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solidation by surcharge loads st}\ l:.lt:_
complishes a great deal of gu.cul. sths
charge load left on for several monm1
can and generally does cause sev&]e_
inches of settlement. Most of this se >
ment oceurs in the uppermost portions
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ﬁ:g :Ot-llﬁgker ma% of stiffer soil Il'lz;l'tCI .mls
which tends to spread or “bridge” areas
of variable compressibility in the deeper
deposits. ) : e
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® ASSESSING the destructive effects
of the varying sequence of wheel loads to
which the pavement will be subjected is
one of the most diffieult problems in-
volved in the development of a method
of pavement design. A highway pave-
ment must support wheel loads of widely
different magnitudes, moving with differ-
ent speeds and with different intervals
between their applications at any given
point on the pavement surface, It is of
mterest to determine, therefore, the rela-
tive effects of different magnitudes of
load, whether these effects will vary with
the age of the pavement, and the influ-
ence of the frequency and duration of the
load applications.

Complicating features in any attempt
to determine the influence of these vari-
ous factors on an aetual pavement are
the progressive changes in water content
of the subgrade soil throughout the life
of the pavement and, often, the lack of
tontrol of the wheel load applications,
'hese influences may make interpreta-
tion of field data extremely difficult, if
ot impossible, However, with the de-
Velopment, of suitable equipment for

ting soils under repeated loading and
Under controlled conditions in the labo-

Alory, the effects can be individually as-

. Although the maintenance of eon-

:} it composition for the soil on which
rocy: o5ts are performed may seem un-
*alistic from the standpoint of field con-

,‘,L"]"’HS, the results obtained ean provide
uiﬁua ¢ Information concerning the sig-
4nce of the various factors involved

holl Materigl] ist i i
: assist in the interpreta-
00 OF field dute '

SOIL DEFORMATIONS UNDER REPEATED
LOADING

During the past few years apparatus
and techniques have been developed at
the University of California for testing
specimens of soil, representing elements
of a highway subgrade, under triaxial
stress conditions with repeated axial
stress applications (71, 2). Specimens are
placed in triaxial compression cells and
subjeeted to a confining pressure of the
desired magnitude, as for a normal type
of unconsolidated-undrained test; but
instead of slowly increasing the axial
stress until the specimen fails, a con-
stant axial stress is repeatedly applied
and removed, and the progressive in-
crease in deformation of the specimens
with increase in number of stress appli-
cations is recorded. Tests are usually
condueted on compacted soils with a de-
gree of compaction between 90 and 95
percent of the maximum density ob-
tained in the modified AASHO compac-
tion test.

Typical results obtained in a test of
this type are shown in Figure 1. The
specimen of silty clay (water content
19.4 percent, dry density 108.8 pef) was
placed in a triaxial compression cell and
subjected to a confining pressure of 14.2
psi. An additional axial stress of 9.9 psi
was then applied to the specimen for a
period of 0.33 seconds, After a 2.7-sec
interval, the same stress was again ap-
plied for the same period of time; this
procedure was repeated about, 100,000
times. The progressive increase in de-
formation of the specimen is shown in
Figure 1. During the first application of
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wss the specimen deformed 1.57 per-
?:Eal;lcfsand wﬁen the stress was removed
the residual deformation was 0.99 per-
cent. During the 1000th stress applica-
tion the cumulative total t:icformat,lon
was 4.80 percent and the residual defor-
mation on removal of the stress was 424
percent. while during the 100,000th ap-
plication the deformation had still fur-
ther increased to 5.96 percent, .
Using this type of proced_ure the m{i
fluence of the magnitude of the mapea.te'1
axial stress on the deformation of a so1
can readily be determined. Tigure 21
shows the results of tests on identica
specimens using axial de}riator stresses
of 12.8, 14.9, and 17.0 psi. The reiatn}{e
effects of the different stresses can readily
be determined from data of this type.
Thus, for example, the same deformation
of the soil specimens (4 percent) 1s
caused by 25 repetitions of a 17.0-psl
stress, by 350 repetitions of & 14.9—{1;1
stress or by 20,000 repetitions of a 12.8-
psi stress.

EFFECT OF CHANGE IN STRESS DURING
REPEATED LOADING

] i form-
Having thus dctqrmmed the del
ing gﬁec%s of individual stresses, it be-

sertinent to evaluate the effects
?)(fm::?mi)ositc series of applications with
different stress magnitudes, smnce thu;
corresponds more closely to the uctll‘:a
conditions encountered in practice. For
example, Figure 2 shows that 10,000 a:.;p(-)
plications of a 12.8-psi stress cf“!s'fldﬁ
percent strain of the specimen, W hile o
applications of a 17.0-psi stress call:sc 8
pereent. strain. What then would be i
deformation produced by 10,000 fml‘h'
cations of the 12.8-psi stress followec s’>
100 applications with the stress .1111;;11::/1“.0
to 17.0 psi? 1t might be expectec '“I A
resulting deformation w.nul(l cxce;j:} el
produced either by a series of 10(}, g
plications of the 12.8-psi stress 4 [1"7 ol
series of 100 applications of the 17
stress alone, but it will be shown
is not necessarily the cas;!.
1ting deformation may o
:ﬁi'uless:g than would result sm}ll
100 applications of the 1'{.0—1}3;nq
Comprehensive u_wes‘trgqtrltq e
silty clay soil (liquid hmu.,l:3 A
limit, 23) have shown that t lice of 8
tions produced by & gwcnls(:‘fc-. Lon
applications depend to & nf{:',m
the previous stress history U.e i
An example of this influenc

bﬁ m,pruclll'

that this
Tn fact, the

ly frott
fyess.
str "
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by the test data in Figure 3. In this series
of tests two identical specimens of silty
clay with a degree of saturation of 91
percent were subjected to a confining
pressure of 14.2 psi and fo repeated ap-
plications of an axial deviator stress of
5.6 psi. After 100 stress applieations both
specimens had deformed about 1.0 per-
cent. At this stage the deviator stress on
one of the specimens was increased tfo
7.1 psi. However, for the other specimen,
10,000 applications of the 5.6-psi stress
were applied before the repeated stress
was increased to 7.1 psi, The resulting
deformations of the specimens are shown
in Figure 3a. The specimen subjected ini-
tially to 10,000 applications of the lower
stress deformed considerably less under
the increased load than did the specimen
previously subjected to only 100 applica-
tions of the lower stress,

A comparison of the progress of de-
formation under the 7.1-psi stress for the
two specimens is shown in Figure 3b.
The speeimen with only 100 previous
stress applications deformed continu-
ously under the increased stress and
after 100,000 applications had reached
an axial strain of 2.8 percent. However,
the specimen with 10,000 previous stress

Number of Siress Applications
00 1000

557

applications deformed hardly at all dur-
ing the first 1,000 applications of the in-
creased stress and, although the deforma-
tion increased markedly thereafter, it
was only 2.15 percent after 100,000 ap-
plications. Furthermore, a combination
of 10,000 applications of 5.6 psi and
1,000 applications of 12.1 psi produeced
only about two-thirds of the deformation
(1.55 percent) resulting from the com-
bination of only 100 applications of 5.6
psi and 1,000 applications of 7.1 psi.
The data indicate that a series of
stress applications to a compacted clay
may produce a considerable stiffening
effect in the clay and a consequent in-
crease in resistance to deformation under
further stress applications. The cause of
this stiffening is not immediately appar-
ent. Previous investigations (3) have
shown that it cannot be attributed sim-
ply to densification of a compacted clay
under repeated loading, although this
would produce some stiffening in speci-
mens with low degrees of saturation.
However, an increase in density of speci-
mens having an initially high degree of
saturation will result in a reduced rather
than an increased resistance to deforma-
tion (4, ). The increased resistance to
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deformation resulting from repeated
stress applications is probably due to
some change in the structural arrange-
ment of the particles. Repeated stress
applications may, for example, cause ad-
sorbed water to be extruded from be-
tween particles of clay, bringing the par-
ticles slightly closer together at points of
contact and thercby causing a strength

of silty clay specimens under increased repeated deviatior
stress of 7.1 psi (lower).

increase. Even a slight decrease 11 spag
ing of the clay particles would wr& =
cause an appreciable increase in st
of the clay. s
Some support for this cqnc_cpt 1:1
vided by the fact that no similar ss,nls
ing effects are observed inltt.;esft’? Oests
Figure 4 gives the resu .
apg::lirmens of fine sand; as befor®
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stress on one of the specimens was in-
creased after 23,000 applications of a
light load but in this case the deforma-
tion increased immediately and the mag-
nitude of the deformation appeared to be
unaffected by the original series of stress
applications, Further evidence is pro-
vided by the fact that increased numbers
of load applications may cause increased
stiffness of clay specimens even though
they cause no appreciable deformation
of the soil during their application.

NUMBER OF APPLICATIONS REQUIRED TO
PRODUCE STIFFENING EFFECT

Sinece the previous data show that a
large number of stress applications may
produce an increase in resistance to de-
formation of a compacted clay, it be-
comes of interest to determine how many
applications are required to produce any
substantial effect. Some information con-
cerning this aspect of the problem is
provided by the data in Figure 5.

Five specimens of silty eclay having
a 91 percent initial degree of saturation
were subjected to repeated applications
of a 5.6-psi deviator stress, After differ-
ent numbers of applications of this stress
(3; 100; 1,000; 10,000; and 85,000) the
magnitude of the deviator stress was in-
creased to 7.1 psi. The resulting defor-
mations are shown in Figures 5a and 5b.
Although 100 and 1,000 stress applica-
tions produce a slight initial stiffening of
the specimens, the effect is not permanent
and the final deformations of these speci-
mens are about the same as that of the
specimen with only 3 previous applica-
tions of the lighter stress. Each of these
specimens deformed about 3 percent
after 100,000 applications of the 7.1-psi
stress.

However, 10,000 applications of the
light stress produced a marked stiffening
effect and, after a further 100,000 appli-
cations of the 7.1-psi stress the deforma-
tion was only 2.15 percent; the effect of
85,000 applications of the light stress was
even more pronounced,

It would appear from this data that
the number of stress applications re-
quired to produce any appreciable stif-

fening is greater than 1,000 and that
marked changes in deformation char-
acteristics can be produced by numbers
of applications in the range 10,000 to
100,000.

TESTS WITH CONSTANT PRINCIPAL STRESS
HATIO AND REPEATED CONFINING
PRESSURES

A surprising feature of the test daty
presented in Figure 3 is the marked in-
creage in deformation of the specimeng
resulting from a small increase in re-
peated deviator stress. However, the
stress conditions in these tests differ ip
two respects from those to which a soil
element under a pavement would be sub-
jeeted. In the preceding tests the latera
pressure on the specimen remained con-
stant when the axial stress was increased,
In actual practice, any increase in axial
stress on a soil element will be accom-
panied by a simultaneous inerease in lat-
eral pressure, and thus a somewhat more
realistic test condition is obtained by
keeping the ratio of major to minor
principal stresses constant throughout
the test. This means that an increase in
axial stress will be accompanied by an
increase in lateral pressure and conse-
quently for the compacted silty clay the
increase in axial stress required to cause
appreciable increases in deformation will
be somewhat greater than would be in-
dicated by the data in Figure 3.

Typical data obtained in a repeated
load test using & constant ratio of major
to minor principal stress are shown I
Figure 6. An increase in axial stress 0
9.5 psi was used in this case, whereas o1
inerease of only 1.5 psi was required 10
produce similar deformations for the ttl'ﬂ-
described in Figure 3. However, ¢
cumulative nature of the results 18 ;
same. Repeated applications of 8 V&7
stress still produced an inerease m 55
tance to deformation of the soil. LweeD

The second major difference be sl
the preceding test procedure and f "y
test conditions lies in the fact tg.:,-d i
constant confining pressure was ! Jovia-
the laboratory tests with only the l"lia '
tor stresses being repeatedly AP
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on sub deformation of silty elay under in-

:rllciias both lateral and axial stresses
6t dpeategi under field conditions. Re-

e Ioadiln & tests using repeated verti-
d'-l(‘-t(a‘:]ld' axial stresses have been con-
oqui I the laboratory (2) but the
Pment and techniques are somewhat

m
ore elaborate than those required using

of speci
deviator stress (lower).

of silty clay wnder inereased repeated

constant confining pressu -
sults show that sI%ghIZIy m?rz (i?:rn:ﬁ-
tion of the specimens occurs under re-
peated confin Ing pressure conditions than
15 obtained with sustained confining
pressures, but apart from this quantita-
tive aspect of the resulting def ormations,
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iffeni ' ted
the stiffening effect produced by repea ¢
stress applications is still apparent (Fig.

7.

EFFECT OF MAGNITUDE OF STRESS CHANGE
ON BOIL DEFORMATION

ing investigati ter-
In conducting investigations to de
mine the possible causes of the increased

i the silty
resistance to deformation of the )
clay as a result of repeated lﬂﬂs{hlllg;iﬁ-
was observed that the u-mrca'ﬁ.cceml v
tance disappears if the specuii; > by
subsequently defom'lcd _am.'ﬂ‘ii't{q - illus-
increased stress application. This 3 an
trated by the test data in Fig“';f:;.st sub-
9. In these tests specimens wcrcr g
jécted to 30,000 applications ©
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stress of 5.7 psi. On some specimens the
axial stress was then increased to 7.1 psi;
on others, to 9.9 psi; and on still others,
to 14.2 psi.

The deformations of these specimens
under further repeated stress applica-
tions were then compared with those of
specimens  subjected to  the higher
stresses without previous load applica-
tion. That the 30,000 applications of the
5.7-psi axial stress caused some stiffening
of the soil is apparent from a compari-
son of the deformations oceurring under
repeated applications of the 7.1-psi axial
stress. Even after 300,000 applications of
this stress the previously loaded speci-
mens had deformed considerably less
than previously unloaded specimens,

However, for those specimens on
which the repeated axial stress was
changed to 9.9 psi the effect of the pre-
vious stiffening is Jess apparent and
when the repeated stress was increased
to 14.2 psi the stiffening effects of the
previous stress applications disappeared
completely (Figs. 8 and 9).

Presumably the change in soil struc-

ture resulting from repeated stress ap-
plications is destroyed by large deforma-
tions. Such an effect, would not be likely
if the increased resistance were dye
merely to an increase in density of the
specimens.

In addition to indicating the nature of
the effect, the above data also illustrate
the necessity of avoiding large stress
changes if the increased resistance result-
ing from repeated loading is to be used
to practical advantage,

DEMONSTRATION OF EFFECTS OF STRESS
IIISTORY ON SOIL DEFORMATION

To illustrate the important effects that

a previous stress history in the form of g
series of repeated stress applications may
have on the subsequent deformation of a
soil, a series of tests were condueted in
which specimens were subjected to a
progressive increase in repeated axial
stress over a period of about 8 days.
Three identical specimens were subjected
¥y to 30,000 stress applications

at each of the following repeated deviator

Number of Stress Applications

100 1000 10,000

100000 (000000

For oll specamens . worter confent=iS/ g

Dry density /076 1b percutr
of soturation = 90%

Durationof stress applications

F y of stress applicatic

Axral Strauwn- percent
Ny

L]

e o ]

T Minor prinewpol stress +14.2 psi; Mojor PrINCipol steess = 9.2 ps/
T Minor prmncipol stress = 22, 28l ; Major prineigol stress = 30.0 P

J

Flgure 7,

Effect of change of stress on silty elay during repeated loading with repeated lateral pressure.




SOILS, GEOLOGY AND FOUNDATIONS SEED AND CHAN: DEFORMATION OF CLAY SUBGRADES

Number of Stress Applications
0 oo 1000 0000 ko,
————

Number of Stress Applications
1000 10,000 100,060 1,000,000

Nafed siress of 57 psi iepeoled ool stress 7./ psi

. 8

ey

~—

Deformation of specimens wifh noprevious i

i —
oy /- treatment under repeated oxial stress of | —Repeotedorial stress=.9 ps/ )

S~ zipsi

under repeated oxial stress of 2 psi

\(mmm of previously loaded specimens \\

-
S

£y
A

Def: ion of previcusly looded
F unde repeated axial stress of 9.9 psi

o
o

with no previc
f under repeated axial siress of

Axial Strain - percent

k
<
Q
1
-8
2
3
bt
-2
3
<

=/4.2ps/

For all specimens: Woter content = IB2 % mation of previously fooded specimens
Dry densify = 103 /b per culf peafed oxial siress of 14.2 psi’

Degree of soturation «93% J £advton e i
F of stress licattons * 20 per mis

For alt i .
0 of stress applic . 0.2 56c I e bl all specimens : Water mgmr = 18.2%
Tttt e ripedted oAforAE” | Dry density = 110.31b per cu fr
of 14.2psi Ee’gﬂ.'e ofsaturation = 93% '
Frequency of stress applicotions =20 per miy
Durotion of stress applications=0.2 sec

= I

g

Figure 8. Effect of magnilude of stress change on deformation of silty clay under repeated loading

fined compression tests.

i Specii s pre ly subjected o 30,000 opplications
l of 5.7 pss axral stress.

T T T T T = = Specimens not previously loaded
9

Figure 9, Effect of frud i ch. £ i d loading :
ect ol magnftude of stross ange on deformation of s ty o der peate wadin uncon
ilty lay under repea I 4]




566 SOILS, GEOLOGY AND FOUNDATIONS

stresses: 7.1, 85, 10.0, 11.4, 12.8, 14.2,
15.6, and 17.0 psi. The average deforma-
tions of these specimens are shown by the
solid lines in Figure 10. 5
Identical specimens of the soil with no
previous stress history were subjected to
repeated applications of the same
stresses. The average deformations of
these specimens are shown by the dashed
lineg in Figure 10, :
Comparisons of the deformations pro-
duced in soil specimens with and without
a preceding stress history can readily be
made from these data. For example, Fig-
ure 10 shows that different magnitudes

of stress cause the following deforma-
tions:

Resulting
i tion
No. of Devintor Dc'l'nrn'm
Appltiations Stress (pai) (%)

30,000 7.1 L;T
30,000 B.5 2.23
40,000 10.0 2.6 -
80,000 11.4 3.38
30,000 12.8 4.08
30,000 14.2 "E-
30,000 15.0 ﬁﬁ::
30,000 17.0 B
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It is apparent that the entire sequence
of 240,000 applications in which the stress
is gradually inereased causes less de-
formation than either of the latter two
parts of the sequence applied individu-
ally; and, in fact, the entire series of
240,000 applications, including 30,000
applications with g 17.0-psi  stress,
causes only as muech deformation as
would only 1,500 applications of the
17.0-psi stress alone. It would appear
from these data that, for clay soils, there
i8 no simple means of assessing the
cumulative effects of a series of shress
applications of different magnitudes
from data concerning their individual ef-
feets and further research will be re-
quired before assessments of this type
can be made,

EFFECT OF FREQUENCY OF STRESS APPLICA-
TION ON SOIL DEFORMATION UNDER
REPEATED LOADING

Previous investigations have shown
that compacted clays often show an in-
crease in strength with the passage of
time after compaction, even though there
may be no discernible change in their
composition (6). The phenomenon of
strength gain with time in saturated
clays has long been recognized in soil
mechanics and is often referred to as a
thixotropic effeet. Available data would
seem to indicate that the effect in com-
pacted clays may be quite large for
samples with high degrees of saturation
—specimens of the silty clay discussed
Previously compacted to a degree of
Saturation of 95 percent showed a
Strength increase of 30 percent, over a
Period of one week — but is quite small
for samples compacted to low degrees of
Saturation, This is illustrated by Figure

which shows the percentage increase
' strength over a period of one week for

Mples  compacted at various water
g?rgt!:etnts using a constant compactive

“.hlf'm‘ a thixotropic material — or one
; ich shows g strength loss on remold-
s OT dcl’o_rmat.ion followed by a
be"e"gth regaim on standing — it would

®Xpected that period of rest follow-
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Figure 11, Effect of eomposition on thixetropic
churacteristics of compacted willy olay,

ing a series of repeated stress applica-
tions would have g significant effect on
the form of the relationship between de-
formation and number of stress appli-
cations. That this is in fact the case
is shown by the data in Figure 12a.
The specimens used in this study were
tested 6 weeks after compaction and thus
had acquired considerable thixotropic
strength. When first deformed by re-
peated stress applications a part of this
thixotropic strength is lost; if the appli-
cations are continuously applied the soil
shows large deformations. However, if
the specimen is allowed to rest for sev-
eral days under no load after 10 appli-
cations the soil regains a part of the
lost thixotropic strength and conse-
quently, when the repeated stress appli-
cations are continued, the deformations
are markedly reduced (Fig. 12a).

It is important to note, however, that
for specimens of the same soil com-
pacted to a low degree of saturation a
period of rest has practically no influence
on the relationship between deformation
and number of stress applications (Fig,
12b). Since specimens of this soil with
low degrees of saturation have little
thixotropie strength, no effect of a period
of rest would be anticipated,

Since the deformation characteristics
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of a thixotropic soil are affected by a
period of rest in the loading sequence, it
would also be expected t:hat the def orm;h
tion pattern would be influenced byIt ((i
period of rest between successive oaf
applications, that is by the frequency o

load applications. Long intervals betw{efan
repeated stress applications (low l.fi‘-
quencies) would allow thixotropic 50;.3
to regain more strength between ap[_n};
cations than would short intervals (hig

frequencies) and consequently cause

smaller deformations of the Sml"»‘HaT:d
ever, no such effects would be anticip
in non-thixotropic soil specimens. ihé
Figure 13 shows a compansn;i ostrt‘&‘
deformations caused by rcp--w.t_.L 1o and
applications of the same magn! ‘!
duration but with frequencies ‘;L
20 applications per minute on «
identical specimens d
mately the same density, but W:::;fl”
tents of 14.5, 17.3 and 19.4 ['C';{-mwni
the specimens having a water

3 )
having 8PP o
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14.5 percent, and a correspondingly low
degree of saturation, a change in [re-
quency from 3 to 20 applications per
minute has apparently no effect on the
deformation characteristies. However,
when the water content is inereased to
17.3 percent (which corresponds approx-
imately to the optimum water content,
for the compactive effort used in prepar-
ing the specimens), a slight influence of
the frequency of stress application ean be
observed. This ean presumably be attrib-
uted to the greater thixotropie effects
associated with the high degree of satu-
ration of the specimens (see Fig. 11),
Finally, at a water content of 19.4 per-
cent and a degree of saturation of 95
percent the specimens possessed still
greater thixotropic characteristics and
the influence of the frequency change is
still more apparent,

It is interesting to note that the data
in Figures 13b and 13¢ were included in
an earlier paper (1) and led to the con-
clusion:

The results of numerous tests to deter-
mine the deformation of partially saturated
specimens of silty clay subjected to re-
peated applications of a constant stress in
trinxial compression tests indicate that up
lo at least 100,000 applications of stress, the
specimen deformation depends only on the
number of stress applications and is inde-
pendent of the frequency of stress a pplica-
tion within the frequency range of 3 to 20
applications per minute, A limited number
of tests indicate that this conclusion is also
valid to frequencies as low ns | application
per minute,

By chance all of the tests on which
this conelusion was based were performed
on specimens having low degrees of satu-
ration and little thixotropie strength
gam. Although the econelusion was valid
or the conditions and data diseussed at

't time, it eannot be applied to speci-
Mens of the same soil with high degrees
of saturation or, in fact, to any material
Possessing appreciable thixotropic char-
Acteristies,

he large influence that changes in
‘J:’L‘f[ucncy of stress ap;zliqatinn may have
fl] the magnitude of soil dc!’oru']at,rqns
Ur‘““g repeated loading is shown in Fig-
. In this series of tests identical

specimens compacted to an initial degree
of saturation of 95 percent were suh-
jeeted to repeated stress applications of
the same magnitude and duration but
with frequencies of 20 applications per
minute, 2 applications per minute, 1
application every 2 minutes, and 1 appli-
cation every 20 minutes. The large dif-
ference in number of applications re-
quired to cause a given amount, of strain
in the specimens is readily apparent.
With a frequency of 20 applications per
minute a specimen reaches g strain of 5
pereent after about 2,700 applications,
However, if the frequency is reduced to
2 applications per minute the same de-
formation is only reached after 15,000
applications, whereas if the frequency is
less than 1 application every 2 minutes
it appears likely that the speeimen could
withstand an unlimited number of ap-
plications without reaching 5 percent
strain,

However, Figure 15 shows that even
for this wide variation in frequencies
there is little change in deformation pro-
duced in the less thixotropie specimens of
the same soil compacted to low degrees
of saturation,

Apart from the influence of thixotropy
on the deformation resulting from differ-
ent frequencies of repeated stress appli-
cation, the normal thixotropie strength
increase with time of some compacted
soils may have large effects on the de-
formations resulting from repeated stress
applications of the same magnitude,
duration and frequency. Tdentical speei-
mens of silty clay compacted to a high
degree of saturation were tested under
repeated stress applications of constant
magnitude and duration but with differ-
ent frequencies (Fig, 16). Some of the
specimens were tested immediately after
compaction, whereas others were tested
2 weeks later after being stored at con-
stant water content for this period of
time.

It is apparent that the changes in de-
formation resulting from the strength
gain in the 2-week period far exceed the
changes in deformation characteristies
resulting from the use of different fre-
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quencies of stress application. Further-
more, the influence of the frequency of
repeated stress applications depends to
some extent on the age of the specimens
at the time of testing, For example, the
effects of a change in frequency from 20
applications per minute to 1 application
every 20 minutes become evident after
only 3 stress applications for specimens
tested immediately after compaction but
are not apparent until about 20 applica-
tions for specimens tested two wecks
after compaction.

The deformation curves for specimens
tested immediately and 2 weeks after
conpaction, using a frequency of 1 ap-
plication every 20 minutes, are repro-
duced in Figure 17. For this low fre-
Quency there is very little increase in
deformation observed after the first 2
Stress applications if the specimens are
tested immediately after compaction.
Apparently, the rate of increase in
strength of these specimens is sufficient
' offset the increase in deformation
which would normally result from addi-
tional stress applications. However, this
'8 not the case if the specimens are tested

under 'n:pc

y of stress applications on deformations of silty clay
ated loading.

2 weeks after compaetion when the rate
of strength gain is relatively low; there-
fore increased numbers of applications
cause increased deformations of these
specimens over a longer period of time,

CONCLUSION

In recent years there has been a grow-
ing realization of the need for studies of
soils under repeated loading if improve-
ments in pavement design procedures are
to be made, and also of the need for
methods of determining the number of
wheel load applications that are likely
to cause failure of highway pavements,
The tremendous difference in estimations
of the number of repetitions likely to
cause failure of the pavement in the
WASHO test road (?) is an outstanding
example of the differences in opinions
and expenience of the different states in
this connection.

The purpose of the present paper has
been to illustrate some of the factors
which should be considered in planning
and interpreting studies of soil behavior
under repeated loading and also the com-
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slexity of assessing the deformations re-
Euiting from combinations of wheel loads
in design.

The %itformat,ion of a compacted clpy,
even at constant composition, resulting
from a given series of stress applications
may vary widely depending on its pre-
vious stress history, and in general it ap-
pears that a gradual increase in the mag-
nitude of the applied stress may often
cause less deformation than the direct
application of a short sequence of wheel
loads. It has been said by older engineers
that “a roadway that grows with the
traffic” is a better pavement than one
constructed with modern techniques.
Younger engineers may well be inclined
to regard such statements with some de-
gree of skepticism but a pronounced in-
fluence of stress history would amply
justify such claims. In fact, the previous
studies indicate that if traffic could be
controlled on a modern highway in such
a way that the wheel loads were gradu-
ally increased over a period of years, rﬁ-
ductions in pavement thickness might

well be achieved. The practical diffi-
culties of such a control system seem in-
surmountable since, if pavements are de-
signed for saturated conditions in the
subgrade, there is no need for control
until the water content of the soil in-
creases to such an extent that a high de-
gree of saturation is attained and the
length of time required for this to occur
is likely to vary widely. Nevertheless,
the data indicate the need for careful
consideration of stress history in the in-
terpretation of past experience of high-
way performance and the possible clallmel:
of extrapolating experience with long
service pavements to new constmctlopn‘
The studies have also shown that Ili—
some soils the frequency of stress app o8
cation may have a marked effect Or“ g
resulting deformation, and this ':s o4
should not be overlooked in attemp ing
relate the results of accelerated tes -
programs to actual field condltltmﬁ-atio 3
effect of thixotropy on the defntrms o
characteristics of cornppcbe_d cllgatol')’
quires careful consideration if labc
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tests on compacted samples are to be
used to maximum advantage for pave-
ment design purposes.

No attempt has been made in this in-
vestigation to determine the applicabil-
ity of the results to a wide range of soils.
Certainly the effects are not apparent in
sands but several elay soils investigated
show some thixotropie characteristics;
however, it is not known at the present
time whether this is a frequently or in-
frequently encountered phenomenon. No
attempt has been made to determine if
thixotropy and stress history effects are
exemplified to the same degree in soil
specimens compacted to low degrees of
saburation and then raised to high de-
grees of saturation by soaking. However,
some justification for testing soil speci-
mens compacted to initially high degrees
of saturation may possibly be claimed by
the fact that this is the current practice
of a number of state highway depart-
ments, and it is hoped that the limitation
of the test data to one particular soil is
justified by the fact that the prineiples
involved are of sufficient importance to
warrant an early presentation,
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