Stabilisation of a 8.000 tons concrete storage silo with micropiles
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1. Subject

In 1991 extension works have been conducted in the plant of Messrs. Calumite S.A. in Esch-sur-
Alzette/Luxemburg. These extensions included 2 batteries of cylindrical silo’s in reinforced concrete, the first
one consisting of 3 tangent silo’s in line, the second one comprising 7 silo’s in total, forming a L-shape
construction. Both units are founded on a 1 m thick slab foundation on the soil in place.

Shortly after the initial exploitation of the silo’s in April 1992, subsidence and tilting of both units were
observed. As a result, already in 1993 the smaller unit has successfully been stabilised by the installation of
Jet-grout columns. At the location of the larger unit, the initial tilt was less dramatic. Therefor, only a
resurfacing of the asphalt pavement and of the rails towards the slab was performed. However, it appeared
during the next years, that the slab settlements were going on, combined with an ever increasing tilting of the
structure. The client consequently decided in 1896 the need to stabilise this unit as well.

By the author, at that time managing the design department of Franki, a number of possible solutions have
been analysed, from which finally the use of micropiles with a 1.000 kN capacity was retained.

The innovative aspect of the stabilising works was not the piling technique as such, (although micropiles of
such a high capacities hardly had been used in Belgium before), but has mostly to deal with the engineering
and the management of the entire design and execution process. This however would not have been
possible without the constructive collaboration of the client himself, on one hand, and the control organism
Secolux, on the other hand.

2. Data concerning silo, subsoil and foundations

Figure 1 shows a schematic plan view of the localisation of both units and the 4 bench marks used for the
topographic survey of the settlements. The total surface of the L-shaped foundation slab amounts to about
302 m®. The height of the structure is approximately 36 m. The total load of the complex amounts to about
74.000 kN (when all silo’s are filled to their maximum), from which 31.500 kN is proper weight (slab +
construction + equipment) and 42.500 kN storage weight.
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Figure 1 — Plan view with location of silo units and bench marks
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Figure 2 Typical results of soil investigation — Pressuremeter test S6

In the vicinity of the 4 foundation slab corners, a soil investigation comprising Menard pressuremeter tests
was conducted in 1195. A typical test result is given in Figure 2. The subsoil consists essentially of marl:

¢ Atop layer until about 7 m depth, consisting of brown weathered shaley marl

¢ Grey hard marls at larger depth.

Contrary to what was expected, it appeared that the subsoil was quite homogeneous in the horizontal plane.
The weathered marl was characterised by pressuremeter moduli EM of about 18 MPa on average in the NE
corner and of about 20 MPa in the SW corner; the limit pressures in this layer are of the order of 1 to 2 MPa.
In the subjacent hard marls, the pressuremeter moduli go up to values of > 500 MPa, with limit pressures
generally exceeding the 6.0 MPa maximum capacity of the pressuremeter apparatus.

Taking into consideration the test results and the soil homogeneity, it was obvious that the differential
settlements occurred were not due to the variability of the soil conditions, but were mainly results of the
eccentricity of the construction loads with regard to the foundation slab. In fact: while the load eccentricity of
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the proper weight of the construction is rather small (average soil pressure below the slab of about 105
kN/m2), one has to consider that the SW silo’s 1 and 2 have a much smaller storage capacity then the other
silo compartments. Next to that, also the filling degree of the various silo’s might change considerably (with a
maximum storage load of 7.500 kN/silo). One deduces from a simple calculation that the extreme contact
pressures under the slab may vary between about 150 kN/m2 in the SW corner and 340 kN/m? in the NE
corner.

3. Demands for the stabilising works.

Next to a high level of goodwill and collaboration, the owner also expressed a number of specific requests
and boundary conditions to be considered with regard to the stabilising works.
. the storage unit had to remain fully operational at all times
2. demolition works of the asphalt pavement, drainage pipes and miscellaneous underground services
had to be avoided
3. the contractor had to guarantee that no further increase in differential settlements and leaning would
occur; to the contrary: a slight reduction of the existing tilt would be very much appreciated.

4. Engineering of the design

4.1. Generalities

Considering the owner boundary conditions 1 and 3, only the following 2 solutions were further taken into

consideration:

e the execution of a soil improvement and stiffening my means of Jet-grout columns (as was applied for
the small storage unit)

e the underpinning of the construction with micropiles, anchored in the foundation slab, on one hand, and
the deeper hard marl, on the other hand.

For technical as well as economical reasons, Franki proposed the micropile solution.

A number of questions raised when starting the pre-design:
1. Should the micropiles be designed or not to take up the entire load? This question of often a point of
discussion when using micropiles for underpinning.

2. Which anchoring (bonding) resistance can be achieved between the 1m thick concrete slab and the
micropile? Using purpose made anchoring mortars? Does the roughness of the hole drilled through
the slab have any influence?

3. Which end bearing and shaft friction can be achieved between the micropile and the deep hard marl?
The soil investigation was only giving a lower limit of the soil strength parameters, on one hand, and
only little experimental data were available on micropiles in these marls, on the other hand.

In order to obtain further information and being able to optimise the design of the underpinning, the following

basis of design was agreed with the client and the control organism Secolux:

» The persistent actions on the micropiles were considered to be restricted to the bulk weight only. The
total action of both bulk and construction weight was handled as an accidental action.

* These actions had to be calculated for all possible combinations of empty and full silo compartments.

Furthermore the following tests have been performed to assist the design:

¢ Installation of a test pile in the close vicinity of the pile, and execution of a loading test in compression,
using 2 nearby grout anchors as reaction element.

¢ Installation of 4 test anchors in the concrete foundation slab and execution of a pull out test on each
anchor. For these anchors, 2 different types of anchor mortar as well as 2 types of finishing of the bore
wall finishing (smooth and roughened) have been used.

4.2.. Test pile

The test pile was installed in the vicinity of the pressuremeter test S6 in the SW. The pile penetrated over a
length of 2.5 m in the deep hard marl, that means to a depth of 7.6 + 2.5 = 10.1 m. The drilling was
performed uncased, using a down the hole hammer and a tungsten bit diam. 113 mm. A Gewi bar diam.
63.5 mm (St 555/700 - Fg| = 1.760 kN, Frupt. =2.217 kN) was used as reinforcement.
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Right and left of the test pile 2 13.6 m long grout anchor was installed at a distance of 3.0 m from the test

pile.

The loading test was conducted in loading steps of 100 kN, up to 2 maximum value of 1.000 kN. As the
kentledge system suffered from some lateral displacements during the load test, some corrections on the
vertical displacements have been needed. From the test results (see Figure 3), it appears that:

« the ultimate resistance with the 2.5 m anchoring length in the deep marl largely exceeds 1.000 kN; it was
further deduced from the settlement rate, that even at 1.000 kN, no yielding phenomena were observed;
from these, it was decided to reduce the anchoring length of the piles to 1.4 m, for which the ultimate
resistance was estimated to be of 1.025 kN.

o from the pile head displacement of about 7 mm at 500 kN load, a spring constant (when using a Gewi-
bar of 50 mm instead of 63.5 mm) of about 50.000 kN/m was defined.
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Figure 3 Load-displacement curve of test pile

4.3, Test anchors in the foundation slab

Four core drillings of 1.0-m length were performed in the concrete slab, using a diamond core drill @ 150
mm. Two of the holes were roughened. A Gewi-bar @ 63.5 m was centrally placed in each bore hole, which
was subsequently filled with anchoring mortar. Two types of mortar were used, having so 4 different
situations

The anchors were stepwise loaded in tension. The tests were continued until a maximum test load of 1.500
or 1.650 kN (what is already close to the elastic limit of the bars). No single anchor could be pulled out at
maximum test load. The results of the loading tests are summarised in the table below.

Type of anchoring Maximum test load Displacement at 600 kN | Displacement at 1500
load kN load
Smooth — mortar 1 1.650 kN 0,11 mm 0,51 mm
Smooth — mortar 2 1.650 kN 0,30 mm 1,06 mm
Rough — mortar 1 1.500 kN 0,19 mm 0,78 mm
Rough — mortar 2 1.650 kN 0,25 mm 0,92 mm

One deduced from the anchoring tests that:

+ the ultimate anchoring resistance is of at least 1.650 kN

¢+ the displacements of the anchors remain very low, even at high load levels

¢ both mortars are satisfying;

¢ no real difference could be observed between the smooth and the roughened hole.
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Figure 4 Layout with the micropile locations

Taking into consideration the above mentioned material design values, the optimal number and location of
the micropiles have been defined by iteration, considering a rigid foundation slab on springs. Seven load
combinations (with empty or full silo compartments) have been analysed. This resulted finally in a total of
exactly 100 micropiles of 8.0 m length. The pile configuration is given in Figure 4. When defining the pile
locations, consideration has also been given to the accessibility conditions to the drilling rigs, as well as to the
request by Secolux to avoid as much as possible the reinforcement bars in the slab in order to minimise the
decrease of bending resistance of the slab. A cross section is given in Figure 5.
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6. Execution

The plant and the exploitation of the silo units have been maintained fully operational during the entire
execution period of the micropiles. A strict planning in order to keep the silo’s accessible for bulk loading
was defined with the client, and adjusted as necessary. The entire execution was completed to full
satisfaction of the owner.

7. Conclusions - one year later

The stabilising works have been executed in September-October 1996. After completion, new topographic
surveys have been executed on the 4 still existing bench marks. The results are given in Figure 6

Although a far going evaluation and interpretation of the settlement after treatment are impeded by the
variation in location and volume of the bulk in the various silo’s, one clearly observes a complete change in
the settlement evolution. Settlement apparently completely stopped at the most loaded East side. At the
West side, settlements are strongly attenuated, almost to zero as well.

geo.be bvba Hunselveldweg 33 " Tel+3254 328098
Geofechnical Expert Office B-1750 LENNIK/BELGIUM Fax +32 54 34 41 08



Int. Workshop Micropiles, Turku June 2000 Page 7/7
Stabilisation of a 8.000 tons concrete storage silo with micropiles — ir. F. De Cock e.a.

Time (months)
0 10 20 30 40 50 60 70

20

40 1

60

80

100

120~

140
Settl. (mm)

|=—MB. 1 ——MB. 2 MB.3 —=NMB. 4 |

geo.be bvba Hunselveldweg 33 Tel +32 54 32 80 98
Geotechnical Expert Office B-1750 LENNIK/BELGIUM Fax +32 54 344108



