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I.M. ORDEMIR Professors of Civil Engineering, Middle East Technical University, Ankara, Turkey 

A.A. BIRAND

SYNOFSIS Settlement of structures constructed on compressible clay layers has an utmost impor
tance an soil studies and a subsequent foundation design. This report outlines the settlement 
observations of a test fill constructed on a highly plastic and compressible sandy and silty clay 
layer. The aim of the construction of a test fill on a proposed construction site was to correctly 
evaluate the magnitude and time of future settlements of the structures to be supported by shallow 
foundations and to clarify the possibility, feasibility and practicability of a ground treatment by 
preloading. To serve this purpose a test fill has been constructed on the proposed site and the 
actual behaviour of the foundation soil under that fill load has been given and discussed in this 
report.

INTRODUCTION

Froblems associated with compressible saturated 
clays, particularly those to bear many differ
ent structures with varying size and weight 
■were known at the construction site of the A1 i- 
aga Fetrochemical Complex, Izmir, Turkey. After 
having completed geological and geotechnical 
studies, various foundation systems have been 
proposed taking into consideration the types 
of structures and subsoil at various land par
cels that have a very disorderly bedrock to
pography and erratic soil deposits. In many 
parcels, a compressible clayey layer, alluvial 
in origin, covers the volcanic tuffs which may 
be assumed to be the bedrock for all practical 
purposes. In some places, however, the clayey 
layer completely disappears with volcanic tuff 
rising to the surface. The thickness of the 
compressible clayey layer is very different 
over the very large area of the proposed com
plex construction and may reach a considerably 
high value of about 14 m or more in some places 
Under the test fill area, the thickness of this 
clayey layer varies between 9.5 m and 14 m and 
it may be assumed that the clayey layer has a 
rather uniform thickness over this specific 
area when compared with other locations having 
clayey layers with very different thicknesses 
within very short distances.

Some of the structures (heavy and sensitive 
against settlements) on those parcels having 
considerably thick clayey layers should be 
supported by end-bearing piles on volcanic tuff 
at various depths and some by spread footings 
with or without any ground treatment. In the 
present paper, the study of the settlement be
haviour of the thick clayey foundation soil on 
which many structures are to be supported by 
spread footings is introduced with emphasis on 
the magnitude and time of the settlements of a 
test fill constructed on a most representative 
location of a construction parcel.

SOILS OF THE CONSTRUCTION SITE 

Local Geology

The construction site which covers a very large 
area is on the whole flat and smooth, although 
occasionally some low hills are encountered. In 
our study of Parcel VIII, the natural ground is 
almost level, with an elavation varying 1.0 m 
at the most between any two points. Ground 
water level is normally 1.5 m below the ground 
surface but it rises to the surface during the 
rainy season. The whole parcel is to be filled 
to the project level which is about 2.0 m above 
the existing ground surface.

According to the geological study and borings 
made, alluvial deposits are seen on the con
struction site. Alluvial soils, in general, 
are highly plastic and compressible inorganic 
sandy and silty clays which cover the surface 
of the volcanic tuffs. The clay layers are 
formed partly by river deposits, partly by 
angular materials that fall from the slopes and 
the disintegration of the volcanic tuff. The 
main bedrock and the local hills of the site 
are formed by volcanic andesite tuffs as well 
as clastic quaternary sedimentations both 
belonging to the miocen period.

Geotechnical Properties of the Alluvial Clay

Eight borings in Parcel VIII have been made for 
sampling and standard penetration tests. Four 
borings (15 to 18) have been drilled before the 
construction of the test fill and four borings 
(147 to 150) after the completion of the test 
loading. By the side of five borings, field 
vane tests have been executed. A full-scale 
field loading test has been made by constructing 
a test fill of 12.8 m height in a very care
fully explored area of Farcel VIII as shown in 
Figure 1.

The silty-sandy alluvial clay deposit reveals 
a great variation in consistency; from very 
soft-soft to medium stiff. (N) values recorded 
in the field from standard penetration tests, 
although usually not very reliable, are as low
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as 8 and occasionally as high as 26. Clayey 
soils encountered in the borings are of (CH) 
group highly plastic soils according to the 
plasticity chart.
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Fig. 1 Flan of the Test Fill, Borings and 
Settlement Flates .

It was determined by tests that the average 
natural water content of the clay deposit 
(about 30 to 45 percent) throughout the depth 
lies between the plastic limit (about 20 to 30 
percent) and the liquid limit (about 60 to 105 
percent), but remains nearer to the plastic 
limit, which indicates that the clayey deposit 
is preconsolidated. This observation is also 
verified by laboratory consolidation tests. 
There was almost no change in the average natu
ral water content of tie alluvial clay due to 
application of the test fill load of about 

2
24 KN/m over an area of about 49x84 m.

Variation in shear strength due to test fill 
has been investigated by a series of field vane 
tests whose results are indicated in Figure 2. 
It is apparent that the f ield vane strength of 
the alluvial clay in either undisturbed or 
remolded condition indicates an increase after 
test fill loading, but this is not of a degree 
as it may be expected from a ground treatment 
by preloading. In such soils, shear strength 
may also be related to some simple soil para
meters, such as liquidity index as shown in 
Figure 3. It may be seen in this figure that 
the shear strength is found to decrease with 
increasing liquidity index and to stay almost
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F ig . Undisturbed and Remolded Field Vane 
Strength as Measured Before and After 
Application of the Test Fill Load.
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Relation Between Unconfined Compressive 
Strength and Liquidty Index.

constant above a value of IT 0. 6

Besides the observations made by the performance 
of the test fill, the compression characteris
tics of the saturated alluvial clay which was 
the main object of the study has been investi
gated by a series of laboratory consolidation 
tests performed on undisturbed samples extract
ed from various depths.

COMPRESSION CHARACTERISTICS OF CLAY

Laboratory Consolidation Tests

The settlement characteristics of the compressi
ble saturated alluvial clay was estimated by 
using conventional laboratory consolidation 
(oedometer) tests performed on undisturbed samp
les taken before the test fill is constructed 
(Borings 15,16,17 and 18) and after the settle
ment records of the test fill are completed 
(Borings 147,148,149 and 150). It was calcu
lated by consolidation tests that the compres
sion index (Cc) values of the alluvial clay

were about from 0.15 to 0.55 if the preconsoli
dation pressure was not taken into considera
tion, in other words,if the soil was treated as
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a normally consolidated clay. It was also ob
served that the relationship between original 
void ratio and compression index was very close 
to the relation of Cc = 0.30 (eQ - 0.27) before

the test fill application. After the test fill 
has been applied, this relationship takes on a 
new form of Cc = 0.34 (eQ - 10) for this clay,

as shown in Figure 4. There was no relation
ship between the liquid limit (wL) and the

compression index (C ) in either case and the

points were not even roughly close to the 
straight line relationship of Cc = 0.009(wL - 10)

given for normally consolidated clays.

Fig. 4 Relation Between Laboratory Compression 
Index Determined as the Slope of the 
Straight Line Portion of Laboratory 
(e-log (J-') Curve and Original Void Ratio

I
The preconsolidation pressure (flp) has been

determined from the laboratory consolidation 
curves by the procedure proposed by Schmert- 
mann (1955). It has been determined that the 
preconsolidation pressure of this clay gene
rally varies between 300 and 600 kPa depending 
on the location and the depth of the sample 
taken. It is clear that the effective vertical 
stresses under the test fill throughout the 
depth are all smaller than the preconsolidation 
pressures determined. Considering this fact 
compression index values have been once more 
determined by making use of the first straight 
part of plotted in situ compression curves and 
the new (C ) values are correlated with liquid

limit and original void ratio values respecti
vely as shown in Figure 5a and 5b. It may be 
seen that the compression index values deter
mined from the early straight part of the in 
situ curves varies between about 0.05 and 0.13 .
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Fig. 5 Relation Between Compression Index as
the Slope of the Early Straight Fart of 
the in Situ Compression Curve and: 
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Fig. 6 Relation Between Laboratory Coefficient 
of Consolidation and Liquid Limit

Behaviour of the Test Fill

The coefficient of consolidation (cv) values

determined from the laboratory consolidation 
curves are correlated with liquid limit as 
shown in Figure 6. It may be noticed that the 
variation in (cv) values were within a narrow

range for higher values of liquid limit and it 
may be said in general that the laboratory 
coefficient of consolidation of this clay has

a value of about 2x10 ® to 8x10 
100 to 200 kPa load interval.

/s for

A 12.8 m high sand-gravel test fill with an 2 
approximate bearing pressure of about 24 kN/m 
has been constructed and settlements at eight 
points (Fig.l) have been recorded at regular 
time intervals for 150 days. The aim of the 
field test loading was to evaluate the actual 
settlement behaviour and compression characte
ristics of the alluvial clay under a uniform 
surface loading over a relatively large area. 
Field observations of (load-time-settlement) 
are represented in Figure 7.
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Fig. 7 Relation Between Time and Settlement 
of the Test Fill Loading.

It was attempted to evaluate the average field 
(Cc) and(cv) values by making use of the field

observation records and the actual thickness of 
the compressible layer at each settlement plate 
location. The thickness of compressible layers 
at eight settlement plate locations were deter
mined by mechanical sounding methods. For cal
culating field (c ) values two way drainage in 
the compressible layer was presumed as a fairly 
realistic assumption. Calculated field com
pression index and coefficient of consolidation 
values are listed in TABLE I.

It may be observed that the actual average 
field (C ) values are smaller than the labora

tory values shown in Figure 5. The ratio bet
ween average field (C ) value (of about 0.06)

and average laboratory (C ) value (of about
0.09) is nearly 0.7 . In other words, the rela
tionship proposed by Skempton and Bjerrum 
(1957),

sf ield = soed

yields a value of ( f4 = 0.7) which indicates a 
slightly over-consolidated clay.

Average field coefficient of consolidation

value (of about 3.5 x 10-6 m^/s) is nearly 100 
times greater than average laboratory value

(of about 2x10 ® to 8x10 ® m^/s), as it may be 
expected for sandy and silty clays of alluvial 
origin.

Calculated Average Field (Cc) and (c ) Values 

Based on Settlement Records

TABLE I

Plate

No.

Thickness
of

Layer

(m)

Recorded 

Settlement  

(m m)

Average

Field

Cc

Average
Field
cv

(I0"6 m2 / s)

1 9 .5 0 1 7 5 0 .0 4 4 2 .4 6

2 9.50 2 2 0 0 .0 5 6 2 .4 6

3 1 1.00 2 6 7 0 .0 6 3 3.28

4 1 1. 0 0 277 0 .0 6 5 2 .6 8

5 13 .00 2 74 0 .0  59 3 .4 5

6 1 3 .0 0 2 66 0 .0 5 7 4. 1 2

7 14.00 2 30 0 .0 4 9 4 .80

8 14.00 325 0 .0 6 9 5.5 0

CONCLUSIONS

The settlement characteristics of slightly over
consolidated saturated sandy and silty clays of 
alluvial origin may be investigated by labora
tory tests performed on very carefully extract
ed undisturbed samples. A full scale test fill 
loading revealed that the field compression 
index is about seventy percent of the laboratory 
compression index value determined by making use 
in situ compression curves. Therefore, the re
sults of laboratory tests may be used for calcu
lating the magnitude of the future settlement of 
a structure. The coefficient of consolidation, 
on the other hand, may be 100 times greater than 
the average laboratory consolidation tests as 
indicated in this study. A considerable large 
error may involve if the time of settlement of 
a structure resting on a sandy and silty clay 
layer of alluvial origin is predicted by the 
laboratory coefficient of consolidation. The 
field vane strength of the clay increased after 
test fill loading, but this was not of a degree 
as it might be expected.
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