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‭Okay,‬‭so‬‭as‬‭I‬‭was‬‭saying‬‭in‬‭the‬‭past‬‭there‬‭were‬‭7‬‭types‬‭of‬‭chemical‬‭admixtures‬‭that‬‭were‬
‭specified‬ ‭in‬ ‭ASTM‬ ‭C494.‬ ‭Type‬ ‭A‬ ‭is‬ ‭water‬ ‭reducing,‬ ‭type‬ ‭B‬ ‭is‬ ‭retarding,‬ ‭type‬ ‭C‬ ‭is‬
‭accelerating,‬ ‭type‬ ‭D‬ ‭is‬ ‭water‬ ‭reducing‬ ‭and‬ ‭retarding‬ ‭that‬ ‭means‬ ‭it‬ ‭has‬ ‭got‬ ‭a‬ ‭double‬
‭functionality‬‭and‬‭that‬‭is‬‭quite‬‭easy‬‭to‬‭imagine‬ ‭because‬‭most‬‭of‬‭the‬‭carboxylic‬‭acids‬‭and‬
‭lignosulphonates‬ ‭act‬ ‭as‬‭both‬‭water‬‭reducers‬‭and‬‭retarders.‬‭Type‬‭E‬‭is‬‭water‬‭reducing‬‭and‬
‭accelerating,‬ ‭so‬ ‭obviously‬ ‭this‬ ‭is‬ ‭not‬ ‭from‬ ‭the‬ ‭same‬ ‭molecule‬ ‭but‬ ‭you‬ ‭need‬ ‭to‬ ‭have‬ ‭2‬
‭molecules‬‭which‬‭can‬‭actually‬‭work‬‭together‬‭to‬‭give‬‭that‬‭kind‬‭of‬ ‭performance.‬‭Type‬‭F‬‭is‬
‭water‬ ‭reducing‬ ‭high‬ ‭range‬ ‭super‬ ‭plasticizer‬ ‭and‬ ‭type‬ ‭G‬ ‭is‬ ‭a‬ ‭retarding‬ ‭super‬ ‭plasticizer,‬
‭water‬‭reducing‬‭high‬‭range‬‭and‬‭retarding.‬‭Now‬‭what‬‭we‬‭have‬‭also‬‭brought‬‭on‬‭additionally‬
‭is‬‭this‬‭type‬‭S‬‭or‬‭special‬‭performance‬‭admixtures.‬‭Now‬‭it‬‭is‬‭a‬‭very‬‭general‬‭name‬‭that‬‭has‬
‭been‬‭given‬‭here,‬‭it‬‭does‬‭not‬‭really‬‭qualify‬‭any‬‭specific‬‭characteristics‬‭that‬‭need‬‭to‬‭be‬‭met‬



‭by‬ ‭the‬ ‭admixture.‬ ‭I‬ ‭will‬ ‭show‬ ‭you‬ ‭the‬ ‭table‬‭later‬‭which‬‭essentially‬‭captures‬‭the‬‭kind‬‭of‬
‭performance you can get from all of these admixtures.‬
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‭So‬ ‭I‬ ‭will‬ ‭request‬ ‭you‬ ‭to‬ ‭go‬‭through‬‭the‬‭details‬‭on‬‭your‬‭own‬‭but‬‭what‬‭I‬‭wanted‬‭to‬‭show‬
‭you‬ ‭is‬ ‭when‬ ‭you‬ ‭prepare‬ ‭a‬ ‭reference‬ ‭concrete‬ ‭like‬ ‭here‬ ‭they‬ ‭have‬ ‭reference‬ ‭concrete,‬
‭concrete‬‭made‬‭without‬‭the‬‭admixture‬‭being‬‭evaluated‬‭and‬‭used‬‭as‬‭the‬‭basis‬‭for‬‭evaluating‬
‭the‬‭performance‬‭of‬‭the‬‭admixture.‬‭So‬‭when‬‭you‬‭make‬‭a‬‭reference‬‭concrete‬‭and‬‭you‬‭make‬
‭a‬‭concrete‬‭with‬‭the‬‭admixture‬‭the‬‭differences‬‭or‬‭the‬‭alterations‬‭in‬‭performance‬‭should‬‭be‬
‭as‬‭per‬‭the‬‭minimum‬‭standards‬‭that‬‭are‬‭prescribed‬‭in‬‭this‬‭specification.‬‭So‬‭let‬‭us‬‭talk‬‭about‬
‭that briefly.‬
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‭So‬ ‭again‬ ‭one‬ ‭more‬ ‭important‬ ‭thing‬ ‭are‬ ‭the‬ ‭aspects‬ ‭to‬ ‭check‬ ‭in‬ ‭an‬ ‭admixture‬ ‭for‬ ‭its‬
‭uniformity‬‭and‬‭equivalence.‬‭You‬‭need‬‭to‬‭do‬‭an‬‭infrared‬‭analysis‬‭which‬‭we‬‭call‬‭as‬‭Fourier‬
‭transform‬ ‭infrared‬ ‭spectroscopy.‬ ‭The‬ ‭idea‬ ‭here‬ ‭is‬ ‭to‬ ‭actually‬ ‭obtain‬ ‭the‬ ‭actual‬ ‭organic‬
‭signature‬ ‭of‬ ‭this‬ ‭compound.‬ ‭The‬ ‭infrared‬ ‭analysis‬ ‭helps‬ ‭you‬ ‭to‬ ‭understand‬‭whether‬‭the‬
‭organic‬ ‭compounds‬ ‭are‬ ‭as‬ ‭they‬ ‭have‬ ‭been‬ ‭prescribed‬ ‭in‬ ‭the‬ ‭formulation.‬ ‭Of‬ ‭course‬
‭nobody‬ ‭would,‬ ‭no‬ ‭construction‬ ‭chemical‬ ‭manufacturer‬ ‭will‬ ‭obviously‬ ‭reveal‬ ‭their‬
‭formulation‬‭entirely‬‭but‬‭there‬‭will‬‭be‬‭some‬‭signature‬‭elements‬‭that‬‭will‬‭be‬‭present‬‭in‬‭most‬
‭of these compounds that can be detected with the help of IR analysis.‬

‭Residue‬ ‭by‬ ‭oven‬ ‭drying‬ ‭is‬ ‭a‬ ‭very‬ ‭important‬‭test‬‭to‬‭be‬‭conducted‬‭because‬‭we‬‭know‬‭that‬
‭most‬ ‭of‬ ‭these‬ ‭liquid‬ ‭admixtures‬ ‭are‬ ‭solutions‬ ‭of‬ ‭30‬ ‭or‬ ‭40%‬ ‭of‬ ‭the‬ ‭solid‬ ‭component‬ ‭in‬
‭water.‬ ‭So‬ ‭that‬ ‭is‬ ‭the‬ ‭other‬ ‭aspect.‬ ‭In‬ ‭some‬ ‭cases‬ ‭there‬‭are‬‭non-liquid‬‭admixtures‬‭which‬
‭may‬‭also‬‭have‬‭some‬‭moisture‬‭which‬‭is‬‭actually‬‭absorbed‬‭or‬‭absorbed‬‭in‬‭the‬‭formulation.‬
‭So‬ ‭here‬ ‭again‬ ‭such‬ ‭admixtures‬ ‭also‬ ‭you‬ ‭may‬ ‭actually‬ ‭want‬ ‭to‬ ‭do‬ ‭the‬ ‭residue‬ ‭by‬ ‭oven‬
‭drying.‬ ‭Specific‬‭gravity‬‭or‬‭relative‬‭density‬‭is‬‭also‬‭measured‬‭typically‬‭using‬‭a‬‭hydrometer‬
‭just‬ ‭like‬ ‭what‬ ‭you‬ ‭do‬ ‭for‬ ‭soils.‬ ‭You‬ ‭must‬ ‭have‬ ‭used‬ ‭the‬ ‭hydrometer‬ ‭for‬ ‭sedimentation‬
‭analysis, same thing.  You can use the hydrometer for detecting the specific gravity.‬
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‭So‬‭here‬‭this‬‭is‬‭the‬‭main‬‭table‬‭that‬‭we‬‭need‬‭to‬‭look‬‭at.‬‭Table‬‭1,‬‭physical‬‭requirements.‬‭So‬
‭you‬ ‭have‬ ‭designed‬ ‭a‬ ‭reference‬ ‭mix‬ ‭in‬ ‭ASTM‬ ‭very‬ ‭specifically.‬ ‭So‬ ‭it‬ ‭gives‬ ‭you‬ ‭a‬‭clear‬
‭idea‬ ‭about‬ ‭what‬ ‭the‬‭reference‬‭mix‬‭should‬‭be.‬‭Just‬‭one‬‭minute,‬‭let‬‭me‬‭get‬‭to‬‭that‬‭section‬
‭here.‬ ‭It‬‭gives‬‭you‬‭the‬‭grading‬‭of‬‭the‬‭aggregate‬‭to‬‭be‬‭followed‬‭for‬‭the‬‭reference‬‭mix‬‭and‬
‭then it also gives you proportioning, mixture proportioning of the concrete mixtures.‬
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‭It‬‭says‬‭that‬‭the‬‭cement‬‭content‬‭of‬‭each‬‭batch‬‭based‬‭on‬‭actual‬‭yield‬‭shall‬‭be‬‭307‬‭±‬‭3‬‭kg/m‬‭3‬‭.‬
‭The‬‭average‬‭cement‬‭content‬‭shall‬‭be‬‭within‬‭3‬‭kg/m‬‭3‬‭of‬‭the‬‭average‬‭content‬‭of‬‭the‬‭batches‬
‭of‬‭reference‬‭concrete.‬‭So‬‭you‬‭prepare‬‭a‬‭reference‬‭concrete‬‭with‬‭this‬‭kind‬‭of‬‭a‬‭formulation‬
‭with‬ ‭cement‬ ‭content‬ ‭of‬ ‭so‬ ‭much.‬ ‭You‬ ‭can‬ ‭then‬ ‭include‬ ‭for‬ ‭instance‬ ‭the‬ ‭air‬ ‭entraining‬
‭agents.‬ ‭If‬‭you‬‭want‬‭to‬‭have‬‭an‬‭air‬‭entrainment‬‭in‬‭your‬‭concrete‬‭and‬‭you‬‭adjust‬‭the‬‭water‬
‭content‬‭to‬‭obtain‬‭a‬‭slump‬‭of‬‭90‬‭±‬‭15‬‭mm.‬ ‭Around‬‭100‬‭mm‬‭slump‬‭is‬‭what‬‭you‬‭design‬‭the‬
‭reference‬‭concrete‬‭for.‬‭So‬‭based‬‭on‬‭that‬‭water‬‭content‬‭you‬‭need‬‭to‬‭then‬‭do‬‭an‬‭estimation‬
‭of‬‭the‬‭water‬‭reduction‬‭that‬‭happens‬‭when‬‭you‬‭use‬‭the‬‭water‬‭reducing‬‭admixtures.‬‭So‬‭just‬
‭coming‬‭back‬‭to‬‭this‬‭table‬‭again.‬‭It‬‭clearly‬‭says‬‭that‬‭for‬‭type‬‭A‬‭water‬‭reducing‬‭admixture‬
‭the‬‭water‬‭content‬‭maximum‬‭should‬‭be‬‭95%‬‭of‬‭the‬‭reference‬‭mix.‬‭That‬‭means‬‭you‬‭should‬
‭get‬ ‭at‬ ‭least‬ ‭5%‬ ‭water‬ ‭reduction.‬ ‭Similarly‬ ‭type‬ ‭D,‬ ‭type‬ ‭E‬ ‭both‬ ‭are‬ ‭also‬ ‭regular‬ ‭water‬
‭reducers‬‭so‬‭5%‬‭water‬‭reduction‬‭is‬‭what‬ ‭is‬‭desired‬‭from‬‭these‬‭chemicals.‬‭Then‬‭you‬‭have‬
‭type‬‭F‬‭where‬‭the‬‭minimum‬‭is‬‭12%‬‭water‬‭reduction,‬‭12%‬‭or‬‭more‬‭and‬‭type‬‭G‬‭also‬‭is‬‭12%‬
‭or‬‭more.‬‭Type‬‭S‬‭there‬‭is‬‭no‬‭specific‬‭performance‬‭with‬‭respect‬‭to‬‭water‬‭reduction.‬‭It‬‭may‬
‭have other functionalities shrinkage. All of those other things could be there.‬
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‭Now‬ ‭when‬ ‭you‬ ‭add‬ ‭the‬‭admixture‬‭type‬‭A‬‭water‬‭reducing‬‭admixture‬‭you‬‭have‬‭to‬‭ensure‬
‭that‬‭the‬‭admixture‬‭is‬‭formulated‬‭such‬‭that‬‭there‬‭is‬‭not‬‭much‬‭change‬‭in‬‭the‬‭initial‬‭or‬‭final‬
‭setting‬‭time.‬‭It‬‭says‬‭not‬‭more‬‭than‬‭1‬‭hour‬‭earlier‬‭nor‬‭1.5‬‭hours‬‭later‬‭the‬‭initial‬‭setting‬‭time‬
‭as‬ ‭well‬ ‭as‬ ‭final‬ ‭setting‬ ‭time.‬ ‭Why‬ ‭is‬ ‭that?‬ ‭Because‬ ‭we‬ ‭do‬ ‭not‬ ‭want‬ ‭from‬ ‭type‬ ‭A‬
‭admixture we do not want any retarding or accelerating effects.‬

‭Now‬‭if‬‭you‬‭look‬‭at‬‭type‬‭D‬‭water‬‭reducing‬‭and‬‭retarding‬‭it‬‭says‬‭that‬‭the‬‭initial‬‭should‬‭be‬‭at‬
‭least‬‭1‬‭hour‬‭later‬‭but‬‭not‬‭more‬‭than‬‭3.5‬‭hours‬‭later.‬‭So‬‭if‬‭the‬‭reference‬‭concrete‬‭sets‬‭at‬‭4‬
‭hours‬ ‭your‬ ‭concrete‬ ‭with‬ ‭the‬ ‭retarding‬ ‭admixture‬‭should‬‭at‬‭least‬‭take‬‭5‬‭hours‬‭to‬‭set‬‭but‬
‭not more than 7.5 hours. So that is how you will actually read this entire standard.‬



‭Then‬ ‭coming‬ ‭to‬‭the‬‭hardened‬‭concrete‬‭properties‬‭compressive‬‭strength‬‭minimum‬‭at‬‭one‬
‭day‬ ‭only‬ ‭for‬ ‭the‬ ‭high‬ ‭range‬ ‭water‬ ‭reducers‬ ‭there‬ ‭is‬ ‭a‬ ‭requirement‬ ‭but‬ ‭for‬ ‭all‬ ‭the‬ ‭other‬
‭admixtures‬‭the‬‭requirement‬‭is‬‭at‬‭later‬‭ages.‬‭For‬‭instance‬‭water‬‭reducing‬‭admixture‬‭should‬
‭at‬‭least‬‭lead‬‭to‬‭a‬‭10%‬‭enhancement‬‭of‬‭the‬‭strength‬‭at‬‭3,‬‭7‬‭and‬‭28‬‭days.‬‭Of‬‭course‬‭they‬‭go‬
‭all‬ ‭the‬ ‭way‬ ‭up‬‭to‬‭1‬‭year‬‭if‬‭you‬‭really‬‭have‬‭to‬‭get‬‭your‬‭admixture‬‭certified‬‭the‬‭certifying‬
‭laboratory‬ ‭has‬ ‭to‬ ‭actually‬‭conduct‬‭the‬‭tests‬‭for‬‭a‬‭period‬‭of‬‭1‬‭year.‬‭So‬‭this‬‭is‬‭a‬‭long‬‭term‬
‭investigation.‬‭So‬‭you‬‭cannot‬‭just‬‭go‬‭to‬‭a‬‭lab‬‭and‬‭say‬‭I‬‭need‬‭a‬‭certificate‬‭of‬‭ASTM‬‭type‬‭A‬
‭it will take at least 1 year to get that.‬

‭Now‬ ‭type‬ ‭B‬ ‭retarding‬ ‭we‬ ‭know‬ ‭that‬ ‭retarding‬ ‭admixture‬ ‭will‬‭lead‬‭to‬‭a‬‭reduction‬‭in‬‭the‬
‭initial‬ ‭rate‬ ‭of‬ ‭strength‬ ‭gain‬ ‭because‬ ‭of‬ ‭that‬ ‭you‬ ‭are‬ ‭permitted‬ ‭90%‬ ‭of‬ ‭the‬ ‭strength‬ ‭of‬
‭reference‬ ‭mix‬ ‭at‬ ‭3,‬ ‭7‬ ‭and‬ ‭28‬ ‭days.‬ ‭So‬ ‭you‬ ‭really‬ ‭do‬ ‭not‬ ‭want‬ ‭a‬ ‭very‬ ‭high‬ ‭level‬ ‭of‬
‭performance‬‭with‬‭respect‬‭to‬‭strength‬‭from‬‭the‬‭plain‬‭retarding‬‭admixture.‬‭Mind‬‭you‬‭plain‬
‭retarding‬ ‭means‬ ‭it‬ ‭does‬ ‭not‬ ‭have‬ ‭any‬ ‭water‬ ‭reduction‬ ‭capability‬ ‭like‬ ‭if‬ ‭you‬ ‭use‬ ‭a‬ ‭zinc‬
‭compound‬ ‭or‬ ‭boron‬ ‭compounds‬ ‭which‬ ‭are‬ ‭not‬ ‭the‬ ‭organic‬ ‭chemicals‬ ‭which‬ ‭are‬ ‭also‬
‭functioning as water reduces.‬

‭Type‬‭C‬‭accelerating‬‭you‬‭have‬‭to‬‭obviously‬‭get‬‭a‬‭benefit‬‭in‬‭the‬‭early‬‭strength.‬‭So‬‭at‬‭3‬‭days‬
‭you‬‭need‬‭25%‬‭higher‬‭strength‬‭in‬‭the‬‭reference‬‭but‬‭later‬‭you‬‭are‬‭okay‬‭with‬‭lesser‬‭or‬‭equal‬
‭strength‬‭and‬‭in‬‭the‬‭long‬‭term‬‭even‬‭lesser‬‭strength‬‭as‬‭compared‬‭to‬‭the‬‭reference‬‭mix.‬‭At‬‭6‬
‭months‬‭or‬‭1‬‭year‬‭you‬‭are‬‭okay‬‭with‬‭90%‬‭of‬‭the‬‭reference‬‭because‬‭as‬‭I‬‭mentioned‬‭earlier‬
‭when‬‭you‬‭accelerate‬‭you‬‭are‬‭likely‬‭to‬‭get‬‭a‬‭loss‬‭in‬‭the‬‭long‬‭term‬‭strength.‬‭So‬‭up‬‭to‬‭10%‬
‭strength loss is allowable when you have an accelerating admixture.‬

‭Water‬‭reducing‬‭and‬‭retarding‬‭again‬‭the‬‭numbers‬‭are‬‭quite‬‭similar‬‭to‬‭what‬‭you‬‭have‬‭for‬‭a‬
‭typical‬ ‭normal‬ ‭water‬ ‭reducer.‬ ‭After‬‭reducing‬‭and‬‭accelerating‬‭you‬‭have‬‭the‬‭accelerating‬
‭component‬ ‭at‬ ‭3‬ ‭days‬ ‭but‬ ‭after‬ ‭that‬ ‭it‬ ‭is‬ ‭mostly‬ ‭equivalent‬ ‭to‬ ‭a‬ ‭normal‬ ‭water‬ ‭reducer‬
‭because‬ ‭the‬ ‭accelerator‬ ‭will‬‭work‬‭primarily‬‭for‬‭the‬‭early‬‭strength‬‭later‬‭age‬‭strengths‬‭are‬
‭determined by the water reduction.‬

‭Now‬‭again‬‭with‬‭respect‬‭to‬‭type‬‭F‬‭water‬‭reducing‬‭high‬‭range‬‭you‬‭have‬‭to‬‭have‬‭40%‬‭more‬
‭strength‬ ‭at‬‭1‬‭day,‬‭25%‬‭more‬‭strength‬‭at‬‭3‬‭days,‬‭15%‬‭at‬‭7‬‭days‬‭and‬‭after‬‭that‬‭it‬‭matches‬
‭more‬ ‭or‬ ‭less‬ ‭what‬ ‭you‬ ‭have‬ ‭with‬ ‭your‬ ‭water‬ ‭reducing‬ ‭admixture.‬ ‭All‬ ‭this‬ ‭has‬ ‭to‬ ‭be‬
‭achieved‬‭with‬‭12%‬‭minimum‬‭water‬‭reduction.‬‭So‬‭you‬‭can‬‭also‬‭design‬‭your‬‭concrete‬‭mix‬
‭with‬ ‭80%‬ ‭of‬ ‭water‬‭content‬‭of‬‭the‬‭reference‬‭that‬‭means‬‭20%‬‭water‬‭reduction.‬‭So‬‭all‬‭that‬
‭will‬ ‭be‬ ‭determined‬ ‭by‬ ‭what‬ ‭is‬ ‭the‬ ‭recommended‬ ‭dosage‬ ‭of‬‭the‬‭admixture‬‭to‬‭be‬‭used‬‭to‬
‭provide‬ ‭that‬ ‭level‬‭of‬‭water‬‭reduction‬‭and‬‭that‬‭is‬‭provided‬‭by‬‭the‬‭manufacturer.‬‭So‬‭when‬
‭the‬‭laboratory‬‭certifies‬‭these‬‭products‬‭as‬‭type‬‭A‬‭or‬‭type‬‭F‬‭they‬‭are‬‭certifying‬‭it‬‭based‬‭on‬
‭the‬‭range‬‭of‬‭dosages‬‭recommended‬‭by‬‭the‬‭manufacturer.‬‭So‬‭when‬‭you‬‭try‬‭to‬‭use‬‭in‬‭a‬‭real‬
‭project‬ ‭dosages‬ ‭that‬ ‭are‬ ‭not‬ ‭in‬ ‭the‬ ‭recommended‬ ‭range‬ ‭there‬ ‭is‬ ‭no‬ ‭guarantee‬ ‭of‬ ‭the‬
‭performance.‬ ‭So‬ ‭the‬ ‭admixture‬ ‭company‬ ‭will‬ ‭guarantee‬ ‭the‬ ‭performance‬ ‭only‬ ‭in‬ ‭that‬
‭range.  So it is very important to pay attention to that.‬



‭Type‬ ‭G‬ ‭water‬ ‭reducing‬ ‭high‬ ‭range‬ ‭and‬ ‭retarding‬‭your‬‭requirement‬‭for‬‭1‬‭day‬‭strength‬‭is‬
‭not‬ ‭as‬ ‭stringent‬ ‭as‬ ‭type‬ ‭F‬ ‭but‬ ‭you‬ ‭still‬ ‭need‬‭25%‬‭higher‬‭strength.‬‭That‬‭is‬‭obviously‬‭the‬
‭water‬‭reducer‬‭which‬‭is‬‭reducing‬‭water‬‭to‬‭a‬‭large‬‭extent‬‭at‬‭least‬‭12%‬‭leading‬‭to‬‭that‬‭higher‬
‭strength‬ ‭but‬ ‭after‬ ‭that‬ ‭more‬ ‭or‬ ‭less‬ ‭it‬ ‭matches‬ ‭the‬ ‭type‬ ‭F‬ ‭requirement.‬ ‭Now‬‭when‬‭you‬
‭have‬ ‭a‬ ‭specific‬ ‭performance‬ ‭to‬ ‭be‬ ‭given‬ ‭to‬ ‭your‬ ‭concrete‬ ‭it‬ ‭may‬ ‭have‬ ‭a‬ ‭range‬ ‭of‬
‭characteristics‬ ‭that‬ ‭you‬ ‭are‬ ‭looking‬ ‭at‬ ‭but‬ ‭at‬ ‭least‬ ‭it‬ ‭has‬ ‭to‬ ‭satisfy‬ ‭all‬ ‭of‬ ‭these‬
‭characteristics‬‭with‬‭respect‬‭to‬‭strength‬‭and‬‭setting‬‭time.‬‭There‬‭are‬‭no‬‭demands‬‭made‬‭out‬
‭of‬‭the‬‭concrete‬‭with‬‭specific‬‭performance.‬ ‭For‬‭instance‬‭viscosity‬‭modifying‬‭admixture‬‭if‬
‭you‬‭add‬‭to‬‭your‬‭concrete‬‭you‬‭need‬‭some‬‭rheology‬‭modification‬‭of‬‭your‬‭concrete.‬‭So‬‭that‬
‭kind‬ ‭of‬ ‭concrete‬ ‭should‬ ‭also‬ ‭satisfy‬ ‭the‬ ‭setting‬ ‭time‬ ‭and‬ ‭strength‬ ‭characteristics.‬ ‭Mind‬
‭you‬ ‭this‬‭is‬‭the‬‭setting‬‭time‬‭of‬‭the‬‭concrete‬‭not‬‭the‬‭setting‬‭time‬‭of‬‭the‬‭cement.‬‭There‬‭is‬‭a‬
‭difference.‬

‭Again‬‭similar‬‭requirements‬‭are‬‭given‬‭for‬‭flexural‬‭strength.‬ ‭Requirements‬‭are‬‭also‬‭given‬
‭for‬‭length‬‭change,‬‭maximum‬‭shrinkage‬‭requirement‬‭is‬‭given.‬‭Percentage‬‭of‬‭increase‬‭over‬
‭reference‬‭is‬‭35%‬‭in‬‭most‬‭of‬‭the‬‭cases‬‭that‬‭means‬‭you‬‭are‬‭allowed‬‭a‬‭slightly‬‭higher‬‭level‬
‭of‬ ‭shrinkage‬ ‭when‬ ‭you‬ ‭use‬ ‭these‬ ‭chemical‬ ‭admixtures.‬ ‭Increase‬ ‭over‬ ‭reference‬ ‭in‬
‭absolute terms is given here.‬

‭Durability‬ ‭factor‬ ‭is‬ ‭a‬ ‭test‬ ‭that‬ ‭you‬ ‭do‬ ‭for‬ ‭resistance‬ ‭to‬ ‭freezing‬ ‭and‬ ‭thawing.‬ ‭This‬ ‭is‬
‭something‬ ‭that‬ ‭we‬‭will‬‭discuss‬‭in‬‭our‬‭chapter‬‭on‬‭air-entering‬‭admixtures.‬‭The‬‭durability‬
‭factor‬‭is‬‭the‬‭test‬‭that‬‭you‬‭do‬‭for‬‭freezing‬‭and‬‭thawing.‬‭There‬‭your‬‭concrete‬‭with‬‭chemical‬
‭admixtures‬ ‭needs‬ ‭to‬ ‭have‬ ‭at‬ ‭least‬ ‭80%‬‭of‬‭the‬‭durability‬‭factor‬‭of‬‭the‬‭reference.‬‭We‬‭will‬
‭talk‬ ‭about‬ ‭this‬ ‭durability‬ ‭factor‬ ‭later‬‭on.‬‭So‬‭these‬‭are‬‭the‬‭requirements‬‭given.‬‭When‬‭the‬
‭concrete‬ ‭is‬ ‭designed‬ ‭with‬ ‭this‬ ‭kind‬ ‭of‬ ‭a‬ ‭proportion,‬ ‭whatever‬ ‭is‬ ‭given‬ ‭here‬ ‭with‬
‭307±3kg/m‬‭3‬ ‭and‬ ‭a‬ ‭water‬ ‭content‬ ‭that‬ ‭is‬ ‭sufficient‬ ‭to‬ ‭get‬ ‭you‬‭100‬‭mm‬‭slump.‬ ‭This‬‭is‬‭a‬
‭standard‬ ‭test‬ ‭done‬ ‭for‬ ‭the‬ ‭specification.‬ ‭For‬ ‭your‬ ‭job‬ ‭site‬ ‭requirement‬ ‭you‬ ‭may‬ ‭have‬
‭obviously‬‭other‬‭mix‬‭designs.‬‭Cement‬‭content‬‭water‬‭binder‬‭ratio‬‭will‬‭be‬‭depending‬‭on‬‭the‬
‭strength‬‭and‬‭other‬‭performances‬‭that‬‭you‬‭desire‬‭for‬‭your‬‭concrete.‬‭You‬‭can‬‭then‬‭read‬‭the‬
‭remaining‬ ‭standard‬ ‭in‬ ‭much‬ ‭more‬ ‭detail‬ ‭and‬ ‭try‬‭to‬‭understand‬‭what‬‭the‬‭differences‬‭are.‬
‭Test‬‭methods‬‭are‬‭also‬‭given‬‭for‬‭infrared‬‭analysis,‬‭for‬‭liquid‬‭admixtures,‬‭for‬‭determination‬
‭of‬ ‭the‬ ‭solids‬ ‭content‬ ‭and‬ ‭so‬ ‭on.‬ ‭All‬‭of‬‭these‬‭test‬‭methods‬‭are‬‭already‬‭given‬‭here‬‭in‬‭the‬
‭standard so you can refer to them at your own leisure.‬

‭IS 9103:‬

‭(Refer to slide time: 13:31)‬



‭So‬‭I‬‭will‬‭move‬‭on‬‭to‬‭the‬‭other‬‭code‬‭that‬‭is‬‭the‬‭IS‬‭9103.‬‭So‬‭this‬‭one‬‭IS‬‭9103‬‭again‬‭it‬‭is‬‭a‬
‭1999‬‭code‬‭and‬‭it‬‭was‬‭reaffirmed‬‭in‬‭2013‬‭and‬‭then‬‭in‬‭2018.‬‭Reaffirmed‬‭means‬‭without‬‭any‬
‭changes‬ ‭we‬ ‭have‬ ‭adopted‬‭the‬‭same‬‭standard‬‭again.‬‭Whenever‬‭a‬‭change‬‭is‬‭made‬‭there‬‭is‬
‭an‬‭amendment‬‭that‬‭is‬‭added‬‭to‬‭the‬‭standard.‬‭So‬‭IS‬‭456,‬‭2000‬‭if‬‭you‬‭look‬‭at‬‭there‬‭are‬‭some‬
‭7or‬‭8‬‭amendments‬‭that‬‭are‬‭already‬‭there‬‭and‬‭these‬‭amendments‬‭are‬‭there‬‭in‬‭the‬‭beginning‬
‭of‬ ‭the‬ ‭standard.‬ ‭So‬ ‭in‬ ‭this‬ ‭specification‬ ‭it‬ ‭is‬ ‭more‬ ‭or‬‭less‬‭similar‬‭to‬‭what‬‭you‬‭saw‬‭with‬
‭ASTM.‬ ‭Again‬ ‭they‬ ‭define‬ ‭the‬ ‭different‬ ‭types‬ ‭of‬ ‭admixtures‬ ‭as‬ ‭accelerating,‬ ‭retarding,‬
‭water‬ ‭reducing,‬ ‭air‬ ‭entraining‬ ‭and‬ ‭super‬ ‭plasticizing.‬ ‭So‬ ‭again‬ ‭one‬ ‭important‬ ‭aspect‬ ‭is‬
‭that‬‭super‬‭plasticizers‬‭are‬‭expected‬‭to‬‭be‬‭chloride‬‭free.‬‭They‬‭have‬‭specified‬‭here‬‭they‬‭also‬
‭say‬ ‭in‬ ‭ASTM‬ ‭I‬ ‭have‬ ‭not‬ ‭indicated‬ ‭that‬ ‭segment‬ ‭but‬ ‭it‬ ‭is‬ ‭very‬ ‭important‬ ‭for‬ ‭us‬ ‭to‬
‭understand‬ ‭that‬ ‭admixtures‬ ‭should‬ ‭not‬ ‭be‬ ‭the‬ ‭source‬ ‭of‬ ‭bringing‬ ‭in‬ ‭the‬ ‭chlorides‬ ‭that‬
‭cause corrosion.‬

‭(Refer to slide time: 14:02)‬



‭So‬ ‭again‬ ‭requirements‬ ‭for‬ ‭admixtures‬ ‭are‬ ‭given‬ ‭in‬ ‭a‬ ‭table‬ ‭similar‬ ‭to‬ ‭what‬ ‭you‬ ‭have‬ ‭in‬
‭ASTM.‬ ‭So‬ ‭as‬ ‭in‬ ‭ASTM‬ ‭95%‬ ‭is‬ ‭the‬ ‭percentage‬ ‭of‬ ‭water‬ ‭with‬ ‭respect‬ ‭to‬ ‭the‬ ‭control‬ ‭or‬
‭reference‬ ‭sample‬ ‭for‬ ‭a‬ ‭water‬ ‭reducing‬ ‭admixture.‬ ‭For‬‭super‬‭plasticizing‬‭admixture‬‭they‬
‭have‬‭directly‬‭gone‬‭to‬‭80%‬‭that‬‭means‬‭they‬‭want‬‭20%‬‭water‬‭reduction‬‭in‬‭IS‬‭9103.‬‭So‬‭they‬
‭have‬ ‭adopted‬ ‭a‬ ‭slightly‬ ‭higher‬ ‭level‬ ‭of‬ ‭water‬ ‭reduction‬ ‭to‬ ‭be‬ ‭desired.‬ ‭Again‬ ‭similar‬
‭qualifications,‬ ‭time‬ ‭of‬ ‭setting,‬ ‭allowable‬ ‭deviation‬ ‭from‬ ‭control‬ ‭sample,‬ ‭maximum‬ ‭or‬
‭minimum‬ ‭deviation‬ ‭from‬ ‭the‬ ‭initial‬ ‭and‬ ‭final‬ ‭setting‬ ‭time‬ ‭are‬ ‭also‬ ‭provided‬ ‭similar‬ ‭to‬
‭what‬‭you‬‭have‬‭in‬‭ASTM.‬‭Strength‬‭requirements‬‭are‬‭more‬‭or‬‭less‬‭similar‬‭to‬‭what‬‭you‬‭have‬
‭with ASTM, not much different.‬

‭(Refer to slide time: 14:47)‬

‭And‬ ‭again‬ ‭length‬ ‭change,‬ ‭percentage‬ ‭increase‬ ‭over‬ ‭control‬ ‭sample‬ ‭is‬ ‭given‬ ‭here‬ ‭and‬
‭bleeding‬‭percentage‬‭increase‬‭of‬‭control‬‭sample‬‭this‬‭is‬‭an‬‭extra‬‭requirement,‬‭bleeding.‬‭So‬
‭what‬‭happens‬‭is‬‭when‬‭you‬‭start‬‭using‬‭admixtures‬‭some‬‭of‬‭the‬‭water‬‭may‬‭get‬‭freed‬‭up‬‭and‬
‭start‬ ‭bleeding‬ ‭out.‬ ‭So‬ ‭you‬ ‭need‬ ‭to‬ ‭control‬ ‭that‬ ‭bleeding‬ ‭to‬ ‭ensure‬ ‭that‬ ‭you‬ ‭have‬ ‭a‬
‭controlled‬‭bleeding‬‭and‬‭you‬‭do‬‭not‬‭have‬‭excess‬‭bleeding‬‭when‬‭these‬‭admixtures‬‭are‬‭used.‬
‭There‬ ‭is‬ ‭a‬ ‭limit‬ ‭to‬ ‭how‬ ‭much‬ ‭percentage‬ ‭increase‬ ‭you‬ ‭can‬ ‭actually‬ ‭have‬ ‭for‬ ‭the‬ ‭bleed‬
‭water‬ ‭as‬ ‭compared‬ ‭to‬ ‭the‬ ‭reference‬ ‭sample.‬ ‭But‬ ‭what‬ ‭you‬ ‭will‬ ‭see‬ ‭is‬ ‭in‬ ‭most‬ ‭cases‬
‭because‬ ‭we‬ ‭are‬ ‭already‬ ‭reducing‬ ‭the‬ ‭water‬ ‭by‬ ‭using‬ ‭these‬ ‭chemicals‬ ‭the‬‭bleed‬‭water‬‭is‬
‭automatically also reduced as compared to the reference sample.‬

‭In‬ ‭a‬ ‭couple‬ ‭of‬ ‭cases‬ ‭for‬ ‭the‬ ‭super‬ ‭plasticizing‬ ‭admixture‬ ‭which‬ ‭is‬ ‭normal‬‭or‬‭retarding‬
‭type‬‭corresponding‬‭to‬‭type‬‭F‬‭or‬‭type‬‭G‬‭of‬‭ASTM.‬‭Here‬‭they‬‭also‬‭specify‬‭a‬‭test‬‭for‬‭loss‬‭of‬
‭workability.‬‭Now‬‭of‬‭course‬‭the‬‭design‬‭of‬‭concrete‬‭for‬‭assessing‬‭loss‬‭of‬‭workability‬‭is‬‭not‬
‭the‬ ‭same‬ ‭as‬ ‭design‬ ‭of‬ ‭concrete‬ ‭for‬ ‭assessing‬ ‭water‬ ‭reduction.‬ ‭So‬ ‭you‬ ‭need‬ ‭to‬‭design‬‭it‬
‭differently.‬ ‭They‬‭have‬‭specific‬‭ideas‬‭as‬‭to‬‭how‬‭we‬‭need‬‭to‬‭do‬‭the‬‭design.‬‭So‬‭it‬‭says‬‭that‬



‭45‬ ‭minutes‬ ‭the‬ ‭slump‬ ‭shall‬ ‭not‬ ‭be‬ ‭less‬ ‭than‬ ‭that‬‭of‬‭control‬‭mix‬‭concrete‬‭at‬‭15‬‭minutes.‬
‭That‬ ‭means‬ ‭whatever‬ ‭reference‬ ‭concrete‬ ‭slump‬ ‭is‬ ‭at‬ ‭15‬ ‭minutes‬ ‭your‬ ‭super‬ ‭plasticized‬
‭concrete‬‭should‬‭be‬‭the‬‭same‬‭at‬‭45‬‭minutes.‬‭Here‬‭with‬‭retarding‬‭type‬‭at‬‭2‬‭hours‬‭the‬‭slump‬
‭should be equal to that of the control concrete at 15 minutes.‬

‭(Refer to slide time: 16:34)‬

‭So‬ ‭here‬ ‭requirements‬ ‭for‬ ‭a‬ ‭high‬ ‭workability‬‭test‬‭mix.‬ ‭So‬‭here‬‭they‬‭are‬‭also‬‭identifying‬
‭the‬ ‭fact‬ ‭that‬ ‭these‬ ‭chemicals‬ ‭are‬ ‭used‬‭for‬‭producing‬‭self-compacting‬‭concrete.‬ ‭So‬‭flow‬
‭needs‬ ‭to‬ ‭be‬ ‭measured‬ ‭in‬ ‭self-compacting‬ ‭concrete‬ ‭or‬ ‭slump‬ ‭flow.‬ ‭For‬ ‭normal‬ ‭and‬
‭retarding‬ ‭types‬ ‭the‬ ‭flow‬ ‭requirement‬ ‭is‬ ‭510‬ ‭to‬ ‭620‬ ‭mm.‬ ‭Loss‬ ‭of‬ ‭workability‬ ‭again‬ ‭is‬
‭similar‬ ‭to‬ ‭what‬ ‭I‬ ‭already‬ ‭described‬ ‭in‬ ‭the‬ ‭previous‬ ‭table‬ ‭for‬ ‭normal‬ ‭workability‬ ‭and‬
‭minimum‬‭compressive‬‭strength‬‭here‬‭requirement‬‭is‬‭only‬‭90%‬‭of‬‭your‬‭reference‬‭concrete‬
‭because‬ ‭when‬ ‭you‬ ‭produce‬ ‭a‬ ‭high‬ ‭workability‬ ‭mix‬ ‭you‬ ‭do‬ ‭not‬ ‭reduce‬ ‭the‬ ‭water‬ ‭you‬
‭maintain‬ ‭the‬ ‭water‬ ‭binder‬ ‭ratio‬ ‭but‬ ‭you‬ ‭add‬ ‭the‬ ‭plasticizer‬ ‭to‬‭start‬‭making‬‭the‬‭concrete‬
‭flowable that is the idea.‬

‭(Refer to slide time: 17:21)‬



‭Preparation‬ ‭of‬ ‭concrete‬ ‭as‬ ‭I‬ ‭said‬ ‭the‬ ‭mixture‬ ‭is‬ ‭almost‬ ‭similar‬ ‭cement‬ ‭content‬ ‭is‬ ‭again‬
‭307±3‬‭kg/m‬‭3‬‭.‬ ‭Here‬‭the‬‭concrete‬‭needs‬‭to‬‭be‬‭designed‬‭for‬‭a‬‭slump‬‭of‬‭50±10‬‭kg/m‬‭3‬ ‭that‬‭is‬
‭again‬‭different‬‭from‬‭that‬‭in‬‭ASTM.‬ ‭Here‬‭we‬‭are‬‭looking‬‭at‬‭50‬‭in‬‭ASTM‬‭it‬‭is‬‭100‬‭so‬‭there‬
‭is a difference there.‬

‭So‬‭again‬‭they‬‭also‬‭say‬‭that‬‭in‬‭case‬‭of‬‭air‬‭entrained‬‭concrete‬‭then‬‭air‬‭content‬‭of‬‭6%‬‭shall‬
‭be‬‭used,‬‭which‬‭is‬‭the‬‭same‬‭in‬‭ASTM‬‭also.‬‭So‬‭that‬‭is‬‭the‬‭kind‬‭of‬‭reference‬‭mix‬‭that‬‭they‬
‭want‬ ‭to‬ ‭make‬ ‭and‬ ‭based‬ ‭on‬ ‭the‬ ‭water‬ ‭reduction‬ ‭you‬ ‭are‬ ‭basically‬ ‭getting‬ ‭the‬ ‭different‬
‭performance requirements.‬

‭(Refer to slide time: 18:30)‬



‭And‬ ‭some‬ ‭of‬ ‭the‬ ‭tests‬ ‭are‬ ‭described‬ ‭in‬ ‭the‬ ‭same‬ ‭standard,‬‭some‬‭of‬‭them‬‭are‬‭marked‬‭to‬
‭other‬‭standards‬‭so‬‭you‬‭can‬‭see.‬‭They‬‭also‬‭talk‬‭about‬‭uniformity‬‭tests‬‭again.‬‭I‬‭did‬‭not‬‭show‬
‭you‬ ‭this‬ ‭clause‬ ‭in‬ ‭ASTM.‬ ‭It‬ ‭is‬ ‭also‬ ‭there‬ ‭because‬ ‭on‬ ‭a‬ ‭job‬ ‭site‬ ‭the‬ ‭admixture‬ ‭will‬ ‭be‬
‭supplied‬‭on‬‭a‬‭regular‬‭basis.‬‭You‬‭will‬‭not‬‭supply‬‭everything‬‭at‬‭once‬‭and‬‭it‬‭will‬‭not‬‭be‬‭the‬
‭same‬‭lot.‬‭So‬‭when‬‭you‬‭get‬‭different‬‭lots‬‭of‬‭the‬‭admixture‬‭you‬‭need‬‭to‬‭test‬‭them‬‭to‬‭make‬
‭sure‬ ‭that‬ ‭the‬ ‭chemical‬ ‭is‬ ‭uniform‬ ‭and‬ ‭to‬‭do‬‭the‬‭test‬‭you‬‭need‬‭to‬‭actually‬‭do‬‭all‬‭of‬‭these‬
‭dry‬‭material‬‭content,‬‭ash‬‭content,‬‭relative‬‭density,‬‭chloride‬‭content‬‭and‬‭pH.‬‭So‬‭what‬‭they‬
‭say‬‭is‬‭the‬‭pH‬‭of‬‭course‬‭all‬‭the‬‭other‬‭materials‬‭dry‬‭material‬‭content‬‭within‬‭3%‬‭of‬‭the‬‭value‬
‭stated‬‭by‬‭the‬‭manufacturer.‬‭So‬‭the‬‭manufacturer's‬‭data‬‭sheet‬‭has‬‭a‬‭certain‬‭value‬‭when‬‭you‬
‭do‬‭the‬‭testing‬‭it‬‭should‬‭be‬‭within‬‭3%‬‭of‬‭that.‬‭Similarly‬‭ash‬‭content‬‭should‬‭be‬‭within‬‭1%‬
‭of‬‭the‬‭value‬‭suggested‬‭by‬‭the‬‭manufacturer.‬‭So‬‭you‬‭need‬‭to‬‭look‬‭at‬‭testing‬‭your‬‭samples‬
‭of‬‭admixture‬‭that‬‭have‬‭been‬‭received‬‭for‬‭production.‬‭Just‬‭like‬‭you‬‭test‬‭cement,‬‭what‬‭test‬
‭you do on cement typically when you get new cement on the job site.‬

‭For‬‭any‬‭cement‬‭what‬‭minimum‬‭test‬‭you‬‭need‬‭to‬‭do?‬‭Fineness‬‭consistency,‬‭initial‬‭setting‬
‭time,‬‭final‬‭setting‬‭time‬‭and‬‭compressive‬‭strength.‬‭Soundness‬‭also‬‭but‬‭most‬‭site‬‭labs‬‭may‬
‭or‬ ‭may‬ ‭not‬ ‭be‬ ‭doing‬ ‭soundness‬ ‭but‬ ‭at‬ ‭least‬ ‭they‬ ‭will‬ ‭do‬ ‭setting‬ ‭time‬ ‭and‬ ‭compressive‬
‭strength.‬

‭(Refer to slide time: 19:35)‬

‭So‬‭again‬‭you‬‭can‬‭go‬‭through‬‭this‬‭standard‬‭at‬‭your‬‭leisure‬‭to‬‭try‬‭and‬‭understand.‬‭So‬‭again‬
‭they‬ ‭have‬ ‭also‬ ‭talked‬ ‭about‬‭tests‬‭of‬‭resistance‬‭of‬‭concrete‬‭against‬‭freezing‬‭and‬‭thawing.‬
‭Interestingly,‬ ‭it‬ ‭turns‬ ‭out‬ ‭that‬ ‭the‬ ‭chambers‬ ‭that‬ ‭are‬ ‭required‬ ‭for‬ ‭this‬ ‭experiment‬ ‭are‬
‭perhaps‬‭not‬‭even‬‭available‬‭in‬‭India.‬‭I‬‭am‬‭not‬‭very‬‭sure‬‭I‬‭have‬‭not‬‭seen‬‭any‬‭lab‬‭which‬‭has‬
‭this‬ ‭chamber‬ ‭available‬ ‭but‬ ‭I‬ ‭may‬ ‭be‬ ‭wrong.‬ ‭There‬ ‭may‬ ‭be‬ ‭one‬ ‭or‬‭two‬‭private‬‭labs‬‭that‬
‭have‬‭this‬‭chamber.‬‭So‬‭the‬‭freezing‬‭and‬‭thawing‬‭test‬‭is‬‭not‬‭really‬‭performed‬‭much‬‭in‬‭India‬
‭because‬‭except‬‭for‬‭certain‬‭regions‬‭we‬‭really‬‭do‬‭not‬‭have‬‭a‬‭problem‬‭of‬‭the‬‭kind‬‭of‬‭freezing‬



‭and‬‭thawing‬‭climates‬‭that‬‭really‬‭cause‬‭problems‬‭of‬‭the‬‭concrete‬‭and‬‭that‬‭I‬‭will‬‭show‬‭you‬
‭when we talk about air and training agents.‬

‭So‬ ‭again‬ ‭it‬ ‭gives‬ ‭you‬ ‭other‬ ‭methods‬ ‭also‬ ‭determination‬ ‭of‬ ‭flow‬ ‭of‬ ‭concrete‬ ‭of‬ ‭high‬
‭workability‬‭essentially‬‭it‬‭is‬‭describing‬‭the‬‭slump‬‭flow‬‭test‬‭and‬‭the‬‭flow‬‭drop‬‭test‬‭also.‬ ‭So‬
‭all‬ ‭of‬ ‭these‬ ‭are‬ ‭test‬ ‭to‬ ‭be‬ ‭used‬ ‭for‬ ‭high‬ ‭flowable‬ ‭concrete‬ ‭and‬ ‭test‬ ‭for‬ ‭bleeding‬ ‭of‬
‭concrete.‬ ‭So‬‭I‬‭will‬‭close‬‭this‬‭and‬‭then‬‭move‬‭on‬‭to‬‭the‬‭next‬‭chapter.‬‭So‬‭the‬‭idea‬‭is‬‭to‬‭pay‬
‭attention‬‭to‬‭the‬‭details‬‭that‬‭are‬‭given‬‭there‬‭because‬‭very‬‭often‬‭on‬‭sites‬‭the‬‭kind‬‭of‬‭quality‬
‭test‬ ‭that‬ ‭we‬ ‭do‬ ‭may‬ ‭or‬ ‭may‬ ‭not‬ ‭be‬ ‭adequate‬ ‭for‬ ‭the‬ ‭purposes‬ ‭of‬ ‭actually‬ ‭assessing‬ ‭the‬
‭properties‬‭of‬‭the‬‭admixture.‬‭Addition‬‭to‬‭that‬‭you‬‭may‬‭also‬‭want‬‭to‬‭do‬‭the‬‭marsh‬‭cone‬‭test‬
‭which‬ ‭we‬ ‭discussed‬ ‭earlier‬ ‭when‬ ‭it‬ ‭is‬ ‭a‬ ‭super‬ ‭plasticizer‬ ‭it‬ ‭is‬ ‭always‬ ‭better‬ ‭to‬ ‭do‬ ‭the‬
‭marsh‬ ‭cone‬ ‭test‬ ‭because‬ ‭that‬ ‭helps‬ ‭you‬‭assess‬‭very‬‭quickly‬‭what‬‭is‬‭the‬‭compatibility‬‭of‬
‭this‬‭admixture‬‭with‬‭the‬‭cement‬‭that‬‭you‬‭are‬‭using‬‭for‬‭the‬‭project‬‭or‬‭if‬‭the‬‭cement‬‭source‬
‭changes again marsh cone is very important to be done.‬


