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Many buildings become disfigured soon or a combination of the four causes listed he-
after their completion from cracking of glass low:
and finishes, spalling of surfaces, failure of 1. applied loads resultintg ii elastic and in-

0 mastic joints, and occasionally, the breaking elastic deformations;
loose of a material from those surrounding it.
Such failures are always unsightly. In addition, 2 temperature ChlVSIg LiStlitilig In VXpall-

cracks in exterior finishes may destroy their sions or contractions;
weathering qualities and allow severe wetting 3. moisture content ch-inizes resulting in swel-
or rain penetration. This in turn may lead to ling or shrinkage;
serious structural weakening of the building 4. chemical action in the pfrcts(cc of rnoist
elements as deterioration proceeds. The me- air or %sater rcsrltin4 in \oloine chang,
chanisms responsible for such failures are usu- aisially expansion.
ally associated with deformations in materials
due to moisture content and temperature Applied Loads. - Stress in a buildint material
changes or chemical action. Cracking occurs is a state induced by a loading force, the
when stresses are induced in materials by re- amount of stress depilding on the maglitudestraint to deformation imposed by adjacent ma- of the loading. Und(.r a loadintz force an fil-
teriah. restrained material deforms, although in some

the deformation may be quite small. The de-
Any rational approach to building design formation per unit of the oriwinal dimension is

recognizes the importance of a knowledge of called the strain. Most materials ha-e elastic
the dimensional stability characteristics of ma- properties, aid within certain limits of loading
terials, and this has been discussed to some the deformation due to simple (cnompression or
extent in CBD's 30, 48 and 54 in relation to tension loading is directly proportional to the
other topics. This Digest is an extension of the load and to the stress induced hy the load.
discussion, and is concerned mainly with de- This constant of proportionality, the ratio of
formations resulting from changes in tempe- stress under load to the .i.compan,im!r strain.
rature and moisture content in building mate- represents the inherent ability of the material
rials. It is by no means a simple topic, and to resist elastic deformation aid is known as
much information about the inter-relationship the modulus of elasticity, E.
of the mechanisms involved is not available. . t,,, . -
Enough is at hand, however, to allow an as- &t'r.., .
sessment of the nature of the problems th it
may arise, and by careful design and con- The value of E in tension mav be more
struction to avoid some of the more obvious readily understood if it is regarded as the stress
causes of failure. in pounds per square inch required to strain

a material 100 per cent (deformation equal to
the original length), assuming that it will con-Factors Causing Deformations tinue to act elastically with the same stress-

Deformations of building materials, ele- strain proportionality over this ranze of defor-
ments and structures may be due to any one mation.
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In the elastic range of deformation the ma- expansive reaction that can occur in concrete,
terial returns to its original dimension or shape involving alkali and dolomitic limestone ag-
when the load is removed. When subjected to gregate like that found at Kingston, Ontario.
sustained or long-term loading, many building
materials experience additional deformation, Although each of the causes of failure by
which does not fully disappear when the load- cracking, as discussed above, has similar im-
ing is re-noved. This deformation is called portance and all are inter-related, only thermal
creep or plastic flow and has been discussed in deformations and deformations due to moisture
relation to structural deflections in CBD 54. will be treated in more detail in this Digest.

It is important first, however, to examine the
Tcmperaturc 1.Changes. - Most materials ex- concept of restraint.
pand when heated and contract when cooled. Effect of Restraint
For solid materials the increase in length per
unit length for one degree rise in temperature Many building elements are assembled with
is known as the linear coefficient of thermal a minimum of restraint to allow for changes in
expansion. Values for the linear coefficients of dimension. Failures occur when clearances are
thermal expansion for most materials used in insufficient, fasteners do not allow movement,
building have been determined by various or deformations are greater than sealants or
laboratories and are available in handbooks. gaskets can accommodate.
These are sometimes related to the Centigrade When materials are restrained by connec-
scale and sometimes to the Fahrenheit scale tion to other building materials to form a
,uid for definite temperature ranges and mois- building element, deformations from tempera.
ture contents. It is a simple matter, therefore, ture change and changes of moisture content
to determine the linear deformation due to may be restricted. Instead, stresses mav be in-
temperature change for any building material duced that resist the deformation and keep it
that is unrestrained. and to use design judge- to a very small value. If these exceed the
ment for further assessment, strength of the material it will crack.
.Moistrr, Contcnt Changes. - Materials capa- Induced stresses resulting from restraint to
bhv of absorbing water expand as they dc so thermal and shrinkage deformations are be-
and contract again on drying. As many con- lieved responsible for most cracking in build-
mon building materials have a porous struc- ing materials. It is helpful to consider the fac-
ture and can absorb water more or less readily, tors that affect them:
the nature .ind magnitude of moisture defor- 1. the amount of deformation in the unre-
iatiis assume considerable importance. Mois- strained material;
tore deformation. like thermal deformation, is
generallc reversible, except in such materials . he elastic deformation depending on the
as concretes, mortars and plasters. For these modulus of elasticity;
the initial shrinkage that occurs during drying 3. creep deformation depending on the creep
in curing may be considerably greater than characteristics of the material;
any following reversible deformatioii. This fact .4. degree of restraint to deformation depend-
is important in relation to the use of these ma- ing on the connection to other elements of
terials when thev are cast in place. Precast a structure.
material has an advantage in this respect. The The inter-relationship of these factors is in-
lartge irreversible deformation can take place dicated in Figure 1. If any material were un-
during the curing before the building elements restrained, shrinkage or expansion would tend
are incorporated in a building structure. t, change the length by an amount indicated

Chiinical Action - Chemical action between b AD in the diagram.'If there were restraint
building materials generally occurs only in the to the deformation, the actual change in di-
prvsence of moisture. A 'hemical change re- nension would be something less than AD,
silts from the interaction of two or more sub- as is indicated by BI). This would represent
stancves to form other substances. Water itself the change in lelgth under the induced load-
may be one of the substances involved in the ing for a no-creep material such as steel. It
chemical change, or it may merely act as a would also represent the change in length for
carrier to bring together substances that can most building materials where there is an in-
iinteract. For instance, moisture can cause cor- stantaneous or rapid application of loading. If
rosiort of mtal fastenings but can also leach the time of load application is sufficient, and
out corrosive agents from other building ma- it ,:suall\ will le for induced loading from
terials that may intensify the corrosion. teniperature and moisture changes, creep or

plastic flow in the material may take place.
A variety of other chemical actions can Til, actual length change Will therefore be

callse abiormal deforniatioi s iin building ma. I ,.en less thou IM1 alild probably somewhat as
terial.: aliuolig these, migtht lie mentioned the sho\% h v\ CI).
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The illustration is schematic only, to show temperature changes, considering radiation ef-
how the actual deformation will always be less fects as described in CBD 47, may be as much
than the unrestrained deformation, depending as 230 F degrees for dark-coloured materials
inversely on the degree of restraint. It does not backed by insulation. Considering the 80 F de-
indicate the relative size of the deformations gree change, the corresponding deformation
involved. The elastic deformation is propor- would be 80 × 6 x 10-6 x 100 = + 0.05
tional to the induced stress and inversely pro- per cent. The strength of concrete in tension
portional to the modulus of elasticity. The is low, and it may be noted that this tempera-
creep deformation increases with induced stress ture deformation is five times the strain ne-
and depends on the duration of time the stress cessary to cause tension cracking.
is acting. It is very difficult to determine a
quantitative value for the actual movement be- Moisture content changes can cause defor-
cause compensating changes often occur in the mations in concrete ranging from 0.01 to as
other factors when any one of them is changed. high as 0.2 per cent for some lightweight ag-

gregate concretes, and is about 0.04 for normal
Magnitude of Deformations dense concrete block upon extreme changes in

Although it may not be possible to deter- moisture content.
mine the exact deformations or stresses set up
by temperature and moisture content changes, Values similar to those discussed above for
it is possible to compute them approximately concrete have been calculated for a number of
if the effect of creep is ignored. Then, know- other common building materials. These are
ing the general effect of creep, one can make shown in Table I, which is intended to give
a reasonable assessment as a guide to rational the designer some indication of the extent of
design. movement to which various materials are liable.

The values used for the coefficient of thermal
Concrete may be used as an example. With expansion, modulus of elasticity, moisture de-

a strength of 250 pounds per square inch in formation and failing stress are iean values
tension and 2500 pounds per square inch in for materials where there is a wide range, de-
compression, it has a modulus of elasticity of pending on the specific type. If the reader
2.5 x 106 pound per square inch. Using the wishes to make similar calculations, the specific
stress-strain ratio previously described, it is values will normally be available to him from
possible to determine the strain that would engineering handbooks or other sources.
cause failure.

Stra in 250 Some metals have been included in Table I
(tension) 2 .5 × 100 - 0.01 per cen to indicate the sort of temperature deforma-

tions that need to be considered. This is of
Strain 2500 X - 0- p considerable importance in relation to joints
(compression) 2.5 X 10- X made watertight with caulking materials and

metal combined with other building materials.Using a linear coefficient of thermal expan- One application, for instance, where this is
sion of 6 X 10-6 inch per inch per Fahrenheit frequently ignored is in metal flashings corn-
degree it is possible to calculate the tempera- bined with waterproof roof coverings. Tempe-
ture change that would produce these defor- rature deformations in such cases can often
mations, or the deformations that would occur buckle the flashings, break open joints, ,od

sometimes also tear the material awav from
Original Dimension mechanical fastenings. Failure is frequently in-
Reduced Dimension 7 dicated by penetration of water under the flli-

ings, with subsequent deterioration of adjicetit
. . . .. . . m aterials.
" .• •. , ."no Restrainng Forc:e

..".,. '-The moisture response of inost plastics %%ill
A . . be negligible, but in general they exhibit high
I,,,- .thermal coefficients - as much as five times
__,_,,-_......4 those for inorganic materials. Reinforcing with

SHRINKAGE g glass or other fibres can greatlv reduce the
thermal expansion, as is indicated for the rein-

Figure 1 Factors affecting deformationt, forced polyester in Table I, and results also in
an increased modulus of elasticity.

for the normal temperature range the material
will encounter in service. The short-term tem- Recommendations
perature changes may often be as much as Precise recommendations for the reduh(tion
80 F degrees for material exposed to outside or elimination of cracking and failure of build-
weather conditions. In Canada the seasonal ing materials cannot he given because of the
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TABLE I

TEMIPER 11 RE AND MOlSTI-E DEFORM.\TIONS FOR SOME COMMON BUILDIN(; MATERIALS
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Iol'ldttitlli I (hit of tlhe Iiec]hiliisims in|- which a material is subjected may be possible.
\ e\(.d and the l.rve range of circumstaices in, The temperature range can lIe reduced bv
I*l.)htatultl. (C'l etl Lzencral recommendations, using light colours or shading devices, and

hnu IS er, t.|1) btc lhde that nformally should fluctuations, by materials of a high heat ca-
ruslt lit e ieducto tf the number of serious pacity.
.|iluties st)nctintis app.reit inmodern I)uil(-

,,,.,'S. Conclusion

ilt dhesiglitlr l(olst l.ve a knowledge of This Digest has attempted to show the
i.tii itl propirtics and inake allowance for the tleed for greater consideration in design of the

(10,iii-it~tin ofr stresses anticipated for the deformations and induced stresses that can and
I+iti-t II (111111t t ( tnll tion and in service if do occur in restrained building materials from
t,.(klt thiirc is to be aoided. Such allow- temperature and moisture changes. Discussion
1I't I', ifol5s ohitie of )inat(-ld. fixing~ anhd has been confined to materials, but conditions
il tintI th1itlt4 , size limnitation, and rein- of restraint involving building elements or

tllltll, istructures must also be carefully examined,
osjecially in larger buildings where roof slabs

M(tti.ls \% tli hiih initial iireversible ina be rigidly attached to walls. Differential
s1itIii k.tLZI ryln 14(1 llill Igore i ise. Those deformation or warping of materials can also
that d tton ,,14 h' aldi\ \%itll tmperature take place as a result ot temperature and mois-
.1111 ololstmi. t itlitc"'5 Ill.[\ nee'l to be avoided ture variations through the thickness of mate-
ft \t(ritor 4(r). I.t w\ .lre used, conditions of rials or assemblies. This may tend to compli-
1itr.fr-"- r Mi* ,( lift.l !tonsider.tion; pro- (ate the assessment of defornmations or induced
h' thi)) ,| i I r clmItoI lll 1lllllt tl IStrnuctioi stresses, but a1 rational judgement must be

"T1 old contro[olf th itg after cotnstruction inade in design if building elements are to per-

DOG 111,y | Iw .c t 1 ,u(,ls fitted into reCtailgUtlar fori in a satisfactory manner. (The reader is
Uus+ as160 o s fits I ts illS 1do, ,1(an most cur- referred also to Principles of Modern Build-
taill \\,III' Itills ill\(ie onsideration of dlif- ings, Vol. 1, Department of Scientific and

;JUl1. ' ,; fcreulLial iullS tnlllts between panel and frame Ildustrial Research, Building Research Station,
IIItiliai,. \( difict.i ol f t hf d i (Ihit'iol( to lonldoll, HI.,.S.O., 1959.)

~ ~ ~ ~ ~~~I Il 1 ~ <, , he l~'rl"(I:t, h. , ti, -f, ,tyw ,tll ,s~l(h( ,tt
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