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Abstract  (Continued) 

Although many laboratory freeze-thaw tests were performed, no s i g n i f i c a n t  r e s u l t s  
were obtained.  After approximately one year ,  these tests were discontinued. 

From t h e  outdoor exposure tes ts ,  it was observed t h a t  adequate a i r  entrainment 
appeared t o  be more benef ic ia l  than any of the  treatments which were t e s t e d .  
As a r e s u l t ,  .an experiment w a s  run t o  determine how much t h e  s p e c i f i e d  a i r  l e v e l  
could be increased without r i sk ing  too g r e a t  a loss  of s t rength .  This led t o  t h e  
recommendation t h a t  New J e r s e y ' s  air-entrainment s p e c i f i c a t i o n  be increased from 
4.5% t o  6.0%. This w a s  adopted i n  1972. 

Appendices are included which contain the  concrete batch d a t a ,  descr ip t ions  of  t h e  
products  t e s t e d ,  year ly  d u r a b i l i t y  r a t i n g s  f o r  ind iv idua l  products ,  air-entrainment 
vs.  s t r e n g t h  test d a t a ,  d a t a  on Chace a i r  meter t e s t s ,  and the  development of t h e  
s t a t i s t i c a l  c r i te r ia  f o r  judging product e f fec t iveness .  
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Projec t  7732 

EV - UAT I OI ITS -SCALING AGLNI'S FOR COKCRETI 

1.0 SUMMARY AND CONCLUSIONS 

Phase I ,  t h e  outdoor exposure t e s t i n g  of  a la rge  number of 

a n t i - s c a l i n g  agents ,  has i s o l a t e d  four  apparently b e n e f i c i a l  t rea tments ,  

Since t h r e e  of these  were judged t o  present  p o t e n t i a l  problems ( d i f f i c u l t  

t o  apply and/or s l i p p e r y  when a p p l i e d ) ,  they were n o t  considered f o r  

f u r t h e r  t e s t i n g  under Phase I1 ( f i e l d  t e s t i n g ) .  The remaining b e n e f i c i a l  

t rea tment ,  a water-reducing admixture (Treatment A-5) , has no known 

drawbacks and has been scheduled f o r  f u r t h e r  f i e l d  t e s t i n g .  

Phase 11, f i e l d  t e s t i n g  on a c t u a l  br idges ,  w a s  begun wi- th  t h e  

t e s t i n g  of  a l inseed  o i l  product (C-1) and a ch lor ina ted  rubber epoxy 

mater ia l  (C-2). 

s i g n i f i c a n t l y  b e n e f i c i a l  i n  the outdoor exposure t es t s ,  t h e  ch lor ina ted  

rubber epoxy does appear t o  have performed well a f t e r  seven years  of  

exposure on t h e  t e s t  b r idges .  

using t h i s  mater ia l  i n  1974. A l l  of these  test decks w i l l  continue t o  

be monitored f o r  severa l  years  under another s tudy.  

Although these products f e l l  s h o r t  of being judged 

Additional t es t  br idges were i n s t a l l e d  

The Phase I study demonstrated such a s i g n i f i c a n t  b e n e f i t  of 

en t ra ined  a i r  t h a t  a s a t e l l i t e  s tudy w a s  conducted which l e d  t o  the  

recommendation t h a t  N e w  J e r s e y ' s  air-entrainment s p e c i f i c a t i o n  be 

increased from 4 . 5  2 1.5 percent  t o  6.0 2 1.5 percent .  

implemented i n  1972. 

This w a s  
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Phase 111, laboratory freeze-thaw t e s t i n g ,  was unproductive 

and w a s  discontinued when i t  became apparent t h a t  it was not  y i e l d i n g  

meaningful results. 

2 . 0  RECOMMENDATIONS 

Test  product C-2, t h e  ch lor ina ted  rubber epoxy curing compound, 

jus t  missed being judged s i g n i f i c a n t l y  b e n e f i c i a l  i n  t h e  outdoor 

exposure tests and d i d  appear t o  provide some s c a l i n g  r e s i s t a n c e  on 

t h e  f i e l d  test br idges .  

a r a i n - r e s i s t a n t  p r o t e c t i v e  f i l m ,  t h e  cont rac tor  who appl ied t h i s  

material 

Since t h i s  material drys quickly t o  provide 

later expressed a preference f o r  i t  over t h e  s tandard 

white-pigmented curing compound. Consequently , it  is recommended 

as an a l t e r n a t i v e  curing compound. I t s  t r a d e  name i s  Tri-Kote 26(g) 

by T-K Products ,  Inc.  The mater ia l  has t h e  same appearance (white) 

and is sprayed on i n  t h e  same manner as t h e  s tandard curing compound. 

Test  product A-5,  t h e  water-reducing admixture, performed 

extremely well i n  t h e  outdoor exposure tests but  has not  y e t  been 

t e s t e d  i n  t h e  f i e l d .  The f i e l d  t e s t i n g  of t h i s  product w i l l  be 

included i n  a f u t u r e  s tudy.  I n  t h e  meantime, t h i s  product is given 

a t e n t a t i v e  recommendation provided t h a t  t h e  manufacturer's advice 

i s  s o l i c i t e d  and followed. The product ' s  t r a d e  name is Pozzolith 

200-N , manufactured by Master Builders .  
, 

The Chace air meter is recommended as an a u x i l l i a r y  tes t  device 

t o  determine- t h e  air -entrainment  l e v e l  i n  t h e  sur face  mortar of f r e s h  

3 

concrete.  The speed and convenience of t h i s  method makes it poss ib le  



t o  perform a more complete sampling of a concrete cons,truction p r o j e c t .  

In p a r t i c u l a r ,  t h i s  device permits a determination of t h e  percent  a i r  i n  t h e  

as-constructed ( f in i shed)  concre te ,  providing a valuable  complement 

t o  t h e  as-del ivered p r o p e r t i e s .  

3.0  BACKGROUND 

A t  t h e  incept ion  of  t h i s  research ,  a study of N e w  J e r s e y  br idges 1 

revealed t h a t  approximately one - t h i r d  of t h e  decks were experiencing 

some degree of s c a l i n g  d i s t r e s s .  This p r o j e c t  was undertaken t o  explore  

var ious poss ib le  remedies. The work w a s  divided i n t o  t h e  following 

t h r e e  phases : 

Phase I 

Test a r e l a t i v e l y  la rge  number of a n t i - s c a l i n g  agents by means 

of acce lera ted  outdoor exposure tests i n  order  t o  i s o l a t e  those t h a t  

hold promise f o r  s i g n i f i c a n t l y  increas ing  t h e  s c a l i n g  r e s i s t a n c e  of 

concrete.  

Phase I1 

Fie ld  t es t  on a c t u a l  br idges  t h e  b e s t  performing materials 

found during Phase I .  (Two a d d i t i o n a l  products ind ica ted  t o  be 

e f f e c t i v e  by o t h e r  researchers  were a l s o  included.)  

Phase I11 

Continue t e s t i n g  with t h e  a i d  of a laboratory freeze-thaw 

chamber t o  attempt t o  develop a rap id  t es t  which can be used t o  

quickly eva lua te  new products i n  t h e  fu ture .  
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4.0 ACCELERATED OUTDOOR EXPOSURE TESTING 
I_ ---- -. 

This phase w a s  begun i n  t h e  summer of 1970 with t h e  c a s t i n g  

of over 200 t es t  s l a b s  and t h e  appl ica t ion  of 41 t reatments  of 

various types.  The ac tua l  t e s t i n g  -- cons is t ing  of d e - i c e r  a p p l i c a t i o n s  

timed t o  take advantage of t h e  n a t u r a l  freeze-thaw cycles  -- took p l a c e  

during t h e  next  t h r e e  winters .  

4.1 TEST PROCEDURE 

The test  s l a b s  were cas t  using c a r e f u l l y  cont ro l led  mixes of  

N e w  Jersey s t r u c t u r a l  grade concrete.  Approximately h a l f  of t h e  s l a b s  

had t h e  normal amount of entrained a i r  (then 4.5 t 1.55) and h a l f  had 

no entrained a i r .  

t h e  non-air-entrained s l a b s  were included t o  ensure t h a t  t h e r e  would 

Because of t h e i r  recognized low freeze-thaw d u r a b i l i t y ,  
I 

be some not iceable  d e t e r i o r a t i o n  by t h e  end of t h e  first winter .  

A t o t a l  of 188 s l a b s  were placed on e leva ted  s tands  t o  s imula te  

bridge deck exposure condi t ions.  Small dikes  were constructed around 

t h e  perimeters of t h e  s l a b s  s o  t h a t  water could be puddled on t h e i r  

surfaces. 

and deicing chemicals whenever t h e  temperature f e l l  below t h e  f r e e z i n g  

poin t .  

The weathering process w a s  acce le ra ted  by applying water  

Figure I shows photographs taken a t  t h e  tes t  s i t e .  

4.2 CONSTRUflION OF TEST SLABS 

The mix design f o r  a t y p i c a l  New Jersey s t r u c t u r a l  concrete 
, 

was used except t h a t  some batches contained experimental admixtures 

and some were purposely non-air-entrained. 

were as follows: 

The design c h a r a c t e r i s t i c s  



FIGURE I 

, 

Overall view of  
outdoor exposure 
test area showing 
the e n t i r e  group 
of 188 test s l a b s .  

Side view showing 
the open wooden 
stands which 
supported the 
test s labs  a t  an 
e levat ion o f  
approximately 
3 feet above 
ground l e v e l .  

Close-up view of 
a test s lab 
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Value Property 

Cement Factor 

Water Cement Ratio 

Slump 

Air Content 

Ai r-En t ra ine  d 

+ sacks 6-3/4 - 1f4 - 
C.Y. 

2-1/2 2 1/2 inches 

3 - 6% 

Non - Ai r-En t ra ine  d 0 - 3% 

Expected 28 Day Compressive Strength 4500 p s i  (3-6% a i r )  

The coarse aggregate used f o r  a l l  concrete batches w a s  s ize  5 7  

(11' nominal s i z e )  t r a p  rock (diabase) conforming t o  the  requirements of 

ASTM s p e c i f i c a t i o n  C33. The f i n e  aggregate was a n a t u r a l  sand with a 

fineness modulus of  2.7.  Type I1 port land cement was used. The 

concrete proper t ies  f o r  each batch a r e  l i s t e d  i n  Appendix I .  

The material was placed i n  a nominal one bag mixer and dry mixed 

u n t i l  t h e  mixture appeared uniform. The ca lcu la ted  amount of water 

was then added followed by a l t e r n a t e  mixing, r e s t i n g ,  and mixing times 

of 3 minutes, 3 minutes, and 2 minutes, respec t ive ly .  

made during t h e  3 minute rest per iod  and addi t iona l  water was added 

A slump tes t  was 

a t  t h e  s tar t  of  t h e  f i n a l  mixing per iod ,  i f  necessary.  I f  a d d i t i o n a l  

water w a s  added, a second slump test was made before  c a s t i n g  t o  check 

t h a t  t h e  des i red  workabi l i ty  had been achieved. 

The concrete w a s  then placed i n  wooden molds measuring 2 f t .  

square by 4" th ick  and v ibra ted  f o r  a maximum of 30 seconds. All 

s l a b s  except those receiving curing-seal ing treatments had a s i n g l e  
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# 3  r e i n f o r c i n g  b a r  placed a t  mid-depth t o  provide a p o t e n t i a l  s i t e  

f o r  s p a l l i n g .  

and edged and later given a burlap-drag f i n i s h  af ter  bleeding was 

complete. 

r' 

After placement, t h e  concrete  specimens were s t ruck -o f f  

The various a n t i - s c a l i n g  t r ea tmen t s  were app l i ed  a t  t h e  time 

and i n  t h e  manner s p e c i f i e d  by t h e  manufacturers.  I n  some cases t h i s  

was p r i o r  t o  cu r ing  and i n  o the r s  i t  was approximately one month la ter .  

Immediately a f te r  c a s t i n g ,  t h e  concrete  specimens were p u t  i n t o  

a moist room (90%-100% r e l a t i v e  humidity,  68O-74OF) where they remained 

f o r  t h r e e  days.  They were then taken t o  t h e  tes t  s i t e  and l e f t  on t h e  

ground f o r  approximately one week ,  a f te r  which time t h e  forms were 

s t r i p p e d  and t h e  s l a b s  were placed on t h e  t es t  s t ands .  

4 . 3  PRODUCTS TESTED -- 
The products t o  be t e s t e d  were divided i n t o  fou r  general  classes: 

(a) ' pene t r a t ing  agents  (PA) 

(b) cur ing compounds (C) 

(c)  sealers (S) 

(d) admixtures (A) 

A s l i g h t  problem was encountered i n  ca t egor i z ing  c e r t a i n  of t h e  

materials s i n c e  the  manufacturers sometimes r e f e r r e d  t o  t h e i r  product 

as "penetrat ing-sealers"  o r  "curing-sealers"  which would c o n s t i t u t e  a 

hybrid o r  c ros s  between two of ou r  c l a s s i f i c a t i o n s .  

was t o  ca l l  any t reatment  a curing compound i f  it w a s  used as a curing 

The general  approach 
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compound ( i . e . ,  i f  used on wet conc re t e ) ,  a pene t r a t ing  agent i f  it 

appeared t o  soak i n t o  the concrete ,  o r  a sealer i f  it appeared t o  

remain on t h e  su r face  of  t h e  concrete .  

admixtures,  w a s  an obvious c l a s s i f i c a t i o n .  

descr ibed i n  Appendix 11. 

The remaining ca t egory ,  

These products a r e  

Although some d i f f i c u l t i e s  were experienced i n  applying a 

few of  t h e  more e x o t i c  compounds, a t o t a l  of 41 a n t i - s c a l i n g  

t reatments  were app l i ed  s a t i s f a c t o r i l y  and were evaluated i n  t h i s  

t e s t .  Approximately two-thirds of  t h e  t o t a l  number o f  s l a b s  r ece ived  

t reatments  while t h e  o the r  one-third were l e f t  un t r ea t ed  as c o n t r o l s .  

4 . 4  TREATMENTS AND CONTROLS 

In  most cases, each pene t r a t ing  agent and sealer was app l i ed  

t o  a t o t a l  of four  s l a b s ,  two with a i r  entrainment and two without .  

The two a i r - e n t r a i n e d  s l a b s  were randomly s e l e c t e d ,  one from t h e  group 

above mid-range of a i r  content and one from t h e  group below. Controls  

for t h e  pene t r a t ing  agents and s e a l e r s  were s l a b s  from t h e  same ba tch  

which were fog cured under t h e  condi t ions described previously.  

For t h e  t e s t i n g  of t h e  admixtures,  two s l a b s  ( in s t ead  of t h e  

usual t h r e e )  were cast from each batch.  Controls f o r  t h e s e  werc o t h e r  

fog cured con t ro l  s l a b s  which had very nea r ly  the same cemcnt f a c t o r ,  

water/cement r a t i o ,  a i r  con ten t ,  and slump. 

The curing-seal ing materials were applied t o  both a i r - e n t r a i n e d  

and non-air-entrained s l a b s  i n  a manner similar t o  the p e n e t r a t i n g  

agents  and sealers, with t h e  con t ro l s  being untreated slabs from t h e  

. 
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same ba tches .  

with t h e  proper  app l i ca t ion  of t h e  curing materials bu t  would a l s o  

obscure t h e i r  e f f ec t iveness  ( o r  i ne f f ec t iveness )  i n  achieving adequate 

cu r ing ,  t h e s e  s l a b s  were s t o r e d  indoors under ambient temperature 

and humidity condi t ions f o r  a t h r e e  day period. The con t ro l s  f o r  

Because t h e  fog room condi t ions would n o t  only i n t e r f e r e  
, 

t h e s e  s l a b s  were s t o r e d  i n  t h e  same area and were cured with wet 

bu r l ap .  However, one con t ro l  s l a b  from one of  t h e  batches on each 

day was given t h e  usual  fog cure so t h a t  it would be p o s s i b l e  t o  

make some comparison between t h e  curing-seal ing materials and t h e  

o t h e r  t h r e e  classes o f  t r ea tmen t s .  

4 . 5  E X P O S U E  TESTING - 
O f  t h e  t o t a l  o f  188 s l a b s  which were placed on outdoor e l eva ted  

s t a n d s ,  a l l  but  two had wa te r t igh t  dikes  approximately 3/8" high 

around t h e i r  pe r ime te r s .  The d ikes  were formed o f  an a r c h i t e c t u r a l  

s e a l i n g  material and were la ter  r e in fo rced  with roofing cement t o  

guard aga ins t  poss ib l e  leaks. 

Water w a s  app l i ed  t o  these  s l a b s  t o  a depth of approximately 

1/4" every weekday afternoon when the re  w a s  a p o s s i b i l i t y  t h a t  

f r e e z i n g  temperatures would be reached overnight.  

were app l i ed  i n  t h e  morning t o  a l l  s l a b s  i f  i c e  was prescnt  on any 

of  them. 

Deicing chemicals 

The de ic ing  compound w a s  a 4: l  mixture of rock sa l t  and caJcium 

c h l o r i d e  which w a s  the mixture then i n  use on N e w  J e r sey  highways. 

In  o r d e r  t o  accelerate the  build-up of  d e i c e r  concentrat ions i n  t h e  
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concrete,  t h e  app l i ca t ion  rate w a s  approximately t h r e e  cubic  inches  

p e r  s l a b  which represented approximately f i v e  times t h e  n o m a l  amount 

of  500 pounds p e r  lane mile pu t  down on pavements. 

4.6 EVALUAT I ON 

The degree of d e t e r i o r a t i o n  of each s l a b  w a s  determined 

p e r i o d i c a l l y  by averaging t h e  ind iv idua l  r a t i n g s  obtained from a 

panel of s e v e r a l  engineers .  

r e f l e c t e d  both t h e  s e v e r i t y  and e x t e n t  of s c a l i n g  and w a s  based on 

the  following c h a r t  : 

The numerical r a t i n g  for  each s lab 

Cond i t i on 
-_I_ 

0 

1 

3 * 

5 

Rating Scale  

Surface Appearance (Seve r i ty )  

No s c a l i n g  

Very s l i g h t  s c a l i n g ,  1/16" deep 
o r  l e s s ,  v i r t u a l l y  no coarse 
aggregate v i s i b l e ,  i nc ludes  
l a i t a n c e  s c a l i n g .  

S l i g h t  t o  moderate s c a l i n g ,  
between Condition 1 and 
Condition 3 .  

Moderate s c a l i n g ,  approximately 
1/8" t o  1/4" deep, some coarse 
aggregate v i s i b l e .  

Moderate t o  seve re  s c a l i n g ,  
between Conditioli 3 and 
Condition 5 .  

Severe s c a l i n g ,  approximately 
1/2" o r  deeper.  Coarse aggregate 
completely exposed. 

, 



-11- 

Sample Ca 1 cu l a t i  on 

. 

A s l a b  which e x h i b i t s  varying degress of  s c a l i n g ,  s ay  30% 

Condition 3 ,  20'4 Condition 1,  and 50: with no s c a l i n g ,  would be  

r a t e d  as fol lows:  

Extent Seve r i ty  

.30 X 3 = .90 

.20 X 1 = .20 

.so X o =  0 
Total  lm Scaling Rating 

The preceding example i l l u s t r a t e s  how a s c a l i n g  r a t i n g  was 

determined f o r  each s l a b ,  including both t reatment  s l a b s  and control  

s l a b s .  Treatment e f f ec t iveness  was judged from d u r a b i l i t y  r a t i n g s  

which are defined t o  be the  d i f f e rence  bctween t h e  s c a l i n g  r a t i n g s  

f o r  a t reatment  and i t s  con t ro l .  As defined h e r e ,  the d u r a b i l i t y  

r a t i n g  i s  negat ive when an apparently e f f e c t i v e  treatment prcvcnts  

a t es t  slab from d e t e r i o r a t i n g  as r ap id ly  as i ts  con t ro l .  

To properly eva lua te  the  d u r a b i l i t y  r a t i n g s ,  it had t o  be 

determined a t  what level they may be i n t e r p r e t e d  t o  i n d i c a t e  a 

s i n g i f i c a n t l y  b e n e f i c i a l  o r  detr imental  e f f e c t .  

t h a t  every measurement has assoc ia t ed  with it a c e r t a i n  amount of 

v a r i a b i l i t y  made up o f  components of  variance from d i f f e r e n t  sou rces .  

In t h i s  case, t h e  primary components are t h e  v a r i a b i l i t y  a s soc ia t cd  

with t h e  r a t i n g  system and t h e  v a r i a b i l i t y  inhe ren t  i n  t h e  pcrformance 

of  t h e  treatments themselves. The combination of these two w i  I 1  

Theory t e l l s  us 
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d i c t a t e  what magnitude a d u r a b i l i t y  r a t i n g  must 'be  i n  order  f o r  

i t  t o  be a t t r i b u t e d  t o  something o t h e r  than chance effect ( i . e . ,  t h e  

magnitude necessary t o  demonstrate a r e a l  b e n e f i c i a l  o r  detr imental  

effect of t h e  t rea tment ) .  

The der iva t ion  of  these c r i t i ca l  l e v e l s  is descr ibed i n  

Appendix VII. I t  w a s  found t h a t  a s i n g l e  test must achieve a d u r a b i l t y  

r a t i n g  of a t  l e a s t  - 1.16 t o  be judged s igni f icant ,whereas  a d u r a b i l i t y  

r a t i n g  of only - 0 . 8 2  w a s  required when the average of two tests was 

a v a i l a b l e .  

+ 

+ 

4 . 7  RESULTS OF OUTDOOR EXPOSURE TESTS -- 
The year ly  d u r a b i l i t y  r a t i n g s  f o r  t h e  three-year  test per iod  

a r e  l i s t e d  i n  Appendix 111. Examination of t h i s  d a t a  revea ls  s e v e r a l  

apparent t rends .  I n  many cases, t h e  measured effect  -- favorable or 

unfavorable - -  is  seen t o  increase  as the  number of freeze-thaw cycles  

i n c r e a s e s .  This is probably t h e  normal case and is  t o  be expected. 

I n  some cases, however, t h e  t r e n d  seems t o  reverse  i t s e l f  while ,  i n  

o t h e r s ,  there  i s  no obvious p a t t e r n .  

v a r i a b i l i t y  of  t h e  r a t i n g  system but  may a l s o  i n d i c a t e  a change i n  t h e  

rate a t  which p a r t i c u l a r  tes t  s l a b s  (or t h e i r  cont ro ls )  a r e  weathering. 

I t  should a l s o  be r e a l i z e d  t h a t  i n  a tes t  of t h i s  type t h e  t r e n d  f o r  

a l l  d u r a b i l i t y  r a t i n g s  ( t e s t - c o n t r o l )  is t o  tend toward zero as t h e  

freeze-thaw cycles  increase  i n d e f i n i t e l y .  

t e s t  s l a b  and i t s  c o n t r o l  eventual ly  w i l l  be  completely d e t e r i o r a t e d ,  

This could be t h e  r e s u l t  of the 

This is so because both t h e  

r e s u l t i n g  i n - a  d i f f e r e n c e  of zero.  

terminate  any ind iv idua l  test when e i t h e r  t h e  t e s t  o r  t h e  cont ro l  

For t h i s  reason ,  it was decided t o  

. ... 
-._ . .. . -. 
. .  

... ,: 
.?.. ;.. ... . .;; - 

.. _ .  . 

I 
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reached t h e  m a x i m u m  s c a l i n g  r a t i n g  of 5.00. Figure 11 -shows two'non- 

a i r - e n t r a i n e d  s l a b s  which reached t o t a l  f a i l u r e  a f t e r  9ne winter ' s  exposure.  

The r e s u l t s  obtained on a i r - e n t r a i n e d  concrete  and non-air-  e n t r a i n e d  

concrete  have been l i s t e d  s e p a r a t e l y  i n  Appendix I11 for two reasons.  F i r s t ,  

s i n c e  exposed concrete  is almost un ive r sa l ly  s p e c i f i e d  t o  be a i r - e n t r a i n e d ,  

it w a s  f e l t  t h a t  t h e  t e s t  r e s u l t s  would be more use fu l  i f  t h i s  f a c t o r  

were i s o l a t e d .  Second, t h e r e  may be c e r t a i n  t reatments  which have d i f f e r e n t  

effects on the  two types of concrete  and t h e i r  r e s u l t s  might be obscured 

i f  they were averaged. 

Table I lists the average d u r a b i l i t y  r a t i n g s  f o r  t h e  f o u r  general  

classes of  materials t e s t e d .  In t h i s  c a s e ,  a l l  general  c l a s s e s  appear t o  

be  b e n e f i c i a l  t o  some degree except f o r  s e a l e r s  and curing compounds on 

non-air-entrained concrete .  

AVERAGE DURABILITY RATINGS FOR CENERAI, CLASSES OF TREAThENTS 

(Negative Values I n d i c a t e  Beneficial  Resul ts)  

- 

2.22 

S e a l e r s  (S) 

ki r -Entrained Concrete Non - A i  r -Entrained Concrete 

Average Number of Average Number of 
Products Rating Products Rating 

7 -0.  74a 5 POORb 

Pene t r a t ing  Agents (PA) 17 -0.4sa 16 -0 .30a 

Curing Compounds (C) 3 -0 - 34 8 +O . 6S3 
Admixtures (A) 5 

aS ign i f i can t  a t  9.52 confidence l e v e l .  

a. 24 - NOT T E S T E D ~  

bSome tes t  s l a b s  reached t o t a l  f a i l u r e  p r i o r  t o  t h e  last r a t i n g  and, 
t he re fo re ,  were excluded. Had they been included,  t he  would have 
con t r ibu ted  p o s i t i v e  values which r e f l e c t  poor pcrformance. 

C h l l  adnixtures  t c s z e d  caused t h e  concrete  t o  ! )c a i r - c n t r a i n c d .  
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FIGURE I1 

Examples of  two of the non-air-entrained slabs which 
reached total  fai lure af ter  one winter of  outdoor 
exposure (approximately 47 freeze-thaw cycles ) .  
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An i n t e r e s t i n g  t h i n g  t o  note  i n  Table I is t h e  performance 

of  the  sealers and t h e  curing compounds, both of  which provide a 

waterproof b a r r i e r  a t  t h e  su r face  o f  the concrete .  

effects f o r  both these c l a s s e s  of t reatments  wcrc very similar i n  

t h a t  good r e s u l t s  were obtained with a i r - en t r a ined  concrete  and 

poor r e s u l t s  were obtained with non-air-entrained concrete .  I t  

should be  re-emphasized t h a t  t h e s e  e f f e c t s  are comparisons ( t e s t -  

con t ro l )  and exclude any e f f e c t s  a t t r i b u t a b l e  t o  a i r -entrainment  

i t s e l f .  h'hen viewed as a c l a s s ,  t h e  sealers and curing compounds 

appear t o  improve the s c a l i n g  r e s i s t a n c e  of  a i r - e n t r a i n e d  concrete 

b u t  reduce t h e  s c a l i n g  r e s i s t a n c e  o f  non-air-entrained concrete .  

The average 

A p o s s i b l e  explanation can be o f f e red  for t h i s .  I t  h a s  long 

been recognized t h a t  a i r -entrainment  i s  advantageous because i t  

provides room f o r  expansion as the f r e e  water i n  the concrete  freezes. 

I t  remains e f f e c t i v e  as long as t h e  a i r  voids are not  f i l l e d  with 

water. 

t h e  water and d e i c e r  app l i ca t ions  were begun. Therefore ,  these 

treatments tended t o  keep the  water ou t  of the void systems and 

maintained t h e i r  e f f ec t iveness .  

o f  t he  sealers i n  comparison t o  t h e  curing compounds may be the  r e s u l t  

o f  a d d i t i o n a l  drying time before  t h e  sealers were app l i ed ,  thereby 

reducing the  free water content o f  these s l a b s  s t i l l  f u r t h e r .  

Both the curing compounds and t h e  sealers were appl ied before  
Jl&, c 

The r e l a t i v e l y  b e t t e r  performance 

In  t h e  case of  t he  non-air-entrained s l a b s ,  t h e r e  are 

i n s u f f i c i e n t  a i r  voids i n  t h e  concrete  t o  accommodate t h e  inc reas ing  
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volume of water  as it  f r e e z e s .  These s labs  have very l i t t l e  f r o s t  

r e s i s t a n c e  i n  any case but  

by a period of  drying which would tend  t o  empty whatever a i r  voids 

a r e  present .  Since the slabs were cast during the  summer, those 

tha t  d id  not  receive curing or s e a l i n g  compounds d id  experience a 

s u b s t a n t i a l  per iod of drying. Those t h a t  received curing and s e a l i n g  

compounds would have remained f a i r l y  s a t u r a t e d  which may account f o r  

what r e s i s t a n c e  they have can be improved 

t h e i r  poorer performance. 

In  Table 11, t h e  t reatments  are ranked by d u r a b i l i t y  r a t i n g .  

I n  Sect ion A of t h i s  t a b l e ,  severa l  i n t e r e s t i n g  observat ions may be 

made of t h e  e f f e c t s  of these  t reatments  on a i r - e n t r a i n e d  concrete .  

Treatments C - 1  and C - 2 ,  which were f i e l d  t e s t e d  as a r e s u l t  of 

favorable repor t s  by o t h e r  r e s e a r c h e r s ,  a r e  seen t o  rank 16th and 

12th.  r e s p e c t i v e l y ,  ou t  of a t o t a l  of 41 t reatments .  Although t h e i r  

average d u r a b i l i t y  r a t i n g s  of -0.46 and -0.74 a r e  favorable  ( n e g a t i v e ) ,  

n e i t h e r  achieved t h e  l e v e l  of  -0.82 considered necessary t o  be confident  

t h a t  they are b e n e f i c i a l .  

Another i n t e r e s t i n g  observat ion i n  Table 1 1 - A  i s  t h a t  a l l  four  

general  types of t reatments  have ind iv idua l  r a t i n g s  near  t h e  top  of  

the l ist ,  although none of  the  pene t ra t ing  agents q u i t e  achieved t h e  

l e v e l  judged t o  i n d i c a t e  s ign i f icance .  The tests for two of t h e  

pene t ra t ing  agents (PA-12,  soybean o i l ,  and PA-13 c a s t o r  o i l ,  werc 

s p l i t  t o  include both c u t  (combined w i t h  an equal  amount o f  mineral 

s p i r i t s )  and uncut (pure) vers ions o f  these  t rea tments .  For t h i s  

reason, no r e p l i c a t e  tests were a v a i l a b l e  from which t o  judge wi th in-  

I 

t reatment  v a r i a b i l i t y .  However, it i s  i n t e r e s t i n g  t o  note  t h a t  t h e  
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TABLE I I - A  

TREATMENTS RANKED BY D W B I  LITY RATING 

A1 R-ENTRAINED CONCWTF 

Test Durabi l i ty  S i g n i f i c a n t  Test  Durabi l i ty  S i g n i f i  can 
' Rank Designation Rating a t  95; Level Rank Designation Rating a t  95% Leve 

1 A- 5 -1 -51 YES * 2 1  PA-4 -0.32 NO* 

2 S-6 -1.34 YES 22 c-0 -0.29 NO 

3 s - 4  -1.30 YES 2 3  A-4b -0.20 NO* 

4 PA-12a -1.13 NO 24 c-4 -0.20 NO* 

5 s-5 -1.11 NO 25 PA- 3 -0.16 NO 

6 PA-13a -1.06 NO 26 PA-12b -0.14 NO 

7 PA-8 -0.99 NO 27 C-8 -0.13 SO* 

8 PA- 14 -0..89 NO 2s PA- 17 -0.12 NO 

9 c-5 -0.86 YES* 29 PA- 18 -0.09 NO 

- 10 s-1 -0. 85 NO 30 PA-5 on C-0 -0.09 NO 

11 PA- 15 -0.80 NO* 31 C-6 -0.08 NO* 

1 2  c-2 -0.74 NO* 32 PA- 10 -0.06 NO* 

13 PA- 7 -0.60 NO * 33 A-4a -0.06 NO* 

14 PA-5 -0.56 NO* 34 c-7 +o .10 NO* 

15 PA- 1 -0 .so NO* 35 PA- 2 +o. 10 NO* 

16 c- 1 -0.46 NO* 36 PA- 13b +o. 15 NO 

17 PA-6 -0.42 NO* 37 s -2  +o .20 NO* 

18 s-8 -0.40 NO 38 A- 3 +o .22 NO* 

19 c- 3 -0.38 NO* 33 A- 1 +O .35 NO* 

20 s-3 -0.38 NO 40 PA-4 on C-0 +1.06 so 

41  LO-NS on C-0 +2.03 YES 

*Represents average of two tes ts ,  i n  which case a d u r a b i l i t y  r a t i n g  of + 0 . 8 2  cr more is 
considered s i g n i f i c a n t  a t  the+95 
which a d u r a b i l i t y  r a t i n g  of - 1.?6 o r  nore demonstrates s l g n i f l c a n c c .  

e r c e n t  l e v e l  of confidence.  Others are  s i n g l e  tests f o r  
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'I'ABLL 11-B 

AI R-LNTM1NF.D COKCRETE 

Test  Dur ah i 1 it y S i gni f i cant  Test  Durab i li t y  S i g n i  f i c a n t  
Rank Designation Rating a t  9SoO Level Rank Designation Rating a t  3So0 Level 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 

14 

15 

s-1 

PA- 13a 

PA-l?a 

PA-6 

c-5 

C - 5  

PA- 10 

PA-18 

PA-S 

PA- 15 

PA-2 

PA- 13b 

PA-4 

PA-5 

PA- 3 

-2.03 

-1.23 

-0 .?3 

-0 .96 

-0.70 

-0.611 

-0.62 

-0.57 

-0.52 

-0.50 

-0.37 

-0.34 

-0.33 

-0.30 

- 0 . 2 5  

YES 

YES 

NO 

YES* 

NO* 

?I 0 

NO * 

NO 

iL' 0 

NO* 

NO* 

KO 

NO* 

NO * 

NO* 

16 

17 

15 

19 

2 0 

2 1  

77 -- 
23  

24 

25 

26 

27 

28 

29 

s-2 

PA- 12b 

c- 1 

s-s 

FA- 7 

PA- 14 

c-7 

PA- 1 

C - 8  

C-6 

c-2 

c-4 

S-3 

s-4 

0 

+0.03 

+0.13 

+ O .  14 

+o .G2 

+0 .67 

+o - 7 6  

+o.  80 

+o .88 

+1.10 

+1.27 

+=.ti5 

I'OOR 

POOR 

KO* 

::0 

N 0 

SO* 

SO* 

NO 

so* - 

:i 0 

YCS* 

YLS' - 

YI.S* 

Y1.S 

Y I  S * *  

yr:s** 

*Represents average of two t e s t s ,  i n  which case a d u r a b i l i t y  r a t i n g  of +0.82 o r  more is  
considered s i g n i f i c a n t  a t  t h e  95 percent  l e v e l  of  confidence. 
which a d u r a b i l i t y  r a t i n g  of + 1.16 o r  more dcmoristrates s ignif icai icc .  

**Some t e s t  s l a b s  reachcd t o t a l  f a i l u r e  p r i o r  t o  t h c  las t  r a t i n g  a i d ,  t h e r c f o r c ,  w r c  
excluded. 

Othcrs arc s i n g l e  tcs ts  f o r  
- 

Ilad thcy becn included,  they would have rcceived high p o s i t i v e  r a t i n g s .  
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c u t  ve r s ions  appear n e a r  t he  top  o f  t h e  l i s t  f o r  both k r - e n t r a i n e d  and 

non-air-entrained concrete  while t h c  uncut vers ions appear s u b s t a n t i a l l y  

f a r t h e r  down i n  both cases. 

t o  chance f a c t o r s ,  and i t  is assumed t o  i n d i c a t c  t h a t  tlrc e f f e c t i v e n e s s  

of  t h e s e  t reatments  is  improved by the  add i t ion  of mineral s p i r i t s .  

A p o s s i b l e  r a t i o n a l e  f o r  t h i s  d i f f e rence  i n  pcrformancc i s  

t h i n n e r  ( cu t )  material pene t r a t e s  deeper and remains f o r  a longer 

time i n  t h e  s u r f a c e  l a y e r  of t h e  concrete .  

I t  seems un l ike ly  t h a t  t h i s  i s  duc only 

t h a t  t h e  

O f  t h e  fou r  treatments t h a t  rank as s i g n i f i c a n t l y  b e n e f i c i a l  on 

a i r - e n t r a i n e d  concrete i n  Table 1 1 - A ,  the one t h a t  tops t h c  l ist  

( t r ea tmen t  A-5 ,  a water-reducing admixture) has seve ra l  very d e s i r a h l c  

f e a t u r e s .  

t h e  o t h e r  t h r e e  types of t r ea tmen t ,  r equ i r ing  only  t h a t  t!ic cor rec t  

amount be added t o  the  mix during batching.  Second, s i n c e  it i s  not  

a s u r f a c e  coa t ing ,  t h e r e  i s  no su r face  s l i p p e r i n e s s  problem t h a t  is 

a concern with some of  t h e  o t h e r  t reatments .  

t e s t  s l a b s  is a r e l a t i v e l y  small sample, t h e  d u r a b i l i t y  r a t i n g s  for 

t h i s  t reatment  are remarkably cons i s t en t  (-1.46 and -1.56) . Fourth,  

auxilliaxy b e n e f i t s  claimed f o r  t h i s  t reatment  are an inc rease  i n  

s t r e n g t h  and a decrease i n  permeabi l i ty  due t o  a lower water-ccment 

r a t i o .  Because t h i s  treatment thus appears t o  be b e n e f i c i a l  i n  

every r e s p e c t  with apparent ly  no undesirable  c h a r a c t e r i s t i c s ,  it 

w i l l  r e ce ive  t h e  major emphasis f o r  f u t u r e  f i e l d  t e s t i n g .  

F i r s t ,  s i n c e  it is an admixture, it is  siinplcr t o  use than 

Third,  although two 
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The next two ranking b e n e f i c i a l  t reatments  i n  Table 1 1 - A  

(S-6, an epoxy r e s i n ,  and S-4,  a urethane) demonstrated c e r t a i n  

undesirable  f e a t u r e s  and w i l l  not  be i n v e s t i g a t e d  f u r t h e r .  Both 

are d i f f i c u l t  chemicals t o  work with and both r e q u i r e  a sand topping 

t o  prevcnt  a s l i p p e r i n e s s  problem. 

t h e  sand topping appeared adequate by ou r  t es t  method ( B r i t i s h  

Although t h e  s k i d  resistance o f  

Por t ab le  Tester 2 ) ,  it is  not known how it would perform under t r a f f i c .  

The remaining t reatment  which passed t h e  test of  being 

s i g n i f i c a n t l y  b e n e f i c i a l  on a i r - e n t r a i n e d  concrete is treatment C-5, 

a two-component epoxy curing compound which is a l s o  comparatively 

d i f f i c u l t  t o  use.  A sand topping was no t  used and an undesirably 

low s k i d  value was obtained. A f u r t h c r  drawback w a s  its f a i l u r e  t o  

pass t h e  moisture r e t e n t i o n  tes t  for curing compounds. 

reasons, t h i s  treatment w a s  not  considered f o r  f i e l d  t e s t i n g .  

For tlicse 

4 . 8  CORROSION O F  REINFORCING STEEL 

Once t h e  acce le ra t ed  outdoor exposure tests were completed, 

s e v e r a l  t e s t  s l a b s  were broken open t o  in spec t  t h e  r e in fo rc ing  s tee l  

which had been placed a t  a depth o f  2" t o  s imulate  the  top mat of  

s tee l  i n  b r idge  decks. In a l l  cases, t h e  s teel  was i n  remarkably 

good condi t ion (no no t i ceab le  r u s t ) ,  d e s p i t e  t he  fact t h a t  laboratory 

analyses  i n d i c a t e s  t h a t  i n  about 50% of t h e  cases t h e  ch lo r idc  levels 

around t h e  b a r s  exceeded the  c r i t i ca l  l i m i t  of 2 l b s . / c .y .  suggested 

by the  FIIWA3. 

t h i s  l e v e l  a t  a time n e a r  t h e  t e r n i n a t i o n  of the  t e s t i n g  and t h a t  

t h e r e  consequently might no t  have been s u f f i c i e n t  time f o r  corrosion 

t o  occur.  

I t  i s  theorized t h a t  t he  ch lo r ides  may have reached 
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5.0 AIR-ENTRAINIENT STUDY 

Although it w a s  no t  s p e c i f i c a l l y  planned t o  confirm t h e  b e n e f i c i a l  

effect of air-entrainment , t h i s  w a s  e a s i l y  accomplished by comparing 

t h e  a i r - en t r a ined  and non-air-entrained c o n t r o l  s l a b s  used i n  the  

Phase I i n v e s t i g a t i o n .  In  making t h i s  a n a l y s i s ,  t h e  s c a l i n g  r a t i n g s  

were used s i n c e  d u r a b i l i t y  r a t i n g s  ( t e s t - c o n t r o l )  could no t  be 

ca l cu la t ed  f o r  con t ro l  s l a b s  alone. Since there were 26 con t ro l  s l a b s  

each of a i r - en t r a ined  and non-air-entrained concrete ,  a reasonably good 

comparison o f  t h e i r  s c a l i n g  r e s i s t a n c e  could be made. The ind iv idua l  

s c a l i n g  r a t i n g s  f o r  t he  con t ro l  s l a b s  are l i s t e d  i n  Appendix I V .  

Histograms p l o t t e d  from these d a t a  showed both d i s t r i b u t i o n s  t o  be 

nea r ly  normal with s t anda rd  deviat ions of 0.45 and 0.91 for AE arid NN: 

concrete ,  r e spec t ive ly .  Since t h e  s tandard dev ia t ions  are q u i t e  

d i f f e r e n t ,  t he  ' I t "  t es t  fo r  unknown and unequal s t anda rd  dev ia t ions  

was used t o  compare these  two groups. 

r a t i n g s  of  1.18 and 2 . 4 0  f o r  AE and NAE concrete ,  r e s p e c t i v e l y ,  t he  

"t" s ta t i s t ic  is  ca l cu la t ed  t o  be 6.13. This f a r  exceeds t h e  c r i t i c a l  

For the observed mean s c a l i n g  

value and i n d i c a t e s  a highly s i g n i f i c a n t  b e n e f i t  der ived from an 

average air-entrainment l e v e l  of  4.5 percent  when compared aga ins t  

no a i r  entrainment.  

Because of  t h i s  very b e n e f i c i a l  effect o f  a i r - en t r a inmen t ,  p lus  

t h e  fact t h a t  most s t a t e s  s p e c i f i e d  l e v e l s  of  a i r -entrainment  h ighe r  

t han  New J e r s e y ' s  i t  was decided t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  

i nc reas ing  t h e  cu r ren t  s p e c i f i c a t i o n  of 4 .5  - 1.5 percent  t o  some 
+ 
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higher  level. 

would be accompanied by an a t tendant  l o s s  o f  s t r e n g t h ,  t h e  b a s i c  

quest ion t o  be resolved w a s  t o  what ex ten t  t h e  a i r  l eve l  could be 

increased without s e r i o u s l y  jeopardizing t h e  s t r u c t u r a l  s t rength  

of t h e  concrete .  

Since it was recognized t h a t  additional-  air entrainment 

In  order  t o  determine t h e  expected l o s s  of s t r e n g t h  r e s u l t i n g  

from increased  a i r  conten t ,  a series o f  t es t  cyl inders  with varying 

l e v e l s  of a i r  entrainment w a s  cast .  Several  laboratory batches of 

s t r u c t u r a l  grade concrete were prepared with a cement f a c t o r  of 6 . 7  

sacks/c.y.  and t h e  water-cement r a t i o  cont ro l led  as c lose ly  as 

p o s s i b l e  a t  5.25 gal lons/sack.  

was measured by t h e  pressure  method and w a s  var ied from 3 pcrcent t o  

12  percent .  This r e s u l t e d  i n  a t o t a l  o f  67 cyl inders  t o  be used for 

t h e  a n a l y s i s .  

cy l inders  are l i s t e d  i n  Appendix I V .  

The a i r  content of t h e  f resh  concrete 

The compressive s t r e n g t h s  and a i r  leve ls  of these  

Because t h e s e  batches were c a r e f u l l y  control led and t h e  cy l inders  

were cured i n  an optimum manner, t h e  r e s u l t i n g  s t rengths  represent  t h e  

p o t e n t i a l  o f  f i e l d  concrete under t h e  b e s t  condi t ions.  

achieved i n  t h e  f i e l d  would be expected t o  be lower. 

r a t e  o f  d e c l i n e  of compressive s t rength  with increasing a i r  entrainment 

can reasonably be assumed t o  be approximately t h e  same f o r  both laboratory 

and f i e l d  concre te ,  thus permi t t ing  est imates  of ac tua l  ( f i e l d )  s t rength  

r e s u l t s  t o  b e  made from i d e a l i z e d  ( laboratory)  data .  

Strengths  

However, t h e  
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The s o l i d  l i n e  i n  F i g u r e  I11 shows t h e  l i n e a r  regression l i n e  

obtained from t h e  laboratory cy l inder  s t r e n g t h s .  

t h e  l i n e  f o r  f i e l d  concrete ,  t h e  dashed l i n e  i n  Figure I11 is  drawn 

through t h e  known mean s t r e n g t h  f o r  f i e l d  concrete  (4750 p s i  at  an 

average a i r  l e v e l  of  4.5 percent) p a r a l l e l  t o  t h e  laboratory l ine .  

Using t h e  approximate r e l a t i o n s h i p  f o r  f i e l d  concre te ,  it is seen 

t h a t  t h e  s p e c i f i e d  air content  can be  r a i s e d  as high as 6% while s t i l l  

maintaining t h e  compressive s t r e n g t h  a t  more than two standard errors 

of  t h e  est imate  above t h e  design s t r e n g t h  of  3000 p s i .  

i t  w a s  judged t h a t  an increase  i n  New J e r s e y ' s  e n t r a i n e d - a i r  s p e c i f i c a t i o n  

t o  6.0 1.5% would produce very l i t t l e  concrete below design s t r e n g t h .  

This  w a s  adopted i n  1972 and it is be l ieved  t h a t  a s u b s t a n t i a l  improvement 

i n  concrete d u r a b i l i t y  has been r e a l i z e d  as a r e s u l t .  

In  order  t o  approximate 

Based on t h i s  , 

6.0  FIELD DURABILITY ESTS 

The objec t ive  o f  t h i s  phase was t o  f i e l d  t es t  on a c t u a l  br idges 

those  t reatments  found t o  be most promising during t h e  acce lera ted  

outdoor exposure tests.  

with t h e  t e s t i n g  of two products considered promising by other researchers .  

Ult imately,  four  tes t  products and accompanying cont ro l  mater ia l s  werc 

placed on a t o t a l  of e i g h t  decks. 

excluded from t h e  study due t o  a la ter-discovered materials problem 

(c lay  lumps i n  t h e  

d i f f e r e n c e s  between t h e  tests and cont ro ls )  . 

This work w a s  begun ahead of schedule i n  1970 

Ilowever, two decks were subsequently 

concrete  produced extensive s u r f a c e  d i s t r e s s  obscuring any 
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FIGURE 111. Relationship of Compressive Strength and Air Content. 
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1 

6 . 1  EARLY TESTS - 
Based on favorable  comments by o t h e r s ,  t h e  f irst  two products 

t o  be t e s t e d  were a l i n seed  o i l  emulsion and a ch lo r ina t ed  rubber 

epoxy. 

l i n seed  o i l  formulation and both Ca l i fo rn ia  and t h c  Bureau of Publ ic  

Roads had obtained good r e s u l t s  with t h e  ch lo r ina t ed  rubber epoxy. 

North Dakota has reported favorably on t h i s  p a r t i c u l a r  

Both of t h e s e  products are curing compounds and were designated 

C-1  and C-2 i n  t h e  outdoor exposure t e s t i n g  phase of t h i s  study. 

Controls f o r  t h e  tes t  decks were adjacent  decks (or por t ions  of t h e  

same deck) cured with t h e  s tandard white pigmented curing compound 

( tes t  designat ion C-0). The c h a r a c t e r i s t i c s  of  these products are 

desc r ibed  f u r t h e r  i n  Appendix XI. 

Based on New J e r s e y  laboratory tes ts ,  both experimental products 

provide adequate cure  and s k i d  r e s i s t a n c e  and t h . u  were judged s u i t a b l e  

t o  t e s t  f o r  the a d d i t i o n a l  h e n c f i t  of s c a l i n g  r e s i s t a n c e .  

MATERIAL 

ASTb! TEST C156-65 BRITISll PORTABLE TESTER 
AVERAGE SKID VALUES 

(55 OR ABOVE IS SATISFACTORY) MOISTURE LOSS 
GMS./SQ.Gcl. 

(MUST BE -0 -055 OR LESS) PRELIMINARY TESTS ACTUAL BRIDGES 

c- 1 
(LINSEED O I L  
EMULS I ON) 0 .018 

c-2 
(CHLORINATED 

RUBBER EPOXY) 0 .041 

70 

58 

61 

5 3a 

a I t  i s  be l i eved  t h a t  t h e  recommended app l i ca t ion  rate may have been 
exceeded i n  some areas. 
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For a l l  o f  t h e s e  t e s t  decks, t h e  construct ion p;ocedure from 

beginning t o  end was observed by research personnel and a br idge 

cons t ruc t ion  engineer .  Each t ruckload of concrete  w a s  checked f o r  

a i r  content (pressure method) and slump. Chace a i r  tests were made 

on t h e  f i n i s h e d  concrete .  The loca t ion  and time of placement of 

each t ruckload o f  concrete  w a s  p l o t t e d  on pour diagrams and any 

d i sc repanc ie s  or unusual occurrences were noted t o  a id  i n  cvaluat ing 

t h e  r e s u l t s  when t h e  decks are p e r i o d i c a l l y  checked i n  the  f u t u r e .  

The first formal r a t i n g  of  t hese  decks w a s  made i n  December, 

1977, af ter  7 years  of  f i e l d  exposure. A l l  were scaled t o  some 

( r e l a t i v e l y  s l i g h t )  degree,  much o f  it occurr ing i n  narrow t r ansve r se  

s t r i p s .  Attempts t o  c o r r e l a t e  these s t r i p s  with the p r o p e r t i e s  of 

p a r t i c u l a r  material d e l i v e r i e s  shown on the  pour diagrams revealed 

no  obvious r e l a t i o n s h i p s .  llowever , s i n c e  t h c  t r a n s v e r s e - r o l l e r  

f i n i s h i n g  technique used on t h i s  p r o j e c t  y i e l d s  "s t r ip"  f i n i s h i n g ,  

t h e  observed p a t t e r n  of  s c a l i n g  may b e  r e l a t e d  t o  t h i s  construct ion 

procedure.  Sca l ing  r a t i n g s  f o r  these decks were ca l cu la t ed  by the  

author  i n  t h e  same manner used f o r  t h e  outdoor exposure tes ts .  The 

r e s u l t s  are l i s t e d  i n  Table 111. 

Omitting the  s c a l i n g  r a t i n g  of t he  rain-damaged deck, t he  

following product averages a r e  obtained. 

Product 

Linseed O i l  (C-1) 

Avcragc 
Sca l ing  
Ratinga 

1 .G , .. . 
" .;! 
.: * . 

0.3 

Control (C-0) 3.6  

Larger valucs i n d i c a t e  a g r e a t e r  degree of s c a l i n g .  a 
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hi l ike  t h e  outdoor exposure t c s t s  , we don' t  have t h e  necessary , 
information t o  determinc how large a d i f f e rence  is requircd t o  be 

judged s i g n i f i c a n t .  llowevcr, it appears t h a t  t h e  s t u d i e d  l i n seed  o i l  

formulation provides less s c a l i n g  r e s i s t a n c e  than the  s t anda rd  curing 

compound and t h a t  the chlor inated rubher epoxy is  about equal t o  t h e  

s t anda rd  material or s l i g h t l y  b e t t e r .  

This information suggests t h a t  t he  ch lo r ina t ed  rubber  epoxy 

(C-2) may deserve f u r t h e r  considerat ion.  F i r s t ,  i t  ba re ly  missed be ing  

judged s i g n i f i c a n t l y  b e n e f i c i a l  i n  t h c  outdoor exposure tests.  Second, 

it appears t o  have performed b e t t e r  than our  s tandard curing compound 

i n  both t h e  outdoor exposure- tes t ing phase and the f i e l d - t e s t i n s  phase 

o f  t h e  study. Third,  because of i t s  f a s t -d ry ing  p r o p e r t i e s ,  i t  can 

provide quicker  p ro tec t ion  f o r  f r e sh  concrete .  Since some type of 

cur ing compound is  always required,  it was f c l t  appropriate  t o  encourage 

f u r t h e r  i n s t a l l a t i o n s  o f  this product .  

t h i s  ma te r i a l  on the e a r l i e r  i n s t a l l a t i o n  (and who had experienced 

rain-damage using an a l t e r n a t e  curing method) w a s  very eager  t o  

cooperate i n  t h i s  e f f o r t .  

s e v e r a l  add i t iona l  br idges b u i l t  i n  1374. 

given i n  Appendix V.) 

found t o  be i n  e x c e l l e n t  condi t ion.  

The con t r ac to r  who had appl ied 

Consequently, t h i s  product was used on 

(Details of t h i s  work are 

These bridges were a l s o  observed i n  1377 and 

6 . 2  FIELD TESTING OF PRODUCT A-5 

Some d i f f i c u l t y  w a s  experienced i n  f i nd ing  a s u i t a b l e  s t r u c t u r e  

which could be used t o  t es t  product A - 5 ,  t h e  water-reducing admixture 
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which performed b e s t  i n  t h e  outdoor exposure tests. A firm committment 

has  now been received and it is planned t h a t  t h i s  product w i l l  be 

used i n  a br idge deck t o  be b u i l t  i n  t he  n e a r  f u t u r e .  

6 . 3  LONG-TERM MONITORING 

The long term monitoring of  a l l  f i e l d  t e s t  decks will be continued 

under ano the r  s tudy.  

7 . 0  CfiACE A I R  bEER TESTS 

I n  preparing the  pour diagrams f o r  t h e  f i e l d  test decks, a Chace 

air meter w a s  used t o  obtain a d d i t i o n a l  a i r -entrainment  measurements 

a t  var ious loca t ions  i n  the  f i n i s h e d  su r face  o f  the concrete .  The 

primary purpose w a s  t o  check t h e  a i r  l e v e l  a t  t h e  p o i n t  most c r i t i c a l  

for s c a l i n g  resistance: t h e  exposed su r face  o f  t he  concrete .  

s tudy4 has shown t h a t  uncorrected Chace readings can be expected t o  be 

s l i g n t l y  h ighe r  than corresponding readings by t h e  p re s su re  method below 

an air-entrainment  l e v e l  of 4% and s l i g h t l y  lower than pressure method 

values  above t h i s  l e v e l .  Since most of t h e  mace readings obtained 

on t h e  decks s t u d i e d  i n  t h i s  r e sea rch  were above t h c  48 level, t h i s  

i n d i c a t e d  t h a t  a reasonably s a t i s f a c t o r y  amount of  a i r -entrainment  

was achieved i n  t h e  s u r f a c e  of t h e  f i e l d  test  decks. This d a t a  is  

reported i n  Appendix V I .  

A previous 

Based on t h e  experience obtained with t h e  Chace a i r  meter i n  

t h i s  s t u d y ,  it w a s  recommended as a use fu l  a u x i l l i a r y  test  device f o r  

engineers  i n  t he  f i e l d .  

t o  the cons t ruc t ion  off ices . ' th toughout  *= i the S t a t e .  

Several  u n i t s  have been purchased and provided 
.!T 

== 
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8.0 LABORATORY FREEZE -"HAW TESTS , 

The purpose o f  t h i s  phase of t h e  s tudy  w a s  t o  i n v e s t i g a t e  

t h e  fundamental na tu re  of  t he  s c a l i n g  mechanism i n  an attempt t o  

develop a r a p i d  t e s t  capable of eva lua t ing  the  e f f e c t i v e n s s  o f  a d d i t i o n a l  

a n t i - s c a l i n g  t reatments  i n  t h e  f u t u r e .  

This work w a s  begun i n  l a t e  1970 with t h e  i n s t a l l a t i o n  of  a 

l abora to ry  freeze-thaw chamber. 

b a t h  f i l l e d  with wa te r - sa tu ra t ed  kerosene i n t o  which t h e  t es t  specimens 

were placed.  

t h e  temperature from 5O0F t o  O°F and back a t  a p r e s e t  rate.  

were monitored by (a) seve ra l  therniocouples placed a t  varying depths 

The device cons i s t ed  o f  an enclosed 

Automatic con t ro l s  werc capable o f  continuously cyc l ing  

The tests 

below the  s u r f a c e  o f  each specimen, (b) s t r a i n  gauges con tac t ing  spcc in l  

metal plugs mounted i n  t h e  specimens t o  measurc d i l a t i o n ,  and (c) a 

thermocouple placed i n  the  kerosene bath t o  measure i t s  temperature.  

The outputs  of a l l  t hese  devices were recorded by mul t ipo in t  r eco rdc r s .  

The approach t o  the  ana lys i s  of t h i s  temperaure and s t r a i n  d a t a  

w a s  pa t t e rned  af ter  a similar s tudy  conducted by ilavens' a t  t h e  

Un ive r s i ty  of Kentucky. I t  w a s  t heo r i zed  t h a t  isotherms (periods o f  

cons t an t  temperature) a t  var ious depths i n  t h e  specimens could be  

r e l a t e d  t o  hydrau l i c  p re s su re  wi th in  t h e  concrete  which, i n  t u r n ,  

i s  r e l a t e d  t o  s c a l i n g  r e s i s t a n c c .  A t  atmosplieric pressure , water 

freezes a t  32'F and remains a t  t h a t  tcmperaturc u n t i l  a l l  t h e  available 

water is frozen.  

a phase diagram of water could be  u t i l i z e d  t o  estimate t h e  hydrau l i c  

I f  an isotherm occurred a t  a tcmperature below 3Z0F, 
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p r e s s u r e  e x i s t i n g  wi th in  the concrete .  

monitor length changes and would i n d i c a t e  when t h e  concrete  no longe r  

r e tu rned  t o  i ts  o r i g i n a l  length.  Any "permanent set" could bc 

The s t r a i n  gauges would 

i n t e r p r e t e d  t o  i n d i c a t e  some degree of phys i ca l  daniage. 

I n  o rde r  t o  provide the  g r e a t e s t  opportuni ty  f o r  s c a l i n g  t o  

occur ,  t h e  tes t  specimens were placed i n  t h e  freeze-thaw chamber i n  

a s a t u r a t e d  state.  

a fog room o r  a s a l t  water ba th  f r o m  t he  time of c a s t i n g  u n t i l  t hey  

were t e s t e d .  

To accomplish t h i s ,  they were s t o r e d  e i t h e r  i n  

The freeze-thaw chamber was pu t  i n t o  ope ra t ion  i n  t h e  f a l l  o f  

1971 and, although it performed according t o  s p e c i f i c a t i o n ,  i t  soon 

became a source of con t inua l  maintenance problems which i n t e r r u p t e d  

t h e  con t inu i ty  o f  t he  t e s t i n g .  llowcvcr, even during t h e  pe r iods  o f  

normal ope ra t ion ,  t h e  expected r e s u l t s  were not achieved. 

no isotherms were de t ec t ed  even a f t e r  200 freeze-thaw c y c l e s .  

For example, 

Although t h e  l a r g e  volume of kerosene i n  t h e  freeze-thaw 

chamber provided considerable  thermal i n e r t i a  which was expected t o  

damp out  t h e  cycl ing of both t h e  r e f r i g e r a t i o n  and hea t ing  u n i t s ,  

t h e  thermocouple i n  t h e  bath showed t h a t  a s l i g h t  s t e p  funct ion e x i s t e d .  

En o r d e r  t o  determine i f  these  s t e p s  were obscuring t h c  isotherms,  

t h e  u n i t  was put  i n t o  a constant  cool ing mode so t h a t  t h e  temperature 

o f  t h e  kerosene (and, t h e r e f o r e ,  t h e  test specimens) would follow a 

smooth descending curve.  Th i s ,  t o o ,  was unsuccessful as no isotherms 

could be observed. 
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An a d d i t i o n a l  attempt t o  d e t e c t  isotherms w a s  made with 

smaller specimens, some of which were s e a l e d  with paraf f in .  

i d e a  was t o  t e s t  whether t h e  s i z e  of t h e  specimen o r  t h e  poss ib le  

i n t r u s i o n  of kerosene could somehow a f f e c t  t h e  de tec t ion  of t h e  

isotherms. However, as i n  a l l  t h e  o t h e r  cases, no isotherms were 

observed. 

The 

Because of  t h e  lack of success of t h e  freeze-thaw t e s t i n g ,  

Since it w a s  necessary t o  re-evaluate  t h i s  phase of t h e  p r o j e c t .  

t h e  freeze-thaw chamber was not producing meaningful r e s u l t s  and 

w a s  becoming increas ingly  more d i f f i c u l t  t o  maintain,  p l u s  t h e  f a c t  

t h a t  t h e  o t h e r  phases of t h e  p r o j e c t  had already y ie lded  implementable 

r e s u l t s  ( increased  air-entrainment  s p e c i f i c a t i o n )  , it was decided t o  

terminate t h e  laboratory freeze-thaw t e s t i n g  p a r t  of  t h c  research.  

I 
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APPENDIX I 

CONCRETE BATCIf DATA 

A 1  R W ATE R/ CE MENT AVERAGE 28-DAY 

BATCH SLAB NUMBERS ( 3 )  (GAL-/SACK) (INCHES) STRENGTH (PSI) 
CONTENT RAT1 0 s LUMP COMPRESSIVE 

1 

2 

3* 

4* 

5* 

6* 

7* 

8 

9f  

10 

11 

12 

13 

14 

15 

16 

17 

18 

*The 

28,29,30 

22,23,24 

34,35,36 

7,8,9 

1,2,3 

67,68,69 

13,14,15 

40,41,42 

100,101,102 

73,74,75 

31,32,33 

61,62,63 

10,11,12 

97,98,93 

43,44,45 

37,38 ,39 

0.6 

0.6 

4.8 

3.9 

5.4 

4.9 

4.8 

4.1 

4.6 

4.6 

4 .O 

3.8 

4.6 

5.2 

4.8 

4.8 

5 .4  

5.4 

5-1/2+-1/2 

5-1/2?1/2 

5 -1/2:1/2 

5 - l/?? 1/2 

5 -1/221/2 

N O T  USED 

5 -1/2+1/2 

NOT USED 

5 .o 

5 .o 

5 .o 

4.8 

5.1 

5.1 

5 .o 

4.9 

2-1/2 

2-3/4 

2 -3/4 

2-1/4 

2-1/2 

2-1/2 

3 

3 

2- 1/2 

3 

2-1/2 

2- 1/2 

2-1/2 

1-1/2 

2-1/4 

2-1/4 

6890 

6170 

3715 

5845 

3715 

4045 

40 15 

5080 

4685 

5450 

5840 

5200 

4760 

4880 

5590 

5455 

records of  the fine aggregate moisture content, determined in  the f i e l d  
at  the mix s i te .  were los t  for these particular batches. Since both the 
slumps and t h e  compressive strengths for these batches are normal, i t  i s  
assumed that the water contents are within the desired range. 



1 - 2  

AIR WATER/CEMEWI' AVE RAGE 2 8 - DAY 

BATCH SLAB NUMBERS @J) (GAL. /SACK) (INOIES)  STRENGTH (PSI) 
CONTENT RAT1 0 SLUMP COMPRESSIVE 

19 

20 

21 

22 

23 

24 

25f 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

64,65,66 

70,71,72 

103,104,105 

4,5,6 

25,26,27 

19,20,21 

82,83,84 

49 ,SO ,51 

16,17,18 

46,47,48 

55,56,57 

52,53,54 

109,110,111 

88,89,90 

106,107,108 

58,59,60 

85,86,87 

79,80,81 

76,77,78 

112,113,114 

190 

5.2 

4.8 

4.8 

4.2 

2.2 

1.3 

1.6 

1.8 

1.3 

1.4 

1.2 

1 .o 

1.1 

0.8 

1.5 

2.3 

2.3 

1.6 

1.8 

1.5 

5 .o 

5 .o 

5 .o 

5.2 

5.0 

5 .o 

5 -1/2+1/2 

5.2 

5.1 

5.4 

5.5 

5 .s 
5.8 

5.7 

5.4 

NOT USED 

5.5 

5.4 

5 .o 

5.7 

5.4 

NOT USED 

NOT USED 

3 .O 5.4 

3 

3 

2 -3/4 

2 

2 -3/4 

2-1/2 

1-3/4 

2-1/4 

2-1/4 

2 

2-1/4 

2 

2-1/4 

3 

2 

2 

2-1/2 

2-1/2 

2 

2-1/2 

2 

4680 

4630 

4120 

4865 

7360 

65 10 

6945 

4795 

60 15 

6245 

66 15 

6000 

72 30 

6155 

7780 

6420 

49 45 

61 10 

6205 

6775 

5175 



1-3 

' I  

A1 R WATER/CEMENT ,* AVERAGE 2 8 -DAY 
CONTENT RATIO SLUMP COMPRESSIVE 

BATCH SLAB NUMBERS (2) (GAL./SACK) (INaES) STRENGIll  (PSI) -- 
43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

95,96 

181,182 

115,116 

91,92 

119 y 120 

186,187 

117,118 

93 

127,128,144 

129,142,143 

125,145 

124,146,147 

133,134,135 

136,137,138 

131,132,139 

130,140,141 

123,148,149 

121,122,150 

163,164,165 

4.9 

5 . 3  

5.2 

5 . 4  

5.4 

6.0 

5.6 

5.6 

5.6 

5.7 

5.4 

5 .o 

5.2 

s .o 

5.9 

5 . 2  

4.8 5.4 2-1/2 4650 

6.4 5.4 2 - 1/2 3800 

5 .o 5.4 3 4500 

NOT USED 

NOT USED 

NOT USED 

NOT S E D  

5.4 

5.2 

4.6 

3.0 

3.0 

1 .o 

1.4 

0.8 

1.0 

0.7 

1.1 

1.1 

1 .o 

1 .o 

0.6 

4.9 

2-1/2 

2-1/2 

2 

1 -3/4 

2 

2-3/4 

3 

2-1/4 

3 

2 

2 

2 

3 

2-1/2 

2-1/4 

6880 

4775 

5430 

5570 

5855 

5835 

6185 

5375 

5975 

5715 

7480 

6225 

70 75 

5415 

5615 

5270 



1 - 4  

AX R WATER/CEMENT - AVERAGE 28-DAY 
CONTENT RATIO SLUMP cow RESS I VE 

BATCH SLAB NUMBERS (%I (GAL./SACK) (INCZES) S T R E N n H  (PSI) 

66 166 , 167 , 168 4.8 5.2 2 5 175 

67  152,153 , 154 4.8 4.9 2-1/2 4460 

68 176,177,178 4.5 5.2 1-1/2 5 775 

69 155,156,157 5 .7  5 .2  3 5270 

70 173,174 , 175 4 .8  5 .3  2-1 /2  5065 

71 158,159 , 160 5 .4  5.8 3 4820 

72 188 , 189 6.6 5 .6  4 4220 

73 161,162,169 6 .O 4.9 3 40 33 

74 170,171,172 4.6 5.9 3 5463 

75 15 1 , 179 , 180 3.8 6 . 1  3 4880 

76 183,184,185 5 .2  5.2 2 -1 /2  5170 



APPENDIX I1  

ANTI-SCALING AGENTS 

Note : 

Portable Tester as  described i n  MTM 
Iles i gnat i on E30 3-663. 
l i s t e d  here were obtained from the Road 
Rcscarch Laboratory "Road Note No. 27", 1360. 

values were obtained with the  Br i t i sh  

The in t e rp re t  a t  ions 

TEST 
l ES I CN AT I ON 

PA- 1 

PA-2 
I 

I 

DESCRIPTION 
OF MATERIAL 

Linseed O i l  
(50% Mineral 
S p i r i t s  ) 

F i s h  O i l  
(50% Mineral 
S p i r i t s )  

! 

i 
j APPLICATION 

TI ME RATE 

28 days 1st Coat: 
.025 g a l /  

2nd Coat 

a f t e r  
placement j S . Y .  

; .015 g a l /  
. S . Y .  

28 days j 1st Coat: 
a f t e r  i .025 gal /  

placement; s .Y .  
: 2nd Coat: 

.OIS  gal/  
a S . Y .  

i 

I 

I 

t 

I 

55 t o  65 
45 t o  55 

4 5  o r  below 

Generally sa t i s f ac to ry  
Conditionally s a t i s  factory 
(gentle curves & grades,  e t c . )  
Poten t ia l ly  s l ippery  

I - '  
._ __.-_ -- - ._--- . 

' SLAB IDENTIFICATION NUMBERS FK)ISTURE 

I i 

-. .. ._ - -  

8 I A 1  R-ENTWINE 

7---- AVC . CON - 
SKID , 

VALUE I 

68 

i 

67 4 

TEST 
SLAB: 

2 
4 

7 
10 

TROL 
SLAB! 

3 
6 

9 
12 

-4 Loss 
NON ' ASTN 

A I R  EN 

TEST 
SLABS 

-25 

- 
. .  

20 
24 

TROL JREQ.0.055 
SLABS OR LESS) . .  

27 

2 1  
23 



1 1 - 2  

I 

I 

33 I 32 

1.- - -  

i T E S T  1 DESCRIPTION I 
1 DESIGNATION OF MATERIAL f TIME 
i- -. 

i P A - 3  

1 
i 
-I I 

! 
I 

I 
I 

I PA-4 

i PA-5 

PA-6 

I 

. - - --. ! 

j Linseed and -1 28 days 
F i s h  O i l s  ; a f t e r  
(50% Mineral 

I S p i r i t s )  1 

I 
I Ta l l  0i.l 
' (50% Ffineral 1 a f t e r  
j S p i r i t s )  placement 
J I 
1 Tung O i l  i 28 days 
1 (505 Mineral 1 a f t e r  
j S p i r i t s )  I placement 

placement i 

I 
I - 1  
I 

28 days 

I 

Emulsifiable 
Linseed O i l  I a f t e r  

I placement 
i 

! 

1 -  -- - -- -- -- - - ---- *...-_-- 
SLAB I D E N T I F I C A T I O N  NUMBERS MOISTURE 

1 

LOS s " - I_-I__----.____ _-.__-.  
NON ASTM I . .  

AI R-ENTRAINED: AI R-ENTRAINED ; c- 156-65 ' - 
! CON- I GMS/CM AVG . CON- i 

i AP P L I  CAT I ON S K I D  T E S T  TROL T E S T  TROL j(REQ.O.055 
SLABS SLABS OR LESS)  ' METHOD I VALUE' SLABS SLABS 

r- - .._ ,-- - .  - '  . RATE 
~ . -  * 

1st Coat: 
.025 ga l /  
S . Y .  
2nd Coat: 
-015 ga l /  
S . Y .  

1 Coat: 
.045 g a l /  
S . Y .  

1st Coat: 
,018 gal /  
S . Y .  

.2nd Coat: 
.015 ga l /  
S . Y .  

1st Coat: 
.025 ga l /  
S . Y .  
2nd Coat: 
.015 gal /  
s.Y; 

! 

j Spray ; 70 

J 

I '  i 
I 

j Spray 1 74 
! 

Spray ~ i 68 
i 

I 

i 
I 

I 

19 
22 

18 
47 

16 
46 ' 

51 
58 

23 
i 
I 
i 
i 

17 I 

4 

48 

17 
48 

50' 
60 



, 

METlIOD 
. _ I - ^ - _ . _ L  

TEST ! DESCRIPTION 
DESIGNATION ' OF MATERIAL - _ -  - -- 

S K I D  1 TEST TEST TROL I TROL 
VALUE SLABS SLABS SLABS SLABS _- -- 

PA- 7 

SPA-8 

PA- 10 

PA- 12 

PA- 12 

4cj.d etch 

: Linseed O i l  
"Speci a1 Solvent ( I  

t 

67 

I 

, Epoxy' 
1 

Polysulf ide 

Spray 

I3rush 

Crush 

Polymerized 
so lu t ion  of  
metal organic 
compounds ' 

71 

64 

59 

Soybean O i l  
(50% Flincral 
S p i r i t s  ) 

Soybean O i l  
(uncut) 

11-3 

. --.-.I__-.------- 
I-- I 

---"---'FF LAB I DENTI FI CATION NUMBERS 
I 

I 

AVG . ON - I 

T I E  

28 days 
a f t e r  

placement 

28 days 

APPLICATIOI 
RATE 

1st Coat: 
.O25 ga l /  
S.Y.  
2nd Coat 
.015 gal /  
S.Y. 

.. - -- .-_. ..-- 

a f t e r  2 .06 gal /  
placement 1 s .y . 

28 days j 
a f t e r  ! .05 ga l /  

placement; S . Y .  
i 
1 

28 days 1 2 Coats 
a f t e r  I .02 gal /  

Placement! S .Y .each 

28 days 
a f t e r  

)lacement 

1 Coat 
.02 gal /  
s.y: 

! 

I i 
Spray I 72 

36 
38 

97 

101 

53 
55 

110 

113 * 

54 
57 

111 

112 

MOISTURE 
LOSS 
ASTM 
C-156-65 
GMS/CM 

(REQ .O. 055 
OR LESS) - 



IJ-4 

I 

TEST 
DES I GN ATI ON - -d---- 

PA-13 
y. 

PA- 13 

PA- 14 

PA- 15 

PA-17 

I 

DESCRIPTION 
OF MATERIAL 

Cas to r  O i l  
(50% blineral 
S p i r i t s )  

----- 

Cas to r  O i l  
(Lhcut) 

Linseed O i l  
(Uncut) 

Ch lo r ina t ed  
Rubber Epoxy 

Come rc  i a 1 
Waterproofing 
Compound 

TIME 

28 days 
a f t e r  

p lacemen. 

28 days 
a f te r  

p 1 acemenl 

28 days 
a f t e r  

p lacemenl 

28 days 
a f t e r  

p lacemen. 

-- -- 

28 days 
a f t e r  

p lacemen 

WP LICATION 
RATE 

2 Coat 
.02  g a l /  
S .Y .each 

1 Coat 
.O2 g a l /  
s .Y 

1 Coat 
. 02  g a l /  
S . Y .  

.035 g a l /  
S . Y .  on 
AE S l a b s  
,057 g a l /  
S . Y .  on 
NAE S l a b s  

.065 g a l /  
S . Y .  

___-_ -_ . -- METl 10D 

Brush 

Brush 

Brush 

Spray 

Spray 

NON 
f LOSS 
i ASTF! 

A 1  R-ENTRAINED nx- iVG. 
; K I D  TEST 
/ A L E  SLABS . _ _  ._ . . - - ~ 

71 

70 

63  

54 

65 

9E 

100 

104 

3s 
39 

68 
73 

TROL 
SLABS 

97 

. _---- 

10 1 

103 

36 
38 

69 
74 

I R-EN1 - 
TEST 
SLABS 

108 

- ...- 

114 

109 

52 
56 

79 
85 

UNED C-156-65 ~ 

:ON- GMS/CM , 
rROL i(REQ.O.055 
SLABS I OR LESS) 

I 
1 
I 

107 I 

112 

111 . 

54 
57 

80 
87 

! 

I 
i 
! 
I 
I 
I 

i 
I 
I 

I 
I 
1 



11-5 

plus  sand 

Brush f 61  
p l u s  sand1 

TEST 
DESIGNATION 

PA-18 

S- 

s - 2  

s-3 

s-4 

DESCRIPTION 
OF MATERIAL 

Penct r a t i n g  

. . - -_ . - 

Epoxy 

Tar-BaseL 
Sealei-  

Resin -Based 
S e a l e r  

S t y rcne  
Butadicne 

Urethane 

I 

TI ME 

28 days. 
a f t e r  

placement 

- -- 

28 days 
a f t e r  

placement 

28 days 
a f t e r  

placement 

28 days 
a f te r  

p lacemen t 

28 days 
af ter  

p 1 acement 

4PP LI CAT1 ON 
.. .. - - RATE 

Primer 
.US5 g a l /  
S . Y .  
Seal  Coat 
.14 g a l /  
S . Y .  

.05 ga l /  
S .Y.  

._ 

Trial  
.05 g a l /  
S . Y .  

.05 ga l /  
S.Y. 

.05 g a l /  
5 . Y .  

SLAB IDENTIFICATION NUMBERS 

METHOD 

Brush 

- .- - - . . . - 

Spray at 
i 140-180°F, 

. -  
I 
A1 R-ENTRAINEC 

AVG . ' CON- 
;KID 1 TEST TROL 
NLuE_I_ -.I- SLABS i SLABS 

i 
75 

7 1 1  
I 

67 
71 

6 3  

62 

74 

103 

69 
70 

61 

61 

I 

NON 
41 R-ENTRAINED- 

CON - 
TEST TROL 
--L-- SLABS SLABS 

84 82 

106 

81 
86 

88 

83 

10 

80 
87 

90 

90 

I 

MOISTURE? 

ASTN i 
LOSS 

C-156-65 
GMS/CM I 
:REQ.0.055 { 
OR LESS) -I 

j 
I 
i 
I 



TI-6 

. . . .. - - . . .. . . __  .. . . -- - . .  , 

T E S T  DESCRIPTION 
DES I CSJ AT1 ON OF MATERIAL 

S - 5  

I 
I 

i S - 6  ' . 
1 

S - 8  

A- 1 
I 

! A- 3 

Furan Resin 
I 

I 

i 

Epoxy Resin 1 
i 
. B u t y r i t e  1 Polymer 

Re a c t  i ve 
S i  lane 

i 
! 

Polymerized 
i s o l u t i o n  of 
' metal 
I organ ic  
' compounds 

i 

i 
I 

I 1 
I 
I 

I 
I 
I 
i 

APPLICATION 
TI ME RATE -_ - - .- . _.-I- .--.- ._. -_. 

28 days .05 g a l /  
a f t e r  S.Y. 

p laccmen t ! 

I 1 -  7 --- -*---.--- ---- ----- - - 
SLAB IDENTIFICATION NUMBERS MOISTURE 

LOS s 
A1 R-ENTRAINEI 

CON - 1~~~~ T E S T  ' TROL 
WTIIOD VALUE S L A B S  SLAB! - - _- --_ ~ 

_- - .  
42 41 1 

Acid wash 58 
then b r u s h ,  
p l u s  sand ! 

I t 

i I 

28 days ,09 g a l /  Acid wash 66 40 42 
af te r  S . Y .  then b rush .  

p lus  sand ' p laceinent 1 

28 days . 0 3  gal] Brush l 53 31 32 
a f t e r  S . Y .  

placement i I 

I 

Add a t  ' 1.5 lbs/ 
mixer C . Y .  i 

Add a t  
mixer 

Replaces 
0.5 ga l /  
C . Y .  of 
wa te r  ! 

Add a t  
same time 
as mix 
water  

Add a f t e r  
m i  x ' w a t e r 

I '  

84 91 , 119 

I 

i 

70 , 9 3  1 117 

I 
i 

NON A S T N  
AIR-ENTRAINED C - 1 5 6 - 6 5  

CON- GMS/CM 
T E S T  ! TROL ( R E Q . 0 . 0 5 5  1 

_---.----. $LABS I S L A B S  OR L E S S )  - . _ . _ )  ' 

50 . 
60 

I 

! 



11-7 

I 
i 
i 
I 
I T E S T  

I 
DESIGNATION 

A- 4 

i 

I 

i 
A-5 

i 

c -1  ! 
I 

DESCRIPTION 
OF MATERIAL 

Calcium 
ch lo r ide  
based 
waterproof - 
i ng  agent 

Multi- 
component 
ch lo r ide  
f r ce  ria t c r 
reducing 
adni x t  u re  

Linseed O i l  
Emu1 s i on  
(Diluted 
with 1 /3  
water) 

I 
! 
I 

! 

! 
i 1 
! 

1 
I 

I 

, 

j 
1 
I 
i 
I 

I 

I 

I 
I 
I 
i 

. .. 

TI ME 

Add a t  
mixer 

Add a t  
m i  xc r 

May be 
placed 
on w e t  
conc. 

*tlanuf-Jcturer claims no cure necessary.  
I 

I 

! 
! 

I 
: 

APP L I  CAT I ON ' 

RATE . 

Rep laces 
1.5 ga l /  
C . Y .  
of water 

'SLAB I D E N T I F  _- - 

,045 g a l /  
S .Y .  

METHOD - . 

Add a t  
s m e  t i n e  
as mix 
water  

; 4 ' o z .  pel 
i 100 l b s  

cement 

Spray 

! 
I 1 

- 

71 

81 

70 

A1 R-ENTRAINE 
AVG . 
SKID 

. .  

115 ' 95 
181 

116 
182 

186 
187 

154 
177 

189 

Cure) 
96 

189 

Cure) 

176 

(Fog 

(Dry 

152 
176 

r----- --I 

ATION NUMBERS MOISTURE 
LOSS 

NON ' ASTM 
AIR-ENTRAINED , C-156-65 ' 

' CON- GMS/CM 
T E S T  I TROL (REQ:O.O55 I ------ SLABS S L A B S  - - - -  4.- OR - __-- LESS)  I 

135 
136 

i 
! 
i ! 

i 
I 
i I 

I I 
I 
f ! 

. I  I 

! 

! 

! 

I 

1 
! 
I 
i 
I 

1 
i 
i 
i 

1 
i 
! 

i 
1 , 
I 

I 



11-8 

NON I ASTbl 
AIR-ENTRAINED A I R - E N T R A I N E D J  C -  156-65 

:--CON *N- - GW/CM 
. . . - . . I - 1 i APEPL.ATION 

I 

TI ME 

Just  - .; .045 ga l /  

AVG . 
SKID 
VALUE . .-.- 

58 

’ !  

I 

T E S T  ; DESCRIPTION 
DESIGNATION I O F  MATERIAL 

T E S T  TROL ’ T E S T  TROL i(REQ:O.OSS I 

s~msj- SLABS 1 --.----c SLABS 1 --- SLABS 

-.- - 1  128 153 ! 152 127 1 .041 
! I 

c-2 I Chlorinated 
’ rubber epoxy 
! ’  

after 
surf ace 
water 
d i s  - 
appears 

Just 
a f t e r  
f i n i s h -  
ing  

When 
concrete 
i s  hard 
enough 
to pre- 
vent 
marring 

Just  
a f t e r  

surface 

S . Y .  
I 

I 
I 

c-3 I Reactive 

i 
’ Si lane  

,045 gal /  ; Spray 60 
S . Y .  i 

! I i 
I 

.045 gal/  1 Brush Comme rc  i a 1 
,Curing 
Compound 

i 

i 

I 

c- 4 

I 

I 

. 08  
(Other 
agencies 
report 
less) 

I 

158 159 1 146 147 
173 ’ 174 125 , 

77 

38 

S . Y .  1 ;  1 

! i i  I 
, 

122 1 121 
149 I 148 

1 

1 

! 
I 

i 

I 

Two 
component 
epoxy 

165 164 
166 167 

I 
I 
I 

I 
! 
I 

I 

C-I; .U45 gal /  
S.Y.  I 

Brush .loo 

1 
l disappears 
I 
1 
i 

water 

i 
I ’  I 
i 

i I 
I 

i I 



11-3 

i 
I 
i I 
I 
.I 

i 

I 
I 

c-6 

c- 7 

C-8 

DESCRIPTION 
OF MATERIAL - -- - 

Epoxy 
Flodifietl 
Acry l ic  
Polymer 

Cii 1orin.ated 
RubbeE 
Curing 
C omp om d 
( I  li glie r 
S o l i d s  
Content) 

CIi l o r i n a t e d  
Rubber 
Curing 
Compound 
(Lower 
S o l i d s  
Content) 

. - -- --. -- --,- - -I_ -_ _____ - - - - 

i SLAB IDENTIFICATION NUMBERS MOISTURE - - LOSS 

TI ME - . - - . - -_ _ _  -. 
J u s t  
a f t e r  
s u r f a c e  
water 
d i s a p -  
p e a r s  

1 t o  2 
hours  
a f te r  
f i n i s h -  
i n g  

1 t o  2 
hours  
a f t e r  
f i n i s h  - 
i n g  

1 

APP L I CAT I ON 
RATE 
----I_ __ ___._ 

.045 g a l /  
S.Y. 

.045 g a l /  
S . Y .  

.o.ti; g a l /  
S . Y .  

A1 R-ENTRAINEL -- 
AVG . CON - 
SKID ~ TEST TROL 

METHOD VALUE SLABS SLABS -- -_ --,--. - . .j-. ------.c--- 

SP ray 6 5  . 162 169 
' 163 164 

I i , I 

1 
i 1 

i i i 
I 

Drush ; 59 1 140 i 130 
! 131 i 132 I I 

I 

Spray 56 
I 

161 1 , 169 

! 

I 

170 I 172 
I 
I 
I 

I 

1 

NON I ASTM 
AIR-ENTRAINED ' C-156-65 

TEX' 1 TROL I (REQ.0.055 
SLABS! SLABS i OR LESS) 

CON- ' GMS/CM 

.- -I_. - - 
123 , 148 
124  

160 
171 

133 
138 

14 7 

159 
172 . 

132 
137 

.131 

1 
I 

.038 i 

! 
I 
i 
1 

i 

I 
i 

i 
I 
I 
1 
i 
1 
i 

.193  

1 

i 
I 

I 
I 

I 



11-11) 

I I i 1 
I 
I , I  

i TES'I' ! 

DESIGNATION .. 

c-0 

P A - 4  

C - 0  
0 I1 

PA-$ 
on 

c-0 

1.0 - MS 

c-0 
on 

1. 

I 
I 

I 

I 

i 
1 I 

I I 
i 
! 

! 

I 

I 

I 

I 
I 
i 
1 
I 
i 

.I 

! 

DESCRIPTION 1 
OF MATEXIAL I 

New J e r s e y  
Spec i  f i ca t ion  
q u a l i t y  w h i t e  
pigmented 
cu r ing  
c omp oun d 

- .  . ._ 
- 1 -  

T a l l  o i l  and 
minera l  
s p i r i t s  on 
Orion Membrane 
cu r ing  compound 

Tung o i l  and 
minera l  s p i r i t s  
on Orion 
Blembrane 
cur ing  compound 

J,inseed o i l  and 
mineral s p i r i t s  
on Orion 
blemb r an e c u r  i 1 1 g 
compound 

TIME 

Membrane 
cu r ing  
compound 
app l i ed  
soon 
af ter  
f i n i s h i n g  
O i  1s 
app 1 i ed 
approx . 
28 days 
l a t e r  

APPLICATION 
RATE 

Both 
cu r ing  
compound 
and o i l s  
app l i ed  
a t  .045 
g a l / s y  

SLAB I D E N T I F I C A T I O N  NUblBERS ' MOISTURE i LOSS I I _ _ _ _  . .-__ - .---.- - .  7 NON * ASThI 
A1 R-ENTRAINED j A1 R-ENTRAINED ; C- 156-65 

I AVG. . ! CON- I CON- GMS/CM 

Spray 74 
( f o r  
!both , 

' c u r i n g  ' i 1 compound, 
;and oils1 
I ! 

65 

i 

! 

! 

i 
I 

I 

I 

i 
1 

j 
! 
I 
I 
1 

, 

42  

39 

185 1 183 
184 

179 

15 1 

180 

185 

185 

185 

T E S T  I TROL '(REQ.0.055 I 

SLABS S L A B S  OR L E S S )  . -- --.I- I-.-_. .--*--.. 
! 

' LCSS than 
.055 

! 



APPENDIX I11 

DUKABI LITY RATINGS 

Notes : 

'' 1. Values i n  parentheses  are average of r a t i n g s  of two tes t  s l a b s .  
c 2 .  Negative values  i n d i c a t e  b e n e f i c i a l  r e s u l t s .  

3. C r i t i c a l  levels f o r  s i g n i f i c a n c e  a r e  1.16 for s i n g l e  t e s t s ,  2 0.82 f o r  average of two tests. 

1 
I 

S i g n i f i c a n t  i 

-- ^ - _ _ _ - - _ I - - - _ _ _ _  ~- . -.--- - - -- --- --I__ _--- - - -- --- - - - - - r 
Air-Entrained Concrete Non-Air-Entrained Concrete 

.C Freeze-maw Cycles 
. - - - . - _ .  ~ . . .  

a t  95% 

. - - - -- - - Freeze-Thaw Cycles - - -i- ---, - .__- - 

' S i g n i f i c a n t  1 -- -- Des c r i p t i on 
Test of  I 

Ue s i g  na t ion Mater ia l  , a t  95% 46 102 147 
I L .  
1 I 

- 

NO 
! 

PA- 1 ! Linseed O i l  1 (50% Mineral 
! S p i r i t s )  
1 

- .28  ' +.26 

i 
1 +.07 

+ .08 

i (-.ol) 

I (+.W 

I 

- .20 

! ( - . lo )  

- .63 - .71 . + .06 +.75 , +.80 

i -.22 - .28 I 

I 
t -1.23 ' -.go - .93 

(-.42) (-.SO) 1 NO 
8 

+ .19 
- .12 
+.67 + .63  1 +.04 ! - .17 

NO ' (-.60) (-.53) (- .37) - ' 4 3  1 (+.28) ( + . l o )  , 

I 

i 
I 

PA- 2 

PA-3 

Fish O i l  
(50% Mineral 
S p i r i t s )  

+ . 41  
-.11 

(+ .15) 

I I 
+ .18 : 
-.SO 1 

(-.16) ' NO 
I 
I 

f -1.03 I 

+ .3R 
(-.32) i NO 

I 
-1.01 -.65 - .52 

-.18 -.32 + .02 
(-.60) ' ( - .48)  (-.25) 

Linseed and 
Fish O i l s  
(50% Nineral 
S p i r i t s  

I 

NO 

I -.78 
1 I 

-.86 -.87 -.74 
+.29 , + .01 + .21 

(-.22) : (-.42) (-.33) 

PA- 4 T a l l  O i l  
(50% Yineral  
S p i r i t s  ) 

- .92 
+ .42  

(-.25) 
! O  
1 (-.39) ! NO 

I 

i 



P 

0 

I 

i 
i 

t 

i , 

j 

I 
I 

I 

i 
I 

I I 

- - - - - -  - - _  - - - - - *, -- -------.- 
Air-Entrained Concrete 

Freeze-Thaw Cycles 
I 
I 

, Descript ion iT I 
l'e s t of 

Designation : Material  ' 46 

PA-5 

PA-6 

PA-7 

*, 

PA-8 

BA-I0  
0 

P A -  12a 

.I 

.' 

i 
i 
' Tung O i l  
; (50% Mineral 
I S p i r i t s )  

' Emulsif iable  
i Linseed O i l  
! 

j Linseed O i l  
i "Special 

Solvent 

Polysulf ide 
EPOXY 

Polymerized 
Solu t ion  o f  
Metal Organic 
Compounds 

Soybean O i l  
(50% Mineral 
S p i r i t s )  

PA-12b Soybean O i l  
i (Uncut) 
1 
I 
! 

Fa, 
I 
I 

1 '  

- .49 -. 17 
(-.33) 

- .37 
- .06 

(-.22) 

- .37 
- .38 

(- .38) 

- .10 

+. lo  
- .13 

(- .02) 

- .25 

147 i 102 
. -  

-1.03 I -1.02 

(--58)  ! (- .56) 
-.13 1 -.09 

-.79 -.70 
-.08 , -.14 

(-.44) I ( - .42)  

- .66 - .99 
- . 22  - . 2 1  

(-.44) , (-.60) 
! 

- .60 

-.26 
+ .08 

( -  .09) 

-.82 

- -09 -. 10 
I 

i 

i 

Non-Air-Entrained Concrete 
Free zc -Th aw Cy c 1 e s 

t 

- .99 

- .37 
+.26 

(-.06) 

-1.13 

-.14 

i 

a t  95% 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

46 

- . 8 8  
+.19 

(-.34) 

- .44 
- .58 

(-.51) 

+.35 
+ .25 
(+.30) 

- . 3 9  

- .52 
-. 12 

(-.32) 

- .51 

+ .09 

I i S i g n i f i c a n t  

147 1 a t  95% 

-!- --__ -- ._. . - __I_-_ 

lo2 -i 
-.38 I -.40 I 
+.01 ' - . 2 1  i 

(-.18) i (-.30) 
- .68 
-.83 

(-.76) 

+.57 
+ .32 

(+ .44) 

- .57 

- .85 
-.so 

( - . 6 8 )  

- .94 

- .38 

! 

- .44 
-1.47 I 
(-.96) i 

I 

+ .99 
+.25 

-.52 1 
(+.62) I 

i - .88 
-.36 I 

(-.62) ' 

1 
! 

- . 9 9  a 

I 

+ .03 

I 

i 

NO 

YES 

NO 

NO 

NO 

NO 

NO 



, , 
111-3 

Test 
Designation 

_. ____.._-_I__ 

PA- 13a 

PA-13b 

PA- 14 

PA-15 

PA- 17 

PA- 18 

s -1  

Air-Entrained Concrete Non-Air-Entrained Concrete 
Freeze-Thaw Cycles 

Description I 

of  I 

Mate ri a 1 46 102 

Castor O i  1 
(50% Mineral 
S p i r i t s )  

Castor O i l  
(Uncut) 

Linseed O i l  
(Uncut) 

Chlorinated 
Rubber Epoxy 

Water- 
proof ing 
Compound 

Penetrat ing 
Epoxy 

Tar- Based 
Sea le r  

- .37 

-.16 

- .22 

- .02 
+.35 

(+ .16) 

- .02 
+ .03 
( 0 )  

+ .08 

-. 17 

-----. 

- .62 

+ .12  

- .67 

-.28 
-.74 

(-.51) 

-.06 
+ .01 

( -  -02) 

+ .02 

-.58 

147 
-- -.- 

-1.06 

+.15 

- .89 

- .49 
-1.12 
( - . 8 0 )  

-.13 
- . lo  

(-.12) 

- .09 

- .85 

--- 
Significant i 

a t  95% 46 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

-1.22 

- .06 

+ .07 

+ .09 
-.so 

(-.20) 

+.33 
-.18 

(+ .08)  

-.37 

1-.43 

Freeze-Thaw Cycles 

102 

-1.16 

- .40 

+.35 

-.29 
- .45 

(- .37) 

+.31 
-.29 

(+ .01) 

-.68 

-1.60 

147 

-1.23 

- .34 

+ .67 

-.32 
- .69 
(-.SO) 

+ :22 
-.09 

(+.06) 

- .57 

-2.03 

S igni f icant  
a t  95% 
- 

YES 

NO 

NO 

NO 

NO 

NO 

YES 



111-4 

Air-Entrained Concrete 
Freeze-Thaw Cycles 

Non - A i r  -Ent ra ined  Concrete 
Freeze-Thaw Cycles 

Test 
Designation 

s - 2  

s-3 

s-4 

s-5 

S-6 

S-8 

A- 1 

A- 3 

Descr ipt ion 
Of 

Mate ri a 1 

Resin-Based 
S e a l e r  

Styrene 
But adiene 

Urethane 

Furan Resin 

Epoxy Resin 

Butyrate 
Polymer 

Reactive 
Si l ane  

Polymerized 
Solu t ion  of 
Metal 
Organic 
Compounds 

46 

- .14 
+.17 

(+ .02) 

-.17 

-.21 

+ .01 

- .29 

- .20 

-.27 

- .05 

102 

- .08 
+.25 

(+ .08) 

- .42 

-.89 

-.76 

-.82 

- .42 

+ .05 

+ .07 

I 

147 

+ .09 
+.31 

(+ .20) 

-.38 

-1.30 

-1.11 

-1.34 

-.40 

+.35 

+.22 

Sign i f i cant  
a t  95% 

NO 

NO 

YES 

NO 

YES 

NO 

NO 

NO 

46 

-__I 

- .34 
- .25 

(-.30) 

+2.37 

+1.74 

-- 
-- 

- .41 
+.14 

(-.14) 

-- 

-- 

102 

-.33 
- .32 

(- .32) 

+2. a6 

+2.86 

-- 
-- 

-.18 
-.14 

(-.16) 

-- 

-- 

- I  S i g n i f i c a n t  
a t  95% 



, 

111-5 

- . - _ _  . - - _ -  - - .- - -- --- 
Air-Entrained Concrete 

Designation 
-~ 

A-4a 

A- 4bC 

A-5 

c- 1 

*These 

Description i------ 
of I 

Material . 46 
- 1- 

Calcium 
Chloride 
Based 
Water- 
proofing 
Agent 

Calcium 
chlor ide 
Based 
Water- 
proofing 
Agent 

Mult i -  
component, 
Chloride 
Free, Water 
Reducing 
A d m i  x t u re  

Linseed O i l  
Emu1 s i on 
(Diluted 

, w i t h  1/3 
! Water) 

-.39 
’ +.28 

( -  .06) 
! 
! 

- .15 
- .08 

(-.12) 

- .15 
- .08 

(-.12) 

+ -10 
+ .58 

(+ .34) 

Freeze-Thaw Cycles 

- .55 
+.27 

(-.14) 

-1.10 
+ . lo  

( - .SO)  

-1.21 
-1.33 
:- 1 .27) 

- .44 
- .68 

( -  - 5 6 )  

147 

- .76 

( -  .06) 
+ .65 

-1.23 
+ -82 

(-.20) 

-1.46 
-1.56 

(-1.51) 

- .40 
- .51 

(- .46) 

: Sign i f i can t  
a t  95% 

NO 

NO 

YES 

NO 

slabs were dry cured because the manufacturer claims no spec ia l  
curing procedure is necessary.  

1 8 

I 

Non-Air-Entrained Concrete 
Freeze-Thaw Cycles 

46 
-. 

- -  

- -  

-- 

- .12 
- .26 

(-.19) (+ .48) 

- -  

-- 

-- 

+.14 
+.12 

(+ .13) 

Significant 
a t  95% 

-- 

NO 



111-6 

(--72)  

I 

i ( - -74)  

Designation 

c-2 

c-3 

c- 4 

c-5 

C-6 

c- 7 

I 
A i  r-Entrained Concrete Non-Air-Entrained Concrete 

Des c r i p  t i on 
of 

Material -- 
Chlorinated 
Rubber Epoxy 

Reactive 
S i  lane 

Commercia 1 
Curing 
Compound 

W O  
Component 
EPOXY 

EPOXY 
Modi f i ed 
Acrylic 
Po lyme r 

Chlorinated 
Rubber 
Curing 
Compound 
( I  l i  gh e r 
S o l i d s  
Content) 

46 

- .07 
- . 2 1  

(-.14) 

+ .10 
- .04 

(+ .03) 

- .06 
- .08 

( -  .07) 

- .21 
-.31 

(- .26) 

- . lo  
+ .46 

(+ .18) 

+ .10 
- .07 

(+ .02) 

Freeze-Thaw Cycles 

+ .01 
-.73 

(-.36) 

+ .08 
- .60 

(-.26) 

- .60 
- .61 

( -  .60) 

-.16 
+ . l o  
(-.03) 

+.26 
-.28 

(-.Ol) 

+.ll 
-.87 

( - . 38 )  

0 
- .41 

(-.20) 

- .87 
-.85 

( - . 8 6 )  

-.33 
+.16 

(-.08) 

+1.12 
+ .40 

(+ .76) 

- 0  

S i n n i  f i cant  

NO 

NO 

NO 

YES 

NO 

NO 

NO 

46 
--. 

+.70 
+ .48 

(+ . 59 )  

- .35 

+3.27 

- .69 
-1.17 
( -  .93) 

-.37 
+l. 10 

( + . 3 6 )  

-1.05 
+ .02 

(--52) 

Free ze-naw Cycles 
-- 

102 --- -., 

+2.06 
+.17 

(+1.16) 

-.so 

+3.58 

-.25 
-1.43 

(-1.34) 

+.83 

(+1.38) 
+1.93 

+1 .21  
+.77 

(+ .99) 

147 
_.-I_ 

+1.99 
+.55 

(+1.27) 

- .64 

+2.65 

+.11 
-1.52 
(-.70) 

+ . 4 3  
+1.77 

(+1.10) 

+.29 
- .10 

(+. 10) 

- -- 

Sign i f  i can t 
a t  95% 

--- ._ 

YES 

NO 

YES 

NO 

YES 

NO 

NO 



111-7 

Designation 
. - --- 

c-8 

C - 0  

PA-4 
on 

c-0 

Descript ion 
Of 

Materi a1 

Chlorinated 
Rubber Curing 
Compound 
(Lower S o l i d s  
Content ) 

N .J  .Spec i f i -  
c a t  ion 
Qual i ty  
White 
P i  gmen t e d 
Curing 
Compund 

T a l l  O i l  
& Mineral 
Spi ri  t s 
App 1 i e d  
Over 
Curing 
Compound 

Air-Entrained Concrete 
Freeze-Thaw Cycles 

-. 17 
+ .09 

( -  .04) 

- .07 

+1.46 

- .  16 
- . 2 8  

( -  .22)  

+ .02 

+1.72 

1 
S i g n i  f i can t 

147 1 a t  95% 

---I 
- . 3 3  
+ .07 

( - . 1 3 )  

- .29  

+ I  .06 

NO 

NO 

NO 

Non-Air-Entrained Concrete 
Freeze-Thaw Cycles 

46 

0 
+ .56 

(+ .28)  

-- 

-- 

102 

+ .81  
+ 2 . 4 2  

(+1.62) 

-- 

-- 

147 

+.39  
+1.37 
(+ .88) 

-- 

-- 

S i g n i f i c a n t  
a t  95% 

YES 

-- 



111-8 

Designation 
-.. 

PA-5 '  
on 

c -0 

LO-MS 
on 

c-0 

Description 
of 

Mater i a 1 

Tung O i l  
& Mineral 
Spi ri t s 
Applied 
Over 
Curing 
Compound 

Linseed 
O i l  E 
Mineral 
S p i r i t s  
Applied 
Over 
Curing 
Compound 

__-- ----- ---.-I" - I 

Air-Entrained Concrete i Non-Air-Entrained Concrete 

46 
-.I_ 

- .04 

- .04 

Freeze-Thaw Cycles 

- .09 

+2.03 

S i g n i f i c a n t  
at 95% 

NO 

YES 

Free ze-Thaw Cycles 
I 

46 102 

- -  j 

i 

--- 

147 
5 i  gni f i cant 

a t  95% 
--.- - 

-- 



APPENDIX I V  

DATA FOR A I R  ENTRAINMEYT STUDY 

A1 R - E N T R A I N E D  CONCRETE 

Slab Air 
Number Leve 1 

3 5 . 4  
b 4 . 2  
3 3 .I) 

1: 4.0 
i 4  4 . 8  
32 4.0 
36 4.8 
33 4 . 8  
45 4.8 

1. 3.5 
0 5 3 .;1 
1.5 4.9 
'3 A . 8  
.,* 4 4.b 
' I  i' 5 . 2  

1'1 1 4.6 
103 4 . 8 
15: 4 . 8  
1s 7 5 . 7  
159 3 .4  
16 4 3 . 9  
167 4.3 
169 6 .r, 
172 3 . 6  
172 4.8 
17b 4.5 

Scal ing 
Rating -- 

1.25 
3.35 
1 .42  
1 .0,t 
1.64 
1.35 
1.60 
1.52 
0.82  
1.8' 
C . 7 1  
3 .s1 
1.29 
1 .tA 
2 . i)3 
3.75 
1 . 3 2  
1 . 2 0  
0.s1  
0.J4 
0.93 
1 .12  
0.76 
0.75  
1 . 3 2  
1.98 

N O N - A I R - E N T R A I N E D  CONCRETE 

S lab  Air Scaling 
I.eve 1 Rating 

. - - ~ -  
Numijcr 

1 7  
2 1  

2 7  
30 
48 
5 0 
5 4  
5': 
6 0 
80 
82 
87 
90 

10 i 
111 
112 
121  
127 
130  
132 
154 
13: 
1.12 
147 
14s 

7 ' :  
L., 

1 . 3  
i . 3  
0 . 6  
2 .2  
0 .6 
1 . 4  
1.8 
1 .!) 
1.3- 

1 .h 
1.6 
2 . 3  
0 * s 
1 . 5  
1.1 
1.5  
0 . 0 
1.0 
1 .o 
1.1 
0 . 7  
1.1 
1.4 
1 .o  
1 .o 

7 7  - . ., 

2.08 
1.33 
1.62 
1.38 
0.69 
1.92 
2 .z9 
2 .  SO 
2 . 2 8  
1.94 
1 .:j5 
2 . 0 4  
1.61 
2.57  
3 . 2 4  
1 . 4 5  
2 . 1 4  
1.75 
1.82 
3.02 
3.65 
.! . S ( 7  

3.51 
7.80 
2 . 3 5  
4 . 2 8  



I V - 2  

CYLINDER STRENGIII (PSI.)  VS. A I R  LEVEL fob> 

ICATER/CEMENT RATIO = 5.25 GALS/SACK 

CEMENT FACTOR = 6.7 S A C K S / C . Y .  

CYLINDER A 1  R CYLINDER A1 R CYLINDER 
STRENG"I1 LEVEL STRENGTII LEVEL STRENGIII - 

4140 
5550 
5590 
5660 
6510 
6620 
6620 
6640 
5 840 
5 730 
5910 
5940 
5310 
5 340 
5 380 
6010 
4100 
5220 
5180 
4740 
5110 
5130 
4620 

3.3 
3.3 
3.3 
3.3 
3.6 
3.6 
3.6 
3.6 
3.8 
3.8 
3.8 
3.8 
5 .o 
5 .o 
5 .o 
5 .o 
5 .o 
5 .o 
5 .o 
5 .o 
5 .0 
5 .0 
5 .o 

5130 
5060 
5060 
4880 
4740 
4690 
4900 
4710 
3960 
3910 
3960 
3640 
5020 
46 70 
4560 
4810 
4880 
5160 
4690 
4990 
3840 
3130 
4070 

6 .O 
6.0 
6 .O 
6 .O 
6 .4 
6 .4  
6.4 
6 .4  
7 .O 
7 .O 
7.0 
7.0 
7.2 
7.2 
7.2 
7.2 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

35 70 
3400 
30 80 
34 30 
3310 
4 100 
4210 
4480 
4170 
4120 
4430 
39 30 
4170 
30 30 
3040 
3040 
3010 
1980 
19 30 
2040 
1880 

A 1  R 
LEVEL 

7.5 
7.8 
7.8 
7.8 
7.8 
8.0 
8.0 
8 -0  
8 .O 
9.1  
9.1 
9.1 
9 .1  

10.5 
10.5 
10.5 
10.5 
12 .o 
12 .o 
12 .o 
12 .0 
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DATA ON ADDITIONAL FIELD TESTS 

Location: Route 1-295 Section 7D ti 8A 

Date: 1974 

Placement Method : Conveyor 

Finishing Method: blachine Roller  Finish (Comaco) 

Tes t  Products : 1. Chlorinated Rubber Epoxy (C-2) 

2 .  Clear epoxy curing compound (Kure-Rite) which 

was included on one deck a t  t he  request o f  

t he  Central  Laboratory because of an impending 

shortage of t h e  white pigmenting mater ia l  

used i n  most cur ing compounds. The average 

moisture l o s s  (ASTM C-156-65) f o r  two tests 

was I) .OJ4 grams/sq .cn. 

Control Product : One of New Je r sey  I s  standard curing compounds, 

S e a l t i g h t  “4-60, manufactured by W. R .  Meadows 

Chicago I l l i n o i s  . 
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S t ruc ture  span 

N.E.  

N.W. 

S.E. 

S.W. 

N . B .  

S.B. 

N . B .  
(C-N 

N.B. 

S.B. 

S.B. 
(Ramp C) 

A i r  Content (%) Slump ( in .  ) Curing Material 

#2 
Bear Swamp Rd. 6.2,7.5,6 .O ,7.3 2 9 3  

2,2.75 

2.75,3,3.5 

3,3.5 

Clear Epoxy 

c-2 

Control 

Control 

5 .7  

7.5,7.3 

7.5,7.5 

#5 
East S t a t e  S t .  5.8,5.8,6. L ,4.9,7.8 

6.1,S.S ,4.5 

3,3.25,3.5 

2 .5 , 2  -75 ,3 ,3  .25 

Con t r o  1 

Control 

#O 
Nottingham Way 4.9,5.7,6.1,6.0,6.7 3,3.25,3.5 c-2 

6.5,5.5,5.2,6.1 

6.5 ,S .6,6.3 

2,2.25,3 

15,3.25,3.25 

Control 

Control 

6.2,6.4 2,2.75,3 c-2 

#7 
Hamilton Ave . N . B .  7.2,8.1,9.6,9.6,6.6 

G .6,8.6 

3.5,z.s 

2.75,3.25,2.5 

c-2 

Control N . B .  
(C-D) 

S.B. 

S.B. 
(Ramp B) 

6.2,7.2,8.1,6.8,6.7,7.3 3(avR.) 

6.4,6.9 3,2.75 

Con t r o  1 

C-2 

#9 
Klockner Rd. c-2 W . B . 6.5,6.4,6.3,7.0 3.5,3,2.75,3.5 

7.5,6.1,6.3,5.8 2.5,2.75,3,3.75 E.B. Con t r o  1 

iY 10 
Cypress Lane 1 V . R .  

E.B .  

5.9,6.0 2,2.5 

6 .0,6.1,6.3 2.75,3.25,3.5 

c-2 

Con t r o  1 
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AIR METER DATA 

Bridge 

, 

Beverly -b!t .I 10 1 1 y 
Road over I295 

Air Meter Readings (6) 

(31 ace Pressure Difference - 
4 .O 5 .o -1 .o 

5 . 4  5.2 0.2  

4.5 4.6 -0.1 

6.3 5.4 0.9 

5.4 5.1 0.3 

4.8 4.8 0 .o 
--- - - -  -. . - . ~ -. -- --- -- -.__ .. . - ... ____ . . _. .. 

5.5 3.5 2 .o 

I295 over Burliiigton- 5.4 
blt .Ilolly Road 

4.1 

5.6 

5 .o 

-0.2 

-0.3 

I80 over 
Waterloo Road 

2.7 

4.0 

6.3 

4.5 

3.2 

2.8 

3.6 

t = 0.153 = 0 .797  
0 .732/  

3.7 -1 .o 

4.2 -0.2 

5.3 1.0 

3.4 1 . 1  

3.3 -0.1 

2.7 0.1 

3 .0  0.6 
- 
X = 0 .153  
S = 0 .792  

Based on this  limited amount of data, there appears t o  be no s t a t i s t i c a l l y  

s ignif icant  difference between the readings obtained by the two deviccs 

w i t h i n  t h e  range of sir-entrainment cncoiiipassed by this data. 



APPENDIX VII 

DEVELOPBENT OF STATISTICAL SIrnIFICANCE CRITERIA - 

The v a r i a b i l i t y  a s soc ia t ed  with t h e  r a t i n g  system was r e l a t i v e l y  

easy t o  determine by having t h e  group make r e p l i c a t e  r a t i n g s .  

w a s  done within a s h o r t  enough per iod of  time s o  t h a t  no rea l  changes 

i n  t h e  s l a b s  occurred,  and i n  a manner which made it extremely u n l i k e l y  

t h a t  any r a t e r  would be b i a sed  by remembering previous r a t i n g s .  Since 

t h e  d u r a b i l i t y  r a t i n g  ( t e s t  minus c o n t r o l ,  h e r e i n a f t e r  designated T-C) 

i s  t h e  parameter o f  i n t e r e s t ,  t h e  corresponding d u r a b i l i t y  r a t i n g s  

were ca l cu la t ed  f o r  t he  r e p l i c a t e  eva lua t ion .  

t h e  tcchniques of s t a t i s t i c a l  analysis ,  a v a r i a b l e  of t h e  form 

This 

In o r d e r  t o  apply 

xi = [(T-C)l - (T-C2]i 

r ep resen t  t h e  r e p l i c a t e  eva lua t ions  and t h e  s u b s c r i p t  '5" r e p r e s e n t s  

p a r t i c u l a r  t r ea tmen t s .  

chi-square and "t" tests , t h a t  t h i s  v a r i a b l e  is  approximately normally 

d i s t r i b u t e d  w i t h  a mean of  zero.  

averages which are r epor t ed  t o  t h e  second decimal p l a c e  , t h e  d i s t r i b u t i o n  

w i l l  be considered continuous. 

was used i n  which t h e  s u b s c r i p t s  1 and 2 

I t  w a s  theorized and la te r  confirmed by 

Since t h e  d u r a b i l i t y  r a t i n g s  are 

Vie ana lys i s  of t h i s  p a r t i c u l a r  v a r i a b l e  fu rn i shed  two very 

important b i t s  of information. F i r s t ,  t h e  mean o f  ze ro  confirmed 

t h e  i n t u i t i v e  b e l i e f  t h a t ,  even though t h e  r a t i n g  group might bc 

gene ra l ly  more severe on one day than on some o t h e r ,  t h e r e  w i l l  (on 

t h e  average)/be no effect  on the d u r a b i l i t y  r a t i n g s  which are t h e  
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di f fe rences  between two s c a l i n g  r a t i n g s  (T-C). That is’, if both t h e  

T and C values  a r e  r a t e d  higher  ( o r  lower) by about t h e  sane amount, 

t h e  d i f f e r e n c e  ( d u r a b i l i t y  r a t i n g )  w i l l  remain about t h e  same. Thus, 

it i s  assumed t h a t  any poss ib le  r a t i n g  group b i a s  can be ignored. 

Second, t h e  p r i n c i p l e  of a d d i t i v e  variances enables us t o  c a l c u l a t e  

t h e  s tandard  devia t ion  a t t r i b u t a b l e  t o  t h e  r a t i n g  system (O-& ) . 
The d i s t r i b u t i o n  of t h e  d i f fe rence  between two normally d i s t r i b u t e d  

v a r i a b l e s  i s  a l s o  normal with a variance equal t o  t h e  sum 

variances of  t h e  two o r i g i n a l  v a r i a b l e s .  

mathematically a s  follows : 

of  t h e  

This can be expressed 

Since (T-C), and (T-C)2 designate t h e  same p a i r  of s labs  for t h e  

r e p l i c a t e  r a t i n g  t e s t s ,  

o;( was found t o  be 0.194 and, from t h i s ,  (&s = 0.14 

r a t i n g  u n i t s .  

d i f f e r e n c e  between a t es t  s l a b  and i ts  c o n t r o l ,  t h e  r a t i n g  group w i l l  

i n d i c a t e  d i f f e r e n c e s  as grea t  as 

This  impl ies ,  f o r  example, t h a t  i f  there  is t r u l y  no 

n- 1.96 -,ys = 0.27 r a t i n g  u n i t s  95 
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percent  o f  t h e  time. 

be obtained f o r  any p a r t i c u l a r  test  before  i t  could be a t t r i b u t e d  t o  

anything o t h e r  than t h e  v a r i a b i l i t y  of  t h e  r a t i n g  system ( a t  t h e  95 

percent  confidence l e v e l )  . 

Therefore ,  a d i f f e r e n c e  of a t  least 2 0 .27  m u s t  

By i t s e l f ,  t h i s  i s  no t  s u f f i c i e n t  information t o  e s t a b l i s h  a t  

what l e v e l  a d u r a b i l i t y  r a t i n g  i s  t o  be judged significant. 

a d d i t i o n a l  component of v a r i a b i l i t y  which m u s t  be accounted for i s  

t h e  v a r i a b i l i t y  of  t h e  e f f e c t i v e n e s s  of t h e  treatments. The l a rge  

quan t i ty  of t r ea tmen t s  being evaluated made it imprac t i ca l  t o  i nc lude  

An 

enough r e p l i c a t e  rest s l a b s  t o  c a l c u l a t e  t h i s  parameter accu ra t e ly  f o r  

each ind iv idua l  t reatment .  I n s t e a d ,  i t  was necessary t o  use a l l  t reatment  

p a i r s  t o  estimate an average (pooled) s tandard deviat ion f o r  t reatment  

e f f e c t i v e n e s s  ( r ~ c  ) which w i l l  be 

f o r  t h e  Phase I s c reen ing  t e s t .  

assumcd t o  apply t o  a l l  treatrncnts 

The v a r i a b l e  t o  be  used t o  e s t a b l i s h  t h e  s ta t i s t ica l  s i g n i f i c a n c e  

r ep resen t  t h e  two tes t  s l a b s  upon which t reatment  "i" w a s  app l i ed .  

This v a r i a b l e  automatical ly  includes t h e  component o f  v a r i a b i l i t y  due 

t o  t h e  r a t i n g  system ( (5s ) .  

Using t h e  d a t a  from Appendix 111, s t anda rd  dev ia t ions  were 

ca l cu la t ed  f o r  each p a i r  of d u r a b i l i t y  r a t i n g s .  These were then pooled 

t o  ob ta in  average va lues  o f  0.58 and 0.60 for a i r - e n t r a i n e d  and non-a i r -  

en t r a ined  conc re t e ,  r e s p e c t i v e l y .  

i t  was decided t o  use an average value of 0.59 t o  e s t a b l i s h  the  c r i t i ca l  

l e v e l s  a t  which d u r a b i l i t y  r a t i n g s  are judged t o  be s i g n i f i c a n t .  

These were so nea r ly  t h e  same t h a t  



VII -4 

If there  is no r ea l  difference between a test  and its control ,  

the  ra t ing  group can be expected t o  indicate  a difference as large 

as 2 1.96 x 0.59 = t 1.16 ra t ing  un i t s  95% of the time. 

a t  the 95% level of confidence, a s ing le  t e s t  m u s t  achieve a du rab i l i t y  

r a t ing  of a t  least 2 1.16 t o  be considered s igni f icant .  In most cases ,  

the  durabi l i ty  ra t ings a re  the average of two t e s t s  f o r  which a level  

of 

Therefore, 

1 . 1 6 / a  = 2 0.82 is required t o  es tab l i sh  s ignif icance.  
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PROJECX 7732 

h\!I -SCALING AGENTS FOR CONCRETE 

IDENTIFICATION OF PRODUCTS 

TEST 
DES I I;NATI ON 

PA- 1 

PA-? 

PA- 3 

PA-4 

PA-5 

PA-O 

PA- 7 

DESCRIPTION 
OF MATERIAL 

Linsccd Oi 1 
(SO", i.lineral 
Sp i ri t s) 

F i s h  O i l  
(50'6 Nineral 
Spi ri t s ) 

Linseed and 
Fish O i l s  
(50; !!inera1 
S p i r i t s )  

T a l l  O i l  
(505 Mineral 
S p i r i t s  ) 

Tung Oil 
(50". Mineral 
Spi r i t s ) 

Emuls i f i ab 1 e 
Linseed O i l  

Linseed O i l  
"Special 
Solvent" 

MANUFAff URER ANT, 
TRADE NAME 

Archer-Daiiicls - 
F f i  d 1 and 
"Anti-Spall (SCI\)" 

Archer- D , m i  e 1 s - 
Midland 
"Anti-Spnll(LCP) I t  

Archer-Daniels - 
Midland 
"Anti -Spa1 1 
(SCB-LCP)" 

CliddenVurkee 
"Sylvatal  40" 

Pan American T u g  
O i l  Development 
1.eapic 

Sherwin Williams 
COmPanY 

PPG I n d u s t r i e s ,  
"Deepgard" 
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, 

MANUFACTURER AND 
TRADE NAME 

TEST 
DES I GNAT ION 

DESCRIPTION 
OF MATERIAL 

PA- 8 Po l y s u l  f i d e  
EPOXY 

S t e e l c o t e  Mfg.Co. 
"PE-50 Pene t r a t -  
i n g  Sealer"  

PA- 10 Polymerized 
Solut ion of 
bletal Organic 
Compounds 

E .A.Thompson Co. , 
"IVaterseal No. 101" 

PA-12 

PA-12 

PA-13 

Soybean O i l  
(50: Mineral 
S p i r i t s )  

Drew Chemical Co. 

Soybean O i l  
(Uncut 1 

Drew Qiemical Co. 

Castor  O i l  
(504 Mineral 
S p i r i t s )  

Baker Castor O i  1 
Company 

Castor  O i l  
(Uncut) 

Baker Castor  O i l  
Company 

PA- 13  

PA-14 

PA-15 

PA-17 

Linseed O i l  
(Uncut) 

Chlorinated 
Rubber Epoxy 

T-K Products ,  
"Tri -Kote 18" 

Chemstop Mfg.Co., 
Waterproof i n  g 

Chemstop 
Wat e rp roof i n g 
Compound 

PA-18 S t e e l c o t e  Flfg.Co., 

Pene t r a t ing  Sea le r "  
"161-C-101 

Pene t r a t ing  
EPOXY 

s- 1 

S - 2  

s-3 

Koppcrs Co. ,Lnc. Tar - Rased 
S e a l e r  

Roppers Co . ,Inc. Re s i n  - B a s  ed 
S e a l e r  

Atlas Minerals & 
Chemicals Div. ,  
"Zerok 110" 

Styrene 
But adiene 
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TEST 
DESIGNATION 

DESCRIPTION 
OF MATERIAL 

MANUFACTURER AND 
TRADE NAME 

s-4 Urethane A t l a s  Minerals 6 
Chemicals Div., 
"Sealer 2 33 - 75B" 

s-5 

S -6 

Furan Resin 

Epoxy Resin 

A t l a s  Minerals & 
Chemicals Div. 
"Sealer 233- 75C" 

A t l a s  Minerals & 
Chemicals Div. ,  
"Sealer 233-75D" 

S-8 Butyrate 
Polymer 

A t l a n t i c  B a r r i e r  

Barrier Type B" 
Corp . 

A- 1 

A- 3 

Reactive S i  lane Dow Corning, "777B 
Concrete Admixture" 

Po lyme ri zed 
Solu t ion  of 
Metal O r q n n  i c 
Compounds 
Calcium Chloride 
Based Waterproof- 
ing  Agent 

E.A.Thompson Co. 
"Water Seal"  

A-4 

A-5 

Anti-Ilydro Water- 
proofing Co. y 

tfAnti-flydro'f 

Multi-Component , 
Chloride Free 
Water Reducing 
Admixture 

Master Builders  Co. ,  
"Pozzolith 200-N" 

c- 1 Linseed O i l  
Emulsion(Di1uted 
with 1/3 Water) 

National Flaxseed 
Producers Assn. 

c-2 

c- 3 

Chlorinated 
Rubber Epoxy 

T-K Products 
Tri-Kote 26(g) 

Reactive S i l a n e  Dow Corning 
"XR-6 -5046 Resin" 

Master Builders  Co. , 
M a s t  e r s e  a1 

c-4 Masters Builders 
Curing Compound 



I 

VIII-3 

TEST 
DES I GNAT1 ON 

C-5 

C-6 

c-7 

c- 8 

C-0 

PA- 4 
on 

C-0 

?A-5 
on 

c-0 

LO - bS 
on 

c-0 

DESCRIPTION 
OF MATERIAL 

TWO Component 
EPOXY 

Epoxy Modified 
Acryl ic  Polymer 

Chlorinated 
Rubber Curing 
Compound(l1igher 
S o l i d s  Content) 

Chlorinated 
Rubber Curing 
Compound( Lower 
S o l i d s  Content) 

?i.J. S p e c i f i c a t i o n  
qua1 i t y  white 
pigmcrited curing 
compound 

T a l l  o i l  and 
mineral  s p i r i t s  
on Orion hfembranc 
curing compound 

Tung o i l  and 
mineral  s p i r i t s  
on Orion Membrane 
curing compound 

Linseed o i l  and 
mineral  s p i r i t s  
on Orion Membrzllic 
cur ing compound 

MANUFACI'URER AND 
TRADE NAME 

S i k a  Chemical Co., 
"Colma Membrane" 

Cement Materials Corp. 
"Seal -Cure" 

W.R. Grace, 
"Horn Clearseal" 

W .  R.  Grace, 'Worn 
Clearseal 150" 

Orion f.hmbrane 
Curing Compound 


