
52.IO
C

CONCRETE T.IIX DESIGN
WIIII tr'LY ASH

. "---:-:.

R,:SE'r' i "';*';
5tr (

J
T

r-l
!l

q



i

flf, 3b

CONCRETE I{IX DESIGN
IJITH FLY ASH

A Ehesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science in Civil Engineering

by

Barton K. Benson
S.,B.A. , Carneron University, L973
C.8., University of Arkansas, 1981

January,1986
University of Arkansas

A
B.S

I



This thesis is approved for
recornmendation to the
Graduate Council

Thesis Advisor:

Dr. E. Il

Ttresis Conrnittee:

Dr G. Pleinann

Dr rr P. t



I

Thesis Duplication Release

I hereby authorize the University of Arkansas Libraries
to duplicate this Ehesis when needed for research and/or
scholarship.

Refused



ACKNOWLEDGEMENTS

It is almost impossible for a series of experiments

such as this to be performed by one individual. It is

therefore with deep graticude that I acknowledge the

folJ-owing firms and individuals without whose assistance

this project could not have been accomplished:

Dr. E. W. LeFevre, my advisor, whose advi.ce and

assistance was invaluable.

Dr. Larry G. Pleimann and Dr. Robert P. Elliott, who

provided aid and counsel as mernbers of my advisory

coumittee.

Arkhola Sand and Gravel Company, Springdale; Tune

Concrete Products Company, Fayetteville; McClinton-Anchor

Cornpany, Fayetteville; and Chem-Ash, Incorporated, Little

Rock, for furnishing the materials used in the'project.

Ihe Arkansas Hlghway and Transportauion Department

laboratory personnel who ran the fteeze-thaw tests.

Bill and Pat Brown, Cedanrille; Oscar Benson, Benny

Benson, and Jay and Connie Bryant all of Fayetteville for

their assistance in measuring and nixing the materials, and

casting the specimens.

My wife, Joan, who assi.sted throughout the project, and

whose major contribution was the daily handling of the

deicing chemical specimens, moving them in and out of the

freezer as the test progressed.

1



ABSTRACT

The effects of substituting Class C fly ash for a

portion of the portland cement in both Class S and Class

S(AE) concrete were studied. Ttre percentage of substitution

ranged from 25t to 55t. Multiple samples were made and

tested for compressive strength at ages of 7 days to 5

months, rapid fteeze-thaw durability, and resistance to

deterioration due to the action of deicing chenicals. Ttre

same tests were conducted on control specirnens using the

same Eix designs wtthout f1y ash to provide a comparison

basis. the results indicate that, for nonair-entrained

concrete, up to 55t of the portland cement can be replaced

with Class C f1y ash as produced locally with no severe

adverse effect on those characteristics examined in this

study. For air-entrained concrete, replacement of up to 25t

was found to have no adverse effects, and replacement of up

to 55t adversely affected only the resistance to deicing

chemicals.
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Chapter One

INTRODUCTION

F1y ash is being used as a partial replacement for

portland cement in a nr:mber of applications; however, few

tests have been conducted using locally available Class C

f1y ash and aggregates treeting Arkansas Highway and

Transportation Department (AliTD) Suandard Specifications.

Ihe AHTD has successfully used f1y ash in portland cement

concrete base and in pressure grouting of portland cement

concrete pavement; but has not attempted such use in

struetural concrete. Anticipati.ng new regulations by the

Federal Highway Adninistration which would require the use

of f1y ash in structural concrete, the AHTD must develop

specifications whieh will allow substitution of f1y ash for

portland cement where possible.

The prinary objective of this research was to determine

the effects of substitution of various amounts of f1y ash

for portland cenent in both air-entrained (AllTD Class S(AE))

and nonair-entrained concrete (AIiTD Class S). AIiTD

Specifications for both of these classes call for a minimum

of 5.5 sacks of cement per cubic yard, a maximr:m of 5.5

gallons of water per sack of cement,'and require a minimum

compressive strength of 3500 psi at. 28 days. Three

characteristics of concrete were studied: compressive

strength, rapid freeze-thaw durability, and resistance to

deicing chemicals.
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Samples were made with substitution rates of 25*, 40*,

50*, and 55t in nonair-entrained concrete (C1ass S) and 25t,

5Ot, and 65t in air-entrai-ned concrete (Class S(AE)). The

rates of substitution were calculated on an absolute voh.me

basis. Ttre weight of cement to be replaced was determined by

nultiplying the design weight by the Percent replacement

factor. Ihe weight of f1y ash to be used was determined by

multiplying the weight of cement to be replaced by the

specific gravity of the fly ash and dividing by the specific

gravity of the cement. This provided a one'to-one

replacement ratio. Control samples of both Class S and

Class S(AE) without f1y ash were made to provide a basis for

comparison.
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Chapter Two

LITERATURE REVIE\N

Backeround

FLy ash is a by-product of burning pulverized coal in a

furnace with the resulting heat being used to produce

electricity. CoaI contains clay minerals, feldspars, mi.ca,

quartz, pyrite, and other minerals in small quantities.

during the combustion Process, Ehese comPonents react to

form new compounds, the major ones being silicon oxide, iron

oxide, aluninr.un oxide, and calcir.rm oxide. ASTM C618

distinguishes between Class F and Class C f1y ash by the

rninimum required percentage of the sum of the silicon, iron,

and aluminun oxides, and by'the percent of loss on ignition.

For a f1y ash to be classed as Class F, the three oxides

must make up at least 70t of the weight, and the loss on

ignition is linlted to a maximum of L2t. A Class C fly ash

requires only 50t of the three oxldes and limits the loss on

ignition to 5t. The fly ash is collected from the smoke

stack by electrostatic precipitators or by filtering through

bag houses. The electrostatic precipitators are the most

common nethod; however, some f1y ashes have a high

resistivity and cannot be successfully collected by this

method. For these f1y ashes, more conmonly produced from

western coal, the bag houses are used. Both nethods achieve

a removal efficiency of over 99t.
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Historically, much of the f1y ash was allowed to

escape into the air; however, various efforts to Protecu the

environment have forced Power companies to collect most of

the f1y ash and dispose of it in some ecologically sound

manner. This resulted in large quantities of f1y ash being

produced, ereating a disposal problem. To help solve the

problen of disposal, engineers and others began looking for

ways to use f1y ash in various t)rpes of construction.

Initially, its use as a comPonent in concrete was

restricted to mass concrete, such as in d;'ms, or as a

partial replacement for some of the fine aggregate. Most of

the fly ash used in the early work was Class F, produced by

the burning of bituminous and anthracite coal which is mined

in the Eastern United States. This type fly ash has a low

calcium oxide (CaO) content, usually in the range of 3t to

LOt. The advantages when Class F f1y ash is used in concrete

have been well documented and the general technology is

fairly well understood. Some of these advantages, as

reported by Abdun-Nurl,t, are: reduced water requirement,

iraproved workability, lowered heat of hydration, and reduced

permeability. In addition, the time of sec is somewhat

recarded, which can be either a disadvantage or an

advantage, depending on the type of construction. These

advantages, along with improved water tightness and reduced

costs, are also noted by J. S. PLerce2, citing extensive

*Superscript nr.mbers refer to entries in the bibliography.
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research and use of both Class F and 6lass C fly ash by the

United States Bureau of ReclamaEion. In the last ten years,

this agency has used fly ash in amounts of up to 35t

replacement in over one million cubic yards of both

structural and mass concrece.

In recent years, the construction of new Power

generati.ng plants and the increasing use of subbituminous

and lignite coals from the I^Iestern United States has given

rise to large quantities of Class C fly ash being produced.

In Arkansas, Ehere are currently five coal-burning power

plants which produce approximately 450,000 tons of fly ash

each year, all of which is Class C. Class C f1y ash has a

much higher CaO content, usually in the 20t to 30* range.

Ihis high lime content gives Class C fIy ash a significant

cementitious property.3 Since Class C f1y ash is a

relatively new Eaterial, the technology for its use with

portland cement has not been fully developed.

Prooerties of FIv Ash

The chemical composition of f1y ash depends on the type

of coal being used and the nature and amount of any

additives which nay be used. Additives are sometimes used

to provide for flane stabilization, corrosion protection of

the combustion chamber, and to facilitate f1y ash

collection. The physical properties of f1y ash depend

primarily on the specific combustion process and the

collection techniques. Generally, fly ash particles are

spherical and range in diameter from I to 150 microns.4 So*.
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of the spherical particles are hollow. It is the spherical

shape which is generally accepted as providing the increased

workability of fly ash concrete.

Since f1y ash is a by-product, it is cornmonly thought

of as being a highly variable, random rnaterial. However,

Demirel and Pltt5 report that the fly ash produced by three

different plants in lowa had a variability of major

components similar to that of portland cement and

significantly less variability of minor comPonents. A

review of rnlll test reports of f1y ash produced by four

ualts Ln Arkansas over a perlod of 2 years lndlcates that

the f1y ash produced by these plants has a variabillty

of maJor cotrponents essentially the same as that of portland

cement. Ihls should not be surprlsing when viewed in terms

of efficient operation of a Power plant. Maximr.rn efficiency

in the operation of a power plant requires a hlgh degree of

consistency in the fuel being used, the combustion

teEperature, and the fly ash colLection nethod. This leads

inevitably to consistency in the waste products produced. A

najor change in any of these factors could certainly result

in a slgnlficant change in the f1y ash produced; however,

such najor changes are not likely to occur on a frequent

basls. Constant monitoring of operaclonal processes and

timely testing of the fIy ash would provide the data

necessary to adjust mix designs Eo accomnodate these changes

when they occur. Such adjustment would be based on the

results of comprehensive tests of the new f1y ash. The

6



percent replacement allowable and the amount of air-

entraining agent required would be the main concerns. Wiuh

some f1y ashes, replacement with a greater ratio than one-

to-one could be required to produce a satisfactory mix.

The use of f1y ash in air-entrained concrete usually

causes a significant increase in the amount of air

entraining agent (AEA) required to obtain a specific air

concent. It is generally agreed that the AEA demand is

closely related to the carbon content of the f1y ash,

particularly when the agent i.s a neutraLLzed Vinsol

t""1r,.5-10 In addition, the fineness of the fly ash has

also been found to influence the AEA demand.ll-L2
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Chapter Three

TEST METHODS AND MATERIALS USED

General Test Plan

Two conplete cycles of tests were conducted. The first

cycle consisted of a control mix (AIITD Standard Class S

Concrete) and one mix each with 25t, 40t, 50t, and 65t f1y

ash content. A11 of the first cycle mixes were nonair-

entrained. Ttre second cycle consisted of a control mix

(AIITD Class S), one mix of AIITD Class S(AE), and one mix

each of the Class S(AE) with 25t, 50t, and 55t f1y ash

content.

Ttre percent f1y ash content ls the percentage of

portland cenent replaced with f1y ash, computed on an

absolute voh:me bas1s. The quanticies of aggregates were

held constant and the ntater and AEA quantltles were adjusted

to produce the deslred sh.rmp and air content. Figures 1 and

2 show the rnix designs for Class S and Class S(AE) concrete,

respectively, uslng the AITTD standard nbthod of absolute

voh:me. The quanticies shown for a 1.2 cubic foot batch

were the quantities used to PrePare the control samples

without f1y ash. ltre srme guantities of aggtegates were

used for the fly ash concrete samples, and the appropriate

percent of cement was replaced wich f1y ash. The lrater was

adjusted in order to hold the sh:np constant for aII of the

samples. Itris reduction in water content did reduce the

yield slightly, but this r:ninor effect was ignored.
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Sources and Tests of Materials

The coarse aggregate was crushed limestone obtained

from an AITTD-tested stockpile at the Arkhola Sand and Gravel

Company's ready-mix concrete plant in Springdale, Arkansas.

This material came from the McClinton-Anchor Company quarry

at i.iest Fork. The fine aggregace was obtai.ned from an

A}iTD-tested stockpile at the sa'ne plant, and is Arkansas

River sand produced by Arkhola at Van Buren, Arkansas.

AIITD personnel routinely test samples from these

stockpiles on a regular basis for compliance with their

specifications. The data for specific gravity, absorption,

and dry rodded weight used in the mix designs were obtained

from their test reports.

Ihe cement (Blue Circle Type 1) was obtained from AHTD

certified stock at the Tune Concrete Products Company's

plant in Fayetteville, Arkansas. The f1y ash was obtained

from Chern-Ash Corporation. Copies of the milL test reports

for both cement and f1y ash are included in Appendix A.

The air entraining agent used was a neutralized Vinsol

resin produced by Master Builders Division of Martin

Marietta CorporaEion, which is one of several on the AHTD

approved list.

Mix Desisns

The mix designs were prepared for Class S and Class

S(AE) using the data for specific gravity, dry rodded

weight, and percent absorption determined by AHTD personnel

for the aggregates used. The required weights of f1y ash

1t



for the various percentages were calculated using an assumed

specific gravity for the f1y ash of 2.65. This value was

assumed because the mill test report on the f1y ash was not

made available until after both cycles of samples had been

made. Ihe actual specific gravity was 2.55, a difference of

3.5t. This mj.nor error had the effect of increasing the

absolute volune of fly ash in the mixes by less than 0.3t,

whieh is considered negligible.

Si.eve analyses were run on the aggregates shortly after

they were delivered to verify compliance with AIITD standard

speclfications. Ihe moisture content of the aggregates vras

determined and batch weights were calculated fot a 1.2 cubic

foot batch. The aggregates were weighed at that time for

all planned batches in one-ba,tch quantities and stored in

plastic bags to maintain the moisture content.

Castine of Soecimens

The test specimens for *r. first cycle were cast on

September 8, 1984. Five ni.xes were prepared: one control

nix (AIITD Standard Class S concrete), and one mix each with

25*, 40t, 50t, and 55t f1y ash content. Three batches were

prepared of each o,ix, using the pre-weighed ag1re9ates and

measuring the cement, f1y ash, and water by weight for each

batch. Table I lists the as-batched data for the first

cycle and the specific specimens made from each batch.

L2



Tabl e l. Fi rst cvcl e atchec and sse cimens.

Batch Senent Fl ash lrf ater El utttp

No Fly asht

s25A
s25B
s25C

stA
slB
stc

s 404
s40B
s 40c

s50A
s50B
s 50c

27 ,1
27 ,1
27 ,1

20. 3
20, 3
20. 3

13. 6
13. 6
13.6

3
3
3

3
3
3

3
3
3

3
3
3

3
3
3

4
4
4

4

4
4

4
4
4

3
5
4

4
4
{

4

I
t

6
I
3

I
6
I

t
?
9

I
I
I

8.6
7,q

7
7
7

0
0
0

11. 4

ll.4
il.4

25I Flr asht

50[ Flv arht
9. 1 z-St 4

657. Fl v rsh tilTET_
6.6 t
8.0 2-ll4

2
0
2

2
0
2

2
0
2

3
t
0

2
0
2

5
5
5

9
I
I

3
3
3

6
6
6

lJ--z-
9, t t-3/4
9.3 2

I
I
I

I
I
t

402 Fly acht
2-U 4
2-3t 4
2-t t2

2-3t 4

2-l l2

s65A
s65B
s65C

14.8
t4.B
14.8

?.5
?.5
9.5

Atl batches containad 90.0 Lbg.' Coarre AggreEeti and 60.5 Lbs
Fine Aggregate, including molsture.

TabIe 2 Second cvcle batcheg rnd sg c l nens,

Batch
Lebel

C enen t
Lbs

Fl y rsh
Lbs

l{a t er
Lbs

Slunp
ln.

AEA
nl.

tencont
t

Air

s-2 81.3

sAEl 81.3

3l.o 4

No Flv Ashl2il6-Ful
253 Flr_:sh!_

No Fly esit

5.5

7.5

7,0

3

le those of the
d 248.4 Lbs. of

Aggregatat
tively.

0 0

600

sAE25 60. ? I 7. I ZE-]6---r
E0l, Fly arhr

80

sAE50 40.8 34.2 ZfT----S:Tr z

65X Fly ash:

80

SAE65

Aggrega
f irst c
Coar se
includi

29,5 44.4 20.0 2 70

eightc for Batch S2 were trtP
. -All other batches containe
egate, and 166.8 Lbs. of Flne
.AX and 3.07. moisturer re!P!E

4

te r
ycle
Aggr
ng 0

13



![hile testing proceeded on the first cycle, several

small trial batches were made in an attempt to deterrnine the

quantity of air entraining agent needed to obtain the

planned 5t air content.

The test specimens for the second cycle were cast on

January L2, 1985. Fi-ve mixes lrere prepared: one control rnix

(AIITD Class S), one AIITD Standard Class S(AE), and one each

of the Class S(AE) mix with 251, 50t, and 55t fly ash

content. For this cycIe, a larger mixer was used that

allowed preparation of a larger batch so that only one 4.2

c.f. batch was required for each mix. Ihis was done in an

attempt to provide better control over the slrrmp and air

content, since the results of the Erial batches and the

experience gained from the flrst cycle indicated rhat it was

difficult to obtain consistently good results with srnall

batches. Table 2 lists the as-batched data for the second

cycle. A total of L2 cylinders , 3 fteeze-thaw, and 4

deicing chemical test specirnens were made from each batch.

The compressive strength test cylinders were standard 5

inch diarneter by L2 inch height, cast in single-use plastic

molds meeting the requirements of ASTM C470. The specimens

for rapid fteeze-thaw durability testing were 3" x 3" x l4n

prlsms, cast in shop built 3/4" pL'yrttood forms. The

specimens for deicing ehemical resistance testing were

6-L/2" x I1-L/2" x 3" prisms, cast in 3/4" plywood forms.

The ply-wood was treated to be nonabsorbant and nonreactive

with the concrete mixes. AI1 specimens were prepared in

l4



accordance with ASTM C192, removed from the molds aftet 24

hours, and cured in a moist room meeting the requirements of

ASTM C511 for the length of time required by the specific

tests irrvolved.

CurinE and Tescine of Soecimens

Compressi.ve strength test cylinders were removed from

the curing room, capped with a sulfur compound, and uested

at ages of 7 days , 28 days, 3 months, and 6 months. Three

cylinders were tested in accordance with ASTM C39 at each

age for each mix, with the exception of two cases where

individual cylinders were damaged after casting and prior to

testing. These are noted in the discussion.

The specimens for the rapid fxeeze-thaw testing were

removed from the curing room at the age of 20 days, packed

in nolst sawdust, and transported to che AHTD laboratory in

Little Rock. The curing period of 20 days before testing was

selected instead of the 14 days recommended by ASTM C665 in

order to assure a reasonable strength. Most of the

literature indicated that fly ash concrete gains strength

slowly for the first 28 days, and the decision Eo wait 20

days was made before casting began. The compressive

strength tests indicated that this additional waiting may

not have been needed; however, these results were not

available until too late to change the procedure. They were

stored i.n a freezer ax 00F until testing by procedure A of

ASTM C666 began. Three specimens were made and tested from

each mix.

t5



The specimens for the deicing chemical resistance

testing were finished with a medir.rm-stiff bristle brush. At

the age of L4 days, they were removed from the curing room

and stored in air for an additional 14 days ax 730 +/' :0f

and 45t to 55t relative hr.nidity, at which time testing in

accordance with ASTM C572 begar.

During the air curing period, formica strips

approximately 3 inches wide were cemented to the sides of

the specinens using standard contact cement, and caulked

with silicone rubber sealant. The formica extended

approximaxeLy 3/4 inch above the top surface of the

specimens, providing the soluti.on retention dam. This

procedure, not outlined in the AST!{ test method, was used in

order to reduee the size of the specimen required to obtain

the ninlmum of 72 squate inches of surface. A total of four

sp.ecimens were made fron each mix. Two of each mix were

tested using sodir:m chloride (NaCI) solution, and two were

tested using calci.r:m chloride (CaCl) solution.

A11 of the specimens were marked with an identification

mark. Ttris mark corresponded co the batch from which the

samples were made, and consisted of either the letter S or

the letters SAE followed by a nr:mber and another letter.

TLre letter S was used for all nonair-entrained samples,

while SAE ide.ntified the ai.r-entrained samples. The numbers

"L" and "2" marked the control sampl-es which contained no

f1y ash, and the other numbers (25, /+0, 50, and 55)

designated Ehe percenc cement replaced with f1y ash. The

L6



last letter used on the samples in the first cycle

designated the specific batch from which they were made. For

the second cycle, since all samples of a particular mix were

nade from the same batch, the final letter in the

identification mark was arbitrarily assigned.
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Chapter Four

TEST RESULTS AI{D DISCUSSION

Compressive Strensth

A total of tvelve standard cylinders were Prepared from

each nix in each cycle - three each for the four test ages.

One cylinder of the 65t nix ln the first cycle and one of

the 50t mix of the second cycle were damaged in handling

between casting and testing; therefore, the average results

for these two mixes for one age reflect the average of only

two cylinders instead of three. Figure 3 is a graph of the

average strengths of each of the mi.xes.

For the first cycle, which consisted of aII nonair-

entrained concrete, all of the uixes showed an increase in

compressive strength with time, as \ras expected. Ihe lowest

result was the 4100 psi at 7 days for one of the standard

Class S (wlthout fly ash) cylinders, and the highest was the

9270 psL at 5 months for one of the 50* fly ash eylinders.

AIl of the f1y ash mixes had a higher compressive strength

than the non-f1y ash mix at all ages except 6 months, when

only the 65t nix had a higher strength.

The second cycle consisted of one standard Class S mix,

without f1y ash and without air-entrainment; one standard

Class S(AE) mix without f1y ash, but with air-entrainment;

and one each of the Class S(AE) mix rrith 25*, 50*, and 55*

f1y ash content. The curing and testing of these specimens

proceeded normally through the 3 month age; however, becween

the 3 month tests and the 6 month tests, the curing room was

18
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not monitored as closely as it had been for all the previous

tests, and the hr:nidity dropped below 75t for most of this

period. Ttris is probably the cause of the unexPectedly srnall

i.ncrease, and in soue cases ardecrease, in strengths between

3 and 5 nonths. A11 of the mixes did show an lncrease in

strength with curing tiEe uP to the 3 month age. The

strengths at 7 days and at 28 days were lower than exPected;

this is probably due to the fact that the temPerature of the

casting room where the cylinders were kept before they were

stripped and placed ln the curing room was approximately

+00f. This low temperature slowed the strength gain so

much that the sanples had to be allowed to remain in the

forms for 48 hours before they could be striPPed.

The plain concrete had the highest strengths at all

ages. The non-fly ash, alr-entrained concrete had a higher

strength at 7 and 28 days than the f1y ash.concretes; but

was lower than all except the 25t f1y ash at 3 and 5 months.

I'he lower strength of the 25t fly ash is probably due to the

much higher ai.r content. In all cases except that of the

25t f1y ash concrete, the strength at 28 days was in excess

of the 3500 psi minimum required by the AIITD specifications.

The compressive strengths of all the cylinders are listed in

Appendlx B.
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In sr:mnary, for nonair-entrained concrete, replacement

of up to 55t of the cement with f1y ash produced higher

strengths at all ages except 5 nonths. For air-entrained

concrete, replacement of cement with f1y ash produced lower

strengths at 7 and 28 days, but higher strengths at 3 and 5

months, except for the 25t sarnples, which had an excessive

ai.r content.

2L



Deicine Chemical Resistance

Four specimens were made from each mix in each cycle

for the deicing chemical resistance tests. Two were tested

with a soluti-on of sodir:o chloride (NaCl) and two with

calcir:m chlorlde (CaCl). Both solutions were used at a

strength of 4 grams per 100 nilliliters. After the

specified curing period, a sufficient quantity of the

solution was placed on the samples to cover the surface to a

depth of approximately L/4 irre}: and they were then placed in

a fxeezer at 00F for a period of 16 to L8 hours. After this

period, they were removed from the freezet and stored in air

at approximately 730F for 6 to 8 hours, completing one

cycle. This cycle t as repeated throughout the test, with

solution being added as necessary to naintain the 1/4 inch

depth on the surface. At the end of every fifth cycle the

specimens were rinsed with clear water and the surfaces were

rated in accordance with the following scale (ASTI{ C672):

0 - No Scaling

1 - Very Slight Sealing (1/8 inch depth, max, no coarse

aggregate visible)

2 - Slight to Moderate Scaling

3 - ModeraEe Scaling (some coarse aggregate visible)

lr - Moderate to Severe Scaling

5 - Severe Scaling (coarse aggregate visible over

entire surface)

The record of the ratings is given in Appendix C.
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Figure 4 is a graph of the number of cycles to which the

specimens were subjected until a rating of 5 was given, or

the test was stoPPed due to other deterioration of the

sa.mp1e. Several of the nonai.r-entrained specimens, after

several cycles, began leaking the solution through the

sanple and the edges began to crr:mble. i{hen this

deterioration reached the point at which the solution could

not be maintained at L/4 ineh depth, the test was stopped.

The general results, as indicated on the graph in

Figure 1+, show that f1y ash does have a slightly adverse

effect on the resistance of nonair-entrained concrete to

deicing chemicaLs, with Ehis adverse effect generally

incredsing with increasing f1y ash percentage. This

decrease in deicing ehenical resistance is so small that it

ean be considered negligible.

For air-entrained concrete, the 25t fIy ash specimens

showed no signlficant difference in deicing chemical

resistance when compared to plain air-entrained concrete;

however, the 50t.fIy ash samples deteriorated more rapidly

than the 25t, and the 65* fly ash samples deteriorated

approximately as rapidly as all of the nonair-entrained

samples. The different amounts of entrained air in the

various mixes could perhaps account for some of this effect,

but not all of it.
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In summary, f1y ash !n nmou1ts greacer uhan 25t reduces

the concrete's resistance to deicing chemicals for

air-entrained concrete, but has a negligible effect on

nonair - entrained concrete .

25



Freeze thaw durability

The resistance of che specimens to rapid freezing and

thawing was tested by Procedure A of ASTM C655. Ihis test

involves surrounding the specimens with approximately 1rl8

inch of water and placing them in a device that reduces

their temperature to OOF then raises it to ao0r in

approximately three hours. At intervals of not more than 35

cycles, the fundamental transverse frequency of each

specimen is determined by the procedures in ASTM C2L5, and

compared to the frequency determined before testing began.

The relative dlmamic modulus of elasticity (P6) is eompuEed

from the following formula:

Pc-(nLL/n2)*1oo
where nL - fundamental transverse frequency after c cycles

of freezing and thawing.

and n - fsndamental transverse frequency at the beginning

of the test.

Higher values for P6 indicate greater resistance to' the

action of freezLng and thawing for the concrete being

Eested.

As expected, the nonair-entrained specimens

deteriorated rapidly when subjected to the rapid freeze-thaw

durability testing. None of them lasted more than 100

cyeles before the deterioration became so severe that

further testing was impossible. In fact, all except the 558

eould no longer be tested after 57 eycles. However, the use

of fly ash did increase Ehe durability of the concrete, with
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higher percentages of fly ash yielding greater durability,

except for the 25t mix, which was only slightly lower.

The ai.r-entrained speeimens proved to be very durable

when subjected to freeze-thaw testing. After 308 cycles,

there was no difference in the relative dynarnic modulus of

elasticity (PC) between the non-fIy ash and the fIy ash

samples. The ASTM standard calls for ending the test at 300

cycles; however, these were continued for more than double

that nr:mber in an attempt to find a significant difference

between the different mixes, if one existed. After 577

eycles, the difference in the averages of P6 was less than

10 percentage points, and all had a value of 93 or greater.

Even after nearly 700 cycles, the difference was sti-Il less

than 10 percentage points, and all had a value of 90 or

greater. Itre results of the tests are shown in Appendix D.

In sunmary, the use of Class C fly ash as a partial

replacement for portland cement was found to have no

significant effect on the resistance of air-entrained

concrete to rapid freezing and thawing. There was, however,

some increase i.n durability for nonair-entrained concrete

with increasing percentage of f1y ash content, except for

the 25* samples.
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ChaPter Five

CONCLUSIONS

Within the limitations of the test Procedures and for

the materials used ln this investigation, the following

concluslons are made.

1. For nonair-entrained Class S concrete, Class C fly

ash as produced locally can be substituted for portland

cement i.n amounts up to 55t with no signifi-cant adverse

effects, and with some significant benefits.

2. For alr-entrained Class S(AE) concrete, Class C f1y

ash can be substituted for portland cement in amounts

up to 25t with no adverse effects, and higher amounts

of up to 55t can be used if resistance to deiclng

chemicals ls not important for the specific intended

use of the concrete.
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APPENDIX A

Ittil1 tests of cement and fly ash



BLUE CIRCLE INC.

TEST DATA ON CERTIFIED CEMENT

PT{YSICAL TESTS

Setting Tirne (Gilnore)

lnirial-Hr. 2 Min.

Final -Hr. 5 Mln.

Soundness Autoclave Exp.

Fineness Blaine cm2/ gm 3439

5

0t

.043 *

tAir -

3 days

7 days

10.

COMPRESSIVE STRENGTH TESTS

3430 DS].

/+305 tts 1

L

2

3

4

5

6

7

8

CHEUICAL TESTS

Silicon Dioxide

Aluminrrm Oxide

Ferric Oxide

Magnesium Oxide

Sulfur Trioxide

Insoluble Residue

Loss on Ignition

Calcir.ln Oxide

9 . Tricalcir.rn Silicate

L0. Dicalcitrm Silicate

2.3 t

2.3 *

3.0 *

0.2 t

L.2 a

64 .6 *

s7 .L t

L7 .6 t

1l-. Tricaleium Aluminate 9 .4

(Blue Circle MiI1 Analysis No. 210.)

32

*

21.2 *



A.I{ERICAI{ INTERPLEX CORPORATION

Chenical and Physical Analyses of Fly Ash

Chemical Composition (*) :

Silicon Oxide (SiO2) 31. 5

Ah:minr:m Oxide (41203) 20.0

Iron Oxide (Fe2O3) 6-3L

TOTAL (SiO2 + A12O3 + Fe2O3)

Sulfur Trioxide (SO3)

Calcir.rn Oxide (CaO)

Magnesir.rm Oxide (MgO)

Moisture Content

Loss on Ignition

Available Alkalies as Na2O (28 days)

( 7 days)

PIIYFICAL TEST RESULTS :

Fineness - Retained on #325 Sieve (t)

PozzoLar.ic Aetivity Index
with Portland Cement e 7 days:

Ratio to control (*).
Psr

Pozzolar.Lc Activity Index
with Portland Cement G 28 days:

Rati.o to control (8)
Psi

Water Requirenent, t of control

Soundness - Autoclave Expansion (t)

Drying Shrinkage - Increase @ 28 days (t)

Specifie Gravity

s8 .1

l. 80

Z).2

4.6L

0.0553

o.263

0. s68

0.0434

L3.7

53.1
20L3

11 6

4996

83.2

0.113

- 0.53

33

2 .55



APPENDIX B

Compressive strength of test cylinders
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