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CEMENT MARKETING

LANKA PRIVATE LIMITED

Introduction

The use of Fly Ash as a cement enhancing material, to improve the durability of concrete, is widely
known in the civil engineering industry. Although the material has been widely used internationally, Fly
Ash has only been made available in Sri Lanka more recently.

Unlike in other parts of the world, Fly ash and other mineral additives such as GGBS and microsilica do
not offer any direct economic benefit to the concrete manufacturer as the cost of these materials are
higher then a normal Portland cement. However, when lifecycle cost is taken into consideration,

considerable savings can be made in the maintenance and longer service life of structures with the use
of these materials.

Therefore, Consultants and Engineers alike have recognized this with the result that Fly Ash is

continuously being specified and successfully used the world over for improving the durability of
concrete.
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Introduction

BENEFITS OF USING FLY ASH

There are two main reasons to use fly ash as an ingredient in concrete and other building products:

1. Itimproves the quality of the finished products.

2. It creates significant environmental benefits.
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Introduction

IMPROVING PRODUCT QUALITY

Fly Ash has both mechanical and chemical properties that make it a valuable ingredient in concrete
and concrete-based products. Its spherical shape makes concrete easier to work with during mixing
and placing — fly ash acts like tiny ball bearings moving the aggregates and other components into
voids. And when concrete hardens, the chemical properties of fly ash provides greater strength,
reduced permeability and improved resistance to several types of chemical attack. The result is
concrete product that lasts longer and is more durable - a key sustainability consideration.
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Introduction

IMPROVING ENVIRONMENTAL PERFORMANCE

 Fly Ash use can also significantly decrease greenhouse gas emissions related to climate change. When
fly ash is used to replace cement, it reduces the need for cement production — a highly energy
intensive process that also creates significant greenhouse gases.

» Reducing cement production reduces greenhouse gas emissions on almost a ton for ton basis.
Production of one ton of cement emits one ton of carbon dioxide. In many circumstances, a ton of fly
ash can be used to displace a ton of cement. Concrete enhanced with fly ash can be designed to last
in excess of 100-years. By simply doubling or tripling the design life of concrete, valuable natural
resources are preserved and the environmental footprint is dramatically reduced.
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What is Fly Ash?

Fly Ash is a pozzolan...
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What is a Pozzolan?

Pozzolan is a finely divided material that reacts with calcium hydroxide
and alkalies to form compounds possessing cementitious properties.

More than 2000 years ago, the Greeks and Romans have built
structures that still survive today...?

The Romans used a pozzolana, a fine volcanic ash from the town
Pozzuoli, which gave its name to the term “pozzolan”, mixing it with
lime to create strong mortars and concretes for structures.

The Colosseum and Aquaducts in Rome stand testimony today to the
durability of pozzolanic materials.
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Modern Power Stations that burn pulverized coal have
given the concrete technologist ... Fly Ash.
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Engineering with Ash__
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What is Fly Ash?

Briefly, Fly Ash is a pozzolan, which
means it reacts with water and lime
to form a cementitious compound.

Fly Ash Improves the properties
of concrete in both the plastic and
hardened state.

Fly Ash particles are spherical in
shape in contrast to cement which are
angular. This property enables Fly
Ash particles to flow and blend easily
in a concrete mix.
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Fly Ash (FA) / Pulverized Fuel Ash (PFA)...

is the ash produced from the combustion of powdered coal
during the process of raising steam for the generation of electric
power.
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FLY Ash (FA) or Pfa

The fly ash is separated from the air-stream

by electrostatic precipitators and is collected
in a series of hoppers.

Ash from these hoppers can be processed
into high quality and consistent products.
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Ash from power station

Air Classification
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Physical Analysis

Relative Density 2.20
Surface Area (mzl kg) 3500 (classified)
pH 11-12
Colour Light Grey
Particle Shape Spherical
Particle Size, Dgg 45 micron

Dgg 110 micron
Mean Particle Size 15 micron
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Typical Chemical Analysis (%)

Sioy 53.5
Al>03 34.3
Ca0 4.4
Fe;03 3.6
K20 0.8
MgO 1.0
TiOy 1.7
LO.L 1.0
Carbon 0.5
Moisture 0.3
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Spherical
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Less variation

Why do we classifly Fly Ash?

higher average quality

Quality

Time

Using “raw” ash will certainly lead to a less
consistent concrete quality!

Introduction to Fly Ash
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Fly Ash Applications.... LANKA PRIVATE LIMITED

Aggregate 0.8%

Road Base/Sub- Flowable Fill 0.3%

base/Pavement 1.2%

Soil M odific ation/
Stabilization 2.0%

Agricufture 0.3%

Mineral Filler in Asphalt

Mining Applications 0.1%

2.9%

Miscellaneous! Other
3.1%

Waste Stabilzation
Solidification 8.0%
Concrete/Concrete
Cement/ Raw Feed for Products /Grout 46.4%

Clinker 12.8%

Structural
Fills'Embankments
221%
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In concrete...

A Typical Concrete Mix

Gravel or #4 ¢ N S *{7 Portland
Crushed Stone b il . JU s Cement

(9% clinker)

{coarse sogregate) 4. ¢
L 12%
41%
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Typical Chemical Composition Comparison (%)

Cement

66 21 5 2.5 1.5

Fly Ash

Introduction to Fly Ash
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HOW DOES FLY ASH REACT WITH CEMENT?

Non stable
“by-product”

2C,S + 4H,0 C3S,H; + Ca(OH),

Cement + Water —Calsium Silicate Hydrate +\Calsium Hydroxide

Ca(OH), + S + HO CSH

Calsium Hydroxide + Fly Ash + Water — Calsium Silicate Hydrate

Introduction to Tly Ash RRAMANADAN CEMENT MARKETING LANKA PRIVATE LIMITED



Fly ash is the best known, “pozzolan” in the world—and one of the most commonly used.

pozzolan as “a siliceous or siliceous and aluminous material, which

in itself’ posscsses little or no cementitious value, but will, in fincly
divided form and in the presence of moisture, chemically react with ¢
hydroxide at ordinary to form I
cementitious properties.”

Thc American Society for Testing and Materials (ASTM) defines

P 2

Class F and Class C fly ash are products of the combustion of coal in large
power plants. Fly ash is collected in cl ic preci bagh

1. Fly ash can compensate for fines not found in some sands and thereby
enhance pumpability and concrete finishing,

2. Fly ash will result in a more predictable and consistent finished
product that will ensure customer aceeptance.

3. Fly ash offers flexibility in mix design providing a greater range of
mixes — from liquid soil at 100 psi to high strength (8,000 plus psi
concrete) — produced by the same batch plant without exotic

or
precip ¢!

then transferred to large silos for shipment. When needed, fly ash is
classified by precise particle size requirements, thus assuring a uniform,

quality product.

Class F fly ash is available in the largest quantitics. Class F is generally low in
lime, usually under 15 percent, and contains a greater combination of silica,
alumina and iron (greater than 70 percent) than Class C fly ash,

Class C fly ash normally comes from coals which may produce an ash with
higher lime content — gencrally more than 15 percent often as high
as 30 percent. Elevated CaO may give Class C unique self-hardening
characteristics.

Although both types of fly ash impart a wide range of qualities to many types

of concrete, they differ chiefly in the following ways:

Class F

1. Most cffectively moderates heat gain during concrete curing and is
therefore considered an ideal cementitious material in mass concrete
and high strength mixes. For the same reason, Class F is the solution
to a wide range of summer concreting problems.

2. Provides sulfide and sulfate resistance equal or superior to Type V

cement. Class F is often recommended for use where concrete may be
exposed to sulfate fons in soil and ground water.

Class C
1. Most useful in “performance” mixes, prestressed applications, and
other situations where higher carly strengths are important.

2. Especially useful in soil stabilization since Class C may not require the
addition of lime.

Concrete manufacturers, engincers, architects, developers and contractors
all have an interest in specifying or using fly ash on a routine basis to
improve the quality of their project and to increase their cost effectiveness.

Ready Mix Producers. A ready mix producer has several reasons for using
fly ash in concrete.

4. Fly ash improves the flowability of the concrete, which translates into
less wear and tear on all the producer’s cquipment, from batching
facilitics to trucks.

©

Fly ash enables the producer to customize designs to each
customer’s needs, thus providing the producer a competitive
advantage.

Engincers and Architects. Engincers and architects will find that fly ash

provides the following benefits:

1. Itenables engineers and architects to provide the client with a superior
and more durable finished concrete.

2. Fly ash produces a high strength concrete that accommodates the
design of thinner sections.

3. Fly ash permits design flexibility accommodating curves, arches and
other pleasing architectural effects.

4. The addition of fly ash to the mix is a buili
later-age strength gain in concrete.

insurance for

5. Fly ash cnsures that the concrete will qualify as a durable
building material.

6. Fly ash contributes o the aesthetic

Pr of the concrete,

Developers, Contractors, Owners. Fly ash concrete provides the

following advantages to developers, contractors and owners:

1. The workability of fly ash concrete gencrally ensures that the speed of
construction is faster, which translates into a quicker return on
investment.

2. Fly ash in the mix accommodates more creative designs.

3. Since fly ash concrete is not as vulnerable to deterioration or
disintegration as rapidly as concrete without fly ash, it ensures low-
maintenance buildings that will retain their value over the long-term.



2 Cchemical Comparison of Fly Ash and Portland Cement

The chemical composition of fly ash is very similar to that of portland cement.

fly ashes and a natural pozzolan (Class F fly ash, Class C
fly ash and Class N - Natural) and ordinary portland cement, A
glance at the table reveals:

Thc table below shows typical compound analyses for two

1. The same compounds exist in fly ash and portland cement. Those of fly
ash arc amorphous (glassy) due to rapid cooling those of cement are
crystalline, formed by slower cooling,

2. The major difference between fly ash and portland cement is the relative
quantity of cach of the different compounds. Portland cement is rich in lime
(Ca0) while fly ash s low. Fly ash is high in reactive silicates while portland
cement has smaller amounts.

TYPICAL CHEMICAL COMPOUNDS
IN POZZOIANS AND PORTLAND CEMENT

g&lﬁy&ﬁﬁ% POZZOLAN TYPE CEMENT
CLASS F CLASSC  [CLASS N

Si0 54.90 39.90 58.20 22.60
AL:Q: 2580 16.70 1840 430
Fe0s 6.90 580 930 240
(a0 870 2430 330 64.40
Mg0 1.80 460 390 210
S0 0.60 330 110 230

Na0 & KO 0.60 130 L10 0.60

The table illustrates the basic chemical difference.  Portland cement is
manufactured with CaO, some of which is released in a free state during
hydration. As much as 20 pounds of free lime is released during hydration
of 100 pounds of cement. This liberated lime forms the necessary
ingredient for reaction with fly ash silicates to form strong and durable
cementing compounds no different from those formed during hydration of
ordinary portland cement.

A review of the chemistry of both materials makes it apparent that a blend
of the two will enhance the concrete product and efficiendy utilize the
properties of both.

HYDRATION PRODUCTS OF CEMENTING BINDERS

Calcium

PORTLAND GEMENT 2
Dusbe Bk o Gilicafe

PORTLAND + WATER (t0) o

CEMENT t: Hyide

) oS> Lt (G
S

PORTLAND CEMENT + FLY ASH

PORTLAND + FLY + WATER
CEMENT ASH  (H0)

(PC) (FA) FREE LINE + L ASH
GoR O GA

Calcium
Dusde SO0 Silicale  (CSH)
Hydrate

Through pozzolanic activity, ly ash combines with free lime to produce the
same cementious compounds formed by the hydration of portland cement.



Proportioning fly ash concrete mixtures is only slightly more pli

d than propor ing plain

mixtures. The same solid volume proportioning techniques described in ACI 211 are employed as are used with

conventional concrete mixtures.

ACI 211 gives the proportioner a series of steps through which valucs are selected for:
* cementitious materials content * air content
* water content * coarse aggregate size and content

These ingredients are converted into solid volumes. The difference between the sum of
the total volumes and 27 cubic feet will determine the necessary volume of sand. Sand
weight is then calculated to complete the trial mix proportions. The accuracy of this mix

must be checked by physically preparing a ssmple of the proportioned ingredients and
testing the mixture for yickd.

While fly ash is a cementitions matcrial that greatly benelits concrete, the proportioning
of concrete containing fly ash requires adjustments because of the physical properties of
the ash. Viewed microscopically, fly ash particles are spherical in shape. Because of this
and other physical attributes of fly ash, ane can expect the following:

* “The ball bearing shape significantly aids the workability of concrete. This allows for
lower sand content than conventional mixes while handling remains similar. As the
proportion of sand is reduced, all performance aspects of the concrete are enhanced.
* Again, because of fly ash's spherical particle shape, less water iy required to achicve
the same level of slump as in the control concrete. The addition of fly ash in
conventional mixtures typically reduces the water necded by 5% to 1096 over plain
conerete (depending upon the quantity of fly ash), and this reduction can be further
increased where high levels of fly ash are used.

* The specific gravity of fly ash is much lower than that of portland cement; therefore,

100# of fly ash has 3 much greater solid volume than the same weight of portland
cement. Past practice has dictaed a cement reduction when water-reducing
admixtures are used; however, in fly ash concrete, the cementitious materials (cement.
and fly ash) volume is higher, not lower. This higher quantity of cementitious
materials greatly assists in the fnishing process.

Air entrainment s not affected adversely with high quality fly ash supplied by
Headwaters. Headwaters has developed a proprietary foam index test that allows us
1o control fly ash quality with respect to air entrainment in concrete. A slight increase
in admixture dosage can be expected because of the increased solid vohume of
cementitious fines, but performance should be uniform. This increase in dosage
typically amounts to less than 0.25 ounces per 100# of cementitious materials.

The use of d
mistures; however, certain Imms must be mmudnr«l

with fly ash conerete

1. During warm temperatures, a normal dosage of water-reducing admixture is cal-
culated on the combined weight of cement plus fly ash.

2. During periods of low temperatures, it is advisable to use a conservative dosage of
wormal sct time water-reducing sdmixture calculatiog the dosage bascl only on
the weight of cement. Under cool normal setting
admixtures may cause retarded concrete set. Reducing the dosage wilized during
cool conditions can help maintain proper concrete set times.

#Note - The American Concrete Institute now defines that water to cement ratio is cquivalent to
water to cementitious materials ratio. This means that fly ash is counted by weight the same as
portand cement in this calculation. The importance of this to the concrete designer is the water
reducing capabilicy of fly ash. Where plain cement conerete may require 300# of water to
provide the nccussaey degres of m.«.mlu,, fly ash conerete will use significantly less water, and

i 270# of water. If a max W/C of 0.5 ia specilicd, the plain mix
ki el GOOW of oo, il the By sb e oult Gy noicl SHOW oF coniSstiicup -
tevialy, The coonomic benefits are obvious.

DETERMINATION OF FLY ASH CONTENT

Several methods exist for the selection of the fly ash content in a mixtute.

Specification. The specifications for a particular project may define a required fly ash
content. The percentage of fly ash required may range from as litde as 10% 1o as high as
50% or 60%, depending upon the intention of the engincer. Failure to adhere 10 the
specified level of fly ash may result in conerete of substandard propertics and may not be
suitable for the intended purpose.

Optimum Ash Curves. In this method, a control curve is first gencrated by
testing mixes with cement contents which vary from a low of 300# to a high of 700#
per cubic yard in increments of 100%, All mixes should be of identical lump and yicld.
Plot cement contents on the abscissa (X axis), plot comprehensive strength on the
ordinate (Y axis). A separate curve will be generated for each age of test. A family of
optimum ash curves will be generated for cach age of test. A family of optimum ash
curves i then derived in the following manner:

For cach point on the control curve, a series of mixes should be tested with fly ash
contents varying between  10% and  30% of totl cementitious  material
(by weight) in increments of 10%. Plot these results on the same charts as the
control mixture. These curves can then be utilized to choose the appropriate
proportions of cementitious materials for any requirements.

‘Water/Cementitious Materials Ratio Curves. In this method, the Abrams law of
water to cement ratio is wilized. As this law is applicable to plain cement
concrete, 30 is it applicable to fly ash concrete. The objective is W construct a
family of curves which are plotted tgether, with each curve indicating a specific
percentage of fly ash by weight of total cementitious materials (typically 096, 109, 20%,
30%, etc.). This method is particulardy useful where specifications require a maximum
water/cementitious materials ratio.*

Do not be surprised 1o find that for a fly ash mixture 1o be equivalent in strength 10 a
plain cement. mixture, the W/(C+FA) must be lower than the W/C. This is acceptable
due o the fact that fly ash acts like a water reducer. Where cement is replaced by an
equivalent weight of fly ash and the strengths are equal, they both have the same weight
of cementitious materialy but the fly ash mix will have a lower water demand.

Replacement Method. Another successful method of designing fly ash concrete is by
replacement. This involves selecting a conventional mix which has demonstrated an
adequate performance level. Replacement tests should be run on a series of mixes
containing fly ash in amounts ranging from 109 to 309 or more. To obtain 28-day
strengths equal to the straight cement mix, it may be necessary to replace cement at a
ratio exceeding 1:1. This can be determined by experimenting with mixes designed with
replacement ratios of 1:1, 1:1.1, 1:1.2, cte, As in the other methods, specification factors
will influence the selection of the optimum replacement percentage and ratio.

For detailed explanations of the testing programs mentioned above, the following
references are available:
1L Cann

R, W, “Proportioning Fly Ash Concrete Mixes For Strength And Economy™,
Journal of The American Concrete Institute; V. 65; No. 11; November 1968,

Lovewell, C. . and Tyland, Edward ., “Proportioning Concrete Mixes - A Method of
Proportioning Structural Concrete Mixtures With Fly Ash And Other Porzolans”,
American Concrete Institute Publications SP-46-8.

3. Lovewell, C. E. and Washa, G. W, “Proportioning Concrete Mixes Using Fly Ash”,
Journal of The American Concrete Institute; V. 54 No. 12; June 1958,
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SUADTY RN Fly Ash for concrete

Introduction

Fly ash has both pozzolanic and physical properties that enhance the performance of concrete. When
Portiand cement hydrates it produces quantities of alkali calcium hydroxide (lime). Pozzolanas like fly ash
react with this lime to form stable calcium silicate and aluminate hydrates. These hydrates fill the voids within

the cor K ing of the lime

e ——— and thus reducing the permeability. This

a process proves the strength, durability.
i chioride and sulfate resistance of the

—/_.’__’_,__,f"*’— concrete. The pozzolanic reaction occurs

normal
enhancing strength in the longer term
relative to normal Porttand Cement (CEM1)

——Al b e e The finer fraction of fily ash., ie. those
—Eas b e ey particles that pass the 45um sieve, act as a
solid particulate plasticiser. These particles
are spherical (Figure 2) and act like ball

A Soong 1Y w4 oy ot

~ s = ~ - - - - ~ ~ = beanngs within the concrete reducing
~ve v wr water requirement for a given workabidlity. A
Figure 1 - The agth gan e of fiy ash reduction N u*ae weater content lowers the

incr strength and
durability. In addition the concrete is more cohesive, hasamraleoibleeo-ngmislessmto
segregation.
Ry ash readily reacts vath sodium and potassium alkalis within the concrete. If there is 25% or more of fly ash
within the cement content of a mix the high alkalinity from these metal alkalis is Quickly reduced. Any risks of
alkali silica reaction are significantly reduced if not corr y elmir

The advantages of using fly ash in concrete can be summarised as
followrs:

~ fImproves long term strength performance and durability.

- Redi per Y, which red shr ) creep and
gives greater r o ingress and sulfate attack.
* Minimises the risk of r i

* Reduces the tempevature rise in thick sections.

- Makes more cohesive concrete thot has a mducod rate of

is to give. g properties
and improves the surface finish of the finished .vucture. e.g.
when used in Self Compacting Concrete.

Fgure 2 - Micrograph of fty mﬁ

Using fly ash within your concrete

Fly ash can be used in site mixed, readymixed and pre-cast concrete. There are a number of differing ways
of incorporating it within a concrete mix.

Pre-blended cement. Pre-blended CEM | and fly ash cement can be obtained compiying with BS EN197-1

- Common cements. These cements are CE marked. CEM IIA-V contains between 6 to 209% fly ash, CEM
IVA and VLH IVA can contain 11 to 35% fly ash and CEM 1IB-V contains between 21 to 35% fly ash. CEM V-
B8 and VLH IVB® can contaln up to 55% fiy ash. These cements are more suitable for lows heat applications.
The proportion of fly ash in pre-blended cements is factory controlled by the manufacturer and full guality
assurance cer They can be supplied either in bulk tankers or in bags. Special blends of
fly ash with other maler&als are catered for at some works by special arrangement.

TES EN 14216: 2004 “C ~ ¥ and confanmity crfteria 1or wary low heal special cements™



Mixer blended fly ash. A quality assured fiy ash can be obtained complying with BS EN4S0 Category S or
N. These are stored in separate si#os to the CEM 1| and blendex by the concrete producer in the concrete

mixer. The suppliers of fly ash are able to provide certification for all
the commonly available Portland cement and fily ash combinations
used throughout the UK.

There are two ways of using mixer blended BS EN4S0O Category S
and N Fly Ash as counting towards all or part of the cementitious
content.

-~ BS EN45S0 Category S fly ash. This standard restricts the
fineness of the fly ash to a maximum of 12.0% passing the
45um sieve. which is achieved by classifying the ash. In
adaition the Loss On ignition (LO1) is imited to a maximum of
79 (category A or B). These requirements ensure the oplimum
water reducing, reactivity and consistency properties are

achieved within the
concrete. Water reductions

vary between 6% and 12%

be fiy ash.

products

vvnenmuomlol”oﬂhnd

mlw

when compared to CEM | only concrete of the same cement
content. Normally 25% to 55% of the cementitious content would

= EN 450 "Category N fly ash is also permitted by BS EN206 and
BS 8500. With this ash a greater range of fineness is allowed than
with Category S fiy ash. The supplier nominates a target fimeness
value between 0% and 40% passing the 45um sieve. The fly ash
supplied must not exceed +10% of this target value. Again the LOI
imit is as category A or B in the UK. There is no reguirement for

Az hydraton procseds limes water reduction and as this effect is closely related to fineness it will
crystaks fonm

be source specific.

Both category S and N BS EN4S0O fly ashes are classed as Type Il editions. that is they count towards the

total cementitious content.

Fly ash can also be used in concrete as inert filler or an aggregate - known as a Type | addition.

= Fly ash as a filler aggrogate to BS EN 72620 is usually used in precast concrete products and
grouting applications. The range of fineness permitted is 70% to 100% passing the 63um sieve.

Though the fiy ash is assumed to be inert, in reality it will
contribute to strength and durability as the pozzolanic
with

The concrete standards

~ 88 EN206 - Concrete. BS EN206 only allows a maximum of

25% of BS EN4SO0 Fly Ash within the total fly ash plus CEM |

content to be treated as cementitious. However, more fly ash

can be used within the concmlollllslreazodaslmnﬂlleror

‘aggregate’. Altemaltively if the BS EN206 ‘equivalent
the

com
the fiy ash may be counted as being cementitious.

- 8S the F ntary st o to 8BS EN206. This
standard cornpietnents the European slandard and promdes
the various data redating to mix
compliance for concrete. BS EN4ASO may eoun( fully towards
the cement content if compliance testing is cammied out to the
annex in BS8500.

woids thus reducing permea ity
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FLY ASH STANDARDS

Physical attributes

Comparison of standards

EN ASTM BS 3892, SABS 1491, |

Standard: 450 C618, F part 1 part 2

Fineness

0, 0 | o
(%>45 .m) 40% max 34% max 12.0% max

12.5% max

Water demand 105%

|
|
0, 0,
L (% of OPC Control) max PPN = e
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FLY ASH STANDARDS

Chemical attributes

Comparison of standards

EN ASTM BS 3892, SABS 1491,

Standard: 450 C618,F part 1 part 2

(07-[0) Max 10% Max +/-10% Max 10% N/A

Soundness: 10mmMax 0.8% Max 10mm Max 10mm Max

3.0% Max 5.0% Max 2.0% Max 2.5% Max

5.0% Max 6.0% Max 7.0% Max 5.0% Max
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QUALITY OF FLY ASH AND ITS IMPACT
ON CONCRETE PERFORMANCE

Physical attributes

Fineness (% > 45um)

Particle shape (spherical ?)

A fine and spherical fly ash will lower the water
requirement and increase the workability of
concrete. This will result in a decreased
permeability and therefore improved durability.
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Schematic cement / water paste:

A “fine” fly ash,
when added to
the mix, will fit
between the
cement particles,
replacing water.

A “course’ fly
ash when added to
the mix, will push
cement particles
apart,
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Therefore ...

fly ash used in reinforced concrete should be ...

* fine

* spherical

* reactive

* sound (chemical composition)

These parameters are controlled in various local and International
Standards and are intended to safeguard the user against poor
quality materials
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What are the benefits of Fly Ash in Concrete?
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FLY ASH IN CONCRETE

* FLY ASH IN FRESH CONCRETE \

* Lower Water demand (-10%/m3) l

* Increased Workability ‘

* Increased Cohesion }

* Lower Bleed-rate ‘
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FLY ASH IN CONCRETE

* FLY ASH IN HARDENED CONCRETE }

B +25%@S56days
M - 45% @ 90 days
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* FLY ASH IN HARDENED CONCRETE

CEMENT MARKETING

LANKA PRIVATE LIMITED

* Marine environment

_ * Sulphate attack

* ' Later & Lower peak temperaiure b
f * H1 gher ’I‘ensﬂe Strength Capacmy

‘ * Alkah S ,j_ Reacn@n '
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Effect of FLY ASH on Cracking induced by Heat of Hydration

Typical Heat of Hydration of Concrete

80

7 —

~ OPCI/30FA |__|

T OPC
60’ ; . — OPC/40FA
S all” \
- L

40

cC)

3

20
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CHLORIDE ATTACK OPC v FA CONCRETE

OPC/30FA CONCRETE:

® Less permeable 4 OPC Concrete

[ ]
lower chloride ingress

® Lower diffusion

n
lower chloride ion ingress

L]
slower chloride ingress

® Chloride binding

bound chlorides not available to oo OPC/30FA
attack steel Conorele
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FAMCET

Facility for Accelerated Marine Climate Exposure Testing

* Building at CSIR premises in Pretoria, South Africa
* Cyclic wetting & drying of specimens
» Salt spray (5% NaCl)

One year FAMCET exposure

+/- 6 years coastal exposure
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CORROSION OF STEEL IN OPC & 30FA CONCRETE
35 N/mm>, 11 years FAMCET Exposure
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Fly Ash Benefits.... ¢RESH CONCRE,

REDUCED INCREASED
Water Demand Mix Stability
Bleeding Pumpability
Segregation Placeability

REDUCED BENEFITS INCREASED
Chloride ingress OF FLY ASH Ultimate Strength IS

25" Rist‘l' Ultimate Stiffness E :
ermeability pore Blocking =
)
2 § =X
v INCREASED REDUCED C -y
% Sulphate Resistance Creep «9
5N Acid Resistance Drying Shrinkage ,5 ‘U
» Seawater Resistance Thermal Strain Q
i L
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