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Abstract

Recent progress in nanoscience and engineeringsaklmlvanced characterization of materials. This
type of characterization includes investigationgesding the scale dependent microstructure and amécél as
well physical properties of each component incoapent in the heterogeneous material. Its appli¢galind
efficiency is confirmed in the field of cement bdsmaterials where the paradigm of these matergat®ived,
and universal buildings blocks and the multi-scaddure are well described. As a consequence, rahteri
researchers and engineers have knowledge abounhpiaet of basic constituents and microstructurar@acro
behaviour of cement based materials. In the masbely, a quite diverse situation is found. Althduglay
brick is among the oldest building materials, th&inrbuilding blocks are still unknown. This knowtgdgap is
apparent in structural masonry, since the presemiolgenization and upscaling techniques consider rooktar
joints, brick units and interface as a basic uritste, the mechanical properties and elementaangement of
these three components in the representative voklement (RVE) are assumed to govern the behawbur
masonry as a composite. But, it is understood ri@tar may be broken down to lower scales, andhdsro
mechanical properties considered in the alreadyeldped approaches are governed by the lover scale
components and its microstructure. Similarly, ass ishown by the authors in this contribution thiek unit
may be broken down to lower scales, in which th&dmaterial components and theirs propertiesrdrerent.
Therefore, the macro behaviour of composite maseraly and its durability is considered to be rukegthe
phenomena from the much lower scales present imtréar, clay brick and the interface of these two.

1. Introduction

Masonry walls, pillars etc. are composite structunnich consist of mortar joints and units of clay
brick, concrete blocks, calcium-silicate blocks;. eMost of the masonry structural elements have aommon
characteristic: the units are stacked in a periadig. Due to this special future, the homogenizatechnique
of periodic media is very popular among researckleosirenco [6]) as a tool for structural analysfslarge
scale structures, rather than a detailed micro-tmaflapproach. Macro and micro-modeling approademrts

from the scale o10°m, where the materials properties of mortar, briokl anterface represent the macro

properties of these components obtained in laboratests. However, it is known that the mechanical
performance of materials depends on their morpholagd phase constitution, in case of a composite.
Therefore, it is correct to assume that the strattoehaviour of masonry on engineering scale lisdrby the

phenomena existing on scales much lower tha®’°m, which are related with microstructure of morizay
brick and eventually theirs interface.

Recent studies in material science revealed tr&ezde of microstructural features of mortar ondow
scales. As a consequence, its macro-propertiesrando-behaviour is governed by lower scales phename
Mortar, according to this multi-level representatie a material with four levels of microstructuvehich obeys
the principle of separation of scales (Ulm [7], G@mtinides [3]). In this hierarchy Level “0” issaxiated with
nanoscale and single colloidal particle of C-S-HdsdChanging the scale order leads to Level “f’handreds
nanometers, where the single particles tend tocagglate to form C-S-H gel matrix with gel porositgvel
“Il” represents the structure of cement paste, Wh formed from C-S-H matrix, large Portlandite/stals,
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unhydrated cement clinker and macroporosity. Inlése level (Level “llI"), the sand particles andtérfacial
transition zone (ITZ) are incorporated. This thimodel of mortar morphology, together with resulfs o
experimental characterization of mechanical progemf existing phases and advanced mathematicdloche
of micro-poromechanics allows bridging the existsugles and relating properly the material macaperties
with its microstructure and composition.

The research carried out here is directed towandenstanding the microstructural paradigm of clay
brick, combining it with a microstructural modelmibrtar, and bridging it with existing approachestructural
masonry, see Figure 1. This endeavour includesdé#imition of material scales for the clay brickdathe
classification of the morphological futures presaneach level of observation. The chosen stratdmges the
existing gap in the masonry science regarding rsalile modeling. Moreover, it establishes the sbiik
between the lowest material levels and the scalengineering applications for masonry. By doing th®
authors believe see new directions for the devetopirof optimal and sustainable masonry construstiamere
the influence of changes of the main building bfok structural performance and durability of maganay
be easily captured.

Some attempts to explore the clay brick materiaratteristics were done in the past and recensyear
However, they are focused mainly on separated samaths of this complex problem like: phase
transformation during the firing process (Grim [Brindley [1]), influence of raw materials and Htkic
processing on global physical and mechanical pt@seof brick (Cultrone [4], Freyburg [2]), or attet the
general characterization of construction materials.
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Figure 1: Assumed strategy to combine materiakscaithin masonry
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2. Experimental part

Characterization of the morphology of clay brickcesried on the samples obtained from the prodnctio
lines of three Portuguese plants. The collectedptesrepresent different classes of masonry brifdasing
brick, standard quality brick and low quality briclepresenting ancient masonry constructions. The
characterization of bricks includes: classificatminexisting phases by X-Ray Diffraction, opticalcnascopy
etc.; porous network description and microstrudtarseangement are evaluated with use of SEM/AFM/TEM
Microscopy, Mercury Intrusion Porosimetry, and ttadal gravimetric methods; identification of mectical
properties of constituents at smallest scales bgsma grid nanoindentation; macro strength andnsts
coefficients obtained by standard laboratory meamsprocedures.

The results obtained during the first period cfearch clearly indicate the existence of the ‘glass
matrix, aggregates of different size and porousalnririgure 2. The constituents are common foryges of
samples. However, investigation of firing processexd raw materials composition indicates varying
concentration of each phase with respect to thggroaf sample, its firing history and raw mategamposition.
The brick fired briefly at 1030°C and cooled relaty fast has lower ‘glass’ matrix concentratiom tBe other
hand, samples prepared in the traditional fashiagh leng maturing in 980°C and relatively slow dagl rate
are characterized by higher concentrations of §fasatrix.

The investigated ‘glassy’ matrix is an amorphouttlé material. Its volume fraction, together wite
fraction of embedded crystal aggregates, strongflyénces the mechanical properties of fired cldigher
concentration of amorphous phase decreases the &ipelygth and increases material brittleness. These
observations are consistent with experimental tesalrried on macro scale.

The aggregates exist in three different formssiadg embedded in the glass (order of nanometsits),
(10° -10°m) and sand grains>q0°m). The first type is the result of the viscous mhasystallization during
cooling of brick in the firing cycle. Its concentin and concentration of glass phase are inteelal heir
volume fraction depends on the volume of the fifiegttion grains in the raw materials, see Figuras3well as
the maturing and cooling rate of the green bodye o other types of aggregates are the graindtcdrgl
sand. The first fraction of raw material is pabjiahffected by high temperature, and large percggntaf it
remains in the form of embedded grains. The saamctiém remains unaffected in the firing processeyl are
composed of mineral quartz. With respect to itslhass they form the back bone of fired brick aridfoece
the material in similar way like in gravel aggregat concrete.
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Figure 2: SEM image of clay brick microstructurgirgs of ‘glassy’ matrix, fine and coarse aggregasnd
porous domain (left). Pore size distribution in ieegring brick dominated by nano and micro poreghf(y
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Figure 3: Grain size distribution of raw materfate fraction ( < 2 um, yellow) is incorporated coletely in

the ‘glassy’ matrix; a part of the silt ( 62-2 pamange ) is partially incorporated in matrix; sgrel62 um,

blue) remains untouched in the form of large agatey

The porous domain is in all cases oriented in thection of the green body extrusion. It is theufesf

alignment of clay particles with respect to thewflines of extruded mass. This feature is wellhlisiin the
SEM images of microstructure, see Figure 2. Inithisge the pores, represented by black coloulw®usly
elongated along horizontal direction. Another intpot feature noted during this research is thekbric
lamination, which is the result of shaping techggl@soft extrusion).
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