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* DEEP VIBRO TECHNIQUES
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DEEP VIBRATORY TECHNIQUES

VIBRO-REPLACEMENT

VIBRO-REPLACEMENT

Antes
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Priebe (1995)
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DRY METHOD (Bottom feed)
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DEEP VIBRATORS

Cylindrical vibrator: 3-5 m length

Electric engine [ u

Excentric mass

Horizontal displacemen

Gravel Top-feed Gravel Bottom-feed Vibrator motion

Vibro-Compaction Vibro-Replacement (dry method)
Vibro-Replacement (wet method)
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Vibrocompaction Vibroreplacement (Stone Columns)

Video disponivel em:

) KELLER



https://www.youtube.com/watch?v=vDe6Y8RoBIE
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LITERATURE: DEEP VIBRATORY TECHNIQUES

DEEP FOUNDATION Ground
IMPROVEMENTS: Improvem ant
DESIGN, CONSTRUCTION b
AND TESTING
Esrig/Bachus, editors
4y

GROUND
IMPROVEMENT
BY DEEP VIBRATORY
METHODS

KLAUS KIRSCH AND FABIAN KIRSCH

Edited by Klaus Kirsch and Alan Bell
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STANDARDS AND GUIDELINES

BRITISH STANDARD BS EN
14731:2005

1. European Standard: BS EN 14731:2005
“Execution of special geotchnical Works — Ground
treatment by Deep vibration”

(Equipment, Procedures, Materials, Qc/Qa)

Execution of special
geotechnical works —
Ground treatment by
deep vibration

2. Guide: Design and Construction of Stone Columns (Vols. 1y 2)

Federal Highway Administration USA (FHWA). 1983 'SD'?[s]wgcAﬂNL%ﬁI%INSSTHUETmN OF Eﬂfnlii;?{jé‘;’iim;
2 volumes: Vol. 1 FHWA/RD-83/026 y Vol. 2 FHWA/RD-83/027 VOL. | b okl
(Equipment, Procedures, Materials, Qc/Qa, Design, Examples) Q
US Department FP‘NVAJHD‘-BafO?_G
of ransportation Final Report
Federal Highway
Administration December 1983
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IMPLEMENTATION
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» Marine works. Near and offshore. Dykes and berths. ¢ Bearing Capacity

» Tanks, silos, large containers. » Control of settlements. Acceleration of consolidation
» Buildings, warehouses. Wind turbines, etc. » Liquefaction mitigation
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Vl B ROC o M PACT' O N Freq. Amplitude Horiz. Force ~ Weight Diameter

. o Hz  mm kN kN mm
—High densification effect by: 2560  6-50 150-700 15-45 300500

- Lateral displacement

- Transferring high vibration energy
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VIBROCOMPACTION: Preliminary assessment

. Log setiling velocity in cm/sec B.S. Sieve Numbers Aperture size in inches
Suitable zone for PO S M 8 2T LESTE S AT EE
V.b t. QO HH -+ - -.<_L = AL HH A Qh%iQE ol oL 90
ibrocompaction sl P FEERE YT AN -
g Lol DL AN ”
treatment E ™ | SR % ’°§
post R . 3 N 60
g = C \\§ Q o /,
S 5o N L\\: \% 50 §
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SUITBILITY NUMBER (Brown 1977) E 2 ‘EQNE%:\ // o g
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3 1 ] 10 adfs Q%\Qbﬁ 10
SN =1.7- +—+ 0 SN / 0
B 7 2 D2 0006 OfG .?z .06 f wf 2 GL 2lo 60 000
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Dso Dy Dy o[ 2zl ] o ool Lo Lot ool souoers
Paorticle Size in mm

Suitable soils for vibrocompaction
SN < 40 to 50 approx.
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VIBROCOMPACTION: Preliminary assessment

100 Clay Silt | Sand ;’:::mm I Gravel |
z 100 P o i T T T R A% ‘g\ 100
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> Indirect measurement of FC%
Fr% < 1,5 - Soil Behavior Index “Ic” < 2,05
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VIBROCOMPACTION: Preliminary assessment

qc (MPa) FR%
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VIBROCOMPACTION: Preliminary assessment

qc (MPa) FR%
0 5 10 15 20 25 0 1 2 3 4
OEL = AR(%)
L 1 295 145 98 73 59 49 42
-5 % 8_

-10 -

. Depth (m)

-15 - =

FC=15-20% FC=10-15% FC<10%
=0 B & =

FHWA Guideline

X 25 25 Dobson and Slocombe (1982)
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VIBROCOMPACTION: Field trails
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VIBROCOMPACTION: Control system

Gravel: Grain size distribution:
- 8-50 mm (Dry bottom feed)
- 25-75 mm (Wet top feed)

- Los Angeles Abrasion test <45 %

- Fines content less than 5% (silt)
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VIBROCOMPACTION: Control system
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* OFFSHORE WORKS
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STONE COLUMNS OFFSHORE

Gravel Bed Method Alpha-Mechanic System (Bottom-feed)
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STONE COLUMNS OFFSHORE

Alpha-Mechanic System (Bottom-feed)

Chamber ©
Double * )'
locked w -
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STONE COLUMNS OFFSHORE
Alpha-Hydraulic System (Bottom-feed)

Doble
camara de
descarga
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STONE COLUMNS OFFSHORE

Stone Barge
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STONE COLUMNS OFFSHORE: S-Alpha hydraulic Dive

Main components

—  Completely
submersible, and
possible immersion
depth up to 25m

— Compact set of main
components in one
container allowing easy
assembly and
disassembly

max. 35m

H

— Continuous gravel
feeding

— Optimization of cranes
and barges

— Productivity /
performance 35-40%
higher (30 — 40 lm/hr)

} KELLER
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STONE COLUMNS OFFSHORE: S-Alpha hydraulic Dive

I |
— Completely

submersible, and
possible immersion
depth up to 25m

— Compact set of main |
components in one F
container allowing easy ca 5m
assembly and \ max. 35m
disassembly __ H

— Continuous gravel
feeding

— Optimization of cranes
and barges

—  Productivity /
performance 35-40%
higher (30 — 40 lm/hr)
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* LIQUEFACTION MITIGATION
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LIQUEFACTION MITIGATION
Densification effect 2 Increase cyclic resistance — CRR (Bdez 1995)
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LIQUEFACTION MITIGATION
Densification effect 2 Increase cyclic resistance — CRR (Bdez 1995)
Reinforcement effect 2> Reduced the induced shear stress— CSR (Priebe 1995)

[N T
1 [
v L/
O oS f 0,400 /
SEERARIER 08 F . | - 4 Y Liquefaction / / / / / //
_ .
L08F e OGS QO A
© e — (0,300 Ve
Tcol TS x 04 & i : M?".f': - o //
- - Ry from Baez (1995) N pes 5% Fines
G 0.2 ¥ — R, from Eq.3 R O 0,200
o ¢ R, from FE Solution  Fines
'0 i 3
0 10 20 30 40 No Liquefaction
A, (%) 0,100
Reinforcement effect
Rayamaijhi et al. (2012) 0,000 -
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LIQUEFACTION MITIGATION
Densification effect 2 Increase cyclic resistance — CRR (Bdez 1995)
Reinforcement effect 2> Reduced the induced shear stress— CSR (Priebe 1995)
Drainage effect - Rapid dissipation of PWP during the earthquake (Seed y Booker 1976)

Pore pressure ratio, r,=u, [ G,

1 ) 1 y
f N
‘J mﬂﬂ\www 0-3] el
TR P RN
. L

Liquefaction mitigation by soil
improvement with vibro stone columns

Enmanuel CARVAJAL DIAZ™' . Goran VUKOTIC" and Daniel MARTINEZ

Buenos Aires 2015 OVIEDO"
CONGRESO PANAMERICANO
< DE MECANICA DE SUELOS "Keller Cimentaciones, S.L.U., Madrid, Spain.
EINGENIERIA GEOTECNICA " Keller Cimentaciones de Latinoamérica, S.A. de C.V., México D.F., México.
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LIQUEFACTION MITIGATION g

Ry/R, =0
Drainage effect - Rapid dissipation of PWP during the earthquake
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* CASE HISTORIES
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STONE COLUMNS OFFSHORE: San Ignacio Bridge, Bilbao (Spain)
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STONE COLUMNS OFFSHORE: San Ignacio Bridge, Bilbao (Spain)

— Stone columns by S-Alpha hydraulic Dive ot B (’ . By

— Reinforcement of soft and low plastic silt v i

-

deposit for the West abutment and adjacent

embankments up to 18-15 m below the seabed.
2

ra Al

-2

i "*‘th

Cota (m)

-10

<12 o ¥

22,30 m

2305 m
rock beq,(glftstone)

-14

-16

0 02 04 06 0.8 1 " - » = * e ® 2

s, (kplem?)

¢ CPTU-1 mCPTU-2 4 CPTU-3 » CPTU-4 « CPTU-5

} KELLER

31



T



SEMINARIO Geotecnia em Obras Maritimas — Aprender com a Experiéncia

02-03 DEZEMBRO 2024 | Auditério Infante D. Henrique (APDL - Porto de Leixdes)

STONE COLUMNS OFFSHORE: Asmar port (Chile)

— Concepcion bay, Talcahuano (Chile)
— Earthquake and tsunami of 27-Feb-2010, with Mw = 8,8

— General rebuilt and construction of new wharf with 750 m length supported by piles;
including the creation of deeper seabed Depth to accommodate new generation ships.

Mean sea level

tom Before
\/
Seabed
proom [me o After
SPT=0to0 4 Soft Silt

Su =10 to 50 kPa LSRNy

BahiadeSan
Vicante

SPT=31t0 10

Loose silty sand
4to25m

=

L

) L - wm . ol & )
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STONE COLUMNS OFFSHORE: Asmar port (Chile)

— Concepcion bay, Talcahuano (Chile)
— Earthquake and tsunami of 27-Feb-2010, with Mw = 8,8

— General rebuilt and construction of new wharf with 750 m length supported by piles;
including the creation of deeper seabed Depth to accommodate new generation ships.

BahiadeSan
Vicante

B = o
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STONE COLUMNS OFFSHORE: Asmar port (Chile)

— Vibro Stone columns - S-Alpha hydraulic system ) 0\ ,;' !

— Triangular grid pattern — Column spacing =2,3t0 2,8 m

— Treatment Depth = 12 to 35 m from the barge , T i 3 = -
AN e &
—  Column diameters = 0,7 to 1,20 m B 1

— Total quotation of 95000 lm of Stone columns,

EJECUCION TABLEROS

STTTT T T el 1T T |l==TI
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STONE COLUMNS OFFSHORE: Gandia port,Valencia (Spain)

Support of new wharf

S-Alpha system mechanic

More than 10,000 Im of stone columns
17 meters deep (10 m + 7 m)

@1.1 m diameter, average estimation
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VIBROCOMPACTION OFFSHORE: Palm Jumeirah, Dubai (UAE)
Large land reclamation=> A total of 636,000 m2 of Vibro Compaction
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VIBROCOMPACTION OFFSHORE: Pasir Panjang (Singapur)

Compaction of hydraulic fills for terminal of containers (Phases 1 and 2)
Total sandy fills compacted:
10 millions m3 (Land) and 2 millions m3 (Marine)

) KELLER
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* CONCLUSIONS
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CONCLUSIONS

J Deep Vibratory Techniques have been implemented successfully in numerous projects worldwide for both onshore and
offshore works. For improvement of Bearing Capacity, Settlement and Consolidation.

J Vibrocompaction and/or Vibroreplacement (Stone columns) are very effective solution for liquefaction mitigation.

J Benefits of the “S-Alpha hydraulic Dive” system for offshore vibro stone columns:
 Completely submersible, and possible immersion depth up to 25m

* Compact set of main components in one container allowing easy assembly and disassembly
* Continuous gravel feeding (Hydraulic system)

* Optimization of cranes and barges

* Productivity / performance 35-40% higher (30 — 40 lm/hr)

J Control System: Computer system for data acquisition and processing of each column, with continuous recording
many parameter: the duration of execution, depth, gravel consumption and the intensity of energy consumed for the
control of gravel compaction
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