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Time of Setting of Hydraulic Cement by Vicat Needle

This standard is issued under the fixed designation C 191; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope C 183 Practice for Sampling and the Amount of Testing of

1.1 These methods determine the time of setting of hydrau- _Hydraulic Cement _ .
lic cement by means of the Vicat needle. Two test methods are C 187 Test Method for Normal Consistency of Hydraulic
given; Method A is the Reference Test Method using the Cement _ _
manually operated standard Vicat apparatus, while Method B C 219 Terminology Relating to Hydraulic Cement _
permits the use of an automatic Vicat machine that has, in C 266 Test Method for Time of Setting of Hydraulic-
accordance with the qualification requirements of this method, _Cement Paste by Gillmore Needles

demonstrated acceptable performance. C 305 Practice for Mechanical Mixing of Hydraulic Cement
1.2 The values stated in S| units are to be regarded as the Pastes and Mortars of Plastic Consistency _
standard. Values in parentheses are for information only. C 511 Specification for Mixing Rooms, Moist Cabinets,

1.3 This standard does not purport to address all of the ~ Moist Rooms, and Water Storage Tanks Used in the
safety concerns, if any, associated with its use. It is the _Testing of Hydraulic Cements and Concretes
responsibility of the user of this standard to establish appro- C 595 Specification for Blended Hydraulic Cements
priate safety and health practices and determine the applica- C 1005 Specification for Reference Masses and Devices for
bility of regulatory limitations prior to useSee 1.4 for a Determining Mass and Volume for Use in the Physical
specific warning statement. Testing of Hydraulic Cements _

1.4 Warning—Fresh hydraulic cementitious mixtures are ~C 1157 Performance Specification for Blended Hydraulic

caustic and may cause chemical burns to skin and tissue upon Cement

prolonged exposure. The use of gloves, protective clothing, D 1193 Specification for Reagent Water
and_ eye protection is recommended. Wash contact area W't?. Terminology

copious amounts of water after contact. Wash eyes for a o ] )

minimum of 15 min. Avoid exposure of the body to clothing 3:1 Definitions—The terms used in this test method are
saturated with the liquid phase of the unhardened materiafl€fined in accordance with Terminology C 219.

Remove contaminated clothing immediately after expo$ure. 4. Summary of Test Method

.NOTE 1—For the method for determining the time of setting by 4.1 A paste that is proportioned and mixed to normal
Gillmore needles, see Test Method C 266. consistency, as described in the Test Method C 187, is molded
and placed in a moist cabinet and allowed to start setting.
Periodic penetration tests are performed on this paste by
allowing a 1-mm Vicat needle to settle into this paste. The
Vicat initial time of setting is calculated as the time elapsed
between the initial contact of cement and water and the time
when the penetration is at 25 mm. The Vicat final time of
setting is calculated as the time elapsed between initial contact
of cement and water and the time when the needle does not

1 This method is under the jurisdiction of ASTM Committee C01 on Cement andsSjnk visibly into the paste.
is the direct responsibility of Subcommittee C01.30 on Time of Set.
Current edition approved Jan. 1, 2004. Published February 2004. Originallys Significance and Use
approved in 1944. Last previous edition approved in 2003 as C 191 — 03. . . L
2Section on Safety, Manual of Cement Testingnnual Book of ASTM 5.1 This test method provides a means of determining
StandardsyVol 04.01. compliance with a specification limit for Vicat time of setting.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or ; i ;
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM Refer to the appropriate speC|f|cat|on for the cement to

Standards/olume information, refer to the standard’s Document Summary page orl€termine if this test method is used for specification compli-
the ASTM website. ance.

2. Referenced Documents

2.1 ASTM Standards®

C 150 Specification for Portland Cement

C 151 Test Method for Autoclave Expansion of Portland
Cement

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5.2 The measured time of setting is affected by the percen®. Conditioning
age and temperature of the water used, the amount of kneadingg 1 Mmaintian the temperature of the air in the vicinity of the
the paste received, and by the temperature and humidity of th@jixing slab, the dry cement, molds, and base plates at 23.0
mixing room air and the moist cabinet or moist room air. 3.0°C.

5.3 The measured time of setting of hydraulic cement is 9.2 Maintain the temperature of the mixing water at 28.0
test-method specific. Time of setting as measured by thi2.0°C.
method will not necessarily be similar to other methods used 9.3 The relative humidity of the mixing room shall be not

for determining the time of setting of hydraulic cements. less than 50 %.
9.4 The moist cabinet or moist room shall be in accordance
6. Apparatus with Specification C 511.

6.1 Vicat Apparatus-See Annex Al.1 and Fig. AL.1. The 109 preparation of Cement Pasté

Vicat apparatus for this test method shall have a movable rod, 10.1 The cement paste used for the determination of the

B, of mass 300t 0.5g. The end of the rod used for measuring,. L : . .
) : . time of setting is obtained from one of the following methods:
penetration shall have a removable needle, D, with a diameter o
10.1.1 Prepare a new batch of paste by mixing 650 g of

of 1.00 £ 0.05 mm and length no less than 50 mm. cement with the percentage of mixing water required for

6.2 Reference Masses and Devices for Determining Massyormal consistency (Test Method C 187), following the proce-
conforming to the requirements of Specification C 1005. Thegjyre described in Practice C 305.

devices for determining mass shall be evaluated for precision 10.1.2 For method A, at the option of the tester, use the test

and bias at a total load of 1 kg. specimen used for determining normal consistency (see Note
6.3 Glass Graduate200 or 250-mL capacity, and conform- 2).
ing to the requirements of Specification C 1005. 10.1.3 At the option of the tester, use the paste remaining

6.4 Plane non-adsorptive platel00 = 5 mm square of from the batch used for the autoclave specimen (Test Method
similar planeness, corrosivity, and absorptivity to that of glas$® 151) or from the normal consistency determination (Test

(see Annex Al.1, Fig. Al1.1, H). Method C 187).
6.5 Flat trowel having a sharpened straight-edged steel Note 2—The specimen used for the determination of the normal
blade 100 to 150 mm in length. consistency will have an irregular surface, making it unsuitable for
method B.

6.6 Conical ring made of a rigid, non-corroding, non-
absorbent material and shall have a height off4Q@ mm, an  11. calculation
inside diameter at the bottom of 78 3 mm, and an inside
diameter at the top of 6= 3 mm (see Annex Al.1, Fig. a
Al1.1,G).

6.7 Mixer, bowl, and paddleconforming to Practice C 305. ((E';—:S;) X (C—25)> +E (1)

6.8 Automatic Vicat Needle Apparatus for Method-Bhe
apparatus shall be equipped essentially with a standard Vicatvhere:
needle. The needle shall have a +:00.05 mm diameter and E = time in minutes of last penetration greater than 25 mm,
have a length of at least 50 mm. The total mass supported byl = time in minutes of first penetration less than 25 mm,
the needle tip at the time of measurement shall be=3@05 g. penetration reading at tinte, and

The instrument shall be capable of automatically completingD =_penetration reading at timie.

and recording penetration measurements of a test specimen 111'2 Calcqlate the Vicat f|na.I time of S?“.”.‘g by determining
predetermined time intervals not exceeding 10 min and mak e elapsed time between the time of the initial contact between

each penetration test at least 5 mm away from any previou%er.glem atmo{r\]/vater ?nd the(;m(;etwgf n the netegle c_ioes not sink
penetration and at least 10 mm away from the inner side of th¥!S1OY 1Nt the paste, rounded to the nearest 5 min.

mold. 12. Report

6.9 Specimen Mold for Method-BThe cement paste isheld  ,, 4 Report the time of setting and the method used as
in a conical ring as described in 6.6. follows:

11.1 Calculate the Vicat time of setting to the nearest 1 min
s follows:

. Vicat time of setting (A or B) min

7. Reagents and Materials Vical final time of setting (A or B) min
7.1 Mixing Water—Potable water is satisfactory for routine

tests. Use water conforming to the requirements of Specifica-

tion D 1193 for Type Ill or Type IV grade reagent water for all 13, Manual Vicat Apparatus

referee and cooperative tests.

Method A—Manual Vicat Needle Apparatus

13.1 The Vicat apparatus shall consist of a fragFig.
Al.1, bearing a movable ro@®, weighing 300 g, one end;,

8. Sampling
8.1 When the test is required for acceptance testing, sample
cement in accordance with Practice C 183. “ See Test Method C 187.
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the plunger end, being 10 mm in diameter for a distance of aactual penetration measurements to determine the time of
least 50 mm and the other end having a removable steel needkgtting are made, release the rod only by the set screw. Make
D, 1 mm in diameter and 50 mm in length. The rBdis  each penetration test at least 5 mm away from any previous
reversible, and can be held in any desired position by a sgienetration and at least 10 mm away from the inner side of the
screw,E, and has an adjustable indicatbr,which moves over mold. Record the results of all penetration tests and, by
a scale (graduated in millimetres) attached to the fraln&he  interpolation, determine the time when a penetration of 25 mm
paste is held in a conical rin@, resting on a plate of similar is obtained. The elapsed time between the initial contact of
planeness, corrosivity, and absorptivity to that of gldds, cement and water and the penetration of 25 mm is the Vicat
about 100 mm square. The ring shall be made of a noncorrodime of setting or Vicat initial time of setting.

ing, nonabsorbing material, and shall have an inside diameter 14.3 The Vicat final time of setting is the elapsed time
of 70 mm at the base and 60 mm at the top and a height of 4@etween the time of initial contact of cement and water and the
mm. In addition to the above, the Vicat apparatus shall confornime when the needle does not sink visibly into the paste.

to the following requirements: 14.4 Precautions—Keep all the apparatus free from vibra-
Weight of plunger 300 + 0.5 g (0.661 Ib + 8 grains) tion during the penetration test. Keep the 1-mm needle straight
Diameter of larger end of 10 += 0.05 mm (0.394 *+ 0.002 in.)
plunger and clean. The needle must be kept clean to prevent cement
Diameter of needle 1 = 0.05 mm (0.039 + 0.002 in.) from adhering to the sides of the needle and decreasing
'“iggoﬁame‘ef ofringat 70 + 3mm (2.75 + 0.12in) penetration, and to prevent cement from adhering to the point

Inside diameter of ring at 60 = 3 mm (2.36 = 0.12 in.) and Increasing penetratlon-

top

Height of ring 40 = 1 mm (1.57 = 0.04 in.) Qi i
Graduated scale The graduated scale, when compared with a 15. Precision and Bias
scale accurate to within 0.1 mm 15.1 Precision
at all points, shall not show any point greater ! K L
than 0.25 mm 15.1.1 The single-operator (within-laboratory) standard de-
14. P dure A viation has been found to be 12 min for the initial time of
- Froceaure setting, throughout the range of 49 to 202 min, and 20 min for

14.1 Molding Test SpecimenQuickly form the cement the final time of settings throughout the range of 185 to 312
paste, prepared as described in the section on preparation gfin. Therefore, results of two properly conducted tests by the
cement paste, into a ball with the gloved hands and toss sigame operator on Vicat initial time of setting of similar paste
times from one hand to the other, maintaining the hands abowhould not differ from each other by more than 34 min and on
150 mm (6 in.) apart. Press the ball, resting in the palm of the/icat final time of setting of similar pastes should not differ
hand, into the larger end of the conical rir@), Fig. A1.1, held  from each other by more than 56 min.

in the other hand, completely filling the ring with paste. 1512 The multilaboratory (between-laboratory) standard
Remove the excess at the larger end by a single movement gfyiation has been found to be 16 min for the initial time of
the palm of the hand. Place the ring on its larger end onto thgetiing throughout the range of 49 to 207 min, and 43 min for
non-absorptive plateil, and slice off the excess paste at thene final time of setting throughout the range of 185 to 312 min.
smaller end at the top of the ring by a single oblique stroke Ofrperefore, results of two properly conducted tests from two
the trowel held at a slight angle with the top of the ring. giferent laboratories on Vicat initial time of setting of similar
Smooth the top of the specimen, if necessary, with one or tw@astes should not differ from each other by more than 45 min,
light touches of the pointed end of the trowel. During theang on Vicat final time of setting of similar pastes should not
operation of cutting and smoothing, take care not to compressister from each other by more than 122 min.

Fhe paste. Immgdlately af;er molding, place Fhe test specimen 15.2 Bias—Since there are no accepted reference materials
in the moist cabinet or moist room and allow it to remain there

excent when penetration measurements are being made Tﬁléitable for determining the bias for the procedure in this test
b P 9 ", method, no statement on bias is presented.

specimen shall remain in the conical mold, supported by the
non-absorptive plate throughout the test period.

14.2 Time of Setting Determinatier Allow the time of
setting specimen to remain in the moist cabinet or moist roonl
for 30 min after molding without being disturbed. Determine
the penetration of the 1-mm needle at this time and every 15 16.1 Automatic Vicat Needle ApparatusThe apparatus
min thereafter (every 10 min for Type Il cements) until a shall be equipped essentially with a standard Vicat needle. The
penetration of 25 mm or less is obtained. Perform the penetrazeedle shall have a 1:6 0.05 mm diameter and have a length
tion test by lowering the need® of the rodB until it rests on  of at least 50 mm. The total mass supported by the needle tip
the surface of the cement paste. Tighten the set s&eand at the time of measurement shall be 360 0.5 g. The
set the indicatorf, at the upper end of the scale, or take aninstrument shall be capable of automatically completing and
initial reading. Release the rod quickly by releasing the setecording penetration measurements of a test specimen at
screw,E, and allow the needle to settle for 30 s; then take thepredetermined time intervals not exceeding 10 min and make
reading to determine the penetration. At the option of the testegach penetration test at least 5 mm away from any previous
if the paste is obviously quite soft on the early readings, retarghenetration and at least 10 mm away from the inner side of the
the fall of the rod to avoid bending the 1-mm needle, but whemmold.

Method B—Automatic Vicat

6. Automatic Vicat Apparatus
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16.2 Specimen Mold-The cement paste is held in a conical 18. Performance Requirement (Qualification) for
ring with the height of 4Gt 1 mm and a removable base plate. Automatic Vicat Instrument

The test surface shall have a minimum diameter of=68 mm. 18.1 Scope—When time of setting results from the auto-
matic Vicat apparatus are to be used for acceptance or rejection
17. Procedure of cement, the method used shall comply with the qualification

requirements of this section. A method is considered to consist

17.1 Molding the SpecimeaQuickly form the cement the specific instrument and the molding procedure meetin
paste, prepared as described in the section on preparation tf P . g proce eling
the requirements of this standard, and used in a consistent

:?emer;t paste, |rr11to ;\tbe:u Wlttf;] the glp\{[eq .hanttr:i]s ;md(;ossba tanner by a given laboratory.
Imes from one hand to the other, maintaining the hands about ;g 5 Hydraulic Cement Samples Require&elect three

150 mm apart. Press the ball, resting in the palm of the hanqiements” that comply with requirements of Specifications
into the larger end of the conical ring, held in the other hand 150, C 595, or C 1157, and that when tested in accordance
completely filling the ring with paste. Remove the excess at thgyith Method A, shall include the following:

larger end by a single movement of the palm of the hand. Place 18.2.1 One cement that has an initial time of setting of less
the ring on its larger end on the base plate. Use a trowel tghan 110 min,

remove the excess paste at the top of the mold. Holding the 18.2.2 One cement with an initial time of setting of greater
trowel at about a 30° incline with the leading edge raised andhan 150 min,

starting near the center of the mold, level the paste by drawing 18.2.3 One cement with a final time of setting of less than
the trowel across the top of the mold using a sawing motion180 min, and

repeat the procedure for the other half of the surface. Then 18.2.4 One cement with a final time of setting of greater
smooth the surface level to the top of the mold making stead{han 210 min (see Note 5).

and complete strokes across the entire surface with the trailing yore 5L aboratories are advised to reserve sufficient cement for
edge of the trowel. Repeat the cutting and smoothing steps béiiture qualification and standardization.

at 90° from the previous cut. Repeat the steps as required to 1g 3 Tests—Using the method to be qualified and including
produce a surface level with the top of the mold. Usually theihe standardization formula described in the section on stan-
paste is level within two cycles, but occasionally three will bedardization, make single determinations of the times of initial
required. Avoid excessive strokes and compaction. Since thgnd final setting on each of the three cements. On the same day,
automatic Vicat device references to the top edge of the molctonduct companion time of setting determinations according to
it is imperative that the top surface of the paste be uniform an#lethod A. Make single determinations of the normal consis-
level with the top of the mold. tency on each cement, and use that amount of water for all

17.2 Time of Setting DeterminationsFollow the manufac- replicate batches. Complete three rounds of tests on different
turer's instructions and complete the required instrumenfl@ys, repeating all the steps of the methods. Conduct the

calibration and zero procedures. Set the instrument to measufel@lification tests on specimens prepared separately from the

no less frequently than every 10 min (see Note 3). Position thgtandardlzatlon [estng:

molded specimen in the automatic Vicat apparatus and initiate .1.8'4 CaI(.:ulau.ons—Calcglate the three—ound averages for
initial and final time of setting for each cement and method. A
the measurements (see Note 4).

method complies with the initial time of setting qualification
Note 3—Automatic devices are usually capable of measurement moréequirements if the difference between the initial time of setting
frequently than once every 10 min and more frequent measuremerverage values for Method A and the corresponding average
minimizes interpolation. values of Method B is not greater than 25 min for any sample,
Note 4—The initial time of setting according to Method A is deter- and the range for any three replicate tests by Method B does
mined as the elapsed time required to achieve a penetration of 25 mm aibt exceed 30 min. Likewise, a method complies with the final
the final time of setting as the total time elapsed until the needle does ndime of setting qualification requirements if the difference
sink visibly into the paste. The end points established by a qualifiechetween the final time of setting average values for Method A
automatic Vicat test method may deviate significantly from end pointsgnd corresponding average values for Method B is not greater
specified in Method A, and require standardization to correct bias. than 45 min for any sample, and the range for any three
17.3 Determine the range of applicability of the methodreplicate tests by Method B does not exceed 30 min. Example
from the range of the average time of setting of the cement§ualification data are given in Appendix X1. o
used for qualification and standardization, and limit that range 18-5 Standardizatioa-When standardization is required in

to 30 min greater than the maximum, and 30 min less than th@rder to achieve agreement between Method A and Method B,
minimum. it can be applied to either the initial time of setting, final time

. s of setting, or both. A standardization formula shall be based on
17'4 Performance Requirement (Qualification) for Auto- a comparison of test results obtained using Method A and the
matic Vicat Instrument chosen method using the automatic instrument (Method B).
17.4.1 When time of setting results from the automatic VicalResults of tests from at least five different hydraulic cements
apparatus are to be used for acceptance or rejection of cemeshall be required for standardization. The cements shall have a
the method used shall comply with the qualification require-minimum range of 60 min initial time of setting, and a
ments covered in Annex A2. minimum range of 90 min final time of setting when tested in
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