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ABSTRACT: The paper presents the values of settlements for building founded on the geogrid-reinforced
sand layer. The settlements of the continuous foundation were also determined at the similar load for

the following conditions direct foundation on the silty

loam subsoil, foundation resting on the non reinforced

soil layer and foundation with several layers of geonet. The foundation resting on the soil layer shows
the settlements several time lower when compared with the foundation resting directly on the silty loam

subsoil.

1 INTRODUCTION

1.1 Foundation conditions

During modernization of the industrial plant the ne-

cessity has arisen to apply the continuous foundation

footing directly into the silty loam subsoil. Existing
machinery, equipment and installations made an-
other method of walls foundation of the modemized
object impossible. The width of the foundation foot-
ing was limited to 120 cm.

1.2 Types of foundation footing taken into
consideration

The following methods of continuous foundation
footing were taken under consideration:

- directly on silty loam subsoil,
= on the sand cushion,
- on the sand cushion reinforced with 4 layers
of geonet.

The dimensions of the foundation footing cross-
section: 120 cm x 40 cm.
The dimensions of the reinforcing geonet layers:
width 360 cm, spacing 30 cm, thickness 0.26 cm.
The loads applied to the footing: p = 0.1 — 0.5
MPa. :
For material parameters, see Table 1.

2 SETTLEMENT OF FOUNDATION FOOTING

2.1 Numerical model

The calculations were peformed assuming the planar
deflection concept using HYDRO-GEO software

Table 1. Material parameters.

The subsoil of E v ¥ C ()
foundation {MPa] [kN/m'] [kPa] [
Silty loam 15 0.2 20 17 14
Light compacted 45 026 - 175 0 28
sand )

" Medium compacted 80 026 18 0 28
sand \
Layer reinforced 150 025 14.2 30 30 -

(Dtuzewski, 1997). The method of finite elements
was used in relation to deflections description.

The elasto-plastic model of the subsoil was adap-
ted based on Culomb-Molir plasticity comdilions:
The independent plastic flow law were applied assu-
ming that materials within a plastic range of stress
are un-compressible. In all numerical analyses six-
noded triangular isoparametric elements were used
of second stage shape functions. The settlement cal-
culations were carried out for the foundation footing
of the width 120 cm founded as follows:

a) directly on silty loam,

b) on sand cushion of modulus E =45 MPa

¢) on sand cushion of modulus E = 80 MPa

d) on sand cushion of modulus E =45 MPa rein-
forced with 3 layers of geonet

e) onsand cushion of modulus E = 80 MPa rein-
forced with 3 layers of geonet

f) on sand cushion of modulus E = 45 MPa rein-
forced with 4 layers of geonet

g) on sand cushion of modulus E = 80 MPa rein-
forced with 4 layers of geonet.
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Figure 1. Finitte-element model.
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2.2 Foundation resting directly on silty loam
subsoil

p=0.1MPa—-0.5 MPa

E=15MPa v =02 y=20 k N/m’

c=17 kPa ¢ = 14°

SILTY LOAM

Figure 2. Direct foundation.
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Figure 3. Settlemet of the foundationresting on loam (case a).

2.3 Foundation resting on un-reinforced sand
cushion

p=0.1 MPa— 0.5 MPa

SAND 150 cm

SILTY LOAM

Figure 4. Settlement of foundation footing resting on un-
reinforced sand cushion.
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Figure 5. Settlement of a foundation footing resting on un-
reinforced sand cushion. -

The settlements were calculated for the foundation
resting on sand cushion of 150 cm in thickness and
1190 cm in width. To variable densities-of the cush-
ion were taken into consideration.

2.4 Foundation resting on reinforced sand cushion
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Figure 6. Foundation resting on a sand-cushion resting rein-
forced with 4 layers of geonet 30 cm apart.
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Figure 7. Settlement of foundation footing resting on sand
cushion reinforced with 4 layers of geonet. (cases “g” and “f”).



The results of settlements for different types of foot-
ing foundations are given in tables.

Table 2. Settlements of foundation resting directly on the sub-.
soil.

Load Settlement
[MPa] S [cm]
0.1 -2.2
0.2 -8.5
0.3 -26.1
04 -849
0.5 -130.7

Table 3. Settlements of foundation resting on sand cushion.

of geonet vertically spaced every 30 cm. The sand
incorporated in the cushion will possess the modulus
of elasticity above E > 80 MPa. At this method of
foundation the footing may transmit the load p = 0.1
MPa. Notwithstanding the application ofsand cush-
ion, the weak layer of silty loam underlying the
cushion possess significant influence on a settlement
values.

The computations completed show, that maxi-
mum effect of application the sand cushion exists
when loads on foundation footing are p > 0.30 MPa.

‘At these loads the difference between settlements

Load Sand cushion modulus  Sand cushion modulus
{MPa] E =45MPa E =80 MPa
Settlement S fom] " Settlement S fem] _
0.1 -1.5 . -1.2
02 4.2 -34
0.3 -8.8 =69
04 -18.8 -12.3
0.5 ‘ -29.6 -20.3

Table 4. Settlements of foundation resting on sand cushion re-
inforced with 4 layers of geonet.

Load . Sand cushion modulus

calculated for the reinforced and un-reinforced cush-
ion reaches few centimetres. At lower loads, those
differences in settlements are ranging from 2 to 3
cm. A significant effect of the cushion application
has the compressibility of the underlying soil layer.

~ The silty loam existing beneath the designed footing

made impossible to aplly the loads above 0.1 MPa.
The calculations completed show, that insufficient
compaction of sand in a cushion causes its additional
settlement of about few millimetres, at the loads be-
low p < 0.3 MPa and of few centimetres at loads
above 0.3 MPa. The compaction of sand in the
cushion has higher influence on settlements values
of the un-reinforced cushion when compared to .one
reinforced with geonet.

3 CONCLUSIONS

Sand cushion modulus
[Mpa] E =45 MPa E =80 MPa
Settlement Settlement
S {cm] S fem]

0.1 -1.3 -1.1
0.2 -34 -3.0
03 -6.1 5,7
04 =10.0 9.5

0.5 -15.2 , © -14.6

Designed 120 cm wide continuous foundation foot-
ing is resting on silty loam subsoil. Usually for co-
hesive soils the maximum settlements are limited to
3% of the-footing width: At the direct foundations
the settlements are to be limited to slim = 3.6 cm
(Brzgkata and Hung Son, 2000). For the industrial
plants foundations, due to the existing machinery
and equipment, such high values of scttlements can
not be accepted.

Therefore, the maximum allowable settlement of

. 1% the footing width has been accepted slim = 1.2

cm. For such settlement value the foundation foot-

. ing under consideration will be founded on the cush-

ion of 150 cm in thickness, reinforced with 4 layers
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- The application of sand cushion reinforced
with 4 layers of geonet allowed the founda-
tion of footing on soft silty loam subsoil.

- The compressibility of underlying subsoil ex-
erts significant influence of a sand cushion
application,

- Insufficient compactlon of sand in a cushion
exerts higher influence on the settlements val-
ues of an un-reinforced cushion than one rein-
forced with a geonet.
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