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The study o f s i l i c o n e treatment o f concrete has been 
c a r r i e d on by the New York State Department o f Public 
Works since 1953' A f t e r determining t h a t t h e r e might 
be m e r i t s i n i t s use, a d e c i s i o n had t o be made as t o 
the type o f s i l i c o n e t o use. For va r i o u s reasons, the 
water soluble s i l i c o n e was selected. 
Then f o l l o w e d months of t e s t i n g w i t h various types o f 
concrete mixes. This was necessary as the use o f s i l 
icones p r i o r t o t h i s time had been l i m i t e d p r i m a r i l y 
t o b u i l d i n g m a t e r i a l s . Testing methods were developed 
t h a t would approximate f i e l d c o n d i t i o n s a p p l i c a b l e t o 
bridge c o n s t r u c t i o n . P a r t i c u l a r a t t e n t i o n was given 
t o r a t e o f absorption o f water, f r e e z i n g and thawing, 
r e s i s t a n c e t o a c t i o n of sodium c h l o r i d e and l i g h t r e 
f l e c t a n c e . 
I n 195̂ +, f i e l d t e s t experiments were made on 13 panels 
of the New York State Thruway. S i l i c o n e treatment of 
va r y i n g concentrations from one-half o f 1 percent t o 5 
percent were placed on f i v e panels. Six panels had 
no treatment and were used f o r c o n t r o l , and two panels 
were t r e a t e d w i t h a petroleimi d i s t i l l a t e . 
A retreatment o f the panels w i t h a 2 percent s i l i c o n e 
was made i n November o f 1956. The r a t e o f a p p l i c a 
t i o n vajried w i t h the percentage of con c e n t r a t i o n I n 
the o r i g i n a l treatment, i n d i c a t i n g a defense i n depth 
a f t e r two years use. 
The f a s c i a and p i e r f a c i n g s i n the approaching lane 
o f one structiare over the New York State Thruway were 
t r e a t e d f o r study o f l i g h t r e f l e c t a n c e on s i l i c o n e 
t r e a t e d concrete. 
I n June 1955 an i n t e r i m s p e c i f i c a t i o n was drawn f o r 
the use o f water soluble s i l i c o n e on a l l exposed con
cr e t e i n new s t r u c t u r e s . This s p e c i f i c a t i o n i s now 
Incor p o r a t e d I n the l a t e s t e d i t i o n o f the Public Works 
S p e c i f i c a t i o n s adopted January 2, 1957-

There are t e n s t r u c t u r e s t h a t have been completed u t i l 
i z i n g water soluble s i l i c o n e which have been opened t o 
t r a f f i c f o r a t l e a s t one w i n t e r season. I n s p e c t i o n of 
these s t r u c t u r e s i n October o f 1957 shows no d e t e r i o r a 
t i o n or s p e l l i n g o f the concrete. 

• TEIE SURFACE treatment o f concrete by highway depaxtments i n an attempt 
t o give i t a p r o t e c t i n g covering against the elements and thereby Increase 
I t s d u r a b i l i t y I s not new. Upon i n t r o d u c t i o n t o s i l i c o n e s i n 1953̂  "the 
New York State Department o f Publi c Works became i n t e r e s t e d i n the un
usual p o s s i b i l i t y e x h i b i t e d by t h i s comparatively new product. 
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New York State's geographical l o c a t i o n i s such t h a t t h e r e are wide
spread areas o f the highway system t h a t can expect t o be subjected t o as 
many as 75 freeze-thaw c y c l e s , 8o wet-dry cycles together w i t h 35 s a l t 
a p p l i c a t i o n s per year. This i n the l i g h t o f t h e i r e f f e c t s upon concrete 
together w i t h an expanded highway and bridge c o n s t r u c t i o n program p o i n t e d 
up the f a c t t h a t b u i l d i n g must be i n a manner t h a t would minimize f u t u r e 
maintenance. These were the basic reasons why E. W. Wendell, then Deputy 
Chief Engineer (Bridges, Grade Separations and S t r u c t u r e s ) since r e t i r e d , 
caused a study o f s i l i c o n e treatment f o r concrete t o be Inaugurated. 

The f i r s t phase i n t h i s study was t o e v a l m t e the two types o f s i l l -
cones t h a t were a v a i l a b l e , namely the water soluble and the solvent type. 
Consideration was given t o the p e n e t r a t i o n , hazard and economy of each 
type. 

Conditions i n v o l v e d i n t h a t i n i t i a l study and the conclusions were 
as f o l l o w s : 

Penetration. A p p l i c a t i o n of the s i l i c o n e s o l u t i o n under construc
t i o n c o n d i t i o n s and schedules would most l i k e l y have t o be made on moist 
concrete or a t best surface dry concrete. I t was f e l t t h a t under these 
c o n d i t i o n s the water soluble s i l i c o n e s o l u t i o n would penetrate t o a g r e a t 
er depth than the solvent type s i l i c o n e s o l u t i o n . This i s g r e a t l y due t o 
the d i f f e r e n c e i n the method of c u r i n g of the s i l i c o n e m a t e r i a l s . The 
water soluble s i l i c o n e s o l u t i o n could penetrate a moist surface w i t h o u t 
r e s u l t i n g i n a chemical r e a c t i o n , whereas the solvent type s i l i c o n e s o l u 
t i o n woiild t e n d t o cure upon contact w i t h the moist surface w i t h o u t pen
e t r a t i n g . 

Hazard. Recognizing the l a c k o f c o n t r o l s on l a r g e highway and bridge 
c o n s t r u c t i o n p r o j e c t s the hazards i n v o l v e d i n the use of the water soluble 
s i l i c o n e which i s v e r y c a u s t i c and the solvent type s i l i c o n e which i s 
t o x i c , due t o the l a r g e volume of solvent m i s t , had t o be c a r e f u l l y s t u d -
l e d . Water soluble s i l i c o n e s o l u t i o n w i t h a pH f a c t o r o f I3 was consid
ered t o be l e s s hazardous than the solvent type s i l i c o n e s o l u t i o n c o n t a i n 
i n g T o l u o l w i t h a f l a s h p o i n t o f l*-0 F or X y l o l w i t h a f l a s h p o i n t of 75 F. 

Economy. Recommendation of the mamufacturers i n d i c a t e d t h a t a two 
percent water soluble s i l i c o n e s o l u t i o n would o f f e r the same r e p e l l e n c y 
as a f i v e percent solvent type s i l i c o n e s o l u t i o n and r e s x i l t i n a consid
erable saving i n the cost of the s i l i c o n e s o l i d s . Furthermore, water be
i n g a p r e r e q u i s i t e o f a c o n s t r u c t i o n p r o j e c t , i t s a v a i l a b i l i t y and low or 
n e g l i g i b l e cost i n c o n t r a s t t o the cost o f m a t e r i a l , packaging £uid ship p i n g 
charges o f solvents i n d i c a t e d t h a t the water soluble s i l i c o n e woiild be the 
most economical. 

Based on the advantages t h a t accrue t o the water base m a t e r i a l a f t e r 
g i v i n g due c o n s i d e r a t i o n t o a l l these f a c t o r s ; namely, p e n e t r a t i o n , hazard 
and economy, the water soluble s i l i c o n e was s e l e c t e d f o r t e s t i n g . 

Since p r i o r t o t h i s time the use o f s i l i c o n e s i n c o n s t r u c t i o n had 
been l i m i t e d p r i m a r i l y t o b u i l d i n g m a t e r i a l s , t e s t i n g procedures would 
have t o be developed t h a t would approximate f i e l d c o n d i t i o n s a p p l i c a b l e 
t o bridge c o n s t r u c t i o n . 

The S i l i c o n e Products Department of the General E l e c t r i c Company l o 
cated a t Waterford, N. Y., which i s only 10 miles n o r t n o f Albany, coop
er a t e d by making t h e i r l a b o r a t o r y and personnel a v a i l a b l e t o the Depart
ment f o r any t e s t i n g d e s i r e d . 



15 
The f i r s t i n v e s t i g a t i o n was t o attempt t o determine the amoiant o f 

pe'netratlon t h a t c ould be expected w i t h the water soluble s i l i c o n e s o l u -
tj.on. Sample blocks 6- by 3^- hy 1-g-in. deep were made of both mortar 
ar.d concrete. These blocks were immersed i n a two percent water soluble 
s i l i c o n e s o l u t i o n f o r s i x seconds, removed and l e t cvire. The blocks were 
then broken and Immersed i n water, removed and the depth of the edges 
e x h i b i t i n g evidence of no w e t t i n g were measured. The apparent p e n e t r a t i o n 
of the water soluble s i l i c o n e s o l u t i o n i n t o the mortar b l o c k averaged ap
proximately •̂  i n . , w h i l e I n the concrete b l o c k the measiired p e n e t r a t i o n 
averaged approximately l / 8 i n . The apparent d i f f e r e n c e i n the depth o f 
p e n e t r a t i o n i s a t t r i b u t e d t o the f a c t t h a t the coarse aggregate I n the 
concrete blocks was topped by o n l y l / 8 i n . o f cement m a t r i x ( F i g . l ) . 

A t e s t i n g program using a l r -
e n t r a l n e d concrete and non-air-en-
t r a l n e d concrete was then set up. 
Sajnple blocks 6- by 3-|- by 1-^-in. 
deep would be molded so t h a t a •̂ -
i n . depression would be obtained i n 
the t o p o f the b l o c k , t o permit the 
f r e e z i n g o f a l a y e r o f water. Un
t r e a t e d and t r e a t e d blocks woiild be 
glT-en I d e n t i c a l t e s t s . The two 
tyt)es o f concrete sample blocks 
wo\ild be set up i n t h r e e s e r i e s ; 
namely, u n t r e a t e d , o i l t r e a t e d i n 
conformance w i t h New York State De-
pai'tment o f Public Works s p e c i f i c a 
t i o n s and two percent water soluble 
s i l i c o n e t r e a t e d . The t r e a t e d 
b l c c k s were sprayed t o simulate a 
f i e l d a p p l i c a t i o n . 

The General E l e c t r i c Company 
constructed a r a p i d cycle f r e e z e -
thaw apparatus (6 cycles of 
freeze-thaw per day) and the con
d i t i o n s o f the t e s t were c o n t r o l l e d 
as s p e c i f i e d i n ASTM Method C-291 
w i t h some exceptions. (One cycle out o f s i x , the center o f the block tem
perature d i d not reach 0 F and t h e r e was a 55-mln delay before the f r o z e n 
sample entered the 50 F water-thaw t a n k . ) Both the t r e a t e d and u n t r e a t e d 
blocks were mounted side by side on the endless b e l t o f the apparatus and 
subjected t o i d e n t i c a l t e s t c o n d i t i o n s . 

T y p i c a l data obtained from t h i s t e s t showed t h a t n o n - a i r - e n t r a i n e d 
concrete blocks w i t h no surface treatment or when t r e a t e d w i t h o i l f a i l e d 
com]5letely i n from 35 t o kO c y c l e s , whereas when t r e a t e d w i t h two percent 
sll:.cone s o l u t i o n the blocks showed no f a i l i i r e and o n l y s l i g h t surface 
scal.ing i n 75 t o 90 cycles ( F i g . 2). 

A i r - e n t r a i n e d concrete blocks w i t h no surface treatment or when t r e a t 
ed \ r i t h o i l showed no f a i l u r e and only moderate surface s c a l i n g a f t e r 90 
cycJ.es, whereas the s i l i c o n e t r e a t e d blocks showed no f a i l u r e and p r a c t l -
c a l J y no surface s c a l i n g a f t e r 90 c y c l e s . 

Figure 1. Depth o f p e n e t r a t i o n o f 
s i l i c o n e i n mortar b l o c k on r i g h t 

and concrete block on l e f t . 
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Figure 2. Effect of 35 cycles of freeze-thaw: upper blocks of a i r -
entrained concrete, lower blocks of non-air-entralned concrete, blocks 

on l e f t — s i l i c o n e treated, blocks on ri g h t — u n t r e a t e d . 

To simulate f i e l d conditions, rock s a l t was applied to frozen blocks 
of air-entrained concrete. Considerable surface scaling was noted on the 
untreated and o i l treated blocks after 10 cycles, whereas there was no i n 
dication of any siirface scaling of the silicone treated blocks after 20 
cycles. I 

The results of these laboratory tests clearly indicated that portland 
cement concrete treated with silicone could be expected to exhibit super
i o r d u r a b i l i t y . 

Tests were then run on rate o f water absorption of treated and un
treated blocks. Blocks were selected which had been exposed to 25 freeze-
thaw cycles, dried thoroiaghly, weighed, then placed i n a tray having ^ i n . 
of water where they remained f o r 2k hr. The blocks were then wiped o f f 
and weighed again. The average absorption of untreated blocks was i n ex
cess o f eight percent, whereas the average absorption of silicone treated 
blocks was less than 1^ percent. i 

This indication that silicone treated concrete tended to repel the 
invasion of water prompted a request to the General Electric Company engi
neers to run tests on l i g h t reflectance of treated and untreated concrete. 
This was i n recognition of the re s p o n s i b i l i t y for providing the traveling 
public with the safest highway possible. 

This resulted i n laboratory measurements of l i g h t reflectance as w e l l 
as some f i e l d measiirements to determine what values of l i g h t reflectance 
existed. 

Measurements were made on laboratory prepared concrete samples with 
laboratory test equipment and the results obtained indicated that the 
l i g h t reflectance of untreated concrete surfaces dropped from 35 percent 
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Figure 3. Apparatus f o r measuring l i g h t reflectance. 

to 50 percent when they became wet, whereas the l i g h t reflectance of s i l 
icone treated concrete surfaces did not change appreciably when they be-
car.ie vet. 

Readings were then made on \mtreated and treated outdoor concrete 
test panels, using a special reflectance standard and a foot candle meter 
as specified by the ASA Practice f o r Street and Highway Lighting. 

Measurements were made using the method described on page 27 of Ap-
per.dlx C of the ASA Practice f o r Street and Highway Lighting, 1953. The 
0- to 100-ft candlemeter^ with a reduced aperture, was mounted on a t r i p o d 
bo:x (Fig. 3) and readings were teiken over the various test areas. The 
reference standard (Reflectance Factor of 75 percent) was placed over the 
test areas and readings were recorded with the standard i n place and with 
the concrete dry and wet (Figs. k and 5 ) . 

The 75 percent standard was used to calculate the reflectance levels 
of the various t e s t areas and the average of the test results showed that 
the l i g h t reflectance value of the untreated panels was reduced 50 percent 
when wet, whereas the l i g h t reflectance value of the silicone treated pan
els was reduced only I3 percent when wet (Fig. 6 ) . 

In June I955 the Deputy Chief Engineer (Bridges, Grade Separations 
and Structures), ordered an Interim specification drawn for the use of 
water soluble silicone on a l l exposed concrete i n new structures based 
upon the res\ilts obtained from the test program. This specification called 
f o r the d i l u t e solution to contain two percent silicone and to be mixed by 



18 

Fig\ire k. Measuring l i g h t r e f l e c t 
ance—reference standard i n place. 

Figure 5- Measuring l i g h t r e f l e c t 
ance—wet and dry treated and un

treated concrete panels. 

5 
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REFLECTANCE OF CONCRETE 

UNTREATED SC-50 TREATED! 

weight 10 parts of silicone concen
tr a t e and 90 parts of water. I n the 
revised specification the propor
tions are equated to gallons f o r 
ease of mixing i n the f i e l d . To 
better Insure f i e l d application and 
tp provide inspectors an opportun
i t y to be sure that the silicone 
treatment had been accomplished, a 
f u g i t i v e dye (Phenolphthalein) was 
added to the silicone concentrate. 
The rate of application of the d i 
lut e solution i s indicated as 12 
square yards per gallon. 

Since the interim speciflca-
Fig\ire 6, t l o n f o r water soluble silicone was 

introduced i n June 1955, there have 
been ten structures, completed and 

open to t r a f f i c f o r at least one winter season which had the silicone ap
p l i c a t i o n . These structures are In various parts of the state and are 
therefore subject to varying weather conditions. Inspection of these 
structures i n October 1957 showed the concrete to be i n excellent condi
t i o n with no deterioration or spalllng evident except i n one Instance 
which makes f o r an interesting observation. I t was noted on one struc
ture that a.n the concrete with the exception of a section of the curb 
facing some 20 feet long was i n perfect condition. The cur'h facing i n 
t h i s 2 0-ft section showed deterioration approximately 2 i n . above the 
wearing course. Upon investigation i t was learned that the bridge engi
neer responsible f o r the construction of t h i s structure had been v i s i t e d 
by a salesman who gave him a 5-gal sample of a product purported to be 
superior to the material called f o r i n the specifications. The engineer 
allowed the application of t h i s material i n the area involved with the 
attendant r e s u l t . 11 
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A f i e l d test program was i n s t i t u t e d on a section of the New York 
State Thruway i n the v i c i n i t y of Albany consisting of t h i r t e e n 100-ft 
slabs of the driving lane. The silicone concentration from one-half per
cent to f i v e percent were applied to f i v e slabs. One slab was treated 
with one-half-percent silicone solution, one slab a five-percent silicone 
solution and the other three slabs a two-percent silicone solution. The 
silicone was applied at the rate of ICQ sq f t per gal. Six slabs re
ceived no treatment, two slabs were treated with colorless petroleum dis
t i l l a t e o i l compound. 

This test was inaugurated on May 11, 195^ Bnd. i t Is believed to be 
the f i r s t such demonstration on new highway construction i n the United 
States. 

This section of the Thruway was opened to t r a f f i c i n October of I95U. 
On November 16, 195^ a reapplication of a two-percent water-soluble s i l 
icone solution on the panels o r i g i n a l l y treated with silicone was made 
(Fig. 7) . The rate of application 
on retreatment of the slabs having 
the o r i g i n a l treatment of flve-per-
ceat and two-percent silicone so
l u t i o n was 153 sq f t per gal or ap-
proximatelt one and one-half times 
th2 o r i g i n a l rate of application. 

This would appear to indicate 
that the o r i g i n a l silicone t r e a t 
ment had established a defense i n 
depth. There i s also an indica
t i o n that the f i v e percent silicone 
solution had provided no more pro
tection than the two percent s i l i 
cone solution. The rate of a p p l i 
cation on retreatment of the slabs 
having o r i g i n a l treatment of per
cent silicone solution was 100 sq 
f t per gal which was i d e n t i c a l to the i n i t i a l rate of application in d i c a t 
ing that t h i s concentration of silicone i s not suitable f o r long service. 
The color of the silicone treated slabs i n t h i s t e s t area when wet i s 
much l i g h t e r than the \mtreated or o i l treated slabs. 

On November 16, 195^ the fascia and pier facing i n the approaching 
lajie of the Schenectady Interchange bridge over the Thruway were treated 
wl-:h a two-percent water-soluble silicone solution f o r a study i n con
t r a s t of treated and untreated concrete during periods of wetting (Figs. 
8 imd. 9) . Fig\ires 10 and 11 are pictures taken of t h i s structure on No-
venber 28, 1957 a f t e r two days of r a i n . They clearly Indicate that t h i s 
kind of silicone application on structures of t h i s type contribute great
l y to the safety of the highway. Figure 12 i l l u s t r a t e s the d i f f i c u l t y 
encountered i n applying water-soluble silicone to the bridge pylon which 
has received a carborundum rubbed f i n i s h . 

Products are discovered, developed, modified and improved as rapidly 
as research, time and money make i t possible. Therefore, i t i s advisable 
that product users be kept informed of any developments by industry so 
that as materials or conditions change, the process of evaluation may be 
ke]Dt continuous. 

Figure 7. Equipment f o r spraying 
silicone solution on traveled way. 
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Figure 8. Equipment f o r spraying 
silicone solution on small areas 

and v e r t i c a l siirfaces. 

Figirre 9. Treating fascia and pier 
facings of Schenectady Interchange 

bridge, November 16, I956. 

Figure 10. Fascia and pier facings to the r i g h t treated with silicone 
appears much l i g h t e r than the rest of the st r u c t u r a l concrete 

(November 28, 1957)-

There have been developments i n the f i e l d of silicone chemistry since 
the f i r s t evaluation i n 1953 and 195^- The solvent type silicone i n par-
t i c i i l a r shows the re s u l t of research I n that higher polymer silicones are 
available today. There i s an indication that a two percent solvent type 
silicone would offer the same repellency as the o r i g i n a l f i v e percent sol
vent type silicone. I t would then appear that the cost of the silicone 
solids f o r either the water soluble or solvent type would be the same. 
Also the use of mineral s p i r i t s , with a fl a s h point of from 110 F as sol-
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Figure 11. Close-up of pier facing and fascia (November 28, 1957)' 

Figure 12. Carborundimi rubbed pylon exhibits very l i t t l e benefit from 
, treatment. 
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vents has removed the objectionable hazard that applied to the o r i g i n a l 
solvent type silicone studied. 

In July 1957; a tes t program was entered into with the Silicone Di
visi o n of the Union Carbide Corporation i n Tonawanda, New York, i n order 
to evaluate solvent type silicones. The concrete used i n t h i s program 
conforms with the New York State Department of Public Works Specifications 
f o r s t r u c t u r a l concrete. Tests are being conducted on four types of con
crete; namely, non-air-entralned, non-air entrained plus Plastiment, a i r -
entrained and air-entrained plus Plastiment. This program has not been 
completed to date but the results that have been obtained are very en
couraging. 

I n October 1957, a problem was confronted where a l l the prestressed 
units of several structures had been cured, contrary to specifications, 
with a wax-resin type curing compovmd. This, of course, made the applica
t i o n of the specified water soluble silicone Impossible. I t was necessary 
then to write an amending specification i n which i t was required that the 
surface treated with the curing compound be abraded with power driven wire 
brushes, blown clean and a two percent solvent type silicone be applied. 

sun Of Mew YOKK 
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OmSION Of COHSTKUaiOH 

PUBLIC WORKS 
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Of 

Flgvire 13. Material specification as included i n the construction speci
fi c a t i o n s of the New York State Department of Public Works. 

On November 11, 1957 "the f i r s t such treatment was applied. The rate 
of application was approximately 100 sq f t per gal. The temperature at 
the time of application was I8 F. 

I t i s the opinion that the d u r a b i l i t y of concrete can be greatly i n 
creased i f given a surface treatment of silicone. Tests and experience 
clearly prove that any concrete treated with silicone w i l l give better 
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performance i n t h a t i t w i l l absorb l e s s moisture, demonstrate g r e a t e r 
l i g h t r e f l e c t a n c e , r e p e l i n t r u s i o n o f d e l e t e r i o u s s a l t s o l u t i o n s and dem
onstrat e a grea t e r r e s i s t a n c e t o freeze-thaw a c t i o n . 

For the reasons enumerated the Water Soluble S i l i c o n e s p e c i f i c a t i o n 
has been incoiTporated i n the Construction S p e c i f i c a t i o n s t h a t were ap
proved January 2, I957 ( F i g . I 3 ) . 
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