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Abstract

Daily or seasonal changes in temperature and meistan be related with volume changes, mass
variation and cracking of masonry walls and comiinireinforced concrete elements. Generally,
cracking of building elements can be often a resdltthermal stresses, due to the change of
temperature, which exceeds the tensile strengtheofespective material. It is possible to reduce o
even avoid the possibility of cracking in masonrglles minimizing the temperature differential that
exists between elements in contact or relievingstihess generated in the masonry walls. Moreover,
when changes in temperature and moisture occur,rdBtiction of the overall expansion or
contraction of roof slabs and beams due to theepiasof adjoining walls is inconvenient, because it
will generate significant stresses and cracks @sehbuilding elements, mainly in the masonry walls.
Then, it is important that the building envelopesiga must try to control temperature deformations
and moisture accumulation during all the year, aver service life. So, the purpose of this papeo is
discuss the main factors related with the contfdemperature and moisture movements in walls and
confining reinforced concrete elements.

1 Deformation and cracking of masonry constituent magrials due to
temperature and moisture changes

Daily or seasonal changes in temperature and mmejstorrosion of concrete elements that are
confining with masonry and water salt crystallipatiare usually related with volume changes and
mass variation of masonry material. Movements aficstiral frames (excessive deflections),
foundations (settlements), shelf angles, and rladifssare frequently associated with the impositbn



Miranda Dias, J. L.

loads to masonry walls, [1] to [4]. The restraint vaflume changes in masonry materials or the
imposition of loads can, generally, induce sigmifit strains, which result in cracks in the masonry,
[5], [6].

It must be stressed that it is not possible, frewhhical and economical point of view, to avoid
completely the formation of cracks in masonry, lius desirable to minimize them and to assure
acceptable levels of aesthetic aspect [1], [2].

The wall movements occurring after construction edels not only on the range of temperature
(extreme values of temperature variation associaederally, with volume and mass variation) but
also on the initial temperature of the constituemtés and on their initial moisture content aslvesl

to the effect of the wall restraints, [5].

It is important to get a better understanding ofuree changes in masonry walls and confining
elements due to temperature and moisture changktoaknow how to control the corresponding
deformations in those elements. So, the purposi@opaper is to discuss the main factors relati¢ial w

the control of temperature and moisture movementsvalls and confining reinforced concrete
elements.

2 Characteristic behaviour of masonry unit's

Due to wetting and drying, brickwork is subjectedréversible expansion and shrinkage, [7] to [9].
But superimposed on that movement there is alswarsible expansion that takes place over a long
period of time. This expansion depends on the coetbaffect of expansion in the individual bricks
accompanied by shrinkage in the mortar joints. Gbaicks after production expand due to the
absorption of water from the air. This expansiowlm®lly irreversible and a large part of it takeaqa
within a few days (near two weeks) and the restggiace over a period of about six months. The net
expansion of brick masonry due to moisture, heagzing, and mortar shrinkage, is estimated to have
a mean value of about 0,3 mm/m (0,03%), but caachrexceptionally a value of 0,7 mm/m (0,07%),
[8]. If the bricks are linked to a concrete elemehe differential vertical movement (contractiasfs
concrete columns due to shrinkage, creep and eldsformation) may average 1,4 mm/m. Due to
wetting or drying, bricks also suffer partly or wiyareversible expansion or contraction, but notyve
significant, except in case of the calcium silicatieks.

Concrete masonry units (CMU) behaviour is differeninpared with those of the bricks, as they are
generally subjected to shrinkage during the procésdrying. Usually, they show some increase of
shrinkage as water absorption of the unit is ireedaand the density is reduced.

3 Mass variation associated to volume changes of masyg block material
due to temperature changes (blocks of aerated autewed concrete)

As referred above, it can be expected, when tertyrerahanges occur, a mass variation of masonry
constituent materials together with the increasdedérmations in that materials. So a test was done
access the behaviour, in terms of mass variatioblafk material, when there is a step variation of
temperature. Six cubic (dimension of 100 mm) speaisnof autoclaved aerated concrete were
subjected to a period of drying (total of 105 hgwaisa variable temperature regime. The mean et dr
density of blocks of aerated autoclaved concrete568 kg/m
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The specimens were taken from laboratory conditi@hssed room) and set in an oven with initial
temperature of 30°C. The temperature were variedsteps of 10°C and remained in a given
temperature during a period of 24 hours. The resaftthe test show a mass relative variation
(reported to the initial value) of approximate hnéype, and a range of maximum value between 1,4%
(positive value: loss of mass) and 1,6 %. If we patae the mass relative variation in each periog4of
hours (reported to the last period of a determieaaperature) it can be noticed a constant increfise
that value of mass in the first 48 hours (less &29% in the first period of 24 hours and lessitha
0,50 % in the second period). After that limit ohé (48 hours) the evolution of the values showed
little scatter among the specimens with cases ofedse or constancy in the subsequent periods
(exception of specimen X1 where there was firstduction in the 3rd period, and then a increase in
4th period). These results suggest that the mosifis@nt increase in mass and possibly deformation
variation in the material occurred in the secondggk (24 h - 48 h) corresponding to a temperatire
40 °C, temperature that is easily achieved whenvtiks are exposed to sun radiation in summer time.
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Figure 1: Mass relative variation with a step chasigemperature (relatively to the initial value)

Table 1 - Test of drying at a variable temperatugéme

Mass value at end of each interval

Temp|of time Relative variation of mass (related to the initial npass
(°C) |220C30°040°050°060°C 70°C| 22°| 30° 40° 50° 60° 70°
Time | 0 h|{24 h|48 h|72 h|96 hj105HO0 h| 24 h 48 h 72 h 96 h 105 h
X1 569 564 561 560 557 556 0 | 0,00177 0,00708 0,008851 0,01416 0,01592
X2 596 595 593 590 589 587 0 | 0,00168 0,0050 0,01007 0,01347 0,0151
X3 504 597 594 592 590 589 O | 0,00168 0,00669 0,0100 0,0133 0,0150%
X4 581 580 577 579 573 574 0 | 0,00172 0,00689 0,0103 0,0137] 0,0154
X5 601 600 597 594 593 597 0 | 0,00166 0,0066 0,01164 0,0133 0,0149
X6 587 586 584 58] 580 579 O | 0,00170 0,00511 0,00851 0,0119 0,01364
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4 Main characteristics of masonry walls deformation fehaviour and type
of cracking

Brick masonry and concrete masonry, generally, shfier construction different characteristics of

behaviour in terms of deformation. Brick masonrys te long-term net volume increase due to

moisture expansion. That reveals a considerabtandi®n in deformation behaviour when compared

with concrete masonry, which is subjected to stagekduring the period of drying. Both materials are
subjected to reversible thermal expansion and aotitn, elastic contraction, and creep, but at
considerable different rates. The expansion of lgges of masonry may be caused by heat and
moisture.

Cracking patterns can be different regarding thee tgf masonry (concrete masonry or brickwork).
Cracks in perforated brick, that are perpendictdaihe face, are usually located inside the bratla
core, and are usually related with deficient qyatit the bricks, [8]. If the cracks are paralleltte
face generally they are related with the laminatddnceramic material and are not visible on the
surface. Usually this kind of cracks does not dftemsiderably brick performance.

The expected mortar shrinkage transverse to theegéa mortar head joint is usually much less than
brick initial moisture expansion (irreversible). ,Sbe shrinkage crack (due to initial shrinkage of
mortar and mortar/brick differential strain) in tiheortar head joint is not likely to occur in brick
masonry when the temperature and moisture moveraeatsot significant [8].

On the other joint (bed joint) mortar shrinkage dmitk expansion are additive, so the differential
strain must be limited in order that the correspogdtress be lesser than the shear strength a¥. bri
Vertical cracks may occur in horizontal bed joidtge to the differential movement between brick and
mortar (coefficient of thermal expansion of briskgreater than that of mortar). The bond strength
and the extensibility of mortar can be importarttdas to avoid cracks in the case of high shrinkage
mortar combined with low moisture expansion brick.

Frequently facial separation cracks can occur duénadequate tooling of mortar joints during
construction or thermal contraction of masonry siaihd mortar and at less extent to mortar shrinkage
These cracks are openings in the face between &nidkmortar, generally with 1 mm or less of width,

[8].
Due to the fact that the bond strength betweerkbramd mortar is lower than the tensile strength of

mortar, the cracks are likely to occur at the brosrtar interface rather than in mortar. Also, fa t
brick-mortar interface, horizontal cracks can bduited by shear or flexure.

In concrete masonry, due to the fact that wallrétage is restrained at the wall base by bond and
friction, but is not usually restrained at the wmfpthe wall, for a high ratio of wall length to lgéit a
vertical crack can occur near the center of the (gehck wider at the top).

The probability of cracks formation in walls is hi&r at changes in wall dimension; openings, corners
or other wall stiffener; and in areas of greatgrasure as in parapets and wing walls.
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5 Control of thermal and moisture deformations in masnry walls and
confining elements

5.1 General

When changes in temperature and moisture occur,rebtiction of the overall expansion and
contraction of roof slabs and beams due to theepiasof adjoining walls is inconvenient, because it
will generate significant stresses. The free moveanoérthe slab over the wall must be prevented.
Cracking of the wall at the top and damage to émelering can occur when the connection of the slab
and the wall is made by an interface of mortarbBbdy cracking will first occur along this interiac

of mortar and then in the top of the wall (somesnrea step way).

Cracking of building elements can be a result efriial stresses, due to the change of temperature,
which exceeds the tensile strength of the respectigterial. To reduce or even avoid the possikility
cracking in walls there are two approaches: mininitze temperature differential that exists between
elements in contact through the use of insulatiagenial; relief of stress generated in the wallshsy
provision of movements joints. Regarding this kdution, three types of sealants joints are used f
crack control in masonry: control joints open toc@omodate shrinkage of concrete masonry;
expansion joints close to accommodate expansidirick masonry; construction joints that seal the
interface gap between masonry and other matesiat$y as windows and doors, [10].

It is important to choose carefully the method aftevproofing the movement joints and in particular
the choice of adequate sealants and backing fillEn® movement accommodated in the sealants
reflected by their elasticity is, generally, exmes in terms of a percentage of the joint widthe Th
backing materials for sealants are supposed to havadequate elasticity and accommodate these
movements without inducing inconvenient stressg@neral polyethylene or polyurethane strips are
good examples of joint fillers).

5.2 Contraction and expansion of the elements

Vertical thermal movements (expansion) in brickwogkposed to direct sunlight are usually
reversible, meanwhile horizontal movements may dmdyreversible if the wall does not crack as a
result of the expansion or contraction. It must reérred that the coefficient of expansion of
brickwork is greater in vertical direction thantire horizontal one.

It is recommended the location of movement joiotanfraction and expansion) at: junctions of walls;
ends of long walls and at suitable distances atbegwall (it is convenient to be less than 10 m for
brickwork walls and 30 m for concrete walls).

To avoid cracking, movement joints (contraction agbansion) in brickwork may be provided at
intervals that depend upon the moisture contetliricks at the time of laying (it is convenient te b
less than 6 m). The age of the bricks and the ¢ypeortar can influence the spacing of the joiiitse
spacing of joints should be reduced in cases gelsmperature variations and in uninsulated walls.

Because shrinkage normally exceeds expansion icretn masonry walls, expansion joints are
generally not required. There is some technicalitgois to control cracks due to movements in
concrete masonry walls, [5], [8], such as: desigrime building to use discrete panels of masonry;
keeping masonry units and wall protected duringstrmiction; location of control joints at points of
stress concentration; limitations on horizontaltatise between vertical control joints; limitation o
length to height ratio of walls (it is recommendtéxt this ratio should not be greater than 2);
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installation of bed joint reinforcement in situat®of high stress concentration (near windows and
doors); control of moisture content in CMU; insadilbn of slip joints (this joints are formed by
breaking the bond of mortar bed joints with the Chd are placed at the top exterior corners of
walls that support cast-in-place concrete roofdlaor slabs and at CMU lintel bearings); use of
flexible wall ties to prevent differential movemesntd cracking in cavity walls where the outer and
inner leaves are made of different block mategabMmple: bricks and CMU); finally, care should be
taken about bonding pattern (bond broken) and baiding (intersecting walls).

In case of concrete masonry, the use of strongarsoit not recommended (unless for durability or
stability reasons) due to fact that these mortac®emmodate movements (example: unit's shrinkage)
to a lesser extent than weaker mortars due to grester modulus of elasticity and lower creep in
tension, [5], [8].

The control joint spacing can be increased witlucgidn of the spacing of bed joint reinforcemend an
of average annual relative humidity. Besides tbamtrol joints are necessary at critical point$igh
stress concentration: changes in wall height arktiess, above joints in floors or foundations and
below joints in slab roofs bearing on the wallpae or both sides of wall openings.

6 Final considerations

Finally, it is also essential to define, in integdh form, moisture control, thermal insulation and
energetic management strategies for building waltapatible with the different types of use, bearing
in mind long-term performance and durability foe tall types of climate zones of a country. Besides,
it is also important to characterize the capacityboildings walls to manage thermal effects and
moisture sources, including construction moistuseil humidity in contact with walls, indoor
humidity and outdoor air, indoor human activitiesyd precipitation. The envelope design strategy
must take in account all these aspects, and mudbtcontrol thermal deformations and moisture
accumulation during all the year, and over serlifee
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