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of earth, but I question the true sine
nature of the phenomenon

Dr BernHARD. Centrifugal forces ex-
cited by the oscillator itself are com-
pletely independent of the force of gravity
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and therefore may be used in any direc-
tion Any modification of the sine form
1n soil curves has not yet been detected
The gravity component (dead weight)
has merely the effect of varying the posi-
tion of the datum hne

SURFACE-CHEMICAL FACTORS INFLUENCING THE ENGINEERING
PROPERTIES OF SOILS *

By Hans F WINTERKORN, Research Assistant Professor, Umwersity of Missour:

At the 1935 meeting of the Highway
Research Board Professor Krynine stated
the desirability of expressing the n-
fluence of various exchange 10ns on the
engineering properties of soils 1 the
common engineering terms and indices
Today we are able to present such data
The soils tested were as follows

(1) Cecil Clay"* red subsoil developed

under latertic weathering from
gneiss, with an appreciable
amount of miea in 1its larger-
sized fractions and most prob-
ably also 1n the clay and colloid
fraction Iron and alumina are
present 1n the crystal structure
as adsorbed 10ns and 1n the form
of hydrous oxides The so1l
contains practically no organic
matter Base exchange capac-
ity of extracted clay, 13 mulh-
equivalents per gram

(2) Hagerstown Clay: reddish brown,

sandy clay subsoil, developed
from chert free imestone under
podsolic type of weathering,
modified by presence of lhme-
stone Base exchange capacity
of extracted clay about 60 mlh-
equivalents per gram

(3) Putnam Sit Loam: grey-brown

silty clay subsoil of mixed glacial

* Abstract of a report on a cooperative
study of the Bureau of Public Roads, the
Missoun State Highway Department and the
Missour: Agricultural Experiment Station
The complete report will be published 1n Public
Roads.

and loessial origin  Developed
by podsolic type of weathering
Base exchange capacity of ex-
tracted clay 67 milhequivalents
per gram

Preparation of the Homowomic Souls
Nine samples of each of the three soils
were furmshed for test, one representing
the natural sl The other eight sam-
ples were prepared from the natural soil
by satisfying 1ts base exchange capacity
with a particular 1on  The eight 1omc
species were hydrogen (H<4), sodium
(Na+), potassum (K4), magnesium
(Mg++), calelum (Ca++), barum
(Ba++), alummmum (Al4+++), and
the ferric 10on (Fe+-++) The number
of positive charges, +, 4+, or +++,
denotes the positive valence of the par-
ticular 1ome species

The method of satisfying the base
exchange capacity of the soil was as fol-
lows.

Arr-dried samples were placed i perco-
lators and each sample was treated with
one of the chloride solutions, KCl, NaCl,
FeCls, ete, and hydrochloric ac'd  For
the K, Mg, Ca, Ba and Fe sois, 01
normal chloride solutions were used as
leachates For the Al sol alumimum
sulfate was used as the leachdte In
the preparation of the H soi, 1/50
normal hydrochloric acid alone was
used as the leachate There 1s little
tendency for HCl of this low strength
to dissolve the colloids

Leaching was continued until the leach-
ate had the same concentration as the
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solution had before entering the soil,
thus indicating that adsorption of the ca-
tions was complete The excess salt
and acid were then removed from the
treated soil by leaching the samples with
distilled water

Attempts to leach sodum chlorde
solution through the podsolic soils rend-
ered them so impermeable that i1t became
necessary to alter the procedure by stir-
ring the soil n large volumes of NaCl
solutions, letting the soil settle and then
decanting the excesssolution  This proc-
ess was repeated until the sodium 1on
had satisfied the base exchange capacity
of the soil The so1l was washed with
distilled water in the same’ manner to
remove the excess salt Some of the
sodium chloride remained 1n the Na soil
after these efforts to remove 1t

After treatment, the amount of cations
adsorbed was determined by chemical
analysis In general 1t was found that
the percentage saturation of base ex-
change capacity was 90

The followmng physical characteristics
of the untreated and treated sois were
studied. particle size distribution (de-
termned by mechanical analysis), plas-
ticity, shrinkage and moxsture equivalent
constants, compressibihty, permeabihity
and swell of confined samples, tensile
and crushing strength of air-drnied sam-
ples, slaking value of air-dried samples,
swell of unconfined samples

The mechanical analyses, plastiaty,
shrinkage and moisture equivalent con-
stants were determined according to the
American Society for Testing Materials
tentative methods for testing subgrade
soils (D 422, 424, 426, 427-35T)

The compressibility, permeability and
swell of the confined samples were deter-
mined by means of the Terzaghi compres-
sion test according to a procedure dis-
cussed briefly by ¥ A Robinson 1n the
February 1936 issue of Pubhc Roads
The air-dried samples were mixed with
distilled water to approximately their
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hquid limts, and then kept m a humid-
fier for 24 hours before being tested
Loads of 08, 16 and 32 kg per sq cm
were successively applied The load was
then reduced to 16, 08 and 004 kg
per sq cm The consolidation or ex-
pansion of a sample under a given load
was complete before the load was
changed The permeabilities were de-
termined after the samples were con-
sohdated 1n this manner under the loads
of 08, 1.6 and 3 2 kg per sq cm.

The tensile and crushing strengths of
air-dried natural and treated soils were
determined by mixing the soil with water
until plastic  This plastic mass was then
tamped mto cement briquette molds
and mto 2 by 4 mm cyhnder molds
After molding, the test pleces were
slowly dried until they reached apparent
constant weight in the air of the labora-
tory The values reported are the aver-
ages of three determinations

The slaking specimens were made 1n
the same manner as the tensile strength
test pieces After drying, the briquettes
were protected on both ends with a
paraffin coating, leaving a center stripe
025 mm wide for the attack of water 1n
which they are suspended The time
required for the separation of the lower
from the upper part 1s recorded as
the slaking time Simultaneously, the
appearance of the specimens during
the slaking were noted This method
was developed by the Russian pedolog-
1sts  The swell of unconfined powdered
samples was determined according to
the methods previously described * The
principle of the determinations was the
measurement of intake of hquid by pow-
dered soil colloids through a porous plate,
avoiding a positive or negative pressure
head of the iquid The amount of water
adsorbed minus the amount of a non-

* Hans F Winterkorn & L. D Baver Sorp-
tion of Liqmds by Soil Colloids I Soil Sei-
ence vol 38, pp 291209, 1934 II. Soil
Science, vol 40, pp 403-419, 1935
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polar hquid, such as benzine similarly
adsorbed, 1s the swell expressed in cubic
centimeters per gram of soil or soil col-
loids. The data on heat of wetting were
obtained with the Bunsen 1ce calorimeter

DISCUSSION OF TEST DATA

Results of the laboratory tests are re-
corded 1 Tables 1 and 2

The effect of the different 10n fixations
on the physical characteristics of the
three natural soils 1s summarized n
Table 3 In this table (prepared from
Table 1) the relative order of activity of
the varous cations as estimated from the
relative extents to which they increased
or decreased the values, LL, PL, PI,
SL,C, ME, and FME of the natural
solls 1s, 1n any instance, indicated by the
order of arrangement For examples,
the barium 10n increased the hquid himit
of the Cecil soill more than any other
10n, the increase effected by the Fe 10n
was less than that of barium m this case
and the increase 1n hquid hmit of the
natural Cecil soils was least with the H
1on  On the other hand, the Al ion was
the most active in lowering the hquid
himit of the Cecil soil and the K 10on was
least active 1n this respect In any case,
when one or more of the eight cations are
not mentioned as having either increased
or lowered a particular physical constant
(Table 2) 1t 1s to be understood that
those 1ons not listed neither increased
nor lowered the physical constant of the
natural soll Thus, for example, the
field moisture equivalent of the Hagers-
town natural soil was neither increased
nor decreased by fixation of the K, Na
and Ba 1ons

The cations may be rated 1n the order
of number of times each cation 1s listed
first in Table 2 Thus, the Na 10n 1s
hsted first in ten instances in Table 2,
whereas the H 1s not listed as first in
any nstance Smece the cation listed
first 1n any instance 1s the most active
of the cations of the group 1n 1ts effect
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on the given physical characteristic, the
total number of times that a particular
cation has first mention 1n Table 2 1s an
index to 1its general relative activity as
compared with the other cations and

‘these observations are tabulated as

follows.
Number of times cation was
Caton o s n othe i

physical constants, Table 2

Na+ 10

Al++4++ 7

K+ 5

Fe+++ 5

Mg++ 5

Ba++ 3

Ca++ 2

H+ 0

It must be borne in mind that this
“activity rating” has no bearing on the
question as to whether or not the most
active 10n 1s most beneficial or otherwise
1n 1ts effect on soil properties

This order of activity may be compared
with the relative extents to which the
eight different cations either increased or
lowered the degree of dispersion of the
colloids of the three soils Consider the
relative effectiveness of a given cation in
either 1ncreasing or decreasing the meas-
urable (not the absolute total) colloid
content of the natural soils

The sodium and alumimum cations
were more active than all the others 1n
influence on degree of colloid dispersion
This fact must be related to the outstand-
ing relative activity of the Al and Na
cations 1n their effect on the physical
constants as above described It 15 pos-
sible that 1n the treatment with Al- and
Fe-, salts some colloidal hydrous oxides
of wron and alummium were formed
And again, this fact also has no relation
to the question of general desirability of
increasing or inhibiting the degree of
colloid dispersion by ion fixation to the
extents indicated

For equal colloid contents, the hquid
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hmits were higher for podsolic soils hav-
ing greater sihca-sesquioxide ratios
Thus, the ratio between the hquid limit
and the colloid content of the natural
Cecil soil was found to be 121, for the

SOILS INVESTIGATIONS

fictents of permeability of the three nat-
ural soil are indicated in Table 4 In
this table also the cations are lhisted in
order of decreasing activities m their
influence on these properties

TABLE 3
Corroip DisrERsiON OF NATURAL SoiLs (FrRom TaBLE 1)

Soil Increased most by Cations Decreased most by Cations Changed least by Cations
Cecil Na, H and K Al, Fe, Ca, Mg and Ba Ba, Mg and K
Hagerstown Al, Na, Feand H Ca, K, Mg, Ba Ba, Mg and K
Putnam Na, Fe, H, Al, Ba, Mg | None Ca and K

and Ca
TABLE 4

RELATIVE ACTIVITIES OF CATIONS As INDICATED BY THEIR EFFECT ON COMPRESSIBILITY, PERME-

ABILITY AND EXPANSIVITY OF SorLs

CaTiONs ARE LISTED IN ORDER OF DECREASING EFFECT!

Total Consolidation |Expansion on Load Removal | Speed of Compression | Coefficient of Permeability
Sol In- Decreased Increased Decreased Increased De- Increased Decreased
%'m by 0ns by 10ns by 1ons by 10ns cbr;iﬁ)e:a by 10ns by 10n8
Cecil Ba | Al,Ca,H,| None Mg, Fe, Mg, Ba Al Na, K, | Al
K, Feand K, Al, Ba,| and H to Fe, H,
Na H and Ca| an equal Ba, Mg
extent and Ca
Na, Ca, K
and Fe
also to an
equal ex-
tent
Hagerstown | Na | H,Fe, Al, | Naand K | Ba (Ca (Aland Fe] Na { None Na, K,
Ba, Kand and Mg equally) Ba, Ca,
Caand Mg equally) | H,Ba, K, Al H,
equally Fe,H, and| Ca and Mg and
Al Mg Fe
Putnam Na | Mg, (K Ba, Na, | K H,Fe, Al,| Na | Mg, Fe, | Na and
and H Ca (H and Ba, Ca, K H, Ba, Al| Ca
equally) | Mgequal- and Mg and K
Fe, Ba, Al | ly), Al and
and Ca Fe

1 Cations not hsted had no effect on the properties mentioned n this table

natural Putnam soil the corresponding
value as determined was 2 92 and for the
natural Hagerstown soil, 2 93

The relative effects of the eight dif-
ferent cations on the total consohdations,
speeds of compression, the expansions of
the soil on release of load and the coef-

According to the theory of soil con-
sohidation the speed of compression in-
creases with the permeability of a soil
Since the various layers of adsorbed
water around a mineral particle are held
with forces, which decrease with in-
creasing distance from the mineral sur-
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face, the pore space available for the
movement of water varies with the acting
hydraulic forces Therefore, also the
permeability of a soil should be depend-
ent upon the method used for 1ts measure-
ment That this 1s the case 1s indicated
by the data in Table 5 where the cations,
Al, Fe, H, Ba, K, Ca and Mg which n-
creased the speed of compression of the
Hagerstown soil, lowered the permea-
bility of this sod if determined by a dif-
ferent method The Na cation 1s the
only exception in this case With the
Cecill and Putnam sois, however, 1t 1s
seen from Table 4 that, for the most
part, those cations which increased the
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Cation Order of Activity

Na
Al
Fe
Mg
Ca
Ba
H
K

NWNOWO U

Obviously, this “rating” 1s only ap-
proximate since 1t 1s obtamned without
regard to the relative order in which
cations, as hsted in Table 1, succeed
or follow the first cation hsted For
present purposes, however, and until

TABLE 5

DaTta oN THE Facrors INFLUENCING THE SLAKING TEsTS

Slaking | ghrnkage | mneiing of Wormmote Swelling

: tract

P | Tt | S | S| B | i Remarka

¢c /gm cal /gm

H 35 18 0 81 136 0 06
Na 420 16 402 120 0 34 The high value for the
K 24 18 0 50 95 0 053 slaking time of Na-Put-
Mg 31 16 nam 18 obviously di-
Ca 26 15 091 0 0 061 rectly connected with
Ba 36 16 085 9 0 061 1ts ‘‘osmotic”’ swelling

speed of compression also increased the
permeability, the calcium 10n 1n the
Putnam soill being another exception
The converse also holds, the Al and Na
1ons which appreciably lowered the
speeds of compression of the Cecil and
Putnam soils lowered the coefficients of
permeability of these two soils Obvi-
ously, the effect of any particular cation
on a given soil depends both on the cation
and on the soil and this simple fact must
be appreciated and borne in mind

Summarizing the data of Table 4, the
order of activity of the eight different
cations 1n their effect on compressibility,
speed of compression, permeability and
expansivity is as follows.

considerably more 1s known about this
entire subject, a more exact rating of
activities would be superfluous It 1s
important to know the general trend of
conditions following chemical treatment
of soils

TENSILE AND CRUSHING STRENGTH OF

AIR-DRIED SAMPLES

As shown 1n Table 1, the tensile and
compressive strength of the natural soils
1s greater for lgher 810./R;0; ratios
With the Cecil so1l, the greatest tensile
strength was obtained when barium was
adsorbed by the soil and the lowest com-
pressive strength was observed on the
hydrogen Cecil In the Hagerstown
sertes, calctum produced the highest
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tensile strength and magnesium the high-
est compressive strength The lowest
tensile and compressive strengths n the
case of Hagerstown soill were obtaned
with the potassium and iron 10ns respec-
tively The tensile strength of iron Put-
nam was lowest and that of the barium

SOILS INVESTIGATIONS

SLAKING VALUE OF AIR-DRIED SAMPLES

The slaking values are not representa-
tive of a single phenomenon, but rather
are complex functions of the pore space
and of the swelling behavior of the soil
The influence of the hydration of the
soil on the numerical slaking values

TABLE 6
SWEBLLING OF SoiLs IN ELECTROLYTE SOLUTIONS IN CC PER GM OF SoOIL

Ca-Putnam Na-Hagerstown
Cone CaCls Intake S8welling Conc NaCl Intake Swelling
0 (Water) 618. 096 C (Water) 775 165
7187 N 630 082 3375 N 710 150
14375 N 630 080 675 N 715 125
28 N 595 030 135 N 675 115
57 N 559 017 270 N 689 130
115 N 500 - 075 540 N 645 095
Shrinkage Limit of the Ca-Putnam = 15 Shrinkage Limit of Na-Hagerstown = 15
TABLE 7
Tag EFFecT oF ELECTROLYTE CONCENTRATION ON CONSISTENCY INpIcES oF Purnam Sorn (200
SIEVE)
Mill E Lo 1 Chanee v
ilh Equav wer ower Plast Shn Shrinksa acuum
s |claiper | Lowd | e | U | gndd | SRR SR e
Equv
None 0 328 16 2 16 6 373 130 189 28
NaCl 15 328 15 6 17 2 38 4 12 9 193 326
“ 30 316 15 6 16 0 343 13 7 192 35 4
“ 75 287 15 2 13 5 26 1 14 7 186 317
“ 150 25 8 127 131 119 18 9 172 323
KCl 15 319 211 10 8 23 6
“ 30 308 7210 98 26 3
« 75 308 21 4 94 25 4
“ 1 50 277 203 74 23 2
CaCl. 15 309 14 3 16 6 34 6 129 192 26 1
«“ 30 317 15 3 16 4 36 8 128 195 25 9
“ 75 307 13 7 17 0 36 5 12 2 197 251
“ 150 28 8 110 17 8 30 4 12 8 190 23 4

Putnam was highest The crushing
strength test pieces of the Putnam sam-
ples on drying developed large shrinkage
cracks so that they could not be tested

The moisture content of the test pieces
reported 1n Table 1, was determined at
the tume of test

varies according to 1ts hydratation or
osmotic character (Hydratation swell-
mmg 1s associated with a considerable
amount of heat of “wetting” and 1s
practically proportional to it, osmotic
swelling 1s not related to evolution of
heat, but is defined by the extent of the
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1onic atmosphere surrounding the soil
particle) The following are three of
the types of slaking which may occur:
(1) When soil has small pore space
and hydratation but no osmotic swelling
capacity, the slaking is normal, that 1s
the soil is corroded from the outside.
The outside gramns separate and settle
out The slaking of a soil with large
pore space and small hydratation energy
1s stmilar but proceeds more rapidly
(2) When the soil has small pore space
and great osmotic swelling capacity, the
swelling closes the pores and 1mpedes the
influx of water The soil is slowly dis-
persed on the outside and settled slowly
(3) Where soil has great pore space
and great energy of hydratation, the
water rushes to the interior and reacts
with the internal surface with resulting
swelling and faulting by disruption
Because of 1ts effect on pore space and
hydratation capacity a varying water
content can change the slaking time and
slaking appearance enormously To ob-
tan data comparable with actual be-
havior on the road, air-dry test specimens
were used It was realized, however,
that samples dried at a higher tempera-
ture might give more simple relationships
between slaking and other soil data
The relative influence exerted by pore
space and hydration on the slaking data
1s 1llustrated by the data in Tal?le 5

INFLUENCE OF FREE ELECTROLYTES ON
THE PROPERTIES OF SOILS

The data discussed in the foregoing
expressed the behavior towards water of
homoonic soils from which the excess
salt used 1n their preparation had been
leached out as far as possible These
data, therefore, are representative of
what may be called the permanent effect
of a salt treatment; that means the
behavior of the soil after the excess salt
has been washed away by precipitation
water Although these data are of
prime theoretical and practical interest
they need to be supplemented by data

A}
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on the character of soils in the presence
of free electrolytes In view of the
necessity of obtamming such data, but
being unable to undertake an extensive
study at this time, a few exploratory
expermments were made by George W.
Eckert of the University of Missouri, on
the swelling of homolomic soils 1n the
solution of various electrolytes and also
by R. C. Schappler of the Missouri State
Highway Department, on the influence
of electrolyte additions on various soil
indexes The results of Eckert’s work
are shown in Table 6 The liquid mtake
was measured with the Winterkorn-
Baver apparatus All the soils tested
show a decrease of swelling with increas-
mg electrolyte concentration. Changes
1n the structure of the soil system, caused
by the concentrated electrolyte solutions
are indicated 1n the slope of the swelling-
concentration curves If the exchange
1ons on the soll are different from the
10ns 1n solution, the swelling-concentra-
tion relation follows no defimte form
This faet is of practical importance in
predicting the effect of salts on soils
which vary in the amount and kind of
their base saturation

The results of Schappler’s investiga-
tions concerning the effect of electrolytes
on the values of the soil indexes are 1n
general accord with the results of the
swelling experiments and with the general
understanding of the factors influencing
the numerical values of the soil indexes
The data are given in Table 7

SUMMARY

(1) The test data showed that the phys-
ical character of natural sois especially
as pertaining to stabihity at varying mois-
ture contents can be changed to a great
extent by a change of the adsorbed ions

(2) It 1s proposed that the experi-
mental data be used to examine the
soundness of the theoretical foundations
of soil mechanics particularly the part
deahing with cohesion and internal fric-
tion 1n soils
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Mr C A HocentoGLER. I want to
_emphasize one pomnt that may not be
entirely clear The data presented by
Dr Winterkorn showed the effects of
completely saturating clays with metalhc
1ons Those effects should not be con-
fused with treatments with the salts
from which the 10ns are derived

What I have reference to 1s thuis That
1n treatments with a particular chemical,
sodium hyposulphite, for instance, the
effect as shown for the sodium 10n 1n the
data, 15 not 1n any way related to the
behavior of that clay so long as 1t con-
tains the solution of sodium hyposulphte

In hke manner 1n every other instance
so long as the imtial treatment lasts,
and the solution of the chemcal mntro-
duced remains m the soil, these 1omec
effects as shown do not apply We do
not know today just what they mean
with respect to our road construction

I am going to pass on another question
having to do with the practical apphca-
tion of the principles of surface chemstry
What would be the procedure for finding
out how to correct the trouble if strip-
ping of bituminous films occurred?

Dr WintergoRN The effects of these
1ons should not be confused with the
effects of concentrated salts which are
still in the so1l  The soils discussed have
been treated with salt solutions such as
are usually applied on earth roads On
the other hand, excess salt was washed
out as far as possible, but we could not
always do 1t completely For instance,
with potassium chloride we had water-
logging so that even when we tried dif-
ferent methods of removal, we could not
get r1d of all the metalhic salt  Although
the results are not exactly those which
you find with application of concentrated
salt solution to a soil, they are compa-
rable to the effect you will have after
rain has had a chance to wash out most
of the material With sodium chloride

treated sois, very httle of the excess
salt could be washed out, therefore, the
data reported should represent quite
closely the behaviour of a salt treafed
binder soul on the road

Now as to the second question, 1f one
finds that bituminous films are stripped
from soil particles, then the soil itself
should be treated if 1t can be done so
economically It should be treated with
ron or alumimmum 1ons which usually
give the best results Ionic treatments
may i1mprove or decrease the affimty of
the natural sol for bitumen Dastinctly
unfavorable to the adhesion of bitumen
1s the treating of the soill waith sodium
1008

Mr L C Srewart Dow Chemucal
Company In treating sois, do you use
chloride throughout?

Dr WINTERKORN. In all cases except
with aluminium salt, where we used the
sulfate

Mr HocGenToGLER In this program
today we tried to cover as far as possible
the different phases of stabihzation but
we lack one, that 1s, any possible effects
produced by straight chemical combina-
tions, and I wonder if you would care to
say anything about the introduction of
various materials into the soil

Dr WINTERKORN. Stabihization of a
soi1l wathout addition of aggregate implies
a reduction of the water affimty and a
cementing together of the soll grains
Permanent reduction of the water affimty
of the soil can only be procured by
chemical means, that 1s, by the exchange
of bases for those that can become part
of the crystal lattice of the so1l mineral,
thereby changing the surface properties
of the soil, by substances which form
msoluble compounds with the available
valencies of di- or poly-valent 1ons on the
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surface of the sol gramn and by resin
forming organmie compounds which un-
dergo exchange adsorption as a result of
their basic nature and which are after-
wards condensed to resins by the addition
of other substances Ths latter method
of synthesizing resins 1n situ on mineral
gramns can give good water-protecting
properties even 1if no chemical reaction
between the artificial resin or its com-
ponents with the mneral surface has
taken place It 1s being utihized in the
priming of munerals before bituminous
treatment

The cementing can be accomphshed
by the same substances used 1n surface
coating, by the addition of an organic or
morganic cement with affimity for the
surface, or by a chemical synthesis of a
cement 1n situ  For this synthesis a
combination of two or more of any or-
ganic or morganic materials can be used
—at least one of which wets the surface
—and which together form a water 1n-
soluble compound

Mr HoGENTOGLER® In your last year’s
paper you mentioned something about
the formation of certain defimte cements

Dr WinteErkORN The formation of
certain defimte cements falls 1n the hines
of the statements I just made In na-
ture we find silica grains cemented to-
gether by hydrous iron and alumimium
oxides and by calcium carbonate The
sesquioxides possess a chemical and elec-
trical nature opposite to that of the silica,
consequently, in this mutual adsorption
there 1s a linkage at least by chemical
“rest”” valencies If these substances
have been 1n contact for a long enough
tume (milhons of years) even chemcal
reaction may have resulted on the inter-
face Mutatis mutandis, the same holds
with the cementing of sand by calcium
carbonate This process for which nature
needed geological time and which was en-
acted at low temperature, 1s duphcated
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in the modern manufacture of sandstone
bricks with lime binder 1n an atmosphere
of superheated steam

Other natural cements are the humates
of bi- and trivalent 1ons formed by the
precipitation of soluble humates 1n hor-
zons rich 1n these 1ons These cements
are active in the hardened alluvial hon-
zons of the hardpans, ‘‘ortsteins” and
“padas,” and in the more stable crumbs
of soils ich 1n caleium and 1n organic mat-
ter The setting up of limestone and
hmestone dust 1n clay may serve as an-
other example 1n this connection

Pror W S Houser, Umwersily of
Machagan It seems to me that anyone
histeming to Dr Winterkorn’s paper can-
not fail to appreciate the fundamental
importance of his discussion of the forces
acting between various particles—the
hnkage and the sources of cohesion and
internal resistance In that connection
I would hke to emphasize one point  As
I understand 1t, Dr Winterkorn 1n some
experiments has demonstrated that the
water films around the soil particles have
a very mmportant effect on this thing
which we have been used to calling inter-
nal friction It appears that the soil
particles 1n a saturated clay are not actu-
ally m contact but are surrounded by
water films of varying thickness More
important than that, the forces which
link these particles together are molecular
1n character, either adhesion or cohesion
and probably both Nevertheless engi-
neers attempt to apply to such soils the
conventional conception of internal fric-
tion when 1n all probability the character
of the interfacial boundaries are such that
true frictional forces are ehminated In
the hight of what these forces may be I
cannot help but wonder how much longer
practicing engineers and 1nvestigators are
going to hang on to this internal friction,
and express internal resistance of such
materials 1n terms of a conception which
obviously 1s so far from being in agree-
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ment with the phenomenon which Dr.
Winterkorn has described.

Mr StTEwART I am a httle confused
on one pomnt As I understood it, Dr
Winterkorn said that in a clay, as the
moisture evaporates cohesion decreases
Is that nght?

Dr WINTERKORN: It dependsupon the
kind of clay If the clay 1s a lateritic
clay, as the moisture evaporates the cohe-
sion will 1ncrease to a certain point, but
when the moisture is completely evapo-
rated there is nothing left which induces
cohesion With podsolie soil, 1t 1s prac-
tically impossible to dry out the water
entirely, therefore, 1n this case cohesion
increases continuously with decreasing
moisture content You always have to
consider the kind of soil This 1s a point
I have tried to put over for three years,
that the various clays are different from
each other 1n their properties The char-
acter of a clay depends upon the kind of
materal 1t 18 denved from, and upon the
weathering agents which produced 1t

Mr StewarT. In other words, we
must not only define clay as to size, but
chemical composition.

Dr WINTERKORN. And, possibly,
shape and electrical structure.

Mr W B WorsHaM, Illinos State
Highway Department: We know that soils
near industnal plants have a tendency to
absorb certain chemicals from the air, and
that these chemicals have certain influ-
ences upon maternals such as culvert pipe,
concrete, etc. Have you ever made any
any studies of the absorption and influ-
ence of these chemicals or attempted to
prevent such damaging influences as
might be present?

Dr WiNTERKORN: No, we have not
done any such work ourselves, but I re-
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member some experiments by Wiegner
1n Switzerland on the influence of chem-
cal solutions, especially 1n peat and bog,
on culvert pipes made of portland cement
concrete He found that the best way to
fight the destruction 1s to make as good
concrete as possible It appeared that
not so much the chemical, but the physi-
cal factors involved played the decisive
role That means that if a chemical can-
not penetrate easily into the concrete,
much time will be required for trouble to
oceur. If the concrete 1s porous, then
the chemical can penetrate into the con-
crete more quickly and destroy it It
may be better to use machanical obstacles
m such a case

Dr A F Giry, Canadian National Re-
search Council 1 should like to ask if Dr
Winterkorn would care to express an
opmion or give data that would indicate
the amount of base exchange that might
be expected under road conditions 1n a
clay surface to which different salts have
been added

Dr WiNTERKORN: It will depend upon
the concentration of the salt If you
have sodium clay and caleium chlonde
you will not get all of the sodium from the
base, that 1s, a certain amount of sodium
will stay on the surface of the soll par-
ticles To get a complete exchange, 1t
would be necessary to wash the soil sev-
eral times with new solution Now, 1n
general, we can say that the potassium
1on will tend to expel the sodium 10n,
and the monovalent 10ns will tend to expel
the caleium 1on  If iron chlonde solu-
tion 1s present even though the sodium
cannot get out of the system, 100 per
cent exchange can be very nearly attained
The base exchange capacity can be de-
termined by several standard methods

Mr C M JornstoN, U S Bureau of
Public Roads* 1 should ke to ask Dr
‘Winterkorn if once a soil particle has been
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treated with, say, caleium salt and the
thickness of the water film thus made
thinner, would washing out the calecium
salt cause the water film to become
thicker again or not?

Dr. WinTERKORN. This 18 very diffi-
cult to answer because there are so many
things that can happen 1n such a system
and I do not think that within the extent
of my knowledge I could say exactly what
happens If the concentration of salt 1n
the solution 1s lowered the water film
should tend to increase 1n thickness be-
cause of the decreased competition of the
1ons 1n solution for the water adsorbed
on the soil surface On the other hand,
you have seen the effects of difference of
concentration of salts on plasticity. The
whole process appears to be so compli-
cated that I beg to be excused at this
time

MR HoGeNTOGLER: I should hke to
ask Dr Looker a question similar to the
one I asked Dr Winterkorn. Do you
know of any chemical combination which
salt might make in the soil which would
tend to produce a more permanent cement
than just the solution of salt film?

Dr C D Looxkr, International Salt
Company* 1 want to add to what Dr
Winterkorn has just said about base ex-
change He bhas indicated that calcium
will dnve out potassium and sodium and
take their places in clay Base exchange
reactions do not complete themselves 1n
the presence of appreciable quantities of
the freesalts Clay that has been treated
with sodium chlonde will not give up all
1ts sodium to calcium until the free so-
dium chloride has largely been leached
from the soil

Base exchange reactions are reversible
They dépend upon freedom of movement
of solutions through the so1l mass and the
presence of an excess of one of the respec-
tive 10ns available for reaction. If a solu-
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tion containing calcium ions 15 passed
through a clay saturated wath sodium
ions, calclum 1ons will replace sodium
10ns, which will be washed out of the clay.
The reverse reaction will take place if a
solution containing sodium 10ns 15 passed
through a clay saturated with calcium
ions Sumlar exchanges take place in
zeohte sands used for softemng water
After the sands have reached their capac-
1ty for absorbing calcium and magnesium
1ons they are regenerated with sodium
chlonde solution

In practice, base exchange reactions
would complete themselves very slowly,
if at all, 1n the well compacted stabilized
wearing course or base course that had
been treated with either sodium chlonde
or calctum chlonde

It is generally agreed that there s no
significant chemical combination between
sodium chlonde and clay that materially
aids 1n cementing the particles together
Sodium chloride may aid 1n making more
soluble certain soil constituents, such as
calcium carbonate and calcium sulfate,
the recrystallization of which may aid
stability, but the increase seems too
shght to be of much benefit.

Sodium chloride does change the nature
of clay, because of adsorption, to make 1t
more plastic and impermesable to the pas-
sage of water.

Dr. Winterkorn spoke last year of the
tendency of the pores of a dry clod of
sodium clay to close themselves when put
into water and to permit only a very slow
diffusion of water into the intenor of the
clod

The reasons for this are very well ex-
plained in the following. quotation from
Technical Bulletin No 12, Umiversity of
Anzona:

“It 18 a matter of common knowledge that
water percolates freely through soils as long
as they contain relatively large amounts of
salts When the solutes have been largely re-
duced, however, unless the irrigation water
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contains soluble calcium, the rate of percola-
tion falls off rapidly and often reaches a point
at which downward water movement ceases
In the words of the farmer, the soil ‘‘freezes
up”’ When finally dried, such soils are hard,
puddied, and unfit for cultivation, and when
re-wetted, they ‘‘run together’’ and refuse to
“take water '’ In fact they are in far worse
physical condition than before reclamation
operations were begun

“Ag the concentration of sodium salts in the
soil solution 18 reduced by leaching, the hydrol-
ysis of the sodium zeolites present 1in varying
proportions 1n all alkaline soils yields hydroxyl
1ons 1n ever increasing amounts  The soil thus
becomes more alkaline, and there has been
much discussion as to whether the cation or
anion 18 chiefly concerned in the accompany-
ing 1increased dispersion While the direct
relationship of concentration of sodium zeo-
hite, or of sodium or of hydroxyl 1ons, to dis-
persion 18 open to question, it must be admitted
that dispersion follows the hydrolysis and sub-
sequent 1omzation of the sodium zeolite

Pror E E Baugr, Unwersuty of Il
novs® Mr Hogentogler gave us an expla-
nation of moisture films I wonder if he
could say something on base exchange,
putting 1t as simply as he possibly can

Mr HoGENTOGLER. My first attempt
at base exchange was not so good That
was 1n the pH values It 1s very simple
to take a pH value and see how much
hydrogen you have to replace  But when
you attempt to apply that quantitatively
you need a hundred times as much
neutralizer to take care of 1t  Generally,
and I want a httle support on this,—I
think both Dr Winterkorn and Dr
Looker can add something,—there 1s an
indication that in the more acid soils a
hittle admixture of hme matenal 1s bene-
ficial There 1s an ndication that the
chemical might be retained longer if such
admixtures are used than if they are not
used, but I cannot give you the reason
why

Mr W H Smonson, U S Bureau of
Public Roads* I am wondening 1if, 1n think-
ing of so1l stabihzation under the roadbed
itself, there are not associated factors
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affecting the solution of the problem
Are there not other factors adjacent and
outside the so-called subgrade proper
which mght be included 1n the study of
laboratory theory for a possible field ap-
plication so that we may obtain a better
understanding of the general relationship
of all the field factors found 1n actual
practice? Are there any associated fac-
tors that may have some beanng on the
laboratory experiments of a fundamental
scientific nature?

We have hstened to Mr Hogentogler’s
very fine elucidation of film relations 1n
connection with soil particles in which he
explained how the problem really goes
down to a proper understanding of the
changing conditions  If that1s true, then
we find that nature really does the mixing
1 connection with what actually takes
place, and we must further investigate
and test out the true relationships of the
conditions of capillanty that may change,
the changing moisture conditions, the
changing temperature conditions, and any
other natural changes 1n the field under
which we really have to operate My
thought 1s that stabihzation after all 1s
fundamentally the problem of trying to
find some way of estabhshing an eco-
nomical natural balance Every arti-
ficial apphecation we may make that does
not take into consideration all of the
forces of nature means we have to spend
money to keep continually mantaining
the conditions we have set up to the de-
gree that the balance of nature may have
been disturbed

At the present time, wath budgets as
they are, these broad considerations be-
come of increasing relative importance
Undoubtedly the general apphcation of
the nvestigative studies to effect econo-
mies 1n the imtial construction as well as
1n subsequent maintenance 1s the ulfimate
objective of the research work and I
should like to ask Mr Hogentogler 1if
there are not other factors in the field
which might be 1nvolved and need coor-
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dination with these studies so that we
may be able to get some comprehensive
companson of data in the final results

Specifically, I have i1n mind the stream-
lined highway section on which I think a
good deal of work has been done 1n a few
states, but the observations may not
have been correlated in the soil studies
of this committee For my own informa-
tion, I would hike to have some comments
by Mr Hogentogler and others concern-
g 1t

Forinstance, 1n changing from the deep
V-ditch section close to the edge of the
pavement to the more recent type of flat-
tened shoulder slope section with shallow
gutter drainage farther removed from the
center-line of the highway, has there been
any effect on subgrade stabilization 1n the
sense of maintaining a more stable water
table? Does such a change 1n cross sec-
tion aid in avording the possible breakups
in highway surfacings due to the heaving
of this subgrade during thawing and
freezing? Undoubtedly a great deal of
research information could be brought out
in this direction ~ Such observations may
indicate that the kind or type of highway
cross section under certain conditions
fundamentally affects the problem of soil
stabihzation under the traveled way

Also, there may be involved additional
factors which indicate a defimte relation-
ship to this whole general highway prob-
lem It 1s beheved that investigation
along these hnes would be desirable to
find out the possible relationship of van-
ous types of cross section to the subgrade
stabihzation problem We need to know
what influence, 1if any, different ratios of
slope grading and depths of drainage may
have on the subgrade under the pave-
ment  We ought to find out if the pro-
tection of various sand, loam and clay
soils and slopes with suitable vegetative
cover has any stabihzing influence on the
conditions 1mmediately under the
pavement,

Mr Hogentogler has probably been

thinking indirectly about these associated
factors outside of the surfacing itself, and
1t 1s believed 1t would be of interest to
thus group if he could outline the possible
practical application of these considera-
tions to the detailed problem under dis-
cussion this mormng

Mr HoOGENTOGLER: My own opinion
1s that 1t 1s an absolute waste of money
to put deep side ditches generally along
the entire length of the road to drain sub-
grades It1s better to use ditches only to
take care of surface water and use defi-
nitely designed under-drainage to lead out
water from sags 1n the grade and where
there 1s need for under-drainage due to
seepage and the hke It appears that
1 the long run we will obtain stability at
least cost in this manner

Now as to the use of tests, we can di-
vide that into two parts In using the
plasticity tests, moisture equivalents and
the like, we do not mean to convey the
impression that the results as such dis-
close what that soil will do 1n the field
The tests are of value only when we have
examined and found out enough about
performances of particular soils in the
field and correlated this performance with
the test results obtained 1 the labora-
tory The constants have no value what-
ever without a corresponding knowledge
of how the soils perform under service
conditions

Now take the shrinkage test,—it has
always been very popular We take a
sample 1nto the laboratory and prepare
1t 1n a certain way and put 1t 1n the oven
and dry 1t, and we say that 1t shrinks so
much Now here 1s the hitch If we
take two samples into the laboratory and
perform the shrinkage test, we may find
that one shrinks 50 per cent and the other
65 per cent But if before placing the
samples 1n the oven we determine the
shrinkage that occurs on air drying at
room temperature, we may find the first
to shrink 10 per cent and the other 45 per
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cent so there 1s no sigmficance at all 1n
that test for definitely saying how much
that soil 1s going to shrink n the field
But after we find out what the soil did
1n the laboratory test, we get a certain
index of performance That 1s true for
soils that are subject to chimatic changes
In the case of foundation soils not subject
to chmatic changes, we can do something
1in the laboratory about determiming the
mechanical properties and actually apply-
ing the mnformation to definite cases

Dr Gir: I have been very much 1n-
terested 1n Dr Winterkorn’s statement
regarding the swellng of sodum type
clays The thought that this swelling
rather than being a disadvantage might
be effective 1n sealing off a road surface
1n wet weather, has some very interesting
possibilittes The report of the Sub-
committee on Treatment with Sodium
Chlonde mentioned the sealing effect, but
ascribed 1t to the redispersion of coagu-
lated clay as the surface salt was leached
out 1 wonder if Dr Winterkorn would
say anything 1n greater detail regarding
the mechamsm or practical importance
of this swelling?

Dr WINTEREORN: In the water ad-
sorption and swelling of sodium-clay, two
phenomens play a réle The first 1s the
hydratation of the sodium ions (and per-
haps satisfaction of some “rest "’ valencies
of the mineral surface by adsorption of
the water diploes); and the second is the
osmotic or kinetic effect which causes the
jons to migrate as far from the mineral
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surface as the electrostatic attraction per-
mits Hydratation 1s connected with a
more or less defimte amount of energy
which appears 1n the heat of wetting
The energy nvolved in the osmotic part
of swelling depends upon the concentra-
tion, or better on the activities of the 1ons
around the soil particles and of those in
the available sweling hquud The gen-
eral formula for the work which osmotic
forces are able to perform 1s as follows:

W=RTh%
Co

where W = work

R = gas constant

T = absolute temperature
¢, and ¢z = concentration activities

A sodium soil-water system can be ex-

pected to continue to swell after satura-
tion of the hydratation capacity until the
osmotic attractive forces are balanced by
those resisting the inflow of water, which
are the electrical attraction of the ions by
the surface of the soil particles, the vis-
cous properties of the swelling hquid and
the outside pressure

MR. HOGENTOGLER: Does that mean
that swelling would not take place in a
soil with large swelling properties and low
energy, if the soil were under pressure?

Dr WINTEREORN: Quite true 1f the
outside pressure plus the mechanical re-
sistance to the entrance of water equals
the osmotic pressure around the soil par-
ticles, the soil will stop swelling



