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A clear demand exists for a new, sustainable generation of 
building materials, as concrete based on Ordinary Portland 
Cement (OPC) cannot meet all the challenges of modern 
society in terms of durability and sustainability. The DuR-
SAAM action addresses this by establishing a training and 
research network that contributes to a sustainable built 
environment and uses alkali-activatable materials as a new 
generation of cement-free binders for concrete.

The first part of this paper, published in CPI 2/2021, intro-
duced the background to AAM technology and presented 
a brief industry review. In part 2, mix composition, fresh and 
hardened properties, and aspects related to life cycle analysis 
are discussed. 

Composition and rheology

The formulations represent one of the biggest issues of the 
standardization process of AAMs. The reason for this is the 
fact that under the name AAM there are numerous possi-
ble combinations and compositions, which consequently 
perform differently. There are many factors influencing the 
systems and choice of right composition often come from 

empirical studies. The chemical and physical variabilities of 
precursor materials inhibit to realize a general formulation. 
Li et al. [1] collected many examples of procedure to get 
the composition based on specific parameter, performance 
or statistical model. Duxon and Provis [2] proposed an ideal 
composition range for glassy aluminosilicate precursor based 
on network-modifying cations (particularly calcium, magne-
sium, sodium and potassium) in order to give sufficiently high 
solubility to supply the necessary aluminium into the growing 
geopolymer gel.

Within DuRSAAM project, state-of-the-art mix designs of 
AAM concretes are taken as a starting point to develop and 
optimise new mixes and to study rheological properties in a 
more detailed way. DuRSAAM reference mixes were adopted 
from the RILEM TC 247-DTA ‘Durability Testing of Alkali-Ac-
tivated Materials’ [3]. Within this TC different alkali-activated 
concrete mixes were designed with the aim of providing con-
cretes with different intended performance levels. Based on 
these reference mixes, DuRSAAM mixes will be optimised 
using locally available raw materials for specific structural and 
non-structural purposes.
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Fig. 1: Reference mixes based on: OPC, alkali activated fly ash, alkali activated slag and alkali activated slag/iron silica fines [4]



CONCRETE TECHNOLOGY

www.cpi-worldwide.com  CPI – Concrete Plant International – 3 | 2021

Durability

AAMs have different physical (pore structure, tortuosity of 
pores) and chemical (pH and chemical composition of pore 
solution, composition of hydration products) characteristics 
compared to OPC. Nowadays, durability represents one of 
the big issues to the application of AAMs, because degra-
dation mechanisms well known for OPC, still need to be un-
derstood for AAMs. Furthermore, testing methods for most 
of the durability properties are not standardized or validated 
for AAMs and some of the requirements prescribed for con-
crete in current standards are not in accordance with the 
fundamental knowledge of degradation mechanisms. For 
the demonstration of AAMs as sustainable structural build-
ing materials, their durability properties and degradation 
mechanisms must be understood, as will be tackled in the 
DuRSAAM project. 

n Marijana Serdar, PhD, works as Assistant Professor at the De-
partment of Materials, Faculty of Civil Engineering, University of 
Zagreb.   marijana.serdar@grad.unizg.hr

n Antonino Runci, MSc, works as a PhD student in the DuRSAAM 
project at the Faculty of Civil Engineering, University of Zagreb. 
 antonino.runci@grad.unizg.hr

n Guang Ye, PhD, is Associate Professor in the Section of Mate-
rials and Environment of TU Delft, chair of the research group of 
Concrete Modelling and Materials Behavior. g.ye@tudelft.nl

n John Provis, PhD is Professor of Cement Materials Science and 
Engineering and Deputy Head of Materials Science & Engineer-
ing of University of Sheffield. j.provis@sheffield.ac.uk

n Frank Dehn, Dr.-Ing., is Professor of Building Materials and 
Concrete Construction and Head of the Institute of Concrete 
Structures and Building Materials (IMB) and Director of the 
Materials Testing and  Research Laboratory (MPA) at Karlsruhe 
Institute of Technology (KIT). frank.dehn@kit.edu

n Thanasis Triantafillou, PhD, is Professor and Head in the 
Department of Civil Engineering at the University of Patras and 
Director of the Structural Materials Laboratory, Visiting Global 
Distinguished Professor at New York University Abu Dhabi. 
 ttriant@upatras.gr

n Guillaume Habert, PhD, holds the Chair of Sustainable  
Construction and is Associate Professor at the ETH Zurich. 
 habert@ibi.baug.ethz.ch

n Stijn Matthys, PhD, is Professor of renovation of civil structures 
at Ghent University, Magnel-Vandepitte Laboratory for Structural 
Engineering and Building Materials, and manager of the Ghent 
University DuraBUILDmaterials knowledge and technology trans-
fer cluster. stijn.matthys@ugent.be



CONCRETE TECHNOLOGY

CPI – Concrete Plant International – 3 | 2021 www.cpi-worldwide.com40

Specifically, DuRSAAM projects aims at advancing both ana-
lytical (experimental) and conceptual (modelling) approaches 
to AAM durability beyond the current state of the art, gener-
ating new knowledge and tools in an integrated and theoret-
ically sound way. Following aspects of AAM durability will be 
tackled in DuRSAAM project in detail:

• carbonation - carbonation of the pore solution, decalcifi-
cation of the Ca-rich phases and carbonation of second-
ary reaction products,

• corrosion of steel - the ability of optimised AAMs to pro-
vide stable chemical environment for the formation of 
the passive film on the surface of steel, and the physical 
ability of AAMs to form a barrier that counteracts the in-
gress of chlorides, water and oxygen towards the surface 
of the steel,

• freezing and thawing resistance - freeze-thaw damage, 
with and without de-icing salts, combined with mechani-
cal loading,

• volume stability – early age shrinkage, drying and  
carbonation shrinkage and creep.

Prediction of long-term behaviour

Complementary an extensive experimental investigation 
of AAMs, evaluation of long-term behaviour of AAMs and 
AAMS-based structures can be confirmed using numerical 
simulations and modelling. However, this is not an easy task, 
reliable durability predictions require knowledge of the mi-
crostructural changes of concrete, an area which has recently 
received attention and innovation even for OPC-based con-
crete [7]. For the multi-scale modelling of AAMs, the main 
challenge is to build up a realistic AAM structure in different 
scales and upscale the properties from lower scale to engi-
neering scale.

Within DuRSAAM project, focus will be on producing a frame-
work for modelling the geopolymerization reaction process 
and microstructural formation of alkali activated paste. The 
output of the framework would be pore solution chemistry, 
the volume fraction of reaction products and the capillary 
pore structure of alkali activated paste. This framework, to-
gether with the information on degradation mechanisms 
during single and combined environmental and mechanical 
loading, will provide the basis for service life prediction of 
AAM-based concrete, and in return, provide guidance for 
material design to meet desired service life of concrete struc-
tures at prescribed service conditions.

Structural application

Beside lower CO2 emissions, alkali-activated materials rep-
resent a possible alternative binder to ordinary Portland ce-
ment due to their high performance or performance which 
can be tailored for specific applications. The earliest known 
applications of alkali-activated concretes date back to the 
1950s and these structures confirm the high performance of 
AAMs, durability and chemical resistance [7]. A recent rele-
vant application of alkali-activated slag concrete was made 
in China. In November 2013 started the construction of the 
CRICS (Chongqing Research Institute of Construction Sci-
ence) office building, in the Yuzhong District, Chongqing, 
the first structural application of site-cast alkali activated slag 
concrete in China [8]. 550 m³ of alkali-activated slag concrete 
(AASC) were used to build the main structural frame of the 
three floors building.

Within DuRSAAM project focus will be on developing  
several specific products for structural application of AAM. 
AAM ready-mix concrete, precast AAM concrete products, 
AAM-based TRM structural repair kits and AAM-based FRHPC 

Fig. 2: a) Suggested setup for evaluation of corrosion behaviour of reinforcing steel in AAM concrete [5], b) Exposure site 
under Krk Bridge in Croatia on which real size AAM-based elements will be exposed to marine environment [6]

a) b)
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Fig. 3: Framework of multi-scale, multi-ionic reactive-transport-mechanical model 
(OPC = ordinary Portland cement, BFS = blast furnace slag, FA = fly ash, RHA = rice husk ash)
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premix. Focus of the project is on development and optimisa-
tion of these construction products that can then be adopted 
and applied by industry.

Life cycle analysis

The green profile of AAM structures is one of the main key-
selling-points of the new material, hence, a thorough assess-
ment of the environmental performance of AAM structures 
compared to traditional OPC-based concrete in comparable 
structures is of paramount importance. The environmental 
advantages coming from the AAMs application are derived 
from the reduction (60-80% [10]) of CO2 emissions con-
nected to clinker production, the lower use of non-renewa-
ble resources, and application of by-products or waste ma-
terials destined to landfill. The environmental impact from 
precursors in AAMs is mainly connected to the storage and 
transportation of precursors material, and eventually to the 
pre-treatment processes. The activators are considered as the 
main contributors of the total environmental impacts of AAM 
concrete. In the case of activators, inventory data variability 
has a major impact on the final LCA results.

DuRSAAM project is focused on developing a life-cycle anal-
ysis (LCA) framework for AAM based structures, approaches 
and related LCA models, including inventory data for AAM-
based structures. The aim of LCA analysis is to prepare sus-
tainability design guidelines, which would facilitate AAM con-
crete market uptake. Using LCA and analysing material flow 
(MFA), cost-benefit analysis will be performed, which will be 
used to identify the most promising circular economy mod-
els.

Conclusions and outlook

The DuRSAAM project addresses challenges associated with 
the successful development and implementation of alka-
li-activated concrete by forming a group of 13 early-stage 
researchers, each focusing in detail on a specific challenge 
of the AAMs, but working together to ensure that the knowl-
edge is comprehensive rather than fragmented. The main 
strength of the project lies in its strong foundation, based on 
the fundamental knowledge of academic mentors, the expe-
rience of industrial mentors and the motivation of early stage 
researchers.
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Fig. 4: Development of AAM-based textile reinforced 
material for structural repair (courtesy of A. Arce) [9]

Fig. 5: Framework for identifying the most promising  
circular economy model for AAM-based structures  
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