
Publisher’s version  /   Version de l'éditeur: 

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. 

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.

Technical Translation (National Research Council of Canada); no. NRC-TT-993, 
1961

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

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

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=6099dffc-a3a9-48d8-bc56-dae096e19e67

https://publications-cnrc.canada.ca/fra/voir/objet/?id=6099dffc-a3a9-48d8-bc56-dae096e19e67

NRC Publications Archive
Archives des publications du CNRC

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/20331420

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

Study of exposed reinforced concrete facings
Adam, A.

https://doi.org/10.4224/20331420
https://nrc-publications.canada.ca/eng/view/object/?id=6099dffc-a3a9-48d8-bc56-dae096e19e67
https://publications-cnrc.canada.ca/fra/voir/objet/?id=6099dffc-a3a9-48d8-bc56-dae096e19e67
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


PREFACE 

P r e c a s t  conc re t e  pane l s  are e x t e n s i v e l y  used i n  
Canadian  construction^ Recommended p r a c t i c e s  f o r  t h e  
product ion  of t h i s  type o f  e x t e r i o r  w z l l  c l a d d i n g  I n  
European c o u n t r i e s  a r e  t h e r e f o r e  of s p e c i a l  I n t e r e s t  
t o  t h e  ~ I v i s i o n .  The paper o u t l i n e s  t h e  requirements  
used i n  France f o r  conc re t e  m a t e r i a l s ,  pane,-  forms, 
p l a c i n g  and c u r i n g  t o  provide a du rab le  f ac ing .  V a r l o u s  
techniques a r e  b r i e f l y  descr ibed  which enable  a range 
of  s u r f a c e  f i n i s h e s  t o  be obtained.  
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A STUDY OF EXPOSED REII\IFORCED CONCRETE FACINGS 

The Chambre Syndicale des  Constructeurs en Ciment 

Arm6 ( the  Reinforced Concrete Buil-ders' ~ s s o c i a t i o n )  
w a s  i n s t r uc t ed  t o  draw up, i n  l i n e  with t h e  programme 

of the  In t e rna t i ona l  Building Committee, a study on 

exposed re inforced concrete  facings.  

To t h i s  end t h e  widest poss ib le  consu l t a t ion  w a s  

undertaken among bu i lde r s  having acquired experience 

t h a t  could be considered a u t h o r i t a t i v e  i n  the  f i e l d ,  

and numerous t e s t s  were made. 

The extensive documentation thus accumulated has 

made i t  poss ib le  t o  d r a f t  t he  present  r e p o r t  which 

dea l s  successively with g e n e r a l i t i e s  as t o  mate r i a l s  

t o  be used and t h e i r  placing,  then with t he  various 
types  of fac ings  most cu r r en t l y  used i n  France, 

together  with t h e  mate r i a l s  used, working methods, t h e  

advantages and t he  economic aspect  of t he  processes of 

execut ion,  and f i n a l l y  with aging behaviour from the  
po in t  of view of d e t e r i o r a t i o n ,  cracking,  impermeability, 

s o i l i n g  and maintenance. 



Institut de Recherches Appliqu6es du ~ 6 t o n  ~ r m 6  (IRABA) 
at Saint-Remy-les-Chevreuse 

Tiles kept for laboratory facade facings 

Bottom: tiles for the subfoundation (see Fig. 12 and 13) 
Centre: tiles for superstructures (Seine aggregates and white 

cement ) 
Top : tiles for office storey (Berchkres aggregates and white 

cement ) 



1. General Considerations on t h e  Q u a l i t v  of the Mater ia ls  
and on Thei r  Employment 

1.1. Concrete 

I n  o rde r  t o  o b t a i n  a proper f a c i n g  which does no t  r e q u i r e  

re touching;  which i s  always apparent ,  it i s  necessary:  
t o  use concre tes  w i t h  aggregates  of very uniform grading 
obtained from a s i n g l e  source;  
t o  use b inders  of uniform colour ,  1.e. coming from the  
same p l a n t  and being of  t h e  same c l a s s  and type. 

Idhen, f o r  reasons of  economy, only a s i n g l e  sur face  l a y e r  a  

few crn th ick  c o n s t i t u t e s  t h e  f a c i n g  s p e c i a l  c a r e  has t o  be taken t o  

avoid any i n t e r f e r e n c e  with the  mass concre te ,  s ince  t h i s  can pro- 

duce an uns ight ly  e f f e c t  (Fig.  1). 

Any concrete  t h a t  i s  t o  remain v i s i b l e  should be v i b r a t e d  so  

a s  t o  increase  i t s  dens i ty  and t o  e l imina te  a i r  bubbles. The b e s t  

method appears t o  be i n t e r n a l  v i b r a t i o n ,  not  c a r r i e d  too  f a r  i n  

o r d e r  t o  avoid segregation. For t h i s  purpose one may a l t e r n a t e l y  
p lace  and v i b r a t e  t h e  concre te  uniformly by successive t h i n  l aye r s .  

I f  t h e  he igh t  of t h e  l i f t  i s  t o o  g r e a t  the  a i r  i s  unable t o  r i s e  

and escape (punctur ing  simultaneously a long the  formwork f a c i l i t a t e s  

t h e  r e l e a s e  of the  bubbles) .  
The use of admixtures and a i r  e n t r a i n e r s  i s  d e l i c a t e  because 

the  mixture i s  r a r e l y  cons tan t  and colour  v a r i a t i o n s  of a  more o r  
l e s s  se r ious  na ture  may a r i s e ,  depending on t h e  compa t ib i l i ty  of 

t h e  admixtures with c e r t s i n  b inders  o r  aggregates ,  which i s  n o t  

always assured. 

The t i n t i n g  of the  concrete  by means of dyes contained i n  the  

mixing water i s  d i f f i c u l t  t o  keep constant .  It  should t h e r e f o r e  

be appl ied  only t o  c e r t a i n  sepz ra te  u n i t s  such as mull ions and 

transoms. On brcad su r faces  comparatively pure r a i n  water  may cause 

t h e  lime t o  separa te  ou t  from t h e  cement a f t e r  a t ime, l e a v i n g  

d i s t i n c t  t r a c e s .  

'dhite cement g ives  good, uniform r e s u l t s .  



The p r e c a u t i o n s  t o  be taken a f t e r  s e t t i n g  must n o t  be 

neg lec t ed  ( d r y i n g  o u t ,  f r e e z i n g ,  e t c . )  

1.2. Formwork 

Formwork must be:  

easy  t o  s t r i p  ( smooth and vrel-1 p r o t e c t e d )  ; 

impermeable and r ig id . ;  any p e r m e a b i l i t y  w i l l  r e s u l t  i n  
inhomogenei t ies  a t  r i g h t  a n g l e s  t o  t h e  J o i n t s  w i th  l e a k s  
o f  l a i t a n c e .  Absence of r i g i d i t y  w l l l  produce i r r e g u l a r i -  
t i e s  of  s u r f a c e  (F ig .  2 ) .  

Coatings a p p l i e d  t o  t h e  formwork f o r  i t s  p r o t e c t i o n  o r  t o  

f a c i l i t a t e  s t r i p p i n g  ( o i l s ,  v a r n i s h ,  p a i n t ,  e t c . )  must n o t  a t t a c k  

t h e  concre te .  

1.3. Reinforcements 

Reinforcements must be p r o t e c t e d  by a t  leas t :  

3 crc of c o n c r e t e ,  a f t e r  t r e a t m e n t ,  i n  s h e l t e r e d  zones;  

5 t o  6 cm c c n c r e t e  a f t e r  t r e a t m e n t ,  i n  exposed zones. 

I t  i s  very impor tan t  f o r  t h e  r e in fo rcemen t s  nea r  f a c i n g s  t o  
form a f i n e ,  c l o s e  network. Th i s  i n c r e a s e s  t h e  number of  p o s s i b l e  

c r a c k s  b u t  reduces  t h e i r  u n i t  width and t h u s  Improves t h e  r e s l s t a n c e  

t o  c o r r o s i v e  agents ,  

2 .  W J o u s  Types of  3acin.g i n  Cur ren t  Use 

2.1 H o u ~ h - c a s t  f a c i n g s  

(a) Gu_ali&t of material_s_ and o f  conc re t e :  

Ag,gregates : s t anda rd ;  uniform grading,  

Maximum s i z e  o f  aggrega tes  l l m i t e d  t o  e /3  f o r  f i n e  u n i t s  of  

t h i c k n e s s  e. 

Avoid sands that .  a r e  t o o  coa r se .  

Binders :  be c a r e f u l  wi th  c e r t a i n  contemporary s lag cements 

which a r e  no t  of  uniform sha.de, 

Dosage and water-cement r a t i o :  depends on t h e  p l a c i n g  

p roces s  and t h e  dintensions of  u n i t s .  

I n  g e n e r a l  270 t o  350 kg/m3 f o r  s t anda rd  u n i t s ;  350 kg/m3 or 
more f o r  small u n i t s  l e s s  s u s c e p t i b l e  t o  shr inkage  c racks .  



Enough water t o  ensure a very p l a s t i c  concrete .  
( b )  P l a c i n r ~  of the  concre te :  

I n  p l z c i n g  one must avold: 

segregat ions ; 

t h e  forination of b l i s t e r s ;  

uns ight ly  cons t ruc t ion  j o i n t s  ; f o r  t h i s  purpose a c a r e f u l  
study of t h e  a r c h i t e c t u r e  should enable  t h e  b u i l d e r  t o  
make every cons t ruc t lon  j o i n t  coincide with a break i n  t h e  
facade. This important p r l n c l p l e  has  been recommended and 
supplied by  t h e  great advocate of concre te  a r c h i t e c t u r e ,  
Auguste Pe r re t  (Fig.  3). 

I t  i s  poss ib le  t o  avoid these  disadvantages e i t h e r  by i n t r o -  

ducing t h e  concrete  a t  t h e  bottom of t h e  fornwork o r  by d i scharg ing  

it  a t  as low a l e v e l  as poss ib le  with t h e  a i d  of a chute ,  and i n  

any case by applying t h i n  l a y e r s  ( 2 5  t o  30 cm maximum). 

There should be c a r e f u l  v i b r a t i o n ,  e s p e c i a l l y  c lose  t o  the  

forms, but not  too prolonged and above a l l  regular .  
I n  p a r t i c u l a r ,  v i b r a t i o n  by means of t h e  forms, when excessive- 

l y  prolonged, produces p a r t i a l ,  i r r e g u l a r  segregat ion  of t h e  concrete  

with an excess  of l a i t a n c e  c lose  t o  the  forms. This  imparts  a 

r a t h e r  d l  sagmeable marbled appearance t o  t h e  facing.  

Remedy: Remove forms a f t e r  s e t t i n g  i s  complete and use a 

cur ing  treatment depending on the  type of b inder ,  e s p e c i a l l y  where 

s l a g  cements a r e  involved, 

( c )  ProductLon technlaues : 

c.1. The formwork may be of metal ,  concre te ,  wood o r  s p e c i a l  

u n i t s .  

c. l .1.  Keta l :  smooth appearance, 
B l i s t e r i n g ,  sometimes of a severe c h a r a c t e r ,  i f  t h e  form- 

work i s  of l ight-wel&t shee t  metal. Construct ion j o i n t s  

and j o l n t s  between panels v i s i b l e  ( ~ i g .  4 ) .  

c.1.2. Concrete: smooth appearance. 

Few b l i s t e r s .  

Handsome fac ings  f o r  l a r g e  h o r i z o n t a l  surfaces.  

c.1.3. Xood: 

Formwork of planking: imprint  of gra in .  
Moder.ate b l i s t e r i n g ;  t h e  present  tendency i s  t o  use panels  



of assembled planks s t i f f e n e d  by p r o f i l e  i r ons  with 

f a s t en ing  ho les ;  t h i s  enables  the  planks t o  be used over 

again severa l  times* 
Panel formwork: c lean  surfaces  r e t a i n i n g  the  imprint  Of 

t h e  panels. 
B l i s t e r i n g  inverse ly  propor t ional  t o  t h e  th ickness  of the  

panels (Fig .  5 and 6 ) ,  

The cons t ruc t ion  J o i n t s  a r e  v i s i b l e ,  bu t  t h e i r  appearance 

can be improved by grooving with t h e  a i d  of a r a i l  on t h e  

ins ide  of t he  formwork. 
The j o in t s  between planks o r  panels  must be f a i r l y  t i g h t  

t o  prevent l eaks  o r  l a i t ance .  

c.1.4. Special  devices:  

Forms f i t t e d  with backings t h a t  leave a  des i red  imprint  

on the  concrete.  

Such backings may be of various form, e .  g. : 

l i n lngs  of t he  Formica type:  very handsome glaz lng ,  
on which the  smallest  b l i s t e r  o r  sur face  i r r e g u l a r i t y  
i s  not iceable.  

s o f t  f in lngs  of t he  Gerflex type: l e s s  g laz ing  e f f e c t ;  
perrnlts l i n i n g  of broad su r faces ,  but t e a r s  e a s i l y .  

c.2. Forms a r e  genera l ly  coated with agents  t o  p ro t ec t  them and 

f a c i l i t a t e  stripping; these products must a l s o :  
not s t a i n  the  concrete  nor a t t a ck  the  q o u t i n g  (as 
c e r t a i n  o i l s  d o ) ;  
promote wet t ing  of the form-vrork by t he  concrete (avoidance 
of b l i s t e r i n g )  ; 

not adhere t o  t he  concrete  a f t e r  i t  has  s e t  (some pa in t s  
do thls). 

( d )  Various advantams:  
d.1. Labour: apart from the ca r e fu l  con t ro l  of t he  fornwork, 

t h i s  procedure i s  the  one whlch requ i res  the  l e a s t  labour ,  because 
a f t e r  s t r i p p i n g  the concrete  w i l l  need a t  most only a cur ing  

treatment.  
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d.2, Q u a l i t y  and appearance: 

With these  methods t h e  concre te  not  only r e t a i n s  i t s  s k i n ,  bu t  

i s  no t  subjected a t  a r e l a t i v e l y  young age t o  var ious mechanical 

t rea tments  which may d i s r u p t  it on the  su r face ,  f r equen t ly  s t a r t  

cracks and des t roy  the  zone of the  concrete  which i s  p a r t i c u l a r l y  

impermeable, namely the  skin,  

The appearance depends on the  kind of formwork used and v a r i e s  

g-reatly, 

( e )  Aging 

Aging i s  genera l ly  very uniform. I r r e g u l a r i t i e s  of appearance 

a r e  genera l ly  due t o  the  l o c a l  t r i c k l i n g  of ra inwater  down the  
facade. T'nis i s  p r imar i ly  an a rc l? i t ec tu ra l  problem. 

However, rough-cas t  fac ings  provide a continuous veneer which 

may emphasize variations of hue o r  s t a i n s ,  but  which I s  easy t o  

c lean .  

Cracks can be l o c a l i z e d  by the  provis ion  of l i n e s  of  l e a s t  

r e s i s t a n c e  and by l i m i t i n g  the  dlrnensions of the  u n i t s ,  s ince  cracks  

on a  f l a t  f a c i n g  a r e  always unsight ly.  

2 .2 ,  Facin,ys of Vis ib le  A m r e ~ a t e  

2.2.1. Slashin,? (Yig. 7 and 9 )  

(a) Q,ual i ty  of ma te r i a l s  and of concre te :  
Agpega tes :  diameter l e s s  than 12  mm i n  continuous -adingo 

Discontinuous grading,  edge 18/22 m m ,  f o r  example. 

Preferably  rounded aggregates  (crushed aggregates  a r e  unseated 

by the  brushing p rocess ) ,  

Choose the  mixture and colour  with t a s t e ,  

Binders:  t r ansparen t  b inders  prefer red .  

Mixture: continuous @ading; moderate concent ra t ion;  discon- 

t inuous p?adin$; high conce~ i t r a t ion ,  
Pasty cons is tencyy 

( b )  Concret In:? PI-occ ss  : 

G e n c x l l y  used i n  p r ~ f a b r i c a t i o n  where only  a  s ing le  su r face  

l a y e r  i s  of concre te  s p e c i a l l y  lnzde f o r  t h i s  purpose. It i s  bonded 

t o  the  r e s t  of t h e  s t r u c t u r e  by v i b r a t i o n  (which permits  an  



i n t e r p e n e t r a t i o n  of the  var ious l a y e r s ) .  

( c  ) Production technique : 

If t h e  face  t o  be washed i s  a t  the  bottom of the  mould t h e  u n i t  

i s  turned over  f o r  treatment.  I n  the  oppos i te  case  the  u n i t  i s  

s l i c h t l y  inc l ined .  

The t reatment  i s  c a r r i e d  out  about one hour a f t e r  the  u n i t s  

have been made, o r ,  i f  a s e t t i n g  r e t a r d e r  has  been used, 24 t o  36 

hours l a t e r .  

The water i s  f i r s t  sprayed on gen t ly ,  then i n  a j e t  over  the  

f ace ,  which i s  inc l ined  5% o r  20% on t h e  washing bench while a t  the  

same time the  u n i t  i s  worked over w i t h  a  s o f t  brush. 

No puddles must remain a f t e r  washing. These form milky f l lms  

on dry ing  whicl? a r e  d i f f i c u l t  t o  c1ea.n o f f .  

Cl.ea.ning takes  p lace  one o r  two days af terwards with d i l u t e  

hydrochloric  acid.  This  is follorved by r i n s i n g  f r e e l y  with water. 

(d) Various advaIl,t_a~eg: 

The process  i s  more popular I n  p r e f a b r i c a t i o n  because f a i r l y  

p r e c i s e  time i n t e r v a l s  have t o  be observed i f  it i s  t o  be success fu l  

and the  opera t ion  must not  be pushed too far  f o r  f e a r  of d i s lodg ing  

t h e  pebbles. 

The concrete  cont inues s e t t i n g  a f t e r  the  treatment;. This does 

n o t  a f f e c t  the  mass and the re fo re  the  l a t t e r  r e t a i n s  i t s  impermea- 

b i l i t y  and mechanical s t r eng th  p roper t i e s .  

The appearance, v:hich depends on the  pebbles ,  i s  agreeable ,  

The c o s t  of the shop opera t ion  i s  low, provided the  process  

i s  properly executed. 

( e )  A,qiny, rnaiy1tena~ce : 

The washes u r ~ i t s  age well  and uniformly. Their  vsr lega ted  

ap-pearunce counterac ts  s t a in i f i e  and the  s l i z h t  mechanical a t t z c k  of 

the  sur face  d u e  t o  the  treatment f a c i l l  t a t e s  c leaning.  

2 . 2 .  I n  ~ ~ ~ r r ~ e r 9 t e s  

A klnd of nlosaic, t h e  appearance of which depends e s s e n t i a l l y  

on the a r - t i s t i c  t z l e n t  of t h e  a r c h i t e c t  who s e l e c t s  the  g rave l s ,  

pebbles ,  p leces  of g las s ,  e t c .  and on t h e  a r t l s a n  who a p p l i e s  them. 



(5.) Q u a l l t y  of rnz t e r i a l s  - conc re t e s :  

Standard conc re t e  i s  used. The i n l a i d  e lements  a r e  s e l e c t e d ,  

( b )  P l a c i ~ ~ q ,  t rea tment  : 

b.1, I n  p re fa .b r i ca t ion :  The sel -ected e lements  a r e  p laced  a t  

t h e  bottom of t h e  b a r e  mould, o r  b e t t e r ,  on a l a y e r  of sand. The 

conc re t e  i s  then  poured on top.  F i n a l l y ,  a f t e r  s t r i p p i n g ,  t h e  sand 

i s  washed o r  brushed o f f  (F ig .  8 ,  9 and 1 6 ) -  

h.2. For  conc re t e  poured on t h e  s i t e  t h e  so -ca l l ed  t r a n s f e r  

method can be used. The agg rega t e s  a r e  f i r s t  g lued t o  t h e  formwork 

p a n e l s  wi th  s w a t e r - s c l ~ b l e  glue  and f i n e  sand i s  then  added, A f t e r  

s t r i p p i n g  t h e  ?.??laid e lements  remain embedded i n  t h e  c o n c r e t e  and 

can be brcught  u? by brushing.  

( c )  Various a d T ~ i t . e r e s :  

Does n o t  reduce t h e  q u a l i t y  of t h e  conc re t e  ( impermeabi l i ty ,  

etc.), appezrance sometimes very handsone, 

Cost, v a r i e s  g r e a t l y ,  

( d )  A g i n . ~ .  maintenance : 

Aging depends on t h e  kind of e lements  i n l a i d .  Washing i s  

g e n e r a i l y  easy.  

Some of t h e  e lements  may become d is lodged  and t h i s  w i l l  impai r  

t h e  appearance o f  t h e  fa.c i n g  g r e a t l y ,  

2.2.3. G r a n u l a t i n s  (F ig .  2 and 1 0 )  

( a )  Quality of_mater ia l s  znd. of  c o n c r e t e :  

Aggregates : conc re t e  wi th  minimum sa-nd; cont inuous grad ing ;  

b e s t  r e s u l t s  r ; i th  pebbles .  Avoid m a t e r i a l s  of e x c e s s i v e  hardness .  

S i n d e r s :  t y p e s  i n  common use ,  

Xixture  : s tar;d.ard. 

( b )  P l a c ! . ~ . , ~  and tre-e~t of  t h e  conc re t e :  

C o ~ i s t r u c t i o n  j o i n t s  t o  be made with  extreme c a r e  u s i n g  a 

s l l g h t l y  more p l a s t i c  conc re t e  t han  f o r  t h e  whole; v i b r a t e  energe t -  

i c a l l y  (do  n o t  courlt cn  t h e  roughening t o  d i s g u i s e  s e g r e g a t i o n  

f a u l t s  o r  d i s c c n t i n u i t i e s  a t  t h e  j o i n t s ) .  

Re in fo rce ren t s  should be p laced  a t  l e a s t  3 t o  5 cm from t h e  

f l n l s h e d  fac ing .  



( c )  Production technlaue:  
Granulate over 5 m m ,  use 16-toothed o r  25-toothed hammer; 

f i n i s h  wlth a 49-toothed o r  64-toothed hammer. 
Do not  granula.te u n t i l  t he  concre te  i s  thoroughly hardened. 

Do not  granula te  r i b s ;  leave a rough-cast l i s t e l  ( i t  i s  no t  

advisable  t o  c a r r y  on the  l i s t e l s  with b u i l t  up mortar - chipping, 

f l a k i n g ,  e t c .  1. 
( d )  Various a d v z n t a ~ e s  a.nd disadva.nta@s: 

Handsome appearance when t h e  concrete i s  very uni form, 

Concrete subjected t o  severe mechanical t reatment  which 
may start c racks ,  cause permeabil i ty  and corros ion  of 
reinforcements.  

An expensive and somewhat slow process  (concre te  must be 
hard ) . 
General ly  appl ied  t o  concre te  a l ready i n s t a l l e d .  

Sometimes a subsequent sand-blas t ing  i s  needed. 

( e  ) Apinp. maintenance : 

A g e s  wel l  - d i f f i c u l t  t o  wash - de te r io ra . t ions  due t o  permea- 

b i l i t y  r e s u l t i n g  from repeated hammer blows, 
2.2.4, Sand-blasting ( ~ i g .  1 2 ,  13 and photograph on page 4 )  

( a )  Q u a l i t y  of  ma te r i a l s  and of concrete:  
Cf. Sec. 2.2.3. ( a )  (pebbly o r  crushed-stone aggregates) .  

( b )  Pourlnfi of concre ts  , t reatment:  
Cf. Sec, 2.2.3. ( b )  f o r  concre te  on s i t e .  However, t h i s  method 

i s  more popular i n  p r e f a b r i c a t i o n  where t h e  sand can be recycled ,  

I n  t h i s  case t h e  concrete  must be b las t ed  very uniformly. 

( c )  P r o d u c t i o n . t e c h n i ~ u e :  

B las t ing  i s  c a r r i e d  ou t  when t h e  concrete  h a s  ba re ly  hardened. 

Thus, i f  i t  i s  poured i n  t h e  morning, it w i l l  be b l a s t e d  t h a t  

everling. The b l a s t i n g  i s  done so  a s  n o t  t o  s p o i l  t h e  po l i sh  
o f  t h e  stones.  It should not  be accomplished by washing, which 

might d is lodge  the  s tones  (Fig.  11). 

Mechanical a t t a c k  on t h e  concrete  i s  s l i g h t ,  

A r ap id  shop opera t ion ,  b u t  one r e q u i r i n g  a c e r t a i n  c a r e  i n  
t h e  observance of time i n t e r v a l s  and the  dura t ion  of  
b l a s t i n g .  



Moderate c o s t  by i n d u s t r i a l  standards.  

( e )  A ~ i n e :  
Good aging,  easy maintenance i f  b l a s t i n g  has  not  been overdone. 

2.2.5. Pumicing (Fie .  14 ,  15 and 16)  

( a )  and ( b )  
Cf. Sec. 2.2.3. end 2.2.4. ( a )  and (b ) .  

The aggregates  must be chosen s o  as t o  g ive  a f i n e ,  pol i shed  

su r face  ( b a s a l t s ,  marbles, porphyries ,  Loire  s tone ,  Ecuel les  gravels ,  

e t c .  ). 
( c )  Production technique: 

F i r s t  r egu la r  g ranu la t ing ,  then smoothing with t h e  100-toothed 

hammer, and f i n a l l y  pumicing. 

( d )  Various advantams and disadvantage$: 

Very handsome f a c i n g  when successful .  

Very c o s t l y  process.  

Cracks occur e a s i l y ;  it i s  t h e r e f o r e  b e s t  t o  t r e a t  only 
r a t h e r  small  u n i t s  which are sub jec t  t o  l i t t l e  s t r e s s .  

( e  ) A ~ i n g ,  maintenance : 

Aging depends on t h e  aggregates  chosen, bu t  the  l a t t e r  can be 

pol ished w i t h  pumice pe r iod ica l ly .  

Very easy t o  wash. 

2.3 Prefabr ica ted  t i l e  fac ings  

Prefabr ica ted  t i l e ,  i n  t h e i r  t u r n ,  can be used e i t h e r  as forms 

incorporated i n  a concre te  w a l l  o r  as fac ings  appl ied  t o  a wal l  

a l r eady  constructed.  

Obviously, any type of p re fabr i ca ted  t i l e s  can be used f o r  
t h i s  purpose, e.g. c u t  s tone o r  r e c o n s t i t u t e d  s tone ( e s p e c i a l l y  of 
rock d u s t )  o r  panels  of wood o r  meta l ,  al though the  l a t t e r  do not  

come wi th in  t h e  scope of t h e  p resen t  study., un less  t h e  concre te  i s  
v i s i b l e .  

True concrete  t i l e s  a r e  genera l ly  of  small  s i z e  t o  permit easy 
handl ing  and a r e  s l i g h t l y  re inforced  t o  prevent damage i n  t r a n s i t .  

The choice of ccmponent m a t e r i a l s  snd manufacturing processes  

obviously depends on t h e  sur face  t reatment  intended,  as s e l e c t e d  by 



t h e  a r c h i t e c t  from t h e  various processes  descr ibed above. 

The s i d e  opposi te  t h e  f ac ing ,  which must hold t h e  t i l e  t o  i t s  

support ,  i s  o f t e n  t h e  sub jec t  of s p e c i a l  study by the  bui lder .  A s  

a consequence t h e r e  are many more o r  l e s s  ingenious methods and 

p a t e n t s  i n  ex is tence ,  ranging from simple grooving of the  su r face  

t o  very complex anchoring devices ,  

2,3.1. Prefabr ica ted  t i l e s  i n  incorporated forms (photograph on 

page 4) 
(a ,  b and c )  Q u a l i t y  of m a t e r i a l s ,  t rea tment ,  production 

Cf. above t h e  sec t ions  corresponding t o  the  techniques employed. 

( b )  P l a c i n ~  of t i l e s :  
This i s  a. d e l i c a t e  opera t ion  bu t  must be c a r r i e d  out  i n  a very 

s teady,  p e r f e c t l y  regula ted  manner, s ince  these  t i l e s  w i l l  appear 
on the  facade exac t ly  a s  they a r e  a f t e r  t h e  concre te  pla.ced on the  

s i t e  has  s e t ,  
It i s  wise t o  provide f i b r e s  on the r e a r  f a c e  which w i l l  be 

immersed i n  the concrete  placed a t  t h e  s i t e  and t o  roughen t h i s  face  

so as t o  o b t a i n  a good concrete  j o i n t ,  Since t h e  j o i n t s  between 

t h e  t i l e s  a r e  not  by themselves t i g h t  it i s  advisable  e i t h e r  t o  
p lace  t h e  t i l e s  on a mortar bath o r  t o  wash t h e i r  su r faces  as soon 

as the  supports  a r e  withdrawn, 

( d )  Various c h a r a c t e r i s t i c s :  

Facing of high q u a l i t y  and uniform appearance. 

Cracks occur r ing  i n  t h e  ske le ton  of  t h e  bu i ld ing  r a r e l y  
break through t h e  t i l e s ,  They may, however, t w i s t  them, 
owing t o  t h e  comparatively small  dimensions of t h e  t i l e s .  

F r a g i i i t y  (danger of chipping a t  t h e  edges dur ing  i n s t a l l a -  
t i o n ) .  

Danger of displacement d u r i n g  v i b r a t i o n  of the  concrete  
placed a t  the  s i t e .  This  i s  impossible t o  c o r r e c t  
subsequently,  

High c o s t ,  b u t  of i n t e r e s t  never the less ,  having regard  t o  
t h e  sur face  t reatment  employed by reason of t h e  f a c t  of 
shop production. 

( e )  Agiw:, maintenance: 

Depends on the  type of  f a c i n g  chosen, Appearance almost always 
remains s a t i s f a c t o r y  and uniform over t h e  yea r s  owing t o  t h e  g r e a t e r  



cons tancy  o f  shop-processed f a c i n g s .  

2.3.2, P r e f a b r i c a t e d  tiles a p p l i e d  t o  t h e  build in^ c o n c r e t e  

( a ,  b and c )  Cf. above,  Sec. 2.3.1. 

(b' ) I n s t a l l a t i o n  o f  t i l e s :  

I n s t a l l a t i o n  i s  s imp le ;  i t  i s  merely n e c e s s a r y  t o  l e a v e  h o l e s  
i n  t h e  w a l l  f o r  a d h e s i v e s  or  a n c h o r i n g  d e v i c e s .  

( d )  Var ious  c h a r a c t e r i s t i c s :  

Facings  of  h i g h  qua11 t y  and c o n s t a n t  appearance .  
The e f f e c t i v e n e s s  o f  c o n t r o l  o v e r  t h e  i n s t a l l a t i o n  on a 
f i n i s h e d  w a l l  w i l l  g e n e r a l l y  depend on t h e  e x t e n t  t o  which 
t h e  mass work i s  completed and a l l  t h e  s e t t l e m e n t  and 
c r a c k i n g  h a s  become s t a b i l i z e d .  

F r a g i l i t y  i s  o f t e n  greater t h a n  i n  2.3.1. owing to  absence  
o f  monol.ithism w i t h  the w a l l .  

Cost n o t  e x c e s s i v e  f o r  ve ry  f i n e  f a c i n g s ,  

( e )  A ~ l n a ,  maintenance:  

Cf -  Sec. 2.3.1. ( e ) .  

The c o n c r e t e  may be coa t ed  by: 

s t ucco ;  

t i l i n g ,  terra c o t t a ,  f r e e s t o n e ,  mosaic ; 

p l a s t i c  c o a t i n g s :  a p p l i e d  by b r u s h i n g  o r  s p r a y i n g ;  

p a i n t s ,  va rn i she s .  

Ide are n o t  concerned w i t h  t h e s e  t y p e s  o f  c o a t i n g  here because  

t h e y  d o  n o t  come w i t h i n  t h e  scope o f  t h i s  s t u d y ,  which i s  l i m i t e d  

s t r i c t l y  t o  f a c i n g s  o f  v i s i b l e  conc re t e .  

3. Genera l  C o n s i d e r a t i o n s  on  Aging A b i l i t y  

3.1. D e t e r i o r a t i o n  

De t e r i o r a . t i on  o f  t h e  c o n c r e t e  ( a p a r t  frcm cases of abnormal u s e  

o f  t h e  s t r u c t u r e )  i s  g e n e r a l l y  due t o :  
poor  compaction,  r e s u l t i n g  i n  2 porous  c o n c r e t e  ; 

r e i n fo r cemen t s  b e i n g  i n  more o r  less  d i r e c t  c o n t a c t  w i th  
t h e  atmosphere ; 



excessive cracking due t o  shrinkage ( u n i t s  too  l a r g e  o r  
excessive dosage). 

F ina l l y ,  any mech~n ica l  t reatment  of t he  fac ing  w i l l  r e s u l t  i n  
a p red i spos i t ion  t o  cracking (g ranu la t ing ,  sand-blast ing,  e t c . ) .  

3.2. S ta ins  

These a r e  due b a s i c a l l y  t o  r a i n  i n  a contaminated atmosphere, 

e spec i a l l y  where t r i c k l i n ~  i s  l oca l i z ed  a long a facade. 

On smooth fac ings  (rough-cast o r  pumiced) s t a i n s  show up more 

c l e a r l y ,  bu t  a r e  e a s i e r  t o  wash o f f .  

The rugged fac ings ,  e s p e c i a l l y  the sand-blasted and washed 

ones, seem t o  d i spe rse  t he  d i r t  and t o  m i t i ga t e  i t s  uns igh t l iness  

by reason of t he  variegated background of stones.  

Thus, cons ider ing  only t he  appearance i n  a s s e s s ing  the  aging 

a b i l i t y  of a concrete ,  the  b e s t  f ac ings  appear t o  be the rough-cast 

f o r  a l l ' c a s e s ,  and washed o r  sand-blasted ones f o r  u n i t s  of small 

dimensions. 



Fig. 1 

Gable tiles, prefabricated flat 

First a few centimetres of white cement facing concrete are placed 
at the bottom of the mould, Reinforcements are then put in posi- 
tion and the tiles are built up to full thickness by placing ordinary 
concrete, Carelessness in execution of the rigfit centre tile 

resulted in the unsightly spot 



Fig. 2 

Facing of granulated concrete  placed i n  forms cons i s t i ng  of planks 
l a i d  s ide  by s ide .  The concrete  has l o s t  i t s  f i n e  cons t i t uen t s  

a t  r i g h t  angles  t o  t h e  J o i n t s  between planks,  whence t h e  
l i n e s  which g ranu la t ing  could not  e r a s e  



Fig. 3 

Construction j o in t  de fec t  i n  a granulated concre te  

This  f a u l t  w i l l  always remain v i s i b l e  no mat ter  what process  i s  used. 
Thus, concrete  cons t ruc t ion  j o i n t s  should always be made t o  coincide 

with a su r face  d i s con t i nu i t y  of  the  s t r u c t u r e  

Fig. 4 

C i rcu la r  column placed i n  2 mm sheet  metal  formwork 

This  kind of formwork always b r lngs  out  j o i n t s  and b l i s t e r s  a s  we l l  
a s  f a u l t s  of alignment between forms 



Fig. 5 

Wood f i b r e  formwork, g r i l l  surface 

D e t a i l :  Note the excel lent  qua l i ty  of the concrete a t  ri&t angles 
t o  the jo in t ,  the complete absence of b l i s t e r s  and the marks l e f t  
by the fas tening points  of the panels which, i n  t h i s  case, were 

not  glued t o  t h e i r  support 



Fig. 6 

Cylindrical fibre-board forrnwork with a radius 
of 1 m; smooth surface 

Note the excellent appearance of the joint  a t  r igh t  angles 
t o  which the quali ty of the concrete i s  f u l l y  maintained 

Fig. 7 

Facing of washed t i l e ,  pebbly aggregate of the Paris  region 
called n r i c e  grainsn (prefabricated) 



Fig. 8 

IBABA. Study f o r  facade f a c i n g  

Facing of sand-blasted concre te  with coarse Seine aggregates  (40-50) 
arranged i n i t i a l l y  a t  t h e  bottom of t h e  mould ( b u i l t  up aggregates)  

Fig. 9 

T i l e s  i n  a fac ing  of b u i l t  up aggregates ,  
porphyry broken t o  4 - 7 cm s i z e s  ( p r e f a b r i c a t s d  and washed) 
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Fig. 12 

IRABA. Cornice around the t e r r ace  reserved f o r  the  
production of l a rge  u n i t s  

Upper pa r t :  sand-blasted topping concrete produced on s i t e .  
Lower par t :  prefabr ica ted t i l e ,  sand-blasted and used i n  l o s t  form 

( see Fig. 11 and 13). 



IRABA. D e t a i l  of  a p r e f a b r i c a t e d  f a c a i e  t i l e  

Seine aggrega te s  10-40 and Por t l and  cement 210-325. Very c a r e f u l  
g rad ing ,  s loped a s  i n  t h e  moulds and sancl-blasted t h e  day a f t e r  

p l a c i n g  

I R A ~ A .  Study f o r  i n t e r i o r  f a c i n g  o f  v i s i t o r s '  en t r ance  

Pumicing of p r e f a b r i c a t e d  t i l e s  



IRABA. Pumiced t i l e  made from s i l e x  g r a v e l  1 0  - 20 
Ecue l l e s  sand and white cement 

Fig. 16 

IRABA. P r e f a b r i c a t e d  pumiced t i l e  w i t h  s i l e x  g r a v e l  20 - 40 
placed a t  the bottom of  t h e  mould and E c u e l l e s  mortar  sand 

with white cement 


