High Early Strength Concrete Containing Large Quantities of Fly
Ash

Tarun R. Nai k" and Bruce W Ramme"”

Abstr act

Thi s paper presents results of research perforned at a

precast/ prestressed concrete plant to identify opti num m x
proportions for production of high early strength concrete with
high fly ash contents. Conpressive strength, workability and
wat er demand results are presented.

| nt roducti on

The purpose of this project was to devel op m x proportioni ng
information for production of high early strength concrete with
high fly ash content for precast/prestressed concrete products.
The fly ash used in this project was produced by Wsconsin

El ectric Power Conpany (WE), at the Pleasant Prairie Power Plant
| ocated i n Kenosha County, W sconsin.

Test data fromm x proportioning reported in earlier
publications (10, 11, 12, 13, 14) clearly established that fly
ash can be used for structural grade concrete in quantities of
up to 60 percent replacenent of cenent. Denonstration projects
are also reported in these publications which show that pavenent
construction and ot her projects have successfully used
structural grade concrete with up to 70 percent cenent

repl acenent.

The objective of this paper is to report that high early
strength concrete can be produced with high replacenent of
cenent by fly ash for precast/prestressed operations. Effects
of fly ash content on water demand and workability are al so
reported.

Tests were carried out on high-strength concrete, where fly ash
was substituted for cenent at levels up to 30 percent

repl acenent of the cenment. Aliterature search was al so
conducted to further study the water demand, workability, and
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strength characteristics for fly ash concrete. Rat her than
conpi l ing an exhaustive annotated bibliography of the avail able
literature, sonme inportant publications were reviewed in detail.
They are listed in the references (1-24).

Pl easant Prairie Cass C Fly Ash

The Pl easant Prairie Power Plant Cass C Fly Ash is a by-product
of Western United States sub-bitum nous coal conbustion. The
fly ash is captured by electrostatic precipitators fromflue gas
prior to discharge by exhaust chi meys, and neets the

requi renents of the ASTM C618 C ass C Designation, see Table 1
Until about fifteen years ago, nost of the fly ash avail able
fromcoal burning power plants in the U S. was of the Cass F
(low cal cium variety. However, the introduction of |ow sul phur
west ern sub-bi tunmous coal in the 1970's made O ass C (high
calcium fly ash nore readily avail abl e.

Class C fly ash has higher linme content than Class F fly ash and
possesses sone cenentitious properties of its own. Therefore,
the Cass Cfly ash can be used in higher proportions than the
15 to 20 percent range typically used for the Class F fly ash
for structural quality concrete.

M x Proportioninig

M x proportions were devel oped for producing concrete on a 1.25
to 1.00 fly ash to cenent wei ght substitution in the anmount of
0, 10, 15, 20, 25 and 30 percent. Six different m x proportions
of 8000 psi nom nal conpressive strength concrete were

devel oped. M x proportions and test data for the twelve m xes
are given in Table 2.

Concrete M xi ng

Concrete was produced at a precast/prestressed concrete plant in
2 cu.yd.test batches. Based on the prelimnary m x proportions
devel oped, the final m x proportions were conpleted in
consultation with the concrete producer. All m xed were nade
wth Type | Cenent. Standard batching and m xi ng procedures for
ready-m x concrete were followed, in accordance with the ASTM
Test Designation C 94.

Speci nen Preparation and Tests

Each batch of concrete produced was tested for acceptability
before concrete tests were undertaken. Fresh concrete tests were
performed and m x proportions were recorded (see Table 2). Tests
for slunp and air content were also perfornmed and data recorded,
(Table 2). Attention was also paid to maintaining constant

wor kability for the concrete. From each concrete m x, necessary
speci nens were prepared for conpressive strength tests.



Test Results and D scussion

Conpr essi ve Strength:

The conpressive strength results are shown in Table 3. Fi gure
| shows the conpressive strength vs. age conparison for the 8000
psi m xes produced at the prestressed concrete plant.

Mx | is for the no fly ash concrete. Mxes 2 through 6 are
conpared to Mx No. 1, (i.e., fly ash concrete m xes were
conpared to the non-fly ash concrete Mx). Mx No. 2, which has
10 percent fly ash replacenent, had a strength gain of 8% 14%
17% and 11%for the 19-hrs., 22-hrs., 3-day, and 7-day ages,
respectively, when conpared to the non-fly ash concrete (M x No.
1) , see Table 3. The strength gain was about 12 % for the later
ages (14 days and 28 days). Wen the anmount of fly ash

repl acenent was increased the strength gain at early age was
nore pronounced. For exanple, Mx No. 4, which has 20 percent
fly ash replacenent, had a strength gain of 53% 48% 51% and
50% for the 19-hrs, 22-hrs, 3-day, and 7-day ages, respectively,
when conpared to Mx No. |, which had no fly ash (Table 3). Mx
No. 6, which has the highest fly ash replacenent, 30 percent,
had even a higher strength gain at the 7-day age, 65 percent.
These results clearly indicate that Cass C fly ash usage

i ncreases the early age strength of concrete. Therefore, this
Class C fly ash can be used to produce high early strength
concrete, in quantities of up to at |east 30 percent cenent

repl acenent as denonstrated by the data obtained for this
project. Therefore, fly ash can be used to produce high early
strength concrete for precast/prestressed applications.

Figure | provides a nore conplete picture of the strength

i nprovenent for fly ash concrete m xes when conpared to no fly
ash m xes.

Figure 2 shows simlar strength goals for a different producer.

Wat er Demand

Figure 3 shows the relation between the percentage of fly ash
repl acenent and the anmount of water required for the sanme

wor kability for the 8, 000 psi nom nal strength concrete. It is
apparent fromthis figure that as the anmount of fly ash content
i ncreases the water "demand" decreases, while maintaining
approxi mately the sane workability. For exanple, Mx No. | had
zero percent fly ash replacenent and the anmount of water needed
was 298 Ibs., while Mx No. 6 had 30%fly ash repl acenent and



t he anobunt of water needed was only 229 | bs. for the sane
wor kability. Figure 4 shows simlar test results for a different
concrete producer.

Figure 5 shows the relation between the water to cenentitious
material ratio, by weight, and the percentage of fly ash
replacenent for this source of concrete (Table 2). It is also
obvious fromthis plot that as the anmount of fly ash repl acenent
increases the water to cenentitious material ratio decreases for
the sane workability. This is indeed a well docunented fact in
the literature. The data fromthis project confirnms that fly ash
concrete requires less water for the sane workability as a
simlar concrete without fly ash.

Wr kabi | ity

Wor kabi lity was observed and noted throughout the project. Al
of the concrete produced was honbgeneous and cohesive
irrespective of the amount of fly ash replacenent. Slunp
readi ngs noted in Table 2 shows no significant difference
between the different m xes. O her researchers have reported
that fly ash concrete inproves workability and the data drawn
fromthis project confirmthis fact because even though the
water to cenentitious ratio decreased as the fly, ash content
was i ncreased, excellent workability was mai ntai ned.

Summary and Concl usi ons

The concl usi ons, which can be drawn fromthis project for the
use of Type C fly ash, are:

(1) The test data clearly establishes that cenent replacenent
of up to 30 percent with fly ash increases early age strength
conpared to the concrete made with no fly ash. Therefore,
concrete mxes with the Type C ash can be used with confidence
to produce high early strength concrete for precast/prestressed
pr oduct s.

(2) As the anmount of fly ash used in a mx increases, the
water required for the same workability in that m x decreases.
(3) Fly ash use inproves the workability of the m x and thus
all ows a decrease in the anount of water used.

(4) For the same workability, the water to cenentitious ratio
decreased significantly as the fly ash content increases from
zero to 30 percent replacenent of cenent.



Recomendat i ons

Precast/prestressed product suppliers not using Class C fly ash
shoul d consi der the advantages of using this material in their
daily production. The apparent advantages are:

(1) | mpr oved Econom cs - | nproved econom cs are possible as a
result of reduced raw material costs resulting in nore
conpetitive products over a w der geographical region.

(2) Hi gher Quality - Fly ash usage in concrete provides higher
qual ity products including, higher density with reduced
perneability, increased strength and other properties.

(3) I ncreased Productivity - Fly ash concrete m xes are
handl ed nore easily because of inproved workability. Faster

rel ease of prestressing tendons is al so possible because of

i ncreased early age strength with use of fly ash.
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Table 1. Chem cal and Physical properties Test Data PLEASANT
PRAI Rl E PONER PLANT d ass C FLY ASH
' NLMAKD
CHENTCAL COMPOIITION OF SAMPLES| RANGE (3) AVE.(XZ) [ASTN =318
L ki A s
Sileon Oxide (3104) 9 . o0 - J5.60 b -
Alumines Oxide {ALydy) 9 17.10 - 14.20 | 1T.T4 -
Teom Oxlde (Fu 0yl B 15,190 ~ 6.3 1.43 -
Sulfur Teicxide (30g) P 2,60 — .42 &.0a 5.0 Mx.
Caleinn Oxtda {Cal) 5 2¢4.5C - 29.50 27.52 -
Hﬂiihﬂ"l 'ﬂﬁlf.lﬂ.‘.‘. ’ uim - nl'l'q' u|1= 3.“ ml
Lasg On Ignition ;] 0.20 =~ 0.8 0.0 6.0 Max.|
Availsble Alknlies as (¥a.0) T 09.87T - 1.58| 1.IB 1.0 Max.
) NOMBER
AVE. [|ABTH O=-813
PHYSICAL TEAT OF SAMPLES LANGE
« X Batalned on .
:;:;-:::. minre 3 1.0 = 13.34| 19.93 34.0 Nax.
Poexolanic ivity Inder
ﬂ;:: mﬁtﬂ daysn, X % - 113 111 5.0 Mia.
with Limw, T days, pai g 10 - 1488 1028 a0 Min.
¥atar requirassmt, & of
the comtrol 9 18 ~ 92 80 105 Max.
Autocisve Expansion (X Y 0.07 - 0.2t| mtz | 0.8 M.




Tabl e 2: CONCRETE M X PROPCRTI ONS AND TEST DATA — 8000 PSI

SPECI FI ED STRENGTH

CONCRETE SUPPLI ER: Prestressed Concrete Plan No. 1

HIX ¥O. U - 3 ’ 5 s

S ——— e - i e
Specified Design

dtrength, pei 4,000 1,000 3,000 8,000 4,000 8,000
Cawent, lbs 580 594 L1 1} 320 495 452
My ish, lbe 0 ) 120 180 200 244
Water, lbhs # 298 273 56 Z48 233 2293
Sand, 330, lba 1344 1344 1144 1344 144 1379
1" aggregatan

83D, lbs 1900 19G0 1900 1980 1900 19300
W/ HCHRA) 0. 45 g.41 0.13 0.3é 2.4 .33
Slomp, lnches 2-1/4 == G-1/2 8-3/4 +=1/4 7 174
Alr Conteat, X 5.4 .5 z.4 2.0 3.1 1.6
Air

Taaperiturs, F TG Ta T0 0 70 T0
Concrats

Tawperature, ¥ (1] a8 T0 ] 49 a9
Concrata

* 90 lig. oz. WRDA-19 (superplasticizer) added to all m xes
** Reduced slunp because of delay in testing — actual slunp

approxi mately 5”

initially when the truck arrived




Tabl e 3: CONCRETE STRENGIH TEST DATA — 8000 psi SPECI FI ED
STRENGIH, PLANT NO. 1

MIX MNO. 1 2 3 4 -] |
Speciflied

!l:mqtlh

pal 5000 20040 030 2000 S 3000
PFarcent

PFly Ash 1 ] 10 15 20 3 10

20

190
R 3040] 3235|3710 3800 | 4100 | 40953 | 4900 [ 4890 | 4390 | 5060 | 4280 | 4475
3 3410 3850 4050 E H 4470
4 18801 3750|4220 4155( 5590 | 5620|5150 | 5640| 6310| 6315 6260|6170
T 840 4100 5450 5120 §120 8030
14 407014210 | 4740|4585 {8850 | 5815 | 3910|5175 | 7110|7075 1 TL10| 7309
14 4330 4830 8580 8440 EI T5C0
8 4740 | 477452705395 7360160309450 | 8080 [87TTO 8425 | 2520|8365
- 4110 5320 4300 Tr10 2100 2210




COrPRESSIVE STRENGTH, psi

psi

COMPRESSIVE STRENGTH.

{ Thousands )

{ Thousdnas)

Fi gure 1: COWPRESSI VE STRENGTH VS. AGE COVPARI SON

5000 psi concrete,

Plant No. 1

10

(N/(C+FA)]

14 O 0Z FLY ASH (0, 45)
s + 10%Z FLY ASH (0. 41 ]
24: X 154 FLY ASH  [0.38]
¥ O 20% FLY ASH  [0.36]

{ - A 257 FLY aSH [0.34]
* 307 FLY ASH  (0.33)

0 | T T | l
0 | 3 T 14 28

Age (days)

Fi gure 2: COWRESSI VE STRENGIH VS. AGE COVPARI SON

5000 psi concrete,

Pl an No. 2

Age (days)

KEY [W/(C+FA)]

O 0 FLY ASH [ 0. 44 )
# |0 FLY ASH [0.39)
W [SZ FLY ASH to. 391
204 FLY ASH (0. 371
A 254 FLYT ASH [0.36]
» 0% FLY ASH [0.351]
1] ¥

; 14 28




Fi gure 3. RELATI ONAHI P BETWEEN PERCENT CEMENT REPLACEMENT BY FLY
ASH AND WATER DEMAND
Pl ant No. 1

300
290 -
280 -
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250 9
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Percent Cenent Replacenent by Fly Ash

Fi gure 4: RELATI ONAHI P BETWEEN PERCENT CEMENT REPLACEMENT BY FLY
ASH AND WATER DEMAND
Pl ant No. 2

AMOUNT OF WATER (lbs)
M
&
o
1
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Fi gure 5: RELATI ONAHI P BETWEEN PERCENT CEMENT REPLACVENT BY FLY
ASH AND WATER TO CEMENTI Tl QUS RATI O
For Plant No. 1 and Plant No. 2

WATER TO CEMENTITIOUS RATIO (BY WEIGHT)

0. 50
KEY
® Plant Mo. |
0. 43 ‘m B Plani MNo.?
0. 40 ~ %
8 .
ﬂ'- 35 - g a E
_ L
0. 30 1 | I L | J 1 1
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Percent Cement Replacement by Fly Ash



