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Abstract

Construction tendencies are at their height degree with inside the twenty-first century across the globe.
There are numerous skyscrapers, roads, dams, bridges, underground tunnels, and underwater systems all
around the world. The days while discussing the deserves of making use of admixtures have been hard to have
passed ( Patel, Chandrakar, & Tomar, 2018).It is plain that admixtures might also additionally cope with
technical problems even as additionally saving cash via way of means of growing concrete electricity and
decreasing water use. Many admixtures are used within side the constructing enterprise for diverse functions to
enhance diverse cement concrete's favorable characteristics Patel, Chandrakar and Tomar 2018). Generally,
admixtures are divided into categories: - 1) Mineral I1) Chemical admixtures.
Keywords : Super plasticizers, cement paste, setting time.

Introduction

Water decreasing admixture is a concrete putting or unsatisfactory low
shape of chemical admixture that has early strength (maintaining the slump)
numerous blessings for each clean and because of intense putting time retardation,
hardened concrete. Different water- moreover reduction in economict’!. Many
decreasing admixtures may be without structures were demolished because of
problems to be had with inside the market; their end-of-existence status, unsuitability
from the one admixtures excessive variety for a function in a hastily growing city,
water decreasing admixture additionally and harm due to herbal catastrophes and
called super plasticizer. Type F is the dangers. Because of unplanned disposal
maximum not unusual place kind of and a scarcity of dumpsites, the destruction
admixture, and it improves the concrete of the systems is growing concrete
traits significantly[e]. Since many kinds of particles and inflicting environmental
admixtures and cement are to be had at the difficulties™®. In landfills, a full-size a part
market, there's freedom in selecting the of probably usable demolition waste is
right concrete composition primarily based disposed off.
totally on the desired parameters whilst The transportation and disposal of
retaining the general financial system and those wastes aren't cost-powerful or
environmental protection. Concrete traits ecologically friendly!®..
are significantly altered through additives, At present, greater than 70
specifically new super plasticizers that are percentage of in-situ cement concrete with
frequently evolved throughout the world. inside the international is produced
However, if the cement and admixtures are through the ready-blended concrete
incompatible, it could bring about fast (RMC) industry. The creators of ready-
slump loss attributable to a quicker blended concrete (RMC) use a super
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plasticizer (SP) admixture this is
comfortably available from quite a few
suppliers. Super plasticizer (SP) is used to
boost workability without affecting the
water/cement (W/C) ratio or applied to
enhance the very last energy of cement
concrete through lowering the moisture
content material at the same time as
retaining suitable workability!®. With the
creation of numerous cement
manufacturers and urban admixtures into
the Indian market, studies of the effect of
chemical super plasticizers on nearby
cement manufacturers are required. Super
Need and Objective of Research

In India, the wuse of super
plasticizers to offset the demanding
situations of slump loss because of
visitor’s delays is inevitable. According to
investigator studies, each predominant
intersection in Nairobi has extra than forty
mins of postpone for the duration of rush
hour. It method that, primarily based
totally at the batching plant's location, the
cumulative top postpone encountered for
the duration of ready-blend concrete
transportation extensively exceeds the
standard-placing  time  of  cement,
necessitating the use of super plasticizers.
However, if incompatibility problems
among cement pastes' and super
plasticizers  aren't  addressed, the
advantages of super plasticizer concrete
will maximum in all likelihood be
reversed. To make up for slump loss in
(RMC) ready-mixed concrete, more water
Literature Survey

The audit of related writing Survey
Conducted in Chronological Order of
Research  Articles Pertinent to this
Research as under:
Timing of organic admixtures

Consisting of fluidizing marketers,
air-entraining  marketers, and water-
lowering marketers regulate the fluidity

[64]

plasticizers, additionally referred to as
high-variety water-decreasing admixtures,
are synthetic, natural compounds which
can be water-soluble and decrease the
amount of water had to acquire a sure
consistency in clean concrete. In India,
there are 4 distinct kinds of super
plasticizers. Sika makes sorts of discrete:
Sika Viscocrete 10 and Sika Viscocrete
3088. Master Glenium and Master
Rheobuild RMC eighty are the elective
sorts of super plasticizers made through
BASF.

is typically added on the construction site,
making the concrete weaker and less
resilient. Normally, contractors use the
manufacturer's endorsed minimal dosage
of super plasticizer to shop money,
brushing off the placing time with inside
the occasion of unavoidable jam delays.
On the alternative hand, outstanding
funding through the authorities and
overseas organizations with inside the
cement production enterprise has brought
about the formation of novel cement
producers to meet growing neighborhood
demand. With the advent of recent
manufacturers of cement into the Indian
market, warnings need to accept at the
same time as the use of super plasticizers
in ready-blend concrete, necessitating
observes to broaden ok standards for
utilization while running with (RMC)
ready-mix concrete.

and sparkling concrete settling time. Fresh
cement paste become made with 4 one of a
kind styles of natural admixtures, which
include  polycarboxylic  acid-primarily
based totally, amino sulfonic acid-
primarily based totally, 13-naphthalene
sulfonic acid-primarily based totally, and
acid-primarily based totally lignin sulfonic
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admixtures, making use of awesome
methods of adding: concurrently with
water mixing (simultaneous addition) and
at a described duration after water mixing
(time dependency of fluidity) (later
addition). To make clear the effect of
admixture kind and brought timing at the

sparkling cement paste and urban
characteristics, current strategies (Auger
electron spectroscopy, X-beam

Clinker sulphate

The quantity of sulfate on the
clinker level affected the overall
performance of super plasticizer concrete
mixes in phrases of a preliminary hunch at
a particular water-cement ratio (zero.45),
hunch-loss rate, and compressive energy at
specific ages. The considerable version
among batches (A and B) of clinker from
the equal kiln supply became the extent of
sulfate (SO3) withinside the clinker (zero.
seventy-two percent and 1. forty percent,
respectively).To produce Portland Cement,
specific quantities of herbal gypsum have
been applied in milling machines for
laboratories as a moist regulator: Al, A2,
A3 from clinker A, and B1, B2, B3 from
clinker B. Total sulfate awareness in
phrases of SO3 became mounted at 3
levels: three.zero% in Portland cements
Al and B1, three. five percent in Portland
cements A2 and B2, and 4. zero percent in
Portland cements A3 and B3. The decrease
the clinker sulfate awareness in Portland
Marsh cone test

The Marsh cone takes a look at an
honest approach for determining cement
pastes fluidity that includes super
plasticizer and silica fume. This technique
became used to research the impact of
water/cement ratio, mineral admixture
type, dosage, and Cement paste with super
plasticizers at numerous super plasticizer
doses. The outcomes for cement paste the
usage of micronized silica fume diatomite

[65]

photoelectron spectroscopy, and ecological
examining electron microscopy are a few
models) are utilized to gauge concrete
hydration, adsorption of normal admixture
to clinker minerals, the appearance of
mind boggling calcium with normal
admixture, and cement paste flocculation
structure. In 1995 Hiroshi uchikawa and
their colleagues have reported his work.

Cement, the greater powerful the hunch
growth produced with the aid of using the
super plasticizer addition is for a given
sulfate content material in Portland
Cement. Furthermore, the decrease in the
clinker sulfate level, decreases the super
plasticizer concrete mixture's hunch-loss
rate. Finally, while low sulfate clinker is
used to make Portland cement, there's a
drop in compressive energy at early ages
(> three days) while a positive water-
cement ratio is used. These discoveries are
related with the effect of clinker sulfate

content material on early concrete
hydration in expressions of gypsum
utilization, ettringite arrangement, and

tricalcium silicate (alite) hydration: the
reduction in the clinker sulfate content
material, the decline in the early concrete
hydration in expressions of gypsum
utilization, ettringite arrangement, and

tricalcium silicate (world class) hydration
71

as mineral admixtures are given. There is a
saturating dose of super plasticizer after
this there's much less development in
fluidity in all cases, and this could be
applied to choosing the kind and dosage of
super plasticizer. The findings display that
once the amount of silica fume with inside
the air rises, the relative fluidity of the air
decreases. The Marsh cone approach is
likewise used to look at the effect of
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various blending sequences in paste
manufacture. When fluidity loss is studied
as a feature of time of super plasticizer
Poly-naphthalene Sulfonate

The poly-naphthalene sulfonate
(PNS)  super plasticizer  adsorption
behavior and its dating to cement paste
fluidity have been investigated for 6
varieties of cement at a given dose of PNS
super plasticizer. Because there aren't any
soluble alkali sulfates in incompatible
cement, it has a more adsorption potential
than the PNS super plasticizer. The
amount of PNS adsorbed and the cement
paste's mini-droop location fee at half-hour
have an inverse connection, which means
that the greater PNS adsorbed lowers the
Superplasticizer molecules

Superplasticizer  molecules are
adsorbed now no longer most effective on
un hydrated cement stages but additionally
on sure in their hydrates. The proliferation
of ettringite germs is slowed or stopped
due to the adsorption at the hydrates.
When all the primary molecules of super
plasticizer had been consumed, however,
everyday ettringite improvement
Admixture addition

Timing of natural additive addition
impact the fluidity and fluidity loss of
recent cement pastes. During the
preliminary one hundred twenty mins of
hydration, On the rheological functions of
normal Portland and sulfate-resistant
cement pastes, the effects of chemical
admixtures, naphthalene formaldehyde
sulfonate (NFS) and melamine-
formaldehyde sulfonate (MFS), have been
investigated. The admixture turned into
introduction at durations of 0, 5, 10, 15,
20, and 25 mins. Shear pressure and
perceived viscosity of cement pastes have
been measured at various shear speeds (3—
146 s 1) and hydration periods of 30, 60,

[66]

type, it's far apparent that tendencies vary
dramatically among products [10] and
have studied by L. Agull6 et al,In 1999.

preliminary droop fee and brought about a
higher slump loss. Reducing the amount of
PNS adsorbed, including a few Na2SO4
allows for beautifying the droop location.
Furthermore, in contrast to sodium sulfate,
calcium sulfate now no longer inhibit PNS
adsorption on cement debris in cement
pastes with W/C = 0.35. The significance
of alkali sulfate with inside the dispersion
of PNS extremely good plasticized cement
pastes, similarly to the lack of early droop
was reported earliert!).

continues. This interplay of super
plasticizer molecules with ettringite can
assist to give an explanation for why
there's a lot of water applied with inside
the early stages of mixing, in addition to
the never-spoke back query of wherein all
of the super plasticizer molecules are in
cemented concrete.

90, and one hundred twenty mins. After
one hundred twenty mins, the cement
pastes' Ca2+ awareness and mixed water
content material have been decided. The
plastic viscosity and yield pressure have
been additionally calculated with the use
of the Bingham model. The consequences
display that growing the admixture's
introduced time decreases the vyield
pressure, shear pressure, and the cement
pastes' plastic viscosity at each early (15
min) and later early (15 min) ages (one
hundred twenty min). The not-on time for
admixture addition is decided to be 10-15
mins.
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Impact of admixture

Concreting in  warm climate
damage each the compressive energy and
placing time of the concrete. Admixtures
are typically applied in concrete to defend
it from the damaging consequences of
warm climate. The attention of this studies
is to peer how an oppressive admixture
(ASTM C 494 Type D) influences the time
it takes for cement pastes to set. Three
awesome curing situations had been used
withinside the placing time testing
(temperature & relative humidity). The
Fluidity performance

Fluidity overall performance is
mentioned on this observe from the

attitude of essential mechanics. The
deforming  characteristic ~ of  super
plasticizer concrete is an crucial

consideration. When sparkling concrete
deforms uniformly, one crucial precept of
super  plasticizer,  specifically  the
proportional correlation of the adsorption
Impact of the admixture dosage

To compare the effect of the
required admixture dosage, and an
exploration thru experimentation turned
into conducted. Along with  manage
mixes, concrete mixes with SP doses of
400, 600, 800, 1000, and 1200 mi/100kg
of cement had been  created.
(Water/cement ratios of O.fifty six and
0.66, respectively). After casting, Standard
curing approaches had been used at the
samples of concrete. Water absorption,

additive turned into blended into 3
awesome styles of cement pastes. The
consequences of the assessments verified
that the influences of admixture on cement
paste placing time are relying at the
cement kind and additive dose. It produced
set retardation in 3 of the 3 styles of
cement applied, however it improved the
preliminary placing time and behind
schedule the very last placing time in a
single sort of cement while doses more
than 0.25 percentage had been employed.

quantity of super plasticizer consistent
with floor location of hydrate to fluidity,
Concrete mixes' workability may be
described the usage of this term.
Furthermore, thinking about the water-to-
cement ratio and cloth blending technique,
the fluidity effectiveness of cement and
super plasticizers must be assessed with
inside the context of actual concrete.

Compressive energy, porosity, preliminary
floor absorption, and permeability had
been all examined further to the brand new
concrete's workability and placing time.
Overdosing on SP deteriorated the traits of
concrete, ensuing in reduced compressive
energy and elevated porosity. If the dose
ranges are underneath the proper dosage,
however, growing the additive dosage may
also help to enhance the concrete
characteristics!®!.

Compare the Properties of superplasticizer- based concrete

The residences of super plasticizer-
primarily based totally concrete with that
of concrete having no super plasticizer.
The use of a super plasticizer allowed for a
tremendous discount in water use at the
same time as maintaining equal
workability. In this studies program, 3
wonderful super plasticizer households
had been hired-1125 Rebuild (Sulphonated

[67]

naphthalene  polymer-primarily  based
totally) one hundred forty Selenium
(Polycarboxylic ether polymers) 225
Pozzolith  (Modified lignosulphonate).
Two layout ratios of M20 and M40 grade
had been hired for concrete blend
proportioning via way of means of weight.
To compare the impact of this super
plasticizer on numerous residences of
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concrete, the water-cement ratio turned
into stored at 0.55, 0.40. The super
plasticizer doses had been set at 0.25
percent via way of means of a load of
cement. The test turned into separated into
The effects of overdose of the admixtures

SP and retarder doses of 600, 1200,
1800, and 2500 mil/one hundred kg of
cement, in addition to a managed mixture
(water/cement ratio of 0.50), had been
used to provide concrete mixes. The
samples of concrete had been forged after
which subjected to traditional curing
methods. Characteristics together with
compressive electricity in addition to the
Temperature

A temperature variety of five to
40°C (forty-one to 104°F), the outcomes
of ambient temperature at the cement paste
float conduct containing super plasticizers
of numerous households had been
investigated. The mini-droop and Marsh
contests found out that temperature
impacts all super-plasticized pastes float
conduct and the saturation dose of the
super plasticizer will increase because the
temperature rises, with the
polycarboxylate-primarily based totally
super plasticizer displaying the least
fluctuation. It turned into additionally
Workability

Impact of super plasticizer doses of
400ml, 600ml, 800ml, 1000ml, and
1200ml/one hundred kg of cement on the
Concreteperformance. Experimental
effects for clean and cured concrete
residences for 3 30 MPa grade blend
assessment with that of normal concrete.
The research checked out assessments
along with the droop loss, droop test, float

4 collections to decide the impact of the
super plasticizer: workability, water
discount, cement saving, and compressive
electricity.

workability of the clean concrete had been
assessed. Over dosage of SP or retarder
turned into determined to degrade concrete
characteristics, ensuing in decreased
compressive electricity. If the dose tiers
are beneath an appropriate dosage,
however, growing the additive dosage may
also help to enhance the concrete
qualities®.

found that the cement paste's fluidity
reduces because the ambient temperature
rises. The water wanted for cement will
increase  dramatically ~ whilst  the
temperature rises from five to 40°C (forty-
one to 104°F), in step with Vicat
penetration studies, and Depending on the
type and quantity of super plasticizer, the
version in water consumption. It turned
additionally determined that after the
temperature rises, the putting time of all
super plasticizer cement pastes
decreases!..

table, and compressive electricity test.
Increased dosage of super plasticizer in
concrete  residences  will  increase
workability at a regular water-cement
ratio, in step with the findings.
Furthermore, the blend's compressive
electricity exceeds that of normal
concretet®®!,

Properties of mortar & concrete in the fresh and hardned states

To lower the amount of blending
water used and enhance the mechanical
and bodily residences of mortar and urban
with inside the sparkling and hardened

states, we  used  water-polymeric
admixture, a discount of super plasticizer,
and a putting accelerator within side the
mortar or concrete components matrix at
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numerous probabilities starting from 0. 4-
5% with the aid of using the weight of
cement with a step of 0. The bodily traits
of sparkling cement paste formulated with
this kind of admixtures, which include
fluidity/water content  material/putting
time, were progressed on the only hand,
and the mechanical overall performance,
which includes porosity/capillary
absorption/sturdiness and compressive
power of mortar and urban, has been
Concrete’s early age

The impact of super-plasticizer
(Duraplast SP-400) doses on concrete's
early age residences is the situation of this
have a look at. Six awesome combinations
have been made, every with a specific SP
dose. Concrete compressive power,
workability, and putting time have been all
determined at a younger age. Concrete
compressive power changed into reduced
Rheological parameters

The impact of the sort and amount
of water decreasing specialist at the
rheological boundaries of cement changed
into chose with the guide of utilizing a
high-accuracy rheological meter, and the
Bingham condition changed into fitted.
Based on 3 forms of water-decreasing
marketers at the rheological parameters,
the outcomes of water discount agent dose
on concrete rheological parameters have
Sensitivity of concrete

The sensitivity of concrete to
segregation and to assess the air
entrainment balance with the aid of using
locating the air content material elevation
at 30 and 60 mins after concrete blending.
Seven specific mixtures of air-entraining
agent admixtures and PCE-primarily based
totally super plasticizer have been used on
this look, with a cement content material
of 425 kg/m3 and consistency classes: S3
with moisture to cement ratio of 1/3 and
F5 with moisture to cement ratio of 0.38.

[69]

progressed at the other. We additionally
located that after the super plasticizer
polymeric admixture is among 0. five and
2. five percentage SP103 with the aid of
using the weight of cement, produces exact
bodily and mechanical traits. After a
positive proportion, mechanical residences
start to erode. In this manner super
plasticizer SP103 has a saturation fee of 2.
five percent of the polymeric admixture.

at a preliminary age while the SP dose
changed into raised, at the same time as
power at 28 days changed into improved
with the aid of using including SP dosage
as much as 2%. Workability and setup
time has progressed, however, those values
dropped after the dose changed into
improved to 29",

been summarized. The outcomes of water
discount agent dose on concrete
rheological  parameters have  been
summarized and the regulation of the way
the rheological parameters alternate with
time changed into concluded, which gives
a few references and steerage for the
affordable choice of water decreasing
marketers in concrete preparation.

All concrete combinations applied an
equal kind of cement. The blending of
concrete changed into achieved at 2 and
five mins, respectively. The findings
display that the quantity of air in sparkling
concrete is decided with the aid of using
the mixture of super plasticizer and air-
entraining marketers used and the
consistency of the concrete. Because there
are few mixtures of air-entraining
marketers and PCE-primarily based totally
super plasticizers, better consistency
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elegance concretes are much more likely
to have air elevation. The statistics
additionally mean that a short blending c
language won't be sufficient to obtain the

Characteristics of self-compacting concrete

The effect of super plasticizers at

the workability and traits of self-
compacting  concrete  changed into
investigated on this have a look at

(SCC).With a M30 grade of concrete, 3
types of super plasticizers, Conplast SP
561, Conplast SP 430, and Coloplast SP
264, have been utilized at different
probabilities (0, 10, 20, and 30%) with the
Strength of concrete

The effect of super plasticizer
doses of 0. 5%, 1%, 1. 5%, 2%, and 2.
5% primarily based totally on the overall
performance of cement concrete. Using a
super plasticizer, we may also lower the
quantity of moisture required within side
the concrete blend. The Coloplast sp430
super plasticizer is used in this
investigation, and it's far utilized in
numerous proportions within side the
concrete blend, starting from 500 ml to
2,500 ml in step with a hundred kg of
cement. The use of a super plasticizer
minimizes the quantity of water applied at
the same time additionally improving the
power of the concrete. The use of super
plasticizers additionally enables to hold the
surroundings with the aid of using
preserving water. This has a look at
objectives to discern how a lot of super
Compressive strength of concrete

Fluidity and lack of waft fee of
cement paste and mortar over time,
similarly to the pore shape and
compressive power of mortar and urban,
are tested with inside the presence of high-
overall  performance water-decreasing
marketers which include purposeful
polycarboxylic acid. Using mercury
intrusion trying out, scanning electron

[70]

entire efficiency of a few air-entraining
chemicals, particularly withinside the
concrete of better consistency classes.

equivalent water-concrete proportion of
0.3.0n sparkling concrete, the workability
stoop, v-funnel, and I-field exams have
been done, accompanied by the aid of
using a compressive power check on
hardened concrete. All the mixes have
been satisfactory, however, the assessment
SP 430 blend had advanced workability
and power.

plasticizers feature in the concrete blend to
attain the focused imply power. The
outcomes of experimental trying out on
M25 grade of concrete in sparkling and
hardened degree residences are as
compared to that of everyday concrete.
The consciousness of this study's
development is on using super plasticizers
to reduce water applied within side the
blend. A collection of experiments have
been done to research the stoop fee,
flexural power, and compressive power
with and without the inclusion of a super
plasticizer. The findings endorse that
growing the quantity of super plasticizer
with inside the cement concrete aggregate
will increase each cap potential and stoop.
Furthermore, the compressive and flexural
strengths are relatively better than popular
concrete.

microscopy (SEM), and X-ray diffraction,
the pore shape, hydration fee, and
hydration merchandise of concrete that
incorporates specific purposeful
polycarboxylic acid super plasticizers have
been investigated (XRD). The findings
display  that the  water-decreasing
compound Z improves the concrete pore
shape and compacts the concrete and



TECHNOFAME- A Journal of Multidisciplinary Advance Research

mortar shape, ensuing in improved
concrete compressive power. In addition
ester purposeful organizations and the
shorter facet chains within side the shape
of water-decreasing agent H can gradual
down the hydration of cement, decreasing
early mortar power; however, in the
closing stages, the concrete and mortar
pore shape containing super plasticizer H
Compressive strength of a mortar

The Several investigations on
cement paste, mortar, and diverse concrete
combinations with and without super
plasticizers were undertaken so far. This
study suggests how the usage of numerous
super-plasticizers, in addition to their
various concentrations, impacts the power
of concrete. Three one of kind forms of
indigenous super plasticizers had been
acquired from diverse sources. CMC-
Super Plast, sacrament-600, and CICO-
Super Plast had been most of the super-
plasticizers hired on this investigation. The
concentration/dosage degree of super-
plasticizers is notion to variety of
percentages, and their conduct is
Pumice powder

Pumice powder and plasticizer
outcomes on numerous parameters of
cement-bonded particleboards (CBPBSs)
had been tested in this study. As a result,
CBPBs had been made the usage of zero
percentage, 10%, 20%, and 30% pumice
powder, in addition to zero percentage,
zero. four percentage, =zero. Eight
percentage, and 1.2 percentage plasticizer.
The utilization of pumice powder had a
full-size  favorable impact on the
absorption of water and thickness
swelling, however, not have an impact on
density, in accordance to check results.
The amount of thickness swelling turned
decreased via way of means of 15% whilst
30 percent pumice powder turned into

[71]

is much less specific than that of concrete
and mortar containing polycarboxylic acid
water-decreasing ~ marketers.  Water-
decreasing agent J outperforms super
plasticizer Z at the same time as having a
decreased effect on the concrete and
mortar pore shape; it additionally
outperforms naphthalene-primarily based
totally water-decreasing marketers.

researched in phrases of preferred
consistency of cement paste, similarly to
preliminary and very last putting time. The
compressive power of a mortar or concrete
blend can also be envisioned via way of
means of various the percentages of super-
plasticizers. Furthermore, it's been proven
that including a preferred dose of super-
plasticizer to new mortar and urban retards
the putting time of the cement without
converting the traits of the sparkling
mortar and urban. The development in
compressive power of mortar and urban is
resulting from a lower in water desires
whilst the super-plasticizer dose is
improved.

used. The inner power of the bond and
modulus of elasticity had been each
improved via way of means of 20% after
the usage of pumice powder, while the
modulus of rupture and thermal insulation
traits had been decreased. Plasticizer doses
of zero. four percentage and zero. Eight
percent have a few high-quality effects on
board properties. The utility of plasticizers
stepped forward the thermal traits of the
material. As the amount of plasticizer
turned raised to 1.2 percent, the thermal
conductivity values decreased via way of
means of 18%. In this case, plasticizers
brought to the CBPB manufacturing
system are an ability alternative for
enhancing thermal properties.
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Research Gap and Conclusion

This overview examine states that
using super plasticizers profits sizeable
reputation round the arena and in
particular in India, the want for correct
hints for its use with neighborhood cement
manufacturers will become a necessity.

The trouble in the usage of super

plasticizers in geared up-blended concrete

in India effects from the reality that its
outcomes on concrete rely upon numerous
elements consisting of time of addition,
quantity of admixture, blending time,
blend proportions, putting time, and urban
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