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xsr4332(Partn)-1967 

Indian Stundmd 
METHODS OF TEST FOR STABILIZED SOILS 

PART I1 DETERMIIiATION OF MOISTURE 
CONTENT OF STABlLlZED SOIL 

MIXTURES 

0. FOREWoRD 

0.1 This Indian Standard.( Part II ) was adopted by the Indian Standards 
Institution on 20 October 1967, after the draft finalized by the Soil Engi- 
neering Sectional Committee had been approved by the Civil Engineer- 
ing Division Council. 

0.2 Soil stabilization is the alteration of any property of a soil to improve 
its engineering performance. There are several methods of stabilization 
and these may be broadly on the basis of treatment given to the soil ( for 
example, dewatering and compaction ), process involved ( for example, 
thermal and electrical ) and on additives employed ( for example, asphalt 
and cement ). The choice of a particular method depends on the charac- 
teristics of the problem on hand. For studying in the laboratory the methods 
and effects of stabilization, certain standard methods of test for the evalua- 
tion of properties of stabilized soils and their analysis are required. This 
standard [ IS : 4332 ( Part II )-19671 on methods of test for stabilized 
soils is being published in parts and this part [ IS : 4332 ( Part II )-1967 ) ] 
lays down the methods for the determination of moisture content of stabilized 
soil mixtures. 

0.3 In the formulation of this standard due weightage has been given to 
international co-ordination among the standards and practices prevailing 
in different countries in addition to relating it to the practices in the field 
in this country. This has. been met by basing the standard on B.S. 1924 : 
1957 ‘ Methods of test for stabilized soils ’ issued by the British Standards 
Institution. 

0.4 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960*. 

1. SCOPE 

1.1 This standard ( Part II ) lays down the‘method fbr the determination of 
moisture content of stabilized soil mixtures with non-volatile stabilizers 
( Section 1 ) and with volatile stabilizers ( Section 2 ). 

+RulesfwroundiugoEnuma-icdvdua (m&d). 
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SECTION I STABILIZED SOJL MIXTURES WITH NON- 
VOLATILE STABILIZERS ( OVEN DRYING METHOD) 

2. APPARATUS 

2.1 Drying Oven - thermostatically controlled and capable of maintain- 
ing a temperature of 105’ to 110°C. 

2.2 For stabilized soil mixtures 90 percent of which pass a 2-mm IS Sieve, 
the following apparatus are required. 

2.2.1 Glass Weighing Bottle - fitted with a ground glass stopper or cap, 
or a suitable air-tight non-corrodible metal container ( a convenient size “_ 
is 5 cm diameter and 2.5 cm high ). 

2.2.2 Balance - readable and accurate to 0.01 g. 

2.2.3 Desiccator - with any desiccating agent other than sulphuric acid. 

2.3 For stabilized soil mixtures 90 percent of which pass a 20-mm IS Sieve, 
the following apparatus are required. 

2.3.1 Coutainet - air-tight non-corrodible of about 500 g capacity. 

2.3.2 BaIancc - readable and accurate to 0.1 g. 

2.3.3 Scoop - A convenient size is one about 20 cm long and 10 cm 
wide. 

2.4 For stabilized soil mixtures 90 percent of which pass a 40-mm IS Sieve, 
the following apbaratus are required. 

2.4.1 Container - air-tight non-corrodible of about 3 kg capacity. 

2.4.2 Balqm - readable and accurate to 1 g. 

2.4.3 Scooj~ - A convenient size is one about 20 cm long and 10 cm wide. 

3. SOIL SAMPLE 

3.1 For determination of the moisture content of a stabilized soil mixture, 
the size of the sample taken shall be such that it is representative of the ‘- 
mass. This is influenced by the gradation and the maximum size of the 
particles, and on the -accuracy of weighing. 
recommended for general laboratory use: 

The following quantities are 

Grading of Soil Minimum Quantity of 
Sam& Weight in g 

For stabilized soil mixture 90 percent of 
which passes a P-mm IS Sieve 

For stabilized soil mixture 90 percent of 
which passes a 20-mm IS Sieve 

30 

300 

4 
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Grading of Soil Minimum Quantity of 
Sam@, Weight in g 

For stabilized soil mixture 90 percent of 
which passes a 40-mm IS Sieve 

3 000 

Nora 1 -For &a of sieves, SM IS : &O-1962*. 
Nora 2 - Drier the soil bighcr shall bc the weight of the soil taken. 

4:. PROCEDURE 

4.1 The container with the lid shall be cleaned, dried and weighed ( W, ). 
The sample of stabilized soil mixture of which the moisture content is 
required shall be crumbled and placed loosely in the container and the 
container weighed with the lid ( W, ). The lid shall be removed and the 
container with its lid shall then be kept in the oven, the temperature 
of which is maintained between 105°C and 11O’C. The sample shall be 
dried in the oven to constant weight. 
the sample is in the oven. 

The lid shall not be replaced while 
After drying the container and contents shall be 

removed from the oven, the lid replaced and the whole allowed to cool. For 
stabilized soil mixtures of the type indicated in 2.2 the oven dried sample 
shall be cooled in the desiccator. The final constant weight ( W, ) of the 
container with the lid and the oven dried sample shall be determined. All 
the weights in this test shall be determined to an accuracy 0.04 percent of the 
weight of the sample taken for the test. 

NOTE 1 -For complete drying, stabilized soil mixtures of sandy soils take about, four 
hours and those of clays take about 14 to 16 hours. 
on the amount of material in the wen. 

The drying time will also depend 

Nope 2 -Certain soils contain gypsum which, on heating, loses its water of 
crystallization. In such cases, th: moisture content determined by this method may not 
be the moisture content desired. If it is suspected that gypsum is present in the roil 
used, the sample used for moisture content determinaiion shall be dried at not more 
than 80% and possibly for a longer time. 

NOTE 3 - Soils Stabilirrd With Crmmr or Lime - The measured moisture contents of 
ccmcnt or lime stabilized soil samples arc low!becausc the water of hydration of the cement 
or of the lime-clay reaction cannot bc removed by normal drying procases. The error in 
the result depends on a number of factors, the chief of which arc the age of the sample 
and the rate at which water is removed once the ram& is placed in the oven. It may 
be as high as 20 percent of the stabilizer content for samples that arc older than 28 days 
or in cases where because of the large size of sampk taken, or to overloading of the -, 
drying is very slow. 

5, CALCULATIONS 

5.1 In the case of soil stabilized with a solid stabilizer the moisture content 
(zu) shall be calculated as a percentage of the dry soil plus stabilizer weight 
km the formula: 

W= 
ws- wa 
wa- WI 

X 100 percent 

l speci6c8tion fa tut sieves (ret&d ). 
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where 

Wa = weight of container with lid with wet soil, 

Ws = weight of container with lid with dty soil, and 

Wr = weight of empty container with lid. 

5.2 In the case of soil stabilized with a fluid stabilizer, the moisture content 
(w) shall be calculated as a percentage of the dry soil weight, from the 
formula: I 

W= 
w,- w, 
wa--1 

( lOO,+ s ) percent 

where 

s = the non-aqueous fluid stabilizer content of the stabilized 
soil, expressed as a percentage by weight of dry soil. 

6. REPORTING OF RESULTS 

6.1 The results of the test shall be tabulated suitably. A recommended 
proforma is given in Appendix A. 

6.2 To moisture content w or W shall be reported to two significant figures. 

SECTlON 2 STABILIZED SOIL MIXTURES WITH VOLATILE 
STABILIZERS ( DlSTlLLATtON METHOD ) 

7. SCOPE 

7.1 This metbod covers the determination of the moisture content of 
stabilized soil as a percentage of the weight of the dry soil or weight of dry 
soil plus stabilizer. It is necessary to use this method when the stabilizer 
contains a significant proportion of volatile matter, for example, in the case of 
certain bituminous materials. 
stabilizing agents. 

The method may also be used with other 

_. 

8. APPARATUS 

8.1 For stabilized soil mixtures 90 percent of which passes a 2-mm IS 
Sieve, the following apparatus and a carrier liquid ( 8.1.4 ) are required. 

8.1.1 Distillation Apparatus - 
comprising: 

A distillation apparatus as shown in Fig. 1 

a) a round bottom flask of 500-ml capacity, the top of which shall be. 
ground to form a suitable socket; 

6 
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b) a water cooled glass condenser with shape, and dimensions shown 
in Fig. 1; and 

c) a 25.ml glass receiver with ground glass joints of the shape, dimen- 
sions and tolerances given in Fig. 1 and below: 

Volume equivalent to smallest O-2 ml 
sub-division 

Tolerance on capacity 0.1 ml 

The graduated portion of the receiver shall be cylindrical throughout 
its length. The graduation marks shall be fine, cleanly etched permanent 
lines of uniform thickness, lying in planes at right angles to the .axis of 
the tube. They shall be confined to the cylindrical portion of the tube 
and there shall be no evident irregularity in their spacing. The graduation 
marks of every millilitre shall be carried completely round the tube and other 
marks shall be carried approximately two-thirds of the way round the tube. 
The graduations shall be numbered from bottom to top. 

8 .I .2 Balance - readable and accurate to 0.1 g. 

8.1.3 Wi7e - a length of O-7 1 mm metal wire approximately 60 cm long. 

8.1.4 Carrier Liquid - either toluole ( nitration grade ) or petroleum 
spirit. 

8.2 For stabilized soil mixtures 90 percent of which passes 20.mm IS Sieve, 
the following apparatus and carrier liquid ( 8.2.5 ) are required. 

8.2.1 DistiIlatiom Apparatus - A distillation apparatus as shown in 

Fig. 2 to 4 comprising: 

a) a metal still approximately 90 mm internal diameter and 150 mm 
long, having a flange at the top, to which the head can be tightly 
attached by means of a clamp. The head is also of metal and 
a graphited asbestos gasket moistened with the water extraction 
spirit is provided for insertion between the flange and the head 
( see Fig. 3 ). The still head shall be joined by means of a flanged 
joint or, alternatively, by means of a cork fitting into an outlet 
tube of about 2.5 cm diameter ( see Fig. 2 and 4 ); 

b) a water cooled glass condenser with shape and dimensions shown 
in Fig. 2; and 

c) a 25-ml glass receiver with ground glass joints with a stop cock and 
of the shape, dimensions and tolerances given in Fig. 2. The 
other requirements given in 8.1.1.(c) shall also be satisfied. 

8.2.2 Measuring Cylinder 
1956*. 

- of 100 ml capacity conforming to IS : 878- 

*Specification for graduated measuring cylinders. 

7 
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8.23 Balance -readable and accurate to 1 g. 

8.2.4 Wire - a length of 0.71 mm metal wire appzwdmately 60 cm long. 

8.2.5 Carrier Liquid 
spirit. 

- either toluole ( nitration grade ) or. petroleum 

ALL 1 To 1.5pm THICK 

ALt 0.7 TO lmm TtKCK 

2S ml RECEIVER GRAOUATED 
AT EACH O-2 ml 

GROUND GLASS 

JOINT 

GRADUATIONS 

500 ml FLASK 

NOTZ-This design haa been found satisfactory, but alta&vc designs may be 
employed, provided that the essential reqtiats are ful6lled. 

All dimensions in millimetres, 

Fro. 1 APPARATUS FOR THE DETHRVINATION OF MOI~TURB CONTENT 
BY DISTILLATION (FOR STABILIZED SOIL MIXlURB 90 PERCENT OF 

wx31c1-1 PASSE A 2-mm’ IS SIEVE ) 

8 
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!tiM.L THICKNESS 

25 ml RECEIVER GRADUATED 

AT EACH O-2 ml 

METAL. STILL 
GRADUATIONS (See Fig.3 1 

Nom-This design haa been found satisfactory, but alternative dcsigm may be 
anploycd# provided that the csaltial lvx$rcmmta arc fumkd. 

AU dimensions in millimctres. 

FIQ. 2 APPARATUS FOR THE DETERMINATION OF MOISTURE CONTENT 
BY DISTILLATION (FOR STABILIZED SOIL MIXTURE 90 Psacmm OF 

WHICH PASSBS A 20~mm IS SIEVE) 

9 
, 



Is:4332(Partxi)-1967 

13 0 HOLE FOR 
RNATIVE WTER TUBE 

TWO ROUND HEAD SCREWS, SCREWED AN0 
SOLDERED IN INVERTEO POSITION TO 

--t2e I-- \ 
FORM STUDS, WITH KNURLED NUTS, 

ON 38mm C TO C 

. 

ASBESTOS 

mm WICK 

OUTLET TO BE 
FITTED FOR UK 

WITH ALTERNATIVE 

CORK JOINT 

WELDEO 

XOTE - T&is design has been found satisf’tory, but alternative duignsfmay be 
employed, providrd that the essential requirementa arc fuU&d. 

All dimensions in millimetrcs. 

FIG. 3 METAL STILL FOR TXE DETERMINATION OF MO~SWR~~CONTIWT 
BY DISTILLATION (FOR STABILIZED SOI,L MIXTURE 90 PEROENT OF 

WHSCH PASSES A 20-mm IS %EVE ) 

1-O 
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ATHENE WASHER 

00X1& IDX 04 1 

FLANGED JOINT ASSEMBLY 

JOINEO TO RECEIVER 

SLIGHT ANNULAR RECESS 

tAl?ERED GLASS RECEIVER 

BEFORE BENDING AFTER BENDING 

2 mm GRhPkITED ASBESTOS INSERT 

PLASTIC OR METAL FLANGE , 

NOTE -This design has been found satisfactory, but alternative dcaigm may be 
employed, provided that the essential requirements arc fulfilled. 

All dimensions in millimetres. 

FIG. 4 AWZMBLY AND DETAILS OF FLANGED JOINT BETWEEN ~ 1 

RECEIVER AND METAL STILL i 
11 
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8.3 For stabilized soil mixtures 90 percent of which passes a 40-mm 
IS Sieve, the following apparatus and a carrier liquid ( 8.33 ) are required. 

8.3.1 Distillation A#aratu.s - A distillation apparatus as shown in Fig. 5 
and 6 comprising: 

a> 

b) 

cl 

a-metal still approximately 18 cm internal diameter and 30 cm 
long, having a flanged face at the top to which the head can be 
tightly attached by means of nuts. The head is also of metal and 
graphited asbestos gasket moistened with the water extraction 
spirit is provided for insertion between the flange and the head 
( see Fig. 6 ) . The still head and receiver shall be joined by means 
of a flanged joint or, alternatively, by means of a cork fitting into 
an outlet tube of about 4.5 cm diameter (ses Fig. 4 and 5 ); 
a water cooled glass condenser with shape and dimensions shown 
in Fig. 5; and 
a IOO-ml glass receiver with ground glass joints of the shape, 
dimensions and tolerances given in Fig. 5 and below: 

Volume equivalent to smallest lml 
sub-division 

Tolerance on capacity l-0 ml 

The graduation marks shall be confined to the front of the tube and 
shall be varied in length as shown in Fig. 5. 

8.3.2 Measuring Cylinder -of 500-ml capacity conforming to IS : 878- 
1956*. ,-_ 

8.3.3 Balance-readable and accurate to 5 g. 
8.3.4 Wire - a length of O-7 1 mm metal wire approximately 60 cm long. 

8.3.5 Carrier Liquid - either toluole ( nitration grade ) or petroleum 
spirit. 

9. SOIL SAMPLE 
9.1 For determination of the moisture content of a stabilized soil mixture 
the size of the sample taken shall be such that it is representative of the mass. 
This is influenced by the gradation and the maximum size of the particles, 
on the accuracy ofweighing and upon their moisture content. The following 
quantities are recommended for general use: 

Grading Minimum Quantity of 
Sample, Weight in g 

For stabilized soil mixture 90 percent of 
which passes a 2-mm IS Sieve 

For stabilized soil mixture 90 percent of 
which passes a 20-mm IS Sieve 

For stabilized soil mixture 90 percent of 
which passes a 40-mm IS Sieve 

+SpecZcation for graduated measuring cylindar. 

200 

500 

3000 

12 
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LL THICKNESS 

ENLARGED 
DETAIL AT C 

LANGED JOINT 

R ALTERNATIVE 

CORK JOINT 

CORK JOINT 

NW- This design has been found satisfactory, but alternative designa may be 
employed, provided that the essential requirementa arc fWed. 

All dimensions in millimetrcs. 

Fxa. 5 APPARATUS FOR THE DETERMINA~ON OF MOISTURE CONTENT 
BY DISTILLATION (FOR STABILIZED SOIL MIXTURE 90 PERCENT OF 

wani P&as A 40-mm IS SIEVE ) 

1 

13 
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@ii-- 

OUTLET TUBE 
51 oorC6lo 

I PRoJEc71wo151 . 

OUTLET TUBE TO BE FITTED FOR 
USE WITH ALTERNATIVE CORK JOINT 

6 HINGE SCREWS 

IWO ROUNO MAO SCREWS, SCREWED ANG 
SOLDERED IN INVERTEO POSITION TO 

FORM STUDS, WITH KNURLED NUTS, 

ON 36mmCTOC 

WITH NUTS A 
GRAPHITE0 ASBESTOS 

GASKET 2 mm THICK 

0 mm FLANGE 

WELDED ON 

NOTE- T&a design has been found satisfacto~ bubu&$-tivc designa may be 
employed, provided that the csaential rqui~ 

AH dimensions in millimetres. 

FIG. 6 METAL STILL FOR THE DETERMINATION OF MOISTURE CONTENT 
BY &+TILLAllON (FOR 

W‘HICH 
STABSLIZED SOa MIXTURE 90 bUXNT OF 
PASSES A 40-XIlIll 1s SIEVE) 

14 



9.2 The quantity of stabilized soil mixture should preferably be such that 
it yields approximately 15 ml of water in the case of the first two grades of 
stabilized soil mixture and approximately 60 ml in the case of the third grade 
(SCG?.l). 

10. PROCEDURE 

10.1 The sample of stabilized soil obtained in 9 shall be weighed ( weight 
W, ) to the balance accuracies specified for .each grading of stabilized soil 
mixture ( see 8.1.2, 8.2.3 and 8.3.3 ). With soils stabilized with a fluid 
stabilizer, unless the fluid stabilizer contents is known, it shall be determined 
by a suitable method. 

10.2 Carrier liquid shall be placed in the flask or still with the sample, in 
the proportion of 1 ml liquid to 1 g of the sample. The apparatus shall then 
be assembled by connecting the flask or still and the condenser to the receiver, 
care being taken that the lower end of the condenser is remote from the 
delivery tube of the receiver. _ 

10.2.1 If there is any reason to suppose that the sample will yield less than 
5 ml of water after distillation, 5 ml of distilled water shall be measured out 
with a pipette into the graduated receiver before the commencement of the 
test. 

10.3 Cold water shall be circulated through the water jacket ofthecondenser, 
and heat shall be applied to the flask or still and adjusted so as to avoid .any 
intense local heating, while providing a steady reflux action, so that the 
condensate falls from the end of the condenser at a rate of two to five drops 
per second. If more than 25 ml or 100 ml collects in the receivers as shown 
in Fig. 2 and 5 respectively it shall be drained off into the measuring cylinder, 
leaving about 2 ml and 10 ml respectively in the receiver on each occasion. 

10.4 Distillation shall be maintained until no condensed water accumulates 
in any part of the apparatus except at the bottom of the receiver. Any 
ring of condensed water at the top of the receiver shall be removed by 
agitation with the fine wire. * When the volume of water in the receiver 
is constant the source of heat shall be removed and the receiver and contents 
allowed to cool to room temperature. Any droplets of water adhering to the 
sides of the receiver shall be dislodged by means of the fine wire. 

10.5 The volume of condensed water, in millilitres, measured in the gradua- 
ted receiver, and in any measuring cylinder used, at room temperature 
after subtracting the volume of water, if any, placed in the receiver before 
distillation was commenced, shall be noted 1 V). 

11. CALCULATIONS 

11.1 In the - of soil stabilized with a solid rtabii, the moisture content 
w shall be calculated as a percentage of the dry soil plus stabilizer weight 
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from the formula: 

100 V 
w = ) percent 

IZ 1 - I’ 

where 
I’ = volume of condensed water in ml, and 

rt; = original weight of sample in g. 

11.2 In the case of soil stabilized with a fluid stabilizer, the moisture content 
zc shall be calculated as a percentage of the dry soil weight from the formula: 

w_( 166 +s) 
w, - v 

where 

s = the non-aqueous fluid stabilizer content of the stabiied soil 
expressed as a percentage of the dry soil weight. 

12. REPORTING OF RESULTS 

12.1 The results of the test shall be tabulated suitably. A recommended 
proforma is given in Appendix B. 

12.2 The moisture content of the stabilized soil shall be reported to the 
nearest whole number. 

16 
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APPENDIX A 

( Clause 6.1 ) 

DETERMINATION OF MOISTURE CONTENT OF 
STABILIZED SOIL 

( OVEN DRYING METHOD ) 

Operator.. . . . . Job.. . . . . . . . . . . . . . . . . . . . . . . 

Date.. . . ..; . . . . . Stabilizer.. . . . . . . . . . . . . . . 

1. Determination No. 

2. Container No. 

3. Weight of container with lid with wet 
stabilized soil ( Ws), g 

4. Weight of container with lid with dry 
stabilized soil (H’s), g 

5. Weight of container (IV,), g 

6. Weight of moisture ( Ws - Ws ), g 

7. Weight of dry stabilized soil ( W, - W, ), g 

8. Moisture content, w percent 1 

9. Fluid stabilizer content, if any 

. 10. Moisture content, w percent 
i 

11. Remarks . 
. 



APPENDIX % 

( Clause 12.1) 

DETERMINATION OF MOISTURE CONTENT OF 
STABILIZED SOIL 

( DISTILLATION METHOD ) 

1. Determination No. 

2. Still No. 

‘f 
3. Weight of wet stabilized soil, H-‘, g 

4. Volume of water added to -the receiver, 
if any, ml 

5. Volume of water distilled, V ml 

6. Moisture content,, w percent 

7. Fluid stabilizer content, if any ^_ 

8, Moisture content; w percent 

9. Remarks 

18 



AMENDMENT NO. 1 AUGUST 1983 

TO 

IS:4332(Part 2).1967 METHODS OF TEST FOR 
, STABILIZED SOILS 

PART 2 DETERMINATION OF MOISTURE CONTENT 
OF STABILIZED SOIL MIXTURES 

Alterations ------ 

(Rages 4 ad 5, duu8e 3.1, Note I) - Substitute 
'IS:46O(Part 1).1978” for ‘Is:46o-1g6i?“. 

(Page 5, foot-n&o witi ‘*’ mdc) - Substitute 
the folloving for the existing foot-note: 

'*Specifica tion for test sieves: Part I Wire cloth 
test sieves (second retision).' 

(Page 7, clause 8.2.2) - Substitute ’ Is: 878-1g75*’ 
for w:878-ig56*5 

(Page 7, foot-note with ‘*’ mark) - Substitute 
the following for the cxistigg foot-note: 

'*SDecification for graduated measuring cylinders 
A (first revision). t 

(Page 22, c&use 8.3.2) - Substitute 'Is:878- 
1g?!j" for ‘rs:878-1gs6*v. 

(Page 12, foot-note with ‘*’ mrk) - Substitute 
the following for the existing foot-note: 

'*Specification for graduated measuhg cylinders 
(first revision). ’ 

(BDC 23) 
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