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Standard Test Method for
Viscosity of Chemical Grouts by Brookfield Viscometer
(Laboratory Method) 1

This standard is issued under the fixed designation D 4016; 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 * the viscosity. Non-Newtonian behavior can be determined with
1.1 This test method covers the determination of viscosityn€ Brookfield instrument by taking measurements at different
of catalysed chemical grouts with the Brookfield viscometerSPindle speeds.
S(I)alioFr)zZ[gr)y method), over the range from 1.0 to 1000 cP (0.00} Summary of Test Method
1.2 This standard does not purport to address all of the 4.1 Arotating spindle is immersed in a container of cataly-
safety problems, if any, associated with its use. It is thesed_chemmalgrout. An index to the viscosity is read directly on
responsibility of the user of this standard to establish appro{n€ instrument scale.
priate safety and health practices and determine the applica Significance and Use

bility of regulatory limitations prior to use. . o . . .
5.1 This testis intended for materials that will penetrate soil

2. Referenced Documents voids and rock fissures. Viscosity alone is not necessarily an
2.1 ASTM Standards: exact index of grout penetrability.
D 653 Terminology Relating to Soil, Rock, and Contained Nore 1—The quality of the result produced by this test method is
Fluids dependent on the competence of the personnel performing it and the

D 3740 Practice for Minimum Requirements for Agenciessuitability of the equipment and facilities used. Agencies that meet the

Engaged in the Testing and/or Inspection of Soil and Roclériteria of Practice D 3740 are generally considered capable of competent
; ; ; ; ; and objective testing/sampling/inspection/etc. Users of this standard are
as Used in Engineering Design and Construction cautioned that compliance with of Practice D 3740 does not in itself assure

reliable results. Reliable results depend on mnay factors; of Practice

3. Terminolo . '
oy o . . D 3740 provides a means of evaluating some of those factors.
3.1 For common definitions of terms used in this standard,

refer to Terminology D 653. 6. Apparatus

3.2 Definitions of Terms Specific to This Standard: 6.1 Brookfield ViscometerAny model whose lower limit

3.2.1 coefficient of viscosity-the ratio between the applied of effective measurement is less than the value of the sample.
shear stress and the rate of shear. This coefficient is a measw®dels LVF and LVT should be used for measurements above
of the resistance to flow of the liquid. It is commonly called the 20 cP (20 mPa-s), and for measurements from 1 to 20 cP (1 to
viscosity of the liquid. The cgs unit of viscosity is 1 g/cm-s (1 20 mPa-s) with the addition of a Model UL adapter. Models RV,

dyn/s cnf) and is called a poise (P). Viscosities of thin liquids RT, HA, and HB may be used for measurements above 100 cP
are normally given in hundredths of a poise or centipoises (cPY100 mPa-s).

The Sl unit of viscosity is 1 Pa-s (1 N-S/hand is equal to 10 ,
Note 2—The UL adapter may be used for better accuracy in the 20 to
P, or 1000 cP. 100-cP (20 to 100-mPa-s) range also
3.2.2 Newtonian liquie—a liquid in which the shear stress is g '

proportional to the rate of shearing strain. This constant ratio is 6-2 Griffin Beaker 600-cn?, low-form used as the container
for the sample. Beaker material must not react with the grout.
Glass beakers are not acceptable for silicates. Stainless steel
* This test method is under the jurisdiction of ASTM Committee D18 on Soil and beakers are acceptable for all materials.
Rock and is the direct responsibility of Subcommittee D18.15 on Stabilization With 6.3 Calibrated Liquid-in-GIass Thermometeraccurate to
Admixtures. +1.0°F (0.5°C h h ic devi ; |
Current edition approved Nov. 10, 2002. Published January 2003. Originally— " ( ' )' or any other thermometric device of equa
published as D 4016 —81. Originally approved in 1993. Last previous edition@CCuracy.

approved in 1993 as D 4016 — 93. . .
2 Apnual Book of ASTM Standari¥el 04.08. Note 3—Glass thermometers should not be used with silicates.

*A Summary of Changes section appears at the end of this standard.
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6.4 Temperature-Control BatHfor work at other than am- With Model UL Adapter
bient temperature, and large enough to hold the sample

. 1 ) o9 o rpm Range, cP or mPa-s
container. Any bath that will maintain its temperature within
+1.0°F (0.5°C) during the test period is adequate. 50 to 100 0to10
20 to 50 10 to 30
Note 4—Grout temperature must equal bath temperature at the start of 10t0 20 20 to 50
the test. Temperature rise due to chemical reaction does not invalidate the 11010 50 to 100
test data. Without UL Adapter
7. Sample Preparation rpm Range, cP or mPa-s
7.1 The temperature of the grout components at time of 21030 20 to 100
; o - o 0.5 to 20 50 to 200
testing shall be 68- 1°F (20 = 0.5°C). om0 12 100 {0 500
05106 200 to 1000

Note 5—Alternatively, three or more tests at various temperatures may.
be taken to define a viscosity versus temperature relationship. It is 8 51 For all samples whose gel time permits more than one
desirable to have such tests span the anticipated ground temperature. reading, at least one shall be taken at a different spindle speed,

7.2 Viscosity data should be taken on catalysed groutrom that originally selected. If apparent viscosities differ by
solution that contains all of the components normally used fomore than 20 % at different spindle speeds, the grout shall be
field application. reported as non-Newtonian.

8. Procedure Note 8—For non-Newtonian fluids it is recommended that, where

8.1 Prepare the grout components separately and bring the’ﬁqSSiblf* sufﬁ_cie”nt_read?ngs be taken so that a chart of spindle speed
to the required temperature. versus “effective” viscosity may be reported.

8.2 When not using the UL adapter attach the No. 1 spindle 8.6 Depress the clutch and turn on the motor. Release the
to the lower shaft. clutch and allow the dial to rotate until the pointer stabilizes.
to %hzélvi\é\ér;?;]e%(‘:’:n%tsgi;Jﬂtlzdtﬁ:esr;ilggre h tg)ié%i?gﬂ%iﬁﬁagaa Note 9—At spee_ds above 4 rpm, 20 to 30 s will generally be required.

’ : - ! . ! t slower speeds, it may take longer.
coupling nut. Thread the coupling nut onto the viscometer
spindle coupling. Guide the tube over the spindle. Thread the, Report

lower mounting screw into the tube collar. 9.1 The following data shall be included in the report:

Note 6—For more detailed assembly instructions, refer to the manu- 9.1.1 Composition of the grout, listing each component, and
facturer's operation manual. its weight percentage of the total solution. Composition by

8.3 Catalyse the grout in a 600-2rheaker. For materials volume is also acceptable, if pertinent solution concentrations
whose gel time range is between 10 and 30 min, gel tim&nd densities are noted.
should be set at about 20 min. Instrument readings of viscosity 9.1.2 Temperature of the test sample, just prior to the
(versus time) should be taken at approximately every twoiscosity measurement.
minutes. 9.1.3 Gel time of the sample.

8'3']i For materials whose gel time range is less than 10 mln, Note 10—For the purpose of this test, change from liquid to gel may
a gel time should be set between 50 and 100 % of gel timgg considered to occur when the liquid becomes too thick to pour out of
range, and readings taken at least every 2 min or, if possible, &e sample container.

1-min intervals. 914 S le vi itv in cP (mP f ith
8.3.2 For materials whose gel time range is over 30 min, a, ~""" ample viscosity in cP (mPas) for grouts with very

gel time should be selected at least 25 % above minimum, ang 1t 9€l times, or preferably, a plot of viscosity versus time.

readings taken at approximately equal time intervals to permit .
at least five readings prior to gelation. 10. Precision
e T-For el viuse nomal st e s e by , 10, PEEIonDate re g evatated (o deernine e
prolonged agitation (this includes many silicate and acrylamide grouts . . ’ . ’
only one reading per sample should be taken, and multiple samples uszﬂ seeking pertinent data from users of this test method.
to define the viscosity-time data. 10.2 Bias—There is no accepted reference value for this test
8.4 Insert the spindle or UL adapter into the group up to thenethod, therefore, bias cannot be determined.
reference mark and level the viscometer.
8.5 Select the highest spindle speed that will give a viscom11. Keywords
eter reading between 20 % and 80 % of scale. The following 11.1 Brookfield viscometer; chemical grout; coefficient of
table may be used as a selection guide. viscosity; grouting; Newtonian fluids; non-Newtonian fluids
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SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the last edition (1993) thay may impact the use of this standard.

(1) Added Referenced Document Section and renumbereB) Added Note 1 for the Practice D 3740 statement.
subsequent sections. Included Terminology D 653 and Practiq@) Renumbered subsequent notes.

D 3740 to section. -
(2) Added reference to Terminology D 653 in Terminology (5) Added Summary of Changes section.

section.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



