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ABSTRACT

the intrinsic compression lines (ICL) obtained fr
this study can be used for studying the compre:
behaviour of clayey soils due to aging effect.
results of oedometer tests of undisturbed san
were compared with the corresponding rts of
recomposed samples at room and high temper
and slurry samples. The values of compression ir
Cc and pc/pe*, where pc is the preconsolida
pressure and pe* is the equivalent pressure or
compression curve of slurry (1.5wL) sample whee
sample yields, of undisturbed samples are diffe
from those of recomposed samples due to the eife
soil structure. The compression lines of slurry gis
obtained from the relationship of void index ¢
effective overburden pressure can be e)sed by the
equations with sufficient accuracy. The values at
index differenceA Ivy can be used to find the effe
of the enhanced resistance to compression of ¢
soil structure. IfA Ivy value is high, there will be hig
maximum value of compssion index afte
destroying the resistance of soil structure causge
the aging effect. The proposed compression i
ratio, r’ obtained from the Neg p relationship can k
considered as a useful index to represent the ¢
effect.

KEYWORD: Aging effect, durry sample,
consolidation, void index, soil structure

l. INTRODUCTION

The mechanical properties of soils are dependerat
large number of variables including stress hist
particle size and shape, structural arrangement
environmental conditions and may change with ti
The resistance of soil structure is respon for the
difference in mechanical behavior of natural s
between the undisturbed state and the remoldeel

It was clarified that mechanical properties

remoulded clays are quite different from those
natural clays; natural clays posses a ture formed
due to various phenomena such as -term
secondary compression and cementation effects
investigate the compressive behaviour of clayeis
due to aging effect, recomposed samples at roon
high temperature and slurry samples were ared in
the laboratory and their properties were comp.
with the properties of natural cla

. PHYSICAL PROPERTIES OF CLAYEY
SOILS

The location of Setagaya is situated in Tokyo, da
The soils from Setagaya were deposited as m
clays since a hunddehousand years ago. The boril
were taken up to 40 m depth from ground level
this study, samples taken from 16 to 31 m deptte
carried out for the experiments. The soils from
above depths were silty clay and included the w
content of (45435%), liquid limit of (60~160%)
plastic limit of (30~80%) and plasticity index

(30~80). The clays from Setagaya were diluvial ¢
because their consolidation characteristics fagc
which were preconsolidation pressure (300~900 k
compression idex (0.7~2.5) and ov consolidation
ratio (2.24~5.14), were very high. Most of the cl
from this layer were soft cla

The liquid limit values of both Hlaing Thary
(H.T.Y-3ft) soil and North Dagon (N.--6ft) soil from
Yangon are greater than 50% arhe values of
plasticity index is greater than 40%. So, it can
described as inorganic clay of very high plasticBy
using the Unified Soil Classification System t
based on the grain size distribution and Attert
limit test results, both selectesoils samples are fine
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grained soils and these soil are situated in CHigro RRT, RHT and S (1.5~4.Q)¢ samples and
The group name of both H.T.Y-3ft and N.D-6ft soilsinconfined compression tests were also carried out
are also fat clay. for U, RRT and RHT samples.

The liquid limit values of Botahtaung, Kyanmaryadhe clayey soils from Hlaing Thar Yar (H.T.Y-3ft)
and Wardan Bridge dredged soil from Yangon are leasd North Dagon (N.D-6ft) were mixed with different
than 50% and the values of plasticity index is grea contents of sand and the compressive behaviour of
than 7%. Therefore, it can be described as inocgatiese clay-sand mixtures was studied. This study is
clay of low plasticity. actually needed to find the compressive behavidur o
various clay-sand mixtures slurries. In this reskear
The group symbol for clayey Soils from Yangomvork, two types of soil samples with three diffaren
Mandalay Highway (YMH), North Dagon (ND) andkinds of fine sand are tested. Index tests were don
Twante (TT) is CH and the group name of the sailsfind the physical properties of selected soils and
fat clay by using Unified Soil Classification syste  consolidation tests were performed to get the
consolidation characteristics of the clay-sand orext
1. PREPARATION OF SOIL SAMPLESAND slurries.
TESTING
In this study, fourteen soil samples obtained frbén The consolidation behaviour of dredged soils from
to 31 m depth of Setagaya were used for carrying otangon River was studied for the consolidation
the experiments. These soil samples were dividied itbehaviour to use in land reclamation projects. €hes
four groups (I~1V) on the basis of particle sizéocations of the study are Botahtaung jetty,
distribution, natural water content and consistendé{yanmaryae jetty and Warden Bridge. In this redearc
limits. The depths of the group (I~1V) were 16~22work, three types of soil samples that have theesam
22~26, 26~28 and 28~31 m  respectiveljiquid limit are tested for consolidation test. éxd
Recomposed samples, which were reconsolidatedtedts are done to find the physical properties of
room temperature (20 °C) (RRT), were prepared feelected soils and consolidation tests are perfdrime
each soil group by remolding thoroughly the distatb get the consolidation characteristics of the soil
samples at water content of two times liquid liemtl  samples.

by sieving with 0.425 mm sieve. After deairing, th?n this study, in order to find a reference line tbe

slurries were put into the- cylinder and then WelSructure of clays and the linearity of the intrins

consolidated one dimensionally by applying ﬁrStI\éompression curve, three disturbed clay soil sample

under the weight of the loading plate and then t _ :
incremental pressures 10, 20. 40, 80 and 160 ere used from Yangon-Mandalay Highway road at

iivelv. Each loadi led f q # miles  six furlong (YMH soil), North-Dagon
respectively. Each loading was applied Tor one ag¥,,yship (ND soil) and Twan-Tay township (TT soil).

After that, the average preconsolidation pressure these soil samples were mixed with water content at

undisturbed samples (U) from each soil group Wﬂauid limit in the laboratory and brought to a sl

finally applied till the completlon of consolidafio state. Basic soil classification tests and oedoniest
The procedure for preparing recomposed sampl re performed

which were reconsolidated at high temperature (
°C)(RHT), were the same as that for recompos?\q CONSOL IDATION CHARACTERISTICS
samples which were reconsolidated at room ’ OE CLAYEY SOILS

temperature (20 °C) except the consolidating of t
slurries in the steel cylinder, which was surrouhtg
the water with the controlled temperature at 70 °
After the completion of consolidation, the sampkesw
unloaded and cooled at the room temperature (20 °
Slurry samples (S (1.5~4.Q)y were obtained by
mixing and sieving the disturbed samples with 0.4
mm sieve at water content of about 1.5, 2.0, 3d a
4.0 times of the liquid limit. The soils from 1634 m
depth of Setagaya were inorganic silty clays witihh
plasticity. Oedometer tests were performed for

tI‘Hf‘g. 1 shows the relationship between void ratid an
g p for U, RRT, RHT and S (1.5~4.Qwsamples.
he initial void ratios of U samples are higherrtha
ose of RRT and RHT samples and lower than those
S (1.5~4.0w) samples. The compression curves of
samples fall down straightly after yielding ae th
nsolidation pressure of 10~20 kPa. In the over
onsolidated region, the compression curve of U
samples crosses the compression line of S samples
with a little slope till the preconsolidation prass, R.
l\J/\/hen the consolidation pressure exceeds theef,
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the clay becomes ductile because the clay structure
having been formed by aging effect is destroyed by

the consolidation under the pressure far overTpe N Tl
compression behavior of aged clay around the vyield ) r‘“m%__k -]

stress is unstable, which depends on the magndfide ' ‘HRRHR L]
aging. Compressibility of such aged clay through : = 1]
loading is much higher at the stage during destmuct 2 mEs

of the structure than after the destruction. Thareef
the compression curve of U samples falls down
steeply after yielding. But, when the consolidation )
pressure becomes large, the slope of the compnessio e e o

curve is reduced, stable and will coincide with the

compression line of S-samples. Remoulding andFi9-2 €-log p curve of clay -sand mixtures (H.T.Y.)
reconsolidating of soil samples tend to destroy the
original soil structure so that the compressiorvesir :
of RRT and RHT samples appear more gently 18 n

1

smoother than those of U samples without having wel s _\‘\\\
defined break point. P =l e

g . S
The post yield compression curves of RRT and RHT . R
samples are either parallel or coincide with the .

compression curves of S samples when the
consolidation pressure is large. The preconsobdati
pressure, p of RRT and RHT samples is
approximately the same for each other and is not P I eane
much different with that of corresponding U samples

in each soil group. Cvalues of U samples are in the Fig.3 e-log p curve of clay-sand mixtures (N.D.)
range of 0.7 to 2.5. The maximum, €alues of U

samples are occurred very rapidly when theig. 2 and 3 show the relationship between voiib rat
consolidation pressure is about 1.3~2.3 times of thad log p for Clay-Sand Mixtures of H.T.Y. and N.D.
corresponding pvalue. G values of RRT and RHT soils. It can be seen that the compression curaiés f
samples are ranging from 0.4 to 1.2. When the watéwwn straightly when consolidation pressure inasas
content increases from 1.bwto 4w for slurry because the soil structure is already destroyeshritl
samples, the slope of the compression curves becatoatent in clay-sand mixtures increases, the vaiid r
steeper and Cvalue of S (2.0, 3.0, 4.Q\wsamples is becomes less. The slope of the compression curves
increased about 1.1, 1.2 and 1.25 times of S ().5vare approximately the same because the compression
samples. The maximum compression index valueslivfes are parallel to each other. Fig. 4 and 5 stiwv

U samples are 1.2~2.5 times greater than thosereffationship between void ratio and log p for dedig
RRT, RHT and S (1.5~4.Q\w samples becausesoils and slurry soils. The nature of the compmessi
natural soils are different from the correspondiniines are the same as that of clay-sand mixtures.
recomposed and slurry samples with respect todabri _

and bonding. J
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Fig. 1 e-log p curve of clay from Setagaya Fig.4 e-log p curve of dredged soils

F
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| = (e_e.LOO) :(e_e.LOO) )
H \Y * * * ===
] = ) (eLOO_e*lOOJ Ce
il €100 and €000 are the void ratios when the
“HA ":Q: consolidation pressure are 100 kPa and 1000 kPa
I ] respectively. C. is the compression index of
= reconstituted clay.
HH” The ICL can be expressed by the following equation
e (Burl and, 1990).
Fig. 5 e-log p curve of slurry soils |, = 245-1.285log p) + 0.015log p)’ —(2)

Fig. 7 shows the relationship of void index and jng
r : for the oedo meter compression curves of U, RRT,

pressure of natural clay ar?d3 ps the equivalent RHT and S (1.5~4.04 samples from Setagaya.

pressure on the compression curve—Qfto (';L)SV‘(Nhen the consolidation pressure is not more than 70

samples When_ natural clay yields, is_: a measurbef b a, the compression lines of S (1.5~4Dgamples
enhanced resistance to compression caused by IfEeslightIy below ICL. After applying over that

natural microstructure (Burl and, 1996). The typic ressure, the compression lines of S (1.5~@.0w

compression curves of U“Rrand Sh{1.psample s samples are on the same line with ICL. The void

s?fovvtn ]:r:hFlg. '6't The hflghetr tr;ec/% ;/alutz;,}bthe index values of U, RRT anq RHT samples are
effect of the resistancg=cj natjal @i stryc € calculated by using e, and G values from the

higher. It is found that if thepe value of U samples corresponding e-log p curve of S (1wsamples.

is high in each soil group;&ralue will also be high. The compression curves of U samples cross the

The values of ¢and-p/p. ‘of U'samples-are greatercompression line of S (1.5Wsample and then yield.

than those of RR.T and_-RHT samples' due ;to, t S| the post yield compression curves of U samples
difference of resistance to compression of sajl

. e much steeper than SCL and will converge slowly
structure ca4used byjhe dging gffect. on the compression line of S (1.9veample when the
) consolidation pressure is much higher than the
Pe P consolidation yield stress. The compression curdve 0
RRT and RHT samples lie below that of S (1.bw
sample. All the post yield compression curves of U
samples are much steeper than SCL and will converge
slowly on the compression line of S (1,5vwsample

The ratio p/pe, where p is the preconsolidation

]

- when the consolidation pressure is much higher than
— the consolidation yield stress. The compressionecur
b o o0 oo oo of RRT and RHT samples lie below that of S (1.pw
p (kPa) sample. The post yield compression curve of RRT and

RHT samples is smooth and will be parallel to the
compression line of S (1.5yvsample.
2

Fig. 6 Typical compression curves

V. RELATIONSHIP BETWEEN  VOID i v T
INDEX AND EFFECTIVE VERTICAL 0 I ST
STRESSFOR DILUVIAL CLAY , i —a

Burl and (1990) proposed the intrinsic compression A

line (ICL) and sedimentation compression line (SCL) . ! A&

for studying the compression characteristics ofirzt 0 b ﬁ

soils. Burl and showed that most of the compressio ] N

curves of e-log p relationship of reconstitutedysla -1

having water content 1.0~1.pwcan be normalized »

into a unique line by using the normalizing parasnet 1 10 100 1000 10000
Iy (void index) defined by the two constants of _ p (kPa)
intrinsic compressibility @goand G as follows. Fig. 7 L-log p curve of clay from Setagaya
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1

10

100 1000 10000
p (kPa)

The slurry samples having same water content of
clayey soils can be represented with a unique
compression line as shown in Fig. 8, 9, 10 and 11.
These compression lines can be represented with
sufficient accuracy in the form of equation as show
below.

I, =(a)~(b)log p) - (c)(log p)* +(d)(log p)*- (3)

The values of the coefficients (a, b, ¢ and d)lofrg
samples can be seen in Fig. The coefficients of

Fig. 8 Compression lines of slurry from Setagaya correlation for the above equations are within 8.89
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Fig. 9 Compression lines of clay-sand mixtures
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An equation can be derived to calculate the value o
p/pe from the |-log p graph illustrated in Fig. 12.
The compression index of the S (1,9vsample can
be written as below.

Al

Iv1_|v2 — vy

P I | .
ogp. —1ogp p

Al
Iog(ifj AL
P.) C.

(NW]
Peo10 @ - 4)
Pe
Where,
C. = the compression index of S (1.Hwsample

from I,-log p graph

A lyy = the void index difference between U, RRT and
RHT samples and S (1.5)wamples at the yield point
of U, RRT and RHT samples

In this study, pand R values are within 40 kPa to

900 kPa. In this consolidation pressure range, C
value of S (1.5y) sample is in the range of 0.95 to
1.015. If the value of Cis assumed as 1, equation (4)
can be simplified in the form of

Pe —q1q) - 3)
P

According to the above equation, I,y is a useful
index and if its value is high, the resistance to
compression of natural soil structure due to aging
effect will be high.
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Pei r|= Cc.rzax. . (6)
1 P C,
I\'l
0.5 Where,
. . R’ = compression index ratio
= L AL,
0.5 C. .. = Maximum compression index of U, RRT and
-1 —U RHT samples obtained fromtlbg p graph
S-15wl
-1.5 * . . . .
1 10 100 1000 10000 C. = compression index of the compression line of
p (kPa)

S (1.5w) sample at which consolidation pressure is

Fig. 12 Typical compression curves five times of the consolidation pressureCat,.,

2.5

R I’ values are calculated by using thddg p graph as
2 = shown in Fig. 14. For diluvial clay from Setagaya,
./.'4“/:' values of U samples are in the range of 1.7 to 2.7
i Tt B while those of RRT and RHT samples are
5 ol ARRTS || approximately the same and are ranging from 1.2 to
hy ARHTS 1.6. r values of diluvial clay from Setagaya are
0.5 “;RETE* consistent with the compression index values, r
I (Tsuchida, 1991pf Japanese alluvial marine clays
0 which are ranging from 1.1 to 3.0. r’ values of U

-0.5 0 0.5 1 1.5
Aly
Fig. 13 Relationship betweendhax, and\ Iy

samples are different from those of the correspundi
RRT and RHT samples due to the effect of natural
soil structure. From the relationship between rd an

In Fig. 13, it can be seen that the maximurﬂC/pe*ShOW” in Fig. 15, it can be concluded that the

compression index of the clays during destruction Y&lues of 1" will be high if the existing effect ohe
the aged soil structure becomes high with tfgsistance of natural soil structure is high.

increasing of the value of\ |,. Therefore, the
compressibility of the aged clay around the yield
stress depends on the magnitude of aging. The
difference of the values of C’cmax andl,y between

U samples and RRT and RHT samples are due to the
effect of aging.

The clay in-situ can resist the additional resiséan
until yielding due to the aging effect. After yieid,
the value of € of the aged clay is very high during
destroying the additional soil structure develojsd
aging effect. According to many researchers, the
value of G of aged clays becomes almost constant
when the consolidation pressure is about 5 times of
the vyield pressure. In others word, when the
consolidation pressure becomes large in the noymall
consolidated region, the compression index of U
samples will be approximately the same as that of
RRT, RHT and S samples. Because of having a
unique compression line of S (1.Bwsamples in}

log p curve, it is useful to express the agingctfféo
represent the aging effect, the proposed compressio
index ratio, r’ will be defined as follows.

25

2 Y

—&—U-26.22m
—&—RRT
—&—RHT

S-Liwl

[ / \-
1.5

5 | e J
1(:

s A

>p

1 10 100 1000 10000
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Fig. 14 Relationship between @nd consolidation
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