
CRD-C 72-01 

 1

Standard Test Methods for Determining the Cement  
Content of Freshly Mixed Concrete 

 
 

1.  Scope 
 
 1.1  These test methods cover two procedures for determining the cement content of a sample 
of freshly mixed concrete.  These methods are applicable to all freshly mixed portland-cement 
concrete batches for which calibration can be obtained in advance, except those containing 
certain aggregates or admixtures, that, when washed over a 150-µm (No. 100) sieve, yield 
significant and varying amounts of calcium ions in solution under the conditions of the test.  The 
choice of which procedure to use is at the discretion of the user.  The environment in which these 
test methods are used may have some bearing on the choice. 
 
 1.2  The values stated in inch-pound units are to be regarded as the standard except in regard 
to sieve sizes which are in accordance with Specification E 11. 
 
 1.3  This standard does not purport to address all of the safety problems, if any, associated 
with its use.  It is the responsibility of the user of this standard to establish appropriate safety 
and health practices and determine the applicability of regulatory limitations prior to use. 
 
2.  Referenced Documents 
 
 2.1  ASTM Standards: 
 
 C 94  Specification for Ready-Mixed Concrete 
 C 127  Test Method for Specific Gravity and Absorption of Coarse Aggregate 
 C 138  Test Method for Unit Weight, Yield, and Air Content (Gravimetric) of Concrete 
 C 172  Practice for Sampling Fresh Concrete 
 C 670 Practice for Preparing Precision and Bias Statements for Test Methods for 

Construction Materials 
 C 1079  Test Methods for Determining Water Content of Freshly Mixed Concrete 
 E 11  Specification for Wire-Cloth Sieves for Testing Purposes 
 
3.  Summary of Test Methods 
 
 3.1  A given mass of freshly mixed concrete is washed with a given volume of water over a 
nest of sieves.  The water is agitated so that the cement and other fine particles washed from the 
concrete (those particles passing the finest sieve) are uniformly suspended.  A constant-volume 
representative sample of the cement suspension is obtained and diluted with a known volume of 
nitric acid and water.  The diluted sample is agitated, without heat, to dissolve some of the 
calcium compounds in the cement.  The calcium-ion concentration of the resulting solution is 
determined by manual volumetric titration in Procedure A or instrumental fluorometric 
determination in Procedure B and is correlated to the cement content of the specimen by a 
previously developed calibration curve. 
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4.  Significance and Use 
 
 4.1  These test methods can be used to determine variability of cement content in a batch of 
concrete and the variability of cement content between batches of nominally identical concrete.  
If these test methods are used to indicate concrete uniformity, correct and appropriate sampling 
procedures must be followed.  Sampling procedures are referenced in Section 6 of these test 
methods. 
 
 4.2  The water-cement ratio of a concrete sample can be estimated when these test methods 
are used in conjunction with Test Methods C 1079. 
 
 4.3  These test methods are not applicable to concretes containing certain aggregates, or 
admixtures, that when washed over a 150-µm (No. 100) sieve yield significant and varying 
amounts of calcium ions in solution under the conditions of the test.  The variation of calcium 
ions will be apparent when performing the calibration procedure.  This variation will result in the 
inability to achieve less than a 5 % variation in the calibration test results or a linear calibration 
curve (see 9.4 and 15.4). 
 
5.  Purity of Reagents 
 
 5.1  Purity of Reagents −Reagent grade chemicals shall be used in all tests.  Unless otherwise 
indicated, it is intended that all reagents shall conform to the specifications of the Committee on 
Analytical Reagents of the American Chemical Society, where such specifications are available.  
Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high 
purity to permit its use without lessening the accuracy of the determination.  A comparison of 
results obtained using the proposed grades with results obtained using reagent grade chemicals 
shall be made to ensure that the proposed grades are sufficiently pure, unless previous records 
confirm they are satisfactory. 
 
 5.2  Purify of Water−Unless otherwise indicated, all references to water shall be understood to 
mean distilled water or water of equal purity.  (The primary use of the distilled water is for 
reagent preparation.) 
 
6.  Sampling 
 
 6.1  The sample of concrete from which the cement- content test specimen is taken shall be 
representative of the entire batch and have a mass of not less than 20 kg.  It shall be obtained in 
accordance with Specification C 94 or Practice C 172.  Specification C 94 outlines procedures 
for sampling for uniformity of concrete produced in truck mixers. 
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PROCEDURE A −−−−MANUAL VOLUMETRIC TITRATION 
 
7.  Apparatus 
 
 7.1  The following comprises a recommended minimum selection of apparatus for use in 
conducting the analysis.  Apparatus other than that described in 7.1.1 through 7.1.14 can be used 
provided they serve the same function.  A photograph of an acceptable selection of apparatus is 
shown in Fig. 1.   
 

 
 
 7.1.1  Balance, having a minimum capacity of 2600 g, and a sensitivity of at least 0.1 g. 
 
 7.1.2  Shovels, Hand Scoops, and Rubber Gloves as required. 
 
 7.1.3  Sample Tub, 5-qt (4.7-L) polyethylene tub. 
  
 7.1.4  Specimen Tub, 2-qt (1.9-L) polyethylene tub. 
 
 7.1.5  Washing Machine, Domestic portable washing machine.  It must have a smooth 
interior, a side-mounted propeller, and a recirculating pump and hose.  The recirculating hose 
shall be fitted with a T connector and 3 ft (0.9 m) of 1/4-in. (6.4 mm) inside diameter, latex 
tubing to be connected to the linked pipet.  The working or rated capacity of the tub shall be 
10 gal (37.9 L).  The inside dimensions of the washing machine tub shall be large enough to hold 
a 15 5/16 by 12 5/16-in. (389 by 313-mm) nest of sieves.  The washing machine, nest of sieves, 
and linked pipets are shown in Fig. 2.  The cement suspension tank described in 13.1.5 may be 
fitted with the T connector and substituted for this washing machine. 

Fig. 1. Equipment Required for Determining the Cement 
Content of Freshly Mixed Concrete Using Procedure A 
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 7.1.6  Sieve Nest, having a rectangular steel frame, 15 5/16 by 12 5/16 by 8 in. (389 × 313 × 
203 mm) with a 300-µm (No. 50) sieve at the bottom and a 4.75-mm (No. 4) sieve at mid-height.  
The 4.75-mm sieve shall be removable.  There shall be an additional separate sieve frame, 4 in. 
(102 mm) deep, nested below the 300-µm sieve, and having a 150-µm (No. 100) sieve at the 
bottom.  The combination of sieves used for calibration and cement-content testing must be the 
same.  The 150-µm sieve may be omitted for siliceous fine aggregates but shall be used when a 
calcareous fine aggregate is encountered.  (A fine aggregate is regarded as “calcareous” when the 
results of a chemical analysis show in excess 20 % CaO.)  If the cement suspension tank 
described in 13.1.5 is used, the sieve nest described in 13.1.6 shall be used instead of the nest 
described in this section. 
 
 7.1.7  Linked Pipets, 125 ± 10-mL glass pipet with an automatic leveling and overflow device 
fitted with a three-way tap.  To it is attached a 100 ± 10-mL automatic pipet with a three-way tap 
capable of emptying the smaller pipet’s contents through the 125 ± 10-mL pipet without draining 
the contents out of the overflow device.  The reproducibility of the automatic pipet must be 
± 0.20 %.  The linked pipet apparatus is shown in Fig. 2. 
 
 7.1.8  Automatic Pipet, 300 ± 25-mL automatic glass pipet fitted with a three-way tap.  The 
reproducibility of the automatic pipet must be 0.2 %. 

Fig. 2. Equipment for Preparing and Sampling Cement/Fine 
Sand and Suspension Using Procedure A 
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 7.1.9  Magnetic Stirrer, variable-speed magnetic stirrer with a TFE-fluorocarbon-coated 
magnetic stirring rod. 
 
 7.1.10  Buret, 100-mL acrylic body Class A or B with a polytetrafluoroethylene (PTFE) plug.  
A three-pronged utility clamp, a support base, and rod are required to hold the buret. 
 
 7.1.11  Pipet, 25-mL volumetric glass, Class A or B pipet. 
 
 NOTE 1−A rubber suction bulb is recommended for use during pipetting of the 25-mL 
sample containing cement. 
 
 7.1.12  Conical Beakers or Erlenmeyer Flasks, narrow-mouth, glass, conical beakers or 
Erlenmeyer flasks.  One 500-mL and one 800- or l000-mL capacity. 
 
 7.1.13  Fixed Volume Dispenser, 5-mL fixed-volume dispenser of polyethylene with a 
polypropylene measuring chamber. 
 
 7.1.14  Reagent Dispensing Containers, a 500-mL polyethylene wash bottle, a 30-mL 
polyethylene dropping bottle, two rectangular aspirator carboys of either 2- or 5-gal (7.6- or 
18.9-L) capacity, and amber rubber tubing, 1/2 in. (12.7 mm) in inside diameter by 20 ft (6.1 m) 
long. 
 
8.  Reagents 
 
 8.1  Ammonium Hydroxide-Ammonium Chloride Buffer Solution (pH = 10)−Add 142 mL of 
ammonium hydroxide (NH4OH) (assay as NHJ w/w 28-30 %) to 17.5 9 of ammonium chloride 
(NH4Cl) and dilute to 250 mL with water.  The ammonium hydroxide in the buffer solution 
evaporates rapidly.  The solution shall be kept under cover other than when dispensing reagents 
to minimize evaporation. 
 
 8.2  Eriochrome Black T Indicator Solution−Dissolve 0.5 g of Eriochrome Black T, Color 
Index No. 14645, in 25 mL of triethanolamine.  The indicator solution has a storage life of about 
two months. 
 
 8.3  Nitric Acid Solution (1 + 19)−Add one volume of concentrated nitric acid (HNO3 •  sp gr 
1.42) to 19 volumes of water. 
 
 8.4  Di-Sodium Ethylenediamine Tetraacetate (0.01 M)−Dissolve 3.72 ± 0.01 g of disodium 
ethylenediamine tetra-acetate (EDTA) in water and dilute to 1 L.  Store EDTA solution in 
polyethylene bottles. 
 
9.  Calibration 
 
 9.1  Aggregate Blank−Prepare a representative 2-kg sample of concrete to be tested minus the 
cement.  The sample mass should weigh 2 kg minus the mass of cement that would be contained 
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in a 2-kg sample of concrete.  To determine the relative calcium ion content of these materials 
follow 10.2 to 10.5.  Record the volume of EDTA solution required for the aggregate blank.  If 
3-kg specimens are tested, the procedure shall be followed for 3 kg instead of 2 kg. 
 
 9.2  Cement−Using the materials and mix proportions of the concrete to be tested, hand mix a 
2.0-kg sample of concrete.  (Weigh cement and water for this mix to the nearest gram and weigh 
aggregates to the nearest 10 g.  Make sure all cement from tools, mixing bowl, and the like is 
washed into the washing machine.)  Determine the relative calcium ion content of this mix by 
following the procedure in 10.2 to 10.5.  Record the volume of EDTA solution required for the 
cement calibration specimen. 
 
 9.3  Cement Content versus EDTA Calibration Curve−To construct the linear calibration 
curve for cement content (g) versus the volume of EDTA required, plot zero cement and the 
volume of EDT A required for the aggregate blank (9.1 ) as one point.  Plot the mass of cement 
in the 2-kg concrete calibration sample and the volume of EDT A required (9.2) as the other 
point.  Connect the two points with a straight line to complete the calibration curve for these 
sources and types of cement and aggregate.  All unknown cement contents are linearly 
proportional in terms of calcium ion content.  An example of a calibration curve is in 11.1. 
 
 9.4  Calibration Requirements−Both the cement calibration test (9.2) and the aggregate blank 
test (9.1) must be repeated each time tap-water sources additives, aggregate sources, or cement 
source or type change and every time a new EDTA reagent solution is used.  A daily cement 
calibration test (9.2) shall be made.  The results of the three most recent tests must agree within 
5 %.  If the three most recent tests differ by more than 5 %, three tests shall be made each day.  
When three successive days pass where the daily test averages are within 5 %, the frequency of 
the calibration testing may be decreased to one test per day. 
 
10.  Procedure  
 
 10.1  To obtain the test specimen for concrete containing aggregate sizes up to 1-1/2 in. 
(38.1 mm), weigh out 2000 ± 200 g of the sample obtained in accordance with 6.1, and record 
the exact mass of the test specimen to the nearest gram.  For concrete containing aggregate sizes 
greater than l-1/2 in. (38.1-mm), weigh out a 3000 ± 300-g test specimen of the sample obtained 
in accordance with 6.1.  Correct for coarse-aggregate variance using the procedure in Section 20 
when nominal aggregate size exceeds 1-1/2 in. (correction for smaller aggregate is permitted, if 
desired). 
 
 NOTE 2−A wide range of sample mass is allowed to prevent the mol1ar-aggregate ratio from 
being biased through the adjustment of the sample size. 
 
 10.2  Fill the washing machine with 10 ± 0.1 gal (37.9 ± 0.4 L) of tap water.  Transfer the test 
specimen to the sieves nested over the washing machine.  Start the washing machine’s 
recirculating pump and agitator.  Wash the plus 4.75-mm (No. 4) aggregates carefully on the 
sieve, using the jet of water from the recirculating-pump hose.  After all the cement has been 
removed from the aggregate retained on the 4.75-mm sieve, remove the sieve and the retained 
material.  Wash the plus 300-µm (No. 50) aggregate retained on that size sieve for about 
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1-1/2 min or until all the cement has been removed from the aggregate.  If both the 300-µm and 
the 150-µm sieves are used, remove the 300-µm sieve at this time and wash the aggregate 
retained on the 150-µm sieve for 1-1/2 min.  Squeeze the end of the large-bore recirculating hose 
to force the cement suspension to flow through the T connector and the 1/4-in. (6.4-mm inside 
diameter tubing.  Rapidly release the large-bore recirculating hose allowing the cement 
suspension to flow through it.  As soon as the hose is released, connect the end of the 1/4-in. 
inside diameter tubing to the 125-mL linked pipet.  Squeeze the large-bire recirculating hose 
again to direct the cement suspension into the pipet.  When the pipet is filled to the overflow 
device, switch off the lower pipet tap and release the large-bore recirculating hose. 
 
 10.3  Drain the 125-mL aliquot of cement suspension into the 800-mL beaker.  Wash out the 
125-mL linked pipet using 100 mL of HNO3 solution from the automatic pipet positioned above 
the 125-mL pipet.  Leave the tap on the lower 125-mL linked pipet open during this washing so 
that the acid wash solution will flow into the 800-mL beaker.  Dilute the cement-HNO3 solution 
in the beaker with 300 mL of tap water from the 300-mL automatic pipet.  Place a TFE- 
fluorocarbon-coated magnetic stirring rod in a beaker and stir contents on a magnetic stirrer for 
3 min. 
 
 10.4  Pipet off 25 mL of the resulting cement solution after the stirring is completed.  Place 
the 25-mL sample in a 500-mL conical beaker.  Using a fixed-volume dispenser, add 10 mL of 
ammonia-ammonium chloride buffer solution and 4 to 8 drops of the Eriochrome Black T 
indicator solution from a dropper.  The same number of drops shall be used in both the 
calibration and the test samples.  To obtain a clear and distinct end point, the buffer must be 
added before the indicator solution. 
 
 10.5  The calcium-ion concentration of the solution in the 500-mL beaker is determined by an 
EDTA end-point titration, using a 100-mL buret.  Swirl the contents of the beaker during 
titration.  Stop the titration when the solution turns from a red-wine color to a pronounced blue 
color.  Record the volume of the EDTA solution required to reach the end point as V.  Operators 
shall not wear tinted or sun glasses during the calcium titration process, as they can alter the 
perception of the red-wine to blue end point. 
 
11.  Calculation 
 
 11.1  Determine the cement content of the sample by referring to the calibration graph. 
 
 11.1.1  Example−A concrete sample is tested: 
 
Sample mass tested, Ms = 2100 g 
EDTA required, V = 30.0 mL 
Use the EDTA value on the calibration graph shown in Fig. 3. 
 
 11.1.2  From the calibration graph, a 30-mL EDT A corresponds to 300 g of cement (C) 1 in 
the 2000 ± 200-g sample.  The cement content as percent by weight is: 
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 11.1.3  Cement content in lb/yd3 can be calculated as follows: 
 
 
 
where: 
 
C =  mass of cement in the test sample, g 
Ms =  mass of test sample, g, and 
W  =  unit weight of the concrete determined in accordance with Test Method C 138, lb/ft3. 
 
 

 
12.  Precision and Bias 
 
 12.1  Precision−The single operator standard deviation has been found to be 0.9 % cement, 
percent by weight of the total cement (approximately 5.5 lb cement/cy based on a cement of 
564 lb cement/yd3).  Based on this single operator standard deviation, results two properly 
conducted tests by the same operator on the same material shall not differ by more than 2.75 % 
(approximately 15.5).  Multilaboratory data has not been obtained. 
 

WMC s 27)/(lb/ydContent,Cement 3 =

%3.14
)2100/300(100

)/(100%cement, 3

=
=
= MC

Fig. 3. Calibration Graph for Procedure A 
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 NOTE 3−The precision values stated here are based on research-type laboratory conditions.  
Field testing performed thus far, supports these values without an increase in error. 
 
12.1  Bias−No bias has been determined for this test method. 
 
 

Procedure B−−−−Instructural Fluorometeric Determination 
 
13.  Apparatus  
 
 13.1  The following comprises a recommended minimum selection of apparatus for use in 
conducting the analysis.  Apparatus other than that described in 13.1.1 through 13.1.8 may be 
used provided they serve the same function.  A photograph of an acceptable selection of 
apparatus is shown in Fig. 4. 
 

 
 13.1.1  Balance, having a minimum capacity of 2600 g, and a sensitivity of at least 0.1 g. 
 
 13.1.2  Hand Scoop, square-mouth, cast-aluminum bowl approximately 3 in. wide by 8 in. 
long (76 mm by 203 mm). 
 
 13.1.3  Sample Tub, 5-qt.  (4.7-L) polyethylene tub. 
 
 13.1.4  Specimen Tub, 2-qt.  (1.9-L) polyethylene tub. 
 
 13.1.5  Cement Suspension Tank−A 10-ga1 (38-L) polypropylene tank with a recirculating 
pump and hose and 1/20 hp d-c motor with an ac/dc controller for use on 115/120-volt a-c lines.  
The motor shall have watertight bushing and a Jiffy mixing blade coupled through a universal 

Fig. 4. Equipment Required for Determining Cement Content of 
Freshly Mixed Concrete Using Procedure B 
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joint to 1/12 hp stirrer motor, and a cutout ring to hold 12-in. (305 mm) diameter sieves.  The 
washing machine described in 7.1.5 may be substituted for this cement suspension tank. 
 
 13.1.6  Sieves−A nest of standard stainless steel sieves of 12.0-in. (305-mm) diameter 
consisting of a 4.75-mm (No. 4), a 300-µm (No. 50), and 150-µm (No. 100) sieve.  The 
combination of sieves used for calibration and cement-content testing must be the same. 
 
 13.1.6.1  The 150-µm (No. 100) sieve may be omitted for siliceous fine aggregates but shall 
be used when a calcareous fine aggregate is encountered.  (A fine aggregate is regarded as 
“calcareous” when the results of a chemical analysis show in excess 20 % CaO). 
 
 13.1.6.2  If the washing machine in 7.1.5 is used instead of the cement suspension tank, the 
corresponding sieve nest in 7.1.6 shall be used. 
 
 13.1.7  Magnetic Stirrer−A variable-speed magnetic stirrer with a TFE-f1uorocarbon-coated 
magnetic stirring rod. 
 
 13.1.8  Syringe-type pipet−A 30-mL syringe-type variable-volume transfer pipet. 
 
 13.1.9  Automatic Pipets, 20-µL and l00-µL fixed-volume pipets with tip ejectors. 
 
 13.1.10  Disposable pipet tips−Disposable tips for 20- and 100-µL pipets. 
 
 13.1.11  Flasks, 500-mL polycarbonate Erlenmeyer and 250-mL polypropylene volumetric. 
 
 13.1.12  Calcium Analyzer, makes fluorometric determination of the calcium content on 
sample solutions ranging in volume from 20 to 100 µL.  The coefficients of variation for 
replicate determinations shall be no greater than 1.4% for 100-µL samples and no greater than 
1.7 % for 20-µL samples. 
 
 13.1.13  Carboy−A 2-gal (7.6-L) linear polyethylene, rectangular carboy with a spigot and a 
screw closure. 
 
14.  Reagents  
 
 14.2  Nitric Acid Solution (5 % )−Add 5 mL of nitric acid (sp gr = 1.42) to 95 mL of tap 
water. 
 
 14.3  Ethylene Glycol Bis (Aminoethylether) Tetra-acetic Acid (EGTA) Solution−A prepared 
reagent, 0.04% wt/volume.  The solution required may vary depending on the manufacturer of 
the calcium analyzer. 
 
 14.4  Calcein Indicator Solution−Reconstitute 1 g dry powder calcein indicator with 10 mL 
± 1 % of the calcium standard (10.00 mg %). 
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 14.5  Calcium Standard Solution−A prepared reagent 10.00 mg % (5.00 meq/L). 
 
 14.6  Potassium Hydroxide (1.0 N)−A prepared reagent, 1.0 N potassium hydroxide prepared 
with de-ionized water. 
 
15.  Calibration  
 
 15.1  Aggregate Blank-Prepare a representative 2-kg sample of concrete using the materials 
and mix proportions of the concrete to be tested minus the cement.  The sample mass should 
weigh 2 kg minus the mass of cement that would be contained in a 2-kg sample of concrete.  To 
determine the aggregate-blank calibration constant of these materials follow 16.2 through 16.10.  
In 16.10, pipet a 100-µL sample to the cuvette instead of a 20-µL sample.  Record the calcium 
analyzer readings for the aggregate blank specimen.  If 3-kg specimens are tested, follow the 
procedure for 3 kg instead of 2 kg. 
 
 15.2  Cement−Using the materials and mix proportions of the concrete to be tested, hand mix 
a 2.0-kg sample of concrete.  (Weigh the cement and the water for this mixture to the nearest 
gram and weigh the aggregate to the nearest 10 g.  Make sure all of the cement from the tools, 
mixing bowl, and the like, is washed into the washing machine.) Determine the relative calcium 
ion content of this mix by following 16.2 through 16.10.  Record the calcium analyzer readings 
for the cement calibration specimen. 
 
 15.3 Cement Content versus Calcium Analyzer Reading, Calibration Curve−To construct the 
linear calibration curve for cement content (g) versus the calcium analyzer reading (mg % ).  Plot 
zero cement and the aggregate-blank calibration result (mg %) (15.1) divided by 5 as one point.  
Plot the mass of the cement in the 2-kg concrete calibration sample and its calcium analyzer 
reading (15.2) as the other point.  Connect the two points with a straight line to complete the 
calibration curve for these sources and types of cement and aggregate.  All unknown cement 
masses are linearly proportional in terms of calcium ion content.  An example of a calibration 
curve is shown in 17.1. 
 
 15.4  Calibration Requirements −Both the concrete and the aggregate-blank calibration test 
must be repeated each time the water, aggregate, cement, or additives source changes.  A daily 
cement calibration test (15.2) shall be made.  The results of the three most recent daily tests must 
agree within 5 %.  If the three most recent tests differ by more than 5 %, three tests shall be made 
each day.  When three successive days pass where the daily test averages are within 5 %, the 
frequency of the calibration testing may be decreased to 1 test per day. 
 
16.  Procedure  
 
 16.1  To obtain the test specimen for concrete containing aggregate sizes up to 1-1/2 in. 
(38.1 mm), weigh out 2000 ± 200 g, of the sample obtained in accordance with 6.1, and record 
the mass of the test specimen to the nearest gram.  For concrete containing aggregate sizes 
greater than 1-1/2 in. (38.1 mm), weigh out 3000 ± 300 g of the sample obtained in accordance 
with 6.1.  Correct for coarse-aggregate variance using the procedure in Section 20 when nominal 
aggregate size exceeds 1-1/2 in. (correction for smaller aggregate is permitted, if desired). 



CRD-C 72-01 

 12

 
 NOTE 4−A wide range of sample mass is allowed to prevent the mortar-aggregate ratio from 
being biased through adjustment of the sample size. 
 
 16.2  Fill the washing machine or cement suspension tank to the 10-ga1 (37.9-L) mark on the 
side of the tank with tap water.  Place the nested sieves on the tank and turn on the tank’s 
agitator. 
 
 16.3  Transfer the 2-kg specimen to the sieves over the tank.  Start the tank’s recirculating 
pump and wash the residue from the 2-kg specimen container into the tank using the water jet 
from the recirculating-pump hose. 
 
 16.4  Wash the plus 4.75-mm (No. 4) aggregate carefully, using the water jet from the 
recirculating-pump hose.  After all the cement has been washed from the aggregate retained on 
the 4.75-mm sieve (about 1 to 1.5 min of washing), remove the 4.75-mm sieve and the retained 
material. 
 
 16.5  Wash the aggregate retained on the 300-µm (No. 50) sieve until all cement has been 
washed from the aggregate (about 1 to 1.5 min of washing).  Remove the 300-µm sieve.  When 
both the 300-µm and 150-µm (No. 100) sieves are used, the aggregate retained on the 150-µm 
sieve shall be washed an additional 1 to 1.5 min after the 300-µm sieve has been removed.  
Remove the 150-µm sieve when complete. 
 
 16.6  Obtain a 30-mL representative sample of the cement suspension in the tank using the 
30-mL syringe pipet.  Place the suspended material in a 500-mL Erlenmeyer flask.  Refill the 
syringe pipet with 5 % nitric acid solution.  Add the acid solution to the Erlenmeyer flask, 
occasionally shaking the syringe pipet while discharging to ensure that all the cement that settled 
out when the cement sample was taken is dissolved and flushed out with the acid solution.  Using 
a volumetric flask, add 250 mL of tap water to the Erlenmeyer flask. 
 
 16.7  Place a magnetic stirring bar in the Erlenmeyer flask.  Place the Erlenmeyer flask onto a 
magnetic stirrer, start the stirring motor, and then verify the stirring action is working. 
 
 16.8  Prepare the calcium analyzer by switching the power on, placing the filling %, toggle 
switch on mg %, filling the cuvette to the mark with 1.0 N potassium hydroxide and adding 
100 µm (using an automatic, fixed-volume pipet) of reconstituted calcein reagent to the cuvette.  
Put the cuvette in the analyzer, use an automatic, fixed-volume pipet to add 100 µm of calcium 
standard solution, and push the titration button to condition the cuvette for analysis.  (This is 
required only after the cuvette is filled with new potassium hydroxide solution.) 
 
 NOTE 5−The procedure in 16.8 is for use with the Coming Model 940 Calcium Analyzer; if 
another instrument is used the procedure should be modified to meet the manufacturer's 
calibration and operation procedures. 
 
 16.9  To calibrate the calcium meter, use an automatic, fixed-volume pipet to add 100 µL of 
the calcium standard to the cuvette.  Press the titration button, record the result, and repeat the 
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test by adding another 100 µL of calcium standard to the cuvette and titrating.  Repeat the test 
until consecutive results are less than 1.5 % apart.  Push the calibration button and run an 
additional 100-µL sample of the calcium standard to ensure that the calcium standard readout 
value is 10 (±0.1) mg % (Note 5). 
 
 16.10  To determine the strength of the cement solution in the Erlenmeyer flask, use a 20-µL 
automatic, fixed-volume pipet to pipet a 20-µL sample from the flask into the cuvette.   Press the 
titrate button and record the result as V.  Repeat this test, by pipetting another 20-µL sample into 
the cuvette and titrating, until all values are less than 1.5 % apart (Note 5). 
 
 17.  Calculation  
 
 17.1  Determine the cement content of the sample by referring to the calibration graph. 
 
 17.1.1  Example−A concrete sample is tested: 
 
 Sample mass tested, Ms = 2100 g 
 Calcium meter reading, V = 6.3 
 
 Use the calcium meter reading on calibration graph given in Fig. 5. 
 

 
 17.1.2  From the calibration graph a 6.3 calcium meter reading corresponds to 300 g cement 
(C) in the 2000 ± 200 g sample.  The cement content as a percent by weight is: 
 

Fig. 5. Calibration Graph for Procedure B 
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 17.1.3  Calculate the cement content in lb/yd3 as follows: 
 

WC/M s 27 )(  Content,Cement =  
 

where: 
 
C = mass of the cement in test sample, g 
Ms = mass of the test sample, g, and 
W = unit weight of the concrete determined in accordance with Test Method C 138, lb/yd3. 
 
18.  Precision and Bias  
 
 18.1 Precision−The single operator standard deviation has been found to be 1.02 % cement, 
percent by weight of total cement (approximately 5.8 lb cement/cy based on a content of 564 lb 
cement/yd3).  Based on this single operator standard deviation, results of two properly conducted 
tests by the same operator on the same material shall not differ by more than 2.89 % 
(approximately 16.3 lb cement/yd3).  Multilaboratory data has not been obtained. 
 
 NOTE 6−The precision values stated here are based on research-type laboratory conditions.  
Field testing performed thus far, supports these values without increase in error. 
 
 18.2  Bias−No bias has been determined for this test method. 
 
19.  Report  
 
 19.1  The report shall include the following: 
 
 19.1.1  Mass of the concrete test sample, 
 
 19.1.2  Identification of the concrete test sample, 
 
 19.1.3  Identification of the procedure used, 
 
 19.1.4  EDTA volume for Procedure A or the calcium meter reading for Procedure B, and 
 
 9.1.5  The cement content determined from the calibration chart. 
 
20.  Correction for Sampling Errors 
 

% 14.3 =
(300/2100) 100 =

)( 100 = % cement, sC/M
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 20.1  Small samples often do not contain representative amounts of coarse aggregate and, 
therefore, the accuracy of the cement content determination may be improved by the following 
procedure (refer to 10.1 and 16.1): 
 
 20.1.1  Resieve the damp coarse aggregate collected on the 4.75-mm (No. 4) sieve after the 
sample is washed.  Determine the saturated-surface-dry (SSD) weight of the damp coarse 
aggregate either by drying with a towel or by weighing the sample immersed in water using the 
procedures described in Test Method C 127.  In the latter instance: 
 

)/11/( GCB −=  
 

where: 
 
B  =  SSD weight in air 
C  =  immersed weight of aggregate, and 
G  =  the SSD specific gravity. 
 

st /WBA =  
 
where: 
 
Ws  =  g of test sample 
 
 20.1.2  Next, determine the coarse aggregate content of a large sample of concrete, perhaps 
1/2 ft3, that is representative of the batch or load of concrete.  Express the saturated-surface-dry 
weight of the aggregate as a decimal fraction of the weight of the concrete as As (Note 7).  
Correct the determined cement content by multiplying it by the following fraction (Note 7): 
 

s1
1

A
A

−
−  

 
 NOTE 7−In some instances it may be possible to use a theoretical As derived from the batch 
weights and the coarse aggregate sieve analysis.  Such values will be in error to the extent that 
the sieve analysis of the coarse aggregate passing the 4.75-mm (No. 4) sieve varies in individual 
batches.   
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