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VIII 

LCI Life-cycle inventory 
LCIA Life-Cycle Impact assessment  
LDH Layered double hydroxide 
LEFM Linear elastic fracture mechanics 
LVDT Linear variable differential transformer 
MAETP Marine water ecotoxicity potential 
MCL Mean chain length 
MD Molecular dynamics 
MIP Mercury intrusion porosimetry 
MSWI Municipal solid waste incineration 
N-A-S-H Sodium aluminosilicate hydrate 
NBO Non-bridging oxygen 
NPT Isobaric-isothermal ensemble 
NVT Canonical ensemble 
ODP Ozone layer depletion potential 
OPC Ordinary Portland cement 
PBC Periodic boundary condition 
PCA Principal component analysis  
PDF Probability distribution function 
PE Polyethylene 
PET Polyethylene terephthalate 
POCP Photochemical oxidants creation potential 
PSD Particle size distribution 
PSH Pseudo strain-hardening 
PVA polyvinyl alcohol 
PVAc Polyvinyl acetate 
RDF Radial distribution function 
ROI Area of interest 
RTP Recycled tire polymer 
SBK Dutch Stichting Bouwkwaliteit 
SCM Supplementary cementitious material 
SE Secondary electron 
SHCC Strain-hardening cementitious composite 
SHGC Strain-hardening geopolymer composite 
SI Spectral imaging 
STD Standard deviation 
TETP Ecotoxicity. Terrestrial potential 
UHPC Ultra-high performance concrete 
VMA viscosity modifying admixtures 
w/b Water to binder 
XRD X-ray diffraction 
ZAF Atomic number, absorption, and fluorescence 
3PB Three-point bending 

 













6                                                   Chapter 1   General introduction 

 

Chapter 3 investigates the mechanical properties and fracture behavior of the slag/fly ash-
based geopolymer matrix. The compressive strength, elastic modulus, fracture toughness, and 
fracture energy are tested experimentally. These properties are further correlated with results 
of microstructural characterization of the reaction products, which includes their chemical 
composition by ESEM/EDX and FTIR, amount of main reaction products by TGA, as well as 
the pore structure by N2 adsorption. The effects of alkaline activator on the abovementioned 
mechanical and microstructural properties are also presented. 

Chapter 4 quantifies the PVA fiber/matrix interface bonding properties using single fiber pullout 
tests. The chemical bonding energy, the interfacial frictional force, and the slip-hardening 
behavior are obtained. The influence of reaction product chemistry on the bonding properties 
is also studied. 

Chapter 5 explores the PVA fiber/matrix adhesion mechanism using molecular dynamics 
simulation. The role of Ca and Na and the chemical composition of C-(N-)A-S-H gel in PVA/gel 
adhesion are simulated at the nanoscale. The adhesion energy between PVA molecules and 
C-(N-)A-S-H gel is also determined using adsorption enthalpies. 

Chapter 6 proposes and applies a micromechanical-based design approach for the 
development of SHGC. As a result, SHGC with tensile performance comparable to 
conventional SHCC is successfully developed. 

Chapter 7 presents a comparative LCA study of SHGC. The environmental impacts of SHGC 
developed in this project are evaluated and compared to conventional SHCC materials.  

Chapter 8 summarizes the main conclusions and scientific contributions regarding matrix and 
interface bonding properties modification strategy, systematic development of SHGC as well 
as the environmental impact of SHGC. Based on experimental evidence and micromechanics 
modeling, a more efficient micromechanics-guided method for the development of SHGC is 
recommended and future research perspectives are also provided. 

 

































https://www.sciencedirect.com/topics/engineering/low-environmental-impact
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