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Field and laboratory methods to evaluate shear wave veloci



Soil Type Maximum small-strain shear mo
G0 (kPa)

Soft clays 2,750 to 13,750

Firm clays 6,900 to 34,500

Silty sands 27,600 to 138,000

Dense sands and gravels 69,000 to 345,000

Typical values of maximum small-strain shear modulus
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Proper understanding and limitations





Hardening Soil Model



E’ = 2000*SPT‘N’(kN/m2)

E’ur = 3*E’ = 6000*SPT’N’(kN/m2) 





To be developed based on specific project/site requirements
depending on factors such as risk to public safety, nature o

the works, site control measures, etc. 



Alert 0.8*Maximum

Action 0.9*Maximum

Alarm 1.0*Maximum











TYPICAL SUBSOIL PROFILE



FINITE ELEMENT MODELLING
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Hardening Soil Model



E’ = 2000*SPT‘N’(kN/m2)

E’ur = 3*E’ = 6000*SPT’N’(kN/m2) 







Case History 1 :
Deep Excavation for Three (3)
Underground Stations for KV

– Sungai Buloh to Kajang Lin
(Line 1)



Locations of the MRT Underground 
Stations



Geology of Kuala Lumpur

All three underground 
stations in 
KL Limestone Formation 
(with Karstic Features)



Karstic Features of Kuala Lumpur Limesto
Formation

Valley in the bedro

Cavity in the Bedrock Highly fractured 
bedrock

Lime
Pinna







CAVERN/CAVITY EXPOSED AFTER EXCAVATIO



Typical Excavation Section for Undergroun
Station
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Material type

Average 
depth

Unit weight

SPT N
RQD
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ɸ
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k

Conchrane Underground Station



Conchrane Station Bedrock Contour



Secant Pile Wall



Secant Pi



Typical Secant Pile Wall Elevation View



Description Properties
Working loads (kN)
No. of strand
Strand diameter
Breaking load
Factor of safety
Strand U-turn radius
Reduction factor
Drill hole diameter
Allowable bond 
stress
Free length

Bond length (m)

Temporary Ground Anchor Support Syste



Grouted

Curtain & Base Grouting to seal the Limesto
Karstic Features



Typical Curtain & Base Grouting Holes Layo



Construction Sequence

1 2

3 4



Constrution Sequence (con’t)

5 6

7 8



Exposed Vertical Rock Face of the Excavat



Maluri Portal (excavation in progress)



Steel Decking for the Traffic diversion above
Maluri

Maximum 25m deep



TRX Station (Excavation in Progres)

Maximum 45m deep



Conchrane Station (Excavation Stage)



Conchrane Station (Launching of 2nd TBM

Maximum 35m deep



Case History 2 :



Circular TBM Launching Shaft



Circular Shaft during Excavation



Design Based on Hoop Force



Case History 3 :
Hydraulic Failure @ Penan













Thickness of Clay 
insufficient to resist 
Water Uplift Pressure

Water Uplift Pressure



Water flowed through 
cracks in the Silty Clay 

layer

Water Uplift Pressure



Water Ponding 
in the Pit

Water Uplift Pressure

Lowering of ground water level 
 Causing settlement to surrounding ground









Ground level 



Excavation
Side Retained Side







Seepage



Terzaghi’s method

Critical hydraulic gradient method



HYDRAULIC FAILURE CHECKS



Terzaghi’s method recommended



1.2 to 1.5 



HEAVING DUE TO ARTESIAN PRESSU



Heaving due to artesian pressure

 1.0 to 1.2















Successful deep excavation depends o
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