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Abstract-Cement is the most abundantly used ingredient in the
production of concrete due to which its production and use has
increased manifold. To reduce the carbon footprint left by the
cement production, fly ash is used as cement replacement in
concrete. Past research studies suggest that the fly ash
replacement can be upto 40% beyond which there will be drastic
reduction of strength. In the present study, high strength
concrete mix of 70 grade is developed with high volume fly ash of
70% as cement replacement. Silica fume of 10% and hydraulic
lime of 30% are used as additives in the development of M70
grade high-strength high-volume fly ash concrete. In the present
paper, three types of fly ashes are considered for the study of
which one which is ultrafine is chosen based on the pozzolanic
index and strength activity index. Excess lime needed for various
percentage of fly ashes is evaluated based on the empirical
equationsgiven by the Dunstan Jr andZayed.

Index Terms- high volume fly ash concrete, high strength
concrete, high performance concrete, lime concrete, quaternary
blended concrete.

l. INTRODUCTION

Usage of concrete has increased as construction activities all
over the world has increased considerably due to which
production and cement has increased extensively leading to
emission of high amount of carbon dioxide which is a cause
of concern. So in order to reduce the carbon footprint,
cement production and use are to be controlled in such a
way that cement should be replaced by aternative
cementitious materials. Pozzolans can be used as cement
replacement to some extent deriving the advantages of both
hydration and pozzolonic reactions during hardening stage
of concrete. Studies reveal that pozzolan such as fly ash can
replace cement upto 40% but the rate of strength gain is
dow during initial age but gains strength during later age
with superior durability properties. Some studies show that
addition of sdlica fume can enhance the mechanical
properties of the concrete especialy at the initial age. Due to
presence of high amount of pozzolan which has reactive
silica as major component, the requirement of calcium
hydroxide is more to reactive silica available from fly ash.
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Since the cement content available is less so the
production of cacium hydroxide is aso very
less,demanding for more calcium hydroxide for CSH gel. So
appropriate amount of lime can be supplied as additive to
cater to the need of calcium hydroxide required to reactive
with reactive silicain fly ash..

. OBJECTIVES

1) Mix quantities for the high strength concrete (M70) are
obtained using Entroy Shacklock Method

2) Choice of type of fly ash based on pozzolanic index and
strength activity index

3) Determination of optimum percentage of fly ash for high
volume fly ash concrete

4) Determination of optimum percentage of silicafume

5) Determination of optimum amount of lime to be used for
high strength high volume concrete

i, EXPERIMENTAL INVESTIGATIONSAND
THEIR TEST RESULTS

A) MIX DESIGN

Mix design procedure for high strength concrete (M70) is
based on Entroy Shacklock empirical method. Quantities
arrived at are presented in the table 1 below for which the
achieved compressive strength at 28 daysis 52.6 MPa.
Assuming W/C =0.30 and cement= 450 kg/m® to develop
high strength concrete, several trails are conducted on the
calculated quantities and new quantities are arrived at. Fine
and Coarse aggregates are adjusted in such a way that the
maximum compressive strength that can be obtained is 55.3
MPa and quantities are tabulated in table 2as follows.

B) LIME REQUIREMENT FOR HIGH VOLUME FLY ASH
CONCRETE

For the present study, three types of fly ashes from various
sources are procured and tested for their reactivity for
pozzolonic action. The one having more pozzolonic index
will be chosen to develop high strength high volume
concrete.The lime required at 28 days can be calculated
from table3. Full hydration is assumed at 28 days and the
lime produced by hydration is assumed to be 25%.
Calculations for lime needed for 100% pozzolanic reaction
as per Dunstan Jr& Zayed 2006 are given in table 3.

Table 4 presents the cement mortar mix quantities for
calculating pozzolanic index (Pl). According to ASTM C
618, fly ash to be used in concrete has to satisfy the “SAI-
StrengthActivity Index”, which is used to measure the
reactivity of the fly ash. Strength Activity Index is the
measure of percentage of strength of mortar made with 20%
mass replacement of cement with pozzolana to that of a
strength of cement mortar designed at the age of 7 or 28
days for water/powder ratio of
0.484.
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To evaluate the reactivity of fly ash, Pozzolonic Index is
estimated from the equations mentioned in table 5and its

Table 5- Equationsto evaluate the reactivity of fly ash in
terms of Pozzolonic Index

corresponding values are tabulated in table 6. Table 7 , _
presentsthe pozzolonic indices and strength activity indices Pozzolonic Index (P1)= B/A
of various fly ashes used for the study. Cc= Volume of
Table 1. Quantitiesfor high strength concrete (M 70) Eema;;/ of c.23 5
Concrete |Cement| Water Fﬁggreggtgarse <p EV: [1.598H,C]-[kH,CJ]- ;e(r'r\]/lmt Density)o C‘c’;lélzfn?lcm
i 3 i i 3 W =C,/C 480/3.15
Mix  |(kg/m’)| (Litres) (kg/m?) |(kg/m?) (litre/m?) Cd:ngnsity o ( )
M70 grade| 501.4 | 115.8 832.2 1008 11 Cement
F,= Weight of fly
Table 2: Quantitiesfor concrete made with W/C =0.30 ash F.= 409 (20"/g)
A = kF,/F4-2.85F,/ F,= Density of fl F=2.15 g/lcm
Cement| Ve Agoregate sp ’ > och oty 5=2.65 g?//cms
Mix 3| (Litres) | Fine |Coarse| jitraimd S;= Density of Sand
(kg/m°) _ A | (litre/m) -
(w/c=0.30) (kg/m®) |(kg/m®) Fep= Compressive 46,8 (F.oy)
\Where, k = strength of cement o
Reference| 450 132 940 | 99 14 [Fo/(2.143X)] 3 mong madewith  [#9-6(Fep2)
pozzolana 54.3(Fopa)
Table 3-Calculationsfor limerequired for 100% , [e= Compressive
pozzolanic reaction X =F/[(2.145)*(Y/2)]  |strength of cement s -y
MPa mortar made with “
Powder content Q OPC
) Co=Volume of C,=67.8
Weight of Fly ash Pp \ = 1508*Co*Hx mi pozzolanic cement  [ml(200/2.95)
ight of (Fc;r p.ozzolarﬁ)ic cements) ~(Mass/ Density ) of 2.95 Sp. gravity
Weight of Cement Pc ce(r?/?t of pozzolanic
Pozzolanic Index = CICqy cement
(reactivity of pozzolana with PI | Vm//=290 ml
Ca(OH - V= volume of \W/C=0.484
. .a( )2). . 7= H,C+V,,ml ter (ASTM C 618)
Free Lime available during hydration 0.25 *Pc*Hx C=600 gm
\W/C=0.484
Reactive pozzolan i \l{|VherOe’914W/C/ W/C+0.17 EX; gtzicentaget()f (ASTM C 618)
«=(0. +(0. I cemen _
Lime required for 100% pozzolana 1.85*PI*P and( ( )Hy:Percentage of |W/C,=0.605
action ' P H,= h);drated pozzolanic |($9_064§7(2
Excess lime/ Lime needed= (0.914W/C,)/(W/C,+0.17) [cement HX;0.71 4
Free Lime available during hydration 0.25*Pc*Hx - —
- 1 i 1 * *
Lime rqu'zrzegl ;?];eact with 1.85*PI*Pp Table 6 —Pozzolonic I ndices (PI) of various fly ashes used
p in the study
. " . F 531| Y Z Y/ | X k B A | Pl
Table 4- Mix quantities and compressive strength of ¢ MPal ( 3 -B
cement mortar specimens Z) A
I ot \y (Compressve | FJ 468 7 [14[ 01 |18|04] - | - |0
y Sand Strength 1 MPa| 3. | 26| 35 | 34| 95/0.0230.101 24
Mix Cement| ash Cement Fly gm w/p Water 28 days P 2 84 | 43
0, 0, 1
) 1001 g ?ﬁ ratiol ml- |~ \1pg) F| 396 |732[142.60135[183.[ 05| - | - | O.
MPa 4 | 05 10.0270.100 28
OPC| 100 | 0 [200(C)| 0 |600/0.484 96.8| 53.1(F.) P2 3 | a7
FA 600 96.8
F| 543 (73.2(142.60.135|183.| 0.5| - - 0.
Typel 80 | 20 [160(C,) 40 0.484 46.8 (Fepa) MPa 4 | 20 10.0330.100 34
1
81 | 03
FA 160 40 (600 96.8
T);pe 8 |20 (<) 0484 49.6(Fcr2) Table 7- Pozzolanic & Strength Activity Indexes of
different fly ashes
FA 160 40 (600 96.8 T o Pi/ SAT
Type 80 |20 0.484 54.3(Fopa) Ype ot 17y ash
3 (®3) Type 1 0.24 88.1%
Type 2 0.28 93.4%
[Type 3 0.34 102.3%
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Table 10 - Lime calculated for PI=0.34 (Type 3)

H, = (0.914* (135/360))/((135/360)+0.17)=0.63 A Excesy %
Excess Lime/ Lime needed = (0.25* P.*H,)-(1.85*0.24* Pp) Total % Cemen ashy Lime/ |[Excess
=16.64 binderCen:en % Ry | () [Hy | Hme LMo
% Excess Lime/ Lime needed= (Excess Lime/ Lime needed Q) i FA kg/r%S kg/pm *| neede| Lime
*100)/450=4% kg/m® 3 d |neede
Table 11 presents the mix quantities for various high volume kgm®| d
fly ash concrete mixes and table 12 presents the compressive 06 Not
strengths of high volume fly ash concrete mixes made with 450 | 0.8 [0.2] 360 | 90 3 -0.01| O [|Require
various percentages of fly ash. d
0.2 0.6
Table 8- Lime calculated for PI=0.24 (Type 1) 450 | 0.75 |71 337.5 112,57, "|-16.64| -4 | needed
Total H Excesy % 450 | 0.7 |0.3| 315 | 135 056 -33.38| -7 | needed
inder % | o [COMENt g | |Lime/|Excess 03 06
(Q) [Cement FA (P P) Hy | Lime |Lime/|Remarks | 450 | 0.65 | [°| 2925 |157.5 ~°|-50.22| -11 | needed
kg’ kg/m® » g/?ns needed Lime 05
kg/m® |needed 450 | 06 |04| 270 | 180 |'g"|-67.18 -15 | needed
450 | 0.8 [0.2] 360 | 90 [0.6316.64] 4 |Excess 0z 07
450 | 0.75 [0.25 337.5 [112.50.64 4.17 | 1 |Excess 450 | 055 |C'| 2475 (2025 " |-84.26| -19 | needed
450 | 0.7 |0.3] 315 | 135/0.69-8.40| -2 |needed i
450 | 0.65 [0.35 292.5 [157.5(0.67-21.08] -5 | needed 450 | 05 |05| 225 | 225" | 1 4 -23 | needed
450 | 0.6 |0.4]| 270 | 180/0.68-33.88) -8 | needed 05 o7l -
450 | 0.55 [0.45 247.5 [202.50.70-46.79] -10 |needed | | 450 | 0.45 | 7| 2025 [247.5 5 |, oq| -26 | needed
450 | 05 [0.5] 225 | 225(0.71-59.84| -13 | needed 07l -
450 | 0.45 |0.55 202.5 [247.500.73-73.02] -16 |needed | |40 | 04 |0.6| 180 | 270 | o |, 40 o -30 | needed
450 | 0.4 |0.6] 180 | 2700.79-86.35] -19 | needed 06 071 -
450 | 0.35 |0.65 157.5 |292.50.76-09.84] 22 | needed | | 490 | 035 | 57| 157.5 292.5 "'}, 5 o -34 | needed
- 07] -
450 | 0.3 |0.7| 135 |315(0.78 -25 | needed .
113.49 450 | 03 |0.7| 135 |315 | |-, - -38 | needed
- 0.7 08| -
450 | 0.25 0.79 112.5 (337.50.80 -28 | needed .
19733 450 | 0.25 | ¢ | 11253375 )| 00 -7 42 | needed
- 08| -
450 | 0.2 |0.8] 90 | 360 [0.82 -31 | needed .
141,37 450 | 02 |08 90 |360 |, |- g7 46 |needed
Table9 - Lime calculated for PI=0.28 (Type 2) Table 11 - Mix quantities of high volume fly ash
Excess % concrete
Total Fly ;
bindel % | % Cement ash Ll_me/ E>_<cees Aggreg
(Po) H, | Lime |Lime/ Remarks Al Cce ate
(Q) _(Cement| FA 3| (Pp) : Flyd Wa——
3 kg/m 3  |needed Lime men Fin SP
kg/m kg/m 3 Cem|y sh| ter Coa|
kg/m” jneeded Mix |enties t | aol k!l © (litre/
250 | 0.8 [0.2] 360 | 90 063 998 | 2 | Excess % || ko| "I CI g | Bl s
450 | 0.75 [0.25 337.5 [112.50.64 4.16| -1 | needed o oy ™| ™) m | &Y
450 | 0.7 [0.3] 315 [135/0.65-18.39] -4 | needed 3) m~)
450 | 0.65 [0.35 292.5 [157.5(0.67-32.74| -7 | needed _ 9
450 | 0.6 [0.4] 270 [1800.68-47.20| -10 |needed| [Mix1(FA 0.0 94 1
100|0| 450 9
450 | 0.55 [0.45 247.5 [202.5(0.70-61.78] -14 | needed CO) 0 132 0 6 4
450 | 0.45 [0.55 202.5 [247.500.73-91.34] -20 | needed C50) 50 || 225 | 225
450 | 04 |0.6| 180 | 270 |0.75 106-.33 -24 | needed MIC):(:63($)I):A 40 8 180 | 270 132 940 996 14
450 | 0.35 (0.65 157.5 [202.50.76 1 4o -27 | needed Mgﬁ(()'):A 30 (7) 135 | 315 | 132 | 940 | 9% | 14
- Mix5(FA 8 132 | 940 [996 | 14
450 | 0.3 |0.7| 135 |315(0.78 5. of -30 | needed csc()) 20 |o| 90 | 360
450 | 0.25 (0.7 112.5 337.50.80 ., 5| -34 | needed
450 | 02 |0.8| 90 |360(0.82 0| -37 |needed
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Table 12 - Compressive strengths of concrete mixes Mix32(FAC60+ 0 60 10 18. | 35 | 432
made with various per centages of fly ash SF10) 58 194 |6

Fly Compressive Strength Mix41(FAC70+ 30 0 5 12. | 26. | 394
Type Cement ash (MPa) SF5) 8 |52 |8

% % | 7days 28 | 60days || Mix42(FAC70+ 30 0 10 15. | 31. | 473
days SF10) 41 |18 |8

Mix1(FACQ) 100 0 359 | 553 | 60.7 Mix51(FAC80+ 20 80 5 11. | 23. | 314
Mix2(FAC50) 50 50 134 | 335 | 393 SF5) 88 |76 |4

Mix3(FAC60) 40 60 129 | 319 | 356 Mix52(FAC80+ 20 80 10 14. | 28. | 37.7
Mix4(FAC70) 30 70 107 | 221 | 329 SF10) 26 |51 |3

Mix5(FACB80) 20 80 9.9 198 | 26.2 *%bwp-by weight of powder

To enhance the early and later strengths, Silica Fume of 5
and 10% by weight of powder (Cement+ Fly ash) is used for
the study.

Table 13- Mix quantities of high volumefly ash concrete
with silica fume as additive

Powder| | ol  |Sii| frO9reo
Flya ca |Wat e

SF |me
CemFly|o, | nt sh |Fu Coa

er
% |%b (Apdd Eng/ md) (kgl md) ( g/(kg/ /m°)
bwp wp i ™M™ 3

Mix11(FA 22,
CO+SF5) 100| O | 5 (450 O 5

Mix12(FA
Co+SF10) | 100| O | 10 450 0 |45/132/940/996| 14

Mix21(FA 22,
C50+SF5) 50 |50| 5 (225|225 5

Mix21(FA
Coorari0) 20 | 50| 10 (225225 45 |132/940|996| 14

Mix31(FA 22,
C60+SF5) 40 |60| 5 (180|270 5

Mix32(FA
Co0+Sr10)| 40| 60| 10 180(270) 451132/940|096) 14

Mix41(FA 22.
Crorsrs) | 30| 70| 5 [135/315/°F

Mix42(FA
Cro+Sr10)| 30| 70| 10 (135315 45 |132 940|996 14

Mix51(FA 22.
Caorsrs) | 20| 80| 5 [90|360/°

MixB2(FA
Ceo+Sr10)| 20 | 80| 10 |90360] 45 |132 940|996 14

Mix Fine (litre

132|940|996| 14

132|940|996| 14

132|940|996| 14

132|940(996| 14

132|940(996| 14

Table 14- Compressive strengths of variousfly ash based
concr ete mixes

Table 15- Compressive strengths of high strength high
volume fly ash concrete mixes

cem | H Compressive

o ag):. SF | Strength (MPa)
Type % %b \‘;{;)b g 38 nga

owp |wp | WP | | S |y
Mix11(FACO+ 43| 66. | 728
SF5) 10010 15 tog |36 |4
Mix12(FACO+ 51 | 79. | 874
SF10) 100 10 110 125 g3 |1
Mix21(FACE0+ 16, [ 20, | 271
SF5) 50 180 15 g |2 |6
Mix21(FACE0+ 19. [ 28 | 365
SF10) 50 150 110 5y o |9
Mix3L(FACE0+ 15 [ 28 | 327
SF5) 40160 |5 |45 |28 |2
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Powder Hydr Compressive

Ce Ay | SF | adlic Strength (MPa)
Mix Type mten ash | %b | Lime . 28 | 60

% (\)I/\;Jb wp | %bw ays Da | Da

bwp p p ys | ys
TR w0 0| 5|5 |a
A o [ 0] o |5 (5]3
AT o [ 0| 0 |3 ]52
A o [ 0| © 2[5
A o [ 0| @ |5 %)%
AT o [ 0] 0 %52
e [0 0] 0 [B5[S
EAARBRERIREE
e T [ 0| » % 5%
S 0 [ 0| 0 %22
A w0 (@ 0] © |5 %%
e [ 0| o |5 (B4
e [ 0| 0 |5 ]5]%
ABIRREIFEF
ENBRBREIREE
[ 0| 0 |25
A o 0] o %35
S [ 0| 0 |5 5]
EABDREINEF
A [ 0| @ % 5D

751 En0iaN
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Mix52(FAC 20, [ 41, | 55.
go+sF10) | 20 | 80| 10 40 gy | 74 | 2a

V. DISCUSSIONS

Fly ash usage upto 40% in concrete may give high
performance but gain of strength is very dow. If high
volume of fly ash is intended to be used in concrete for
cement replacement then strength is the major cause of
concern. In the present study, high strength high volume fly
ash concrete is developed with the high volume of fly ash
about 70% replacement of cement. This mix achieved
strength of 32.9 MPa. It is observed that as fly ash content
increases beyond 50%, the compressive strength is reduced
gradually. For M70 grade concrete, to achieve the desired
strength silica fume is aimost mandatory. In this study, silica
fume of 5 and 10% by weight of powder (cement and fly
ash) are used for study as additive to achieve the desired
high strength. From table 14 it can be observed that for
silica fume 10% and 100% OPC, the desired 70 MPa
strength is achieved. But in high volume fly ash concrete
mixes, high strengths could not be obtained due to
unavailability of calcium hydroxide for pozzolanic action
which is responsible for later strengths. Fly ash used for the
study is chosen based on its reactivity of fly ash which can
be evauated in terms of pozzolonic indexes and strength
activity indices. Hydraulic lime is added to high volume fly
ash concrete made with silica fume to achieve the desired
target strength. So based on the various trial and error
combinations, it was found that concrete made with 70% fly
ash with 10% silica fume and 30% lime as additives imparts
high strength to high volume fly ash concrete.

V. CONCLUSIONS

Based on experiments conducted, the following observations

are made-

1. High volume fly ash concrete is developed with 70%
replacement of cement with fly ash.

2. Silica fume is used to enhance early strength and to
achieve high strength. Silica fume of 10% by weight of
powder is used as additive.

3. To achieve M70 grade strength, 30% lime by weight of
powder is used as additive.

4. Quaternary blended concrete made with 70% fly ash +
30% cement by weight of powder content and with
additives 10% silica fume and 30% lime attains high
strength of 83.06 MPa.
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