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Outline of Presentation

> Introduction of Seismic NDTs

» Surface Wave NDTs
e SASW Method
« CSW Method
« MASW Method

» Application: Case Study & New Advancement



Geophysical Exploration Methods
& Application

> Electric Methods (resistivity of ground)

» Seismic Methods (elastic wave propagation)
» Electromagnetic Methods

» Ground Penetrating Radar

» Gravity Methods 7?

> Can be either instusive or non-intrusive methods



Invasive (Borehole) Methods

Crosshole (ASTM D4428) P-S Suspension Logger

Downhole




Non-Invasive (Surface) Methods

Refraction (ASTM D5777)

SEISMIC REFRACTION METHOLD

Surface Wave

|

Reflection




Geophysical Exploration -

» To determine the geotechnical engineering
properties of earth materials

> For geotechnical forensic investigation works



CASE STUDY

Case 1:

> Investigation of Pile Penetration Length by
Parallel Seismic Method

Case 2:

> Investigation of Ground Water Saturation
by Resistivity Method



CASE 1: Investigation of Pile Penetration Length
by Parallel Seismic Method

SK Danau Perdana ditutup segera B/ Hacian
 S/5/2oo5

. —:‘-'!‘” - y - } i ot Dp ke B
SEKOLAH Kebangsaan Danau Perdana di Sungai Besi ditutup
serta-merta selepas mengalami kerosakan struktur yang teruk.
Dua blok sekolah itu didapati tidak selamat dan 300 murid serta
guru dipindahkan ke sekolah berhampiran.
— Gambar oleh Rosdan Wahid




borehole

refraction from
foundation

hydrophone/ || P.
geophone :

transmission from
foundation tip

Parallel Seismic Test

- Testing Layout



Lowering of Hydrophone into PVC Borehole



McSeis 170f 24-Channel Seismograph



Wave Source generated using sledgehammer
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Case 2: Investigation of Ground Water Saturation
by Resistivity Method

View of Bukit Antarabangsa Landslide



Date: 6" December 2008
Time of Occurrence: Approximately 3.30 a.m.

The Extent of Landslide Destruction:

> 14 bungalow houses destroyed

> 5 fatalities

> 14 Injuries

> Restricted Road Access for 5000 residents’

(Jalan Bukit Antarabangsa - blocked by failure
debris)
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Landslide Cross-Section

Run Out Distance: Approximately 210m

| andslide Measured:
*109m (Width at Crest), 120m (Length), 15m (Depth)

*Angle of scarp (crown)=45 to 50 degrees

*101,500 cubic meters of earth translated






Nodel reclstivity with topography

Elewation Iteratlon 4 RNS error = 73.8
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RESISTIVITY SURVEY AT BUKIT
ANTARABANGSA LANDSLIDE

Survey date: 20 December,2008
Surveyed by: Rosli
Checked by: Azhari

ﬁ Unit Geofizik,
TG Bahagian Perkhidmatan Teknikal,

Jabatan Mineral dan Geosains Malaysia

RESISTIVITY PROFILE LINE 4
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RESISTIVITY SURVEY AT BUKIT
ANTARABANGSA LANDSLIDE
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mait rlectrey soacies S.00 m.

Survay data: 2 Dacamiber, 2600
Survayad by Roshi
Chiecked by AZhar

Unit Geofizik,
T Bahagan Perkhidmatan Tekmikal,
5 Jabatan hMirseral dan Geosans Malaysia

RESISTIVITY PROFILE LINE 10




E1EVALIUI pogel resistivity with topography
A8 Iteration 3 RKS error - 61.2
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RESISTIVITY SURVEY AT BUKIT
ANTARABANGSA LANDSLIDE

Survey date: 21 December,2008
Surveyed by: Rosli
Checked by: Azhari

Unit Geofizik,
L@g@’ Bahagian Perkhidmatan Teknikal,
~ Jabatan Mineral dan Geosains Malaysia




NEW ADVANCEMENT
SEISMIC METHODS

Prediction of Long-Term Settlement of
Soft Clay using Shear Wave Velocity
and Damping Characteristics



Settlement Problems In Soft Clay

»Major limitations in traditional
calculation methods

o Ihe clay-water system is not
truly homegeneous

« The flow of water is not 1-D L ——————
B Ground settlement

« The soil grains are compressible | —

sl
|
ses SREREN|

« Saturation is not always
complete

o Viscoelastic property of soil
should be considered

Line of cracks
on columns

g |
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» Limitations in Lab and
In Situ Tests

m Drilling

m In Situ Tests e
= Sampling :

> Intrusive In nature

~ Time-consuming




Alternative methods of in situ testing and
calculation of settlement prediction

m Fast

m Reliable

m More representative of soll tested
m Non-intrusive



Layout of Skip Tank and Instrumentations Installed

Skip Tanks

Size of Sklp Tank 2mx 2 5 m
with a Pressure of 27.8 kPa

placed on the ground

Extensometer
,'-f”'::s‘;“




Flowchart of Settlement Prediction

Field Seismic Tests
4J_, (SASW / CSW)
Field Damping Test Determine the shear wave
Determine damping velocity, V.

factor, D, from

damping Calculate shear
measurements modulus, G,

G0= pV52

Calculate predicted Determine elastic settlement,
settlement: ! v, from Brown and Gibson
w = w, (T/T,)“P)= (1972) curves



Layout of SASW Test Locations

Line 11 Line 10| ine 9

Legend:
Gn1 — an SASW Line




SASW Setup

Source Source
Forward Reverse
Configuration Configuration




Layout of CSW Test Locations

®

Line6 Line7

Layout of Continuous Surface Wave

Legend:

X- mid-point between geophones
O - geophone/transducer

OX O -CSW Line




CSW Setup

Computer
System

Amplifier
for Frequency Control

———r —Pe——7r —P

Frequency Geophone I Geophone II
Conrtrolled

Vibrator



RESULTS



Comparison of Shear Wave Velocity of
SASW Test and CSW Test

Vs (m/s)
[+]]

Average SASW V. = 53.18 m/s



——ling1-1
——|inet-2

ling 2-1

ling2-2
—+—line3-1
—o—ine3-2
—+—lIne4-1
—— ling4-2

Typical V, versus Depth from CSW Tests
for Lines L1-4 and L5-7

——[ing5-1
——[ing5-2
ling6-1
ling6-2
——ing7-1
—o—ing7-2

Average CSW V. = 56.13 m/s




Comparison with Other Methods
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CONCLUSIONS

Both CSW and SASW tests capable of providing
better long-term settlement predictions of soft clay
compared to conventional methods

Geophysical Exploration Methods more reliable
and can be use to substantiate Borelogs

Proven to be faster in aquiring data geotechnical
properties of soil & much cheaper compared to
conventional methods

gives efficient non-destructive method for in situ
determination of shear stiffness

Non-invasive and non-destructive
More representative of the site
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