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Introduction Measurement Principle

I Intensity
Scanning electron microscopy (SEM) is a £l 14x10" HP
powerful technique for examining the 1.2x10"
cement hydration process and the resulting 10x10* An'+ Anhydrous products
hydration products. 80x10° AN GH . Portiandite

) _j CH HP : hydration products incl. C-S-H
The SEM backscattered electron (BSE) 6.0x10" P : Porosity
images can be analyzed quantitatively to get 40x10° - b
volume fractions of phases in cement 20x10° -
pastes, mortars and concrete, based on the 0]
segmentation principle methods (grey level, Ry 4 £y crrrrprerrprerrp ey @rey level
morphology, etc..). _ _ 0 & 100 150 200 _
Figure 1: SEM image of OPC hydrated paste at 28d and its corresponding grey level histogram

Image analysis (IA) is an additive tool that The images are acquired in 8 bits. 256 grey level values are included in the image, ranging
enables to study the evolution of from O, black (porosity) to 255, white. Therefore, the typical constituents of cement pastes
cementitious materials and to quantify the in concrete can be distinguished by_ their grey levels:
microstructural features in order to define manhydrous phases (An) appear bright,
microstructure—macrostructure  properties mcalcium hydroxide (CH) light grey
relationships. mHP and C-S-H grey

mporosity (P) black.

Relevance for Our Field

BSE-IA allows to study:

[ The microstructure of cementitious
composites (the anhydrous
components (OPC, Fly ash (FA)
and slag particles), the main
hydration products and capillary

porosity).

» The development of microstructure
associated with atypical hydration
processes.

[ The degradation process in

cementitious composites materials
or in concrete (leaching, Sulphate
attacks, Alkali silica reaction (ASR),
crack propagation, etc...)

It enables

m To understand the degradation
mechanisms and thus to develop
realistic models.

[ To transfer knowledge acquired

from laboratory accelerated tests to
the field.
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Applications & Potentials

Size limitations:
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Figure 4: Quantification of the degree of reaction of FA  Figure 5: Compressive strength vs. porosity(%) of different o
(comparison between different techniques ) slags using different alkaline activators u The grey level differences between
. Th t of the d ; i f1h hvd . the different hydration products (C—
e measuremen of the degree of reac |9no egn ydrous species. | S-H, ettringite, monosulfate, etc.)
[ The link between macrostructural properties and microstructural observations e.g, are too small to be individually
strength vs. porosity. distinguished by SEM-IA.
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