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DISON, Leon

T h i : d i  s e r t d t i o n  t u t i i e  t h e  management o f  i n v e n t i o n  and i n n o v a t i o n  i n  

c i v i l  e n g i n e e r i n g ,  and i n  con t r u c t i u n  companie i n  p a r t i c u l a r .  L i t e r a t u r e  

on t h i  s u b j  c t  c n r v e n t r a t e s  on n, ! l e r  , o? l a r g e  r e s e a r c h  o r g a n i s a t i o n s ,

|
g u i d e l i m  f o r  i n n o v a t i o n  managtTnrnt a r e  t h e r e f o r e  n o t  a v a i l a b l e  f o r  t h e  

omcwhat d i f f e r e n t ,  s t y l e  o f  ma .agement r e q u i r e d  i r  c i v i l  e n g in e s r* .n g .

, .

de s c r ib ed  i n  t h i  d i s s e r t a t i o n ,  a  g e n e r a l  modus o . j e r a n d i  h a s  e v o l v e d .  The 

p r o j e c t s  u n d e r t a k e n  i n c l u d e  ( i )  a t t e m p t s  t o  d e v e l o p  i n d u s t r i a l  and m in in g  

,te= a i l t a m a t i v *  m a t e r i a l  o f  c o n s t r u c t i o n ,  ( i i )  t r a n s f e r  o f  t e c h ­

no lo g y  from a b ro ad  i n t o  t h e  l o c a l  c o n s t r u c t i o n  s y s t e m ,  ( i i i )  an i n v e s t i g a -  

‘ ior i n t o  a l o  r r d t i ' .  jprxir t  t r u c t u r e s  i n  u nde rg round  m i n i n g .

The more I m p o r t a n t  of th '  g u i d e l i n e s ,  c o n c l u s i o n s ,  and recom m enda t ions  

' h a t  have  a n e rg e d  a r e  h e r e  ■ .immari zed:

c o n s t r u c t i o n  companie". a r e  a d v i s e d  n o t  t o  e s t a b l i s h  permanent  

i n n o v a t i o n  d e p a r tm e n t  . o r  r e s e a r c h  l a b o r a t o r i e s  w i t h i n  t h e i r  

own o r g a n i s a t i o n s .  I n n o v a t i o n  programmes s h o u ld  be i n s t i t u t e d  

o n l y  when . p a c i f i c  ide u - , ,  i n v e n t i o n s  o r  p r o p o s a l s  a r i s e ,  and 

companies  .hould make u s e  o f  s p e c i a l i s t  c o n s u l t a n t s  and 

r e p u t a b l e  l a b o r a t o r i e s  r a t h e r  t h a n  t r y  to  e x e c u t e  t h e  whole 

progr-imme i n - h o u s e .



i l l

( i i )  each  p r o j e c t  r ret t o  Ln i i e a d 'd  by i " r o d u c t  c t  Jnpion" a + t o  i h o u l d

'  •

( i i i ) com pan ies  i n t e n d i n g  t o  embari on i n n o v a t i o n  programme i s h o u ld  b u d g e t  

po r  a t  l e a s t  R100 000 p e r  y e a r ,  a t  1984 r a t e  .

( i v )  t h e  o r g a n i s a t i o n  o r  company f i n a n c i n g  t h e  programme must  i n s i s t  on 

r e g u l a r  t e c h n i c a l  and  f i n a n c i a l  a p p r a i s a l s ,  and  s h o u ld  a p p o i n t  a 

s e n i o r  o f f i c e r  a s  o v e r a l l  w i tc h -d o g  t o  t h e  p r o j e c t .

( v) t h e  i n i t i a l  i n v e n t i o n  and l a b o r a t o r y - t e s t i n g  p h a s e s  a r e  i n e x p e n s i v e  

and t h  c o s t s  i n c u r r e d  s h o u ld  g e n e r a l l y  be a b l e  t o  be  c a r r i e d  by

.

.

t a k e  i n  i s t r o n g  f i n a n c i a l  p a r t n e r  o n c e  t h i s  s t a g e  h a s  been  r e a c h e d .

( v i )  by n e c e s s i t y  and t r a d i t i o n , b o th  th< c i v i l  e n g i n e e r i n g  and m in in g  

i n d u s t r i e s  a r e  con'  e r v a t i v e  and  n o t  i n c l i n e d  t o  modify  e x i s t i n g  

t e c h n i q u e s  l i g h t l y .  T a c t f u l  n e g o t i a t i o n  I s  a p r e - r e q i  i s i t e ,  and 

i n  bo th  i n d u s t r i e s  i t  i s  w i s e r  t o  d e a l  i n i t i a l l y  a t  t h e  t e c h n i c a l  

r a t h e r  t h a n  m a n a g e r i a l  l e v e l .

( v i i )  t h e  r o l e  o f  i n v e n t i o n  and i n n o v a t i o n  i s  n o t  w e l l  u n d e r s t o o d  by t h e  

g e n e r a l  p u b l i c ,  o r  by e c o n o m i s t s ,  o r  even  by most  p r a c t i s i n g  

e n g i n e e r s .  I t  i s  incumbent on t h e  s c i e n t i f i c  and e n g i n e e r i n g  

community t o  r e c t i f y  t h i s  gap  i n  ( jub l ic  a w a r e n e s s .



I  d e c l a r e  t h a t  t h i  d i s s e r t a t i o n  i s  my own, u n a id e d  w o rk . I t  i s  
b e i n g  s u b m i t t e d  f o r  t h e  d e g r e e  o f  V a s t e r  o f  S c i e n c e  i n  E n g i n e e r i n g  
i n  t h e  U n i v e r s i t y  o f  t h e  W i t w a t e r s m n d , J o h a n n e s b u r g . I t  has n o t  
been  s u b m i t t e d  b e f o r e  f o r  any d e g r e e  o r  e x a m i n a t i o n  i n  any o t h e r  
U n i v e r s i t y .

LEON ISON

30th day o f  January, 1985



V '
C O N T E N T S

Page  N o ,

*

P r e f a c e  ................................................................................................................

L i s t  o f  Appendixf j .....................................................................................

1 . INTRODUCTION ..........................................................................................

2 .  TERMINOLOGY .............................................................................................

3 .  LITERATURE SURVEY    .......................................................................

..............................

4.1  B ackground  ............................................................... ...................

.

4 . 3  I n v e s t i g a t i o n  i n t o  p u l v e r i z e d  f u e l  a s h

1972 -  1984 ................................................................................

4 . . .  P ro m o t io n  o f  a  new c o n s t r u c t i o n  m a t e r i a l

“Reln foz  ceti E a r t h "  ...............................................................

4 .5  Invt  i t i g a t i n n - .  i n t o  m e t a l l u r g i c a l  s l a g s  ............

...............................

. 'ISCL r  T» At.') C.iNCLU:iI0t'.3 ON THE TOTAL PROGRAMME

6 .  RECOMMENDED PROCEDURES ............................................................... .

....................

8 .  FINAL REMARKS .....................................................................................

REFERENCE LIST ............................................................................................

v i

v i i

1

5

7

15

15

17

19

34

46

72

95

101

114

119

122



v i

P R E F A C E

n o t  a l l  o f  them s u c c e s s f u l , t o  i n t r o d u c e  new m a t e r i a l s  and s y s t e m s  

i n t o  t h e  c i v i l  e n g i n e e r i n g  and m in in g  i n d u s t r i e s .  The a u t h o r  h a s  

been a s s o c i a t e d  w i th  t h e  v a r i o u s  a t t e m p t s  from t h e i r  i n c e p t i o n  and 

was i n i t i a l l y  o b l i g e d  t o  work from f i r s t  p r i n c i p l e s ,  h av in g  had  no

.

Over  t h e  y e a r s ,  and with  e a c h  s u c c e s s i v e  p r o j e c t ,  a s y s t e m a t i c  

app ro ac h  emerged .  The a u t h o r  h o p e s  t h a t  t h e  c o n c l u s i o n s  r e a c h e d  and 

t h e  recommendat ion . ,  made i n  t h e  d i s s e r t a t i o n  w i l l  p rove  o f  u s e  i n  t h e  

f u t u r e  t o  a s p i r a n t  i n n o v a t o r s  in  t h e  i n d u s t r y .

I n  th e  c o u r  e o f  t h n  programme, c o n t a c t  was made w i th  numerous  

i n d i v i d u a l s  and o r g a n !  a t i o n s  c o n n e c te d  w i t h  c i v i l  e n g i n e e r i n g  and 

m in in g ;  i n  South A f r i c a ,  Eu rope  and  t h e  U.S.A. P a r t i c u l a r  a p p r e c i a t i o n  

i s  r e c o r d e d  t o  t h e  f o l l o w i n g  :

P r o f e s s o r  G.E.  R l i g n t

Mr. H. V i d a l  

Mr. A.C.S .  imlth

Mr. C. Digue

Mr. R.C. More O ' F n r r a l l

U n i v e r s i t y  o f  t h e  W i t w a t e r s r a n d , 
who s u p e r v i s e d  t h e  r e s r -  >ch.

I n v e n t o r  o f  R e i n f o r c e d  E a r t h

Managing D i r e c t o r  o f  R e i n f o r c e d  
E a r t h  ( P ty )  L t d .

F orm er ly  S e n i o r  E n g i n e e r  o f  
E n t r e p r i s e  J e a n  L e f e b v r e ,  P a r i s

Group Rock M echan ics  E n g i n e e r ,  
G encor  L t d .
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\ ANAGEMENT r INVfllTKN AN) INNIVATI' N IN CIVIL ENGINEERING

1. I NT A 'IJI Til :j

The rxipid i n d u s t r i a l  ex pan: 3 i o n  which h a s  come a b o u t  i n  S o u th  A f r i c a  

o v e r  t h e  p a s t  f o r t y  y i r  ha bi"?n accompanied by a i m i l a r  e x p a n s i o n  

i n  i t s  c i v i l  e n g i n e e r i n g  i n d u s t r y . The r a t e  o f  g row th  o f  t h i s  

i n d u s t r y  h a s  been f u r t h e r  a c c e l e r a t e d  by r e a s o n  o f  a c o n s c i o u s  d e c i s i o n  

on t h e  p a r t  o f  most  s t a t e  p u b l i c  wort ' 53 a u t h o r i t i e s  t o  make u s e  o f

.

o f  r e a l i z i n g  t h e  l a r g e  and complex  p r o j e c t s  which have had to  be

1

i n f r a s t r u c t u r e  .

The c o n t r a c t i n g  * c t o r  o f  t h e  i n d u s t r y  p r e s e n t l y  com prises  hundreds o f  

comcani e  , t h ^  l a r g  * o f  which h a n d l e  annual tu rn o v ers  o f  s e v e r a l  

Hundred r i l l  ion  ra- .1. At t h e  tin*- o f  w r it in g  f 1984) th e  c o n tr a c t in g  

in :u ' • r. ’ t ? 1 1 inn^ ll tu rn over  L in  t h e  ord er  o f  R2 000 m i l l i o n .

,

f o r  new In  f r a  s t r u c t  .r>>, c o n t r v c t i r g  com pan ies  have found th a t  th ey  too

.

dec. idi a: a t  t h e  . n  ;nnt  Lim«-, to  n  i t  r i d  i t  c a p i t a l  e x p e n d i t u r e , 

th e  cor: t r u e t i on ir: tuc t r y  h* com in na iy and o b v io u s  t a r g e t .

From t ime t o  time c o n t r a ,  t i n g  com panic-  t .herr - fon  f in d  th e m se lv e s  faced  

w i t h  a s h o r t a g e  o f  Mir4- and a s u r p l u s  o f  men anti m a c h in e s ; and f o r  

t h i  r e a s o n  ■ v n r a l  mm{>init> have taken th e  s t e p  o f  d i v e r s i f y i n g  t o  

some e x t e n t  i n n  a c t i v i t i e s  removed from d ir e c t  c o n s t r u c t io n - b y - c o n t r a c t .



I n  o r d e r  t o  aucomul i n uch divf  r ; M(,Jt  i o n , two m a jo r  . t r a t e g i e s  have  

been  ui,ed :

i n v e s t m e n t  i n  in  lu: ' . r i e  t o t a l l y  d i v o r c e d  f rom c o n s t r u c t i o n  

and c i v i l  e n g i n e e r i n g ;

( i i )  e x t e n s i o n  o f  i n v e  fcment and  a c t i v i t i e s  w i t h i n  t h e  c o n s t r u c t -

'

f i e l d  o f  e x p e r i e n c e  and e x p e r t i s e .

I t  i s  c o m o n  f o r  t h o s e  who a d o p t  t h e  l a t t e r  s t r a t e g y  t o  e n t e r  t h e  f i e l d

,

■

- r c ^ o r  l i v  r s i f i - v  in -  i c t i v i t i  uch a s  m a r r y i n g , a g g r e g a t e  

•upnly g e n e r a l l y ,  ' 1 f a b r i c a t i  in, m a n u f a c t u r e  o f  p r e c a s t  c o n c r e t e

p ro d u c t  , *nd even  brickmui- in

T h i s  di  e r t a t i o n  h i  o r i g i n a t '  d from ju s t  such  a d i v e r s i f i c a t i o n

e f f o r t  I n t o  m a t e r i a l  , p p l . , i n  t h i s  c a s e  an attem pt to  produce

' i n d u s t r i a l  w a s t e s .

The d i v e r  i f i c a t  io r  ; r o y r n  ime t a r t -  d i n  b u t  has s i n c e  s tr a y e d

a long  * iy from i t  i o r i g i n a l  o b j e c t i v e s .  I t  ha s  moved from what a t  f i r s t  

a p p e a r e d  t o  be i s t r a i g h t f o r w u r d  e f f o r t  i n  m a t e r ia l s  supp ly  in t o  th e

r .  II

in  ant in  t u n c e ,  moved o u t  of c i v i l  e n g i n e e r i n g  i t s e l f  i n t o  a new 

f i e l d  con .n m e d  w i th  uppnr t  .y .toms i n  und, n j ro u n d  m i n in g .

I n  t h e  c o u r  .< o f  pur  u in g  th t  v a r i o u s  p r o j e c t s  which have  formed p a r t

of t h i ' pnnjrammt , i t  ' ‘came ippun 'n t  t h a t  management o f  t h e  programme

i t  i o n ,  train­

i n g ,  and e x p e r i e n c e  o f  t h o s e  d i r e c t i n g  t h e  p r o j e c t s  had n o t  e q u ip p e d



them f o r  d e a l i n g  w i th  i n n o v a t i o n  i n  i t  v u r i o u  u : ;pec to .  I t  f u r t h e r  

became c l e a r  t h a t  no n t  o( rule o r  c r i t e r i a  was r>—' d i l y  a v a i l a b l e  

which  c o u ld  have g u id e d  th e  a p i r u n t  1 i c h n i c a l  i n n o v a t o r s  i n  t h e i r  

s p e c i f i c  f i e l d .

The d i s s e r t a t i o n  t h e r e  tore a d d r e s s e s  i t  e l f  t o  t h e  p rob lem o f  management 

o f  t e c h n i c a l  i n n o v a ' ic w i t h i n  t h e  c i v i l  e n g i n e e r i n g  i n d u s t r y .  I t s  

o b j e c t i v e  i s  t o  »et down g u i d e l i n e s  which would e n a b l e  a s p i r a n t  

i n n o v a t o r s

( i )  to  f o l l o w  l o g i c a l  p r o c e d u r e  1- a p p r a i s a l  and management o f  

t h e i r  p r o j e c t s ,  and

( i i )  to  u t i l i z e  a v a i l a b l i  ,rj h y s i c a l  v  u i n t e l l e c t u a l  r e s o u r c e !  

e f f e c t i v e l y  and e c o n o m i c a l l y .

E s s e n t i a l l y  tht  prob lem w i l l  • ta c>l t?d  from t h e  v iew p o in t  o f  a c i v i l

e n g i n e e r i n g  c o n t n a c t i n y  company which h a s  r e a c h e d  a s i z e  cap ab le  o f

■

are  s p e c i f i c a l l y  no* d i r e c t e d  t o  o r g a n !  a t i o n s  which m ight a lr e a d y  p o s s e s s  

S u b s t a n t ia l  A G- D e s f a b l i s n m o n t s  j but i n  . i v i l  e n g in e e r in g  such e s t a b l i ­

shments a n :  r a n  , even  i n  the l a r g e s t  o f  companies. .  The g u i d e l i n e s  n ig h t  

aV-o apply^ w ith  v a r .  i t .  in- , t o  c u n  u l t i n g  and . app ly  f i r m s  w ith in  th e  

i n d u s t r y ,  and perna.  - nver t o  p j b l i i  l u t h o r i t l n  .

The mnthod o f  t a c k l i n g  thi  prob lem w i l l  b-1 t o  d e s c r i b e  th e  v a r io u s  

p r o j e c t s  which  have been  u n d e r t a k e n ,  to  a n a l y  ,e and a p p r a is e  c r i t i c a l l y  

e a c h  p r o j e c t  i n  t u r n ,  and ,  f i n a l l y ,  t o  c o - o r d i n a t e  t h e  vary ing  con­

c l u s i o n s  and  recom mendat ions  i n t o  a  s e t  o f  g u i d e l i n e s .  Over th e  y e a r s ,  

some m e asu re  o f  . k i l l  h a s  d e v e lo p e d  i n  d e a l i n g  w i t h t h e  in n o v a t io n  p r o c e s s  

i t s e l f ,  and what i  mon , c o n t a c t  have  been e s t a b l i s h e d  w ith  a sp ec t ru m



dec* , c . c La.-it -i's r ead?  1 /  a v a i l a b l e

'-it en  iTh.-.i'-e1 r . -m o v a to r s  i n  t h e i r

ooaci . i ' ib  .'ieXc'

The d i s s e r t  a t  ic*  . hv . -e ro ;-  addv i t s e l f  to  t h o  p rob lem o f  management

o b j e c t i v e  i s  t o  e t  town guidel ine* . ,  which would e n a b l e  a s p i r a n t  

i n n o v a t o r s

( i )  to  f o l l o w  l o g i c a l  procedure*,  i* a p p r a i s a l  and management o f  

t h e i r  p r o j e c t s ,  and

( i i )  t o  u t i l i z e  a v a i l a b l e  p h y s i c a l  and i n t e l l e c t u a l  r e s o u r c e s  

e f f e c t i v e l y  and e c o n o m i c a l l y .

E s s e n t i a l l y  t h r  problem w i l l  t ;  t a c k l e d  fnxn th-  v i e w p o i n t  o f  a  c i v i l  

e n g i n e e r i n g  c o n t r a c t i n g  a-m[>any which h a s  r e a c h e d  a s i z e  c a p a b l e  o f  

a l l o w i n g  i t  t o  c o n te m p la t f  d i v e r s i f i c a t i o n  o r  i n n o v a t i o n .  The g u i d e l i n e s  

a r e  s p e c i f i c a l l y  n o t  d i r e c t n d  t o  o r g a n !  at Ion:, which m ig h t  a l r e a d y  p o s s e s s  

s u b s t a n t i a l  R G D e: -.ah] i s h m e n t s  j b u t  i n  c i v i l  e n g i n e e r i n g  s u c h  e s t a b l i ­

shm en ts  a r e  r a n  , e v e r  in  th  l a t e s t  o f  co m p an ie s .  The g u i d e l i n e s  might  

a l s o  app ly ,  w i th  v a r i a t i o n s ,  t o  con u l t i n y  and s u p p l y  f i r m s  w i t h i n  t h e  

i n d u s t r y ,  and p e rh  s , voi to  p u b l i c  a u t h o r i t i e s .

The method o f  t a c k l i n g  t h e  problem w i l l  he t o  d e s c r i b e  t h e  v a r i o u s  

p r o j e c t s  which h a v  been u n d e r t a k e n ,  t o  a n a l y s e  and a p p r a i s e  c r i t i c a l l y  

each  p r o j e c t  i n  t u r n ,  a n d ,  f i n a l l y ,  t o  c o - o r d i n a t e  t h e  v a r y i n g  con­

c lus ion* ,  and recom m endat ions  i n t o  a s o t  ol g u i d e l i n e :  . Over  t h e  y e a r s ,  

some m e asu re  o f  s k i l l  h a s  d e v e lo p e d  i n  d e a l i n g  w i th  t h e  i n n o v a t i o n  p r o c e s s  

i t s e l f ,  and wnat i  m ore ,  c o n t a c t  have bean e s t a b l i s h e d  w i th  a sp ec t ru m



n f  o r g a n i s a t i o n ' !  i n v o l v e d  in  t i n i n n o v a t i o n  pruce :  , : w i th  r e  s e a  rein 

o r g a n i  a t  io n  rur by :av mfT1 n t  ircl i - ' j  t r y ,  w i th  Univnr - . i t i e s ,  w i th

• ■

A l l  t h i s  e x p e r i e n c e  w i l l  be b rought  i n t o  a c c o u n t  i n  p r o d u c i n g  t h e  

f i n a l  g u i d e l i n i " , .

I n  a d d i t i o n  t o  th  f i e l d  work,   ̂ t udy ha t e e n  made o f  lome o f  t h e  

a v a i l a b l e  ( and  con i d e r a b l e )  body of  l i t e r a t u r e  d e a l i n g  w i th  manage­

ment o f  i n d u s t r i a l  R 5 A l though  most  o f  t h i s  l i t e r a t u r e  i s  

r e l a t e d  t o  t h  [ rxiblf^r o f  i ry  l a r ; e  r e s e a r c h  i n s t i t u t i o n s ,  an a t t e m p t

h a s  been made t o  r e l a t e  i t  t o  t h e  somewhat d i f f e r e n t  and s m e l l e n - s c a l e

■

The books and p a p e r  c o m p r i s in g  t h e  l i t e r a t u r e  s u r v e y  a r e  s e t  down 

i n  t h e  R e f e r e n c e  L i s t .
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? .  TFRfviI\' " ' . ;y

,

.

down d e f i n i t i o n s  o f  r,event* -m d i f f e r e n t  m l 1* which i n d i v i d u a l s  

" ,

f a c t u r e r " , " , u rc h a  ii 3 a g e n t "  and "u  n r "  on t h e  o t h e r .  This e x t e n s iv e  

l i s t  migh t  h a v  ipi l i c a t i o n  i n  t ' u  o r t  o f  o p e r a t io n  that i s  c a r r ie d  

o u t  i n  la rg t  R 1 J  r g a n i s a t i o n  , b u t  f o r  t h e  purposes  o f  t h i s  d i s s e r ­

t a t i o n  th e  t- r r  " i n n o v a t i o n "  at J "n narch and development" w i l l  be

used  i n t e r c h a n g e a b l y  i r d  g i v e n  t h e i r  commonly-accepted d ic t io n a r y  

meaning .

Worthy o f  n o t e , XDwe.vrr, a r e  omr d e f i n i t i o n s  a t t r i b u t a b l e  to  Joseph

Ichonf ' r ,  a n  nowr ► j - conorri t , who a t ta c h e d  g r e a t  im portance to

.

?
leuan  V tduuck ex p l  tin' how achenrx-t er  d iv id e d  th e  p r o c e s s  o f  in n o v a t io n  

i n t o  th r e e  phase*, :

(a )  In v e n t io i  , w» i c h  o c c u r  when th« f e a s i b i l i t y  o f  a new product

o r  p r o d u c t i o n  p roce :  , i  p o s t u l a t e d  o r  e s t a b l i s h e d .

(b )  I n n o v a t i o n , which occu r -  when , fo r  th e  f i r s t  t im e ,  an o r g a n i -

,a t  Ion s e l l  a new o r  b e t t e r  p r o d u c t  o r  u s e s  a new o r  b e t t e r  

p r o d u c t i o n  p r o c e v i  w i th  demon , t r e b l e  s u c c e s s .

( c )  D i f f u s i o n , which i s  t h e  p r o c e s s  whereby a  new o r  b e t t e r  product

o r  p r o d u c t i o n  p roce ;  i a d o p t e d  by an e v e r - in c r e a s in g  number 

o f  o r g a n i s a t i o n s  on a  n a t i o n a l  o r  g lo b a l  s c a l e .



■

:

"

Kingston^ d e f i n e s  t h e  p r o d u c t  d  anp ion  d th f  c o n t r o l l i n g  i n n o v a t o r  who

r,
d e t a i l ,  Mogavero and fham d e f i n e  him u a  "n v r r -  : a y - d i e  p e r s o n  who 

p e r c e iv e :  a  s o c i e t a l  n e e d ,  t a  e: th  i n v e n t i o n  i n  hand ,  a n d  k ee  b t h e

:

.

e n t i  e o r e n e u r , bu t  t h a t  w i th o u t  him most  p r o j e c t s  would probably p e t e r  

o u t  b e f o r e  e v a l u a t i o n s  c o u l d  be made o f  t h e i r  p r o b a b l e  v a lu e .  The 

champion <eep t h e  p r o j e c t  t o g e t h e r  and  p r o v i d e s  t h e  energy to  keep  

i t  moving toward . ,  i t s  u l t i m a t e  joa.  .

5
"

k n o w le d g e " . They p o i n t  o u t  t h a t  t r a n s f e r  i n  t h i s  s e n s e  does not mean 

m o v a n c ' t  o r  d e l i v e r y ,  and t h a t  t h ‘>re i s  no t r a n s f e r  o f  t e c h n o l o g y  

u n l e s s ,  o r  u n t i l ,  t t  - t e c h n i c a l  knowledge ha been u s e o .  Even i f  th e  

u s e  doe', n o t  come up t o  e x p e c t a t i o n s  t e c h n o l o g y  t r a n s f e r  h a s  s t i l l  

o c c u r r e d .
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The h i  t o r y  o ’ rh i n  uvd tiv*  e f f o r t  ' , A+dch w i l l  b  r e c o r d e d  i n  

c h r o n o l o g i c a l  and a n e c d o t a l  f o r o , b a r  o u t  t '  ■ itv.encr- o f  sys tem  

i n  t h e  a p p ro a c h  u:v d and g i v e  r i  e  t o  t h e  t h o u g h t  t h a t  a  p r e l i m i n a r y  

s t u d y  o f  t h e  h i s t o r y  and m e th o d o lo g y  of  R G D and i n n o v a t i o n  m ig h t  h ave

s a v e d  t im e  and ex . -v . \ s  i t  h a p p e n s ,  th i  s tu d y  was c a r r i e d  o u t  o n l y

i n  t h e  very  l a t e  s t a g e  o f  th -  programme,

n ttie o t h e r  ' md, tr . l i t e r a t u r e  udy h a s  revt  a l e d  th a t  w r i t in g s  

d evoted  t o  t h e  management o f  A G U g e n e r a l l y  r e f e r  to  a c t i v i t i e s  in  

la r g e  r e  ea rc r  o r g a n i  , a t i r  • , f i r u n c t  i e i t h e r  by government o r  by la r g e

•

a tvsm pt a t  In n o v a * io r  f t .at  th '  l i t e r a t u r e  car be s u c c e s s f u l l y  in t e r p r e t e d

and a p p l i e d  t  r e a l  ce. e s .

The s tudy  show tha? t • bulk  of R & ) c a r r i e d  o u t  i n  t h e  w o r ld 's  

i n d u s t r i a l i  cd cou- t r i  r* lat> t o  t h e  m a n u f a c t u r i n g  i n d u s t r i e s ,

.

I t  i s  t r u e  t h a t  n  ea roh  p l a y  an i m f c r t a n t  p a r t  i n  b o th  c o n s tr u c t io n  

and  m i n in g ,  b d l i t  • r a t u n  on management o f  i n n o v a t i o n  in  t h e s e  two 

I n d u s t r i e -  upp» ir t o  be - » ( The  p o t e n t i a l  i n n o v a t o r  in  t h i s  f i e l d ,  

even  i f  he tv)d t r i e d ,  would have  found few p u b l i c a t i o n s  t o  g u id e  him in  

h i s  i n i t i a l  e f f o r t - . .

N e v e r t h e l e s s , some background  to  t h e  p h i l o s o p h y  u n d e r l y i n g  in v e n t io n  

and i n n o v a t i o n ,  o f  t h e  h i s t o r y  of i n n o v a t i v e  e f f o r t s  i n  o th e r  

i n d u s t r i e s ,  and o f  the s e t b a c k s  and triurifjh-; o f  same o f  t h e  p io n eer  

i n n o v a t o r s ,  c o u ld  a t  l e a  d have made t h o s e  c o n c e rn e d  w i th  th e  programme
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r e a l !  f  tha t ,  the i r  : a t h  i,i ; j b er t r o u d e n  be f o r e  and t h a t  t h e  p r o c e s s  

o f  i n n o v a t i o n  mo il  ' r v  ubl  .» h- 1 mn ind h a r d ,  f o r  t h i s  r e a s o n  some o f  

the mail i"f  i" r u i n  ‘ n  - ' l i ‘ r  i t u r t  urvr  /  re tie r e  f t  down :

Economic-

A l i n e  o f  t h o u g h t  r u n n in g  th ro u g h  thi l i t e r a t u r e  i s  t h a t  c l a s s i c a l

economic: ha  gen- r a l l y  . ai i t o o  l i t t l e  a t t e -  t i o n  t o  t h e  i n f l u e n c e  o f
3

i n n o v a t i o n  on economic  g row th  and w e l f a r e .  K l n g s t o h  s t a t e s  t h a t  even 

Kcyne > wii a* f a u l t  in  t h a ’ "hi  t ' o u g h t  a: .jmed t h r o u g h o u t  a

t e c h n o l o g y  which i  < e n t t a l l y  »a t i c ,  and  i  c o r r e s p o n d i n g l y  l e s s

r e l e v a n t  t o  t h e  modem w o r l d . ” Th e c o n o m is t  who i s  h e l d  i n  most
3

.

Chur:  • r  vi r i d e  o f  t 1 i e t o  i n n o v a t i o n  i n  h i s  econom ics  b e c a u s e

.

i

Mo t w r i t e r  how ove r  f i n d  it. d i f f i c u l t  ‘ o p l a c r an e x a c t  v a l u e  on 

economic b e n e f i t  , d e r i v e d  from i n n o v a t i o n .  A s u c c e s s f u l  i n n o v a t i o n  

w i l l  o b v i o u s l y  b e -  f i t  thi i n v e n t o r  and t h e  p a r t i c u l a r  f i rm  i n t r o ­

d u c in g  thi  i n n o v a t i o n ,  but. i t  i - d i f f i c u l t  t o  compute  b e n e f i t s  t o  t h e

economy a s  a whol . N e v e r t  h o i  v  , some i n t e r e s t i n g  s t a t i s t i c s  and

s t a t e m e n t s  come t o  l i g h t  :

-  More t h a n  6?f examples  of N a t i o n a l  A e r o n a u t i c s  and Space Admin­

i s t r a t i o n  (NASA) t e c h n o l o g y  have  been put  t o  p r a c t i c a l  u s e  by 

p u b l i c  and p r i v a t e  o r g a n i s a t i o n s .  I n  f o u r  s e l e c t e d  a r e a s  

( i n t e g r a t e d  c i r c u i t  , gun t u r b i n n s ,  c r y o g e n i c  i n s u l a t i o n  and 

com puter  programmes) t h e  economic b e n e f i t s  a r e  i n  e x c e s s  o f  7 

b i l l i o n  d o l l a r s .



A s tu d v  c a r r i e d  o u t  in  u  ■ ’ U .' A. r a v a r i e t y  o f  i n d u s t r i e s ,  

i n c l u d i n g  primary meta l  , macr , nt t e u l  , indi  A.r-i'.-L c o n t r o l s ,  

c o n s t r u c t i o n ,  d r i l l i n g ,  1 3 t n r  ic , ai i c h e m i c a l s ,  showed 

t h a t  t h e  median s o c i a l  r a t e  o f  r e t u r n  from i n v e s t m e n t  i n  

i n n o v a t i o n s  in  t h e s e  i n d u s t r i e s  was 5C% and  t h e  median  p r i v a t e  

r a t e  o f  r e t u r n  2 % .

"The i n i t i a l  work i n  th e  l a b o r a t o r y  o r  e x p e r i m e n t a l  workshop which 

l e a d s  to  i n v e n t i o n  m ig h t  be s m a l l ,  but  i f  a c e r t a in  body o f  e f f o r t  

i s  needed  f o r  R 6  D l e a d i n g  t o  t h e  i n i t i a l  i n v e n t i o n ,  a fu r th e r  

e f f o r t  o f  a t  l e a  t  t w i c e  a s  l a r j t 3 i s  needed  to  tak e  th e  product 

t h ro u g h  t h e  phase  o f  n g i n e e r i n g  and  product d e s ig n .  Furthermore 

t h e r e a f t e r  t h e r e  i  a  w e n f o l d  I ’ c r e a s e  o f  e f f o r t  which must be 

added  t o  t h e  c o s t  o f  s t a r t  up i n  o r d e r  t o  carry  a -it th e  n e c e s s a r y  

t o o l i n g  and p e r f e c t  t h e  m a n u f a c t u r i n g  t e c h n o lo g y .  T h is  means th a t  

a f t e r  t h e  R & 1 phase  t h ' T t  i s  a t  It a s t  a  t e n f o l d  in c r e a s e  in  c o s t

and e f f o r t  b e fo r e  th e  product can reach  the m ark etp lace  in  any
?

c r e d ib l  form." (Maddock .

There i s  no uro  imit  /  on t h e  s i / e  o f  cum[iany b e s t  s u i t e d  t o  i n n o v a t i o n  

K in g s to n  w r ite s  :

"Although many w r i t e r s  t n  ,s t h e  im portant r o l e  p layed  by i n d i v i d u a l  

in v e n to r s  and sm a lle r  com panies, th e r e  i s  no doub t  t h a t  a l l  p a r t i c i ­

pants  in  t h e  p r o c e s  , w h e th e r  i n d i v i d u a l s ,  sm all com panies, la r g e  

com panies, o r  government n  .oarch o r g a n i s a t i o n s ,  have t h e i r  own 

p a r t ic u la r  r o l e  t o  p la v  in  t h e  p r o c e s s .  Schum pe te r  appeared t o  f a v o u r  

t h e  small firm and t h e r e  i s  no doubt t h a t  many major i n n o v a t i o n s  were 

adopted by m a ll  f i r m s  when t h e i r  la r g e r  contem poraries  were n o t  

p r e p a r e d  to  assume th e  r i s k s  in v o lv e d .  A c l a s s i c  example i n  r e c e n t  

t i m e s  i s  th a t  o f  s te e l-m a k in g  in  an oxygen furnace which was i n v e n t e d



10.

and i.r-novated  in  a n< i l l  . ' r i ar f i rm  in  i v ' f ) ,  i n t r o d u c e d  i n t o  t h e

U . S . A .  by  a m a l l  t ■ • ! cum(,a n y  i n  1 9 6 4  but n o t  t a k e n  ur b y  t h e  g i a n t s

f o r  a  f u r t h e r  10 y e a r  "

N e v ’r t h e l e  . c r o  j e r t  •, t> . ana  a c n  a i r  ■ , ize  c a n n o t  b< h a n d l e d  by t h e

•

f i n a n c i a l  and m in a g m  ;nt k i l  1 ■ t  de a l  w i th  thi  p rob lem s  o f  r a p i d  

growtt  and a l a r g e  o rg a '  i a t i i  n .

-  The t im e  a t  which in i n v e n t i o n  o r  i n n o v a t i o n  i s  d e v e l o p e d  b e a r s

a t r -T V -  i . r  1 .it i hi.  • i t  economic  a p p l i c a b i l i t y . "Once

.  -

long  way t< ;o t t ir i t  t jm* a ucct  f u l  i n n o v a t i o n . Rayon

was i n v e n t e d  n00 y e a r  be fo re  i t  was i n n o v a t e d  : a  com pu te r  a t
1
.

3
-  F i r  i l l  / ,  Kir ; • - ; x.tu t.hi f l l o w i n  ; from c h u n p e t e r  : "An 

i d e a  o r  c i r  i t i f i r  i r i n c i p l i  i n o t , by i t  e l f ,  o f  any i m r o r t a n c e  

f o r  economic p r a c t i c e ;  th< f a c t  t h a t  Greek  s c i e n c e  had p r o b a b l y  

p roduced  a l l  t h a t  i r-ces a r / i n  o r d e r  t o  c o n s t r u c t  t h e  s team 

m g i r v  d i d  it h e l  [ * h« . r  ek u r  Roman?, t o  b u i l d  a s team  e n g i n e ; 

the f a c t  t h a t  L e i b n i t z  sugg>-,t«*d t h e  i d e a  o f  t h e  Suez  Canal  

e x e r t  ■ d no i n f l u e n c e  wnat v e r  on economic h i s t o r y  f o r  POO y e a r s . "

F^rotu f i o n  o f  I n n o v a t i o n  ; P a t < n t s  and Monopoly

In  o r d e r  t o  p r o t e c t  a new i d e a  which m ig h t  have  commercial  v a l u e  

from i m i t a t i o n  and e x p l o i t a t i o n  by o t h e r s , an i n v e n t o r  o r  i n n o ­

v a t o r  w i l l  t r y  t o  p r o t e c t  him . e l f  by o b t a i n i n g  a  government g r a n t  

o f  e x c l u s i v e  p r i v i l e g e  o f  making o r  s e l l i n g  t h e  new i n v e n t i o n ;
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i . e .  h e  o b t a i n s  a  pa t  n t . Thii p a t e n t  -jive , what  amounts  t o  a 

t e m p o ra ry  m ono p o ly , so t h a t  * i t h l "  . g i v e n  [ r i o d  o f  t im e  he i s  f r e e  

from c o m p e t i t i o n  hy im t a t o r  •

Kings ton^  S t a t e  ., tiowevr r , t h  it t h e  age o f  t h e  i n d i v i d u a l  i n v e n t o r  h a s  

p a s sed  i t s  h e y d a y . He d i v i d e s  t h e  i n d u s t r i a l  r e v o l u t i o n  i n t o  t h r e e

.

t h e  c h a r a c t e r i s t i c a l l y  i m p o r t a n t  e v e n t s ,  such  us  t h e  b u i l d i n g  o f  th e

'

on a b a s i s  o f  s c i  -nt i f i c  knowledge t h a t  was so s l e n d e r  a s  to  be 

v i r t u a l l y  z e r o . The keynote o f  t h l r  f i r s t  i n d u s t r i a l  r e v o lu t io n  were 

e m p i r i c i  m a d  i n g e n u i t y ,  no t  k n o w le d g e . I n  t h e  second r e v o l u t i o n , 

a p p l i e d  s c i e n c e s  and a more a n a l y t i c a l  a p p ro a c h  a r e  i n c r e a s i n g l y  th e  

c h a r a c t e r i s t i c  o f  i n n o v a t o r y  a c t i v i t / ,  from ro u g h ly  the m id -n in e te e n ­

t h  c e n t ^ r y  to  t h e  F i r s t  World War. A s i g n i f i c a n t  exam ple  o f  th e

’

which was p r e c e d e d  by a c om pre hens ive  programme o f  d e l i b e r a t e  t e s t i n g  

t o  dv » t r u c t i o n  o f  .amples o f  t h e  m a t e r i a l  and m odels o f  the d es ig n  

which i t ep h en s o n  h id in  mind.  Th i s  a p p ro a c h  a l s o  war. adopted in  the  

d evelopment o f  chem ica l  i n d u s t r i e s  and e l e c t r i c a l  power. I n g e n u i t y  

h o w e v e r , s t i l l  p l a y e d  an im p o r t a n t  p a r t  . The c h a r a c t e r i s t i c  o f  t h e  

t h i r d  r e v o l u t i o n  i t h a t  s c i e n c e , a b s e n t  i n  t h e  f i r s t  and on a b a s i s  

o f  rough e q u a l i t y  in  the  econd,  moved i n t o  t h e  dominant r o l e .  T h i s  

can  a l s o  be  c a l l e d  the  a g e  o f  o r g a n i s e d  i n v e n t i n g , when both g o v e r n ­

ment and p r i v a t e  compan!e began i n v e s t i n g  i n  r e s e a r c h  and d e v e l o p m e n t ."

3
A ccord ing  t o  K in g s to n  each  o f  t h e  t h r e e  r e v o l u t i o n s  had i t s  own 

p a r t i c u l a r  p a t t  m  o f  i n n o v a t i o n .  In  t h e  f i r s t ,  p r a c t i c a l  c a p a b i l i t y



12.

wti' t h e  keynoti and i n v e n t ;un and in n o v a t io n  g e n e r a l ly  t h e  works o f  t h e  

.

a  newly founded  f i l m .  T t h e  t h i r d  t . a e  t h e  t y p i c a l  I n n o v a t i n g  u n i t  i s  

n o t  i new f i rm  t it un t  t a t  Li hi j om , v e ry  p r o b a b l y  o p e r a t i n g  i n t e r ­

n a t i o n a l l y .  The t h i r d  h<i > a l  aw an enormoui g row th  i n  t h e  f i e l d  o f  

m a r k e t i n g .

He goe on t  > i. t h a t  i n  t h i  t h i r d  i t a g e  o f  i n n o v a t i o n ,  p a t e n t s  a r e  

les: -  l i k e l y  t o  p r o t e c t  an i n v e n t o r  t h a n  know-how and m a r k e t i n g  monopoly

i n v e n t o r s  w i l l  : t i l l  loo- t o  th i  p a t e n t  s y s tem  t o  p r o v i d e  them w i th  

: o t e c t i o n ,  towevLr t e m r o r u r y  r  t e n u o u s ,  and i t  i s  s i g n i f i c a n t  t h a t  t t e

.

i n d i v i d u a l  i n v e n t o r  a n d  t h e  m a l l u r  company,  t h e r e  a p p e a r s  t o  be no o t h e r  

way th a n  tn e  . a t -  f t  t e n  o f  p r e v e n t i n g  l a r g e  o r g a n i s a t i o n s  from t a k i n g

'n r s o n a l  and P s y c h o l o g i c a l  F a c t o r s  in  I n n o v a t i o

Mo t  o f  t h e  wort i s t u d i  d in  t t d  = s u rv e y  make g r e a t  p l a y  o f  t h e  p e r s o n a l  

f a c t o r  i n  p romot ion  of I n v e n t i o n  and i n n o v a t i o n ,  and t h e y  a l l  p o i n t  t o

t h n  im p o r ta n c e  of thf  r o l e  o f  t h e  p r o d u c t  champion.  More o f t e n  t h a n

■

b u t  t h i  doe no t  d e t r a c t  from t n e  i n f x i r t a n c e  u t  h i s  r o l e .  Schum pete r  

made t h e  sumo p o i n t  by s t a t i n g  t h a t  s u c c e s s f u l  i n n o v a t i o n  wus a m a t t e r  

n o t  o f  i n t e l l e c t  b u t  of  w i l l  o r  l e a d e r s h i p .

The l i t e r a t u r e  a l  o makt ■. a m i n t  o f  what  i s  c a l l e d  t h e  RC f a c t o r  o r  

R e s i s t a n c e  t o  Change.  LJome w r i t e r s  c a l l  t h e  same phenomenon t h e  NIH
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v y n d r o m e  : " n o t  i n v f  i t 1''! f P o t e n t i ' ^ 1  i n n o v a t o r  h a v e  t o  s t e e l

them* ’1 vi ■ d - M i n  ,t t h e n  i.vt. t j t n  Jf ( r y  a n y t h i n g  n e w ,  a n d  t h i s

a g a i n  s t r e s s -  t h e  i m t o r *  an c  o f  the- r o l e  o f  a  s t r o n g  p r o d u c t

C h a m p i o n .

Henry f o r d  r e j e c t  i t h e  e l f -  t a r t e r ,  Thomas E d i son  saw no f u t u r e  i n

a l t e r n a t i n g  c u r r e n t ,  and P a r  on; , wi-ic i n v e n t e d  t h e  team t u r b i n e ,

t h o u g h t  t h a t  t h e  g a s  t u r o i n e  was i n t r i n s i c a l l y  i m p o s s i b l e .  The 

p o t e n t i a l  i n n o v a t o r  w i l l  I ive t o  1 - a m ,  s o o n e r  o r  l a t e r ,  t h a t  he  i s  

g o in g  to  s t r i k e  o p p o s i t i o n ;  not o n l y  from t h o s e  w c r e s i s i  change  

bec&i. - i n e r t  ia1 t ut  from c t e  r , w i th  r e p u t a t i o r  and e x p e r i e n c e  

■

ome w r i t e r  a r e  p r e j u d i c e d  a g a i n s t  l a r g e  r e s e a r c h  o r g a n i s a t i o n s  and

.

.

r i g h t ,  who s a i d  t h a t  " t h e r e  i s  l e s s  p r o s p e c t  o f  o b t a i n i n g  deve lopm en t  

i n  a g iver  f i e l d  f ro "  o r g a n !  a t i u n s  engaged  i n  t h a t  f i e l d  t h a n  from 

any o t h e r  c o n c e iv a b l e  s o u r c e .  No o r g a n i s a t i o n  engaged  i n  any s p e c i f i c  

f i e l d  o f  w ar1 -v e r  I n v e r t s  my i m p o r t a n t  deve lopm ent  i n  t h a t  f i e l d ;  

o r  a d o p t s  any i m p o r t a n t  de ve lopment i n  t h a t  f i e l d  u n t i l  f o r c e d  by 

o u t s i d e  c o m p e t i t i o n . "  Th i s  v iew a p p e a r s  :>om»'what p r e j u d i c e d ,  b u t  

even w i t h i n  the e x p e r i e n c e  which w i l l  be s e t  down i n  t h i s  d i s s e r t a t i o n ,  

some j u s t i f i c a t i o n  f o r  i t  can be found .

On t h e  o t h e r  hand ,  it. i s  impor t  a n t  n o t  t o  t a k e  t h e  a t t i t u d e  t h a t  t h e  

i n v e n t o r  i s  a lw a y s  r i g h t  and g e n e r a l l y  p e r s e c u t e d  by p o t e n t i a l  r i v a l s  

who migh t  r e s e n t  h i s  a c h i e v e m e n ts  o r  p o t e n t i a l  s u c c e s s .  F re e m a n 1



p o i n t s  o u t  t h a t  i t  i •. nrr: • • u ry  t« - juanJ  -ifjaini.t " o p t i m i s t i c  b i a s "

and t h a t  t h e  'S o c ia l  cont a n t  of p r o j e c t  e s t i m a t i o n  i s  a  p r o c e s s  nr" 

p o l i t i c a l  a d v o c a c y  and c l u  h of i n t o r e . t  g r o u p s  r a t h e r  t h a n  a  s o b e r  

a s s e s s m e n t  o f  m c a s u r e a b l e  p r o b a b i l i t i e s . "  E n t h u s i a s m  i n  p u s h in g  

t h ro u g h  an  i n n o v a t i o n  i s  > s u n t i a l  b u t  i t  r e q u i r e s  t o  be  c o n t r o l l e d .

A p o s s i b l e  o b s t a c l e  t o  i n n o v a t i o n  can  a l s o  l i e  i n  t h e  c l a s h  o f  

s c i e n t i f i c  and  f i n a n c i a l  p e r s o n a l i t i e s ,  s t tm m ing  from t h e  c i r c u m ­

s t a n c e  t h a t  i n n o v a t o r s  f r e q u e n t l y  have  t o  c o n v i n c e  f i n a n c i a l  

i n s t i t u t i o n s  o f  some s o r t  o r  o t h e r  t o  back t h e i r  i d e o u *  Very  few 

f i n a n c i a l  o r g a n i s a t i o n s ,  d e v o t e d  s p e c i f i c a l l y  t o  t h e  p r o m o t i o n  o f  

i n n o v a t i o n ,  havi p ro v e d  s u c c e s s f u l , and much of  t h i s  f a i l u r e  m i g h t  

be a t t r i b u t a b l e  t o  lack  o f  u n d e r s t a n d i n g  be tw ee n  i n v e n t o r  and  b u s i n e s s ­

man. K i n g s t o n  go ■ so  f a r  a: to  say  t h a t  a p a r t  from "The  Two C u l t u r e s "  

d e s c r i b e d  by C .P .  Snow, i n  which p e o p l e  e d u c a t e d  i n  s c i e n c e  have  no 

i r . i e l l e c t u a l  common g ro u n d  w i t h  t h o s e  e d u c a t e d  i n  t h e  h u m a n i t i e s ,  t h e r e  

i s  a t h i r d  c u l t u r e , which i s  a l s o  i n s u l a t e d  from t h e  o t h e r  tw o .  T h i s  

i s  t h e  m odern  b u s i n e s s  c u l t u r e  which h a s  i t s  own v a l u e  s y s t e m s  and  

s t r u c t u r *  and  which  cr* <t< a p e r e n n i a l  l a c k  o f  m u t u a l  c o m p re h e n s io n  

be tween s c i e n t i s t s  and  e n g i n e e r s  on t h e  one  hand  and  a c c o u n t a n t s  and  

b a n k e r s  o n  t h e  o t h e r .  Hr - e e s  t h e  two coming t o g e t h e r  o n l y  when t h e r e  

i s  a common i n t e r e s t  i n  t h e  c r e a t i v e  p r o c e s s .

The l i t e r a t u r e  s t u d y  'how s  how u s e f u l  i t  would be  f o r  t h e  p o t e n t i a l  

i n v e n t o r  o r  i n n o v a t o r  t o  have  some b a ckg round  t o  t h e  d i f f i c u l t i e s  

e x p e r i e n c e d  by hi  f o r e r u n n e r s ,  and t h a t  hi mus t  e x p e c t  c r i t i c i s m , l a c k  

o f  sympathy  and  o u t r i g h t  r e j e c t i o n .  To k e e p  a p r o j e c t  g o i n g  r e q u i r e s  

b e l i e f  i n  t h e  i n n o v a t i o n ,  d o j g e d n e s s ,  and i n  f a c t  a m i l d  m e a s u re  o f  

f a n a t i c i s m .
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4 .1  gACKERl , 'N:1

The a t t e m p t  • a t  i n n o v a t i o n  tu  be d i s c u i s e d  i n  t h i s  r e c o r d  were 

o r i g i n a l l y  d i r e c t e d  t o w a r d s  d e v e l o p i n g  and p ro m o t in g  t h e  u s e

,

m e t a l l u r g i c a l  s l a g s ,  rnd mine t a i l i n g s ,  b u t  a l s o  i n c l u d e d  i s

"

e a r th " .

,

J e a n  L e f e b v r c  ( E J L ) , wu c o n d u c t i n g  b u s i n e s s  a s  a c o n t r a c t o r  in  

5c . t n  A f r i c a ,  in  a  jo i r  f v e n t u r e  w i th  a l o c a l  p a r t n e r ,  u n d e r  t h e  

'-ame o f  R e e f  Lefebvn?  (RL) . E a r l y  i n  t h i s  a s s o c i a t i o n  EJL F ra n c e  

s u g g e s te d  t o  RL t h a t  i t  howld look i n t o  t h e  p r o p e r t i e s  o f  c e r t a i n  

t / p  o f  m in ing  and in d v  t r i a l  w a s t e s , w i th  a view to  t h e i r  

commercial  e x p l o i t a t i o n  a . c o n s t r u c t i o n  m a t e r i a l s .

I r  • r a n e e  ar I o v i r  .--ar., E J L ' s  main a c t i v i t y  l a y  i n  c o n s t r u c t i o n  

o f  r o a d s  and a i r p o r t s ;  and i t  had d e v e l o p e d  a  p a r t i c u l a r  e x p e r t -  

i  * i n  t h e  f i Id of  cor t r u c t i o n  m a t e r i a l  . M oreover ,  EJL had 

p roved  i t s e l f  a in i n n o v a t o r ,  p a r t i c u l a r l y  i n  p rom ot ing  t h e  use  

o f  i n d u s t r i a l  w a s t e s .  In t h i s  c o n n e x i o n , i t  i s  i m p o r t a n t  t o  b e a r  

in  rr ind t h a t  th> F n 'n c h  c o n s t r u c t i o n  sys tem ( u n l i k e  t h a t  i n  S . A . ) ,  

e n c o u r a g e s  i n n o v a t i o n  and a l t  • m o t i v e  d e s i g n s  by c o n t r a c t o r s .
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Al though  EJL wti aware  of  <1 • n  .t rlct • "I 1 j; ■ in  S.A. f u r  p r o p o s i n g

a l t e r n a t i v e  , i t  r  jmmt I ? a t  t - it.-i 1 i t i c  and

p o t e n t i a l  .hcu ld  a t  l e u  t  bn u  ve t i g a t e d  a s  a d i v e r s i f i c a t i o n  e x e r -

c i  v , t a r t i n g  wit - t h  . t wm t i n  n  i i cor ,t r u c t i o n . The w a s te

m a t e r i a l ;  whicti EJL fiad h e l p e d  t u rn  t o  u s e  i n  F ra n c e  i n c l u d e d  p fa  

( d e r i v e d  from c o a l - b u r n i n g  power t a t i o r  in-.- v a r i o u s  t y p e s  o f  s l a g ,

.

type 5 o f  w as t°  were b e in g  p roduced  i n  a p p r e c i a b l e  q u a n t i t i e s  i n  South

A f r i c a .  T h - 3 u t? A f r i c a n  com;any ' Al ' , a l t h o u g h  u n f a m i l i a r  w i th  t h i s

ap.  roach  : r  t .  f  i c t i v i t  , a g r e - ’d t o  p u r s u e  t h e  r e q u i r e d  i n v e s t i g a -  

t i o r  , a r l  t o  b< g u id e d  i n  t h i  nndnavour  by EJL e n g i n e e r s  and

c o n - u l t a n *  .

.

h --f r  f ,1 t r a  f o r  f  t a c h n r l o g  d id  n o t  m a t e r i a l i s e ,  b u t

de p i t e  t h < , e  i n i t i a l  d i  a; . o in t m e n t :  i n  t h e  i n v e s t i g a t i o n s  i n t o  p fa  

-md 1 i g , t ; - s -  A f r i c a n  ,:.om( i n y i t  - If s t a r t e d  t o  become i n t e n  * d

i n  I n n o v a t i o n .  Thi  e v e n t u a l l y  l e d  t o  :

( i l  t h e  i n t r o d u c t i o n  i n t  1 o u th  A f r i c a  o f  a new m a t e r i a l ,

known a r<INFORCED EARTH;

( i i )  invi  i t i g a t i o n s  i n t o  t h e  p o t e n t i a l  o f  manganese s l a g s ;  

and

( i i i )  a n - . e a r c h  -ind development  p r o j e c t  on t h e  u se  o f  r e i n f o r c e d  

w as te  material* . ,  a s  mine s u p p o r t s .

f The l a s t - n a m e d  p r o j e c t  was e v e n t u a l l y  n o t  s p o n s o r e d  by EJL o r  i t s  

a s s o c i a t e s ,  b u t  came a s  a d i r e c t  f o l l o w - u p  o f  t h e  o r i g i n a l  a t t e m p t s

s p o n s o re d  by E J L ) .



NOTE ON WASTE MATERIAL

,

t h e  i n d u s t r i a l i s e d  w or ld  i s  l o o k i n g  more and more  c l o s e l y  i n t o  t h e  

p o s s i b l e  u p o r  r  c y c l i n g  of  • -v. enormous : u a n t i t l e s  a* w a s t e s  which  

a r e  p roduced  by m a n u f a c t u r i n g  and m in ing  a c t i v i t i e s .  The c o u n t r i e s  

o f  Wests m  E u ro p e ,  u c o u l d  be e x p e c t e d ,  have  t a k e n  t h e  l e a d  i n  r e s e a r c h  

and deve lopm en t  i n  t h i  f i e l d .  I n  c i v i l  e n g i n e e r i n g , t h e  r e s e a r c h  

e f f o r t  i n t o  w as te  m a t e r i a l s  h a s  l a r g e l y  been d i r e c t e d  t o w a r d s  f i n d i n g

,

o r  p a r t i a l  r e p l a c e m e n t  f o r  cement  and l i m e .  M a t e r i a l s  which h ave  

r e c e i v ' d  a  g n  i t  d e a l  o f  a t t e n t i o n  a n 1 th i  v a r i o u s  t y p e s  o f  ash  

pro due -d  in  c o a l - b u r r i n g  power s t a t i o n s  and s l a g s  p roduced  i n  t h e  

r e d u c t i o n  and r e f i n i n g  o f  i r o n  and  s t e e l .

By t h e  a r l y  19*70• , E r a n e e , f o r  e x a m p le , was a l r e a d y  u s i n g  a b o u t  3 

m i l l i o n  s o f  p f a  a n n u a l l y , i n  b o th  r o a d  c o n s t r u c t i o n  and t h e  

p r o d u c t i o n  o f  c i n e r t  and c o n c r e t e .  O r i g i n a l l y  F rench  e n g i n e e r s  had 

seen  -jfa m e re ly  i a . u b s t i t u t e  f o r  bulk f i l l  i n  a r e a s  where n a t u r a l

m a t e r i a l  were i t  a , remi .jn; : jt  n u , o f  t h e  m a t e r i a l  i n t e n s i f i e d

i t s  a p p l i c a t i o r  b ' ’c-imi' mor> a p h i s t i c a t -  d .  I t  was l e a r n t , f o r  

exam ple ,  t h a t  pi i po- ie-.sed [ j o ^ r o l a r i c  proi n r t i e s  and i n  t h e  c o u r s e  o f  

t im e  t h e r e f o r e  p f a  won i t s  .purs a s  a s t a b i l i s i n g  a g e n t  i n  con­

j u n c t i o n  w i th  l i m e  a n ]  c e m e n t . F u r t h e r m o r e ,  p f a  became i n c r e a s i n g l y  

used  a s  a  b a s i c  f e e d  dock i n  t h e  ctmont. m a n u f a c t u r i n g  p r o c e s s  and 

i n  t h e  p r o d u c t i o n  o f  c o n c r e t e .  The use  o f  p fa  h a s  s p r e a d  to  most

c o u n t r i e  in  Europe  and a l s o  t o  t h e  U .S .A . ,  and i t s  v a l u e  a s  a con­

s t r u c t i o n  m a t e r i a l  in  those  c o u n t r i e s  i s  now u n d i s p u t e d .
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The p o t e n t i a l  o f  i r o n  and ,t > 1 , l a g  i h c t t  r  known, and t h e s e  

m a t e r i a l s  have t n comm- r c i a l l y  -x; l o i t  d i n  moat c o u n t r i e s , i n ­

c l u d i n g  s o u th  A f r i t  a ,  f o r  man y e a r  . I n  th- i r  s i r - c o o l e d  f o r m , 

b l a s t - f u r n a c e  ind t oo l  lay  ai i m i l u r  i n  t h e i r  p r o p e r t i e s  to  

c e r t a i n  t y p e  o f  igneo t  roc*- ind u sed  a a a g g r e g a t e s  i n  c o n c r e t e  

and b i t u m i n o u  mixta ; w i th  me m  t r i c t i o r  a ; l a c  d on th e m , b e c a u s e  

o f  t h e i r  chem ica l  m a k e -u p , f o r  ; a r t i c u l a r  t y p e s  o f  c o n s t r u c t i o n .

I n  i t  g r a n u l a t e d  fo rm , b l a s t  f u r n a c e  s la g  i s  c l a s s e d  as  a l a t e n t  

h y d r a u l i c  cerm a t  and i t h e r e f o r e  a v a l u a b l e  p r o d u c t . In South  

A f r i c a , t h e  m i l l e d  p r o d u c t  i  u sed  on a  l a r g e  s c a l e  a s  a p a r t i a l  

r e p l a c e m e n t  fo r  o r d i n a r y  p o r t  la n d  cement ( o p c ) , w h i l e  th e  tendency  

i r> Europe goes  no r e  to w ard s  u s in g  i t  a s  a f e e d s t o c k  in  the cement 

m a n u f a c t u r i n g  oroc- ..

'

gold-#- ; - i n g  ar< , in pa r t  I c u l  ; r ,  t h e  b r in g in g  t o  s u r fa c e  and r e -

.

W i t w a t e r  ron d ,  t h e  cor t r u c t i o n  in d u s tr y  has a lw ays u t i l i s e d  w as te  

mine rock c, c o n u r  t t  a g g r e g a t e ,  r a i l w a y  b a l l a s t  and road ston e ;  b u t  

t f e s a rd  and . l im e s  p roduced  in  t h e  r ed u ct io n  and r e f i n i n g  o f  g o ld  

have  b a r  ly been e x p l o i t*  i  u n t i l  very r e c e n t l y .  More a t t e n t i o n  has  

now been focu  **d on th e  * wa , t i  t; f i t  t l y , by r e - r e  f in in g  them to  

e x t r a c t  g o l d , i l p h u r  and o t h e r  p r o d u c t s ;  a n d , s e c o n d ly ,  by r e t u r n ­

in g  them u n d e rg ro u n d  s u p p o r t , , in  cirdt r  to  b o o s t  a f e t y  and p r o d u c t i o n . 

With t h e  e x c e p t i o n  o f  e x t r a c t i o n  o f  v a l u a b l e  m e ta ls  and m in e r a ls ,  t h e  

commercia l  a p p l i c a t i o n  o f  mine w a s t e s  i s  n o t  y e t  pursued w ith  g e n e r a l  

e n t h u s i a s m  i n  S ou th  A f r i c a  a t  t h e  p r e s e n t  t im e .



I NVESTIGATIONS INTO PULVlHIZED R.EL A'3H ( p t a )  1972 -  1984

H i s t a r i c a l  Record  

November, 1 /72  -  Auyu t , i 'J 7 .i

I n  November, T A1 b.-rt n * , a i r o v i n c i a l  D i r e c t o r  o f  Works i n  t h e  

i . e r v i c e  o f  t h e  F r - n c h  o v e r r x r e n t , p a i d  a v i s i t  t o  South  A f r i c a  a t  t h e  

r e  ,uesb i f  EJL to  look i n t o  V > p r o s p e c t s  o f  f u r t h e r  i n v e s t m e n t  i n

th e  S ou th  A fr i i  v* road  b u i l d i n g  i d u s t r y .

F a n * 1 r e o o r t  tc EJL r - : jmrr tujt j , among t  o t h e r :  , an i n v e s t i g a t i o n  

i n t o  t n  p o t e n t i a l  o f  *a t:E m a t e r i a l s ,  n o t a b l y  p fa  and s l a g .  T h i s  

r e p o r t  vok o l i t t l e  i n i t i a l  n  a c t i o n  e i t h e r  from RL o r  EJL, and i n t e r -

.

t h e n  i d i r e c t o r  o f  At , t o  in; : .pect p fa  a p p l i c a t i o n s  a t  f i r s t  hand i n  

F r a n c e .

The i t e  , v i i t e d  * e n  a l l  in  thm i n d u s t r ia l  a r e a s  o f  Northern France ,

and i t  wu V -am t tnat t *o ma jor factor* , had promoted th e  cause  o f

pfa in  th a t  reg ion  :

( i )  n a tu ra l  ro id -b u ild ln g  m a t e r i a l ; a- re  not r e a d i ly  a v a i l a b l e ,  

tind expropriat ion o f  n w land f o r  q u a rr ie s  and b o rro w -td ts

would have been d i f f i c u l t  and c o s t l y .

( i i )  t h e  a r e a  c o n t a i n e d  w i t h i n  i t  numerous c o a l - b u r n i n g  power 

s t a t i o n s ,  and c o n s e q u e n t l y  nixnerous a s h  dumps, which c o u ld  

p o s s i b l y  p r o v i d e  a s o u r c e  o f  a g g r e g a t e .



EJL r.ad shown cunx.iuterv  1 • n  A :ht  j-i apt r  e l a t i n g  that ,  p f a  p roduced

a t  power t a t i c r  cou l  t ir rrn way me- • the demand f u r  r o a d  m a t e r i a l s .  

I t  had s t u d i e d  t h e  p o t e n t i a l  oh t h e  m a t e r i a l  and had th e n  s e t  a bou t  ob­

t a i n i n g  s o l e  r i g h t -  on wit a b l e  dumps. I t  t h e n  e s t a b l i s h e d  mix ing  

p l a n t s  at. t r e t  o g l e  l o c a t i o n  , gen.  r a l l y  f o r  t N  p r o d u c t i o n  o f  s t a b i l ­

i z e d  u th  a t -  and t u s e - c o u r  "

A ft-A otvital' t i t u r t  , of  EJL'  • r a t i o '  a r e  h e r e  s e t  down

a l l  m ix ing  au , c a r r i e d  c u t  a t  w e l l - e q u i p p e d  and e l e c t r o n i c a l l y  

c o n t r o l l e d  c e n t r a l  p l a n t '  ( a s  d i s t i n c t  from i n - s i t u  m ix in g  i n  

Ajuth A f r i c a n  t a b l l l  a t i o n  p r a c t i c e ) ;

p r o p o r t i o n s  o f  p f a  used  i n  t h e  m ix es  v a r i e d  a c c o r d i n g  to  

n  ;u i reme-e ; a low a -  10^ when u s e d  a-, a s t a b i l i z e r ,

ui to  <r' wher used  a i at " i t u t e  a g g r e g a t e ;

-  a l l  pfti wa o b t a i n e d  t r a i g h t  from dump: , some o f  t h e s e  mery

y« ir o l d  a/ i w i t 1 msi t u n  l o n t  nt-  i n  t h e  o r d e r  o f  

No - if furt .  wa m id> to  ext  r a c t  d r y  p f a  d i r e c t l y  from p r e ­

c i p i t a t o r  ; in t h e  power s t a t i o n s .

b o th  l ime m d  omner t were used  a s  a c t i v a t o r s ,  d ep en d in g  on 

p e c i f i c  r eq u i r e m e n t  - -  gypsum was u sed  o c c a s i o n a l l y ;

a p f a  dump a t  a power s t a t i o n  n e a r  P e t i t - T h e r a n  d e s e r v e s  

m e n t i o n .  M a t e r i a l  from t h i s  dump had been e x t e n s i v e l y  u s e d ,  

nut. o n l y  f o r  work in i t '  immedia te  v i c i n i t y ,  b u t  a l s o  f o r  

c o n s t r u c t i o n  of road  and p a r k i n g  a r e a  a t  t h e  new P a r i s  

m a rke t  a t  R e n g i s , about one  hundred  k i l o m e t r e s  d i s t a n t .
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,

t h e  m a t e r i a l  h a v i n g  been t r a n s p o r t e d  t o  , he s i t e  by b a r g e .

A f u r t h e r  h a l f - m i l l i o n  ton  had been u sed  f o r  l o c a l  w orks ,

.

a l l  h a n d l e d  by EJL.

A ugus t ,  1974 -  V ld  1 ■■

As a r e s u l t  o f  t h i s  v i  i t ,  RL in  o u t h  A f r i c a  was e n co u ra g ed  t o  c onduc t

,

Escom was p r o d u c in g  ab o u t  8 m i l l i o n  t o n s  o f  p f a  a n n u a l l y  and i t  was

■ '

'

frotr d i f f e r e n t  power s t a t i o n s  had n o t  shown s i g n i f i c a n t  d i f f e r e n c e s  

from F r e n c h  p f a ,  c h e m i c a l l y  o r  phy i c a l l y ,  and t h e  p r o s p e c t s  o f

•

e s o l  1 t>ad a l s o  t e r n  r e p o r t e d  o f  good u a l i t y , and so i t  was d e c i d e d  

t o  embark on a programme which would t e s t  p f a  from b o th  S n s o l  I  and 

E com. I t  wa f u r t h e r  d e c i d e d  t h a t  t h e  t e s t s  would be c o n d u c t e d  a t  

L J L ' s  l a b o r u t o r i  in F r a n c e .

I n  t h e  c o u r s e  of  RL' t a l k s  w i th  Escom, i t  was d i s c o v e r e d  t h a t  a n o t h e r  

South  A f r i c a n  company had a l r e a d y  made a p p r o a c h e s  t o  Escom i n  t h e  

m a t t e r  ul p f a  and had o b t a i n e d  c e r t a i n  o p t i o n a l  r i g h t s  on t h e  m a t e r i a l .  

These r i g h t s  a p p a r e n t l y  a p p l i e d  t o  d r y  p f a ,  e x t r a c t e d  from t h e  p r e ­

c i p i t a t o r s ,  and n o t  t h e  wet. dumt a s h .  F u r t h e r ,  t h e  company c o n c e r n e d  

a p p e a re d  t o  be s p e c i f i c a l l y  i n t e r e s t e d  i n  t h e  p o t e n t i a l  o f  p f a  i n  

c o n c r e t e  t e c h n o l o g y  and n o t  i n  i t s  u s e  a s  a  road  s t a b i l i s e r ;  and t h e r e  

a p p e a re d  t o  be no c o r f l i c t  o f  i n t e r e s t ,  a s  lo ng  a s  RL c o n f i n e d  i t s e l f

'



t o  t r y i n g  t o  e x p l o i t  dun: i ,h . RL t a r d l y  a  f ,idc r ' d t h l '  e s  a  draw-

.

used  e x c l u s i v e l y .

The t t  re- . I t  c onduc t '  d a t  LIL* I r l  an; l a b o r a t o r y  in  l a t e  19*/4/ 

e a r l y  19?5 , r o v e d  t o  bn a !i a p p o i n t m e n t ,  i n  t h a t  bouth A fr ican  p fa  

was found t o  be much l e s t  r e a c t i v e  f i ian i t s .  French c o u n te r p a r t . T h is

was the f i r s t  i n d i c a t i o n  to  RL t h a t  t h e  a p p l i c a t i o n  o f  p fa  to  roadworks

■

The r e s u l t  o f  the f i r  t  t c - . t s  are  g iv e n  in Appendix 1.

A problem th a t  now emerged, a -lining pfa in  South A fr ic a  to  be o r l y

s l i g r t l y  r e a c t i v  , wa , that pfa  cou ld  not be used as a s t a b i l i z e r  

in  sm all proportion; [ ■ - { * < , '  s i m i l a r l y  to  Cpc and l im e .  The c o s t  

o f  tr a n s p o r t in g  1 irge u a n t i t i i  o f  pfa fo r  long d i s t a n c e s  would 

r u le  o u t  i t  v i n  outh A fr ic a ,  where n a tu ra l g r a v e l s  s u i t a b l e  

fo r  rood t u i l d i n g  w re  g e n e r a l ly  r e a d i ly  a v a i l a b l e .

This led  to  the  m a l l  a t  ion  t h a t , i f  p fa  were to  be e x p lo i t e d  e c o n o m ic a lly  

i t s  rar^nt power ta t  ion  would havo t o be rtiasonably c l o s e  t o  con­

s t r u c t  ior s i t e s .  In a s e n s e  t h i s  ru led  out many o f  th e  power s t a t i o n s  

in  th e  E astern  Tror v a a l , when pfa i t s e l f  was p l e n t i f u l  b u t  t h e  ro a d  

b u i ld in g  demand, ou* i i d e  of s p e c i a l  development p r o j e c t s ,  would be 

f lu c t u a t in g  and mull in  relti Lon to th e  q u a n tity  o f  pfa a v a i l a b l e .

C onsequently  Rl s ta r t  fid look in g  in t o  th e  c h a r a c t e r i s t i c s  o f  p fa  p r o ­

duced at power - t a t io r  in  th< immediate Johannesburg a r e a ,  on t h e

assum ption that, a constant, market fo r  p f a - s t u b i l i s e d  mixes  cou ld  

p o s s ib ly  be found in  th e  annual road and s t r e e t  c o n s t r u c t i o n  programmes 

o f  Johannesburg and o th e r  la r g e  m u n i c i p a l i t i e s  on th e  R e e f .  T his  l i n e



2?.

to  t r y in g  to  e x p lo i t  dumn -• .h . RL t ard l y oc.n ide r e d  t h i s  e s  a draw -  

t d c k , having • n  the -« ri i n  North- rn Fnmc wher* dump a s h  had been 

used e x c l u s i v e l y *

I N  t ■ t  r e  u l t  conduct  i .n I IL' ( r l  - am l a t o r a t o r y  in l a t e  1974/

e a r l y  111'  , ro '  tid t o  be a M appo in tm en t  , In t h a t  l o u t h  A f r i c a n  p f a  

was found t o  be much V s  r e a c t i v e  t h a n  i t s  French  c o u n t e r p a r t . T h i s

was t h e  f i r s t  i n d i c a t i o n  t o  RL t h a t  t h e  a p p l i c a t i o n  o f  p f a  t o  ro a d w c ;k s

■

The r e  u l t  r t • f i r  t  1 1 ,t a r e  j lven  i n  A, t e n d ix  1.

A problem t h a t  rx.:* ■ merg- 1,  a  m i  g p f a  i n  Sou th  A f r i c a  t o  be o n ly

.

•

o f  ^rev s o r t i n g  l a r g e  x x m t i t i  o f  p fa  f o r  long d i s t a n c e s  would 

r u l e  out  i t  i . i n  S ou th  A f r i c a ,  Atier*' n a t u r a l  g r a v e l s  s u i t a b l e  

f o r  r e e d  t A l d i r  j w n  g e n e r a l l y  r e a d i l y  a v a i l a b l e .

T h i s  I t  1 *o t.h- r e a l i -  it ion  t h a t ,  i f  p f a  wt r e  to  be e x p l o i t e d  e c o n o m ic a l ly

i t  i i r e '  ’ e* u r  * it i in wnul ! hav t o  b" r e a s o n a b l e  c l o s e  t o  con­

s t r u c t  ion s i t '  . In i en s r  t h i s  r u l e d  o u t  many o f  t h e  power s t a t i o n s

i n  t N  E t e r n  7 1 ir v e i l ,  whrr- p f a  i t s e l f  was p l e n t i f u l  b u t  t h e  road  

.

f lu c t .u a t g and m i l l  Ln n  la '  i » to  the q u a n t i t y  o f  p f a  a v a i l a b l e .

Ccr e - iu e n t ly  RL s t a r t e d  l o o k i n g  i n t o  t h e  c h a r a c t e r i s t i c s  o f  p f a  p r o ­

duced  c t power t a t i o i - j i n  ttie im media te  J o h a n n e s b u r g  a r e a ,  on t h e  

a s s u m p t i o n  th a t  a c o n s t a n t  market, f o r  p f a - s t a b i l i s e d  mixes  c o u ld  

p o s s i b l y  be found in  t h e  an n u a l  r o a d  and s t r e e t  c o n s t r u c t i o n  programmes 

o f  J o h a n n e s b u rg  and o t h e r  l a r g e  m u n i c i p a l i t i e s  on t h e  R e e f .  T h i s  l i n e



□ f  thought led  e v e n tu a lly  to  dl^cu ' io n s  with th e C ity  

'

p^nogr.imm1 .

I t  wiiv, dcc id i ’ 1 t o  concunt  nit . '  the xper im en l  > on w a s te  mine sand  a s  

an a g g re g a t -  and u ir | f a  from K 1 v i r  0 o w e r  t a t i o i  t o  e t h e r  * i t h

Cho ien jr.  t h e  t a  . i c  a g g r e g a t e  t t  caurn c r u s t  ed  t o n e  f o r  r o a d  b a s e s

■

were c o n d u c t  d i t  t t  5 r l e a r  t it r a t  o ry  o f  E J L , b u t  w i th  CEE i t s e l f

c a r r y i n g  c it o r ’ a l l  cor f i rm -t; : and check  t e  t  i n  i t s  own l a b o r a t ­

ory.

,

.

’

h u l l  d in  m . • rimf nt il f n  t ch a *  r o a d ,  u s i n g  sand-pfa-lim e-gypsu in  

mix"  , e ! • • it At i • " I f  n.ld ' : r e i . i r e d  to  t n ip  f in a n c e  th e  d e s ig n

and con f r a c t i o n  o f  such  a t r i p .  A f e a t u r e  of  t h i s  p ro p o s e d  prog-

r itnmi a ft it i i- w.i , r> m  ! ‘ o rerjommend t h e  u s e  o f  pfa  from

K e lv i n  P now r  . t a t i o n  (tin l o n g in g  t o  Johanne  ■ iburg M u n ic ip a l i ty )  th e  

i u a l i t y  of  which had  h e m  r e q a r d t  rj a  lomt what s u s p e c t  p r io r  t o  th e  

above  e x p e r i m e n t s .

R e g r e t t a b l y , t h e  p ro tx i sa l  t o  t u i l d  an e x p e r i m e n t a l  ' . t r i p  o f  r o a d  f e l l  

f o u l  o f  b u r e a u c r a c y , on t h e  p a r t  o f  b o t h  CEO and RL, and  t h e  e n t i r e  

p r o j e c t  Iflf v d .  In any c-im , HI wa , hi uoming d e s p o n d e n t ,  a t  t h a t  t i m e , 

about, t h e  [ x j t e n t i u l  o f  p f a  in  South  A f r i c a ,  b e c a u s e  r e s e a r c h e r s  i n  

o t h e r  o r g a n i  . a t i o n s  and i n s t i t u t e  , were t e n d i n g  t o  c o n f i rm  t h e  v iew­

p o i n t  t h a t ,  f o r  nmn r e . v o n  not  y e t  d e t e r m i n e d ,  Sou th  A f r i c a n  p f a  was o f
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inf- r i o r  pozzolanir: M l i ty  and i-ould nut bi expected to  provide the

t n  f i t  ;iroduci t ' ' i d  u' no Nor*.* nm ri ca .  M oreover ,  at

t h a t  t imp Rl i t : . e l f  -vn > b' cumin ; intnrt .ted in o th er  d i v e r s i f i c a t i o n s

ind f e l t  no gn at di ipuointrr t in the pro jt it bei ng temtjurarilv

. : •- I.

N a t i o n a l  I n s t i t u t -  o* T r a n s p o r t  and Road Ai , e a r c h  (NITRR) o f  CSIR to  

in form t h e  I t i t  d ‘ t ‘ r  j :  immn and t o  f i n d  o u t  t h e  c h a n c e s  o f

'

•?n u i r i e  *. • a c t i v e l y  .u, p a r t i v e , i t :  i t t i t u d e  b e i n g  t h a t  p f a

t e c h n o l o g y  wa .veil  t wn and i t  *d up t . p r i v a t e  companies  t o  d e v e l o p  

o  i t  1- it . 1: i v  i< h.TRR would mcjr i t e r .  I t  Act; s e v e r a l  y e a r s

■

and i c t i  v< i n f  r- * i n  . • .

RL t r nr- for i: ‘ inu d i? a c t iv e  - erimentation in t o  p f a ,  but

decided to  maintain i t  in t e r e s t  by ke ping in t o u c h  with r e s e a r c h

.

V i )  1 /'■ -  ■ r- <t.e

In  Noveml.ar 1978 ,  am ? > a n ,  a f t e r  t h  j o i n t  e x p e r i m e n t s  w i th  t h e  

J ohann  burg  C i t y  Engin.  - r '  Dnpart.mnnt., t tie w r i t e r  and P r o f e s s o r  

G.E.  l i l i g h t ,  a c t i n g  t .  c o n s u l t a n t ,  a t t e n d e d  an i n t e r n a t i o n a l  con­

f e r e n c e  i n  P a r i  > on t h e  use o f  b y - p r o d u c t s  and w a s t e s  i n  c i v i l  

e n g in e  r i n g .  The conference had been  o r g a n i s e d  j o i n t l y  by F rench  

road  and road  r e s e a r c h  a u t h o r i t i e s .  B l i g h t ' s  r e p o r t  on t h e  p fa  

a s p e c t  i s  c o n t a i n e d  i n  Appendix 3 ,  and i n d i c a t e s  t h a t  t h e  c o n t r i b u t i o n s



C, „j I,own no deve lopment : ,  which m igh t  e n c o u r a g e  RL

' ' -  1'  ' "  'r 'u rk  o r  , f-u. Th. :,,c:t. _ o f _ t h e _ ^ r t .  a r p e a r e d  t o  be 

ry uch a-. RL had l e t  t, i t  i n  ] i?f

' , W i n e r  COnf rpnc ' o r  I " " ,  on  t h e  u t i l i  a t l o n  o f  p f a  i n  e l l

■

£ > :1 c o n t r i b u t i o n s  were  r e c e i v e d  f r e e  Europe  and  US.A. b a s e d  o r

tx i th  l a b o r a t o r y  work and f i e l d  e „  r t e n c e .

■

U n i v e r - . i t /  o f  n u n o i  . and  igue  o f  EUL, = o r f , m C d t h e  p o r r o l a n i c

.

'

r ' ' ' ' ' "  ' '"’:1 1° '  t:1 a b ‘>rHton i t  own R G 0  e f f o r t  had been 
fu t i f i  t .

“ , V r  ° f  brDU9 h t  0 0  e g e i n  a b o u t  „ r e a r  l a t e r  a t  a

r e n t i n g  i n  P a r i s ,  . h e r o  RL a n d  EJL w e r e  d i s c u s s i n g  t h e i r  p r e v i o u s  

J o i n t  e f f o r t - ,  „ •  d i v e r  1 - i c a t i o n  a n d  t h e  d i s a ,  p o i n t i n g  r e s u l t s  

o b t a i n e d  w i t h  S ou th  A f r i c a n  p f a .  U L  r o o r o s e n t a t i v a s  a t  t h e  m e e t in g  

f e l t  t h a t  i t  w o r l d  p r o b a b l y  b, w o r t h ^ U e  t o  t a k e  one f u r t h e r  look  a t  

t h e  p o t e n t i a l  o f  S o u t h  A f r i c a n  P f a .  b u t  t o  c a r r y  o u t  t h e  e x p e r i m e n t s  

t h i s  t i m e  a t  t h i e r  m a in  l a b o r a t o r y  a t  O o u . 'd a n ,  i n s t e a d  o f  t h e

r e g i o n a l  l a b o r a t o r y  a t  O r l e a n s .  The D o o n ,a n  l a b o r a t o r y  was n o t  o n l y  

'

g r o a t  e x p e r i e n c e ,  who h a d  p l a y e d ,  a n d  were s t i l l  p l a y i ^  a „  i m p o r t a n t  

m l f ’ i n  f J l  *■, m a t  o r  i a l  u i nti.ruTimij.



?6.

.13 ' « i. c e . ; ■ ed ul<. ... DourUan a r e  shown i n  Appendix

'• fr.c r r'> 33 s*. i. iBc: i/o e s  fo i Xcvs

I i v. oi .is , - a e c i i v e  ..ht-'n F r e n c h  u f a ;

‘ ■ 1 ' >A L 3 T Souch Avrj-ccn p i :: j.s improved by t h e

cteJdi :j ,on o<“ gypsv.ii.;

V'.vJ.j Souch A F H c c r  r a r e a c t e d  b e t l - T  w i th  F re n c h  l i m e  t h a n  

d  h h out A r i c a t  l im e  u p p l i f  d t o  D o u r d a r , the- 

p3rfor . i - i r .ee o f  f r e n c h  l im e  + French p f a  b e in g  a b o u t  

ju d 1 i F rencr * irr- ut h A f r i c a n  p f a  + F re n c h

Rypsc.i

' :>cme i lmc n< Dourdan l a b o r a t o r y  gave  d e t a i l s  t o  RL o f  a

-

,<no».o a s  LH36, t h i  was a m i x t u r e  o f  p f a , lu i c k l i m e  ar.d gypsum blended  

t o g e t h e r  i n  jcii p r o p o r t i o n s  u«. t c  produce  a s t a b i l i s i n g  agent which 

would compete w i th  e i t h e r  opc o r  l i m e .  T h i s  appeared to  be an a t t r a c t ­

i v e  i d - a  a r  i PL i ; r - ‘ 1 tp  loot- i n t o  n u th  A fr ica n  p r o s p e c t s .

hori.l /  a f t e r  ccrr t 1 - t i r. of ft-  uxr - t •' * >t Dourdan, EJL d ec id e d  to

vi chdrcvv i t - -  i n v e s t m e n t  i n  o u t h  A f r i c a ,  and RL I t s e l f  became in o p e r -  

a t i v  . The ■ f fu r t  it p rom ot ing  t h "  u s e  o f  p f a  i n  road c o n s tr u c t io n  t h e r e ­

f o r '  ceni .o an ' nd a s  f a r  a t h i  | i r t i c u l a r  group o f  com panies was 

c o n c e rn e d

S i n c e  'chat dt .ee he Co Joe -a,. «.vd S c i e n t i f i c  Prograi.imes o f  CSIR has 

foiinsd a s c e e  ’ing  cor.imj tcei . o lo ok  j nvo a l l  p o s s i b l e  u ses  o f  pfa  and

.

r o a d  c o n s t r u c t i o n ,  l.h i r e s e a r c h  e f f o r t  i s  b e i n g  c a r i ’i u d  out by NITRR,

v\hich i s  lo o k in g  i n t o  a l l  work done t o  d a t e  on p f a  and t r y i n g  to  p i n -
• .

p o i n t  t h e  ree.son f o r  t h e  vc?: ev t ive iy  poor  pe r fo rm a nce  o f  South
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A f r i c a n  pfa.

1 u t c i d e  q I thi* ,ar  L c u la r  r ayramm tr r- a p p e a r s  L. < t v e r y  l i t t l e  

work b e i n g  dent i  ‘iou t  A f r i c a  it t l  r ^ '  r  t im e  on t h e  p o t e n t i a l  

o f  p f a  f o r  roadw orks  and c o n s t  r u c t i o n  gent r a l l y

DlSCUSSInh AND CONCLUSIONS UN p f a  PROGRAMME

The r a t e  j t  pntKjr* on t h j  r o j r e t  f o r  t h e  p e r i o d  1972 -  1934 i s

h a r d l y  inpr* i v e . Th f f o r t  wu spe  m e d ic ,  l a c k e d  d i r e c t i o n  and 

p u r to e e  . i t ‘ e «• d no dt t ir t o  c c ' e l u s i o n s  c o u l d  be r e a c h e d  a b o u t

t h e  a c c e  f a c i l i t y  o r  o th e r w i s e  of c.-il m a t e r i a l .

f u t u r  , A"ic-■ cxi Id b t > . i c a l  o f  the  ■ f o r t  o f  o t h e r  companies  

i - 'du l  ring r lv  in  R C without  b e n e f i t  o f  background  o r  

,

Lack o f  u rg e n c .

the  inyt t.icjat ior d i d  not . t a r t  becui.se o f  an u r g e n t  need i n  South

.

s im p ly  b n c a u v  of •: s u g g e s t i o n  made oy 6 p a r e n t  cmnnany t o  i t s  s u b -

.

f u n d s  s e t  a s i d e  f o r  i t  In  f a d  i h o s e  ■ n o i v i d u a l s  '.vino d id  g e t  i n ­

vo lved  r e g a r d e d  th e  t ime s p e n t  a su».:i..h • no o ’ - b r e a k  end a s  e  s i d e ­

l i n e  t o  t h e i r  normal  a c t i v i t i e s

The in v e  s t i g a t i o n s  in c o  p f a  w r e  not  e c . c o  tc i n t a r v e r a  v d t h  t h e  

main b u s i n e s s  o f  t h e  company, and ; i s  s,.;s.i • o n d e r  t h e t  p r o g r e s s  

was s low and s k e t c h y .
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Lack o f  1 x^erienc- in  H )

,

o f  them had had a: , e >pt r i* r  ( ■ In r . ' - a r c h ,  o r  t h e  p rob lem s  o f  a p p l y ­

in g  t h e  r e s u l t s  o f  r e s e a r c h  t o  t r a c t i c *  . Thi a c c c u r t e d  f o r  s e v e r a l  

ma j o r  m i s t a L i n  tne icy  o f  '* prim- n t a t i o n  t h a t  was a d o p t e d .

.

c a r r i e d  o u t  i n  F r a n c e . Al .hi u l d  h a v t  known t h a t  South  A f r i c a  h a s  

n m e r e  .s w n l l - i  lu ippcd  l a h o r e t o r i e  , i n  a l l  n  . - c t - c a p a b l e  o f  

c a r r y x n  : o u t  t l  r < s i  r  A r -  i , a n d  m a n n e d  by e x p e r i e n c e d  s t a f f  who 

a  u l d  na i 1 y h a v < ai i p t  d th m lv/‘ t o  a n y  new t e c h n i q u e s  r e q u i r e d

• t

l a b  r a  t o r i  • cr>. i t  cl n o t  o n l y  i n r a c e s s a r y  d e l a y s  i n  t h e  s e n d in g  o f

.

l i n c t  co n t  i c t , ’- c ,  ‘ f o r  ocv<i i c  1 v i  i t  , bn t w e e n  laboratory

■

•henr  p h y s i c a l  remi t« r • d i  • [ f i l e d  a n y  e n s e  o f  u rgency  o r  r e a l i t y  

o n  i t  h e r  : . i d e .

o c o n d l y ,  Ml n o u l d  n o t  ha«.i mt a r t r o n  t  u i r o j e c t  w i t h o u t

To h a v e  i m a g i n e d  t h a t  F r e n c h  n x p e r t i ru: a l o n e  c o u l d  h a n d l e  t h e  

p r u b l r s n  i  an  i n d i i  it i n r  of  th -  w id e  ;ap t t  a t  e x i s t e d ,  a n d  i r o b a b l y  

s t i l l  e x i s t s ,  b e t w e  n p r n r  t i t i o n e r s  a n d  r e s e a r c h  w o r k e r s  i n  t h e  

c i v i l  e n g i n e e r i n g  i n d u s t r y  i n  t h i n  c o u n t r y .

F i n a l l y ,  a s  e x p e r i e n c e d  c o n t r a c t o r  ., ML s h o u l d  h a v e  known b e t t e r  

t h a n  t o  em b a r k  on  an  i n v e s t i g a t i o n  o f  t h i s  n a t u r e  w i th o u t  a l l o c a t i n g  

t o  i t  some fo rm  c f  b u d g e t . The f i x i n g  o f  a  b u d g e t  c r e a t e s  t h e
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o b l i g a t i o n  o f  a c c o u n t a b i l i t  ,• wt id"' i n  t u n  c n  a t  , a  s e n s e  o f  r e s p o n ­

s i b i l i t y  i n  t t  u ' i n v o l v e d  i the u t i v i t  y.

f t  LcL.lt "' ■ > f ; 1' > i ‘ j • i. ■ ■ t > *

I n  d e f e n c e  o f  t h e  a p p a r e n t l y  ha l  f -h ea r -4 ed e f f o r t  p u t  i n t o  t h e  p f a

i n v e s t ! g a t i o  , v - t .e to  t e a r  in  mir 1 t h e  d i f f  i c u l t  is , o f  c o m m e r c i a l l y

,

prom ise  e> pec t t  i o f  i t .  The hulk  o '  p f a  in  S ou th  A f r i c a  i s  p roduced  

by Cscorr, r i j  * i • r t K v  be '. . ra \."a  t h a t  t h e  o b t a i n i n g  o f

.

'

.

t o  F- ton t . • i» r a l t  t h a t  I :,com n i g h t  a l r e a d y  have had an ag ree m en t

.

■ ■

ht-vt l a i d  i t  c ir ti  or t h e  t a b l e ,  e p t t c i a l l y  b e c a u s e  i t s  i n t e r e s t  a t  

t h e  tim* Afv i n  ''umi ust Afion- t h n r i would have  be on l i t t l e  c o n f l i c t  

o f  in t e r *  s t . I n  any ca " ,  t h e r e  would » a v e  t> en c c r s i d e r a b l e  m e r i t  i n  

th  t m  companii ixDoling t h e i r  f i n a n c i a l  and t e c h n i c a l  r  s o u r c e s  i n

o r d e r  to  promotf ttv id< a of  u s in g  p f a  i n  a l l  i t s  p o s s i b l e  r a m i f i c a t i o n s .

Rl d id  loo t  i n t o  t hs  p o s s i b i l i t y  o f  p r o t e c t i n g  i t s  r  s ea rc t i  by making 

a p p l i c a t i  r s f o r  pat e n t s .  C o n s u l t a t i o n s  w i th  ^ a t e n t  a t t o r n e y s  o r  t h i s  

i s s u i  r e v e a l e d  id a t  a p p l i c a t i o n :  f o r  p a t e n t s  were o n l y  p o s s i b l e  i n  t h e  

e v e n t  o f  Rl d  v e l u p i n e  ,i •-pt c i f i c  t l e n d  o f  m a t e r i a l s  wtiicti would p roduce  

an a d e q u a t e  s t a b l i s i n g  a g e n t , i . e .  p a t e n t  i r o t e c t i o n  m igh t  p o s s i b l y  have 

been o b t a i n e d  f o r  a  co m p o s i t e  m a t e r i a l  such  a s  LH3Q, m e n t ioned  a b o v e .
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1 hi re / o u l d  h . \  1 - n l i t  1 . 1  i k hi l i t  y of p r a t  f ct.ii 3 t h n  g e n e r a l

.

b e c a u s e  t h e  p r i n c i p l e  , and proi  ■ »' o f  t h a t  o p e r a t i o n  were r o t  or  1 y

w 11 k r p v ■ , bi t <»1 u v  r .  *"11 c 11 r e d  i: t.h- l i t  n a t u r e .  The

chance  of ; • rmai-< • t  cemrrt r c i a l  1, l i c M o r  w n  t h e  r e  t o r i  no t  g r e a t

\  i t urol tr  O : ' .i I : i '; j r o ri 1

A prime r t  u or  f o r  t h t  o r i g i n a l  po: u l a r i t y  o f  p f a  i n  E u rope  was

t

'

l

h i  :h po. u l . i t  i on  •■-r i t l  , int.  . i v  f a r m i n g , and p a r t  e x p l o i t a t i o n

•

Although i m i l a r  i t u a t i o r  i  p r  d i e t " d  fo r  c e r t a i n  a r e a s  i n  t h e  

n o t -  >-3i • m t  futur* , o v t h  A f r i c a  i t i l l  f a r  from a  c r i s i s  p o i n t  

i n  the ♦ it- o f  i t  r* .ourct o f  n a t u r a l  m a t e r i a l s  o f  c o n s t r u c t i o n .  

The f.rr sure t o  u s r waste  m a t e r i a l s  o r  s u b s t i t u t e  m a t e r i a l s  i s  n o t

1

.

and PL ' * f fo r*  vok 1 1 " l y  m i ld  i n t e r e s t  amongst  r o a d - b u i l d i n g

a u t h o r i t i e s .

T r a n s p o r t  c o s t s

Q u i t e  e a r l y  in  i t  s  i n v e s t i g a t i o n s  AL r e a l i s e d  t h a t  t h r  c o s t  o f

t r a n s p o r t  o f  m a t e r i a l  would [ l a y  an i m f o r t a n t  r o l e  i n  a s s e s s i n g

'

s w i t d  to  K e lv in  D p f a , p roduced  d o  e t o  J o h a n n e s b u rg  and c l o s e  

t o  i t s  p o s s i b l e  p o i n t  o f  u s e .  When t h e  CEO J o h a n n e s b u r g  proved  

r e l u c t a n t  t o  c a r r y  t h e  j o i n t  r e s e a r c h  f u r t l  1 r ,  AL d i s c o n t i n u e d
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i t s  a c t i v e - e f f o r t -, i n t o  the u?-i o f  the m a i  r i a l .

P fd  p roduced  i n  t> fc t rr  T rar  ,vr. 1 a r  t i t iorer  was s u p e r i o r  

t o  t h a t  | r ed u ce d  a t  K • - Iv in  r' ,  bu t  co i . ld  o n l y  t.avt been e x p l o i t e d  

or  t n a t i o n a l  s c e l e  i f  i t  wen? f o u r d  t o  t e  o f  h i g h  q u a l i t y  and 

t h e r e f o r e  u at 1 i n  ^ a l l  iuar t i t l e :  . I n  .ucf  e v e n t ,  t r a n s p o r t  

c o s t s  i n  r e l a t i o n  t o  t h e  t o t a l  c o s t  of r o a d  b u i l d i n g  would r o t  

have  p la y e d  toe  i m t o i l  a - t i r u l e .  The d i s a p p o i n t i n g  r e s u l t s  o f  

• ci r ly  t  t u s t l f i e d  P L1 c a u t i c r  i n  t h i s  r e s p e c t .

Lack o f  communica tion  r d  er thi i m w i t h i n  t h e  g ro u o

E n g i n e e r  and • r i o r  m anager - o f  con- t r u c t i o n  com panies  a r e  g e n e r a l l y  

3 0  i n t e r  i’l y  o c c u p i e d  a i t h  t r e ccir; l e n i t i e s  and d a y - t o - d a y  c r i s e s  o f  

t h e  d i r  ct iot in  rar  i, t h a t  th v / tvav  ̂ l i t t l e  t ime o r  i n t e r e s t  t o  

invote to  i d - i» A' icf b r i n g  m a l l  p ro m ise  o f  im media te  / i e l d  t o  t h e i r  

c o n t r a c t  , o r  t c  tf i r  a  m pan ie -, . T h i - a t t i t u d e  i s  u n d e r s t a n d a b l e  and 

a l a t e r  r e c - m  w i l l  ,hcw, i  r e p e a t e d  i n  o t h e r  a c t i v i t i e s  and 

i n d u s t r i e s .

I n  t hr L e f b b v r  g r o - i i n Fran  tr d South  A f r i c t - , t h e  o r i g i n a l  

e n t h u s i a  t s f o r  of  a w< r»> Mi r s . A lb“ r r  P a r6  and J e a n  L e f e b v r e  h im -  

s e l f .  P e r m ' s  r e p o r t  on h i - v i  i 1 t c  t r u t h  A f r i c a , and h i s  s t r o n g  

recom mendat ion- 1 ir i n v  t i g a t  ior  • to  bn i n i t i a t e d  i m m e d i a t e l y ,  f e l l  

o r  dr a f  imp s  tx.tti in  F ra n c e  and i n  South  A f r i c a .  On c h e c k in g  b a c k ,  

oni f i n d  t h a t  not  one o f  th r  d i r u c t u i  o f  01 in  S ou th  A f r i c a ,

I '

r e p e n t  i n  any d e t a i l ;  a n d ,  what i s  more,  t h e  name a p p l i e d  t o

eng inee r r ,  and m a n a g e r  in  t h e  head o f f i c e  in  P a r i s .  N o th in g  was done
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i t s  a c t i v e  e f f o r t  i n t o  t h e  use o f  t h e  m a t e r i a l .

P f a  p roduced  i n  t f- Eu t e r r  1 ran  ve.ul pow r  s t a t i o r : was s u p e r i o r  

t o  t h a t  p roduced  a t  K e lv in  0 ,  b u t  c o u l d  o n l y  have been  e x p l o i t e d  

o r  e n a t i o r a l  s c c l e  i f  i t  *■ n  f o u r d  t o  be o f  h ig h  q u a l i t y  and

,

c c s t s  i n  r e l a t i o n  t o  the  t o t a l  c o s t  o f  r o a d  b u i l d i n g  would n o t

have t l a y e d  toe  im p o i^ o r t  i rx. 1 1. The d i s a p p o i n t i n g  r e s u l t s  o f

'

1 r

Lack o f  corrfliuricat ior  , nd e r th u s i a ; ^ n  w i t h i n  t h e  g ro u p
i— — — —  —  — «  i » » i i ■ — ■ « ■! ■■■ 1 — •« «■ ee Wi  »  •  •  *  —  '■ •  e» •  W

C ' g i n e f r s  and . p r i o r  managers  o f  c o n s t r u c t i o n  com panies  a r e  g e n e r a l l y  

so i n t e n s e l y  o c c u p i e d  w i th  tf>t Ccrrple>xt i e s  and d a y - t o - d a y  c r i s e s  o f  

t h e  d i r e c t  job in  hand,  t h a t  t t  • y hav l i t t l n  t ime o r  i n t e r e s t  t o  

d e v o t f: t c  i d e a  /which b r i n g  umal] p ro m ise  o f  im m edia te  y i e l d  t o  t h e i r  

c o n t r a c t s  o r  t o  t h  l r  ocm pan ies .  T h i s  a t t i t u d e  i s  u n d e r s t a n d a b l e  and

.

i n d u s t r i e s .

In  t h e  L e fb b v re  grout  i n  F ra n c e  and iuu th  A f r i c a ,  t h e  o r i g i n a l  

e n t h u s i a s t s  f o r  p f a  were Mrs r s .  Alber* Par<1 and J e a n  L e f e b v r e  h im-  

Lf.  Parti* .

r'-comr enda t  ion '  f r inv- s t  i g a t i o r  tc be i n i t i a t e d  im m e d i a t e l y ,  f e l l  

o r  d r u f  e a r s  be t h i n  France  and in  S ou th  A f r i c a .  On c h e c k in g  b a c k , 

one f i n d s  t h a t  not one o f  t h e  d i r e c t o r s  o f  RL in  S ou th  A f r i c a ,  

i n c l u d i n g  t h  t h e n - r e  ,id> nt French d i r e c t o r ,  e v e r  s t u d i e d  F a r e ' s  

r e p o r t  i n  any d e t a i l ;  and ,  what i s  m o r e , t h e  same a p p l i e d  to  

e n g i n e e r s  and m anagers  in  t h e  head o f f i c e  i n  P a r i s .  N o th ing  was done
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'

which tock i luc t a t  11 i n v i t  - i t io n  o f  th. f i r l  of  f i c e ,  a r d  which i n

.

a b s e n c e  o f  a c t i o i  « nd la c k  o f  cc r r r run ica t ion  l a y  r e a l l y  i n  th e  

d i f f e r e n t  o u t l o o k  t f  th o  ■> who a d v o c a t e d  i n n o v a t i o n  and t h c i e  wt>o were 

sur co sed  t c  c a r r y  i t  ovt . Th' [ ro j e c t  r e a l l y  needed  a champion o f  

t h e  o r d e r  o f  I irA o r  i e a r  L ■ f. ? jr* him* t I f .

'

i n n o v a t i o n  can tc  cen i n  t tv  f a c t  t t  a t  EJL head  o f f i c e  a l l o w e d  the  

o r i g i n a l  'xp- r i m e n t a t i o n  tn  t c ar r i e d  o u t  i n  a p r o v i n c i a l  labc  ra tory

.

Th> more r i l l e d  d e ^ ; r i c r e e d  r  a r c h e r s  a t  r t u r d a n  o n ly  came i n t o

th e  p i c t u r  i*  y  r aft. r  t* e ; t a r t  o f  the  p r o j e c t .

",

T h i s  i n v e s t i g a t i o n  d i d  net g i v e  a c l e a r  i n d i c a t i o n  o f  t h e  c c c t  o f  

the R & e f f o r t , b r c a u  e so much was u n d e r t a k e n  in  EJL la b o r a t o r i e s

i n  F ra n c e  w i thou t  ct>arg>: t o  RL in  c u t h  A f r i c a .  The p r o je c t  d id  show

however ,  t h a t  an inv* f i x a t i o n  o f  t h i s  n< t un cou ld  be c a r r ie d  ou t  

without , a company t>aviny t o  invt  it i n  l a b o r a t o r i e s ,  la b o ra to ry  equ ip­

ment o r  I f b o r a c o r y  per lonne l .  J u d i c i o u s  use o f  o u t s i d e  l a b o r a t o r i e s ,  

g u id e d  by ex. *’rd o; i n i o n ,  would hav* been a d e q u a te  f o r  th e  purpxrse.

C o n s i d e r i n g  t h e  .avim, tfiat i t  e f f e c t e d  i n  t iaving v i r t u t t l l y  no 

L a b o r a to r y  experi : ios, RL made a s e r i o u s  mi . t a k e  i n  i t s  jo in t ,  ven tu re  

w i th  CEO, J o h a n n e s b u r g .  A f t n r  hav ing  seen  t h e  r e a s o n a b l y  favou rab le



r e s u l t  o f  th • . i o in t  <p. rim- rv i t  i o n ,  Rl h o u lu  h ave  u p o ru o re d  t h e

.

and j o i n t l y  me n i t  o n  t i t  • r form. vi i th t h t  I 1 . Thi r c r  at r u c t i o n

,

s u c c e s s  A o u l d  ' cive p ro d u ced  a f a v o u r a b l e  r e a c t i o n  t h r o u g h o u t  t h e  f i e l d  

o f  ixDtJi' and 11 t ci t r u c t i o r  i n  t h  W i t w a t e r s r a n d  a r e a .

Resi- . t  ar i» L , change

Q u i te  e a r l  - cm i n  it e f f o r t  , RL d i s c o v e re d  t h a t  i t  would n e t  be e a s y  

t o  charge e x i s t i n g  i re edurf  m d  . e c i f i  c a t  i o n s  i n  thie r o a d - b u i l d i n g  

i n d u ' i t r . . Thi f ac f i  * c r o r  u; a :a in  i n  l a t e r  i n v e s t i g a t i o n s  and w i l l  

t h e r e f o r  be :ii . I M-e • c o r1 ^id r i n g  the i n n o i a t t o r  problem i n  i t s

t o t a l i t y .
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’

i d e a  o f  d e v e l o p i n g  new t e c h n u l o g i n  a; a means o f  company d i -

.

f a i r  amount o f  p u b l i c i t y  wd;., b e i n g  g iv e n  t o  a  new c o n s t r u c t i o n  

,

known a " T o r n  Arm^e” o r  "Aeint  rued  E a r t h " .  Rea one  f o r  t h e

p u b l i c i t y  *• r* ‘ * f. . I; f i t  t l>  , ' jni  .uenes :  and i n g e n u i t y  o f

t* » • t< m, a ; i • U , i 1 - li a c t i o n  i n  t h e  U.K . i n  which V i d a l

was suing t h e  D epar tm en t  of t.tn Environment f o r  i n f r i n g e m e n t  o f  h i s

. . t e n t  .

P. be -in* i n t r i  d I / ‘ • y tern, n  i l i / i n g  t h a t  i t  had a p p l i c a t i o n

:

In  t h i  r e s p e c t  i t  w; . f r t u n a t c  t h a t  t h e  i n v e n t i o n  had been  d e v e l -

iped i r F ranee  md cont. tct  c o u ld  oa i l y  be t t a b l i '  hed w i th  t h e  i n -

'

d i r e c t o r  wit o 1' . at i ■ t o  make a f i r s t  c o n t a c t  w i th  V id a l  i n  P a r i s

e a r l y  i n  IVVfi,

A , 11 n  u l  t f  t h i  me t i n g ,  V l d i l  v i , i t od  South A f r i c a  a few months  

l a t e r  i n  o r d e r  t u  sc- f o r  h i m s e l f  w h e th e r  fie h u u ld  i n i t i a t e  a 

R e i n f o r c e d  E ir*t hi rumpany i n  R.A, R!_ took  a d v a n t a g e  

o f  h i s  v i  i t  to  a r r a n g e  m e e t in g s  and l e c t u r e  • i n  t h e  m a jo r  c e n t r e s  

w i th  o r g a n !  sl  i m s  which might, hr;conn us, r  o f  t h e  s y s t e m , and a l s o  

w i th  g r o u p 1 o f  e n g i n e e r  c o m p r i s in g  c o n s u l t a n t s , a cadem ics  and



r  trche-t-B. ih> n  • ‘ . :ir t \ i Idl ' ,imi d  n a[ ; 1 i n  1 t  he 

iaj i t i v e  and i t  wa l e c id t  I t o  form a comfian/ which would hr  j o i n t l y  

'  ■ 6

Dy m i d - i y 7 5  AL h ad t i t a t t o d  a p p o i n t i n g  l a  ft and an e n g i n e e r  was s e n t  

t o  K a r l s  t o  r e c a i  ve i n  l r j c t i o n  i n  de- ,,gn p r o c e d u r e s  and t h e  p ro p o s e d  

manner o f  o r g a n !  i n g  and o p e r a t i n g  t i n  company. A few months  l a t e r  

t h e  w r i t e r  a t t e n d e d  an I n t e r n a l  R e i n f o r c e d  E a r t h  c o n f e r e n c e  i n  

Wa n i n y t o n  .1 . wh n  p rug i  arid problem' o f  t h e  sys tem were d i s ­

cus . -id an d ,  mort  i m p o r t a n t l y  > * wa a b l e  t o  e e  p r a c t i c a l l y  t h e

•

>e c r i p t  i ..r  f ■ - a '  ■ n  »!

At t h i  i s t a g e  i t  i  . n e c e  s a r y  t o  g i v e  a b road  o u t l i n e  o f  what t h e

■

p r i n c i p l e  i s  t o  u .e t h e  f r i c t i o n a l  a r e l a t i o n  o f  g r a n u l a r  s o i l  

ind l i n e a r  r* i n f u r c  ment t o  c r ’-ate a  c o h e s i v e  m a t e r i a l  which i s  

h i g h l y  r* i i t iv*  t o  l a t e r a l  f orce and lo  d s . It*: c l a s s i c  a p p l i c a ­

t i o n  i  i n  t h e  con1 t r u c t i o n  o f  r e t a i n i n g  w a l l s  i n  m o u n ta in o u s  

t e r r a i n  and ,ome o f  i t s  f i r s t  t r u c t u r r  a n  t o  be found a l o n g  t h e

h ighw ay ,  f Cut D’ A /ur  i n  th i '  >outh of F r a n c e .  A p p l i c a t i o n s  o f  t h e

m a t ' r i a l  hovt ini x.t n id i  d t o  r e t a i n i n g  w a l l s  on u rban  f r e e w a y s ,

b r i d g "  at u tm ent , ' w i l l  , l o a d i n g  nimi f o r  i n d u s t r i a l  p l a n t s ,

and m i n e r a l  s t o r a g e  f a c i l i t i t  ..

The b a s i c  e l e m e n t s  o f  R e i n f o rc e d  : a r t h  co m p r i se  an o u t e r  p r o t e c t i v e  

f a c i n g ,  r e i n f o r c i n g  t r i p s ,  and g r a n u l a r  b a c k f i l l .  A b r o c h u r e  

d e s c r i b i n g  t h e  sys tem  and i t s  a p p l i c a t i o n s  i s  e n c l o s e d  a s  Appendix 5 .
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'

i m p l e ,  bu t  i t  i a '11 t h o u j h t  j u t  and  known i n  t h e  c i v i l  e n g i n e e r i n g

i n d u s t r y  <v d e i g n —a n d -  u p p l y . The f u n c t i o n  o f  t h e  company i s  t o

•

r e l e v a n t  s t r u c t u r e  and th e n  t o  qu o te  f o r  t h e  s u p p ly  o f  m a t e r i a l s  

t o  t h e  d t e ,  ' ne . r i c e  t o  i n c l u d e  n o t  o n ly  t h e  c o s t  o f  m a t e r i a l s  b u t

•

T h i s  means t h e  t h e  R e i n f o r c e d  E a r t h  company f a l l  somewhere be tween

a co r  i l t t m t  md \ c o n t r a c t  n r .  I t  s n n o t  o p e r a t e  a s  a c o n s u l t a n t

■

r t ct 1 t j p r r i t r  v. i r n t r a c t  r  bn cause  i * s  work f o r c e  would

■

h i g g r*'d advontapf  o f  t h l  ■ item i tt>at a l a r g e  volume o f  work

■

augmented f a i r l y  e a s i l y  in  hu y t im e  and wtiich need n o t  be d r a s t i c a l l y  

c u t  d u r i n g  c o m p a r a t i v e l y  q u i e t  s p e l l s .

Record o f  com()On> pm g r n y

The c)m(*tny wi , formed in  I 'OR, i t s  f i r s t  f u l l - t i m e  e n g i n e e r - e m p l o y e e  

w.i ent to  P u r l  in  t h a t  y e a r  f o r  t m i n i n g  i n  La T e r m  ArmSe’ s 

h n . i d q u u r t e r  , and thr? f i r  t c o n t r a c t  was o b t a i n e d  e a r l y  i n  1976.

The R e i n f o r c e d  Eart.h concept  a p p e a re d  t o  a t t r a c t  u s e r s  o f  c o n s t r u c t i o n  

f a c i l i t i e s ,  b o t h  in  th ,  p r i vat • and p u b l i c  s e c t o r s ,  and t h e  company 's
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.

t h e  p u b l i c  o •• i i It- id i.hi a p p l i e d  Lon were found i n  road  

c o n s t r u c t i o n  uf i i l a  i n  t n«. m in ln y  s e c t o r  t h e  sy s t e m  found i t s  

maximum r , p l i c a e  ion  In  t in c o n s t r u c t i o n  u f  t i p  w a l l s  i n  p r o c e s s  

p l a n t  . ccv i o r  l e n t  - a:-.j th- l i k e .  *,.al 1 c o n t r a c t s  were a l s o  

o h t a i n e  j in  Li ith: :nd BoL- vena a- d a mu nr  one i n  M a l a M . In

i t s  e i g h t  -ea. 's o f  of t-'ut ion  ; nt: company ha , been r e s p o n s i b l e  f a r  

c l o s e  t o  ~’0C s t r v c t u r e u  i n  o u t  h e m  A f r i c a .

The comiany o f fe r e d  a major r t b e d  on one o f  i t s  p r o j e c t s  a t  a

.

t h i s  c a r  Leulap i n s t a n c e  vas  known t o  be h ig h ly  c o r r o s i v e  and th e  

cor c r y . t u i t ' i* c l i e n t  , d e c i d e d  t o  u s e  a form o f

c a t h o d i c  prot«- c i n t a l i m i n a t e  c o r r o s i o n .  The a n t i - c o r r o s i o n  

sy >te • f ' . v -11 n.td t o  be d e m o l i s h e d .

Tr i :  f u i lu r  b ro u g h t  ' mt t h e  me ! s e r io u s  o b j e c t io n  t o  the R ein forced
/

E a r th  yst "m; ! ,ubt  about i t  1c: :-tt*rm s e r v i c e  l i f e .  At th e  tim e o f  

w r i t i*- , , i r  1 ■ -l, • f i r  ' A. if f o n  "d ar t t -  t r u c t u r e s  c o n s tr u c te d  

in  France art- n o t  yet t h i i t  y ea rs  o l d ,  and a lth ou gh  t e s t s  show 

few sign.', o f  c o r r o  io n ,  corv .en  i t i v d  c l i e n t would p r e fe r  to  s e e  

o th e r -  t a k e  t h e  r i s k  on nt w te i  f tnology b e f o r e  com m itting th em se lv es  

t o  i t .  In t h e  . A.A. c a s e ,  i t  i s  a c c e p t e d  th at  th e  R e in forced  Earth  

company made a n > t a k e  i n  a d o p t i n g  cat .hod i c  p r o te c t io n  e nd th a t  th e  

c i r c u m s tan c e - ,  were u n i q u e ;  bu t  V  i s  not. d i f f i c u l t  to  a p p r e c ia te  th e  

r e l u c t a n c e  o f  1 hat. p a r t i c u l a r  c l i e n t  t o  u s e  the sys tem  a g a in ,  o r  o f  

o t h e r s ,  v.-ho h e a r  wbout t h e  <'ai l u r a  t o  embark on a r e in fo r c e d  ea r th  

p o l i c y •



R e i n f o r c e d  E a r t h  ha- nut t ( n a b l  t o  con: t:r u c t  m a jo r  w r k s  f o r  

South  A f r i c a n  T r a n s p o r t  ? r v i c e s  f o r  th-  .ound t e c h n i c a l  r e a s o n  

t h a t ,  i n  d i r e c t  u r r e n t  < l e - c t r i f i e d  l i n e  , it r a y  c u r r e n t s  a r e

.

.

c o n s u l t a t  ion with Al , in  o r d e r  to  t ry t o  d e t e r m i n e  f i n a l l y  A e t h e r  

i t  i i  a f e  t o  b u i l d  R e i n f o r c e d  E a r t h  s t r u c t u r e s  u n d e r  e l e c t r i f i e d  

l i n e s , AC o r  X .

a t  e r r  an.: . a 1 • • * i ; c l i c a t i u '

' i d a l , a t  t e tar* :* hi  - ! v- locment roaramme, p aten ted  h i s  

.y-'tem w or ld -wide  and he s u c c e s s f u l l y  a p p l i e d  fo r  p a te n ts  in  

d o t h  A f r i c a . R e i n f o r c  d E u r t n  f p t y 1; L t d .  wes granted  a l i c e n c e  

by V i d a l  t o  e x p l o i t  hi p a t e n t s  i n  South  A f r . c r and V ida l »es  

p a n t e d  rmi Lon by t h  " p a r tm e n t  o c Commerce and In d u stry  to  

1 y i r o y a l t  . • on a l l  work done i n  term:,  o f  t h i s  l i c e n c e .

In  o t h e r  . o u n t r i 1 , r x i r t i c u l a r l y  i n  t h e  U .K . ,  V id a l  h a s  had a f a i r  

imount o f  oppo i t  i o n  to hi!  p a t e n t s  and h a s  on o c c a s io n  been o b l ig e d

.

Cere r a l l y  .pcakir  :, V i d a l  he jc.cn f u l l y  defended h i s  p a t e n t s , but  

a l t e r n a t i v e  , , s tems a r e  a l r e a d y  in  u s e  and t h e s e  w i l l  probably  

i n c m - r . o  i n  number a s  V ida l*  1 o r i g i n a l  p a te n ts  e x p ir e .

I n  South  A f r i c a  t h e  R e i n f o r c e d  I a r t h  company h a s  encountered  no 

prob lems w i th  c o m p e t i t i v e  d e s i g n s , p o s s i b l y  b e c a u se  th e  market 

a t  p r e s e n t  i s  too  m a l l . N e v e r t h e l e s s  e n g i n e e r s  i n  th e  company 

a r e  enco u ra g ed  t o  s e a r c h  f o r  new i d e a s  and a p p l i c a t i o n s  and to



In  t • lur  ; ? ••nr , Rtlnf' i n  ' • d r t f ' it nl w i l l  xi i r e  and o t h e r s

w i l l  be f r e e l y  e n t i t l e d  t o  u i t -  y s t e m . From a t r i c t l y  commercia l

,

,

t h e i r  com; i t i t o r  . A f t e r  e x p i r y  f  i t  p a t e n t s , R e i n f o r c e d  E a r t h

.

p r o t e c t i o n .

DiuCl. , s iur  Iful !.:■

1 1 ; i n t  r> t i n  ; • n o t e  t h e  au id -  j e e e s s  and t r a n s f e r  o f  

‘ e c h n o l  3 > i n  t h e  t i • o f  R e i n f o r c e d  E a r t h  compared with  t h e  

a lm o s t  com ple te  l a d  o f  p r o g r e s s  i t h e  e f f o r t  t o  promote

. f a , •’ d a l l y  w* • b o th  nff i  n c , were p u t  in  by t h e  same

.

p a r t  ; -

-  R e i n f o r c e d  E a r t h  wa a b l e  t o  be I n t r o d u c e d  i n t o  South  

A f r i c a  w i thou t  th< need fo r  any  r e s e a r c h  i n t o  l o c a l  

a p p l i c a b i l i t y .  j u c c e s s f u l  and s a f e  s t r u c t u r e s  c o u l d  be 

b u i l t ,  is long  <1 V i d a l '  , c r i t e r i a  were o b s e r v e d .

-  R e i n f o r c e d  E a r t h  had  t een  g iv e n  r e s p e c t  a b i l i t y  i n  t h a t  

i t  had h e  n  a c c  p t e d  t<y road  l u t h o r i t i r  i f  h ig h  e s t e e m ,

by " P on t  . e t  Chaus ,ftes" i n  F rance  and t h e  F e d e r a l

Highways A d m i n i s t r a t i o n  (FUA) i n  t h e  U.S .A. Much o f



4 0 ,

'

,

a s t a t e m e n t  by FHA t h a t  i t  a c c e p t e d  t h e  sys tem  and 

no Io n  r  reijan. '- cl i t  1 -x: r i m e n t a l .

-  R e i n f o r c e d  E a r t h  t f - r e d  i c l e a r  and d e f i n i t e  a l t e r -  

n a t i v e  t o  thf cxtn’ r t t i o n a l  t r u e  t o r e  i t  was d e s i g n e d  

t(  r- . lac  , t , ' 1 1 '  : co t  com| a r i  -uns to  be  made

o u ic k l y  and a c c u r a t  ■ l y .  I t  was n o t

d i f f i c u l t  f o r  a ;x:t -'n1 i a l  u a e r  t o  come t o  a  d e c i s i o n  

n tr r ■ * • th t  new m a t e r i a l .  R e i n f o r c e d

( a r t '  Jbm.itt -m: ' o i l  di ign  c a l c u l a t i o n s  w i th  i t s

- f f e r  , :n ' 1 - ■ : i l /  :• Ched- ed by t h e

; 1 ■ ’ ' ■ tl ■, r ' a' . ign ‘ a f t .

-  a d v a n t a g e s ,

bu t  i n  many ca e a d v a n t a g e s  i n  e a s e  and  speed  o f  

con t r u e  1 1 .y .

: i. v : • 1,1c;/

Taking  i t  , cut fmm t t v  ;x . rnnt  company,  t h e  S ou th  A f r i c a n  

company d e c i d e d  a ,1, t i "ha rd  n i l "  a p p r o a c h .  The p o l i c y

adop t '  d wav to  c o n v in ce  p o t e n t i a l  , l i e n t s  t h a t  t h e  method m s  

t e c h n i c a l l y  sound and t h a t  d e s i g n  would conform t o  s t a n d a r d  

f a c t o r  of df’e l y .  R e i n f o r c e d  E a r t h  was n o t  o f f e r e d  a s  a 

u n i v e r s a l  p a n a c e a , but  a-, a  s p e c i f i c  m a t e r i a l  and t e c h n i q u e  

which c o u ld  s o lv e  c e r t a i n  p rob lem s .



41 .

I t  i bi l l '  ' tr'd t h d t  t h i  a p p r o a c h  w ,  a p p r e c i a t e d  by t h e  

,

ha< d e c i d e d  uot t  ( romate  i t s e l f  j n t i l  r e s e a r c h  can con­

c l u s i v e l y  p rove  i t  , a f e t y  and d u r a b i l i t y .

3ut~'it~ 1 .

AiV it i -tv Rein* rc- : i r t h 1 b igge ,t p r e s e n t  p r o m o t io n a l

prubVtm 1 • o a l i a . t- . i r  tbout  i t s  s e r v i c e  l i f e ,  e s p e c i a l l y

i n  ! at* A f r i c a  where a r  i | o r  f a i l u r e  h a s  o c c u r r e d .  No qu ick  

ioluti n i a t  h a n d , but c e r t a i n  m e asu re s  have been  t a k e n ,  

which i n c l u d e  :

-

-  o r t i *  -• 1 re* a r c h  i n t o  a l l  a s p e c t s  o f  n o n - a t m o s p h e r i c  

c o r r u  i< and t h  e f f e c t  > o f  s t r a y  c u r r e n t s ;

-  c o n t i n u a t i o n  of t h e  p r e s e n t  open a p p ro a c h  o f

•

’

d u r a b i l i t y  r e n u i r e m e n t s . (T h i s  a p p l i e s  i n  p a r t i c u l a r  to  

i n d u s t r i a l  c l i e n t - , )  .

R»; »*■ i ru t■

,

t h a t  up t 11 now most o f  i t s  n  e a r c h  deve lopment  e f f o r t  

ha-, been  conce r t  r a t e d  i n  t h a t  c o u n t r y , w ith  t h e  v a r i o u s  

u b s i d i a r y  comijanios p l a y i n g  v e ry  l i t t l e  f^art.. F r a n c e ' s  

r e s e a r c h  programme has  i n c l u d e d  i n v e s t i g a t i o n s  i n t o  such



,

,

■

roup . t i l i c y  i s  now c h a n g i n g , and c o u n t r i e s  o u t s i d e  F ra n c e  

a r e  t e i n g  en c o u ra g e d  t o  c a r r y  o u t  t h e i r  own r e s e a r c h  t o  meet  

t h e i r  a r t i c u l a r  p r  him- .

I n  t h e  c a e  o f  t h e  South A f r i c a n  company, i t s  p o l i c y  i s  t o  

c o n c e n t r a t e  i t  , r  t r ch  i n t o  t h e  prob lems  o f  s t r a y  c u r r e n t  

■* c o r  re  i o n  on e l e c t r i f i e d  r a i l w a y  l i n e s , and i n t o  p o s s i b l e

t ■ •

• i f  * h ' • , 1 1 i n

If  i n o t  d i f f i c u l t  t o  u n d e r s t a r ,  i a  c a u t i o u s  a t t i t u d e  to w a rd s

in n o v u t  an n t t  a ,'kirt o f  o r g a n i s a t i o n s  o r  o f f i c i a l s  c o n c e rn e d  

■

r i  i. t ii' i n  i n  a d o p t i n g  i new t e c h n i q u e  somet im es  seem h a r d l y  

m i r t  fiwt t i l t  , "  •» i i l l y ,  iis in  the ca:-e o f  Rein  f o r c e d  E a r t h y

i f  th r  iving r f f e c . t e d  a n ’ not l a r g e  i n  r e l a t i o n  t o  t h e  t o t a l

c , * if ,i pub l i c  wir* b u d g e t . N e v e r t h e l e s s ,  t h e  p o s i t i v e

a t t i t u d e  t a k e n  tow ards  R e i n f o r c e d  E a r t h  by most  

louth  A fr i i  in [xirt ii i f i an t  i n  t h e  t r u c t u r a l  d e s i g n  a c t i v i t y  

i s  commendable.

The R e i n f o r c e d  E a r t h  Company, from i t s  i n c e p t i o n ,  has  

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

c a u t i o u s  o r  h e s i t a n t  a t t i t u c '  " , and not. t i condemn such



A s e n i o r  ie ign  c ng lne t  r , ’mpioyed t.y a m a j o r  g o v e rn m e n ta l

iu th  i r i t y ,  • xi l a i n  J hi  Ml mma i n  .impli t e rm s  : " I n  my

'

f o r g e t

Al though  t h e  i n t r o d u c t i o n  o f  t h i •• t e c h n i a u e  h a s  g e n e r a l l y  

,

t a u g h t  a  number o f  l e s s o n s  :

-  - r  * c. ' r  , .h i,.n

' i t i v  t u  c o n s t r u c t i o n  i n  n  in  f o r c e d  c o n -

c r t 1 , if ' H e in fo rc  ‘-d t a r t  ' p r fo rm anc e  i s

g o in g  t o  be measured  a g a i n s t  t h a t  o f  c o n c r e t e . I t  i s

.

*t i c h  m igh t  h ave  b e -in cau , e d , n o t  by i n h e r e n t  f l a w s  i n  t h e  

di i i g n  u r  t t i c n r y , bu t  by m i s t a k e s  i n  c o n s t r u c t i o n  c j c h  a s  

i n a t t e n t i o n  t o  l i n e  and l e v e l , m i s h a n d l i n g  o f  m a t e r i a l s ,  

umi i ■ i of it'.M-l, inadi-guti tn com pac t ion  o f  f i l l .

,1 i p  .had iu p e rv i  i o n  i common t o  a l l  forms o f  c o n s t r u c t i o n .  

E x p e r i e n c e  ha shown however t h a t  f a i l u r e s  i n  c o n c r e t e  

c o n s t r u c t i o n  a r e  mom g e n e r a l l y  a t t r i b u t a b l e  t o  m i s t a k e s



i n  a c t u a l  > iijn .r  cun ( r u c t i o n  t h a n  to  i n h e r e n t  

d -ft ,;t of  *' - muti r i,i 1. The t h e o r y  and p r a c t i c e  o f  

I • e in fo rc e d  c c n c r e t . • i % to o  w l l - e  t a b l i u h e d  t o  have 

aoubt  c a s t  on i t  ba , ic  a c c e p t a b i l i t y .  I n  t h e  c a s e  o f  

a  new m a t e r i a l ,  f a i l u r e  w i l l  cauo^ doubt/  t o  be c r e a t e d  

on t h e  v a l i d i t y  o f  t h u  method i t s e l f ;  hence  t h e  i m o o r t -

a  minimum.

m r v i c c  L i f e

u r a b i l i t  ,• ho t  • n p o i n t e d  o u t  a s  t h e  m a jo r  o b s t a c l e  t c

'

i  t t  i r  f o r e  ■n t i a l  f o r  b o t h  c l i e n t  and d e s i g n e r  t o

t a t  l i  1 wt'd^ r v i c 1 l i f e  i  e x p e c t e d  from t h e  r e i n f o r c e d

■ • • n t r u e !  -rt , i i t o  co n f i rm  th e  a g re e d  s e r v i c e  l i f e  i n

t h e  cont  r a c t .

Reinfore. '  d E a r t h  h i  c t f i c  a d v a n t a g e s  i n  c e r t a in  ty p e s  

t if lu t r i a l  ar  I mif ,■ ; a r u c t u r e  , which might o r i g i n a l l y

be env i  aged  t o  have i - rv ice  l i v e s  o f  r e l a t i v e l y  sh ort

d u r a t i o n .  In the e v e n t  o f  in owner w ish ing  to  prolong  

t h e  ' ivie.f l i f e  i f i t r u c t u r r ,  he • fxiuld be made aware 

o f  d i t  wa« c o n to m p lo t e d  at  t h e  s t a g e  o f  d e s ig n  and con­

s t r u c t i o n ,  and . tujuld not  h a v ' t o  r e l y  on t h e  s u b j e c t iv e  

memory r e c a l l  o f  t h o s e  c o n n e c t e d  w i th  t h e  p ro jec  in  i t s  

e a r l y  s t a g e s .



' / o n i t o r i  ni,; 1 n  lut''

I t  i s  - s o n t i a l  f o r  t h 1 | iromot - r o f  a n v t e c h n i  ;ue o f  t h i s  n a t u r e  

to  f iy c l t  e a t t e n t i o n  t o  m o n i t o r i n g  of i t ' ,  t r u c t u n - s ,  i n  o r d e r  t o

i

b u t  t h e  prob lem nas  t o  be  f a c e d .

.

i l l u s t r a t e d  by t h e  f o l l o w i n g  exam,l i  . A R e i n f o r c e d  E a r t h  r e t a i n i n g  

w a l l  wa ■ r  c t  < i by a m . o r  r o a d - 1 i l d i  g l u t h o r i  c y , s u b s e q u e n t  t o  a

.

i

mentE and movement g e n e r a l l y .  A f t e r  t h e  f i r s t  few y e a r s  o f  s u c c e s s f u l  

oi>’ r a t i o n  u f  * ■ r e i n f o r c e d  e a r t h  w a l l ,  and  w i th  t h e  s t r u c t u r e

.

■

,

A l t e r n a t i v e  system

The S ou th  A f r i c a n  company ha n o t  y e t  e x p e r i e n c e d  c o m f j e t i t i o n  i n  t h i s

,

a t t i t u d e  toward:  c impnti t  ion  s h o u ld  u t  b r  a n t a g o n i s t i c .  New methods  

and m a t e r i a l s  would r i t h c - r  h e i p  t o  expand m a rk e t s  y e t  u n t a p p e d  th a n  to  

c l o s e  t r a d i t i o n a l  mar* > t s . Looking f o r  p r o t e i  t i o n  i n  tf ie form c f 

pat (3n ts  o n l y ,  and  no t  i n  "know-how", c o u l d  have a n e g a t i v e  e f f e c t  on 

f u t u r e  p r o y r  u s .



I n v e s t i g a t i o n ; ,  i n t o  rri’ d l l u n j i o i l  - I ly.

r tn.i' i ' jnt iur;

T h i r  a c t i v i t y  r a r t  v.l i n  ] O'-,  >ut . nl to

( i )  l a u n c h in g  t h e  R e in fo rc H d  E a r t h  Company; and

.

i n v e s t i g a t i o n s  on t h i s  programme.

:

-  g r a n u l a t e d  B l a s t  ‘Nimace - l a g  a i t a b l l i z i n g  a g e n t  i n  ro a d  

con t r u c t i o n ;

-  a i r - c o o l e d  ' 1 slag e -v i ; n  | a t c ;

.

■ot e r n j l a g

Thi'  ■ ct ion  - . i l - i i ' c r ’ t in immonly-at r o p te d  t '  r n a  and p r o c e s s e s  

i n  s i  : ; t e c h n o l o g y .  Tt- in fo rm  t t i u n  i d e r i v e d  e s s e n t i a l l y  from t h e  

( j u b l i c a t i  vr ”fV i t i u rn .k '> md ! I I t j" hy A.R m ' .

Lee defLrm i hnj  a s  " t h e  m o l te n  i l i c a t e  complex formed by t h e  

co m b in a t io n  o f  ag g lo m e ra t e d  • a r t h y  mat t > r  w i th  t h e  o r e ,  f u e l  and f l u x e s  

added  t o  t h e  c h a r g o in  i r o n -  m o l t i n g  o p e r a t i o n s " . In  i r o n  and s t e e l  

making t h e  g r e a t  r  p r o p o r t i o n  o f  l a g  i s  p roduced  in b l a s t - f u r n a c e s ,



which d n v e r t  i f .  n ur- l e t  i r u n ,  wl 11 ' t t  1 1 , cum p r i c i n g  t h e  s m a l l e r

. r o p n r t i i  ), in. f rmi '■ if t ‘ n  ' i » j r  ion  o f  cxin v e r t i ng  i r o n  i n t o

u s e d .

The an n u a l  p r o d u c t i o n  o f  b l a 1 t - f u m a c u  l a g  t h r o u g h o u t  t h e  world  i s  a b o u t  

100 m i l l i o n  tor  , ar 1 . r u d u c t i o r  in  tf* U.K. r e a d i e d  a peak f i g u r e  o f  1lA

.

i n  p ro d u c in g  i r o n , and t h e i r  i n t - p  A. i n  s l a g  r e s t r i c t e d  t o  t h e  Q u ic k e s t  

and chea;  ' ,t way o f  l i s p o s i n y  o f  i t ,  t h e  i t u a t i o n  i s  now r a d i c a l l y  d i f f e r ­

en t  . I n  Vie J .K .  v i r t u a l  1 . t t  • whol o f  t h e  c u r r e n t l y  p roduced  s l a g  i s  

proce i  f o r  p r o f i t a b l e  in du  : r i a l  u s p s ;  m o s t l y  a s  r o a d s t o n e  and a g g r e g a t e  

.

a f i l t  r  medium f  r  * ' i  i l  . l a n t i  , a s  a f i b r e  f o r  making t h e  h e a t -

.

As s t a t e : ibove,  bl(> i t - f u m a c e  i l a g  1 p roduced  in  t h e  c o n v e r s i o n  o f

and a lum ina  mo t h e  ch mi( i] p  a c t i o n s  w i t h i n  t h e  b l a s t - f u r n a c e  r e d u c e  

t h e  i r o n  o x i d e  t o  i r o r t ; ttv s i l i c a  and a lu m in a  compounds combine w i th  

c a l c iu m  i n  t h e  f l u x i r  | t o r v  ( l i m e  to n e  and d o lo m i te )  t o  form s l a g .  The

,

f d i n t o  t h e  t o p ,  and t h  product  , mol t e n  i r o n  and l i  u i d  s l a g ,  b e in g  

drawn o f f  from t h e  bottom a t  r e g u l a r  i n t e r v a l s .

Li u id  l a g  i  u s u a l l y  run i n t o  i r o n  l a d l e s  I o r  conveyance  to  th e  c o o l in g  

p i t ,  o r  i t  may run s t r a i g h t  t o  a c o o l i n g  p i t  s i t u a t e d  c l o s e  t o  t h e  fu rn a ce ,  

i n  some c a s e s  i t  i  a l lo w e d  t o  s o l i d i f y  i n  t h e  l a d l e .  I n  th e  l i q u i d  s la g  

i r e  g a s e  u n d e r  pro  . su re  from t h e  f u r n a c e ,  and t h e  c o n d i t i o n s  o f  c o o l in g  

and s o l i d i f i c a t i o n  d e t e r m in e  t h  q u a n t i t y  and s i z e  o f  bubbles  th a t



48.

cannot r i :ape be fort o l i d i f i i  t l iu i  . CoriMtquentl/ th e  d e n s i t y  and 

p o r o s i ty  o f  s la g  art a f f e c t  d tr/ c o n d i t io n s  o f  c o o l in g  a s  w e l l  a s  by 

i t  c o m i c a l  com; o Lti n.

'

,

c o m p o s i t i o n  o f  t h e  s lag  i- in  a c c o r d a n t  w i th  t h e  r e q u i r e m e n t s  o f  t h e  

r e l e v a n t  B r i ’ i . h  s t a r  a a r d  ,< c i f l e a f  i o n . In  t h e  U .K . ,  b l a s t - f u r n a c e  s l a g

:

South A f r i c a  produc t  tc-  fo rm er  two t  / p r  b u t  no foamed s l a g .

A i r - c o c l e d  b l a  . t - f u n - ic . l ag  e x h i b i t  p r o p e r t i e s  s i m i l a r  t o  ig n e o u s  

r o d  . f r o  h i r q  an f  cree >ing o f  t h i  , mat t r i a l  f o l l o w s  normal  quarry

.

,

.

.

i i m i t t  t by i p ' c i f i  a t i u  arifi i t  h.c not yet been a p p ro v ed  a s  a r a i l w a y  

- .

A f r i c a ,  and t h e  p r o d u c t i o n  o f  a g g r e g a t e  from i t s  a i r - c o o l e d  s l a g  i s  i n  

t h e  hands  o f  a s i n g l e  company.

G r a n u l a t e d  s l u g  i c  produc ed when m o l te n  l a g  i«. c o o l e d  r a p i d l y  by me n s

' .

then  have no t im e  t o  form and t h e  s l a g  s o l i d i f i e s  a s  a g l a s s y  n . s t e r i a l  

w h i c h ,  a i t  , name i m p l i e s ,  tak i  , thi form o f  cmal 1 g r a n u l e s .  When 

ground t o  a powder and mixed w i t h  an a l k a l i n e  a c t i v a t i n g  a g e n t  such  

a s  l im e  o r  p o r t l a n d  cement,  g r a n u l a t e d  s l a g  has  h y d r a u l i c  s e t t i n g  

p r o p e r t i e s .  In  t h e  U.K. the m a t e r i a l  i s  used  f o r  m a n u fa c tu r e  o f  a



•

S ou th  ArVicc- che r e . ' i t u  i  , m i l l -  d t u  ct'merit f i n e n e s s  and e x t e n s i v e l y  

used  in  conc. 'evc end road  co^ s c r u c t i o r  a s  a r e p l a c e m e n t  f ^ r  o r d i n a r y  

p o r e l e n d  c e m e n t . The m i l l e d  mat r i a l  i s  market  ed u n d e r  t h e  name

■

b.lu 3t > uiT-ar c . ier t i a] .u ,x iuct i in  Souti  A f r i c a , b u t  o n l y  in  

I r m i t a t i  q u a n t i t i e s  m a in ly  bectiv 1 c o n t r a c t o r  p r e f e r  t o  s ave  c o s t s  by

.

Cor,..' ig t o  >:el lat;  , - . e v e m l  p r  it* c u r r e n t l y  u s e d ; namely

oxygen roc i now api i r  r . t l y  t h e  most  f a v o u r e d . S l a g s  d e r i v e d

A f r i c a , ir a d d i t i o n  to  I c o r ,  - iverol  or  t h e  m a i l e r  s t e e l w o r k s  p roduce

.

d e pend ing  on W e p ro '  ,, ,t • . ] i l a g s  vary  i n  ty p e  and chem ica l  com-

,

,

u sed  a s  such  i n  t h e  U.K. Thi p r a c t i c e  has  n o t  been f o l l o w e d  i n  South

i

m e t a l s  o t h e r  i r o n ,

s u c h  a s  z i n c ,  c o p p e r  and m a n g an ese .



c t i v i i  i I: ; n. --i . "tb r , i ' -  r̂n* ■ r ,  I <7'

These a c t i v i t i e s  c o n c u r . t r a t  d on t  iiuti ■ M u l  o f  o f f - t n e - d u n p  g ra n .

.

ce -,ing ) r  m i l l i  , ha . i  i rv t o  At vi t EJL , who had g a i n e d  e x p e r i e n c e

.

r o c e s s ,

.

h a d  p r o v e d  i t '  s l f >5 a  s t r o n g  a r  e c o n o m i c a l  m a t e r i a l  f o r  s u b - b a s e s  

an d  ba-v c o u r  : ; ,  a id  E J i  wa o f  th< o p i n i o n  t h a t ,  a s u c c e s s f u l  t r a n s f e r  

o f  t h i s  t e c h n o l o g y  t o  o u t ! ' 1 A f r i c a  s c a l d  b e  e f f e c t e d .

At t h i  t i n .  , ha a l n  w ,  I . poin» j  o u t , g r a n u l a t e d  s l u g  was

t h a t  r  :u i r e d  i t  - t m i l l  . T* com;any p ro d u c in g  t h e  m i l l e d  s l a g ,

a l s o  pi 

s l a g  p r o d u c e d  by  I  , c o r .

«

,

l i n e  f  t h e  P r i n d i  p ro ce '  > o f  "grave  - l a i t i e r "  i n  F r a n c e .

' ; r a v e l , a i r - c o o l e d

i l a g , o r  a n d ) , g r a n u l a t e d  l a g  o f f - t h e - d u m p ,  and ro a d  l im e .  Depending  

on d e s ig n  c r i t e r i a , t h e  p r o p o r t i o n s  o f  a g g r e g a t e  and s l a g  v a r i e d  

a p p r e c i a b l y  from 75 -  d% f o r  a g g r e g a t e  and from 10 -  23% f o r  s l a g .



The o u t s t a n d i n g  c h a r a c t e r !  i t i c  o f  t h e  mix >vu t h e  c o m p a r a t i v e l y  low p r o -

,

p o s s i b l e 1 a low t o t a l  co t . I n  south A f r i c a ,  con i d o  r i n g  t h e  l a r g e  

n u a n t i t i t  i o f  l a g  t h a n  h imj , rodui ad a t  P r e t o H a ,  V a n d e r b i j l , and 

,

AL made c o n t a c t  w i th  u lagment L t d .  and d i s c o v e r e d  t h a t  RL and S lagment 

.

'

p r o d u c t , and were p lea - .ed  t o  c o - o p e r a t e  i n  a  j o i n t  v e n t u r e  which migh t

t h e r e  - f o n  ag* eed t h a t  th« companies  would j o i n t l y  i n v e s t i g a t e  o f f -  

the-dump s l a g s , a s i  s t e d  an l g u id e d  by E J L .

A lread y  a t  t h i s  s t a g e , lagment e x p r e s s e d  r e s e r v a t i o n s  a b o u t  t h e  ch an c es  

f o r  ucc-- f"u i  t h n o lc g y  t r a n s f  T h e i r  v i e w p o i n t  was a l s o  co n f i rm ed  

. . " p i o n e e r ,

l e s s , RL d e c i d e d  t o  p u r s u e  t h e  i n v e s t i g a t i o n , m a in ly  b e c a u s e  o f  r e a s s ­

u r a n c e s  from EJL t h a t  s i m i l a r  h igh-magne .s ia  l a g s  were u sed  i n  F ra n c e  i n  

t h e  P r a n d i  p r o c e s s .

As i n  t h e  c a s e  o f  p f a , i t  wei . d e c id e d  t o  c a r r y  o u t  t h e  t e s t  programme 

a t  t h e  O r l e a n s  l a b o r a t o r y  o f  E JL , t h e  programme b e in g  d i r e c t e d  by 

M e s s r  . Digue and M a r c h ! . f i r s t  t o  t , f a r t e d  i n  F e b r u a r y , 1978.

By J une  1978 i t  became c l e a r  t h a t  t h e  g r a n u l a t e d  s l a g  from South  A f r i c a  

was i n f e r i o r  t o  i t s  F rench  e q u i v a l e n t  a s  a  s t a b i l i s i n g  a g e n t .  Appendix 

6 show r e s u l t s  c o n d u c te d  w i th  s a n d - s l a g  and g r a v e l - s l e g  m ix e s ,  and
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l e a v e s  no doub t  t h a t  t n  EVl.ai jme t ar j h t u t v  Ti - iro w a rn in g s  had been con­

f i rm ed  .

A r e p o r t  by Digue  or the t e s t  p r o  :ramme (Appendix 7) s e t s  down th e  

f o l l o w i n g  :

( i )  South  A f r i c a n  Lag develop: ;  l o w e r  s t r e n g t h s  t h a n  i t s  f r e n c h  

c o u n t e r p a r t ,  ind how no i r e u s e  i n  s t r e n g t h  a f t e r  s i x t y  

d a y s ;

( i i )  The phenomenon i s  p ro b a b ly  caused  by d i f f e r e n c e s  i n  chem ica l

_ompo; i ' i n ,  in  t h a t  t h e  j t h  A f r i c a n  i l ag  h a s  a h i g h e r  mag-

■

( i i i )  I ‘ - i g h t  b w o r th w h i le  invi • i g a t i n g  w he the r  t h e  r e q u i r e d

.

• .

igue  su :qi’ * ed gyp urn, c a u s t i c  id a ,  o r  a  m a t e r i a l  p a t e n t e d  

by P r a n d i  known a s  g y p s o n a t  (a  co m b in a t io n  o f  gypsum and 

c a u s t i c  s o d a . )

Digue went on t o  .*;<;• t. i j o i n t  . rtnjramme, most  o f  which would be 

co n d u c te d  in  ,ou th  A f r i c a .  D i g u e ' s  , u b - d i v i s i o n  o f  t a s k s  f o r  t h e  new 

programrm a-i f o r  t he Or l i  i . l a b o r a t o r y  t o  * ;-y t o  f i n d  t h e  a p p r o p r i a t e  

a c t i v a t o r  and ,  i f t o r  t h a t ,  f a r  t h e  S ou th  A f r i c a n  l a b o r a t o r y  t o  c a r r y  

o u t  r o u t i n e  t e s t i n g .  Thi'  programme was a g r e e d ,  and t h e  O r l e a n s  l a b o r ­

a t o r y  s t a r t e d  i t s  i n v e s t i g a t i o n s .

Re ,ul t  . became a v a i l a b l e  in  , ep te m b e r /O c to b e r  1D78 and a g a i n  proved

i.

and h i s  c o n c l u s i o n  and recommendat ions  can be summarised a s  f o l l o w s  :
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( i )  t h e  r  l i t  pnov i  1 l i u c o u r t ' j l r  •, i n  t h u t  a p p r e c i a b l e  g a i n  o f

s t r e n g t h  w i t h  time: * a  no ,  o b t a i n e d  w i t h  m y  o f  t h e  c a t a l y s t s

u s e d .

( i i )  i t  a p p e a r e d  t h a t  South  H c a n  . l a g  would h a v e  t o  be gn:  _nd o r

m i l l e d  b e f o r e  i t  c o u l d  h - v  Lop much p o z z u l a n i c  p o t e n t i a l .

( i i i l  f r e  ch p r a c t i c e  w i th  g r a n u l a t e d  s l a g  was now a l s o  t e n d i n g

to w ard s  g r i n d i n g  o f  t h e  lug  p r i o r  t o  u s e .

( i v )  an i n t e r g r o u n d  s l a g - c e m e n t  mix m igh t  be mo . a p p r o p r i a t e  t h a n  

>1 n g - l i m e . Thi p ro d u c t  would be; c o a r s e r  t h a n  opc and might  

p roduc t  ad van t a g  t i n  won- i l i t y  and a  more g r a d u a l  g a i n  in  

s t r o n g ! ■ .

At m igh t  have  oeen f o r g i v e n  a t  t h i :  s t a g e  f o r  c a l l i n g  a  h a l t  t o  t h e

r e j e c t ,  ' c i  :■ ! * i n  at ■ id; t h i  . t im e  c a r r y i n g  o u t  t h e

•■xDtiriment u ior  i n  jtt A f r i c a .  Rl j o o o i n t e d  P r o f e s s o r  G E . B l i g h t  

an con u l t a n t  to  the nro j n c t ; tnd , a f t e r  H s c u s s i o n s  w i th  RL and EJL 

a- .* z:y o f  the  r l n u  r e  u l t  , f l i g h t  submit ted  h i s  r e s e a r c h  p r o p o s a l s

in  cto fc f r  1 79.  I! , ropo a I :  w n  a c c e p t e d  (Appendix 9 ) ,  and  i t  was

d e c i d e d  to  t a r t  tt 'f programme in  1 9 ^ .  The r e a s o n  f o r  d e l a y i n g  t h e  

progromnt l i g h t l y  wu , t o  g i v e  B l i g h t  and t h e  w r i t e r  an o p p o r t u n i t y  

t o  311■ nd i w.mt. '-mat r l  i l  c o n f e r e n c e  in  P a r i s  in  November 1978 ,  which 

m igh t  hed new l i g h t  on t h e  p r o j e c t  md p ro p o sed  programme.

Novi :nh' r  I '7H ; fiunt. r  u r ' nr .Vu tv  Mutu’r i a ]  in  P a r i s

The c o n f e r e n c e  was o rg  m i s e d  by t h e  French  r o a d - b u i l d i n g  a u t h o r i t y ,

and c o n t r i b u t i o n  wen- r e c e i v e d  from mu t o f  t h e  w o r l d ' s  i n d u s t r i a l i s e d

c o u n t r i e s .
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'

:

-

an 80 : 20 ^ r a v l  t o  ^ l a g  r a t i o .

F r a n c e  was l o o k i n g  I n t o  p a r t i a l  p r e - g r i n d i n g  o f  t h e  s l a g  and 

i n t o  a l t e r n a t i v e  a c t i v a t o r s  to  l i m e .

A i r c o o l e d  b l a  . t - f u m a c f  l a g s  stxjw h y d r a u l i c  p r o p e r t i e s , when 

u sed  a s  a g g r e g a t e s  f o r  c o n c r e t e .

-

b i t t m i n c j  c o n c r e t e  u r f a c e  d r e s s i n g s .

jr !e i r a h l -  chem ica l  t or  t i t u e n t s  i n  bo th  b l a s t - f u r n a c e  s l a g s

.

-

-  . t -  'l l ag ,  a s  d i s t i n c t  from b l a s t - f u r n a c e  s l a g ,  h a s  a p o t e n t i a l  

u! • a s  a f e r t i l i z e r .

-  G r a n u l a t e d  lag  can be p e l l e t i s e d  i n  o r d e r  t o  m a n u fa c tu r e  l i g h t ­

weight  a g g r e g a t e  f o r  c o n c r e t e .

-  Energy  s a v i n g s  can be e f f e c t e d  i f  g r a n u l a t e d  s l a g  i s  used  to  

p ro d u ce  an i n t e r g r o u n d  s l a g  cement.

P o l l u t i o n  h a z a r d  o f  u s in g  w as te  s l a g s  had n o t  r e c e i v e d  a g r e a t  

d e a l  o f  a t t e n t i o n .

When u s in g  s l a g s  i n  road  c o n s t r u c t i o n  a t t e n t i o n  s h o u ld  be pa id  

t o  t h e  p ro b l tm  of .h rinf  ige c r a c k i n g  of  t h e  s u r f a c e  m a t e r i a l .

On thf s t r e n g t h  o f  t h e  r e p o r t  and what had been p r e s e n t e d  a t  t h o  c o n f e r ­

ence  , RL d e c i d e d  to  c o n t i n u e  i t s  i n v e s t i g a t i o n s ;  i n  p a r t i c u l a r  t o  look  

i n t o  t h e  p a r t i a l  g r i n d i n g  o f  b l a s t - f u r n a c e  s l a g  t c  improve i t s  h y d r a u l i c  

o r  p o z z o l a n i c  p r o p e r t i e s ,  and t h e  p o s s i b i l i t i e s  o f  s t e e l  s l a g s .

I W i



55.

A u s e f u l  con! r i b u t i o n  wa-, made a t  th> c o n c l u d i n g  s e s s i o n  o f  t h e  con­

f e r e n c e  when an American d e l e g a t e  s u g g e s t e d  a  l i s t  o f  q u e s t i o n s  t h a t

:

-  what i s  t h e  m arke t?

-  .Vhat a r e  t h e  i n  t i t u t i o n a l  p r o b le m s ,  i . e .  l e g i s l a t i o n ,

s p e c i f i c a t i o n s , envi ronment a l  c o n s t r a i n t s ?

Are t h e r e  economic a d v a n t a g e s ; i . e .  what a r e  th e  c o s t s  

o f  p r o d u c t i o n , c o m p a ra t i v e  c o s t s  o f  c o n v e n t i o n a l  methods  

o r  m a t e r i a l ,  p e d a l  c o s t s  such  a s  t r a n s p o r t ?

Are t h e r e  u n s o lv ed  p r a c t i c a l  t e c h n o l o g i c a l  p roblems?

The q u e s t i o n  a c . t r  i imple and o b v i o u s , b u t  i f  a s k ed  a t  an e a r l y  s t a g e ,  

cou ld  p o i n t  t h e  way tu  a p p ro a c h in g  p r o j e c t s  r a t i o n a l l y  and o b j e c t i v e l y .

A c t i v i t i e s  i ’ 19'/^ : B la  t - f  .ro ice ■ i i;-

These a c t i v i t i e s  co n s i  t e d  e s e r t i a l l y  o f  l a b o r a t o r y  i n v e s t i g a t i o n s

*

p r e l i m i n a r y  r e p o r t , 2 2 . 0 1 . 7 9 ,  i s  e n c l o s e d  a s  Appendix 11. S e v e r a l  

t y p e s  o f  a c t i v a t o r  had bi qn t r i e d  u s in g  s t a n d a r d  s a n d - s l a g  m ix e s ,  

rt w ith  t h e  e x c e p t i o n  of I N  l i m e - c a u s t i c  soda a c t i v a t o r ,  a l l  o t h e r s  

gave d i s a p p o i n t i n g  t r e n g t h s  a t  2 i d a y s .  B l i g h t  i n d i c a t e d  t h a t  he 

i n t e n d e d  t r y i n g  o u t  t h e  e f f e c t s  o f  p a r t i a l  m i l l i n g  o f  t h e  g r a n u l a t e d  

s l a g s ,  a s  i n d i c a t e d  a t  th e  f ' u r i 1 c o n f e r e n c e .

I n  the  above t e s t s ,  two ty p e  . of sand  wen; u s e d , a w ashed , w e a th e re d  

c o n c r e t e  sand and  -i Wit w a t e r s  rand  q u a r t  i t s  c r u s h e r  sand .

B l i g h t ' s  f i n a l  r e p o r t  was s u b m i t t e d  on 7 3 . 1 0 . 7 9  and i s  e n c l o s e d  a s  

Appendix 12. The main p o i n t s  emerging from t h i s  r e p o r t  a r e  h e r e  ’ 

summari $ed :
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-

sand and slir.it It ,t '  ihuwud i m p m v d  s t r e n g t h s  w i th  i n c r e a s i n g  

.

Three  d i f f e r e n t  ty p t  o* lag: w r e  i n c l u d e d  i n  t h e  t e s t e , namely 

.

show ed , what cou ld  f r c b a b l y  have been f o r e c a s t , t h a t  t h e  f i n e r  

thi 1 i :, t t 1 > ni  r  th- s t r e n g t h  a c h i e v e d ,  and  a l s o  t h a t  t h e r e  

►.as l i t t l e  o o i n t  i n  u s i n g  g r a n u l a t e d  s l a g  w i t h o u t  i n c r e a s i n g  

i t s  f i n e n e s s  by e i t h e r  g r i n d i n g  o r  m i l l i n g .

-

limt -cau:  t i c  la, l i m v - j / ;  Lin, g y p s u m - c a u s t i c  s o d a .  E x c lu d in g  

o p c ,  t h e  me t  icct i f u l  a c t i v a t o r  was t h e  l i m e - c a u s t i c  soda 

comhir  i t i .  r an i t h i  jm - c a u s f i c  ioda co m b in a t io n  proved

g e n e r a l l y  i s a p p o i n t i n g .

-

Thi: r e q u i r e m e n t  was e s t a b l i s h e d  by t h e  work done i n  F r a n c e  t h e  

p r e v i o u s  y e a r .

-  G e n e r a l l y , S ou th  A f r i c a n  r l a g  cou ld  n o t  be u sed  t o  p roduce

"grave -1 u * i  r"  i 1 * i n in d i  f a s h i o n . N e v e r t h e l e s s ,  f u r t h e r  

i n v e s t i g a t i o n  .hould  look  i n t o  t h e  use  o f  s l i m e s  and a g g r e g a t e , 

and int i)  r e d u c t i o n  o f  to t  :il s laym en t  -  and a c t i v a t o r  c o n t e n t .  

T ab le  3 o f  t h e  repxirl , w i th  accompanying g r a p h s ,  g i v e s  an o u t ­

l i n e  of  t h e  p rogro '  i vn  development o f  e x p e r i m e n t a l  p o l i c y .

The r e p o r t  p roduced  no immedia te  p r o s p e c t s  f o r  commercia l  development 

.md RL dec ided t o  abandon t hi -i; t ive  l a b o r a t o r y  programme . RL d id  

d e c i d e  however to  keep  up c o n t a c t  w i th  deve lopm en ts  i n  s l a g  u s e ,  both  

i n  F ra n c e  and South  A f r i c a .
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A an a d j u n c t  t o  thf ,r+ c a r r i ^  ' , ut by B l i g h t , t h r  P o r t l a n d  Cement 

I n s t i t u t e  in South  A f r i c a  c a r r i  d out  a m in o r  i n v e s t i g a t i o n  i n t o  

s l a g s  d u r i n g  1974 and e a r l y  1 10. Tho. i n v e s t i g a t i o n  was prompted by 

t h e  p e r s o n a l  i n t e r  i t  of th« i r  c t o r  o f  t h e  P o r t l a n d  Cement I n s t i t u t e .

AL s u p p l i e d  t h e  P o r t l a n d  Cement I n s t i t u t e  w i th  sam ples  o f  bo th  South

.

P o r t l a n d  Cement In  t i t u t e  r> a r t  i  enc l .  ed u- Appendix 13,  and again

a t  e a r l y  . tag,  . The inv,  t i g . i t  i  n c o n f i rm '  t h a t  high magnesia content 

i n  South  A f r i c a n  s l a g  , seem t o  b- t n e  most l i k e l y  reason for  th e ir  

i n f e r i o r  pe r fo rm  a v e r .

' C t i v i ' i  i r  ,m J a n u a r y  1910 t o  • p tem ber  1961 : Granulated s la g s

Thi: was i p e r i o d  o f m e re ly  kt ap ing  in  touc h  w i th  problems and d eve lop -

m - n t : o f  g r a - ' u l a t '  : t l a  t - f u r  ac- l e y , w h i l e  pur '  uing more a c t iv e  

i n v e s t i g a t i o n  i n t o  s t e e l  and manganese  s l a g s .

AL m a i n t a i n e d  v  * act with  f j l  ' c r i n c i . a l  laboratory a t Dourdan, near 

P a r i :  , and a l s o  with  an F.JL a f f i l i a t e  company Sal viam/Brun, a road 

c o n s t r u c t i o n  company with  e x t e n s i v e  e x p e r i e  ce in  both a i r - c o o l e d  and 

g r a n u l a t e d  s l a g ; . .  A; i n  t h e  c a s e  o f  p f a ,  Dourdan and Salviam d e c i d e d  

t h a t  t h e y  would 1 ik, t o  t . a k a  f r e s h  look in to  th e  problem  o f  s la g ,  

and a s k ed  f o r  sample- i n  o r d e r  t o  s t a r t  th e ir  r e sp e c tiv e  te s t in g  

programmes.  Dourdan d u ly  c a r r i e d  o u t  experim ents on pfa but n e i t h e r  

i rdan t e a t s ,

t h i s  t im e ,  Rl had in  any ca: o become conv inced  t h a t  th ere  was l i t t l e  

f u t u r e  in  p u r s u i n g  t h e  i n v e s t i g a t i o n s ,  and made no e f f o r t  to  fin d  out 

w h e th e r  any t e s t i n g  had been c a r r i e d  o u t  a t  a l l .
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I n  Sep tem ber  1 ‘ISO B l i g h t  , l id 3 .hu rt  v i s i t  t o  F ra n c e  i n  which he 

had d i s c o '  ior wi11 :

( i i )  CERILH which i  t h e  F rench  c o u n t e r p a r t  o f  t h e  Sou th

A f r i c a n  P o r t l a n d  Cement I n s t i t u t e ; and 

( i i i  LL'C,  a F rench  ( overnment o r g a n i s a t i o n  d e v o te d  t o

re a r c h  on road- and b r i d g e s .

'

h e r e  summarised in  o r d e r  t o  now t h e  amount o f  work r e q u i r e d  i n  o r d e r  

t o  come t o  a f i n a l  d e c i  Lon ab o u t  t h e  a d v i s a b i l i t y  o f  e x p l o i t i n g  t h e  

m a t e r i a l  :

A r e v  r- x; nr:mi nt ild be d e s ig n e d  in  which French  m a t e r i a l s  

m t-  - ' L". uth  A * r i  c t, i- ' vie ■ v t r n a ,  so a s  t o  e l i m i n a t e

any doub t  a t o  d i f f  n  ic :s i n  t e s t i n g  t e c h n i c u e s .

E l e c t r o n  m i e n  o p :  tu d i  ■ , o t h e  p r o g r e s s  o f  h y d r a t i o n  i n  s l a g  

and p fa  ,n o u ld  be c a r r i e d  o u t  so a  to  g i v e  a p o s s i b l e  c l u e  o f  

what c a u s e d  t h e  l a c k  o f  p o z z o l a n i c i t y .

T• :ucnching t ‘mp- r  it u n  > of ".lag 'Atould be c h e c k e d , b e c a u se  

r e a c t i v i t y  i . much re d u c e d  b low ' i400"C, e s p e c i a l l y  i n  t h e  

unm i l l '  d f o rm .

In  F r m e n  i t  i . p r a c t i c e  to  g r i n d  g r a n u l a t e d  s l a g s  p a r t i a l l y  i n  

o r d e r  t o  improve p o z z u l a n i c  pro  per t  i f ; . ,  and t h i s  p r o c e s s  s h o u ld  

po - s i b l y  be t r i e d  u s in g  South  A f r i c a n  s l a g s .

I t  m igh t  be n e c e s s a r y  t o  arid more l ime t o  t h e  South  A f r i c a n  

mixes  in o r d e r  t o  o b t a i n  t h e  r e q u i r e d  [if , a c c e p t i n g  t h a t  t h i s  

p ro c e d u re  might i n c r e a s e  c o s t s .

( i )  Ejl at unfa.  *,



,

'

i.3 c o n t a i n e d  in  Appendix  1r , wr i c h  il  ic c o v e r  h i  d i s c u s s i o n s  

on m a t t e r s  o u t s i d e  o f  g r a n u l a t e d  s l a g s .

On g r a n u l a t e d  . l a ;  , he r a i  ed t h e  f o l l o w i n g  p o i n t 1 :

There  was a p o s s i b i l i t y  o f  Sou th  A f r i c a n  l i m e s  be ing  

a t  f a u l t ,  i t  n o t  b e in g  a b l e  t o  p roduce  t h e  r e q u i r e d  

pH and s t r e n g t h s .

The d e n s i t y  o f  t h e  t e s t  ampl m igh t  be i m p o r t a n t  -  

t h i s  m a t t e r  had n o t  b e e n  r a i s e d  p r e v i o u s l y .

-  E l e c t r o n  m ic ro s c o p e  t e c h n i q u e s  m igh t  be u s e f u l  i n

i n v e s t i g a t i n g  t h e  g 1 a t  l i n e s s  o f  s l a g s .

The use o f  a i r - c o o l e d  slag a s  a g g r e g a t e ,  w i th  g r a n u l a t e d  

.

I t  mu’ a l s o  p o s s i b l e  t h a t  t h u  use  o f  gypsum c o u ld  be 

-

Tak ing  a l l  t h e  above i n t o  a c c o u n t ,  B l i g h t  made a s e r i e s  o f  s u g g e s t io n s

in  page 3 o f  Appendix 15,  in o r d e r  l o  t r y  t o  bring th e  i n v e s t i g a t i o n s

'

i n  view o f  t h e  r e l a t i v e l y  low chancr o f  s u c c e s s ,  and abandoned th e  

p r o j e c t  e n t i r e l y .



' ^ t e e l  l u j  : ■ i n t  . f  ; ■ - I ■ I

As. s t a t e d  e a r l i  er,  ,t< , 1 , lagi , r  product  I i n  t.h p r o c e s s  o f  r e f i n i n g

p r o p o r t i o n s  o f  m e t a l l i c  i r o n , snd i n  many s t e e l w o r k s  i t  h a s  been found

,

.

.

I t  t a d  t- n t h e r e f o r e  i n t e r '  t i n g  to  1 e a r n , a t  t h e  November 1979 P a r i s  

c o n f e r e n c e ,  tha*  in  v m l  c o u n t r i t  t i  e l  l a g s  were b e in g  used  a s  

a g g r e g a t e s  in  ^ n  t r u c t i o n .  RL too t  no a c t i o n  on t h i s  m a t t e r  a t  t h e

.

■ '

,

,

C lu g s to n  H o l d i r i s ,  which wa a c t i v e  in  t h e  f i e l d  and had made a g r e a t  

c o n t r i b u t i o n , i n  th< )ry end p r a c t i c e  t o  t h e  development o f  s l a g

.

,

C m ve ( a  muti r i  il - imil  i r  t o  ;1 ugment) . F u r t h e r ,  in  i n i t i a l  

d i s c u s s i o n  1- t h e  U.K. in  December 1979,  C lu g s to n  i n d i c a t e d  t h a t  i t  

vould I i n t e r e s t ' d  in  p r o v i d i n g  < * | ‘» r t i ■ u?, and p ro b a b ly  s p e c i a l i z e d  

e q u i p m e n t , f u r  i j o in t  v e n t u r e  w i th  RL i n  kiutti A f r i c a .

RL and C lu g s to n  a g n  ud t h a t  in  t h e  f i r s t  i n s t a n c e  th e y  would con­

c e n t r a t e  on th e  p o t e n t i a l  o f  s t t  1 lag  ai a g g r e g a t e .  C lu g s to n



had dointec .  o u t  t h a t  i t s  own ; t  I s l a g  a g g r e g a t e  met t h e  S r i t i i n  

p e c i f i c a t i  :n5 i"or a g g r e g a t e  i n  : i tum in i  : r e m ix e s  and id a c c o r d ­

in g l y  been  w id e ly  used on t h e  r o a d -  and f reew ey  net .vork  i n  t h e  

e n v i r o n s  o f  Scunthor :  •' and ven b- .. - 1. C l a y : '  :n a l s o  warned t h a t  

c e r t a i n  c h e m ic a l  c o n s t i t u e n t s  o f  s t e e l  s l a g s  had p r e c l u d e d  them from 

be ing  used i n  C o n c r e t e .

As a r e s u l t  o f  t h e  i n i t i a l  ,r e s t i n g  with  C l u g s t o n ,  RL d e c i d e d  t o  s t a r t

.

■

.

f a r  t h e  l a r g e s t .  S t e e l  s l a g s  w e r ' produced a t  a  number o f  s m a l l e r  

wcr*- : ;  i n c l u d i n g  H i^ n v e ld  S te e l  Vanadium, U sc o , Scaw, Dunswart  

and Cape S t e e l .

-  The r i g n ^ o  t o  i l l  I  c o r  l a g s  o l a  t - f u m a c e  and s t e e l )  were i n

t h e  hands  s f  a ccmoany c a l l e d  H e c k e t t , a 5 0 - IC p a r t n e r s h i p  be tween 

I s c o r  and a U .S . - b a s e d  m u l t i - n a t i o n a l  company (H e c k e t t )  which 

s p e c i a l i z e d  i n  s l a g  r e c o v e r y  and p r o c e s s i n g  i n  i n t e g r a t e d  s t e e l ­

works.

• 1

t im e  was p r e p a r i n g  t o  open a p l a n t  a t  N e w c a s t l e .

-  H e c k e t t 1 p r im ary  f u n c t i o n  was t h e  r e c o v e ry  o f  t h e  m e t a l l i c

e lement  from s t e e l  s l a g s .  I t  a l s o  produced  c r u s h e d  s l a g  a g g r e g a t e ,

b u t  used o n ly  i i r - c o o l e d  b l a s t - f u r n a c e  s l a g  i n  t h i s  o p e r a t i o n . 

S t e e l  i l a g  , i f t e r  e x t r a c t i o n  o f  t h e  m e t a l l i c  i r o n ,  were not  

e x p l o i t e d  f o r  c o r ^ r c i a l  use  and were s im p ly  a c c u m u l f t e d  i n  dumps 

on s t e e l w o r k s  p r o p e r t y .



-

■

, a i r -  i n  n

s t r u c t i u n  a n d ,  i n  t l i m i t e d  . a . ,  a a g g r e g a t e  i n  c o n c r e t e  

F o u n d a t i o n s ,  H e c k e t t  jouth - ' f r a - a  had n o t  p e n e t r a t e d  t h e  m arke t  

t o  any e x t e n t  and explo it -  j n l ,  a s m a l l  p r o p o r t i o n  o f  t h e  t o t a l  

.

f o r  h i g n - g r a o e  s t r u c t u r a l  c o n c r e t e ,  f o r  r o a d -  u r f a c i n g  o r  f o r  

r a i l w a y  b a l l a s t .

-  At t h e  s m a l l e r  s t e e l s r o r - s ,  w ith  t - ' e  e x c e p t i o n  o f  some a g r i c u l t u r a l  

l i m e  p r o d u c t i o n  i t  H i g h v e l d , no e f f o r t  was b e i n g  made t o  e x p l o i t  

s t e e l  3l a g s .

On t h e  b a s i s  o '  "he ibo s i n f o r m a t i c s ,  RL d e c id e d  t o  app roach  H e c k e t t  

with  a view t o  ^orming a j o i n t  f e a t u r e  which would promote i n c r e a s e d

■

While h e c k e t t  owned a l l  r i g h t s  t t h e  m a t e r i a l , RL s u g g e s t e d  t h a t  i t s  

own e x p e r i e n c e  ana knowledge o f  c i v i l  e n g i n e e r i n g  and th e  manner i n  

t

speed  up i n v e s t i g a t i o n s  and boost,  any p r o m o t io n a l  o r  r e s e a r c h  

programme.

A f t e r  a . e r i e s  o f  m e e t i n g s , t h e  f i n a l  one a t t e n d e d  by H e c k e t t ' s  

U .S .  d i r e c t o r s ,  H e c k e t t  d e c id e d  i g a i n s t  any c o - o p e r a t i v e  v e n t u r e .

RL was t h e r e f o r e  o b l i g e d  to  abandon I s c c r  a s  a p o t e n t i a l  s o u r c e  o f  

s t e e l  s l a g .



The above  e n q u i r i e s  and n e g o t i a t  o r  tooK p l a c e  .v i th in  t h r e e  months o f  

’

RL v i s i t e d  S c u n th o rp e  wnere i t  .va . a b l e  t o  ee  t h e  f u l l  r a n g e  o f  

'

t h a t  t h e  C lu g s to n  o r g a n i s a t i o n  //as i n d e e d  e x c e r t  i n  t h e  f i e l d  and t h a t  

RL .voulti be /veil  adv i  e :  t o  work a i t h  i t ,  a u r i n g  a s u i t a b l e  s o u r c e  o f

Such a s o u r c e  /-as l o c a t e d ;  a t  jr / / a r t  I r o n  6  S t e e l  •Voimc.s n e a r  Benoni  

.

h ad ,  o w n  tn-  / e a r s , icour  j l d t e . :  a l a r g e  s l a g  s t o c k p i l e  -/r,icn t h e  

Duns v a r t  management - sen t o  e x p l o i t  o r  g e t  r i d  o f i n  some way o r  

o t  e r .  Outside o f  a n /  commercial  e x p l o i t a t i o n ,  t h e  dump A/as c r e a t i n g  

e n v i ro n m e n ta l  p rcb l - r -  ; i t  //as n o t  o n l /  becoming an e y e s o r e  b u t  /vas 

b e g i n n in g  t o  en c ro a c h  qr  a m u n i c i p a l  r e c r e a t i o n a l  dam and p l e a s u r e  

r e s o r t .

'

B l i g h t  to  t e s t  t h e  . l a g  f o r  po i b l e  u t i l i z a t i o n  a s  an a g g r e g a t e  f o r  

b i t u m in o u s  s u r f a c i n g .  The :-lag c o n t a i n e d  m e t a l l i c  i r o n  i n  p r o p o r t i o n s  

o f  5 -  10%, and i t  wa: a c c e p te d  t h a t  any e x p l o i t a t i o n  p r o c e s s  would 

r e q u i r e  a p r e l i m i n a r y  m a g n e t i c  i p a r a t i o n  o f  t h e  m e t a l l i c  f r a c t i o n .

Dun swart  i n d i c a t e d  th a t  a ready  m a rke t  e x i s t e d  f o r  t h e  r e c o v e r e d  i r o n .  

B l i g h t ' s  t e s t  r e s u l t  a r e  g ive n  In Appendix 16 and show t h a t  t h e  

s l a g  a g g r e g a t e  met p a c i f i c a t i o n s  f o r  b i t u m in o u s  pr-miix b u t  n o t  f o r  

c h i p p i n g s  i n  b i t u m in o u s  s u r f a c e  d r e s s i n g s .
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C oncurren t with th e  la b o r a to r y  t 1 t in g  programme, RL had co n d u c ted  

i n v e s t ig a t i o n ,1, o f  a d i f f e r e n t  n a tu n  :

( i )  a  s u r v e y  o f  th e  dump snowed i t s  volume to  be in  e x c e s s  o f  

300 000 c u b i c  m e t r e s ,  .nd t h a t  a s u p p ly  o f  p o t e n t i a l l y

( i i )  e n o u i r i e s  a t  E a s t  Rand m u n i c i p a l i t i e s  and premix  s u p p l i e r s

,

and t h a t  Ounswart  a g g r e g a t e  would be a c c e p t e d  a s  l o n g  a s  i t  

met SAB- c r i t e r i a .

RL t h e r e f o r e  r a p e  a ' c r m a l  p r o p o s a l  t o  Ours w a r t  f o r  e x p l o i t a t i o n  o f  

.

which wculo f i r s t  e x t r a c t  t h e  m e t a l l i c  f r a c t i o n  and t h e n  c r u s h  and 

s c r e e n  t r a  b a l a n c e  as premix a g g r e g a t e .

AL’ s a r c ! . i o n :  ** r  j n f o r t u n a t e l  , a g a in  f r u s t r a t e d  i n  t h a t  a t  t h e  same

t i n e  i i  i t  s u b m i t t e d  i t s  o f f e r ,  Ounswart  r e c e i v e d  a c o u n t e r - o f f e r .

T h i s  was from a g ro u p  which was a l r e a d y  p r o c e s s i n g  and s e l l i n g  H ig h -

v e ld  s t e e l  . l a g  a s  a g r i c u l t u r a l  l ime and wished  t o  do t h e  same a t

■

b e c a u s e ,

( i )  t h e  m arke t  a p p e a re d  t o  be more s e c u r e ;

( i i )  t h e  o ^ f e r  would e n a b l e  Dunswart  to  g e t  r i d  o f  a l l  t h e  s l a g

i n  t h e  dump, i n c l u d i n g  t h e  f r a c t i o n  roduced  t o  sand and d u s t .

The EJL p r o p o s a l  would o n ly  remove t h e  s o l i d  r o c k - l i k e  f r a c t i o n .



65,

.

( f o u r  y e a r s  l a t e r '  no i g r  f i c t i v i 1 n  ■ i  i b i s .  /Whether s h e l v i n g  o f

-

breakdown o f  f i n a l  n e g o t i a t i - -  , r  : o l . c- o f  t h e  f e r t i l i z e r  m a rk e t  a .  

a r e s u l t  o f  d rough t :  , i  n o t  Inown.  I n  t h e  mean t im e ,  t h e  dump i s

.

as i  -> known, no g r e a t  e f f o r *  i  r  ; n t l /  fc” in g  made by any p e r s o n  o r

o r g a n i s a t i o n  t o  e x p l o i t  ' t e e  s i  ig  in  , jutr t  A f r i c a ;  i t  Duns war t  o r  any

o t h e r  s t e e l w o r k s .

Vanganese :»lags : 1 c t u b e r  1 '0 -  Feb r o a r /  1 98?

~uutr  A f r i c a  i t  *n i m p o r t a n t  - angam  o p r o d u c e r ,  and much o f  t h e

r e d u c t i o n  and r e f i n i n g  o f  tr-e o r e  i s  c a r r i e d  c u t  a t  t h e  Samancor 

,

o f  d i f f e r e n t  ty p e  of l a g s  i r e  i roduced a t  <"ne - o o k f o n t e i n  works; 

a n d , a s  a n a t u r a l  cons :uence o f  i t s  i n t e r e s *  In iron  and s t e e l  s l a g s ,

AL came t o  t h e  c o n c lu  d  n t h a t  *nese  manganese s l a g s  would w a r r a n t  an 

i n v e s t i g a t i o n .

.

w ithou t  a rg irv  n t  o r  he d  t a t  i o n , to  embark on 3 j o i n t  t e s t i n g  p ro g ­

ramme under  t h e  d i r e c t i o n  o f  P r o f e s s o r  B l i g h t .

K oo k fo n te in  p roduces  t h r e e  p r o d u c t s ;  f e r r o  -manganese, f e r r o - s i l i c o n  and 

phosphorus  m e t a l , and t h u s  t h r e e  D i f f e r e n t  t y p e s  o f  s l a g .  The s l a g s  

a r e  d e r i v e d  from an e l e c t r l c - a r c  p r o c e s s  and a r e  a l l  a i r - c o o l e d  and 

d e p o s i t e d  in  dumps on t h e  s i t e  o f  t h e  w o rk s . The f e r ro -m a n g a n e s e  

s l a g s  have been p as sed  as  s u i t a b l e  f o r  c e r t a i n  t y p e s  o f  r o a d s t o n e , and



a r e  c ru s h e d  and man ? t . d by a p r i v a t e  ccm; in j r  j r  c o n t r a c  - _

.

a s  c o n c r e t e  a g g r e g a t e  i n  t h e  vc r

t '

.

.

s u b m i t t e d  i n  two n r  : r t  , ecamber  I II and F. o r u a r y  1982,  b o th  o f

which a r e  enclc ■ d A endix t  17 ind 18.

The r e c o r t s  gave l i t t l e  nope f o r  s u c c e s s f u l  economic e x p l o i t a t i o n  

o f  t h e  p roduc t :  . o t h e r  tr-an i g g r e g a t e  p r o d u c t i o n  f o r  t h e  FeMn s l a g a

wrere  t n e  r i g h t s  wen a l r e a d y  ceded t o  a n o t h e r  company) and t h e

p a r t i e s  ~3 t h e  _ , i n t  -rogramme were r e l u c t a n t l y  o b l i g e d  t o  a! indon

t h e  v e n t u r e .



DISCUSSION AND U INCLUSIONS

Management o f  t h e  prograniine

The h i s t o r y  o f  t h i  prviyramm' sho*' .  t h a t  p r e v i o u s  e x p e r i e n c e  w i th  p f a  

h a s  t a u g h t  t h e  p o t e n t i a l  i n n o v a t o r  > vuvei  v a l u a b l e  l e s s o n s , and t h a t

t h e  t  ’chni  :ue o f  i n v e s t i g a t i o n  was i m p r o v i n g .

Most I m p o r t a n t l y  , i t  was r e a l  i ?d ft i t  t h e r e  was n o t  much p o i n t  i n  con ­

d u c t i n g  r t  . ref  i- - want • m a t e r i a l ;  p r o j e c t s  u n l e s s  r i g h t s  were s e c u r e d  

on t h e  m a t e r i a l  b e i r  i ir \ ■ t i  s i t e d . F, r  t h a t  r e a s o n , a t  t h e  s t a r t  o f  

e a c h  i n v e s t ! ; ; a t i  n . rogramme, ag reem en t  were made w i th  e i t h e r  t h e  ow ners  

o r  o p t i o n  lc 1 Mr ; la r  nt  t d .  i n  t h e  cet ,e o f  g r a n u l a t e d  r l a g ,  Dunswart  

i n  t h e  c a s e  o f  s t e e l  s l a g  and tmancor i n  t h e  c a s e  o f  manganese s l a g s .

Seccr 11. ,  i l t -  out:' tf i n  i t  : H 1 -h. r a t  o r /  t r i a l s  on b l a n t - f u m a c e  s l a g s  

were c a r r i o r i  o u t  i n  F r a n c e ,  t h e  p r o j e c t  ended by u s in g  South  A f r i c a n  

l a b o r a t  r ie  t h r o u g h o u t . The a d v a n t a g e s  o f  hav ing  such  i n v e s t i g a t i o n s  

c a r r i e d  out. o n - t h 11-  :nt. a n  - I f —' v i d e n t , and i t  was r e a l i s e d  t h a t  o v e r -  

,ec- l a b o r a t o r i e  hou ld  on} / bf u ! f o r  c h e c k i n g , o r  f o r  e x p e r t i s e  

n o t  a v a i l a b l e  in  t h i  c o u n t r y .

F i n a l l y ,  an a t t e m p t  wao made t o  ..idht-n t o  t h e  g u i d e l i n e s  which were 

p roposed  a t  t h e  P a r i  , c o n f e r e n c e  and -d down e a r l i e r  i n  t h i s  d i s s e r t a t i o n . 

Adopt ion  o f  th-: g u i d e l i n e  c o n f i n e d  t h e  p r o j e c t  to  t h e  r ea lm s  o f  r e a l i t y  

and t h u s  h e l p e d  t o  re d u c e  c o s t s .

C o s t s

At a  c o n s e r v a t i v e  e s t i m a t e  t h e  t o t a l  c o s t  o f  t h e  i n v e s t i g a t i o n s  i n t o  a l l  

t h r e e  t y p e s  o f  - lag amounted to  a b o u t  R?0 000 .  T h i s , by p r e s e n t  R D D



t mdar. i  , i a um( a r a t  Lvfl . ], /, t i iu r  , t  it t t - r  m ig h t  be d i f f e r e n t  

way:- o f  • • wheth '- r  th- i r ' t i . j u t  iur w.v, w o r th w h i l e  o r  n o t .

in t h e  one hand ,  th i  n x p < n d l tu r e  cou l  i bi con Lder  d j u s t i f i e d  b e c a u s e  

t h e  i n v e s t i g a t o r  m ig h t  have found a h i g h l y  u s e f u l  and p r o f i t a b l e  

avenue o f  e x p l o i t a t i o n  o f  t h e  f lag  a t  r e l a t i v e l y  low c o s t .

Taking a  c o n v e r  ■ v iew,  t h e  RPO 000 sp n t  on t h e  programme c o u ld  be c o n -

,

t h e  e f f o r t  d ragged  on f o r  t o o  lo n g  arxj i t  was ted  r e s o u r c e s  t h a t  m igh t

p r o f i t a b l y  • avi. t- n . d i n  o t h e r  a c t i v i t i e s .

r Ln-.or4 v t • i ‘ i f • a t  - '■> * * m e rg e  d from th e  i n v e s t i g a t i o n s

was t h a t  i t  flowed t n a t  i n  o r d e r  to  c a r r y  o u t  a t  l e a s t  th e  f i r s t  s t a g e s  

o f  an A G D prugrumnt i t  i ■ n o t  nccc .  iary to  make in v es tm en ts  in  the  

f o r i  r l a t  r a t u r i e  , l a b o r a t o r y  : u i c n e n t ,  and th e  engagement o f  

l a b o r a t o r y  p e r  mn 1.  "hi ,y tarn o f  c o n t r a c t i n g  o u t  r e s e a r c h  work by

commiss ion ing  ou t  id* e x p e r t  was s u c c e s  f u l  and would have been contin ued

i n  any f u t u r e  work o f  s i m i l a r  n a t u r e .

O b j e c t i v e s  o f  t h e  programme

The programme c o n f in e d  i t s e l f  t o  lo o k in g  i n t o  p o t e n t i a l  a p p l i c a t i o n s  

o f  s l a g  i n  th e  c i v i l  n g i n e o r l n g  and road  b u i l d i n g  i n d u s t r i e s .  With 

h i n a i g h t ,  i t  i s  c l e a r  th a t  t h e  o b j e c t i v e s  were r e s t r i c t i v e ,  and t h i s  

was made p a r t i c u l a r l y  e v i d e n t  i n  t h e  Dunswart  c a s e  where a f a r  b e t t e r  

p o t e n t i a l  was found ir'  a g r i c u l t u r e , but  by a n o t h e r  o r g a n i s a t i o n .



t ' s  r e p o r t  on

,

.

.

t h e  c h em ica l  ma> • -u( o f  many i lag  ma- s t h e  m a t e r i a l  p o t e n t i a l l y  f a r  

more v a l u a b l e  a s  a  source  o f  m i n e r a l s  t h a n  a s  a r  a g g r e g a t e  i n  con­

s t r u c t i o n  o r  even  a in i n g n  d i e n t  i n  o r i e n t  m a n u f a c t u r e . Waste

m a t e r i a l  i n v e s t i g a t o r  s h o u ld  t h e r e f o r e  n o t  r e s t r i c t  t h e i r  o b j e c t i v e s  

t o  l i m i t s  which in c lu d -  o n ly  t l e i r  own p a r t i c u l a r  i n t e r e s t s  o r  

e x p e r t i s e .

S p e c i a l  n o t e  on g r a n u l a t e d  s l a g

The r e s e a r c h  i n t o  g r a n u l a t e d  s l a g  t a r t  cd of  f  w i th  a q u e s t i o n  mark 

a g a i n s t  i t  beca use  o f  t h e  h igh  c o n t e n t  o f  magnes ia  p r e s e n t  i n  t h e  

m a t e r i a l .  The f e a r  about  magne i u  proved  t o  be wel l  founded and 

r e a s o n a b l y  e a r l y  on i t  became e v i d e n t  t h a t  a  s im p le  t r a n s f e r  o f  French  

t e c h n o lo g y  wa n o t  f e a s i b l e .

By the time r  a r c h  on t h i  mat - r i a l  wv .topf ' id,  i n v e s t i g a t i o n s  had

r e a c h e d  the s t a g e  o f  ts t i n g  mine and w i th  p a r t i a l l y  m i l l e d  s l a g  o r

s l a g m e n t , and t h e r e  appearetd to  b- - a r e a s o n a b l e  chance  o f  p ro d u c in g  a 

p re -m ix ed  s u b - t o a - * o r  ba .1 c o u r s e  mat'  r i a l  a t  a c o m p e t i t i v e  c o s t .  

However, t h a t  ty p e  o f  p re -m ix  was o n ly  m a rk e t a b l e  i n  t h e  im media te  

e n v i r o n s  o f  Johann  sburg  and t h e  W i tw a te r s ru n d  g e n e r a l l y ,  and th e  

c u r r e n t  road  and s t r e e t  prognmme at. t h a t  t ime h a r d l y  j u s t i f i e d  any 

f u r t h e r  r e s e a r c h  o r  i n v e s t i g a t i o n .



Since1 I 1 79,  howev r , a n. ,v mart- I h<- a r J  :3t:i , t cau: .1 o f  i ,w i t c h  in  

government  p o l i c y  on t 1 ■ f u t u r e  of u rb a n  b l a c k  cam m uni t iea .  F o r  many 

y e a r s  govennm mt p o l i c y  wu , bu ud or; t h e  s u p p o s i t i o n  t h a t  b l a c k s  sh o u ld  

be in d u c ed  t o  r e t u r n  to  t h e i r  home I ind:», and ;,uch money a= was s p e n t  

on i n f r a s t r u c t u r a l  u r v i c c  war a l l o c a t ' d  to  homeland a r e a s  r a t h e r  t h a n  

t o  c o n c e n t r a t i o n  of p o p u l a t i o n  in  i n d u  t r i a l  urban  a r e a s .

T h i s  p o l i c  • v' ; • i r i m a t i c  'U  v i t r- i r l y  19(90''* and v e ry  l a r g e  

sums have s i n c e  been pent  i n  thos< a rea ; ;  on t h e  p r o v i s i o n  o f  more 

a t tenua te  road:  , to rm w a te r  : r e in ag i  , w a t e r  : .u p p ly , and s e w e r a g e . The 

g r e a t e s t  : r e  p o r t  i  u f  x p m d i t u r -  i on r o a d s  and s t r e e t s ,  and i f  a 

c h e a p  and a d o a u a t e  road  b u i l d i n g  m a t e r i a l  had been d e v e lo p e d  i n  1979 

t h e r e  i s  a s t r o n g  chanc*1 t h a t  i t  m igh t  have  been used on a l a r g e

s c a l e  i n  1990 -  1983.  A; i t  i s ,  b e c a u s e  o f  t h e  p r e s s u r e  t o  g e t

something done ;uick 1 y , t h e  a u t h o r i t i e s  in  c h a r g e  o f  t h e  p r o j e c t  a r e

l o a t h  t o  t r y  a n y t h i n g  ■ x p e : r i m e n t a l , and  s t a n d a r d  methods  and m a t e r i a l s

a r c  be ing  us d i most o f  t h e  programmes .

Th. r* i u n fo r t  u n a t e l y , a] ,n , l i t t l e  in c e n t iv e  f o r  r e s e a r c h  o f  t h i s  

n a t u r e ’ t o  t  u n d e r t a k e n  on a p r i v a t e  ba >i >. U ndoubtedly  a need  f o r  

a l t e r n a t i v e  and c h e a p e r  m a t e r i a l s  o f  c o n s t r u c t i o n  does  e x i s t  i n  t n e  

n t r e e t  b u i l d i n g  i i m g n w m  in Soweto and o t h e r  . i m i l a r  towns  and c i t i e s ;  

b u t  i u b l i c  wort- l u t f i o r i t  in w i l l  need t o be c o n v i n c e d .



7 1 .

s p e c i a l  n o t r  ur- 1 • ■ 1 - . I . r;

A f t e r  t h e  t a l l u r e  o f  i t s  t  n d e r  to  Durr ,wart ,  AL hod no o p t i o n  b u t  t o

t e r m i n a t e  t h e  e x e r c i  on t  e l  l a y .. IL i s  u n f o r t u n a t e  however

t h a t  no e f f o r t  was made to  f i n d  o u t  how t h e  s u c c e s s f u l  t e n d e r e r ' s  

work was f a r i r  ; .  Once i t  had k , t a b l i  hed t h a t  t h e  p r o j e c t  was n o t  

go ing  a h e a d , A .L . might  have  be am enco u ra g ed  t o  make a f u r t h e r  b i d .

S t e e l  s l a g  . j a l l y  c o n t a i n  h ig h  u r o p o r t i o n s  o f  l i m e ,  i n  t h e  o r d e r

o f  50%, and t t x  . :ht  wa g iv e n  to  i r a n u l a t i o  o f  t h i s  m a t e r i a l .

Dunswart  c o n t e n d e d , how- r , t h a t  g r a n u l a t i o n  o f  s t e e l  s l a g s  would

'

S ince  t h e  c l o  ing o f  t h i s  i n v e s t i g a t i o n , Dun:,wart h a s  changed  ow ner -

s h i p ,  and thou- ;h t  i s  b e in g  g iv e n  to  r e v i v i n g  t h e  p r o j e c t  a t  some

f u t u r e  t a g e  i f  funo , becom a v a i l a b l e .

Note on manganese s l a g s

The .;x2 n o f  t f i r o j e c t  hiad no o p t i o n  b u t  t o  abandon i t  when th e y  

d i d . T es t  r e s u l t  were e i t h e r  i n c o n c l u s i v e  o r  d i s a p p o i n t i n g ,  and t h e  

maangement o f  hamancor had l i t l  If? i n c l i n a t i o n  to  c a r r y  t h e  r e s e a r c h  

any f u r t h e r .

T here  was l i t t l e  p r o s p e c t  i n  d e v e l o p in g  t h e  u s e  o f  manganese s l a g s  

a s  road  a g g r e g a t e s ,  t h e  m a rk e t s  be ing  too  l i m i t e d ;  and any a t t e m p t  

a t  g r a n u l a t i n g  t h e  s l a g s  in  o r d e r  t o  p roduce  p o z z o l a n i c  m a t e r i a l s  

would have r e q u i r e d  e x p e n d i t u r e  on a s c a l e  t o  which n e i t h e r  p a r t n e r  

i n  t h e  v e n t u r e  was p r e p a r e d  t o  commit i t s e l f .  Any f u t u r e  work i n
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t h i s  f i e l d  would o f  n e c e s s i t y  i n v o l v e  a v idde r - r a n g in g  a p p ro a c h  and a 

commitment t o  look i n t o  a s p e c t '  o f  t h e  u s e  o f  manganese s l a g s  o u t ­

s i d e  o f  t h e  c i v i l  e n g i n e e r i n g  and b u i l d i n g  i n d u s t r i e s .

 ' •  . ' • ■

I'>t r o a u c r i o n  imi n ground

The s e v e r i t y  o f  t h e  t a  k o f  i n t r o d u c i n g  i n n o v a t i o n  i n t o  l a r g e  w e l l -

e s t a b l i s h e d ,  and ucce f u l  o r g a n i s a t i o n :  i s  t e l l i n g l y  i l l u s t r a t e d  by

'

p u b l i s h e d  s h o r t l y  b e f o r  World War I I  : “Whenever i n  t h e  o l d  days  a

t r . a t  a u g u s t  body had i t  t a k e n  to  th t  toi  o f  a to w e r ,  some hund .ed  f e e t

h i g h , and th e n c e  droc ■ o n to  t h e  ground b e l o w . I f  i t  was s t i l l  c a p a b l e

o f  f u n c t i o n i n g ,  i* wu- ;iv- n i f u r t h e r  t r i a l ; i f  n o t  i t  was r e j e c t e d  

a s  f l i m s y " .  I n  d e a l i n g  with  t h e  South. A f r i c a n  mining  i n d u s t r y , th e  

p o t e n t i a l  i n n o v a t o r  fact s a lm o s t  a s i m i l a r  m e r c i l e s s  s t y l e  o f  

e x a m i n a t i o n .

The p a r t i c u l a r  p roposed  i n n o v a t i o n  in  t h i s  c a s e  deve loped  from t h e  work 

de c r i b e d  i n  p r e v io u '  no tion-  o f  t h i  di e r t a t i o n ,  and i n v o l v e d  b o th  

w as te  m a t e r i a l *  md t h e  t oory and p r a c t i c e  o f  ro  i n  f o r c e d  e a r t h .  The 

b a s i c  co n ce p t  was to  d e v e lo p  a system o f  underground  s u p p o r t s  c o m p r i s in g  

g r a n u l a r  m a t e r i a l ,  p r e f e r a b l y  i n d u s t r i a l  o r  m in ing  w a s t e s ,  s u i t a b l y  

s t r e n g t h e n e d  and r e i n f o r c e d  so a-, t o  a c t  a s  s u b s t i t u t e s  f o r  e x i s t i n g  

s u p p o r t s  o r  s u p t o r t  system-, and p r o v i d i n g  a d v a n t a g e s  i n  e i t h e r  c o s t ,  

pe r fo rm ance  o r  p e r c e n t a g e  e x t r a c t i o n  o f  o r e .  The o r i g i n a l  t a r g e t  was 

underground  coa l  m in in g ,  bu t  i n  t h e  c o u r s e  o f  p r o g r e s s  o f  t h e  p r o j e c t ,



p o t e n t i a l l y  more a t t r a c t i v e  a p p l i c a t i o n s  were found i n  t h e  m in ing  o f

g o ld  one p l a t i n u m .

The p r o j e c t ,  a f t e r  t h r "  >> a r  , h i  now n  a chi d a t a g e  o f  b e i n g  c l o s e  

t o  f u l l - s c a l e  t e s t i n g  u n d e n g ro u n d . Th di . cush ion  w i l l  n o t  go i n t o  d e t a i l  

on l a b o r a t o r y  i n v e s t i g a t i o n s  o r  t h e o r y , t h e s e  a s p e c t s  h av in g  been d e a l t  

w i th  i n  c o n t r i b u t i o n s  to  a p p r o p r i a t e  p r o f e s s i o n a l  i n s t i t u t i o n s ;  i t  i s  

r a t h e r  aimed a t  l o o k i  g i n t o  th m a m • r  in which i t  was managed, i n  t h e  

hope t h  j t  t h e  e x p e r i e n c e  m igh t  a c t  i s  a  g u id e  to  o t h e r s  who m ig h t  be 

u f f i c i n n t l v  ambi t  ion  , « • • u: i a - t i c , o r  f o o l h a r d y ,  t o  a t t e m p t  som eth ing  

s i m i l a r  i n  t h e  f u t u r e .

The concep t  o f  t h i  p rono j ' td  i n n o v a t i o n , o f  r e i n f o r c i n g  g r a n u l a r  

waste. .  t< form mir,- -.upport , had it o r i g i n  a t  th e  CSIA f l y a s h  

c o n f e n m c e  i n  1 )7 9 ,  t o  which r e f e r e n c e  has a l r e a d y  been made i n  t h e  

p f a  s e c t i o n  o f  t h i s  d i s s e r t a t i o n ,

/•Vnong t* f ip1 r  , r« • 1 t 1 at t h e  c o n f e r e n c e  was one  by D rs .  Wagner and

• •

which d e s c r i b e d  a n  .ea rch  and development programme d e s ig n e d  t o  augment 

e x t r a c t i o n  r a t i o s  i n  underg round  coa l  m i n i n g . The p a p e r  s e t  down th e  

r a t i o n a l e  beh ind  t h  programme :

-  t h e  most-commonly p r a c t i s e d  method o f  underground  c o a l  mining  

i n  South  A f r i c a  i s  te rmed b o r d - a n d - p i l l a r  ( a l s o  known a s  room- 

a n d - p i l l a r )  m in in g ,  in  which o n ly  a f r a c t i o n  ( l e s s  t h a n  50% on 

av e ra g e )  of t h e  a v a i l a b l e  coa l  i s  e x t r a c t e d ,  t h e  b a l a n c e  b e in g  l e f t  

i n  p l a c e  a s  s u p p o r t  p i l l a r s .  In  p l a n ,  t h e  b o r d - a n d - p i l l a r  method



potentially more attractive application we,v found vn the mining v

gold and platinum.

The p r o j e c t ,  a f t e r  t h r e e  y e a r  , ha: now reached  a cage o f  be ing  c l o s e  

t o  f u l l - s c a l e  t e  t i n g  u n d e rg ro u n d .  Th d i - . c u s s i o n  w i l l  n o t  go i n t o  d e t a i l  

on l a b o r a t o r y  i n v e s t i g a t i o n  o r  t h e o r y ,  t h e s e  a s p e c t s  h a v in g  been d e a l t  

w^th i n  c o n t r i b u t i o n s  to  a p p r o p r i a t e  p r o f e s s i o n a l  i n s t i t u t i o n s ;  i t  i s  

r a t h e r  ainv’cJ a t  l o o k i n g  i n t o  t h e  manner  i n  which i t  was managed,  i n  t h e  

hope t h a t  t h e  e x p e r i e n c e  might a c t  a s  a  g u id e  to  o t h e r s  who migh t  be

.

s i m i l a r  i n  t h e  f u t u r e .

7' c o n c e p t  o f  t h i s  p roposed  in r .  v a t  i o n , o f  r e i n f o r c i n g  g r a n u l a r  

w a s t e s  t  form mine i p p o r t h a d  i t '  o r i g i n  a t  t h e  CSIR f l y a s h  

c o n f e r e n c e  i n  1979,  to  which r e f e r 1 nee  has  a l r e a d y  been made i n  t h e

p f a  s e c t i o r  o f  t h i s  d i s s e r t a t i o n .

I

,

which d e s c r i b e d  a r e s e a r c h  and development programme design ed  to  augment 

e x t r a c t i o n  r a t i o :  in  underground  coal  m in in g .  The p a p e r  s e t  down the

r a t i o n a l e  beh ind  th  programme :

-  t h e  most-commonly p r a c t i s e d  method o f  underground  co a l  mining  

i n  South A f r i c a  i  te rmed b o r d - u n d - p i l l u r  ( a l s o  known as  room- 

u n d - p i l l a r )  m in in g ,  in  which o n l y  i f r a c t i o n  ( l e s s  than 50% on 

a v e ra g e )  o f  t h e  a v a i l a b l e  c o a l  i s  e x t r a c t e d ,  t h e  balance being l e f t  

i n  p l a c e  a s  s u p p o r t  p i l l a r  ,. I n  p l a n ,  t h r  b o r d -a n d -p i l la r  method



7 4 .

produce ; a c h e c k e r b o a r d  p a t t e r n  o f  u a r ” p i l l a r s  s u r r o u n d e d  by 

mined—o u t  vo id  o r  b o r d s .

-  v a s t  q u a n t i t i e s  o f  ash  m  p r o d u c ’d by c o a l - b u m i n g  power s t a t i o n s ,

which ‘ n South  A f r i c a ,  a n  u u a l l y  l o c a t e d  i n  t h e  c l o s e  v i c i n i t y  o f

t h e  m ines  which supply them w i th  t h e i r  c o a l .

-  I t  would t h e r e f o r e  be w o r th w h i le  t o  look i n t o  t h e  p o s s i b l e  bene­

f i c i a l  e f f e c t  o f  LiTipi g wa t e  ish underg round  so a s  t o  f i l l  , o r

f i l l  p a r t i a l l y , t r e bond . B a c k f i l l  should improve t h e  l o a d -  

b e a r i n g  c h a r a c t e r i s t i c s  o f  c o a l  p i l l a r s  and t h u s  p o i n t  t h e  way t o  

a u g m en ta t io n  o f  e x t r a c t i o n  r a t i o s .

The p a p e r  f u r t h e r  went on to  a n a l y s e  t h e  s t r u c t u r a l  and r o c k -m e c h a n ic s

.

.

c a p t i v e  t o  E com' r o o t v l e i  pow< r  t  a t  i o n .

The p r e s e n t a t i o n  o f  t h i s  problem and p r o j e c t  .ve  r i s e  to  th e  id ea  o f

t a k i n g  t h e  c o n c e p t  o f  .nderground b a c k f i l l i n g  one s t e p  fu r th e r  by 

d e v i s i  g j:,[»r+ w h i h ,  by c e m e n ta t i o n  ind r e i n f o r c e m e n t , could  

• s u b s t i t u t e  p i l l a r s .

T h i s  d i f f e r e d  from t.tie Chamber o f  Mine' concep t  o f  m erely  s tr e n g th e n in g  

e x i s t i n g  p i l l a r s  by mean; o f  mtiv, b a c k f i l l i n g .  T h e o r e t i c a l l y ,  th e  

p i l l a r - s u b s t i t u t i o n  t e c h n i  lue would augment the e x t r a c t io n  r a t i o  to  a 

fa r  g r e a t e r  e x t e n t  t h a n  th e  p i l l a r - s t r e n g t h e n i n g  tec h n iq u e .

F or  v a r i o u s  reason-  , m a in ly  f i n a n c i a l ,  but p ro b a b ly  a l s o  d i s b e l i e f  in  

i t s  e v e n t u a l  s u c c e s s , n e i t h e r  R e i n f o r c e d  E a r t h  n o r  RL (then  renamed 

EJL ( S . A. ) )  was p r e p a r e d  t o  s p o n s o r  r e s e a r c h  i n t o  t h e  new co n cep t .  

However, an a l t e r n a t i v e  f i n a n c i a l  b a c k e r  was found,  who in  f a c t

s u p p o r t e d  t h e  p r o j e c t  f o r  t h r e e  y e a r s , u n t i l  March , 1904. S in ce  th a t



d a t e ,  t h e  p r o j e c t  ha , bi ar t a k e n  ove i by t h e  a u t h o r ,  working i n  co­

l l a b o r a t i o n  w i th  a ma j o r  minir  j houi, , e t ico r  L t d .

boon a f t e r  th< t a r t  at  < u l l - t  in. i n v  t i  j a t i c  in  1 9 ' 1 ,  t h e  o r i g i n a l

,

t o  d i r e c t  t h e  r e  t a r c h  progromm'. and e v e n t u a l l y  e x p l o i t  t h e  system 

c o m m e r c i a l l y . F o r  co n v e n ie n c e  t h e  word u t r a t a f i x  w i l l  from now on be 

used  t o  d e s i g n a t e  t h i  p r o j e c t .

S t r a t a f i *  madi two e a r l y  i m r o r t a n t  .» l i c y  d e c i s i o n s  :

-  r e a l i s i n g  t h a t  i t  s system was i n n o v a t i v e  and m igh t  c o n t a i n  p a t e n t a b l e  

m a t t e r ,  i t  took  s tep  t o  r o tn e t  i t  ■ I f  by means o f  a p p l i c a t i o n s  f o r

a t e n '  v  term, , f  'ou th  A f r i c a n  and i n t e r n a t i o n a l  law;

-  i n  o r d e r  t o  t e  t  and provt t h  .ystern on a sound and a c c e p t a b l e

s c i e n t i f i c  ba i , i t  i n v i t f  i ■ r o f e  s o r  B l i g h t  t o  a c t  a s  i t s  con­

su l  t a n t  •

Te t i n g  h a s ,  Lr 1 t a r t  of thi p r o j e c t , be -n c a r r i e d  o u t  a t  two

vE?r ue ,, the C i v i l  L- |i • n r in g  L a b o r a t o r i e s  a t  t h e  U n i v e r s i t y  o f  t h e

.Vit wat' r f  ind and td Mint Ei j! merit Rr n a rc h  Uni t  , CSIR, J o h a n n e s b u r g .

D e s c r i p t l g r  o f  t h e  Promised  Cyst'sn

The system i s  now d e s c r i b e d  in  g r e a t e r  d e t a i l  i n  o r d e r  t o  b e t t e r  

under  t a n d  th e  e v o l u t i o n  o f  the p r o j e c t , and t h e  changes  i n  d e s i g n  

and ob j i  c t i v e  t h a t  took  p la c e  o v e r  t h e  y e a r s .



The d e s c r i p t i o n  w i l l  be supp lem ent1 d by Appendix 19 which i s  a copy 

'

d a t e  o f  January 10,  19ti4, i  mi l e a d i n g . T h< a p p l i c a t i o n  was f i l e d

.

a p a t e n t  accei  t ed i n t e r n a t i o n a l l y  1 a l e n g t h y  p r o c e s s ) .

Although s e v e r a l  f e a t u r e s  embodied in  t h i s  p a t e n t  have s in c e  been d i s ­

c a rd e d  , i t  t e x t  in c lu d t  de: c r i ,  t i o n  , s p e c i f i c a t i o n :  and drawings  

which e x p l a i n  t h e  ba i c  p r i n c i p l e  , a.nd which a m p l i f y  th e  d e s c r ip t io n  

h e r e  s e t  down ;

( i  t h e  p roposed  proce  is en v i  aged b u i l d i n g  b a r r i e r s  o r  columns 

coir; r i ?  ing  r  i f o r e  :, p recom pressed  gran u lar  m a te r ia ls  

which would be d e s ig n e d  t o  accommodate t h e  loads imposed on 

tham by f  " o v e r l y i n g  rock i n  t h e  manner required  by the  

; a r t i c u l a r  min ing  lystem b r i n g  u s e d .  A fu r th e r  o b je c t  o f  

t h e  sys tem we t o  u , e  w as te  m a t e r ia l s  a s  a b a c k f i l l i n g  

r  H um ; p f a  i n  the cast  o f  umderr)round co a l  m ines, s l im e s  o r

i

In  t h r  t e x t  o f  the rxitf’n t  i t s e l f ,  a more? d e t a i l e d  d e s c r i p t i o n  

i ' .  ef down in  Column 4 ,  f i n a l  p a r a g r a p h ,  l e a d i n g  i n t o  

Column 5 ,  f i r  t p a r a g r a p h  :

"The i n v e n t i o n  e x t e n d s  a l s o  t o  a method o f  b u ild in g  p i l l a r s  

underground  f o r  s u p p o r t i n g  t h e  hang ing  wal l  in  underground 

m in ing  o p e r a t i o n s ,  which method i n v o l v e s  c a l c u la t in g  t h e  

v e r t i c a l  lo a d  which a p i l l a r  i s  t o  t a k e ,  c a lc u la t in g  th e  h o r i ­

z o n t a l  component o f  l o a d  a s s o c i a t e d  w i th  such v e r t i c a l  lo a d ,



77.

l a y i n g  p a r t i c u l a t e  mat r i a l  i n  l a y ° r :  between ha ng ing  w a l l  and 

,

m a t e r i  >1 i V ' l  luch l a y  r- , and p r o v i d i n g  r i n t u r c i n g  m a t e r i a l  

w i t h i n  o r  be tween the  l a y e r s  t o  a c c e p t , w i th  t h e  r e q u i r e d  d e g r e e  

o f  s a f e t y , t h e  h o r i z o n t a l  components o f  l o a d  a s s o c i a t e d  w i th  t h e  

v e r t i c a l  lud.J which t h e  , i l l a r  i s  e x p e c t e d  t o  t a k e . "

t t y p i c a l  c ro  -  c t i o n  o f  t h e  p roposed  p i l l a r  i s  shown i n  F i g . 6

o f  Appendix I 1").

( i i )  The r e i n f o r c i n g  medium c o n s i d e r e d  t o  be most  s u i t a b l e  was m i l d -

"

.

• i b t a l -  i * i f f n e  p r e a c h i n g  t n a t  o f  n a t u r a l  c o a l  p i l l a r s ,

.

■

^  was d< , ignvd and b u i 11 f o r  t h i s  p u r p o s e , shown d i a g r a m a t i c a l l y  

i n  F i g . 17,  r e f e r e n c e  1 .XD o f  Appendix 19.

( i v )  A f t e r  p recom pr  io n ,  t h e  ace  between t h e  r o o f  and t o p  o f  t h e  

p i l l a r  would be f i l l e d  by cemented l o a d - t a k i n g  m a t e r i a l  and 

w edges , i n  o r d e r  t o  p ro v id e  in a c t i v e  u p p o r t  a g a i n s t  t h e  r o o f  

o r  han g in g  w a l l .

(v)  t h e  s u p p o r t  cou ld  be .quare o r  r e c t a n g u l a r  i n  s h a p e ,  o r  b u i l t  

i n t o  l o n g  c o n t in u o u s  w a l l s .



D ur ing  th e  c o u r  a'  o f  r e s i  a r c h  md t< i t i n g , i d t  a s  d e v e lo p e d  a rd  c o n c e p t s  

changed so t h a t  new p a t e n t s  hod to  bu f i l e d  b o th  on m a t t e r s  o f  d e t a i l  

and o f  g e n e r a l  f u n c t i o n  o f  t.h- prvi . r  • d , tom. I n  1903,  when d i r e c t i o n  

o f  t h e  p r o j e c t  .w i tched  from coal  m in ing  t o  m in ing  of  g o ld  and p l a t i n u m ,  

two new l i n e  o f  a t t  ack had t o  b- f o l lo w e d  :

i n  o r d e r  t o  ;m ov ide  i n i t i a l  i t i f f n e s s  and s t r e n g t h ,  and a l s o  t o  cope 

Adth t f  .peed and i n t e n  i t>  of underg round  o p e r a t i o n s ,  p r e  co m p re ss io n  

had t o  be abandoned i n  f a v o u r  o f  c e m e n t a t i o n .

-  g o ld  and p la t i n u m  mining  took  p l a c e  a t  c o n s i d e r a b l e  d e p t h  below t h e  

s u r f a c e , and a r t i f i c i a l  suppor t  p i l l a r s  in  such  mines  would e v e n t u a l l y

F a i l  m  c h a r a c t e r ­

i s t i c s  o f  t h e  s u p p o r t  sy t e n ,  o v e r  and above c h a r a c t e r i s t i c s  o f  i n i t i a l  

s t i f f n e s s  and u l t i m a t i  s t r e n g t h .

3 fier i  i n t o

d i s t i n c t  c a l e n d a r  y e a r  phase :

A c t i v i t l - "  r  j a m

1981 saw t h e  development of  b a s i c  t h e o r y  t h ro u g h  a programme o f  l a b o r a t o r y  

t e s t i n g .  At t h a t  t im e  i t  wa thought, t h a t  t h e  system would be a p p l i c a b l e  

e s s e n t i a l l y  i n  underground  cool  m i n e s , and t h e  s u p p o r t s  e n v i s a g e d  were 

e i t h e r  s q u a re  p i l l a r *  o r  long  r e c t a n g u l a r  w a l l s  ru n n in g  between e x i s t i n g  

c o a l  p i l l a r s .

P ro p o se d  methods  o f  com ple te  e x t r a c t i o n , where w a l l s  were b u i l t  more o r  

l e s s  c o n c u r r e n t l y  w i th  c o a l  e x t r a c t i o n ,  were a l s o  d e v i s e d  and t h o u g h t  

t o  be f e a s i b l e .  With t h e  e v o l u t i o n  o f  a  t h e o r y  came a l s o  t h e  a n a l y s i s  o f  

c o s t s ;  s p e c i a l  s t r e s s  be ing  l a i d  on t h e  c o s t  o f  m a t e r i a l s .



In  th n  t r e n g ih e n in g .  a  J r  ' i n F o re j  ng u f  tJ rupo 1 wa-jte m a t e r i a l  

,

medium, p robab ly  i i  th.  form of a  w» Idl'd me h , a common 1 y used  i n  

c i v i l  e n g i n e e r i n ' ; and b u i l d i n g  c o n s t r u c t i o n .  I t  ' oon became e v i d e n t  

t h a t  t h e  m a jo r  p r o p o r t i o n  o f  t o t a l  c o s t  o f  t h e s e  a r t i f i c i a l  s u p p o r t s  

would be th  r e i n f o r c e m e n t , and r- ■ e a r c h  was t h e r e f o r e  c o n s t a n t l y  

d i r e c t e d  tow ards  d i m i n i s h i n g  i n  seme way t h e  t o t  <1 q u a n t i t y  o f  s t e e l  

r e q u i r e d . Taking  i n t o  a c c o u n t  t h e  v a lu e  o f  coa l  which t h e  p i l l a r s  were

.

become econom ica l  i n  ex, o r t  c o l l i  r i c  , which o b t a i n e d  c o n s id e r a b ly  

h i g h e r  . r i c e  f o r  V  ’i r  fn o d u c t  t h a n  c o l l i e r i e s  erv in g  l o c a l  consumpt­

i o n  m d  pow- r  gen'  r a t i o '  . Thi oo r Fi g u r e s  looked  gloomy and i t  might

■

What k e p t  i t  go in g  were hopf  o f  u Ing l e r 'i s t e e l  t h ro u g h  improved 

,

t h e  s e l l i n g  p r i c e  o f  *■ Idmesh by e x p a n s io n  o f  demand which s u c c e s s  o f  

t h e  system would • v o k e .

Dur ing 19H1 e f f o r t  w> r i] io made t o  j> t  t o  know more about underground 

c o a lm in in g  ind i t  . roblem* . Thi wmj a c h i e v e d  by underground v i s i t s  and 

d i ' . c u 1 iion; w ith  o f f i c i  •.! on t h e  c o l l i e r i c  ,, c o n s u l t i n g  c o a l  e n g in e e r s ,  

and r e s e a r c h  wort n r  nt. th t  Ch.imt. r  of Mines r e s e a r c h  la b o r a t o r i e s  in  

Johann ;  b u rg .  A well -known extx ir t  c o l l i '  ry  in  t h e  Eastern  Transvaal 

showed i n t  r c n t  i n  th e  Id' i,  and i t  war, hoped t h a t  t h i s  c o l l i e r y  would 

e v e n t u a l l y  p r o v id e  a venue f o r  t e  t i n g  t h e  system underground.

One somewhat labor-i t  < i t em  o f  e q u i p m e n t , demanded by th e  system , com­

p r i s e d  a mobi le  t r a c t o r - j a c k , which would precompress t h e  s t r u c t u r e s  i n  

s i t u ,  in  o r d e r  f o r  t h e  p i l l a r s  t o  r e a c h  a s t i f f n e s s  or modulus somewhere 

i n  t h e  r e g io n  o f  t h a t  p ro v id e d  by p i l l a r s  o f  n atu ra l c o a l . For t h i s
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r e a s o n , S t r a t a f i x  rep re : , '  n t a t i v e  vi i t e d  th» U.S.A. i n  1981 t o  i n v e s t i g a t e

M in n e s o ta ,

I l l i n o i s  and New York and v a r i o i  i d e a  and t e c h n o l o g i e s  i n v e s t i g a t e d .  

F o r t u n a t e l y ,  th e  most  promi ing  i d e a s  camu from a company which was r e p r e -  

s  n t e d  i n  J o h a n n e s b u r g ;  and from th e n  on j a c k i n g  i n v e s t i g a t i o n s  were 

c a r r i e d  o u t  t h ro u g h  t h a t  p a r t i c u l a r  ag en c y .

Throughout t h e  d u r a t i o n  o f  t h i  p r o j e c t  and a s  new i d e a s  o r i g in a t e d ,  

S t r a t a f i x  f i l e d  a p p l i c a t i o n  , f o r  t a t e n t s .  Much o f  t h i s  was done during  

1981,  becau e t h e  r f  . a r c h  .'.cn t i l l  i n  i t s  e a r l y  phase and id e a s  were 

c o n s t a n t l y  d e v e l o p i n g  and c h a n g in g .  S e v e r a l  o f  th e s e  p a te n ts  have s in c e  

been a c c e p t e d .

Act iv i t i i - :  i- I - --

By t h e  b e g in n in g  o f  1 82 ,  i t  was f e l t  t h a t  t h e  t im e  had  come to  t e s t  

t h e  system u nde rg round ,  ind n e g o t i a t i o n s  were i n i t i a t e d  with th e export 

c o l l i e r y  r e f e r r e d  t o  above ,  which ip . -  a r e d  t o  have the n eces-ary  

i n t e r e s t  and a b i l i t y  to  h e l p  conduct  such a t r i a l .  Because no d ir e c t  

f i n a n c i a l  ad v a n ta g e  would have a c c ru e d  t o  t h e  c o l l i e r y  a t  th e ex p er i­

m e nta l  . t a g e ,  two m- t i o r  arrr. f  ; f i r s t l y  who was t o  bear th e  c o st  o f

.

i n  n  1 i t i o n  to  p- i t t --t and iny new in v e n t io n s  thu t  a r o s e ?  R e g r e t ta b ly ,  

i t  p roved  I m p o s s ib l e  to  o t t l e  t h e s e  two mat ?rs t o  mutual s a t i s f a c t i o n ,  

and n e g o t i a t i o n s  wert abandoned.  N e v e r t h e l e s s ,  d u r i n g  th e  n e g o t ia t io n  

p e r i o d ,  a t r i a l  p i l l a r  was c o n s t r u c t e d  i n  t h e  .time c o l l i e r y  f o r  purposes  

o f  d e m o n s t r a t i o n  t o  a  coa l  r e s e a r c h  com m it tee .

A f t e r  t h i s  s e t b a c k ,  S t r a t a f i x  d e c id e d  t h a t  i t  would be p r e fe r a b le  to  

p e r f e c t  i t s  t e c h n i q u e s  on i t s  own, a s  f a r  a s  p o s s i b l e ,  and th a t  no 

a l t e r n a t i v e  n e g o t i a t i o n  would be t r i e d  f o r  some months .



By t h a t  t ime S t r a t a f i x  had a l s o  d1 . iqned  and s u i  11 i t ' ,  m o b i l e  j a c k i n g  

.

p i l l a r  u n d e r g r o u n d . Thi* • uipm nl wa l a t  r  m o d i f i e d  b u t , by f o r c e  

o f  c i rc u m s ta n c e  ., has  l a i n  i d l e  i n c e  i f  commi i o n i n g ,  and i n  t h e  

l i g h t  o f  l a t e s t  a l t e r n a t i v e  d e v e lo f fn c n t : w i l l  p ro b a b ly  n e v e r  be u s e d .

D ur ing  196D, on a v i s i t  t o  fh< U.f ' t r a t a f i x  maoi i t s  f i r s t  a p p r o a c h e s  

t o  t h e  N a t i o n a l  Coal Board i n  t h a t  c o u n t r y . I t  became c l e a r  from t h e  

d i s c u s s i o n s  t h a t  l i t t l e  p r o g r e s  c o u ld  be  made i n  c o u n t r i e s  o u t s i d e  

S o u t h  A f r i c a  u n t i l  t h e  3outh  A f r ican  i n d u s t r y  i t s e l f ,  w i th  i t s  a c k n o w -

,

t

P a r t  o f  1982 was a l s o  ' .pent  i n  making f u r t h e r  a c c u a i n t a n c e  w i th  p r o b l e m s

.

c u l l  i ^ r i  W'rn vi i t  (s ' ,  i n c l u d i n g  i r i n g f  i e l d  C o l l i e r y  where th e  

o r i g i n a l  a s h - f i l l i n  p r o j e c t  had been c a r r i e d  o u t  under  th e  a u s p ic e s  

o f  t h e  Chamber o f  Mine ,. I t  was d i s c o v e r e d  t h a t  Escorn had d ec ided  to  

abandon t h i  p a r t i c u l a r  i o j e c t , by v i r t u e  o f  i t s  n o t  having produced 

t h e  b e n e f i t  o r i g i n  i l l y  f o r e c a s t .

I n  t h a t  y e a r , c o n t a c t  was e s t a b l i s h e d  w i th  t h e  C o - o p e r a t i v e  S c i e n t i f i c  

Programmes (C3t) S e c t i o n  o f  CCIR (now c u l l e d  Founda t ion  f o r  R e s e a r c h  an d  

D eve lopm ent , FRD) . One o f  t h e  CTjP' > p r o j e c t s  was t o  p r o m o te  t h e  u s e  o f  

w as te  ash  produced  in  power s t a t i o n s , and S t r a t a f i x  b ecam e a  m em ber o f  

t h i s  p r o j e c t ' '  stm r i n g  commitl • . Through CSP, S t r a t a f i x  w<is i n t r o d u c e d

t o  CAIDCDR (South  A f r i c a n  i n v e n t i o n s  Development C o r p o r a t i o n )  w h ic h  

a g r e e d  t o  look i n t o  a p o s s i b l e  J o i n t  v e n t u r e  a s  soon a s  S t r a t a f i x  p a s s e d  

o u t  o f  t h e  r e s e a r c h  and i n t o  i t s  development phase .



By t h a t  t im e  S t r a t a  f i x  had a l s o  d l i n e d  and t.u i . l t  i t - ,  m o b i l e  j a c k i n g  

,

p i l l a r  u n d e rg ro u n d .  T h i s  •- -uit-ment wa , l a t e r  m o d i f i e d  b u t , by f o r c e  

o f  c i r c u m s ta n c e - . ,  has l a i r  i d l e  i n c e  i t -  commi i o n i n g ,  and in  t h e

i

D uring  198? ,  on a v i . i t  t o  t h e  U. K. ,  I t r a t a f i x  made i t s  f i r s t  a p p r o a c h e s  

t o  t h e  N a t i o n a l  Coal Board i n  t h a t  c o u n t r y . I t  became c l e a r  from t h e  

d i s c u s s i o n s  t h a t  l i t t l e  p r o g r e s s  c o u ld  b r  made i n  c o u n t r i e s  o u t s i d e

■

■

■

c o l l i r r i  were v i  i t e d ,  i n c l u d i n g  S p r i n g f i e l d  C o l l i e r y  where t h e  

o r i g i n a l  a m - f i l l i n ' ;  p r o j e c t  had been c a r r i e d  ou r  under  t h e  a u s p ic e s  

o f  th e  Chamber ol Mines .  I t  wo- d i s c o v e r e d  t h a t  Escom had decided  t o  

a b a n d o r  t h i  p a r t i c u l a r  t t- ‘ c* , by v i r t u ;  o f  i t  . no t  having produced 

t h e  b e n e f i t  o r i g i n a l l y  f o r e c a s t .

In  t h a t  y a r , c o n tac t  au e s t a b l i s h e d  w i th  t h e  C o -o p e ra t iv e  S c i e n t i f i c  

Programmes (CSF  ̂ S e c t i o n  o f  CSIR (now c a l l e d  Founda t ion  f o r  Research and 

D eve lopm ent , FAD). One o f  t h e  ( SP’ s p r o j e c t s  wan t o  promote the  u se  o f  

waste ash  p roduced  in  power s t a t i o n s , and S t r a t a Fix became a member o f  

t h i s  r e j e c t . 1 11 ■ r i n g  commit t i  . Through CST , S t r a t a f ix  was in troduced

t o  SAlr' r'DR (S ou th  A f r i c a n  I n v e n t i o n  Development C orporation) which 

a g r e e d  t o  look  i n t o  a p o s s i b l e  j o i n t  v e n t u r e  a s  soon a s  S t r a t a f i x  passed  

o u t  o f  t h e  r e s e a r c h  and i n t o  i t s  deve lopment p h a s e .



.

accep ted  a paper  d e s c r ib in g  th  theor> and : >iblt p r a c t i c e  o f  t h e

t

t h e  SAIMM j o u r n a l  ind nv  n t u a l l y  nivoked omf c o n t r o v  r s i a l  c o n t r i b u ­

t i o n s  , whici w i l l  be !i cu ed in  m nr  ie r a i l  i n  u pa r o t e  s e c t i o n  o f  

t h i s  d i s s e r t a t i o n .  Thv pap* r  and c o n t r i b u t i o n  , a r e  e n c l o s e d  a s  

Appendix 20.

A n o th e r  i n t e n  -t.i g r :a t u r e  o f  t h e  1 82 programme was t e s t i n g  o f  th e  

c o n c e p t  o f  e x t e r n a l  n ^ i n f o r c i n g ,  i n  th  form o f  s p i r a l s  or  p a r a l l e l  

r i n g s ,  i- i ut F t : t u t  f o r  i n  ( rn a l  m h r e i n f o r c e m e n t . T his  development  

a l s o  prompted a move toward c i r c u l a r  p i l l a r s  a s  a g a i n s t  r e c ta n g u la r  

.

■ .

■ ,

t o  be h e ld  in  Sweden in  J une  1983.

During 1 '91 ird 1 • con t a c t  w r*  t a b l i .  hed and 

m a i n t a i n e d  w i th  t h n  m a jo r  bodl  , n am e ly , Escorn, th e  O f f i c e  o f  the  

Government V in i r j E n g i n e e r  (f-ME , and t h e  Chamber o f  V in es  Research  

Organ! . u t i o n .

Escorn i ' t h e  m a jo r  co a l  u s e r  i n  iouth A f r i c a  and i s  in  a p o s i t io n  to  

i n f l u e n c e  t h e  p o l i c y  of  t h e  c o l l i e r i e s  which feed  i t s  power s t a t i o n s . 

While Escorn has  no Immediate prob lems  o f  support ,  o r  s u p p ly  in  i t s  

c a p t i v e  c o l l i e r i e s ,  i t  a p p r e c i a t e d  t h  it t h e  S t r a t a f i x  system might 

have a p p l i c a t i o n  i n  the  f u t u r e ,  e i t h e r  by len g th en in g  the l i f e  o f  

p a r t i c u l a r  s t a t i o n  , by t l iv in g  e n v i ro n m e n ta l  p roblems th ro u g h  r e t u r n ­

ing  w as te  a s h  u n d e r g r o u n d , o r  by r f l e a s i n g  coa l  s t e r i l i z e d  u n d e r  

s e r v i c e s  such  a s  r o a d s , r a i l w a y s ,  power l i n e s  and hous ing  e s t a t e s .



m3 o TTi c e  o r  one WE wu' kept  int'orw- J  of  t r o t a f i x ' r e s e a r c h  from

,

sxnee  been k e p t  i n  touc h  th ro u g h  L a b o r a to r y  demon t r a t  i o n s  and s t a t e -

.

s a f e t y  i n  t h e  m in ing  i n d u s t r y ,  whicft would have  had t o  g i v e  i t s  a p p r o v a l  

' o r  t h e  use  o f  any new .uppor t  ystum u n d e rg ro u n d ,  and i t  was t h e r e f o r e  

i m p o r t a n t  ho kenp i t  we l l  informt o o f  p r o g n - 1, ».

At i n t e r v a l s ,  S t r a t a f i x  a r r a n g e d  m e e t in g s  w i th  r e p r e s e n t a t i v e s  o f  t h e  

Chamber o f  V] ;s Rosea rch  O rgan l  a t i o n  where t h e  s t a t e - o f - t h e - a r t

.

n o t  o n ly  f o r  a i r i n g  o f  t e c h n i c a l  p ro b lem s ,  b u t  a l s o  b e c a u s e  o f  t h e  

r e s e a r c h  o r g a n i s a t i o n ' s  h ig h  s t a t u r e  i n  t h e  m in ing  i n d u s t r y  i t s e l f .

The r e s e a r c h  o r g a n i s a t i o n  o r i g i n a l l y  a g r e e d  t o  m o n i t o r  t h e  p roposed  

E a s t e r n  T ran n v a a l  t r i a l  w h ich , a war, e x p l a i n e u , f a i l e d  t o  m a t e r i a l i z e .

,

b a r r i e r  p i l l a r ;  o r  s u p p o r t s  u n d e r  . e r v i c e s ,  b e f o r e  embarking on a p i l l a r

'

p r i n c i p a l  d o u b t s  ab o u t  t h e  vstnm l a y  i n  t h e  d e g r e e  o f  s t i f f n e s s  

a c h i e v e d  . n  p r e c o m p r e s i l o n , :ind in  t h n  p o s s i b l e  i n c r e a s e d  c o s t  o f  m in in g .

By th> end o f  1982.  th<>rofore,  ♦ he p r o j e c t  had r e a c h e d  a  r e a s o n a b l y  

advanced  s t a g e  o f  u h r o r e t i c a l  p r o g r e s s  but  had s t i l l  made l i t t l e

p v.ctic:. 1 p r o g r e s s  tow aros  g e t t i n g  t h e  system t e s t e d  i n  r e a l  l i f e .

Up co t h e  end o f  1982 a t t e n t i o n  was fo c u s s e d  on p r o v i s i o n  o f  t o t a l  

end pemencni;  sup o r t , and i t  was th o u g h t  t h a t  t h e  system had a p p l i c a t i o n  

i.in 1 y i n  she!  l e v  miner,.  However, p u b l i c a t i o n  o f  t h e  SA1MM p a p e r  l e d  t o

. ■ ■ ch rock  m echan ic s  e n g i n e e r s ,  i n  d a i l y  c o n t a c t  with  s u p p o r t



.

.

p r o j e c t  t a k i n g  a  d i f f e r  n t  t u r n  i n  1983.

' C t . i v i t i e :  1-- 1 '-Li

I n  d e e p - l e v e l  m in e s ,  s u p p o r t  j c a n n o t  be e x p e c t e d  t o  t a k e  t h e  f u l l  l o a d

,

c o n s t a n t  l o a d , when th e  suppor t  i  no 1 c a p a b l e  o f  t a k i n g  t h e  l o a d .

u p p o r t s  u , d i r  t h e  g o ld  mini a t  or s . u l f i l  t h e  above f u n c t i o n  

w i th  v a r y in g  degr-"- o f  3ucce- and t h r  i d e a  was p u t  fo rw ard  t h a t  t h e

S t r a t a f i x  yotem of  h o r i z o n t a l  i n fo r c e m e  t , combined w i th  c e m e n ta t i o n

o r  ureco*" i r e  Lon, might  atan. j  a good chance  o f  a c h i e v i n g  t h i s  d e s i r e d  

i t t v n  o f  i  i t i  1 ? f f n t  ,s and sut ouent  g r a d u a l  f a i l u r e . T h i s  con­

c e p t  was i n t r o d u e  i t o  S t r a t a f i x  by th* C h i e f  Rock M echanics  E n g i n e e r  

• ,

t h e  programme.

R e s e a r c h  or  yi* M i '  g wa tt  " r e f u r e  pu rsued  f o r  most  o f  1983,  and

produced  promi ing n  .ul t .. I t  hould  be no te d  h e r e  t h a t  t h e  b a c k f i l l  

m a t e r i a l  u- o in  th- 1 ' 1/1983 programme was g e n e r a l l y  c o a r s e  ash  from 

E com power t a t i o n s ,  t h i '  b e in g  t hi mo t  a v a i l a b l e  and econom ica l  w as te  

m a t e r i a l  a t  hand.  A* uon a a g o ld  n i n e  p o s s i b i l i t y  emerged,  t e s t s  

were conduc ted  on th e  w a s te s  produced  i n  t h e  r e f i n i n g  o f  g o l d , namely 

send and s l i m e s .

'Several  f a c t o r 1 > f a v o u re d  t h e  deve lopment o f  new s u p p o r t  sy s tem s  i n  d e e p -  

l e v e l  g o ld  mines  :



.

a s  p r a c t i  - d in  the o th  A f r i c a n  m i d  min ing  i n d u b t r / .  T h i s  l e d  t o  t h e  

p r o j e c t  t a k i n g  a d i f f - . r  n t  t u r n  i n  1903.

A c t i v i t i s  ■ in I " " /

I n  d e e p - l e v e l  mine , u p p o r t s canno t  be e x p e c t e d  t o  t a k e  t h e  f u l l  l o a d

.

f i r s t  descend:  on the u p p o r t ,  »nd th e n  a p a t t e r n  o f  g r a d u a l  f a i l u r e ,  a t

S uppor t  imed i n  the  g o ld  mine- a t  pr s e n t  f u l f i l  t h e  above f u n c t i o n  

w i th  v a r y in g  t r g r  e o f  ' jcc- , v j t h  i d e a  was p u t  fo rw ard  t h a t  t h e  

i t r a t a f i x  , t m  j f  h o r i z o n t a l  r in fo i 'c em e- t  , combined i t h  c e m e n ta t io n  

o r  re  com. r- , migr t s tand  i : i . fume- of  a c h i e v i n g  t h i s  d e s i r e d

( t  *a , i n t r o d u c e d  t o  * r a t a f i a  by th e  ( n i e f  Rock Mechanics  E n g i n e e r  

t h e  programme.

R e s e a rc h  on yi  I d in g  l i l l u r *  wa- t h e r e f o r e  pu rsued  f o r  most  o f  1983,  and 

p roduced  p ro m is in g  r  ,ul» . I t  Mould be n o t e d  h e n '  t h a t  t h e  back .11 

m a t e r i a l  used  in  th  l r' t l / r n i ?  progremme was g e n e r a l l y  c o a r s e  ash  from 

Escom power s t a t i o n s ,  t h i s  b e in g  t h e  mo t. a v a i l a b l e  and econom ica l  w as te  

m a t e r i a l  a t  hand .  A soon a* u g o ld  n i n e  p o s s i b i l i t y  rsmerned, t e s t s  

were conduc ted  on th e  wa t e s  p ro d u c td  i n  t h e  r e f i n i n g  o f  g o l d ,  namely 

sand and s l i m e s .

S e v e r a l  f a c t o r s  fav o u red  t h e  deve lopment o f  new s u p p o r t  s y s tem s  i n  d e e p -  

l e v e l  g o ld  mines  :



-  go ld  mine s u p p o r t d i d  n o t  ne d fro be d e s i g n e d  f o r  l o n g - t e r m  

d u r a b i l i t y , becau i l l  up a r t '  would e v e n t u a l l y  f a i l  undF■ •

-  t h e  a c c e n t  was on i n i t i a l  s t i f f n e s s  combined w i th  a c c e p t a b l e  

f a i l u r  c h a r a c t e r i s t i c s ,  and t h e r e  was no need  t o  d e s i g n  

u s in g  f a c t o r s  o f  s a f e t y .

-  s u p p o r t  were an

and s u b s t i t u t i o n  o f  one k in d  o f  s u p p o r t  f o r  a n o t h e r  would r e q u i r e

,

i t s e l f  p r o v i d ' d  t h e  su p p o r t  and an a r t i f i c i a l  s u p p o r t  system

.

mining  e n g i n e e r s  c o u ld  be excused  f o r  r e g a r d i n g  t h e  proposed 

i n n o v a t i o n  a s  f a r - f e t c h e d .

jo ld-mi-  ir 3 rmiV o f  a h i g h e r  co t  o f  t h e  su p p o r t  s y s t e m , by 

v i r t u e  o f  t h e  h i g h e r  v a lu e  o f  i t s  p r o d u c t .

The above a d v a n t a g e s  a l s o  a p p l i e d  in  s e v e r a l  r e s p e c t s  t o  the mining 

o f  p l a t i n u m ,  which opened up in x t r a  f i e l d  o r a p p l i c a t i o n  fur the 

S t r a t a f i x  .ystem.

The 1483 l a b o r a t o r y  wort produc d a c ro p  of new deve lopm en ts  :

-  cemented column; , combined with  h o r i z o n t a l  r e i n f o r c i n g , t o  take 

t h e  p l a c e  o f  t a n d a r d  g n -u t  packs  i n  wide s t o p e s  i n  g o ld  mines. 

Ceme t a t  ion  would provid* i n i t i a l  s t i f f n e s s , and precompression 

was r e j e c t e d  a be ing  i m p r a c t i c a l  f o r  g o ld  m in in g .

-  m e s h - r e i n f o r c e d  c i r c u l a r  p i l l a r s ,  u s in g  e i t h e r  standard square 

weld-mesh ,  o r  s p e c i a l l y  d e s ig n e d  mesh a r r a n g e d  in concentric



.

.

compressed  dway from t h e  f a c e ,  t r a n s p o r t e d  t o  t h e  work s i t e  and 

th e n  b u i l t  i n t o  p o s i t i o n  i n  tht i t o p e . Thj , was a n o t h e r  a t t e m p t  

t o  e l i m i n a t e  t h e  p r e - c o m p r e s s i o n  j a c k  and s u g g e s t e d  a p o s s i b i l i t y  

f o r  ev n t u a l  a p p l i c a t i o n  i n  c o a l  m in e s .

1983,

,

d e l e g a t e s  to th- /mposian w s y m p a t h e t i c ,  b u t  i t  a g a i n  became e v i d e n t  

t h a t  t h e  i n t e r n a l i c  ial  mining  community would w a i t  f o r  i t s  system t o

.

The s w i t c h  in  em phasi s  frum c o a l  t o  g o ld  mining d id  n o t  mean t h a t

was m a i n t a i n e d  w i th  c r t J i n  c o l l i e r i e s  whose managements had i n d i c a t e d  

i n t e r e s t  i- the ; . ro jec t  end s u i t a b l  • venue were ough t  f o r  underground  

t r i a l s .  S u c c e s s f u l  t r i a l s  in  g o ld  mines  would i n  any c a s e  have  opened 

t h e  d oo r  to  new approach*'  i i n  t h e  c o a l  mining  i n d u s t r y . One f e a t u r e  

r e l a t e d  t o  c o a l  mining w-v found t o  h' of p o t e n t i a l  im p o r t a n c e .  Where 

r a i l w a y  l i n e  t r a v e r s e  coa l  f i e l d s ,  t h e  Government Mining E n g i n e e r ,  

f o r  s a f e t y  r e a s o n  , " t e r i l i . ’v " v a s t  luant i t i n s  o f  c o a l  which u n d e r l i e  

t h e  l i n e .  By v i r t u e  o f  t h i s  s t e r i l i z a t i o n ,  SAlS m ig h t ,  ir,  t h e  f u t u r e ,  

be o b l i g e d  to  pay o u t  many m i l l i o n :  o f  rand  a s  c u m p e n s a t l j n  t o  t h e  

mines  f o r  l o s s  o f  p r o f i t .  The p o s s i b i l i t y  o f  u s in g  t h e  S t r a t a f i x  

s u p p o r t  system t o  f r e e  t h i s  s t e r i l i z e d  c o a l  was i n v e s t i g a t e d  and 

d i s c u s s e d  b o th  w i th  5ATS and GME. Again i t  was f e l t  t h a t  s u c c e s s f u l  

im p le m e n ta t io n  i n  t h e  go ld  mines  would have t o  be a p r e c o - d e n t  t o  any 

t r i a l s  i n  c o a l  m ines .
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With t h e  a c t i v e  c o l l a b o r a t i o n  of t h e  Rock M echanics  D epar tm en t  o f  

.

h a s  c o n c e n t r a t e d  on t r a n n v e r  I / - r e i n f o r c e d  cemented p i l l a r s ,  lo o k in g  

i n t o  a p p l i c a t i o n s  i n  txKh p l a t i n u m -  and g o ld -m in e s  a n d , f o r  t h e  f i r s t  

t i m e , t e s t s ,  were conduc t  :* on f u l l - s i z e  packs  o r  p i l l a r s

To r e p e a t , t h e  r e q u i r e d  l o a d - c o n ; m  bion pe r fo rm a nce  i n  g o ld  mines  

c o m p r i s e s  i n i t i a l  s t i f f n e :  >, a d e o u a te  y i e l d  s t r e n g t h , and d e f l e c t i o n  

a t  n e a r - c o n s t a n t  loud  a f t e r  f a i l u r e . S u c c e s s i v e  s e r i e s  o f  t e s t s  

i n  t h i s  p e r i o d  have shown t h a t  t h e s e  c h a r a c t e r i s t i c s  can be o b t a i n e d

.

and p i l l a r  dimension;  and t h a t  a d e s ig n  method can be evo lved  which 

would c a t e r  f o r  t h e  v a r y in g  s t s  o f  underground  c i r c u m s t a n c e s  a t  

d i f f e r e n t  l e v  1: and i n  d i f f e r e n t  ty i  o f  m in in g .

Two im p o r t a n t  a d r i i t i o r u l  f e a tu re  > have come t o  l i g h t  d u r i n g  t h e  1986 

programm-' :

( i )  S u i t a b l e  back f i l l  f o r  t h e  packs  can be produced  from g o ld  mine

t a i l i n g ; . , h i t h e r t o  c o n s i d e r e d  t o  be too  f i n e l y  g rad ed  f o r  t h e  p u rp o s e .  

F ine  m a t e r i a l  i s  e x t r a c t e d  by means o f  a p r o c e s s  o f  t w o - s t a g e  c y c l o n i n g s  

l e a v i n g  a c o a r s e  r e s i d u e  f o r  u s e  in  s u p p o r t  p a c k s .

T h i s  development o b v i a t e s  t h e  n e c e s s i t y  t o  im por t  n a t u r a l  sand a t  

r e l a t i v e l y  h ig h  c o s t , c o n s e r v e s  r e s o u r c e s  o f  n a t u r a l  =«nd, and 

makes u s e  o f  a h i t h e r t o  u n u t i l i z e d  w as te  m a t e r i a l .



( i i )  d u c t i l i t y  o f  th e  m< ;h hui ; proved t o  be a most i m p o r t a n t  f a c t o r  in  

o b t a i n i n g  t he r e  u i r 1 d c h a r a c t e r !  t i c  o f  t r e n g t h ,  s t i f f n e s s  and 

0 0 s t - f a i l u r e  d e f l e c t i o n .  Normal we I d 'd me h i s  made up o f  hard-  

drawn w i r e , which has  l a r g e l y  l o s t  i t s  d u c t i l i t y , and in  order to  

r e s t o r e  d u c t i l i t / a p r o c e s s  o f  a n n e a l i n g  i s  r e q u i r e d  a f t e r  w e ld in g .

App.ndix 22  i s  e n c l o s e d  which shows :

-  g r a p h s  com par ing d u c t i l i t y  o t  a n n e a l e d  and unannealed w ire;

-  graphs comparing performance o f  packs r e in fo r c e d  with both  

annealed  and unanm sled  welded m esh. The s u p e r io r  perform­

ance o f  the  annealed  mesh i s  e v i d e n t .

At the  tim e o f  w r i t in g , Novnmbtr, 1 Md, an underground t r i a l  i s  b eing  

planned fo r  e a r ly  198' fo r  a go ld  mine in  th e  Gencor Group. The 

p ro sp ec ts  fo r  ev en tu a l im plem entation  and d i f f u s io n  o f  th e  system  

appear now to  be reasonably  h o p e f u l .

Note  on exper ience . : ,  o i t h  t h e  min ing  i n d u s t r y

From th e  in c e p t io n  o f  the programme, I t r a t a f i x  made a p o in t  o f  keep ing  

in  touch with the Chamber o f  Mine . Research O rgan isa t ion  (CMAO) : The

im p ress ion  gained  a t  m eetings  held  w ith  t h i s  o r g a n is a t io n  was t h a t  t h e  

id e a  was worth p u rsu ing , even though p r a c t i c a l  snags were e v i d e n t .

I t  th e r e fo r e  came a s  a u r p r is e ,  when i t s  c o n tr ib u t io n s  to  the  

S t r a t a f ix  paper were p u b l ish e d , that th e  o r g a n is a t io n  gave the  

concept l i t t l e  encouragement.



'

-  t h a t  S t r a i  i f i x  had o v e r c l a i m  d t h e  m e r i t '  a t  t.ht sy s tem ;

-  t h a t  t h e o r y  had n o t  advanced  f a r  e n o w h  t o  j u s t i f y  underg round  

t e s t i n g ;

-  t h a t  rock  mechan ic  as,i>'c1 had  not been s u f f i c i e n t l y  taken  

i n t o  a c c o u n t , e s p e c i a l l y  i n  r e g a r d  to  b e h a v i o u r  o f  t h e  r o o f ;

-  t h a t  t h e  p roposed  a r t i f i c i a l  p i l l a r s  were p r o b a b ly  n o t  s t i f f  

enough t o  accommodate r o o f  movements a d e q u a t e l y ; and

-  t h . i t  t h e  c o s t  o f  p r im ary  and se c o n d a ry  mining  had n o t  

been s u f f i c i e n t l y  looked  i n t o .

■ e  Chamber c o n f in e d  

i t s e l f  t o  t e c h n i c a l  p o i n t s .  I t  d e c i d e d , however ,  t h a t  f u r t h e r  

c o n t a c t  w i th  CMRtl was n e i t h e r  d e s i r a b l e  n o r  l i k e l y  u n t i l  new 

m a t e r i a l  c o u ld  be p r e s e n t e d .

O t h e r  t h a n  the  Chamber o f  Mine R esea rc h  O rg a n iz a t io n ,  S t r a t a f i x  a l s o  

made c o n t a c t  w i th  t h e  p r o d u c t i o n  s i d e  o f  t h e  i n d u s t r y  and w i th  

d e p a r t m e n t s  o f  rock  m echan ics  i n  th e  v a r i o u s  m in ing  g r o u p s ,  On t h e  

p r o d u c t i o n  t i d e ,  and t h i  i n c l u d e s  both  c o n s u l t i n g  e n g i n e e r s  a t  head 

o f f i c e s  and management on th e  m i n e s , t h e  r r c  p t i o n  was c o u r t e o u s  b u t  

b l a n d . I t  took  S t r a t a f i x  some t im e  to  a p p r e c i a t e  t h e  p r e s s u r e  p l a c e d  

on t h o s e  r e s p o n s i b l e  f o r  p r o d u c t i o n  and 1 1 u n d e r s t a n d  t h e i r  co n s e q u e n t  

r e l u c t a n c e  to  d e v o te  t im e  to  a p p a r e n t l y  f a r - f e t c h e d  and i m p r a c t i c a l  

i n n o v a t i o n s .  N e v e r t h o l e  ,, t h e  e x p e r i e n c e  g a in e d  by t h e s e  c o n t a c t s  

proved  t o  be us- f u l ,  b eca u se  o f  t h e  o c c a s i o n a l  o p f x i r t u n i t y  to  s ee  

b o th  underground  c o n d i t i o n s  a t  f i r s t  hand and t h e  modus o p e r a n d !  o f  

t h e  i n d u s t r y .



'

-  t h a t  S t r a t a f i x  had o v e r c l a i m  d t h e  m e r i t  o f  t h e  system;

-  th a t  th eory  had not; advanced fa r  enough to  j u s t i f y  underground 

t e s t i n g ;

-  th a t  rock m echanics a sp ectr  had not been s u f f i c i e n t l y  taken  

in to  a cco u n t ,  e s p e c i a l l y  in  n  jard to  behaviour o f  th e  ro o f;

-  th a t  the proposed a r t i f i c i a l  p i l l a r s  were probably not s t i f f  

enough to  accommodate ro o f  movements ad eq u ate ly ;  and

-  th a t  th e  c o s t  o f  primarv and secondary mining had not 

been s u f f i c i e n t l y  looked in t o .

' t h e  ( hamber c o n f i n e d

i t s e  f  to  t e c h n ic a l  p o in t s .  I t  d ec id ed , however, th a t  fu r th e r  

c o n ta c t  with CMRC wa n e i t h e r  de irab l-  or  l i k e l y  u n t i l  n-'w 

m a te r ia l  could  be p resen ted .

Other then the Chamber o f  Mines R search O r g a n iza t io n , S t r a t a f i x  a l s o  

made contact w ith  the production s id e  o f  th e  in d u str y  and w i th  

departm ents o f  rock m echanics in  the v a r io u s  mining  g r o u p s ,  On t h e  

p roduction  s i d e ,  and t h i s  in c lu d e s  both c o n s u lt in g  e n g i n e e r s  a t  head 

o f f i c e s  and management on the mine'., th e  re c e p t io n  was c o u r t e o u s  b u t  

b l a n o .  I t  took i t r a t a f i x  iomi tim e to  a p p r e c ia te  t h e  p r e s s u r e  p la c e d  

on th o se  r e s p o n s ib le  fo r  production  and to  u n d e r s t a n d  t h e i r  co n s e q u e n t  

r e lu c ta n c e  to  d evo te  tim e to  ap p aren tly  f a r - f e t c h e d  and i m p r a c t i c a l  

in n o v a t io n s .  N e v e r th e le s s ,  the e x p er ien ce  gained by t h e s e  c o n t a c t s  

proved to  be u s e f u l ,  because o f  th e  o cca s io n ^ ' o p f j o r t u n i t y  to  s ee  

both underground c o n d it io n s  a t  f i r s t  hand and t h e  modus o p e r a n d !  o f  

th e  in d u s tr y .
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"H e mo t  u s e f u l  c o n t a c t  wi t h  t h e  m in ing  i n d u s t r y  were t h o s e  made 

w i th  rock  m c h a n i c  c [>artments.  [By th- i r  v e r y  f u n c t i o n ,  rock  

m e ch an ic s  e n g i n e e r s  have t h e  knowledge  and i n t e r c  t  t o  look  i n t o  

p rob lem s  o f  t h i s  n a t u r e ,  and i t  was i n  t h e s e  d e p a r t m e n t s , i n  p a r t i c ­

u l a r  t h a t  o f  G e n c o r , t h a t  s e v e r a l  f r u i t f u l  idea-., em erged . Not a l l  

rock  mechanic  i p e c i a l i s t  - aw m e r i t  i n  t h e  G t r a t a f i x  s y s t e m , b u t  a l l  

o f  them were p r e p a r e d  a t  l e a s t  t o  d e b a t e  t h e  i s s u e s .

,

e x p e r i e n c e  i n  t h e  i n d u s t r y . I n  an a c t i v i t y  such  a s  m in ing  

an e l i t e  i t a b l i  hment b u i l 1 up amongst  i n d i v i d u a l s  who have been 

working on i m i l e r  r o b l a n  f o r  man/ y a r s  and who have  p r o b a b ly  d e v e l ­

oped  i commonly-accc.  ‘ d l i n e  o f  a p p r o a c h . u t s i d e r s  a r e  t h e r e f o r e  

n o t  r e g a r d e d  too  e r i o u s l y ; and S t r a t a f i x  s n o u ld  have t a k e n  g r e a t e r  

c o g n i s a n c e  o f  t h i s  . b a t e  o f  mind.

v a l u a t i o n  o f  p r o g r s s  and p o l i c y

A f t e r  about y e a r  o f  r< iea rch  and i n v e s t i g a t i o n ,  and w i th  t h e  sys tem 

c l o s e  t o  b e i n g  t e s t e d  underground  ( a l t h o u g h  n o t  in  t h e  form o r i g i n a l l y  

e n v i s a g e d )  , i t  i s  pe rhap  u s e f u l  t u  looi- c r i t i c a l l y  a t  t h e  manner  in  

which th- p r o j e c t  war d i r e c t e d .  uch an a n a l y s i s  would n o t  m e re ly  be 

an e x e r c i ’-e i n  h i n d s i g h t ;  t h e  p r o j e c t  f i l l  has  a long way t o  go and 

t h e r e  i s  no need i n  i t s  f u t u r e  d i r e c t i o n  t o  r e p e a t  t h e  m i s t a k e s  o f  t h e  

p a s t .



91.

o f - t h e - d r t  c o u l d  have b ra n  reach  d e i r l l e r .  The low p r o g r e s s  a c h i e v e d  

c o u ld  be a t t r i b u t e d  t o  a  numb1 r  of t ic to r '» ,  some o f  t h e s e  c r e a t e d  by

.

f a c t o r s  have  been i d e n t i f i e d  and a r e  h e n  s e t  down in  a s  o b j e c t i v e  a 

manner a s  p o s s i b l e .

Lack o f  f a m i l i a r i t y  w ith  th e  min ing  i n d u s t r y

The b a s i c  S t r a t a f i x  i d e a  was i n s p i r e d  by a new development i n  c i v i l  

e n g i n e e r i n g ,  and i t  wa th r e f o r  ' u( t o  t h e  i n n o v a t o r s  t o  g e t  t h i s

,

.

.

a p p l i c a t i o n  o r i g i n a l l y  d i s c u s s e d  w i th  o f f i c i a l s  and resea r ch  workers in  

t h e  mining  i n d u s t r y .

What S t r a t a f i x  d id  n o t  a p p r e c i a t e  a t  t h e  t i m e  was t h a t  th e  p r o je c t  

needed  t h e  s e r v i c e  o f  a  t c h n l c a l  min ing  c o n s u l t a n t ,  in  t h e  same way a s  i t  

civ th e  r ■ t f o r  i cun u l t a n t  in  g n o t e c h n i c  . luch an i n o i v i d u a l ,  a s  

p a r t  o f  t h e  team,  c o u ld  hav' '  opened t h e  d o o r  t o  a s p e c t s  o f  mining which 

were e v e n t u a l l y  a p p r e c i a t e d  o n l y  a f t e r  m o n t h ,,  o r  even y e a r s .  He could  

have looked i n t o  th< e f f e c t  o f  t h e  s y s t  m on mining  c o s t s  and p r a c t i c e ,  

and i n t o  p o s s i b l e  a p p l i c a t i o n s  t o  mine'- o t h e r  th a n  underground c o a l  

m in e s .  He would a l s o  havf had c o n t a c t  w i th  a l l  South  A frican  mining  

g ro u p s  and been a b l e  t o  adv is i  S t r a t a f i x  on where i t  should  co n cen tra te  

i t s  a c t i v i t i e s .

I t  i s  t r u e  t h a t  S t r a t a f i x  d id  no t  work c o m p le t e ly  i n  a vacuum, and t h a t

i t  d id  a t t a n p t  to  e s t a b l i s h  c o n t a c t s  w i th  th e  min ing  i n d u s t r y .  I t  

f a i l e d ,  howevar i n  f o u r  fo u r  m a jo r  r e s p e c t s .  F i r s t l y ,  i t s  o r i g i n a l  d e a l -



ing ' i  wer with  on- mini ,  3 tjr> j(. ly  •mil wh->n n'-.jut i i t i o r  brok <i down, t h e r e

:

f a i t h  in  o b t a i n i n g  t* goodwil l  and co-o;  ra t  ion o f  t h e  Chamber o f  

Mines R< • -?arch l r g a n i m a t io n ;  t h i r d l y , i l  mad* in  j f f i c l e n t  c o n t a c t  

with  t h e  rock  mechanic  1e; i r tmnnt '  o f  t h e  v a r i o u  g r o u p s ; and f i n a l l y ,  

i t  s h o u ld  have made c l e a r  t h a t  i t  p roposed  a s t e p - b y - s t e p  a p p ro a c h  t o  

t h e  i n n o v a t i o n  and t h a t  i t  *•* n o t  s t t e m p t i n g  t o  r e v o l u t i o n i s e  t h e  

i n d u s t r y •

I t  was o n ly  a f t e r  p n b l i  it io n  o f  t h e  p a p e r  i n  th e  j o u r n a l  o f  3AIMM and 

t h a t  t h e s e  a l t e r n a t i v e  If. o f  a c t i o n  became more o b v i o u s .

The need t o  m a i n t a i n  c o n f i d e n t i a l i t y

Thr  o r l g i r  it or- o f  t h i  p r o j e c t  n e v e r  l e f t  any doubt  about  t h e i r  i n -

.

p r o t e c t e d  by p a t e n t '  , which , in  t u r n , r a i s e d  d i f f i c u l t i e s  i n  r e g a r d  

t o  i n t c r c t  inge of  id;  1 w ith  i n d i v i d u a l  ou t  ide  o f  t h e  o r g a n i s a t i o n  

i t s e l f .

T'-e i n v e n t o r  were o b l i g e d , t h e r e f o r e ,  t o  adopt  a c a u t i o u s  a p p r o a c h ,  

r e a l i s i n g  t h a t  th e y  had to  t a k e  t h e  i n v e n t i o n s  a long way down th e  

road  b e f o r e  t h e y  cou ld  t a lk  f r e e l y  abou t  c e r t a i n  a s p e c t s .  Because 

th e y  d id  n o t  have d a y - t o - d a y  a c c e s s  e i t h e r  t o  mines o r  to  i n d i v i d u a l s  

i n  t h e  m in ing  in du  t r y ,  i t  meant  th e y  f r e q u e n t l y  had to  work from f i r s t  

p r i n c i p l e s  on m a t t e r  t h a t  might  well  have been common knowledge i n  

t h e  i n d u s t r y  i t s e l f .
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The need f o r  i p a r t n e r

The r e t a r d i n g  e f f e c t ,  c a u s a d  by t hi need  f o r  c o n f i d e n t i a l i t y  s u g g e s t s  

t h a t  S t r a t a f i x  s h o u ld  have t r i  i, from t h e  o u t s e t ,  t o  i n t e r e s t  a  s t r o n g  

n a r t n e r  w i th  .ccei to  t h e  m in ing  in d u  t r y  i n  t h e  p r o j e c t , even a t  th e  

r i s k  o f  l o s i n g  a s h a r e  o f  i t :  p a t e n t  r i g h t s .  The c o n t r i b u t i o n  such a

p a r t n e r  might  havt made would b -v< been to  u s e  i t :  f i n a n c i a l  s t r e n g t h

i

p a r t i c u l a r l y  i n  t h e  h o ld i n g  o< an underg round  t r i a l .

.

a r e  net under-C' t i r . i t e d ,  but th- idea  o f  look in g  f o r  one  was n o t  c o n -

■

S t r a t a f i x  ran  t h e  p r o j e c t  on a s  t i g h t  a budget  a s  p o s s i b l e  e s p e c i a l l y

d u r i n g  t h e  e a r l /  s t a g e s  o f  l a b o r a t o r y  work and t h e  development o f

t h e o r y . nO'  t h e  t t  c r y  wa d e v e l o p e d ,  i f  mighi. have  been b e t t e r

p o l i c y  t o  spend a t  i g r e a t e r  r a t e ;  and t h i s  i s  where t h e  f i n a n c i a l

p a r t n e r  c o u ld  have pu hed t h e  p r o j e c t  ahead w i thou t  w a i t i n g  f o r  j o i n t

'

a t i o n  w i th  C en s o r  i n  190d i s  p ro o f  o f  t h e  f o l l y  o f  t r y i n g  t o  go i t  

a lo n e  w i th  l i m i t e d  r e  ounce ■.

A t t i t u d e  adop ted  by CMRQ

i t r e i  if j x r a i s e d  the id e a  of h o r i z o n t a l  r e '  n fo rcem en t  w i th  HMRO i n  1901,

and i t  does  eem s t r a n g e  t h a t  a t  th a t  t im e  CMHO d i d  n o t  s u g g e s t  a measure  

. o s e a r c h  co -op  r a t i o n .  Such a j o i n t  e f f o r t ,  might  wel l  have l e d  t o

■i 503 a t e  Cm' . e - . t inc  «nd p o s s i b l e  im p le m e n ta t i o n .



Perhap-: bo th  s id e  w en1 g u i l t y  o f  n o t  l a y i n g  t h e i r  c a r d s  o p e n l y  on t h e  

t a b l e ; S t r a t a f i x  be ing  /vary o f  p r o t e c t i n g  i * p a t e n t  and CMRQ p o s s i b l y  

s e e i n g  m e r i t  i n  t h e  ,y tern but i n c l i n e d  t o  f o l l o w  t h e  r e s e a r c h  i n  i t s  own 

.

r e i n f o r c e m e n t , an i n d i c a t  i  t h a t  i t  di d not  t.. m; l o t - l y  r e j e c t  t h e  

S t r a t a f i x  c o n c e p t .
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Thi;  di:  3e r t  a t i o n  ,u f a r  ha i t  c r i b  d . e v e r a l  a t tem pts ,  a t  i n n o v a t i o n ,

which have met with  v a r y in g  d e g r e e s  o f  s u c c e s ? . I t  w i l l

now look i n t o  t h e  gen r a l  a d v i s a b i l i t y  o f  companies  g e t t i n g  in v o l v e d

.

■

*

,

■

.

n a t u r e  d  ‘ he m in ing  in d e  ' ry  t a b l i  ne , i t  n:- a t a r g e t  f o r  new i d e a s  

from a l l  Q u a r t e r s .

Are Innpvuiclon hnsgrunm. , w or thw h i le?

B efo re  a t t e m p t i n g  to  answer  t h i  j e s t  i o n , t h e  two in d u s t r ie s  concerned  

need t o  be s c r u t i n i z e d  a l i t t l e  more c l o s e l y .

C i v i l  Engine,  r i n g

P u r c h a s e r s  of c i v i l  m g i r e a r i n g  n r v i c e  a r e , in  t h e  main, e i t h e r  p u b l i c  

a u t h o r ! * i 1 , o r  l a r g e  c o r p o r a t i o n s .  This mean: th a t  attem pts  a t  i n n o v a t i o n , 

when th e y  a r i s e ,  have to  bn d i r e c t e d  toward:,  t h e  upper bureaucracy o f  

government o r  b u s i n e s s  and n o t  toward  . t h e  man i n  the  =♦ e e t . The 

i n n o v a t i o n  i n  t h i  f i e l d  i no t  p roduc ing  an a r t i c l e  which migh t  have  a 

p o t e n t i a l  market  made up o f  m i l l i o n s  o f  in d iv id u a l s ;  h i s  i n v e s t i g a t i o n s  

and prom ot ions  have  to  be d i r e c t e d  t o  a l i m i t e d  number o f  t e c h n i c a l  c l i e n t s .  

H is  i n n o v a t i v e  u f f o r t  i  . t h e r e f o r e  o b l i g e d  t o  t a k e  t h i s  c i r c u m s ta n c e  i n t o  

a c c o u n t .



F u r t h e r m o r e , i n  c i v i l  ngin r i n j , if'  t /  i  in o v e r r i d i n g  f a c t o r .

T h i s  means t h a t  t h o s e  r e s p o n s i b l e  f o r  i n s t l t u t i n g  such s e r v i c e s  have

.

e x p e r i e n c e  o v e r  t h e  y e a r s , and t h a t  c hange s  c a n n o t  be l i g h t l y  i n t r o ­

du c e d .  P o t e n t i a l  i n n o v a t o r ,  mu t  r e a l i s e  t h a t  r e s i s t a n c e  t o  change 

i n  t h e  i n d u s t r y  i s  governed  < : s e n t i a l l y  by conce rn  f o r  t h e  w e l f a r e  

o f  t h e  p u b l i c , a d  by o f f i c i a l  l a w s , r e g u l a t i o n s , and s p e c i f i c a t i o n s .

They must n o t  e x p ec t  t o  i i o d  to o  re a d y  a r e s p o n s e  t o  u n t r i e d  methods
3

and m a t e r i a l s ,  and must  overcome what K in g s to n  c a l l s  " t h e  r u t  o f  

e s t a b l i s h e d  p r a c t i c e " .

Change in  t h i :  f i e l d  t h e r e f o r t  has  t o  coma a b o u t  s l o w l y , i n  t h a t  new

y s t  3ns and m a t e r i a l  , have t o  La th o r o u g h l y  t e s t e d  b e f o r e  t h e y  can be 

o f f i c i a l l y  approved and a d o p t e d . The h i s t o r y  o f  t h e  development and

f i n a l  a p p r o v a l  o f  p r e - r , t r e s s e d  c o n c r e t e  i s  an i n d i c a t i o n  o f  how lo ng

•

I n  South A f r i c a ,  new tF-chni :ues o f  t h i s  n a t u r e  a r e  g e n e r a l l y  ad o p te d  

because  o f  s u c c e s s f u l  e x p e r i e n c e  in  t h e  l a r g e r  i n d u s t r i a l  c o u n t r i e s  o f  

th  ^ r l d .  South A f r i c a  t h e r e f o r e  depends  on t e c h n o lo g y  t r a n s f e r  more 

t h a n  on d i r e c t  i n n o v a t i v e  e f f o r t s  o f  i t s  own. The r e c o r d  g iv e n  i n  t h i s

d i s s e r t a t i o n  o f  t h e  promot ion o f  R e i n f o rc e d  E a r t h  i n  t h i s  c o u n t r y  i s  a

'

t h e  a b i l i t y  to  c r  a t e  t h e  ,.ime c o n d i t i o n s  f o r  i t s  c o n s t r u c t i o n  h e r e , 

en ab led  t h e  method t o  be a c c e p t e d  r e a s o n a b l y  e a s i l y ;  w i th o u t  such  

i n t e r n a t i o n a l  a c c e p t a n c e , t h e  e f f o r t ,  t o  i n t r o d u c e  t h e  t e c h n i q u e  i n t o  

South  A f r i c a  would have been f u t i l e .



I t  i s  t r u e  t h a t  t h e  v e ry  p r e s e n c e  of  e s t a b l i s h e d  codes  o f  p r a c t i c e  and 

s p e c i f i c a t i o n s  p r o v i d e  , i n  some i ; n , t o o  ( ■ y an - x cu s e  f o r  c o n s e r ­

v a t i sm  and a d i s i n c l i n a t i o n  to  loo t  i n t o  a n y t h i n g  new; b u t  t h e  

i n n o v a t o r  has  t o  bf on  u r  d t o f<u ' j t  'i u cun rvat  iv r  o u t l o o k , which 

w i l l  be based  on a co m b in a t io n  o f  r e a s o n  and p r e j u d i c e .

In  r e g a r d  t o  t h e  cyp- o f  i n n o v a t i o n  i t s e l f ,  novel  i d e a s  m igh t  a r i s e  

e i t h e r  in  de: ign  and cor ' r u c t i  o f  s* rmanent  w orks , o r  i n  improved 

t e c h n i q u e s  o f  c o n s t r u c t i o n  o f  t e m p o ra ry  w o r t ' ,  o r  i n  improvements  i n  

p l a n t  and equ ipm en t .

I t  i s  e a s i e r  t o  i n n o v a t e  i n  t r  i l a t t e r  two c a t e g o r i e s ,  b e c a u se  th e  

p o t e n t i a l  i n v e n t  r  o r  i n n o v a t o r  h a 1 v i r t u a l  f r e e  r e i n , hav ing  t o  d e a l  

with  f a r  fewer  r e s t r i c t i o n  o r  l a id -dow n  t a n d e r d s  and r e g u l a t i o n s .  

I n n o v a t i o n  i n  ♦he • f i  I is i t h e r e f o r e  no t  uncommon, end i s  e v id en ced

■■ moving,  rock d r i l l !  

c o m p a c t i o n , s n u t t e r i n g , t u n n e l  u p p o r t s ,  and t h e  l i k e . These im prove-

,

from m anufac tu re ,  ■ and s u p p l i e r  ; and when in n o v a t i o n  i n  c o n s t r u c t i o n

,

t y p e  o f  improvement.

For b e t t e r  o r  worse ,  t h i s  d i s s e r t a t i o n  r e l a t e s  t o  t h e  f i r s t  o f  t h e  

above c a t e g o r i c . ,  s p e c i f i c a l l y  t h e  i n t r o d u c t i o n  o f  new m a t e r i a l s  o f  

permanent  c o n s t r u c t i o n ,  and t h e  most d i f f i c u l t  c a t e g o r y  t o  p e n e t r a t e . 

Th i s  i s  where i n s t i t u t i o n a l i z e d  p r a c t i c e  and codes  o f  s a f e t y  p r e s e n t  

f o rm id a b le  o b s t a c l e s  to  i n n o v a t i v e  e f f o r t .



F i n a l l y ,  a s  d i f f i c u l t  i i t  n.ay b t o  i n n o v a t r  g e n e r a l l y , i t  i s  even

•

Employing a u t h o r i t i e  have a f irm f a i t h  ir,  t h e  c o m p e t i t i v e  t e n d e r

■ystem, and do n o t  f a v o u r  one com: t i t  r  h av in g  a p r o t e c t e d  ad v a n ta g e

o v e r  h i s  r i v a l s  Some a u t h o r i t i e  art- even a g a i n s t  t h e  s u b m is s io n  o f

• "

which has been acc o te d  by mo: a u t h o r i t i e  ,, t e n d e r  doc tin n t s  u s u a l l y

,peci fy " H e in fo rc e d  E a r t h  o r  i idv-a] ' n t " .

v e r a l l , t h e r e  i f t .  r f o r "  1 i t  11 ■ i • c e n t i v e ,  f o r  c i v i l  e n g i n e e r i n g  

companies  t o  s e a r c h  f o r  p a t e n t a b l e  o r  i n n o v a t i v e  m a t e r i a l .  They might  

well  f in d  t h a t  t h e y  w i l l  o b t a i n  a p n c o - o n ly  ad v a n ta g e  b e f o r e  t h e i r  

system i s  c o p i e d ,  o r  t h a t  f  em : loy ing  a u t h o r i t y  r e f r a i n s  from 

. p e c i f y i r g  t h e i r  s y s t e m . The c o m p e t i t i v e  t e n d e r i n g  system has  d i s t i n c t  

a d v a n ta g e '  , bu t  i n  the  f i n d  o f  i n n o v a t i o n  and i n v e n t i o n  i t  t e n d s  to  

d i s c o u r a g e  i n i t i a t i v e  and c r e a t i v e  t h i n k i n g  T h i s  a c c o u n t s  for t h e  

a l m o s t  com ple te  a b s e n c e  o f  r e s e a r c h  d e p a r t m e n t s  i n  even t h e  l a r g e s t  

c o n s t r u c t i o n  companies .

Mining

The min ing  i n d u s t r y  in  Euuth A f r i c a  i s  enormous and many o f  i t s  

a c t i v i t i e s  a n  - a b j e c t  t n  a t t e m p t s  a t  i n n o v a t i o n . T h is  d i s s e r t a t io n  

d e a l s  s p e c i f i c a l l y  w i th  an a c t i v i t y  in  which c i v i l  e n g in e e r s  are  a ls o  

supposed t o  have omn exper t  i  ", namely t h a t  o f  " tren gth  o f  m a t e r i a l s " .

As i n  c i v i l  e n g i n e e r i n g , t tn  p o t e n t i a l  i n n o v a t o r  i n  t h i s  f i e l d  i s  

o b l i g e d  to  r e a l i s e  t h a t  he i n  governed  and r e s t r i c t e d  by s t ip u la t io n s  

conce rned  w i th  s a f e t y .  He must wirk w i t h i n  r e g u l a t i o n s  drawn up and 

c o n t r o l l e d  by t h e  o f f i c e  o f  t h e  Government Mining Engineer (GME) and 

must  a c c e p t  and u n d e r s t a n d  o f f i c i a l  c o n s e r v a t i s m  in  a p p r o v a l  and 

a d o p t io n  o f  p roposed  new t e c h n i q u e s .
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.

I n g l  b o d y , t h o  Chcimbt r  ot Min M- a r c h  l r g u n i 1 i t i o n  (Q^Rj) . T h i s  

o r g a n i s a t i o n  has  p i o n e e r e d  r e s e a r c h  i n t o  mine u p p o r t  and rock

i

.

ments  and  p a c i f i c a t i o n  f  two [owt’r f u l  b o d i e s ,  wf-io speak  virtually 
w ith  t h e  same v o i c e .

A f a r t h e r  f e a t u r e  o f  min ing  in  S ou th  A f r i c a ,  as  d i s t i n c t  from civil 

e n g i n e e r i n g , i t h a t  i n t e r n a t i o n a l l y  the i n d u s t r y  i s  a leader ratner 

than a f o l l o w e r .  A novel  ide i nly n eed s  l o c a l  approval to be accepted, 

even though o b t a i n i n g  t h a t  a p p ro v a l  m igh t  no t  be  the simplest of tasks.

F i n a l l y , t h e  o u t s i d e r  to  t h e  i n d u s t r y  i s  usually  hampered by lack o f

.

.

i n v e n t i o n  o r  i n n o v a t i o n .

Th-- advi  ■ , :bi 1 i * . ■ > ^ t :. ,v.it inn

In  t h e  l i g h t  o f  t h e  above ,  and a l s o  o f  what h a s  been set down in the

e a r l i e r  a c t i o n s  o f  t h i ' ,  d i s s e r t a t i o n ,  i t  i s  c l e a r  t h a t  a civil

e n g i n e e r i n g  company hou ld  not l i g h t l y  d e c i d e  t o  embark on an R & D or
i n n o v a t i o n  programme on i permanent b u s i n e s s  ba r , i s .

I t  i s  i m p o r t a n t , however,  to  d i s t i n g u i s h  a g a i n  between t e c h n i c a l  i n n o ­

v a t i o n  and g e n e r a l  d i v e r s i f i c a t i o n . D i v e r s i f i c a t i o n  includes b r a n c h i n g  

ou t  i n t o  com ple te ly  new b u s i n e s s  a c t i v i t i e s , and is capable o f  r e a s o n ­

a b l y  p r e c i s e  f i n a n c i a l  f o r e c a s t i n g .  I t  i s  a m a t t e r  o f  assessment o f  

r i s k ,  bo th  hy f i n a n c i a l  and t e c h n i c a l  management, and business a c c e p t s  

t h a t  from t im e  to  t im e  such d e c i s i o n s  i n v o l v i n g  r i s k  have t o  be t a k e n .
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In  t h e  c a s e  o f  t e c h n i c a l  i n n o v a t i o n ,  h o v e v e r , t h e  dec i .  io n  becomes one 

i n v o l v i n g  bo th  risl- and u n c e r t a i n t y ,  and t h  burden  o f  t h e  d e c i s i o n  w i l l  

f a l l  on t e c h n i c a l  management . F i n a n c i a l  management t e n d s  t o  look 

somewhat a p p r e h e n s i v e l y  a t  t h e  u- u a l l y  v e ry  i m p r e c i s e  f o r e c a s t s  -  

t e c h n i c a l  and f i n a n c i a l , -  ut  fo rw ard  by i r o p o n e r t s  o f  i n n o v a t i o n  and 

i n v e n t i o n .

N e v e r t h e l e s s ,  de , Lte a l l  tht. ' se b u i l t - i n  o b s t a c l e s  to  th e  in tr o d u c t io n  

o f  i n n o v a t i o n , t h e r e  i s  always  a p o s s i b i l i t y  t h a t  iome in d iv id u a l  in  an 

o r g a n i s e r i o n  iroJuc- an id e a  *^iii hows commercial  prom ise, o r  th a t  

an o u t i l d e  i n v e n t o r  a p p ro a c h e s  a company i n  o r d e r  t o  f in a n ce  some new 

u i scover>  . In  o r d e r  t o  cope with  ,ich e v e n t u a l i t i e s ,  companies should  

have 3t  t h e i r  d i s p o s a l  a method o f  a p p r a i s i n g  any su ggested  i n n o ­

v a t i o n  , and o f  managing i t  i f  it. > pu rsued  fu r th e r .

I f  com panies  were t o  b u i l d  . f’* e r t i s e  and e x p e r i e n c e  i n  the  manage-

.

a l l o w d  t o  go a s t r a y .  They would a l  «  encou ra ge  o r i g i n a l  th in k in g ,  

from w i th in  and w i th o u t  t h u i r  o n j a n i  . a t i o n r , , and have th e  know-how t o  

d e a l  w ith  new i d e a s  e * s e d i t i o u s l y  and e c o n o m i c a l l y .

I t  i s  t h e r e f o r e  n o t  p roposed  t h a t  companies  s h o u ld  i n v e s t  i n  permanent 

fl G D e s t a b l i s h m e n t -  . R a t h e r ,  i t  i :  s u g g e s t e d  t h a t  i n n o v a t i o n  and 

i n v e n t i o n  i n  c i v i l  e n g i n e e r i n g  -hould be p u rsued  on an "as-and-when" 

b a s i s ;  and i t  i s  w i th  t h i s  b a s i c  p o l i c y  i n  mind t h a t  t h e  recommend­

a t io n : ,  which f o l l o w  a r e  made.
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RLQm^M.C Hi i ■ ' iijf

While a c c e p t i n g  t h e  p r i n c i p l e '  t h a t  I n n o v a t i o n  programmes in  a c i v i l  

e n g i n e e r i n g  company s h o u ld  b* i n s t i t u t e d  r  i ly when s p e c i f i c  p r o j e c t s  

c ro p  up, i t  s t i l l  r em ui i . nec t  a r y , i n  o r a  r  ‘x: u s e  a v a i l a b l e  t im e  

and r e s o u r c e  to  t h e  f u l l , t o  r p r . a u c t  the pnjgr.vnme m e th o d ic a l ly  and 

i n  a c c o rd a n c e  w i th  .om- ba i t  t c f  r u l r :  . Formal l i t e r a t u r e  on R & D, 

b e in g  devo t '  d t i a l l )  t o  l a r g t -  c a l i  programmer and p r o j e c t s , g i v e s

l i t t l e  g u i d e  to  p rocedure  o f  t h i :  " a ‘>-.and-when" n a t u r e .

N e v c r t h e l e  , some ’x t r a c t  from t i c  l i t e r a t u r e  i r e  h e r e  q u o t e d ,

becau  th e y  do pro v is . :  ju i  ' u l i n - r  toward'  a p p ro a c n in g  t h e  p rob lem .
2

. . .

e n g i n e e r i n g "  in  c a r r y i n g  a  p r o j - c t  t h ro u g h  from t h e  i n v e n t i o n  s t a g e  t o

:

-  D e f ine  and s t a t e  o b j e c t i v e s .

-  L i s t  a l t e r n a t i v e  s o l u t i o n s .

-  Pu t  b e s t  h y p o t h e s i  to  t e s t  th ro u g h  e x p e r i m e n t .

-  Synth* ; i  i . e .  t h e  procn- o f  forming um e th ing  wtiich d id  n o t

e x i s t  bnfor*' ' , t o g e t h e r  w i th  f u r t h e r  t e s t i n a  and m o n i t o r i n g .

-  M anufac tu re  and m a r k e t i n g .

The U.S.  G en e ra l  E l e c t r i c  Company has  ex/olved a s i m i l a r  s e t  o f  r u l e s  i n  

i t s  " c r e a t i v e  e n g i n e e r i n g  programme" :

-  r e c o g n i z e  t h e  problem

-  d e f i n e  

s e a r c h

-  e v a l u a t e

-  s e l e c t

-  fo l l o w  t h r o u g h . .



The recommendat ion: . which fo l lo w  a t tem p t  t o  p ro v id e  a more s p e c i f i c

,

as  d e f i n e d  by S chum pe te r .  The d i f f u s i o n  s t a g e  does  n o t  f a l l  w i th i n  

t h e  scope  o f  t h i s  d i s s e r t a t i o n .

STEP 1 : f e a s i b i l i t y  A p p r a i s a l

Le t  i t  be assumed t h a t  a company r e c e i v r  , a pro^iosal  t o  i n t r o d u c e  an 

i n n o v a t i v e  method,  o r  t o  h e l p  1-ivelup an i n v e n t i o n .  The p ro p o s a l

,

,

d c ing  w i l l  have t o  i n v o l v e  t h e  o r i g i n a t o r  o f  t h e  i d e a  i n  t h e  d i s c u s s i o n

.

t h e  company w i l l  a t  t h e  tm t im e  be h av in g  a  look  i n t o  a p o s s i b l e  

manner o f  c o n d u c t in g  t h e  p r o j e c t ,  i t s  p r o b a b le  co s t  and who shou ld  

d i r e c t  i t .

The f i r s t  . t ep  i n  t h e  programme thf reform c o m p r i s e s  t h r e e  s e p a r a t e

:

-  a p p r a i s e  f e a s i b i l i t y

-  a p p o i n t  p ro d u c t  champion

-  e v o lv e  s h o r t - t e r m  budge t  and p l a n .

Theue t h r e e  t a s k s  w i l l  bn d' a l t  w itn  i n d i v i d u a l l y ,  b u t  t h e  f a c t  o f  

t h e i r  c o n c u r r e n c e  nuu ld  a lways  bn boron In mind.

F e a s i b i l i t y  a p p r a i s a l

Thin  should t a k a  i n t o  a c c o u h t  t h e  normal o b v i o u s  c o n s i d e r a t i o n s ,  such  

a s  t e c h n i c a l  and f i n a n c i a l  m e r i t s  o f  t h e  p r o p o s a l ,  p r o b a b le  c o s t s  o f



t h e  R Gr ID t a g e ,  and t h r  p o t e n t i a l  m arke t  a v a i l a b l e  f o r  t h e  f i n a  

p ro d u c t  o r  p r o c e s - . . 'Jnme' e x t r a  g u i d e l i n e ^  f o r  t h e  a p p r a i s a l  s t a g e  

a r e  g iv e n  1 y Maddockf at .1, a l t i iougn  wri* t ■ n to  a p p l y  t o  l a r g e - s c a l e  

c o n v e n t i o n a l  p r o j e c t 1. , t h e y  a g p l y  a l s o  t o  t h e  ty p e  o f  i n n o v a t i o n  

b e i n g  c o n s i d e r e d  h e r e .

Maddock ,e t  down t h e  f o l l o w i n g  p r e s c r i p t i o n s  :

-  Match t h e  s i z e  id scope o f  t h e  p r o j e c t  t o  t h e  m arke t  to  which 

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

-  Check f o r  e x i  t i n g  t e c h n i q u e s  which m igh t  be adapted to  mnet 

t h e  r e q u i r e d  o b j e c t i v e s .

A p p r e c i a t e  t h e  u n w i l l i n g n e s s  o r  i n a b i l i t y  o f  w o r k f o rc e s  and 

t h e  g e n e r a l  p u b l i c  t o  a c c e p t  new m e th o d s .

-  Accept  t h a t  even t h e  most  p e s s i m i s t i c  t im e  f o r e c a s t s  a r e

I

Yet a f u r t h e r  cor. i d e r a t i c n  t h a t  s h o u ld  be g ive n  a t t e n t io n  a t  t h i s  

t im e  i  t h a t  o f  p a t e n t '  . Th i s  means t h a t  the company should check  

whe the r  t h e  p roposed  i n v e n t i o n  o r  i n n o v a t i o n  c o n ta in s  p a ten ta b le  m a te r ia l  

o r ,  Conv r l y ,  whether i f  might  i n f r i n g e  e x i s t i n g  p a te n ts ,  trademarks  

o r  l i c e n c e s .

I t  would be p ruden t . , even a t  t h i  e a r l y  i t f lye , t o  s eek  the  a d v ic e  o f  

paten t  a t t o r n e y s  and por i i b l y  r e t a i n  t h e i r  s e r v i c e s  f o r  th e  duration  

o f  t h e  p r o j e c t .  T h i s  p r e c a u t i o n  V p a r t i c u l a r l y  n ecessa ry  i f  the  

i n v e n t i o n  happens  to  touch  on th e  i n t e r  " i t s  o f  l a r g e  c o r p o r a t io n s , o r  

o f  b o d i e s  l i k e  t h e  Chamber oI Mines o r  t h e  South  A frican  Transport  

S e r v i c e s ,  who might  r e s e n t  hav ing  t o  make l a r g e  r o y a l ty  pa/mants and 

might  t h e r e f o r e  look f o r  o p p o r t u n i t i e s  t o  c h a l l e n g e  t h e  v a l i d i t y  o f  

p a t e n t  a p p l i c a t i o n s .



Having stipulated the? ue . t i o n s  that ought to be looked into at the 

feasibility tage, it i n c  .ury tu i' iue a word of" warning. The 

feasibility apprai a l  i t fe ignad tu find finaj an-w e t s, but to 

determine whether innvv.itic i? worth taking a ,t p further.

Initial stages o f  the nroj c* would not involve high costs, and so a 

decision to proceed further would not bi too ris! y or i r r e v o c a b l e .

Looking bac or tin r e j e c t  de c r i t d  in  t h i s  d i s s e r t a t i o r , i t  

i s  a lm o s t  c e r t a i n  t h a t  a  c o n v e n t i o n a l  f e a s i b i l i t y  a p p r a i s a l  a t  i t s  

i n i t i a l  s t a g ' * u ld  have pu t  an end t o  t h e  p roposed  min ing  i n n o v a t i o n .

An a p p r a i s a l  o f  a t e c h n i c a l  p ro p o s a l  must  t h e r e f o r e  be accompanied  by 

,

I n n o v a t i o n  w i l l  not emanate from an o r g a n i s a t i o n  t h a t  o v e rd o e s  f i n ­

a n c i a l  c o n s i d v r a t i o r  , ar this jarly t a g e .  A good i d e a  might  e v e n t u a l l y  

f i n d  p r a c t i c a l  i p ; l i c a t i o n s  undreamt o f  i n  e a r l i e r  f e a s i b i l i t y  a p p r a i s a l s

Product  Thom;ion

I t  i s  e s s e n t i a l  t h a t  a soon a s  p o s s i b l e ,  r e s p o n s i b i l i t y  s h o u ld  be 

p l a c e d  on i i n g l e  i n d i v i d u a l ,  c o n v e n t i o n a l l y  termed t h e  p r o j e c t  

manager a n d ,  in  t ‘ c > ■ of in m jv a t io '  a c t i v i t i i ’ , t h e  p ro d u c t  

champion.

The champion might  well hi t h e  i n v e n t o r ,  i f  an i n v e n t i o n  i s  i n v o l v e u ,  

o r  t h e  p r o p o s e r  o f  a  s u g g e s t e d  new t e c h n i q u e  o r  s u b j e c t  o f  t e c h n o lo g y  

t r a n s f e r .  On t h e  o t h e r  hano,  h igh  t e c h n i c a l  a b i l i t y  i s  no t  a lways  

accompanied by c o n co m i ta n t  a d m i n i s t r a t i v e  s k i l l s  and t h e  c h o i c e  o f  

champion c o u ld  f a l l  e l s e w h e r e ,  with  t h e  i n v e n t o r  a c t i n g  a s  t e c h n i c a l  

a d v i s e r .



• ,

a l t h o u g h  thi_,  would p ro b a b ly  rorm i l l y  hi t h e  ca , e . Some e m o t io n a l  

involvement,  w i th  t h e  p r o j e c t  Is  d e s i r a b l e  ( w i t h  r e s e r v a t i o n s  which 

w i l l  be o u t l i n e d  l a t  o r )  and i nt hu la  m i . a  n rim> re l u i r e m e n t .

3
The f o l l o w i n g  somewhat i d e a l i s t i c  q u o ta t io n  from Kir g s t o n , migh t  s e r v e  

a s  a g u i d e l i n e  t o  s e l e c t i o n  :

" I f  t h e  nr i  one c h a r a c t e r !  t i c  which marks o u t  an i n n o v a t o r  more 

t h a n  a n y t h i n g  e l  e , i t  i s  a c a p a c i t  f o r  tind an en joyment o f  l e a r n i n g .

, . 

men. T* i s  c u r i a  i t y  i s  v i t a l ,  because  w i th o u t  i t  t h e r e  i s  none  o f

.

Thus th e  i n n o v a t o r  s tands  a t  t h e  p o i n t  o f  i n t e r s e c t i o n  be tween s e v e r a l

.

bu i r  , t  twee iris i mnd a r t  " f a c t  " .

Even th e  be t  and b i g g e s t  o r g a n i s a t i o n s  might have  d i f f i c u l t i e s  i n  

l o c a t i n  ■trii j o n . N' ■ ■■rt.h' le . , i n  morn imple t e rm s ,  K in g s to n

i recomm- i j n i l l r u u n d e r  r a t h e r  th a n  a s p e c i a l i s t ,  who has  a l s o  

a f a c i l i t y  f u r  moving ou- i t1 h i s  uwr a r t i c u l a r  ,.,here o f  e d u c a t i o n , 

t r a i n i n g  and e x p e r i e n c e .

I n  r e g a r d  to  a d m i n i s t r a t i o n ,  the champion sh o u ld  b r  g i v e n  s u f f i c i e n t  

a u t h o r i t y  to  e n a b l e  him to  a c t i v a t e  t h e  company h r e a u c r a c y  and a l l o w  

h i s  views and m g u i r  emont t o  be h e a r d . I he company i t s e l f  shou ld  a l s o  

mai-e a p o i n t  o ’" l e t  t i n g  key members o f  I t s  a d m i n i s t r a t i o n  know a bou t  

t h e  p r o j e c t  . i • alms uno proixised modus o p ie ra n d i . In  p r o j e c t  manage-  

it . arm: , the: product: champion shou ld  o p e r a t e  i n  a m a t r i x  o r g a n i s a t i o n ,  

•vhare nc wi. i '' vor'  . 'ndar e s p e c i f i c  d i r e c t o r  o r  commit tee f o r  t h e  p r o j e c t
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i t s e l f ,  b u t  have easy  a c c e s s  i l  u t o  t h e  v a r i o u s  d e p a r t m e n t s  and sub 

d e p a r t m e n t s  w i t h i n  t h e  company.

Si il - t e r m  budge t  and p la n

I n  t h e  e a r l y  s t a g e s  o f  a p r o j e c t  i t  i s  n o t  p o s s i b l e  t o  make a c c u r a t e  

c o s t  f o r e c a s t s  i n  t h e  long  te rm .  N e v e r t h e l e s s ,  i t  i s  p o s s i b l e  to  

f o r e c a s t  c o s t s  a t  s h o r t  i n t e r v a l s ,  say one  yv-^r, and i t  i s  e s s e n t i a l  

t h a t  t h i s  be done .

The f i r ^ t  . e r i e s  o f  a c t i v i t i e s  o f  th e  programme w i l l  p ro b a b ly  no t

in v o lv e  much more th a n  d; > rt a r c h ,  l a b o r a t o r y  t e s t i n g ,  p a t e n t

, di . ts might be slight

'

e s s e n t i a l  t h a t  th e y  be a t  down on a programme and t h a t  th n  p ro d u c t  

champion be made a c c o u n ta b le  f o r  t! am.

The very  e x i s t e n c e  o f  such a p r e l im in a r y  p la n  and budge t w i l l  p r e v e n t  

t h e  p r o j e c t  from b e in g  r e g a rd e d  f o r  c e r t a i n  i n d i v i d u a l s ,  a s  a 

p le a s a n t  d i v e r s i o n  from r o u t i n e ,  and a s  l i p  s e r v i c e  to  th e  cau se  o f  

d i v e r s i f i c a t i o n  and - p ing  c o n t a c t  w ith  t h e  l a t e s t  te c h n o lo g y .  Much 

o f  th e  low p ro g re s s  in  th e  RL d i v e r s i f i c a t i o n  e f f o r t s ,  d e s c r ib e d  

e a r l i e r  in  t h i  d i  s e r t a t i o n ,  can  b< a .c r ib e d  to  la c k  o f  f o r m a l i t y  in  

th e  programme and co n seq u en t a b sen ce  o f  a c c o u n t a b i l i t y  on th e  p a r t  o f  

t h e  nom inal p ro d u c t  champion and th e  board  o f  th e  company g e n e r a l l y .
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/'umrnary of Step 1

The s t e p  te rm ed  f  a s i b i l i t y  at ,.r l i s a l  comprise: . t h r e e  - e p a r a t e  a c t i v i t i e s  

-  a p p r a i s a l  i t  e l f ,  s e l e c t i o n  o f  cham pion, and s h o r t - t e r m  p la n  -  which 

run  c o n c u r r e n t l y ,  b u t  which p o in t  t h e  way to  l o g i c a l  im p le m e n ta t io n  o f  

th e  s t e p s  which a r e  t o  f o l lo w .

TEf ? : 3el-~ct i- ' j t  w ording j r o u p

The p ro d u c t  cham. io r  w i l l  o p e r a t e  or h i '  own to  s t a r t  w i th ; and w i l l  

g r a d u a l ly  form a w orking g ro u p  to  as 1 s t  h i s  t e s t  programmes and i n -

up o f  company

em ployees; i n  f a c t  th e  champion m igh t f in d  i t  e a s i e r  to  use  s p e c i a l i s t  

s t a f f  on a p a r t - t i m e  b a s i s .

r e j e c t e d  innova l t i f i c  n a t u r e ,

and w i l l  p ro b a b ly  c a l l  f o r  l a b o r a to r y  t e s t i n g  o f  some s o r t . R L 's  

i n i t i a l  e x p e r ie n c e  w ith  : t i and - l a g s , and i t s  l a t e r  e x p e r i e n c e  with  

m ining  uc p o r t  , a l l  go to  how t h a t  t h e  Wits l a b o r a t o r i e s  p l u s  

CSIA/MERU l a b o r a t o v i i  a t  Co* f e l l o e , a d e q u a te ly  coped w i th  t h e  t e s t i n g  

f a c i l i t i e s ,  and even t c n . -a n y  w ith  e x i s t i n g  f a c i l i t i e s  would be w e l l -  

a d v is e d  n o t  to  ex ten d  t- b u t  to  u se  e s t a b l i s h e d  and r e p u t a b l  o u t s i d e  

l a b o r a t o r i e s .  B es id e  , be ing  w ell-m anned and we11- e q u ip p e d , t h e  e s t a b ­

l i s h e d  l a b o r a t o r i e s  produce r e s u l t s  which th e  o u t s id e  w orld  would 

r e c o g n iz e  a s  o b j e c t i v e  and c r e d i b l e .

In  t h e  same v e i n , r a t h e r  th a n  ap o i n t  r e s e a r c h  s t a f f  on a  permanent  

b a s i s ,  i t  i s  p r e f e r a b l e  t o  commission e x p e r t s  to  a c t  a s  c o n s u l t a n t s  

on a r e t a i n e r ,  as -and-w hen  b a s i s .  I n  t h i s  " v e n t ,  and a l s o  i n  r e g a r d  t o
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i n  o r d e r  to  p r e s e r v e  .e c recy  ( i f  re l u i r e d j  and to  p r o t e c t  p a t e n t a b l e  

m a t e r i a l .  The system  of u i n n  ijf id^  ( m u l t a n t  ha- worked sm ooth ly  

and a d e q u a te ly  in  th e  e v e r . 1 i c t i v i t i e i  d -v .c r ib ed  in  t h i s  d i s s e r t a t i o n .

A d m in i s t r a t i o n  o f  t h e  p ro j  c t , and c o n t r o l  o f  f i n a n c e , cou ld  be h an d led  

' to  i t s  norma]

work l o a d . Thi es- ence o f  th i i; o v a t io n  p o l i c y  sh o u ld  t h e r e f o r e  be

,

a v o id a n c e  o f  e m p i r e - b u i l d in g .  An e v e n tu a l  d e c i s i o n  to  su spend  th e  p r o j e c t

would thus  i r v o l v  l i t t l e  di ru. t i a n ;  a n d , in  th e  e v e n t  o f  t h e  p r o j e c t

showing s ig n s  o f  ucce , a p r ro ;  r i a t e  s t a f f  a p p o in tm e n ts  and i n c r e a s e s  

'

An im p o r ta n t  sc pair,tm ♦ , ovr r  and abovr th a t  o f  p r o j e c t  cham pion , i s  

t h a t  o f  o v e r a l l  gu a rd !a r  o r  w atch-dog to  th e  p r o j e c t .  T h is  watch-dog 

c o u ld  be e i t h e r  a com m ittee  o r  ' s o n i  r  cnmpirv o f f i c e r ,  th e  l a t t e r  

p r e f e r a b l y  .oneon. o f  th e  to t.u  o f  t e c h n i c a l  d i r e c t o r .  T h is  a p p o i n t ­

ment i e s s e n t i a l  in  o r d e r  t o  a v o id  thi te n d en cy  to  o p t i m i s t i c  b i a s .

Even th e  most s in c e re  and devo ted  p ro d u c t  champion sometimes needs 

c o o l  and o b j e c t i v e  r e a s o n  a p p l i e d  to  h i s  e n th u s ia s m .

TTF.T .'3 : 11 e I n v e n t io n  Htagf;

In  t h i s  a c t i v i t y , a somewhat form al app roach  i s  a d v o c a te d , n o t  i n  o r d e r  

to  look  a f t e r  th e  b u d g e t , which i s  s m a l l ,  bu t to  keep  i n  i n t i m a t e  touch  

w ith  th e  a c t i v i t i e s  o f  th e  p ro d u c t  chnmnion and h i s  a d v i s e r s .  T h i s
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app roach  i s  r e  iu i re d  no t  o much to  p o l i c e  t h e  p ro d u c t  cham pion, b u t  to  

p re v e n t  him from d r i f t i n g  i n t o  a  world o f  h i s  won where he m igh t l o s e  

to u c h  w ith  p r i c t i t - a l  1 jc and r e e l i t i e s .  A lthough  th e  p ro d u c t  champion 

sh o u ld  be g iv e n  a  r e l a t i v e l y  f r e e  hand, he sh o u ld  a l s o  be made aw are  t h a t  

d u r in g  th e  c o u r s e  o f  t h e  p r o j e c t ,  he w i l l  be s u b je c t  t o  f u l l  and f r e e  

c r i t i c i s m  from h i s  t e c h n i c a l  p e e r s .

I f  t h e  i r e j e c t  t a r t s  on a modest s c a l e ,  which i t  sh o u ld  d o ,  t h e r e  a r e  

bound to  be long  p e r io d :  o f  a p p a re n t  i d l e n e s s  w n ile  w a i t in g  f o r  r e s u l t s  

o f  t e s t s  o r  f i e l d  i n v e s t i g a t i o n s .  T h is  i s  one o f  t h e  p r i n c i p a l  r e a s o n s  

f o r  k eep in g  th e  s t a f f  compl ment s m a l l ,  u n t i l  t h e  p r o j e c t  p a s s e s  from 

in v e n t io n  t o  i n n o v a t i o n .

In  RL, th e  p ro d u c t  champion r e tu r n e d  to  r o u t i n e  d u t i e s  d u r in g  t h e s e  

s i t i n g  p e r io d s ;  b u t  t h i s  was a m is ta k e  and i n d i c a t e d  t h e  g e n e r a l  la c k

ft  -r4 . These  w a i t in g  p e r io d s  

a f f o r d e d  an o p p o r tu n i ty  f o r  t h e  p ro d u c t  champion to  make h im s e l f  

th o ro u g h ly  f a m i l i a r  / i t h  th  ib j e c t  and th e  problem th ro u g h  s tu d y ,  

d i s c u s  i o n ,  and even t r a v e l  i f  n e c e s s a r y ;  and t h i s  o p p o r t u n i t y  was no t 

s u f f i c i e n t l y  a p p r e c i a t e d .

In  t h e s e  a p p a r e n t ly  i d l e  p e r i o d s ,  t h e r e f o r e ,  th e  p ro d u c t  champion shou ld  

make a p o in t  o f  u p d a t in g  h im s e l f  on r e c e n t  t e c h n i c a l  d e v e lo p m e n ts ,  o f  

k e e p in g  in  touch  w ith  i n v e s t i g a t i o n s  o f  a s i m i l a r  n a t u r e  by a wide 

r e a d in g  o f  j o u r n a l  , w he ther  t e c h n i c a l ,  economic o r  o f  g e n e r a l  news 

i n t e r e s t ,  and o f  E s t a b l i s h i n g  and m a in ta in in g  c o n t a c t s  w ith  o r g a n i s a t i o n s  

o p e r a t i n g  in  a r e a s  p o t e n t i a l l y  a f f e c t e d  hy th e  i n n o v a t i o n .  T h is  a c t i v i t y  

c o m p rise s  what in  m i l i t a r y  te rm s would be te rm ed " i n t e l l i g e n c e ” , and 

sh o u ld  be r e g a rd e d  a s  an e s s e n t i a l  and c o n t in u in g  i n g r e d i e n t  i n  t h e  t o t a l



programme. The . roduc t  champion ' ' l i =, i eep  art o v e r a l ]  p e r s p e c t i v e

t i e s ,

■

The p ro d u c t  champion must at. t h i s  s t a g e  1 1 so s t r i v e  t o  b u i l d  a g ro u p  o f  

c o -w o rk e rs  who w i l l  d e v e lc ;  a l o y a l t y  to  t h e  p r o j e c t . C oldhar 7 i n  h i s  

f i n a l  rev iew  s t a t e s  t h i  r e q u ire m e n t  ucc inc  t l y  : " . . .  R & D e n g i n e e r in g

,

ment w i th in  which in n o v a t io n  can ta k e  p l a c e . "

On th e  more form al *,ide, r e g u l a r  n  v i  w: and a p p r a i s a l s  should become a 

f e a t u r e  o f  th e  programme and nould  d i r e c t  th e m s e lv e s  t o  t h e  fo l lo w in g  

c u e s t i o n s  :

-  Are th e  o r i g i - a l  o b j e c t i v e s  i t i !  v a l i d , o r  ho u ld  t h e  p r o j e c t

change d i r e c t i o n  and em phasis?

-  Ii t e c h n i c a l  p r o g r e s s  l e a d in g  tow ards  a s o l u t i o n  o f  prob lem s and 

r e a l i  a t i o n  o f  o b j e c t i v e s ?

-  Should  p ro c e d u re s  be changed?

-  Should t h e  e f f o r t  be t r e n g th e n e d  o r  reduced?

-  I s  t h e r e  to p e  o f  com mercial s u cces s?

Does p ro g re s s  and hope f o r  t h e  f u t u r e  j u s t i f y  c o n t i n u a t i o n  o f  

e f f o r t ?

A p p ra is a l  o f  t h i s  s o r t  r e q u i r e s  to  be can d id  and u n s p a r in g  o f  t h e  

s u s c e p t i b i l i t i e s  o f  th e  p ro d u c t  cham pion . T en d e n c ies  tow ards  

o p t i m i s t i c  b i a s  sh o u ld  be looked  f o r ,  and in  t h i s  s e a r c h  c o n s u l t a n t s  and 

t h e  "watchdog" w i l l  p la y  an im p o r ta n t  r o l e .



o f  t h e  p ro j  c t ;  i t  o. -t • , m a rk e t i n g  : o c i i b i l i t i -  . und p o t e n t i a l  r i v a l s ,  

b e s id e s  c a r r y i n g  o u t  h i  s c i e n t i f i c  and t e c h n i c a l  i n v e s t i g a t i o n s .

The p ro d u c t  champion must  a t  t h i  , s t a g e  a l s o  s t r i v e  to  b u i l d  a g ro u p  o f

CO-worker who k i l l  h v e l o i  a l o y a l t y  to  t t v ’ p r o j e c t .  G oldhar f  i n  h i s  

f i n a l  rev iew  st it a t h i  r- s u i n m e n t  u c c i n c t l y  : " . . .  A & D e n g i n e e r in g

management i s ,  in  i : .e , t in  t a  • o f  d e s ig n in g  and m a in ta in in g  an e n v i ro n ­

ment w i th in  w h ic  i n n o v a t io n  can ta k e  p l a c e . "

On t h e  more fo rm al s i d e ,  r e g u l a r  r e v i  a and a p p r a i s a l s  s h o u ld  become a 

f e a t u r e  o f  t h e  programme and ro u ld  d i r e c t  th e m se lv e s  to  t h e  fo l lo w in g  

au e r-»-ions :

-  Are the o r i g i n a l  c h j e c t i v i  t i l l  v a l i d ,  o r  sh o u ld  th e  p r o j e c t  

change d i r e c t i o n  end em phasis?

-  I s  t e c h n i c a l  p ro g re  s 1 a d in g  tc yards a  s o l u t i o n  o f  p rob lem s and 

r e a l i s a t i o n  o f  o b j e c t i v e s ?

-  Should  p ro c e d u re s  be changed?

-  Should  th e  e f fo r t ,  be s t r e n g th e n e d  o r  reduced?

-  I s  th e r e  hope o f  com m ercial u cce ss?

-  Does p r o g r e s s  and hope f o r  t h e  f u t u r e  j u s t i f y  c o n t i n u a t i o n  o f  

e f f o r t ?

A p p ra is a l  o f  t h i s  s o r t  r e q u i r e s  to  be o an d id  and u n s p a r in g  o f  t h e  

s u s c e p t i b i l i t i e s  o f  t h e  p ro d u c t  champion T en d en c ies  tow ards  

o p t i m i s t ! :  b i a s  sh o u ld  oe looked  f o r ,  and in  t h i s  search c o n s u l t a n t s  and 

th e  "w atchdog" w i l l  p la y  an im p o r ta n t  r u b ’.



I l l ,

,

Maddock' 3 .vjpning abou t f iroca ,1 u s u a l l y  b e in g  to o  .h o r t  f o r  a c t u a l  

r e a l i s a t i o n  s h o u ld  be bo rn e  in  m in d , and d e c i '  Lon: t o  c o n t i n u e , d e s ­

p i t e  s e t b a c k s , -hould not b d i f f i c u l t  i f  boi h programme and p r o j e c t

'

i t s  c a p a c i t y .

A cco u n ta n ts  and f i n a n c i a l  d i r e c t o r s  a r e  v i  g e n e r a l  a v e r s e  t o  t h e  un­

c e r t a i n t y  o f  R & 1 e f f o r t  ,, and t h e  com pany 's  rminagemenc must be p r e ­

pa red  to  ta k e  a tnong hand to  e n s u re  t h a t  :

( i )  d e c i s i o n s  on th e  f u t u r e  o f  th e  p r o j e c t  be based

on t e c h n i c a l  g ro u n d s  and 

i i )  c o s t s  in  th e  i n v e n t i o n  s t a g e  be s t r i c t l y  c o n t r o l l e d ,

so a s  to  p re v e n t  p re m a tu n  ibandonment o f  th e  p r o j e c t .

5TE.F J : " o l  : In n p y j t  i.-in ij-

H aving a r r i v e d  a t  t h i s  s t e p  im p l i e s  ch a t  t h e  company i s  f o r e c a s t i n g  

e v e n tu a l  su cce i  and i n t e n d s  to  p u rsu e  th e  p r o j e c t  f u r t h e r .  T h is  i n  

t u n  would in v o lv e  ir; i n t e n  i f i c a t i o n  o f  Che wfiole inv  - t i g a t i v e  e f f o r t  

and a d ra m a t ic  su rg e  in  c o s t s .

p r e v io u  . r e f e r e n c e s  have t r e s s e d  th e  d i f f i c u l t y  o f  o b t a i n i n g  any 

d e g re e  o f  a c c u ra c y  in f o r e c a s t i n g  th e  c o s t s  o f  in n o v a t io n ,  b u t  t h i s  does 

n o t  p ro v id e  an excuse  f o r  a v o id in g  th e  e x e r c i s e .  The in v e n t io n  phase  

i l y  be accommodated, or h id d e n , in  company o v

.

The l i t e r a t u r e  on th e  o b j e c t  t a l k s  g e n e r a l l y  o f  an in v e s tm e n t  i n  R & D 

o f  ab o u t  1 -  2% o f  t u r n o v e r . T h is  f ig u r e  m igh t be  f e a s i b l e  f o r  t h e  manu­

f a c t u r i n g  i n d u s t r i e s ,  b u t  i  e x o  s s i v e  f o r  c o n s t r u c t i o n  c o m p an ie s , w he ther  

c o n t r a c t o r s  o r  c o n s u l t a n t s .

In  c i v i l  e n g in e e r in g  c o n t r a c t i n g  companic ,, f o r  exam ple ,  1% o f  tu r n o v e r  

r e p r e s e n t s  from 10 -  o f  p r o f i t s ,  and would be f a r  to o  h ig h  a f i g u r e  

to  a l l o c a t e  t o  in n o v a t io n .  C i v i l  e n g in e e r in g  com panies s h o u ld  t h e r e f o r e  

th in k  i n  term  o f  f a r  lo w e r  p e r c e n ta g e s  o f  t u r n o v e r  and p o s s i b l y  s im ply  

in  te rm s  o f  cash  a v a i l a b l e .

To g iv e  an exam ple; u t  p r e s e n t  day s a l a r i e s ,  and making a l lo w a n c e s  f o r  

t r a n s p o r t ,  o u rch ase  o f  l a b o r a t o r y  f a c i l i t i e s ,  engagement o f  c o n s u l t a n t s ,
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and a d m i n i s t r a t i o n , i t  seem s t h a t  no s e r i o u s  i t '  mpt a t  in n o v a t io n  c o u ld  

be made a t  a n y th in g  ]* .: than  RIOO 000 p e r  y e a r .  Thi r e p r e s e n t s  1% on 

an an n u a l  t u r n o v e r  o f  A10 m i l l i o n  and 0.2% on an an n u a l  t u r n o v e r  o f  A50 

m i l l i o n .  A ■ y s t e m a t l c  in n o v a t io n  p o l i c y  sh o u ld  t h e r e f o r e  no t  be a t te m p te d  

u n t i l  a company has  a t t a i n e d  a t  l e a s t  th e  l a t t e r  t u r n o v e r , which means i t  

w i l l  have r e a c h e d , by p r e s e n t - d a y  South A f r ic a n  s t a n d a r d s , th e  s t a t u s  

g e n e r a l l y  c l a s s i f i e d  a s  m e d iu m -s iz e d .

■Vorthy o f  m en tion  i s  a n o th e r  way of f in a n c in g  in n o v a t io n  w h ich , a c c o rd in g  

to  K in g s to n , i s  o r e c t i s e d  by c e r t a i n  b an k s .  These i n s t i t u t i o n s  s e t  

a s i d e  sums c a l l e d  " r a c in g  money" which r e p r e s e n t  a  sm a l l  p r o p o r t i o n  o f  

t h e i r  funds and to  which t h e i r  normal c r i t e r i a  f o r  in v e s tm e n t  do n o t  

a p p ly .  They a p p r e c i a t e  t h a t  th e  e fu n d s  w i l l  be i n v e s t e d  in  u n c e r t a r  i 

o r  h i g h - r i  .k a r e a s  and t h a t  th e  d e c i s i o n  t o  i n v e s t  i s  n o t  based  on t h e i r  

u s u a l  c a u t io u s  and r a t i o n a l  a p p ro a c h .  They m igh t th e n  be p re p a re d  to  

g iv e  t h e  in n o v a to r  a l i m i t e d  p e r io d  of t im e  in  which to  prove h i s  p o in t ;  

i f  u n s u c c e s s f u l  t h e  l o s s e s  have no t  been g r e a t  and i f  s u c c e s s f u l  t h e  

rew ards  cou ld  be o u t  o f  p ro p o r t io n  t o  th e  funds  i n v e s t e d .  T h is  s o r t  o f  

app roach  m ight w ell be a p p l i e d  to  a  cor u c t io n  company o r  c o n s u l t a n t  

which cou ld  r e s e r v e  a  s p e c i a l  fund f o r  t h e  c o n t in g e n c y  o f  f u t u r e  e f f o r t s  

a t  i n n o v a t io n .

A c o n s i d e r a t i o n  t h a t  m ight w ell be ta k e n  i n t o  a c c o u n t  a t  t h i s  s t a g e  i s  

t h a t  o f  e n t e r i n g  i n t o  a p a r t h e r  h ip  w ith  a company which m ight be  i n t e r e s t e d  

i n ,  o r  a f f e c t  d by, s u c c e s s f u l  im p lem en ta t io n  o f  th e  in n o v a t io n .  An 

a l l i a n c e  w ith  a m a n u fa c tu r in g  company o r  a m in ing  company, depend ing  on 

th e  n a t u r e  o f  th e  p r o j e c t , would no t  o n ly  r e l i e v e  th e  f i n a n c i a l  burden 

b u t  a l s o  speed  up f i n a l  im p lem en ta t io n  o f  in n o v a t io n  and d i f f u s i o n .



The c i v i l  e n g i n e e r i n g  company i n  t h i  ca  ,e if,  f aced  w i th  r e l a t i v e l y  

c l e a r  a l t e r n a t i v e : ,  : t a k e  a p a r t n e r  and a c c e p t  a -smaller  s h a r e  o f

t h e  f i n a l  p r o f i t  ; o r  go i t  a l o n e ,  be p r e p a r e d  f o r  t h e  im p le m e n ta t io n  

p r o - e s s  t o  be slower and mort co 1 l y , and rem ain  o l e  ownev o f  a l l  

r i g h t s  and p r o f i t s .  The fo rm er  o p t i o n  appear '-  t o  be more p r  idun t.

T aking  th e  above i n t o  c o n s i d e r a t i o n ,  th e  t a p  o f  f o l lo w - th ro u g h  

i s  o b v io u s ly  l a r g e l y  governed  by f i n a n c i a l  c o n s i d e r a t i o n s .  I f  a l l  

e x p e r im e n ta t io n  :nd a p p r a i s a l -  a t  in v e n t io n  s t a g e  have p o in te d  to w ard s  

t h e  p r o j e c t  h av in g  a  r e a s o n a b le  chance o f  s u c c e s s ,  th e  company must 

a p p r e c i a t e  t h a t  i f  i t  c a r r i e s  o r’ i t  i s  e n t e r i n g  a phase o f  heavy

,

1 - v e n tu r e ,

t h e  funds must be r e g a rd e d  a s  r i s k -m o n e y .

The p roduc t  champion must be made aw are o f  how much h a s  been made 

a v a i l a b l e  and f o r  how lo n g ,  and th e  budget must be h an d led  a s  i f  i t  

were n o n - e l a s t i c ,  i n  th e  wu,  o f  " r a c i n g  money". M oreover, th e  

f u n c t i o n s  o f  a p p ra i '  il  and thr w atch -  dog w i l l  have to  be i n t e n s i f i e d .

I f  such a s o b e r  and r e a l i  . t i c  p o l i c y  i s  ad o p ted  from t h e  i n c e p t i o n  o f  

t h e  in n o v a t io n  p h a s e ,  the company w i l l  s ta n d  a  chance o f  p a s s in g  

th ro u g h  i t  and i n t o  th e  f i n a l  pha e of p r o f i t a b l e  im p le m e n ta t io n  and 

d i f f u s i o n .

Note : G u id e l in e s  have no t  been s e t  down f o r  t h e  d i f f u s i o n  p h ase .

D i f f u s io n  i e s s e n t i a l l y  a m a rk e t in g  o p e r a t i o n ,  which w i l l  have to  

be ad ap ted  to  each p a r t i c u l a r  product o r  p r o c e s s ,  and o n ly  one o f  t h e  

p r o j e c t s  d e s c r ib e d  in  t h i s  d i s s e r t a t i o n  (R e in fo rc e d  E a r th )  has  rea c h e d  

th e  d i f f u s i o n  s t a g e .
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On eve n i l  o f  fa  i o n ; , , i n  th e  course o f  t h i  d i s s e r t a t i o n ,  m en tion  has  

been made th a t  ■ i v i l  n g i r  e r in g  doe n o t  e a s i l y  le n d  i t s e l f  t o  c h a n g e , 

and t h a t  t h e  m in in g  i n d u s t r y ,  a l th o u g h  more a t t u n e d  to  i n n o v a t i o n , a l s o  

p r e s e n t s  p r o b l m  to  t h e  unwary i n v e n t o r  o r  i n n o v a to r .  I n n o v a t i o n , i f  

a t t e m p t e d , sh o u ld  t h e r e f o r e  be tackle*! w ith  a know ledge o f  t h e  way in  

.\hich th e  two i n d u s t r i e s  work.

I n  S o u t h  A f r i c a ,  some s p e c i f i c  g u i d e l i n e s  a p p ly  :

C i v i l  E n g in e e r in '

I f  t h e  t h r e e  s t a g e s  i n  U e x e c u t io n  o f  c i v i l  e n g in e e r in g  p r o j e c t s  can 

he c l a s s i f i e d  is c o n c e p t ,  d e s i g n , and c o n s t r u c t i o n , th e n  t h e  i n d u s t r y  

i t s e l f  can be s u b - d iv id e d  i n t o  t h r e e  o p e r a t i n g  g ro u p s  ; e m p lo y e rs ,  con­

s u l t i n g  e n g i n e e r s , and c o n t r a c t o r  . I n  t h i  t o t a l  e f f o r t  i t  i s  th e

He pays f o r  the
•ro. e c t  , he lay 1 wn s c i f i c a t i o r  and c o n t r a c t  c o n d i t i o n s ,  he

a p p o in t s  c o n s u l t i n g  e n g i n e e r s , he ,r?ts r u l e s  f u r  s e l e c t i o n  and award o f

c o n t r a c t s .  I n v e n t o r  o r  in n o v a to r  must t h e r e f o r e  know t h a t  i f  any changes

■

i s  t h e  em ployer who w i l l  e v e n t u a l l y  d e c id e  w hether  such change w i l l  be 

a l lo w ed  to  t a k e  p la c e .

A f u r t h e r  f n a t u r e  o f  t h i :  i n d u s t r y  i s  t h a t  r e s e a r c h  in  i t  i s  n o t  c e n t r a l l y  

c o - o r d i n a t e d . Each m a jo r  government dep ar tm en t c o n d u c ts  r e s e a r c h  o f  a 

k in d  and in  x o l a t i o n ,  u s u a l l y  w ith  o b j e c t i v e s  d ev o ted  more t o  c h e c k - t e s t i n g  

o f  c o n s t r u c t i o n  o r  r o t e n t i a l  te c h n o lo g y  t r a n s f e r .  Fundam ental r e s e a r c h  i s  

o n ly  c a r r i e d  o u t  a t  th e  U n i v e r s i t i e s  and a t  CSIR i n  t h e  N a t i o n a l  B u i l d i n g  

R esea rc h  and T r a n s p o r t a t i o n  and Road R esea rc h  I n s t i t u t e s .  I n  t h i s  f i e l d ,  

t h e r e  does  e x i s t  ome com munication and in t e r c h a n g e  o f  i d e a s  between t h e  

academ ic i n s t i t u t i o n !  ind CG1R; hu t  th e  i n t e r c h a n g e  o f  i n f o r m a t i o n  i s  no t  

in d u s t r y - w id e .  R esearch  e f f o r t  by c o n t r a c t o r s  and c o n s u l t a n t s  i s  m i n i m a l .

T h i s  fragm en ted  s t a t e  o f  a f f a i r s  a c c e n t u a t e s  t h e  need f o r  t h e  i n n o v a t o r  

to  app roach  eac h  em ploying a u t h o r i t y  s e p a r a t e l y .  No c e n t r a l  body e x i s t s ,  

even in  CSIR, which can approve  o f  a now method o r  p r o c e s s ,  o r  a d v i s e  on 

i t s  a d o p t io n ,  e x c e p t  f o r  th e  Agr&nent Board which e x e r c i s e s  c o n t r o l  o v e r  

new t e c h n iq u e s  in  h o u s in g .
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I n  a p p ro a c h in g  employing  a u t h o r i t i f  , i n n o v a t o r  would be w e ll  d d v is e d  n o t  

t o  s t a r t  a t  t h e  t o p .  Hi ad o f  m a jo r  d e p a r tm e n t  a r e ,  by t h e i r  very  

f u n c t i o n ,  h e a v i l y  commit ted  t o  admini  t r a t i o n  and f i n a n c e ,  and t h e i r  

p a t i e n c e  s h o u ld  not  be t r i e d .  I t  i -  more p r e f e r a b l e  and p r a c t i c a l  to  

a p p ro ac h  t e c h n i c a l  sub-depar tment:  , where d eve lopm en ts  i n  s c i e n c e  and 

te c h n o lo g y  s t i l l  occupy t h e  mind o f  t h o s e  i n  c h a rg e .

Depe d in g  cn  th e  n a t u r n  o f  the i n n o v a t i o n ,  th e  d ep a r tm en t t c  ap p ro ach

,

t h e  a p p ro v a l  and su p p o r t  o f  d a y - to - d a y  p r a c t i t i o n e r s  i n  t h e s e  d e p a r t -  

"W its  no amount o f  i n f l u e n c e  a t  t h e  to p  would be o f  much a s s i s t a n c e  i n  

a c h ie v in g  an i n n o v a t io n a l  b re a k th ro u g h .

C o n s u l ta n t  and c o n t r a c t  ir  c o u ld  a l  o p la y  t h e i r  p a r t ,  a l th o u g h  a  some- 

V-iat l i m i t e d  o r, . Cun j l t a n t  , f o r  exam ple ,  a r e  i n  a p o s i t i o n  to  enco u rag e  

in n o v a t iv e  d , i g r , even i f  th e  dec!  io n  f o r  ap p ro v a l  does  n o t  f i n a l l y  r e s t  

w ith  them. In  f a c t ,  R e in fo rc e d  F a r th  o b ta in e d  i t i  f i r s t  c o n t r a c t  th ro u g h  

th e  e n th u  l a  m and good i f f i c e  , o f  a  c o n s u l t i n g  e n g i n e e r ,  who managed to

p e rsu ad e  h i s  Employer to  in t r o d u c e  th e  system  on a r e l a t i x / e l y  sm a ll

s c a l e .  C o n t r a c t o r  can c o n t r i b u t e  by a g r e e in g  to  subm it a l t e r n a t i v e  

d e s ig n s ,  e i t h e r  a t  th e  b id d in g  s t a g e ,  o r  on Jo b s  under c o n s t r u c t i o n .  

G e n e r a l ly ,  however, t h e i r  hands a r e  t i e d .

Supply compen!, , have p lay ed  an im p o r ta n t  ro le  in  i n n o v a t io n .  P r e -  

s t r e :  ed c o n c r e t e ,  f o r  ex am p le , was l a r g e l y  in t ro d u c e d  by commercial 

d e s ig n  and supp ly  com pan ies ,  and not by p r o f e s s i o n a l  c o n s u l t a n t s  o r  

c l i e n t  b o d ie s .  A no ther  in n o v a t io n  in t r o d u c e d  by a su p p ly  o r g a n i s a t i o n  

was t h a t  o f  p r e c a s t  box c u l v e r t s  i n  road  c o n s t r u c t i o n ,  t h e  te c h n o lo g y
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■ ievxng oeen c - 'o rsver i 'e t i  r.xn.i A u s t r a l i a .  H ere a g a in  i t  took  t h e  company 

f,ave; d l  yec-r o f  c o n s i s t e n t  e f f o r t ;  to  g e t  a p p ro v a l  from each  p r o v i n c i a l  road  

c d r i n i s t i a t i o n  in  t u r n .

"fhesa in n o v a t iv e  com panies were p re p a re d  to  i n c u r  l a r g e  c o s t s  i n  p rom oting  

c h e i r  i d e a s ,  bu t  i t  was alway th e  c l i e n t  who had to  be u p . r e a c h e d ,  and 

v o  had to  be co n v in ced  o f  th e  s t r e n g t h , s a fe ty  and v i a b i l i t y  o f  t h e  

a l t e r n a t i v e  s o l u t i o n .

The M ining I n d u s t r y

These g u i d e l i n e s  a r e  based  o r  a i n g l e  p r o j e c t  and c o v e r  o n ly  a

•

In  co v th  A f r i c a , th e  r in  d i f f e r s  ce between m ining  and c i v i l  e n g in e e r in g  in  

r e g a r d  to  i n n o v a t i o n , i t h a t  the  m in ing  in d u  t r y  i t s e l f  ru n s  a l a r g e , w e l l -

t i o n a l l y  ac c la im e d

and fam ous , wf i l l  c i v i l  e n g in e e r in g  c a r r i e s  o u t  i t s  r e s e a r c h  in  a m u l t i ­

p l i c i t y  o f  d i f f e r e n t ,  s e p a r a t e  r . t o b l i  Tim nt . The m in ing  r e s e a r c h  

o rg a n !  i t i o n  t h e r e f o r e  p la y s  a  m ajor r o l e  in  d e c id in g  on t h e  a c c e p t a b i l i t y  

and im p lem en ta t io n  o f  su g g e s te d  in n o v a t io n s .

A lthough S t r s t a f i x  i t s e l f  a p p -u re d  to  g e t  o f f  on th e  wrong f o o t  i n  i t s  

d e a l in g s  wit* th e  Chamber o f  Mini Ai narch  O n ja n isa t  i o n , t h e  o r g a n i s a t i o n  

i s  i n  p r i n c i p l e  r o t a g a in  t  t h e  i n t r o d u c t i o n  o f  new t e c h n o lo g y  by o u t s i d e r s .

Q
The R esearch  A d v iso r  to  th "  Chamber o f  Mines w r i t e s  a s  fo l lo w s  :

" P a s t  e x p e r ie n c a  h as  l e d  to  t h e  i n t r o d u c t i o n  o f  a mure t a n g i b l e



scheme f o r  e n c c c r a g i n g  t h e  i r .  -j o . c ;  r r  • a t i®i®

r e f e r r e d  t o  a s  u n d e r w r i t i n g  - f c  m v. x  - . V.lten ne v

system o r  equipment a p p r o a c h e s  f ine) ,  p: ociuci.icn t ’- ' id i  th e n  e mi.ns (oi

mines )  i s  lo cked  f o r  t o  p u r c h e  .t t h e  nuipment n e c e s s a r y  f '0 2  t h e  t r i a l .

At t h e  same tim e minimum perfo rm ance  t a r g e t s  a r e  a g re e d  upon r.na t h e  

r e s u l t s  o f  the  t r i a l s  a r t  e v a lu a te d  i n  th e  l i g h t  o f  t h e s e  t e r g s t s  

th e  t a r g e t s  a r e  n o t  m e t , th e  p u rc h a s in g  mine i s  re im b u rse d  b> chf 

Chamber o f  Mine' f o r  t h e  c o s t  o f  th e  eo u ip m en t.  In  t h i s  m a n n e r . th e

■

s p re a d  o v e r  th e  whole i n d u s t r y . T h is  in s u r a n c e  scheme h as  been used

on a  number o f  o c c u - i o r w ith  u c c e s s . "

I t  i s  : O' i b l e  t h a t  th e  R esearch  Advi -or i s  r e f e r r i n g  mere to  m e ch an ic a l  

equipm ent and m in ing  d e v ic e s  ind t h a t  t h e r e  i s  l i t t l e  p r e v io u s  e x p e r i e n c e  

i  hav ing  to  d ea l  w ith  in n o v a t io n s  such as  th e  o re  d e s c r ib e d  i n  t h i s  

d i s s e r t a t i o n .  I t  i s  t o  be hoped t h a t  th e  two i n d u s t r i e s  c o u ld  work more 

c l o s e l y  t o g e t h e r  i n  f  fu tu re  , :» 'rhap' even a o r e s u l t  o f  t h i s  p a r t i c u l a r  

a t te m p t  a t  i n n o v a t i o n .

- ; port,
th e  in n o v a to r  shou ld  t e a r  in  n in d  t h e  fo l lo w in g  :

-  b u i ld  t h e  in n o v a t io n  around  m ining  method:, c u r r e n t l y  i n  p r a c t i c e ;

-  a v o id  a t t e m p t s  t o  a l t e r  p r e s e n t  m in ing  m ethods;

-  r e a l i s e  t h a t  i t  i s  u s u a l l y  a w as te  o f  tim e t a l k i n g  to  l i n e  

m anagement, o r  even  head o f f i c e  c o n s u l t i n g  e n g in e e r s  d i r e c t ] y  

in v o lv e d  in  p r o d u c t io n .  Demand: on t a r g e t s  and d e a d l i n e s  a f f o r d  

p ro d u c t io n  p e r s o n n e l  l i t t l e  o r  no t im e  to  d e a l  w ith

p o t e n t i a l  in n o v a t io n s  in t r o d u c e d  by o u t s i d e r s  and which s ta n d  e 

chance o f  c r e a t i n g  problem s in  th e  s h o r t  te rm ;



e s t a b l j  ih co n ta c t  w ith  r  ,, a r c h  jepartm- nt b u t  more p a r t i c u l a r l y  

rock m echan ics  d e p a r t m e n t s . I t  i s  h e re  where t h e r e  i s  a chance  o f  

o b t a i n i n g  < s y m p a t h e t i c  and u n d e r s t a n d i n g  h e a r i n g .

c i v i l  e n g in e e r s  s h o u ld  maki no ex cu se  f o r  v e n tu r in g  i n t o  th e  m in ing  

f i e l d .  The two iro fe ; ion: a r e  c l o s e l y  r e l a t e d , and c i v i l  e n g i n e e r s  

co u ld  make a v a l u a b le  c o n t r i b u t i o n  to  s u p p o r t  p rob lem s by v i r t u e  o f  

t h e i r  in v o lv em en t w ith  th e o ry  o f  s t r u c t u r e s  and s t r e n g t h  

o f  m a t e r i a l s .  The two p ro fs  io n s  sh o u ld  have no d i f f i c u l t y  t c  work 

ham or io u  1 y t o g e t h e r ,  bu t  i t  i s  e s s e n t i a l  f o r  t h e  o u t s i d e r  p rofession  

( i n  t h i s  c a s e  c i v i l  e n g in e e r in g )  to  p r e s e n t  i t s  c e se  as t a c t f u l l y  as
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t i o n ,

h a s  a t te m p te d  t o  p ro p o se  m ethods o f  management o f  R & D and o f  i n t r o ­

d u c t io n  o f  in run  l i o n  i n t o  two s p e c i f i c  i n d u s t r i e s .  The recom m endations  

a p p ly  sp  c i f i c a l l y  to  s m a l l - s c a l e  R & D, a s  d i s t i n c t  from R & D  c a r r i e d  

o u t  c l a s s i c a l l y  i n  e l e c t r o n i c : , o r  ch em ica l  e n g i n e e r i n g , o r  by governm ent 

i n s t i t u t i o n s .  T h is  f i n a l  s e c t i o n  s e t s  do-vn a f --> f u r t . i e r  a s p e c t s  o f  t h e

,

The lone  i n v e n t o r

The g e n e ra l  g u i d e l i n e s  l a i d  down f o r  R & D i n  c i v i l  e n g in e e r in g  com panies 

c o u ld  p o s s ib ly  a l s o  be fo l lo w e d  by an i n d i v i d u a l  i n v e n to r  who l a c k s  

f i n a n c i a l  b a o  ing  and who w i l l  e v e n t u a l l y  have t o  approach  a f i n a n c i a l  

in  t i t u t i o n  o r  e n t r e p r e n e u r  which m ight i n t e r e s t  i t s e l f  i n  h i s  p r o j e c t .  

H is  su g g e s te d  method o f  ap p ro ach  cou ld  w ell  be s i m i l a r  t o  t h a t  l a i d  down 

i n  t h e  g u i d e l i n e s ,  with th e  added p ro v is o  t h a t  he shou ld  ch o o se  h i s

ive a  c h o ic e .

Lone in v e n to r s  in  South  A f r i c a  sh o u ld  a l s o  know o f  t h e  e x i s t e n c e  o f  t h e  

I n v e n t i o n s  Development C o rp o ra t io n  (SAIDCOR). I f  i t  c o n s id e r s  an i n ­

v e n t io n  to  have p ro m ise ,  3AIDC0R cou ld  p ro v id e  t h e  in v e n to r  no t  o n ly  w ith  

a good p r o p o r t i o n  o f  n e c e s s a r y  f i n a n c e ,  b u t  a l s o  v a lu a b le  know-how on 

p a t e n t s  and th e  t o t a l  p ro c e s s  o f  commercial i n n o v a t io n .  A p o s s i b l e  d i s ­

a d v an tag e  o f  working w ith  5AIDC0R i s  t h a t  by i t s  c o n s t i t u t i o n  i t  c an n o t 

t a k e  a c t io n  a s  f r e e l y  o r  a s  .w i f t l y  a s  can a p r i v a t e  e n t r e p r e n e u r .



The Teach ing  o f  R & D management

S e v e ra l  a u t h o r ;  i n  th e  q u o ted  r e f e r e n c e s  a d v o c a te  fo rm al t e a c h in g  o f  

R £1 D m anagem ent. G o ldhar  make , t h e  p o in t  : "No b u s in e s s  o r  e n g in e e r ­

in g  programmi t h a t  we know o f  r e  . u i r e s  a  c o u r s e  i n  th e  management o f  

t e c h n o lo g y / i n n o v a t i o n  y e t , f o r  most o r g a n i s a t i o n s ,  u n d e r s ta n d in g  

te c h n o lo g y  and in n o v a t io n  and b e in g  a b l e  to  manage t e c h n o l o g i c a l  change 

i s  fundam ental t o  i t s  u c c e s s f u l  g ro w th . U l t i m a t e l y ,  how ever,  we must 

c r e a t e  a g r e a t e r  demand oool f o r  t r a i n i n g  in  t h e  management o f  te c h n o ­

l o g i c a l  i n n o v a t i o n . "

I n  South  A f r i c a , i t  i s  p o s s i b l e  f o r  e n g in e e r s  and s c i e n t i s t s  t o  p u rsu e  

long  and s u c c e s s f u l  c a r e e r  w ith o u t  e v e r  becoming c o n s c io u s ly  aware 

o f  t h e  r o l  t h a t  in n o v a t io n  has p la y ed  in  t h e  developm ent o f  modem 

i n d u s t r i .  1 c i v i l i z a t i o n  : r  o f  the  s i g n i f i c a n c e  o f  r e l a t i v e l y  d o w n -to -

m a rks .  Th i s  gap i n  

knowledge s tiould  b r e c t i f i e d ,  p r e f e r a b l y  by a p p r o p r i a t e  c o u r s e s  a t  

bo th  u n a e rg ra d u a te  and p o s t - g r a d u a t e  l e v e l  in  e n g i n e e r i n g  and s c i e n c e  

s y l l a b u s e s .

In n o v a t io n  and t h e  g e n e r a l  p u b l i c

A lthough most p e o p le  in  advanced t e c h n o lo g ic a l  c o u n t r i e s  pay l i p  s e r v i c e  

to  t h e  r o l e  o f  .ciencf: and te c h n o lo g y , ve ry  few u n d e r s t a n d  t h e  r o l e  o f
p

th e  i n d u s t r i a l  s c i e n t i s t ,  t h e  i n v e n to r ,  o r  t h e  i n n o v a to r .  David  A l l i s o n ^  

makes t h i s  p o in t  i n  d i s c u s s in g  th o s e  who have to  s a n c t i o n  e x p e n d i t u r e s  

f o r  R & 0 : " I f  th e y  a r e  to  be i n t e l l i g e n t  g u a rd ia n s  o f  t h e  p u b l i c  

p u rs e  o r  t h e  company t r e a s u r y  i t  i s  e s s e n t i a l  t h a t  th e y  u n d e r s t a n d  i n n o ­

v a t i o n .  They must u n d e rs ta n d  f o r  example t h a t  in n o v a t io n  i s  n o t  s imply  

a  f l a s h  o f  g e n i u s ,  n o t  j u s t  a  b r i l l i a n t  i d e a ,  b u t  t h a t  i t  i s  a  c h a in  o f



ever t : t h a t  b.t r e t c h e s  from t h e  i d e a  t o  something  t a n g i b l e  and s o c i a l l y  

v a l u a b l e . One need r o t  be a s c i e n t i s t  or  e n g i n e e r  t o  know how th e  

i n n o v a t i o n  i roc s work .a, bu t i f  t h a t  j . ro c e s s  t r u l y  i s  t o  work, i t  i s  

i m p e r a t i v e  t h a t  t t e  t u p r o r t e r s  and nk.nagers o f  t h e  p ro c e s s  be som eth ing  

morn than  ger < rou  n n o f  goodw i l l

1
F reem an , an economis t  him e l f  , make a a s i m i l a r  p o in t  : "A lthough  r .^ s t

e c c n o m is ts  tax • made a defer* t i a l  nod i n  t h e  d i r e c t i o n  o f  t e c h n o l o g i c a l

s a y  th a t

t h i s  paradox ear  be e x p la in e d  in  t rut o f  t h r e e  f a c t o r s  : ig n o ra n c e

o f  scienc> and te c h n o lo g y , p r e o c c u p a t io n  w ith  t r a d e  c y c l e s  and em ploy-

.

:

p u b l i c  a t  1 r g e ,  o f  in n o v a t io n  and in v e n t io n  f a l l s  l a r g e l y  on th e

,

.

ta sk  to  which the South  A fr ic a n  c i e n t i t l e  e s t a b l i s h m e n t  sh o u ld  a d d r e s s  

i t s e l f  with some s e r s n  o f  u rg e n c y .
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APPENDIX 1

G R O U P E  J E A N  L E F E B V R E
LABORATOIRE CENTRAL

RUE DU I' OCTOBRE • 45400 FlEURY IES AUBRAIS 

TELEPHONE 8 7 8 7  59

C O M P T E  R E N D U  N* 148/74 s u i t e

D O S S I E R  I AFFiIQUE DU SUD

ETUDE DES CENDflES VOLANTEti S .A .U .O .L . & E.S.D.O.M.



LABORATOIFfc CENTRAL -  E . J . L .

& Lb 0 3 .1 2 .7 4

E . J . L .  -  SIEGE

A F R I Q U E  DU S U D

Etude d es  cen d res v o la n te a  S .A .S .O .L . e t  E.S.C.O.M .

-  (Complement du C.R. N°148/74 du 2 2 .1 0 .7 4 )



FORMULE N°

ETUDE DES CENDRES VOLANTES S .A .S .O .L . & E.S .C .O .M . 

COMPLEMENT DE RESULT ATS DU TABLEAU I I  

C.R. 148/74

i C e n d r e s  g r o n s i e r e r .  ! C e n d r e r .  f i n e s  j C e n d r e r  g r o s s i e r e s  
Je SCOM. ' SASOL. IESCOM.

p h a u x  f r a n q a i s e  ,__________ c h a u x  S u d  A f r l c a i n e . ____________

Ihanr, g y p ^ o j a / e c  l y p s a j r a n  g y p :  (^ a v c c  a v p s e j s a n s  q y p s e  j a v e c  q y p se

COMPRESSION :

-.6 s i  s t a n c e  en comp r e  s -  
s i r n  6 :

6Ci J o u r s  -  a i r 9 ,9  b a r s 15,5 b a r s 3 1 ,6  b a r s 4 5 ,4  b a r s 8 ,4  b a r s 1 3 ,6  b a r s

C. CKAUMDNT



ETUDE DES CENDAES VOLANTES S .A .8 .O .L . & E.3.C.O.M.

COMPLEMENT DE RESULTATS DU TABLEAU I I  

C.R. 148/74

j C e n d r e s  g r o r . s i e r e s  ! C e n d r e r ,  f i n e s  i C e n d r e s  q r o s s i e r e s  
Je SCOM . 1 SASOL. lESCOM.

h a u x  f r a n g a i s e  , c h a u x  Sud A f r i c a i n e .

an r ,  g y p s e
-r

a / e c  g y p s a j s a n s  g y ps* ive< ~ t! .r; jyps T ~ ~

FORMULE N°

COMPRESSION :

R es is ta n ce  en compres­
s io n  A :

SO J o u rs  -  a i r 9 ,9  b a rs 15,5 b a rs 3 1 ,6  b a rs 4 5 ,4  b a rs 8 ,4  b a rs 13.6 b a r s

C. CHAUMONT



APPENDIX 1 (b)

G R O U P E  J E A N  L E F E B V R E
LABORATOIRE CENTRAL

RUE DU II OCTOBRE • 45400 FLEURY IES AUBRAIS

TELEPHONE 8 7 - 8 7  59

C O M P T E  R E N D U  N«>039 /75

D O S S I E R  I AFRIOLE DU SUD

ETUDE DE CENDFES VOLANTES EN PRCXZENANOE 

DE LA CENT RALE DE KELVIN A JOHANNESBOURG
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LABORATOIRE CENTRAL JE-^N LEFE3VRE

E55A ] D l GO AS IP A C T A G E

" P R O C T O R "  Modyi6

1
7

d h d » n s i t6 humide «„ * t e n e u r  e n  ea u  p o u r  n a 1 0

n ,  v id e s  d ' a i r  d s<le ■ d - n s i t 6 a^ c h e  p o u r  n ,  1 0

Echantillon  Ne .................
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DESTINATION . 
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O p 6rateur  : .  .
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LABORATOIRE CENTRAL JEAN LEFEBVRE

E55A3 02 COM PACTAGS

" P R O C T O R "  Modi/i6
1
6

d 3ae

dh * density humide « e = teneur en eau pour n ,  - 0

n,  vjdes d '.iir d Sa,  * density s&ehe pour n ,  = 0

Echanti l lon N
x ^ ^ V K - k  v v r v X v i  M al6riau : p r o v e n a n c e

DESTINATION  ...............

P . V. d ' e s s a i  N * .................

OpSrateur :

k g /d m 3

a X X wX ,

I

-  o / j  c- 'ts  Z o / r a  : 0 5 %  

.TSf, >  -  C .7 , f S  c O A f I 1 2 %
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i KK
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LABORATOIRE CENTRAL -  E . J .L .

:i Lb  0 6 .0 3 .1 9 7 5
E . J . L .  -  SIEGE
3= 5B 35 2SSSS 2X 35=83*25 = 3=

C.R. N°039/75

AFRIQUE DU SUD
mmmmsammmmm-mmmxmxmm

Etude do c e r t i r e s  v o l a n t e s  en  p rovenance  de 

l a  C e n t r a l s  de KELVIN #• JCHANNESBOURG



-  03JET :

Dans n o t r e  r a p p o r t  N°148/74 du 2 2 .1 0 .1 9 7 4  nous a v io n s
e t a b l i  l a s  c a r a c t e r i s t l q u e s  da d l f f ^ r e n t e s  cendi^es v o l a n t e a  an  p ro v e ­
nance d 'A f r i q u e  du Ex/' a i n s i  qua l e u r  p o e a i b i l l t e  d ' u t i l i n a t i o n  p ou r  
l a  t r a i t e n a n t  d a s  s a b l e s  a t  d a s  g r a v e s .

De n o u v e l le s  c a n t in a s ,p r o d u l t e s  p a r  l a  c e n t r a l e  da 
K e lv in  a Johanneabourg  nous d t a n t  p ro p o s e e s ,  11 s ' a g i t  i c i  de com parer  
l e u r  q u a l i t y  aux c e n d re s  3AS0L a t  ESCOM d6J6 A tu d i^ e s .

-  IDENTIFICATION DES CENDRES VOLANTES DE KELVIN :

Lb s  p r i n c i p a l e s  c a r a c t 6 r i s t i q u e s  de I ' d c h a n t i l l o n  de 
c e n d re s  qua nous avons  retju oon t in titquA es c i - d e s s o u s  :

21 -  G ran u lo m e tr ie
E l i e s  s o n t  d d f i n i e s  p a r  l e a  c o u n ­
ties c i - j o i n t e s

22 -  S u r fa c e  s p a c i f i g u e  B la in e  : 4 725 cm2/g

23 -  R o lds  s p e c i f i q u e s 2 ,1 8



TRAJTEMENT D'UN SABLE 0 /5  ROULE DE LOIRE :
= = = a s  B * a = = a  ss » as=* =« s= * 3* s« sc = ■ sa a s  e  * =* « aa ■ s. = * a  e

31 -  Form ulas  e t u d l e a s  :

Nous avons  ^ tu d i t i  deux m elanges  donL l a s  c o m p o s i t io n s  
s o n t  p r e c i s e e s  c i - d e s s o u s  :

-  Formula N°1 : -  s a b le  0 /5  ro u ld  da L o ire  : 85 %
-  c e n d re s  v o l a n t e s  de K e lv in  : 12 %
-  cheux da Boren : 3 %

-  Formula N0?  : -  s a b le  0 /5  r o u ld  de L o ire
-  c e n d re s  v o l a n t e s  de K e lv in
-  chaux de Bo ra n
-  gypae

9 4 ,4  % 
12 %
3 % 
0,6 %

La courbe  g ra n u lo m e tr lq u e  c a r a c t d r l s a n t  c e s  deux 
ae t ro u v e  J o in t e  en annexe .

^ormules

32 -  E s s a l s  m ^cnnlques :

l^ s  r e s is ta n c e s  en com pression  ont 6 t6  me su rg es dans  l e s  
deux c a s  A 14 e t  28 Jours sur d es A prouvettea d 'A la n ce-  
ment 2 , com pactees s ta tio u em en t A 1 * 0 .P.M.

Les r A su lta ts  son t conaignA s dans l e  ta b lea u  c i - j o i n t .

. CONCLUSION :

Las c e n d re s  v o la n t e s  de K e lv in  que nous avons exaeinA ea  
aont; A n o t r e  a v i a ,  de bonne q u a l i tA  e t  peu v en t convw nir  pour l e  tra iL a ­
ment d e s  s a b l e s  e t  s u r t o u t  d es  g r a v e s .



P a r  l e u r  g r a n u lo m e t r i e  e t  l e u r  f i n e s s e  e l l e s  s o n t  t r e s  
p ro c h e s  du p re m ie r  e c h a n t i l l o n  de c e n d re s  v o l a n t e s  SASOL que nous a v io n s  
regu  d 'A f r i q u e  du Sud.

Lb s  p e rfo rm a n ces  o b te n u e s  ici dans  l e  t r a i t e m e n t  du 
s a b le  ro u !6  de L o ire  s o n t  i n t e r m e d i a i r e s  e n t r e  c e l l e s  c o r r e s p o n d  a n t e s  
aux f o m u l e s  N° 1 e t  N°2 ( c e n d r e s  SASOL) d 'u n e  p a r t  e t  N°3 e t  N°4 
( c e n d r e s  ESCOM) d ' a u t r e  p a r t ,  f i g u r a n t  dans  n o t r e  co m p te -ren d u  N°148/74 . 
Ces r A s u l t a t s  te m o ig n en t d 'u n e  p r i s e  t r 6 s  n e t t e  d e s  c e n d r e s  de K e lv in ,  
t o u t  6 f a i t  com parable  a c e l l e  que nous c o n s t a t o n s  h a b l t u e l l e m e n t  avec 
l e s  c e n d r e s  p r o d u i t e s  en  F ra n c e .



TABLEAU DES AESULTATS

Formula N° 1 2

1 -  COMPOSITION :

-  sable 0 /5  rou!6 de Loire 85 % 84 ,4  %

-  cendres  vulantes  de Kelvin 12 % 12 %

-  chaux Je Boran 3 % 3 %

-  gypse — 0 , 6  %

2 -  PROCTOR MODIFIE :

-  dens i ty  s6che maximum 2,015 2,015

-  teneur en eau optimum 10,0 % 10,0 %

3 -  COMPRESSION :

-  Ass i s tance  en compression 6 :

-  14 jours -  a i r 4 , 5  bar 5 , 3  bar

-  28 jours  -  a i r 7 , 5  bar 2 0 , 2  bar

4 -  Module de dSfonmation

A 28 jours  -  a i r 590 b a r 2 390 bar
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LABORATOIRF CENTRAL O O U R D A N .  Ic

C O M I ’T E  R E N *

DOSSIER : Ai PIQUE DU SUD

Etude de la  r6d v i t £  des  c e ndr e s  v c l a n t e s  
p r o d u i t e s  en A f r i q u e  du 5ud

DESTINATAIRE M. AGIUS 
M. DIMITRI
M. DELIGNL - -  M. CHAUMONT 
M. IE BOURLOT



r  - OBJET DE L 'ETUDE :

Le but  de c e t t e  e t u de  e s t  de t e s t e r  l a  r e a c t i v i t y  des  c e ndr e s  
v o l a n t e s  p r o d u i t e s  en Af r i q ue  du Sud en l e s  u t i 1 i s a n t , d ' une p a r t , s o u s  f orme 
de melange : c e n d r e s  v o l a n t e s  - chaux - g y p s e , e t , d 1 a u t r e  p a r t / comme l i e n t  
pour l e  t r a i  t ement  d' un s a b l e , a v e c  a c t i v a t i o n  a la c haux .

2 r - IDENTIFICATION DES PRODUITS :

Les y c h a n t i 1 Ions  de p r o d u i t s  requs  d ' A f r i q u e  du Sud a c e t  e f  
f e t  ont  y t y  i d e n t i f i e s  comme s u i t  :

1 - Cendres v o l a n t e s  :

- Gran u l ome t r i c  :

-  p a s s a n t  A : 1 , 0  mn: : 100 %

0 , F  : 9 9 , 5
0 , 3 1 5  : 99
0 , 2 0 0  : 98
U . 1 0 0  ; 91
0 , 0 8 0  : 86

- s u r f a c e  s p e c i f i q u e  B l a i n e  : 41 2 0  cm2/q

-  P o i d s  s p e c  i f i q u e  : 2 , 1 7 6

- Imbrules  : 7 , 9  %

2 - Chaux v i v e  :

- Gr an u l ome t r i c  :

- p a s s a n t  d : 3 , 15  mm : 100 %
2 . 0  : 99
1 . 0  : 89
0 , 5 0 0  : 71
0 , 31 5  : 59
0 , 2 0 0  : 48
0 , 1 0 0  : 33
0 , 0 8 0  : 30

- s u r f a c e  s p e c i f i q u e  B l a i n e  : 3980 cm2 /q

- Poids  s p e c i f i q u e  : 3 , 1 0 9

* W



B M

- R e a c t i v i t e  a 1 ' e a u  ( t e s t  L . C . P . C . )  : t °  = 35* C

-  chaux l i t r e  : 80  *

3 -  Gypse  :

- G r a n u l o m e t r i e  :

- p a s s a n t  a : 0 , 0 8 0  mm

- s u r f a c e  s p 6 c i  f i q u e  B l a i n e

-  P o i d s  s p e c i f i q u e

- pH ( s o l u t i o n  a 25 %)

: 9 9 , 6  %

: 61 0 0  cm2/g  

: 2 , 3 0

: 1 0 , 9

Les p r o d u i t s  f r a n g a i s  u t i l i s e s  comparat i vement  aux p r e c e d e n t s
p r g s e n t e n t  l e s  c a r a c t e r i s t i ques  s u i v a n t e s  :

1 -

- G r a n u l o m e t r i e  :

- p a s s a n t  3 : 1 , 0  mm 
0 , 5 0 0  
0 , 3 1 5  
0 , 200  
0,100 
0 , 0 8 0

S u r f a c e  s p C c i f i q u e  B l a i n e

Poids  s p G c i f i q u e  

Imbrules

100 %

99
99
99
89
82

3150 cm2/g

: 2 , 2 5 3

: 6 , 7  %

2 - Chaux v i v e  Pf'ty : 

-  Granulometr i e  :

- pas s ant  a 3 , 1 5  mm 
2,0  
1.0 
0 , 5 0 0  
0 , 3 1 5  
0,200  
0,100 
0 , 0 8 0

100  % 

99 
96 
88 
82 
75 
64 
62



s u r f a c e  s p e c i f i q u e  B l a i n e  : 5 8 2 0  c m2 / g

P o i d s  s p e c i f i q u e  : 3 , 1 6 2

R e a c t i v i t e  a 1 ' e a u  ( L . C . P . C . )  : t* = 66* C.

chaux  l i b r e  : 82  %

3 r - ETUDE DE LA REACTIVITE DES CENDRES VOLANTES : 

'

Les c e ndr e s  d ' Af r i q u e  du Sud ont  L e s l i e s  d p a r t ' r  de la  
formul e  c l a s s i q u e  s u i v a n t e  employee  en France :

- C.V.  d ' A f r i q u e  du Sud : 91 %

-  chaux d ' A f r i q u e  du Sud : 4 %

- gypse  d ' A f r i q u e  du Sud : 5 %

Les r e s i s t a n c e s  a l a  c ompre s s i on  d e  c e  m e l a n g e ,  m e s u r e e s  sur  
e p r o u v e t t e s  d ' e i a n c e m e n t  2 (5  x 10 cm) mo u i e e s  d 1 ' O . P . M . ,  s o n t  l e s  s u i - 
v a n t e s  :

-  R e s i s t a n c e  5 : 7 j o u r s  - a i r  : n u l l e

14 j o u r s  - a i r  : 0 , 7 5  MPa

28 j o u r s  - a i r  : 3 , 2 4  MPa

90 j o u r s  -  a i r  : 3 , 4 5  MPa

Des gonf l ame nt s  t r e s  i mport ant s  et. des  f i s s u r a t i o n s  s o n t  ap-  
parus  sur  t o u t e s  l e s  e p r o u v e t t e s .

Lr meme me l a n g e  a p a r t i r  de  p r o d u i t s  f r a n g a i s  n ' a  pas e t e  es  
s a y e  dans  1e ~as  p r e s e n t , ma i s  1 ' e x p e r i e n c e  que nous en avons  nous per  
met  de  d i r e  que l e s  r e s i s t a n c e s  o b t e n u e s  a 90  j o u r s  ave c  l e s  c e n d r e s  
d ' A f r i q u e  du Sud s o n t  frequemmont  o b t e n u e s  d 7 j o u r s  ave c  l e s  c e ndr e s  
f r a n q a i s e s , pour d e p a s s e r  e n s u i t e  1 0 , 0  MPa d 90 j o u r s .

32 -  T r a i t e m e n t  d ' u n  s a b l e  f i n  p a r  un me l a n g e  Ce ndres  + chaux v i v e  :

Les c e n d r e s  d ' A f r i q u e  du Sud e t  l e s  c e n d r e s  f r a n g a i s e s  de  
l a  c e n t r a l  e de  Vi t r y  s ur  S e i n e ,  a c t i v C e s  s u c c e s s i v e m e n t  par l a  chaux  
v i v e  d ' A f r i q u e  du Sud e t  l a  chaux v i v e  RCty,  o n t  e t e  employees  compa-  
r a t i v e m e n t  pour s t a b i l i s e r  un s a b l e  f i n  de  l a  r e g i o n  p a r i s i e n n e .



G r a n u l o m e t r i c  :

- p a s s a n t  d : 0 ,5 0 0  mm : 100 1
0,315 : 99
0 , ? 0 0  : 97
0,100  : 10
0 ,080  : 4 , 8

- E q u i v a l e n t  de s a b l e  : E . S . v .  : 38

E . S . p .  : 28

322 - Fo rm u la t io n  du melange :

L ' e t u d e  a e t £  menCe a p a r t i r  de l a  fo rm ule  de b a se  s u i v a n t e  :

- s a b l e  f i n  : 80 X

-  c e n d re s  v o l a n t e s  : 16 X

- chaux v i v e  : 4 X

One formule  supplement  a i r e  a ega lemen t  e t £  moul£e avec  i n c o r ­
p o r a t i o n  de 1 X de gypse .

Les per fo rm an ces  m cca n iq u es ,  d e t e r m in e e s  comme pr icedemment  
s u r  e p r o u v e t t e s  d ' e i a n c e m e n t  2 (5 x 10 cm) compactCes  d I ' O . P . M . ,  
so n t  i n s e r t t e s  dans  l e  t a b l e a u  c i - d e s s o u s  :

Formule N° 1
( temoin)

2 *3 4 5

s — Compos i t ion  : 

j ,able  f i n 80 X 80 X 80 X 80 X 80 X
*= C.V. Vi t r y  (F ra n ce ) 16 X *  i 16 X - -
* C.V. A f r iq u e  du Sud * 16 X - 16 X 15 X
- chaux v i v e  A f r iq u e  du Sud 4 I 4 X • 4 I
Jk chaux v i v e  RMy ( F ra n ce ) 4 X * • 4 X -
• gypse A f r i q u e  du Sud 1 X

o . f  " . : :  2!  Z: 1,65 1,69 1,69 1 .6 9 1,692 - 13,5  X 13,5 X 13,5 X 13,5  X 13 ,5  X

3 - Compress ion : 

R e s i s t a n c e  A : 
- 7 j o u r s 0 ,17  MPa 0 0 0,17  MPa 0 , 0 8  %Pa
- 14 j o u r s 0 ,4 3  MPa 0 , 1 0  MPa 0 ,0 /  MPa 0 ,2 5  MPa 0 ,2 7  MPa
- 28 jours 0 ,9 5  MPa 0,21 MPa 0,135 M%a 0 ,4 8  MPa 0 , 4 2  MPa
- 90 jours 2,45  MPa 0 , 6 3  MPa 0 ,5 9  MPi 1,23 MPa 1,57 MPa
-180  jours (*) (*)

-----------
( t )

(*) gonf lemen t



Les mel anges  N° 2 ,  N° 3 e t  Nr 5 donnent  l i e u  d un g o nf l e me nt  
i r e s  important  (non m e s u r e ) ,  a l o r s  que c e  d e r n i e r  r e s t e  t r e s  l i m i t e  
pour 1es  c o m p o s i t i o n s  N° 1 e t  N° 4 .

Les r e s u l t a t s  a 180 j o u r s  s e r o n t  communiques u l t £ r i e u r e m e n t .

conclusi ons  :

Les p r i n c i p a l e s  c o n c l u s i o n s  de c e t t e  e t u d e  peuvent  s e  resumer comme
s u i t  :

- l e s  c e n d r e s  d 1Af r ique  du Sud f o n t  p r i s e  en p r e s e n c e  de chaux ,  mais  e l l e s
s e  r e v e l e n t  s e n s i b l e m e n t  moins r e a c t i v e s  que l e s  c e ndr e s  p r o d u i t e s  en Fran­
ce  ( compara i son  des  f ormul es  N* 1 e t  N° 4 ) .

- de s  g o n f l e m e n t s  i mport ant s  s o n t  o b s e r v e s  sur c e r t a i n s  m e l a n g e s .  I l s  r Gs ul -  
t e n t  de 1 ' empl o i  de l a  chaux v i v e  en provenance  d ' A f r i q u e  du Sud ( co mp a r a i ­
son de s  f ormul es  N° 1 e t  N* 3 d ' une  p a r t  e t  Nr 2 e t  N" 4 d ' a u t r e  p a r t ) .

II s ' a g i t  d ' une  chaux t r e s  g r o s s i e r e ,  v r a i s e m b l a b l e m e n t  d i f f i c i l e  a 
hydra t er ,  qui  n ' e s t  p a s ,  a n o t r e  a v i s , a d a p t e e  a c e t  u s a g e .

Nous rappe l ons  que l e s  chaux v i v e s  employees  en France ave c  l e s  c e n ­
d r e s  v o l a n t e s  d o i v e n t  po s s e de r  l e s  c a r a c t e r i s t i q u e s  s u i v a n t e s  :

- t e n e u r  nn chaux l i b r e

-  r e f u s  au tamis de 0 , 0 8 0  mm

- r e f u s  au tamis  de 0 , 2  mm

- g r a n u l a r i t e

- t e s t  de  r e a c t i v a t e  a 1 ' eau

% 80 %

<  50 %

^  10 %

0 / 2  mm

t* > 60" C. en moins  de 25 mm

- 1 ' a p p o r t  de gypse  dans l e  melange ( f o r mu l e  N° 5)  amAl iore  l e s  r e s i s t a n c e s  
mais  ne supprime pas l e  gonf l e me nt  e t  l a  f i s s u r a t i o n .

En d e f i n i t i v e ,  on peut  d i r e  que l e s  c e n d r e s  d ' A f r i q u e  du Sud, moyen-  
nant  1 ' empl o i  d ' une  chaux v i v e  c o n v e n a b l e  a r e c h e r c h e r  l o c a l e m e n t  ( v o i r  s p e ­
c i f i c a t i o n s  c i - d e s s u s ) ,  f ont  p r i s e  mais  l e s  performances  mecani ques  ob t e n u e s  
r e s t e nt , me mo dans ce  c a s ,  not ab l eme nt  i n f e r i e u r e s  a c e l l e s  h a b i t u e l 1ement r e ­
l e v e e s  avec l e s  cendres  produi  t e s  en France .

F. LE B0URL0T
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APPENDIX 2

C' . t D j s n .  , . - j v . y : • i'6

(fgOTE: Thi s  l e t l .  r  v.as w r i t t e n  ^hen i t  was t l mu t
t h a t  lhr» G v c r n m e n t  F i n i n g  E n g i n e e r  would
p r o h i b i t  t h o  u s e  o f  rn i n e s a n d )

ET_: F1 Y/GH F I XTUR- 5:

Tne i n a b i l i t y  t o  u-.a - m e t a n d  i c  a g r e a t  s e t b a c k  b e c a u s e  t h e  s t u d i e s
b a s ed  on t h . s  na • ■ r : c 1 now bee i e r^du:  d i n t .

P :r laps  i t  v- i l l  be found  | . s : ‘P u  t o  u s e  a t  l e a s t  some of  t h o s e
mine - und". .

s i t  cl " s  d i f f i c u l t  tu  f i n d  s u i  t o b l  e ^ m a t c n  a l s  to  r e p l a c e  t h e  s a n d
in an urban  . . r cc  e s h a l l  be a b l e  t o  u s e  t h r  p r e  1 im in a ry  s t u d i e s
which di' l i t  w i th  the  ' ■ f a c i l i t a t i o n  o f  f l y  a s h  a 1 one a s  a be = a , - a t c r i a l .

r ‘- • t in  tti • c uo t  une  an o b t a i n  a b a s e  l a y e r  c a p a b l e  o f
Su; a r t  V 1 v ' r a g c  t r a f f i c  w i th  a f i x t u r e  u f  9 '̂*. f l y a s h ,  ‘jf. l i m e  and
1 % Oypsu*i.

bar. th .c l i  l a y e r  o f  .uuh a M i x t u r e  . . i l l  p u . m i f  o f  un i n t L i a s t i n g  
2x , :e r .  "•_r.

I f i :  r o t  i •pos-. i b l v  io  t  r i t  un ir i t u  so :  1 w i th  a m i x t u r e  o f  f  l y a s h ,  
l im e  .md gypsum o u t  i t  v.: 1 1 fca i t f c c . s a r y  t o  c a r r y  o u t  e > u e r i r . e n t s  
w i th  the  z r : j to  be ur.eri.

f u r  th e  runy rui 1 1 on o f  ■ ush a work e u n f o r t u n a t e l y  c a n n o t  g i v e  a 
p r a c t i c a l  exam ple .  In F ra n c e  we h a v e  a lw a y s  used  a c e n t r a l  c . i x i n g  
p l a n t  fee  t h i s  ty p e  o f  ,ior k .

C o n s t r u c t i o n  on a l a r g e  s c a l e ,  t h a t  i s  to  say  on a number o f  p r o j e c t s ,  
w i l l  i r - g u i r e  a pi  e l . w in e ry  t r i a l  to  o c t e r m i n r  a method of m i x i n g  t h e  
s t a b i l i s i n g  n a t c r i a l s  w i th  th e  i n s i t u  s o i l .

The sequence  nf  o p e r a t i o n  w i l l  he r e l a t i v e l y  s t a n d a r d  and w i l l  i n c l u d e  
th e  use  of  a cement s p r e a d e r  and PUL VI-MIXER, p l u s  w a t e r i n g  a n d  
ro m p ? c t i o "  c q u 1pm c n t .

I t  s n o t  i m p o s s i b l e  to  c . ry  o u t  a d e m o n s t r a t i o n  e x p e r i m e n t  w i t h  
s u c c e s s i v e  %pr e a d i n g  of  f i r s t  t h e  s o i l ,  t h e n  t iic f l y a s h ,  then  t h e  l i m e  
and f i n a l l y  t h e  uyp'-um.

I would be a s l e  tu  h e l p  you p r e p a r e  s uch  a d e m o n s t r a t i o n  on a t e s t  
s e c t i o n  o f  ab o u t  300m lung .

These o p e r a t i o n s  wi l l  have t o  be i n v e s t i g a t e d  t h o r o u g h l y  and a s p e c i f i c  
method w i l l  have to  be e v o l v e d  which w i l l  be p r a c t i c a l  on a c o m m e r c i a l  
s c a l e .

Could you p e r h a p s  f i n d  o u t  w h e th e r  t h e  M u n i c i p a l i t y  i s  p r e p a r e d  t o  c a r r y  
o u t  such an e x p e r i m e n t  and to  ask  thorn to  p r o c e e d  w i th  a l a b o r a t o r y  
s tu d y  on which we c o u ld  b a s e  t h e  d e m o n s t r a t i o n .
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APPENDIX 3

It also became quite obvious that although the use of metalliferous 
slags in road construction is a promising development, and should 
be explored for application in South Africa, one of t h e  b i g  p r o b l e m s  

experienced in France relates to shrinkage cracking of t h e  s u r f a c i n g . 

Under the drier South African climatic cor it ions this p r o b l e m  may p r o v  

to be even more severe, and we may find ourselves faced w i t h  s e v e r e  

cracking problems simila to those experienced a few years a g o  w i t h  

cement-treated crusher-run road bases.

Session V : Fly-Ash

General Reporter N icolcscu : report read by Bonnot.

I t  i s  evident that fly-ash from different c o u n t r i e s  r e a c t s  d i f f e r e n t l y  

and  t h a t  fly-ash w i l l  have different properties f r o m  t i m e  t o  t i m e ,  

e v e n  when taV.en from the same power station. T h e r e  a r e  t w o  b a s i c  t y p e i  

o f  fly-ash : silica-alumina ashes which r e q u i r e  a c t i v a t i o n  i n  o r d e r  t o  

develop cementing action, and suIpho-calcic ashes w h i c h  a r e  s e l f  

cementing. T h e  bulk o f  fly-ash is transported hy d r a u 1 i c a 1 l y  t o  

s t o r a g e , and therefore loses some of its cement i t i o u s  p r o p e r t i e s .

When u s e d  a s  f i l l  t h e  density o f  f l y - a s h  i s  f o u n d  t o  b e  f a i r l y  
c o n s t a n t  regardless o f  o r i g i n .  The  c o m p a c t i o n  c h a r a c t e r i s t i c s  a r e  
g o o d  w i t h  a f l a t  c o m p a c t i o n  c u r v e  t h a t  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  
m o i s t u r e  content. T h e  s h e a r  s t r e n g t h  o f  t h e  m a t e r i a l  r e s u l t s  a l m o s t  
e n t i r e l y  from i n t e r n a l  f r i c t i o n ,  and  i s  e x c e l l e n t .  F l y - a s h  i s  c u r r e n t ]  

u s e d  i n  r o a d  c o n s t r u c t i o n  and  building c o n s t r u c t i o n .  I t s  u s e s  i n  

r o a d  c o n s t r u c t i o n  a r e  t o  c o n s t r u c t  fills, f o r  p a v e m e n t  f o u n d a t i o n s  

a n d  a s  a f i l l e r  i n  a s p h a l t  p r e m i x e s .  When u s e d  a s  a f i l l  i t s  m a i n  

a d v a n t a g e  i s  i t s  l i g h t  w e i g h t  w h i c h  m a k e s  i t  s u i t a b l e  f o r  c o n s t r u c t i n g  

e m b a n k m e n t s  o v e r  m a r s h y  g r o u n d . I n  pavement f o u n d a t i o n s  f l y - a s h  c a n  

b e  u s e d  t o  i m p r o v e  t h e  g r a d i n g  o f  c e r t a i n  s o i l s ,  e  g  s i n g l e  s i z e d  

s a n d s , and i t  c a n  a l s o  b e  u s e d  a s  a c e m e n t i n g  a g e n t  t o  s t a b i l i s e  
s o i l s .  When a d d e d  t o  c l a y  s o i l s  t h e  l i q u i d  l i m i t  i s  d e c r e a s e d , a l th o u c  
t h e  p l a s t i c i t y  i n d e x  r e m a i n s  a l m o s t  c o n s t a n t .  F r e e  s w e l l  and s w e l l i n g  
p r e s s u r e  a n  a l s o  d e c r e a s e d . S i m i l a r  r e s u l t s  a r e  o b t a i n e d  w h e t h e r  
t h e  p r e c i p i t a t o r  a s h  o r  l a g o o n  a s h  i s  u s e d ,  but" Lagoon a s h  i s  l e s s  
a c t i v e  t h a n  p r e c i p i t a t o r  a s h  w h i c h  h a s  n e v e r  ha d  a c c e s s  t o  m o i s t u r e .



F l y - a s h  l i m e  m i x e s  h a v e  t h e  a d v a n t a g e  o f  a s l o w  r a t e  o f  s t r e n g t h  

g a i n .  T h i s  h o w e v e r , d o e s  h a v e  t h e  d i s a d v a n t a g e  t h a t  t h e  m a t e r i a l  

c a n n o t  b e  t r a f f i c k e d  s o o n  a f t e r  l a y i n g .  T h e  r a t e  o f  s t r e n g t h  

i n c r e a s e  c a n  b e  a c c e l e r a t e d  b y  a d d i n g  p h o s p h o - u y p s u m , a t y p i c a l  

m i x  c o n s i s t i n g  o f  75% a s h , 15% l i m e  and  10% p h o s p h o - g y p s u m .

When u s e d  a s  a f i l l e r  i n  a s p h a l t  f l y - a s h  i s  j u s t  as effective a s  

l i m e  and i t s  e f f e c t  o n  t h e  g r a d i n g  o f  t h e  a g g r e g a t e  may a c t u a l l y  

r e s u l t  i n  an o v e r a l l  d e c r e a s e  o f  t h e  b i t u m e n  r e q u i r e m e n t .  When  

u s e d  i n  c o n c r e t e  t h e  m a i n  d i s a d v a n t a g e  o f  fly-ash i s  i t s  l o w  r a t e  o f  

s t r e n g t h  g a i n .  T h i s  r a t e  may b e  a c c e l e r a t e d  b y  a d d i n g  v i t r e o u s  

s i l i c a  d u s t .  F l y - a s h  may a l s o  b e  s i n t e r e d  t o  p r o d u c e  l i g h t w e i g h t  

a g g r e g a t e .  T h i s  a g g r e g a t e  i s  p o r o u s  and o p e n - p o r e d  w h i c h  r e s u l t s  

i n  an  i n c r e a s e d  w a t e r  d e m a n d .

When u s e d  i n  g r o u t s  t h e  f l u i d i t y  o f  t h e  f r e s h  g r o u t  may a c t u a l l y  

b e  i n c r e a s e d  b y  t h e  s p h e r i c a l  n a t u r e  o f  f l y - a s h  p a r t i c l e s .

In discussion, R h e i n h a r t  o f  S we d e n  described a pilot plant to 
recover vanadium and nickel f r o m fly-ash resulting from the b u r n i n g  

of fuel oil. This f1y-ash has been found to contain 2 to 5% of vanadi 
and 1 t o  3% of nickel. Germanium also occurs in certain fly-ashcs.
The r e c o v e r y  p r o c e s s  h a s  proved so successful t h a t  t h e  c a p i t a l  c o s t  

of t h e  i n s t a l l a t i o n  is expected t o  be r e c o u p e d  w i t h i n  3 y e a r s .

I n c i n e r a t o r  r e f u s e  i e s u l t s  f r o m  t h e  i n c i n e r a t i o n  o f  d o m e s t i c  r e f u s e .  

T h e  u n t r e a t e d  d o m e s t i c  r e f u s e  i s  i n c i n e r a t e d , a f t e r  w h i c h  t h e  m a t e r i a l  

i s  s c r e e n e d  a n d  t h e  c o n t e n t  o f  m a g n e t i c  m a t e r i a l  r e m o v e d .  T h e  

s c r e e n e d  m a t e r i a l  c o n s i s t s  o f  g l a s s , s c o r i a ,  c e r a m i c s  e t c . T h e  

m a t e r i a l  h a s  b e e n  u s e d  w i t h  s ome  s u c c e s s  i n  a s  r o a d  f i l l  a n d  f o r  

r o a d  b a s e s  a nd  s u b - b a s e s , b u t  i s  n o t  r e c o m m e n d e d  f o r  w e a r i n g  c o u r s e ,  

a s  t h e  p a r t i c l e s  b r e a k  down e a s i l y  u n d e r  t r a f f i c .  T h e r e  a r e  s o m e  * 

i n d i c a t i o n s  t h a t  a u t o g e n o u s  s e t t i n g  o c c u r s  i n  c o m p a c t e d  i n c i n e r a t o r  

r e f u s e . , and t h a t  t h e  s t r e n g t h  i n c r e a s e s  w i t h  a g e .  S u r f a c e d  r o a d s  

c o n s t r u c t e d  o v e r  i n c i n e r a t o r  r e f u s e  h a v e  b e e n  o b s e r v e d  t o  d e v e l o p  

b l i s t e r s .  T h e  c a u s e  d i d  n o t  a p p e a r  t o  b e  k n o w n , b u t  i n  d i s c u s s i o n  

w i t h  G e n e r a l  R e p o r t e r ,  H i r t ,  a f t e r  t h e  s e s s i o n , i t  t r a n s p i r e d  t h a t  

t h e s e  a r e  p r o b a b l y  s a l t  b l i s t e r s .  I n c i n e r a t o r  r e f u s e  c a n n o t  b e  

s u c c e s s f u l l y  s t a b i l i s e d  w i t h  c e m e n t , a s  an a l k a l i - a g g r e g a t e  r e a c t i o n



F l y - a s h  l i m e  m i x e s  h a v e  t h e  a d v a n t a g e  o f  a s l o w  r a t e  o f  s t r e n g t n  

g a i n .  This h o w e v e r , d o e s  have the d i s a d v a n t a g e  that the material 
c a n n o t  b e  t r a f f i c k e d  s o o n  after l a y i n g .  The r a t e  of strength 
i n c r e a s e  c a n  b e  a c c e l e r a t e d  by a d d i n g  p h o s p h o - g y p s u m , a typical 
m i x  c o n s i s t i n g  o f  75% a s h , 15% l i m e  and  10% phospho-gypsum.
When u s e d  a s  a f i l l e r  i n  a s p h a l t  f l y - a s h  i s  j u s t  a s  effective as 
l i m e  and i t s  e f f e c t  o n  t h e  g r a d i n g  o f  t h e  a g g r e g a t e  may actually 
r e s u l t  i n  an  o v e r a l l  d e c r e a s e  o f  t h e  b i t u m e n  r e q u i r e m e n t .  When 
u s e d  in c o n c r e t e  t h e  m a i n  d i s a d v a n t a g e  o f  fly-ash is its low rate of 
s t r e n g t h  g a i n .  T h i s  r a t e  may b e  a c c e l e r a t e d  b y  a d d i n g  vitreous 
silica d u s t .  F l y - a s h  may a l s o  b e  s i n t e r e d  t o  p r o d u c e  lightweight 
aggregate . T h i s  a g g r e g a t e  i s  p o r o u s  and  o p e n - p o r e d  which results 
in an i n c r e a s e d  w a t e r  d e m a n d .

When used in g r o u t s  t h e  f l u i d i t y  o f  t h e  f r e s h  grout may actually 
be increased by t h e  s p h e r i c a l  n a t u r e  o f  f l y - a s h  particles.

In discussion , R h e i n h a r t  of S w e d e n  described a pilot plant to 
recover vanadium and nickel f r o m  f l y - a s h  r e s u m i n g  from the burning 
of fuel oil. This fly-ash has been found to contain 2 to 5% of vanadi- 
and 1 to 3% of nickel. Ge rmani um also occurs in certain fly-ashes.
The recovery process has proved so successful t h a t  t h e  c a p i t a l  c o s t  

of the installation is expected to be recouped w i t h i n  3 y e a r s .

' :

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

T h e  u n t r e a t e d  d o m e s t i c  r e f u s e  i s  i n c i n e r a t e d , a f t e r  w h i c h  t h e  m a t e r i a l  

i s  s c r e e n e d  a n d  t h e  c o n t e n t  o f  m a g n e t i c  m a t e r i a l  r e m o v e d . The  

s c r e e n e d  m a t e r i a l  c o n s i s t s  o f  g l a s s , s c o r i a ,  c e r a m i c s  e t c . T h e  

m a t e r i a l  h a s  b e e n  u s e d  w i t h  s o m e  s u c c e s s  i n  a s  r o a d  f i l l  a n d  f o r  

r o a d  b a s e s  and  s u b - b a s e s , b u t  i s  n o t  r e c o m m e n d e d  f o r  w e a r i n g  c o u r s e s  

a s  t h e  p a r t i c l e s  b r e a k  down e a s i l y  u n d e r  t r a f f i c .  T h e r e  a r e  some * 

i n d i c a t i o n s  t h a t  a u t o g e n o u s  s e t t i n g  o c c u r s  i n  c o m p a c t e d  i n c i n e r a t o r  
r t f u s e . ,  and t h a t  t h e  s t r e n g t h  i n c r e a s e s  w i t h  a g e .  S u r f a c e d  r o a d s  
c o n s t r u c t e d  o ' e r  i n c i n e r a t o r  r e f u s e  h a v e  b e e n  o b s e r v e d  t o  d e v e l o p  
b l i s t e r s .  T h e  c a u s e  d i d  n o t  a p p e a r  t o  b e  k n o w n , b u t  i n  d i s c u s s i o n  
w i t h  G e n e r a l  R e p o r t e r , H i r t , a f t e r  t h e  s e s s i o n ,  i t  t r a n s p i r e d  t h a t  
t h e s e  a r e  n r o b a b l y  s a l t  b l i s t e r s .  I n c i n e r a t o r  r e f u s e  c a n n o t  be  

s u c c e s s f u l l y  s t a b i l i s e d  w i t h  c e m e n t , a s  an a l k a l i - a g g r e g a t e  r e a c t i o n



o c c u r s  b e t w e e n  t h e  c e m e n t  a n d  g l a s s  c o n t e n t .  T h e  t o x i c i t y  o f  

i n c i n e r a t o r  r e f u s e  h a s  s c a r c e l y  b e e n  s t u d i e d .  T h i n  l a y e r s  c o v e r e d  

b y  r e l a t i v e l y  i m p e r v i o u s  s u r f a c i n g s  a r e  t h o u g h t  t o  b e  h a r m l e s s .

T h e  r e f u s e  d o e s  h o w e v e r , c a u s e  s e v e r e  c o r r o s i o n  o f  s e r v i c e s  b u r i e d  

i n  i t .

I n  d i s c u s s i o n ,  i t  w a s  p o i n t e d  o u t  t h a t  m e r c u r y , l o a d , c h r o m i u m  a n d  

t i n  may  o c c u r  i n  i n c i n e r a t o r  r e f u s e  i n  q u a n t i t i e s  e x c e e d i n g  1 0  mg p e r  

k g .  T h e y  m a y  a l s o  c o n t a i n  o r g a n i c  a c i d s  w h i c h  m a y  b e  c a r c i n o g e n i c . 

H e n c e  p a r t i c u l a r  c a r e  s h o u l d  b e  t a k e n  w i t h  d u m p s  o f  t h e s e  m a t e r i a l s .

Sc?ss i_on T I T : M i n e  R e f u s e  

R e p o r t e r  : S h e r w o o d

T h e  t r e n d  t o  u s e  l o w e r  g r a c e  o r e s  t o g e t h e r  w i t h  t h e  e x p a n d i n g  d e m a n d  

f o r  m e t a l s  h a s  r e s u l t e d  i n  a n  e v e r  i n c r e a s i n g  a c c u m u l a t i o n  o f  

m i n i n g  w a s t e s .  As  s o u r c e s  o f  c o n v e n t i o n a l  b u i l d i n g  a g g r e g a t e s  a r e  

l i m i t e d ,  e s p e c i a l l y  i n  E u r o p e ,  m i n  i n n  w a s t e  i s  b e i n g  i n c r e a s i n g l y  

u s e d  b y  t h e  c o n s t r u c t i o n  i n d u s t r y .  h e  m a i n  m a t e r i a l  a v a i l a b l e  i n  

E u r o p e  i s  c o l l i e r y  w a s t e . As  t h e  q u a n t i t y  a v a i l a b l e  f a r  e x c e e d s  a n y  

p o s s i b l e  d e m a n d  f o r  r o u t i 1 i z u t i o n , e x t e n s i v e  l a n d s c a p i n g  a n d  v e g e t a t i o n  

o f  c o l l i e r y  w a s t e  t i p s  h a s  b e e n  u n d e r t a k e n  i n  G r e a t  B r i t a i n  a nd  

e l s e w h e r e .  B o t h  u n b u r n e d  s h a l e s  a n d  s h a l e s  w h i c h  h a v e  b u r n t  b y  

s p o n t a n e o u s  c o m b u s t i o n , ~>r b e e n  i g n i t e d  b y  d u m p i n g  h o t  a s h  o n  t h e  t i p ,  

h a v e  b e e n  u s e d  i n  r o a d  c o n s t r u c t i o n .  T h e r e  i s  n o  r e c o r d  o f  f i l l s  

c o n s t r u c t e d  o f  u n b u r n e d  c o l l i e r y  s h a l e  e v e }  c a t c h i n g  f i r e  by  

s p o n t a n e o u s  c o m b u s t i o n , . i s  a d e n s e  f i l l  p r o v i d e s  l i t t l e  o p p o r t u n i t y  f o r  

t a  a c c e s s  o f  t h e  o x y g e n  n e c e s s a r y  t o  s u p p o r t  c o m b u s t i o n .

U n b u r n e d  s h a l e  m a y  a l s o  b e  u s e d  a s  r a w  m a t e r i a l  i n  c e m e n t  m a n u f a c t u r e , 

a n d  t o  m a k e  b u r n e d  c l a y  b r i c k s  a n d  l i g h t  w e i g h t  c o n c r e t e  a g g r e g a t e . .

C o n c l u d i n g  R e m a r k s

T h e  C o n f e r e n c e  p r o v e d  t o  b e  m o s t  i n t e r e s t i n g  a n d  i n f o r m a t i v e  -  

Of  p a r t i c u l a r  i n t e r e s t  t o  S o u t h  A f r i c a  i s  t h e  r e s e a r c h  w h i c h  h a s  

b e e n  c a r r i e d  o u t  i n t o  t h e  u t i l i s a t i o n  o f  g r a n u l a t e d  s l a g  a n d  f l y - a s h  

i n  r o a d  c o n s t r u c t i o n .  I n  p a r t i c u l a r , t h e  t e c h n i q u e  o f  p a r t i a l  g r i n d i n g  

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

o f  b o t h  S o u t h  A f r i c a n  g r a n u l a t e d  s l a g s  a n d  f l y - a s h e s . P a r t i a l  g r i n d i n g



d o e s  n o t  a p p e a r  t o  h a v e  b o o n  a p p l i e d  t o  f l y - i s h c s  by  a n y o n e  s o  f a r ,  

b u t  a s  t h e  m a i n  s h o r t c o m i n g  o i  S o u t h  A f r i c a n  f l y - n s h  a p p e a r s  t o  b e  

i t s  c o a r s e  g r a d i n g ,  i t  w o u l d  a p p e a r  t o  b e  w e l l  w o r t h w h i l e  i n v e s t i g a t i n g

t h e  p o s s i b i l i t y  o f  i n c r e a s i n g  t h e  r e a c t i v i t y  i n  t h i s  w a y .

T h e  m a i n  d e f e c t  o f  t h e  C o n f e r e n c e  w a s  t h a t  b o t h  c o n t r i b u t i o n s  a n d  

a t t e n d a n c e  w e r e  d o m i n a t e d  b y  F r e n c h  a n d  B r i t i s h  d e l e g a t e s ,  b o t h  o f  

whom t e n d e d  t o  b e  s o m e w h a t  i n s u l a r  i n  t h e i r  o u t l o o k ,  and t o  b e  

i n t e r e s t e d  o n l y  i n  w a s t e  m a t e r i a l s  w h i c h  a r e  a p a r t i c u l a r  p r o b l e m  

i n  t h e i r  r e s p e c t i v e  c o u n t r i e s .
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OBJLT : S.A. FLY ASH -  Lime -  
  Gypsum t e s t i n g  a t  DOURDAN

DOURDAN, 23 /2 /1901

Dear D i rk ,

You wi l l  f i n d  e n c l o s e d  h e r e w i t h  a r e p o r t  c o n c e r n in g  our  t e s t i n g  o f  
sam p les  you s e n t , sometimes ago ,  t o  d e t e r m in e  t h e  c o m p a ra t iv e  r e a c t i ­
v i t y  o f  f r e n c h  and S.A. f l y  Ash and l im e .

You wi l l  n o t i c e  t h a t  c r o s s  t e s t i n g  has  been per fo rm ed  s u c h  t h a t  S .A. 
f l y  Ash has  been t e s t e d  u s i n g  f r e n c h  %nd South A f r i c a n  l im e  and equal1> 
S.A. t im e  has  been t e s t e d  w i th  f r e n c h  and S.A. f l y  Ash.

You wi l l  r e a d  in  d e t a i l  t h e  r e p o r t  b u t  I may summarise i t  by s a y i n g
t h a t  :

1 -  S.A. E ly Ash i s  l e s s  r e a c t i v e  t h a n  f r e n c h  f l y  Ash whe t h e r
t r e a t e d  w i th  e i t h e r  q u ic k  l imes

2 -  S.A. qu ick  l ime i s  f a r  l e s s  r e a c t i v e  t h a n  f r e n c h  q u ic k  l im e
and more,  it has  a s w e l l i n g  a c t i o n  which i s  n o t  a t  a l l  common
in  f r a n e e

3 -  When add ing  1 % gypsum t o  an 5 . A. mix t h e  pe r fo rm a n ce  a r e
q u i t e  comparable  t o  t h e  mix c o n t a i n i n g  5 . A. f l y  Ash and f r e n c h  
q u ic k  l ime

I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  main p rob lem  i s  t h e  qu ick  l i m e .  I t  may 
o f  co u s e  be t h i s  p a r t i c u l a r  sample o f  q u ic k  l ime which must be i n c r i -  
m i n a t e d .  You wi l l  f i n d  in  t h e  r e p o r t  t h o  f r e n c h  s p e c i f i c a t i o n s  f o r  
q u i r k  lime and i t  might  be o f  i n t e r e s t  t o  compare w i th  S .A. s p e c i f i c a ­
t i o n s .

KNTREl’RISE JEAN LKFTiVRE
SoriM* Anonymr eu capiul de :16 i;V) (XX) V rh<ie pur lee article, 1IX A ISO de Ih Ioi *ur le, SociH*, commercial,* 
Siege Social 11, hd .lean Merrn.iz 9'2V02 Neuillv sur Seine lei 747.S4 (X) Ielex 821 )M0 Iiirtlle X Nllen 
KC Pari, R 542 067 541 ((I* I'onx 1792 77 Ad re we Tel TAHKII.MAC PARIS Condition* eu verwi



Fly ash on the other  hand,  Lhouuh weak, may s t i l l  be co n s i d e r e d  i f  
an adequj te  l ime i s  used and qvpsum i s  added.

Nou wi l l  understand tha t  we have not gone any f ur t he r  in our t e s t i n g ,  
and p a r t i c u l a r l y  in the LH 38 f i e l d ,  c o n s i d e r i n g  the very d i s a p o i n -  
t i n g  r e s i s t a n c e  va l ue s  and the very worrying s w e l l i n g  and crac ki ng  
of  the t e s t  c y l i n d e r s .

We remain o f  cours e  at your d i s p o s a l  for any f ur t he r  t e s t i n g  as  
soon as  you have s o l v e d  the problem of  l i me.

Best  regards
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REINFORCED EARTH : 
APPLICATION OF THEORY 

AND RESEARCH TO PRACTICE
David P McKittnck*

This technical paper # a s  presented as the keynote address at 
the Symposium on Soil Reinforcing and Stabilising Te hmques 
sponsored by the New  South iVc las Institute of Technology and  
the University ot New South Wales on October te. 1978 in 
Sydney. Australia.

In the eleven years since the first commercial use of Rein­
fo rced  Earth*, over 2,200 structures have been completed 
T h e se  structures have included relaming walls and bridge 
a b u tm en ts  for transportation applications indusfnal structures 

flfricluding maternal process'ng and storage facilities contain 
m ent d ikes for crude oil and liquified natural gas storage and 
foundation  s la b s  and hydraulic structures such as seawalls 
flood protection  structures sedimentation basms and dams 
S tru c tu res  h av e  been completed m all parts of the world in a 
variety of environmental settings structures have been design 
ed  for. an d  b e e n  subjected to. a variety of loading conditions 
including static , moving and dynamic loads thermal stresses 
a n d  hydraulic and seepage forces The pet formance of these 
s tru c tu re s  has been closely monitored either through gross 
o b serva tion  or by precise instrumentation This experience has 
provided  the opportunity to critically examine theoretical and 
app lied  re se a rc h  to compare predicted with actual perlor 
m an ce . to refine design procedures, and to improve construe 
lion m eth o d s and technology to optimize economics This paper 
rep o rts  on the present state of the art from a practicing 
engineer s  viewpoint and proposes design procedures that are 
c o n sis ten t with both  basic soil and structural mechanics theory 
a s  well as o b se rv e d  behavior of completed structures

IN TRO DUC TIO N

In his Stale-of the Art address prepared for the American 
f lB o c ie ty  of Civil Engineers ( A S C E )  Symposium on Earth 
^ R e in fo rcem en t. our late colleague. Dr Kenneth Lee (1) 

reviewed not only the papers that had been submitted for publi 
cation bui also the stilus and results of research programs that 
he had actively directed, supported or reviewed during the 
several years that he and his associates had been involved in 
this opic In his paper he listed several topics that he believed 
were in need ot further study and advised caution in drawing far 
reaching conclusions from limited basic research data (this list 
is reproduced in Table I) A conscientious reade, of his paper 
might, however, be somewhat puzzled by wh it would appear to 
be a contradiction contained therein that is. his acknowledg 
ment that today (1978) the practice of using Reinforced F arth 
for appropriate geotechmcal engineering projects is well estab 
lished. and rational design procedures have been developed 
and demonstrated on many successful projects and his

This paper 'oproduced by kind (Mrmission of David P

admonition that the  behav io r of R einforced E arth  is actually 
very complex and m any m ore y e a rs  will e la p se  befor„ the 
basic mechanisms a re  c learly  e s tab lish ed  to eve ry o n e  s  sa tis ­
faction The sa m e  consc ien tious re a d e r  m ust then  ask  from 
what sources do practicing e n g in e e rs  d e n v e  the confidence  and  
experience to d e s ig n  an d  construct civil an d  industrial w orks 
using this new  m aterial, know ing tu'l well tha t the failure of th e se  
structures could im penl th e  public safety  and  c a u se  significant 
economic d isrup tion  and  m onetary  lo ss  I h e se  so u rc e s  are . of 
course, th e  s a m e  theoretical a n d  experim en ta l s tu d ies  known to 
and rev iew ed  by Dr Lee. au g m en ted  an d  in terpre ted  in th e  light 
of e x p e rien ce  with the d es ig n , construction  and  co n stan t s u r ­
veillance of a c tu a ' R einforced  Earth struc tu res  In this p ap e r, I 
will a ttem pt to  re-exam ine th o se  sev era l topics cited by Dr Lee 
in light of ac tu a l held e x p e n e n e e  in th e  U nited S ta te s  and  o ther 
countries, in an  attem pt to d em o n s tra te  that R einforced Earth 
s tru c tu re s  a re  d es ig n ed  on  th e  b a s is  of rational and  usual 
e n g m e e n n g  p rocedu re?  an d  that, while certain  behavior 
m e c h a n ism s  m ay be  com plex  they stiM m ay b e  exp la ined  by 
b a s ic  soil m ech a n ic s  theory  and  appropriately  conservative 
pai a m e te rs  c a n  be  se le c te d  to  acco u n t for th e s e  behavior 
m e c h a n ism s  in th e  design  of ac tua l stru c tu res

Proposed by Kenneth l Lb° 1978

1 Sliding shear resistance between soil and reir.torcing 
material

2 Fundamental behavior mechanisms and practical design 
parameters

3 Long term durability or corrosion of reinforcing 
materials

-t Backfill of cohesive soil or soil with tines

T able I: Hektforced Earth 1 o p ic t for Further Stud' 
(Beginning with the m oat Important)

R eflecting on  th e  p reso n i s ta te  of th e  art from a  practitioner s 
s tandpo in t a n d  leview m g th e  am oun t of published  d a ta  now 
availab le , I can n o t d is a g re e  with the co n ten t of Dr L ee  s  tab le  I 
w ould. Nwimver, re a rra n g e  anu  wumbine som e of the  topics 
T able II co n ta in s  a so m ew h at parallel listing of th e  factors or 
top ics d ea ling  with Remfoi ;e d  Earth w hich a re  m ost im portant 
from a  d e s ig n  an d  perlor m ar c e  view point The o rder is derived  
not only from p e rso n e l ex p e rien ce  but a lso  from the e x p re sse d  
c o n c e rn s  of th e  e n g in e e rs  with w hom  w e deal on  a  daily b a s is

McKittnck President of The ‘w m forced Earth Company U S A
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Because they a re  in terre la ted . I h av e  ch o sen  to  d iscu ss  item s la 
and b and III in s e q u e n c e  The durability question  will b e  p ie  
sented last not b e c a u s e  it is unim portant but b e c a u se  it can  be  
conveniently s e p a ra te d

I Basic M echan ics of R einforced Earth
a S ta te  of S tre ss  in a  R einforced Earth S tructure 
b Fnational R elationship betw een  Soil and 

R einforcem ents

II Durability ot Buried Met ii R einforcem ents

III Selection  of Soil for U se  in R einforced Earth 
S tructu res

Table II Topics of Ma|or Im portance to the Safety and Economy of 
R einforced Earth Structures

In all project specific d iscu ss io n s  of R einforced Earth the first 
question a sk ed  is how d o e s  <1 work > Having explained that 
th e  b a s ic  working m ech an ism  d e p e n d s  on the efficient com bi 
nation of m etallic re in fo rcem en ts an d  granular son the engi 
neer s  concern  im m ediately shifts to the durability or service life 
question l e c a u s e  it a p p e a rs  that m ost en g in ee rs  either through 
their work or ed u ca tio n a l ex p e rien ce  ha u concluded  that m etai 
buried in th = e a rth  will c o rrode  in a tim e period inversely propor 
tional to  thnir y e a rs  of ex p e rien ce  E ng ineers believe they 
u n d e rs ta n d  th e  co n c e p t of friction and  tney h av e  apparently  
dec id ed  that th e  com plexities in d a ta  published by the re 
se a rc h e rs  are th e  result of b ad  testing  They s e e m  less  m te' 
e s te d  in the  s e 'e c tio n  of the backMi believing tm s question  to be 
o n e  m erefy of E conom ic co n ce rn  B efore reviewing th» s ta tu s  of 
re s e a rc h  on th e  listed topics it is im portant to  un d ers tan d  the 
b a s ic  m ech an ics  of m e  m aterial u nder consideration

I Basic M echanics of R e in fo rc e d  E arth

T he basic  m e c h a n ic s  of R einforced  E arth w ere well under 
s to o d  by Vidal a n d  w ere  exp la ined  in detail m his early publics 
lions A simplificfation o* th e s e  basic  m ech an ics  can  be  
illustrated  by F igure 1 As show n in Figure la  an  axial load on  a 
s a m p le  of g ran u la r m aterial will result in la teral expansion  in 
d e n s e  m ateria ls  B e  a u s e  of dilation m e lateral strain is m ore 
th a n  o n e  half th e  axial strain  H ow ever it inextensib ie horizontal
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Fig 1; S tate ot S tress  in Reinforced Earth

reinforcing e le m e n ts  are placed within the soil mass, as shown 
in Figure 1b these reinforcements will prevent lateral strain 
because of friction between the reinforcing elements and the 
soil and the  behavior will be as if a lateral restraining force or 
load had been imposed on the element This equivalent lateral 
load on the soil element is equal to the earth pressure at rest 
iK0 . r v i Each element of the soil mass is acted upon by a lateral 
stress equal Ku .rv Therefore, as the vertical stresses increase, 
the horizontal restraining stresses or lateral forces also increase 
m direct proportion Thus, for any value of the angle of internal 
friction *  normally associated with granular soils, me stress 
circle lies we'l below the rupture curve at all points Failure can 
occur only by loss of fnction between the soil and the reinforce­
ments or by tensile failure of the reinforcements This funda- 
menta! principle was examined and confirmed by Schlosser and 
Longe (2 1 Hausman (3) and others Theoretical relationships 
were developed between me spacing and tensile resistance of 
the reinforcements and the increase in anisotropic pseudo 
cohesion of the reinforced materials Fmdiiig conclusions from 
this earlier research restrictive ot w>der applications of earth 
reinforcing. Bassett and Last (4 ) have further investigated this 
concept with analyses o' a non cohesive soil reinforced with a 
urn diiectional reinforcement system subjected to plane strain 
Usmg a Mohr circle of strain rate Figure 2a the investigators 
have determined the direction of the major and mmor pnncip'^k^  
strains , 1 and <3 . and also the direction of tf-e zero s tra u V  
planes <» and d  which define an arc segment containing the 
minor principle strain direction , 3 . within which all normal strains 
would be tensile and reinforcement honzontal in I me with the 
maximum principle tensile strain This direction is used in actual 
Reinforced Earth retaining walls Figure 3b sh o w s m e effect on 
the s a n e  strain fields and potential failure planes when rein­
forcements are inserted in the soil matnx in a direction parallel to 
« 3  Since me modulus of the reinforcing m aterial is generally  
very much greater than that of the soil and a s  efficient frictional 
bonding occurs between the soil matrix and th e  reinforcem ents, 
the direct on  of the reinforcement must b e  aligned with o n e  of 
the zero extension characteristics R eferring to Figures 2b  and 
3a the d  characteristics of a com posite  m aterial w ould b e  
rotated 10 become very nearly horizontal an d  the u charac 
tenstics are force" to ollow Trie potential rupture or failure 
mechanism would also attempt to re  align with th e s e  new  
characteristics Such a re alignm ent is in substan tia l conformity 
to the locus of maximum tensile  s tra in s  m e a su re d  in sev e ra l 
full scale structures Schlosser el al (E), Figure 23 Vidal 
assumed mat this composite m aterial could b e  used to construct 
a coherent gravity structu re  and that the  properties of the  
structure would be similar to that of the theoretical and  e x p e n ^ k  
mental models Certainly, em pirical ad ju s tm en ts  would h av e  to 
be made to account for horizontal an d  vertical discontinuity of 
the remfc. cements A djustm ents w ould also b e  m a d e  for 
boundary conditions at the facing of the structure, point and  
magnitude ot applied loading foundation conditions, thrust of 
the backfill and other project specific conditions

In m ost re s e a rc h  p ro g ram s involving a  study  of the m echan ics  
of m ateria ls , a  fundam ental behavior or failure m echan ism  is 
a s s u m e d  All s tu d ie s  thereafte r build from tha t initial hypoth 
e s is  E xperim en ts a re  d es ig n ed  to ex am in e  p roperties o r indi­
v idual c o m p o n en ts  of the m aterial an d  very often m any y ea rs  
a re  sp e n t trying to rationalize an d  modify o a ta  to fit the  initial 
ussum jition  S u ch  h a s  apparen tly  b e e n  and  unfortunately c o n ­
tin u es  to tie. th e  c a s e  with R einforced E arth  Many re se a rc h e rs  
h a v e  em b ark ed  on  ex tens ive  re se a rc h  p rog ram s using the 
h y jx ith es is  that R einforced E arth  s truc tu res , in particular re ta in ­
ing s truc tu res , a re  an a lo g o u s  to tied back  w alls The literature 
on  R einforced  E arth  is lep le te  with re fe re n c e s  to tie forces, 
R ankm e failure p lanes, a n d  o ther top ics re levan t tc  the ana ly s is 
a n d  design  of ancho r sy s te m s  T h ese  conscien tious mvesti 
g a to rs  h ave  apparen tly  n eg lec ted  or m isunderstood  th e  basic  
m e c h a n ic s  of th e  m aterial o r the significant and  substan tia l



docu m en ta tio n  that has existed for several years that should 
w hen  seriously  considered in the light of actual structural per 
fo rm ance. e lim inate  the tie-back or anchor approach as a 
co n ce iv ab le  failure mechanism Before investigating structural 
behav io r m m ore  detail I believe it is useful to compare the two 
h y p o th e se s  i e  . composite material and tie-back, to determine 
if. in fact, they a re  so different

Fig 2 'vlohr Circle of Strem  Hate
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Fig 4 D esign H ypotheses tor Reinforced Earth Walls

Figures 4a and b demonstrate the significant differences in 
fundamental dimensions and stresses which can be obtained 
by use of the design procedures ordinarily used for tne two basic 
mechanism theories (The denvadon of the design procedure 
and dimensions from the coherent gravity structure hypoth­
esis will be developed later in this p a p e r)

For the same earth pressure coefficients the use of Vual s 
approach would require more reinforcements to resist the 
higher calculated stresses but the required length of the rein­
forcements would be shorter than that calculated by the anchor 
theory Referr.ng bnefly to a published case cludy reported by 
41 Hussaim (6 ). Figure 5 demonstrated that use of the coherent 
gravity structure analysis would have predicted a conservative 
and sale design It would not have been necessary to re*> on 
empirically adjusted values

Fig S M easured L iters! P re ssu re s  W E S Well 
lifte r Al Hussaim. 1976)

Witti the potential for calculating divergent answers to the 
important questions which govern safety and economics, it is 
important to determine what hypothesis can be supported by 
field experience Unfortunately, we have convincing answers to 
this qsery Field experience strongly supports the coherent 
gravity structure theory, as demonstrated by gross foundation 
failures under structures at Aguadilla. Puerto Rico, and 
Roseburg. Oregon



At A quadilla a nine meter high retaining structure prebum 
ably founded  on rock, was instead constructed on a compacted 
Structural fill placed on a clay foundation Unknown to The 
R einforced  Earth Company and in violation of the specifications 
of the P uerto  Rico Department of Public Works the foundat on 
had not been benched and so it sloped down and away from the 
rear of the sti ucture The backfill used to construct the structural 
fill and wall was a clean uniform beach sand and the fill within 
the wall was compacted by ponding As the structure neared 
com pletion , the reduced shear strength of the saturated and 
p resum ab ly  remolded clav foundation was not sufficient to insist 
the m obilizing force of the mass and the structure moved o f  
w ard  a s  a  unit approximately two meters The wall face 
rem a in ed  essentially vertical during wall movement and to 
Structural d is tre s s  was evident in the precast concrete panels 
The struc tu re  rem ained  coherent and it was possible to dissu-, 
se m b le  the s truc tu re  and salvage all wail panels without danger 
to the workers The initial and final locations of the structure are 
Show n in F igure 6  Photographs taken before and after sliding 
o ccu rred  are shown m Figures 7 and 8

* 1

Fig 6 Movement of Structure at Aguadilla P A

In R o seb u rg . O regon  a IO m eter high Remforr «d Farth n- 
lam ing wall h a d  b een  co nstruc ted  to red u ce  the am ount of fill 
requ ired  for a  highway em bankm en t an d  to prevent en cro a t h 
m en t of th e  em b an k m en t on a river which paralleled  the high 
way A c ro s s  section  show ing the wall an d  its :r „ttive position in 
th e  em b an k m en t is show n in Figure ().i and  b As th e  em bank 
m en t ab o v e  th e  wall w as nearing  com pletion  a  slide occurred  at 
th e  wall location The slide '.ulure p lan e  which w as positively 
identified th rough  con tinuous sam pling, and by the u se  of 
inclinom eters, p a s s e d  beh ind  and  b e n e a th  the structure The 
top  of th e  R einforced E arth  wall w as d isp laced  se v e n  m eters 
horizontally an d  the wall d ropped  approxim ately 3 7 m eters 
vertically T ie  final location of the wal and  the location of the 
slide p lan e  a re  show n in F igure 10 R em edial m e a su re s  a re  also  
show n In sp ite  of th e s e  large m ovem ents the structure 
rem ain ed  intact a s  show n in F igures 11a, b and c S u b seq u en t 
an a ly s is  rev ea led  that the slide w as c a u se d  by overstressing  the 
w eak foundation  soils loca ted  approxim ately six m eters tx>iow 
th e  b a s e  of th e  wall

t o

Fig 7 Aguedilla Structure Before Movement

%
Fig 8 Aguedilla S tructure After Movement

I



In its report on  th e  R o seb u rg  landslide the F edera l Highway 
A dm inistration (7) co n c lu d e s  it should  be  em p h as ized  that 
the su b jec t problem  vas a  landsi.de problem  an d  not a  Rem 
forced E arth  wall failure U nfortunate a s  it w as the  slide d:d 
provide a  d ram atic  full-scale test of a R em to ed  E arth wall (the 
first w e know  of in th e  world) and  d em o n s tra ted  (1) the internal 
streng th  of a  R einforced  Earth s truc tu re  and  (2) tha’ a  
R einforced  Earth wall d o es  in fact, perform  a s  a  icoheren  i 
gravity s truc tu re

Fig 9 P etition  of Reinforced Eerth Well Before Slope Feiiure

In light of su bstan tia l theo re tica l a n a ly se s  su p p o rted  by actual 
field p e rfo rm an ce  it s e e m s  re a s o n a b le  to ad o p t the coherent 
gravity s truc tu re  th e s e s  a s  a  b a s is  of design  an d  to re exam ine 
experim en ta l d a ta  derived  or in te rp re ted  on the b a s is  of a  tie- 
b ack  or an ch o r wall failure m ech an ism

(a) State of Stress in a Reinforced Earth Structure

The e sse n tia l calcu lation  in desig n in g  R einforced Earth struc 
lu re s  is th e  calcu lation  determ in ing  th e  lateral or tensile  s tre s se s  
which m ust b e  re s is ted  by the re in fo rcem en ts O v e rs tre ss  could 
p rom o te  tensile  failure of th e  reinforcem ent w hich in turn would 
p ro d u ce  a  ca ta stro p h ic  structural co llap se  T he calculation 
regard ing  th e  sliding sh e a r  re s is ta n c e  t e tw een  the soil and 
re in fo rcem en ts  is le s s  critical s ince  slippage will c a u se  only 
re distribution o ' s t re s s  an d  a slow deform ation of the m ass

Instrum entation  of R einforced E arth  stru c tu res  h a s  show n 
that th e  s ta te  o ' s t re s s  within th e s e  s tructu res v a n e s  and  cannot 
b e  consisten tly  p red ic ted  using, for exam ple, a  single earth  
p re s su re  assu m p tio n  ad ju s ted  a s  required  for th e  effect of the 
th rust of th e  backfill S ch lo ssc r (8) h a s  previously reported  in 
this co n fe ren ce  a  sum m ary  of e a rth  p re s su re s  calcu lated  from 
strain  g a u g e  m e a su re m e n ts  m a d e  in actual s truc tu res This 
d a ta  which is re p e a te d  in F igure 12 and  is consisten t with 
V id a ls  ea r 'y  qualitative o b serva tions , a s  show n in Figure 13. 
Can b e  exp la ined  by th e  relationsh ip  betw een  the cntical vend 
ratio a n d  app lied  s tre s s  S tud ies su ch  a s  th o se  by C astro  (9) 
h av e  show n that th e  critical void ratio d e c re a s e s  with increasing 
s tre s s  Accordingly relative ex tens ion  of the soil com pared  with 
the reinforcing strip s b e c o m e s  le s s  for higher walls with their 

o n e sp o n d m g  higher s t re s s e s  T hus, for h igher structures the 
effective lateral s t n s s  is red u ced  an d  ap p ro a c h e s  an  active 
s ta te

Fig 9 R oseburg S tructure before Movement

In o ther c a s e s ,  w hen R einforced Earth structures h av e  
ex p e rien ced  im portant and  e x p ec ted  se ttlem en ts  careful 
m e a s u re m e n ts  h av e  confirm ed that tt>e rem io iced  volum es 
re a c te d  a s  co h e ren t m a s se s

Fig 10: R oseburg-C oos Bay Highway Oregon flviitr 42 Fig 11 R oseburg Structure after Movement



Th e  e fleet of the Factor of Safety in designs is to move the 
M ohr circle aw ay  from the failure envelope, in effect designing 
for a  coefficient of earth pressure K. greater than the active 
coefficient Ka
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Fig 12: Earth P rvssu re  Variation in fiem torced Earth Structures
E quations govern ing  the  fnctiona! relationsh ip  a re  p re sen ted  

in F igure 15

Thtc phenomenon was reproduced extienmentally by 
H a u sm a n n  (10) a n d  he reports similai observations during 
m e a s u re m e n ts  of fulWscale structures at Dunkirk. Tnionville. 
and G ran  ton

T he "npincal dsstnbution shown in Figure 14 has been 
d e v e lo p  c xxtform to observed stress distributions in Rem 
fo rced  Ea. / t  structures and is consistent with results of theoret 
ica! an a iy s  s

(b ) F ric tio n a l R et i t io n s h ip  B e tw een  S o l1 
a n d  R e tn fp i c e m e n t

H aving d e te rm in ed  appropriate cocservaiive values tor the 
horizontal s t r e s s e s  in a Remlorced Earth m a ss  and proper 
tio n cd  the cross sec tion  an d  horizontal an d  vertical spac ing  of 
tn e  re in fo rcem en ts therein , the designer m ust satisfy hfmsetf 
th a t th e  horizontal s tre s s  c a n  be effectively and  eff.ciently trans 
(erred  to th e s e  re in fo rcem en ts The desig n er must also b e  able 
to predict, within certa in  limits, the  m argin of safety available in 
th e  com pleted  s tructu re
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Fig 13: S tale of S trese  In •  Reinforced Earth Wall (after Vidal. 1969)
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T he solution of equation  (2) in F igure 15 requ ires not only 
know ledge ol th e  geom etry  of the structu re , but a lso  the s e le c ­
tion of app rop ria te  va lues for the a p p a re n t friction coefficient, f*. 
th e  effective length of tn e  reinforcem ent, Lg, an d  the earth  
p re s su re  coefficient. K ! e t u s exam ine  first the a p p a re n t fnction 
coefficient

(b  f)  Apparent Friction Coofficiont. f*.

The to p e  of sliding s h e a  re s is ta n c e  betw een  th e  soil and  
rem to rc e rren ts  h a s  b e e n  Vie sub ject of num erous resea rch  
s tu d ie s  in sev e ra l coun tries  T hese  s tud ies  h av e  p ro d u ce r^  
ib u n d an t d a ta  that on first exam ination  a re  difficult to explain 

bu t will, after m ore  deta iled  scrutiny, generally  yieid to the usual 
c o n c e p ts  of th e  sh ea r stren g th  p ropertie s of g ranu lar m aterials 
a n d  sliding friction b e tw een  m ateria ls  S evera l ty p es  of te s ts  
h a v e  b een  u se d  to m e a su re  the value  of f* T h ese  include

(1) Direct sh e a r  (sliding sh ea r) te s ts  be tw een  soil and  rein­
forcing m ateria l m o d e l and  p ro to type sca le

(2) R einforcing s tep  pullout from a  R einforced E arth wall- 
m odel, prototype a n d  full sca le

(3) R em forcing stnp  pullout te s ts  from em b an k m en ts

(4) R einforcing stnp  pullout te s ts  from a  rigid m oving wall- 
m odel sc a le

(5) R einforc ng strip puimut te s ts  dunng  vibration-m odel 
sca le

Of all th e  testing  p ro ced u re s  u sed , th e  direct or sliding sh ea r 
te s t is the  o n e  m ost availab le  to practicing e n g in e e rs  for the 
eva lua tion  o: design  p a ra m e te rs  O ther testing  p ro ced u re s  re ­
qu ire  m ore  specia lized  equ ipm ent, a n d  generally  involve highe, 
c o s t w hich m ay  not be  justified by either th e  s r e  of th e  project or



th e  econom ic  gain tha t m ay resu lt from m ore refined and  exten  
sive d a ta  From a  d e s ig n e r s  standpo in t therefore it is tmpor 
tan t to know if d irect sh e a r  te s t resu lts  can  b e  u sed  with 
reliability Let us first genera lly  ex am in e  the resu lts  of the o ther 
tes ting  p rogram s In th e  following d iscussions, the term s 

a p p a re n t friction coefficient pullout re s is tan ce  and  shear 
mg re s is ta n c e  will b e  u se d  in terchangeably  to describe  the 
frictional bond b e tw een  soil an d  reinforcem ent

R einforcing strip pullout te s ts  m th e  laboratory and  in full size 
s tru c tu re s  have  s h o w n  th e  p eak  a n d  residual shearing  rests 
la n c e s  to  be  d e p e n d e n t on th e  density  of the soil, the  effective 
o v e rb u rd en  p re s su re  an d  the geom etry  and  su rface  roughness 
of the  re in fo rcem en ts >ome typical resu lts from field pullout 
te s ts  a re  show n m F ig u res 16 th rough  19a. b and  c
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Fig 16 Puk out T ests Apparent Friction Coefficient (Influence of 
the Length of the Reinforcement)

D a ta  from field pullout te s ts  h ave  show n the shearing  re s  is 
ta n c e  deve loped  by re in fo rcem en ts to be  directly proportional to 
leng th  R esu lts from both the S a to las  1111 an d  Highway 39 (12) 
te s ts  show  that th e  ap p a ren t coefficient of friction reach es  a 
m axim um  value a t a  strip length of about eight m eters For 

<1 longer lengths, strip s ex p e rien ce  uuclil' "" >w an d  therefore the 
tes tin g  p ro ced u re  is no longer relevant io !h* determ ination of 
th e  sliding sh e a r  re s is tan ce

T he su rface  ro u g h n e s s  h a s  an  obviou- ng understood
effect on the sliding sh e a r  re s is tan ce  Sc and  Vidal (13)
rep o rted  resu lts of d irect sh e a r  te s ts  pur' vn sam p les  of
le u c a te  and c a lc a re o u s  sa n d  sh e a re d  ; and  in contac t
with, sm ooth  an d  ro u g h en ed  rein forcem ents The resu lts of 
th e s e  te s ts  a re  show n in F igure 20 Exam ination of the rein 
fo rcem en ts after sh e a n n g  rev ea led  stnations on the sm ooth  
strip  o riented  m th e  direction of the d isp lacem ent This is evi 
d e n c e  that sliding of th e  soil particles along the stnp had  
o ccu rred  E xam ination  of the roughened  reinforcem ent did not 
rev ea l such  s tn a tio n s, ev id en ce  that sh ean n g  had  taken p lace  
a lo n g  a  sotl-soil in terface Exam ination of the high ad h e ren ce  
re in fo rcem en ts now  in u se  te s te d  in prototype direct shear and  
fu ll-scale field pullout te s ts  rev ea ls  similar ev idence  Thus, it is 
re a so n a b le  to  a s s u m e  that th e  u se  of reinforcem ents with 
appropriately  d e s ig n e d  su rface  ro u g h n ess  can  result in an  
a p p a re n t friction coefficient approxim ately eq u a l to the sh e a r  
s tren g th  of th e  soil a s  de te rm ined  by direct s h e a r  or sliding 
sh e a r  tes ts

T ifclN
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Fig 17 Pun ou t Test in Reinforced Earth Wells (influence ul the 
Nature of the Strip Surface)

T he re la tionsh ip s show n in Figure 19a . b an d  c a re  calculated 
using  th e  ex p re ss io n  T <rv tan  V 2bL to determ ine the 
a p p a re n t fnction coefficient f* (i e  f* tan  '!') As siiown in 
th e s e  F igures frictional va lues e x c e e d  th o se  which could be 
ca lcu la ted  using a  value o f 't '  or *  d e te rm ined  by direct shear 
tes ting  p ro c e d u re s  S ince  th e s e  resu lts  "ould sti ongty influence 
overall safety  a n d  econom y, it is im portant to de term ine if they 
a re  a  function of th e  testing p ro ced u re  or in fact rep resen t a 
p h en o m en o n  w hich can  be  e x p ec ted  in the perform ance of 
ac tu a l s tru c tu res  To m ore easily  u n d e rs tan d  the influence of 
density  an d  overb u rd en  p re s su re  on a R einforced Earth m ass 
let u s  first ex am in e  the influence of th e s e  p a ram ete rs  on the 
s h e a r  s treng th  of a g ranular m alena l Figu e  2 ’ show s the effect 
of density  on th e  s tre s s  strain  volum etric relationships in gran 
ular so ils te s ted  under d ra ined  sh e a r  conditons D ense  san d s 
exhibit a  high p eak  deviator s tre s s  at low st. uins. a  no a residual 
dev ia to r s tre ss , le s s  than  the p eak  s tre ss , at high strain The 
d e n s e  m aterial ex p an d s , or dilates, during sh ea r The loose 
s a n d  exhibits a  m uch lower deviaior s tre ss , no peak  value, and 
a volum etric con trac tion  or com pression  during sh ea r A further 
insight is ga ined  by exam ining th e  s a m e  stress-strain-relation­
sh ip s  d u rn g  u n d ram ed  sh e a r  w here  no  volum e c h an g es  are 
allow ed  to  occur This restriction of volum etric expansion  is a 
condition  Ike  that which ex is ts  ir  an  ac tua l structure The un- 
d  am ed  re la tionsh ips a re  shov.n  in F igure 22 The negative pore 
p re s s u re s  which a re  induced in a sa tu ra te d  sam p le  dun.ng shear 
m ay b e  u se d  qualitatively to e s tim a te  the  ap p aren t increase  m 
o v erb u rd en  s tre s s  w hen volum etric exp an sio n  in unsatu ra ted  
s a m p le s  (or s tru c tu res) is not allow ed to occur (a localized

i S l n p l e n g t h  1 m  S t n p l g jr\)
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Fig 18: Influence of the Density In PuH-out Test



th e  eco n o m ic  gam  tha t m ay result from more refined and exten 
s iv e  d a ta  From  a  d e s ig n e r s  standpoint, therefore, if is impor 
tan t to  know if d irec t sh e a r  test resu lts  can  b e  u sed  with 
reliability Let u s first genera lly  exam ine the resu lts of the othe' 
te s tin g  p rog ram s In the  following d iscu ssio n s the terms 

a p p a re n t friction coefficient pullout res is tance , and  shear 
mg re s is ta n c e  will b e  u se d  in terchangeably  to desc rib e  the 
frictional bond  b e tw e e n  soil and  re nforcem eni 

R einforcing strip pullout te s ts  in the laboratory an d  in full size  
s tru c tu re s  h av e  show n th e  peak  an d  residual shearing  rests  
la n c e s  to b e  d e p e n d e n t on th e  density  of the son the effective 
o v e rb u rd en  p re s su re  a n d  the geom etry  and  su rface  ro u g h n ess  
of th e  rei. ifo rcem ents S o m e  typ.cal resu lts from field pullout 
te s ts  a re  show n in F ig u res 16 through 19 a  b and  ;.

h S SOn-I

OS

I SOm 3 On- « 60n-
i o* the

Fig 16 PuM-oul Tests Apparent Friction Coefficient (Influence of 
the Length of the Reinforcement i

D ata  from field pullout te s ts  have show n the shearing  resis 
ta n c e  d ev e lo p ed  by re in fo rcem ents to b e  directly proportional to 
leng th  R esu lts  from both  the Sato las (11) and  Highway 39 (12) 
te s ts  show  that the a p p a re n t coefficient of friction re a c h e s  a 
m axim um  value at a  strip length of about eight m eters  For 

<1 longer leng ths, strips ex p erien ce  ductile flow and  therefore  the 
tes ting  p ro ced u re  is no  longer relevant to the determ ination of 
th e  sliding s h e a r  re s is tan ce  

T he su rface  ro u g h n e s s  h a s  an  obvious and  long understood  
effect o n  the sliding s h e a r  res is tan ce  S ch losser and  Vidal (13) 
rep o rted  resu lts  of direct sh e a r  te s ts  perform ed on sam p les  of 
leu ca te  and  ca lca re  >us sa n d  sh ea red  along, and  in contac t 
with, sm oo th  and  ro u g h en ed  reinforcem ents The resu lts of 
th e s e  te s ts  a re  show n m Figure 20 Exam ination of the re in ­
fo rcem en ts  after s h e ; nng  revealed  stnations on the sm ooth  
strip o rien ted  in the d irection  of the d isp lacem ent This is ovt 
d e n c e  that sliding of th e  soil particles along the stnp  had  
occu rred  E xam ination  of the roughened  reinforcem ent did not 
reveal su ch  stna tions, ev id en ce  that shearing  had  taken  p lace  
along a  soil-soil in terface Exam ination of the high ad h e ren ce  
re in fo rcem en ts now in u s e  te s ted  in prototype direct sh ea r and  
full-scale field pullout te s ts  reveals similar ev idence Thus, it is 
re a so n a b le  to  a s s u m e  tha t the u se  of reinforcem ents with 
appropriately  d es ig n ed  su rface  ro u g h n ess can  result in an  
ap p a re n t friction coefficient approxim ately equal to the sh ea r 
streng th  of th e  soil a s  de term ined  by direct s h e a r  or sliding 
sh e a r  te s ts

Pihtxwl smp 60 • s

rriuolh 'ytnp 60» 3

Fig 17 Pull-out Test in Reinforced Earth Walls (Influence of the 
Nature ol the Strip Surface)

T he re la tionsh ip s show n in Figure 19a, b an d  c a re  calculated 
using  th e  ex p re ss io n  T <rv t a n ' t '  2bL to determ ine m e 
a p p a re n t friction coefficient f  (i e  . f" tan V) As show n in 
th e s e  F igures, fnctionai va lues e x ceed  th o se  w hich could be 
ca lcu la ted  using  a  va lue  of Vk or *  determ ined  by direct shear 
tes ting  p ro ced u re s  S in ce  th e se  resu lts could strongly influence 
overall safety  an d  econom y, it is im portant to de term ine if they 
a re  a  function of the  testing p rocedu re  or in fact rep resen t a 
p h en o m en o n  which can  be  ex p ec ted  in th e  perform ance of 
ac tua l s tru c tu res  To m ore easily  u n d ers tan d  th e  influence of 
density  an d  overb u rd en  p re ssu re  on a  R einforced Earth m ass, 
let u s  first exam ine  m e influence of th e se  p a ram e te rs  on the 
sh e a r  stren g th  of a  g ranu lar m atenal Figure 21 sh o w s tho c.lect 
of density  on  the s tre s s  strain  volum etnc relationsh ips in g ran ­
ular so ils te s ted  under d rained  sh e a r  condrtons D en se  san d s 
exhibit a  high peak  tieviator s tre s s  at low strains, an d  a residual 
dev iator s tre s s , le s s  than  the peak  s tre ss , at high strain The 
d e n s e  m ateria l ex p an d s , or dilates, during sh e a r  The loose 
san .i >xhitxts a  m uch lower deviator s tre ss , no  p eak  value, and 
a volum etnc contraction  or com pression  during sh e a r  A further 
insight is gam eo  by exam ining the sa m e  s tre s s  strain  relation 
sh ip s  d u rn g  u nd ram ed  sh ea r w here no volum e ch an g es  are 
allow ed to  occur This restriction of volum etnc expansion  is a 
condition l* e  that w hich ex ists in an  actual s truc tu re  The un- 
dra irerJ re la tionsh ips a re  show n in Figure 22 The negative pore 
p re s s u re s  w hich a re  induced  in a  sa tu ra te d  •"ample dunng  shear 
m ay  b e  u se d  qualitatively to estim a te  ttie ap p aren t increase  in 
overb u rd en  s tre s s  w hen  volum etnc expansion  in unsatu ra ted  
sa m p le s  (or stru c tu res) is not allow ed to occu r (a localized
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Fig 18 Influence of the Density in PuM out Teet
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Fig 19: PulFoul Tests Apparent Frlctkwi Coefficient

condition) H igher densities  can , therefore , increase  the norm al 
s t r e s s e s  acting on  the stnp  and  th e  ap p a ren t coefficient ol 
friction, at least in th o se  ra n g e s  of overbu rden  p re ssu re s  w here 
th e  soil will b e  d ilatant (i e  . void ta r o s  le s s  than  the critical void 
ratio). T est re su lts  which indicate that at high density  the values 
of th e  ap p aren t coefficient of friction a re  m uch g rea te r than  the 
va lu e  of tan 'K  a s  de term ined  in direct s h e a r  resu lts on soil stnp  
in terface, can  there fo re  b e  rationalized by taking into effect a 
factor to allow for th e  dilatancy of the soil (In recen t te s ts  w here 
volum etric ex p an sio n  w as  not allowed to  occur during direct 
s h e a r  tests, ca lcu la ted  v a lu es of V w ere  10-15 d e g re e s  higher 
th an  te s ts  w h ere  free expansion  could o c c u r )

An in terre lated  p h en o m en o n  is the effect of the overburden  
s t r e s s  on the ap p a ren t friction c ?ff,cient To yam  insight into 
this, let u s  investiga te  th e  effect of norm al or overburden  
s t r e s s e s  on th e  sh earin g  re s is tan ce  of g ranular soils

C .jk  a r e o u s  S a n d

Fig 20 Coefficient of Eerth-Stnp Friction ( f = lg  f ).

F igure 23 co n ta in s  a  d isp lay  of peak  s tre s s  ratios de term ined  
from  60  rrv" sq u a re  d irect s h e a r  box te s ts  and  80 mm sq u a re  
p la n e  str<. m o m p re ss io n  sa m p  e s  co m p ac ted  to a  relative 
d en sity  of U 70 (17 0kN /M 2) ( '  4) At sm all norm al s t re s s e s  
( 20kN /M 2) th e  p eak  an g le  of sh e a n n g  re s is tan ce  is ap p ro x ­
im ately 50“, bu t th is d ro p s  to 42* a s  tfie norm al s tre s s  n se s  P ea*  
re su lts  irom d irect sh e a r  te s t an d  p lane  co m p ressio n  tes t resu lts 
a re  sigm fcan tly  g rea te r m an  33“ the  ultim ate strength  d e te r ­
m ined  after th e  p eak  in d irec t sh e a r  te s ts  a n d  from loose slope  
a n g le s  (14) T h e se  resu lts  a re  co n sis ten t with th e  resu lts  of

(#i) Dent* tjnd beforesheafing iM Dense sa-MJ etpar i < during Shear

(a  loose sand before shewing
i d )  l o o s e  s a n d  c o m p r e s s i n g  

d uring  shear

f  of s h e a r i n g  cm v o t u m a  o f  g r a n u l a r  a o r t a

l n o s e  s a n d

»o-0 M
D e n s e  s a n d  

fo-064

(Vnse sand

• l o o s e  s a n d

Continuous 
d e f o r m a t i o n  a t  

m s t a n l  v o l u m e
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Fig 21: Effect of Density on Stress-Straln-Votume Relationships In 
Granular Soils Drained Shear Tests, (after Leonards, 1962)



f o n ce  a n d  Bell (1b), who report an angle ol shearing resistance 
in creasing  with the reduction of normal stress and wiih 
Cornforth ,16) who established that peak (strengthI angle- will 
e x ceed  ultim ate a n g le s  by up to 17 in a typical dense sanu in 
plane  strain

As so ils  u se d  in R einforced  Earth s truc tu res a 'e  ( i ) gram, ,i
(2) su b jec ted  to low stra in  levels <3) normally s tre s s e d  
strain  (excep t u nder point loadsi an d  (4) - om pacted  to r, ■ - ,
high d ensities , it is re a so n a b le  to ev a lu a te  their static p e r tc  
m an ce  in a  reinforced  s ta te  using p eak  values determ ined  
p lane  strain  co m p re ss io n  te s ts  ad ju s ted  a s  required  tor 'lie  
app rop ria te  o v e rb u rd en  cond  ions U sing such  assum ptions, it 
is p o ss ib le  to ra tionalize the v a lu es of f  show n in Figure 19 
with soil m ech a n ics  theory  

For exam ple , S c h lo s se r  |8 l rep o rts  tne a v e ra g e  ol residual 
and  p eak  v a lu es  for F eq u a l to approxim ately 1 35 lor puliout 
te s ts  of sm ooth  re in fo rcem en ts in fine san d  with an  ultimate 
streng th  <5 35  If w e a s s u m e  a  30  p ercen t in c rease  m norm al
s tre s s  d u e  to th e  effect of res tra ined  volumetric expansion  a 
value o t5 3  is ca lcu la ted  a peak  streng th  result cons: lent wnn 
C ornforth s  o b se rv a tio n s  

T he fac to rs affecting sliding sh e a r  re s is tan ce  a re  thus se e n  to 
be at leas t qualitatively co n sis ten t with basic soil nec*,dr iLs 
theory A know ledge of th e  density  sh ea r strength  void r m n 
and  stra in  s ta te  is the re fo re  im portant m selecting  the va,ue of 
f" to u s e  in d es ig n  of actua l s tru c tu res  It is a lso  important to 
co n sid e r the  n a tu re  of th e  reinforcem ent surface 

For sm ooth  re in fo rcem en ts the value  of f  ob tained  m direct 
sh e a r  te s ts , se le c te d  at strain conditions consisten t with an tio  
p a led  structural p e rfo rm ance  shou ld  be u sed  In m ost c a s e s  
this va lu e  will b e  eq u a l to the residual sliding sh e a r  value (tan 

For re in fo rcem en ts  with deform ations or tran sv e rse  ribs such  
a s  th o s e  show n in F igure 24 v a lu es  of f* consisten t with soil 
p a ra m e te rs  a d ju s ted  for the effects of p lane  com pression  dila 
tancy a n d  overb u rd en  p re s su re  ca n  b e  u sed  with confiden< < In 
the c a s e  of sm oo th  strips the  so il-stnp  (notion characteristics 
will contro l behav io r in th e  c a s e  of ribbed or roughened  strips 
the soil-soil ch a rac te ris tic s  will m ost often control
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Fig 22. Undrained Shear Tests on Very Loose and on Moderately 
Dense S atu rated  Sand. (After B ishop and Henkel. 1957)

(b -2 ) E ffective Reinforcem ent Length.

A nalysis of R einforced  E arth  struc tu res  h a s  show n that the 
ten s ile  s tre s s  in the re in fo rcem en ts of a  structure is not 
m axim um  at th e  facing, but a t a  d is tan ce  beh ind  the lacing As 
sh o w n  in Figure 25, the locus of th e  points of m aximum tension
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Fig 23 / n  on P lane of ( r z,r ) Foak (Bolton et. al , 1978)
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Fig 24 Ribbed Strips

define  two z o n e s  within the structu re  an active zo n e  in which 
th e  sh ea rin g  s t r e s s e s  exerted  by th e  earth  or, th e  reinforcem ent 
a re  d irec ted  outw ard, tow ards the facing, and  a  resistan t zone  in 
which th e  sh earin g  s tre s s e s  a re  d irected  tow ards the tree  end  of 
th e  reinforcem ent The boundary  of this active zone v an es  
with the type of structure , the foundation soil, and  the location 
a n d  m agn itude  of applied  external loading T he b o u n d s  y of the 
ac tive  zone, a s  d e term ined  by instrum entation  of full scale  
s tru c tu re s  d e s ig n e d  in a cco rd an ce  with working s tre s s  princi­
p les , a s  well a s  the  boundary determ ined  by theoretical 
p ro c e d u re s  a s  previously reported  by S ch lo sse r (8) in this 
co n fe ren ce , c a n  b e  enveloped  by the  straight lines show n in 
F igure  25

This boundary  is qualitatively co nsis ten t with hypothetical 
idea l distributions of sh ea r s tre s s  along reinforcing strips 
p re s e n te d  by h a u s m a n n  (10) This graphical illustration is 
re p ro d u ced  in an  ex tended  form in Figure 2 6  The ideal rem 
forcing c a s e  c a n  b e  symbolically rep re sen ted  by Vidal s  paper 
re in fo rced  rock pile. Figure 27 H era, all partic les a re  in contact 
with th e  re in fo rcem en ts and  s h e a r  is a m axim um  at the center 
In a n  actual R einforced Earth wall, the  discontinuity of tne 
rein fo rcem en ts , th e  son loading im posed on  the facing by tfu 
construction  p ro ced u re s  the stiffness of the facing, an d  o ihe 
fac to rs  c a u se  th e  redistribution of s tre s s  show n



Fig 25 Tensile Forces Distnbi (ion Along the Hem torcem ents 

(b -3) Design Procedures

Based on these foregoing d iscussions it is possib le  to form 
ulate design procedures to adequate ly  ian d  safelyi proportion 
th e  reinforcement surface a re a  This p rocedu re  is show n 
schematically in Figure 28a and  b For g ranular backfills icom 
pacted to at least 90 percent standard  Proctor density / and  
ribbed ;einforcements the u se  of va lues for f  ndicaled  in the 
figure can be supported by empirical d a ta  H ow ever o n e  m.«y 
also select a value of f  S  t a n *  (peak s tre s s  de term ined  from 
plane compression tests I approximately adjusieo for the  effects 
of dilatancy For nondiiatant soils a value for f* tan  ,direct 
shear tesi value) should b e  used tor both ribbed and  sm ooth 
reinforcements A ppropriate safety factors should be  u sed

f

T«T4« Va* * * T#r
F, T* ( - ♦ ‘ w r

r K  t > .« e d  frrvn T,

F g 26 H ypothetical Ideal Distributions of Sheer S tress Along 
Reinforcing Strip & Tie-Back (after Hausman, 1978)

II. Selection of Soils For Use in Reinforced Earth
Construction

T h ree  principal considera tions which influence the  selection  
of so ils for u s e  in R einforced  Earth s truc tu res a re

( 1) Long-term  stability of th e  com pleted  structure

(2) S hort-term  (or construction  p h a se ) stability

(3) P hysiochem ical p roperties of the m aterials

It is ev iden t from th e  previous d iscu ssio n s that granular soils 
co m p ac ted  to d en sitie s  that result in volum etric expansion  
during s h e a r  a re  ideally su i'ed  for u se  m R einforced Earth 
s tru c tu re s  W here  th o se  soils a re  well drained, effective norm al 
s t r e s s  tran sfe r pefw een  the strips and  soil backfill will h e

im m ed ia te  a s  e a c h  lift of backfill is p laced , an d  sh e a r  streng th  
in c re a se  will not lag beh in d  vertical loading In rhe ran g e  of 
load ing  fo rm ally  a sso c ia te d  with R einforced  Earth structures, 
g ran u la r soils b eh av e  a s  e lastic  m a te ria ls  th e re fo re , for s tru c ­
tu re s  d e s ig n e d  at working s tre s s  levels, no  post construction  
m o v em en ts  a s so c ia te d  with internal yielding or read ju stm en ts  
sho u ld  b e  an tic ipated

Fig 27 . »eliz»d Reinforced Mess

On the other hand fme-gramed materials are not especiaiy 
suitable for Reinforced Earth structures They are normally 
poorly drained and effective stress transfer will not be immedi­
ate, thus requiring a greatly slowed construction schedule or an 
un accept ably low factor of safety in the construction phase 
Fine grained matenals often exhibit elasto-plastic or plastic 
behavior thereby increasing the possibility of post-contruction 
movements In addition, if a significant portion of the strength of 
the fine-grained material is derived from its clay content, the 
ational design procedures used heretofore to evaluate the 

safety of the structure will not be applicable With such sharply 
contrasting performance, it is necessary then to define dearly 
the boundary between granular and fine-grained soils, as this 
boundary or limit applies to Reinforced Earth construction

W « •
1J*

Fig 28 Design M ethods for Evaluating Safety Against Failure by 
Lack ot Adherence/



Writers of the first specifications for Reinforced E arth projects 
(including, of course Vidal I clearly understood the shear 
strength, density and dilatancy relationships and specified 
c lea n  granular materials for use in all structures Reflecting on 
this, it is interesting to note that by specifying such a material 
they  virtually eliminated from concern such problems as dra in­
a g e . co rrosion  and post-construction movements The first 
specification  published by the U S Federal Highway Acimims 
(ration in 1974 was derived from the early French .pecilic ition 
a n d  allow ed th " following limiting gradation

pleted s tru c tu res  which w ere  d es ig n ed  with the usual working 
stress factor of safe ty  allow ed Uy U S practice  Wall backfill had  
previously b e e n  ex cav a ted  an d  stockpiled  a t future tank loca­
tions During construction  of th e  w alls . work w a : s lo p p ed  for one  
week d u e  to heavy rains (w hich eventually  totalled 2 5 rm  for th* 
w eek  | after w hich construction  w as im m ediately re started  
Backfill w as b rough t to the  wall location with 25cu  m eter self- 
loading sc ra p e rs  Two d ay s  after construction  had  resum ed , 
outward deflec tions w eie  no ticed  in sev era l a re a s  alono the 
d ik es  C onstruction  w as s to p p ed  so  that the situation could be 
a s s e s s e d

Sieve Opening or 
Screen Size

10 inches i2S4mmi 
4 inches (101 6mm) 

No 200 (75 u ml

Percent Passing 
(By Weight)

100 
100 75 
0-15

Table III Specification for Select Granular Backfill M—"rial from 
F H W A Specification FP-74<17)

In addition, th e  specification further required  that all backfill 
m ateria l exhibit an  ang le  of internal friction of 25 d e g re e s  a s  
d e 'e rm m ed  by s ta n d a rd  tnaxial or direct sh e a r  testing m ethods 
T his c av ea t w as ad d e d  in recognition of the fact that m any 
g rav e ls  in the w este rn  part of the United S ta te s  are  highly 
d e g ra d a b le  an d  norm al d esig n  a ssum ptions would not be 
app licab le  to them  The specifications w ere appropriately con 
se rv a tiv e  given th e  s ta le  o ' the  art at the tim e they w ere p u b ­
lished  H ow ever a s  m ore ex p en en co  with ac tua l structures w as 
g a in e d  and  a s  th e  resu lts  of theoretic si and  applied re sea rch  
w ere  analyzed  it b e c a m e  ev iden t that a significant relaxation 
a n d  b roaden ing  of th e s e  specifications could  be  done safely 
th u s  ex tending  th e  spectrum  of u sab le  m ateria ls and further 
im proving the potential for econom y to u se rs  of the system  

From  1970 to 1974 an  ex tensive  re sea rch  program  w as 
ca rried  out by S ch lo sse r an d  Long 118) to study the relationship 
b e tw e e n  the fine g ra in ed  portion of a soil and  the developm ent 
of th e  ang le  of in ternal friction In this study two types of soil test 
w ere  conduc ted  11) an artificial soil m a d e  with a mixture of 
g la s s  balls and  p ow oered  clay and  (2) m ixtures of natural soils 
S a tu ia te d  soil s a m p le s  if  both  types with varying am oun ts of 
fines w ere  te s ted  in a direct sh e a r  box R esu lts  w ere conclusive 
in d em onstra ting  th a t the p a iam e te r controlling shear strength  
is th e  relative volum e of the fine grained  portion to the granular 
portion  Som e typical resu lts a re  show n in Figure 29 Additional 
te s ts  h av e  show n that the g ram  size which s e p a ra te s  the fine 
g ra in e d  portion from the granu lar portion is 15p

W hile this theore tica l re se a rc h  w as ea rn ed  on several pro 
je c ts  w ere  co n stru c ted  using m aterials which differed from the 
original specification in the am ount of lines passing  the 75^ 
s ie v e  T hese  m ateria ls  w ere  typically nonplastic  residual soils 
su c h  a s  those  derived  from d eco m p o sed  gran ites and  m eta 
sed im en tary  form ations high m quartz  and  mica content 
(s c h is to se  and  sch is to se  g n e is se s  of th e  P iedm ont P lateau) 
F ine  con ten t (p e rcen t g rea te r than  75#*) varied  from the allow 
a b le  15 to a s  m u ch  a s  40  percen t This field experience  w as 
genera lly  favorab le  but did require the d e s ig n e rs  to locus m ore 
c lo se ly  on q u e s tio n s  of sho rt term stability, and to develop 
construction  p ro ced u re s  n ecessa ry  to effectively incorporate 
so ils  with h igher fine co n ten ts  into R einforced Earth structures 
Two ex am p les  illustrate this point 

At C ove Point M aryland over 800 linear m eters of single and 
d o u b le-faced  R einforced E arth  con tainm ent d ikes 3 to 5 m eters 
h igh w ere  co n stru c ted  using sandy  silts with a s  m uch a s  40 
p e rcen t p ass in g  a  75^ sc re e n  E xtensive laboratory te s ts  w ere 
co n d u c te d  to ev a lu a te  the ap p aren t coefficient of friction be­
tw een  th e  alum inum  reinforcem ents an d  the sandy silts These 
te s t resu lts  w ere  u se d  to determ ine safe ty  factors for th e  com

C„

t  Of V*r*l

♦I /HC»I ' stimnAx h* c t.on

Fig 29 Evolution of t‘ . Angle of Internal Frier "on end Cohesion 
(arte, '.hlosser and Long, 1974)

At an o th e r project a long  Intersta te  R oute 70 near Vail 
C o lo rado  a  sim ilar but slightly m ore dram atic ep iso d e  occurred 
T he construction  of the highw ay through the highly scen ic  Vail 
P a s s  in the C olorado R ockies required  the construction  of 
approxim ately  27 .000  sq u a re  m e te rs  of retaining wall to control 
em b an k m en t en c ro ach m en t on  s tre a m s and  w ilderness a re a s  
Of I h e  total, approxim ately 75 p ercen t or 20 ,000  sq u a re  m eters 
w ere  R einforced  Earth stru c tu res  built using conventional, a s  
well a s  cu rved  p an e ls  Wall he igh ts varied from 3 to 26 m eters, 
and w alls w ere  built vertically in a single s tep  or in tiers Typical 
s tru c tu res  a re  show n in F igures 30 and  31 D ue to the short 
construction  s e a s o n  con trac to rs often w orked 20-24 hours per 
day on a six d a y  work sch ed u le  Wall backfill w as a  decom - 
p o se d  g ran ite  with up to 25 percen t p ass in g  a  75#* sc reen , the 
n o rm a1 requ irem en t tor s truc tu re  backfill in the S ta te  of 
C o lo rado  Early in N ovem ber of 1975 a s  the contractor w as 
nearin g  com pletion  of a  R einforced Earth structure, a  section  of 
wall 300  feet long lilted ou tw ard  during p lacem en t of (lie backfill 
S o m e  p a n e ls  w ere  c rack ed  and  broken, and  the reinforcing 

trips h ad  obviously b een  d raw n  out of th e  fill As in the c a s e  at 
C ove Point, construction  w as  halted  and  an  investigation 
u n d ertak en

The two c a s e s  are , qu ite  obviously, re la ted  to the w ater 
co n ten t an d  loading conditions of the soil which w as placed 
within th e  R einforced E arth  s truc tu res At C ove Point, the 
loading from th e  sc ra p e rs  w as far g rea te r than  the loading 
co n s id e red  in static wall d e s ig n s  This in c rease  in overall load 
mg co m bined  with a  tem porary  d e c re a s e  in sh ea r strength 
c a u s e d  by th e  higher w ater con ten t an d  jxxx d ra inage  c h a ra c ­
teristics of th e  soil, com b ined  to c re a te  a marginally stab le  
situation  T hus, outw ard m ovem ent of the p an e ls  occurred  
R eview  of th e  calculations show ed  no problem  with long-term 
stability, an d  construction  w a s  allowed to  continue after the sou 
h a d  dried  ou t an d  lighter equ ipm ent w as brought in. Continuing 
obse rv a tio n  show ed  no further m ovem ent of the walls.
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suitable fcx use in Reinforced Earth structures These broader 
limits are shown in the new f H W A specification which will be 
issued at the end of 1978

Sieve Size

6
3

No 200

Percent Passing

100
75-100
0-25

and P I < 6

OR percent passing No 200 is greater than 
25 percent and percent liner than 15 v is less 
than 15 percent material is acceptable if

6 30 as determined by AASHTO T-23G 
P I <6

Fig 30 Veil P iss-T iered  Wall

Table IV Minimum Specificat-on for Select Backfill (Adopted by 
F H W A . 1978)

W hen  th e  p e rcen t fire r  than  75i< is g rea te r than  15 percen t 
sp ec ia l a fe n tio n  to  m oisture-densitv  rela tionsh ips is required 
The com pac tion  sp e c ifc a 'io n s  should  include a specified lift 
th ick n ess  an d  allow able range of m oisture con ten t above and  
below  optim um  S p ec ia l attention  m ust a lso  b e  focused  on 
d e s ig n  d e ta ils  su ch  a s  internal an d  external d ra inage

Fig 31: Vail P ass-S tandard  Panel Wall

At Vail P a ss , investiga tions revea led  that the filling operation  
h a d  b e e n  interm ittently shut dow n for several d ay s prior to the 
wall deflections d u e  to snow  and  freezing tem pera tu res it w as 
not po ss ib le  to d e te rm in e  it the  con tractor had  c leaned , scarified 
an d  reco m p ac ted  th e  fill su rface  after tilling operations 
re s u m e d  H ow ever sam p le s  taken  in several locations in the 
em p an k m en t an d  wall after the failure, show ed w ater con ten ts  
of 6  to  8 percen t o v e r optim um  It w as, therefore, reaso n ab le  to 
d e d u c e  that high p o re  p re s su re s  w ere  c rea ted  in the wall backfill 
u n d e r th e  influence of the heavy  haul equipm ent Shear stren  
gth, a s  well a s  sliding re s is tan ce  w ere drastically reduced  and  
th e  p a n e ls  m oved  ou tw ard  virtually without restrain t Al Vail the 
a ffec ted  portion of th e  wall w as rem oved, an d  construction 
re s u m e d  with p ro p er attention  to com paction  w ater content To 
com plete ly  elim inate su ch  o ccu rren ces  in the future will p roba 
bly b e  im possible H ow ever, if specifications a re  correctly 
w ritten, m any sim ilar p rob lem s can  he  avoided

D raw ing on th e s e  and  o ther experiences, a s  well a s  an  
u n d ers tan d in g  of th e  basic  m ech an ics  of R einforced Earth it 
h a s  b e e n  po ss ib le  to define a  w ider spectrum  ot m ateria ls

m
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Fig 32: Large Direct Shear Box with Creep Test Setup

The b roader specifications still restrict the spectrum  of su it­
ab le  m ateria ls  V  th o se  w hich a re  non-plastic and  w h o se  
defo rm ation  p ropertie s will b e  essen tia lly  e lastic  in the norm al 
load  ra n g e  of R einforced Earth s truc tu res E ven assum ing  that 
a  ra tional design  procedure  could h e  d eve loped  tor cohesive 
soils, w e believe that the potential for large post construction 
m o v em en ts  d u e  to  c reep  would b e  significant A laboratory 
tes tin g  program  is now in p ro g re ss  to eva lua te  this



phenomenon Testing procedures are shown in Figure 32 Pre 
limmary results of a reinforcing strip pul lout test in residual silts 
with between 70 and 90 percent passing a 75^ sieve are shown 
in Figure 33 The tests show significantly lower values of 
apparent friction are obtained with these materials and m ore 
importantly, the values are significantly less than the shear 
resistance r 1 the soil even with deformed oi ribbed strips 
Figure 34 shows the result of two creep tests conducted at 
stress levels which varied from 34 to 49 percent of measured 
peak load High deflections are seen to continue after 50 hours 
loading Other testing programs now in progress will evaluate 
the possibility of using admixtures such as fly ash. lime or 
cement to reduce the plasticity of cohesive soils to eliminate or 
minimize creep We hope to be able to report on the results of 
these tests in one or two years At the present however it is not 
possible to use such soils reliably in permanent structures 

In addition to the mechanical complexities as so.ls become 
more fine-grained, their resistivity generally decreases Soil 
resistiv.ty is an important factor controlling the rate of galvanic 
corrosion, and low resistivity is often associated with aggressive 
sens This topic will be discussed m greater detail in the foi 
lowing section

Fig 33 Strip Pullout Tesla-Fine G r a m e n  Sofia
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Fig 34; Creep Testa-Ribbed Strips

III D urab ility  o f B u ried  M etal R e in fo rc e m e n ts .

In the m any d iscu ss io n s  w e hold with po ten tia  u se rs  of 
R einforced E arth  the  m ost frequently  a sk e d  questio n  is How 
iong will il las t?  E veryone know s tha t ferrous an d  o ther m etais 
c o rro d e  and  tha t m etallu rg ists might sp e n d  w hole c a re e rs  creat 
mg a single exotic alloy to res is t th e  ag g re ss iv e  attack  of a 
p red ic tab le  env ironm en ta l setting  (such  a s  alum inum  n oa ts  in 
sea w ater) R einforced  E arth s tru c tu res  a re  norm ally designed  
for a serv ice  life of 75 to 100 y ea rs  R ein fo rcem en ts a re  typically 
thin m etal strip s varying in th ick n ess  from 3 to 9  mm thick 
d ep en d in g  on  th e  physical fo rces to b e  re s is ted  an d  environ­
m en ta l sotting m which the struc tu re  will b e  e rec ted  W hat 
specia l inform ation therefore, is requ ired  to safely proportion 
tho structural co m p o n en ts  to res is t a  physical p h en o m en o n  that 
is a s  u n d en iab le  a s  it is seem ingly  u n p red ic tab le7 W hat m argin 
will exist and  w hat will b e  the c o n s e q u e n c e s  if th e  predictions 
are incorrect?

To a ttem p t to an sw er th e se  q u es tio n s  we m ust aga in  reflect 
on the  m ech an ism  of corrosion, the re su lts  of theoretical stud ies 
an d  w hatever ac tua l perfo rm ance  d a ta  ex ists In interpreting 
th e s e  stu d  e s  a n d  data , w e m ust b e  careful to interpret them  in 
th e  light of ou r ow n co n c e rn s  For exam ple , a  b o n ed  metal 
conduit might b e  co n sid e red  to  h av e  failed if a  pitting type 
co rrosion  com pletely  p e n e tra te s  th e  conduit wall an d  fluid or 
p re s su re  s  losi In con trast pit type p en e tra tio n s of a  sh ee t or 
.trip m ay do  little to red u ce  th e  effective c ro ss  sec tion  resisting 

s t r e s s  T herefo re  for the s a m e  co rrosive  effect, th e  slnp is 
se rv iceab le  a n d  the conduit is not With this in mind let us 
ex am in e  the p h en o m en o n  of co rrosion  a s  it app lies to the 
serviceability  of R einforced Earth s truc tu res

The co rrosion  p ro c e ss  is essen tia lly  an elec trochem ical 
p ro c e s s  For co rrosion  to occur th e re  m ust b e  a potential dif­
fe ren ce  b e tw een  two poin ts that a re  electrically co n n ec ted  m the 
p re s e n c e  of an  electrolyte A typical galvanic cell is show n in 
F igure 35 C u n e n t flows from th e  anodic  a re a  through the 
elec tro ly te  to the  cathodic a re a  an d  back  through th e  m etal to 
com p le te  the circuit In the c a s e  of bu ried  m eta ls th e  electrolyte 
c o n sis ts  of w ater och in oxygen an d  d isso lved  sa lts  wetting the 
soil partic les in co n tac t with the m eta l Among the factors that 
)ovc-rn corrosivitv of a given soil a re  (1) porosity (aeration) (2) 

e lectrical conductivity (3) d isso lved  sa lts  including depolarizers 
or inhibitors (4) m oisture an d  (5) acidity or alkalinity (pH) Let us 
look at the  influence o ' e a c h  of th e s e  p a ram ete rs

A po rous soil m ay retain  m oistu re  over a longer tim e or may 
allow m axim um  aera tion , both fac to rs w cich tend  to in c rease  the 
initial co rrosion  rate The situation  is com ple... how ever be 
c a u s e  co rrosion  p roduc ts  form ed in an  a e ra ted  so.l m ay be 
m ore  protective of the b a s e  m etal than  th o se  form ed in an  
u n a o ra te d  soil In addition. • s  p ro b ab le  that aera tion  of soils 
m ay  affect co rro sion  not only bv d irect action of oxygen in 
forming protective films, but a lso  indirectly through th e  influence 
of oxygen  reac tin g  with an  d ec rea s in g  concen tra tion  of the 
o rgan ic  com plexm g a g e n ts  or d ep o la rizers  naturally p resen t m 
so m e  soils w hich greatly  stim ulate localization cells Another 
factor to  be  co n sid e red  is that in poorly a e ra te d  soils containing 
su lfa tes , su lfate  reducing  bac te ria  m ay be  found T hese  
o rg an ism s often  p ro d u ce  the h ighest corrosion  ra te s  normally 
e x p e rien ced  in any  soil H ow ever, th e  beneficial effect of a e ra  
lion ex ten d s  to soils that harbor su lfa te  reducing  bacteria  
b e c a u s e  th e s e  b ac te ria  b eco m e  d o n n an t in th e  p re se n c e  of 
d isso lved  oxygen

r h e  electrical continuity allows cu rren t to flow be tw een  anodic 
a n d  cothodic  z o n e s  on  (tie m etal s u d a c e  The loss of m etal from 
th e  a n o d e  is proportional to the intensity of the cu rren t which in 
turn is directly proportional to th e  conductivity of th e  electrolyte 
be tw ee i i the two p o les  of the e lec trochem ical cell Normally, the 
m ethod  u se d  to  m e a s u re  this im portant soil p a ram ete r is the 
resistivity, th e  d .m ct inverse of th e  conductivity -Resistivity is 
d e p e n d e n t o n  th e  soil s  con ten t of so luble sa lts  and  varies



greatly  with d e g re e  of sa tu ra tion  
For p u rp o s e s  of determ in ing  se rv ice  life, the resistivity ot a soil 

at 100 p e rcen t sa tu ra tion  th e  w ors ' c a se . #s alw ays u sed  
G enerally  a  high resistivity is a sso c ia te d  with a slightly ag g re s  
sive soil T able V sh o w s so m e  typ'cal resistivities ot soils 

M oisture, e v e n  in sm all quan tities is a  n e v e s ; ary ag en t in 
co rrosion  U sually  th e  sp e e d  of corrosion  in c re a se s  with in 
c rea s in g  w ater co n ten t of th e  soil The conductivity of w ater 
in c re a se s  with increasing  concen tra tion  of d issolved sa lts 
aga in  increasing  th e  potential tor in c reased  corrosion  

T he acidity or alkal mty (pH) of a  soil a lso  contro ls the ra le  of 
co rrosion  C erta in  protective ox ides that form on  the surface  of a 
m etal a re  inso lub le  within certain  pH ra n g e s  For exam ple, 
experience  h a s  show n that th e  by p roducts o t the corrosion of 
zinc a re  insoluble within a  5 to 12 pH ran g e

Fiy 35 Idealized Galvanic Cell in Buried Metals
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T he poten tia l d ifference b etw eei i th e  p o les  of a galvanic cell is 
d e p e n d e n t upon  th e  na tu re  of ion co n cen tra tions on the surface 
C erta in  ions, su c h  a s  chlorides and  su lfa tes  are  agg ressive  
o th e rs  such  a s  m ag n es iu m  an d  calcium  a re  inhibitors of cor 
rosion

T hus, the high num ber of in terre lated  factors which influence 
th e  initial a n d  long term  corrosion  rate m ak es  the study of 

orrosion  an d  se rv ice  life an  inexact sc ience , especially w hen 
o n e  co n sid e rs  tha t m any of the p a ram e te rs  will m ost certainly 
c h a n g e  with th e  p a s s a g e  of tim e As in o ther sc ien ces  w here 
ex ac t so lu tions a re  not p o ss ib le  and I suggest that soil 
m ech a n ic s  is certainly one , it is n e c e ssa ry  to determ ine the 
po ss ib le  u pper an d  lower limits to the effects or resu lts under 
Study and  then , using  p ruden t eng ineering  judgm ent to provide 
for a  re a so n a b le  m argin  of safety  This app ro ach  is applicable to 
th e  study of co rro sion  of buried  m eta ls

T he m ost ex ten s iv e  se r ie s  of field te s ts  on various m etals an d  
co a tin g s in all ty p e s  of so ils w as  begun  in 1910 by the U S 
N ational B u reau  of S ta n d a rd s  (NBS) T h ese  tes ts  continued 
until 1955 a n d  now  constitu te  the m ost im portant so u rces  of 
co m p reh en siv e  d a ta  availab le  in the field of underground cor 
rosion  This inform ation therefo re , constitu tes  the da ta  b a se  of 
th e  en tire  su b -sc ie n c e , an d  it is against this da ta  that all new 
ex p erien ce  a n d  su b seq u en tly  derived em pirical relationships 
m ust b e  co m p a red  and  co n tra s ted  It is useful, therefore, to 
briefly review th e  resu lts of this study

In the NBS study , sa m p le s  of ferrous and  nonferrous m eta ls  
w e re  bu iied  a t 128 s ite s  Plain an d  galvan ized  s tee l sp ec im en s  
v a re  buried al 47  s ite s  w here  th e  soil w ater environm ents w ere 
d ifferent but rep re sen ta tiv e  of soil conditions in the United 
S ta te s  The resistivity an d  pH w ere  m e a su re d  at e a c h  s ite  in an 
a ttem p t to d e te rm in e  a  quan tita tive  correlation be tw een  th e se  
m e a su ra b le  (but so m ew h a t tim e and  env ironm en t-dependen t) 
p a ra m e te rs  an d  m etal lo ss R om anoff (19) the  authior of the 
N B S study d e m o n s tra te d  that the  ra te  of co rrosion  is g re a te s t in 
th e  first few y e a rs  after burial an d  d e c re a s e s  to a m uch lower 
c o n s ta n t ra te  th e rea fte r He ind icated  that th is dam ping of co r­
ro s ion  w as a m o re  significant p a ram e te r than  the initial ra te  He 
pro(K>sed quan tita tive  "m pirical re la tionsh ips to ca lcu la te  
a v e ra g e  loss of th ick n ess  of plain s tee l a s  a  function of tim e 

D aibin (20). in h is co m p reh en siv e  review of the NBS d a ta , 
h a s  se lec ted  burial site  d a ta  m ore  or le s s  co n sis ten t with the 
norm al ran g e  of en v ironm en ts  for buried reinforcing s lo p s  and  
e x te n d e d  this d a ta  in a c c o rd a n c e  with R om anoff s  p roposa ls  
H e  co m p ared  th e  resu lts  of this e x ten d e d  or ex trapo la ted  d a ta  
w th  o ther pertinen t s tu d ie s  su c h  a s  the perfo rm ance of sh e e t 
p iles and  cu lv e d s  This c o m p an so n  for galvan ized  stee l s a m ­
p le s  and  m etal cu lverts is show n in Figure 36 This dn ta  d e m o n ­
s t ra te s  that e v e n  in an  a g g re ss iv e  env ironm ent (p 13.000 U 

cm . pH 4 7), th e  galvan ized  stee l reinforcing str.pu currently 
m u s e  would h a v e  a  serv ice  life of 120 y ea rs

Fig 36 S yn thesis of Extrapolsted NBS end Metal Culvert Data 
(after Dartoin et al. 1978)

The ex trapolation  of the Rom anoff d a ta  requ ires the solution 
of th e  exponen tia l equation

X k t "
w here X a v e ra g e  lo ss  of th ickness with time 

k a  site characteristic  
T tim e m y ea rs
n site  d ep en d en t an d  is alw ays le s s  than  1 0

S ince  ' e lec tion  of k and  r  requ ires so m e  subjective in ter­
pretation  it is useful to s e e  if so m e  m ore g enera l quantitative 
conclu s ions c a n  be  draw n from the Rom anoff d a ta  In an 
a ttem p t to o b ta in  this, the  N BS d a ta  from the  47 s tee l burial sites 
h a s  b een  re p lo tted  Figure 37  is an  attem pt to show  a  relation­
sh ip  be tw een  m eta l loss and  resistivity The figure sh o w s that a  
well defined relationsh ip  d o e s  not exist, but clearly dem on  
s tra te s  a trend  of sm aller m etal lo sse s  with in c reased  resitivity 
for sites  w h o se  pH is g rea te r than  5 Figure 38 is an  attem pt to 
show  a relationsh ip  b e tw een  m etal lo ss and  pH The figure 
a g a in  d e m o n s tra te s  that a  w ell-defined relationship d o e s  not 
e x is1 H ow ever, it d o e s  show  g rea te r m etal lo s se s  a t s ite s  with 
pH va lues le s s  than  5 U sing pH a s  the  only guide, it is difficult to 
d raw  a conclusion  H ow ever, if only well d rained  sites  are  
p lo tted  a s  in F igure 39, it can  b e  concluded  that m etal lo sse s  at 
su ch  sites  will n'-'t e x c e e d  0 15 oz  /s q  ft /yr
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Fig 37 Weigh! Loss versus Resistivity

The a b u n d a n c e  a n d  reliability of this da ta  and  the ability to 
ex trapo la te  a to th e  time period normally asso c ia ted  with 
eng inee ring  w orks h a s  led to the selection  of galvan ized  steei a s  
the m a tt- ia l m ost com m only u sed  for R einforced Earth shoe  
tu re s  T he zinc coating  on galvan ized  steel form s a sacn fia  «l 
a n o d e  which co rro d es  while protecting the b a s e  m etal In add ' 
tion. zinc p ro m o tes a  m ore uniform corrosion by pi eventing the 
form ation of pits during the highly ag g ressiv e  initial s tag es of 
burial

National Bureau of Standards 
Metal Loss Study after Romanoff 19S7)
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Fig 38 Metal Loss versus p f

O th e r m a te ria ls  currently u snd  for reinforcem ents include 
p lain  carbon  s tee l for tem porary  s tructu res an d  som e m arine 
s tru c tu res , a n d  a  Iusion-bonded  epoxy co a le d  steel reinforce 
m en! for highly acidic or w arm  m arine environm ents

O ther m a te ria ls  have  b e e n  u sed  a s  reinforcem ents wi'h 
m ixed  resu lts S ta in le ss  s tee l w as u se d  in ten  structures in 
F ra n c e  Nine of th e s e  structu res show ed no e v d e n c e  of corro 
sion  wheri ex am in ed  severa l years  after com pletion In o n e

structure, there .vas some ev id en c e  of surface  corrosion an d  
pitting Aluminum m ag n es iu m  re in fo rcem en ts w ere  u sed  on 
sev e ra l s tru c tu res  in F ran ce  a n d  the United S ta le s  W hen 
p laced  in .lean , well a e ra te d  backfills, this m aterial d e m o n ­
stra ted  excellen t p e rfo rm ance  T h ese  passive  m e ta ls  such  a s  
s ta in le ss  s te e l a n d  alum inum  a re  highly reactive  in the  
p re s e n c e  of oxygen, an d  under favorab le  conditio, is a re  rapidly 
c o a te d  with a  pro tective film of o x ides that p rev en ts  corrosion of 
the b a s e  m eta l H ow ever w hen this protective layer is destroy 
ed . e ither by physical or chem ical p ro c e s se s  rapid  corrosion 
can occur

National Bureau of Standards 
Metal Loss Study (after Homanoff 1957)
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Fig 39 Metal L oss versus pH-Well Drained S ites Only

P la s tic s  and  o ther syn thetics h av e  also  b e e n  u sed  a s  rem 
fo rcem en ts. but their perfo rm ance h a s  b een  disappointing 
T h ese  m ateria ls  a re  too brittle or too flexible to w ithstand and  
su s ta in  the construction  loads, an d  their corrosion  perform ance 
is unpred ic tab le  (but in our ex p erien ce  uniformly poor)

In sum m ary  w e can  sta te  that there  is sufficient d a ta  available 
to perm it the se lec tion  of the c ro s s  section  and  coating  w eight of 
g a lvan ized  stee l re in fo rcem en ts to insure a minim um service 
life D esign p ro ced u re s  for this im portant determ ination  include 
the following

11) th e  calculation of anticipated  weight lo ss b a se d  on labo 
ralory or field m e a su re d  va lues of resistivity and  pH at 
sa tu ra te d  conditions

(2) th e  se lec tion  of su itab le  site  d ep en d en t charac te ristics for 
p rec ise  calculation  accord ing  to Rom anoff s  formula

(3) com paring  a n sw ers  found in (2) with upper limits inferred 
by a  b road  in terpretation  of the Romanoff d a ta

(4) proportioning th e  strip d im ensions such  tha t t r r  s t re s s e s  
in the equ ivalen t c ro s s  section  at the e n d  of the antici­
p a ted  se rv ice  life will b e  less  than or eq u a l to the yield
s tre s s

(5) applying w hatever factor of safety to  calculation (4) is 
required  by th e  site an d  project characteristics
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CONCLUSIONS

The excellant t!ructural performance of the more lhan 2.000  
Reinforced Earth structures completed during the past 11 years 
demonst'ates mure ihan any other tact that these structures 
have been safely designed Measurements and observations of 
movements and stresses confirm that the working stress uesign 
procedures derived on the basis of a coherent gravity structure 
analysis, accurately predict subsequent performance As im 
provements are made in the technology, such as 'he recent 
introduction of high adherence reinforcements, basic soil 
mechanics theory, supported by laboratory and field testing, can 
be used to modify design procedures to anticipate the effects of 
these improvements

This experience has demonstrated that bom all considera

ticns ot performance, stress, structural deformation and cor­
rosion the use of wall backfill that is a well-dra.ned granular 
material, compacted to a field density that results m dilation 
during shear will result in an extremely safe structure with a 
long and highly predictable service life As backfill materials 
become more fine grained, caution must be exercised in select 
mg design par ameters and factors of safety to allow for the more 
complex shear strength and corrosion characteristics of these 
finer grained materials However even with these finer grained 
elastic materials, adequate designs can be developed

At present, at least plastic materials should not be used for 
Reinforced Earth structures No rational design procedure 
exists and their anticipated long term performance, even 
assuming an adequate structural design, cannot be assured
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APPENDIX 7

DEPARTEMf NT ou SERVICE

E M E T T E U R

Ch. DIGUE

REFERENCE DATE

CD/RN 1 5 .06 .78
1 2

OBJET
PROGRAMMl D'ESSAIS POUR I \  CRAVE LA]TIER

NUMERO

4-5986

D E S T I N A T A I R E

L. DIS0N

DEPARTEMENT oi SERVICE

C O P 1 E

M. MARCUI ( Sal a n
Dr l6<rn
L._........

Pi ■

Les r e s u l t d t s  o b te nus  j u s q u ' i e i  du L . ib o rd to i r e  d ' O r lean s  m ont ren t  
q u ' a  1 1 i n v e r s e  du l a i t i e r  f r a n g a i s ,  l e  l a l t l e r  g r a n u l e  p ro v en an t  de P r e t o r i a  
ne deve loppe  que dca r e s i s t a n c e s  f a i b l e s  e t  qui  c e s s e n t  de c r o T t r e  a p a r t i r  de 
60 j o u r s  de p r i s e .

Ce phcnomene p eu t  e t r e  du a une c o m p o s i t io n  ch imique  d i f f e r e n t e ,  
notamment a une t e n e u r  en oxyde de magnesium s u p e r 1 c u re  e t  a une t e n e u r  en CaO 
in f  e r i e u r e .

Le c a t a l y s e u r  employe au co u r s  des e s s a l s  a e t e  J u s q u ' i e i  de l a  c h a u x . 
II  r e s t e  done a v e r i f i e r  s i  1 ' a u g m e n ta t io n  de r e s i s t a n c e  s o u h a i t e e  p o u r r a i t  e t r e  
ob tenue  avec un c a t a l y s e u r  d i f f e r e n t ,  e ' e s t  a d i r e  s o i t  du qypse ,  s o i t  de la  
soude (NaOH), s o i t  du g y p s o n a t .

Dans l e  programme des e s s a l s ,  nous a l i o n s  done d i s t i n g u e r d e u x  p a r t i e s  :

U r e  P a r t i o  - a e x e c u t o r  e n  i r a n e e

D eterm iner  comme in d lq u e  c i - d e s s u s  l e  m e i l l e u r  c a t a l y s e u r ,

2eme P a r t i e  - a e f f e c t u e r  en A f r ique  du Sud

Selon l e s  r e s u l t a t s  ob tenus  dans  la  l o r e  P a r t i e ,  l e s  e s s a l s  d ' a p p l i ­
c a t i o n  p o u r r o n t  e t r e  c o n d u i t s  au L a b o r a t o i r e  Slagmcnt pour  r epondre  
aux deux o b j e c t  i f s su W a n t s  :

a)  E s s a l s  de c o n t r o l e  de la  q u a l i t e  du l a i t i e r  g r a n u l e  e t  du c a t a l y s e u r  
c h o i s i .

Les e s s a l s  c o n s i s t e r o n t  a r e l e v e r  l e s  r e s i s t a n c e s  a 7 - 1 4 - 2 8 - 6 0  
e l  90 J o u r s  d ' e p r o u v e t t e s ,  moulees dans  un moule do d i a m e t r e  2 pouces 
'•c dc h a u t e u r  4 pouces .

L’a g r e g a t  a employer s e r a  un s a b l e  q u a r t z i t i q u e  de co n ca ssag e  0-2  mm 
de com pos i t ion  s u i v a n t e  ;

TAMIS A PAILLES COULEES

n° 200
0 ,2  mm 
0 ,5  r v
1 mm
2 mm

12
20
55
82

100

% PASSANT

(16-22)
(52-58)
(78-86)
(95-100)



On c o n s t i t u e r a  un melange dc 80 % de I ' a g r e g a t  c t - d e s s u s  e t  
20 % de l a i t i e r  g r a n u l e .  Et. a c e t  a g r e g a t  t o t a l ,  on I n c o r p o r e r a  
un c a t a l y s e u r  choisL sc io n  le  dosage  t i r e  des  r e s u l t a t s  de l a  
l e r e  P a r t l e .

On de te rm ine r . !  e n s u l t e  la  t e n e u r  en eau optimum de compactage 
e t  l a  d e n s l t e  maximum s c ion  l e s  e s s a i s  P r o c t o r  m o d i f i e s .

On moulera  e n s u l t e  l e s  c a r o t t e s  d ' e s s a l s  dans  l e  moule d c f i n i  
p lu s  h a u t ,  au moyen d ' u  ne p r e s s e  . Les moules s e r o n t  munis d 'u n  
p i s t o n  a l a  p a r t l e  i n f e r i e u r e .  Les 2 p i s t o n s  s e r o n t  r a p p ro c h e s  
de l a  p r e s s e  j u s g u ' a  c e  gue l a  d i s t a n c e  gui  l e s  s e p a r e  s o l t  de 
4 pouces .

La q u a n t i t d  a i n t r o d u l r e  dans l e  moule r e s u l t e  du c a l c u l  s u i v a n t  :

Si V e s t  l e  volume du moule,  on p c s e r a  une g u a n t i t e  e g a l e  a 
V m u l t i p l i e  pa r  l a  d e n s i t e  humide maximum de I ' e s s a l  P r o c t o r ,  
l e s  m a te r l a u x  e t a n t  h u m i d i f i e s  a l a  t e n e u r  en eau optimum de compac­
t a g e .

Les c a r o t t e s  s e r o n t  demoulees e t  p l a c e e s  dans un e t u i  p l a s t i q u e  
pour e t r e  p l a c e e s  dans  un c a b i n e t  de p r i s e  en a tmosphere  humide 
e t  a une t e m p e r a t u r e  a peu p r e s  c o n s t a n t e  de I ' o r d r e  de 20° C.

Xpres l a  p r i s e  aux i n t e r v a l l e s  de temps in d lq u e s  p l u s  h a u t ,  on 
e c r a s e r a  l e s  c a r o t t e s  dans un e s s a i  de compress ion  s im ple  
(uncon f ined  com press ion  t e s t )  a I ' a i d e  d 'u n e  p r e s s e  avec une 
v i t e s s e  d ' e c r a s e m e n t  de 1,27mm par  minute  e t  on r e l c v e r a  1 ' e f f o r t  
c o r r e s p o n d a n t  a l a  r u p t u r e  de 1 ' e p r o u v e t t e .

Essa i  su r  g rav e  l a i t i e r  pour d e t e r m in e r  l a  f o r m u l a t io n  a p p l i c a b l e
a un c a s  de c h a n t i e r  donne.

Pour ra  e t r e  e x e c u te  sc io n  l e s  memes p r i n c i p e s  en u t i l l s a n t  des  
moules dc 100 mm de d l a m e t r e  e t  200 mm de h a u t e u r .

Si l e s  a g r e g a t s  c o n t l e n n e n t  des  e l em en t s  s u p e r i e u r s  a 25 mm, on 
i n t r o d u i r a  dans la  f r a c t i o n  0 -25  un p o u rc e n ta q e  d 1e lem en ts  5-25 
ega I au p o u rcen taq e  d ' e l e m e n t s  s u p e r i e u r s  a 25.

La d e n s i t e  maximum e t  l a  t e n e u r  en eau optimum P r o c t o r  modi f l e e  s e r o n t  
d e t e rm in e e s  a f i n  dc mouler  l e s  e p r o u v e l l e s  de l a  meme fagon que 
precedcmment. La c u r e  e t  l e s  e s s a i s  d ' e c r a s e m e n t  s e r o n t  e f f e c t u e s  
comme precedcmment e t  aux memes i n t e r v a l l e s  de temps.



Un c a s  d 1a p p l i c a t i o n  ty p e  nous a e t c  p ropose  a 1 ' o c c a s i o n  de 
l a  r e a l i s a t i o n  de c h a u s s e e s  en bc ton  com portan t  une d a l l e  de 23 ,5  cm 
p l a c e e  s u r  une couche  su p p o r t  de 10cm d ' c p a i s s e u r  cfi CTB c o n s t i t u t e  par  
un c r u s h e r  run 0-37 mm e t  5 % de c im e n t .

Au c o u r s  de la  d i s c u s s i o n  au s u j e t  de c e  c a s ,  l e s  o b s e r v a t i o n s  
s u i v a n t e s  on t  pu e t r e  degaqees  :

Le c a l c u l  de l a  d a l l e  de b c to n ,  s o i t  p a r  l e s  abaques  de c a l c u l
que 1 ' on p e u t  t r o u v e r  dans  le  AASHTO INTERIM GUIDE FOR DESIGN OF PAVEMENT
STRUCTURE (e d . 1 9 7 4 ) ,  s o i t  pa r  l e  c a l c u l  que l e  L a b o r a t o i r e  d ' O r l e a n s  
p o u r r a  nous communiquer, montrc que la  couche  s u p p o r t  i n t e r v i e n t  que 
t r e s  f a ib l e m e n t  dans 1 'economic su r  I ’e p a i s s e u r  de la  d a l l e  de b e to n .

I I  en r e s u l t e  que c e t t e  couche s u p p o r t  a pour but  :

1° - de p e r m e t t r e  l e s  o p e r a t i o n s  de c o n s t r u c t i o n  dans  de 
m e i l l e u r e s  c o n d i t i o n s ,

2° - d ' e v i t e r  l e  pumping.

L ' I n t r o d u c t i o n  d ' u n e  v a r i a n t e  pour rcm p lace r  l a  couche  de CTB 
prevue  par  une couche de g rav e  l a l t i e r  de meme e p a l s s e u r  composee de 80 % 
de c r u s h e r  r u n ,  20 % de l a l t i e r  g r a n u le  auxque ls  on a d j o i n d r a  l e  c a t a l y s e u r  
p r e s e n t e r a i t  l e s  ava n ta g e s  s u l v a n t s  :

1° - La g rave  l a l t i e r  ne p r e s e n t e  p lu s  l e s  i n c o n v e n l e n t s  r e l a t i f s
aux ex ig e n c e s  de d e l a l s  pour l e  compactage e t  l a  g rave  l a l t i e r  
peu t  e t r e  r e t o u c h e r  al sement pour o b t e n i r  un n iv e l l e m e n t  p r e c i s  
de l a  s u r f a c e .

2° - La r e s i s t a n c e  a I ' e a u  qui e s t  n e c e s s a i r e  une f o i s  1 'o u v rag e  en
s e r v i c e  peu t  e t r e  ob tcnue  avec la q r a v e  l a l t i e r  dans  un temps 
r a i s o n n a b l e ,  c ' e s t  a d i r e  a p a r t l r  des  90 j o u r s ,  repondan t  a i n s l  
au souc i  d ' e v i t e r  l e  pumping.

3° - Se lon l e s  p r i x  p r a t i q u e s  , une economic s u r  l e s  m a te r i a u x  r e s u l t e
de 1 ' a p p l i c a t i o n  de c e t t e  v a r i a n t e  e t  e l l e  s 'accom paqnera  d 'u n e  
economic complemcnt. i l r e  su r  la  c o n s t r u c t i o n  proprement  d i t e  de 
^ e t t c  couche ( r e g a l a g e ,  compactage e t  f i n  r e g l a g e ) .

Cependant ,  c e t t e  v a r i a n t e  ne d o i t  e t r e  p r e s e n t e e  que s i  l e s  
r e s u l t a t s  de 1 ' e t u d e  de f o rm u la t io n  en L a b o r a t o i r e  f a i t e  avec 
l e  c r u s h e r  run e t  l e  l a l t i e r  g r a n u l e  de V a n d e r b i j l  a p p o r t e n t  l a  
p reuve  que le  du rc l s s em e n t  e s t  b le n  e f f e c t i v e m e n t  ob tenu  avec l a  
ch.iux commc c a t a l y s e u r  (ou e v e n t u e l  1 ement l e  q y p s e ) .

C. DIGUE
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] )  ("D k l.D v i s i t  i ‘d t h e  SALVI AM d e j o t  t ind l a b o r a t o r y  a t  Or 1 < t i is  o n
1 4 / 6 / 7 8  a n d  a l s o  i n j c e l e d  f i e l d  o p e r a t i o n s  i n  1 h e  a r e a .  D i s c u s s i o n s  
v.i rt- hi Id  w i t h  Mr. P .  Mir c h i  o f  Ral  v i a m  who h a s  b e e n  d i r e c t i n g  t h e  t e s t  
jirocjraiirnie f i r g r . i v e l  - s l a q  an d t o  whom o u r  t h a n k s  a r e  d u e  f o r  a r r a n g i n g  
t h e  v i s i t .

2) G r a v e l - s l a g  T e s t s :

3)

‘ T e s t s  w i t h  3 . A. s l a g  g a v e  l i ; e p p o i n t i n g  r e s u l t s

‘ R e a s o n  a p p e a r s  t o  b e  h i g h  m a g n e s i a  c o n t e n t  b e c a u s e  o f  u s e  o f
d o l o m i t e  c f . l i m e s t o n e  i n  m o s t  F r e n c h  s t e e l w o r k s .

* T h i s  m e a n s  t h a t  l i m e  a l o n e  i s  n o t  an  a d e q u a t e  c a t a l y s t .

* O t h e r  c a t a l y s t s ,  w i t h  or w i t h o u t  a p r o p o r t i o n  of l i m e  could be 
g y p s u m ,  Na OH o r  a s p e c i a l  p r o d u c t  d e v e l o p e d  by  P r a n d i  known as 
g y p s o n a t .

* S a l v i a m  l a b o r a t o r y  w i l l  c a r r y  o u t  t e s t s  o n  v d b i j l  s l a g  t o  
a t t e m p t  t o  d e t e r m i n e  c o r r e c t  c a t a l y s t .

* I n  F r a n c e  a s i m i l a r  p r o b l e m  h a s  b e e n  e n c o u n t e r e d  with slag 
fr o m  D u n k e r q u e  w h i c h  i s  a l s o  d o l o m i t i c  -  a p p a r e n t l y  gypsum 
h a s  b e e n  u s e d  a s  a c a t a l y s t  i n  t h i s  c a s e  -  a d a n g e r  of using 
g y p s u m  i s  t h a t  i t  c o u l d  p r o d u c e  s w e l l  i  .g of t h e  l a y e r  after 
c o m p a c t i o n  -  h e n c e  P r a n d i  * s  g y p s o n a t  w h i c h  is a mixture o f  
g y p su m  a n d  o t h e r  c o n s t i t u e n t s .

* Mr. D i g u e  h a s  w r i t t e n  a t e s t i n g  p r o g r a m m e  t o  be c a r r i e d  out 
j o i n t l y  i n  F r a n c e  and i n  S . A .  a n d  w h i c h  i s  e n c l o s e d  w i t h  t > . i s  
r e p o r t .

S h o r t  F i e l d  v i s t t :

* T h e  c o n s t r u c t i o n  u n i t  was  n o t  e n g a g e d  on g r a v e l  slag on that 
d a y  b u t  so m e  f i n a l  p r o d u c t  w a s  i n s p e c t e d .

* One o f  t h e  s e c t i o n s  s h o w e d  s i g n s  o f  c r u m b l i n g ,  the reason for 
w h i c h ,  i t  w a s  e x p l a i n e d ,  w a s  i n s u f f i c i e n t  curing.

* P r a c t i c e  in F r a n c e  i s  t o  u s e  a f i n e r  aggregate (-22mm) than in 
S .  A.

* A mixing plant o p e r a t e d  by CODAS was inspected - this plant was 
preparing a cement-sand mix but c o u l d  be adapted to gravel-slag

- features of the plant, which was a continuous-mix t y p e , 
included automatic weighing and feeding, constant flow devices, 
ability to use 2 separate aggregates, pugmill mixer (from old 
asphalt plant), capacity of 1 BO t p h . Estimated cost of 
plant was FI'4GO OOO (R 7b OOO ) and when the time comes we 
can get advice in design and manufacture.
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Random Notes •

* C o n c r e t e  r o a d s : It was pointed out that in the design of
c o n c r e t e  r o a d s  the :ubhase was not expected to take much load, 
th< m a i n  p u r p o s e s  of the -.ubbase being (i) to provide a smooth 
w o r k i n g  plat form in the concrete slab and (ii) to avoid 
"pumping" at a n d  through the joints.

* Slurry Seal: Usual spread rate was 12m^/Kg - interested 
in Folbitem’s idea of thicker seals.

Ai r c o o l e d  S l a £ :  The a m p l e  o f  V a n d e r B i j l  s l a g  l o o k e d  v e r y
much l i k e  t h e  F r e n c h  p r o d u c t  -  t h e  v e s i c u l a r  n a t u r e  o f  t h e  
s l a g ,  c a u s e d  by  s u l p h u r ,  c o u l d  a p p a r e n t l y  b e  r e d u c e d  b y  a d d i n g  
p e l l e t s  o f  h e m a t i t e  t o  t h e  h o t  s l a g  -  c o u l d  r e d u c e  L . A .  t e s t  
v a l u e  f r o m  24  t o  2 0  and e v e n  1 7 .  i i t l a i n e - T res l  ?

S l a g m e n t ; A s m a l l  s a m p l e  o f  s l a g m e n t  was  h a n d e d  o v e r  f o r  
i n s p e c t i o n  a n d  p o s s i b l y  t e s t i n g .  (  Q

pH v a l u e s ' G r a v e l - S l a g : A pH v a l u e  o f  a b o u t  12 ,5  was r e q u i r e d
i n  o r d e r  t o  get p o z z o l a n i c  a c t i o n .



TF.ST PROGRAMME FOR GRAVEL- SLAG

T h i  n  u I t s  o b t a i n e d  s o  ' a r  <it t h e  Or 1 < m s  L a b o r a t o r y  sh ow  t h a t  t h e  ISCOR e  1 uq 
d e v e l o p s  f a r  w< iki'r s t r e n g t h s  t h a n  t h e  F r e n c h  s l a g s  and f u r t h e r  s h o w s  n o  
i n c r e a s e  i n  s t r e n g t h  a f t e r  LO d a y s .

T h i s  ph e n o m e n o n  i s  p o s s i b l y  d u e  t o  d i f f e r e n c e s  i n  t h e  c h e m i c a l  c o m p o s i t i o n ,  th e  
S . A .  s l a g  b e i n g  h i g h e r  i n  m a g n e s i a  ) a n d  l o w e r  i n  l i m e  (Ca O) .

MJ 0
T h e  c a t a l y s t  u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t s  h a s  b e e n  l i m e .  I t  r e m a i n s  t o  b e  
s e e n  w h e t h e r  t h e  r e q u i r e d  s t r e n g t h s  c a n  b e  o b t a i n e d  w i t h  d i f f e r e n t  c a t a l y s t s , 
e i t h e r  gypsum  o r  NdOH o r  g y p s o n a t .

T h e  p r o p o s e d  t e s t i n g  p r o g i a m m e  h a s  t o  b e  d i v i d e d  i n t o  t w o  s t e p s :

STEP 1:  TO BE CARRIED OUT IN FRANCE (EJL)

T o  f i n d  t h e  a p p r o p r i a t e  c a t a l y s t .

STEP 2:  TO BE CARRIED OUT IN S . A .  : SLAGMENT LABORATORY

On t h e  b a s i s  o f  t h e  r e s u l t s  o f  STEP 1 t e s t s  f o r  p o s s i b l e  p r a c t i c a l  a p p l i c a t i o n s  
t o  b e  c a r r i e d  o u t  on  t h e  f o l l o w i n g  l i n e s :

• ■ iecV the qu a l i t y  of g r a i  and t h e  chos e n  catalyst.

* The t e s t s  w i l l  c o m p r i s e  c h e c k i n g  s t r e n g t h s  a t  7 ,  14, 2 8 ,  6 0  & 9 0  d a y s

* S a m p l e s  w i l l  b e  p r e p a r e d  i n  c y l i n d r i c a l  m o u ld  2" dia. & 4" height.

* The  a g g r e g a t e  t o  b e  u s e d  w i t h  t h e  s l a g  w i l l  b e  0 - 2 0 m m . q u a r t z i t i c
c r u s h e d  s a n d ,  h a v i n g  t h e  f o l l o w i n g  g r a d i n g : -

S i e v e  O p e n i  n g  % P a s s i n g

200  12
O,2mm 20 (18-22)
0,5mm 55 (52-58)
1 nun 82 (78-86)
2 mm lOO ( 9 5 - 1 0 0 )

* T h e  r a t i o  o f  a g g r e g a t e  t o  s l a g  will b e  80% t o  20%. The selected
c a t a l y s t  will b e  a d d e d  t o  t h i s  t o t a l  m i x t u r e  at an application rate
d e t e r m i n e d  b y  t h e  r e s u l t s  o f  STEP 1 .

The  op t im u m  m o i s t u r e  c o n t e n t  a n d  maximum d e n s i t y  w i l l  be  o b t a i n e d  
f r o m  t h e  m o d i f i e d  PROCTOR t e s t .



a t o s t  p r e s s . The  mould-  . i r e  f 11 t « d w i t h  j i - t >i i - w l i i e h  c u n  ; • r s  
t h e  s a m p l e s  t o  t h e  r e q u i r e d  h e i  - h t  o f  4 " .

b)

NOTE:

The q u a n t i t y  o f  m a t e r i a l  t o  b< p l a c e d  i n  t h e  m o u l d s  i s  c a l c u l a t e d  
a s  f o l l o w s :

I f  V i s  t h e  v o l u m e  o f  t h e  m o u l d  t h e  q u a n t i t y  r e q u i r e d  i s  t l ie  m a s s  
o f  t h e  t o t a l  m i x t u r e  ( i n c l u d i n g  w a t e r )  w h i c h  w i l l  g i v e  t h e  v o l u m e  
V a t  maximum d e n s i t y  a n d  o p t i m u m  m o i s t u r e  c o n t e n t .

* A f t e r  c o m p r e s s i o n  i n  t h e  m o u l d s  t h e  s a m p l e s  a r e  e x t r a c t e d ,  c o v e r e d  
i n  p l a s t i c , p l a c e d  i n  a m o i s t u r e  c u r i n g  r oo m ,  k e p t  h u m id  a n d  a t  a 
c o n s t a n t  t e m p e r a t u r e  o f  a b o u t  2 0 ° C .

* At t h e  t i m e - i n t e r v a l s  i n d i c a t e d  a b o v e  t h e  s a m p l e s  a r e  t e s t e d  t o  
d e s t r u c t i o n  ( u n c o n f i n e d  c o m p r e s s i o n  t e s t )  b y  m e a n s  o f  a t e s t  p r e s s  
o p e r a t i n g  a t  1 , 2 7 m m / m i n u t e .

Trusts  w i t h  g r a v e l - s l a g  t o  d e t e r m i n e  t h e  a p p r o p r i a t e  m i x t u r e  f o r

T h e s e  t e s t s  c a n  b e  c a r r i e d  o u t  o n  t h e  s a m e  p r i n c i p l e s  a s  a b o v e  b u t  
u s i n g  m o u l d s  o f  lOOmm d i a .  a n d  200mm h e i g h t .

* I f  p o r t i o n  o f  t h e  c h o s e n  a g g r e g a t e  i s  g r e a t e r  i n  s i z e  t h a n  25mm i t  
i s  e x c l u d e d  f ro m  t h e  t e s t .  A f r a c t i o n  o f  5 - 2 5mm i s  a d d e d  t o  t h e  
s a m p l e ,  e q u a l  t o  t h e  f r a c t i o n  g r e a t e r  t h a n  25mm.

The maximum d e n s i t y  a n d  O .M .C .  a t  m o d i f i e d  PRCX'TOR w i l l  b e  d e t e r m i n e d  
a s  p r e v i o u s l y .  The  c u r i n g  a n d  c r u s h i n g  o f  s a m p l e s  a r e  c a r r i e d  o u t  
a s  b e f o r e  a n d  a t  t h e  same t i m e - i n t e r v a l s .

CONCRETE ROAD:

T h i s  n o t e  d i s c u s s e s  t h e  c a s e  o f  t h e  c o n s t r u c t i o n  of  a c o n c r e t e  r o a d ,  
s l a b  t h i c k n e s s  235mm p l a c e d  o n  a s u b b a s e  c f  CTB, 3 7 , 5mm c r u s h e r - r u n  
and 5% c e m e n t , and lOOmm t h i c k .

The  f o l l o w i n g  o b s e r v a t i o n s  a r e  s u b m i t t e d :

* Th e  c a l c u l a t i o n  f o r  t h e  c o n c r e t e  s l a b ,  a c c o r d i n g  t o  e i t h e r  
t h e  d e s i g n  c h a r t s  o f  t h e  AA5HTO I n t e r i m  Guide  f o r  C o n c r e t e  
S t r u c t u r e s  (1974) or  t h e  KJL l a b o r a t o r y  a t  O r l e a n s , shows 
t h a t  t h e  s u b b a s e  l a y e r  p l a y s  a  m i n o r  p a r t  i n  t h e  econom ics  
o f  t h e  t h i c k n e s s  o f  t h e  s l a b .

T h e  p r i n c i p a l  f u n c t i o n s  o f  t h e  s u b b a s e  a r e  t h e r e f o r e :

i )  t o  p e r m i t  c o n s t r u c t i o n  of  t h e  c o n c r e t e  s l a b  u n d e r  
t h e  m o s t  f a v o u r a b l e  c o n d i t i o n s  ( a c c u ra c y  o f  g r a d e ,  
s m o o t h n e s s  o f  w o r k i n g  p l a t f o r m ) ;

i l l  t o  e l i m i n a t e  " p u m p i n g " .
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/_

An a l  t (  r n«it i v t  t o  t h e  CTB i n  D m  f  > rm o f  <1 i j i u v c l - s l u y  f i x t u r e  
o f  t h e  s a m e  t h i c k n e s s , compr i i n y  BOV c i n t i e r - r u n , ?OV y r e m u l a t e d  
s l a y  a n d  a s u i t  a b l e  c a t a l y s t  w i l l  y i v e  t h e  f o l l o w i n g  a d v a n t a g e s :

i ) C o m p a c t i o n  s p e c i f i c a t i o n s  f o r  y r a v e l - s l a g  m i x t u r e s  
d o  n o t  c a l l  f o r  t h e  sonic s h o r t  c o m p a c t i o n  p e r i o d s  
a s  f o r  CTB. T h e r e f o r e  t h e  y r a v e l - s l a g  l a y e r  c a n  
b e  c o m p l e t e d  t o  f i n e r  t o l e r a n c e s .

I i i )  R e s i s t a n c e  t o  t h e  e f f e c t s  o f  w a t e r , r e q u i r e d  f o r  a n y  
t y p e  o f  r o a d  i n  s e r v i c e ,  i s  o b t a i n e d  w i t h  y r a v e l - s l a g  
a f t e r  a r e a s o n a b l e  t i m e  ( s a y  9 0  d a y s )  an d "p u m p i n g "  
c a n  c o n s e q u e n t l y  b e  a v o i d e d .

i i i )  At  c u r r e n t  p r i c e s  e c o n o m i e s  w i l l  r e s u l t  in costs of 
m a t e r i a l s  by u s i n g  t h i s  a l t e r n a t i v e  and the costs of 
m i x i n g ,  c o m p a c t i n g  and f i n i s h i n g  s h o u l d  also be 
r e d u c e d .

H ow eve r  t h i s  p r o p o s e d  a l t e r n a t i v e  s h o u l d  o n l y  be submitted if the 
l a b o r a t o r y  t e s t s  w i t h  t h e  c r u s h e r - r u n  a n d  Vanderbijl slag prove 
t h a t  h a r d e n i n g  c a n  b e  o b t a i n e d  w i t h  l i m e  an d a chosen catalyst 
( o r  e v e n t u a l l y  g y p su m  a l o n e ) .

/
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APPENDIX 9

PROPOSED PROGRAMME OF PRELIMINARY TESTS ON SAND : GRANULATED 
SLAG MIXTURES

( i )  I t  i s  p r o p o s e d  t o  u s e  two a g g r e g a t e s  f o r  t h e  p r e l i m i n a r y  

t e s t s .

A g g r e g a t e  1 i s  a W i t w a t e r s r a n d  c r u s h e r  s a n d

A g r e g a t e  2 i s  a w a s h e d  g r a n i t e  c o n c r e t e  s a n d  ( g r a d e d  
c u r v e s  a t t a c h e d )

B o t h  o f  t h e s e  m a t e r i a l s  h a v e  t h e  a d v a n t a g e  t h a t  t-hey L a v e  

no n a t u r a l  c o h e s i o n ,  t h e y  h a v e  a r a n g e  o f  p a r t i c l e  s i z e s ,  

and t h e  maximum p a r t i c l e  s i z e  i s  n o t  t o o  l a r g e  f o r  u s e  

w i t h  a 50  mm d i a m e t e r  m o u l d .

( i i )  P. .  ' n a r y  t e s t s  on  m i x t u r e s  o f  t h e  s a n d  a n d  g r a n u l a t e d  

s l a g  w i l l  b e  made f o l l o w i n g  t h o  E a d e s  a n d  Grim m e t h o d  t o  

f i n d  w h a t  p e r c e n t a g e s  o f  h y d r a t e d  l i m e ,  c a u s t i c  s o d a  a n d  

o r d i n a r y  P o r t l a n d  c e m e n t  a r e  n e c e s s a r y  t o  r i s e  t h e  pH t o

a v a l u e  o f  1 2 , 3 .  S p e c i m e n s  w i l l  t h e n  b e  made up  f o r  t e s t i n g "  

a t  7 , 1 4 , 2 8 , 5 6  and 112 d a y s  w i t h  a r a t i o  o f  a g g r e g a t e  : s l a g  

o f  80% : 20% an d  t h e  s e l e c t e d  p e r c e n t a g e s  o f  t h e  t h r e e  

c a t a l y s t s .  F i v e  s p e c i m e n s  w i l l  b e  made f o r  t e s t i n g  a t  

e a c h  a g e .  S p e c i m e n s  w i l l  be  c o m p a c t e d  b y  s t a t i c  c o m p r e s s i o n  

a t  a m o i s t u r e  c o n t e n t  c o r r e s p o n d i n g  t o  t h e  o p t im u m  m o i s t u r e  

c o n t e n t  f o r  m o d i f i e d  AASHO c o m p a c t i o n  e s t a b l i s h e d  f a r  t h e  

s a n d  s l a g ,  c a t a l y s t  m i x t u r e ,  and  w i l l  b e  c o m p r e s s e d  t o  a t t a i n  

t h e  maximum d e n s i t y  f o r  m o d i f i e d  AASHO c o m p a c t i o n .

( F i v e  s p e c i m e n s  x f i v e  t i m e s  x t h r e e  c a t a l y s t s  x tw o  

a g g r e g a t e s  = 1 5 0  t e s t s ) .

A f t e r  f o r m i n g  e a c h  s p e c i m e n ,  i t  w i l l  b e  r e m o v e d  f r o m  t h e  

m o u l d ,  w r a p p e d  i n  a p o l y t h e n e  s t r i p  and a l u m i n i u m  f o i l  a n d  

t h e n  w z x e d  t o  s e a l  i n  t h e  m o i s t u r e .  C u r i n g  w i l l  b e  c a r r i e d  

o u t  a t  2 5 ° C .  (Some d i f f i c u l t y  may b e  e x p e r i e n c e d  w i t h  t h e  

d e m o u l d i n g  p r o c e s s .  I f  t h i s  p r o v e s  t o  b e  t h e  c a s e  i t  may b e  

n e c e s s a r y  t o  a d d  a s m a l l  p r o p o r t i o n  o f  m i l l e d  f i n e s  t o  t h e  

m a t e r i a l  i n  o r d e r  t o  im p r o v e  t h e  e a r l y  h a n d l i n g  c h a r a c t e r ­

i s t i c s .  )

A f t e r  t h e  a p p r o p r i a t e  c u r i n g  p e r i o d ,  t h e  s p e c i m e n s  w i l l  b e  

t e s t e d  i n  u n c o n f i n e d  c o m p r e s s i o n  a t  a r a t e  o f  a p p r o x i m a t e l y  

1 , 2 5  mm p e r  m i n u t e .



APPENDIX 10

Session IV; Slags

The General Reporter, Thomas, summarised the papers s u b m i t t e d  f o r  

this session. Anderson dealt with the stabilisation o f  r o a d  b a s e s  

using both granulated and air-cooled slag. He reported t h a t  t h e  

cementing bonds developed by activated slag appear t o  b e h a v e  v i s c o -  

elastically. These materials therefore have superior cracking 
resistance to Portland cement stabilised material.

B l u n k  drew attention to the phosphate content o f  c e r t a i n  s t e e l  

s l a g s , an d  the possibility of using this m a t e r i a l  a s  a f e r t i l i s e r .  

Germany apparently uses 100% of its s l a g  p r o d u c t i o n  a t  p r e s e n t , 

a n d  a c t u a l l y  imports 1 , 2  million tons p e r  annum o f  g r a n u l a t e d  s l a g .

«4

Ambroise dealt with the use of pelletised slag i n  l i g h t  w e i g h t  

aggregate concrete. Pel iv'. ised slag aggregate i s  s u p e r i o r  a s  

regards water absorption (i e absorbs less) to expanded s h a l e  

aggregate, because each pellet has its internal v o i d s  sealed. 
Shrinkage, strength and modulus values arc also q u i t e  a d e q u a t e  

when pelletised slag aggregate is used in unreinforced o r  r e i n f o r c e d  

experimental applications.

C o l o m b i e r  d e a l t  w i t h  t h e  8 0  : 20% g r a v e l  s l a g  m i x  known i n  F r a n c e  

a s  " g r a v e s  l a i t i e r " .  T h i s  m a t e r i a l  h a s  t h e  u s e f u l  p r o p e r t y  o f  s l o w  

b u t  progressive hardening action. The u l t i m a t e  s t r e n g t h  v a l u e  o f  

g r a v e s  l a i t i e r  i s  approached a f t e r  6 m o n t h s , b u t  t h e  s t r e n g t h  

a t  7 d a y s  i s  o n l y  10% of t h e  6 m o n t h  s t r e n g t h .  Th e  l a r g e  b i n d e r  

c o n t e n t  o f  t h i s  t y p e  o f  m a t e r i a l  a l l o w s  c o n s i d e r a b l e  l a t i t u d e  i n  

m i x i n g .  H o w e v e r  s h r i n k a g e  c r a c k i n g  c a n  b e  a p r o b l e m .

A r e c e n t  d e v e l o p m e n t  i n v o l v e s  t h e  p a r t i a l  p r e - g r i n d i n g  o f  t h e  s l a g .  

T h e r e  a r e  a l s o  s e v e r a l  a l t e r n a t i v e  a c t i v a t o r s  w h i c h  c a n  b e  u s e d ,  

e  g s u l p h a t e - l i m e - s o d a  a c t i v a t o r s ,  g y p s u m - s o d a  a c t i v a t o r s  e t c .

D u s s a r t  d e a l t  w i t h  t h e  u s e  o f  s t e e l  s l a g .  S t e e l  s l a g  c o m e s  i n  b o t h  

d i s i n t e g r a t e d  a n d  c r u s h e d  f o r m s .  T h e  s l a g s '  f r e e - l i m e  a n d  m a g n e s i a  

c o n t e n t  i s  a p r o b l e m ,  a s  i t  may l e a d  t o  e x p a n s i o n  o f  c o m p a c t e d  

m a t e r i a l , b u t  i t  h a s  a p o t e n t i a l  b e n e f i t  a s  a s o u r c e  o f  h y d r a u l i c i t y . 

B o t h  c r u s h e d  a n d  d i s i n t e g r a t e d  s l a g  h a v e  h y d r a u l i c  p r o p e r t i e s .



A strength of up to 4MPa after a year has been recorded with 
disintegrated slag. Lower strengths occur with slag-sand mixtures. 
Crushed slag tends t o  disintegrate on exposure to water and s h o u l d  

only be used a s  an asphalt aggregate when it is protected f r o m  water. 
Steel slag apparently has excellent wear characteristics. I n  

standard tests up to 50% less wear has been recorded with steel 
slags than with natural materials.

E m e r y  a n d  H o o t o n  d e s c r i b e d  t h e  u s e  o f  p a r t i a l l y  g r o u n d  p e l l e t i s e d  

s l a g  a s  a  r e p l a c e m e n t  f o r  s i l i c a - f l o u r  i n  a u t o - e l a v e d  l i g h t - w e i g h t  

a g g r e g a t e  P o r t l a n d  c e m e n t  p r o d u c t s .  T h e y  v s e  t h e  p e l l e t i s e d  s l a g  

a s  a n  a g g r e g a t e .  T h e  p a r t i a l  g r i n d i n g  p r o d u c e s  f i n e s  w h i c h  h a v e  

h y d r a u l i c  p r o p e r t i e s .

M r a z  r e p o r t e d  t h a t  f a i l u r e s  h a d  b e e n  e x p e r i e n c e d  w h e r e  b l a s t  f u r n a c e  

s l a g  h a s  b e e n  u s e d  a s  a  r o a d  s t o n e .  T h e  p r o b l e m  h a s  b e e n  t r a c e d  

t o  t h e  r e a c t i v i t y  o f  u n h y d r a t e d  c a l c i u m  o x i d e  c o n t a i n e d  b y  t h e  s l a g .

P o p o v i c s  d e a l t  w i t h  t h e  u s e  o f  s l a g  a s  a n  e m b a n k m e n t  f i l l .  He 

r e p o r t e d  o n  a  l a r g e  i n d u s t r i a l  t e r r a c e  b u i l d  o f  a  h e t e r o g e n o u s  m i x t u r e  

o f  s l a g s .  T r i a x i a l  s h e a r  t e s t s  s h o w e d  v e r y  h i g h  a n g l e s  o f  i n t e r n a l  

f r i c t i o n  ( i n  e x c e s s  o f  4 5 ° )  a n d  t h e  f i l l  p r o v e d  t o  b e  a l m o s t  

c o m p l e t e l y  i n c o m p r e s s i b l e .

D u b o s e  p o i n t e d  o u t  t h e  e n e r g y  s a v i n g s  w h i c h  c a n  o c c u r  w h e n  g r a n u l a t e d  

s l a g  i s  u s e d  t o  p r o d u c e  a n  i n t e r g r o u n d  s l a g  c e m e n t .  F o r  e x a m p l e  

11 6  k g  p e r  t o n  o f  f u e l  o i l  i s  u s e d  t o  p r o d u c e  p u r e  P o r t l a n d  c e m e n t .

T h e  f u e l  o i l  r e q u i r e m e n t  f a l l s  t o  46 k g  p e r  t o n  f o r  a  m i x t u r e  o f  

15% P o r t l a n d  c e m e n t  a n d  85% s l a g  c e m e n t .

D e l e g a t e s  a t  t h e  C o n f e r e n c e  p r o v e d  t o  b e  v e r y  a w a r e  a n d  c o n c e r n e d  

w i t h  e n e r g y  c o n s e r v a t i o n ,  a n d  t h e  u s e  o f  m a t e r i a l s  w h i c h  h a v e  a 

l a t e n t  e n e r g y  c o n t e n t ,  w h i c h  t h e i r  u s e ,  i n  e f f e c t ,  r e c l a i m s  ( e  g b l a s t  

f u r n a c e  s l a g ) . D e l e g a t e s  a p p e a r e d  l e s s  a w a r e  a n d  l e s s  c o n c e r n e d  w i t h  

t h e  p o s s i b l e  p o l l u t i o n  h a z a r d s  o f  u s i n g  w a s t e s  i n  c i v i l  e n g i n e e r i n g  

c o n s t r u c t i o n .  I t  b e c a m e  q u i t e  c l e a r  t h a t  t h i s  l a c k  o f  c o n c e r n  w a s  n o t  

b a s e d  o n  k n o w l e d g e  t h a t  t h e  p r o b l e m  d i d  n o t  e x i s t ,  b u t  s i m p l y  o n  t h e  

p r e c o n c e i v e d  i d e a  t h a t  n o  p o l l u t i o n  p r o b l e m s  w o u l d  a r i s e .



I t  a l s o  b e c a m e  q u i t e  o b v i o u s  t h a t  a l t h o u g h  t h e  use of metalliferous 
slags i n  r o a d  c o n s t r u c t i o n  i s  a p r o m i s i n g  d e v e l o p m e n t ,  a n d  should 
be e x p l o r e d  f o r  a p p l i c a t i o n  i n  S o u t h  A f r i c a ,  o n e  of the big problems 
e x p e r i e n c e d  i n  F r a n c e  r e l a t e s  t o  s h r i n k a g e  c r a c k i n g  of the surfacing. 
U n d e r  t h e  d r i e r  S o u t h  A f r i c a n  c l i m a t i c  c o r  ' i t i o n s  this problem may prov 
t o  be e v e n  m o r e  s e v e r e , a nd  we may f i n d  o u r s e l v e s  faced with severe 
c r a c k i n g  p r o b l e m s  s i m i l a  t o  t h o s e  e x p e r i e n c e d  a few y e a r s  ago with 
c e m e n t - t r e a t e d  c r u s h e r - r u n  r o a d  b a s e s .

S e s s i o n  V : F l y - A s h

General R e p o r t e r  N i c o 1e s c u  : r e p o r t  r e a d  by Bonnot.

It is e v i d e n t  t h a t  f l y - a s h  f ro m d i f f e r e n t  countries reacts differently 
and that f l y - a s h  w i l l  h a v e  d i f f e r e n t  p r o p e r t i e s  from time to t i m e , 
even when ta 'ken f r o m  t h e  same  p o w e r  s t a t i o n .  There are two basic types 
of f ly-ash : s i l i c a - a l u m i n a  a s h e s  w h i c h  r e q u i r e  activation in order to 
develop c e m e n t i n g  action, and s u l p h o - c a I c i c  a s h e s  which are self 
cementing. Th e  b u l k  of fly-ash i s  t r a n s p o r t e d  hydraulically to 
storage, and t h e r e f o r e  l o s e s  some o f  i t s  c e m e n t  i t ious properties.

When used as fill the density of fly-ash is found to be fairly 
constant regardless of origin. The compaction characteristics are 
good with a flat compaction curve that is relatively insensitive to 
moisture content. The shear strength of the material results almost 
entirely from internal friction, and is excellent. Fly-ash is currentl 
used in road construction and building construction. Its uses in 
road construction are to construct fills, for pavement foundations 
and as a filler in asphalt premixes. When used as a fill its main 
advantage is its light weight which makes it suitable for constructing 
embankments over marshy ground. In pavement foundations fly-ash can 
be used to improve the grading of certain soils, e g  single sized 
sands, and it can also be used as a cementing agent to s t a b i l i s e  
soils. When added to clay soils the liquid limit is d e c r e a s e d ,  althouc 
the plasticity index remains almost constant. Free s w e l l  and s w e l l i n g  
pressure ari also decreased. Similar results are o b t a i n e d  w h e th e r  
the precipitator ash or lagoon ash is u s e d , but- lagoon ash i s  l e s s  
active than precipitator ash which has never had access t o  m o i s t u r e .



APPENDIX 11

zG. E. Blight, M .Sc.(Eng.), Ph.D ., D.I.C ., 
A .M .S.A .I.C .E .

D ep a rtm en t of Civil Engineering,
University of the W itwatersrand,
Jan Smuts Avenue, Johannesburg, South Africa.

22nd January, 1979
Mr L Dison,
Reef Lefebvre (Pty) Ltd., 
P 0 Box 39431,
BRAMLEY

Dear Mr Dison,

PRELIMINARY RESULTS OF TESTS ON SAND-GRANULATED BLAST 
FURNACE SLAG MIXES„

We now have strength results for ages up to 28 days for 80% sand:
20% granulated slag mixes activated by a variety of materials.
The results are summarized in the attached table. It will be noted 
that we have used Portland cement as a reference binder and the 
figures in brackets represent the percentage of the strength using 
cement which has been developed for the four other activators.

The most promising activator appears to be (90% lime + 10% NaOH) 
which produces approximately half of the strength produced with 100% 
cement.

We intend following up the following:
(i) the effect of partially milling the granulated slag in an 

attempt to increase its reactivity;
(ii) the effect of using larger percentages of the (90% phosphogypsum 

+ 10% NaOH) activator.
Yours sincerely,

G E Blight
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I NTRODUCTION

Mixtures o f •graded grave 1 or sand and 10% to 25% o f  granulated 
(ie water-quenched) bj* ’ furnace slag activated b y  m e a n s  o f  a 

small percentage (cypic j.ly 1%) o f  lime have b e e n  u s e d  

extensively for road construction in France f o r  a n u m b e r  o f  

y e a r s , eg Prandi (1). Investigations along s i m i l a r  l i n e s  i n  

the V SA (2)  ‘'have also been encouraging. Among the a d v a n t a g e s  

claimed for activated gravel or sand/granulated s l a g  m i x e s  

(graves-laitier and sables-laitier) are:

i ) s l o w  s e t ,  m a k i n g  p l a c i n g  and w o r k i n g  e a s i e r ;

i i ) i n s e n s i t i v i t y  t o  v a r i a t i o n s  i n  w a t e r  c o n t e n t ;

i i i ) l i t t l e  s h r i n k a g e  c r a c k i n g , c o m b i n e d  w i t h  s e l f - h e a l i n g

p r o p e r t i e s ;

i v ) h i g h  s t r e n g t h ;  a n d

v ) e x c e l l e n t  d u r a b i l i t y .

P r a n d i  r e p o r t s  u n c o n f i n e d  s t r e n g t h s  a t  7 d a y s  o f  a b o u t  

5 0 0  kPa r i s i n g  t o  2 0 0 0  k P a  a t  56  d a y s . The  US N a t i o n a l  

S l a g  A s s o c i a t i o n  r e p o r t s  s t r e n g t h s  a t  7 d a y s  o f  4 5 0  k P a  t o  

1 0 5 0  kPa f o r  s l a g  c o n t e n t s  o f  10% r i s i n g  t o  2 2 0 0  k P a  t o  

3 2 0 0  kPa a t  9 0  d a y s .

I n  t h e  g o l d - m i n i n g  a r e a s  o f  S o u t h  A f r i c a , l a r g e  q u a n t i t i e s  

o f  w a s t e  s l i m e s  e x i s t  a n d  g r a n u l a t e d  s l a g  i s  a v a i l a b l e  f r om 

t h e  I s c o r  w o r k s  i n  P r e t o r i a  and  V a n d e r b i j I p a r k  e i t h e r  a s  

t h e  w a t e r - q u e n c h e d  g r a n u l a t e  o r ,  v i a  S l a g m e n t  L t d . a s  

m i l l e d  s l a g  c e m e n t . I n  t h e  c e n t r a l  W i t w a t e r s r a n d  a r e a  s a n d  

d u m ps  e x  s t ,  b u t  m o s t  o f  t h e s e  w i l l  p r o b a b l y  b e  r e p r o c e s s e d  

i n  t h e  no  r f u t u r e  t o  r e c o v e r  t h e i r  g o l d  c o n t e n t ,  t h e  e n d  

w a s t e - p r o d u c t  b e i n g  a g a i n  s l i m e s .  Gypsum w a s t e  f r o m  t h e  

f e r t i l i z e r  i n d u s t r y  i s  a l s o  a v a i l a b l e  t o  t h e  N o r t h  o f  

J o h a n n e s b u r g  and  a t  P o t c h c f s t r o o m .

I t  w o u l d  c l e a r l y  b e  o f  g r e a t  a d v a n t a g e  t o  t h e  c o u n t r y  i f  

t h e  s l i m e s  c o u l d  b e  u s e d  i n  r o a d  c o n s t r u c t i o n . T h e  a d v a n t a g e  

w o u l d  b e  e v e n  g r e a t e r  i f  t h e  o t h e r  w a s t e  p r o d u c t s  m e n t i o n e d  

a b o v e  c o u l d  b e  u s e d  t o  s t a b i l i z e  t h e  s l i m e s .



Granulated blast furnace s lan is a p o z z a l o n i c  m a t e r i a l  

vhich , i n  the presence o f  water, r e a c t s  w i t h  f r e e  l i m e  

' produce calcium and aluminium s i l i c a t e s ( 3)  . T h e s e  

•:onn cemenvitious bonds within the a g g r e g a t e .

Lime" stabilization occurs by the formation of c a l c i u m  

silicates (in the presence of w a t e r ) b y  r e a c t i o n  

between finely divided silica in t h e  a g g r e g a t e  a n d  t h e  

free calcium hydroxide. Both of t h e s e  p r o c e s s e s  

require an environment of h i g h  pH a s  t h e  s o l u b i l i t i e s  

of both silica and a l u m i n a  a r e  g r e a t l y  i n c r e a s e d  a t  

h i g h  levels of pH ( 4 ) .

F o r  t h i s  - e a s o n  c a u r t i c  s o d a , w h i c h  h a s  a h i g h e r  pH 

( a b o u t  1 3 , 3 )  t h a n  t h a t  o f  s l a k e d  l i m e  ( a b o u t  1 2 , 5 )  

h a s  b e e n  u s e d  t o  p r o m o t e  l i m e  s t a b i l i z a t i o n  b y  a d d i n g  

a s m a l l  p e r c e n t a g e  o f  i t  t o  t h e  l i m e  ( 5 ) .  C a u s t i c  

s o d a  h a s  a l s o  b e e n  u s e d  b y  i t s e l f  t o  s t a b i l i z e  s o i l s .

S u p e r - s u I p h a t e d  c e m e n t  c o n s i s t s  o f  8 0  t o  85% o f  

g r a n u l a t e d  s l a g  w h i c h  i s  i n t e r g r o u n d  w i t h  15 t o  10% 

o f  g y p s u m  and 5% o f  p o r t l a n d  c e m e n t  c l i n k e r  ( 3 ) .  The  

a d d i t i o n  o f  a s m a l l  p e r c e n t a g e  ( t y p i c a l l y  0 , 1% o f  

t h e  t o t a l  m i x )  o f  g y p s u m  t o  t h e  l i m e  a c t i v a t o r  u s e d  

i n  t h e  F r e n c h  g r a v e s - l a i t i e r  m i x e s  i s  known t o  p r o m o t e  

t h e  g a i n  o f  s t r e n g t h .

F i n a l l y ,  we h a v e  t h e  p h e n o m e n o n  o f  a l k a l i - a g g r e g a t e  

r e a c t i o n  w h i c h  c a n  b e  a  s e r i o u s  p r o b l e m  i n  d i s r u p t i n g  

s t r u c t u r a l  c o n c r e t e ( 6 ) .  T h e  r e a c t i o n  o c c u r s  when  

n i l i c a  i n  t h e  a g g r e g a t e  i s  a t t a c k e d  b y  t h e  a l k a l i n e  

s o d i u m  a n d  p o t a s s i u m  h y d r o x i d e s  d e r i v e d  f r o m  t h e  c a m e n t  

w i t h  t h e  r e s u l t i n g  f o r m a t i o n  o f  a l k a l i - s i l i c a t e s .

i n f o r m a t i o n  r e s u l t e d  i n  t h e  d e s i g n  o f  t h e  f i r s t  s e r i e s  

i n  w h i c h  t h e  a c t i v a t o r s  c o n s i s t e d  o f :



90% lime + 10% caustic soda 
90% lime + 10% gypsum 
90% gypsum + 10% caustic soda 
ordinary portland cement.

•kciH'/fc-rofZS

The portland cement was added to the list purely a s  a 
standard o f 'r e f e r e n c e .

TESTS USING GRANULATED SLAG AND COARSE SAND AGGREGATES

T h i s  f i r s t  e x p l o r a t o r y  s e r i e s  o f  t e s t s  w as  a i m e d  a t  s i m u l a t i n g  

t h e  m a t e r i a l s  u s e d  i n  " c e  a n d  i n v e s t i g a t e d  i n  t h e  USA.  Two  

c o a r s e  s a n d s  h a v i n g  s  g r a d i n g  w e r e  s e l e c t e d ,  o n e  b e i n g

a W i t w a t e r s r a n d  q u a r t z - t e  c r u s h e r  s a n d , t h e  o t h e r  a  w a s h e d  

g r a n i t e  s a n d  fr< " H o n e y d e w .  T h e  g r a d i n g s  o f  t h e s e  t w o  s a n d s  

a r e  s hown  i n  F* r e  1 .  An 80%:20% m i x  o f  s a n d  a n d  g r a n u l a t e d  

s l a g  was  u s e d  f o r  a l l  s p e c i m e n s  w h i c h  w e r e  a c t i v a t e d  b y  m e a n s  

o f  5% o f  t h e  a b o v e  l i s t  o f  a c t i v a t o r s .

The  p e r c e n t a g e  o f .  a c t i v a t o r  o f  5 w a s  s e l e c t e d  a s  a  r e s u l t  

o f  a s e r i e s  o f  E a d e s  t e s t s  (4)  t h e  r e s u l t s  o f  w h i c h  a r e  

s h o w n  i n  F i g u r e  2  a n d  t a b u l a t e d  i n  T a b l e  2 .  I n  a l l  c a s e s  

t h e  maximum pH o f  t h e  m i x  v a s  r e a c h e d  a t  an  a c t i v a t o r  

p e r c e n t a g e  o f  4 .  T h i s  w a s  i n c r e a s e d  t o  5% i n  c a s e  t h e r e  

s h o u l d  be a decrease i n  pH a s  a r e s u l t  o f  t h e  c e m e n t a t i o n  

r e a c t i o n s .

The  t e s t  s p e c i m e n s  w e r e  38  mm i n  d i a m e t e r  a n d  1 0 0  mm l o n g  a n d  

w e r e  c o m p a c t e d  s t a t i c a l l y  u s i n g  d o u b l e  f l o a t i n g  p i s t o n s  ( 4 )  

t o  a d r y  d e n s i t y  o f _  1 5 0 0  kg m ~ 3 a t  a w a t e r  c o n t e n t  o f  6%.

The  d e n s i t y  a n d  c o m p a c t i o n  w a t e r  c o n t e n t  w e r e  s e l e c t e d  a f t e r  

c a r r y i n g  o u t  s t a t i c  c o m p a c t i o n  t e s t s  t o  d e t e r m i n e  t h e  o p t i m u m  

w a t e r  c o n t e n t  a n d  maximum d r y  d e n s i t y  o f  b o t h  s l a g / s a n d  m i x e s  

a c t i v a t e d  w i t h  2% a n d  5% o f  l i m e . T h e  r e s u l t s  o f  t h e  

c o m p a c t i o n  t e s t s  are recorded in Table 1.

A f t e r  compacting the specimens, they were wrapped i n  a l u m i n i u m  

f o i l , sealed i n  w a x  and stored at 2 5 ° C  u n t i l  the s e l e c t e d



t e s t  a g e  h a d  b e e n  r e a c h e d .

The results of this series of strength tests at ages of 7,
28 and 68 days are tabulated in Table 3 and plotted in 
Figures 3a and 3b.

For both aggregates a strength of close to 1000 kPa  was 
approached with port land cement as an activator. The 
lime-caustic soda activator gave strengths of between 
400 a nd  600 M P a , but the remaining activators did not 
perform well. Of the remaining activa t o r s , the m o s t  

promising appeared to be the mixture of (90% g y p s u m  + 10% 
c a u s t i c  s o da). It was decided to use this a c t i v a t o r  a s  

w e l l  a s  the (90% lime + 10% caustic s o d a ) mixture i n  f u r t h e r  

t e s t s .

TESTS T O INVESTIGATE THE EFFECTS OF FINENESS OF AGGREGATE 

AND FINENESS OF S^AG
r

The p r e l i m i n a r y  s e r i e s  o f  t e s t s  a p p e a r e d  t o  s h o w t h a t  i t  i s  Vv̂ 7 

n o t  p o s s i b l e  t o  m a t c h  F r e n c h  a n d  A m e r i c a n  t e s t  r e s u l t s  o n  '

s l a g / s a n d  m i x e s  w i t h  S o u t h  A f r i c a n  s l a g s . The  n e x t  s t a g e  

i n  t h e  i n v e s t i g a t i o n  w a s  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

u s i n g  f i n e r  s l a g  a n d  f i n e r  a g g r e g a t e s .

I n  t h i s  s e r i e s  o f  t e s t s , s p e c i m e n s  w e r e  made w i t h  m i x e s  

c o n t a i n i n g  30% o f  dump s a n d  a n d  s l i m e s  ( g r a d i n g s  s h o w n  i n  

F i g u r e  1)  a n d  20% o f  g r a n u l a t e d  s l a g  a n d  a p a r t l y  m i l l e d  s l a y .  

W h e r e a s  t h e  g r a n u l a t e d  s l a g  h a s  t h e  p a r t i c l e  s i z e s  o f  a 

c o a r s e  s a n d , t h e  p a r t l y  m i l l e d  s l a g  h a s  t h e  p a r t i c l e  s i z e s  

o f  a c o a r s e  s i l t / f i n e  s a n d .

I t  w a s  r e a l i z e d  t h a t  t h e  f i n e r  a g g r e g a t e s  w o u l d  h a v e  a  h i g h e r  

o p t i m u m  w a t e r  c o n t e n t  t h a n  t h e  c o a r s e . I t  w a s  n e v e r t h e l e s s  

d e c i d e d  t o  k e e p  t h e  v a r i a b l e s  o f  w a t e r  c o n t e n t  a n d  d r y  d e n s i t y  

c o n s t a n t  a s  b e f o r e  a t  6% a n d  1 5 0 0  kg  m-3  r e s p e c t i v e l y .

T h e  r e s u l t s  o f  t e s t s  on  s p e c i m e n s  a c t i v a t e d  w i t h  (90% l i m e  

+10% c a u s t i c  s o d a )  a r e  p l o t t e d  i n  F i g u r e  4 a ,  w h i l e  t h o s e



for specimens activated with (90% gypsum + .10% caustic soda) 
are plotted in Figure 4b. Lvrwb-TofL 1 7
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With granulated slag and lime/caustic s o d a  a c t i v a t o r  s t r e n g t h s  

increased progressively as the aggregate b e c a m e  f i n e r . W i t h  

the gypsum/caustic soda a c tivator, aggregate f i n e n e s s  h a d  n o  

e f f e c t .
»»r

On the other h a n d , there appears t o  b e  n o  a d v a n t a g e  i n  u s i n g  

a finer slag with a coarse s a n d , b u t  t h e r e  a r e  v e r y  d e f i n i t e  

a d v a n t a g e s  i n  using a f i n e  s l a g  c o m b i n e d  w i t h  f i n e  a g g r e g a t e s .  

B o t h  dump sand and slimes i n  c o m b i n a t i o n  w i t h  p a r t l y  m i l l e d  

s l a g  a c h i e v e d  strengths a p p r o a c h i n g  1 0 0 0  k P a . T h e  r e s u l t s  

o f  F a d e s  t e s t s  on m i x t u r e s  o f  g r a n u l a t e d  a n d  p a r t l y  m i l l e d  

s l a g  a n d  dump sand an d  s l i m e s  i n  c o m b i n a t i o n  w i t h  v a r i o u s  

a c t i v a t o r s  a r e  t a b u l a t e d  i n  T a b l e  2 .  The  pH a p p e a r s  i n  t h i s  

c a s e  t o  b e  l i t t l e  a f f e c t e d  w h e t h e r  t h e  a g g r e g a t e  i s  s a n d  o r  

s l i m e s ,  b u t  t h i s  may n o t  b e  s o  f o r  a g g r e g a t e s  f r o m  d i f f e r e n t  

s o u r c e s , p o s s i b l y  c o n t a i n i n g  a g r e a t e r  c o n t e n t  o f  s o l u b l e  

s a l t s .  T h e  pH o f  m i x e s  c o n t a i n i n g  t h e  l i m e / c a u s t i c  s o d a  

a c t i v a t o r  w e r e  i n  t h e  r e g i o n  o f  1 2 , 7  e v e n  w h e n  t h e  p e r c e n t a g e  

o f  a c t i v a t o r  w a s . d o u b l e d . The  pH o f  m i x e s  c o n t a i n i n g  t h e  

g y p s u m / c a u s t i c  s o d a  a c t i v a t o r , h o w e v e r , i n c r e a s e d  a p p r e c i a b l y  

whe n  t h e  a c t i v a t o r  p e r c e n t a g e  w a s  i n c r e a s e d  f r o m  5- t o  1 0 .  I t  

w a s  t h e r e f o r e  d e c i d e d  t o  e x p l o r e  t h e  e f f e c t  o f  v a r y i n g  b o t h  

a c t i v a t o r  p e r c e n t a g e  a n d  a c t i v a t o r  c o m p o s i t i o n  o n  s t r e n g t h .

EFFECT OF ACTIVATOR PERCENTAGE AND C OMPOSITION ON STRENGTH

T h e  r e s u l t s  o f  t e s t s  on  m i x e s  o f  g r a n u l a t e d  a n d  p a r t l y  m i l l e d  

s l a g  a n d  dump s a n d  a n d  s l i m e s  a c t i v a t e d  w i t h  l i m e / c a u s t i c  

s o d a  a r e  s h o w n  i n  F i g u r e  5 a .  I n  g e n e r a l  t h e r e  s e e m s  t o  b e  n o  

w o r t h w h i l e  a d v a n t a g e  i n  i n c r e a s i n g  t h e  a c t i v a t o r  p e r c e n t a g e  

a b o v e  5. H o w e v e r , a t  l a t e r  a g e s ,  t h e r e  i s  a d e f i n i t e  

a d v a n t a g e  i n  i n c r e a s i n g  t h e  c a u s t i c  s o d a  c o n t e n t  o f  t h e  

a c t i v a t o r .



F i g u r e  5b showi ,  c o r r e s p o n d i n g  r e s u l t s  f o r  mixes activated 
with g y p s u m / c a u s t i c  s o d a . T h e s e  r e s u l t s  w e r e  completely 
n e g a t i v e , showing no advantage in increasing the activator 
percentage or t h e  caustic soda content of the a c t i v a t o r .

EFFECT OF VARYING CONTENTS OF SLAGMENT

The work so far had shown that there are definite advantages 
in using finely divided slag in combination with fine 
aggr e g a t e . The next stage of the investigation concentrated 
on using slagment in combination with s l i m e s .

I t  w a s  a l s o  a p p a r e n t  t h a t  t h e  c o s t s  o f  m i l l i n g  g r a n u l a t e d  

s l a g  t o  s i l t - s i z e  f i n e n e s s  w o u l d  make  t h e  u s e  o f  80% 

a g g r e g a t e :  20% s l a g  m i x e s  p r o h i b i t i v e l y  e x p e n s i v e  a n d  i t  w a s  

t h e r e f o r e  d e c i d e d  t o  i n v e s t i g a t e  r e d u c i n g  t h e  s l a g m e n t  

c o n t e n t  o f  t h e  m i x e s  p r o g r e s s i v e l y  t o  10% a n d  t h e n  5%. I t  i 

w a s  a l s o  d e c i d e d  a t  t h i s  s t a g e  t o  c o m p a c t  a l l  s p e c i m e n s  t o  

' Mod AASHO maximum d r y  d e n s i t y  a t  Mod AASHO o p t i m u m  w a t e r  , ^  

c o n t e n t , a l t h o u g h  s t a t i c  c o m p a c t i o n  w o u l d  s t i l l  b e  u s e d .

T h e  r e s u l t s  o f  t h e  c o m p a c t i o n  t e s t s  a r e  s u m m a r i z e d  i n  T a b l e  I B  

F i g u r e  6 s h o w s  t h e  a g e - s t r c n g t h  c u r v e s  f o r  t h i s  t e s t  s e r i e s .

I t  i s  p a r t i c u l a r l y  e n c o u r a g i n g  t o  n o t e  t h a t  s t r e n g t h s  o f  

2 0 0 0  kPa  c a n  b e  r e a c h e d  w i t h  a 95% s l i m e s :5% s l a g m e n t  m i x  

a c t i v a t e d  w i t h  1 i m e / c a u s t i c  s o d a .  On t h e  o t h e r  h a n d , t h e  

m i x e s  a c t i v a t e d  with g y p s u m / c a u s t i c  s o d a  a r e  u n i f o r m l y  

d i s a p p o i n t i n g .

H o w e v e r , o n e  i s  l e f t  w i t h  t h e  p r o b l e m  t h a t  a m i x  s u c h  a s  Z 

i n  F i g u r e  6 ,  a l t h o u g h  i t  r e a c h e s  a s a t i s f a c t o r y  s t r e n g t h , h a s  

a b i n d e r  c o n t e n t  o f  1 0  p e r  c e n t .  T h i s  i m m e d i a t e l y  r a i s e s  

t h e  q u e s t i o n :  C o u l d  n o t  t h e  s a m e  r e s u l t  b e  a c h i e v e d  b y

m e a n s  o f  5% o f  p o r t l a n d  c e m e n t ?

A l t h o u g h  s i m i l a r  t e s t s  h a d  p r e v i o u s l y  b e e n  p e r f o r m e d  w i t h  

n e g a t i v e  r e s u l t s  ( s e e  F i g u r e  5 b ) , i t  w a s  n e v e r t h e l e s s  d e c i d e d  

t o  r e i n v e s t i g a t e  t h e  e f f e c t s  o f



i )  i n c r e a s i n g  t h e  a c t i v a t o r  c o n t e n t ; a n d

i i )  i n c r e a s i n g  t h e  c a u s t i c  s o d a  c o n t e n t  o f

t h e  g y p s u m / c a n s t i c  s o d a  a c t i v a t o r  on  t h e  g r o u n d s  t h a t  t h i s  

a c t i v a t o r  s h o u l d  b e  v e r y  c h e a p . The  r e s u l t s  o f  t h i s  l a s t  

i n v e s t i g a t i o n  a r e  s h o w n  i n  F i g u r e  7 a n d  o n c e  a g a i n  p r o v e d  

t o  b e  c o m p l p t e l y  n e g a t i v e ,

PROPOSALS FOR FUTURE WORK

By a p r o c e s s  o f  e l i m i n a t i o n  i t  h a s  b e e n  s h ow n  t h a t  dump s a n d  

an d  s l i m e s  c a n  b e  s u c c e s s f u l y  s t a b i l i z e d  u s i n g  s l a g m e n t  

s t a b i l i z e d  w i t h  l i m e / c a u s t i c  s o d a .  I t  d o e s  n o t  a p p e a r  

w o r t h w h i l e  p u r s u i n g  g y p s u m - b a s e d  a c t i v a t o r s .

I t  i s  p r o p o s e d  t h a t  t h e  f o l l o w i n g  p r o g r a m m e  b e  f o l l o w e d :

i )  I n v e s t i g a t e  t h e  e f f e c t  o f  r e d u c i n g  t h e  s l a g m e n t / l i m e /

c a u s t i c  s o d a  c o n t e n t  b e l o w  10%

i i )  I n v e s t i g a t e  t h e  e f f e c t  o f  r e d u c i n g  t h e  a c t i v a t o r  c o n t e n t

b e l o w  5%

i i i )  I n v e s t i g a t e  t h e  e f f e c t  o f  e l i m i n a t i n g  c a u s t i c  s o d a

f r o m  t h e  a c t i v a t o r

T h e s e  p r o p o s a l s  a r e  s c h e d u l e d  i n  d e t a i l  i n  t h e  A p p e n d i x  t o  

t h i s  r e p o r t .
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9 .  A Pn:N P i> : -  p n o r o s r p  ruR T H i'R  t e s t s  

( a )  G e n e r a  1

i )  A l l  t e s t s  t o  b e  c a r r i e d  o u t  o n  s t a b i l i z e d  s l i m e s

i i )  A l l  s p e c i m e n s  t o  bo  c o m p a c t e d  t v  a d r y  d e n s i t y  o f  

1 7 0 0  f r g  m " 3 a t  a c o m p a c t i o n  w a t e r  c o n t e n t  o f  18%

i i i )  A f t e r  c o m p a c t i o n  s p e c i m e n s  t o  b e  w r a p p e d  i n  a l u m i n i u m  

f o i l , s e a l e d  i n  wax  and  s t o r e d  a t  2 5 °  u n t i l  t h e  a g e  

o f  t e s t

i v )  N i n e  s p e c i m e n s  t o  b e  made  f o r  e a c h  b i n d e r  c o n t e n t  

and t e s t e d  i n  u n c o n f i n e d  c o m p r e s s i o n  a s  f o l l o w s :

3 a t  7 d a y s

2 a t  2 8  d a y s

3 a t  6 3  d a y s

v ) B i n d e r s  a n d  b i n d e r  c o n t e n t s  a r e  t o  b e  a s  s c h e d u l e d  b e l o w ;

B i n d e r  c o n t e n t  
a s  m a s s  p e r  
c e n t  o f  d r y  
s l i m e s  ,

B i n d e r  C o m p o s i t  
p e r  c e n t  b y  d r \

: i o n  i n  
/ m a s s

S l a g m e n t R o a d  Lime C a u s t i c  S o d a

( i )  1 0 5 0 4 5 5
6 #1 II IV
3 M •I M

( i i )  1 0 7 2 , 5 2 5 2 , 5M 89 l o 1
5 II 91 II

( i i i )  1 0 5 0 5 0
5 ••

8 x 9 = 7 2  s p e c i m e n s



TABLE 1 

1 RESULTS OF COMPACTION TEETS

A . Static compaction in 38 nun dig mould to stress of 2 MPa

M a t e r i a l
Opt imum
w a t e r
c o n t e n t

%

Maximum
d r y
d e n s i t y  
k g  m" 3

80% g r a n i t e  s a n d :  20% g r a n u l a t e d  s l a g

+ 2% Lime 5 , 7 1 4 9 3
+ 5% Lime 6 , 2 1 5 0 9

90% c r u s h e r  s a n d : 20% g r a n u l a t e d  s l a g

+ 2% Lime 4 , 8 1 5 2 9
+ 5% Lime 5 , 8 1 5 6 0

B . Mod AASHO Compaction

M a t e r j a l
Op t  imum 
w a t e r  
c o n t e n t  

%

Maximum
d r y
d e n s i t y  
k g  m- 3

80% S l i m e s :  20% S l a g m e n t

+ 5% o f  (90% Lime + lO% NaOH) 1 7 , 6 1 6 9 0
+ 5% o f  (90% G y p s u m * 10% NaOH) 1 5 , 2 1 7 3 5

90% S l i m e s :  lO% S l a g m e n t

+ 5% o f  (90% Lime + 10% NaOH) 18 ,4 1 6 6 0
+ 5% o f  (90% Gypsum+10% NaOH) 1 6 , 4 1 7 2 0

95% S l i m e s :  5% S l a g m e n t

+ 5% o f  (90% Lime + 10% NaOH) 1 9 , 2 1 6 4 5
+ 5% o f  (90% Gypsum+10% NaOH) 1 6 , 6 1 7 2 5



TABLE 2 :

RESULTS OF pH DETERMINATIONS IN EADE1S TESTS

(A1) S l a q - a q g r c q a t o - a c t  i v n t o r  m i x e s

pH

80% G r a n i t e 80% C r u s h e r
S l a g A c t  i v a t o r s a n d s a n d

20% g r a n u l a t e d 2% l i m e 1 2 , 7 1 2 , 5
3% " 12 , 8 1 2 , 8
4% " 1 2 , 8 12 ,8
5% " 12 , 8 12 , 6

2% c e m e n t 1 1 , 9 1 1 , 7
3% " 1 2  , 0 1 2 , 1
4% " 1 2 , 1 1 2 , 1
5% " 12 , 0 12  , 0

2% c a u s t i c  s o d a 1 3 , 0 13 , 0
3% 13 , 2 1 3 , 2
4% 1 3 , 4 1 3 , ?
5% 1 3 , 2 1 3 , 2

2% (90% l i m e  + 10% i ‘ \

c a u s t i c  s o d a 1 2 , 7 12 ,3
3% 12 , 8 1 2 , 8
4% " 12 , 8 12 , 8

e 5% 12 , 8 1 2 , 9

A c t i v a t o r 80% dump 80% S l i m e s
s a n d

20% g r a n u l a t e d 5% (90% l i m e  + 10%
c a u s t i c  s o d a ) 1 2 , 7 1 2 , 7

10% 12 , 8 1 2 , 8

5% (90% g y p s u m  + 1 1 , 0 1 1 , 2
10% c a u s t i c

• s o d a
10% 1 1 , 9 12 , 0

20% p a r t l y 5% (90% l i m e  + 10% 1 2 , 8 1 2 , 7
m i l l e d c a u s t i c  s o d a )

10% 12 , 8 1 2 , 7

5% (90% g y p s u m  + 1 1 , 6 1 1 , 7
10% c a u s t i c
s o d a

10% 1 2 , 2 1 1 , 9

— — dump s a n d s l i m e s
4 , 4 3 , 8



TABLE 2 :  RESULTS OF pil DETERMINATIONS IN EADE'S TESTS ( C o n t i n u e d )  

(B) A c t i v a t o r s

% Lime I  Gypsum pH % Gypsum % C a u s t i c  S o d a pH

1 0 0 12 , 8 1 0 0 3 , 9
— 1 0 0 3 , 9 — 1 0 0 1 3 , 3
9 5 5 1 2 , 7 95 5 1 1 , 9
93 7 1 2 , 7 93 7 1 2  , 1
91 9 1 2 , 7 91 9 1 2 , 4
89 11 1 2 , 7 89 1 1 12  , 4

( A 2 ) S l a g - a g g r e g a t e - a c t I v a t o r  m i x e s

20% S l a g 5% A c t i v a t o r
pH w i t h  80% o f  a g g r e g a t e :

C r u s h e r  s a n d Dump s a n d S l i m e s

G r a n u l a t e d 90% g y p s u m  + 10% 
c a u s t i c  s o d a

1 2 , 3 1 2 , 1 12 , 0

90% l i m e  + 10% 
g y p s u m

1 2 , 7 - —

90% l i m e  + 10% 
c a u s t i c  s o d a

— 1 2 , 8 1 2 , 8
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TAOLC ) FUfVVsKY CM Rl SU: . T5  Ol S T H t N TH Tt  ■ : :

L e c h  e t  r c n y  t  h  f  e i  h o  m v . i n  o l  J d c  t  v  i m i n a  1 1 o n e

A l l  e p c c I m c n e  w m i e  c r - « p . i c t o d  t o  e  d o n e  1 1  y  o f  1 S U O k y m " '

( A)  T o e t e  o n  6 0 1  A y y * c g e i e #  2 0 1  S l e g  Ml  w e e  U e l n y  S l a g  e n d  A g g i  e g e t  u  o f  V e r l o u o  > 1 n o n c i t e c e

A g e  e t  
t e s t

T y p r  o f  S i  e g  , A c t  1 v a l o r  e n d  A q « i r c « j n t o

G r a n u l a t e d  S l a g  ♦ S i  A c t i v a t o r
o a y a

L i m e t o *  U iko l o t  NaOh t o t  L i m n * 10* Gypsum » 0 t  G y p s u m * l o t  NaOH O r d i n a r y  P o r i  l a n d  Co m.

G r a n i t e
e a n d

C r u r ' a r
a a n d

G r a n i t e
e a n d

C i u s h e r  
s a n d

G r a n i t e
e a n d

C i  u s h e r  
e a n d

G r a n i t e
s e n d

C r u s h e r
e a n d

G r a n i t e
e a n d

C r u s h e r
s a n d

7 5 9  XP a 5 2  XP a •  1 1 6  XP a l o t  X P a 7 4  X P a « 7  X P a 105 XP a 7 t  XPa )1« XP a 4 4 2  X P a

2 8 17 t 7 7 * 4 1 m 1 7 7 t l 1 1 1 1 5 8 1 5

*C 1 1 7 1 7 0 5 8 6 * 0 6 2 5 1 _ , i > t .............. 2 1 8 J 71 }0«0 "56
C r u e h e r  S a n d  ♦ G r a n u l a t e d  S l a g

t o t L i m n  ♦  l o t  Na OH 6 . e t 1 0 *  G y p s u m  « 1 0 * NaOH 6 . 8 *

S t t . e t 1  l 1 C . . a
8 7 1 L i m e  
1 3 *  NaOH

8 5 t  L i m e  
1 5 *  Na OH a t 6  , 8 * 8 . S t 1 0 , * t 8 7 * C y p a u m  8 S t G

1 3 *  Na OH 1 S t

1 2 6  X P a 1 6 6  X P a 1 * 3  X P a 1 3 1  XP a 1 * 8  X P a 1 6 4  X P a 6 1  X P a 7 8  X P a 7 6  X P a 6 1  XP a 6 0  X P a  5 0

2 8 7 8 1 3 8 * 4 2 1 * 1 1 5 4 7 6 1 5 2 0 5 1 0 1 1 8 1 0 5 1 7 5  1 0 1

* < - J 2 1 ) - 2 2 1 4 0 3 « ) » 4 4 * 6 7 0 1 7 7 1 6 0 1 3 * 1 6 1 1 2 1  U ± _

2 6

J lL

bC r u i h T  S * - - »  . P a r t l y  M l l l f d  S l a g  

* M m c  ♦  1 0 1  N i O l l

I t

1 J 8  X P a

1 6 7

_LLL

1 0 . « t

1 5 7  XP a

70% C y r »  w » 1 0 t  N«

' *
187 XPa

1 5 5 283
1»5 XP,

JJLL 221.
D j » r  S a n d

G r a n u l a t e d  S l a g P a r t l y  M i l l e d  S l a y

» O t  L i n a  ■» l o t  NaOH I t o t  G y p « u m « 1 0 t  t a OM;  t o  L i me  • _ 1 0 t  ' • * OH 1 t O t C y £ a u m * 1 0 t  NaOH

.
S t 1 0 ,  4 t 0

 

2 1 S t 1 0 , 4 *

'2 0 6  X P a 1 3 8  XP a 1 2 1  X P a  1 1 8 8  X Pa 6 0 6  X P a 5 1 1  X P a < 5 1 2  X P a

7 8 3 1 1 6 7 1 1 3 1  1 * * 5 •  1 1 8 5 1 1 0 2 7 5 3 4

. 2 6 * 3 5 1 1 7 4 * 8  1 1 1 1 4 7 5 6 4 ) 1 0 5 4 6 5 8

1 7

S l i m e s

G r a n u l a t e d  S l a g P a r t l y  M i l l e d  S l a g S l e g m e n t
l o t  L i m e  * l o t  N a O N H O t  G Y p a u m * 1 0 t  NaOH l O t  L i m e  * 1 0 *  Na OH 1 1 0 1  G y p s u m *  1 0 1  NaOH

S t 1 0 , « t  j 5 1 1 0 . 4 * 5 *  1 1 0 . 4 * 1 0 , 4 * S t 5 *
3 0 6  X P a 3 8 4  XP a 1 2 1  X P a 1 8 4  XPa 6 1 5  X P a  1 6 8 4  X P a 3 4 8  X P a 1 2 8 0  X P a  1 6 8 0  X P a

2 8 4 3 5 1 2 8 8 1 7 8 1 6 5 5 1 4 1 0 1 1 7 4 1 4 5 5 1 4 5 1 5 8 2

H  - 7 4 S 1 1 3 1 1J1 . 4 1 707 1 ) 8 3 7 1 1 * 0 1 2 . 1 6 6 5 8  )

<
t B i  T e a t  •  o n  S l l m a a i  S l e g m e n t  H l x a s

S t  f u r t l v a t o r T o T  — r ~n»i
A f t  1 v a t  o r  | A c t  1 v a t  o r

a o t  S I ! m e a : 2 0 t  S l a g l o t  S l l m e e : 1 0 *  S l a g 1 5 *  5 1 I m e  a 5 *  S l a g

l o t  L i m e *
1 0 *  NaOH

Po 
o 9 0 t  L i m e  

l o t  Na OH
l O t C y p a u m  
1 0 *  NaOH

9 0 t  L i m e  
1 0 *  NaOH

l O t G y p s u m  
l O t  Na OH

8  I G y p s u m  i B O t G y p s u m  
l 5 t  N a O H  1 2 0 *  NaOH l O t C y p a u m * l o t  NaOH

7 1 2 8 0  X P a 6 8 0  XP a 1 1 3 0  X P a 5 7 1  XP a 8 5 2  X P a 5 1 5  X P a 38 6  X P a 4 1 1  X P a 5 7 8  X P a
2 8  1 1 4 5 1 5 8 2 1 ) 3 0 4 7 0 I l 1 2 5 2 2
5 6  ' 2 1 6 6 5 8 1 7 " *  * 5 0 1 2 1 6 1 5 4 5
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