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Resonance Resonance 
CompactionCompaction

Vibrator type: Variable frequency

Frequency range: 0 – 33 Hz

Centrifugal force: max 2 500 kN

Static moment (torque): 100 kgm

Vibration amplitude: 26 mm

Flexible compaction probe

Electronic process control
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Effect of Vibrator Frequency on Effect of Vibrator Frequency on 
Ground ResponseGround Response
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VibratoryVibratory CompactionCompaction -- YamYam OO

HydraulicHydraulic fillfill (5 (5 -- 15 m 15 m thicknessthickness))
FoundationFoundation for for railwayrailway stationstation
MonitoringMonitoring ofof compactioncompaction withwith CPT CPT 
((electricelectric CPTU CPTU withwith conecone, , sleevesleeve frictionfriction
and and porepore pressurepressure measurementsmeasurements))
CompactionCompaction requirementrequirement: 10 MPa (CPT): 10 MPa (CPT)
DeepDeep vibratoryvibratory compactioncompaction by MRC by MRC 
methodmethod







CompactibilityCompactibility of Soils base on CPTof Soils base on CPT
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CompactionCompaction EfficiencyEfficiency
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LEGEND

Channel 1: Horizontal surface geophone  (mm/s)
Channel 2: Horizontal underground geophone  (mm/s) Depth: 1.65 m
Channel 3: Horizontal underground geophone  (mm/s) Depth: 3.55 m
Channel 4: Horizontal underground geophone  (mm/s) Depth: 5.05 m
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ObservationsObservations
CompactionCompaction methodsmethods cancan havehave differentdifferent
mechanismsmechanisms –– verticalvertical & & horizontalhorizontal vibrationvibration
Operating Operating frequencyfrequency affectsaffects compactioncompaction
processprocess
ConeCone resistanceresistance and and sleevesleeve resistanceresistance
increaseincrease duringduring compactioncompaction
CyclicCyclic horizotalhorizotal stress variations stress variations duringduring
drivingdriving
IncreaseIncrease in in staticstatic horizontalhorizontal stressesstresses
CompactionCompaction causescauses prepre--loadingloading effecteffect
ExperienceExperience from from vibratoryvibratory compactioncompaction --
cancan be be appliedapplied toto pilepile//sheetpilesheetpile drivingdriving!!
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Fig. 1  Soil classification for deep compaction according to MasFig. 1  Soil classification for deep compaction according to Massarsch (1994) with soil type boundaries sarsch (1994) with soil type boundaries 
according to Eslamiaccording to Eslami--Fellenius (1997; 2000)Fellenius (1997; 2000)

  
 1  =  Very Soft Clays or Sensitive 
            and/or  Collapsible Soils
   2  =  Clay and/or Silt
   3  =  Clayey Silt and/or Silty Clay
  4b =  Sandy Silt  and Silt
  4a =  Fine Sand and/or  Silty Sand
   5  = Sand to Sandy Gravel



Fig. 3   The CPT data plotted in the Fig.Fig. 3   The CPT data plotted in the Fig. 1 type chart1 type chart
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Settlement EstimationSettlement Estimation
Tangent Modulus MethodTangent Modulus Method

Correlation of soil modulus with Correlation of soil modulus with 
stressstress--adjusted cone resistance adjusted cone resistance 
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Fig. 5  Filtered average values of  cone stress from before and Fig. 5  Filtered average values of  cone stress from before and after compactionafter compaction
UnadjustedUnadjusted in the left diagram and in the left diagram and adjusted for depthadjusted for depth in the right diagramin the right diagram
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Fig.Fig. 6  Janbu modulus number,  6  Janbu modulus number,  mm,  ,  before and after compactionbefore and after compaction
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COMPACTION RESULTS

An about doubling of the modulus 
number and an increase of the 
OCR from about 1 to about 5.



Soil Type Correction factor, a
Silt, organic soft 7 
Silt, loose 12 
Silt, medium dense 15 
Silt, dense 20 
Sand, silty loose 20 
Sand, loose 22 
Sand, compact 28 
Sand, dense 35 
Gravel, loose 35 
Gravel, dense 45 
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SettlementSettlement AssessmentAssessment
YamYam O, O, HongHong KongKong

1010 m wide square slab m wide square slab 
Foundation stressFoundation stress:: 300300 kPakPa
ModulusModulus numbernumber
Before compaction: m = 250 – 180
After compaction: m = 450 – 300

Settlement before compaction: 60 mm (100%)60 mm (100%)

Settlement after compaction (increase of modulus 
only): 35 mm (58%)35 mm (58%)

Settlement after compaction (increase of modulus 
and preconsolidation): 20 mm (30%)20 mm (30%)
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Effect of OCR on LiquefactionEffect of OCR on Liquefaction



ConclusionsConclusions
Compaction efficiency can be Compaction efficiency can be assessedassessed from from 
cone resistance and sleeve frictioncone resistance and sleeve friction
Cone resistance and sleeve resistance Cone resistance and sleeve resistance 
increase during compactionincrease during compaction
Cone resistance should be corrected with Cone resistance should be corrected with 
respect to effective confining pressurerespect to effective confining pressure
ChangeChange ofof stress stress fieldfield duedue toto compactioncompaction
Compaction causes preCompaction causes pre--consolidation effectconsolidation effect ––
importantimportant for for settlementsettlement estimationestimation
Lateral stress increase reduces liquefaction Lateral stress increase reduces liquefaction 
hazardhazard


