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ALKALI-AGGREGATE REACTION IN NOVA SCOTIA 

I. SUMMARY OF A FIVE-YEAR STUDY 
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Studies); now re t i red .  

(Communicated by G .  M .  Idorn)  

ABSTRACT 

Laboratory exper iments  conf i rmed that  alkali-aggregate react ion 

caused excess ive expansion of some Nova Scotia concrete .  Major 

rock  types  w e r e  tes ted a s  aggregates  in  m o r t a r  b a r s  and concre te  

p r i s m s  and a s  rock  cyl inders  i m m e r s e d  in  a lkal i  solution. Gr e y  - 
wackes,  a rg i l l i t e s ,  phyll i tes,  and so m e  quar tz i t es ,  sch i s t s  and 

rhyolites w e r e  identified a s  highly reac t ive  through petrographic  

studies and length change t e s t s .  

S OMMAIRE 

Des expgriences en l abora to i re  confirment que l a  dilatation exces- 

s ive  de ce r ta ins  bCtons en Nouvelle E c o s se  es t  due 3 une r6action 

alcali-granulat .  Le s  pr incipaux genres  de roche  furent m i s  'a 
l ' e s s a i  comme granulats  dans des  b a r r e s  de m o r t i e r  et des  p r i s m e s  

de bhton, et sous f o r m e  de cyl indres  de  roche plong6s dans une 

solution alcaline.  Les  grauwackes,  a rg i l i t e s ,  phyll i tes et ce r ta ins  

quar tz i tes ,  sch i s tes  et rhyol i tes  furent identifigs c o m m e  d e s  roches  

tr'es rgact ives ,  au moyen d'Ctudes ~C t r o g r a p h iq u e s  et d ' e s s a i s  de  

changement de longueur. 
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Introduction 

An extensive investigation was begun in 1965 to determine the nature 

of and solution to a concrete problem in the Province of Nova Scotia. Ex- 

cessive displacement and cracking of concrete had been observed over many 

years  by the Nova Scotia Power Commission in their hydraulic s t ruc tures .  

Several  independent investigations had been made but the cause remained 

uncertain. The actual expansion was measured in the field over many years  

by the Commission and was observed to be exceedingly slow. Except for the 

clear-cut  cases ,  the resultant deterioration of concrete often could not be 

distinguished from, for example, f rost  action. Petrographic and other 

evidence indicated that an alkali-aggregate reaction was probably responsible. 

To some degree the slowness of the field reaction could be attributed t o  fair ly  

low annual average temperatures .  

The objects of the present  study were to determine: (a )  whether i t  

was an alkali-aggregate reaction, (b) the rock type or types responsible, 

(c )  the preventive measures ,  (d)  the extent of the problem, and ( e )  the 

mechanism. 

This paper i s  the f i r s t  of four papers  that descr ibe in condensed form 

the five-year study and follows an ear l ie r ,  prel iminary report  on progress  

during the investigation (1).  The subsequent papers  will descr ibe field and 

petrographic studies, laboratory studies of volume change, and charac te r  of 

the reaction. 

Mater ials  and Methods 

The rock types selected for study were mainly those that were  found 

to predominate in field concretes a s  determined from co res  and from known 

sources  of concrete aggregate. The origin, nature, and relative abundance 

of t h e s e r o c k  types a r e  described in a second paper .  A total of 75 concrete 

cores  were  taken from field s t ruc tures ;  48 rocks,  5 ballasts and 6 sands from 

ac ros s  mainland Nova Scotia were  studied. Rocks and sands that were  of 

doubtful quality a s  concrete aggregate, from the point of view of conventional 

tes t s ,  we re  not included in the sampling. Two reference coa r se  aggregates 

and two reference fine aggregates f rom outside the Appalachian region, and 
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with known performance records ,  were  included a s  controls. The scope of 

the project did not permit  evaluation of new sources of concrete aggregate 

considered t o  be nonreactive. 

The alkali contents of the th ree  normal  portland cements used in the 

study a r e  given in Table I. To obtain alkali  contents exceeding the 0. 88 

percent maximum in these cements,  extra  alkali, usually sodium hydroxide, 

was added to the mixing water,  using the medium alkali cement a s  the base 

in most cases .  

Table I 

Alkali Contents of Cements - As Percentage by Weight of Cement 

Total, 

Cement Na20 
K2° 

calculated a s  Na 0 
2 

Low alkali 0. 14 0. 30 0. 34 

Medium alkali 0. 20 0. 78 0 .  71 

High alkali 0. 27 0. 9 3  0. 88 

Expansivity was determined by three  length change methods: a modi- 

fied form of the ASTM C227 mor tar  bar  tes t  (2), a modified form of the 

ASTM C586 rock cylinder test  (3) ,  and a concrete p r i sm tes t  (4) .  The modi- 

fications involved mainly methods of acceleration necessitated by the extreme 

slowness of the reaction. This added acceleration was achieved by higher 

conditioning temperature,  increased alkali  content t o  supplement that in the 

cement, and increased concentration of potentially reactive rock types in 

each t e s t  aggregate. Special tes t s  were car r ied  out with KOH instead of 

NaOH. 

Besides the main test program involving variations in temperature,  

alkali content, and concentration of reactive rock type, other factors  were  

studied, including the effect of fly ash  and pozzolan, restraining steel,  and 

cycles of wetting and drying. Studies were  made of physical propert ies  such 

a s  internal surface a rea ,  porosity, and specific gravity. Use was made of 

x-ray and electron microscope techniques. Not al l  of the test  data can be 

reported because of space limitations. 
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Typical Test  Results 

Of the numerous rock types present  in the Appalachian region, of 

which Nova Scotia i s  a par t ,  those shown by length change t e s t s  to  be alkali-  

expansive a r e  shown in Table I1 along with those showing no expansivity. 

Within each group and within each rock type were  considerable variations in 

degree of alkali-expansivity. The last  t h ree  shown occurred in both catego- 

r i e s .  Concurrent studies of concrete field cores  indicated, on the basis  of 

cracking and other evidence, good agreement with resu l t s  of length change 

studies in determining the above classification. 

Table I1 

General Classification of Nova Scotia Rock Types Investigated 

It i s  important to note that a rock classified a s  a greywacke o r  a 

Highly Alkali Expansive 

greywackes 

a r  gillit e s 

phyllite s 

phyllite, for example, contains many rock types in varying proportions, 

Non -Alkali Expansive 

pink graphitic granites 

basalts 

a rkoses  

sandstones 

dolomitic l ime stone 

syenite xenoliths in an acid 

intrusive 

mass ive  milky quartz 

amphibolit e 

some alkali-expansive and some not. Examples of compositional charac te r -  

quartzites 

schis ts  

rhyolites 

is t ics  a r e  given in the second paper in this  s e r i e s .  

1. Mortar  Bar  Tes t s  

Some 2000 mor t a r  ba r s ,  made to ASTM bar  dimensions ( 1  by 1 by 

1 1 i  in. (25 by 25 by 285 mm)) ,  were  conditioned in vari'ous ways and m e a -  

sured for length change, in some cases  for a s  long a s  four years .  Tripl i -  

cate samples were  used in most tes t s .  Expansion was considered to  be ex- 
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cessive when it reached or  exceeded 0. 05 percent ( l inear) .  The slowness of 

the reaction compared with most alkali-silica reactions described in the 

l i terature required different c r i te r ia  of t ime versus degree of expansion. 

Final selection was based on performance in laboratory and field. 

Figure 1 shows typical expansion resul ts  for mor tar  b a r s  cured over 

water in sealed containers. The curves show that greywacke and argill i te 

FIG. 1 

Typical mor tar  b a r  expansion at 

100' F (38" C) (ASTM C227) with 

Nova Scotia rocks a s  aggregate 

and low alkali cement (0. 3 40/0), 

medium alkali cement (0. 710/0), 

high alkali cement (0. 88%), and 

the medium alkali  cement plus 

additions of NaOH. (Total alka- 

l is  calculated a s  percent Na 0. ) 
2 

Moist-cured in sealed contain- 

e r s .  

- 
REFERENCE - 

- P 7 7 

0 2 4  4 8  7 2  9 6  1 2 0  0  2 4  4 8  7 2  9 6  1 2 0  1 4 4  

T I M E ,  WEEKS 

produce significantly high alkali -expansivity with the higher alkali concentra- 

tions, a s  against no significant expansions for the arkose or  reference aggre-  

gate . 

Figure 2 shows typical expansion versus t ime curves with tempera-  

t u re  a s  a variable. The change in r a t e  and degree of expansion from 100°F  

(37. 8°C) to  125°F (51. 7°C)  was generally quite pronounced for rock types 

shown t o  be alkali-expansive in other t e s t s .  Except for smal l  increases in 

a few cases,  expansions were not excessive when low alkali cement was used, 

even a t  150" F (64. 4°C). Studies of this nature made it possible to develop 

time-length change cr i te r ia  for tes t  purposes. 

Mortar  bar t e s t s  were car r ied  out in  which the percentages of Nova 

Scotia (N. S. ) rock in the total aggregate (made up with a non-alkali expansive 

sand) were  100, 65, 35 and 4. Twenty-six rock samples were  studied. In 

3 cases  the maximum expansion, 0. 05 percent or  more  at 48 weeks, occurred 

with 35 percent N. S. aggregate (an impure granular quartzite, a rhyolite 

and a heterogeneous mixture).  In 8 cases  the maximum expansion occurred 
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FIG. 2 

Effect of cur ing t e m p e r a t u r e  on expansion of m o r t a r  b a r s  

made  with Nova Scot ia  aggregates ;  with low alkal i  cement  

(LA, 0. 34%) and high a lkal i  cement  (HA, 0. 88%). Moist  - 
cured  in  sealed con ta iners  a t  t e m p e r a t u r e s  s ta ted.  

with 65 percen t  N. S. aggregate  ( a  phyllite, a n  a rg i l l i t e ,  a heterogeneous  

combination, 3 greywackes  and 2 quar tz i t e s ) .  In 7 c a s e s  the  maximum ex-  

pansion o c c u r r e d  with 100 percen t  N. S. r o c k  ( a  phyll i te,  a rhyoli te,  3 g r e y -  

wackes ,  and 2 quar tz i t e s ) .  A c h e r t y  aga te  produced maximum expansion 

when p r e s e n t  a s  4 pe rcen t  of to ta l  aggregate .  T h e  remaining 7 s a m p l e s  did 

not produce excess ive  expansion when p r e s e n t  in any of t h e s e  propor t ions .  

M o r t a r  b a r  s tudies  showed that  in g e n e r a l  t h e  expansion r a t e  in -  

c r e a s e s  with i n c r e a s e  in average  p a r t i c l e  s i z e  of alkali-expansive rocks .  

T h e  effect is not considered sufficient t o  u s e  a grading different t o  tha t  of 

ASTM C227. 

M o r t a r  b a r  t e s t s  w e r e  m a d e  t o  study such f a c t o r s  a s  effect of type 

of a lkal i  and effect of m o i s t - d r y  cycling. Low alkal i  cement  was  used with 

added KOH and with added NaOH t o  b r ing  the  to ta l  a lkal i  contents t o  tha t  of 

a high a lkal i  cement  (1. 0070 a s  Na 0). In these  two c a s e s  t h e r e  was  no  
2 

essen t ia l  difference i n  r a t e  and d e g r e e  of expansion of alkali-expansive 

Nova Scot ia  rocks .  Th is  i s  not i n  a g r e e m e n t  with findings of the  rock  cy-  

l inder  t e s t ,  noted in sect ion (3) .  

In termit tent  drying during m o i s t  cur ing g rea t ly  re ta rded  t h e  expan- 

s ion and in th i s  r e g a r d  the  reac t ion  is s i m i l a r  t o  o ther  a lkal i -aggregate  
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reactions.  In these many tes t s  only r a r e ly  did the mor t a r  ba r s  exhibit 

exudations or  popout s .  

2. Concrete P r i s m  Tes ts  

About 380 concrete p r i sms ,  3 by 3 by 11 in. (75 by 75 by 275 mm) ,  

were made with rocks suspected of alkali-expansivity when used a s  coa r se  

aggregate and a sand f ree  from reactivity. In each case ,  an additional 

sample was made in which the suspected alkali-expansive rock constituted 

both the coarse  and the fine aggregate.  These resul ts  a r e  not reported a s  

they were of the same  general  order  a s  those made with the neutral  sand. 

Twenty-six rock types were studied in one se r i e s ;  control samples 

made with imported, non-expansive aggregate were  used in each set of tes t s .  

The mix was designed for 3500 ps i  a t  28 days; slump was 2 t o  3 in. (50 t o  

75 mm),  maximum s ize  coarse  aggregate was 3/4 in. (19mm), and water - 

cement rat io  0. 60 +0 .  02. Duplicate o r  t r ipl icate  samples  were  subjected 

to  tes t .  Among the variables  were  alkali  content, t empera ture ,  pozzolan or  

fly a sh  admixture, and restraining steel.  Changes in length and elastic 

propert ies  (the la t ter  determined by nondestructive sonic tes t s ) ,  we re  ob- 

served on most  of the samples .  Destructive strength tes t s  were performed 

on one se r i e s .  

Figure 3 shows typical expansion curves of concrete p r i s m s  made 

with 4 different coarse  aggregates.  Low, medium, and high alkali  cements 

were  used and conditioning was done at  73 and 100°F (23 and 38°C). 

The concretes made with greywacke and argill i te coarse  aggregate show a 

high degree of alkali-expansivity a s  against no significant expansion for those 

made with the heterogeneous rock. The resu l t s  of these concrete p r i sm tes t s  

correlated well with those of the mor t a r  bar  s e r i e s .  

Twenty-four concrete mixes were made in which 25% by weight of 

the cement was replaced by fly ash  and by a proven, active pozzolan. Alkali- 

nity was increased by using the medium alkali  cement and adding sodium 

hydroxide to  give a total  alkali  of 1. OOpercent, calculated a s  Na 0. In one set  
2 

of mixes only the admixture replacement was made; in the other the admixture 

replacement was accompanied by an addition of sodium hydroxide to a value 
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FIG. 3 

Linear expansion of 3 by 3 by 11 in. (75 by 75 by 275 mm)  concrete 

p r i sms  made with Nova Scotia rocks a s  coarse aggregate with low 

alkali cement (LA, 0. 340/0), medium alkali (MA, 0.7 1%) and high alkali 

(MA, 0. 719'0 with added NaOH to 1. 0070 total alkali calculated a s  Nai;O). 

Fog room at 7 3 ° F  (23°C) or 100°F (38°C) in sealed containers. 

equivalent to 1.00 percent by weight of alkali, based on cement plus pozzolan 

or  fly ash. Figure 4 shows length change resul ts  for an alkali-expansive 

greywacke. The very effective suppression of expansion by the minera l  ad- 

mixtures shown he re  was also demonstrated for a number of other alkali- 

expansive rock types used in this ser ies .  

3. Rock Cylinder Tests  

An extensive investigation was made to determine if the ASTM C586 

test ,  developed for  alkali-carbonate rock reactions, would be equally useful 

in assessing the type of alkali-aggregate reaction occurring in Nova Scotia. 

This was shown to be the case. About 1200 rock cylinders, cored from Nova 

Scotia rocks and from reference rocks, were immersed in sodium hydroxide 

solutions of various concentrations at different temperatures and measured 

periodically for length change. 

A special micrometer  was developed to minimize inaccuracies that 

might develop over the lengthy test periods. Wherever possible, rock Sam - 

ples were cored in three  mutually orthogonal directions. Expansion results 

usually differed because of anisotropy but the average of the expansions in 
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FIG. 4 

Effect of l inear  expansion of concrete  p r i s m s  made  with a metagreywacke 

coa r se  aggregate with 25% of cement replaced by a calcined volcanic tuff 

pozzolan or  a fly ash.  

the  t h r ee  directions was taken to  be the significant value. All expansion 

data reported have been corrected for the  smal l ,  normal  expansions due t o  

soaking in  water .  Comparison of t e s t  resu l t s  with those f rom other length 

change t e s t s  led t o  the  adoption of 0. 056 percent  volumetric expansion a s  

the  c r i t i ca l  value 

Figure  5 shows typical volume change resu l t s  for  rock  cylinders at 

two tempera tures  for s eve ra l  concentrations of sodium hydroxide. The 

greywacke h e r e  exhibits a high degree of alkali-expansivity; the  rhyolite 

does not under t he se  conditions of t es t .  The extensive data of this  type 

developed in these  t e s t s  showed good correla t ion with those f rom m o r t a r  

b a r s  and concrete  p r i s m s .  

In exper iments  where rock  cyl inders  we re  immersed  in KOH instead 

of NaOH, expansions w e r e  ve ry  much l e s s .  This  was cont ra ry  t o  the ex-  

per iments  with m o r t a r  b a r s  a l ready  descr ibed.  

4. Other Tes t s  

Fourteen rock  samples  that had been shown by other t e s t s  t o  be 
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FIG. 5 

Typical  expansions of r o c k  cy l inders  i n  var ious  concentrations 

of NaOH at 7 3 ° F  (23°C)  and 100" F (38°C)  

alkali-expansive w e r e  subjected t o  t h e  ASTM Quick Chemica l  Tes t ,  

C289-66. On t h e  b a s i s  of th i s  t e s t ,  about half would b e  c lassed  a s  a lka l i -  

react ive ,  t h e  other  half a s  innocuous, indicating the  inapplicability of th is  

t e s t  for  the  Nova Scotia r o c k s .  The  Conrow t e s t ,  ASTM C342-67, a l s o  

c a r r i e d  out on reac t ive  samples ,  did not produce response .  Rim format ion 

was  r a r e  and ge l  exudation did not often occur  in  l a r g e  amounts  in c a s e s  of 

excess ive  expansion of the  concre te  o r  m o r t a r .  T h e s e  and other  r e s u l t s  t o  

be  d i scussed  in subsequent p a p e r s  suggested s t rong ly  that  the  Nova Scot ia  

reac t ion  i s  different in s o m e  impor tan t  r e s p e c t s  f r o m  the  c l a s s i c a l  a lkal i -  

s i l i c a  react ion.  

Discuss ion 

Thorough ana lyses  w e r e  m a d e  of the  length-change data  f r o m  the  

m o r t a r  b a r ,  concre te  p r i s m ,  and r o c k  cyl inder  s tudies  t o  de te rmine  the  

d e g r e e  of cor re la t ion  and the  re l iabi l i ty  of the  va r ious  p r o c e d u r e s  used .  

Of pa r t i cu la r  impor tance  w e r e  the  f a c t o r s  of t e m p e r a t u r e ,  a lkal i  content, 

concentra t ion of r o c k  type,  and var iab le  composit ion within e a c h r o c k t y p e .  

Agreement  between the  t h r e e  types  of t e s t s  in ra t ing  a r o c k  a s  a lkal i -ex-  

pansive  o r  not was  about 80 percen t  ( s e e  Appendix A). T h e  m o s t  consis tent  

r e s u l t s  w e r e  obtained fo r  greywackes ,  a rg i l l i t e s  and phyll i tes;  agreement  
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was not a s  good for  the  quar tz i t es ,  micaceous sch i s t s  and rhyol i tes .  H e t e r -  

ogeneous rocks  ( those with no predominating r o c k  type) behaved consistently 

in re la t ion t o  the  to ta l  of alkali-expansive r o c k  types  p resen t .  In a s se s s in g  

reliabil i ty,  ex t ra  weight was given t o  r e s u l t s  obtained under only modera te ly  

accelerat ing conditions. 

The  procedure  recommended f o r  evaluating a n  aggregate  so u r c e  in  

Nova Scotia,  based on th i s  investigation, can be summar ized  as follows: 

( a )  Examination of t h e  per formance  of field concre te  in  a r e a  in  question; 

such evaluation would indicate to  what degree  spec ia l  tes t ing for  a lkal i -  

aggregate  react ivi ty  need be considered.  

(b) Conventional aggregate  t e s t s  t o  en s u r e  that  n o r m a l  specification r e q u i r e -  

m e n t s  a r e  met .  

( c )  Pe t rographic  examination and interpreta t ion by a pe t rographer  with 

exper ience with a lkal i -aggregate  reac t ions .  

(d) If petrographic  analyses  indicate a high,percentage of rock  types 

designated in th i s  study a s  potentially alkali-expansive,  no fu r ther  t e s t -  

ing need be done, and one o r  m o r e  of the  recommended prevent ive  

m e a s u r e s  should be taken. 

(e )  If pet rographic  ana lyses  indicate l i t t le  o r  no such react ive  rocks  p resen t ,  

the  usual  concre te  p rac t ice  m a y  be  followed. 

(f)  If analyses  leave doubt a s  to  a lkal i - react ivi ty ,  length change tes t ing 

should be  done t o  de te rmine  extent of preventive action t o  be  taken. 

A pre l iminary  p robe  t e s t  of var ious  s t r a t a  in a q u a r r y  that  can be 

recommended t o  give an  a s s e s s men t  in a minimum amount of t i m e  is:  

(i) 16-week rock  cylinder t e s t  a t  1 2 5 ° F  (52°C)  in  a 2 .  67M NaOH 

solution, with a c r i t i c a l  mean  expansion l imit  of 0.  056 percen t ,  o r ,  

(ii) 16-week m o r t a r  b a r  t e s t  a t  150" F (64" C)  with a high alkali  

cement  containing not l e s s  than 0. 90 percen t  to ta l  alkali calculated a s  Na 0 
2 

( c r i t i c a l  expansion l imit  of 0. 05 percent) .  

F o r  g rea te r  re l iabi l i ty  but requ i r ing  m o r e  t ime ,  t h e  following p r o -  

cedure  i s  recommended: 
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(iii) 72 -week mor tar  bar  tes t  a t  100" F (38°C) with 1. 00 percent 

total alkali and a cr i t ical  length change limit of 0. 05 percent,  o r ,  

(iv) 120-week concrete pr i sm test  at  100°F (38°C) with a high alkali 

cement of total alkali ( a s  Na 0) not less  than 0. 90 percent (cr i t ical  length 
2 

change limit of 0. 05 percent).  An essential factor in any of these tes t s  i s  the 

use of at least one carefully chosen, non-alkali-expansive control aggregate. 

Preventive measures  to  be used in the field, a s  shown in this study, 

a r e  the same as  for the well-known alkali-sil ica reaction. These are: 

(a )  low alkali cement of not more  than 0. 60 percent alkali, calculated 

(b) substitution of par t  of normal  high alkali cement by a fly ash  or  a 

proven pozzolan, or ,  

(c )  where possible, design of s t ructure to permit  drying of concrete 

after curing. 

Summary and Conclusions 

Certain rock types in Nova Scotia, otherwise acceptable for concrete 

aggregate, were  shown to be alkali-expansive to  an  excessive degree when 

used in conjunction with a high alkali cement. The length-change expansion 

tes t s  confirmed field observations and resul ts  of examination of field con- 

c re tes .  Culprit rocks were  greywackes, argill i tes,  phyllites, and some of 

the quartzites,  schists and rhyolites. A highly moist environment was 

shown to be necessary  for this reaction to develop to any serious extent. 

Accelerated methods of evaluation were developed because of the 

very slow reaction. Preventive measures ,  demonstrated in the laboratory, 

a r e  the use  of a low alkali  cement or  a pozzolan or  fly ash.  

Acknowledgem ent 

This investigation was initiated by the Nova Scotia Power Commission 

which has, with added financial support from other provincial agencies, been 

the main sponsor. Most of the studies were  car r ied  out a t  the Nova Scotia 

Technical College by the f i rs t  author. The Division of Building Research 

of the National Research Council of Canada car r ied  out the detailed petro-  

graphic analyses and was responsible for continuing advice and assis tance.  



Vol. 3 ,  No. 1 
A L K A L I  AGGREGATE REACTION,  EXPANSION,  CONCRETE 

The  pro jec t  was  adminis tered by, success ively ,  the  Nova Scotia Resea r ch  

Foundation and the  Atlantic Industr ia l  Re sea r ch  Institute. The  r e s e a r c h  

resu l t s  a r e  being published through cour tesy  of the  Nova Scotia P ro j ec t  

Commit tee  on Concrete .  

Refe rences  

1. M. A. G. Duncan and E. G. Swenson, Investigation of Concrete  Expansion 

in  Nova Scotia. The P r o f .  Eng. in  Nova Scotia,  Vol. 10, NO. 2, May 

1969, p.  16-19. 

2. P. K. Mukherjee, M.A.G. Duncan, M. R. F o r a n  and A .  Samanta .  

The Expansive Behaviour of Mor ta r  B a r s  P r e p a r e d  f rom Alkali- 

Sensit ive Nova Scotia Concrete  Aggregates.  Atlantic Ind. Res .  Inst. , 
Halifax, Sept. 1970, p.  1-28. 

3. M. A. G. Duncan, Cor re la t ion  of Field and Laboratory Evidence of 

Alkali-Silica Reactivity in  Nova Scotia Concrete .  Ph .  D. Thes i s ,  Nova 

Scotia Tech. Coll. , 1970, p. 1-544. 

4. S.S. Gur ja r ,  M. A. G. Duncan, and P. K. Mukherjee.  Pe r fo rmance  of 

Concrete  P r i s m s  m a de  f rom Alkali-Expansive Nova Scotia Aggregates.  

Atlantic Ind. Res .  Inst. , Halifax, Sept. 1970, p. 1-27, 



ALKALI AGGREGATE REACTION, EXPANSION, CONCRETE 
Vol. 3, No. 1 

A P P E N D I X  A  

A L K A L I  - E X P A N S I V I T Y  O F  N O V A  S C O T I A  A G G R E G A T E S  A S  D E T E R M I N E D  BY TEST M E T H O D S  A N D  

C O N D I T I O N S  SELECTED FOR E V A L U A T I O N  PURPOSES ( C R I T I C A L  T I M E - E X P A N S I O N  V A L U E S  I N  E A C H  

CASE G I V E N  I N  TEXT ) 

M i x t u r e s  o f  Tes t  S a n d  a n d  N e u t r a l  S a n d  g i v i n g  M a x i m u m  E x p a n s i o n  

E X P A N S I O N :  E  = E x c e s s i v e  , B  = B o r d e r l i n e  , N  = N o t  E x c e s s i v e .  

C o n t i n u e d  

A G G R E G A T E  

W H I T E  Q U A R T Z I T E  

F E L D S P A T H I C  Q U A R T Z I T E  

M E T A - F E L D S P .  Q U A R T Z I T E  

F E L D S P A T H I C  Q U A R T Z I T E  

F E L D S P A T H I C  Q U A R T Z I T E  
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A P P E N D I X  A ( C o n t i n u e d )  

F E L D S .  Q U A R T Z I T E  A N D  A R G I L L I T E  

Q U A R T Z I T E  

F E L D S P A T H I C  Q U A R T Z I T E  

M I L K Y  Q U A R T Z I T E  

M A S S I V E  M I L K Y  Q U A R T Z  

E  

E  

A R K O S I C  S A N D S T O N E  

F E L D S P A T H I C  S A N D S T O N E  

B  

N  

N  
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E  

N  
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E  

N  

N  

N  
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P Y R I T I F E R O U S  S C H I S T O S E  

E  
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N - N  

N N - N -  

N  
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P O R P H Y R .  R H Y O L I T E  ( 2 )  

SPHEROL R H Y O L I T E  ( 2 )  

M I X  O F  ( I ) ,  ( 2 )  A N D  ( 3 )  R H Y O L I T E  
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- 
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