
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

The Parking garage problem
Litvan, G. G.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=40460367-8493-44c1-958f-d0b5bed1adc5

https://publications-cnrc.canada.ca/fra/voir/objet/?id=40460367-8493-44c1-958f-d0b5bed1adc5



Ser 

' TH1 
M21d 

no. National Research Conseil national 
1465 I* Council Canada da recherches Canada c .  2 

B m  Institute for lnstitut de 
-- 1 Research in recherche en 

Construction construction 
C 

The Parking Garage Problem 

Reprinted from 
Proceedings Fourth Canadian Building Congress 

Learning from Experience/Avoiding Failures 
Ottawa, Ontario. 6 - 8 October 1985 
Session 7, p. 214 - 218 
(IRC Paper No. 1465) 

Price $3.00 

NRCC 27897 



Thi s  paper is  being d i s t r i b u t e d  i n  r e p r i n t  
form by the  I n s t i t u t e  f o r  Research i n  
Construction. A l i s t  of bui ld ing  p r a c t i c e  
and research  pub l i ca t ions  a v a i l a b l e  from 
t h e  I n s t i t u t e  may be obtained by w r i t i n g  t o  
t h e  Pub l i ca t ions  Sect ion,  I n s t i t u t e  f o r  
Research i n  Construct ion,  Nat ional  Research 
C o u n c i l  of Canada, Ot tawa,  O n t a r i o ,  
K1A 0R6. 

C e  document e s t  d i s t r i b u g  sous forme de 
t i rb-%par t  par  1 ' I n s t i t u t  de recherche en  
cons t ruc t ion .  On peut o b t e n i r  une l i s t e  

des  pub l i ca t ions  de l l I n s t i t u t  po r t an t  s u r  
les techniques ou l e s  recherches en  mat ie re  
de  batiment en 6c r ivan t  B l a  Sec t ion  des  - - 
pub l i ca t '  

L- --L 

c o n s t r  
recherl 
KIA OR 



THE PARKING GARAGE PROBLEM 

G.G. Litvan, Division of Building Research, 
National Research Council Canada, Ottawa 

Although estimates are not accurate, it is clear that over $3 billion will have to be spent to restore 
deteriorated parking garages. By examining the mechanism of corrosion of the reinforcing steel - the 
chief cause of deterioration - practical means to avoid or at least retard the galvanic reaction can be 
identified. The use of salt as deicer has benefits but at a very considerable cost. A description of 
what has and is being done in an organizational way to aid users and the industry will be given. Beyond 

the technical aspects the question arises why the parking garage problem was not avoided and what 
built-in safeguards are in place which will identify the emergence of a potentially costly problem at an 
early stage. 

Malgre l'absence d'estimations pr€cises, il est clair que plus de 3 milliards de dollars devront Stre 
depenses pour reparer les garages de stationnement. En etudiant le mecanisme de la corrosion de l'acier 

d'armature (cause principale de la deterioration des garages), des moyens pratiques pour gviter ou du 
moins pour retarder l'action galvanique peuvent ltre determines. L'utilisation des sels de degivrage 
comporte certains avantages mais l un coat tr8s eleve. Cette communication traitera des mesures prises 
par certains organismes pour venir en aide a w  utilisateurs et B llindustrie. Au-dell des problemes 
techniques, on tentera d'expliquer pourquoi la deterioration des garages de stationnement n'a pu ltre 
Bvitee, et on indiquera les moyens de protection qui existent l llheure actuelle et qui permettent de 
deceler les premiers signes de desordres qui pourraient s'avgrer coateux. 



THE PARKING GARAGE PROBLEM 

G.G. U t v a n  

Division of Building Research, National Research Council of Canada 

INTRODUCTION Once corros ion  begins,  t h e  increased volume of t h e  

r u s t  and o ther  e f f e c t s  w i l l  cause the  concrete 
The d e t e r i o r a t i o n  of parking garages,  p a r t i c u l a r l y  envelope t o  crack and t o  spa11 and i n  t h e  
those  underground, became widespread i n  the  so--created pothole t he  s t e e l  is  exposed t o  moisture 
mid-1970's. The incidences were not due t o  unique and oxygen. As corros ion  proceeds t h e  bond between 
circumstances but r a t h e r  were manifes ta t ions  of a t he  s t e e l  and concre te  f a i l s  progress ive ly ,  leading  
problem t h a t  would sooner o r  l a t e r  a f f e c t  almost p o t e n t i a l l y  t o  s t r u c t u r a l  impairment. 
every such garage i n  exis tence .  

Considerable progress has been made i n  t h e  p a s t  
e i g h t  o r  t e n  years t o  formulate design and 
cons t ruc t ion  p r a c t i c e s  f o r  newly b u i l t  garages and 
t o  devise  means t o  dea l  wi th  those  t h a t  have 
de ter iora ted .  Although some important ques t ions  
a r e  st i l l  unresolved, a survey of t he  present  
s i t u a t i o n  and a review of t he  h i s t o r y  of events  is 
use fu l  a t  t h i s  time. 

It i s  wel l  worth examining how t h e  parking garage 
problem developed i n  searching f o r  an answer t o  the  
important quest ion:  Why did  t he  safeguards t o  
prevent  adoption of inadequate p rac t i ce s  f a i l ?  The 
lesson learned from t h i s  exe rc i se  i s  of more than 
academic i n t e r e s t ;  i f  problems arose  once, s i m i l a r  
expensive o r  dangerous ones may develop agaia.  

DEFENSIVE STRATEGIES 

Although ch lo r ide  i ons  a r e  t he  p r e r e q u i s i t e  t o  
cor ros ion  of r e in fo rc ing  s t e e l ,  t o  ban chlor ide-  
based de i ce r s  is beyond the  powers of bui ld ing  
regula tory  a u t h o r i t i e s .  The chances of persuading 
p rov inc i a l  and municipal governments t o  p roh ib i t  
t h e  use  of ch lo r ide  de i ce r s  a r e  s l i m ,  a s  no 
s u i t a b l e  a l t e r n a t e  e x i s t s .  They a r e  l i k e l y  he re  t o  
s t a y ,  a t  l e a s t  f o r  t he  time being, and i f  damage is  
t o  be avoided t h e  b u i l t  environment has  t o  be 
pro tec ted  aga ins t  t h e i r  harmful e f f e c t s .  

CORROSION PROCESS 

Corrosion is an e lec t rochemical  process t h a t  can 
TECHNICAL BACKGROUND bes t  be described by considering a simple model of 

a ga lvanic  c e l l  a s  shown i n  Figure 1. I n  t h i s  
Cracking, break-up and s p a l l i n g  of suspended example t he  c e l l  c o n s i s t s  of i r o n  (Fe) and copper 
concre te  s l a b s  leading t o  leaking c e i l i n g s  i n  (Cu) e l ec t rodes  p a r t l y  immersed i n  an aqueous 
indoor garages a r e  caused, with very few so lu t ion  of some s a l t .  
exceptions,  by corrosion of t he  embedded s t e e l .  

Mature, f u l l y  cured por t land  cement concre te  
conta ins  l a rge  q u a n t i t i e s  of lime t h a t  renders it 

s t rong ly  a l k a l i n e  (pH between 12 and 131, an 
environment i n  which steel acqui res  pas s iv i ty ,  
i .e.,  i t  does not  corrode. I f  t h e  concre te  i s  
depleted of l i m e ,  t h e  s t e e l  becomes depassivated 
and corros ion  can t ake  place. But even i f  h igh  
a l k a l i n i t y  is maintained, i n  the  presence of 
ch lo r ide  i ons  t h e  p ro t ec t ive  pass ive  l a y e r  on t h e  - su r f ace  of t he  s t e e l  does become destroyed,  and 
should moisture and oxygen become ava i l ab l e ,  

L corros ion  w i l l  occur. The chemicals co~mnonly used 
a s  de ic ing  agents  a r e  ch lo r ide  s a l t s  of sodium and 
calcium which, mixed with snow, a r e  ca r r i ed  by 
vehic les  i n t o  t h e  garage. Thawing produces a b r i n e  
t h a t  w i l l  penet ra te  unprotected concre te ,  r a i s i n g  
the  ch lo r ide  concent ra t ion  around t h e  s t e e l  t o  h igh  
leve ls .  
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Meta l l i c  i r o n  i n  t he  presence of moisture and 

oxygen tends  t o  r e v e r t  t o  i r o n  oxide,  i ts  s t a b l e  
s t a t e .  In  t h e  f i r s t  s t e p  of t h i s  process,  the  

m e t a l l i c  i r o n  goes i n t o  so lu t ion  (anodic r eac t ion )  
i n  t h e  form of pos i t i ve ly  charged f e r rous  ion  
(Feu). The two e l e c t r o n s  ca r ry ing  t h e  negat ive  
charges a r e  separa ted  and remain i n  t h e  metal: 

Accumulation of t h e  negat ive  charges i n  t h e  metal  
prevents f u r t h e r  d i s so lu t ion  of t h e  i r o n  a s  f e r rous  
ions.  I n  t h e  presence of a second e l e c t r o d e  such 
a s  copper, a ga lvanic  c e l l  is formed i n  which 
e l e c t r o n s  a r e  consumed by t h e  fol lowing reac t ion:  

This r eac t ion  conver ts  oxygen and water  i n t o  
hydroxyl ions ,  which i n  t u r n  r eac t  with t h e  f e r rous  
ions  and form a f e r rous  hydroxide p r e c i p i t a t e ;  i n  
t h e  presence of oxygen t h i s  i s  converted t o  f e r r i c  
hydroxide, t h e  f a m i l i a r  reddish  brown r u s t .  

The presence of copper i s  not  necessary f o r  t h e  
corros ion  process. In  concrete decks ga lvanic  
c e l l s  form usua l ly  between two a reas  with d i f f e r e n t  
e lec t rochemical  p rope r t i e s  of t h e  r e in fo rc ing  s t e e l  
(Figure 2). These d i f f e r ences  m y  be due t o  
composition, phys ica l  (e.g., d i f f e r e n t  l e v e l s  of 
stress a s  a r e s u l t  of shaping) o r  environmental 
(e.g., d i f f e r e n t  concent ra t ions  of ch lo r ides ,  o the r  
s a l t s  o r  oxygen) f ac to r s .  

A N O D I C  LCATHODIC 

AREA AREA 

F I G U R E  2 

S C H E M A T I C  D I A G R A M  O F  G A L V A N I C  CELL 

F O R M A T I O N  I N  A  R E I N F O R C E D  C O N C R E T E  DECK 

PREVENTIVE METHODS 

To i n t e r c e p t  t h e  funct ioning  of t h e  ga lvanic  c e l l ,  
thus  the  corros ion  process,  a t  l e a s t  one of t he  

fol lowing e s s e n t i a l  elements has  t o  be made 
unavai lab le  i n  t h e  concre te  s lab :  

- t he  anode and cathode (o r  anodic and 
ca thodic  a r eas )  

- e l e c t r i c a l  con t inu i ty  between t h e  anode and 
cathode 

- e l e c t r i c a l  con t inu i ty  i n  t h e  medium 
surrounding t h e  metals  

- moisture 
- oxygen 

- ch lo r ide  ions.  

Because complete c o n t r o l  of t h e  e lec t rochemical  
p rope r t i e s  of a l l  embedded metals is not poss ib le ,  

t h e  v i a b l e  opt ions  f o r  pro tec t ion  a r e  e l e c t r i c a l l y  
i s o l a t i n g  t h e  s t e e l  (usual ly  wi th  epoxy) o r  
preventing ch lo r ide  ions  from reaching the  s t e e l .  
This means making t h e  concre te  a s  impervious a s  
poss ib l e  by: 

- using a low water/cement r a t i o  
- cur ing  w e l l  - i nc reas ing  t h e  th ickness  of cover and 

- applying a su r f ace  s e a l e r ,  o r  - i n s t a l l i n g  a waterproofing membrane, o r  
- i n s t a l l i n g  an impervious l a t e x  cement 

topping. 

Two o the r  s p e c i a l  measures a r e  ca thodic  p ro t ec t ion  
and corros ion- inhib i t ing  admixtures. The l a t t e r  
method c o n s i s t s  of adding an  admixture t o  t h e  
p l a s t i c  concre te  mix. Inh ib i to r s ,  such a s  calcium 
n i t r a t e ,  i n  s u f f i c i e n t  concent ra t ion  have been 
found t o  prevent o r  g r e a t l y  minimize corros ion  of 
s t e e l .  The main drawback of t h i s  method i s  t h a t  
because t h e  admixture is consumed by the  p ro t ec t ive  
ac t ion ,  i n  t i m e  i t s  i n h i b i t i v e  a c t i o n  is decreased 
i f  t he  i n t e n s i t y  of t he  corros ive  ac t ion  is 
underestimated a t  t h e  time of cons t ruc t ion .  

Cathodic p ro t ec t ion  a r r e s t s  cor ros ion  by providing 
h ighly  negat ive  p o t e n t i a l  t o  t h e  s t e e l ,  rendering 
i t  t h e  cathode with respect  t o  an i n e r t  e lec t rode .  
This method has  been used wi th  g r e a t  success  f o r  
t he  p ro t ec t ion  of p ipe l ines  and sh ips .  For parking 
garages its e f f e c t i v e n e s s  depends on t h e  s o l u t i o n  
of t h e  p r a c t i c a l  problems of the  given 
i n s t a l l a t i o n .  

Rehab i l i t a t i on  of d e t e r i o r a t e d  garages and t h e  
designing of new ones a r e  covered i n  o the r  papers 
i n  t h i s  s e s s ion  and t h e r e f o r e  a r e  not  d iscussed  
here  i n  f u r t h e r  d e t a i l .  

REVIEW OF THE ORGANIZATIONAL MEASURES 

Since t h e  recogni t ion  of t h e  parking garage problem 
i n  t h e  1970's, t he  f i r s t  t a sk  was t o  e s t a b l i s h  t he  
magnitude of t h e  c o s t  of r epa i r .  Because of l a c k  
of d a t a  on the  number of parking garages i n  Canada, 
t h e i r  t o t a l  f l o o r  a r e a  and t h e  degree of 
d e t e r i o r a t i o n ,  it was not  poss ib le  t o  e s t ima te  
r e l i a b l y  t h e  d o l l a r  value of t h e  damage. It i s  
c l e a r ,  however, t h a t  t h e  c o s t  of r epa i r  i s  of the  
magnitude of s e v e r a l  b i l l i o n  d o l l a r s  and thus  a 
major e f f o r t  towards f inding  a so lu t ion  t o  t h e  
problem is  w e l l  j u s t i f i s d .  Answers t o  two 
ques t ions  were requi red  urgently:  

- How does one r e p a i r  de t e r io ra t ed  garages? - How does one design and build new garages 
t h a t  w i l l  l a s t  a s  long a s  t he  bu i ld ing  they  
serve?  I 

The formulat ion of r e p a i r  s t r a t e g i e s  and t h e  1 

establishment of new design guide l ines  a r e  made 
d i f f i c u l t  by t h e  dea r th  of examples of garages t h a t  

a r e  performing well .  Most d u r a b i l i t y  problems, 
such a s  damage due t o  f reez ing  and thawing, a r e  t he  
r e s u l t  of dev ia t i on  from t h e  s tandard  p r a c t i c e  o r  
ou t r igh t  d is regard  of proven pr inc ip les .  The 



parking garage problem was somewhat d i f f e r e n t ,  i n  
t h a t  t he  s tandard  p r a c t i c e  f o r  des ign  and 
cons t ruc t i on  was inadequate.  The s i t u a t i o n  was 

t h a t  before  t he  ques t i on  a s  t o  how t o  bu i ld  a 
durable  garage could be answered, i t  had t o  be 
e s t ab l i shed  whether i t  was indeed pos s ib l e  t o  bu i ld  
a garage t h a t  would perform we l l  f o r  decades. 

The con t r i bu t ion  of t h e  Ontario Chapter of t he  
American Concrete I n s t i t u t e  has t o  be recognized. 
It formed an ad hoc committee (under t h e  
chairmanship of J. Bickley) t h a t  prepared an 

i n t e r i m  gu ide l i ne  f o r  t he  i n v e s t i g a t i o n ,  r e p a i r ,  
des ign  and cons t ruc t i on  of parking s t r u c t u r e s  

(Ontario Chapter Committee on Parking S t ruc tu re s ,  
1981). In  t h e  same year  t h e  Division of Building 
Research (DBR) of NRC commissioned a r epo r t  
"Parking S t ruc tu re  Deter iora t ion :  Information and 
Analysis" (Trow Ltd., 1981) and Canada Mortgage and 
Housing Corporat ion (CMHC) f inanced a s tudy t he  

next year  on "Nature, Extent  and Impact of 
Res iden t i a l  Parking S t ruc tu re  Deter iora t ion"  (Trow 
Ltd., 1982). A review of information a v a i l a b l e  a t  

the  time was published by DBR i n  i t s  Canadian 
Building Digest Se r i e s  i n  1982 - No. 224, 

"Deter iora t ion  of Indoor Parking Garages" (Litvan,  
1982a) and No. 225, "Evaluation and Repair of 
Deter iora ted  Garage Floors" (Litvan,  1982b). A 

demonstrat ion p r o j e c t  t o  eva lua t e  t h e  f e a s i b i l i t y  
of ca thodic  p ro t ec t i on  i n  parking garages was 
j o i n t l y  sponsored by DBR and Publ ic  Works Canada 
(PWC) i n  1984. A major i n v e s t i g a t i o n  involv ing  the  

survey of 300 garages was a l s o  j o i n t l y  f inanced by 
CHHC, NRC, PWC and Supply and Serv ices  Canada, and 
was completed r ecen t ly  (Trow Ltd., 1985). 

Based on t he se  s t u d i e s  and experience gained,  it  is 
genera l ly  recognized t h a t  durable  parking garages 
can be b u i l t  and only t h e  l e v e l  of p ro t ec t i on  

requi red  t o  achieve t h i s  ob j ec t i ve  need be b e t t e r  
def ined ,  r e s u l t i n g ,  it  is  hoped, i n  a s imp l i f i ed  

cons t ruc t i on  method and a sav ing  i n  o v e r a l l  cos t .  
At p r e sen t ,  according t o  t he  consensus, mu l t i l eve l  

p ro t ec t i on  is thought t o  be necessary;  no s i n g l e  
p ro t ec t i on  measure such a s  t he  i n s t a l l a t i o n  of a 
waterproofing membrane o r  u t i l i z a t i o n  of epoxy- 

coated r e in fo rc ing  ba r s  i s ,  i n  i t s e l f ,  deemed t o  be 
s u f f i c i e n t .  This  approach is ou t l i ned  i n  Technical  
Bu i lde r ' s  B u l l e t i n  No. 7 of CMHC ( r ev i s ed  e d i t i o n  
t o  appear s h o r t l y )  and i n  t he  Standard on Durable 

Parking Garages being prepared by t h e  Canadian 
Standards Associat ion.  

S ign i f i can t  progress  has  thus  been made regard ing  

t he  proper design and cons t ruc t i on  of durable  
parking garages;  h e l p f u l  gu ide l i ne s  a r e  a l r eady  
a v a i l a b l e  o r  w i l l  be very soon. Guidance f o r  
s e l e c t i n g  a waterproofing membrane o r  a su r f ace  
s e a l a n t  is s t i l l  not  ava i l ab l e .  A committee of the  
Canadian General Standards Board has been formed t o  
prepare a s tandard  f o r  waterproofing membranes but 
i t s  pub l i ca t i on  may take  some time. I n  t he  

meantime, s e l e c t i o n  must be based on f i e l d  
performance. 

A s i n g l e  r e p a i r  technique f o r  e x i s t i n g  d e t e r i o r a t e d  
garages cannot ,  of course ,  achieve l a s t i n g  
d u r a b i l i t y .  I f  concre te  is l a r g e l y  contaminated 
with de ic ing  s a l t  i t  cannot be r e s to r ed  f u l l y  t o  

g ive  t rouble- f ree  s e r v i c e  over s e v e r a l  decades. 
The o b j e c t i v e  of t h e  r e p a i r  is  t o  r e s t o r e  

s t r u c t u r a l  i n t e g r i t y  s o  t h a t  t h e  s e r v i c e  l i f e  of 

t h e  garage can be extended a s  much a s  pos s ib l e .  It 

i s  almost c e r t a i n  t h a t  f u r t h e r  r e p a i r s  dur ing  t he  
l i f e t i m e  of t he  s t r u c t u r e  w i l l  be requi red  but i t  

is  hoped t h a t  t he  u se fu l  l i f e  of d e t e r i o r a t e d  

garages can be extended t o  equal  t h a t  of t h e  
bui ld ings  they serve .  

SOME REFLECTIONS ON THE DEVELOPMENT 
OF THE PARKING GARAGE PROBLEM 

The a n a l y s i s  of the  circumstances t h a t  led  t o  t he  
b i l l i o n d o l l a r  problem of parking garages is  of 
more than h i s t o r i c  i n t e r e s t .  Another s i m i l a r l y  
c o s t l y  problem may develop un l e s s  safeguards  a r e  
put  i n  place. 

The National  Building Code concerns i t s e l f  mainly 

wi th  s a f e t y  and hea l th- re la ted  a spec t s  of design.  
It has not prevented,  and is  not  expected t o  
prevent ,  t he  emergence of problems such a s  t h e  
d e t e r i o r a t i o n  of garages.  Market f o r ce s  a r e  thus 
t h e  s o l e  defence a g a i n s t  making c o s t l y  mistakes.  
Obviously owners and developers w i l l  not  pa t ron i ze  

those  who do not  des ign  durable  bui ld ings .  But 

t h i s  f o r ce  p r o t e c t s  only aga in s t  obvious 
substandard des ign  and workmanship. Once a f a u l t y  

approach becomes t he  norm, almost insurmountable 

d i f f i c u l t i e s  f a c e  those  who would advocate a b e t t e r  
q u a l i t y  and more expensive design. The owner and 
t h e  des igner  want c l e a r  evidence t h a t  t h e  more 
economical design w i l l  f a i l .  A more expensive 

op t ion  w i l l  be s e l e c t e d  only when it  is  proven 

beyond doubt t h a t  t h e  more economical des ign  w i l l  
f a i l .  In  add i t i on ,  t h e  f a c t  t h a t  subsequent r e p a i r  
c o s t s  w i l l  be o f f s e t  by savings  i n  i n t e r e s t  charges 
due t o  t he  reduced c a p i t a l  expendi ture ,  by t a x  
advantages and, i n  case of r e n t a l  p roper ty ,  by 
maintenance c o s t s  chargeable  t o  t he  t enan t s ,  can be 
an important  cons idera t ion .  

It takes  s e v e r a l  years  t o  prove the  inadequacy of a 

p a r t i c u l a r  design.  In  t he  case  of t he  r a t h e r  r ap id  

parking garage d e t e r i o r a t i o n ,  t he  f i r s t  symptoms 
may no t  be observable i n  t h e  f i r s t  t h r e e  t o  f i v e  
years  of s e rv i ce .  Processes of d e t e r i o r a t i o n  can 
be m c h  slower,  extending t o  20 o r  30 yea r s ,  ye t  
t he  l i f e  span of most bu i ld ings  is much longer than 
t h a t .  Obviously, performance i n  such cases  is  
d i f f i c u l t  t o  p r ed i c t .  A cu r r en t  concern 
i l l u s t r a t e s  t h i s  po in t .  It is  not  known whether 
concre te  conta in ing  secondary cementing ma te r i a l s  
such a s  f l y  ash,  s l a g  o r  s i l i c a  fume w i l l ,  a f t e r  

20, 30 o r  40 yea r s  of exposure t o  carbon d ioxide ,  
have enough lime t o  p ro t ec t  the  embedded 

reinforcement from corros ion .  We know t h a t  
concre te  made from blended cement conta ins  l e s s  
lime than  t h a t  made from ord inary  por t land  cement 
and t h a t  i t  is l e s s  permeable ( a t  l e a s t  a t  e a r l y  
ages )  than conventional  concrete.  A s  discussed  
e a r l i e r ,  high lime content  is  e s s e n t i a l  f o r  the  

development of p a s s i v i t y  of s t e e l  and f o r  
p ro t ec t i on  aga in s t  cor ros ion  of t he  metal. We hope 
t h a t  lower permeabi l i ty  w i l l  compensate f o r  t h e  

reduced lime content  but t h i s  is  not ye t  proven. 



There a re ,  of course, no easy so lu t ions  t o  the  
general  problem. Regulatory ac t ion  cannot be taken 
f o r  each of the  perceived problems, and advocating 
a more expensive so lu t ion  t o  po ten t i a l  problems 
without evidence would be i r responsible .  

One important document t h a t  is a t  present unknown 
i n  the  building indust ry  is  the  owner's manual. It 
is  a curious f a c t  t h a t  while no i n d u s t r i a l  product 
of any complexity is sold without a manual and 
opera t ing ins t ruc t ions ,  m u l t i m i l l i o n d o l l a r  
buildings a r e  handed over t o  the  owners without a 
word of in s t ruc t ion ,  caut ion o r  advice. More o f t e n  
than not ,  even the  drawings a r e  of l imi ted  use 
because they descr ibe  what was designed a t  some 
s tage  of the  development and not what was bu i l t .  
The purchaser of a t o a s t e r  receives  a 
trouble-shooting manual but t h e  owner of an 
eighty-storey building receives  no such as s i s t ance  
t o  solve  problems. 

An owner's manual would be he lp fu l  by drawing 
a t t e n t i o n  t o  po ten t i a l  problems, and giving a 
t imetable f o r  preventive maintenance and a 
replacement schedule f o r  c e r t a i n  components. 
Perhaps j u s t  a s  important would be t h e  benef i t  
derived from forc ing the  designer t o  think i n  terms 
of d u r a b i l i t y  and performance. 

Uncer ta in t ies  o r  doubts about problems, such a s  
carbonation of concrete,  could be recorded i n  the  
documents with d e t a i l s  on frequency and nature  of 
tes t ing .  Perhaps the  parking garage problem would 
have been l e s s  se r ious  i f  such a monitoring system 
had been adopted. 

This paper is contr ibut ion from t h e  Mvis ion of 
Building Research, National Research Council of 
Canada. 
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