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Why need ground treatment? 

• To fulfill settlement criteria 
 

• To enhance stability of embankment and 
prevent collapse 

 

• Normally at soft ground area 

 

 









Alluvial Deposits 

Alluvial Deposits 



Options of Ground Treatment 



Ground Treatment Options 

• Modification of Embankment Geometry 

• Excavate and replacement 

• Temporary surcharge 

• Prefabricated vertical drains 

• Basal reinforcement 

• Piled embankments 

• Stone column 

 



Modification of Embankment 
Geometry 

    



Modification of Embankment 

Geometry 

 Reduction of Slope Angle 

 Counterweight Berm 

   to counter disturbing moment   

   to increases length of failure surface 

 Disadvantage 

  (a) Greater land-take 

  (b) Larger volume of fill 



Embankment 

Counterweight Berm… 

FOS a = Not Sufficient = can Fail 

FOS b = Better 

FOS b > FOS a 

Counterweight 
Berm 

Soft Layer 

Firm Strata 



WRONG SEQUENCE OF CONSTRUCTION  

WRONG = DANGEROUS = WILL FAIL 

Surcharge level 

1 

2 

3 



Construction of Counterweight Berm 

CORRECT !!!! = SAFE  
Together with Embankment to height of BERM 

Surcharge level 

1 1 

2 



Excavate and Replace 
(Soft Soil Replacement) 

 



Excavate and Replace 

(Soft Soil Replacement) 

 Old but still viable 

 Replace with better materials 

 Stronger & less compressible foundation 

 Generally limit to 3.0m 

 Extended to at least the TOE of Embankment 

 Partial Replacement (if very deep layer) 



Excavate and Replace 

Soil Replacement 



Proper Way for Excavation 

Backfill for 
construction 
access or 
working 
platform 

EGL  

**The required excavation depth shall not be measured from backfill for 
construction access or working  platform 

EGL        

**The required excavation depth shall be measured from EGL. 

Backfill for 
construction 
access or 
working 
platform 

Excavation Depth = D 

D 

D 



To “understand” about 

the subsoil condition: 

a)To carry out 

Mackintosh Probe 

tests 

b)To carry out trial pits 



Temporary surcharge 
 



Surcharge/Preloading 

Finish Platform Level
Counter Berm

Very Soft Clay

Hard 

Material

Earth Fill

Surcharge/Preloading

ROW ROW



Temporary Surcharge 

o Subject to higher pressure than 

Permanent Load. 

o Achieve higher initial rate of settlement 

+ reduce long-term settlement. 

o Large portion of fill left behind. 

 



Temporary Surcharge 

Embankment 

Soft Soil 

Finish Level Surcharge 

Embankment 

EMBANKMENT 



Advantages: 
 Major settlement has taken place before 

construction 

 
Disadvantages: 
 Long consolidation time for very thick soft 

soil layer 

 Controlled rate of preloading to prevent 
failure 

 Extra fill to be disposed 
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Surcharging 

Without Surcharge 

With Surcharge 
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Surcharge 

Permanent 
Loading 

Log 
Time 

Log 
Time 

Permanent 
Loading Only 

Primary 
Consolidation 

Secondary 
Consolidation 

Permanent & 
Surcharge 
Loading 

Service 
Life 
Settlement 
without 
Surcharge 
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Service Life of 
Embankment 

Surcharge 
Duration 

Construction 





Staged Loading 
 

 Allows gain in strength (time for consolidation) 

before next stage 

 Rate of Loading = Gain in Strength 

 Longer Time of Construction 

 

 Usually used with Vertical Drains 

 Require Close Monitoring & Coordination 

Staged Loading 





Prefabricated Vertical Drains  
(PVD) 



Surcharge

Finish Road Level

Compacted Sand

Non Woven 

Geotextile Prefabricated 

Vertical Drain at 

depth (m) 

spacing ? (m) ? 

pattern

Temporary 

Earth DrainHigh Strength 

Geotextile

PVD with Surcharge 



Prefabricated Vertical Drains 

(PVD) 

• Commonly used to accelerate the rate of 
consolidation and is use in conjunction with 
surcharging 

 

• Successfully used worldwide 
 

• Cost effective (RM1.10 to 1.30 per m) 

 

• PVD will not improve the subsoil shear strength at 
time of installation 



HD 

100 
times 
faster! 

Drainage Path for Consolidation 

2

DHt 
HD 1m 10m 

t 1 
100 

 



Terzaghi’s Theory of Consolidation: 

PREFABRICATED VERTICAL DRAIN (PVD) 

How it works? 

v

Dv

c

HT
t

2



Where t    = Time required for full consolidation (year) 

  Tv   = Time factor 

  HD  = Drainage path length (m) 

  cv    = Coefficient of consolidation (m2/year) 

2

DHt 

HD 10m 1m 

t 

 

100 times faster 

v
c

100

Ex. 

v
c

1











SMEAR 

EFFECT 



ds/dw = 2 to 7 
Bergado (1992) 



Wick Drains :  Wide  = 95 ~ 100mm 

   Thick = 3 ~ 4 mm 

Equivalent Diameter, dw  = 62 ~ 66mm 

    Some use 50mm (Hansbo, 1979) 

PREFABRICATED VERTICAL DRAIN (PVD) 



Equivalent Cylindrical 

PREFABRICATED VERTICAL DRAIN (PVD) 



PVD can not 

penetrate material 

with SPTN value 

more than 7 



High Tension Cable 

About 13m 







•Position Rig at Drain Location 

•Place Anchor on Drain End 

•Penetrate Mandrel to Desired Depth 

•Withdraw Mandrel 

•Cut Drain Material Above Drainage Blanket 

Installation Sequence 

















 

Core  
 high quality flexible polypropylene 
  allows a large flow of water in the longitudinal    direction via 

preformed water channels on both sides of the core.  

geotextile filter jacket 
 tightly wrapped in a geotextile filter jacket to filter out the 
smaller soil particles, preventing the core from getting clogged. 

Water Channels 

Filter Jacket 



 Prefabricated Drains  

 
11.8 cm O.D.

0.64 cm

1.1 cm

10.5 cm

Slots at  Quarter Points of Drain
Slots Measure .0.13 cm x 2.16 cm

Open slot 

Filter fabric 

Plastic pipe 







Geotextile  
BASAL REINFORCEMENT 



Basal Reinforcement 

• To enhance embankment stability against failure 

 

• Strength will deteriorate when exposed to sunlight  

 

• The primary direction (MD) shall be perpendicular to the 
proposed track 

 

• Geotextile WHOLE LENGTH across the embankment 

SHALL BE ONE PIECE (DO NOT ALLOW JOINTS)  
 

• Design strength = 0.5 x ultimate strength  

 

 







Basal Reinforcement 

Basal Reinforcement 

(One continuous piece 

with no joint) 



Basal Reinforcement 

Primary Direction 

(in Roll Directiron) 

Pulling Pulling 

Higher strength 

Difficult to Pull Open 



Basal Reinforcement 
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 Pulling 
Pulling 

Displacement of geotextile 

-low strength  EASY to 

SEPARATE by Pulling 



Step 1 – Lay basal reinforcement 



Step 1 – Lay basal reinforcement 

Lay geotextile in 

primary direction 



Step 1 – Lay basal reinforcement 

Lay geotextile in 

primary direction 



Step 1 – Lay basal reinforcement 

Lay geotextile in 

primary direction 



Step 1 – Lay basal reinforcement 

Lay geotextile in 

primary direction 



Step 1 – Lay basal reinforcement 

Lay geotextile in 

primary direction 



Step 1 – Finished lay basal 
reinforcement 



Step 2 –Fill with appropriate material and 
proper compaction 



Step 2 –Fill with appropriate material and 
proper compaction 



Step 2 –Fill with appropriate material and 
proper compaction 

Fill up to 

surcharge level 



Primary direction 

WRONG !!!! 

Basal reinforcement 

SHALL NOT be 

connected by stitching 

in Primary Direction. 



Primary 

direction 

WRONG !!!! 

Basal reinforcement  

SHALL NOT be 

connected by 

stitching in Primary 

Direction. 



GOOD ! 

 Proper storage of basal reinforcement – 
covered with plastic sheet 

Good Practice (proper cover) 



 BAD !!!  

 Improper storage of basal reinforcement and 
the basal reinforcement also exposed to 
sunlight prior to installation  

 Cause loss of Strength (BAD) 

BAD Practice (No proper cover) 



OGL 

2 layers of basal reinforcement with strength of 200kN/m 

OGL 

A layer of basal reinforcement with strength of 400kN/m 

200kN/m + 200kN/m = 400kN/m???? 



Piled Embankment 



Piled Embankment 

• Design philosophy 

 - Design as a type of ground treatment works 

 

• Embankment filling can be fast. 



S S 

Plan View 

S2           =                         Pile Capacity                    

 (Fill Weight+ Surcharge+ Slab Self Weight)  



Things to Take Care in Piled 
Embankment Design 



  X  

Construction 

Platform 

O.G.L. O.G.L. 



Crack 

Settlement 

X  

OGL 

  



OGL 

Gravel 





Must do proper curing  

ALWAYS WET (with WATER) 



“spot-curing” of 

concrete slab 





Pile 

O.G.L. 

Final Profile 

Long Term 

Profile 

Abutment 



Abutment 

Final Profile 

Transition Embankment 

Piles 

Pile 

O.G.L. 

Long Term 

Profile 

Approach 

Slab 





Stone Column 



The Principle 

 Stone Columns  

 = Granular Pile  

 = Vibro Replacement 

 Involves partial replacement 
of unsuitable subsoil with 
compacted column of stones 
or aggregates 

Stone Column 

D 

Firm strata 

Stone 

column 

Soft clay 

Sand 

platform 

 Usually completely penetrates the weak strata 
 



Function 

 Provide bearing capacity / strengthening 
immediately upon installation 

 Reduce settlement 

 Increase the rate of consolidation 

 Facilitate subsoil drainage 

 
 

 Diameter: 0.8m - 1.2m, most common is 
1.0m 

 

Stone Column 



Stone columns 

• To model as composite soil 
 

• Not suitable for undrained shear strength less than 10kPa 
 

• Adequate fill height is required to prevent “mushroom” effect = 
large differential settlement  more than 2.5m high  
 

• Availability of aggregate 
 

• Filling speed must be controlled 
 to prevent Failure 

  
 
 
 
 



MECHANISM OF STONE COLUMN 

D 

Firm strata 

Stone 

column 

Soft clay 

Sand 

platform 

D 

Firm strata 

Stone 

column 

Soft clay 

Sand 

platform 

2 – 3D 



Stone Column 

 

` 

Embankment Sand 

Platform 

Compressible 

Layer 

Firm Strata 





Bulging & General Shear 



Soil Arching 

Large pile spacing 

Unsuitable fill materials 

Inadequate fill 

thickness 



MAIN 

Fig. 7. ‘Mushrooms’ and undulating surface on expressway.  

 

Mushroom Effect 



Mushrooms 



 

  

  

  

 
 

VIBRO STONE COLUMN 



 

  

  

  

 
 

VIBRO STONE COLUMN 

Vibroflot Used to Create Circular Hole 

and Compacting the Filled Gravel 



 

  

  

  

 
 

VIBRO STONE COLUMN 

Vibro replacement at Jelutong Expressway 



Schematic of wet top feed method 



Stone Column: Wet Method 



Schematic of dry bottom feed method 

Soft clay 

Soft clay 

Very soft clay 



Stone Column: Dry Method 



Completed stone column 

D 

Stone Column 

Essential to perform load test 

to verify design assumptions 



 
 

 

Wet Method Dry method 

Very soft to firm soils Firmer soils  

High ground water table Low ground water table 

Give larger diameter columns Give smaller diameter columns 

Angular stones & larger size  

(25-70mm) 

Rounded stones & smaller size 

(10-35mm) 

Requires large quantities of 

water which must later be 

disposed off without causing 

pollution 

Much cleaner 

Terminate at stiff layer typically N => 10  



 

  

  

  

 
 

DYNAMIC COMPACTION 

Definitions 

 Process of systematically tamping the ground surface with a 

heavy weight dropped from height. 

 It is used to improve the bearing capacity of a wide range of 

materials, generally loose fills. 

 Sometimes referred to as heavy tamping or pounding, 

dynamic pre – compression or dynamic consolidation. 

 

Applications 

 Can be applied to improve ground to depths 15m or so, 

usually on site of 5000m2 or greater area. 

 Used mainly to compact sands, silty sands, hydraulic fill and 

silty clay fills. 



 

  

  

  

 
 

Adverse Situation Possible Difficulty 

Very soft clay (Su < 30 kN/m2) 
Insufficient resistance to transmit 

tamper impulse 

High groundwater level 

Need to dewater and consider 

possible effects of subsequent 

recovery in water level 

DYNAMIC COMPACTION 

Limitations 

  

Vibration effects (may be worse 

if groundwater level is high) 

Distance from closest structure to be 

of the order of 30m or more 

Clay surface 
May be inadequate for heavy cranes 

and unsuitable for imprint backfilling 

Clay fills 
May be subject to collapse settlement 

if inundated later 

Flying debris Precautions for site and public safety 

Voided ground below treated 

ground 

Treatment may not reach the voided 

zone or may make it less stable 

Biologically degrading material 

Compaction may create anaerobic 

conditions and regenerate or change 

the seat of  biological degradation 



 

  

  

  

 
 
Construction 

 Typically, weights of 5 – 20 tonnes are used with drops of up to 

about 20m. 

 Weight are often mass concrete or steel plates welded together 

and are usually about 2m square. 

 A layer of granular fill, typically 0.3 – 1.0m thick is placed over the 

site first. 

 The weight is dropped on a square grid of about 5 – 10m. 

 5 – 10 blows are applied to each imprint in each pass of the 

weight. 

 The aim is to produce a crater about 0.5 – 2m deep. 

 Groundwater may have to be lowered to ensure that it does not 

enter the imprints. 

Each imprint are backfilled after each pass of the weight. 

 The process is repeated until the required induced settlement of 

the site is achieved. 

 Induced settlements can range from 0.5 – 2.0m depend on the 

ground and the type of improvement that is needed. 

 Alternatively, the process may be controlled by achieving 

specified minimum or average in – situ properties determined by 

penetration tests, either SPT or CPT. 

 

DYNAMIC COMPACTION 



 

  

  

  

 
 

DYNAMIC COMPACTION 

Controls 

•  Controls in positioning and careful dropping of the tamper. 

•  To note and record the energy (number of drops) imparted at each 

imprint and the quantity of imported fill to make up the general site 

level. 

•  Vibration or noise monitoring is necessary. 

•  Indicators of the improvement achieved might be in terms of : 

•  A depth of lowering of the site surface (or the volume required to 

maintain the original level) 

•  Comparative changes in penetration test resistances 

•  Large scale loading tests. 



 

  

  

  

 
 

DYNAMIC COMPACTION 



 

  

  

  

 
 

DYNAMIC COMPACTION 

Pounder (Tamper) 

Mass = 5-30 tonne 

Drop = 10-40 m 



Main Considerations for Ground 
Treatment 

• Technical Suitability 

 

• Practicality and Availability of material 

 

• Cost effectiveness 

 

• Time effectiveness – shorter construction time 

   

• Soil and groundwater conditions 

 



Ranking of Treatment Method 

 

 

 

 

Method Cost Time Priority 

Modification of Embankment 

Geometry 

v.low v.short 1 

Soft Soil Replacement v.low long 2 

Surcharging low v.long 4 

Staged Construction low v.long 3 

Surcharge + Vertical Drains medium medium 5 

Geosynthetics Reinforcement medium short 6 

Piled Embankment high medium 7 

Lightweight Fills high v.short 9 

Vacuum Preloading v.high short 8 

Stone Column v.high long 10 

Jet Grouting v.high long 11 



 Awareness of Project Requirements + 

Specification 

 Knowledge on the site & subsoil conditions 

 Proper Geotechnical Design 

 Full time proper supervision 

 Careful and proper monitoring 

Successful Ground Treatment 

SUMMARY 



Concept of Settlement Analyses 

• Misunderstanding on Concept 

 

• Lead to never ending process 



  

Soft Soil 

Wrong Concept of Settlement Analysis 

6.5m 5m 

1.5m 
2.5m 

H=6.5m + 1.0m 

1.0m 

Finish Level 



Implication 

• Not Solving Problem 

 

 

 

 

 

 

INCREASE 



Soft Soil 

Design of Embankment 

Finish Level 

Involve Iterative Process 

rT 

HT NFH 



Settlement Calculation  

Magnitude 



Settlement Calculations 

Total Settlement (rT) = 

 

Immediate Settlement (ri) – not time related 

     + 

  Primary Consolidation Settlement (rc) 

     + 

  Secondary Compression (rs)-creep 



Compression and Consolidation 

Still Settling after >800 years  

Immediate Settlement  



Settlement Calculations 

• Immediate Settlement (ri) – not time related 

 

• Primary Consolidation Settlement (rc) 

 

• Secondary Compression (rs) 

 Primary Consolidation Settlement (rc) 



            “Immediately” after loading. 
 

 

   ri =  

 
dhqI

EU

)(
1

 

(Craig, R.F., "Soil Mechanics, 6th  Edition", 1997)  

Immediate Settlement (ri)  



q  = Applied Stress / Pressure on the subsoil (kPa) 
 
dh = thickness of each layer (m) 
 
Eu  = Undrained Young’s Modulus of the subsoil (kPa) 
 
I = Influence factor (can refer to Osterberg Chart) 

Immediate Settlement (ri)  



  

H 

dh 

Consolidation Mechanism 



 

 

Reduction in volume-saturated soil 

Drainage of pore water 

Induced by increase in stress 

Increase in effective stress 
 
 

Concept of Consolidation 
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            During consolidation - After certain time 

 
 

     

 

rc
 

Primary Consolidation Settlement (rc) 

(Tan, Y.C., & Gue, S.S., “Design & Construction Control of Embankment over Soft Cohesive Soils", 2000)  



Primary Consolidation Settlement (rc)   

  

rc  = Consolidation Settlement Magnitude (m) 
 

’vo = Initial vertical effective stress 
 

’vf  = Final vertical effective stress =  
   ’vo + D’v  > ’vc 
 

’vc = Preconsolidation Pressure / Yield Stress 
 

Hi  = Initial thickness of incremental soil        
   layer,i of n.  
 

eo  = Initial voids ratio 
 

CC  = Compression Index 
 

Cr  = Recompression Index 
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     rc =  
 

     

Terminology of Oedometer Curve 



Over-Consolidated Material 
    Preconsolidation pressure is the maximum effective stress, 

Pc’ that clay experienced in the past. 

 

OC 

NC 

Max curve 

or 

Min radius 

Pc’ 



Application of Theory 

• Pc’ > Po’ , Over consolidated Soil (OC) 

 

• Pc’ = Po’ , Normal consolidated Soil (NC) 
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de 

de 

dp dp 

     rc =  
 

     

Terminology of Oedometer Curve 



Settlement after complete dissipation 

of excess pore pressure. 
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rs =  

 

(Craig, R.F., "Soil Mechanics, 6th  Edition", 1997)  

Secondary Compression (rs) 



Secondary Compression (rs) 

 rs  = Secondary Compression Magnitude (m) 

 

 Hi    = Initial thickness of incremental soil layer, i of n 

  

 ep   =  Voids ratio at the end of primary consolidation 

 

 C = Secondary Compression Index 

 

 t = Time for calculation 



Time 

Settlement Calculation  



where, 

cv = Coefficient of consolidation (m2/year) 

    t = Time following application of  loading(year) 

     HD = Drainage path length (m) 

  TV =Time factor 

 

Cv = Tv HD
2 / t 

 
 

 

Settlement Calculation  



HD 

t  

 
 t = Tv HD

2 / Cv 
                              

Therefore,   t  HD
2 

  

Cv = Tv HD
2 / t 

 
 

 

100 

TIMES 

MORE 

Coefficient of Consolidation 

1 

1 

10 

100 

Rearrange, 
   
  



      Thick Clay Layer 

Clay 

1 

Bedrock 

Clay 

Sand 

         Clay & Sand Layer 

Clay 

2 

Consolidation Drainage Path 

Embankment 

Sand 

Intermediate Sand Layer 3 

Clay 

HD3 

HD1 

HD2 

Embankment 

HDi 

HDi 

Embankment 

HD1 

HD2 

HD3 

HD HD HD HD HD HD 



Tv 

U 

0.6 

0 

Tv =  pU2 

        4 
 

For U < 0.6 

For U > 0.6 

Tv = -0.933 log(1-U) – 0.085 

      
 

Hf 

Degree of Consolidation 

(Craig, R.F., "Soil Mechanics, 6th  Edition", 1997)  



t 

r 

} r at t90 } r at 

t100 

Degree of Consolidation 

   To determine settlement, r at any instantaneous time. 

 

 

 
     

 

Hf 

1.0 
0.9 

Example :  

 At a site with 5m fill 

 rT = 1500 mm 

  

Degree of consolidation at year 5 = 90% 

Settlement at year 5 = 0.9 x 1500 = 1350mm 
Can TOLERATE? 

Remaining : 150mm Can TOLERATE? DO NOT AIM FOR 90% DEGREE OF CONSOLIDATION 





FAILURE EVENTS IN MALAYSIA 

  

  
SABAH 



FAILURE EVENTS IN MALAYSIA 

  

  
SIBU 



FAILURE EVENTS IN MALAYSIA 

  

  



FAILURE EVENTS IN MALAYSIA 

  

  



FAILURE EVENTS IN MALAYSIA 

  

  



FAILURE EVENTS IN SINGAPORE 

  



IDENTITY OF SOFT 

GROUND 



IDENTITY OF SOFT GROUND 

Su < 10kPa 

Su > 10kPa 



IDENTITY OF SOFT GROUND 



IDENTITY OF SOFT GROUND 



VEGETATION 



VEGETATION 



Failure of Bridge Foundations 
and Approach Embankment 



Overview 

Abutment II 

Pier II 

Abutment I 

Pier I 



Overview 

Abutment I   Abutment II   

Pier I   

Pier II   



Subsoil Condition 

25m coastal & alluvium CLAY 



Sheer Drop 

Sheer Drop 

Pilecaps 



Slip Failure 



Tilted Abutment &  
Gap between Bridge Decks 

Opening 

between 

bridge 

Tilt from 

Vertical 



Pier II 

Tilted Pilecap 



Slip Failure of Embankment 

• At 25m behind Abutment II 
 

• Abutment II : 

 - Tilted 550mm on top 

 - Angular distortion of 1/6 
 

• 300mm gap between bridge decks 

 

 



Geotechnical Investigation 

• Hfailure @ 3m  

• HDesign @ 5.5m 

    NOT SAFE 

HOW TO 

CHECK? 



What Is The Critical Height? 

Hfailure = (Nc x Su) / gfill 

Nc  5 

Hfailure = (5 x Su) / gfill 

e.g. : 
When  Su = 10 kPa ;  gfill = 18 kN/m3  
    
   Hfailure = (5 x 10)/ 18 = 2.8 m 



• Failures   (temporary works) 
 

 - Inadequate geotechnical 
  design 
 

 - Subsoil Condition  
  (Lack of understanding) 
 

 - Lack of construction 
  control & supervision 

Lessons Learned 



Preventive Measures 

• Proper design and review 
 

• Stability check of embankment & 
abutment 
 

• Most critical :- 

 During construction 

 (must check temporary works) 
 

• Proper full-time supervision 
 (with relevant experience & understand design assumptions) 



SETTLEMENT OF  

APPROACHES  

BRIDGES 





Pile 

O.G.L. 

Final Profile 

Long Term 

Profile 

Abutment 

Typical Cross-Section 



SOME SOLUTIONS TO 

THE PROBLEM 



Expanded Polystyrene 

(EPS) Pile 

Abutment 

O.G.L. 

Final Profile 

Long Term 

Profile 

USE OF LIGHT WEIGHT MATERIAL 

http://www.nhi.fhwa.dot.gov  



USE OF TRANSITION EMBANKMENT PILES 

Transition Embankment 

Piles 

Pile 

Abutment 

O.G.L. 

Final Profile 

Long Term 

Profile 

Approach 

Slab 



EXAMPLE (BERNAM JAYA) 
Transition Piles + Surcharging  
= Fewer Piles + Cost Saving 



 



 



SETTLEMENT OF  

APPROACHES TO 

CULVERTS 





         PILED CULVERT 

Final 

Profile 

Pile 

Long Term 

Profile O.G.L. 



SOME SOLUTIONS TO 

THE PROBLEM 



ENLARGED CULVERT 

Final 

Profile 

Long Term 

Profile 

Silt 

O.G.L. 



TRANSITION PILES 

Pile 

 

Final Profile 

Long Term 

Profile 

Transition 

Embankment Piles 

Transition 

Embankment Piles 



 
 
 

Thank You 


