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T h e s e r v i c e r e c o r d of a i r - e n t r a i n e d c o n c r e t e p a v e m e n t s e x p o s e d to d e - i c i n g 
s a l t s i s e x c e l l e n t . H o w e v e r , the m e c h a n i s m b y w h i c h d e - i c e r s c a u s e o r a c ­
c e l e r a t e s u r f a c e s c a l i n g of n o n - a i r - e n t r a i n e d c o n c r e t e i s unknown. F u r t h e r ­
m o r e , t h e r e i s a not c o m p l e t e u n d e r s t a n d i n g of w h y e n t r a i n e d a i r i s b e n e f i c i a l 
i n t h i s r e g a r d . 

A l t h o u g h f i e l d e x p e r i e n c e i n d i c a t e s tha t a i r e n t r a i n m e n t i s a p r a c t i c a l 
r e m e d y f o r s u r f a c e s c a l i n g , s o m e l a b o r a t o r y t e s t s i n d i c a t e that u n d e r c e r t a i n 
e x t r e m e l y s e v e r e c o n d i t i o n s e n t r a i n e d a i r doe s not g i v e c o m p l e t e p r o t e c t i o n . 

T h e o b j e c t i v e of t h i s s tudy i s to p r o v i d e m o r e i n f o r m a t i o n on the e f f e c t of 
type a n d c o n c e n t r a t i o n of d e - i c e r , c u r i n g c o n d i t i o n of c o n c r e t e , a i r e n t r a i n ­
m e n t , a n d o t h e r v a r i a b l e s on the s u r f a c e s c a l i n g of c o n c r e t e . T h i s i n f o r m a ­
t ion s h o u l d l e a d to a b e t t e r u n d e r s t a n d i n g of the e f f e c t of t h e s e v a r i a t i o n s a n d 
s h o u l d b e of a s s i s t a n c e i n the e s t a b l i s h m e n t of f u r t h e r r e m e d i a l m e a s u r e s . 

• T H I S s tudy c o m p r i s e d s u r f a c e s c a l i n g t e s t s of n o n - a i r - e n t r a i n e d a n d a i r - e n t r a i n e d 
c o n c r e t e s m a d e w i t h two d i f f e r e n t c o m b i n a t i o n s of f i n e a n d c o a r s e a g g r e g a t e . T h e f i r s t 
i s a m a n u f a c t u r e d t r a p r o c k s a n d a n d t r a p r o c k c o a r s e a g g r e g a t e f r o m D r e s s e r , W i s ­
c o n s i n ; the s e c o n d i s a p r e d o m i n a n t l y d o l o m i t i c n a t u r a l s a n d f r o m E l g i n , I l l i n o i s , a n d 
a h i g h l y s i l i c e o u s c r u s h e d n a t u r a l g r a v e l f r o m E a u C l a i r e , W i s c o n s i n . 

T h e c o n c r e t e s h a d c e m e n t c o n t e n t s of a p p r o x i m a t e l y 6 s a c k s p e r c u y d a n d s l u m p s of 
2 % to 3 % i n . T h e m a x i m u m s i z e of c o a r s e a g g r e g a t e w a s 1 i n . T h e a i r - e n t r a i n e d c o n ­
c r e t e s h a d a i r c o n t e n t s of about 7 p e r c e n t , the top of the r a n g e of 4 to 7 p e r c e n t w h i c h 
w o u l d n o r m a l l y b e d e s i r a b l e f o r c o n c r e t e s w i t h t h i s m a x i m u m s i z e of a g g r e g a t e . I t w a s 
a n t i c i p a t e d tha t c e r t a i n of the t e s t p r o c e d u r e s u s e d m i g h t r e p r e s e n t e x t r e m e l y s e v e r e 
e x p o s u r e c o n d i t i o n s a n d that a h i g h i n h e r e n t d u r a b i l i t y w o u l d b e r e q u i r e d i n o r d e r to r e ­
v e a l m o r e c l e a r l y d i f f e r e n c e s i n p e r f o r m a n c e u n d e r t h e s e c o n d i t i o n s . S o m e c o n c r e t e s 
a t l o w e r a i r c o n t e n t s w e r e p r e p a r e d f o r c o m p a r i s o n . 

C o m p a n i o n c o n c r e t e s p e c i m e n s , a f t e r d i f f e r e n t p r e l i m i n a r y c u r i n g p r o c e d u r e s , w e r e 
s u b j e c t e d to s u r f a c e s c a l i n g t e s t s u s i n g v a r i o u s c o n c e n t r a t i o n s of e i t h e r c a l c i u m c h l o r i d e , 
s o d i u m c h l o r i d e , e t h y l a l c o h o l , o r u r e a a s d e - i c e r s . T h r e e d i f f e r e n t s c a l e t e s t p r o c e ­
d u r e s w e r e u s e d . 

M a t e r i a l s 

T h e c e m e n t u s e d i n t h e s e t e s t s w a s a b l e n d p r e p a r e d f r o m f o u r d i f f e r e n t b r a n d s of 
T 3 ^ e I c e m e n t s p u r c h a s e d i n the C h i c a g o a r e a . T a b l e s 1, 2 , a n d 3 s h o w the c h e m i c a l 
c o m p o s i t i o n , c a l c u l a t e d p o t e n t i a l c o m p o u n d c o m p o s i t i o n , a n d the r e s u l t s of v a r i o u s 
p h y s i c a l t e s t s of t h i s T y p e I b l e n d . 

T w o a g g r e g a t e c o m b i n a t i o n s w e r e u s e d . T h e f i r s t c o m b i n a t i o n w a s a s a n d a n d 
c r u s h e d s tone m a n u f a c t u r e d f r o m a s i l i c e o u s r o c k ( t r a p r o c k ) f r o m D r e s s e r , W i s c o n s i n . 
T h e s e c o n d c o m b i n a t i o n c o n s i s t e d of a p r e d o m i n a n t l y d o l o m i t i c n a t u r a l s a n d f r o m E l g i n , 
I l l i n o i s , a n d a h i g h l y s i l i c e o u s c r u s h e d g r a v e l f r o m E a u C l a i r e , W i s c o n s i n . G r a d i n g , 
s p e c i f i c g r a v i t y , a b s o r p t i o n , a n d t h e r m a l c o e f f i c i e n t of l i n e a r e x p a n s i o n f o r a l l a g g r e ­
g a t e s a r e s h o w n i n T a b l e 4 . T h e s e a g g r e g a t e s h a v e a good s e r v i c e r e c o r d . T h e c o m ­
b i n a t i o n of c o m p l e t e l y m a n u f a c t u r e d a g g r e g a t e w a s i n c l u d e d i n o r d e r to e v a l u a t e t h e i n ­
f l u e n c e of both n a t u r a l a n d m a n u f a c t u r e d a g g r e g a t e s on the r e s u l t s of the s c a l i n g t e s t s . 

A l l a g g r e g a t e s w e r e a i r d r i e d a n d s c r e e n e d into v a r i o u s s i z e f r a c t i o n s , s i x s i z e s f o r 
the f i n e a g g r e g a t e a n d t h r e e f o r the c o a r s e a g g r e g a t e . W h e n p r e p a r i n g a b a t c h , the 
s i z e s w e r e r e c o m b i n e d to y i e l d t h e g r a d i n g s s h o w n i n T a b l e 4 . I n o r d e r to p r o v i d e a 
h i g h d e g r e e of c o n t r o l o v e r the t o t a l m i x i n g w a t e r i n a b a t c h , the a g g r e g a t e s w e r e 
w e i g h e d i n the a i r - d r i e d c o n d i t i o n ( m o i s t u r e content known) a n d , 18 to 20 h o u r s p r i o r 
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Figure 1. E f f ec t of amount of de-icer on surface scal ing on non-
air-entrained and air-entrained concretes. Scale Test Procedure 
No. 2: Ihaw solution refrozen on slab surface. Aggregates: Elgin , 
I l l i n o i s sand and Eau Q a i r e , Wis. crushed gravel (1 - in . top s ize) 
Specimens: 3 by 6 by 15-in. slabs cured continuously moist for 31 
days prior to test. Cement Content: 6 sacks per cu yd. Slump: 
2 1/2 to 3 1/2 in . Air Contents: Non A/E - 2.2 percent, A/E - 7.4 

percent. 

to u s e , i n u n d a t e d w i t h a k n o w n a m o u n t of w a t e r . E x c e s s w a t e r w a s d r a w n off a n d 
w e i g h e d i m m e d i a t e l y p r i o r to m i x i n g the c o n c r e t e . 

N e u t r a l i z e d V i n s o l r e s i n i n s o l u t i o n w a s a d d e d a t the m i x e r w h e n p r e p a r i n g the a i r -
e n t r a i n e d c o n c r e t e . 

T h e d e - i c e r s u s e d i n t h e s e s c a l i n g t e s t s w e r e c o m m e r c i a l f l a k e c a l c i u m c h l o r i d e , 
s o d i u m c h l o r i d e , u r e a , a n d e t h y l a l c o h o l . 



F a b r i c a t i o n of S p e c i m e n s 

E a c h b a t c h c o n t a i n e d 1. 30 c u f t of c o n c r e t e . B a t c h e s w e r e m i x e d f o r m i n u t e s i n 
a n o p e n - t u b m i x e r of 1 % - c u f t c a p a c i t y . A s l u m p t e s t a n d a n a i r content d e t e r m i n a t i o n 
by the p r e s s u r e m e t h o d w e r e m a d e on e a c h b a t c h of c o n c r e t e . 

G e n e r a l l y , two s p e c i m e n s w e r e m a d e f o r a p a r t i c u l a r t e s t c o n d i t i o n . I n a f e w c a s e s , 
t h r e e s p e c i m e n s w e r e m a d e . I n a l l c a s e s , t h e s e c o m p a n i o n s p e c i m e n s w e r e m a d e on 
d i f f e r e n t d a y s . 

T h e s p e c i m e n s u s e d i n the s c a l i n g t e s t w e r e s l a b s 3 i n . i n depth a n d 6 b y 15 i n . i n 
a r e a . T h e s e s l a b s w e r e c a s t i n w a t e r t i g h t s t e e l m o l d s , the m o l d s w e r e f i l l e d i n two 
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Figure 2. Effect of amount of de-icer on surface scaling ( test pro­

cedure No. 2 - thaw solution refrozen). 
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Figure 3. Effect of scale test procedure, concentration of de-icer 
and curing on the surface sca l ing of non-air-entramed and a i r -
entrained concretes. Curing- See Table 10 for deta i l s . De-icer: 
Commercial f lake CaCl2. Aggregate Dresser, Wisconsin trap rock 
(crushed) fine and coarse aggregate (1 - in . top s i z e ) . Cement Con­
tent: 6 sacks per cu yd. Slump: 2 to 3 i n . Air Contents: Non-

A/E - 2.1 percent, A/E - 7.1 percent. 

l a y e r s of e q u a l depth , a n d e a c h l a y e r w a s r o d d e d 50 t i m e s w i t h a */4-in. d i a m e t e r h e m i ­
s p h e r i c a l t ip t a m p e r . I m m e d i a t e l y a f t e r c a s t i n g , the s u r f a c e w a s g i v e n a f i n a l f i n i s h 
w i t h a w o o d f l o a t , a n d the s p e c i m e n s w e r e then c o v e r e d w i t h two t h i c k n e s s e s of d a m p 
b u r l a p (not i n c o n t a c t w i t h s u r f a c e ) a n d a t a r p a u l i n . A t the age of 20 to 24 h o u r s , the 
m o l d s w e r e s t r i p p e d . T h e s l a b s w e r e equ ipped w i t h a n a i r - e n t r a i n e d m o r t a r d i k e ( a p ­
p r o x i m a t e l y 4̂ by % i n . i n s e c t i o n ) a r o u n d the e d g e s of the f i n i s h e d s u r f a c e , a n d then 
the s l a b s w e r e p l a c e d i n the m o i s t r o o m . 



C u r i n g C o n d i t i o n s 

C o m p a n i o n s p e c i m e n s w e r e s u b j e c t e d to two d i f f e r e n t s e t s of c u r i n g c o n d i t i o n s : 
1. C o n t i n u o u s l y m o i s t c u r e d at 73 deg F f o r 28 d a y s , f o l l o w e d by a n a d d i t i o n a l 3 

d a y s i n the m o i s t r o o m w i t h the s u r f a c e of the s l a b c o v e r e d w i t h w a t e r /4 i n . i n depth. 
T h e s e w i l l b e r e f e r r e d to h e r e a f t e r a s m o i s t c u r e d . 

2. C o n t i n u o u s l y m o i s t c u r e d at 73 deg F f o r 14 d a y s , then 14 d a y s i n the a i r of the 
l a b o r a t o r y at 73 deg F a n d 50 p e r c e n t r e l a t i v e h u m i d i t y , f o l l o w e d by a n a d d i t i o n a l 3 
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Figure 4. Effect of scale test procedure, concentration of de-icer 
and curing on the surface scal ing of non-air-entrained and a i r -
entrained concretes. Curing: See Table 9 for d e t a i l s . De-icer: 
Commercial f lake CaCl2. Aggregate: Elg in , I l l i n o i s sand and Eau 
C l a i r e , Wis. crushed gravel (1 - in . top s i z e ) . Cement Content: 6 
sacks per cu yd. Slump: 2 to 3 i n . Air Contents: Non-A/E - 2.2 

percent, A/E - 7.1 percent. 

zoo 



d a y s i n a i r w i t h the s u r f a c e of the s l a b c o v e r e d w i t h w a t e r % i n . i n depth. T h e s e w i l l 
be r e f e r r e d to h e r e a f t e r a s a i r d r i e d . 

T e s t M e t h o d s 

T h r e e d i f f e r e n t p r o c e d u r e s w e r e f o l l o w e d i n d e t e r m i n i n g the s u r f a c e s c a l i n g r e s u l t ­
i n g f r o m the a p p l i c a t i o n of d i f f e r e n t d e -
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Figure 6. E f f e c t of entrained a i r on re­
sistance' to surface s c a l i n g ( s ca l e tes t 
prodedure No. 2) . Aggregates Elgin, 111. 
sand and Eau C l a i r e , Wis. gravel . Cement 
Content: 6 sacks per cu yd. Slump: 3 i n . 
Curing: 14 days moist, 14 days in a i r plus 
3 days in a i r with water on top surface. 

i c e r s : 
P r o c e d u r e 1. A f t e r f r e e z i n g 250 m l 

of w a t e r on the s u r f a c e of a c o n c r e t e s l a b 

P C A L o t No . 18681 . B l e n d of e q u a l p a r t s 
by w e i g h t of f o u r T y p e I c e m e n t s p u r ­
c h a s e d l o c a l l y . 
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cedures. 

T A B L E 2 
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i n a r o o m m a i n t a i n e d a t - 2 0 d e g F , the 
s l a b w a s r e m o v e d to a r o o m m a i n t a i n e d 
a t 70 deg F a n d d e - i c e r w a s a p p l i e d i m ­
m e d i a t e l y to the i c e . A f t e r t h a w i n g , the 
r e s u l t i n g s o l u t i o n w a s r e m o v e d , the s u r ­
f a c e w a s r i n s e d a n d 250 m l of w a t e r w a s 
p l a c e d on the s u r f a c e f o r the next f r e e z e 
p o r t i o n of the c y c l e . T h e t o t a l t i m e i n 
f r e e z e r w a s a p p r o x i m a t e l y 18 h o u r s . T h e 
t o t a l t i m e i n the t h a w i n g r o o m w a s a p ­
p r o x i m a t e l y 6 h o u r s . 

P r o c e d u r e 2. T h e s a m e c o n d i t i o n s 
e x i s t e d a s i n No. 1 e x c e p t that the p a r t i ­
c u l a r s o l u t i o n of d e - i c e r a n d w a t e r w a s 
kept on the s p e c i m e n d u r i n g both the 
f r e e z e a n d thaw p o r t i o n s of the c y c l e . 

TABLE 3 
MISCELLANEOUS PHYSICAL TESTS OF CEMENT 

Tests made m accordance with ASTM Standards current in 
December, 1951 (specific gravity determmed in water rather 
than kerosene) 

Specific surface, sq cm per gram 
Wagner 
Blaine 

Passing No. 32S-mesh, % 
Specific gravity, in water 
Normal consistency, % 
Time of setting: Vicat 

Initial 
Final 

Gillmore 
IniUal 
Final 

Autoclave expansion, % 
Air content, 1-4 standard mortar, % 

1710 
3310 
91.1 

3.182 
24.5 

3 hr 15 min 
6 hr 20 min 

4 hr 20 mm 
6 hr 30 mm 

0.135 
8.2 

T A B L E 4 

D A T A O N A G G R E G A T E S 

F i n e Aggregate 

S o u r c e and 
T y p e 

% R e t a i n e d on S ieve F i n e -
No. Indicated n e s s 

B u l k 
Sp G r , 

2 4 - H r 
A b s o r p t i o n , 

M e a n L i n e a r 
T h e r m a l Coe f f 

4 ^ 16 30 50 100 Modulus S. S. D . a % b y Wt of E^ipansion, ^ 
X I O V F 

D r e s s e r , W i s 
( crushed) 

0 5 30 55 80 92 2 . 6 2 2 . 9 1 8 1.14 4. 74 

E l g i n , 111. 
(natural ) 

0 18 33 57 87 95 2 . 9 0 2. 645 2. 25 5. 73 

C o a r s e Aggregate 

S o u r c e and 
T y p e 

% R e t a i n e d on S ieve 
Ind ica ted 

B u l k 
Sp G r , 

2 4 - H r 
A b s o r p t i o n , 

M e a n L i n e a r 
T h e r m a l Coe f f 

l - m . y4- in . ' /6-in. No. 4 3. S. D . a % b y Wt of E x p a n s i o n , " 
X I O V F 

D r e s s e r , W i s 
( crushed) 

0 25 70 100 2. 980 0. 20 4. 74 

E a u C l a i r e , W i s 
(natural ) 

0 25 70 100 2. 693 1. 33 5 .94 

^ S a t u r a t e d , s u r f a c e - d r y . 
" D i l a t o m e t e r method. 

TABLE 5 
CONCRETE MDC DATA 

Cement 
Cement Net W/C, % Slump Air 
Content, gal per Sand, in Content, % 
sacks per sack Abs (pressure) 

cu yd Volume 
Dresser, Wis Fine and Coarse Aggregate (Crushed) 

Type I 6.0 7.2 46 2 2 2.1 

Type I + 
Vinsol Resm ' 5.8 6.9 42 3.0 7.1 

Elgin, 111. Fme Aggregate and Eau Claire, Wis 
Coarse Aggregate (Natural) 

Type I 6.0 5.2 41 3.2 2.2 

Type I + 
Vinsol Resin 6.0 4.8 36 3.3 7.2 

T h e s o d i u m c h l o r i d e , c a l c i u m c h l o r i d e , 
a n d u r e a s o l u t i o n s w e r e r e p l a c e d w i t h 
f r e s h s o l u t i o n s o n c e e a c h w e e k . T h e 
e t h y l a l c o h o l s o l u t i o n s w e r e r e p l a c e d 
t w i c e e a c h w e e k . 

P r o c e d u r e 3. I n t h i s p r o c e d u r e , the 
s p e c i m e n w a s f r o z e n w i t h the s u r f a c e 
d a m p (no e x c e s s w a t e r ) . O n r e m o v a l to 
the t h a w i n g r o o m , the s u r f a c e w a s c o v ­
e r e d w i t h 250 m l of s o l u t i o n c o n t a i n i n g 
the p a r t i c u l a r a m o u n t a n d type of d e - i c e r 
r e q u i r e d . A f t e r c o m p l e t i o n of t h a w i n g , 
the s o l u t i o n w a s r e m o v e d , a n d the s u r f a c e 
w a s r i n s e d a n d d r a i n e d c o m p l e t e l y f o r the 
n e x t f r e e z e p o r t i o n of the c y c l e . 



T A B L E 6 

R E S U L T S O F S C A L I N G T E S T S W I T H D I F F E R E N T D E - I C E R S 

Sca l e T e s t Thaw solution r e f r o z e n (Procedure 2) 
Specimens: 3 - by 6- by 15- in . s l a b s c u r e d continuously moist f o r 31 days p r i o r to s tar t of test 
C e m e n t Content: 6 s a c k s p e r cu y d , 2% to 3y2 - in . s lump 
Aggregates: E l g i n , I l l i n o i s sand and E a u C l a i r e , W i s c o n s i n g r a v e l (1 - in . top s i z e ) 
A i r Contents: N o n - A / E - 2. 2%, A / E - 7.4% 

C o n c e n -
trat ion 

N u m e r i c a l Sca l e Rat ing at Indicated Number of C y c l e s 

Thawing , N o n - A i r - E n t r a i n e d C o n c r e t e A i r - E n t r a i n e d C o n c r e t e 
% by Wt 5 15 25 50 15 100 150 200 S I S 25 50 75 100 igo 200 

No D e - i c e r 

0 0 0 0+ 1- 1+ 1+ 2 - 2+ 0 0 0 0 0 0+ 0+ 1-

F l a k e C a l c i u m C h l o r i d e 

2 0 1- 1+ 4 - (70)* 0 0 0+ 0+ 0+ 1- 1 1+ 
4 0 0+ 1- 1+ 3 - 3+ (133) 0 0 0 0+ Of 0+ 1- 1-
8 0 0 0+ 1- 2 - 2 3 4+ 0 0 0 0 0 0+ 0+ 1-

16 0 0 0 0 0+ 1 3 - (164) 0 0 0 0 0 1 (150) 

Sodium Chlor ide 

2 0 2 (25) 0 0 0+ 0+ 1 1+ 3+ 5 -
4 0 1+ 4+ (35) 0 0 0 0 0+ Of 1 2 
8 0 0+ 0+ 3 - 4 - 5 - (108) 0 0 0 0 0+ 0+ 0+ 0+ 

16 0 0 0 1 2 - 2 2+ 3+ 0 0 0 0 0 0 0 0 

U r e a 

2 0 2 (50) 0 0 Of 0+ 1- 1 2 4 -
4 0 1- 3 (35) 0 0 0 Of 1- 1 2 - 4 -
8 0 0+ 1- 3 - 5 - (85) 0 0 0 0 0+ 1- 1+ 2-

16 0 0 0+ 1+ 2+ 3 - (150) 0 0 0 0 0+ 0+ 1- 1-

E t h y l A lcoho l 

2 0 0+ 1+ 4 (75) 0 0 0 0 Of 1 2+ 3 -
4 0 0+ 1+ (50) 

(75) 
0 0+ Of 0+ 0+ 1+ 3 - 4 -

8 0 0+ 1 4+ (60) 0 0 0+ 0+ 0+ 1- 2 - 3 -
16 0 0+ 1 3 4+ (85) 0 0 0 0 0+ 0+ 1+ 2 

^ ( ) - Number of c y c l e s at which test was discontinued at a rat ing of 5. 

T h e f o l l o w i n g l i s t i n g s h o w s w h i c h d e - i c e r s a n d w h i c h c o n c r e t e s w e r e u s e d i n t h e s e 
t h r e e p r o c e d u r e s : 

P r o c e d u r e 1 - C a l c i u m C h l o r i d e 
B o t h a g g r e g a t e c o m b i n a t i o n s 
N o n - a i r - e n t r a i n e d a n d a i r - e n t r a i n e d 
B o t h c u r i n g c o n d i t i o n s 

P r o c e d u r e 2 - C a l c i u m C h l o r i d e 
B o t h a g g r e g a t e c o m b i n a t i o n s 
N o n - a i r - e n t r a i n e d a n d a i r - e n t r a i n e d 
B o t h c u r i n g c o n d i t i o n s 
S o d i u m C h l o r i d e , U r e a , a n d E t h y l A l c o h o l 
E l g i n s a n d a n d E a u C l a i r e g r a v e l 
N o n - a i r - e n t r a i n e d a n d a i r - e n t r a i n e d 
M o i s t - c u r e d c o n c r e t e s on ly 

P r o c e d u r e 3 - C a l c i u m C h l o r i d e 
D r e s s e r t r a p r o c k s a n d a n d c o a r s e a g g r e g a t e 
N o n - a i r - e n t r a i n e d 
B o t h c u r i i ^ c o n d i t i o n s 
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A t i n t e r v a l s d u r i n g the s c a l i n g t e s t , the s u r f a c e s w e r e e x a m i n e d c a r e f u l l y , r a t e d a s 
to extent a n d depth of s c a l e a n d a s s i g n e d a n u m e r i c a l r a t i n g a s f o l l o w s : 0 - no s c a l i n g , 
1 - v e r y s l i g h t s c a l i n g , 2 - s l i g h t to m o d e r a t e s c a l i n g , 3 - m o d e r a t e s c a l i n g , 4 - m o d ­
e r a t e to s e v e r e s c a l i n g , a n d 5 - s e v e r e s c a l i n g . 

T A B L E 7 

R E S U L T S O F S C A L I N G T E S T S - T R A P R O C K F I N E A N D C O A R S E A G G R E G A T E 

Specimens: 3 - by 6- by 15- in . s l a b s D e - I c e r : F l a k e c a l c i u m chlor ide 
C u r i n g : (a) 31 days mois t (b) 14 days moist , 14 days in a i r plus 3 days in a i r with water on 

s u r f a c e 
Cement Content: 6 s a c k s p e r cu y d , 2 to 3 in. s lump 
Aggregates: D r e s s e r , Wis . trap rock f ine and c o a r s e aggregate (1 - in . top s i z e ) 
A i r Content: N o n - A / E - 2.1%, A / E - 7.1% 

C o n c e n -
trat ion 

of Soln N u m e r i c a l Sca le Rat ing at Indicated Number of C y c l e s 

Thawing Thaw Solution R e p l a c e d ( P r o c e d u r e 1) Thaw Solution R e f r o z e n ( P r o c e d u r e 2) 

% b y W t 5 15 25 50 75 100 150 200 5 15 25 50 75 100 150 200 

N o n - A i r - E n t r a i n e d - Mois t C u r e d 

0 0 0 0+ 1 4 (lOO)a . . . . . . 
2 0 0+ 1 2 (68) 1- 1+ 2+ (35) 
3 0 1- 1 3 (68) 
4 0 1- 1+ 4 (57) 1 3 - 4+ (30) 
6 0 1- 2 (43) -
8 0 1- 2+ (40) 0+ 1+ 3 - (35) 

10 0 1+ 2+ (39) 

16 0 1+ 3 - (39) 0 2 - 3 - (40) 

N o n - A i r - E n t r a i n e d - A i r D r i e d 

0 0 0 0 0 1- 2 4+ (163) - - - - - -
2 0 0 0 0+ 1- 3+ (150) 0+ 1 2 - 4+ (53) 
3 
4 0 0+ 1- 2 (75) 0+ 1+ 2 - (50) 
6 . 
8 0+ 1- 1- (50) 0+ 1 2- 4+ (53) 

10 - - - - _ _ -
16 0 0+ 1+ 4 - (63) 0 0 0 0 1+ 4 - (113) 

A i r - E n t r a i n e d - M o i s t C u r e d 

0 0 0 0 0 0 0 0+ 0+ - - - - - - - -
2 0 0 0 0 0 0 0 0 0 0 0+ 0+ 1- 1- 2 - 3+ 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0+ 1- 1 2 - 3 (188) 
6 0 0 0 0 0 0 0 0 + - - - - - - - -
8 0 0 0 0 0 0 0+ 0 + 0 0 0 0 0 0 + 1 2 

10 0 0 0 0 0 0 0 0 - - - - - - - -
16 0 0 0+ 0+ 0+ 0+ 0+ 0+ 0 0 0 1- 1+ 2 - 3+ (188) 

A i r - E n t r a i n e d - A i r D r i e d 

0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0+ 0+ 0+ 0 0 0 0 0 0 0 0 
3 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 
8 0 0 0 0 0+ 0+ 0+ 0+ 0 0 0 0 0 0 0 0 

10 - _ . - . _ 
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ^ 

^( ) - Number of c y c l e s at which test w a s discontinued at a rat ing of 5. 
*^At 325 c y c l e s ent ire s u r f a c e s c a l e d off abruptly a s a l a y e r about Via in. t h i c k . . 
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T A B L E 8 

R E S U L T S O F S C A L I N G T E S T S - E L G I N SAND A N D E A U C L A I R E G R A V E L 

Spec imens: 3 - by 6- by 15- in . s l a b s D e - i c e r : F l a k e c a l c i u m chlor ide 
C u r i n g : (a) 31 days mois t (b) 14 days mois t , 14 days in a i r p lus 3 days in a i r with water on 

s u r f a c e 
C e m e n t C o n t e n t 6 s a c k s p e r c u y d , 2 - to 3 - i n . s lump 
Aggregates: E l g i n , U L sand and E a u C l a i r e , W i s . c r u s h e d g r a v e l ( 1 - m . top s i z e ) 

A i r Content N o n - A / E - 2. 2%, A / E - 7.1% 

C o n c e n -
trat ion 

of Soln N u m e r i c a l Sca le Rat ing at Indicated Number of C y c l e s 

Thawing Thaw Solution R e p l a c e d ( P r o c e d u r e 1) Thaw Solution R e f r o z e n ( P r o c e d u r e 2) 

% by Wt 5 15 25 50 75 ICQ 150 200 5 15 25 50 75 100 150 200 
N o n - A i r - E n t r a m e d - M o i s t C u r e d 

0 0 0 0 0 1- 1+ 2 - 2 
2 0 0 0 0+ 2+ 3 4 5 - 0+ 1+ 2 - (40) 
3 0 0 0 0+ 2 - 3 - 4 5 -
4 0 0 0 1- 3 - 3 4+ 5 - 0+ 1- 1+ 4 (55) 
6 0 0 0+ 0+ 3 - 4 - (138)a 
8 0 0 0+ 0+ 2 3 - 4 5 - 0+ 1- 1+ 4+ (55) 

10 0 0 1- 1- 2+ 3 - 4 5 -
16 0 0 1- 1- 2 - 2+ 3 - 3 0 0+ 1- 2+ (72) 

0 
2 
3 
4 
6 
8 

10 
16 

N o n - A i r - E n t r a l n e d - A i r D r i e d 

0+ 
0 

0+ 
0 0 + 1 - 2- 4+ (55) 

0 0 0 0 0 0 0 0 0+ 1- 2 - (40) 

0 0 0+ 0+ 0+ 0+ Of 0+ 0+ 1- 2- 3+ 4- 4+ (125) 

0 0+ 1- 1- 1- 1- 1 1+ 0 0 0 0 3 - 3+ (150) 

A i r - E n t r a i n e d - Mois t C u r e d 

0 0 0 0 0 0 0 Of Of 
2 0 0 0 0 0 0 0 Of 0 0 Of 0+ 1- 1- 2 - 3 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 Of I f 2 -
6 0 0 0 0 0 0 0 Of 
8 0 0 0 0 0 0 0 0 0 0 Of 1- 1- 1- 1 2 -

10 0 0 0 0 0 0 0 0 
16 0+ 0+ 0+ 0+ 0+ 0+ 0+ Of 0 0 0 1- 1 2 - 4 - (163) 

A i r - E n t r a i n e d - A i r D r i e d 

0 
2 
3 
4 
6 
8 

10 
16 

0 0 

0 0 

0 
0 

0 

0 

Of Of Of 

0 
0 

0 

0 

Of 

Of Of 
0 0 

0 

0 

Of 

0 

0 

Of 

Of 
0 

0 

0 

Of 

Of 
0 

0 

0 

Of 

0+ Of Of Of Of 0+ Of 0+ 

0 0 

0 0 

0 0 

0 

0 

Ob 

* ( ) - Number of c y c l e s at which test w a s discontinued at a ra tmg of 5. 
b S u r f a c e s h e l l s c a l e d off, about Vie-in. thick. Discont inued at 237 c y c l e s . 
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TABLE 9 
RESULTS OF SCALING TESTS - TRAP ROCK FINE AND 

COARSE AGGREGATES 
Test Cycle: Slabs frozen with surface damp (no excess of 

water). Thaw solution placed directly on surface at start 
of thawing period (Procedure 3) 

Specimens 3- by 6- by 15-m slabs De-icer Flake calcium 
chloride 

Curing (a) 31 days moist (b) 14 days moist, 14 days in air 
plus 3 days in air with water on surface 

Cement Content 6 sacks per cu yd, 2- to 3-in. slump, non-
air-entrained. 

Aggregates. Dresser, Wisconsin, trap rock fme and coarse 
aggregates (1-in. top size). 

Air Content: 2.1% 
Concentration 

of Thaw Numerical Scale Rating at Indicated 
Solution Number of Cycles 

*by Wt 25 50 75 100 150 25 50 75 100 150 
0 0 0 0 0 0 0 0 0 0 0 
2 0+ 0+ 0+ 0+ 0+ 0 0 0 0 0 
4 Ot 0+ 0+ 0+ 0* 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 0 0 0 
16 0 0 0 0 0 0 0 0 0 0 

D I S C U S S I O N O F R E S U L T S 

E f f e c t of C o n c e n t r a t i o n of D i f f e r e n t D e -
I c e r s on S c a l e R e s i s t a n c e 

T h e w o r k of A r n f e l t ^ h a s i n d i c a t e d 
that c o n c r e t e s f r o z e n a n d t h a w e d w h i l e i m ­
m e r s e d i n s o l u t i o n s of d i f f e r e n t m a t e r i a l s 
s h o w e d m a x i m u m d e t e r i o r a t i o n a t r e l a ­
t i v e l y low s o l u t i o n c o n c e n t r a t i o n s a n d that 
f u r t h e r i n c r e a s e i n c o n c e n t r a t i o n r e s u l t e d 
i n a d e c r e a s e i n d e t e r i o r a t i o n . F i e l d o b ­
s e r v a t i o n s i n t h i s c o u n t r y a p p e a r e d to i n ­
d i c a t e that s c a l i n g of c o n c r e t e p a v e m e n t s 
i n c r e a s e d w i t h i n c r e a s e i n the a m o u n t of 
c a l c i u m c h l o r i d e o r r o c k s a l t u s e d a s d e -
i c e r s . 

B e f o r e m a k i n g a g e n e r a l a t t a c k on the 
p r o b l e m of s u r f a c e s c a l i n g , i t w a s d e s i r ­
a b l e to s u b s t a n t i a t e A r n f e l t ' s w o r k u s i n g 

f o u r m a t e r i a l s a s d e - i c e r s : c a l c i u m c h l o r i d e , s o d i u m c h l o r i d e , u r e a , a n d e t h y l a l c o h o l . 
T h e c o n c r e t e s u s e d i n t h i s p o r t i o n of the s tudy w e r e m a d e w i t h the E l g i n s a n d a n d E a u 
C l a i r e g r a v e L F u r t h e r i n f o r m a t i o n on t h e s e c o n c r e t e s i s s h o w n i n T a b l e 5. 

T h e s e c o n c r e t e s w e r e m o i s t c u r e d p r i o r to t e s t . S c a l e t e s t P r o c e d u r e 2 w a s u s e d 
to s i m u l a t e i n s o m e r e s p e c t s A r n f e l t ' s t e s t s i n w h i c h the c o n c r e t e s w e r e f r o z e n a n d 
t h a w e d w h i l e i m m e r s e d i n the s o l u t i o n . I n P r o c e d u r e 2 , the s o l u t i o n of w a t e r a n d d e -
i c e r r e m a i n e d on the s u r f a c e of the s p e c i m e n d u r i n g both the f r e e z e a n d thaw p o r t i o n s 
of the c y c l e . 

T a b l e 6 a n d F i g u r e 1 s h o w the e f f e c t of c o n c e n t r a t i o n of s o l u t i o n on the s c a l e r e s i s ­
t a n c e of t h e s e c o n c r e t e s . T h e n o n - a i r - e n t r a i n e d c o n c r e t e s show s e v e r e s c a l i n g m u c h 
s o o n e r t h a n the a i r - e n t r a i n e d c o n c r e t e s , w i t h the r a t e of s c a l i n g m u c h g r e a t e r a t s o l u ­
t ion c o n c e n t r a t i o n s of 2 a n d 4 p e r c e n t t h a n a t 0, 8, a n d 16 p e r c e n t . T h e s e d a t a c o n f i r m 
the o b s e r v a t i o n s of A r n f e l t . F i g u r e 2 s h o w s m o r e c l e a r l y the g r e a t e r a m o u n t s of s u r ­
f a c e s c a l i n g o c c u r r i n g w i t h the i n t e r m e d i a t e a n d r e l a t i v e l y low c o n c e n t r a t i o n s of d e -
i c e r s . 

T h e s e d a t a a r e i m p o r t a n t w i t h r e g a r d to the m e c h a n i s m by w h i c h s c a l i n g o c c u r s . 
T h e o p i n i o n a d v a n c e d m o s t f r e q u e n t l y i s that the m e c h a n i s m i s p r i m a r i l y a c h e m i c a l 
a t t a c k . I f t h i s w e r e t r u e , s u r f a c e s c a l i n g w o u l d be e x p e c t e d to i n c r e a s e w i t h a n i n ­
c r e a s e i n c o n c e n t r a t i o n of d e - i c e r . T h e s e t e s t s s h o w that t h i s i s not s o . I n a d d i t i o n , 
the d e - i c e r s u s e d i n t h e s e t e s t s a r e d i s s i m i l a r c h e m i c a l l y . I t a p p e a r s , t h e r e f o r e , tha t 
the m e c h a n i s m p r o d u c i n g s u r f a c e s c a l i i ^ i s p r i m a r i l y p h y s i c a l . 

E f f e c t of T e s t P r o c e d u r e on S c a l e 
R e s i s t a n c e 

T a b l e s 7 a n d 8 s h o w the r e s u l t s of 
s c a l i n g t e s t s of n o n - a i r - e n t r a i n e d a n d 
a i r - e n t r a i n e d c o n c r e t e s m a d e w i t h the 
D r e s s e r t r a p r o c k a g g r e g a t e a n d the E l ­
g i n s a n d a n d E a u C l a i r e g r a v e l , u s i n g 
both P r o c e d u r e 1 a n d 2 a n d c a l c i u m c h l o ­
r i d e a s the d e - i c e r . I n P r o c e d u r e 1 the 
thaw s o l u t i o n i s r e p l a c e d w i t h f r e s h w a t e r 
f o r the f r e e z e p o r t i o n of the c y c l e ; i n P r o -

TABLE 10 
RESULTS OF SCALING TESTS - ELGIN SAND AND 

EAU CLAIRE GRAVEL 
Scale Test Thaw solution refrozen (Procedure 2) 
De-icer. Flake calcium chloride, 2% solution concentration 

(by weight). 
Specimens. 3- by 6- by 15-m slabs cured 14 days moist, 14 

days m air plus 3 days in air with water on surface. 
Cement Content 6 sacks per cu yd, 3-in slump 
Aggregates: Elgin, Illinois sand and Eau Claire. Wisconsin 

gravel (1-in. top size). 
Air Content Agent added at mjxer to produce range m air 

contents shown 

" D a m a g e on C o n c r e t e P a v e m e n t s by 
W i n t e r t i m e S a l t T r e a t m e n t , " A r n f e l t , 
H a r r y , M e d d e l a n d e 6 6 , S t a t e n s V a g i n s t i t u t , 
S t o c k h o l m , 1943. 

Air Content 
of Concrete 

% 5 

Numerical Scale Rating at 
Number of Cycles 

15 25 50 75 

Indicated 

100 125 
2.3 1- 1 2- 2+ 3+ 3+ 4-
3 2 0+ 0+ Of 0+ 1- 1- 1-
4.7 0+ 0+ 0+ 0+ Of Of Of 
6 2 0 0 Ot 0+ Ot Of Of 
7.5 0 0 0 0 Of Of Of 
9.9 0 0 0+ Of Of Of Of 
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cedure 2 the thaw solution is refrozen. Companion concretes were cured continuously 
moist or moist plus a period of air drying prior to test. 

Figures 3 and 4 show the numerical scale ratings as a function of the calcium chlo­
ride solution concentration for these concretes and test procedures during 200 cycles 
of test. Where scaling has developed, note that, in general, the more severe scaling 
occurs at some intermediate and relatively low solution concentration. The scaling 
which occurs when the thaw solution is refrozen is generally more severe than when 
the solution is replaced. The usual laboratory procedure of replacing the thaw solution 
with fresh water (Procedure 1) apparently does not represent the most severe exposure 
attainable. For the purpose of determining the scale resistance for the most severe 
exposure conditions, the laboratory test should involve refreezing the thaw solution 
(Procedure 2). There appears to be no general relationship between the scalmg pro­
duced by Procedures 1 and 2. Figure 5 shows only that Procedure 2 is generally much 
more severe than Procedure 1. 

Some non-air-entrained concretes, both moist cured and air dried, made with the 
Dresser trap rock aggregate were tested for scale resistance using Procedure 3. The 
results are shown in Table 9. In test Procedure 3 the concrete specimen is frozen with 
the surface damp (no excess water) and the surface is then thawed with the appropriate 
calcium chloride solution. The scale ratings obtained during 150 cycles of test are 
shown in Table 9. No scaling has developed on any of these concretes exposed to cal­
cium chloride solutions concentrations ranging from 0 to 16 percent, except for some 
very slight scale on the moist cured concretes exposed to the 2 and 4 percent solution 
concentrations. These very same concretes would have scaled rapidly under the test 
conditions of Procedure 1 and 2. It would appear that the scale resistance of the sur­
face was enhanced by the rapid drying of the top surface of the slab, such as would oc­
cur when a warm wet specimen is placed in cold atmosphere having a low moisture 
content. 

Effect of Prior Curing on Scale Resistance 
Pavements rarely obtain curing comparable to continuous moist curing in the labora­

tory. Generally, after a minimum prescribed curing period, the concrete is e}q)Osed 
to drying conditions with subsequent rewetting at intervals by rainfall. On rewetting, 
however, the amount of water reabsorbed rarely equals that lost during the drying 
period, unless the period of wetting is exceptionally long. This results in a lowered 
degree of saturation. 

The effect on scale resistance of continuous moist curing and a curing period com­
prised of both moist curing and air drying is shown in Figures 3 and 4. In almost all 
instances, continuous moist curing resulted in concrete surfaces less resistant to sur­
face scaling than the concretes which underwent some air drying prior to test. For the 
non-air-entrained concretes, although the period of air drying reduced the amount of 
scaling, the resistance of the surfaces was not satisfactory, with the exception of the 
air-dried concrete made with the Eau Claire aggregate which was tested for scale re­
sistance by Procedure 1, replacing the thaw solution with fresh water. 

The air-dried air-entrained concretes made with both combinations of aggregates 
showed only very slight scalii^ during 200 cycles of Procedure 1 or 2. Despite the 
severity of Procedure 2, the period of air drying of the air-entrained concretes pro­
duced concretes resistant to 200 cycles of this test procedure. Concrete pavements 
may sometimes be subjected simultaneously to conditions of exposure similar to that of 
Procedure 2 and to low de-icer concentrations. Despite this particularly severe com­
bination of exposure conditions, air-entrained concrete pavements have an excellent 
performance record, which may in part be the result of periodic air drying of the pave­
ment surface. Laboratory tests should therefore include tests on air-dried concretes. 

Effect of Amount of Air on Scale Resistance 
From over-all durability considerations, the desired air content for concretes made 

with aggregate of 1-in. maximum size is in the range of 4 to 7 percent based on pre­
vious laboratory tests and field e3q)erience. The air-entrained concretes used in this 
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study had air contents near the upper limit of this range, since preliminary tests had 
indicated that a combination of contmuous moist curing followed by e}q)osure to low de-
icer concentrations in scale test Procedure 2 (thaw solution refrozen) was an extremely 
severe test. Additional concretes were prepared in order to evaluate the scale resis­
tance at various air contents within this range. Figure 6 shows some of these data 
which indicate that the concretes with 4. 7 percent air content showed surface scale 
ranging from none to very slight as evidenced by a scale rating of 0+ at 125 cycles. 
For concretes cured and tested in the same manner (see Table 8) and made with the 
same aggregate and an air content of 7.1 percent, the scale rating at 125 cycles was 
identical. This indicates that an air content at the middle of the recommended range of 
4 to 7 percent for this type of concrete performed as well as the concrete with 7.1 per­
cent air content. Further details of these tests are shown in Table 10. 

SUMMARY AND CONCLUSIONS 
These laboratory tests provide new information on the effect of de-icers on the sur­

face scaling of non-air-entrained and air-entrained concretes, each made with two dif­
ferent coarse aggregates, cured differently, and tested under a variety of scale test 
procedures. While these tests did not provide data from which a complete concept of 
the mechanism involved can be drawn, they have provided a basis for further study, 
some of which is already under way. 

Based on these laboratory tests, the following statements appear valid: 
1. Chemically dissimilar materials, inorganic or organic, salts or non-salts, which 

function as de-icers also cause "salt" scaling, which more appropriately should be 
called "de-icer scaling." 

2. Relatively low concentrations (of the order of 2 to 4 percent by weight) of de-icer 
produce more surface scaling than higher concentrations or the absence of de-icer. 

3. On the basis of the foregoing, it appears that the mechanism of surface scaling 
is primarily physical rather than chemical. 

4. Surface scale test procedures greatly influence the rate of scaling. The 
most severe test procedure yet discovered is one in which the concrete is alternately 
frozen and thawed with the de-icer solution remaining on the top surface of the concrete 
rather than being replaced with fresh water prior to each freezing. 

5. No scaling was produced when the concrete surface had no free water on i t during 
the freeze portion of the cycle. 

6. A period of air drying of the concretes prior to the start of scaling tests in­
creased the resistance to surface scaling. Air-entrained concretes treated in this 
manner were immune to the most severe scale test procedure for more than 200 cycles 
of test. 

7. With the fixed cement content and slump as specified by these tests, the concrete 
made with the Elgin sand and Eau Claire gravel showed more resistance to surface 
scaling than the concretes made with the Dresser trap rock fine and coarse aggregate. 


