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Abstract

Chemical admixture technology has significantly grown over the past 5 decades
resulting in various products used by construction, ready mix and precsast
concrete industries. The advent of such technology is reviewed in herein and in
particular, is related to usages and roles of admixture for developing high
performance concrete. Concrete products such as self compacting concrete is
found to benefit the most from advances in admixture technology. Guidelines for
applying and specifving admixtures are also discussed at some length. In
addition, applications describing usages of recently developed admixtures are
also described in this paper.
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1. INTRODUCTION

ACI 116R-00 [1] definition of admixture is a material other than water. aggregates.
hydraulic cement, and fiber reinforcement, used as an ingredient of a cementitious mixture
to modify its freshly mixed, setting, or hardened propertics and that is added to the batch
before or during the mixing (see also Fig. 1 for description).
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Figure 1. Schematic description of concrete ingredients and their interactions
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Admixtures interact chemically with the ingredients of the concrete and affect its
performance in the fresh and hardened state. They can exhibit special beneficial effects to
concrete and enhance workability of the fresh mixture, and strength or durability of the
hardened concrete.

Depending on the enhanced property. chemical admixtures can be classified as water
reducers, superplasticizers, accelerators, retarders, air-entraining agents, corrosion
inhibitors, alkali- aggregate expansion inhibitors, shrinkage reducing admixtures, ctc.

a. Overview of Admixtures

Within the last 30 years admixtures have evolved significantly (see in Fig. 2), where the
second millennium marks the development of next generations viscosity modifier and high
range water reducer (HRWR) products.

Air Entrainers
Liquid Water Reducers
High-Range Water Reducers (HRWR)

tol¥  1960s | 1970s | 1980s | 1990s | 2000s

Anti-Freeze

Hydration Control
Mid-Range Water Reducer

Viscosity Modifiers
Polycarboxylate (PC) HRWR
Self-Consolidating Concrete

NextGen PC HRWR, Air Detrainers, and Cocktails

Figure 2. Evolution of chemical admixtures

Admixtures are @IiBscd according to function. There are five distinct classes of chemical
admixtures [2]: air-entraining. water-reducing. retarding, accelerating. and plasticizers
(superplasticizers). other varieties of admixtures fall into the specialty category whose
functions include osion inhibition, shrinkage reduction, alkali-silica reactivity
reduction, workability enhancement, bonding, damp proofing, and coloring.

Water-reducing admixtures usually reduce the required water content for a concrete
mixture by about 5 to 10 percent. Consequently, concrete containing a water-reducing
admixture needs less water to re§3l a required slump than untreated concrete. The treated
concrete can have a lower water-cement ratio. This usually indicates that a higher strength
concrete can be produced without increasing the amount @ cement. Recent advancements
in admixture technology have led to the development of mid-range g@ater reducers. These
admixtures reduce water content by at least 8 percent and tend to be more stable over a
wider range of temperatures. Mid-range water reducers provide more consistent setting
times than standard water reducers.
a

Retarding admixtures, which slow the setting rate of c@crete, arc used to counteract the
accelerating effect of hot weather on concrete setting. High temperatures often cause an
increased rate of hardening which makes placing and finishing difficult. Retarders keep

Advances in Chemical Admixture Technology and its Roles in Development of High Performance Concrete
(Ivindra Pane, Jonbi)




Proceeding, International Conference on Advanced Technology fo Support Sustainable Development

ISSN : 2354-6905

@ncrete workable during placement and delay the initial set of concrete. Most retarders
also function as water reducers and may entrain some air in concrete.

Accelerating admixtures increase the rate of carly strength development, reduce the time
required for proper curing and protection, and speed up the start of finishing operations.
Accelerating admixtures are especially useful for modifying the properties of concrete in
cold weather.

Superplasticizers, also known as plasticizers or highffange water reducers (HRWR),
reduce water content by 12 to 30 percent and can be added to concrete with a low-to-
normal slump and water-cement ratio to make high-slump flowing concrete. Flowing
concrete is a highly fluid but workable concrete that can be placed with little or no
vibration or compaction. The effect offfperplasticizers lasts only 30 to 60 minutes,
depending on the brand and dosage rate, and is followed by a rapid loss in workability. As
a result of the slump loss, superplasticizers are usually added to concrete at the jobsite.
Corrosion-inhibiting admixtures fall into the specialty admixture category and are used to
slow corrosion of reifgbrcing steel in concrete. Corrosion inhibitors can be used as a
defensive strategy forf@oncrete structures, such as marine facilities. highway bridges. and
parking garages. that will be exposed to high concentrations of chloride. Other specialty
admixtures include shrinkage-reducing admixtures and alkali-silica reactivity inhibitors.
The shrinkage reducers are used to control drying shrinkage and minimize cracking, while
ASR inhibitors control durability problems associated with alkali-silica reactivity.

b. High Performance Concrete

In a broader sense high performance concrete (HPC) can be considered as concrete in
which certain char@f@ristics are developed for a particular application and environments
including: ease of placement, compaction without segregation, early-age strength. good
long term mechanical and transport properties (compressive strength. elastic moduli.
tensile strength, fracture toughness. permeability, durability), low risk of cracking, good
dimensional stability [3].

Key features of HPC include usages of low water to binder ratio (w/b), optimal use of
silica fume (and/or other mineral admixtures), smaller aggregates and fine sand, sufficient
dosage of superplasticizers, occasional specialized treatments and application of pressure
especially for ultra high strength concrete after mixing (at curing stage).

Performance measures and parameters that represent important aspects of HPC products
can be studied by observing the macroscopic and microscopic behaviour including;
1. Mechanical and physical properties (compressive and tensile strength, modulus of
elasticity. fracture toughness. resistance to abrasion & wear, porosity. density)
ii.  Transport properties (permeability, sorptivity, chloride and sulphate penetration
resistances)
iii.  Dimensional stability (thermal, shrinkage and creep)
iv.  Workability
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Table 1. Microstructural parameters and their roles [3]

Microstructural Macroscopic
Parameters Role/effect Behavior (NC)
Solid phase of hydrated Binder, load bearing Strength, toughness,
paste stiffness
(C-S-H gel)
Interface transition zone Non umfjorm pores Strength, toughness
(ITZ) and hydration
products
Capillary pores Water filled space Shrinkage, transport
Gel pores Intrinsic pore in gel Shrinkage, creep
Voids Water filled spaee Intemfll curing,
shrinkage
. : Strength. toughness.
Aggregate Filler, load bearing stiffncss

Mechanical propertics are responsible for high load bearing and mechanical resistance
capabilities of RC or plain concrete members. Meanwhile, transport properties are tied
closely to durability performance of concrete against penetrations of chloride and sulphate
ions, leaching. ectc. High stability against thermal, shrinkage and creep-induced
deformations are desired for structural members to maintain their shapes and avoid
additional stresses. In general, microstructure controls the macroscopic behavior of
hardened concrete (points i, ii, and iii above). Therefore, observing HPC microstructure
will lead to enhanced understanding on how characteristic behavior of HPC can be
controlled. Workability is considered important as production and placement of well
compacted and non-segregated fresh HPC require sufficient consistency and flow.
Microstructural parameters and their roles are summarized in Table 1 above.

2. ANMVANCES IN ADMIXTURE TECHNOLOGY

The effectiveness of an admixture depends upon factors such as type. brand. and amount
of cementing materials: water content; aggregate shape. gradation, and proportions; mixing
time; slump; and temperature of the concrete.

Admixtures being considered for use in concrete should meet applicable specifications as
presented in Table 2 [2]. Trial mixtures should be made with the admixture and the job
materials at temperatures and humidities anticipated on the job. In this way the
compatibility of the admixtuffjwith other admixtures and job materials, as well as the
effects of the admixture on the properties of the fresh and hardened concrete, can be
obscrved. The amount of admixture recommended by the manufacturer or the optimum
amount determined by laboratory tests should be used. Some types of admixtures will be
discussed further in the following.
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Table 2. Desired effects of various chemical admixtures and materials [2]

Type af admixturs Desired eNect Material
Accalaraioes Accelerale selling and early-slrangth Calcium chiaride (ASTM D 9B and AASHTO M 144}
[ASTM C 484 and devalopment Triethanaiamine, sodium Ihiocyanate, caicium formate,
AASHTO M 194, Typa C} caicium nitrte, calsum nitrate
Air delrainers Decrease ar conment Triteuty! phospnate, dbuny phinalale, octy alcahol, waber-

nEolubla estens of carborc and Boss acd, Silconas

Air-ertrairing admixures

Imgrave durabiily in ineaze-thaw,

Salls of wood reging (Vnsol resn), some syrihetic

[ASTM C 260 and oancer, sullate, and akali- deteepants, salls of sullonaled Ignin, Salls of patroisum
AASHTO M 154} reactiveg anvrcrments 8cids, salls of proleinacacus malerial, &ty and resnous
Imgrove warkabiily acads and ther salls, akylbenzang sutonates, salis of
sulanated Mydrecamons
Alai-aggregale macivily | Feducs alkal-aggegas reaciivity Barium sails, Mrium rilrale,
inhibilces Expans ithium carsonale, ithium hydeodde
Artwashout adminturas Cahesive concreta far undemwaber Cellulose, acnylic polymes
placements
Bending admixiures Increasa bond atrength Palyvingl chioeide, polyving acatate, acrylics,
Dulsdane-styrene conalymers
Colaing agmodunes Calored conches Modified carben Black, ifon oxids, phnalocyaning, umber,
(ASTM C 879} chromium axde, Staniam axde, coball bive
Carrgsion innon Reduce slead comasion actvly in & Calcium nitrite, sodum nilrba, scdium banzeak, caain
chicride-aden anviranment phosphales of llucsiicatas, lluoaluminales, esler amines
Dampproating admixiures Ralard meigiure panebralion inlo dry Soaps ol calcium or ammonium shaarste of olaale
concrebs Bulyl slearate
Palrolaum procucts
Foamirg agants: Preduca lightweaight. leamed Caton and arioric sufactanis
concrebe with law density Hydrolzed peobain
Fungicides, ganmiciceas, Ininini or corrod baclerial and lungal Polyhalogenated phancis
and inseclicdes orowih Dieldrin erulsions
Coppar compounds
Giag farmers Cavge axpansion belore selling Alnminue powser
Grouling admixires Adjust grout propecties lor spachic See Air-enirairing admixiunes, Acoaterators, Relanders,
applatong and Wales redusans
Hydration controd Suspand and raaclivale cament Cartaxylic acids
admisiires hydration wih slabilizer and aclivaloe Phospharus-contaning anganic acid salls
Permeabiily reducers Decrease parmeabiity Lalex
Calcium shaargle
Pumging ais IMgrove pumpabiity Crpganic and gynihete polymers
Oeganic locoulents
Orpanic amuisions of paratlin, coal 1ar, asphal, acrics
Bantonne and pyrogenic siicas
Hydraled Ime {ASTM C 41}
Fetarders (ASTM C 484 Relard satling Tme Lignin
and AASHTO M 184, Barax
Type B) Sugars
Tartane acid and sals
Shrinkage reducers Reduca drying shrinkage Palyaxyakylens alkyl &lher
Progryene giycal
Superpiastcizern” Increass Nlawabiity of contreta Sulierated melaming fomakiehyda cordengatas
[ASTM C 1097, Type 1) Raducs walsi-camant 1a10 Sulicrated naphithalems lonmaidahyde condansatas
Lignesullongles
Polycarboxylates
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Type of admixture Desired affect Material
Supermpiastcizer and Incraass lowsabilty with retardad sat See superglagliczers and also water reducers
retarder (ASTM C 1017, Raducs waler-cemant ratio
Type 2)

Walee reducer Rages waler corsent i least 5% Ligncaullonales
[ASTM C 484 ard Hydroxylated cabaxylic acids
AASHTO M 194, Typa A} Cartorrydrates
[Alse send 1o retard sel s accelaralor is ohan added)
Wales reckicer and Recuca waler cersent {minimum 5%) | See waser reducer, Type A (acceleraicr is asded)
acceleraloe (ASTM C 484 | and accelerate aet
and AASHTO M 184,
| Type E)
Waler FEcUEar and Reducs waler content (mirirum 5%) | See waler reducer, Type A (relander is aoded)

refarder (ASTM C 484 and | and retard el
AASHTO M 194, Typa D)
Wales reducer—high Raduce water contant {mirirmum See superplasticzers
range (ASTM C 494 and 12%)
AASHTO M 194, Typa F}

Walee reducaer—high Raduce water cenant {mirirmum See superplaclicizecs and aigo wader reducars
range—and retardar 12%) and retand set

[ASTM C 454 and

AASHTO M 184, Typa G)

Wiater reducer—mid Raducs waler cenant (batwean Ligncaullonales

rangs B and 12%) wihout retarding Palycarbundates

Superplasticizers are also rederred 1o 25 highe range water reducess or plasticizers. These admixbanes often eneot both ASTM C 854 (AASEHTO
M 19) and ASTM C 1017 specifications

Superplasticizer
Superplasticizers cause dispersion into smaller cement particles of coarse agglomerates
which predominate in the cement paste of the concrete mix [4]. Due to the dispersion
effect, there is a fluidity increase in the cement mixture. In the past time the dispersion
effect was ascribed only to the development of the same electrostatic (negative) charge on
the cement particles [5]. The electrostatic attractive forces., existing among cement
particles and causing agglomeration, would be neutralized by the adsorption of anionic
polymers negatively charged, such as SNF or SMF, for the presence of SO;™ groups on the
surface of cement particles. The dispersion of cement particles @ould be related with the
electrical repulsion produced by the negatively charged groups (SO3) on the other side of
the main polymer chain (Fig. 3).
Four r groups of superplasticizers arc:

i Ifonated naphthalene-formaldehyde condensate (SNF)

ii.  Sulfonated melamine-formaldehyde condensate (SMF)

iii.  Modified lignosulfonate (MLS)

iv.  Polycarboxylates

SNF

Side sulphonic group (negatively charged) Sulphonic groups responsible for
electrostatic repulsion

[ 7
e bt {5 @

Sulphonic groups  SNF
responsible for Cement grain
adsorption

Figure 3. Schematic picture of sulfonated polymer (SNF) and its electrostatic repulsion
effect on the dispersion of cement particles
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Hamada et al. [6] developed a new family of acrylic polymers based on the following
changes with respect to the PC-based superplasticizer:

i. A polyether (PE) based superplasticizer with Juch longer side chains of ethylene
oxide (EO): 130 moles of EO instead of 10-25 moles as in traditional PC-based
superplasticizer (Fig. 4). this change produces a lower adsorption speed and
reduces the typical retarding effect related to the early adsorption:

i. A modified PE-based superplasticizer where a great number of carboxylic groups
are replaced by a slump- loss controlling agent (SLCA) to achieve a still higher
slump retention with minimal setting retardation: indeed, due to the relatively low
number of carboxylic groups in SLCA (Fig. 4) the initial adsorption and the
dispersing effect are negligible as well as the setting retardation; however,
subscquently to the hydrolytic effect related with the OH™ presence in the aqueous
phase of the cement paste, the number of carboxylic units increases (Fig. 4) and the
slump can still increase by prolonging the mixing time due to the increasing
adsorption of the polymer on the surface of the cement particles.

Smecnam(Ecpolymer)\i‘ ‘ ‘ ‘ ‘ ‘ !
Modified carboxyl unit

Carboxyl unit
(€00 (COOR)
no adsorption initially adsorption onto cement and
no initial dispersability development of dispersability
SLCA Hydrolysis in SLCA
alkaline condition
%
E&En @&
®

Figure 4. The schematic molecular structure of polycarboxylate type (PC), polyether type
and slump-loss- controlling agent superplasticizer (SLCA) [4]

b. Viscosity Modifying Admixtures
Viscosity modifying admixtures (VMA) is a material added to concrete that changes its
viscosity and improves the stability of the mixture [7]. Types of VMA include:
i.  Cellulose
ii. PEG
ii.  Glycol derivative Natural Gums (Welan, Diutan, Guar)
fie key function of VMA is to modify the rheological properties of the cement paste. The
rheology of fresh concrete can be mainly described by its yield point and plastic viscosity
(see also FifFs):
1. The yield point describes the force needed to start the concrete moving. Yield point
is related to the workability of the concrete and may be assessed by tests such as
the slunffJvalue (EN 12350-2).
ii.  Plastic Viscosity describes the resistance of a concrete to flow under external
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stress. Viscosity is caused by internal friction. The speed of flow of concrete is
related to its plastic viscosity as shown in the diagram below and may be assessed
by the Tsp time during a slump flow test (prEN 12350-8) or by the time to flow
through a V Funnel (prEN 12350-9).

High viscesity, slow speed of flow

The balance between the yield point and the plastic viscosity is key to obtaining the
appropriate concrete rheology. VMA's change the rheological properties of concrete by
increasing the plastic viscosity but usually cause only a small increase in the yield point.
Admixtures which decrease the yield point are called plasticizers and are often used in
conjunction with a VMA to optimize the yield point.

VMA also provides cushion to aggregate particles, adds more “body”™ or “cream” to
concrete, keeps particles/aggregates suspended, and reduces segregation, as illustrated by
the following figure.

Pervious Pervious
No VMA

Figure 6. Example iilustrating effect of VMA

¢. Rheology Controlling Admixtures
Rheology: the study of the deformation and flow of matter under the influence of an
applied stress, which might be shear stress or extensional stress. A rheology controlling
admixture shall be used to facilitate the extrusion and consolidation of low-slump concrete
(< 75 mm) and placement and consolidation of normal slump concrete (= 75 mm). The
rheology-controlling admixture may also be used in mortar and grout applications if
desired. The admixture effects include:
i.  Lowers force required to initiate flow, without affecting the viscosity
ii.  Improves response to vibration
Advances in Chemical Admixture Technology and its Roles in Development of High Performance Concrete
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iii.  Lubrication effect
iv.  Enhances consolidation

The rheology-controlling admixture shall not adversely affect the setting characteristics,
air content or hardened properties of the concrete, mortar or grout mixture. Use of the
rheology-controllifZ) admixture shall exhibit the following properties or provide the
following benefits compared to untreated concrete of similar mixture proportions:

i.  Improve the workability or flow of bulk concrete, and improve the response to
vibration without a significant change in slump. Low-slump concrete containing
the rheology-controlling admixture shall show a minimum increase in relative
volume flow of 30%. as measured by the Test Method for Volume Flow.

ii.  Lower the yield stress, or force required to initiate flow, of the bulk concrete
mixture, without necessarily changing its viscosity.

1. Not disperse cement, but impart a lubricating effect to concrete that influences
particle to particle interactions, thereby facilitating flow of the bulk concrete
mixture during consolidation.

iv.  Concrete properties shall be within tolerances specified in ACI 117.

d. Shrinkage-reducing admixtures

Shrinkage-reducing admixtures, introduced in the 1980s, have potential uses in bridge
decks, critical floor slabs, and buildings where cracks and curling must be minimized for
durability or aesthetic reasons. Propylene glycol and polvoxyalkylene alkyl ether have
been used as shrinkage reducers. Drying shrinkage reductions of between 25% and 50%
have been demonstrated in laboratory tests. These admixtures have negligible effects on
slump and air loss, but can delay setting. They are generally compatible with other
admixtures.

e. Hydration Controlling Admixtures

Hydration controlling admixtures became available in the late 1980s. They consist of a
two-part chemical system: (1) a stabilizer or retarder that essentially stops the hydra- tion
of cementing materials. and (2) an activator that reestablishes normal hydration and setting
when added to the stabilized concrete. The stabilizer can suspend hydra- tion for 72 hours
and the activator is added to the mixture just before the concrete is used. These admixtures
make it possible to reuse concrete returned in a ready-mix truck by suspending setting
overnight. The admixture is also useful in maintaining concrete in a stabilized non-hard-
ened state during long hauls. The concrete is reactivated when it arrives at the project. This
admixture presently does not have a standard specification.

3. ROLES OF ADMIXTURE IN DEVELOPMENT OF HPC

a. Role of Superplasticizer

We will begin this chapter by discussing the role of superplasticizers. The reasons that
superplasticizers are much more important than any other chemical admixture is the
number of improvements which can be achieved by its use. Fig. 7 summarizes these
schematically [4].
When a superplasticizer is used as a water reducer at a given workability (I in Fig. 7). it
improves the properties of hardened concrete and, in particular, increases strength and
durability due to the reduction in capillary porosity and permeability. both related to a
lower water-cement ratio (w/c).
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Another mode of use of superplasticizers involves reduction of both water and cement. so
that workability and strength of the concrete with superplasticizer are the same as those of
the control concrete withdg admixture (Il in Fig. 7). Since superplasticizers in this case act
as cement reducers, they are capable of reducing the heat of hydration, a property that is
useful for concreting in hot climates or massive structures. There is @lso a beneficial effect
on the reduction in shrinkage and creep due to the higher aggregate/cement ratio related to
the reduction in cement content and the increase of aggregate compensating the volume
decrease of cement and water.

Finally, if superplasticizers arc added without modifying water and cement content,
concrete workabiffly improves (III in Fig. 7). This is perhaps the most useful effect of
superplasticizers for placing concrete in areas of high steel content that require a more
workable mixture.

The changes (I) and (II) in the presence of superplasticizers can be carried out without
admixture by increasing the cement-content (IV) or both cement and water at a given w/c
(V) respectively. Both changes (IV) and (V) occur with higher shrinkage. creep and heat of
hydration for the increase of the cement content.
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Figure 7. Roles of superplasticizers

b. Guidelines to Usage of Admixtures for HPC

The following guidelines are derived based on requirements provided by British Standard
(BS) [8]. Except in special cases such as high-strength concrete, the maximum dosage of
concrete admixtures is limited, by 5.2.6 of BS EN 206-1, to 50 g/kg cement. For low
dosages of less than 2 g/kg cement, the admixture has to be dispersed in part of the mixing
water.

The performance of concrete admixtures is controlled in BS EN 934-2 by requirements
related to the main function for single-function admixtures and to the main function and
secondary functions for dual- or multi-function admixtures. These performance
requirements are shown in Table 2.
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In addition there are general performance requirements applying to all admixtures; these
include:
i.  Effect on setting time:

1. Effect on compressive strength;

iii.  Effect on air content in fresh concrete:

iv.  Water soluble chloride content:

v.  Alkali content as Na;Oy,.
The performance of admixtures is determined by using reference concrete. The test mix
(with admixture) is compared with the control mix (without admixture). The chloride and
alkali contents also have to be @asured and declared. Test procedures for admixtures are
given in the BS EN 480 series, Admixtures for concrete. mortar and grout — Test methods.
The chloride content of all concrete is limited by Table 10 of BS EN 206-1 and the
contribution of admixtures to the chloride content can be calculated. BS EN 934-2 limits
admixture chloride content to a maximum of 0.10% or the manufacturer’s stated value.
Where the alkali content is limited in accordance with 5.2.2.2 of BS 8500-2, the
contribution from admixtures can be calculated. BS EN 934-2 requires the manufacturer
to state the maximum alkali content of each admixture.

Tabel 2. Performance requirement for admixtures

Warer reducing/plasticizing Warer reduction at equal Reduction = 5%
consisience
2 2 e Water reduction at equal :
High-range water reducing/ e iiania Reduction 2 12%
superplasticizing
Increase in consistence ar equal Shump inercase = 120 mm
wic ratio
Water retaining Reduction in bleeding Reduction = 50%
Water resisting Reduction in capillary absorption | Reduction = 50% by mass
Air entraining Air void characteristics in Spacing factoe £ 0.200 pm
hardened concrete
Set accelerating Reduction in initial setting tims Reduction = 40% at 5°C
Hardening acoelerating Compressive streagth at 1 day Increase = 20% at 20°C
Compressive strength at 2 days Increase 2 309 at 5°C
Set retarding Inceease in initial and final sexting | Initial increase = 90 min.
times Final increase < 360 min.
Set retarding‘'water reducing’ | Water reduction &t equal Reduction = 5%
plasticizing consisience
Inceease in initial and final setting | Initial increase = 90 min.
times Final increase < 360 min.
Set retarding/high-range Water reduction at equal Reduction = 12%
water reducingsuper consistence
plasticizing Inceease in consistence at equal Slump increase = 120 mm
wic ratio
Increase in initial and final setting | Initial increase = 90 min_
times at equal consistence Final increase < 360 min.
Set acceleratingwater Warter reduction at equal Reduetion > 58
reducing/plasticizing cansi
Reduction in initial setting time Reduction 2 30 min. at 20°C
and = 40% &t 5°C
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¢. Specifying Admixtures
Admixtures will normally be used in designed and designated concrete. The concrete
producer should be left to select the most appropriate admixture to contribute to achieving
the specified concrete properties. For ready-mixed concrete, the type of admixture used is
stated on the delivery ticket.

There is no reason to prohibit the use of admixtures. For designed concrete. admixtures are
frequently used to help achieve the following properties:
i. Compressive strength;
ii. consistence;
iii. Density;
iv. Air content;
v. Strength development:
vi. Retarded stiffening;
vii. Resistance to water penctration;
viii. Other special properties (e.g. accelerated stiffening, high early strength development).

Clause 3.1.3 of BS EN 934-2 advises that “trial tests should be carried out with the
materials to be used on site to find the dosage necessary to achieve the desired result”. The
concrete producer may well have the results of such tests, which should be obtained before
specifying the type and dose of admixture for a specific concrete mix.
The specifier should take into account the following:
1. Admixtures of the same type from different manufacturers may well require different
doses to achieve the desired effect;
ii. The effect of admixtures is dependent on the particular cement, additions and
aggregates used in the concrete.
The specified dose should be within the recommended range of dosage for the particular
type and brand of admixture. This information is provided by the manufacturer.
When a combination of admixtures is used it is important to obtain data for the
performance of mixes incorporating the particular combination of admixtures.

4. APPLICATIONS

Self compacting HPC

Self-compacting concrete is a concrete that is able to flow and consolidate under its own

weight. completely fill the formwork even in the presence of dense reinforcement, whilst

Paintaining homogeneity and without the need for any additional compaction.

Self-compacting concrete may be classified in three types: the powder type. viscosity

agent type and the combination type,

i. The powder type SCC is characterised by the large amounts of powder (all material <
0.15 mm) which is usually in the range of 550 to 650 kg/m’. This provides the plastic
viscosity and hence the segregation resistance. The yield point is determined by the
addition of superplasticizer.

ii. In the viscosity type SCC the powder content is lower (350 to 450 kg/m®). The
segregation resistance is mainly controlled by a VMA and the yield point by the
addition of superplasticizer.

iii. In the combination type of SCC the powder content is between 450 to 550 kg/m® but in
addition the rheology is also controlled by a VMA as well as an appropriate dosage of
the superplasticizer.
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In a well proportioned SCC the major variation in the composition during production at the
plant comes from normal changes in the moisture content of the sand and the coarse
aggregates. Variations of 1.5 % moisture content are typical for aggregate will lead to a
change of 10 to 15 liters/m’ of free water in the concrete mix. This will lead to significant
variations in the flow and cohesion properties of the concrete being observed from one
EBch to another on the same day or from one day to another.
Viscosity Modifying Admixtures make the concrete more tolerant to variations in the
water content of the mix so that plastic viscosity is maintained and segregation prevented.
The concrete has become more robust to small but normal changes in the moisture of the
aggregate. VMA's are a family of admixtures designed for specific applications [7]. They
are used to:

i. Reduce segregation in highly flowable/self compacting concrete

ii. Reduce washout in underwater concrete
iii. Reduce friction and pressure in pumped concrete
iv. Compensating for poor aggregate grading, especially a lack of fines in the sand

v. Reducing powder content in self compacting concrete
vi. Reduce bleeding in concrete
vii. Improve green strength in semi-dry concrete

Viscosity Modifying Admixtures are not a substitute for poor quality constituents or mix
design. Aggregates with a good grading curve should always be used for SCC and for high
workability concrete as a lack of fines in aggregates will affect the rheology and may
contribute to segregation and settlement. However, where suitable aggregates are not
cconomically available the required rheology of the mix can often be achieved by utilizing
a VMA to provide a more homogenous and cohesive concrete.
Potential benefits dffd VMA in SCC may be summarized as follows:
1. Less sensitive to variations in the moisture content of the aggregate
ii. The effects of small changes in the materials properties are minimized
iii. Lower powder content
iv. [@duces the level of production control
v. Allows more fluid mixes to be used without the risk of segregation
vi. Improving placing rate
vil. Reduced risk of segregation and bleeding
viii. Reduced formwork pressure by thixotropic effect
3. Better surface appearance
An overdose of VMA could make the fresh concrete mix too cohesive and slow the
placing rate. This effect can usually be overcome by increasing the superplasticizer
content.

b. Benefits of Combining Admixtures

One can combine water reducer and HRWR and expect the following:
i. Low water content of concrete. i.e. zero slump (initial water content is critical)
ii. Add Type A (2.0 oz/cwt) to increase to 2 in slump

iii. Add type F (9.0 oz/cwt) to increase to 11 in slump

iv. Higher strengths, lower shrinkage High slump retention
v. Good pumpability

Advances in Chemical Admixture Technology and its Roles in Development of High Performance Concrete
(Ivindra Pane, Jonbi)

C-29




Proceeding, International Conference on Advanced Technology fo Support Sustainable Development

ISSN : 2354-6905

Combination of mid-range water reducer and retarder can be expected to:
i. High temperatures, low humidity

1. Longer working time

111. Better control over set time

iv. Typically 8.0 oz/cwt and 2.0 oz/cwt, respectively

Another effect is the combination of hydration stabilization admixture (HAS) and
accelerator and HRWR. which can be expected to provide:
i. Job Constraints/Specifications,
- 3000 psi in 6 hrs, Type I/II cement
-2 }-'d3 bucket placement, 8 yd3 per truck
- 45 min haul to job
- No staging of trucks, tight jobsite
ii. Admixture Sequencing:
- Type F added to truck
- Type C added after Type F
- Type B added after Type F and C

5. CONCLUDING REMARKS

The following study has collected and gathered information on recent advances of
admixture technology and present applications where high performance concrete can
benefit from admixture usage. Desired effects of admixtures and their relations to
performance requirement have also been presented.

Important application examples include usage of advanced types of admixtures such as
viscosity modifying admixture (VMA). whether alone or as well as together with
superplasticzer, for self compacting concrete (SCC). In addition, an example on combined
usc of two or more types of admixture to achieve some desired effects has also been
provided.

In summary, admixture technology can contribute significantly to development of high
performance concrete. Recent applications have also shown more advanced potentials for
effective of use of more than one admixtures together and for reducing consumption of
cement and therefore, leading to practices of sustainable construction.
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