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Stabilization of horizontal movements in weak organic clay layers 

Stabilisation des deplacements horizontaux dans des couches molles d’argile organique

Kai Gulin & Ragnar Wikstrom -  Fundus Ltd, Helsinki, F inla nd

ABSTRACT: The City o f Helsinki has during the last 15 years very actively planned and built new dwelling areas close to the down

town. As, from the engineering point o f view the suitable areas for building purposes have already been utilized, the enlarging activity 

has been forced on to weaker soils. Such an area is the Arabianranta dwelling area in the Eastern part o f Helsinki. The city plan has 

recently been approved by the City Council and the geotechnical design is working on solving the problems arising from the very soft 

soils in the area. The first houses are due to be built in the summer of 1998. Eventually, in order to be able to build safely and economi

cally, the stability o f the ground has to be improved.

1. THE ARABIANRANTA DISTRICT

This new district is situated near the outlet o f the river Vantaa, 

the place where the town of Helsinki was founded in 1550 by 

the Swedish King Gustaf Vasa. The area has remained up to the

se days almost unbuilt, inspite o f its near location to the down

town, mainly because it has been considered completely unsui

table for building purposes and thus served as a filling area and 

waste deposit o f earth and blasted rock masses.

As a result o f the filling activity almost all o f the land area 

has been reclaimed from the sea. The acreage of the grounds co

vered by the city plan is about 0,85 km2. It will become a dwel

ling area for approximately 8.000 inhabitants. The ’’pre- 

construction” works will start in 1997 consisting mainly of 

ground improvement measures.

2. THE SOIL PROFILE

The land fill lays on top o f a very soft organic clay of a thick

ness of 5 ... 6 m. The fill has been dumped to the area since the 

late 19th century. The organic layer was deposited some 8.000 

years ago into the Lithorini Sea. The water content of this layer 

is very high, w= 80 ... 150 % and the undrained shear strength c„ 

= 4 ... 9 kPa. The plasticity index Ip o f the organic clay is 97,5. 

Below the organic layer deposits o f the marine Yoldia Sea and 

Ancylus Lake are found. The lower part is varved clay deposited 

in the Baltic Ice Lake. The total thickness of the natural clay 

layers is up to 25 m. The geotechnical properties of the clay are

shown in figure 1. The shear strength is determined using the 

Swedish Fall Cone test. In this case the the values are higher 

than those obtained by wing sounding in-situ because of a high 

pore pressure due to the backfill.

Due to the technique used in construction of embankments in 

the area, the land fill has penetrated very unevenly into the soft 

organic clay. This has led to a great variation in the stresses in 

the clay layers.

3. HORIZONTAL DEFORMATIONS

The great variation in the stress situation and the poor shear 

strength in the organic clay provides instability in the ground. 

This has been confirmed by measuring the horizontal move

ments in inclinometer tubes. The displacements have varied both 

in direction and magnitude from a few millimeters up to 90 

mm/a. Altogether 35 inclinometer tubes have been installed in 

the area. Typical results in an inclinometer in the area can be 

seen in figure 2. Also the settlements, deriving from the consoli

dation of the clay, have been followed up. The settlement rate 

varies from 10 to 50 mm/a.

In order to obtain data for calculations and design, a full scale 

test was arranged. The arrangement o f the test and the measured 

displacements are shown in figure 3. The dimensions of the test 

embankment and excavation were 15x35 m2. The site was moni

tored with inclinometers and settlement gauges. The pore pres

sure was measured at three levels as well below the embankment 

as the excavation
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Figure 1. The geotechnical properties o f the soil in Arabianranta
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Figure 2. Measured horizontal displacement in an inclinometer 

tube in Arabianranta

The test period was three months. The velocity o f the displa
cements is shown in figure 4.

The test was also simulated with a FEM program, PLAX1S, 

using the Mohr-Coulomb model.

The calculation was done in four steps:

1: Initial stress situation, drained model.

2: Stress situation of existing land fill, drained model.

3: Stress situation at the first stage o f test embankment and 

excavation, undrained model.

4: Final stress situation. Full embankment, undrained model.

The parameters in the calculation were determined from tri

axial tests and adjusted during the calculation to give a result to 

fit the measured one as well as possible. The aim was to find pa

rameters that can be used in later calculations of excavations and 

fillings. The parameters used in the calculation, which provided 

the best results are shown in table 1.

The results o f the final displacement calculation can be seen 
in figure 5.

Table 1. The soil parameters

SOIL G (kPa) V <P‘ c’ (kPa)

Organic clay 130 0,35 30° 1,8
clay 260 0,35 2 2 ° 7,9

■—  07 . 12.1995 

—  20 . 02.1996

Figure 3. Full scale test loading with measured displacements in inclinometer tubes.

Figure 4. The velocity o f the horizontal displacements during the 

test loading.

4. THE DISPLACEMENT BARRIER

To protect the house building sites and future foundations from 

horizontal deformations the whole area is planned to be suppor

ted by structures that resist the loads generated by the movement 

o f plasticized earth masses.

These structures are partly made of blasted rock fill pressed 

through the soft clay. In areas with thick clay layers (over 8 m) 

this method is not practical. Therefore a barrier structure will be 

made using the Deep Mixing Method or some other method cor

responding to it. It is o f importance that the structure will form a 

monolite structure and thus will be able to sustain heavy hori

zontal loads.

A full scale test o f constructing such a monolite honeycomb 

structure will take place in the summer of 1997. The designed 

test structure is shown in figure 6.

The suitable additive for the organic clay in Arabianranta has 

been determined by testing several different additives and addi

tive mixtures in laboratory. Some test results are shown in figure 

7. The laboratory results for the dry mixing method have been 

slightly better than those of the slurry method. Anyhow mixing
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Figure 6. Displacement barrier, test construction.
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Figure 7. Unconfied compression strength o f  stabilized samples 

in laboratory.

been made that as little o f the material as possible will be 

transported out from the area. Instead the contaminated material 
has to be treated in such a way that it safely can be used for 

building purposes in the area. This is also a significant economi

cal decision.

The total cost o f the Arabianranta ground improvement mea

sures will amount to some 33 Million USD (does not include the 

environmental measures). The work is led by the Helsinki City 

Department o f Public Works and will successively be carried out 

during 1997 ... 2013.
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Belastningsriktning

Figure 8. FEM 3 D model o f the displacement barrier.

tests in-situ and practical experience abroad give a strong opini

on that the additive has to be a slurry.

The barrier structure is designed checking the following di

mensioning criterias:

•  Tilting

• Sliding

• Bearing capacity

• Compression stresses

•  Shear stresses

•  Local deformations

The acting horizontal force is 25 kPa, which is actually the 

difference between the pore pressures on the opposite sides of 

the barrier. A 3-D model o f the barrier structure is shown in fi

gure 8. The internal stresses and strains o f the structure were 

calculated with NISA. Though the structure cannot take any 

tension its dimensions and vertical loads have to be such, that all 

parts remain compressed in all possible loading situations.

The required strength for the barrier is:

Between the levels 0 ... -10 the unconfined compression strength 

£ 800 kPa and level -10 ... to the bottom of the structure, the un- 

confined compression strength ^ 1500 kPa.
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1692


