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ound failure presented in the paper, ocoured in 1986, in the foundation ground,
lock of flats, oconsisting of Bahlui structured dilatant clay, normaly comsolida-

e, by plastic ylelding, l::gin shortly after an eaccidental drow -
ning of the basement,Before this accident, the bullding hadnotl pre

tlements processes. The paper presents the consolidation measures taken %o sto

sented any si of evolutive get-

the progressive

yielding of the ground beneath the foundations. Results of tests pointed out the dilatant behavi-
our and the gensitivity to moistening of the Bahlui clays, during the ghear process.

INTRODUCTION

In 1986, a bloeck of flats located in Bahlui
river plain, near the rtilu{ station of Iassy
town, suffered a rather peculiar proceas of foun
dation ground failure. The construotion, con -
gisting of bagement, ground floor and 8 floors,
having a total weight of about 50,000 kN, wasin
the final after an acoidental drowing of the ba-
sement due to the defective instellations, e-
gented nonuniform evolutive settlements without
any tendency of amortisation. The maximm get-
tlement velocities,established immediately af-
ter the start of the movement, were of the or-
der of 547 mm/hour. As a congequence of the

nonuniform settlement the construction began to
incline vigibly (fig.l).

IR T A

Fig.l Uneven settlements of the block of flats

0n examining the bagement rooms in the zone
vith maximum gettlements it was established that
the soil under the comtinous foundations of the
sonstruction was rejected (f}f&)o

The conorete slabs of the floor broke and they
vere dislodged , the soil raised in the rooms
Prom the large settlement area end, almost,
reached the ceiling. The plan arrangement and
the shape in vertical section of the foundations
ire shown on figure 3. The antisymmetric shape
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Fig.2 The rejected soil in the bagement rooms
toward the large settlements area

of the foundations plan ag against the central
inertial axis parallel to the construction sides
can be noticed. In an open pit situated in the
part opposite to the inclination from the non-
uniform settlement, it was noticed that the
reinforced concrete bearing was detached from
the plain concrete foundation (fig.4).

The rejected soil in the basement rooms was
formed of black olay fregments with dimensions
of order of 3 &5 cm and ghiny lateral surfaces
with striations caused by shearing (fig.5).

GROUND STRATIFICATION

The boreholes and the static penetrometry in
points of the construction perimeter helped to
determine the stratifiocation strength of the
foundation ground, It was established that the
microfissured, structured consistent black Bah-
lui clay on which the oconstruction was founded,
has thicknesges of about 4,00 m and followed by
sandy layers of higher strength and rigidity a-
long other 4,00 m, after which the stratigra -
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phio columns comprises a compact marly clay on
great thicknesses, of tens of meters.

MEASURES APPLIED TO STOP SETTLEMENTS AND
FOUNDATION SYSTEM CONSOLIDATION

The measures to stop the nmonuniform progres-
sive gettlements were utterly necessary, espe-
oially in order to stop the tendency of rota-
tion around the longitndinal axis of the con-
struotion, which process ought to lead finally
to 1ts laterel collapse, In the first stage,
the measure consisted of stopping the lateral
rejection of the earth under the foundation in
the rooms situated on the area with great set-
tlements in progress. This was done by means

‘ of a green made of metalic pipes 2" diameter
Fig.4 Sﬁgnpiﬁig'cggzgzgf §;§§§g§§:§.°3§2'§§° thrust on the inner contonr of the toundatioi!v

uneven gettlements hammoring (f1gf6)’

F. i

Pig.6 Metalio pipes soreen to brake the soil
Fig.5 ReJected soil aggregates plagtio yielding
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Thue, an access space was oreated by excava-
ing the rejected earth only from the founda-
1on surface, without moving this rejected earth
n the central zone, of the rooms. Due to its
';1ghte that material represented a stabilizing

ement.,
own to 2,00 m below the foundation surface in
he three roomg in which the rejection proocess
as most intense. The work was finigshed by
ontinmous work in 24 hours, and the settlement
easurement rendered evident its effect, by di-
inishing the maximum gettlement velocity z;

5 mm/dai.

Trying to block up the nonmumiform evolutive
ettlements, the second treatment stage consis-
ed in reducing the nonuniform settlement rates
y & forced drying of the wet fissured oclays,
nder the foundation bottom with quick lime,. As
t 1is known, this substance fixes water chemi-
ally, b¥ hydration, according to the exother=
al reaotion :

Ca0 + Hy0 = Ca(OH)y

ince the atomic welght of (Ca) = 40, of the
:{ en (0) = 16 and of hydrogen (H) = 1, it re-
1lte that the anhydrous caloium oxide can re~
2in, chemioally, a quantity of water of

q = (18/56)= 0.32

rom the weight of the active substance.
undation ground was treated as follows :
The ground was excavated following the cons =~
ruotion perimeter t1ll the surface of the
lack clay layer in which the foundations were
irformed, At the limit of those foundations,
1tal pipes of 100 mm diameter were thrust ver-
loally into the earth by pushing with the sho-
11 of an excavetor (fig.7,a). The peak of the

The

.pe reached 3,00 m below the faundation sur -
To prevent the goil from entering the

0@,

a) b) a)
ge/ Thrust of vertiocal pipes used to
introduce quick lime in the foundation
ground (a)., Metal sheet bent at
oorners (b)

pe, its lower end was covered by & metal

ao%. bent at 1ts ocorners (fig.7,b).The quick
ne was finely orushed in the ball mill and

en put into plastic bags. Through a funnel

p finely orushed lime was introduced 4into

® pipe, After filling the pipe , it was ex~
acted by pulling it out using also the ex-
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The pipes were hammered with their peak

cavator ghovel. A treatment cycle was achieved
for one {oint in about 344 minutes. A total of
520 drillings spaced at 20430 om on three pa-
rallel rows were performed on the outer perime-
ter of the foundations. In the first row of
drillings, only quick limes was introduced in
the second, lime with cement in equal quanti-
ties to insure the mix hardening end in ¢the
third row, lime with cement and fine gravel (3~
7 um), The two parellel outer rows served to
deform the lime columng by thrust and to in-
crease their surface of contact with the ground
During the treatment period, ground temperature
wag noticed to grow in the zone. The work was
completed in about 48 hours and its result was
the reduoction of the maximum settlement rate
to about 1 mm/day. The continuation of displace-
ments by the rejection of the ground below the
foundation came to put into conteaoct the floor
over the bagement with the ground entering.inthe
three rooms at the maximum gettlement zone,
Thus it wes necegsary to blook up the nonuni -
form settlement., After eliminating some solu-
tions of unilateral .upgortins of the struc -
ture on the marly clay layer, by piles or cast
in place diaphragm concrete walls, the adopted
golution was that of -traightoning the inclined
oconstruction by a controlled gettlement %o the
opposite side of the inclination and b
by step construction of a general rei
concrete mat,

The following procedure was applied.

In the bagement roomg at the part opposite to
the inclination and on the outer perimeter of
the conagtruotion, local exocavations were made
t111 reaching the foundation bottom, The hori-
zontal dimensions the position and execution
-ezuonoe aimed at causing local yleldi and

ptep
orced

rejections of the foundation ground of the same
nature as those who determined the uneven get-
tlements and thus to reduce the construction
inclination. For each local excavation, when
reaching the foundation bottom level, earth
yielding and lateral rejection started 2s shown
in figure 8 a, b and o.

a) b) o)
Yielding and rejection provoked on the
outer 1imit of the foundations (a).
Rejection provoked at the limit of the
elevator's case (b). Prigmatic volume
of olay rejeoted between the elevator's
ocage and the foundation of the outer
well (e)

Fig.8



was noticed that by drying the Bahlui clay chan-
ges its color, acquiring redish tones which par-
ticularity can be explained by the partial pas-
sing of the ferrous oxides into ferric compo -
nents. The presence of the montmorillonite and
slorite, makes clay highly hydrophile with great
volume variations at humidity variationa. The
zrenulometric analysis by sedimentation rendered
svident the presence in a predominant ratio (40
-60) % of the clay fraction (d< 2K ), The clay
>lagticity index is Ip > 40 % with flow limits
i, = 76-99 % (characteristic values for swel -
ling and high contraction clays). One of the
»articular features of the Bahlui clay is the
iicrofractural system which delimitates the

100

the beginning of the test till breaking (open
system). The results of the tests on the first
group of samples stressed without any water on
their contour, are presented in fig.l2., Higher
values were obtained for the spherical and the
1imit deviatoric tensor,than in the case of the
samples tested with water. This difference is ex-
plained as the effect of water drawn by suction
into the soil volume,increased by dilatancy.

The variation of the specific volume deforma-
tion along the stress pathe for the samples tes-
ted without any water is shown on fig.l3. It can
be seen that by increasing the spherical tensor,
the dilatancy is less evident due %o the struc-
tural aggregate shearing. Based on those experi-
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Fig.ll Size distribution of the clay soll aggregates for different oycles of dessication -

humidifiocation

tructural agegregates of polyedral shapes with
narp edges, of variable sizes. Tests were car-
ied out in order to determine the gize distri-
ation of the structural aggregates resulting
rom the drying-wetting cycles.

Pigure 11 shows the gize distribution curves
>y structural aggregates resulting from 9 wet-
lng-drying cycles (I-IX). It can be geen there
; a marked difference between these curves and
1e granulometric composition renge of the dis-
arged material up to isolated solid particles.
1e presence of the giructural aggregates in the
ihlui clay makes the shearing process cause in-
reageps of the stressed material volume,by di-
itancy. Tests were performed in the triaxial
swice with imposed stress and measured strain
1 oxrder to render evident from the quantitati-
y point of view the effect of dilatancy on the
ylume deformetion caused by shearing. The oy-

mental results a scenario
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Fig.12 Stress-pdths for shearing tests in tri-
axial apparatus with and without water
supply

0,2 14

could be reproduced in

ndrical olay samples with natural humidity and the laboratory of the soil failure process under
iructure were subjected to increasing triaxial the damaged foundations, The Bahlui clay samples

ireases starting from the initial lithostatic
iregs state.
eakege in which both the spheric and the de-
atoric tensor increased progressively, line-
1y. To render evident the effect of water on
e strain and feilure process, two sample
oups were tested (fig.l2).For the first group
@ naturel humidity was meintained over the
tire stress path (closed system) and,for the
cond group the samples were brought into con
ct with a water source on the porous plate
rface and on theiy oylindrical contour,from

were gubjected in the triaxial device to inorea-
The stress paths were observed till ging siresses,

by steps of the spherical and de-
viator tensor (fig.l4). At stresses values cor-
responding to the terminal points of the stress
path represented in figure 12, between the
failure curves without water (closed system)and
with water content (open system), the samples
were brought in contact with water. As shown on
the diagram of figure 14, the axial gtrain and
g®elling process went on under constant stress,
until the gample broke, about 215 hours after
starting the test. The described phenomenon re-
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I

rical tensor and %o decreage the deviatoric
one in the critical zone, or by replacing and
treating the sensitive soil.
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produced in the laboratory after the accident
which occured in the examined congtruction
shows the critical situation of the gtructured
soil becoming sensitive for the water action by
dilatency under the deviatoric stresses action.

This ig the cage of the goil under the local
compressgion of the foundations with gmall over-
load on the basement side. A similar giregs si-
tuation is represented by the earth located at
the toe of deep slopes which presents time fai-
lure plienomena., In the same mamner the loess
has a genpitivity at wetting which means ‘*that
its deformability increases consideraedly when
the humidity increases. The microfracturated
structured clays an ginilerly sensitivity at
wetting in the critical gtress state in which
the deviatoric tensor isg dominant.

The possibility of avoiding the dangerous phe-
nomena }ike the one degeribed can be avoided by
the local correctiom of the gtate of gtresses
in the field, whieh means to increasge the gphe-
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