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THE DURABILITY O F  BUILDINGS 

BY R. F. LEGGET' AND K. R .  HUTCI IE :~~]  

The durability of buildings is a subject of timely inlportarlce in view of cur- 
rent chaages in building t.ypes. The meaning of the tern) is explored. This 
leads to the suggestion that it is ihe question, ''Holv much rlural~ility do you 
want in a building?" that must I)e faced by the designer. Corresponclingl~r, it 
is dcmonstratctl that thc durability of a. bulding is really the durability of its 
components. The interrelation of building cornpoaents call only- usefully be 
considered in relation tci the climatic environment, interior and exterior, in ,. 

v,rhich the l~uilding is to serve, and this suggests sorlle of the 1imi.tations of 
testing for durability. 

"The Durability of Ruildings" is a 

challenging title. Tha t  the subjeci is 
tinlely will be generally admitted. The 

reIative1y sudden widespread acceptance, 

in North Anerica, of curtain wall con- 

struction for a wide variety of building 

types, and in locations all over the con- 
tinent, is in itseif warrant for a critical 

review, a t  this time, of what is meant by 

the durability of buildings. Such a revien- 

m y  be expected to provide answers to 
some of the questions inevitably asso- 

ciated with the subject, of ivl~ich perhaps 

che one most reievant to this meeting is 

what testing procedures, if any, Lan 

usefully be considered as ail aid to the 

prcdiction of durability. The subject is 

one \i ith 51 hich the authors are in almost 

daily contact, in their task of guiding 

and directing the development of build- 

ing research in Canada. Thcy therefore 

~velcome the interest of ASTM Conlnlit- 

' Director and Assistant Director, resgec- 
tivcly, Division of Btiilding Research, Natio~ial 
Reacurch Council of Causds, Ot,tnn.a, Canada. 

tee E-6 on Jicthods of Testing Building 
Constructions, in durability and the 

holding of this symposium which can 

provide a useful forum for a sharing of 
thinking on this complex subjeci. 

I t  may l ~ e  useful, a t  the outset, to he 

reminded of some of the extrernes be- 
tneen which the more practical aspecLs 

of the durability of buildings \sill find 

contcxt. There are, for e.yample, build- 

ings in the Old World that are still in 

use after more than two thousand years 

o i  service. On the other hand, most of 

the iinposing structures ro be see11 a t  any 
of the major special Fairs or Exhibitions, 

nhich are now so well accepted a part 

of the international conlnlercial scene, 

are designeci to senre for no more [hall a 

year or two. One of the authors has a 
vivid recollection of visiting, about 1927, 
the new building for the Bank of England 

in the City of London, arid of being told 

by the consulting engineer that every 

feature of the structure was designed to 

last for a thousand years. Temporary 



buildings, on the other hand, are a com- 
lllonplace and especially so in time oi 

emergency such as war. The fact !hat 
many so-called temporary buildings 
sometimes outlast rrlore permatlent 
structures merely serves to emphasize 
the real complexity of what is meant by 
the espression, the durability of build- 
ings. 

Definition of terms can provide a 

starting point. There is l i t~le  doubt as 
io  what is meant by a building, an en- 
closure designed to provide protectio!~ 
from thc elements for its contents and 
occupants. To define durability, however, 
is not so easy. Webster is not very help- 
ful in merely suggesting that durability 

is the state or quality of being dural~le. 
Durable, in turn, is defined as "able to 
endure or cor~tinue in a particular condi- 

tion; lasting; not perishzible or chaizge- 
able; not wearing out or decaying soon. 
. . ."\ifs Cariadia-ns, the authors hoped 
thai their own standard dictionary (the 
Shorter Oxford) might have groved lo 
be morc useful But in this they wcre dis- 
appointed, "the cluali~y of being durable" 
appearing again, durable being defined 
as "capable of con~inuing in esistence; 
persistent; perrnallellt ; able to withstand 
change, decay or wear. . . . 'j3 Although 
possibbly suitable for ordinitry jthilological 
purposes, these esplarlations are of litt.le 

assistance when appliccl to buiidings. 
Tiley suggest that possibly thc word 
"durability" has been borro\vecl from 
the language of every clay and has been 
applied to tecbaical matters in a precise 
wa.y never origii3aily intended. 

There is a chapter in the British 

Standard Code of Practice (CP.3- 
-- 

2 Wel~&ter's Ken, 1ntcrnat.ionnl Dictior~ary 
of the English Litnguage, 2 r ~ l  Ediiion, Spring- 
field, 3lerrinm (.1053). 

"Shorter Oxford Tsnglish Dirtionwy on Il i3-  
torical Pru~lcigles, 3rd Edition, Clarendon Press, 
Oxford, England (1944). 

Chapter IX: 1930)4 that deals with 
durability as one of thc functional re- 
quirements oi buildings. Although con- 
taining interesting information, to which 
later reference \vill be made, it does not 
give an exart descriptioll of its own sub- 
ject, its "official" definition being "The 
quality of maintaining a satisfactory 
appearance and satisfactory performance 
of required functions." Use of the word 
"satisfactory" in this contest really 
raises more questions than it answers. 

By coincidencc, a publication has ap- 
peared while this paper was in course oi 
preparation that does attempt a broader 
defi~litiori of the subject ilow under re- 

view. This is the Report of the Commit- 
tee on Building Legislation in Scotla~ld,~ 
recently sul~nitted to the British Parlia- 

ment. This unusually va!uable report 
skate5 that "from the point of view of 

the building as d whoie, clurabili~y is the 
product of a large number of factors- 
the type and quality of lnatcrials chose~l. 
the m y  in which they are usecl, the fit- 

fiess of the design for the use to which 
the building is p u ~ ,  the stability of the 
site on uhich it is erected. the degree of 
exposure to nhich it is subjectecl and 

other factors. I t  is 1)erhaps misleading, 
therefore, to treat durability as an iso- 
lated functivn when it is thp product of 
many." This reflects the thinking of the 
authors. Tho cluotatio~l may therefore 
s e n e  as  a useful introduction to a con- 
sicleration of the many factors tl:ai must 
be revien ed il Ihe durability of buildings 
is to be a meaningful expression. 

h r ~ y  new b i~ i ld i~~g  is conceived, de- 

signed, and constructed with a. specific 
function in view. The intended fr~nction 

4 Britirjl~ Sta~~ciard Code of Prnctice: CP3- 
Chapter IS,  "Durability," Brit,ish Standards 
Institution, E~lglarld (1950). 

"eport of the Comruitt,ee on Building 
Legisiat.ion in Scot,lauil, 1%. M. Statiorler? Of- 
fice, Edinburgh, Scotland? p. 42 (1957). 
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of a building may change either through 
fuuctional ol~solcscence or because of 
change of otvnership. All building oficials 
know nell the prohlems that arise from 

such "change of occupancy"; one of 
these rnay well be the possible e f fe~ t  of 
the change upon the ultimate durability 

of the structure. Since any change in 
funciion is allnost always unknown and 
unpredictable wheil a I~uilding is dc- 

signed, little is to be gained by e>;tcncling 
this review of durability to include for 
such cases; suffice to say ihat  the prin- 
ciples to be elaborated hcrcin can and 
should be applied as a part of the study 
that must al~vays be inatle l~eforp any 

change of the occupancy of n building is 
either proposed or approved. 

The deqigner of any bui!ding must not 

only knom- exactly its i~~tenclecl frinctioi~ 
l ~ u t  must also have in view. s t  least to 
seine degree. a general ic-ten of t h ~  iu- 
tended life of :he structure. I n  many 
cases, this factor \\rill have somt bearing 
upon details of desiqn and upon the seier- 
tiori of ir~aterials. IW~crl this is the casc, 
the ilzflu~ncc of durability upon design 
becomes obvious. T h e  fac-t that t h r  in- 
tended useful !ives of buildings may 
-vary widely t\illl shon that a tiesigner 

n u s t  knonr how mucl~ durability is 

desired. And the more one stucl~es the 

matter, the clearer does it be~oine t h a ~  

the durability of builrlings is essentially 

a relative mattcr and in no way an 

absolute. "'i'he bervit e L i k  of Buil(li!lgs" 

could, t herefnrr, quite properly havc 

been thc title of this syinposi~i~n since, 

~ i t h  01-dinar3 malerjals now in general 

use, all Lul!dings arc durable for s o ~ r ~ e  

length of time. For ho'.? long nill they 

be durable is the very pract i~al  question 

lacing the a t ~ i e r  or the user; for how long 

should thry be durable is the rather nlore 

diflicult question, the answer to nrhicli 

nirist be ilnplicit in the designer's dra~v- 

ings and specifications. 

I n  cxtrerne cases, when thc greatest 
length of life possible is desired, as in the 
case of inonuinents and monumental 
type Luildings, economic considerations 
will be of subsidiary importance only. 
Rut in the case of the vast majority of 
buildings today, economics are not only 
of major importance but are frequently 
the main determinant of design. Costs, 

therefore, m7ill usually dictate desirable 
durabili~y. Capital cost comes inmledi- 
ately to nlind but real, or annual, costs 
arc more sirnihcant. Annual costs ~ j l l  
include Llle in t~ res t  or1 the capitai outlaj2~r. 
sin1:ing fund payments based on aI; 

agreed period for amortization, the 
maintenance charges ilecessary in order 
to keep the buil(iing in its intended 

condition, and the suin of all operating 
costs in~luding taxes, cleaning and heat- 
ing (and possiblj7 air conditioning) ex- 

pense. Tt can be seen that each major 
compoixilt of ?he annuai cost of a build- 
ing nill be aEected by durability. 

I t  must be: poiilted out that there mav 

be some occasions when czpital cost 
rat.her than annual cost can 'he the deter- 
rtlinant of design. Short-sigh ted iirlarlcial 

p o l i q  on the part of omners is one such 
possibility but one not worthy of atten- 
tion a t  this meeting. 111 Great Britain 

today, however, the rlational ta:\ation 
policy is such that a good case can be 
made for keeping tlie initial capital cost 
of British buildings low, even at  the 
espense of higher anrxiai costs. This is 
perhaps reflected in the fact that, accord- 
ing to figures releasecl by the Ministry 
of \Vorks for 1956, 375,0110 men c u t  of 
l,i86,0t?0 empioyed in the Rritisll. con- 
s~r~ic t io i l  indristry werc cngagetl in 

building rnaint e n a i ~ c e . ~  
Taking the more ort.hodox approach, 

6 "Design and Durability of Buildings," 
RIB.4 Conference Papers on Finance, Jo,t~rnnt, 
Royal Inst. Building ildrninist~rat,ioti, London 
Vol. 64, June, July and iiug., 1957. 



SYNPOSIUZV~ ON DURABILITY IN STRUCTURES 

howevcr, it is usually cconoi~~ically de- reinforced concrete, !vl?e11 properly pro- 

sirnhle in building design to have the tc~ted-will not vary lronl ihe relatively 

sun1 of the several compone~~ts of ai~nual long pcriod which experience has demon- 
cost bc a minimu~n, alternative clesjgns strated. The dvrabi!ity of buildings can, 

anrl the use of alternative cornpo~lel~t~ therefore, be co~:sidercd oi?ly on a dis- 
being compared with this in vie\v, crete basis. The British report to :vhicl; 
Ideally, the building and its equipment reference has already been iriarle5 sug- 
should realize not only this minimuni gests the follo~ving as z. subdivision, and 
annual cost, but be deteriorated to lists clBerent service lives ior each item: 

the minimum acceptable level on the ~ ~ ~ ~ d ~ ~ i ~ ~ ~ ,  structure, floor>, and roof; 
day after the amortization period ex- Internal (nonstructural) walls and parti- 
pires. Foolish though such a picture may tio~is; 
seem to be, it is ideally correcl. I t  under- Roof covering; 

lbles the vital illlportallcc of 4urabjlit)r Interior wall and ceiling finishes; 

in the proccss of design. Such a criter;on E~t f l i ' )~  finis!les; 

places the greatest emphasis on the Interior decoration; 

evalua~iori of durability in the design 
Exterior decoration, 

once be recognized, although it, is often in useful life between s nrell-built 
combined with a great man). other fac- monolithicreinforced-concretefoui~dation 

and, say, the painted decoration applied 
to interior partitior~s, that the expression 

DUIZ~IBILITY OF BUILDI,~~G PARTS "durability of the building" ceases to 
JIodern architectural developments, have any concise meaning. I t  is, however, 

in n~hich or~ly the structural framettork in the estimation of the maintenance 
of a building need be thought of as measures tliat must be applied to ensure 
"pern>ancntP', corhrm the vievi that that all parts of the building can be main- 

durability is son;e~hi~:g ivhich cannot be tained in an acceptable service condition 
8 frature of a building aq nho!e but is at tllc lowest possib!e cost, that the skili 
somethii~g whicl~, even in irs broadest of the designer must come into play. 
aspecls, varies for its different parts. .4nd it is cxactly in this geld that a 
This view is confimlrd ~xhen thought is serious lack of infom~aiion will be found, 
given to anlortization periods. However a lack to iv;hicll this symposium n-ill be 
short be the intended life of a building, directing aitention and \<hi& futi~re 

the usefr11 life of the materials used for aclivity on the part of ASx\[ Committee 
its structural skeleton-tvood, steel, or E-6 may help to rcmedy. 
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Here arise so~ne of the crucial questions 
a s  bet~veen higher initial capi~al  costs or 
alternatively higher n~aii~tenance costs 
Jrlring t.!le life of the building. Curtain 
wall c~nstruction raises tliesc questions 
to an  acute degree. Admitting lower 
capital cost as coinparccl to earlier ma- 
sonry wall construction, allolvancc has 
to 1)e nlade for the annual cost of clean- 
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is recalletl that a ~ ~ n u a l  operating <osis 
will similarly be affected by any change 
in  cxtericr wall type, for example, heat- 
ing and cooling costs   ill irlcrease nhen 
glass is widely used, it nil1 l)e ciear that 
the jucticious selectioi: of curtain ~vali 
design is not ~ l ~ e  siraightformarc1 arid 
simple choice that some advertisements 
svould have one believe. 

the estimation of mainte- 
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.re is so wide a divergence 
DUR.-~BILITY 

between a well-built 

orced-concretefoundation The discussion thus far has led to the 

decoration applied view illat the durability of a building is 
tions, that expressioll peculiarly related to the ability of build- 

the buildiIlg" ceases 10 ing components to maintain satisfactoly 
e mealGllg. ~t is, llowelrcr, performance of required functions. An 
ion of the maintenance examiliation of these functions and of 

nust be applied to ensure the conditions under n hich they may 
the building can be main- haLre to be maintained may tlierefore 

"eptablt. senrice condition next be made. 
2ssiblc cost, ~ 1 1 ~ ; t  the &ill One of the main fucctions of a huilding 
r lnllsr colne into play. is to enclose and divide space in such a 

:tly in this field that a way that some or all of thr pllysica1 
nforlnatioll )Till be found, "~wiroimlental conditions inside the en- 
1 this symposium \vill be closed spaces can be regulated witl~in 
1tion and rn-hich future acceptable limits. Buildings are normally 

part ASTAI Committee used to make possible  he control oi  the 

to remedy. physical environment within the en- 

closed spaces, but  they may at. tinics be 
uscd also to contain or coii~rol sub- 
stances, organisms, or radiation which 
might otherwise beconle a nuisa.nce or a 

hazard in the space out sic!^ them. Build- 
ings are invariably required to carry the 
structural loads resulting from occu- 
pancy, although this function is second- 
ary and not f~rndamental since these 
sa.me loads might also be carried by 
structures, designed for this limited 
purpose, which would not be classed as 
Buildings. They usually provide also a. 
wide range of fac:ilities for rllc par- 

, . .  
ticular activltlcs associateri with their 

occupancy, as we![ as for t.he procluc- 
tion and maintenance of tIic dcsircd 
environmental condi~ions. 

The function, or service, required of 

a bui ld i~~g component in place !nay be 
reiaied to onc or more of the follo\ving 
properties : 

1. Strength, or ability to carry load, 
2. StiBiless. 
.?. Appearailce, inclucli~lg surface fin- 

idi and color, 
4. Shape, and 
5. A variety oi physical and chemicai 

properties incluciing the ability to absorb, 

transmit, or restrain the passage of 
light, heat, vapors, gases, liquids, or 

particulate matter. 
The durability of any component, 

regarding this as the quality of maintaia- 
ing satisfactory performance of function, 
is therefore related to environmental and 
other factors which may have a deterio- 
rating or degrading effect up011 those 
properties which are essential to that 
function. 

A building is really necessary only 
when differences in environment are to 
be nlaintained between one space and 
another. In temperate clinlates, buildings 
may co~lsisl of little more than a roof to 



shed the rain and to provide protectio11 
from the sun; in more extrenle clir~mtes 
rnucll greater service may he demanded 
oi them. Consider as esLreme evalllples 
buildings in Honolulu, the ccjua'hle 
tenlperature of xhich is such that build- 

ings are really only shelters from the 

Eve11 the mays in which inaterials 

are combined to form componenls can 
ha17e a very marked efiect up011 the 
coilditions to which they will he exposed. 
It \?pill readily be recognized that a 

n~at.erial used as the interior finish of an 
exterior wall \vill be exposed to the in- 

< .  

f r  ! c 
j / - 8 in. Concrete 8 in. Concre te  ----' 

L 2  i n .  Insulotim 2 i n .  Insulation 

0.5 in. Cement Plaster 0.5 in .  Cement  Piaster 

(a) insulated on the inside. ( b )  Insulated on the outside. 

FIG. I.-Yearly Tenlperature Range Throughout a Concrete Wall ior Temperature Ra~lge 

-40 t o  95 F. 

run and the rain; and. on the other hand, dour environment and that, ii used as 

buildings in nortlleril Cariada in rhicb the exterior covering, the conditions to 

inside temperatures of about 70 F must irhich it is exposed wili be more nearly 

be maintained ivitll r ~ i ~ i t e r  temperatures those of the outside ci~virolmlent. Jn 

outside ranging to - M or even - 50 F. general. indoor cnvimnmcrts u-i!l 1x 

'I'bese indoor and outdoor enviror~nlents, rather closely regulaled while outdoor 

and particularly the differences between crrvironments will v2i)- tl~rough rather 

them, not only determine in large mcas- {vide limits, and they will usually be more 

.re the properties rhich many building sexrere insofar an dqradation oi inaterials 

components must have, but they also is concerned. 

determine the environments i s  ivhic!) Far too little attelltion is givm in 

they must exist and function. design to the way in which the durability 
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)r Air Temperature Range 

of a nlaterial is influenced by a change 
in thc way in wl~ich i~ is combined with 
other materials to form a building conz- 
ponent, and this is particularly true in 
the case of ex!erior walls and roofs. The 
limiting temperatures throughout an 
insulatecl wall. for the extremc winter 
and summer co~lditioris to be found in 
Inany parts of Canada, are shown in 
Figs. l ( t z )  and ( b ) .  The two cuilres 

silown for sumnler represent the range 
of temperature throughout a summer 
day. In Fig. l(a) insulation is show~l on 
the inside of the wall. T!le maximum 
range of tenlperature in the concrete 
from winter to summer is 148 F. This 
tempera~ure change represents a dimea- 
sionai change of 19 in. per 100 ft, and 
its equivalent in strain u-ould corrcspond 
to a stress of 26(& psi for a concrete hav- 
ing a modu'lus of elasticity of 2.5 X 106 

psi. \Vhen the hsu!ation is placed on 
the otrtside, homle\~er, Fig. l ( b ) ,  the 
temperature changc from mint-er to 
summer is great!y reduced, to about 18 F. 
The monolithic concrete in the case of 
these two n~alls constitutes the main 
srmctural membrane, \vhich must not 
only possess strength and rigidity, but 
it ought also to show little tendency to 
expand and contract, so as to avoid 
"self-loading" in combination with the 
other main structural elements of the 

building. Despite this, it is frequently 
placed in thd position in which it is 
exposed not only to :he most severe 

and that, if used as range of temperature possible, but also 

.ing, t l ~ e  c0~lditions to  to the other effects (such as wetting 

.d \vill be more nearly and drying) which result from the out- 

side environment. In  door climate. 
enrii.o~~me~its will he Even more startling difTerenccs than 
;ulaied while outdoor those shown for te~nperatures can Le 
I vary through rather shown for moisture contents by varying 
ley \%-ill usually he more the order in which materials having 

egradation materials widely differing nioistrire transmission 
properties are placed in an exterior mall. 

is given in This arises because of the phenomenon 

in tvhich tile durability of condensation which is capable of 

producing severe welting conditions 
\cithin a wall even when no ~i~et t ing oc- 
curs a t  either face. An i~ripcrnlenble 
paint film, for example, placed on the 
outside of a brick wall can trap water 
srapor flowing through the  all to the 
outside and cause it to be condensed, 
thus saturating the brick imlnecliately 
behind the paint film. If frozen in this 
condition, the brick may be caused to 
spaI1, thus ridding itself of the offending 
paint film. Other examples of a sinlilar 
nature could be given in connection 
with the positioning of vapor barrier 
membranzs within iralls. S o t  only is it 

possible to vary the "durability" which 
will be shown by a material by varying 
its location rrithin a compo;~e~lt, but it 
is also possible to change its e~iviron~nent 
and therefore the "clurability" it will 

exhibit by rearranging or replacing other 
materidls withiu the component. 

The causes nf the deterioration of 
materials used in buildings as listed in 
the Bri~ish Code of Practice5 include 
the following: 

(a) Atmospheric and climatic action, 

(b) \Vetting and drying effects, 
(c) Soil and ground water action, 
(d) Rodent, insect, bacterial, fungal 

and plant action, 
(e) \i7ater supply (cflect on installa- 

tions), 
(f) Electrolytic action, 
(g) Contact or association of incom- 

patible materials, 
( A )  Specific chemical action or chemi- 

cal changes i l l  materials, 

( i )  Wear, 
( j )  Impact a i d  vibration, 
( k )  -4ction of cleaning and cleansing 

agents, 
(I) Action of domestic or industrial 

wastes, and 
(nz) Accidental causes, including 6res 

lightning arid floods. 



SYMPOSI~I  ON DURABII~ITY IN STRUCTURES 

Atmospheric and climatic action are than in compression, frequently lendirig 
furLlier broken dolx;n as fo l lo~~~s :  to cracking since most nonmetallic 

building materials are much weaker in 
tension than in con~pression. 

Normnl ntmos- j 

qucntiy overlooked. Most ma.terials 
exhibit tendencies to diinensiona! change, 
from one cause or anoti~er. The approach 

EFFECT OF SELF-LO.U)LVC 

relates to loading and stress ill a material, in construction and one closely allie 
is frequently omitted from direct con- with clura,bility. 
sideration in design. It may, for want 
of a better name, be called "self-loading", DLXENSIOKAL STABILITY OF MATERI;ZI.S 

arid it involves the internal loading or The development of tneans of improv- 

stressing of components or parts of corn- ing the dimensional stability of materiais 

ponents when they tend to expand or arld of developing new materials possess- 

contract. As they do so, this may also ing this characteristic to a greater degree 

ilnpase loads and strains on related is an important challerlge in building 



n, frequently leading 
inost no~lnletallic 

are lnuch weaker in 

npressioa. 
land or coiltract arisc 

fferences and changes 
I in moisture content, 
bv a yariety of other 

the ways in which materials are used. 
This is but another way of saying that 
durability is not an absolute property 
ex7cn of individual components but js 
peculiarly related to the "demand" 

which is made on the material Ly the 
way in m~hich it is used, and by the en- 

vironment to which it is exposed. 

.nical actions. Self- 
ASSESSMENT OF DURABILITI; 

fracture may, ~vhen 
lough under cyclical Xothing that 112s been said has rnini- 

to deterioration. If nlized in any way the inlportance of 
ed, this may preverlt durahili t~~ as a quality or property, nor 
pflformil!g its proper the great need to I>e able to measure or 
e ofteil ?naLcs it pns- to aqsess it I t  must, however, now be 

:teriora[ing cffects to clear that the durability of a building 
,sP produced \,y water as a ~~!lole  cannot risefully be measured 
iClf-loacling, ti~ercfore. or even assessetl. The most that can he 
bd ill investigations done in a practical way is to attempt to 
yet i t  is far too fre- nteasure or assess the durability or 

i\lost mate ria!^ service life of components of a buildbg. 
to dilnensional Even this cannot be done without great 

anotiler. The approach a&culty. There are several major 
s diIllensional stability, problems. The first of these is the great 
1 as lnost inlportant difficulty in fully establishing the exact 

,st as used conditions that will be imposed by en- 
arid one closely allied vironment and function on any given 

component. Unless this car, he done. 
even the durability of the component 

OF '14TEK1ALS cannot readily be evaluated. Since the 

:nt of means of improv- conditions to be considered and the ways 

stability of materials in which they vary in practice may make 

llew materials ~OSSSS- it iinpossiblc or impractical to investigate 

&tic to a greater degree all the possibilities for deterioration, it 

challeilge in building is usually necessary, a,lthough admittedly 

tunately, all too often dangerous, to select a limited number of 

d l ~  being offered today combinations of cofiditions for study. 

.ory in this regard than This is done oil the assumption, or thc 

y tc~ld to replace. There hope, that if the component is su&cientljr 

jr?orl: knowledge of the durable under these limited conditions 

,nges that tail occur iil i~  ill be sufficiently durable in aLtull 

! \yith impro\rernents irl use. Some factor of safety may be intro- 

ccognizing the imperfect duced by adopting assumed conclitiol~s 

n~~te r ia l s ,  will provide that are believed to be somewhat more 

izing the ill effects that severe than those actually to be encoun- 

of these ill eft'ccts now tered. 

radations can Ije reduced The conditions determining the "dc- 

by making changes in mand" on the material having been 

establishecl, another major difficulty is 
then encountered. The dctcrioratir~g 
effects of the conditions established as s 

basis for evaluation cannot br predicted 
adcquate!y, anct so it bezones nccessuiy 
to resort to methods of test in which 
certain specified conditions are estab- 
lished and the dcterioratiilg effects 
ineasured directly. This, however, is 

unsatisfactor~r since the time over which 
such observations ought to bc made is 

the proposed life of the building. Jt 
becomes necessary, therefore, to adopt 
much more severe conditions than those 

to be experienced in practice in order to 

gct accelerated effects. Establis!lment 
of the applicability of the results of 

acceierated testing to performance in 
actual use is diflicult indeed. Finally, 
[here is the staggering problem posed by 

the large number of combinations of 
individual materials and elements ivhich 
go to make up building components, so 
that in theory almost every new coml~i- 
nation may have to be tested. 

Accelcrated laboratory testing is 
clearly not the final answer to the prob- 
lem of predicting scwice life, y c ~  it may 
be that it will al117aq.s find substantial 
use. There-are uudoubtedly many limited 
cases in which t!le establishment of a 

suitable set of test conditions and the 
application in practice of the results 

obtained present no real difticulty. There 
are other cases in r:hich: with no suitable 
alternative, the admitted weaknesses of 
the nletl~od may have to be overlooked. 

Study of the perfornlance of compo- 
ile~lts in service in actual buildings is also 

important. The minimum interval in- 
volved in accjuiring such infonnation is 
usually of the order of the service life 
being studied. Even when this is as short 

as four years, as in the case of paint 
films, il is siill a serious limitation to 
direct evaluation. Despite this, almost 

all valid experience relating to durability 
has been acculnulated on the basis of 



field exr)erience. I n  the last analysis it 
provides the final basis for evaluating 
any of the nlorc rapid means of predicting 
service life. Such s~udies must be pursued 
on a long-tirne basis, at least for :hose 
materials and constructions thal are 
probably going to be used over a, suffi- 
cientiy long time to make studies worth- 
nr;iile. 

The abi1it.v to evaluate service life 
must ultimately be based on adequate 
knowledge of !he phenomena involved 
in the interaction of the materiais and 
components with onc another al:d will: 
the en\~iroi~ments ii: wl~icl~ t b q  ?nust 

perforin. Only in this way can the virtu- 
ally intillitc rlunlber of separate combina- 
tions of ma-tcriais and conditions he 
dealt with. Aiethods must he found, 
even~ually, to predir-t not only the c ondi- 
tions of service that are most liicely to 
be iinposed in any given applicatiori, but 

also the effects that they \vil! product' 

If i t  serves no other purpose, this 
paper ivill a t  lelsl slion the complexi~ies 
that surround i he 5: atcd subject, the 

durability of buildings, a topic supvrfi- 
ciallp so sin~ple and straightfosivard. I n  
vie, of the many colnplicating factors 

that have been mentioned, it rn,3;7 be 
uselul to conclude by stating briefly the 
more i~nporta~l t  oi the authors' con- 
sidered opinions on the subject under 
review. 

1. There is no such thing as  the dura- 
bility of a building, t!ic durabili~y ot rhe 

nlajor co~nponents of a building being 

inevitably different. 
2. The relalive clurability of building 

components is a matter which has not 
received, anc! still does not receive, the 
attention which it deserves and demands 
from the designers of buildings. 

3. Continued use of tlie vague ancl 
indvfinite word "durability" should be 
avoided in discussions of building science, 
the term "service life" being prefcralle. 
1. The time element involved in serv- 

ice life, being of tlie order of tllc life of 
t h e  building, imposes great difficulties 
i ! ~  ~valustion. 

5. Understanding of the phenon?ena 
involved in the interdction of a compo- 
ilerit tt-ith i ~ s  svr\lice environlnent must 
be !,romoted ior use not only in design 
!)ut in establishing the methods by which 
deterioration of matt.rials 111 service can 
he assessed. 

6. Studies ol' degradalioil in actual 
I~uildings iliust be promoted, since these 

provide the ~ 3 1 ~  may of assessing the 
validity oi accelerated 1al)oratory testing 

and orher  neth hods of predicting senire 
life, and 

7. The challenge presented to ASTi\l 
i~ ;  the evaluation ol the sen-ice liic of 
building ~onlponrnts is great. Xcceler- 
ated test ruethods rliust be found. but 
these will be r l l ~ ~ l l  more difficull to 
establish than the test methods thus far 
developed for the deterlnination uf the 
physical propertics ol' materials when 

judged separateis., ratlicr than in LOIII- 
bination as huilctjng components. 


