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Outline

 Why are we here?

» Describe common supplementary cementitious
materials (SCMSs)

» Highlight their benefits and drawbacks when used in
concrete for highway applications

» Discuss recent trends that may affect the use of SCMs
during the foreseeable future



Background

« State highway agencies (SHAs) and others
charged with construction and maintenance of
roads and bridges expect one key property from
concrete: Longevity

 Service demands have increased

» Use of aggressive deicing chemicals

 Increased expectations for reduced environmental
Impact and lower initial and lifecycle costs

« SCMs assist meeting these goals



Definitions

« cementitious material, supplementary, (SCM) - an
Inorganic material that contributes to the properties of a
cementitious mixture through hydraulic or pozzolanic
activity, or both

» DISCUSSION—Some examples of supplementary
cementitious materials are fly ash, silica fume, slag cement,
rice husk ash, and natural pozzolans. In practice, these
materials are used in combination with portland cement.
(ASTM C125)

« cementitious material (hydraulic) - an inorganic material
or a mixture of inorganic materials that sets and develops
strength by chemical reaction with water by formation of
hydrates and is capable of doing so under water (ASTM
C125)



A brief review of hydration...
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Hydration Reactions Example: Portland Cement

Early Hydration Products




Hydration Reactions Example: Portland Cement

Later Hydration Products or “Outer Product”




Hydration Reactions Example: Portland Cement

Capillary Pores — porosity between hydration products, strongly influenced by w/cm




Hydration Reactions Example: Portland Cement

Gel Pores — porosity within hydration products causing permeability at a nano-scale
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Hydration Reactions Example: Portland Cement

As hydration proceeds water must diffuse through the outer product to hydrate
the cement within, forming “Inner Product”. This diffusion slows the hydration process.
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Hydration Reactions Example: Portland Cement

Inner Product _ Unhydrated Cement
Capillary Pores

Later Hydration Products or “Outer Product”



Hydration Reactions Example: Portland Cement

Entrained Air Voids




1 2um

ccV  Spot Magn ~ Det WD |
10000x GSE 80 3.0 Torr CEMENT 75%RH




Hydration Reaction

« Reaction of hydraulic cementitious materials with water
results in production of calcium silicate hydrates (C-S-H)
and calcium hydroxide (CH), also ettringite and other
hydrated aluminate phases (C-A-H)

» Examples: portland cement, slag cement, Class C fly ash
« Hydraulic Reaction:
Hydraulic Cement + Water == C-S-H + C-A-H + CH

« C-S-H provides strength — desirable product

« CH provides little strength and is soluble, also is a reactant
iIn many MRD mechanisms — undesirable product




Definitions

« cementitious material, supplementary, (SCM) - an
iInorganic material that contributes to the properties of a
cementitious mixture through hydraulic or pozzolanic
activity, or both

» DISCUSSION—Some examples of supplementary
cementitious materials are fly ash, silica fume, slag cement,
rice husk ash, and natural pozzolans. In practice, these
materials are used in combination with portland cement.
(ASTM C125)

* pozzolan - a siliceous or siliceous and aluminous material
that in itself possesses little or no cementitious value but
will, in finely divided form and in the presence of water,
chemically react with calcium hydroxide at ordinary
temperatures to form compounds possessing cementitious
properties (ASTM C125)




Pozzolanic Reaction

« SCMs consume CH through the pozzolanic reaction
» Improves strength
» Increases paste density
» Reduces alkali (ASR mitigation)
» Reduces rate of heat evolution due to hydration reaction
» Slower strength evolution
» Pozzolanic Reaction:
Cement + Water = C-S-H + CH

Pozzolan + CH + Water == C-S-H



General Characteristics - Composition
Si0p

ILICA FUME

« Coal Fly Ash

Increasing silica
Low calcium oxide
Pozzolanic

« Slag Cement

* Silica Fume

Increasing
calcium oxide
Moderate Silica
Hydraulic
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General Characteristics — Particle Size & Shape

Portland
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Silica
Fume

microns




Effects of SCMs on Properly Cured Hardened Concrete

Reduced - No/Little Effect
‘t Increase M Varies
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Coal Fly Ash

« The finely divided residue
that results from the
process of combustion of
ground or powdered coal
and that is transported by
flue gasses (ASTM 2015)

* Produced from pulverized Boler
(furnace)
coal fuel

Turbine

» Fuel stream may have

other components such u J) 1IN e
as limestone, trona, |/|\"__‘| il
other additives for Water Generator

River Transformer

pollution control

Condenser Cooling Water Condenser




Coal Fly Ash Production

Shaker mechanism

f\i\\ '/ )\ &t ”\\‘ "l\\?‘zl Clean gas

M

« Airborne residue oLl
from coal 1

Walkways<{ | || I Tube sheet

combustion

processes collected
from the flue gases
by a Val‘iety of Collected solids
means

Dirty gas

- High +
— — | Voltage = — 1
Supply =

Vibrating Grounded
Collection Electrodes

A

Flue Gas

> Electrostatic

precipitators 7

» Fabric filters
(baghouse)



Coal Fly Ash Production

Quality and consistency depends in part on burning conditions
and fuel sources

An important characteristic of coal combustion fly ash is the
presence of residual carbon intermixed with the fly ash

» Natural product of combustion — more prevalent in Class F ash

» Powder activated carbon (PAC) added to achieve pollution control goals
Not all ash produced is acceptable for use in concrete

Non-spec ash may be useful for other construction applications
» CLSM (flowable fill)

» Subgrade stabilization



Fly Ash Specification

* Fly ash is specified under ASTM C618 (AASHTO M
295) Standard Specification for Coal Fly Ash and
Raw or Calcined Natural Pozzolan for Use in
Concrete

« Chemical Requirements
» Classified based on the “sum of the oxides” (SUM)
SUM (wWt.%) = % SiO, + % Al,O, + % Fe,O,
» Class F = SUM = 70% (low calcium oxide)
» Class C = SUM = 50% (high calcium oxide)
» Class N = SUM = 70% (natural pozzolan source only)



Fly Ash Specification

ASTM C618 / AASHTO M 295
Other Chemical Requirements

Class Class Class
F C N

Sulfur trioxide (SO3), max, % 4.0 4.0 5.0

Moisture content, max, % 3.0 3.0 3.0
Loss on ignition, max, % 6.0 6.0 10.0
Avalilable alkali, max %, 1.5 1.5 1.5

(Optional in AASHTO M 295 only)



Fly Ash Specification

« Key Physical Requirements
» Fineness — amount retained on 325 mesh sieve

- Limit of 34% all classes

» Strength Activity Index (SAl) — relative strength of a
mortar with 80% portland, 20% fly ash compared to
control (100% portland cement)

- Limit of 75% of control, all classes at 7 or 28 days
« Other Physical Requirements
» Water requirement (based on flow attained in SAI test)
» Soundness (autoclave expansion)

» Uniformity (density, fineness only)



Fly Ash Specification

« Supplementary Optional Physical Requirements
» Increase in Drying Shrinkage

» Uniformity Requirements
- Air content, AEA required to achieve 18 % air
» Effectiveness in Controlling Alkali-Silica Reaction
- Based on ASTM C441 (Pyrex Glass Bead Test)
» Effectiveness in Contributing to Sulfate Resistance

- Based on ASTM C1012



Coal Fly Ash Characteristics

» Benefits
» Improved workability

» Decreased heat of
hydration

» Reduced cost

» Potential increased sulfate
resistance and alkali-silica
reaction (ASR) mitigation

» Increased late strength,
and decreased shrinkage
and permeability

e« Concerns

» Air-entraining admixture
adsorption by residual
carbon in the fly ash

» ASR-accentuated at
pessimism replacement
levels

» Slow initial strength gain

» Fly ash variability



Coal Fly Ash Specification
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Coal Fly Ash Specification

Increasing Pozzolonic Activity Increasing Hydraulic Activity
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Coal Fly Ash Specification
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Strength Activity Index
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Strength Activity Index

« Strength Activity Index is questioned as it allows
Inert materials to pass

« Experiments performed with non-pozzolanic
quartz filler — all pass the SAI

100% Cement 20% Replacement 35% Replacement
Cement  Age Strength Strength Strength
Type  (days) (psi) (psi) SAI (psi) SAI
PC-1 7 4554 3829 84 3075 68
PC-2 7 4293 3408 79 2640 62
PC-3 7 4090 3539 87 2886 71
PC-1 28 5715 4815 84 3945 69
PC-2 28 5526 4235 77 3655 66
PC-3 28 5134 4351 85 3307 64




Strength Activity Index

Effect of Cement & Fly Ash on Strength Activity Index
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Changes to Concrete Mixture Properties

Class C Class F

Replacement Replacement

Initial Set Delayed Delayed

Heat of Hydration Lower Significantly lower

Late Strength (28-56 days) Same or higher Same or higher




Fly Ash Carbon Affect on Air Entrainment

 Air entraining admixtures (AEAS)

» organic compounds used to entrain a controlled amount
of air

« AEAs typically contain ionic and non-ionic
surfactants made of natural sources such as
wood resins, tall oil, or synthetic chemicals

Schematic view of AEA molecule

Hydrophobic

a Hydrophilic

Tail Head
Non-ionic lonic portion
Little or no attraction to water (hydrophobic) Strong attraction to water (hydrophilic)



Fly Ash Carbon Affect on Air Entrainment

* For sufficient air entrainment two conditions must
be satisfied:

» The AEA molecule should be adsorbed on the
solid particles with their non-polar ends pointing
toward the water to give hydrophobic character
to the cement particles and make them adhere
to the air bubbles

» The cement mixture must maintain a high
enough liquid phase concentration of AEA to
entrain air during mixing

Bérubé, G. M. 1955. Air Entrainment in Cement and Silica Paste. Journal of the
American Concrete Institute, Vol. 26, No. 9, pp. 905-919.



Fly Ash Carbon Affect on Air Entrainment

« Hydrophilic, anionic polar groups
(i.e., head) sorb strongly to the
lonic cement particles

« Hydrophobic, non-polar end of
the surfactants (i.e., tail) orient
towards the solution

 Stabilize (entrain) air bubbles,
prevent coalescing into larger
bubbles

lllustration: Larry Sutter,
MIT



Fly Ash Carbon Affect on Air Entrainment

« Carbon in fly ash
adsorbs AEA from the
concrete mixture

* Reduces the aqueous
phase concentration of
AEA to a point where
the AEA is no longer
able to stabilize the
required volume of air
bubbles

lllustration: Larry Sutter, MIT



Fly Ash Carbon Affect on Air Entrainment

* Non-polar surfaces of carbon provide active
adsorption sites and the AEA adsorbed onto the
carbon surfaces do not participate in air
entrainment for two reasons:

» The hydrophobic tail can be adsorbed on to the carbon
and will therefore not be in contact with the air/water

interface

» AEAs may be adsorbed at depth within surface cracks or
pores on the carbon particle and sheltered from the

air/water interface



Fly Ash Carbon Affect on Air Entrainment

« Carbon content in fly ash is estimated by the loss
on ignition (LOI) test

» Determines the total volatile materials, not just carbon

» Test does not characterize the adsorption capacity of
the carbon - most important

« Two ashes can have the same LOI content but
affect air entrainment very differently

* Newly developed tests, such as the foam index
test, iodine number test, and direct adsorption
Isotherm test, provide different approaches to
measuring ash adsorption (NCHRP 749)



Fly Ash Carbon Affect on Air Entrainment

« An emerging issue is the use of powdered-
activated carbon (PAC) as an additive in the coal

combustion process to adsorb mercury from flue
gases

» PAC is highly adsorptive

» A small amount may not significantly affect the LOI

value but can drastically affect the ash adsorption
properties

« As PAC is more commonly included in coal fly
ash, the need for adsorption-based tests and
specifications will increase



ASR Mitigation with Fly Ash

» Class F ash (pozzolanic) best at ASR mitigation

» Pozzolanic materials consume CH, reducing hydroxyl
lons in pore water, leads to ASR mitigation

« Because of the variability in ash properties, it is
important to verify an ash’s mitigation potential

» Testing Fly Ash Mitigation
»ASTM C1293

»ASTM C1567



ASR Mitigation with Fly Ash

« ASTM C1293 Concrete Prism Test
» Currently the most reliable test available — not infallible

» Not quick — one year minimum — two years when
validating SCM replacement

» Known drawbacks include alkali leaching that can lead
to errors in estimating the alkali threshold need for
ASR to occur



ASR Mitigation with Fly Ash
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« ASTM C1567

» Accelerated Mortar Bar Test

» Based on ASTM C1260

» Cannot be used unless there
IS a reasonable correlation
between C1260 and C1293
for the aggregate in question




ASTM C1293 Data

Prism expansion at 24 months (%)
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ASTM C1567 Data — 14 day (standard)

Expansion at 14 days (%)
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ASTM C1567 Data — 28 day (non-standard)
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Slag Cement

* Produced from blast-furnace slag
(reduction of iron ore) in a blast furnace

* Predominately glassy structure with a
composition very similar to OPC.

« Slag cement is hydraulic and produces
calcium silicate hydrate (CSH) as a
hydration product

Slag is changed to glassy sand like
substance known as granulated blast
furnace slag — GBFS - then ground

Images: Used with permission
from the Slag Cement Association



Slag Cement - Hydration

« Slag cement is hydraulic and produces calcium
silicate hydrate (C-S-H) as a hydration product

« Slag cement reacts slower than portland cement
» Hydration of portland cement produces C-S-H and CH

» CH reacts with the slag cement, breaking down the glass
phases and causing the material to react with water and
form C-S-H

« Slag cement is not pozzolanic

» It does consume CH by binding alkalis in its hydration
products

» Provides the benefits of a pozzolan



Slag Cement - Specification

« ASTM C989 (AASHTO M 302) Standard Specification
for Slag Cement for Use in Concrete and Mortars

 Classifies the material under three categories: Grade
80, Grade 100, and Gradel20

* The grade classification refers to the relative strength
of mortar cubes using the SAI test with a 50%
replacement of OPC

» Uses standard reference cement

» 75% of the Control 28-day strength = Grade 80

» 95% of the Control 28-day strength = Grade 100
» 115% of the Control 28-day strength = Grade 120



Slag Cement

« Because slag cement is slower to react, setting time can be
increased significantly compared to OPC concrete

« Curing is always essential for achieving a quality product; it
IS even more critical with slag-cement-based concrete

« The slower reaction rate, especially at lower temperatures,
Is often overlooked, and this can lead to durability issues
such as scaling when not properly cured

» A slower reaction rate and associated lower heat evolution
makes slag cement an ideal ingredient for mass concrete
placement where control of internal temperatures is critical
to achieving durability

« Up to 80% replacement of OPC with slag cement is used for
mass concrete



Slag Cement

« Slag cement is effective at mitigating ASR

» Requires higher replacement rates than Class F ash
(e.g., > 50%)

 The ASR mitigation stems from a number of
mechanisms

» Slag cement binds alkalis in C-S-H reaction products
» CH is consumed by the hydration of slag cement
» Increased hardened cement paste density

- Lower permeability

- Improves resistance to ASR and external sulfate attack



Silica Fume

* Produced in arc furnaces during the production
of silicon alloys

» Extremely fine
_ Fxaust particle size (i.e.,
particle size
averaging 0.1 to
0.2 micron in

Capture of Silica Fume

4Si0+20 ,>4S5i0, [ ! )
‘ diameter)
FilterJTags
Furnace Hood _ F N “: MHI
~— - » 100% Amorphous
Electrode | Ean v - .
Furnace 1— Microsilica SI|IC8. that |S
'""“H-E_ﬁ_x ; _ v Collection _ h hl I .
Silica Metal < §i0,+C |1e00c ————+» $i0, IgNnly pozzolanic

Silica Fume
Smelting Dust Extraction

Image: © 2012 BMI Cementitious Materials, Part of the Lafarge Group
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Silica Fume - Particle Size & Shape
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Silica Fume

Other amorphous silica products are available
» Fumed silica
» Precipitated silica

> Colloidal silica

These materials may provide benefits when included
In a concrete mixture

Should not be assumed to be equivalent to silica
fume

Verify performance of these materials through
concrete testing



Silica Fume

« Silica fume is specified under ASTM C1240
(AASHTO M 307) Standard Specification for Silica
Fume Used in Cementitious Mixtures

« Chemical Requirements
» SIO, content of 85% (minimum)

> Moisture content and LOI

* Physical requirements
> 10% retained on a 45 micron sieve

» Accelerated pozzolanic strength activity index of 105%
of control (minimum) at 7 days using a 10%
replacement of OPC with silica fume



Silica Fume

* The accelerated pozzolanic strength activity index
differs from the SAIl test in two ways

* First, the test requires a constant flow and the w/cm
ratio must be maintained between the test and the
control samples

» High-range water reducer (HRWR) Is permitted

« Second, after 24 hours of moist curing at room
temperature, the test samples are further cured at
65° C (150° F) for an additional 6 days, thereby
accelerating the pozzolanic reaction



Silica Fume

Because of the fine particle size, silica fume
results in an increased water demand

» HRWRSs used to maintain or decrease w/cm

 Silica fume accelerates the hydration of OPC by
providing nucleation sites for the formation of
OPC hydration products

* This is generally accompanied by an increased
heat of hydration, particularly at early ages

« Because of its fine particle size, silica fume
Improves the packing density of the solids and
leads to a higher density HCP



Silica Fume

* Another important factor Interfacial Transition Zone
that leads to increased

concrete strength and
durability is that silica
fume is able to pack
around aggregate
particles effectively,
consume CH at the
aggregate-paste
interfacial zone, and
greatly improve the
strength and

Impermeability of the . -
interfacial transition zone Transition Zone Bulk Cement Paste
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Silica Fume

 Silica fume Is a very effective at mitigating ASR
and sulfate attack

» Highly pozzolanic

» Significant decrease in permeability

 Regarding ASR, it is very important to achieve
good dispersion of the silica fume in the concrete
mixture

« Clumps of silica fume can act like an expansive
aggregate and actually contribute to ASR

« Silica fume is more expensive than other SCMs,
limiting its use to a few key areas



Natural Pozzolans

« With issues of availability for other SCMs, natural
pozzolans and ASCMs are attracting interest
within the industry

« Natural pozzolans have been used in varying
degrees for many years, dating back to Roman
times

* The first large-scale construction projects that
used natural pozzolans was the Los Angeles
aqueduct, constructed from 1910 to 1912

 Numerous other large projects have been
constructed using natural pozzolans



Natural Pozzolans

Monolith Cement Plant built by the city of 1912 Fairmont Tufa Quarry — Drying the
Los Angeles for the Aqueduct project 1909  rhyolite by burning wood before grinding




Natural Pozzolans
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LOS8 ANCELES MUNICIPAL CEMENT MILL

A MUNICIPAL

CEMENT MILL

Owned and Operated by the City of Los Angeles, Cal, for Fumishing Cement for the City's
Aqueduct—Equipment of the Mill—Manufacture of Tufa Cement
By BURT A. HEINLY

Oxx of the chief side issues in the construction of the
Los Angeles md.uhumlhbﬂd-gudm
of 2 municipal cement mill.  With the near completion of
the aquedduct now at hand, the Board of Public Works has
practically decded upom its sale if a buyer can be found
nd xhe Councit is agrecable.

gwnfmakmleddesenmn(lkplmt.l
lmet uxou this new departure into mu-mp-l awner-
ship will be of interest foe the reasoms, first, that it 3 the
first and oaly municipal coment mill in the Usited States;
secoml, Because it enabled the city to make large savings
asd introduce tula coment to the American builder, and
thirdly, savings were accomplished other thas in the masu-
facture of the material.

To-day Lea Angeles has in round sumbers $575,000 in-
vested in cement- 13 pm'enlu. The ressons leading
wp to this large experclitore were tl

When the plan o build the m -10 of steel and
concrete aqueduct was first propesed, the Pacific cosst

was still cbtaining the most of its Portland coment from
rm and foreign factories, although to-day the growth
of the industry makes &t possidde for the local market to
supply all demands. But under the conditions of 1905, the
Tnying of cement meant that freight changes wonlil assount
ta more than the cost of the material ac the mill.
It was estimated lbt 1,250,000 Iumh would e nqlurvd
lor nmnllm Adqued
cellent degasits of limestone u-l d-y closely adjoining
mh other and in a most favorable position for reducing to
2 minimam the freight on the manwfactared srticle.  After
mach discussion of 1he plan of makisg its own

unnsual
Portland cemens, the Board of Public Works quietly ace
quired as much of the deposits 38 were purchasable.

The property adjoins the main line of the Southers Pa-
cific Railrcad, 115 miles north of Los Angeles, 12 miles
drom the line of the aqueduct and almost equidistant from
the imake and the outlet of the big water courses It s in
Jase proximity to the Kern river oil fields, which sepply

476 MUNICIPAL JOURNAL

CEMENT FLANT AT MOX(ITH.
lnel. and it is only 16 miles from Mojave, the division goint
the

nta e aml Southern Pacific railroads, and also
m iversion center for much of the aqueduct freight.

Heee Los Angeles laid out the fown site of Monolith,
anid after giving it 5 water and a sewerage system, scheols,
3 hospisal, mess hall and 34 ressdence hovses, in 1993 the
canstruction of a factory with a daily capacity of 1,000
barrels of Partland coment was begun. The cement mul
proper consists of eight large buildings, well constrocted,
#nid howsing the most modern machinery,

Tt §5 well equipped with gyratory rock erushess, Valean
dryers and Krupp ball mills in its raw mill. [t has three
rotary kilus, 90 isches in diameter and 125 feet long, with
rotary coolers of the Vukan pattern, in which the grommd
limestane and elay are burned under a temperature of 2800
degrees to perfect clinker, the whole being connected by
2 system of pivoted bucket conveyors.

The fnishing mil has eight Krupp wmills with modern
elevators, conveyors and seales.

The power-house Bas two water tube boilers, agprepating
Tl hoescpouer | two tarbines of 730 kilowatts ench, tubular
condensers, water-cooling ponds and other modern fea-
tures, and in adklition connections anl In-.lofnms for the
utilization of power from the 's  hydro-clectric
plants, which furnish sbout half the required current.

The tufa regrinding plant bas Gares ball and tube mills,
with dryers, crushers and conveyors. The storage house
has & capacity of 25,000 barrels, with perfect loading fea-
tares jor transportation. The will is fitted with indepen-
slent mutor drives to the different péeces of wachinery.
All the buildings are of steel comstruction, covered with
gatvanized irom.

The ruck quarry is reached br a railroad with an equip-
ment of Jocomative and cars, the tufa bed has a cadle
roadway and the clay beds have an acrisl tramway. This
in general is tho plant Jocated at Monolith,

ONE UF THE NPT ARy KEYE MOROLITH.

Before going into 2 discussion of production. it may be
well at this posat ta divert 10 1wfa coment, Tuls & 4 vol-
canic ash met; , prolubly by voleanic fire aml
water, into 3 white, kmk porons rock. Large deposits of
this muterial were fousd a1 the site of ll-c cemunt palt
at Monodith, Haiwee, 60 miles from the aquedoct intake
and adjoining the Haiwee reservoir, and again on the line
of the aqueduer, 15 miles southwest of Mojave.  These
last 1wo deposits were obtained by the city simply filing e
the Government Jand on which they were located.
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Samples of old Roman cements were obtained and
analyzed, The California tufas were found 1o be strik-

imgly similar to the ltalian tufss nsed in the construction
of the Coliseum and the Roman aqueducts. Germany
somee years has had a knowledge of the sdmirable qualities
of the tufa mixture, but in America tufa cement was quite
unknown.  After reinforcing German knowledge on the
sabject by 3 year of exhawstive tests and studics, the me.
micipality undertook its prodection on 2 large scale. Tufa
grinding mills were erected on the sites of the three de-
nost and Haswee the tula
ly capacity of 530 barrels,
while that at Manolith bas a capacity of practically 1909
Rarrels daily.

Tufa cement comsists of equal amounts by vobume of
Portland cement and ground 1fa reground to 3 fimeness of
not less than B0 per cont, gussing & 200-mesh screen.

In the tests, straight Portlaed for the first seven days
shows to best advantage, but after the first week the tufa
coment sarpasses it in breaking strength At the emd of
one year it exceels Portland by about 20 per cent.  Come
parative breakage tests of 60 briquettes a day show Porte
land breaking in 25 days st 315 goands average, and at 345
pounds at B0 days.

TUFA QUARRY AND MILL AT FAIRMONT,
Aqmdun tufa cements from the three tufa mills tested
as follow;
Haiwee  Fairmont  Monolith
55 425 410

410 475 485

in March, 1903, to January 1, 1812,
the Momalith Portland lmll has produced 375,000 barrels of
Portland cement, The cost has been approximately §130
per barrel.  Tufa is ground at Monolith at 30.8 cests per
Yarrel, at Haiwee for 408 cents per barrel, and at Fair-
mwnt for 41.3 conts per barrel. As & barrel of tufa coment
consists of half a barrel of ground tufa and half a barrel of
Portland cement, regrownd together, the mill cost of the
Portland-tufs cement is approximately 1.4 cents per bar-
rel a1t Monodith, 851 cents at Haiwee and 55,6 at Fairmont,
the batter two figures not including freight of Portland 10
the tuls mills. No coment mill in the country can compete
with the city at this figure, and field and haboratory tests
show the product rebnbcqul if noe 1he superior, of any
hydesulic cement in the market.

In addition 10 the large reduction in the cost of the
cement itself. a second most upmml mm-v is effected
by the saving in freight and wagos rtation, the
former having bees seduced 30 per «nt by the manufac-
ture of wia at the three mills in proximity to the place of
its use.

Owin' 1o the snusual speed at which the :quedm con-
struction work has heen ,nlml. it ws fommd in 1900 that
e city comll not produce s cun Portland coment fast
emaugh. 1t therelore calied for bids oa 200000 barrels,
Using its position as a cement manufacturer 5 a club, the
city secared all the additional cement it needed at a cost of
145 per bareel—equivalent 10 about ™ cents per barrel
wnder the marker price, In this sngle aspect the jeop-




Natural Pozzolans

“Tufa cement consists of equal
amounts by volume or Portland cement
and ground tufa reground to a fineness of
not less than 90 per cent. passing a 200-
mesh screen.

In the tests, straight Portland for the
first seven days shows to best
advantage, but after the first week the
tufa cement surpasses it in breaking
strength. At the end of one year it
exceeds Portland by about 20 per cent.
Comparative breakage tests of 60
briquettes a day show Portland breaking
In 28 days at 315 pounds average, and at
345 pounds in 90 days.
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CEMEST FLANY AT MOXOLITH.
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Samples of old Roman cements were obtained and
analyzed, The California tufas were found 10 be stek-
ingly similar to the [talian tufss used in the construction
of the Coliseum and the Roman aqueducts. Germany for
Iiirable qualities

was quite

a
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I have & daily capacity of 530 barres,
while that at Monolith bas a capasity of practically 1400
Barrels daily
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In the tests, straight ©
shows to best advantag after 1he first week the tufa
cement sarpasses it in breaking strength. At the end of
ane year it exceeds Portland by about 20 per cent. Com-
parative breakage tests of 00 briquettes a day show Port
land bresking in 25 days st 315 goands average, and at 345
pounds at B0 days

TUFA GUARRY AND MILL AT TAIRMONT,
Aquedyct tufa cements from the three tufs mills tested
as follows:
Haiwee  Fairmont .\Ia.unluh
25 days 55 5
DOdRYS icouoeriiianns 10 473
From the first fring in March, 1003, to Jmum 1,12,
the Momolith Portland mill has produced 575,000 barreds of
Portland cemens, The cost has been agproximately §1.30
per barrel. Tufa is ground at Monolith at 30,8 cents per
larrel, at Haiwee for 408 cents per barrel, and at Fair-
mant for 418 cents per barrel. As & barrel of tufa comes
consists of half a barrel of ground tufa and half & barrel of
Portland cement, regrownd together, the mill cost of the
Portland-tul ent s approximately 5.4 cents per bar-
rel 3t Manotith, 5.1 cent and 55.0 at Fairmont,
the hatter two I'gure- not including freight of Portland 1o
he tuls mills. No ecment mill in the country can compete
the city at this figure, and field and Iaboratoey teits
show the product to be the cqmal, if not the superior, of any
hydesulic cement in the market
In addition 10 the large reduction in the cost of the
ent itself. 3 second most important econoey is effected
the saving in freight and wagon transportation, the
former having bees seduced 30 per cent. by the man:
t the three mills in proximity fo the place of

faiw

ac-

struction work has heen pashed, it wxs fosmd in 1909 that
the city conll not produce its cun Portland ¢ fast
emongh. 1 therelore Tor bids oa 200.000 barrels,
a coment manufacturer 3 4 club, the
t it needed at a cost of
™ cents per barrel
wnder the markes price, In this sngle aspect the peep




Natural Pozzolans

« Examples of natural pozzolans include
» Some diatomaceous earths
» Opaline cherts and shale
» Tuffs
» Volcanic ashes
» Pumicite

» Various calcined clays and shales
« Some natural pozzolans can be used as mined

« Most require processing such as drying, calcining,
or grinding



Natural pozzolanic materials

m Global distribution: natural pozzolans vs. volcanics
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Natural Pozzolans

* Natural pozzolans are specified under ASTM
C618 (AASHTO M 295)

* When considering the use of natural pozzolans,
concrete testing should be performed as the
pozzolanic properties can vary significantly from
other materials such as fly ash



Alternative SCMs

 Inorganic materials that react, pozzolanically or
hydraulically, and beneficially contribute to the
strength, durability, workability, or other characteristics
of concrete, and do not meet ASTM specifications
C618, C989, and C1240

« Examples include some slags or fly ash from co-
combustion processes such as coal with biomass

« Used in limited applications in some markets

« ASTM C1709 Standard Guide for Evaluation of
Alternative Supplementary Cementitious Materials
(ASCM) for Use in Concrete was developed to provide
a clear methodology for evaluating these materials



Ternary Mixtures

* Concrete mixtures that contain OPC and two
other materials in the binder fraction

» The binder materials may be combined at the batch
plant, or obtained as a pre-blended product

 In general, ternary mixtures perform in a manner
that can be predicted by knowing the
characteristics of the individual ingredients

* One benefit of ternary mixtures is that negative
properties of a one SCM can be offset by positive
properties of another



Trends in Power Production
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Coal Fly Ash Use
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Recovered Ash

« With diminishing production, ash marketers are
turning to land fills & ash ponds to recover fly ash

» Most recovered sources are Class F ash

» Limited research to date on performance of recovered
ash

 All recovered sources will require processing
» Drying
» Sizing
» Blending

» Could lead to more uniformity or less, depending upon
source and degree of processing



Recovered Ash

« Concerns

» Uniformity — ash in ponds will stratify based on density
and strata in land fills/ponds will represent different
coal sources and burning conditions

» Weathering — Does storage alter the chemical or
physical nature of the ash?

» Adulteration — many land fills/ponds hold bottom ash,
scrubber residue, and other wastes in addition to ash

» Infiltration — clays and other materials may infiltrate
and co-deposit

» Testing — do current specifications provide tests &
limits that will adequately screen recovered ash?



Recovered Ash

« Concerns (continued)

» Current federal and state regulations create pressure
to close disposal ponds quickly, leaving insufficient
time to recover and use the ash

» Power producers have little to no incentive to use ash
beneficially under current regulations.

* Benefits
» Well over a billion tons of ash in disposal

» Proper processing could provide a more uniform
product

» Significant reserves could help limit cost increases
although processing will add costs



Trends in Specifications

« Overall inconsistent performance & recovered ash use have
caused ASTM & AASHTO to re-evaluate specifications

* |tems under consideration

> Revise classification
» Use CaO instead of SUM

» CaO more predictive of key properties
» Move to ASTM C1567 for assessing ASR mitigation
» Consider modifications to SAl
» Use constant volume rather than mass replacement of ash
> Particle size — need better test
» Adsorption potential

» Use adsorption based tests rather than LOI



Summary

« SCMs are essential to concrete durabllity

« Key materials
» Fly Ash
» Slag cement
» Silica fume
« Emerging Materials
» Natural pozzolans

> Alternative SCMs



Summary

« All SCMs are expected to favorably affect the
following but each does so in varying degrees

» Strength
» Permeability
» Heat of hydration
» ASR and Sulfate attack mitigation
« SCMs may or may not favorably affect the following
» Early strength
» Rate of strength gain
» Cost



Summary

« Each material has general strengths and weaknesses

Fly Ash Most experience with Inconsistency
Low cost (currently) Diminishing supplies
Largest reserves
Best availability (though variable)

Silica Fume Highly pozzolanic Cost




Summary

Avallability and use of SCMs is changing

Trends will be towards more ternary mixtures where
blends of SCMs will be used

Traditional material supplies will be challenged
New materials will enter the market place

Testing of all materials and verification of
performance in concrete will become more important
moving forward



Questions?
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