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should not be considered as "limiting" the 
application of the model law, but rather as 
deserving joint consideiation with such 
applications. A true design procedure for a 
drainage problem, althou^ admittedly ideal 
for most applications, might include the 
following steps: 

(1) Establish the supporting power to be 
required of the soil. 

(2) Determine from strength tests what 
maximum moisture content in the soil will 
permit satisfaction of that requirement. 

(3) Determine from a "moisture sorption 

curve" for the soil how deep the ground­
water surface must be so that the proper 
moisture content at the surface will not be 
exceeded under equilibrium moisture con­
ditions. 

(4) Determine from an application of the 
model law and these or otiier model tests 
what installation and what length of time 
will be necessary to satisfy requurement (3). 

Either of the last two steps may clearly indi­
cate that drainage is not economically feasible 
and that some other method of correction 
should be applied. 

W E I G H T - I N - W A T E R M E T H O D S O F D E T E R M I N I N G T H E M O I S T U R E 
C O N T E N T O F S O I L - C E M E N T M I X T U R E S I N T H E F I E L D 

MILES D . CATTON AND JB. J . FELT 
Portland Cement Associalton 

SYNOPSIS 
Dunng the last two years soil-cement airport facilities have been constructed 

at rates of 10,000, 20,000 and more square yards of 6-in pavement per day. At 
this speed the control of moisture content for such a large volume of material 
becomes a very important item reqmnng careful planmng and efficient testing 
technique Field moisture content determinations are generally made by drying 
a representative sample over a kerosene or gasoline burner, a system which has 
proved adequate in most instances. However, since this method is relatively 
slow, a continued search is being made for more rapid methods of determining 
these moisture contents This report discusses two ''Weight-In-Water" methods 
which serve this purpose 

The principle of these methods has been applied to moisture and specific gravity 
tests of concrete aggregates, but its application to soil-cement is relatively new. 
The methods are based on the fundamental that a sample of soil-cement when 
weighed in water weighs the same regardless of its moisture content After the 
weights of the sample in air and in water are obtained, the specific gravity of the 
mixture is used to aid in the calculation of its dry weight and moisture content. 

The fact that cement is a powerful flocculating agent is instrumental in making 
possible the use of a pycnometer-syphon weight-in-water method applicable to 
soil-cement mixtures even though they are composed of fine textured soils. 

During the past two years a number of soil-
cement projects have been built at rates of 
10,000 to 20,000 and more sq. yd of six-mch 
pavement a day. Much of this yardage was 
bmlt usmg the "train lane" processmg method, 
the fundamentals of which are shown in Figure 
1. In this method, processing equipment 
completes the construction of each lane in a 
relatively short time and, therefore, rapid 

moisture determinations are required after the 
dry mix in order to control subsequent mois­
ture apphcation. Some additional moisture 
content determmations may be required dur-
mg water apphcation. Final moisture content 
checks are needed dunng final rolhng so that a 
large number of moisture tests are required 
each day. As an illustration, if one moisture 
sample is taken for every 350 sq. yd. of 



bc
ftr

ff 
co

m
pa

ct
io

n 

Iti
rn

-a
ro

un
O

 
ar

ea
 

6^
6"

 (w
oo

d 
fo

rm
s 

dg
f I

ne
 e

dg
e 

of
 d

ay
s 

pr
oc

es
si

ng
 

D
ep

tti
 o

f c
ul

vs
riz

in
Q

 a
nd

 
i 

ar
e 

co
nt

ro
lle

d 
by

 a
 g

rid
 

ce
ni

er
 

Fi
ni

sh
ed

 ru
n>

w
ay

 

O
utb

ou
 

iff
! 

-T
ra

m
 

la
ne

 

5s
 

i
l

m
l 

, T
ur

n-
ar

ou
nd

 
I-

 
ar

ea
 

gl
S

ld
'S

'r
.^

jr
^ 

tra
m

 la
ne

 ed
ge

s 
to

 c
on

tro
l 

ce
m

en
t s

pr
ea

d,
tra

ve
l 

or
 

Sj
Jl

M
V

n?
,?

^'
3^

"l
 

se
co

nd
 ro

un
d 

tn
o 

or
 m

l> 
Ing

 t
ra

m
 S

ta
ke

s a
re

 th
en

 
re

m
ov

ed
 a

nd
 m

ix
in

g 
eq

ui
pm

en
t 

tra
ve

lin
g 

alo
ng

 
la

ne
 o

ve
rla

p 
tti

e 
e<

^s
 

to
 In

su
re

 t
ho

ro
ug

h 
an

d 
co

m
pl

et
e 

m
ix

in
g 

th
ro

ug
h*

 
ou

t 
B

ag
s 

of
 c

em
en

t s
pa

ce
d 

_.
, 

ac
co

rd
in

g 
to

 d
et

er
m

in
ed

 o
U

 
re

au
ir

em
en

ts
 o

f s
oi

l 
D

um
pe

d 
an

d 
tra

ns
ve

rs
el

y 
sp

re
ad

 c
em

en
t 

Sp
lK

a 
to

ot
h 

ha
rr

ow
 c

om
-

D
le

te
s 

lo
ng

itu
di

na
l s

pr
ea

d 
* 

B
eg

in
ni

ng
 o

f d
ay

s 
ru

n-
Pr

ep
ar

at
io

n 
of

 R
un

w
ag

 fo
r P

ro
ce

ss
in

g 
_ 

ri
rs

t t
he

 ru
nw

ay
 se

cti
on

 is
 g

ra
de

d 
to

 li
ne

 a
nd

 g
ra

de
 re

qu
ire

d 
In

 c
om

pl
et

ed
 s

ec
tio

n 
A

ll 
su

ch
 g

ra
di

ng
 m

us
t b

e 
co

m
pl

et
ed

 b
ef

or
e 

pu
lv

er
iz

in
g 

an
d 

pr
oc

es
sin

g 
op

er
at

io
ns

 s
ta

rt 
O

uts
ide

 
ed

ge
s 

of
 ru

nw
ay

 a
nd

 la
ne

s 
(o 

be
 p

ul
ve

rit
ed

 a
re

 d
ef

in
ed

 w
ith

 g
ui

de
 s

la
lc

ea
 in

,th
e 

sa
m

e 
m

an
ne

r 
as

 fo
r 

pr
oc

es
sin

g 
A

 s
ec

tio
n 

is
 th

en
 lo

os
en

ed
 a

nd
 p

ul
ve

riz
ed

 t
o 

de
pt

h 
w

ith
 

ro
ad

 r
oo

te
r 

sc
ar

if
ie

r o
n 

m
ol

on
ze

d 
ro

ad
 g

ra
de

r p
lo

w
s.e

tc
 a

s 
ne

ed
ed

 S
ho

ul
d 

so
il 

be
 d

ry
 

an
d 

ha
rd

 i
t m

ay
 b

e 
m

ad
e 

m
el

lo
w

 fo
r 

ra
pi

d 
pu

lv
er

iz
in

g 
by

 re
pe

at
ed

 w
at

er
 a

pp
lic

ah
on

s 
w

hi
ch

 a
re

 p
er

m
itt

ed
 t

o 
so

aK
 in

to
 tt

ie
 so

li 
A

fte
r s

oi
l c

ha
ra

ct
er

is
tic

s 
ar

e 
le

ar
ne

d 
pu

lv
er

­
iz

in
g 

m
ay

 b
e 

'-.
om

pi
et

ed
 o

n 
so

m
e 

so
ils

 as
 p

ar
t o

f m
in

in
g 

op
er

at
io

ns
 a

ft
er

 ce
m

en
t i

s 
ad

de
d 

Th
e 

da
y 

be
fo

re
 p

ro
ce

ss
in

g 
su

ffK
ie

nr
 w

at
er

 is
 a

pp
lie

d 
on

 th
e 

se
ct

io
n 

an
d 

m
ix

ed
 in

 s
o 

th
at

 
3 

lo
 6

 w
at

er
 a

pp
lic

at
io

ns
 p

er
 la

ne
 d

ur
in

g 
pr

oc
es

sin
g 

oo
er

at
io

ns
 w

ill
 f

ul
fil

l w
af

er
 r

eq
ui

re
­

m
en

ts
 T

he
 s

ec
tio

n 
Is

 th
en

 le
ve

le
d 

pr
io

r t
o 

ce
m

en
t s

pr
ea

d 
A

fte
r c

em
en

t i
s 

sp
re

ad
 o

n 
a 

la
ne

 s
ta

rt
 t

he
 ro

ut
in

e 
of

 m
ix

in
g 

By
 t

ra
in

 m
et

ho
d 

An
 ex

pe
rie

nc
ed

 e
ff

ic
ie

nt
 cr

ew
 ca

n 
bu

ild
 6

 a
'^

 la
ne

s 
20

00
 fe

et
 lo

ng
 in

 12
 ho

ur
 p

er
io

d 
(l6

M
6s

<u
|d'

 
•it

ti 
eq

ui
pm

en
t 

lis
te

d,
 p

ro
vi

de
d 

no
 ti

m
e 

is
 lo

st
 o

nc
en

ne
nt

 sp
re

ad
 o

r w
at

er
 a

pp
lic

at
io

n 
Tw

o 
ly

s 
w

or
k 

by
 su

ch
 a

n 
or

ga
ni

ze
d 

cr
ew

 w
ill

 c
om

pl
et

e 
a 

ru
nw

ay
 4

00
0 

fe
et

 lo
ng

 a
nd

 T
B

fe
et

 
^i

de
 a

s 
sh

ow
n 

by
 c

on
tra

ct
or

s 
w

ho
 h

av
e 

ex
ce

ed
ed

 th
is

 p
ro

du
ct

io
n 

M
ix

in
g 

Tr
ai

n 
U

ni
ts

 
4 s 

t d 

Width 

D
es

cr
ip

tio
n 

of
 U

ni
t 

M
ot

iv
e'^

Po
w

er
 

'l 
1 

8'
 

C
ul

tiv
at

or
 H

ea
vy

 d
ut

y 
So

nn
gt

oq
ih

 
fit

ted
 w

ith
 4

'do
ub

le
 p

oi
nt

ed
 c

ni
se

ls 
Tr

ac
to

r 
C

ra
w

le
r 

ty
pe

 
M

in
 

35
 0

fi
H

P 
2 

1 
B 

C
ui

hv
at

or
.H

ea
vy

 d
ut

y 
Sp

rin
gt

oo
lh

 
fit

te
d 

w
ith

 4
°d

ou
bl

e 
po

in
te

dc
hi

se
ls

 
Tr

ac
to

r 
C

ra
w

le
r 

ty
pe

 
M

m 
35

 D
Q 

H
P 

3 
1 

i* 
Pk

iw
 T

ra
ct

or
 H

ea
vy

 d
ut

y 
5-1

4*
 b

ot
to

m
s 

(o
m

if 
co

ul
te

rs
) 

Tr
ac

to
r 

C
ra

w
le

r 
ty

pe
 

M
m 

35
 D

B
H

P 
4 

1 
it 

Plo
w

 T
ra

ct
or

 H
ea

vy
 d

ut
y 

5-
14

' b
ot

to
m

s 
(o

m
iT

 c
ou

lte
rs

) 
Tr

ac
to

r 
C

ra
w

le
r 

ty
pe

 
M

in
 

35
 D

B
.H

P 

5 
1 

6 
R

ot
ar

y 
Sp

ee
d 

M
ix

er
 

se
if

-o
ow

er
ed

, 
Tr

ai
le

r 
m

ou
nt

ed
 

T)
-a

ct
ur

 C
ra

w
le

r 
ty

pe
 

M
m 

35
 D

B
H

P 

6 
1 

6 
R

ot
ar

y 
Sp

ee
d 

M
ix

er
 s

el
f-

po
w

ar
ed

 
Tr

ai
le

r 
m

ou
nt

ed
 

7 
1 

6 
R

ot
ar

y 
Sp

ae
d 

M
ix

er
 s

ei
f-

co
w

er
ed

. 
Tr

ai
le

r 
m

ou
nt

ed
 

ef 
2 

I2>
i 

D
is

tr
ib

ut
or

 
W

at
er

 
Pr

es
su

re
 

10
00

 g
al

lo
ns

 
Se

lf
-p

ow
er

ed
 

t 
1 

12
 

H
ar

ro
w

 , 
Sp

iK
e 

to
ot

ti 
3 

se
ch

on
s 

TV
^c

to
r. 

R
ub

ts
er

-h
re

d 
M

in
 

23
 D

B
H

P 

1 
6 

C
ul

tiv
at

or
 C

hi
se

l 
Po

w
er

 c
on

tr
ol

 
(A

tta
ch

m
en

t 
to

 t
ra

ct
or

) 
Tr

ac
to

r, 
R

ub
be

r-
tir

ed
 

M
m 

23
 D

BH
 

P 

R
ou

tin
g 

o
f 

M
ix

in
g 

Tr
am

 

go
f'j

pn
ri 

nu
in

ri 
tn

h-
 lla

a e
nt

ire
 h

ra
in

 as
 sh

ow
n 

Al
l m

ac
hin

es
 to

 m
ai

nt
on

 s
am

e 
re

lat
iv

e 
i 

fo
ii

nd
 T

Fi
P'

 
co

m
pl

et
e 

w
at

er
 a

pp
lic

at
io

n 

aB
oS

 "4
 o

f w
ate

r r
eq

ui
re

m
en

ts 
on

 b
ut

i^
 

**
 on

 in
bo

un
d 

oe
ss

eg
e 

in
di

ci
a.

- u
se

 e
nt

ire
 tr

Sn
 a

s 
be

fo
re

 
Th

is 
ro

un
d 

tri
p 

sh
ou

ld
 a

bo
ut

 
"'

IS
ri

TO
in

ir
tr

i'n
-T

lsB
'en

Ti
re

 t
ra

in
 a

s 
be

fo
re

 
Ad

d 
re

m
ai

ni
ng

 w
at

er
 n

ee
ds

 

S
y

M
^

I
'

l
i

^
^

a
r

y 
on

ly
 to

co
m

pi
...

 un
ifo

rm
 w

aU
r d

ist
rib

ut
io

n 
in 

mi
x 

or
lo

 co
m

pt
ete

 w
at

er
 a

dd
iti

on
 re

qu
ire

m
en

ts 
M

ix
in

g 
tra

m
 th

en
 m

ov
es

 t
o 

K
'n

JS
!q

,'S
?S

n=
h^

rS
i5

?^
d'

T
t£

?|
'3

?,
uW

 
"

 

U
U

S
'^

o-
rW

a'
 IS

'S
fS

iM
 2

^
,

5
M

r
,

W
x

M
P

n 
W

b
3?

s 
sh

ou
iiT

bs
 of

 th
e 

fu
ll 

w
id

th
 o

f t
he

 tr
am

 la
ne

 
(2)

 U
nit

 lo
lc

ul
tiv

at
or

) c
om

pl
et

es
 m

ix
in

g 
ac

ija
ce

nt
 to

 p
re

vi
ou

sly
 f

in
ish

ed
 p

av
em

en
t 

W
or

ks
 in

de
pe

nd
en

t 
of

 m
ix

in
g 

tr
am

 5
 h

an
d 

sh
ov

eie
rs

 au
pp

lam
an

t 
m

ix
in

g 
ne

ar
 

tie
ad

er
, k

ee
p 

en
ds

 ev
en

 r
em

ov
e 

an
y 

ra
w

 so
il 

fr
om

 m
ix

 a
nd

 re
tu

rn
 m

ix
ed

 
so

il-
ce

m
en

t t
o 

se
ct

io
n 

^S
V

.£
^"

;S
!'f

S5
,n

\S
S,

r2
T

8S
.II

Ta
cM

'u
i^

^^
^^

 
Ŝ
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pavement for controlling water spread, and 
one sample taken at the same location to check 
moisture content just before final roUmg, a 
total of about six tests are necessary for every 
1,000 sq. yd. of pavement. For 12,000 sq yd. 
approximately 72 tests are made. 

Results from these tests are reqmred quickly 
if water spreading equipment is to be kept 
moving. For instance, when processmg a 
train lane 1,200 ft . long and 10 ft . wide, it is 
frequently necessary to obtain four moisture 
samples, take them to the laboratory, deter­
mine moisture content, and dehver results to 
the water distributor foreman, in a matter of 
about 15 mmutes This reqmres that mois­
ture determination tests be made with 
dispatch. 

The method generally used in the field for 
determining moisture contents of soil-cement 
mixtures involves drying the sample out over a 
burner. This method is satisfactory and can 
be used on many jobs. However, it is rela­
tively slow. For this reason the followmg 
methods for determining moisture contents of 
soil-cement mixtures have been worked out to 
give quicker answers to the moisture tests in 
the field than afforded by the usual drying-out 
process over gasoline or kerosene burners. 

While not heretofore used in soil-ceibent 
testing, the same prmciples have been and are 
in practice m slightly different form in the 
determination of moisture contents and 
specific gravities of aggregates for concrete > 

Apparatus for the Weight-in-Water Method 
is readily obtainable and at low cost The 
computations are simple; in fact a chart is 
presented from which the moisture content of 
the soil-cement can be read direct with no 
calculations required. The only factor that 
must be known in addition to the weight of the 
sample in air and m water, is the specific 
graoUy of the soU-eemeal mixture at the -particu­
lar time tiie teat w being made. For this reason 
it is extremely important that the specific 
gravity determination be made with accuracy. 

OETEBMINATION OF SPECIFIC GBAVITY 

Specific gravity may be defined as the ratio 
of the dry weight of any volume of material 
to the weight of an equal volume of water 

»R. W. Crum, "Control of Materials and 
Mixtures for Concrete for Pavements," Pro­
ceedings, Highway Research Board, Vol. 9, 
p. 276 (1929) 

Although the density of water varies with 
the temperature, it is sufficiently close in this 
work to assume that one gr. of water has a 
volume of one cc. The assumption that one 
gr. of water has a volume of one cc. permits a 
working range from 40 F. to 90 F. with only 
about a 0 01 error in specific gravity. 

The specific gravity of soil-cement can be 
determmed in the field by either of two com­
mon methods 

(1) According to Archimedes' pnnciple, a 
sample of soil-cement weighed while immersed 
in water will weigh less than it did in air by 
the amount of water displaced If weights are 
taken in grams, the specific gravity is then 
equal to the dry weight of the soil-cement 
divided by the weight of water displaced. 
Example of (1). "Weight immersed in 
water" method 

Wt. of soil-cement sample in air 
(dry basis) . 1000 g. 

Wt of soil-cement sample im­
mersed in water 634 g 

Wt. of water displaced 366 g. 
And specific gravity = = 2.73 

ODO 
(2) Another way to determine specific 

gravity is to place a known weight of soil-
cement in a pycnometer, the volume of 
which is known, and add water to fiU the 
pycnometer (to the gage mark of known 
volume). The volume of the soil-cement or 
weight of water displaced is then calculated 
as follows-
Example of (2). "Pycnometer" method. 

Wt. of soil-cement sample (dry 
baas) 1000 g. 

Wt. of pycnometer + soil-cement 
-I- water to fill to gage mark = 
(a) 3162 g. 

Wt. of pycnometer - I - water to fill 
to gage mark = (b) 2528 g. 

Wt. of water displaced = 6 - (a - 1000) 
= 2528-2162 = . 

366 g. 
And specific gravity = = 2.73 

ODD 

Effect of Hydration Upon Specific Gravity 
When soil, moisture, and cement are inti-

matdy mixed by processmg, a combination of 
substances is formed, the specific gravity of 
which will differ sli^tly from what might be 
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calculated from the combination of the specific 
gravities of the soil and the cement One of 
the reasons for this is that water taken up by 
the chemical hydration of the cement changes 
the specific gravity of the cement and may also 
affect the water of hydration in the soil. 
Therefore, the specific gravity of the product is 
affected. The change is gradual and as i t is 
dependent upon the hydration of the cement, 
the amount of change is dependent upon the 
amount of water present in the soil-cement 
mixture and the period for which the water has 
been in contact with the soil-cement. 

In some instances, the processmg of soil-
cement may require several hours during which 
the specific gravity of the mix will change 
slightiy. Therefore the specific gravity of the 
mixture should be determmed for, say, one, 
two and three hours of mixing at moisture 
contents likely to be present after processmg 
those particular times. When making a mois­
ture content test the specific gravity value is 
used which most nearly fits the moisture con­
dition and time interval in which the sample 
was taken. 

Preliminary specific gravity tests can be 
completed prior to processing by mbdng small 
batches of soil, cement, and water for the 
proper periods, after which the tests are made. 
Or if desired, specific gravities can be deter­
mined at the same time that the first moisture 
content tests are made during processing. 
In either case when determining specific grav­
ity, best results are obtamed by using the soil-
cement in the same condition as obtamed from 
the project, or as prepared for preUminary 
tests The moisture content may range from 
air-diy to above optimum. As a suggested 
procedure, weigh m aur 1000-gr. of soil-cement 
as sampled and then weigh it in water. Simul­
taneously select a 200 to 400 g. sample of the 
same material and determine its moisture 
content by drying qver the field kerosene or 
gasoline stove Next calculate the dry weight 
of the large sample, after which its specific 
gravity can be calculated as in (1) or (2). 
The specific gravity must be determined by 
the same procedure and with the same equip­
ment as will be used m making the moisture 
tests next to be described. 

BASIS OF METHOD FOR MAKINO MOISTURE 
TESTS 

As previously discussed, when weights are 
in grams, the specific gravity of the soil-

cement, G Dry wt. in aur 
Dry wt. - Wt. m water 

Smce the specific gravity of water is taken 
as 1, use may be made of the equation: 

Dry wt. in air 
Wt. in water 

G 
G- 1 

G 

2.73 

or Diy wt. inair = wt. in water X q~1 
Example using data from examples of (1) 

and (2) previously given: 

Dry wt. of soil-cement = ^ 4 X (2 73 _ i ) -
1000 g. 

Now if another sample of sod-cement having 
the same specific gravity, and containmg an 
unknown amount of moisture is weighed in 
air and then weighed immersed in water, the 
dry weight of soil-cement can be obtained by 
multiplying the weight in water by q _ 
After the dry weight is obtained, the moisture 
content can be calculated. 
Example: 

Wt. of moist soil-cement sample in 
air 1000 g. 

Wt of soil-cement sample immersed 
m water . . . . 552 g. 

2 73 
Wt. of dry soil-cement •» 552 X _ ^ = 

871 gr. 
Then moisture content of soil-cement = 

1000 - 871 = 129 g. 
129 

And percentage of moisture = X 100 = 14.8 
(129 871) 100 = 14.8% 

In the foregoing illustration the assumption 
is made that the "weight of moist soil-cement 
immersed m water" is obtained directly by 
weighing the sample suspended in water. 
However, the same value is obtained when 
using a pycnometer by subtracting the weight 
of the pycnometer full of water from the 
weight of the pycnometer containing the soil-
cement plus water to fill to the gage mark of 
known volume. 
Example 

Wt. of moist soil-cement sample 1000 g. 
Wt of pycnometer -f- soil-cement 

sample + water to fill to gage 
mark 3080 g. 
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Wt. of pycnometer + water to fill to 
gage mark 2528 g. 

Then Wt. of soil-cement sample in water = 
3080 - 2528 = 552g. 

And m this example, dry wt. of soil-cement = 

552 X 77^^^ = 871 g. 

14.8 
2.73 - 1 

And moisture • 

per cent. 
APPUCATION OF METHOD TO FIELD USE 

Undoubtedly some operators will prefer the 
"weight while suspended immersed m water" 
method for determining specific gravily and 
for making moisture tests, while others will 
prefer the "pycnometer" method. The tech­
nique involved with both methods is practi­
cally the same, and therefore in the following 
discussion, only the pycnometer method will be 
descnbed in detail. 

To make the pycnometer method workable 
in the field it is necessary that the following 
fundamentals m equipment and procedures be 
satisfied 

(1) The opening, or mouth of the pyc­
nometer must be large enough that the moist 
soil-cement can be put into it rapidly. 

(2) The method of obtaining constant vol­
ume must be simple, rapid, and so workable 
that the outside of the pycnometer does not 
become wet, necessitating a slow drying 
process pnor to weighing. 

(3) A relatively large sample must be 
tested, precluding the quartering of samples 
and the necessity of a sensitive field balance. 

(4) The eqmpment must be mobile enough 
to bring to the site of construction and thus 
permit rapid field tests. 

In the method to be descnbed, fundamental 
(1) IS met by using a two-quart mason jar, 
and (2) is taken care of by using a simple 
syphon To meet requirement (3) a 1000-g. 
sample is used, with a balance sensitive to 
about one gram. As will be seen, the setup 
descnbed is mobile so that it can be placed 
adjacent to the area being processed. 

EQUIPMENT RECOMMENDED 

1—gram scale, 5000 g capacity, about 1 g. 
sensitivity. 

1—two-burner kerosene or gasoline field stove 
6—two-quart Mason jars 
1—copper tubing or other smtable syphon, 

i or } in. opemng. 

1—10-in. funnel, with wide, short spout fitting 
snugly in mouth of Mason jar. 

&—one or two-quart sampling cans 
1—water barrel for storing water. 

The syphon can be made by bendmg the 
copper tubing as shown in Figure 2. The 
"stiffener" shown is not absolutely necessary, 
but it gives the tubing rigidity. I f the end of 
the syphon at tiie water line is "belled-out" 
it facilitates a quick cut-off dunng syphoning. 

The ^ h o n must be constructed so that it 
will hang on the fruit jar in such a position 
that it will i^phon water to exactly the same 
level each time This is a simple matter 
and offers no difficulties. A mark should be 
made on the neck of the jar so that the syphon 
is hung on the same spot each time. The 
six 2-qt. jars, full of water to the syphon line, 

" PYCNOMfltC SYPHOM 
!• IN OPtRATION 

Figure 2 

are then made to w^gh exactly the same by 
winding copper wire around the neck of the 
lightest jars. (To insure that the syphon is 
workmg properly it should be checked each 
morning, and after any accident m which the 
syphon might have been bent, by syphoning 
water from one or two jars, and checking the 
weight of these jars full of water with their 
weight previously obtained). 

Mobility of the eqmpment can be obtained 
in several ways one of which is illustrated in 
the following setup. 

Fill a barrel with sand and place on a sled-
platform. From the barrel extend a vertical 
post on which a platform is built large enough 
to support the scale. Next, build a scale 
house with a glass window m the back and in. 
the front door and fit it over the scale platform 
so that it rests on the sand barrel. This pro-, 
tects the scale from the wind Such an. 
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apparatus, with the scale removed, can be 
pulled from one section of the job to another. 
Another possibility for a scale platform is a 
heavy box, the inside of which could be sec­
tioned off into shelves for storing jars and other 
equipment. , , 

F I E L D T E S T P B O C E D U R E R E C O M M E N D E D 

Have all apparatus clean and conveniently 
arranged. The following steps are the same 
for either moisture content test or specific 
gravity test: 

(a) Half fill the two-quart Mason jars with 
water. 

(b) In the sampling cans, secure representa­
tive samples of the soii-ciement to be tested. 

Figure 3 

Figure 4 , 

(c) Transfer the sample to a suitable re­
ceptacle and weigh out exactly 1000 g. I f 
the sample contains soil lumps retained on a 
No. 4 sieve they should be pushed through the 
sieve. When the soil contains plus No. 4 
aggregate, i t is recommended that the mois­
ture control be on the basis of the minus No. 4 
portion of the material. 

(d) Through the large funnel, transfer the 
entire weighed sample to the Mason jar half 
filled with water. Next, with one hand over 
the opening of the jar to prevent spillage, hold 
the jar horizontally and shake it vigorously 
about 25 times to assure that all the soil-
cement particles are in suspension. Some 
operators have difficulty covering the top of 
the jar tightly with their hand, and find a 
solid soft rubber ball of proper size to be an 

excellent stopper. To free the air in the 
suspension, slowly rotate the jar 12 times, 
giving it a full half turn with each rotation. 
See Figures 3 and 4. Exactly the same pro­
cedure of "shaking" and "rotating" must be 
followed with each test. I t is extremely im­
portant that sufficient time be taken in rotat­
ing the jar to insure practically complete 
removal of all entrapped air from the mixture. 
Set the jar upright. Rinse any sediment from 
the hand into the jar and fill the jar with water 

Figure 5 _ ' 

to within J in. of the top. Allow the water-
soil-cement suspension to settle for a minute 
or so. I t is important that no soil-cement be 
in suspension at the top of the jar to come out 
of the syphon. With some fine grained soils 
caution will need to be exercised, even though 
the cement is a powerful flocculating agent. 
If , in an unusual case, the soil-cement is very 
slow in settling, better results may be obtained 
using the "weight suspended in water 
method." A possible field set up for tliis 
method is shown in Figure 5. • 
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(e) Place syphon in proper poation and 
remove water down to constant syphon level. 

(f) Remove syphon and weigh tiie jar and 
contents. 

The foregoing steps are the same for deter­
mining either the specific gravity or the mois­
ture content of the sample. However, if the 
specific gravity is being obtained, it is neces­
sary to complete one more operation, and that 

soon as the weight of the pycnometer jar plus 
water to fill is obtained. This weight can be 
added to each of the figures across tide bottom 
of the chart, and this scale would then equal 
"the gross weight of the pycnometer plus soil-
cement plus water to fill." Then when mak­
ing a moisture test the moisture content could 
be read directly immediately after weighmg 
the pycnometer plus soil-cement and water. 

floiature 
to It la 

Confcn/ofJal-Ctmcnfflithm 
n /6 IS I* 13 It II IP 

Wei^/if, percent 
a 7 s i * s 

vi 

sio eto 6ts S30 S*0 SSO S60 S70 SOO S90 
iVeighfaf floiafJoil-Cemenf in Ma^r, grama 

/n fht pycnomtftrmefhod fhi3 eeuab groat wtii^/o/pyenome/tr p/ua aoil-cemen/plaa wafer minus 
iveigftf- ofp/cnomefer full of wafer 

Figure 6. Relation of Specific Gravity and Moisture Content of a Soil-Cement Mixture, when a 
1000-g. sample (air wt.) Is Weighed in Water 

is to calculate the dry weight of the sample 
used by drymg out a small quantity of the 
original sample over a stove. The specific 
gravity is then calculated. When the specific 
gravity is known the moisture content is 
calculated. 

PREPARATION OF CHART 

The moisture content of each soil-cement 
sample can be calculated individually as pre­
viously discussed, or to save tune, the accom­
panying chart (Fig. 6) can be used Here the 
moisture content can be read directly, provid­
ing the specific gravity is known; or the specific 
gravity can be read dh«ctiy if the moisture 
content is known. 

When this chart is used with the pycnometer 
method one other time saver can be used as 

CONCLUSIOX 

Although experience with the Weight-in-
Water methods of determining moisture con­
tents of soil-cement nuxtures is confined to 
the last two construction seasons, considerable 
progress has been made. I t is not unlikely 
that as more engineers become familiar with 
the method, additional short cuts wiU be 
developed. 

The practicahty of these methods is shown 
by a field experience where two men made 
tests necessary for moisture control of a job 
built at a rate up to 20,000 sq. yd. per day 
The accuracy of the metiiods has been proved 
both in the field and in the P C. A. soil-cement 
laboratory where tests were made on soil-
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cement mixtures composed of soils of different 
texture from sand to clay. 
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D I S C U S S I O N O N D E T E R M I N A T I O N O F M O I S T U R E I N S O I L - C E M E N T 

PROF. E . E . BATIER, UniversUy lUinois: 
The writer has made a study of the effect on 
specific gravity of changes in the temperature 
of the water between the time the calibration 
of the pycnometer is made and the time the 
soil (or soU-cement) is weighed with the water 
in the pycnometer.' An extension of that 
study to this problem indicates that there may 
be some error introduced in determining the 
percentage of moisture if there is this same 
variation in temperature when the two weigh­
ings are made, even though the specific gravity 
value is correctly determmed. 

By calling attention to these possible errors, 
it IS not the purpose of the writer to try to 
discourage the use of the proposed method. 
Rapid determination of values in the field is 
highly desirable, but those who use the method 
should realize tiiat wide fluctuations in tem­
perature of the water used m both the specific 
gravity and moisture tests may affect the per­
centage of moisture an appreciable amount. 

I t is quite possible that the calibration of the 
pycnometers might be made m the laboratory 
using tap water at a temperature of 20 C. 
(68 F.) or less. The water that is used in the 
field laboratory on a hot summer day might be 
30 C. (86 F) or above. The reverse tempera­
ture combination might be true under different 
circumstances. 

Effect of Temperature on Specific Grcmity 
In order to amve at some specific values, 

temperatures of 20 and 30 C. have been 
selected and a condition in which the water 
occupies 90 per cent of the pycnometer when 
the second weight is secured The soil and 
cement occupy the other 10 per cent When 
the temperature of the water is 20 C. at the 
tune of the calibration of the pycnometer and 

• "Factors Affecting Specific Gravity Values 
in the Proposed Method of Test for Soils," 
BvUelm, A S T.M , December, 1943 

30 C. at the tune the second weighing is made, 
the specific gravity obtained is 2.546 for a soil 
having a specific gravity of 2 600 based on 
water at 4 C. When the temperatures are 
reversed (30 C. for the first weigUng and 20 C. 
for the second), the specific gravity obtained 
for this same soil is 2.673. This same soil 
has a specific gravity value of 2.604 when the 
temperature is 20 C. at the time of both weigh­
ings, and 2.611 if the temperature is 30 C. 

For a value of 550 g. of "weight of moist 
soil-cement in water" (See Fig. 6), the per­
centages of moisture scaled off would be: 

Specific Gravity 
2 546 
2.600 
2.673 
2.604 
2.611 

Moisture 
% 

10.4 
11 9 
13.7 
12.0 
12.2 

showing that the effect of a 10-deg. change in 
water temperature while making the specific 
gravity test has a noticeable effect on the 
determined moisture contents. On the other 
hand, if the temperature is the same when 
the two weights are taken, it makes little 
difference whether the temperature is 20 C. or 
30 C, as shown by the last two values. 

Effea o/ Temperature During Moisture 
DetermimOion 

I t is important also in making the moisture 
determination to watch the temperature of 
the water when the two weighings are made. 
The authors' illustration will be used as a basis 
for showing what might happen for the 20-30 
C and the 30-20 C. combinations. The 
assumption is made that the specific gravity 
value of 2 73 is correct Since the weight of 
the empty pycnometer is not given, a value 
of 528 0 g. is assumed. 

Consider the 20-30 C combination first. 
The pycnometer and water weigh 2528 g. 
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I f the pycnometer weighs 528 g the weight 
of water is 2000 g. The relative density of 
water at 20 C. is 0.9982343, and the volume of 
2000 g of water is 2003 6 ml 

The soil-cement nux is placed in the pyc­
nometer and the pycnometer filled with water. 
Assume that 871 g of dry soil-cement mix are 
in the sample. This weight of soil-cement 

871 
has a volume of X 319 ml Assum­
ing that the pycnometer and soil-cement 
particles do not change volume with change 
in temperature, the volume of water in the 
pycnometer is 2003.6 - 319 0 or 1684.6 ml. 

T A B L E 1 
EFFECT ON CALCULATED MOISTURE PEBCENTAGES OF 

CERTAIN VARIATIONS I N TEMPERATURE DURING 
SPECIFIC GBAVITT AND MOISTURE TESTS 

Temperatures 
Specific gravity Calcubted 

Specific Moisture test value moisture 
gravity test test 

det C det C. % 
20-20 20-20 2 735 14 8 
20-30 20-20 2 676 13 3 
30-20 20-20 2 803 16 4 
30-30 20-20 2 742 15.0 

20-20 20-30 2 735 15 7 
20-30 20-30 2 676 14 2 
30-20 20-30 2 803 17 3 
30-30 20-30 2 742 15 9 

20-20 30-20 2 735 13 7 
20-30 30-20 2 676 12 3 
30-20 30-20 2 803 15 3 
30-30 30-20 2 742 13 9 

20-20 30-30 2 735 14 6 
20-30 30-30 2 676 13.2 
30-20 30-30 2 803 16.2 
30-^0 30-30 2 742 14.8 

The weight of water in the pycnometer at 
30 C. is 1684 6 X 0.995678 or 1677.3 g. The 
weight of pycnometer and contents then is 

1677.3 + 871.0 -1- 528 0 = 3076 3 g. 
The "weight of moist soil-cement in water" is 
3076.3 - 2528.0 or 548 3 g. Using a specific 
gravity of 2.73 the percentage of moisture from 
the chart is 15.6, whereas the correct value is 
14.8 (The original moist sample weighed 
1000.0 g. and the weight of dry soil-cement is 
871.0 g.) 

Similar calculations for the 30-20 C. combi­
nation give the "weight of moist soil-cement in 
water" as 558 0 g , for which the percentage of 
moisture scaled from the chart is 13.6 (using a 
specific gravity value of 2.73). 

Should the specific gravity test be made 

with a 10 C variation m temperature and a 
like variation occur during the performance of 
the moisture determination, an appreciable 
difference in the moisture percentage will be 
noted The worst conditions occur when the 
temperatures used in the specific gravity test 
are just opposite to those prevailmg when the 
moisture detenmnation is made, such as 20-30 
C. for specific gravity and 30-20 C. for mois­
ture. In Table 1 are given calculated mois­
ture percentages for all the possible combina­
tions of 20 and 30 C. temperatures in both 
tests. The specific gravity value calculated 
from the test data secured under the prevail­
ing temperature condition is used in each case 
in the calculation of moisture content. 

Conchuion 
It is important to have the temperature of 

the water used in making both tiie specific 
gravity and the moisture tests at rdatively 
the same value. 

Formula 
The authors refrained from showing any 

formula for computmg the percentage of 
moisture and one is r ^ l y not necessary al­
though it is convement at times to have one 
available. The writer desires to present the 
following formula. 

Per cent moisture = 
W - ^ m - Wa) 

Wi - Wa 100 

in which 
W = weight of moist sample, in g 
Wa = weight of pycnometer full of water, 

ing. 
Wb •= weight of pycnometer, soil-cement 

and water, in g 
G = specific gravity of the soil-cement 

particles 
The denominator of the fraction, Wb - W,, 

is the value the authors have plotted as the 
abscissa in Figure 6. 

The authors suggest that when a number of 
pycnometers are to be used interchangeably, 
the weight of the pycnometer full of water, 
Wa, be made the same for all by wrapping the 
necessary amount of wire around each pyc­
nometer. If this is done, then this weight. 
Wo, can be counterbalanced out when weight, 
Wt, is taken The weight secured is Wi, 
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- Wa, and the percentage moisture can be 
scaled from the chart without any calculation. 

M R FELT Mr. Bauer has brought out the 
important fact that significant errors will be 
introduced in specific gravity and moisture 
content determmations if the weight of the 
pycnometer full of water to the syphon Ime is 
made at one temperature and the final weigh­
ing of soil-cement and water is made at a 
widely different temperature 

The possibility of a significant error being 
introduced is removed, however, if the calibra­
tion of the pycnometer is made at the same 
temperature at which the test is made. This 
should always be the case in the specific grav­
ity determination since the pycnometer should 
be ealihraled inthefiM using the same equipmerd 
andw(UerasusedintkespecificgravUytest. By 
following this procedure a difference of only 
about 0 01 will be introduced mto the specific 
gravity determination even though the tem­
perature of the water varies from 40 to 90 F. 
Although this difference m specific gravity due 
to temperature is small, i t is desirable that the 
temperature be recorded at which the test is 
made 

When the specific gravity determination has 
been made properly, the only source of signifi­
cant error will be confined to the moisture 
content test. The data m Table 2 show what 
this error is likely to be when the temperature 
varies over a practical range of 20 F 

In Table 2 the correct moisture content of 
the soil-cement sample is that obtamed at 70 
F., or 13 6 per cent The total range in mois­
ture content is 0.7 per cent as the temperature 
of the water vanes from 60 F. to 80 F.; but the 
variation from the correct amount is only 0.4 
per cent. This, perhaps, is the maximum 
error that would be reasonable for practical 
field construction operation. From this i t 

may be concluded that a difference of plus or 
minus 10 F would be the maximum tolerance 
to permit between the temperature of the 
water used for making moisture content tests, 
and that used when determining the weight to 
fill the pycnometer When the difference ex­
ceeds 10 F , a new weight to fill the pycnometer 
must be obtamed or calculated, or the tem­
perature of the water changed 

TABLE 2 
VARIATION I N APPARENT MOISTURE CONTENT 

OF SOIL-CEMENT SAMPLE 
Specific gravity ot soil-oement at 70 F - 2 70 

Weight of pycnometer fu l l of water at 70 F = 1900 g , luod 
as a ooiutant dunng mouture content teats 

1000 g wet weight sample, assumed to ha\e dry weight of 
8813 

Temperature of 
water at which 

moisture content 
test IS made ' 

Wt m water 
of soil-cemcnt 

sample 
Moisture content 

of soil-cement 

det F { % 
60 5S6 6 13 2 
6S 55S 8 13 3 
70 554 9 13.5 
75 553 9 13 7 
80 652 7 13 9 

There are three alternatives that may be 
taken m the field to eliminate the factor of 
temperature from test results. 

1. A table or chart can be made showing the 
weight of water required to fill the pycnometer 
at different temperatures. The weight corre­
sponding to the water temperature at the time 
of test is then used. 

2. The barrel contauung the water can be 
insulated to prevent significant changes in 
water temperature. A wet burlap on the out­
side may be satisfactory. 

3. The temperature of the water can be 
controlled within reasonable limits by adding 
ice or warm water as the case may require. 




