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INTRODUCT ION

In July 1979, the Oklahoma Deparfment of Transportation funded a research
program at Oklahoma State University concerned with the performance of con-
crete cohtaining fly ash (State Study No. 79-11-3). Initially, attention was
dire¢ted towards the influence of fly ash on the corrosion of reinforcing

steel. A study of available literature did not indicate that past use of fly

. ash had been detrimental from a corrosion standpoint. During a meeting with
the Research Advisory Committee in early 1980, it was concluded that an experi-

émental study of the influence of fly ash on corrosion was not warranted at this

time and attention should be given to other factors related to the use of fly
ash in>concrete. A brief Summafy of the literature study was submitted to the
sponsor in April 1980.

In May 1980, a work program covéring the remaining months of the project
was abproved. This effort, which wag to develop general data concerned with

the strength of mixes containing various percentages of fly ash, is the sub-

ject of this report.

During this phase of the project, type | portland cement was replaced by
fly ash on a weight basis. The percent replacement varied frbm 0 to 50in. in-
crements of 10 percent. Both coarse and fine aggregates used conformed to
ASTM Standard C33 (see Appendix A}, while the air entraining conformed to the

Highway Specificétion, Section 701 (1).
EXPERIMENTAL DETAILS

Using trial batches, the proportions of cement, fine aggregate, and
coarse aggregate that would produce a Class A concrete were determined.  In
these trial batches water and air entraining agent were added in different

amounts and blended with the other materials until the fresh concrete



properties of a class A concrete were realized, i.e., percentage of air en~
trained and slump. After the proportions were established, three batches of
similar proportions wére prepared within a 12-hour period for each percentage
of fly ash. All batches were prepared from materials from the same source

and mixed with the same mixer.
~ PREPARATION OF TEST SPECIMENS

The three batches were used to prepare specimens from which time of set
greading were obtained aéIWell aé specimens that were tested at 7, 14, 28, and
‘90 days for compressive, flexural, and splitting tensile strengths and com-

pressive modulus; |

The first batch mixed for each percentage change of fly ash had a volume
of 2 cu ft and was uséd to butter the mixer. A mortar sieved from this con~--
c}ete was also used to cast a time of set specimen. Each of the other two
batches was 4.5 cu ft in volume.

All specimens were prepared and cured with réspecttk)ASTMCl92 (2). For
compressive strength and modulus, and splittjng tensile strength,lé by 12 'in.
cylinders were used. For flexural strength, beams were’either 6 by 6 by 24

“in..or 6 by 6 by 36 in. All specimens were cast in steel molds, which were
waxed to prevent leakage, and curéd in a moist room. Each test was performed

with respect to its specific ASTM standard.
EXPERIMENTAL RESULTS

in Table 1, results associated with the characteristics of the fresh con-
crete and mix proportions are presented.
~There is a constant ratio of the weight of total cementitious material to

weight of coarse and fine aggregate. The amount of air entraining agent



increaséd with an increase of fly ash while the water-cement ratio tended to

decrease. The temperature of the mixes ranged from approximately 79 to 83°F.
Air content andy slump were within the respective allowable ranges of aClass A
concrete.

The times of initial and final set demonstrated a strong correlation
with percent fly ash replacement. The‘time'of set appears to increase linear~-
1y with percent fly ash.

; Powers Remolding Test (3) was performed in an effort to distinguish be- .
;tween the slump and the workability of the fresh concrete. Data from this
}test did not indicate that fly ash will increase the workability of the mix.

/Tab]e*Z presents the results of tests on hardened concrete at various
ages. The strengths of concretes containing fly-ash are lower than those of
concrete without fly ash at an early age. However, after -additional curing

time the strengths were not as strongly related to the fly ash content.
DISCUSSION OF RESULTS

Time and cost restraints have not pérmitted‘éll aspectsrof mix design to
be investigated.  To permit comparison with éther available data, replacement
of cement on a weight basis only was ;onsidered. Because of ‘a slight differ~
ence in the specific gravity of portland cement and fly ash, some minor varia-
tion in total pounds of cementitious material (cement plus fly ash) per volume
of concfete resulted. This approach allowed the amount of water and air en-
training agent. to be studied.

Probably the most notable observation to date is the strength character-
istics of concretes containing fly ash. There appeared to be only minor dif-
ferences in compressive strength between normal concrete and fly ash concrete

if the percent replacement did not exceed 30 percent. Even concretes with 40



 of a trial batch of approximately 2.0 ft

or 50 percent fly ash were nearly as strong as the control mixes after pro-
longed curing. This finding is in substantial agreement with data from labor-
atory work sponsored by a fly ash marketing firm in Oklahoma.

However, some results do not coincide with existing data. In particular,
the amount of air entraining agent needed to achieve a suitable air content

increased with the amount of fly ash. Although this is the anticipated find-

ing based on published research, it is contrary to results obtained by Consult-

;ing and. Research Services, Inc. {(4).

Some difficulties were encountered in developing the desired proportions

3

and then increasing the batch size

3

to approximately 4.5 ft” when fly ash was used. These problems may not be re=

lated to the fly ash itself, but to the larger number of batches cast with fly

ash compared to controls, or to other undetected variations in mix parameters.
Class A concrete is specified to have a slump range of 1 to 3 in. and an
air content between 5§ and 7 bercent. Data were usually obtained from batches
with a slump near the 3 in. limit. A subjective observation was that a slump
neat the lower limit resulted in errat}é'air content. In some cases air con=
tent continued fo increase even after 5 minutes of mixing. This may have been
caused by the characteristics of ‘the mixer, the sequence 'in which materials
were batched, the time required to charge the mixer, or other parameters. In
any event, achieving a batch of concrete with proper characteristics seemed to
be more difficu]tbwhen fly ash was being gsed. It also seemed that most |
batches with‘fly‘ash experienced a more rapid loss in slump with time than the
control batches. However, nd experiments were performed to study this speci-

fic topic.



CONCLUSION

Data obtained from this phase of the project suggest that the replacement

of ‘portland cement with fly ash can result in concretes very similar to Class

A concrete if viewed on the basis of strength. It may be desirable to study

other factors such as durability and constructabitity before fly ash concrete

is used on a broad scale in highway construction.

o
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. TABLE 1

DATA FOR FRESH MIX CONCRETE COMPRISING OF FLY ASH
FROM 0% TO 50% REPLACEMENT, BY WEIGHT

Percent Fly Ash

0 0 o) 20 30 40 50

Materials Per Cu Yd
Cement (1b) . s 56k 507.6  451.2  394.8  338.k 282
Fly Ash (Ib) , 0 0 56.4  112.8 169.2 225.6 282
Fine Aggregate (1b) 1226 1226 1226 1226 1226 1226 1226
ECoarse Aggregate (1b) 1967 1967 1967 1567 ' 1967 1967 1967
Air Entraining Agent (ml) 216 216 243 270 270 324 324
Water-Cement Ratio 0.48 0.48  o0.k0  0.43 0.4 0.44 0.39

- Properties%

Temperature (°F) - 82,7 .81.0 80.0 79.7 81.0 80,0 79.5
o Air Content (%) 5.3 5.9 5.6 5.6 5.8 5.9 5.9
STump {in.) ~ 2.50 2.50  2.50 2.75  2.75°  2.25 3.00
Powers Remolding Effort Lo 34 55 43 37 Ly 33
Unit Weight (1b/ft>) 149.0 147.0  145.8  147.0 145.8  145.6 146.4
Initial Set (h:m) ' 3:23  3.35 4,26 5.26 7.02 6.50 8.28
Final Set (h:m) k.50 4.58  6.03 7.2} 9.02  9.26 11:15

“These properties are the mean of readings from two different batches,
except time of set, which is the average of readings obtained from three dif-
ferent batches. '



TABLE 2

STRENGTHS OF CONCRETE COMPRISING OF FLY ASH
FROM 0% to 50% REPLACEMENT, BY WEIGHT

Age

Percent Fly Ash
Strength (days) 0 0 10 20 30 Lo 50
A 7 3780 3590 3610 3460 3480 3160 2810
Compressive T4 4330 4035 L200 4350 3630 4080 3445
(psi) 28 4485 4520 4560 4190 k710 4700 - 4175
90 5745 L4845 5385 5720 5100 L4755 4775
7 585 575 520 565 555 530 L9o
Flexural 14 575 640 620 - 635 590 620 615
(psi) 28 635 655 670 685 670 705 650
90 760 655 740 720 730 775 675
C 7 L5 L20 380 315 375 345 320
splitting 44 k25 . 325 k65 395 - 325 375 365
(pei) 28 465 Los Lis 465 420 420 415
ps! : 90 570 440 440 490 570 540 470
7 2750% 4780 | 3070%  2820%  3060%  2830%  2770%
Modulus 14 3150% 4740 3560% 4510 2980*% 4780 3]120%
(ksi) 28 3420% L4740 3880% L4620 L4oo 4950 4730
90 5T40 5410 5980 5550 5340 5640 5600

er.

*These modulus values may be in error because of a malfunctioning record-



APPENDIX A

© SUMMARY OF TEST PROGRAM AND STRENGTH INFORMATION

Fine Aggregate

Well graded with fineness modulus = 2.72
Specific gravity (SSD) = 2.69
Specific gravity (dry) = 2.62

Absorption Capacity = 0.69%

Coarse Aggregate, No. 57

Specific gravity (SSD) = 2.76
Specific gravity (dry) = 2.8]

Absorption capacity = 0.83%






