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A GENERAL OVERVIEW OF VIBRO-REPLACEMENT TECHNIQUES
Vibro Replacement is the process of densifying granular soils and reinforcing cohesive soils with stone columns constructedwith the use of specialty down the hole Vibro-Probes.

wet top feed installation method

In this method, the Vibro-Probe ishung from a crane and penetratesto the treatment depth under itsown weight, vibratory force andwater jetting.

dry bottom feed installationmethod

In this method, a specialty builtstone feed tube systemdelivers the rock backfill to thetip of the Vibro-Probe undercompressed air.
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A GENERAL OVERVIEW OF VIBRO-REPLACEMENT TECHNIQUES
Construction Sequence – Bottom Feed Process

1 2 3 4 5
With the vibrocatstabilised onhydraulicoutriggers, theleaders areelevated to thevertical and thevibrator locatedon the ground atthe stone columnposition. The skipis charged withstone

The skip travelsup the leadersandautomaticallydischarges stoneinto thereceptionchamber at thetop of thevibrator

The vibratorpenetrates theweak soils to thedesign depthunder the actionof the vibrations,compressed airand pull downwinch facility

At the requireddepth, stone isreleased andcompacted bysmall upwardand downwardmovements ofthe vibrator, thepull-down beingemployed on thedownwardcompactingaction

With stone beingadded to thesystem asnecessary at anystage of theconstructionprocedure, astone column ofvery highintegruity, tightlyinterlocked withthe sorroundingsoil, is built up toground level
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DESIGNING VIBRO-STONE COLUMNS

𝒏 = 𝒔𝒆𝒕𝒕𝒍𝒆𝒎𝒆𝒏𝒕 𝒘𝒊𝒕𝒉𝒐𝒖𝒕 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕𝒔𝒆𝒕𝒕𝒍𝒆𝒎𝒆𝒏𝒕 𝒘𝒊𝒕𝒉 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 = 𝒔
𝒔𝒊

Absolute and differential settlement restrictions usually govern the length and spacing of columns, and the preferred methodof estimating post-treatment settlement in European practice was developed by Priebe (1995) based upon CCET

Reciprocal Area Improvement Ratio (RAIR)
𝑨𝒄𝑨 = 𝒌 𝒓

𝒔
𝟐

Priebe’s basic improvement factor
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SALERNO PORT ADAPTATION PROJECT

SALERNO

GULF OFSALERNO

SALERNO PORT

FUNCTIONALTECHNICALADAPTATIONOF THE PORT
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SALERNO PORT ADAPTATION PROJECT

SALERNO
FUNCTIONALTECHNICALADAPTATIONOF THE PORTextension of theManfredi pier

extension of thetrapezium pier

excavation of the seabed inthe harbour basin and theharbour access channel

modification ofthe port mouth
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SALERNO PORT ADAPTATION PROJECT

Secondary jettyresecting L=100m

Principal jetty extension L=200m

REWEC3®-type caissons(Boccotti, 2012)

Bottom Feed Vibro-Replacement technique,encompassing the first 4 meters of bed layer 4 m
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PROJECT UPGRADES

6.5
B

B
CF tot=6.5x3=19.5

2m

Minimumdensity point

stone columns injected using a pontoon-mountedrig, following the FEM optimized positioningalong a triangular mesh with a side length of 2 m

Drf = Dr0 + 2 CF

The involved area covers atotal of 189 square meterswith a width of 36 meters

Expected increase in the geotechnical parameters of thesoil, resulting in a reduction of absolute settlements anda homogenization of differential settlements among thevarious caissons.

CTA suggestions:“perform a thorough probabilistic analysis of the risk ofcollapse of the breakwater-foundation using a dynamicapproach in addition to the conventional pseudo-staticstability verification”

Pre-treatmentNspt=21N’spt=18Angle of friction = 31°Young’s modulus= 14.12 MpaRelative density = 98%

Post-treatmentNspt=56N’spt=35Angle of friction = 38°Young’s modulus= 27.65 MpaRelative density = 137%
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SALERNO PORT ADAPTATION PROJECT

silt and clay Geotechnical model ofthe seabed

FEMMODELLING

Mathematical model (Plaxis)
investigate the cyclicmovement of thefoundation soils(reinforced with thereplacement technique)resulting from earthquakeand wave actions (eachconsidered separately).
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PROJECT UPGRADES
7 m vibro-replacement

7 m
To prevent the onset of liquefaction beneath the treated area, it waspreferred to deepen the intervention to a depth of 7 meters, reducingits width to only the area relevant to the reinforced concrete caisson.

4 m vibro-replacement

WAVE ACTION WAVE ACTION

SEISMIC ACCELEROGRAMS

the zone affected bythe cyclic mobilityphenomenon liesoutside the influencearea of the concretecaisson's pressure bulb
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TEST FIELD
Pre-treatment measurement Post-treatmentmeasurementTop feed replacement

Post-treatmentmeasurementBottom feed replacement

Improvementin 2m depth

Improvementin 7m depth

Multibeam Survey

MOLOMANFREDI



TEST FIELD VIBRO-REPLACEMENT AT THE SALERNO PORT
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