marked 
with an “X”. 
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proval according to DIN 1045-2 can be 
tapped for these cements.

Additives to improve early 
strength of blastfurnace ce-
ments 

Over the last years, the Research Institute 
of the Cement Industry has developed a 
hypothesis to explain the often low early  
strength of blastfurnace cements that dif-
fers entirely from the previous ideas about 
this phenomenon. In the past, this was  
attributed to a moderate participation 
of the granulated blastfurnace slag in the 
hydration process. However, fundamental 
chemical-mechanical work in the Research 
Institute of the Cement Industry has pro-
duced an entirely different picture. 

Granulated blastfurnace slags that con-
tribute to low early strength in building 
materials bonded with blastfurnace ce-
ment tend, in fact, to exhibit a high chem-
ical reactivity. The high reactivity of these 
blastfurnace slags is expressed in their 
strong corrosion in an aqueous medium. 
For strength-promoting hydration of the 
blastfurnace slag in blastfurnace cements 
it is not only the extent of the chemical re-
action with water that is important, but al-
so the properties of the hydration products 
that are formed in terms of the mechanical 
structural stability of the resulting hard-
ened cement paste.

Complex reactions produce 
different compounds
Some of the different blastfurnace slags 
used in cement have completely differ-
ent chemical compositions. During hydra-
tion of blastfurnace cement, water pene-
trates the glass structure of the granulat-
ed blastfurnace slag and allows its chemi-
cal conversion. 

The new compounds that are formed affect 
the further progress of hydration. For ex-
ample, aluminosilicates can form, which 
lie on the blastfurnace slag particles like 
a protective layer and slow down any fur-
ther corrosion. If the blastfurnace slag con-
tains only a little aluminium, after various 
reaction products containing aluminium are 
formed (such as hydrotalcit-like phases) 
there may be too little aluminium left to 
create such a protective film. The result is 
increased corrosion. 

Initially, low-calcium silicate hydrogels 
form. The amount is determined by the 
degree of corrosion and the excess silicon 
that cannot be bound to other constituents 

of the blastfurnace slag, such as alumin- 
ium and calcium. 

Fig. III-1 shows a polished section of a 
blastfurnace cement that has hydrated for 

seven days, which exhibited a very low 
standard mortar compressive strength. In 
actual fact, on the surface of the section, 
phases of very pure silicate hydrogel can 
be seen (Fig. III-2), which carry on in-
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Fig. III-3: REM image of the hardened cement paste fracture of a blastfurnace cement with 
a weak-performance granulated blastfurnace slag after 7 days of hydration.  
A: Non-corroded core of a blastfurnace slag particle with an almost completely   
detached layer of corrosion products 
B: Shell of corrosion products, blastfurnace slag particles completely removed  
C: Part of the layer of corrosion products still adhering to the particle core

Fig. III-4: Standard mortar compressive strength according to EN 196-10 of blastfurnace 
cements (BFC) 1, 2, 3, 4, 5 and 6 after 2, 7 and 28 days of hydration
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Fig. III-5: Percentage change in standard mortar compressive strength according to  
EN 196-1 of blastfurnace cements (BFC) 1, 2, 3, 4, 5 and 6 when metakaolin (MK) is added 
in relation to the standard mortar compressive strengths of blastfurnace cements without the 
addition of metakaolin after 2, 7 and 28 days of hydration
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to the depth of the hardened cement paste 
microstructure. This silicate hydrogel has 
also penetrated into the drying cracks of the 
polished section. It appears to be (at least 
to start with) a very low viscosity hydro-
gel that moves and distributes itself readi-
ly in the microstructure of the hardened ce-
ment paste. However, it is very difficult to 
prepare sections of hardened blastfurnace 
cement paste while maintaining the hydro-
gels that are rich in water for scanning elec-
tron microscopic investigations.

Silicate hydrogels are weak 
structural constituents
According to the latest findings, the silicate 
hydrogels are plastic formable amorphous 
masses. The contact zone between the hy-
drogel and the other products of the earli-
er hydration reactions and the not yet cor-
roded blastfurnace slag particles is a weak 
point in the bonding of the microstructure 
of the hardened cement paste (Fig. III-3).

The subsequent mechanical instability is 
expressed in lower tensile loading strength 
and inevitably leads to a reduction in the 
compressive strength of blastfurnace ce-
ments. During hydration, the silicate hy-
drogels are converted into mechanically 
more stable phases, such as calcium sili-
cate hydrates or simply into gels with less 
water. This increases the structural stabil- 
ity and the compressive strength. The sta-
bility-reducing effect of the high silicate 
hydrogels is thus limited to early strength. 
In contrast, the final strength of build-
ing materials containing blastfurnace ce-
ments often exceeds that of correspond-
ing building materials containing Port-
land cement.

Reactive aluminates double early 
strength
Blastfurnace slag particles with a high 
aluminium content can reduce their cor-
rosion in an aqueous medium by form-
ing protective aluminosilicate layers on 
the surface. The formation of high sili-
cate hydrogels and their strength-reduc-
ing effect is also reduced to the same ex-
tent. Therefore, the Research Institute of 
the Cement Industry examined whether 
in low aluminium blastfurnace slags ear-
ly strength could be improved by adding 
additives rich in aluminium to the respec-
tive blastfurnace cements. This was test-
ed on six blastfurnace cements each with 
65 mass % blastfurnace slag and different  
standard mortar compressive strengths.  
Metakaolin (5 mass %) is the most reactive 
additive containing aluminium. 
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Fig. III-6: Standard mortar compressive strength according to EN 196-1 of blastfurnace ce-
ment 3 with and without the addition of the additives limestone meal (KS), aluminium hy-
droxide (AH), metakaolin (MK), calcium aluminate cement (CA) (figures in brackets refer to 
the dosing of the additive as a % in relation to the mass of the blastfurnace cement/additive 
 mixture)
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Fig. III-4 and Fig. III-5 illustrate the 
standard mortar compressive strength of 
blastfurnace cements with and without 
additive (metakaolin). It can be seen that 
the blastfurnace cements without additive, 
which have a lower early strength, react es-
pecially to the addition of the additive (see 
BFC 2-4). If the granulated blastfurnace slag 
already contains a high level of aluminium, as 
expected, the corresponding blastfurnace 
cement exhibits no efficiently increased 
early strength when aluminate is added 
(see BFC 1).

What is noticeable is the relative strength in-
crease in the standard compressive strength 
of the blastfurnace cement BFC 6 when 
metakaolin is added after seven and 28 
days of hydration respectively (Fig. III-5). 
The reason for this phenomenon could be 
the especially strong corrosion tendency of 
the granulated blastfurnace slag. 

Fast corroding blastfurnace slags do not ex-
ploit their potential performance in blast-
furnace cements in terms of early strength. 
A transformation of the silicate hydrogel 
that is formed into bad-bearing, non-plastic 
phases and thus the development of a high-
er standard mortar compressive strength 
takes a relatively long time without the ad-
dition of an additive. Calcium dissolved in 
the pore space can diffuse into the silicate 
hydrogels and transform them into calci-
um silicate. However, adding metakaolin 
can reduce the degree of blastfurnace slag 
glass corrosion right at the start of hydra-
tion. Because of this, fewer hydrogels form. 
The silicate hydrogels in less plastic, and 
thus more mechanically stable phases can 
become coated quicker. Under these condi-
tions the quantity of strength-reducing hy-
drogels after seven days hydration would 
be lower than in blastfurnace cement con-
taining no metakaolin. With this mechanis-
tic interpretation approach it is possible to 
explain the relatively large improvement in 
standard mortar compressive strength. 

Two other aluminates and an inert additive 
(limestone meal) were tested in blastfur-
nace cement BFC 3. However, in the se-
ries of additive substances that were in-
vestigated an increase in early strength 
was achieved only with the reactive, ther-
mally activated aluminates, such as meta- 
kaolin and calcium aluminate cement 
(Fig. III- 6). 

The hydrogel hypothesis is based on a 
reduction in strength that could also be 
caused by the quantity of hydrogel that 
forms. In this respect, the silicate excess in 
blastfurnace slag is especially important.

However, it appears that the quality or 
structure of the silicate hydrogels that form 
are decisive for the standard mortar com-
pressive strength. It seems that the extent 
of reduction in early strength of blastfur-
nace cements can also be increased de-
pending on the composition and consist-
ency of the gels. 

The chemical composition of granulated 
blastfurnace slags can at least be used as 
orientation in the evaluation of blastfur-
nace slag properties as long as the other 
impacting parameters (such as glass con-
tent and structure, particle size) are also 
considered. 

Using clinker microscopy to 
solve operational issues  

Production control in clinker manufac-
ture is usually carried out with the help of 
chemical analyses and the parameters cal-
culated from these analyses. Since in the 
industrial production process there are de-
viations to the thermodynamic equilib-
riums that are postulated for this, the re-
sults of these calculations often do not 
match the actual composition of the clink-
er. Because of this, X-ray diffractomet-
ric characterisation with Rietveld refine-
ment is carried out to determine the ac-
tual phase composition of clinker. How- 
ever, in many cases even this can also deliv- 
er only limited explanations for the devia-
tions from the “target” condition that are 
observed. For more detailed information a 
microstructure analysis of the clinker nod-

ules with the help of reflected-light micros-
copy is necessary. 

Possible applications
Clinker microscopy is especially useful in 
investigations into the effects caused by 
the use of new raw materials and fuels. 
Potential effects of changes in the process 
engineering (e.g. calciner, burner, clinker 
cooler) or operating parameters (e.g. flame 
management, material throughput) on the 
clinker can also be observed well under 
the microscope. In all cases, comparisons 
of microstructures before and after the re-
spective changes in production conditions 
are particularly indicative. Clinker micros- 
copy can also be very useful for clari- 
fying acute problems in the manufactur-
ing process.

Case studies
A number of case studies from a series of 
clinker investigations conducted through-
out the world are presented below, where 
relatively low alite concentrations were 
found in the clinker despite raw meal com-
positions with high lime saturation factors. 
In some cases the early strength of the ce-
ments was much lower than expected. With 
the help of clinker microscopy it was pos-
sible to determine the causes and develop 
proposals to improve the clinker quality.

Grinding fineness and homogeneity
Inadequate fineness of the raw meal is a 
common cause of reduced clinker quali-
ty. Under normal conditions the chemical 
components of the raw meal can no longer 
be adequately converted and this results in 
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Fig. III-7: Belite crust of a clinker nodule due to accumulated, sili-
con-rich fuel ash 

1 mm

Fig. III-9: Phosphate-rich belite (light grey), interspersed with fine-
grained free lime particles (dark)

0.1 mm

Fig. III-8: Belite clusters (light) and high free lime content (dark) in 
a clinker nodule caused by insufficient sintering

1 mm

Fig. III-10: Alite crystals with belite/free lime exsolutions along 
crystallographically preferred orientations as an indication of  
reducing burning conditions

1 mm

considerable local deviations from the lime 
saturation factor. For example, large quartz 
particles cause the formation of belite  
clusters, since there is no more CaO in the 
direct vicinity to convert them into alite. On 
the other hand, because of the low mobili-
ty of CaO under sintering conditions, free 
lime clusters form from coarse limestone 
particles. Another potential cause for inho-
mogeneities are large ash particles that can 
especially occur with fuels that are diffi-
cult to comminute. Like quartz grains, ash 
grains rich in silica can also cause the for-
mation of belite clusters. If belite clusters 
are concentrated in the core of the clinker 
nodules, the cause can generally be found 
in the raw meal or ash input in the calciner. 
If the ash particles are input via the main 

firing system, the clusters are generally to 
be found in concentric streaks or crusts on 
the rim of the nodules (Fig. III-7).  

Residence time at sintering 
temperature
Reduced formation of alite can also occur 
when the burning conditions do not allow 
sufficient sintering of the clinker phases. 
The causes for such a “poorly burned” 
clinker should especially be sought in ir-
regularities in flame management. Low 
sintering temperatures or shortened sin-
tering zones in combination with high kiln 
throughput can cause the residence time of 
the kiln charge to be too short, so that the 
raw materials can no longer react complete-
ly. The signs of “poorly burned” clinker are 
very porous clinker granules in which accu-

mulations of belite and free lime occur di-
rectly next to each other (Fig. III-8).  

Effect of phosphate
When inhomogenously distributed fuels 
rich in phosphate are used, characteristic be-
lite accumulations containing finely distri- 
buted free lime particles can be found  
(Fig. III-9). These are solid solutions of 
belite containing phosphate that remain 
stable and do not convert to alite under 
normal sintering conditions. With coarse 
grained phosphate carriers, it is even pos- 
sible that calcium phosphate clusters will 
form that contain no reactive clinker phas-
es. Effects such as this can also be rele-
vant if the total phosphate content of the 
clinker is in the uncritical range below  
1 mass %. 
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Fig. III-11: STA measurement of the untreated clay sample
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Reducing burning conditions
Reducing burning conditions – such as 
due to an insufficient supply of oxygen 
or smouldering fuel particles in the kiln 
charge – can cause alite to degrade dur-
ing the clinker cooling. This effect can be 
proven clearly with a microscope and in 
practice can lead to high concentrations of 
free lime and a marked reduction in cement 
strength. Even weak reducing conditions 
can be detected by the first warning signs 
of fine exsolutions of belite and free lime 
in alite crystals (Fig. III-10). These exso-
lutions often occur in chains along crystal-
lographically preferred orientations in the 
alite crystals. Another problem can be that 
when alite degrades, g-belite is formed, 
which has no hydraulic properties.

Formation of coarse nodules
The formation of a large number of coarse 
clinker nodules, for example because of 
high chloride or sulphate inputs in the area  
around the kiln inlet, can cause an over-
lapping of several disadvantageous effects. 
For example, poorly burned domains can 
occur inside the nodules, even if the burn-
ing conditions are actually adequate for 
complete sintering and the nodules ap-
pear hard burned on the surface. A dense 
sinter layer on the surface can enclose al-
kali chlorides in the core of the nodules. 
The cooling conditions also differ consid-
erably across the cross-section of the nod-
ules. With clinker microscopy it is possi-
ble to investigate such zonary structured 
clinker nodules very accurately. 

Practical benefits 
Although as a test procedure the analysis 
of the microstructure of clinker with opti-
cal microscopy is time consuming, it can 
provide a lot of information that would 
not otherwise be obtainable alone from 
integral test methods on representatively 
prepared samples. The effects of changes  
of material or process engineering condi-
tions can be described especially well in a 
before-and-after analysis, which can also 
provide information about potentially nec-
essaryly corrections. Therefore, if changes  
are planned in the clinker burning proc-
ess, at least reference samples of uncom-
minuted clinker from all relevant operat-
ing conditions should be kept so that if 
changes are noticed in the product it is 
possible to conduct a proper analysis of 
the causes.  

Clay as a pozzolanic main 
constituent of cement 

These days, clays are used especially as 
a raw material in the ceramics industry to 
produce clay bricks and as raw meal com-
ponents in the cement industry. However, 
calcined clay may also be used as a main 
constituent of cement according to DIN EN 
197-1 if the content of reactive silicon di-
oxide is at least 25 mass %. Although suita-
ble raw material deposits are available, cal-
cined clays are used relatively seldom in 
the manufacture of cement. There are sev-
eral reasons for this, including:

	 Use of other pozzolanic cement main 
constituents

	 Lack of plant technology to handle clays 
that could be used

	 Expenditure to characterise the depos-
its

 
Cement manufacturers are trying to reduce 
the usage of clinker in cement production. 
Because of this, the use of new main ce-
ment constituents is becoming increasing-
ly interesting. In Europe, clays are availa-
ble in useable quantities and suitable qual-
ities, which makes them perfectly suitable 
as a natural calcined pozzolana. The qual-
ity of suitable clay deposits is in the range 
between the clays that are used in the ce-
ramics industry and those required for ce-
ment raw meals. Therefore, the use of clays 

as a naturally calcined pozzolana would not 
collide with other uses. 

The pozzolanic activity of calcined clays 
depends on the type of clay minerals that 
are available. In this regard, the main fac-
tors are their chemical composition and 
degree of crystallisation. During calci-
nation water is expelled from the clay 
minerals; this causes them to lose their 
crystalline structure and they convert 
to amorphous aluminosilicate phases.  
As the amorphous character of the dehy- 
drated phases increases, their pozzo- 
lanic activity also increases. At high tem-
peratures crystalline phases occur that gen-
erally exhibit less pozzolanic reactivity. 
The optimum firing temperature of a clay 
is thus between the dehydration tempera-
ture of the clay minerals and the start of re-
crystallisation. Apart from the calcination 
temperature, the period of calcination is al-
so decisive for the subsequent reactivity of 
the calcined clays. If the period is too long, 
this reduces the specific surface area of the 
calcined particles due to the start of sinter-
ing processes. This also reduces their poz-
zolanic activity. 

Description of the project, method 
and results
In the following example, the firing con-
ditions at which a calcined clay achieves 
the required 25 mass % of reactive silicon 
dioxide are to be determined. To do this, 
a simultaneous thermal analysis (STA) 
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Table III-4: Firing conditions and results of the determination of the content of reactive silicon 
dioxide according to DIN EN 197-1 

Sample
Firing temperature 

in °C
Firing time 

in min.
Reactive silicon dioxide acc. to DIN EN 

197-1  
in %

1 750 60 21.9

2 810 60 22.6

3 850 60 24.3

4 750 180 20.0

5 810 5 21.2

6 810 30 23.3

7 850 30 24.6

8 1 000 30 29.0

9 600 30 18.3

Fig. III-12: X-ray diffractograms of the clay sample in its original condition and of samples 
1, 7 and 8 
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was carried out on the starting material  
(Fig. III-11). The DTA and TG signals 
show endothermic mass loss at temper-
atures around 550 °C and 800 °C. These 
are the dehydration reactions of various 
clay minerals. Around 900 °C an exother-
mic signal marks the start of the recrystal-
lisation of new phases. After the STA had 
been evaluated, the firing temperatures and 
times for handling the clay samples were 
defined. The clays were fired accordingly 
and the reactive silicon dioxide was deter-
mined according to DIN EN 197-1. The re-
sults are listed in Table III-4.

The clays were calcined using about 100 g 
of the sample; which were tempered in co-

rundum crucibles in a Nabertherm kiln un-
der the defined firing conditions. The sam-
ples were then ground finely so that they 
were suitable for analysis and their phas-
es were investigated by X-ray diffractom-
etry (XRD). Fig. III-12 shows the results 
of the X-ray diffractometry investigations 
on three selected samples compared to the 
original sample.

The clay sample to be investigated consists 
of the clay minerals montmorillonite, kao- 
linite and illite. There are also other min-
eral phases, such as microcline, quartz 
and calcite in different quantities. After a 
one-hour temperature treatment at 750 °C 
(Sample 1), the start of degradation of the 

carbonatic phases calcite and dolomite can 
be recognised in the X-ray diffractogram. 
The clay minerals also start to degrade. 
This can be seen by the reduced kaolinite 
signal. Montmorillonite and illite, on the 
other hand, are still present after the treat-
ment at 750 °C. 

During the investigations it was seen that 
when the temperature treatment was kept 
to just thirty minutes this had a positive ef-
fect on the reactivity of the sample. There-
fore, the other samples were tempered 
for only 30 minutes. When the tempera-
ture was increased from 750 °C to 850 °C, 
the amorphous content of the samples in-
creased considerably (Sample 7). In addi-
tion, as can be seen in the X-ray diffrac-
togram, at this temperature new miner-
al phases form, such as anorthite, wollas-
tonite, melilite and hematite. 

At a temperature of 1 000 °C (Sam-
ple 8) the clay minerals completely de-
hydrated and also formed new phas-
es. However, with 29 mass %, this was 
the sample with the highest content of 
reactive silicon dioxide (see Table III-
1). Hence, complete dehydration of the 
clay minerals is decisive for their pozzo- 
lanic reactivity. The negative effect of the 
formation of non-reactive phases seems to 
be less important here. On the whole, a rel-
atively short treatment (30 minutes) at high 
temperatures is important for the creation 
of a high content of reactive silicon diox-
ide in the sample. 

Calcined clays can be used as pozzo- 
lanic main cement constituents accord-
ing to the specifications of DIN EN 197-
1. However, the standard demands a con-
tent of at least 25 mass % of reactive sili-
con dioxide in calcined clay. In individual 
cases, firing conditions (temperature and 
time) must be coordinated to suit the re-
spective deposit. In this case, after a firing 
time of 30 minutes at 1 000 °C, the treated 
product contained 29 mass % of reactive 
silicon dioxide. To create reactive silicon 
dioxide it is important that the existing clay 
minerals are completely destroyed.

Possibilities and limits 
of Rietveld analysis of 
cements 

Quantitative phase analysis of clinker and 
cement samples using X-ray diffractom-
etry (XRD) and Rietveld refinement is no 
longer purely a scientific issue; rather, it is 
commonly used in the works laboratories 
of the cement industry. The use of mod-
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Table III-5: Comparison of the actual phase content of four laboratory cements and the phase 
content determined with XRD and Rietveld refinement (figures in mass %)

Phase Cement 1 Cement 2 Cement 3 Cement 4

Target XRD Target XRD Target XRD Target XRD

Alite 59.3 59.1 57.4 57.5 60.5 58.4 61.8 60.1

Belite 1) 18.1 18.6 17.5 16.1 9.1 7.8 9.3 9.2

Aluminate 9.0 8.1 8.7 9.2 2.8 2.3 2.8 2.3

     C3Acub 8.2 7.6 8.0 8.5 2.6 2.3 2.6 2.3

     C3Aorth 0.8 0.5 0.7 0.7 0.2 0 0.2 0

Ferrite 5.2 6.5 5.1 5.7 15.5 17.4 15.9 17.5

Free lime 0.5 0.4 0.5 0.4 0.2 0.3 0.2 0.2

Periclase 1.2 1.0 1.1 0.8 1.2 1.1 1.2 1.5

Anhydrite 3.0 3.9 2.4 3.3 6.0 7.4 2.7 3.1

Hemihydrate 2) 2.0 4.0 4.0 2.7

Gypsum 2) – 1.6 – 2.7
1) Including bredigite
2) Over-determination, thus target values used for evaluation

ern, increasingly convenient evaluation 
programs also provides users who are not 
familiar with the theoretical mineralogi-
cal and metrological background with re-
producible results. As a general rule, this 
type of application is fully adequate for use 
in production control, where the aim is to 
confirm a constant product property.

Risks of black box systems
However, there are certain risks associat-
ed with the use of evaluation programs as 
black box systems to determine absolute 
phase proportions. Rietveld refinement 
is based on the comparison between the 
measured results and the diffraction dia-
gram calculated from the specified phases.  
To make this calculation it is necessary to 
know all the minerals that are contained 
in the sample. In addition, a large number 
of metrological parameters and structural 
parameters of the phases are mathemati-
cally included in the refinement. Depend-
ing on the choice of these variable param-
eters, their permitted variation bandwidth 
and their starting values, it is possible to 
obtain results that deviate considerably 
from each other although the quality of the 
refinement seems to be the same. Careful 
pre-adjustment of the starting parameters 
attuned to the measurement task and crit-
ical evaluation of the results are just as 
vital as identifying all the mineral phas-
es in the sample. This is the only way to 
obtain a satisfactory analysis of the phase 
composition of a complex mixture, such 
as clinker or cement. 

Series of experiments with defined 
mixtures
In a series of experiments carried out at the 
Research Institute of the Cement Indus-
try, the effects that pre-adjusting the struc-
tural parameters of cement phases have 
on their quantitative determination using  
Rietveld refinement were analysed. For 
this purpose four laboratory cements were 
produced as mixtures of separatly burned 
clinker phases with sulphate agents. The 
purity of all the raw materials was deter-
mined with XRD; this was reproducible 
due to the mainly mono-mineral samples. 

Table III-5 presents a comparison of the 
evaluation results with the actual mix-
ture ratios. One particular problem was 
the use of precipitated calcium sulphate 
as the sulphate agent phase “gypsum” or 
in a  partially dehydrated form as  “hemi-
hydrate”. It seems that the extreme fine 
granularity of these components causes 
preparation-related accumulation on the 
surface of the sample, so that with prac-
tical physico-mineralogical structural pa-

rameters there is always an over-determi-
nation of gypsum and hemihydrate. There-
fore, the comparative values in Table III-5 
are calculated regarding the actual values 
for gypsum and hemihydrate.

The results show that the contents of alite,  
belite and, in clinkers rich in iron, fer-
rite can be determined with an accuracy 
of approximately ± 2 mass % and alumi-
nate and anhydrite with about ± 1 mass %  
accuracy. Minor constituents, such as free 
lime and periclase, exhibit deviations of 
maximum 0.5 mass %, which could, how-
ever, signify a high relative error due to 
the low contents of the minerals. 

Selective dissolution of the silicate phases  
using methanol-salicylic acid is a suitable 
method for a better differentiation of the 
C3A modifications and to determine the 
trace constituents. The aluminates, ferrite 
and, for example, sulphate phases accu-
mulate in the insoluble residue; there are 
also no peak overlaps with alite and belite. 
In this case the quantity ratio of the two 
aluminate modifications was specified and 
the periclase content was confirmed. 

Recommendations
From the results of the investigations it is 
possible to derive a number of recommen-
dations for adjusting the structural param-
eters for Rietveld refinement: 

	 The lattice parameters of all minor con-
stituents, including the sulphate agent 
phases, should be fixed.

	 The lattice parameters of the orthorhom-
bic C3A should be fixed; the ratio of the 
aluminate modifications should be com-
pared with the MS decomposition.

	 The crystallite size of the minor phas-
es should not be too small nor should 
the half-widths be too big, as other- 
wise the peaks overlap with the back-
ground and over-determinations can 
occur. The starting value should be in 
the top half of the permitted variation 
bandwidth.

	 In the case of gypsum the (010) texture 
must always be considered; values be-
low 0.7 are not uncommon. With syn-
thetically produced gypsum other tex-
tures can occur, for example as a result 
of a needle-like crystal habit. 

	 Texture effects are also possible with 
calcite (104), anhydrite (100 or 010), 
alite (10-1), in which case the starting 
value should be set to 1 („no texture“).

While the consideration of these rules of 
thumb without a critical inspection of the 
results of the refinement will not guaran-
tee error free analysis, it will consider-
ably limit the bandwidth of possible re-
sults. The results for the phase content of-
ten output by the evaluation software with 
several decimal points imply an accuracy 
that actually is not achieved. Even if the re-
sult is specified to just one decimal point, 
this does not necessarily reflect the actual 
phase composition.
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Table III-6: Results of the round robin test for X-ray diffractometric determination of the content of blastfurnace slag (figures in mass %) 

Material Investigated feature Average
Comparison standard 

deviation
Repeatability standard 

deviation
Reference method  

or mixed value

Portland-slag cement

X-ray diffraction/
background

24.61 1.91 1.49

25.15 / 25.00X-ray diffraction/
spike

23.84 1.13 1.9

Other 24.49 2.18 0.22

Blastfurnace cement 1

X-ray diffraction/
background

69.24 2.35 1.06

67.01X-ray diffraction/
spike

67.21 1.4 1.26

Other 69.33 2.13 0.19

Blastfurnace cement 2

X-ray diffraction/
background

74.26 4.15 0.99

72.03X-ray diffraction/
spike

72.32 1.01 0.74

Other 72.28 1.71 0.49

Fig. III-13: X-ray diffraction diagram of cements with different contents of blastfurnace slag 
and the associated form of the glass hump 
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Round robin test for  
radiographic quantification 
of blastfurnace slag in  
cement 

X-ray powder diffractometry is not only 
suitable for the identification and quanti-
tative determination of crystalline phases.  
Amorphous constituents, such as blastfur-
nace slag in cement, can also be quantified 
under certain conditions. This provides an 
alternative method to the current proce-
dures for determining blastfurnace slag. 
To investigate the capability of X-ray dif-
fractometry in this area, VDZ organised a 
comparative test for X-ray diffractomet-
ric determination of the content of blast-
furnace slag.

In the works’ own production control 
 departments, calculation of the blastfur-
nace slag content in cements based on an 
analysis of lead compounds in the raw ma-
terials and in the cement sample is wide-
spread. In third-party inspections, the 
selective dissolution process is mainly 
used as the reference method. The micro- 
scopical counting method with chemi-
cal correction calculations is another op-
tion. 

But interest in X-ray diffractometry to 
quantify the proportion of blastfurnace slag 
is also attracting more and more attention 
because reliable results are provided with 
relatively little expenditure. Basically, two 
X-ray diffractometry methods can be con-
sidered; these were used within the com-
parative test. 

Determining the background 
Blastfurnace slag has a glass-like, mainly 
X-ray amorphous structure. In the X-ray 
diffraction diagram it causes a hump-like 
increase in the background pattern in the an-
gle range between 22 and 38° (2 theta). The 
height of this glass hump corresponds to the 
content of blastfurnace slag (Fig. III-13).  
To determine this, it is possible to calibrate 
and evaluate either the absolute X-ray in-
tensity at a reflection-free diffraction an-
gle or the integral background intensity 
across the entire hump-like area. The lat-
ter method depends very much on the defi- 
nition of the device-related background 
line in this diffraction range which is inde-
pendent of the glass content. Therefore, in 
the comparative test the method chosen to 
quantify the blastfurnace slag content was 

the absolute X-ray intensity at the diffrac-
tion angle 30.5° (2 theta).

Rietveld analysis with spike
The second method of radiographic quan-
tification of the blastfurnace slag content 
is based on the use of a crystalline inner 
standard (spike). The subsequent Rietveld 
evaluation of the measurement determines 
the content of all crystalline phases in the 
sample and normalises these to a value of 
100 mass %. The non-crystalline content 
of the sample can then be calculated from 
the ratio between the spiked and the deter-
mined contents of the inner standard.

The 14 participants in the round robin test 
were provided with two industrially manu-
factured blastfurnace cements and a Port-
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Table III-7: Chemical composition (including loss on ignition) of the starting constituents Portland cements (Z) and blastfurnace slags (BFS) 
 including phase calculation according to Bogue (loss-on-ignition-free), all figures in mass %

Z1 Z2 BFS A BFS B BFS C BFS D BFS E BFS F

LOI 2.96 0.70 0.94 0.41 1.31 0.36 0.64 1.51

SiO2 18.97 21.51 30.25 36.02 34.69 36.10 38.91 35.12

Al2O3 5.36 4.68 15.96 11.36 11.70 12.97 9.54 11.94

TiO2 0.27 0.25 1.13 0.47 0.89 0.63 0.96 0.73

P2O5 0.22 0.07 0.07 0.01 0.01 0.01 0.06 0.01

Fe2O3 3.87 2.52 0.66 0.35 0.42 0.25 0.54 0.91

Mn2O3 0.10 0.03 0.39 0.48 0.33 0.31 1.18 0.34

MgO 1.80 1.83 10.00 9.36 6.80 10.30 8.45 6.98

CaO 61.80 63.93 38.68 40.28 42.30 37.54 37.57 41.28

Sulphate as SO3 2.92 3.30 0.65 0.15 0.25 0.02 0.04 0.01

K2O 1.59 0.97 0.39 0.38 0.47 0.71 1.24 0.38

Na2O 0.19 0.21 0.39 0.27 0.27 0.26 0.36 0.27

Na2Oeq 1.24 0.85 0.65 0.52 0.57 0.73 1.18 0.52

O2eq 0.00 0.00 -0.48 -0.47 -0.59 -0.53 -0.50 -0.51

S2- – – 0.96 0.94 1.18 1.07 1.00 1.02

C3S 67.88 62.17 – – – – – –

C2S 4.84 15.20 – – – – – –

C3A 7.89 8.20 – – – – – –

C4AF 12.14 7.72 – – – – – –

land-slag cement mixed in the laboratory 
for analysis. Apart from X-ray diffractom-
etry, in individual cases the selective dis-
solution method and other alternative so-
lutions were used for comparison. 

The results of the round robin test are listed 
in Table III-6. Both reproducibility with-
in any one laboratory and the comparabil-
ity between different laboratories are in no 
way inferior to the precision of previous-
ly established methods. They are within 
standard specifications.

However, the individual results also con-
firmed that adequate reliability of the dif-
ferent X-ray diffractometric approach-
es depends on specific conditions. For in-
stance, to evaluate the background in-
tensity it is necessary to have calibration 
samples whose components must corre-
spond to those in the sample to be investi-
gated. This requires works-specific calibra-
tion. Thus, the method is especially suita-
ble for the works’ own production control. 
When the Rietveld method with the inner 
standard is used, it became clear that an 
additional calibration step was necessary 
to describe the effect of the substance that 
is used as a spike. In principle the evalua-
tions from this method could also be used 
for different works.

Sulphate resistance of  
cements containing blast-
furnace slag 
 
According to the respective standard, blast-
furnace cements with at least 66 mass % of 
blastfurnace slag are regarded as cements 
with a high sulphate resistance. Howev-
er, the fact that lower contents of blastfur-
nace slag are also suitable for a high sul-
phate resistance has also been seen in the 
first building supervisory authority approv-
als of CEM III/A cements as SR cement in 
Germany. The regulations in several other 
European countries also include CEM III/
A and even CEM II/B-S as cements with a 
high sulphate resistance. The relevant lit-
erature contains various descriptions of the 
mechanism that leads to increased sulphate 
resistance of concrete or mortar based on 
blastfurnace cement. In some cases, chemi-
cal aspects and in others physical aspects 
are said to be primarily responsible. In gen-
eral, however, the increase in the physical 
diffusion resistance of the hardened ce-
ment paste is deemed to be the main cause 
of higher sulphate resistance. 

The chemical-mineralogical effect of the 
composition of blastfurnace slag on sul-
phate resistance was investigated in a re-
search project funded from the German 

Federal Ministry’s budget via the German 
Federation of Industrial Research Asso-
ciations (AiF) “Otto von Guericke”. The 
aim was to determine the importance of 
the chemical composition of blastfurnace 
slag on sulphate resistance through system-
atic investigations of various blastfurnace 
slags with consideration of different physi-
cal parameters and influences. Also investi-
gated was whether and under which condi-
tions cements containing blastfurnace slag 
of less than 66 mass % could fulfil the cri-
teria for high sulphate resistance. 

Cements containing blastfurnace slag with 
30, 50 and 70 mass % were manufactured 
on the basis of two different Portland ce-
ment clinkers and five blastfurnace slags (A, 
B, D, E, F). The sulphate content of the ce-
ments was adjusted uniformly to 3 mass %  
with a sulphate agent mixture of 50 mass % 
hemidydrate and 50 mass % anhydrite. The 
two Portland cement clinkers (Z1 and Z2) 
both had a C3A content of about 8 mass % 
and differed mainly as regards their alkali 
content, with 1.24 and 0.85 mass % Na2O 
equivalent. The five blastfurnace slags rep-
resent the quality bandwidth of blastfur-
nace slags generally manufactured in Ger-
many and essentially differed in terms of 
the content of aluminium oxide and mag-
nesium oxide (Table III-7). 
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Table III-8: Compressive strength after 14 days pre-curing (before the start of sulphate curing)

Blastfurnace slag A F E

70 mass % BFS 44.4 MPa 35.0 MPa 27.3 MPa

50 mass % BFS 48.5 MPa 41.2 MPa 32.0 MPa

30 mass % BFS 48.5 MPa 45.6 MPa 40.3 MPa

To test the sulphate resistance in accord-
ance with the SVA rapid test methods, flat 
mortar prisms with the dimensions 1 x 4 
x 16 cm³ and a water/cement ratio of 0.50 
were produced. The method was developed 
by the committee of experts (SVA) for the 
approval of cements with high sulphate 
resistance. In this case, flat prisms with a 
water/cement ratio of 0.70 were also in-
cluded in the programme to take account 
of higher capillary porosity and lower dif-
fusion resistance. The mortar prisms were 

kept for two days in a wet room in their 
moulds before being pre-cured for anoth-
er twelve days at 20 °C in a saturated cal-
cium hydroxide solution. Parallel to this, 
standard prisms with the dimensions 4 x 4 
x 16 cm³ were produced and pre-cured in 
the same manner. 

The test samples were cured in a sodium 
sulphate solution (test solution) and also  
in a calcium hydroxide solution (refer-
ence solution). Concretes in foundations 

are usually subjected to similar soil tem-
peratures. The formation of thaumasite is 
also thermodynamically facilitated in the 
presence of carbonate/CO2. Supplementa-
ry experiments were carried out at 20 °C. 
Two test solutions were used, a 4.4 % so-
dium sulphate solution (29 800 mg sul- 
phate/l) according to the established test pro-
cedures of the SVA and the previously used 
test method according to Wittekindt, and a 
practice-related 0.44 % sodium sulphate so-
lution (3 000 mg sulphate/l, maximum con-
centration in exposure class XA2).
 
Results
According to the SVA method, for a cement 
with high sulphate resistance the expansion 
of the flat prisms must not exceed 0.5 mm/m  
within 91 days. As expected, this criteri-
on was fulfilled by the cements contain-
ing 70 mass % blastfurnace slag. Howev-
er, even in the cements with 50 mass %  
blastfurnace slag expansion still remained 
below this limit value. In this project only  
the cements with 30 and 40 mass % blast-
furnace slag failed the criterion, as ex-
pected. When the test period was extend-
ed, the number of cements whose test 
samples exhibited greater expansion than 
0.5 mm/m increased. After 360 days, only 
cements with 70 mass % blastfurnace slag 
remained below the expansion limit value 
(Fig. III-14). 

Besides this expected mass dependency it 
was also discovered that there was a de-
pendency on the blastfurnace slag itself. 
When blastfurnace slags A and F were 
used, the test mortars not only expanded 
more, they also disintegrated. On the oth-
er hand, with blastfurnace slag E, it was 
only the sample with 30 mass % blastfur-
nace slag that expanded more (26 mm/m 
after 540 days); but it did not disintegrate. 
In the test with a practice-related sulphate 
concentration, none of the test samples ex-
panded strongly. Even the flat prisms based 
on cements with just 30 mass % blastfur-
nace slag expanded by about 0.5 mm/m 
 after 540 days (Fig. III-15).

According to the development in com-
pressive strength (Table III-8), blastfur-
nace slag A is the most reactive blastfur-
nace slag. It also exhibited the lowest sul-
phate resistance potential. According to 
common knowledge, the hardened ce-
ment paste structure containing blastfur-
nace slag A should have exhibited a low-
er diffusion resistance to sulphate than the 
structure with blastfurnace slag F and, in 
turn, this should have had a lower resist-
ance than the structure with blastfurnace 
slag E. But the results of the porosity tests 

Fig. III-15: Relative length changes of mortar flat prisms when cured in sodium sulphate 
 solution (3 000 mg sulphate/l) at 8 °C
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Fig. III-14: Relative length changes of mortar flat prisms when cured in sodium sulphate 
 solution (29 800 mg sulphate/l) at 8 °C
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Fig. III-16: Porosity after 14 days pre-curing at 20 °C 
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Fig. III-17: Connection between an excess of silicon and the standard compressive strength 
or sulphate resistance behaviour respectively 
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do not confirm this behaviour. More po-
rosity was linked to a higher blastfurnace 
slag content and blastfurnace slag E had a 
larger pore volume than blastfurnace slags 
F and A, particularly in the capillary pore 
area (Fig. III-16). This is surprising since 
capillary porosity is especially important 
for transport and diffusion processes. A 
more diffusion resistant structure should 
exhibit lower capillary and higher gel po-
rosity and thus have a higher resistance to 
sulphate. But this connection could not be 
determined. This was also seen in scanning 
electron microscopic analyses of the struc-
tures. The penetration depth of sulphate in 
the samples measured by EDS was very 
similar for all blastfurnace slags. 

Conclusions
In line with practical building experience, 
all cements with a blastfurnace slag con-
tent of 70 mass % (CEM III/B) exhibited 
a high sulphate resistance, with no indica-
tion that the composition of the blastfur-
nace slags had any noticeable influence. In 
contrast to this, in some cases the chemical 
composition of the blastfurnace slag had 
quite a considerable effect on sulphate re-
sistance in cements with 50 mass % blast-
furnace slag (CEM III/A) and 30 mass % 
(CEM II/B-S). For “less suitable” blast-
furnace slags such a low blastfurnace slag 
content is not sufficient to obtain a sulphate 
resistant mortar under all test conditions. 
However, the mortar samples based on “the 
most suitable” blastfurnace slag exhibited a 
high sulphate resistance under all test con-
ditions. Accordingly, sulphate resistance 
highly depends on the “silicon excess” (in 
relation to aluminium and calcium) of the 
blastfurnace slag. Cements with low alu-
minium and silicon-rich blastfurnace slags 
seem to be most suitable for producing ce-
ments with SR properties (Fig. III-17). In 
contrast, the opposite composition appears 
to be best for strength development.

Damage in the form of expansion phenom-
ena and loss of structural cohesion were 
observed only when test solutions with a 
high sulphate concentration of about 30g/l  
were used; however, this is not used in 
practice. Secondary gypsum forms in the 
structure of the samples, which causes 
damage. Based on the tests with lower 
sulphate concentrations in the test solu-
tions, however, it was not possible to dif-
ferentiate between the blastfurnace slags. 
The samples of all test cements remained 
intact and exhibited only low expansion. 
Therefore, the importance of the test con-
ditions for the results and the conclusion 
must still be clarified.

Effect of fly ash on the pore 
solution of concrete 
The use of fly ash in concrete can reduce 
the risk of a damaging alkali-silica reaction. 
This is generally attributed to the fact that 
the products of the pozzolanic reaction of 
fly ash can bind alkalis from the pore solu-
tion chemico-mineralogically. The strength 
of this ability depends on several factors. 
This can lead to a situation where the ef-
fect of the fly ash on the alkalinity of the 
pore solution, and thus on the damaging 
alkali silica reaction (ASR), cannot be di-

rectly compared for different storage con-
ditions. However, knowledge of these in-
terrelations is necessary to assess the use 
of fly ash to prevent a damaging ASR. In 
addition, on this basis it is possible to as-
sess the extent to which laboratory experi- 
ments on concrete stored at higher tem-
peratures can be transferred to practical 
conditions. 

In a project funded by the VGB Research 
Foundation and performed in the Re-
search Institute of the Cement Industry, it 
was investigated how the temperature and 
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Fig. III-18: 
Alkali content 
of the pore so-
lutions of hard-
ened cement 
pastes contain-
ing fly ash after 
up to 365 days 
hydration in 
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availability of calcium affect the binding 
of alkalis. Hardened cement pastes were 
produced from mixtures of three Port-
land cements (CEM I 32,5 R) with dif-
ferent alkali contents (0.8 to 1.2 mass % 
Na2Oeq) and three different hard coal fly 
ashes. The mixtures contained 30 mass %  
fly ash. Ca(OH)2 was added to some of the 
mixtures to increase the availability of cal- 
cium for the pozzolanic reaction. 

At specified testing times the pore solu-
tion was pressed out of the hardened ce-
ment pastes and was examined for pH-val-
ue and alkali content. From the hardened 
cement pastes themselves, the contents 
of Ca(OH)2 consumed by the pozzolanic 
reaction and of reacted fly ash were de-
termined by thermogravimetric analysis 
(TGA) and selective dissolution, respec-
tively. This allowed the average compo-
sition of the reaction products and the de-
gree of reaction of the respective fly ashes  
to be calculated. These variables were 
correlated with the composition of the 
pore solution.

Binding of alkalis in hardened 
cement pastes containing fly ash
In all the mixtures that were investigated 
the fly ash led to a reduction in total alka-
li contents and hydroxide ion concentra-
tions in the pore solutions (Fig. III-18). In 
most cases the reaction products of the fly 
ashes actively bound alkalis that were re-
leased from the Portland cements and thus 
reduced the effective alkali content of the 
cements. During the one-year test period 
no subsequent increase in total alkali con-
tent was determined.

Influence of temperature on the 
degree of reaction of the fly ash
An important factor for the binding capac-
ity of alkalis in hardened cement pastes 
containing fly ash is the degree of reac-
tion of the fly ash. As the quantity of re-
action products increases, the quantity of 
alkalis that can be bound by them also in-
creases. The degree of reaction of fly ash 
is mainly controlled by the temperature. 
The results of the investigation show that 
the fly ash reacts quicker at high tempera-
tures and that the total amount of react-
ed fly ash is higher than at low tempera-
tures (Fig. III-19). However, in the sam-
ples stored at 40 and 60 °C there is little 
difference between the quantities of re-
acted fly ash.
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Composition and binding capacity 
of the reaction products – the role 
of calcium
It was proven that the amount of cal- 
cium in the reaction products of fly 
ash had an effect on their alkali bind-
ing capacity. The higher the average  
Ca/Si ratio of the reaction products, the less 
alkali they can absorb.

The Ca/Si ratio of the reaction products de-
pends on several factors. Firstly, in sam-
ples that were hydrated for longer peri-
ods, higher Ca/Si ratios were determined 
than in samples with the same composi-
tion that were stored for a shorter time at 
the same temperature. Secondly, in sam-
ples that are of the same age and have the 
same composition, the Ca/Si ratio of the 
reaction products increases along with the 
storage temperature. As opposed to the 
proportion of reacted fly ash, in this case 
considerable differences are noticeable 

in the samples that were stored at 40 and  
60 °C. Thirdly, the Ca/Si ratio of the re-
action products is dependent on the avail-
ability of Ca. In samples with the same 
cements and fly ashes which were stored 
for the same length of time at the same 
temperature, the Ca/Si ratio of the reac-
tion products in samples with primarily 
added Ca(OH)2 is higher than in samples 
without the addition of primary Ca(OH)2, 
although in the latter case considerable 
quantities of Ca(OH)2 from the hydra-
tion of the Portland cement were found. 

Interaction between the quantity 
and the composition of the 
reaction products
The temperature has a significant effect on 
two opposing factors that determine the to-
tal binding capacity of alkalis in hardened 
cement pastes containing fly ash; namely 
the total quantity of reaction products and 
their Ca/Si ratio (Fig. III-20).

In the mixtures that were investigated the 
alkali ion concentrations of the pore solu-
tions were generally at their lowest at 40 °C. 
At lower temperatures the quantity of reac-
tion products from the fly ash is much low-
er. At higher temperatures it hardly increas-
es at all, while the Ca/Si ratio in the pro-
ducts increases further, causing the over-
all binding capacity to decrease. 

Within the research project it was con-
firmed that the reaction products of fly ash 
actively bind alkalis from the pore solu-
tion. The total capacity to bind alkalis is 
determined by the total quantity of reac-
tion products and also by their composi-
tion. Both factors are, however, depend-
ent on temperature. At about 40 °C the al-
kali content of the pore solutions in the 
hardened cement pastes containing fly ash 
was much lower than in hardened cement 
pastes containing no fly ash.
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IV

Quality surveillance and quality assurance of cement

Inside view of a ploughshare mixer for the production of binders in a cement factory
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Fig. IV-1: Comparison of the certification of domestic hydraulic binders in 2000 and 2008

Table IV-1: Approval areas of VDZ’s quality surveillance organisation as a testing laboratory, 
inspection and certification body for construction products 

Construction products Technical regulation(s)

Conformity  
attestation level

BPG LBO

Binders

    Common cement EN 197-1 1 +

    Cement with special properties EN 197-4 1 + 

EN 14216 1 +

DIN 1164-10, -11, -12 ÜZ

     Calcium aluminate cement EN 14647 1 + 

     Masonry cement EN 413-1 1 + 

     Hydraulic road binder DIN 18506 (ÜZ) 1)

     Building lime EN 459-1 2

     Other cement-type binders  
     (incl. sprayed concrete cements)

Approval 2) ÜZ

Concrete additions

     Pigments EN 12878 2 +

     Fly ash EN 450-1 1 +

     Silica fume EN 13263-1 1 +

     Ground granulated blastfurnace slag EN 15167-1 1 +

     Natural pozzolana (trass) DIN 51043 ÜZ

     Other concrete additions Approval 2) ÜZ

Concrete admixtures

EN 934-2, -3, -4 2 +

DIN V 18998 ÜHP

Approval 2) ÜZ

Aggregates

EN 12620 2 +

EN 13055-1 2 +

EN 13139 2 +

Masonry mortar 

EN 998-2 2 +

Grout

 EN 447

BPG: Construction Products Law  
LBO: State building regulations
ÜZ: Conformity certificate from approved certification body
ÜHP:  Conformity declaration by the manufacturer after the construction product has been tested by a approved   
 testing laboratory 
1) Not relevant in building authority terms, attestation level conforms to ÜZ
2) If the production process, the composition or the properties deviate substantially from the standard

2000 100 %

96.9 %

HRB (3.1 %)

CEM with
HS, NA 19.7 %

CEM (incl. LH)
MC

100 %2008

VDZ’s quality surveillance 
organisation 

VDZ’s functions include testing, inspec-
tion and certification of cements and ce-
ment-type binders to meet the protective 
goals set by the state building regulations, 
the Construction Products Directive and 
their implementation in national law and 
also in terms of the Construction Products 
Law. For this purpose, the association op-
erates the quality surveillance organisation 
as a testing laboratory, inspection body and 
certification body (PÜZ body). The asso-
ciated inspection and test activities are car-
ried out in the Research Institute of the Ce-
ment Industry’s Quality Assurance Depart-
ment. The technical committee of the 
VDZ’s quality surveillance organisation 
discusses the results of third-party inspec-
tions twice a year.

Before the introduction of the European ce-
ment standard in 2000, cement and other 
hydraulic binders were covered solely by 
national standards and regulations. Com-
pliance with the requirements was indicat-
ed by national compliance marks. In Ger-
many, the “Ü” mark was awarded in this 
respect. 

These days, almost all binders carry the 
CE mark (Fig. IV-1). In particular, this in-
cludes all common cements, CEM, includ-
ing the additional property low heat of hy-
dration, and all masonry cements, MC. Ce-
ments with a high sulphate resistance and 
low effective alkali content fulfil the re-
quirements for common cement and in Ger-
many are covered by the national standard 
DIN 1164-10. As explained in the sub-sec-
tion “Standardisation”, great progress has 
been made in terms of a harmonised Euro-
pean regulation, at least for cements with 
a high sulphate resistance. European defi-
nitions are currently being drafted for road 
binders. Cement and binders covered by 
European harmonised standards carry the 
CE mark as a “technical passport” and a 
market access sign and can be traded freely 
in all countries in the European Economic  
Area.

Approval and accreditation
The VDZ’s quality surveillance organisa-
tion works in the legally regulated area as 
a testing laboratory, inspection and certifi-
cation body. On the one hand, approval 
covers the state building regulations 
(LBO), which are applicable at national 
level, where conformity is indicated by the 
national Ü mark. Moreover, the VDZ’s 
quality surveillance organisation is notified 
according to the German Construction 
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Table IV-2: Overview of the cements and hydraulic binders inspected and certified by VDZ’s quality surveillance organisation in 2008

Binder Standard/Regulation Scope Type of  
certification

Certification 
body

Inspection 
body

Number of 
binders

Number 
of works

Cement

EN 197-1 EU

legal
VDZ

VDZ 550 1) 58
DIN 1164 Germany

Approval Germany

DIN 1164 Germany other 1 1

TL Beton-StB Germany – VDZ 54 27

BRL 2601, NEN 3550 Netherlands

private

bmc VDZ 111 27

TRA 600, PTV 603,  
NBN B 12

Belgium VDZ VDZ 41 16

Reglement NF France AFNOR VDZ 36 11

DS/INF 135 Denmark Dancert VDZ 7 6

Masonry 
cement

EN 413 Germany legal VDZ VDZ 19 17

BRL 2601 Netherlands private bmc VDZ 4 3

Hydraulic road 
binders

DIN 18506 Germany (legal) VDZ VDZ 16 15

1) These figures include 88 multiple certificates for identical cements and 21 cements approved by the building authorities

Fig. IV-2: Number of binders inspected Fig. IV-3: Average number of binders inspected per works for 
the works inspected by VDZ’s quality surveillance organisation 
(without multiple certificates)
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Products Law (BauPG), which implements 
the EU Construction Products Directive, 
and is registered in Brussels as certifica-
tion body No. 0840. Within the scope of 
the Construction Products Directive, the 
CE mark is attached to indicate conformi-
ty. In addition to that, bilateral agreements 
exist with foreign bodies. Corresponding 
marks under private law are used to attest 
conformity.

In addition to the requirements deriving 
from the domain regulated by law, the 
VDZ’s quality surveillance organisation 
has also been accredited as a product cer-
tification body under private law accord-
ing to EN 45011 since 2002. Moreover, all 
relevant laboratory tests were accredited in 
accordance with ISO 17025. Under the 

terms of accreditation, the quality surveil-
lance organisation is regularly assessed by 
third parties (see Chapter VDZ/FIZ).

Approval of the VDZ’s quality surveillance 
organisation by the competent building 
authorities (Table IV-1) primarily covers 
cements and cement-type binders. It also 
includes approvals for other mortar and 
concrete constituents (concrete additions, 
admixtures, aggregates) and cementitious 
mixtures (e.g. masonry mortar). It refers to 
both standardised products as well as prod-
ucts regulated by the building authorities. 
In the period under review, an application 
was submitted for additional approval for 
ground granulated blastfurnace slag ac-
cording to EN 15167-1. 

Third-party inspection of cement 
according to statutory regulations 
Table IV-2 presents an overview of the ce-
ments and hydraulic binders that VDZ’s 
quality surveillance organisation certified 
and inspected in 2008. A total of 585 bind-
ers were inspected and certified according 
to statutory regulations. Totalling 550  
(94 %), cements accounted for the largest 
share. The figures include eight cements 
from four foreign cement works. In 88 of 
550 cases, multiple certificates were issued 
for identical cements. They obtained cer-
tificates for EC conformity (EN 197-1) and 
also conformity certificates according to 
DIN 1164-10.

Without the multiple certificates for iden-
tical cements, 497 binders from 59 cement 
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Table IV-3: Number of domestic cements inspected by VDZ’s quality surveillance organisation in 2008 (2006)  

Cement Number of cements Share of cement dispatch (domestic) in mass %

32.5 42.5 52.5 Total 32.5 42.5 52.5 Total

Portland cement CEM I 36 (51) 78 (80) 61 (56) 175 (187) 5.6 (12.3) 16.6 (21.5) 8.0 (8.3) 30.2 (42.1)

Portland- 
composite cement CEM II

64 (79) 71 (60) 32 (31) 167 (170) 24.3 (24.0) 20.0 (12.4) 4.8 (3.6) 49.1 (40.0)

Blastfurnace 
cement                CEM III

56 (72) 44 (44) 8 (7) 108 (123) 7.0 (9.9) 13.4 (7.5) 0.3 (0.5) 20.7 (17.9)

Pozzolanic cement CEM IV 3 (3) – (–) – (–) 3 (3) 0.0 (0.0) – (–) – (–) 0.0 (0.0)

Composite cement  CEM V – (–) – (–) 1 (1) 1 (1) – (–) – (–) 0.0 (0.0) 0.0 (0.0)

Total 159 (205) 193 (184) 102 (95) 454 (484) 36.9 (46.2) 50.0 (41.4) 13.1 (12.4) 100.0 (100.0)

Cements with high early 
strength (R)

95 (124) 103 (102) 54 (50) 252 (276) 29.5 (37.0) 26.0 (27.6) 9.0 (8.5) 64.5 (73.1)

Cements with normal early 
strength (N)

64 (81) 90 (82) 48 (45) 202 (208) 7.4 (9.2) 24.0 (13.8) 4.1 (3.9) 35.5 (26.9)

Cements with special  
properties (LH, HS, NA)

46 (60) 48 (45) 7 (6) 101 (111) no data

factories were inspected in 2008. The 
number of binders that were inspected was 
slightly lower than in 2006 (Fig. IV-2). The 
average number of binders inspected per 
cement factory has increased over the last 
20 years or so and is now constant at rough-
ly 8.4 binders per works (Fig. IV-3).

In 2008, 54 cements with approvals for 
concrete paving were also inspected. In 
2008, VDZ’s quality surveillance organi-
sation also inspected 19 masonry cements 
according to EN 413-1; four of those were 
in Class MC 12.5 and 16 hydraulic road  
binders according to DIN 18506.

Table IV-3 summarises the number of cer-
tificates (also without multiple certificates 
for identical cements) for domestically pro-
duced cements inspected by VDZ’s qual-
ity surveillance organisation as well as the 
corresponding domestic dispatch quant-
ities for 2008 compared to 2006 (figures in 
brackets). The cements were graded in the 
main cement types CEM I, CEM II, 
CEM III, CEM IV and CEM V, and the 
strength classes 32,5, 42,5 and 52,5. The 
table shows that the number of domestic 
cements that were inspected decreased by 
30 from the number in 2006 and now stands 
at 454. The number of Portland cements 
and also the number of blastfurnace ce-
ments both decreased. However, the 
number of Portland-composite cements re-
mained virtually constant. 

There was also a significant drop in the 
dispatch quantities of Portland cements 
(see Table IV-3). However, on the other 
hand, the dispatch quantities of Portland-
composite cements CEM II and blastfur-
nace cements CEM III increased. Notice-
able is the significant shift in the dispatch 
quantity of cements in strength class 
32,5 R in the direction of cements in 
strength class 42,5 N.

Fig. IV-4 confirms that over the last years 
there has been a marked shift in the domes-
tic dispatch of the cements. As a compari-
son, the figure shows the proportions of ce-
ment types and strength classes in domes-
tic dispatch in 2000 and 2008. It can be 
seen that the share of cements in strength 
class 32,5 has declined from 60.1 % to 36.9 %. 
At the same time, the cements in the top 
strength classes have increased accordingly. 
More cement in strength class 42,5 is now 
manufactured than in strength class 32,5. 

A similar shift can be seen as regards the 
cement types. In the course of increasing 
attempts to reduce CO2 emissions, the dis-
patch quantity of Portland cements has 
more than halved over the last eight years. 
Since 2000, the absolute share has dropped 
by 31.5 % from 61.7 % to 30.2 %. At the 
same time, the absolute share of CEM II 
cements has increased by 25.2 % from 23.9 % 
 to 49.1 %. This is especially noticeable in 
cements in strength class 42.5. Here, about 
40 % of the cements are now CEM II ce-
ments. The dispatch quantity of CEM III 
cements has also increased. 

Third-party inspection of cement 
according to voluntary regulations 
Bilateral agreements exist between VDZ’s 
quality surveillance organisation and the 
corresponding Belgian, Danish, French, 
Dutch and Russian inspection bodies on 
the mutual recognition of testing, inspec-
tion and certification activities. These re-
late to third-party inspection according to 
national regulations and standards over and 
above the requirements of EN 197 (see 
Fig. IV-1). VDZ’s quality surveillance or-
ganisation performs the supplementary 
tests and inspections required at the Ger-
man manufacturers’ sites in agreement with 
the corresponding foreign body. This re-
duces the additional costs for the cement 
manufacturers.

In 2008, VDZ’s quality surveillance organ-
isation also inspected 111 cements and four 
masonry cements from 27 works accord-
ing to Dutch assessment guideline (BRL 
2601) (see Table IV-2). The certificates 
were issued by BMC.

VDZ’s quality surveillance organisation al-
so certified and inspected 41 cements from 
16 works according to Belgian regulations, 
which permit these cements to carry the 
Belgian BENOR mark. 

In 2008, VDZ’s quality surveillance organi- 
sation tested and inspected 36 cements with 
the NF mark from eleven cement works. 
The NF mark is issued according to French 
regulations. Agreement has been reached 
with the French certification body,  
AFNOR, according to which VDZ’s qual-
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Fig. IV-4: Comparison of the share of cement types and strength classses of cements manufactured and dispatched in Germany  
in 2000 and 2008
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ity surveillance organisation carries out 
third-party inspection tests and inspections 
in German cement works as a sub-contrac-
tor of AFNOR. 

In 2008, an additional seven cements from 
six works were inspected according to 
 Danish regulations. All cements obtained 
a Dancert certificate according to DS/INF 
135.

Other construction products
Since the new pigment standard, EN 
12878, was adopted by the building au-
thorities in 2006, VDZ’s quality surveil-
lance organisation has also been certify-
ing and inspecting the factory production 
control systems of pigment manufactur-
ers. This relates to the manufacture of 53 
different pigments from four European 
works.

In 2008, the organisation began testing, in-
specting and certifying ground granulated 
blastfurnace slag according to DIN EN 
15167-1. Currently, two ground granulat-
ed blastfurnace slags are being certified. 

Since a harmonised product standard was 
introduced for masonry mortar in 2003 
(DIN EN 998-2), it is now also possible 
to issue a CE mark for this mortar. Instruc-
tions for factory production control sys-
tems for CE marking of masonry mortars 
after a suitability test are contained in the 
new DIN 18581. This standard was de-
veloped in collaboration with Research 
Institute staff and was introduced in 
2008. 

In the period under review, various com-
missioned tests on grouts according to 
DIN EN 447 were conducted. Initial expe-
riences with the new test procedure and re-
quirements pursuant to DIN EN 445 or 
DIN EN 447 respectively have shown that 
some grouts that were suitable according to 
the 1996 version did not fulfil the require-
ments, especially as regards bleeding, vol-
ume changes and the sieve test. This means 
that the 1996 version will largely remain 
valid in the construction area. The manu-
facture of grout on the building site and 
grouting of tensioning ducts can be inspect-
ed by the VDZ’s quality surveillance organ-
isation. 

Comparative tests
To ensure a constant level of testing and to 
fulfil the respective requirements from 
standards and accreditation, the testing 
body of VDZ’s quality surveillance organ-
isation regularly takes part in several round 
robin tests. In particular, the standard tests 
for cement are compared at national and 
international levels several times each 
year.

Among other things, Stichting BMC organ-
ises weekly comparative tests with a Dutch 
reference cement and these are evaluated 
each quarter. The results are discussed 
among representatives from the participat-
ing third-party inspection institutions at an 
annual meeting. At the same time, the re-
sults of the weekly tests of the reference 
cement are documented in a quality con-
trol chart to determine fluctuations so that 
a quick response can be initiated. 

In addition, the Research Institute takes 
part in the annual cement comparison test 
organised by Association Technique de 
L’Industrie des Liants Hydrauliques 
(ATILH), in which about 200 test labora-
tories from 59 countries regularly partici-
pate. Similar national round robin tests are 
carried out on other building materials, 
such as fly ash and concrete admixtures.

Test laboratory
In connection with third-party inspection 
tests and the associated commissioned and 
comparison tests, each year about 3 500 
binder samples are tested in the Research 
Institute’s laboratories. With around ten 
properties on average to be tested, that cor-
responds to roughly 35 000 individual tests. 
With this high sample throughput rational 
test processes are indispensable and a con-
stant testing level and a high testing qual-
ity must be ensured. This is achieved by 
standardising many of the test processes. 
The physical tests are carried out in the 
quality surveillance laboratory; while the 
chemical tests are sub-contracted to the ce-
ment chemistry department. 

Quality assurance 

Unique legal regulations are a basic re-
quirement for the fact that cement is no 
longer dealt with just nationally, but at an 
European level. The EU Construction Prod-
ucts Directive is one of 26 directives ac-
cording to the so-called “New Approach” 
aimed at reducing trade barriers in the 
 European Union. In this respect, the Con-
struction Products Directive has an excep-
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Table IV-4: Systems for conformity attestation according to the Construction Products 
Directive

System
Conformity 
attestation

Tasks of the notified 
body

Binder 1)

1+
Certification by 

certification body

Third-party inspection 
with testing spot samples

Cement 1)

   EN 197-2

1
Third-party inspection with- 

out testing spot samples
–

2+

Declaration of
conformity by the

manufacturer

Initial inspection and  
continuous surveillance Road binder prEN 13282-3

2 Only initial inspection Building 
lime 2)

3 Only initial test –

4 – –
1) Common cement, cements with special properties, special binders
2) Future system 2+ according to prEN 459-3

tional position, because the main require-
ments refer not to the construction prod-
ucts themselves but to the buildings con-
structed using the products. It regulates 
trading in construction products through-
out Europe but not the manufacture of 
building elements or structures, which are 
still subject to national law. 

Proof of conformity according 
to the EU Construction Products 
Directive
The Construction Products Directive is 
currently being revised. The aim is to sim-
plify and deregulate the directive, which 
is thought to be too complicated. The pre-
vious directive is also to be issued as an 
EU regulation, which will make it more 
difficult to have special national regula-
tions.

The European Construction Products Di-
rective demands that only construction 
products that are suitable for their intend-
ed use may be traded in the Single Euro-
pean Market. Placing products on the mar-
ket is linked to six “essential require-
ments”; these are
 
	 Mechanical resistance and stability, 
	 Safety in case of fire, 
	 Hygiene, health and environment, 
	 Safety in use, 
	 Protection against noise, 
	 Energy economy and heat retention.

The inclusion of a seventh requirement is 
being considered in the revision regarding 
the sustainable use (recyclability) of natu-
ral resources (see Chapter VI).

As mentioned above, proof must be pro-
vided that construction products are suit-
able for their intended use. As opposed to 
other European directives, the specifica-
tions for the product are not formulated 
directly in the directive. This is covered 
by harmonised European standards that 
are compiled by the European Commit-
tee for Standardisation, CEN (see sub-sec-
tion on standardisation) and the European 
technical approvals that are pursued un-
der the umbrella of the European Organi- 
sation for Technical Approvals, EOTA 
(see Chapter V).

As regards proof of conformity with the 
respective requirements, the Construction 
Products Directive currently specifies  
four conformity attestation systems (Ta-
ble IV-4). Two of these have modifica-
tions, which are marked with a “plus”. 
When the Construction Products Direc-
tive is revised, these systems are to be 

maintained. Only System 2, which was 
used for just one construction product 
(building lime), is to be omitted without 
replacement. It is also conceivable that 
certain exemptions will be created for 
smaller companies with less than ten 
 employees and a turnover of less than 
E 2 million per annum. 

Product certification by a notified body 
(System 1+) is required for just a few con-
struction products. Because of their impor-
tance for construction safety, these include 
common cement, cements with special 
properties and special binders. System 2+ 
is specified only for hydraulic road bind-
ers, in which external surveillance of the 
factory production control is carried out by 
a notified body. During the period under 
review, a corresponding draft standard was 
developed with the participation of staff in 
the Research Institute of the Cement  
Industry.

The conformity of cement is assessed ac-
cording to conformity evaluation standard 
EN 197-2. Undoubtedly the standard has 
proven its worth and is a model for corre-
sponding definitions for concrete additions, 
such as fly ash, silica fume and ground 
granulated blastfurnace slag. Because of 
this, this standard will not be revised for 
the present.

In the revision of the Construction Prod-
ucts Directive, modified competency re-
quirements will also be given to the ap-
proved bodies. These concern, for exam-
ple, the legal structure, impartiality require-
ments and the general duties of a body as 

well as professional liability insurance  
cover. Some changes are the result of the 
restructuring of the European accreditation 
system. 

Restructuring of the European 
accreditation system
Several years ago, a revision of the legal 
framework of the New Approach was ini-
tiated. The aim was to simplify and de- 
regulate as a prerequisite for the free move-
ment of goods. One result of the revision 
was a regulation on accreditation and mar-
ket surveillance from the European Parlia-
ment and Council, which was published in 
August 2008 and which will take effect on 
1 January 2010. This regulation neces- 
sitated a restructuring of the German ac-
creditation system.

In Germany, there are many certification 
bodies and laboratories that carry out 
many different tests on products and ser-
vices. Five different accreditation bodies, 
such as DACH, DAP, TGA, exist to as-
sess the competency and qualifications of 
these bodies. At present the individual 
bodies focus on different competencies 
and tasks, such as accreditation of la- 
boratories, test and certification bodies for 
many different products and certification 
bodies for management systems. There 
are also nine national and four state bod-
ies in the legally regulated area (approv-
al authorities). The different bodies work 
together in the German Accreditation 
Council (DAR).

Due to the European regulation, one single 
accreditation body must be established by 
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1 January 2010. Therefore, in Germany an 
accreditation law was drawn up to create a 
single German accreditation body. The cor-
responding draft was passed by the feder-
al cabinet in April 2009. 

On 20 August 2008, the Federal Ministry 
of the Economy presented the concept of 
a privately-run accreditation body, which 
will be authorised in the form of entrust-
ing by the public sector (Fig. IV- 5). This 
accreditation body will then be responsi-
ble for all accreditations within the scope 
of the 26 directives of the New Approach. 
The EU Construction Products Directive, 
which is currently being revised, is one of 
these directives. The present competencies 
of the existing accreditation bodies are to 
be integrated. A functional separation of 
the granting of authorities (approval, noti-
fication, announcement, etc.) and formal 
confirmation of a body’s competency (ac-
creditation) is planned.

The accreditation body will cover various 
areas, such as construction, safety, environ-
ment, metrology, certification, etc. It must 
support itself with the fees it charges and 
may not work in a profit-oriented manner. 

The Research Institute adjusted to this situa- 
tion at an early stage and, in addition to the 
legally stipulated recognition and notifica-
tion, has also had itself accredited private-
ly for the corresponding areas (see Chap-
ter 0). 

Cooperation between the notified 
bodies
One main requirement for approval of no-
tified bodies according to the Construction 
Products Directive is that they regularly 
exchange experiences with each other. For 

Fig. IV-6: Different view of product and system certifiers on integrated management systems 

QMS (ISO 9001) EMS (ISO 14001)

Integrated
management system

OHSAS 18001
Product certifier

Factory
production control (EN 197-2)

System certifier
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this purpose there are horizontal and sec-
tor-related committees in the notified bod-
ies. Since in Germany a lot of bodies ex-
ist, the work will also be mirrored nation-
ally. As in previous reporting periods, 
VDZ’s quality surveillance organisation 
regularly took part in the exchanges of ex-
perience in the relevant European and na-
tional committees. 

Certification of management 
systems
In addition to the factory production con-
trol system that is legally required in the ar-
eas of product inspection and certification, 
some companies in the cement and con-
struction material industries operate man-
agement systems. Over the last years there 
has been a clear trend towards integrated 
management systems that simultaneous-
ly cover the specific requirements in terms 
of quality (ISO 9001), environment (ISO 
14001) and occupational health and safe-
ty (OHSAS 18001) (Fig. IV-6). Although 
the systems are similar, there are differ-
ences in the content between product and 
system certifications. Product certifiers 
work in a legally regulated area and con-
trol in detail that the formal specifications 
of standards are fulfilled. Management 
systems have more the character of a man-
agement or control tool. Here, system cer-
tifiers work in the private area and audit 
systems chosen by the manufacturers 
themselves in spot samples and in dia-
logue with the manufacturer.

The Research Institute has operated a cor-
responding certification body for manage-
ment systems, FIZ-Zert, for more than ten 
years. In the period under review it was re-
accredited by the accreditation body (see 
Chapter 0).

Standardisation  

The Research Institute of the Cement Indus-
try is represented on almost all CEN/TC 51 
standardisation committees. Some activ-
ities associated with the revision and ex-
tension of cement standards are described 
below. 

Product standards for common 
cements
Table IV-5 summarises the current status 
of existing and planned product standards 
for cements and other hydraulic binders. 
Since being published originally in 2000, 
the European Cement Standard EN 197-1 
has been amended and supplemented sev-
eral times. 

During the period under review, an amend-
ment, A3, for fly ash as a cement constitu-
ent was completed and published. This is 
a formal harmonisation in line with the regu- 
lations for fly ash as a concrete addition. 
With the corresponding declaration, it is 
now possible to have higher losses on ig-
nition for fly ash that is used as a main con-
stituent of cement. 

In addition, the planned amendment A2 for 
cements with a high sulphate resistance 
(SR) has been further specified. The pro-
posed change takes account of almost  
90 % of cements manufactured in Europe 
with high sulphate resistance. The proposed 
amendment covers seven types of cement: 
Portland cements with three different C3A 
contents, blastfurnace cements with at least 
66 % blastfurnace slag and CEM IV ce-
ments. National cements that were not in-
cluded are to be listed in an appendix to the 
standard. These may not be labelled SR, 
but they may still be used. The drafts were 
presented to a representative of the EU 
Commission in July 2008. As soon as a 
written comment from the Commission is 
available, the formal vote of the two drafts 
will be carried out.

Parallel to these amendments, work was 
commenced on the formal revision of 
EN 197-1, which is to be carried out about 
every 5 years. As the standard has so far 
proven its worth, the changes will essen-
tially be limited to the formal integration 
of all the previous changes (A1, prA2, A3) 
and of EN 197-4, which refers to blastfur-
nace cements with low early strength, in-
cluding amendment A1 (the blue area in 
Table IV-5). The levels and classes

	 low early strength (L)
	 low hydration heat (LH), and
	 high sulphate resistance (SR) 

will be included in the standard. A corre-
sponding consolidated version of EN 197-1 
has already been compiled.

Only minor changes will be made to the 
content. These relate to such things as up-
dating the requirements for cement constit-
uents. For instance, new or revised stand-
ards for the concrete additions fly ash (as 
described above), ground granulated blast-
furnace slag and silica fume have already 
been drafted or are in preparation. The 
specifications are to be harmonised with 
each other more than in the past. The re-
quirements for cement additives are also to 
be revised to take account of requirements 
from the drinking water area. The cements 

manufactured in Germany already fulfil 
this requirement. 

In future, the requirements of the Construc-
tion Products Directive are to be consid-
ered more in terms of hygiene, health and 
environmental protection. However, ini-
tially this subject has to be prepared in 
terms of content before the corresponding 
concepts are put forward for standardisa-
tion.

Special binders
In the past, standardisation activities fo-
cused primarily on common cements. 
However, six further standards and draft 
standards have now been adopted for spe-
cial cements and special binders. Accord-
ingly, binders that were previously used 
only regionally or for special areas of ap-
plication may be used (see Table IV-5). For 
several years, standards have been com-
pleted and published for:

	 cements with very low hydration heat 
that can be used for mass concrete,

	 calcium aluminate cements that can be 
used for special applications, such as re-
pair mortar, and

 masonry cements.

In the meantime

 supersulphated cements and
 hydraulic binders for non-structural  

applications have been added and 
 the regulations for hydraulic road bind-

ers have been systematically supple- 
mented and extended.

A new project concerns cements with a 
blastfurnace slag proportion of between 30 
and 50 % and a limestone or fly ash con-
tent of 6 to 20 %. As the applications for 
these cements have not yet been defined, 
they have been given the working name 
CEM X. One reason for this is the pos- 
sible CO2 reduction in the manufacture of 
these binders. 

Supersulfated cement
Some time ago, a standard was compiled 
for supersulfated cements. These are ce-
ments containing up to 75 % granulated 
blastfurnace slag and which are stimulat-
ed by up to 20 % calcium sulfate. The Port-
land cement clinker proportion is maxi-
mum 5 mass %. These cements were also 
standardised in Germany in the past and 
were manufactured and used up until the 
1960s. After many years of development 
work, supersulfated cements are again be-
ing manufactured in some countries in the 
European Union. These cements are char-
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Table IV-5: Existing and planned European product standards for cement and other hydraulic binders

Standard No. Cement/binder
Type of cement/binder Strength

class
Additional

classes Status
Number Designation

EN 197-1 Common cements

27

CEM I 
CEM II 
CEM III 
CEM IV 
CEM V

32,5 N/R 
42,5 N/R 
52,5 N/R

–
2000, Revision initiated, CEN 

enquiry in preparation

 
A1

Common cements with 
low heat of hydration

LH (≤ 270 J/g) 2004

prA2
Sulphate resisting 
common cement

CEM I 
CEM III/B and /C 

CEM IV

SR 0, SR 3, SR 5 
SR S 
SR P

2008, formal vote only after
reply from the EU Commission

A3
Fly ash as a cement 

constituent
2007

EN 197-4
Blastfurnace cements  

with low early strength
3 CEM III

32.5 L 
42.5 L 
52.5 L

LH (≤ 270 J/g) 2004

prA1
Sulphate resisting  

blastfurnace cement
2008, formal vote only after  

reply from the EU Commission

open

Cement with increased 
quantities of blastfurnace 

slag and limestone 
or fly ash

CEM X Pre-standard investigation

EN 14216
Cements with very low 

heat of hydration
6

VLH III/B and /C 
VLH IV 
VLH V

22.5 VLH (≤ 220 J/g) 2004

EN 14647 Calcium aluminate cement 1 CAC 40 – 2005

prEN 15743 Supersulfated cement 1 CSS
30 
40 
50

– Formal vote in preparation

prEN 13282-1 
prEN 13282-2

Hydraulic road binder 1 1) HRB

       N1 
E2   N2 
E3   N3 
E4   N4

RS 2) CEN enquiry initiated

EN 413-1 Masonry cement 1 MC
5 

12.5 
22.5

X (without air 
entraining agent)

2004, Revision initiated

prEN 15368
Hydraulic binders for 

non-structural applications
2 BHB

2.0 
3.5

– 2008

1) Declaration of the composition within given limits
2) RS rapid setting
 Revision of EN 197-1

Fig. IV-7: Testing super-sulfated cement according to prEN 15743 – filling the mortar  
mould (left) and wiping off the matrix (right)

acterised by low hydration heat, high sul-
phate resistance and increased resistance 
to acids. 

These binders have a variable consistency 
depending on their composition. Some of 
the mortars have a very low viscosity, as 
can be seen in Fig. IV-7 in the manufac-
ture of a mortar mould. Therefore, it was 
originally considered to manufacture the 
mortar with a lower water-cement ratio of 
0.40. Round robin tests were carried out 
with several water-cement ratios to discov-
er the best test conditions. Ultimately, it 
was decided to use a normal standard test 
procedure with a water/cement ratio of 0.50 
in order to connect this with the strength 
classes of common cement. Because of 
their slow hardening, supersulfated ce-

ments are always classified in early strength 
classes L or N – a draft standard now ex-
ists and will soon be considered as a CEN 
standard.
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Table IV-6: Test standards for cement according to DIN EN 196

DIN EN 196 Part Content
Valid

version
Corresponding  
ISO standards

1 Strength 2005 ISO 679

2 Chemical analysis    2005 1) ISO 29581-1

3 Setting, soundness 2005 ISO 9597

(4) 2) Composition 2007 –

5 Pozzolanicity 2005 ISO 863

6 Fineness 1990 –

7 Sampling 2008 –

8, 9 Heat of hydration 2004 ISO/DIS 29582-1/-2

10 Water-soluble chromate 2006 –
1) In addition, EN 196-2.2 (ISO/DIS 29581-2) for X-ray fluorescence  analysis in preparation
2) Published as CEN Report CEN/TR 196-4

Hydraulic road binders
Another project deals with the completion 
of a European road binder standard. The 
standard envisages various constituent ma- 
terials and allows a variable composition 
with different binder components. This al-
lows more adjustment to the respective lo-
cal conditions. The draft standard has now 
been extended to cover slow hardening 
binders, which only have to provide proof 
of strength after two months. A new fea-
ture is that the binders are not only to be 
used for the road base, but also more for 
soil improvement and stabilisation. It is 
planned to also make the standard acces-
sible for so-called mixed binders (Misch-
bindemittel). This will require a corre-
sponding modification of the test proce-
dure that was tested in the round robin 
tests. It is planned to pre-slake the lime 
components in a pretest and then use the 
usual standard procedure. 

Test procedure
Parallel to the product standards, the test 
standards are also revised and updated at 
regular intervals. Table IV-6 presents an 
overview of the current status of the test 
procedures for the EN 196 series. Not in-
cluded in this presentation are the per-
formance test procedures that are devel-
oped together with the concrete standard-
isation committee CEN/TC 104. The main 
test procedures according to EN 196 have 
been converted into the corresponding 
ISO standards, so that similar test pro- 
cedures can be used in many different 
countries. 

In the period under review, further devel-
opments were made on the test standards 
to determine fineness according to EN 196-6  
using air-jet sieve, a test standard to deter-
mine hydration heat with heat flow calor-
imetry, a CEN report on determining the 
composition, the test procedure for chem-

ical analysis using X-ray fluorescence and 
the sampling procedure (see also Chapter 
III).

Chromate reduction in 
cement and cementitious 
mixtures 

Since October 2006, a harmonised Euro-
pean test procedure has been available to 
determine water-soluble chromate in ce-
ment. This method, described in European 
Standard EN 196-10, is the reference pro-
cedure for checking the limit value of 
2 ppm water-soluble chromate in cement. 

The limit value also applies to cementitious 
mixtures. However, the proportion of wa-
ter-soluble chromate does not refer to the 
entire mass of the formulation but only to 
the dry mass of the cement contained in the 
formulation. 

When the proportion of water-soluble chro-
mate in cementitious mixtures was being 
tested, it was found that even in mixtures 
where the content of water-soluble chro-
mate had been reduced to less than 0.1 ppm 
with the addition of chromate reducers, the 
amount of chromate measured in the for-
mulation in relation to the proportion of ce-
ment could still be above 2 ppm. 

Investigations into the suitability 
of the test method based on 
DIN EN 196-10 for cementitious 
mixtures
The test procedure according to EN 196-10 
can also be used for cementitious mixtures 
when the recommendations in the informa-
tive annex B of EN 196-10 are taken into 
account. 

According to experiences made by various 
laboratories, the determination limit of the 

test procedure based on EN 196-10 is in 
the magnitude of 0.1 to 0.3 ppm Cr (VI). 
The cement to be tested is mixed with wa-
ter and standard sand to form standard mor-
tar according to EN 196-10; its cement pro-
portion is 25 mass % of the dry mortar 
mass. The analyses were carried out on the 
filtrate of this mortar. 

In the investigation of cementitious mix-
tures no further sand is added; instead the 
mixture is suspended with water. For 
 example, with a cement proportion of 
10 mass % in a cementitious mixture, in 
the worst case scenario the theoretical de-
termination limit would be approx. 2.5 x 
0.3 ppm = 0.75 ppm. However, it is pos-
sible to use a suitably adjusted larger 
amount of aqueous extract from the formu-
lation that is produced for the analysis. This 
allows the absolute quantity of analysed 
chromate in the measured solution to be in-
creased, which improves the determination 
limit of the analysis process. 

Instead of the very toxic bromine water 
used in the former Technical Rules for Haz-
ardous Substances, TRGS 613, the test pro-
cedure based on EN 196-10 proposes that 
sodium persulphate is used to oxidize re-
ducing substances in the measured solu-
tion. In the investigations that were carried 
out, it was seen that opacifying organic 
components in cementitious mixtures can 
be destroyed and separated with this oxi-
dising agent, producing the clear measur-
ing solution required for the analysis.

Investigations into the effects 
on the content of water-soluble 
chromate from other components 
in cementitious mixtures 
The proportion of water-soluble chromate 
in cement and cementitious mixtures is a 
component of a chemical equilibrium. 
When a pure cement clinker is suspended 
in water, almost the entire chromate of the 
clinker is dissolved. However, at the same 
time, especially in mixtures containing alu-
minium (e.g. chromate ettringite), the dis-
solved chromate is bonded. The chemical 
equilibrium between bonded and dissolved 
chromate can be influenced by other con-
stituents. For example, sulphate ions that 
are introduced into the cement via the set-
ting regulator, calcium sulphate, displace 
the chromate ions from their bonds and this 
is ultimately measured as water-soluble 
chromate in the actual cement. In particu-
lar, dissolved carbonate ions from the re-
spective components of cementitious mix-
tures (e.g. alkali carbonates) can increase 
the proportion of dissolved chromate ions 
from cement clinker. If a Portland cement 
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components of cementitious preparations (determination based on TRGS 613; analysis 
 results in relation to cement proportion) 

1: Z + tartaric acid;  
2: Z + citric acid S40;  
3: Z + calcium aluminate cement 
(50 mass %);  
4: Z + calcium aluminate cement 
(100 mass %);  
5: Z + calcium aluminate cement 
(5 mass %);  
6: Z + Melment F 10 plasticiser;  
7: Z + lithium carbonate;  

8: Z + Vinnapas 5044 N;  
9: Z + zinc stearate;  
10: Z + sodium maleate;  
11: Z + methyl cellulose 1;  
12: Z + methyl cellulose 2;  
13: Z + air entraining admixtures; 
14: Z + limestone meal; 
15: Z + methyl hydroxy ethyl cellulose; 
16: Z + mixture of citric acid (0.3 mass %) 
and limestone meal (4 mass %)

Fig. IV-9: Water-soluble chromate proportion of mixtures of the test cement with various 
compounds of cementitious preparations (determination according to TRGS 613; analysis 
results in relation to cement proportion; # M = storage time of the test cement/compound 
mixture in months; Ox = oxidation with sodium persulphate; broken line = water-soluble 
chromate proportion of pure test cement) 
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is extracted not with pure water but with 
water containing sodium carbonate, this 
produces not just approx. 20 to 30 mass %, 
but more than 80 mass % of the entire chro-
mium content of the cement as chromate 
in the solution. Therefore, tests were car-
ried out to see whether the components oth-
er than cement in normal mixtures can af-
fect the solubility of chromate. 

Influence of individual components 
in cementitious mixtures on 
chromate solubility 
For the investigations a Portland cement 
with the various individual components that 
were provided and also with the compounds 
(total ingredients of conventional cementi-
tious mixtures) was used. The ingredients 
of the cement corresponded to the mixtures 
that are generally found in practice. In ad-
ditional investigations, a calcium aluminate 
cement was mixed with the test cement at 
50 % and 5 % of the amount normally used 
in practice. The water-soluble chromate 
content of these mixtures was then deter-
mined after different storage times based 
on EN 196-10 and also according to the 
analysis regulation from the appendix of 
the former TRGS 613. If not stated other-
wise, the results of the analysis refer to the 
proportion of cement in the mixture. 

Fig. IV-8 shows the results of this chro-
mate determination according to TRGS 613 
on the test cement with the individual com-
ponents of cementitious mixtures. In a 
number of mixtures, the proportion of wa-
ter-soluble chromate in the test cement was 
up to 4 ppm higher when it was tested im-
mediately after it was produced (0 months). 
In some mixtures, the dissolved chromate 
content was up to 6 ppm lower than in pure 
test cement. 

The water-soluble chromate proportion in 
the mixture with the normal amount of cal-
cium aluminate cement (Mixture 4) was 
particularly low, namely below the deter-
mination limit of the analysis method. With 
a dosage of 50 mass % of the normal 
amount, the calcium aluminate cement re-
duced the water-soluble chromate propor-
tion by almost the same extent. Even add-
ing just 5 mass % of the normal amount 
produced a marked reduction in the pro-
portion of water-soluble chromate. The rea-
son for this strong reduction in the propor-
tion of water-soluble chromate is not that 
it is chemically reduced to trivalent chro-
mium but is due to the increased bonding 
of chromate because of its reaction with 
the reactive aluminates of the calcium alu-
minate cement discussed above. The re-
sults of the analysis show that the compo-

nents of cementitious mixtures that were 
investigated do not cause any serious in-
crease in the water-soluble chromate. How-
ever, with a combination of two compo-

nents (Fig. IV-8, Mixture 16) the effects of 
the individual components can accumu-
late.
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Fig. IV-10: Water-soluble chromate proportion (bar) and cement content (curve) of mixtures 
of the test cement (Z) with the compounds 1, 2, 3 and 4 (determination according to TRGS 
613 without oxidation; analysis results based on the cement proportion)

Fig. IV-11: Results of the Cr(VI) determination of the test cement/tin (II) preparation mix-
tures according to DIN EN 196-10 (“Mix”: produced by mixing; “Grind”: produced by 
grinding materials together; temperatures: mixing and grinding temperatures; # Mon: test 
date in months after the tin (II) preparation was added
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Effect of all components in 
cementitious mixtures
Cementitious mixtures generally contain 
only small amounts of cement. These pro-
portions are often in the magnitude of  
10-20 mass %, in some cases well below 
10 mass %. In comparison to cement, the 
total of all components contained in the for-
mulation apart from cement, otherwise re-
ferred to as compounds, is clearly the main 
component of the mixtures. Consequently, 
it can have a significant influence on the 
release of chromate. To investigate this, a 
test cement with compounds was mixed ac-
cording to the mass ratios in the authentic 
products and the content of the water-sol-

uble chromate of these mixtures was deter-
mined (Fig. IV-9). Most compounds do not 
significantly increase the chromate released 
from the cement. The only obvious excep-
tion to this is Compound 4. Moreover, dur-
ing the time the mixtures are stored the 
measured chromate content decreases in 
most mixtures. 

Reducing substances have to be destroyed 
in an oxidation stage, as otherwise in the 
analysis they would produce an incorrect 
(too low) chromate content in the sample. 
However, some compounds (e.g. 4, 5, 6, 7 
and 11) produce lower chromate contents 
only when the analysis is carried out with 

such an oxidation stage. It could be that 
critical reducing substances are only pro-
duced as a result of incomplete oxidation. 
From the results of the analysis of com-
pounds 1 to 4, it is possible to deduce the 
conditions under which the proportion of 
soluble chromate could increase consider-
ably (Fig. IV-10). Among other things, 
these four compounds contain finely 
ground limestone. The lower the cement 
content in the formulation, the higher the 
measured chromate content in relation to 
this cement proportion. Even just a low pro-
portion of dissolved carbonate from the 
limestone meal changes the equilibrium as 
regards dissolved and bonded chromate in 
the suspension of these mixtures. 

Influencing the efficiency of 
chromate reducers 
Interactions are observed not only between 
the components of cementitious mixtures 
and cement but also between these compo-
nents and the chromate reducers. Tin (II) 
sulphate preparations are very efficient 
chromate reducers. However, in many cases  
the chromate content increases again con-
siderably after just a few months. The de-
creasing effectiveness of chromate reduc-
ers can be due to several reasons:

	 continuing oxidation of the reducing 
agent (e.g. by atmospheric oxygen) 

	 reactions of the reducing agent with oth-
er components in the formulation

	 reduced solubility of the reducing agent 
over time (e.g. due to retarding crusts) 

Because of this, various tin (II) prepara-
tions were investigated as regards their re-
duction effect on water-soluble chromate in 
cement and their durability. The aim was to 
determine what properties a chromate re-
ducer based on tin (II) salts has to have to 
remain effective over a long period of time. 
A total of seven tin (II) preparations were 
tested; they differed as regards the amount 
of residual sulphuric acid they contained 
and in terms of their preliminary storage 
time conditions and the amount that was 
added (Table IV-7). The chromate reduc-
ers were added to a test cement in various 
ways. In relation to their tin (II) content, 
all preparations were added in amounts 
corresponding to 0.02 mass % tin (II) sul-
phate. This dosage did not completely re-
duce the water-soluble chromate in the test 
cement, which allowed the effectiveness 
of the individual preparations to be com-
pared. During the nine month storage pe-
riod, all preparations lost much of their ef-
fectiveness; this can be seen in the increas-
ing chromate content shown in Fig. IV-11.  
The powdery preparations 1 and 2 exhib-
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Table IV-7: Tin (II) preparations that were used for the durability tests

Name Composition
 Free sulphuric acid 

in mass %
Other properties

1 Pure tin (II)-sulphate 0.3 Powder

2 Pure tin (II)-sulphate 0.1 Powder

3 Pure tin (II)-sulphate < 0.1 Crystalline

4 Pure tin (II)-sulphate 0.01 Crystalline

5 Pure tin (II)-sulphate 0.1 Crystalline

6 Pure tin (II)-sulphate Unknown 3 years old

ited a good reduction effect over a period 
of six months. However, at the latest after 
nine months the effectiveness of these two 
preparations fell to the same level as that 
of the other preparations. 

Compared to preparations 1 and 2, the ef-
fectiveness of the crystalline preparations 
3 to 5 decreased continuously during the 
storage time when they were added to the 
test cement by mixing at 20 °C or 120 °C. 
However, if they are added by being ground 
together with the test cement at 120 °C,  
they are just as effective as preparations  
1 and 2. This good conformity of effective-
ness can be attributed to the similarity of 
the particle sizes as a result of grinding. 

Summary
The components other than cement in ce-
mentitious mixtures can increase the pro-
portion of water-soluble chromate in the 
cement. With low cement content in the 
presence of large amounts of these com-
ponents, the increase in the proportion of 
water-soluble chromate can be quite con-
siderable. In this connection, components 
with soluble carbonate must be regarded 
as especially critical. To reliably reduce 
the additional chromate dissolved in this 
way additional chromate reduction is rec-
ommended. 

Tin (II) sulphate preparations should be 
added to cement at high temperatures by 
grinding both together. Normally, tin (II) 
sulphate is added to cementitious mixtures 
only by mixing at low temperatures. The 
extent to which conditioning tin (II) sul-
phates under increased mechanical and 
thermal loading would produce the same 
effect as grinding cement and chromate re-
ducer together at higher temperatures must 
be examined on a case-by-case basis.

Certain properties of tin (II) sulphates can 
affect their (long-term) effectiveness in dif-
ferent ways, depending on the dosing strat-
egy (temperature, mechanics). Based on 

these results, the decisive factors in this re-
gard are the fineness of the reducer and the 
amount of free sulphuric acid it contains. 
However, the effectiveness of the chromate 
reducers was considerably reduced after 
nine months at the latest in all the test ce-
ment/reducer mixtures that were exam-
ined. 

These results show the complexity of the 
chemical and physical impacting factors in 
the reduction of water-soluble chromate in 
cementitious mixtures. However, they also  
allow strategies to be developed for the suc-
cessful production of adequately durable 
low chromate cementitious mixtures. 
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First concrete roundabout in Germany (Bad Sobernheim)

Concrete constituents, concrete technology and concrete  
engineering

V
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Cements with several main 
constituents 

Historically, raw materials that were avail-
able in the various regions have been used 
to manufacture efficient cements that en-
sure safe and reliable concrete structures.  
Consequently, there has been a long tradi-
tion of using cements containing several 
main constituents. These days, because of 
increasing demands in terms of environ-
mental protection, the manufacture and use 
of cements with several main constituents 
has taken on a new level of significance 
due to their ecological benefits. 

With reference to conditions in Germany, 
the successful use in the building industry 
has proven the efficiency of CEM II and 
CEM III cements for challenging and du-
rable concrete structures. The technical ap-
plication properties of these cements, the 
ecological advantages of using them and 
examples of practical applications were 
described in a customer-oriented manner 
in the VDZ brochure “CEM II- und CEM 
III/A-Zemente im Betonbau – Nachhaltige 
Lösungen für das Bauen mit Beton”[CEM 
II- and CEM III/A cements in concrete con-
structions – sustainable solutions for build-
ing with concrete] from the German Ce-
ment Works Association (can be purchased 
from www.beton.org).

Ecological advantages
The positive ecological effect gained from 
the increasing use of cements with several 
main constituents can be seen in the changes  
in the building material profile for a met-
ric ton of cement in Germany (Table V-1). 
In 2006, the contribution to the greenhouse 
effect and other environmental impacts was 
determined for an average German cement, 
consisting of the average proportions of ce-
ment clinker and other main constituents. 
The environmental impacts of upstream 
supply chains, for example the electric- 
ity used to produce the material, were also 
considered. Compared to 1996, the contri-
bution to the greenhouse effect had been re-
duced by 23 % and consumption of non-re-
newable energies had fallen by 38 %; con-
tributions to other environmental impacts 
were also drastically reduced. These reduc-
tions reflect the fact that in Germany more 
cement is produced with several main con-
stituents and that the increased use of sec-
ondary fuels has also had a positive effect 
on many key values.   

Application regulations  
in Germany
The current concrete standards DIN EN 
206-1 and the German DIN 1045-2 con-

tain the application regulations for stand-
ard cements in relation to exposure classes. 
When these standards were introduced, ap-
plication restrictions applied to some stand-
ard cements – based mainly on the lack of 
practical experience with these cements in 
Germany. In these cases, proof of suitabil-
ity for use in specific exposure classes was 
provided by a general building authority 
approval (Technical Approval, TA) from 
the German Institute for Building Tech-
nology (DIBt).

Currently, in Germany the following ce-
ment types may be used in all exposure 
classes:

 Portland cement CEM I
 Portland-blastfurnace cements CEM II/

A-S and CEM II/B-S
 Portland-burnt shale cements CEM II/

A-T and CEM II/B-T
 Portland-limestone cements CEM II/ 

A-LL
 Portland-fly ash cements CEM II/A-V 

and CEM II/B-V
 Portland-composite cements CEM II/ 

A-M with other main constituents S, 
LL, T, D and V

 Portland-composite cements CEM II/ 
B-M with national technical approval 
for application   

 Blastfurnace cements CEM III/A *)

*) Exposure class XF4: CEM III/A in strength 
 class ≥ 42,5 N or strength class 32,5 R with up to  
 50 mass % blastfurnace slag

Since 2003, 18 general building authority 
approvals have been granted for CEM II/
B-M (S-LL) and 4 approvals for CEM II/ 
B-M (V-LL) in Germany. Apart from the 
approvals for CEM II/B-M (V-LL), 16 ap-
provals are currently valid for CEM II/ 
B-M (S-LL). In all the approvals, use is 
approved for concrete, reinforced con-
crete and pre-stressed concrete according to  
DIN EN 206-1 in conjunction with DIN 

1045-2 for exposure classes XC3, XC4, 
XD1 to XD3, XS1 to XS3, XF1 to XF4, 
XA1 to XA3, XM1 to XM3 as a sup- 
plement to the exposure classes X0, XC1 
and XC2 already permitted in DIN 1045-2.  
In all approvals reference is made to use in 
mortar and concrete according to the old 
DIN 1045:1988 and the former pre-stressed 
concrete standard DIN 4227-1. Not permit-
ted is use in grout for pre-stressing tendons 
according to DIN EN 447. In the meantime, 
uses for the manufacture of bore piles ac-
cording to DIN EN 1536 in conjunction 
with DIN Technical Report 129 and for 
the manufacture of water-impermeable 
concrete according to the DAfStb Guide-
line on concrete structures with water-en-
dangering materials have been included 
in four approvals. From a technical point 
of view, the extension applies to all these 
approvals. However, the owner of the ap-
proval must make a formal request to the 
DIBt. In addition to the above list of appli-
cations, CEM II-M cements with general 
building authority approval may be used in 
all areas where the corresponding regula-
tions refer to cement according to DIN EN 
197-1, DIN 1164 or include cement gener-
al building authority approval and with no 
specific usage restrictions. The following 
list contains several examples

 DIN 1053-1 Masonry
 DIN 4158 Filler concrete joists for re- 

inforced and pre-stressed concrete floors
 DIN EN 12843 Concrete masts and 

poles
 DIN 4261-1 Small sewage treatment 

plants
 DIN 18551 Sprayed concrete
 DIN 18148 (DIN 18162) Hollow light-

weight concrete blocks for walls (not 
reinforced)

 DAfStb Guideline “Manufacture and 
use of dry concrete and dry mortar” (dry 
concrete guideline)

 DAfStb Guideline “Manufacture and 
use of cement-based flowable concrete 
and flowable mortar”

1996 2006

Effect 
category

global Greenhouse effect (GWP) 872 670 kg CO2 equiv.

Ozone depletion (ODP) 1) 0 1.6 x 10-5 kg R11 equiv.

regional Acidification (AP) 1.68 0.92 kg SO2 equiv

Overfertilisation (NP) 0.20 0.12 kg PO4
3- equiv.

Summer smog (POCP) 2) 0.07 0.10 kg C2H4 equiv.

Primary energy (not renewable) 4 355 2 713 MJ

Table V-1: Building material profile for cement: potential effects and consumption of primary 
energy (from non-renewable energies) for the manufacture of 1 t of cement in Germany (aver-
age)

1) Indicator was set to zero in 1996    
2) In 1996 the indicator was based on a different calculation method
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Fig. V-1: Aver-
age standard 
compressive 
strengths of dif-
ferent types of 
cement based 
on the results 
of third-party 
inspection
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More information on uses of cement ac-
cording to EN 197-1 can be found in Build-
ing Rules List A, Part 1, Appendix 1.33 
(2006/1). When engineering structures are 
built near highways in Germany (ZTV-
ING) the customer must agree to the use of 
CEM II-M cements. Despite the restriction, 
numerous practical examples have also  
proven the suitability of CEM II/B-M ce-
ments with technical approval in this area 
of application. In the long term it should be 
possible to remove this addendum.

A working group of CEN/TC 104/SC1 
“Concrete” has developed a synopsis of 
the national application documents (NAD) 
for the European concrete standard EN 
206-1. It describes some considerable dif-
ferences in the use of cement. Apart from 
the traditional differences in market condi-
tions and construction practice, it also re-
flects the philosophies underlying the im-
position of rules (see VDZ Activity Report 
2005-2007). While the German applica-
tion standard DIN 1045-2 lays down speci- 
fications for the application of all 27 basic 
cement types and for a number of CEM II-M  
cements, other NADs only regulate the  
application of a few cement types that have 
traditionally played a role in the respective 
national markets.

Cement properties
The properties of CEM II and CEM III/A  
cements have been continuously improved 
in the course of technical developments in 
the manufacturing process. They have also 
been adapted to suit current requirements, 
which has, in turn, considerably increased 
the bandwidth of potential applications. 
In particular, as regards early strength the 
manufacturers have adjusted the CEM II 
and CEM III/A cements so that they can 
be used in a similar way to the CEM I  
cements (Fig. V-1).

Properties of concrete in 
construction practice
In addition to the environmentally compat-
ible manufacture of CEM II and CEM III/A 
cements, because of their composition and 
especially considering the many different 
technological guidelines for concrete, they 
also have several advantages when used in 
fresh concrete and hardened concrete. For 
specific applications – including bridge and 
tunnel construction and road and building 
construction – it is possible to produce op-
timally adjusted concretes. A number of im-
portant properties are described below:

Strength development
Under practical building conditions, the 
strength development of concrete with 

CEM II and CEM III/A cements is simi-
lar to that of CEM I concretes. To satisfy 
practical requirements for early strength 
CEM II/B and CEM III/A cements are 
also available in strength class 42,5 N.  
Fig. V-2 shows the relative compressive 
strength development of concretes based 
on conventional CEM I, CEM II and CEM 
III/A cements with similar concrete com-
positions and curing conditions. The rela-
tive values result from the relation of the 
compressive strength of concrete after 2, 
7 and 28 days to the 28-day compressive 
strength of the concrete. The test values 
for a CEM III/A 32,5 N are shown as a 
comparison. These results allow the in-
vestigated concretes to be classified into 
medium and slow strength development 
classes. Accordingly, the concrete with the  

CEM III/A 32,5 N cement can be classified 
as a slow strength developer. This classifi-
cation is important to define the time need-
ed for after-treatment.    

Durability
The durability of the concrete is one of the 
key requirements for every structure. The 
most important feature is that the concrete 
element used must be resistant to loads and 
environmental impacts for its intended pe-
riod of use, assuming it is maintained and 
repaired adequately.

Carbonation
Investigations of reinforced concrete and 
pre-stressed concrete structures that were 
constructed with concretes of different 
strength classes and with different com-
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Fig. V-3: Influence of the cement type on the resistance to chloride penetration of concrete 
using the rapid test method   
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positions have shown that with construc-
tion components that were weathered out-
doors, the type of cements used in Germany 
generally have no effect on the carbonation 
behaviour. Although higher carbonation 
depths may be found on dry, interior el-
ements, because of the lower moisture con-
tent of these elements there is no risk of the 
reinforcement corroding.

Chloride penetration resistance
Due to the finer pore system, in some cases 
the use of cements containing blastfurnace 
slag and fly ash can cause a marked increase 
in the concrete’s resistance to the penetra-
tion of chlorides (Fig. V-3). With concretes 
intended for massive construction com-
ponents according to the DAfStb Guide-
line and when a CEM III/A or CEM III/B 
cement of exposure class XD3 or XS3 is 
used, the highest permissible water-cement 
ratio of 0.45 may be increased to 0.50 with 

no change in the corrosion protection for 
the reinforcement.

Freeze-thaw resistance with or 
without de-icing salt
With the correct composition, process-
ing and after-treatment according to  
DIN 1045, concretes with CEM II and 
CEM III/A cements have a high freeze-
thaw resistance with or without de-icing 
salt. Consequently, they are very suita-
ble for engineering structures and traf-
fic areas. Only CEM III/A in strength 
class 32,5 N and CEM III/A 32,5 R  
with more than 50 mass % blastfurnace 
slag are excluded for exposure class XF4. 
Fig. V-4 shows some results from freeze-
thaw-test with de-icing salt on concretes 
containing different cement types us-
ing the CDF method. If freeze-thaw re-
sistance with de-icing salt has to be test-
ed, as a general rule the following cri- 

terion is applied to evaluate the results: 
after 28 freeze-thaw cycles, scaling must 
not exceed 1 500 g/m² for a concrete that is 
meant to have adequate freeze-thaw resist-
ance with de-icing salt. This corresponds 
to a scaling depth of around just 0.6 mm. 
This criterion may not be applied to sam-
ples taken from structures.  

Application examples
In terms of the workability characteris-
tics, strength development and durability 
of concrete, the CEM II and CEM III/A ce-
ments that have been produced in Germa-
ny to date have proven their reliability in 
practical applications over many decades. 
The current VDZ brochure “CEM II- und 
CEM III/A-Zemente im Betonbau – Nach-
haltige Lösungen für das Bauen mit Beton” 
[CEM II- and CEM III/A cements in con-
crete constructions – sustainable solutions 
for building with concrete] contains many 
practical examples from different areas of 
concrete construction.

Outlook
As an industry that uses a high volume of 
energy and raw materials, the cement in-
dustry is very much affected by demands 
to conserve resources and reduce the use 
of energy and also by the global issue of 
climate control. Cement manufacturers 
are facing these challenges by continu-
ously improving their production process-
es in terms of energy and raw materials 
consumption. 

If the industry wishes to continue along 
this path consistently, this raises the is-
sue of producing cement types that have, 
in the past, only been produced and used 
in small quantities or which are not even 
included in the European cement stand-
ard DIN EN 197-1, even if their composi-
tions are not vastly different from the ce-
ments covered by DIN EN 197-1. A cur-
rent research project entitled “Ecological-
ly and technically optimised cements with 
several main constituents” is involved in 
investigating these and similar cement 
compositions. This project is being car-
ried out within the framework of the “kli-
mazwei” research measure which is car-
rying out research work into climate con-
trol and controlling the effects of climate 
change (www.klimazwei.de) and is funded 
by the German Federal Ministry for Edu- 
cation and Research (BMBF).

The investigations are focussing on Port-
land-limestone cements with 30 and 35 
mass % limestone and cements with 10 to 
25 mass % limestone in combination with 
blastfurnace slag and siliceous fly ash. The 
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Fig. V-5: Compressive strength of cements in relation to test age
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Fig. V-6: Compressive strength of concrete in relation to test age
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Table V-2: Composition of the test cements with several main constituents

cements to be investigated were manufac-
tured in the laboratory and also by large-
scale cement works. During the manufac-
turing process granulometric optimisation 
of the main constituents of the cement and 
optimisation of the sulphur agents were 
carried out with consideration of the ce-
ments’ setting behaviour. Moreover, differ-
ent types of main constituents were varied 
(for example, according to origin). The fo-
cus of the investigations was placed on the 
durability of concretes manufactured using 
these cement types. The results of sever-
al selected investigations that provide an 
overview of the cements and their com-
positions are presented below Table V-2. 
The following results cannot be general-
ized. They can, however, be used for fur-
ther development work.

Compressive strength development
The development of compressive strength 
in several cements produced in the labora-

tory is shown in Fig. V-5. The results show 
that, in general, the strength of the cements 
produced in the laboratory for the durabil-
ity investigations develops in the same way 
as in normal practice. To manufacture the 
concretes, aggregate (coarse Rhine sand 
from the research facility’s stocks) with a 
grain composition A16/B16 according to 
DIN 1045-2, Annex L was used. The com-
positions of the concrete mixtures are based 
on the limit values for the composition and 
properties of concretes according to DIN 
Technical Report 100 “Concrete”. 

Fig. V-6 presents examples of the develop-
ment of compressive strength in concrete 
with a water-cement ratio w/c = 0.50 and 
a cement content c = 320 kg/m³ using se-
lected cements produced in the laboratory. 
As expected, the early strengths of the con-
cretes with CEM II cements were higher 
than concretes manufactured with cements 
not included in DIN EN 197-1. Apart from 

two exceptions, the concretes at the age of 
28 days had a similar strength level. Thus, it 
is generally possible to make a direct com-
parison of the properties that are relevant 
for durability even after this time. 

Carbonation
Fig. V-7 shows examples of the develop-
ment of carbonation depths over time in 
several concretes that were investigated. 
The concretes were manufactured with a 
cement content of c = 260 kg/m³ and a wa-
ter-cement ratio of w/c = 0.65. The carbon-
ation depths of the concretes containing the 
laboratory cements investigated here were 
almost all below the values of the CEM III/A  
concrete given as a reference. CEM III/A  
can be used for all applications (exposure 
classes). 

Chloride penetration resistance
The concrete’s resistance to chloride pen-
etration was determined with a rapid test 

Cement
Limestone fineness approx. 

7 000 cm²/g  
(Blaine)

Blastfurnace slag 
fineness approx. 

4 000 cm²/g  
(Blaine)

Fly ash fineness ap-
prox. 4 000 cm²/g  

(Blaine)

Fineness of  
cement 
in cm²/g 
(Blaine)

Water demand 
in mass %

Origin of the 
constituents 

30 % LL
30 mass % limestone with  

70 mass % CaCO3
- - 6 265 31.5 Region 1

10 % S 25 % LL
25 mass % limestone with  

70 mass % CaCO3

10 mass % blast-
furnace slag

- 6 195 30.5 Region 1

20 % S 20 % LL
20 mass % limestone with  

80 mass % CaCO3

20 mass % blast-
furnace slag

- 5 150 30.5 Region 2

40 % S 10 % LL
10 mass % limestone with  

80 mass % CaCO3

40 mass % blast-
furnace slag

- 4 970 30.0 Region 2

10 % V 25 % LL
25 mass % limestone with  

70 mass % CaCO3
-

10 mass % siliceous 
fly ash

6 325 30.0 Region 1

20 % V 20 % LL
20 mass % limestone with  

70 mass % CaCO3
-

20 mass % siliceous 
fly ash

5 955 29.0 Region 1
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Fig. V-7: Carbonation depth of concrete in relation to test age
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Fig. V-8: Chloride migration coefficients of the concretes in rela- 
tion to test age
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Fig. V-9: Scaling of concretes in the CF method in relation to the 
number of freeze-thaw cycles
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Fig. V-10: Relative dynamic elastic modulus of concretes in the CIF 
method in relation to the number of freeze-thaw cycles
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method (migration test). The test samples 
were cured in water for 35 and 98 days 
respectively. Concretes in exposure class 
XD2/XS2 were manufactured with a wa-
ter-cement ratio of w/c = 0.50 and a ce-
ment content of c = 320 kg/m3. The chlo-
ride migration coefficients DCl,M (Fig. V-8) 
that were determined when laboratory ce-
ments containing 30 mass % limestone was 
used were approximately 28 · 10-12 m2/s  
after 35 days and approx. 18 · 10-12 m2/s  
after 98 days, and are thus in the same 
range as concretes made with Portland ce-
ment. The concretes that were manufac-
tured with cements containing fly ash or 
blastfurnace slag exhibited a lower chloride 
migration coefficient DCl,M, which was in 
the range of approx. 4 to 24 · 10-12 m2/s af-
ter 35 days and approx. 3 to 10 · 10-12 m2/s 
after 98 days. 

Freeze-thaw resistance with or 
without de-icing salt 
Results of the frost resistance tests accord-
ing to the CF/CIF method and results of the 
tests into frost de-icing salt resistance ac-
cording to the CDF method are presented 
and evaluated below. In Germany, asses-
ment criterions for scaling (CF/CDF meth-
od) and assesment criterions for internal 
structural damage (CIF method) are defined 
by the German Federal Waterways Engi-
neering and Research Institute (BAW) in 
the “Frost test of concrete” fact sheet.

In the investigations that were conducted 
with the CF method, the concretes (cement 
content c = 320 kg/m³, water-cement ratio 
w/c = 0.50) exhibited scaling well below 
the assessment criterion of 1.0 kg/m² after 
28 frost-thawing sequences that is defined 

in the “Freeze-thaw test of concrete” fact 
sheet issued by the German Federal Wa-
terways Engineering and Research Insti-
tute (BAW) (Fig. V-9). The BAW assess-
ment criterion for the CIF method is a rel-
ative dynamic elastic modulus of 75 %  
after 28 freeze-thaw cycles. As Fig. V-10 
shows, the concretes containing cements 
with 30 mass % limestone and 10 mass %  
blastfurnace slag and 25 mass % limestone 
exhibited a relative dynamic elastic modu-
lus of more than 80 % after 28 freeze-thaw 
cycles. When cements with a composition 
outside the standard were used, the crite-
rion was not fulfilled within the scope of 
the investigations conducted by the Re-
search Institute. 

The CDF test is used to test resistance to 
freeze-thaw attack with simultaneous de-
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Fig. V-11: 
Scaling of 
air-entrained 
concretes in the 
CDF method in 
relation to the 
number of  
freeze-thaw 
cycles
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icing agent stress. Generally, a defined de-
icing salt solution is used (3 % NaCl solu-
tion). In the test for freeze-thaw resistance 
with de-icing salt (CDF) of air-entrained 
concrete surface scaling is dominant and 
has priority for the assessment.  The CDF-
method was tested on concretes with a ce-
ment content of c = 320 kg/m³ and a wa-
ter-cement ratio of w/c = 0.50. The results 
are shown in Fig. V-11. Concrete scal-
ing was between 0.35 and 1.25 kg/m² af-
ter 28 freeze-thaw cycles and was thus be-
low the assessment criterion of 1.5 kg/m²  
after 28 freeze-thaw cycles which applies 
to this method.

Figures V-12 and V-13 show compara-
tive results of further investigations of 
concretes manufactured using cements 
produced in the laboratory and in cement 
works. A requirement for the large-scale 
manufacture of cements in the works was 
that the manufacturing process had to be 
adapted to suit constituents that were avail-
able locally. As the figures show, the du- 
rability of concretes containing cements 
with 30 mass % limestone and 20 mass % fly  
ash in combination with 20 mass % lime-
stone was improved in some cases. Field 
site tests using the works cements under 
XF3 conditions will show how the con-
cretes behave in practice.

Cement and admixtures 

The use of concrete admixtures to control 
the properties of the fresh and hardened 
concrete is state of the art in concrete pro-
duction today. Some 90 % of the concrete 
produced in Germany contains concrete 
admixtures. In 2007, consumption of ad-
mixtures in Germany was about 12 kg per 
metric tonne of cement. Overall, more than 
550 concrete admixtures which can be clas-
sified in 15 different functional groups are 
presently available in Germany. At approx. 
75 %, concrete plasticisers and super-plas-
ticisers account for the lion’s share.

There is still a substantial lack of scientifi-
cally backed understanding of the precise 
working mechanisms of some concrete ad-
mixtures. The influence that concrete ad-
mixtures have on the hydration of cement 
and thus on the properties of fresh and/or 
hardened concrete is usually determined 
empirically and is the subject of some con-
troversial discussion. This applies espe-
cially to super-plasticisers based on poly-
carboxylate ether, shrinkage reducing ad-
mixtures and new air-entraining concrete 
admixtures. These have been extensively 
investigated by the Research Institute.

Super-plasticisers
Synthetic organic polymers with carboxy-
lic groups, such as polycarboxylate ethers 
(PCE), constitute an advance in the field of 
active ingredients contained in super-plasti-
cisers. Some 45 % of the super-plasticisers 

used today are based on PCE, and the ten-
dency is rising. PCEs consist of main chain 
molecules, such as polyacrylic acid, and 
side chain molecules, such as polyethylene 
oxide, which are fixed to the main chain. 
Via their negatively charged main chain, 
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the PCEs adsorb on the positively charged 
surfaces of the cement, its hydration prod-
ucts and other fine solids particles. The dis-
persing effect is largely attributable to the 
steric repulsion of the side chains. Vari- 
ation of the charge and the length ratio of 
the main chain and the side chains allows 
adjustment of different properties, such as 
a strong initial plasticising effect and/or ex-
tended workability of fresh concrete. 

In addition to parameters such as the exact  
point when the material is added, the mix-
ing time and the temperature of the fresh 
concrete, the effects of the super-plasti- 
cisers are also affected by the cement that 
is used. Practical experience has shown that 
even if the same type and quantity of super-
plasticiser and the same type of cement are 
used, in unfavourable cases effects such as 
rapid loss of consistency, segregation, in-
tensive bleeding and delayed strength de-
velopment may occur. While knowledge 
of the effects that traditional super-plasti- 
cisers have on Portland cement exists, there 
is still need for more research into the inter- 
actions between Portland-composite/blast-
furnace cements and super-plasticisers 
based on polycarboxylate ether.  

The Research Institute is investigating the 
effects of the main constituents of cement   
(clinker, blastfurnace slag and limestone) 
on super-plasticiser adsorption. In combi-
nation with rheological measurements it is 
being determined whether conclusions can 
be drawn as regards initial plasticising and 

the duration of plasticising of super-plasti-
cisers on the basis of the zeta potential. The 
aim is to determine substance parameters 
that must be known to understand the me-
thodical interaction between cement and su-
per-plasticisers e.g. in order to prevent dis-
colouration of fair-faced concrete surfaces  
as a result of sedimentation.   

Zeta potential investigations
The zeta potential is an electro-kinetic po-
tential in the interface between the mo-
bile and the rigid part of the double lay-
er formed at the transition zone between 
solids and aqueous solutions. The poten-
tial indicates the charge conditions on 
the particle surface. Changing this poten-
tial by adding super-plasticisers allows 
to investigate the adsorption of the su-
per-plasticiser molecules on the surfaces  
of various main constituents of cement. 
In the Research Institute the zeta po-
tential can be determined on suspen-
sions rich in solids with normal w/c  
ratios using an electro-acoustic meas- 
uring method.

Fig. V-14 shows the effect that various pro-
portions of blastfurnace slag (S1, S2) and 
limestone (LL1, LL2) have on the zeta po-
tential of laboratory cement pastes contain-
ing the same Portland cement clinker com-
ponents. The zeta potential of the cement 
paste with no main constituents other than 
clinker was approx. -17 mV.

The zeta potential of the cement pastes 
containing blastfurnace slag shifted in the 
same manner from the negative range to-
wards the isoelectric point (0 mV) as the 
content of S1 and S2 was increased. The 
reduction in zeta potential did not corre-
late with the increase in blastfurnace slag. 
In water the blastfurnace slags exhibited a 
zeta potential of approx. -15 mV. LL1 re-
duced the negative zeta potential of the 
pastes. This course is generally expected 
in limestone with a very high CaCO3 con-
tent, which usually exhibits a positive zeta 
potential in water. On the other hand, LL2 
caused an increase in the negative zeta po-
tential of the pastes. Based on initial find-
ings, this can be attributed to the clay con-
stituents in LL2.

The results show that blastfurnace slag and 
limestone can have a considerable influ-
ence on the zeta potential of cement pastes. 
Consequently, the sorption of super-plasti-
ciser molecules can also be affected. 

Fig. V-15 presents the course of the ze-
ta potential in pastes of selected labora-
tory cements containing blastfurnace slag 
and limestone respectively with increasing 
quantities of super-plasticiser (PCE). As 
the quantity of anionic PCE increased, the 
negative zeta potential of the cement paste 
with no other main constituents shifted to-
wards the isoelectric point. This contradic-
tory behaviour is attributed to a shift in the 
measuring level of the zeta potential caused 
by the adsorbed PCE molecules.  
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Fig. V-16: Total 
shrinkage (top) 
and shrinkage 
reduction (bot-
tom) of concrete 
with Portland 
cement and 
w/c = 0.50 after 
dry curing in a 
20/65 climate; 
SRA amount: 
4.5 mass % of 
water
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The zeta potential of the cement paste with 
35 mass % S1 and 35 mass % LL1 was al-
ready reduced considerably in the same 
way as the cement with no other main con-
stituents with small quantities of super-
plasticiser. The zeta potential of the ce-
ment paste with 65 mass % S1 was affected 
slightly by the addition of super-plasticiser. 
It is likely that the molecules adsorb main-
ly on the clinker components and not on the 
blastfurnace slag S1 or limestone LL1.

The zeta potential of the paste with 35 mass %  
LL2 changed only slightly when about  
0.3 mass % super-plasticiser was added. 
This is attributed to the large surface area 
of the clay constituents on to which a cer-
tain proportion of the super-plasticiser mol-
ecules adsorb non-specifically. When more 
super-plasticiser was added, this produced 
a marked shift of the zeta potential in the 
direction of the isoelectric point. 

Shrinkage reducing admixtures 
Shrinkage is caused by changes in the 
moisture content in concrete which result 
in changes in the inner forces in the struc-
ture of the hardened cement paste matrix 
due to environmental effects or drying in 
the concrete. This creates tensile stress that 
causes the hardened cement paste matrix to  
contract. Shrinkage of concrete leads to  
deformations that may cause stress in struc-
tural elements in case of constraint. As a 
consequence, cracks can occur that have a 
negative effect on the durability of the con-
crete. The Research Institute of the Cement 
Industry is currently investigating whether 
potentially negative effects can be signifi-
cantly reduced through the use of shrink-
age reducing admixtures. 

To reduce shrinkage of concrete, shrinkage 
reducing admixtures (SRA) were devel-
oped in Japan at the start of the 1980s and 
have also been used in Europe since about 
1997. In Germany, SRAs have been used 
only in the manufacture of screeds and ce-
ment-based mixtures. Since at present no 
general building inspectorate approvals 
have been issued for this type of admix-
ture, SRAs may not be used in load-bear-
ing structural elements made from con-
crete, reinforced concrete or pre-stressed 
concrete. 

The Research Institute of the Cement In-
dustry conducted investigations into the 
working mechanisms of shrinkage reduc-
ing admixtures as part of an AiF-sponsored 
research project. The results show that the 
shrinkage reducing effect does not corre-
late with the reduction in surface tension 
as assumed in a number of other inves-

tigations. Active substances in the SRAs 
may increase the so-called disjoining pres-
sure effect of the pore solution, the reduc-
tion of which is essentially responsible for 
shrinkage of cement paste. Increased rel-
ative moisture in hardened cement paste 
may intensify the disjoining pressure ef-
fect of the pore solution. However, some 
active substances exhibit no shrinkage re-
ducing effect. In fact, they increase shrink-
age of hardened cement paste under sealed 
conditions and also when the paste is dried 
at 20 °C and 65 % relative humidity (dry 
curing). One of the reasons for this could 
be the considerable increase in the gel 
pore content compared to hardened ce-
ment pastes with no SRA. On the basis 

of these findings, the Research Institute is 
currently conducting a subsequent research 
project funded by AiF. In this project the 
effect of SRA on shrinkage, the mechani- 
cal properties and the durability of concrete 
are being investigated.   

Effect of SRA on concrete shrinkage
The first results show that the properties of 
fresh concrete are not significantly affect-
ed by SRA, regardless of the water/cement 
ratio or the cement paste content.

Total shrinkage of concrete containing 
Portland cement can be reduced by up to 
about 40 % by SRA depending on the ce-
ment paste content and the form of cur-
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ing. Fig. V-16 shows an example of total 
shrinkage (top) and shrinkage reduction 
(bottom) when the concrete was cured at 
20 °C and 65 % relative humidity (20/65). 
The reduction in shrinkage is the shrink-
age of concretes containing SRA in rela-
tion to the reference sample without SRA. 
During curing (L1), the test samples dry 
directly after demoulding within 24 hours. 
After one year, total shrinkage was reduced 
by shrinkage reducing admixture SRA1 
and SRA2 respectively by about 20 %  
and 40 % respectively (see Fig. V-16, bot-
tom). Fig. V-17 presents total shrinkage 
(top) and the corresponding shrinkage re-
duction (bottom) of concrete containing 
Portland cement after being cured for six 
days under water, followed by curing in 
a 20/65 climate (L2). In the top picture it 
can be seen that the subsequent curing of 
the concretes in water had only a minor 
effect on the extent of reduction after one 
year. When the sample was cured in wa-
ter for seven days, the respective reduction 
in shrinkage (see Fig. V-17, bottom) was 
slightly less than with dry curing after one 
year and was approx. 10 % with SRA1 and 
approx. 30 % with SRA2. In the research 
project it is currently being investigated 
whether this behaviour also occurs in con-
cretes containing different cements and dif-
ferent water/cement ratios. The results of 
investigations into the effect of SRA on the 
shrinkage of concrete with varying cement 
paste contents show that the increased ex-
tent of shrinkage associated with increas-
ing cement paste content can be reduced 
with SRA. Hence, easily workable con-
cretes rich in cement paste can be manu-
factured with low shrinkage. 

Effect of SRA on the mechanical pro-
perties of concretes
Many publications state that the compres-
sive strength of concretes can be reduced 
through SRA. The effect of SRA on the 
compressive strength of concrete was been 
investigated so far on Portland cement con-
cretes with a water/cement ratio of w/c  
= 0.50. The concretes were cured in climates 
(L1), (L2) and sealed (L3). The concretes 
with SRA1 and SRA2 exhibited roughly 20 %  
(SRA2) less compressive strength than 
the respective reference concrete with-
out SRA – largely regardless of age and 
curing method. The concrete with shrink-
age reducing admixture SRA1 exhibited a 
higher compressive strength than the con-
crete with shrinkage reducing admixture 
SRA2 at all ages and with all three meth-
ods of curing. 

The static modulus of elasticity of concrete 
with Portland cement and a water/cement 

ratio of w/c = 0.50 was reduced by up to 
7 % with shrinkage reducing admixtures 
SRA1 and SRA2 with curing method L2 
and after 91 days. With curing method L1 
after 2 days the flexural tensile strength 
was about 12 % (SRA2) and approx. 20 % 
(SRA1) higher than in the concrete with-
out SRA. In contrast, after 2 days curing 
in water the flexural tensile strength of the 
concretes with SRA was about 15 % lower 
than the reference sample with no SRA. Af-
ter 91 days the effect of the SRA on flexural 
tensile strength was insignificant.  

The results of the investigations into the 
effect of SRA on the mechanical proper-
ties of concrete largely confirm the results 
already determined for cement paste (see 
VDZ Activity Report 2005-2007).

Air-entraining admixtures 
In unset concrete air-entraining admixtures 
are added to create a lot of small, evenly 
distributed air voids with a diameter ≤ 300 
µm. In hardened concrete these voids serve 
as an expansion space to relieve the pres-
sure created when the pore solution freezes.  
The air voids also interrupt the capillary 
pore system and reduce water absorption 
in the concrete. Both mechanisms of action 
contribute to the adequacy of the concrete’s 
resistance to freeze-thaw with de-icing salt. 
Road paving concrete which is covered 
with de-icing salt in winter must be man-
ufactured as air-entrained concrete. Other 
areas of application are bridge caps, scrap-
er tracks and concretes used in hydraulic 
engineering (exposure class XF3). 

Manufacturing of proper air-entrained con-
crete requires a suitability test in which the 
main effects that the composition of the 
concrete, the temperature of the unset con-
crete and the mixing time have on the for-
mation of air voids are determined. Suit-
able regulations for the composition and 
manufacture of air-entrained concrete are 
defined and have proven their worth in the 
past. Traditional super-plasticisers based 
on melamine, naphthalene and lignin sul-
phonate have long been used to regulate 
consistency for the manufacture of air-en-
trained concrete.

When super-plasticisers based on poly-
carboxylate ether (PCE) are used, it has 
been determined that the requirements for 
the formation of the air void system are 
not always fulfilled. Accordingly, in some 
cases the air void structure is not stable, 
which means that the total air content and 
the air void distribution can change. In a 
few cases, despite compliance with the to-
tal air content in the fresh concrete, the 

requirements for the air void parameters 
measured on hardened concrete (spacing 
factor and micro air void content) are not 
achieved. In cases such as this, the accu-
rate adjustment of the micro air void con-
tent, which prevents frost and de-icing salt 
damage, is no longer guaranteed. To clarify 
the facts, in 2006 the German Committee 
for Structural Concrete (DAfStb) formed  
a working group headed by the Research 
Institute. Extensive research work was also  
commenced.  

Research at the Institute 
Insufficient information is available about 
the precise interactions between air-en-
training admixtures and super plasti- 
cisers, especially PCE. Because of this, dur- 
ing the period under review the Research 
Institute started work on an AiF-funded re-
search project. The investigations will pro-
vide fundamental knowledge about the ef-
fects and interactions between the air-en-
training admixtures and super plasticisers 
in combination with cement. The aim is 
to manufacture appropriate air-entrained 
concrete containing super plasticisers by 
identifying “robust” admixture combina-
tions that enable the specific formation of 
air voids. 

The formation of air voids is being inves-
tigated in cement pastes, mortar and con-
crete with different combinations of air-
entraining admixtures, super plasticisers 
and cement. In cement paste and mortar, 
the formation of air voids and foam is be-
ing analysed in relation to the admixture- 
cement combination. Sorption of the  
super plasticiser on cement particles is de-
termined with paste and flotation exper-
iments. In addition, the formation of air 
voids on unset and hardened concrete will 
be determined using selected admixture- 
cement combinations. In the course of these 
experiments, the air entraining parameters 
will be determined for hardened concrete 
and the concretes’ de-icing resistance will 
be analysed using the CDF method. The re-
search project is being carried out in close 
collaboration with the Institute of Build-
ing Materials Research (IBAC) at Aachen 
University in Germany. One of the focus-
es here is research into the interactions be-
tween air-entraining admixtures and super 
plasticisers when fly ash is used.    

Formation of foam 
Initial research has been carried out on the 
foam formation capacity of air-entraining 
admixture/super plasticiser combinations 
in cement suspensions. The maximum per-
missible amount of super plasticiser was 
added (3 mass % of cement). In a stand-
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Fig. V-18: Formation of foam in a cement suspension in relation to the type and amount  
of air-entraining admixture (AEA) added and the time when the super plasticiser (SP)  
is added.  
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ardised experiment water, cement and ad-
mixture were mixed in a plain cylinder, fine 
air bubbles were introduced to the suspen-
sion and the height of the foam that formed 
was measured. Fig. V-18 shows the forma-
tion of foam in relation to the amount of 
active agent in the air-entraining admix-
ture and super plasticiser (PCE for ready-
mixed concrete) that was added. The ex-
periment was stopped when the foam over-
flowed from the cylinder (height of foam > 
16 cm). This status is shown by the arrow 
in Figure V-18. First, in a “reference ex-
periment” the formation of foam of a syn-
thetic air-entraining admixture (syn. sur-
factant) and a natural air-entraining admix-
ture (modified wood resin) with no added 
super plasticiser (only air-entraining ad-
mixture) were determined. Subsequently, 
the effect of the time when the super plas-
ticiser was added was also investigated. In 
one case the super plasticiser was added 
before the air-entraining admixture (first 
SP) and in the second case the air-entrain-
ing admixture was added (height of foam 
approx. 8 cm) before the super plasticiser 
(first AEA). In the second option the aim 
was also to investigate whether the forma-
tion of foam was affected by the subsequent 
addition of super plasticiser.       

With the same concentration of active 
agents, the synthetic air-entraining admix-
ture exhibited a much stronger foam for-
mation than the air-entraining admixture 
based on a natural active agent. Apart from 
this, the sequence in which the admixtures 
were added also had a major effect on the 
formation of foam. If about 8 cm of foam 
was produced by adding the air-entraining 
admixture first before the super plasticiser 
was added, there was less overall formation 
of foam. The formation of foam was hardly 
affected at all by the subsequent addition 
of the super plasticiser and the foam height 
of approximately 8 cm fell only slightly. 
If the super plasticiser was added before 
the air-entraining admixture, much more 
foam formed. A possible reason for this is 
the reduced sorption of the air-entraining 
admixture molecules on the cement parti-
cles when the sorption places are already 
filled by the super plasticiser molecules. 
The air-entraining admixture molecules 
can stabilise more air bubbles and more 
foam forms. It is possible that in practice 
the effects that occur during the formation 
of air voids in concrete can be attributed to 
these differences in the sequence in which 
the admixtures are added. Generally, when 
concrete is being manufactured the air-
entraining admixture is added before the  
super plasticiser. 

Alkali-silica reaction  

In an alkali-silica reaction (ASR), all con-
stituents in the aggregate containing sili-
ca that is sensitive to alkalis react with the 
alkalis of the pore solution in the cement 
paste. The reaction product is an alkali sili-
ca gel that endeavours to absorb water. The 
associated increase in volume is described 
as concrete expansion and can cause cracks 
in the concrete. In many concretes an ASR 
takes place with no damage. The triggers 
for and the course of a damaging ASR in 
concrete depend on the type, reactivity, 
quantity and particle size distribution of 
the alkali-reactive aggregate, the effective 
alkali content in the pore solution and on 
sufficient moisture being present. If one of 
the three requirements is missing, no dam-
aging ASR occurs. If the conditions for a 
damaging ASR exist, visible cracks can ap-
pear in the concrete. However, it is not al-
ways possible to distinguish these cracks 
from other cracks that are the result of oth-
er damage, such as frost attack. If a damag-
ing ASR is suspected, it is imperative that 
an expert carries out a thorough examina-
tion to clarify whether a damaging ASR 
has taken place.   

Regulations 
In Germany, the German Committee for 
Structural Concrete (DAfStb) issues guide-
lines – “Preventive measures against a 
damaging alkali reaction in concrete” – 
to prevent ASR damage, these guidelines 

are generally known simply as the Alka-
li Guidelines. The latest version of the Al-
kali Guidelines was published in Febru-
ary 2007. The guidelines are introduced by 
the building authorities with publication in 
Version 2008/1 of Construction Products 
List A, Part 1. 

The Alkali Guidelines are split into three 
parts:
Part 1: General
Part 2: Aggregates containing opaline sand-
stone and flint
Part 3: Crushed alkali-reactive aggregates

Effects on building with concrete
The guidelines offer practical solutions 
for building with concrete which, how- 
ever, must be applied. In this connection, 
it must be mentioned that there is also the 
option of classifying an aggregate as non-
reactive (E I) on the basis of a petrograph-
ic description with no other test being re-
quired. This applies to aggregates that are 
not listed in the guidelines or which are not 
excavated in regions listed in the guide-
lines. A requirement is that no damag-
ing ASR has occurred with the aggregate 
when used under normal building condi-
tions (Fig. V-19).  

With the concrete formulations and ce-
ment contents generally used these days, 
there are also many uses in civil engineer-
ing and engineering structures (moisture 
classes WO, WF, and WA, Table V-3) for 



VDZ Activity Report 2007 – 2009

86

Fig. V-19: Re-
quirements for 
classifying an 
aggregate as 
non-reactive  
(E I) on the ba-
sis of a petro-
graphic descrip-
tion with no 
other tests

Fig. V-20: ASR 
effects on build-
ing with con-
crete when using 
aggregates from 
a region ac-
cording to Part 
2 of the Alkali 
Guidelines (c = 
cement content, 
NA = NA ce-
ment according 
to DIN 1164-10)

Fig. V-21: ASR 
effects on build-
ing with con-
crete when using 
aggregates ac-
cording to Part 
3 of the Alkali 
Guidelines (c = 
cement content, 
NA = NA ce-
ment according 
to DIN 1164-10)

Aggregate is
■ not from a region according to Part 2 of the Alkali Guidelines
■ not crushed aggregate according to Part 3 and is not gravel with   
 more than 10% crushed aggregate according to Part 3

No damage caused by ASR in real concrete structures – 
petrographic description

E I (non-reactive)

No restrictions
Cement/cement content

aggregate

WO, WF, WA, WS 1)

1) Use of road paving cements
 Follow the regulations of TL Beton-StB 07 and ARS

Aggregate is

■ from a region according to Part 2 of the Alkali Guidelines

Test according to the Alkali Guidelines: 
test method according to Part 2 of the Guidelines

E I-O/OF  
(non-reactive)

E II-O

EI III-O/OF 2) 

(reactive)

No restrictions

Cements / cement contents
aggregates

WO
WF
WA

WS 1)

E II-OF

E II-O/OF 
(medium reactive)

E III-O E III-OF

No restrictions
Cements / aggregates

No restrictions
Cements / aggregates

c ≤ 330 kg/m3

WO, WF
(WA with NA)

c ≤ 330 kg/m3

WO, WF
(WA with NA)

c ≤ 330 kg/m3

WO
(WF, WA w. NA)

WO
(WF with NA)

1) Use of road paving cements
 Follow the regulations of TL Beton-StB 07 and ARS

2) Applies also to aggregates that have not  
 been assessed

Aggregate is

■ crushed aggregate according to Part 3 or is gravel with more than   
 10% crushed aggregate according to Part 3

Test according to Alkali Guidelines
accelerated mortar bar test/concrete prism test

E I-S (non-reactive) E III-S 2) (reactive)

No restrictions

Cements / cement contents
aggregates

WO, WF, WA, WS 1)

No restrictions
Cements / aggregates

c ≤ 300 kg/m3:  WO, WF, WA, WS 1)

300 <  c ≤ 350 kg/m3:  WO, WF (WA with NA)
c > 350 kg/m3:  WO (WF with NA)

aggregates that are classified as E II (medi-
um reactive) or E III (reactive). Figures V-
20 and V-21 illustrate the fact that in many 
cases even for aggregates classified as E II 
or E III according to Parts 2 and 3 of the 
Alkali Guidelines either no measures at all 
are required or that technically reliable and 
economically feasible solutions are avail- 
able. Moisture class WA applies to concrete 
structural elements that are often moist or 
moist for long periods of time while they 

are in use and which are exposed to an ex-
ternal alkali supply often or for long pe-
riods. Examples of this are structural el-
ements exposed to seawater and elements 
that are exposed to de-icing salt with no ad-
ditional high dynamic stress, such as paved 
and parking areas in multi-storey car parks 
or bridge caps (Table V-3).

Concrete road pavements and airfields re-
quire special treatment in the regulations 

because of the particular stress that they are 
subject to. Therefore, General Circulars on 
Road Constructions issued by the German 
Federal Ministry of Transport, Construc-
tion and Housing will continue to include 
requirements above and beyond the regu-
lations contained in the Alkali Guidelines. 
These circulars allow flexible responses to 
new developments – such as the recent in-
troduction of exposed aggregate concrete. 
In future, the Alkali Guidelines will thus in-
clude a description of moisture class WS. 
But the regulations for this moisture class 
will be included in TL Beton (German tech-
nical requirements of delivery for concrete) 
(see the section on road construction) and 
perhaps also in the General Circulars on 
Road Constructions. Preventive measures 
regarding concrete for airfields are not cov-
ered by the Alkali Guidelines, but have to 
be determined by experts because special 
de-icing agents are applied on airfields. 

Alkali reactivity of concrete 
compositions
For aggregates that are classified as medi-
um reactive (E II-O, E II-OF) or reactive (E 
III-O, E III-OF, E III-S), the Alkali Guide-
lines require that measures must be tak-
en depending on the moisture class of the 
structural element and the cement content. 
In the past, these measures have included 
replacing the aggregate or using cements 
with a low effective alkali content (NA ce-
ment). So as not to unnecessarily exclude 
aggregates or cements from being used, the 
suitability of a concrete composition can be 
investigated in performance tests within the 
scope of expert opinions. The test allows 
a statement to be made as to whether for 
a specific concrete composition there is a 
risk of an ASR damaging the concrete in 
relation to its exposure (moisture class). To 
simulate impingement with de-icing agents 
or salts, concretes for moisture classes WA 
and WS and for airfields are tested with an 
external alkali supply.  

In Germany, the accelerated concrete prism 
test at 60 °C with and without external alka-
li supply and the alternating climate meth-
od are currently used as performance test 
procedures. The procedure may be included 
in a future Part 4 of the Alkali Guidelines. 
 
Comparative investigations for the per-
formance test were conducted at the Re-
search Institute (accelerated concrete 
prism test at 60 °C with and without ex-
ternal alkali supply) and at Bauhaus Uni-
versity Weimar (climate simulation cham-
ber). As a basis for the performance tests 
a practice-oriented concrete formula-
tion with w/c = 0.42, c = 370 kg/m³, air-

1) Use of road paving cements
 Follow the regulations of TL Beton-StB 07 and ARS

2) Applies also to aggregates that have not  
 been assessed
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Fig. V-22: Expansion of concrete in accelerated concrete prism test 
with external alkali supply 
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Fig. V-23: Expansion of concrete in FIB alternating climate test 
with de-icing effect
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entraining admixture (air content 4.5 ±  
0.5 % by volume) was used.

As variables, five different alkali-reac-
tive aggregates and four Portland cements  
CEM I (32,5 R and 42,5 N) with Na2O 
equivalent values in the range be-
tween 0.56 and 0.89 mass % were in-
cluded in the test programme. Figures 
V-22 and V-23 show the expansion 
of a concrete during the accelerated 
concrete prism test at 60 °C with a 10 % 
sodium chloride solution and in the climate 

simulation chamber with a 0.6 mole sodium 
chloride solution. To summarise, the inves-
tigations produced the following picture: 

 A total of 12 concrete compositions for 
concrete road pavings were tested with 
FIB alternating climate test (ASR per-
formance test) and the accelerated con-
crete prism test at 60 °C with and with-
out external alkali supply (NaCl).

 In the examination of concrete com-
positions in moisture class WS in per-
formance tests with external alkali sup-

ply, similar results were obtained for 11 
concrete compositions with both meth-
ods; the results differed for only one 
concrete composition

 The same results were obtained when 
12 concretes were tested for moisture 
class WF (without alkali supply).

Test cement
A test cement with a high alkali content 
was used to test the alkali reactivity of ag-
gregates according to Part 3 of the Alka-
li Guidelines. Cement that fulfils the re-

Table V-3: Moisture classes according to the Alkali Guidelines or DIN 1045-2

1) Building classes according to RStO; according to TL Beton-StB 07

Name of class Description of the environment
Examples for allocating exposure classes
(informative)

WO

Concrete, which after normal curing is 
not moist for long periods and which 
remains largely dry after it has dried out 
under normal use.

Interior elements in building construction; 

Building elements which are exposed to outdoor air but not, for example,  
atmospheric water, surface water or soil moisture and/or which are not  
constantly exposed to relative humidity of more than 80 %. 

WF
Concrete that is moist often or for long 
periods during normal use.

Unprotected outdoor building elements that are subject, for example, to at-
mospheric water, surface water or soil moisture;

Interior building elements in building construction for wet rooms, such as in-
door swimming pools, laundries and commercial wet rooms in which relative 
humidity is generally higher than 80 %; 

Building elements that are regularly below the dew point, such as chimneys, 
heat transfer stations, filter chambers and cattle sheds;

Bulky building elements according to the DAfStb Guideline “Bulky concrete 
building elements”, whose smallest dimension is larger than 0.80 m (regard-
less of the presence of moisture).

WA

Concrete which, in addition to stress 
according to Class WF is subjected to 
an external alkali supply frequently or 
for long periods.

Building elements exposed to seawater; 

Building elements exposed to de-icing salt with no additional high dynamic 
stress (e.g. spray water areas, driving and parking areas in multi-storey car 
parks); 

Building elements in industrial and agricultural buildings (e.g. manure tank) 
exposed to alkali salts.

Concrete road surfaces in Class IV -VI 1) 

WS
Concrete that is subjected to high dynam- 
ic stress and an external alkali supply.

Building elements exposed to de-icing salt with additional high dynamic 
stress (concrete road pavements in Classes SV and I -III) 1)
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Cement Cement type Works K2O
in mass %

Na2O
in mass %

Na2O equiv.
in mass %

Test cement A CEM 32,5 R C 1.52 0.26 1.26

Test cement B CEM 32,5 R D 1.55 0.18 1.20

Cement 1 CEM 32,5 R A 1.02 0.20 0.86

Cement 2 CEM 32,5 R B 1.21 0.13 0.93

Cement 3 CEM 32,5 R C 1.19 0.24 1.02

Fig. V-24: 
Expansion of 
mortar bars in 
the accelerated 
mortar bar test 
with the refer-
ence method 
according to the 
Alkali Guide-
lines
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Fig. V-25: Ex-
pansion of con-
crete prisms in 
the accelerated 
concrete prism 
test at 60 °C 
with concrete 
containing dif-
ferent cements 
and an Na2O 
equivalent of 
1.26 mass % in 
relation to the 
cement
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Table V-4: Cements and alkali contents

quirements of a test cement according to 
Part 3 of the Alkali Guidelines is no long-
er available in Germany. The Research In-
stitute conducted experiments in order to 
make recommendations for future require-
ments for a test cement according to the Al-
kali Guidelines. 

For this purpose three Portland cements 
with an Na2O equivalent of (0.90 ± 0.15) 
mass % were chosen (Table V-4). The ce-
ments were boosted with potassium sul-
phate to obtain an Na2O equivalent of 1.20 
and 1.26 mass % (alkali content of earli-
er delivery batches of the test cement, de-
scribed below as Test cement A and Test 
cement B). 

Cement pastes were manufactured with 
the boosted cements. The chemical com-
positions of extruded pore solutions and 
supernatant solutions according to TGL 
28104/17 were determined. The pH values 
of the boosted cements were similar to those 
of Test cement A. The addition of potas- 
sium sulphate is suitable to obtain a simi-
lar pH value in the pore solution to that of 
the unboosted cement.  

Accelerated mortar bar tests (reference 
method according to Alkali Guidelines) 
were carried out using a crushed greywacke 
and the boosted cement. In all cases, the 
investigations would lead to the aggregate 
having the same classification in the alka-
li reactivity class E I-S (Fig. V-24). The 
accelerated mortar bar test with Cement 3 

reproduced the results of the test with the 
test cement best of all. 

Accelerated concrete prism tests at 60 °C 
according to Part 3 of the Alkali Guide-
lines, informative appendix B, were car-
ried out with crushed rhyolite (Fig. V-25). 
In the case of the boosted cements, ex-
pansion after 84 days at 0.47 mm/m, 0.51 
mm/m and 0.56 mm/m was slightly high-
er than the expansion of 0.45 mm/m in the 
event of Test cement A. Cement 3 exhibit-
ed the most expansion. In the accelerated 
concrete prism test at 60 °C using boost-
ed cements and unboosted Test cement A, 
the aggregate was identified as being al-
kali reactive.

Effect of alkali reactivity of 
test sands on the assessment 
of potentially alkali-reactive 
aggregates
To test potentially alkali-reactive aggre-
gates the Alkali Guidelines specify, among 
other things, concrete tests in which the ag-
gregates with a particle size of > 2 mm are 
used. As a particle fraction < 2 mm an “in-
ert natural sand” is to be used. Test sam-
ples are made from the concrete which 
are investigated in aggregate tests (con-
crete prism test with fog chamber curing  
(40 °C), accelerated concrete prism test 
at 60 °C).

In a previous test of an aggregate in com-
bination with different sands, different 
expansion behaviour was observed in the 
concrete, which may be attributable to al-
kali reactivity of the quartz sand fraction 
in laboratory tests, which should actually 
be inert. According to our current knowl-
edge, there are no adequate criteria that 
could prove the suitability of a test sand 
for aggregate tests. Consequently, assess-
ments of coarse aggregates in which an 
unsuitable sand is used could have sys-
tematic errors.

To quantify the effects of a not completely 
inert test sand on the results of ASR con-
crete prism tests, a research project was 
initiated and funded by the German Fed-
eration of Industrial Research Associa-
tions (AiF).

Firstly, natural sands rich in quartz from 
various regions were selected, which dif-
fered in terms of their mineralogy and par-
ticle size distribution. In addition, crushed 
aggregates < 2 mm from pure limestone 
were used as an inert sand and crushed ag-
gregates from alkali-reactive greywacke 
with a similar particle size were used as 
reactive sand. The characterisation of the 
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Fig. V-26: 
Expansion of 
mortar bars in 
the accelerated 
mortar bar test 
with the refer-
ence method  
according to 
Part 3 of the Al-
kali Guidelines 
for different 
sands
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Fig. V-27: Ex-
pansion of con-
crete prisms in 
the accelerated 
concrete prism 
test at 60 °C  
for different 
combinations of 
sand and coarse 
aggregates
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sands (petrography, alkali solubility, cal-
cium-binding capacity) show differenc-
es in the detail, but it is not possible to 
clearly identify reactive sands. The test 
according to ASTM C289 (soluble sili-
ca) also showed no differences between 
the sands. In the accelerated mortar bar 
test the use of sands instead of crushed 
aggregate produced different expansion 
behaviour in some cases (Fig. V-26).   
All quartzitic sands caused increased ex-
pansion in the mortar; however, in some 
types a degressive tendency was exhibited. 
Other sands produced a constant increase 
in expansion, so that with an extended test-
ing period even the expansion of the mortar 
with the reactive crushed greywacke sand 
was exceeded. 

These sands were chosen for the accelerat-
ed concrete prism test and were combined 
with inert limestone or reactive coarse ag-
gregate in a ratio of 30 % sand to 70 % 
coarse aggregate. The concretes were man-
ufactured with a test cement according to 
the Alkali Guidelines. The concretes were 
tested according to the Alkali Guidelines 
with fog chamber storage at 40 °C, with 
storage in an outdoor exposure site and 
with the accelerated concrete prism test at 
60 °C. Regardless of the test method used, 
the reactivity of the sands suggested in the 
accelerated mortar bar test had no effect on 
the assessment of the aggregate (Fig. V-27).  
Concrete expansion was achieved on-
ly with the reactive crushed greywacke 
sand in combination with inert limestone, 
which was in the range of the preliminary 
limit value. In some cases, the combina-
tion of quartzitic sands with the reactive 
aggregates led to less concrete expansion 
than when inert crushed limestone sand 
was used. However, in every case the ex-
pansion values were well above the lim-
it value set for the test method. In oth-
er words, there is no need to fear incor-
rect classification of alkali-reactive aggre-
gates as a non-reactive aggregate because 
of the reactivity of quartzitic test sand. 
To estimate whether the observed minor 
effects have any effect on the perform-
ance test of concrete compositions, more 
investigations are currently being car-
ried out on concrete made with road pav-
ing cement (CEM I with Na2O equivalent  
≤ 0.80 mass %) and CEM II/B-S.

Field site tests
As with all laboratory tests on concrete that 
are relevant to the durability of the con-
crete, it is important to ensure that the re-
sults from these tests can be transferred to 
how the concrete actually behaves in actu-
al construction situations. The EU PART-

NER project, partially funded by the Euro- 
pean Union, had the overall objective of 
establishing a unified test procedure for 
evaluating the alkali reactivity of aggre-
gates. In the project, the suitability of 
RILEM test methods and some region-
al test procedures have been investigat-
ed with different aggregates and types of 
aggregates that are excavated throughout  
Europe. The results of the accelerated  
laboratory tests were compared with the  
behaviour of these aggregates in real con-
crete structures and in concrete samples 
stored in field test sites. The Research In-
stitute was in charge of the field tests.

To take account of different climatic con-
ditions in Europe, the behaviour of con-
crete samples in various field sites was in-
vestigated. One of the issues pursued in the 
project was whether concrete that is par-
tially submerged in water is damaged fast-
er and more severely as a result of an ASR 
than concrete that is only exposed to am-
bient rainfall. Laboratory tests in the past 
have also shown that concrete samples con-
taining reactive aggregates expand more 
when they are exposed to a de-icing salt 

solution rather than water. Therefore, it is 
generally assumed that de-icing salt could 
facilitate a damaging ASR in concretes 
containing reactive aggregate.  

For the field site tests all the concrete 
cubes were manufactured for every ag-
gregate combination and every aggre-
gate. These were then transported to the 
laboratories and field sites of the partic-
ipating partners. 13 aggregate combi-
nations with which concrete was man-
ufactured in 5 laboratories were moni-
tored and investigated in 8 different field 
sites from Norway to Spain. (Fig. V-28).  
In Sweden, samples were stored in a forest 
in Borås and beside a motorway between 
Borås and Goteborg to examine the added 
effects of external alkali supply. 

For each field site two 300 mm con-
crete cubes were made for each ag-
gregate combination that was to be in-
vestigated. The concrete composition 
corresponded to that of the concrete 
prisms in the RILEM tests AAR-3 (con-
crete prism test at 38 °C) and AAR-4  
(accelerated concrete prism test at 60 °C). 
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Fig. V-29: Average expansion of concrete cubes B1(C+NRF); left: the bottom of the cube is 
submerged in water to about 5 cm; right: the cube is exposed only to ambient rainfall
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The samples were manufactured with a ce-
ment content of 440 kg/m³ and a Portland 
cement with a high alkali content (1.26 
mass % Na2O equivalent). To record any 
damage resulting from an ASR, the length 
changes on the top side and on two oppo-
site sides as well as the width of any cracks 
were periodically recorded.  

In 2008, the samples had been stored out-
doors for about 4 years. For slowly react-
ing aggregates this period is too short to 

cause a damaging ASR. Because of this, it 
is only possible to draw preliminary con-
clusions. Table V-5 shows the current re-
sults of the field site tests and the laboratory 
experiments together so that a comparison 
can be made. The results of the accelerated 
laboratory tests were taken from other sub-
projects of the PARTNER project.

The concrete cubes with aggregate compo-
sition B1(C+NRF) exhibit a lot of expan-
sion > 0.04% (Fig. V-29) and cracks with 

a maximum width of ≥ 0.20 mm in all field 
sites from Norway to Spain, regardless of 
how they were stored. 

Aggregate mixtures D2, G1, N1 and UK1 
expanded more and had larger cracks in 
mild (Düsseldorf, Watford) and in warm 
climates (Milan, Valencia). Fig. V-30 illus-
trates this for aggregate mixture N1, which 
showed high expansion in Valencia, Düs-
seldorf and Watford, but which, to date, 
has not expanded in cold climates (Borås, 
Trondheim). The increase in expansion was 
higher in Southern Europe (Valencia) than 
in Central Europe (Düsseldorf, Watford). 
Fig. V-31 illustrates the expansion of ag-
gregate composition G1, the crushed grav-
el from the Upper Rhine Valley.

The results suggest that a damaging ASR 
occurs in a similar manner in North and 
Southern Europe, the only difference be-
ing that with the same concrete compo-
sition the reaction can take place quick-
er in Southern Europe – which can prob-
ably be attributed to the higher average 
temperature.

It is also noteworthy and surprising that the 
samples which were exposed only to am-
bient rainfall expanded more and exhibit-
ed larger cracks than the samples that were 
stored partly immersed in water. 

To date no differences have been detect-
ed in the behaviour of the concretes stored 
in a forest in Borås (without alkali supply) 
and alongside a motorway between Borås 
and Goteborg in Sweden (with external al-
kali supply).

After 4 years outdoor storage, the slow-
ly reacting aggregates IT2, N2, N4, S1 
and P1 and the non-reactive aggregates 
F1 and F2 are not exhibiting any notice- 
able expansion or cracks. 

One of the conclusions of the PARTNER 
project was that in most cases the RILEM 
test procedures were suitable for identify-
ing the alkali reactivity of the investigated 
aggregates (see Table V-5). The tests were 
especially suitable for identifying aggre-
gate combinations that either react within 
a “normal” time scale (i.e. 5 to 20 years) 
or which are non-reactive. There was less 
certainty as regards identifying slowly re-
acting aggregates that react after more 
than 20 years. Further tests must be car-
ried out to see whether these experiences 
can be generalised. Generally, in the cases 
where differences were observed between 
the results from the laboratory tests and 
practical experience, they can be attribut-
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Table V-5: Comparison of results from laboratory tests with behaviour in field sites and structures; the results are taken from other sub-projects 
of the PARTNER project

Aggregate
Fraction/ 
Combina-

tion

Reactivity/Evaluation

AAR-1 AAR-2 AAR-3
AAR-4/ 
AAR-

old

TI-B51/ 
Chat-
terji

Germany/ 
Norway

Field site 
test after 4 

years*

Reported reactivi-
ty in structures?

“Normally” reactive aggregate combination

B1 - Silicified 
limestone

F R R R/R

Yes
C R

C+F R R/R R/R R

C+NRF R R/R R

UK1 - Greywacke

F R R R/R

YesC R

C+F R R/R R/R R

G1 - Crushed Gravel 
with siliceous limestone 
and chert

C R R R/-
Yes

C+NRF R R/R R/- R

G2 - Gravel with opal-
ine sandstone and flint C R R R/- Yes

N1 - Cataclasite
C R R R/R

Yes
C+NRF R R/R R/R R

D2 - Sea Gravel with 
semi-dense flint

F R R R/R

Yes, 10 - 15 yearsC R R

F+NRC NR/MR R/MR R

 “Slowly” reactive aggregate combination

IT2 - Gravel with 
quarzite

F R R NR/-
Yes, 

50 yearsC R R

C+F NR R/R n.r.

N2 - Sandstone
C R R NR/R Yes, 

15 - 20 yearsC+NRF R -/R n.r..

N4 - Gravel with sand-
stone and cataclastic 
rocks

F R R R/R
Yes, 

20 - 25 yearsC R R

C+F MR R/- MR/MR n.r.

“Non-reactive” aggregate combination

F1 - Gravel with flint C R NR NR/R No, but known 
pessimum effectC+NRF NR NR/NR NR/- n.r.

F2 - Non-reactive 
limestone

F NR NR

NoC NR

C+F NR NR/NR NR/NR n.r.

S1 - Gravel with meta-
rhyolite and greywacke 

F R R R/R Yes, but 
source variable in 

composition
C R

C+F NR MR/- NR/MR n.r.

P1 - Silicified limestone
C R NR NR/- Yes, but the in-

formation about 
the aggregate is 

uncertain C+NRF NR MR/MR n.r.

F = fine aggregate   
C = coarse aggregate
NRF  = non-reactive fine aggregate (=N3F) 
NRC  = non-reactive coarse aggregate (=F2C)
R = reactive (according to the limit values for the different test methods)
NR = non-reactive (according to the limit values for the different test methods)
MR = marginally reactive (i.e. expansion was just above the limit value for the different test methods)
n.r. = no rating yet possible
* = The evaluation of preliminary results from the field site tests is based on measuring the maximum width of the crack after 4 years of storage outdoors and  
  expansion during the last 3 years (measurement of expansion was re-started in 2005 as there were problems with zero measurement in some of the field sites.)
AAR-1 = RILEM method AAR-1: petrographic method
AAR-2 = RILEM method AAR-2: accelerated mortar bar test at 80 °C in 1 mole sodium hydroxide
AAR-3 = RILEM method AAR-3: concrete prism test at 38 °C 
AAR-4 = RILEM method AAR-4: accelerated concrete prism test at 60 °C 
TI-B51 = Danish accelerated mortar bar test at 50 °C in a saturated sodium chloride solution
Chatterji  = Chemical test method according to Chatterji
Germany = Concrete test on concrete bars and cubes with storage in the 40 °C fog chamber according to the Alkali Guidelines
Norway  = Norwegian concrete prism test at 38 °C
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Fig. V-30: Average expansion of concrete cubes N1; left: the bottom of the cube is submerged 
in water to about 5 cm; right: the cube is exposed only to ambient rainfall
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Fig. V-31: Average expansion of concrete cubes G1; left: the bottom of the cube is submerged 
in water to about 5 cm; right: the cube is exposed only to ambient rainfall
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ed to variability in the aggregate source, 
pessimum behaviour or unreliable infor-
mation about the behaviour of the aggre-
gates under practical conditions. In many 
cases, the accelerated mortar bar test 
(RILEM AAR-2) and the accelerated con-
crete prism test at 60 °C (RILEM AAR-4) 
mirrored practical experience. One excep-
tion seems to be aggregates with pessimum 
behaviour. Thus, these procedures are suit-
able to assess aggregates with no pessimum 
behaviour against the background of lo-
cal experience where these damage cases  
appear necessary in practice.  

Sulphate resistance 

In 2006, the German Committee for Struc-
tural Concrete (DAfStb) initiated a special 
research project entitled “An in-depth in-

vestigation into the sulphate resistance of 
concrete”. Funded by the German Con-
crete and Construction Engineering Asso-
ciation (DBV), the German Ready-Mixed 
Concrete Industry Association (BTB), 
VGB Power Tech and VDZ, experiments 
were started to underpin the existing sul-
phate resistance regulation when concretes 
containing fly ash are used. In particular, 
the aim was to check the results of labora- 
tory-based experiments by means of field 
storage experiments under natural sul-
phate attack conditions. The series of ex-
periments were started at the end of 2006. 
After a two-year exposure period, the find-
ings obtained up until that point were ag-
gregated in the form of a report at the be-
ginning of 2009. Apart from the Research 
Institute of the Cement Industry (FIZ), the 
research programme also involved the Cen-
tre for Building Materials at the Technical 

University of Munich (cbm) and the F. A. 
Finger-Institute for Building Material Sci-
ence at (FIB) Weimar University.

Effects of aggregate containing 
carbonate/test in synthetic soils 
and waters 
In particular, investigations in the UK 
showed that in the event of a sulphate at-
tack, carbonate from the binder or from 
the aggregate can act as a reaction part-
ner, leading to damage as a result of thau-
masite formation. Since these results were 
published, cements and aggregates con-
taining limestone are suspected of having 
a negative effect on the sulphate resistance 
of standard concretes. Since in addition to 
that only quartzitic sands and gravels are 
used in the normal sulphate resistance tests, 
there is a lack of experience as regards the 
effect of aggregates containing carbonate. 
For this reason, in the Research Institute’s 
work package concrete test samples were 
manufactured with quartzitic and carbon-
ate aggregates and subjected to a sulphate 
attack similar to the attacks that take place 
in practice. Table V-6 shows the formula-
tions of the concretes used in the research 
programme. 

The Research Institute carried out the field 
storage experiments in a gypsum/anhydrite 
opencast mine in the state of Lower Sax-
ony, Germany. A total of 60 concrete test 
samples were stored in a calcium sulphate 
saturated lake near Stadtoldendorf. After 
one and two years’ exposure, test samples 
were removed from the lake and investigat-
ed. The remaining samples are to be stored 
as long as possible in the sulphurous lake 
water (10 years storage is planned). On-
ly then will it be possible to make state-
ments about the long-term behaviour of 
the concretes. 

In the second focus of the Research Insti-
tute’s investigation, concrete test samples 
were subjected to a defined practice-re-
lated sulphate attack in a synthetic soil. A 
300-l plastic tank, called a lysimeter, was 
filled with alternate layers of limestone 
chippings, greywacke chippings and meal, 
quartz sand and potting soil. The concrete 
test samples were then stored in this “syn-
thetic soil”. The sulphate attack was car-
ried out using a sodium sulphate solution 
(1 500 mg sulphate per litre), with which 
the soil material was saturated. At regular 
intervals the sulphate solution was drained 
off so that the soil could be dried and then 
filled with a fresh solution. This simulat-
ed natural fluctuations in the groundwater. 
The soil was kept at 8 °C, which is the av-
erage soil temperature in Germany. 
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Table V-6: Names and formulations of the six concretes; Figures in kg/m³ or mass % of the cement

M1 M2 M3 M4 M5 M6

Cement type CEM I-SR CEM I-SR CEM III/B CEM III/B CEM I CEM II/A-LL 

Cement content 360 360 360 360 327 327

Fly ash – – – – 82 82

Water 180 180 180 180 180 180

Q 0/02 98 – 97 – – 94

Q 0/2 409 – 407 – – 393

Q 1/2 80 – 79 – – 77

Q 2/8 569 – 566 – – 547

Q 8/16 622 – 619 – – 698

K 0/2 – 591 – 587.5 569 –

K 2/8 – 591 – 587.5 569 –

K 8/16 – 665 – 661 641 –

Q/K total 1  778 1  847 1  768 1  836 1 779 1  709

FM – 1 % – 0,75 % 2 % –
Q: quartzitic aggregate
K: carbonatic aggregate (limestone)

Fig. V-32: Con-
crete test sam-
ples after two 
years storage 
in the lake of a 
gypsum/anhy-
drite opencast 
mine and in the 
lysimeter (syn-
thetic soil)

Table V-7: Sulphate and cation contents of water samples from the lake and the lysimeter

Lake
January 

2007
July 
2007

January 
2008

July 
2008

March 
2009

Sulphate mg/l 1 825 1 744 1 482 1 774 1 477

Calcium mg/l – 610 588 656 564

Sodium mg/l – 568 527 564 183

Potassium mg/l – 12.3 8.2 9.6 6.5

Magnesium mg/l – 70.2 61.3 73.8 49.8

Lysimeter
February 

2007
July 
2007

January 
2008

July 
2008

January 
2009

Sulphate mg/l 1 449 1 197 1 537 1 514 1 152

Calcium mg/l 235 96 102 115 106

Sodium mg/l 432 685 788 749 760

Potassium mg/l 158 62.0 48.7 50.3 37.4

Magnesium mg/l – – 13.3 12.4 17.9

Results
Water samples were taken and analysed 
at the start of the investigation and every 
time the samples were assessed. In the lake 
water the sulphate concentration fluctuated 
between about 1 500 and 1 800 mg/l. Apart 
from about 600 mg/l calcium, roughly  
500 mg/l of sodium and approximately  
50 to 70 mg/l magnesium were discov-
ered as cations (Table V-7). According to  
DIN 4030, concentrations above 300 mg/l 
magnesium are classified as slightly severe 
in terms of the level of attack. 

At the end of the observation period no 
damage was identified on the samples in 
the lysimeter or on those stored in the lake 
(Fig. V-32). No flaking, cracks or par-
tial surface softening was observed. Par-
tial surface discolouration can be attribut-
ed to algae deposits and contact with var-
ious surrounding materials (e.g. the soil).  
Fig. V-33 shows the compressive strengths 
of the samples. Even in the second year, an 
increase in strength was identified in all 
six concretes. Although no damage was 
identified, investigations were carried out 
on hardened concrete structures near the 
edge using scanning electron microscopy 
(SEM). In all of the concrete samples, un-
disturbed, dense structures were observed 
with no signs of expansion reactions or 
structural weakening.  

In contrast to the results of the Research 
Institute, in the FIB field storage experi-
ments damage was discovered on the con-
cretes manufactured with Portland-lime-
stone cement and fly ash (M6). The con-
crete test samples stored in water in a 
gypsum cave containing sulphate exhib-

ited signs of flaking and surface weaken-
ing after just one year. Ettringite and thau-
masite had formed. The reasons for these 

different observations are to be clarified 
in supplementary investigations. These 
investigations are being funded by the  
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Fig. V-33: Changes in compressive strength in concrete test samples stored for two years in a 
lake and in synthetic soil (lysimeter)  
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Fig. V-34: 
Diagram of the 
flow cone and 
the slump flow 
plate, dimen-
sions in mm  
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Table V-8: Precise data for cone slump flow and cone flow time determined with the flow cone 
in mm or as a % of the average value. Values in brackets calculated from data from a European 
round robin test (slump flow according to EN 12350-8, flow time according to EN 12350-9) 

Cone slump flow in mm in % of the average value

Repeatability r 29 3.9 (approx. 2.5–7.5)

Reproducibility R 81 10.8 (6.0)

Cone flow time in s

Repeatability r 1.1 20.8 (approx. 30–40)

Reproducibility R 1.4 28.4 (39.0)

German Committee for Structural Concrete 
(DAfStb). The research facilities named 
above are again involved in these investi-
gations. The particular focus is on the sim-
ultaneous effect of sulphate and magnesi-
um. In the mountain cave water (FIB in-
vestigation) magnesium concentrations of 
up to 180 mg/l were measured. 

In conclusion, it can be said that the core 
statements of the DAfStb status paper “Sul-
phate attacks on concrete” from 2003 still 
apply: “Where the standard definitions for 
concrete with a high sulphate resistance 
have been complied with, no damage has 
been reported to date.”

Self-compacting concrete  

To assess the workability of self-compact-
ing concretes, according to the DAfStb 
Guidelines for “Self-Compacting Con-
crete” the slump flow and the V-funnel flow 
time are to be tested during the initial test, 
the manufacturing works’ own production 
control and when the concrete is delivered 
to the building site. According to the DIN 
EN 12350 series of standards, two separate 
test procedures are necessary, namely the 
slump-flow test according to Part 8 and the 
V-funnel test according to Part 9. An alter-
native to these procedures is the flow-cone 
test, in which a cone slump flow and a cone 
flow time can be determined in one exper-
iment on a concrete sample. 

Precise data for the flow cone
The flow cone (Fig. V-34) was developed 
in the Research Institute of the Cement In-
dustry between 2002 and 2006. In earlier 
experiments it was shown that there was 
no significant difference between cone 
slump flow and slump flow according to  
DIN EN 12350-8. Cone flow time is pro-
portional to the flow time according to  
DIN EN 12350-9. Previously there has 
been a lack of precise data that would al-
low the process to be standardised through-
out Europe. This was determined in a round 
robin test managed by the Research Insti-
tute. The round robin test was funded by 
the German Ready-Mixed Concrete Asso-
ciation, the German Society for Concrete 
and Construction Technology and the Ger-
man Cement Works Association. 

Concrete testers from four companies in 
the ready-mixed concrete industry were 
invited to the Research Institute. Together 
with a concrete tester from the Institute, 
over a period of two days they tested sev-
en mixtures of a self-compacting concrete 
with the flow cone. In accordance with  
DIN EN 12350, the self-compacting con-
crete (powder type) used for the tests had 
an average slump flow of 770 mm and 
an average flow time of 5.0 seconds. To 
determine the precise data according to  
ISO 5725-2, a 5 % error probability was 
assumed. The reproducibility R (different 
testers) and the repeatability r (one test-
er) was then 2.78 times the standard de-
viation. Accordingly, with a 95 % prob-
ability the maximum difference between 
two individual results is r or R. Table V-
8 shows the precise data that was deter-
mined for testing the cone slump flow and 
the cone flow time with the flow cone. 
The values in brackets show the results 
of a round robin test for corresponding 



V Concrete constituents, concrete technology and concrete engineering 

95

Tafel V-9: Investigated concrete compositions (data in kg/m³)

1 A 1A SAP 1 A SRA 1A HSM

Cement (c) 1) 800 800 800 200

Mixing water (w) 168 168 168 176

Silica fume (s) 2) 130 130 130 130

Super plasticiser 3) 24 24 24 13

Quartz sand 4) 1 019 1  019 1  000 1 019

Quartz meal 5) 220 220 220 220

SAP 6) – 2.4 – –

SRA 7) – – 7.56 –

GGBS 8) – – – 600
 

tests according to DIN EN 12350 Parts 8 
and 9 as a comparison.

Ultra-high performance 
concrete 
   
Due to its very dense structure, ultra-high 
performance concrete (UHPC) is extreme-
ly durable when it is undamaged. How- 
ever, it has not yet been clarified wheth-
er and under which conditions cracks that 
have a negative effect on the durability of 
the material can occur due to the high autog- 
enous shrinkage of the concrete. Since 
the end of 2005, the Research Institute of 
the Cement Industry has been funded by 
the German Research Foundation (DFG) 
within the scope of the priority programme 
“Sustainable building with ultra-high per-
formance concrete” to carry out research 
work into this aspect, which is very impor-
tant for practical applications.

Free autogenous shrinkage
Autogenous shrinkage is the main shrink-
age component in concretes that contain 
much less water than they require for the 
complete reaction of their hydraulically re-
active constituents. This applies especial-
ly to UHPC. Here the equivalent water-ce-
ment ratio is usually between 0.15 and 0.25. 
Most autogenous shrinkage takes place in 
the first 24 to 48 hours. Since it is caused by 
inner drying and as UHPC has a very dense 
structure, it is difficult to affect autogenous 
shrinkage with external after-treatment. If 
deformation is prevented, which is often 
the case in practice, this can cause consid-
erable restraint stress and result in a high 
cracking tendency. 

Start and measurement of 
autogenous shrinkage 
Autogenous shrinkage is part of the chem-
ical shrinkage process. The latter starts 
when water and cement come into contact 
with each other; the reaction products oc-
curring with hydration have a smaller vol-
ume than the starting materials. Autog- 
enous shrinkage starts as soon as a solid 
pore system forms and the relative moisture 
in the initially water-saturated pores reduc-
es due to continuing hydration. The inner 
drying of the increasingly solid structure 
causes a macroscopic volume reduction. 

It is extremely difficult to determine ex-
actly when inner drying starts. Therefore, 
experimental conventions are used to dif-
ferentiate between autogenous chemical 
shrinkage and the chemical shrinkage that 
takes place prior to this. The start of autog-
enous shrinkage to be determined for spe-

1) CEM I 52,5 R-HS/NA 5) Particle size 0–0.125 mm
2) 16.2 mass % of cement; proportion of amorphous SiO2 

6) Super-absorbent polymers (0.3 mass % of cement)

 approx. 98%  7) Shrinkage-reducing admixture
3) Polycarboxylate ether basis (3.0 mass % of cement)    (4.5 mass % of cement)
4) Particle size 0.125–0.5 mm 8) Ground granulated blastfurnace slag

cific concretes and in relation to the tem-
perature with these conventions is called 
time-zero (t0). According to the definition 
from the Japan Concrete Institute, the start 
of hardening is to be determined with the 
needle penetration method. However, the 
end of hardening is also often used as a cri-
terion. In addition to this, numerous other 
methods have been proposed to determine 
time-zero, including the rate of shrinkage, 
ultrasound time-of-flight and the tempera- 
ture changes. Depending on the criterion 
used, there can be vast differences in the 
determination of when autogenous shrink-
age starts and, thus, on the results of the 
shrinkage.

Measuring the shrinkage is another difficul-
ty. Worldwide there are many different test 
procedures in which autogenous shrinkage 
is measured linearly or volumetrically, hor-
izontally or vertically and on test samples 
of different shapes and sizes. In combi-
nation with the above-mentioned issue of 
when to start the evaluation (time-zero), 
the different measuring methods have re-
sulted in considerable variances in the past. 
It was thus necessary to improve the meth-
odology. A new test procedure was there-
fore needed to provide evidence of good 
repeatability and reproducibility. It also 
had to be economical in order to allow as 
large a number of measurements as possi-
ble. Ideally, the measuring assembly need-
ed to be a serially produced product that 
third parties could purchase. To investi-
gate the effect of temperature on autog- 
enous shrinkage, it needed to be possible 
to actively influence the temperature of 
the concrete. The experimental difficulties 

have prevented clarification of these con-
nections in the past. 

Against this background, a new method 
was developed with the help of the shrink-
age cone from Schleibinger, which is usu-
ally used to investigate plastic shrinkage. 
With a large number of experiments, the 
new shrinkage cone method for determin-
ing autogenous shrinkage was optimised 
and its good repeat and comparison accu-
racy at a constant temperature of 20 °C was 
proven. The experiments will soon be con-
tinued for other temperatures with various 
European partners. 

Restrained autogenous shrinkage
The “ring test” was adapted in order to in-
vestigate restraint stress and cracking ten-
dency as a result of restrained autogenous 
shrinkage. This procedure is especially 
popular in the USA to investigate crack-
ing tendency as a result of restrained dry-
ing shrinkage. The shrinkage reduction of 
a concrete ring is restrained by an internal 
steel ring. Strain gauges on the inside of the 
steel ring allow restraint deformation to be 
measured, from which it is possible to cal-
culate the maximum tensile stress in con-
crete. To calculate cracking tendency the 
restraint stress that is determined is con-
sidered in relation to the tensile strength. 
A sudden reduction in the deformation of 
the steel ring indicates the formation of a 
larger crack. 

In an extensive test programme, the cracking 
tendency of various ultra-high performance 
concretes was investigated (Table V-9).  
On the basis of a reference concrete (1A), 
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through the use of super-absorbent poly-
mers (1A SAP), a blastfurnace slag meal 
(1A HSM) and a shrinkage-reducing ad-
mixture (1A SRA), it was possible to re-
duce free autogenous shrinkage to various 
degrees (Fig. V-35). The cracking tenden-
cy reduced considerably in concretes 1A 
SAP and 1A SRA (Fig. V-36). In spite of 
less shrinkage, concrete 1A HSM still ex-
hibited a similarly high cracking tendency 
to concrete 1A. This was mainly attributed 
to the very slow development of strength. 
Very small cracks, irrelevant for durabili-
ty, developed in concrete 1A HSM. There 
were no visible cracks in the other con-
cretes. With all concretes the maximum 
cracking tendency occurred in the first 24 
hours. Up to about 70 % of the stress that 
would be expected with purely elastic be-
haviour of the concrete in this timeframe 
was compensated for by creep. With all 
concretes the level of restraint in the first 
24 hours was in excess of 80 %. 

In the investigations that were conducted 
the ring test proved to be a very promising 

method for testing autogenous shrinkage 
cracking tendency. This relatively simple 
method also has a lot of potential for fur-
ther research. With the fine-particle con-
cretes used here it was possible to choose 
cross-sections so small that quasi-isother-
mal and non-isothermal experiments would 
be easily possible. This is an important pre-
condition for answering open questions 
about the effects of temperature. It will 
still have to be clarified to what extent the 
cracking tendencies determined here un-
der quasi-isothermal conditions are suit-
able for describing the behaviour of con-
cretes in the temperatures that are general-
ly experienced in practice. The shrinkage 
cone method and the ring test are suitable 
methods for this purpose. 

Earth-dry concrete 

Earth-dry concrete is used for products 
such as paving slabs, paving blocks, kerb-
stones and concrete pipes. The concrete is 
compacted in steel moulds with an inten-

sive vibration-compression process and can 
then be removed from the mould immedi-
ately, retaining the shape of the mould, due 
to what is known as green stability. When 
the composition is correctly formulated, 
the compressed concrete achieves a high 
level of stability and density as well as a 
high resistance to freeze-thaw with de-ic-
ing salt or chemical attack.   

Modified slab test
The regulations for concrete products, 
standard series EN 1338, 1339 and 1340, 
are currently being revised. The modi-
fied slab test, a method for determining 
the resistance to freeze-thaw with de-ic-
ing salt attack, is on the test rig. Essen-
tially, the method differs from the slab 
test according to DIN CEN/TS 12390-9  
in terms of the size and properties of the 
test areas, the preliminary storage of the 
specimens, the test age and the number of 
freeze-thaw cycles (Table V-10). 

The evaluation of about 40 tests by VDZ 
member companies using the modified slab 
test showed scaling of roughly 20 g/m² 
to approx. 850 g/m² after 28 freeze-thaw 
cycles. In practise no damages have been 
recorded for concrete products with such 
scaling.  This would confirm that the maxi-
mum scaling of 1000 g/m² according to the 
standard is an adequate criterion for dura-
ble concrete products. In addition to the sta-
tistical variation, the main reasons for the 
somewhat large range of individual scal-
ing results would appear to be the sampling 
procedure itself, the condition of the sam-
ples and the number of samples. Because 
of this, it is recommended that the number 
of samples be increased from the present 
three to at least five and that representative 
sampling is ensured. Experience and rec-
ommendations are being discussed inten-
sively in the BDB-VDZ Discussion Panel 
„Quality of concrete construction compo-
nents“ and the results of these discussions 
should be considered in the regulations. 

Colour deviation in concrete 
products
The above-mentioned discussion panel also  
examined the possible causes of occasion-
al colour deviations in concrete products. 
At present there is very little known about 
the causes for colour deviations in con-
crete products. 

Currently, the discussion panel is develop-
ing an investigation programme in which 
the effects of the concrete composition, the 
cement properties and the production tech-
nology will be examined systematically.   
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Floor screeds 

Cement-based floor screeds have been used 
in residential, commercial and industri-
al buildings for many years. Compared to 
other mineral bonded screeds they are su-
perior in terms of resistance to moisture, 
which makes them ideal for indoor and 
outdoor use. The manufacture of cement 
screeds is a complicated process in which 
the choice of suitable constituents and the 
underlying conditions at the building site, 
such as transport, storage, mixing, pump-
ing and laying at the location all play an 
important role. 

Occasional problems in the manufacture of 
cement screeds in practice are still respon-
sible for some reservations in the industry 
regarding the use of Portland-composite 
and blastfurnace cements in this area. The 
German Federal Association for Screeds 
and Coverings (BEB), based in Troisdorf, 
invited representatives from the cement 
and admixture industries to discuss their 
experiences as regards the use of CEM II 
cements in screeds. From the case studies 
it was not possible to show that the type 
of cement was the sole cause of any prob-
lems. Influences from the other constitu-
ents, the installation and the conditions at 
the building site must be included in the 
analysis. VDZ and its members examined 
the effects that the type of cement has on 
the properties of screeds.

The Research Institute assessed compara-
tive studies of cement-based screeds with 
various cement compositions but other-
wise with the same constituents and iden-
tical manufacturing and testing condi-
tions. From a database of more than 700 

individual results the following properties 
were analysed: workability and air con-
tent, strength development (Fig. V-37), fi-
nal strength and surface strength, residual 
moisture (Fig. V-38), shrinkage and curl-
ing. No significant effect from the cement 
type could be identified and the structural 
engineering properties of cement screeds 
containing CEM I, CEM II and CEM III/
A cements were similar in the laboratory 
and under practical building conditions. 
In the evaluated investigations any effects 
on the test results resulting from tempera-
ture, the shape of the test piece or the test-
ing method were independent of the ce-
ment type used. 

At present, mainly the following CEM II 
cements are used to manufacture cement 
screeds: 

  Portland-limestone cement CEM II/ 
A-LL 32,5 R

  Portland-burnt shale cement CEM II/ 
B-T 42,5 N

  Port land s lag cement  CEM II /  
A-S 32,5 R

  Port land s lag cement  CEM II / 
B-S 32,5 R

  Port land s lag cement  CEM II / 
B-S 42,5 N 

  Portland-composite cement CEM II/ 
B-M (S- LL) 32,5 R.

In practice, screed installers have report-
ed occasional problems (such as low sur-
face strength, formation of cavities, slow 
drying) when they changed from CEM I 
cement to CEM II cement. In some cases 
reported from the industry, it appears that 
cements were used that are not subject to 

Table V-10: Comparison between slab test according to DIN CEN/TS 12390-9 and modified slab test according to EN 1338 to 1340, Annex D

Parameter
Slab Test 
(DIN CEN/TS 12390-9)

Modified Slab Test  
(EN 1338 to 1340, Annex D) 

Specimens
4 slabs 150 x 150 x 50 mm³ 
A = 90 000 mm²

7 500 < A < 25 000 mm²,  
d < 103 mm, acceptance test:  
3 blocks

Test area sawn (centre of cube) Surface

Curing 1d mould; 6d water 20 °C 21 d 20/65 –

Preliminary storage 3 d with 3 % NaCl
7 d in 20/65, 3 d H2O,  
0.25 to 0.5 h with 3 % NaCl

Test age at preliminary storage 28 d ≥ 28 d, at acceptance test: 35 d

Testing direction one side one side

Tmin/Tmax; adm. ∆T at Tmin 
rate of cooling/thawing

-18 °C/+20 °C; to ± 2 K 
2.5 K/h / 6.5 K/h

-18 °C/+20 °C; to ± 2 K 
2.5 K/h / 6.5 K/h

Duration /number freeze-thaw cycles 24h / 56 freeze-thaw cycles 24h / 28 freeze-thaw cycles

Testing criterion (scaling) < 1.0 kg/m² after 56 freeze-thaw cycles
< 1.0 kg/m² after 28 freeze-thaw cycles
Indiv. value < 1.5 kg/m³

Fig. V-37: Compressive strength of cement-
based screeds (c between 270 kg/m³ and 
320 kg/m³; w/c between 0.42 and 0.79; with 
and without admixtures)

Fig. V-38: Age-related residual moisture af-
ter kiln drying at 105 °C 
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Fig. V-39: Im-
pregnating the 
concrete road 
surface with 
linseed oil

third-party inspection by the VDZ quality 
surveillance organisation and which were 
manufactured by companies that do not be-
long to VDZ. In some cases it has been re-
ported that also “CEM II-M cements” were 
delivered with no data about the main con-
stituents and without a conformity certifi- 
cate or the national compliance marks. 
These products should not be used. 

The meetings between the German Ce-
ment Works Association (VDZ), the Ger-
man Federal Association for Screeds and 
Coverings (BEB) and the Federal Special-
ist Group for Screeds and Coverings in the 
Central Association of the German Con-
struction Industry (ZDB) in May 2008 re-
sulted in a joint statement – “Information to 
manufacture cement-based screeds.” This 
statement paves the way for ensuring and 
disseminating high-quality methods for us-
ing cement screeds. In line with this, VDZ 
in collaboration with BEB and representa- 
tives of the cement and admixture industries 
examined the issues associated with the 
manufacture of cement screeds in relation 
to the different influences. The effects of the 
constituents and also of the manufacturing 
process, the installation and the conditions 
on the building site were all considered. 
 
The basis for manufacturing screeds is the 
list of requirements in DIN EN 13813 as 
regards the construction method and the 
specific building project. Screed installers 
generally check the suitability of the screed 
composition with the planned constituents 
in the initial test at a working consistency 
normally found on building sites. If unde-
sired screed properties (such as inadequate 
workability, inadequate strengths) are iden-
tified, suitable measures must be taken to 
improve the quality of the screed mortar. 

These measures include choosing a dif-
ferent aggregate (quality, supplier, grad-
ing curve), a different screed admixture 
(type of admixture, admixture manufactur-
er, amount of admixture) or a different ce-
ment (cement type, cement manufacturer, 
cement strength class) or changing the mix-
ing ratio of the mortar and extending the af-
ter-treatment and the length of time that the 
screed must not be walked upon. 
 
The results of the collaboration between 
VDZ and BEB are contained in instruc-
tions for the manufacture of cement screed 
mortars. 

Traffic route engineering 

It is expected that the amount of traffic on 
European roads will continue to increase 
in the long term; this is especially true for 
heavy transport. Despite the expansion of 
rail networks throughout Europe, a large 
proportion of the goods will still be moved 
by road. It is thus an advantage to have du-
rable, low-maintenance construction meth-
ods that allow traffic to flow smoothly with-
out any hindrances, for example due to road 
works. Within the scope of the infrastruc-
ture programme from 2009 funding will 
be provided to develop infrastructure fa-
cilities. Concrete construction methods are 
characterised by high load-bearing capaci-
ties and stability against deformation, low 
maintenance costs and a long service life 
and have, in the past, mainly been used to 
build major roads with a high proportion 
of heavy goods traffic. Concrete construc-
tion methods are also to be extended to 
cover the area of municipal road building. 
An important requirement for the planned 
expansion of the application areas is that 

the concrete structures are extremely du-
rable. Because of this, durability has been 
one of the focuses of the Research Insti-
tute’s activities.

Alkali-Silica Reaction
During the period under review the new 
version of the Alkali Guidelines from the 
German Committee for Structural Concrete 
(DAfStb) “Preventive measures against 
damaging alkali reactions in concrete” was 
adopted. Road surfaces made from con-
crete in Classes SV and I to III are to be 
classified in moisture class “moist + exter-
nal alkali supply + strong dynamic stress” 
(WS), road surfaces in Classes IV to VI are 
to be classified in the moisture class “moist 
+ external alkali supply” (WA). In addi-
tion, TL Beton-StB 07 contains require-
ments for the cements and aggregates for 
concrete road surfaces (see article on Al-
kali-Silica Reaction). 
 
The measures taken there should prevent 
the occurrence of a damaging alkali-silica 
reaction (ASR) in future.
 
Early measures to maintain road surfac-
es already damaged as a result of an ASR 
could possibly prolong their service life. 
A working group from the German Feder-
al Ministry of Transport with the partici-
pation of the Research Institute compiled 
a list of technical options to maintain these 
concrete road surfaces. The targeted use of 
suitable measures should extend the life 
of the affected roads and avoid them hav-
ing to be renewed prematurely. The meas-
ures were defined in relation to the degree 
of damage. 

Three damage categories were formed: 1: 
start of crack formation, 2: serious cracking 
and 3: very serious cracking and concrete 
breaking off (loss of load-bearing capac-
ity). Road surfaces in damage categories 
2 and 3 have to be covered with asphalt in 
varying thicknesses to improve their load-
bearing capacity. The effectiveness of oth-
er measures is to be investigated for road 
surfaces in Category 1, with only shallow 
cracks and where the load-bearing capac-
ity is not reduced. For this purpose, a test 
section was set up on the A14 motorway in 
Germany (built in 2000). The road surface 
has two layers in which a reactive aggre-
gate was used in the top course concrete. 
Various test sections were set up in sum-
mer 2008. Two different methods were in-
vestigated which are used in road mainte-
nance to e.g. improve grip: a bitumen emul-
sion applied as DSK slurry surfacing and an 
epoxy resin coating. DSK slurry or coating 
was applied to the road surface and then a 
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Fig. V-40: Con-
crete round-
about in Bad 
Sobernheim

polishing-resistant aggregate was spread 
over the surface. Two sections were also 
impregnated with linseed oil (Fig. V-39)  
and a hydrophobing agent respectively. 
With these four variants the moisture ab-
sorption of the concrete was reduced. If the 
effect is long term, this removes the con-
ditions for a damaging ASR – swelling of 
the gel that occurs as a result of water ab-
sorption. In another variant the surface of 
the concrete road was treated with a lithi-
um nitrate solution. Lithium bonds much 
better to the alkali-silicate gels than sodi-
um or potassium. The gel that is formed 
does not swell as much when it comes in-
to contact with water. A requirement is that 
the lithium can penetrate sufficiently deep 
into the roughly 7 cm thick damaged top 
course concrete. The fundamentals for lithi-
um treatment were developed in a previous 
research project carried out by the Research 
Institute for the German Federal Ministry 
for Transport, Building and Urban Devel-
opment (BMVBS). To assess the success 
of the measures, the test sections and ad-
ditional reference sections are being moni-
tored by the Federal Highway Research In-
stitute (BASt). Crack development is deter-
mined at various points in time. 

Concrete in municipal road 
construction 
Areas of application for concrete road sur-
faces in the municipal area are, for exam-
ple, roundabouts, bus stops and bus lanes, 
inner-city crossings, heavily used approach 
roads in major cities and also whitetop-
ping, where a concrete overlay is applied 
to an existing asphalt surface. So far, there 
has been little use of concrete construction 
methods in these areas, which would sug-
gest that there is a lot of potential. Conse-
quently, pilot projects are to be carried out 
for the named areas to gather experience 
in all phases from planning through to im-
plementation. The planned equipment engi-
neering has to be adapted to suit the respec-
tive local conditions. If necessary, a part-
ner-like cooperation should be established 
with the local concrete suppliers. The con-
struction work can be carried out by re-
gional construction companies. The only 
requirement is that these companies have 
sufficient experience in concrete construc-
tion. Upon completion of the pilot projects 
the knowledge gained from them should be 
documented and published. 

One example of a successful pilot project 
is the first concrete roundabout in Germa-
ny, which was built in 2008 (Fig. V-40). 
Concrete roundabouts are now widespread 
in Austria, Belgium, the Netherlands and 
Switzerland.

Regulations 
To achieve a standard design of the con-
tractual fundamentals in terms of the spe-
cial needs of municipal road construction, 
it would be advantageous to adapt the reg-
ulations (TL and ZTV Beton-StB 07). Suit-
able codes of practice should be drafted, 
for roundabouts for example. Experience 
has shown that this makes implementation 
much easier. 

Modelling 
 
On the basis of 50 normal cements manu-
factured in Germany with different compo-
sitions, investigations were carried out in 
the Research Institute within the scope of 
AiF research project no. 14767 N to iden-
tify the boundary conditions under which 
it is possible to calculate the standard com-
pressive strength of 28-day old cement 
based on key cement data with the help of 
the Virtual Cement and Concrete Testing 
Laboratory (VCCTL) software product. 

The input data for the simulation calcu-
lation were chemical-mineralogical and 
physical parameters of cement and aggre-
gate as well as key data that was determined 
by digital image analysis (e.g. clinker phase 
distribution). The simulation calculations 
were compared with the results from the 
experimental investigations (e.g. hydration 
heat, composition of the pore solution, po-
rosity, compressive strength). 

Simulation of cement hydration
Age-related simulation of cement hydra-
tion was carried out through iteration un-
til a desired end point. The connection 

between the iteration steps and the actu-
al progress of hydration was calculated in 
VCCTL for every cement via a time con-
version factor, which determines the time 
comparison with the measured hydration 
heat. To simulate compressive strength af-
ter 28 days, as late a time as possible was 
chosen for the comparison, the hydration 
heat values after seven days. 

Fig. V-41 shows the progress of hydration 
heat for two Portland cements CEM I 32,5 R 
from different origins. The 7-day compar-
ison of the simulated hydration heat to the 
hydration heat determined by heat flow ca-
lorimetry (TAM) produced with some ce-
ments (Fig. V-41, left) a good correlation 
with the hydration heat trend while with 
others (Fig. V-41, right) the correlation 
was not so good. 

The simulated hydration heat trend devi-
ated from the measured hydration heat in 
many cements. In many cases the simulat-
ed development of hydration heat was well 
above the measured hydration heat. In these 
cases the simulated hydration proceeded 
faster than the actual hydration. 

In the investigation as to whether groups of 
cements could be aggregated for the simu-
lation calculations by choosing certain pa-
rameters, no direct connection between the 
strength class and the time conversion fac-
tor was identified.

While the simulation calculations for the 
effect of the tricalcium silicate content on 
compressive strength largely matched the 
experience values, the effect of sulphate 
agents on hydration heat development did 
not meet expectations. 
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Fig. V-41: Hydration heat of two Portland cements CEM I 32,5 R from different origins simulated and determined using heat flow calorimetry 
(TAM); left good, right less good correlation of the hydration heat after comparison with the 7-day value (168 h)
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With some cements, simulation of the com-
position of the pore solution produced sul-
phate and calcium ion concentrations in the 
pore solution that were clearly too high. 
Even when the sulphate agent was fully 
consumed with these cements, the simulat-
ed sulphate ion concentration in the pore 
solution remained at almost the same level. 
The programme code needs to be examined 
as regards consideration of the setting regu- 
lator types. 

Porosity
The porosities for cement paste aged 7 and 
28 days determined with mercury intrusion 
were up to 10 % by volume above the re-
spective values of the simulation calcula-
tion. Among other things, this can be at-
tributed to the fact that only “capillary po-
rosity” is contained in the VCCTL pro-
gramme. In many cases, the pore volume 
determined with mercury intrusion po-
rosimetry was ≥ 0.01 µm of the simulat-
ed porosity. The measured porosities of 
standard mortar were, as expected, well be-
low the measured porosity of the respec-
tive cement paste. In contrast, the mor-
tar porosity simulated with VCCTL more 
or less matched the simulated porosity of 
the respective cement paste. This allows 
the conclusion to be drawn that the poros- 
ity of mortar has not been simulated cor-
rectly to date.

Compressive strength
Simulation of cement hydration provid-
ed the composition of the structure and, 
consequently, data about the space filling 
behaviour of the hydration products X(t) 
and about porosity P(t). With the help of 
Powers' approach, which assumes a basic 
strength of the structure D0 which is re-
duced by porosity, the course of the com-

pressive strength was calculated using the 
following equations 

D(t) = D0 · X (t)n1  
and 
D(t) = D0 · (1 – P(t))n2))

The measured compressive strengths of ce-
ment paste and standard mortar were com-
pared with the corresponding simulated de-
velopment of compressive strength. To re-
flect the measured development of com-
pressive strength by means of the simulated 
development of compressive strength, for 
each cement the variables D0 and n had to 
be determined separately on the basis of 
the measured compressive strengths. Com-
pared to the values D0 = 203 MPa and n = 
4.67 mentioned by Locher, the compres-
sive strength of the pore-free cement paste 
D0 and also the variable n were lower for 
most of the investigated cements. No gen-
eral values for D0 or n to approximate the 
development of compressive strength in 
different cement types and strength class-
es could be derived. 

Alternatively, with the VCCTL software 
it is possible to calculate compressive 
strength on the basis of correlations with 
the modulus of elasticity independently 
from the simulated porosity. The values of 
the modulus of elasticity from the simula-
tion calculations were, on average, about 
2.6 GPa above the measured values. The 
compressive strengths measured on the 
basis of the simulated modulus of elastic-
ity were below the measured compressive 
strengths and correlated with the simu- 
lated high porosities of standard mortar 
but not with the simulated high modulus-
es of elasticity. 

Consideration of the aggregate
To investigate the deviations between the 
simulated porosity and the calculated com-
pressive strength and the corresponding 
measured value for standard mortar, the 
influence of various parameters were con-
sidered to take account of the aggregate in 
simulation calculations. 

On the whole it became clear that especial-
ly the choice of the modulus of elasticity for 
the aggregate, the particle size distribution 
of the standard sand and the size and prop-
erties of the contact zone are important fac-
tors for the simulation calculation of com-
pressive strength after 28 days.

Summary
To summarise, it can be said that the simu-
lation of the development of compressive 
strength in standard mortar up to 28 days 
old could not be predicted reliably for the 
different cements without using informa-
tion concerning the aggregate. 

Apart from the parameters of the cements 
used, the parameters of the aggregate and 
the transition zone from stone to unaffect-
ed cement matrix are also important for 
the result of the simulation. Simply vary- 
ing these parameters within the normal 
fluctuation range can have a serious effect 
on the result of the simulation. 

Basically, the VCCTL model seems suit-
able for mapping hydration of cement. 
However, the software requires further 
development especially in terms of simu-
lating porosity of mortar and the compo-
sition of the pore solution and also as re-
gards the influence of sulphate on the hy-
dration process.
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Table V-11: Exposure class-related requirements for a planned life of at least 50 years in terms of the minimum and maximum values and the most 
frequently used value for minimum concrete cover, the minimum compressive strength class, the maximum permissible water-cement value and 
the minimum cement content 

Exposure
class

Minimum con-
crete cover, 

mm
Minimum compressive strength class

Maximum permissible  
water-cement value

minimum cement content 
in kg/m³

min max min max m.f.u.v. min max m.f.u.v. min max m.f.u.v.

XC1 10 20 NS C25/30 C20/25 0.60 NS 0.65 NS 300 260

XC2 15 35 NS C28/35 C25/30 0.55 NS 0.60 150 300 280

XC3 10 35 NS C32/40 NS, C25/30 0.45 NS 0.55 150 340 280

XC4 15 40 NS C32/40 NS 0.45 NS 0.50 150 340 300

XD1 25 40 NS C40/50 C30/37 0.45 0.60 0.55 150 360 300

XD2 25 55 NS C40/50 C30/37 0.40 0.55
0.50, 
0.55

150 360 300

XD3 33 55 NS C50/60 C35/45 0.40 0.45 0.45 150 400 320

XS1 25 40 NS C40/50 C30/37 0.45 0.55
0.50, 
0.45

150 360 300

XS2 25 45 NS C40/50 C35/45 0.40 0.55 0.45 150 360 320, 360

XS3 30 50 NS C50/60 C35/45 0.35 0.45 0.45 150 400 320

XF1 – – NS C32/40 NS 0.55 0.60 0.60 NS 300 300

XF2 – – NS C35/45 NS 0.45 NS 0.55 NS 340 300

XF3 – – NS C40/50 NS 0.45 0.60 0.50 NS 340 300, 320

XF4 NS C40/50 NS 0.40 NS 0.45 NS 400 340

XA1 – – NS C35/45 NS 0.40 0.60 0.55 150 380 300

XA2 – – NS C40/50 C35/45 0.40 0.50 0.50 150 380 320

XA3 – – NS C40/50 NS, C35/45, C40/50 0.35 0.45 0.45 150 400 360

m.f.u.v.: most frequently used value
NS: No specification

Standardisation 

The European concrete standard 
EN 206-1
According to the CEN regulations, CEN 
standards have to be routinely reviewed 
every five years. For European concrete 
standard EN 206-1 this review would 
have been due in 2005. However, since 
at that time the standard had not yet been 
applied in some EU countries and in oth-
ers had only recently been adopted, the re-
sponsible bodies had little experience with 
the standard. Consequently, it was decid-
ed that there would be little point in CEN/
TC 104, “Concrete and related products” 
reviewing EN 206-1 before 2010. This de-
cision was confirmed at the CEN meetings 
in Larnaca in November 2005 in the corre-
sponding resolutions.

A working group of CEN/TC 104/SC1 
“Concrete” has developed a synopsis of the 
national application documents (NAD) for 
the European concrete standard EN 206-1. 
This synopsis has made it clear that it will 

be almost impossible to further standard-
ise definitions that are relevant to durabil-
ity. Table V-11 provides an overview of 
the requirements in terms of minimum and 
maximum values and the most frequently 
used values as regards minimum concrete 
cover, the minimum compressive strength 
class, the maximum permissible water-ce-
ment value and the minimum cement con-
tent. The most frequently used value is the 
value that has been chosen by more CEN 
member states than any other; but this 
should not immediately be interpreted as 
meaning that this value is actually used by 
most CEN member states. The following 
conclusions were drawn: 

 In the majority of cases the values used 
most frequently for the maximum per-
missible water-cement value and the 
minimum cement content correspond to 
the values recommended in EN 206-1,  
Table F.1.

 In five cases (XC1, XC2, XC4, XD1 and 
XD3) the most frequently used values 
for the minimum compressive strength 

class, the maximum permissible water-
cement value and the minimum cement 
content in all three categories match the 
values recommended in EN 206-1, Ta-
ble F.1.

 In Denmark, where the lowest minimum 
cement contents are prescribed, compli-
ance with a minimum powder content 
is also required. In Denmark, the mini-
mum cement content cannot be reduced 
if Type II additions are used. 

At its meeting in Stockholm in June 2007, 
CEN/TC 104/SC1 defined a road map for 
further revision of the European concrete 
standard EN 206-1. In June 2008, CEN/TC 
104/SC1 put the road map into more specif-
ic terms. For the revision date in 2010 sta-
tus papers have been compiled for issues 
such as the equivalent durability concept, 
the use of concrete additions, conformity 
assessment of concrete and alkali-silica re-
actions (ASR). These papers are the corner- 
stones for the subsequent new version of 
the standard.
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Principles for revision of European concrete standard EN 206-1

Equivalent durability procedure 
(EDP)
The concept described in Annex E of EN 
206-1 has hardly been applied anywhere in 
Europe to date. The Dutch system of so-
called “Attestbeton” or certified concrete 
could be described as an exception. The 
concept according to Annex E can be used 
to prove that the performance (essentially 
the durability) of concrete with additions is 
at least equivalent to a reference composed 
according to the descriptive rules (min c, 
max w/c, etc.) of the corresponding nation-
al annex. In Germany, this principle can on-
ly be applied within the scope of national 
technical approvals from the German Insti-
tute for Building Technology (DIBt). In the 
course of the revision it is now to be exam-
ined to what extent the procedure described 
in Annex E, which has so far been limited to 
proof for concrete additions, could be used 
in case of deviations from the descriptive 
approach and, at the same time, how this 
procedure can be put into more specific 
terms. This includes defining the reference 
situation (“reference concrete”) and the is-
sue of which test methods are suitable and 
generally acceptable. The aim is to discover 
both opportunities (proof of equivalent du-
rability of new concrete constituents) and 
challenges (softening well-tried and proven 
descriptive rules or negative assessments 
of solutions that have been proven in prac-
tice). The principle of equivalent durabil-
ity should not be confused with the con-
cept described in the UK concrete stand-
ard: the combinations principle. In the com-
binations principle, defined combinations 
of certain cements and concrete additions 

 Equivalent durability procedure (EDP) 
 – Regulation for durability-relevant aspects
 – Application possible only if put into force nationally (definition of a 
  “reference concrete”)

 Type II additions
 – The currently standardised additions, fly ash, silica fume and ground-   

 granulated blastfurnace slag are handled
 – The k-value concept can be used for all Type II additions
 – Cements with several main constituents should be considered

 In principle, the regulations for conformity assessment and production control 
 for concrete should remain unchanged

 Alkali-Silica Reaction
 – No general classification of aggregates at an European level
 – Preventative measures regulated nationally 

are to be inspected; largely corresponding 
to the inspection prescribed in EN 197-2. 
The “equivalence” of combinations of Port-
land cement together with GGBS, fly ash 
or limestone meal with cements of a suit-
able composition is implied on the basis 
of the results of a strength test pursuant to  
EN 196-1. Even if it is accepted that this 
procedure can be used only for known 
combinations of Portland cement and ad-
ditions, in Germany it is inconceivable at 
the present time that it could be applied 
without an initial test and the correspond-
ing durability tests. Apart from that, further 
national technical approvals would be re-
quired. The following principles were de-
fined for the revision:  

 A principle of equivalent durabili-
ty should be included for all exposure 
classes.

 A detailed description will be possible 
for exposure classes XC, XD and XS.

 The option of specifying performance 
(= durability) directly on the basis of 
limit values should still be available. 
EN 206-1 may possibly recommend the 
test methods but will not specify any  
values.

 The concept can be used only when a 
CEN member state has defined its “ref-
erence concretes”.

Concrete additions
The general suitability of concrete additions 
for manufacturing concrete according to 
EN 206-1 is proven for stone dusts accord-
ing to EN 12620, pigments according to EN 
12878 (almost inactive additions Type I), 

the pozzolanic concrete additions fly ash 
according to EN 450-1 and silica fume ac-
cording to EN 13263-1 (Type II). Type II 
additions may be counted together with 
the cement content and the water-cement 
value if they have been proven to be suit-
able in the concrete composition (k-value 
approach). The suitability of this approach 
is deemed to have been proven for fly ash 
and silica fume. However, the k-value  
approach in the form described in EN 206-1  
is not used in many countries – and also not 
in Germany. Thus, the aim should be to get 
a general description and extend this to ce-
ments with several main constituents. The 
future EN 206-1 should also contain a ref-
erence to the European product standard for 
granulated blastfurnace slag, EN 15167-1.  
Apart from the k-value approach, which 
most countries with a national applica-
tion rule have chosen for GGBS as a con-
crete addition, the principle of the equiva-
lent durability concept and the UK combi-
nations concept should also be examined. 
The following principles have been defined 
for the revision:  

 The k-value concept and the equiva-
lent durability concept will remain un-
changed.

 General aspects of the combinations 
concept used in the UK should be add-
ed.

 A reference to GGBS should be made in 
combination with the above-mentioned 
concepts.

 The concepts for using additions should 
be described together with CEM II ce-
ments and in a general form. Detailed 
rules for their use will continue to be 
regulated nationally.

Alkali-Silica Reaction (ASR)
To coordinate further activities in regard 
to ASR (see section on Alkali-Silica Re-
action), a joint working group of the CEN 
standardisation committees for cement and 
building lime (TC 51), aggregates (TC 154) 
and concrete (TC 104) has been set up un-
der the leadership of the Research Institute 
of the Cement Industry. The working group 
makes the following recommendations: 

 A (complete) specification to prevent 
damaging ASR is not possible within 
the scope of European concrete stand-
ard EN 206-1. Only principles can be 
described.

 Alkali reactivity of aggregates can be 
classified only on a national level.

 EN 206-1 cannot contain any limit values  
for effective alkali contents in concrete, 
as this requires a classification of aggre-
gate combinations with consideration of 
national experience.
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A2 and A3 changes to DIN 1045-2
The European concrete standard EN 206-
1 “Concrete – Part 1: Specification, per-
formance, production and conformity; Ger-
man version of EN 206-1:2000” allows 
as a non-mandated and, thus, non-harmo-
nised standard National Application Doc-
uments (NAD) with various sections in 
order to take account of different climat-
ic and geographical conditions, different 
protection levels and long-established re-
gional customs and experience. In Germa-
ny, these National Application rules are de-
fined in DIN 1045-2. The national stand-
ards committee on concrete technology 
has voted on a list of changes to be made 
to DIN 1045-2. This was necessary due to 
application experience and the updating of 
other product standards for concrete con-
stitu-ents and their national application reg-
ulations. The A2 changes were published 
in June 2007.

Within the scope of the A2 changes the 
standard was revised with regard to the 
following points: 

 Adaptation to the new and revised Euro-
pean standards for concrete constituents 
In the meantime, European standards 
for silica fume (EN 13263) and an 
amended version of the standard for 
fly ash (EN 450) have been published. 
Reference is made to these standards. 
The application regulations from the 
drafts of the E DIN V 20000-106/107 
series of standards envisaged for Ger-
many in terms of the environmental 
compatibility of fly ash and the appli-
cation regulations for silica fume and 
silica suspensions have been adopted. 

 K-value concept for fly ash also in expo-
sure classes XF2 and XF4 for frost at-
tack with de-icing agents and the corre-
sponding change to the application reg-
ulations for cements containing fly ash 
It is now also possible to use the k-
value concept for fly ash for exposure 
classes XF2 and XF4 (frost with de-ic-
ing agent) with the known regulations. 
In this connection the use of cements 
containing fly ash is no longer exclud-
ed in these and other exposure class-
es. For example, in the past if Port-
land-fly ash cement CEM II/A-V or  
Portland-composite cement CEM II/A-M 
(P-V) were used in concrete for ex-
posure class XF3, it was not permis-
sible use the k-value concept with fly 
ash used as a concrete addition for the 
water-cement value or for the mini-
mum cement content. This restriction 
no longer exists, nor do the usage re-

strictions for CEM II/A-V in expo-
sure classes XF2 and XF4 or CEM II/
B-V in exposure classes XF2, XF3 and 
XF4. In addition, CEM II/A-M (S-V) 
and CEM II/A-M (V-T) can now be used 
in concretes according to DIN EN 206-
1 and DIN 1045-2 with no restrictions. 
For cements CEM II/B-M (D-V) and 
CEM II/B-M (P-V) there is no long-
er any restriction on use for exposure 
class XF3. The application regulation 
for fly ash as a concrete addition goes 
further than the ZTV-ING regulations. 
In these regulations fly ash can be count-
ed only for exposure class XF2 and only  
for tunnel construction. In the ZTV-
ING area, the “saturation value“ of the 
concrete must also be determined with-
in the scope of an extended initial test 
(see ZTV-ING, Part 3 “Massive Con-
struction”, Section 1 “Concrete”, Par-
agraph 3.2 (7) “Use of additions“). 

 Consideration of the definitions of the Al-
kali Guidelines from the German Com-
mittee for Structural Concrete (DAfStb). 
Integration of the moisture classes 
on the basis of the exposure classes 
The German Committee for Structural 
Concrete (DAfStb) has revised and is-
sued a new version of the “Alkali Guide-
lines”. The regulations were integrated 
into the respective points of DIN 1045-
2/A2. The so-called moisture class must 
now be stated in the definition of a con-
crete. The “Exposure Class” table of 
DIN 1045-2 has been supplemented by 
a corresponding section for the moisture 
classes of the “Alkali Guidelines” (see 
section on “Alkali-Silica Reaction“). 
Since the customer must state the mois-
ture class for every definition of a con-
crete, consequently, the ready-mixed 
concrete delivery specification must also  
contain the moisture class. In future, 
every ready-mixed concrete deliv-
ery ticket must include the moisture 
classes that are possible for the respec-
tive concrete (WO, WF, WA or WS). 
In the past, this was necessary only in 
the “core application area“ of the Al-
kali Guidelines (e.g. North Germany). 

 Consideration of fibres according to 
European standard EN 14889-1/2.  
Fibres for concrete (steel fibres and poly- 
mer fibres) have now been standardised 
throughout Europe. Use in concrete ac-
cording to EN 206-1/DIN 1045-2 will 
be allowed with the A2 change. Fi-
bres according to this standard may be 
added to the concrete; however, their 
load-bearing effect may not be con-
sidered. Further national technical ap-

provals are required here; for instance, 
in the same way as steel fibres are to 
be considered in a DAfStb guideline. 
With the A2 change general informa-
tion is provided for handling and add-
ing fibres based on the regulations for 
additions. Polymer fibres and steel fi-
bres formed into bundles in a metering 
package (paper bags) require nation-
al technical approval proving that they 
mix evenly throughout the concrete. 

 Stating the sulphate content of the 
groundwater in exposure class XA when 
the concrete is specified and ordered. 
Another footnote has been included 
in Table 2 of DIN 1045-2. According-
ly, in exposure class XA and with sul-
phate concentrations above 600 mg/l 
in the groundwater, the customer must 
state the sulphate content when spec-
ifying the concrete. The ready-mixed 
concrete manufacturer can then choose 
a suitable cement with a high sul-
phate resistance (HS-cement), take ac-
count of the regulations for the use of 
fly ash and identify the concretes in 
the delivery documents accordingly. 

 Adapting the procedure to determine 
strength development in a concrete 
in case of a proof age for compres-
sive strength other than 28 days. The 
regulations from the DAfStb guide-
line for “Massive concrete construc-
tion components“ have been adopted 
If in special applications the compres-
sive strength of a concrete is determined 
after more than 28 days, for these con-
cretes the calculation of strength de-
velopment (see DIN 1045-2, Tab. 12, 
r-value) must be adapted. Strength de-
velopment should then be determined 
from the ratio of average compressive 
strength after two days and the aver-
age compressive strength at the time 
the compressive strength is determined. 
That means that it is not the strength after 
28 days that is used for the calculation, 
but rather the value after 56 or 91 days. 
This procedure corresponds with the 
regulation that was already introduced 
in the DAfStb guideline for “Massive 
concrete construction components”. 

 Integration of the A1 changes to  
DIN 1045-2 from 2005.  
The A1 changes already published  
in 2005 have been adopted and integrated  
into the A2 changes.  

The following points were implemented in 
another change (A3 change):
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 The previous standards DIN V 20000-
100 (application regulations for con-
crete admixtures), DIN V 20000-103 
(application regulations for aggregates) 
and DIN V 20000-104 (application reg-
ulations for lightweight aggregates) 
have been adopted;

 Supplementary definitions from the 
Technical Construction Regulations 
(e.g. for pigments) and the list of con-
struction rules were integrated into the 
A3 change;  

 Application regulations for cements ac-
cording to DIN EN 197-1, German ver-
sion of EN 197-1:2001+A1:2004+A2 
(SR cements) +A3 (fly ash) have been 
adopted.

 
As an application regulation for the SR 
cements the following comment has been 
added at the appropriate places: “Until DIN 
EN 197-1/A2 is available, the definitions in 
DIN 1164-10 must be complied with for HS 
cements. As soon as E DIN EN 197-1/A2 
can be used, the requirements for HS ce-
ments are deemed to be fulfilled if a cement 
with high sulphate resistance according to 
E DIN EN 197-1/A2 (CEM I-SR 3 or low-
er, CEM III/B-SR, CEM III/C-SR) is used.“ 
 
Cements containing fly ash used to manu-
facture concrete according to DIN 1045-
2 may contain only fly ash with up to 5% 
loss on ignition.

A consolidated version of DIN 1045-2 was 
published in August 2008. This now con-
tains the A2 and A3 changes to DIN 1045-
2:2001-07 and the requirements from DIN 
V 20000-100, DIN V 20000-103, DIN V 
20000-104, DIN V 20000-106 and DIN 
V 20000-107. The changes to DIN 1045-
2:2001-07, resulting from DIN 1045-2/
A2:2007-06, E DIN 1045-2/A3:2008-01 
and the results of the consultations re-
garding objections to E DIN 1045-2/A3 
are marked with vertical lines beside the 
text. In addition, changes were made to the 
standard references to take account of the 
current status of the reference documents; 
however, these are not marked. An updat-
ed version of DAfStb booklet 526 will be 
published some time in 2009. 

DAfStb Guideline “Massive 
concrete construction 
components“
The reason for the revision of the guide-
line was the new issue of DIN 1045, Parts 
1 to 3, in August 2008. Use of the k-value 
concept for fly ash also in exposure class-
es XF2 and XF4 for frost attack with de-ic-
ing agents (see above) as described in DIN 
1045-2:2008-08 was transfered to con-

crete compositions for massive construc-
tion components.

Fire protection 

In terms of fire protection, a distinction is 
generally made between preventive and 
defensive fire protection. Defensive fire 
protection applies only when a fire has al-
ready started and essentially covers the fire 
brigade's work in extinguishing the fire. 
In contrast, preventive fire protection is 
used to prevent or limit the start or spread 
of fires. In addition to technical fire pro-
tection, which in particular includes fire 
alarm systems and automatic fire extin-
guishing systems, structural fire protection 
is one of the crucial pillars for the neces-
sary level of safety in the area of preven-
tive fire protection. Structural fire measures 
are permanent and offer the required lev-
el of protection without having to be trig-
gered by operational or mechanical pro- 
cesses, which always harbour a risk of fail-
ure. Defensive fire protection depends on 
the deployment of the fire brigade, where 
there is also a risk of failure. 

Concrete structural elements are a relative-
ly simple way of fulfilling fire protection 
requirements and usually involve no major 
additional expenditure. The non-flammable 
construction material, concrete, can be used 
to build structural elements with a high re-
sistance to fire and with a corresponding-
ly stable shielding effect. This means that 
in the event of a fire, concrete structures 
retain their stability for a long time and 
that fires can be restricted to confined are-
as. These fire protection properties of con-
crete and concrete building members con-
tribute to safety for human life, which has 
top priority in statutory fire protection re-
quirements. However, saving the building 
itself or the contents of the building are also  
important in terms of protecting assets. 
Even if legislation has made protection of 
property the personal responsibility of the 
building owner and users, saving assets is in 
the interest of both private individuals and 
the general public. Furthermore, structural 
fire protection measures also protect the en-
vironment if effective fire limitation reduc-
es smoke and gas emissions as well as the 
amount of extinguishing water that is need-
ed and when the extinguishing water, which 
is generally contaminated, can be retained. 
 
National regulations (Germany)
DIN 4102 “Fire behaviour of building 
materials and building components“
VDZ participated in the development of 
the A2 change to DIN 4102-4 “Synop-

sis and application of classified building 
materials, components and special com- 
ponents“ and the A1 change to DIN 4102-22  
“Application standard for DIN 4102-4 
based on the design of partial safety fac-
tors“. Both parts of the standards and a con-
solidated version, containing both parts are 
to be published in the second quarter of 
2009 as a “yellow print”.

In addition to a new section dealing with 
the fire behaviour of construction compo-
nents made from high strength concrete, 
one of the main changes compared to the 
last version of the standard is the revision 
of a design table for reinforced concrete 
columns made with normal-weight con-
crete. The underlying conditions for the 
use of this revised table exclude its appli-
cation for cantilever columns. However, 
since the fire design of cantilever columns 
is very important in practice (e.g. for fac-
tory buildings), the Institute for Construc-
tion Materials, Concrete Structures and 
Fire Protection at Braunschweig Universi-
ty in Germany was commissioned to devel-
op a simplified calculation method to verify 
the fire resistance class F90 for cantilever 
columns. This research project, which was 
supported by VDZ, was completed in No-
vember 2008 and the method can thus be 
included in the revised DIN 4102.

DIN 18230-1 “Structural fire protec-
tion in industrial buildings – Part 1: 
Analytically required fire resistance 
time“
DIN 18230-1 defines a calculation pro- 
cess with which the technical fire protection 
design of supporting components in indus-
trial buildings can be carried out. It is based 
on the proof that the construction compo-
nents meet the required fire resistance time. 
The yellow print of a new version of DIN 
18230-1 was published in 2008. One im-
portant change compared to the 1998 ver-
sion is the introduction of the term “lev-
el” in industrial buildings: while by defi-
nition floors are separated from each oth-
er in terms of technical fire protection and 
each forms a separate fire compartment, 
levels can also have open spaces or can be 
made up from partial sections. The area  
of a fire compartment is then calculated 
from its floor area and the total area of the 
levels above it. According to the new DIN, 
platforms or scaffolds without the required 
fire resistance time are no longer counted 
as part of the calculated area and the fire 
load of these areas is added to the next cal-
culable area below. This represents a tight-
ening of the regulations. 
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Fig. V-42: Brochure “Comprehensive fire 
protection and safety with concrete”

Fig. V-43: Design procedure (Eurocode-Brandschutzteile, excerpt)
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Other important changes in the new stand-
ard are the consideration of facility protec-
tion systems (e.g. self-activating fire extin-
guishing systems) for the reduction of fire 
loads and new definitions for the consid-
eration of openings in the calculation of 
heat dissipation.

European cooperation 
The European associations for precast con-
crete (BIBM, Bureau International du Béton 
Manufacturé), ready-mixed concrete (ER-
MCO, European Ready Mixed Concrete 
Organi-sation) and the cement industry with 
the participation of representatives from 14 
nations are working together in the Euro- 
pean Concrete Platform working group 
“Fire Safety with Concrete” to promote 
concrete construction under fire protection 
aspects. Within the scope of this coopera-
tion, developments in the field of interna-
tional standardisation regarding fire safe-
ty are also being monitored.

A brochure developed by the working 
group at the start of 2007 entitled “Com-
prehensive fire protection and safety with 
concrete” was also published in 2008 in 
German as “Umfassender Brandschutz mit 
Beton” (Fig. 42). This brochure is aimed 
at architects, building owners, authorities, 
insurance companies and the general pub-
lic. The idea behind it is to show how con-
crete can be used to implement compre-
hensive fire protection; in other words, 
protection of human life, property and the 
environment. 

International developments in the 
field of fire protection
The traditional load-bearing design for fire 
cases is carried out using standard tables in 
which the minimum dimensions or protec-
tive cladding for individual building mem-
bers are defined so that they achieve the re-

quired fire resistance class. These tables are 
based on standard fires that map a standard-
ised temperature rise over a certain period, 
such as the temperature-time curve in ac-
cordance with DIN 4102 Part 2. For con-
crete construction components, high fire 
resistance times of more than 120 minutes 
without cladding or intuprescent coatings 
must be achieved if the building members 
and their concrete cover are properly di-
mensioned.

Fire Safety Engineering (FSE) methods 
have been developed over the last ten to 
fifteen years. Their goal is to enable a re-
alistic, holistic estimate of the effects of a 
fire on a building or part of a building. In 
other words, the aim is no longer to base 
assessments simply on individual build-
ing members or standard fires. In a typical 
design using fire safety engineering meth-
ods, the first thing to do is define protec-
tion goals. The top priority is to protect hu-
man life and health; but property protection 
targets can also be defined. Fires are mod-
elled with consideration of the actual exist-
ing fire loads and the geometry of the fire 
compartments under consideration, while 
the thermal and mechanical effects on the 
surrounding construction components are 
also determined. For example, the assess-
ments take account of automatic fire detec-
tion and active fire fighting via automat-
ic fire extinguishing systems or by the fire 
brigade. Computer programmes are used to 
simulate the effects of a fire or the behav-
iour of groups of people trying to escape 
from a burning building. In many cases the 
requirements for fire protection in the in-
dividual construction components are re-
duced when applying FSE. 

The Eurocodes, the harmonised European 
standards for the design of building struc-
tures, also include Fire Safety Engineering 

methods. The ten Eurocodes consist of 58 
parts, all of which were published by the 
end of 2007. Eurocode 2, consisting of four 
parts, regulates the design and construc-
tion of reinforced and pre-stressed concrete 
structures. At present, the participating 
member states are compiling the Nation-
al Annexes, in which national choices for 
specific parameters or processes are spec-
ified. Guidance Paper L from the Europe-
an Commission envisages complete imple-
mentation of the Eurocodes by 2010.

Fig. V-43 shows the various different possi-
bilities of fire design according to the Euro- 
codes. Fire Safety Engineering methods 
are included here under the heading “Ad-
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Fig. V-44: AVR 
experimental 
reactor with 
material lock 
(left) and con-
struction site 
tent to fill the 
reactor cham-
ber (right)

vanced Calculation Models”. The decision 
as to whether use of advanced calculation 
models is permitted in a member state is 
regulated in the National Annexes. Many 
member states allow use only with restric-
tions. For example, it is defined that use is 
limited to experts with adequate experi-
ence. The concrete and cement industries 
welcome these restrictions, as improper use 
of FSE can easily result in faulty assump-
tions in the calculations, which, in turn, 
can lead to requirements being wrong-
ly defined.

Within the scope of the European cooper-
ation at the European Concrete Platform 
(ECP) level, the European Cement Re-
search Academy (ECRA) has taken over 
an important role and will now active-
ly support further work on the Eurocodes 
concerning concrete and fire protection in 
the corresponding standardisation com-
mittees. In addition, the National Annexes 
to Euro-code 2, Parts 1-2, which regulates 
fire safety designs of concrete structures, 
will be assessed and compared to encour-
age more harmonisation in Europe.

Consultancy and expert 
advisory services 

Demand for concrete technology consul-
tancy and expert advisory services rendered 
by the Research Institute of the Cement In-
dustry has increased considerably over the 
past years. This principally applies to the 
following key areas:

 Development of optimised concrete and 
mortar mixes for the respective clients’ 
area of application, 

 Structural analyses and assessments,  

 Development of repair concepts,
 Clarifying issues related to alkali-silica 

reactions and assessing aggregates (see 
section on Alkali-Silica Reaction)

 Chemical attacks on concrete.

Experts in all areas of concrete engineering 
who are represented on the corresponding 
national and international committees and 
who have extensive experience from labora- 
tory and practical work find efficient solu-
tions to what are sometimes very complex 
problems. The interdisciplinary coopera-
tion with experts in the fields of mineral-
ogy, chemistry, physics and applied tech-
nology in the other departments of the Re-
search Institute is a particular advantage in 
this connection.

Below we would like to present a project 
concerned with developing optimised con-
crete and mortar mixes in which the con-
crete engineering support of the Research 
Institute was requested. In particular, the 
Institute’s extensive experience in research 
work and the development of self-compact-
ing concrete as well as experience in the 
area of special concretes helped it devel-
op efficient solution proposals. 

Filling the experimental reactor of 
AVR GmbH
The experimental nuclear power plant of Ar-
beitsgemeinschaft Versuchsreaktor GmbH  
(AVR) was designed in the 1950s al-
though it only started supplying electric-
ity to the grid at the end of 1967. The 
plant was decommissioned on 31 De-
cember 1988 after 21 years of operation. 
The experimental nuclear power plant 
is a graphite moderated high-tempera- 
ture helium gas-cooled reactor (HTGR) 
with an output of 15 MW. In accordance 

with the nuclear law approvals, since 1994 
work has been carried out to decommission 
the plant, to defuel the core of the reactor, 
dismantle parts of the plant and to set up 
a material lock (Fig. V-44). To complete-
ly dismantle the plant AVR plans to fill 
the reactor chamber with lightweight con-
crete (LC) in order to fix the internal com-
ponents in the reactor chamber for disman-
tling. The reactor chamber filled with LC 
is to be removed from the reactor building 
in one piece so that it can be transported to 
an interim storage area on Jülich Research 
Centre’s grounds. There the reactor cham-
ber is to be stored safely until it has been 
conditioned suitably for storage in its per-
manent repository.  

Requirements for the LC
The concrete engineering development of 
the LC was carried out by Schlumberger  
Oilfield Services GmbH, Vechta (SLB) 
with the support of the Research Institute. 
Apart from fixing the internal components 
in the reactor chamber, increased safety to 
exclude the chance of a major incident was 
absolutely vital and included binding dust-
like radioactive graphite. The LC had to 
fulfil the following main requirements:

 Low bulk density as the most impor-
tant requirement for the LC. To limit the 
maximum weight of the reactor cham-
ber the LC had to have a bulk density 
of ρ ≈ 0.7 kg/dm³ in an installed, hard-
ened and conserved condition.

 Compressive strength of at least 2 N/mm² 
to fix the internal components and to 
guarantee safety against a major inci-
dent,

 Workability and pumping capacity over 
a period of several hours,

 Ability to fill small cavities,
 Chemically “inert“ behaviour towards 

graphite, carbon brick and steel,
 Fixing powdered graphite,
 Low hydration heat,
 Radiological resistance,
 Long life

The fresh and hardened properties of LC 
were investigated and documented in 
many laboratory experiments at the Re-
search Institute and in experiments car-
ried out under practical conditions at 
SLB's premises. The bulk density of the 
fresh and hardened concrete at atmos-
pheric pressure was, as planned, approx.  
0.7 kg/dm³. Under the influence of in-
creased pressure, such as can occur dur-
ing pumping or due to the hydrostat-
ic pressure head of the reactor cham-
ber, the bulk density increased to a max-
imum of 0.8 kg/dm³. The compressive 
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strength of the sealed LC was approx. 
4 N/mm² after six months. The flowabil-
ity of the LC was assessed on the basis 
of rheological investigations. The labora- 
tory results showed that the LC flowed suf-
ficiently well and was easily pumped up 
to temperatures of 30 °C and for about six 
hours. Under practical conditions with tem-
peratures of approximately 20 °C, the LC 
flowed and could be pumped for roughly 
11 hours. The LC exhibited no corrosion-
promoting effects on steel. 

Filling the reactor chamber
To ensure the quality of the LC, the Re-
search Institute drafted a monitoring con-
cept defining measures for third-party in-
spection of the constituents, of the proper-
ties of the fresh concrete while the reactor 
chamber was being filled and of the hard-
ened concrete properties after the cham-
ber had been filled. Within the scope of 
this third-party inspection concept, the Re-
search Institute inspected the quality and 
uniformity of the constituents before the 
filling process commenced. The suitabil-
ity of the constituents for manufacturing 
LC for the filling was investigated on the 
basis of chemical-mineralogical analyses 
and performance tests. The portioning of 
the constituents before the filling was also 
monitored. During the filling the following 
fresh concrete properties were monitored:

 Bulk density of the fresh concrete,
 Temperature of the fresh concrete, 

 pH-value,
 Shearing resistance,
 Sedimentation stability.

A total of 20 batches of LC each approx. 
25 m³ were mixed (Fig. V-45). All batches  
fulfilled the requirements defined in the 
third-party inspection concept and the cli-
ent's requirements. The filling of about 
500 m³ LC into the reactor chamber was 
completed in roughly 10 hours. 

Besides providing concrete technology 
consultancy and expert advisory services, 
the Research Institute can also carry out 
virtually all concrete technology investi-
gations and tests under the terms of con-
tract investigations. Customary standard-
ised testing is accredited according to EN 
ISO 17025. In order to be braced for any 
future questions arising, the pool of testing 
equipment is continually extended.
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Environmental compatibility of cement and concrete 

Water sampling tower of the drinking water barrage Frauenau
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Fig. VI-1: Trends in the use of alternative fuels in the German cement industry

Environmental criteria 
for cementitious building 
 materials 

In industrial nations cementitious build-
ing materials play an extremely impor-
tant role as regards construction of reli- 
able and durable building components 
and buildings. Accordingly, environmen-
tally compatible manufacture and use of 
cement is also very important. The ce-
ment industry was and is conscious of its 
responsibility towards the environment 
and for many years has been working to-
wards assessing and improving the envi-
ronmental compatibility of cementitious 
building materials in all phases of their 
lives. This includes cement manufacture 
and processing, the use of mortar and con-
crete as well as disposal. 

The clinker burning process is a material 
conversion process that is characterised 
by the strong alkaline reaction of the kiln 
feed, high kiln feed temperatures of ap-
prox. 1 450 °C, and intensive contact be-
tween the solids and the kiln gas, which 
reaches temperatures of up to 2 000 °C. 
Thus, the rotary kilns in the cement indus-
try present excellent conditions for the re-
liable and environmentally compatible uti-
lisation of many residual materials. How-
ever, on principle the German cement in-
dustry uses only residual materials that do 
not have any adverse effect on emissions, 
the homogeneity and the structural prop-
erties of the cement as well as its environ-
mental compatibility.

Extensive investigations carried out by 
the Research Institute corroborate that the 
utilisation of alternative materials com-
mon in the German cement industry to-
day does not significantly change trace 
element contents in the product. Overall, 
the trace element content of German ce-
ments is within the same order of magni-
tude as the contents of natural rocks, soils 
or clays. This applies regardless of wheth-
er or not alternative materials are used in 
cement manufacture.

Use of alternative materials
Given its process-specific conditions, the 
clinker burning process is very well suited 
for energetic and material recycling of nu-
merous alternative materials. In 2008, about 
54 % of fuel energy consumption in the Ger-
man cement industry was covered by alter-
native fuels. The most important fuels are 
processed fractions of industrial and com-
mercial waste, used tyres, waste oil, bone 
meal and animal fats as well as scrap wood. 

Fig. VI-1 summarises the trend in the 
use of alternative fuels in the German ce-
ment industry. Energy recovery contrib-
utes towards CO2 reduction without gen-
erating production-specific residual ma- 
terials. The high temperature in the rota-
ry kilns ensures that organic substances 
are almost completely converted to car-
bon dioxide and water. The emission con-
centrations of organic compounds, such 
as dioxins, furans, etc., are therefore very 
low. This applies regardless of the fuels 
that are used.

Depending on their chemical composition 
secondary raw materials can replace raw 
material components and are also suitable 
as corrective materials for the raw mix. De-
pending on their main constituents, they can 
be divided into calcium, silicon, iron, alu-
minium, sulphur or fluorine agents. In clink-
er production, fly ash, used foundry sand, 
lime residues and waste from the iron and 
steel industries are primarily utilised. The 
materials chiefly used in cement grinding 
are granulated blastfurnace slag as well as 
gypsum from flue gas desulphurisation.

Trace elements in cement
Like all building materials derived from natu- 
ral raw materials, cement contains small 
quantities of trace elements. The trace el-
ement content in the clinker is substantial-
ly influenced by the trace element contents 
of the raw materials used in clinker produc-
tion, which may differ considerably depend-
ing on the geochemical composition of the 
raw material source.

During the clinker burning process the 
physical/chemical properties of the trace 
elements determine the evaporation and 
condensation behaviour. Non-volatile el-
ements, such as arsenic, beryllium, chro-
mium, copper, nickel, vanadium and zinc, 
as well as low-volatile elements, like lead 

and cadmium, are almost completely dis-
charged from the kiln system with the clink-
er. The highly volatile element thallium is 
retained in the preheater which results in an 
internal recirculation system being formed. 
In the exhaust purification systems, at tem-
peratures below approx. 120 °C the high-
ly volatile element mercury can condense 
on dust particles and be separated with 
these particles.

If natural feed materials are replaced by 
suitable alternative fuels or raw materi-
als, their trace element content is an im-
portant assessment criterion. It must be 
remembered that alternative materials re-
place only a corresponding amount of pri-
mary materials, which also contain trace 
elements. With the amount of alternative 
materials used these days in the German 
cement industry, minor increases or de-
creases of trace element content in the ce-
ments can occur. However, these changes 
are normally covered by the natural vari-
ations in the concentrations of the prima-
ry feed materials.

Back in 1995, the Research Institute first 
investigated around 100 Portland cements 
from the 1994 inspection period for 10 trace 
elements. In 1999 and 2002, all cements 
manufactured in Germany and inspected 
by the Research Institute from the test pe-
riods 1998 and 2001 were analysed as re-
gards the elements referred to in the Ger-
man Technical Instructions on Air Quali-
ty Control (TA Luft) and the 17th Federal 
Immission Control Ordinance (17. Blm-
SchV) and also for beryllium and zinc. In 
order to expand and update this data base, 
during the period under review all cements 
from the 2005 test period were analysed 
again. Fig. VI-2 shows the average values 
of trace element contents in the investigat-
ed standard cements for the four manufac-
turing periods. As the figure shows, trace 
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element contents have not changed signif-
icantly, although the use of alternative fu-
els increased more than fivefold between 
1994 and 2005 (see Fig. VI-1).

Release of trace elements
Like all building materials that come from 
natural raw material sources, cementitious 
building materials contain small concen-
trations of trace elements that are input via 
the cement, the aggregate and any concrete 
additions. Experience has shown that the 
trace element content of the mixing wa-
ter and concrete admixtures is negligible 
and can be ignored in the overall consid-
eration. However, to assess the environ-
mental compatibility of a building ma- 
terial it is not the content of potential-
ly unsafe substances that is decisive but 
rather the proportion that can be released 
to the environmental media, water, soil or 
air during the manufacture, use and, pos-
sibly, demolition or recycling of the re-
spective materials.

Cement undergoes a series of complex 
chemical reactions immediately upon its 
first contact with the mixing water, during 
which calcium sulphate and a small pro-
portion of the tricalcium aluminate (C3A), 
for example, are dissolved and the first re-
action products such as calcium hydrox-
ide and trisulphate (ettringite) are formed. 
After a few minutes the cement paste sus-
pension has a pH of 12.7 to 12.9. As a re-
sult of this high alkalinity, numerous metal 
ions, such as cadmium, mercury, manga-
nese, cobalt and nickel, which might pos-
sibly be dissolved once the cement comes 
in contact with the mixing water, are im-
mediately precipitated again as insoluble 
hydroxides. Trace elements, such as ar-
senic or molybdenum, which form oxy-
anions, are precipitated as insoluble cal-
cium compounds. Other trace elements are 
absorbed on the cement phases formed or 
incorporated in their crystal lattice as hy-
dration progresses further.

The leaching behaviour of environmen-
tally relevant constituents from hardened 
concrete has been well researched and nu-
merous reliable scientific results are avail-
able. On the whole, the investigations have 
shown that it is not the detectable quantity 
of trace elements in a cementitious build-
ing material that is decisive for any re-
lease but only the small amount that is dis-
solved in the pore water of the hardened 
cement paste. 

Besides the chemical interactions of the 
trace elements with the hydration prod-
ucts, another factor is that during the hard-

ening of cementitious building materials 
a solid, largely water impermeable struc-
ture forms. For instance, the rate of diffu-
sion of a substance in a correctly manu- 
factured concrete can be reduced by a fac-
tor of up to 5 000 compared to free diffu-
sion in water. Therefore, leaching of sub-
stances dissolved in the pore water of hard-
ened mortar or concrete is possible only 
via diffusion processes in the liquid-filled 
pores. Because of the low concentrations 
of constituents in the pore water, the rate 
of diffusion is very low and the released 
volumes are reduced very quickly. On the 
whole, it can be said that cementitious 
building materials have no negative ef-
fect on the environment under common 
conditions of use. 

During the period under review the re-
search project started many years ago by 
a European consortium, “Environmen-
tal Criteria for Cement Based Products 
(ECRICEM)”, was completed. The re-
search partners were: 

	 	the Energy Research Centre for the 
 Netherlands (ECN),

	 the Holcim Group Support Ltd,
	 Holcim Belgium,
	 NORCEM, HEIDELBERGCEMENT  
 Group,
	 	and the German Cement Works Associ-

ation (VDZ).

Initially, the main focus of the research 
work was to determine the release behav-
iour of cementitious building materials that 
were manufactured with cements available 
worldwide (Portland cement and cements 
containing several main constituents) with 
high contents of trace elements. The results 
of the investigations substantiated the en-
vironmentally favourable performance of 
cementitious building materials. They al-

so demonstrated that in general all the ce-
ments that were investigated – regardless 
of the cement type – have similar release 
characteristics. For example, the bandwidth 
of leaching results in the trough procedure 
for many elements was only a factor of 2.5 
above or below the average.

Table VI-1 contains average values of 
leached trace elements in relation to the 
respective total content in the mortars that 
were investigated, which were manufactured 
with twenty different cements containing 
several main constituents. The following 
three leaching methods were used: 

	 	The Dutch availability test (NEN 7341) 
on ground samples with a particle size 
< 125 µm and pH values of 4 and 7 and 
leaching times of three hours for each 
pH value as a digestion process.

	 	A batch procedure on crushed samples 
with a particle size < 2 mm and a pH 
value of 8 and a leaching time of 48 
hours.

	 	A trough procedure (based on the Dutch 
diffusion test NEN 7345) on mortar 
prisms (16 x 4 x 4 cm3) with no artifi-
cial pH adjustment over a total leaching 
time of 64 days – as the basis for calcu-
lating the quantity of leached substanc-
es over 100 years.

Table VI-1 shows that the released quan-
tities of trace elements differ by orders 
of magnitude in the three methods. But it 
must be remembered that in the last-men-
tioned trough procedure the leached quan-
tities of elements relate to a period of 100 
years. The results show that the release of 
trace elements from cementitious building 
materials has no environmental relevance 
under common conditions of use. It is also 
clear that test procedures in which specifi-
cally manufactured, largely dense mortars 
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Fig. VI-3: Diagram of the LeachXS expert system 

or concrete structures are destroyed again 
during the investigation are not suitable 
for a practical assessment of cementitious 
building materials. 

After the experimental work was complet-
ed in 2004, intensive work was carried out 

on modelling chemical reactions in cemen-
titious building materials. The LeachXS ex-
pert system was used for the model calcu-
lations (Fig. VI-3). To assess the long-term 
leaching behaviour of cementitious build-
ing materials it is vital to have an under- 
standing of the “controlling” factors that 

determine the solubility of a trace element 
in the pore water and thus also the diffu-
sion-controlled release. For example, one 
specific trace element cannot be considered 
on its own, but only in interaction with the 
other components in the pore water and with 
the cement hydrate phases. Consideration of 
these interactions, such as the formation of 
hardly soluble compounds, like lead chro-
mate that can have a major effect on the re-
lease of the respective elements, is possi-
ble only with model calculations. 

Effects such as carbonation, the formation 
of protective carbonate layers, etc. on the 
release of trace elements from concrete in 
contact with surface water, groundwater or 
the soil are also very difficult to simulate in 
laboratory experiments. In this case mecha- 
nistic model calculations can be used to pro-
vide at least an estimate of how these ef-
fects influence leaching of trace elements. 
Based on the results of experiments, for 
example with long-term leaching tests in 
a tank leaching test (Fig. VI-4), and cor-
responding model calculations, it is pos-
sible to determine the “source term” for 
the leaching.

On the whole, it can be said that the results 
of the ECRICEM projects offer a scientif-
ically sound basis for the imminent Euro-
pean standardisation work to embed Essen-
tial Requirement No. 3 “Hygiene, Health 
and Environment” in the harmonised Euro- 
pean product standards (see European Con-
struction Products Directive).

REACH 

The new European Regulation 1907/2006, 
generally know as the REACH Regulation 
(Registration, Evaluation, Authorisation 
and Restriction of CHemicals), has been 
in force since 1 June 2007 (for the time 
schedule see Fig. VI-5). The associated 
annexes IV and V “Exemptions from reg-
istration obligations” were only passed in 
October 2008. Since then, it has been offi-
cial that cement clinker is exempted from 
the REACH registration obligations. This 
applies not only to Portland cement clink-
er, but also to calcium aluminate and cal- 
cium sulphoaluminate clinker. Also ex-
empted are natural substances like lime-
stones and pozzolans as long as they are 
not chemically modified. All other manu-
factured and imported substances must be 
registered over the next few years. Extended 
registration deadlines can only be made use 
of if the substances have been preregistered. 
This was possible between 1 June 2008 and  
1 December 2008. Of the substances nor-
mally used in cement manufacture, hard 

Table VI-1: Average quantity of leached trace elements in relation to the respective total content 
for three different leaching processes  

Element

Quantity of leached trace elements as a % of total content

Availability test
Particle size < 125 µm

pH = 4 and 7

Batch procedure
Particle size < 2 mm

pH = 8

Trough procedure *)

mortar prisms
16 x 4 x 4 cm3

Arsenic (As) 2.0 0.60 0.01

Barium (Ba) 14 4.2 0.10

Cadmium (Cd) 8.7 0.94 0.16

Cobalt (Co) 90 2.0 0.02

Chromium (Cr) 5.1 2.5 0.04

Copper (Cu) 8.1 0.03 0.02

Mercury (Hg) 10 4.8 < 0.02

Manganese (Mn) 10 0.74 0.0003

Molybdenum (Mo) 70 3.2 0.05

Nickel (Ni) 20 2.1 0.02

Lead (Pb) 2.9 0.60 0.01

Antimony (Sb) 8.6 1.3 0.04

Vanadium (V) 1.0 0.43 0.006

Zinc (Zn) 15 0.05 0.02

Tin (Sn) 2.9 1.1 0.15
*) extrapolated to 100 years standing time
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coal fly ashes, blastfurnace slags, calcium 
sulphates and chromate reducers, among 
others, have been preregistered. Cement 
manufacturers may also have to register 
these substances if they manufacture or 
import them. 

The bypass and kiln dusts that occur in ce-
ment works are covered by the REACH 
Regulation if they are declared as a prod-
uct and not as waste. Because of the var-
iable composition with high proportions 
of alkali salts and free lime, it may not be 
possible to classify all dusts as clinker dust. 
Separate registration is then necessary so 
that the dusts can continue to be market-
ed as a product or in products. This is why 
these dusts have been preregistered as flue 
dust, Portland cement under the EC number 
270-659-9. The VDZ acts as a third party 
representative for many cement works dur-
ing the pre-SIEF phase (Substance Infor-
mation Exchange Forum). Together with 
other registrants, it is being clarified which 
dusts accrue and under which conditions 
these can be registered together. 

The REACH Regulation demands a haz-
ardous substance classification for every 
substance, and therefore also for Portland 
cement clinker, by the end of 2010, which 
must be submitted to the new European 
Chemicals Agency (ECHA).

The complex subject of the REACH Regu-
lation and the many different requirements 
for cement manufacturers resulting from 
the regulation have been discussed over 
the last three years by the REACH Work-
ing Group within the VDZ – incorporated 
into the work of Working Group 4 of the 
CEMBUREAU.

European Construction 
 Products Directive 

The European Construction Products Di-
rective (CPD) demands that only construc-
tion products that are suitable for their in-
tended use may be traded in the Single 
European Market. In addition to the re-
quirements traditionally embedded in con-
struction law, such as stability, fire protec-
tion and safety in use, it specifically refers 
to hygiene, health and the environment 
(Essential Requirement No. 3). Current-

ly, the Construction Products Directive is 
being revised and, in future, is to be trans-
ferred into a legally binding regulation 
called the Construction Products Regu- 
lation (CPR).

While the CPD concentrates solely on the 
usage phase of a building as regards “Es-
sential Requirement No. 3”, the draft CPR 
envisages consideration of the entire life cy-
cle; in other words, beginning with the con-
struction, through the usage phase to demo-
lition. The draft CPR also includes the new 

Fig. VI-4: Leaching of a concrete sample (dimensions 10 x 10 x 10 cm3) in a long-term tank 
leaching test

Figure VI-5: Commencement and implementation deadlines for the REACH Regulation

1.6.2007: Regulation comes into force

from 1.6.2008: Regulations on registration, evaluation, classification and labelling, 
shared use of data, downstream users, etc. apply.

1.1.2009: Publication of preregistered substances

by 1.12.2008: 
Preregistration

by 1.12.2010:  
Registration of 
substances ≥ 1,000 tpa

by 1.6.2013: Registration of substances ≥ 100 tpa

by 1.6.2018: Registration of substances ≥ 1 tpa

REACH-Time Schedule

2007 2008 2009 2010 2011 2012 2013 2018

1.6.2007–1.6.2008: Comitology procedure for  exclusion rules
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“Essential Requirement No. 7: Sustainable 
use of natural resources”. This new require-
ment will ensure recyclability and durabil-
ity of buildings as well as the use of en-
vironmentally compatible secondary ma- 
terials in the construction of buildings. 

Mandate M/366 and CEN/TC 351
To implement “Essential Requirement No. 3”, 
at the start of 2005 the European Commis-
sion issued mandate M/366 “Development 
of horizontal standardised assessment meth-
ods for harmonised approaches relating to 
dangerous substances under the Construc-
tion Products Directive – emissions to in-
door air, soil, surface water and ground-
water”. This mandate is based on the ex-
isting CPD; in other words, only the us-
age phase of a product is considered. It is 
not yet clear what effects the coming CPR 
will have on the activities of CEN/TC 351 
described below. 

The mandate envisages the development 
of horizontal test and assessment methods 
by the European Committee for Standardi- 
sation (CEN), while the specific require-
ments for construction products will still 
be defined nationally by the individual 
Member States.

A multi-stage attestation procedure is 
embedded in the mandate that is intend-
ed to ensure that testing is required only  

where it is really necessary for the respective 
construction product. In detail, the follow-
ing attestation procedures are planned: 

	 	Attestation without testing, referred to 
as the WT procedure

	 	Attestation without further testing, re-
ferred to as the WFT procedure

	 	Attestation with further testing, referred 
to as the FT procedure

It is still unclear just how these attestation 
options are to be implemented later, as the 
EU Commission and the responsible CEN/
TC 351 (see next section) each have differ-
ent ideas about this. According to the EU 
Commission, the decision as regards clas-
sifying construction products to the WT 
procedure, for example, is to be taken in 
agreement with the Member States, rep-
resented by the “Standing Committee on 
Construction (SCC)”. This would mean 
that for the WT procedure the most strin-
gent requirements would have to be com-
plied with throughout Europe, which could 
lead to a situation where only very few con-
struction products could be considered for 
the WT procedure. At present, intensive 
discussions are being carried out between 
the Commission and the CEN representa-
tives to find a practical solution. 

Standardisation work in  
CEN/TC 351
In 2006 the Technical Committee CEN/TC 
351 “Assessment of release of dangerous 

substances from construction products” 
was formed to develop the test and assess-
ment procedures required under mandate 
M/366. In accordance with the different in-
tended conditions of use for the construc-
tion products, the two following working 
groups were established: 

	 	Working Group 1: Release into soil and 
ground/surface water

	 	Working Group 2: Emissions from con-
struction products into indoor air

To prepare for the actual standardisation, 
work was commenced on developing six 
Technical Reports (CEN/TR) on the sub-
jects of barriers to trade, horizontal test 
methods and their use, WT, WFT/FT pro- 
cedures, sampling, content and radioactivi- 
ty. In the period under review, the reports 
on barriers to trade and WT, WFT/FT pro-
cedures were completed and published as 
prCEN/TR 15855:2008 (E) and prCEN/TR 
15858:2008 (E).

The Technical Report on WT, WFT/FT pro-
cedures, which was compiled with substan-
tial support from the Research Institute of 
the Cement Industry, envisages the gener-
al procedure presented in Figure VI-6 for 
the classification of construction products 
to the WT or WFT/FT procedures. These 
procedures apply to the release of regulat-
ed dangerous substances into soil, surface 
water and groundwater and also to emis-
sions of regulated dangerous substances 
into indoor air.

A condition of classification to the WT 
procedure is that the existing long-term 
experience or available test results have 
shown that the product contains no signifi- 
cant quantities of regulated dangerous sub-
stances or releases them only in insignifi-
cant amounts that are below the limit values  
of all EU Member States. In addition, ex-
isting knowledge about the constituents, 
raw materials, the production process, etc. 
of the respective products are to be includ-
ed in the assessment. 

The WFT procedure, without regular testing, 
is envisaged for specific products or prod-
uct groups on the basis of an initial type as-
sessment. In this assessment, the constitu-
ents, raw materials, and the release behav-
iour of the products will be evaluated to see 
if there is a significant release of regulated 
substances. If substances could be released, 
an initial type testing with harmonised Eu-
ropean test methods must be carried out to 
prove that the released quantities of regu-
lated dangerous substances are below the 
limit values of all Member States of the EU. 
 

1.     Definition of the construction product(s) according to one or more hENs

2.     Definition of the intended use (contact with soil, groundwater, surface water or indoor air) and selection of the 
relevant release scenarios from the corresponding hEN

3.     List of mandated RDSs related to the relevant release scenarios and the Member States to which the construction 
product will be supplied

 (The EU Commission will mandate the RDSs and they will be listed by CEN in the relevant hENs)

4.   Identification and elaboration of mandated RDSs and sets of RDS classes in the corresponding hEN

Conformity assessment where the classification is based on using the

WT procedure
Step 1: Initial type assessment
Step 2: Dossier preparation and assessment

WFT/FT procedure
Step 1: Initial type assessment
Step 2: Initial type testing

Conformity evaluation

Step 3:  Factory production control to show conformity  
to the conditions for the WT procedure

Step 3:  Factory production control, including, where   
 needed, further testing

Fig. VI-6: General procedure for classification of construction products to the WT or 
WFT/FT procedures
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If it is not possible to classify a product to 
the WT or WFT procedure, it is planned 
that specific products will subjected to fur-
ther testing according to the assessment cri- 
teria defined in their technical specifica-
tions (routine tests). If the results of the fur-
ther tests show that the specific product ful-
fils the assessment criteria for a WFT pro- 
cedure, it is planned that the manufacturer 
can initiate a reclassification to the WFT 
procedure.

As regards the necessary harmonised Euro- 
pean test methods, for the areas of soil 
and ground/surface water – indoor air has 
a subordinate significance for purely inor-
ganic, cementitious construction materials 
– it is planned that a tank leaching process 
(monolithic materials) and a column proc-
ess (granular materials) will be developed. 
The first drafts for these test methods, based 
on existing methods used in the Nether-
lands and Germany, have already been pro-
posed. When these drafts have been suit-
ably reworked, it is envisaged to start with 
the necessary validation tests at the end of 
this year, so that the work on the test meth-
ods can be completed in 2010.

Effects on cement and 
cementitious construction 
products
The standardisation work in CEN/TC 351 
as regards the test methods is progressing 
well; however, it will be a few years before 
the entire concept, such as the WT, WFT/
FT procedures can be fully implemented. 
The Research Institute is represented in the 
respective important committees and con-
tributes the favourable experiences with ce-
ment and concrete that it has gathered over 
many years for components that are in con-
tact with soil, surface water and groundwa-
ter as well as drinking water to the stand-
ardization work. The cement industry be-
lieves that the scientifically-backed results 
of the investigations that are available form 
the basis for the continued use of cement 
according to EN 197-1 to manufacture con-
struction products and building components 
that come into contact with the soil and sur-
face water or groundwater without having 
to be tested (WT procedure).

DIBt Guideline “Assess-
ment of the effects of cons-
truction products on the 
soil and groundwater” 

In Germany, standardised construction prod-
ucts and products approved by the build-
ing supervision authorities meet all envi-
ronmental protection requirements. In the 
case of new, unknown construction prod-
ucts that require building inspectorate ap-
proval, however, potential hazards to the 
soil and the groundwater have to be tak-
en into account as well. In Germany, the 
German Institute of Structural Engineering 
(DIBt) drafted the guideline on “Assess-
ment of the effects of construction prod-
ucts on soil and groundwater” to summa-
rise the scientific, technical and legal fun-
damentals in one fact sheet. This general 
concept, which applies to all construction 
products that come into contact with soil 
or groundwater, was first published in the 
version of November 2000. In order to take 
the material-specific properties of the dif-
ferent construction products into account in 
an appropriate manner, the general assess-
ment principles for different construction 
products were specified by the correspond-
ing DIBt project groups in Part II.

The corresponding DIBt project group de-
veloped an assessment model for concrete 
and concrete constituents that allows the re-
sults of laboratory investigations (DAfStb 
Guideline: Determination of the release of 
inorganic substances through leaching from 

cementitious construction materials) to be 
transferred to the actual groundwater im-
pact in the immediate vicinity of a structure. 
The evaluation model is based on the com-
bination of a diffusion model for leaching 
from the building material and a geolog-
ical flow and transport model for the dis-
persion of the substance in the soil and the 
groundwater. This combination allows the 
concentration of a substance in the ground-
water in terms of time and space to be cal-
culated. Figure VI-7 shows an example of 
the calculated chromium concentrations at 
different distances from the concrete struc-
ture. The substance concentration in the 
groundwater forecast on the basis of the 
assessment model has to comply with the 
corresponding limit values (insignificance 
threshold). Investigations that the Research 
Institute carried out on concretes made spe-
cifically from cements from German ce-
ment works with high contents of trace el-
ements showed that they all meet these re-
quirements. However, the values were, for 
example, only slightly below the insignifi-
cance levels for chrom-ium where the cement 
contained high levels of chromium.

In 2004, a subcommittee of the German 
Working Group of the Federal States on 
Water Issues (LAWA) revised and in some 
cases drastically lowered the insignificance 
levels laid down in the DIBt guideline of 
November 2000. In addition, new levels 
were set for other parameters, such as bar-
ium, boron, thallium and vanadium. The 
Conference of Ministers for the Environ-
ment gave the go-ahead for the publica-
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tion of the revised and supplemented in-
significance levels, which led to a situation 
where even concretes manufactured with 
conventional cements did not meet some 
of the parameters. However, LAWA was 
not willing to change these levels – with 
the exception of vanadium, which was sus-
pended until 31 December 2008 after pres-
sure from the affected building industry. 
They did, however, agree to a change in 
the underlying conditions of the DIBt as-
sessment approach. For example, the dis-
tance from the structure for which the as-
sessment is made was increased from the 
original 0.30 metres to 2.0 metres. This 
change somewhat cushions the effects of 
the tightened requirements. However, the 
suspension of the insignificance level for 
vanadium was not extended after the end 
of 2008, which could lead to severe re-
strictions for some construction materi-
als. It can be assumed that concretes man-
ufactured using commercial cements will, 
in some cases, not comply with the levels 
for vanadium. 

The DIBt guideline also serves to argue 
a common German position in the Eu-
ropean discussion on the implementa-
tion of Essential Requirement No. 3 of 
the European Construction Products Di-
rective on “Hygiene, health and the en-
vironment”. The DIBt had agreed not to 
initiate the notification procedure until 
a version agreed to by the industry was 
available. Violating this agreement, the pro- 

cedure was initiated at short notice in ear-
ly 2006. As the submitted “Principles for 
assessing the effects of construction prod-
ucts on the soil and groundwater” refer to 
the new LAWA insignificance levels, the 
industry unanimously rejected this pro- 
cedure. In spite of this, the notification pro-
cedure was concluded in 2008. The final 
version of the principles Part I and Part II 
(concrete and concrete constituents) can 
be found on the Internet via the European 
Commission’s Technical Regulations In-
formation System (TRIS).

The new insignificance levels and para-
meters and the associated considerable re-
duction in permissible release rates are still 
emphatically rejected by the affected con-
struction industry. This applies especial-
ly to levels that are below the limit values 
of the German drinking water regulations. 
From the industry’s point of view LAWA did 
not furnish evidence that such precautions, 
which could represent considerable limita-
tions for building practice, are necessary. 
On top of this, the new insignificance lev-
els, which were previously only recommen-
dations by LAWA for downstream author- 
ities, are now included, for example, in § 48  
of the new draft water management law 
and would for this reason legally enforcea-
ble. The German Building Materials Asso-
ciation (Bundesverband Baustoffe - Steine 
und Erden e.V.) commissioned expert le-
gal advice on § 48, which came to the con-
clusion: “It is not the insignificance level 

itself that is unconstitutional because it is 
based on an ideal and utopian purity re-
quirement for groundwater; however, an 
emission limit that drastically overweights 
the degree of groundwater protection that 
is actually achievable and implementable 
is unconstitutional”.

Cementitious materials  
in the drinking water area 

European Acceptance Scheme 
(EAS) for construction products in 
contact with drinking water
Due to the fact that it is extremely impor-
tant to ensure a supply of clean drinking 
water, strict hygiene demands are made re-
garding all materials that come into contact 
with drinking water. The European Drinking 
Water Directive defines minimum require-
ments for all Member States. Because of 
this, it was also self-evident to harmonise 
the requirements for materials that come 
into contact with drinking water through-
out Europe. To this end, from 1999 to 2004 
drinking water hygiene experts authorised 
by the Member States worked in the Regu-
lators Group for Construction Products in 
Contact with Drinking Water (RG-CPDW) 
to establish a uniform European Accept-
ance Scheme (EAS). The EAS was intend-
ed to apply to all materials that come into 
contact with drinking water and ensure that 
the existing consumer protection level was 
maintained and that it would be possible to 
continue using all the tried and tested ma- 
terials with no restrictions.

The work of the RG-CPDW was stopped 
in 2004 after the EU Commission decided 
that there was no legal basis for the group to 
exist. Because of this, the regulators group 
was changed into an experts group that has 
no regulatory or decision-making compe-
tence but only an advisory function for the 
Commission. It was further stated that the 
European Construction Products Directive 
only covers construction products that cor-
respond to a harmonised technical specifica-
tion and that the requirements to be placed 
on these products are left to the individual 
Member States’ discretion. Thus, it is only  
possible to harmonise the test methods 
for construction products in contact with 
drinking water.

Cementitious materials have been used 
safely in all areas of drinking water sup-
ply for many years (Fig. VI-8). Therefore, 
CEN/TC 104 “Concrete and related prod-
ucts” compiled an Approved Constituent 
List (ACL) for constituents that could be 
used without testing to manufacture con-
crete that came into contact with drinking 

Fig. VI-8: Inside view of a concrete drinking water vessel.
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water. This ACL contains a list of constitu-
ents, such as cements, aggregates, concrete 
additions, concrete admixtures, etc., that are 
traditionally used in the drinking water ar-
ea and which are approved for this purpose 
in at least one of the EU's Member States. 
The aim of this ACL concept is to reduce 
the scope of testing required for building 
products in contact with drinking water to 
the extent that is actually necessary.

The EU Commission approved the concept 
of the ACL. It was then summarised in a 
Commission paper together with similar lists 
for plastics (positive list) and metals (com-
position list) and submitted to the Stand-
ing Committee on Construction (SCC) for 
information. It is not yet foreseeable what 
status will be conferred on the ACL and 
the other lists in the future or which com-
mittee will decide on these lists. Current-
ly, in the “4 Member States Group” drink-
ing water regulators from France, Great 
Britain, the Netherlands and Germany are 
discussing how the work on the EAS can 
be continued.

The Research Institute’s point of view is that 
the ACL concept should be continued, as it 
is a good basis for future work in the field 
of drinking water. This concept might also  
serve as a model to develop criteria for WT 
procedure classification in the work of CEN/
TC 351 – Emission of regulated dangerous 
substances in indoor air, soil, surface wa-
ter and groundwater.

DVGW worksheet W 347
Worksheet W 347 “Hygiene requirements 
applying to cementitious materials in the 
drinking water sector – testing and evalu-
ation”, issued by the German Technical and 
Scientific Association for Gas and Water 
(DVGW) was presented and discussed in 
detail in the last Activity Report. The work-
sheet defines the hygiene requirements for 
cementitious materials that come into di-
rect or indirect contact with drinking wa-
ter or untreated water that is used to recov-
er drinking water. In the May 2006 version 
of Worksheet W 347, changes were made 
to take account of the state of the art and 
the relevant European testing methods. In 
the period under review there have been 
no significant changes to the worksheet. 
However, the inclusion of new substanc-
es in the positive list has been discussed. 
It is planned that in future this list will be 
discussed each year by the DVGW Project 
Group 3.4.12 “W 347” and that the ex-
tended list will be published on the Inter-
net. The project group is also intensive-
ly following the European activities in the 
drinking water sector. Since the European 

work is likely to go on for some time yet, 
in the coming years the May 2006 version 
of Worksheet W 347 will continue to pro-
vide a solid basis for assessing the hygiene 
properties of cementitious materials in the 
drinking water sector.

Sustainable building with 
concrete 

In sustainable development the needs of 
the current generation are satisfied without 
jeopardising the future generations’ chances  
of living. The building industry follows this 
guiding principle when functional struc-
tures are built at low cost and with a low 
impact on the environment and when they 
are used durably. 

German Sustainable Building 
Certification
In Germany, a Sustainable Building Cer-
tification was developed by the Federal 
Ministry for Transport, Building and Ur-
ban Development (BMVBS) in collabora-
tion with the German Sustainable Build-
ing Council (DGNB). This will allow sus-
tainability to be measured in the building 
industry in future. In principle, the assess-
ment is based on the life cycle of the build-
ing – from the manufacture of the build-
ing material and construction of the build-
ing through its use stage to the demolition 
stage. The fundamental criteria were dis-
cussed with the participation of the Ger-
man Building Materials Association (Bun-
desverband Baustoffe - Steine und Erden 
e.V.) and the VDZ at the BMVBS's Sus-
tainable Building Round Table.

Ecological, economic and social cri- 
teria were considered equally in the over-
all consideration (Fig. VI-9). One ecolog-
ical criterion is, for example, the contribu-
tion of the building to the greenhouse ef-
fect on the basis of its construction and 
use. The key economic yardsticks are the 
life cycle costs which, in addition to the 
costs of construction, also include running 
and maintenance costs. The socio-cultur-
al criteria take account of the effects that 
the structure has on the health and comfort 
of its users, among other things. In addi-
tion to these three dimensions of sustain-
ability, the technical quality of the build-
ing involves, for example, an assessment 
of fire and noise protection. Although only  
to a lesser extent, process quality is also  
considered with criteria such as integral 
planning. At the end of this process, the 
structure has an overall score made up from 
the partial scores for ecological, economic 
and socio-cultural aspects, which also as-
sesses the technical and design perform-
ance. The quality of the location of the 
structure is also taken into account, but 
this aspect is not included in the overall 
score. The certificate is awarded in gold, 
silver and bronze to provide a visual illus-
tration of the assessment. 

DGNB wants the buildings to be assessed 
by suitably trained auditors. Initially, the 
certification is limited to newly construct-
ed office and administrative buildings. The 
practicability of the system has been test-
ed in some pilot projects. DGNB plans to 
establish the German Sustainable Build-
ing Certification outside Germany and thus 
compete with certificates that are already 
established there. 

Fig. VI-9: Structure of the assessment system for the German Sustainable Building Certifica-
tion with a breakdown of the qualities in the overall score
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Standardisation regarding 
sustainable building 
The European Committee for Standardi-
sation (CEN), wants to build on the work 
of the ISO to establish clear guidelines for 
implementing sustainability in the Euro-
pean building industry. The general prin-
ciples to describe buildings in the light of 
sustainability are to be described in the first 
of four framework documents. The three 
other parts will deal with the ecological, 
economic and social aspects. For the eco-
logical dimension, the rules for calculat-

tities of building materials used, concrete 
construction assumes a pre-eminent po-
sition in the building sector. This is why 
the development of rules and technical 
recommendations is of particular impor-
tance. The German Committee for Struc-
tural Concrete (DAfStb) is preparing the 
guideline “Basis of Sustainable Construc-
tion with Concrete (GrunaBau)”. To de-
velop this guideline DAfStb has initiat-
ed a joint project which is funded by the 
German Federal Ministry for Education 
and Research (BMBF) and in which, un-
der the auspices of the Research Institute, 
the potential for the use of alternative ma-
terials in cement and concrete manufacture 
will be investigated.

Ecological building material 
profiles 
Information about the environmental ef-
fects associated with the manufacture of 
building materials is needed in the DAfStb 
project so that it can be used to calculate 
the sustainability indicators for a build-
ing. BMVBS also bases its sustainability 
assessments on suitable data. Ecological 
building material profiles summarise the 
environmental impacts related to the man-
ufacture of a building material and provide 
these profiles for such calculations.

The updated building material profile for 
cement presents the contribution towards 
greenhouse potential and the contributions 
towards other environmental impacts for 
a cement that has been averaged for all 
the cements produced in Germany, and is 
based on the average proportions of ce-
ment clinker and other main constituents 
in 2006. The profile also takes account of 
the environmental impacts of upstream 
supply chains, for example the electricity 
used to produce the material. Considera-
ble improvements have been made com-
pared to the first calculation of the build-
ing material profile for cement ten years 
ago (see Table V-1). For instance, the spe-
cific contribution to the greenhouse effect 
has been reduced by 23 % and consump-
tion of non-renewable energies has fall-
en by 38 %; contribution to other envi-
ronmental impacts has also been drasti-
cally reduced. The reductions reflect the 
fact that in Germany more cement is pro-
duced with several main constituents but 
also the increased use of alternative fuels 
has a positive effect on many key values. 
The indicators determined for cement are 
also used as a basis for the building ma- 
terial profiles of cementitious building ma-
terials, such as concrete, and also for the 
ecological profiles of buildings construct-
ed with these materials. 

ing the environmental impact of a build-
ing and for drafting an environmental dec-
laration for construction products will also  
be explained. Through its work in the 
DIN Mirror Committee, the VDZ ensures 
that the procedures established in Ger-
many and accordingly regarded as prac-
tical are also incorporated into the Euro-
pean standards.

Sustainable concrete construction 
Given its performance capacity, its wide 
range of applications and the large quan-

Fig. VI-10: New carbon-hydrogen analyser with autosampler 

Fig. VI-11: The new ion chromatograph
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Measuring and testing 
 methods 

The Research Institute has had efficient anal-
ysis techniques to determine main, minor 
and trace elements at its disposal for many 
years. While in the past these techniques 
were used mainly in research projects and 
to clarify analytical issues, the Institute is 
now increasingly in demand as a service 
provider for these analysis tasks. As exter-
nal customers need reliable investigation 
results quickly, the increased share of con-
tract services demands analysis techniques 
that ensure high quality as well as rapid 
order processing. The Research Institute 
therefore strives to maintain state-of-the-
art analysis equipment. For example, dur-

ing the period under review the Institute ac-
quired a high-performance carbon-hydrogen 
analyser and another ion chromatograph. 
 
Focus on fuel analysis
For the cement industry, the steady in-
crease in the use of alternative fuels has 
made reliable analysis of the carbon and 
hydrogen content in the fuels more impor-
tant. In particular, this concerns determi-
nation of the biogenic carbon content ac-
cording to the selective dissolution meth-
od and the determination of calorific val-
ues. The newly acquired carbon-hydrogen 
analyser is equipped with an autosampler 
for 50 samples (Fig. VI-10). This allows 
the carbon and hydrogen content of many 
different samples to be determined with-
in a very short time. The standard devia-

tions of repeatability are very low in spite 
of small sample weights of about 30 mg. 
The analyser also has very good long-term 
stability and only needs to be calibrated 
just once a year. 

Due to the increase in fuel analyses, the 
number of fluorine, chlorine, bromine, io-
dine and sulphur determinations has also  
increased. The Institute thus acquired an-
other ion chromatograph (Fig. VI-11) 
with autosampler. This allows parallel 
measurement of anions and cations. Both 
devices can cover all measurement tasks, 
which means that any downtime in one 
measuring system can be compensated 
for by the other. The new analysis devices 
have shortened testing times and increased 
sample throughput. 
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Responsibility for employees

Safety at maintenance according to regulations
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Safety at work 

Results of the safety activities
Improving safety at work in the cement 
plants is one of VDZ’s constitutional func-
tions. Efforts at plant level and at the Re-
search Institute are therefore a priority for 
the association. VDZ’s Environment and 
Plant Technology Committee develops 
and initiates measures to improve safety 
at work and is effectively supported in its 
work by VDZ’s “Safety At Work” work-
ing group. The common goal of all these 
efforts is to promote an awareness for safe-
ty among employees at cement works, to 
inform them regularly about ways of im-
proving workplace safety and to encour-
age them to continuously review safety in 
the workplace.

The workplace safety measures carried out 
in the works and the cooperation with VDZ 
and its Research Institute have greatly con-
tributed to the fact that accident frequency 
(based on reportable accidents according 
to the definition of the Quarry Employers’ 
Liability Insurance Association – StBG) 
has fallen continuously in German cement 
works since 1969 and is now at less than 
a third of its original level. In 1984, acci-
dent frequency among all employees was 
already at a very low level of about 20 ac-
cidents per million hours worked. In the 
current reporting period accident frequen-
cy is about 13.50. 

The economic importance of workplace 
safety can best be described by the time 
employees are unable to work as a result of 
workplace accidents taken as a percentage 
of total working hours. While in 1969 the 
average time lost due to reportable work-
place accidents was roughly 0.8 %, by 2008 
this had fallen to just 0.3 %.

VDZ accident statistics
The Research Institute has recorded and 
statistically analysed the number of report-
able workplace and commuting accidents 
in German members’ works each year since 
1965. The most important results and key 
figures from the accident statistics in 2007 
and 2008 are aggregated in Table VII-1. To 
compare and characterise the trend in ac-
cident statistics the first column of the ta-
ble contains the corresponding figures from 
1969, the first year in which accidents in 
the cement industry were statistically ana-
lysed. To take account of the changing per-
sonnel structure in the works, from 1993 
onwards the figures include not only indus-
trial workers but the entire workforce as a 
basis for calculating accident statistics. In 
the assessment of the statistics for 2008 it 

must be considered that the underlying con-
ditions for the workplace safety competi-
tion were made more stringent than in the 
previous years. Now, a works is deemed to 
be accident free only if employees are able 
to work on the day following an accident – 
in other words, they are also not permitted 
to lose working time due to non-reportable 
accidents – however, the day on which the 
accident occurs is not counted. Under these 
new underlying conditions for the compe-
tition the main assessment criterion is now 
also calculated in a different manner: from 
2008, the accident frequency rate takes ac-
count of all industrial accidents where em-
ployees are unable to work in relation to 
one million hours worked. 

In 2007, the workforce rose slightly com-
pared to the previous year (+ 0.4 %), but 
in 2008 dropped again to the 2006 level. 
The number of hours followed a trend in 
the opposite direction: despite the increased 
workforce in 2007 the hours worked fell 
by approx. 1 %. However, with the reduc-
tion in the workforce in 2008, the number 
of hours worked increased by about 0.4 %. 
For this reason, the number of hours 
worked per employee per annum fell from 
about 1 654 in 2006 to 1 631 in 2007 and 

then increased again in 2008 to 1 644. As 
Table VII-1 shows, during the reporting 
period production rose from roughly 34.4 
million metric tonnes in 2007 to 34.7 mil-
lion mt in 2008. However, production-re-
lated working expenditure was about the 
same in both years (0.24 h/t). The number 
of reportable industrial accidents – 121 
in 2006 – dropped to 110 in 2007 and in 
2008 had fallen further to just 109. During 
the period under review the total number 
of industrial accidents also pleasingly de-
clined: while in 2006, 270 industrial acci-
dents were reported for the workforce, in 
2007 this number had fallen to 249 and in 
2008 was just 176. Accordingly, this was 
also reflected in the average accident fre-
quency trend. However, when these quo-
tients of the number of industrial accidents 
per 1 million hours worked are assessed, 
it must be remembered that from the 2008 
reporting year the total number of indus-
trial accidents where employees were un-
able to work are also counted while up un-
til 2007 only reportable industrial accidents 
according to the StBG definition (in oth-
er words, industrial accidents where more 
than 3 working days are lost) were includ-
ed in the statistics. To better illustrate the 
trend in these values, Table VII-1 includes 

Table VII-1: Accident statistics for the workforce in VDZ member companies in 1969, 2007  
and 2008

Year 1969 2007 2008

Number of works covered 98 48 47

Cement production in millions of metric tonnes 34.3 34.4 34.7

Plant headcount

Number of employees 15 190 4  997 4  975

Hours worked 31 339 177 8 148 904 8 178 699

Production-related
working hours in h/t

0.91 0.24 0.24

Reportable industrial accidents 1 376 110 109

Total industrial accidents  
(including non-reportable industrial accidents)

1 541 249 176

Accident rate (definition before 2007)
(reportable accidents  
per 1 million hours worked)

43.90 13.50 13.33

Accident rate (definition from 2008)
(total industrial accidents  
per 1 million hours worked)

49.17 30.56 21.52

Calendar days lost as a result of 
reportable industrial accidents

31 935 3 573 3 363

Working days lost per employee 2.10 0.72 0.68

Calendar days lost per industrial accident 23.20 32.48 30.85

“100-men” rate (old definition)
(reportable accidents per 100 employees)

9.10 2.20 2.19

“100-men” rate (new definition)
(total industrial accidents per 100 employees)

10.15 4.98 3.54
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accident frequency rates based on the old 
and the new definitions. It is especially 
clear that the accident frequency rate ac-
cording to the new definition fell dramati- 
cally from 2007 to 2008; this can be attrib-
uted to the drop in non-reportable accidents 
in this period.

The new definition for accident frequen-
cy from 2008 has a major effect on VDZ’s 
workplace safety competition. Since the 
accident frequency rate is the basis for the 
ranking in this competition, the number 
of works awarded a prize fell consider-
ably from 2008. The only works able to 
achieve first place in this competition are 
those that report no days lost as a result of 
industrial accidents. The large decline in 
the number of winners in the workplace 
safety competition between 2007 and 2008 
is easily explained by the above. Based on 
the new definition, in 2008 two works re-
ported no accidents; in 2007 (according to 
the old rules) ten works were accident free 
(Fig. VII-1 and Table VII-2).

The average number of calendar days lost 
due to reportable industrial accidents fell by 
approximately 5 %, from 32.48 in 2007 to 
30.85 in 2008. The economic significance 
of industrial accidents can also be assessed 
on the basis of the annual loss in produc-
tivity. This key figure shows the number 
of calendar days lost due to reportable in-
dustrial accidents in relation to the number 
of employees in the plant. The average an- 
nual loss in productivity dropped from 0.72 
in 2007 to 0.68 in 2008. The “100-men 
rate”, the number of industrial accidents 
per 100 employees in the plant, dropped 
further between 2007 and 2008. Based on 
the new definition (i.e. total industrial acci-
dents per 100 employees), the value fell by 
approx. 40 %, from 4.98 in 2007 to 3.54 in 
2008. To provide a better comparison with 
the previous year’s figures, Table VII-1 
shows the “100-men rate” according to the 
old and new definitions. 

Promoting safety at work 
Over the last two years, five safety codes of 
practice (Nos. 106 to 110) describing typi-
cal and particularly noteworthy workplace 
accidents as well as five safety checklists 
(Nos. 86 to 90) to review measures and im-
prove workplace safety in various areas of 
the works have been published. For the last 
30 years, awards have been given to the 
clinker producing members’ works with the 
lowest accident frequency rates. The award 
consists of a plaque and the VDZ safety 
symbol with the inscription “Safe working 
– VDZ”. The plaque recognises the efforts 
by plant management and the workforce to 

Table VII-2: Winners of the VDZ industrial safety competition for clinker-producing works in 
2007 and 2008

2007 2008

1st place CEMEX WestZement GmbH
Beckum-Kollenbach works
Accident rate: 0.0

Schwenk Zement KG
Allmendingen works
Accident rate: 0.0

CEMEX OstZement GmbH
Rüdersdorf works
Accident rate: 0.0

Schwenk Zement KG
Mergelstetten works
Accident rate: 0.0

Dyckerhoff AG
Geseke works
Accident rate: 0.0

Dyckerhoff AG
Göllheim works
Accident rate: 0.0

HeidelbergCement AG
Ennigerloh-Nord works
Accident rate: 0.0

HeidelbergCement AG
Lengfurt works
Accident rate: 0.0

Holcim (Deutschland) AG
Höver works
Accident rate: 0.0

Lafarge Zement Karsdorf GmbH
Karsdorf works
Accident rate: 0.0

Schwenk Zement KG
Mergelstetten works
Accident rate: 0.0

Teutonia Zementwerk AG
Accident rate: 0.0

2nd place Südbayerische Portland-Zementwerk 
Gebr. Wiesböck & Co. GmbH
Accident rate: 2.70

Holcim (Süddeutschland) GmbH
Dotternhausen works
Accident rate: 4.02

3rd place Dyckerhoff AG
Lengerich works
Accident rate: 3.42

Holcim (Deutschland) AG
Höver works
Accident rate: 4.08

Fig. VII-1: Presentation of the awards to the winners of the 2007 VDZ industrial safety  
competition 
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ensure workplace safety. The award is al-
so intended to motivate employees and to 
raise safety awareness in the works.

Since the potential risks in clinker-produc-
ing works are quite different from those 
for employees in works without clinker 
production, there is a limit as to how far a 
standard measure can be applied to assess 
safety standards at all works. In order to 
also provide motivation to improve safety 
at work in grinding plants, a special work-
place safety competition was introduced for 
this group of plants in 1995. The grinding 
plants with the lowest accident frequen-
cy rates are awarded with a correspond-
ing certificate. 

Safety seminars
The pattern of accident statistics for recent 
years clearly shows that safety at work im-
proved markedly as a consequence of the 
substantial efforts made at plant level with 
the support of the working group and the 
Research Institute. However, to continual-
ly improve safety at work there must be no 
slackening in the efforts made by all em-
ployees; in fact they must be further intensi-
fied. The key factor is employee motivation 
to correctly apply plant safety rules and to 
actively implement them. This is primari- 
ly the responsibility of the works manage-
ment – works managers, plant managers 
and especially foremen and assistant fore-
men. The industrial foreman is in constant 
contact with his team, and as a role model 
he has the greatest influence on improving 
safety at work. In the light of this, VDZ has 
offered intensive training courses for prac-
tising foremen and assistant foremen on the 

recommendation of the “Safety at Work” 
working group. The aim of the seminars 
is to improve knowledge of safe working 
practices, especially in high-risk areas, to 
highlight significant accidents and convey 
suggestions for direct action to improve 
safety at work. The seminars are provided 
jointly by the Quarry Employers’ Liabil- 
ity Insurance Association (StBG) and VDZ. 
They are arranged jointly by VDZ’s Safety 
at Work working group and the StBG, last 
approximately two days and are organised 
and conducted off-site in groups of 15 to 20 
participants by StBG seminar leaders. The 
seminars have been offered on a regular ba-
sis since 1993. The speakers are qualified 
StBG staff. The course content is updated 
regularly and is thus suited to the partici-
pant’s current working environment.

Safety data sheets
The REACH Regulation demands a haz-
ardous substance classification for every 
substance, and therefore also for Portland 
cement clinker, by the end of 2010, which 
must be submitted to the new European 
Chemicals Agency (ECHA). So that this 
takes place throughout Europe in a standard 
manner, the substances are being classified 
by a group of experts in CEMBUREAU 
with the intensive participation of VDZ 
based on the current statutory regulations 
and the latest scientific findings. On this ba-
sis, sample safety data sheets (SDS) were 
drafted for Portland cement clinker and for 
Portland cement. These take account of the 
changes in structure and content demand-
ed in the REACH regulation. The sample 
safety data sheets have been translated into 
German and have been provided to ce-

ment producers as VDZ sample safety data  
sheets. There are only a few substantial 
changes compared to the 2005 version. A 
new addition is the hazard warning R37 
“Irritating to respiratory systems”. Apart 
from that, many points are formulated in 
more detail. In spite of the intended harmo-
nisation, the VDZ version differs from the 
CEMBUREAU version in one important 
point. The hazard warning R43 “May cause 
sensitisation by skin contact” is not men-
tioned for low-chromate and chromate-re-
duced cements, as this would be in contra-
diction to the requirements of the German 
workplace safety authorities. However, this 
difference does not exist in the sample safe-
ty data sheets for cements containing chro-
mate or for cement clinker. 

Besides the new features in the safety data  
sheets, agreement has been reached 
throughout Europe regarding the use of 
an additional warning in the labelling of 
bagged products, the sentence “Skin con-
tact with moist cement, fresh concrete or 
mortar can cause skin irritation, dermati-
tis or serious skin injury”. This is intend-
ed more to warn private users of potential 
risks (Fig. VII-2). 

Fig. VII-2: New 
labelling of 
bagged cement
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VDZ training and  
development 

Training courses for industrial 
foreman
VDZ offers training courses and seminars 
to promote advanced training among ce-
ment works employees. It has been con-
ducting training courses for industrial fore-
men in collaboration with the Düsseldorf 
Chamber of Industry and Commerce since 
1958. By 1965, eight training courses had 
been held and a total of 274 industrial fore-
men had successfully completed the “ce-
ment” course. The specialist “lime/cement” 
industrial foremen’s course that the VDZ 
has been running jointly with the Feder-
al German Association of the Lime Indus-
try since 1965 is unique in German-speak-
ing countries. 563 people had successfully 
taken part in 23 industrial foremen train-
ing courses on “lime/cement” as at March 
2009 (Fig. VII-2 and Table VII-3). Thus, 
VDZ can look back on 51 years of success-
fully training industrial foremen. 

In a total of 28 subjects taught over 946 
hours the future foremen learn the theo-
retical fundamentals for their subsequent 
work in the cement and lime works. Dur-
ing the 7-month residential course in the 
new training facility in Hilden, the foremen 
are also taught the basic subjects of math- 
ematics, physics, chemistry and the funda-
mentals of materials science. In alternation 
with two four and six-month correspond-
ence courses in their own works, the fore-
men are subsequently trained in specific 
areas such as quarrying technology, pro-
cess technology, firing engineering, en-
vironmental engineering, mechanical and 
energy engineering. Other focuses of the 
training are management, workplace safe-
ty and behaviour in the works. For exam-
ple, technical situations are discussed and 
handled in detail, such as, “How would I 
behave in case of an accident or how do I 
handle conflicts among co-workers?” The 
recognised advanced training is complet-
ed with the foremen obtaining a trainer ap-
titude certificate (German trainer aptitude 
regulations, AEVO). When the foremen 
have passed this examination, they are also  
able to train employees. 

The new training facility in Hilden certain-
ly helped make the last 23rd foreman train-
ing course a success. The trainee foremen, 
trainers and managers were all very im-
pressed by the accommodation, the train-
ing rooms and the food. Over the last two 
years, trainee foremen were accommodated 
for a total of 7 months in the new residen-
tial facility. Apart from full board, bever- 

ages during the breaks and accommodation 
in single ensuite rooms, the facility also of-
fers many leisure activities (Fig. VII-4).

Production controller course
In response to the increased level of quali- 
fications necessary for control room op-
erators, in 1990 VDZ decided to organise 
training courses for production control-
lers. These advanced training courses are 
designed to provide control room opera-
tors with up-to-date knowledge of process 
engineering and environmental technol-

Fig. VII-3:  
“Lime/Cement” 
industrial 
foremen after 
completion of 
the final exami-
nation in March 
2009

Table VII-3: Number of graduates from the industrial foreman training courses 

Course Year Cement Lime Total

Cement 1
 to
 8

1958/1959
to

1964/1966
229 45 274

Lime/Cement 1
 to
 11

1965/1967
to

1985/1987
225 65 290

 12 1987/1989 22 3 25

 13 1989/1991 20 10 30

 14 1991/1993 20 10 30

 15 1992/1994 24 6 30

 16 1993/1995 26 3 29

 17 1995/1997 24 2 26

 18 1997/1999 21 2 23

 19 1999/2001 21 2 23

 20 2001/2003 13 2 15

 21 2003/2005 13 0 13

 22 2005/2007 11 1 12

 23 2007/2009 15 2 17

Grand total 684 153 837

Fig. VII-4: New training facility in Hilden
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ogy in the areas of cement manufacturing 
and measuring and control technology in 
cement works. The aim is to make it easi-
er for the control room operators to adapt 
to changes in production control resulting 
from automation and new developments in 
order to ensure reliable and effective opera- 
tion of the cement plants. The complete 
programme includes a theoretical part of-
fered by VDZ within the scope of a resi-
dential training course in the Hilden train-
ing facility and a practical part in the ce-
ment works. During the seven weeks of 
the theoretical part, the participants are 
given in-depth training in subjects such as 
materials science, firing technology, envi-
ronmental engineering, process engineer-
ing, instrumentation technology and the 
basic subjects of mathematics, chemistry 
and physics. Apart from the many hours 
of training, the course also focuses on ex-
changing practical experience. 

320 “cement” production controllers had 
taken part in 15 advanced training courses  
by 2009. In September 2008 the first pro-
duction controller course in the new train-
ing facility in Hilden was successfully 
completed. The very good underlying con-
ditions offered by the new training facili-

ty certainly helped make this course a suc-
cess. Trainers and trainees are also very im-
pressed by the learning conditions, the ac-
commodation and the full board.

The next course will be held in the Düssel-
dorf-Hilden training facility from April to 
September 2011. 

Training certificates - multimedia 
Over the last years, VDZ and the VDZ 
working group “Training certificates” have 
compiled 47 training certificates for ad-
vanced training of industrial-technical em-
ployees and have successfully introduced 
these in the cement industry’s works. As a 
result of the ongoing developments in elec-
tronically aided forms of learning, known 
as e-learning, in 2007 the VDZ Training 
Courses Advisory Board decided to op-
timise the training certificates for use in 
such application scenarios and to provide 
the cement works with the option of using 
the training certificates within the scope of 
e-learning modules.

The possibility of implementing a corre-
sponding solution was given in 2008 by 
the German Federal Ministry for Education 
and Research (BMBF) within the scope of a 

funded project for the use of electronically-
aided forms of learning in vocational train-
ing. In the “Vocational training for sustain-
able development in the German cement 
industry” project, which VDZ is carrying 
out together with SustainConsult, visaplan  
and selected pilot works, an investigation is 
being conducted to see the extent to which 
Internet-based forms of learning are suit-
able for industrial-technical employees, 
using the cement industry as an example. 
The project is initially scheduled to last 
two years and should be completed at the 
end of 2009. 

Within the scope of the project, the exist-
ing 47 training certificates were revised in 
terms of the teaching methods, the content 
and the use of media on the basis of trials 
carried out in the works. In particular, the 
project partners developed innovative visu- 
alisations and animations that helped the 
trainees to better understand the subjects 
and the connections (Fig. VII-5). The train-
ing certificates were also extended with 
questions, tests and tasks to be submitted, 
so that the success of the learning can be 
controlled individually.

VDZ provides the revised training certifi-
cates on the Internet platform http://www.
elearning-vdz.de where they can be used by 
the cement industry and associated indus-
tries. The technologies used also allow in-
dividual subjects to be aggregated and the 
works to add specific topics and tasks. It is 
also possible to order the training certifi-
cates in printed or electronic format.

Professional training seminars
In addition to the existing industrial fore-
men’s and production controllers’ train-
ing courses and the safety at work semi-
nars, VDZ offered a series of one-day and 
extended seminars on chemical analysis, 
immission control and environmental en-
gineering, process engineering for cement 
production, monitoring cement quality 
and the fundamentals of concrete engi-
neering and concrete processing for the 
first time in 1998 as part of its further edu-
cation programme. The programme is in-
tended as an introduction for junior staff 
in VDZ’s member companies, as well as 
an advanced training programme for long-
er-serving employees. The current semi-
nar programme for 2009 was announced 
to the member works in the form of a bro-
chure and also via the VDZ website www.
vdz-online.de

According to the 5th Ordinance to the Fed-
eral Immission Control Act (5th BImSchV), 
immission control officers must take part in 

Fig. VII-5: 
Animation “Re-
circulating air 
classifier” 
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an advanced training course every 2 years. 
While the basic courses for immission con-
trol officers cover all areas of environmen-
tal protection, focal points can be dealt with 
in the advanced training courses. To date, 
VDZ has organised eight of these advanced 
training courses specially designed to han-
dle the requirements of the cement indus-
try. Besides the latest developments in en-
vironmental law in Germany and Europe, 
they have focused on emissions of organ-
ic compounds and trace elements as well 
as reducing CO2 emissions in the clink-
er burning process. The seminar is recog-
nised as an advanced training course in 
terms of the 5th BImSchV by the Minis-
try for the Environment and Nature Con-
servation, Agriculture and Consumer pro-
tection of the state of North-Rhine West-
phalia and is organised every two years to 
focus on current topics.

The seminar “Introduction to Environ-
mental Technology” is also held every two 
years, alternating with the advanced training 
course for immission control officers. The 
seminar was cancelled in 2007 due to a lack 
of demand but will be held in 2009. Those 
taking part in the seminar will be intro- 
duced to all sub-areas of environmental 
protection and environmental engineer-
ing. The subjects dealt with include envi-
ronmental law, emission measuring tech-
nology, reducing gas, dust and heavy metal 
emissions, noise and vibration, ecological 
recycling of waste and production-inte-
grated environmental protection. The pres-
entations are supplemented with practical 
demonstrations of emission and immission 
measuring technology. The seminar is rec-
ognised as a basic training course for fu-
ture immission control officers.

The aim of the four-day seminar for “young 
plant engineers” is to provide a comprehen-
sive overview of all areas of cement pro-
duction through to the use of cement in 
concrete. Accordingly, the seminar deals 
intensively with process engineering sub-
jects, chemical-mineralogical issues, en-
vironmental legislation, environmental 
measuring technology, quality assurance 
and concrete engineering. The seminar is 
offered every two years. The seminar was 
well attended in 2008, with more than 20 
people taking part. The next seminar will 
be held in 2010. 

Practice-related advanced vocational train-
ing was extended in 2005 with the first semi- 
nar on “From practical application – for 
practical application”. The target groups 
for the seminar, which was held in 2008 
and will be organised next time in 2010, 

are practicing industrial foremen and pro-
duction controllers. The participants are 
given in-depth training into modern de-
velopments in process engineering and ce-
ment production. Building on this basis, the 
participants are shown how to train pro-
duction employees on the basis of train-
ing certificates. 

Four seminars are offered on the sub-
ject of “cement quality monitoring” eve-
ry year. These seminars are aimed at lab-
oratory managers and responsible staff 
in the works’ laboratories. In a one-day 
seminar on “X-ray fluorescence (XFA)” 
the participants gain in-depth knowledge 
of XF analysis techniques. The two-day 
seminar “Technical mineralogy” explains 
how to determine the chemical-minera-
logical properties of cement constituents, 
clinker, cement and concrete using micro-
scopic and X-ray diffractometric analy-
sis methods and how to assess the results. 
Practical demonstrations are given and the 
technical fundamentals of the analysis sys-
tems are explained. The two-day seminar 
“Testing according to DIN EN 196” intro- 
duces the physical and chemical tests for 
cements and cement-type binders, raw ma-
terials and constituents that are defined in 
the standard. Particular importance is at-
tached to compliance with the work meth-
ods stipulated in the standard and to the 
detection and avoidance of error sources. 
The focus of a further one-day seminar is 
the determination of the blast furnace slag 
content in cements based on a combined 
microscopic-chemical method. This semi-
nar is supplemented by a one-day seminar 
called “Determination of the blast furnace 
slag content – overview of methods”. Par-
ticipants are given an overview of poten-
tial methods for determining the blast fur-
nace slag content in cement. 

In the area of cement applications a two-
day seminar is offered on “Fundamental 
principles of concrete engineering/durabil-
ity of concrete and reinforced concrete el-
ements”. The first part of the seminar intro-
duces the participants to the fundamentals 
of concrete technology and concrete engi-
neering. Special attention is paid to the ef-
fects of the new standards DIN 1045 and 
DIN EN 206-1. Practical demonstrations 
in the concrete laboratory help illustrate 
the theoretical presentations. The seminar 
also deals with practical building issues, 
such as processing concrete at the build-
ing site and in the concrete works as well 
as transport, pumping, laying and com-
pacting of concrete. The second part of the 
seminar handles the durability of concrete 
and reinforced concrete elements. One of 

the aims of this part is to assess deforma-
tion, transport and damage mechanisms 
with consideration of exposure and resist-
ance. Proceeding from the explanations 
given regarding elastic and plastic defor-
mation of concrete, load-free deformation 
caused by shrinkage and hydration heat is 
discussed, as are the possibilities for re-
ducing crack formation in structural el- 
ements. As part of the topic of “concrete 
corrosion”, resistance to frost and de-icing  
salt, resistance to acid and sulphate attack 
as well as to harmful alkali-silica reac-
tions are discussed. The concept of expo-
sure classes (e.g. frost XF1 to XF4) speci-
fied in the standards and its effects on the 
concrete composition to be chosen are ex-
plained and the test methods for assessing 
the resistance of concrete are demonstrat-
ed in practical presentations.

The Research Institute offered seven semi-
nars in 2007 and nine in 2008. Another 
 seven seminars are scheduled for 2009.
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Schriftenreihe der Zementindustrie (Publication series of the cement industry)

Schneider, C.  Zur Konstitution von Hüttensand, seiner quantitativen Bestimmung und seinem Festig-
keitsbeitrag im Zement. 

 Düsseldorf: Verl. Bau und Technik, 2009 (Schriftenreihe der Zementindustrie 72)

Merkblätter und Prüflisten (Codes of practice and checklists)

Sicherheits-Merkblätter (Safety codes of practice)
Nr. 106  Empfohlene Unterweisungen für Zementwerksmitarbeiter
Nr. 107  Unbeleuchteten Keller betreten – Fußverbrennung
Nr. 108  Tödlicher Unfall bei Wartungsarbeiten an einem Kettenförderer
Nr. 109  Schwere Verletzungen durch Absturz von Brückenkran

Sicherheits-Prüflisten (Safety checklists)
Nr. 86  Unterweisung
Nr. 87  Heißmehlaustritt in Kellerbereichen
Nr. 88  Arbeiten in Kippstellen, Silos, Bunkern
Nr. 89  Arbeiten in Höhen auf Schutzgerüsten

VDZ-Merkblätter (VDZ codes of practice)
Feuerfeste Materialien
Umweltverträgliche Rohstoffgewinnung
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VDZ-Mitteilungen (VDZ Newsletter)

Nr. 133 (Mai 2007) – Nr. 138 (Dezember 2008)
Jedes Jahr werden drei Ausgaben mit Erscheinungstermin im Mai, September und Dezember publiziert.

Monitoring-Bericht (Monitoring report)

Verminderung der CO2-Emissionen: Monitoring-Bericht 2004–2007; Beitrag der deutschen Zementindustrie. 
Hrsg.: Verein Deutscher Zementwerke, 9., aktualisierte Aufl. Düsseldorf, 2008

Umweltdaten der deutschen Zementindustrie (Environmental data of the German cement industry)

Umweltdaten der deutschen Zementindustrie 2007. 
Hrsg.: Verein Deutscher Zementwerke, Düsseldorf, 2008

Environmental Data of the Cement Industry 2007. 
Hrsg.: Verein Deutscher Zementwerke, Düsseldorf, 2008
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