
























































ADDRESSING WORKABILITY CHALLENGES WITH CALCINED CLAYS. 

Maria C.G. Juenger(1), Katy O’Quinn(1) and Thien Q. Tran(1) 

(1) University of Texas at Austin, Maseeh Department of Civil, Architectural, and 
Environmental Engineering, 301 E. Dean Keeton St. C1748, Austin, Texas, 78712, USA  

 

Contact person for the paper: mjuenger@mail.utexas.edu 

 

Abstract 
Metakaolin, or calcined high-purity kaolinite clay, has been used in concrete mixtures for decades. Like 
silica fume, the cement or clinker replacement is limited to 5-15% by mass because of the negative 
impact of the fine, high-surface area particles on workability. As we explore and implement impure 
calcined kaolinite clays as supplementary cementitious materials (SCMs) and in limestone calcined clay 
cement (LC3), the water demand of calcined clays becomes a stumbling block. Interestingly, other 
natural pozzolans that are being explored as replacement SCMs for fly ash and slag, such as pumice, 
perlite, or zeolites, also have high water demand. It is important to find targeted ways to address 
concrete workability as these new SCMs and blended cements are implemented. Two processes will 
be discussed in this webinar: 1) tailoring SCM composition by blending to optimize workability, and 2) 
combining chemical admixtures to manage workability retention.  

 

Keywords: calcined clay; metakaolin; workability; rheology; water reducing admixtures; slump 
retention. 
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ENGINEERING SUSTAINABLE AND DURABLE PAVING MATERIALS THROUGH 
CHEMOMECHANICAL OPTIMIZATION  

Aikaterini Varveri(1) 

(1) Department of Engineering Structures, Faculty of Civil Engineering and Geosciences,
Delft University of Technology, Stevinweg 1, Delft, 2628 CN, the Netherlands

Contact person for the paper: a.varveri@tudelft.nl 

Abstract 
The design of paving materials is evolving from traditional empirical approaches toward methods 

grounded in material mechanisms and supported by data. As the road industry increasingly adopts bio-
based, recycled, and modified binders, understanding the underlying chemical and mechanical 
processes becomes essential for achieving durability and sustainability. Predicting performance under 
real conditions requires moving beyond trial-and-error testing to approaches that link material 
composition, chemical ageing, and mechanical response through measurable parameters. 

This keynote presents how chemomechanical optimization, combined with data-driven modelling, 
can accelerate this transition. By integrating techniques such as Fourier Transform Infrared 
Spectroscopy (FTIR), rheology, and mechanics with statistical and machine learning tools, it becomes 
possible to connect molecular changes to macroscopic performance and uncover the mechanisms that 
control ageing, compatibility, and recyclability 

This approach allows large experimental datasets to be interpreted in a more meaningful way, 
improving the reliability of predictions and guiding the formulation of materials with extended service 
life. Through examples involving bio-based binders, rejuvenated mixtures, and in-situ spectroscopic 
monitoring, the presentation will demonstrate how combining mechanistic understanding with data-
driven modelling leads to more robust material design and more circular, climate-resilient pavements. 

Keywords: Chemomechanics, paving materials, durability, bio-based binders, data-driven modelling 
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A HOLISTIC APPROACH TO MATERIAL CONCEPT AND STRUCTURAL DESIGN 
WITH ADVANCED CEMENT BASED MATERIALS: A PATHWAY TO THE 
DECARBONISATION OF THE BUILT ENVIRONMENT 

Liberato Ferrara(1) 

(1) Department of Civil and Environmental Engineering, Politecnico di Milano, piazza Leonardo 
da Vinci 32, 20133 Milano, Italy 

 
Contact person for the paper: liberato.ferrara@polimi.it 

 
Abstract 

The continuously evolving needs of the end user in the construction industry, together with the 
increasing awareness about the great influence of the sector on the worldwide sustainability, require 
some tools to be employed by the stakeholders to drive the market towards conscious and appropriate 
choices. An example in this regard are advanced cement-based materials that, either by partially 
replacing cement with supplementary cementitious materials and virgin aggregates with recycled ones 
or by increasing durability also thanks to “incorporated” self-healing functionalities, are generating 
interest in the market thanks to their potentially better environmental performance. 

A holistic approach is presented which combines materials with higher and longer lasting 
performance with enhanced structural functionality even under structural service scenarios 
encompassing extreme environmental and mechanical actions. The signature of high resilience 
material concept is embedded into a conceptual structural design approach where concretes are no 
longer regarded as providers of passive protection only, whose degradation over time has to be 
delayed as much as possible, but become active players in shaping their own performance as a function 
of the requirement in the operating scenario while retaining functionality. The design approach, 
suitably "nestled" into a life cycle thinking framework, which extends from cradle to gate to grave to 
cradle and incorporates also advanced fabrication techniques including digital fabrication and additive 
manufacturing, represents a key driver for advanced materials innovation uptake in concrete 
construction industry.  

The overall performance assessment hence does no longer rely on the merely misleading concepts 
of material unit volume cost and environmental impact at its time of generation but is appropriately 
framed into a structural functional unit context all along its service life. The optimized design, together 
with the reduced frequency of the maintenance activities, results into consistent reductions of 
environmental impacts in comparison to “business as usual” solutions. 

Keywords: (Ultra) High Performance Concrete, Durability, Self-healing, Life Cycle Analysis, 
Sustainability, Digital Fabrication. 
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MAGNETO-RHEOLOGY CONTROL IN 3D CONCRETE PRINTING 

Dengwu JIAO (1) 

(1) Department of Architecture and Civil Engineering, City University of Hong Kong, Kowloon 
Tong, Hong Kong SAR, China 

 
Contact person for the paper: dengwu.jiao@cityu.edu.hk 

 
Abstract 

 

3D printing of concrete needs to meet the contradicting requirements regarding pumpability, 
extrudability, and buildability. On the one hand, the material needs to flow easily to be pumped 
towards the printing unit and to be extruded through the nozzle. On the other hand, after the printed 
material reaches its final position in the printed layers, the yield stress of the mixture should be high 
enough to maintain its shape under its own weight and the load from upper layers. Applying 
interventions at the print head to rapidly increase the buildability does not affect the pumpability of 
the concrete mix before extrusion. Magneto-rheology control, by means of pre-added responsive 
additives and applying a magnetic field signal, is a promising method of active rheology control of 3D 
printable cementitious materials. This presentation describes the theoretical foundations of magneto-
rheology control in 3D concrete printing, and a conceptual examination is presented by rheological 
experiments. It is found that cementitious paste with magnetic particles shows higher structural build-
up after removing the pulsed magnetic field which is applied before the time sweep test. This is 
correlated to the possible residual magnetic clusters formed under magnetic field because of the 
presence of the remanent magnetization characteristic of the magnetic particles. The magneto-
rheological behaviour of cement mortar using steel fibres as responsive elements is further analysed 
and the residual fibre aggregation in suspensions is examined. Additionally, the proof-of-concept 
results demonstrating how magneto-rheology can control the printability and mechanical properties 
of 3D printed steel fibre reinforced concrete will be presented. These findings clear the path to actively 
improve the buildability and print quality of cementitious materials for 3D printing by introducing a 
magnetic field during the extrusion process. 

Keywords: Active rheology control; magnetic field; 3D concrete printing; Steel fibre. 
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THE ROLE OF IRON OXIDE COMPOSITION IN MAGNETORESPONSIVE CEMENT 
PASTES: A COMPARATIVE INVESTIGATION  

P. Heik(1) and L. Göbel(1) 

(1) Chair of Mechanics of Engineering Materials, F. A. Finger-Institute for Building Material 
Science, Bauhaus-Universität Weimar, Coudraystraße 11A, 99423 Weimar, Germany 
 

Contact person for the paper: paula.heik@uni-weimar.de 

 

Abstract 

 
Active Rheology Control (ARC) is a promising strategy for adjusting the rheological properties of 

cementitious materials on demand, which is particularly valuable for concrete 3D printing, where 
conflicting material property requirements must be met across the different stages of the process. 
This approach relies on magnetoresponsive particles, that must not only provide a sufficiently strong 
rheological response but also be available in quantities suitable for practical, large-scale application. 
In this context, residual materials have recently gained attention as a sustainable source of 
magnetoresponsive particles. These materials often contain varying amounts of different iron oxides 
that differ regarding their magnetic properties. Therefore, considering only the iron content is 
insufficient for estimating their suitability for ARC. Understanding how the individual iron oxide 
composition influences magnetorheological behavior is essential to gaining more fundamental 
knowledge and enabling the profound selection of suitable materials with a heterogeneous 
composition. This study provides a systematic, direct comparison of the magnetorheological 
performance of cement pastes incorporating two different inorganic construction additives, each 
characterized by very high contents of pure iron oxides, specifically Fe₃O₄ and α-Fe₂O₃, used as 
magnetoresponsive particles. The additive particles, which had comparable particle size distributions, 
were added to the cement pastes. A series of rheological investigations, including small amplitude 
oscillatory shear tests, were conducted by means of a modular compact rheometer equipped with a 
magnetocell. The results reveal distinct differences in the rheological behavior under applied 
magnetic fields, which is strongly influenced by the magnetic characteristics of the predominant iron 
oxide in the inorganic additive. These findings contribute to the understanding of how oxide 
composition affects magnetorheological behavior and provide a foundation for evaluating the 
suitability of compositionally variable residual materials. They also facilitate the development of 
effective ARC material systems in cement-based matrices, driving progress in ARC technology. 

Keywords: Iron Oxides, Active Rheology Control, Cement Paste, Magnetic Stimulation, 
Magnetoresponsive Particles, Magnetorheological Behavior 
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Advanced Polymer-Cement Synergy Through In-Situ 

Monomer Polymerization and Calcium Acetate 

Coordination 

Jiangfeng Long1,2[0000-0003-0921-5545], Zhonghua Li1, Kai Wu1[0000-0002-7289-7254]* and Geert 

De Schutter2[0000-0001-5603-2616] 

(1) Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, School 

of Materials Science and Engineering, Tongji University, Shanghai 201804, China 

(2) Magnel-Vandepitte Laboratory, Department of Structural Engineering and Building Materi-

als, Ghent University, Ghent 9052, Belgium 
 

Corresponding author: Kai Wu (wukai@tongji.edu.cn) 

 

Abstract. In-situ Polymerized Modified Cementitious Composites (iPMCC), 

where monomers polymerize within the cement matrix leading to a more pro-

nounced increase in flexural strength, have recently garnered significant attention 

from researchers. By introducing calcium acetate into the iPMCC system, the 

polymerization reaction and cement hydration process are promoted, resulting in 

the formation of a highly entangled polymer network that strengthens the inter-

facial bonding between hydration products and the polymer. The results demon-

strate that calcium acetate-modified iPMCC exhibits enhanced flexural strength 

and bend toughness, without a significant reduction in compressive strength. This 

study provides a viable strategy for developing high-performance polymer-mod-

ified cement-based materials and underscores the critical role of the synergistic 

effect between in-situ monomer polymerization and calcium ions in fabricating 

advanced cement composites. 

Keywords: Monomer in-situ polymerization, Calcium acetate, Cementitious 

materials, Toughness enhancement, Polymer-modified cement. 

See Full Paper in the Proceedings 
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Functionalization Of Self-Sensing 3D Printed Mortars for 

Building Monitoring 

Yaiza Lopesino* 1[0009-0007-3944-3967], Javier Puentes 1[0000-0001-8748-7664] Alvaro Marquez 
1[0000-0001-8554-9614] and Gonzalo Barluenga1[0000-0002-2996-3412] 

1 Department of Architecture, Universidad de Alcala, Alcala de Henares, Madrid, Spain 

 

*yaiza.lopesino@uah.es 

Abstract. Self-sensing materials are a promising alternative for building senso-

rization and Structural Health Monitoring (SHM). Cement-based materials 

(CBM) can acquire self-sensing capacity due to piezoresistivity (PZR) by includ-

ing carbon-based components. PZR can be used to measure stress/strain by mon-

itoring the variation of electrical resistivity. Several studies have been conducted 

on self-sensing cementitious materials (SSCM) with carbon-based components. 

However, very few address SSCM for 3D printing applications.  

This investigation assessed piezoresistivity (PZR) of 3D printed CBM for self-

sensing applications in Architecture, by incorporating different amounts of car-

bon microfibers and nanotubes. Mixtures’ printability was preliminary evaluated 

by using an automated mortar extruder. Fractional Change Resistivity (FCR) was 

calculated on different specimens under cyclic load tests.  

The experimental results showed the functionalization of 3D printable mortars 

with self-sensing capacity through the incorporation of different types of carbon-

based components that fulfils the fresh and hardened properties for Architectural 

applications. This innovative material can be implemented in constructive ele-

ments for building monitoring. 

Keywords: Structural Health Monitoring; Self-sensing Mortars; 3D Printing; 

Piezoresistivity; Printability. 

See Full Paper in the Proceedings 
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VANE TESTS OF MORTAR WITH ADDED MAGNETO-RESPONSIVE PARTICLES 
UNDER UNIFORM MAGNETIC FLUX DENSITIES BEYOND 0.55 TESLAS 

F. Ehle(1), T. Echt(1), P. Heik(1) and L. Göbel(1) 

(1) Chair of Mechanics of Engineering Materials, F. A. Finger-Institute for Building Material 
Science, Bauhaus-Universität Weimar, Coudraystraße 11A, 99423 Weimar, Germany 
 

Contact person for the paper: fabian.ehle@uni-weimar.de 

 

Abstract 

 
Active rheology control (ARC) of cementitious materials is an advancing area within concrete 

research, particularly in the context of 3D printing. The incorporation of magneto-responsive particles 
into cementitious materials allows for the adjustment of rheological behavior on-demand through 
external magnetic fields. When magnetized, the fresh material stiffens, as reflected by increases in 
apparent viscosity and storage modulus. This controllable stiffening effect is beneficial for onsite 
operations, including pumping or during 3D printing by enhancing layer stability. Currently, most 
investigations have been conducted using magneto-rheological devices (MRDs) combined with shear 
rheometers at the cement paste scale. Few studies have attempted to scale these experiments up to 
the mortar level, necessitating the magnetization of larger volumes. The field strengths achieved in 
these up-scaled setups typically fall short of those in MRDs, posing the risk of failing to realize the 
technology's full potential due to a limited rheological response. This contribution introduces a novel 
setup utilizing magnet technologies adapted from low-field nuclear magnetic resonance imaging and 
magnetic refrigeration. It enables continuous adjustability of the magnetic flux density from zero to 
values above 0.55 teslas while maintaining a virtually uniform field distribution throughout the sample, 
preventing particle migration along field gradients. A vane test is applied on the mortar scale under 
various magnetic fields for a cementitious system, varying the quantities of magneto-responsive 
particles added. Both rotating and oscillating tests are conducted. Results are compared across 
different flux densities and are evaluated in terms of practical challenges of field generation and 
magnetic interaction between the magnet assembly and the sample. Therewith, novel insights into 
practical applications, e.g., 3D printing processes, are gained. 

Keywords: Active Rheology Control, Cement Paste, Magnetic Stimulation, Magneto-responsive 
Particles, Magnetorheological Behavior, Mortar 
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Assessment of sodium silicate delivery via embedded 

vascular networks in cracked concrete exposed to 

aggressive environments 

Vanessa Cappellesso1,2[0000-0002-3886-6884], Yasmina Shields1[0000-0002-9873-4875], 

 Elke Gruyaert2[0000-0003-0117-2544], Kim Van Tittelboom1[0000-0002-7718-3189]  

and Nele De Belie1[0000-0002-0851-6242]. 

1 Magnel-Vandepitte Laboratory of Structural Engineering and Building Materials, Tech Lane 

Ghent Science Park, Campus A, Technologiepark Zwijnaarde 60, B-9052 Gent, Belgium  

 
2 KU Leuven, Department of Civil Engineering, Materials and Constructions, Ghent Campus, 

Gebroeders de Smetstraat 1, B-9000 Ghent, Belgium 
 

Nele De Belie (nele.debelie@ugent.be) 

Abstract. This study investigates the performance of a self-healing system using 

a vascular network (VN) fabricated with 3D-printed polylactic acid (PLA) em-

bedded in concrete, designed to deliver a sodium silicate (SS) healing agent. La-

boratory-scale tests were conducted using two aggressive exposure conditions: 

(1) marine environment, simulated using synthetic seawater (ASTM D1141-98, 

2021) for six months; and (2) chloride environment using 33 g/L NaCl solution 

for three months. Realistic cracks of 100 µm and 300 µm width, were induced in 

concrete specimens at 28 days, which were subsequently exposed without pre-

conditioning. Crack closure during exposure was analyzed by optical micros-

copy, while chloride ingress was evaluated through silver nitrate spraying on 

fractured surfaces. In the marine environment, the SS healing agent effectively 

mitigated chloride ingress, reducing penetration by 59% for 100 µm cracks and 

56% for 300 µm cracks after three months of exposure compared to the reference 

samples. However, prolonged exposure led to expansive reactions, with ettringite 

and calcium carbonate detected. As the PLA of the VN is unlikely to account for 

the expansion, the network most likely enhanced seawater ingress, increasing in-

teraction with hydration products, though partial VN degradation cannot be ex-

cluded. Under chloride-only conditions, the crack width influenced the healing 

response, and no expansion was noted after 3 months of exposure. In 100 µm-

wide cracks, SS reduced chloride ingress by 56%, while for 300 µm-wide cracks, 

the healing agent reduced ingress by 50%. These findings suggest that the SS 

delivered through the VN remains effective in promoting self-healing under both 

marine and chloride environments. However, long-term stability and unintended 

effects of the VN on the ingress of aggressive media warrant further investigation 

to optimize performance and avoid side effects such as expansion. 

Keywords: Self-healing concrete, Vascular network, Sodium silicate, Chloride 

ingress, Marine environment. 

See Full Paper in the Proceedings 
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Development of Bio-Encapsulated Phase Change Mate-

rials via Combined Coacervation and Spray Drying for 

Building Integration 

 
Chiara Pezzoli1,2[0009-0006-8023-4908]*, Saulo Rocha Ferreira 1,3[0000-0002-4048-907X], 

Francesca Zanoni 2 [0009-0002-7192-5185], Antonio Caggiano 1,4 [0000-0003-1027-2520] 

1 University of Genoa, Genova, Italia 
2 Sphera Encapsulation s.r.l., Verona, Italia 

3 Federal University of Lavras (UFLA), Lavras, Brazil 

4 University of Buenos Aires, Ciudad Autonoma de Buenos Aires, Argentina 

*CORRESPONDING AUTHOR: chiara.pezzoli@edu.unige.it 

 

Abstract. The continuous rise of the global population has driven a sharp increase in energy 

consumption, highlighting the urgent need for more efficient and sustainable solutions in the 

building sector. Phase Change Materials (PCMs) are promising candidates for thermal energy 

storage (TES) because they absorb and release heat during phase trans. However, these ma-

terials face limitations related to leakage, thermal conductivity, and stability within alkaline 

building environments. This study investigates the microencapsulation of two commercial bio-

based PCMs, CrodaTherm 24W and PureTemp 25, via complex coacervation combined with 

spray drying, using carboxymethylcellulose (CMC) and potato proteins (PP) as shell materi-

als, followed by a calcium carbonate coating. Encapsulation efficiencies were 89.4 ± 1.01 % 

for CrodaTherm 24W and 87.9 ± 1.84 % for PureTemp 25. Although CrodaTherm-based 

Microencapsulated Phase Change Material (MPCM) showed a slightly higher EE%, the high-

est melting enthalpy was observed for the PureTemp-based sample (63.27 J/g). CrodaTherm-

based MPCM also exhibited anomalous thermal behavior, including multi-peaked crystalli-

zation upon cooling and lower-than-expected latent heat, which suggests core–shell interac-

tions or incomplete crystallization that warrant further investigation. In contrast, PureTemp-

based MPCM displayed well-defined, reproducible phase transitions and stable thermal re-

versibility, making it a promising candidate for TES applications in building materials. 

Keywords: PCM, Microencapsulation, Thermal Energy Storage, Coacervation, Spray 

dry, Carbon-neutral buildings. 

 

 

 
 

See full Paper in the Proceedings 
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Active Rheology Control of 3D Printable Cement-Based 

Materials with Embedded Thermally Responsive 

Polymers 

Yi Zhang1*[0000-0002-2633-5605], Joeri Van Meerssche2[0000-0003-1282-363X], Kristyna 

Kolouchova2[0000-0002-8874-8632], Kim Van Tittelboom1[0000-0002-7718-3189] and Geert De 

Schutter1[0000-0001-5603-2616] 

1 Magnel-Vandepitte Laboratory of Structural Engineering and Building Materials, Tech Lane 

Ghent Science Park, Campus A, Technologiepark Zwijnaarde 60, B-9052 Gent, Belgium  

 
2 Polymer Chemistry and Biomaterials Group, Centre of Macromolecular Chemistry, 

Department of Organic and Macromolecular Chemistry, Ghent University, 9000 Ghent, 

Belgium 
 

*Corresponding author: Yi.Zhang@UGent.be 

Abstract. Complex and sometimes conflicting rheological requirements at 

different stages of the extrusion-based 3D concrete printing process, pose 

significant challenges for traditional rheology pre-control during mixing. 

Consequently, immediate active rheology control has attracted increasing 

attention in extrusion-based 3D concrete printing. In this study, we propose a 

novel approach to actively control the rheological properties of 3D printable 

cement-based materials (3DPCM) using thermally responsive polymers. Poly(N-

isopropylacrylamide) polymer (PNIPAM) synthesized via free radical 

polymerization was incorporated to produce thermally responsive 3DPCM. To 

evaluate the response in structural build-up behavior of samples with PNIPAM 

under a varying temperature field, the small-amplitude oscillation shear test was 

conducted following temperature protocols that varied within the range of 15 °C 

to 65 °C. The effects of PNIPAM dosage and water-to-binder ratio (W/B) were 

studied. Results indicate that PNIPAM reduces the initial storage modulus of 

samples, while enhancing the thermally responsive structural build-up behavior. 

The storage modulus significantly increases once the temperature reaches a 

critical value. This phenomenon can be further enhanced as the PNIPAM dosage 

increases. The W/B has a limited effect on the critical response temperature, but 

it affects the response intensity a lot. With the reduction in W/B, the improvement 

in storage modulus becomes more remarkable due to the increased concentration 

of PNIPAM.  

Keywords: Additive manufacturing, Cement, Thermal stimulation, Polymer, 

Rheology control. 

See Full Paper in the Proceedings. 
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EFFECT OF CONCENTRATION OF HARD 

MAGNETIC PARTICLES ON RHEOLOGICAL 

PROPERTIES OF RESPONSIVE CEMENTITIOUS 

MATERIALS 

Yiyuan Zhang, Yi Zhang, Yubo Sun and Geert De Schutter 

Magnel-Vandepitte Laboratory of Structural Engineering and Building Materials, Tech Lane 

Ghent Science Park, Campus A, Technologiepark Zwijnaarde 60, 9052 Ghent, Belgium 
 

YIYUAN.ZHANG@UGENT.BE 

 

Abstract. To further facilitate the application of active rheology control such as 

for 3D printing, responsive cementitious materials which can sustain the magne-

torheological response after the magnetic invention needs to be developed. This 

research investigates the effect of concentration of hard magnetic particles on 

sustained rheological properties of responsive cementitious materials after a short 

magnetic intervention (5 s). Neodymium iron boron particles were added into the 

cement pastes with the replacement rate of 5%, 10%, 15% and 20% by volume 

of cement powder. The storage modulus of responsive pastes after intervention 

was determined by strain-sweep tests. A new type of responsive mixtures which 

can sustain the magnetoresponse was verified. The experimental results show that 

the sustained rheology response can be increased and improved significantly by 

increasing the added amount of hard magnetic particles. 

Keywords: Hard magnetic particles; NdFeB; Responsive cementitious materi-

als; Remanent magnetization. 

See Full Paper in the Proceedings. 
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BOND BEHAVIOR AND MECHANICAL PERFORMANCE OF UHPC REINFORCED 
WITH DATE PALM FIBERS 

Fadi Althoey(1) 

(1) Department of Civil Engineering, College of Engineering, Najran University, Najran, Saudi 
Arabia. 

 

Contact person for the paper: fmalthoey@nu.edu.sa  

 

Abstract 
Ultra-High-Performance Concrete (UHPC) is characterized by its exceptional strength, durability, and 
ductility, achieved through optimized particle packing, low water-to-binder ratio, and steel fibers 
reinforcement. However, the high economic and environmental costs associated with steel fibers 
motivate the development of more sustainable reinforcement alternatives. This study evaluates the 
feasibility of incorporating Date Palm Fibers (DPF), an abundant agricultural byproduct, as a natural 
reinforcement in UHPC. Steel fibers were partially replaced with DPF at levels up to 100% by volume. 
The fibers were collected, chemically treated, and cut to standardized lengths to simulate the aspect 
ratio of steel fibers. The dry DPF exhibited an average water absorption capacity of 186%, which 
significantly influenced both the effective water/binder ratio and the workability of fresh UHPC. 
Increasing DPF content resulted in reduced flowability due to internal water uptake, highlighting the 
importance of accounting for fibers-induced water demand in UHPC mix design. 

Mechanical performance was assessed through compressive and flexural strength testing, alongside 
detailed evaluation of fibers-matrix bond behaviour. Results showed a progressive decrease in 
strength with higher DPF replacement levels, attributable to the lower stiffness and tensile capacity of 
natural fibers compared to steel. Nevertheless, mixtures containing 40–60% DPF demonstrated an 
optimal balance between mechanical performance and enhanced ductility, exhibiting improved post-
peak deformation capacity and energy absorption. SEM analysis confirmed strong fibers-matrix 
interlock, minimal interfacial gaps, and effective crack-bridging by DPF, in contrast to the interfacial 
debonding frequently observed with steel fibers. 

Overall, the study validates the potential of DPF as a sustainable reinforcement for UHPC, particularly 
in applications where ductility, weight reduction, and environmental benefits are prioritized over 
maximum strength performance. 

 

Keywords: UHPC, Date palm fibers, Natural fibers, Ductility, SEM, Sustainable construction 
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Tailored Poisson’s Ratio-reinforced Cementitious 

Composites for Flexural Applications 

Rowin J.M. Bol1*, Wen Zhou1,2, Zhaozheng Meng1, Erik Schlangen1, Branko Savija1 

1 Delft University of Technology, Microlab, Faculty of Civil Engineering and Geosciences, 

Stevinweg 1, 2628 CN Delft, The Netherlands 

 
2 School of Civil and Environmental Engineering, Nanyang Technological University, 50 Nan-

yang Ave, 639798 Singapore 
 

* CORRESPONDING AUTHOR: R.J.M.BOL@TUDELFT.NL 

Abstract. The use of Additive Manufacturing (AM) to create reinforcements for 

cementitious composites has become a popular research topic in recent years. One 

illustrative example is the integration of 3D-printed auxetic reinforcements into ce-

mentitious matrices, which exhibit superior energy absorption due to their negative 

Poisson’s ratio. This presents the opportunity to tailor the Poisson’s ratio of rein-

forcements to align with local stress distributions and enhance structural efficiency. In 

this study, Tailored Poisson’s Ratio-reinforcements (TPR) were proposed, character-

ized by a linear gradient of Poisson’s ratios along the height of the reinforcement to 

accommodate varying stress profiles within beams. Specifically, the top chords of 

TPR exhibit negative Poisson’s ratios (auxetic), undergoing lateral contraction under 

compression and providing confinement to the surrounded matrix. Conversely, the 

bottom chords possess positive Poisson’s ratios, contributing to lateral contraction 

under tension. These lateral deformations cause a shift in the principal stress state of 

the confined matrix, extending the loading path in stress space and actively delaying 

failure. Three novel Tailored Poisson’s Ratio-reinforced Cementitious Composite 

(TPRCC) designs are developed and tested under four-point bending in this study. 

Experimental recordings indicate increases in load capacity and toughness of up to 

191% and 6900% with respect to plain mortar, respectively. 

Keywords: Poisson's ratio, Auxetic, Cementitious composites, Polymeric rein-

forcement, 3D printing, Flexural properties. 

 

See Full Paper in the Proceedings 
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Abstract 

 

This research introduces an innovative micromechanical framework for estimating the plastic 
viscosity of fluid suspensions composed of hydraulic binders. The methodology integrates X-ray 
microtomography with automated image analysis to determine key microstructural parameters—
namely, the maximum packing fraction and intrinsic viscosity—of suspensions formulated with 
Portland cement and natural hydraulic lime. Dry powder samples were analysed to extract detailed 
information on particle size distribution and morphology. These morphological parameters were then 
employed to calibrate the Krieger–Dougherty model. Suspensions with different water-to-binder ratios 
were prepared, and the dosage of superplasticizer was optimized using zeta potential measurements 
to ensure effective dispersion. The plastic viscosity was inferred from the descending branches of the 
flow curves measured at varying shear rates. A mathematical expression was developed to relate the 
intrinsic viscosity to particle circularity, providing a quantitative link between morphology and 
rheological behaviour. The findings validate the use of image-based characterization techniques for 
accurately capturing particle shape, a critical factor in the rheological modelling of non-Newtonian 
suspensions. The proposed methodology enables a reliable prediction of plastic viscosity, thereby 
enhancing the fidelity of micromechanical models when compared with experimental data. This 
approach offers a robust tool for the optimization of binder formulations in sustainable construction 
materials. 

Keywords: Rheological characterization; X-ray microtomography (micro-CT); Automated 
morphological analysis; Micromechanical modelling; Hydraulic binder systems. 
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Abstract 
Approximately 80% of cracks in concrete structures during service are induced by the coupled 

effects of temperature and moisture. Unlike damage from short-term extreme loads, this degradation, 
governed by time-varying material properties, is uncertain, irreversible, and nonlinearly cumulative. 
Traditional research often focuses on extreme environments, leaving the damage mechanism under 
non-extreme hygro-thermal cycles insufficiently explored. This study bridges this gap by investigating 
the capillary water absorption process to systematically reveal the micro-damage evolution and 
durability degradation of concrete. A multi-scale numerical framework is developed: at the macro-
scale (10mm), moisture diffusion is simulated via a simplified Fick’s second law; at the micro-scale 
(100μm down to 50nm), a two-phase fluid-solid coupling model, employing the Navier-Stokes and 
Cahn-Hilliard equations, is utilized to simulate capillary uptake and the consequent mechanical 
response of pore walls. Simulations highlight the critical role of pore structure. The moisture diffusion 
rate in the Interfacial Transition Zone surpasses that in the cement paste, explaining the characteristic 
slow-then-fast absorption. At finer scales, pore geometry drastically influences absorption kinetics and 
stress concentration. At the nanoscale, these localized stresses can reach hundreds of megapascals, 
far exceeding the applied capillary pressure, thereby identifying them as a key mechanism driving 
progressive damage in cement-based materials during hygro-thermal cycling. 

 

Keywords: Concrete, Progressive thermal and moisture damage, Capillary water absorption, Two-
phase fluid solid coupling, Fracture phase field method, Multi-scale 
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Abstract. To reduce the environmental impact of cement production and save 

energy, high-filler low-water (HFLW) systems are a promising solution. These 

systems depend on low water-to-binder ratios and the use of supplementary ce-

mentitious materials (SCMs) to significantly reduce the clinker factor. As for 

other systems with SCMs reacting less rapidly than ordinary Portland cement 

(OPC), strength development at an early age may be a challenge for HFLW sys-

tems when further implemented in concrete applications. This study evaluated 

mortar mixes with an HFLW binder composed of ordinary Portland cement 

(OPC), limestone filler, and ground granulated blast furnace slag (GGBS), with 

varying water-to-binder ratios (W/B). Selected mixes were further optimized by 

adding calcium-silicate-hydrate (C-S-H) seeding at 2%, 3%, and 5% by binder 

weight. The results show that C-S-H seeding improved the early age compressive 

strength, with a 95% strength increase after 1 day and a 45% increase after 3 days 

compared to the samples without C-S-H seeding. Different methods for the ap-

plication of C-S-H seeding were also investigated, and it was observed that mix-

ing the C-S-H with the mixing water and using a high shear mixer was the most 

efficient way to introduce the C-S-H to the mix. The approach was upscaled to 

the concrete scale, and the mix with 3% C-S-H seeding demonstrated the same 

strength improvement of 95% after 1 day, achieving a strength of 43 MPa after 7 

days, along with the required fresh properties and air content. This research 

strengthened the interest of C-S-H seeding addition to improve HFLW binders' 

early age strength, enhancing the ability to design binders with high clinker re-

duction without losing critical properties. 

Keywords: limestone filler, GGBS, ternary binder, calcium-silicate-hydrate 

seeding, compressive strength, CO2 reduction. 
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Abstract 
Structures around the coast, such as seawalls and harbours, face environmental challenges that 

speed up their deterioration. One common method of maintaining these structures is the use of repair 
mortars applied to restore the eroded joints and surfaces. This work presents a case study on the 
formulation and characterization of an environmentally friendly repair mortar designed for the repair 
of protective dams and structures located at the Socoa fort on the French Basque coast. These 
structures are built from rocks and concrete blocks bonded with mortar. However, the mortar is 
subjected to harsh stresses, such as expanding and contracting rocks, salt weathering, and constant 
wave impacts, which lead to cracking and debonding over time. Currently, the site is repaired multiple 
times per year with an industrial mortar primarily consisting of an Ordinary Portland Cement (OPC) 
binder and plastic fibres, among others. This poses both environmental and economic challenges 
considering the size of the site and the volume of mortar used for repairs annually. The mortar 
proposed by the current study is made from oyster sand, alkali-activated slag (AAS) binders, and calcite 
filler. A formulation strategy tailored to the peculiarities of seashell aggregates was adopted to 
optimize the mechanical performance of the oyster mortars. Different formulations of the oyster 
mortar with varying water-to-cement ratios were created, and their mechanical and fresh state 
performance was compared with the industrial mortar. The performance of the newly formulated 
mortar was assessed in accordance with applicable standards for repair mortars to verify its viability 
before field applications. In terms of compressive and elastic performance, the oyster mortar met the 
minimum standards for use in concrete repairs. Finally, a site application was executed, with field 
inspections ongoing. 

Keywords: Eco-friendly repair mortar, Alkali-activated slag binders, Oyster shell aggregate, Coastal 
structure restoration, Durability 
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Abstract. In response to the urgent need to reduce carbon emissions and mitigate 

the environmental footprint of cement production, low-clinker systems, particu-

larly ternary blends such as Limestone Calcined Clay Cement (LC3), have 

emerged as promising sustainable alternatives. This study explores the potential 

of locally sourced raw materials from the western region of Chania, Crete, 

Greece, to contribute to the development of LC3-type binders. 

Three clay samples were thermally activated at 700 °C and subsequently reacted 

with saturated lime solutions to evaluate their pozzolanic activity. In parallel, a 

local marl was calcined at 800 °C and hydrated to assess its potential as a reactive 

filler and binder component in hydraulic mortar formulations. The reactivity of 

the calcined materials was investigated through their ability to form calcium sil-

icate hydrate (C-S-H) and calcium aluminate hydrate (C-A-H) phases, key con-

tributors to strength development and durability in cementitious systems. 

Uniaxial compression tests were conducted on hardened cubic samples over a 

curing period of up to three months to evaluate the evolution of their mechanical 

performance. Surface roughness analyses were performed on fracture surfaces 

following three-point bending tests, using microscopic examination techniques 

to assess surface topography and microstructural features. Results revealed that 

metakaolin-rich clays displayed significantly higher pozzolanic reactivity with 

lime, compared to clays with lower kaolinite and higher calcite content. Mechan-

ical testing showed a progressive increase in strength over time, highlighting the 

importance of extended curing. The performance of these alternative binders 

proved promising, with strength values comparable to the cement-based control 

reference. 

Keywords: calcined marl; calcined clay; pozzolanic activity; hydration; cement 

substitution 
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Abstract. The microstructure of cementitious materials is highly sensitive to 

drying, as the fine pores generate substantial capillary stress during moisture 

loss. Various drying methods, including oven drying (OD), freeze drying (FD), 

solvent exchange, and supercritical drying have been extensively studied and 

their effects on the Portland cement systems have been reported. While these 

techniques are well-established for traditional cement systems, research on al-

kali-activated materials (AAMs) remains limited. In this study, a comprehen-

sive evaluation of several drying methods – including oven drying at 105 °C, 

80 °C, and 60 °C; freeze drying; solvent exchange using isopropanol, ethanol, 

and methanol; and vacuum drying was conducted on high-calcium alkali-

activated materials. The effects of different drying methods on surface area and 

thermal decomposition were assessed using the Brunauer-Emmett-Teller (BET) 

surface area using N2 gas adsorption and thermogravimetric analysis (TGA) at 

both early and later curing ages. The finding shows that the BET surface area of 

the high Ca AA-pastes prepared using the solvent exchange was much higher 

compared to the direct drying method, indicating better preservation of the mi-

crostructure. While the mass loss obtained from TGA showed that the all the 

drying method did not stop the reaction immediately after the drying methods 

were applied for 1- day aged sample, the solvent exchange seems to stop the 

hydration closer to the 1- day than those from oven drying. 28-day aged sam-

ples were not significantly affected by the drying method used in this study. 

Keywords: Alkali activated, modified solvent exchange, BET surface area, 

freeze drying, stoppage hydration.  
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Abstract 
Large quantities of oyster shell waste are generated locally, and recycling them into concrete 

offers environmental benefits. In recent years, our team has developed innovative concrete by 
replacing the entire granular structure with various crushed seashell waste (e.g., oyster, scallop, 
nacre). The specific preparation and crushing of the seashell waste, along with optimizing both the 
granular skeleton assembly and the concrete formulation, yield a composition suitable for creating 
pathways, artificial beaches, and stairwells in an industrial context. However, crushed oyster shells 
tend to produce high intergranular porosity (>60%) due to their flaky or needle-like shapes, which 
compromises mechanical strength, while conventional aggregates lead to lower porosity (between 
30% and 40%). This study aims to maximize oyster shell usage while maintaining acceptable porosity 
and strength for further applications. 

With four aggregate types (classical sand, classical coarse, oyster sand, oyster coarse), each at 
various dosage levels, the experimental combinations are extensive. A staged approach was 
implemented, starting from the earlier optimization of the entire oyster granular skeleton (oyster 
sand and oyster coarse). Classical sand and classical coarse were introduced to reduce the skeleton's 
intergranular porosity while keeping the total mass of oyster waste above 50%. 

First, a mix design is proposed with 50% classical sand and an optimized combination of sand and 
coarse oyster shell. Then, another mix design is proposed with 50% classical coarse aggregate and a 
different optimized mix of sand and coarse oyster shell. All mixes were cast and tested after 28 days 
of controlled curing underwater. Mechanical properties are compared in terms of compressive 
strength, tensile strength and stiffness properties to identify the best compromise between seashell 
waste valorization and mechanical performance for a subsequent size effect investigation on the 
influence of seashell aggregate on fracture process zone evolution and failure properties. 

Keywords: Oyster waste valorization; Granular skeleton design; Intergranular porosity; 
Mechanical performance; Sustainable concrete. 
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Abstract. An urgent global challenge for the construction industry is the reduc-

tion of greenhouse gases emissions. Therefore, the industry must transition to-

wards the adoption of more sustainable construction practices, including the use 

of eco-efficient materials, to achieve net-zero emissions targets. One strategy for 

reducing the environmental impact of construction is using less Portland cement 

(PC) in concrete. This can be achieved by adopting new hybrid alkali-activated 

cements (HACs) produced with low PC clinker contents (30-50 wt.%) blended 

with supplementary cementitious materials (SCMs) such as fly ash or blast fur-

nace slag and activators. In recent years, the interest in using calcined clays have 

increased significantly, as these materials are potentially available in many re-

gions worldwide and can help meet the growing demand for sustainable construc-

tion materials. However, commercially available sources remain limited, and 

large-scale applications are still emerging. Hence, studies evaluating the potential 

for producing HACs using different clay resources are very limited. This paper 

analysed the potential of mixed clays as SCMs, focusing on enhancing their poz-

zolanic reactivity through thermal (TA) and/or mechanochemical (MCA) activa-

tion processes, and presents a brief overview of the main techniques used to as-

sess structural and mineralogical transformation in activated clays. The review 

also highlights and discusses the application of optimised activated clays in 

HACs systems incorporating PC, varying clay contents (50 – 70%), when using 

as alkali activator sodium sulphate (Na2SO4). 

Keywords: Eco-efficiency, Clay minerals, Thermal activation, Mechanochemi-

cal activation, Hybrid alkali-activated cements. 
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Abstract 
Herein we propose a highly compressible auxetic cementitious composite (ACC). Unlike 

conventional cementitious materials, including plain concrete and fibre reinforced concrete, the newly 
developed composite shows strain hardening upon uniaxial compression, with the stress continuously 
increasing up to almost 40% strain. In addition, at the early compression stage (up to around 10%), the 
composite exhibit highly recoverable deformation, up to 20 times higher than the base cementitious 
matrix. In addition, the ACC shows fatigue damage until the stiffness/strength and energy dissipation 
plateau values are reached after 500 cycles. At 2.5 % strain amplitude, the plateau stiffness/strength 
is approximately 120 MPa/3 MPa, while these values are only 25 MPa/1.2 MPa at 5 % strain amplitude. 
In contrast, the energy dissipation plateau of the ACC is independent from the amplitude and remains 
at 0.05 J/cm3. Due to the strain hardening behaviour, the ACC exhibits significantly improved energy 
dissipation capacity compared to both the cementitious matrix and the auxetic reinforcement 
component. This is achieved by tailoring the composite action, i.e., using a 3D printed thermoplastic 
polyurethane (TPU) auxetic structure as reinforcement. A rotating square auxetic mechanism was 
designed to achieve the desired cracking behaviour: the horizontal ACC cells enable large deformability 
by enlarging the crack width under confinement of the reinforcement, while the vertical cells work as 
a stiffening phase to ensure load resistance. The outstanding mechanical performance of the ACC 
shows great potential for applications in engineering practice when high compressive ductility is 
required, for example yielding elements for squeezing tunnel linings. 

Keywords: 3D printing; Auxetic structures; Energy Absorption; Cementitious Composites 
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Abstract. The incorporation of waste glass into concrete significantly decreases 

cement consumption, thereby reducing CO2 emissions, and fostering a circular 

economy. Due to its high amorphous silica content, glass exhibits pozzolanic 

properties that enhance the long-term strength, durability, and resistance to chem-

ical attack of concrete. However, depending on its production, glass can contain 

high alkali levels, which may increase the risk of alkali-silica reaction in concrete. 

Utilizing waste glass with fineness less than 45μm can mitigate this issue, as the 

material becomes more reactive and exhibits enhanced pozzolanic characteris-

tics.  

In this study, waste glass from a window glass manufacturer in Greece, was eval-

uated as a potential pozzolanic material. Following an analysis of the raw mate-

rial's properties, including chemical composition, density, and mineralogical 

characteristics, the waste glass was ground to a fineness of under 45 μm and em-

ployed as a supplementary binder for cement paste production. Various propor-

tions of waste glass (0%, 10%, 20%, 30%, and 50%) were combined with Port-

land cement to create composites, which were prepared with standard con-

sistency. The influence of the addition of the waste glass on properties such as 

heat of hydration and setting time of the pastes were measured immediately after 

mixing. Shrinkage was monitored over a period of 40 days. Additionally, the 

pozzolanic behavior of the waste glass – cement pastes was analyzed using XRD 

and TG at various ages. The flexural and compressive strength of the samples 

were tested at 7, 28, and 90 days, showing an initial decrease of the strength at 7 

days, up to 60%. However, overtime, the mixtures containing glass showed a 

higher increase in strength compared to the reference mix (higher than 50%). The 

performance evaluation of the waste glass confirmed its pozzolanic properties, 

indicating its potential as a supplementary cementitious material. 

Keywords: waste glass, supplementary cementitious materials, sustainability. 
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Abstract 

This study investigates the potential of utilizing waste OLED display powder as a partial cement 
substitute in ultra-high-performance concrete (UHPC) to enhance material sustainability without 
compromising mechanical and chemical performance. Organic Light-Emitting Diode (OLED) displays 
generate light through electroluminescent organic thin films and are fabricated on multilayer glass 
substrates composed mainly of high-purity silica (SiO₂ , 62.1%), alumina (Al₂O₃ , 21.2%), and alkaline-
earth oxides, producing the inorganic glass-based waste powder used in this study. Owing to its high-
silica and low-calcium composition, which is comparable to that of Class N fly ash, the OLED powder 
exhibits limited but potential pozzolanic reactivity. As OLED displays are increasingly replacing LCDs 
in global electronic devices, the volume of OLED-derived glass waste is expected to rise worldwide. 
Four mix proportions were prepared by replacing 0%, 25%, 50%, and 75% of ordinary Portland 
cement (OPC) with OLED powder. The physical and chemical properties of the materials were 
analyzed through FT-IR spectroscopy, TG/DTG analysis, and NMR to evaluate hydration reactions and 
the formation of C–S–H and CaCO₃. The results indicate that the specimen with 25% OLED 
replacement exhibited enhanced hydration reactivity, as evidenced by intensified Si–O–Si vibrational 
peaks and increased Ca(OH)₂ content. This contributed to the formation of refined C–S–H gel and 
improved microstructure. Mechanical performance was evaluated through compressive, tensile, and 
static pull-out tests. The 25% replacement specimen demonstrated the highest compressive strength 
(184.76 MPa), a 10.9% increase in tensile strength, and improved strain capacity and energy 
absorption. These enhancements are attributed to the micro-filler effect of OLED powder, which 
improved matrix density and fiber-matrix interfacial bonding. However, excessive replacement 
(≥50%) led to reduced calcium availability and lower reactivity, resulting in diminished hydration 
products and weakened mechanical performance. 

Keywords: Ultra-high-performance fiber-reinforced concrete, OLED glass powder, Fiber pullout 
resistance, Tensile performance 
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Abstract 
 

Ceramic roof tiles and frost action often represent a significant issue in humid and cold climates. Fired 
clay-based materials that absorb water are particularly vulnerable to superficial exfoliation and loss of 
mechanical strength when temperatures fall below 0°C. This phenomenon, influenced by the raw 
materials’ physical and mechanical characteristics (e.g., porosity), the industrial manufacturing 
process, and the design and construction of the roofing system, can compromise the service life of the 
finished product. In some cases, materials that are guaranteed to last up to 30 years shown signs of 
delamination after only four years of exposure to the elements. 
This research investigates various batches of ceramic roof tiles produced by an Italian company, some 
of which have been returned by costumers due to premature deterioration despite the laboratory tests 
confirming their durability. The aim of the project is to understand the reasons behind this 
inconsistency. The initial phase of the research involves the study of the mineralogical composition of 
the fired materials through XRPD analysis, as well as examining their porosity distribution using MIP 
and BET methods. Further analyses will explore the microstructure and the internal stresses of the tiles 
though the use of the X-Ray Microtomography and 3D Image Analysis.  Simultaneously, the study will 
assess the extent of frost damage, its development on roofing structures, and the potential factors 
influencing it (such as building location) using image processing and mapping techniques applied to 
three case studies, from which damaged tiles were collected by the company. 
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Abstract. Like many sectors across the European Union, the gypsum industry is actively 

seeking strategies to reduce its environmental footprint by lowering product density while main-

taining quality and performance standards. To address this, a resource-efficient strategy that re-

duces gypsum and water consumption, and thereby lowering energy use without sacrificing me-

chanical performance is pursued. In this study we establish the relationship between the three-

dimensional characteristics of air voids such as volume fraction, size distribution, sphericity, pol-

ydispersity, packing density, and tortuosity within the gypsum matrix and the resulting mechan-

ical performance of the material. Standard and advanced characterization techniques, such as 

mercury intrusion porosimetry (MIP), X-ray micro-computed tomography (μCT), and mechani-

cal testing were used to investigate the gypsum core structure and its mechanical properties. 

These characterizations served as a benchmark for quantifying the relationship between pore 

structure and material properties in gypsum plaster. Additionally, a straightforward methodology 

was developed to produce model porous samples with controlled porosity parameters using pol-

ystyrene (PS) beads. These polystyrene beads of known diameter were added in the gypsum 

plaster paste and mechanical tests were carried out. The samples were compared with identical 

counterparts from which polystyrene had been leached out. The results indicate that polystyrene 

can effectively serve as a surrogate for air voids in representing porosity within the gypsum ma-

trix. 

Keywords: Gypsum, porosity, X-ray micro-computed tomography (μCT), multiscale 

microstructure characterization, sustainability, mechanical properties 
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Abstract 
The UK, with its growing number of lithium mining industries in Cornwall and North England, and 
aspiration to become self-sufficient in battery production, is an ideal market for accelerating the 
commercial adoption of lithium mining waste in the cement and concrete industry, contributing to a 
more sustainable and low-carbon construction sector. This study summarise the preliminary findings 
of the EPSRC-funded LITHICRETE project (2025-2028).  

Lithium mining waste, a by-product of the lithium extraction process for battery production, holds 
promise in reducing the carbon footprint of concrete when used as Portland cement replacement. 
Lithium slag (LS) primarily consists of amorphous glassy phases and crystalline compounds, including 
calcium (aluminium) silicates. It exhibits pozzolanic properties, similar to those of other 
supplementary cementitious materials (SCMs), e.g., conventional fly ash (FA), GGBS, and silica fume, 
making it a suitable candidate for Portland Cement (PC) replacement. In this study, we replaced PC 
with up to 20% wt. of lithium slags, generated during extraction and processing of lithium ore. We 
investigated the mechanical and physical properties at 28 and 90 days of curing, and compared to 
those of conventional fly ash concrete. Preliminary results confirmed that 20% of LS can be used to 
replace PC to produce structural grade concrete, with minimal strength loss (less than 10%) when 
compared to that of fly ash concrete. Isothermal calorimetry showed that the cumulative heat of 
hydration is comparable to that of PC and FA, showing similar hydration kinetics. Electrical resistivity 
measurements indicated that LS concrete has moderate-to-low chloride penetration potential, whilst 
its porosity is similar to that of FA concrete. 

Keywords: supplementary cementitious materials, lithium slag, bulk electrical resistivity 

34 



Hydration Kinetics, Fresh and Hardened State Properties 

of Seawater Mixed Cementitious Materials Blended with 

Red Mud 

Olcay Gürabi Aydoğan* 1 [0000-0003-2513-047X], Ekin Aydın1 [0009-0006-5612-1540] and Nilüfer 

Özyurt 1 [0000-0003-4533-8702] 

1 Boğaziçi University, Department of Civil Engineering, İstanbul, Turkey 

*Corresponding Author: olcay.aydogan@bogazici.edu.tr 

 

 

Abstract. The disposal of red mud—a byproduct characterized by chemical hazards and low-

level radioactivity—poses significant environmental and economic challenges. Consequently, its 

sustainable reutilization has become a crucial focus in materials research. In recent years, an 

increasing number of studies have examined the incorporation of red mud as a mineral admixture 

in cementitious systems. Due to its high chloride-binding capacity, red mud is considered a 

promising additive for concrete mixed with seawater. In this study, the hydration kinetics, time-

dependent fresh-state properties, and mechanical strength of mortars incorporating red mud at 

four dosages (0%, 10%, 20%, and 30%) with seawater were systematically investigated. The 

findings revealed that the high superplasticizer demand associated with the high specific surface 

area of red mud, combined with the reduced water consumption because of its lower hydration 

reactivity, resulted in only limited changes in the fresh-state properties of the composite mixtures 

over time. In contrast, the compressive strength of the composite mixtures remained higher than 

that of the control mixture prepared with freshwater, primarily due to the filler effect of the fine 

red mud particles and the enhancing influence of seawater. These results suggest that red mud can 

be a suitable sustainable mineral additive for reinforced seawater concrete, increasing chloride 

binding capacity without compromising mechanical performance compared to freshwater one.  

 

Keywords: Seawater, Red mud, Hydration, Superplasticizer, Sustainability. 
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Abstract. Given the pressing challenges of climate change, the civil engineering 

industry must adopt more sustainable practices. One approach is the use of 

supplementary cementitious materials (SCMs), as cement production is a major 

contributor to CO₂ emissions. Zeolite, a naturally occurring microporous 

aluminosilicate formed through volcanic activity, exhibits pozzolanic proper-ties 

and has been explored as an SCM. This study investigates the effects of zeolite 

as a partial cement replacement in pervious concrete (PC), replacing Type 1L 

cement at 0%, 25%, and 50% by weight. We evaluated its influence on 

mechanical and hydraulic properties through compressive strength, void content, 

infiltration rate, and microscopy analysis. Specimens were cast in Summer 2024 

and tested after eight months. Results show that increasing zeolite content 

significantly reduced both mechanical and hydraulic performance. Control 

specimens exhibited 25.5% void content and an infiltration rate of 8.8 mm/s. At 

25% and 50% zeolite replacement, void content dropped to 23.1% and 22%, with 

infiltration rates decreasing to 6.1 mm/s and 2.5 mm/s, respectively. Compressive 

strength declined by 46% and 66% at 25% and 50% replacement levels. These 

losses are likely due to zeolite’s lower pore size distribution and reduced early 

reactivity, which limit the formation of calcium silicate hydrate (C-S-H) and 

calcium hydroxide (Ca(OH)₂), essential for continued pozzolanic reaction and 

strength gain. Microscopy revealed a hissing behavior in zeolite mixes upon 

wetting, likely caused by internal energy retained during dehydration. Upon 

contact with water, this energy is released as pressure, producing an audible hiss. 

This phenomenon may relate to zeolite’s potential for energy retention and 

resistance to freeze-thaw cycles reported in the literature. Future work will 

optimize zeolite dosage across cement types and assess its potential for pollutant 

removal, energy retention, and freezethaw durability to enhance the sustainability 

and performance of pervious concrete.  

Keywords: Zeolite, Supplementary Cementitious Material, Pervious Concrete, 

Portland Cement, Freeze-Thaw Resistance.  
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Abstract 
As part of a major tunnelling project in the United Kingdom, significant volumes of clay are being 

excavated in the wider London area. The excavated material would normally be treated as waste, sent 
to landfill or incorporated into landscaping. Instead, a method is developed to turn the excavated clay 
spoil into a construction resource with a particular focus on supplementary cementitious material.  This 
study reports the latest developments within the REAL and Ex-Clay industrial innovation projects 
aiming to transform London Clay spoil into such construction resources. It encompasses overviews of 
investigations on the plastic, micro-structural and chemical properties of raw and calcined London 
Clays, as well as hardened concrete and mortar properties produced with those clays. Developments 
thus far have demonstrated that London Clay, in its calcined form, can be a suitable supplementary 
cementitious material for low/medium strength concrete. Concrete mixes with compressive strengths 
of up to 30-50 MPa, and Portland cement replacement levels of up to 70% have been developed 
utilising calcined waste London Clay and limestone in binary and ternary formulations. Insights on 
environmental considerations, London Clay processing methods and concrete production intricacies 
with calcined London Clay are also provided. 

Keywords: Calcined clay, London Clay, waste utilisation, concrete, circular economy 
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Abstract 
 
This study aims to investigate and better understand the interaction between chemical admixtures 
and CEM II/B-M (Q-LL) to support the development of tailored admixture formulation for sustainable 
self-compacting concrete (SCC). A wide range of polycarboxylate ethers (PCE), representing six 
different PCE technologies (VPEG, HPEG, MPEG, EPEG, other) were evaluated to assess their specific 
interaction with CEM II/B-M (Q-LL) in comparison with CEM I and a low-clinker cement CEM III/A.  
 
Mortar formulations followed SCC design principles. Admixture performances were assessed by critical 
dosage via flow measurements at five dosages, workability retention was followed for 60 minutes, 
torque-resistance test using a ToniMIX Visco-Expert mixer, hydration through isothermal calorimetry 
on paste and 24-hour compressive strength testing.  
 
Results showed that CEM II/B-M (Q-LL) required ~ 50% higher admixture dosage to achieve comparable 
fluidity to CEM I and CEM III/A. No saturation dosage could be clearly identified. Nevertheless, the 
effect of the admixtures on retention exhibits an opposite trend compared to conventional systems. 
Whereas the workability of CEM I and CEM III/A decreased gradually over time, CEM II/B-M (Q-LL) 
remained stable or even increased slightly. The admixtures, despite PCE technologies, can be classified 
in slow, medium and fast adsorbing, which ranges from ready-mix to precast concrete application. As 
expected, the slower the adsorption the lower the initial workability and the higher the torque-
resistance. Interestingly, after 45 minutes EPEG technologies show the best workability retention, with 
the lowest torque-resistance, suggesting that EPEG helps maintaining low yield stress. Hydration 
studies confirmed that admixtures extended the dormant period by 2-6 hours leading to a 20-25% 
reduction in 24-hour compressive strength compared to the reference without admixtures.  
 
The higher dosage requirements, altered retention behaviour, delayed hydration, and reduced early 
strength highlight the need not only for different admixture chemistries but also for tailored 
formulation approaches specific to this cement.  
 

Keywords: Limestone calcined clay cement, Chemical admixtures, Self compacting concrete, Fresh 
properties  
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Abstract 
This study analyzed the diffusion characteristics of concrete structures at nuclear power plants that 

are directly exposed to seawater due to their coastal location. The binder's coagulation characteristics, 
compressive strength over time, and diffusion coefficient were evaluated through saltwater immersion 
tests. The mix used in this study was based on a mix table from a previous study that predicted the 
durability of existing nuclear power plant concrete structures[1]. It also included the essential service 
water(ESW) and tunnel mixes, which are concrete structures that are directly exposed to seawater. 
The ESW and Tunnel mixes are mixes in which 20% of the binder is replaced with fly ash(FA). A control 
mix with 100% ordinary portland cement(OPC) as the binder was examined and compared to the FA 
mixes to determine the impact of using fly ash. The initial and final setting times of the 100% OPC mix 
were approximately 20 minutes faster than those of the FA mixes, though similar. The compressive 
strength of all mixes exceeded the 91-day design standard strength of 5,000 psi(34.5 MPa). The nuclear 
power plant concrete mix showed a higher increase in strength after 28 days than the control mix. This 
is expected due to the long-term strength increase caused by the pozzolanic reaction. Through the 
saltwater immersion experiment, the chloride diffusion coefficient was found to be lowest in the 
following order: control, TUN-N, ESW-N, and ESW-H. These results are believed to be due to the 
nuclear power plant concrete mix containing FA, which reduces pore size through a pozzolanic reaction 
and makes the pore structure denser. 
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Abstract: In pursuit of sustainable material design, novel blended cements with 

high levels of supplementary cementitious materials (SCMs) are being 

increasingly used. Although the hydration of these blended cements has been 

extensively studied in the literature, prediction of their hydration kinetics and 

phase assemblage remain poorly understood, especially in ternary and quaternary 

blended systems. This study proposes to determine the hydration kinetics and 

phase assemblages based on the isothermal calorimetry test, the theoretical 

framework proposed by modified Parrot-Killoh, and thermodynamic simulation. 

The isothermal calorimetry measurements were performed on various Portland 

cements blended with BFS (40% and 60%) and MK (30%) as well as a ternary 

blend (30% MK and 15% LS) at a water/binder ratio of 0.5. Additionally, 

quantitative X-ray diffraction was used to characterize the phase assemblages for 

the thermodynamic model. The result has shown that incorporation of BFS blends 

has led to the formation of hemicarbonate as the main AFm phase; however, the 

incorporation of MK blends has converted hemicarbonate to the formation of 

stralingite phase, with an increasing amount at later age.  

Keywords: hydration kinetics, blended cements, isothermal calorimetry, 

thermodynamic modeling 
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Abstract.  The construction industry is a major contributor to global CO₂ 

emissions, with Portland cement production alone responsible for 5–8% of 

the total, primarily due to its clinker-intensive process. To reduce this envi-

ronmental impact, the partial replacement of clinker with supplementary ce-

mentitious materials (SCMs) has gained significant attention. Calcined clay, 

due to its high pozzolanic reactivity, availability, and low-carbon profile, is 

emerging as a key SCM in sustainable binder development. 

 This study reports the findings from an experimental program assessing 

the mechanical and time-dependent behavior of structural concretes incorpo-

rating a commercially available blended cement, formulated with 7% cal-

cined clay. This percentage reflects a realistic industrial substitution level de-

fined by production constraints and the technical-operational criteria of the 

cement manufacturer. Four fluid-consistency (class F) concretes were stud-

ied: two reference strength classes targeting fck,28 = 25 and 40 MPa, and two 

polypropylene macrofibre-reinforced concretes (3 and 6 kg/m³) designed to 

meet fct,fl,28 = 3.5 MPa. Standardized tests were performed at 7, 28, 90 and 

120 days to evaluate compressive strength, tensile strength, modulus of elas-

ticity, flexural behaviour, and drying shrinkage. 

 All concretes met or exceeded the specified performance targets. Indirect 

tensile strength at 28 days ranged from 3.1–3.9 MPa, and the elastic modulus 

developed within 30–39 GPa. Increasing fibre dosage notably enhanced post-

cracking residual capacity, supporting crack-control-oriented design. Over-

all, the results support the feasibility of low calcined-clay substitution for 

structural concretes while quantifying the mechanical and serviceability-re-

lated contributions of polypropylene macrofibres. 

Keywords: calcined clay; blended cements; limestone-calcined clay sys-

tems 
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Abstract. The integration of sustainable materials into construction is increas-

ingly important to reduce the environmental impact of cement-based composites. 

This study explores the mechanical and durability performance of concrete in 

which natural sand is partially replaced by biochar derived from olive pits, a com-

mon agricultural by-product in Mediterranean regions. Concrete mixes with 4%, 

10%, and 20% volumetric replacement of fine aggregate were assessed. All 

mixes proved satisfactory mechanical strength, with minor variations across re-

placement levels. This limited variation may be attributed to the small substitu-

tion volume and the unchanged content of cement and coarse aggregates. In terms 

of durability, all biochar mixes exhibited lower capillary water absorption com-

pared to conventional concrete, indicating enhanced resistance to water ingress. 

These results suggest -at this stage- that olive pit biochar can be used as a partial 

sand substitute without significantly compromising performance, while support-

ing circular economy strategies and contributing to carbon sequestration.  

Keywords: Concrete, biochar, olive pit ash, mechanical properties, durability, 

sustainability. 
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Abstract 
Cement production is a significant contributor to global CO₂ emissions, driving the research and 

development of alternative binders with a reduced environmental impact. The present study explores 
the potential of carbon-cured, cement-free mixtures using various industrial ashes as reactive 
components. Specifically, the present study investigates the compatibility of fly ash and bottom ash 
from different waste streams (municipal solid waste incineration, wood biomass and co-combustion) 
in a carbonation-based hardening system. The chemical composition of each ash differs significantly, 
affecting their reactivity and CO₂ binding potential. Cement-free mixtures were prepared with 20%, 
30%, and 40% ash content by mass, with the remainder comprising a steel slag (Cx). All samples were 
mixed at a constant water-to-binder ratio of 0.10. Curing was conducted under accelerated 
carbonation conditions in a controlled chamber at 60°C, 60% CO₂ concentration, and 24 hours of 
exposure. The objective of this exploratory study is to evaluate the influence of the ash type and 
dosage on early-stage carbonation under uniform curing conditions. Preliminary findings indicate a 
notable variability in response among different ashes, suggesting a strong dependency on chemical 
composition. This study contributes to the understanding of how industrial by-products can be 
effectively valorised in carbon-cured systems. The outcomes provide valuable insights for the 
development of sustainable, cement-free construction materials capable of both mechanical 
performance and carbon sequestration, thereby advancing circular construction practices. 

Keywords: Carbon-cured concrete, incineration ashes, alternative binders, mechanical properties 
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Abstract. The disposal of waste tires poses a significant environmental issue, as 

non-combustible steel fibers account for approximately 15–25% of a tire. Recy-

cling these fibers into concrete offers a sustainable alternative to commercial fi-

bers, potentially reducing both solid waste and CO2 emissions. However, earlier 

studies demonstrated that raw tire steel fibers (RF) alone cannot fully replace 

industrial steel fibers (IS) in cement composites. As a solution, combining RF 

with IS in a hybrid form is suggested to enhance performance while maximizing 

the use of recycled materials. This pilot study investigates the use of a fiber mix 

(MF) comprising 60% RF and 40% IS in high-strength concrete made with lo-

cally available materials. Standard concrete specimens were prepared and tested 

in accordance with ASTM standards. Compressive strength (CS), elastic modu-

lus (EM), and water absorption (WA) were measured using 82-day-old speci-

mens. The results showed a notable increase in the EM, 8%, and a reduction in 

water absorption, 20.2%, for MF-reinforced concrete. These results showed that 

the selected fiber mix enhances both the mechanical performance and durability 

of the concrete. For future studies, it is recommended to consider the influence 

of MF on the in-depth mechanical attributes and structural behavior of reinforced 

concrete members. 

Keywords: Recycled Tires, Steel Fibers, Fiber Reinforced Concrete, Durability, 

Sustainable Construction. 
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Abstract 

Understanding the interplay between humidity-induced changes in the calcium silicate hydrate (C-
S-H) structure and macroscopic transport mechanisms remains a challenge in conventional 
cementitious systems, and even more so when incorporating alternative materials. This study aims to 
bridge that gap by investigating the coupled behaviour of strains and imbibition in cement pastes 
containing varying levels of municipal solid waste incineration ash (MSWIA) as a partial cement 
replacement (0%, 20%, 30%, and 50%). A combination of analytical techniques was employed to assess 
hydration progress, phase development, and durability: thermogravimetric analysis (TGA), X-ray 
diffraction (XRD), water absorption (WA) and imbibition tests. At 28 and 91 days, TGA and XRD analyses 
quantified hydration products such as portlandite (CH), calcium silicate hydrate (C-S-H), and 
carbonates. WA and imbibition tests provided insights into open porosity, capillary pore connectivity, 
and water uptake behaviour. Long-term imbibition experiments were conducted on pastes at 28 and 
91 days to assess the influence of MSWIA on water transport dynamics. High-precision strain gauges 
were employed to capture real-time external deformations during water imbibition. These 
synchronous measurements were enabled by a custom-built experimental setup, which allowed for a 
detailed analysis of the coupling between transport phenomena and mechanical response.  

The study presents the results of the relative impact of cement replacement by MSWIA on 
imbibition and correlates these with strain development. Long-term monitoring (over 3 months) 
provides insights into time-dependent behaviour. Additionally, special attention is given to the 
relationship between primary and secondary imbibition rates. Ultimately, this research aims to enable 
the prediction of long-term transport behaviour (years) from short-term experimental data (months), 
contributing to the design of more durable and sustainable cementitious materials. 

Keywords: capillary imbibition, municipal solid waste incineration ash, strains, long-term behaviour 
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�Z�H�L�J�K�W�� �U�D�W�L�R���� �F�K�H�P�L�F�D�O�� �L�Q�H�U�W�Q�H�V�V���� �H�[�F�H�O�O�H�Q�W�� �W�H�Q�V�L�O�H�� �V�W�U�H�Q�J�W�K���� �D�Q�G�� �K�L�J�K�� �H�O�D�V�W�L�F�� �P�R�G�X�O�X�V���� �R�I�I�H�U�� �D�� �S�U�R�P�L�V�L�Q�J�� �D�O�W�H�U�Q�D�W�L�Y�H�� �W�R��
�F�R�Q�Y�H�Q�W�L�R�Q�D�O���V�W�H�H�O���I�L�E�H�U�V���L�Q���H�Q�K�D�Q�F�L�Q�J���W�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���8�+�3�&�� 

�7�K�H���S�U�L�P�D�U�\���R�E�M�H�F�W�L�Y�H���R�I���W�K�L�V���U�H�V�H�D�U�F�K���L�V���W�R���D�Q�D�O�\�]�H���W�K�H���V�\�Q�H�U�J�L�V�W�L�F���H�I�I�H�F�W�V���R�I���F�R�P�E�L�Q�L�Q�J���V�W�H�H�O�����F�D�U�E�R�Q�����D�Q�G���3�3���I�L�E�H�U�V���W�R���H�Q�K�D�Q�F�H��
�I�O�H�[�X�U�D�O���V�W�U�H�Q�J�W�K���D�Q�G���R�Y�H�U�D�O�O���W�R�X�J�K�Q�H�V�V�����$�O�W�K�R�X�J�K���W�K�H���L�Q�F�O�X�V�L�R�Q���R�I���I�L�E�H�U�V���V�O�L�J�K�W�O�\���U�H�G�X�F�H�V���W�K�H���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���R�I���8�+�3�&����
�W�K�H���U�H�V�X�O�W�V���G�H�P�R�Q�V�W�U�D�W�H���W�K�D�W���3�3���I�L�E�H�U�V���H�I�I�H�F�W�L�Y�H�O�\���P�L�W�L�J�D�W�H���W�K�H���U�L�V�N���R�I���V�S�D�O�O�L�Q�J�����0�R�U�H�R�Y�H�U�����W�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���I�L�E�H�U�V���V�L�J�Q�L�I�L�F�D�Q�W�O�\��
�H�Q�K�D�Q�F�H�V���W�K�H���H�O�H�F�W�U�L�F�D�O���F�R�Q�G�X�F�W�L�Y�L�W�\�� �R�I���8�+�3�&���� �Z�L�W�K���F�D�U�E�R�Q���I�L�E�H�U�V���S�O�D�\�L�Q�J���D���G�R�P�L�Q�D�Q�W���U�R�O�H���G�X�H���W�R���W�K�H�L�U���K�L�J�K�H�U���F�R�Q�G�X�F�W�L�Y�L�W�\��
�F�R�P�S�D�U�H�G���W�R���V�W�H�H�O���I�L�E�H�U�V�����0�L�F�U�R�V�W�U�X�F�W�X�U�D�O���D�Q�D�O�\�V�L�V���X�V�L�Q�J���V�F�D�Q�Q�L�Q�J���H�O�H�F�W�U�R�Q���P�L�F�U�R�V�F�R�S�\�����6�(�0�����U�H�Y�H�D�O�V���D���X�Q�L�I�R�U�P���G�L�V�W�U�L�E�X�W�L�R�Q��
�R�I���I�L�E�H�U�V���W�K�U�R�X�J�K�R�X�W���W�K�H���8�+�3�&���P�D�W�U�L�[�����$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H���R�E�V�H�U�Y�D�W�L�R�Q�V���F�R�Q�I�L�U�P���E�R�W�K���S�X�O�O�R�X�W���D�Q�G���I�U�D�F�W�X�U�H���P�H�F�K�D�Q�L�V�P�V���L�Q���F�D�U�E�R�Q��
�D�Q�G���V�W�H�H�O���I�L�E�H�U�V�����F�R�Q�W�U�L�E�X�W�L�Q�J���W�R���L�P�S�U�R�Y�H�G���W�R�X�J�K�Q�H�V�V���D�Q�G���H�Q�H�U�J�\���D�E�V�R�U�S�W�L�R�Q���F�D�S�D�F�L�W�\���R�I���W�K�H���F�R�P�S�R�V�L�W�H�� 

�.�H�\�Z�R�U�G�V�����8�O�W�U�D���+�L�J�K���3�H�U�I�R�U�P�D�Q�F�H���F�R�Q�F�U�H�W�H�����8�+�3�&�������7�U�L�S�O�H���)�L�E�H�U���5�H�L�Q�I�R�U�F�H�G�����&�D�U�E�R�Q���)�L�E�H�U�V�����6�W�H�H�O���)�L�E�H�U�V�����3�R�O�\�S�U�R�S�\�O�H�Q�H��
�)�L�E�H�U�V�����6�F�D�Q�Q�L�Q�J���(�O�H�F�W�U�R�Q���0�L�F�U�R�V�F�R�S�\�����6�(�0�� 
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Abstract. This study investigates the reactivity of four types of incineration 
ashes, using the R3 test to assess their potential as alternative cementitious ma-
terials. The most reactive ash was selected for further evaluation in blended ce-
ment mortar. Blended mortars containing 0%, 20%, and 40% municipal solid 
waste incineration fly ash (MSWI FA) were prepared at water-to-binder (l/b) ra-
tios of 0.4, 0.5, and 0.6. Fundamental performances, including setting time, 
flowability, flexural strength, and compressive strength, were systematically 
evaluated to determine the feasibility of MSWI FA incorporation. To mitigate 
potential expansion issues associated with residual metallic aluminium, a sodi-
um hydroxide (NaOH) pretreatment was applied to the ash before mixing. The 
findings contribute to a better understanding of ash reactivity and provide guid-
ance for optimising the use of MSWI FA in sustainable cement-based construc-
tion materials. 

Keywords: Municipal Solid Waste Incineration Ash, Supplementary Cementi-
tious Material, R3 Method, Reactivity, Mix Design. 

See Full Paper in the Proceedings. 
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Abstract 

Alkali-activated materials (AAMs) containing wastes and secondary raw materials (WSRMs) allow 
reduced CO2 emissions, resource consumption and waste arisings. WSRM precursors are often 
combined with other Al-Si-rich substances to improve reactivity and ensure adequate mechanical and 
chemical durability. However, high-purity alumosilicates, such as high-grade metakaolin, are in short 
supply and/or expensive due to demand from other industries. Therefore, this study systematically 
investigates several mixed clay samples, calcined at 400 to 1000°C in 100°C intervals, as possible 
alternatives. Mineralogical and chemical analyses reveal the initial clays to differ in particular in their 
sheet silicate contents (mainly kaolinite, chlorite and muscovite). During calcination, these phases are 
gradually transformed into their amorphous (metaclay) analogues at around 500-600, 500-800, and 
700-900°C, respectively. 27Al MAS-NMR and FTIR were used to confirm the transformations to be 
driven by dehydroxylation reactions and octahedral to tetrahedral Al coordination changes. For 
verification, the calcined clay powders were utilised in AAM pastes with granulated blast-furnace slag, 
coal fly ash and various mineral WSRMs. The resulting paste specimens exhibited adequate 
compressive strengths, e.g. up to 75 MPa for a blast-furnace-slag �t clay mixture after 7 days of 
reaction. AAM pastes containing clay calcined at 700°C and various mineral by-products exhibited 
7-day compressive strengths of up to 40 MPa, verifying the feasibility of low-grade kaolinitic clays as 
corrective substances for waste-based AAMs. We gratefully acknowledge the contributions of Leila 
Legat and Lisa Schuller regarding the characterisation and AAM mixing tasks. The study was carried 
out in the course of the GECCO2 Christian Doppler Laboratory. The financial support by the Austrian 
Federal Ministry of Labour and Economy, the Christian Doppler Research Association and several 
industry partners is gratefully acknowledged. 

Keywords: calcined clays, alkali activation, waste-based binders, AAM 
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Abstract 

 
Clays with low kaolinite content and other associated clay minerals, often referred to as low purity 

or common clays, are abundant worldwide. While already used in clinker production, their application 
as supplementary cementitious materials (SCMs) remain largely unexplored due to their low chemical 
reactivity. Traditional activation methods, such as calcination, are often ineffective to induce 
pozzolanicity when applied to these types of clay, particularly those rich in illite, muscovite, or mixed-
layer phases. Mechanochemical activation (MCA) is an electrified route that can be applied instead of 
calcination to enhance the reactivity of low-purity clays. By applying high-energy grinding, MCA 
induces mineral structural disorder, dehydroxylation, and amorphization, which are key structural 
changes associated with improved chemical reactivity.  

In this study, a low-purity clay was treated using three different milling systems: a planetary ball 
mill, a vibratory disc mill, and a horizontal drum mill. Key process parameters, including grinding time, 
rotational speed, and ball-to-powder ratio, were optimised for each system. Particle size analysis and 
X-ray diffraction confirmed reduced particle size, progressive structural breakdown, and increased 
amorphization with increasing milling intensity. These effects were more pronounced when using the 
planetary ball mill. Chemical reactivity, assessed via isothermal calorimetry (R3 test), showed that MCA-
treated clays can achieve cumulative heat release values exceeding 5�ì�ì
®�:�l�P���}�(���^���D�X���h�‰�•�����o�]�v�P���š�Œ�]���o�•��
using a horizontal drum mill indicated potential transferability of laboratory scale conditions, although 
a higher energy input is required to achieve comparable results. These findings demonstrate the 
potential of MCA as a promising and scalable technology for converting abundant, low-purity clays into 
suitable SCMs. 

Keywords: Mechanochemical activation, grinding efficiency, planetary ball mill, disc mill, horizontal 
mill, pozzolanic activity 
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Abstract. The transition towards low-carbon construction materials necessitates 
the redesign of high-performance cementitious systems traditionally reliant on 
high volumes of Portland cement. Engineered Cementitious Composites (ECC), 
while offering excellent ductility and crack control, contribute significantly to 
�&�2�w���H�P�L�V�V�L�R�Q�V���G�X�H���W�R���W�K�H�L�U���K�L�J�K���F�H�P�H�Q�W�L�W�L�R�X�V���F�R�Q�W�H�Q�W�����/�L�P�H�V�W�R�Q�H���&�D�O�F�L�Q�H�G���&�O�D�\��
Cement (LC3), a ternary binder composed of Portland cement, calcined clay, 
and limestone, presents a promising alternative for reducing the environmental 
impact of ECC. To explore this potential, this study investigates the influence 
of superplasticiser type and dosage on the fresh and hardened properties of 
LC3-based ECC mixtures, aiming to optimize rheological behaviour and 
strength development for sustainable, high-performance composites. ECC mix-
es were prepared with a 55% replacement of Portland cement by LC3, including 
Portland cement, calcined clay, and limestone. Calcined clay with a reactivity 
�Y�D�O�X�H���R�I���������×�-���J�� �R�I���6�&�0���� �D�V���S�H�U���$�6�7�0���&������������ �Z�D�V���X�V�H�G���W�R���S�U�R�G�X�F�H���W�K�H���/�&3. 
Four commercial superplasticisers were used at dosages of 0.5%, 0.75%, 1.0%, 
and 1.2% by weight of binder. Fresh properties, including slump, deformation 
factor, flow time, and rheology, as well as the compressive strength of these 
mixtures, were tested to determine the compatibility of superplasticiser to ob-
tained desired fresh and hardened properties in the ECC mixes. Superplasticiser 
type and dosage critically influence rheology and mechanical performance, with 
higher dosages enhancing workability, deformation, and flow time, leading to 
improved particle dispersion and compressive strength, highlighting the im-
portance of admixture optimization in LC3-based ECC for sustainable, high-
performance applications. 
 
Keywords: Engineered cementitious composites (ECC); Limestone calcined 
clay cements (LC3). 

 
 
See full Paper in the Proceedings
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Abstract 

Textile Reinforced Cementitious (TRC) composites offer a promising alternative for traditional steel-
reinforced concrete, enabling the development of more slender, lightweight structural elements for 
both new construction and retrofitting applications. 3D TRCs, incorporating three-dimensional textiles, 
offer superior performance compared to 2D TRCs, particularly with regard to manufacturing simplicity 
and flexural properties. As cement-based materials, however, 3D TRCs remain prone to cracking, which 
can compromise durability by allowing the ingress of potentially harmful substances. Integrating short 
polyp�Œ�}�‰�Ç�o���v�����~�W�W�•���u�]���Œ�}�(�]���Œ���•���]�v�š�}���š�Z�����u���š���Œ�]���o�[�•�������u���v�š�]�š�]�}�µ�•���u���š�Œ�]�Æ�������v���Œ���•�µ�o�š���]�v�����}�v�š�Œ�}�o�o���������Œ�����l��
formation, promoting the development of more and narrower cracks. Due to their reduced width, 
these cracks are more likely to physically seal through autogenous healing, the inherent characteristic 
of cementitious materials to close their own cracks over time, thereby reducing permeability and 
enhancing durability. The presented study investigates the effect of autogenous healing on the low-
pressure water permeability of cracked 3D TRCs with 1.0 v% of integrated PP microfibres. The cracked 
material was subjected to a 28-day healing period during which it was exposed to one of three 
conditions: complete water immersion, wet-dry cycling, or standard laboratory conditions. Crack 
sealing was studied by means of microscopy and Ultrasonic Pulse Velocity (UPV) measurements. The 
water permeability was assessed through low-pressure water permeability tests on uncracked, cracked 
and potentially healed specimens. The findings show substantial visual crack closure at the surface, 
especially in specimens fully submerged in water. Both the cracked specimens exposed to wet-dry 
cycles and those submerged in water, however, tended to demonstrate increasing UPV values, 
accompanied with a significant recovery of water tightness as a result of autogenous crack sealing, 
both reaching flow rate values of the uncracked material. This indicates that microfibre-enhanced 3D 
TRCs can recover durability properties through autogenous healing, even when water is not 
continuously available. 

Keywords: Textile Reinforced Cementitious composites (TRCs); 3D Textiles; Polypropylene (PP) 
microfibres; Autogenous healing; Water permeability; Ultrasonic Pulse Velocity (UPV) 
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Abstract. Concrete production has a significant environmental impact, mainly 
�G�X�H���W�R���W�K�H���K�L�J�K���&�2�w���H�P�L�V�V�L�R�Q�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���3�R�U�W�O�D�Q�G���F�H�P�H�Q�W���P�D�Q�X�I�D�F�W�X�U�L�Q�J��
and the extraction of raw materials, such as limestone and clay. In parallel, iron 
ore mining generates large qua�Q�W�L�W�L�H�V���R�I���Z�D�V�W�H���U�R�F�N�����D�Q���L�Q�H�U�W���E�\�)�S�U�R�G�X�F�W���U�H�P�R�Y�H�G��
during the extraction process, which is typically stockpiled in piles, pits, or dams, 
�U�H�T�X�L�U�L�Q�J�� �H�[�W�H�Q�V�L�Y�H�� �G�L�V�S�R�V�D�O�� �D�U�H�D�V�� �D�Q�G�� �O�R�Q�J�)�W�H�U�P�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �P�D�Q�D�J�H�P�H�Q�W����
The reuse of this abundant material in cementitious materials presents a promis-
ing strategy to reduce both environmental burden and cement consumption. This 
study investigates the incorporation of iron mining waste rock as a partial cement 
replacement in concrete, focusing on the effects of substitution on physical and 
mechanical properties. Concrete mixtures were produced with 20% and 30% of 
the cement replaced by waste rock, and consistency, fresh density, compressive 
�V�W�U�H�Q�J�W�K�����<�R�X�Q�J�¶�V���P�R�G�X�O�X�V�����Z�D�W�H�U���D�E�V�R�U�S�W�L�R�Q�����Y�R�L�G�V���F�R�Q�W�H�Q�W�����D�Q�G���K�D�U�G�H�Q�Hd den-
sity were evaluated. In support of the mixture design, the waste rock was briefly 
characterized and its cement performance index determined through standardized 
compressive strength comparisons, which indicated that the material does not act 
as a reactive addition and that its contribution is primarily physical. Concrete 
mixtures with waste rock showed slight reductions in consistency, density, and 
compressive strength compared to the reference mixture; however, these losses 
were not critical and remained within acceptable ranges for general applications. 
Other physical and mechanical properties also exhibited minor reductions with 
increasing replacement levels. The results demonstrate the technical feasibility 
of using iron mining waste rock as an inert filler in concrete, enabling partial 
cement replacement without significant loss of performance, and support more 
�V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q���S�U�D�F�W�L�F�H�V���E�\���S�U�R�P�R�W�L�Q�J���W�K�H���U�H�X�V�H���R�I���P�L�Q�L�Q�J���E�\�)�S�U�R�G�X�F�W�V����
in line with circular economy principles. 

Keywords: Iron mining waste rock, Cement replacement, Concrete, Mechani-
cal properties, Physical performance. 

See full paper in the proceedings. 
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Abstract 

Concrete is one of the most widely used construction materials due to its high compressive strength 
and versatility. Its low tensile strength, however, makes it susceptible to cracking. Even though 
microcracks are not always structurally critical, they can significantly compromise durability by 
���o�o�}�Á�]�v�P�� �š�Z���� �]�v�P�Œ���•�•�� �}�(�� ���P�P�Œ���•�•�]�À���� ���P���v�š�•�X�� ���v�Z���v���]�v�P�� �š�Z���� �u���š���Œ�]���o�[�•�� �]�v�š�Œ�]�v�•�]���� �•���o�(-healing ability is a 
strategy for mitigating this issue, and crystalline admixtures have been explored for this purpose. 
Although self-healing concrete has been widely studied, few investigations address its effectiveness in 
repairing late-age cracks. This study evaluated the self-healing capacity of concrete with and without 
crystalline admixture, pre-cracked using the Brazilian split test at two different ages: 3 days (average 
���Œ�����l���Á�]���š�Z���C���í�ô�ì���R�u�•�����v�����ð�î���u�}�v�š�Z�•���~���À���Œ���P�������Œ�����l���Á�]���š�Z���C���î�ï�ñ���R�u�•. Internal healing was assessed 
by ultrasonic pulse velocity (UPV) testing, and surface crack closure was evaluated through image 
analysis using an optical microscope and ImageJ. After cracking, all specimens were kept submerged 
for the duration of the experiment, and measurements were taken at 7, 14, 21, 28, and 56 days. Results 
showed that, for early-age cracks, both concretes exhibited a minor increase in UPV over time, with 
the control mix achieving greater recovery than the mix containing crystalline admixture, although the 
overall improvement was limited (below 8%). For samples cracked at 42 months, UPV also showed no 
meaningful improvement, suggesting limited internal self-healing under the tested conditions 
regardless of cracking age. In contrast to the limited UPV recovery, surface-closure analysis indicated 
significant healing, with the concrete containing crystalline admixture showing a recovery of 77% for 
cracks created at 3 days and 89% for cracks created at 42 months, while the control mix exhibited a 
recovery of 70% for 3-day cracks and 95% for cracks created at 42 months. 

Keywords: Self-heling concrete, Crystalline admixture, Ultrasonic pulse velocity, Image analysis, 
early-age cracking, late-age cracking. 
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Abstract  

The lack of petrographic indicators to associate aggregates with AAR  and other insitu concrete 
deffects has lead to random quarying of concrete aggregtes. This has resalted in several 
structural failures, and extra monitoring and repair cost within developing sub-Saharan Africa. 
Depending on the degree of alteration of rock, some mineral phases dissociate in alkaline 
cement pore solution, reacting with the alkali to form products that absorb moisture, expan and 
innitiate microcracks. These reactions are referred to as alkali-aggregate reactions (AAR). As a 
preliminary endevour to prevent deliterious AAR and ensure rezilience of structures built using 
tropical aggregates, 10���J�U�D�Q�L�W�L�F�� �D�Q�G�� ���� �E�D�V�D�O�W�L�F�� �R�S�H�U�D�W�L�R�Q�D�O�� �T�X�D�U�L�H�V�� �Z�L�W�K�L�Q�� �&�D�P�H�U�R�R�Q�� �Z�K�H�U�H��
�V�D�P�S�O�H�G���� �7�K�H�� �V�D�P�S�O�H�G�� �D�J�J�U�H�J�D�W�H�V�� �Z�H�U�H�� �S�H�W�U�R�F�K�H�P�L�F�D�O�O�\�� �D�Q�G�� �S�H�W�U�R�J�U�D�S�K�L�F�D�O�O�\�� �� �F�K�D�U�D�F�W�H�U�L�V�H�G����
�W�K�H�Q���J�U�D�G�H�G���D�Q�G���O�H�D�F�K�H�G���L�Q���W�Z�R���D�O�N�D�O�L�Q�H���O�L�P�H���V�R�O�X�W�L�R�Q�V�����E�D�V�H�G���R�Q���.�2�+���D�Q�G���1�D�2�+�����D�W�������“���ˆ�&��
�I�R�U���������Z�H�H�N�V�����3�H�U�L�R�G�L�F���D�Q�D�O�\�V�L�V���R�I���O�H�D�F�K�D�W�H�V�¶���H�[�W�U�D�F�W�V�����X�V�L�Q�J���,�&�3-OES, reviews release of alkali, 
silicon and iron by basaltic aggregates and sulfur by some of the granitic aggregates. Reduction 
in hydroxide ion concentration was most significant in the basaltic species, associating to their 
quite elevated contents of releasable iron and silicon. Newly formed phases were identified by 
XRD and FTIR of leached residues against as-collected powdered samples. The deliterious 
AAR-indicator minerals of the basaltic aggregates were identified as cristoballite and micro-
crystalline quartz, associated to potetial alkali-silica reaction (ASR). Quartz crystals of the 
granitic species were more or less stable in the alkali media. However, abondance mica and  
releasable sulfure is a call for concern. In-situ concrete degradation with these aggregates can 
be associated to ASR, in reactive basalts; and internal surfate attack (ISA) in granitic species. 
Fe release and precipitation is a potential propagator of AAR and ISA via de-alkalisation of 
cement pore solution. 

Keywords: petrography, alakali-aggregate reactions, internal sulfate attack, tropical aggregate, 
granite, basalt. 
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