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ALKALI-AGGREGATE REACTION IN NOVA SC OTIA 

LII. LABORATORY STUDIES OF VOLUME CHANGE 

M.A.G. Duncan, Atlantic Lndustrial Research  Institute, Halifax, now with 

Ministry of Roads, Salisbury, Rhodesia, 

E.  G. Swenson, Div. of Building Research,  Nat. Res .  Council of Canada, 

and, 

J.E. Gillott, Div. of Building Research,  Nat. Res.  Council of Canada, now 

with Univ. of Calgary,  Calgary,  Alberta. 

(Communicated by G .  M .  Idorn) 

ABSTRACT 

Studies of alkali-expansivity of Nova Scotia rock types included 

extensive length change t e s t s  of m o r t a r  b a r s  and concrete 

p r i s m s ,  and a lso rock cylinders immersed  in alkali solution. 

The effects of such variables a s  alkali content, type of alkali, 

temperature ,  wet and d r y  cycling, anisotropy, optimum pro-  

portion of rock type, and the influence of pozzolan and fly a s h  

were  studied. Results obtained were corre la ted with petro-  

graphic studies so that potentially expansive rock types in the 

province may  be recognized. Preventive m e a su r e s  applicable 

t o  field use  were  determined f r o m  analyses of expansion data. 

SOMMAIRE 

Les  Ctudes de l a  dilatation due aux alcalis  de cer ta ins  genres  de 

roches en Nouvelle -Ecosse comprennent de nombreux e s sa i s  de 

changement de longueur sur  des  b a r r e s  de m o r t i e r  e t  des  

p r i s m es  de biiton, e t  auss i  su r  des  cylindres de roche plongCs 

dans une solution alcaline. On Ctudie iigalement le  r61e de var i -  

ables comme l a  teneur en alcalis ,  l e s  genres  d'alcalis, l a  t e m -  

pgrature,  un cycle humide ou sec ,  l 'anisotropie, l a  proportion 

optimale des  genres  de roches e t  l'influence de l a  pouzzolane 

ou de l a  cendre volante. Le s riisultats obtenus sont m i s  en 

corrClation avec l es  Ctudes ~Ct rographiques  afin que l 'on 

puisse reconnaitre,  dans l a  province, l e s  genres  de roches 

susceptibles de  subir  une dilatation. L'analyse des  donnges de 

l a  dilatation a permis  drCtablir des  m e s u r e s  prgventives appli- 

cables in situ. 
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This  i s  the th i rd  in a s e r i e s  of p a p e r s  descr ib ing  a f ive -yea r  study of 

a lka l i -aggregate  reac t ion  in Nova Scotia. The f i r s t  pape r  (1 )  desc r ibed  

the gene ra l  invest igat ion,  conclusions,  and recommendat ions ,  the second 

(2)  deal t  with f ield s tudies  and pet rographic  examinations;  the p resen t  

pape r  provides  additional r e s u l t s  of var ious  l abora to ry  t e s t s .  

As f o r  o ther  a lka l i -aggregate  reac t ions ,  the  identification of a lka l i -  

expansive rocks  in Nova Scotia necess i ta ted  reproduct ion  of expansions 

in  the l abora to ry  and pet rographic  analyses .  Because  the  reac t ion  was  

ex t r emely  slow, a s  demons t ra t ed  under  n o r m a l  conditions of t e s t ,  

acce le ra t ed  t e s t  methods  had t o  be used .  In e x t r e m e  c a s e s  these  tended 

to reduce ,  to  some  degree ,  the  re l iabi l i ty  of r e s u l t s  obtained f r o m  length 

change t e s t s .  Extens ive  test ing was  thus  n e c e s s a r y  t o  develop t e s t  

combinations tha t  could be applied with confidence in  evaluating aggregate  

s o u r c e s  in the a r e a .  The  c r i t i ca l  va lues  of t i m e  v e r s u s  expansion tha t  

a r e  intended t o  dist inguish safe f r o m  de le t e r ious  aggregate  were  based  

on co r re l a t ion  of a l l  t e s t  da t a  f r o m  m o r t a r  b a r s ,  concre te  p r i s m s ,  and 

rock  cyl inders ,  a s  well a s  on f ield exper ience .  T e s t s  w e r e  c a r r i e d  out 

in t r ip l ica te  with some  exceptions,  in which c a s e  duplicates were  used .  

M o r t a r  B a r s  

P r o c e d u r e s  f o r  tes t ing  m o r t a r  b a r s  f o r  length change have been 

desc r ibed  (1) .  Modifications in ASTM t e s t  method C227 used in the 

p r e s e n t  s tudies  a r e  noted in each se t  of da ta  presented .  

Table I shows length change r e s u l t s  of m o r t a r  b a r s  m a d e  with the low 

and the  high a lka l i  cemen t s  a t  four  t e m p e r a t u r e s .  A l a r g e  i n c r e a s e  in  

the r a t e  of expansion w a s  r e g i s t e r e d  between 1 0 0 ° F  (38°C)  and 1 2 5 ° F  

(52°C)  f o r  nea r ly  a l l  c a s e s  of alkal i-expansive rocks .  With low a lka l i  

cement  the  expansions w e r e  not excess ive  a t  the higher t e m p e r a t u r e s  

although some  i n c r e a s e  did occur .  Studies of t h i s  type aided in the develop- 

m e n t  of acce le ra t ed  t e s t  p rocedures .  

Table 11 gives  typical  expansions under  conditions of t e m p e r a t u r e ,  

alkal ini ty and t i m e  se lec ted  f o r  evaluating Nova Scotia aggrega tes .  Ln 

gene ra l  t he  co r re l a t ion ,  and the re fo re  the  confidence,  d e c r e a s e s  with in -  

c reas ing  accelera t ion  of expansion. 
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Table 1 

L I N E A R  E X P A N S I O N S  O F  M O I S T  C U R E D  M O R T A R  BARS M A D E  W I T H  L O W  A N D  H I G H  A L K A L I  

C E M E N T S  A T  F O U R  T E M P E R A T U R E S  

L A  = 0 . 3 4 %  o n d  H A  0 . 8 8 %  A L K . ,  Calculated o r  N o 2 0  

W  = T I M E ,  W E E K S  

P Y R I T I F E R O U S  

P H Y L L I T E  M O D E R A T E  

B O R D E R L I N E  

A R G l L L l T E  

I M P U R E  

M O D E R A T E  

I N L A N D  

S A N D  

G R E Y W A C K E  

P H Y L L I T E  

B A N D E D  

F E L D S P A T H I C  

Q U A R T Z I T E  

2  3  

3 8  

5  2  

6 4  

0 . 0 0 8  0 . 0 1 0  0 . 0 1 7  

- 

0 . 0 1 9  

- 
- 

0 . 0 1 7  

0 . 0 2 0  

0 . 0 7 7  

0 . 0 8 5  

0 . 0 2 0  

0 . 0 2 2  

0 . 0 8 7  

0 , 1 0 1  

0 . 0 2 0  

0 . 0 2 9  

0 . 1 0 4  

0 . 1 1 5  

0 . 0 2 6  

0 . 0 4 2  

0 . 1 4 2  

0 . 1 5 5  
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TABLE I1 

Typical Mor ta r  Bar  Expansion Data using the ASTM C227 Modified 

T e s t  fo r  Evaluation of Nova Scotia Aggregate 

* calculated a s  Na 0 
2 

Figure  1 shows the effect of to ta l  alkalinity of cement paste on 48-week 

expansions of m o r t a r  b a r s  m a d e  with aggregates  of varying type and r e -  

Rock Type 

o r 

Sand 

Gr eywacke 

Meta-grey-  

wacke 

Calcareous 

argi l l i te  

Phyll i te  

Impure  felds - 

pathic 

quartzi te 

Micaceous 

quartzi te 

Pink graphic 

grani te  

activity. F o r  the s a m e  aggregates ,  selected a s  typical examples ,  Figure  2 

shows the var ia t ion of percent  expansion with amount of t e s t  aggregate 

relat ive to  neutra l  sand present .  F o r  the conditions 1 0 0 ° F  (38°C) 100 p e r -  

cent relat ive humidity, total  alkalinity of 1.00 percent  calculated a s  

N a 2 0 ,  and a 48 -week duration,  the proportions of alkali-expansive rock 

types fo r  maximum expansion occur red  at  f r o m  35 to 100 percent  concentra-  

t ion,  in 26 samples  tested.  The one exception was  the cher ty  agate that 

showed maximum expansion a t  about 4 percent  concentration. 

Six alkali-expansive aggregates ,  a s  determined by corre la t ion of 

a l l  t e s t  data,  were  used with the low alkal i  cement  with o r  without added 

Exp'n 

Potential,  

All  T e s t s  

High 

Moderate 

High 

High 

High 

Border l ine  

None 

P e r c e n t  Linear Expansion a t  different  

Alkali 

" C 3 8 

70 Alk* 0. 88 

Weeks 144 

. 036 

. 052 

.078 

-055  

. 051 

.035 

- - 

64 

0. 88 

16 

. 073 

.061 

. 070 

.075 

. U97 

. 059 

. 018 

contents 

38 

1. 04 

72 

. 069 

.038 

. 84 

.075 

. 102 

.042 

. 0 3  8 

t empera tu res  

52 

0. 88 

24 

. 077 

.048  

. 095 

. 078 

. 092 

.044 

. 014 

and 

38 

1.42 

36 

. 078 

. 125 

. 173 

. 045 

. 169 

.069 

- - 

64 

0. 34 

48 

. 049 

- -  

. 024 

. 023 

. b26 

- -  

. 017 
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0 CALCAREOUS / 1 ARGILLITE 

PHYLLITE 

GREYWACKE 1s 

A L K A L I N I T Y  O F  C E M E N T  PASTE AS N a 2 0 ,  PER C E N T  

FIG. 1 

The effect of cement paste alkalinity on the 48 week percentage 

expansions of m o r t a r  ba rs  prepared f r o m  various aggregates 

and mois t  cured a t  100°F  (38°C) in sealed containers.  

NaOH o r  KOH in the mixing water  t o  obtain various total  alkalinities calcu- 

lated a s  Na20. Ln the m o r t a r  b a r  expansion data shown in Table 111 i t  i s  

seen that  ve ry  little difference, if any, ex i s t s  between the relat ive aggres -  

siveness of these  two a lkal is  usually present  in portland cement. This  con- 

f l icts  with resul ts  of alkali-expansive rock cylinders i m m e r s e d  in alkalis ,  

where the NaOH was much m o r e  aggress ive  than the KOH. 

SAME AS 
FIGURE 1 

2 
I 

0 I I I I I I I I I I I I I  
0 20  4 0 6 0 8 0 1 0 0  1 2 0  1 4 0  

TEST A G G R E G A T E  PRESENT,  PER C E N T  

FIG. 2 

Variation of percentage l inear expansion with the amount of 

various aggregates present  f o r  48 -week-old m o r t a r  b a r s  mois t  

cured in sealed containers at 100°F  (38°C).  (Alkalinity of cement 

paste 1.00% a s  Na 0). 
2 
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TABLE I11 

EXPANSIONS O F  MORTAR BARS MADE WITH ADDED 

NaOH OR KOH. l @ O ° F  (38°C)  IN SEALED CONTAINERS. 

SELECTION O F  6 ALKALI-EXPANSIVE AGGREGATES. 

L .  A. Cement  = 0. 14% N a 2 0  + 0. 20% K 2 0  calculated a s  N a 2 0  

H. A. Cement  = 0. 2.7% NaLO + 0. 61% K 2 0  calculated a s  N a 2 0  

Beach sand 

Ag-  
g r e -  

gate 

Ca lca reous  

arg i l l i t  e 

Equiv. 

N a 2 0  

Yo + 

Feldspath ic  

qua r t z i t e  

G r  eywacke 

Phyl l i te  

Greywacke  

Concre t e  P r i s m s  

P e r c e n t  l i nea r  expansion at  48 weeks  Concre t e  

Low Alkali  c-=! P r i s m s  96 weeks  a t  

The  c o ~ l c r e t e  m i x  w a s  of nominal  3500 p s i  des ign  and typica l  of job 

m i x e s  except  t ha t  no chemica l  admix tu re  was  used .  F u r t h e r  desc r ip t ion  

i s  given in  the  f i r s t  pape r  (1)  which a l s o  g ives  c h a r a c t e r i s t i c  expansioil 

cu rves  f o r  t he  3- by 3- by 11-inch prisms used (75- by 75- by 275-mm). 

1 
0 . 3 4  + KOH 

/ t o 0 . 7 1  

. 022 1 . 033 

I 

. 020 . 041 
I 

i 

0 2 2  / . 043 

. 02.0 . 029 

. 022 . 032 
1 

. 025 . 027 

Some re la t ionships  between expans ion  of conc re t e ,  modulus  of rup tu re ,  

Rp ,  (ASTM C293-68),  and  the  modif ied cube s t rength ,  Cp,  (ASTM C 11 6-68) 

a f t e r  n e a r l y  two y e a r s  m o i s t  cur ing  a t  1 0 0 ° F  (38"C) ,  a r e  shown in  

Table  IV. In n e a r l y  a l l  c a s e s  when expansion b e c o m e s  excess ive  the  modu-  

l u s  d r o p s  f r o m  i t s  28-day value.  When a pozzolan i s  subst i tuted f o r  25 p e r -  

cent  of the  cemen t ,  by weight, and s t i l l  using a high a lka l i  cement ,  the  

modulus  gene ra l ly  continues t o  i n c r e a s e .  Th i s  i s  expected  because  of t he  

effect  of the  pozzolan in  dec reas ing  expans ion  (Tab le  V). C o m p r e s s i v e  

s t r eng ths  at  100 weeks  ( a t  100°F ,  (38°C) )  did not show a s  good co r re l a t ion  

with the  expansion.  

t KOH 

t o 1 . 0 0  

. 055 

. 070 

. 0 7 5  

0 3 6  

.038  

. 042 

t NaOH 

t o 0 . 7 1  

. 038 

. 068 

. 042 

. 0 3 0  

. 0 2 4  

. 028 

H.A.  t H.A. 

+ N ~ O H I  NaOH t NaOH 

. 052 

. 094 

. 063 

. 053 

. 0 3 9  

. 0 46 

I 
. 068 

. 077 

. 088 

. 0 5 1  

. 075 

. 069 

. 098 

. 104 

. 157 

. 186 

. 0 7 5  
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Table IV 

Expans ion ,  Moclulus of R u p t u r c  ( l t p ) ,  ancl C o ~ n p r c s s i v c  S t r e n g t h  ( C p )  of 3  x 3  x I 1  in .  

(75 s 75 s 275 l n m )  C o n c r e t e  P r i s r r ~ s  C u r e d  a t  3 8 ° C  f o r  N e a r l y  T w o  Y e a r s .  l t p  : 

ASTM C203-68 ;  C p  ASTM C 1 1  6-68 .  H. A. = High Allcali C e m e n t .  l tp  in  p s i  

( and  k g f / c m 2 )  and  C p  in  p s i  ( and  k ~ / r n ~ )  

P h y l l i t c  

C a l c a r e o u s  

Argillitcs 

M e t a - s u b  

Grc~ywac i i c  

Fclc lspa th ic  

Quartzite 

Mrta-grey- 

\vat lees 

Hctcrogcncsous  

I 

Pink  g r a n i t e  

F c l d s p a t h i c  i 
q u a r t z i t e  

M e t a ,  f c l d s p .  

q u a r t z i t e  

Fc l c l spa th i c  

q u a r t z i t e  j 
Q ~ l a r t z i t e  a n d  

a r g i l l i t c  

G r e y w a c k e  

G r .  and  s i l t -  

s t o n c  

Ref c r  cnc  c  

OHC 

I\ s  

H. A. ancl P o z ~ o l a  

I 427 80)  

(41745)  

I122  6257 

( 7 8 .  5 )  (43173)  

8  80 47 5  0  

( 0 1  6 )  (32785)  
1140 4740 

(79 .  8 )  ( 3 ~ 7 0 6 )  

-.- 6078  

(41938)  

1120 / 5 1 5 0  

( 7 8 . 4 )  1 (35535)  

5300 

5830 

1041 

(37640)  ( 7 L ' 9 )  1 4800  990  

(69 .  3 )  / (33120)  

1140 , 5825 

(79 -  8 )  ; (40193)  

1107 1 6127 

( )  1 ( 4 ~ ~ 7 6 )  

5551 

(79 .  0 )  / (38302)  

1010 / 5817 

( 7 0 .  7 )  / (40137)  

930  ' 4940  

(65 .  I )  / (34086)  

910  5950 

(63 .  7 )  (41055)  

9 4 0  61 00  

(65 .  8 )  (42090)  

940  5600 

(65 .  8 )  (38640)  

1080 5950 

(75 .  6)  (41055)  

775  5500 

( 5 4 . 3 )  (37950)  

9  60  5700 

( 6 7 . 2 )  (39330)  

1 0 3  5353 

(77 .  2 )  (36936)  
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TABLE V 

P e r c e n t a g e  L i n e a r  Expansion of Concre t e  P r i s m s  a f t e r  9 6  Weeks Mois t  C u r -  

ing in Sea led  Conta iners  a t  1 0 0 ° F  (38°C) .  The  Effect  of P a r t i a l  Subst i tut ion 

of Cemen t  by Pozzolan  or  F l y  Ash 

Alkalinity of H. A. c e m e n t  1. 007'0 ( a s  Na 0) except  where  e x t r a  Alkal i  a d -  

ded, a s  shown, t o  compensa te  f o r  recfuced c e m e n t  content.  L.A.  

Cemen t  0.347'0 ( a s  Na 0 )  
2 

Descr ip t ion  

Ca lca reous  

Argi l l i te  

Fe ldspath ic  

Quar t z i t e  

Meta-Greywacke  

Meta-Greywacke  

Greywacke 

Phyl l i te  

Banded, 

G las sy  Rhyoli te  

Fe ldspath ic  

Quar t z i t e  

Meta-Feldspath ic  

Quar tz i te  

Quar tz i te  and 

Argi l l i te  

P ink  

Graphic Grani te  

S i l iceous  

B a l l a s t  

C e m e n t  

1 

-- -- - 

Tab le  V g ives  m o r e  de ta i led  r e s u l t s  of t he  effect  of pozzolan and f ly  a s h  

i n  suppres s ing  expansion of conc re t e  p r i s m s  m a d e  with alkal i-expansive 

aggregate  and h igh  a lka l i  cement .  T h e  pozzolan is a ca lc ined  volcanic 

tuff with a good pe r fo rmance  r eco rd .  De t ro i t -Ed i son  f ly  a s h  w a s  a l s o  

used .  In o r d e r  t ha t  the effect  of the  m i n e r a l  admix tu re  should not be 

a t t r ibuted  m e r e l y  to  the  reduct ion  i n  to t a l  a lka l i  resu l t ing  f r o m  d e c r e a s e  i n  

cemen t  content ,  a compara t ive  s e r i e s  of t e s t s  w a s  c a r r i e d  out in  which 
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to ta l  alkalinity was maintained at the high alkali  cement level. Even in 

th is  case ,  a s  shown in Table V, the m i n e r a l  admixtures  were  both very 

effective in reducing expansion t o  values considered acceptable. Use of a 

pozzolan o r  fly a s h  would require  consideration of disadvantages a s  well 

a s  advantage s . 

Rock Cvlinders 

An adaptation of ASTM C586 was used in determining alkali-expansivity 

by immersing rock samples  in alkali solution, (NaOH unless  otherwise 

stated).  Cylinders were  cored measur ing 0. 375 in. (9 .6  m m )  in diarn. by 

1.38 + 0.02 in. (35 + 5 m m )  long. They were  dr i l led  f r o m  th ree  mutually 

orthogonal faces  of each rock sample except in a few c a s e s  where th is  was 

not possible. After grinding the end faces  paral le l ,  the cylinders were  

cleaned in organic solvent and then d r ied  t o  constant weight. Several  

saturation techniques were  used during th i s  t e s t  se r i es .  In some studies 

they were  presoaked in water .  In a l l  t e s t s  reference specimens were  

continuously i m m e r s e d  in water a t  the requisi te curing t empera tu re .  The 

expansioii due to  the water  immersion was subtracted f r o m  the resul ts  of 

alkali  immers ion  and the cor rec ted  value repor ted.  The special  compar-  

a to r  used to  m e a s u r e  length changes over long per iods  of t ime was  selected 

to  el iminate wear  on the cylinder, ensure  a constant measur ing p r e s s u r e ,  

and permi t  rapid measurement  to  reduce shrinkage effects.  

FIG. 3 

T ime  -l inear expansion relat ionships of cylinders 

taken f r o m  argi l l i te ,  showing expansion in 3 mutually 

orthogonal directions,  A, B and C. Cured in 2. 67 

M NaOH at  100°F  (38°C) 
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The anisotropy exhibited by m o s t  of the rocks i s  demonstrated in 

Figure  3 fo r  one of the argi l l i tes  studied. A formula  was used to  obtain 

f r o m  these  th ree  length change resu l t s  a percent  mean  volumetric expan- 

sion which would, fo r  a given sample,  always be the same regard less  of the 

relat ive inclinations of c o r e s  to  the bedding plane. Using th is  method and 

a derived cr i t ica l  volumetric expansion of 0.056 percent ,  a good c o r r e l a -  

tion was  obtained between the rock cylinder t e s t s  and those of the m o r t a r  

b a r s  and concrete p r i s m s  in distinguishing rocks  that expanded excessively 

in the p resence  of alkali. 

Typical volumetric expansion resu l t s  on rock cylinders i m m e r s e d  in 

1.0 m o l a r  NaOH at 7 3 ° F  (23°C) a r e  presented in Table VI. The rock types 

shown by the m o r t a r  b a r  and concrete prism t e s t s  to be alkali-expansive were 

TABLE VI 

TYPICAL VOLUMETRIC EXPANSION WITH TIME OF MAINLY 

ALKALI-EXPANSIVE ROCK CYLINDERS IN 1. 0 MOLAR NaOH 

AT 7 3 ° F  (23°C) 

R o c k  T y p e  

M e t a - g r e y w a c k e  

M e t a - g r e y w a c k e  

Q u a r t z i t e  g reywacke  

Q u a r t z i t e  g r e l w a c k e  

C a l c a r e o u s  a r g i l l i t e  

C a l c a r e o u s  a r g i l l i t e  

Phy l l i t  e 

P y r i t i f e r o u s  phyl l i te  

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  

M i c a c e o u s  q u a r t z i t e  

M i c a c e o u s  s c h i s t  

Cha lcedony  ( R i v e r s d a l e )  

A g a t e  ( B r a z i l )  

F l i n t  (Eng land)  

P e r c e n t  Expans ion  a t  Weeks  Shown 

4 

. 002 

. 004  

. 002 

. 002 

. 0 1 1  

. 0 0 1  

. 0 3 6  

. 0 0 4  

. 005 

-. 006 

. 0 0 4  

. 0 0 1  

. 0 1 3  

. 0 3 6  

. 007 

7 2 

. 100 

. 095 

. 096 

. 0 2 7  

. 0 6 0  

. 1 5 9  

. 044 

. 062 

. 0 2 4  

. 0 6 4  

1 L 

. 0 0 9  

. 007 

. 0 0 5  

. 007 

. 0 1 6  

. 0 1 6  

. 0 3 7  

. 008 

-. 001 

-. 004  

. O O O  

. 0 0 2  

. 003 

. 043 

. 0 0 2  

9 6 

. 138 

. 162 

. 159 

. 058 

. 0 6 7  

. 2 3 9  

. 088 

. 0 8  1 

. 0 4 6  

138 

48 

i . 0 5 9  

. 042 

. 0 4 7  

. 0 1 1  

. 051 

. 128 

. l o 4  

. 0 2 2  

. 0 3 6  

. 008 

. 0 1 4  

. 0 5 1  

-. 043 

-. 036 

. 0 3 5  

120 

. 161 

. 2 1 1  

. 2 2 2  

. 07 3 

. 0 7 4  

. 286 

. 1 1 5  

. 070 

. 0 5 9  

. 2 0 0  

. 147 1 : 255 1 . 303 

D i s i n t e g r a t i n g  

D i s i n t e g r a t i n g  

-. 237 . 0 2 2  -. 013 
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generally those that reached the c r i t i ca l  volumetric expansion in the rock 

cylinder tes t .  S imilar  good agreement  was  found f o r  non-expansive rocks .  

It i s  of in teres t  that some rock types known to  be a lkal i -s i l ica  reactive 

appeared to  contract  when subjected to th i s  t e s t ,  probably through pa r t i a l  

dissolution. 

F igure  4 shows typical  cu rves  in  which r a t e  of expansion of a phyllite 

increases  with concentration of NaOH. In F igure  5 i s  shown the inc rease  in  

r a t e  

FIG. 4 

The effect of NaOH 

concentration on the 

t ime-mean volumetric 

expansion relat ionship 

fo r  phyllite a t  

1 0 0 ° F  (38°C) .  

FIG. 5 

The effect of t empera tu re  

on the t ime-mean 

volumetric expansion 

relat ionship fo r  gr  eywacke 

cured in 2. 67 M NaOH 

of expansion of a greywacke 

Z 
0  8 1 6  24 3 2  4 0  4 8  5 6  6 4  7 2  8 0  

T E S T  D U R A T I O N ,  W E E K S  

T E S T  D U R A T I O N ,  W E E K S  

with inc rease  in t empera tu re .  These  

resu l t s  a r e  in agreement  with those f r o m  m o r t a r  b a r  and concrete  p r i s m  

tes t s .  

I t  was found in separa te  s e r i e s  of exper iments  that  s m a l l  axial  loads of 

2 the o rde r  of 11 p s i  (76 kN/m ) reduced the expansion ra te .  KOH and LiOH 

were  found to produce smal l  expansions re la t ive  to those of NaOH. 

In one t e s t  s e r i e s  with alkali-expansive rocks ,  af ter  72 weeks imrner-  
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sion in var ious  concentrat ions of NaOH, the samples  w e r e  t r ans fe r red  to 

distilled water.  The expansions continued at onlya slightly slower ra te .  

A specia l  rock cylinder study was  c a r r i e d  out on a number  of Nova 

Scotia rock types to determine the rel iabil i ty of a selected t e s t  condition in  

relat ion t o  t e s t s  with m o r t a r  b a r s  and concrete  p r i s m s  made with high 

alkali  cement. In th i s  case  the cylinders were  vacuum satura ted  with 

dist i l led water  and allowed to  equil ibrate f o r  28 days before ini t ial  

measurement  and immers ion  in  alkali.  The conditions were  2.67 mola r  

NaOH at  125°F  (52 "C)  f o r  16 weeks,  using 0.056 percent  volumetric 

expansion a s  the c r i t i ca l  value. The degree  of agreement  with t e s t  r e s u l t s  

f r o m  m o r t a r  b a r s  and concrete  p r i s m s  in  detecting rocks  that  a r e  prone 

t o  excess ive  expansion i s  shown in F igure  6, ( a )  and (b).  These  and other 

exper iments  showed that  the rock cylinder t e s t  i s  a good method f o r  the 

ini t ial  evaluation of a n  aggregate source.  

- 
L I N E A R  E X P A N S I O N  O F  M O R T A R  B A R S ,  

P E R  C E N T  

FIG. 6 (a )  

Comparison of expansion of 

16-week-old rock cylinders and 72- 

week-old m o r t a r  b a r s  (Nova Scotia 

rock types).  

PRISMS W I T H  1.00% 
C E M E N T  A L K A L I  (as NapO) 

L I N E A R  E X P A N S I O N  O F  P R I S M S  

P E R  C E N T  

FIG. 6 (b) 

Comparison of expansions of 

16-week-old rock cylinders and 96- 

week-old concrete  p r i s m s  (Nova Scotia 

rock types).  
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Summary 

Good agreement was obtained between the various t e s t s  with m o r t a r  b a r s ,  

concrete p r i sms ,  and rock cylinders in distinguishing potentially alkali-  

expansive rocks  f r o m  non-expansive rocks.  To some degree this  was 

remarkable  considering the heterogeneity of rock types and minera l s  in 

any given sample. Some correlation data  and the recommended tes t  condi- 

t ions a r e  outlined in  the f i r s t  paper (1). Fu r th e r  and detailed t es t  data are 

t o  be found in  the doctoral  thes is  of the f i r s t  author (3).  

As in other types of alkali-aggregate reactions which have been studied 

and reported,  the m o r t a r  b a r  and concrete p r i s m  t e s t s  continue to  be good 

direct  methods fo r  evaluation. The rock cylinder t es t ,  heretofore l imited 

t o  the alkali-carbonate rock reaction,  has  been shown to  be applicable to  

evaluation of the rocks  in Nova Scota. 

Interpretation of the experimental  resu l t s  given in th is  paper ,  and a l so  

in the two preceding ones, will be dealt with in the next and las t  paper in 

th is  se r ies .  
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