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Performance data are presented for concrete slabs cast on 
grade and elevated above grade that are exposed to the weather 
in the Skokie outdoor exposure test plot. Variables discussed 
include curing, cements, pozzolans, aggregates, chemical ad­
mixtures, de-icers, and concrete surface treatments. 

•THIS IS a report on the performance of various air-entrained concrete test slabs that 
have been exposed to normal weathering and chemical de-icing. A few non-air-entrained 
slabs are also included. These slabs are located in an exposure plot (Fig. 1) built on 
the grounds of the PCA Laboratories at Skokie, Illinois. Specimens were cast during 
the summer and fall of 1963 and 1904. As indicaled in an earlier report (1), the ex­
posure plot contains specimens that are subjected to the severe climate of northern 
Illinoio, oimulQ.ting exposure conditions to which ct'!rta.in typt'!~ of full-1,;c:;i,le ~tructurM 
in the Chicago area are subjected. For example, slabs placed on grade simulate pave­
ments, while reinforced slabs elevated above ground on pipe columns simulate bridge 
decks. Whenever it is necessary to de-ice highway structures near the laboratory, the 
surfaces of slabs-on-grade and elevated slabs are treated with chemical de-icers. 

Box-type specimens in the plot are used to evaluate the freezing and thawing dura­
bility of concretes simila r to those used in the slabs, but not exposed to de-icers. 
These box-type specimens have depressions in their tops that are filled with sand. 
Since the sand is usually wet because of collected rain or snow, the exposure to which 
the boxes are subjected resembles that of retaining walls in northern Illinois. The 
boxes have not been exposed to chemical de-icers, as have the slabs, and no deterio­
ration has developed in the boxes in this program. For this reason, this report is con­
cerned only with the performance of the slabs. 

SCOPE 

This report describes the resistance to de-icer scaling of air-entrained concrete 
RlahB in the exposure plot. A few non-air-entra.ined illabs are included. Var iables 
considered are (a) curing procedures and curing times, at both normal and elevated 
temperatures, (b) concrete surface treatments obtained with proprietary chemicals or 
by special finishing techniques, (c) use of admixtures in concrete, (d) the use of various 
normal weight and lightweight concrete aggregates, (e) application of different types of 
chemical de-icers, (f) the effects of different depths of cover on corrosion of embedded 
Rh=iP.1 , ([';) the use of variouli cementi, (h) the effect of water-cement ratio, and (i) dif ­
ferent maximum sizes of coarse aggregates. 

CONSTRUCTION DETAILS 

Complete construction detailR or 21 P.levat.erl Rlahs ancl !Hl :=;Jahs-rm-~rarlP. WfffP. 11rP.­
sented in an earlier report (1). For convenience, significant concrete mix information 
from that report is reproduced in the Appendix. 

Paper sponsored by Comm ittee on Performance of Concrete-Physi ca I Aspects and presented at the 48th 
Annual Meeting, 
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Figure 1. Skokie outdoor exposure plot. 

Unless otherwise stated, slabs were cast on a moistened granular subbase and are 
6 in. thick, 4 ft wide, and 5 ft long. These slabs-on-grade are not reinforced and were 
given a burlap drag finish. A dike of wood or air-entrained mortar is bonded to the top 
edges of the concrete slab to retain rain or snow and de-icer solutions at the top of the 
slab. 

The elevated slabs were cast 3 ft above the ground on pipe supports. Elevated slabs 
were reinforced with a top and bottom mat of steel (1). Only in this respect and in their 
elevation are the elevated slabs different from the slabs cast on grade. 

Unless otherwise stated in Table 1, the concrete slabs in the test plot were cast dur­
ing the summer months of June, July, and August. The few specimens cast in late fall 
were generally made in late November. 

Any exceptions to the standard slab curing of 7 days cover by polyethylene film are 
noted in Table 1. 

DISCUSSION OF PERFORMANCE 

The discussion of performance is based on a visual examination of test specimens 
made in the summer of 1968, supplemented by photographs taken at the same time. 
Thus, some of the specimens have been exposed to 5 winters and others to 4 winters. 
Casting dates are shown in Table 1. Items are discussed as they appear in the table. 

Curing at Normal Ambient Temperatures 

An extensive comparison was made between the resistance to de-icer scaling of air­
entrained slabs-on-grade cast in the summer and in the late fall. A variety of concrete 
curing methods were investigated. Among these were (a) no curing, (b) curing with 
polyethylene film, {c) covering with curing paper, (d) ponding with water, and (e) use of 
membrane curing compounds. Figure 2 shows the various slabs in this study. Slabs 
cast in late fall showed more de-icer scaling than companion slabs cast in midsummer. 
The scaling of slabs cast in late fall occurred mainly during the first winter of exposure 
to de-icer solutions. Only slight additional scaling has occurred during the succeeding 
winters. 

Curing method and duration appeared to affect significantly the degree of de-icer 
scaling that took place during the first winter on the surface of slabs cast in late fall. 
For example, the direct ponding of water on slab surfaces (Fig. 2D) led to more scaling 
of slabs cast in late fall than other types of curing that are less effective in retaining 
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A. 
NO CURING 

B. 
CURED WITH 
POLYETHYLENE 
FILM 

FOR 3 DAYS 

FOR 14 DAYS 

C. 
CURING PAPER COVER 

FOR 3 DAYS 

CAST IN MID-SUMMER CAST IN LATE FALL 

Figure 2. Effect of method of curing and time of casting. 



FOR 14DAYS 

D. 
WATER PONDING 

FOR 14 DAYS 

E 
CLEAR MEMBRANE CURE 

PIGMENTED 
MEMBRANE CURE 
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CAST IN MID- SUMMER CAST IN LATE FALL 

Figure 2. Continued. 
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water. Longer curing generally improves most properties of concrete. Yet the ap­
pearance of slabs given prolonged curing in late fall (Fig. 2B, 2C, 2D) suggests that 
longer curing of slabs cast late in the year will increase the tendency for de-icer scal­
ing during the first winter season. It appears that the drying afforded by no curing or 
shorter curing periods is beneficial with respect to de-icer scaling. 

It is obvious from Figure 2 that, if specimens are cast in the normal summer con­
struction season and given an opportunity to dry before de-icers are applied, curing 
does not greatly affect the de-icer scaling resistance of the slab. All of the air-entrained 
slabs of this study that were cast in the summer are highly resistant to scaling. Hence, 
curing procedure and duration and their effect on de-icer scaling appear to be a matter 
of concern only for concretes cast quite late in the construction season. 

Curing at Elevated Temperatures 

Figure 3 shows companion pairs of small air-entrained and non-air-entrained slabs 
that were cured at various temperatures prior to exposure. The slab at the left in 
Figure 3A is non-air -entrained while that at the right is air-entrained. Both slabs 
were cast in the laboratory during the winter, cured in the laboratory under polyethylene 
at 73 F for 7 days , then stored outdoors. The slab without entrained air was only slight ­
ly scaled by de-icing chemicals after 5 years of exposure. 

Figure 3B shows two small slabs that were high-temperature cured at 160 F and 
atmospheric pressure (24-hour cycle) and then placed outdoors. Although the air ­
entrained slab at the right is not scaled, the non-air-entrained slab shows significantly 
more scaling than the non-air-entrained slab cured at 73 F. 

'l'he slabs in Figure 3C; :incl 3n wArP. c1irP.d in :in :iuto<!l:ivP. :it 3!10 F (16-hour cyclP.). 
The concrete for the s labs in Figure 3D was made with a 40 percent by weight r eplace ­
ment of the cement with fine silica-flour. The air-entrained slab at the right in Figure 
3C is acceptably resistant to de-icer scaling, but even adequate air entrainment did 
not impart suitable resistance to the air-entrained slab made with silica-flour cement 
replacement (Fig. 3D). Both non-air-entrained slabs cured in the autoclave were com­
pletely destroyed by de-icer action within 2 years after cte-ice1· chemicals were first 
applied. 

The test series illustrated in Figure 3 indicate that susceptibility of non-air -entrained 
concrete to de-icer scaling increases wilh iucreasiug Lernperalure oI cure. With the 
exception of the autoclaved concrete with the silica- flour replacement, the air-entrained 
concretes showed no significant effect of curing temperature on de-icer scaling. 

Concrete Surface Treatments 

Surface Coating-The surfaces of some of the concrete slabs were treated with vari­
ous coatings that have been used or recommended as a means of increasing resistance 
to de-icer scaling. Surface coatings used were silicones, linseed oil, and magnesium 
fluosilicate as shown in Table 1. It is believed that there has not been sufficient time 
to draw conclusions. Neither the non-air-entrained or air-entrained concretes coated 
with the silicones used nor linseed oil treatments scaled, nor did the air-entrained 
concrete coated with magnesium fluosilicate. In accelerated laboratory de-icer scaling 
tests (2) silicones were observed to be detrimental. This detrimental action has been 
confirmed by field experience on pavements. Note that the non-air-entrained concrete 
in Figure 3A, however, showed very little scaling for the same type and duration of ex­
posure. Thus, specific conclusions as to the effectiveness or necessity of these treat­
ments cannot be drawn at this time. 

Finishing Procedure-Different finishing practices were used on three of the air­
entrained concrete slabs in tho oxpoouro plot. Ono slab was floated for 15 minutes, one 
was sprinkled with water during finishing, and the wet surface of one slab was dusted 
with dry cement. After 4winters (probably an insufficient time to warrant conclusions) 
none of the air-entrained concrete slabs in this study have scaled. However, based on 
actual and more extensive and prolonged field exposure, such practices are not 
recommended. 



A. 
CURED AT 73 F 

8. 
"STEAM" CURED AT 160 F -
ATMOSPHERIC PRESSURE 

C. 
AUTOCLAVED AT 350 F -
TYPE I CEMENT 

D. 
AUTOCLAVED AT 350 F -
TYPE I CEMENT WITH 
40 % SILICA FLOUR REPLACEMENT 

NON-AIR­
ENTRAINED 

• . 1. r. i'I 

Figure 3. Effect of curing temperature. 

Admixtures 
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AIR­
ENTRAINED 

Various Air-Entraining Admixtures-Four different air-entraining admixtures were 
used in concretes cast during the summer and in late fall. After 5 winters of exposure, 
those cast during the summer show no scaling. For the late fall concretes, those con­
taining two of the air-entraining admixtures show no scaling, while the slabs with the 
other two admixtures show only minor evidence of scaling. Additional exposure may 
be required to reveal significant differences. 

Admixtures Other Than for Air Entrainment-As shown in Table 1, various air­
entrained concrete slabs were made with chemical admixtures, such as integrally ad-
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mixed silicones, water-reducers (ASTM C 494, Type A), water-reducer-retarders 
(ASTM C 494, Type D), water-reducer-accelerators (ASTM C 494, Type E), and an ad­
mixture of sugar plus calcium chloride. No significant differences in the surfaces of 
the slabs containing these admixtures have developed after 5 winters. 

Fly Ash as an Admixture-Three air-entrained concrete slabs were made with three 
different fly ashes used as an admixture (a supplement to the cement rather than a re­
placement of cement) in the amount of 30 percent by weight of cement. The fly ash 
samples were reported to be "good," "fair," and "poor." At this time, there is little 
perceptible difference between the surfaces of the slabs with and without the fly ash 
admixtures at the same concrete air contents. The fly ash increased the amount of air­
entraining admixture needed by about 1.7, 2.7, and 9.2 times for the "good," "fair," and 
"poor" fly ashes, respectively. 

A.ELGIN SAND AND GRAVEL B.EAU CLAIRE SAND AND GRAVEL 

C. THORNTON LIMESTONE AND D. ELMHURST LIMESTONE AND 
ELGIN SAND ELGIN SAND 

E.DRESSER TRAPROCK AND 
ELGIN SAND 

Figure 4. Influence of type of coarse aggregate on grade slabs. 
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Effect of Various Aggregates 

Normal Weight Aggregates-Figure 4 shows the surfaces of slabs, both on grade and 
elevated, made with different coarse aggregates. Of these aggregates, the Thornton 
limestone, the Dresser traprock, and the Eau Claire gravel are known to be more dur­
able in freezing and thawing than the Elgin gravel or the Elmhurst limestone. It is ap­
parent from these photographs that freezing and thawing and de-icing caused signifi­
cantly greater surface distress on the slabs containing the less durable Elgin and Elm­
hurst coarse aggregates. The surface distress was in the form of popouts or popoffs 
of mortar over aggregate particles, rather than de-icer scaling. 

Lightweight Aggregates-Air-entrained concrete slabs, both on grade and elevated, 
made with r otary kiln expanded shale, sintered expanded shale, and expanded slag were 
included in the exposure plot (Fig. 5). One variable of interest in this study was the 
possibility that slabs made with initially dry lightweight aggregate might be more dura-

F.ELGIN SAND AND GRAVEL G. EAU CLAIRE SAND AND GRAVEL 

H. THORNTON LIMESTONE AND I. ELMHURST LIMESTONE AND 
ELGIN SAND ELGIN SAND 

J.DRESSER TRAPROCK AND 
ELGIN SAND 

Figure 4. Continued. 
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A. 
ROTARY KILN 
EXPANDED SHALE 

B. 
SINTERED EXPANDED 
SHALE 

C. 
EXPANDED SLAG 

AGGREGATE DRY BEFORE 
MIXING 

AGGREGATE WATER -
SOAKED 18 HOURS 
BEFORE MIXING 

Figure 5. Effect of moisture content of lightweight aggregate (elevated slabs). 

ble than slabs made with similar aggregate that had been pre-wet by soaking in water 
(3). Use is sometimes made of pre-wet lightweight aggregate in order to avoid control 
problems associatedwith absorption ofwaterfrom the mixby dry lightweight aggregate. 

For the elevated slabs (Fig. 5) there was a significantly greater amount of shallow 
de- icer scaling from the slabs cast with the pre-wet aggregate. For the companion 
slabs on grade, the initial moisture condition of the aggregate was relatively unimportant. 

Exposed Aggregate Surfaces-Three air -enfrained concrete slabs were given an ex­
posed aggregate surface by applying quantities of%- to 1/~ -in. size gravel to the 
sc1·eeded top s lab surfaces, compacting the material into the upper slab surface, apply­
ing a retarder, and scrubbing the surfaces of the slabs to expose aggregates at the 
surface when the slabs were 1 day old. The use of such surfaces in walkways, drive­
ways, patios and other flat slab areas is becoming quite popular. Figure 6 shows the 
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A.ELGIN GRAVEL B.EAU CLAIRE GRAVEL 

C.MERAMEC CHERT 

Figure 6. Exposed aggregate surfaces. 

slabs after 4 winters of de-icer application. The slab with the less durable exposed 
aggregate, Elgin gravel, has lost only a few particles. However, this has not harmed 
the appearance of the slabs. Slabs with the exposed durable Eau Claire gravel and the 
moderately durable Meramec chert have hardly been affected by de-icer application. 
The performance of these slabs shows that adequately air-entrained slabs with exposed 
aggregate surfaces should not be unduly affected by de-icer chemicals. 

Influence of Various De-icers 

Flake calcium chloride was the chemical de-icer generally used in the outdoor ex­
posure plot to de-ice the slabs after snow or ice storms. Certain slabs in the test plot 
were de-iced by materials other than calcium chloride in an effort to substantiate in­
formation on such de-icers obtained in laboratory tests (4). In all cases, the amount 
of de - icer used was equivalent to about a 3 percent concentration, assuming ½ in. of 
ice on the surface. 

Figure 7 shows the surfaces of slabs in the exposure plot that were treated by various 
de-icers. The effect of de-icing with rock salt or with a combination of rock salt and 
calcium chloride was not significantly different from that for applications of flake cal­
cium chloride alone. Note again, as in Figure 2, that the slabs cast in late fall are less 
resistant than those cast during the summer. 

Figure 7 shows that the application of ammonium sulfate or nitrate as "de-icers" is 
extremely detrimental and to be avoided. The surfaces of the air-entrained concrete 
slabs cast in summer and in late fall and de-iced by these chemicals are badly scaled. 
The late fall slabs in particular resemble exposed aggregate concrete. These two de­
icers, and other chemically similar in nature, are chemically aggressive and should 
not be used on concrete. 
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A. 
FLAKE 
CALCIUM CHLORIDE 

B. 
ROCK SALT 
(SODIUM CHLORIDE) 

G. 
COMBINATION 
CALCIUM CHLORIDE 
AND ROCK SALT 

D. 
AMMONIUM SULFATE 

E. 
AMMONIUM NIT~ATE 

CAST IN MID-SUMMER CAST IN LATE FALL 

Figure 7. Effect of different de-icers. 
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Depth of Cover Over Reinforcing Steel 

Figure 8 shows elevated air-entrained concrete slabs having different water-cement 
ratios and depths of cover over the top layer of reinforcing steel. No surface evidence 
of any rusting of the steel is apparent on slabs made with 1 ½-in. depth of cover. All 
of the slabs made with the ½-in. depth of cover have rust stains on their surfaces indi­
cating some steel corrosion. The slabs having ½-in. cover and 0.38 and 0.44 water­
cement ratios, made with good quality air-entrained concrete, show only a few signs of 
distress, but these are manifested by very pronounced spalls. A great many rust spots 
are evident on the surfaces of the 0.51 and 0.58 water-cement ratio concrete slabs, but 

1112 IN. COVER OVER STEEL 1/2 IN . COVER OVER STEEL 
A. 
0 .38 W/C RATIO 

B. 
0.44 W/C RATIO 

C. 
0.51 W IC RATIO 

D. 
0.58 W/C RATIO 

Figure 8. Influence of concrete cover on steel corrosion. 
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no pronounced spalls have developed. It is apparent from these tests that the amount 
of cover over the steel is important with respect to protection against corrosion. 

Miscellaneous Factors 

Concrete Water -Cement Ratio-Figure 8 shows that air -entrained concrete with a 
water -cement ratio of 0.58 by weight (61/3 gal/bag) is somewhat less resistant to de-icer 
scaling than the concretes with lower water-cement ratios. Figure 9, slabs-on-grade, 
shows the 0.58 w/c ratio concrete to be resistant to de- icer scaling in this exposure. 
Some scaling is evident on the 0.64 w/c ratio (7¼ gal/bag) concrete on grade. This in­
dicates that a lower w/c ratio concrete may be required for bridge deck exposures than 
is required for pavement slabs. However, at this time, the differences do not appear 
significant from a practical standpoint. 

Various Cements-Air-entrained concrete slabs, using white portland cement, were 
cast in the summer and in late fall. The performance of these white cement, air-

A . 0.38 W/C 8. 0.44 W/C 

C. 0.51 W/C D. 0 .58 W/C 

E. 0 .64 W/C 

Figure 9. Effect of water-cement ratio on scaling of air-entrained grade slabs. 
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entrained, concrete slabs was indistinguishable from that of gray Type I cement air­
entrained concrete slabs . 

Air-entrained concrete slabs, both on grade and elevated, were made with two dif­
ferent shrinkage-compensating cements. Those on grade contained the same steel re­
inforcement as the elevated slabs. The performance of the two reinforced slabs-on­
grade and their companion reinforced elevated slabs was satisfactory except for some 
loss of mortar (popoff) over coarse aggregate particles close to the slab surfaces. 

Aggregate Gradation-Two slabs had maximum sizes of coarse aggregate smaller 
than the 1 '½- in. size in the rest of the s labs in the outdoor test plot. The air - entrained 
slab with a ¾-in. Eau Claire maximum size aggregate and the air-entrained slab made 
only with Elgin sand (No. 4 sieve maximum size) were not affected by de-icers. Good 
performance would be expected for the durable Eau Claire coarse aggregate and for 
the Elgin sand alone. The use of Elgin coarse aggregate (Fig. 4) resulted in a signifi­
cant number of popouts. 

Subbase-Two slabs were cast on different subbase treatments from the other slabs 
in the plot, which were cast on a pre-moistened granular subbase. One of these slabs, 
cast on a dry sand subbase, is still in excellent condition. The other slab, cast on a 
polyethylene film-covered subbase, is gradually exhibiting more and more small popoffs 
over aggregate particles. One possible explanation for the continued scaling of the slab 
on the impervious base is that the concrete, and hence the slab surface, could not initi­
ally lose moisture to the subgrade, resulting in a higher water-cement ratio in the up­
per surface of the slab than for the slab cast on the dry sand subbase. As indicated 
elsewhere, slabs made with concrete of high water-cement ratio are more susceptible 
to de-icer scaling. Similar indications have been reported in tests conducted by the 
Bureau of Public Roads (~). 

SUMMARY 

Based on the performance of slabs during 4 to 5 years in the outdoor exposure plot, 
the following conclusions appear to be justifiable: 

1. Concrete cast late in the fall is more susceptible to de-icer scaling than similar 
concrete cast in the summer. The duration and method of curing concrete cast late in 
the fall are important factors affecting the ability of concrete to withstand early de­
icing. Curing methods that retain or add water for relatively long periods of time 
leave late fall concrete more saturated and thus more vulnerable to early freezing. 
Since drying is relatively slow at temperatures below 50 F, shorter protection periods 
may provide a proper balance between reduced strength development and improved 
durability due to lower degree of saturation. 

2. Non-air-entrained concretes, steam-cured or autoclaved, were less durable than 
similar concrete cured at normal temperatures. Air-entrained concretes, steam-cured 
or autoclaved, performed well, except for autoclaved concrete in which a silica-flour 
cement replacement was used. 

3. Little difference was noted between the degree of de-icer scaling caused by flake 
calcium chloride, rock salt, or a combination of rock salt and calcium chloride . The 
use of ammonium sulfate and ammonium nitrate as de-eicers resulted in severe chemi­
cal attack and their use as de-icers should be prohibited. 

4. There is a tendency toward decreased resistance to de-icer scaling of these air­
entrained concretes with increase in water-cement ratio above about 0. 58 by weight 
(6½ gal/bag) . 

5. Adequate cover over the top reinforcing steel in a concrete bridge deck slab ap­
pears essential on structures treated with de-icers if rusting of the steel is to be 
avoided. 

6. Different coarse aggregates influenced the number of popouts and popoffs, but 
had no influence on de-icer scaling, per se. 

7. The use of chemical admixtures has not affected the de-icer scale resistance of 
these air-entrained concrete slabs. 
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Although more time is needed to develop more clearly possible additional differences 
in performance, the following comments rather than conclusions may be of interest: 

1. Only a slight amount of scaling developed on the surfaces of non-air-entrained 
concrete coated with silicones or linseed oil. However, uncoated non-air-entrained 
concrete also has shown little, if any, scaling to date. 

2. Slabs made with shrinkage-compensating cements tended to have a number of 
shallow mortar popoffs above coarse aggregate particles close to the surface. 

3. Fly ash as an admixture has had little effect to date on the resistance of these 
air-entrained concretes to de-icer scaling. The increase in air-entraining admixture 
requirements ranged from 1.7 to 9.2 times that of concrete without fly ash. 

4. For air-entrained concretes cast late in the fall, those containing two of the air­
entraining admixtures showed no scaling, while the slabs with the other two admixtures 
showed only minor evidence of scaling. 

5. Air-entrained concrete cast on a dry sand subbase was somewhat more resistant 
to de-icer scaling than a similar slab cast on a polyethylene film-covered subbase. 

6. There are indications that the surfaces of lightweight aggregate concrete made 
with pre-wet aggregate are somewhat more susceptible to de-icer scaling than the sur­
faces of similar concrete made with initially dry aggregate. The effect was more pro­
nounced for the elevated slabs than for the slabs cast on grade. 

7. Exposed aggregate air-entrained concrete slabs resisted de-icing action adequately. 
8. Variations in finishing procedures for these air-entrained concretes had little 

influence on resistance to de-icer scaling tu date. 
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Appendix 

APPEMDIX 1-DATA OM TEST SPECIMEMS 

The Data are Mean Values for Two Slm!lar lotdl111 b.cept Curing Serfet 2 {Small Spaclnlen,) 

Specimen Type 

Spec- Slab Ele -

lmen Box .., voted 
Grade Slob 

Ala - • -
Alb - . -
Ale - • -
Ald - . -
Alo - . -
Alf - • -
Alg - . -
Alh - • -
A2o - . -
A2b - . -
A2c - . -
A2d - . -
A2o - . -
A21 - . -
A2g - . -
A2h - . -
A21 - • -
A2k - . -
A2m - • -
A2n - .. -

A3c . • -
A3f • . -
A3o . . -
A3d . . -
A3b • • -
A3o . • -
Alo . . -
A3h . . -

81a - . -
81b - • -
81c - . -

82b - • -
82c - . -
12g - • -
82h - • -
82d - . -
820 - • -
821 - . -
82k - • -

83a - ~ -
Ma - . -
M, - . -
Mb - . -
84d - . -

• I-I - Type I cement blend. 
1-2-Type I cement blend. 
1-3- Type 1 cement blend. 
I-A- Type I A cement, 

Cenu1nt• 

1-1 
1-1 

1-1 

1-1 

1-1 
1-1 

1-1 

1-1 

1-1 

1-1 

1-3 

~3 

1-1 
1-1 
1-3 
1,3 
1-1 
1-3 
1-1 
1-3 

1•1 
1,1 
lol 
1-1 
1-1 

1,1 

1-1 

l•I 

1-1 
1-1 
1-1 

1-1 
1-1 
~1 
1-1 
1-1 
1-1 
1-1 
~1 

1-3 

1,3 
1-1 
1-1 
1-1 

WPC-Whlte porlfand cement. 

Cement Mol Air Unit 
Factor, W/C, Con- WI, 

Year Spedal Data~, 
bag, per gal per Slump, tent, lb par 

In. Calf 
cu yd bag 

"" 
cu ft 

Curtng S.rlea. (1) Normal Temperature, 

5,93 4.97 3 5.7 146,8 '63 Ho cure--cad In 1ummer 

5.93 4.93 3¼ 5,8 146.1 '63 White pigmented polyethylene fllm co¥er-
colt In summer---cover 3 days 

5.97 4.93 2'¼ 5.2 148.0 '63 White pigmented polyethylene fllm cover--
f:Od fn tllflllmer--cover 7 days 

5,93 4,85 3 5.7 146,7 '63 White pigmented polyethyloe fllm cover-
colt In summer--cover , .. day, 

5.97 4,53 2¼ 5.0 148.0 '63 No CUf.-.-COJI tn lo t·• f a ll 

5.87 4.53 2½ 6.0 145.4 '63 White pJa m.anled polyetl\yleu film coyer-
ca,t In Iott f all- --conr 3 cfa.1, 

5.91 4.53 2'14 5.9 146.5 '63 White pigmented polye1hy1'ne mm cover--
cast rn la te foll--c.o-.otr 7 day, 

5.93 4.53 2'14 5.2 147,1 '63 White plgmenlod polyettt.ylene 11m COVtl'-
colt In lart fa 11-cont \.fl do)' • 

5.91 4,73 2¾ 5.9 146,2 '64 Curing paper co"e,-,cctt U'I ,vni"'• 
wre l doy• · 

6,00 4.81 2 4,9 148.2 '64 Curing pop,r c-ove oo In •vm'"•r-
cure 1 .. d ctyt 

5.98 4.13 2 5.5 146.9 '64 Curing pap•r c;ovw,-,c1u1 In lo lo fa~-
cure 3 day, 

5.97 4.17 2¼ 5.7 146.7 '64 Curing pope, ec,v...--<atl in lol• In&--
cure J4 doya 

5.93 4,69 3 5.3 146,6 '64 Water pond•d-c:atl In 1ufflfflu-<"4'• 3 days 
6.00 4.57 3¼ 5.3 148.6 '64 Water pOftdod-<(ld In , i..rnm,~a 1-& d ay, 

5.95 4.17 2'14 5,7 146.3 '64 Water pond•d--ccu1 Ir.I late laU---tu,e a days 

5,95 4.17 2½ 5.8 146.2 '64 Waler p~ dtd--c:ud In; lolt f aH----c,,lf• \.4 d ay1 

5.95 4.73 3 5.3 147.2 '64 Clear 1n1tt11brone spray--ca,t In; summa, 
6,01 4.33 2¼ 4.9 142.0 '64 Clear membrane spray---cast In late foll 
5.94 4.61 2¾ 5.3 146.8 '64 l'lgftJ..,_ted membrane 1pray- cast In 1ummer 

5.98 4.41 2½ 5.5 147,5 '14 P4om,niad membrane 1p-oy--co1I In lat, fall 

Curing Strle11 (2) Elevated Temp• rature1 (SmoU Spedmen,) 

5.94 4.61 2'14 5.3 146.7 63/64 73°F cure--A/E----Con"ol 
6.14 4,92 2½ 1.6 152.8 63/6, 73 .. , C\lre-non•A/[-Conffol 
5.93 4.61 2¾ 5.5 146,6 63/ 64 160•f cut.-Of'Jft01phtr1c: pr, 11ure-A/ E 
6.16 475 2¾ 1.2 153, 1 63/ 64 160 'f cvn---Ol'flO$phttlc p,euure------fM>n•A/ E 
5.93 4.61 2¾ 5.7 146-6 63/ 64 3S0°f (12.5 p,l)~utoclave a,re-

no ,Ilka flour-A/E 
6.12 4,75 2¼ 1,2 152.1 63/64 350°F (125 p,l}-----autoclave cure--

no silica flour-non-A/ E 
5.78 4.93 2'¼ 6.4 143,4 63/ 64 350'f 11 2.S piU- a·vtoda ye wr ....... 

" <><:{, 1Jllco lbw (reptocemontl-A/f 
6.10 5.08 2½ 0,9 152,2 63/64 3S0°F {12$ pt0-0lil'IOCIOYt cu,.-

" 0% -1 lllco Oo1.1r (r,plo,c,e mend-"'"°"·A/E 

Surface Treatment Serle11 (O RnbhlnQ Procedure 

6.02 4.77 2 4.8 149.0 '64 "Overflnlshed" surface 
5.96 4.57 2½ 5.7 147.2 '64 Surface 1prlnkled with waler during flnllhlng 
5,94 4.61 2¼ 5,8 146.8 '64 Surface du,ted with cement during flnlMllng 

S1.1rface Treatment S• rl• 11 {2) Surface Coollng1 

6.01 4.85 2Y, 5.3 148.6 '63 3i •1Uc0f'le I WI wafetl 
5.97 4,82 2¾ 5.5 147.7 '63 S 1!Ucon• tin water) 
6.17 5.08 2¼ 0.8 153.9 '63 • ·1 ·-· ... ,.,-_,,,. .. 6,17 5.08 2½ 0.8 154.0 '63 S ,IIJC.'On• Hn wo10,J- ,.on·ol\/f d ab 
5,93 4,85 3 6.2 146.6 '63 ~ 1U lcon• (In miA•rol 1ptrlt1! 
5.94 479 2½ 5,0 146.9 '63 .5 tlflcon• llr1 mh,erol 1pklh ) 
6.17 5.04 2½ 0,8 153.8 '63 3 11lJCOl'l• tin fnlntRI 1plrUd -non•A/ E 1lob 
6,16 4.88 214 0.8 153.4 '63 5 ,IIKon• fffl mJn•1ol 1pH'lh )---IIOfl,oA/f llol:t 

hlJlcon.•• oppliad In '2 tooh totallno 

5,94 4.73 2½ 5,6 1467 '64 
1 gol/100 "I• ff. of cona•••I 

Magn.,alllffl ff1101lllco l• Un woltr)- 2 CODh 
tol0Ut10 3.8 lbt. t.Olt6/ l 00 1q,. ft. concrele 

5.92 4,93 211, 5,1 147.0 '63 Un•••~ oll-ofttr 7 d. c:11re, 21 d. dry 
6,13 5,08 2 07 152.9 '63 lln1eedoll~ft• r7 d.cure,2 I d , dry-N)f\,oA/f .. ob 
5.84 4.85 5'¼ 5,6 144.8 '63 Un1ndoU- oll•r, d . wr• , .S d. dry 
6.05 5.08 4 0,8 152,1 '63 Umeed oll--oft • r 2 d. cvhl~ S d. d r'/- fl«l•A/f."ob 

IUMttd olJ o ppll• d In 2 cooh totaling 
1 oal/ .(00 , q, ft. of <onc,relt ) 

IConfdl 
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... PPfNDtX 1-D•T• ON TfST SPECIMENS (CONT'D) 

Specimen Type Cement Net ... ,, UnU 

Spec- Slab fie- (e111ent 
Fador, W/C, 

Slump, 
Can• Wt, 

Year Spec:lal Detall, 
lmen lo, .. vated ba91 pet cial per , .. tent, lb per 

Catt 
Grade Slab uyd bag ,. ,,,., 

Adml.11.hlre Serlet1 ( 11 Alr-entTalnlng Adml.11.ture1 

C2a - . - ,_, 5.99 4.M 2Y, 5.0 U8.1 '63 N• utrallzed Vlntol re,ln--catl In 1Uraraer 
C2a . - - 1-1 5.97 4.77 2·¼ 5.3 U7.8 '63 NevtraUnd VNOI rHl11---co1t kl Mlmmar 
C2d - . - l•I 5.89 4.85 5 5.4 146.1 '63 Meutrallzed Vln,ol , .. 1n--ca1t In, fa.II 
C2d . - - 1-1 5.87 us S¼ 5.4 145.5 '63 Mautrallzed Vln,ol ralln--calt In fall 
C2b - . - 1-1 5.90 4.85 1¼ 5.6 146.3 '63 Alralon AEA-co•t In 1ummar 
C2e - . - 1-1 5,U 5.00 6¼ 5.5 U5,0 '63 Alralon AEA--catl In fall 
C2e - . - 1-1 5.90 4.97 2Y, 5.2 l'6.4 '63 Solar AEA-cast In summer 
C21 - . - 1-1 5,85 4.85 SY, 5:7 U5.0 '63 Solar AEA----colf In fa fl 

Admb:ture Serle11 (21 Olher Chemlc:al Admlalur111 

12a - . - 1-1 6.04 4,67 21/, 2.2 151.2 '63 SIU1t0tH ad'm1A l1,J,. - 0.3% of "'"flnl weight 
(dCKag• rc.commtndtd by monv-fo«:tvter) 

12a . - - 1-1 6,01 4.72 3¼ 3,1 150.4 '63 5111cono adfflh,Me- 0.31, of totHAt weight 
121 . - - ~, 5,34 4.36 41/, 10.6 133.0 '63 Sllkon·• admlahN'..-0.6 of comcnt weight 

121 - . - 1-1 5.83 4.52 2¼ 6.5 145.6 '63 
(double dotage) 

Slllcone admhtture-0.6% of cement weight 
Cla - . - 1-1 6.01 4.37 2¼ 5.3 148.2 '63 Water reducer 
Cla . - - 1-1 5.95 4.52 21/, 5.3 146.8 '63 Waler reducer 
Clb - . - 1-1 5.92 5.08 2¼ 5.2 147.0 '63 Retarder 
Clb . - - 1· 1 5.92 4.77 3¼ 5.5 146.5 '63 Relotder 
Cld - . - 1-1 5.92 4,93 3 4.9 146.8 '63 Water reducer--ac:ce\erotor 
Cld . - - 1-1 5.89 4.77 21/, 5.6 145.8 '63 Water reducer-atcelerator 
Cle - . - 1-1 5.92 4.45 3¼ 6.o· 146.0 '63 Water reducer-retarder 
Cle . - - 1-1 5.97 4.45 2Y, 5.1 147.3 '63 Water reducer-retarder 
Cit - •· - 1-1 6.03 4.45 3 5.1 148.6 '63 Water reducer-retarder 
Cit . - - 1-1 6.02 4.45 2¼ 5.3 148.6 '63 Water reduce~•farder 
Ch - . - 1-1 6.01 4.49 2 4.9 148.3 '63 Sugar--caldum chloride 
Cle . - - l•l 5.93 4.45 21/, 5.8 146.2 '63 Suaar---calclum chloride 

.'\d.mlah.l:n ~rliw !S) Por.::»lot.:i 

C3a - . - l•I 5.03 5.50 2¼ 5.4 146.0 '63 Control (No fly aih)-5 bag per tu yd 
C3a . - - 1·1 5.05 5.55 2 5.2 146.6 '63 Control (No Hy Glh)- 5 bag per c\l yd 
C3b - . - l•I s,79• 5.41 2¼ 5.4 144.5 '63 Poor fly ash (l•l lb1/cu yd) 
C3b . - - 1-1 s.11• 5.33 21/, 5.5 145.0 '63 Poor fly a,h 1141 lbs/cu yd) 
C3e - . - l•I s.90• 4.89 2¼ 5,6 146.3 '63 fair fly 01h (1.C I lb1/cu yd) 
C3e . - - I.J 5_93• 4.89 2½ 5.4 147.2 '63 Fair fly ash (Ul lb1/cu ydl 
C3d - . - ,., 5_97• 4.61 2½: 5.2 147.6 '63 Good fly 011'1 ( 1 A 1 lbt/cu yd) 
C3d . - - 1-1 5.96• 4.61 2 5.2 147.2 '63 Good fly a,h (I A I UH/c.u ydl 

Aggregate Serte., (I) Nonnal Weight Aggregate, 

,fla - • - 1-2 6.01 4.~.~ ''h .~ ~ 147, •~4 I ½,. Flgln ,nnl'I ""d grn1i1el 
Fla . - - 1-2 6,05 4.73 I¼ 4.9 148.4 '64 I½.,. Elgln ,and and gravel 
Flf - - . 1-2 5.94 4,81 2Vt 5.9 145.8 '64 I½,. Elgln 1and and gravel 
Fib - . - 1-2 6.01 4.57 2 6.0 145.8 '64 I Yi,. Eau Oolre ,and and gtavel 
fib . - - ~2 6.06 4.38 2¼ 5.7 146.3 '64 I ½• Eau Claire 1and and gravel 
Fig - - . 1-2 6.06 4.44 2¼ 5.5 146.9 '64 1 ½• Enu Clalre sand and grovel 
Fie - . - 1-2 5,90 5.06 2'/4 6.2 144.7 '64 I ½• Cru1hed Thornton, Ill. llme,ton• 

and Sglt. 1011d 
Fie . - - 1-2 5.98 5.19 2 5.4 146.9 '64 I !,\" Cn.,lh1d lhoff,1o,n, tHr lr111101,ltm• 

and Elgln •and 
flh - - . 1-2 6.03 5.25 I¼ 4.9 141.3 '64 1 ½" Cru1hed Thornton, Ill. llme1tone 

and Elgln •and 
Fld - . - 1-2 5,98 5.27 2Yi 5.1 146.9 '64 1 ½• Crulhed Elmhurtt, IIL llme1tone 

and Elgln ,and 
Fld . - - 1-2 5.94 5.27 2 5.5 146.1 '64 1 ½" Cn,1hed Elmhunt, Ill. llmelfone 

and Elgln ,and 
Plk - - . 1-2 5,92 5,23 2 5.5 145.4 '64 I½" Crulhed Elmhunt, Ill. llrAe1tone 

and Elgln 1and 
Fie - . - 1-3 6.04 5.19 1¼ 5;1 154.9 '64 1 Y1."' Cn,thed Dret.ter, Whc. trap rode and 

Sg\n 1and 
fh . - - 1-3 6,02 5,27 I !4 5.6 154.5 '64 1 ½" Crvlhed Dre11er, WIK. trap roclr: oncl 

Etgln 1and 
Fl'" - - . 1-3 5.96 5.27 2Ya 5,8 153.0 '64 1 Ya• Cru1hed Dreuer, WIK. trap rock and 

Elgln ,and 

Aggregate Serllll {2) $ft\D\16P MOltlMWl'I ~' Adlittgate 

D2b - . - ~2 6.05 4.84 2¼ 6:7 144.1 '64 "" Eau Clalr• gravel at.cl Elgl" ,and 
D2a - X - 1·2 5,91 7.10 21/, 10.6 130,3 '64 Mo. 4 Elgln ,and 
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AP,ENDIX 1-DATA ON TEST SPEOMENS ICONCLUDEDI 

Specimen Type Cement Nol Al, Untt 

Spec- Slab Ele- Cement 
Fador, W/C, 

stump, 
Con- Wt, 

Year Spedal Detolls bags per gal per tant, lb per 
hnon lo• on •aled 

<Vyd bag In. % cu~ Coit 
G<ado Slab 

Ag1,1regate Serles1 (31 Lightweight Aggregate, 

Gia - . - 1-2 5.5, - 214 8.6 99.2 '6' Rotary ldln Hpanded thol.--dry aggregole 
Gia . - - t-2 5.57 - 2 8. 1 9P.d '6' Rotary le/In e,;panded ahala--dry aggregat8 
Gig - - . 1-2 5.60 - 2 8.1 100,0 '6' Rotary klln e111panded shale-dry aggregate 
Gib - . - 1-2 5.60 - 2 8., 103.0 '6' Rotary lr:lln upanded shale-aggregate 

weHed for 1 8 hrs 
Gib . - - 1-2 5.,9 - 2 8.6 101.2 '6' Rotary klln ••ponded t.hole---aggregate 

wetted for 18 hrl 
Glh - - . ~2 5.53 - 3 8.6 101.9 '6' Rotary ldfn expanded 1hcde--as111re11ate 

wetted for 1 8 hn 
Glc - . - 1-2 7.9, - 2¾ 7.5 96.1 '6' Sintered u.ponded shale-dry aggregate 
Gle . - - 1-2 8.08 - 2¼ 6.6 97,6 '6' Sintered ea.ponded shal..-dry aggregate 
GIi - - . 1-2 8.10 - 2¼ 6.3 97.8 '6' Sintered eaponded shale-dry aggregate 
Gld - . - 1-2 8,12 - 2¼ 6.0 100.3 '6' Sintered Hponded thale--aggregafe 

wetted f« 1 8 hrt 
Gld . - - 1-2 8.19 - 2¾ 7.1 101.3 '6' Slnlered ea.ponded shale---aggregat• 

wetted for 18 hn 
Glk - - . 1-2 8.03 - 2½ 6.3 99.2 '6' Sintered expanded lhale--aggragate 

wetted for 18 hn 
GI .• - . - 1-2 8.61 - 214 7.5 107,5 '6' Expanded Mag-dry aggregate 
Gh . - - 1-2 a.a, - 1¾ 6.2 110.8 '6' Expanded ,lag- dry aggreoate 
Glm - - . 1-2 8.8' - 1¾ 6.2 110.7 '6' Expanded &la o-cf.t)" ooorogale 
GH - . - 1-2 8.77 - 2 6.2 111.1 '6' Expanded 1lae--aaa·reg:a,e welted far 11 hn 
GIi . - - 1-3 8.7, - 214 6.6 11'.5 '64 Eapanded , log--aggregote ._eHed for 1 B hn 
Gin - - . 1-2 8.79 - 2½ 6.0 11U '64 E11ponded tlog---ogo••oot• welled far 18 hn 

Aggregate S.rle11 (4) 54.lrface Retorded-bpo,ed Aggregate Anllhe1 

Lia - • - 1-3 5,93 5.02 5 5.9 1'5.7 '6' ~,.. Elgin gravel aurface 
Lib - . - 1-3 5.99 '·" 5 5.2 1'6.9 "6' '6'"' Ea11 Cfafre gravel MJrfoce 
Lie - • - 1-3 5,90 ,.90 5 5.9 lH.8 '6' ~• Den•• chert (Mera91ac.) gravel turface 

Cement Serle1, ( l) Whlle Portland Cement Concrete 

Ela - . - WPC 5.93 5.13 " 2Vi1 5,0 1'7,d "63 Ca1t In 1ummer 
Ela . - - WPC 5.93 5.13 2½ 5.3 1'7., "63 Cast In summer 
Elb - . - WPC 5.78 5.17 5V, 6,1 143.9 '63 Cast In fall 
Elb . - - WPC 5.86 5.17 '½ 5.2 1,5,9 '63 Cail In fall 

Cement Serle11 12) Shrlnkaae•Compen,atlng Concrete• 

E2a - . - - 7.56 4.1' 5¾ 5.7 1'6.1 '6' Kleln type lhrlnkage-con1pensatmg cement 
E2b - - . - 7.52 ,.11 '5¾ 5.9 1'5.l '6' Kleln type thrlnkage-compemaHng cement 
E2c - . - - 7.35 4.79 5½ 5.9 1'2.5 '64 Portland cement---calclum olumlnate cHient-

gyptum, ellperfmental ml11ture 
E2d - - . - 7.38 ,.79 5½ 5.3 1'3.2 '64 Portland cement--calclum alumlnale cement-

gypsum, exp erlmt,nlal ml•ture 

Mltc• lran• O\lt, fl) Variable Water-Ceraent Ratios-Variable Relnfordng Steel Cover 

Dia - . - 1-1 7,82 4.25 2¼ 5.1 1,6.3 '63 4 ¼ gal/bag, no reinforcing 
Die - - . 1-1 7.75 ,.25 3 5.9 1'5.0 '63 4 ¼ gal/bag, 1 ½ In. cover over steel 
Dlk - - . 1-1 7.83 4.19 2¾ 5.6 1'6.-4 '63 4 ¼ gal/bag, ½ In. cover Ovar deel 
Dlb - . - 1-1 5.81 5.04 2¼ 5.5 1'6.l '63 5 gal/bag, no relnforclng 
D11 - - . 1-1 5.82 5.00 3 5.7 1'6.2 '63 5 gal/bag, I ½ k,. covar over steel 
Dim - - . ,1-1 5.a, 5.08 2¾ 5.8 1'6,8 '63 5 gal/bog, ~ In. co-,,e, awt tJeel 
Die - . - 1-1 ,.97 5.69 2¾ 5.2 1'6.7 '63 $¾ gal/ bau, no reinforcing 
Dig - - . 1-1 5.03 5.35 2¼ 5.5 1'7.8 '63 5¾ val/bag, I½ In. cover over steel 
Din - - . 1-1 5.02 5.,5 3 5.3 1,7.7 '63 5¾ aal/bou , ½ In. cover over steel 
Did - . - ~, ,.19 6.53 2½ 5.7 1,s.9 '63 6Yl o olfbog, no relnfordng 
Dlh - - . 1-1 , .22 6.'1 2 6.2 U6.7 '63 6 ½ a at/bag. I½ In. cover ovef tleel 
Dip - - . 1-1 4.23 6,23 3¼ 5.7 1'6.9 '63 6½ 111101/bog~ ½ In. cover over IIHI 
Dh - . - 1-1 3.65 7.29 2¾ 6.1 1'6.3 '63 7¼ uol/ bogi, no relnfotclnu 

Mrac.ellaneous. (2) type of Subbo1e 

Hla - • - 1•2 5.88 4,85 2 5.9 1'5.7 '6' Polyethylene fllm over lhe 1ubba1e 
Hlb - . - 1•2 5.87 4.89 2½ 5.9 1,5.6 '6' Dry sand 1ubba1e 

MIK• Noneou11 (3) VarkM,1 Deicing Sottt 

Kia - . - 1-A 6.02 '·" 2½ 4.7 U8.6 '6' flake colclum chlorlde---calf In 1ummer 
Kif - . - 1-A 5.95 ,.57 3¼ 5.1 U7.l '64 flob tolc:lwtn chlor/d.-.cotl rn fon 
Klb - . - 1-A 6.00 , ,53 214- 4.8 1'8.2 '6' •odl! 1-0lt llOdh,rn cl'florlde)-cou In 111mmer 
Kio - . - 1-A 6.02 4.57 2¾ , .4 1'8.6 '6' bc.k 1.alt (tOdhlm ~l'J,ofJcl•)---coll ln faN 
Kie - . - ~A 6.01 .,.53 2Vi , .a 1'8.5 '6' Coklum chlotfd• ofv1 r0<" .1alt--cod fn 11111mff 
Klh - . - I-A 5.95 4.53 3 5.1 U6.8 "64 Calcium chlorlde plus roc:k 1alt-ca1t In fall 
Kid - . ~ 1-A 6.03 '·" 2¼ ,.6 1'9.0 '64 Ammonium 1ulfote--1:olt In 1ummer 
KIi - . - l•A 5.97 4.50 2¾ 4.9 1'7.4 '64 Ammonium 1ulfate--1:01t In fall 
Kio - . - ~A 6.01 461 2V. , .9 1'8.6 '6' A~ t1Jtrat~alt It\ tvtllffitr 
Kll - . - I-A 6.03 ,.29 2 , .5 1'8.5 '6' Ammonium nttrate--ca,t In fall 




