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Installation

Driven cast in-situ (DCIS) piles

Reinforced concrete pile for high-rise
buildings and onshore wind turbines.

Pile lengths up to 50m, installed vertically
orupto 20 degrees.

Installation sequence

1. Positioning of casing onto sacrificial disc

2. Impact driving of closed-ended casing by
Hydrohammer®

3. Disconnect Hydrohammer® to insert rebar 1 b J
cage and pour concrete into casing 1 N l !
r

4. Reconnect Hydrohammer® to retrieve 1 ' l
r
1 If

casing by pulling and simultaneously
applying high-frequency, low-energy
blows
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Installation

Operational risks

* Increasingly large DCIS pile diameter
resultsin larger casing retrieval forces.

* The pulling force of piling rig is limited
to approx. 80 - 100 tons.

= Insufficient pulling force resultsin loss
of casing when filled with hardened
concrete.

Risk mitigation and research objective

» Improve geotechnical knowledge on the
effects of Hydrohammer operations
with high-frequency, low-energy blows
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Project details

Cast in-situ piles

For each onshore wind turbine, 41driven cast
in-situ (DCIS) piles are installed, in an array
arranged around the @20m foundation
circumference.

* Diameter=610 mm

« Penetration depth=22m
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Project details

Installation equipment

® Extraction cat(3.5t)
Spring package, sheave
block, grommets and link
plates

® Hydrohammer S-90 (10t)
Leader-guided hydraulic
impact hammer of 90 kJ

o

®——® Extractioncap(2.0t)
Anvil and housing

Steel pile casing (11.3t)
#610mm x 25m length,
32mm wall thickness

IQIP
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Cap pressure
To accelerate the
ram weight with 2g

Pressure
accumulator

Quickly switch valves for
short lifting strokes to
achieve 120-180 blows/min

Anvil
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Project details
Cone resistance, qc [MPa]
Soil conditions 0 10 20 30 40 80

The project site provides 3 CPT 0
records (.GEF format) arranged at
120-degree intervals around the

@20m foundation circumference: 5
@® CPTO1 E
@® CPT02 £10

&
@® CPTO03 o
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The soil profile is interpreted as: g
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» Clayey SAND/sandy CLAY; 20
+  Lowstrength CLAY;
* Medium dense to dense SAND. 25
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Friction ratio, Rf[%]
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Casing drivability back-analysis

Optimize SRD method

Soil via back-analysis
CPT records &
borehole logs

g Yo

Casing
Geometry &
materials

1. SRD method
CPT-based calculation
of soil resistance

3. Installation
Actual blow
countand energy,
pulling force

2. Simulation
Predicted blow
count and energy,
and pulling force
t
Equipment

Impact energy &
piling rig force
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Casing installation

The pile driving records of the
Hydrohammer are logged for each
casing installation:

@® Blow energy

O Blow count

Penetration depth [m]
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Casing drivability back-analysis

The pile driving records of the
Hydrohammer are logged for each
casing installation:

@ Blow energy (as-built)

O Blow count (as-built)

The actual blow energy is used for
drivability back-analysis to derive the
soil resistance to driving (SRD) :

@® Uncorrected SRD:
Theoretical SRD is over-
estimated (i.e. more blows
compared to as-built).

Penetration depth [m]
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Casing drivability back-analysis
Blow energy [kJ]

The pile driving records of the 30 45 60

Hydrohammer are logged for each
casing installation:

@ Blow energy (as-built)

O Blow count (as-built)

The actual blow energy is used for
drivability back-analysis to derive the
soil resistance to driving (SRD) :

@ Uncorrected SRD:

Penetration depth [m]

Theoretical SRD is over- &,

. . ®
estimated (i.e. more blows %'
compared to as-built). )

@ Corrected SRD: 05
Iteratively adjusted SRD through
0 15 30 45 60

blow count matching for a
selection of 9 DCIS piles.
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Casing retrievability

The casing retrieval force is derived 0
according to several methods:

@ Tension capacity:
Theoretical resistance ICP05 5
(Jardine et al. 2005).

E

@ SRD shaft: 0
Theoretical resistance to 3
driving (Alm & Hamre, 2001). '2
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Casing retrievability

The casing retrieval force is derived 0
according to several methods:

@ Tension capacity:
Theoretical resistance ICP05 5
(Jardine et al. 2005).

Penetration depth [m]
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Cast in-situ piles

Casing retrievability

The casing retrieval force is derived
according to several methods:

@ Tension capacity:
Theoretical resistance ICP05
(Jardine et al. 2005).

@® SRD shaft:
Theoretical resistance to
driving (Alm & Hamre, 2001).

@ SRD shaft:
Back-calculated resistance to
driving (Alm & Hamre, 2001).
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Casing retrievability

The casing retrieval force is derived 0
according to several methods:

@ Tension capacity:
Theoretical resistance ICP05
(Jardine et al. 2005).

@® SRD shaft:
Theoretical resistance to
driving (Alm & Hamre, 2001).

@ SRD shaft:
Back-calculated resistance to
driving (Alm & Hamre, 2001).

Penetration depth [m]

The as-built casing retrieval force is 20

derived from piling rig records:

O Net extraction force: 25

Logged pulling force from the 0 400 800

piling rig records, excluding mass
of follower and equipment.

Follower

1200 1600
Force[kN]

Casing retrievability back-analysis

Optimize SRV method

Soil via back-analysis
CPT records &
borehole logs
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Geometry &
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1. SRV method
CPT-based calculation
of soil resistance

2. Simulation
Predicted blow
count and energy,
and pulling force

Request for data set
of cast in-situ project
to optimize
calculation method

Equipment
Impact energy &
piling rig force

3. Installation
Actual blow
countand energy,
pulling force
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Results and conclusions 'g
4
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For 9 selected DCIS piles, the as- Pile Tensile Shaft Shaft | Retrieval i
built casing retrieval force is casing | capacity SRD SRD force EE )
consistently lower (27-48%) than (theo) (theo) (back- | (as-built) D f
the back-calculated shaft SRD. cal.) ;} _\!('I
[kN] [kN] [kN]  @[kN] gg’ﬂu
il
The reduced soil resistance is §3‘|' [1

. - - B

attributed to application of high: 10 1860 1545 1005 557 / i ,!;, :‘:
frequency (2-3 Hz), low-energy / = -]
blows by the Hydrohammer®. n 773 451 5‘
24 1106 578 4:
Mechanism is comparable to 3 '
vibratory pile driving (Jonker et 25 1523 1264 885 534 ;I
N |

al. 1988, SBR 2017). 2% 101 547 I ‘l

N
35 772 562 —=

To confirm this trend, a wider v wk

range of soils and piles needs to 36 1783 1403 1017 553 :

b lysed. -

e analyse 37 877 530
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