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Summary
For a 100,000 m? area just southwest of Hillergd city GEO has been asked to carry out a
geotechnical investigation. A specific project is not yet known to us.

The objective of the investigation — besides to form a general view of the soil and water
conditions — is to provide the necessary basis for assessment of the type of foundation.

The field investigations have comprised borings with soil sampling and vane shear tests
in shallow borings in a net of app. 100 x 100 m?.

The thickness of the top soil layer varies on the major part of the area from 0.3 m to 1.2
m. In local areas in the northern and southeastern part of the area represented by bore-
hole log 4 and GB 4 (northern) and borehole log 10 (southeastern) fill has been met to a
thickness of 3.5 m (northern) and 1.6 m (southeastern).

The groundwater level is measured to 0.4 m to >3.0 m below ground level.

The highest possible level suited for a shallow foundation (spread foundation) is deter-
mined as top of glacial or late glacial deposits just below the top soil and fill and denoted
level 2 in the borehole profiles. A first estimate of the strength parameters for the soil
has been assessed for the design of the foundation.

When the projects are known, specific soil investigations must be performed to reduce
the distance between the borings and to give a more precise estimate of the strength
parameters for the soil layers.
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1 Project and Objective

Hillersd Kommune wants to sell an area of 100,000 m? just southwest of the city. The
areas are shown on the location plan in Enclosure No 1.1.

The objective of the investigation — besides to form a general view of the soil and
groundwater conditions — is to provide the necessary basis for assessment of the type of
foundation.

A specific project is not yet known to GEO. So the investigation is based on shallow bor-
ings in a net of app. 100 x 100 m?.

From Hillered Kommune we have achieved the results from some earlier investigations
carried out on the site by COWI. A number of borings from these indvestigation are in-
cluded in this report.

2 Field Investigations

The field investigations have comprised borings with soil sampling and vane shear tests
in the boreholes.

Placed as shown in the location plan, Enclosure No 1.1, geotechnical borings (Nos 1-12)
were carried out. The boreholes were carried out as 4 inch cased borings. Remoulded
samples were extracted and vane shear tests were carried out in the boreholes.

In all of the boreholes standpipes have been established, and the groundwater tables
were registered 2008-04-08 just after the borings were finished. The groundwater levels
are shown in Enclosure No 1.1, page 3/3.

The samples were geologically described by an engineering geologist in accordance with
“Vejledning i Ingenigrgeologisk pravebeskrivelse” /1/. Lithological descriptions included
an evaluation of depositional environment and age of the sample material.

For selected samples, classification tests were executed to determine the natural mois-
ture content w.

The positioning and levelling of the boreholes were carried out by GEO using GPS naviga-
tion system.

The boring logs with all observations and measurements are shown in Enclosure Nos 1.2-
1.11. Legends and Abbreviations are shown in the enclosed GEO Standard.
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The supplementary logs from borings nos. GB1-GB10 and GB14-GB16 from the earlier
investigations are shown in appendix 1.A

3 Soil Conditions

The area is in level +30 m to +36 m lowest in the south-eastern -, the south-western -
and the north-western corner of the area.

The areas are dominated by late glacial and glacial deposits covered with top soil depos-
its. The top soil consists mainly of sand muill.

The top soil layer varying in thickness from 0.3 m to 1.2 m has been encountered. Be-
neath the topsoil glacial deposits are predominant. The deposits mainly consist of clay
till, but sand till and melt water sand have also been encountered. In local places late
glacial melt water sand or melt water clay has been found just beneath the fill.

In local areas in the norther and southeastern part of the area represented by borehole
log 4 and GB4 (northern) and borehole log 10 (southeastern) fill has been met to a
thickness of 3,5 m (northern) and 1,6 m (southeastern).

Locally just south of our borehole no 6 the investigations off COWI shows a local area
with fill thicknes up to more than 5 m representing the backfilling in an old gravel pit.

4 Groundwater Conditions

The measurements in the stand pipes 2008-04-08 showed a groundwater table 0.4 m to

>3.0 m below ground level.

In periods with heavy rain the firm and dense clay till will form a nearly impervious lower
boundary, and the fill and top soil will become saturated for a period of time.

The groundwater level representing the deep layers (limestone) is in approximate level
+15 m to +17 m.

5 Foundation Design
5.1 General

The highest possible level suited for shallow foundation (spread foundation) is deter-
mined as the top of glacial or late glacial deposits. This level is denoted “Level 2” and
shown on the location plan, Enclosure 1.1, page 2/3.
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“Level 3” is defined as top of firm soil layer with c, > 150 kN/m?Z. It has only been possi-
ble to give this level in a few of the borings, and the level is vere difficult to identify while
the borings are not very deep.

Bottom of top soil and fill constitute the proper base level for roads and floors. This level
is denoted “Level 1” in the location plan.

“Level 2” is less than 0.9 m (to 1.2 m) below ground level in most of the areas. The
foundation type most suitable in these areas will be a shallow foundation (spread foun-
dation). “Level 3” is expected approximately X m below ground level.

In the local areas where fill has been detected to a thickness off 3.5 m (northern part of
the area) a pile foundation would be natural if the lowest floor level is in ground level.
Where fill has the thickness off 1.6 m a shallow foundation will still be suitable.

5.2 Spread Foundation

The design of the foundations must be in accordance with the European Code of Practice
for Foundation engineering (EC 7) with the national Danish Anneks, ref. /2/.

In the actual soils the undrained shear strength c, is equal to the shear strength c, mea-
sured in the vane shear test.

As a preliminary estimate the following characteristic strength parameters are suggested
at the foundation base:

- Undrained failure: Cuk = 50 to 70 kN/m? in Level 2
Cuk > 150 kN/m? in Level 3

- Drained failure: O'pix = 37° c'yx = 0 in Level 2,
Q'pix = 38°% c'yx =0 in Level 3

The largest dimensions found by these two analyses shall be chosen.

When the projects are known, supplementary borings have to be performed to give a
more precise estimate of the strength parameters.

When founded in accordance with these guidelines, the settlements are expected to be
small and without structural significance, provided that the casting of the concrete in the
foundations takes place on undisturbed soil (after previous cleaning of loose and sof-
tened soil).

On the basis of the ground water levels, it is our estimate that basements down to 2 m
to 3 m below surface can be built with normal drain. For deeper basement, supplemen-
tary investigations (borings) have to be done.
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5.3 Pile Foundation

The pile foundation must be dimensioned as described in EC 7, cf. ref. /2/. New bore-
holes to the expected pile tip level must be performed.

6 Excavations

Excavation works for foundations (buildings with lowest floor at ground level) and roads
are not expected to provide significant groundwater problems on the present basis. Pos-
sible groundwater flow and surface water may presumably be removed by simple drains.
For deeper excavations specific soil investigations must be performed.

7 Further Investigation

When the projects are known, specific soil investigations must be performed to reduce
the distance between the borings and to give a more precise estimate of the strength
parameters for the soil layers. The investigations shall cover specific problems as pile
foundation and groundwater problems for deep excavations etc.

8 References

/1/ A guide to engineering geological soil description.
DGF-Bulletin 1, Revision 1, May 1995. Danish Geotechnical Society

12/ Eurocode 7 : Geotecnical design (DS/EN 1997-1) with EN 1997-1 DK NA
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GEO Sag no. 31373
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Signatur:

a Geotechnical boring
@ a: Borehole no.

b b: Level 2 (m below ground level)
Top of glaciale & late glaciale
deposits

Local area where fill thickness is
more than 1.5 m
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Signatur:
b.a Geotechnical boring
@ a: Borehole no.
c b: Ground level
d c:Level 1
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e: Level 3
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