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MANAGEMENT CF INVENTION AN 1INN(AATIUN IN LVIL ENGINEERING

DISON, Leon

Thi: di sertdtion tutiie the management of invention and innovation in
civil engineering, and in con tructiun companie in particular. Literature

on thi subj ct cnrventrates on n, !ler , 0? large research organisations,

guidelim for innovation managtTnrnt are therefore not available for the

omcwhat different, style of ma .agement required ir civil enginesr*.ng.

de scribed in thi dissertation, a general modus o.jerandi has evolved. The

projects undertaken include (i) attempts to develop industrial and mining
,te= a iltamativ* material of construction, (ii) transfer of tech-

nology from abroad into the local construction system, (iii) an investiga-

13

ior into alo rrdti'. jprxirt tructures in underground mining.

The more Important of th' guidelines, conclusions, and recommendations

'hat have anerged are here mimmari zed:

construction companie". are advised not to establish permanent
innovation department . or research laboratories within their
own organisations. Innovation programmes should be instituted
only when .pacific ideu-,, inventions or proposals arise, and
companies .hould make use of specialist consultants and
reputable laboratories rather than try to execute the whole

progr-imme in-house.



(i1) each project r ret to In iiead'd by 1 " roduct ct Jnpion" a+w i1hould

(1ii1) companies intending to embari on innovation programme i should budget

por at least R100 000 per year, at 1984 rate

(iv) the organisation or company financing the programme must insist on
regular technical and financial appraisals, and should appoint a

senior officer as overall witch-dog to the project.

(v) the initial invention and laboratory-testing phases are inexpensive

and th costs incurred should generally be able to be carried by

take in 1 strong financial partner once this stage has been reached.

(vi) by necessity and tradition, both th< civil engineering and mining
industries are con' ervative and not inclined to modify existing
techniques lightly. Tactful negotiation Is a pre-reqi isite, and
in both industries it is wiser to deal initially at the technical

rather than managerial level.

(vii) the role of invention and innovation is not well understood by the
general public, or by economists, or even by most practising
engineers. It is incumbent on the scientific and engineering

community to rectify this gap in (jublic awareness.



I declare that thi dissertation is my own, unaided work. It is
being submitted for the degree of Vaster of Science in Engineering
in the University of the Witwatersmnd, Johannesburg. It has not
been submitted before for any degree or examination in any other
University.

LEON ISON

30th day of January, 1985



Preface

List of Appendixf j

8.

INTRODUCTION

TERMINOLOGY

LITERATURE SURVEY

4.1

4.3

4.5

CONTENTS

Background ..o e

Investigation into pulverized fuel ash

LTOT2 = 1984 ettt
Promotion of a new construction material
“Relnfoz ceti Earth™ e

Invt itigatinn-. into metallurgical slags ...

'ISCL  r T» At') C.iNCLU:l0t'.3 ON THE TOTAL PROGRAMME

RECOMMENDED PROCEDURES .......ccccoiiiiiiiininieneereeeeeeeeeeeenne .

Page No,

Vi

vii

15
15

17

19

34
46
72
95

101

114

119

122



Vi

PREFACE

not all of them successful, to introduce new materials and systems
into the civil engineering and mining industries. The author has
been associated with the various attempts from their inception and

was initially obliged to work from first principles, having had no

Over the years, and with each successive project, a systematic
approach emerged. The author hopes that the conclusions reached and
the recommendation., made in the dissertation will prove of use in the

future to aspirant innovators in the industry.

In the cour e of thn programme, contact was made with numerous
individuals and organ! ations connected with civil engineering and
mining; in South Africa, Europe and the U.S.A. Particular appreciation

is recorded to the following

Professor G.E. Rlignt University of the Witwatersrand,

who supervised the resr- >ch.
Mr. H. Vidal Inventor of Reinforced Earth

Mr. A.C.S. imlth Managing Director of Reinforced
Earth (Pty) Ltd.

Mr. C. Digue Formerly Senior Engineer of
Entreprise Jean Lefebvre, Paris

Mr. R.C. More O'Fnrrall Group Rock Mechanics Engineer,
Gencor Ltd.
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\ ANAGEMENT r INVfIITKN AN) INNIVATI' N IN CIVIL ENGINEERING

1. INTA 'II Til ;j

The rxipid industrial expan:sion which has come about in South Africa
over the past forty y ir ha bi"?7n accompanied by a imilar expansion
in its civil engineering industry. The rate of growth of this
industry has been further accelerated by reason of a conscious decision

on the part of most state public wort 3 authorities to make use of

of realizing the large and complex projects which have had to be

1

infrastructure

The contracting *ctor of the industry presently comprises hundreds of
comcanie , th” larg * of which handle annual turnovers of several
Hundred rill ion ra- .1. At the tin*- of writing f1984) the contracting

in :u’ er.” t ?2:11 inn”ll turnover L in the order of R2 000 million.

for new Infrastruct .>> contrvctirg companies have found that they too

dec.idi a: at the .n ;nnt Lim«, to n itrid it capital expenditure,

the cor: truetion ir: tuctry h* com in na iy and obvious target.

From time to time contra, ting companic- t.herr-fon find themselves faced
with a shortage of Mir4 and a surplus of men anti machines; and for
thi reason wmvnral mm{>init> have taken the step of diversifying to

some extent inn activities removed from direct construction-by-contract.



In order to aucomuli n wuch divfr ;M(Jtion, two major .trategies have
been ui,ed

investment in in lu '.rie totally divorced from construction

and civil engineering;

(i1) extension of inve fcment and activities within the construct-

field of experience and expertise.

It is comon for those who adopt the latter strategy to enter the field

- rc?or liv rsifi-v  in- ictiviti uch as marrying, aggregate

eupnly generally, 1 fabricati in, manufacture of precast concrete

product , *nd even brickmui- in

This di ertation hioriginat' d from just such a diversification
effort Into material ,ppl.,in this case an attempt to produce

''industrial wastes.

The diver ificat ior ;royrn ime tart- d in but has since strayed
a long *iy from it ioriginal objectives. It has moved from what at first
appeared to be i straightforwurd effort in materials supply into the
r. II
in ant in tunce, moved out of civil engineering itself into a new

field con .nmed with uppnrt .y .toms in und, njround mining.

In the cour < of pur wuing tht various projects which have formed part
of thi' pnnjrammt , it "‘came ippun'nt that management of the programme
ition, train-

ing, and experience of those directing the projects had not equipped



them for dealing with innovation in it vuriou u:;pecto. It further
became clear that no nt o( rule or criteria was r=—dily available
which could have guided the a pirunt 1ichnical innovators in their

specific field.

The dissertation there tore addresses it elf to the problem of management
of technical innova' ic within the civil engineering industry. Its
objective is to »et down guidelines which would enable aspirant
innovators
(1) to follow logical procedure 1- appraisal and management of

their projects, and
(i1) to utilize availabli ghysical v u intellectual resource!

effectively and economically.

Essentially tht problem will * tac>1t?d from the viewpoint of a civil

engineering contnactiny company which has reached a size capable of

are specifically no* directed to organ! ations which might already possess

Substantial A G D esfablisnmonts j but in .ivil engineering such establi-

shments an: ran , even in the largest of companies.. The guidelines night
aV-o apply” with var. it. in- , to cun ulting and .apply firms within the
industry, and perna. - nver to pjblii luthoritln

The mnthod of tackling thi problem will b-1to describe the various
projects which have been undertaken, to analy ,e and appraise critically
each project in turn, and, finally, to co-ordinate the varying con-
clusions and recommendations into a set of guidelines. Over the years,
some measure of .kill has developed in dealing with the innovation process

itself, and what i mon , contact have been established with a spectrum



dec* , ¢ . ¢ La.-it -i's read? 1/ available
it en iTh.-.i'-el r.-movators in their

ooaci.i'ib .'ieXc'

The dissertatic* .hv.-ero;- addv itself to tho problem of management

objective is to et town guideline*., which would enable aspirant

innovators

(1) to follow logical procedure*, i* appraisal and management of
their projects, and

(ii) to wutilize available physical and intellectual resources

effectively and economically.

Essentially thr problem will t; tackled fnxn th- viewpoint of a civil
engineering contracting a-m[>any which has reached a size capable of
allowing it to contemplatf diversification or innovation. The guidelines
are specifically not directnd to organ! at lon:, which might already possess
substantial R G D e: -.ah]ishments j but in civil engineering such establi-
shments are ran , ever in th latest of companies. The guidelines might
also apply, with variations, to con ultiny and supply firms within the

industry, and perh s , voi to public authorities.

The method of tackling the problem will he to describe the various
projects which hav been undertaken, to analyse and appraise critically
each project in turn, and, finally, to co-ordinate the varying con-
clusion*, and recommendations into a sot ol guideline: . Over the years,
some measure of skill has developed in dealing with the innovation process

itself, and wnat i more, contact have bean established with a spectrum



nf organisation'! involved in tin innovation pruce: ,: with researein

organi ation rur by :av mfTInt ircl i-'j try, with Univnr-.ities, with

All this experience will be brought into account in producing the

final guidelini",.

In addition to th field work, ~ tudy ha teen made of lome of the
available (and con iderable) body of literature dealing with manage-
ment of industrial R 5 Although most of this literature is

related to th [rxiblfr of i ry lar;e research institutions, an attempt

has been made to relate it to the somewhat different and smellen-scale

The books and paper comprising the literature survey are set down

in the Reference List.
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TFREviN' " ' .3y

down definitions of r,event* -m different m 1 F which individuals

facturer", ",urcha ii 3 agent" and "u nr" on the other. This extensive
list might hav ipilication in t'u ort of operation that is carried
out in largt R 1 J rganisation,but for the purposes of this disser-
tation the t- rr "innovation" atJ]"m mnarch and development" will be

used interchangeably ird given their commonly-accepted dictionary

meaning

Worthy of note, XDwe.vir, are omr definitions attributable to Joseph
Ichonf ' r, a n nowr Pj -conorri t ,who attached great importance to

?
leuan V tduuck expl tin' how achenrx-ter divided the process of innovation

into three phase*,

(a) Inventioi , wich occur when th« feasibility of a new product
or production proce: , i postulated or established.
(b) Innovation, which occur- when, for the first time, an organi-
,atlon sell a new or better product or uses a new or better
production procevi with demon ,treble success.
(¢) Diffusion, which is the process whereby a new or better product
or production proce; i adopted by an ever-increasing number

of organisations on a national or global scale.



Kingston” defines the product d anpion d thf controlling innovator who
r,
detail, Mogavero and fham define him u a "n vrr- :ay-die person who

perceive: a societal need, ta e: th invention in hand, and kee B the

enti eoreneur, but that without him most projects would probably peter
out before evaluations could be made of their probable value. The
champion <eep the project together and provides the energy to keep

it moving toward., its ultimate joa. .

knowledge". They point out that transfer in this sense does not mean
movanc't or delivery, and that th‘>re is no transfer of technology
unless, or until, tt - technical knowledge ha been useo. Even if the

use doe', not come up to expectations technology transfer has still

occurred.



LITERATURE TJRVEY

The hi tory o’ rh in uvdtiv* effort', A+dch will b recorded in
chronological and anecdotal foro, b ar out t' m itv.encr- of system

in the approach uwv d and give ri e to the thought that a preliminary
study of the history and methodology of R G D andinnovation might have
saved time and ex .-v . \s it happens, thi study was carried out only

in the very late stage of th- programme,

n ttie other ' md, tr. literature udy has revt aled that writings
devoted to the management of A G U generally refer to activities in

large re earcr organi ,atir * , firunct i either by government or by large

atvsmpt at Innova*ior ft.at th'literature car be successfully interpreted

and applied t real ce es.

The study show tha? t < bulk of R & ) carried out in the world's

industriali cd cou- tri r* lat> to the manufacturing industries,

It is true that n earoh play an imfcrtant part in both construction
and mining, bd lit eratun on management of innovation in these two
Industrie- wupp» ir to be - » ( The potential innovator in this field,
even if he tv)d tried, would have found few publications to guide him in

his initial effort-..

Nevertheless, some background to the philosophy underlying invention
and innovation, of the history of innovative efforts in other
industries, and of the setbacks and triurifjh-; of same of the pioneer

innovators, could at lea d have made those concerned with the programme



real! f that, the ir :ath 1i,i;j b er trouden be fore and that the process

of innovation moil' rv ubl »h- 1 mn ind hard, for this reason some of
the mail i"f i" ruin  ‘n - ' li1° riturt urvr / re tiere ft down
Economic-

A line of thought running through thi literature is that classical
economic: ha gen- rally . ai i too little atte- tion to the influence of
innovation on economic growth and welfare. Klngstoh states that even
Kcyne >wii a* faultin tha’ "hi t'ought a: .med throughout a
technology which i < enttally »atic, and i correspondingly less
relevant to the modem world.” Th economist who is held in most

3

Chur: =+ r vi ride of tli e to innovation in his economics because

Mo t writer howover find it. difficult ‘o placr an exact value on
economic benefit , derived from innovation. A successful innovation
will obviously be- fit thi inventor and the particular firm intro-
ducing thi innovation, but. it i- difficult to compute benefits to the
economy as a whol .Neverthoiv , some interesting statistics and

statements come to light

- More than 6?f examples of National Aeronautics and Space Admin-
istration (NASA) technology have been put to practical use by
public and private organisations. In four selected areas
(integrated circuit , gun turbinns, cryogenic insulation and
computer programmes) the economic benefits are in excess of 7

billion dollars.



A studv carried out in u @ U' A. r a variety of industries,
including primary metal , macr ,nt teul , indi Ari'-L controls,
construction, drilling, 1 3tnr ic , ai 1 chemicals, showed
that the median social rate of return from investment in

innovations in these industries was 5C% and the median private

rate of return 2%.

"The initial work in the laboratory or experimental workshop which
leads to invention might be small, but if a certain body of effort
is needed for R 6 D leading to the initial invention, a further
effort of at lea t twice as larjt3 is needed to take the product
through the phase of ngineering and product design. Furthermore
thereafter there i a wenfold I’crease of effort which must be
added to the cost of start up in order to carry a-it the necessary
tooling and perfect the manufacturing technology. This means that
after the R & 1 phase th'Tt is at It ast a tenfold increase in cost
and effort before the product can reach the marketplace in any

?
credibl form." (Maddock .

There is no uro imit/ on the si/e of cum[iany best suited to innovation
Kingston writes

"Although many writers tn ,s the important role played by individual
inventors and smaller companies, there is no doubt that all partici-
pants in the proces , whether individuals, small companies, large
companies, or government n .oarch organisations, have their own
particular role to plav in the process. Schumpeter appeared to favour
the small firm and there is no doubt that many major innovations were
adopted by mall firms when their larger contemporaries were not
prepared to assume the risks inveolved. A classic example in recent

times is that of steel-making in an oxygen furnace which was invented



and ir-novated in a mw<ill . 'riar firm in iv'f), introduced into

U.S.A. by a mall tme! cum(any in 1964 but not taken ur by the giants

for a further 10 year"

Nev’rthele . cro jert e, t> .ana a ¢ n air mize cannot b< handled by

financial and minagm ;nt kil Imt deal with thi problems of rapid

growtt and a large orga' i atii n.

- The time at which in invention or innovation is developed bears

a tr-TV- i .1 liti hi. <« it economic applicability. "Once

long way t< ;o t tir it t jof a ucct ful innovation. Rayon

was invented n00 year before it was innovated : a computer at
1

o : 3 : :

Fir ill /, Kir ; » - ;xtu thi f llowin ; from chunpeter : "An

idea or cir itifir irincipli 1 not, by it elf, of any imrortance

for economic practice; th< fact that Greek science had probably

produced all that i r-ces ar/ in order to construct the steam

mgirv did it hel[ *h .r ek ur Roman?, to build a steam engine;

the fact that Leibnitz sugg>-,t«*d the idea of the Suez Canal

exert md no influence wnat ver on economic history for POO years."

F*rotu fion of Innovation ; Pat<nts and Monopoly

In order to protect a new idea which might have commercial value

from imitation and exploitation by others, an inventor or inno-

vator will try to protect him .elf by obtaining a government grant

of exclusive privilege of making or selling the new invention;

the



11.

i.e. he obtains a pat nt. Thi patent -jive , what amounts to a
temporary monopoly, so that *ithl" . given [ riod of time he is free

from competition hy im tator -«

Kingston”™ State ., tiowevr r, th it the age of the individual inventor has

passed its heyday. He divides the industrial revolution into three
the characteristically important events, such us the building of the

on a basis of sci -ntific knowledge that was so slender as to be
virtually zero. The keynote of thlr first industrial revolution were
empirici m ad ingenuity, not knowledge. In the second revolution,
applied sciences and a more analytical approach are increasingly the
characteristic of innovatory activit/, from roughly the mid-nineteen-

th cent”ry to the First World War. A significant example of the

which was preceded by a comprehensive programme of deliberate testing
to dv »truction of .amples of the material and models of the design
which itephenson h id in mind. This approach also war. adopted in the
development of chemical industries and electrical power. Ingenuity
however, still played an important part . The characteristic of the
third revolution i that science, absent in the first and on a basis
of rough equality in the econd, moved into the dominant role. This
can also be called the age of organised inventing, when both govern-

ment and private companl!e began investing in research and development."

3
According to Kingston each of the three revolutions had its own

particular patt m of innovation. In the first, practical capability
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wti' the keynoti and invent;un and innovation gemnerally the works of the

a newly founded film. T the third t.ae the typical Innovating unit is
not 1 new firm t it un t tatLi hi j om , very probably operating inter-

nationally. The third hd >al aw an enormoui growth in the field of

marketing.

He goe on t > 1i. that in thi third itage of innovation, patents are

les:- likely to protect an inventor than know-how and marketing monopoly

inventors will :till loo- to thi patent system to provide them with

otection, towevLr temrorury r tenuous, and it is significant that tte

individual inventor and the mallur company, there appears to be no other

way than tne .at- ft ten of preventing large organisations from taking

'nrsonal and Psychological Factors in Innovatio

Mo t of the wort i studi d in ttd = survey make great play of the personal
factor in promotion of Invention and innovation, and they all point to
thn importance of thf role of the product champion. More often than

[ ]
but thi doe not detract from tne infxirtance ut his role. Schumpeter
made the sumo point by stating that successful innovation wus a matter

not of intellect but of will or leadership.

The literature al o makt m a mint of what is called the RC factor or

Resistance to Change. Llome writers call the same phenomenon the NIH



13.

vyndrome "not invf itIl"! f Potenti'*l innovator have to steel
them* ’lvi md-Min ,t then LVt t j tn JE(ry anything new, and this
again stress- the imtor* anc of the-role of a strong product
Champion.

Henry ford reject i the elf- tarter, Thomas Edison saw no future in
alternating current, and Par on; , wiicinvented the team turbine,
thought that the gas turoine was intrinsically impossible. The
potential innovator will I ive to l-am, sooner or later, that he is
going to strike opposition; not only from those wc resisi change

bec&i. - inert ialtut from cte r , with reputatior and experience

ome writer are prejudiced against large resecarch organisations and

right, who said that "there is less prospect of obtaining development
in a giver field fro" organ! atiuns engaged in that field than from
any other conceivable source. No organisation engaged in any specific
field of warl -ver Inverts my important development in that field;

or adopts any important de velopment in that field until forced by
outside competition." This view appears :>om»w'what prejudiced, but

even within the experience which will be set down in this dissertation,

some justification for it can be found.

On the other hand, it. is important not to take the attitude that the
inventor is always right and generally persecuted by potential rivals

who might resent his achievements or potential success. Freemanl



points out that it ie nrr:e cury t- juanlJ] -ifjaini.t "optimistic bias"

and that the 'Social contant of project estimation is a process nr"

political advocacy and clu h of intore.t groups rather than a sober
assessment of mcasureable probabilities." Enthusiasm in pushing

through an innovation is > suntial but it requires to be controlled.

A possible obstacle to innovation can also lie in the clash of
scientific and financial personalities, sttmming from the circum-
stance that innovators frequently have to convince financial
institutions of some sort or other to back their ideou* Very few
financial organisations, devoted specifically to the promotion of
innovation, havi proved successful, and much of this failure might

be attributable to lack of understanding between inventor and business-
man. Kingston go m so far a: to say that apart from "The Two Cultures"
described by C.P. Snow, in which people educated in science have no
ir.iellectual common ground with those educated in the humanities, there
is a third culture, which is also insulated from the other two. This
is the modern business culture which has its own value systems and
structur* and which cr* << a perennial lack of mutual comprehension
between scientists and engineers on the one hand and accountants and
bankers on the other. HR -ees the two coming together only when there

is a common interest in the creative process.

The literature study 'hows how useful it would be for the potential
inventor or innovator to have some background to the difficulties
experienced by hi forerunners, and that hi must expect criticism, lack
of sympathy and outright rejection. To keep a project going requires
belief in the innovation, dojgedness, and in fact a mild measure of

fanaticism.



RECORD OF PROJECT , UNDERFAKI N

4.1

gACKERI ,'N1

The attempt * at innovation tu be discuised in this record were

originally directed towards developing and promoting the use

metallurgical slags, rnd mine tailings, but also included is

earth".

Jean Lefebvrc (EJL), wu conducting business as a contractor in
S5c .tn Africa, in a joir f venture with a local partner, under the
'-ame of Reef Lefebvn? (RL). Early in this association EJL France
suggested to RL that it howld look into the properties of certain
t/p of mining and indv trial wastes, with a view to their

commercial exploitation a . construction materials.

Ir eranee ar I ovir .--ar., EJL's main activity lay in construction
of roads and airports; and it had developed a particular expert-
i * in the fi Id of «cor truction material . Moreover, EJL had
proved itself a in innovator, particularly in promoting the use
of industrial wastes. In this connexion, it is important to bear
in rrind that th> Fn'nch construction system (unlike that in S.A.),

encourages innovation and alt emotive designs by contractors.
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Although EJL wi aware of <le n trlcteTlj m in S.A. fur proposing
alternative , it r  jmmt I ? at t -it.-i litic  and

potential .hculd at leu t bnu ve tigated as a diversification exer-
ci v, tarting wit- th .twWM t in n ii cor ,truction. The waste
material; whicti EJL fiad helped turn to use in France included pfa

(derived from coal-burning power tatior in.- various types of slag,

type 5 of wast® werebeing produced in appreciable quantities in South
Africa. Th- 3ut? African comj;any 'Al', although unfamiliar with this
ap. roach :r t. f ictivit , agre-d to pursue the required investiga-

tior , arl to b< guided in thi nndnavour by EJL engineers and

con-ultan*

h ~f r f,1 tra for f tachnrlog did not materialise, but
de pite th<,e initial di a; .ointment: in the investigations into pfa
-md 1lig, t; - S - African ,.om iny it-If started to become inten * d

in Innovation. Thi eventually led to:

(il the introduction int 1 outh Africa of a new material,

known a 1<KINFORCED EARTH;

(i1) invi itigations into the potential of manganese slags;
and
(ii1) a n-.earch -ind development project on the use of reinforced

waste material®*., as mine supports.

fThe last-named project was eventually not sponsored by EJL or its
associates, but came as a direct follow-up of the original attempts

sponsored by EJL).



NOTE ON WASTE MATERIAL

the industrialised world is looking more and more closely into the
possible u p or r cycling of +-v. enormous :uantitles a* wastes which
are produced by manufacturing and mining activities. The countries

of Wests m Europe, u could be expected, have taken the lead in research
and development in thi field. In civil engineering, the research

effort into waste materials has largely been directed towards finding

or partial replacement for cement and lime. Materials which have
receiv'd a gn it deal of attention anlthi various types of ash
produe-d in coal-burring power stations and slags produced in the

reduction and refining of iron and steel.

By the arly 19%70¢ , Eranee, for example, was already using about 3
million s of pfa annually, in both road construction and the
production of cinert and concrete. Originally French engineers had
seen -jfa merely 1 a .ubstitute for bulk fill in areas where natural
material were it a ,yemi.jn; :jt n u , of the material intensified

its applicatior b'c-im' mor> aphisticat- d. It was learnt, for
example, that pi i po- ie-.sed [jo”rolaric proinrties and in the course of
time therefore pfa won its .purs as a stabilising agent in con-
junction with lime an] cement. Furthermore, pfa became increasingly
used as a basic feed dock in the ctmont. manufacturing process and

in the production of concrete. The use of pfa has spread to most

countrie in Europe and also to the U.S.A., and its value as a con-

struction material in those countries is now undisputed.
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The potential of iron and ,t >1 ,lag 1 hctt r known, and these

materials have t n comm rcially -x;loit d in moat countries, in-

cluding south Afrita, for man year . In th- ir sir-cooled form,
blast-furnace ind tool lay ai imilur in their properties to
certain type of igneot roc* ind used aa aggregates in concrete
and bituminou mixta ; with me m trictior a ;lac d on them, because

of their chemical make-up, for ;articular types of construction.
In it granulated form, blast furnace slag is classed as a latent
hydraulic cermat and i therefore a valuable product. In South
A frica, the milled product i wused on a large scale as a partial
replacement for ordinary portland cement (opc), while the tendency
ir>Europe goes nore towards using it as a feedstock in the cement

manufacturing oroc-

gold-#- ;-ing ar< , in part Icul ;r, the bringing to surface and re-

Witwater rond, the cor truction industry has always utilised waste

mine rock ¢, conur tt aggregate, railway ballast and roadstone; but

tfe sard and .limes produced in the reduction and refining of gold

have bar ly been exploit* i until very recently. More attention has

now been focu *d on the * wa,ti t; fit tly, by re-refining them to
extract gold, ilphur and other products; and, secondly, by return-

ing them underground support,, in cirdtr to boost afety and production.
With the exception of extraction of valuable metals and minerals, the

commercial application of mine wastes is not yet pursued with general

enthusiasm in South Africa at the present time.



INVESTIGATIONS INTO PULVIHIZED R.EL A3H (pta) 1972 - 1984

Histarical Record

November, 1/72 - Auyu t, i'J7.i

In November, T Alb.-rt n*, a irovincial Director of Works in the
i.ervice of the Fr-nch overrxrent, paid a visit to South Africa at the
re ,uesb if EJL to lookinto V > prospects of further investment in

the South Afrii v¥oadbuilding 1 dustry.

Fan*1 reoort tc EJL r-:jmr tujt j, among t other: , an investigation
into tn potential of *a tE materials, notably pfa and slag. This

report vok o little initial n action either from RL or EJL, and inter-

then 1 director of At , to in;:.pect pfa applications at first hand in

France.

The ite , vi ited*en all in thm industrial areas of Northern France,

and it wu V-amttnat t*o ma jor factor*, had promoted the cause of

pfa in that region

(i) natural ro id-buildlng material; A-re not readily available,
tind expropriat ion of n w land for quarries and borrow-tdts
would have been difficult and costly.

(i1) the area contained within it numerous coal-burning power
stations, and consequently nixnerous ash dumps, which could

possibly provide a source of aggregate.



EJL r.ad shown cunx.iuterv 1 ¢ n A :ht j-i apt r elating that, pfa produced
at power taticr coul t ir m way me- * the demand fur road materials.
It had studied the potential oh the material and had then set about ob-
taining sole right- on witable dumps. It then established mixing

plants at. tretogle location , gen. rally for tN production of stabil-

ized wutha t- and tuse-cour "

A ft-A otvital' t iturt , of EJL' eratio’ are here set down

all mixing AU, carried cut at well-equipped and electronically
controlled central plant' (as distinct from in-situ mixing in

Ajuth African tablll ation practice);

proportions of pfa used in the mixes varied according to
n ;uireme-¢ ; a low a - 10~ when used a-, astabilizer,

ui to <r'" wher used a 1 at "itute aggregate;

- all pfti wa obtained traight from dump: , some of these mery
w ir old a/ 1 witl msi tun lont nt- in the order of
No -iffurt. wa mid> to extract dry pfa directly from pre-

cipitator ; in the power stations.

both lime md omnert were used as activators, depending on

pecific requirement - - gypsum was used occasionally;

a pfa dump at a power station near Petit-Theran deserves
mention. Material from this dump had been extensively used,
nut. only for work in it' immediate vicinity, but also for
construction of road and parking area at the new Paris

market at Rengis, about one hundred kilometres distant.
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s

the material having been transported to ,he site by barge.

A further half-million ton had been used for local works,

all handled by EJL.

August, 1974 - VIid 1 m

As a result of this vi it, RL in outh Africa was encouraged to conduct

Escom was producing about 8 million tons of pfa annually and it was

frotr different power stations had not shown significant differences

from French pfa, chemically or phy ically, and the prospects of

esol 1 t>ad also tern reported of good wuality, and so it was decided
to embark on a programme which would test pfa from both Snsol I and
E com. It wa further decided that the tests would be conducted at

LJL's laborutori in France.

In the course of RL' talks with Escom, it was discovered that another
South African company had already made approaches to Escom in the
matter ul pfa and had obtained certain optional rights on the material.
These rights apparently applied to dry pfa, extracted from the pre-
cipitators, and not the wet. dumt ash. Further, the company concerned
appeared to be specifically interested in the potential of pfa in
concrete technology and not in its use as a road stabiliser; and there

appeared to be no corflict of interest, as long as RL confined itself



to trying to exploit dun: 1i,h. RL tardly a f ,ider'd thl' es a draw-

used exclusively.

The t t re-. It conduct' dat LIL* Irl an; laboratory im late 19*/4/

early 19?5 ,roved to bn a !i appointment, in that bouth African pfa

was found to be much lest reactive fiian its. French counterpart. This

was the first indication to RL that the application of pfa to roadworks
[

The result of the fir t tc-.ts are given in Appendix 1.

A problem that now emerged, a -lining pfain South Africa to be orly
sligrtly reactiv , wa, that pfa could not be used as a stabilizer
in small proportion; /w-y*<,’ similarly to Cpc and lime. The cost
of transporting 1irge wuantitii of pfa for long distances would
rule out it v in outh Africa, where natural gravels suitable

for rood tuilding w re generally readily available.

This led to the mall ation that, if pfa were to be exploited economically
its rar”“nt power tation would havo to be rtiasonably close to con-
structior sites. In a sense this ruled out many of the power stations

in the Eastern Tror vaal, when pfa itself was plentiful but the road
building demand, ou* iide of special development projects, would be

fluctuating and mull in relti Lon to the quantity of pfa available.

Consequently Rl start fid looking into the characteristics of pfa pro-
duced at power -tatior in th< immediate Johannesburg area, on the
assumption that, a constant, market for pfa-stubilised mixes could
possibly be found in the annual road and street construction programmes

of Johannesburg and other large municipalities on the Reef. This line
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This It 1 *o th- reali- ition that, if pfa wtre to be exploited economically
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fluct.uat g and mill In n la'i »to the quantity of pfa available.

Cer e-iuently RL started looking into the characteristics of pfa pro-
duced ct power tatioi-J in ttie immediate Johannesburg area, on the
assumption that a constant market, for pfa-stabilised mixes could
possibly be found in the annual road and street construction programmes

of Johannesburg and other large municipalities on the Reef. This line



of thought led eventually to dl*cu 'ions with the City

p nogr.imml .

It wiv, dccidi’1l to concunt nit.'! the xperimenl >on waste mine sand as

an aggregat- and u ir | fa from K lvir 0 ower tatioi to ether *ith

Cho ien jr. the ta .ic aggregate tt caurn crusted tone for road bases

were conduct d it tt 5 rlear tit ratory of EJL, but with CEE itself

carrying c it o r’all corfirm -t; : and check te t inits own laborat-
ory.

hulldin » . erimfnt il fn tch «* road, using sand-pfa-lime-gypsuin
mix" , e ! oo jt At ie "If n.dd ' :rei.ired to tnip finance the design
and con fraction of such a trip. A feature of this proposed prog-

ritmi A ft it i # wi ,7~ m Yo rerjommend the use of pfa from
Kelvin P now r .tation (tinlonging to Johanne mburg Municipality) the
iuality of which had hem reqardty a lomt what suspect prior to the

above experiments.

Regrettably, the protxisal to tuild an experimental '.trip of road fell
foul of bureaucracy, on the part of both CEO and RL, and the entire
project Iflfvd. 1Im any c-im , H wa, hi uvoming despondent, at that time,
about, the [xjtentiul of pfa in South Africa, because researchers in

other organi .ations and institute , were tending to confirm the view-

point that, for nmn re.von not yet determined, South African pfa was of
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inf- rior pozzolanir: Mlity and i-ould nut bi expected to provide the
t n fit siroduci t ' 'id u' no Nor*.* mm ri ca. Moreover, at
that timp Rl it:.elf -m>D cumin; intnrt .tedin other diversifications

ind felt no gn at di ipuointrr tin the projt it being temtjurarilv

National Institut- o* Transport and Road A ,earch (NITRR) of CSIR to

inform the I tit d Cote r j: immm and to find out the chances of

*’n uirie ¥ e actively .u, partive, it: 1ittitude being that pfa
technology wa .veil t wn and it *d wup t . private companies to develop

o it - it. 1: i v i<  h.TRR would nxjriter. It Act; several years

and icti w< inf »~ * in .-

RL trnr- for i ‘inu d i? active - erimentation into pfa, but

decided to maintain it interest by ke ping in touch with research

Vi) e - wmr- <t.e

In Noveml.ar 1978, am ? > an, after th joint experiments with the

Al

Johann burg City Engin. -r Dnpart.mnnt., ttie writer and Professor
G.E. lilight, acting t. consultant, attended an international con-
ference in Pari >on the use of by-products and wastes in civil

engine ring. The conference had been organised jointly by French

road and road research authorities. Blight's report on the pfa

aspect is contained in Appendix 3, and indicates that the contributions



C ») Lown no development:, which might encourage RL
B L 'urk or , fu. Th. :,,cit. of the “rt. arpeared to be
ry uch a-. RL had lett it in ] i?f
" ,Winer COnf rpnc ' or I"", on the utili atlon of pfa in ell

£ >:1 contributions were received free Europe and US.A. based or

txith laboratory work and field e, rtence.

Univer-.it/ of nunoi . and 1igue of EUL, =orf,mCd the porrolanic

"o ' ormag qor t:1 ab‘>rHton it own R G 0 effort had been

r'vv U
fu tifi t.

“ ,Vr °f brDU9ht 00 egein about , rear later at a

renting in Paris, .hero RL and EJL were discussing their previous

Joint effort-, , diver 1-ication and the disa, pointing results

roorosentativas at the meeting

obtained with South African pfa. UL

take one further look at

felt that it world probably b, worth”"Ue e to

but to carry out the experiments

the potential of South African Pfa.

this time at thier main laboratory at Oou.'dan, instead of the

regional laboratory at Orleans. The Doon,an laboratory was not only

groat experience, who had played, and were still playi”® a, important

mlf’ in fJI *m matorial u i nti.ruTimij.
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13 « 1 ce.; md ul<. ... DourUan are shown in Appendix

' fr.c rr> 33 s* iiBc: i/o es foiXcvs

I i V. oi .is ,-aeciive .ht'n French ufa;

‘m 1 '>4L 3T Souch Avrj-cen pi: j.§ improved by the
cteJdi :j,on o< gypsv.ii.;

V'.vlj Souch AFHccr r a reacted betl-T with French lime than
d h h out A ricat lime wupplifd to Dourdar, the-
p3rfor.i-ir.ee of french Ilime + French pfa being about

jud 11 Frencr *irr- uth African pfa + French

Rypsc.i

>cme ilme n< Dourdan laboratory gave details to RL of a

,<no».o as LH36, thi was a mixture of pfa, luicklime ar.d gypsum blended
together in jcii proportions u« tc produce a stabilising agent which
would compete with either opc or lime. This appeared to be an attract-

ive id-a ar i PL i;r-° 1tp loot- into nuth African prospects.

hori.l / after cartl-ti r. of ft- wuxr - to * >t Dourdan, EJL decided to

vi chdrcvv it-- investment in outh Africa, and RL Itself became inoper-

ativ . The mffurt it promoting th" use of pfa in road construction there-
for' ceni .0 an 'nd as far a thi | irticular group of companies was
concerned

Since 'chat dt.ee he Co Joe -a,. «vd Scientific Prograi.imes of CSIR has

foiinsd a scee ’ing corimj tcei .o look jnvo all possible uses of pfa and

road construction, Lhiresearch effort is being cari’iud out by NITRR,
vihich is looking into all work done to date on pfa and trying to pin-

point the ree.son for the wc? evtiveiy poor performance of South



African pfa.

lutcide QI thi* ,ar Lcular rayramm tr r- appears L<t very little
work being dent 1 ‘iout Africa it tl r' r time on the potential

of pfa for roadworks and const ruction gent rally

DISCUSSInh AND CONCLUSIONS UN pfa PROGRAMME

The rate jt pntKjr* on thj rojret for the period 1972 - 1934 is

hardly inpr* ive. Th ffort wu spe medic, lacked direction and

27.

purtoee . it‘e «wd no dttir to cc'elusions could be reached about

the acce facility or otherwise of CAL material.

f utur , A"ic-mcxi Id b t>.ical of the m fort of other companies

i-'dul ring r v in R C without benefit of background or

Lack of urgenc.

the inyt t.icjatior did not .tart becui.se of an urgent need in South

simply bncauv of < suggestion made oy 6 parent cmnnany to its sub-

funds set aside for it In fad ihose moividuals 'vino did get in-
volved regarded the time spent a su».:i.heno o’ - break end as e side-

line to their normal activities

The inve stigations inco pfa w re not e c¢.co tc intarvera vdth the
main business of the company, and ; is s,;s.i <*onder thet progress

was slow and sketchy.
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Lack of 1x”erienc- in H )

of them had had a:, e>ptri*r (m In r .'-arch, or the problems of apply-
ing the results of research to tractic* . Thi acccurted for several

major mistal in tne icy of ™ prim- ntation that was adopted.

carried out in France. Al .hi uld havt known that South Africa has
n mere .S wnll-i luippcd lahoretorie , in all n .-ct- capable of
carryxn : out tl r<si r Ar- i, and manned by experienced staff who

a uld na ily hav< ai ipt d th m 1Iv/ to any new techniques required

lab ratories cr> it d not only inracessary delays in the sending of

s

linct cont ict, ’-c¢, ¢ for ocv<i ic 1 vi it , bntween laboratory

ehenr physical remi t«r- di «[filed any ense of urgency or reality

on ither :.ide.

ocondly, M nould not ha«i mtartr on tu iroject without

To have imagined that French nxpertim: alone could handle the
prublrsn i an indii it inr of th- wide ;ap tt at existed, and irobably
still exists, betwe n prnr titioners and research workers in the
civil engineering industry in thin country.

Finally, as experienced contractor ., ML should have known better

than to embark on an investigation of this nature without allocating

to it some form cf budget. The fixing of a budget creates the
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obligation of accountabilit » w id" in tun cn at , asense ofrespon-

sibility in ttu ' involved ithe wutivity.

ft LcL.lt " m>f ;I3 jeil mt >*

In defence of the apparently hal f-hear-4ed effort put intothe pfa

invest!gatio , v- t.e to tear in mir 1 the diff icultis , of commercially

promise e>pectt i of it. The hulk o' pfa in South Africa is produced

by Cscorr, r ij *jer tKv be ' .ral."a that the obtaining of

to F- ton t . » i» ralt that I :com night already have had an agreement

ht-vt laid it cirti or the table, e pttcially because its interest at
the tim* Afv in "umi ust Afion- thnri would have beon little conflict
of inter® st. In any ca ", there would »ave t>en ccrsiderable merit in
th tm companii ixDoling their financial and technical r sources in

order to promotf ttv id<a of using pfa in all its possible ramifications.

Rl did loot into ths possibility of protecting its r searcti by making
applicati rs for patents. Consultations with “atent attorneys or this
issui revealed id at application: for patents were only possible in the
event of Rl d velupine ,i *ptcific tlend of materials wtiicti would produce
an adequate stablising agent, i.e. patent irotection might possibly have

been obtained for a composite material such as LH3Q, mentioned above.
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1thi re /ould h.\ - n liti1 ik hilit y of pratfct.ii 5 thn general

because the principle , and proim » of that operation were rot oriy

w 11 krpvm, bit <»lu v r. *"11 cu red i: th- lit nature. The

chance of ; ermai-<-e t cemrrtrciali, licMor w n theretorinotgreat
\ iturol O : "' .il:i% ro ri 1
A prime rtu or for tht original po: ularity of pfa in Europe was
t
|
hi :h po. ul.ition e-mr itl , int. .iv farming, and part exploitation
Although imilar ituatior i pr diet"d for certain areas in the

not- >-3i ¢ mt futur* , ovth Africa i till far from a crisis point
in the ¢it- of it r* .ourct of natural materials of construction.

The f.rr sure to usr waste materials or substitute materials is not

and PL' *ffor* voki 1 "ly mild interest amongst road-building

authorities.

Transport costs

Quite early in its investigations AL realised that thr cost of

transport of material would [lay an imfortant role in assessing

switd to Kelvin D pfa, produced do e to Johannesburg and close
to its possible point of use. When the CEO Johannesburg proved

reluctant to carry the joint research furtl ir, AL discontinued
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its active- effort- into the u> of the mai rial.

Pfd produced in t> £ t rr Trar ,vr. 1 A r t itiorer was superior
to that |reduced at Ke-Ivin 1', but coi.ld only t.avt been exploited
or t national scele if it wen? fourd to te of high quality and
therefore u at 1 in ~all iuartitle: . In .ucf event, transport
costs in relation to the total cost of road building would rot
have played toe imtoil a-t 1 rule. The disappointing results of

ecirly t  t ustlfied PL1 cauticr in this respect.

Lack of communication rd erthi i m within the grouo

Engineer and erior manager- of con- truction companies are generally
30 inter 1’ly occupied aith tre ccir; lenities and day-to-day crises of
the dir ct iot in rar i, that thv/ tvav® little time or interest to

invote to id-» A icf bring mall promise of immediate /ield to their
contract , or tc tf ir a mpanie-,. Thi- attitude is understandable and

a later rec-m will ,hcw, 1 repeated in other activities and

industries.

In thr Lefbbvr gro-i in Fran trd South Africt-, the original
enthusia ts for ofa wp> M rs. Alb“rr Par6 and Jean Lefebvre him-
self. Perm's report on hi- vi il tc truth Africa, and his strong
recommendation- lir inv tigatior * to bn initiated immediately, fell
or draf 1MPS tx.tti in France and in South Africa. On checking back,
oni find that not one of thr diructui of 0l in South Africa,

I
repent in any detail; and, what is more, the name applied to

engineerr, and manager in the head office in Paris. Nothing was done



Ir

31.

its active effort into the use of the material.

Pfa produced in tf FEu terr Ilran veul pow r statior: was superior
to that produced at Kelvin 0, but could only have been exploited
or e natioral sccle if it *mn fourd to be of high quality and
ccsts in relation to the total cost of road building would not

have tlayed toe impoi®ort 1 rx.1 1. The disappointing results of

Lack of corrfliuricat ior pdl erthusia;”n Wit“l;lin the group
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C'ginefrs and .prior managers of construction companies are generally
so intensely occupied with tf>t Ccrrple>xties and day-to-day crises of
the direct job in hand, that ttey hav littln time or interest to

devotf tc idea /which bring umal] promise of immediate yield to their

contracts or to th Ir ocmpanies. This attitude is understandable and

industries.

In the Lefbbvre grout in France and iuuth Africa, the original
enthusiasts for pfa were Mrs rs. Alber* Par<l and Jean Lefebvre him-
Lf. Parti*
r'-comr endat ion' f r inv- st igatior tc be initiated immediately, fell
or druf ears beth in France and in South Africa. On checking back,
one finds that not one of the directors of RL in South Africa,
including th then-re ,id> nt French director, ever studied Fare's
report in any detail; and, what is more, the same applied to

engineers and managers in the head office in Paris. Nothing was done
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which tock iluct at 11 invit -ition of th. f irl of fice, ard which in

absence of actioi «nd lack of ccrrrrunication lay really in the
different outlook tf tho » who advocated innovation and thcie w>o were
sur cosed tc carry it ovt . Th' [roject really needed a champion of

the order of I irA or iear Lmf ?jr* him* tIf.

innovation can tc cen in ttv fact tt at EJL head office allowed the

original 'xp- rimentation tn t carried out in a provincial labc ratory

Th> morerilled d e”; ricreed r archers at rturdan only came into

the pictur 1* r aft. r t*¥e ;tart of the roject.
p y proj

This investigation did net give a clear indication of the ccct of

the R & effort, brcau ¢ so much was undertaken in EJL laboratories
in France without ct>arg>: to RL in cuth Africa. The projectdid show
however, that an inv*¥ fixation of this m<tun could be carried out

without, a company t>aviny to invt it in laboratories, laboratory equip-

ment or Ifboracory per lonnel. Judicious wuse of outside laboratories,

guided by ex. ¥rd o; inion, would hav* been adequate for the purpxrse.

Considering the .avim, tfiat it effected in tiaving virtuttlly no
Laboratory experi:ios, RL made a serious mi .take in its joint, venture

with CEO, Johannesburg. Aftnr having seen the reasonably favourable



result of the .ioint <p. rim- rv ition, R houlu have uporuored the

and jointly meniton tit o r form. viith tht I1 . Thi rcr atruction

1

success Aould 'cive produced a favourable reaction throughout the field

of ixDxJi' and 11 t ci tructior in th Witwatersrand area.

Resi-.t ari» L, change

Quite earl - cm in it effort , RL discovered that it would net be easy
to charge existing ire edurf md .ecifications in thie road-building
indu'itr.. Thi facfi * cror wu; a:ain in later investigations and will
therefor be :ii . I Mee+ corl”™id ring the innoiattor problem in its

totality.
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ft n.r L,! {j; 'l

idea of developing new technulogin a; a means of company di-

fair amount of publicity wl., being given to a new construction

known a "TornArm”~e” or "Aeint rued Earth". Rea one for the
publicity *r* °* f I, fit tl> , ' jni wuenes: and ingenuity of
t*» ¢ t<m, a ; iU , 11 -1li action in the UK. in which Vidal

was suing the Department of ttn Environment for infringement of his

. .tent
P. be -in* intri d I/ ¢ ey tern, n ili/ing that it had application
In thirespect it w; . f rtunatc that the invention had been devel-

iped ir Franee md cont. tct could oa ily be t tabli' hed with the in-
director WwITo 1' . at im to makea first contact with Vidal in Paris

early in IVVAi,

A, un ult f thi ne ting, VIdil vi,itod South Africa a few months
later in order tu sc- for himself whether fie huuld initiate a
Reinforced E irth rumpany in R.A, R! took advantage

of his vi it to arrange meetings and lecture ¢ in the major centres
with organ! sl ims which might, hrjconn us, r of the system, and also

with groupl of engineer comprising consultants, academics and



r trche-t-B.  ih> n « “.:ar t \ i Idl' m d n a[;1lin 1t he

a1 itive and it wa lecidt I to form a comfian/ which would hr jointly

Dy mid-iy75 AL had titattod appointing la ft and an engineer was sent
to Karls to recaive in Irjction in de- ,,gn procedures and the proposed
manner of organ! ing and operating tin company. A few months later
the writer attended an Internal Reinforced Earth conference in

Wa ninyton .1 . wh n prugi arid problem' of the system were dis-

cus.-id and, mort importantly >* wa able to ee practically the

> cripti.r f E-a'm

At thi istage it 1 . nece sary to give abroad outline of what the

]
principle is to u.e the frictional a relation of granular soil
ind linear r*infurc ment to cr’-ate a cohesive material which is
highly r* 1itiv* to lateral force and lo ds. It*: classic applica-
tion 1 in the conltruction of retaining walls in mountainous
terrain and ,ome of its firsttructurr an to be found along the
highway, f Cut D’A/ur in thi' >outh ofFrance. Applications of the
mat'rial hovt ini xtnidi d to retaining walls on urban freeways,

bridg" at utment , " will

, loading nimi for industrial plants,

and mineral storage facilitit

The basic elements of Reinforced :arth comprise an outer protective
facing, reinforcing trips, and granular backfill. A brochure

describing the system and its applications is enclosed as Appendix 5.
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imple, but it i A'll thoujht jut and known in the civil engineering

industry <v deign—-and- upply. The function of the company is to

relevant structure and then to quote for the supply of materials

to the dte, 'me .rice to include not only the cost of materials but

This means the the Reinforced Earth company fall somewhere between

a cor ilttmt md | contractnr. It snnot operate as a consultant
[
rt ct 1t jprritr v. ir ntract r bncause i*s work force would
n
higgr*'d advontapf of thl mitem { tt>at a large volume of work
[

augmented fairly easily in hu y time and wtiich need not be drastically

cut during comparatively quiet spells.

Record of com()On> pmgrny

The c)m(*tny wi , formed in I'OR, its first full-time engineer-employee
wi ent to Purl in that year for tmining in La Term ArmSe’s

hn.idquurter , and thr? fir t contract was obtained early in 1976.

The Reinforced Eart.h concept appeared to attract users of construction

facilities, both in th, private and public sectors, and the company's
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the public o 1 ilt-id 1HI applied Lon were found in road
construction ufiila in tm minlny sector the system found its
maximum r,plicae ion In tin construction uf tip walls in process
plant . ccv ior lent - a:-j th- like. *.all contracts were also
ohtaine J in Li ith: :nd BoL- vena a-d a mu nr one in MalaM. In
its eight -ea.'s of of t-'ution ;nt: company ha , been responsible far

close to ~0C strvctureu in outhem Africa.

The comiany offered a major rtbed on one of itsprojects at a

this car Leulap instance vas known to be highly corrosive and the

cor cry. t uit' i* client , decided to use a form of

cathodic prot«- e¢i mt aliminate corrosion. The anti-corrosion

sy >te « f " .v-11 ntd to be demolished.

Tri: fuilur brought ' mt the me ! serious objection /to the Reinforced
Earth yst "m; !,ubt about it Ic :-tt*rm service life. At the time of
writi*- ,, ir 1m-1, -« fir ' A if fon "d artt- tructures constructed

in France art- not yet thiit years old, and although tests show

few sign.', of corro ion, corv.en itivd clien twould prefer to see
other- take the risk on nt wtei ftnology before committing themselves
to it. Imn the .A.A. case, it is accepted that the Reinforced Earth
company made a n> take in adopting cat.hodic protection end that the
circumstance-, were unique; but V is not. difficult to appreciate the
reluctance of 1lhat. particular client to use the system again, or of
others, v-ho hear wbout the <ailura to embark on a reinforced earth

policy-



Reinforced Earth ha- nut t (n abl to con: tiruct major wrks for
South African Transport ?rvices for th- .ound technical reason

that, in direct urrent <le-ctrified line , itray currents are

consultat ion with Al , in order to try to determine finally Aether
it ii afe to build Reinforced Earth structures under electrified

lines, AC or X.

aterr an.: .ale** 1i;clicatiu'

"idal, at t e tar* * hi- ! v- locment roaramme, patented his
.y-'tem world-wide and he successfully applied for patents in
doth Africa. Reinforc d Eurtn fptyl Ltd. wes granted a licence
by Vidal to exploit hi patents in South Afr.cr and Vidal »es
panted rmi  Lon by th "partment oc Commerce and Industry to

I y iroyalt. - on all work done in term:, of this licence.

In other .ountril , rxirticularly in the U.K., Vidal has had a fair

imount of oppo ition to hi! patents and has on occasion been obliged

Cere rally .pcakir :, Vidal he jc.en  fully defended his patents, but
alternative ,,stems are already in use and these will probably

incm-r.o in number as Vidal* 1 original patents expire.

In South Africa the Reinforced Iarth company has encountered no
problems with competitive designs, possibly because the market
at present is too mall. Nevertheless engineers in the company

are encouraged to search for new ideas and applications and to



In te lur ; ?e¢enr, RtInf'i n ' edrtf’ it nl will xi ire and others

will be freely entitled to u it- ystem. From a trictly commercial

their com; ititor . After expiry f it patents, Reinforced Earth

protection.

DiuCl. ,siur Iful l.m

11 ; int r> tin ; ¢ note the auid- jeeess and transfer of
‘echnol 3> in the ti « of Reinforced Earth compared with the
almost complete lad ofprogressi the effort to promote

.fa, sdally w=e+ both nffi nc , were put in by the same

part ;-

- Reinforced Earth wa able to be Introduced into South
Africa without th< need for any research into local
applicability. juccessful and safe structures could be

built, is long « Vidal' , criteria were observed.

- Reinforced Earth had teen given respectability in that
it had he n acc pted t<y road luthoritir if high esteem,
by "Pont . et Chaus,ftes" in France and the Federal

Highways Administration (FUA) in the U.S.A. Much of
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a statement by FHA that it accepted the system and

no lon r reijan.'-d it 1 -x2 rimental.

- Reinforced Earth tf-red 1iclear and definite alter-
native to thf cxtn’ rttional truetore it was designed
t( r-.lac , t, '"11'" : co t com| ari -uns to bemade
ouickly andaccurat sy. It was not

difficult for a ;x:it-'mlial uaer to come to a decision

n tr r m * * tht new material. Reinforced
(art' Jom.itt - 'oil di ign calculations with its

-ffer , m' 1-m : 11/ :+ Ched- ed by the
; 1w’ ' mt]l » r' a' .ign  ‘aft.

- advantages,
but in many ca e advantages in ease and speed of

con true li.y .

iv:e llc/

Taking it , cut fmm ttv ;x.rnnt company, the South African
company decided a,l, ti "hard nil"approach. The policy
adopt' d wav to convince potential , lients that the method ms
technically sound and that design would conform to standard
factor of dfeely. Reinforced Earth was not offered as a
universal panacea, but a-, a specific material and technique

which could solve certain problems.
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It 1 bi II' '"t'd thdt thi approach w, appreciated by the

ha< decided uot t (romateitself jntil research can con-

clusively prove it ,afety and durability.

3ut~it~ 1

AiV it 1 -tv Rein*rc- : irth1l bigge ,t present promotional
prubVtm 1 +o0 alia.t-.ir tbout its service life, especially
in ! at* Africa where a r i|lor failure has occurred. No quick
ioluti n 1 at hand, but certain measures have been taken,

which include

- orti* = 1re* arch into all aspects of non-atmospheric
corru i< and th effect >of stray currents;

- continuation of the present open approach of

durability renuirements. (This applies in particular to

industrial client-,) .

Ry, »mirutm

that up t 11 now most of its n earch development effort
ha-, been concert rated in that country, with the various
ubsidiary comijanios playing very little f*art.. France's

research programme has included investigations into such



roup .tilicy is now changing, and countries outside France

are teing encouraged to carry out their own research to meet

their articular pr him-

In the cae of the South African company, its policy is to
concentrate it , r trch into the problems of stray current
@corre ion on electrified railway lines, and into possible

tm -

oif * h's , 111 n

If 1 not difficult to understar, 1 a cautious attitude towards
innovut an n tta ,'kirt of organisations or officials concerned
]

ri i tiin in adopting 1 new technique sometimes seem hardly
mirt fimttilt , " % 1illy, iis in the ca:-e of Reinforced Earthy

if thr iving rffec.ted an’ not large in relation to the total
¢, * if ,i public wir* budget. Nevertheless, the positive
attitude taken towards Reinforced Earth by most

louth Afrii in [xirt ii ifiant 1in the tructural design activity

is commendable.

The Reinforced Earth Company, from its inception, has
realised that it is essential to appreciate the reasons for

cautious or hesitant attituc' " , and not. t i condemn such



A senior ie ign cnglnet r, mpioyed t.y a major governmental

iuth irity, exi lain J hi Ml mma in .impli terms : "In my

forget

Although the introduction of thie« techniaue has generally

taught a number of lessons

- -7 * C. '"r ,.hi,.n

itiv tu construction in n inforced con-
crtl , if ' Heinforc °-d tart ' p rformance is

going to be measured against that of concrete. It is

* ich might have be-in cau ,ed, not by inherent flaws in the
di iign ur tticnry, but by mistakes in construction cjch as
inattention to line and level, mishandling of materials,

umi 1 m of it'.M-l, inadi-gutitn compaction of fill.

,lip .had iupervi ion i common to all forms of construction.

Experience ha shown however that failures in concrete

construction are mom generally attributable to mistakes



in actual > iijn .r cun (ruction than to inherent

d-ft ;t of * - mutiriil. The theory and practice of
Ieeinforced ccncret.e 1% too wll-e tabliuhed to have
aoubt cast on it ba ,ic acceptability. In the case of
a new material, failure will cauo” doubt/ to be crecated
on the validity of thu method itself; hence the imoort-

a minimum.

mrvicc Life

urabilit » ho t en pointed out as the major obstacle tc

i tt ir foremntial for both client and designer to
tat 111 wt'd® rvicllife i expected from the reinforced
m *°n true! -rt, 1 i to confirm the agreed service life in

the contract.

Reinfore." d Earth hi ctfic advantages in certain types
t if lutrial ar I mif m; aructure , which might originally
be envi aged to have i-rvice lives of relatively short
duration. In the event of in owner wishing to prolong

the ' 1ivie.f life 1 f 1 tructurr, he <fxiuld be made aware
of d it wa« contomploted at the stage of design and con-
struction, and .tujuld not hav' to rely on the subjective
memory recall of those connected with the projec in its

early stages.



'/onitorin,;, 1n lut"

It is -sontial for th1l |iromot-r of a n v techni ;ue of this nature

to fiy clt e attention to monitoring of it', tructun-s, in order to

but the problem nas to be faced.

illustrated by the following exam,li . A Reinforced Earth retaining

wall wa mr ct<iby a m. or road-1 ildi g luthoricy, subsequent to a

mentE and movement generally. After the first few years of successful

oi>’ration uf * mreinforced earth wall, and with the structure

Alternative system

The South African company ha not yet experienced comfjetition in this

attitude toward: cimpntit ion should ut br antagonistic. New methods
and materials would rithc-r heip to expand markets yet untapped than to
close traditional mar*>ts. Looking for protei tion in tfie form cf
pat(3nts only, and not in "know-how", could have a negative effect on

future proyr us.



Investigation;, into mni’ dllunjioil -1Tly.

rtn.i'i'jnt iur;

Thir activity rart v.I in ] O'-, > .nl to

(1) launching the ReinforcHd Earth Company; and

investigations on this programme.

- granulated Blast Nimace -lag a 1 tabllizing agent in road

con truction;

- air-cooled 1 slag ¢ -v i; n Jatc;

mote rn jlag

Thi' mct ion -.il-ii' ¢ r’ tin  immonly-at ropted t' rna and processes
in si :; technology. T inform ttiun i derived essentially from the
(jublicati vv ”fV it iurnK"™ md ! T Tt¢tj" hy AR m'.

Lee defLrm i hnj as "the molten 1ilicate complex formed by the
combination of agglomerated <arthy mat t>r with the ore, fuel and fluxes
added to the chargo in iron- molting operations". In iron and steel

making the great r proportion of lag is produced in blast-furnaces,



which D nvert if. n ur- let irun, w11 ' tt 1 1 , cumpricing the smaller

.ropnrtii ), in. f rmi mif t° n 'i » j r ion of cxinverting iron into

used.

The annual production of blalt-fumacu lag throughout the world is about

100 million tor , ar I .ruductior in tf* U.K. readied a peak figure of I1lA

in producing iron, and their int-p 4. in slag restricted to the Quickest
and chea; ',t way of lisposiny of it, the ituation is now radically differ-
ent. In Vie J.K. virtuall. tt « whol of the currently produced slag is

proce i for profitable indu :rial usps; mostly as roadstone and aggregate

a filt r medium f r * i il .lanti , as a fibre for making the heat-

As state: ibove, bl(>it-fumace ilag 1 produced in the conversion of

and alumina mo the ch mi( i] p actions within the blast-furnace reduce
the iron oxide to irort; ttv silica and alumina compounds combine with

calcium in the fluxir | torv (lime tone and dolomite) to form slag. The

f d into the top, and th product , molten iron and li uid slag, being

drawn off from the bottom at regular intervals.

Li uid lag i1 wusually run into iron ladles lor conveyance to the cooling
pit, or it may run straight to a cooling pit situated close to the furnace,
in some cases it 1 allowed to solidify in the ladle. In the liquid slag
ire gase under pro .sure from the furnace, and the conditions of cooling

and solidification determine th quantity and size of bubbles that
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cannot r i:ape befort olidifii tliui . CoriMtquentl/ the density and
porosity of slag art affect d tr/ conditions of cooling as well as by

it comical com; o Lti n.

composition of the slag i- in accordant with the requirements of the

relevant Bri’i.h staraard ,<<cifleaf ion. In the U.K., blast-furnace slag

South Africa product tc- former two t/pr but no foamed slag.

Air-cocled bla .t-fun- ic .lag exhibit properties similar to igneous

rod . fro hirq anf cree >ing of thi , mattrial follows normal quarry

iimitt t by ip'cifi atiu arifi it h.c not yet been approved as a railway

Africa, and the production of aggregate from its air-cooled slag is in

the hands of a single company.

Granulated slug ic produc ed when molten lag i« cooled rapidly by me ns

then have no time to form and the slag solidifies as a glassy n.sterial
which, a it , name implies, taki , thi form of cmall granules. When
ground to a powder and mixed with an alkaline activating agent such

as lime or portland cement, granulated slag has hydraulic setting

properties. In the U.K. the material is used for manufacture of a



South ArVicc- che re.'itu 1 , mill- d tu ct'merit fineness and extensively

used in conc.'evc end road co® scructior as a replacement f*r ordinary

porelend cement. The milled mat rial is market ed under the name

b.lu3t >uiT-ar ¢ .iert i a] .u ,x iuct i in Souti Africa, but only in

Irmitati quantities mainly bectiv 1 contractor prefer to save costs by

Cor,..' ig to >el lat; , -.eveml pr it* currently used; namely

oxygen roc i now api ir r.tly the most favoured. Slags derived

Africa, ir addition to I cor, -iverol or the mailer steelworks produce

depending on We pro' ,, te.] ilags vary in type and chemical com-

used as such in the U.K. Thi practice has not been followed in South

metals other iron,

such as zinc, copper and manganese.



ctivii il ;n 4 D"bor, 1 - ‘m* mr, I <

These activities concur.trat d on t iiuti MM ul of off-tne-dunp gran.

ce -,ng )r milli , hai 1 rv to A vi t EJL, who had gained experience

rocess,

had proved it' slf >5 a strong ar economical material for sub-bases

and ba-v cour :;, aid EJi wa of th< opinion that, a successful transfer

of this technology to out!'l Africa scald be effected.

At thi tin. , ha aln w, I. poin» j out, granulated slug was

that r cwired it - t mill . T*¥ com;any producing the milled slag,

also M

slag produced by I ,cor.

«

line f the Prindi proce' >of "grave -laitier" in France.

;ravel, air-cooled
ilag, or and), granulated lag off-the-dump, and road lime. Depending
on design criteria, the proportions of aggregate and slag varied

appreciably from 75 - d% for aggregate and from 10 - 23% for slag.



The outstanding character! itic of the mix >u the comparatively low pro-

possiblela low total co t. In south Africa, con idoring the large

nuantitit i of lag than h imj ,rodui ad at PretoHa, Vanderbijl, and

AL made contact with ulagment Ltd. and discovered that RL and Slagment

product, and were plea-.ed to co-operate in a joint venture which might

there -fon ag*eed that th« companies would jointly investigate off-

the-dump slags, a si sted an 1l guided by EJL.

Already at this stage, lagment expressed reservations about the chances
for ucc-- fui t hnolcgy transf Their viewpoint was also confirmed

" T
pi1oncer,

less, RL decided to pursue the investigation, mainly because of reass-
urances from EJL that similar high-magne.sia lags were used in France in

the Prandi process.

As in the case of pfa, it wel . decided to carry out the test programme
at the Orleans laboratory of EJL, the programme being directed by
Messr . Digue and March!. first to t, farted in February, 1978.
By June 1978 it became clear that the granulated slag from South Africa

was inferior to its French equivalent as a stabilising agent. Appendix

6 show results conducted with sand-slag and gravel-sleg mixes, and
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leaves no doubt that tn FMajnme t ar j htutv Ti- iro warnings had been con-

firmed .

A report by Digue or the test pro :ramme (Appendix 7) sets down the

following

(1) South African Lag develop:; lower strengths than its french
counterpart, ind how no i reuse in strength after sixty
days;

(i1) The phenomenon is probably caused by differences in chemical
_ompo; i'i n, in that the jth African ilag has a higher mag-

[

(ii1) [ -ight b worthwhile invi eigating whether the required

igue su :qi’ *ed gyp urn, caustic ida, or a material patented
by Prandi known as gypsonat (a combination of gypsum and

caustic soda.)

Digue went on to %< t 1 joint .rtnjramme, most of which would be
conducted in ,outh Africa. Digue's ,ub-division of tasks for the new
programrm A1 for the Orli i . laboratory to *;-y to find the appropriate
activator and, iftor that, far the South African laboratory to carry
out routine testing. Thi' programme was agreed, and the Orleans labor-

atory started its investigations.

Re ,ult . became available in ,eptember/October 1D78 and again proved

1.

and his conclusion and recommendations can be summarised as follows
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(i) the r lit pnovi 1 liucourt'jlr e inthut appreciable gain of
strength with time: *ano, obtained with my of the catalysts
used.

(i1) it appeared that South Hcan .lag would have to be gn: nd or

milled before it could h-v Lop muchpozzulanic potential.
(111l fre ch practice with granulated slag was now also tending
towards grinding of the lug prior to use.
(iv) an interground slag-cement mix might be mo . appropriate than
Ing-lime. Thi product would be; coarser than opc and might

product advantagt in won- ility and a more gradual gain in

strong!m.

At might have oeen forgiven at thi: stage for calling a halt to the

reject, ' cim!*i n at mid; thi . time carrying out the
emxDtiriment u ior in jtt Africa. Rl jooointed Professor G E. Blight

an con ultant to the nrojnct; tnd, after Hscussions with RL and EJL

a- *z:iy of the rlnu re ult, flight submitted his research proposals
in ctofcfr 1 79. 1! , ropo al: wn accepted (Appendix 9), and it was

decided to tart tt'f programme in 19”. The reason for delaying the
progromnt lightly wu, to give Blight and the writer an opportunity
to 311mnd 1 w.mt.-mat rl il conference in Paris in November 1978, which

might hed new light on the project md proposed programme.

Novi:nh' r IT'7H ; fiunt. r ur' nor .M tv Mutu’ria] in Paris

Theconference was org mised bythe French road-building authority,

and contribution wen- received from mu t of the world's industrialised

countries.
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an 80 : 20 “ravl to “lag ratio.

France was looking Into partial pre-grinding of the slag and
into alternative activators to lime.

Aircooled bla .t-fumacf lags stxjw hydraulic properties, when

used as aggregates for concrete.

bittmincj concrete urface dressings.

jr le irahl- chemical tor tituents in both blast-furnace slags

.t- 'l lag, as distinct from blast-furnace slag, has a potential

ul » as a fertilizer.

Granulated lag can be pelletised in order to manufacture light-

weight aggregate for concrete.

Energy savings can be effected if granulated slag is wused to

produce an interground slag cement.

Pollution hazard of using waste slags had not received a great
deal of attention.

When using slags in road construction attention should be paid

to the probltm of .hrinf ige cracking of the surface material.

strength of the report and what had been presented at tho confer-

RL decided to continue its investigations; in particular to look

into the partial grinding of blast-furnace slag tc improve its hydraulic

or pozzolanic properties, and the possibilities of steel slags.

I W i



55.

A useful con! ribution wa, made at th> concluding session of the con-

ference when an American delegate suggested a list of questions that

- what is the market?
- .Vhat are the in titutional problems, i.e. legislation,
specifications, environment al constraints?
Are there economic advantages; i.e. what are the costs
of production, comparative costs of conventional methods
or material, pedal costs such as transport?
Are there unsolved practical technological problems?
The question ac. tr iimple and obvious, but if asked at an early stage,

could point the way tu approaching projects rationally and objectively.

Activities 1’ 19'/ : Bla t-f .ro ice mi i;-

These activities consi ted e sertially of laboratory investigations
*
preliminary report, 22.01.79, is enclosed as Appendix 11. Several
types of activator had bi qn tried using standard sand-slag mixes,
it with the exception of IN lime-caustic soda activator, all others
gave disappointing trengths at 21 days. Blight indicated that he
intended trying out the effects of partial milling of the granulated

slags, as indicated at the f'uril conference.

In the above tests, two type . of sand wen; used, a washed, weathered

concrete sand and -4 Witwatersrand quart its crusher sand.

Blight's final report was submitted on 73.10.79 and is enclosed as
Appendix 12. The main points emerging from this report are here °

summari $ed
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sand and slir.it It ,t' ihuwud impmvd strengths with increasing

Three different typt o* lag: wre included in the teste, namely

showed, what could frcbably have been forecast, that the finer
thi l1i:, tt> ni r th- strength achieved, and also that there
Pas little ooint in using granulated slag without increasing

its fineness by either grinding or milling.

limt -cau: tic la, limv-j/; Lin, gypsum-caustic soda. Excluding
opc, the me t icct iful activator was the lime-caustic soda
comhir iti. r an i thi jm-causfic ioda combination proved

generally isappointing.

Thi: requirement was established by the work done in France the
previous year.

- Generally, South African rlag could not be used to produce
"grave -1 u*i r" i 1* inindi fashion. Nevertheless, further
investigation .hould look into the use of slimes and aggregate,
and inti) reduction of tot :il slayment - and activator content.

Table 3 of the repxirl , with accompanying graphs, gives an out-

line of the progro' 1ivn development of experimental policy.

The report produced no immediate prospects for commercial development
.md RL dec ided to abandon thi -; tive laboratory programme. RL did
decide however to keep up contact with developments in slag use, both

in France and South Africa.
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A an adjunct to thf ,0+ carri® ', ut by Blight, thr Portland Cement
Institute in South Africa carri d out a minor investigation into
slags during 1974 and early 1 10. Tho. investigation was prompted by

the personal inter it of th« ir ctor of the Portland Cement Institute.

AL supplied the Portland Cement Institute with samples of both South

Portland Cement In titute r> art i encl. ed u- Appendix 13, and again

at early .tag, . The inv, tig.iti n confirm' that high magnesia content
in South African slag , seem to b- tne most likely reason for their

inferior performaver.

'Ctivi'i ir mJanuary 1910 to e+ptember 1961 : Granulated slags

Thi: was i period of merely kt aping in touch with problems and develop-
m-nt: of gra-'ulat' : tla t-fur ac- ley, while pur' uing more active

investigation into steel and manganese slags.

AL maintained v *act with fjl ' crinci.al laboratory at Dourdan, near
Pari: , and also with an FJL affiliate company Salviam/Brun, a road
construction company with extensive experie ce in both air-cooled and
granulated slag;.. A5 in the case of pfa, Dourdan and Salviam decided
that they would 1ik, to t.aka fresh look into the problem of slag,
and asked for sample- in order to start their respective testing
programmes. Dourdan duly carried out experiments on pfa but neither
irdan teats,
this time, R had in any ca: o become convinced that there was little
future in pursuing the investigations, and made no effort to find out

whether any testing had been carried out at all.



58.

In September 11SO Blight , lid 3 .hurt visit to France in which he

had disco' ior will

(1)
(ii)

(iii

Ejl at unfa. *

CERILH which i the French counterpart of the South
African Portland Cement Institute; and

LL'C, a French (overnment organisation devoted to

re arch on road- and bridges.

here summarised in order to now the amount of work required in order

to come to a final deci Lon about the advisability of exploiting the

material

Arev r- X; nr:mi nt ild be designed in which French materials
m t- - ' L\ uth A*rict, 1 ' viem vtrna, so as to eliminate
any doubt a to diff n ic :s in testing technicues.
Electron mien op: tudi m, o the progress of hydration in slag
and pfa ,nould be carried out so a to give a possible clue of
what caused the lack of pozzolanicity.

Te :ucnching t‘mp- r itun >of ".lag 'Atould be checked, because
reactivity 1 . much reduced b low 'i400"C, especially in the
unmill' d form.

In Frmen it 1 . practice to grind granulated slags partially in
order to improve pozzulanic propert if;., and this process should
po -sibly be tried using South African slags.
It might be necessary to arid more lime to the South African
mixes in order to obtain the required [if, accepting that this

procedure might increase costs.



i.3 contained in Appendix 1r, wich il ic cover hi discussions

on matters outside of granulated slags.

On granulated .la; , he rai ed the following pointl
There was a possibility of South African limes being
at fault, it not being able to produce the required
pH and strengths.
The density of the test ampl might be important -
this matter had not been raised previously.

- Electron microscope techniques might be useful in

investigating the glat liness of slags.

The use of air-cooled slag as aggregate, with granulated

It mu’ also possible that thu use of gypsum could be

Taking all the above into account, Blight made a series of suggestions
in page 3 of Appendix 15, in order lo try to bring the investigations

in view of the relatively low chancer of success, and abandoned the

project entirely.



"“teel luj : mi nt. f ;m - I mlI

As. stated earli er, t<,1 ,lagi ,r product I in th process of refining

proportions of metallic iron, snd in many steelworks it has been found

It tad t- n therefore inter' ting to learn, at the November 1979 Paris

conference, tha* in v ml countrit ti el lags were being used as

aggregates in “n truction. RL toot no action on this matter at the

Clugston Holdiris, which wa active in the field and had made a great

contribution, in th< )ry end practice to the development of slag

Cm ve (a muti ri il -imil ir to ;lugment) . Further, in initial
discussion 1- the U.K. in December 1979, Clugston indicated that it
vould I interest'd in providing <*|%»rtim?, and probably specialized

equipment, fur i joint venture with RL in kiutti Africa.

RL and Clugston agn ud that in the first instance they would con-

centrate on the potential of stt 1 lag ai aggregate. Clugston



had dointec. out that its own ;t I slag aggregate met the Sritiin
pecificati :n5 1i"or aggregate in :itumini :remixes and id accord-
ingly been widely used on the road- and freewey net.vork in the

\J

environs of Scunthor: ¢ and ven b- .. - 1. Clay:' :n also warned that
certain chemical constituents of steel slags had precluded them from

being used in Concrete.

As a result of the initial yresting with Clugston, RL decided to start

far the largest. Steel slags wer' produced at a number of smaller
wer*- 1; including Hi”nveld Steel Vanadium, Usco, Scaw, Dunswart
and Cape Steel.

- The rign®o to ill I cor lags olat-fumace and steel) were in
the hands sf a ccmoany called Heckett, a 50-IC partnership between
Iscor and a U.S.-based multi-national company (Heckett) which
specialized in slag recovery and processing in integrated steel-
works.

1
time was preparing to open a plantat Newcastle.

- Heckettl primary function was the recovery of the metallic
element from steel slags. It also produced crushed slag aggregate,
but used only iir-cooled blast-furnace slag in this operation.
Steel ilag , ifter extraction of the metallic iron, were not
exploited for cor”~rcial use and were simply accumulfted in dumps

on steelworks property.



, air- in n
structiun and, in t limited .a., a aggregate in concrete
Foundations, Heckett jouth -'fra-a had not penetrated the market

to any extent and exploit- jnl, a small proportion of the total

for hign-graoe structural concrete, for road- urfacing or for
railway ballast.

- At the smaller steelsror-s, with t-'e exception of some agricultural
lime production it Highveld, no effort was being made to exploit

steel 3lags.

On the basis o' "he ibo s informatics, RL decided to approach Heckett

with a view to “orming a joint feature which would promote increased

While heckett owned all rights t the material, RL suggested that its

own experience ana knowledge of civil engineering and the manner in

speed up investigations and boost, any promotional or research

programme.

After a .eries of meetings, the final one attended by Heckett's
U.S. directors, Heckett decided igainst any co-operative venture.
RL was therefore obliged to abandon Isccr as a potential source of

steel slag.



The above enquiries and negotiat or tooK place .vithin three months of

B

RL visited Scunthorpe wnere it .va. able to ee the full range of
that the Clugston organisation //as indeed excert in the field and that

RL .voulti be /veil advi e: to work aith it, a wuring a suitable source of

Such a source /-as located; at jr //art Iron 6 Steel <Vonts near Benoni

had, own tn- /ears, icourjldte.: a large slag stockpile -/r,icn the

Duns vart management -sen to exploit or get rid of in some way or
ot er. Outside of an/ commercial exploitation, the dump A/as creating
environmental prcbl-r- ; it //as not onl/ becoming an eyesore but /vas

beginning to encroach qr a municipal recreational dam and pleasure

resort.

Blight to test the .lag for po ible utilization as an aggregate for
bituminous surfacing. The :-lag contained metallic iron in proportions
of 5 - 10%, and it wa: accepted that any exploitation process would
require a preliminary magnetic iparation of the metallic fraction.
Dunswart indicated that a ready market existed for the recovered iron.
Blight's test result are given In Appendix 16 and show that the

slag aggregate met pacifications for bituminous pr-miix but not for

chippings in bituminous surface dressings.
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Concurrent with the laboratory t1 ting programme, RL had conducted

investigation,l, of a different natun
(i) a survey of the dump snowed its volume to be in excess of
300 000 cubic metres, .nd that a supply of potentially

(i1) enouiries at East Rand municipalities and premix suppliers

and that Ounswart aggregate would be accepted as long as it

met SAB- criteria.

RL therefore rape a 'crmal proposal to Ourswart for exploitation of

which wculo first extract the metallic fraction and then crush and

screen tra balance as premix aggregate.

AL’s arc!.ion: *r jnfortunatel , again frustrated in that at the same
tine ii it submitted its offer, Ounswart received a counter-offer.
This was from agroup which was already processing and selling High-

veld steel .lagas agricultural lime and wished to do the same at

because,
(1) the marketappeared to be more secure;
(i1) the o~ferwould enable Dunswart to get rid ofall the slag

in the dump, including the fraction roduced to sand and dust.

The EJL proposal would only remove the solid rock-like fraction.
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(four years later' no igr f ictivil n m i ibis. /Whether shelving of
breakdown of final negotiati-- , r :ol. ¢ of the fertilizer market a.

a result of drought: , i not Inown. In the meantime, the dump is

as 1 >known, no great effor* i r ;ntl/ f&’ing made by any person or

organisation to exploit 'tee siig in ,jutrt Africa; it Dunswart or any

other steelworks.

Vanganese :»lags : lctuber 1'0 - Febroar/ 198?

~uutr Africa it *n important -angam o producer, and much of the

reduction and refining of tr-e ore is carried cut at the Samancor

of different type of lags ire iroduced at <'ne -ookfontein works;
and, as a natural cons :uence of its interes® In irom and steel slags,
AL came to the conclu d n that *nese manganese slags would warrant an

investigation.

without argirv nt or he dtation, to embark on 3 joint testing prog-

ramme under the direction of Professor Blight.

Kookfontein produces three products; ferro -manganese, ferro-silicon and
phosphorus metal, and thus three Different types of slag. The slags
are derived from an electrlc-arc process and are all air-cooled and
deposited in dumps on the site of the works. The ferro-manganese

slags have been passed as suitable for certain types of roadstone, and



are crushed and man ?t.d by a private ccm; in jrj r contrac - _

as concrete aggregate in the wr

submitted in twonr :rt , ecamberl II and F. oruary 1982, both of

which are enclc md A endixt 17 ind 18.

The recorts gave little nope for successful economic exploitation
of the product: .other tr-an iggregate production for the FeMn slaga
wrere tne rightswen already ceded to another company) and the
parties ~3 the _ ,int -rogramme were reluctantly obliged toa! indon

the venture.



DISCUSSION AND U INCLISIONS

Management of the prograniine

The history of thi prviyramm' sho*'. that previous experience with pfa
has taught the potential innovator >vuvei valuable lessons, and that

the t ’chni :ue of investigation was improving.

Most Importantly , it was reali ?d ft it there was not much point in con-
ducting rt .ref i- - want *material; projects unless rights were secured
on the material beir 1 ir \m ti sited. F r that reason, at the start of
each invest!;;ati n .rogramme, agreement were made with either the owners
or option lc1 Mr ; lar nt td. in the cet,e of granulated rlag, Dunswart
in the case of steel slag and tmancor in the case of manganese slags.
Secer 11., ilt- out:' tf init:H 1-h rator/ trials on blant-fumace slags
were carriori out in France, the project ended by using South African
laborat rie throughout. The advantages of having such investigations
carried out. on-thll- :nt. an -If—vident, and it was realised that over-
,ec- laboratorie hould on} / bf u ! for checking, or for expertise

not available in thi country.

Finally, an attempt wao made to ..idht-n to the guidelines which were
proposed at the Pari , conference and -d down earlier in this dissertation.

Adoption of th-: guideline confined the project to the realms of reality

and thus helped to reduce costs.

Costs

At a conservative estimate the total cost of the investigations into all

three types of -lag amounted to about R?0 000. This, by present R D D



t mdar.i , i a um(arat Lvfl. ], /, tiiur , t it tt- r might be different

way:- of e wheth'-r th- ir' ti.jut iur wv, worthwhile or not.

in the one hand, thi nxp<ndlture coul i bi con Lder d justified because
the investigator might have found a highly useful and profitable

avenue of exploitation of the flag at relatively low cost.

Taking a conver m view, the RPO 000 sp nt on the programme could be con-

the effort dragged on for too long arxj it wasted resources that might

profitably eavi. t- n . din other activities.

r Ln-.or4 vt e ifi feat -'w= * * merge d from the investigations
was that it flowed tnat in order to carry out at least the first stages

of an A G D prugrumnt it i mnot nccc. iary to make investments in the

fori r lat raturie , laboratory :uicnent, and the engagement of
laboratory per mn 1. "hi ,y tarn of contracting out research work by
commissioning out id*expert was succes ful and would have been continued

in any future work of similar nature.

Objectives of the programme

The programme confined itself to looking into potential applications
of slag in the civil ngineorlng and road building industries. With
hinaight, it is clear that the objectives were restrictive, and this
was made particularly evident in the Dunswart case where a far better

potential was found ir' agriculture, but by another organisation.



t's report on

the chemical ne>+-u( of many ilag ma- s the material potentially far
more valuable as a source ofminerals than as ar aggregate in con-
struction or even a iningn dient in orient manufacture. Waste
material investigator should therefore not restrict their objectives
to limits which includ- only tleir own particular interests or

expertise.

Special note on granulated slag

The research into granulated slag tart cd of f with a question mark
against it because of the high content of magnesia present in the
material. The fear about magne iu proved to be well founded and
reasonably early on it became evident that a simple transfer of French

technology wa not feasible.

By the time r arch on thi mat -rialwv  .topf'id, investigations had
reached the stage of tsting mine and with partially milled slag or
slagment, and there appearetd to b-- a reasonable chance of producing a
pre-mixed sub-toa-* or ba 1 course mat' rial at a competitive cost.

However, that type of pre-mix was only marketable in the immediate
environs of Johann sburg and the Witwatersrund generally, and the

current road and street prognmme at. that time hardly justified any

further research or investigation.



Sincel 1179, howev r, a n. vmart- I h< ar]J 3ti, t cau:.l1 of 1 ,witch in
government policy on tlm future of urban black cammunitiea. For many
years govennmmt policy wu, bu ud or; the supposition that blacks should
be induced to return to their homelind:», and ;,uch money a= was spent
on infrastructural wurvice war allocat'd to homeland areas rather than
to concentration of population in indu trial urban areas.

This polic eV ; e irimatic 'Uv 1 tr- irly 19(90"* and very large
sums have since been pent in thos< area;; on the provision of more
attenuate road: , tormwater :reinagi , water :.upply, and sewerage. The
greatest :reporti u f xpmditur- i on roads and streets, and if a
cheap and adoauate road building material had been developed in 1979
there 1is a strong chanc*1 that it might have been used ona large

scale in 1990 - 1983. A it is, because of the pressure to get
something done ;uickly, the authorities in charge of the project are
loath to try anything mxpe:rimental, and standard methods and materials

arc being us d i most of the programmes.

Th. r* 1 unfort unately, a] ,n, little incentive for research of this
nature’ to t undertaken on a private ba 3% > Undoubtedly a need for
alternative and cheaper materials of construction does exist in tne
ntreet building iimgnwm in Soweto and other .imilar towns and cities;

but iublic wort- lutfiorit in will need to be convinced.
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special notr ur- lem]l -.Lr;

After the tallure of its tnder to Durr,wart, AL hod no option but to
terminate the exerci ont el lay. IL is unfortunate however
that no effort was made to find out how the successful tenderer's
work was farir ;. Once it had k ,tabli hed that the project was not

going ahead, A.L. might have beam encouraged to make a further bid.

Steel slag . jally contain high uroportions of lime, in the order
of 50%, and ttx .:ht wa given to iranulatio of this material.

Dunswart contended, how- r, that granulation of steel slags would

Since the clo ing of this investigation, Dun:,wart has changed owner-
ship, and thou-;ht is being given to reviving the project at some

future tage if funo , becom available.

Note on manganese slags

The .xen of tfi roject hiad no option but to abandon it when they
did. Test result were either inconclusive or disappointing, and the
maangement of hamancor had litl If? inclination to carry the research

any further.

There was little prospect in developing the use of manganese slags
as road aggregates, the markets being too limited; and any attempt
at granulating the slags in order to produce pozzolanic materials

would have required expenditure on a scale to which neither partner

in the venture was prepared to commit itself. Any future work in
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this field would of necessity involve a vidder-ranging approach and a
commitment to look into aspect' of the use of manganese slags out-

side of the civil engineering and building industries.

I'>t roaucrion imi n ground

The severity of the ta k of introducing innovation into large well-

established, and wucce ful organisation: is tellingly illustrated by

published shortly befor World War Il : “Whenever in the old days a
tr.at august body had it taken totht toiof atower, somehund.ed feet
high, and thence droc m onto theground below. If it was stillcapable

of functioning, i* wu- ;iv-n 1 further trial; if not it was rejected
as flimsy". In dealing with the South. African mining industry, the
potential innovator fact s almost a similar merciless style of

examination.

The particular proposed innovation in this case developed from the work
de cribed in previou' notion- of thi di ertation, and involved both
waste material* md the t oory and practice of roinforced earth. The
basic concept was to develop a system of underground supports comprising
granular material, preferably industrial or mining wastes, suitably
strengthened and reinforced so a-, to act as substitutes for existing
supports or suptort system-, and providing advantages in either cost,
performance or percentage extraction of ore. The original target was

underground coal mining, but in the course of progress of the project,



potentially more attractive applications were found in the mining of
gold one platinum.

The project, after thr" >ar , hi now n achid a tage of being close

to full-scale testing undenground. Th di .cushion will not go into detail
on laboratory investigations or theory, these aspects having been dealt
with in contributions to appropriate professional institutions; it is
rather aimed at looki g into th mamer in which it was managed, in the
hope thjt the experience might act is a guide to others who might be

ufficinntlv ambition , « e*w ia-tic, or foolhardy, to attempt something

similar in the future.

The concept of thi pronoj'td innovation, of reinforcing granular
waste.. t< form mir,- -.upport , had it origin at the CSIA flyash
confenmce in 1)79, to which reference has already been made in the

pfa section of this dissertation,

/*Vnong t* fiplr ,r« <1t 1at the conference was one by Drs. Wagner and

which described a n .earch and development programme designed to augment
extraction ratios in underground coal mining. The paper set down the

rationale behind th programme

- the most-commonly practised method of underground coal mining
in South Africa is termed bord-and-pillar (also known as room-
and-pillar) mining, in which only a fraction (less than 50% on
average) of the available coal is extracted, the balance being left

in place as support pillars. In plan, the bord-and-pillar method



potentially more attractive application we,v found wvn the mining v

gold and platinum.

The project, after three year , ha: now reached a cage of being close
to full-scale te ting underground. Th di-.cussion will not go into detail
on laboratory investigation or theory, these aspects having been dealt
w”th in contributions to appropriate professional institutions; it is

rather ainv’d at looking into the manner in which it was managed, in the

hope that the experience might act as a guide to others who might be

similar in the future.

7" concept of this proposed inr. vation, of reinforcing granular
wastes t form mine ipporthad it' origin at the CSIR flyash
conference in 1979, to which referlnee has already been made in the

pfa sectior of this dissertation.

which described a research and development programme designed to augment
extraction ratio: in underground coal mining. The paper set down the

rationale behind th programme

- the most-commonly practised method of underground coal mining
in South Africa i termed bord-und-pillur (also known as room-
und-pillar) mining, in which only i fraction (less than 50% on
average) of the available coal is extracted, the balance being left

in place as support pillar ,. In plan, thr bord-and-pillar method
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produce ; a checkerboard pattern of var” pillars surrounded by
mined—eut void or bords.

- vast quantities ofash m produc’d by coal-buming power stations,
which ‘n South Africa, an uually located in the close vicinity of
the mines which supply them with their coal.

- It would thereforebe worthwhile to look into the possible bene-
ficial effect of LTpi g wa te ish underground so as to fill , or
fill partially, tre bond . Backfill should improve the load-

bearing characteristics of coal pillars and thus point the way to

augmentation of extraction ratios.

The paper further went on to analyse the structural and rock-mechanics

captive to E com' rootvlei pow<r tation.

The presentation of this problem and project.ve rise to the idea of
taking the concept of .nderground backfilling one step further by
devisi g ju[»rt whih, by cementation ind reinforcement, could

. substitute pillars.
This differed from t.tie Chamber of Mine' concept of merely strengthening
existing pillars by mean; of mtiv, backfilling. Theoretically, the
pillar-substitution techni lue would augment the extraction ratio to a

far greater extent than the pillar-strengthening technique.

For various reason- , mainly financial, but probably also disbelief in
its eventual success, neither Reinforced Earth nor RL (thenm renamed
EJL (S.A.)) was prepared to sponsor research into the new concept.
However, an alternative financial backer was found,who in fact

supported the project for three years, until March, 1904. Sincethat



date, the project ha, bi aa taken ovei by the author, working in co-

Ilaboration with a major minir j houi, , eticor Ltd.

boon after th< tart at <ull-t in. inv tijatic in 19'l, the original

to direct the re tarch progromm'. and eventually exploit the system
commercially. For convenience the word utratafix will from now on be

used to designate thi project.

Stratafi* madi two early imrortant » licy decisions

- realising that its system was innovative and might contain patentable
matter, it took step to rotnet it mIf by means of applications for
aten' v term, ,f 'outh African and international law;

- in order to tet and provt th .ystern on a sound and acceptable
scientific ba i ,it invitf 7 mrofe sor Blight to act as its con-

sul tant

Te ting has, Ir 1 tart of thi project, be -n carried out at two
vEx E ,, the Civil L-|i enring Laboratories at the University of the

Vitwat' v find and td Mint Ei J! merit Rr narch Unit, CSIR, Johannesburg.

Descriptlgr of the Promised Cyst'sn

The system is now described in greater detail in order to better

under tand the evolution of the project, and the changes in design

and obji ctive that took place over the years.



The description will be supplementld by Appendix 19 which is a copy

date of January 10, 19ti4, i mi leading. Th< application was filed

a patent acceited internationally 1 a lengthy process).

Although several features embodied in this patent have since been dis-
carded, it text includt de: cri, tion , specification: and drawings
which explain the ba ic principle , and which amplify the description

here set down ;

(i the proposed proce is envi aged building barriers or columns
coir; ri? ing r 1 fore :, precompressed granular materials
which would be designed to accommodate the loads imposed on
tham by f " overlying rock in the manner required by the
;articular mining lystem bring used. A further object of
the system we to u,e waste materials as a backfilling

r Hum; pfa in the cast of umderr)round coal mines, slimes or

In thr text of the rxitf’nt itself, a more? detailed description

i'. ef down in Column 4, final paragraph, leading into

Column 5, fir t paragraph

"The invention extends also to a method of building pillars
underground for supporting the hanging wall in underground
mining operations, which method involves calculating the
vertical load which a pillar is to take, calculating the hori-

zontal component of load associated with such vertical load,



(ii)

(iv)

(v)

717.

laying particulate mat rial in lay°r: between hanging wall and

materi > 1V'l luch lay r- , and providing r inturcing material
within or between the layers to accept, with the required degree
of safety, the horizontal components of load associated with the

vertical lud.J which the ,illar is expected to take."

t typical cro - ction of the proposed pillar is shown in Fig.6

of Appendix II)

The reinforcing medium considered to be most suitable was mild-

*i btal- 1 *iffne p reaching tnat of natural coal pillars,

|
A

was & ,ignvd and buill for this purpose, shown diagramatically

in Fig. 17, reference 1XD of Appendix 19.

After precompr ion, the ace between the roof and top of the
pillar would be filled by cemented load-taking material and
wedges, in order to provide in active upport against the roof

or hanging wall.

the support could be .quare or rectangular in shape, or built

into long continuous walls.



During the cour A of resi arch md t< iting, idt as developed ard concepts
changed so that new patents hod to bu filed both on matters of detail

and of general function of th- prvi .r ed , tom. In 1903, when direction
of the project .witched from coal mining to mining of gold and platinum,

two new line of att ack had to b- followed

in order to ;movide initial itiffness and strength, and also to cope
Adth tf .peed and inten it> of underground operations, precompression
had to be abandoned in favour of cementation.
- gold and platinum mining took place at considerable depth below the
surface, and artificial support pillars in such mines would eventually
Fail m character-
istics of the support sy ten, over and above characteristics of initial

stiffness and ultimati strength.

3 fieri into

distinct calendar year phase

Activitl-" r jam

1981 saw the development of basic theory through a programme of laboratory
testing. At that time it wa thought, that the system would be applicable
essentially in underground cool mines, and the supports envisaged were
either square pillar®* or long rectangular walls running between existing

coal pillars.

Proposed methods of complete extraction, where walls were built more or
less concurrently with coal extraction, were also devised and thought
to be feasible. With the evolution of a theory came also the analysis of

costs; special stress being laid on the cost of materials.



In thn trengihening. a J r 'inForej ng uf tJ rupo 1 wa-jte material

medium, probably ii th. form of a w Idl'd me h, a commonly used in
civil engineerin'; and building construction. It 'oon became evident
that the major proportion of total cost of these artificial supports
would be th reinforcement, and r- mearch was therefore constantly
directed towards diminishing in seme way the tot < quantity of steel

required. Taking into account the value of coal which the pillars were

become economical in ex, ort colli ric , which obtained considerably
higher .rice for V ’ir fnoduct than collieries erving local consumpt-

ion md pow-r gen' ratio' . Thi oo r Figures looked gloomy and it might

What kept it going were hopf of u Ing ler'i steel through improved

the selling price of *mIdmesh by expansion of demand which success of

the system would *voke.

During 19HI effort wr 1i] io made to j>t to know more about underground
coalmining ind it . roblem* . Thi wmj achieved by underground visits and
di'.cul iion; with offici <! on the collieric ,, consulting coal engineers,
and research wortnr nt. tht Chimt. r of Mines research laboratories in
Johann; burg. A well-known extxirt colli' ry in the Eastern Transvaal
showed int rcnt in the Id' i, and it war, hoped that this colliery would

eventually provide a venue for te ting the system underground.

One somewhat labor-it < item of equipment, demanded by the system, com-
prised a mobile tractor-jack, which would precompress the structures in
situ, in order for the pillars to reach a stiffness or modulus somewhere

in the region of that provided by pillars of natural coal. For this
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reason, Stratafix repre:,’

ntative vi ited th» U.S.A. in 1981 to investigate
Minnesota,

Illinois and New York and varioi idea and technologies investigated.

Fortunately, the most promi ing ideas camu from a company which was repre-

s nted in Johannesburg; and from then on jacking investigations were

carried out through that particular agency.

Throughout the duration of thi project and as new ideas originated,
Stratafix filed application , for tatents. Much of this was done during
1981, becau e the rf .arch .)cn till in its early phase and ideas were
constantly developing and changing. Several of these patents have since

been accepted.

Activitii-: - I--

By the beginning of 1 82, it was felt that the time had come to test
the system underground, ind negotiations were initiated with the export
colliery referred to above, which ip.- ared to have the neces-ary
interest and ability to help conduct such a trial. Because no direct
financial advantage would have accrued to the colliery at the experi-

mental .tage, two m tior arrr.f; firstly who was to bear the cost of

in n lition to p-itt--t and iny new inventions thut arose? Regrettably,
it proved Impossible to ottle these two mat ?rs to mutual satisfaction,
and negotiations wert abandoned. Nevertheless, during the negotiation

period, a trial pillar was constructed in the .time colliery for purposes

of demonstration to a coal research committee.

After this setback, Stratafix decided that it would be preferable to
perfect its techniques on its own, as far as possible, and that no

alternative negotiation would be tried for some months.



By that time Stratafix had also dl .iqned and suil: it', mobile jacking

pillar underground. Thi* < uipm nl wa lat r modified but, by force
of circumstance ., has lain idle ince if commi ioning, and in the

light of latest alternative develoffncnt: will probably never be used.

During 196D, on a visit to fh< U.f "tratafix maoi its first approaches
to the National Coal Board in that country. It became clear from the
discussions that little progres could be made in countries outside

South Africa until the 3outh African industry itself, with its acknow-

Part of 1982 was also '.pent in making further accuaintance with problems

culli*ri W'rn vi it (s', including iringfield Colliery where the

original ash-fillin project had been carried out under the auspices
of the Chamber of Mine ,. It was discovered that Escorn had decided to
abandon thi particular i oject, by virtue of its not having produced

the benefit origin illy forecast.

In that year, contact was established with the Co-operative Scientific
Programmes (C3t) Section of CCIR (now culled Foundation for Research and
Development, FRD) . One of the CIjP' >projects was to promote the use of
waste ash produced in power stations, and Stratafix became a member of
this project'" stm ring commitl « . Through CSP, Stratafix w<s introduced
to CAIDCDR (South African inventions Development Corporation) which

agreed to look into a possible Joint venture as soon as Stratafix passed

out of the research and into its development phase.



By that time Strata fix had also d lined and t.ui.lt it-, mobile jacking

pillar underground. This o -uit-ment wa , later modified but, by force

of circumstance-., has lair idle ince it- commi ioning, and in the

During 198?, on a vi.it to the U.K., Itratafix made its first approaches
to the National Coal Board in that country. It became clear from the

discussions that little progress could br made in countries outside

collirri were vi ited, including Springfield Colliery where the
original am-fillin'; project had been carried our under the auspices
of the Chamber ol Mines. It wo- discovered that Escom had decided to
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abandor thi particular t t- ‘c*, by virtu; of it . not having produced

the benefit originally forecast.

In that yar, contact au established with the Co-operative Scientific
Programmes (CSF* Section of CSIR (now called Foundation for Research and
Development, FAD). One of the (SP’s projects wan to promote the use of
waste ash produced in power stations, and StrataFix became a member of
this reject.1 limring commit ti . Through CST, Stratafix was introduced
to SAIfr'DR (South African Invention Development Corporation) which
agreed to look into a possible joint venture as soon as Stratafix passed

out of the research and into its development phase.



accepted a paper describing th theor> and :  >iblt practice of the

t
the SAIMM journal ind nv ntually nivoked omf controv rsial contribu-
tions , whici will be !i cu ed in mnr ierail in u parote section of

this dissertation. Thv pap* r and contribution , are enclosed as

Appendix 20.

Another inten -ti g r:ature of the 1 82 programme was testing of the
concept of external n”inforcing, in th form of spirals or parallel
rings, i+ 1 ut Ft:tut for in (rnal m h reinforcement. This development

also prompted a move toward circular pillars as against rectangular

to be held in Sweden in June 1983.

During 1'91 ird 1 - contact wr* tabli. hed and
maintained with thn major bodl , namely, Escorn, the Office of the

Government Vinir j Engineer (fME , and the Chamber of Vines Research

Organ! .ution.

Escorn i' the major coal user in iouth Africa and is in a position to
influence the policy of the collieries which feed its power stations.
While Escorn has no Immediate problems of support, or supply in its
captive collieries, it appreciated th it the Stratafix system might
have application in the future, either by lengthening the life of
particular station , by tliving environmental problems through return-
ing waste ash underground, or by rfleasing coal sterilized under

services such as roads, railways, power lines and housing estates.



M3 OTIlice or one WE wu' kept int'orw- J of trotafix' research from

sxnee been kept in touch through Laboratory demon trations and state-

safety in the mining industry, whicft would have had to give its approval
'or the use of any new .upport ystum underground, and it was therefore

important ho kenp it well informt o of progn-1»

At intervals, Stratafix arranged meetings with representatives of the

Chamber of V] ;s Rosearch Organl ation where the state-of-the-art

not only for airing of technical problems, but also because of the

research organisation's high stature in the mining industry itself.

The research organisation originally agreed to monitor the proposed

Eastern Trannvaal trial which, a war, explaineu, failed to materialize.

barrier pillar; or supports under .ervices, before embarking on a pillar

principal doubts about the vstnm lay in the degree of stiffness

achieved .n precompresilon, :nd in thn possible increased cost of mining.

By th> end of 1982. th<>rofore, ehe project had reached a reasonably
advanced stage of uhroretical progress but had still made little

p v.ctic:. 1 progress towaros getting the system tested in real life.

Up co the end of 1982 attention was focussed on provision of total
end pemencni; sup ort, and it was thought that the system had application

iinly in she! lev miner,., However, publication of the SAIMM paper led to

mch rock mechanics engineers, in daily contact with support



project taking a differ nt turn in 1983.

'Ct.ivitie: 1- 1'-Li

In deep-level mines, supportJ cannot be expected to take the full load

constant load, when the support i no 1 capable of taking the load.
upports u, d ir the gold mini at or s .ulfil the above function
with varying degr-"- of 3ucce- and thr idea was put forward that the

Stratafix yotem of horizontal inforceme t, combined with cementation
or ureco*"ire Lon, might atan.j a good chance of achieving this desired
ittvn of 1 iti 1 ? ffnt ,s and sut ouent gradual failure. This con-

cept was introdue 1 to Stratafix by th* Chief Rock Mechanics Engineer

the programme.

Research or yi* Mi' g wa tt "refure pursued for most of 1983, and
produced promi ing n .ult .. It hould be noted here that the backfill
material u- o in th- 1' 1/1983 programme was generally coarse ash from
E com power tations, thi' being thi mo t available and economical waste
material at hand. A* uon a a gold nine possibility emerged, tests
were conducted on the wastes produced in the refining of gold, namely

send and slimes.

'Several factor> favoured the development of new support systems in deep-

level gold mines



as practi -d in the o th African mid mining indubtr/. This led to the

project taking a diff-.r nt turn in 1903.

Activitis min I""/

In deep-level mine , upports cannot be expected to take the full load

first descend: on the wupport, »nd then a pattern of gradual failure, at

Support imed in the gold mine- at pr sent fulfil the above function

with varying trgr e of ' jee- , vj th idea was put forward that the
itratafix , tm jf horizontal r infoi'ceme-t , combined ith cementation

or recom. r- , migrt stand 1 : 1 .fume- of achieving this desired

( t *a,introduced to *ratafia by the (nief Rock Mechanics Engineer

the programme.

Research on yi Iding lillur* wa- therefore pursued for most of 1983, and
produced promising r ,ul» . It Mould be noted hen' that the back .11
material used in th 1r'tl/rni? progremme was generally coarse ash from
Escom power stations, this being the mo t available and economical waste
material at hand. A soon a* u gold nine possibility rsmerned, tests
were conducted on the wa tes productd in the refining of gold, namely

sand and slimes.

Several factors favoured the development of new support systems in deep-

level gold mines



- gold mine supportdid not ne d fro be designed for long-term

durability, becau ill up art’ would eventually fail undFm

- the accent was on initial stiffness combined with acceptable
failur characteristics, and there was no need to design
using factors of safety.

- support were an

and substitution of one kind of support for another would require

itself provid'd the support and an artificial support system

mining engineers could be excused for regarding the proposed
innovation as far-fetched.
jold-mi- ir 3 rmiV of a higher co t of the support system, by

virtue of the higher value of its product.

The above advantages also applied in several respects to the mining
of platinum, which opened up in xtra field or application fur the

Stratafix .ystem.

The 1483 laboratory wort produc d a crop of new developments

-  cemented column; , combined with horizontal reinforcing, to take
the place of tandard gn-ut packs in wide stopes in gold mines.
Ceme tation would provid* initial stiffness, and precompression
was rejected a being impractical for gold mining.

- mesh-reinforced circular pillars, using either standard square

weld-mesh, or specially designed mesh arranged in concentric



compressed dway from the face, transported to the work site and
then built into position in tht 1itope. Thj , was another attempt
to eliminate the pre-compression jack and suggested a possibility

for ev ntual application in coal mines.

1983,

delegates to th- /mposian w sympathetic, but it again became evident

that the internalic ial mining community would wait for its system to

The switch in emphasis frum coal to gold mining did not mean that

was maintained with ¢ rtJin collieries whose managements had indicated
interest i- the ;.roject end suitabl ¢ venue were ought for underground
trials. Successful trials in gold mines would in any case have opened
the door to new approach*' i in the coal mining industry. One feature
related to coal mining wv found to h' of potential importance. Where
railway line traverse coal fields, the Government Mining Engineer,

for safety reason , " terili.’v " vast luantitins of coal which underlie
the line. By virtue of this sterilization, SAIS might, ir, the future,
be obliged to pay out many million: of rand as cumpensatljn to the
mines for loss of profit. The possibility of using the Stratafix
support system to free this sterilized coal was investigated and
discussed both with 5ATS and GME. Again it was felt that successful

implementation in the gold mines would have to be a preco-dent to any

trials 1in coal mines.



Activitic , in I >84

With the active collaboration of the Rock Mechanics Department of

has concentrated on trannver I/-reinforced cemented pillars, looking
into applications in txKh platinum- and gold-mines and, for the first

time, tests, were conduct *on full-size packs or pillars

To repeat, the required load-con;m bion performance in gold mines
comprises initial stiffne: > adeouate yield strength, and deflection
at near-constant loud after failure. Successive series of tests

in this period have shown that these characteristics can be obtained

and pillar dimension; and that a design method can be evolved which
would cater for the varying s ts of underground circumstances at

different lev 1I: and in different tyi of mining.

Two important adriitiorul feature >have come to light during the 1986

programm-'

(i) Suitable back fill for the packs can be produced from gold mine
tailing;., hitherto considered to be too finely graded for the purpose.
Fine material is extracted by means of a process of two-stage cyclonings
leaving a coarse residue for use in support packs.

This development obviates the necessity to import natural sand at
relatively high cost, conserves resources of natural =«nd, and

makes use of a hitherto unutilized waste material.



(i1) ductility of the nxk sh hui ; proved to be a most important factor in
obtaining the re uirid character! tic of trength, stiffness and
oost-failure deflection. Normal weld'd me h is made up of hard-
drawn wire, which has largely lost its ductility, and in order to
restore ductilit/ a process of annealing is required after welding.
App.ndix 22 is enclosed which shows
- graphs comparing ductility ot annealed and unannealed wire;

- graphs comparing performance of packs reinforced with both
annealed and unanm sled welded mesh. The superior perform-

ance of the annealed mesh is evident.

At the time of writing, Novhmbtr, 1 Md, an underground trial is being
planned for early 198' for a gold mine in the Gencor Group. The
prospects for eventual implementation and diffusion of the system

appear now to be reasonably hopeful.

Note on experience.:, oith the mining industry

From the inception of the programme, Itratafix made a point of keeping
in touch with the Chamber of Mine . Research Organisation (CMAO) : The
impression gained at meetings held with this organisation was that the

idea was worth pursuing, even though practical smags were evident.

It therefore came as a wurprise, when its contributions to the
Stratafix paper were published, that the organisation gave the

concept little encouragement.



- that Strai ifix had overclaim d the merit' at tht system;

- that theory had not advanced far enowh to justify underground
testing;

- that rock mechanic as,i>'cl had not been sufficiently taken
into account, especially in regard to behaviour of the roof;

- that the proposed artificial pillars were probably not stiff
enough to accommodate roof movements adequately; and

- th.it the cost of primary and secondary mining had not

been sufficiently looked into.

me Chamber confined
itself to technical points. It decided, however, that further
contact with CMRtl was neither desirable nor likely until new

material could be presented.

Other than the Chamber of Mine Research Organization, Stratafix also
made contact with the production side of the industry and with
departments of rock mechanics in the various mining groups, On the
production tide, and thi includes both consulting engineers at head
offices and management on the mines, the rrc ption was courteous but
bland. It took Stratafix some time to appreciate the pressure placed
on those responsible for production and 11 understand their consequent
reluctance to devote time to apparently far-fetched and impractical
innovations. Neverthole , the experience gained by these contacts
proved to be us- ful, because of the occasional opfxirtunity to see
both underground conditions at first hand and the modus operand! of

the industry.



- that Stratafix had overclaim d the merit of the system;

- that theory had not; advanced far enough to justify underground
testing;

- that rock mechanics aspectr had not been sufficiently taken
into account, especially in n jard to behaviour of the roof;

- that the proposed artificial pillars were probably not stiff
enough to accommodate roof movements adequately; and

- that the cost of primarv and secondary mining had not

been sufficiently looked into.

the (hamber confined
itse f to technical points. It decided, however, that further
contact with CMRC wa neither de irabl- or likely until n-'w

material could be presented.

Other then the Chamber of Mines R search Organization, Stratafix also
made contact with the production side of the industry and with
departments of rock mechanics in the various mining groups, On the
production side, and this includes both consulting engineers at head
offices and management on the mine'., the reception was courteous but
blano. It took itratafix iomi time to appreciate the pressure placed
on those responsible for production and to understand their consequent
reluctance to devote time to apparently far-fetched and impractical
innovations. Nevertheless, the experience gained by these contacts
proved to be useful, because of the occasion”' opfjortunity to see
both underground conditions at first hand and the modus operand! of

the industry.
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"He mo t useful contact with the mining industry were those made
with rock m chanic ¢ [>artments. [By th- ir very function, rock
mechanics engineers have the knowledge and interc t to look into
problems of this nature, and it was in these departments, in partic-
ular that of Gencor, that several fruitful idea-., emerged. Not all
rock mechanic ipecialist- aw merit in the Gtratafix system, but all

of them were prepared at least to debate the issues.

experience in the industry. In an activity such as mining
an elite itabli hment buil/ up amongst individuals who have been

working on 1imiler roblan for man/ yars and who have probably devel-

3

oped i commonly-accc. ©* d line of approach. utsiders are therefore
not regarded too eriously; and Stratafix snould have taken greater

cognisance of this .bate of mind.

valuation of progrss and policy

After about year of r< iearch and investigation, and with the system
close to being tested underground (although not in the form originally
envisaged) , it is perhap wuseful tu looi- critically at the manner in
which th- project war directed. uch an analysis would not merely be
an exerci’-e in hindsight; the project fill has a long way to go and
there is no need in its future direction to repeat the mistakes of the

past.
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of-the-drt could have bran reach d eirller. The low progress achieved

could be attributed to a numblr of t ictor'», some of these created by

factors have been identified and are hen set down in as objective a

manner as possible.

Lack of familiarity with the mining industry

The basic Stratafix idea was inspired by a new development in civil

engineering, and it wa th refor ' u( to the innovators to get this

application originally discussed with officials and research workers in

the mining industry.

What Stratafix did not appreciate at the time was that the project

needed the service of a t chnlcal mining consultant, in the same way as it
civ the r mt for i cun ultant in gnotechnic . luch an inoividual, as

part of the team, could hav'" opened the door to aspects of mining which
were eventually appreciated only after month,, or even years. He could
have looked into th< effect of the syst m on mining costs and practice,
and into possible applications to mine'- other than underground coal

mines. He would also havf had contact with all South African mining
groups and been able to advisi Stratafix on where it should concentrate

its activities.

It is true that Stratafix did not work completely in a vacuum, and that

it did attanpt to establish contacts with the mining industry. It

failed, howevar in four four major respects. Firstly, its original deal-



ing'i wer with on- mini, 3 tjr> j(. ly emil wh->n n'-jut i itior brok < down,

faith in obtaining t* goodwill and co-o; rat ion of the Chamber of
Mines R<e-?arch Irganimation; thirdly, il mad* in jfficlent contact
with the rock mechanic le; irtmnnt' of the variou groups; and finally,
it should have made clear that it proposed a step-by-step approach to
the innovation and that it ** not sttempting to revolutionise the

industrye

It was only after pnbli ition of the paper in the journal of 3AIMM and

that these alternative If of action became more obvious.

The need to maintain confidentiality

Thr orlgir itor- of thi project never left any doubt about their in-

protected by patent' , which, in turn, raised difficulties in regard
to intcrct inge of id; 1 with individual out ide of the organisation

itself.

T-e inventor were obliged, therefore, to adopt a cautious approach,
realising that they had to take the inventions a long way down the
road before they could talk freely about certain aspects. Because
they did not have day-to-day access either to mines or to individuals
in the mining indu try, it meant they frequently had to work from first
principles on matter that might well have been common knowledge in

the industry itself.
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The need for 1 partner

The retarding effect, causad by thi need for confidentiality suggests
that Stratafix should have tri i, from the outset, to interest a strong
nartner with .ccei to the mining indu try in the project, even at the
risk of losing a share of it: patent rights. The contribution such a

partner might havt made would b -w been to use it: financial strength

particularly in the holding o< an underground trial.

are net under-C' tir.ited, but th- idea of looking for one was not con-

Stratafix ran the project on as tight a budget as possible especially
during the earl/ stages of laboratory work and the development of
theory. nO' the tt cry wa developed, if mighi. have been better
policy to spend at 1 greater rate; and this is where the financial

partner could have pu hed the project ahead without waiting for joint

ation with Censor in 190d is proof of the folly of trying to go it

alone with limited re ounce m

Attitude adopted by CMRQ

itrei ifj x raised the idea of horizontal re'nforcement with HVRO in 1901,
and it does eem strange that at that time C(MHO did not suggest a measure
.osearch co-op ration. Such a joint effort, might well have led to

m 503 ate M .e-.tinc «nd possible implementation.



Perhap-: both side wenl guilty of not laying their cards openly on the
table; Stratafix being /vary of protecting i * patent and CMRQ possibly

seeing merit in the .,y tern but inclined to follow the research in its own

reinforcement, an indicat i that it did not t.m lot-ly reject the

Stratafix concept.
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Thi; di: 3ertation ,u far ha it crib d .everal attempts, at innovation,
which have met with varying degrees of succes?. It will

now look into the gen ral advisability of companies getting involved

nature d ‘he mining inde 'ry tabli ne , it n- a target for new ideas

from all Quarters.

Are Innpvuiclon hnsgrunm. , worthwhile?

Before attempting to answer thi jestion, the two industries concerned

need to be scrutinized a little more closely.

Civil Engine, ring

Purchasers of civil mgirearing nrvice are, in the main, either public
author!*i1, or large corporations. This mean: that attempts at innovation,
when they arise, have to bn directed toward:, the upper bureaucracy of
government or business and not toward . the man in the =% eet. The
innovation in thi field 1 not producing an article which might have a
potential market made up of millions of individuals; his investigations
and promotions have to be directed to a limited number of technical clients.
His innovative uffort i . therefore obliged to take this circumstance into

account.



Furthermore, in civil ngin rinj, if' t/ 1 in overriding factor.

This means that those responsible for instltuting such services have

experience over the years, and that changes cannot be lightly intro-
duced. Potential innovator, mu t realise that resistance to change
in the industry is governed <:sentially by concern for the welfare
of the public, ad by official laws, regulations, and specifications.
They must not expect to iiod too ready a response to untried methods
and materials, and must overcome what Kingston3 calls "the rut of

established practice".

Change in thi: field therefort has to coma about slowly, in that new
yst 3ns and material , have to La thoroughly tested before they can be
officially approved and adopted. The history of the development and

final approval of pre-r,tressed concrete is an indication of how long

In South Africa, new tF-chni :ues of this nature are generally adopted

because of successful experience in the larger industrial countries of
th ~“rld. South Africa therefore depends on technology transfer more
than on direct innovative efforts of its own. The record given in this

dissertation of the promotion of Reinforced Earth in this country is a

the ability to cr ate the ,ime conditions for its construction here,
enabled the method to be accepted reasonably easily; without such

international acceptance, the effort, to introduce the technique into

South Africa would have been futile.



It is true that the very presence of established codes of practice and
specifications provide , in some i ; n , too ( my an -xcuse for conser-
vatism and a disinclination to loot into anything new; but the

innovator has to bf on ur d to f<u' jt'i u cun rvativr outlook, which

will be based on a combination of reason and prejudice.

In regard to the cyp- of innovation itself, novel ideas might arise
either in de: ign and cor 'ructi of s* rmanent works, or in improved
techniques of construction of temporary wort', or in improvements in

plant and equipment.

It is easier to innovate in tr i latter two categories, because the
potential invent r or innovator hal virtual free rein, having to deal
with far fewer restriction or laid-down tanderds and regulations.
Innovation in éhe ¢ fi Iis i therefore not uncommon, end is evidenced
m moving, rock drill!
compaction, snuttering, tunnel wupports, and the like. These improve-

from manufacture, m and supplier ; and when innovation in construction

type of improvement.

For better or worse, this dissertation relates to the first of the
above categoric., specifically the introduction of new materials of
permanent construction, and the most difficult category to penetrate.
This is where institutionalized practice and codes of safety present

formidable obstacles to innovative effort.



Finally, as difficult 1 it nay b to innovatr generally, it is even

Employing authoritie have a firm faith ir, the competitive tender

mystem, and do not favour one com: tit r having a protected advantage
over his rivals Some authoritie art- even against the submission of
which has been acc oted by mo: authoritie

,, tender doctin nts usually

,peci fy "Heinforced Earth or i idv-a] 'nt".

verall, there i ft. rfor" 1litllm iecentive, for civil engineering
companies to search for patentable or innovative material. They might
well find that they will obtain a pnco-only advantage before their
system is copied, or that f em:loying authority refrains from
.pecifyirg their system. The competitive tendering system has distinct
advantage' , but in the find of innovation and invention it tends to
discourage initiative and creative thinking This accounts for the

almost complete absence of research departments in even the largest

construction companies.

Mining

The mining industry in Euuth Africa is enormous and many of its
activities an -abject tn attempts at innovation. This dissertation
deals specifically with an activity in which civil engineers are also

supposed to have omn experti ", namely that of " trength of materials".

As in civil engineering, ttn potential innovator in this field is
obliged to realise that he in governed and restricted by stipulations
concerned with safety. He must wirk within regulations drawn up and
controlled by the office of the Government Mining Engineer (GME) and
must accept and understand official conservatism in approval and

adoption of proposed new techniques.
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Ingl body, tho Chcimbt r ot Min M arch Irgunilition (Q”Rj) . This

organisation has pioneered research into mine wupport and rock

ments and pacification f two [owt’rful bodies, wHo speak wvirtually

with the same voice.

A farther feature of mining in South Africa, as distinct from civil
engineering, i that internationally the industry is a leader ratner
than a follower. A novel ide i nly needs local approval to be accepted,

even though obtaining that approval might not be the simplest of tasks.

Finally, the outsider to the industry is wusually hampered by lack of

invention or innovation.

Th-- advi m:bi 1i *. m> ~ T.,v.it inn

In the light of the above, andalso of what has been set downin the
earlier actions ofthi', dissertation, it is clear that a civil
engineering company hould notlightly decide to embark on an R& D or

innovation programme on 1 permanent business bar,is.

It is important, however, to distinguish again between technical inno-
vation and general diversification. Diversification includes branching
out into completely new business activities, and is capable of reason-
ably precise financial forecasting. It is a matter of assessment of

risk, both hy financial and technical management, and business accepts

that from time to time such decisions involving risk have to be taken.
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In the case of technical innovation, hovever, the deci. ion becomes one
involving both risl- and uncertainty, and th burden of the decision will
fall on technical management. Financial management tends to look
somewhat apprehensively at the u- ually very imprecise forecasts -

technical and financial, - wut forward by iroponerts of innovation and

invention.

Nevertheless, de , Lte all tht.'se built-in obstacles to the introduction
of innovation, there is always a possibility that iome individual in an
organiserion iroJuc- an idea *Mii hows commercial promise, or that
an outilde inventor approaches a company in order to finance some new
uiscover> . In order to cope with ,ich eventualities, companies should
have 3t their disposal a method of appraising any suggested inno-

vation, and of managing it if it. > pursued further.

If companies were to build . f* ertise and experience in the manage-

allowd to go astray. They would al « encourage original thinking,
from within and without thuir onjani .ationr,, and have the know-how to

deal with new ideas e*seditiously and economically.

It is therefore not proposed that companies should invest in permanent
fl G D establishment- . Rather, it i: suggested that innovation and
invention in civil engineering -hould be pursued on an "as-and-when"
basis; and it is with this basic policy in mind that the recommend-

ation:, which follow are made.
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While accepting the principle' that Innovation programmes in a civil
engineering company should b* instituted r ily when specific projects
crop up, it still remuii. nect ary, in ora » X' use available time

and resource to the full, to rpr.auct the pnjgr.vhme methodically and

in accordance with .om ba it t c¢f rulr: . Formal literature on R & D,
being devot' d tiall) to largt- cali programmer and projects, gives
little guide to procedure of thi: "a“®-.and-when" nature.

Neverthele , some ’xtract from tic literature ire here quoted,
becau they do provis.: jui 'ulin-r toward' approacning the problem.

2

engineering" in carrying a proj-ct through from the invention stage to

- Define and state objectives.

- List alternative solutions.

- Put best hypothesi to test throughexperiment.

- Synth* ;i 1i.e. the procn- offorming umething wtiich did not
exist bnfor*", together with further testina and monitoring.

- Manufacture and marketing.

The U.S. General Electric Company has ex/olved a similar set of rules in
its "creative engineering programme"
- recognize the problem
- define
search
- evaluate

- select

- follow through.
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The recommendation:. which follow attempt to provide a more specific

as defined by Schumpeter. The diffusion stage does not fall within
the scope of this dissertation.
STEP 1 : feasibility Appraisal
Let it be assumed that a company receivr , a pro”iosal to introduce an

innovative method, or to help 1-ivelup an invention. The proposal

dcing will have to involve the originator of the idea in the discussion

the company will at the tm time be having a look into a possible
manner of conducting the project, its probable cost and who should

direct 1it.

The first .tep in the programme thf reform comprises three separate

- appraise feasibility
- appoint product champion

- evolve short-term budget and plan.

Theue three tasks will bn d alt witn individually, but the fact of

their concurrence nuuld always bn boron In mind.

Feasibility appraisal

Thin should taka into accouht the normal obvious considerations, such

as technical and financial merits of the proposal, probable costs of



the R G ID tage, and thr potential market available for the fina
product or proces-.. 'Jnme' extra guideline” for the appraisal stage
are given ly Maddockf at .1, altiiougn wri* tmn to apply to large-scale
conventional projectl, they agply also to the type of innovation

being considered here.

Maddock ,et down the following prescriptions

- Match the size id scope of the project to the market to which
it is addressed.

- Check for exi ting techniques which might be adapted to mnet
the required objectives.
Appreciate the unwillingness or inability of workforces and
the general public to accept new methods.

- Accept that even the most pessimistic time forecasts are

I

Yet a further cor. ideraticn that should be given attention at this

time i that of patent' . This means that the company should check
whether the proposed invention or innovation contains patentable material
or, Conv r ly, whether if might infringe existing patents, trademarks

or licences.

It would be prudent., even at thi early itflye, to seek the advice of
patent attorneys and por iibly retain their services for the duration
of the project. This precaution V particularly necessary if the
invention happens to touch on the inter "its of large corporations, or
of bodies like the Chamber ol Mines or the South African Transport
Services, who might resent having to make large royalty pa/mants and
might therefore look for opportunities to challenge the validity of

patent applications.



Having stipulated the? ue .tions that ought to be looked into at the

feasibility tage, it 1 n ¢ ury tu i' iue a word of" warning. The
feasibility apprai al i t fe ignad tu find finaj an-weTs, but to
determine whether innvv.itic 1? worth taking a ,t p further.

Initial stages of the nroj c* would not involve high costs, and so a

decision to proceed further would not bi too ris! y or irrevocable.

Looking bac or tin reject de critd in this dissertatior, it
is almost certain that a conventional feasibility appraisal at its
initial stag' * uld have put an end to the proposed mining innovation.

An appraisal of a technical proposal must therefore be accompanied by

Innovation will not emanate from an organisation that overdoes fin-
ancial considvratior , ar this jarly tage. A good idea might eventually

find practical ip;lications undreamt of in earlier feasibility appraisals

Product Thom;ion

It is essential that a soon as possible, responsibility should be
placed on i ingle individual, conventionally termed the project
manager and, in t° ¢ >m of inmjvatio' activitii’ , the product

champion.

The champion might well hi the inventor, if an invention is involveu,
or the proposer of a suggested new technique or subject of technology
transfer. On the other hano, high technical ability is not always
accompanied by concomitant administrative skills and the choice of
champion could fall elsewhere, with the inventor acting as technical

adviser.



although thi , would probably rorm illy hi the ca ,e. Some emotional
involvement, with the project Is desirable (with reservations which

will be outlined lator) and inthu la m i. a nrim> re luirement.

3
The following somewhat idealistic quotation from Kir gston, might serve

as a guideline to selection

"If thenr 1 one character! tic which marks out an innovator more

than anything el e, it is a capacit for tind an enjoyment of learning.
men. T*is curia ity is vital, because without it there is none of
Thus the innovator stands at the point of intersection between several
bu ir , t twee irisi mnd art "fact ".

Even the be t and biggest organisations might have difficulties in
locatin mtrii jon. N mmmrth le . , in morn imple terms, Kingston
i recomm- i j n illruunder rather than a specialist, who has also

a facility fur moving ou- 1itl his uwr articular ,. here of education,

training and experience.

In regard to administration, the champion should br given sufficient
authority to enable him to activate the company h reaucracy and allow
his views and mguir emont to be heard. The company itself should also
mai-e a point o" let ting key members of Its administration know about
the project . i alms uno proixised modus opierandi. In project manage-

it .arm: , the: product: champion should operate in a matrix organisation,

evhare nc wi.i" vor' .'ndar e specific director or committee for the project



itself, but have easy access il u to the various departments and sub

departments within the company.

SIL -term budget and plan

In the early stages of a project it is not possible to make accurate
cost forecasts in the long term. Nevertheless, it is possible to
forecast costs at short intervals, say one yv-“r, and it is essential

that this be done.

The fir~t .eries of activities of the programme will probably not

involve much more than d; > rt arch, laboratory testing, patent

, di . ts might be slight

essential that they be at down on a programme and that thn product

champion be made accountable for t! am.

The very existence of such a preliminary plan and budget will prevent
the project from being regarded for certain individuals, as a
pleasant diversion from routine, and as lip service to the cause of
diversification and -ping contact with the latest technology. Much
of the low progress in the RL diversification efforts, described
earlier in thi di sertation, can b< a .cribed to lack of formality in
the programme and consequent absence of accountability on the part of

the nominal product champion and the board of the company generally.

106.
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/'umrnary of Step 1

The step termed f asibility at,.rlisal comprise: . three -eparate activities
- appraisal it elf, selection of champion, and short-term plan - which

run concurrently, but which point the way to logical implementation of

the steps which are to follow.

TEf ? : 3el-~cti-' jt wording jroup

The product cham. ior will operate or hi' own to start with; and will

gradually form a working group to as 1st his test programmes and in-
up of company

employees; in fact the champion might find it easier to use specialist

staff on a part-time basis.

rejected innoval tific nature,
and will probably call for laboratory testing of some sort. RL's
initial experience with :ti and -lags, and its later experience with
mining ucport , all go to how that the Wits laboratories plus
CSIA/MERU laboratovii at Co*felloe, adequately coped with the testing
facilities, and even t cn.-any with existing facilities would be well-
advised not to extend t- but to use established and reputabl outside
laboratories. Beside , being well-manned and well-equipped, the estab-
lished laboratories produce results which the outside world would

recognize as objective and credible.

In the same vein, rather than ap oint research staff on a permanent
basis, it is preferable to commission experts to act as consultants

on a retainer, as-and-when basis. In this "vent, and also in regard to



100.

in order to preserve .ecrecy (if re luiredj and to protect patentable
material. The system of u inn ijf id® ( m ultant ha- worked smoothly

and adequately in the ever.l ictivitiei d-v.cribed in this dissertation.

Administration of the proj ct, and control of finance, could be handled

to its norma]

work load. Thi es- ence of thi 1i; ovation policy should therefore be

avoidance of empire-building. An eventual decision to suspend the project
would thus irvolv little di ru. tian; and, in the event of the project

showing signs of wucce , aprro; riate staff appointments and increases

An important sc pair,tm ¢, ovrr and abovr that of project champion, is
that of overall guard!ar or watch-dog to the project. This watch-dog
could be either a committee or ' soni r cnmpirv officer, the latter
preferably .oneon. of the tot.u of technical director. This appoint-
ment i essential in order to avoid thi tendency to optimistic bias.
Even the most sincere and devoted product champion sometimes needs

cool and objective reason applied to his enthusiasm.

TIET 3 : 1le Invention Htagf;

In this activity, a somewhat formal approach is advocated, not in order
to look after the budget, which is small, but to keep in intimate touch

with the activities of the product chnmnion and his advisers. This
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approach is re iuired not o much to police the product champion, but to
prevent him from drifting into a world of his won where he might lose
touch with prictit-al 1 jc and reelities. Although the product champion
should be given a relatively free hand, he should also be made aware that
during the course of the project, he will be subject to full and free

criticism from his technical peers.

If the ireject tarts on a modest scale, which it should do, there are
bound to be long period: of apparent idleness wnile waiting for results
of tests or field investigations. This is one of the principal reasons
for keeping the staff compl ment small, until the project passes from

invention to innovation.

In RL, the product champion returned to routine duties during these
siting periods; but this was a mistake and indicated the general lack
ft -r4. These waiting periods
afforded an opportunity for the product champion to make himself
thoroughly familiar /ith th ibject and the problem through study,
discus ion, and even travel if necessary; and this opportunity was not

sufficiently appreciated.

In these apparently idle periods, therefore, the product champion should
make a point of updating himself on recent technical developments, of
keeping in touch with investigations of a similar nature by a wide
reading of journal , whether technical, economic or of general news
interest, and of Establishing and maintaining contacts with organisations
operating in areas potentially affected hy the innovation. This activity
comprises what in military terms would be termed "intelligence”, and

should be regarded as an essential and continuing ingredient in the total



programme. The .roduct champion ' "lis i eep artoveral] perspective

ties,

The product champion must at. this stage 11so strive to build a group of
co-workers who will develc; a loyalty to the project. Coldhar7 in his

final review states thi requirement wuccinctly : "... R & D engineering

ment within which innovation can take place."

On the more formal *)ide, regular n vi w and appraisals should become a
feature of the programme and nould direct themselves to the following

cuestions

- Are theorigi-al objectives iti! valid, or houldthe project
change direction and emphasis?

- Ii technical progress leading towards a solution of problems and
reali ation of objectives?

- Should procedures be changed?

- Shouldthe effort be trengthened or reduced?

- Is there tope of commercial success?
Does progress and hope for the future justify continuation of

effort?

Appraisal of this sort requires to be candid and unsparing of the
susceptibilities of the product champion. Tendencies towards
optimistic bias should be looked for, and in this search consultants and

the "watchdog" will play an important role.



of the proj ct; it o. -te, marketing :oc iibiliti- . und potential rivals,

besides carrying out hi scientific and technicalinvestigations.

The product champion must at thi , stage also striveto build a group of
CO-worker who kill hveloi a loyalty to ttv’project. Goldharf in his
final review st ita thi 1- suinment wuccinctly : "... A & D engineering
management is, in i ;.e, tin ta e+ of designing and maintaining an environ-

ment within whic innovation can take place."

On the more formal side, regular revi A and appraisals should become a
feature of the programme and rould direct themselves to the following

auer-»-ions

- Are the original chjectivi till valid, or should the project
change direction end emphasis?

- Is technical progre s 1 ading tc yards a solution of problems and
realisation of objectives?

- Should procedures be changed?

-  Should the effort, be strengthened or reduced?

- Is there hope of commercial wuccess?

- Does progress and hope for the future justify continuation of

effort?

Appraisal of this sort requires to be oandid and unsparing of the
susceptibilities of the product champion Tendencies towards
optimist!: bias should oe looked for, and in this search consultants and

the "watchdog" will play an important rub’.



I1,

Maddock' 3 .vjpning about f iroca ,| usually being too .hort for actual
realisation should be borne in mind, and deci' Lon: to continue, des-

pite setbacks, -hould not b difficult if boi h programme and project

its capacity.

Accountants and financial directors are vi general averse to the un-
certainty of R & 1 effort ,, and the company's rminagemenc must be pre-

pared to take a tnong hand to ensure that

(1) decisions on the future of the project be based
on technical grounds and
ii) costs in the invention stage be strictly controlled,

so as to prevent prematun ibandonment of the project.

SIEF J : "ol : Innpyjt i.-in ij-

Having arrived at this step implies chat the company is forecasting
eventual succei and intends to pursue the project further. This in
tun would involve i inten ification of Che wfiole inv -tigative effort

and a dramatic surge in costs.

previou . references have tressed the difficulty of obtaining any
degree of accuracy in forecasting the costs of innovation, but this does
not provide an excuse for avoiding the exercise. The invention phase

ily be accommodated, or hidden, in company ov

The literature on the object talks generally of an investment in R & D
of about 1 - 2% of turnover. This figure might be feasible for the manu-
facturing industries, but i exo ssive for construction companies, whether

contractors or consultants.

In civil engineering contracting companic ,, for example, 1% of turnover
represents from 10 - of profits, and would be far too high a figure
to allocate to innovation. Civil engineering companies should therefore
think in term of far lower percentages of turnover and possibly simply

in terms of cash available.

To give an example; ut present day salaries, and making allowances for

transport, ourchase of laboratory facilities, engagement of consultants,
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and administration, it seems that no serious it' mpt at innovation could
be made at anything ]* . than RIOO 000 per year. Thi represents 1% on
an annual turnover of Al0 million and 0.2% on an annual turnover of AS0
million. A mystematlc innovation policy should therefore not be attempted
until a company has attained at least the latter turnover, which means it
will have reached, by present-day South African standards, the status

generally classified as medium-sized.

mVorthy of mention is another way of financing innovation which, according
to Kingston, is orectised by certain banks. These institutions set
aside sums called "racing money" which represent a small proportion of
their funds and to which their normal criteria for investment do not
apply. They appreciate that the e funds will be invested in uncertar i
or high-ri k areas and that the decision to invest is not based on their
usual cautious and rational approach. They might then be prepared to
give the innovator a limited period of time in which to prove his point;
if unsuccessful the losses have not been great and if successful the
rewards could be out of proportion to the funds invested. This sort of
approach might well be applied to a cor uction company or consultant
which could reserve a special fund for the contingency of future efforts

at innovation.

A consideration that might well be taken into account at this stage is

that of entering into a parther hip with a company which might be interested
in, or affect d by, successful implementation of the innovation. An
alliance with a manufacturing company or a mining company, depending on

the nature of the project, would not only relieve the financial burden

but also speed up final implementation of innovation and diffusion.



The civil engineering company in thi ca ,e if, faced with relatively
clear alternative:, : take a partner and accept a -smaller share of
the final profit ; or go it alone, be prepared for the implementation
pro-ess to be slower and mort co 1lly, and remain ole ownev of all

rights and profits. The former option appear'- to be more pr idunt.

Taking the above into consideration, the tap of follow-through

is obviously largely governed by financial considerations. If all
experimentation :nd appraisal- at invention stage have pointed towards
the project having a reasonable chance of success, the company must

appreciate that if it carries or’ it is entering a phase of heavy

1 -venture,

the funds must be regarded as risk-money.

The product champion must be made aware of how much has been made
available and for how long, and the budget must be handled as if it
were non-elastic, in the wu, of "racing money". Moreover, the

functions of apprai' il and thr watch- dog will have to be intensified.

If such a sober and reali .tic policy is adopted from the inception of
the innovation phase, the company will stand a chance of passing
through it and into the final pha e of profitable implementation and

diffusion.

Note : Guidelines have not been set down for the diffusion phase.
Diffusion 1 essentially a marketing operation, which will have to
be adapted to each particular product or process, and only one of the
projects described in this dissertation (Reinforced Earth) has reached

the diffusion stage.



GUIDELINES TO NEGOTIATIONS WITH INDUSTRY

On evenil offa ion;,, in the course of thi dissertation, mention has
been made that mivil ngir ering doe not easily lend itself to change,
and that the mining industry, although more attuned to innovation, also
presents problm to the unwary inventor or innovator. Innovation, if
attempted, should therefore be tackle*! with a knowledge of the way in

Ahich the two industries work.
In South Africa, some specific guidelines apply
Civil Engineerin'

If the three stages in U execution of civil engineering projects can
he classified 1is concept, design, and construction, then the industry
itself can be sub-divided into three operating groups ; employers, con-
sulting engineers, and contractor . In thi total effort it is the

He pays for the
ro. ect , he lay 1 wn scificatior and contract conditions, he
appoints consulting engineers, he ,r?ts rules fur selection and award of
contracts. Inventor or innovator must therefore know that if any changes
is the employer who will eventually decide whether such change will be

allowed to take place.

A further fnature of thi: industry is that research in it is not centrally
co-ordinated. Each major government department conducts research of a

kind and in x olation, usually with objectives devoted more to check-testing
of construction or rotential technology transfer. Fundamental research is
only carried out at the Universities and at CSIR in the National Building
Research and Transportation and Road Research Institutes. In this field,
there does exist ome communication and interchange of ideas between the
academic institution! ind CGIR; hut the interchange of information is not

industry-wide. Research effort by contractors and consultants is minimal.

This fragmented state of affairs accentuates the need for the innovator
to approach each employing authority separately. No central body exists,
even in CSIR, which can approve of a now method or process, or advise on

its adoption, except for the Agr&nent Board which exercises control over

new techniques in housing.
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In approaching employing authoritif , innovator would be well ddvised not
to start at the top. Hiad of major department are, by their very
function, heavily committed to admini tration and finance, and their
patience should not be tried. It i- more preferable and practical to
approach technical sub-department: , where developments in science and

technology still occupy the mind of those in charge.

Depe ding cn the naturn of the innovation, the department tc approach

the approval and support of day-to-day practitioners in these depart-
"Wits no amount of influence at the top would be of much assistance in

achieving an innovational breakthrough.

Consultant and contract ir could al o play their part, although a some-
V-iat limited or, . Cun jltant , for example, are in a position to encourage
innovative d ,igr, even if the dec! ion for approval does not finally rest
with them. In fact, Reinforced Farth obtained iti first contract through
the enthu la m and good iffice , of a consulting engineer, whomanaged to
persuade his Employer to introduce the system on a relatix/ely small

scale. Contractor can contribute by agreeing to submit alternative
designs, either at the bidding stage, or on Jobs under construction.

Generally, however, their hands are tied.

Supply compen!, , have played an important role in innovation. Pre-
stre: ed concrete, for example, was largely introduced by commercial
design and supply companies, and not by professional consultants or
client bodies. Another innovation introduced by a supply organisation

was that of precast box culverts in road construction, the technology
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mevxng oeen c-'orsveri'eti rxni Australia. Here again it took the company
f,ave; dl yec-r of consistent effort; to get approval from each provincial road

cdrinistiation in turn.

"fhesa innovative companies were prepared to incur large costs in promoting
cheir ideas, but it was alway the client who had to be up.reached, and
vo had to be convinced of the strength, safety and viability of the

alternative solution.

The Mining Industry

These guidelines are based or a ingle project and cover only a

In covth Africa, the r in differs ce between mining and civil engineering in

regard to innovation, i that the mining indu try itself runs a large, well-
tionally acclaimed

and famous, wfill civil engineering carries out its research in a multi-

plicity of different, separate r.tobli Timnt . The mining research

organ! ition therefore plays a major role in deciding on the acceptability

and implementation of suggested innovations.

Although Strstafix itself app-ured to get off on the wrong foot in its
dealings wit* the Chamber of Mini Al narch Onjanisat ion, the organisation

is in principle rot again t the introduction of new technology by outsiders.

The Research Advisor to th" Chamber of Mines writes as follows

"Past experienca has led to the introduction of a mure tangible



scheme for encccraging the ir. ,o.c; rr . a tiRi®
referred to as underwriting - fc mv X - . Vliten nev
system or equipment approaches fine), p: ociuci.icn t>'idi then emi.ns (oi
mines) is locked for to purche t the nuipment necessary fo2 the trial.
At the same time minimum performance targets are agreed upon r.na the
results of the trials art evaluated in the light of these tergsts

the targets are not met, the purchasing mine is reimbursed b> chf

Chamber of Mine' for the cost of the eouipment. In this manner. the

spread over the whole industry. This insurance schemehas been wused

on a number of occu-ior with wuccess."

It is :0 1ible that the Research Advi -or is referring mere to mechanical
equipment and mining devices ind that there is little previous experience
i having to deal with innovations such as the ore described in this

dissertation. It is to be hoped that the two industries could work more
closely together in f future

, »'rhap' even a o result of this particular

attempt at innovation.

-,port,

the innovator should tear in nind the following

- build the innovation around mining method:, currently in practice;

- avoid attempts to alter present mining methods;

- realise that it is usually a waste of time talking to line
management, or even head office consulting engineers direct]y
involved in production. Demand: on targets and deadlines afford
production personnel little or no time to deal with
potential innovations introduced by outsiders and which stand e

chance of creating problems in the short term;



establj ih contact with r , arch jepartm- nt but more particularly
rock mechanics departments. It is here where there is a chance of
obtaining < sympathetic and understanding hearing.

civil engineers should maki no excuse for venturing into the mining
field. The two irofe; ion: are closely related, and civil engineers
could make a valuable contribution to support problems by virtue of
their involvement with theory of structures and strength

of materials. The two profs ions should have no difficulty tc work
ham or iou 1ly together, but it is essential for the outsider profession

(in this case civil engineering) to present its cese as tactfully as
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tion,
has attempted to propose methods of management of R & D and of intro-
duction of inrun lion into two specific industries. The recommendations
apply sp cifically to small-scale R & D, as distinct from R&D carried
out classically in electronic:, or chemical engineering, or by government

institutions. This final section sets do-vn a f-> furt.ier aspects of the

The lone inventor

The general guidelines laid down for R & D in civil engineering companies
could possibly also be followed by an individual inventor who lacks
financial bao ing and who will eventually have to approach a financial

in titution or entrepreneur which might interest itself in his project.
His suggested method of approach could well be similar to that laid down
in the guidelines, with the added proviso that he should choose his

ive a choice.

Lone inventors in South Africa should also know of the existence of the
Inventions Development Corporation (SAIDCOR). If it considers an in-
vention to have promise, 3AIDCOR could provide the inventor not only with
a good proportion of necessary finance, but also valuable know-how on
patents and the total process of commercial innovation. A possible dis-
advantage of working with 5AIDCOR is that by its constitution it cannot

take action as freely or as .wiftly as can a private entrepreneur.



The Teaching of R & D management

Several author; in the quoted references advocate formal teaching of

R £l D management. Goldhar make , the point : "No business or engineer-
ing programmi that we know of re .uires a course in the management of
technology/innovation yet, for most organisations, understanding
technology and innovation and being able to manage technological change
is fundamental to its uccessful growth. Ultimately, however, we must
create a greater demand oool for training in the management of techno-

logical innovation."

In South A frica, it is possible for engineers and scientists to pursue

long and successful career without ever becoming consciously aware

of the rol that innovation has played in the development of modem

industri. 1 civilization :r of the significance of relatively down-to-
marks. This gap in

knowledge stiould b rectified, preferably by appropriate courses at

both unaergraduate and post-graduate level in engineering and science

syllabuses.

Innovation and the general public

Although most people in advanced technological countries pay lip service
to the role of .ciencf: and technology, very few understand the role of
the industrial scientist, the inventor, or the innovator. David Allison’P
makes this point in discussing those who have to sanction expenditures
for R & 0 : "If they are to be intelligent guardians of the public

purse or the company treasury it is essential that they understand inno-
vation. They must understand for example that innovation is not simply

a flash of genius, not just a brilliant idea, but that it is a chain of



ever t: that btretches from the idea to something tangible and socially
valuable. One need rot be a scientist or engineer to know how the
innovation iroc s work.a, but if that j.rocess truly is to work, it is
imperative that tte tuprorters and nk.nagers of the process be something
morn than ger <rou n n of goodwill
Freemanl, an economist him elf , makea a similar point : "Although r.”st
eccnomists tax * made a defer* tial nod in the direction of technological
say that
this paradox ear be explained in t rut of three factors : ignorance

of scienc> and technology, preoccupation with trade cycles and employ-

public at 1 rge, of innovation and invention falls largely on the

task to which the South African <cientitle establishment should address

itself with some sersn of urgency.
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sirn 6

6 Jours - air 9,9 Dbars 15,5 bars 31,6 bars 45,4 bars 8,4 bars 13,6 bars

C. CKAUMDNT



FORMULE N°

COMPRESSION :

Resistance en compres-
sion A :

SO Jours - air

ETUDE DES CENDAES VOLANTES S.A.8.0.L. & E.3.C.O0.M.

COMPLEMENT DE RESULTATS DU TABLEAU 11

C.R. 148/74
jCendres gror.sieres ! Cendrer, fines iCendres qrossieres
JE SCOM.. 1 SASOL. IESCOM.
haux frangaise , chaux Sud A fricaine.

anr, gypse a/ec gypsajsans gyps* ive< ~ tI r; jyps T ~~
-r

9,9 Dbars 15,5 bars 31,6 bars 45,4 bars 8,4 bars 13.6 bars

C. CHAUMONT



GROUPE  JEAN  LEFEBVRE

LABORATOIRE CENTRAL
RUE DU II OCTOBRE -+ 45400 FLEURY IES AUBRAIS

TELEPHONE 87-87 59

COMPTE RENDU N#039/75

DOSSIER I AFRIOLE DU SUD

ETUDE DE CENDFES VOLANTES EN PRCXZENANOE
DE LA CENTRALE DE KELVIN A JOHANNESBOURG

APPENDIX 1 (b)



kg/ dm3

D rsite see ke ds

2.5

2.4

2.3

2.2

2.1

2.0

1.£

1.1
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DESTINATION
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Opobrateur :. .

-¢/5 do Loirs : 65%
-C.v. S.SSO1. ;12%

270X

:2,03

:10%

10 16 20

Teneur en eau X __



kg/dm3 LABORATOIRE CENTRAL JEAN LEFEBVRE

ESSA3 02 COMPACTAGS

"PROCTOR" Modi/i6

1

6
d 3ae
dh * density humide «e =teneur en eau pour n, -0
n, vjdes d'.iir dSa, * density s&ehe pour n, =0

Echantillon N
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: 11,5%
10 15 20

Teneur en eau X
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C.R. N°039/75

AFRIQUE DU SUD

Etude do certires volantes en provenance de

la Centrals de KELVIN # JCHANNESBOURG



- 03JET :

Dans notre rapport N°148/74 du 22.10.1974 nous avions
etabli las caracteristlques da dlff"rentes cendi®es volantea an prove-
nance d'Afrique du Ex/' ainsi qua leur poeaibillte d'utilination pour
la traitenant das sables at das graves.

De nouvelles cantinas,produltes par la centrale da
Kelvin a Johanneabourg nous dtant proposees, 11 s'agit ici de comparer
leur quality aux cendres 3ASOL at ESCOM d6J6 Atudi”es.

- IDENTIFICATION DES CENDRES VOLANTES DE KELVIN :

IBS principales caract6ristiques de I'dchantillon de
cendres qua nous avons retju oont intitquAes ci-dessous

21 - Granulometrie

Elies sont ddfinies par lea coun-
ties ci-jointes

22 - Surface spacifigue Blaine : 4 725 cm2/g

23 - Rolds specifique S 2,18



TRAJITEMENT D'UN SABLE 0/5 ROULE DE LOIRE

===as B¥a==ass» as=* ==* Fs«sc=mxas ¢ * “F«xams. =*ae

31 - Formulas etudleas

Nous avons “tuditi deux melanges donL las compositions
sont precisees ci-dessous

- Formula N°1 : - sable 0/5 rould da Loire:85 %
- cendres volantes de Kelvin : 12 %
- cheux da Boren 3%
- Formula N0? : - sable 0/5 rould de Loire 94,4 %
- cendres volantes de Kelvin 12 %
- chaux de Boran 3 %
- gypae 0,6 %

La courbe granulometrlque caractdrlsant ces deux “ormules
ae trouve Jointe en annexe.

32 - Essals m”cnnlques

I1"s resistances en compression ont 6t6 mesurges dans les
deux cas A 14 et 28 Jours sur des Aprouvettea d'Alance-
ment 2, compactees statiouement A 1*0.P.M.

Les rAsultats sont conaignAs dans le tableau ci-joint.

. CONCLUSION :

Las cendres volantes de Kelvin que nous avons exaeinAea

aont; A notre avia, de bonne qualitA et peuvent convwnir pour le traiLa-
ment des sables et surtout des graves.



Par leur granulometrie et leur finesse elles sont tres
proches du premier echantillon de cendres volantes SASOL que nous avions
regu d'Afrique du Sud.

Iss performances obtenues ici dans le traitement du
sable rou!6 de Loire sont intermediaires entre celles correspondantes
aux fomules N°1 et N°2 (cendres SASOL) d'une part et N°3 et N°4
(cendres ESCOM) d'autre part, figurant dans notre compte-rendu N°148/74.
Ces rAsultats temoignent d'une prise tr6s nette des cendres de Kelvin,

tout 6 fait comparable a celle que nous constatons habltuellement avec
les cendres produites en France.



4

Formula N°

COMPOSITION :

sable 0/5 rou!6 de Loire
cendres vulantes de Kelvin

chaux Je Boran

gypse

PROCTOR MODIFIE
density s6che maximum

teneur en eau optimum

COMPRESSION

Assistance en compression 6

- 14 jours - air

- 28 jours - air

Module de dSfonmation

A 28 jours - air

TABLEAU DES AESULTATS

85 %
12 %
3%

2,015

10,0 %

4,5 bar

7,5 bar

590 bar

84,4 %
12 %
3 %
0,6 %

2,015

10,0 %

5,3 bar

20,2 Dbar

2 390 Dbar
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LABORATOIRF CENTRAL OOURDAN. Ic

COMI’TE REN*%*

DOSSIER : A PIQUE DU SUD

Etude de la ré6d vitf des cendres vclantes
produites en Afrique du Sud

DESTINATAIRE AGIUS
DIMITRI
DELIGNL - - M. CHAUMONT

IE BOURLOT
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OBJET DE L'ETUDE

Le but de cette etude est de tester la reactivity des cendres
volantes produites en Afrique du Sud en les utilisant,d'une part,sous forme
de melange : cendres volantes - chaux
pour le trai tement d'un sable,avec activation a la chaux.

IDENTIFICATION DES PRODUITS

1

2

gypse, et, dlautre part/comme lient

Les ychantillons de produits requs d'Afrique du Sud a cet ef
fet ont yty identifies comme suit

Cendres volantes

Granulometric

- passant A : 1,0 mm
0,F
0,315
0,200
U.100
0,080

- surface specifique Blaine
- Poids specifique

- Imbrules

Chaux vive

Granulometric

- passant d 5 mm

3,1
2.0
1.0
0,500
0,315
0,200
0,100
0,080

- surface specifique Blaine

- Poids specifique

: 100 «
: 99,5
99
: 98
;91
: 86

4120 cm2/q
2,176

. 7,9 %

100 %
99
89
71
59
48
33
30

3980 cm2/q

3,109



1

2

- Reactivite a 1'eau (test

- chaux litre

Gypse

- Granulometrie

- passant a : 0,080 mm
- surface spé6ci fique Blaine
- Poids specifique

- pH (solution a 25 %

L.C.P.C.)

Les produits frangais utilises
prgsentent les caracteristiques

- Granulometrie

- passant 3 : 1,0 mm
0,500
0,315
0,200
0,100
0,080

Surface spCcifique Blaine

Poids spGceifique

Imbrules

Chaux vive Pf'ty

- Granulometrie
- passant a 3,15 mm
2,0
1.0
0,500
0,315
0,200
0,100

suivantes

t° = 35% C

80 *

99,6 %
6100 cm2/g
2,30

10,9

comparativement aux precedents

100 %
99
99
99
89
82

3150 cm2/g

2,253

6,7 %

100 <%
99
96
88
82
75
64
62

BM



surface specifique Blaine 5820 cm2/g

Poids specifique : 3,162
Reactivite a 1'eau (L.C.P.C.) : t* = 66% C.
chaux libre : 82 4

3r - ETUDE DE LA REACTIVITE DES CENDRES VOLANTES

Les cendres d'Afrique du Sud ont Leslies d part'r de la
formule classique suivante employee en France

- C.V. d'Afrique du Sud : 91 %
- chaux d'Afrique duSud : 4%
- gypse d'Afrique duSud : 5%

Les resistances a la compression de ce melange, mesurees sur
eprouvettes d'eiancement 2 (5 x 10 cm) mouiees d 1'O.P.M., sont les sui-

vantes
- Resistance 5 : 7 jours - air : nulle
14 jours - air : 0,75 MPa
28 jours - air : 3,24 MPa
90 jours - air : 3,45 MPa

Des gonflaments tres importants et. des fissurations sont ap-
parus sur toutes les eprouvettes.

Lr meme melange a partir de produits frangais n'a pas ete es
saye dans le ~as present, mais 1'experience que nous en avons nous per
met de dire que les resistances obtenues a 90 jours avec les cendres
d'Afrique du Sud sont frequemmont obtenues d 7 jours avec les cendres
franqaises, pour depasser ensuite 10,0 MPa d 90 jours.

32 - Traitement d'un sable fin par un melange Cendres + chaux vive

Les cendres d'Afrique du Sud et les cendres frangaises de
la centrale de Vitry sur Seine, activCes successivement par la chaux
vive d'Afrique du Sud et la chaux vive RCty, ont ete employees compa-
rativement pour stabiliser un sable fin de la region parisienne.



322 - Formulation du melange

Granulometric

- passant d

Equivalent de

L'etude a etf menCe a partir de

- sable fin

- cendres

0,315
0,700
0,100
0,080

sable

volantes

- chaux vive

One formule supplementaire a egalement etf£ moulfe avec

: 0,500 mm

: E.S.v.

E.S.p.

poration de 1 X de gypse.

sont inserttes dans le
Formule N° 1
(temoin)
S— Composition
j,able fin 80 X
*=C.V. Vitry (France) 16 X
¥ C.V. Afrique du Sud *
- chaux vive Afrique du Sud
JK chaux vive RMy (France) 4 X
e gypse Afrique du Sud
] e 2 Z. 1,65
2 - 00[ N ! o 13,5 X
3 - Compression
Resistance A :
- 7 jours 0,17 MPa
- 14 jours 0,43 MpPa
- 28 jours 0,95 MPa
- 90 jours 2,45 MPa
-180 jours

Les performances mccaniques,
sur eprouvettes d'eiancement 2 (5 x 10 cm) compactCes d I'O.P.M.,

(*) gonflement

0,10 MPa
0,21 MPa
0,63 MPa

(*)

100 1
99
97
10
4,8

38
28

la formule de base

80 X
16 X
4 X

determinees

tableau ci-dessous

*3

0,0/ MPa
0,135 Ma
0,59 MPi

)

80

16

X

MPa
MPa
MPa
MPa

suivante

incor-

comme pricedemment

0,08
0,27
0,42
1,57

(t)

%YdPa
MPa

MPa



Les melanges N° 2, N° 3 et Nr 5 donnent lieu d un gonflement
ires important (non mesure), alors que ce dernier reste tres limite
pour les compositions N° 1 et N° 4.

Les resultats a 180 jours seront communiques ultfrieurement.

CONCLUSIONS

Les principales conclusions de cette etude peuvent se resumer comme

suit

- les cendres d1Afriquedu Sud font prise en presence de chaux, maiselles
se revelent sensiblement moins reactives que les cendres produites en Fran-
ce (comparaison des formules Nt 1 et N° 4).

- des gonflements importants sont observes sur certains melanges. Ils rGsul-
tent de 1'emploi de la chaux vive en provenance d'Afrique du Sud (comparai-
son des formules N° 1 et N* 3 d'une part et Nr 2 et N' 4 d'autre part).

II s'agit d'une chaux tres grossiere, vraisemblablement difficile a
hydra ter, qui n'est pas, a notre avis, adaptee a cet usage.

Nous rappelons que les chaux vives employees en France avecles cen-
dres volantes doivent posseder les caracteristiques suivantes

- teneur nn chaux libre % 80 %

- refus au tamis de 0,080 mm < 50 %

- refus au tamis de 0,2 mm N 10 %

- granularite 0/2 nmm

- test de reactivate a 1'eau t* > 60" C. en moins de 25 mm

- 1'apport de gypse dans le melange (formule N° 5) amAliore les resistances
mais ne supprime pas le gonflement et la fissuration.

En definitive, on peut dire que les cendres d'Afrique du Sud, moyen-
nant 1'emploi d'une chaux vive convenable a rechercher localement (voir spe-
cifications ci-dessus), font prise mais les performances mecaniques obtenues
restent,memo dans ce cas, notablement inferieures a celles habituellement re-
levees avec les cendres produi tes en France.

F. LE BOURLOT
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APPENDIX 2

C'.tD jsn. , . -JVv.Y :°i6

(fgOTE: This letl. r v.as written “hen it wastlmu t
that lhr» G vernment Fining Engineer would
prohibit tho use of minesand)

EI: F1Y/GH FIXTUR- 5:

Tne inability tou-.a - metand ic a great setback because the studies
based onth.sna ew:cl now bee i e r*du: dint.

P:r laps it v-ill be found | .s:‘Pu to use at least some of those
mine -und"..

s it a"sdifficult tu find suitoble”matcn als to replace the sand
in anurban ..rcc e shall be able to use thr pre liminary studies
which di' lit with the 'mfacilitation of flyash alone as a be=a ,-atcrial.

re *t in tti* cuot une an obtain a base layer capable of

Su;art V1 v'ragec traffic with a fixture uf 9V* flyash, jf. lime and
1% Oypsu*i.

bar. th.cli layer of .uuh a Mixture ..ill pu.mif of un intLiasting
2x,:er. "o 1.

If i: rot i epos-.iblv io tr it un ir itu so: 1 with a mixture of flyash,

lime .md gypsum out it v: 11 fca itfcc.sary to carry out e>uerir.ents
with the zr:j to be ur.eri.

fur the runy rui lion of mush a work e unfortunately cannot give a

practical example. In France we have always used a central c.ixing
plant fee this type of ,iork.

Construction on a large scale, that is to say on a number of projects,

will ir-guire a piel.winery trial to octerminr a method of mixing the
stabilising mnatcrials with the insitu soil.

The sequence nf operation will he relatively standard and will

the use of a cement spreader and PULVI-MIXER, plus watering and
romp?ctio” cqulpmcnt.

include

It s not impossible to ¢ .ry out a demonstration experiment with
successive %preading of first the soil, then tiic flyash, then the

lime
and finally the uyp'-um.

I would be asle tu help you prepare such a demonstration on a test
section of about 300m lung.

These operations will have to be investigated thoroughly and a

method will have to be evolved which will be practical
scale.

specific
on a commercial

Could you perhaps find out whether the Municipality is prepared
out such an experiment and to ask thorn to proceed with a laboratory
study on which we could base the demonstration.

to carry
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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 the big problems
experienced in France relates to shrinkage cracking of the surfacing.
Under the drier South African climatic cor itions this problem may prov
to be even more severe, and we may find ourselves faced with severe
cracking problems simila to those experienced a few years ago with

cement-treated crusher-run road bases.

Session V : Fly-Ash
General Reporter Nicolcscu : report read by Bonnot.

It is evident that fly-ash from different countries reacts differently
and that fly-ash will have different properties from time to time,
even when taV.el from the same power station. There are two basic typei
of fly-ash : silica-alumina ashes which require activation in order to
develop cementing action, and sulIpho-calcic ashes which are self

cementing. The bulk of fly-ash is transported hydraulically to

storage, and therefore loses some of its cementitious 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 intermal friction, and is excellent. Fly-ash is current]
used in road construction and building construction. Its uses in

road construction are to construct f£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 stabilise

soils. When added to clay soils the liquid limit is decreased, althouc
the plasticity index remains almost constant. Free swell and swelling
pressure an also decreased. Similar results are obtained whether

the precipitator ash or lagoon ash is used, but" Lagoon ash is less

active than precipitator ash which has never had access to moisture.



Fly-ash lime mixes have the advantage of a slow rate of strength
gain. This however, does have the disadvantage that the material
cannot be trafficked soon after laying. The rate of strength
increase can be accelerated by adding phospho-uypsum, a typical
mix consisting of 75% ash, 15% lime and 10% phospho-gypsum.

When used as a filler in asphalt fly-ash is just as effective as
lime and its effect on the grading of the aggregate may actually
result in an overall decrease of the bitumen requirement. When

used in concrete the main disadvantage of fly-ash is its low rate of

strength gain. This rate may be accelerated by adding vitreous
silica dust. Fly-ash may also be sintered to produce lightweight
aggregate. This aggregate is porous and open-pored which results

in an increased water demand.

When used in grouts the fluidity of the fresh grout may actually

be increased by the spherical nature of fly-ash particles.

In discussion, Rheinhart of Sweden described a pilot plant to

recover vanadium and nickel from fly-ash resulting 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. Germanium also occurs in certain fly-ashcs.
The recovery process has proved so successful that the capital cost

of the installation is expected to be recouped within 3 years.

Incinerator refuse iesults from the incineration of domestic refuse.
The untreated domestic refuse is incinerated, after which the material
is screened and the content of magnetic material removed. The
screened material consists of glass, scoria, ceramics etc. The
material has been used with some success in as road fill and for
road bases and sub-bases, but is not recommended for wearing course,
as the particles break down easily under traffic. There are some *
indications that autogenous setting occurs in compacted incinerator
refuse., and that the strength increases with age. Surfaced roads
constructed over incinerator refuse have been observed to develop
blisters. The cause did not appear to be known, but in discussion
with General Reporter, Hirt, after the session, it transpired that

these are probably salt blisters. Incinerator refuse cannot be

successfully stabilised with cement, as an alkali-aggregate reaction
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occurs between the cement and glass content. The toxicity of
incinerator refuse has scarcely been studied. Thin layers covered
by relatively impervious surfacings are thought to be harmless.

The refuse does however, cause severe corrosion of services buried

in it.

In discussion, it was pointed out that mercury, load, chromium and
tin may occur in incinerator refuse in quantities exceeding 10 mg per
kg. They may also contain organic acids which may be carcinogenic.

Hence particular care should be taken with dumps of these materials.

Sc?ssi_ on TIT : Mine Refuse

Reporter : Sherwood

The trend to use lower grace ores together with the expanding demand
for metals has resulted in an ever increasing accumulation of

mining wastes. As sources of conventional building aggregates are
limited, especially in Europe, mininn waste is being increasingly

used by the construction industry. he main material available in
Europe is colliery waste. As the quantity available far exceeds any
possible demand for routilizution, extensive landscaping and vegetation

of colliery waste tips has been undertaken in Great Britain and

elsewhere. Both unburned shales and shales which have burnt by
spontaneous combustion, ~>» been ignited by dumping hot ash on the tip,
have been used in road construction. There is no record of fills

constructed of unburned colliery shale eve} catching fire by
spontaneous combustion, .is a dense fill provides little opportunity for

t a access of the oxygen necessary to support combustion.

Unburned shale may also be used as raw material in cement manufacture,

and to make burned clay bricks and light weight concrete aggregate..

Concluding Remarks

The Conference proved to be most interesting and informative -

Of particular interest to South Africa is the research which has

been carried out into the utilisation of granulated slag and fly-ash
in road construction. In particular, the technique of partial grinding
should be investigated as a means of increasing the hydraulic reactivit

of both South African granulated slags and fly-ashes. Partial grinding



does not appear to have boon applied to fly-ishcs by anyone so far,

but as the main shortcoming oi South African fly-nsh appears to be

its coarse grading, it would appear to be well worthwhile investigating

the possibility of increasing the reactivity in this way.

The main defect of the Conference was that both contributions and

attendance were dominated by French and British delegates, both of

whom tended to be somewhat insular in their outlook, and to be

interested only in waste materials which are a particular problem

in their respective countries.
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for attention Mr R. DISON

OBILT : S.A. FLY ASH - Lime -
Gypsum testing at DOURDAN

DOURDAN, 23/2/1901

Dear Dirk,

You will find enclosed herewith a report concerning our testing of

samples you sent, sometimes ago, to determine the comparative reacti-
vity of french and S.A. fly Ash and lime.

You will notice that cross testing has been performed such that S.A.
fly Ash has been tested using french %nd South African lime and equall>

S.A. time has been tested with french and S.A. fly Ash.

You will read in detail the report but I may summarise it by saying
that

1 - S.A. Ely Ash is less reactive than french fly Ash whe ther
treated with either quick limes

2 - S.A. quick lime is far less reactive than french quick lime
and more, it has a swelling action which is not at all common
in franee

3 - When adding 1 % gypsum to an 5.A. mix the performance are
quite comparable to the mix containing 5.A. fly Ash and french
quick lime

It therefore appears that the main problem is the quick lime. It may
of couse be this particular sample of quick lime which must be incri-
minated. You will find in the report tho french specifications for
quirk lime and it might be of interest to compare with S.A. specifica-
tions.

KNTREI’RISE JEAN LKFTiVRE
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Fly ash on the other hand, Lhouuh weak, may still be considered if
an adequjte lime is used and qvpsum is added.

Nou will understand that we have not gone any further in our testing,
and particularly in the IH 38 field, considering the very disapoin-
ting resistance values and the very worrying swelling and cracking
of the test cylinders.

W remain of course at your disposal for any further testing as
soon as you have solved the problem of lime.

Best regards



APPENDIX 5

REINFORCED EARTH :
APPLICATION OF THEORY
AND RESEARCH TO PRACTICE

David P McKittnck*

This technical paper #as 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-
forced Earth*, over 2,200 structures have been completed
These structures have included relaming walls and bridge
abutments for transportation applications indusfnal structures

fifricluding maternal process'ng and storage facilities contain

ment dikes for crude oil and liquified natural gas storage and
foundation slabs and hydraulic structures such as seawalls
flood protection structures sedimentation basms and dams
Structures have been completed m all parts of the world in a
variety of environmental settings structures have been design
ed for. and been subjected to. a variety of loading conditions
including static, moving and dynamic loads thermal stresses
and hydraulic and seepage forces The petformance of these
structures has been closely monitored either through gross
observation or by precise instrumentation This experience has
provided the opportunity to critically examine theoretical and
applied research to compare predicted with actual perlor
mance. to refine design procedures, and to improve construe
lion methods and technology to optimize economics This paper
reports on the present state of the art from a practicing
engineer s viewpoint and proposes design procedures that are
consistent with both basic soil and structural mechanics theory
as well as observed behavior of completed structures

INTRODUCTION

In his Stale-of the Art address prepared for the American

flIBociety of Civil Engineers (ASCE) Symposium on Earth
AReinforcement. 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 Farth
for appropriate geotechmcal engineering projects is well estab
lished. and rational design procedures have been developed
and demonstrated on many successful projects and his

admonition that the behavior of Reinforced Earth is actually
very complex and many more years will elapse befor,, the
basic mechanisms are clearly established to everyone s satis-
faction The same conscientious reader must then ask from
what sources do practicing engineers denve the confidence and
experience to design and construct civil and industrial works
using this new material, knowing tu'l well that the failure of these
structures could impenl the public safety and cause significant
economic disruption and monetary loss IThese sources are. of
course, the same theoretical and experimental studies known to
and reviewed by Dr Lee. augmented and interpreted inthe light
of experience with the design, construction and constant sur-
veillance of actua' Reinforced Earth structures In this paper, I
will attempt to re-examine those several topics cited by Dr Lee
in light of actual held expenenee in the United States and other
countries, in an attempt to demonstrate that Reinforced Earth
structures are designed on the basis of rational and usual
engmeenng procedure? and that, while certain behavior
mechanisms may be complex they stiM may be explained by
basic soil mechanics theory and appropriately conservative
paiameters can be selected to account for these behavior
mechanisms in the design of actual structures

Proposed by Kenneth | 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

Table I: Hektforced Earth lopict for Further Stud'
(Beginning with the moat Important)

Reflecting on the presoni state of the art from a practitioner s
standpoint and leviewmg the amount of published data now
available, Icannot disagree with the content of Dr Lee s table 1
would. Nwimver, rearrange anu wumbine some of the topics
Table I contains a somewhat parallel listing of the factors or
topics dealing with Remfoi ;ed Earth which are most important
from a design and perlormarce viewpoint The order is derived
not only from personel experience but also from the expressed
concerns of the engineers with whom we deal on a daily basis

This paper 'oproduced by kind (Mrmission of David P McKittnck President of The ‘wmforced Earth Company U S A
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Because they are interrelated. Thave chosen to discuss items la
and b and Il in sequence The durability question will be pie
sented last notbecause itis unimportant but because itcan be
conveniently separated

1 Basic Mechanics of Reinforced Earth
a State of Stress in a Reinforced Earth Structure

b Fnational Relationship between Soil and
Reinforcements

I Durability ot Buried Met ii Reinforcements

I  Selection of Soil for Use in Reinforced Earth
Structures

Table I Topics of Major Importance to the Safety and Economy of
Reinforced Earth Structures

In all project specific discussions of Reinforced Earth the first
question asked is how does dwork > Having explained that
the basic working mechanism depends on the efficient combi
nation of metallic reinforcements and granular son the engi
neer s concern immediately shifts to the durability or service life
question lecause itappears that mostengineers either through
their work or educational experience ha uconcluded that metai
buried in th=earth willcorrode in a time period inversely propor
tional to thnir years of experience Engineers believe they
understand the concept of friction and tney have apparently
decided that the complexities in data published by the re
searchers are the result of bad testing They seem less mte'
ested inthe se'ection of the backMi believing tms question to be
one merefy of Economic concern Before reviewing th» status of
research on the listed topics it is important to understand the
basic mechanics of me material under consideration

| Basic Mechanics of Reinforced Earth

The basic mechanics of Reinforced Earth were well under
stood by Vidal and were explained in detail m his early publics
lions A simplificfation o* these basic mechanics can be
illustrated by Figure 1 As shown in Figure la an axial load on a
sample of granular material will result in lateral expansion in
dense materials Be ause of dilation me lateral strain is more
than one halfthe axial strain However itinextensibie horizontal
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Fig 1; State ot Stress in Reinforced Earth

reinforcing elements 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
iK0O.rvi 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 (21 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 (« ) 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 strauV
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 Ime with the
maximum principle tensile strain This direction is used in actual
Reinforced Earth retaining walls Figure 3b shows me effect on
the sane 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 material is generally
very much greater than that of the soil and as efficient frictional
bonding occurs between the soil matrix and the reinforcements,
the directon of the reinforcement must be aligned with one of
the zero extension characteristics Referring to Figures 2b and
3a the d characteristics of a composite material would be
rotated 10 become very nearly horizontal and the u charac
tenstics are force"” to ollow Trie potential rupture or failure
mechanism would also attempt to re align with these new
characteristics Such a re alignment is in substantial conformity
to the locus of maximum tensile strains measured in several
full scale structures Schlosser ¢l al (E), Figure 23 Vidal
assumed mat this composite material could be used toconstruct
a coherent gravity structure and that the properties of the
structure would be similar to that of the theoretical and expen”k
mental models Certainly, empirical adjustments would have to
be made to account for horizontal and vertical discontinuity of
the remfc.cements Adjustments would also be made 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
Inmostresearch programs involving a study of the mechanics
of materials, a fundamental behavior or failure mechanism is
assumed All studies thereafter build from that initial hypoth
esis Experiments are designed to examine properties or indi-
vidual components of the material and very often many years
are spent trying to rationalize and modify oata to fit the initial
ussumjition Such has apparently been and unfortunately con-
tinues to tie. the case with Reinforced Earth Many researchers
have embarked on extensive research programs using the
hyjxithesis that Reinforced Earth structures, in particular retain-
ing structures, are analogous to tied back walls The literature
on Reinforced Earth is leplete with references to tie forces,
Rankme failure planes, and other topics relevant tc the analysis
and design of anchor systems These conscientious mvesti
gators have apparently neglected or misunderstood the basic
mechanics of the material or the significant and substantial



documentation that has existed for several years that should
when seriously considered in the light of actual structural per
formance. eliminate the tie-back or anchor approach as a
conceivable failure mechanism Before investigating structural
behavior m more detail |believe it is useful to compare the two
hypotheses ie .composite material and tie-back, to determine
if. in fact, they are so different
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Fig 4 Design Hypotheses 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 paper)

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 (s ). 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 Measured Liters! Pressures WE S Well
lifter 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 gsery 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 Aquadilla 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
Reinforced Earth Company and in violation of the specifications
of the Puerto Rico Department of Public Works the foundat on
had not been benched and so it sloped down and away from the
rear of the stiucture 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
completion, the reduced shear strength of the saturated and
presumably remolded clav foundation was not sufficient to insist
the mobilizing force of the mass and the structure moved o f
ward as a unit approximately two meters The wall face
remained essentially vertical during wall movement and to
Structural distress was evident in the precast concrete panels
The structure remained coherent and it was possible to dissu-,
semble the structure and salvage all wail panels without danger
to the workers The initial and final locations of the structure are
Shown in Figure ¢ Photographs taken before and after sliding
occurred are shown m Figures 7 and s

*1

Fig 6 Movement of Structure at Aguadilla P A

In Roseburg. Oregon a IO meter high Remforr «d Farth n-
laming wall had been constructed to reduce the amount of fill
required for a highway embankment and to prevent encroath
ment of the embankment on a river which paralleled the high
way Across section showing the wall and its :r ,ttive position in
the embankment is shown in Figure ().i and b As the embank
ment above the wall was nearing completion a slide occurred at
the wall location The slide '.ulure plane which was positively
identified through continuous sampling, and by the use of
inclinometers, passed behind and beneath the structure The
top of the Reinforced Earth wall was displaced seven meters
horizontally and the wall dropped approximately 3 7 meters
vertically Tie final location of the wal and the location of the
slide plane are shown in Figure 10 Remedial measures are also
shown In spite of these large movements the structure
remained intact as shown in Figures 1la, b and ¢ Subsequent
analysis revealed that the slide was caused by overstressing the
weak foundation soils located approximately six meters tx>iow
the base of the wall

Fig 7 Aguedilla Structure Before Movement

%

Fig 8 Aguedilla Structure After Movement



In its report on the Roseburg landslide the Federal Highway
Administration (7) concludes it should be emphasized that
the subject problem vas a landsi.de problem and not a Rem
forced Earth wall failure Unfortunate as it was the slide d:d
provide a dramatic full-scale test of a Remto ed Earth wall (the
first we know of in the world) and demonstrated (1) the internal
strength of a Reinforced Earth structure and (2) tha’ a
Reinforced Earth wall does in fact, perform as a icoheren i
gravity structure

Fig 9 Petition of Reinforced Eerth Well Before Slope Feiiure

Fig 9 Roseburg Structure before Movement

In other cases, when Reinforced Earth structures have
experienced important and expected settlements careful
measurements have confirmed that tt>e remioiced volumes
reacted as coherent masses

Fig 10: Roseburg-Coos Bay Highway Oregon flviitr 42

In light of substantial theoretical analyses supported by actual
field performance it seems reasonable to adopt the coherent
gravity structure theses as a basis of design and to re examine
experimental data derived or interpreted on the basis of a tie-
back or anchor wall failure mechanism

(a) State of Stress in a Reinforced Earth Structure

The essential calculation in designing Reinforced Earth struc
lures is the calculation determining the lateral or tensile stresses
which must be resisted by the reinforcements Overstress could
promote tensile failure of the reinforcement which in turn would
produce a catastrophic structural collapse The calculation
regarding the sliding shear resistance tetween the soil and
reinforcements is less critical since slippage will cause only
re distribution o' stress and a slow deformation of the mass

Instrumentation of Reinforced Earth structures has shown
that the state o' stress within these structures vanes and cannot
be consistently predicted using, for example, a single earth
pressure assumption adjusted as required for the effect of the
thrust of the backfill Schlosscr (8) has previously reported in
this conference a summary of earth pressures calculated from
strain gauge measurements made in actual structures This
data which is repeated in Figure 12 and is consistent with
Vidals ear'y qualitative observations, as shown in Figure 13.
Can be explained by the relationship between the cntical vend
ratio and applied stress Studies such as those by Castro (9)
have shown that the critical void ratio decreases with increasing
stress Accordingly relative extension of the soil compared with
the reinforcing strips becomes less for higher walls with their

onespondmg higher stresses Thus, for higher structures the
effective lateral stnss is reduced and approaches an active
state

Fig 11 Roseburg Structure after Movement



The efleet of the Factor of Safety in designs is to move the
Mobhr circle away 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 Prvssure Variation in fiemtorced Earth Structures

Thtc phenomenon was reproduced extienmentally by
Hausmann (10) and he reports similai observations during
measurements of fulWscale structures at Dunkirk. Tnionville.
and Granton

The "npincal dsstnbution shown in Figure 14 has been
develop c xxtform to observed stress distributions in Rem
forced Ea. /t structures and is consistent with results of theoret
ica! anaiys s

(b) Frictional Retitionship Between Soll
and Retnfpicement

Having determined appropriate cocservaiive values tor the
horizontal stresses in a Remlorced Earth mass and proper
tioncd the cross section and horizontal and vertical spacing of
tne reinforcements therein, the designer must satisfy hfmsetf
that the horizontal stress can be effectively and eff.ciently trans
(erred to these reinforcements The designer must also be able
to predict, within certain limits, the margin of safety available in
the completed structure
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Fig 13: Stale of Strese In* Reinforced Earth Wall (after Vidal. 1969)

F‘g 14 Earth Pressure OlalrlbutK>n m a Re.ntorced Earth Structure

Equations governing the fnctiona! relationship are presented
in Figure 15

b wke crremkxLtinwv

* .<f"s’5y

f*  agparefn kA Ajeniof friction

lLe length o* rtenkxcemom elective

ran be rewftfler, ‘5

m stress transie#

earth pressure coethaerM

S, *Sy neree areadt renkyoenent

1Z1 FSHand

Fig IS

The solution of equation (2) in Figure 15 requires not only
knowledge ol the geometry of the structure, but also the selec-
tion of appropriate values for the apparent friction coefficient, f*
the effective length of tne reinforcement, Lg, and the earth
pressure coefficient. K ! et us examine firstthe apparent fnction
coefficient

(b f) Apparent Friction Coofficiont. f*.

The tope of sliding shea resistance between the soil and
remtorcerrents has been Vie subject of numerous research
studies in several countries These studies have producer”
ibundant data that on first examination are difficult to explain
but will, after more detailed scrutiny, generally yieid to the usual
concepts of the shear strength properties of granular materials
and sliding friction between materials Several types of tests
have been used to measure the value of f* These include

(1) Direct shear (sliding shear) tests between soil and rein-
forcing material model and prototype scale

(2) Reinforcing step pullout from a Reinforced Earth wall-
model, prototype and full scale

(3) Remforcing stnp pullout tests from embankments

(4) Reinforcing stnp pullout tests from a rigid moving wall-
model scale

(5) Reinforc ng strip puimut tests dunng vibration-model
scale

Of all the testing procedures used, the direct or sliding shear
test is the one most available to practicing engineers for the
evaluation o: design parameters Other testing procedures re-
quire more specialized equipment, and generally involve highe,
cost which may not be justified by either the sre ofthe projector
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the economic gain that may result from more refined and exten
sive data From a designer s standpoint therefore itis tmpor
tant to know if direct shear test results can be used with
reliability Let us first generally examine the results of the other
testing programs In the following discussions, the terms
apparent friction coefficient  pullout resistance and shear
mg resistance will be used interchangeably to describe the
frictional bond between soil and reinforcement

Reinforcing strip pullout tests m the laboratory and in full size
structures have shown the peak and residual shearing rests
lances to be dependent on the density of the soil, the effective
overburden pressure and the geometry and surface roughness
of the reinforcements >ome typical results from field pullout
tests are shown m Figures 16 through 19a. b and ¢
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Fig 16 Puk out Tests Apparent Friction Coefficient (Influence of
the Length of the Reinforcement)

Data from field pullout tests have shown the shearing resis
tance developed by reinforcements to be directly proportional to
length Results from both the Satolas 1111and Highway 39 (12)
tests show that the apparent coefficient of friction reaches a
maximum value at a strip length of about eight meters For
longer lengths, strips experience uuclil' ™ >wand therefore the
testing procedure is no longer relevant io 'h* determination of
the sliding shear resistance

The surface roughness has an obviou-
effect on the sliding shear resistance SC
reported results of direct shear tests pur' vn samples of
leucate and calcareous sand sheared ; and in contact
with, smooth and roughened reinforcements The results of
these tests are shown in Figure 20 Examination of the rein
forcements after sheanng revealed stnations on the smooth
strip oriented m the direction of the displacement This is evi
dence that sliding of the soil particles along the stnp had
occurred Examination of the roughened reinforcement did not
reveal such stnations, evidence that sheanng had taken place
along a sotl-soil interface Examination of the high adherence
reinforcements now in use tested in prototype direct shear and
full-scale field pullout tests reveals similar evidence Thus, it is
reasonable to assume that the use of reinforcements with
appropriately designed surface roughness can result in an
apparent friction coefficient approximately equal to the shear
strength of the soil as determined by direct shear or sliding
shear tests

ng understood
and Vidal (13)
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Fig 17 Pun out Test in Reinforced Earth Wells (influence ul the
Nature of the Strip Surface)

The relationships shown in Figure 19a. b and c are calculated
using the expression T <tv tan V. 2bL to determine the
apparent fnction coefficient f* (ie f* tan 'l") As siiown in
these Figures frictional values exceed those which could be
calculated using a value of't' or * determined by direct shear
testing procedures Since these results "ould stiongty influence
overall safety and economy, it is important to determine if they
are a function of the testing procedure or in fact represent a
phenomenon which can be expected in the performance of
actual structures To more easily understand the influence of
density and overburden pressure on a Reinforced Earth mass
let us first examine the influence of these parameters on the
shear strength of a granular malenal Figu e 2’ shows the effect
of density on the stress strain volumetric relationships in gran
ular soils tested under drained shear conditons Dense sands
exhibit a high peak deviator stress at low st. uins. ano a residual
deviator stress, less than the peak stress, at high strain The
dense material expands, or dilates, during shear The loose
sand exhibits a much lower deviaior stress, no peak value, and
a volumetric contraction or compression during shear A further
insight is gained by examining the same stress-strain-relation-
ships durng undramed shear where no volume changes are
allowed to occur This restriction of volumetric expansion is a
condition Ike that which exists ir an actual structure The un-
d amed relationships are shov.n in Figure 22 The negative pore
pressures which are induced in a saturated sample dun.ng shear
may be used qualitatively to estimate the apparent increase m
overburden stress when volumetric expansion in unsaturated
samples (or structures) is not allowed to occur (a localized

iSinplength Im Stnp

1g1)
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Fig 18: Influence of the Density In PuH-out Test
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the economic gam that may result from more refined and exten
sive data From a designer s standpoint, therefore, if is impor
tant to know if direct shear test results can be used with
reliability Let us first generally examine the results of the othe'
testing programs In the following discussions the terms
apparent friction coefficient  pullout resistance, and shear
mg resistance will be used interchangeably to describe the
frictional bond between soil and re nforcemeni
Reinforcing strip pullout tests in the laboratory and in full size
structures have shown the peak and residual shearing rests
lances to be dependent on the density of the son the effective
overburden pressure and the geometry and surface roughness
of the rei.iforcements Some typ.cal results from field pullout
tests are shown in Figures 16 through 19a b and ;.
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Fig 16 PuM-oul Tests Apparent Friction Coefficient (Influence of
the Length of the Reinforcementi

Data from field pullout tests have shown the shearing resis
tance developed by reinforcements to be directly proportional to
length Results from both the Satolas (11) and Highway 39 (12)
tests show that the apparent coefficient of friction reaches a
maximum value at a strip length of about eight meters For
longer lengths, strips experience ductile flow and therefore the
testing procedure is no longer relevant to the determination of
the sliding shear resistance

The surface roughness has an obvious and long understood
effect on the sliding shear resistance Schlosser and Vidal (13)
reported results of direct shear tests performed on samples of
leucate and calcare >us sand sheared along, and in contact
with, smooth and roughened reinforcements The results of
these tests are shown m Figure 20 Examination of the rein-
forcements after she; nng revealed stnations on the smooth
strip oriented in the direction of the displacement This is ovt
dence that sliding of the soil particles along the stnp had
occurred Examination of the roughened reinforcement did not
reveal such stnations, evidence that shearing had taken place
along a soil-soil interface Examination of the high adherence
reinforcements now in use tested in prototype direct shear and
full-scale field pullout tests reveals similar evidence Thus, it is
reasonable to assume that the use of reinforcements with
appropriately designed surface roughness can result in an
apparent friction coefficient approximately equal to the shear
strength of the soil as determined by direct shear or sliding
shear tests
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Fig 17 Pull-out Test in Reinforced Earth Walls (Influence of the
Nature ol the Strip Surface)

The relationships shown in Figure 19a, b and c are calculated
using the expression T <tv tan't'  2bL to determine me
apparent friction coefficient f (ie . f' tan V) As shown in
these Figures, fnctionai values exceed those which could be
calculated using a value of Vk or * determined by direct shear
testing procedures Since these results could strongly influence
overall safety and economy, it is important to determine if they
are a function of the testing procedure or in fact represent a
phenomenon which can be expected in the performance of
actual structures To more easily understand the influence of
density and overburden pressure on a Reinforced Earth mass,
let us first examine me influence of these parameters on the
shear strength of a granular matenal Figure 21 shows tho c.lect
of density on the stress strain volumetnc relationships in gran-
ular soils tested under drained shear condrtons Dense sands
exhibit a high peak tieviator stress at low strains, and a residual
deviator stress, less than the peak stress, at high strain The
dense material expands, or dilates, during shear The loose
san.i >xhitxts a much lower deviator stress, no peak value, and
a volumetnc contraction or compression during shear A further
insight is gameo by examining the same stress strain relation
ships durng undramed shear where no volume changes are
allowed to occur This restriction of volumetnc expansion is a
condition 1*e that which exists in an actual structure The un-
drairerJ relationships are shown in Figure 22 The negative pore
pressures which are induced in a saturated *"ample dunng shear
may be used qualitatively to estimate ttie apparent increase in
overburden stress when volumetnc expansion in unsaturated
samples (or structures) is not allowed to occur (a localized
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Fig 19: PulFoul Tests Apparent Frictkwi Coefficient

condition) Higher densities can, therefore, increase the normal
stresses acting on the stnp and the apparent coefficient ol
friction, at least in those ranges of overburden pressures where
the soil will be dilatant (ie . void taros less than the critical void
ratio). Test results which indicate that at high density the values
of the apparent coefficient of friction are much greater than the
value of tan 'K as determined in direct shear results on soil stnp
interface, can therefore be rationalized by taking into effect a
factor to allow for the dilatancy of the soil (Inrecent tests where
volumetric expansion was not allowed to occur during direct
shear tests, calculated values of V were 10-15 degrees higher
than tests where free expansion could occur)

An interrelated phenomenon is the effect of the overburden
stress on the apparent friction ¢ ?ff,cient To yam insight into
this, let us investigate the effect of normal or overburden
stresses on the shearing resistance of granular soils

C.jkareous Sand

Fig 20 Coefficient of Eerth-Stnp Friction (f=1g f ).

Figure 23 contains a display of peak stress ratios determined
from 60 rrv" square direct shear box tests and 80 mm square
plane str<m ompression samp es compacted to a relative
density of U70 (17 0kN/M?2) ('4) At small normal stresses
( 20kN/M2) the peak angle of sheanng resistance is approx-
imately 50“, but this drops to 42* as tfie normal stress nses Pea*
results irom direct shear test and plane compression test results
are sigmfcantly greater man 33“ the ultimate strength deter-
mined after the peak in direct shear tests and from loose slope
angles (14) These results are consistent with the results of

() Dt e Mg e <

id) loose sand compressing
during shear

(a loose stsg}gl%efore

f of shearing CM votuma of granular aorta

Continuous
deform ation at
Dgnseand mstanl volum e
(08
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10 15 20 25 30 35 40
Anal strain per cent

Fig 21: Effect of Density on Stress-Straln-Votume Relationships In
Granular Soils Drained Shear Tests, (after Leonards, 1962)



f once and Bell (1b), who report an angle ol shearing resistance
increasing with the reduction of normal stress and wiih
Cornforth ,16) who established that peak (strengthl angle- will
exceed ultimate angles by up to 17 in a typical dense sanu in
plane strain

As soils used in Reinforced Earth structures a'e (i)gram, ,i
(2) subjected to low strain levels <3) normally stressed
strain (except under point loadsi and (4) -ompacted tor, m - s
high densities, it is reasonable to evaluate their static pertc
mance in a reinforced state using peak values determined
plane strain compression tests adjusted as required tor 'lie
appropriate overburden cond ions Using such assumptions, it
is possible to rationalize the values of f shown in Figure 19
with soil mechanics theory

For example, Schlosser |81 reports tne average ol residual
and peak values for F equal to approximately 135 lor puliout
tests of smooth reinforcements in fine sand with an ultimate
strength <5 35 Ifwe assume a 30 percent increase m normal
stress due to the effect of restrained volumetric expansion a
value ot53 is calculated a peak strength result cons: lent wnn
Cornforth s observations

The factors affecting sliding shear resistance are thus seen to
be at least qualitatively consistent with basic soil nec*,dr iLs
theory A knowledge of the density shear strength void rmn
and strain state is therefore important m selecting the va,ue of
f' to use in design of actual structures It is also important to
consider the nature of the reinforcement surface

For smooth reinforcements the value of f obtained m direct
shear tests, selected at strain conditions consistent with antio
paled structural performance should be used In most cases
this value willbe equal to the residual sliding shear value (tan

For reinforcements with deformations or transverse ribs such
as those shown in Figure 24 values of f* consistent with soil
parameters adjusted for the effects of plane compression dila
tancy and overburden pressure can be used with confiden< < In
the case of smooth strips the soil-stnp (notion characteristics
will control behavior in the case of ribbed or roughened strips
the soil-soil characteristics will most often control
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Fig 22. Undrained Shear Tests on Very Loose and on Moderately
Dense Saturated Sand. (After Bishop and Henkel. 1957)

(b-2) Effective Reinforcement Length.

Analysis of Reinforced Earth structures has shown that the
tensile stress in the reinforcements of a structure is not
maximum at the facing, but at a distance behind the lacing As
shown in Figure 25, the locus of the points of maximum tension

Ixc¥*ct Shea™ Tom

401
Initial Vo*) Hatio 0 < 50
20
r/ v"
01z.
70 40 60 80 "XJ 120
0 kN'm?
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Fig 24 Ribbed Strips

define two zones within the structure an active zone in which
the shearing stresses exerted by the earth or, the reinforcement
are directed outward, towards the facing, and a resistant zone in
which the shearing stresses are directed towards the tree end of
the reinforcement The boundary of this active zone vanes
with the type of structure, the foundation soil, and the location
and magnitude of applied external loading The bounds yofthe
active zone, as determined by instrumentation of full scale
structures designed in accordance with working stress princi-
ples, as well as the boundary determined by theoretical
procedures as previously reported by Schlosser (8) in this
conference, can be enveloped by the straight lines shown in
Figure 25

This boundary is qualitatively consistent with hypothetical
ideal distributions of shear stress along reinforcing strips
presented by hausmann (10) This graphical illustration is
reproduced in an extended form in Figure 26 The ideal rem
forcing case can be symbolically represented by Vidals paper
reinforced rock pile. Figure 27 Hera, all particles are in contact
with the reinforcements and shear is a maximum at the center
In an actual Reinforced Earth wall, the discontinuity of tne
reinforcements, the son loading imposed on the facing by tfu
construction procedures the stiffness of the facing, and oihe
factors cause the redistribution of stress shown



Fig 25 Tensile Forces Distnbi (ion Along the Hemtorcements

(b-3) Design Procedures

Based on these foregoing discussions itis possible to form
ulate design procedures to adequately iand safelyi proportion
the reinforcement surface area This procedure is shown
schematically in Figure 28a and b For granular backfills icom
pacted to at least 90 percent standard Proctor density/ and
ribbed ;einforcements the use of values for f ndicaled in the
figure can be supported by empirical data However one m.«y
also selecta valueof f S tan* (peak stress determined from
plane compression tests [ approximately adjusieo for the effects
of dilatancy For nondiiatant soils a value for f* tan ,direct
shear tesi value) should be used tor both ribbed and smooth
reinforcements Appropriate safety factors should be used
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F g 26 Hypothetical Ideal Distributions of Sheer Stress Along
Reinforcing Strip & Tie-Back (after Hausman, 1978)

Il. Selection of Soils For Use in Reinforced Earth
Construction

Three principal considerations which influence the selection
of soils foruse in Reinforced Earth structures are

(1) Long-term stability of the completed structure
(2) Short-term (or construction phase) stability
(3) Physiochemical properties of the materials

It is evident from the previous discussions that granular soils
compacted to densities that result in volumetric expansion
during shear are ideally sui'ed for use m Reinforced Earth
structures W here those soils are well drained, effective normal
stress transfer pefween the strips and soil backfill will he

immediate as each lift of backfill is placed, and shear strength
increase will not lag behind vertical loading In rhe range of
loading formally associated with Reinforced Earth structures,
granular soils behave as elastic materials therefore, for struc-
tures designed at working stress levels, no post construction
movements associated with internal yielding or readjustments
should be anticipated

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
unacceptably 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

Fig 28 Design Methods for Evaluating Safety Against Failure by
Lack ot Adherence/



Writers of the first specifications for Reinforced Earth projects
(including, of course Vidall clearly understood the shear
strength, density and dilatancy relationships and specified
clean 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 drain-
age. corrosion 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
and allowed th" following limiting gradation

Sieve Opening or Percent Passing

Screen Size (By Weight)
10 inches i2S4mmi 100
4 inches (101 6mm) 100 75
No 200 (75 u ml 0-15

Table I Specification for Select Granular Backfill M—'rial from
FHW A Specification FP-74<17)

In addition, the specification further required that all backfill
material exhibit an angle of internal friction of 25 degrees as
de'ermmed by standard tnaxial or direct shear testing methods
This caveat was added in recognition of the fact that many
gravels in the western part of the United States are highly
degradable and normal design assumptions would not be
applicable to them The specifications were appropriately con
servative given the stale o' the art at the time they were pub-
lished However as more expenenco with actual structures was
gained and as the results of theoreticsi and applied research
were analyzed it became evident that a significant relaxation
and broadening of these specifications could be done safely
thus extending the spectrum of usable materials and further
improving the potential for economy to users of the system

From 1970 to 1974 an extensive research program was
carried out by Schlosser and Long 118) to study the relationship
between the fine grained portion of a soil and the development
of the angle of internal friction In this study two types of soil test
were conducted 11) an artificial soil made with a mixture of
glass balls and powoered clay and (2) mixtures of natural soils
Satuiated soil samples if both types with varying amounts of
fines were tested in a direct shear box Results were conclusive
in demonstrating that the paiameter controlling shear strength
is the relative volume of the fine grained portion to the granular
portion Some typical results are shown in Figure 29 Additional
tests have shown that the gram size which separates the fine
grained portion from the granular portion is 15p

While this theoretical research was earned on several pro
jects were constructed using materials which differed from the
original specification in the amount of lines passing the 75*
sieve These materials were typically nonplastic residual soils
such as those derived from decomposed granites and meta
sedimentary formations high m quartz and mica content
(schistose and schistose gneisses of the Piedmont Plateau)
Fine content (percent greater than 75#*) varied from the allow
able 15 to as much as 40 percent This field experience was
generally favorable but did require the designers to locus more
closely on questions of short term stability, and to develop
construction procedures necessary to effectively incorporate
soils with higher fine contents into Reinforced Earth structures
Two examples illustrate this point

At Cove Point Maryland over 800 linear meters of single and
double-faced Reinforced Earth containment dikes 3 to 5 meters
high were constructed using sandy silts with as much as 40
percent passing a 75" screen Extensive laboratory tests were
conducted to evaluate the apparent coefficient of friction be-
tween the aluminum reinforcements and the sandy silts These
test results were used to determine safety factors for the com

pleted structures which were designed with the usual working
stress factor of safety allowed Uy U S practice Wall backfill had
previously been excavated and stockpiled at future tank loca-
tions During construction of the walls.work wa: slopped forone
week due to heavy rains (which eventually totalled 25rm for th*
week | after which construction was immediately re started

Backfill was brought to the wall location with 25cu meter self-
loading scrapers Two days after construction had resumed,
outward deflections weie noticed in several areas alono the
dikes Construction was stopped so that the situation could be
assessed
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Fig 29 Evolution of t° . Angle of Internal Frier"on end Cohesion
(arte, '.hlosser and Long, 1974)

At another project along Interstate Route 70 near Vail
Colorado a similar but slightly more dramatic episode occurred
The construction of the highway through the highly scenic Vail
Pass in the Colorado Rockies required the construction of
approximately 27.000 square meters of retaining wall to control
embankment encroachment on streams and wilderness areas
Of Ihe total, approximately 75 percent or 20,000 square meters
were Reinforced Earth structures built using conventional, as
well as curved panels Wall heights varied from 3 to 26 meters,
and walls were built vertically in a single step or in tiers Typical
structures are shown in Figures 30 and 31 Due to the short
construction season contractors often worked 20-24 hours per
day on a six day work schedule Wall backfill was a decom-
posed granite with up to 25 percent passing a 75#* screen, the
normal requirement tor structure backfill in the State of
Colorado Early in November of 1975 as the contractor was
nearing completion of a Reinforced Earth structure, a section of
wall 300 feet long lilted outward during placement of (lie backfill
Some panels were cracked and broken, and the reinforcing

trips had obviously been drawn out of the fill As in the case at
Cove Point, construction was halted and an investigation
undertaken

The two cases are, quite obviously, related to the water
content and loading conditions of the soil which was placed
within the Reinforced Earth structures At Cove Point, the
loading from the scrapers was far greater than the loading
considered in static wall designs This increase in overall load
mg combined with a temporary decrease in shear strength
caused by the higher water content and jxxx drainage charac-
teristics of the soil, combined to create a marginally stable
situation Thus, outward movement of the panels occurred
Review of the calculations showed no problem with long-term
stability, and construction was allowed to continue after the sou
had dried out and lighter equipment was brought in. Continuing
observation showed no further movement of the walls.
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Fig 30 Veil Piss-Tiered Wall

Fig 31: Vail Pass-Standard Panel Wall

At Vail Pass, investigations revealed that the filling operation
had been intermittently shut down for several days prior to the
wall deflections due to snow and freezing temperatures it was
not possible to determine itthe contractor had cleaned, scarified
and recompacted the fill surface after tilling operations
resumed However samples taken in several locations in the
empankment and wall after the failure, showed water contents
of 6 to 8 percent over optimum It was, therefore, reasonable to
deduce that high pore pressures were created in the wall backfill
under the influence of the heavy haul equipment Shear stren
gth, as well as sliding resistance were drastically reduced and
the panels moved outward virtually without restraint Al Vail the
affected portion of the wall was removed, and construction
resumed with proper attention to compaction water content To
completely eliminate such occurrences in the future will proba
bly be impossible However, if specifications are correctly
written, many similar problems can he avoided

Drawing on these and other experiences, as well as an
understanding of the basic mechanics of Reinforced Earth it
has been possible to define a wider spectrum ot materials

suitable fcx use in Reinforced Earth structures These broader
limits are shown in the new f HW A specification which will be
issued at the end of 1978

Sieve Size Percent Passing
6 100
3 75-100
No 200 0-25

and PI1<6

OR percent passing No 200 is greater than
25 percent and percent liner than 15v is less
than 15 percent material is acceptable if

6 30 asdetermined by AASHTO T-23G
Pl <6

Table IV Minimum Specificat-on for Select Backfill (Adopted by
FHWA.1978)

When the percent firer than 75i< is greater than 15 percent
special afention to moisture-densitv relationships is required
The compaction specifca'ions should include a specified lift
thickness and allowable range of moisture content above and
below optimum Special attention must also be focused on
design details such as internal and external drainage
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Fig 32: Large Direct Shear Box with Creep Test Setup

The broader specifications still restrict the spectrum of suit-
able materials V those which are non-plastic and whose
deformation properties will be essentially elastic in the normal
load range of Reinforced Earth structures Even assuming that
a rational design procedure could he developed tor cohesive
soils, we believe that the potential for large post construction
movements due to creep would be significant A laboratory
testing program is now in progress to evaluate this



phenomenon Testing procedures are shown in Figure 32 Pre
limmary results of a reinforcing strip pullout 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 more
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 flyash. 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 testsin 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 Gramen Sofia

Time [Hours)
50 100 150 200

«
ooz 49° oot Max | oad
Strip »?
i ‘i€"-. of Max Load
Q 014° Sample No 1 Residual Sill
McLean Virginia
50 100 150 200
Strip #3 u 14%
of Max Load
/
Slnp #? < 16%
of Max load
Q 0041 Sample No 4 French Sill

Fig 34; Creep Testa-Ribbed Strips

Il Durability of Buried Metal Reinforcements.

In the many discussions we hold with potentia users of
Reinforced Earth the most frequently asked question is How
iong will il last? Everyone knows that ferrous and other metais
corrode and that metallurgists might spend whole careers creat
mg a single exotic alloy to resist the aggressive attack of a
predictable environmental setting (such as aluminum noats in
sea water) Reinforced Earth structures are normally designed
for a service life of 75to 100 years Reinforcements are typically
thin metal strips varying in thickness from 3 to 9 mm thick
depending on the physical forces to be resisted and environ-
mental sotting m which the structure will be erected What
special information therefore, is required to safely proportion
tho structural components to resist a physical phenomenon that
is as undeniable as itis seemingly unpredictable7 W hat margin
will exist and what will be the consequences if the predictions
are incorrect?

To attempt to answer these questions we must again reflect
on the mechanism of corrosion, the results of theoretical studies
and whatever actual performance data exists In interpreting
these stud es and data, we must be careful to interpret them in
the light of our own concerns For example, a boned metal
conduit might be considered to have failed if a pitting type
corrosion completely penetrates the conduit wall and fluid or
pressure s losi In contrast pit type penetrations of a sheet or
.trip may do little to reduce the effective cross section resisting
stress Therefore for the same corrosive effect, the slnp is
serviceable and the conduit is not With this in mind let us
examine the phenomenon of corrosion as it applies to the
serviceability of Reinforced Earth structures

The corrosion process is essentially an electrochemical
process For corrosion to occur there must be a potential dif-
ference between two points that are electrically connected m the
presence of an electrolyte A typical galvanic cell is shown in
Figure 35 Cunent flows from the anodic area through the
electrolyte to the cathodic area and back through the metal to
complete the circuit Inthe case of buried metals the electrolyte
consists of water och in oxygen and dissolved salts wetting the
soil particles in contact with the metal Among the factors that
Jovc-rn corrosivitv of a given soil are (1) porosity (aeration) (2)
electrical conductivity (3) dissolved salts including depolarizers
or inhibitors (4) moisture and (5) acidity or alkalinity (pH) Letus
look at the influence o' each of these parameters

A porous soil may retain moisture over a longer time or may
allow maximum aeration, both factors wcich tend to increase the
initial corrosion rate The situation is comple... however be
cause corrosion products formed in an aerated so.l may be
more protective of the base metal than those formed in an
unaorated soil In addition. ¢ s probable that aeration of soils
may affect corrosion not only bv direct action of oxygen in
forming protective films, but also indirectly through the influence
of oxygen reacting with an decreasing concentration of the
organic complexmg agents or depolarizers naturally present m
some soils which greatly stimulate localization cells Another
factor to be considered is that in poorly aerated soils containing
sulfates, sulfate reducing bacteria may be found These
organisms often produce the highest corrosion rates normally
experienced in any soil However, the beneficial effect of aera
lion extends to soils that harbor sulfate reducing bacteria
because these bacteria become donnant in the presence of
dissolved oxygen

rhe electrical continuity allows current to flow between anodic
and cothodic zones on (tie metal sudace The loss of metal from
the anode is proportional to the intensity of the current which in
turn is directly proportional to the conductivity of the electrolyte
betweeiithe two poles of the electrochemical cell Normally, the
method used to measure this important soil parameter is the
resistivity, the d.mct inverse of the conductivity -Resistivity is
dependent on the soil s content of soluble salts and varies



greatly with degree of saturation

Forpurposes of determining service life, the resistivity ot a soil
at 100 percent saturation the wors' case. # always used
Generally a high resistivity is associated with a slightly aggres
sive soil Table Vshows some typ'cal resistivities ot soils

Moisture, even in small quantities is a neves; ary agent in
corrosion Usually the speed of corrosion increases with in
creasing water content of the soil The conductivity of water
increases with increasing concentration of dissolved salts
again increasing the potential tor increased corrosion

The acidity or alkal mty (pH) of a soil also controls the rale of
corrosion Certain protective oxides that form on the surface of a
metal are insoluble within certain pH ranges For example,
experience has shown that the by products ot the corrosion of
zinc are insoluble within a 5 to 12 pH range

Fiy 35 Idealized Galvanic Cell in Buried Metals
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The potential difference betweeiithe poles of a galvanic cell is
dependent upon the nature of ion concentrations on the surface
Certain ions, such as chlorides and sulfates are aggressive
others such as magnesium and calcium are inhibitors of cor
rosion

Thus, the high number of interrelated factors which influence
the initial and long term corrosion rate makes the study of

orrosion and service life an inexact science, especially when
one considers that many of the parameters will most certainly
change with the passage of time As in other sciences where
exact solutions are not possible and [ suggest that soil
mechanics is certainly one, it is necessary to determine the
possible upper and lower limits to the effects or results under
Study and then, using prudent engineering judgment to provide
for a reasonable margin of safety This approach is applicable to
the study of corrosion of buried metals

The most extensive series of field tests on various metals and
coatings in all types of soils was begun in 1910 by the U S
National Bureau of Standards (NBS) These tests continued
until 1955 and now constitute the most important sources of
comprehensive data available in the field of underground cor
rosion This information therefore, constitutes the data base of
the entire sub-science, and it is against this data that all new
experience and subsequently derived empirical relationships
must be compared and contrasted It is useful, therefore, to
briefly review the results of this study

In the NBS study, samples of ferrous and nonferrous metals
were buiied at 128 sites Plain and galvanized steel specimens
v are buried al 47 sites where the soil water environments were
different but representative of soil conditions in the United
States The resistivity and pH were measured at each site in an
attempt to determine a quantitative correlation between these
measurable (but somewhat time and environment-dependent)
parameters and metal loss Romanoff (19) the authior of the
NBS study demonstrated that the rate of corrosion is greatest in
the first few years after burial and decreases to a much lower
constant rate thereafter He indicated that this damping of cor-
rosion was a more significant parameter than the initial rate He
pro(K>sed quantitative "mpirical relationships to calculate
average loss of thickness of plain steel as a function of time

Daibin (20). in his comprehensive review of the NBS data,
has selected burial site data more or less consistent with the
normal range of environments for buried reinforcing slops and
extended this data in accordance with Romanoff s proposals
He compared the results of this extended or extrapolated data
wth other pertinent studies such as the performance of sheet
piles and culveds This companson for galvanized steel sam -
ples and metal culverts is shown in Figure 36 This dnta demon-
strates that even in an aggressive environment (p 13.000 U

cm. pH 4 7),the galvanized steel reinforcing str.pu currently
m use would have a service life of 120 years

Fig 36 Synthesis of Extrapolsted NBS end Metal Culvert Data
(after Dartoin et al. 1978)

The extrapolation of the Romanoff data requires the solution
of the exponential equation

X  kt"
where X average loss of thickness with time
k a site characteristic
T time myears
n

site dependent and is always less than 10

Since 'election of k and r requires some subjective inter-
pretation it is useful to see if some more general quantitative
conclusions can be drawn from the Romanoff data In an
attempt to obtain this, the NBS data from the 47 steel burial sites
has been re plotted Figure 37 is an attempt to show a relation-
ship between metal loss and resistivity The figure shows that a
well defined relationship does not exist, but clearly demon
strates a trend of smaller metal losses with increased resitivity
for sites whose pH is greater than 5 Figure 38 is an attempt to
show a relationship between metal loss and pH The figure
again demonstrates that a well-defined relationship does not
exisl However, it does show greater metal losses at sites with
pH values less than 5 Using pH as the only guide, it is difficult to
draw a conclusion However, if only well drained sites are
plotted as in Figure 39, itcan be concluded that metal losses at
such sites will n'-'t exceed 0 15 0z /sq ft /yr
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Fig 37 Weigh! Loss versus Resistivity

The abundance and reliability of this data and the ability to
extrapolate a to the time period normally associated with
engineering works has led to the selection of galvanized steei as
the matt-ial most commonly used for Reinforced Earth shoe
tures The zinc coating on galvanized steel forms a sacnfia d
anode which corrodes while protecting the base metal In add'
tion. zinc promotes a more uniform corrosion by pieventing the
formation of pits during the highly aggressive initial stages of
burial

National Bureau of Standards
Metal Loss Study after Romanoff 19S7)
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Fig 38 Metal Loss versus pf

Other materials currently usnd for reinforcements include
plain carbon steel for temporary structures and some marine
structures, and a Iusion-bonded epoxy coaled steel reinforce
men! for highly acidic or warm marine environments

Other materials have been used as reinforcements wi'h
mixed results Stainless steel was used in ten structures in
France Nine of these structures showed no evdence of corro
sion wheri examined several years after completion In one

structure, there .vas some evidence of surface corrosion and
pitting Aluminum magnesium reinforcements were used on
several structures in France and the United Stales When
placed in .lean, well aerated backfills, this material demon-
strated excellent performance These passive metals such as
stainless steel and aluminum are highly reactive in the
presence of oxygen, and under favorable conditio, is are rapidly
coated with a protective film of oxides that prevents corrosion of
the base metal However when this protective layer is destroy

ed. either by physical or chemical processes rapid corrosion
can occur

National Bureau of Standards
Metal Loss Study (after Homanoff 1957)
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Fig 39 Metal Loss versus pH-Well Drained Sites Only

Plastics and other synthetics have also been used as rem
forcements. but their performance has been disappointing
These materials are too brittle or too flexible to withstand and
sustain the construction loads, and their corrosion performance
is unpredictable (but in our experience uniformly poor)

Insummary we can state that there is sufficient data available
to permit the selection of the cross section and coating weight of
galvanized steel reinforcements to insure a minimum service

life Design procedures for this important determination include
the following

11) the calculation of anticipated weight loss based on labo

ralory or field measured values of resistivity and pH at
saturated conditions

(2) the selection of suitable site dependent characteristics for
precise calculation according to Romanoff s formula

(3) comparing answers found in (2) with upper limits inferred
by a broad interpretation of the Romanoff data

(4) proportioning the strip dimensions such that trr stresses
in the equivalent cross section at the end of the antici-

pated service life will be less than or equal to the yield
stress

(5) applying whatever factor of safety to calculation (4) is
required by the site and project characteristics



CONCLUSIONS

The excellant t!ructural performance of the more lhan 2.000
Reinforced Earth structures completed during the past 11years
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
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Les resultdts obtenus jusqu'iei du L.ibordtoire d'Orleans montrent
qu'a llinverse du laitier frangais, le laltler granule provenant de Pretoria
ne developpe que dca resistances faibles et qui cessent de croTtre a partir de
60 jours de prise.

Ce phcnomene peut etre du a une composition chimique differente,

notamment a une teneur en oxyde de magnesium superlcure et a une teneur en CaO
inferieure.

Le catalyseur employe au cours des essals a ete Jusqu'iei de la chaux.
I reste done a verifier si l'augmentation de resistance souhaitee pourrait etre
obtenue avec un catalyseur different, e'est a dire soit du qypse, soit de la
soude (NaOH), soit du gypsonat.

Dans le programme des essals, nous alions done distinguerdeux parties

Ure Partio - a executor en iranee

Determiner comme indlque ci-dessus le meilleur catalyseur,

2eme Partie - a effectuer en Afrique du Sud

Selon les resultats obtenus dans la lore Partie, les essals d'appli-
cation pourront etre conduits au Laboratoire Slagmcnt pour repondre
aux deux objectifs suWants

a) Essals de controle de la qualite du laitier granule et du catalyseur
choisi.
Les essals consisteront a relever les resistances a 7 - 14-28-60

el 90 Jours d'eprouvettes, moulees dans un moule do diametre 2 pouces
'sc dc hauteur 4 pouces.

L’agregat a employer sera un sable quartzitique de concassage 0-2 nm
de composition suivante ;

TAMIS A PAILLES COULEES % PASSANT
n° 200 12
0,2 nm 20 (16-22)
0,5 rv 55 (52-58)
I mm 82 (78-86)
2  mm 100 (95-100)



On constituera un melange dc 80 % de I'agregat ct-dessus et

20 % de laitier granule. E. a cet agregat total, on Incorporera
un catalyseur choisL scion le dosage tire des resultats de la
lere Partle.

On determiner.! ensulte la teneur en eau optimum de compactage
et la denslte maximum scion les essais Proctor modifies.

On moulera ensulte les carottes d'essals dans le moule dcfini
plus haut, au moyen d'u ne presse . Les moules seront munis d'un
piston a la partle inferieure. Les 2 pistons seront rapproches
de la presse jusgu'a ce gue la distance gui les separe solt de
4 pouces.

La quantitd a introdulre dans le moule resulte du calcul suivant

Si V est le volume du moule, on pcsera une guantite egale a

V multiplie par la densite humide maximum de I'essal Proctor,

les materlaux etant humidifies a la teneur en eau optimum de compac-
tage.

Les carottes seront demoulees et placees dans un etui plastique
pour etre placees dans un cabinet de prise en atmosphere humide
et a une temperature a peu pres constante de ['ordre de 20° C.

Xpres la prise aux intervalles de temps indlques plus haut, on
ecrasera les carottes dans un essai de compression simple
(unconfined compression test) a ['aide d'une presse avec une
vitesse d'ecrasement de 1,27mm par minute et on relcvera I1'effort
correspondant a la rupture de 1'eprouvette.

Essai sur grave laitier pour determiner la formulation applicable
a un cas de chantier donne.

Pourra etre execute scion les memes principes en utillsant des
moules dc 100 mm de dlametre et 200 mm de hauteur.

Si les agregats contlennent des elements superieurs a 25 mm on
introduira dans la fraction 0-25 un pourcentaqe dlelements 5-25
egal au pourcentaqe d'elements superieurs a 25.

La densite maximum et la teneur en eau optimum Proctor modiflee seront
determinees afin dc mouler les eprouvelles de la meme fagon que
precedcmment. La cure et les essais d'ecrasement seront effectues
comme precedcmment et aux memes intervalles de temps.



Un cas dlapplication type nous a etc propose a l'occasion de
la realisation de chaussees en bcton comportant une dalle de 23,5 cm

placee sur une couche support de 10cm d'cpaisseur cfi CIB constitute par
un crusher run 0-37 mmet 5 % de ciment.

Au cours de la discussion au sujet de ce cas, les observations
suivantes ont pu etre degaqees

Le calcul de la dalle de bcton, soit par les abaques de calcul
que 1'on peut trouver dans le AASHTO INTERIM GUIDE FOR DESIGN OF PAVEMENT
STRUCTURE (ed.1974), soit par le calcul que le Laboratoire d'Orleans
pourra nous communiquer, montrc que la couche support intervient que
tresfaiblement dans 1'economic sur [’epaisseur de la dalle de beton.

II en resulte que cette couche support a pour but

1° - de permettre les operations de construction dans de
meilleures conditions,

2° - d'eviter le pumping.

L'Introduction d'une variante pour rcmplacer la couche de CIB
prevue par une couche de grave laltier de meme epalsseur composee de 80 %

de crusher run, 20 % de laltier granule auxquels on adjoindra le catalyseur
presenterait les avantages sulvants

1° - La grave laltier ne presente plus les inconvenlents relatifs
aux exigences de delals pour le compactage et la grave laltier
peut etre retoucher alsement pour obtenir un nivellement precis
de la surface.

2° - La resistance a I'eau qui est necessaire une fois 1'ouvrage en
service peut etre obtcnue avec la qrave laltier dans un temps
raisonnable, c'est a dire a partlr des 90 jours, repondant ainsl
au souci d'eviter le pumping.

3° - Selon les prix pratiques , une economic sur les materiaux resulte
de 1'application de cette variante et elle s'accompaqnera d'une
economic complemcnt.ilre sur la construction proprement dite de
“ettc couche (regalage, compactage et fin reglage).

Cependant, cette variante ne doit etre presentee que si les
resultats de l'etude de formulation en Laboratoire faite avec
le crusher run et le laltier granule de Vanderbijl apportent la
preuve que le durclssement est blen effectivement obtenu avec la
ch.iux commc catalyseur (ou eventuel lement le qypse).

C. DIGUE



GKAVI L xiiiirills

("D k LD visit i‘d the SALVIAM dejot tind laboratory at Or 1< tiis on

14/6/78 and also in jceled field operations in 1lhe area. Discussions
vi rt- hi Id with Mr. P. Mirchi of Ralviam who has
jirocjraiirnie fir gr.ivel -slaq
the visit.

been directing the test

and to whom our thanks are due for arranging

2)

3)

Gravel-slag Tests:

Tests with 3.A. slag gave li;eppointing results

Reason appears to be high magnesia content because of use of

dolomite c¢cf. limestone in most French steelworks.

This means that lime alone is not an adequate catalyst.

Other catalysts, with or without
gypsum, NaOH or a special
gypsonat.

a proportion of lime could be
product developed by Prandi known as

Salviam laboratory will carry out tests on vdbijl slag to

attempt to determine correct catalyst.

In France a similar problem has been encountered with slag
from Dunkerque which is also dolomitic

- apparently gypsum
has been used as a catalyst in this

case - a danger of using
gypsum is that it could produce swelli .g of the layer after
compaction - hence Prandi*s gypsonat which is a mixture of
gypsum and other constituents.

Mr. Digue has written a testing programme to be carried out
jointly in France and in S.A. and which is
report.

enclosed with t>.is

Short Field vistt:

The construction unit was not engaged on gravel slag on that

day but some final product was inspected.

One of the sections showed signs of crumbling, the reason for

which, it was explained, was insufficient curing.
Practice in France is to use a finer

aggregate (-22mm) than in
S. A.

A mixing plant operated by CODAS was inspected - this plant was
preparing a cement-sand mix but could be adapted to gravel-slag

- features of the plant, which was a continuous-mix type,
included automatic weighing and feeding,

ability to use 2 separate aggregates,
asphalt plant), capacity of 1BO t p h. Estimated cost of
plant was FI'4GO 000 (R 7b 00O ) and when the time comes we
can get advice in design and manufacture.

constant flow devices,
pugmill mixer (from old

Page 2/



Random Notes ¢

Concrete roads: It was pointed out that in the design of
concrete roads the :ubhase was not expected to take much 1load,
th< main purposes of the -.ubbase being (i) to provide a smooth
working plat form in the concrete slab and (ii)
"pumping”" at and through the joints.

to avoid

* Slurry Seal: Usual spread rate was 12m*/Kg - interested
in Folbitem’s idea of thicker seals.
Aircooled Slaf: The ample of VanderBijl slag looked very

much like the French product - the vesicular nature of the

slag, caused by sulphur, could apparently be reduced by adding
pellets of hematite to the hot slag - could reduce L.A.
value from 24 to 20 and even 17. iitlaine-Tresl ?

test

Slagment; A small sample of slagment was handed over for
inspection and possibly testing. ( Q

pH values'Gravel-Slag: A pH value of about

12,5 was required
in order to get pozzolanic action.



TF.ST PROGRAMME FOR GRAVEL- SLAG

Thi n ults obtained so 'ar <it the Orl< ms Laboratory show that the ISCOR
develops far w< iki'r strengths than the French slags and further
increase in strength after LO days.

e luq
shows no

This phenomenon is possibly due to differences in the chemical composition, the
S.A. slag being higher in magnesia ) and lower in lime (CaO) .

MJ 0

The catalyst used in the present experiments has been lime. It remains to be
seen whether the required strengths can be obtained with different catalysts,
either gypsum or NdOH or gypsonat.

The proposed testing progiamme has to be divided into two steps:

STEP 1: TO BE CARRIED OUT IN FRANCE (EJL)
To find the appropriate catalyst.
STEP 2: TO BE CARRIED OUT IN S.A. : SLAGMENT LABORATORY

On the basis of the results of STEP 1 tests for possible practical

applications
to be carried out on the following lines:

. [ | iedVv the quality of grai and the chosen catalyst.
* The tests will comprise checking strengths at 7, 14, 28, 60 & 90 days
Samples will be prepared in cylindrical mould 2" dia. & 4" height.

* The aggregate to be used with the slag will be 0-20mm. quartzitic

crushed sand, having the following grading:-
Sieve Opening %P assing
200 12
0,2mm 20 (18-22)
0,5mm 55 (52-58)
1 mm 82 (78-86)
2 mm 100 (95-100)
* The ratio of aggregate to slag will be 80% to 20%. The selected

catalyst will be added to this total mixture atan application rate
determined by the results of STEP 1.

The optimum moisture content and maximum density will be obtained
from the modified PROCTOR test.



b)

NOTE:

a tost press. The mould- .ire f 11 t«d with ji-t >1- wliieh cun 5 ers
the samples to the required hei -ht of 4".

The quantity of material to b< placed in the moulds is calculated
as follows:

If V is the volume of the mould the quantity required is tlie mass
of the total mixture (including water) which will give the volume
V at maximum density and optimum moisture content.

After compression in the moulds the samples are extracted, covered
in plastic, placed in a moisture curing room, kept humid and at a
constant temperature of about 20°C.

At the time-intervals indicated above the samples are tested to
destruction (unconfined compression test) by means of a test press
operating at 1,27mm/minute.

Trusts with gravel-slag to determine the appropriate mixture for

These tests can be carried out on the same principles as above but
using moulds of 100mm dia. and 200mm height.

If portion of the chosen aggregate is greater in size than 25mm it
is excluded from the test. A fraction of 5-25mm is added to the
sample, equal to the fraction greater than 25mm.

The maximum density and O.M.C. at modified PRCX'TOR will be determined
as previously. The curing and crushing of samples are carried out
as before and at the same time-intervals.

CONCRETE ROAD:

This note discusses the case of the construction of a concrete road,

slab thickness 235mm placed on a subbase c¢f CTB, 37,5mm crusher-run
and 5% cement, and 100mm thick.

The following observations are submitted:

* The calculation for the concrete slab, according to either
the design charts of the AASHTO Interim Guide for Concrete
Structures (1974) or the KJL laboratory at Orleans, shows

that the subbase layer plays a minor part in the economics
of the thickness of the slab.

The principal functions of the subbase are therefore:

i) to permit construction of the concrete slab under
the most favourable conditions (accuracy of grade,
smoothness of working platform);

ill to eliminate "pumping".

Page 3/.



An al t( rn«itivt to the CTB in Dm f>rm of < ijiuvcl-sluy fixture
of the same thickness, compri iny BOV cin tier-run, 20V yremulated
slay and a suit able catalyst will yive the following advantages:

i) Compaction specifications for yravel-slag mixtures
do not call for the sonic short compaction periods
as for CTB. Therefore the yravel-slag layer can

be completed to finer tolerances.

ii) Resistance to the effects of water, required for any
type of road in service, is obtained with yravel-slag
after a reasonable time (say 90 days) and "pumping"
can consequently be avoided.

iii) At current prices economies will result in costs of
materials by using this alternative and the costs of
mixing, compacting and finishing should also be
reduced.

However this proposed alternative should only be submitted if the
laboratory tests with the crusher-run and Vanderbijl slag prove
that hardening can be obtained with lime and a chosen catalyst
(or eventually gypsum alone).
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APPENDIX 9

PROPOSED PROGRAMME OF PRELIMINARY TESTS ON SAND : GRANULATED
SLAG MIXTURES

(i) It is proposed to use two aggregates for the preliminary

tests.

Aggregate 1 is a Witwatersrand crusher sand

Agregate 2 is a washed granite concrete sand (graded
curves attached)

Both of these materials have the advantage that t-hey Lave

no natural cohesion, they have a range of particle sizes,

and the maximum particle size is not too large for use

with a 50 mm diameter mould.

(ii) p.. ' nary tests on mixtures of the sand and granulated
slag will be made following tho Eades and Grim method to
find what percentages of hydrated lime, caustic soda and
ordinary Portland cement are necessary to rise the pH to
a value of 12,3. Specimens will then be made up for testing"
at 7,14,28,56 and 112 days with a ratio of aggregate : slag
of 80% : 20% and the selected percentages of the three
catalysts. Five specimens will be made for testing at
each age. Specimens will be compacted by static compression
at a moisture content corresponding to the optimum moisture
content for modified AASHO compaction established far the
sand slag, catalyst mixture, and will be compressed to attain
the maximum density for modified AASHO compaction.

(Five specimens x five times x three catalysts x two
aggregates = 150 tests).
After forming each specimen, it will be removed from the

mould, wrapped in a polythene strip and aluminium foil and

then wzxed to seal in the moisture. Curing will be carried
out at 25°C. (Some difficulty may be experienced with the
demoulding process. If this proves to be the case it may be

necessary to add a small proportion of milled fines to the
material in order to improve the early handling character-
istics. )

After the appropriate curing period, the specimens will be

tested in unconfined compression at a rate of approximately

1,25 mm per minute.



APPENDIX 10

Session 1IV; Slags

The General Reporter, Thomas, summarised the papers submitted for
this session. Anderson dealt with the stabilisation of road bases
using both granulated and air-cooled slag. He reported that the
cementing bonds developed by activated slag appear to behave visco-
elastically. These materials therefore have superior cracking

resistance to Portland cement stabilised material.

Blunk drew attention to the phosphate content of certain steel
slags, and the possibility of using this material as a fertiliser.
Germany apparently uses 100% of its slag production at present,

and actually imports 1,2 million tons per annum of granulated

slag.
«
Ambroise dealt with the use of pelletised slag in light weight
aggregate concrete. Pel iv'. ised slag aggregate is superior as

regards water absorption (i e absorbs less) to expanded shale

aggregate, because each pellet has its internal voids sealed.

Shrinkage, strength and modulus values arc also quite adequate

when pelletised slag aggregate is used in unreinforced or reinforced

experimental applications.

Colombier dealt with the 80 : 20% gravel slag mix known in France

as "graves laitier". This material has the useful property of slow

but progressive hardening action. The ultimate strength value of
graves laitier is approached after 6 months, but the strength

at 7 days is only 10% of the 6 month strength. The large binder
content of this type of material allows considerable latitude in

mixing. However shrinkage cracking can be a problem.

A recent development involves the partial pre-grinding of the slag.

There are also several altermative activators which can be used,

e g sulphate-lime-soda activators, gypsum-soda activators etc.

Dussart dealt with the use of steel slag. Steel slag comes in both

disintegrated and crushed forms. The slags' free-lime and magnesia

content is a problem, as it may lead to expansion of compacted

material, but it has a potential benefit as a source of hydraulicity.

Both crushed and disintegrated slag have hydraulic properties.



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 to disintegrate on exposure to water and should
only be used as an asphalt aggregate when it is protected from water.
Steel slag apparently has excellent wear characteristics. In
standard tests up to 50% less wear has been recorded with steel

slags than with natural materials.

Emery and Hooton described the use of partially ground pelletised
slag as a replacement for silica-flour in auto-elaved light-weight
aggregate Portland cement products. They vse the pelletised slag

as an aggregate. The partial grinding produces fines which have

hydraulic properties.

Mraz reported that failures had been experienced where blast furnace
slag has been used as a road stone. The problem has been traced

to the reactivity of unhydrated calcium oxide contained by the slag.

Popovics dealt with the use of slag as an embankment fill. He
reported on a large industrial terrace build of a heterogenous mixture
of slags. Triaxial shear tests showed very high angles of internal

friction (in excess of 45°) and the fill proved to be almost

completely incompressible.

Dubose pointed out the energy savings which can occur when granulated
slag 1is used to produce an interground slag cement. For example

116 kg per ton of fuel oil is used to produce pure Portland cement.
The fuel oil requirement falls to 46 kg per ton for a mixture of

15% Portland cement and 85% slag cement.

Delegates at the Conference proved to be very aware and concerned
with energy conservation, and the use of materials which have a
latent energy content, which their use, in effect, reclaims (e g blast
furnace slag). Delegates appeared less aware and less concerned with
the possible pollution hazards of using wastes in civil engineering
construction. It became quite clear that this lack of concern was not
based on knowledge that the problem did not exist, but simply on the

preconceived idea that no pollution problems would arise.



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 the big problems
experienced in France relates to shrinkage cracking of the surfacing.
Under the drier South African climatic cor 'itions this problem may prov
to be even more severe, and we may find ourselves faced with severe
cracking problems simila to those experienced a few years ago with

cement-treated crusher-run road bases.

Session V : Fly-Ash
General Reporter Nicolescu : report read by Bonnot.

It is evident that fly-ash from different countries reacts differently
and that fly-ash will have different properties from time to time,
even when ta'ken from the same power station. There are two basic types
of fly-ash : silica-alumina ashes which require activation in order to
develop cementing action, and sulpho-calcic ashes which are self
cementing. The bulk of fly-ash is transported hydraulically to

storage, and therefore loses some of its cementitious 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 stabilise

soils. When added to clay soils the liquid 1limit is decreased, althouc
the plasticity index remains almost constant. Free swell and swelling
pressure ari also decreased. Similar results are obtained whether

the precipitator ash or lagoon ash is used, but- lagoon ash is less

active than precipitator ash which has never had access to moisture.
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ZG. E. Blight, M.Sc.(Eng.), Ph.D., D.I.C., Department of Civil Engineering,
A.M.S.A.L.C.E. University of the Witwatersrand,

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:

(1) 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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INTRODUCTION

Mixtures of egraded gravel or sand and 10% to 25% of granulated
(ie water-quenched) bLj* ’ furnace slag activated by means of a
small percentage (cypic j.ly 1%) of lime have been used
extensively for road construction in France for a number of
years, eg Prandi (1). Investigations along similar lines in
the VSA(2) “'have also been encouraging. Among the advantages
claimed for activated gravel or sand/granulated slag mixes

(graves-laitier and sables-laitier) are:

i) slow set, making placing and working easier;
ii) insensitivity to variations in water content;
iii) little shrinkage cracking, combined with self-healing

properties;
iv) high strength; and

V) excellent durability.

Prandi reports unconfined strengths at 7 days of about
500 kPa rising to 2000 kPa at 56 days. The US National
Slag Association reports strengths at 7 days of 450 kPa to
1050 kPa for slag contents of 10% rising to 2200 kPa to
3200 kPa at 90 days.

In the gold-mining areas of South Africa, large quantities
of waste slimes exist and granulated slag is available from
the Iscor works in Pretoria and Vanderbijlpark either as
the water-quenched granulate or, via Slagment Ltd. as
milled slag cement. In the central Witwatersrand area sand
dumps ex st, but most of these will probably be reprocessed
in the no r future to recover their gold content, the end
waste-product being again slimes. Gypsum waste from the
fertilizer industry is also available to the North of

Johannesburg and at Potchcfstroom.

It would clearly be of great advantage to the country if
the slimes could be used in road construction. The advantage
would be even greater if the other waste products mentioned

above could be used to stabilize the slimes.



Granulated blast furnace slan is a pozzalonic material
vhich, in the presence of water, reacts with free lime

produce calcium and aluminium silicates(3). These

:onn cemenvitious bonds within the aggregate.

Lime" stabilization occurs by the formation of calcium
silicates (in the presence of water) by reaction
between finely divided silica in the aggregate and the
free calcium hydroxide. Both of these processes
require an environment of high pH as the solubilities
of both silica and alumina are greatly increased at

high levels of pH(4).

For this -eason caurtic soda, which has a higher pH
(about 13,3) than that of slaked lime (about 12,5)
has been used to promote lime stabilization by adding
a small percentage of it to the lime (5). Caustic

soda has also been used by itself to stabilize soils.

Super-sulphated cement consists of 80 to 85% of
granulated slag which is interground with 15 to 10%
of gypsum and 5% of portland cement clinker (3). The
addition of a small percentage (typically 0,1% of

the total mix) of gypsum to the lime activator used

in the French graves-laitier mixes is known to promote

the gain of strength.

Finally, we have the phenomenon of alkali-aggregate
reaction which can be a serious problem in disrupting
structural concrete(6). The reaction occurs when
nilica in the aggregate is attacked by the alkaline
sodium and potassium hydroxides derived from the cament

with the resulting formation of alkali-silicates.

information resulted in the design of the first series

in which the activators consisted of:



90% lime + 10% caustic
90% lime + 10% gypsum

90% gypsum + 10% caustic

ordinary portland cement.

The portland cement was added to the

standard of 'reference.

soda

ekciH'/fc-rofZS

soda

list purely as a

TESTS USING GRANULATED SLAG AND COARSE SAND AGGREGATES

This first exploratory series of tests was aimed at simulating
the materials used in "ce and investigated in the USA. Two
coarse sands having s grading were selected, one being

a Witwatersrand quartz-te crusher sand, the other a washed
granite sand fr< " Honeydew. The gradings of these two sands
are shown in F* re 1. An 80%:20% mix of sand and granulated
slag was used for all specimens which were activated by means
of 5% of the above list of activators.

The percentage of. activator of 5 was selected as a result
of a series of Eades tests (4) the results of which are
shown in Figure 2 and tabulated in Table 2. In all cases
the maximum pH of the mix vas reached at am activator
percentage of 4. This was increased to 5% in case there
should be a decrease in pH as a result of the cementation

reactions.

The test specimens were

were compacted

to a dry density of 1500 kg m~3 at

The density and compaction water

carrying out static compaction tests

water content

activated with 2% and 5% of lime.

compaction tests

are recorded

After
foil,

compacting the specimens,

sealed

38 mm in diameter
statically using double
a water
content were
to determine
and maximum dry density

The results

they were wrapped in

in wax and stored at 25°C until

and 100 mm long and
floating pistons (4)

content of 6%.

selected after

the optimum
of both slag/sand mixes

of the

in Table 1.

aluminium

the selected



test age had been reached.

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 and 600 MPa, but the remaining activators did not
perform well. Of the remaining activators, the most
promising appeared to be the mixture of (90% gypsum + 10%
caustic soda) . It was decided to use this activator as

well as the (90% lime + 10% caustic soda) mixture in further

tests.

TESTS TO INVESTIGATE THE EFFECTS OF FINENESS OF AGGREGATE

AND FINENESS OF S”*AG

p

The preliminary series of tests appeared to show that it is W'7
not possible to match French and American test results on
slag/sand mixes with South African slags. The next stage

in the investigation was to investigate the effect of

using finer slag and finer aggregates.

In this series of tests, specimens were made with mixes
containing 30% of dump sand and slimes (gradings shown in
Figure 1) and 20% of granulated slag and a partly milled slay.
Whereas the granulated slag has the particle sizes of a
coarse sand, the partly milled slag has the particle sizes

of a coarse silt/fine sand.

It was realized that the finer aggregates would have a higher
optimum water content than the coarse. It was nevertheless
decided to keep the variables of water content and dry density

constant as before at 6% and 1500 kg m-3respectively.

The results of tests on specimens activated with (90% lime

+10% caustic soda) are plotted in Figure 4a, while those
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for specimens activated with (90% gypsum + .10% caustic soda)

are plotted in Figure 4b. Lvrwb-TofL. 1 7

With granulated slag and lime/caustic soda activator strengths
increased progressively as the aggregate became finer. With
the gypsum/caustic soda activator, aggregate fineness had no

effect.

PIHT
On the other hand, there appears to be no advantage in using
a finer slag with a coarse sand, but there are very definite
advantages in using a fine slag combined with fine aggregates.
Both dump sand and slimes in combination with partly milled
slag achieved strengths approaching 1000 kPa. The results
of Fades tests on mixtures of granulated and partly milled
slag and dump sand and slimes in combination with various
activators are tabulated in Table 2. The pH appears in this
case to be little affected whether the aggregate is sand or
slimes, but this may not be so for aggregates from different
sources, possibly containing a greater content of soluble
salts. The pH of mixes containing the lime/caustic soda
activator were in the region of 12,7 even when the percentage
of activator was.doubled. The pH of mixes containing the
gypsum/caustic soda activator, however, increased appreciably
when the activator percentage was increased from 5-to 10. It
was therefore decided to explore the effect of varying both

activator percentage and activator composition on strength.

EFFECT OF ACTIVATOR PERCENTAGE AND COMPOSITION ON STRENGTH

The results of tests on mixes of granulated and partly milled
slag and dump sand and slimes activated with lime/caustic
soda are shown in Figure 5a. In general there seems to be no
worthwhile advantage in increasing the activator percentage
above 5. However, at later ages, there is a definite

advantage in increasing the caustic soda content of the

activator.



Figure 5b showi, corresponding results for mixes activated
with gypsum/caustic soda. These results were completely
negative, showing no advantage in increasing the activator

percentage or the caustic soda content of the activator.

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
aggregate. The next stage of the investigation concentrated

on using slagment in combination with slimes.

It was also apparent that the costs of milling granulated
slag to silt-size fineness would make the use of 80%
aggregate: 20% slag mixes prohibitively expensive and it was
therefore decided to investigate reducing the slagment
content of the mixes progressively to 10% and then 5%. It i
was also decided at this stage to compact all specimens to
Mod AASHO maximum dry density at Mod AASHO optimum water W N
content, although static compaction would still be used.

The results of the compaction tests are summarized in Table IB
Figure 6 shows the age-strecngth curves for this test series.
It is particularly encouraging to note that strengths of
2000 kPa can be reached with a 95% slimes:5% slagment mix
activated with lime/caustic soda. On the other hand, the
mixes activated with gypsum/caustic soda are uniformly

disappointing.

However, one is left with the problem that a mix such as Z
in Figure 6, although it reaches a satisfactory strength, has
a binder content of 10 per cent. This immediately raises

the question: Could not the same result be achieved by

means of 5% of portland cement?

Although similar tests had previously been performed with

negative results (see Figure 5b), it was nevertheless decided

to reinvestigate the effects of



i) increasing the activator content; and

ii) increasing the caustic soda content of

the gypsum/canstic soda activator on the grounds that this
activator should be very cheap. The results of this last
investigation are shown in Figure 7 and once again proved

to be complptely negative,

PROPOSALS FOR FUTURE WORK

By a process of elimination it has been shown that dump sand
and slimes can be successfuly stabilized using slagment
stabilized with lime/caustic soda. It does not appear
worthwhile pursuing gypsum-based activators.

It is proposed that the following programme be followed:

i) Investigate the effect of reducing the slagment/lime/

caustic soda content below 10%

ii) Investigate the effect of reducing the activator content
below 5%
iii) Investigate the effect of eliminating caustic soda

from the activator

These proposals are scheduled in detail in the Appendix to

this report.
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9. APn:NPi>: - pnorosrp ruRTHi'R tests

(a) Genera 1

i) All tests to be carried out on stabilized slimes

ii) All specimens to bo compacted tv a dry density of

1700 fr¢ m"3 at a compaction water content of 18%

iii) After compaction specimens to be wrapped in aluminium
foil, sealed in wax and stored at 25° until the age
of test

iv) Nine specimens to be made for each binder content

and tested in unconfined compression as follows:

3 at 7 days
2 at 28 days
3 at 63 days

v) Binders and binder contents are to be as scheduled below;
Binder content Binder Composit:ion in
as mass per per cent by dr\/ mass
t f d
ce.n ° ry Slagment Road Lime Caustic Soda
slimes .
i 10 0 45 5
(i) p ) i Y
3 M L | M
(ii) 72,5 25 2,5
Mj 89 lo 1
5 I a I
(iii) 10 50 50
5 [ ]

8 x 9 = 72 specimens



A . Static compaction

80%

90%

TABLE 1

1RESULTS OF COMPACTION TEETS

Material

granite sand: 20% granulated

+ 2%

crusher sand:

+ 2%
+ 5%

Lime
+ 5% Lime

20% granulated

Lime
Lime

B. Mod AASHO Compaction

80%

90%

95%

Slimes: 20%

+ 5%
+ 5%

Slimes:

+ 5%
+ 5%

Slimes:

+ 5%
+ 5%

of
of

10%

of
of

Materjal

Slagment

(90% Lime + 10%
(90% Gypsum*10%

Slagment

(90% Lime + 10%
(90% Gypsum+10%

5% Slagment

of
of

(90% Lime + 10%
(90% Gypsum+10%

in 38 nun dig mould to

slag

slag

NaOH)
NaOH)

NaOH)
NaOH)

NaOH)
NaOH)

Optimum

water

content
%

S
N

n K
L o

Optimum

water

content
%

stress of 2 MPa

Maximum
dry

density
kg m" 3

1493
1509

1529
1560

Maximum
dry
density
kg m-3

1690
1735

1660
1720

1645
1725



RESULTS

(A1)

Slag

20% granulated

20% granulated

20% partly

milled

Slag-aqgrcqato-act ivntor

2%
3%
4%
5%
2%
3%
4%
5%
2%
3%
4%
5%
2%
3%
4%
5%

5%

10%

5%

10%

5%

10%

5%

10%

TABLE 2:

OF pH DETERMINATIONS IN

mixes

Activator

lime
"

"

cement
"

"

caustic soda

(90% lime + 10%
caustic soda

Activator

(90%
caustic

lime + 10%
soda)

(90% gypsum +
10% caustic
soda

(90% lime + 10%
caustic soda)

(90% gypsum +
10% caustic
soda

EADE1S TESTS

pH
80% Granite
sand

12,7
12,8
12,8
12,8

11,9
12,0
12,1
12,0
13,0
13 ,2
13,4
13,2

i
12,7
12,8
12 ,8
12 ,8

80% dump
sand

11,9
12,8
12 .8

11,6

12,2

sand
4.4

dump

80%

80%

Crusher
sand

12,5
12,8
12,8
12,6

11,7
12,1
12,1
12,0
13,0
13,2

13,?
13,2

12,3
12,8
12,8
12,9

Slimes

12,0
12,7
12,7

11,7

11,9

slimes
3,8



TABLE 2: RESULTS

Activators

(B)

% Lime 1

100
95
93
91
89

(A2) Slag-aggregate-actlvator

20% Slag

Granulated

OF pil DETERMINATIONS IN

EADE'S TESTS (Continued)

Gypsum pH % Gypsum % Caustic Soda pH

12,8 100 3.9

100 3,9 — 100 13,3

5 12,7 95 5 11,9

7 12,7 93 7 12 ,1

9 12,7 91 9 12,4

11 12,7 89 11 12 .4
mixes

5% Activator

90% gypsum + 10%
caustic soda

90% lime + 10%

gypsum

90% lime + 10%

caustic soda

pH with 80% of aggregate:

Crusher sand Dump sand Slimes
12,3 12,1 12 ,0
12,7 - —
— 12,8 12,8
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Lech etrcnyth fe iho mv.in ol J dctviminallone
All epcclmcne wmie cr-«p.ictod to e domne liy of 1SUO kym"'
(A) Toete on 601 Ayy*cgeie# 201 Sleg Mlwee Uelny Slag end Aggiegetu of
Age et Typr of Sieg, Act lvalor end Aq«irc«jnto
test Granulated Slag ¢ Si Activator
oaya
Lime to* U IKO lot NaOh tot Limn*10* Gypsum »0t
Granite Crur'ar Granite Ciusher Granite Ciusher Granite
eand aand eand sand eand eand send
7 59 XPa 52 XPa *+116 XPa lot XPa 74 XPa «7 XPa 105 xpa
28 17t 77 *41 m 177 tl
*C 17 170 586 06 251 0> o 218
Crueher Sand ¢ Granulated é]ag
tot Limn ¢ lot NaOH 6 .et 10* Gypsum « 10*
St et . | 1C..a 871 Lime 85t Lime at 6.8 %
13* NaOH 15* NaOH
126 XPa 166 XPa 1*3 XPa 131 XPa 1*8 XPa 164 XPa 61 XPa 78 XPa
28 781 38* 421 11 547 615 205 101
<.y 21) a2 403 «)» 44 670 177 160
CruihT S¥*--» Partly MI1llfd Slag
Mme ¢ 101 NioOll 70% Cyr» w» 10t N«
It 10.«t !k
1J8 XPa 157 XPa 187 XPa 1»5 XP,
26 167 155 283
JIL LLL JILL 221
Dj»r Sand
Granulated Slag Partly Milled Slay
»0t Lina w lot NaOH Itot Gyp«um«lOt taOM; to Lime < _10t “*OH1tOt Cyfaum*10t NaOH
St 10, 4t o o St 10,4%
206 XPa 138 XPa 121 XPa 1 188 XPa 606 XPa 511 XPa < 512 XPa
78 311 671 131 1 **5 11 851 1027 534
26 *35 1174 =8 o1 475 64) 1054 658
Slimes
Granulated Slag Partly Milled Slag
lot Lime * lot NaONHOt GYpaum*10t NaOH JOt Lime * 10* NaOH 110, Gypsum* 101 NaOH
St 1o, «t j 51 10.4% 5% 1 10.4% 10,4%
17 306 XPa 384 XPa 121 XPa 184 XPa 615 XPa 1 684 XPa 348 XPa
28 435 1288 178 165 514 1011 741 455
H _ 748 1131 1J1 41 707 1)83 711 vol
<
tBi Teat * on Sllmaai Slegment Hlxas
St furtlvator
aot SI!mea:20t Slag Jot Slimee:10* Slag 15* 51Imea 5% Slag
lot Lime* ° 90t Lime 10tCypaum 90t Lime 10tGypsum s I[Gypsum iBOtGypsum
10* NaOH ° lot NaOH 10* NaOH 10* NaOH 10t NaOH 15t NaOH 120* NaOH
7 1280 XPa 680 XPa 1130 XPa 571 XPa 852 XPa 515 XPa 386 XPa
28 11451 582 1)30 470 12 522
56 '2166 581 7"** 501 2161 545

Gypsum*lot

Verlouo

NaOH
Crusher

eand

7t XPa

J71

NaOH

76 XPa
18

St
1280 XPa 1
1451
2.166

ToT

>1Inoncitece

Ordinary Poriland Com.
Granite Crusher
eand sand
)1« XPa 442 XPa
115 815
10«0 "56

6 .8 %
. <
T 87*Cypaum 3 StG
13* NaOH 1St
61 XPa 60 XPa 50
105 175 101
161 121 U £+ _
'
Slegment
5%
680 XPa
582
58 )

— r ~mi

Aft Ivator |Act Ivator

10tCypaum*lot

411 XPa

NaOH

578 XPa
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