“Piles In settling soil
conditions”

Dr. Mandy Korff
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Topics for todav’s seminar

‘ Introduction
\ J  Subsidence
F [ Soil — Pile Interaction

“ Case Amsterdam

? Conclusions & Discussion
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Examples of land subsidence in large cities —
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Amsterdam Singelgracht
‘natural’ behaviour (in polder system)

Building settlement 0-2 mm/year
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Previous work by Esvir Jacobzs a.o. for tunnels

ailway lines {. Made |

1 ‘L Terrace Gravals

\ London Clay

Downling Upnor Silt & Clay

Simplified approach:

 End bearing piles settle same as
green field pile tip level

* Floating piles settle same as
green field surface level
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End bearing piles: reduction in the pile base load (due to stress relief)
will result in the mobilisation of positive shatft friction.

The soil and pile will settle the same amount at the neutral point.

Friction piles above tunnels will move with the ground movements,
which may differ from the green field situation (load transfer).
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The buildings in the influence zone of the
ground water lowering may experience
several phenomena:

1. settlement of the pile tip due to soil
deformations below the base of the pile

2. development of negative skin friction
due to relative movements of the soil
and the pile shaft
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The buildings in the influence zone of the
excavation may experience several
phenomena:

1. settlement of the pile tip due to soil
deformations below the base of the pile

2. development of negative (or positive)
skin friction due to relative movements
of the soil and the pile shaft

3. reduction of pile capacity due to lower
stress levels

4. redistribution of pile load over the piles
under the building slab, the building
wall or a foundation cap or beam

5. horizontal deformations of the piles
(causing bending of the pile).
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Settlement of the pile tip due to soil deformations below

Determine with FEM
or Aye et al (2006):
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Combination negative skin friction and soil deformation

Fbuildiug
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Combination negative skin friction and soil deformation

working load W [kN]
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Combination negative skin friction and soil deformation
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Combination negative skin friction and soil deformation
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Combination negative skin friction and soil deformation
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W/Omax [-]

Shatft friction increases
with depth in this example
(factor 5)

Pile infinitely stiff
deltaS/Dz=2
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Combination negative skin friction and soil deformation

This interaction level z/L depends on the following dimensionless
factors:

- the working load on the pile compared to the maximum failure load
- the percentage of end bearing and shatft friction

- the shape of the soll settlements with depth

- the distribution of the maximum shatft friction with depth

W Qb A_S t max;Lp
Wmax Wmax Dz t max;0
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The response of piled buildings influenced by settling soil conditions:

« Determine green field soil deformations e.g. with FE-analysis
« Settlement of piled structures can be predicted based on;
> working load vs pile capacity
> relative soil displacement between surface and base layer
> pile flexibility
> % end bearing - % shatft friction
* If these are unknown, a large uncertainty remains.
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NorthSouth-Line Amsterdam

Ala Q [} a h h Ala
\J AV U/ \J

E— -5 =
[T ___tLes N o . . )
-H;i‘:i_‘ﬁ;i;* - —— Fill
= — ~ Holocene
1 HEEE= S 19 sand layer
= — Allerod

— 2" sand layer

— Glacial clay

—— 3dsand layer

Deltares



NAP +0,36 m

| NAP =20 m

NAF =3.2 m

NAP =50 m

NAF =66 m

MNAP =100 m

NAP —105 m

NAP =110 m
MAP =115 m

Drawing: NorthSouthline project

Fill

Peat

Clay

Sand

Peat

Clay

[T

Peat

1st Sand

Deltares



pew e Robotic Total
R ——— . Stations
| buildings in
P I A I S ) X, Y, Z dir.
¢ Inclinometers in
RN I diaphragm
- wall
Inclinometers +
Extenso in
I the soll
Surface manual
Top view Cross section extenso- and inclinometers

Deltares



Settlement during
excavation only

Settlement decreases with
depth

Width of the through is
smaller at depth
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Analysis of 3 deep stations, with all construction stages, comparing
surface, building and subsurface monitoring:
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Analysis of 3 deep stations, with all construction stages, comparing
surface, building and subsurface monitoring:
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Low interaction factor between 0 and 0.5 (=high neutral level):

- Buildings built before 1900, with Foundation Class 3 (out of 4)
- Buildings without basement
All other buildings: z/L between 0.5 and 1.0 depending on W/Wmax.
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The response of piled buildings influenced by settling soil conditions:

« Determine green field soil deformations e.g. with FE-analysis
« Settlement of piled structures can be predicted based on;
> working load vs pile capacity
> relative soil displacement between surface and base layer
> pile flexibility
> % end bearing - % shatft friction
* If these are unknown, a large uncertainty remains.

Deltares



The response of piled buildings influenced by settlement from deep
excavations :

Stress relief at pile tip leads to extra positive shatft friction.
Building settles less than surface, but more than foundation layer

Piled buildings tend to follow the soil deformations at interaction
level; difference in response end-bearing and friction piles;

> Depends on working load vs Wmax

> Depends on relative soil displacement

> Depends on pile flexibility

> Depends on % end bearing - % shatft friction

Expect significantly higher interaction levels for old buildings
without basement than for modern end bearing piles (interaction
level old piles z/L = 0.3-0.8, renewed piles 0.8-1.0)

Interaction level can be predicted sufficiently good if working
load and pile capacity are known. If they are unknown, a large
uncertainty remainsLoad redistribution will influence the
settlement depending building stiffness.
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