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ABSTRACT

This research was carried out to investigate perfornmance of
structural grade concrete incorporating high volunmes of [|ow
calciumfly ash. Two different ASTM Cass F fly ashes were used.
A Portland cenent concrete, designed to have 28-day conpressive
strength of 6000 psi (41 MPa), was used in this investigation as a
control concrete. Concrete mxes were also designed to have fly
ash substitution based on total cenment weight in the range of
0 - 60% by weight. Water to cenmentitious ratio was naintained
approxi mately constant and the desired workability was achi eved by

usi ng a superpl astici zer.

Concrete was tested for conpressive strength, splitting
tensile strength, and nodulus of elasticity in accordance wth
ASTM test nethods. Conpressive strength and splitting tensile
strength of concrete were determned at ages 1, 7, and 28 days
wher eas

nodul us of elasticity was determ ned at 7 and 28 days.

H gh replacenent of cenment by fly ash in concrete caused
reduction in conpressive strength, splitting tensile strength, and
nodul us of elasticity within the experinental range. Conpressive

strength of fly ash concrete was slightly |lower than the reference
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concrete up to fly ash addition of 60 percent. However, fly ash

concretes achi eved adequate strengths appropriate for structural

application even at the 60% cenent repl acenents.

| NTRODUCTI ON

Large anmounts of fly ash have been used in mass concretes for a
long time, with the intention of reducing cost and controlling
tenperature rise in order to reduce cracking at early ages (1l-7)
Most current uses of lowcalcium fly ash are in construction of
pavenents. Since paving <concrete contains |owwater-to-
cenentitious materials ratio, workability of the concrete is
considerably reduced, resulting in its possible wunsuitability
for structural applications. In order to inprove workability for
m xtures wth l|owwater to-cenentitious ratio for structura
applications, either plasticizers, water-reducing adm xtures, or

superpl asticizers are used. Recently, researchers (13,14) have

shown that superplasticized high-volune fly ash concrete can be
proportioned to have high-early-strength 1500-3000 psi (10-20 MPa)
at 3 days, and high 28-day strength 5000-8700 psi (35-60 MPa),

suitable for structural grade concrete.

In the US. A, nost studies have been primarily concerned
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with utilization of high-volune fly ash in the construction of
hi ghways base courses and dans. However, no work has been done in
regards to the use of high-volune fly ash in manufacture of high-
strength structural grade concretes. This research was primarily
undert aken

with a view to devel oping technol ogies for large scale utilization

of Aass F fly ash in production of structural grade concrete.
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PREVI QUS STUDI ES

Addition of lowalkali Cdass F fly ash in concrete generally
increases durability of ~concrete subjected to alkali-silica
reaction by reducing reactive alkali content of concrete m xes.
Additionally, use of fly ash in concrete reduces its perneability
which in turn dimnishes alkali aggregate reaction that can occur

due to water penetration in the structures (1).

A nunber of studies have been conducted to develop Oass F
fly ash nortars and concretes for structural applications (8-17).
Swanmy et. al. (8) reported that concrete mxes containing 30
percent by weight of fly ash (ASTM O ass F) could be proportioned
to have adequate workability and early one-day strength and
elastic nodulus for structural applications. The dosage of
adm xt ures or superpl asticizers were adjusted to obtain
cohesi veness and workability with slunps in excess of 4 in. (100
mr for easy placability in structural nenbers wth steel
rei nf or cenent . Swany and Mahnmud (9) developed data on mx
proportions, strength and nodulus of elasticity for structural
grade concrete nmade with 50% | owcalcium fly ash (ASTM d ass F),

and a superplasticizer. Their

results showed that for concretes with [owwater-to-cenentitious
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materials ratio of 0.32 to 0.42, high-early strength of 1800 to
3000 psi (12 to 20 MPa) in one day and 28-day strengths of 6500 to
8700 psi (45 to 60 MPa) could be produced with slunp in excess of
150 nm (6 in). Under noist curing condition, fly ash concretes
showed about 50 - 100% hi gher strength at one year age conpared to

their strengths at 28-day age.

Recently, extensive research work has been conducted at
CANVET concerning utilization of high-volunme ASTM Cass F fly ash

in structural grade concretes (11-16).

Mikerjee et al. (11) incorporated high volumes of fly ash in
concrete through the aid of three different superplasticizers.
They reported that satisfactory high-strength concrete can be
achi eved using large quantities of ASTM O ass F fly ash. 1In this
study, the nechanical properties of concrete containing 37% | ow
calciumfly ash were found to be superior to the properties of the

reference concrete.

Mal hotra and Painter (12) reported an optinmum fly ash content
in the range of 50 to 60 percent of cenent replacenent for
structural grade concrete with respect to conpressive strength
G accio and Mal hotr a (13) det er m ned properties of
superpl asticized concrete containing high-volune of dass F fly

ash nmade wi th ASTM
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Type | and 111 cenent. The properties determ ned were: (1)
conpressive strength; (2) flexural strength; (3) splitting tensile
strength; and, (4) freezing and thaw ng resistance. Based on data
obtained the authors concluded that concrete containing high-
volumes of Cdass F fly ash possessed excellent mechanica

properties for use in structural concrete elenents, especially for

massi ve sections.

Si vasundaram et. al. (14) proportioned a nunber of concrete
m xtures incorporating high volunmes of |owcalciumfly ash,
superpl asticizer, and air-entraining admxture. A block wth
di mensi ons of 5x5x5 ft (1.52 x 1.52 x 1.52 m was manufactured to
evaluate tenperature rise due to hydration of cenentitious
materi al s. The superplasticized high-volune fly ash concrete
showed a nost encouraging performance at a water-to-cenentitious
rati o of about O0.32. The concrete produced had high conpressive
strength at both early and later ages and high nodulus of
elasticity and a reduced heat of hydration. In order to eval uate
field performance of this concrete a concrete block, neasuring
29x24x9 ft (8.84 x 7.32 x 2.74 m was also cast under controlled
tenperature conditions. Both the small block cast under
| aboratory condition and the large block did not develop any

observable thermal cracks, and their conpressive strength and
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nmodul us of elasticity values were conparable to those obtained for
| aboratory specinens. |In another study, Sivasundaramet. al. (15)
showed t hat

long-term performance of high-volune fly ash concrete was
excellent wth respect to conpressive strength, nodulus of

elasticity, diffusion of chloride ions in concrete, etc.

Langley et. al. (16) reported that maximnum fly ash percentage
m ght range between 55 and 60 percent of total cenent content in
order to produce structural grade concrete. Their test results
reveal ed that strength properties, nodulus of elasticity, drying
shrinkage, creep, and freeze-thaw durability of [|ow cenent and
high fly ash content concrete conpared favorably to nornal

Portl and cenent concrete.

Tani guchi et. al. (17) evaluated performance of high-volune
fly ash concrete for use in construction of marine structures.
They reported that strength characteristics of high-volume fly ash
concrete depended strongly upon type and dosages of chem cal
activators and curing conditions. Their study of high-volume fly
ash concrete with Nad as a chem cal activator showed high-initia
strength and good increase in strength with age. O course, use
of NaC as an accelerator can cause accelerated rebar corrosion.
Addi tionally, hi gh-volume fly ash concrete exhibited good

resi stance  agai nst sea water with respect to strength
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characteristics and vol unme changes.

EXPERI MENTAL PROGRAM

A Portland cenent concrete was proportioned to produce the 28-day
strength of 6000 psi (41 Mra). In addition, concrete mxes were
al so proportioned to incorporate fly ash at various percentages of
cenent replacenents ranging between 40 - 60% Experiments were
designed to evaluate performance of fly ash concretes with respect
to conpressive strength, splitting tensile strength, and secant

nodul us of elasticity.

MATERI ALS

Portl and cenent (ASTM Type |) obtained from one source was used in

this investigation.

Lowcalcium fly ashes, ASTM Type F, were obtained from Qak
Creek Power Plant in OGak Creek (OCPP), Wsconsin and Valley Power
Plant (VPP) in MIwaukee, W sconsin. These plants use Wstern

bi tum nous coal obtained from Pennsylvania Mning District 2.
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Chem cal conposition and physical properties of the fly ashes
were determned using appropriate ASTM test nethods. Chem cal
conposition and physical properties data are given in Table 1 for
Gak Creek Power Plant fly ash and in Table 2 for Valley Power
Pl ant

fly ash.

The fine aggregate was natural sand, and was obtained from a
| ocal ready-m x concrete producer. Natural gravel was used as a
coarse aggregate. The coarse aggregate was al so obtained fromthe

sane | ocal concrete producer which had maxi num size of 3/4 in. (19

m) .

A Ml amne based superplasticizer was utilized in this
i nvestigation. The dosages of the superplasticizer were varied to
achieve the desired workability of fresh ~concrete while

mai ntai ning the sane water to cenentitious ratio.

M XTURE PROPORTI ONI NG

The m x proportion for the reference Portland Cenent concrete used
in this investigation (Mx No. 0-A) is described in Table 3. Al

concrete mxtures wused in this investigation were non-air
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entrained. In addition to the reference Portland cenent concrete,
fly ash concretes were designed to have various anounts of fly ash

in the range of 40 - 60% by wei ght based on total cenent used.

Concrete mxtures using Cak Creek Power Plant (OCPP) dass F

fly ash were proportioned to contain fly ash at cenent repl acenent

of 40, 50, and 60 % by weight. The corresponding m xtures were
desi gnated as OCPP-A, COCPP-B, and OCPP-D. Water to cenentitious
materials ratio, Water/(Cenent + Fly Ash), was nuintai ned at about

0.32. Details of the mxture proportions are given in Table 3.

Concrete m xtures containing Valley Power Plant (VPP) dass F
fly ash were proportioned to incorporate fly ash at cenent
repl acenent of 50 and 60% by weight. The correspondi ng m xtures
were designated as VPP-E and VPP-K Water to cenentitious
materials ratio was kept at approximately 0.32 for Mx No. O A and
VPP-E, and about 0.44 for Mx No. VPP-K. The details of the mx
proportions are given in Table 4. Mx No. OA is the sane for

both sources of fly ashes.

Al the concrete ingredients were kept at room tenperature
prior to mxing the materials. A rotary drum | aboratory m xer was

used to prepare concrete mxes. The properties of fresh concretes
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made with ASTM Cass F fly ash obtained from OCPP are given in
Table 3. The properties of concrete containing ASTM Cass F fly

ash derived from VPP are presented in Table 4.

6x12 in. (152 x 305 nm cylindrical specinmens were cast in
nolds for conpressive strength, tensile strength, and secant

nodul us of elasticity nmeasurenments for all the concrete m xtures.

The casting and curing of concrete test speci nens under | aboratory
conditions were carried out according to the appropriate ASTM

st andard net hods.

TESTI NG OF SPECI MENS

Speci mens were tested for conpressive strength, tensile strength,
and secant nodulus of elasticity in accordance with the applicable
ASTM test nethods. Three cylinders were tested for each

experinmental condition.
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RESULTS AND DI SCUSSI ON

Conpressive Strength

Conpressive strength data for the concretes containing Cass F fly
ash obtained from Cak Creek Power Plant (OCPP) fly ash is reported
in Table 5. Conpressive strength versus age relationship is shown
in Figure 1. Relation between conpressive strength and percentage
of OCPP fly ash is shown in Figure 2. Conpressive strength was
found to increase with age for all the fly ash concretes (Figure
1). In general, addition of high volunmes of OCPP fly ash in
concrete caused a reduction in conpressive strength (Figure 2)
with

respect to concrete containing 611 Ib./cu.yd. of Portland cenent.
Conpressive strength at 28-day decreased from 6820 psi (47 MPa) to
5016 psi (35 MPa) when fly ash inclusion was increased fromup to
60% of the cenent wused by weight. The fly ash concrete
incorporating 60% fly ash showed conpressive strengths of 3200 psi
(22 MPa) at the 7-day age and 5000 psi (35 MPa) at the 28-day age.
This is considered to be substantial for a concrete containing
only 244 |b./cu.yd. (145 kg/m) of Portland cenent. Thus, these
results indicate that concrete containing up to 60% of | ow cal ci um
fly ash can be proportioned to neet the requirenents of strength
and workability for structural grade concretes. The desired

strength can be achieved by adjusting the amount of fly ash, and
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for the sane water to cenentitious ratio desired workability can
be obtained through the wuse of superplasticizer. Moi sture
corrections for aggregates nust also be nade when aggregates
contain greater amount of water than that at the saturated surface

dry condition.

The conpressive strength data for concrete nmade with Cass F
fly ash obtained from the Valley Power Plant (VPP) is shown in
Table 6. The conpressive strength versus age curves are shown in
Figure 3. The relationship between conpressive strength and
percentage of fly ash inclusion is shown in Figure 4. The
conpressive strength data obtained with VPP fly ash showed the
sane general trend as described above for the structural concrete
made with OCPP fly ash. However, due to variations between the

source

of fly ash, in their physical properties, especially in fineness
and pozzolanic activity index, their reactivities varied which
caused differences in their neasured performance in concrete. The
concretes containing VPP fly ash produced sufficiently high
conpressive strength at all the ages tested up to 50% cenent
repl acenent. At 50 percent fly addition, concrete gained strength
of about 3000 psi (21 MPa) at 1l-day age, which is high enough to

nmeet requirenents of early strength gain for nost structural
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applications. The concrete also developed sufficient 28-day
strength suitable for structural applications even at 60% fly ash

i ncl usi on.

Figures 2 and 4 also show that at high fly ash replacenent
| evels, the proportion of fly ash concrete strength to reference

concrete strength increased substantially fromone day to 28 days.

The hi gh-strength obt ai ned t hr ough t he use of
superpl asticizers is attributed to the |lower water to cenentitious
materials ratio for a given consistency and due to the densified
concrete mxture. Previous mcroscopic studies have confirmned
that addition of superplasticizers in concrete mxes produces
excel l ent dispersion of cement particles which in turn accelerate
the rate of hydration reaction. Consequently, as observed in this
project, superplasticized concretes showed higher conpressive

strength due to | ow water cenent ratio.

Since early age strength for high-volune fly is |ower
conpared to reference concrete longer periods of tine wll be
required to reach the desired strength for stripping formwork. In
cases where additional curing tinme cannot be allowed, the mxture
proportion can be adjusted to neet the job requirenents in order

to reach sufficient strength for stripping within a given length
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of tine. It should be pointed out, however, that except for the
M x No. VPP-K, all concretes devel oped sufficient strength in one

day to allow for the form shipping to continue w thout del ay.

Splitting Tensile Strength

Splitting tensile strength data obtained from various concrete
mxes is reported in Tables 5 for concrete made with OCPP fly ash

and in Table 6 for concrete nade with VPP fly ash.

In general, splitting tensile strength increased with age for
concretes nmade with both OCPP and VPP fly ashes (Tables 5 and 6).
Also, in general, the tensile strength decreased with an increase
in fly ash content in the concrete. However, percent decrease in

tensile strength becane | ower at |ater ages.

The relationship between tensile strength and age for the
concrete made with the fly ash from OCPP is shown in Figure 5.
The
effect of fly ash addition on tensile strength of concrete is
presented in Figure 6. Analysis of the results showed that the
concrete containing 50% Cass F fly ash obtained from Gak O eek
Power Plant had 81% of the 28-day tensile strength of the

reference concrete. A further decrease in value of the tensile
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strength was obtained when addition of fly ash was further

i ncreased to 60%

The tensile strength versus age data for the concrete
containing dass F fly ash fromthe Valley Power Plant is shown in
Figure 7. The relationship between tensile strength and fly ash
inclusion is presented in Figure 8  This concrete achi eved 73% of
the tensile strength of the referenced concrete at fly ash
addition of 50% and the age of 28 days (Figure 8). Wiuen fly ash
addition was increased to 60% the fly ash concrete attained only

45% of the tensile strength of reference concrete.

Modul us of Elasticity

The secant nodulus of elasticity data is shown in Tables 5 and 6
for the concretes nmade with Oak Creek Power Plant fly ash and
Valley Power Plant fly ash. In general, nodulus of elasticity
values increased wth increased age, and decreased wth an
increase in fly ash content, all within a narrow range of possible

testing/ measuring errors.

The data presented in Tables 5 and 6 indicate that secant

modul us val ues of the concretes nade with both of these ASTM d ass
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F fly ashes up to 60% fly ash inclusion are sufficient for
structural applications. The nmodulus of elasticity was also

conputed using ACI Code 318 Egn' E W"°x33f ?, where E = the

C

static nmodulus of elasticity, psi; W = unit weight, Ib/ft’ and f_
= the 28-day conpressive strength of standard cylinder. The
val ues conmputed by the ACI Code equation is presented in Tables 5
and 6 for concretes containing OCPP and VPP fly ashes,
respectively. The values of nodulus of elasticity conputed by the
ACI 318 Code equation were within a few percentage points of the

actual val ues.

SUMVARY AND CONCLUSI ONS

This study was primarily directed toward eval uati on of performance
of concrete incorporating high-volume of ASTM dass F fly ash. A
Portl and cenent concrete, designed to have 6,000 psi (41 MPa), was
used as a reference concrete. Concrete mxes, containing two
different types of lowcalciumfly ashes were proportioned to have
cenent replacenents between 40 and 60% The water to cenentitious
materials ratio was nmmintained at approximately 0.32, and the
desired workability of concrete mxes were obtained with the aid

of a superpl asticizer.

In general, both conpressive strength and tensile splitting
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strength increased with age, and decreased with increasing fly ash
inclusions in the tested range of variables. However, the
concrete containing fly ash up to 60% devel oped conpressive
strength in excess of 4350 psi (30 MPa) at the 28-day age. At an
early 7-day age, the concrete had high early secant nodul us of

elasticity suitable for use in structural concrete.

Based upon dat a recor ded, it was concl uded t hat
superpl asticized concrete containing fly ash up to 60% can be
proportioned to neet the strength and workability requirenment for

structural grade concretes.

The chem cal, physical and mneral ogical properties of fly
ash can have appreciable effects on performance of fly ash in
concrete. Properties of cenent would also influence the
performance of concrete. Therefore, it is necessary to determne
the opti mum m xture proportions for each cenent and fly ash source

bef ore use.
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Tabl e 1: Chem cal and Physi cal

Test Data for

from Gak Creek Power Pl ant

-23-

the dass F Fly Ash

Chem cal Conposition Aver age, percent ASTM C- 618
Silicon Oxide, SiQ 49. 6 -
Al um num Oxi de, Al ,Q 24.0 -
lron Oxide, FeQ 14. 4 -
Total, S O+Al ,O+Fe,Q 88.0 70.0 Mn.
Sul fur Trioxide, SO 0. 88 5.0 Max.
Cal ci um i de, CaO 3.23 -
Magnesi um Oxi de, MO 0.98 5.0 Max.
Pot assi um Oxi de, KO 2. 46 -
Moi st ure Cont ent 0.11 3.0 Max.
Loss on Ignition 3.5 6.0 Max.

Physi cal Tests ASTM C- 618

Fi neness, % Ret ai ned on
#325 Sieve 25.7 34 Max.
Pozzol anic Activity | ndex
with Portland Cenent, 28
days, % 93 75 M n.
with linme, 7 days, psi 1110 800 M n.
Wat er Requirenent, % of
Cont r ol 103 105 Max.
Soundness, Autocl ave
Expansi on, % 0.08 0.8 Max.
Specific Gavity 2. 30 -

Note: 1 psi = 0.0069 MPa
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Tabl e 2: Chem cal and Physi cal

- 24-

Test Data for the Gass F Fly Ash

fromVall ey Power Pl ant
Chem cal Conposition Aver age, percent ASTM C- 618
Silicon Oxide, SiQ 50.1 -
Al um num Oxi de, Al ,Q 25.3 -
lron Oxide, Fe,Q 14.7 -
Total, Si OQ+Al ,O+Fe,Q, 90.1 70.0 Mn.
Sul fur Trioxide, SO 0.25 5.0 Max.
Cal ci um Oxi de, CaO 1.18 -
Magnesi um xi de, MO 0.71 5.0 Max.
Pot assi um Oxi de, KO 2.24 -
Moi st ure Cont ent 0.11 3.0 Max.
Loss on Ignition 3.5 6.0 Max.
Physi cal Tests ASTM C- 618
Fi neness, % Ret ai ned on
#325 Si eve 25 34 Max.
Pozzol anic Activity I ndex
with Portland Cenent, 28
days, % 88 75 M n.
with lime, 7 days, psi 640 800 M n.
Wat er Requirenent, % of
Cont r ol 106 105 Max.
Soundness, Autocl ave
Expansi on, % 0. 07 0.8 Max.
Specific Gavity 2.32 -

Note: 1 psi = 0.0069 MPa
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Tabl e 3: Concrete M x Using OGak Creek Power Plant dass F Fly Ash

- 6000 psi (41 MPa) Specified Strength

M x No. 0-A OCPP- A OCPP- B OCPP-D
Speci fi ed Design
Strength, psi 6000 6000 6000 6000
Cenent,
[ bs./cu. yd. 611 355 305 244
Fl'y Ash,
| bs./cu. yd. 0 244 305 366
Wat er,
| bs./cu. yd. 195 195 195 195
Water to
Cenentitious Ratio 0. 32 0. 33 0. 32 0. 32
Sand, SSD
| bs./cu. yd. 1544 1499 1487 1476
3/ 4" aggregates,
SSD, |bs./cu. yd. 1887 1831 1818 1804
Sl unp, inches 2-1/4 4 3 5-1/2
Ai r Tenperature,
degrees F 65 65 66 68
Concrete Tenper a-
ture, degrees F 65 65 66 68
Concrete Density,
pcf 158. 4 155. 2 153. 6 152. 8
Super pl asti ci zer
liters/cu. yd. 4.9 4.7 4.6 4.5

Not e:
e C=
yd =
=29

0.0069 MPa; 1 inch = 25.4 mm
(degree F - 32)/1.8
0.593 kg/nﬁ 1 pcf = 16.02 kg/

.57 x 10° oz.
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Tabl e 4: Concrete Mx Using Valley Power Plant dass F Fly Ash -

6000 psi (41 MPa) Specified Strength

M x No. 0-A VPP- E VPP- K
Speci fi ed Design
Strength, psi 6000 6000 6000
Cenent,
| bs./cu. yd. 611 305 244
Fl'y Ash,
| bs./cu. yd. 0 305 367
Wat er,
| bs./cu. yd. 195 195 266
Water to
Cenentitious Ratio 0. 32 0. 32 0.44
Sand, SSD,
[ bs./cu. yd. 1554 1501 1488
3/ 4" aggregates,
SSD, Ibs./cu. yd. 1887 1836 1870
Sl unp, inches 2-1/4 1-1/2 9-1/2
Ai r Tenperature,
degrees F 65 60 65
Concrete Tenper a-
ture, degrees F 65 60 65
Concrete Density,
pcf 158. 4 151. 6 155
Super pl asti ci zer
liters/cu. yd. 4.9 4.5 5.1

Not e 1 psi = 0.0069 MPa; 1 inch = 25.4 nm
1 degree C = (degree F - 32)/1.8
1 I'b/cu yd = 0.593 kg/mi; 1 pcf = 16.02 kg/ m
1 liter = 29.57 x 10° oz.
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Tabl e 5:Concrete Strength Data Using OGak Oreek Power Plant O ass

F Fly Ash - 6000 psi

(41 MPa) Specified Strength

M x No. 0-A OCPP- A OCPP- B OCPP- D
Speci fied
Strength, psi 6000 6000 6000 6000
Percent Fly
Ash 0 40 50 60
Test Age, Days Conpressive Strength, psi
1 4525 2404 1712 2346
7 6572 4604 4097 3189
28 6820 6343 5140 5016
Test Age, Days Splitting Tensile Strength, psi
1 365 251 158 145
7 464 362 360 236
28 541 453 439 353
Test Age, Days Modul us of Elasticity, psi x10%
7 4.92 3.78 - 3.27
28 5. 45 4.75 - 4. 77
28** 5.43 5.08 4.5 4.73
Note: 1 psi = 0.0069 MPa

*Average of three test specinens.

**Conput ed by ACI 318 Equati on
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Tabl e 6: Concrete Strength Data Using Valley Power Plant Oass F
Fly Ash - 6000 psi

(41 MPa) Specified Strength

M x No. 0-A VPP- E VPP- K
Speci fied
Strength, psi 6000 6000 6000
Percent Fly
Ash 0 50 60
Test Age, Days Conpressive Strength, psi
1 4525 3006 553
7 6572 3805 2258
28 6820 5906 4569
Test Age, Days Splitting Tensile Strength, psi
1 365 156 45
7 464 271 212
28 541 393 245
Test Age, Days Modul us of Elasticity, psi x10%
7 4.92 3.33 4. 07
28 5. 45 4.33 -
28* * 5.43 4.73 4. 30
Note: 1 psi = 0.0069 MPa

*Average of three test specinens.

**Conput ed by ACI 318 Equati on
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Li st of Tabl es

Table 1: Chem cal and Physical Test Data for the Adass F Fly Ash
from Cak Creek Power Pl ant
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from Val | ey Power Pl ant

Table 3: Concrete Mx Using Cak Creek Power Plant O ass F Fly Ash
- 6000 psi (41 MPa) Specified Strength

Table 4. Concrete Mx Using Valley Power Plant Aass F Fly Ash -
6000 psi (41 MPa) Specified Strength
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Fly Ash - 6000 psi (41 MPa) Specified Strength
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Li st of Fi qures

Figure 1: Conpressive Strength vs. Age for OCPP dass F Fly Ash

Figure 2: Conpressive Strength vs. Percentage Fly Ash for OCPP
Cass F Fly Ash

Figure 3: Conpressive Strength vs. Age for VPP Cass F Fly Ash

Figure 4: Conpressive Strength vs. Percentage Fly Ash for VPP
Cass F Fly Ash

Figure 5: Tensile Strength vs. Age for OCPP Cass F Fly Ash

Figure 6: Tensile Strength vs. Percentage Fly Ash for OCPP d ass
F Fly Ash

Figure 7: Tensile Strength vs. Age for VPP Oass F Fly Ash
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Figure 8 Tensile Strength vs. Percentage Fly Ash for VPP Oass F
Fly Ash



