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SETTLEMENT OF A MULTI-STOREY BUILDING
ON HETEROGENEOUS CLAYEY SOIL
TASSEMENT D'UN HAUT EDIFICE SUR UN SOL ARGILEUX HETEROGENE

SYNOPSIS

A DVORAK, Dr.ing

Engineering Geology, Praha, Czechoslovakia

4d multi-gtorey building is being constructed on heterogeneous clayey soil. The

foundation conditions worsened during an interruption of comstruction works after excava-
tion. A simple method was applied for the calculation of gettlement in & heterogeneous,

non-linear medium. The results enabled & spread foundation of reinforced concrete raft to
bo used an the calculated values are in faire agreement with deformations measured repea-

t.dly .

INTRODUCTION

Foundation ground on & gite selected for a
50 m high building consisted of clayey
solls. Before the kind of foundation was
decided, several boreholes and shafts had
been sunk, which discovered the bedrock of
Silurian clayey shales with & dip of 40° N.
Their upper part was weathered to stiff
clay with a layer of soft clay on the top.
It was decided to put the foundation basge
to & depth of 3 m below the surface of the
bedrock i.e. where the clayey shales would
be less weathered.

LOADING TESTS

The compressibility of stiff clay and
shales was proved by a loading test in a
shaft., Stiff clay at the depth of the
foundation base ( 2 m ) was tested on the
first standpoint. Further, less weathered
clayey shales 4.30 m below the bedrock sur-
face were examined. Loading to-t-zvith a
stiff steel plate 706x706mm (0.5m“) and a
circular plate § 356mm (0.1m*) were per-
formed on each standpoint. Stress-strain
graphs are drawn in Fig.l. The deformations
are of sublinear character especially in
stiff clay, where the exponent of parabolic
course n equals 1.9, nonlinearity NL is
25 %, and plasticity PL equals 0.58
(elasticity EL is 0.42). These parameters
are explained in & previous publication of
the author (1061).

From the relations for an elastic semi~-
infinite body, the moduli of deformation
E, were derived, using the first branch of
the stress-strain curve. For stiff clay
and a pressure range 0 to 3 kp/ Eg
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equals 1340 to 130 kp/cm®, which proves the
non-linearity of deformations.For weathered
shale and the same_pressure range Eg is
1580 to 1325 kp/caid.

After excavation to the level of the
foundation bage, the construction work was
interrupted.To prevent a further weathering
of etiff clay, the foundation base was
covered by a layer of sand with gravel 1 to
1.5 m thick. The surface of the foundation
80il was secured by drains against a
further softening by water.

CONDITIONS AT THE (STAGE OF) REOPENING OF
WORK

After 8 3 year pause construction work
started again and the foundation base was
uncovered by several shafts. On the surface
of stiff clay a layer of goft clay 5 to 20
cm thick was ascertained. Thig fact can be
explained either by an imperfect removal of
the original goft layer or by kneading of
the stiff clay by vehicles during the
transport of sandy fill. A failure of
drains could have algo contributed to the
disturbaace.

It has also been ascertained that the
stratum of stiff clay encloses interlayers
of harder clayey limestone. The eompresi-
bility of limestone can be oompared to that
of weathered shales (loading tests ¢ and
d). Interlayers occured prevailingly in the
southern part of the site and formed a
sandwich-like soil with the clay to lime~
stone ratio approx. 3 : 1
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Fig.1l
Stress-strain graphs of_loading tests. Stiff clay :

rectangular plate 0,5 m“, Weathered shales

As the deformation properties of stiff clay
wore known it was only necessary to examine
the layer of soft clay between sand and
stiff clay. The oedometric coefficient of
its compressibility C is 40 for & pressure
range 1 to 2 kp/cms. A geological section
is given in Fig.2.

The heterogeneity of foundation soil raised
the question of differential settlement and
inclination of the building. It was decided
to construct a reinforced concrete raft-
foundation and to leave below its base a
sand layer 1 m thick to accelerate the
consolidation. The porosity of sand was

30 % and a series of loading tests had
linear course of deformations but the
differences in deformation modulus E, from
345 to 530 _kp/ for a pressure range 0

to 4 kp/cm® suggested a mon-conformity of
compaction.

PRELIMINARY CALCULATION OF SETTLEMENT

Two cases were distinguished in calculating
the settlement which enabled to estimate
its méximum and minimum value., The layers
of sand and soft clay were considered as
homogeneous and linear, For the layer of
stiff clay the coefficient of compressi-
bility s was applied. This coefficient
introduced by the author (1961) gives the
settlsment of the standard circular plat
0.1 for a contact-pressure of 1 kp/cm
and is given in cm3/kp.

: ¢ - plate 0.1 m", d - plate 0.5 nd
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& - circular plate 0,1 Ia, b -

& A \\l\\ ~N
P et M
S
Fig.2

Geological conditions after reopening of
works. 1 - fill of sand with gravel, 2 -
soft clay, 3 - stiff clay, 4 - interlayers
of limestone, 5 - weathered shales.



SETTLEMENT ON HETEROGENEOUS CLAY

The relation for the settlement_y on a
limited layer y = Wp b (1 -V4) /E_.
Here W - depends on the shape and aife of
the contact area and the thiock~
ness of the layer,
Further is p = the average contact pre-
ssure
b - the width of the plate
Y - Poigson’a number.
At tho -tlndard plate y° = g.p and further
a= W (1 -7%)/ B ,"where (y, = 7//4 =
= 0,79. Af [} foundltxon with anotBer w
y = (Wwb/Wo bg). p.s.

Let us also take into account the non-
linearity of deformations. Introducing the
compressibility coefficients s instead
of deformation modulus we obtain the
displacement of the loading plate y, in
this form :

Yo ™ P)®) * P8y + Pyl *+ ...Py8y

where p. is the pressure range for the

rospoct}vo coefficient s,. For our case
the compressibility Eoofricionta are :

Pressure range kp/cm® :

0 - 0.5 0.5 -1 l =1.5
Stiff clay s8] :

0.018 0.054 0.102
Weathered shale s, :

0.016 0.021 0.021
Stiff clay with limestone s3 :

0.018 0.046 0.082

The coefficients for the sandwich layer was
approximately determined from the clay-
limestone ratio 83 = (3s; + 83)/4. The
thickness of the nandw;ch layer was esti-
mated 8t 4 m as 8 meximum and 2 m 85 &
sinimum. A coefficient of non-uniformity
1.5 was introduced with regard to the
limited number of loading tests. The maxi-
mum goettlement was calculated at 34.5 mm,
minimus at 18.9 mm. These values and the
differential aettlement 15.6 mm are allow-
able.

ACTUALY MEASURED SETTLEMENTS

The settlements were meagured on 40 control-
points using & precise levelling. The course
of displacements is drawn in Fig.3. A con-
siderable settlement up to 7 -n was observed
at an average stress 0.3 kp/cm? (Fig.3-a)
which rouaed suspicion that the real defor-
mations could be twice as large as calcu-
lated. The author, however, concluded that
these initial displacements had originated
owing to the loosening of the sand surface
cauged by construction works. This opinion
was confirmed by further msasurements at
which the deformations were nearly stabi-
lized (Fig.3-b,c). A larger increase of
settlement appeared again when the stress

on th= surface of stiff clay exceeded 0.5
kp/ce® (compare graphs l-b and 3-d). The
avoragoc-sroasrw'ndlyn has reached approx.
1.5 kp/ The settlement ia max.24 mm,

min. 11 om.
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Settlement of the building. Upper part :
Longitudinal gection with levels of
suoccesgsive contact stresses in foundation
base (kp/cm?) : a - 0.30, b - 0.45, ¢ -
0.80, d - 1.20, e -~ 1.50. Lower part :
Corresponding settlement for the most un-
favorable line of observed points.
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A emall inclination to the north, i.e. in
the direction of the dip of strata is
caused by the anisotropy of the sandwich
layer as shown previously by the author
(1866). The final settlement for a stress
of 2.° kp/ derived from present settle-
ment is 1J2 mm max. and 15 == min. which is
in agreement with the preliminary calcu-
lation. It is evident that the settlement
can be determined with a satisfactory
accuracy oeven by simple methods if the
initial parameters are correctly chosen.
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